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Systems, apparatus, and methods are provided for determining genetic or molecular aberrations in a
biological sample from an organism. Biological samples including cell-free DNA fragments are analyzed
to identify imbalances in chromosomal regions, e.g., due to deletions and/or amplifications in a tumor.
Multiple loci are used for each chromosomal region. Such imbalances can then be used to diagnose (screen)
a patient for cancer, as well as prognosticate a patient with cancer, or to detect the presence or to monitor
the progress of a premalignant condition in a patient. The severity of an imbalance as well as the number of
regions exhibiting an imbalance can be used. A systematic analysis of non-overlapping segments of'a genome
can provide a general screening tool for a sample. Additionally, a patient can be tested over time to track
severity of each of one or more chromosomal regions and a number of chromosomal regions to enable

screening and prognosticating, as well as monitoring of progress (e.g. after treatment).
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Systems, apparatus, and methods are provided for determining
genetic or molecular aberrations in a biological sample from an
organism. Biological samples including cell-free DNA fragments are
analyzed to identify imbalances in chromosomal regions, e.g., due to
deletions and/or amplifications in a tumor. Multiple loci are used for

each chromosomal region. Such imbalances can then be wused to
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diagnose (screen) a patient for cancer, as well as prognosticate a patient
with cancer, or to detect the presence or to monitor the progress of a
premalignant condition in a patient. The severity of an imbalance as
well as the number of regions exhibiting an imbalance can be used. A
systematic analysis of non-overlapping segments of a genome can
provide a general screening tool for a sample. Additionally, a patient
can be tested over time to track severity of each of one or more
chromosomal regions and a number of chromosomal regions to enable
screening and prognosticating, as well as monitoring of progress (e.g.

after treatment).
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5 12 HEETEREE)

C24904 IPA docx

111126139 FEESE A0101 1112037540-0



202242133

P a8 e ) DAL [R5 S i e g & 35 -

AR P IO g 7R BT R A e R SR T B AR O o IR RO 2 B I
FERFEE(E R E5H F 2 NTE - Ri— IR L5 B AR 8 B RIDR O » T8 — %
SR E SR BRI o CRE  WEEERIRIAECEAS T &R
PRy SRR 2 O - B E  £EfeE 1p ~ 49 ~ 139~ 18q 177
FE LOH R [F] B3 22 4 318 DA | Ak PRI A2 AL 6 { B 28 2 3% AR HC.C 2 & B 4 10 75 oA
(Roncalli M A Hepatology 2000; 31:846-50) - 55 & HR B @
DNARER £21EET - Hoge’R BB - 2R flo ] meFsEhotrmigEd 2
DNA 5 EZ il & 0 [0 4% R fE IR JE B R DNA 2B (B 15 75 BUR ) 2k fg Ml
FECHERY o RIS R K 5 M (R e R Bk T 21 2 IR 8k 2
B H ) RO TR TRURNE 2 5 50 2 pe S0V M i 2 RT RE M B T -

A RERE B, R

& g e A R R G R B R R EE - EEMERERW
fEE A - BlHap 1} Hap II - #0f7T8 7~ » Hap 1BiHap 1173 B3 7548 B
BB EERBINOF 2B —FRBEARFRI(IHEEZ TR L RN
SNP) - {FBLEEEA B < U » Hap IIHEELERSIEE120 - fEHEH
BUSER B < AR K 5 B (a0 > M) - B o TPl s
B A4S B B R i as B ) ECRE AT B0 B TR - Bl o A0 RSO K ¢

R RNER R E G 2 —F 2L EiREE 1200 - 2F
FAFESNP 110 & R H Esh & R R RS —HEE R RHA
RyEIAREE - AL > IWELAERERELREUH S EA(LOH) - &
1205 » 5% % SNP 2 JR ik 5 ¥ 8 B AR R ol A7 1R 5 4H 48 TR 4830~ Wi B
Bt s —%F - L@ 1R BRI - LOHEE 120 F 2 BHERI(Hap 1) H]
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F& rh 3 ek g AH 4 B B A N oy BB E © S5 — EE (B A (Hap 1) AT #& M EEER IR
HAH SR LR E AR 4 2 R RN AU ZfcHEE - Hap ITH]FE 1 #% & 2 B dk K B A
BN » JREN > WEE IERE diiE 2 @120 A2 4T 2 & 8120 2 F
FHEN A EERNE N HEEER (RIHap D_E - FEEIIE2H7 > |
HIE R H S P R LOH 2 £ B A+ (o A3 & 3 i E S8 & (B0 - AP €A E HCC
BE)ZEME o —HAERARER B AR - B2 E &
12000 2 (A > HIg AR R EE L BRI -

B. 55 B~ H

248~ T R R 2 B S Em iR o IR AU B W
fEE 4 > RlHap 1K Hap 11 - q0FTEA R > Hap 182Hap 11738 & 41 48 B
BRI aERNE210 28 —Fr B AR - AT > Hap 123
A [ IR 22 045 0 W R (&5 3E) -

ML > B R s o BA A E NN Z @IS > SNP
2108 < $5& 3 4 1 25 N AT 8 s Q0 0P 51 0 A S 5 7 pe A - o e R 2 o
Z—& (BE2FrRE P4 ZHap 11) 8] FE iR L AG & 8220 1 2 2 B H 08
EE RN PSR E » Fr E 2k R R PR < e 3 31 15 L A W 88 i PR B (A
i < F— BN ZBHEE - Ak - S5—BEEE (Hap 1) 9] 8 b Ik
B MR ENE S —EREE - —HAENREAEAEAES - A
EAREEEE22000 2 BEil > HIREAHEE AORER S BaRE -

B R E BA2E L R EEE > kT —HERNEE D
oo — (I A BRI - BRG] B2 T Rk B — B (8 H 2N
Fetfa - IR B —(E R GRS 2 — &N Bl A [F 2 G Re s [E
FERT AT o EFEE A G—EEE A -
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LA ERER . B

FH 7 88 i 4 45 67 12 1 5% 55 I A A DN A (R T e A DN A Hr 2 % /D —
6 PRI BT A B A0 T A R 0B S5 Sl AR e R AR R 2 BRRIAH SR © A
A R REALT > R EURIE S E /D HILR 2 A AT DNA
Bigs /b o RAih 0 SR GIEDNA Y 88 /D » I8 B E
B o fERNAH T BE— B[N PR 2 DNAT]AE R JE DU I & 8 o A SCFT il /5
ETEE M DAE 5 Ak e AR L R 6 ¢ oy AT B R R B A R (BB ) v 6
A% & R < DNA » 1t A0 ¥ B2 5 B 17 & 5 I i — (R B R R R 2 (/N 28
(Lo B R v 228 2 72 5« R » 70 A 8 e 2 46 S (18] 6 R A ] 42 ik i KOt
o B RIEME R BRA N

EiE > BREHAEE/N > MHEGEIUENER - BEEH—E
BRI R SR E A AR - Rl IR I N L2 S BN 2 R o At —
AR R B M B AL @I RN R R ER - E i E S AR
i > TR 2 EREUFRAERE RUEBE B R - 0T AT Ea4

FBEEZEER > 0 AR BT EAER o AR ELE
FRANRGN B EERMUBVHEESR » ARIEZESHT - 2000
g EoMElIF 2 E—E - A ERiEIZER - EohE & - 7l
A0 (B A SR 7 A A M E B R - B FE 5 — @I B 55 @I
“EHEEREE - AlgBEERREE 5 BA SR 0] L5
SRR R L R > DRSNS R Y E R ERE S HRE - SEHY
AR E R 2 — e R /B A T o BRI S 36 IR R AR A A
H [E gL 8 1 e B B (s R R R g E i s 0% -
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A BEFERFES EE B

FE—EE A > o] AR EESRER IR ERE R & - 2
BN =S - BRI IR AT 2B E A T R B R - W[RE 2
0% B 7 388 i AR A B B A e B L B IR 1 2 JB o AR SRR A T o 2% (8 Jak
ZHEVIRERME - 59 oG EE 2 B A S oA DU 5 R &
o a0 ESCRTAL o ERT  @EL - FEESEARGEE N EZE
BRI E) o B o] b — 5t sl i A2 ) 3 = o B A P B
A I (0 - AF Tty LARS B 1 4H 48 1% - SRR A R RIAEL
REIEREATR o B I TR R 1R S B RE) -

AR — LA B EEE - It A E L FEER T E—FE 2
T o BT SR [E] S AR E I o 5540 o ] Rs A oy DU XE (i 528 FE A 4R (g
KIEE -

& 3R %300 - HA4gr A FER A 2 B E K A R I 0 S H e 58 5
310Md 5 R4 ElEERERA AL - ASCAT i & ha ) v i E— R 2 B RSB R
FEIE - HINBEEEATREHE G o 3200 B 08 i (a1 ) B [E) 71 2 5 78 2
EAR Z BP0 - KESE > FIM7pEki17q25 2 FiFEEE) - 3308
H] 2 PR B O (R AR) L & o 340 5 R 5T i a% 5 & Ik BLRy TE B E < R T
275 K -

2 5 BA W] Ae A% th G B 5 7 (& J n] PR AR 98 AN SR 5 VR oy i 2
BAs @ o B T B 2 oM AN A & B 2 F ) 1] 2 A the Cancer
Genome Anatomy Project (cgap.nci.nih.gov/
Chromosomes/RecurrentAberrataions) & the Atlas of Genetics and

Cytogenetics in Oncology and Haematology (atlasgeneticsoncology.org
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Tumors/Tumorliste.html) ” g [E -

O ETSEER o R E AT A E R o T & s 0] BE R ARG - SR ] AR
A EFEL T AT B EE L o RIE > SRR S REA Y R A D]
ENFFEEE T ERERFMANME - B0 55 REHE H R & DL
ST e S R R 3 ] B A A L e (R Al P 2 R 22 77 A e ) o {1 il
LUK S [E 3 o3 A Z 5F 2 a & (B ] B S KN » AL - BRG] ] 2 5 A
AT 2 EB A& BEREE B - B8 a] 5 E 2 — AR ifn
(B0 > HIEAaE &) » 40 SCHTA o

B. FE T E A e

fEm—EHAIT - EEEER T REREE - 20N E - 9k
EREH oy & & Ry — 1 B g A= (Mb) s H At 7 72 (& R & & (140500 KbEi2
Mb) Z &3 - FHEE R 1 Mb - AIlfE ANSE ARG F 7 AE 493,000 & 5 - I
JIRAE BB AEERE R FEALS0EME - A EHZFEESE 7
BT o W0 SCRT R R AT A

IS @] N A WRE SRR LR TR AN R E RN &
For BRI E - £ —BEF > ERERZREANBTHEEE
ZABB(HIAD - A ETH I Bl AR RO o el R & AN FEE
REWI/NRT MB) - f£5—FFEF » AR RORE ZERERNKESE
& % B H (B & Ay AR T8 A P [5) i & A B 88 o7 B 3 & T2 (B
APUHEEF-ERAREN) & - fFIE—8FT  SREeREEZRE T
HRTAME -

0B SCATIR K o ] B BT RS R R R E 8 1 A B & 38 o {H 2R 1R W R
Ror 7E e 35 Al O P /) e 3 (30 40 5 B e K e e 2 AR S RN Z &) » B

5 17 HEEHIERBE)
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S5 AfEHBE o AL TG T o (R — e R Z S R & s H] Ry A
SR Bk~ (ERBEE B E G
NI EEAR T REZ BRI

IHE B0 43 R A PR 4y AT B FE SR AT R DNA 2 4 ) 2 sl i sk i I B — e &
ARk 2B R 2 7k o ALME o ZEHES T 0 B iR S I R I
o 8 BB (1 B R R B (2 S R 1 (s[RI T AR LR - i B FR 3 AT 48 i IR B 45
BN i < 5 E BB AR R 2R & 7l 2~ AR B 2« [AVIE - Al &G B 77 7
(Fl4n > MEHAEDNA F B i A Ry 2k B Wi B A oh 25— & - S P1iM
=0 TR EAF LSS R AERES IS 2 YIRS - BB A& R
EERATE RN G AN R < B EE o W R — M3 i 2R A Rl A5 T 5
o AR HEE R E B G (Hap) 2B £ > BN S AR B RNy

fr o

A tEEHEEL

Fol& o W AE B (5 B - Jo b JE At (e fg W sk 2 W TR ER (A o ER i
= Al hEEE 1L AT AR Z W fE B (5 B Hap 1R Hap 11 - {£[E 1

o BEMEFERENHS CF - ERMEEREL0 - B asfRifEE G 2
HAHER - B —REEEREE AT TR aRE o 0[5 ciEE A~ E
RATRE SRR E (het) | 2 BB EA HFE 1% E M DA E B8 2 B -
MBS T oA KEESNPHEER 2 BER - WEHEZE
{5 = F Fan % A (Nat Biotechnol. 2011; 29:51-7) ~ Yang% A (Proc Natl
Acad Sci U S A. 2011; 108:12-7) & Kitzman A (Nat Biotechnol. 2011
Jan; 29:59-63)[H « 55 —BEE LR - R OB E (B0 EE ~ R
K+ 20) < BR AT E (A < B AL - Bl fEHRoach® A (Am J Hum

5 18 HEEHIEREE)
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Genet. 2011; 89(3):382-97) K Lo% A (Sci Transl Med. 2010; 2:61ra91)[#
A2 705 o AE X —EHEFI o - P75 i bL e B R 4H A X BRN4HDNA 2 A K
Ty B G SR A TE RS < B S AT o ] i (e P A1 o A (B 0 58 P O 2K B e % 55
{EfS <~ BB o #f7 -

JN ] S Y 55 PE EIE R0 B AT R < Bty A AR RE SR B A - [t
FHEZBEUBRENEENITE  BoF o (@nE iz PCR(Ding C K
Cantor CR. Proc Natl Acad Sci USA 2003; 100: 7449-7453 ; Ruano G%
AProc Natl Acad Sci USA 1990; 87: 6296-6300)) - Jx & f 43 BE 5L 4> Bk
(Yang HZ A Proc Natl Acad Sci U S A 2011; 108: 12-17 ; Fan HCE A
Nat Biotechnol 2011; 29: 51-57) - ¥ F B { #I 4> #7 (Lien S A Curr
Protoc Hum Genet 2002 ; S512 : 1.6 70) K& B 8 5% 7 (Xiao M2 A
Hum Mutat 2007; 28: 913-921) - HAth ) EEIEHEENUTE - HER
PRl 45 2 M PCR(Michalatos-Beloin S % A Nucleic Acids Res 1996; 24:
4841-4843 ; Lo YMD% A Nucleic Acids Res 19: 3561-3567) - #EJ8 K [R
#1054 L (Smirnova ASEE A Immunogenetics 2007; 59:93-8)%5 o W —ib
JEGE TR R SR E R 2 oy i R AR P AERE 0 E T B ST EEAE
HEER (F B2 >~ B A2 A (Clark AG. Mol Biol Evol 1990; 7:111-22; 10:13-9 ;
Salem RM%E A Hum Genomics 2005; 2:39-66) o

OIS R AR AR o HIEEELOH Y @ik 2 BRIy 55— H Ak m
HE RS 2 IEF 48 K RS E AR T8 - fELOHEFEAET » HNER
LOH @A~ £ ESNPEREIME - BA S 70 BUR R 2 R« iE
RHBTRRRE RSN - ZESNPERKE ERM GG —EEE
BI(E 1R LOH&E “Hap I) - 55— H > IEEABEIE R HRLOHZ&E
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BN Z SNPENEN S - (AR EB o o 7450 IR $H &% T 91 f e sH 4%
T2 HEENEEE S —EE(E 1 LOHEE 2 Hap 1I) -
B. f# E 5 E(RHDO) 717

W ESCATiR K - BEA AR EE  BEA 2 —3 2 5 s hk A B A
RS 5 R R B A R sH A 2 g & T B E A o A
BAEBEREB ZIMBET > —E 7 1EREDNAGE H R - MRk
EEE L MAE T 7L i JADNA » NIE Hm At /R g F AL EF A 5

far -

A REBN PR E S EE A L oy 1 Z B H ST Bk W B 2 B & R 1Y

—_ .

=

FI AL R A SR (B AN[E 1 2 B 38 120) R 8 22 I LOH 2 A+ (g & 3k T
- MRk Z 2K B iR H 4k < Hap 112 HRR - N EE AL B2 Hap ITEE§HF
Hap IZHETERDNAS T (R R NBEEH - W EEEESTHRERE
HEEE 22 e NS - mRNENEINE & 22K 5 R % 2 Hap
1> [Nitf£E2Hap IELECHT - Hap 11 4L 2 Hap 1L EE¥MBENEIE R E 2
EIBEEE - HiEEBAEERNER AR - WERK T ZFKEDNAR

Feslk EHap I=(Hap 11 » L 0] #E M1 208 5 7R #EAT » B 40%E i 8 b 28 A 00
Kz L 1 25 {8 FH #{ir PCR K FR 51 B 81 -

FEES B FRE B8 < A (B At A= V82 560 Z B BUEDNA 7 B2 A
P DA RS PP AR 48 1% > 0] 8 1) S50 HEE I ol e B (e 2 B S L TR Y 2 e

REETE - AR TEEHENWEREEN T —7 L EH PR EH
it e Wi B AR S FH E R maES - £ —EE RIS > w{EHZ
AR EE MU (SPRT) 2 g E Wi fel B8 (5 B AL M A o 2 23R A A A (A -
et EBEERRPEM TR ERFARCRER - 5540 AJEH
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WiE EE A MR 2 E B E E AR EDNAL M 2 77 BUE
& > 40N AT -

HEANFZHRRTILDNAR B2 2 B (P10 HAE NFRERME S 2 i1 E)HY
2B AR RN E R RE T Rl 2 o 228 7 A o] g
FH A (140 ({8 R TR ) TR B B AT PCR 2 4 (1 40 Fluidigm 8 67 fH %1 2045 -
R B i PCR 2.4% (B4 € & RainDance & QuantaLife %) - BEAM-ing % %;
((EMBkHr ~ 7L PCR -~ 38 B % 77 )(Diehl % A ProcNatlAcadSci USA
2005; 102: 16368-16373) - E[ % PCR - & B B 3% >~ % 4% ( fil 40
SequenomMassArray £ 41) & % B R RE M BRET R3S (MLPA) 7347

IEE B

El44g ~IRIE AL 2B A > AN EBERER 2 vm i & LA
BAEMEE F T 2 & - AR E— I AKEZELERE410 - 20
BN AOHE 2 FF B IE - A IS MR BB 77 A R 4H 2 THE & By —fi%
BRI o Ryl& oy Wit BB A B SR E W fE B Y o Bl 48R TR AT 2 4
EBAS 410 W fE B (Z 8 (Hap 1R Hap 11) - 52 F BHEE M AESE —EHBE
RIEE420 o 5 — R AR B 42085 #KFT 70 i « B R E 5410 « WRTR
ZEARBATEFMEFRGENRES - NEREHIE  WEREEL o 713
e AR A o L e R AR B Y -

B4R S HEL F 2 ZZAEREA20 2 HEERG B ZEE < I8
RELOEENR4I0 L nE 2 REEE - HEERGTEEBE HER
DNAR B H » ZEDNAR EEHIENSHEERE FFEBEMGH o #4)
ME > #t ¥ Hap IHEEE —ERNE21 HEFHHEERA ZDNAR EZET
%7 o A #t % Hap IIE B A EERT ZDNAF a8 - ¥ 5 BREL R (B

5 21 HEETIEREIE)
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HETOER EERRE) K HA & EER OME 5] LA SRR 2 &
fiH 7 2OHE © ] {50 P W T B A5 A 2 ST B e RO B B DAL 4Rt B A
Foo MEERAEA ST A ESE - R AR EER 2= 0 ZETHETRR
GHBUERAL o S LR R E (R B (B FEE LR UL E B B A8 2
B2 SHER -

RHDO 5317 0] 1] FA AH 5] BE (5 B I 4 30 S48 S TR (9 40 B A B 30 2 i
TEAT A o2 75 AL T B S B 2 AR RN 351 40 - 30 v 1 B 38 1 4F
AT o W ESCATIR Lo B A AR Z£12/940,992 K 12/940,993 R Fp il - L7
ETEEN AN E RS FAAEM N EE ZDNASF 2% EH - AR
B EENS T RT] - DU E 7 R E AL AT B 1 39 iy B e fE B0
SR AL TR R B B I o BLER I 7 A % B SNPELA
FER[E] - RHDO Jy & 0] H| A S8 AL R A W i s 288 2 M B (B A
&) R o R EE R ER E 2 HEER - AL EGZREHRT
FALT > HEHRE A [E SNPE: R = 8 AL (R 5T B A — - DUE 45T 22 |
Tife 7 BE A BUAE A% i 2 B EAIEUEE 2R - WEERG S 2L THEH
(ERRP) AT R E R © KBRS AT F (B0 DS R%E2
Tlumina 8l 5 - 5 iy 28 # 5 fi7 (SOLID) 2 8 /¥ (Life Technologies) ~ Ton
Torrent Jfll J¥ % % (Ion Torrent and Life Technologies) ~ %3 3k FL 8 ¥
(nanoporetech.com) k& 454 F7 £ ffr (Roche)) ~ B {ir PCR({H 405 1 (i B
#{if PCR({Jl 40 Fluidigm (fluidigm.com))EX BEAMing(&E ks - %7K PCR -
W~ ik S B (inostics.com)) B¢ )& & PCR( {5 40 #% 11 QuantaLife
(quantalife.com) f RainDance (raindancetechnologies.com)) k& B[ BF

PCR - Lzl < % — & E > H A A £ A 78 ) N 7% (in-solution
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capture)( {5 %0 {5 F§ Agilent SureSelect 22 4% ~ Illumina TruSeq Custom
Enrichment = 44 (illumina.com/applications/
sequencing/targeted_resequencing.ilmn) B¢ Z& ] MyGenostics GenCap
Custom Enrichment Z %t (mygenostics.com/)) B¢ AL i P71~ i J& (140 5 1
Roche NimbleGen %4t) < E % HIZHAIF -

FEE 4 F PR Z BB F o A (E SNP BN BE (¥ 7Y 55 —SNP » 24 %
26 5 FHTHYSE TSNP - 18%20) B 22 RIS UEHB A N R 19 M - 240 - BHE
ERETE - B EERETE EA R UHEE B EFE R EEEER AN -
bt R HE R o S EERSTEEINE —EE S WER G 2 R
B EARGT R LS 2 RSHEL T &R - e EEH4I0(HNILE
B > 55 F7SNP) Z W B BE & A 7 A A B R AR AN 55 fF 2 4T 22
B % BEESTEE(HRIEER - 15 /NSNP) - &M ERTE
TR EEWEEEL Z ZENEERNGTEE R g2 ERH LT
A 0 EIN410 282 e ne & < Wi fE B A L RSB BN A 9 - RERTR
s T BN W] S B e - (B BB & 4 1ORE B2 - Je il 5 0% v B [ 52
& - bl e E SR 2 (1 B FREBEOBE (RIGEE) - AHREE S FHT
HIESHMEERA G 2 st A 2 8 01 E (B AR B R R LA
(Zhou W Z A Nat Biotechnol 2001; 19: 78-81 ; Zhou W= A Lancet.
2002; 359: 219-25) ~ tHIER fz R 5 AIE (chi-square test) °

Rl

& S 4 nIRIEA S H 2 EH 6 > BN R EREES10 26 5% DL
FE I A% 1 1T 2 e 2 ik K & 2 8000 o[BS BUR IR AR 2 S S & e
5102 WIfE EE {5 A4 (Hap 1} Hap 1D) - 22 F B EAEEE AT T Bk &
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5102 38 — 18 B (fl R A B G AL N HES520 - JREUREIIE < RifE B A -
FEFEANAE S - Hap II6RKI&ELS10 - BRE4—& - B SN ERE—ERES20
ZHBERNGT B CEH - OREHS 10 EDE IR RIREE -

Y R RE 4H S5 = A R AR LR i AR R &) > INIE AT #E
P A2 18 3805 10 A Ak PR e W {181 3 (R 2 N 2 BB Z EE R LOH © fE ik —
BT > AT MsH AN EES20 5K E B iS5 109 26k B F 2 Hap 11> 1
BRI Ha b 2 SHE R N B LRy - ZRNES208RDNA R B2 B 2 MH
& BAFEEHR 2R B ZEEMGRENEBHAET ZHap 1 f£5
LEoIT o AR E g B SRR CEE R T LR PUER
R G E GRS K IR BB Z AR - tE—He e — (8 & B {5 B AR
(FBhERE & H IR M)

Mg b CHEREESF - HPNEBLOHZ St RIEE = » Hap 11
ZF—HEENGEIERDNAF# F 2 31 H BN G g HUA
FRREREDNASEMAE 1 2 3 BORE © 2800 > [FIRF - W ¥ B2 R £ —18
BRDNA G % T Z B SN G &) FLIR 73 i (Poisson distribution) R E -
AT E AT o A DU E AT 22 2 2 BB A N A S R E N R E S T 7
1 LOHHANEF7 R S8 28 1E » fp MR E P B LOHAA B 2 H IR BB BN A 1Y
fr Z e VEUA R BT o M 1E3RDNA 73 T8 H M EEDNA Z 7 BURTE - &
DNA Z & oy BURE R AR oyt oy T8 H G E A M E R EHEE RN A
Mo mE B KRN -

FEIE S AT R Z B B o Fi W E SNP & R B (#7255 —SNP > 24 #f
22 1 RETHYSE TSNP - 18515) 8 ZBE AR B N A g - ZR1f - $H6E
BN B B HAEGE 2 LA e EE & FAE I EHBEERA S -
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I REMHE AR E W EERGTEEME - EE e WEREEN 2 R
fREHE ARG BUE DAES T2 RS H DL T &Eem > AL @BS10CE R IEE B -
5 L SNP) i {5 A Wi Fl B (g B 2 ] 2 PR AN 5t - e — S EHa o -
B - AiEE BB GREIREE) - AREERFTBEEW
B AN RRHEERGTEHE e S 2 LR T &m - B
S10Z 5% ne & & W fl BE (5 A 2 R A BP A A IR 39 8 - S RARET UK
AT R sk > B AT DUASCRT i — 5 7R E i

1 e B pe e

B 64 ARE AR ZEHER > AN EREE610 2 DU
FE M AR T LT 2 W BRI & s 2 B © PRLOHSN - JNEE s (L ESH 4% 8
ZE L EREE IR - BT R ZE BT - i AR T S S
610 Z Hap I#=3% £3{f £ H - WFTEUR - EI610{E B IH6(F Z It ok
RIEE > L ER ST A o AR R AR R » S5 /N ZR R R o 2 fie v S bl B 3
sTEREE > HPHEEBEER BT EEAE - £ —EERAT - EEXA
st o A WS BRI (GRS BRI o AL E B T - TSR A
Al 3 AT o BES3 A BT I fE BR S A 2 B IR B ik Sk CEf R sk R ki = > Rl
HE By B B 2 ) B3 (N IR B S > Al GREEES)ZE
afl o AEHANE E > B ER S IVED 73 2 50k 3 B B (il 1 3 (B b 3 {1 51
BE 15 A 2 W TE (AL R S S B 1 S il 23R - Al R (AR © H
HEEAER A e > QB RAEERK - RO EE620 H RESTEEE A F
FEA 1y

AR MAERADO 77 7.2 SPRT 7717

HNEARUBGERNE ZEMLERERINE - I #EHRHADO
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Mok E MBE e S FE AW RGN 2 EABE Nt - E£FEE
I #5% A AE BB A B E A 1 R IR M A2 sl ik R E B RDNA -« {2 —{#
Ehaflis - o] HSPRT 73 #fr 2K i £ Hap 15 Hap 112 480 Fp2E HU ) (read)
BHZEES Y2 FEE - fESPRT M ZILEHIF - BEeiEEKE
WiEEFER P —F L QAFEIYEE - AR AEERE ] EBEER
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RO TEEB) RS ERME M EREESL(—EEER
BETEEHIN S — B 2 BT E  tE ) -

EHERHDO AT o - i SR (% > e84 2 Wi 3 A% 2 UM F B &
AL - FEER G 2R WIOmE) HWiEE SR Y FEHE10%

% 53 HEWHRE)

C24904 IPA docx

111126139 FEESE A0101 1112037540-0



202242133

PAE o MRIB WIS A LAGR 5122 7 A EL i B A ¥ 7 R TR B8 (% B 7 SNP ¥ {3
ERZKHFEDYEE - (ERKEFESNPREZBIE - ER2EEER
DT 7E W 1 B (5% BU A 8 LA S S L5182 P ZE D 10%0: - (FH
SPRT 3 « Juta B4 g8 b 2 BAISPRT M E BB RN B 18A T - &
EHPEEEAYER10% 2 BE « 78] fe Ol H A 722 A2 (F1400.1% -
1% ~ 2% ~ 5% ~ 15%520%) - —fixi s » W12 = ZEEAK > F
BN ZDNAG FA% « AR IR ZREREAKR - FEIS
AR St 2 EE SR 2 DNAS TH B /D « fE#ET I ST - B8
AL FIPASPRT - H ] F H A 28 - Blalzat 7 2p-1H -

EHCCEZENZ B G 2 bt - a4 pE KaB 77 Hl
FAET6{HE K 148{H R PIRHDO /3 - 2 ERHDO 3 I RN 2 Bl JE 1§ 2
M E ek h A BB A K 8 R o (FALhE - IRt EE N F o UIbRiE
e T 2 MBI - WE18BHATE R - HVEREARINS - 08
42 B R qBE o AL 4 R OE Ky RHDO 3 ¥ - 2 & 4{H§RHDO 73 48 B 45
RMEEFEEE T HE>10% 2 Al R EEE B A5 - £RER4q. 29
RHDOZ; i » T /R A AL BB UK & 1 39 H2f mE a9 - 11hE
BUIbR%E » BEn>10% 2 Bl R 9% 2 RHDOE B T B EE K - (21 fE
AR R EUEEATE ML - BR>10% 2 I8R5 2 S a8 E K
AR/ NEEZ TN B RRPL F VR ERE R R DNALE M A+ 2
RS T PR -

EPLJE B A AU R AL EE 0 RHDO S #7 o $2 E fE JEEDNA 2 47
BB WS U E T AR IR R o R - FHEIE A RN
BB R EEDNA S 2 s BORE 20 Wi B A B2 ER

=3
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BT B S R R/ N EH R BN 2 B DN AL M A% 2 o BUR
GH FTREAR o

B. #/5 77 Hr

EFTEEE fa i+ - DNAR B2 E A ok B E 5 )7 A E i - It
— AR FINEEERENF - b— i —EE RO &G ERSRA
I 4% (140 Agilent SureSelect % ~ Illumina TruSeq CustomE £ E
44 (illumina.com/applications/sequencing/targeted_resequencing.ilmn)
o #E FIMyGenostics GenCap Custom & £ 4% (mygenostics.com/)) 50 E: 7
BB 1] 9 1 24 (140 Roche NimbleGene 2 45) TESCEFE R B - & T]
e A& B REER - WE AT R UES FEE
(B0 - o] F B s PCRETEL 2 i B 77 I Fe 3RO AT) R/ 30 A AR e A 73 7
L& - WARE Y &R s BT - AN R AR/ N FHE(LE
HE i H A= BT E -

R - PAa B R4 7 200 AT DN A G 2 8 5 205 B =) Fir BRI
ERACRER S - WA BRI BRI EZ AR - 1
T9R AT B AR A B R T RE AL AR B B 2 R IR E A K H R
TE R R 2 BAERY & - B B KRR EC EEE B (L
ZEE - B2 ENEEE N R ERESY BRI T RS e 2 B
(BT AE 1q K2 8q 2 & 1 K 8q 2 f A HCC 2 FHI L A& (L~ van
Malenstein A Eur J Cancer 2011; 47:1789-97) ; BT THZ AR~

LI > fERERE R IR E Fl6q K 17qfm L A ~ K 6p K Oplix ~ &%
% H18q ~ SpRI1Tp R F L LOHBE G HEEEE B L EF /S HM-
WestraZ A Clin Colorectal Cancer 2004; 4:252-9) ; B¢ 0] FH 4% < €
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BAL(BIOTp R AN M E R R ERERFZREESE 2 B8 2 HE
P B e e 4 B 8 2 [7 - Yuan=E AJ ClinOncol 2011; 29: 3435-42) o JERE
thf g 2 BRI AH & sk o A B I B 2 BLEF 25 A1 4R BB EE (5 40 the Cancer

Genome Anatomy Project database (cgap.nci.nih.gov/
Chromosomes/RecurrentAberrataions) & the Atlas of Genetics and
Cytogenetics in Oncology and Haematology
(atlasgeneticsoncology.org//Tumors/Tumorliste.html)) - fH K > (£ IEHE o
EAERHE AT - LB E A e R & [F 2 A2 A A n e S AR
FERe R 2 @i -

ELIE 80 SRS 2K 43 M3 B HCC B 25 4 44 (2 B 3 IR (H B8 > i 4% 55
i o (£ 2K 5 Agilent Z SureSelect ffi # % 4 & Jifr # & % (Gnirke % A Nat.
Biotechnol 2009. 27: 182-9) - #EfESureSelect 241 (E B o] g5 2 W E SR i
ZE B o JRa]{E H H A F R AH (IluminaTruSeq CustomE 5 £ 47 ) B & AH
(Bl40Roche-Nimblegen Z &) #EFI & 248 S AR bl T 2 #E & B8 A 8 (B4
QuantaLife % 4 &z RainDance %:.4t) i &R T &G MAEHCCH 3
FARDVE O RER 2 @& b o fEHFER - AR ENluminaGAIIx 77
i EREmRE A 2 —(EKEH ST —-DNARE A o AR /D R
Kot Z 3 A Ry 2 MR A B LH 3R i R b Ok 2 Tt e PR

fEE 19 > BURHCCH 8830 2 % R e g 82 2 (B U 5 Wong 5 A
(Am J Pathol 1999; 154:37-43)) - Fefa 483k E[E (chromosome ideogram)
Z AR LERE I B ARG ARMEEEHE 2 EREL - HE
RESEEMN - RAGPRRERERST 2L E -

H /e PR 5 BT T
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i MAECEEER Bt EEAJESEZ BN S HER
IEAERREGTE - AR HZFEN ZCCEERIEEREREETE - 4
el ChenZe A (PLoS One 2011; 6:e21791)Fr#l - fEERIE W » BEE

FERSZPEFHITREEAEHERELAORIZgEFERZRE - (£
I Affymetrix SNP6.OFEZIZ I3 HHCCE & L Rk < L OREHE -
HN3IZBEEIMS > SpRIqIEERHEG T LA EREES(LE RN T X
- HCC 01383 Z8p A FT# K H9qfEE (b - HCC 02785 Z8pHHTY
NH9qfEE (L - HCC 0238 & Z8p APk HoqiE= L -

AERER R A et B3 RHCCHEF K444 (@ ¥ RS Z chr 8pHl
9qf] Z IER AR EET BV EE R - E20ABURHCCE & MER EE Z ER L
R ETEIER ZGER - HHHCC 013175 KHCC 023FR s » B2
/INZ 8pERIqfE] 2 IEARAEARERET BUEE R - IHE R H S T Bl 8p LK
MY —2 - HRHCC 0271/ S - B B 2 tesR H B IR 2 il
FEST A ORR8p ZIN—2 - R REREF4EIEE R Z9E ZW#E
TR R L B -

F [ A 777

FEAERTER 73 > BEIUEE PR E IMAZDNA | ERAE B IE B & T 2 KUNFF
Bkt M B E A Bl < OB RV R B - JRa] R 8 E 5 5 A AR R AR /N ik
2 o BHH3EHCCEFR (HCC 013 ~ HCC 027 )RHCC 023)[ = - L &€ M
Fr el L) B 2 R NSRBI HEC HHR T E S P DNA /B2 Z K/ » B W
Al & B SMZH B < LI HEET HIFPDNA R B 2 AU o AE HAE HE B o -
i 2 DNA R BRI AR BlF R EE#EE R BR/N o Ehir i
ERESpLtEH X DNA R B2 Z K/ i BREA A 3G 9q FL ¥ Z DNA | B 2 K/I

5 57 HEEHIEREIE)

C24904 IPA docx

111126139 FEESE A0101 1112037540-0



202242133

Srif o AR EEDNA Z K/NG i 2 72 B E el E fTEH + &8
Z TR 150 bpZ DNA R B LRI o 1 HoAth & i 1 =+ o 58 F EL A R /N
1F1E > 14180 bp ~ 110 bp ~ 100 bp ~ 110 bp ~ 120 bp ~ 130 bp - 140
bp ~ 160 bp k170 bp - ZR1& R AQE M E Ky W E EL B2 7 © AQ=Qsp-Qoq
H Qs AL A 8pLh i 2 [ 72150 bp Z DNAJ EFHYLE B 5 H Qoqff B2
FLEBE9qLL ¥ 2 Fa it 150 bp 2 DNAF EFHYEL 1 -

M DNA R B 2 B RN i g (E R B (B ERTE B4 &
150 bp) 2 DNAZ EEBIEE S - R S (F MR8 ) AF B R 2R B 7 1
SO ERIqIE B P B RS SptE I Y DNA R B 2 WA 7 - M » 8K
NGB MR ) & R AR R AR B I S B e BR Oq EL W B e RS 8 pEL ¥
ZDNAR B 2B & R/IN A

E20BE R E R R KHE T RIF % > 3BHCCEE R4L4REFE
HHIGE RS 2 RNt 2 6551 - AR @EHIR(ER 2 AQ IRERE T » BiE|
AB8pth it “ DNAR B2 K/N MBS M A F B 5 i3 9q b & - 4R X
FAL W AE A 4 2 E IR (88 2 3 (E 2 AR 2 N 2 AQIERE - HCC 0131%
o R HCC 023157 2 AQ1E b ¥ BRI 38 = 5 {8 {008 78 WA A2 R 22« X W
TEIF AL R 4R 4 T B R e 78 8p » WL ER BN F - R T &k
8p & HEVE R EDNAY MBZ Z FEUK /D - M EIR 2 R EDNAE R
5B IERERE4H 4, 2 DNA » Rt it & HE B RS 8pth B < MAEDNAF B
BRI R 2 K/ fffi o BEBLEZ WIS 1B T R R (A M S) < AQE — 2L -
M > 8pfEHCC 02715 TF d 2 #51 & FE i th & i th ¥ . DNA | EZ IR &
DAz o o R Rl RIS BRIl 2 B 8pEh ¥ 2 MAZDNA R B
fd o BEBIDUTFERZE— 20 - HCC 027 Z AQELLBEH IBEE Y FEHES -
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C. ZTH I E R o e B 2 i
MEAAEES T RAF L ERE R > ARSI ERER Zfh K
K atg o AEANERA 2B E PR R OB R R EMEES - thE o
% &5 OIK R i e R E B 2 AR 2 S PR E AR < e
WA EJ50E o BN ZITEIRA] R ER B E K Ba AR R BB
[ HE - 3t sk B — B HCCEE Rl 4 & W (NPC) & 2 3l - HHYHCC
BAMS AT lrUIBRE R 2 B R Z R BREERFAR AR - WA B NPCER
ME > 2B REFIRDE - 550 o — e RBERE K —%
FE AT o B A A HI S {5 #riH - EE B (Epstein-Barr) g 82 DN A Z ([ #8 ~ [ 4%
sk 8% W A4 (8BS oR B (R A AE

MAMES TR EREEERACRERE - ARWS @ £
F Affymetrix SNP6.0W &A1 Z &2 5K 73 Afr § HCC & & < 1fn 4l Bt ke ek g sl A
#2171 > DNA - {fi [l Affymetrix Genotyping Console v4.03&HE & i 4088 &
P RE 2H 48 < ALY o (i F Birdseed v2EAZCHE E BLFEIE I R ok R AEN Z
FEpaE R > ZEIAENSNPZAEHEERNZBE M MME B2 8
2= (CNV)ERET -

BE B ITHT

RAEMAE P E R PR B ot 0 BSEEREI10Z7 5 K
M- HRSmEms @ A LEER oD - EAHQIAmp MR MAE
4 (blood mini Kit) (Qiagen) d 4-6 mL [ #F 2 BIDNA - %04 REij Byt (Lo
YMD. Sci Transl Med 2010, 2:61ra9 1) FEZR MZFDNA Y JH > HEZEH
MMuminaZ:K4H 73 # &P 2 it KEE T - B M4EDNAS 7 2
KU EC BRI - & 0 F 2 W{E K Ui & — & 250 bplF - Rt &0+
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3L R 100 bp - (EHSOAP2FE R (soap.genomics.org.cn/) i & 7 51 2 {i {#
oF Ik B JE B 4 O i A 2B £ R 4H (& UCSCgenome.ucsc.edu | & 2 Hgl8
NCBI.36)tE ¥ (Li R A Bioinformatics 2009, 25:1966-7) e

A% sk PRIAH &1 73 5 2 {18 1 1 Bl s (1-Mb) & BZ H i E Bl & 1-Mbl&
ERLLH o KPP I BE - AR B & E (bin) 2 GC & &M AR/
JIFE B 85 S 78 (LOESS) [H] B & BRI IE % B 2 #2851 B (Chen EFE A
PLoS One 2011, 6: e21791) - FEFZIE B LKA R G EHAAEELE 2 GC&
BAEMEABLAFFARER8RHBRG/NME o BT R T-Mbl&E B 2 #]
AR EBEEY o JRE] R EAMEEE RN - #1412 Mb ~ 10 Mb ~ 25 MbE{
50 Mb%E - —f&if S @ VAT AR E B T i el R < BRI AR R I R R e
R ME TR KB PR & E RN o R4 - FE S (9150 B 7 - OB 5 il (91 4
Helicos Z 4 (www.helicosbio.com)E;Pacific Biosciences 8.7 FHIIF 4%
(www.pacificbiosciences.com)) [ & > M7 /7 AR HAKGCIRE »
AIlOTES L GCREIESD BE -

FESe IR - B 2K B R B B AE < F A8 < 57 i A% A M e -
ZEMBEAFERANEES I-MbER X BT 2 2 BEHE - HRNE
I-MbI&EZ i S » MESTHER L BEt B ERBEERE - Ak K
A RS < &SRR Bzat oy - EM AT FREFTE R © et o=(ZBY

M PR E-19E)/S.D - Hrf T19E |, GBS REE R E1-MbERE
¥ 2 480 iR 2 39 E 8 - HS.D.AHSIEAE 5 E 1-MbIE B L
LM PR R SRR

&2 1-24 BUR4 Z b TR RS < SO P AR st By i 46 R - 1-MB & ER 5

TS ES - NERCRERERE(RINE) B ENER 7 7 ZE -
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pter-qter(EZ &R HL (R Ll BEUR) » fEE21 9 - WIR2101 RS F (Bl K 5L
B & > WHITEEATEE - NIR2I01BEASHER - EFR
H-20 N &) E+2(FRIMR) © 22 EREHIEESERWFRCREEH -
1 ZERRE\ERWERORE RS 2 —3& - 0ZEARMEAEEEIE INEEE
Ko + 1 ZERREI—(ERCRE H B A2 I [E e ie g H -

FER2102 B R M AL 3 TG R - Al 33 > GGARRLAIR - 1382102
B ERG > HERME - JMR2103BURKE TG E& MAT 2 B8
B HZFREHGKOGEERBAL/ZR A E-mER) -

PP R A M AR i B3 2 A G & I (251 0 >3) (R i S 0 B
21100 - EHFPREAL M A 20 e Z @ (251 77 <-3) AL 21 852120
& - MAFF R AR E RO E R 2 W (25T 77/ -3 813 Z D AR i
REEEFR - FMET BB B R/ 20 A R IEAR(L o BN P AT ELT
BEmE > EAREASEGClwER -

E 218 RHCCE & ZCircos[l - HERIRBEAZHZEHA - KH
MAZDNA Z LM FF IR EGT B BE - BN EINZBIER © & il 51 o3 A
fe 3] 2 R ik 2 iR B R (AL & sk B oy BIRER B R IE3) - £
ol V) oz e JeE mir ke VD Bk 12 18 A 3815 2 M8 e Bk &2 281 53 oo i~ A R V) B

I 4% o A 21 2 % €0 R 528 R BN 5 308 T D B 1) o A B R 4L 4k o AT IR
AEFVIAER - AR UIBRIR - MAE T K2 B IE AR < L O Re 8 N
K o B F BRI — R B AR R I R e R 2 (EE -

22 BRI AR 2 E 6 - fEHCC 218 MEHB VIR & 2 i 4% 5
L L MFREET Byt - BBHCCEZ (B2 DMK - A E S 2 maEd R
fe MEI B E AR < RO R - 2 FRR MWL 5 A B e AR g

5 61 HEEHIEREE)
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BT e R (B A -

E23FRR B AR H BN - HEARE3 NPCZEE 2 MmiE
BEAYEOHI P IR 85T B A - A AT 2 ATl B e W B e pg
R BRMES  ALER 37 OR14hERIHEZEER -

B 24 RIR B AR H B - HEARE4 NPCZEE 2 MmE
BEAYEOHI P IR 85T B A - A AT 2 ATl B e W B e pg
R EHEATEEIER BE (B2 - Al LamER o
LOMFFIREGTEBNMRRE S B 2 9 ER S - Bzt o R0 % ((FE &) - #
HHIEAEEL IS I 2 SR8 8 RN & 2 KO 7 8 ST SR 72 FE R L AT i e
HATR EZ > B PR B E AR 2 AR > A RBER ML — 7 AR R EHE
EREAT o - TR R B (E(E -

B AN 7T

AR S B 0 TR E BB 2 DNA Z K/N il IR I S
JR B Ik B g 4H 4% & 2~ KN 4y {fi (Diehl FZ A Proc Natl Acad Sci USA
2005, 102(45):16368-73) - fE5LAIER 77 - L EE B MAEDNAZ K
/NGy T A B I 5% BEL S RN B9 i 2 70k - BhEE 0 (R HCC R 28I P B ok
TR % -

AR B Y - 8 5 R EEOE T RN - fE—[EEE R ERE]
(chrl) 5 BEFE 1 159 ~ 935 ~ 347& 167 ~ 219 ~ 158) 1 » 7 & G 40 4% T 60
FIMEEIR AR T 2 —&E G - 5 —EEHEER10 (chrl0) ; FEFE
100 ~ 137 ~ 050£ 101 ~ 907 ~ 356) 1 » 11 i &g 4H &% A R 21 W ik [E R 4 &8
ferh—%& 26k (HILOH) - BrigEMF R LAk B 2 BERS » JRERA 2
B B RAH ORI R B 2 RAME R 2 B DA & i U E T R
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KN 1% HEERKE MEEGH P E—F 2R B2 R/NIf o

BHAChrl 0 LOHE KN S » R 4H 4% R il ok — 18 86 (2 B (O BE 1%
By o AL BhEh A BEEREE 2 2 MAEDNAR B BEIR 8 IE R ma
& o H— U - BREREAE M R Eh L AR (JREA A EETRDEEH 2 R B
A5 B R R A Sk B IR R AR 4 - IR R DNA Z KU/ i > (R
GIRHAK B IR dk R BB AL 2 7 B B 2K B % BEAE A A EE RN o B
Moo HFEHE R B 2 REAREDNAR B 2 R/ 2l 48 2 TE W K
N2 ER - BEAFREAK/NSH 2 DNAMEEAFEE “ADNAHK
IEAE R/ INGE 2 F R i B R ARG hn B R -

& 25 BRI A EHE 2 BRG] > mATDNA . BFE % H iR g4 45
BILOH Z @i~ K/h 2 dhi4R - Xlfa R B LU B Ror 2 KU » Yl
RAMEFR X F 2 B2 R B2 H 5t « SR E G BEER Y FPHIMEEL - 2k
HIESR R BB R 2 FRHIAERN 170 bp Z RVNT B BRI I K & 5 RAEAA
Koo W RAKEIER K BEER 2 IDNAK REEE o LRk EIERR L E
e A S FE TR R DNA 2 B R B b SRR — 2L -

fE—(EE G > RNz 22 8L RIEEDNA S T 2 RIEHA
KA BAQERBZMEE L BHEAR L2 © AQ=Quax-Qex » HHQun
sRBEREFEHREEZFGHE ZAFEDNARE 2 ZEBER S HQux
REKEGhEEGZGE ZHFDNAR B2 RIEHAZ -

B 26FU R EH P LOHEE » AQ¥ & HIFMAZTDNA Z K/ « RIEAZEIH
ZEHB) - 42130 bpZ R/NT » AQEF0.2  FHFEREM 130 bpfE BE L
B B R2d 2K  E S DN AR (/Y o (8 EukER - Bk E
iR BEAE A BFMEE - KB JRGR R BB VB 2 DNAY T2 8BS
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20% - AR ATEEER L E o R 2 GRRAEMU T B H 2B G E R EH BT
2 Elfe =~ FfE -

Wt BEARORERY &S - 17 R R 4 8% — e 5 A A 0 (4
WEEEEAY) - MNERSNE 22K B g BEAE Y 2 U B R R DNA 7 T g B
i - WK E R B 2R B2 RN i & 5 i 2K B JE by B A
B2 R RN - BMLOHE IR - "I @Bl R B2 RIEHAERY
DNAR B 2 RN & KT E RN i < %= % - B AERK/ND M2
DNAT & B A F S 'E L ADNA A R AL R/ ek < F oK Ui ez R FE AR A5 0
R

B 27 BURIRBE A 2 Fh M) - MmAFDNA ~ S AE AR % ¥ i R 4H 4
BARFEEREN B RN iy - By IR iR B A 2 Fp P LL o
KB i AR 2 YL 170 bp Z RVNT B BRI I 5 5 RAR A
R o W RAKE R EEA Y IDNAR BBFEYE o BT SCRR 2 T
— 0 YRR E 2 FERIEDNAR 2 fiahy B -

BLOHE LM - R/ i 2 7= R ] (L AW EEDNA D F 2 RHEMH
R BMAQER B ZWEE L RIEFAR & o

AQ=Quess-Qurmn » H P Qua AR B HIG BEF AL Z HIFFDNAR B2 2 B
FEARAR  HQuwnURK B IR EE A A FDNAR B 2 B -

B 28 HURARIE AL I L F ] - B HR B &I - AQ ¥ &% HI Fr i 4%
DNA Z R/ o IR AL Z FHih) - /£126 bpZ R/NT » AQZEF(0.08 -
BEHE R 126 bpfF BB LB 2K FLE S DNART » Bl g JEHENg B E A 2
BEMEEL » KB EGER 2 BF 2 MDNAS T2 8 S8% ¢

D. A £ ity
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FEHATE S T - AT EH AR RSN - BONE > BRHRKA
QEEHET U E Ik 2 R ER R - 28 1& W] DABR &N e AR S s T B B2 U7 =
HEZH B E - L ATHRERYESR ZBIE -

VI E S %4

AR R E—BR ARG AIAMHE-BEEBH T 24 - BEFT
42 BRI E2IF 2 ESFEEIOF - £ —EEHHIT > BEISLHLK
H—-EHEE > Hfh T 25 hEMEE ZHA - M E RO
ARG AT REZSEE AN EF CBREE > SEERT R -

HURINE 299 2 T 2 G & R G Om 2975 528 - B HAN 7 &
& 0 P FIEI2974 ~ §EEE2978 ~ BEIEMAIR2979 ~ BE 1R E2976 (L RENE £
BURNERCE52982) R H A o WIEE B E— 8 H ZEN B AR (B 40 5 B 1%
2977)k MR Bk 2 /ORI 25297 1 2 FE B akc i Ko A/ L (I/O) 28 (- 2 1 =2
M 28t » BB S > B {E A S BR297 72N 1 E 298 L(B 30 L R S i
Wi-Fi) i B £ 012900 17 2 & B A s (P 0 PR 4 iEs ) ~ B A 25 1
R R - S ARGERIE2975 2 G E P R B 52973 % T R 418
(Bl FEHI 2K B R EAE 2972 0B E WK 2979 25 Z AT ~ LR T &
il L EENATHA - R HRCIE AR 2972 Ko/ B XE AR 2979 A A 27 28 A 1] 3 HY
HRe - AT RAE—EETE —(EEfmE 25 —E M TEEEEN
e

o
JrHﬂu

EX
=)
&

B 2 40 W] BLFE )0 R i A ER /1 1 298 1 BRE i P ER 1 T 2 1 A —
ZEBEHFEIE T R - L —EEHHEN T - B AL - THRGNEE
A MRS - LEFRP T - 0 — G B R H P i Bk 55— B
W R (Elkes » HiE—F 0] RHEEK ARG L8877 - H P ik EkEs 2
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H AT LA 2 [ 28~ T HFrekallft -

FEEH R > W] (55 B G e/ B A R A DA% A B B 7P = DU 4 B 32
EHAKREEAZH A E—EH - BRASCREZH R ERBORNE
AN ELTE 157 il 2 MR AR I B A (5 PR G S i e il S G E(F A THE
L= N R = W = Wb

AN HH 3R ZE TP AT 2 AT — HRRE SH (R BT e B 1] DAAIGRE i pe L S5 AT
PRSP AEF > HPERE-EEEEES (P4 > Java » C++E
Perl) H {58 F (B150) E A 2l B (=2 l0 - #RAe e 2UHE B] LL— 2 B4 5 B
LA ER AR GEE R/ 2B T E R o BHARERE
FE iR F HGGLIEAZ(RAM) ~ MEGHACIEAZ (ROM) ~ B £ A2 (B 40 B B S d i)
SO AR (PIAERR (CD)EKD VD (B 2 LIRERR)) ~ TRPTECIEAS sl 4l it
M o EE I RS AT R IE ST S E e L4 -

I S A 2 AT 4 G 15 10 (55 R A R A PR S 2 R TR e 2 SRR - O
CRAR IS R/ B GOR 4 IE (B P 4 PR A ) 1 < SIOR (5 T (5 - DR > AN 38T
L BB 2 B A EE AR A (S F R AmE LB E R ELE - &F
B8 & 85 < B s ] i I A ] B 2 i 1 B B AL — e BB LAt 25 1 o B
(a0 > A EER T o E— RS A RS B B R B —
B VR (Pl AREER ~ CDECER(H B 240 2 ERZ A > HAafFAER
AN EERERES L W - B ARG T EEEGS - 5
ISR N A AT M E—ERERGERE L S —EEBURE

AT — A S A A A H R LB H % 5 5 B L B R (B
fif B 63 ) 2 58 = B Sy B HE o IR - B HE B AT (5B 5L 4E sHRR LU B B
ASFTIUE— 7R L B 2 BHG ARG > 1] A H o A [F 4H R 8 5= 520 B e
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