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Genome analysis
Determination of genomic copy number alteration emphasizing a
restriction-site based strategy of genome re-sequencing
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Motivation: Copy number alteration (CNA) is one type of genomic 3 %ooo W % )(+H. o+4 L8 "
aberration that is often induced by genome instability and is associ- bo%? ;1% I o# " ¢ ho#% "1 ( To+#(!
ated with diseases such as cancer. Determination of the genome- ) +! b A Y G2 X GO T S O %%
wide CNA profile is an important step in identifying the underlying (!')y:-trt1-= h%r* <+ )AL+ 1% 3BA (¢
mutation mechanisms. Genomic data based on next-generation 21 etal 33408
sequencing technology is particularly suitable for determination of 6% I % # ;1% ) ! LI G B (R
high-quality CNA profile. Now is an important time to reevaluate the ! O G Y (¢ 6 % ) =+ ! ! -
use of sequencing techniques for CNA analysis, especially with the =6 I Hr o n o= )6) ! )h b
rapid growth of the different targeted genome and whole-genome I "8 "B ) % 6 )b oH# (%
sequencing strategies. ;A% !: [ (+#h ) Tr(Hho) 6 WTIL)
Results: In this study, we provide a comparison of resequencing ! I R " ( "% ! % #
strategies, with regard to their utility, applied to the same hepatocel- ! A% o> ! . tetal 337h= $* % ( etal
lular carcinoma (HCC) sample for copy number determination. The- 3349 etal. 3 A $& " etal 3 h; 6 etal
se strategies include whole-genome, exome, and restriction site- 3 M ;A% %oz %% o+ G ) Tl T2 %0
associated DNA (RAD) sequencing. The last of these strategies is a =% 6 6 +t) ! %6 P()6 wi™ o+ %
targeted sequencing technique that involves cutting the genome with 2 )" letal 334 8B etal 3 3@LE " - < %)
a restriction enzyme and isolating the targeted sequences. Our data 6+ ! " TG % ) ) YW )L D)W %
demonstrate that RAD sequencing is an efficient and comprehen- C% )+! % 51% #C+ ;b % ! -
sive strategy that allows the cost-effective determination of CNAs. .t 0?7, 2 etal 334 & " . etal. 33>
Further investigation of RAD sequencing data led to the finding that * "etal. 33>ACE 8 etal. 3 A=t etal 3 @@
a precise measurement of the allele frequency would be a helpful 9 Hh((wWr+(C ( W! N G LoEEh %!
complement to the read depth for CNA analysis for two reasons. O ;A% L6 % EC Y o+ (¢
First, knowledge of the allele frequency helps to resolve refined th )% % (( « ) "+, m.o(6 ! 8 !
calculations of allele—specific copy numbers, which in turn identify il %o # ) )6 (% 6 ") [
the functionally important CNAs that are under natural selection on PO o+ % # =) W #o;1% h(C %
the parental alleles. Second, this knowledge enables deconvolution " n)(". 16 C"oyh!r 2 & @
of CNA patterns in complex genomic regions. ) kMo . %22+ %9+t) et al 445 / !, et al
4470 25* ", "h? 8 etal. 330 ) (W
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Bioinformatics online. 2 ) ) SXTCRCEE D RN G h !

GG T T T R )
3 4 < etal 3 A etal 3 B )% ! )k

1 INTRODUCTION D ( .+% "%h. 6) #w@6 +# 16 " #) !
& T W o+1m () CED RN NG T A ;1K 5 ! %D ( '(C o+ %. 6)

"W )$i1) % boh. " 1% 1(6 ot ! ¢ 1)y +6+) e ) I o#! " (

1 g 1" oh L o+ " ( % $3;1 (. (". %! #(Hh?$ etal 33& 6" 33A )%

% # )6 It T low2 3 B=h (#"H (! Tho#T A
etal. 330 ) W (!):z! 6 % T )k %%4( 6 WD () ) WhT+) %D ( hoo( "
h o1 )E(%? 8 8 eral 3370 ) ) 16 )% ¢ % <7 (6 # g1 Mk !
Wh? % eral 337TA/8  eral 3370 ;! 1" RN o+ % Dk #C T <)
Wh 646% . (W& (( T+l H#C T % T th%o#. W kD (WD W# Thoo¢)

= %D ( ) o+ %D (7 &20

5 - (v (% 9 )W ( # g )1 :1% ) %? efal
1

© The Author (2013). Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



3 A2 %% ! etal 3 A1 etal 3 A )6)6
etal. 3 3B/ ! ! )) ! yr -~ #+t # D (%
?7 ABW # v, b+ WTIY# L %D ( )!

# T 16 # (" = w =-- Hto#

D (% 6 T+%) »n ! )) bR #

;1% 7 m( # ).'6 )6 ! o ) ( # =1

<. W # ;1% etal 3 A; "™ etal 334

)9 "% 331", 6eta 3 AC "% etal 3 A
2% % etal 3 308
6 %D ( %% ( PYy()# = = »
Bo(% ) T e TL (L (% T % T
)) ! ) #+ # D (! 11 "§5 6
% =.t $;14 " 11 ) + oo *

B) L1o& (VU EEOT M) %L
)% NG I G (O

" ( oo L% % (%o )
D ( b (W6 w+ ) oI t ()% "
.t g1 1 w1 Bl g T )# O (W
# 1% etal 3 @B5+< ) .(6 E3 0 &2
)! + (6 ? F 0 &2)! #+! . 6) ", 11
g o= Y !o#+ #D (ho#E Lt b4 (8
=# % 6 D T R G T T T T G
kD C ) ) & (C ( VD)) <67)
6 [ I T A A T I G I W D WA (

DA% 6 1 h((Wh B! % B M % +T1)?
)9 "" 33441 ", 6etal. 3 AC ""etal 3 A
etal. 3348 W (' W W ( !)$;1? 184D (%

I 1)%D ( !( D !l 64K (N " (
$:1:! 1+ K o ST) hel
D (kT "W O1$HD ( t%)6+.)
Y GRS W L TSR (O WAL R &L S
GO% )" % ! O T
6 % =)+ %"%2/ ) etal 337h b et al

3 4*1 t  etal. 334$6"etal 3 B ! 164"

om0 1 1% T Moz (6 ) M)

. (<) ") 1$ Y (! 1% %D (
WLt k. ThE 1 hu oL h)L
Sy oWt A$%D (! (6 .. Tl H &
! LA S I (TS G R TR F AL PO S
ozl MRWSH 1 kT % Tz HH T (e

(™. )! & " ( # 1$%D (! 11 g1
THCTT O k) 16 W% (W
;1. #48B L BB L hh#( 1 6) (! % .
N R Y L G R G
(b " % = L& 11 )). ) #+#ED ("t

(-. N N I L I S I G (B
2 METHODS

C') #5+ .0 1z ) ( ( .UNZ1 % /18
# (! Yooz h) %)t 1 89 1"
O YLD Y )y ! LT aE (#
(. M9 H( ! UT H ocR)WE)h (!B

B o= m)( ' M %1%z (#() k) ! 1)

Yh ) "W/ ) ! 9/ etal 3370 g T (%31

BT hteos k) W)E 37 1) % Ke=(
)

B 3K (0 6+ TELTYE)*C )L ozl

1199 L( %6 ) =% )l kT Il koot
" 3KbQ ¢ % (0 ¥WOTS oW o) Wt

T L)y T %D ( A Y N I W
P )) s W D (%E o< L KO KW
B# oz % (! 1o EU % (I)r 1 L) (M

W) U o# T 1w, £ 3 3 -% ! 6)9 $:1
A Y .o E D)L TYEYRT O* )
) T4# B9 (% %D (ko (E(ME WD (W0
C!romQ %%z YWY %D ( #! %D (. -
1119999 91 1&1 &9 99 &19 91199& " ))

L1199& L! M L )  1$%D ( 33 k% + )
W= Ly % KD 333 )% ) (. ( ¢
C %) 1 o# mozo< gl LR 2 T A

o ) # #0033 Lh (%D (%# < !
< = W %w'wo / 1%#: T T B
D A1sH%D ()89 +73 A ) # L LT % T4
R o)) zwooT o s
B " %D ( 1+ 12 2+ = 1ux= Cl:oh
h)y! (! § H?> § #! - =) )% -
D () :z! 2N $?9 etal 3 (8 +,)! / 1. -
g0 + T L #2N $ ! ! = - A
ot R D " = .. ¢ )Mo= )8
t - e#g bow T T % T+ oz %D () ()
s o)y )L Iz bl TR 2+ )
2N $7 etal 3 @9 L L I A - A
Dot " WhT o+ t,)! /7 1. 2 R B
# 12N $ )b )2+ Yozt Lo )# H T+
3 D +" = .. ) L2 N Tz % 0()!
) oWt i &2) ! ?73 0 : 1 y# =1 )
(! PR T % % () +?9 etal 3 @

YN OT G+ #1 oz )y z)( H( ! E6 1 %
L T T T T T )L h o 9 oz ) D) ( #
(' g6 L2 1f THE) TR EL )B %

tmyn h)y # ) %! Po#l % )y ))e ! P!
[ K ) 20

WCV:O'%
My

1! WinC %) %% %! he ! s ( #
& W %?LIBN&E = ( %) # ) W
] Rear Rear
fIxhu p O-(vpo'\/izz 2 . Qo‘ﬁ 2 " [
9 ! +#l 1BN&E (! # ) 6% +I" #L ) %
) %k h) ! T % ! ) %L W)W % ! ;1
< mooLC! L% o#ln )W ok W=
o )) P ho#oHl o+ ( ! by wWoT )
) oW = ( <! b (1614719 ! t6+t  #1$N&
# ( < lzhR(CTLr) Bh) ! =y . 1w
# " $
Y# ) C w6 w @ %% % Y+ +)! )
% ! [ ) boooEeE T % % (W
) # D wW!ou + (6 &2)! (6 )!
oot D T R S o ): (#()# =1z
t % #2+ %D ( 89 )) b vk 1) -!
6 %6+t %t T 1% ) &2) %D ( )!8/ .+ #
! ) #(C ! #6 ! ? 1y )yt v %= | )
Wes = % T L o#l )hoo% #1 ) ) ! #+% - %
( 6): (% ;6 % o#F +un! 3”2 .+ I'"B
2@®B9 # 3C v('6 w %wr%: )y % !

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



Tohu )8 o<t o= )yry# | oo

LI D IR - Rl N S A G # =)
N ! 3H )! #
#rwB st - % ))! oz ! !

) 1B #388; 1V . Iy )
SHWTIYE (L ()] ho)!r ol )) !
b tI"e+ —h)Y! T )y %! 6+ < |

i, )18 YU L h6e s o h o R o Tl %)

6+ # D)) twE +(Czt ot () %8

[ L@E)# =t )y b ( &2)
[ D E 2 R | [ T N (G I B -
¢ro02Er o)) wiwn: S O B A B

G)) Vo2z;*)y b %)y 23;* 324 L+ )) t%ho#!
By : [ A28 Wy~ #t # D (W #
oty ot )0 (! [ T T+l 38 A?0!

G- L DD R I - B 3.9 = ot
#D (2 oaBE # ('Lt wBY - R owTr) o )
) o# (o #e T 1% ) . &2 ) = %D ( )!
#7100 T+ 85% #" ! B %+ zh o+ 3 (%
#- o #! ! )) . 189 1B %+ %

a3y ! &2 )3 # ! 1$%D (8

% $ !

%h)! 12 L - Gt TN =R B B N
PCo (%% ™™ % #! 24 6+ )t?22 0! bl )
)b #rR b )m (% T m? etal. 3 B89 o)
) ! ;A% = ) )y # ¢ ho" ooz
hTeoC" " %%t BW o+t 1T 4 etal 3 38
9 6 (.t ot (W hzos W otk ) )z )t )9
BTo. (W% ..+ ) #%D ( )!89 ;1 %
[ - D I A )) ! ) - #t # D ("
6+ % ! )# T # #! %D ( Ww! %z 6t)!)6
D* I (+ 1 %t % #! )) L B! )
LR G- I T (G0 T - R N ¢ % )) !
6+ % % 6)# ! (O %o o)) ! U # Ty
3H +16 1! bt 8§ (+(+!)! 6 - Ht#
D (™ # ( 1 %) # ! [ LR - i

89 (! P 6 aBHy# HY# =t #D ("
% + "33 b h)! D o+ )+ #] ;1% 7

& "( ( ! ! (
$
" +1)y Q33. ) ) K (6 ! - - !
.- B L e L D B "%9
Y W <z )z (Hr) )t 1) ")6)
Ty 6+ (WY oo+ (T T82 %1 #1).
) ko T)y "Uow)y)y. .o+ (F° !
12 )B® o+ o+ 1 TKO o+ = ) #T ot %
LA TE S B T B R It )) . 6+ %?3H( ]
o) %+ # 4389 s U (R 3H #!
%D (% ) B 1z +o: L D R 2D I
[ T W tr):! R N o

) $ * $
9 2D "% 4l T c4t)log( 7o
BRI H U )# L e we £ D (W) 1ED) ( W)H
9D (W % ) U oWl . (% # 1B % =
% %D ( )!'89 #D (" % < L1 (%! =4
eI T (G G I YD
LN& M LT %) . % : LD
D I I N D - GO 2 B R (e =i (!
T D N W TG B 1 A (I G A
oM. = ("W o hh( ) () (14 "
L= %7489 h #1 cho (0 v <hz D) )

G DD D L L
! Wl 1 9". 831 +, 8

+ = * -

L I N T U T AR R W S AU (RS A
=4( ¢+ LU 3R33 M=( .07 k% oz 1 =g
D WI ! "6  %+( * §D* I ¢
Y () % "9 2/ & D* o Lo (!
C %) '!o.)@ET 49 %:  Tat)
/) B A9 41T WW TRO %4 (W ! % Dk
20§ - #HY) % 1SS T O)E9: $:1!T41k) 6)

BT ) #l HTET Y ks ) ) wLo(

P(+ 11 SS16+ % 1 LT W= )1 1 %D
*oohoT Mz ) )E L Sl Tk 1
8

9 M . WI6%T ) LE) K 1 # "0

CopyNumber
)) M h %) ) . &2+ =

CopyNumber—qPCRi‘ > 6 =
i weE=ryc." - %

&2 1$%D ( )! )D* %l 6+ 1 ) I:
DX 6+)! WO I % DTz h)E ) %!l T T YW (
o W)t T % (Wt HL %D (WL
Y 6+)1)(." = %6 D* ! 1% 7 m
3 RESULTS
/* - (
) A1$%D ( G O G )
o=t b # 0% o #C'C.toT %)
= o o ! =( T2 0+ ) b # 33 %

: L) D)7 )y v (<) # ((
% %! # o4 33 L% (%D (%# < !
W K148 H #! @) m@ wl%wz (6 )
" )9 YW (%) "T73H #!
X W Wiz %o # <1 3
<g ) #H"! YO W #. v # L)Y (¢ o+ ) L) (
Iy TCE T WML % g T T () W
% b D + #! z ;1 <. Ih# < !
W %'wo # # 4l T oz % %) o#( W
e L B I ¢ hot Lzo4) 16+ =_ (
! ;1 +hus C %) )! L O = !
I N G - T B 1/ G I N | )
! § ! 6+)# % %D ! +"hU 1% Bt #1H
#4l %o 4

6+) 18 W (¢ Klh:z ) 1#)
- Pl #5557 %1% 1) "= ) K )
Do )b k) ( Wloz -
111+ 3 1 4 %D ( )! )
(WD () oz hTma e 1y# =
Lo b4 how %73 1$%D ( ) !89

YL & "1 )# 1L %D (W ! %, 6))
Do) (7. 16 W)™ EL et s 4
“HE 1 < )6 ! kL)) ) 1B % T 1

# CC "% =+s (% Y)Y+ 11 ;1. #+h# T
) - &2+ &2 = %D ( ) 1$u%D  (
)I89 ;AL #+h( . %) # D)) .l . #+%h ) 1B

f+h oz )W ) B 8O k% W #1 )

Y.l ) 1B. #+%. 6)) 116 66 = )64 +
(™. % # 31 oWmTl (WD D)# 1D (
WOl

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



Figura 1.

' .‘.-. - - g e ‘q..l". —

5 ,
Z L .
ae’ —_e A R e e = e e
E .':. v o By ""'H"h:""“!":'“i""'."-"'_:V_":'&-""'-l"r:".""'
;:{ . .
1 . ] . ' - : -
PR R LG R e
- §nalieb . e o e T T EE
] 1: . = 'ﬁ:.. u - E L
i
H
L-E gy [ - i e
E HEL )
O , O
i-: EHEES £ ) Ly v oy j-:. Ir"_. A .1 FE
5-.
BT -
iy .:'.'g"i.;. ..... bt T e Bt b T R
z - . i
it .
0 N6 +# )) .! )" #+# D (M7 1Bl. #+h

BT+ (Wh)# ! WD (WOl W )) !

CEEE (RS L% 1) L6 YO U )(E )
UK (16 ") 6+ 83( H(!6 W Wlhz 1 o1)
bB AB. #+% (% . % ! 6 )
£#D (% # ! KRIG) 1) " 1$ ) T %D (
) 33 | BHTH) 14 ) " &28
$
P16+ = = 9 ( 6 « (" 1)@

T TN WG (D WD WU B R B N
"M %8 DL L TCED L
6+4) 1 K1 L (W B+ L )( 7. ! )).bo)
B % " M 1 )& "L %D ( )!8

WK .t ) skl oz ) ) ( #H( ! k6 1
=6+ E (b Mo )ho % # )) !
BroCW (O THTEL T WUIR( L)z %!
Wl )# ( F& W WLBN&IE (- (b
Y) b ) ED %L WD %o )

| -1 <o =T ot oHte # D (W #T
) () !t %%l%: 6+)1)6 2D -
T Y (GG X 1 B D

I %k #1 %D () !8

9 h4k El (. % % )W ) B ]
() )R o ABKD L Tre T o
) THh T )L L R | R G sl
= %D ( ) &2)189 )L D)L+ ()
YW WG .0 1 % s % oz B b %)
2.4 1 "9 +%2 2 )28 B %1 ) /

AW ELT WOIRGT %)L )k % ED
YUk L W4 < WU )Yl #r®9

=

=6+ hEl oz )y z)( #( ! #6 1 6 +)! |
L)Y Iht. 6)) " L1 A$4D ( )) . &2
W% )+ )bk ! DRI IR

£y ) Ly "1 +: & 1 "B 18
I$4D (o hE )DL T W Q6 W1 "

! o) ) hos ! 6+ % #! %o+ !

Y# o ( [ [ e % o# ) ) !

#o< (Gl <. W : =% ) 6 = Pt

(6 # )% )()! +:-+6+B /89 )!
Y(r)ytr ! = %D ( . 6)) h#C TN

= #! D )6 t % 7B 1 ) /89 . ( !+

A% B ). (! )6 ! g1 w1
#t #D ("6t WE "L ( %) #D (W

)y " ). ) ! ", T E 7 Lt%
h1w 15 %D ( 6)) 6 3333 I )" hHly
o k. ) U E wRC %) ) L &28
: - #+ 4D (%: %W )¢ ;1 %9

%o+l #! ", HE) T w1y orl =)

#+ 4D (% # LM S3H #1 6+) 1) "
=1

WH1% ) 14 ) "73  1B%D ( Lo
- #1 2D " LW T8O L ()
Y (! T : 1$ bz % Tt )! 3 )

389 #  w#( ! 6) (h.. WMl o @¢H 1o
1$%D  ( 6 . (% "% T r#E H)). )
- #+#D (" ) (C 6) (-~. LA O B
) o &2n b ;1 +h U

Flgum &
n [ Rl En R F Y E Do sn un e 1E O "l
- o= -
;v 5= e
N E|l:- -
Lo 5
: 3
" ¥
P oo . £
N | 1 ' H ' L
HE B I
=L o ﬁ: N 3
. L J"'F.;; s 3 : o J"'F.rj :,:l'ql- -"""-J.
ul o W F J
£ =
c.

TR
EH
__'l
g
¥

_1-- ol
i - .
w ! s
3 TR
IR a7 B
F. r B &
P iirding
L% W oEL T F D)) )™ Wt
£D (" k) WTL o zA%E T)1h ¢ 1$HD &2 )
" %D ( 873 1$HD k(™. + ! +:(6
&2zl 1 %= = & Y3 ABUD % + ())!H!
D +! = %D ( 1+ = ¢ HYR1) 3 1$4D
ShH (7. )zl % (6 #) . &AWL .+ ¢
I3 D )y:z)( #( !#e 1 Ty bo)h % ¢
oo DRI Y I I T
IOA$N&# (! s 1 6% 41 )% L W EL ) ho#
("= 31 < W oBL . (1t 41 ED )E L % oz
#0701 wr gD (% ET L BRIET %) ) )
M6 2D T #HKO  +(<)h )+ ) (!H! -

#1 2D - [ 1

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



$ ! ) HE(! SAW A+™ W+ #! ;) ¢y !
! " 1$%D ( )! = ) #) %. %1t
;1% ! I S N M Per 1y -t b ( z Py 0! et o0 tIM =007 It
L - % 6")B ! 73 1% D B I (D T A U - S A ! ;1% - !
D ( )!tw!l 1t g ;% )¢ =1 ) YR CT T R WY (We)#  !'%D (0 %W !
) ! #+ #:z ( 37 .. ST eHO: (#T) WD* 6 #(! Shoo#g 7)) LTt
"l 1B%?9 + 2 ..+ " 1 "9 + 2@ == LD I A - S e )% (! M9
)% #73 1D (! o+ I & Jo) ;1 Hrot-oo %oy "ol )) %)
6")! ;1% %) == y)s #1 > ;1 ! - #+ # D (%g T # #1 %D ( WU %
% = 1% : 6 +..) ! 1 %= %) 4 )# = : Hho6+) )L ) )y 6+ 1L #dh L Hl6Y
! $oz) 2 4Tt o+ 208 6 1% o=y " w9 HY# (% !: bR
D () +6+ #( 6 ( ;1 (+ 73 Y. T % ) D* 6+ % % = B /8
3 ) 3 Yh2 L.t 1 "9 + 2449 1$%D  ( 9 = N R N "= %) 2 ..+
BEorotoonl # i # ;1) HECY 8 =1L M9 o+ 285% 11 b N U N G
9 ;1% ) )4 T &2) ! - %%t ) " <) W% % vl s L %l6% 1 H# !
9 + )2 .4 "9 2 2% (7. % 89 il %D (W % 7B /89 D* Bl (oo
;L (Hh. 6 W) 1E ) % &2 T | %hE < 1$%D  ( ( 6) T7H8H?> | # 406+)! !
+ hth, 0 ) )) ! #+ %79 etal 3 0: )y ! i : .- =1+ 3H SH#+#% - %!'6%
#H)y!r¢)y " 1$%b ( 89 ( #7) ;1% :! ) 6)# 7) t o &2 % (164"
LI B S ! : C %% v We! 15 % =6 # ! 6 + .. ;%% - [ | ) -
D ( )) & W v WAy - 11 ) B ! H)# %D ( W o omwTIH)r (.v
= B 1 3 #! ;1 % too) (! " %zl 6" ) % 4. (% 8B R = h
y# WD (Wt W oo .") +(! (1) I( D§ 9
6 - Py r=eorosa% o % (#(! «." " #1% thY T o)! § 6 D*
(! %D (C Wl % )+: &) ! (! Y- h R T) % 84 )y 8 & 7) &2 1%
1)y 8 #49) ~ ;A% #z ( + %! #o hoo) )tz &2)! o (16" 1B%D ( ) -
"l 1B. #+W9 # L T) hToel) 4t « et on g (! §
%% ) . T l+6+) L Uh %! ol IR L A
%o (#(! ¢+ %D ( w1 ®W2=+1) &2)! 1 $2 - (
g =1 - - A A y= - $
) "%, ) % L R % 0! "t 9 “ho#l T (Hh ( I =t R A A
U N - (- Y (#% .%l6 ;1w )! 5+< ) .t) " ( %! +16 I #l: )
% = 9 ¢ 6 +)!I ! )y . &2 # ;1%? ) (. %hzow ! D +! 0 ) o+ Who % #
#0) + (C# 7)) A%+ %! %. ) % ¢ o+ . P 89 % %+)rvr v ( ¢% !
(- yr = ! % 0! N +1"8 ;1% % o 6 (! #11: (.
W o= ! 1$%D (WP "o % %) = ( % 6 # ( o+ "o (VR o) D!
% %o o#! - - %) %! 8 C ) I= %%?9 etal 3 A; " etal 3309 %!
T T ETRTIC)) O TH o o) o- " # )+ +! e e (BCCT T %oy T
gro1r 1) " ( o)+ u # 0 ( ! (% grg e L (C V) e # ;1% = 1%
Figure 3.
AL B. 5
3 »
.‘_5 =i
= * * & o
E L .
£ - k & P X & g ¥ o % * 5 % . . a B
5 § 3. g > I
"-'_.. - - & T "
=i |
T T T T T T T T T T T T
O T . SR T L L S R, T R =0
'=J$ ':._?"':_53“ __}ﬂ";__.pn?"ﬂi‘zﬂﬁ‘&ﬁ i Qﬂ'_‘@'é ﬁ ;.!-'“ 1;._,- 1:._;,- -'_{_p 1;._“.- {_;g--' e _.h.- ::-J-"
0 i ) =)L) ;A% ( W)# 1D (Wl W/8D*  6+) ! boahE ;AWML L+ # K T s 6
§) () ! ;1 Woh( L) 4. ) :1 WOz . T %z )W )E (1% T 1 )l D* 6+ %
g0 1o T ks T <)y huvWw oUW ke (P6#89 % T W% .. 1) "Iz D* LT %zl BT+ D 64+ h: 1 )89
( TR RTI)E ) &2 +z &2 ) 1$%D ( )! b)) (G o)) T ) % (CEHIN I
C#") B . %16 % EH) )W

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



31 Y M) Y(CET) 1% T om2T+1)) . &
) ! 1)y ") "%, % By o0 (! LT
+1"89 % # A%+ () ok % % =8
L) % )
1#! ;1% %
2, ¢ DR
;1 $ . : $ . :
&2 &2 1% &2 &2 1%
i K] X3y 4 >
Y ¢) ? i 7 3
- E 7
6 91+ 7 3
. #
$ ¢+ B3y 7 3
( ? i 3 3 3
") E 3
A%
91+ 3 7
1B
[ #+ # D (P )W %o%! 6
c." 5 %ho#lL Tt #+W /%) 1B)! # =
1$%D  ( () 11y 3 31 % %
) H+ %+ ( z P % ) 1B - % #
g " % + #38 79 + )2 ..+ 1 "9 + 2@
( D)+! o 1B #3887 ) 8§ #+) )).!
) (¢ o h Y -tz )y )y HYNho ;1%
< -z (% )ye #r- hUB W )+ 1) o+
g1 ( D)+! 4 7% # *=/ #% I
% 6+)y!) "=* ($:;179 etal 3 @2 ( )
I= ) 6 % = 1( R ¢¢ &
7 ;&0 - (C %! I #* *ho ! %. ) -
( D Izh% I+ () bV oYy+1)y #+ #( D9 #
6+ U #! T (2% %4y ! # :
# % (G ) ! )ye =11 ;& )
Lo L Tl e g+ (¢ o+ 1zl !
= 8
& V(WM W TR TR T M) )
et ( '(< ™Iy T L% g " (
¢ Y(! T )P T. +hD (% # " w5
(<! ! )T (0 %T% #! ;16 WM o((
H 6 %6+ o+ % M LT (0 TR gl ”
%% 1B% )y U)W o;16 Mmoo ) (<!
T S R (%! 1 ! h+6) ")) .!
#+% + 8B " o b ol % 6! !
( D: ("t 0T %! %8 )6))
' (D 1l % o= % # )y! %w% = |
% = ! )L B o (." - #
% = I %! % + b hT ) ) 38>
gy ) s EDHC.T T h o+16 1! % + . (16
PN Tz )] YY) Loy YY) w1y
B "+(C." T % v (D z I-
;16 % (C ) ). ) W oo ) % T
% = ! )L ) 6 - #+ # D (% #

3B7 383 )BT k. (164 #H : 1B( ( )
I+ 111 1B El ket % #) 33 B Vi
9 1B)! % W) (%% 1EQ a1
5D (U)6 I)W #tE TLo3% 1 %otz

Y G i I Bt §aAH #1 _ % g1z
(. 1 16 % (( ( D - - )
) 0(¢) (% !: ;L6 M ) oo o !

6+ % & 11 (. ! 1B ) % B
B9 )! % W)U LU = 1+ K1 %D 1+
% . + ;1 6 1% ' (D 89 T Wl+< "
4] LU S A - %ol ) B+
) +! # #+ (" h T % ) o=. H "
) (! # ! #He ("% T ) )
4)) (! % = ! S G 1 N Y (R
(. % #( D
Flonre 4.
d.
e e
el e T
-n & cdm 44 H- 1 1= A |
.t i s i e ot
A im 10 = = n 1 HI" =
o orw ol
" S
'_"_ Jry
SHTER £ Slidwieder) |e1 Dol 1IT.Z 3k
L | darrd s
. I».ml'lr'\-'n PR ARt A T
. K 2 s N i T ——
e ks i T ——
£ [ [ - o [T} R i
EL] 1 I, — 1 I
O | (BT 1 .
i +a [T T
LR vl o TR T s
- T IR — T T —
1 |:I-.:._ JI . 1 |
< LS 1 e ——
_I.I” tankped 1o 1o 1
1w —— [ T
- K- [TH T ——
e e e e I H e
e =11 s ]
R L
e T ————
[=E T
0 $u¢% U)W ;16 %! D" ! 1B%
o ! )) b o# Tl ogas1. v+ o+ )6z #! )) !
) 1B. #+%# ! ( . ;1 [N o) # ! #
L) # T = 1% % )89 ( ()~ #+ # D (%
)! Py )) . o# C% = B 8%5nHC .! I ]
+ ;L . wax g1 o % 6146 o (", |-
6 M4 +)! Ao yw e n o)) ! ! ) 1B
Y 6)# I 1 LI U R M (R #! ;1
6 %% 6 % .0V 1+ & 1 #! #1 (6
! % 6) !'( DS
DISCUSSION
1 "% (7. %6 )( T (+=1 )E M (w
: 6 LAY " WoI)L L (.ot o6
D ( )! R (G T T T - S
b "%? eral 3 B1) Y B>(+#+ %
% o)) (. S TohrWh % %!6 !
&2! % T % = Bzl C.tF o %2 L+ T
"B 2 . +h )@ FQ) & 1

§

o

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



Mo T W o). L) wrotE As%D ( & % 1) #' L #(# i T (0

- - ey 9 - # %, WUtz %0 "
' A ‘ Rtoap O - FIMs g #1 16 #( %! 1 %) (!
Pl vhE M ET T O18AD ( R W Y).Lo) 1B® ! % T 1)) . &2
RIYCHEED N EC I W) Wk &26 1! )} 0 e s s 71 e "
N G G T "l Sy Y TR )
TOME R ) te® o k) 6)F T DTS ! £8 1 3TED EL b+ 49 ¥ "
h % + | )%.!+ % % "'lh 6 ))8 1$ ( %)| % ] -(6 s % 0 ) ( %)
% D ( /= S | ;&2( +)) ! (I = 4l ( R ¥ 1 - BE 4 . %16 S 1%
(r =« Yh oz o)y )y et sk 9 W # AB. #+%. 6)) " Hl) &  #W
)! 6 W= (." - ) # WY hE 4 c0?20 AB. #+h( & T ) 31k ) !
( =% =+ D ) A L A (I R F £) L WEE D)L B E2EL TR ) F )
D T TR T TR (O T S N L B B (7GR 3 S 2 BT T € X G R DEED) +
] Bt og-* ThE 1) ol - PR Q). It #+% )) 6 it U B ) b+ (!
PRI " AR ' N KW )28 . (% WT
T IE R t1 11 1$%D  ( T S R
AT A A A (6 ! W9 % AU W TR B R N A
1 % Tho(W -

D (. Bt B LT WRIR% oz ) (T

AR A L G o)) s #hc %D () IR/ T s
) L T T B R O (TR | Y B16 MM (s . (% (. ) 6 )
(++ ) ( , ! b = + " 1%hg | =1 )8B Bl4* #Hit #D (% D )| )6+..)8 )())|
Pow, ¢ ;1(C. )z 1$:-#) . ) 6+ | ;1 (7. %! "ok (7t " ( I
) WMo W w9 =( JTos ¢ D " 1 1 B ) ).l Togom
1y (! %D ( (!'! U T R LoBe o6 (WD )L (LT
! o< 1 3<82% k&1 L  3( w(!6 C "% =% )yr= oy *%%f% I(
W Bh % L1 6+) 4+ #ozdhz pe=1)  H;1 41 K928 8 '_ ZE_! #ZIE 3 @ _-_6 #
| =14 3<§Br 4 o Thr< o # ))! ) ! "!(+ #- (I# : <t
he (@ Fd16 UTL %L (L H ) - ThE ,1%m oty oo ?/
" . ( % # 3126 4 (( (" ( b
$l#F 31% T w2 ..+ 7 1 "B 2 % )} P E ULy e )
N T R (O T T A DX
# ! ( ! % D ( %% B T oo ! (+ ') CONCLUSIONS
Coroms R Ch ) " S A T GEIE TEDEIY
W %th ks b )yt 6) 31 b+l % 8 L T R - R A (]
D) (! 3< 1649 hoo# " 4t A ¢ g ) LolzoTo0 (! 0 ! ¢ . "),
) Wt "($:1: D A F)y Wt )1 oHD ( h) %o %89|
#C % 1 % owe!m # ;1) (¢ ™ oaskD (ot or< )6 L #L (% #0 ! | ) _)).._
82C ) D)) ) (T bo(w ot )(D!!|)++:#_D'(/;()" v :Za _6(|
1$%D  ( )2:* M9 (W o# 1$¥D (% - ?G#D/D- ()-)I A l+#(| ##(- ("i
T Ph( =116 z1 I &)-%luf’)l e :-)%-!)((__+
KD (T (+(+!)! (W o#3 ABuD  ( ' : .

Pt 1 I ¢ o D +I" 1 +1'% %8
i B 4 B ntueC ) W) "I SCTW ) (. % - y . &2+ &2 " 4D ( )
33 .+ | Ye2 o+ L tO o+ 2> % T # 184D (W ! %z . & ")

Po#25* 638 9  A$HD (W ! "I <#w )6 1 # .
N ) . &2)! : =) )% 1) ! (b = % = L gwsdD (") ) =< -
w4 Tl %D (0 M O TH2N $ )2 § 4E( ! Y)) 4l (#hE THD () % o#(16+ k
()b sk bk oL L 2N S )k &% . 1 W1z (O WG # 18D (

y! 2+ e ) . ) W6+ LU (oo b4 . %, )8B ! Y - ") B 4
(W .+ “w74 #1 3 ;1 %) '#) T = s th(TLh) ## o<

PN $) 6 )t b T L B0 T W KT KT ) Tt g
) ) o2+ )2 +F 1 "9 + 276 N! ") RN T %) %4 D +I"
%D ( D +"™ % . )(C+ (%! 2+ ) - £ #2( ) ! Ly ¢ + ) L)
2N $ .+ "%h?79 etal 3 A etal. 3 B .% (! +% D (% )0( 1o % (! %y - %" 4l
D ( Yl # =1 2+ AT ) )T L 6) WD () (% #! ST R N S T ¢
% . ) L N #O)hE Tl e W Th ) A NE- FY B1O1 ) ( #e TR Rt
To6)% ooz #+)th!l ) o &2HCH ) % uh (! ( W #! BT o)) W TwD (k) !
) ! 6 (T e ) FEC ) WO WIW 1%z "D ( hh%( %+ ()

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



"o : boo#C MW ) (8 1$ %D (
6 ) - #+ # D (%2 1BW ! !
%! % D) )) ! #+ # ) 4
Bl vt oma. (% o* #+ 4D
b I S R D ) (+(+!
#H R (HCC." " % ) () b T -
T N G = (% 1%
9< I 1 S E(CR) ! R T A
D ( !'( D 1$ %D ( 6 )" W 1)
A = D A ¢ ! - I B
6) % )b # ( CC.t" o
1ol % Pob b+ (! # 1%
D (' 6 I & % # (3 R 6+
! % ()& 12% ) % b (. H" D w6 ( (
! # ;1% - )6) % D )! )# !
1(6 % = %
ACKNOWLEDGEMENTS
I <$82 T # oo w8
G tEA)RC W o ! $ 9
)$s ¢+ §
Funding: 9 % - <z %% .. 1) " ;v +/7%C %
* "k & 1X3 / 3 )s; ! !
2( (B )! # X Yyir g 8
Conflict of Interest: ) ¢+ )8
REFERENCES
1", 6161 423 @ 1 !0 (') 6 LI W ¢
LN EED AN C I U A D Y " ¥D ( b&
0% 4> R7 §

i< 8! #8823 §& " % (! +6 YH(6 ") Moot
6 “h& ! R> 8
1% ! 823 ¢ ". e (7. W (=" (+ = =
() W Tme T " 44
/ ) ;818 1 823370 .)2;*)W(6 " N G % %D
1$ " < W* 2N;= > 8
/ # 8 1 4233016 "Ew ) (( YE (# )
Y& )8/ WOW (%
/7, 8 44478 Tah, % E) L )L Q) "(T. 16
), ! 1&=;=2 N N2N =2- 1; = >R
Lonx 1423376 ) 'H(!) ERTI(H (O ) )
C C % ") TWEH . wil ) )WD (83! !
3> R4
1 2881 823 §1%+!D T I(S;L 1% -
C (85! ¢ o+ "3
. & 147 33> fo)h+ (6 oM (T
6 W ! - 8! '(h 42 RM
$6"8 8! #2723 §& " = (" < )we ™ ) ",
% WD ( 83! 6 & (% 44R 3
$ § 1 4233& T ")+ htt< WO (T ruhy
# ;! 444R 33 §
= 8! 4?23 & " ) (.m -~ [T R N G R
[ G N | Iz <zt YECL . (16!"M)% ) 8
;& >7R7 8
B 8! #2330 ) 4! #(C." -~ [ -
[ =& !7> 4R3%
& 6" 823311) () ) " #( - + 3
& " $ 1423 g=m # - + o (
"w& " % (8
<h §8 1 423 & ~ ) .. [
TR T 16 1 %y # hael 1 "Rl OTH* 2N;=
>7 48

fo*1 1 823 3% 4! G E. we ) L%,
W( (<% %D () 18! W* 2& ! 3337 ¢
C " 1423 ¢ . = 6 1 )yrq ) wmoos o= -
D ()!18& T % ( R 8

Ch B! #23 B& " ) Wh(! W) K& 120 )(." =
6 1 7 HEW) B oAl TO0 W WMz ! 6z o+ I[: W/

6 6 R>8

81 8233¢) .2:%0% #( ( (6 )CEH #23% " )
P E Lt %) I8/ # 1 3 R3

B8 423378& (% + (% Ph=t 1 )yE@ ) 1(

T TGN T ¢ R DR 3R7S
1Wr823 §$1¢ ("7 (.0 6 !
KD () " 2+ T (O% % (48
=8 823 L) (). % (06  $;1%D ( 1 ( ¢+ !
>3 47R 38

!

6)ex ! 4233 (. T 6 ! HE D N A |
& " % ( 3 R 8
;6 ;81 #4723 9 * 6 +! #0) "% + (#%D ( 83!
> 43R §
H G ! #2338/ % #%+ (! R I ¢ > 2
& ! 38
. g1 #?23>& “()# )YC."m T 6 ! #h % " (!
% " ®W*;12 3 3 R
*OoU& 8 #2733 ) 6+ #" = «." -
6 ! 83! ' 4 R 38
*o<+$s o)A+ M $&?3341 (7. 16 Ot ) )%
St % C (85! T >2 ..+ 2 R
* s 823 4 T, e W WRT Ol o# " W)+l Tho ) (#
ol ThE )L #C." T 6 1% ;! (¢ + " 4 R 38
(= $ ! #4?23302(". %6 (!+ LA T G O B E
= ( "8 4R
% bps ! 423 ¢ .~ Do) # 1+ "% #D 1116
$;1%D ( )'s& T % ( T4R4 8
20 . %% B! 4?23 = " %D ( ¥)y(c." T 6 !

Yeuh £ Ut wI) L@ 0= T I8/ # 1% > TR 8
2 188 1 823362 T 1) 4(! % )(. ot 6 ! !

- 81T T& 1 >> TR
2 ) 8 ) 87337 ; ! Io$;1%D (6! L(
" R 8
274 981 8233 . 0" 6 1)I( YHO b TH
YOD ()18 E TGk R>4
2+ K94 28 1 424458 1 ¥) (*. 16 ("),
C %ow( ot (7 o+ (W&=3=2 N N2N =2- 1; =
3 4R 3%
200 ( o+ 18733469 ( ( L 754 8
2)" 1% 81 4233456 %" E T (.0 T 6 | y AL
w2( ( 3 RS
9 81 823 0 .) ol & 1 (#+ ((C " )U )6
UL B 4) (. L4 TR IR ") 18*s12
37 3 R

4 98 1 423370 R D LR % ) 6+
Tl e w( o, . 82 (3 4R 8

81 #8238 0 T 6 1 )I( : o %D ()
oL /"% ¢ "1 (! $*;12 37 = TR 8

8 )9 "7 19873348 ;IKD -1 )L )L(Q(." " 6
o ! 14D ( 8/ § o Im 373

/8 1 8733732 WOl #) 6 (LTt Tl HIth )
o, . 85! 1G 3 T7T3RE

2001 #233482 W16 ) (C ') #C.t T 6 Wy
).l #(6 8& * % ( 4 T7R4B

§1 823 §% .41 ¢ ") BT OB 1 4t
- fIm 6 +) ") LhD  ( )+l "W /= 7 7 R
g

€10T ‘L7 ISN3NY U0 UBUIDYOJA UIAIY Kq /310°S[euInolpIoXo°soneuLIojuronq//:dny woiy papeoumod]



