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23) AHP(Analytic Hierarchy Process), AZsA M2 dulEldAd A 5 H]&-1dS B4ss HAAA
J 2 o] AdwA

7b ol ASs BANE #Eete] REshs AN EHoR, Y A ddd s
A F 9Pl Sel Wrkasrt Hw, 058 & A9 A F319 BdAel S
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HA=XE | MDY | HPYREAL | SR
TE goi(eh | 89(eh 2 ) 5% 2
475 & 2,052 & 1,001 & 7692 A
oA X (m) 13,657 34,256 19,798 13,837
O K| 4 & (m) 11,377 34,162 24,255 24,255
S At 47,518 205,248 100,122 76,880
SAH| 40,290 116,912 63,108 43,831
LSl 2,258 28,718 20.390 20,390
o 4970 14,024 7,522 5,670
A A H] 2,513 8,473 3,729 2,626
ZalH] 2,364 5,135 3,649 2,943
Al F o] 93 416 144 101
7| EF&E At - 26,935 - -
AEH| - 22,261 - -
H| & - 1,887 - -
XA 2 - 2787 - -
of B[] - 18,659 9,102 6,990

T AE  AEEe

< ZEMNEHBME M ALY AZY of M £ A £ (2024 ~2029) >
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AgFo2A, #2 WHA
4e AT Bzt e

0 @Fe MaAAdeld A 2 TAFGHAT NgAge @2l
W12 A4 B (Pangenome) 752 9% A7 7|9 A7 |EAH R
AR D FNE 9k Agoz 20250 AFES 174 259 o]
AT BYEDE
< 2025 Sl HRMAC|O[E] A 2 A FEH AT of Aok AELS >

O 2 uted | 2,50044 BHel
- gt=el HRMAdole MM 2 A AT ) 2,500,000% &
= Short-read ™ & 7| A €& 2 (Wkfgdms Z 0l 150bp): 180Gbx1,500% &
« long-read M A7|A & ™ HE (wndrks Z 0| 20kb): 180Gbx7,000%1 &
« Ultra long-read M 7| ME™ L (2] 20| 600kb): 180Gbx10,000% &
* Hi-C Q7M™ (FMA 9 7= #H4 mteh): 300M readsx6,5008 &
O Awde]de 20259578 597 &=2l 1,000 WA 753 =
AFFd =2 AR ¥3S HxEE FATE Afoerw drE

< gt=ol HRdAoole Mo 2 IHFyHAT FX A E((2025~2029) >
(Er9] : wymrel NIE)
- = Al 25 '26 27 28 '29
of &k 24000 | 2500 | 4000 | 5000 | 6000 | 6500
HedAoole += 1,000 100 160 210 250 280

): short read seq, long-read seq(Pacbio), Ultra long-read seq(ONT), Hi-C seq

M E(L2YA):




O Ay #Ag e FAAFS v, 3dAe 24 1dA) =2 HH

A A7 B (Pangenome) 1009 <42, Q&A) 3=l WHEAAHH
(Pangenome) 6007 $=, <17F HAFAAAR LA D HPRC) 29
A el F gkl HAEHdAGRe] SAEEAR £33, (3dA) g
=9l HFdA A4 E (Pangenome) 1,000 €5, A7 HFAAAR

A H s ALAAMHPRC) 39A Fol R oprlo} MFHdAAHE

< ot=ol HEHAoolye d& A IHYEHAT FEAE(eH >

O (FZlujd)
- N EFxEECZ 221 s U7 FHA XTI AMO FEAEE X2l
2 2 M & (Pangenome) 2 *H E4
- A7l 708 =l HRAMAM HE 7= E HPRC2I ZHMeesS S st=¢l HyE
A HEE I =2 F M2 Zosts & I7F 2™ &Moo M X}E g
O (FXAE) 25HFEH 5A7ZF SEAH Al F=Z
- (12HA], '254) st=¢2l Pangenome & X
- (%A, 26~"274) HPRC 2% A (phase 2) o170 0|, =M EZEHEo st=ol
THMYE Exe 2 30 (eh=2l HRdM & 600H)
+ HPRC= 1ttH (phase 1) Z 1t &E 2kZ (Nature '23) 2 2ctA F7 =
- (BTHA|, '28~'29) HPRC 3ttAH(phase 3) 917 #H0{, ofAlof HRMAYE ZHLAH
75 ¥ 2E2 S =0 HRMAEE €8 =ii(~13Y)
* HPRC, CPC2} =2|& Sdll 2M ZZEZ, T M7= 7MY 24 o A
& 5 838 A7 @€H€HE s7[=2 &
% (KPP) Korean Pangenome Project, (HPRC) Human Pangenome Reference
Consortium, (CPC) Chinese Pangenome Consortium

Phase 1

BQANFE 7= (81291 T
SH=0l QAR P2 SHH (-600%)

=Ml &= =HH

HPRC &= =tH (st=2! S =i Hhe)
OLAIOF X2 HRTIN| 2IAAIY 7= 2 29
gt=el MRTMEE 7= =HH (~1,0002)
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TAC) (TTC

30%

70%

0= Human Pangenome Reference ConsoriumHPRO)OIIM= CifIE
Z= Chinese Pangenome Consortium (CPOOIM = 36 24 2z

40%

ATC

o

H: Human Genome Reference (GRCh)

H 7 Human Pangenome Reference

40%

CG

60% 60%

CYP2D6 (

CYP2D6/7
LE T

0.01
1 0.01
0.01
0.01

CYP2D6-spacer

spacer
CYP2D6-CYP2D7-CYP2D7

CYP2D6-CYP207.

CYP206-CYP207

CYP2D6-CYP207
CYP20D7-CYP207

———— cyP207
CYP206/7 C,) \
jcount  Frequency Hapiotype name o
78 087 CYP2D6-CYP2D7 L A e— cyP20d
6 0.07 CYP207 — ) a Svp207
2 0.02 CYP206-CYP2D6-CYP207 Lo B s B S— spacer
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45038

Z=H Y2} Pangenome AtO|H >
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TACTTATCCTTGGGACGATCGTACGTCATCGATCGATCG

TG (GG

Pangenome2 2 3 =%t CYP2D6/D7 #&™ A 7= >



Human Pangenome Reference Consortium (HPRC)

(] HPRCE YA ®EUsn, UCSC, EBIE $Ao=2 7]¥ Genome
Reference Consortium(GRC)$ thst A=A 1 7| o] 3 H s}t
o] Pangenome 1% %

* GA4GH, GIAB, ClinVar, HGSVC, ClinGen, ENCODE, 4DN, CMG & #}0{
[0 GRC= 7] I HE=FAdA A=Y 55 ¥ GRch3 HEE

718 «d7]star HPRCol|  Frofste]  ApAld) x4

2
Y
o
r o

Pangenome 5ol o &

[0 HPRC= thelZF 714k 45078 o] /de] <1t deA7|Mddus e
% Pangenomes 7538t <QIXF FAAE A =stal g ofskazt 3

« HPRC 23 (Nature 2022), 474822 A=l Draft Pangenome &

il
=
L
=
=
@
8
>V)
«L

. olF T4 ofzalzlel4y), ofs2I7H16), FRe U vl Eelew), FEiel1Y)

< 8. Human Pangenome Reference Consortium 7# >

Human Pangenome Reference Consortium * Consortium Goals
@ m RST SAB NHGRI Steering Committee . :?ﬂ:ﬁe\::c?le
genome
Human Pangenome Assambly assemblies

Reference Center R ~ Fully phased

diploid assemblies
Outreach and Variant Calling
Education — Identify SVs

between samples

Pan-genome
HPRP Framework Bl'ld current

Logistical Reference

Coordinati
m:'.:ren'::r o Executive Committee o comomied GRCh38

— Incorporate those
SVs into the

Consortium Partnars
Global Sclentific & QAAGH, GIAB, ClinVar, HGSVC, Clinden, Genome Reference reference, likely
Clinieal Community ENCODE, 4DN, AnVIL, CEDG, MG, TOPMed, Consortium as a graph
Allof Us

representation




HPRC+ Pangenome 7|WF @71 EAdH £ WHo] wba d

solmetel T& 5 BEAA FHS A TAFY FAF AL

< 13. HPRCS Pangenome % % & AA 24X >

|
Collect Sequence Assemble
Maximi and aphical diversity Close persistent asssmbly gaps with lang-range technologies :nf:glrl‘ﬂataT\;ﬂaal discovery with
inished chromosomaes
Biogeagraphical Individual Cell Genomic DNA,
locations danars lines two alleles .. C-" WeETHAGAGARN
[T X H=E [ ] | T / > 4.4."
o— 111 wDuEW 1 [ {ih— —UDSES GETHA N o +
¥ Sample _, Haw
T brares " reads
Iy == A
[ iAGaNG TCR .
——ili WUV WWh— wame” Y
T AcCTTACTAAA
Outreach
Facilitate sharing of tools, Embedded ELSI e .
data, and educational materials < Engage HPRC In decision-making to build equitable partnerships and develop policies AGC T TAC A~ GAA
by angaging sclantists and that respect ethical frame works, laws and cultural norms
the public
ey l Alignments
p;atr‘;fn: i Utilize Construct !
| Improve clinical and research outcomes with Build pangenome graph and develop
\\ global represantation of human diversity analysis tools for reference ecosystem Sequence alignment blocks
o . Inform clinical Glinical Resource and Graph representation of alignment blocka
decisions applications  development Allele frequency =
|
n — AN *
l 0|+ PaIMEMm LI —
&0
Feedback e
Deletion frequancy

g8 7|Hk L= 2 X9 &5 (outreach) & % T4

<

% oA BZEZFSZ Pangenome & Al

2 SHEA & T WPSR ol

’ - o [

— 0|2 #x|5t7| 9lsf HPRCE F4 W, J|E FAe 58 ot 5
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14. Ad9] 98] mRNA A /)% YA (R&D)
(6634-362)
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gHstr] et (MDYFAY T ZEZU9 A mRNA #2 A)
]_
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A A1 (R&ED)E 12

< 2909 3,300RF o= Alqf

2] oHel mRNA & Jigh X| 2 ALY

(R&D) off &ke

(hel: wharel %)
Abgle 2024 A | ione o =z .
f“: E,;'il _f,j i{ J(Ezg) “d — 20,033 20033| AT
- MANA 841 8] 2jab x| 2 25667 25667
MANA 8 A 21k x| 2l 2625 2625
S o] 741 741




3. AQAY A9 AR =58 ulRe

pal al ]

A}?Mﬁ-l AQ4 AE A8 AW FA TAL goH, F
9 FIH EEE 4

< nFstel FF BA HY 2 Bl
o FAL

O AHd= v mRNA 921 71 R LAAR(R&D)S mRNA 7|&S &

(] At 7HR

O (AMH=ZX) mRNA 7= 3838 U
171 Al =|CH 200 Wi == A i X

O (FRUI) 7tsd =2 7|d SH2=Z 4497H25~28), (H))2d&AIE R&DE A ¥
5tod 28 @ 7HX| mRNA HiAl(Z2

LAY 224

O M=z2 #Hdlg2l2 ZX g2 olafo|ut, A5 t3g mRNA 8 Z3EF FH 2 =2
Az dH-AtelH &4 2
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ol
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- (EROBRAURY TRI} ofd TR LU XS HM B, AR 2 Hi 53
7l ESste oY WMoz NAY 9l

- (MRNA #A E2M) Y £ 3~67ME 2 &7|H2 2 wE MRNA Al 7[5’
2R ofErt #F #oY o2 AWM B2
+ MRANA BE BRA|, o8l DHTOR MEsH M2 WA Y Jts

O Z2LHY olF, M k22 mRNA @Al 7% ZF oof, oAM= mRNA 4]
Jle2 JIYE0l BA N B Solu, A2 2 22d Y AF NF S

(A 2AE) Z2LH9 Z[2F 370 2iZE 7|0l 9300402 FA, et 3&7tA M
E2 X5t 2382 mRNA g2

- 22 hwE Wy TS olEg

>
E11
2
|

[= N | | — o
mpE x|9, 28E7bK] MANA HAl B E &8 A Ze
() oz Al 2
O HIQIAHRE] oIl 3AZIX|, AlRMABE JHY EE 17X x|

« Hldak(2528 ~128) — &k 14025118 ~2728) — 4t 24H26.8% ~'27.12€)
2|

— A4k 3&H/EFSIH27.68 ~'28.128)
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< ®Ho2 | mRNA BHAL JHE X 2IAL F=TIAH & oH2025~2028)
(2h2l: 2i9l)
T2 2025 2026 2027 2028 A
b 2l Ab 367 367
(b)elar| A 37 226 37 300
A= orakoar 236 564 800
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