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Academic Year 2012
ABSTRACT

This research aims to extract Part-Whole relations, especially the stuff relation
(where stuff relation in this research is relation between the stuff, i.e. chemical compound, and
the object, i.e. scientific name of plant), from unstructured textual data is the challenging work.
The Stuff relation is necessary for constructing the natural product Ontology used to represent all
natural product knowledge which benefits to the industries, especially the pharmaceutical
industry. This thesis presents how to extract the stuff relation from scientific research paper on
the Web for supporting chemical industries. There are three problems of extracting the stuff
relation: a) the stuff relation identification of problem without POS (Part-of-Speech) annotation,
b) the scientific name entity identification of plant and ¢) the chemical name entity identification
problems. Therefore this thesis proposes using machine learning technique, Naive Bayes, to learn
and extract the stuff relation from the scientific research paper without applying POS annotation.
The research also applies NCBI-pubchem and NCBI-taxonomy to identify chemical name and
scientific name of plant, respectively. The features used in learning the stuff relation consist of
the chemical name concept (the chemical name entity), the plant name concept (the scientific
name of plan) and all words within one window existing between the chemical name concept and

the plant name concept (where the window size is vary from 3 words to 5 words).

The evaluation of this research model shows the highest recall 98.5% and 35.51%

precision at the window size is 3 words
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2.1.1.1 Component-Integral Object
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1) “Alcohol is a constituent of wine.” // “LIDAND goalluaIumaNYed 111>
I 1 @
2) “Tomato is an ingredient of salad.” // “uziommiudrunauvosaan”
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2.1.1.5 Feature-Activity
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2) “Ovulation is part of the menstrual cycle.” // “msan liuaumnilavessou
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a I 1 3 a d
3) “Bidding is part of playing bridge.” // “msUatudiunieueunuusas”
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< A A o A a 2 g o A
oy 2 nuuAe wuUN YU ITeauIFna1eg 1w waA  FullusavesiiNedsenang

u

a = a A 9Y o Qs: 1 dy d‘d d'
LUINAUDITITIANLASLLUINAUDINDY T@ﬂi}ﬂ%ﬂmwmmam < a,, a, ., a>NUNITUININ
{ Y o 1 1 a Y] a H
ﬁq@ ﬂWﬂiﬁﬂlu’lﬂﬂi@Uﬁu’lﬁN r "U@\‘lﬂWlN“]5314'JNLLU'JﬂﬂiﬂiLﬂﬁﬂﬂllu@ﬂﬂﬂlﬂﬁﬁ‘]ﬂ LL‘]J‘]Jﬁ2

I~ o 3 ~ 1 [ a ~ a A I o
Lﬂuﬂ'l“l/lﬂﬁllﬂ (n) NBYICVINUUIAAVDIATIANLASLUINAUDINY uamﬂuﬂﬂu IHNA
<a,a a>

12 722 > U

(% Y

22 mideifeves
R, GigulfinadamaSeuveunTeswia 3(c4.5) TaelhiTon luluguuy
Iﬂiﬂﬁ%}N%Nq’Jfﬂﬂiiﬁ} (Lexico-syntactic pattern) Lﬁi’)ﬁﬁﬂﬂﬁﬂﬁﬂﬂ!&ﬂ Part-Whole 210
UNANMM LA Times V04A8390A1N TREC-9 Taguiannudusiusiuuy Part-Whole i1 3
15219910 WordNet 1810 Member-of(1#14 UK IS-MEMBER-OF NATO), Stuff-of (151 carbon
IS-STUFF-OF coal) 1482 Part-of (13U leg IS-PART-OF table) 910 10,000 1/5¢ Tond10819NU1
Idnnugndeuiiu Anumaiud(precision) 83% wag MIIFonAU(recall) 98%

P. PantelttiZ M. Pennacchiottitéf4® Espresso algorithm c?uﬂué’aﬂa?ﬁumiﬁaui
LLTJ‘LIﬁmiﬁﬂmm"ué@u“"](weakly-supervised algorithm) Lﬁa“l%’aﬁﬂmmﬁ’uﬁuﬂmu Is-a(Is-a
relation) HazANNE uﬁuﬁ 18UV Part-of(Par-of relation) Espresso algorithm e101309 0495 Uslgljfluua
USinammmaiiaid Tnaamnndudrenslfgluuuin ldiiusede lumsiiudeyada
Taeim lrait IdnngUunyiitindeiing i precision Aqaus recall1ZANAIFY “Xconsists of
v” lunsdivesnnuduRusiuY Part-of (Part-of relation)

Tgii P. Panteliiaz M. Pennacchiotti Tdvinisnaasalaslddoya 2 ndu fie ada
$oA11 CHEM uaz adadonu TREC-9 Fanutminadedeni CHEM 1&anugndesves

v W I I
ANUFUNUTLUVY Part-of (Par-of relation) 1y precision 51% 4L relative recall W 46 Tuvae
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I A A 1% v o Y
allunsoale lumsanannuauiusIndenulu
1 YR v Y & J v 9 Aa dy A v A 4
AIUVDIUNAAGDVDIAAIVDA N MEDLINE il unaatonnuniidonuneinuiinsunng
I { o Ea A k4
Tao RelExtiu Tumah 19a 5999 U1MQn15815 90 (co-occurrences) ¥0IHNN TN TY
sz Tennsoundndouaz 19 mmueangedisdie, ldmsiaiedielumssimualszinnvesd
I 1 o 4 v o P o
(part-of-speech-tagging), noun-phrase-chunking 11azM3YUABAUNOHIANUTURUT VDI NN
= [V a 4 = £ 9 o
32U INVBUA VI NIUTEYUINved T saugsr Idngmisnmiviamaasnnuuinlu
E2
MBIBINYHAI
(1) effector-relation-effectee (‘Ol activates [3’)
(2) relation-of-effectee-by-effector (‘Activation of 0L by B’)
(3) relation-between-effector-and-effectee(‘Interaction between OL and B’).
I~
Tag'lan1ugnAna precision (111 80 % 11a recall 80 %
o Y] o £ o o
G. I BrownHuaueszuumseanannuauiius lael¥@291uun support vector
. Y o 9 A g a ¢ . .
machine (SVM)I@EJGlGIfﬂm‘U@ﬂ?l”l‘JJm‘iJu“]JVI’Jmimﬁﬂﬂ J.D. Power Li0i¥ Associates Sentiment 3
o = { < < 7 ) )
Uszian aail 1) Gyernapiudidiou 2) vaenmesituddeu uaz3) Alanll Tasauanyus
(features) N 191U SVM  dsznoulidae ‘Arinerdesnudnuiysinglung, dszanwves
a 4 5 3 (% 1 1
UNIIT2YUIN uazAad token  F9udl lAniumsanaszrIauuanawueIlsznnuy
a o o I { I~
Ansal Tagldnnugndosuesmsanauny Part-of 15U precision 46% Iaginae 1az recall 11
33% laonay
<3 [ Aaw 1 dyo a dy A o a )
HUNNUINUHAUAUTUMTVUNUFIUNTMIANHUASTAVOIAI part  of
Y
speech) taz Tagarulvgazaulamwizduivediuder uadimsuaulted ldaiuse
o a o Y [ wa A o 9 o A g A = [ dy
Mruariavedd laed1aoa Tuia iisennanududeuvesiniuseasinl ae l1liivy
Y I X v 9 A a A v A A A A ]
Haa AN NNFUFO UV F1TIAN 1109910715015 8nNVBIEITIAN TN Hae¥D 15U

A Yy A % A A A Aqu ' 1 @ ~ < VA
N3N, Foa iy, FOIUPAC, ¥odo, %0 lugniod1age dan131aN2.391iurousd

[

= A v v J ' aa [ J = [
MTANITUAYANHUMNIUYU UVava “(), [ ], { }7, ga03n “-7, oznoansow <, 0017 <7,

o o = 1 & v S 2 Ao o A& o <
UUNHIA < FIAIUDIVDIIN Lﬂu@u 1J1\1ﬂ5\1ﬂﬂgll@ﬂT%l55”1”@Qﬂﬂymlﬂu@jiﬂﬂuaglﬂu

v A o 1
Aanun v
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M1319N 2.1 UAAIA0819UDIFDVBIATLAT

A a
FOUDIA TN

1-(3-hydroxyphenyl)-3-(4-hydroxy-2,5-dimethoxyphenyl)propane

5-bromo-3-(3 '-hydroxy-3 '-methylpent-4 '-enylidene)-2,4,4-trimethylcyclohexanone

isoliquiritigenin

methyl carnosate

4R-hydroxy-18-normanoyl oxide

N-pentacosanoyl-4,5-dihydroxy-tryptamine

alanine

2'-hydroxy- 6,4',6”,4”'-tetramethoxy-[7-0-7”]-bisisoﬂavone

(75,8R,1'S,5'S,6'R)-"2’ 8"-3' 6"-dihydroxy-5"-methoxy-3,4-methylenedioxy-4"-ox0-8.1',7.5'-

neolignan

A 9 A A a o 1 A g A =

fﬂi“l/]fl]galslﬂﬂil’i]\1N’E’Jcluﬂ?iﬁgu%uﬂﬂlﬂﬂﬂ'ﬂﬂﬂlﬂv\l"lzﬁﬂuﬂlﬂusﬁﬂﬁWHﬂﬂJ@ﬂTQ
[ Y 3 o n v A [ [ g ~ (] A =] 3 Aav dy
aﬂiumuum"luulﬂ IHDINIINAUYANH U WﬂiTﬂa@giu%@ﬂlﬂﬂﬁTilﬂN ANUU UG
=3 [ v o @ [ d] Y a ~ Y A . .
aUOMITNAANVAUNUTLUUaANN IﬂﬂiGﬁlﬂﬂUﬂﬂTiLﬁﬂu?’ﬂlﬂﬁmiﬂﬂ (Machine Learning)
A J = 4 . k4 =~ ~ o 1 aw a Jd o
T]L‘iJLlLu’E)V\IL‘]JfJ(NalVC Bayes) ﬂ’JEJﬂTiL‘IJiEHJme‘]JﬂT@N"] lwenasuITeMINNMansny

3 11!5191]’033@ NBCI-PubChem!tag NBCI-taxonomy
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NI UUUNIFIVYUASIATIOIND
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GluiJ‘V]‘V] 3 HazluuNNoF V1D ITAUNUNT ILALINTBIND Iﬂﬂ‘"ﬂ&m\iﬁ]@ﬂl‘ﬂu

a
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[l 1 a o A av g o 3 [ o
ﬁ'ﬁ]\?ﬁ"ﬂ!ﬁ'ﬂ mummﬁmimmumi’mﬂ WUMSUEAIS1IAUTUADUYBY MTANAANNTUNUT

9 & 1 4 { qgj [ 1 e
npuaauazdruveunieatonly Tasiiswazideatuaouaine 1

3.1 s utiumsiag
09)1 o [ @ 4 v [ 9 09/’ [ dyd
TuasuveImMIananNuduRusuuuaduillsznou e 49uneu deiine 1.13
= o 9 d' A = = 9 [ [ 4 LY |
MTBNANIUDYA 2.MTTLYFOVBINBLAZ AN 3.M3FeuIANNTURUTHDYadvuag 4.

o v o J v (] v A
msanaanuauRusuuuadnauaaslunwnz.1
B 2 4 Corpus
Preparation

Plant Name Entity

Taxonomy and Chemical Name
PubChem Entity Identification

Stuff Relation Stuft Relation
Extraction Learning

Stuff Relation

MW 3.1 LAAININIINUBITZUUMIARAANNTNRUS LU e
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1. M3 m’%’auﬂﬁ’ﬁ’ayja (Corpus Preparation)
~Aq Y Ao dyd a 9 a o PR

L@ﬂﬁ'liﬂi“]fﬁlu\‘]'lu'nEJ‘L!LIINL@ﬂﬁ']ﬁ‘VIN'J"]f']ﬂ”Iﬁﬂ’lU'J‘V]ﬂWﬂWﬁ@ﬁiuIﬂmua’]ﬁlﬂuﬂ
I a o 4 A & 4 0o w A 4 I 4 £ 9
Lﬂuwa@]ﬂﬂl“ﬂﬂWﬂﬁﬁﬁu%Tﬁ WQ@W?HIW@QNW%WﬂﬁWUﬂWNW ACS Lﬂquagﬂllfﬂ‘ﬂ PDF 30194
fﬂlﬂLLﬂﬂQiﬁ@éiﬂgﬂﬂl@d%@ﬂﬂN text 1a8 19 PDFTextStream (http://snowtide.com) AT
] Y o o A Y o ad . .
mummﬂmu,mﬁ)?.:mmmmmwayﬁmu’auzo,ooo ﬂﬁgiﬂﬂ Iﬂﬂ:]‘ﬁ 10 folds cross-validation

a o o w Il ' v a

lumsenymganssunuemeii i dwasdninegszninauuifavesasiadl
@ a A o o w A v o o (d I
NULUIAAVDINY (9119519 3.1) Lm%ﬂg‘ﬂ1ﬂ"|§ﬂ1ﬂll']_153IﬂﬂV]Nﬂ?TNﬁﬂJWH‘ﬁLLUUﬁ@WW L‘lJLlClass

Y @Y o w o [ d] @ A Y
=‘“Yes” 98 GI'Jﬂ’lﬂUfT@W\I‘V\I (StuffTag) ﬂ\ulﬁﬂ\ﬂuﬂ'lwcﬂ 3.2LLﬁ3§]$Qﬂ!Lﬂﬂl@’l Stop word Set

RI

d' = o w a1
319N 3.1 uaasnnuavesmannniaule

SrdniinedsznauiAavesssiafifunuifave ity AR
isolated 939
extract 418
isolation 228

parts 170
leaves 167
aerial 153
roots 149
species 88
bark 81
seeds 58

obtained 55




<stuff relation class="yes”>Four new flavonoids (1-4), along with
13 known compounds, were isolated from the heartwood of
Dalbergia louvelii by following their potential to inhibit in vitro
the growth of Plasmodium falciparum.</ stuff relation>

<stuff relation class="no”>Of these, the ethyl acetate extract
obtained from the heartwood of Dalbergia louvelii R. Viguier
(Fabaceae).</stuff relation>

<stuff relation class="yes”>Although several isoflavonoids have
been obtained from roots of P floribundum, none of the
abovementioned compounds have been isolated previously from
this species.</stuff relation>

<stuff relation class="“no”>The cytotoxicity of the isolates
obtained herein from P, floribundum has been evaluated against a
small panel of cancer cell lines.</stuff relation>

MNN 3.2 LAAINITAND stuff relation class “YES/NO” tisiaz1lsz Ton

2. miizu%mmﬁmazmsmﬁ (Plant name entity and chemical name

entity identification)

21

Four new sesquiterpenes, (8R*)-8-bromo-10-epi-a-snvderol (1), (88*)-8-bromo-

o-snyderol (2), 5-bromo-3-(3 r—hydroxy— 3 r—111@‘[hylpent-4 ’-enyhdene)—2 44

trimethylcvclohexanone (3), and the epoxide (4), have been isolated from the

chloroform-methanol extract of Laurencia obtusa, together with the three known

compounds R-snvderol (5), R-snyderol acetate (6), and stigmasterol.

Wl W2 W3 W-’l WS W(i W7 WS WQ WIO Wll Wll W13 W14 WIS Wl(ﬁ Wl7 WIS Wl}) W20

a o A a
HNN 3.3 Llﬁﬂ\‘i‘ﬂigiﬂﬂ@n@fJNﬂJ’ENﬂﬁSZM“D’f’JﬂJ?NﬁﬁLﬂiJ

Taxonomy

Taei3u910

) 1 o A g a A A 1 1 Y]
1. 58‘].!9‘]1&“41!\‘]““@\1?111/1LTJ‘L!LLL!’Jﬂﬂﬂli’)\iwsﬁﬂ’t’)giuu@]azﬂigIflﬂﬂ‘]J

NCBI-
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o A & a = Yo A 1 Y 1 £ 09; 1
2. szymndlunnfavesaanil lasldmneglunsoumhandaivinadua 1,
A o o A 1y 9 o ] o A & a A Y o
2,., n  (aAeduIufMNegAIUMTNveIdwHIveImMiTunuIAaveInY ) udniims
nSeuiisudinedlunsouniiaeaiy  NBCI-PubChemNszaunsounilauLInA13) Tag
) Y
ounseuNINANAITZIZNNASIAT 1 A
o 1A v 9 ' A o o A 1y Y o 1 o A &
3. RusuReInute 2 uan AsdduMNegiundvesdmY weoadiily
HUIAAUBINY
~ Y v o Jd o (] . .
3. MIFOUTANUANNUTUVY aAN T (Stuff Relation Learning)
4 ) ]
TUADUMIIFOUSUBUATOIAIY Naive Bayes Classifier 10o 19 TaainToailodm
4 1 { 1
(Weka Tool) (Mark Hall, 2009) 11 Conditional Probabilities Ua419935 (Feature) A1971L1LI
I AR @ dy
poniiu 3 nsdiAnyIAsl
{ S 1 Y {
nsdianIN 1 Weesndsznoudae 3 ngquwioniy Class  vewlszToaiiu

Y o 4 o (o A v 9 14 1 o
ANMANRUSHUUEANHIUD Class ={“yes”, “no”} 910 W2t 2.1.4 WweinguusnAofnio

a £ & a =] VoA A o A a
VYN (Element) Va4t C FUYU 1FAVILUIAAVOIET AN NN 2 ADAUTOANITN VDI

q

an o 1

£ J a A A [ ~ A o A
59 S FUVUFAVDILUIAAVBINTNI U Natural SourceGlUizﬂ‘}Jﬂ'JG]fu UAENAUN 3 AD ATNTD
A ] £ J o A 1 1 Aa = a A
ﬁ"JJ”IG]fﬂ@’]'NG]Glu e A “Hﬂlﬂul‘?ﬁﬂsllﬂﬁﬂ”mﬂgigﬁ'ﬂﬂLluﬂﬂﬂﬂl@\iﬁ"lilﬂllLLﬁZLLu'JﬂWU’ENWGD' Iﬂﬂ
Yo o " A A 4 A ) Y 1 o 1
%ﬂ%ﬂmwmmmu a,, a,.., aNUANNININNEA ﬂ?ﬂiﬁﬂlﬂWﬂﬂﬁﬂUﬁH?@N r VBNAIHNNE
' a AN v a = = Y o Il 1 <3| A&
FEUINUUINATITIANNVLUUIAAVDINY “]NhlﬂLLﬁﬂQﬁ'J’E)fJNﬂJf’Nﬂ'NiJHT%%Lﬂusllf’N a, (e i=
£ Y o = = ~ s o = =
1,2,..,1) ﬂ”IEJGLWUU”Iﬂﬂif’J‘UﬁU”IﬂN r ANATT NN 3.2 AT NN 3.6 A1 HUIUr=5 A191N 3.7 I

Q13199 3.10 M5V r=4 a151990 3.1109013199 3.13 dmMsU r=3

$ ] I o A A 1 a =) a
ﬂ”lﬁ%iﬁ 3.2 L!ﬁﬂ\‘lﬂ?ﬁJH'ﬁ]%ﬂJuﬂJ@\‘iﬂWﬂ 1 mgizmwummmmmimmmmmﬂﬂmmﬁ%

Tualse Toadlu class “YES/NO™ijo r = 5 Tunsaifnyd 1

a, Class = ‘“YES’ Class = ‘NO’
heartwood 0.00136519 0.00074627
isolated 0.51262799 0.08208955
extract 0.05119454 0.04104478
addition 0.00204778 0.00074627

obtained 0.00204778 0.00298507




23

4 ] IS o A { ' a a
M3197 3.3 naaennuziluveIiii 2 NogszniauuIAaveImIIANLAZILIAAYDINY

Tudlse Toadlu class “YES/NO™io r = 5 Tunsaifnuia 1

a, Class = ‘“YES’ Class = ‘NO’
extract 0.11083123 0.00956938
roots 0.02518892 0.00683527
parts 0.02078086 0.01025290
leaves 0.01700252 0.00751880
seeds 0.00881612 0.00410116

3 1 I o § 4 1 [ a a
M99 3.4 taaInnuiazuveadii 3 fegszriauuaAavesas iz AN YD INY

Tulse Toamdlu class “YES/NO™I0 r= 5 Tunsaifnya 1

a, Class = ‘YES’ Class = ‘NO’
extract 0.03947368 0.00452196
aerial 0.02033493 0.00968992
parts 0.01614833 0.00129199
leaves 0.01555024 0.00129199
roots 0.01435407 0.00129199
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4 ] IS o A { ' a a
M3197 3.5 naaennuztluveIiii 4 NogszniauuIAaveIaIIANLAZILIAAYDINY

Tudlse Toadlu class “YES/NO™io r = 5 Tunsaifnuia 1

a, Class = ‘“YES’ Class = ‘NO’
aerial 0.01375358 0.00123381
parts 0.01088825 0.00061690
fruits 0.00916905 0.00123381
leaves 0.00744986 0.00061690
stems 0.00401146 0.00061690

3 1 I o § 4 1 [ a a
M99 3.6 taaInNNIzTuveIfIn 5 NegszrIinuuIAaveIaIs ALz LIAAYDINY

Tulse Toamdlu class “YES/NO™I0 r= 5 Tunsaifnya 1

a, Class = ‘YES’ Class = ‘NO’
parts 0.01528014 0.0006079
aerial 0.01075269 0.0006079
leaves 0.00962083 0.0006079
stems 0.00509338 0.0006079
bark 0.00509338 0.0006079
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4 ] IS o A { ' a a
M3197 3.7 naaennuzdluvesdii 1 NegszninauulAavesasnluazuIAAYDINY

Tulse Toandlu class “YES/NO™1Jo r = 4 Tunsaifnuia 1

a Class = ‘“YES’ Class = ‘NO’
leaves 0.01012146 0.01920236
isolated 0.50067476 0.07754801
extract 0.04453441 0.03545052
investigated 0.00067476 0.00295421
roots 0.01079622 0.00590842

3 (] I o 4 { 1 1 a a
M99 3.8 LaaInNIzTuveIiIf 2 NegszrinauuIAaveIas ALz UIAAYDINY

Tulse Toamdlu class “YES/NO™I0 r = 4 Tunsaifnua 1

a, Class = “YES’ Class = ‘NO’
extract 0.11407316 0.00810263
bark 0.00557967 0.00540176
parts 0.01673900 0.00810263
leaves 0.01487911 0.00607698
stems 0.00247985 0.00202566
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4 ] IS o A { ' a a
M3197 3.9 naaInNuzdluveIdi 3 NegszniauulAaveIaIIANLAZILIAAYDINY

Tudlse Toandlu class “YES/NO™1Jo r = 4 Tunsaifnyia 1

a, Class = ‘“YES’ Class = ‘NO’
extract 0.03256365 0.00448430
aerial 0.01539372 0.00768738
obtained 0.00296033 0.00064061
leaves 0.01480166 0.00128123
roots 0.01835406 0.00128123

H [l I~{ o { { 1 1 = a
mswﬁ 3.10 uaasnNnuvzuvesmn 4 ﬁfJEﬁ%?‘f’JNLLU’Jﬂ@‘I‘UENﬁ?ilﬂﬁl!ﬁ%&tﬂ’)ﬂﬂﬂl@ﬂﬁ%

Tudlse Toandlu class “YES/NO”I0 r= 4 Tunsaianyia 1

a, Class = “YES’ Class = ‘NO’
aerial 0.01534963 0.00122624
parts 0.01421262 0.00061312
roots 0.00397953 0.00674433
leaves 0.01193860 0.00061312

stems

0.00397953

0.00061312
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4 ] IS o A { ' a a
3197 3.1 paaannuesdluvesdii 1 NedszniauuiAaveasnluazuIAAYeINYy

Tulse Toandlu class “YES/NO™tjo r = 3 Tunsaifnuia 1

a Class = ‘“YES’ Class = ‘NO’
heartwood 0.00133869 0.00074349
isolated 0.48728246 0.08104089
extract 0.04350736 0.04163569
addition 0.00200803 0.00074349
obtained 0.00200803 0.00371747

3 (] I o 4 1 1 1 a a
M99 3.12 1eaInN1azueIiin 2 NegszrINuuaaavesaIs iz uIAA YD INY

Tulse Toamdlu class “YES/NO™I0 r= 3 Tunsaifinua 1

a, Class = “YES’ Class = ‘NO’
extract 0.09588199 0.00949153
stems 0.00184388 0.00203390

pigment 0.00184388 0.00067797
leaves 0.01536570 0.00610169
fruit 0.00491703 0.00067797
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4 ] IS o A { ' a a
M3197 3.13 uaaannuiesdluvesdii 3 NedszniauuiAaveasnluazuLIAAYDINY

Tulse Toandlu class “YES/NO™tjo r = 3 Tunsaifnuia 1

a, Class = ‘“YES’ Class = ‘NO’
extract 0.03627853 0.00448430
heartwood 0.00292569 0.00064061
addition 0.00175541 0.00064061
aerial 0.01872440 0.01089045
flowers 0.00526624 0.00064061

! o 1 Y { g
nadiAnef 2 Tweifdsznoudls 3 nguwiouny Class vesilseToaduiu

d

¥ o & o (o A o a
anuduiusHuuaailo Class ={“yes”, “no”} Tv0INGUUINADAINTOTUIFN (Element)

= A o = A [

You¥A C NN 2 ADMUITOAVIFN YouULA S taznquil 3 Ao AnTeausna1eg Tu ma A

Y 1
%

Tagazldnndianuaiegsz niauaamsmlinuuuaaauesi s ¥ lauansdiediaves
] I A . A o o A 1 ' o A J a ~
ANUMUITUYDY a, (WD i=1,2,.nuaznAedIuIumINegsznINAmMIuuIAAve I IIAY
o A & a A [ A =2 ~ o o
tagMNEluunIAAVBINY) AINIT1N3.14D901519113.23d 1151 n=10
d' [ I~ o ~ = 1 1 a =\ a A
M1 3.14 1A UVDIAN 1 NOYILNINWUIAAVDIANTIATLALUNIAAVDINY

Tulse Toamdlu class “YES/NO”1i0 n = 10 lunsaiAnsi 2

a, Class = “YES’ Class = ‘NO’
heartwood 0.00128866 0.00079177
isolated 0.50193299 0.06650831
extract 0.04317010 0.04275534
addition 0.00193299 0.00079177
obtained 0.00193299 0.00395883
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4 ] IS o A { ' a a
3197 3.15 naaanniesdluvesdii 2 NedszniauuiAaveasnluazuLIAAYDINY

Tudlse Toamdlu class “YES/NO”1i0 n = 10 luns@iansil 2

a, Class = ‘“YES’ Class = ‘NO’
extract 0.10159480 0.00999286
obtained 0.00177200 0.00356888
heartwood 0.00590667 0.00071378
leaves 0.01476669 0.00499643
parts 0.02303603 0.01213419

3 (] I o 4 1 1 1 a a
M3199 3.16 UEAINN92ITUV0IAIN 3 NogizrINuUIAAVEIAITALLAZIUIAAYDINY

Tudlse Toamilu class “YES/NO1I0 n = 10 luns@ians1il 2

a, Class = ‘YES’ Class = ‘NO’
extract 0.03943662 0.00470746
aerial 0.02140845 0.01143241
flowers 0.00507042 0.00067249
leaves 0.01464789 0.00067249
roots 0.01746479 0.00134499
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4 ] IS o A { ' a a
3197 3.17 naaannuiesdluveadii 4 NedszniauuiAaveasnluazuIAAYINY

Tudlse Toamdlu class “YES/NO”1i0 n = 10 luns@iansil 2

a, Class = ‘“YES’ Class = ‘NO’
aerial 0.01302225 0.00128783
heartwood 0.00325556 0.00064392
fruits 0.00868150 0.00128783
leaves 0.01302225 0.00064392
identified 0.00217037 0.00064392

3 (] I o 4 1 1 1 a a
M3199 3.18 UeAINNI9ITUV0IAIN 5 NogizrINuUIAAVEIAITALLAZIUIAAYDINY

Tudlse Toamilu class “YES/NO1I0 n = 10 luns@ians1il 2

a, Class = ‘YES’ Class = ‘NO’
strain 0.00053591 0.00189873
aerial 0.01339764 0.00063291

growth 0.00160772 0.00126582
stems 0.00643087 0.00063291
colors 0.00053591 0.00126582
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Tudlse Toamilu class “YES/NO”1io n = 10 luns@iansil 2

a, Class = ‘“YES’ Class = ‘NO’
inhibit 0.00163755 0.00064851
investigation 0.00054585 0.00129702
leaves 0.00545852 0.00064851
regions 0.00054585 0.00129702
stems 0.00109170 0.00064851

3 (] I o 4 1 1 1 a a
M99 3.20 UEaINNITUYeIAIN 7 NogszrINuUIAAveIaIsATLAZIUIAAYDINY

Tudlse Toamilu class “YES/NO1I0 n = 10 luns@ians1il 2

a, Class = ‘YES’ Class = ‘NO’
potential 0.00167038 0.00066181
inhibit 0.00167038 0.00066181
agents 0.00055679 0.00529451
leaves 0.00111359 0.00066181
resulted 0.00111359 0.00132363
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M3197 3.21 uaaannuiesdluveadii 8 NedszniauulAaveIaIIANLazILIAAYDINY

Tudlse Toamdlu class “YES/NO”1i0 n = 10 luns@iansil 2

a, Class = ‘“YES’ Class = ‘NO’
potential 0.00172018 0.00068540
stems 0.00114679 0.00068540
natural 0.00057339 0.00274160
trunk 0.00057339 0.00137080
seeds 0.00516055 0.00068540

H [l I~{ o { { 1 1 = a
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Tudlse Toamilu class “YES/NO1® n = 10 luns@iansi 2

a, Class = “YES’ Class = ‘NO’
bacterial 0.00058617 0.00140647
combined 0.00058617 0.00140647

fractionated 0.00058617 0.00210970
leaves 0.00234467 0.00070323
stems 0.00117233 0.00070323
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Arludse Toanidlu class “YES/NO™t10 n = 10 Tunsaidnsii 2

a,, Class = ‘“YES’ Class = ‘NO’
assay 0.00059809 0.00144404
stems 0.00299043 0.00072202

fractionated 0.00059809 0.00216606
seeds 0.00179426 0.00072202
inhibition 0.00059809 0.00216606

9 (Y]

H P 1 !
AsmAnEIN 3 Wwesnilsznoudls  1nauWSouRY  Class weails Toanilu
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ANUFURUSHDUAANNIND Class ={“yes”, “no”} Wivosnguiife MrToauIBNA1e) Tu e

Yo 091’ J dy A A A 9 Y 1 o
A Tﬂﬂi]gi“]fﬂ'l‘ﬂﬂ?ilIﬂLWQWU a, a,, .., a NUANUIANINNGA mtfl&mumm’auwumw r UBNAN
1 1 a = a A = 9 [ [l 1 I~
AN TEHINUUIAATTIANN UL UIAAVDINY "]NllﬂLLﬁﬂ\W]'JE]fJ'NeU'E]\Tﬂ'J'IﬂJu'ﬁ]gUJu"U@Q a
A . Y 9 1 [ A 2 A o @
o i=1,2, ., DmMoldvanssuntingd r 99915197 3.24 9915190 3.28 § MU r = 5

Q13199 3.29 D931 332 AMSUr=4 @15199 3.33 D9A1519% 3.35 NSV r=3

] 1
I = 1
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U

Tudlse Toandlu class “YES/NO” tilo r = 5 Tunsaianyii 3

a, Class = “YES’ Class = ‘NO’
heartwood 0.00136893 0.00073314
isolated 0.45995893 0.07331378
extract 0.05065024 0.04325513
addition 0.00205339 0.00073314

obtained 0.00068446 0.00366569
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Tudlse Toamdlu class “YES/NO” tijo r = 5 Tunsaifnuia 3

a, Class = ‘“YES’ Class = ‘NO’
extract 0.09699625 0.00801068
roots 0.02252816 0.00667557
parts 0.02440551 0.01134846
leaves 0.01564456 0.00734312
seeds 0.00750939 0.00333778

3 (] I o 4 4 1 1 a a
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Tudlse Toamdlu class “YES/NO” 130 r = 5 Tunsaifnua 3

a, Class = ‘YES’ Class = ‘NO’
extract 0.04045211 0.00441640
aerial 0.02201071 0.01072555
parts 0.01963117 0.00126183
leaves 0.01011303 0.00126183
roots 0.0184414 0.00126183
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Tudlse Toamdlu class “YES/NO” tijo r = 5 Tunsaifnuia 3

a, Class = ‘“YES’ Class = ‘NO’
aerial 0.01600000 0.00120919
parts 0.01428571 0.00060459
fruits 0.00914286 0.00120919
leaves 0.01371429 0.00060459
stems 0.00400000 0.00060459
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Tudlse Toamdlu class “YES/NO” 130 r = 5 Tunsaifinua 3

a, Class = ‘YES’ Class = ‘NO’
parts 0.01634724 0.00059524
aerial 0.01409245 0.00059524
leaves 0.00958286 0.00059524
stems 0.00676437 0.00059524
bark 0.00507328 0.00059524
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Tudlse Toamdlu class “YES/NO” 1ijo r = 4 Tunsaifnuia 3

a Class = ‘“YES’ Class = ‘NO’
leaves 0.00986842 0.02148887
isolated 0.49736842 0.07828089
extract 0.05263158 0.02916347
investigated 0.00065789 0.00460476
roots 0.00921053 0.00613968

3 (] I o 4 1 1 1 a a
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Tudlse Toamdlu class “YES/NO” 130 r = 4 Tunsaifinua 3

a, Class = “YES’ Class = ‘NO’
extract 0.10935601 0.00981767
bark 0.00546780 0.00280505
parts 0.02308627 0.00981767
leaves 0.01761847 0.00631136
stems 0.00303767 0.00210379
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Tudlse Toamdlu class “YES/NO” 1ijo r = 4 Tunsaifnuia 3

a, Class = ‘“YES’ Class = ‘NO’
extract 0.02537486 0.00329381
aerial 0.02133795 0.00922266
obtained 0.00288351 0.00329381
leaves 0.01384083 0.00131752
roots 0.01557093 0.00131752
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Tudse Toandlu class “YES/NO” 1310 r = 4 Tunsdianuia 3

a, Class = “YES’ Class = ‘NO’
aerial 0.01551247 0.00062933
parts 0.01385042 0.00062933
roots 0.00387812 0.00692259
leaves 0.01218837 0.00062933
stems 0.00387812 0.00062933
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Tudlse Toamdlu class “YES/NO” tijo r = 3 Tunsaifnuia 3

a Class = ‘“YES’ Class = ‘NO’
heartwood 0.00135962 0.00074516
isolated 0.49558124 0.06333830
extract 0.05234534 0.04470939
addition 0.00203943 0.00074516
obtained 0.00203943 0.00372578

3 (] I o 4 1 1 1 a a
M3199 3.34 1aaInW2TuYeIAIN 2 NegszrINuuIAaveIaIs ALz UIAAYDINY

Tudlse Toamdlu class “YES/NO” 130 r = 3 Tunsaifinua 3

a, Class = “YES’ Class = ‘NO’
extract 0.10627719 0.00405954
stems 0.00310752 0.00202977
pigment 0.00186451 0.00067659
leaves 0.01429459 0.00744249
fruit 0.00435053 0.00067659
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Tudlse Toamdlu class “YES/NO” tijo r = 3 Tunsaifnuia 3

a, Class = ‘“YES’ Class = ‘NO’
extract 0.03775811 0.00191449
heartwood 0.00294985 0.00063816
addition 0.00176991 0.00063816
aerial 0.02005900 0.01084876
flowers 0.00530973 0.00063816
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Tulse Toandlu class “YES/NO” 1310 n = 10 Tunsaiansif 4

a, Class = “YES’ Class = ‘NO’
heartwood 0.00134771 0.00074906
isolated 0.51347709 0.08164794
extract 0.05256065 0.04344569
addition 0.00202156 0.00074906
obtained 0.00202156 0.00374532
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Tudlse Toandlu class “YES/NO” 1310 n = 10 Tunsaiansii 4

a, Class = ‘“YES’ Class = ‘NO’
extract 0.10864198 0.00885559
obtained 0.00123457 0.00885559
heartwood 0.00246914 0.00068120
leaves 0.01666667 0.00749319
parts 0.02160494 0.01158038

3 (] I o 4 1 1 1 a a
M1319% 3.38 UeAINW92ITUY0IAIN 3 NogizrINuUIAAVEIAITIATLAZIUIAAYDINY

Tudlse Toamdlu class “YES/NO” 30 n = 10 Tunsaiansii 4

a, Class = ‘YES’ Class = ‘NO’
extract 0.04110393 0.00450161
aerial 0.01996477 0.01093248
flowers 0.00528479 0.00064309
leaves 0.01409278 0.00128617
roots 0.01761597 0.00064309
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Tudlse Toadlu class “YES/NO” 1310 n = 10 Tunsaiansii 4

a, Class = ‘“YES’ Class = ‘NO’
aerial 0.01351351 0.00122850
heartwood 0.00337838 0.00061425
fruits 0.00394144 0.00122850
leaves 0.01295045 0.00061425
identified 0.00225225 0.00061425
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Tudlse Toamdlu class “YES/NO” 30 n = 10 Tunsaiansii 4

a, Class = ‘YES’ Class = ‘NO’
strain 0.00055772 0.00182149
aerial 0.00836587 0.00060716

growth 0.00167317 0.00121433
stems 0.00669269 0.00060716
colors 0.00055772 0.00121433
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Tudlse Toadlu class “YES/NO” 1310 n = 10 Tunsaiansii 4

a, Class = ‘“YES’ Class = ‘NO’
inhibit 0.00171429 0.0018797
investigation 0.00057143 0.00125313
leaves 0.00514286 0.00062657
regions 0.00057143 0.00125313
stems 0.00285714 0.00062657

3 (] I o 4 1 1 1 a a
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Tudlse Toamdlu class “YES/NO” 30 n = 10 Tunsaiansii 4

a, Class = ‘YES’ Class = ‘NO’
potential 0.00175336 0.00063939
inhibit 0.00175336 0.00063939
agents 0.00058445 0.00511509
leaves 0.00116891 0.00063939

resulted

0.00058445

0.00255754
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Tudlse Toadlu class “YES/NO” 1310 n = 10 Tunsaiansii 4

a, Class = ‘“YES’ Class = ‘NO’
potential 0.00180941 0.00066269
stems 0.00120627 0.00066269
natural 0.00060314 0.00265076
trunk 0.00060314 0.00132538
seeds 0.00542823 0.00066269
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Tudlse Toandlu class “YES/NO” 310 n = 10 Tunsaiansif 4

a, Class = “YES’ Class = ‘NO’
bacterial 0.00061690 0.00135777
combined 0.00061690 0.00135777

fractionated 0.00061690 0.00203666
leaves 0.00246761 0.00067889
stems 0.00123381 0.00067889
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W ludse Toanidlu class “YES/NO” 3o n = 10 Tunsaidnsii 4

a,, Class = ‘“YES’ Class = ‘NO’
assay 0.00063052 0.00139373
stems 0.00315259 0.00069686

fractionated 0.00063052 0.00209059
seeds 0.00189155 0.00069686
inhibition 0.00063052 0.00209059
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4. MIANAANNAUNUTUVUAANN (Stuff Relation Extraction)
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Lis alist of sentence.

11s a index of sentence list.

IWis a set of word in each sentence.

('1s natural-product-compounds concept set.

S'is the natural-sources concept set.

A is a set of the high frequency words existing between <c1, €, ., ¢ }and <"1 S5 s SJ>
cfis a array of natural-product-compound occurrence features from <cl, Cos oos c1>

sfis a array of natural-source occurrence features from <sl, Sz s 8, }
afis a array of the high-frequency-word occurrence features existing between <C1. Cps s cl> and
<S1- Sy §) >\-’zuj\-'ing to window sizes 1 (r = 3, 4, 5) and n (where nis the total number of words
existing between the natural-product-compound concept words and the natural-source concept
words)

STUFF_RELATION EXTRACTION

I {ieOR< ¢

Array [max 1] cf, Array [max2] sf, Array [max3] af

[

initialize each element of ¢ff], sfl], and aff] with «

4. while (i = length[L]) do

(8]

3. f ExtFealetll, sfll. afl])

6. Case | where max3=r

7. StuffRelationForNaturalProduct = arg max P(class) ﬂﬁl Ple,,) mﬁzP(.rmm 3 mﬁj Pla, )
8. Case 2 where max3=n e 4 " "

9. StuffRelationForNaturalProduct = arg max P(class) ﬁl Ple,) mﬁP(.rmm ) mﬁ Pla, )
10. Case 3 where max3=r s et et s

11 StuffRelationForNahuralProduct = arg max P(elass) mﬁP(am)

12. Case 4 where max3=n “ .

13. StuffRelationForNathuralProduct = arg max P(elass) mﬁP(am)

14. if (StuffRelationForNaturalProduct —Chﬁ;g;is’) then et

15. R=R ' {i}

16. b

17. return R

18.

a o A o o o o o [
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ExtFeat(Array [max1] cf, Array [max2] sf, Array [max3] af)

1

(3]

n

o

19.

i
t

j<—0:k<—0

mitialize each element of cfl]. st[l. and af[] with = ™

while(Find Position(ﬁ)tS(wj )) do
It
sf[|=FindElementsOfSfromPlantSourceBase
while(FindPositionOfC (w, )) do
k++;
cif[|=FindElementOfCfromChemNet
Array [max3] temp
ifl j =k ) then
for(m <—k toj)
templm] =w_
Nextm
else if{ k= ) then
for(m <—j tok)
temp[m]=w_
Next m
Array featureA[] = SortingWord(temp[])
af[ = feature A[]
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ANUYNADY (precision) AIAINTZAN (recall) HAZA1 F-measure F9M9 3 A1 awsad win'ld

[

N

9

=
U



. TruePositi
Precision(P) = ruePositive -

TruePositive +FalsePositive

TruePositive

Recall(R) = (8)

TruePositive +FalseNagative

2
F — measure = w
B“P+R

©)

1 a P @ [l o w 1 1 1
Tag Bﬁ'ﬂ)ﬂ1W1513Jlﬁ'f)iﬁLLﬁﬂ\iﬁﬂﬁ?Hﬂ’ﬂMﬁTﬂq‘ligﬁﬂWQﬂWﬂ?WMQﬂﬁgljﬂ\ulagﬂT

Anwszan Taenall Bagliawmnu 1

3.2 1n3090N 1Y

Yy 9 ' '
Yy A A A

av [ v 4 4
1uﬂ1§’3%Elﬂi\iﬁsl%ﬂi’f)\‘m’E)“VI‘IJS%ﬂﬂﬂqﬂﬁ}?ﬂﬁﬁuﬂlﬂﬂaﬁmni (Hardware) tta1g

E4
w5 (Software) a3l ldassa’lalil

4 4
3.2.1315a1335(Hardware)

memory

L3 oAt 115 (Macbook Pro) TnefiswaziSoadai

Model: Early 2011

CPU: 2.3GHz (2410M) Intel Core 15 niou 3MB on-chip L3cache
RAM: 4GB 1333 MHz DDR3

VGA: Intel HD Graphics 3000 #5834 384 MB DDR3 SDRAM shared 1303 main

Hard disk: 320 GB
Monitor: LED Display 13.3" @Ressolution 1,280 x 800

A a c/eaj ) = = [ dy
2.1A309A0NNUADTAT 1A (Desktop Computer) IAslis18az0onaAdl

CPU:3.40 GHz Intel Core 17-2600
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RAM: 4GB
VGA: AMD Radeon HD 6450
Hard disk: 1TB
Monitor: Lenovo LED Display 21" @Ressolution 1,600 x 900
3.1A58915M3 (Server Computer) Taoiisvazidoadsil
CPU:2.66GHzIntel Core i7-920W5 0% 8MB on-chip L3cache
RAM: 12GB 1333 MHz DDR3
VGA: AMD Radeon HD 6450
Hard disk: 2x500 GB
3.3.2%@W5L13§(Software)
1.gofnT sy uul§iAns (Operating System Software)Iﬂﬂﬁﬁﬂﬁzlaﬁlﬂﬁ\‘l‘ﬁ
Microsoft. Windows" 7 Enterprise
Mac OS X Lion 10.7.5
Linux: CentOS
2 ¥ouATIFTRN5Us2end (Application Software) TaeiiswaziBuadaii
Adobe®DreamWeaver® CS5
Apache Web Server
PHP: Hypertext Preprocessor
MySQL RDBMS

Eclipse Classic (INDIGO)
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M13197 4.1 LAAIANIADAVDIAITLHILUIAAVDIATIATNUUUIAAVDINYS

AN NADAVDIAITEHNULUIAAVDIATIAL

. - . U
AUUUIAAVDINCE
' A
GRIAONT (o 10
vy A
Mtlega 1
ANIBIFIU 4
AU 4
ANDAYIAUAMA 5
ANLIALULIATY I 2.55

A = 9o o 1 a A o a A I

1NAMINN 4.1 WFUIUMTENINWUIAAVRIEITIATN ULUIAAVOINS 1Ty 4

AU guteualuminaassslyd  vuianseuNTANYeIMTYHILUIAREITIATINY
a A I o
HUIAAVRINY (1) 11U 3, 4 1Az 5 M
Y] a a [V o 1] 4 v [ d]

Tumsiadszanimmedszuy msadaanuduiusuvadanid Tasldlss Toa
3,' & o Y . . 9
Naviua 20,000 Useloa Tunsnaaeu Fevzimsnaaslae 19 10-folds cross-validation 1187
FaA1n1NgNA0Y (precision) AININITZAN (recall) 1AZA1 F-measure AIANN15(7), AUNF(8)

o w = 4 [ dy
Hag quN13(9) auaau cm'l@wamimammu
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HazNNA

AsgniauuafavesEsal - uauauduius  Annugndes  AIAWSEAN
y - d o F-measure
AVLUIAAVDINY uuuaani (%) (%)
31 23 35.51 98.5 52.20
491 23 35.28 97.5 51.81
58 22 35.82 94.14 51.89
1AM 18 42.62 96.71 59.17
nandpan1siadszantmnveiszuy
109 .\._\.___/’—'.
80
x% 60 —4—Precision
=]
A/ —-Recall
10 / F-measure
- N /
20
3 4 5 NN
FIWIUATZ 1ROV I TANAVULIAAVD 91T

! v o 1 a A @ v o
ﬂTW‘ﬁ 4.1 !,l,’dﬂxiﬂ'ﬁW\Iﬂ’ﬂll’LT‘JJWuﬁi%‘l’i’)Nﬂi%ﬁWﬁﬂ1W6U’ENi$1J1Jﬂﬁﬁﬂﬂﬂ’ﬂllﬁllwu‘ﬁlmﬂ
o [ J] Y o I a = a A o 1 a =
ﬂﬁﬂﬂiﬂﬂi%ﬂﬁ]ﬂilﬂu UUINAVDIFTIAN LUINAUVDINY LAZATITSHINNLUIAAVDITITIANNL

a A A g o o o o
llujﬂﬂ"UfJ\‘]W%ﬂlﬂu 3140150 Hagnna



51

Y o v o ¢ o | & o !
M35190 4.3 LLE‘T@NWﬂﬂ'IST]ﬂﬁﬁ]ﬂﬂ'l’iﬁﬂﬂﬂ?'mﬁuwu‘ﬁlmﬂﬁﬁﬂﬂiﬂﬂiﬁ\lﬁ]@i!ﬂuﬂﬁ%W’JN

a @ a { o o o o o
LLH'Jﬂﬂ‘U'ENﬁ"]ilﬂﬁﬂﬂllu]ﬂﬂmﬂﬂﬁﬂfﬁlﬂu 3A714 715 A1 UAZNNAT

AsgniauuafavesEsal - uauauduius  Annugndes  AIAWSEAN
y - d o F-measure
AVLUIAAVDINY uuuaani (%) (%)
3 M 23 35.87 98.57 52.60
41 21 35.26 92.86 51.11
51 18 34.73 81.95 48.78
1AM 11 42.51 45.97 44.17

taapamsInYszansmmuesszuy

100

80

i

60

13
IHUA

1la

F-measure

40

=—4— Precision
—fli— Recall
—
//

) ¢

L 4

—

20
3 4 58 N

IUIUMTENTUAIRAVEI AN A U RATB I

H v o J 1 Aa A [ v o 7
MNA 4.2 1aaInINANUTURNUFIZHINUTLANTMNUDITZUVUMTANAANUAUNUTLLY
o (] I o 1 a ] a { g o o _ o
adnil Tagldilmostlu Mz uulIAaveIaTIRNNULUIAAYRINY MU 3 A1 4 A1 5 M

HazNNA



52

o w e d LY dat o v
!m‘ﬂﬂﬂ]ﬂ?ﬂﬂ?]ﬂﬁﬂﬂﬂﬁllﬂﬂﬁﬂﬂﬂT‘I‘ig'ﬂﬂﬁﬂﬂulﬂ

25

22
=
=
L=
=
=
2 19
>
R =}
T ——nnilves
£ 16

= o

= —m-Tlvei A
=
—
°

13

10

3 481 5 NN
TIMIUATEHINUIAAVBIE151AT AU LI AAVDINY

Y =~ ~ o v o v [ @ @
ﬂ1Wﬁ 4.3 uaaIns Lﬂiﬂlllfﬂﬂll i]’]u')uﬂ')’lllﬁll“l/‘luﬁll‘ﬂﬂﬁ@]ﬂﬂﬁﬁﬂﬂ"lﬁliﬂﬂi$ﬂﬂﬂﬂ VUIA

1 o [ a ] a {3 o o o
ﬂﬁ@UWﬁTWTQﬂl@Q ﬂ13$W31\1Llu'Jﬂﬂsll'(’)\iﬁ'ﬁmﬁﬂﬂllu’)ﬂﬂﬂlﬂﬂﬁ% ﬁL‘}Ju 3014815 a1 uasnn

o

1

@ @ v o d o (] awv
Elufﬂ‘i’lﬂW'ﬁ‘i;‘i‘U‘Uﬂ1i’ﬁﬂﬂﬂ’ﬂMﬁiJWu‘ﬁ!,LllUﬁ@lww%1ﬂ!@ﬂ’ﬁﬁ\‘ﬂu’mﬂﬂ1ﬂ
a 4 = o = P~ Y ~ Y 1
INYIFTNT L!ﬁﬂ\‘lﬁluﬁTiNﬂ 4.2 DUNITNNN 4.3 LIRZNNN 4.1 DUNNAN 4.2 Iﬂﬁﬂ"b’ﬂWﬂ’NiJ
9 .. A 9 = J 9 = J A A o o ' a
gnaey (preCISlon) Luai%ﬂﬂw!ﬂﬂiuﬁzcl%m’w1$‘N!ﬁ]f]i A NUIUUDLNVIIUIU ATTEHINLUIAA
=y a A 1 9 A 42' = L o VA T o ) [
GU?J\i’fﬂimMﬂULLu’JﬂW’UENW%ﬂWﬂ’JTMQﬂ@l@\iﬂZLWM"Uu Lmﬂﬂgiuizﬂﬂﬂ'm"lﬂ’q\‘]iﬂﬂuﬂ a1y
1 = A 9 =) o A A o o 1 a ~
AINNUTLAN (recall) LSJ'E]GlGBmW1$°V‘IL%E]§ A NUINVUDENVITUIU AMTEUINLUIAAUDIATTIAY
@ a A 1 = 1 Aq ¥ = Jd =3 [
NULUINAUVDINY ﬂ1ﬂ’311|’i$ﬁﬂﬁ]%aﬂﬁﬁ@ﬂ%‘m1ﬂ1umm%ﬂi°}ﬁqﬂ”l/\llﬂf)iﬂ1ﬂ’)11|‘i$ﬁﬂi]%llllﬂ’t)fl
A A A A o o 1 a = a A 9 A o
Lﬂaﬂullﬂa\‘iluﬂlwmﬁ'i’é]aﬂ%TLITL!ﬂ1581’?’31\1LLu’Jﬂﬂ"lJ@Qﬂﬁlﬂuﬂﬂlluﬂﬂﬂﬂlﬂﬂ‘v\l“}f FANMYLNDIN
Aa A 9 VoA 9 = d = 9 A d?'
ﬂ’i%ﬁ“l/l‘ﬁﬂWW"lJf)\ﬁgﬂ‘Uﬂ’JEl F-measure W“]J’JWL?J’E]SlGIfnﬂV\'Lﬁ]’é)’i 11 F-measure %mu,u’ﬂumwmu

o o U a = a A 1 4' 9 = 4 [
AUIUIN MITHIN uUIARYesEsIAlnuLuIAAUeIny  uaeldmmieiines A a1 F-



53

measure  9&HUU THUAAAIAIUNNAUMINVVOIT I MILHIN LUIAAYDIETIATI
HUIAAVDINY
4 [ o Y Y] 4 [ Ll { [ I 4 H
denfSeumeuszrinasnnuanuduiusuuuadidnadaladuil  wosnly (%
= o 9 = o A A o o 1 a = a
nnwestaz lsmmizWinos A) WUIMUBIHUTIUIU ATLHINUUIAAVOIATANNUILIAA
A 9 Y] @ 4 o (A [ Iy q 9 =S 4 1
o Iuvesnuduiusuuuaainana lanazanas ualdnnilnesazanasliun
[} [ [} J [} & [ [ 4 [ E( 4
11910 23 anudunusuuuadniivias 18 anuduiusuuuadddr Fnmzilines A a2

' v o & v (d A v o o v (d @ ~
ANAIBYINNINDIN 23 ANUANNUSHUUFANWIVaD 11 anuaunusuuuaanil a4n1nn 4.3



UNN 5

a = Y
ﬁj‘ﬂ@ﬂﬂi1ﬂﬂﬁﬂ15ﬂﬂﬂ1!!ﬁ$ﬂlﬁ)!ﬁu®!!u$

dy 1 = 9 o a awv U awv
luuntivgnande deagdannmaanminaisedlymazgilasinszninams 39y

qa.: Y = = o dy
i’JﬂJTN‘U’E]Lﬁ’HE]LL‘M%Iﬂﬂlli'l&lazmﬂﬂﬂ\‘m’é]llﬂu

5.1 agUwanisaudiuaiion
o a av 1Y 1Y 1Y 4 o [ d] X%
TumsdutiuanuIdemsanannuduiusuuyadddanneaansnuisenis
a o a a c’dyd 9 [ aa ’q Y [ [ @ 4
neenaas luanetdwusiilums ldvanadaulszgnaldlumsanannuduiusuuy
o (| a g { s
aalil TaolHinaiiamsiSeuiuoaunios (Machine Learning) Miiluiudwiug (Naive Bayes) A0

o 1 Aaov a J o
ﬂ13lﬂ§ﬂ‘ﬂlﬁﬂ‘ﬂﬂ1@nﬂﬂ Qlulf]ﬂﬁﬁﬂu’lmﬂ‘lmﬁ’)ﬂﬂ?ﬁ?ﬁﬁiﬂﬂﬁ?ﬂ‘i’ljﬂuﬁﬂﬂ"méjmW1$‘VIN f?fm

9 QU U
b4

a Jd A2 A d! [y 4 [ [ [ o’td' YR [ = v 9

INYIFTATLAVLASFIINY “]NNﬁﬁW'ﬁﬂl@\iﬂ"l'iﬁﬂﬂﬂ')'lﬂﬁuwu‘ﬁﬂllﬂslluﬂﬂfﬂﬁmﬁﬂll AAJUDYA
- Y = A wva 1 A ya Y

(Corpus) Nivgay nNAvdLlas 3'Jilllﬂﬂ\1ﬂ"lﬁmﬂﬂﬂmﬁlmﬂ GIN‘]VIGI’“BWﬁﬂiﬂH“lﬁLTTM'WﬁM W

! 9N 9 v J Y Y Y o a = = Y A
ﬁ'\‘mﬁﬂlﬂulﬂNﬁﬁW‘ﬁ%Tﬂﬁg‘U‘U]’lﬂ’ﬂﬂNQﬂ@l@ﬂllﬁ’)ﬂ?ﬂ"ﬁﬂizmuwmﬂﬁEJ‘]JL'VIfJ‘]Jﬂ‘]JﬂTﬁTJSZL?JuIﬂEJ

o

1¥AiFe19gmmzadelsngiwadns lud e A1nugnAed (precision)d linoedtin

o 4 awv J, ad 4 J
Un Lﬁﬂx‘]ﬂ?ﬂ\‘l”I‘L!’Ji]ﬂﬁﬁﬂi&l”I‘]Jl!!LW‘VIWIi‘L!ﬁU‘ﬁ”I‘MLL‘U‘]N wqmammuumﬁmﬁa NP1 verb NP2

a9

A S as g . . I ad g

| NP2 verb NP1(t4® NP1 Wuvunaiily Chemical-Name Entity g NP2 Auunandu
Y ]

Natural-Source-Name Entity) #a1iulunmisadeadedoyamerdnduszuuazuiis gaauiaanie

a =) oA

o 1A oA g a =) oA g <3| o v
nJu3ﬂqmaﬂqumﬂuuu’mﬂmmamﬂu ﬂqnmﬂuumﬂ@mmww Lmznanmﬂumizmn

Q

v
o A

ufavesssaluazuuaavesity Taglildaulenguinegaunenuuifavesaisnll
HAZIUIAAYOINY NUAINogTENINLUIARYBIATIANAIENY ez NqURINgTZHI
a A Y v
HUINAVRINBAIYAU
) Ao dy o A a ) v JAn Y 9 =
Wimhanudseliun e uiuauezaunsathnaansn la llaswoeuInlad veoq
a o J a & <3| J Y = A a
MIHAAAUNNTTINNA Faaziulsz Temidogaaunssumsanaa sl o1

a o d A <
ATINNITUYT AT THNITNNAANUNLITTUDINIT L‘ﬂugfu



55

5.2 dayrimazglassannmsauiivaniiay
@ 4 y o &
TumsiToundsdoyaernduszuy esndedududesmlasdoyaluguny
' 1 4 ! v W 4 o Aa J o
pdfldeglugidennunou FaziiflymiFesdydnvaivisdinaaionly  Suludedldna

pazussnulumsadndidoyanin

5.3 Yorauanuy
v o 9 9 - P
1. szuuiianniuil dumslfiiesgduunTaseadiamehensalifea(NP1 verb NP2)
v A J 09/’ P 1 1
Tumsdadulamniu mindinsdneldgluuy Tassadranehensaiivanaisesn lungae
2 9 o 9N 9 a A dd?
Tunmsiasandeyaeiai i lalszansnmuesssvuaau
9 o 9 d‘ = o wad‘ a 1 9 ] 1 )
2. TumsadnadavegaiierndussuuaIshnaaundauuINIT U3 IWAIY 1IFUNGUAT
NegaunenuuIAnveIIIAlLazILIAAYDINY NaUR NegTzHIUIRAYDIATIAT]
Memi agnguiNedsz nituuAavesisdenu ogemnlszaninmvesszuyla

A v 9 9 dg’
3. ﬂ’)iLWM%HW@W@QﬂaQﬂJ@HaiWN’]ﬂmu






57
USIANYNITH
M ing

Jd o a o 4 o o
YBN5 gAusNm 1591 (2008). sane i lumstiuunyaaing luedd nsd1usunIsas UK

AN AFUNNA: WNINNAUNBATINEAS.
\l
Mmealszimea

Katrin Fundel. (2007). Text Mining and Gene Expression Analysis Towards Combined
Interpretation of High Throughput Data. Miinchen.

Tom Mitchell. (1997). Machine Learning The McGraw Hill Companies Inc. and MIT Press,
Singapore.

Cruse, Alan. (2000). Meaning in Language: An Introduction to Semantics and Pragmatics.
Oxford University Press, Oxford.

Morton E. Winston, Roger Chaffin, Douglas Herrmann. (1987). 4 taxonomy of part-whole
relations. vol. 11, pp. 417-444. Cognitive Science.

Roxana Girju, Adriana Badulescu, Dan Moldovan. (2003). Learning semantic constraints for the
automatic discovery of part-whole relations. vol. 1, pp. 1-8. In Proceedings of
HLT/NAACL-03.

Patrick Pantel, Marco Pennacchiotti. (2006). Espresso: Leveraging generic patterns for
automatically  harvesting semantic relations. pp. 113-120. In Proceedings of
COLING/ACL-06.

Gregory Ichneumon Brown. (2011). An Error Analysis of Relation Extraction in Social Media
Documents. pp. 64-68. In Proceedings of ACL-HLT-49.

Mark Hall, Eibe Frank, Geoffrey Holmes, Bernhard Pfahringer. 2009. The WEKA Data Mining
Software: An Update. vol. 11, pp. 10-18. In SIGKDD Explorations.

Alistair Kennedy, Graeme Hirst. (2012). Measuring Semantic Relatedness Across Languages.

Computational Linguistics Seminar. Canada.









1384 J. Nat. Prod. 2003, 66, 1384—1387

New Antioxidant C-Glucosylxanthones from the Stems of

Arrabidaea samydoides

Patricia Mendonga Pauletti,” Ian Castro-Gamboa,” Dulce Helena Siqueira Silva,” Maria Claudia Marx Young,*
Daniela Maria Tomazela,® Marcos Nogueira Eberlin,* and Vanderlan da Silva Bolzani**
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de Produtos Naturais, Instituto de Quimica, Universidade Estadual

Paulista, UNESP, CP 355, 14801-970, Araraquara, SP, Brazil, Seccdo de Fisiologia e Bioquimica de Plantas, Instituto de
Botanica, CP 4009, 01061-970, Sio Paulo, Brazil, and Thompson Mass Spectroscopy Laboratory, Instituto de Quimica,
Universidade Estadual de Campinas, UNICAMP, CP 6154, 13083-970, Campinas, SP, Brazil
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Three new C-glucosylxanthones, 2-(2'-O-trans-caffeoyl)-C--D-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone
(1), 2-(2"-O-trans-cinnamoyl)-C-f-p-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone (2), and 2-(2"-O-trans-
coumaroyl)-C--n-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone (3), were isolated from the stems of
Arrabidaea samydoides, in addition to three known C-glucosylxanthones, mangiferin (4), 2-(2"-O-benzoyl)-
C-f-p-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone (5), and muraxanthone (6). Their chemical structures
were assigned on the basis of MS and 1D and 2D NMR experiments. Xanthones 1—6 showed moderate
free radical scavenging activity against 1,1-diphenyl-2-picrylhydrazyl (DPPH) as well as antioxidant
activity evidenced by redox properties measured on EICD-HPLC.

As part of our bioprospecting program Biota-FAPESP
(The Virtual Institute of Biodiversity), whose main goal is
to discover potential antitumoral, antifungal, and antioxi-
dant agents from plants of the Cerrado and Atlantic forest,
we have screened hundreds of plants collected in the State
of Sao Paulo. A these, Arrabid. samydoides was
chosen for detailed chemical investigation due to prior
antioxidant activity revealed on a TLC autographic assay
sprayed with p-carotene solution, and to our knowledge
there are no previous reports on chemical and biological
studies. This species belongs to the family Bignoniaceae,
which contains about 120 genera and 800 species distrib-
uted throughout tropical regions of South America and
Africa.! Species from the genus Arrabidaea have been used
in traditional medicine for wound asepsis and treating
intestinal disorders.? In northeast Brazil, Arrabidaea chica
is used in tattoos by Indians due to the pigments carajurin
and carajurone.?? A literature review indicated that this
genus is a source of anthocyanins, flavonoids, and tannins.*~7
The ethanolic extract from the stems showed promising
antioxidant activity and led to the isolation of three new
C-glucopyranosylxanthones, 2-(2'-O-trans-caffeoyl)-C-f-D-
glucopyranosyl-1,3,6,7-tetrahydroxyxanthone (1), 2-(2'-
O-trans-cinnamoyl)-C-f3-pD-glucopyranosyl-1,3,6,7-tetrahy-
droxyxanthone (2), and 2-(2"-O-trans-coumaroyl)-C-f-D-
glucopyranosyl-1,3,6,7-tetrahydroxyxanthone (3), and the
known mangiferin (4),® 2-(2"-O-benzoyl)-C-p-p-glucopyra-
nosyl-1,3,6,7-tetrahydroxyxanthone (5), and muraxan-
thone (6).1° In this paper, we report the isolation, structure
elucidation, and antioxidant properties of these C-glucopy-
ranosylxanthones.

Compounds 4 and 6 were identified by comparison with
previously published NMR and other physical data.51?
Compound 5 was described previously as a mixture of three
isomers from Hymenophyllum recurvum.® Only a few C
NMR data were analyzed and discussed. In this paper we

describe the complete 'H, *C NMR and ES-MS/MS data
for this compound.

Compound 1 was shown to have the molecular formula
CysHy3014 [M — H]™ m/z 583.1008, by analysis of the
negative-ion HRESIMS. The IR spectrum showed bands
at 3370, 1615, and 1474 cm™! accounting for hydroxyl,
conjugated carbonyl, and aromatic groups, respectively.
The ¥C NMR spectrum showed six signals for hydroxy-
methine carbons, suggesting the presence of a sugar
moiety, and 22 signals for sp? carbons, which could be

d to three ar tic rings, and also two carbonyls

* Author to whom corr d should be add: d. Tel: 55(16)-
2016660. Fax: 55(16)2227932. E-mail: bolzaniv@iq.unesp. br.
" Instituto de Quimica, Unlvcrsldadc Estadual Pauhsta UNESP
* Secao de Fisiologia e Bi i de Plantas, I
§ Instituto de Quimica, Universidade Estadual de Campmas UNICAMP.

and one additional olefinic function. In the 'H NMR
spectrum (Table 1) of 1, a caffeoyl moiety was identified
by signals at ¢ 6.79 (1H, d, J = 2.0 Hz, H-2"), 6.58 (1H, d,
J = 8.0 Hz, H-5”), and 6.67 (1H, br d, J = 8.0 Hz, H-6"),

10.1021/np030100t CCC: $25.00 © 2003 American Chemical Society and American Society of Pharmacognosy
Published on Web 09/24/2003
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f10819991aN11A13 annotation 111101 stop word 89N

U

<stuff relation class="“yes”>Three new C-glucosylxanthones, 2-(2'-O-trans-caffeoyl)-C-S-p-glucopyranosyl-
1,3,6,7-tetrahydroxyxanthone(1), 2-(2'-O-trans-cinnamoyl)-C-f-b-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone
2-(2'-O-transcoumaroyl)-C-S-p-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone isolated stems Arrabidaea
samydoides C-glucosylxanthones, mangiferin 2-(2’-O-benzoyl)-C-$-p-glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone muraxanthone</stuff_relation>

<stuff relation class=“no”>chemical structures assigned MS 1D 2D NMR experiments</stuff_relation>

<stuff relation class=“ no”>Xanthones 1-6 showed moderate radical scavenging 1,1-diphenyl-2-picrylhydrazyl
(DPPH) antioxidant evidenced redox properties measured EICD-HPLC</stuff_relation>

<stuff relation class=* no”> bioprospecting program Biota-FAPESP Virtual Institute Biodiversity goal discover
potential antitumoral antifungal antioxidant agents Cerrado Atlantic forest screened hundreds collected State Sa™o
Paulo</stuff_relation>

<stuff_relation class=" no”> Arrabidaea samydoides chosen detailed chemical investigation prior antioxidant
revealed TLC autographic assay sprayed a-carotene solution knowledge reports chemical biological studies
</stuff_relation>

<stuff relation class=*“ no”> species belongs family Bignoniaceae contains 120 genera 800 species distributed
tropical regions South America Africa</stuff_relation>

<stuff relation class=*“ no”>Species genus Arrabidaea traditional medicine wound asepsis treating intestinal
disorders</stuff_relation>

<stuff relation class=“ no”’> northeast Brazil Arrabidaea chica tattoos Indians pigments carajurin carajurone
</stuff_relation>

<stuff relation class=“ no”> literature review indicated genus source anthocyanins flavonoids tannins.
</stuff_relation>

<stuff relation class=“ no”> ethanolic extract stems showed promising antioxidant isolation C-
glucopyranosylxanthones 2-(2'-O-trans-caffeoyl)-C-a-pglucopyranosyl-

1,3,6,7-tetrahydroxyxanthone 2-(2'-O-trans-cinnamoyl)-C-&-p-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone
2-(2'-O-trans-coumaroyl)-C-a-pglucopyranosyl-1,3,6,7-tetrahydroxyxanthone mangiferin 2-(2'-O-benzoyl)-C-a-
p-glucopyranosyl-1,3,6,7-tetrahydroxyxanthone muraxanthone</stuff_relation>

<stuff relation class=“ no”> paper report isolation structure elucidation antioxidant properties C-
glucopyranosylxanthones</stuff_relation>

<stuff relation class=“ no”>Compounds 4 6 identified comparison published NMR physical data</stuff_relation>

<stuff relation class=“ no”>Compound 5 described mixture isomers Hymenophyllum recurvum</stuff_relation>
<stuff relation class=“ no”>13C NMR data analyzed discussed</stuff_relation>
<stuff relation class=*“ no”> paper describe complete 1H, 13C NMR ES-MS/MS data compound</stuff_relation>

<stuff relation class=“ no”>Compound 1 shown molecular formula C2sH23014 [M - H]- m/z 583.1008 analysis
negative-ion HRESIMS</stuff_relation>

<stuff relation class=“ no”>IR spectrum showed bands 3370 1615 1474 cm-1 accounting hydroxyl conjugated
carbonyl aromatic groups</stuff_relation>

<stuff relation class=“ no”>13C NMR spectrum showed signals hydroxymethine carbons suggesting presence
sugar moiety 22 signals spz carbons assigned aromatic rings carbonyls additional olefinic function
</stuff_relation>
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88

C-glucosylxanthones, 2-(2 ’-O—trans—caffeoyl)-C-O-D- glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone 2-(2 '—O—trans—cinnamoyl)—C-O-D- glucopyranosyl-1,3,6,7-
tetrahydroxyxanthone 2-(2 '—O—trans—coumaroyl)-C-O-D- glucopyranosyl-1,3,6,7-

tetrahydroxyxanthone isolated stems Arrabidaea samydoides

217

S-epi-vibsanin G 18-O-methylvibsanin G vibsanin M aldovibsanin C isolated acetone

extract leaves flowers Viburnum odoratissimum

318

(8R*)-8-bromo-1 O—epi—B—snyderol (SS*)—S—bromo—B—snyderol 5-bromo-3-(3 ’—hydroxy—
3 ’—methylpent—4’—enylidene)—2,4,4—trimethylcyclohexanone isolated chloroform-

methanol extract Laurencia obtuse

811

jujubogenin 3-O-R-L-arabinofuranosyl(1 ﬂ)—[B—D—glucopyra—nosyl( 1f6) O -D-
glucopyranosyl(1f3)]-R-L-arabinopyranoside jujubogenin 3-O-R-L-arabinofuranosyl-
(1£2)-{6-0-[3-hydroxy-3-methylglutaryl]- O -D-glucopyranosyl(1f3)}-R-L-
arabinopyranoside O-hydroxylup-20(29)-en-27,28-dioic acid 28-O- B—D—
glucopyranosyl(1£2)-[O-D-xylopyra-nosyl(1f3)]- O-D-xylopyranosyl(1{2)- B-D-
glucopyranoside ester jujubogenin 3-O-R-L-arabinofuranosyl(1 ﬂ)-[B-D-
glucopyranosyl(1f3)]-R-L-arabinopyranoside O-hydroxylup-20(29)-ene-27,28-dioic

acid isolated methanol extract stems Anomospermum grandifolium.

878

5R,9R,1 OB, 13R-tetraacetoxy-1 4B-O-(B-D- glucopyranosyl)taxa-4(20),11-diene

1 B,ZR,9R, 1 0B-tetrahydroxy-SR-cinnamoyoxytaxa-4(20), 11-dien-13-one (2),

2R,9R,1 OB-trihydroxy-5R-cin-namoyoxytaxa-4(20), 11-dien-13-one 9R-acetoxy-

2R,1 OB-dihydroxy-SR-cinnamoyoxytaxa-4(20), 11-dien-13-one 2R,1 OB-diacetoxy-

1 B,9R—dihydr0xy-5R-cinnamoyoxy-3, 11-cyclotaxa-4(20)-dien-13-one identified Taxus

baccata

1188

wilfordine alatamine wilforidine alatusinine euonine euonymine ebenifoline forrestine

mayteine 4-hydroxy-7-epi-chuchuhuanine isolated leaves Maytenus chiapensis.

1364

Asparagus cochichinensis led isolation asparacoside asparacosins A 3 "
methoxyasparenydiol 3 ’-hydroxy-4 '-methoxy-4’-dehydroxynyasol asparenydiol nyasol

3 "-methoxynyasol 1,3-bis-di-p-hydroxyphenyl-4-penten-1-one trans-coniferyl alcohol
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1734

C-glycosides 2 "0-2" '—methylbutyryl)isoswertisin 3"-0-2" ’—methylbutyryl)—

isoswertisin 2"-0-(2" '—methylbutyryl)vitexin 2"-0-" ’-methylbutyryl)orientin 2"-0-
" "

3 ,4"l-dimethoxybenzoyl)vitexin 2"-0-3 ,4”’-dimethoxybenzoyl)orientin

isoswertisin isolated flowers Trollius ledebouri.

2163

2,3,6,8-tetrahydroxy-1-(3-methylbut-2-enyl)-5-(2-methylbut-3-en-2-y1)-9H-xanthen-9-

one isolated root bark Cudrania

2205

5R,7R,103H-3-patchoulen-2-one 5R,7R103H-4(14)-patchoulen-2R-ol 9R,10[3-

dihydroxy—ZB,4B—peroxy—1R,5 B,7RH—guaiane isolated aerial parts Croton arboreous

2762

10,11-dimethoxynareline alstohentine alstomicine 16-hydroxyalstonisine 16-
hydroxyalstonal 16-hydroxy-N(4)-demethylalstophyllal oxindole alstophyllal 6-
oxoalstophylline 6-oxoalstophyllal ones obtained leaf extract Malayan Alstonia

macrophylla.

2772

14B—benzoyloxybaccatin v 14B—benzoyloxy— 13-deacetylbaccatin IV 14B—benzoyloxy—

2-deacetylbaccatin VI isolated leaves stems Taxus chinensis.

3846

4B-hydr0xy- 19-normanoyl oxide 4R-hydroxy-18-normanoyl oxide 18-O-R-L-
arabinopyranosylmanoyl oxide jhanol 18-hydroxy-13-epi-manoyl oxide isolated

constituents Argentine collection Grindelia scorzonerifolia
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Abstract— To extract Part-Whole relations, especially the stuff
relation, from unstructured textual data is the challenging work.
This paper presents how to automatically extract the stuff
relation from technical documents on the Web for supporting
chemical industrics. The research extracts the stuff relation
without applying POS (Part-of-Speech) annotation. There are
three problems of extracting the stuff relation: a) the
identification of stuff relation without POS annotation problem,
b) the chemical-formula name entity determination
problem and c¢) the genus-species name entity determination
problem. We propose using Naive Bayes to learn the stuff
relation.  The results from our proposed methodology are 87%
precision and 61% recall.

hedded

Keywords-stuff relation; scienfific name entity; chemical name
entity

L INTRODUCTION

Through out history, there are consistent amount of
interests to extract chemicals of natural products for using in
different arcas of the pharmaceutical industry [I]. the
alternative  energy rescarch [2], and the commercial
biorefinery system [3]. Therefore, several natural product
researches work on analysis of natural substances of land and
sea and of plants, microbes and animals where the research
results bring significant benefits to the industries. especially
the pharmaceutical industry.  For example, many natural
product researches focus on identifying novel bioactive
constituents from mushrooms and medicinal plant. Recent
studies identified antibacterial and cytotoxic mushroom
species (where cytoloxic mushroom uses as anti-cancer
medicines), as well as novel compounds from Bangladeshi
medicinal plants. Since numerous scientific literatures exist
on natural substances, the allocation of large amounts of time
and resources are required by industries to seck source
organism alternatives for a specific constituent. Therefore this
research proposes to automatically extract the Part-Whole
relation (i.e. “X is the component of Y™ ) from the research
documents to reveal the source organism substances of the
natural product. According to M.E. Winston et. al. 1987, the
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Part-Whole relation can be classified into six types:
Component-Integral object (wheel-car), Member-Collection
(soldier-army), Portion-Mass (meter-kilometer), Stuff-Object
(alcohol-wine), Feature-Activity (paving-shopping). and
Place-Area (oasis-desert). Therefore, this research aims to
determine and extract the Part-Whole relation, especially
Stuff-Object type. from the documents. Unlike the
Component-Integral relation, the Stuff-Object relation (or
Stuff relation) refers to a relation where the stuff cannot be
physically scparated from the object without altering its
identity [4]. The Stuff relation is required for automatically
constructing the natural product Ontology used to represent all
natural product knowledge.

There are several researches work on the relation
extraction [5][6][7][8]. but literature on the Part-Whole (or
Part-of) relation extraction is still lacking. Most of these
researches worked on the text file involved with the linguistic
patterns or the linguistic rule bases at the phrase level (e.g.
“the oil and vinegar salad dressing”™) or the sentences level
(c.g. “A vinaigrette-type salad dressing in United States and
Canadian cuisine consists of water. vinegar or lemon juice,
vegetable oil, chopped bell peppers corn syrup. and a blend of
various herbs and spices.”). Our rescarch concerns only the
sentence level since the Stuff relation expression on our
corpus of the natural product research papers mostly occurs at
the sentence level. In addition, our corpus contains several
characteristics differ from other general corpora, especially the
name entity (especially TUPAC nomenclature or chemical
name entity) such as the chemical-formula-embedded name
entity as shown the following with the underline.

“Seven new lanostane-type (riterpenes, hypo-crellols
A=G (1-7), and six new hopane-type triterpenes,
7B, I5a-dihydroxy-22(29)-hopene (8), 3p, 7f-dihydroxy-
22(29)-hopene  (9). 3f-acetoxy-135a-hydroxy-22(29)-
hopene (10), 3,78, 150, 22-tetrahydroxyhopane (11),
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3p-acetoxy- 7P, 15a,22-trihydroxyhopane (12), and
7B,15a, 22-trihydroxy-hopane (13), were isolated from
the scale insect pathogenic fungus Hypocrella sp. BCC
145247

Where each number in the parenthesis except (29) stands for
the identification number of the element in front of the
parenthesis, for example:

“1=7" (1 to 7) stand for “lanestane-type triterpenes, hypo-
crellols A-G~

“8" stands for “hopane-type firiterpenes, 7p,15a-dihydroxy-
22(29)-hopene”

Another problem is the chemical name entity contains
several commas whose functions differ from the general
comma function separating word in a  series
(www.brighthubeducation.com). For example:

o 3, 4-dihydroxy-9-methoxypterocarpan
(vesticarpan) (5), 2' 4, 4" “trihydroxychalcone
fisoliquiritigenin),  and  7.4"-dihydroxyflavanone
(liquiritigenin) (6), were isolaled from the heartwood
of Platymiscium floribundum.”

where “2'4,4"-trihydroxychalcone™ is one word. Whereas
“dogs” | “cats” | “mice” is a onc word in the following
sentence.

“Dogs, cats, and mice are mammals.”

All of these characteristics are involved in the three
main problems; first is how to identify the Stuff relation.
Second is how to determine the chemical formula name entity.
Third is how to determine the organism (species) name entity.
From all of these problems, we propose applying the Naive
Bayes machine learning technique to learn the stuff relation
from a sentence that contains the interesting word set
{“obtain”. “isolate”, “extract”, ...}(from corpus behavior
study) along with the stuff word set {*74"-dihydroxy-3-
methoxyisoflavone”, “isoliquiritigenin”, “(R)-4"-
methoxydalbergione”. ... }(from NBIC-PubChem database) and
the object word set { “Dalbergia louvelii”. “Dendrolobium
lanceolatum”, ... }(from NBIC-Taxonomy database).

In section 11, related work is summarized. Problems in
extracting the Stuff relation from the published research
papers is described in section III and in section IV is purposed
our framework for the Stuff relation extraction. In section V,
we evaluate and conclude our proposed model.

II. RELATED WORKS

There are some previous researches including [5][6][7][8]
working on the relation extracting from texts as described in
the following,

R.  Girju et. al.(2003)’s work [5] is to present a ID3
(C4.5) learning technique for learning semantic constraints
based on the lexico syntactic pattern , NP1 verb NP2 where
NP1 and NP2 are noun phrases, (o detect Part-Whole relations
(meronymy) from the LA Times articles of TREC 9 text

collections. They also stated that the Part-Whole relations in
WordNet were classified into three basic types: Member-of
(e.g.. UK IS-MEMBER-OF NATO), Stuff-of (e.g., carbon IS-
STUFF-OF coal), and Part-of (e.g.. leg IS-PART-OF table).
According to their proposed model based on sentence level.
the Part Whole relations are detected with an accuracy of 83%
precision 98% recall from 10000 sentences.

In 2006, P. Pantel and M. Pennacchiotti’s work [6] is to
present the weakly-supervised algorithm, named Espresso,
using the generic patterns to extract the semantic relations,
especially the Is-a relation and the Part-of relation. The
Espresso was applied to the very large corpora downloaded
from webs with the generic pattern which was determined the
pattern and instance reliability. The reliable patterns resulted
in having high precision but often very low recall (e.g.. “X
consists of Y™ for the Part-of relation). Their experimental
results showed that their generic patlerns substantially
increased system recall with small effect on overall precision.
The results of their system performance using the CHEM
corpus with the Part-of relation is 51% precision and 46
relative recall whereas using TREC-9 with the Part-of relation
is 70% precision 577 relative recall.

In 2007. K.Fundel et. al. [7] developed RelEx. an
approach for relation extraction from free text, especially
biomedical publications from million MEDLINE abstracts.
RelEx was based on natural language preprocessing producing
dependency parse trees dealing with gene and protein
relations. The RelEx model involved the detection of co-
occurrences of entities within sentences or abstracts and uses a
small set of simple mles. applied for part-of-speech-tagging,
noun-phrase-chunking and dependency.  Their Relation
Extraction is based on three linguistic rules frequently used in
English language for describing relations where one rule is
based on the sentence level and the other two rules are based
on the phrase level as follow:

(1) effector-relation-effectee ("« activates p’)
(2) relation-of-effectee-by-effector (“Activation of ¢ by )

(3) relation-between-effector-and-effectee( " Interaction
between o and 7).

Finally, RelEx is estimated performance of both 80%
precision and 80% recall.

G. I. Brown (2011) [8] presented an analysis of a relation
extraction system using a support vector machine (SVM)
classifier to the J.D. Power and Associates Sentiment Corpus
separated into three style documents: professionally writlen
reviews, blog reviews, and social networking reviews. The
SVM features includes the word features involved the head
noun of the phrase existing the least deep in the dependency
parse tree, the entity types, and the token class. However, his
research aims to study how the extraction system works on
different styles of documents. The results of the Part-of
relation exiraction are 46%precision on average and 33%
recall on average. Then, [8] concluded that the relation
extraction task was being negatively impacted by the relation
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classification itself and the poor tokenization or parsing of the
documents.

However. all of the relation extraction techniques from
[51[6][7][8] cannot be applied to our rescarch. The
complicated chemical-formula name entity and the organism
name entity limit the use of POS standard tools
(http://open.xerox.com/Services/fst-nlp-tools/Consume/181).
Therefore, we apply Naive Bayes to learn the Stuff relation
from a sentence that contains the interesting-stem word set
along with the Stuff word set and the object word set.

IIl.  PROBLEM OF STUFF RELATION EXTRACTION

There are three main problems: how to identify the Stuff
relation, how to determine the chemical-formula-embedded
name boundary. and how to determine the scientific name
boundary.

A. How to identify Stuff Relation without POS annotation

In order to identify the Stuff relation without the POS
annotation, we propose using the A-B-C or C-B-A sequence
(where A is the Stuff word set. B is the interesting word set,
and C is the object word set) occurring within one sentence to
identify the Stuff relation using Naive Bayes. A and C are
obtained from NBIC-PubChem and NBIC-Taxonomydatabase
(http://pubchem.ncbi.nlm.nih.gov) respectively (see Fig. 1.).

... Four new flavonoids (1-4), along with
13 known compounds, were isolated from
the heartwood of Dalbergia louvelii. ...”

Fig. 1. Example of the linguistic in scientific d

where A is “flavonoids (1-4)". B is “isolate”, and C is
“Dalbergia lovelii”.

B. How to determine the chemical-formula-embedded name
boundary
The chemical formula is very complex word (as shown in
TABLE 1.) where the chemical names are embedded within
another chemical name (see section I). Therefore we used
NBIC-PubChem to determine the chemical name.

TABLEI. LIST OF CHEMICAL FORMULA EXAMPLE.

Chemical Formula
Example 1 : (R)-4"-methoxydalbergione
Example 2 : 3-(2.4-dihydroxy-5-methoxy)phenyl-7-
hydroxycoumarin
Example 3 : (R)-4"-methoxydalbergione
Example 4 : (7S.8R.1 'S.5'S.6'R)-A”*® -5'.6'-dihydroxy-3'-
methoxy-3.4-methylenedioxy-4'-0x0-8.1'.7.5"-neolignan
Example 5 : 2.4-dimethoxy- 5.6-methylenedioxy-1-(2-
propenyl)benzene
Example 6 : 2'-hydroxy- 6.4',6".4""-tetramethoxy-[7-O-
7"]-bisisoflavone

Also, the chemical formula often contains “.” as separating
word (see section I). We propose using NBIC-PubChem
database to determine the chemical formula name entity.

C. How lo determine the scientific (species and genus) name
boundary

Often the species and genus names of species are written in

multiple word italic form (as shown in TABLE II.). However,

when the surrounding texts are also in italics. the identification

of the scientific species names become a challenging task.

TABLE II. LIST OF SCIENTIFIC NAME EXAMPLE.

scientific name
Example 1 : Dalbergia louvelii
Example 2 : Dendrolobium lanceolatum
Example 3 : Hypericum perforatum
Example 4 : Platymiscium floribundum
Example 5 : Dalbergia candenatensis

Therefore we propose using NBIC-Taxonomy database to
solve this problem.
IV.  METHODOLOGY

There are 4 major steps including corpus preparation, name
entity determination, Stuff relation learning, and Stuff relation
extraction as shown in Fig. 2.

_‘ Corpus | _,
Preparation

Chemical Scientific Name
Name Entity Entity
Determination Determination

Name Entity Determination

PR e AR AT T

Stuff Relation
Learning

Stuff Relation
Extraction

Fig. 2. System architecture.

A. Corpus Preparation

In the corpus preparation step, English scientific abstracts
and introductions in chemical related areas are downloaded
from online journals (20,000 sentences from 500 scientific
documents in pdf format). The pdf documents are converted to
text documents using PDFTextStream (http://snowtide.com).
The corpus is separated into 2 parts: one part is 15,000
sentences for learning the stuff relation and the other part of
5.000 sentences for stuff relation extraction. The sentences
with stuff relation are manually annotated as “yes™ class and
the others are “no” class (see Fig. 3.). Then the stop words are
filtered out while all symbols , e.g. =" *-" ... etc., still exist in
the corpus.
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“>Four new flavonoids (1-4), along with
13 known compounds, were isolated from the heartwood of
Dalbergia lowvelii by following their potential to inhibit in vitro
the growth of Plasmodium falciparum.</ siuff relation>
<stuff_relation class="no™>Of these, the ethyl acetate extract
obtained from the heartwood of Dalbergia louvelii R. Viguier
(Fabaceae). </stuff_relation>

<stuff_relation class="yes">Although several isoflavonoids have
been obtained from roots of 2 floribundum, none of the
abovementioned compounds have been isolated previously from
this species.</stuff_relation>

<stuff_relation class="no"™>The cytotoxicity of the isolates
obtained herein from P floribundum has been evaluated against a
small panel of cancer cell lines.</stuff relation>

Fig. 3. Examples of sentences annotation.

B. Scientific Name Entity Determination
1) Chemical Name Entity Determination: There are 2 steps

D. Stuff Relation Extraction

In order to start the Stuff relation extraction process, Naive
Bayes Classifier[9] shown in equation (1) is applied. The class
“yes” means Stuff relation, as shown in Fig. 4.

Stuff RelationClass = argmax P(class | a.c)
class=Class

=argmax P(a|class)P(c|class)P(class)
class=Class
Y]

where Class ={"yes"."no"}
aEA (A4 isaStuff word set)
ce€C (C is an object word sef)

involved: the translation of numeric representation of .
chemicals and the identification of chemical name entities. L s a list of sentence.
a) Translating Numeric Representation of chemicals: w 4 set of word in each sentence.
The following observed rule are used to translate the numeric WS is a sequence of n words wheren =1, 2,3, ...
representations of chemicals. C is natural-product-compounds concept set.
S is the natural-sources concept set.
Rule: A is vthc marker set.
if((Cname is the first occurrence)a (Cname(num))then D i - 0, R —¢
num is the numeric representation of Cname 2 Whﬂ_e (i < length[L]) do
3  Begin
Where Cname = chemical name on a scientific document 4 40, len — length[W]
num = the integer 5 while(w; € A) do
6 for (k < 0 to )
b) Chemical Name Entity Identification: The results 7 if (s, € C) then
from a) coupled with the adjacent surrounding word are 8 f‘"‘ (m < j+1tolen) )
compared to the NBIC-PubChem. 9 if ((ws;,, € S) A (StuffRelationClass
2)  Genus-species Name Enfity Determination: Using == “yes")then
NBIC-Taxonomy database solves the Genus-species Name 1o R=R U {(wsy, WS}
Entity. 11 end if
12 next
C. Stuff Relation Learning 13 else if (ws, € S) then
In the learning step, b (where b € B and B is obtained from 14 for (m < j+1 to len) ‘
the corpus behavior studied) is used (o anchor sentences. 15 if ((ws;,, € C) A (StufiRelationClass
Sentences where the left hand side of the anchor contains a == "yes")) then
(where a € A) or ¢ (where ¢ € C) and the right hand side of 16 R =R U {(wsjy, ws;, )}
the anchor contains ¢ or a are collected. Then the frequency of 17 end if
a. and ¢ with class “yes” and class “no” are determined for 18 next
cach sentences (see TABLE 111.) 19 endif
20 next
TABLE IIl. FREQUENCY OF A AND C WITH CLASS “YES"/*NO” 21 End
A Class=yes Class=no 22 repfpR
3.10-dihydroxy-9- 0.05882353 0.03571429 Fig. 4. Stuff Relation Extraction Algorithm.
methoxypterocarpan ) o o
cthyl acetate 0.05882353 0.17857143 V.  EVALUATION AND CONCLUSION
dibenzocycloheptene | 0.3921569 0.03571429 The English corpora of the technical documents in
chemistry domain are used to evaluate the proposed stuff
C Class=yes Class=no relation extraction algorithm consisting of about 5,000
Dendrolobium 0.06976744 0.05 sentences. The evaluation of the Stuff Relation extraction
Platymiscium 0.34883721 0.25 performance in research is expressed in terms of the precision
Dalbergia 0.06976744 0.25 and the recall as shown below, where R is the stuff relation:
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# of samples correctly extracted as R

Precision = — -
# of all samples output as being R

# of samples correctly extracted as R
# ofall samples holding the target relation R

Recall =

3)

The results of precision and recall are evaluated by three
expert judgments with max win voting. The precision of the
extracted Stuff relation is 87% and 61% recall. The reason of
the recall limited to 61% is misplaced-B problem where B is
before or after A and C. These problems are a subject of
further studies. Finally, these extracted Stuff relations are
beneficial for natural product chemical ontology construction
(see Fig. 5.) which will bring significant benefits to the
cosmetics, pharmaceuticals and other chemicals industries.

Dalbergia louvelii
(R)-4"-methoxydalbergione
Vitro Antiplasmodial Activity

Fig. 5. Example of Natural Product Chemical Ontology.
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