wo 2020/091185 A1 |0 0000 KO0 000 00 0

12) 53 g 5&9?311 o3l A FAEL
(9) A A A 4 A4 7] é} 0 OO0 OO 0 OO 0 A0

= A A= -
(10) FTANHE
@3) TA TN %
2020 58 7 ¢ (07.052020) \wipO | PCT WO 2020/091185 Al
(51) FAEFHEF: (72) &7 7}: o] =3 (LEE, Doheon); 34141 t) A A] -4 7t
GI6H 50/30 (2018.01) GI6H 50/70 (2018.01) &2 291, Daejeon (KR). ¥ -8 (YOO, Sunyong); 34141
GI6H 20/90 (2018.01) GI6C 20/50 (2019.01) o) A A -4 Ul 8E 291, Daejeon (KR).
(21) ZAELHE: PCT/KR2019/008244  (74) W] ¢l: o] 23] (LEE, Won Hee); 06132 A& A] 7t
= J = &) = 23} 8=
22) FAELY: 2019 7 9 4 9 (04.07.2019) FlSl = 147 23 A 3 0] 2 24} 83, Seoul (KR).
. . . @) AR (B HA7 Y= &, Vs BReE /Y =
25) FdAel: el ) Hele] HEE ¢93l0]): AE, AG, AL, AM, AO, AT,
(26) FNAA: e AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,

CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC,
EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU,
ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, KW, KZ,

(30) SAAAR:
10-2018-0130202 2018 ¥ 10 ¥ 29 & (29.10.2018) KR

(71) E9: ASHA ASHAAE7| N F AR T 07 AL LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,
Y= (BIO-SYNERGY RESEARCH CENTER) [KR/ MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
KR]; 34141 thAA] A5 iz 291 AEEHH PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
513%., Daejeon (KR). &=%3}7|=9 (KOREA AD- SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
VANCED INSTITUTE OF SCIENCE AND TECH- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
NOLOGY) [KR/KR]: 34141 hel Al 747 FSF2 291 g4y x93 o359 A7} gz @, /b @ 28 Ze] o
Daejeon (KR). ] A8 o] H3E 939): ARIPO (BW, GH, GM, KE,

LR,LS,MW,MZ,NA,RW, SD, SL, ST, SZ, TZ, UG, ZM,

(54) Title: METHOD FOR PREDICTING HEATH EFFECT OF PHYTOCHEMICAL, USING INTEGRATED ANALYSIS BASED
ON MOLECULAR NETWORK, CHEMICAL PROPERTY, AND ETHNOPHARMACOLOGICAL EVIDENCE, AND SYSTEM
THEREFOR

(54 WRel WA wA VEAD HA B4 % uBepy Fel /e G AL o]§@ spoEdAnA
of AR E I oS Wy 2 o B § 5k A~

Phenotype vector
of a phytochemical

Thromhosis
(0.135) f

Gene-phenotype Gangrene
association (0.001) 0

— Angina
(0.045) 0

Nephrosis
(0.925)

Stroke
3K : Knon target (0.278)
A Inferred target

(57) Abstract: The present invention relates to a method for predicting health effects of phytochemicals by using integrated analy-
sis based on molecular networks, chemical propetties, and ethnopharmacological evidences, and a system therefor. Specifically, a
method for predicting health effects of phytochemicals, using integrated analysis based on molecular networks, chemical properties,
and ethnopharmacological evidences according to the present invention does not utilizes individual information separately, but analyzes
the information in an integrated manner and as such, can analyze and predict health effects of phytochemicals on a mass scale with
high reliability. Therefore, the method and a system therefor can be advantageously used to develop drugs that utilize phytochemicals
having useful functions.

(57) 84 £ W2 B HESA, she 54 B wSopes] S TInkel g5k A4S o] 89 spo| EAM 9
A7 as o5 B B olS g Alagel Bk slojvh, FAM R 2 W uhg EA =Y, sehE 54 8
Hlefeh Srjol vukel F 8 2L o] &3t sto| EA A o] AR a A o F W2 ko] AuE I H R 0] 831
S FHAHoR BATORN N L g so| AV de] AFF I vt ER EA3] 5T 5 glons ] W
Aol E AT AL 788 7] 5 & 2 Tl EAW AL o] 83 o5 skl f-8-3h AH-E 4 qlrk



WO 2020/09 1185 AT |10 000000000 T O

ZW), 5-2HA o} (AM, AZ, BY, KG, KZ, RU, TJ, TM), -
# (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM, TR), OAPI
(BF, BJ, CF, CG, CI CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

T2 4179 23 A AA:

— AgAE A A ol A e Al 9] o
ol &3t MA (712 4.17(v))

0

—  FAFRALE A &} A (FoF #2172 (3))



[1]

[2]

[3]

[4]

WO 2020/091185

PCT/KR2019/008244

3 A
SR LOER LERFERERLEESE
g ol g % Fo| AT AZES A B

ol
=

o5 9% Al=E

[e]
e

A VED, 54 5 2 U
o] &3t

stol EAN A o] 17 g7 o 5 Wy
w737 &

u}o] E A 1] A (phytochemical)> 2] = 2| $}8}4] 7 2o 9
iR 22} t A} (secondary metabolite)©] 2}31 5 B T,
B2 gol EA N A E o] QIZE M9 V5o o] 2 =
Ha1% a1 a1, o] ¢ &t o]l EA N A o] FHE A F 5ol
A5o] Harx o] $ri(Liu, R. H. et al., Am. J. Clin. Nutr. 78, 5175-5208, 2003; %
Mursu, J. et al., Am. J. Clin. Nutr. 99, 328-333, 2013).

g, sl EAM A ] Bs el thgh A= WA in vitro 28] W
f o] Fol A1 a1 9lof, th=o] o]l EAM Ao th gk A& e =

i T =
ol H s, o]i= A o] star A7kt Wl-g-o] A7 ARtk Al A o

.

St

o ©

oft

X0, > ol
AU

o
e

ey

ol = 9F 814 (ethnopharmacological) 4 X.of]
Sk, A7 A

Z, A 2271, B B4
ste] sho] EA M A o] A A

= 574 ol A A 2
ol A get, abo] A m] A o] Q1A

S.

)

=

N
o 4

o W

ool 2 o ]

X

o e oo

I e
o N o oran 2
2,
9 g I
r

L
I fol

£

it

jo fm 2 2 g

fu
x

-

=2
ol
=)
ol
L

r.
&
o 3o i

G
-0,
rd, o
AN jo 2

-

o 2
s
o,

2
= 0
r

ot
do

s
lo

o
N

Y

¢

0

ok

o
X0,
rlo

o
ox |o
o
Me
Y
o
o

¢
At
i

N _l}l.,

AN}

|

2
e
Ko
1o
)

i
>

doME X0 2 30 o oo B odm b &N
NopEk N o ooy &oE O T
NO.I./

.9
o 1%

e olN
Y

-
o M
pol

=

o 4
o

r
2
2

T
i)

o .

W, Lo



Fo]
1

5
T

[s)

A&

GHAEA 1);
%L}\ﬂ

=

=

=

=

T
T .

A

],

=l

F

PCT/KR2019/008244
3|

T

2

T

[¢]

=

sho] A1 A o]

[e]
L

=

B 2 A57)

A5
A= 7

i

=

A ZA ¢} 91| f{-A} S (semantic similarity)”7}

4] (ethnopharmacological) %=1

12
ok &}
=1

=

1

-

&

=

=

°|

o
y}o] E 7| 1] A (phytochemical) 2| 717+ & 7} (health effect)

sho| £ 1] 7 9] 38}
=4

WO 2020/091185

[6]

o
X —
) ol h%
TH o o} "
oo
_z_l q o
T L
Cal

U i
o T T
o
I e
Wy
=3 wr 1o

= oo
W e X
M B W
2 2|

)

o o il
Sl
o T A
ol LI Eﬂ
LR |

pild E le
o o
o ‘UI Q :.L i
B o Moo %
™ EXER
~ H = A )
TFE ST
SN LH N
Mo 7 & ik

[11]



WO 2020/091185 PCT/KR2019/008244

[12]

[13]
[14]
[15]

[16]

[17]
[18]

[19]

[20]
[21]
[22]

[23]

[24]
[25]
[26]

5 2= golEAN A RHY HEAARZTH ov] FALS S A=
UrEHHt E¥oltt.

L3 HAHEAE VR R o Z 4 sol EAM Ao A a N WD E)
REAUEA A B RISt S5 7N 2 o S5 gto] =7 v A <

Vg & F AU EY A E o] -&35te] vfo] E A 1| Z (phytochemical )&
A7} & 7 (health effect) & =23} ©HA|(HHA] 1); SolEAn A Q] 3lst4] EAS
ZALsto] A Aol &E o] & dolEANAE L&k GHA(HA 2); B
] (ethnopharmacological) & A & BA8te] A7) 28 A% a3 =
79} 2l 1] f-A} 5% (semantic s1m11ar1ty)7]- =2 gto]| EFA| 1] A 9]

£ ek WA 3B Faahs, wa i =92, ket 54 2
Z Aol 71RkeE B3 HAl S o] &k gfol EAM A Y| a5

{

2

T,
= o0 o

3 mlm _lZi 3

g,

=
o N o) I N

o 19 i 19 19

2 oy %
L
ol
£

of

=

oy
N

2 F-2F U E ¢ Ao 4] RWR(Random Walk with Restart) €31 8] 52
AnA ] 2@ HH & A 2sts AR A 1-1); 24 H 59
B o] EAN A R HES TR e sto] Ay 1d Y
ACHA 1-2); L A7) WY T8 AE o)A EA Qo=

ol RS mEFowN golEAN ALY HAaHE

)'ll
—_
[u—

A
Lo Eo= o
o3

i
FHUHH
rxl‘{m

Ot
—1—‘

4N do = ke
f 1o, T b o
i
2

ol o
L)
RUBNIS
=
‘rlorxl%
é—l
Hrui‘
©

oi
i
Lor
o

Ot
i
i
lo,
e
)

4“Eﬂ o 7lukate] Bl W= A el A=

lo,
[-'>~1
©
—l |

(b) Shube] e o] %k e
AlAbst= v,

o714 7F o] Ao|FE A @AV 1Y W) EF] 428k 12 o] H;

[)\6']-/\] 1]

- (transition probability)-&-

P+ = (1— Wp +rpy
(r: ZF A ebAl 9] 5] 97 (random walker)2] A A &} & (restarting

probability);
W: EX} Y ES] A9 Af3l¥ <14 8l E(normalized adjacency matrix); 2
P, 2 Py AP A 7F ¢ w) @ 7] 7 o] 3HE W),

371 D}ﬁ] 1-3% 8t7] =812 282 ¥ = 720l o &l AlLkE = p ghol
0.01 1. ‘%8 FAFES TAHCE wogt go| B Ao xAP o=



WO 2020/091185 PCT/KR2019/008244
[27] [73H2] 2]
[28] p=G+D/(n+1)
[29] : 3 gRT 2 gE 2 golEAN A iy 1A W Y
30] st EAM AL AW EAY MEl o] 5,
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T4 A%} 948 AH(hydrogen-bond acceptor) <=, 2| A 7} ¢+ “2 3l (rotatable bond)2]
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ERE B

tolg 3

ol B A B A Zo -4 3}ehEol theh HH =
KTKP(http://www .koreantk.com/), TCMID(Xue, R. ef al., Nucleic Acids Res.
1089-1095, 2012) = FooDB(http://foodb.ca/) 2B =83} t}. 2] =9
kel 4 & %= KTKP, TCMID % Kampo(http://kampo.ca/) 2B =3 5}l 31,
glol EAn| A 9] FA} 3 A& DrugBank, DCDB(Drug Combination Database, v. 2.0,
Liu, Y. et al., Database, baul24, 2014), CTD(Comparative Toxicogenomics Database,
Davis, A. P. et al., Nucleic Acids Res. 39, D1067-1072, 2011), MATADOR(Gunther,
S. et al., Nucleic Acids Res. 36, D919-922, 2008), STITCH(Kuhn, M. et al., Nucleic
Acids Res. 42, D401-407, 2013) 2 TTD(Zhu, F. et al., Nucleic Acids Res. 40,
D1128-1136, 201 )25 = ettt /343298 A= CTDE -5
TR a1, 19,093 7 2] == 2 270,970 7] 2] N A (edge) S F 3=
vkl A bl 2l Ak S 2F8 ) E 9] H 3= BioGrid(v. 3.4.136, Chatr-Aryamontri, A. ef
al., Nucleic Acids Res. 43, D470-478, 2015) ¥ CODA(Context-Oriented Directed
Associations, Hwang, W. er al., BMC Med. Inf. Decis. Making 13, S4, 2013)°] 4|
FHAT. B U EY] A= A= ool #e tpd Soj 5ol e 55
A B E A&l UMLS(unified medical language system; Bodenreider, O. Nucleic
Acids Res. 32, D267-270, 2004)2] 2017AA B 2 2 2-E] ATl UMLSoN A
Zhzkol a v i= A E oot v olli= 7 al-f 218 AF(concept unique
identifier, CUD)7} er ¥ =tl], &1 € 7I'd 52l ¥-5 ¢ MRREL &5 0 24 F
UMLS #HAE] 11 7] 3 F 491 o] ¥4 (broder relationships, RB), 319
ZH A (narrower relationships, RN) 2, 52 o], A9l o] & 5} 9] o] o] 2] 2]
7 (other-related relationships, RO)E 2t = CUIE S -4 5Fo], % 220,104 71 2]
CUI % 663,018 7} 2] A& =5 &t ot

H -2~ BT A E(gold-standard set) S ¥l 8te] oF&E f&l ol EAV] A &
DrugBank(v. 4.0, Law, V. et al., Nucleic Acids Res. 42, D1091-1097, 2014)°]| 4|
TR 188-Ad o5& FE317] H3H] DrugBank, CTD,
ClinicalTrials.gov(Zarin, D. A. et al., New Engl. J. Med. 364, 852-860, 2011) %
DCDBl| 4| MetaMap =-7-(Aronson, A. R. et al., J. Am. Med. Inf. Assoc. 17,
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229-236, 2010)E o] &35}o] FE-F

-3 (semantic types) & "A3F L= A F3 o] Lol T 20 72 o]

frad ol @eE v ERA] A2 22 (Metathesaurus) 7l 'd & o] &SI THEE 1).
[62] 3t1]
Semantic type
Acquired Abnormality Mental Process
Anatomical Abnormality Mental or Behavioral Dysfunction
Biologic Function Neoplastic Process
Congenital Abnormality Pathologic Function
Cell or Molecular Dysfunction Physiologic Function
Disease of Syndrome Sign or Symptom
Experimental Model of Disease Clinical attribute
Finding Hazardous or Poisonous Substance
Injury or Poisoning Body, Part, Organ, or Organ Component
Laboratory or Test Result Tissue
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ARESER AL, A3 A R ZHA A A 3
EacKebie
[68] o] %, gk mE o A] o] &t =& = o] A o] EE(transition probability)
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Py = (L —r)Wipr+rpo
@: 2+ A A 9] WE 9] A (random walker) | A Al 2} €& (restarting
probability) = - ol M= 0752 AA G,
W: l"i—X} Y ES] A9 Af3l¥ <14 8l E(normalized adjacency matrix); 2

P 2 Py A 7P A7 Y W 2 7] 72 o] ShE HE),

RWR ¢ a18] 58 E3alo] 78 =7t ZAF Al (steady state, Py, - P, < 109l
sas izbA Y A E Al g el At % A FAY o) e A= 74
iz vlo] ARl B E Fd RSl tete] RWR Aol A 2 {2 &
FAA-7 ] dA o 7|arste] & d ks Eéfi%’ ol AEAANA, HEH =2 7
ol EA M Aol gk A3 A 4 555 AZeksith

p=G+D/(n+1)
(n B GRTH 2 e 2 gol e Ao AR BHY v o] 5 2
n: SOl EAT Aol WY E A e o] 5.

23. 728 Aol EAN A HAaRE] X
71 A A el 2-1 W A] 2-200) o] 3), F 591 7] &] ol EA M| Al o gk A 4] 2l

AFaTEE FE 0, 1 A3 Zf ol EAm A tato] 34 = 415.6
+2737 H o] A7} adEo] o ¥ A thAl # - ZHconfidence interval): 0.95, & 39]

[ Al 3]
ol B v A o] 353 5o AL
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[98]

shol A m] ] 514 542 WA so] Aol &so] S
23] $lstol, shol EAv Ae] Bel3lerd 54 R Al
wakape shebd S4S Aa g en, 5 Tasel gl
512 7] o] se]l EAM AL th o' A5 th( 5 1B).
TAR R, Z2]3}et A 5L WA, £-¥HE2(octanol)-= w1l Al 5> (partition
coefficient)2] 21 ¢k(AlogP), 423 3¢ X}(hydrogen bond donors) <,
T4 A%} 948 AH(hydrogen-bond acceptor) <+ 2 3| A 715§+ 4 Sh(rotatable
bond)] & ¥ atatr) Ale] 8} A o 8k 917F AT F4(human intestinal
absorption, HIA), Caco-2 53} (permeability), -3 ¥+ 4 (blood-brain barrier,
BBB) ¥4l 2 2] #2712 5 42 (Lipinski's rule of five, RO5)< X ¢}3lc} HIA
Y BBB 4t Shen's work(Shen, J. et al., J. Chem. Inf. Model, 50, 1034-1041,
2010)E o] -&-3lo] AASEaL, Caco-2 F 344l & A&k F2-84] 7| (quantitative
structure-activity relationship, QSAR) % 9d(Pham The, H. et al., Mol. Inform. 30,
376-385,2011)& F3to] A4bskity ROS B HHE =23t ot4] 5S4 52
CDK(Chemistry Development Kit) Descriptor Calculator(Guha, R.
http://www.rguha.net/code/java/cdkdesc.html) & ©]-&3to] AA+stA T}
[3E2]

RO5 HIA Caco-2 534 BBB ¥4

RO5 446 401 280 365

HIA 482 330 407

Caco-2 34 335 303

BBB 14 428

-l?i

G5

o

CFE S A2 S o] axabshi= 7o) 2] = FA THEEhE
gol EAM A L] & on]3h

vlo] & A 1] Z 2] RO5, HIA, Caco-2 TJJF 2 BBB T #A & 2 AL A3 446,
482,335 R 428 71| 9] spol EA M A F o] Z}2}F ROS, HIA, Caco-2 774 2 BBB

F3pY & ek A0 R ehdth(E 2)

[A Al ol 4]

ol EAH A e] T oFstA §5 B

Sho| EAT A9 o Sl FAS o] W=}
olsle], M&Hol RAESRNE Bad & 7
£91% 7he] B itah v AesE o of 3t} o] & ¢lehal, W), MetaMap
TIE AL sl }\1/\%4?_]*,.}\1 Z2HE 133 ¥ E’j%o—]%%
2a).

oo g 93 o] el o]~ AR 7|ukate] ¢ha Ale slo] EA v AL



10

WO 2020/091185 PCT/KR2019/008244
EitetE AEES HAS TS 2b). T 2.2, UMLS 9] Al52] Aol
ZIRtsto]l 9 HEYAE Azl dEL 2 o 238 (ke A et
Zol& st A Y (ko] 91| A} S (semantic similarity)E Wu, Z. R

[99]
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— e e

[105]
[106]

[107]
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[110
[111
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—t e e e

[113]
[114]
[115]

Palmer, M.©] A ¢t3}a1, 517] 2814] 302 R ¥ = ov] fAME S WH (W,
Z. & Palmer, M. 133-138 (Association for Computational Linguistics))®l 2] 3
AL THE 20).

[_rfﬂ-/\] 3]

2 x depth(lcs(cy, ¢2))

path(cy, les(cy, ¢2)) + path(ca, Ics(cy, cp)) + 2 x depth(lcs(cy, c2))
(sim: & 1] FALE
depth: ¢! £ & 3 (root UMLS) 2.2 H-H sl & 7p=] 9] Zlo];
path: 2+ £ 7k 71¢]; &
lesten cr 1 2 ¢ A8 FE AL 7bg ke A9l 714 A A ) A he

lowest common subsumer)).

sim(cl, Cz) =

u'

ZAY e o FAE AT 08R T A9, Y he] Aol &
Ao 7Hgst it utekA, stol EAV A o] o S8 ARG i 7hs
BE G (pairs) 7} A B o] WS4 gyt Abol o] ofn] FALEE A4betal, 1
A7h08R 22 A EES AUt eRMN, AT 0w g Erv] A9
RlZorsls g2 ghaskelt

A A3, AAle] 23004 EAHEQ A E VRte® oS8 A s e T
AR k1201 £ 114 7§ 9] A HIE(F 31%)0] WIFFeH4 T & 2=
Ao 8 YEPHTHE 39 Q8% 9 x),

[ Al 5

2 “5‘01] uE ol EANAY AAEI 45 WH AT H7t

5-1. dlolg =4

Al Ao A=H ARE FE_AEvts kA A EZE 4359 )
DrugBank®] 4 BE X5 835 H7Fstr] 9§ M EZR ALS-31a1, SIDER(Side
Effect Resource) 2 H-B 42 AH & 1218 a3& Hrbslr] ¢ L MEZ
g BT} BE So] o AN AL ¥ 5] st 2rhHow
CTDEYH A4 TH a3E5S 8 5Fe] Av-2~8lt}=(silver-standard) %4
A E R ALg BT,

52, BA YENT BN ol 48 e AUE 2 s B
: SEE R ER R

WA, P Y=g E EAS o] &8 o] 2]

- = ﬁ =
A % (precision, p) 2 T X (recall, r) 4b= 17| 7814 4 2 50 2] 5]
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Alxtbat ek

[116] [573H2] 4]

[117] AW % = TP/TP + FP); 2

[118] [573H2] 5]

[119] W75 = TP/TP + FN)

[120] (TP: 2 A FAA dlolg 7T FA o2 AZ ¥ 74 F(true positive);

[121] FP: 2 A S/ 21 dlol e 7} A o2 AEH 7 F-(false positive); 2

[122] FN: 2 A &A1 dlolH 7 54 o2 AE ¥ 7 $-(false negative)).

[123]

[124] [%3]

FAUEY A A S S8 A5 a9, 7208 2 AAA FHRE oS5 i e
AEE AR e A5
HIEL A& a3 A A A X a7
AE 1:1 0.921 + 0.032 0.922 +0.021 0.942 + 0.005
1:10 0.518 + 0.059 0.432+0.040 | 0.706+0.013
All 0.006 + 0.001 0.049 +0.010 | 0.522+0.022
ol 7k All 0.738 + 0.062 0.576 + 0.061 0.909 + 0.011

[125] 7} spol EA M Antrh G 415.6 9] FAA A2 HE o S3H7] witl,
A ST - YA et e = A4 AlE 2 34 Al E (H
HE S (skewness)E A8t A E A 5& Hrbstara shqith B 7 gt
A anE T 28-2dns A AEE A A& 25-2urs 84
AMEZ ARG, A AlE D 34 AlES] H&& 111 = 111008 2435t
AL S A Ay, HYX S E 243 45 AdE Aol = YeErHrhE
3).

[126] 8 W7k s Ass ¥A8 A9, 61 7l sho] EAn| A 2] 270 711 g mHE =
191 7} o] A F o] o 55 A 3L(r=0.738 £ 0.062), 1218 ol Zof) o] 4] 60 7l
golEAM AL 1,784 7] A E F 1,059 712 F o] o= H}Aﬁﬂﬁl(r—osm
+0.061), A A T2 g3 o o QoA 453 7l Fpol EA M A 2] 136,862 7l
EAY 119,233 7 9] A o] ol =5 A th(r=0.909 + 0.011)(3% 3).

[127] At o g FA U ES A ¥ 5 AFdad59 52 5 s
LU ST

[128]

[129] S53. A UENT &4 R U542 FAE S UHY AT E 4

[130]  ®FoFeta S5 ust7|vt sl etA] & 459 o5 A& Hlalst]

19| A} a9E& w4
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[131]
[132] [3%4]
AU ES A A F g erst 4 ZA5 o] 83 X = g, 218 2 AA A
TR S U BEE AT
ALE 27 73} 28 A A TR E
A 5 1:1 0.941 +0.035 0.761 + 0.033 0.948 +0.014
1:10 0.541 + 0.069 0.319 +0.055 0.732 +0.037
All 0.014 + 0.003 0.025 + 0.005 0.563 +0.059
[133] 1A, WISkt d FAE s1gfehs 49, 1894 & A ¢Et A8 a9 4
A A TR AT o5 el A AEE AdFol T7Fetolc) thak, H21-8-of o gt
o Foll M= A =7 2H A4Sl =], o] = A=A 5o o gk vlokehH
T/ RbE AR witell vebd A3k R e A b ThE 4).
[134]
[135] 5-4.31313 54 £ & o] & e AU € Wizt B4
[136]  3}3H%] 5A& o] &ato] sto|EAN A A7 a7 o Wil 9lolA &}3}4]
54 B4 & ol &3tz A5 oS Aol MAEE=A] AR5 Flstr] 98k
BBB FitA o mbE AN AAS N7 5% oo e AU E A wge s
WA s T}
[137] TAARSER AAGA 7|58 2837 f8lA = do|EAN A E°] BBBE
S el oF st 2, BBB it o ol wte} gto]| EAMAS 2 /o] HH A
AEZ EFetal, A4AF AR 8% oﬂ &t ol 5 A sg vlwskgith 1 A5,
BBBE E7 3= A E9 AUE 2 W7+ E Zh(p=0.611%0.046,r=0.725 +
0.033)°] BBBE E1}a}#] %at= AlEL 49y @ w7y Zhp=0.312+0.052, 1
=0.558 + 0.042) H.t} ¥k}
[138]
[139] A7) AAd) 5-1 A 545 53 ¥4 Ay}, Autd oz ¥ ESY A ¥4,
HE5okel A ZA 9 gletA EA4& /A & o] &= A FHT ol E
THA o o] g5k B Wo] ol EAM A A AAEE o] 3
Aol -5k & A
[140]
[141] [ A] <] 6]
[142] B oo gE Fo|EAV AL AZad oS Wy A=A AF
[143] ¥ o w2 sfo|EAm| Ao a7} o F Wil M-S AF5H]
Aate], dEH U aIHE] i FF A Rl E] =R AT
[144]

[145]
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[146] ol EA N A oS ¥ A s 7|dkete] 2 79 5HAAN MEE
A 2SR WA, A U E S A, 4 --0]-8-7F5 A (oral-availability) 2
okl A ZA oM SR dS5H Fo|EANA-RAY BA ANEE
e, HETOR, 0|8} FAT o] 28] AAE FEote] FAH9 B
HNEE =9t

[147]
[148]
[149]

[150]
[151]

[152]

[153]
[154]

[155]

[156]
[157]

[158]

[159]

6-2. &5 2 A (co-occurence) ¥4
1950 W #] 2013 1 =<t 7WA] H 13,200,786 7] ¢] PubMed 2 &5 S thAto &
=]

FA3 4 qtol FolEA N A W 1o s ISk T o] BT EohE X E 9
TE T5EA )= AAtsESl T
[3£5]
& Al AT ] A} 73 A« | FDR 3 Ae
Qe A~
o= AA A E 1.25 1.8 x 10 2984 1341
F2Y I A A E 0.09 9.5 x 106 612 274
Mann-Whitney U test®] p <0.001 <0.001 <0.001 <0.001
4k

23| A g2 Ao A p gho] 0.001 K. W& atol EAM A2 7 & 1 A o e
FDR A A A q gko] 0.05K.t} W& slo| EA ] A- A7k &3 FA 2 4=

Ak, 5 A AES] BHWA S TS A A FHUA o
1}
AR

H|5Fe] 13.8 Wl T ZA] VY EFSETHE 5).

6-3. A7}L= 21 € A (Jaccard index) w4

ol EAN A D FHYH =] RlkFo| Ao ol & BAGs7] Ysto] &5 EAY
TE A= ¢l ‘“*fﬁ szﬂro}oﬂq ‘ﬂﬂ F7HA o' glo|EA A F
AAH S st ol £ 3Hek= PubMed 259 75 Al il(ny), 2
golEAMA-TAY A9 TE LA 7 nE nE ol AFtE QlE A E

ALt ol & &9, 'FH 2 M "l (quercetin)- = &£%'9] Fo| EAN|A-TH S
”é}oﬂ gt A7t = QJIA A5 ALt A5 AZAE 2 HEFE 5 236

o] 50 7§7F 4L, o] & F eyt ol & E sl 250] 200 7RV A THA,

XW}E el 2= 0.257}F Aot

WA AT o S AA M ES] Pt AFLE Q1Y A= T2 BA A E L]
AFFE g 21} 18.9 1) T A YEFTHGE 5).

rir

¥
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[160] 6-4. Y| A A & 7 A (Fisher's exact test) ¥4

[161] ol EANA D F24 AL aHNE F38HE PubMed 252 55 Ao 1A
A 148 =85k, p 450] 0.001 K.t} $h& A H o7 Fo 3 I -5
Axlst A et

[162] I A3} dE5H IA MES ol st #A = T2 BA M E Q] f-2 8 7
FET 4.8 1] o] A YEFSTHEER 5).

[163]

[164] 6-5.FDR AA &4

[165] B2 7 #AE HA e AGole A B A Al ohs Ao e
A 7 kA S wE @] FA (false positive) A IS F SR, o] & B ¢}V
lste] 714 2 FDR 274 #A4-& 8 3to], q gkol 0.055. T & /-2 &
HAE Z=ASEA T

[166] 1 AT, q ko] 0.05HT S A 9] = o S BA A Eo| A 219 A
A Eol Blato] 4.9 vl = A YEFHTHE 5).

[167]

[168] 6-6. Mann-Whitney U test %2

[169] A0 2 Mann-Whitney U testE -3 5}l 8| &3h= p 42 Al4ksho] &3 4
A} ol ZE BA NE D F219 A M E (ko] SAA 2ol & ZASFI T
ol wl,p -2 005K W& A5 FALoR {od ZloR Autsisi)

[170] T AN BE FgEAA G5 A A E 2 T2 #A A E 7H] p ghol
0.05K. WA eyt o, o)== F Al E] thek -3 SV EAI ' o E
ztol & U EFH S o 1] gho(3E 5).

[171]

[172] A7 AAld 6-1 WA 6-6& 538 F4] A}, B dhvd o] who] glo] EA ] Z 9
A7 aTE st FéatA A E 7 e & T A

[173]

[174] [ A] el 7]

[175] 2o M E WS o] &8 Ho|EANAY JAA AZadd A5

[176] v of whet @ 7hX] ol EAu Aol o gk A A A BN E o St

[177]

ClinicalTrials.govell A 3l & & ztol] tf & YA S AR5 AL T
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[178] [3£6]
. . Clinical Trials Exemplary Studies
Phytochemical Potential Health Effects Rank He (Phase) (PMID)
Neurological disorder 2 48 - -
o NCT02648906 12787861, 15647594
Alzheimer’s disease 81 31 (Phase 4) 12637119, 7913981
Choline Cognitive impairment 419 3 NCTO01363648 21195433, 19304299
8 P (Phase 4) 26366063, 23403474
Pain 6 “ NCT00720343 15780465, 19372354,
(Phase 4) 16942753, 29082318
Hvpertension , o NCTO01691404 20134098, 25460361
: - yp (Not Applicable) 17951477, 16636461
soquercitrin
) NCT02195232 12854360, 15234778
Thrombosis 10 % (Phase 2, 3) 20148891, 20626032
Neurological Disease 2 128 - -
o NCT03462680 26273459, 25455298
Parkinson’s Disease > 6> (Not Applicable) 26988916, 18381761
NCT00120289
o . (Phase 3) 28057839, 23916935
Niacin Heart condition 7 17 NCT00000599 28927896, 10924076
(Phase 3)
Vascular disease 9 113 - -
NCT00715273
) ) (Phase 4) 3295315, 19159436
Cardiovascular disease 2 105 NCT02003638 15258194, 24641964
(Not Applicable)
. 015 =S o] Z=. |l
[179]  (ne WISoFe A SA9 4 4
. T2 ors = P R R o R = = T EE 2~ 0
[180]  Rank: T15FstH S0 2 H 73t Y oA F ald 28 9
[181]
] O 7 & & ol
[182] 1 AT ARbA o' ol EAN A A A BA TS R F LTS dd
o S sl == o o =] o &5 =0 % T -
A A o] Wl T A9 BkAL, s E AAAHES AR A3 e
3 (e} T} A 1 =
Aart QA sl ol H9-7F WTH IR 6). 7] A B o uh s
] = = ] = =
sto|EAN A o] 217+ a 1} of| 5 W o] o]l EAn A o] 54 Awlo off gt
> EILE oSl o9 = 2 0] 0 O 5
HAAA A5 aHE dSshed F8sHA AMEE 7 =& Al g

[183]
[184]

e
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AT
[ -3 1] WA U ES A E o] -§3to] 3to] E 71| Z (phytochemical) &
A 7; & 7 (health effect) & FE38}= @A (A 1);
sto]l EAN A o] 3}8H4] EA& ZAFsIo] A A o] & FEo] =2

-

[‘

ol EAM A& wFahE dA(HA 2); 2
= 9F 814 (ethnopharmacological) 571 & B8t 7] 29 7170839
T U oFsla] S 9} on] f-AF L= (semantic similarity) 7} 352
ol EAN A A} aTRE EEshs GA(HA 3)E et HA
HIER =, 31814 54 B nisofsts 7o 7REeE 53 ¥4 & o] &3t
ol EAu| AL A7} a T o= W,

747 2] Al1adol] Ao, 7] @A 12 4} v E9] o) A RWR(Random Walk

with Restart) ¢F31¢] 58 73 5to] spol v Ao Ay WE =
Al 2sk= A (A 1-1);

ﬂﬂﬁ$ﬂEQQWWEEEH4ﬂEﬂl do] BHES T2 R
Aeiste] A Al HEHE A &stE EAEA 1-2); 2
%ﬂ%%E%%ﬂﬂﬂﬁ%ﬂ@OEWAﬂAWEﬂﬂﬁﬂE%%%
LEsto g ol EAN A AR aRE FE5E GAEA 1-3)E
FetetE, WA HIER A, 3o 54 F vlSeoksts] Sl 7| Hkek 5
WAS o] &gt glol EAM A 77 a T} o 5 .

[7d 73 3] A28kl Sl A, F7] @A 1-12 3] o] dAE Edbsh= A, 24k
HEL A, 3hel4] 54 B qlEopstA] S0 7] 0keh &3 A& o] &3
alo] EA 1] iﬁ | = iy

ru}i
fo,
nd

@ Sl A M A5
Al = 5= (seed nodes)©]
(b) h}e] = oA o] -3¢ == 2 9] A o] 8 E (transition probability)<
Alqbst= @A,
01714 7} smr=0] 0| S Ak WA} 12 ] 87 S5ha] 12 4
E] .
[_rfﬂ-/\] 1]
Pivy = (1— IWhp +rpy
(r: ZF A @A o] WE 9] A @andom walker) @] A Al 2} €& (restarting
probability);
W: A Y| E A 9] Afsle <15 8 E(normalized adjacency matrix); 2
pe F po: ARFEAZE A W) B 27] 7 0] gE W),

773 4] A28kl YA, 7] A 132 8t7] 7812 22 R EH = 2ol o &)

AZH = p Aol 0015 2 FAHES A= fof g

gdolEAN A Yo ® A= GAE L=, HA U EY A,

i o
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314 54 2 WSopetE 0] /e B AL o] 83
shol A M A el A7 F ot o 2
(312 2]
p=(+D/n+1)
(r: T9Y GEG 2 s 2= ol e A dY x84 WE 9 5
L
n:

J]r |EAN Ao HY 2AE 9 ).

(4745 el M, 71 A 29 3heh A 54 LA, = 2 (octanol)- &
il Al <= (partition coefficient)2] =1 4k (AlogP), A A3}

& o] ZHhydrogen-bond donors) 5=, 544 3} -8 ZHhydrogen-bond
acceptor) =, &] A 7}-5 ¢+ A 3l(rotatable bond)2] <=, 213+ & F~(human
intestinal absorption, HIA), Caco-2 52} (permeability), - & 3+

¥ (blood-brain barrier, BBB) 534 % 2] 27 2] 5 42 (Lipinski's rule
of five, RO5) & & o] Fo| X 7+ & 2 7H ¥ ¥ = of = 31 o] <1, 4}
LﬂE.‘ﬂi Q.E‘]—XJ E /H ‘31 U] zO]:Eﬂ—XJ 27{ oﬂ ]]:]]—?l- %‘%L H 2] o o]%@_

AR e B | =

gto| EA A ] 17 &1 o 5 i,

[7d-1-% 6] A 18l glo] A, A7) @A 3] ojn] GAl =B N

FAE = 2ol ol AltE = ARl dA v ES A, 3}
=]

{2

14 54 9
HlSefsrd] S0 71Hbeh T3 A4S ol &3 sol AN A o] AR I
o = Wy
[45H4] 3)
sim(cy, ) = 2 x depth(lcs(cy, ¢2))

path(cy,les(cy, ¢2)) + path(cy, Ies(cy, c2)) + 2 x depth(les(cq, ¢2))

(sim: o] 1] FAFLE;

depth: 7+ & 3 (root UMLS) .2 H-F] 3l A Y 7pA] 2] 719];

path: 24 3£ ¢ 7o) A &

les(cy, c)icp H e, NE e FFA < 7R w2 Al S A A <)

7 ' (the lowest common subsumer)).
41271 AR WA A5E T o= 7 gl

B opord 3710 1M 0 4 & o] £ ol £ I 28] 22 53
N5 WS HYNTIY) AR BRES B T2 re] 44
AFE R 27 A,

(7e8 B UENDE o Sato] shol EAN A Y AIE FESE v E:
shol E7l ] Ae] 514 54 & Aste] o] & 8ol e
st EAVI A S B e B T
%erel s 315 gastel 4 :
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Fol shol B 7] A o

g ol §3

AU EY A

i =]
L

of $ho1 A, 471

&

A8

5} 9]

Q_—rL

[

B3
B!

wK

P
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[%=1a]

Gene-phenotype
association

* . Known target
A  Inferred target

[5=1b]

Molecular
weight

AlogP

Hydrgen bond donor

Hydrgen bond receptor

l
HIA BB d J L

Caco-? permeability | —> Drug ADNE
availabil ity

Linpinski's rule of five

PCT/KR2019/008244

Phenotype vector
of a phytochenical

Thrombosis
(0.13) L

Gangrene
(0.001) 0

Angina
(0.049) 0

Nephrosis
(0.925)

Stroke 0
(0.278)




2/3

WO 2020/091185 PCT/KR2019/008244

Thr é%%% s Angina 3;%2%5
'R URANCErYS

Stroke Thrombosis ~ Angina

Narrative text(e.q. efficacy indication)
Metallap Plant-phenotype
Y D —> ‘ 2> | associations
Illiiﬂllll IlIIE!Mﬁ:II UNLS concept

Ethnopharmacological use of plants e.0. "Treatment of sore throat, colitis, dysentery"
- (0031350, 0009319, (0013369

Plants containing Viola tricolor
quercetin - Scrofula, upper respiratory infection

—> Thymus vulgaris

- Pertussis, acute bronchitis, pharyngolaryngitis

Chamaecypar is obtusa
- Panting

Quercetin
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Phenotypic network

(UMLS)

¢ [ & 6
Throfbosis Angina  Neghrosis Gandrene
Sy

Stroke

Root

[ I1cs(stroke, nephrosis)

Gangrene
Stroke

Nephrosis

. , 202
sin(stroke,nephrosis) = Fyyromy =0.57

-

53

—_—

Target

Known ef fects e
s=0.57 PRenotypeLp

Nephrosis
P 8

Angina

Thrombosis .
Maxinum
semantic simi laryity(s,)

1000 -

—y
==
1

The number of predicted health effects
(log-scalg)

Holecular network analysis

Moleculaf network &
Ethnopharmacological evidence
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