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Abstract; Copy number variation refers to the increase or decrease in the copy number of a large segment of DNA
sequence in the genome. Previous studies have revealed that copy number variation is the cause of many human
diseases and is closely related to their mechanisms of occurrence and development. The emergence of high-
throughput sequencing technology has provided technical support for copy number variation detection, which has
become the mainstream copy number variation detection technology in human disease research and clinical
diagnosis. Although new algorithms and softwares based on high-throughput sequencing technology have been
developed, the accuracy is still in challenge. This paper presents a comprehensive review of copy number variation
detection methods based on high—throughput sequencing data, including methods based on the methods of depth of
reads, double-end mapping, reads splitting, scratch splicing, and the method based on a combination of the above
four techniques. Moreover, the principles of each type of method, representative software tools, and applicable data
as well as advantages and disadvantages of each type of method are discussed in depth. In addition, the future
directions for development in high-throughput sequencing technology are also explored.
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genomic hybridization, aCGH ) # K F1 SNP % K
(Single nucleotide polymorphism Array) $% ARZE5

B i 1 e AR PR P R AR B S T R i
22 WY BIFSE R JH e 2 0 3 AR ARG 0 4 D1 B 0% S |
2 H AT E A Bt Rk 45 DUBOR S 19 77 4R
XL NEAR T L4 K. BT reads B ( Read
depth, RD ) [ J7 ¥, & F XK ¥ B 5F ( Pair end
mapping, PEM ) [ 77 ¥, & T % 73 read ( Split read,
SR) I J7 %, T L PFHZ (De novo assembly, AS)
051, LT BRI B O, Hr,
BET reads TR JE 945 DEOW S48 D0 7 125, A1) T4 DL
B S DB O P DO S X B Y reads TR 2 22 5+
SRAGIN 8 DRSS S 5 BT 50U i (14 45 DL ERAR S 4 U
T3 P BUR 3 BE X reads 765 DU S X B L
X2 )5 HO7 1 BCE AR Bl B 2 R A R e A8 kX
— RPN P8 DUES 5 5 B TR 53 read 1945 DAL
P8 S R 7 1 ) P B B D1 K00 S T SRS reads F
3 E LERSRAG I 5 DU S 5 B T DSk PF 42 14 5 DL
TR S A DN 5 1 S A 4 B TR 4 8 Jm) 3 IX 3 Y reads

ML PHEZ 5 SR I5 H X 31 22 3 4R A6 5 D
B 5 A RS A R DL SR ke E 4745 DAL
AR SR X R Ty vk AR R R A T I A
AP EA ST RIZEA R R 145 DL 5
ARSI A SC A TH b ZR AR H AR A JLFP L T e
%iﬂ' FE B8 5 DU SRS 7 3 | 78 L) 43 T

S5O IR A5, SR R $E DB SR Rk
BEE BLA

1 HETFEHE
LRIWIRES

I T, 56T i e 00 8040 ) DL 280 S A
FEEEATIRIE 1) HT reads TR ( Read depth,
RD) #7515 52) 3T UK 3t WL 4f ( Pair end mapping,
PEM) (97595 ;3) ZET-HF 70 read (Split read, SR) 757
1 4) ZF ML B (De novo assembly, AS) Y72,
AN T8 DR S A 5 0 b AR 1

FEFFHCHR 0 75 T 50 5

®1 TREERHERGN T E LR

Table 1 Comparision of different copy number variation detection methods

e g b S FEV B 280 J% B VR
v VT OARSTAR IEH 1 4IER
JET reads S HE BRI T reads VEREAIFE DL RDX“; O BURAEN T SR R AR 3 T TR K
VRIE (7% SRS YRI5, i R DL S T, A RE 5 42 0 A R
o o DSOS B 7 2
BreakDancer 1 T E B AR R % i SRR
EFRAS 0RO R RUR S reads 15 M2 . @Eiﬁé;;” El:; ol ;Hﬁiw‘iﬁg{i‘:
WS 7 7 6 A B 25 "
GASV 4 P D150 5
N TS read 740K 2 B2 HL I R Pindel ST 2 B 2 SR AR 3 T TR e
Egj;;‘“ T B3 14 B A L 1 2 PR 201 0% PRISM U 04 BSOS S5 R | T B B B R 0 5 L
% read AT DL 5P DLBCIS 5% AGE % B 5,
SOAPden BT EE SRR ERRAEEE, EHATRE
HFMIBHE A8 reads HEATM K BHEERLK 790 EOF . e aﬁ;c;; - o ;i;ﬁt LR I 1
9 715 WS I LD 2, AT R U005 5 e S -
ALLPATHS-LG % DI E0E 5
CNVer BRI Lt R4 7 e
AT S A RTIEA Iy B AT 2 L8 i ERDS AT o
ik VAT U5 M AL 6 ik L ETECIRT I AR T AT Bk 2
GASVPro %5
SR R ALROR  th T % 2
ZEA T fE R TEAT I ME R, — LIS T Canvas SPW
T PRI, R AT e 5 P 5 R ML PR IR 21 2 7 A
AL R TR AL R R4 DUAUE SRR TrioCNY S B Pt
oIk T T B A 2 P4 DL A5 S MDTS 4 SR AT ’
BER SR = ST
DN DL SRR 17 reads HE X 8508 FR i R forestSV
SNBSS RREHE 404 reads VRRERS B DUK S w T 25 4 S P LB, R R 7
L& 7 W 5 JR4 read 1356158 5o e v HLEE T PRI H 0 0 8 A T AT R 22 5

2] P JERFE R REA T DR A
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XN 26 - el e P 50 1 PR 498 DL S Al O TR 250k 13

1.1 EF reads REME NEBT RGN %

PENSEL A iy e Bk b I R A #5 D
B S B T X AT AT Y 0 e BB X R 2 A4
DL T4 DU S X8l e 97 e B sl /b 2 S48 L
(KA MER" 225 , B2 T 2 M0 (kA HEE”
AE5) o PRI TR G BE 10 B A 20 DX B, 48 DU S
DX 3l P E 7 DX 30 5 45 21 Y reads 30 (B reads ¥
) WMaAY R 2SR, TR B R X0 DL
B0 S DX AR/ — 8 43, A DR 2 AR 1
(1) reads VR B FHE DRSS IX Il 25 A ) S 1 22 5
LT reads TREE BY$5 DB S 6 I Jy 125 02 3 0ok A 9]
reads VR 325 8 14 DX SR A AN () 25 A6 1) 5 D1 4R
St o HET reads VR JE 1945 DUEIOE S A6 U5 vk Y 7 R
EIWE 1,

L e —— ]
-
—
LI — ]
Reference [ £l
Deletion Duplication

B 1 EHTF reads REMNENHTRENFETEE
Fig.1 Schematic illustration of read depth-based

copy number variation detection approaches

BT reads TR 14 45 DL ECAR S A6 Iy 2 36
TR O H A IR Dreads IR B 1Y bR 1 1k
( Normalization ) 5 HER AR, 2) $4 D1 AR S5 X 3 1) 4
| ( Segmentation ) .

FE AR P E A T reads VREE (948 DLEUAR
SR VA SR B R R 3 i S /N
(ESMEEIEEZN) R IHTREDE 1 reads
TREE , R LR sSFE T Y reads S, 42 PR ZH )
JP B R 53 00 0 100 3 i O [ A B T LA B R E
T FRST AT DUAR 1 A [a) B 0 £ 40 2 % 1
B 7 Al A e L i 1 R

T I R A F2 88 [X 3, reads TR S8 7T fiEJ2
P DUBUE S5 | R 1Y, W0 AT BBJE B T 7 F reads FEXT
AR PR M R TR B R 25, GC O B
mappability s H P SEIER KAV 2, reads TREE
FIPRAE AL A2 45 38 3 GC 7 5 AL 1IE A1 mappability %
TE T BRI RS A A 22 , ol 5 25 1R 4 R IX Sl 1) S
reads TR BB A% L 52 b 2 We b8 DU B0 S5 H R AE XT
TR FE DUBUR Sk I 7 ik e R 2 BB I8 T GC &
T K IE 1 mappability 2 1E B9[] &1,

Yoon % H&H (BT (B0 — b1 GC & i
KAETTEWARK (1) o Hrh r 308 GC & EAERTH:
— % Y reads TR, 7, &/~ GC HERIEGIZE 1

B reads IRE . m JE A & 1 reads IR B H 467 %L
mo N FIYHT B LA FAE GC &R ir A & 1
reads TRJE B H A2 %0, Mappability 5 1E AT LA F 1
GC F A EAMIA T, WAT(2) ,myy,, RsFI2Y
A D4 [F]F£ Mappability #) BT A % 11 reads I8 &
O REA &8

ro=r e — (1)
Mee

r,=rc " (2)
Myap

T35 =R I GC 5 AL IE J7 1L 2 T )R i
AL [\ U5 B A5 S W ((Locally  weighted  scatterplot
smoothing , LOWESS ¢ LOESS) ") |

TE reads TR BE (1 b5 Ak 19 [) i 88 2 )5 2 4
reads TR FE I AE 40 Y | R DLBE A Ry o 1) ME 36 43 A
(B A FSECT BIRA AR A G E
) reads TREE , BLAEH FH T reads T8 B A R A5
RUA =5 005341 JARA G341 R B 3005347 4 FIAE 3R
FEAMEARR AT () Bl 5] AR FE M reads TR BE 43
TP i

reads VR B I bR E AL 5 HE 3 B0 R — 20 2 it
Frd8 DU S DCBAG 73381, 4% DLAI0IE S5t DX 2 5
JEFEHE T reads TR B2 AN AR LA W] 2331 7 125 U3
A BE LRI 2H 1) 48 DUBOR S i BAR XK, 324 1k, R
Y P DR S DI g B DT R R R I, e,
CNVnator'® F] Jf 3£ T 2 {8 i # ( Mean shift-based ,
MSB) ) 77 ¥ ; RDXplorer'®' F] Ji] 3£ F EWT ( Event-
wise testing ) 4 J7 3% ; JoitSLM "' ] i 3£ F SLM
( Shifting level model) %757 ; ReadDepth "' FI| 13 F
&M — 857 #| ( Circular binary segmentation, CBS) [
751 ; GENSENG! Fl CNVwire! " F1] Ji 3 Tt 55 /R
] R AL A ( Hidden markov model, HMM ) .
CNVnator®' J&: —F i N LAY IE T reads YRIE Y7
DT AR X Z 5, 1 SR B R 4 3 73 o A K T
O, A% TN reads VR (HI1E reads TRE
I A GC & AL IE IR Y reads TRIE ;SR )5
CNVnator i [f] mean-shift & " R IEZ 5 )
reads VREE(E , XT4PITHY bin #1738 3S, Hig R —
K bin A HARIGHE DAL, BRI REES HATE
et PR Ry Jay il B B S HRI, 7 4 R R 20 31 FEDR R
S CNV B}, 38 45 segmentation 5572 3k SZ L, A [6] 1)
bandwidth Z:¥UBE i 1) 48 DL EUW 5 X004 51 5
#¢Jii , CNVnator I¥J bin 1 bandwidth F-/>Z801 % £¢
XA AR K
1.2 ETFICRimREGT B3 N T RGN &

KA S - J2 48—~ DNA J BERY P 57 i
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[RIEsE BT, A R Ui reads , BUK Vi reads P91~ 57 ¥t
Z 8] 1 BB A A AR B BE (Insert size ), AU Wi
reads Y78 B2 BIWNE] 2 B . WK reads 46 AT
By B 5 BRI ) SO 56, — A i A
S-SR VR: N SN i T e i RN S e
(TCHEFAESE) PN, WA S reads 75 WL 51 225 FL P 24
Z AR R BO A B B A R A AN A B 1] R 1 S 1]
( 7% read RIE ] T iF read /2 00)) . FEFH R4 A9
BEA R S DX R T 32 B 45 R 78 S 2 ), UK i
reads 7EMLE 21 2 % R R 4 2 )5 HAH A B B K
BE DR S reads 1Y J7 1] 23 AR A1 LA 1) 45 44 728 5 1)
KA AEAE AR X BUR 3 reads FRZ R 5
i reads X ( Discordant read pair) , A [FJE B 75
reads X 1] S AN [R) S BY AR 25 40 28 5

BB
Read 1
3 3
3,1[l|||II||||||l|||l||ll||||||||H||l|5,
BB 2
Read 2
AR
Insert size

B 2 X Kif reads ‘~EE

Fig.2 Schematic illustration of paired-end reads

T WU i R S 114 8 D0 508 S A 0 1 RV 3 ok
S reads XFHEAT 5 DUBUL SEAGIN . S b DL
S5 reads X AR B LI 3, X T M R 7 AR
5, BUR Y reads 78BS 2 05 H 5 ) O35 1E S 1, {H
AR BAK B S W IR 3l BOE KB B e+
3o Hirp p D SO A8 AR BO A
(BRI, o Al A R B EWRIEZE, X T
“CHRTE R AR S BUR Ui reads 7EBLET 2 J5 Hoy 1) 25
KA (AR B BE v e & AR U RS )
BT RO v B ST 19 DSRS0 v 2 o A
TSI SCE 77 A2 B9 AR Ui reads BOA A R B K
JE BRI ZS SR I reads U B Hh 48 HO0T
W) 5% reads X,

BT 1Y reads HEXT 2 i AEAE S8 %, 0 H:
JE AR PR 2H 1Y) R O DX — 6 A A R X I, S
reads X FJ BESE FUXT 45 1R 18 ALY, AN & B S $5 D
B S S, T OB i B S 1 5 DL S0 S A
T IR L B 5K reads X > ] W H5 D10
S, MR ] — DX A 58 reads XSRS 3l i 3%
A2 (Cluster) " SR F W8 DLEUAS 0 R, 6T XL
R iy R St P8 DL SO S ARG I 7 R A% o i %o 2 PR 4
HH B BT S8 reads XA T RIS (AR IE B A

— 5 reads X 1Y 282 AR — AN HAR P $5 DKL

AR SESEH reads XA, H A ATk
PEATHE DURCR S I, — b 4R S & X5k
(BINPRE 205 2 N7H reads XIS HF—A
$& DVBU 52 ) R TR, g A —Ff il o B T A i
Jid . HRTHEA M Y 30U i S 7 5 D1 %%
A5 G K Wl 97 ¥ A BreakDancer'™ | PEMer!™! |
GASV!'*1 45

(@)

NEFEA
Personal °f — — 1
Genome S —‘ \
/ / N\ \

SHEREHA [ |
Reference

IS
(b) Deletion
ANEFEA
Persona]
Genome o e d
SHEFEA —
Reference X

Duplication

B3 ETFIRisBEHEIGTRENTETEE
Fig.3 Schematic illustration of paired end mapping-based

copy number variation detection approaches

BreakDancer' "' J&— K Z HLAYFE T PR 5950 Mt
P8 DUEU S 1 B 1 5 02 2 BB G X S 1 TC )
RGNS o U I o DS T I A S 1 7
Kolmogorov-Smirnov 8- S5 1143 A L X 5 X 45k
GG A |t 2 S5 g (0 (R S5 0 A8 S o il ek An b s B
BreakDancer' ™ ] UG 7 51 K B | 5 5104 A P 51
(EEINE M RGN NN I I PSR R Nl [ 1R 7R VAN SR I S0 S
HAGRE My o fE R A B W E A,
BreakDancer' ") [/ 5l 5 4 U0 R 5 55, 55— X T B
ORI | Hy T 2R A A R Bl B Y 8L B A B3t
SRR, B DLE BT BB A I B 1 B BE A
SEARA R BOR B ARMEZE (SD) Frsgmi, xf Tk
KB (I R KT 1 kbp) FLBBURR, MERPE D
159, 1M 50-200 bp HY3X G N B 2252, i T8 AR 4
AbF 2 A AR EZE DAY FEGE TR 30 1 B B 28 Ak it
FRATIR 2 .35, Fiv LA S8 50 T 8 B — > G
X 568 BERTRER I RS AT, KR TO R i 4
AR B EE
1.3 ETIRS read B9#¥% NE T RN 7 %

BETHRI> read (95 DK SeAG I I 125 19 222 8
REUR W BCK Uity reads W1 — 5% read HEHE IE i BILET
FISH LN, 1 55— 4% read JGI% I B 5 o HUAE
P43 IE A RS, U132 2% TC 1 TE A B 5 1) read 7T BE
v DVBUE S (B AR S B S5 40 78 S ) 1Y BT
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XN | 26 . e e 0 PP 50 1) PR 498 DS

AR SRR T 1 ik 15

( Breakpoint) , #1E1% 4% read [ 3% 2 A3 B0 B 7
gy 2 B H T R B R U B 22 R A 3%
4 read W] DISZHF— 48 DUEUR S (SRR 4544
RS o KT MMBR A S A R A AR S R )
read WLSHEOUREIILEL 4, 25— Wi b 2 564
43 reads SCHF[R]— S ALPE DUBC S5 | DU AT DA o 12 8
FUAFTEMRR SR $5 DL EOR 5, H AT HA R
FETYRI3 vead HYFE U1K RGN 5 254 Pindel '™
PRISM " #1 AGE™ | H:rr Pindel "' # FH?F,%Tigﬁ
(Pattern growth) ) /7 A THR 43 read LSS ; PRISM
FIFH Needleman—Wunsch 832" Ay s 2k 47
P¥I> read BB s AGE FIH Gap DIBRAY H Xt J7 i 2t
TR0 read HYWEST. Pindel " & —Fh o 2 LA
TRORIGIRESS 17, B 5, 7EARTS 1 o — LX)
FIREHH FH PE read Z 5, Pindel " 2B AR HETEH
LEXTHIIRSS read YITF AL 2 805 3 /NBL, AR A4 iR
EAIRR deletion B2 HBT R4 T HUXF, T3R5 B4 1Y)
LU XA R X 7 1] T DRI o7 2 R i AR soft-
clipped FUZERA4S, Pindel " FEIS [ AEASHE I B
AT N BBk R N e Beiddi A (<50 bp) , 121
A, ERERE AR R B

@

AL I
Personal ﬁ =
Genome ! ' 1NN

SHEERY )

Reference
il @ 3

(b)/[\ ANEFH Deletion
Personal ——
Genome | \m\/
BEEHE i
Reference L

Tandem duplication
Bl 4 ETIFS read BENHEREN G EREE
Fig. 4 Schematic illustration of split read-based

copy number variation detection approaches

1.4 ETNLHHEENENHT RO T E

PI_b = Fh 48 DL B0 S A5 0 5 KM T reads Eb
X R, T ISk P 1 5 D1 B30 S A Ny 2 DA
[6], A 2 4 reads W5 3] 225 K 40 T 1 S X
reads #E 17 M Sk PF 452, 72 A= K JF 51 - Bt ( Contigs 5
Scaffolds) , SR J5 #4731 i B et 3 22 B 4, A
TG DUAS [ 2 Y 0 1 DRSO S

PG b T K B D5 541 SOAPdenovo '

ABySS'# Fl ALLPATHS-1.G "> 22 nl F ¥4 D1 % As
SR s PEAh A 11T Sk Bz I #5 DU S
K 75 3, W SOAPsv!®! | Cortex'® FI FermiKit'?
Tl I 7= A Y reads KE R IR RS
U NRERFAFAWE 2 (BE KEEEF)
LR ZE R, B AT Sk B A TR
21 e 3 A A 1) PR SR RN AR, PR
A B P BE A, ELAF A — R AR B AR A 15, DRI 2%
FEFES MR DLBOAE S ARG I A vER R b, H T
ISk B L B 3 T 38, Bsf () &2 4% B 0 28 ) &2 24
R TR e Ah % 35 A1 4 J) 3 DX 3,
[ reads FEAT MK PEE T LB E $2 DL 5028 S Al I 25
@Jﬁn,TIGRA“S?ﬂuwmﬁiztmﬂﬂthﬂﬁ%m%ﬁ*'3
(AT R BAESE 1) reads 4T Sk BF42: , DT A0 2 45 D1 4K
AR S RGBT

H1 T LA 4 Fh o 2 240 A 4 D180 5 i e
TP 50 L %) 5 — T T ) A ke R AT ARG, PR ot
Ty i — M BN JE Bl 2 Rl el o K Y L A 4
DL K007 S5 VA e o i %o At 288 7R K 1 R )
5 VUSSR ER R A, — R UL, 2T reads I8
FER Ty s TR A K DB 5, HalE T
R 5 5 10 e 5 A (R 4 AR 8 DL 0 S 0 1
R B ; 3 T OO ity e 3 1) O vk 38 - rp S K
(% DUBCAE S7 , HL OIS FH T UK o 0 5080 , LRI RE
RREMSHR AL PRI A 35 DL RS TR R T
P73 vead BT ST ML PHEM 7 208 TR B
BE RFE DUVROCAE 5, H 5 R PR O 2 AN R Y A g
B A PR 1) 5 DL B30 S 7 0500 R i ISk
PR il T B R TR

SEAANFET IR S IF A Ak, REg Rk
TR b i v o) 4 35 PR A i 2R 80 BT A K Y LAY
P DB SRR, RIRIALE 5 A R A
RKZR, CNVer® ERDS" F1 GASVPro' ! %:T
reads VR & XA Ui B2 53 30F 47 45 D1 450788 S %) A
Delly" ! %5 3 F XA bty W 5 FHF 43 read HE1745 DAL
ARG, HYDRA'®! SVSeq' ) He T BUA i fe S5F 11
M3k B 422 0E A7 45 DL 02 524G I envHITSeq ™ Al
LUMPY P BT reads TR BE XU 3 W 5t A4 23 read

PEATHE DB S A, B3R5 J7 i B R Gs B H A
FHEA— 15 B 75 D108 S 00 7 32 B s RO A 5%

4 FHIEATT IL SR I 95 DUROR 53t S W AE 0 Fy
B b i FESE R AR SR AT ¥ DUBU S A I, A0 5K
FRIER AL 8, © A B LA % I8 B 5 A i#
P AR AN T) A AR ] 45 DRSO S B HAT B G %
P8 V1R 5 00 SR U AT LA 23 o A SRl 98 A8 gt A%
T A A R A R BERAAR, — BT A AN &
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i PR IR AL 8 B HE DLBUR SR R R A A
TR 8 s 1 A 5 DRSS ELA e v i T ST
H AT XK R R A7 Bl , BA RS S

i IR 5t A% 5 0 #5 DUECS S A 75 A A Canvas
SPWSS | TrioCNVE | MDTS'™ | PennCNV!#™*
TrioCNV2' ¥4 | 554 TR 1845 58 1 A 42 DL 8
ST A0 S I g ) A R R ) £ P

T8 3o A D1 A S BRI B reads B ECHE
BURTRI AL, A0 55 reads TR BEAS B XUR S Wi 515
5 Y553 read (5 855 8 b HENT LR 22 2 3 SR
P E FAR 1Y #5 VLR S 88 5 AT IR, SR I %t 4

POHEAR Ty i 7 A 1) 8 DL AR e {5 R AT i e, T LA
AR IR RIS DUBOE S AT R AR R R

FHAILAS 27 21 73 SR AU 14 $5 DL 0% S+ h(ﬂ]ﬁ/z*iﬁ
forestSV!#! SVA®l DeepVanant[%] . CNNScoreVariants ¥ |
Clairvoyante * &5, L& 1A 145 DUBCE SHAG I
BEEANIR REEAIETEE T &R,

2 DB SRS A AE 1 3 ) R

IR RN R 20 O B 15 DL S A Y
DA (H A A T vk R D o B A AR 8
%, 2T reads TREE Y45 DUEAS S A vk H T
MR EAET (LR ERECE A BRI
A% S T ELRERSAT B HAR Y $5 DKL, B TG L 1 A R

FEATHERIIW A FE T reads TRIEE 145 D1 EAD S5 460
T3 B B P T B A B 5 DR S | ) B A e
— 18 A XA i B 1Y) 4 A PR ZH AR s LA KA -
P AR A T8 DUBCAS S Aar ) A 3k o 8 T 00K i ke
SR ¥ DU SRS v B I [ REE FH F  sk
AL AR A" HUR A AR N B AR
S JER BT A AR ISR 22 5 B 1 U i
SRR DRSO S A s T b AR B A DK

ARG X T WA TR AL LU IE T reads TR A5 D1 EAR
SR T o B, B TR read BUHE DIEK
A S A D7 A TR AR S, JE R K R A
IR A8 5 T MK PR 0 7 A i R 2 1
A2 DX IR S5 R 35 22 | IR i AR B e, 3 TR
53 read B 7 AN3E T S PR R 7 ik FH TR R
JRLI ¥ DURUIE S | LY AT i (it A e 0 T 5 A R
P b A AN F 5 AR 45 T v Re i i KRR
JE ML ) 4 L LA BT A RBP4
DB S e 2, A MRS R R A G )7
PEA Em RS . 456 SR s L e
Ti BRI B T 28 BB s 4 B Pl 2T 1Y

Jrids, HBCR AR T U RS i i, o P K AL
FERILAR~2 > BT, RERS AR JLT- A B 2k REUEL Y
AR T, B AR B R

3 gERIE

R R 3 N B ) i PR 4 DL AR S
H A iz 0 T3l o o8 5 im K297 2, T
WP AR B R PR A B NSS4 B B ek, 5
T e 3 0 A %) DR S A I i — B
BALRL2ERAE Y B S A s SR R, A
SO 3T e 2 S 0 S Y DL 0O S A vk
Wit AT T R G2 LaA , 35T reads TR
JE B T3 T UK o SR Y 7 4 TR0 read 1Y
Jrik FET MR PHE I 7L DL R T LR 4 Bk
MIZEA TR A . SER R BRI 7y ik 2447 Heak
AR ZEAY DL R4S B BB S, Al 455 AN [R) 5 i
YA i 5 T B3 i 20 5 T 1%, e A% A R T4 DL
B8R S A Y A A 2 (E ) BT R R T DL RAE R
G N K BORSE A (14) X A, e DL R S A I g vk R
KA S Ty 1) 5 e A, B A T 5 530 FASE 1 AN Dy 44
K, Bk 2 4 DR Sl R I, BT LR 2 2T Y
P8 DUBUS S A6 U 7 T W AE AR JRE B LI 34

R T REAE TR ORI 5 DL EAR S T B AR AR
PR EE R T Ok 7B O T, R E 4 DL
AR ) BRI B R R B RO s A I DL A0
S0 T E B PF AL A v DU, 75 B A A o B A T
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