
  
 

7.03  Final Exam 
 
 
 
 

Name:       
 
 
TA:   A"#$ B'("#)           A"*+# C-*             D'/# H'11*2               M'$ J5+--#*6   

   D75( M*""2            R*2-* P51'6        B#:-';) R#<<*;(          N':# Y75;( 
   

 
 

Section time:      
 
 
 
 

There are 13 pages including this cover page  
 

Please write your name on each page. 
 
 
 

Question 1 24 points 
Question 2 26 points 
Question 3 18 points 
Question 4 18 points 
Question 5 12 points 
Question 6 24 points 
Question 7 36 points 
Question 8 28 points 
Question 9 14 points 



        Name:       
 
1. C7;2*<#1 :-# ?7""7@*;( 6752# A#<*(1## *; @-*+- :@7 <*??#1#;: :1'*:2 '1# 2#(1#(':*;(B 
A2256# +76A"#:# A#;#:1';+# 7? '"" :1'*:2 ';< :-': ;7 ;#@ 65:':*7;2 '172# *; ';) 7? :-# 
*;<*/*<5'"2 *; :-*2 A#<*(1##B 
 

 
 (a C A:2B)  I2 trait 1 '5:7276'" 1#+#22*/#E '5:7276'" <76*;';:E 71 FG"*;H#< 1#+#22*/#I  E$A"'*; 
)751 1#'27;*;(B  
 
 
 
 
 
 
(b C A:2B) I2 trait 2 '5:7276'" 1#+#22*/#E '5:7276'" <76*;';:E 71 FG"*;H#< 1#+#22*/#I  E$A"'*; 
)751 1#'27;*;(B  
 
 
 
 
 
 
 
(c C A:2B)  A67;( KL A17(#;) ?176 :-# +1722 M#:@##; ?#6'"# 2 ';< 6'"# 1 :-# ?7""7@*;( 
A-#;7:)A#2 '1# 7M2#1/#<N OL -'/# ;#*:-#1 :1'*:E P -'/# trait 1 ';< trait 2E O -'2 trait 1 7;")E 
';< O -'2 trait 2 7;")B  G*/#; :-#2# 1#25":2E *2 6'"# O -767R)(752 71 -#:#17R)(752 ?71 trait 1E 
*2 6'"# O -767R)(752 71 -#:#17R)(752 ?71 trait 2I  E$A"'*; )751 1#'27;*;(B 
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       Name:       
 
(d C A:2B)  F176 :-# ?1#T5#;+*#2 (*/#; *; A'1: c +'"+5"':# :-# (#;#:*+ <*2:';+# M#:@##; trait 1 
';< trait 2 *; +MB  S-7@ )751 @71HB 
 
 
 
 
 
 
 
 
 
 
 
2.  Y75 -'/# <*2+7/#1#< ' ;#@ 2:1'*; 7? E. coli :-': *2 67:*"# 7;") @-#; '6*;7 '+*<2 '1# 
A1#2#;: *; :-# (17@:- 6#<*56B  I; 71<#1 :7 2:5<) -7@ 67:*"*:) *2 1#(5"':#< )75 *;:17<5+# :-# 
:1';2A727; Tn5 *;:7 ' @*"< :)A# 2:1'*; 7; ' A-'(# /#+:71B  B#+'52# :-# A-'(# +'11*#2 
65:':*7;2 :-': A1#/#;: 1#A"*+':*7; 71 *;:#(1':*7; 7? :-# A-'(# *;:7 :-# +-1767276#E @-#; )75 
2#"#+: ?71 H';'6)+*; 1#2*2:';+#E #'+- Kanr +"7;# @*"" -'/# ' Tn5 *;2#1:*7; ': ' <*??#1#;: 2*:# *; 
:-# +-1767276#B  A67;( OLLL Kanr +"7;#2 )75 *<#;:*?) 7;# 65:';: :-': *2 +7;2:*:*/#") 67:*"# 
#/#; *; :-# 'M2#;+# 7? '6*;7 '+*<2 VmotcWB   
 
(a X A:2B) Y75 (17@ P1 A-'(# 7; :-# motc 65:';: 2:1'*; ';< 52# :-# 1#25":*;( ")2':# :7 *;?#+: ' 
@*"< :)A# 2:1'*; 2#"#+:*;( ?71 Kanr :1';2<5+:';:2B  O5: 7? ZLL Kanr :1';2<5+:';:2E '"" '1# 
+7;2:*:5:*/#") 67:*"# V*B#B :-#) -'/# :-# 2'6# A-#;7:)A# '2 :-# motc 65:';:WB  [-': <7#2 :-*2 
1#25": :#"" )75 'M75: :-# 1#"':*7;2-*A M#:@##; :-# T;Z *;2#1:*7; ';< :-# motc 65:':*7;I  VI: 
6*(-: M# -#"A?5" :7 :-*;H 'M75: -7@ )75 @75"< *;:#1A1#: :-# 7AA72*:# 75:+76# :-': '"" 7? :-# 
Kanr :1';2<5+:';:2 2-7@#< ;716'" 67:*"*:) V*B#B <*< ;7: -'/# :-# motc A-#;7:)A#WB  
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       Name:       
(b P A:2B)  G*/#; :-# A17A#1:*#2 7? :-# motc 65:':*7; <#2+1*M#< *; A'1: VaWE @-': H*;< 7? (#;# 
-'2 M##; 65:':#< :7 A17<5+# :-# motc 65:':*7;B  F71 )751 ';2@#1E <*'(1'6 ' 2*6A"# 
1#(5"':71) A':-@')E @*:- '6*;7 '+*<2 '2 :-# *;A5: ';< 67:*"*:) '2 :-# 75:A5:E 2-7@*;( :-# 
;716'" ?5;+:*7; 7? :-# motc (#;#B   
 
 
 
 
 
 
 
N#$:E )75 A#1?716 ';7:-#1 :1';2A727; 65:'(#;#2*2 7? @*"< :)A#E M5: :-*2 :*6# )75 52# 
:1';2A727; Tn10E @-*+- +7;?#12 1#2*2:';+# :7 :-# ';:*M*7:*+ :#:1'+)+"*;# VTetrWB Y75 *<#;:*?) ' 
Tetr 2:1'*; :-': *2 ;7: 67:*"# #/#; *; :-# A1#2#;+# 7? '6*;7 '+*<2E @-*+- )75 <#2*(;':# mot1–B  
I; ' :1';2<5+:*7; #$A#1*6#;: *; @-*+- )75 (17@ P1 A-'(# 7; :-# mot1–65:';:E ';< :-#; *;?#+: 
@*"< :)A#E '"" 7? :-# Tetr :1';2<5+:';:2 '1# mot–B  T7 5;<#12:';< :-# 1#"':*7;2-*A M#:@##; 
mot1– ';< motcE )75 52# :-# PO A-'(# (17@; 7; mot1– VTetrW :7 *;?#+: :-# motc VKanrW 
2:1'*;B  A67;( OLL Tetr :1';2<5+:';:2E ]Z '1# '"27 KanrB   
 
(c C A:2B)  [-': *2 :-# <*2:';+# M#:@##; mot1– ';< motc 65:':*7;2E #$A1#22#< '2 ' 
+7:1';2<5+:*7; ?1#T5#;+)I  C75"< :-#2# 65:':*7;2 M# *; :-# 2'6# (#;#I E$A"'*;B   
       
 
 
 
 
 
(d P A:2B)  Y75 A*+H 7;# 7? :-# Tetr ';< Kanr :1';2<5+:';:2 <#2+1*M#< 'M7/# ';< ?*;< :-': *2 
<*2A"')2 +7;2:*:5:*/# 67:*"*:) *; :-# 'M2#;+# 7? '6*;7 '+*<2B  U2*;( :-*2 ;#@ *;?716':*7;E 
<*'(1'6 ' 1#(5"':71) A':-@') ?71 1#(5"':*7; 7? 67:*"*:) '2 :-# 75:A5:E 2-7@*;( :-# ;716'" 
?5;+:*7; 7? :-# mot1– ';< motc (#;#2 ';< '6*;7 '+*<2B 
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      Name:       
3. Y75 -'/# *27"':#< ' ;#@ 65:':*7; *; :-# L'+ I VL'+ 1#A1#2271W (#;#E @-*+- )75 +'"" LacI-1B  
A LacI-1 65:';: +7;2:*:5:*/#") #$A1#22#2 `G('"'+:72*<'2#B  [-#; :-# LacI-1 65:':*7; *2 
+76M*;#< @*:- '; '6M#1 25AA1#22*;( '""#"# 7? :RNA:1AE :-# 1#25":*;( <75M"# 65:';: (*/#2 
5;*;<5+*M"# #$A1#22*7; 7? `G('"'+:72*<'2#B   
 
(a C A:2B)  [-': H*;< 7? 65:':*7; *2 LacI-1I  B# '2 2A#+*?*+ '2 )75 +';B 
 
 
 
 
 
 
 
 
 
 
(b C A:2B)  I2 *: A722*M"# :-': :-# +7<7; :-': -'2 M##; 65:':#< *; LacI-1 *2 ' T1A +7<7;I  
E$A"'*; @-) 71 @-) ;7:B 
 
 
 
 
 
 
 
 
 
 
(c C A:2B)  [-#1# *; :-# L'+ 1#A1#2271 A17:#*; *2 :-# '6*;7 '+*< @-72# +7<7; -'2 M##; 
65:':#< *; LacI-1 "*H#") :7 M#I  D#2+1*M# :-# "7+':*7; '2 A1#+*2#") '2 )75 +'; *; :#162 7? :-# 
H;7@; ?5;+:*7;'" A'1:2 7? :-# 1#A1#2271B 
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      Name:       
4.  Y75 -'/# *27"':#< :@7 65:';:2 *; -'A"7*< )#'2: :-': '1# 2#;2*:*/# :7 UV 1'<*':*7;B  [-#; 
#$A72#< :7 ' 2:';<'1< <72# 7? UVE @*"< :)A# )#'2: +#""2 251/*/# :7 OLGO V*B#B OLb 251/*/#WE 
@-#1#'2 ' rad 1 65:';: 251/*/#2 :7 OLGc ';< ' rad 2 65:';: 251/*/#2 :7 OLGXB   
 
(a X A:2B) Y75 6':# rad 1 ';< rad 2 65:';: 2:1'*;2 :7 ?716 ' <*A"7*<E @-*+- 2-7@2 :-# 2'6# 
UV 2#;2*:*/*:) '2 ' @*"< :)A# <*A"7*<B  [-': <7#2 :-*2 1#25": :#"" )75 'M75: :-# rad 1 ';< rad 2 
65:':*7;2I  E$A"'*;B 
 
 
 
 
 
(b P A:2B) [-#; :-# <*A"7*< *27"':#< *; A'1: VaW *2 2A715"':#<E :-1## :#:1'< :)A#2 '1# ?75;< :-': 
+'; M# <*2:*;(5*2-#< 7; :-# M'2*2 7? :-# UV 2#;2*:*/*:) 7? #'+- 2A71# +"7;#B  
 
      T)A# O      T)A# K     T)A# c 
        OLGc        OLGc        OLGO

        OLGc        OLGX        OLGO

        OLGX        OLG]        OLG]

        OLGX        OLGO        OLG]

 
O5: 7? ' :7:'" 7? ZL :#:1'<2E XL '1# T)A# OE P '1# T)A# KE ';< K '1# T)A# cB  
A1# :-# rad 1 ';< rad 2 65:':*7;2 "*;H#<I  I? 27E -7@ ?'1 'A'1: '1# :-#) *; +MI 
 
 
 
 
 
 
 
(c C A:2B) [-': *2 :-# <#(1## 7? 1'<*':*7; 2#;2*:*/*:) 7? ' rad 1 rad 2 <75M"# 65:';:I  I2 :-*2 
1#25": +7;2*2:#;: @*:- 7;# 7? :-#2# 65:';:2 M#*;( <#?#+:*/# *; ' DNA 1#A'*1 A17+#22 ';< :-# 
7:-#1 <#?#+:*/# *; ' DNA <'6'(# +-#+HA7*;:I  E$A"'*; )751 1#'27;*;(B   
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       Name:       
5.  T-# A72*:*7; 7? ' )#'2: +#"" *; :-# +#"" +)+"# +'; M# <#:#16*;#< M) :-# 2*R# 7? :-# M5<B  
U;M5<<#< +#""2 '1# *; GO A-'2#E 26'"" M5<<#< +#""2 '1# *; S A-'2#E ';< "'1(# M5<<#< +#""2 
'1# *; M A-'2#B  Y75 -'/# :@7 @')2 :7 M"7+H :-# +#"" +)+"# ';< )75 @';: :7 <#:#16*;# :-# 
1#"':*/# 71<#1 *; @-*+- :-#) ?5;+:*7;B  T-# ?*12: *2 @*:- :-# #$:1'+#""5"'1 A-#1767;# !G?'+:71E 
@-*+- M"7+H2 :-# +)+"# *; :-# GO A-'2#B  C#""2 :-': -'/# M##; :1#':#< @*:- !G?'+:71 ?71 2#/#1'" 
-7512 '11#2: *; GO ';< 'AA#'1 5;<#1 :-# 6*+172+7A# "*H# :-*2N 

 
[-#; !G?'+:71 *2 1#67/#<E :-#2# +#""2 @*"" 1#256# :-# +#"" +)+"#B  T-# 2#+7;< 1#'(#;: )75 
-'/# *2 ' :#6A#1':51# 2#;2*:*/# cdc7 65:';:B A: Kc!C :-*2 65:';: (17@2 ;716'"")E M5: ': c]!C 
:-# cdc7 65:';: '11#2:2 :-# +#"" +)+"# '2 ' "'1(# M5<<#< +#""N 

 
[-#; :-#2# +<+] +#""2 '1# 1#:51;#< :7 Kc!C :-#2# +#""2 @*"" 1#256# :-# +#"" +)+"#B 

 
(a C A:2B)  I; :-# ?*12: #$A#1*6#;:E )75 *;+5M':# :-# cdc7 65:';: *; :-# A1#2#;+# 7? !G?'+:71 ': 
Kc!C ?71 2#/#1'" -7512B  Y75 :-#; :1';2?#1 OLLL +#""2 :7 c]!C *; 6#<*56 @*:-75: !G?'+:71B  A?:#1 
2#/#1'" -7512 ': c]!C *; :-# 'M2#;+# 7? !G?'+:71 -7@ 6';) +#""2 2-75"< M# A1#2#;: V' +#"" :-': 
-'2 ;7: <*/*<#< @*"" +75;: '2 ' 2*;("# +#"" 1#('1<"#22 7? :-# 2*R# 7? :-# M5<WB  D1'@ ' A*+:51# 7? 
-7@ )75 @75"< #$A#+: :-# +#""2 :7 'AA#'1 5;<#1 :-# 6*+172+7A#B 
 
 
 
 
 
 
 
 
(b C A:2B)  I; :-# 2#+7;< #$A#1*6#;:E )75 *;+5M':# :-# cdc7 65:';: ': c]!C ?71 2#/#1'" -7512B  
Y75 :1';2?#1 OLLL +#""2 :7 Kc!CE *; :-# A1#2#;+# 7? !G?'+:71B A?:#1 2#/#1'" -7512 ': Kc!CE *; :-# 
A1#2#;+# 7? !G?'+:71 -7@ 6';) +#""2 @75"< M# A1#2#;: V'('*;E ' +#"" :-': -'2 ;7: <*/*<#< @*"" 
+75;: '2 ' 2*;("# +#"" 1#('1<"#22 7? :-# 2*R# 7? :-# M5<WB D1'@ ' A*+:51# 7? -7@ )75 @75"< 
#$A#+: :-# +#""2 :7 'AA#'1 5;<#1 :-# 6*+172+7A#B 
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       Name:       
 
6.B  (a P A:2B)B  I; ' -56'; A7A5"':*7; OdOLELLL *;<*/*<5'"2 #$-*M*: ' 1#+#22*/# :1'*:B  G*/#; :-': 
6':*;( *; :-# A7A5"':*7; *2 1';<76E @-': ?1'+:*7; 7? :-# 1#+#22*/# '""#"#2 @*"" M# A1#2#;: *; 
-767R)(7:#2I VA; ';2@#1 '++51':# :7 OLb *2 '++#A:'M"#WB 
 
 
 
 
 
 
 
 
 
 
(b P A:2B)B  I? :-# ?*:;#22 7? :-# -767R)(7:#2 *2 LBKE @-': 2#"#+:*/# '</';:'(# 7? :-# 
-#:#17R)(7:# @75"< -'/# M##; ;#+#22'1) <51*;( -56'; #/7"5:*7; :7 6'*;:'*; :-# +511#;: '""#"# 
?1#T5#;+) ?71 :-# :1'*:I   
 
 
 
 
 
 
 
 
 
(c P A:2B)B  I? :-# ?1#T5#;+) 7? ?*12: +752*; *; :-# A7A5"':*7; *2 LBLOE @-': ?1'+:*7; 7? -767R)(752 
*;<*/*<5'"2 @*"" +76# ?176 ?*12: +752*; 6'11*'(#2I VA; ';2@#1 '++51':# :7 OLb *2 '++#A:'M"#WB 
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       Name:       
7. C)2:*+ ?*M172*2 VCFW *2 7;# 7? :-# 672: +7667; '5:7276'" 1#+#22*/# <*271<#12 *; E517A#'; 
A7A5"':*7;2B Y75 '1# ' -56'; (#;#:*+*2: +7;<5+:*;( (#;#:*+ "*;H'(# 2:5<*#2 7; :-# "7+52 
1#2A7;2*M"# ?71 CFB  B#"7@ *2 ' A#<*(1## ?176 ' ?'6*") 2-7@*;( ' -*(- *;+*<#;+# 7? CFB A2 
*;<*+':#<E 7;# 7? :-# 6'"#2 *; :-# A#<*(1## *2 <#+#'2#< ';< ;7 DNA *2 '/'*"'M"# ?176 :-*2 
*;<*/*<5'"B  T-# 2#(1#(':*7; A'::#1; ?71 :@7 <*??#1#;: S*6A"# S#T5#;+# R#A#': 6'1H#12 VSSR2W 
*2 2-7@;B  Y75 252A#+: :-': SSRCKeX 6') M# +"72#") "*;H#< :7 :-# <*2#'2#G+'52*;( '""#"# VfTgWB   
 

 
 

121 

10 11 9 8763 4 5

2  

  9 

SSR6294 
 

A GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 
B GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 
C GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 
D GGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGGG 
 

 
(a P A:2B) F*"" *; :-# +-'1:2 'M7/# ?71 M7:- :-# 6':#1;'"") ';< A':#1;'"") *;-#1*:#< '""#"#2 ': 
SSR6294 ';< :-# CF "7+52B 

 
Individual 

 c X Z C ] P e OL OO 
A':#1;'"") 

*;-#1*:#< '""#"# ': 
SSRCKeX 

         

A':#1;'"") 
*;-#1*:#< '""#"# ': 

:-# CF "7+52 

         

 
Individual 

 c X Z C ] P e OL OO 
6':#1;'"") 

*;-#1*:#< '""#"# ': 
SSRCKeX 

         

6':#1;'"") 
*;-#1*:#< '""#"# ': 

:-# CF "7+52 

         

       Name:       
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(b C A:2B)  D*'(1'6 :-# A722*M"# A-'2#V2W M#:@##; :-# CF '""#"#2 ';< SSRCKeX '""#"#2 *; :-# 

 C A:2B) B'2#< 7; :-# A#<*(1## <':'E @-': ! /'"5# @75"< (*/# :-# 6'$*656 LOD 2+71#I  

 P A:2B) U2*;( :-# /'"5# 7? ! <#:#16*;#< *; A'1: cE +'"+5"':# :-# LOD 2+71# ?71 "*;H'(# 

?':-#1B 
 
 
 
 
 
 
 
 
 
(c
 
 
 
 
 
 
 
 
 
 
 
(d
M#:@##; SSRCKeX ';< :-# CF "7+52 *; :-*2 ?'6*")B  
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       Name:       
(d P A:2B) S5((#2: :@7 @')2 )75 6*(-: M# 'M"# :7 7M:'*; ' -*(-#1 LOD  
 
 V*W  U2*;( SSRCKeX 
 
 
 
 
 
 
 
 V**W  N7: 52*;( SSRCKeX 
 
 
 
 
 
 
 
8. T-# ?7""7@*;( A#<*(1## 2-7@2 ' ?'6*") :-': *2 '??#+:#< M) ' 1'1# ?716 7? ?'6*"*'" +';+#1B  
A??#+:#< *;<*/*<5'"2 :)A*+'"") ?716 65":*A"# :56712 *; ' /'1*#:) 7? :*225#2 :-175(-75: :-#*1 "*?#B   

 
 
 
 
 
 
 
 
 
         O            K 
 

(a C A:2B)  [-': *2 :-# 67<# 7? *;-#1*:';+# ?71 :-*2 :1'*:I 
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       Name:       

B'2#< 7; "*;H'(# 2:5<*#2 )75 '1# +7;?*<#;: :-': :-# +'52':*/# 65:':*7; *2 7; C-1767276# XB  
T7 (':-#1 671# 6'AA*;( <':' )75 ';'")R# ?751 S*6A"# S#T5#;+# R#A#': 6'1H#12 VSSR2W 7; 
C-1767276# X *; :5671 ';< ;7;G:5671 :*225# 7? :-# :@7 *;<*/*<5'"2 "'M#"#< 'M7/#B  Y75 ?*;< 
:-# ?7""7@*;(N 

I;<*/*<5'" O            I;<*/*<5'" K 

           N7;G:5671       T5671      N7;G:5671     T5671 

    

SSR O 

SSR K 

SSR c 

SSR X 

 

(b P A:2B) P17A72# ' 6#+-';*26 :-': @75"< '++75;: ?71 :-# :1';2?716':*7; 7? ;716'" :*225# :7 
:5671 *; I;<*/*<5'" KB Y751 ';2@#1 2-75"< 2A#+*?) @-#:-#1 :-# 65:':*7; '??#+:2 ' :5671 
25AA1#2271 (#;# 71 '; 7;+7(#;#B 

 

 

 

(c P A:2B) I; :5671 :*225# ?176 I;<*/*<5'" KE :-#1# *2 7;") 7;# SSRK '""#"#B F176 @-*+- A'1#;: 
<*< I;<*/*<5'" K *;-#1*: :-*2 2A#+*?*+ '""#"# V67:-#1E ?':-#1 71 *;+7;+"52*/#WI B1*#?") #$A"'*; )751 
1#'27;*;(B  

 

 

 

(d C A:2B) B'2#< 7; :-# 'M7/# ';'")2*2 7? SSR 6'1H#12E :7 @-*+- SSRV2W *2 :-# +'52':*/# 
65:':*7; 672: +"72#") "*;H#<I 
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       Name:       
9.  C7;2*<#1 :-# ?7""7@*;( -)A7:-#:*+'" A':-@') ?71 1#(5"':*7; 7? +#"" +)+"# A17(1#22*7; *; :-# 
6752#N 

 

 (a ] A:2B) [-*+- (#;#V2W *; :-*2 A':-@') @75"< )75 '::#6A: :7 H;7+H 75: *; 71<#1 :7 A1767:# 
5;+7;:17""#< +#"" <*/*2*7;I 

 
 
 
 
 
A +76A';) -'2 1#+#;:") (#;#1':#< ?751 <15(2 V;56M#1#< OGXW :-': +'; 2A#+*?*+'"") *;-*M*: #'+- 
7? :-# ?751 (#;# A17<5+:2 *; :-*2 A':-@')  

 

 

(b ] A:2B)  [-*+- <15(V2W '+:*;( '"7;# @75"< )75 A1#<*+: :7 M# #??#+:*/# *; ?*(-:*;( +';+#1 *; 
#'+- 7? :-# H;7+H75:2 (#;#1':#< *; A'1: VaWB 
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