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$摘要%!视网膜色素上皮变性&\]'包括多种遗传性视网膜变性疾病#这种变性是由一系列不同的基因
突变造成的#其临床表现和严重程度具有高度异质性( 在过去 3@ 年来的研究中#半数以上的 \]病例的致病
基因已经确定#预测剩余的致病基因绝大多数将会在 3#3# 年以前得到鉴定( \]基因诊断和治疗研究进程的
快速进展基于 8HB测序技术及其相关分析技术的飞速发展( 近期的 3 种新技术的开发和应用为 \]的研究
开辟了新的前景#包括诱导多能干细胞研究和规律间隔成簇短回文重复序列 &G\:Z]\' ;G\:Z]\相关核酸
酶,?&G(>,?'介导的基因组编辑技术#使得 \]致病基因的鉴定结果取得了长足的进步#这种新发现具有转化
成 \]个体化精准治疗策略的潜力(

$关键词%!视网膜色素上皮变性;遗传学* 个性化医疗;趋势* 诱导多能干细胞;移植* 规律间隔成簇
短回文重复序列;遗传学
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[(>)<(**S#7-6./*S+)QQ6O6/<6T67A66/ 7-6>6<6**>A.N*+ T6
7-6R(O7)<N*(O'N7(7)./>7-(7A6(O6)/76O6>76+ )/5C(ST6
7-)>>.N/+>O6*(7)M6*S>)'R*6T6<(N>6(**A6A(/77.+.)>
7.)/7O.+N<6(>R6<)Q)<'N7(7)./ )/7.7-606/.'6# TN7)/
O6(*)7S)7)>)/<O6+)T*S+)QQ)<N*77.+.)/ -N'(/ 6'TOS./)<
>76'<6**>&&ZG>';)]ZG>#.O)/ '.N>6<6**>(/+ .7-6O
7SR6>.Q<6**>Q.O7-(7'(776O5U-)>P)/+ .QRO6<)>606/.'6
6+)7)/0-(>T66/ 627O6'6*S+)QQ)<N*75

B=HD(IEDJH/37K ?-46/0-45-)1?--4606)5

:/ 3#"3 O6>6(O<-6O>)/M6/76+ (/6A06/66+)7)/07..*7-(7
'(P6>)7R.>>)T*67.'(/)RN*(767-606/67)<<.+6.Q(/S
7SR6.Q<6**A)7- N/R(O(**6*6+ 6QQ)<)6/<S(/+ RO6<)>)./!
>)')*(O7.7-6A(S(<.RS6+)7.O')0-7'.M6A.O+>(O.N/+
.OQ)2>R6**)/0')>7(P6>)/ (7627!<(N>)/00O6(762<)76'6/7
('./0><)6/7)>7>5U-6 /6A 76<-/)jN6# <(**6+ G\:Z]\#
'(P6>)7R.>>)T*67.<N7(/+ R(>767-6TN)*+)/0T*.<P>.Q(
<6**i>8HB A)7- 7-6-6*R .QT(<76O)(*RO.76)/>5U-6
G\:Z]\;G(>,? >S>76' (*>.<(/ T6<(**6+ 8HB ><)>>.O>
(/+ A-(77-6S6>>6/7)(**S+.)>7.)/7O.+N<6(>R6<)Q)<8HB
+.NT*6>7O(/+6+ TO6(P )/ 7-606/.'65H.A>.'6R6.R*6
')0-7T67-)/P)/07-(7)>)/<O6+)T*S+(/06O.N># (O6/.7
7-6S/ Y-SA.N*+ A6A(/77.<N7.NO8HB/ B/+ 7-67ON7-
)>7-(7A6(<7N(**S(***)M6+(/06O.N>*S#>..NO<6**>(O6
N/+6O0.)/0(*.7.Q8HB+('(06./ (+()*ST(>)>5

[N77-60..+ /6A>)>7-(77-6<6**>-(M6(<7N(**S<.'6
NR A)7- A(S>7.Q)27-68HB+('(065U-6Q)O>7A(S7-6
<6**><(/ Q)28HB +('(06)>7-O.N0- (/ 6OO.ORO./6
'6<-(/)>'5:7)>*)P6S.N 7.067(jN)W(/+ 7-6O6)>(
jN6>7)./ S.N +./.7P/.A7-6(/>A6O7.#(/+ S.N A.N*+ =N>7
Q)**)/ >.'67-)/0)/ 7-6-.R67-(7S.N '(S067)7O)0-75B>(
O6>N*7#>.'67)'6>A-6/ 7-6<6**>+./.7P/.AA-(77.+.#
7-6ST(>)<(**SQ)27-68HB+.NT*6>7O(/+6+ TO6(P 7-O.N0-
(/ 6OO.ORO./6'6<-(/)>'A-)<- A)**)/7O.+N<6'N7(7)./>
)/7.7-606/.'65U-6'N7(7)./>A)**T6O(/+.'TN7)Q7-6
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'N7(7)./>(O6)/ 7-606/6.Q)/76O6>7.O)/ (/S)'R.O7(/7
QN/<7)./(*+.'()/ .Q7-606/6.Q)/76O6>7#)7)>*)P6*S7.
)/7O.+N<6(P/.<P,.N7.O(06/6+)>ONR7)./5G6**>(*>.-(M6
('6<-(/)>'7.Q)2+.NT*6>7O(/+6+ TO6(P>)/ (A(S7-(7)>
RO6<)>65U(P)/0(+M(/7(06.Q7-)>#A-(7A6+.)>7.RO.M)+6
7-6<6**>A)7- (76'R*(76(/+ 7-676'R*(76A)**<./7()/ 7-6
62(<7'N7(7)./ A6A(/77-6<6**>7.)/<.OR.O(765U-6O6Q.O6#
A6(O6(T*67.'.+)QS7-606/.'6)/ (A(S7-(7)>
627O6'6*SRO6<)>6#(**.A)/0N>7.'(P6+)>6(>6')')<P)/0
-N'(/ R*NO)R.76/7>76'<6**>5b(>7*S#7-67-)O+ (RRO.(<-)>
M6OS>)')*(O7.7-6>6<./+ (RRO.(<- A-6O6A6<.N*+ (*>.
)/>6O7(*(O06OR)6<6.Q8HB )/7.7-606/.'6A-)<-
06/6O(76>7(O0676+ 7O(/>06/6>)># P/.<P,)/ O6R.O76O>(/+
P/.<P,.N7>5

U-6>7O./006/67)<T(>)>.Q\]RO.M)+6>(>)0/)Q)<(/7
R*(7Q.O' 7. <.'T)/6 G\:Z]\;G(>,? 06/.'6 6+)7)/0
76<-/.*.0SA)7- -N'(/ R*NO)R.76/7>76' <6**>7.')')<
<(N>(*'N7(7)./> .Q06/67)< \] (/+ N/+6O>7(/+ 7-6
R(7-.06/6>)> .Q 7-6 +)>6(>65 Y)7- G\:Z]\;G(>,?
76<-/.*.0S# R*NO)R.76/7>76' <6**> <(/ T6 6QQ)<)6/7*S
06/6O(76+ 7-O.N0- 7-66OO.ORO./6/./,-.'.*.0.N>,6/+,
=.)/)/0&HV&̂' '6<-(/)>'7.<O6(767-6+6*67)./ '.+6*>
.OTS7-6V8\ & -.'.*.0S,+)O6<76+,O6R()O' '6<-(/)>'
7-(7<.'T)/6>('N7(/7+./.O76'R*(76A)7- G(>,? /N<*6(>6
(<7)M)7S7.RO.+N<6>)/0*6/N<*6.7)+6'N7(7)./ (/+ 06/6
)/>6O7)./ '.+6*>5Y66/M)>)./ 7-6N7)*)W(7)./ .QG\:Z]\;
G(>,? A.N*+ 0O6(7*S(<<6*6O(767-6RO.<6>>5

C='-F-+19?-)01*08-2/9-,06.302/0-5:

U-6)/76O>6<7)./ .Q)]ZG>(/+ G\:Z]\ 06/.'66+)7)/0
-.*+>62<)7)/0RO.')>6>.Q/6A7..*>Q.O7-67O6(7'6/7.Q\]
7-(7(O6 (7./<6 TO.(+*S (RR*)<(T*6 (<O.>>7-6 M(>7
-676O.06/6)7S.Q7-6+)>6(>6A-)*6O6'()/)/0(+(R7(T*67.
7-6>R6<)Q)<'N7(7)./>)/ 6(<- )/+)M)+N(*R(7)6/75

GNOO6/7*S#(0O6(7+6(*.Q(776/7)./ -(>T66/ =N>7)Q)(T*S
Q.<N>6+ ./ 7-6+)O6<77-6O(R6N7)<(RR*)<(7)./>.Q)]ZG>5F.O
7O(/>*(7)./(*(RR*)<(7)./>*)P6+)><.M6O)/0/.M6*R-(O'(<.
7-6O(R6N7)<># -N'(/ >76' <6**,T(>6+ (>>(S>O6RO6>6/7(
R-S>).*.0)<(**SO6*6M(/7(/+ -)0-,7-O.N0-RN7'6(/>7.
(>>6>>7-66QQ)<(<S(/+ 7.2)<)7S6(O*S./ )/ 7-6+ON0
+6M6*.R'6/7 R)R6*)/65 G.'T)/)/0 7-6 R.A6O .Q
+)QQ6O6/7)(76+ .<N*(O<6**>A)7- -)0-,7-O.N0-RN7><O66/>A)**
*)P6*SRO.M66QQ6<7)M6)/ +)><.M6O)/0/6A R-(O'(<.*.0)<
7O6(7'6/7> Q.O +6*(S)/0 7-6 RO.0O6>>)./ .Q O67)/(*
+606/6O(7)M6+)>6(>6>5

U.+(767-6O6-(M6T66/ (*)')76+ /N'T6O.QO6R.O7>
*..P)/0(77-66QQ6<7>.Q+ON0>./ )]ZG,+6O)M6+ O67)/(*
<6**>5E(''67(*+"K, O6R.O76+ 7-6O6>7.O(7)./ .Q.O/)7-)/6,
#,(')/.7O(/>Q6O(>6&9BU' (<7)M)7S)/ )]ZG,+6O)M6+ \]&
QO.'(R(7)6/7A)7- 0SO(76(7O.R-SQ.**.A)/07O6(7'6/7A)7-
M)7(')/ [45:7-(>T66/ P/.A/ Q.O>.'67)'67-(7M)7(')/
[4 )>T6/6Q)<)(*Q.OR(7)6/7>A)7- 0SO(76(7O.R-S5V.A6M6O#
7-6 R(7)6/7.Q)/76O6>7)/ 7-)> >7N+S A(> RO6M).N>*S
N/O6>R./>)M67.M)7(')/ [4 >NRR*6'6/7(7)./5U-)>>7N+S
-)0-*)0-76+ 7-6 N>6.Q)]ZG,+6O)M6+ \]& 7.76>77-6
>R6<)Q)<<6**N*(OR.RN*(7)./ 7(O0676+ )/ 0SO(76(7O.R-S7.
'.O6(<<NO(76*S76>7M)7(')/ [4 6QQ)<(<S5:/ (/.7-6O>7N+S#
7-6*(T .QC(>(S.U(P(-(>-)06/6O(76+ R(7)6/7,>R6<)Q)<
)]ZG,+6O)M6+ O.+ R-.7.O6<6R7.O,*)P6 <6**> -(OT.O)/0
'N7(7)./>)/ >6M6O(*06/6>7-(7<(N>6\]>N<- (>HI8#
IHI$B#H$2!2IJKL#(/+ HIM+"@,5U-)>>7N+S>-.A6+ 7-(7
+)>6(>6+ \V989]Z:H,R.>)7)M6)]ZG,+6O)M6+ O67)/(*<6**>
R6O)>-6+ (Q76O"3#!"@# +(S>)/ 7-6#& N#/.%<N*7NO6
<./+)7)./5U-6(N7-.O>7-6/ 7O6(76+ <6**>A)7- % (/7).2)+(/7
M)7(')/>#!,7.<.R-6O.*#(><.OT)<(<)+ (/+ ",<(O.76/65U-6S
.T>6OM6+ 7-(7<6**>7O6(76+ A)7- !,7.<.R-6O.**6+ 7.(
>7(7)>7)<(**S>)0/)Q)<(/7)/<O6(>6)/ >NOM)M(*.Q+)>6(>6+
)]ZG,+6O)M6+ R-.7.O6<6R7.O <6**># RO.M)+)/0 RO..Q,.Q,
<./<6R7Q.O+ON0><O66/)/0.Q)]ZG,+6O)M6+ O67)/(*<6**>5

V.A6M6O#Q.O/N'6O.N>.7-6O+)>6(>6>#6>R6<)(**S7-.>6
)/M.*M)/0>)0/)Q)<(/7/6NO.+606/6O(7)./ .O.7-6O7SR6>.Q
.O0(/ Q()*NO6# +ON0)/76OM6/7)./ (*./6A)**/.7>NQQ)<65:/
7-6>6<./+)7)./>#<6**N*(OO6R*(<6'6/7A)**T6O6jN)O6+ 7.
O6><N6#O6QNOT)>- (/+ RO6>6OM67)>>N6QN/<7)./5)]ZG>.QQ6O
(/ (N7.*.0.N>(*76O/(7)M67.&ZG>7O(/>R*(/7(7)./ 7-(7
A.N*+ *)P6*S /.7 O6jN)O6 *)Q6*./0 )''N/.>NRRO6>>)M6
7-6O(RS>)/<67-60O(Q7A.N*+ <./7()/ 7-6R(7)6/7i>.A/
<6**>62RO6>>)/0>6*Q,(/7)06/>(/+ A.N*+ 7-6O6Q.O6*(O06*S
RO6<*N+67-6R.>>)T)*)7S.QO6=6<7)./5U-)>R.)/7)>O6*6M(/7
7. <6**7O(/>R*(/7(7)./ 7-6O(R)6> Q.O\]# +6>R)76 7-6
)''N/.RO)M)*606+ >R(<66>7(T*)>-6+ TS7-6T*..+,O67)/(*
T(OO)6O&[\['#T6<(N>6RO6M).N>>7N+)6>-(M6Q.N/+ 7-(7
+606/6O(7)M6 <./+)7)./> (/+ >NO0)<(* 7O(N'( <(/
<.'RO.')>67-6[\[(/+ *6(+ 7.*.>>.Q)''N/6RO)M)*606#
')<O.0*)(*)/Q)*7O(7)./ (/+ +6>7ON<7)./ .Q(**.06/)<O67)/(*
0O(Q7>5B*7-.N0- 7-6O6(O6/../0.)/0-N'(/ 7O6(7'6/7
7O)(*>)/M.*M)/0)]ZG># 7O(/>R*(/7(7)./ .Q-N'(/ )]ZG,
+6O)M6+ \]&<6**>)/7.('.N>6O67)/(*+606/6O(7)./ '.+6*
O6><N6+ 6*6<7O.O67)/.0O('QN/<7)./ (/+ <.N*+ T6+676<76+
TS-)>7.*.0S+"4,5b)P6A)>6# RO6<*)/)<(*>7N+)6>.Q)]ZG,
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+6O)M6+ R-.7.O6<6R7.ORO6<NO>.O>O6RO.+N<6'(/S.Q7-6
Q)/+)/0>Q)O>7>66/ )/ >7N+)6>.Q&ZG,T(>6+ 7O(/>R*(/7>#
)/<*N+)/0>S/(R7)<)/760O(7)./ T67A66/ 0O(Q7(/+ -.>7#
'(7NO(7)./ .Q.N76O>60'6/7>(/+ >.'6O6>7.O(7)./ .Q
QN/<7)./(*M)>)./+"$d3#,5E6/6O(**S#7-6>6(/+ .7-6O>7N+)6>
.Q)]ZG,T(>6+ O67)/(*7O(/>R*(/7(7)./ )/+)<(767-(7)]ZG>
R.>>6>>'(/S.Q7-6>('6<(R(T)*)7)6>#<-(O(<76O)>7)<>(/+
7-6O(R6N7)<RO.')>6>.Q&ZG>5:/ >.'6<(>6>6M6/ A)7-.N7
<.OO6<7)./ .Q7-6 N/+6O*S)/0 'N7(7)./# )]ZG><(/ T6
7-6O(R6N7)<(**SN>6QN*7.\]R(7)6/7>)Q7-6+606/6O(7)./
7)'6*)/6)>>NQQ)<)6/7*S RO.7O(<76+# (>)7)>Q.O'(/S
(N7.>.'(* +.')/(/7# (/+ >.'6 (N7.>.'(* O6<6>>)M6#
<./+)7)./>+3",5B*7-.N0- N/(*76O6+ 7O(/>R*(/7<6**>A.N*+
(*>. 6M6/7N(**S +606/6O(76# O6>677)/0 7-6 +606/6O(7)./
7)'6*)/6A)7- /6A <6**># (7*6(>7)/ <(>6>.Q>*.A*S
RO.0O6>>)M6+)>6(>6#'(ST6>NQQ)<)6/77.RO6>6OM6N>6QN*
M)>)./ Q.O7-6O6'()/+6O.Q(R(7)6/7i>*)Q65

F.O7-.>6<(>6>A)7- '.O6O(R)+ +606/6O(7)./>.O
A-6O6(+6Q)/)7)M6<NO6)>+6>)O6+# 7-6G\:Z]\;G(>,?
>S>76'<(/ T67()*.O6+ 7.RO6<)>6*S(/+ >R6<)Q)<(**S7(O067
7-6 R(7)6/7i> R(O7)<N*(O'N7(7)./+33d3%,5BRR*)<(7)./ .Q
G\:Z]\;G(>,? )/ 7-)>7O6(7'6/7><6/(O).<(/ .<<NO6)7-6O
)/ <./=N/<7)./ A)7- .O)/+6R6/+6/7.Q)]ZG,+6O)M6+ O67)/(*
<6**7O(/>R*(/7(7)./5B+6/.(>>.<)(76+ M)ON>&BBD' M6<7.O>
N>6+ )/ 06/6>NRR*6'6/7(7)./ 7-6O(RS(O6(*>..R7)'(*
M6-)<*6>Q.O06/.'66+)7)/0'(<-)/6OS(/+ <(/ +6*)M6O
<.'R./6/7>+)O6<7*S7.7-6.O0(/ .O<6**>.Q)/76O6>75BBD,
'6+)(76+ +6*)M6OS .QG\:Z]\;G(>,? <.'R./6/7> A(>
>N<<6>>QN*#& N#N%# (<-)6M)/0*.A TN7/.7)/>)0/)Q)<(/7
6+)7)/06QQ)<)6/<S)/ '.N>6-6R(7.<S76>Q.**.A)/07()*M6)/
)/=6<7)./5E)M6/ 7-6>N<<6>>6>.Q>NT,O67)/(*)/=6<7)./ )/
06/6>NRR*6'6/7(7)./ 7-6O(RS#)7)>O6(>./(T*67.62R6<7
7-(7BBD,G\:Z]\ <(/ (*>.T6+6*)M6O6+ +)O6<7*S(/+
*.<(**S7.7O6(77-6+)>6(>6+ O67)/(5U-)>-SR.7-67)<(*#/.M6*
M)O(*M6<7.O7O6(7'6/7A.N*+ R.76/7)(**S -(M6 TO.(+6O
(RR*)<(7)./> 7-(/ <./M6/7)./(* 06/6 >NRR*6'6/7(7)./
7-6O(RSQ.O>6M6O(*O6(>./>5F)O>7*S#)7<(/ (++O6>>+.')/(/7
'N7(7)./>M)(7-6>('606/6<.OO6<7)./ '6<-(/)>'7-(7)>
N>6+ Q.OO6<6>>)M6'N7(7)./>5Z6<./+*S#)7)>/.7*)')76+ TS
>)W6<./>7O()/7>A)7- O60(O+ 7.7-606/6.Q)/76O6>75b(>7*S#
G\:Z]\ 6+)7)/0 <(/ '()/7()/ 7-6 6/+.06/.N> 06/6
62RO6>>)./ >7.)<-).'67OSA)7-)/ (<6**(>*./0(>)7+.6>/i7
)/7O.+N<6 'N7(7)./> 7. P/.<P.N7 7-6 06/65 H./,
<.'R*)(/7*S# 06/6 >NRR*6'6/7(7)./ O6>N*7> )/ M(O)(T*6
)/<O6(>6>)/ 06/6<.RS/N'T6O(/+ 62RO6>>)./ 7-(7<.N*+

T6+6*676O).N>7.7-67O6(76+ <6**5&>R6<)(**S# Q.O>.'6
06/6>A-.>662RO6>>)./ R(776O/>Q(**A)7-)/ ( /(OO.A
R-S>).*.0)<A)/+.A#7-662<6>>)M6RO.+N<7)./ .QQN/<7)./(*
RO.76)/ '(ST6=N>7(>-(O'QN*(>N/+6ORO.+N<7)./5

B**7-6>6(+M(/7(06>.QG\:Z]\;G(>,? 6+)7)/00)M6)7
(A)+6O(/06.QR.>>)T*6<*)/)<(*(RR*)<(7)./>5F.O\]
R(7)6/7># 7-6 RO6<)>)./ A)7- A-)<- G\:Z]\;G(>,? <(/
<.OO6<7'N7(7)./>A)7-.N7*6(M)/0 ( 06/67)< Q..7RO)/7#
<.'T)/6+ A)7- 7-6O606/6O(7)M6<(R(<)7)6>.Q(N7.*.0.N>
)]ZG,+6O)M6+ O67)/(*<6**7O(/>R*(/7(7)./#<.N*+ O6(*)W67-6
Q)O>7R*(7Q.O' Q.ORO6<)>)./ '6+)<)/6,./67-(7<(/ T6
(+(R7(T*67.(/SR(7)6/7i>'N7(7)./ (/+ 6QQ6<7)M6(7(/S
>7(06.Q7-6+)>6(>65:/ 7-)>7O6(7'6/7'.+6*#(R(7)6/7i>
+6O'(*Q)TO.T*(>7>A.N*+ T6 O6RO.0O(''6+ T(<P )/7.
)]ZG># A-)<- A.N*+ 7-6/ T6 +)QQ6O6/7)(76+ )/7.
R-.7.O6<6R7.ORO6<NO>.O<6**>(/+;.O\]&<6**>5G\:Z]\
6+)7)/0.Q7-6+)>6(>6'N7(7)./ <.N*+ .<<NO6)7-6O./ 7-6
)]ZG>RO).O7.O67)/(*+)QQ6O6/7)(7)./ .O./ 7-6RO6<NO>.O
<6**>RO).O7.7O(/>R*(/7(7)./5B/+ T6<(N>67-60O(Q7A.N*+
<./7()/ 7-6R(7)6/7i>.A/ <6**>62RO6>>)/0>6*Q,(/7)06/>#
)''N/.>NRRO6>>)./ A.N*+ /.7 T6 /66+6+ Q.**.A)/0
7O(/>R*(/7(7)./5

L=H8/++-)5-3/)4*,0,2-462-.061)3

b)P6(/S7..*># -.A6M6O# T.7- )]ZG>(/+ G\:Z]\;G(>,?
>S>76'-(M6*)')7(7)./>7-(7'N>7T67(P6/ )/7.(<<.N/7
A-6/ <-..>)/0(06/67)<+)>6(>67.>7N+S5:/+66+# 7-6
0O6(76>7(>>67.QR*NO)R.76/7>76' <6**>,7-6 (T)*)7S 7.
RO.+N<6(+)M6O>6(OO(S.Q<6**7SR6>+6O)M6+ QO.'(**7-O66
06O'*)/6(06>,<(/ T6+67O)'6/7(*N/*6>>+6>)O6+ <6**7SR6>
<(/ T6)+6/7)Q)6+ (/+ )>.*(76+#.O(7*6(>70O6(7*S6/O)<-6+#
)/ <N*7NO6<./+)7)./597-6OA)>6#>NT>6jN6/762R6O)'6/7>(O6
(7O)>P .QT6)/0<./Q.N/+6+ TS7-6M(O)(T*6)/Q*N6/<6>.Q
N/P/.A/ .ON/A(/76+ <6**7SR6>7-(7.<<NRS7-6>('6
<N*7NO6R*(7659/<6(+6jN(766/O)<-'6/7<(/T6(<-)6M6+#
)7)>(*>./6<6>>(OS7.62R(/+ (/+ O6>66+ <6**>./7.(
M(O)67S.Q>NOQ(<6>(/+ +)QQ6O6/7)(767-6' 7.(N/)Q.O'*S
'(7NO6>7(765U-6*(776O7(>P )>R(O7)<N*(O*S)'R.O7(/7#>)/<6
R*NO)R.76/7>76' <6**>(O6#(77-6)O<.O6# +S/(')<')/),
+6M6*.R'6/7(*'.+6*>S>76'># B>>N<-# )7)>6(>S 7.
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6>R6<)(**SA)7- O60(O+>7..QQ,7(O0676QQ6<7>(/+ N/)/76/+6+
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+6O)M6+ QO.' -N'(/ R*NO)R.76/7>76' <6**>Q(<)*)7(76(<N>7.')W6+
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+"J,UN<P6O[B#](OP :V#m)Z8#67(*5UO(/>R*(/7(7)./ .Q(+N*7'.N>6)]Z
<6**,+6O)M6+ R-.7.O6<6R7.ORO6<NO>.O>O6>7.O6>O67)/(*>7ON<7NO6 (/+
QN/<7)./ )/ +606/6O(7)M6')<6+ ;̂9b,5]b.Z 9/653#""#4&K' c6"J??3
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R*NO)R.76/7>76'<6**>+ ;̂9b,5]b.Z 9/6#3#"##@ &"' c6J$4% +3#"@d
"#d3% ,5-77R";;=.NO/(*>5R*.>5.O0;R*.>./6;(O7)<*6/ )+ n"#5"%$" ;
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