wo 20207111809 A1 |0 0000 KO0 0 O 00

(m%ﬂﬁéé%ﬂﬂﬂ@%m%%ﬂ%%
(9) A A A 4 A4 7] Eég 0 OO0 OO 0 Y A0

AR i
()
Wed g0 WO 2020/111809 A1
2020 ' 6 € 4 ¥ (04.06.2020) \WiPO | PCT
(51) FAEHE Myung-Shin); 06660 A £ A| A 27 W =174 28, 301
Ci120 1/6886 (2018.01) 3., Seoul (KR). ©]% v (LEE, Jong-Mi); 06544 ~ &-A|
J— A ZT AEFE R 270, 1075 15023, Seoul (KR). &2 3]
21) FAZYUS: PCT/KR2019/016556 (HAN, Eun-Hee): 14506 7 7] & 571 A 371 2 616.2113
(22) ZA=94: 2019 ¥ 11 ¥ 28 ¥ (28.11.2019) & 11023, Gyeonggi-do (KR). ¥4 4 (PARK, Sung-
. _ S00); 06578 A1 &-A] A 27+ A9 EH :.:287.4_ 31,3% 1103,
=0 . -
(25) 29d9: gk o] Seoul (KR).
I Ao . 5}
(26) FAA: T (74) W2l 9183 (WIE, Byoung-Gap): 06141 A& 4] 7
(30) FAARR.: el %i337.4_7, IR 7%, Seoul (KR).
22018- 1112 2 B
e i ) A4 1) o e st el 5
-2019- = = (24.09.2019) g A nEE %}04). AE, AG, AL, AM, AO, AT,
(71) 249¢: 1= st w 418 ¥ (THE CATHOLIC AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
UNIVERSITY OF KOREA INDUSTRY-ACADEMIC CL, CN, CO, CR, CU, CZ, DE, DI, DK, DM, DO, DZ, EC,
COOPERATION FOUNDATION) [KR/KR]; 06591 ] EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU,
SA] AT UEE Y 2 222, Seoul (KR). ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, KW, KZ,
LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK
(72) %EZ}.jﬁ ‘g'?' (KIEM, YOIl_g-GOO), 07982 }j ﬁjj] Ookxd"ll MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
FE AR 100, 327° 502%., Seoul (KR). #7841 (KIM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,

(54) Title: INFORMATION PROVIDING METHOD FOR PREDICTION OF BLOOD CANCER PROGNOSIS AFTER TRANS-
PLANTATION OF HEMATOPOIETIC STEM CELLS

(54) W9l BA: 2ARAE o4 F AN o F A5 99 0 AT P

W

imensm{%;}
&

NGS donorch

B85 s s 100
merism{%)

(57) Abstract: The present invention relates to an information providing method for prediction of blood cancer prognosis after trans-
plantation of hematopoietic stem cells. An NGS panel of the present invention can simultaneously analyse the minimal residual disease
(MRD) of individuals transplanted with hematopoietic stem cells, and the chimerism of individuals transplanted with hematopoietic
stem cells and donor individuals, and can accurately and rapidly predict the prognosis of blood cancers, including leukemia and lym-
phoma, and thus can be useful in related industries.



WO 2020/111809 A |10} 08000000 0O

SE, SG, SK, SL, SM, ST, SV, SY, TH, TI, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

84) AAF (BEe] HAZF Y= g 7tes BeE S/ 9
) Aele] 2352 ¢ 35ed). ARIPO (BW, GH, GM, KE,
LR,LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM,
ZW), 5-2HA o} (AM, AZ, BY, KG, KZ, RU, TJ, TM), -
# (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM, TR), OAPI
(BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

— FAEARIASE G ok A21EG)
— AT IR NE A8l eI, WAHE A5
ah= 4% 16l Shelel M B NG (2 48.2(h)

(57) L. %A 2
NGS Hde =¥
o ANAL 7]

F 5T 5 o], 3



[1]

[2]

[3]

WO 2020/111809 PCT/KR2019/016556

o
1

v
N
=
=y
H
=
>,
[*N
L
A
|
ko
rln

Ir
=2
[e2x#)
o2 -
o
=
rir
re
e
i
(s
©
Ruigy e
=
(L
Z
)
U of
fols
>

2
o
)
o
©
Iz

)
_>?l_‘4
=)
)
2
N
2
—

e
LY

>
2

-

ek

O
— 12
n
o

AN}

bolr il
flo o fo 3o
ok
92

mm o
i

o =
o

F

ok

o

[l
o
oft
i
4z 1
L
o
o
i
o
=
=
IV,
[‘10 N

e
=

olN lo

=,

5 3" (Myelodysplastic syndromes, MDS)->
o1 oo el e A el
& ¥ (Acute myeloid leukemia, AML)2| & &2 F7FA
HZHE AMLE| 3 = A g " AT o
Folak#] Z=Akh-8 eIt o} AFA] Bl | (Azacitidine) TEi=

A EFRl(Decitabine) ¥ - #] v €l 8} & A 4| (Hypomethylating agents, HMA)E
88 A% 199 MDS $4} iz AT 7142 S-S 7hA 49 F MDS
Aol Al A A AR Wi olth ey, A Al AR HMTel & &8 2

Ay ke
>

O
)
i
r‘-u o
rlo

of ™ Rl oox ox &2
o ox N,

—_—

o £zl iy
4o

el o

P‘L

rir

I

jus)
=

=

o, ik
N 2 )y

Y

RuA
o
°

A W€l 8} X] & (Hypomethylating therapy, HMT)ell o] &+ S o 3= A&
o177 s Aok 2 wAl 2 obg)

A5y AEe 7] Aokl AAZEA SR % 15 A 8ol A o
gt 2 Tl M =, 7HE H 2 Al 2/ | A o g Al =8l (Revised
International Prognostic Scoring System, IPSS-R)-2 #-2} 9] AJEH-S- o 535F=t
F-&3tt, HMTol thgh 2] & wh-3-7d & o S3h7] ol = aab 4] o] #| &3ttt
whebA, A E s ¢ s EAR- A S vk & gl et o] £ F 8 MDSe
ek #7144 o] T AR E Agd 5 S Aot thdA7E ol A 5% v vt

E4E Hola A o® A& 7hed &S el &= A5 A J4A R
Z ¥ (MRD: minimum residual disease)-S L} EF E}ﬂ el A o] 7t} oWl MRD%
AEE A &S 0 (<104, = 104 9 A E
AZ7tse o) s A4 g‘r@rﬂ =R R zl=

ATEE, Lol W o A o] n] W3] X1 upe} o] Al HA fZ 44

W& v o] ] MRD7} 5 ¢ 2] 2] 01]??1%}%‘ < 2.9t} (Bruggemann et al. Blood 107



[e]

T

PCT/KR2019/016556

©] 2] (bone marrow transplantation, BMT)2] & & &

A 3% 0] 2] (hematopoietic stem cell transplantation, HSCT)

(2006), 1116-1123; Raff et al. Blood 109 (2007), 910-915).

WO 2020/111809

_ - - 5 < o X W ol

o — B o g X T R %
T BT P o sZiwnsir®lm g Ee » P 5
FTRFT ANMT RS D o m K e 20 ® o
LB B M e po WRE T A SN g 5 o o
m n auﬂ,\7ﬂHL_ ]M‘_ﬂﬂﬂ)mﬂﬁo‘mﬂ_ﬂ‘:lyﬂ‘mﬂx7aLdﬂ]rmumo 3 .El 63
CNmBT T H OB Fe—3 Bd ¥ =~ = - T o
S5 20 o O B o A °" o X u_uu7zos CRRCH:y ) -
S M XP g o <L T B B HE 1 o £ oF W Ho o —~ =0 oH ail
SR g ST W oI A W . 8 g ® R o
bﬂ}.u%%ﬂoﬂo@oo_ifHm;ﬁwr.mAwTdrmﬂ B N
SO N ET e o g U R RERT & g il B
ST W g™z W e B T woe L8 Pk do
S S R oo o XX o B dl%75u M2 ol z
A NI e e R e I ey i T B
Tt 2 e T e THT O T T o T oo w = >
= X wo#zux_.o_eAMMELl ELM EZ]A £ L
xi%ﬂmuag?éﬁua/xb U BN R - I ok O I
=y N3 oy o E:Lﬁ_/ﬁnﬂﬂ_L_ﬂmoLtE_ ﬂﬁ:/g.ovi = 3 )
2. ol g o o oy B N BT o e ol Nd —_ X T N
R B R ot T B S G T SN o 2 Mo
e RO R o Nl Bl S R 3 A
oSt ixmBIwds<a & By B A
S DL W o g F T W oy 5w ) o oy ik
S e R o B o T o i o o or B o om o ™
S 2 I oy A_.ﬂ_.uﬂLEJ,x_.ix%AOOﬂiiuxﬂﬂ < B <
ST X W ,ﬂrﬂﬂmy]ﬂx.7_E_ZTzTiﬂlﬂoﬂﬂmEmﬂmﬂﬂl al Y
EM T T oo T g BTN K T w3 A
2B N ax @I TRTTHET 2T T A% = T
FMHE T et WMo BT g om W g M
BTN R T epu®o g T T e lg B TR w ol  opT B
MEATHH TN RTRET XL LT RERY YT ow M
WE TN B r B H LTy O og =5 T F ™ R B Mo o

N N . = S A ~ lo ) ilhe
P BTN 2w o e Ry oMYAy TP
R ML i B e T Sl S S A S
BopltolegnEap® cRRT ot T g By W 7 m e B
T m HE T T wET s Ee e Es e N s gsd Noag © %
aﬁﬂ.@ﬂ%%%gE@%ﬁ%ﬂﬁ%gﬁwroﬁjiwrﬂm%%%H%@E
TR BERTETEFEFINEOTERAE-mTH PN TH 2



PCT/KR2019/016556

WO 2020/111809

Fis

JNES AF

a3

[9]

o
Ho

ol
TH
=0
<
it

o
Ho

ol
TH

g}

1] A 2= 2 3} (Minimal Residual Disease; MRD) 2 228 XA 3 o] 21 5 7} ]|

2k
=

28
plo

B

uy
0%
-
ol

ojo

M
B

=y

—_

oy

3t

NGS ¥-41-& SNPE o] &

&

2 9

A
A

L5 7y

[16]

Korean Genome Database (KRGDB)2]

T
T .

6
2} & (allele frequency data)

-
U

[17]

ehd ol

=
=

9] A 2 ¥ <& (chromosome,

5
T

=2 /179 ¢k SNP

Ao

-

ebl ol

=
=

chr), coordinate, DB SNP ID, KRGDB A H.

L=
=

= Yl Solt

%BE X %ME

%

E»

23!



WO 2020/111809 PCT/KR2019/016556

[24]
[25]

[26]
[27]
[28]

[29]

[30]

[31]

[32]
[33]

b: 7 71 2l 55 ¥4 9] Blant-Altman =3

c WA f: 32} 11(5 11c), 12(5 11d), 13(5 1le) E 14(5 11H9] 2 A X
o] 2] A & NGS, STR ¥ MAB(mutant allele burden)< o] &3+ A2 2 U ¥ 2

f: 32} 1] HSCT #/32] SETBP1 4 9 ¢] 23} %] 35 -0,

% 12:= MRD 9 X & el To|t},

% 132 99 o] 34} (1-9)°f theh 0.03 +0.05% & 1 9] allele burden-g 7} 4] =
b 3] szt 7 v 2]l 55 e ot

514 2 o) 7| g) 5 WA are] g o] &oto] WA g AAE Ve

.

ey

Le, b
)
1o
i
>,
[nt
o
(o
e
o
1o
of!
=

R
o
e
EX
ol
2
rie
.
ol
1o
-
r-g{_t
2
rie
.
o
o
0%
>
ol

o S
o
M g
2o
=

rﬂ
of

N

— 0
-
r-g{_t
2
ols
rle
e
o
=
=
r
2
>,

it
N
>,
i)
ols
P
o
fr

A
2

=2

o

=
rhe ol o,
o

)

fo N pob it

1o, 1o o
[off)
o )

e rh
mE
o o
o

i)
=

r
o
oy ot 9
P‘L
o
{0
i

o N 2 of
2

j—t

4
k]
lo oX

fij
o

=

e R =]

_o&
ox!
4
o,
o
~
>
S,
I
i
iz
Anj
:(‘>L_r‘
4
A
N
=
>,
0,
(E
o
S,

oo i fo ofl mx

op
s
N
)

Ot
i
2

t

o
i}
4
r

2 oog olf

M Aol A A8 5 = 89 (terminology) & -2 & #g o] ulgh=] gt
3] 3] A8 AH8E Sl ERA, o= AR, 2849 &
= woke] iyl Gol el ekl 4 vt mhekA, B
Aol= & FAA Hte] 23 | &-& EglE g Ao &
S

oA, oWl o] o | A A " Eivhar o ),

O

>,

f
)
o
b
ol

¢~

2o
M .
2
=
o

O W oo (R oax
o
mEoEd
X

4 B

o

(e rie

A S A, B v & ABCAI2, ABLI, ASXL1, ATM, ATRX, ATXN7LI, BCOR,
BRAF, BRCC3, CALR, CBL, CBLB, CD101, CEBPA, CREBBP, CSFIR, CSF3R,
CTCF, CUXI, DNMTI, DNMT3A, EGFR, EP300, ERG, ETV6, EZH2, FBXW7, FLT3,
GATAI, GATA2, GNAS, HIPK2, IDHI, IDH?2, INVS, IRF1, JAK2, KDM2B, KDMG6A,
KIT, KMT2A, KMT2D, KRAS, LAMB4, MECOM, MET, MLL3, MLL5, MN1, MPL,
NCOR2, NF1, NLRP1, NOTCHI, NPM1, NRAS, NRD1, NUP98, OCA2, PDGFRA,
PHF 12, PHF6, PRPF40B, PRPFS, PTPN11, RAD21, RAD50, RINTI, ROBOI,
ROBO2, RUNXI, RUNXITI, SETBPI, SF3Al, SF3B1, SMCIA, SMC3, SRSF2,
STAG2, TETI, TET2, TP53, TP53BP1, U2AF1, U2AF2, WT1 X ZRSR2%-

o Foy x| = T SRR M E = o] = sk} o] o] fH A}, H rs3736908,
152304429, rs2289195, 152276599, rs4685, rs16865262, rs788017, rs788018,
15788023, rs10498027, rs4673925, rs10498030, rs17501837, rs1523721, rs3821735,



WO 2020/111809 PCT/KR2019/016556

[34]

[35]

[36]

[37]

[38]

[39]

1$6795556, rs2271151, rs967454, 1s2304503, rs11713094, rs2305037, rs2305036,
1$2335052, rs12498609, rs2647243, 152454206, rs10033601, rs2070731, rs2070730,
159282762, rs9282761, 15216136, rs3829987, rs2228422, rs3830033, rs3830036,
1s2072454, rs4947986, rs2227983, 1s2227984, rs2293347, 1$2240455, rs10953468,
rs11976329, rs2074748, rs420753, 1s2072407, rs10274535, rs2240819, rs74483926,
rs6464211, rs10252263, 1$2230722, rs2274649, rs34001282, rs35445683, rs1056171,
1$2229971, rs10823229, rs12773594, rs12221107, rs11195199, rs1875, rs1799937,
rs16754, rs664982, rs17210957, rs11168830, rs3741622, rs10849885, rs2293514,
1s747443, rs4073630, rs17086226, rs2491223, rs2491227, 1s2491231, rs1933437,
rs1800414, rs1800404, rs550239, rs2602141, rs690367, rs689647, rs560191,
1s2439831, rs60147683, rs11651270, rs884367, rs1642785, rs2952976, rs1801052,
1$2905876, rs2285892, rs9894648, rs964288, rs663651, rs3744825, 1s2290684,
rs2114724, rs2228611, rs2241531, rs11672909, rs2228612, rs1049481, rs664684,
152295454, 1$2295765, rs4911231, rs7121, rs9608885, 1520552, rs2076577,
1s2076578, rs5936062, rs6520618, rs2230018, rs20539, rs1264011, rs3088074 2
18352685523 o] o] X]i= o 2 RE HE = o] - 3} o] Ako] SNPE

EolA o2 HEshe Y FEA X o] 2] & d ook of| & X eh-8 NGS(next

generation sequencing) 3| g ol ¥3 L} 31 o] E}

MRD) % 7] uﬂ‘j/]%(chimerism)g o /\] o %’ﬁ.% 2 )}E}
A TN, 7 W 2 Aol T {8 R 2
fAAE QA A 29 €] 215928972 X1 9] 151523721 9}
A Aol A, - d o] NGS 3 =
At 3T A o A (target regions)©l] thek $ x| AR E xgat 4= 9]

st
o . A7 §-AAEL T 40 TAE Ao Eo|Hol T2 HES
oA, A7) A S 2 o] o) Eo] Lol o

A el
T3% 5 gnt
o]

%1 ¥ (HD), Hl—iﬂﬂ HAEZZ(NHL), w4 H 24
W (ALL), A 574 I (AML), 54 AF54 B9 (APL), TH

131 J_H Bﬂ &) bﬂ(CLL) U]—/Ré EELZ,:H 13'4 &) tﬂ(CML), ql-H i%?rLH 1l & tﬂ(CNL)
24 v &3} ‘ﬂ,q%ﬂtg(AUL), AAE YA EHS 2 3 & (ALCL), 2l S A g tﬂ(PML)
W =54 WE W MML), A Q1 T-Al 32 ALL, 4 74] =T ol P TE
= AML(AML/TMDS), & %5 71 53 W (MLL), = 374 (MDS),
214 Ael(MPD) E THEA] 58 (MM) Q.2 o] 5

Bz o st o] g = glem, 94 S e

i

2l Aol Tl % wlgtA s},

HJ

[

_1
o,
N
ol

2
NE ["ﬁ ©

0

LIANEN

-1(31};
:8*:-{11—{
ox T, M



WO 2020/111809 PCT/KR2019/016556

[40]

[41]

[42]

[43]

[44]

rie
z
of

Ol o o> 1l

37144
W, i )

s ~L-7

of| 4] 8-, "NGS(Next-generation sequencing, 24| T
- Massive parallel sequencing, tH-8% 1714 & 4] L
o B2 Holglar FHe), 0}14—/] A E F43 e 2702
Sl elojdl H, A HolH & A= AR Ve

‘%}ﬂ]ﬂ 2 A XJEE w2 7] 8 35 5h= =
JJr”F/] Wa/]tﬂaétﬂ olE 4 017
I

P o

i)

N
S

N
o

o
N
4

ok
o B2 85
BN

w10 g
g
%

3
N
o &

2 o O Hr oo >
W N ol i I py

do 2 rfr n@ = oo

RISNN
fm

rhe
s
]
o |
2
Y

=2
Olt
i

Ot
ol
e Mo

N

2
= oo
o FIF ﬂilo ra

Mo
2 a4y
e
e
i)
ojrt
Y
4z d
N
i)
=2
31
5&

,ﬂ
au)
k)

[‘ﬁ ox, oo 2 i
T Sk
0% |

JReA lﬂ

(susceptibility)2 74 3F= A, 3 A
|32 91 A ol & B ehE A .
of| 2 (prognosis)( Z1 T, A-A o] = Aol o o] &4, ool dA 2A
i A 5ol o)) ko] WA A)E WA A, B

Bl 2} w] E ¥ 2~ (therametrics)( A, X & &5 o )3

A o] e E BUEE 3k 2D)E :

5
oXx

ﬂ\i pN
N
2|

kg o)l A "@]?—(prognosis)"b 2 ghobg AFaf o] 2 =
datoll ek A ekt oF At QlojM o) F= FAAA o o A
Qb Al = AAZVIZF o] Ho] of it Be= AV ks gt} o 29
of| Z (= o 3¢ ;S.]:/_})‘Q‘ETO] 17] oF skx}o] 3 517? 5 oAF-E v 3EEte] g
o Azl Wy

9171 W) 7%= 5 91v]6] & @ali= RNA = DNA 59 a2t g
ol sh e 5of Qloj A 54 mRNAS] £4] §75 FA% 5 3)

I 2 H = 28] Al 2 9 Q. EFo] E(oligonucleotide) = = B, W3 DNA(single

stranded DNA) 3 & H | o] %2} DNA(double stranded DNA) X 2 H RNA XX & H

o AEE A2 g v ol M = i 40 Al Ake] 54 Aol
FHZAQIRNA L2 HE o]-g3to] 4 A WH o2 NGSE 3 5 2l

=
que e no u W B8 2 B0l V& el BAE AS 7 22
M glome Boubo] g

)
SHoh(v] = 55 #14,683,195, 4,683,202, 2 4,800,159%), S AAL-FT a4
A wk-g-(o] 5F RT-PCRE 37| §Hth)(Sambrook -, Molecular Cloning. A
Laboratory Manual, 3rd ed. Cold Spring Harbor Press(2001)), Miller, H. (WO
89/06700) ¥ Davey, C. ‘s (EP 329,822)2] W, 2] 7}o}A| 1 4] HE-g-(ligase chain



WO 2020/111809 PCT/KR2019/016556

[45]

[46]

reaction; LCR)(17, 18), Gap-LCR(WO 90/01069), &1~ 91 2| ¥+-5-(repair chain
reaction; EP 439,182), A A}-5 A <3 (transcription-mediated amplification;
TMA)(19) (WO 88/10315), A7} A @714 & & A|(self sustained sequence
replication)(20)(WO 90/069953), B}l Z&] w22 LE = Q174 A o] A= 4

% % (selective amplification of target polynucleotide sequences)(V] = & &]
A6,410276%), A A 22 M E Zglo]l W F3ta A4 o 2] HE-g-(consensus sequence
primed polymerase chain reaction; CP-PCR)(V| = 58] #|4,437,975%), & ¢ 4
EZglol T3 a A o2 §H-& (arbitrarily primed polymerase chain reaction;
AP-PCR)(M| 7 53] #15,413,909% % #5,861,245%), A4k 7| A& 7|4k

% % (nucleic acid sequence based amplification‘ NASBA)(7| = 53] #5,130,238%,
#5,400,818%, A|5,554,517%, 2 #6,063,603%), 7} =] 3} F-(strand

displacement amphfication 2 y18)-F A 324 S (loop-mediated isothermal

o iUd_OM, = aﬂé 8 —“5: %}UM NGS & ¥ etz 2 FAFE o] 2] &
At o Mg A E H ol & X8 Y RA| L o] A & gt o %
g 7] Eof sl Aolr}

A S A, L2 () YR TE el A|E27EH DNAE 8} L
(2) Al 18+2] NGS 3| 92 o] 83}o] ABCAI2, ABLI, ASXLI1, ATM, ATRX, ATXN7L],

BCOR, BRAF, BRCC3, CALR, CBL, CBLB, CD101, CEBPA, CREBBP, CSFIR,
CSF3R, CTCF, CUX1, DNMT1, DNMT3A, EGFR, EP300, ERG, ETV6, EZH?2,
FBXW7, FLT3, GATAI, GATA2, GNAS, HIPK2, IDHI, IDH2, INVS, IRF1, JAK?2,
KDM?2B, KDM6A, KIT, KMT2A, KMT2D, KRAS, LAMB4, MECOM, MET, MLL3,
MLL5, MNI, MPL, NCOR2, NF1, NLRP1, NOTCHI, NPM1, NRAS, NRD1, NUP98,
OCA2, PDGFRA, PHF 12, PHF6, PRPF40B, PRPFS8, PTPN11, RAD21, RAD50,
RINTI, ROBOI, ROBO2, RUNXI, RUNXITI, SETBPI, SF3A1, SF3B1, SMCIA,
SMC3, SRSF2, STAG2, TETI, TET2, TP53, TP53BP1, U2AF1, U2AF2, WT1 &%
ZRSR2E o] Fo A= O R B A e E = of = sl o] 4o {42t

E W o], 2 153736908, 152304429, rs2289195, rs2276599, 154685, 1516865262,
rs788017, rs788018, rs788023, rs10498027, rs4673925, rs10498030, rs17501837,
151523721, rs3821735, 16795556, rs2271151, 1967454, rs2304503, rs11713094,
152305037, rs2305036, 152335052, rs12498609, rs2647243, 152454206, rs10033601,
152070731, rs2070730, 139282762, rs9282761, 5216136, rs3829987, rs2228422,
153830035, rs3830036, 152072454, rs4947986, 1s2227983, rs2227984, 152293347,
152240455, rs10953468, 1311976329, rs2074748, rs420753, 12072407, rs10274535,
152240819, rs74483926, rs6464211, rs10252263, rs2230722, 152274649, rs34001282,
1s35445683, rs1056171, 152229971, rs10823229, rs12773594, rs12221107,
rs11195199, rs1875, rs1799937, rs16754, rs664982, rs17210957, rs11168830,
153741622, rs10849885, 152293514, rs747443, 14073630, rs17086226, rs2491223,
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[47]

[48]

rs2491227, rs2491231, rs1933437, rs18004 14, rs1800404, rs550239, rs2602141,
rs690367, 1s689647, 1s560191, rs2439831, rs60147683, rs11651270, rs884367,
rs1642785, rs2952976, rs1801052, rs2905876, rs2285892, rs9894648, rs964288,
rs663651, rs3744825, rs2290684, rs2114724, rs2228611, rs2241531, rs11672909,
rs2228612, rs1049481, rs664684, 1s2295454, rs2295765, rs4911231, rs7121,
rs9608885, rs20552, 152076577, rs2076578, 155936062, rs6520618, rs2230018,
1520539, rs1264011, rs3088074 X rs35268552% O] Fo] A= T o2 HH A8 ¥ =
of 1= shi} o] o] SNPE NGSZ ¥4 3h; (3) th o] 2 BA| 3 o] 4] 5
A EEAS Y 7| E S Helehis AS FH5H NGS /18 2P RA T
o4 F m] Ml AE AL 2 7 Z FA g ol 7k slo]t).
ool M, 7] AR 24, A5, A

B AR, B4 L s s e A

v

_|>«

z
er
7
gdol = H59U A

ZHo| A, B g o () 2 E A FE o] A H Ao ZIE] He)

A= Z2YLE DNAS ¥¢]3}aL; (2) ABCAI2, ABLI, ASXLI, ATM, ATRX, ATXN7LI,
BCOR, BRAF, BRCC3, CALR, CBL, CBLB, CD101, CEBPA, CREBBP, CSFIR,
CSF3R, CTCF, CUX1, DNMT1, DNMT3A, EGFR, EP300, ERG, ETV6, EZH?2,
FBXW7, FLT3, GATAI, GATA2, GNAS, HIPK?2, IDHI, IDH2, INVS, IRF1, JAK?2,
KDM?2B, KDM6A, KIT, KMT2A, KMT2D, KRAS, LAMB4, MECOM, MET, MLL3,
MLL5, MNI, MPL, NCOR2, NF1, NLRP1, NOTCHI, NPM1, NRAS, NRD1, NUP98,
OCA2, PDGFRA, PHF12, PHF6, PRPF40B, PRPFS, PTPN11, RAD21, RADS0,
RINTI, ROBOI, ROBO2, RUNXI, RUNXITI, SETBPI, SF3A1, SF3B1, SMCIA,
SMC3, SRSF2, STAG2, TETI, TET2, TP53, TP53BP1, U2AF1, U2AF2, WT1 &%
ZRSR2E o] Fo A= O R B A e E = of = sl o] 4o {42t
E W o], 2 153736908, 152304429, rs2289195, rs2276599, 154685, 1516865262,
rs788017, rs788018, rs788023, rs10498027, rs4673925, rs10498030, rs17501837,
151523721, rs3821735, 16795556, rs2271151, 1967454, rs2304503, rs11713094,
152305037, rs2305036, 152335052, rs12498609, rs2647243, 152454206, rs10033601,
152070731, rs2070730, 139282762, rs9282761, 5216136, rs3829987, rs2228422,
153830035, rs3830036, 152072454, rs4947986, 1s2227983, rs2227984, 152293347,
152240455, rs10953468, 1311976329, rs2074748, rs420753, 12072407, rs10274535,
152240819, rs74483926, rs6464211, rs10252263, rs2230722, 152274649, rs34001282,
1s35445683, rs1056171, 152229971, rs10823229, rs12773594, rs12221107,
rs11195199, rs1875, rs1799937, rs16754, rs664982, rs17210957, rs11168830,
153741622, rs10849885, 152293514, rs747443, 14073630, rs17086226, rs2491223,
152491227, rs2491231, 11933437, rs1800414, rs1800404, rs550239, rs2602141,
15690367, rs689647, rs560191, rs2439831, rs60147683, rs11651270, rs884367,
rs1642785, rs2952976, rs1801052, rs2905876, rs2285892, rs9894648, rs964288,

[e)

£}

)
=

—

N g% g

F

N ot =

m9

[\
o
.
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1$663651, 153744825, rs2290684, 152114724, rs2228611, 152241531, rs11672909,
1s2228612, 151049481, rs664684, 152295454, rs2295765, 14911231, rs7121,
rs96088835, 1520552, 152076577, rs2076578, 1s5936062, rs6520618, rs2230018,
1520539, rs1264011, rs3088074 X rs35268552% O] Fo] A= T o2 HH A8 ¥ =
o] L= Bfuf ]”4 SNPE W-43tH; (3) e £ A o] 2] 5 ] A 1hEA &
R 7 g5 :@LO]O}L7%E§:0}L ZYFAE o] 2] F Felot o 5 o] 5
A AR AT Rl @3k Aot

[49] A Aol A, 71 ) SEACNA, FAAF B SNP A2 AFA T VA D
A] 7] (Next-generation sequencing, NGS), A © A] ¢/ (Sanger sequencing),
w2} A A ZE 741 (Single-molecule real-time sequencing), ]+ HE5 A
%2 (Ion semiconductor), 3}o] 2 Al 4 (Pyrosequencmg) SBS(Sequencing by
synthesis), SBL(Sequencing by ligation) & 12} “d %] #+-§-(Chain termination) 2. =

| FoA X1 ol A A Elg 15 o] o] WHH & o] 83 4= o, ¥ ©] NGS

392 o] &3to] At Q714 E Al @ (Next-generation sequencing) W &=
WALk Aol U5 vk ey,

[50] A A AJ oo A, 7] v 2] 412 o] 2] A SNP7} & 3 A 3 (homozygous;
aa)©] al, o] 2] & o] 3 7 9k(heterozygous; Aa). L. = H 3315 W, wild type 9 71+=
Bl Ao A 7] 93 9715 ol el ez aelahale). i, o) 4 A
SNP7} ©] & 7 F}(heterozygous; Aa)©] 3L, ©] 2] 2 &3 5 3 (homozygous; aa) &=
NS W, A 971 Fol A i BApel AzolA 7] 253 Aol
AEE=7h SR wild ype 91713 S48l Shokgliz AEo)A 7] A
DI1E SlnlBhz A0 G

[51] B whg o] A -8-0f, "SNP (single nucleotide polymorphism)"+= T+

Y2 QL E| o)l A 2] B8 A (polymorphism)©] Ul =, o] = F ehell 1o A A
A% (genomome)©ll S)i= dhte] A7 7F A A A H}EP e A7 S A 8=,
T4 S 5 SNP= 300 W A] 100071 2] 17100 st B 5 &Rl st7] wl<tell A%

(o]

=)

A% DNA A Aol 3= 2 o] &= 3007 7] 2] SNP7} &4 3HA] o

[52]

[53] 31719 AN o Z Fate] Body S B} AAEHA A skt 1y 3]
A= o] 8 A Bk ] o gk Al A A ool of & - v o]
A== A& ot}

o] AAIE A% FH

[54] AA 1L AAH AL EAS s d 74

[55] 1. golgckdst Avl A f 4 A 2 NGS 3 -4

[56] A AEA R H7EE A8, MDS 2 &5 524 &Y 3 A (myeloproliferative

R &
neoplasia)S 7}7l AL Eo| A 2hF oW o] ¥ = F-AAE 3F-3F=

AANAIN ALY DS FATA TAL R, % 19 e Fol wreh
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[57]
[58]
[59]

[60]

MDS % & 214 Tk A9 A 7E 877112] ABCA12, ABL1, ASXL1, ATM,
ATRX, ATXN7L1, BCOR, BRAF, BRCC3, CALR, CBL, CBLB, CD101, CEBPA,
CREBBP, CSFIR, CSF3R, CTCF, CUX1, DNMTI, DNMT3A, EGFR, EP300, ERG,
ETV6, EZH2, FBXW7, FLT3, GATAL, GATA2, GNAS, HIPK2, IDH1, IDH2, INVS,
IRF1, JAK2, KDM2B, KDM6A, KIT, KMT2A, KMT2D, KRAS, LAMB4, MECOM,
MET, MLL3, MLL5, MN1, MPL, NCOR2, NF1, NLRP1, NOTCHI, NPM1, NRAS,
NRD1, NUP98, OCA2, PDGFRA, PHF12, PHF6, PRPF40B, PRPFS, PTPN11,
RAD21, RAD50, RINT1, ROBO1, ROBO2, RUNX1, RUNXITI, SETBPI, SF3Al,
SF3B1, SMCI1A, SMC3, SRSF2, STAG2, TET1, TET2, TP53, TP53BP1, U2AF1,
U2AF2, WT1 2 ZRSR2 F3 A (522, =3 2 & 4)E A Hslo]

2HA O] 94 71 A E -4 (next-generation sequencing, NGS) o €& -4 3151t}

12. 2SR A 01*—1 e

T 7lvel g S 913 SNP AT B NGS oY 1A
371 AAl el 1-19] A
(s}

b= Aol {- A xbe)l o] gli= SNP(single
nucleotide polymorphlsrn)/] H4d (heterozygosity) 4 H.E o]-8-35to] 28 F A X
ol 2] 3 7lvlElF& EA 8] flakod, 71l g FAlol F-8% SNP v & &=
59| ehare]F o B AASGIT o] & 9 3l, SNP2 QIEH o] & Holm =
gharlell A ek SNP £ A staL, el F-AdAF AW Ay 34
EdWo] (o, LOME K = ez, thFe fAAE 233 7w 5
SNP 23S FAleth A o g, B A XE SNPES dut 391 9
o] & % 3+ A Wl %= (the Korean reference genome database investigated 1722 Korean
individuals)fﬁ AESAT (2 6). & HEA <} o]y H3A N /AR 2h2t
90~100 % % 45 ~ 60 %] 1715~ W50l of 3] 2 = 3l a1, gh=<d

dlolgf o] 2ol A 0.2 WA 0.89] o] A F RI=E 7FA <= 15370 ¢ SNP (= NE
ZAFSEIL NGS 7] vl 8] 55 iAol 3 4 91 SNPE-E 317 7] & upe} A8 st
1) > 500 mean read depth; 2) < 0.2% background error (BE); 2 3) < 10% ©] 3 5%+
-7 AF2] measurement error (ME, 2= th 232 2 A o €32 Alo] 9
Bz o] A)

Z1 A3 12170 2] SNPE©] NGS 7|l 2] A4 & o= ey glon, e
SNPE 9| #55 719, %BE 2 %ME:= 247} 1398.3 + 538.9, 0.082% + 0.035% 2
3.31% + 2.27% % W EFST} (5 8).

n:Zi rH —

A
A

1’.1
Hm

-

AAd 2 MAZELE L 7|vEFE £

2-1. 32} ek 1 Al F=4]

= 0| & A FF " (Myelodysplastic syndrorne MDS)= 2wtk A2
H 2o A allo-HSCTE -2 141 9] A58 B A9 55315 o,
471 A0 wek A0 A AR G910 7 AR fE 2
Bk} (KC16S1S10395). #H A& 25 E @3 ¥ 9 i£= E(bone marrow, BM)

FI-E o,
e i

i

A=
o

rO

KeN
=
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[65]
[66]
[67]

¢l (aspirates) S 83l (N = 53) o] 2 2-E] DNAE F%3519]t}.

2-2. STR 4]

STR 4] AmpFISTR Identifier PCR Amplification (Applied Biosystems,
Warrington, UK)Z o] &3t E2 2] 16702 vkA (2214 82] D8S1179,
21q11.2-q212] D21S11, 7q11.2-222] D7S820 , 5933.3-342] CSFI1PO, 3p<]
D3S1358, 11p15.5¢] THOI, 13q22-312] D13S317, 16q24-gter2] D16S539,
2q35-37.12] D2S1338, 19q12-13.14] D19S433, 12p12-ptere] vWA, 2p23-2per2]
TPOX, 18q21.3¢] D18S51, 5q21-312] D5S818, 4282 FGA, 2 X (p22.1-223) ¥ Y
(p11.2) A1 A 2] o}l 2 A (amelogenin) - FAAF#h & =3 ¥ AT}

2-3. NGS =318 =3l u] 4| = 5}

2-3-1. NGS & 0|83 MDS ¥ 54

NGS #241-& A7] A Al oo A &= 19 &
c

=
214 & <F 3 A (myeloproliferative neoplasia)S- 7F%1 2

2] 5ol whef A e MDS R &

7 F Aol A 25
Hol ¥ = 8779 FHA (22 H & 3)HE ik A AV E w4
& o|-&3sto] 8 gl 4 74X Al (Target capture sequencing)-
& 34 7] E (3039061, Agilent Technologies, Santa Clara, CA, USA)E
3to] 4~8) ¥ 21t} DNA 2}o] B.2] 2] &= SureSelct Target Enrichment System Kit
(G7530-90000) (Agilent, CA)E ©|-&3}o] A 2= At} Covaris S2 (Covaris, MA)
] & o] &3l 2+ A E 9 500ng genomic DNAE 250bp A =9 270 =2
shearing 3} 31 target-specific Capture Library (Bait ID : 3039061)°l] =43 A 3FA] 71T},
o] H ghol B & 2] 9] 92 KAPA Library Quantification Kit (KK4824, Kapa
Biosystems)< ©] -8l Al&FatqlaL, ol wE| 7} A7t glol B g9 F4 3 Aol =
-3 3= electrophoresis on Agilent Bioanalyzer High Sensitivity DNA microfluidic
chips (Agilent, CA)< ©]-&3} =433t} lllumina HiSeq2500= o] H.2] €] ]
MARES A=, An] el A S8 A4 o] = o, ojm]A]
412 HiSeq control Software version 1.8.4.2 ©]-83l 4=3 ¥ It} L3t ol H
ML AFA M LE A58 A A 81H7] 93l cutadapt
(https://doi.org/10.14806/ej.17.1.200) 2 sickle (https://github.com/najoshi/sickle)E
o] &35ttt M A feadE QI7F FE A 55 (hgl9)oll Lekelstr] €3]
Burrows-Wheeler aligner (https://doi.org/10.1093/bioinformatics/btp324)E ©]-8 31T},
local realignment, <~ A 24 D A< dlo]H o] ZE Y& 93] Genome Analysis
ToolKit (GATK) (http:/genome.cshlp.org/content/20/9/1297)E ©| -85} v}, 3t
Picard (https:/github.com/broadinstitute/picard) % Samtools (
https://doi.org/10.1093/bioinformatics/btp352)E 7]+ SZE A 2=, A A H] o] B ]
] 2 mpileup A& Al AFE-3FTE VarScan v.2.3.9 (
http://varscan.sourceforge.net/) & ¥ o] & el sl=t| A-8-3F3 )

O oy Bkt ofy
"

A
g
l
&
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[72] 1 A3}, FR}of] FF o) Al 9] 2 A X o] 2] (allogeneic hematopoietic stem cell
transplantation, allo-HSCT)< =38} 7| A (pre-allo-HSCT) 2 <=3}
F (post-allo-HSCT) 9] ASXL] 2 EZH2 =<1 o] o)) tf &t ﬂ% H A2 Zol(a
depth)E FA T 2 M 2 FAFE o] 2] & AW A ZA¥o] AF A&
%l

p=1 JE
a3, £49 1155 o] 2]

S M AIEA TS FIEs T2 9). L ol
Aol A= ASXLI L EZH2 S AW o] 7} & A8, 28 BA| XL o] 4] T
B2} ol A= ASXLT D EZH2 W o] 7} vhe-S ghel 519l d) (5 10)

[73]

[74] 2-3-2, NGSE o] 83 2 WA o] 2 & 7]v ] = 39l

[75] 1217] 2] SNPE- ¥ &3F= NGS 392 o] &3}o] 47| 2 Ao o] A 9} 7o)
NGS= WA 3ta1, ZF SNP2] 3] A} allele burden< 17 573812 1 W #] 42

i~

]/\]_3],0:1 q_
[76] 573t 1]
[77] Al(A+a)[ 3 21 AHAA) H 0] AH(aa)]
[78] [573H2] 2]
[79] a/(A+a)[ & 1 AHAA) H 5791 ZH(aa)]
[80] [573H2] 3]
[81] 1-2x{a/(A+a)[ & <1 AHAA) B 7] A} (aa)]}
[82] [5=3H2] 4]
[83] 1-2x{ A/(A+a)[ & 1 AHAA) H 5] ZHaa)]}
[84] ko] 2} 71| 8] 52 H o &) A} allele burden 2.2 A 2] ¥ At}
[85] 1 A3, 7838 SNPE Q] 5= 7 A o]l o (FoF 4k 25.5, H 9] 8-41) STR

(& J%} 10.5, "9 5-14)H.t} o] A Ve TR NGS 24 ol A g 2}

7] ) < STR A Ao} v 9 & FAIAAE HEFH 2™ (2=0.988 (P <
0. 0001)) (% 1la), <= tl o] ¥ E 1 E = Blant-Altman plot®l] 4] 3 1 % #}o] 9] 3
E 7 JAXKSD) )W T (5 11b). MRD 9 X 3= &= 89| 2} f-A Aol A o
%BE + 3SDsZ 24 ¥ 1} (52 12). 99 2] £4} (1-9)%= 0.03 + 0.05% =1 H o]
allele burden-g 7} 4= ¢ 3] 3o 2} 71w 2] & (STR 99.29 +0.76, NGS 99.60 +
0.58)% YEFITE (5 13). 34} 102> GAFA QL Pl A9 S35 v el &S
Lebsit 14 k2 5, Al 2] 312} (11-13)7} allo-HSCT F-of] A 23} o}

A ko)l A =1 o] allele burden®] 74 2 ol A} 7w 85 A AE A=Y )
(211, 5 o). 32 125 34 32 A 1de) 238 758 1ol
SF3B] E1 o] 7} Y& =5 (0.44 +£0.16) 0.8 A& A0} (& 11d). $HA} 132
allo-HSCT 3 771471 x) £3t5 7w 8] =& Ve AL, NRAS =19 0] 7} 2 g A
HZE R 21} allo-HSCT 5 ARk T A7) 3habs gl 2p 7] vl g 5ol s
allo-HSCT 3 971 z}ol] AMLo] A 435k t). 53], Al 28 A Z 573 4 o] A}o]
NRAS =AW o] AEA glo] oAt (% 1le). ol & &3l 7/HAE ¥ 2o
%/\] %/ﬁl% EGH B_JJFXJ o7 01251 /\ o]g_ 14_};]_ q_ Et_gL, §L]_;<} 14(5
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[86]

[87]
[88]
[89]

[90]

[91]
[92]
[93]

[94]

[95]
[96]

[97]

ATt 7] AML $A1= allo-HSCTE 114
W& -7+ 4 - (pancytopenia) ©|
71w 2] & 42 913 BM AALE 35,
21 blast (5%)E e 53], &b $ g o2} 71w 2] 5

(99.8%) 3} PHF6 =13 0] 7} NGSE W3] 5 o1, o] &= E ¢ o) 7} o=}
A2 REH FaE A4s Yetdllth ol = 1 85 € 7q 342 & Ehks
T A A E F ol H MDSE 5dh= A EHA
/146,XY +1,der(1;7)(q10;q10)[51/46,XY[5] 2. & S -2 = %)

=, A7) A Aol A AdE SNP 5 2 2 A 5 o] A ke o] 2}9) 3k}
NAEE A A 2ol & YEbl = {88 ol 2t o g /-4
alleles, IRA)™= 3171 2] 7| o & AAHATHE 12, & 13):

1) 34} (5221 A} (Recipient, Rw, Rv)2] SNPo] o] & 7 g1 4 9-, & X(Donor,
Dw)2] SNP:= & & 3] §ol of o it}

2) gkatel gl zlo] SNPol &3 A Sl A5, Ao} Tl A= AR &
A719] & &7 Folof of gt

P
~

Informative recipient

ob=2, 7Iv e = AttE #8ke, (1) &AHRecipient, Rw, Rv)2] SNP©]
o] A A 45, 3 AHDonor, Dw)2] SNPi= 58 7 Fro] o of 5}, o] ul] Fk=}
7] vl 2] <5 (Recipient Chimerism)(%)< 3F7] 2] 5=8F2] 58 AlALH T},

[4=514 5]

Recipient Chimerism(%) = Rv*2*100/Rw+Rv+Dw

3, (2) A Recipient, Rw) 2} & ¢ AH(Donor, Dv)2] SNP7} A 2 t}& ¢4 7] 2]
AT A5 8719 por 602 AL

[4=514] 6]

Recipient Chimerism(%) = Rw*100/Rw+Dw

o] & o] &5} 3+ (Recipient, Rw, Rv)oll & WA L o] 2(PBSCT)S =8 8} 7]
A (pre-PBSCT) 2 43 F(post-PBSCT) 2} # <] ZAH(Donor, Dv)2] 7] vl &] &<
¥ Aat 1400 VER ufe} o), Fkx}e] 7] v 2] 5 (Recipient Chimerism)-<
721%91 A o2 FAH T},

71 AAE T8, 2D EAE o] 4 A ghrte] Aol A A g SNPL]

% 34 (heterozygosity) 7} 0] 2] & A A o] A W3S u o] & o] f8lo] FoIA}
A S A 7] g A7 QNA] Ba= ol Hi Ag Al o A 7] &
A7 RE AT T A SE AT o] =, o] A A SNP7}H
53 %] 3(homozygous; aa)©] 31, ©] 2] & o] 3 & Th(heterozygous; Aa) 2=
32

]

s
=

offt
M off rH
i)

o] 2] 7 SNP7} o] & 7] S(heterozygous; Aa)©] 3L, o] 2] &
(homozygous; aa) & & W3} 3-& ], x| gkl 17]+= Tl x} == Skt

ol A 7118t & Aol a, A& =(%7F Wl el s) wild type 9 7]3= 42

-

3
S ], wild type @71 Tl A Al Eoll A 7|13 A7 5 2] dl= Ao,
3

—

T

v

I
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ol Al zo A 71 gk 7] & o n] sl A2 gelstglnt ol & B,
 H-{- A A H1 % g o] B](Allele frequency data)E ©]2] & 3} o] 2] 2o
H a3k o B4 7] H )& w4 ol o] &3t = 2 8-& glskgltt
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A8

[ 73 1]  ABCAI2, ABLI, ASXLI, ATM, ATRX, ATXN7LI, BCOR, BRAF, BRCC3,
CALR, CBL, CBLB, CD101, CEBPA, CREBBP, CSFIR, CSF3R, CTCF,
CUXI, DNMTI1, DNMT3A, EGFR, EP300, ERG, ETV6, EZH2, FBXW7, FLT3,
GATAI, GATA2, GNAS, HIPK?2, IDHI, IDH2, INVS, IRF1, JAK2, KDM2B,
KDMO6A, KIT, KMT2A, KMT2D, KRAS, LAMB4, MECOM, MET, MLLS3,
MLL5, MNI, MPL, NCOR2, NF1, NLRPI, NOTCHI, NPM1, NRAS, NRDI,
NUP9S, OCA2, PDGFRA, PHF 12, PHF6, PRPF40B, PRPFS8, PTPNI 1,
RAD21, RADS50, RINTI, ROBOI1, ROBO2, RUNXI, RUNXITI, SETBPI,
SF3A1, SF3BI, SMCIA, SMC3, SRSF2, STAG2, TETI, TET2, TP53, TP53BP1,
U2AF1, U2AF2, WT1 % ZRSR2% ©|Fol A= L 0 2 7B A E ¥ = o] =
) o] kel /- A AF, 2 rs3736908, rs2304429, rs2289195, 152276599,
rs4685, rs16865262, rs788017, rs788018, rs788023, rs10498027, rs4673925,
rs10498030, rs17501837, rs1523721, rs3821735, rs6795556, rs2271151,
1$967454, 152304503, rs11713094, rs2305037, 12305036, rs2335052,
rs12498609, 152647243, rs2454206, rs10033601, rs2070731, rs2070730,
1s9282762, 19282761, rs216136, rs3829987, rs2228422, rs3830035,
rs3830036, 152072454, rs4947986, 12227983, rs2227984, rs2293347,
1s2240455, rs10953468, rs11976329, 152074748, rs420753, rs2072407,
rs10274535, rs2240819, rs74483926, rs6464211, rs10252263, rs2230722,
1s2274649, rs34001282, rs35445683, rs1056171, rs2229971, rs10823229,
rs12773594, rs12221107, rs11195199, rs1875, rs1799937, rs16754, rs664982,
rs17210957, rs11168830, rs3741622, rs10849885, rs2293514, 15747443,
rs4073630, rs17086226, rs2491223, rs2491227, rs2491231, rs1933437,
rs1800414, rs1800404, rs550239, rs2602141, rs690367, rs689647, rs560191,
1s2439831, rs60147683, rs11651270, rs884367, rs1642785, 1s2952976,
rs1801052, rs2905876, rs2285892, rs9894648, rs964288, rs663651, rs3744825,
1s2290684, 152114724, 1rs2228611, rs2241531, rs11672909, rs2228612,
rs1049481, rs664684, rs2295454, rs2295765, 154911231, rs7121, rs9608885,
120552, rs2076577, 152076578, rs5936062, rs6520618, rs2230018, rs20539,
rs1264011, rs3088074 H 1535268552 % o] Fo] A= 7 Q. R HE] A ¥l =
o] = i} o] o] SNPE 5ol o7 A&k £ FA X o] &
o o Qf o & ?_}“9“ NGS(next generation sequencing) 3 g

[ -3 2] A 138}el] gl A, 1] M| 2k 3H(Minimal Residual Disease; MRD) 2l
7| HﬂF/]—ﬁ(chlmensm)g T Aol B 2 A X o)A T galol o &
g4 NGS = 4.

7 - 3] A 18}o] Qloj Ay, Folehe wkAl FvhktA] ¥ B (CMMoL),
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EF AR EddE, 24X HHD), H-= A1
(NHL), A 131 LA W GEJI:H(ALL), A 274 W %‘%(AML) a4
Al @%%(APL), wkA) 2l 5T A uﬂzﬂtﬂ(CLL), TEA] FEAS

o [e]
(CML), ¥4 5574 ¥ %“E(CNL) ERCRER
& Al 2 ZFALCL), A ZA WY PML), F4d S5eTA
_% 1
3

ofN

4
e

A
A
4+

2 8 & Z A i)
o.>|: et ik (i r&
O

I (MML), A1 T-A| 3 ALL, 2 A G &= ol A F

AML(AML/TMDS), -Z 5% A5

T34 FHMPD) B T ZFEMM) SR o] Fol Xl oA
a4

AEpE s of - shit o] g9l £

4

s,

(314 A1 NGS S £38h= 2D EAE o] 4 F Dot o 5 Aeg
ZAE

[37%s5 A f‘m ZAEE I 2HEAF oA F I AY o F At
71 E.

(7ol (D WALERE Zed ARERE DNAS ¥ & shaL

(2) Al 13+2] NGS 392 o] &3}o] ABCAI2, ABL], ASXL], ATM, ATRX,
ATXN7LI, BCOR, BRAF, BRCC3, CALR, CBL, CBLB, CD101, CEBPA,
CREBBP, CSFIR, CSF3R, CTCF, CUX1, DNMTI, DNMT3A, EGFR, EP300,
ERG, ETV6, EZH2, FBXW7, FLT3, GATAI, GATA2, GNAS, HIPK2, IDH],
IDH?2, INVS, IRFI, JAK2, KDM2B, KDM6A, KIT, KMT2A, KMT2D, KRAS,
LAMB4, MECOM, MET, MLL3, MLL5, MNI, MPL, NCOR2, NF1, NLRP]I,
NOTCHI, NPM1, NRAS, NRD1, NUP9S, OCA2, PDGFRA, PHF12, PHFS,
PRPF40B, PRPFS8, PTPN11, RAD21, RAD50, RINT1, ROBOI, ROBO2,
RUNXI, RUNXITI, SETBPI1, SF3A1, SF3B1, SMCI1A, SMC3, SRSF2, STAG2,
TETI1, TET2, TP53, TP53BPI1, U2AF1, U2AF2, WT1 % ZRSR2E o] F0] %] 3=
7O 2 R AElE] = o] - s} o] A e] A Aol B¢ o], D 153736908,
1s2304429, 152289195, rs2276599, rs4685, rs16865262, rs788017, rs788018,
15788023, 1310498027, rs4673925, rs10498030, rs17501837, rs1523721,
1s3821735, rs6795556, rs2271151, rs967454, 1s2304503, rs11713094,
1s2305037, 1s2305036, rs2335052, rs12498609, rs2647243, rs2454206,
10033601, rs2070731, rs2070730, 1s9282762, rs9282761, rs216136,
1s3829987, 152228422, rs3830035, rs3830036, rs2072454, rs4947986,
1s2227983, 152227984, rs2293347, 152240455, rs10953468, rs11976329,
152074748, 15420753, rs2072407, rs10274535, 1s2240819, rs74483926,
rs6464211, 1s10252263, rs2230722, 1s2274649, rs34001282, rs35445683,
rs1056171, rs2229971, rs10823229, rs12773594, rs12221107, rs11195199,
rs1875, rs1799937, 1s16754, rs664982, rs17210957, rs11168830, rs3741622,
rs10849885, rs2293514, rs747443, rs4073630, rs17086226, rs2491223,
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1s2491227, 152491231, rs1933437, rs18004 14, rs1800404, rs550239,
rs2602141, rs690367, rs689647, rs560191, rs2439831, rs60147683,
rs11651270, rs884367, rs1642785, 152952976, rs1801052, rs2905876,
1s2285892, 1s9894648, rs964288, rs663651, rs3744825, rs2290684, rs2114724,
rs2228611, rs2241531, rs11672909, 152228612, rs1049481, rs664684,
182295454, 152295765, rs4911231, rs7121, rs9608885, rs20552, rs2076577,
rs2076578, 1s5936062, rs6520618, rs2230018, rs20539, rs1264011, rs3088074
2 1535268552 % o] Fo] X i= L 0 ZIE] A B ¥ 3= o] - dl v o] Ao
SNPE ¥4 5},

3) el 2dZAE o] 2] F A dEA S Bl 7| v e 5 & FAlehi=
AL EFEHZNGS 7|i 2ERA E o] 2] F A=A d g 7w e]
A

Al ool gl Alms 24, A, A, 94, 94, 4o, A A, 2
ERel, A, 2o, S R B E] ATE = o] 1 3l o] 491 NGS
7k 2R A o] A F A RE A S g v 2] 5 A

() ZIRAE o] 2| ooz e ¥ A2 YE DNAE
w2l &t aL;

(2) ABCAI2, ABLI, ASXLI, ATM, ATRX, ATXN7L1, BCOR, BRAF, BRCC3,
CALR, CBL, CBLB, CD101, CEBPA, CREBBP, CSFIR, CSF3R, CTCF,
CUX1, DNMTI1, DNMT3A, EGFR, EP300, ERG, ETV6, EZH2, FBXW?7, FLT3,
GATAI, GATA2, GNAS, HIPK2, IDHI, IDH?2, INVS, IRFI, JAK2, KDM2B,
KDMG6A, KIT, KMT2A, KMT2D, KRAS, LAMB4, MECOM, MET, MLLS3,
MLL5, MNI, MPL, NCOR2, NF1, NLRPI, NOTCH1, NPM1, NRAS, NRD,
NUP98, OCA2, PDGFRA, PHF 12, PHF6, PRPF40B, PRPFS, PTPNI 1,
RAD21, RADS0, RINT1, ROBOI, ROBO2, RUNXI, RUNXITI, SETBPI,
SF3Al, SF3B1, SMCIA, SMC3, SRSF2, STAG2, TET1, TET2, TP53, TP53BPI,
U2AF1, U2AF2, WT1 & ZRSR2%E o] F ol X|i= 3t 0 2 e A el 5= o] =
St o]l A 2ol E el o], 2 rs3736908, 152304429, 152289195,
152276599, rs4685, rs16865262, rs788017, rs788018, rs788023, rs10498027,
1s4673925, rs10498030, rs17501837, rs1523721, rs3821735, rs6795556,
1$2271151, rs967454, rs2304503, rs11713094, rs2305037, rs2305036,
1$2335052, rs12498609, rs2647243, rs2454206, rs10033601, rs2070731,
1$2070730, rs9282762, rs9282761, rs216136, rs3829987, rs2228422,
1$3830035, rs3830036, rs2072454, rs4947986, rs2227983, rs2227984,
1$2293347, rs2240455, rs10953468, rs11976329, rs2074748, rs420753,
1$2072407, rs10274535, rs2240819, rs74483926, rs6464211, rs10252263,
1$2230722, rs2274649, rs34001282, rs35445683, rs1056171, rs2229971,
1s10823229, 1s12773594, rs12221107, rs11195199, rs1875, rs1799937,
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rs16754, rs664982, rs17210957, rs11168830, rs3741622, rs10849885,
rs2293514, rs747443, rs4073630, rs17086226, rs2491223, rs2491227,
rs2491231, rs1933437, rs18004 14, rs1800404, rs550239, rs2602141, rs690367,
rs689647, rs560191, 152439831, rs60147683, rs11651270, rs884367,
rs1642785, 152952976, rs1801052, rs2905876, 1s2285892, rs9894648,
rs964288, 1s663651, 153744825, rs2290684, 152114724, rs2228611, rs2241531,
rs11672909, rs2228612, rs1049481, rs664684, 1s2295454, rs2295765,
rs4911231, rs7121, rs9608885, rs20552, rs2076577, rs2076578, rs5936062,
16520618, rs2230018, rs20539, rs1264011, rs3088074 X rs35268552=
o101 A1 ZORGE AR ol 31} ol ol SNPE: 1451
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