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ATF. AEL 2 e AX FRE EYHoR RS A (dE Eo], 9 2/EE Ax &3)hE
A, Wb B4E 93 AEE AFsted AFEE 5 e &4, 954, 4, AA 58 FE d3aE
T UE &Y YR AEY AEIES WEANY

2o ARgH ukel o], sIRtES Aol Ae Fe §of "AE"E FFES fAY to|AxEolt}, o]t
Oxg tpo|AA~EQ] H|ARA o= fo|gfo]E A&, BCI A&, ECFC4 A&, ECFP4 A&, EcFC A&, MDL

N
M
e

&, 94 & AZAPFP A), 91744 HI=d AZ(TTFP) A=, WNITY 2D A&, RNNS2S A&, &

GraphConv A%< =38ttt 23 [Franco, 2014, "The Use of 2D fingerprint methods to support the
assessment of structural similarity in orphan drug legislation," J. Cheminform 6, p. 5], % 3
[Rensi and Altman, 2017, "Flexible Analog Search with Kernel PCA Embedded Molecule Vectors,"
Computational and Structural Biotechnology Journal, doi:10.1016/j.csbj.2017.03.003]1S z3slH, o]&
Zyzbe Hoo) Hxw ¥FIEcl., e, 3 [Raymond and Willett, 2002, "Effectiveness of graph-based
and fingerprint-based similarity measures for virtual screening of 2D chemical structure databases,"
Journal of Computer-Aided Molecular Design 16, 59-71] @ & [Franco &< 2014, "The use of 2D
fingerprint methods to support the assessment of structural similarity in orphan drug legislation"

Journal of chemoinformatics 6(5)]& FxshH, ol& Z42t2 Edd Fx= 23T},

2ol /\FQQ o] "ER"E dYH(AE B0, AE, A&, AE FE8E, AE AT EE )Y 583%
EA4(dE , A g, FHE, AX dEH A 5 A deje f(E) Ee UgE BAHE)E XA
F Atk ‘ﬂ]% o], "+" Vs (Ee o] "dd")= 5A AYEI §A EA s FHeE ERdETE A
< 9gug F (A E B9, AME FHAE EES T AE gAY ez ATET). E UE doA,
£o] "BF"e <lEE Y 543 54 Al AR (dE Bof, 4] FRFEI AE AR TE Aol 4
el A4S AT F duf. dF AA oA, BFE AT Ag 2/EE JEXelt. BRe o)™ A (4
5 59, 44 == 24 F IAY Ee BHU B2 59 BFR(EE 59, 1 WA 10 == 0 WA 19 H
)8 /M F Uk, 8o "Hex @ "AAA "= T AMEEE vE 2" 5E AHE = Uy, A5
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aPE, Fa B dauds, g 2xag 39 das, A9 2d, A9 g9, eras, 5 24,
=Y vtEas 2El 7ReAIRE NB dargls, Ad WE 24, Ee O oo 23S £, ol AdEx
Btk G AAdel A, R gd EaA darglgeltt. A5 Ao, RS 2-gA SEH )
S} (SGD) HElo] A Aafeol A, BEe AT AR (S 5o, A3 e 2o, o
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2] Qe B A AT S Avk. o= FEEAS AFY, YA
G A A% MEAD, 89 AP, W A%, ARTA AFY, A4 ARFH A4 5, w7 9
o 2HEe EFT 5 o}, oo ABHAL etk AR AAddA, A dHe Ad-Fan L/ms A
of S&E AN EE H ey ol7|gAS Agdt. ARTH W/EE W3 AZFe] B AN gt gl o
g wAsed el 5 A

A% Bol, 4% A4W Ede 4Y AF, BFd AEHoR selEsH(dE Sol, JlFE) ABTAH
A%, 2 FY 2z0ldE TFIT.  ARTH AZRW ohiet 4 AF Aze] s (dF o,
AFA)E AF ABY BA% A9 8o sehE (g o, AFA)e Jlelsith. Q% AAldelA], A
ol 100749] shebule], Hojw 100074] shebele], Holw 200074¢] webule] i Mol 500074l stebvle]
7 A%E ABY Bas Angh. s gol, AF AFW HUE oFo] relwt AN & gy Wiel 2
FEHE AT Bost Qrh. F, 2] 9@ ge] FolAW, Bu FHe olefd AAdeNM Wert ohy

HAFEHE AFgste 2AE dert v, oE £, &3 [Krizhevsky 52 2012, "Imagenet classification
with deep convolutional neural networks, "Advances in Neural Information Processing Systems 2,
Pereira, Burges, Bottou, Weinberger, eds., pp. 1097-1105, Curran Associates, Inc.]; ¥3& [Zeiler, 2012
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"ADADELTA: an adaptive learning rate method,"' CoRR, vol. abs/1212.5701] ¥ ¥3% [Rumelhart 52} 1988,
"Neurocomput ing: Foundations of research," ch. Learning Representations by Back-propagating Errors,
pp. 696699, Cambridge, MA, USA: MIT Press]& Z3IH, ol Z7}& ZYo| == X ).

=)

)

K
o

, & E°] &9 [Vincent 59
2010, "Stacked denoising autoencoders: Learning useful representations in a deep network with a local
denoising criterion," J Mach Learn Res 11, pp. 3371-3408]; %3 [Larochelle 2] 2009, "Exploring
strategies for training deep neural networks," J Mach Learn Res 10, pp. 1-40]; %@ & [Hassoun, 1995,
Fundamentals of Artificial Neural Networks, Massachusetts Institute of Technologylel 7HA]=o] 1o,
o5 77t B & FxE Ihdu. RHEEA AREstr]el] AjHe F7he] oAAlAHQl AW @ [Duda
52l 2001, Pattern Classification, Second Edition, John Wiley & Sons, Inc., New York]; % &3 i
52l 2001, The Elements of Statistical Learning, Springer-Verlag, New York]el 7RA]=o] 9lar,
< 2 o] &9l Hx=E EFHET.  RdRA AREst7ld AFer Fhe] AAAH S AA

[Draghici, 2003, Data Analysis Tools for DNA Microarrays, Chapman & Hall/CRC]; % #3& [Mount, 2001,
Bioinformatics: sequence and genome analysis, Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
New York]el AwEo] di, ol A7 1 dAfo] 2o #Fx= x3eT.

BaEA AgSlel A%, ARTH AFY mde R N8P 2
ti

AIEE YE vl AR Ao, nElle AFE #E mAl(SWeltk. Edwx ARget7lel HgHek SW R
de oE B9, 3 [Cristianini and Shawe-Taylor, 2000, "An Introduction to Support Vector
Machines," Cambridge University Press, Cambridgel; =& [Boser &< 1992, "A training algorithm for
optimal margin models," in Proceedings of the 5th Annual ACM Workshop on Computational Learning
Theory, ACM Press, Pittsburgh, Pa., pp. 142-152]; & [Vapnik, 1998, Statistical Learning Theory,
Wiley, New York; Mount, 2001, Bioinformatics: sequence and genome analysis, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.]; && [Duda, Pattern Classification, Second Edition, 2001,
John Wiley & Sons, Inc., pp. 259, 262-265]; % 3% [Hastie, 2001, The Elements of Statistical
Learning, Springer, New York; and Furey 2] 2000, Bioinformatics 16, 906-914]o] AmEo] gomw o]

Zzte o Aol wle] Rz T Piol AHEE W, SWE EAE dolEzRE HAuw "oy x3
Moz Fol7 AES o EAH HolHE Regtt. ¥ Rl Asahd 2& Agdl, SWE 57 27kl
@ MAE PEe Avon Adst A & x@se A5T £ A, 54 T2l Sl o3
wAY 23 2

(SRR B =
o= 507, Ei= Aojx 10071 dEhulEfel] <& Aeolsar, SW B w2 s 5 §ly] witel ALt

Lpo]H wjo]= el AR Ao, EEle tpo]lH wo]= Ruojr, RulRA ARGl e vpo]H
o]z HEld d& Fo] 29 FxE x3E 9 [Ng 59 2002, "On discriminative vs. generative
classifiers: A comparison of logistic regression and naive Bayes," Advances in Neural Information
Processing Systems, 14]o 7|A1Elo] 9}, do]H Wo|= EFAE= 54 Alold 3+ (Yolv) &7 71AHS
zkz wo]=9o] o2& A&t Aol 7|xe "IEH EFAY ddeeAe Ao EFAIT. AR AHAl4
oA, olE& AY L& FAHY AFHA. «dF S, B Fx= ¥dw T3 [Hastie 59 2001, The

elements of statistical learning - @ data mining, inference, and prediction, eds. Tibshirani and

BN
<
iy}

Friedman, Springer, New York]< %
o] Rdojtt, HIF ol EEe Hr-7|wd 4 gl

al, do] AH x(HE=E )7t FolA™, xe7k#e] A
g7t 71 7k kle 98 AAH xo, 1, o, k(o714 FE S AR s, ke H2F ol s
AREBEe] AA xeE ERET. AA7IA, olF ol 27A 9] Age A

%
Fo AAdlelM, 54 F3tlMe] fEEE A AREE et #Zol ARls AARH:

Ho

o= lxo=xoll  ggxon AR o wdle] Agd W, HF WAAE AN A FHE
dolHt W 0 % B 1 RS mEsdn. A2 olf AL s FYs Lajolo], A% QEF
Hg, 2 5 e BAE sldsEs Austd £ vk ols AEE F g okl i@ Ay Gl
Ve FEE Fwet. A2 ol EAd ud o 2o AR deid:, ¥d [Duda, Pattern
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Classification, Second Edition, 2001, John Wiley & Sons, Inc] ® #3& [Hastie, 2001, The Elements of
Statistical Learning, Springer, New York]S #xslH, o5 Z17+& B o) HFx=2 ¥3Ho] g},

kAT ol mEE Qo] 54 g3k el el Hg ke ER AR o) olHt w-setuE JA &
ol &ee Zels WwAleld. SuAEE o) o)go B Ty s LRV, enAEE 1
o el A2 ol FolA Jbg £8 Felsol FFAGUE PO 45, HEHOR 42). k= loW, &
BAEE W 0B HoA olfd Fesd @gEd. B %z £3d F4 [Duda 59 2001

Pattern Classification, Second Edition, John Wiley & Sons] 2] B

2dS 7] 98 28 A ANty e HEEe 38 7 U] did, Fold g™ ok 2 E7]

A3l AFEE AFESloF gt

dyY Fe~E, oAby Eg, W Py

A ARRSE7 O A gel oAAA Egse dubdgow 3 [Duda, 2001, Pattern Classification, John Wiley &

Sons, Inc., New York, pp. 395-396]c M=o} 9lon, ol Eld Hx= xgdd. E-7|

A Be ANzgel AER BAs, ololq zztel

A, AR et Ay ZesE fdelt. Agd &
il

rm
m
Y
b
g

QR A A, wEle oA Eeolt, mAR

9= W 54 mde
g2 FAZ ¢ gArAA Eg =4S ID3, (4.5, MART Ay THAEES T35}, oo ATEHAE =

CART, ID3 % (4.5 ¥ [Duda, 2001, Pattern Classification, John Wiley & Sons, Inc., New York, pp.
396-408 2 pp. 411-412]¢] 71AE o] glom, o] Eo| Fx= ¥tEth.  CART, MART, 2 C4.5% &9
[Hastie &< 2001, The Elements of Statistical Learning, Springer-Verlag, New York, Chapter 9]¢l 7]#}
Hol glon | ol 1 AFe] o] HFx2 ¥HT. WY ¥H2EE I W] EYd IEZ ¥dEHe= &
%] [Breiman, 1999, "Random Forests——Random Features," Technical Report 567, Statistics Department,
U.C. Berkeley, September 1999]e] Z]Al=o] Qith. UF HAldoA], orAEdA Eg e Hojx 1071, #
o= 2070, A= 5070, T AHojm 100719 S E (dE Eo], 7HEA 2/ AH)E s, w2
= AT = 7] wEel Ak 9l HFEE 2esit.

5] 7]. AN AAldel A, RELS 37E ARRET. 39 dugEe oY FE9 AL F A, dE =

% oA, B7= ZALY 3Felt. AN AAdeA, 7= gk, L2 Ee Avay Yl Aatst
slFeltk.  AF AAldelA, dAA #HE FHFAINA Kete deste g9 AsE e
IEFEAAAR) gt AR A A, HE Y jHES FHFche 2R~
do] Autslryt mdgA AMgHv. 22" 3= E3 [Agresti, An Introduction to
Categorical Data Analysis, 1996, Chapter 5, pp. 103-144, John Wiley & Son, New York]el 7JA]5 o]
gon, o= B Fxw IotdEn. A AAldolA, Zde 3 [Hastie 52| 2001, The Elements of
Statistical Learning, Springer—Verlag, New York]el 7HAl® 3|7 melS o]&3it}. A AA oA, =X
28 39 2 Hojx 107, FoxE 2070, X 5070, FoJE 10070, T FHolx 1000719 vl (A=
VA E Xk, #EEs A gl il Aks 98 AFEVE desi.

£

Ay dE 240 AF 3 4000, B wEH EANDA), Eve Wl 3 BAL2 27 oo S &
HAE T oJHEE SAg Y HEshe 549 Ad 23s wdsty] 98 A, ¥ 14, 2 714
oA AREEE RS 9 Y e dntsted = vk AAdE 232 2 A A AAdelA mEl
(A8 Zd)EA A2 + U

=9 2g @ oY pegz md AR AAddA, mEe 23 md o#dd 3 [McLachlan €]
Bioinformatics 18(3):413-422, 2002]° AwW® Zolty. A& Hrdelx, 53] Ak AXIES el A
Aloflof| A, Bdle #& [Schliep 59 2003, Bioinformatics 19(1):i1255-i1263]e] A& nwle} £ 24 ul=

EEE RIS

FolAHY. AF AAjdolA, RElE HAE FYAEY REojth. AR AifdolA, mElE Ak FeAH
K *go]u}, Bz ARESH]ol Aeg SeaEES, dE 5o I dEo] 24 FxE xIHE 27

[Duda and Hart, Pattern Classification and Scene Analysis, 1973, John Wiley & Sons, Inc., New York] (o]
aF "Duda 1973")°] #o]#] 211-256° 71 =] vk, SeUXHT A= HolHAEAdA Ad% 153 3=
A & sEA Add = Aok, AdA 1FsE AdEsr] Y, 27F A7 Rl d & vk, WA, 27
o] AMZ Afold] FAM(EE HIFAMD) S SAseE WAS AA-T = vk, o] HEH(AE Fol, A
HE)2 sl E814E o AlEe] & 92 o AlEed digh ARt M2 9 fFARES ®BAgsr] 94
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o1& 507K, Hofx:= 6070, Aol 7070, Aol 807], Aok 9070, Aojk= 1007H, #ofi= 2007H, %= 3007,

A& 4007), Aolx= 5007], Holx= 6007, A= 7007, A= 80071, HolX= 9007 HE+= Hol%= 100072
gdwA S 3kt AR AAdolA, B vl e Kol 10007], Zol%E 20007], ZolE 30007), FHol:
40007], Aol% 500070, Hol% 10,00070, AoI%= 30,00070, Zo%= 50,0007H, HEE 50,0007 Z¥als o
Ae xgstty. AR AAdeA, Ege] wiAe 570 x| 2070, 2070 WA 5070, 5070 WAl 1007, 10071
WA 20070, 20070 WA 50078, 50070 Wi 100078, 10007 WA 500078, 50007 WA 10,0007, == 10,000
71 WA 50,00070 9] SeAS E3Feirt.

AE AR RS Azte] AX F4Re] nf Bek gtk dF Sol, A TAHE 2E A A
TAAR 1, 3 R 108 Fishs A9E adT. AE TAHE BEY AE Ue AX TR BE E
@ olel@ AL FAARE IHY £ AT oA, o) "SHA'e 54T AL TAAE RECN B3
AZ PR ARAEZ AARA BfHe omath. WA, A7) A AE TR BE AR 3
dshe, AE PR 2ES AEY E o2 AX TR BES AX PR 1 3 % 108 T 5 9
3, AE AR BE AL e 2 de AE TAEES e gean. A7) dAH Ax T
AR BE AR F7bR aEstel, AE TAAY REY AES E Ue AE THHE RES AL T44Y
1, 38 109 ABAER A F 93, o AL PR BE L G 2 de AT PAERe F
e e Bas girhaey, o oled FAA Ax PR £F b 5 olvh

A4 AAeelA, A PR mEe] AES Az M TR BES B4l M Tyie] 7
EHAQ AuAEe] FAAL dold ol AX FANES EFAT. AW AAdelA, Az A AE
TAAE mEOl AgSh AL PAARS A7 A 5P ARAEE A PAYR 2hE ABAE
oI aht olste] mEw

Helar, 714 H9 ME FAAAREY 44y Ax FAEES
Tl A, Al AE FALE 258 A2 AX T+X44

= AXE FAREL] Al ABAEE Zet(dE B
hite] Az Aol 271 o] Aolgk BEEd FEAQ Al =HE

of A AL Ba W] S AX 74 AR R Aolm= 270, Aol 57K, 4 10
A, Aolw 157), Holm= 2070, Holw 257), Holw 307), Holx= 407), Hew 507, #Hol% 607], ZHo]% 70
&

N, A= 8078, Aol:x 907], A% 10071, Aol% 20071, Aol% 30071, A% 40071, Hol%= 5007, # o]
5= 60070, Aolx= 70070, Aol 80071, Ao]%: 90071, Aoj%E 10007, Aoj%= 20007, E+= AHol% 3000719
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50 Da, Zo]% 100 Da, &%= 200 Da, #°oj%= 500 Da, Ao]%= 1 kDa, HoJ%= 2 kDa, %% 3 kDa, A% 5
kDa, Zo]% 10 kDa, Zo]% 20 kDa, #o]&= 30 kDa, #o]% 50 kDa, #°]% 100 kDa %=+ #o]&= 500 kDa2
EAES zZher. A5 AAdelA, HAE $t8h4] 3keha2 1000 kDa ©]st, 500 kDa ©]&F, 100 kDa °]38}, 50
kDa ©]3}, 10 kDa ©]3}, 5 kDa ©]3}, 2 kDa ©]&}, 1 kDa ©|a}, 500 Da ©]3}, 300 Da ©]3}, 100 Da ©]&}, H:=
50 Da o|ste] #AFS zteErh. AR AHAA A, HAE 334 &3tE2 10 Da WA 900 Da, 50 Da WA
1000 Da, 100 Da W= 2000 Da, 1 kDa W= 10 kDa, 5 kDa *] 500 kDa, =3+ 100 kDa W= 1000 kDa®] #=}
FE Zherh, AR AAA A, HAE 35HE 33ES 10 G o]l AlZte] 1000 kDa ol dtellA Erhe
T oE W] vl &ake dAEE e

£ 3e9] BE 338& FESW, AT AAdelN, HAE HEH RFBL A7) 5 2 44e FEAE
77 BRIk, PW27] 5 EH(AF B, R05)E FERAYES Brbshedl, A Ao oRay mt
WA BYE 2 42 HGEo] Azt tF Folo] A F3He A wi B 54 A
w8 Agsd AgHE AU solseclelt. wusy] 5 #HE GBS KRS AR 9@
o 71ES EFATH (1) 500 Da vime] B4 A, (i) 57 olskel Fa AF FelA, (iiD) 107 o|ate]
S AT #8442 (v) 5 olste] ST Fo) AF log P
w 3e9] 5 3607 paAste], A AN, HAE S5HH AFBE @uzy] 5 FH Holw 2, 3 EE
VI NEE FFANE f7] BFEelL. ¢ st st gusyl 5 #4990,

YR HAA o)A, HAAE 3134 g3tES Hlo]~2 e dugr, IE 239, 54 9/EE gy
AR, ddd s3g=E 124 9 e 4 54 = = A3 SgtE dolguo] 29
diE gl o= 7 &, < g, oZAA W, PharmacoDB, BoBER(Base of
Bioisosterically Exchangeable Replacements) /%% DrugBankE X38lL;, o]d A=A = =k, o

AAAol A, HAE 3384 e Fda 2 FAx AR, R@-FeE AE AR AlaYA 2/ EE
2 FA digt AHE AFste dolHuo| A2 Y deert.  A3ek dolguo] 2] o= NIH Ak &
2 2~(GE0), EBI ArrayExpress, NCBI, BLAST, EMBL-EBI, GenBank, Ensembl, KEGG “d= dlo]gjHo]X,
LINCS(Library of Integrated Network-based Cellular Signatures) L1000 HIo|EIAE, 2]NE AZ dlo]EH|o]
2, W/EE AR SEEA ZEAEE 235, ol ATEA = g

A SE-A10] W (300)2] L] ALS-
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HHS-(PCR), A AL EA ZW Al A3 w-3-(RT-PCR), tlAE N4 PCR(AAPCR), TA|-Ate] Lol #HE,
RNA 291 A3}, »=d 53 2/ E F12 43 A% B (SAGE)S £33 nlo]lazojgo] 48 ¥}
= sl o]iel WS Abgsle] AAgHET, AR AAldelA, Al R/EE A2 B4 AE ZHzZe] A E9
Zvzbe] A|E FARAEC FgEte EFREE A AR, @Y SAH, %

(FRET) A Al olsll 24 drt.
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e
ofd
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B
A
s
of
of,
-
T
N

QR AAGA, AL W/EE A2 Bl AL A7 AxelAe FA dAe ALE ABYE T,
ARG EL AEE Ao fa4 QAR G Aedgons 54 5 . A% AN, Aa
3 gFshE FAA AAHIE RNA, 7T nRVAR E@uTh. Q% A 2

AAE mRNAS] SR AAE, dAn gl (aE o), A A EETh. AuHow
of "R AAAE WA WAL ETFF HAA WA EE weje] o9 8
=] [e]

o~ o =
9 & 93, "wAA wde 9

AR AA oA, Azt AT FHAEY] FSEe THEE RNA THE(AdE B9, #8x 2d)ola, ZHzhe]
AE TR FREE A7t AR d-gshe eyt o]l A Bxe] EEFEYULEHE S AT
o=2M ARErt. Z7e] fHAe] HAMA FES Al B/EE A2 Bgo] Mol Zpzhel Al EAlstE
mRNA = 25 EH fid ZEwIdoHEe] SomRE A" vt EYFEULHEE vlo|a R
o] ¥4, ZelvwetAl A WHE(PCR), JHAEA ZvebA A4 & (RT-PCR), =9 &3, A2 23] o
4 EAI(SAGE), RNA =914, RNA BAZAY | 2 7FA A ¥k, Qbeta AEZIMA, 5 TF WY, 719 A%

), W/EE= aA-AE

TE, AAF 71HE FH A2g FEokA RE HAAH (ST wEHOMA EE RNAse B3 A7
o] HES XTSI ol AFEHAE e vhde W o AE: 4 AFskE  Advk. dE £
#3 [Draghici, Data Analysis Tools for DNA Microarrays, Chapman and Hall/CRC, 2003]; ¥& [Simon %9
Design and Analysis of DNA Microarray Investigations, Springer, 2004]; 3 [Real-Time PCR: Current
Technology and Applications, Logan, Edwards, and Saunders eds., Caister Academic Press, 2009]; #&
[Bustin A-Z of Quantitative PCR (IUL Biotechnology, No. 5), International University Line, 2004]; &3l
[Velculescu &2 (1995) Science 270: 484-487; Matsumura 52 (2005) Cell. Microbiol. 7: 11-18]; &&
[Serial Analysis of Gene Expression (SAGE): Methods and Protocols (Methods in Molecular Biology),

Humana Press, 2008]< #z3}H, olg Zt7he 2 &9d 1 dio] H22 X gF o] Q).

_79_



[0489]

[0490]

[0491]

SIHS31 10-2024-0046481

AR Aol A, Z47te] ME FAAGRES Fsete FHREE AA B A4 Ex), ErE ol g A &
A5 xEeE Al B/EE A2 5o Mo Zhzhe] AxzFE wdE RNA B 25 EH FEH A(dE
So], RNA ZHEA] T2 REHE ¥3H5h= oDNA =5 cDNARYREH FE¥d S35 RN zHE 5490, we
A, G Aol A, 7o) AE FAARS] ASss THEE F AE RNA, poly(A)+ mIAIA RNA(mRNA)
= 19 45, AEZ nRNA, =& cDNAZHF-E HAAE RNA(AE & cRNA) &} Z2 nAIsHY FFgPozRE F
ST AA 2 Z(A)+ RNAE Alxste WS B 7|ERokdd 4y I 93, ditde=m oF &
o] £3 [Sambrook 59 Molecular Cloning: A Laboratory Manual (3rd Edition, 2001)]el] 7]x1= o] T

olUtlE E|QAJoYo]E & F53F CsCl AR (AE 5o, & [Chirgwin 59 1979, Biochemistry
18:5294-5299] F=x), Ag7}t A-7|uk AH(AZE E9], RNeasy(HoFAl (Qiagen), ZAE o} wdlro}) T
~EZELZ A (StrataPrep) (2EZFEF (Stratagene), A XYool & Z81))E AFESAY, = £ [Ausubel
59 eds., 1989, Current Protocols In Molecular Biology, Vol. 111, Green Publishing Associates, Inc.,
John Wiley & Sons, Inc., New York, at pp. 13.12.1-13.12.5]0] A% vle} Zo] HEs D Z2IILES AL
gt Al AxEHEH RNA—E‘ FEE 5 . Z(M)+ RNAE, dE B9 &Y a-dT AEZ 25 ARSEE Mg
ofg], e uiohHom HA AE RNAS &E]al-dT Zho]iyl oxdAte] o) e 4 k. RNAE #¥ 7
Eofddl A E el o, ol E Fo] ZnCl2ebe] QlFHlol e o3 wHstE o] RNAS] THS BT F 9

x

- A2 B9 Mz Zp7he] Maxel Z47te] M FAAZEY Fsste THEE A
k. AR AAAA, Al 9/ A2 5] AlaEe] Z4zbe] Azl Zbzhe] AxE TR
e gd-AE 2 BIAH(RNA) A7) (scRNA-seq), scTag-seq, AlAPE A&t AYdar-H
3 G U-AE A (scATAC-seq), CyTOF/SCoP, E-MS/Abseq, miRNA-seq, CITE-seq, % =L ¢

2]

L

A FAAAE FEE SA Ve 539 B8 Ax FA4Ed VExste d9dE ¢ Y. dE B
scRNA-seq, scTag-seq, % miRNA-seqs A}gE3le] RNA 2HS A 4= vk, FAlH 22 scRNA-seq= RNA
AARA Y] WS F43)aL, scTag-seqe 37 mRNA F9] HES 383}, miRNA-seq= Vo] Z-RNAS] WS
ZA3t}. CyTOF/SCoP & E-MS/Abseqs AFg3}o] Al Eo A vz wtg S SA S 4= QIt}b.  CITE-seqe Ao
A A Rd 2 did g E gE S S-EA, scATAC-seq AlEOA d4A JAFHE SA .
37l B 12 oA AHE Ax FALE FHE A4 e A4S FYs] AT dAA ZREEFS
REa=
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A= =ExEZE

RENA-zeq Olsen ==] (2018), “Introduction to Single-Cell RNA
Sequencing,” Current protocols in molecular biology
122(1), @o] 3] 57

Tag-seq Rozenberg =2 (2016), “Digital gene expression anal
ysis with sample multiplexing and PCE. duplicate det
ection: A straightforward protocol”™ BioTechniques, 6
1(1), #HelA] 26

ATAC-zeq Buenrostro =2 (2015), “ATACseq: a method for a
ssaying chromatic accessibility genome-wide,” Current
protcols in molecular biology, 109¢1), @0l 21.

miRNA-seq Faridani =2] (2016), “Single-cell sequencing of the
small-RINA transcriptome,” Nature biotechnology, 34
(12). #lo] 7] 1264

CyTOF/SCoPE-MS/Abseq Bandura =2 (2009), “Mass cvtometry: technique fo
r teal time single cell mulfitarget immunoassay based
on mductivitely coupled plasma time-of-flight mass
spectrometry,” Analystic chemistry, 81(16), H|0]7] 6

813.

Budnik =2 (2018), “SCoPE-ME: mass scpectrometr
v of single mammalian cells quanti.ﬁes proteome hete
rogenity du;rmz cell differentiation,” Genome biology.
19(1), HlolA 161.

Shehi =2 (2017), “Abseq: Ultrahigh-throughoutput s
ingle cell protein profiling with droplep microfluidic
barcoding ™ Scientific reports, 7, H0] Z] 44447

CITE-seq Stoeckius =2] (2017), “Simultaneous epitope and tra
nscritome measurement in single cells,” Nature Meth
ods, 14(0), 0| A 836.

AR ANl A, B AX FHYRES wd Aol SHET. AR ANeA, B AL FYYRE
ol Al SHEG. g o), U AAeelA, Be] ME TR AX e Hol(lE Hol, ¥
g 319, shghgel U@ wEol U@ WS, w3y 5) Aukel AA vheel Aol S,
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. odE Eo], &3 [Fodor, 2002, "A survey of dimension reduction techniques," Center for Applied
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2007, "Dimension Reduction," University College Dublin, Technical Report UCD-CSI-2007-7], =&
[Zahorian &% 2011, "Nonlinear Dimensionality Reduction Methods for Use with Automatic Speech
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Learning," Advances in Neural Information Processing Systems 17]° F7}2 7|A =] AT},
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wide association study) 41, FAA AE FH3 HA(GSEA) 41, FAA
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