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(o) =
QF(FTRE

el ukE okE AHkS 3t QF 4 Al (Pharmacogenomics)
A= z} Qi o5 § 5 (efficacy), I 2§ (dose
requirements), ©¢]%HF2-(adverse events)%59 <oFESHA HIS2
Zdst= A7 WHol AHRE  Este] eSS AHWTOEHN
oFE-1.2L8 (ADR;Adverse Drug Reaction)S A3ty X273 I=
Sostst= ol 2 540 Q. HIE7MA = 54 kENbE Aol Aol &
Hol= A3 txT (case—contro) & Ry 2HHE dA=29

Hol AHE AFAFHAAEAATF(GWAS; Genome Wide Association
Studies) 7IH<& ARgste] T ok=o WSS FHEsk= 1070
uRke]l wWolg  Fohfle 01?71‘1@ #3215 (Population—based
observational studies)”’} & ©]F9%] , "= 2eF4 (FDA; Food
and Drug Administration) oA+ Q}E% A Al o] gk
ArdAEs aeste] AWsteE faskal Sl
oyt AFA ?i:llﬁﬂr—‘ﬁr A AEAtEE EetaL
AT7INEe] #EAT = ZEFA o Bast wfgt v]§, A5 A5
FE W Add, a9
Mol (Rare variant) = 7lQI¥Ho](Private variant) 7} -
Aol z3td F glohs d 59 22 dAHE oWl

ES)
20139 8= oy FA

8¢91/Z7 (Demographic condition) ©l] <
(o)

o

e FHEstax Ade fFd7 wol
ARE wEoxm §HAx, o= HAFE AAste] JilelA @ s
ool 98 AFsE PharmSafe  dauElse MEstal
PharmGKBE AFg3sto] dugjFe AHess B7ksklth shARt
U599 (Coding region) o] wWHo|wk ALgsilvk= A3 AA=3H4
A 2] (Biological knowledge) < ol ] — ol 2]
A} 3 22 (PPI;Protein—protein  interaction)W ZA&3ti= A=

AR O AA AT




H3}Al 7] RNA #HA
43594 (non—coding
AHEERE B2, RNA d3 AolE 53 Zol
Adu= A2 JRE v 77HA B=8, ok g
EAA AXLAE JlEAE AREste]  JHA¥ PharmSafe
qyEEFS 7N 33 o 10927 ¢ A A tlol 8=
2503 (1000 Genome Project Phase 3) % &#sto gy ¢ W
M FAaA dlolE el PharmSafe #ielFe]l AAAG =g
AFst. 1 Ay 77HA] AL AE WEYst JjAE PharmSafe
duglFAE dAe kT fAA TR T dEe Ldllske

dagFelA  AUC 0.5857~0.6502,
—40

_I

X

= _1

a2aE VAR AT daes

(0.6224+0.222; 7=~ Ag, 4 t2F=AxpHE 7B =& 3
A3E Aom okE ¥ HUlo M= 7S (Antihypertensives;

n=22) 7| AUC 0.6234~0.8896(0.7340+0.0539;F <=3t~ A 4L,

Pt xFAZH 2 M =2 F7F A3E Ao 7l ¥ PharmSafe

G FE B [FH74 Wo] JRE niEoR o537 x4
A A A AH(CDSS;Clinical  Decision  Support System)ell A4 2}
Bz dFessl Ae ot PRe wre AYwed be
FE3HA 2 Fojt

20l AVKAA, ShEHAA,FE, 2515, RNA
B3 Hol=

8k ¥ : 201030127
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1 ZALE 2F FEFAA - AAFAA HolE

NoEH B P

A2 7

= @ulul(Barack Obama) WE#H-S> 20159 1¥€ Ald=4dAAd

A 20163 5-¢ v) g} 215 millionE# (215099 ¢¥) =
7N Q1 uk== 0] 8 (personalized medical  treatments) S 93 AT
Faek AT gy, g2 RISl SAdo] ofbd Aol A

EAS 7d3E 7| 984 E (medical treatments) 2] 7HH % %]k (one—
size—fits—all—approach) Al < WHS 54 JAdqA+= /83

Azolt a€A EE AjQle] T wAgsh: Avg i Pokw

A, ol FAHS FFHS] fAs oWl diitE FAE
A% (genome) & ©o]F3t AE—2]8k(bio—medical) A7, 53] 72U
A ARE vFoRd AAREY kA dAior: 243D
Zlolm tolrh oleld Alwrh ko Algd slutEolste] dl4lo] d
Zlojeal AFA. oA A gtFofete] Hig A A =7

H A
Watsta glov ARg olgd BEeSe AT, AAN FoAol

k508 (personalized  medicine) ©l2k= AT 1960t)H-H
I, &0l 19999 % A5 AFEEHUTHL]. o] &= M=
gt 2E s A H|A(healthcare) & & & e T4 RS
Aol AR B AAARl A SHeA FQash

oul= 7iQ1e] k&34 (pharmacogenomics) 5 MG O R

A %F FEARS A% g9 RAS ATy AN
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WAge ZASVE @t (20 11, 12]. o€ 44 wel He

TTAZpEE e R Qs ok=e] whEAo]l EWE fiREAQ FEEe
EgtAFF1 (trastuzumab) 3} oln}7}H] o (abacavir) 7} 1=
EGAFEF T (Trastuzumb) & fFAxpddAosE Qs oFEREZA 9|
ZAvE= gxde okEZ  HERZ2(ERBB2) 44 ol <t
32} (HER2—positive breast cancer) 2] & Qo AFg¥ . HER27}

i+ (over expression) ¥ $7](late—stage) HER2(ERBB2) 94
Aol s St Al EfAFFHE Fog Ae a"EA 42
AR FIHAPEAZF(median  survival  time)o]  20.370€¥
IhE® A debstvh [13, 14]. opabbH o] (Abacavir) & 34
Holo| &l k&9 RkgAo] A= Al Iz "ol A
AETA FAAe]

5701 A 2] =] o] (Human Leukocyte Antigen—B#*5701 allele) =
7FA] a1 N 2k=}9 48—61%7} o}ntz7hH] o (abacavir) ©ll
HE-S- (hypersensitivity) & Ht  [15]. o]g]st AFAINE
HIEL O 2 FDA (Food and Drug Administration) ol 4+
abacavir) & #h#e] sjE ®olo] it FFE FEAGEF

12
e

vlol el 2~ 7HA (HIV type 1) &2k 5 A5x4

Y
ok
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T
=
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N
=
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dustglom  [16] Hlszd ARe] ks 10071 o]l disiA®
Al dRE e mYV|stEs Axskt [17]. 19509
ZEolgkAel  A3AA)IZ Y (suxamethonium  chloride) ¥  N-—

acetyltransferase @] o3 Aty &= oFE9] Hhgo TS mA]=
Holg Zboll= AFE AFo® FERbgAY IS mA& Hol&
ZH= A7 AJZFE Q131 [18] 1990d ) SNP array 712 713 2010d
At Al (NGS;Next—generation sequencing) 7]H o] =

FadAog FIMHA HAh
gk ok 309 E¥Y ugy 1099 AHE 5o Al
NIAFZEZAE (HGP;Human Genome Project)oll 2a] 2977 o

3



et QIZbe]l FAWolZE weFy ZEFE 109§ ZAY
Al 7d (NGS;Next—generation sequencing) 7] ¥ 2] lg=g oF

18,8374 &9 v g3 AZo] Ao g 3t sl HA FAAE dAET
A HAag 1 & ZAgAE Y (NGS;Next—generation
sequencig) 7]&&  tekdtA dwhEske] 20159 4€ 0 4,211€98 9
Hgox g A AA FHAAE si=ebA HAATE  [19]. A
Al 87d (NGS;Next—generation sequencing) 7|2 W&o wWE 71a&
ez Q8 gy JIAAAE 247l 918 HapMap
Consortium, 1000 Genomes project, TCGAS 2] ZAALA S E0] WE9

A2 dlolg 7 A E T 2008 @] AlZHE 1000 genome project

H]

ofo

A2 4 A1¥d (Whole genome sequencing)< ©]g3l] 14719
AFH ek (populations) ol &3F= 1,092 dFdA dHolHE
A7d8kal 1 A3 AT (pilot study) 7F 2010 el A ¥ 31 A STk,
71 A3} 38,000,00071¢] @ddA7IhEd o] (SNPs;Single nucleotide
polymorphisms),  1,400,00071¢]  Z24+% (short  insertions) 2}
A<= (deletions), 2831 14,00070¢] £ A<= (larger deletions) =
waon 53] 3 s HE 250-300709 7]sAH o] (loss—
of—function variant)& 7HIth= Zlo] HIuEth [20]. @A7HA
1000 genome projectx 27719 elF AT O ZRE F=3F 2,503 2
HRJIFAA dolHE /Rt ol tiat= 7HQl F34] Hole &S
EFAA AFdE AFEESIZ Hapmap HOJHZFE AL 29

ok
o1
ol AHE A E (evaluate) 3te] k& #dH FZ A (Pharmacogene),

N

Hol (Pharmacovariant) JXHE ©  HolE #wlojAzo] AR

SAEAT. 53] 20099 449 oFEAstA] A Aol A (Knowledge

base) ¢l PharmGKB+= 3570¢] HapMap CEU AZ3} 26712] HapMap

YRI A=Z2HE 38709 <kEFHsHA FH {722 (Pharmacogenetic
9

S|
candidate genes)E AAF3}1 dAEd TZAEE Very Important



Pharmacogenes (VIP) & & Wy 3 o ok E-f3-7 sk v} HHE
v A& (Haplotypes), 2ZgFo]AdWo](Splicing variants), 18]l
A Wolso] Xx&qH FHaAEY RS Aot [21]

3FA W 1000 Genome projectE H|E3 tf=Fe] 791 [F-A A dlo|g 7}
7hele] ¥33 (Phenotype) X5 X331l QA 7] wio o]zt

HolHES okaadal el A&l slof & Aerde] =l o=

diolele ool IA AA HA o]ZE<ld] Pharmacogenomics
Research Network (PGRN) 5 9] ZAAA|o] A & St}

SFEFAAE vEoe®E 3 FERAE(ADR) o5 dAiv tHE
k& WESA S AolE  Hol= A¥ETY txT(case—control) &
ARk A o] A= 2 ERLES A 3Fed
ntol A Zoj g o] (microarray) == ZFAIHAI AL (NGS) 71H & ©] &35}
7H<1e] A ML &l =k = o] tole &
AAFAAEA AT (GWAS;Genome—wide association study) S =3l

°bZ WFgAHE ZASHE st i o] WolE 2= Zlo] YlEAolt,

AAAFAA B AT (GWAS;Genome—wide association study) &

tlo

20059 “Common disease, common variant” 2t 7Hd [22]
o = Ao AY (Disease), k=R (Drug response) &
QA AN e 98A £33 (clinical phenotype) S sl
AQlo]l HE GUdA7IHFAAHO(SNPs) & AEslve 4 ==
g 2h o] gkt 53] AA Al A3 7] 5= (NGS) 2 lg=ard
AEFAATHAT(GWAS)7F FEHem  Frisiglen, 1 Ay
2015 @A 63870 A7 GWAS  catalogell SEE3oH
9450709  FAA7IF YOI (SNP) kA7 S=Hol Sl [23].
AZFAAZAAT(GWAS) o] AR AA dntdor d5, 7HEE

AgEE T1E FASA Aol e BAIBE Lot FUse
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ot} FHAZE 7|Eo ARSI AAA AT E (Linkage studies) ©f]

H)a] 22 /-7 a7 (genetic effects) & AE3] Ued =2 =A4A

X

3l (statistical ~ power)=  ZFHth  djuketd 7]Ee] AFESE
A &1 H & (LD;linkage disequilibrium) ¥+ <

10kb (kilobases) ol A€ 2 Mb(megabases) W2 FHALe]

xdEE fgeke ®HolE HAE: 0¥ 0 Sled ube
AFFAAETAAAT(GWAS) = 2oz mAst WHee sdsts
H o] 9] A= 7} 3k7] ufj 7o) o} [24] OFE -4 A
(Pharmacogenomics) & o=z 3=

AT AAZTAAT(GWAS) ol A k=Rl A FFE "IA=
HolE  HEFsH] Y= T8I EE A7 (sample  size),
%] 5 A 8 (treatment  protocol), &% (dosage), Ar&d FZ&
HaolH QFAQ R (Ethnicity) 5= E&st= FA5A  (patient
features) s WEshe X JAFY EAE I mEAGS SAS
aEsk AdYAIFe] x7o]l wEd W £ ARE ds 5 Qv

[25].

(Clopidogrel),  EFZA]Z (Tamoxifen)e] &3  dFoltp. E3]
VKORC13¥  CYP2C9 Wolgo]  ¢tud (Warfarin) & S8
‘]

okE RS o] FFgS v = WHolE wEd s thx A Abdlgta &
9k [26]. FAFSE  dGEAEA 291/%7 (Demographic

condition) 8] CYP2C9x
ays {3 dd A uH LS 7.9mgo|A o
CYP2C9#1/+#3 FHAFE 7IA= A 109X 7%= dd H

—
~
*
—
Jo
[-'>~l
ofl
fijo
N
N
N
rlr
rit
D)
N
©

g,
=2
2
1o

o

-0,

2,

)

6 25 N e



oA g 22mgl®E  FAFe wet eTHE dY B
stk gl ztol7h vk HaEdH [27]. Est V€ gEsds
o] g3 wEHEA (Meta—analysis)ol  29dtH  CYP2C99 HHg
vt g2k 7} A (Warfarin dose variability) 9] °F 12%5 A3,
VKCOR1 #4d®2 ¢ 25%%5 A% & & Aot o [28]. of=st
ATAYE vpg o g nl= FDA (Food and Drug Administration) o4&
%7] 918 (Warfarin dose) Al lo] CYP2C9% VKCOR19
A9  AHAAE AFstadT. FAERD dEE FEAaAdAR]
29 =749 (ClopidogreD &  H8&% & FolA  CYP2C19+17
TAYs e e g4 dehde S29=a"9 Ak
A WgE7] wie] 3 (bleeding) @ &Aool Hrh= BV}
Rew  [29],  EFEAIE (Tamoxifen) &  CYP2D6#4 53

& (homozygous) & 7FH+= 4 Ao A FoFsh=
A Z=18]) & (Disease—free survial)©] A Yepdtia 3=
[30].
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30
RuRi:2

olyet F2AFAAEY  FHYS Algolw  E sty FHD
FERAAE ddowr 3 HAFAFAAEA AT (Pharmacogenomic

GWAS) el wish @& stAle]l ArE . Aok AZFAAZAAT

= =1
F22 (Drug adverse reaction)©] PAsttiy d# A gtk [31].

=Wy o] &3] YEbdE AW (common disease) ol A#
= WEeRE Zds Sk Aol vlE dERAAE Yo R
5t AdFAA A (Pharmacogenomic GWAS) = 57 AWe] 44
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s A 2-Tj] &



AGE F AT FES BEAS W AT FERRAES AL APES
BAEok 8] Wl EEFA 2 oelge] k. F o] ¥e
Felnes £19 Bt 18 BAE

1
wo FUAHE FAS 7H] @A T AEHd (Statins) o] WHg8HA] @b

oy w3 o]F I (Validation)stal A]¥ (Replication) 3k A

ES oA "o Erb ofyzt @A okERAAE wEoer T
A2 A+ (Pharmacogenomic GWAS)E §J38] ZH® 29
AL FHANAY FHA m=le]l wiFEoli ofAJolel ot
ofzg7lele digoR & A= Wi =Eu wEbd Z]EA A olA

AEE diF29 HolE2 Y wF ol9ld uE wWIFou QlFlA
&

1000 Genome ProjectellX ¥& R 5ol 3+ 7HQld H4 250—30074 €]
71544 o] (loss—of —function  variant) 7}  EAs=d o]
ARz A skE A ofF & EAIZE Utk SkEFAAE o E st
A AAEA AT (Pharmacogenomic GWAS) &) = & SHAIH-S
1000 Genome Project HIOJEIE M]3 diif 2 XA A|E7d (NGS)
tlojgeolA  tiFe®  yehd thH-FAAE N S (MAF;Minor — allele
frequency) 5% wPI¥Ql 3lFH o] (Rare variant) 2} St 71| AlARE
e W0 (Private variant) & HAZa 7] oAHth= Holth. AA=
o1 3l7] ¥ o] (Rare variant) = ©| e =3lo| M (Alzheimer's
Qlo] Xi= wWol(Causal

o

disease) S H|Z3 oy AWS fat=



variant) 2t A BF, YA HEEZ Mo E (Methotrexate) &
H 25 oy k=59 okERteA s Aske delwolgl:s Fo
v At [33-35].  ofEwWbEAs  FAEste delel He
3l Ho] (Rare variant) = 7ZlQIWo](Private variant) & 7 Z3}7]
flefiM= 2ol St & FZ2F o] Qlojof skl ol dAAowR
sHAIZE Q71 witel AR RAALAATF(GWAS)E o] &3atAl =4
EAAR1 ¢l (Statistical power)o] "old 4 whof glow [25] HEH
sl7Hol o] A1¥/d (Reliability) g "olxA €k oA AFT

0o AFFAATAAT(GWAS) Y stAFAE &3t 7]&2] A9
RE GEFHAA dAFEo] AAFAAEAHATL(GWAS)ES AL
ok

FEHlsde s WolE e A5 Al¥E skt

20139 8+ <l7]4ke] ##A - (population—based observational
studies)?l HAHFFAAEATATF(GWAS) S ©WHHS FHsta 7919
37 ¥o] (Rare variant) &} 7

Mol s migom 7b JildE A9 EF A8 (ADR) = <=3t

==
r

el o] (Private variant) S X33t 44

Aol A ZHQIwiet Qb e k= AEete] AW uf AbgE ¢ e
ARE AFsts MA =738 “personal pharmacogenomics” ) 9]
Mde  AA olE Adse daElEel PharmSafes
Nakd ) (reference).  PharmSafe:= 70919 #4314 AHMIe&
Qle ko= 3o ok= 384 (PK;pharmacokinetics),
okl 8+ 4 (PD;pharmacodynamics) CO.2 J8S W= Sdztel AdH
DE o= st e ARE JAeE AFst w2 sl

PharmSafe 9F& # <= (personalized PharmSafe score) & 7H¢lo] &g

Fze HEA FAE(ADR) O] BT ¢ 9le FEo] TUMEUE e



dHpiez A FHA MHLel dEhd Wolgel  SIFT (Sorting
Intolerant From Tolerant) < [36] £

oful: Ak X gko]  wWAE TS d¥%E MAeE ARE
Mol 4= (Variant score) 2 YEFATE FRAl= 2} Wold H4E 3§
Hol o] 23E = FAx EE 7]eH8 o (Geometric mean) & ARg-3ho]
Q9 (Summarize) dtal o5 FAAE S (Gene score) 2l A
AWM A= DrugBank [37], KEGG drug [38] ol X% k&7 f14}
Atelel  #BAE ol&st FAAHEF(Gene  Score) 9l o]
7188 vt (Geometric mean)s AF&sto] k=R (Drug  score) &
Axreet ok gt wpel o] WolH < (Variant  score),
F A28 (Gene  score), °FEH4 (Drug score) EF Wg &
Feldts dekdnh ok dATrelM = dEEieEs 109279 R
FAAE 2&3E 1000 Genome Project phase 1 HIO|EHE AL
Gold standard) 2= HEAQD SRR X 2ol Al
PharmGKB [39] ¢ AHE o]&slo] AUC(Area under curve) &
A4ker© 24 PharmSafe €18]59 &35 453 th PharmSafe 2
g5 Adee B7kst7] flstel F7HA RS Agsielth. AWA =

glo] B 7} ¥]Q1EH 7} (Ethnicity —non—specific validation),

o,
AV
=

(1
ofN K
X

o
fz

o

WA= 1000 Genome Project Hlo|E]7} Estsla U&= 471A

—m

O

215 B (AFR; African, AMR;American, ASN;Asian,
EUR;European) & ARGt Q&% 7} (Ethnicity —specific
validation) ©]t}. 4977]2] oF&ol t]ste] PharmSafe ¥alzl&<S AALS
A3}, Q1F™ 37} (Ethnicity —specific validation) 914+ 0.662+0.081
(B £3x12},0.637~0.742), H] QI 4 7} (Ethnicity —non—
specific validation) |4 = 0.633*£0.038 (F £ xETHZAL,
0.622~0.642)°] AUC#= <ot AFE {7h widlsd I7kE

Mg o JIEE rkelM wIEE kel wls %43 AU

@
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A5 Kol PharmSafe® @35 FAsHA FHebadth. AR kAl
A upo

i

2=
Aol etz BF 43599 (Coding region) ] WOl

3= A AESH A B
il A5 28 (PPLProtein—protein interaction) ¥ 24t}

| o= AAS3 T

Minor Allele frequency :0.05~ 0.9 (common,rare {
Nucleotidediversity{ Homozygote variant rate :0.1~0.9-}
Drug Class1

Deleterious Nonsynonymous Single-Nucleotide score : SIFT, polyphen2, mutaliontaster{m Cioss2

se peal { g C

iological knowledge)>

o
o

ro
N

—

1 class = eQTL +TF binding + maiched TF motif +matched dNase Footprint + dNa:

- Regulatory factor —Non coding variant*E 2 class = TF binding +

3~6 class = TF binding

prematureStop{ |

— Protein synthesis —Nonsense-mediated decay — . =i 1

Drug Classt spliceOverlap JDve C
PP degree 2% S PIEETNETER Loug
o . B : Drug Class1
Protein Interaction Extension related pathway Lo Gy
. Drug Class1
PPI degree + Extension related pathway {D:g o

Enzyme {0

Transporter-{|

Pharmacogene class effect

arget L

— Pharmacological knowledge rrier Dnig Class1
Ca {Dmg Class2

Drug Class1

Pharmacokinetic parameter — Km | Ki, Kcat, Vmax {Dmg il

Pharmacedynamic parameter — AUC, IC50 . EC50 - o9 Class!

Drug Class2

Central tendency method : (Geometric mean, Arithmetic mean, Harmonic mean) {
Generalized means : (Power mean, f-mean) {Dmu Classt

Drug Class2
Truncated mean {g:g g:::;

Central tendency —

L Algorithm equation Modify Interquartile mean { 22 5%

Product [ 59 G2t Drug Class 1 : (different anatomical main groups)
¢ Drug class 2 ; (frequently prescribed drug classes)

Score Winsorization: 0.1~ 0.9 { ATC code class

wEka] B AT od AT sHARS  SESFaAt
A &84 (o] Wl I Variant frequency, A o]
v ;Homozygote variant rate, UWHFAAFYE;Minor allele
frequency, 9AA—uwj7] HAARA] 5-2];Nonsense—mediated decay),

okg]8k4 (eF&E 84 /-4 #) Pharmacogene class), A A

" 2% A2



= ’

12 (F21 7 84 ;Central tendency method, ¥HoldA491 A3} Variant
=

score winsorization) & AFEE2 E& T XA FHAAY IS Fro}
duElEe ASS I} AR sYoha™ 0). =EI 109299

MelFAA do]eE 25034 (1000 Genome Project Phase 3)°&
gstoga ] W el FHAA  dHolgeo|Ae PharmSafe

dugFo] NG w£F 5okt
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AR Aw B oFE HolH

dHEgto = ARGt ZiQE A dHlolH+= 1000 Genome ZEAE
[40] (2015¢ 6¢€ 7|HE FH veEZ Wt bHolH &=
JPT (Japanese in Tokyo, Japan) 104", BEB (Bengali from Bangladesh)
86 X9He AA 2504 oz FAdEo] lom A= 26709 HE
o1&+ (Subpopulation), FIA=  AFR(African), AMR(Admixed
American), EAS (East Asian), SAS(South Asian), EUR (European) ¢
57§ 1%+ (Super population) 22 FEFHo UH(HFT X 1, HF
a9 1) [20, 41].

KEGG drug [38] 9 Drug bank 4.0 [37] Z H¥ <2EAH (drug
information), 9} b= vk AL ¥4 (Target),

%4 (transporter), &4 (enzyme), T%7]7 (carrier) o] thst R E
TR G (A F= S Pharmsafel®  “Drugs, drug—related
genes, and drug—gene association” =), oF& el W JRE=
ATC(Anatomical Therapeutic Chemical Classification System) 2}
A7 AW EE oFEEF (15 most frequently prescribed drug
classes) & ARSIt ATC= WHOCC [42] ZHE tez:=
worom o] F 14 dHs4 FQ2 1% (Anatomical main groups) °ll
gt FRE FEoko] AREstlth A AW E= oF= &7+ National
Center for Health Statistics [43] = H¥H ©=Z whop
ARGt E E 2 9 3).

BESHH X4 HH HolH

) 5 A 2



dygE S Yd vgsgAdel Wo] (Noncoding variant) 5=
e T7HA] Ay =8, okg] g} A 184 AXNZYRE 7t

Qs SIFT [44] & AF&3F9td [36]. WOl % (Variant frequency),
T H A HO] H] & (Homozygote variant rate),
] FAAEE = (Minor  allele frequency) += 1000  Genome
ol 258 FEadith. +x% ok= HolHEYE 497709 °F&,
4226709 oFE — -2k A A X (drug—gene relations) =
FEotlon ok #¥ FAA e disix e EA (Target) 4407,
%A (transporter) 547, &4 (enzyme) 7470, F%7]7 (carrier)
10702 = 545708 F=39Y. 27] HA A X (Prematurestop),

AR F =24 (removed  stop), ©]oj9bE7] 9] x| H o] (splice overlap) &

Hel

Lokl WAl A—ul 7] AR B3 (NMD; Nonsense—Mediated mRNA

¢

Decay) & &3l wWo]l AHXHE Variant Annotation Tool [45] &
ARgste]l 42 F SIFT A7F Sl 7IE 1000 Genome dlo]E o]
mjsgste]  AREstitt  [46]. HleolrbrEsias HHINES
2% (DNase hypersensitivity site), AAFQIAFS] A 3HE ¢ (binding sites
of transcription factors), XA £ (promoter regions)s=
2= AAF 24 7)4 (regulation transcription) o] @3S w] X HA]
A=) (intergenic region) ©] &ohe Bl R
o] (Noncoding variant) dH S AFg3s}7] st dArzd FGgE o
& 7THAZ &5, AesteE Regulomedb[47] ZHE 19,4937 9
FRAAeE dEE 26,561,892709  wWe]  TEal 99,845,32570 ¢
GAeL Wole] ABAH (gene—variant relation) S TF-HFokTE

TRk ®¥Hol HrE SIFT A47F %l 7l 1000 Genome

) 25 A2



diojglef wi=gslof ARg-sl3it. [48]
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ok
Ho
)
2

1A (gene score), °FEF 9 (drug score) 2kl W sH Al @A 9

A5E adAdn AP IS Ageel A fAE RIS
e

=
870 AEgA (Woldl % Variant  frequency, &3 TA
H]-&;Homozygote variant rate, WHFAAFR T, Minor allele
frequency, 9AA—mj7] HAAFH] 5-3];Nonsense—mediated decay),
oFg] g4 (k& 814 -3 A}, Pharmacogene class), A 84

3
A A (A7 84 Central tendency method, ¥o]| A2 4 3}, Variant

i
o

score winsorization) Q455 AFESIF oW dld A4 AR
Aoz ARgste] FHAAY xds Fol dugFe Adess FY

AA A S doE AAD BE FAGA S, Sy, Su £ A7

Hol FHA, FEHASFE o W E3 Baik et al®] Pharmsafe
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Arkel AR

FATH36].
o] (non—synonymous coding variant) =4

VCF (Variant Call Format) i

Pharmsafe 2]
ol
[e)

] SIFTES AMg

S

AFE-sFTH50].
HA 2 WHol-4(Variant score)

ML A trepd wo]
Hrz yeERgr] 9
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=
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SIFT

gelstn

=
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=
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v (central tendency method)
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ofiy
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9|

7 3F (central tendency)o|z}ta il

Al
™

i ol %

o=

ofiy
700
e

—

Nfo

o

—-—

o]

s

Z1 7383k (central tendency value)©]2tal

W zk (Mode) 5]

=93k (Median) ,

+ (Mean),

o

5|

3L

o

.
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L —

T

ehy
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o
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"
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mean),

71%2] PharmSafe
+4 o (Geometric

°©

7]

7184 o (Geometric

77FA17F Aok [51].

=1

mean),
[e)

7t (Arithmetic
7 (Harmonic mean)
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yE
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ey
%3}

of

)

Kol
=

mean)

183

mean)
}4 +F (Geometric

°©
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=

=
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mean),
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=

=
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(PK;pharmacokinetics)
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(enzyme),
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L= =
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ok
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A| (transporter),

%717 (carrier) Ao 2]

A
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=
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7k A A (Weight
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W, = Aol

gl

o] 44 (Weighted variant score) =

s

$H4 QAL ol
7}

-
X

o) o
o

1A

A=
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Ho| A4 AA 3} (Variant score winsorization)

A A 3 (Winsorization) =  ©]AFX] (Outlier) o 2J&] =¥ IFS
Z0]7] 13l ko S H=Es 54 doz
H 3} (Transformation) 8¢ AFEE= FA Al 71 eltk[52].

PharmSafe <¢agl&dAs 0 F8H 1 7042 WHYE z= SIFT
ArsE WHoldaE ARgetal lom, SIFTelA+ 0.05°ls8ke] H+E
kA= Wolel tisl] falstthal (deleterious) e sk AT AT
AAZ 0.05 o] HFE 7HA= Wolsel tisixe fals JEel
et dus A @il T44]. <lEE°], SIFTHS 02 v+
frefista 1S ds falebA dvkar gel Holr] wiEel 0%k
7HA = ®olgl 1gk= 7HA = ®lo] Afele] frafgh FEe] Aol Avtar
& JARE 0785 7HA= ®olgh 0.8%E ZHA= ®lo] Apold]
Falet HEe] Aol shmshrlzE Add] otk wheEbd e 3
Atele] Faldt dx Aozt A glel A5 Aol FE (noise) =

Gk ZIEa T-ZHY] AGH (cut—off point) & Zko}

9 A3} (Winsorization) WHS E& o= Ao LS AA3 A
sttt ol& §38l 0 HE 1 7kX19 "F+E 0.1, 0.2, 0.9 9} o]
0.1 Z¥A° =2 10719 9d=$=2 Uil o]& SR ol Wyt 7t
x99z HAYAH (cut—off point) oA HUESLS WHo|AL 1=
HEselth odE50] 0.7 dEFdA= 0.7 o]de HolHFES 1=
skl th WMol g4t 43} Hol|Hag 412 ofge}
S, =SIFT(v,)
S, 1fS <SR SR={0.1~009
WSV- — i i I ’ { }
' 1 else



Je o ol 99 gol /1B FS

=
Ahgatel AAtaigl ol kR ASE bAl AN RAAESES AHgste]

Ho
!
_>|i
X
e
rlr
o
)
oty
=
o
ox
-

l

o

1 if |Gj|=o Mo

S, = J. Sq, = Sy
: LHWSVIJ/G if|G,|>0 § g,llk .

Vi €G;

o 2] 3 A W %E (Minor Allele Frequency)

AFAG A 2 giddd N (MAF)7F 5%°]3k] ol &
t)5te] Hapmap project® E3] & #Wo] (Rare variant) 2 3 2= 91
71 % 1000 Genome project® F3al st 71T H 250—30071 9
715 o] (loss—of —function variant) = 7FA® I %5 10~2077}F
slAMolet= Aol Hrszlth. [20]. I old 3| WHolE0]
d=stolw, IS vlFsk @ AWES fdstes ddwolgte=

2ol g Aa ol Agso] elomd  #Fd 7bs/d (missing

heritability) o] %W F&S AYgsitga RuFEAG[53]. kAT
gAol7F okE o HEgAle P mXuE A= oA AlRFdA 4

o]
glor oby AWt 5 bR wSHE A ATARE

nAe JEFES wkYgEaA 7]£°9 Pharmsafe ¢aElEe] W
Hgd M= (MAF)JRE ®EYsiaitt. 1000 Genome Ho]H ZH5-H
EMAR)AREE  FEska  0FE  0.017H49
A= ool digte 0.0019] 3H4S AEste] 10719 =52 o
ol MAFRoJztx it 74 AR g A5 olste W

o fll
rt
of
i)
=
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=
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<
Z
>
3

MAFR = {m_mm ~0.009,001< MZ{E.__}
S, else Vi = {v;| MAF, € MAFR, |

il

BA WE FA KA WS AEHN FAA AFE AN o
@)

o e ohelg) 2t

1 if \G. =0

=3 A3 o] v]S (Homozygote mutation rate)

G A A} (allele) @) ¥Wo| (mutation) o]l W& F73 (genotype) <

A7 &9 ¢or8 ¥ (homozygous wild type),
o] g5 e o]l Y (heterozygous mutant type),

offt
ot
i)
s
'

o]3 (homozygous mutant type)® 37}4] FF=Z yd

ATh FHHFRIYE S dHFAA FEH BT Wolt §lv ASE
olwjsta o] AHZHo|F L stFovt  WHolZ7F Sl ATE,
FIAFANF L IFF BF HolZl e AFE u s (54]
Addtdor FAAZNA = AHE fidste ddsAWo] (recessive
mutation) 7} FEHFTHI P AF =S AWBAES HIItw
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t1 1000 Genome

oj9] m&o] x WOl
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else
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1 if |G| =0

So, = i
! (HWVJ/G if [G,>0

v €G;

mRNA AZA =4 7|4 (Nonsense—mediated

mRNA decay; NMD)

dAlA~—wj7] AARAE 53 (NMD;Nonsense—mediated  mRNA
Az 23 24 71d F mRNAQ AA Z4 (quality

ol 7)1Zolt}h[57]. WAl A—ui7] HAA}A

decay) &

2

F = (premature stop codons)©] E 3% o]
mRNAZ}F  A7dele] wednn e dids g Ha
AR B Vles At siE7 (deleterious) HEE
o] Al (gain—of—function) WHHAY vIHY FlA el AiE
4ol A fFAACA AR EAY Aitetel A A
7lsutA Hlggew Wit 94 -3/ (Dominant negative) & ¥&
Uetdl=  71#olth (58], HZel= %71 WM A A (Prematurestop),
AR F =24 (removed  stop),  ©]o]@F7] £ %W o] (splice  overlap)
o 717 = Gl A AARAl B3] f]le] o] whE FATH[59].
2 dAA-uir) AANA B AEe ] Tlee sl

HAdARD RS AASks 71dolARE 54 41 ®olo] o

rir

MAgHoR WA WAs-dA AAA Az Qs ¢ mi

globin) A A9 (upstream) o] EAstE Wols=2 A3

=R o] s WAk o) Ael e EEpAv]obr}

i 2 A 2T



UTHEO0]. 2l= Wolo] o8 WA= FAA-mi7] A 39
AE8r4d  9g3FS PharmSafe LazlFel HEY3sH7] 98 Variant
Annotation Tool(VAT)& AF&ste] WAlA—vwi7]  AARA] B3 o
dofsitta d#x WolEo ARE FEIvH46]. 54 Wol 7t
Z7)1H A X (Premature  stop), AR F =2 A (removed  stop),
oloj w37 | AW (splice overlap) % 3dhuetic #Hojshs wolahd

Holo] WolH4E Alwsta ¥ o 7|Ee WHolHdFE
JE AREste] 7hsA] Weldlae W, ) &
W7} AARA S ol dojste wolHeE 7H

2l

Mol W AHEA WMol A5 4L of

NMD = {Pr emature Stop, Remove Stop, Spicingover, PrematureStrop& Removestop, PrematureStop& RemoveStop& Splicingover}

Vo ={V, | v; € premature/ removestop / splicingover variant }

il

AAM = A A s ARE #A4A AeE Adbska o]
(¢] A

I R I

1 if |G| =0

" R



H|¢s wWHolE X3 {FAA T FE Ho
(Regulatory variants including noncoding region variants)

7|F PharmSafe w=wolA 7P 2 SRS WoldsR ARgd
ol

SIFT7}F &9l Wol(coding variant) ¥+ E33ta o FAAzt
d 9 (IGR;Intergenic  region), H] 2 5 9] (intron) 5= Zeksh
H 9399 Wol(non—coding region)E<S H¥9 g F QAvs=
Zolgltt. old FAFESE FEHstuA oWl =ieAE BlwY
Hol59 AHE  PharmSafe Lag]Fol WIS w|ds o,
dzPgdWiols T FHAA Ules sk WolEY ARE

RegulomeDB[48] A tZE 3Gt RegulomeDBE &% wHol7}
gallofo] 7l aa FRINES- 91X (DNase hypersensitivity site),
AAFQI2Fe] AR 9] (binding sites of transcription factors), =%Z1A]
2 A (promoter regions) 5S X¢3E HAAF FA7]A (regulation
transcription) ol FFS mA= AAxRE JEFH] dfall  lak-H
67k412] 14 SAZ YElATh la 2 A5F o] [ 7 o 7HA 9
ZA71Ze] sk Zlo® Aoty Rt W tHolEH e 7t

wolel A G AR, sd Wolol  ofs  FAL

EN
i)
o
i
rlr

Aol E& g8l oA A53 RegulomeDBOl AL gk

GAEE FAE A fEle oAy AR Axpzdd SFE

n]x] &= WHol7} {3l (deleterious) 3tthal 7F4 32l RegulomeDBE F-E

Ao 1HE 6714 F 6EAHEE Y ARE &L3}9] PharmSafe

diuelEs e HZo] wdste] Axtsta Akl #AA Tls
H

ol RV, 2&| zd7%0] &< v #14 G, & RG 2x

dosta RGy o xd 7)1Fe]  #ojske Wele AFE Ao

; 25 A&
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U /AN

ali

7HeA A Artgiet. 1o AT WA wS,, =

RG. =

7V A 2 ko] 77 8HE o (weighted geometric mean) = &3 7%

WS, & AN o)F ool FRUFE Axstsor

sl

AR

Ho
_>|~1_‘
iy

A obe o) e,

RC ={classl ~ class6, sumof class} RV ={v|v, eRC, &V, RG }

S, =SIFT(v,) WS, =HRY,

! 7le)|=

}\/Dk\
(g e e LY

v; ERGj

Zt o4 FHAFY A AA 2L 23 A3 (Combination
test)

kA 6712 AESHA (T A TA Wol vl Homozygote variant rate,

12 H & Minor  allele  frequency, YAIA—w7}  HAA]

%-3];Nonsense —mediated decay), ok &4
(k= 38H4] - A 2k Pharmacogene class), FA84
A2 (F 74 A ;Central tendency method, Wold4243}; Variant

score winsorization) QA& TheAE ARSI AARSE AyE
2 7 (AUC) & 7HA+= 77H 23&
Agsteith. AWM e JsEEe AEH7F AUCE0.6076, SEA),
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=
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S, =SIFT(v,)

(SV_)2 ifveCB,
wo=4 "

Vi

A else

SE.. ={SW(0.2), MAF (0.007), PGT (enzyme), HR(0.7), NMD(PS & RV), RV (4class)}
CB, ={v|Vi € & C,|
r={1,2,3,4,5,6}

PharmGKBE ©]£3%} Pharmsafe €183 A5 H7}

okax] W¥E3t PharmSafe =%[50]3% S Wiow =]
PharmGKBE A}&3sto] AE38Ha 22 AHE 752 AFE-st 7idE
PharmSafe <189 AFH71E  AlYstSEtt. PharmGKB+

AEFAAZAAT(GWAS) A3 T ofEshd A3 ddd

delolel oFE AAAKE FH Fuo]A (Human curation) = =3
HAZsto]  dHolEulol Azt g XAM|ol Aol 20156 1€ 23¢Y

PharmGKB [39] 28 °F& 39271, Wo] 1176705 E3skst 3248719

2 A= e

L
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840705 et 180770(55.63%) 2 Yglwolel ks AAGRE
FZodth. FE8 1807702 W7t &I FHAE 47170909
o]+ ¥ A (Target) 225, %A (transporter) 18, &4 (enzyme) 20,
F571F (carrier) 7, HleF=ETHE {FAA 20102 FAEAA
WAHEZFTIH 6). JAFHEE o] &3 AF= §l8l PharmGKBZH-E

d AP R 837, ofrlelel #H
HAYR 32970, @l A JAALKE 6477, 7IEk AFHA 671,

J 5

o] T A MG 497 oFEel et Q1 2 ofZeIH
=l #AH AAIZHE 5870(69.87%), ofAloll ¥ AAAR
329711 (63.88%), W<l #= #AGH 451701(69.70%), 7]1E} QAFH-A
BAGE 570 (83.33%), JAFFE7F 9l BAGE 112871 (56.48%) °
ofe, dolwlo] TeEla Q1 BARRE FEk3ler PharmGKBel
th3l A= oFZ 27} (Black or African American), ¢}Alo}(Asian), ©]=
a=la 4 (White) 22 1Fs AFEFst 1000 Genome Ho]E <]
3l A= o} 2] 7F(AFR;African), 3 (EUR;European),
olAloF(EAS;East Asian, SAS;South Asian), "= (AMR;Ad Mixed
American) &2 780 AREPUH(EFTES). f1¢ RS 1000
Genome dlo] g o nfj g gt A3 s 7H_Id At
647.5573.14 (B +HFHAF474~891) 7] oFET dAlwie] AAE

ZFA AL QI TH(RT T19H4).

PharmSafe ¢ag]l5el Al &

.
%912 "iA PharmGKBS tzatle wl 91§97t we

i
z
oft
o
i

N

N
=
rO
g

AdFE &=
kR Eo] AA TS oz 3 AYHoA] ¥E A PharmGKBO)
AF oFE EH=3 AXH A 2 FEEL AXHA gevd

’ 5 A 2



PharmSafe <ig]Zo] 7199 WolARE ALste] s 7]l
A ke 29A G2 oS TEske vYol Eue AS 59

&5 ek S o okdlsh ol F s HolelE kol

o) 7}

1N 7F 5 (sensitivity) & B0 % (specificity) & AAMetn  AE3sF )

g 3AMA o= 497709 FEARE AREsto] AAksE JiQ1IE

PharmSafe IEdFE W32 AFaeoz 9 (rank)E A FA3%
2

7§l Pharmsafe 93 <& =

™
ARG

Zo] PharmGKBEYE FE3k 4977019 k=3 #A-dd  AldHols}
obE IAIHHE 1000 Genome HoJEo] Z+ sz ufg sl
PharmGKBe} X8 IWiolel ok= g1 Q1F dAAARE
TA3%tal ©]E Gold Standard(GS) UdlolE = AREslAT. 7 7l
Adyors =HESS UAFk (threshold) S #7719 Gold Standard
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[X] 02 03 04 0s 06 07 08 09

1 2 3 4 5 6 Total
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1000 Genome ©| &3+ 250442 7 FAA dHolEHE Z 7714
Q4o XFHE 487HA RS THEAE ARESt] AAE 497 =R
A4E PharmGKBZ T fia-wlo]-okE Ay JAFHNE
g3kl WE GSE AMESte] AUCE AAtstel AT 54714
z31d  (MYIF HT ®HIFE A 7 TdadEe e
2 0.6076, H]JAF : 0.6271) 3= 7l AUC

O 2 Aakal o] ghelAl 7 7 AUCHHS W AAxtom] A AL 7|F
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B]QlF Pharmsafe €¢1E8|&F A5 23 v

1000 Genome ©] &3F 250499 ¢ §4AA dHolHE Z+ 771A
84 XFE 48714 W& TIEAE ARRSte] AAME 497 EWE
& PharmGKBZ o2 fxix—mo]-o+E A#y} AFHRE
AFEEE] THE GSE AMEER] 29714 B RFEE AUCE A4k
ASYh 297HA FEEFTE (A)AF AT BHAF AT 7
g ez e] g2 ZIskE A Al AUC(IFE 0 0.6076, HIAFE:

0.6271) #t= 71 AUC #tox A3star o] gtellAl 2zt 2718 AUCHS
Wl F@xlolm] HMLE J|E AUCHT 7z} 279 AUCH HAsdas
ojujata FAL 7lE AUCKHY 2 =38 AUCHe] s=tilas
ojmigttt,  x A= 7 24 JHE w& AUCHS 7HR 23S
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Deviation of standard AUC and each drug class AUC

Deviation of standard AUC and each drug class AUC
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29 kinds ot drug class
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29 kinds of drug class
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I8P 487}X19) 54%FTEH AF, H|AF
As vz 77k Q4o EdE 48714
& AAI(SW) 0.2, & gy

<7 (PGT) &4, sIgFWo

a8 4. 77 4 L4
dugFE HAF
27 (80] 3

™

Pharmsafe

1% Ag99 67HA4

N

_

W= (MAF) 0.007, oF=shs fxxt
W% (HR) 0.7, mRNA ¢+84 % A
e 22 Wol(RV)) ol that BE 57714 28 7MEXE AFEE]
25047  7lQI¥M 2 Pharmsafe <aglsoz AAbstel SFEHTE
TE ol Hriste] 7t 2EE AUCE ARSI (A) 15371,
Brrolth, oA AL TP HS
ZFola FHAL A9 10%° &3 AUC 7M1 2%, #8542 9]
20%° %3k AUCE 7F Zgolth A2%E A%, HdFd 7E
AUC(0.6076,0.6271) el A 2t =3¢ AUCE Wl AXpolw 7pz 52 7}
Z3e] ot}

i

717 (NMD) %7] £43%=

.0(SW,MAF),1(SW,HR),2(SW,PGT),3(SW,NMD),4 (SW,RV),5(MAF,HR),6 (MAF,PG
T),7(MAF,NMD),8 (MAF RV) ,9 (HR,PGT),10(HR,NMD),11 (HR,RV),12(PGT,NMD),
13(PGT,RV),14 (NMD,RV),15(SW,MAF,HR),16 (SW ,MAF,PGT),17 (SW,MAF,NMD),
18 (SW,MAF,RV),19(SW,HR,PGT),20(SW,HR,NMD),21 (SW,HR,RV),22 (SW,PGT,N
MD),23(SW,PGT,RV),24 (SW,NMD,RV),25 (MAF,HR,PGT),26 (MAF,HR,NMD),27 (M
AF HR,RV),28 (MAF,PGT,NMD),29 (MAF,PGT,RV),30 (MAF,NMD,RV),31 (HR,PGT,
NMD),32(HR,PGT,RV),33(HR,NMD,RV),34 (PGT ,NMD,RV),35 (SW,MAF HR,PGT),
36 (SW,MAF,HR,NMD),37 (SW,MAF,HR,RV),38 (SW,MAF,PGT,NMD),39 (SW,MAF,
PGT,RV),40(SW,MAF,NMD,RV),41 (SW,HR,PGT,NMD),42 (SW,HR,PGT,RV),43(S
W,HR,NMD,RV),44 (SW,PGT ,NMD,RV),45 (MAF ,HR,PGT NMD),46 (MAF, HR,PGT R
V),47 (MAF,HR,NMD,RV),48 (MAF,PGT,NMD,RV),49 (HR,PGT,NMD,RV) ,50 (SW,M
AF HR,PGT,NMD),51 (SW,MAF,HR,PGT,RV),52 (SW,MAF,HR,NMD,RV),53 (SW,MA
F,PGT NMD,RV),54 (SW HR,PGT NMD,RV),55 (MAF,HR,PGT ,NMD,RV),56 (SW,MA

F,HR,PGT,NMD,RV)
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H=: 19

®ZE ¥ 1. 20149% 1000 Genome H[°JEle] 250473
AAFAAY 9 , AY A7 - (sub & super population) TA.
2014 % 1000 A dHolEle] 26 38k9l 2 4 A9l AT
TR (2015 6). A, A9 7AW 47el wWE 250489
3 (AFR (African), EUR (European) , ASN(EAS;East
Asian),ASN (SAS;South Asian), AMR(Ad Mixed American)). B. 3}
ATHE 267H0] wE 250489 #E(AFR(YRI(Yoruba in Ibadan,
Nigeria), LWK (Luhya in Webuye, Kenya),GWD (Gambian in Western
Divisions in the Gambia),MSL (Mende in Sierra Leone) ESN (Esan in
Nigeria) , ASW (Americans of African Ancestry in SW
USA),ACB(African Caribbeans in Barbados)),EUR( CEU(Utah
Residents (CEPH) with  Northern andWestern European
Ancestry), TSI(Toscani in Italia), FIN (Finnish in
Finland) ,GBR (British in England and Scotland),IBS (Iberian
Population in Spain)), ASN(EAS,SAS;CHB(Han Chinese in Bejing,
China),JPT (apanese in  Tokyo, Japan),CHS(Southern Han
Chinese),CDX (Chinese Dai in Xishuangbanna, China) KHV (Kinh in
Ho Chi Minh City, Vietnam), GIH(Gujarati Indian from Houston,
Texas),PJL (Punjabi from Lahore, Pakistan),BEB(Bengali from
Bangladesh), STU(Sri Lankan Tamil from the UK), ITU(Indian
Telugu from the UK)),AMR(MXL (Mexican Ancestry from Los
Angeles USA) ,PUR (Puerto Ricans from Puerto
Rico),CLM (Colombians from Medellin, Colombia),PEL (Peruvians

from Lima, Peru)).
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ASN(993) EUR(503)
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1% 2. Pharmsafe &18&d] ALEE FEEA §AHAA 7Y oFE,
—FAA A /NS, A. Pharmsafe &aig]5o) AFEE k5 497 9
stA f-4x ¥ B3, B. Pharmsafe 2&ag]&e| ARgH okE -
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¥EF I9 3. 74 AESH 24249 1000 AF HolE &3 ol
A
2 o |
g _ 1
2 g
E . -+
T Prematurestop Removedstop Spliceoverlap
Type of Nonsense—Mediated mRNA Decay(NMD)
No. of variants
NMD type
(mean £ SD)
Prematurestop 105.05+£11.23(75~146)
Removedstop 25.19£3.61(16~39)
Spliceoverlap 12.54%£1.98(6~20)
Total 142.79 £13.82(109~194)

62



350

100 150 200 250
| | |

Number of variant with SIFT score per person

50

—= 1
1

—

Target

Enzyme Transporter Carrier

Type of pharmacogene

Pharmacogene type

No. of variants

(mean £ SD)

Target 303.4£2.21(292~322)
Enayme 57.6+13.91(52~67)
Transporter 56.0112.40(50~62)
Carrier 6.014.47(3~8)
Total 423%112.44(408~436)
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Number of variant with SIFT score per person
0e+00 1e405 20405 3e+05 4e+05 Bet05 6e+dd

[ ]

1 class 2 class 3 class 4 class 5 class 6 class

Non—coding vairant

No. of variants
Non—coding variant classes
(mean = SD)

58,104.42%£1490.867

: (53,261~6,2725)
252,297.80+20,426.453
’ (224,145~299,733)
109,733.28 £8,462.391
’ (98,148~128,443)
542,564.47+46,231.893
! (481,555~643,982)
273,761.18+20,501.018
g (246,910~317,964)
542,329.02%+31,127.380
’ (495,426~610,183)
1,778,784%£126,353.8
Total

(1,600,470~2,056,404)
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BZ 7% 4. PharmsGKB ¢ 1000 A &o FEFOoE &3t

W o] -9k (genetic—variant—drug associations;GVDA).

400 600 800

Mean of genetic-variant-drug associations from PharmGKB in 1000 Genome
200

T T 1
LILIL

Ethnics in 1000 Genome

33

No. of GVDA
Ethnic*
(mean £ SD)
AFR 638.7*£65.3 (505~844)
AMR 663.9£70.7(529~891)
ASN 639.0£75.0(474~868)
EUR 664.7+75.7(493~869)
Total 647.5+273.14(474~891)

*PharmGKB ethnic information AFR(Black or African American),

AMR and EUR (White), ASN (Asian). 1000 Genome ethnic information
AFR (African), EUR(European), ASN(EAS;East Asian, SAS;South
Asian), AMR(Ad Mixed American)
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B3 I9 5. 497 AA FEAFH 74 2971x] &*E FHEE TR Z
Ao X3FE 54 7[X FAHEE JEXE Y9 ste] Pharmsafe
B|QIFCE B} |

ol g3 7+ QFH AUCE 7]&3] =9th. Heatmapd 1% v

3Hl?‘@,’;51] 1%‘ 14 7]'7<]([A] Alimentary tract and metabolism, [B] Blood and blood
forming organs, [C] Cardiovascular system,[D] Dermatologicals, [G] Genito urinary system and
sex hormones, systemic [H] hormonal preparations and excl. sex hormones and insulins, [J]
Antiinfectives for systemic use,[L] Antineoplastic and immunomodulating agents, [M]
musculo—skeletal system,[N] Nervous system,[P] antiparasitic products, insecticides and
repellents, [R] Respiratory system, [S] Sensory organs, [V] Various) HOCCol|A FZ3+ 157}#]
7V A Auhkre okE 2 ([A02BC] Proton pump inhibitors, [A10] Drugs used in diabetes,
[CO2] Antihypertensives,[C03] Diuretics, [CO7] Beta blocking agents,[CO9A] ACE inhibitors
plain, [CO8] Calcium channel blockers, [C10] Lipid modifying agents, [GO3] Sex hormones and
modulators of the genital system,[H03] Thyroid therapy,[NO2] Analgesics, [NO5B,NO5C]
Anxiolytics and hypnotics/sedatives, [NO6A] Antidepressants, [RO3] Drugs for obstructive
airway diseases, [RO6] Antihistamines for systemic use) 11:'/] 3! O]:D 3¢ x% X]', H]

SFEIH FHAE 9u|sttl. Z} heatmap Z#|3EoA Il &
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Al

= Total{n=2504)
B AFR(N=561)
B AMRN=3477
= ASM(n=393)
= EUR{n=503}

T
Arithmetic mean

T
Geometric mean

T
Harmonic mean

T
Product

= B Totalin=2504})
= AFR(n=651)
B AMRn=347)
- = ASNn=9933
=2 B EUR{N=503%
=

-0.09

The deviation between mean of fotal AUC of the four methads and gach AUC
-010

Arithmetic mean  Geometric mean Harmonic mean Product
Arithmetic Geometric Harmonic Product

mean mean mean
Total(n=2504) 0.5633 0.6076 0.6149 0.6163
AFR(n=661) 0.5858 0.6161 0.5358 0.5932
AMR (n=347) 0.5565 0.5918 0.6156 0.6071
ASN (n=993) 0.5592 0.6214 0.6726 0.6459
EUR (n=503) 0.5467 0.5799 0.6046 0.5944

68

2% A& oh et



m Totalin=2504)

o B AFR(h=E61)
= = AMAN=347 )
B ASM{h=993)
B EUR{n=5033
o
=
=
w2
= s
o =
=2
E B
=
= |
5 /)
o
e
=
. I_ I. I. T
Arithmetic mean Geometric mean Harmonic mean Product

015

-0.05

The deviation between mean of total AUC of the four methods and each AUC
-0.10 0.00
1

—____-___

B Total{n=25043
= AFR{N=661)
= AMAN=347)
B ASMNIN=993)
= EUR{n=503})

; Arithmetic mean Geometric mean Harmonic mean Product
Arithmetic Geometric Harmonic Product

mean mean mean
Total(n=2504) 0.5935 0.6271 0.6363 0.6502
AFR(n=661) 0.5983 0.6261 0.6325 0.6502
AMR (n1=347) 0.5958 0.6314 0.6402 0.6491
ASN(n=993) 0.5908 0.6266 0.6376 0.652
EUR (n=503) 0.5912 0.6264 0.636 0.6472
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F2A2 5 ( Pharmacogene type)

0164
|

062
I

AlC
06D
1

0.58
I

0.56

Total{n=2504}

AFRIN=661%
AMFR(n=347 )
ASH{n=S93}
EUR{n<503)

T
Mon_weight

Carrier

Enzyme

T
Target

T
Transporter

=005

The: deviation between mean of fotal AUC of the four methods and each AUC
=010 0on
]

ey L

.

Total{h=25043
AFR(N=661)
AMRLN=347 )
ASHIN=093)
EURN=503%

g Carrier Enzyme Target Transporter
Non—
Carrier Enzyme Target Transporter

weight
Total (n=2504) 0.6076 0.6074 0.6248 0.5928 0.6134
AFR(n=661) 0.6161 0.6149 0.639 0.6393 0.6109
AMR (n=347) 0.5918 0.5948 0.6059 0.5701 0.5965
ASN (#2=993) 0.6214 0.6191 0.637 0.5857 0.6363
EUR (n=503) 0.5799 0.583 0.5949 0.5615 0.583
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= =i
= = AMR(N=3473
rie
c - = ey
g S A
T = 4 = EURN=503)
g g ] ——- * 5 e I S
T Carrier Enzyme Target Transporter
Non—
Carrier Enzyme Target Transporter
weight
Total (1=2504) 0.6271 0.6296 0.6436 0.5961 0.6367
AFR (1=661) 0.6261 0.6289 0.6411 0.6026 0.6357
AMR (n=347) 0.6314 0.6343 0.6493 0.5974 0.6409
ASN(7=993) 0.6266 0.6284 0.6422 0.5911 0.6372
EUR(n=503) 0.6264 0.6298 0.6459 0.5964 0.6343
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C. ¥o] A4 9A 3} (Variant score winsorization)

AFB 7}

Total{n=2504}
AFR(n=BG1 3

0.62
I

AU

058
I

0.6

T T T T T T T T T T
Mo _weight ] oz 03 0. os (1 R=) oF 0.5 o9

o = m Total(n=2504)
E] m AFR(N=5E1)
= = AMRAn=347)
g . = ASNN=953)
TS m EURM=503)
=
k1
£
g
s =
2 o=
£
) =)
= = 4
i e e
=
B
k=1
=
E =
H
a2 =
5 = o
= o0
=
2
2
S
' 0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.5 0.9
Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
weight

Total(n=2504) 0.6076 0.6074 0.6166 0.6167 0.6157 0.6092 0.6104 0.61 0.6083  0.6078
AFR(n2=661) 0.6161  0.6169 0.613 0.632 0.6324 0.6214 0.6225 0.62 0.6175 0.6164
AMR(2=347) 0.5918 0.5837 0.5966 0.5906 0.5926 0.5879  0.5907  0.591 0.5919  0.5919
ASN(#=993) 0.6214 0.6282 0.6419 0.6348 0.6314 0.6254 0.6247 0.6248 0.6222 0.6217

EUR(#2=503) 0.5799 0.5704 0.5853 0.5789 0.5785 0.57568 0.5797 0.5809 0.5798 0.58
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B Total{n=25041
| AFRM=EE1Y
= AMA(=347)
= B ASHin=893)
= B EUFR(n=503)
o
Iz
= | T T T T T T T T T T
Mor_weight 01 na n= na ns ne nz ns na
o = B Totalin=25043
2 B AFR(N=GE61)
= = AMRA=347 )
- B ASMin-093)
52 = | = EUR{N=503)
E =
T .
§ 2 | —r—— .h [ R S = = = =
]
=
e 7
g
£ oo
5 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.5 0.9
Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
weight
Total(n=2504) 0.6271 0.6219 0.6364 0.6322 0.6291 0.6259 0.6273 0.6277 0.6271 0.6273
AFR (n=661) 0.6261 0.6198 0.6292 0.6295 0.6283 0.6241 0.6254 0.6263 0.6257 0.6262
AMR (n=347) 0.6314 0.6244 0.6419 0.6356 0.6338 0.6307 0.632 0.632 0.6318 0.6317
ASN(n=993) 0.6266  0.6228 0.6385 0.6331 0.6293 0.6257 0.6268 0.6271 0.6267 0.6268
EUR (#n=503) 0.6264 0.6211 0.6377 0.6315 0.6264 0.6253 0.6274 0.6278 0.6267 0.6266
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AFB 7}

= | Total{n=2504)
= B AFR(M=6513
B AMRAN=347
. = ASN(n=993 )
] EELR{n=503}

= e

AC

053
I

.
=
=
.
=
=
T T T T T T T T T T T
Mon_weight 0001 o.ooz 0.0o03 0.004 0.00% 0.006 0.007 0003 0009 0.071==MaF
us
g = = Total(n=2504)
3 m AFR(=6613
= B AMR=3473
3 o B ASMNn=993 )
= 2 = EUR{n-503%
2 o
#
2
=
=
g
s =
VD— L=
=
2
5
o f=1
= =
=
™
E [T
g =
[
=
g
=
z o
= —
=] =
= ]
A
H]
=
= o
=
! o001 o0.o02 0.003 0.004 0.005 0.006 0.007 0.00s 0009 0071<=MAF
Non—  0.001 0.002 0003 0004  0.005 0.006 0007  0.008  0.009 0.01<=MAF
weight

Total (7=2504) 0.6076 0.6076 0.6077 0.6075 0.6075 0.6077 0.6076 0.6078 0.6075 0.6078 0.6008

AFR (n=661) 0.6161 0.6156 0.6167 0.6157 0.6159 0.6162 0.6162 0.6171 0.6159 0.6168 0.6151

AMR (n=347) 0.5918 0.5926 0.5915 0.5918 0.5918 0.5918 0.5918 0.592 0.5917 0.5918 0.5843

ASN(7=993) 0.6214 0.6217 0.6213 0.6215 0.6215 0.6217 0.6214 0.6213 0.6215 0.6216 0.6123

EUR (7=503) 0.5799 0.58 0.5801 0.58 0.5799 0.5799 0.5799 0.5801 0.5799 0.5799 0.5709
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B Totalin=2504)
= AFR(N=5&13
= AMR(n=547

= B ASHNEN=993%
= = EUR{n=503)
—
cu
=
=
(o)
=
=1
= |
=
o=
=
=
=
=
=
T T T T T T T T
Mon_weight  0.001 0.002 0.003 0.004 0.005 0.008 0.007 0.008 0009 0.01<=MaF
us
g = B Totslfn=2504)
= B AFR(M=6612
= = AMRH=347 )
g B ASM{n=9933
= = = EUR{n=503}
==
R
£
g w
5 =
2 [=1
£
‘s
£ = = = = = = = = = =
Iis T = ]
=]
k=)
=
g T
£
2 o=
5 =
E 1
£
=
E =
=
! 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.005 0009 0.01<=MaF
Non— 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01<=MAF
weight

Total (n7=2504) 0.6271 0.6271 0.627 0.6271 0.6271 0.6272 0.6271 0.6271 0.6271 0.6271 0.6212

AFR(n=661) 0.6261 0.626 0.6262 0.6262 0.626 0.6261 0.626 0.6262 0.6261 0.6258

AMR (n=347) 0.6314 0.6319 0.631 0.6314 0.6314 0.6314 0.6314 0.6316 0.6313 0.6314 0.6249

ASN (2=993) 0.6266 0.6267 0.6264 0.6266 0.6266 0.6268 0.6266 0.6264 0.6266 0.6267 0.6201

EUR(#=503) 0.6264 0.6262 0.6265 0.6265 0.6265 0.6265 0.6264 0.6265 0.6264 0.6265 0.619
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E. 533%

AFB 7}

o] H]& (Homozygote mutation rate)

0.64
!

Total{n=25043
AFRIN=661)
AMFR(N=3473
ASNIM=2933
ELR{N=503%

0.62
I

=
&
=1
=
a8
=
T T T T T T T T T T
Mon _weight [R] 0z o3 o4 05 0B o7 (A=) [HR=]
=
= B Totalin=25043
B AFR(h=BE1}
E AMRAN=347 3
- = ASNM=993)
= @ EUR{n=503)
=

0.0%

-0.05

The deviation between mean of total AUC of the four methods and each &UC
-01n i
I

gl R et ) Rl Rt Bl

g (] o2 a3 0.4 0.5 a6 o7 0.8 o9

Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

weight
Total(n=2504)  0.6076 0.604 0.5997 0.6067 0.5995 0.6041 0.6061 0.6067 0.6057 0.6073
AFR(n=661) 0.6161 0.6108 0.6115 0.613 0.6104 0.6132 0.6172 0.6131 0.6142 0.6151
AMR (n=347) 0.5918 0.5885 0.5873 0.593 0.5835 0.5879 0.5891 0.5912 0.5891 0.5931
ASN (n=993) 0.6214 0.6176 0.6103 0.6201 0.6118 0.6182 0.6191 0.6217 0.6202 0.6207
EUR (2=503) 0.5799 0.5789 0.5717 0.5815 0.572 0.5754 0.5775 0.5795 0.5774 0.5806
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Total{n=25043
AFR(N=5G12
AMF=347 3
ASM{n=093)
EUR{r=5033

e

I~ %J =
=
& “\/
[}
=2
=L [=3
2
=
oo
=
=
o
.
=
T T T T T T T T T T
Mor_weight 0.1 nz 03 na ns ne 07 ns na
o
= | Totalin=25043
B AFR(N=BE1 )
= AMAR=347 )
- = ASN(n-993)
= = EUR(n=503}
S

-0.05

The deviation between mean of total AUC of the four methads and each AUC
-010 0.00
1

#m——-:nj——-:—__—:—_-———l—hm——-——

-015

0.1 02 03 04 0.5 0.6 07 0.8 0g

Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

weight
Total(n=2504) 0.6271 0.6236 0.6186 0.6241 0.6199 0.6231 0.6266 0.6276 0.625  0.6269
AFR(n=661) 0.6261 0.6187 0.6201 0.6248 0.6219 0.6214 0.6247 0.6262 0.6243 0.6259
AMR (n=347) 0.6314 0.6291 0.6226 0.6279  0.624 0.6274 0.6307 0.6317 0.6289 0.6311
ASN (#=993) 0.6266 0.6242 0.6174 0.6228 0.6177 0.6234 0.627 0.6274 0.6247 0.6266
EUR (n=503) 0.6264 0.6253 0.6161 0.6231 0.6188 0.6218 0.6254 0.6268 0.6239 0.6263
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F. mRNA S+AA

AFB 7}

Z7A 714 (Nonsense—mediated mRNA decay)

061 06 063 084
I I

AlC

0.60

0.8

057

|l
/\f

m Total{n=25043
= AFR(N=661)

[ = ARMEN=347 )
= ASM(h=993)
= EUR{n=S03}

T
Mon_weighit

FS

=3

T
FS.RS

FS.RS,50

A

003

The deviation between mean of total AUC of the four methods and each AUC
=010 0on
]

Totalin=25043
AFR(n=BG1)
AMRIN=347 )
ASHIN=093)
EUIR{n=503%

=y ey ey Ay

Non—
PS RS SO PS,RS PS,RS,SO
weight
Total (n=2504) 0.6076 0.6163 0.6076 0.6074 0.6163 0.6161
AFR (n=661) 0.6161 0.6265 0.6161 0.616 0.6265 0.6264
AMR (n=347) 0.5918 0.5964 0.5917 0.5916 0.5963 0.5961
ASN (n=993) 0.6214 0.6351 0.6214 0.6212 0.635 0.6348
EUR(2=503) 0.5799 0.5795 0.58 0.5798 0.5795 0.5794
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v Q153 7}

- B Totalih=2504%
| B AFR(h=GG1)
= = AMR(N=5347)
B ASM{n=993}
= EUR{N=503}
Nnn_\tlveight Carlrier Enz;fme Tarlget Transpljorter
o g | Total{n=2504}
= B AFR{n=6613
5 = AMEn-S7
E = | A5NN=333)
E T = EURN=503)
§ S ] —— * _ ) s I Y |
= Carrier Enzyme Target Transporter
Non—
PS RS SO PS RS  PS,RS,SO
weight
Total(n=2504) 0.6271 0.6301 0.6271 0.6269 0.6301 0.6299
AFR(n=661) 0.6261 0.6271 0.6261 0.6259 0.6271 0.627
AMR (n=347) 0.6314 0.6329 0.6313 0.6312 0.6328 0.6326
ASN(21=993) 0.6266 0.6322 0.6265 0.6263 0.6322 0.6319
EUR (n=503) 0.6264 0.6281 0.6265 0.6263 0.6281 0.628
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G. 9|9 WHol& X3t §AA 7|5 A Wo] (Regulatory variants

including noncoding region variants)

AZFH 7}
W Total(n=2504)
e | m AFR(n=661)
Z _— B ASN(n-00%)
) o | @ EUR(n=503)
S 8
= o
g i
E N
Non_\:valght 1 cllass 2 cllass 3 cllass 4 cllass 5 cllass 6 cllass w:al
E ; W Total(n=2504)
3 B AFR(n=661)
2 o B AMR(n=347)
§ 2 B ASN(n=093)
2 o B EUR(n=503)
h
E
2 8-
£
S 8 -l- A ‘_l. ‘_l. ‘_l.
E ) .—1
.
=R
E 9
g
Z o
2 S
5§ 7
=
g w
=9 1 class 2 class 3 class 4 class 5 class 6 class total
Non—weight 1 class 2class 3class 4 class bclass 6 class total
Total(n=2504) 0.6076 0.6089 0.623 0.6243 0.6258 0.6213 0.5945 0.5788
AFR(#2=661) 0.6161 0.6347 0.6447 0.6453 0.6416 0.6435 0.6235 0.6076
AMR (n=347) 0.5918 0.6024 0.6072 0.6073 0.6045 0.6059 0.5907 0.589
ASN(17=993) 0.6214 0.6059 0.6275 0.6306 0.6391 0.6248 0.5847 0.5588
EUR(#2=503) 0.5799 0.5854 0.5966 0.596 0.5934 0.5961 0.5782 0.5734
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R
rO
of
o,
N

—|—l

g@_ — B Total(n=2504)
< | AFR(n=661)
B AMR(n=347)
2 | B ASN(n=993)
=3 @ EUR(n=503)
s /_____,/e
- I
o ©
2 f=)
2 -
§ ]
[ \
o ‘.\.”
5 .,
< T T T T T T T T
Non_weight 1 class 2 class 3 class 4 class 5 class B class total
E = B Total(n=2504)
8 m AFR(n=661)
o B AMR(n=347)
s 2 B ASN(n=993)
ﬁ o m EUR(n=503)
‘g w
£ 8
o
2 €1 - _ ]| | B | e
2
E T
',‘5—, i
g »
=9 1 class 2 class 3 class 4 class 5 class 6 class total
Non—weight 1 class 2class 3class 4 class 5class 6 class total
Total (n7=2504) 0.6271 0.6048 0.6155 0.6171 0.6189 0.6152 0.5934 0.5857
AFR(n=661) 0.6261 0.6098 0.6166 0.6186 0.6226 0.6162 0.5984 0.5919
AMR (n=347) 0.6314 0.6037 0.616 0.6176 0.6191 0.6156 0.5904 0.5826
ASN(n=993) 0.6266 0.6065 0.6159 0.6174 0.6174 0.6156 0.596 0.5886
EUR(n=503) 0.6264 0.5959 0.6127 0.6141 0.6168 0.6128 0.584 0.574
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BZ 19 6. PharmGKBi—rH FZ3F 1807709 WHol-<E A
X

-
=N

aA -l

g Wolrt &3 SAR 471 AY HEEE SAA FHuYH EX
Target(225)
Enzyme(20)
Transporter(18)
Carrien7)

Non-PGX(201)
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HE X

BZ ¥ 1.2014 1000 A& dolg g Q1FdH MAFAA A

Sub population

Super population

No. of personal

genome data

GWD

YRI

ESN

LWK

ACB

MSL

ASW

PUR

CLM

PEL

MXL

CHS

JPT

CHB

GIH

ITU

STU

KHV

PJL

AFR

AFR

AFR

AFR

AFR

AFR

AFR

AMR

AMR

AMR

AMR

ASN

ASN

ASN

ASN

ASN

ASN

ASN

ASN

97

113

108

99

99

96

85

61

104

94

85

64

105

104

103

103

102

102



CDX ASN 93

BEB ASN 86
IBS EUR 107
TSI EUR 107
CEU EUR 99
FIN EUR 99
GBR EUR 91

Total

2504

26 2014 1000 A& ©lolE ¢ 39 2670, &9 47) AFT HFH. (2015
6). A8 AT : AFR (African), EUR(European),ASN(EAS;East
Asian) , ASN(SAS;South Asian), AMR(Ad Mixed American). 3} <&FT+

AFR (YRI(Yoruba in Ibadan, Nigeria), LWK (Luhya in Webuye, Kenya) ,GWD (Gambian
in Western Divisions in the Gambia) MSL(Mende in Sierra Leone) ESN(Esan in
Nigeria) , ASW (Americans of African Ancestry in SW USA),ACB (African Caribbeans
in Barbados)),EUR( CEU(Utah Residents (CEPH) with Northern andWestern
European Ancestry),TSI(Toscani in Italia), FIN (Finnish in Finland),GBR (British in
England and Scotland),IBS (Iberian Population in Spain)), ASN(EAS,SAS;CHB (Han
Chinese in Bejing, China),JPT(apanese in Tokyo, Japan),CHS(Southern Han
Chinese),CDX (Chinese Dai in Xishuangbanna, China) ,KHV (Kinh in Ho Chi Minh City,
Vietnam), GIH(Gujarati Indian from Houston, Texas),PJL(Punjabi from Lahore,
Pakistan) ,BEB (Bengali from Bangladesh), STU(Sri Lankan Tamil from the UK),
ITU (Indian Telugu from the UK)),AMR(MXL (Mexican Ancestry from Los Angeles
USA) PUR (Puerto Ricans from Puerto Rico),CLM(Colombians from Medellin,

Colombia) ,PEL (Peruvians from Lima, Peru)).
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HEZ ¥ 2 ATC ¢E BF 7Y PharmGKBE #E &3 EZxAoO] AL

ATC of PharmG
code dru KB+

Drug class

gs

Alimentary tract and metabolism A 62 77
Blood and blood forming organs B 9 99
Cardiovascular system C 122 291
Dermatologicals D 25 56
Genito urinary system and sex hormones G 41 9
Systemic hormonal preparations, excl.

H 10 11
sex hormones and insulins
antiinfectives for systemic use J 7 5

Antineoplastic and immunomo— dulating
L 43 294

agents
Musculo—skeletal system M 10 7
Nervous system N 144 504
Antiparasitic products, insecticides and
P 2 0
repellents
Respiratory system R 84 58
Sensory organs S 22 63
Various \Y 3 1
49
Sub—total 1475
3
Others (unclassified) 4 205

* Number of existing genetic—variant—drug associations in PharmGKB 2015

version(2015, 1)
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¥ PharmGKBZ +¥H

No.
ATC of PharmG
Drug class
code drug KBx*
S

Proton pump inhibitors A02BC 4 12
Drugs used in diabetes Al0 39 26
Antihypertensives Cc02 22 §)
Diuretics C03 23 33
Beta blocking agents Cco7 22 50
Calcium channel blockers CO8 16 28
ACE inhibitors, plain CO9A 13 35
Lipid modifying agents C10 15 125
Sex hormones and modulators of the

GO3 37 9
genital system
Thyroid therapy HO3 5 1
Analgesics NO2 35 131
Anxiolytics and hypnotics and NO5B/
sedatives NO5 ¥ !
Antidepressants NOGA 38 265
Drugs for obstructive airway diseases RO3 46 40
Antihistamines for systemic use RO6 35 1
Sub—total 395 763
Others (unclassified) 102 917

*  Number of existing genetic—variant—drug

PharmGKB 2015 version(2015, 1)
100
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B2 ¥ 4. Pharmsafe & 7} Pharmsafe €18&o] 2 7]35.

Symbol Definition
Vi Variant 7
9; Gene J
S,, SIFT score of variant 7
Sgi Damaged score of gene(gene score) J
Sdk Damaged score of drug(drug score) k
GJ' Set of variant with SIFT score in gene J
D, Set of gene related with drug &
WSVa Winsorized variant score of variant 7
in Weight score of variant 7
ng Weight score of gene ;
\Y Set of variants in PharmacoGene jregion

PGT

SR SIFT score filter Range
MAF Minor Allele Frequency of variant 7in 1000 genome
(n=2504)
MAFR  Minor Allele Frequency Range in in 1000 genome (n=2504)

Viaer Set of variants with SIFT score in MAFR,

HVF Homozygote Variant Frequency of variant 7in 1000 genome

(n=2504)

101 )
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HVFR

HVHVFR

VNMD

SEA
SNA

Homozygote Variant Frequency Range in 1000
genome (m=2504)

Set of Homozygote Variants with SIFT score

Set of NMD variants with SIFT score

Gene j is regulated by variant 1

Regulation score of variant 7

Variants with the ability to regulated the gene
Regulation variant Classs

Regulation variant 7

Weight score of regulated gene J

in HVFR

Ethic testing AUC diviation of condition /in E element

Non—Ethic testing AUC diviation of condition /in E element

Standard Ethnic AUC
Standard Non—ethnic AUC

Ethnic AUC of condition /in element e

Non—ethnic AUC of condition /in element e

Variant in 7 Conbination m

* pharmacogene type consist of target,transporter,enzyme,carrier.
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®% ¥ 5. PharmGKB, 497 %%E, 1000 AFe] T80z &3
il

4 dol-oFE A AF

497
Pharm 1000 Genome N
Element drugs (%
GKB* " 497 drugs (%) *
Genetic—variant—drug 1807 (55.
3248 1100(33.86)
associations 63)
Black or African 58(69.87
83 40(48.19)
American associations )
329(63.8
Asian associations 515 ) 224(43.49)
8
451(69.7
White associations 647 : 303(46.83)
0
Hispanic or Latino
6 5(83.33) 3(50)
associations
1128 (56.
Others (unclassified) 1997 652(32.64)
48)
290(74.1
Drugs 391 251(64.19)
8)
840(71.4
Variants 1175 : 522(44.42)
8

*  Number of existing genetic—variant—drug associations in

PharmGKB 2015 version(2015, 1)

* Percentage of genetic—variant—drug associations in 497 drugs or

497 drugs and 1000 Genome from ParmGKB
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BZE X 6. 774 249 £3t= 5471X ZAH QAFE/mAF FU} A4

Weight parameter Element of each Ethnic Non—
parameter AUC ethnic
AUC
Central Tendency Arithmetic mean 0.5633 0.5935
method Geometric mean 0.6076 0.6271
Harmonic mean 0.6149 0.6363
product 0.6163 0.6502
Pharmacogene Type Target 0.5961 0.5928
Enzyme 0.6436 0.6248
Transporter 0.6367 0.6134
Carrier 0.6296 0.6074
Score Winsorization 0.1 0.6074 0.6219
0.2 0.6166 0.6364
0.3 0.6167 0.6322
0.4 0.6157 0.6291
0.5 0.6092 0.6259
0.6 0.6104 0.6273
0.7 0.61 0.6277
0.8 0.6083 0.6271
0.9 0.6078 0.6273
Minor Allele Frequency 0.001 0.6076 0.6271
0.002 0.6077 0.627
0.003 0.6075 0.6271
0.004 0.6075 0.6271
0.005 0.6077 0.6272
2 A 2 o) 8



0.006 0.6076 0.6271
0.007 0.6078 0.6271
0.008 0.6075 0.6271
0.009 0.6078 0.6271
0.01 over 0.6008 0.6212
Homozygote mutation 0.1 0.604 0.6236
rate 0.2 0.5997 0.6186
0.3 0.6067 0.6241
0.4 0.5995 0.6199
0.5 0.6041 0.6231
0.6 0.6061 0.6266
0.7 0.6067 0.6276
0.8 0.6057 0.625
0.9 0.6073 0.6269
Nonsense—mediated Premature Stop 0.6163 0.6301
mRNA decay codons
Removed Stop codons 0.6076 0.6271
Splice—Overlap 0.6074 0.6269
Premature Stop 0.6163 0.6301
codons,
Removed Stop codons
Premature Stop 0.6161 0.6299
codons,
Removed Stop codons,
Splice—Overlap
Regulatory variants 1 0.6089 0.6048
105 i
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including noncoding 2 0.623 0.6155
region variants 3 0.6243 0.6171
4 0.6258 0.6189
5 0.6213 0.6152
6 0.5945 0.5934
Total 0.5788 0.5857
106 i
(2 A=t s



e
q

.7 48 AE AF, H|YF AUC € #HA 9 HA B
SW : Wo] A4 43}, MAF : @& g&d8d2 vy | PGT : oFZdA

ghdo] H1E NMD : 7 mRNA Fg4d =4 714,

Jo
)
D)
ofN
f{ il
T
=
offt
ol
X
I

2x  z2 AFFE MAFFE AFPE wAFFE  BEAR
A4 AUC A4 AUC 9% 4}

SW 0.1 0.6074 0.6219 —0.0002 —-0.0052 —0.0027
0.2 0.6166 0.6364 0.009 0.0093 0.00915
0.3 0.6167 0.6322 0.0091 0.0051 0.0071
0.4 0.6157 0.6291 0.0081 0.002 0.00505
0.5 0.6092 0.6259 0.0016 —0.0012 0.0002
0.6 0.6104 0.6273 0.0028 0.0002 0.0015
0.7 0.61 0.6277 0.0024 0.0006 0.0015
0.8 0.6083 0.6271 0.0007 0 0.00035
0.9 0.6078 0.6273 0.0002 0.0002 0.0002

MAF 0.001 0.6076 0.6271 0 0 0
0.002 0.6077 0.627 1E-04 —1E-04 0
0.003 0.6075 0.6271 —-1E-04 0 —-5E-05
0.004 0.6075 0.6271 —-1E-04 0 —-5E-05
0.005 0.6077 0.6272 1E-04 1E-04 1E-04
0.006 0.6076 0.6271 0 0 0
0.007 0.6078 0.6271 0.0002 0 1E-04
0.008 0.6075 0.6271 —1E-04 0 —5E—-05
0.009 0.6078 0.6271 0.0002 0 1E-04

0.01 =MAF  0.6008 0.6212 —-0.0068 —0.0059 —0.00635

PGT *4 0.5961 0.5928 —-0.0115 —0.0343  —-0.0229
ax 0.6436 0.6248 0.036 —0.0023  0.01685
107
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T 0.6367 0.6134  0.0291  —0.0137  0.0077
TE7T 0.6296 0.6074 0.022 -0.0197  0.00115

Qa =7 AEF7E wIAER7E JAFFE wAEEIE BEAt

Ax) AUC  #AA AUC A=} A=}

HR 0.1 0.604 0.6236  —0.0036 —0.0035 —0.00355
0.2 0.5997 0.6186  —0.0079 —0.0085 —0.0082
0.3 0.6067 0.6241  —-0.0009 —0.003 —0.00195
0.4 0.5995 0.6199  -0.0081 —0.0072 —0.00765
0.5 0.6041 0.6231  -0.0035 —0.004 —0.00375

0.6 0.6061 0.6266  —0.0015 —0.0005  —0.001

0.7 0.6067 0.6276  —0.0009  0.0005  —0.0002

0.8 0.6057 0.625  —0.0019 —0.0021  —0.002
0.9 0.6073 0.6269  —0.0003 —0.0002 —0.00025
NMD PS 0.6163 0.6301 0.0087 0.003 0.00585

RS 0.6076 0.6271 0 0 0

SO 0.6074 0.6269  —0.0002 -0.0002 —0.0002
PS,RS 0.6163 0.6301 0.0087 0.003 0.00585
PS,RS,SO 0.6161 0.6299 0.0085 0.0028  0.00565

RC 1 0.6089 0.6048  0.0013  -0.0223 —0.0105
2 0.623 0.6155  0.0154 —0.0116  0.0019

3 0.6243 0.6171 0.0167 -0.01 0.00335

4 0.6258 0.6189  0.0182  —0.0082 0.005

5 0.6213 0.6152  0.0137 —0.0119  0.0009

6 0.5945 0.5934  -0.0131 —0.0337 —0.0234

Total 0.5788 0.5857 —0.0288 —0.0414 —0.0351

108 i
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BHZ ¥ 8. ZF 949 HY F 671K A9 567FK %33} Pharmsafe
dnEFS AHEE AT AQE E HSFE FUie AF, 8T
AUC. (A)RJ1E37F, (B) vIIFEH 7} o|th 2t ofab= th53 o SW
Hol A4 A3, MAF @ @ Oig3dd W% | PGT : k&4
FAA T, HR : 584 o] R NMD : 7 mRNA g4 =4 7

il

—}

RC: F32} 75 %4 Hol,

A. Q1E3 7}

kil 3 TR AA ok=ZEIt vl = oAl ok R
0 SF,MAF 0.614 0.632 0.5961 0.6243 0.5825
1 SF,HR 0.613 0.6293 0.5954 0.6241 0.5818
2 SF,PGX 0.6235 0.6443 0.6042 0.6323 0.5923
3 SF,LOF 0.62 0.6401 0.5987 0.6334 0.5819
4 SF,NC 0.5203 0.4703 0.5549 0.5156 0.5706
5 MAF,HR 0.6047 0.63 0.5865 0.6098 0.5738
6 MAF,PGX 0.6162 0.6431 0.5974 0.6203 0.5858
7 MAF,LOF 0.6117 0.6409 0.5898 0.6192 0.5736
8 MAF,NC 0.5722 0.4464 0.669 0.5891 0.6356
9 HR,PGX 0.641 0.5969 0.6202 0.5853 0.5852
10 HR,LOF 0.6109 0.6385 0.5892 0.6194 0.573
11 HR,NC 0.5722 0.4465 0.6691 0.5892 0.6356
12 PGX,LOF 0.6213 0.6508 0.5994 0.628 0.5847
13 PGX,NC 0.5743 0.4478 0.671 0.593 0.6355
14 LOF,NC 0.5722 0.4466 0.669 0.5891 0.6358
15 SF,MAF,HR 0.6074 0.6353 0.5891 0.6113 0.5757
16 SF,MAF,PGX 0.6156 0.6443 0.5968 0.6188 0.5846
17 SF,MAF,LOF 0.6131 0.6448 0.5916 0.6186 0.5756

109 g o
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18 SF,MAF,NC 0.5709 0.4462 0.6681 0.5861 0.6362
19 SF,HR,PGX 0.6149 0.6425 0.5963 0.6186 0.5841
20 SF,HR,LOF 0.6124 0.6428 0.591 0.6185 0.575
21 SF,HR,NC 0.571 0.4462 0.6682 0.5862 0.6362
22 SF PGX,LOF 0.6198 0.6511 0.5983 0.6248 0.5838
23 SF,PGX,NC 0.5721 0.4472 0.6693 0.5886 0.6353
24 SF,LOF,NC 0.571 0.4464 0.6681 0.5862 0.6364
25 MAF,HR,PGX 0.6089 0.6408 0.5909 0.6092 0.579
26 MAF HR,LOF 0.6059 0.6424 0.5845 0.6078 0.5692
27 MAF,HR,NC 0.5712 0.4442 0.6684 0.5889 0.6349
28 MAF,PGX,LOF 0.6138 0.6495 0.5927 0.6154 0.5785
29 MAF,PGX,NC 0.5726  0.445 0.6695 0.5912 0.635
30 MAF,LOF,NC 0.5713 0.4443 0.6682 0.5888 0.635
31 HR,PGX,LOF 0.6133 0.6479 0.5923 0.6153 0.5781
32 HR,PGX,NC 0.5726  0.445 0.6696 0.5912 0.635
33 HR,LOF,NC 0.5713 0.4444 0.6683 0.5888 0.635
34 PGX,LOF,NC 0.5726 0.4451 0.6694 0.5911 0.6352
35 SF,MAF,HR,PGX 0.6087 0.6408 0.5906 0.6091 0.5782
36 SF,MAF ,HR,LOF 0.6068 0.6432 0.5859 0.6081 0.5705
37 SF,MAF ,HR,NC 0.5701  0.444 0.6676 0.5862 0.6353
38 SF,MAF ,PGX,LOF 0.613 0.6488 0.5921 0.6143 0.5779
39 SF,MAF PGX,NC 0.5706 0.4445 0.6676  0.588 0.6335
40 SF,MAF,LOF,NC 0.5701 0.4441 0.6675 0.5861 0.6355
41 SF,HR,PGX,LOF 0.6125 0.6473 0.5917 0.6142 0.5775
42 SF,HR,PGX,NC 0.5706 0.4445 0.6677 0.588 0.6335
43 SF,HR,LOF,NC 0.5701 0.4441 0.6675 0.5861 0.6355
44 SF,PGX,LOF,NC 0.5706 0.4447 0.6676 0.5879 0.6337
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45 MAF,HR,PGX,LOF 0.6074 0.6454 0.5872 0.6064 0.5733
46 MAF,HR,PGX,NC 0.5706  0.4442 0.6677 0.5893 0.6316
47 MAF,HR,LOF,NC 0.5702 0.4435 0.6669 0.5885 0.6325
48 MAF,PGX,LOF,NC 0.5706 0.4443 0.6675 0.5892 0.6318
49 HR,PGX,LOF,NC 0.5707 0.4443 0.6676 0.5892 0.6318
50 SF,MAF ,HR,PGX,LOF 0.6071 0.6446 0.587 0.6064 0.573
51 SF,MAF,HR,PGX,NC 0.5694  0.4439 0.6665 0.5871 0.6308
52 SF,MAF,HR,LOF,NC 0.569 0.4435 0.6659 0.5858 0.6325
53 SF,MAF,PGX,LOF,NC 0.5694 0.4441 0.6664 0.587 0.6309
54 SF,HR,PGX,LOF,NC 0.5694 0.4441 0.6664 0.587 0.6309
55 MAF,HR,PGX,LOF,NC 0.5687 0.4444 0.666 0.5858 0.6298
56  SF,MAF,HR,PGX,LOF,NC 0.568 0.4439 0.6652 0.5849 0.6292
B. H]1EH 7}
kil x3 TH AA okxETt v = i A
0 SF,MAF 0.6321 0.6308 0.6367 0.6317 0.6315
1 SF,HR 0.6322 0.6307 0.6365 0.6321 0.6313
2 SF,PGX 0.6426 0.6406 0.6477 0.6414 0.644
3 SF,LOF 0.6341 0.6315 0.6373 0.6357 0.6322
4 SF,NC 0.5356 0.5323 0.5391 0.5368 0.5353
5 MAF,HR 0.6228 0.6252 0.6265 0.6205 0.6217
6 MAF,PGX 0.635 0.6362 0.6398 0.6321 0.636
7 MAF,LOF 0.6247 0.626 0.6271 0.6242 0.6222
8 MAF,NC 0.5951 0.582 0.5978 0.6049 0.591
9 HR,PGX 0.636 0.6396 0.6324 0.6358 0.6155
10 HR,LOF 0.6249 0.626 0.6271 0.6248 0.6224
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11 HR,NC 0.5951 0.582 0.5979 0.6049 0.591
12 PGX,LOF 0.6365 0.6365 0.64 0.6354 0.636
13 PGX,NC 0.5972 0.5844 0.6001 0.6071 0.5928
14 LOF,NC 0.5951 0.5821 0.5978  0.605 0.591
15 SF,MAF,HR 0.6262 0.6278 0.6297 0.6244 0.625
16 SF,MAF,PGX 0.6351 0.636 0.6392 0.6326 0.6357
17 SF,MAF,LOF 0.6276 0.6285 0.6302 0.6273 0.6254
18 SF,MAF NC 0.5942 0.5812 0.597  0.6039 0.5904
19 SF,HR,PGX 0.635 0.6358 0.639 0.6328 0.6354
20 SF,HR,LOF 0.6277 0.6284 0.63 0.6276 0.6253
21 SF,HR,NC 0.5943 0.5813 0.5971 0.6039 0.5904
22 SF,PGX,LOF 0.6362 0.6364 0.6393 0.6352 0.6357
23 SF,PGX,NC 0.5955 0.5826  0.5985 0.605 0.5914
24 SF,LOF,NC 0.5943 0.5813 0.597 0.604  0.5904
25 MAF HR,PGX 0.6288 0.6318 0.6326 0.6254 0.629
26 MAF,HR,LOF 0.6207 0.6239 0.6226 0.6192 0.6181
27 MAF,HR,NC 0.5945 0.5804 0.5975 0.6047 0.5907
28 MAF,PGX,LOF 0.63 0.6324  0.6328 0.6279 0.6291
29 MAF,PGX,NC 0.5957 0.5813 0.5986 0.6062 0.5916
30 MAF,LOF,NC 0.5945 0.5804 0.5974 0.6048 0.5907
31 HR,PGX,LOF 0.63 0.6322 0.6327 0.6281 0.629
32 HR,PGX,NC 0.5957 0.5813 0.5986 0.6062 0.5916
33 HR,LOF,NC 0.5945 0.5805 0.5974 0.6048 0.5907
34 PGX,LOF,NC 0.5957 0.5814 0.5985 0.6063 0.5917
35 SF,MAF HR,PGX 0.6292 0.6318 0.6326 0.6263 0.6292
36 SF,MAF HR,LOF 0.623 0.6257 0.6249 0.6218 0.6205
37 SF,MAF HR,NC 0.5936 0.5794  0.5967 0.6038 0.59
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38 SF,MAF,PGX,LOF 0.6302 0.6324 0.6327 0.6284 0.6292
39 SF,MAF,PGX,NC 0.5942 0.5802 0.5974 0.6044 0.5904
40 SF,MAF,LOF,NC 0.5936  0.5794  0.5966 0.6039  0.59
41 SF,HR,PGX,LOF 0.6302 0.6322 0.6326 0.6286 0.6291
42 SF,HR,PGX,NC 0.5942 0.5802 0.5974 0.6044 0.5904
43 SF,HR,LOF,NC 0.5937 0.5794  0.5967 0.6039  0.59
44 SF,PGX,LOF,NC 0.5943 0.5802 0.5973 0.6045 0.5904
45 MAF,HR,PGX,LOF 0.625 0.6286 0.6273 0.6225 0.6237
46 MAF HR,PGX,NC 0.5938 0.5792 0.5972 0.6049 0.5888
47 MAF,HR,LOF,NC 0.5933 0.5785 0.5965 0.6045 0.5886
48 MAF,PGX,LOF,NC 0.5939 0.5792 0.5972 0.605 0.5888
49 HR,PGX,LOF,NC 0.5939 0.5793 0.5972 0.605 0.5888
50 SF,MAF ,HR,PGX,LOF 0.6255 0.6289 0.6276 0.6233 0.624
51 SF,MAF,HR,PGX,NC 0.5928 0.5783 0.5963 0.6038 0.5878
52 SF,MAF,HR,LOF,NC 0.5925 0.5776  0.5957 0.6036 0.5878
53 SF,MAF,PGX,LOF,NC 0.5929 0.5784 0.5962 0.6039 0.5879
54 SF,HR,PGX,LOF,NC 0.5929 0.5784 0.5962 0.6039 0.5879
55 MAF HR,PGX,LOF,NC 0.5926 0.5784 0.5959 0.6038 0.587
56  SFMAF HR,PGX,LOF.NC 0.5921 0.5777 0.5957 0.6034 0.5866
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27 RNA H3 92 &35 §1% RNA A€ ¥u
2 AEsE FHAE = g

|

RNA A (RNA editing) < RNA HAAF 5o 317} 2]
T8 LEFo] = (nucleotide) Al B A ( sequence) 7} W EHE dAAAS
oJm sl o]i= mRNA, B]¥ S RNA (ncRNA), wlo] & RNA (miRNA)
oo XS BE AARAelA dojdri[67]. EfF TEA JHE ©ol
Hgsk= RNA AFFES A oA 1 = viyls #HYolw ol F=2
ADAR o]g}= &A(enzyme) o 2a 2As}H[68—-70]. FH
RNA AMY& NGS 7IWE& olgste] Ko r #A3= RNA-seq
7l&o] wdke] wet G-A,C-U,T-C,C-A,G-C,T-AA-T2 M=F
RNA AAFEZE A3k MEFoA dAHJT(71, 72]. FEe
RNA #AF 52 RNA-DNA A 9WH3 A (RDD  site) =
JIEE(ntron), 5 WY d9 (B UTR), 3 ° ®o g
(3" UTR)(7) 283l Alu A QAelA @G, 7949 RNA #HAo]
3 4 (coding region) ol 4] EAstA =™ o] £213 nonsynonymous
A Wy, AeA AEeto]ld (Alternative splicing), +32F ¥ s}
dor g dMAe] e s A AZIAY WPAA 5 QUTh
(7-9) HFEgk RNA AL wle]ZZ RNA, 2 M4 RNA(small
interfering RNA, siRNA), piRNA (Piwi—interacting RNA) 52

NedlE dF= vE g dnh @S RNA dxE2 34, Hsg,
=] o A

¢

ol
Mo 1% 2

Fa=T, HEYde e ARt AWl IFS T RuEATH67].
A Hdesh A ¥ DNA, RNA-seq H°lE 5o it

GEO( www.ncbi.nlm.nih.gov/geo/), ENCODE
(http://genome.ucsc.edu/ENCODE/) ¢ +& AFA o A
S/MEA. olgst dolgHES 7|Htez, @ RNA #HAZ RDD

site & AEAY] AT WS m7Ee] AU ek FeAA 4 RNA
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HA A= Zrolu] = RS R T EE rddChecker
(http://genomics.jhu.edu/software/rddChecker/) 7} lom o]H

ETEL Y% A Eo4 DNA, RNA-seq= %3] ¢ojx DNA, RNA
AEs  Hlwste]  FR RNA #AAYXZS AZzsla o=
gdAd97tbE A (SNP), 481X RDD site 02 HE o] A
AZE RDD 5= RNA Y A& zropdith. spxrk olzjsgt

TTELS e 9okA] (false—positive) Ay 5L xgsta itk

we Aze RNA A3 9350] HARGAW73], o dupEo] we

ok AuE xEgstal ol THEACH T4, 75]. o3 #HPo=
Hol RNA #HHRYZ, RDD site & AZFs] +=d Ao 7P4 F23
o WAE YxEFoA] XA RNA HH X} 9A 9x=

= =Ro® FE QA HAFE F FE¥ RNA #3 IAE 55
© 2 3t DARNED (a database of RNAediting in humans) [76],

RADAR (arigorously annotated database of A—to—I RNA editing) [77]
9 dolguel sl ALHRIY. 1% DARNED = 7P #93%
dlolguo] A2 oF 42,000 7le <17t RNA HF Mo|EE 7L
Ath. RADAR = Q1%+ 1,343,464, 5 7,272 1¥]31 %3k 3,155 7 9]
RNA HAAolEE Wxsta Uth. oldfg deolgHlolEs 7|HtoR
H7Ie RNA Hy 9AE FA 385+ (annotation) ExpEdit 2
T7Eol MEEAG78]. ExpEdit & DARNED & 7Rt g 3¢
Y= ¥ RNA-seq Hlo]Ele] DARNED & w*gste] YR E AlFste
ZIgke] =g EA AEA Qe HolHE Alestth shAR e A Al ok
AEL RNA B A& AE8 WA= xothe A 7FAa
stAIRE o] d oM EEal ¥A] RNA-seq Ulolg HEejQl
FASTQ, SAM (sequence alignment map), BAM (binary alignment
map) A dHHE ol oA AR EHA A w2
RNA 3 A& A3z 91 = AN 5 dvhe AHelA Zh-dda
Atk 2EARE o] @2 ¥A RNA-seq HOlHE dEE 3h=d

S 7oz 28 Agtolgte A& o)A FI A7)
Adt= A Al ©ido] Qlvh. dojyl 7|42 A#E REDtools =
d2E ARbE dFedon dHge]l 22 AEcA dolxl DNA,

2 A&



RNA-seq H°|Ed A A A2 A ZL RNA #HY HolES
S F ASS B2 dE#e]l RNA-seq ¥ el Aol 7]Eo
9 4% RNA #BAARCIE HRE vjgste] Alsd 5 A By

==

k= VIRGO[80]% /W= gltt. 3FA %k ExpEdit, REDtools +=
¥3k RNA HARYX ] izt A=A AEE A FsHH For
VIRGO & A-T9)] skl Al Fstri= stAlHo] Sl

Zt

AR &

o] wk5o] FHTH[79]. E3 A-1 HHYMOE HRZ 74l
A&s

A

7= RNA-seq MEHLE &% RNA AR FH= Algshs
MEE =T (RCARE)ZA 7k A& 5S40z dvus we
RNA ‘jﬂﬂ AA, Az Fd¥ dHely  wolAE TR
A A H| o] A ZIgbo zgr FHsta AAA]D A2 FA, HolHE
7]\t o 2 3 /ﬂﬂ’\é 4 (evidence level) = 7 RNA #HHLA wirh
As gt g AREATE 22 AlEolA ¥ DNA, RNA—-seq HI°IH =
deEgter Yo dHAA & AER RNA #H AAE HE38H
A xstty,  AFE27F RNA-seq 9] variant fall format(VCF) &

Aoz ARgA AL § HolAe JEE s e RNA-
seq Hlolg e tigh FA% 52 o8] RNA—-seq Hlo]y 11e] Blugtol
thasto] Zb AESHA] 94 QoF JYEE AlFEth. EIE AREAE
¥Al RNA-seq Hl°oJE€l FASTQBAM,SAM 3}
VCF & mwEAgke] Ao daages ®sd = gl Joldd
AIYEES A F3tl, RCARE = http://www.snubi.org/ ©ll A

AHEE T AEU T

116



¥ o

golg <3

RCARE + 314,880, 6,830, 183 13,018 ¢ mRNA #HH A=
z}7} DARNED(NCBI37/hgl19) [76], <1+ ENCODE RNA-Seq
dlo]E][67], Bahn et al, [71] & ¥ vz = HLO} Zolaitt,  olA]

e 1,379,404 ¢ RADRA [77] \Li et al [73].01A4 tha

o

@)
RN

—

0,115 7€l <IZF RNA #HHY $1X]
J¥ke] ZF RNA | f1A4d A4
o)X FHE QWEIA FA YHZ 9
Ch37.69.gtf, Repeat—Masker database information from Ensembl
(ensembl.org), UCSC
(http://genome.ucsc.edu/buildGRCCh37/hgl19) & th&¥ol ncRNA,
Ensembl Gene (ENSG) ID, Transcript(ENST) ID, Exon ID (ENSE)
18] 31 repetitive element (Alu, nonrepetitive) & ZF RNA HAH 9 X
=< RDD  fAd¥E=E Al &eldh. =S ANNOVAR

1

O

= A 0}01 2z (reference)
=
[¢)

& WEdlth 7 RNA 94
E

N

2]+ Homo_sapiens.GR—

of

(http://www.openbioinformatics.org/annovar/) [81] & A}F£3}9] intron,

intergenic, splicing region, downstream, upstream, 3° UTR, 5" UTR,
1813 synonymous/nonsynonymous T4 AXE  Z} RNA HF
$A 52 RDD 9XE=E AlFsth(Table 1).

RNA—-seq H|°]|¥ Z 38 (preprocessing)

RCARE + FASTQ =< BAM 9= FE hg 19 VCF Y=
AFAATE As W FEYEE ATsSh(2dE 1A). o] FEEH=
TopHat [82], SAMtools[83], VCFtools[84], Tabix[85], 181
Bowtie2[86] & Xgsta lom o5& Aoz APAA RNA-
seq YA LS VCF FHE vAF+ ol AaydEE x3tst
Aol A A7)7F Z RNA-seq Al HolHE JE= s AIRE
At TopHat I SAMtools ¢ A4 Iepvg=S gFA W3

o o
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FSSES wol ik WM# fUEHE 2 44 fEoR A4

A WA HE FEYEE= tophat, A A &S AEZF RDD 93X
52 RNA R AE 2= gojH AayES AMZ YE RNA-
q

seq HlolH & vlaste] 54 A ZolAv YEbE RNA A4 912 52
RDD #1x1& e ol AFRE, AlY 7Hss 9% AE Jdes
H £33 BAM & FASTQE VCF® WHgshsd o3 nE 450

golek.  sEAIRE RFeF {47} tophat, samtools ZHE =50

& omx R

215 o] St holE WS wE A thewrol ARE-shH ®T ARA g
olg] Ay AL 1Y 1 & Fxsd dd ek {47 STAR
a8lal GATK #& o8 =75 AFgsta Aud s =75 ARES
VCF & A4dsts § o] 425 s &eixl RNA Ay A 54,

a3 A AAEd e gEsd Ang 2g 5 ew 2

174¢] Eﬂ 1E1a HR2E g A Z vlaste] 54 AMZARE YR
& AlZolAl dojx DNA,

=
Z,
o>
Re)
o,
L
Tu
sy
e
ol
|9
4
%0
o
=)
{0

RNA Hoé gjo ]HE VCF Fe= dgstd S A (chromosome),
1A (position) & Hlw ko] &A1 A 2 A== RDD 914 52 RNA

Y fAe= HE € g Stk

RNA #3 $Ix=9 vl

RACE A= o AEeA £ RNA-seq VCF =
A M A (chromosome), A (position) S  7]FOoZB|wsle] EF
AEZAT YElE 7]se] ¢dElxl RNA HY A& 23] +u

]
AR g AFe 19 36 7%k

4 dHFHolA TF

RCARE 9] € 7|¥te] 8227382 HTMLS5 (Hypertext Markup
Language 5), CSS3(Cascading Style Sheets 3), jQuery, and
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Highcharts API(http://www.highcharts.com/) S AF&3to] %313t}
o] £42Z2 73 RNA-seq HlolE Az, vw, F4 28a AZ3tz
T8 474 7les Als st
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4 3

€2l DARNED(NCBI37/hgl19) [76], <1z} ENCODE RNA-Seq
tlolE] [67] Bahn et al.[71]1% ¥ 321,008 7H2] RNA HH YA =
T8 o] dolE= 30 7HA ME TRE TdE 154 M AE,
23 M9 = 283l 11,299 M) §44, 12 7k« RNA #HY F
¥stEo] Qup(2¥ 2). RCARE 9 AEsSHH Aw F4L (1)
synonymous vs. nonsynonymous W3}, (2) splicing junction A%
eto] 38 of ¥ (3) genomic features, (4) Alu ¥oI% (5) ncRNA
At 23 ofF, (6) A 7]<(gene symbol), the¥st ID 59
FAA AR RE FHad Zx) (1) AE 719, 8) F=x
(9 Fx dHoHE 7Wte=x 3 *@4” swes 9 7HA9
ZHl 2 A Ee v B3 MR UE Ee AE
AME Abololl A wap 52 Zpol7} vi= RNA AF 914
Jo

F83 AESHH FA2 AF3(E 2). RNA #HF A& HE3=
AR ZFo3AT HEH dHole 9o AL Fonut Fosith HAEY
RNA #HH x99 AL SF4A717] 9 s) = AFA

S (Evidence levels)& AAsIAT. AlEAd

o —
A7 #E E=Eolu HolEHHo| oA Aud 3FE VINtew
/\g HJ_

ekl el AHA eHe A8l fsked JAWMAR 5 7HA
=i 52 Aol A~ (DARNED, RADAR, Bahn et al.[71], Li et al. [73],
Park et al.[67]) & Askalth. FHARZ Hopxl HolgH s+ A4,

A 4K, reference/alternative AN AYHE Algsto] F3stal 7t

RNA #F AolEZ} AxH 355 Ao A= 558 AT

AMEAY SE52 A FEH E 7HA F 5 AR FAHAA o A =
[e]

4% Be 579 AAE ANGT 2E 5 A2y 3, wEAR
= o
=

. oE So] wek @s1o RNA BH A7 Sl A Fd ok

5 719 dolEMol s E& wa w=Relq o} Fuw @ 4

WolE B Sl #ae) doleuel s T w=Relx o} Friw
9

-]

Hlo]E] 9] 85%°] RNA AH $X+= DSFS 7141
THS ARATE w2l wEE i RNA

o
BA A 1P A A E AFsked F Ewe X0t

5 5 A &Y



g Y o] A= AR A, B v RE, B4 ol 3 7
T ATk AREA WA e WHE
AESA T4 27, AE
A" 1B). & A¥A 3
T geEE 99 JHg =
2 7 HAe H 3k EE Zﬂ%’é}l %1‘:}. A
ML TopHat[82], SAMtools[83], VCFtools[84], Tabix[85],
Bowtie2[86], A& Io]H AFAHE T YA RNA-seq H°|lHE
VCF 2 Wglals RE B7E Eden 9oH o= Wae ol
< 16 74 &3 B=3H4
J RE RNA #HY A vt
AFger v FES AR OE %‘%i FE AAAE RNA-seq
574 AZoAT e RNA B4
AAE 16 7HA F&3t B=38H4 ﬂz"v‘i qrel A Attt A3
Ho]X]= genomic 7l&, %A, ncRNAs, synonymous Vs
nonsynonymous W3} , RNA editing +3 21831 #AZ% RNA
AAAA= 7 A S AEE FExXE Q9 gYgEE
Aggeh (Figure 10 EE IJ#Z olv|A= teztsel QIy7t
7Vsattk. A3E AlPs7] fleke] 2= MCF-7(a breast cancer
cell line), HUVEC (a human umbilicalvein endothelial cell line) 18]
HelLa—S3 (a cervical carcinoma cell line) RNA—seq
dlo]ElE  ENCODE  (http://genome.ucsc.edu/ENCODE/) & HH
theRE ol 2347,646, 1190 7He] RNA HA A& #AE3Jh o
AXE F HUVEC 205 7}, MCF—7 605 7ll, HeLa—S3 334 7l7} A Y-
C Atole] AFA w2 7HAIL QASlHh sHAIRE o] 32 AA| "ol
Y74 31.7%, 24.8% Z12]3L 28.07% © sldstsitt. o] Az w5

Kol AlFA SFo] RNA A Y= #HE8t1 l‘i—/ﬁ,o}htﬂ HFE A
dads & g A 2l =8 MCF-7 2 HUVEC & Hlasho]
7 AZ oA el dEzl RNA AR S 74Zo}omr 127}

kel A gk YER= 2,080 7S] RNA
Ay HAAE AEsRleh oldd A= 54 el RNA #HAY
S‘M—% AZsER] TS RoFErh $8E37.3Mb o] AE Hd=

% = ¥luE 98 RACRE 9

=
O
T
2
|o
b
N, e
An
i
o
2
o m2
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HelB4dL 3.0 GHz CPU, 2048 MB RAM 29

192 ze°f =AU

RNA #HA ¢ 2] o /\g‘jal-;e

stttk BAM 39S VCF &
g A~ EE

H
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T4 g
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RCARE = A#Z 4 3= RNA A3 fA]o thet gzsta F444,
Hla,  T1EjE A7EHE :‘91%2‘4013 AbgAE ZskA Rl f17]REe]
Al2~Elolth, RCARE + 321,008 79 <217k RNA A=} ofe
ldets TR Ay FHA4R a9an 8% 2o aYEZE

AEA Fa A Agsta ok 74]5}7} o] =7+ RNA-seq A
doleE VCF £ AsS W & 93 FEEE ol 7|qte]
2AHESE B AlFstal gt o] %%_‘FJFJETE% U< VCF 2 €9
AEE o A=A 4 I8 AR g8 AETY v sk
AEsta FAARe /] Ay e 4 Stk RCARE § Qe FHo] A=
AA FAAES} AAsE T o+ e I JAFAE CSV FH 9
JPG HHE 2= v & 9k FH 2~3 | Alo]of] AjZ2 RNA
ﬂﬂaﬂ AAE Zoldli= Aol o] ok A xHo| Hojrh[67, 71,

a8y HE AGEES Eld® RNA #HAYA O AlEAd #4
O%TE A 2k diuetd A" RNA #HY YRSl B
ol BAEHNT] wito|tt. %r‘ﬂ~ RCARE 9] 418]4 Fd°] RNA
AR A AT FokelA 1 o7 AA S7HE Zlolutal oitsith
RCARE &+ A1#d & Sl AJJ_J AAE FAHs=Y A =gl
= Aolgta o H,
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2319

2% 1 RCARE ¢ RNA-seq Hlolg Az #4 A 2
FAx2 Ay Azt 34 A) RNA-seq HlolE Az W
A2l 34 (pipeline). B) A&Estd F4 g9 vlu BAS
AEHo] A, O) 4 A Q9F 1 oA

A Preprocessing

T ]

Stepl: Aligment
Tophat l Compare pythonscript ~ Step4: g?;:ﬁ:/ecgw'\
S
Step2 : Variant calling Samtools l
Bcf tools

‘ Input data of RCARE web page |
Step3 : VCF file

generation

B  Annotation & Compare analysis C Results

Step5 : Annotation of RNA editing sites Genomic Feature Non-coding RNA

Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.
If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Download utilitles for file format conversion

Step 2. Upload your RNA VCF file

¥ '
i, m
‘ "ne "
R 1 u
Filel T et Type of RNA editing H
oy % 5,

TIC 2945 43 H

Upload & gotonextstep  !f you want to annotate more than one RNA-seq sample, v\ A B
please press this text

Gene

SN oy 4
Chromosome
Step6 : Compare RNA editing site between RNA-seq samples
i |
Compare RNA edlting sifes between RNA-seq samples. ' ' |
U208 ]
Step 1. Upload VCF file oblalned from RNA-seq experiment. u [ ] 8 f ] ‘
I you have FASTQ or BAM fles only, please download the conversion ufiities. g I i F' [ 1 § ‘ ‘
Download conversion utites manual (pa! version) Y RN

Annotation result download
Download flle for file format conversion 646 RNA Editing sites found Sample

Downlood resut e c. 3
Step 2. Upload your RNA VCF fles fu

Flel o) MUE %Y 8 +00d InputBox - femov

Upload & go to next Step g LS somple St
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Number of RNA editing sites

Number of RNA editing sites
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DARNED ENCODE No. RNA editing
Sample type sites
Adipose 85
301499 Adrenal 467
Blood 251,796
w Blood Vessel 132
@A Bone 223
Brain 16,287
Breast 528
Cancer 16,811
Disease 436
Eye 736
Bahn.,2012 Heart 243
Kidney 1,618
Large Intestine 375
Liver 296
] Lung 1,836
Muscle 322
Pancreas 65
—_— Prostate 1,276
] Salivary Gland 196
Skin 287
Small Intestine 665
Spleen 1,586
Stem Cell 586
Stomach 227
Testis 1,364
Throat 591
- - - - - - -— - - — Thymus 2,188
AtoC Atol AtoT CtoA Ctol CtoT GtoA GtoC GtoT TtoA TtoC Ttol Thyroid 174
RNA editing type Uterus 3,295
Not Specified 25,299
Total 329,992
- Genomic Feature edbilt(i)ﬁ:':i[t‘es
3'UTR 17,483
S'UTR 345
Intergenic region 38,319
Exon 3,634
Intron 255,891
Splice site 45
Upstream 1,035
Ll HI—IH HHHHHH ﬂ,—,l—”—l Downstream 4,309
12345678 910111213141516171819202122X Y Total 321,061
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¥ 1 ¥4 RCARE °] RNA #3 X &9 dolg &4 EF.

zb dolgolx W @EE Af HdA RNA AF ACE FE
v g,
RNA #HA Alu . .
AE T oz = N = F1Ed =
DARNED 29 314.880 15.783 34
ENCODE 27 6.840 347 18
RADAR 30 291,901 14,318 31
Bahn et al.
amn et 27 12.810 2.916 15
[71]
Liet al. [73] 1 1 0 1
Total 114 626,432 33.364 99
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1 Chr Chromosome of the RNA editing site in the

reference genome.

2 Pos Coordinate of the RNA editing site in the

reference genome.

3 In DNA Base of the RNA editing site in the DNA
[71, 73, 76]
reference sequence.

4 In RNA Base of the RNA editing site in the RNA

sequence of sample.

5 Gene Gene name to which the RNA editing site

belongs.

6 Evidence The evidence level consists of five levels (A-E),
level where A is highest level (e.g., if an RNA editing
site had level “A,” it appeared in all five of the

resource databases/papers used).

*Level A: The RNA editing site appeared in
[70,72,75,7

6]
*Level B: The RNA editing site appeared in
RepeatMask

five resources (evidence No. 5).

four resources (evidence No. 4).

xLevel C: The RNA editing site appeared in .
three resources (evidence No. 3).

*Level D: The RNA editing site appeared in
two resources (evidence No. 2).

*Level E: The RNA editing site appeared in

one resource (evidence No. 1).

7 Strand + for positive strand; — for negative strand.

8 Source This field contains information regarding the

tissue source from which the RNA editing
[70,72,75]
instance was obtained.

9 PubMed ID This field provides the reference article from
which the RNA editing data was extracted.
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10 Alu This field provides information of Alu at the RNA RepeatMask

editing site. er
11 Data Reference database. Each
reference database or
reference
12 ENSG Ensembl Gene ID. GTF (Homo
13 ENST Ensembl Transcript ID. sapiens,
14 ENSE Ensembl Exon ID. GRCH37.17
) in
Ensembl
15 Genomic Genomic feature of the RNA editing site.

feature
*Exonic: the variant overlaps a coding exon.
*Splicing: the variant is within 2 bp of a
splicing junction.
*ncRNA: the variant overlaps a transcript
without coding annotation in the gene
definition.
5" UTR: the variant overlaps a 5'
untranslated region.
%*3" UTR: the variant overlaps a 3' [81]
untranslated region.
*Intronic: the variant overlaps an intron.
*Upstream: the variant overlaps the 1—kb
region upstream of the transcription
start site.
*Downstream: the variant overlaps the 1—kb
region downstream of the
transcription end site.
xIntergenic: a variant is in the intergenic

region.

16 Synonymous Synonymous or nonsynonymous substitutions at
or the RNA editing site.
nonsynonym

ous

Rk



17 Noncoding This field indicates whether the location of an GTF (Homo

RNA RNA editing site is in ncRNA. sapiens,
GRCH37.17
) in
Ensembl
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¥ 3RCARE 9 A4 55 &7 AA.

2% A4 57 $79 74 A= %

A 5 DARNED, ENCODE, Bahn et al. [5], RADAR, 33
Alu

B 4 DARNED, RADAR, Bahn et al. [5], Alu 2,204

DARNED, ENCODE, RADAR, Alu 23

DARNED, ENCODE, Bahn et al. [5], RADAR 106

C 3 DARNED, Bahn et al. [5], RADAR 7,037

DARNED, Bahn et al. [5], Alu 679

DARNED, ENCODE, RADAR 550

DARNED, RADAR, Alu 12,038

DARNED, RADAR, Li et al. [11] 1

ENCODE, Bahn et al. [5], RADAR 1

ENCODE, RADAR, Alu 20

D 2 DARNED, Alu 806

DARNED, RADAR 269,547

DARNED, Bahn et al. [5] 2,749

ENCODE, Alu 271

ENCODE, RADAR 341

ENCODE, Bahn et al. [5] 1

E 1 DARNED 19,107

ENCODE 5,494

Total 321,008
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BZ2AE 1 Z AFA 553, genomic feature & £3F= RNA HAA 9%

A) 7t A 59 RNA A 9% 4 B) 7} genomic feature ©l
Sehe U84 ST RNA 97 94 5
A
g,
= B
i
g_
ol
A B C D E
Evidence Level
B
g M
g -
g

J all . 0m . 0& ol

Evidence level A B C D E

= Intergenic region 1 177 2,237 33,344 2,560
D Intronic region 14 1,794 15,486 221,100 17,497
[ 3UTR 18 269 1,842 12,106 3,248
5'UTR 0 2 11 280 52
[ Exonic region 0 27 154 2,818 635
[ upstream 0 2 36 882 115
[ pownstream 0 62 562 3,206 479
[ splice site 0 0 3 15 27

Total 33 2,333 20,331 273,751 24,613
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BI3AR 2349 AXF Sk AFAE 559 HE.

A) MCF—=7 (a breast cancer cell line), HUVEC (a human umbilical
vein endothelial cell line) and HelLa—S3 (a cervical carcinoma cell
line) AEFol A%H RNA B 949 A4 57 A-C 9 D-
Eol 3kt B4 52 v& B3 /19 ATFE RNA B94 5

A MCF7 HUVEC HELA
24.83% 28.07%
1=605) Pl n=334)
68.27%
71.93%
it = e
O Variants in strong evidance level (A~C)
O Variants in week evidance level (D~E)
" g
o B LevelA
@ LevelB
§ 4 3 LevelC
« O LevelD
8 O LevelE
53,
g 2
4
[
2 8-
-
=z
§ ]
o) T eeeeee—r]
peline MCF7 HUVEC HELA
Level A 4( 0.16%) 2( 0.31%) 7( 0.59%)
Level B 112( 4.60%) 39( 6.04%) 71( 5.96%)
Level C 489 ( 20.07%) 164 ( 25.39%) 256( 21.51%)
Level D 1,779 ( 73.00%) 415 ( 64.24%) 822 ( 69.08%)
Level E 53( 2.17%) 26 ( 4.02%) 34( 2.86%)
Total 2,437 (100.00%) 646 (100.00%) 1,190 (100.00%)
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1. Annotation section

A. If you have FASTQ or BAM files only, please download the
conversion utilities.

Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.

If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Conversion utilities manual

Download utilities for file format conversion

Step 2. Upload your RNA VCF file

Filel It Hg

sample file

Upload & go to next step If you want to annotate more than one RNA-seq sample,

please press this text.

B. Upload a VCF file for RNA editing site annotations.
Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.

If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF file

£liel [mM@t l

sample file

Upload & go to next step If you want to annotate more than one RNA-seq sample,
please press this text.

C. Press ‘Upload & to go next step’

button for RNA editing site
annotations.
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Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.

If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF file

Filel e M9 sample file

Upload & go to next step If you want to annotate more than one RNA-seq sample,

please press this text

D. Result graphs show annotated results.

RNA-editing sites in Genomic location 8 %

Exonic 479 @-\ Download or

Upstream 076 % 'ﬂ

/ Intergenic 13 87 %

Downstream 471 % Print image
Splicing  0.17 %
3UTR: 2983 %
Intron - 4563 %
\ SUTR 025%

Genomic Editing Noncoding Non

Feature SETE Type RO | WO R R RNA Synonymous

Result

E. Press “Download result file” button to download result file.

1180 BNA Editing sites found

Download result file

FGenomic | 7 FEditing |7 B Plioncoding Non
Feature ene. Type Sotcet) |[NeiromaRome RNA Synonymous
Result
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2. Compare section

A. If you have FASTQ or BAM files only, please download the
conversion utilities.

Compare RNA editing sites between RNA-seq samples.

Step 1. Upload VCF file from RNA-seq
If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Conversion utilities manual

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

Filel I1e 48 | M9is T gl + add inputBox - remove inputBox
Upload & go to next Step

sample filel  somple file2

B. Upload a VCF file for annotation of RNA editing sites.

Compare RNA editing sites between RNA-seq samples.

Step 1. Upload VCF file from RNA-seq
If you have FASTQ or BAM files only, please download the conversion ufilifies.
Download conversion utilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

Filel

+ add inputBox - remove inputBox

Upload & go to next Step

somple filel  sample file2

C. Add one more VCF file for comparison.

Compare RNA editing sites between RNA-seq samples.
Step 1. Upload VCF file obtained from RNA-seq experiment.
I you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion ufilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

Click to add one more VCF file !
Flel Ot 8 | hela vef

remove inputBox

Pe2 | Oig He |huvec vef
Upload & go to next Step

sample filel sample file2
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D. Press ‘Upload & to go next step’ button to annotate RNA
editing sites.

Compare RNA editing sites between RNA-seq samples.

Step 1. Upload VCF file from RNA-seq
I you have FASTQ or BAM files only, please download the conversion uilities.
Download conversion utiliies manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

File1 OH! 4 | helavef

+ add inputBox - remove inputBo:

ez (] o

sample flel  sample file2

Select result files by dragging the files from the right column to the
left, and press “Submit Form”

button.
Select files for result plotting
2 items selected Removeall [ addal
huvec hela
inter_hela_huvec diff_hela
diff_huvec

Drag for select files !

Submit Form

E. Select result graph to view and download result files.
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« Result graph

Genomic Feature Editing type Chromosome Noncoding RNA

Non/Synonymus Source Gene

. Download result files

huvec.csv

hela.csv
inter_hela_huvec.csv
diff_hela.csv

diff_huvec.csv

F. Result graphs show annotated results.

RNA-editing site in Genomic Feature E' file
inter_hela_huvec.csv
Download or

Print image Intergenic 25

3'UTR 109
Exonic 0.00 %

Upstream: 7.02%— 1\ ] / Intergenic: 10.96 % 5'UTR 1

Downstream: 7.02 % B e 59
splicing: 0.88 % |
\ Y Splicing 2
4

DownStream 16
UpStream 16

Intron: 25.88% —

Exonic 0

3UTR 47.81%

SUTR: 0.44 % /
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1. Description

RCARE convert utilities is a set of Python—based utilities for converting
FASTQ and BAM (binary format for storing sequence data) into VCF
(variant call format) and comparing RNA and DNA VCF files from the
same sample. The package provides customized TopHat and SAMtools
commands that the user can execute. RCARE convert utilities provides an
autoinstallation function for the tools. This is very easy for researchers to

use, even for those with no experience of RNA—Seq data analysis.

RCARE convert utilities contains TopHat (http://tophat.cbcb.umd.edu/),
SAMtools (http://samtools.sourceforge.net/), Tabix
(http://samtools.sourceforge.net/tabix.shtml), VCFtools
(http://vcftools.sourceforge.net/), and Bowtie2 (http://bowtie—
bio.sourceforge.net/bowtie2). If user presetup tools including TopHat,

download light RCARE convert utilities and installation.

2. Input data format
RCARE convert utilities convert three sequence formats (FASTQ, BAM,
and VCF) to VCF, which is the input format on the RCARE website.
— FASTQ format
= FASTQ format is a text—based format for storing both a
biological sequence (usually a nucleotide sequence) and its
corresponding quality scores.
— BAM format
= BAM format is a binary format for storing sequence data.
(http://samtools.sourceforge.net/SAMv1.pdf).
— VCF format (variant call format)
= VCF is a text file format (most likely stored in a compressed

manner). It contains meta information lines, a header line, and
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data lines, each containing information about a position in the
genome.
3. Installing and testing the installation
3—1 Install quick start
— RCARE needs a presetup in the Python environment.
— Download RCARE convert utilities (4.75G) from the website.
— Unzip RCARE convert utilities.
= Tar —xvif RCARE—pre—processing.tar.gz
— Run rcare.py for your purposes.
3—2 Test the installation
The sample BAM data contained only 21 chromosome. These data were
extracted from paired—end RNA—Seq using HeLa cells in ENCODE (http:
//genome.ucsc.edu/ENCODE).

— Input data confirmation
= s ./input_data/bam/
— Test command
= python rcare.py —ib sample.bam —fn sample_bam_test
— Result confirmation
= Is ./result_data/vcf/sample_bam_test/
4. Synopsis and example
4.1 Input data folder consists of FASTQ, BAM, and VCF. Insert into row
data in each folder.
4.2 Convert paired—end FASTQ files into VCF format
=  Python rcare.py —if —p Sl.fastq S2.fastq —fn fastqg_test
— Result confirmation
= Is ./input_data/vcf/fastq_test/
4.3 Convert single FASTQ file into VCF format
= python rcare.py —if —s Sl.fastq —fn single_fastq_test
— Result confirmation
= s ./input_data/vcf/fastq_test

4.4 Convert BAM into convert to VCF format
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2>

python rcare.py —ib sample.bam —fn sample_bam_test

— Result confirmation

>

Jresult_data/vcf/sample_bam_test

— Compare RNA VCF with DNA VCEF file

= python rcare.py —c DNA.vcf RNA.vef —fn 1_compare_test

— Result confirmation

>

Is ./result_data/compare/l_compare_test/

4.5 Customized TopHat command running

>

python rcare.py —tc "tophat" —fn test

4.6 Customized SAMtools command running

2>

python rcare.py —sc "samtools" —fn test\

5. RCARE convert utilities options

Option Description
—if Input file format: FASTQ file
—ib Input file format: BAM file
-p Paired end FASTQ file
—c Compare VCF(RNA) with VCF(DNA)
—fn Result file name
—tc Customized TopHat commands
—sc Customized SAMtools commands
Folder file name Description
input_data Insert input data
result_data Save result data
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resource Files required for preprocessing
tools Tools required for preprocessing
rcare.py Batch file of convert utilities

6. Package composition

7. Light RCARE convert utilities installation

— Download light—RCARE —pre—processing.tar.gz (35.62 MB) from

RCARE website.

— Download tools:
1.
2.
3.

4,
5,

TopHat: http://tophat.cbcbh.umd.edu/

SAMtools: http://samtools.sourceforge.net/

Bowtie2: http://bowtie—

bio.sourceforge.net/bowtie2/index.shtml

Tabix: http://samtools.sourceforge.net/tabix.shtml

VCFtools: http://vcftools.sourceforge.net/

— All tools insert into the tools folder in the RCARE convert utilities

— If user has used previous setup tools, initialize each tool’ s

environment settings

8. Authors

Ju Han Kim and Soo Youn Lee from SNUBI (Seoul National University

Biomedical Informatics; http://www.snubi.org/)
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Abstract

Personal pharmacogenomics :
pharmacological approach based
on biological functional element

and genomic variant

LEE SOO-YOUN

The Graduate School

Seoul National University

The main objective of a pharmacogenomics study, particularly
those that pertain to personal drug prescription, is to prevent

adverse drug reactions and harness the maximum clinical benefits

by analyzing genetic variations known to control pharmacodynamic
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effects such as drug efficacy, dose requirements, adverse events,
etc. Until recently, population—based observational studies were
the norm where genetic information of case and control groups,
recruited based on altered drug reaction, is investigated to identify
less than 10 variants that are critical in controlling drug reactions.
The U.S. Food and Drug Administration (FDA) recommends that
drugs be prescribed accordingly to the study results. Despite
successful applications of these results, population—based
observational studies are hindered by: immense budget issues In
developing a standard set; results affected by demographic
conditions; rare or private variants unable to be included in the

results; etc.

In 2013, in an attempt to overcome such issues, we developed the
PharmSafe algorithm, which calculates gene and drug scores based
on an individual’ s genetic variation information and ranks drugs
that are possibly hazardous. Performance of the algorithm was
evaluated using PharmGKB. However, the algorithm only considers
variants within the coding region and of all biological knowledge,

only protein—protein interaction is applied within the algorithm.

In this paper, we developed a new and improved PharmSafe
algorithm where variants from non—coding region and biological
functional element including regulational factor such as RNA
editings are also considered and seven biological, pharmacological,
and statistical knowledge elements are used as weight parameters.
In addition to the aforementioned updates, we were able to validate

the reproducibility of the PharmSafe algorithm in larger genome
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datasets by using 1000 Genome Project Phase 3 data, which

expands the preexisting datasets to 2,503 samples.

Of the pharmacodynamic genes, the new PharmSafe algorithm
was able to achieve the highest area under the curve (AUC) of
0.5857~0.6502, (0.6224£0.222; minimum ~  maximum,
mean = standard deviation) in catalytic enzyme genes. In drug class
evaluations, antihypertensives (n=22) had the highest AUC of
0.6234~0.8896  (0.7340%0.0539; minimum ~  maximum,

mean £ standard deviation).

We believe that the new PharmSafe algorithm would be a valuable
tool for a clinical decision support system (CDSS) in prescribing
drugs safely and efficiently at the right dosages based on an
individual’ s genetic variation information.

Keyword: Personal Genome, Pharmacogenomics,
Pharmacology, Personalized Medicine,
Personalized Pharmacogenomics, RNA
editing

Student ID : 201030127

151
g =t



@creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= F R0l 86tH HFSA
o Ol HH=ES =M, BHE, HE, HAl, SH & S = ASsLIT

XS Metok §LICh

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. Adt= 0 M &

e Fot=, 0l &2 MOIZO0ILE HIES H2, 0l &2 H2E 0/86/2fX2
S YEGHA LIEHLH O OF LI CH.
o NEAXNZREH YUEO GIIE &t 0|26t ZHE2 HEE X LSLICH
N=AYH OE ol AH2le /2 WEo 26t g8sS 2HA ZFSLICH
01212 0I=205] & 72 (Legal Code)S Olaoliot| & H st A lLCh
Disclaimerl:l._'l
T
Collection
o ]
A=


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

MJE gtE: FERAA
BESE 75 249 NAFAA
Wolg o g Eery Ha

Personal pharmacogenomics : pharmacological
approach based on biological functional

element and genomic variant

2016 2€

Agdstn oshd
Ad et A= EH T A

o] % <

L

fs A= Tl !



(o) =
QF(FTRE

el ukE okE AHkS 3t QF 4 Al (Pharmacogenomics)
A= z} Qi o5 § 5 (efficacy), I 2§ (dose
requirements), ©¢]%HF2-(adverse events)%59 <oFESHA HIS2
Zdst= A7 WHol AHRE  Este] eSS AHWTOEHN
oFE-1.2L8 (ADR;Adverse Drug Reaction)S A3ty X273 I=
Sostst= ol 2 540 Q. HIE7MA = 54 kENbE Aol Aol &
Hol= A3 txT (case—contro) & Ry 2HHE dA=29

Hol AHE AFAFHAAEAATF(GWAS; Genome Wide Association
Studies) 7IH<& ARgste] T ok=o WSS FHEsk= 1070
uRke]l wWolg  Fohfle 01?71‘1@ #3215 (Population—based
observational studies)”’} & ©]F9%] , "= 2eF4 (FDA; Food
and Drug Administration) oA+ Q}E% A Al o] gk
ArdAEs aeste] AWsteE faskal Sl
oyt AFA ?i:llﬁﬂr—‘ﬁr A AEAtEE EetaL
AT7INEe] #EAT = ZEFA o Bast wfgt v]§, A5 A5
FE W Add, a9
Mol (Rare variant) = 7lQI¥Ho](Private variant) 7} -
Aol z3td F glohs d 59 22 dAHE oWl

ES)
20139 8= oy FA

8¢91/Z7 (Demographic condition) ©l] <
(o)

o

e FHEstax Ade fFd7 wol
ARE wEoxm §HAx, o= HAFE AAste] JilelA @ s
ool 98 AFsE PharmSafe  dauElse MEstal
PharmGKBE AFg3sto] dugjFe AHess B7ksklth shARt
U599 (Coding region) o] wWHo|wk ALgsilvk= A3 AA=3H4
A 2] (Biological knowledge) < ol ] — ol 2]
A} 3 22 (PPI;Protein—protein  interaction)W ZA&3ti= A=

AR O AA AT




H3}Al 7] RNA #HA
43594 (non—coding
AHEERE B2, RNA d3 AolE 53 Zol
Adu= A2 JRE v 77HA B=8, ok g
EAA AXLAE JlEAE AREste]  JHA¥ PharmSafe
qyEEFS 7N 33 o 10927 ¢ A A tlol 8=
2503 (1000 Genome Project Phase 3) % &#sto gy ¢ W
M FAaA dlolE el PharmSafe #ielFe]l AAAG =g
AFst. 1 Ay 77HA] AL AE WEYst JjAE PharmSafe
duglFAE dAe kT fAA TR T dEe Ldllske

dagFelA  AUC 0.5857~0.6502,
—40

_I

X

= _1

a2aE VAR AT daes

(0.6224+0.222; 7=~ Ag, 4 t2F=AxpHE 7B =& 3
A3E Aom okE ¥ HUlo M= 7S (Antihypertensives;

n=22) 7| AUC 0.6234~0.8896(0.7340+0.0539;F <=3t~ A 4L,

Pt xFAZH 2 M =2 F7F A3E Ao 7l ¥ PharmSafe

G FE B [FH74 Wo] JRE niEoR o537 x4
A A A AH(CDSS;Clinical  Decision  Support System)ell A4 2}
Bz dFessl Ae ot PRe wre AYwed be
FE3HA 2 Fojt

20l AVKAA, ShEHAA,FE, 2515, RNA
B3 Hol=

8k ¥ : 201030127




12

31

40

45

o4

o]
=

RNA M4 v|w
Ely

s

9

a4

Ny

27 RNA

114

117

120

123

124

126

131

143

o

1o
g

_ZU



1 ZALE 2F FEFAA - AAFAA HolE

NoEH B P

A2 7

= @ulul(Barack Obama) WE#H-S> 20159 1¥€ Ald=4dAAd

A 20163 5-¢ v) g} 215 millionE# (215099 ¢¥) =
7N Q1 uk== 0] 8 (personalized medical  treatments) S 93 AT
Faek AT gy, g2 RISl SAdo] ofbd Aol A

EAS 7d3E 7| 984 E (medical treatments) 2] 7HH % %]k (one—
size—fits—all—approach) Al < WHS 54 JAdqA+= /83

Azolt a€A EE AjQle] T wAgsh: Avg i Pokw

A, ol FAHS FFHS] fAs oWl diitE FAE
A% (genome) & ©o]F3t AE—2]8k(bio—medical) A7, 53] 72U
A ARE vFoRd AAREY kA dAior: 243D
Zlolm tolrh oleld Alwrh ko Algd slutEolste] dl4lo] d
Zlojeal AFA. oA A gtFofete] Hig A A =7

H A
Watsta glov ARg olgd BEeSe AT, AAN FoAol

k508 (personalized  medicine) ©l2k= AT 1960t)H-H
I, &0l 19999 % A5 AFEEHUTHL]. o] &= M=
gt 2E s A H|A(healthcare) & & & e T4 RS
Aol AR B AAARl A SHeA FQash

oul= 7iQ1e] k&34 (pharmacogenomics) 5 MG O R

A %F FEARS A% g9 RAS ATy AN

2
>
_0|L
rlr
2
o
il
0_1.4



o|]

Tor

8717}

)

=
fiss

[e)

b A Eae

3

[<]

# 23}
Aol

o]

Fe ]

°©

i 2,000,000(6.7%)

) 3} (maximize therapeutic benefit)

oFE R 28 (ADR;Adverse Drug Reaction)
n| ool A=

L

=

B

—
-

ol

4

[5-
127 3
Apel b

7

20123 7+A

CENER]
X

e}

A4 A

=

1990 H-¢

&

&7} 4 (withdraw) 5 9132 [8],

S

|

1o

o] 4~6 &9
[e)

4|

L.
T

oF A¥elAIA
o o)

177 billion ,= Y €434 million, %9 =GBP£2 billion2.
Al

100,000(50%) o] &=}

437) 2]

71.

oo
NI
-
o

ol

)

k

;01_
N
<R

1

ol 50%°)4 A

ok
ol

A

¢ 8% (dose requirements),
¥

okz 8l (Pharmacokinetics),

] (HLAs;Human—Leukocyte

= 2
5

hs

2—90%7}

)

oFEXF g (drug dose),

ol

ot
o]
=0

o

=
=

(efficacy),
A (drug metabolizing enzyme)

WOl

[¢}

8

ol 5]

okE g
events) 52
Ak [9, 10].
thA}

L —

L.

1

LIS
obe

HO

F-2 (adverse

s

e
o]

7
(Pharmacodynamics) ¥}

1

7_'
g gtelA
z‘_ﬂ'-
3o

[€)

A
R
H

;
}

[e]

==
=

A
5% (drug plasma levels)

A

]

A] 5 o] A
transporter),
Antigens),

o
ok
ol
=
| .



WAge ZASVE @t (20 11, 12]. o€ 44 wel He

TTAZpEE e R Qs ok=e] whEAo]l EWE fiREAQ FEEe
EgtAFF1 (trastuzumab) 3} oln}7}H] o (abacavir) 7} 1=
EGAFEF T (Trastuzumb) & fFAxpddAosE Qs oFEREZA 9|
ZAvE= gxde okEZ  HERZ2(ERBB2) 44 ol <t
32} (HER2—positive breast cancer) 2] & Qo AFg¥ . HER27}

i+ (over expression) ¥ $7](late—stage) HER2(ERBB2) 94
Aol s St Al EfAFFHE Fog Ae a"EA 42
AR FIHAPEAZF(median  survival  time)o]  20.370€¥
IhE® A debstvh [13, 14]. opabbH o] (Abacavir) & 34
Holo| &l k&9 RkgAo] A= Al Iz "ol A
AETA FAAe]

5701 A 2] =] o] (Human Leukocyte Antigen—B#*5701 allele) =
7FA] a1 N 2k=}9 48—61%7} o}ntz7hH] o (abacavir) ©ll
HE-S- (hypersensitivity) & Ht  [15]. o]g]st AFAINE
HIEL O 2 FDA (Food and Drug Administration) ol 4+
abacavir) & #h#e] sjE ®olo] it FFE FEAGEF

12
e

vlol el 2~ 7HA (HIV type 1) &2k 5 A5x4

Y
ok

o
9
T
=
N
N
=
o 2
—

dustglom  [16] Hlszd ARe] ks 10071 o]l disiA®
Al dRE e mYV|stEs Axskt [17]. 19509
ZEolgkAel  A3AA)IZ Y (suxamethonium  chloride) ¥  N-—

acetyltransferase @] o3 Aty &= oFE9] Hhgo TS mA]=
Holg Zboll= AFE AFo® FERbgAY IS mA& Hol&
ZH= A7 AJZFE Q131 [18] 1990d ) SNP array 712 713 2010d
At Al (NGS;Next—generation sequencing) 7]H o] =

FadAog FIMHA HAh
gk ok 309 E¥Y ugy 1099 AHE 5o Al
NIAFZEZAE (HGP;Human Genome Project)oll 2a] 2977 o

3



et QIZbe]l FAWolZE weFy ZEFE 109§ ZAY
Al 7d (NGS;Next—generation sequencing) 7] ¥ 2] lg=g oF

18,8374 &9 v g3 AZo] Ao g 3t sl HA FAAE dAET
A HAag 1 & ZAgAE Y (NGS;Next—generation
sequencig) 7]&&  tekdtA dwhEske] 20159 4€ 0 4,211€98 9
Hgox g A AA FHAAE si=ebA HAATE  [19]. A
Al 87d (NGS;Next—generation sequencing) 7|2 W&o wWE 71a&
ez Q8 gy JIAAAE 247l 918 HapMap
Consortium, 1000 Genomes project, TCGAS 2] ZAALA S E0] WE9

A2 dlolg 7 A E T 2008 @] AlZHE 1000 genome project

H]

ofo

A2 4 A1¥d (Whole genome sequencing)< ©]g3l] 14719
AFH ek (populations) ol &3F= 1,092 dFdA dHolHE
A7d8kal 1 A3 AT (pilot study) 7F 2010 el A ¥ 31 A STk,
71 A3} 38,000,00071¢] @ddA7IhEd o] (SNPs;Single nucleotide
polymorphisms),  1,400,00071¢]  Z24+% (short  insertions) 2}
A<= (deletions), 2831 14,00070¢] £ A<= (larger deletions) =
waon 53] 3 s HE 250-300709 7]sAH o] (loss—
of—function variant)& 7HIth= Zlo] HIuEth [20]. @A7HA
1000 genome projectx 27719 elF AT O ZRE F=3F 2,503 2
HRJIFAA dolHE /Rt ol tiat= 7HQl F34] Hole &S
EFAA AFdE AFEESIZ Hapmap HOJHZFE AL 29

ok
o1
ol AHE A E (evaluate) 3te] k& #dH FZ A (Pharmacogene),

N

Hol (Pharmacovariant) JXHE ©  HolE #wlojAzo] AR

SAEAT. 53] 20099 449 oFEAstA] A Aol A (Knowledge

base) ¢l PharmGKB+= 3570¢] HapMap CEU AZ3} 26712] HapMap

YRI A=Z2HE 38709 <kEFHsHA FH {722 (Pharmacogenetic
9

S|
candidate genes)E AAF3}1 dAEd TZAEE Very Important



Pharmacogenes (VIP) & & Wy 3 o ok E-f3-7 sk v} HHE
v A& (Haplotypes), 2ZgFo]AdWo](Splicing variants), 18]l
A Wolso] Xx&qH FHaAEY RS Aot [21]

3FA W 1000 Genome projectE H|E3 tf=Fe] 791 [F-A A dlo|g 7}
7hele] ¥33 (Phenotype) X5 X331l QA 7] wio o]zt

HolHES okaadal el A&l slof & Aerde] =l o=

diolele ool IA AA HA o]ZE<ld] Pharmacogenomics
Research Network (PGRN) 5 9] ZAAA|o] A & St}

SFEFAAE vEoe®E 3 FERAE(ADR) o5 dAiv tHE
k& WESA S AolE  Hol= A¥ETY txT(case—control) &
ARk A o] A= 2 ERLES A 3Fed
ntol A Zoj g o] (microarray) == ZFAIHAI AL (NGS) 71H & ©] &35}
7H<1e] A ML &l =k = o] tole &
AAFAAEA AT (GWAS;Genome—wide association study) S =3l

°bZ WFgAHE ZASHE st i o] WolE 2= Zlo] YlEAolt,

AAAFAA B AT (GWAS;Genome—wide association study) &

tlo

20059 “Common disease, common variant” 2t 7Hd [22]
o = Ao AY (Disease), k=R (Drug response) &
QA AN e 98A £33 (clinical phenotype) S sl
AQlo]l HE GUdA7IHFAAHO(SNPs) & AEslve 4 ==
g 2h o] gkt 53] AA Al A3 7] 5= (NGS) 2 lg=ard
AEFAATHAT(GWAS)7F FEHem  Frisiglen, 1 Ay
2015 @A 63870 A7 GWAS  catalogell SEE3oH
9450709  FAA7IF YOI (SNP) kA7 S=Hol Sl [23].
AZFAAZAAT(GWAS) o] AR AA dntdor d5, 7HEE

AgEE T1E FASA Aol e BAIBE Lot FUse

’ 5750 ,14

_IE

['J*r}

(&Y

R



ot} FHAZE 7|Eo ARSI AAA AT E (Linkage studies) ©f]

H)a] 22 /-7 a7 (genetic effects) & AE3] Ued =2 =A4A

X

3l (statistical ~ power)=  ZFHth  djuketd 7]Ee] AFESE
A &1 H & (LD;linkage disequilibrium) ¥+ <

10kb (kilobases) ol A€ 2 Mb(megabases) W2 FHALe]

xdEE fgeke ®HolE HAE: 0¥ 0 Sled ube
AFFAAETAAAT(GWAS) = 2oz mAst WHee sdsts
H o] 9] A= 7} 3k7] ufj 7o) o} [24] OFE -4 A
(Pharmacogenomics) & o=z 3=

AT AAZTAAT(GWAS) ol A k=Rl A FFE "IA=
HolE  HEFsH] Y= T8I EE A7 (sample  size),
%] 5 A 8 (treatment  protocol), &% (dosage), Ar&d FZ&
HaolH QFAQ R (Ethnicity) 5= E&st= FA5A  (patient
features) s WEshe X JAFY EAE I mEAGS SAS
aEsk AdYAIFe] x7o]l wEd W £ ARE ds 5 Qv

[25].

(Clopidogrel),  EFZA]Z (Tamoxifen)e] &3  dFoltp. E3]
VKORC13¥  CYP2C9 Wolgo]  ¢tud (Warfarin) & S8
‘]

okE RS o] FFgS v = WHolE wEd s thx A Abdlgta &
9k [26]. FAFSE  dGEAEA 291/%7 (Demographic

condition) 8] CYP2C9x
ays {3 dd A uH LS 7.9mgo|A o
CYP2C9#1/+#3 FHAFE 7IA= A 109X 7%= dd H

—
~
*
—
Jo
[-'>~l
ofl
fijo
N
N
N
rlr
rit
D)
N
©

g,
=2
2
1o

o

-0,
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oA g 22mgl®E  FAFe wet eTHE dY B
stk gl ztol7h vk HaEdH [27]. Est V€ gEsds
o] g3 wEHEA (Meta—analysis)ol  29dtH  CYP2C99 HHg
vt g2k 7} A (Warfarin dose variability) 9] °F 12%5 A3,
VKCOR1 #4d®2 ¢ 25%%5 A% & & Aot o [28]. of=st
ATAYE vpg o g nl= FDA (Food and Drug Administration) o4&
%7] 918 (Warfarin dose) Al lo] CYP2C9% VKCOR19
A9  AHAAE AFstadT. FAERD dEE FEAaAdAR]
29 =749 (ClopidogreD &  H8&% & FolA  CYP2C19+17
TAYs e e g4 dehde S29=a"9 Ak
A WgE7] wie] 3 (bleeding) @ &Aool Hrh= BV}
Rew  [29],  EFEAIE (Tamoxifen) &  CYP2D6#4 53

& (homozygous) & 7FH+= 4 Ao A FoFsh=
A Z=18]) & (Disease—free survial)©] A Yepdtia 3=
[30].

—|—‘

i)
%
oX,

o
o
-
>

ke
o
N
30
RuRi:2

olyet F2AFAAEY  FHYS Algolw  E sty FHD
FERAAE ddowr 3 HAFAFAAEA AT (Pharmacogenomic

GWAS) el wish @& stAle]l ArE . Aok AZFAAZAAT

= =1
F22 (Drug adverse reaction)©] PAsttiy d# A gtk [31].

=Wy o] &3] YEbdE AW (common disease) ol A#
= WEeRE Zds Sk Aol vlE dERAAE Yo R
5t AdFAA A (Pharmacogenomic GWAS) = 57 AWe] 44
7

——| §

s A 2-Tj] &



AGE F AT FES BEAS W AT FERRAES AL APES
BAEok 8] Wl EEFA 2 oelge] k. F o] ¥e
Felnes £19 Bt 18 BAE

1
wo FUAHE FAS 7H] @A T AEHd (Statins) o] WHg8HA] @b

oy w3 o]F I (Validation)stal A]¥ (Replication) 3k A

ES oA "o Erb ofyzt @A okERAAE wEoer T
A2 A+ (Pharmacogenomic GWAS)E §J38] ZH® 29
AL FHANAY FHA m=le]l wiFEoli ofAJolel ot
ofzg7lele digoR & A= Wi =Eu wEbd Z]EA A olA

AEE diF29 HolE2 Y wF ol9ld uE wWIFou QlFlA
&

1000 Genome ProjectellX ¥& R 5ol 3+ 7HQld H4 250—30074 €]
71544 o] (loss—of —function  variant) 7}  EAs=d o]
ARz A skE A ofF & EAIZE Utk SkEFAAE o E st
A AAEA AT (Pharmacogenomic GWAS) &) = & SHAIH-S
1000 Genome Project HIOJEIE M]3 diif 2 XA A|E7d (NGS)
tlojgeolA  tiFe®  yehd thH-FAAE N S (MAF;Minor — allele
frequency) 5% wPI¥Ql 3lFH o] (Rare variant) 2} St 71| AlARE
e W0 (Private variant) & HAZa 7] oAHth= Holth. AA=
o1 3l7] ¥ o] (Rare variant) = ©| e =3lo| M (Alzheimer's
Qlo] Xi= wWol(Causal

o

disease) S H|Z3 oy AWS fat=



variant) 2t A BF, YA HEEZ Mo E (Methotrexate) &
H 25 oy k=59 okERteA s Aske delwolgl:s Fo
v At [33-35].  ofEwWbEAs  FAEste delel He
3l Ho] (Rare variant) = 7ZlQIWo](Private variant) & 7 Z3}7]
flefiM= 2ol St & FZ2F o] Qlojof skl ol dAAowR
sHAIZE Q71 witel AR RAALAATF(GWAS)E o] &3atAl =4
EAAR1 ¢l (Statistical power)o] "old 4 whof glow [25] HEH
sl7Hol o] A1¥/d (Reliability) g "olxA €k oA AFT

0o AFFAATAAT(GWAS) Y stAFAE &3t 7]&2] A9
RE GEFHAA dAFEo] AAFAAEAHATL(GWAS)ES AL
ok

FEHlsde s WolE e A5 Al¥E skt

20139 8+ <l7]4ke] ##A - (population—based observational
studies)?l HAHFFAAEATATF(GWAS) S ©WHHS FHsta 7919
37 ¥o] (Rare variant) &} 7

Mol s migom 7b JildE A9 EF A8 (ADR) = <=3t

==
r

el o] (Private variant) S X33t 44

Aol A ZHQIwiet Qb e k= AEete] AW uf AbgE ¢ e
ARE AFsts MA =738 “personal pharmacogenomics” ) 9]
Mde  AA olE Adse daElEel PharmSafes
Nakd ) (reference).  PharmSafe:= 70919 #4314 AHMIe&
Qle ko= 3o ok= 384 (PK;pharmacokinetics),
okl 8+ 4 (PD;pharmacodynamics) CO.2 J8S W= Sdztel AdH
DE o= st e ARE JAeE AFst w2 sl

PharmSafe 9F& # <= (personalized PharmSafe score) & 7H¢lo] &g

Fze HEA FAE(ADR) O] BT ¢ 9le FEo] TUMEUE e



dHpiez A FHA MHLel dEhd Wolgel  SIFT (Sorting
Intolerant From Tolerant) < [36] £

oful: Ak X gko]  wWAE TS d¥%E MAeE ARE
Mol 4= (Variant score) 2 YEFATE FRAl= 2} Wold H4E 3§
Hol o] 23E = FAx EE 7]eH8 o (Geometric mean) & ARg-3ho]
Q9 (Summarize) dtal o5 FAAE S (Gene score) 2l A
AWM A= DrugBank [37], KEGG drug [38] ol X% k&7 f14}
Atelel  #BAE ol&st FAAHEF(Gene  Score) 9l o]
7188 vt (Geometric mean)s AF&sto] k=R (Drug  score) &
Axreet ok gt wpel o] WolH < (Variant  score),
F A28 (Gene  score), °FEH4 (Drug score) EF Wg &
Feldts dekdnh ok dATrelM = dEEieEs 109279 R
FAAE 2&3E 1000 Genome Project phase 1 HIO|EHE AL
Gold standard) 2= HEAQD SRR X 2ol Al
PharmGKB [39] ¢ AHE o]&slo] AUC(Area under curve) &
A4ker© 24 PharmSafe €18]59 &35 453 th PharmSafe 2
g5 Adee B7kst7] flstel F7HA RS Agsielth. AWA =

glo] B 7} ¥]Q1EH 7} (Ethnicity —non—specific validation),

o,
AV
=

(1
ofN K
X

o
fz

o

WA= 1000 Genome Project Hlo|E]7} Estsla U&= 471A

—m

O

215 B (AFR; African, AMR;American, ASN;Asian,
EUR;European) & ARGt Q&% 7} (Ethnicity —specific
validation) ©]t}. 4977]2] oF&ol t]ste] PharmSafe ¥alzl&<S AALS
A3}, Q1F™ 37} (Ethnicity —specific validation) 914+ 0.662+0.081
(B £3x12},0.637~0.742), H] QI 4 7} (Ethnicity —non—
specific validation) |4 = 0.633*£0.038 (F £ xETHZAL,
0.622~0.642)°] AUC#= <ot AFE {7h widlsd I7kE

Mg o JIEE rkelM wIEE kel wls %43 AU

@

10

L

2 A2



A5 Kol PharmSafe® @35 FAsHA FHebadth. AR kAl
A upo

i

2=
Aol etz BF 43599 (Coding region) ] WOl

3= A AESH A B
il A5 28 (PPLProtein—protein interaction) ¥ 24t}

| o= AAS3 T

Minor Allele frequency :0.05~ 0.9 (common,rare {
Nucleotidediversity{ Homozygote variant rate :0.1~0.9-}
Drug Class1

Deleterious Nonsynonymous Single-Nucleotide score : SIFT, polyphen2, mutaliontaster{m Cioss2

se peal { g C

iological knowledge)>

o
o

ro
N

—

1 class = eQTL +TF binding + maiched TF motif +matched dNase Footprint + dNa:

- Regulatory factor —Non coding variant*E 2 class = TF binding +

3~6 class = TF binding

prematureStop{ |

— Protein synthesis —Nonsense-mediated decay — . =i 1

Drug Classt spliceOverlap JDve C
PP degree 2% S PIEETNETER Loug
o . B : Drug Class1
Protein Interaction Extension related pathway Lo Gy
. Drug Class1
PPI degree + Extension related pathway {D:g o

Enzyme {0

Transporter-{|

Pharmacogene class effect

arget L

— Pharmacological knowledge rrier Dnig Class1
Ca {Dmg Class2

Drug Class1

Pharmacokinetic parameter — Km | Ki, Kcat, Vmax {Dmg il

Pharmacedynamic parameter — AUC, IC50 . EC50 - o9 Class!

Drug Class2

Central tendency method : (Geometric mean, Arithmetic mean, Harmonic mean) {
Generalized means : (Power mean, f-mean) {Dmu Classt

Drug Class2
Truncated mean {g:g g:::;

Central tendency —

L Algorithm equation Modify Interquartile mean { 22 5%

Product [ 59 G2t Drug Class 1 : (different anatomical main groups)
¢ Drug class 2 ; (frequently prescribed drug classes)

Score Winsorization: 0.1~ 0.9 { ATC code class

wEka] B AT od AT sHARS  SESFaAt
A &84 (o] Wl I Variant frequency, A o]
v ;Homozygote variant rate, UWHFAAFYE;Minor allele
frequency, 9AA—uwj7] HAARA] 5-2];Nonsense—mediated decay),

okg]8k4 (eF&E 84 /-4 #) Pharmacogene class), A A

" 2% A2



= ’

12 (F21 7 84 ;Central tendency method, ¥HoldA491 A3} Variant
=

score winsorization) & AFEE2 E& T XA FHAAY IS Fro}
duElEe ASS I} AR sYoha™ 0). =EI 109299

MelFAA do]eE 25034 (1000 Genome Project Phase 3)°&
gstoga ] W el FHAA  dHolgeo|Ae PharmSafe

dugFo] NG w£F 5okt

12



AR Aw B oFE HolH

dHEgto = ARGt ZiQE A dHlolH+= 1000 Genome ZEAE
[40] (2015¢ 6¢€ 7|HE FH veEZ Wt bHolH &=
JPT (Japanese in Tokyo, Japan) 104", BEB (Bengali from Bangladesh)
86 X9He AA 2504 oz FAdEo] lom A= 26709 HE
o1&+ (Subpopulation), FIA=  AFR(African), AMR(Admixed
American), EAS (East Asian), SAS(South Asian), EUR (European) ¢
57§ 1%+ (Super population) 22 FEFHo UH(HFT X 1, HF
a9 1) [20, 41].

KEGG drug [38] 9 Drug bank 4.0 [37] Z H¥ <2EAH (drug
information), 9} b= vk AL ¥4 (Target),

%4 (transporter), &4 (enzyme), T%7]7 (carrier) o] thst R E
TR G (A F= S Pharmsafel®  “Drugs, drug—related
genes, and drug—gene association” =), oF& el W JRE=
ATC(Anatomical Therapeutic Chemical Classification System) 2}
A7 AW EE oFEEF (15 most frequently prescribed drug
classes) & ARSIt ATC= WHOCC [42] ZHE tez:=
worom o] F 14 dHs4 FQ2 1% (Anatomical main groups) °ll
gt FRE FEoko] AREstlth A AW E= oF= &7+ National
Center for Health Statistics [43] = H¥H ©=Z whop
ARGt E E 2 9 3).

BESHH X4 HH HolH

) 5 A 2



dygE S Yd vgsgAdel Wo] (Noncoding variant) 5=
e T7HA] Ay =8, okg] g} A 184 AXNZYRE 7t

Qs SIFT [44] & AF&3F9td [36]. WOl % (Variant frequency),
T H A HO] H] & (Homozygote variant rate),
] FAAEE = (Minor  allele frequency) += 1000  Genome
ol 258 FEadith. +x% ok= HolHEYE 497709 °F&,
4226709 oFE — -2k A A X (drug—gene relations) =
FEotlon ok #¥ FAA e disix e EA (Target) 4407,
%A (transporter) 547, &4 (enzyme) 7470, F%7]7 (carrier)
10702 = 545708 F=39Y. 27] HA A X (Prematurestop),

AR F =24 (removed  stop), ©]oj9bE7] 9] x| H o] (splice overlap) &

Hel

Lokl WAl A—ul 7] AR B3 (NMD; Nonsense—Mediated mRNA

¢

Decay) & &3l wWo]l AHXHE Variant Annotation Tool [45] &
ARgste]l 42 F SIFT A7F Sl 7IE 1000 Genome dlo]E o]
mjsgste]  AREstitt  [46]. HleolrbrEsias HHINES
2% (DNase hypersensitivity site), AAFQIAFS] A 3HE ¢ (binding sites
of transcription factors), XA £ (promoter regions)s=
2= AAF 24 7)4 (regulation transcription) o] @3S w] X HA]
A=) (intergenic region) ©] &ohe Bl R
o] (Noncoding variant) dH S AFg3s}7] st dArzd FGgE o
& 7THAZ &5, AesteE Regulomedb[47] ZHE 19,4937 9
FRAAeE dEE 26,561,892709  wWe]  TEal 99,845,32570 ¢
GAeL Wole] ABAH (gene—variant relation) S TF-HFokTE

TRk ®¥Hol HrE SIFT A47F %l 7l 1000 Genome

) 25 A2



diojglef wi=gslof ARg-sl3it. [48]

r_l_,
i_‘t
>,

R
L
i
2
=
o
iy
H
"
i
&L
=
o
N
L
LB
ok
Ho
)
2

1A (gene score), °FEF 9 (drug score) 2kl W sH Al @A 9

A5E adAdn AP IS Ageel A fAE RIS
e

=
870 AEgA (Woldl % Variant  frequency, &3 TA
H]-&;Homozygote variant rate, WHFAAFR T, Minor allele
frequency, 9AA—mj7] HAAFH] 5-3];Nonsense—mediated decay),
oFg] g4 (k& 814 -3 A}, Pharmacogene class), A 84

3
A A (A7 84 Central tendency method, ¥o]| A2 4 3}, Variant

i
o

score winsorization) Q455 AFESIF oW dld A4 AR
Aoz ARgste] FHAAY xds Fol dugFe Adess FY

AA A S doE AAD BE FAGA S, Sy, Su £ A7

Hol FHA, FEHASFE o W E3 Baik et al®] Pharmsafe
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Arkel AR

FATH36].
o] (non—synonymous coding variant) =4

VCF (Variant Call Format) i

Pharmsafe 2]
ol
[e)

] SIFTES AMg

S

AFE-sFTH50].
HA 2 WHol-4(Variant score)

ML A trepd wo]
Hrz yeERgr] 9

=
=

=
—a-

_‘|

3

m
KH

o7
NJm

g

Z]

SIFT

gelstn

=

7HA

=
=

_clq

“
opm] 1At

Svi = SIFT (v)
H

0 FE 1 Alelg

p

3} (deleteriousness) 9

3H

0

o

A

ol
IS
‘mo
~
file)

iy

S|
&

A

o

By
=

AR
0

S, =1 i
! E[]%J}giﬂeﬁ>o
v €G;
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T
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e,
+(PD;Pharmacodynamics)

°
Sl
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ok
L

)
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Sy, = A
1

ok 8k (PK;Pharmacokinetics),

obel o} 2t



o
s =| 118,
9, <Dy

i

744 v

=

s

=2
=

SE 1 Abo)e)

)

—_
1o

oy

3

v (central tendency method)

15

2

73

=
)

ofiy

gk

g 5

9|

7 3F (central tendency)o|z}ta il

Al
™

i ol %

o=

ofiy
700
e

—

Nfo

o

—-—

o]

s

Z1 7383k (central tendency value)©]2tal

W zk (Mode) 5]

=93k (Median) ,

+ (Mean),

o

5|

3L

o

.

at

L —

T

ehy

ﬁO

o
i

"
B

mean),

71%2] PharmSafe
+4 o (Geometric

°©

7]

7184 o (Geometric

77FA17F Aok [51].

=1

mean),
[e)

7t (Arithmetic
7 (Harmonic mean)

[¢]

yE
b2

ey
%3}

of

)

Kol
=

mean)

183

mean)
}4 +F (Geometric

°©

7]

=

=

17

%3} + (Harmonic
to 1 Ay}

°©

mean),
A4k

5t

°©

AL

=

=

7t (Arithmetic

5
(Product)

t=

A
pul
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9. €Dy
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13

1

Mo

=0

13

1
[Hsvi] if |G| >0
V; €G;

ng =

AR} £% (Pharmacogene type)

o

|
-

o}z
ek

T
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w2}

2447147
24740

18

s

.-
]
o

5}

(PK;pharmacokinetics)
(PD;Pharmacodynamics)
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(enzyme),

SN

L= =
=1

ok
o}

A| (transporter),

%717 (carrier) Ao 2]

A

PharmSafe

—_
fite)

FEAE

=
=

score)

7k A A (Weight

sheiet.

W, = Aol

gl

o] 44 (Weighted variant score) =

s

$H4 QAL ol
7}

-
X

o) o
o

1A

A=

AT Vogr = ©F

s IdE A

-

obef ok Zrt.

o
e

wolH el

SIFT (V)
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else
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Ho| A4 AA 3} (Variant score winsorization)

A A 3 (Winsorization) =  ©]AFX] (Outlier) o 2J&] =¥ IFS
Z0]7] 13l ko S H=Es 54 doz
H 3} (Transformation) 8¢ AFEE= FA Al 71 eltk[52].

PharmSafe <¢agl&dAs 0 F8H 1 7042 WHYE z= SIFT
ArsE WHoldaE ARgetal lom, SIFTelA+ 0.05°ls8ke] H+E
kA= Wolel tisl] falstthal (deleterious) e sk AT AT
AAZ 0.05 o] HFE 7HA= Wolsel tisixe fals JEel
et dus A @il T44]. <lEE°], SIFTHS 02 v+
frefista 1S ds falebA dvkar gel Holr] wiEel 0%k
7HA = ®olgl 1gk= 7HA = ®lo] Afele] frafgh FEe] Aol Avtar
& JARE 0785 7HA= ®olgh 0.8%E ZHA= ®lo] Apold]
Falet HEe] Aol shmshrlzE Add] otk wheEbd e 3
Atele] Faldt dx Aozt A glel A5 Aol FE (noise) =

Gk ZIEa T-ZHY] AGH (cut—off point) & Zko}

9 A3} (Winsorization) WHS E& o= Ao LS AA3 A
sttt ol& §38l 0 HE 1 7kX19 "F+E 0.1, 0.2, 0.9 9} o]
0.1 Z¥A° =2 10719 9d=$=2 Uil o]& SR ol Wyt 7t
x99z HAYAH (cut—off point) oA HUESLS WHo|AL 1=
HEselth odE50] 0.7 dEFdA= 0.7 o]de HolHFES 1=
skl th WMol g4t 43} Hol|Hag 412 ofge}
S, =SIFT(v,)
S, 1fS <SR SR={0.1~009
WSV- — i i I ’ { }
' 1 else



Je o ol 99 gol /1B FS

=
Ahgatel AAtaigl ol kR ASE bAl AN RAAESES AHgste]

Ho
!
_>|i
X
e
rlr
o
)
oty
=
o
ox
-

l

o

1 if |Gj|=o Mo

S, = J. Sq, = Sy
: LHWSVIJ/G if|G,|>0 § g,llk .

Vi €G;

o 2] 3 A W %E (Minor Allele Frequency)

AFAG A 2 giddd N (MAF)7F 5%°]3k] ol &
t)5te] Hapmap project® E3] & #Wo] (Rare variant) 2 3 2= 91
71 % 1000 Genome project® F3al st 71T H 250—30071 9
715 o] (loss—of —function variant) = 7FA® I %5 10~2077}F
slAMolet= Aol Hrszlth. [20]. I old 3| WHolE0]
d=stolw, IS vlFsk @ AWES fdstes ddwolgte=

2ol g Aa ol Agso] elomd  #Fd 7bs/d (missing

heritability) o] %W F&S AYgsitga RuFEAG[53]. kAT
gAol7F okE o HEgAle P mXuE A= oA AlRFdA 4

o]
glor oby AWt 5 bR wSHE A ATARE

nAe JEFES wkYgEaA 7]£°9 Pharmsafe ¢aElEe] W
Hgd M= (MAF)JRE ®EYsiaitt. 1000 Genome Ho]H ZH5-H
EMAR)AREE  FEska  0FE  0.017H49
A= ool digte 0.0019] 3H4S AEste] 10719 =52 o
ol MAFRoJztx it 74 AR g A5 olste W

o fll
rt
of
i)
=



w
=<
N—
=
<
>
T
m
<
Z
>
3

MAFR = {m_mm ~0.009,001< MZ{E.__}
S, else Vi = {v;| MAF, € MAFR, |

il

BA WE FA KA WS AEHN FAA AFE AN o
@)

o e ohelg) 2t

1 if \G. =0

=3 A3 o] v]S (Homozygote mutation rate)

G A A} (allele) @) ¥Wo| (mutation) o]l W& F73 (genotype) <

A7 &9 ¢or8 ¥ (homozygous wild type),
o] g5 e o]l Y (heterozygous mutant type),

offt
ot
i)
s
'

o]3 (homozygous mutant type)® 37}4] FF=Z yd

ATh FHHFRIYE S dHFAA FEH BT Wolt §lv ASE
olwjsta o] AHZHo|F L stFovt  WHolZ7F Sl ATE,
FIAFANF L IFF BF HolZl e AFE u s (54]
Addtdor FAAZNA = AHE fidste ddsAWo] (recessive
mutation) 7} FEHFTHI P AF =S AWBAES HIItw
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1 if |G| =0

So, = i
! (HWVJ/G if [G,>0

v €G;

mRNA AZA =4 7|4 (Nonsense—mediated

mRNA decay; NMD)

dAlA~—wj7] AARAE 53 (NMD;Nonsense—mediated  mRNA
Az 23 24 71d F mRNAQ AA Z4 (quality

ol 7)1Zolt}h[57]. WAl A—ui7] HAA}A

decay) &

2

F = (premature stop codons)©] E 3% o]
mRNAZ}F  A7dele] wednn e dids g Ha
AR B Vles At siE7 (deleterious) HEE
o] Al (gain—of—function) WHHAY vIHY FlA el AiE
4ol A fFAACA AR EAY Aitetel A A
7lsutA Hlggew Wit 94 -3/ (Dominant negative) & ¥&
Uetdl=  71#olth (58], HZel= %71 WM A A (Prematurestop),
AR F =24 (removed  stop),  ©]o]@F7] £ %W o] (splice  overlap)
o 717 = Gl A AARAl B3] f]le] o] whE FATH[59].
2 dAA-uir) AANA B AEe ] Tlee sl

HAdARD RS AASks 71dolARE 54 41 ®olo] o

rir

MAgHoR WA WAs-dA AAA Az Qs ¢ mi
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UTHEO0]. 2l= Wolo] o8 WA= FAA-mi7] A 39
AE8r4d  9g3FS PharmSafe LazlFel HEY3sH7] 98 Variant
Annotation Tool(VAT)& AF&ste] WAlA—vwi7]  AARA] B3 o
dofsitta d#x WolEo ARE FEIvH46]. 54 Wol 7t
Z7)1H A X (Premature  stop), AR F =2 A (removed  stop),
oloj w37 | AW (splice overlap) % 3dhuetic #Hojshs wolahd

Holo] WolH4E Alwsta ¥ o 7|Ee WHolHdFE
JE AREste] 7hsA] Weldlae W, ) &
W7} AARA S ol dojste wolHeE 7H

2l

Mol W AHEA WMol A5 4L of

NMD = {Pr emature Stop, Remove Stop, Spicingover, PrematureStrop& Removestop, PrematureStop& RemoveStop& Splicingover}

Vo ={V, | v; € premature/ removestop / splicingover variant }
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H|¢s wWHolE X3 {FAA T FE Ho
(Regulatory variants including noncoding region variants)

7|F PharmSafe w=wolA 7P 2 SRS WoldsR ARgd
ol

SIFT7}F &9l Wol(coding variant) ¥+ E33ta o FAAzt
d 9 (IGR;Intergenic  region), H] 2 5 9] (intron) 5= Zeksh
H 9399 Wol(non—coding region)E<S H¥9 g F QAvs=
Zolgltt. old FAFESE FEHstuA oWl =ieAE BlwY
Hol59 AHE  PharmSafe Lag]Fol WIS w|ds o,
dzPgdWiols T FHAA Ules sk WolEY ARE

RegulomeDB[48] A tZE 3Gt RegulomeDBE &% wHol7}
gallofo] 7l aa FRINES- 91X (DNase hypersensitivity site),
AAFQI2Fe] AR 9] (binding sites of transcription factors), =%Z1A]
2 A (promoter regions) 5S X¢3E HAAF FA7]A (regulation
transcription) ol FFS mA= AAxRE JEFH] dfall  lak-H
67k412] 14 SAZ YElATh la 2 A5F o] [ 7 o 7HA 9
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S, =SIFT(v,) WS, =HRY,

! 7le)|=

}\/Dk\
(g e e LY

v; ERGj

Zt o4 FHAFY A AA 2L 23 A3 (Combination
test)

kA 6712 AESHA (T A TA Wol vl Homozygote variant rate,

12 H & Minor  allele  frequency, YAIA—w7}  HAA]

%-3];Nonsense —mediated decay), ok &4
(k= 38H4] - A 2k Pharmacogene class), FA84
A2 (F 74 A ;Central tendency method, Wold4243}; Variant

score winsorization) QA& TheAE ARSI AARSE AyE
2 7 (AUC) & 7HA+= 77H 23&
Agsteith. AWM e JsEEe AEH7F AUCE0.6076, SEA),
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S, =SIFT(v,)

(SV_)2 ifveCB,
wo=4 "

Vi

A else

SE.. ={SW(0.2), MAF (0.007), PGT (enzyme), HR(0.7), NMD(PS & RV), RV (4class)}
CB, ={v|Vi € & C,|
r={1,2,3,4,5,6}

PharmGKBE ©]£3%} Pharmsafe €183 A5 H7}

okax] W¥E3t PharmSafe =%[50]3% S Wiow =]
PharmGKBE A}&3sto] AE38Ha 22 AHE 752 AFE-st 7idE
PharmSafe <189 AFH71E  AlYstSEtt. PharmGKB+

AEFAAZAAT(GWAS) A3 T ofEshd A3 ddd

delolel oFE AAAKE FH Fuo]A (Human curation) = =3
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840705 et 180770(55.63%) 2 Yglwolel ks AAGRE
FZodth. FE8 1807702 W7t &I FHAE 47170909
o]+ ¥ A (Target) 225, %A (transporter) 18, &4 (enzyme) 20,
F571F (carrier) 7, HleF=ETHE {FAA 20102 FAEAA
WAHEZFTIH 6). JAFHEE o] &3 AF= §l8l PharmGKBZH-E

d AP R 837, ofrlelel #H
HAYR 32970, @l A JAALKE 6477, 7IEk AFHA 671,

J 5

o] T A MG 497 oFEel et Q1 2 ofZeIH
=l #AH AAIZHE 5870(69.87%), ofAloll ¥ AAAR
329711 (63.88%), W<l #= #AGH 451701(69.70%), 7]1E} QAFH-A
BAGE 570 (83.33%), JAFFE7F 9l BAGE 112871 (56.48%) °
ofe, dolwlo] TeEla Q1 BARRE FEk3ler PharmGKBel
th3l A= oFZ 27} (Black or African American), ¢}Alo}(Asian), ©]=
a=la 4 (White) 22 1Fs AFEFst 1000 Genome Ho]E <]
3l A= o} 2] 7F(AFR;African), 3 (EUR;European),
olAloF(EAS;East Asian, SAS;South Asian), "= (AMR;Ad Mixed
American) &2 780 AREPUH(EFTES). f1¢ RS 1000
Genome dlo] g o nfj g gt A3 s 7H_Id At
647.5573.14 (B +HFHAF474~891) 7] oFET dAlwie] AAE

ZFA AL QI TH(RT T19H4).
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PharmSafe <ig]Zo] 7199 WolARE ALste] s 7]l
A ke 29A G2 oS TEske vYol Eue AS 59

&5 ek S o okdlsh ol F s HolelE kol

o) 7}

1N 7F 5 (sensitivity) & B0 % (specificity) & AAMetn  AE3sF )

g 3AMA o= 497709 FEARE AREsto] AAksE JiQ1IE

PharmSafe IEdFE W32 AFaeoz 9 (rank)E A FA3%
2

7§l Pharmsafe 93 <& =

™
ARG

Zo] PharmGKBEYE FE3k 4977019 k=3 #A-dd  AldHols}
obE IAIHHE 1000 Genome HoJEo] Z+ sz ufg sl
PharmGKBe} X8 IWiolel ok= g1 Q1F dAAARE
TA3%tal ©]E Gold Standard(GS) UdlolE = AREslAT. 7 7l
Adyors =HESS UAFk (threshold) S #7719 Gold Standard
dolel ¢} th23e] Gold Standard®] °oFEo] AAIZE WS o+ 7AW
AF R By Skl 3k (True) 0.7, T etH
ARk (False) &2 F3taL  ©o]F  o]g&3ste] T (sensitivity) 2}
T

50| % (specificity) & ofel & F2 o2 AAtstait.

M , specificity =1_M

sensitivity =
|GS | |D-GS|

D = 497709 oF&s59] Ags dvista, D < 9AI% L ¥SIsHe

=9 AHs gulstth. $yE A FE3 JAFHRE Y (Ethnic

specific) 8tAY =2 HFY3sHA] &= (Non—ethnic specific) WHOZ
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%

AR SO A b U ol dAR WSl <k i
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Holthr] Bk Aol AREE A2 8 FAA-wol-okE Aw

ARl 2AZ Ak ow ¥ Be AFARsl EIE FAA-wo]-

T3 AeE Zolgtan ot Mg =& AUCE Hel 2L QAT

FAA F7F9 &2(0.6436) ojdorn HIQIF
N AP FN] 7(0.6502) oo™ 7Hd ©& AUCE K<
20& AF FHrldAMe AR EFHe Ak=H(0.5633), BHIQIFE
bE|

J7lol| = AR 715 2| total class(0.5857) At (18 2,

Pharmsafe ¢igl5& ®HFste] AAbst AUC A= 05 0.563
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go gigdgd wWEE 1000 GenomeollA UERG WHolE9o] ure
A4 RE dolgE o]g3ste] 0.001 ~ 0.001 o4 o 109A=

s At 7HeA Wol HaE whEo] Pharmsafe ¢ild|lE=
g3kl oFE HAFE Aatedid. 1 A3 AUCE 91F 0.6008 ~
0.6078, 0.6018* 0.016 (Hx#~HHAg Bt |, HIIF
0.6121 ~ 0..6272, 0.6260% 0.003(HE#~HANgL,Fo+EFAA
ol AFH7E oA 0.007°] AUC 0.6078% 7Md =9tow
H|QIE H7E oldE= 0.0062 0.62722 7Fg E9kou 0.01 o)A
GAE AL BE @ACA vl=d AUC & dEbid (0¥ 2, BE
2% 4 D). HSUYIFARNETE 5%(0.05) wREI 3] ARl (rare
variant) °|Alzheimer's disease & W|E3 og] AWS [FU4sh=
el Wolgt= AL E8 I YAmethotrexate & H|ESH FEE9
SFENEEA S XHste Al Wolgk=Aol mEA  Qltk [33, 34]

A% 5% e 71 Hapmap ZEAECA AAG 7]Eow A5

wgstth AR ol Az wlwol 001 olske e WYY

7HA e Wolgol fkEAgel vwiAle dFe] 0.01 o]
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AQAAA et sFF ol

].
Wol A& Alwste] 7heA wWol He4E wWeil olE olgE

0.6276, 0.6268+
HlQ1EH 719 0.7 DA A" AUC 0.6276 7]% AUC 0.6271 HT}
=7 eSS (199 2, BF 19 4 B).

mRNA eHgA =4 7|12 %7] 43 = (premature stop codons),

A FE A A (removed stop codons), splice—overlap o& *+

37kA 71F oz A A ok VATE AMgste] FAFEFZE 5 3714

kS °7]& WHol ARE 1000 Genome 25047 A ol

ek o] Zxof wiFatt. 37HA V&S ZVFAAE, T4E e
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E e
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AT el Aol iR Sli" wAIS] Wo] FRe| et
Hol & Wo| HAFF Alwste] 7lex Wol A2 AAFetal Pharmsafe
daglFel A&sto] Tl o= HAe4E At ol BUsksith
1 A3} 157t 0.6074 ~ 0.6163, 0.6096 =
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RegulomeDB + Z} Wol7} eQTL, TF binding, matched TF motif,
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st 717 o #Bests JEE la ~ 69 14 @A HAEE dEh
At dHolHE 26,561,892 wWolgh s wWol7t Vlwol 9IS
T 19,493 Re Az pAES e olF 1.2%((n =
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Adud]ES MASHA T RegulomeDB HolEHE vtz X wrol 1 WA
FEH A dAE FR AA DA (total T F TEAR UL
Genome 25047 A dolge] IE wWo] EE F dWAE=E
T2 7 A2 @A mell adshd eid Wo] HFE Aok
7V Wol H4E RHE9 Pharmsafe &iglES AlAbete] sl R
b= E AAsta olE Brtegiv 1A
0.6258, 0.6037* 0.024 (HE£#H~HAHAZ,FHH T2

0.5857 ~ 0.6189, 0.6027* 0.015(H%#~HA A, B £xxFHA]) 9
AUC A3t =FH3lith. AF87elds 4 @A7F 0.6258%2 7+
T AUCE yehor, vlE H7k= 7I€ AUC By EF w2

AUCE HYTH(19 2, »%F 19 4 G).

?N

Zr QAaes 7FeAE WEYSE] AAFSE Pharmsafe €aElEE°] 74
obE BF AHToAY LS dolH7] fsle] okE EFAHE ATC
T 1831 WHOCC oA F=3 15

A E=1) 0.3805 ~ 0.87311+0.0685, GO3 (" =3 A2 A~

ZA7]) 0.7396 ~ 0.8619%0.025, CO03(e]xA]) 04071 ~
0.7928 £0.0876, NOBA (& $24]) 0.4942 ~ 0.7364£0.0556 (H A 3k
~ Hughr A7 FEACR 12 AUC & vER SolHow

mRNA  <¢HgAd =48 71" QdFEH7E oA M&E=AA) 7

0.7719~0.8322+0.0256 % *
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kA 6718 AJEE2 (Homozygote variant rate, Minor allele
frequency, Nonsense—mediated decay), <F&]dt4 (Pharmacogene
type), SAIA (SIFT Score filtering) RAES 7FeXZ AME-3He
7}% pharmsafe €318+ H7ISE AUCE 7|22 67H4 244
ZzA0Ael A AA-ESW) 0.2, ¥ dHIA WE(MAF) 0.007,
koA FAA4 T (PGT) a4, Tl RIEMHR) 0.7, mRNA

Fx). Add o4 279 BRE 567HA 2RSS dHzez 3l

=& AFE39] 1000 Genome 2504782 7)ol
=R E A ol AFTsIATh JAFH A E FA o HA
0.6068*0.222(F £xFAAH) R, BIRIFTH7L olAe FHAo=m

A4 0.6095+0.02(BF T EF=AAL. AFFIF  WAFHI}
S

=
+ AUCHT} 0.0159, 0.015 ZZFstdeh(d 4, ®3% 19 8). 7
239 AUC & 4% 10% <t & =% 679 =TS Ayad
AFTH7L eX= oFEEA Fdxk ERSlo] 63], W] W AA s 33,
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k=28 (ADR) 8] €Rle] Hi&= wWolE #dle dAge F 9]
Z1 g = of gk o w suA e AAskeE A
9}t (warfarin), 7FAX T A2 220]=  FiupubA]# (carbamazepine),
ABAZA Z7)eke] 7ol &= Fu|ed(Codeine) 5ol THE A7}
T AR o] g1919] A%, CYP2D6#1xN/#2xN/+17xN/*35xN

of i1
A8 7k @xelx CYP2D6 AT ZaEuiAbat
(UMs;Ultrarapid Metabolizers) ZdES =A 1 34919 thAlz}
4 FR8E K ASERg 2R wEA FHo =
B [61, 62] =3 VKORC1Z CYP2CY9 FdAFe] —1639G>A
CYP2C9#2 , CYP2C9+3 448 & 713 @849 7

_Or_
oS 37% A Lgsksiel 1A e 7

AAFAALAAATF(GWAS) 7S &8l = 571 vRke] ¢l Wol&
s = Q17| Hk9] Zzd 4 (population—based observational
studies) At AF7|HEe] #AZAA = AF Ao HE RES FE31)

e A Ytk EF AT
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et 7 99e Hr)Eo® A3t PharmGKBHOJE 2] 54
fEo 2 oAHtt AAl PharmGKBEHE th&z= we golE o=
3,24870¢] oFE ¥ ARIwWlo]l #AAHEIE AEFrEOl qlflem o] F
AFAR7E gy FEF ddwlo] #AARE 78171 (45.96%) =
AME HX] kgkth gkow okE Qo] il QIFS] HIAF R}
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0.5076~0.6994+0.0418, GMx AAA a8z 4 F=28)
0.3805~0.87311+0.0685, G03(’d ZT=&En A2 A|AE] FH7])
0.7396~0.8619+0.025, CO03(e]x=#l)  0.4071~0.7928+0.0876,
NO6A (& $24)) 0.4942~0.7364%0.0556 (HE3~H A%
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23 19

1% 1. 1000 genome °] X¥E 2504 AUE R EdHlolge Z

VA 94 Wol, fAA 18 okE He BEX

1000 Genome 250478 <] 7HQ1 §-AA do]E o] £ W], 50509709
27 49708 FEARE o] &% 4 24 Wol, A, oE AT
AME e B X)) AT B =4 424 T+ (O
mRNA ¢H8A 24 71 d(PS: 27| ¥4 3% (Premature Stop codons),
RS: 4 I+ A|A (Removed Stop codons), SO : Splice—Overlap) (D)
S dlEdd Wx (BE) ®olda dAst (F) 4] W= (G)

A 75 Aol (1~6,total : 1 class ~total class)
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Average personal variant / gene | drug score

Average personal vari

Average personal variant/ gene / crug score

Avetage persoral variant  gene / crug score rorage prsonal vitant f gorw g scors

Average personal variant/ gene / chug score

Averago porsonal geno  drug soore

06

0.4

02

0.0

@ Variants of the whole genome
@ Total genes (#=50509)
O Drugs (n=497)

Arithmetic mean Geometric mean Harmomic mean

Carrier Enzyme Target Transporter

h

PS RS PS & RS PS & RS & SO

0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.008 0.001 <=

[X] 02 03 04 0s o6 07 08 LX)

[X] 02 03 04 0s 06 07 08 09

1 2 3 4 5 6 Total
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a3 2. TR ZF Q4 XFE 4871R] A H AdF, v|AdF
Pharmsafe &ig]Es AF 23 vl

1000 Genome ©| &3+ 250442 7 FAA dHolEHE Z 7714
Q4o XFHE 487HA RS THEAE ARESt] AAE 497 =R
A4E PharmGKBZ T fia-wlo]-okE Ay JAFHNE
g3kl WE GSE AMESte] AUCE AAtstel AT 54714
z31d  (MYIF HT ®HIFE A 7 TdadEe e
2 0.6076, H]JAF : 0.6271) 3= 7l AUC

O 2 Aakal o] ghelAl 7 7 AUCHHS W AAxtom] A AL 7|F
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I3 3. 7R 74 24¢] 23 4871 =74 8 29 FEEFTE AT,

X
B]QlF Pharmsafe €¢1E8|&F A5 23 v

1000 Genome ©] &3F 250499 ¢ §4AA dHolHE Z+ 771A
84 XFE 48714 W& TIEAE ARRSte] AAME 497 EWE
& PharmGKBZ o2 fxix—mo]-o+E A#y} AFHRE
AFEEE] THE GSE AMEER] 29714 B RFEE AUCE A4k
ASYh 297HA FEEFTE (A)AF AT BHAF AT 7
g ez e] g2 ZIskE A Al AUC(IFE 0 0.6076, HIAFE:

0.6271) #t= 71 AUC #tox A3star o] gtellAl 2zt 2718 AUCHS
Wl F@xlolm] HMLE J|E AUCHT 7z} 279 AUCH HAsdas
ojujata FAL 7lE AUCKHY 2 =38 AUCHe] s=tilas
ojmigttt,  x A= 7 24 JHE w& AUCHS 7HR 23S

o w3t
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Deviation of standard AUC and each drug class AUC

Deviation of standard AUC and each drug class AUC
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I8P 487}X19) 54%FTEH AF, H|AF
As vz 77k Q4o EdE 48714
& AAI(SW) 0.2, & gy

<7 (PGT) &4, sIgFWo

a8 4. 77 4 L4
dugFE HAF
27 (80] 3

™

Pharmsafe

1% Ag99 67HA4

N

_

W= (MAF) 0.007, oF=shs fxxt
W% (HR) 0.7, mRNA ¢+84 % A
e 22 Wol(RV)) ol that BE 57714 28 7MEXE AFEE]
25047  7lQI¥M 2 Pharmsafe <aglsoz AAbstel SFEHTE
TE ol Hriste] 7t 2EE AUCE ARSI (A) 15371,
Brrolth, oA AL TP HS
ZFola FHAL A9 10%° &3 AUC 7M1 2%, #8542 9]
20%° %3k AUCE 7F Zgolth A2%E A%, HdFd 7E
AUC(0.6076,0.6271) el A 2t =3¢ AUCE Wl AXpolw 7pz 52 7}
Z3e] ot}

i

717 (NMD) %7] £43%=

.0(SW,MAF),1(SW,HR),2(SW,PGT),3(SW,NMD),4 (SW,RV),5(MAF,HR),6 (MAF,PG
T),7(MAF,NMD),8 (MAF RV) ,9 (HR,PGT),10(HR,NMD),11 (HR,RV),12(PGT,NMD),
13(PGT,RV),14 (NMD,RV),15(SW,MAF,HR),16 (SW ,MAF,PGT),17 (SW,MAF,NMD),
18 (SW,MAF,RV),19(SW,HR,PGT),20(SW,HR,NMD),21 (SW,HR,RV),22 (SW,PGT,N
MD),23(SW,PGT,RV),24 (SW,NMD,RV),25 (MAF,HR,PGT),26 (MAF,HR,NMD),27 (M
AF HR,RV),28 (MAF,PGT,NMD),29 (MAF,PGT,RV),30 (MAF,NMD,RV),31 (HR,PGT,
NMD),32(HR,PGT,RV),33(HR,NMD,RV),34 (PGT ,NMD,RV),35 (SW,MAF HR,PGT),
36 (SW,MAF,HR,NMD),37 (SW,MAF,HR,RV),38 (SW,MAF,PGT,NMD),39 (SW,MAF,
PGT,RV),40(SW,MAF,NMD,RV),41 (SW,HR,PGT,NMD),42 (SW,HR,PGT,RV),43(S
W,HR,NMD,RV),44 (SW,PGT ,NMD,RV),45 (MAF ,HR,PGT NMD),46 (MAF, HR,PGT R
V),47 (MAF,HR,NMD,RV),48 (MAF,PGT,NMD,RV),49 (HR,PGT,NMD,RV) ,50 (SW,M
AF HR,PGT,NMD),51 (SW,MAF,HR,PGT,RV),52 (SW,MAF,HR,NMD,RV),53 (SW,MA
F,PGT NMD,RV),54 (SW HR,PGT NMD,RV),55 (MAF,HR,PGT ,NMD,RV),56 (SW,MA

F,HR,PGT,NMD,RV)
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H=: 19

®ZE ¥ 1. 20149% 1000 Genome H[°JEle] 250473
AAFAAY 9 , AY A7 - (sub & super population) TA.
2014 % 1000 A dHolEle] 26 38k9l 2 4 A9l AT
TR (2015 6). A, A9 7AW 47el wWE 250489
3 (AFR (African), EUR (European) , ASN(EAS;East
Asian),ASN (SAS;South Asian), AMR(Ad Mixed American)). B. 3}
ATHE 267H0] wE 250489 #E(AFR(YRI(Yoruba in Ibadan,
Nigeria), LWK (Luhya in Webuye, Kenya),GWD (Gambian in Western
Divisions in the Gambia),MSL (Mende in Sierra Leone) ESN (Esan in
Nigeria) , ASW (Americans of African Ancestry in SW
USA),ACB(African Caribbeans in Barbados)),EUR( CEU(Utah
Residents (CEPH) with  Northern andWestern European
Ancestry), TSI(Toscani in Italia), FIN (Finnish in
Finland) ,GBR (British in England and Scotland),IBS (Iberian
Population in Spain)), ASN(EAS,SAS;CHB(Han Chinese in Bejing,
China),JPT (apanese in  Tokyo, Japan),CHS(Southern Han
Chinese),CDX (Chinese Dai in Xishuangbanna, China) KHV (Kinh in
Ho Chi Minh City, Vietnam), GIH(Gujarati Indian from Houston,
Texas),PJL (Punjabi from Lahore, Pakistan),BEB(Bengali from
Bangladesh), STU(Sri Lankan Tamil from the UK), ITU(Indian
Telugu from the UK)),AMR(MXL (Mexican Ancestry from Los
Angeles USA) ,PUR (Puerto Ricans from Puerto
Rico),CLM (Colombians from Medellin, Colombia),PEL (Peruvians

from Lima, Peru)).

58 :
2 A=



ASN(993) EUR(503)

B IUR @ ASN D AR B AFR

GWD YR BS T8 CHE JPT PFUR CHB OH MU STU CEJ ESN FN WGV LWE ACE PL CLM CDN OBA BEB MSL PEL ML ABW
S popuidator 2018 1000 Geroee dafa
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1% 2. Pharmsafe &18&d] ALEE FEEA §AHAA 7Y oFE,
—FAA A /NS, A. Pharmsafe &aig]5o) AFEE k5 497 9
stA f-4x ¥ B3, B. Pharmsafe 2&ag]&e| ARgH okE -
A At 4,426 o] BX
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o 12 10
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¥EF I9 3. 74 AESH 24249 1000 AF HolE &3 ol
A
2 o |
g _ 1
2 g
E . -+
T Prematurestop Removedstop Spliceoverlap
Type of Nonsense—Mediated mRNA Decay(NMD)
No. of variants
NMD type
(mean £ SD)
Prematurestop 105.05+£11.23(75~146)
Removedstop 25.19£3.61(16~39)
Spliceoverlap 12.54%£1.98(6~20)
Total 142.79 £13.82(109~194)
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350

100 150 200 250
| | |

Number of variant with SIFT score per person

50

—= 1
1

—

Target

Enzyme Transporter Carrier

Type of pharmacogene

Pharmacogene type

No. of variants

(mean £ SD)

Target 303.4£2.21(292~322)
Enayme 57.6+13.91(52~67)
Transporter 56.0112.40(50~62)
Carrier 6.014.47(3~8)
Total 423%112.44(408~436)
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Number of variant with SIFT score per person
0e+00 1e405 20405 3e+05 4e+05 Bet05 6e+dd

[ ]

1 class 2 class 3 class 4 class 5 class 6 class

Non—coding vairant

No. of variants
Non—coding variant classes
(mean = SD)

58,104.42%£1490.867

: (53,261~6,2725)
252,297.80+20,426.453
’ (224,145~299,733)
109,733.28 £8,462.391
’ (98,148~128,443)
542,564.47+46,231.893
! (481,555~643,982)
273,761.18+20,501.018
g (246,910~317,964)
542,329.02%+31,127.380
’ (495,426~610,183)
1,778,784%£126,353.8
Total

(1,600,470~2,056,404)
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BZ 7% 4. PharmsGKB ¢ 1000 A &o FEFOoE &3t

W o] -9k (genetic—variant—drug associations;GVDA).

400 600 800

Mean of genetic-variant-drug associations from PharmGKB in 1000 Genome
200

T T 1
LILIL

Ethnics in 1000 Genome

33

No. of GVDA
Ethnic*
(mean £ SD)
AFR 638.7*£65.3 (505~844)
AMR 663.9£70.7(529~891)
ASN 639.0£75.0(474~868)
EUR 664.7+75.7(493~869)
Total 647.5+273.14(474~891)

*PharmGKB ethnic information AFR(Black or African American),

AMR and EUR (White), ASN (Asian). 1000 Genome ethnic information
AFR (African), EUR(European), ASN(EAS;East Asian, SAS;South
Asian), AMR(Ad Mixed American)
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forming organs, [C] Cardiovascular system,[D] Dermatologicals, [G] Genito urinary system and
sex hormones, systemic [H] hormonal preparations and excl. sex hormones and insulins, [J]
Antiinfectives for systemic use,[L] Antineoplastic and immunomodulating agents, [M]
musculo—skeletal system,[N] Nervous system,[P] antiparasitic products, insecticides and
repellents, [R] Respiratory system, [S] Sensory organs, [V] Various) HOCCol|A FZ3+ 157}#]
7V A Auhkre okE 2 ([A02BC] Proton pump inhibitors, [A10] Drugs used in diabetes,
[CO2] Antihypertensives,[C03] Diuretics, [CO7] Beta blocking agents,[CO9A] ACE inhibitors
plain, [CO8] Calcium channel blockers, [C10] Lipid modifying agents, [GO3] Sex hormones and
modulators of the genital system,[H03] Thyroid therapy,[NO2] Analgesics, [NO5B,NO5C]
Anxiolytics and hypnotics/sedatives, [NO6A] Antidepressants, [RO3] Drugs for obstructive
airway diseases, [RO6] Antihistamines for systemic use) 11:'/] 3! O]:D 3¢ x% X]', H]
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Al

= Total{n=2504)
B AFR(N=561)
B AMRN=3477
= ASM(n=393)
= EUR{n=503}

T
Arithmetic mean

T
Geometric mean

T
Harmonic mean

T
Product

= B Totalin=2504})
= AFR(n=651)
B AMRn=347)
- = ASNn=9933
=2 B EUR{N=503%
=

-0.09

The deviation between mean of fotal AUC of the four methads and gach AUC
-010

Arithmetic mean  Geometric mean Harmonic mean Product
Arithmetic Geometric Harmonic Product

mean mean mean
Total(n=2504) 0.5633 0.6076 0.6149 0.6163
AFR(n=661) 0.5858 0.6161 0.5358 0.5932
AMR (n=347) 0.5565 0.5918 0.6156 0.6071
ASN (n=993) 0.5592 0.6214 0.6726 0.6459
EUR (n=503) 0.5467 0.5799 0.6046 0.5944
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m Totalin=2504)

o B AFR(h=E61)
= = AMAN=347 )
B ASM{h=993)
B EUR{n=5033
o
=
=
w2
= s
o =
=2
E B
=
= |
5 /)
o
e
=
. I_ I. I. T
Arithmetic mean Geometric mean Harmonic mean Product

015

-0.05

The deviation between mean of total AUC of the four methods and each AUC
-0.10 0.00
1

—____-___

B Total{n=25043
= AFR{N=661)
= AMAN=347)
B ASMNIN=993)
= EUR{n=503})

; Arithmetic mean Geometric mean Harmonic mean Product
Arithmetic Geometric Harmonic Product

mean mean mean
Total(n=2504) 0.5935 0.6271 0.6363 0.6502
AFR(n=661) 0.5983 0.6261 0.6325 0.6502
AMR (n1=347) 0.5958 0.6314 0.6402 0.6491
ASN(n=993) 0.5908 0.6266 0.6376 0.652
EUR (n=503) 0.5912 0.6264 0.636 0.6472
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F2A2 5 ( Pharmacogene type)

0164
|

062
I

AlC
06D
1

0.58
I

0.56

Total{n=2504}

AFRIN=661%
AMFR(n=347 )
ASH{n=S93}
EUR{n<503)

T
Mon_weight

Carrier

Enzyme

T
Target

T
Transporter

=005

The: deviation between mean of fotal AUC of the four methods and each AUC
=010 0on
]

ey L

.

Total{h=25043
AFR(N=661)
AMRLN=347 )
ASHIN=093)
EURN=503%

g Carrier Enzyme Target Transporter
Non—
Carrier Enzyme Target Transporter

weight
Total (n=2504) 0.6076 0.6074 0.6248 0.5928 0.6134
AFR(n=661) 0.6161 0.6149 0.639 0.6393 0.6109
AMR (n=347) 0.5918 0.5948 0.6059 0.5701 0.5965
ASN (#2=993) 0.6214 0.6191 0.637 0.5857 0.6363
EUR (n=503) 0.5799 0.583 0.5949 0.5615 0.583
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= =i
= = AMR(N=3473
rie
c - = ey
g S A
T = 4 = EURN=503)
g g ] ——- * 5 e I S
T Carrier Enzyme Target Transporter
Non—
Carrier Enzyme Target Transporter
weight
Total (1=2504) 0.6271 0.6296 0.6436 0.5961 0.6367
AFR (1=661) 0.6261 0.6289 0.6411 0.6026 0.6357
AMR (n=347) 0.6314 0.6343 0.6493 0.5974 0.6409
ASN(7=993) 0.6266 0.6284 0.6422 0.5911 0.6372
EUR(n=503) 0.6264 0.6298 0.6459 0.5964 0.6343
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C. ¥o] A4 9A 3} (Variant score winsorization)

AFB 7}

Total{n=2504}
AFR(n=BG1 3

0.62
I

AU

058
I

0.6

T T T T T T T T T T
Mo _weight ] oz 03 0. os (1 R=) oF 0.5 o9

o = m Total(n=2504)
E] m AFR(N=5E1)
= = AMRAn=347)
g . = ASNN=953)
TS m EURM=503)
=
k1
£
g
s =
2 o=
£
) =)
= = 4
i e e
=
B
k=1
=
E =
H
a2 =
5 = o
= o0
=
2
2
S
' 0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.5 0.9
Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
weight

Total(n=2504) 0.6076 0.6074 0.6166 0.6167 0.6157 0.6092 0.6104 0.61 0.6083  0.6078
AFR(n2=661) 0.6161  0.6169 0.613 0.632 0.6324 0.6214 0.6225 0.62 0.6175 0.6164
AMR(2=347) 0.5918 0.5837 0.5966 0.5906 0.5926 0.5879  0.5907  0.591 0.5919  0.5919
ASN(#=993) 0.6214 0.6282 0.6419 0.6348 0.6314 0.6254 0.6247 0.6248 0.6222 0.6217

EUR(#2=503) 0.5799 0.5704 0.5853 0.5789 0.5785 0.57568 0.5797 0.5809 0.5798 0.58
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B Total{n=25041
| AFRM=EE1Y
= AMA(=347)
= B ASHin=893)
= B EUFR(n=503)
o
Iz
= | T T T T T T T T T T
Mor_weight 01 na n= na ns ne nz ns na
o = B Totalin=25043
2 B AFR(N=GE61)
= = AMRA=347 )
- B ASMin-093)
52 = | = EUR{N=503)
E =
T .
§ 2 | —r—— .h [ R S = = = =
]
=
e 7
g
£ oo
5 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.5 0.9
Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
weight
Total(n=2504) 0.6271 0.6219 0.6364 0.6322 0.6291 0.6259 0.6273 0.6277 0.6271 0.6273
AFR (n=661) 0.6261 0.6198 0.6292 0.6295 0.6283 0.6241 0.6254 0.6263 0.6257 0.6262
AMR (n=347) 0.6314 0.6244 0.6419 0.6356 0.6338 0.6307 0.632 0.632 0.6318 0.6317
ASN(n=993) 0.6266  0.6228 0.6385 0.6331 0.6293 0.6257 0.6268 0.6271 0.6267 0.6268
EUR (#n=503) 0.6264 0.6211 0.6377 0.6315 0.6264 0.6253 0.6274 0.6278 0.6267 0.6266
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D. ¥ ¥ ¥ A Y% Minor Allele Frequency)

AFB 7}

= | Total{n=2504)
= B AFR(M=6513
B AMRAN=347
. = ASN(n=993 )
] EELR{n=503}

= e

AC

053
I

.
=
=
.
=
=
T T T T T T T T T T T
Mon_weight 0001 o.ooz 0.0o03 0.004 0.00% 0.006 0.007 0003 0009 0.071==MaF
us
g = = Total(n=2504)
3 m AFR(=6613
= B AMR=3473
3 o B ASMNn=993 )
= 2 = EUR{n-503%
2 o
#
2
=
=
g
s =
VD— L=
=
2
5
o f=1
= =
=
™
E [T
g =
[
=
g
=
z o
= —
=] =
= ]
A
H]
=
= o
=
! o001 o0.o02 0.003 0.004 0.005 0.006 0.007 0.00s 0009 0071<=MAF
Non—  0.001 0.002 0003 0004  0.005 0.006 0007  0.008  0.009 0.01<=MAF
weight

Total (7=2504) 0.6076 0.6076 0.6077 0.6075 0.6075 0.6077 0.6076 0.6078 0.6075 0.6078 0.6008

AFR (n=661) 0.6161 0.6156 0.6167 0.6157 0.6159 0.6162 0.6162 0.6171 0.6159 0.6168 0.6151

AMR (n=347) 0.5918 0.5926 0.5915 0.5918 0.5918 0.5918 0.5918 0.592 0.5917 0.5918 0.5843

ASN(7=993) 0.6214 0.6217 0.6213 0.6215 0.6215 0.6217 0.6214 0.6213 0.6215 0.6216 0.6123

EUR (7=503) 0.5799 0.58 0.5801 0.58 0.5799 0.5799 0.5799 0.5801 0.5799 0.5799 0.5709
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B Totalin=2504)
= AFR(N=5&13
= AMR(n=547

= B ASHNEN=993%
= = EUR{n=503)
—
cu
=
=
(o)
=
=1
= |
=
o=
=
=
=
=
=
T T T T T T T T
Mon_weight  0.001 0.002 0.003 0.004 0.005 0.008 0.007 0.008 0009 0.01<=MaF
us
g = B Totslfn=2504)
= B AFR(M=6612
= = AMRH=347 )
g B ASM{n=9933
= = = EUR{n=503}
==
R
£
g w
5 =
2 [=1
£
‘s
£ = = = = = = = = = =
Iis T = ]
=]
k=)
=
g T
£
2 o=
5 =
E 1
£
=
E =
=
! 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.005 0009 0.01<=MaF
Non— 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01<=MAF
weight

Total (n7=2504) 0.6271 0.6271 0.627 0.6271 0.6271 0.6272 0.6271 0.6271 0.6271 0.6271 0.6212

AFR(n=661) 0.6261 0.626 0.6262 0.6262 0.626 0.6261 0.626 0.6262 0.6261 0.6258

AMR (n=347) 0.6314 0.6319 0.631 0.6314 0.6314 0.6314 0.6314 0.6316 0.6313 0.6314 0.6249

ASN (2=993) 0.6266 0.6267 0.6264 0.6266 0.6266 0.6268 0.6266 0.6264 0.6266 0.6267 0.6201

EUR(#=503) 0.6264 0.6262 0.6265 0.6265 0.6265 0.6265 0.6264 0.6265 0.6264 0.6265 0.619
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E. 533%

AFB 7}

o] H]& (Homozygote mutation rate)

0.64
!

Total{n=25043
AFRIN=661)
AMFR(N=3473
ASNIM=2933
ELR{N=503%

0.62
I

=
&
=1
=
a8
=
T T T T T T T T T T
Mon _weight [R] 0z o3 o4 05 0B o7 (A=) [HR=]
=
= B Totalin=25043
B AFR(h=BE1}
E AMRAN=347 3
- = ASNM=993)
= @ EUR{n=503)
=

0.0%

-0.05

The deviation between mean of total AUC of the four methods and each &UC
-01n i
I

gl R et ) Rl Rt Bl

g (] o2 a3 0.4 0.5 a6 o7 0.8 o9

Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

weight
Total(n=2504)  0.6076 0.604 0.5997 0.6067 0.5995 0.6041 0.6061 0.6067 0.6057 0.6073
AFR(n=661) 0.6161 0.6108 0.6115 0.613 0.6104 0.6132 0.6172 0.6131 0.6142 0.6151
AMR (n=347) 0.5918 0.5885 0.5873 0.593 0.5835 0.5879 0.5891 0.5912 0.5891 0.5931
ASN (n=993) 0.6214 0.6176 0.6103 0.6201 0.6118 0.6182 0.6191 0.6217 0.6202 0.6207
EUR (2=503) 0.5799 0.5789 0.5717 0.5815 0.572 0.5754 0.5775 0.5795 0.5774 0.5806
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Total{n=25043
AFR(N=5G12
AMF=347 3
ASM{n=093)
EUR{r=5033

e

I~ %J =
=
& “\/
[}
=2
=L [=3
2
=
oo
=
=
o
.
=
T T T T T T T T T T
Mor_weight 0.1 nz 03 na ns ne 07 ns na
o
= | Totalin=25043
B AFR(N=BE1 )
= AMAR=347 )
- = ASN(n-993)
= = EUR(n=503}
S

-0.05

The deviation between mean of total AUC of the four methads and each AUC
-010 0.00
1

#m——-:nj——-:—__—:—_-———l—hm——-——

-015

0.1 02 03 04 0.5 0.6 07 0.8 0g

Non— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

weight
Total(n=2504) 0.6271 0.6236 0.6186 0.6241 0.6199 0.6231 0.6266 0.6276 0.625  0.6269
AFR(n=661) 0.6261 0.6187 0.6201 0.6248 0.6219 0.6214 0.6247 0.6262 0.6243 0.6259
AMR (n=347) 0.6314 0.6291 0.6226 0.6279  0.624 0.6274 0.6307 0.6317 0.6289 0.6311
ASN (#=993) 0.6266 0.6242 0.6174 0.6228 0.6177 0.6234 0.627 0.6274 0.6247 0.6266
EUR (n=503) 0.6264 0.6253 0.6161 0.6231 0.6188 0.6218 0.6254 0.6268 0.6239 0.6263
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F. mRNA S+AA

AFB 7}

Z7A 714 (Nonsense—mediated mRNA decay)

061 06 063 084
I I

AlC

0.60

0.8

057

|l
/\f

m Total{n=25043
= AFR(N=661)

[ = ARMEN=347 )
= ASM(h=993)
= EUR{n=S03}

T
Mon_weighit

FS

=3

T
FS.RS

FS.RS,50

A

003

The deviation between mean of total AUC of the four methods and each AUC
=010 0on
]

Totalin=25043
AFR(n=BG1)
AMRIN=347 )
ASHIN=093)
EUIR{n=503%

=y ey ey Ay

Non—
PS RS SO PS,RS PS,RS,SO
weight
Total (n=2504) 0.6076 0.6163 0.6076 0.6074 0.6163 0.6161
AFR (n=661) 0.6161 0.6265 0.6161 0.616 0.6265 0.6264
AMR (n=347) 0.5918 0.5964 0.5917 0.5916 0.5963 0.5961
ASN (n=993) 0.6214 0.6351 0.6214 0.6212 0.635 0.6348
EUR(2=503) 0.5799 0.5795 0.58 0.5798 0.5795 0.5794
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v Q153 7}

- B Totalih=2504%
| B AFR(h=GG1)
= = AMR(N=5347)
B ASM{n=993}
= EUR{N=503}
Nnn_\tlveight Carlrier Enz;fme Tarlget Transpljorter
o g | Total{n=2504}
= B AFR{n=6613
5 = AMEn-S7
E = | A5NN=333)
E T = EURN=503)
§ S ] —— * _ ) s I Y |
= Carrier Enzyme Target Transporter
Non—
PS RS SO PS RS  PS,RS,SO
weight
Total(n=2504) 0.6271 0.6301 0.6271 0.6269 0.6301 0.6299
AFR(n=661) 0.6261 0.6271 0.6261 0.6259 0.6271 0.627
AMR (n=347) 0.6314 0.6329 0.6313 0.6312 0.6328 0.6326
ASN(21=993) 0.6266 0.6322 0.6265 0.6263 0.6322 0.6319
EUR (n=503) 0.6264 0.6281 0.6265 0.6263 0.6281 0.628
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G. 9|9 WHol& X3t §AA 7|5 A Wo] (Regulatory variants

including noncoding region variants)

AZFH 7}
W Total(n=2504)
e | m AFR(n=661)
Z _— B ASN(n-00%)
) o | @ EUR(n=503)
S 8
= o
g i
E N
Non_\:valght 1 cllass 2 cllass 3 cllass 4 cllass 5 cllass 6 cllass w:al
E ; W Total(n=2504)
3 B AFR(n=661)
2 o B AMR(n=347)
§ 2 B ASN(n=093)
2 o B EUR(n=503)
h
E
2 8-
£
S 8 -l- A ‘_l. ‘_l. ‘_l.
E ) .—1
.
=R
E 9
g
Z o
2 S
5§ 7
=
g w
=9 1 class 2 class 3 class 4 class 5 class 6 class total
Non—weight 1 class 2class 3class 4 class bclass 6 class total
Total(n=2504) 0.6076 0.6089 0.623 0.6243 0.6258 0.6213 0.5945 0.5788
AFR(#2=661) 0.6161 0.6347 0.6447 0.6453 0.6416 0.6435 0.6235 0.6076
AMR (n=347) 0.5918 0.6024 0.6072 0.6073 0.6045 0.6059 0.5907 0.589
ASN(17=993) 0.6214 0.6059 0.6275 0.6306 0.6391 0.6248 0.5847 0.5588
EUR(#2=503) 0.5799 0.5854 0.5966 0.596 0.5934 0.5961 0.5782 0.5734
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R
rO
of
o,
N

—|—l

g@_ — B Total(n=2504)
< | AFR(n=661)
B AMR(n=347)
2 | B ASN(n=993)
=3 @ EUR(n=503)
s /_____,/e
- I
o ©
2 f=)
2 -
§ ]
[ \
o ‘.\.”
5 .,
< T T T T T T T T
Non_weight 1 class 2 class 3 class 4 class 5 class B class total
E = B Total(n=2504)
8 m AFR(n=661)
o B AMR(n=347)
s 2 B ASN(n=993)
ﬁ o m EUR(n=503)
‘g w
£ 8
o
2 €1 - _ ]| | B | e
2
E T
',‘5—, i
g »
=9 1 class 2 class 3 class 4 class 5 class 6 class total
Non—weight 1 class 2class 3class 4 class 5class 6 class total
Total (n7=2504) 0.6271 0.6048 0.6155 0.6171 0.6189 0.6152 0.5934 0.5857
AFR(n=661) 0.6261 0.6098 0.6166 0.6186 0.6226 0.6162 0.5984 0.5919
AMR (n=347) 0.6314 0.6037 0.616 0.6176 0.6191 0.6156 0.5904 0.5826
ASN(n=993) 0.6266 0.6065 0.6159 0.6174 0.6174 0.6156 0.596 0.5886
EUR(n=503) 0.6264 0.5959 0.6127 0.6141 0.6168 0.6128 0.584 0.574
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BZ 19 6. PharmGKBi—rH FZ3F 1807709 WHol-<E A
X

-
=N

aA -l

g Wolrt &3 SAR 471 AY HEEE SAA FHuYH EX
Target(225)
Enzyme(20)
Transporter(18)
Carrien7)

Non-PGX(201)
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HE X

BZ ¥ 1.2014 1000 A& dolg g Q1FdH MAFAA A

Sub population

Super population

No. of personal

genome data

GWD

YRI

ESN

LWK

ACB

MSL

ASW

PUR

CLM

PEL

MXL

CHS

JPT

CHB

GIH

ITU

STU

KHV

PJL

AFR

AFR

AFR

AFR

AFR

AFR

AFR

AMR

AMR

AMR

AMR

ASN

ASN

ASN

ASN

ASN

ASN

ASN

ASN

97

113

108

99

99

96

85

61

104

94

85

64

105

104

103

103

102

102



CDX ASN 93

BEB ASN 86
IBS EUR 107
TSI EUR 107
CEU EUR 99
FIN EUR 99
GBR EUR 91

Total

2504

26 2014 1000 A& ©lolE ¢ 39 2670, &9 47) AFT HFH. (2015
6). A8 AT : AFR (African), EUR(European),ASN(EAS;East
Asian) , ASN(SAS;South Asian), AMR(Ad Mixed American). 3} <&FT+

AFR (YRI(Yoruba in Ibadan, Nigeria), LWK (Luhya in Webuye, Kenya) ,GWD (Gambian
in Western Divisions in the Gambia) MSL(Mende in Sierra Leone) ESN(Esan in
Nigeria) , ASW (Americans of African Ancestry in SW USA),ACB (African Caribbeans
in Barbados)),EUR( CEU(Utah Residents (CEPH) with Northern andWestern
European Ancestry),TSI(Toscani in Italia), FIN (Finnish in Finland),GBR (British in
England and Scotland),IBS (Iberian Population in Spain)), ASN(EAS,SAS;CHB (Han
Chinese in Bejing, China),JPT(apanese in Tokyo, Japan),CHS(Southern Han
Chinese),CDX (Chinese Dai in Xishuangbanna, China) ,KHV (Kinh in Ho Chi Minh City,
Vietnam), GIH(Gujarati Indian from Houston, Texas),PJL(Punjabi from Lahore,
Pakistan) ,BEB (Bengali from Bangladesh), STU(Sri Lankan Tamil from the UK),
ITU (Indian Telugu from the UK)),AMR(MXL (Mexican Ancestry from Los Angeles
USA) PUR (Puerto Ricans from Puerto Rico),CLM(Colombians from Medellin,

Colombia) ,PEL (Peruvians from Lima, Peru)).

" 2 A 2



HEZ ¥ 2 ATC ¢E BF 7Y PharmGKBE #E &3 EZxAoO] AL

ATC of PharmG
code dru KB+

Drug class

gs

Alimentary tract and metabolism A 62 77
Blood and blood forming organs B 9 99
Cardiovascular system C 122 291
Dermatologicals D 25 56
Genito urinary system and sex hormones G 41 9
Systemic hormonal preparations, excl.

H 10 11
sex hormones and insulins
antiinfectives for systemic use J 7 5

Antineoplastic and immunomo— dulating
L 43 294

agents
Musculo—skeletal system M 10 7
Nervous system N 144 504
Antiparasitic products, insecticides and
P 2 0
repellents
Respiratory system R 84 58
Sensory organs S 22 63
Various \Y 3 1
49
Sub—total 1475
3
Others (unclassified) 4 205

* Number of existing genetic—variant—drug associations in PharmGKB 2015

version(2015, 1)
99



¥ PharmGKBZ +¥H

No.
ATC of PharmG
Drug class
code drug KBx*
S

Proton pump inhibitors A02BC 4 12
Drugs used in diabetes Al0 39 26
Antihypertensives Cc02 22 §)
Diuretics C03 23 33
Beta blocking agents Cco7 22 50
Calcium channel blockers CO8 16 28
ACE inhibitors, plain CO9A 13 35
Lipid modifying agents C10 15 125
Sex hormones and modulators of the

GO3 37 9
genital system
Thyroid therapy HO3 5 1
Analgesics NO2 35 131
Anxiolytics and hypnotics and NO5B/
sedatives NO5 ¥ !
Antidepressants NOGA 38 265
Drugs for obstructive airway diseases RO3 46 40
Antihistamines for systemic use RO6 35 1
Sub—total 395 763
Others (unclassified) 102 917

*  Number of existing genetic—variant—drug

PharmGKB 2015 version(2015, 1)
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B2 ¥ 4. Pharmsafe & 7} Pharmsafe €18&o] 2 7]35.

Symbol Definition
Vi Variant 7
9; Gene J
S,, SIFT score of variant 7
Sgi Damaged score of gene(gene score) J
Sdk Damaged score of drug(drug score) k
GJ' Set of variant with SIFT score in gene J
D, Set of gene related with drug &
WSVa Winsorized variant score of variant 7
in Weight score of variant 7
ng Weight score of gene ;
\Y Set of variants in PharmacoGene jregion

PGT

SR SIFT score filter Range
MAF Minor Allele Frequency of variant 7in 1000 genome
(n=2504)
MAFR  Minor Allele Frequency Range in in 1000 genome (n=2504)

Viaer Set of variants with SIFT score in MAFR,

HVF Homozygote Variant Frequency of variant 7in 1000 genome

(n=2504)

101 )
g =t



HVFR

HVHVFR

VNMD

SEA
SNA

Homozygote Variant Frequency Range in 1000
genome (m=2504)

Set of Homozygote Variants with SIFT score

Set of NMD variants with SIFT score

Gene j is regulated by variant 1

Regulation score of variant 7

Variants with the ability to regulated the gene
Regulation variant Classs

Regulation variant 7

Weight score of regulated gene J

in HVFR

Ethic testing AUC diviation of condition /in E element

Non—Ethic testing AUC diviation of condition /in E element

Standard Ethnic AUC
Standard Non—ethnic AUC

Ethnic AUC of condition /in element e

Non—ethnic AUC of condition /in element e

Variant in 7 Conbination m

* pharmacogene type consist of target,transporter,enzyme,carrier.
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®% ¥ 5. PharmGKB, 497 %%E, 1000 AFe] T80z &3
il

4 dol-oFE A AF

497
Pharm 1000 Genome N
Element drugs (%
GKB* " 497 drugs (%) *
Genetic—variant—drug 1807 (55.
3248 1100(33.86)
associations 63)
Black or African 58(69.87
83 40(48.19)
American associations )
329(63.8
Asian associations 515 ) 224(43.49)
8
451(69.7
White associations 647 : 303(46.83)
0
Hispanic or Latino
6 5(83.33) 3(50)
associations
1128 (56.
Others (unclassified) 1997 652(32.64)
48)
290(74.1
Drugs 391 251(64.19)
8)
840(71.4
Variants 1175 : 522(44.42)
8

*  Number of existing genetic—variant—drug associations in

PharmGKB 2015 version(2015, 1)

* Percentage of genetic—variant—drug associations in 497 drugs or

497 drugs and 1000 Genome from ParmGKB
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BZE X 6. 774 249 £3t= 5471X ZAH QAFE/mAF FU} A4

Weight parameter Element of each Ethnic Non—
parameter AUC ethnic
AUC
Central Tendency Arithmetic mean 0.5633 0.5935
method Geometric mean 0.6076 0.6271
Harmonic mean 0.6149 0.6363
product 0.6163 0.6502
Pharmacogene Type Target 0.5961 0.5928
Enzyme 0.6436 0.6248
Transporter 0.6367 0.6134
Carrier 0.6296 0.6074
Score Winsorization 0.1 0.6074 0.6219
0.2 0.6166 0.6364
0.3 0.6167 0.6322
0.4 0.6157 0.6291
0.5 0.6092 0.6259
0.6 0.6104 0.6273
0.7 0.61 0.6277
0.8 0.6083 0.6271
0.9 0.6078 0.6273
Minor Allele Frequency 0.001 0.6076 0.6271
0.002 0.6077 0.627
0.003 0.6075 0.6271
0.004 0.6075 0.6271
0.005 0.6077 0.6272
2 A 2 o) 8



0.006 0.6076 0.6271
0.007 0.6078 0.6271
0.008 0.6075 0.6271
0.009 0.6078 0.6271
0.01 over 0.6008 0.6212
Homozygote mutation 0.1 0.604 0.6236
rate 0.2 0.5997 0.6186
0.3 0.6067 0.6241
0.4 0.5995 0.6199
0.5 0.6041 0.6231
0.6 0.6061 0.6266
0.7 0.6067 0.6276
0.8 0.6057 0.625
0.9 0.6073 0.6269
Nonsense—mediated Premature Stop 0.6163 0.6301
mRNA decay codons
Removed Stop codons 0.6076 0.6271
Splice—Overlap 0.6074 0.6269
Premature Stop 0.6163 0.6301
codons,
Removed Stop codons
Premature Stop 0.6161 0.6299
codons,
Removed Stop codons,
Splice—Overlap
Regulatory variants 1 0.6089 0.6048
105 i
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including noncoding 2 0.623 0.6155
region variants 3 0.6243 0.6171
4 0.6258 0.6189
5 0.6213 0.6152
6 0.5945 0.5934
Total 0.5788 0.5857
106 i
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e
q

.7 48 AE AF, H|YF AUC € #HA 9 HA B
SW : Wo] A4 43}, MAF : @& g&d8d2 vy | PGT : oFZdA

ghdo] H1E NMD : 7 mRNA Fg4d =4 714,

Jo
)
D)
ofN
f{ il
T
=
offt
ol
X
I

2x  z2 AFFE MAFFE AFPE wAFFE  BEAR
A4 AUC A4 AUC 9% 4}

SW 0.1 0.6074 0.6219 —0.0002 —-0.0052 —0.0027
0.2 0.6166 0.6364 0.009 0.0093 0.00915
0.3 0.6167 0.6322 0.0091 0.0051 0.0071
0.4 0.6157 0.6291 0.0081 0.002 0.00505
0.5 0.6092 0.6259 0.0016 —0.0012 0.0002
0.6 0.6104 0.6273 0.0028 0.0002 0.0015
0.7 0.61 0.6277 0.0024 0.0006 0.0015
0.8 0.6083 0.6271 0.0007 0 0.00035
0.9 0.6078 0.6273 0.0002 0.0002 0.0002

MAF 0.001 0.6076 0.6271 0 0 0
0.002 0.6077 0.627 1E-04 —1E-04 0
0.003 0.6075 0.6271 —-1E-04 0 —-5E-05
0.004 0.6075 0.6271 —-1E-04 0 —-5E-05
0.005 0.6077 0.6272 1E-04 1E-04 1E-04
0.006 0.6076 0.6271 0 0 0
0.007 0.6078 0.6271 0.0002 0 1E-04
0.008 0.6075 0.6271 —1E-04 0 —5E—-05
0.009 0.6078 0.6271 0.0002 0 1E-04

0.01 =MAF  0.6008 0.6212 —-0.0068 —0.0059 —0.00635

PGT *4 0.5961 0.5928 —-0.0115 —0.0343  —-0.0229
ax 0.6436 0.6248 0.036 —0.0023  0.01685
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I A—] } "T"_

"',J



T 0.6367 0.6134  0.0291  —0.0137  0.0077
TE7T 0.6296 0.6074 0.022 -0.0197  0.00115

Qa =7 AEF7E wIAER7E JAFFE wAEEIE BEAt

Ax) AUC  #AA AUC A=} A=}

HR 0.1 0.604 0.6236  —0.0036 —0.0035 —0.00355
0.2 0.5997 0.6186  —0.0079 —0.0085 —0.0082
0.3 0.6067 0.6241  —-0.0009 —0.003 —0.00195
0.4 0.5995 0.6199  -0.0081 —0.0072 —0.00765
0.5 0.6041 0.6231  -0.0035 —0.004 —0.00375

0.6 0.6061 0.6266  —0.0015 —0.0005  —0.001

0.7 0.6067 0.6276  —0.0009  0.0005  —0.0002

0.8 0.6057 0.625  —0.0019 —0.0021  —0.002
0.9 0.6073 0.6269  —0.0003 —0.0002 —0.00025
NMD PS 0.6163 0.6301 0.0087 0.003 0.00585

RS 0.6076 0.6271 0 0 0

SO 0.6074 0.6269  —0.0002 -0.0002 —0.0002
PS,RS 0.6163 0.6301 0.0087 0.003 0.00585
PS,RS,SO 0.6161 0.6299 0.0085 0.0028  0.00565

RC 1 0.6089 0.6048  0.0013  -0.0223 —0.0105
2 0.623 0.6155  0.0154 —0.0116  0.0019

3 0.6243 0.6171 0.0167 -0.01 0.00335

4 0.6258 0.6189  0.0182  —0.0082 0.005

5 0.6213 0.6152  0.0137 —0.0119  0.0009

6 0.5945 0.5934  -0.0131 —0.0337 —0.0234

Total 0.5788 0.5857 —0.0288 —0.0414 —0.0351
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BHZ ¥ 8. ZF 949 HY F 671K A9 567FK %33} Pharmsafe
dnEFS AHEE AT AQE E HSFE FUie AF, 8T
AUC. (A)RJ1E37F, (B) vIIFEH 7} o|th 2t ofab= th53 o SW
Hol A4 A3, MAF @ @ Oig3dd W% | PGT : k&4
FAA T, HR : 584 o] R NMD : 7 mRNA g4 =4 7

il

—}

RC: F32} 75 %4 Hol,

A. Q1E3 7}

kil 3 TR AA ok=ZEIt vl = oAl ok R
0 SF,MAF 0.614 0.632 0.5961 0.6243 0.5825
1 SF,HR 0.613 0.6293 0.5954 0.6241 0.5818
2 SF,PGX 0.6235 0.6443 0.6042 0.6323 0.5923
3 SF,LOF 0.62 0.6401 0.5987 0.6334 0.5819
4 SF,NC 0.5203 0.4703 0.5549 0.5156 0.5706
5 MAF,HR 0.6047 0.63 0.5865 0.6098 0.5738
6 MAF,PGX 0.6162 0.6431 0.5974 0.6203 0.5858
7 MAF,LOF 0.6117 0.6409 0.5898 0.6192 0.5736
8 MAF,NC 0.5722 0.4464 0.669 0.5891 0.6356
9 HR,PGX 0.641 0.5969 0.6202 0.5853 0.5852
10 HR,LOF 0.6109 0.6385 0.5892 0.6194 0.573
11 HR,NC 0.5722 0.4465 0.6691 0.5892 0.6356
12 PGX,LOF 0.6213 0.6508 0.5994 0.628 0.5847
13 PGX,NC 0.5743 0.4478 0.671 0.593 0.6355
14 LOF,NC 0.5722 0.4466 0.669 0.5891 0.6358
15 SF,MAF,HR 0.6074 0.6353 0.5891 0.6113 0.5757
16 SF,MAF,PGX 0.6156 0.6443 0.5968 0.6188 0.5846
17 SF,MAF,LOF 0.6131 0.6448 0.5916 0.6186 0.5756
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18 SF,MAF,NC 0.5709 0.4462 0.6681 0.5861 0.6362
19 SF,HR,PGX 0.6149 0.6425 0.5963 0.6186 0.5841
20 SF,HR,LOF 0.6124 0.6428 0.591 0.6185 0.575
21 SF,HR,NC 0.571 0.4462 0.6682 0.5862 0.6362
22 SF PGX,LOF 0.6198 0.6511 0.5983 0.6248 0.5838
23 SF,PGX,NC 0.5721 0.4472 0.6693 0.5886 0.6353
24 SF,LOF,NC 0.571 0.4464 0.6681 0.5862 0.6364
25 MAF,HR,PGX 0.6089 0.6408 0.5909 0.6092 0.579
26 MAF HR,LOF 0.6059 0.6424 0.5845 0.6078 0.5692
27 MAF,HR,NC 0.5712 0.4442 0.6684 0.5889 0.6349
28 MAF,PGX,LOF 0.6138 0.6495 0.5927 0.6154 0.5785
29 MAF,PGX,NC 0.5726  0.445 0.6695 0.5912 0.635
30 MAF,LOF,NC 0.5713 0.4443 0.6682 0.5888 0.635
31 HR,PGX,LOF 0.6133 0.6479 0.5923 0.6153 0.5781
32 HR,PGX,NC 0.5726  0.445 0.6696 0.5912 0.635
33 HR,LOF,NC 0.5713 0.4444 0.6683 0.5888 0.635
34 PGX,LOF,NC 0.5726 0.4451 0.6694 0.5911 0.6352
35 SF,MAF,HR,PGX 0.6087 0.6408 0.5906 0.6091 0.5782
36 SF,MAF ,HR,LOF 0.6068 0.6432 0.5859 0.6081 0.5705
37 SF,MAF ,HR,NC 0.5701  0.444 0.6676 0.5862 0.6353
38 SF,MAF ,PGX,LOF 0.613 0.6488 0.5921 0.6143 0.5779
39 SF,MAF PGX,NC 0.5706 0.4445 0.6676  0.588 0.6335
40 SF,MAF,LOF,NC 0.5701 0.4441 0.6675 0.5861 0.6355
41 SF,HR,PGX,LOF 0.6125 0.6473 0.5917 0.6142 0.5775
42 SF,HR,PGX,NC 0.5706 0.4445 0.6677 0.588 0.6335
43 SF,HR,LOF,NC 0.5701 0.4441 0.6675 0.5861 0.6355
44 SF,PGX,LOF,NC 0.5706 0.4447 0.6676 0.5879 0.6337
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45 MAF,HR,PGX,LOF 0.6074 0.6454 0.5872 0.6064 0.5733
46 MAF,HR,PGX,NC 0.5706  0.4442 0.6677 0.5893 0.6316
47 MAF,HR,LOF,NC 0.5702 0.4435 0.6669 0.5885 0.6325
48 MAF,PGX,LOF,NC 0.5706 0.4443 0.6675 0.5892 0.6318
49 HR,PGX,LOF,NC 0.5707 0.4443 0.6676 0.5892 0.6318
50 SF,MAF ,HR,PGX,LOF 0.6071 0.6446 0.587 0.6064 0.573
51 SF,MAF,HR,PGX,NC 0.5694  0.4439 0.6665 0.5871 0.6308
52 SF,MAF,HR,LOF,NC 0.569 0.4435 0.6659 0.5858 0.6325
53 SF,MAF,PGX,LOF,NC 0.5694 0.4441 0.6664 0.587 0.6309
54 SF,HR,PGX,LOF,NC 0.5694 0.4441 0.6664 0.587 0.6309
55 MAF,HR,PGX,LOF,NC 0.5687 0.4444 0.666 0.5858 0.6298
56  SF,MAF,HR,PGX,LOF,NC 0.568 0.4439 0.6652 0.5849 0.6292
B. H]1EH 7}
kil x3 TH AA okxETt v = i A
0 SF,MAF 0.6321 0.6308 0.6367 0.6317 0.6315
1 SF,HR 0.6322 0.6307 0.6365 0.6321 0.6313
2 SF,PGX 0.6426 0.6406 0.6477 0.6414 0.644
3 SF,LOF 0.6341 0.6315 0.6373 0.6357 0.6322
4 SF,NC 0.5356 0.5323 0.5391 0.5368 0.5353
5 MAF,HR 0.6228 0.6252 0.6265 0.6205 0.6217
6 MAF,PGX 0.635 0.6362 0.6398 0.6321 0.636
7 MAF,LOF 0.6247 0.626 0.6271 0.6242 0.6222
8 MAF,NC 0.5951 0.582 0.5978 0.6049 0.591
9 HR,PGX 0.636 0.6396 0.6324 0.6358 0.6155
10 HR,LOF 0.6249 0.626 0.6271 0.6248 0.6224
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11 HR,NC 0.5951 0.582 0.5979 0.6049 0.591
12 PGX,LOF 0.6365 0.6365 0.64 0.6354 0.636
13 PGX,NC 0.5972 0.5844 0.6001 0.6071 0.5928
14 LOF,NC 0.5951 0.5821 0.5978  0.605 0.591
15 SF,MAF,HR 0.6262 0.6278 0.6297 0.6244 0.625
16 SF,MAF,PGX 0.6351 0.636 0.6392 0.6326 0.6357
17 SF,MAF,LOF 0.6276 0.6285 0.6302 0.6273 0.6254
18 SF,MAF NC 0.5942 0.5812 0.597  0.6039 0.5904
19 SF,HR,PGX 0.635 0.6358 0.639 0.6328 0.6354
20 SF,HR,LOF 0.6277 0.6284 0.63 0.6276 0.6253
21 SF,HR,NC 0.5943 0.5813 0.5971 0.6039 0.5904
22 SF,PGX,LOF 0.6362 0.6364 0.6393 0.6352 0.6357
23 SF,PGX,NC 0.5955 0.5826  0.5985 0.605 0.5914
24 SF,LOF,NC 0.5943 0.5813 0.597 0.604  0.5904
25 MAF HR,PGX 0.6288 0.6318 0.6326 0.6254 0.629
26 MAF,HR,LOF 0.6207 0.6239 0.6226 0.6192 0.6181
27 MAF,HR,NC 0.5945 0.5804 0.5975 0.6047 0.5907
28 MAF,PGX,LOF 0.63 0.6324  0.6328 0.6279 0.6291
29 MAF,PGX,NC 0.5957 0.5813 0.5986 0.6062 0.5916
30 MAF,LOF,NC 0.5945 0.5804 0.5974 0.6048 0.5907
31 HR,PGX,LOF 0.63 0.6322 0.6327 0.6281 0.629
32 HR,PGX,NC 0.5957 0.5813 0.5986 0.6062 0.5916
33 HR,LOF,NC 0.5945 0.5805 0.5974 0.6048 0.5907
34 PGX,LOF,NC 0.5957 0.5814 0.5985 0.6063 0.5917
35 SF,MAF HR,PGX 0.6292 0.6318 0.6326 0.6263 0.6292
36 SF,MAF HR,LOF 0.623 0.6257 0.6249 0.6218 0.6205
37 SF,MAF HR,NC 0.5936 0.5794  0.5967 0.6038 0.59
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38 SF,MAF,PGX,LOF 0.6302 0.6324 0.6327 0.6284 0.6292
39 SF,MAF,PGX,NC 0.5942 0.5802 0.5974 0.6044 0.5904
40 SF,MAF,LOF,NC 0.5936  0.5794  0.5966 0.6039  0.59
41 SF,HR,PGX,LOF 0.6302 0.6322 0.6326 0.6286 0.6291
42 SF,HR,PGX,NC 0.5942 0.5802 0.5974 0.6044 0.5904
43 SF,HR,LOF,NC 0.5937 0.5794  0.5967 0.6039  0.59
44 SF,PGX,LOF,NC 0.5943 0.5802 0.5973 0.6045 0.5904
45 MAF,HR,PGX,LOF 0.625 0.6286 0.6273 0.6225 0.6237
46 MAF HR,PGX,NC 0.5938 0.5792 0.5972 0.6049 0.5888
47 MAF,HR,LOF,NC 0.5933 0.5785 0.5965 0.6045 0.5886
48 MAF,PGX,LOF,NC 0.5939 0.5792 0.5972 0.605 0.5888
49 HR,PGX,LOF,NC 0.5939 0.5793 0.5972 0.605 0.5888
50 SF,MAF ,HR,PGX,LOF 0.6255 0.6289 0.6276 0.6233 0.624
51 SF,MAF,HR,PGX,NC 0.5928 0.5783 0.5963 0.6038 0.5878
52 SF,MAF,HR,LOF,NC 0.5925 0.5776  0.5957 0.6036 0.5878
53 SF,MAF,PGX,LOF,NC 0.5929 0.5784 0.5962 0.6039 0.5879
54 SF,HR,PGX,LOF,NC 0.5929 0.5784 0.5962 0.6039 0.5879
55 MAF HR,PGX,LOF,NC 0.5926 0.5784 0.5959 0.6038 0.587
56  SFMAF HR,PGX,LOF.NC 0.5921 0.5777 0.5957 0.6034 0.5866
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27 RNA H3 92 &35 §1% RNA A€ ¥u
2 AEsE FHAE = g

|

RNA A (RNA editing) < RNA HAAF 5o 317} 2]
T8 LEFo] = (nucleotide) Al B A ( sequence) 7} W EHE dAAAS
oJm sl o]i= mRNA, B]¥ S RNA (ncRNA), wlo] & RNA (miRNA)
oo XS BE AARAelA dojdri[67]. EfF TEA JHE ©ol
Hgsk= RNA AFFES A oA 1 = viyls #HYolw ol F=2
ADAR o]g}= &A(enzyme) o 2a 2As}H[68—-70]. FH
RNA AMY& NGS 7IWE& olgste] Ko r #A3= RNA-seq
7l&o] wdke] wet G-A,C-U,T-C,C-A,G-C,T-AA-T2 M=F
RNA AAFEZE A3k MEFoA dAHJT(71, 72]. FEe
RNA #AF 52 RNA-DNA A 9WH3 A (RDD  site) =
JIEE(ntron), 5 WY d9 (B UTR), 3 ° ®o g
(3" UTR)(7) 283l Alu A QAelA @G, 7949 RNA #HAo]
3 4 (coding region) ol 4] EAstA =™ o] £213 nonsynonymous
A Wy, AeA AEeto]ld (Alternative splicing), +32F ¥ s}
dor g dMAe] e s A AZIAY WPAA 5 QUTh
(7-9) HFEgk RNA AL wle]ZZ RNA, 2 M4 RNA(small
interfering RNA, siRNA), piRNA (Piwi—interacting RNA) 52

NedlE dF= vE g dnh @S RNA dxE2 34, Hsg,
=] o A

¢

ol
Mo 1% 2

Fa=T, HEYde e ARt AWl IFS T RuEATH67].
A Hdesh A ¥ DNA, RNA-seq H°lE 5o it

GEO( www.ncbi.nlm.nih.gov/geo/), ENCODE
(http://genome.ucsc.edu/ENCODE/) ¢ +& AFA o A
S/MEA. olgst dolgHES 7|Htez, @ RNA #HAZ RDD

site & AEAY] AT WS m7Ee] AU ek FeAA 4 RNA
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HA A= Zrolu] = RS R T EE rddChecker
(http://genomics.jhu.edu/software/rddChecker/) 7} lom o]H

ETEL Y% A Eo4 DNA, RNA-seq= %3] ¢ojx DNA, RNA
AEs  Hlwste]  FR RNA #AAYXZS AZzsla o=
gdAd97tbE A (SNP), 481X RDD site 02 HE o] A
AZE RDD 5= RNA Y A& zropdith. spxrk olzjsgt

TTELS e 9okA] (false—positive) Ay 5L xgsta itk

we Aze RNA A3 9350] HARGAW73], o dupEo] we

ok AuE xEgstal ol THEACH T4, 75]. o3 #HPo=
Hol RNA #HHRYZ, RDD site & AZFs] +=d Ao 7P4 F23
o WAE YxEFoA] XA RNA HH X} 9A 9x=

= =Ro® FE QA HAFE F FE¥ RNA #3 IAE 55
© 2 3t DARNED (a database of RNAediting in humans) [76],

RADAR (arigorously annotated database of A—to—I RNA editing) [77]
9 dolguel sl ALHRIY. 1% DARNED = 7P #93%
dlolguo] A2 oF 42,000 7le <17t RNA HF Mo|EE 7L
Ath. RADAR = Q1%+ 1,343,464, 5 7,272 1¥]31 %3k 3,155 7 9]
RNA HAAolEE Wxsta Uth. oldfg deolgHlolEs 7|HtoR
H7Ie RNA Hy 9AE FA 385+ (annotation) ExpEdit 2
T7Eol MEEAG78]. ExpEdit & DARNED & 7Rt g 3¢
Y= ¥ RNA-seq Hlo]Ele] DARNED & w*gste] YR E AlFste
ZIgke] =g EA AEA Qe HolHE Alestth shAR e A Al ok
AEL RNA B A& AE8 WA= xothe A 7FAa
stAIRE o] d oM EEal ¥A] RNA-seq Ulolg HEejQl
FASTQ, SAM (sequence alignment map), BAM (binary alignment
map) A dHHE ol oA AR EHA A w2
RNA 3 A& A3z 91 = AN 5 dvhe AHelA Zh-dda
Atk 2EARE o] @2 ¥A RNA-seq HOlHE dEE 3h=d

S 7oz 28 Agtolgte A& o)A FI A7)
Adt= A Al ©ido] Qlvh. dojyl 7|42 A#E REDtools =
d2E ARbE dFedon dHge]l 22 AEcA dolxl DNA,

2 A&



RNA-seq H°|Ed A A A2 A ZL RNA #HY HolES
S F ASS B2 dE#e]l RNA-seq ¥ el Aol 7]Eo
9 4% RNA #BAARCIE HRE vjgste] Alsd 5 A By

==

k= VIRGO[80]% /W= gltt. 3FA %k ExpEdit, REDtools +=
¥3k RNA HARYX ] izt A=A AEE A FsHH For
VIRGO & A-T9)] skl Al Fstri= stAlHo] Sl

Zt

AR &

o] wk5o] FHTH[79]. E3 A-1 HHYMOE HRZ 74l
A&s

A

7= RNA-seq MEHLE &% RNA AR FH= Algshs
MEE =T (RCARE)ZA 7k A& 5S40z dvus we
RNA ‘jﬂﬂ AA, Az Fd¥ dHely  wolAE TR
A A H| o] A ZIgbo zgr FHsta AAA]D A2 FA, HolHE
7]\t o 2 3 /ﬂﬂ’\é 4 (evidence level) = 7 RNA #HHLA wirh
As gt g AREATE 22 AlEolA ¥ DNA, RNA—-seq HI°IH =
deEgter Yo dHAA & AER RNA #H AAE HE38H
A xstty,  AFE27F RNA-seq 9] variant fall format(VCF) &

Aoz ARgA AL § HolAe JEE s e RNA-
seq Hlolg e tigh FA% 52 o8] RNA—-seq Hlo]y 11e] Blugtol
thasto] Zb AESHA] 94 QoF JYEE AlFEth. EIE AREAE
¥Al RNA-seq Hl°oJE€l FASTQBAM,SAM 3}
VCF & mwEAgke] Ao daages ®sd = gl Joldd
AIYEES A F3tl, RCARE = http://www.snubi.org/ ©ll A

AHEE T AEU T
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¥ o

golg <3

RCARE + 314,880, 6,830, 183 13,018 ¢ mRNA #HH A=
z}7} DARNED(NCBI37/hgl19) [76], <1+ ENCODE RNA-Seq
dlo]E][67], Bahn et al, [71] & ¥ vz = HLO} Zolaitt,  olA]

e 1,379,404 ¢ RADRA [77] \Li et al [73].01A4 tha

o

@)
RN

—

0,115 7€l <IZF RNA #HHY $1X]
J¥ke] ZF RNA | f1A4d A4
o)X FHE QWEIA FA YHZ 9
Ch37.69.gtf, Repeat—Masker database information from Ensembl
(ensembl.org), UCSC
(http://genome.ucsc.edu/buildGRCCh37/hgl19) & th&¥ol ncRNA,
Ensembl Gene (ENSG) ID, Transcript(ENST) ID, Exon ID (ENSE)
18] 31 repetitive element (Alu, nonrepetitive) & ZF RNA HAH 9 X
=< RDD  fAd¥E=E Al &eldh. =S ANNOVAR

1

O

= A 0}01 2z (reference)
=
[¢)

& WEdlth 7 RNA 94
E

N

2]+ Homo_sapiens.GR—

of

(http://www.openbioinformatics.org/annovar/) [81] & A}F£3}9] intron,

intergenic, splicing region, downstream, upstream, 3° UTR, 5" UTR,
1813 synonymous/nonsynonymous T4 AXE  Z} RNA HF
$A 52 RDD 9XE=E AlFsth(Table 1).

RNA—-seq H|°]|¥ Z 38 (preprocessing)

RCARE + FASTQ =< BAM 9= FE hg 19 VCF Y=
AFAATE As W FEYEE ATsSh(2dE 1A). o] FEEH=
TopHat [82], SAMtools[83], VCFtools[84], Tabix[85], 181
Bowtie2[86] & Xgsta lom o5& Aoz APAA RNA-
seq YA LS VCF FHE vAF+ ol AaydEE x3tst
Aol A A7)7F Z RNA-seq Al HolHE JE= s AIRE
At TopHat I SAMtools ¢ A4 Iepvg=S gFA W3

o o
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FSSES wol ik WM# fUEHE 2 44 fEoR A4

A WA HE FEYEE= tophat, A A &S AEZF RDD 93X
52 RNA R AE 2= gojH AayES AMZ YE RNA-
q

seq HlolH & vlaste] 54 A ZolAv YEbE RNA A4 912 52
RDD #1x1& e ol AFRE, AlY 7Hss 9% AE Jdes
H £33 BAM & FASTQE VCF® WHgshsd o3 nE 450

golek.  sEAIRE RFeF {47} tophat, samtools ZHE =50

& omx R

215 o] St holE WS wE A thewrol ARE-shH ®T ARA g
olg] Ay AL 1Y 1 & Fxsd dd ek {47 STAR
a8lal GATK #& o8 =75 AFgsta Aud s =75 ARES
VCF & A4dsts § o] 425 s &eixl RNA Ay A 54,

a3 A AAEd e gEsd Ang 2g 5 ew 2

174¢] Eﬂ 1E1a HR2E g A Z vlaste] 54 AMZARE YR
& AlZolAl dojx DNA,

=
Z,
o>
Re)
o,
L
Tu
sy
e
ol
|9
4
%0
o
=)
{0

RNA Hoé gjo ]HE VCF Fe= dgstd S A (chromosome),
1A (position) & Hlw ko] &A1 A 2 A== RDD 914 52 RNA

Y fAe= HE € g Stk

RNA #3 $Ix=9 vl

RACE A= o AEeA £ RNA-seq VCF =
A M A (chromosome), A (position) S  7]FOoZB|wsle] EF
AEZAT YElE 7]se] ¢dElxl RNA HY A& 23] +u

]
AR g AFe 19 36 7%k

4 dHFHolA TF

RCARE 9] € 7|¥te] 8227382 HTMLS5 (Hypertext Markup
Language 5), CSS3(Cascading Style Sheets 3), jQuery, and
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Highcharts API(http://www.highcharts.com/) S AF&3to] %313t}
o] £42Z2 73 RNA-seq HlolE Az, vw, F4 28a AZ3tz
T8 474 7les Als st

119 il



4 3

€2l DARNED(NCBI37/hgl19) [76], <1z} ENCODE RNA-Seq
tlolE] [67] Bahn et al.[71]1% ¥ 321,008 7H2] RNA HH YA =
T8 o] dolE= 30 7HA ME TRE TdE 154 M AE,
23 M9 = 283l 11,299 M) §44, 12 7k« RNA #HY F
¥stEo] Qup(2¥ 2). RCARE 9 AEsSHH Aw F4L (1)
synonymous vs. nonsynonymous W3}, (2) splicing junction A%
eto] 38 of ¥ (3) genomic features, (4) Alu ¥oI% (5) ncRNA
At 23 ofF, (6) A 7]<(gene symbol), the¥st ID 59
FAA AR RE FHad Zx) (1) AE 719, 8) F=x
(9 Fx dHoHE 7Wte=x 3 *@4” swes 9 7HA9
ZHl 2 A Ee v B3 MR UE Ee AE
AME Abololl A wap 52 Zpol7} vi= RNA AF 914
Jo

F83 AESHH FA2 AF3(E 2). RNA #HF A& HE3=
AR ZFo3AT HEH dHole 9o AL Fonut Fosith HAEY
RNA #HH x99 AL SF4A717] 9 s) = AFA

S (Evidence levels)& AAsIAT. AlEAd

o —
A7 #E E=Eolu HolEHHo| oA Aud 3FE VINtew
/\g HJ_

ekl el AHA eHe A8l fsked JAWMAR 5 7HA
=i 52 Aol A~ (DARNED, RADAR, Bahn et al.[71], Li et al. [73],
Park et al.[67]) & Askalth. FHARZ Hopxl HolgH s+ A4,

A 4K, reference/alternative AN AYHE Algsto] F3stal 7t

RNA #F AolEZ} AxH 355 Ao A= 558 AT

AMEAY SE52 A FEH E 7HA F 5 AR FAHAA o A =
[e]

4% Be 579 AAE ANGT 2E 5 A2y 3, wEAR
= o
=

. oE So] wek @s1o RNA BH A7 Sl A Fd ok

5 719 dolEMol s E& wa w=Relq o} Fuw @ 4

WolE B Sl #ae) doleuel s T w=Relx o} Friw
9

-]

Hlo]E] 9] 85%°] RNA AH $X+= DSFS 7141
THS ARATE w2l wEE i RNA

o
BA A 1P A A E AFsked F Ewe X0t

5 5 A &Y



g Y o] A= AR A, B v RE, B4 ol 3 7
T ATk AREA WA e WHE
AESA T4 27, AE
A" 1B). & A¥A 3
T geEE 99 JHg =
2 7 HAe H 3k EE Zﬂ%’é}l %1‘:}. A
ML TopHat[82], SAMtools[83], VCFtools[84], Tabix[85],
Bowtie2[86], A& Io]H AFAHE T YA RNA-seq H°|lHE
VCF 2 Wglals RE B7E Eden 9oH o= Wae ol
< 16 74 &3 B=3H4
J RE RNA #HY A vt
AFger v FES AR OE %‘%i FE AAAE RNA-seq
574 AZoAT e RNA B4
AAE 16 7HA F&3t B=38H4 ﬂz"v‘i qrel A Attt A3
Ho]X]= genomic 7l&, %A, ncRNAs, synonymous Vs
nonsynonymous W3} , RNA editing +3 21831 #AZ% RNA
AAAA= 7 A S AEE FExXE Q9 gYgEE
Aggeh (Figure 10 EE IJ#Z olv|A= teztsel QIy7t
7Vsattk. A3E AlPs7] fleke] 2= MCF-7(a breast cancer
cell line), HUVEC (a human umbilicalvein endothelial cell line) 18]
HelLa—S3 (a cervical carcinoma cell line) RNA—seq
dlo]ElE  ENCODE  (http://genome.ucsc.edu/ENCODE/) & HH
theRE ol 2347,646, 1190 7He] RNA HA A& #AE3Jh o
AXE F HUVEC 205 7}, MCF—7 605 7ll, HeLa—S3 334 7l7} A Y-
C Atole] AFA w2 7HAIL QASlHh sHAIRE o] 32 AA| "ol
Y74 31.7%, 24.8% Z12]3L 28.07% © sldstsitt. o] Az w5

Kol AlFA SFo] RNA A Y= #HE8t1 l‘i—/ﬁ,o}htﬂ HFE A
dads & g A 2l =8 MCF-7 2 HUVEC & Hlasho]
7 AZ oA el dEzl RNA AR S 74Zo}omr 127}

kel A gk YER= 2,080 7S] RNA
Ay HAAE AEsRleh oldd A= 54 el RNA #HAY
S‘M—% AZsER] TS RoFErh $8E37.3Mb o] AE Hd=

% = ¥luE 98 RACRE 9

=
O
T
2
|o
b
N, e
An
i
o
2
o m2
il
:[o
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Mooy [‘ko.ll rlok
Ol

rlr

A A 4 B A 5

HelB4dL 3.0 GHz CPU, 2048 MB RAM 29

192 ze°f =AU

RNA #HA ¢ 2] o /\g‘jal-;e

stttk BAM 39S VCF &
g A~ EE

H

= )
T4 g

7S 14.19 MBps UIEY A $HA6lA 7 271 A},
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RCARE = A#Z 4 3= RNA A3 fA]o thet gzsta F444,
Hla,  T1EjE A7EHE :‘91%2‘4013 AbgAE ZskA Rl f17]REe]
Al2~Elolth, RCARE + 321,008 79 <217k RNA A=} ofe
ldets TR Ay FHA4R a9an 8% 2o aYEZE

AEA Fa A Agsta ok 74]5}7} o] =7+ RNA-seq A
doleE VCF £ AsS W & 93 FEEE ol 7|qte]
2AHESE B AlFstal gt o] %%_‘FJFJETE% U< VCF 2 €9
AEE o A=A 4 I8 AR g8 AETY v sk
AEsta FAARe /] Ay e 4 Stk RCARE § Qe FHo] A=
AA FAAES} AAsE T o+ e I JAFAE CSV FH 9
JPG HHE 2= v & 9k FH 2~3 | Alo]of] AjZ2 RNA
ﬂﬂaﬂ AAE Zoldli= Aol o] ok A xHo| Hojrh[67, 71,

a8y HE AGEES Eld® RNA #HAYA O AlEAd #4
O%TE A 2k diuetd A" RNA #HY YRSl B
ol BAEHNT] wito|tt. %r‘ﬂ~ RCARE 9] 418]4 Fd°] RNA
AR A AT FokelA 1 o7 AA S7HE Zlolutal oitsith
RCARE &+ A1#d & Sl AJJ_J AAE FAHs=Y A =gl
= Aolgta o H,
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2319

2% 1 RCARE ¢ RNA-seq Hlolg Az #4 A 2
FAx2 Ay Azt 34 A) RNA-seq HlolE Az W
A2l 34 (pipeline). B) A&Estd F4 g9 vlu BAS
AEHo] A, O) 4 A Q9F 1 oA

A Preprocessing

T ]

Stepl: Aligment
Tophat l Compare pythonscript ~ Step4: g?;:ﬁ:/ecgw'\
S
Step2 : Variant calling Samtools l
Bcf tools

‘ Input data of RCARE web page |
Step3 : VCF file

generation

B  Annotation & Compare analysis C Results

Step5 : Annotation of RNA editing sites Genomic Feature Non-coding RNA

Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.
If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Download utilitles for file format conversion

Step 2. Upload your RNA VCF file

¥ '
i, m
‘ "ne "
R 1 u
Filel T et Type of RNA editing H
oy % 5,

TIC 2945 43 H

Upload & gotonextstep  !f you want to annotate more than one RNA-seq sample, v\ A B
please press this text

Gene

SN oy 4
Chromosome
Step6 : Compare RNA editing site between RNA-seq samples
i |
Compare RNA edlting sifes between RNA-seq samples. ' ' |
U208 ]
Step 1. Upload VCF file oblalned from RNA-seq experiment. u [ ] 8 f ] ‘
I you have FASTQ or BAM fles only, please download the conversion ufiities. g I i F' [ 1 § ‘ ‘
Download conversion utites manual (pa! version) Y RN

Annotation result download
Download flle for file format conversion 646 RNA Editing sites found Sample

Downlood resut e c. 3
Step 2. Upload your RNA VCF fles fu

Flel o) MUE %Y 8 +00d InputBox - femov

Upload & go to next Step g LS somple St
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Number of RNA editing sites

Number of RNA editing sites

13000

10000 20000 30000 40000 50000

NA
AA 7

N

#3 AA

NrE

A EZstEo] 3= RNA
e)d X3y o]

T

T

. A) DARNED, ENCODE, Bahn et[71] tlo]€ o]
HERg = wittoloj 1), B) 7
C) 7z RNA #3 B4 RNA HH 914
ARALNA M BE) 7 A
A& RNA AR 74,

Chromosome
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DARNED ENCODE No. RNA editing
Sample type sites
Adipose 85
301499 Adrenal 467
Blood 251,796
w Blood Vessel 132
@A Bone 223
Brain 16,287
Breast 528
Cancer 16,811
Disease 436
Eye 736
Bahn.,2012 Heart 243
Kidney 1,618
Large Intestine 375
Liver 296
] Lung 1,836
Muscle 322
Pancreas 65
—_— Prostate 1,276
] Salivary Gland 196
Skin 287
Small Intestine 665
Spleen 1,586
Stem Cell 586
Stomach 227
Testis 1,364
Throat 591
- - - - - - -— - - — Thymus 2,188
AtoC Atol AtoT CtoA Ctol CtoT GtoA GtoC GtoT TtoA TtoC Ttol Thyroid 174
RNA editing type Uterus 3,295
Not Specified 25,299
Total 329,992
- Genomic Feature edbilt(i)ﬁ:':i[t‘es
3'UTR 17,483
S'UTR 345
Intergenic region 38,319
Exon 3,634
Intron 255,891
Splice site 45
Upstream 1,035
Ll HI—IH HHHHHH ﬂ,—,l—”—l Downstream 4,309
12345678 910111213141516171819202122X Y Total 321,061

1

g
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A7 ¥

¥ 1 ¥4 RCARE °] RNA #3 X &9 dolg &4 EF.

zb dolgolx W @EE Af HdA RNA AF ACE FE
v g,
RNA #HA Alu . .
AE T oz = N = F1Ed =
DARNED 29 314.880 15.783 34
ENCODE 27 6.840 347 18
RADAR 30 291,901 14,318 31
Bahn et al.
amn et 27 12.810 2.916 15
[71]
Liet al. [73] 1 1 0 1
Total 114 626,432 33.364 99
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¥ 2RCARE 9 4 ZA3 34,

¥ = ek

=

1%
[e)

o
El
e
r U

1 Chr Chromosome of the RNA editing site in the

reference genome.

2 Pos Coordinate of the RNA editing site in the

reference genome.

3 In DNA Base of the RNA editing site in the DNA
[71, 73, 76]
reference sequence.

4 In RNA Base of the RNA editing site in the RNA

sequence of sample.

5 Gene Gene name to which the RNA editing site

belongs.

6 Evidence The evidence level consists of five levels (A-E),
level where A is highest level (e.g., if an RNA editing
site had level “A,” it appeared in all five of the

resource databases/papers used).

*Level A: The RNA editing site appeared in
[70,72,75,7

6]
*Level B: The RNA editing site appeared in
RepeatMask

five resources (evidence No. 5).

four resources (evidence No. 4).

xLevel C: The RNA editing site appeared in .
three resources (evidence No. 3).

*Level D: The RNA editing site appeared in
two resources (evidence No. 2).

*Level E: The RNA editing site appeared in

one resource (evidence No. 1).

7 Strand + for positive strand; — for negative strand.

8 Source This field contains information regarding the

tissue source from which the RNA editing
[70,72,75]
instance was obtained.

9 PubMed ID This field provides the reference article from
which the RNA editing data was extracted.

2 A&



10 Alu This field provides information of Alu at the RNA RepeatMask

editing site. er
11 Data Reference database. Each
reference database or
reference
12 ENSG Ensembl Gene ID. GTF (Homo
13 ENST Ensembl Transcript ID. sapiens,
14 ENSE Ensembl Exon ID. GRCH37.17
) in
Ensembl
15 Genomic Genomic feature of the RNA editing site.

feature
*Exonic: the variant overlaps a coding exon.
*Splicing: the variant is within 2 bp of a
splicing junction.
*ncRNA: the variant overlaps a transcript
without coding annotation in the gene
definition.
5" UTR: the variant overlaps a 5'
untranslated region.
%*3" UTR: the variant overlaps a 3' [81]
untranslated region.
*Intronic: the variant overlaps an intron.
*Upstream: the variant overlaps the 1—kb
region upstream of the transcription
start site.
*Downstream: the variant overlaps the 1—kb
region downstream of the
transcription end site.
xIntergenic: a variant is in the intergenic

region.

16 Synonymous Synonymous or nonsynonymous substitutions at
or the RNA editing site.
nonsynonym

ous

Rk



17 Noncoding This field indicates whether the location of an GTF (Homo

RNA RNA editing site is in ncRNA. sapiens,
GRCH37.17
) in
Ensembl
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¥ 3RCARE 9 A4 55 &7 AA.

2% A4 57 $79 74 A= %

A 5 DARNED, ENCODE, Bahn et al. [5], RADAR, 33
Alu

B 4 DARNED, RADAR, Bahn et al. [5], Alu 2,204

DARNED, ENCODE, RADAR, Alu 23

DARNED, ENCODE, Bahn et al. [5], RADAR 106

C 3 DARNED, Bahn et al. [5], RADAR 7,037

DARNED, Bahn et al. [5], Alu 679

DARNED, ENCODE, RADAR 550

DARNED, RADAR, Alu 12,038

DARNED, RADAR, Li et al. [11] 1

ENCODE, Bahn et al. [5], RADAR 1

ENCODE, RADAR, Alu 20

D 2 DARNED, Alu 806

DARNED, RADAR 269,547

DARNED, Bahn et al. [5] 2,749

ENCODE, Alu 271

ENCODE, RADAR 341

ENCODE, Bahn et al. [5] 1

E 1 DARNED 19,107

ENCODE 5,494

Total 321,008
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BZ2AE 1 Z AFA 553, genomic feature & £3F= RNA HAA 9%

A) 7t A 59 RNA A 9% 4 B) 7} genomic feature ©l
Sehe U84 ST RNA 97 94 5
A
g,
= B
i
g_
ol
A B C D E
Evidence Level
B
g M
g -
g

J all . 0m . 0& ol

Evidence level A B C D E

= Intergenic region 1 177 2,237 33,344 2,560
D Intronic region 14 1,794 15,486 221,100 17,497
[ 3UTR 18 269 1,842 12,106 3,248
5'UTR 0 2 11 280 52
[ Exonic region 0 27 154 2,818 635
[ upstream 0 2 36 882 115
[ pownstream 0 62 562 3,206 479
[ splice site 0 0 3 15 27

Total 33 2,333 20,331 273,751 24,613

131 .

25 A =dlsk

.ﬁf_'.l‘;}n. SECHRIL hATIOMAL LIMIVERSTY



BI3AR 2349 AXF Sk AFAE 559 HE.

A) MCF—=7 (a breast cancer cell line), HUVEC (a human umbilical
vein endothelial cell line) and HelLa—S3 (a cervical carcinoma cell
line) AEFol A%H RNA B 949 A4 57 A-C 9 D-
Eol 3kt B4 52 v& B3 /19 ATFE RNA B94 5

A MCF7 HUVEC HELA
24.83% 28.07%
1=605) Pl n=334)
68.27%
71.93%
it = e
O Variants in strong evidance level (A~C)
O Variants in week evidance level (D~E)
" g
o B LevelA
@ LevelB
§ 4 3 LevelC
« O LevelD
8 O LevelE
53,
g 2
4
[
2 8-
-
=z
§ ]
o) T eeeeee—r]
peline MCF7 HUVEC HELA
Level A 4( 0.16%) 2( 0.31%) 7( 0.59%)
Level B 112( 4.60%) 39( 6.04%) 71( 5.96%)
Level C 489 ( 20.07%) 164 ( 25.39%) 256( 21.51%)
Level D 1,779 ( 73.00%) 415 ( 64.24%) 822 ( 69.08%)
Level E 53( 2.17%) 26 ( 4.02%) 34( 2.86%)
Total 2,437 (100.00%) 646 (100.00%) 1,190 (100.00%)
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B ZFAE 3 RCARE ¥ Qg #o]A AlEX} ArEA

1. Annotation section

A. If you have FASTQ or BAM files only, please download the
conversion utilities.

Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.

If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Conversion utilities manual

Download utilities for file format conversion

Step 2. Upload your RNA VCF file

Filel It Hg

sample file

Upload & go to next step If you want to annotate more than one RNA-seq sample,

please press this text.

B. Upload a VCF file for RNA editing site annotations.
Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.

If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF file

£liel [mM@t l

sample file

Upload & go to next step If you want to annotate more than one RNA-seq sample,
please press this text.

C. Press ‘Upload & to go next step’

button for RNA editing site
annotations.
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Annotation of RNA editing sites

Step 1. Upload VCF file obtained from RNA-seq experiment.

If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF file

Filel e M9 sample file

Upload & go to next step If you want to annotate more than one RNA-seq sample,

please press this text

D. Result graphs show annotated results.

RNA-editing sites in Genomic location 8 %

Exonic 479 @-\ Download or

Upstream 076 % 'ﬂ

/ Intergenic 13 87 %

Downstream 471 % Print image
Splicing  0.17 %
3UTR: 2983 %
Intron - 4563 %
\ SUTR 025%

Genomic Editing Noncoding Non

Feature SETE Type RO | WO R R RNA Synonymous

Result

E. Press “Download result file” button to download result file.

1180 BNA Editing sites found

Download result file

FGenomic | 7 FEditing |7 B Plioncoding Non
Feature ene. Type Sotcet) |[NeiromaRome RNA Synonymous
Result
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2. Compare section

A. If you have FASTQ or BAM files only, please download the
conversion utilities.

Compare RNA editing sites between RNA-seq samples.

Step 1. Upload VCF file from RNA-seq
If you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion utilities manual (pdf version)

Conversion utilities manual

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

Filel I1e 48 | M9is T gl + add inputBox - remove inputBox
Upload & go to next Step

sample filel  somple file2

B. Upload a VCF file for annotation of RNA editing sites.

Compare RNA editing sites between RNA-seq samples.

Step 1. Upload VCF file from RNA-seq
If you have FASTQ or BAM files only, please download the conversion ufilifies.
Download conversion utilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

Filel

+ add inputBox - remove inputBox

Upload & go to next Step

somple filel  sample file2

C. Add one more VCF file for comparison.

Compare RNA editing sites between RNA-seq samples.
Step 1. Upload VCF file obtained from RNA-seq experiment.
I you have FASTQ or BAM files only, please download the conversion utilities.
Download conversion ufilities manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

Click to add one more VCF file !
Flel Ot 8 | hela vef

remove inputBox

Pe2 | Oig He |huvec vef
Upload & go to next Step

sample filel sample file2
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D. Press ‘Upload & to go next step’ button to annotate RNA
editing sites.

Compare RNA editing sites between RNA-seq samples.

Step 1. Upload VCF file from RNA-seq
I you have FASTQ or BAM files only, please download the conversion uilities.
Download conversion utiliies manual (pdf version)

Download utilities for file format conversion

Step 2. Upload your RNA VCF files

File1 OH! 4 | helavef

+ add inputBox - remove inputBo:

ez (] o

sample flel  sample file2

Select result files by dragging the files from the right column to the
left, and press “Submit Form”

button.
Select files for result plotting
2 items selected Removeall [ addal
huvec hela
inter_hela_huvec diff_hela
diff_huvec

Drag for select files !

Submit Form

E. Select result graph to view and download result files.
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« Result graph

Genomic Feature Editing type Chromosome Noncoding RNA

Non/Synonymus Source Gene

. Download result files

huvec.csv

hela.csv
inter_hela_huvec.csv
diff_hela.csv

diff_huvec.csv

F. Result graphs show annotated results.

RNA-editing site in Genomic Feature E' file
inter_hela_huvec.csv
Download or

Print image Intergenic 25

3'UTR 109
Exonic 0.00 %

Upstream: 7.02%— 1\ ] / Intergenic: 10.96 % 5'UTR 1

Downstream: 7.02 % B e 59
splicing: 0.88 % |
\ Y Splicing 2
4

DownStream 16
UpStream 16

Intron: 25.88% —

Exonic 0

3UTR 47.81%

SUTR: 0.44 % /
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1. Description

RCARE convert utilities is a set of Python—based utilities for converting
FASTQ and BAM (binary format for storing sequence data) into VCF
(variant call format) and comparing RNA and DNA VCF files from the
same sample. The package provides customized TopHat and SAMtools
commands that the user can execute. RCARE convert utilities provides an
autoinstallation function for the tools. This is very easy for researchers to

use, even for those with no experience of RNA—Seq data analysis.

RCARE convert utilities contains TopHat (http://tophat.cbcb.umd.edu/),
SAMtools (http://samtools.sourceforge.net/), Tabix
(http://samtools.sourceforge.net/tabix.shtml), VCFtools
(http://vcftools.sourceforge.net/), and Bowtie2 (http://bowtie—
bio.sourceforge.net/bowtie2). If user presetup tools including TopHat,

download light RCARE convert utilities and installation.

2. Input data format
RCARE convert utilities convert three sequence formats (FASTQ, BAM,
and VCF) to VCF, which is the input format on the RCARE website.
— FASTQ format
= FASTQ format is a text—based format for storing both a
biological sequence (usually a nucleotide sequence) and its
corresponding quality scores.
— BAM format
= BAM format is a binary format for storing sequence data.
(http://samtools.sourceforge.net/SAMv1.pdf).
— VCF format (variant call format)
= VCF is a text file format (most likely stored in a compressed

manner). It contains meta information lines, a header line, and
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data lines, each containing information about a position in the
genome.
3. Installing and testing the installation
3—1 Install quick start
— RCARE needs a presetup in the Python environment.
— Download RCARE convert utilities (4.75G) from the website.
— Unzip RCARE convert utilities.
= Tar —xvif RCARE—pre—processing.tar.gz
— Run rcare.py for your purposes.
3—2 Test the installation
The sample BAM data contained only 21 chromosome. These data were
extracted from paired—end RNA—Seq using HeLa cells in ENCODE (http:
//genome.ucsc.edu/ENCODE).

— Input data confirmation
= s ./input_data/bam/
— Test command
= python rcare.py —ib sample.bam —fn sample_bam_test
— Result confirmation
= Is ./result_data/vcf/sample_bam_test/
4. Synopsis and example
4.1 Input data folder consists of FASTQ, BAM, and VCF. Insert into row
data in each folder.
4.2 Convert paired—end FASTQ files into VCF format
=  Python rcare.py —if —p Sl.fastq S2.fastq —fn fastqg_test
— Result confirmation
= Is ./input_data/vcf/fastq_test/
4.3 Convert single FASTQ file into VCF format
= python rcare.py —if —s Sl.fastq —fn single_fastq_test
— Result confirmation
= s ./input_data/vcf/fastq_test

4.4 Convert BAM into convert to VCF format
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2>

python rcare.py —ib sample.bam —fn sample_bam_test

— Result confirmation

>

Jresult_data/vcf/sample_bam_test

— Compare RNA VCF with DNA VCEF file

= python rcare.py —c DNA.vcf RNA.vef —fn 1_compare_test

— Result confirmation

>

Is ./result_data/compare/l_compare_test/

4.5 Customized TopHat command running

>

python rcare.py —tc "tophat" —fn test

4.6 Customized SAMtools command running

2>

python rcare.py —sc "samtools" —fn test\

5. RCARE convert utilities options

Option Description
—if Input file format: FASTQ file
—ib Input file format: BAM file
-p Paired end FASTQ file
—c Compare VCF(RNA) with VCF(DNA)
—fn Result file name
—tc Customized TopHat commands
—sc Customized SAMtools commands
Folder file name Description
input_data Insert input data
result_data Save result data
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resource Files required for preprocessing
tools Tools required for preprocessing
rcare.py Batch file of convert utilities

6. Package composition

7. Light RCARE convert utilities installation

— Download light—RCARE —pre—processing.tar.gz (35.62 MB) from

RCARE website.

— Download tools:
1.
2.
3.

4,
5,

TopHat: http://tophat.cbcbh.umd.edu/

SAMtools: http://samtools.sourceforge.net/

Bowtie2: http://bowtie—

bio.sourceforge.net/bowtie2/index.shtml

Tabix: http://samtools.sourceforge.net/tabix.shtml

VCFtools: http://vcftools.sourceforge.net/

— All tools insert into the tools folder in the RCARE convert utilities

— If user has used previous setup tools, initialize each tool’ s

environment settings

8. Authors

Ju Han Kim and Soo Youn Lee from SNUBI (Seoul National University

Biomedical Informatics; http://www.snubi.org/)
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Abstract

Personal pharmacogenomics :
pharmacological approach based
on biological functional element

and genomic variant

LEE SOO-YOUN

The Graduate School

Seoul National University

The main objective of a pharmacogenomics study, particularly
those that pertain to personal drug prescription, is to prevent

adverse drug reactions and harness the maximum clinical benefits

by analyzing genetic variations known to control pharmacodynamic
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effects such as drug efficacy, dose requirements, adverse events,
etc. Until recently, population—based observational studies were
the norm where genetic information of case and control groups,
recruited based on altered drug reaction, is investigated to identify
less than 10 variants that are critical in controlling drug reactions.
The U.S. Food and Drug Administration (FDA) recommends that
drugs be prescribed accordingly to the study results. Despite
successful applications of these results, population—based
observational studies are hindered by: immense budget issues In
developing a standard set; results affected by demographic
conditions; rare or private variants unable to be included in the

results; etc.

In 2013, in an attempt to overcome such issues, we developed the
PharmSafe algorithm, which calculates gene and drug scores based
on an individual’ s genetic variation information and ranks drugs
that are possibly hazardous. Performance of the algorithm was
evaluated using PharmGKB. However, the algorithm only considers
variants within the coding region and of all biological knowledge,

only protein—protein interaction is applied within the algorithm.

In this paper, we developed a new and improved PharmSafe
algorithm where variants from non—coding region and biological
functional element including regulational factor such as RNA
editings are also considered and seven biological, pharmacological,
and statistical knowledge elements are used as weight parameters.
In addition to the aforementioned updates, we were able to validate

the reproducibility of the PharmSafe algorithm in larger genome
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datasets by using 1000 Genome Project Phase 3 data, which

expands the preexisting datasets to 2,503 samples.

Of the pharmacodynamic genes, the new PharmSafe algorithm
was able to achieve the highest area under the curve (AUC) of
0.5857~0.6502, (0.6224£0.222; minimum ~  maximum,
mean = standard deviation) in catalytic enzyme genes. In drug class
evaluations, antihypertensives (n=22) had the highest AUC of
0.6234~0.8896  (0.7340%0.0539; minimum ~  maximum,

mean £ standard deviation).

We believe that the new PharmSafe algorithm would be a valuable
tool for a clinical decision support system (CDSS) in prescribing
drugs safely and efficiently at the right dosages based on an
individual’ s genetic variation information.

Keyword: Personal Genome, Pharmacogenomics,
Pharmacology, Personalized Medicine,
Personalized Pharmacogenomics, RNA
editing
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