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8'&'%&aised: Medawar’s mutation accumulation theory (Medawar 1946, Medawar 1952) and 

William’s antagonistic pleiotropy theory (Williams 1957).%
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‘grow old’ phenomenon. The main difference between the two theories is that for mutation 
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through ‘sexual’ reproduction at a certain local region for more than a year once in their life. 
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This work led to the theory of ‘rate of living’ proposed by Pearl (Pearl 1928). Raymond Pearl, 
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-++#*#)/6%*"'%$*-*#$*#,-.%'$*#4-*#)/%)7%7.2)&'$,'/,'%$#3/-.%#/+#,-*'$%-/%'T()/'/*#-.%#/,&'-$'%

8#*"#/%'-,"%+#1#$#)/:%!"#$%)9$'&1-*#)/%$233'$*$%*"-*%7.2)&'$,'/,'%$#3/-.%#/,&'4'/*%#$%#/+''+%

#$$2'% 7&)4% *"'% 'T*&-,"&)4)$)4-.% J;G% 3'/'% ,)(#'$:% !"'&'7)&'6% )/,'% J;G% #$% 'T,#$'+6% *"'%

+2(.#,-*#)/%$*-&*$%-$%,'..%-3'$:%J1'/*2-..56%-*%*"'%'/+%)7% .#7'$(-/6%*"'%b2-/*#*5%)7%J;G%,-/%

&'-,"%-%$#U'%)7%Q:[X7).+%)7%5'-$*%3'/)4':%

@/'%)7%*"'%42*-/*$%$")8#/3%.'$$%J;G%-,,242.-*#)/%#$%*"'%.)/3Xlived fob1Δ mutant. As the 

>JM%#$%&'.-*'+%*)%J;G%-,,242.-*#)/6%8"'*"'&%>JM%#$%+'.-5'+%-/+%")8%*"'%>JM%9',)4'%#/%

fob1Δ mutant can be asked.%

Q:R%;'$2.*%

Q:R:Q%D)9Q%42*-/*%$")8$%(&).)/3'+%;A>%#/%4#,&)7.2#+#,%$5$*'4%

='.'*#/3%D)9Q%(&)*'#/%.'-+$%*)%;A>%'T*'/$#)/6%*"#$%"-$%9''/%&'()&*'+%#/%*"'%.#*'&-*2&'$%$#/,'%

1999 (Defossez, Prusty et al. 1999, Kobayashi 2003). Fob1Δ mutants with and without 

"#$*)/'% /2,.'-&% 4-&<'&% YO!ERXNDMZ% -&'% 2$'+% 7)&% *#4'% .-($'% -3'#/3% 'T('&#4'/*:% c'%

confirmed that fob1Δ mutant is longX.#1'+%#/%)2&%4#,&)7.2#+#,%$5$*'4%YD#32&'%S:VZ:%



,&

Q:R:R%M&)9-9#.#$*#,%>JM%'1'/*%95%.#4#*#/3%J;G%'T,#$#)/%#/%7)9QΔ42*-/*

>2&(&#$#/3.56%8'%)9$'&1'%*8)%+#$*#/ct cell fate in fob1Δ mutant, there are cells die with and 

8#*")2*%>JM%YD#32&'%S:WZ:

0/%c!%()(2.-*#)/6%*"'%>JM%#$%*&#33'&'+%#/%4)$*%)7%*"' 4)*"'&%5'-$*6%-9)2*%]Wh%)7%,'..$%+#'%

8#*"%>JM%YKn^_6%8#*"X>JMn\\6%/)XSEP=13) (Figure 3.6). Yet in fob1Δ mutant, up to 63% of 

,'..$%YKnW[6%8#*"X>JMnRQ6%/)X>JMnSWZ%+#'%8#*")2*%>JM%*&-/$#*#)/6%*"'$'%,'..$%-&'%*"2$%+'7#/'+%

-$%/)X>JM%$29()(2.-*#)/:%!"'5%$")8%$#3/#7#,-/*.5%.)/3'&%;A>%YVWZ%,)4(-&'%*)%c!%YR\:WZ:%0/%

this fob1Δ noX>JM% $29()(2.-*#)/6% *"'%/2,.'-&% $#U'% #$% &'.-*#1'.5% ,)/$*-/*%-/+%+)%/)*% $")8%

!"#$%&'?)B'!.:( Δ 9$1+21'"24&&4';-.>'0.2#&%'SCK'1-+2'_O'

!"'%&'(&'$'/*-*#1'%-3'#/3%*&-a',*)&5%)7%7)9QΔ%42*-/*%8#*"%/2,.'-&%4-&<'&%#$%$")8/%#/%*"'%

.'7*% (-/'.:% !"'% 4)*"'&% &'(.#,-*#1'% .#7'$(-/% #$% 4'-$2&'+% -/+% ,)4(-&'% *)%c!:% >#3/#7#,-/*%

increase of RLS can be observed (WT (27.5) N=130; fob1Δ (39) N=63).

!"#$%&'?)F'!.:(Δ 9$1+21';-.>'0.2#P0"7&4'9.1-&%'=&00'+#&'>"1-.$1'K[\

;'(&'$'/*-*#1'%7)9QΔ mutant show noX>JM%-3'#/3%(-**'&/:%E)*"%$'b2'/*#-.%#4-3'$%-/+%,'..%

,5,.'%+2&-*#)/%*&-a',*)&5%#$%$")8/%9'.)8:%!"'%-1'&-3'%,'..%,5,.'%+2&-*#)/%#$%�]_%4#/2*'$%

('&%+#1#$#)/%*"&)23")2*%*"'%8").'%.#7'$(-/:%



&("

'/.-&3'4'/*%9'7)&'%,'..%+'-*"%YD#32&'%S:WZ:%!"#$%$233'$*$%*"-*%J;G%,)(5%/249'&$%)7%/)X>JM%

,'..$%4-5%/)*%9'%#/,&'-$'+%-$%#/%8#*"X>JM%()(2.-*#)/:%!"'%4)*"'&%5'-$*%4-5%9'%+#'+%#/%-/%

J;GXfree status. This hypothesis is indeed confirmed by Dr. Morlot’s complementary work 

95%+#&',*.5%2$#/3%rDNA/ERC reporter in a fob1Δ mutant. When monitoring the ERC signal 

*"&)23")2*%*"'%8").'%.#7'$(-/%#/%/)X>JM%,'..$6%*"'%7.2)&'$,'/,'%$#3/-.%$")8$%-%,)/$*-/*%.'1'.:%

For fob1Δ withX>JM%$29()(2.-*#)/6%*"'&'%#$%S\h%)7%4)*"'&%5'-$*%2/+'&3)%>JM%*&-/$#*#)/%-/+%

they show slightly longer RLS than the WT.  I then asked whether the SEP in both fob1Δ and 

c!%#$%"-(('/#/3%-*%*"'%$-4'%*#4':%>*-*#$*#,-.%?-//–c"#*/'5–c#.,)T)/%*'$*%7)&%9)*"%72..%;A>%

and SEP are compared between WT and fob1Δ withX>JM%$29()(2.-*#)/%YD#32&'%S:\Z:%

!"#$%&'?)5'Y";1%":$1".2'./'>"1-PK[\'+24'2.PK[\',.,$0+1".2'

!"'%"#$*)3&-4%+#$*&#92*#)/%)7%8#*"X>JM%-/+%/)XSEP population in both WT and fob1Δ mutant. 

!"'% .'3'/+% #/+#,-*'$% *"'% ('&,'/*-3'%(&)()&*#)/% )7% *"'% *8)%$29()(2.-*#)/$:%!"'% 9)T(.)*%

7#32&'% #/+#,-*'$% '-,"% $29()(2.-*#)/% &'(.#,-*#1'% .#7'$(-/:% % !"'% .'3'/+% #/+#,-*'$% *"'%4'-/%

|$*-/+-&+%'&&)&%)/%4'-/:%YK}[[Z%



&'"

It seems that SEP is delayed in fob1Δ mutant and the extended SEP mainly contribute to the 

.)/3'1#*5%'T*'/$#)/%#/%8#*"X>JM%$29()(2.-*#)/:%!"'%()$*XSEP period of both fob1Δ and WT 

+)%/)*%$")8%+#$*#/,*%.#7'$(-/:%D&)4%*"#$%result, two factors contribute the fob1Δ longevity 

'T*'/$#)/:%D#&$*.56%*"'%/)X>JM%,'..$%8"#,"%#$%4)$*%)7%*"'%8").'%()(2.-*#)/6%.#1'%$#3/#7#,-/*.5%

.)/3'&q%$',)/+.56%*"'%8#*"X>JM%,'..$%$")8%+'.-5'+%>JM%-.$)%'T*'/+%;A>:%!-<#/3%*)3'*"'&6%#*%

seems that fob1Δ mu*-/*%95%.#4#*#/3%*"'%J;G%7)&4-*#)/%.-&3'.5%&'+2,'%*"'%>JM%(&)9-9#.#*5%

in the population. Two distinct cell fate of fob1Δ population, suggests that ERC excision 

&'32.-*'+%95%D)9Q%(&)*'#/%4-5%9'%-%(&)9-9#.#$*#,%'1'/*%+2&#/3%*"'%-3'#/3%(&),'$$:%

!"#$%&'?)J'E.9,+%";.2'./'K[\'.2;&1'+24'SCK'./';$:,.,$0+1".2'

BC%!"'%9)T(.)*%3&-("%)7%8#*"XSEP subpopulation in both fob1Δ and WT. The withX>JM%,'..$%)7%

fob1Δ strain shows slightly longevity extension. !"'%.'3'/+%#/+#,-*'$%*"'%4'-/%|$*-/+-&+%

'&&)&%)/%4'-/:%YK}R_Z%

EC% %The histogram graph of SEP comparison in both fob1Δ and WT.  The SEP of fob1Δ 

42*-/*%YRVZ%#$%(&).)/3'+%,)4(-&'%*)%c!%YRQZ:%!"'%()$*X>JM%.#7'$(-/%#$%#+'/*#,-.%#/%9)*"%

9-,<3&)2/+$:%%!"'%.'3'/+%#/+#,-*'$%*"'%4'-/%|$*-/+-&+%'&&)&%)/%4'-/:%



&!"

Q:R:S%>JM%,"-&-,*'&#$-*#)/%#/%8#*"X>JM%$29()(2.-*#)/%)7%c!%-/+%7)9QΔ%

!)%72&*"'&%,)4(-&'%*"'%>JM%9'*8''/%c!%-/+%7)9Q%8#*"X>JM%$29()(2.-*#)/:%E)*"%,'..%,5,.'%

+2&-*#)/6% "#$*)/'% 7.2)&'$,'/,'% #/,&'4'/*% -/+% /2,.'-&% ,5*)(.-$4#,% &-*#)% -&'% ,)4(-&'+%

YD#32&'% S:]Z:% 0*% seems that SEP exhibit identical characteristics between WT and fob1Δ 

42*-/*:%

!"#$%)9$'&1-*#)/%1-.#+-*'% *"-*%>JM%)9$'&1'+% #/% 7)9QΔ%8#*"X>JM%()(2.-*#)/% #$% .#<'% *"'%>JM%

)9$'&1'+%#/%c!%()(2.-*#)/:%J1'/%*")23"%>JM%#$%$#4#.-&6%*"'%,'..%,5,.'%+2&-*#)/%)7%7)9QΔ%Y]VZ%

#$%.)/3'&%*"-/%c!%Y\[Z%7)&%5)2/3%(&'X>JM%,'..$:%!"#$%+#77'&'/,'%42$*%9'%,&2,#-.%7)&%$2&1#1)&$"#(%

)7%c!%#/%$-1-3'%'/1#&)/4'/*:%0*%"-$%9''/%(&)()$'+%#/%*"'%$*2+5%)7%4#,&))&3-/#$4%*"-*%7-$*%

3&)8*"%)7%*"'%()(2.-*#)/%#$%,&2,#-.%7)&%/2*&#'/*%-/+%$(-,'%),,2(-*#)/%-/+%,)4('*#*#)/:%!"#$%

4-59'%*"'%)/'%)7%*"'%&'-$)/$%*"-*%.)/3X.#1'+%7)9QΔ%42*-/*%,-//)*%)1'&&#+'%c!%$*&-#/:%

!"#$%&'3.8 Comparison of SEP characteristics in fob1Δ and WT'

!"'%'1).2*#)/%)7%,'..%,5,.'%+2&-*#)/6%O!ERXsfGFP and N/C ratio in fob1Δ and WT (aligned by 

>JMZ:%!"'%'&&)&%9-&% #/+#,-*'$%|$*-/+-&+%'&&)&%)/%4'-/:%YKnR_%7)&%9)*"%$*&-#/$Z%!"'%>JM%#$%

#/+#,-*'+%95%-%+-$"'+%&'+%.#/'%-/+%.),-*'+%*)%*"'%U'&)%)7%TX-T':%!"'%3&'5%-&'-%#/+#,-*'$%.'$$%

'77',*#1'%-*%.-*'%.#7'%+2'%*)%4)*"'&%,'..%+'-*":%



&#"

R% G"-&-,*'&#U-*#)/% )7% >JM% #/% .)/3X.#1'+%42*-/*$% 95% ('&*2&9#/3% J;G%

4)*"'&X+-23"*'&%$'3&'3-*#)/%

R:Q%>(',#7#,%9-,<3&)2/+%

R:Q:Q% ;'32.-*)&5% '.'4'/*$% 7)&% J;G% -$544'*&#,% $'3&'3-*#)/% 9'*8''/% 4)*"'&% -/+%

+-23"*'&%,'..$%

B$%*"'%/249'&%)7%J;G%#/,&'-$'$6%#*%9',)4'$%,&2,#-.%7)&%*"'%4)*"'&%5'-$*%*)%3'/'&-*'%J;GX

7&''%+-23"*'&$%7)&%8"#,"%*"'#&%-3'$%-&'%&'$'*%*)%U'&)%Yl'//'+56%B2$*&#-,)%'*%-.:%Q^^VZ:%@/'%

)7% *"'% 4',"-/#$4$% *"-*% "-$% 9''/% '.2,#+-*'+% 8"#,"% #/1).1'+% #/% *"'% J;G% -$544'*&#,%

$'3&'3-*#)/%#$%95%*'*"'&#/3%*)%4)*"'&%/2,.'-&%()&'%,)4(.'T%YKMGZ%2/+'&%*"'%&'32.-*#)/%)7%

>BNB%,)4(.'T%Y='/)*"XA#((2/'&6%l&U5U-/)8$<#%'*%-.:%R_QVZ:%>BNB%,)4(.'T%#$%$")&*%7)&%>(*X

B+-XN,/WXB,'*5.*&-/$7'&-$'% ,)4(.'T:% 0*% #$% )/'% )7% *"'% 4-a)&% *&-/$,&#(*#)/-.% &'32.-*)&%

,)4(.'T'$%7)&%3'/'%'T(&'$$#)/:%!"'%>BNB%,)4(.'T%#$%,)/$*#*2*'+%)7%Q]%$292/#*$%-/+%&'32.-*'%

,"&)4)$)4-.%$*&2,*2&'%95%"#$*)/'%()$*X*&-/$.-*#)/-.%4)+#7#,-*#)/:% 0*$%'/U54-*#,%-,*#1#*#'$%

#/,.2+'%"#$*)/'%-,'*5.-*#)/%95%N,/W%,)4(.'T%-/+%"#$*)/'%+'X29#b2#*#/-*#)/%95%4=IE%4)+2.'%

YD#32&'%S:Q_BZ%Yf-/%-/+%c).9'&3'&%R_QWZ:%

!"#$%&'?)M'Comparison of cell cycle duration between WT and fob1Δ'

The boxplot graph compares the cell cycle duration og WT and fob1Δ mutant. (N=338)%



&$"

0*%"-$%9''/%72&*"'&%2/,)1'&'+%*"-*%#/%*"'%>BNB%42*-/*6%J;G%,-/%-9/)&4-..5%(&)(-3-*'%7&)4%

4)*"'&%*)%+-23"*'&%5'-$*%YD#32&'%S:Q_EZ%Y='/)*"XA#((2/'&6%l&U5U-/)8$<#%'*%-.:%R_QVZ:%!"'$'%

42*-/*$%Y>BNB%,)4()/'/*%+'.'*#/3%42*-/*$Z%.-,<#/3%J;G%-/,")&-3'%,-(-,#*5%'T"#9#*%.)/3'&%

;A>%*"-/%c!:%!"'%-2*")&$%(&)()$'+%*"-*%>BNB%,)4(.'T%$'&1'%*)%'/"-/,'%J;G%-/,")&-3'%)/%

KMG% -/+% &'$*&#,*% #*$% $'3&'3-*#)/% *)% +-23"*'&% ,'..:% 0% *"'/% ,")$'% *"'% >BNB%4=IE%4)+2.'%

mutants: sgf73Δ and ubp8Δ mutants which are known to be longX.#1'+% -/+% "-$% 9''/%

#/1'$*#3-*'+%(&'1#)2$.5%Y?,G)&4#,<6%?-$)/%'*%-.:%R_QVZ:%

J;G%-$544'*&#,%$'3&'3-*#)/%,-/%-.$)%9'%&'32.-*'+%95%*"'%+#772$#)/%9-&&#'&%.),-*'+%*)%*"'%92+%

/',<% 9'*8''/%4)*"'&% -/+% +-23"*'&:% 0*% "-$% 9''/% (&)1'+% *"-*% E2+[X+'('/+'/*% +#772$#)/%

9-&&#'&% $'&1'% *)% ,)/7#/'% J;G% $'3&'3-*#)/% #/%4)*"'&% ,'..% Y>","'(&)1-6% E-.+#% '*% -.:% R__]Z:%

O'/,'6%92+[%"-$%9''/%7)2/+%*)%9'%-%.)/3X.#1'+%42*-/*%+2'%*)%J;G%92+%/',<%(&)(-3-*#)/%

7&)4%4)*"'&%*)%+-23"*'&%,'..$:%

!"#$%&'?)(6'KT*T'=.9,0&H'+24';=-&9+1"='/"#$%&'./'KT*T'9$1+21'+4+,1&4'/%.9'3Y&2.1-P

C",,$2&%D'b%WAW+2.>;N"'&1'+0)'<6(B8'

BC%4=IE%4)+2.'%)7%>BNB%,)4(.'T%Y-+-(*'+%7&)4%G-/U)/'*-%'*%-.:6%R_Q[Z:%

EC%>,"'4-*#,%7#32&'%$")8#/3%J;G%&'*'/*#)/%,-(-,#*5%#/%c!%-/+%>BNB%42*-/*$:%0/%c!6%>BNB%

,)4(.'T%"'.($%*)%*'*"'&%J;G%)/%*"'%KMG%-/+%(&'1'/*%*"'%J;G%(&)(-3-*#)/:%0/%>BNB%42*-/*6%

*"'%J;G%-&'%/)*%*'*"'&'+%*)%KMG6%*"'&'7)&'%(&)(-3-*#)/%)7%J;G%*)%*"'%+-23"*'&%,'..%#$%4)&'%

7&'b2'/*%#/%>BNB%42*-/*:%



&)"

R:R%;'$2.*%

R:R:Q%;A>%-/-.5$#$%7)&%1'&#7#,-*#)/%)7%.)/3X.#1'+%42*-/*$%

B9)1'%4'/*#)/'+%42*-/*$C%$37\SΔ,%ubp8Δ and bud6Δ are monitored for time lapse ageing 

'T('&#4'/*:%Bud6Δ mutant shows a similar RLS to WT in our hand (Figure 3.1QZ:%M&)9-9#.#$*#,%

SEP is not observed in this mutant. From statistical test between the bud6Δ and WT, both 

;A>%-/+%>JM%-&'%$#4#.-&:%!"#$%42*-/*%+)'$%/)*%$")8%.)/3'&%;A>% #/%4#,&)7.2#+#,%$5$*'4:% 0/%

-++#*#)/6%9)*"%,'..%,5,.'%+2&-*#)/6%>JM%(&)9-9#.#*5%Y(&)()&*#)/%)7%8#*"X>JM%-/+%/)X>JM%,'..$Z%

-&'%$#4#.-&%,)4(-&'%*)%c!:%!"'&'7)&'6%/)%72&*"'&%-/-.5$#$%8-$%('&7)&4'+%#/%*"#$%42*-/*:%

!"#$%&'?)(('RLS and cell cycle duration trajectories in bud6Δ mutant compare to WT'

B: ;A>%$2&1#1-.%,2&1'%#$%)9$'&1'+%#/%92+[Δ 42*-/*%-/+%c!:%YKnW_Z

E: G).)&Xcoded cell cycle duration trajectories of WT and bud6Δ. The probability for SEP onset

Y�]_hZ%-/+%,'..%,5,.'%+2&-*#)/%Y]_%4#/Z%+)%/)*%$")8%$#3/#7#,-/*%+#77'&'/,':



&*"

"

D)&%*"'%)*"'&%R%>BNB%42*-/*$6%;A>%'T*'/$#)/%,-/%9'%4'-$2&'+%YD#32&'%S:QRZ:%!"'%4'+#-/%;A>%

of the three strains WT, sgf73Δ and ubp8Δ are respectively 27.5 (±0.8), 34 (±1) -/+%SQ:W%

(±0.9). Using boxplot graphic to present the RLS and combining with statistical test, sgf73Δ 

seems to exhibit more longevity extension compare to ubp8Δ.%

%

%

c"'/% #/1'$*#3-*#/3% *"'%>JM% #/%>BNB%42*-/*$6% 0% 7)2/+%$2&(&#$#/3.5% *"'%/)X>JM% ()(2.-*#)/%

8"#,"% #/+#,-*'% *"-*% >JM% #$% 2/+'&% *"'% &'32.-*#)/% )7% >BNB% 4=IE% 72/,*#)/% -$% 8'..:% !"'%

(&)9-9#.#$*#,% >JM% '1'/*% -4)/3% -..% *"'% 4)*"'&$% -/+% *"'% )/$'*% )7% >JM% #/% 8#*"X>JM%

$29()(2.-*#)/%-&'%-/-.5U'+%YD#32&'%S:QSZ:%

%

%

%

%

%

%

%

%

%

!"#$%&'?)(<'RLS extension observed in sgf73Δ and upb8Δ mutants'

E)T(.)*%3&-("%)7%;A>%)7%c!%-/+%>BNB%42*-/*$:%>BNB%42*-/*$%$")8%'T*'/+'+%;A>:%B1'&-3'%

RLS for sgf73Δ (N=85) is 34 and upb8Δ (N=102).  !"'%.'3'/+%#/+#,-*'$%*"'%4'-/%|$*-/+-&+%

'&&)&%)/%4'-/:%>*-*#$*#,-.%*'$*%"-$%9''/%('&7)&4'+6%8"'/%,)4(-&#/3%8#*"%c!%;A>6%$3773Δ 

shows significant increase of RLS whereas ubp8Δ shows less significant increase.%



&+"

R:R:R%B.*'&/-*#1'%>JM%+'*'&4#/-*#)/%-((&)-,"%7)&%$37\SΔ%>BNB%42*-/*%

!"'%$()/*-/')2$%.)/3%,'..%,5,.'%+2&-*#)/%&'(&'$'/*'+%#/%&'+%,-/%9'%$''/%#/%,).)&%,)+'+%,'..%

cycle duration trajectories. Comparing SAGA mutants with WT, the both ubp8Δ and sgf73Δ 

$''4%*)%$")8%$()/*-/')2$%-/+%'&&-*#,%.)/3%,'..%,5,.'%+2&#/3%'-&.5%-3':%B/+%*"'%4)$*%$'1'&'%

phenotype with spontaneous long cell cycle at early stage is the sgf73Δ mutant. I then focus 

on sgf73Δ mutant for further analysis solely, since the two SAGA mutants are involved i/%*"'%

$-4'%'/U54-*#,%72/,*#)/:%K)*%)/.5%,'..%,5,.'%+2&-*#)/%9',)4'%#&&'32.-&6%*"'%5)2/3%4)*"'&%

,'..% $")8$% (&).)/3'+% ,'..% ,5,.'% -$%8'..:%c"'/% -/-.5U#/3% *"'% >JM% 9-$'+% )/% *"'% ,'..% ,5,.'%

$2++'/%'T*'/$#)/6%#*%9',)4'%+#77#,2.*%-/+%#/-,,2&-*'%+2'%*)%#&&'32.-&%-/+%'T*'/+'+%(&'X>JM%

,'..%,5,.'%+2&-*#)/%YD#32&'%S:QVBZ:%

!"#$%&'?)(?'E&00'=A=0&'4$%+1".2'1%+Z&=1.%A'./'_O'+24'KT*T'9$1+21;'

!"'%&'(&'$'/*-*#1'%,).)&Xcoded cell cycle duration trajectories for WT, sgf73Δ and ubp8Δ 

mutants (N>36). Erratic and spontaneous long cell cycle in red can be observed in sgf73Δ 

42*-/*:%



&,"

0*% -.$)% 8)&*"% /)*#/3% *"-*% 9)*"% ,'..% ,5,.'% +2&-*#)/% -/+% "#$*)/'% (&)*'#/% 'T(&'$$#)/% .'1'.%

#/,&'-$'%2()/%>JM:%c"'/%(.)**#/3% *"'%OR9%"#$*)/'%(&)*'#/% 7.2)&'$,'/,'%'1).2*#)/%)7% *"'%
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show much longer cell cycle duration in sgf73Δ mutant (105 ± 15 min) compare to WT (80 ± 
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regression using previously described ‘findSEP’ code. The SEP found at ‘0’ is indicated by bold 
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loss of random ERC copies in sgf73Δ mutants. It seems that ERC accumulation is more tightly 
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0% *"'/% 7),2$% )/% $gf73Δ to investigate the SEP dynamic in withX>JM% $29()(2.-*#)/:%

Surprisingly, sgf73Δ mutants also show SEP probabilistic event .#<'%the fob1Δ strain. Both noX
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When looking at the SEP onset, the SEP of sgf73Δ is .#<'%c!%YD#32&'%S:Q[Z:%D&)4%$*-*#$*#,-.%

*'$*6%*"'%>JM%#$%#+'/*#,-.:%B%()$*XSEP extension can be observed in sgf73Δ mutant. Due to the 

pattern observed previously in fob1Δ, the mechanism involved in longev#*5%'T*'/$#)/%7)&%*"'%
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of sgf73Δ strain show slightly longevity extension. !"'%.'3'/+%#/+#,-*'$%*"'%4'-/%|$*-/+-&+%
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Eq%The histogram graph of SEP comparison in both sgf73Δ and WT.  The SEP of sgf73Δ mutant 
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A#<'%the case of fob1Δ mutant, nuclear size, histone protein expression level and N/C ratio 

-&'%,)4(-&'+%#/%8#*"XSEP population for sgf73Δ and WT. In sgf73Δ mutant, this nuclear size 
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From previously study that sgf73Δ extend RLS via Sir2 function by reducing rDNA 

recombination (McCormik et al., 2015), I speculate that sgf73Δ mutant show two major 
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the fob1Δ mutant with very low ERC formation rate exhibiting much higher proport#)/%)7%

/)XSEP subpopulation compare to WT. The weakening of ERC retention in sgf73Δ could be 

!"#$%&'?)(J'E.9,+%";.2'./'KEP characteristics in sgf73Δ and WT'

!"'%'1).2*#)/%)7%,'..%,5,.'%+2&-*#)/6%O!ERXsfGFP and N/C ratio in sgf73Δ and WT (aligned by 
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difference, only the daughter cells’ second cell cycle is counted for &'a21'/-*#)/%-/-.5$#$:%
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Q: !"'%&'.-*#)/$"#(%9'*8''/%"#$*)/'%Y/2,.')$)4'Z%-/+%'T,'$$%J;G

O#$*)/'%#$%8'..%$,-.'+%8#*"%J;G`=KB%.'1'.%9)*"%9'7)&'%-/+%-7*'&%>JM:%!"'%*#3"*%$,-.#/3%4-5%

9'%-%&'-$)/%7)&%/'2*&-.#U#/3%-/+%$*-9#.#U#/3%/'3-*#1'.5%,"-&3'+%'T,'$$%J;G:%!"'&'%#$%(&)9-9.5%

-%$*&2,*2&'%7)&4'+%9'*8''/%J;G%-/+%/2,.')$)4':%O'/,'6%8'%,)2.+%$(',2.-*'%*"-*%.)$$%)7%

"#$*)/'%4-5%9'%-,,)4(-/#'+%8#*"%J;G%.)$$%-*%).+%-3':%!"#$%"5()*"'$#$%,-/%9'%$2(()&*'+%95%

*"'% )9$'&1-*#)/% )/% >BNB% 42*-/*% YD#32&'% [:QZ6% 8"'/% .'$$% "#$*)/'% -,,242.-*#)/% &-*'% #$%

)9$'&1'+% +2&#/3% ()$*X>JM% ('&#)+6% *"'% *)T#,#*5% #/+2,'+%95% J;G% -,,242.-*#)/% 9',)4'% .'$$%

(&)/)2/,'+%-/+%'T"#9#*%-%(&).)/3'+%()$*X>JM%.#7'$(-/%#/%$37\SΔ mutant.%

!"#$%&'5)('X";1.2&',%.1&"2'/0$.%&;=&2=&'&7.0$1".2'4$%"2#'+#&"2#'+0"#2&4':A'K[\'

D.2)&'$,'/,'%'1).2*#)/%)7%O!ERXsfGFP reporter strain in both WT and sgf73Δ mutant. For 

c!6%)/%-1'&-3'%()$*X>JM% .#7'$(-/% #$%W%+#1#$#)/:%!"'%c!%"#$*)/'%7.2)&'$,'/,'% .'1'.%#/%9.2'%

+-$"'+% .#/'% $")8$% -% .#/'-&% 7#*% )7% #/,&'-$#/3% <#/'*#,% )7% -9)2*% RS[__:%c"'&'-$% #/% sgf73Δ 

42*-/*6%*"'%-1'&-3'%()$*XSEP lifespan is 8. The linear fit of orange dashed line for sgf73Δ 

"#$*)/'%(&)*'#/%$")8%#/,&'-$#/3%<#/'*#,%Q]VQ_:%!"'%>JM%#$%&'(&'$'/*'+%#/%&'+%+-$"'+%.#/'6%*"'%
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In the result of sgf73Δ, we have observed specifically postX>JM%+#1#$#)/%'T*'/$#)/:%D)&%(&'X

>JM%('&#)+6%*"'%/249'&%)7%J;G%#$%2/-9.'%*)%-$$24'%+2'%*)%.-,<%)7%+#&',*%&'()&*'&%-/+%*"'%

*).'&-/,'%)7%4)*"'&%5'-$*%9'7)&'%*"'%J;G%&'-,"%-%*"&'$").+% 7)&%*&#33'&#/3%>JM:%O)8'1'&6%

-7*'&%>JM6% *"'% J;G%9',)4'%'T,'$$#1'%-/+%4-5% &'b2#&'%>BNB%-/,")&-3'% 72/,*#)/% 7)&%J;G%
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9',)4'%&'a21'/-*'+%$")8#/3%7-$*'&%,'..%,5,.'%+2&-*#)/%-7*'&%#/"'&#*#/3%'T,'$$%c"#W%(&)*'#/%
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-.)/3%8#*"%J;GZ%4-5%*&#33'&%&'a21'/-*#)/%#/%).+%4)*"'&:%
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&1'+0)'<6(L8'

?Q%).+%4)*"'&%-,,242.-*'%c"#W%7)&%+'.-5#/3%NQ%("-$':%c"'&'-$%?R%4)*"'&%$'3&'3-*'+%

whi5 into the daughter cell and undergo fast cell cycle duration for being ‘rejuvenated’.%
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R: @T#+-*#1'% $*&'$$% &'.-*'+% &=KB% $*-9#.#*5% #/+2,*#)/% -/+% .'$$% J;G

7)&4-*#)/

A)/3'1#*5%'T*'/$#)/%)9$'&1'+%#/%J;GXrelated mutants (fob1Δ, SAGA mutants) prolong RLS by 

.'$$%J;G%7)&4-*#)/%-/+% #/+2,'%-%()&*#)/%)7%,'..$% .#1'% .)/3'&%8#*")2*%>JM:%c"'&'-$6%OR@R%

")&4'*#,% *&'-*4'/*% -/+% !$-Q% (&)*'#/% )1'&% 'T(&'$$#)/% 'T*'/+% ;A>% 95% +'.-5% >JM% 8"#,"%

(&)9-9.5%*"&)23"%)1'&-..%9'**'&%&=KB%$*-9#.#*5%4-#/*'/-/,':%
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$(',2.-*'% *"-*%8"'/% 7-,#/3%-/%)T#+-*#1'% $*&'$$6%4-/5%4',"-/#$4$% #/1).1'+% #/%(&)*',*#/3%

(&)*'#/6%=KB%-/+%-.*'&#/3%4'*-9).#$4%-&'%-,*#1-*'+%*"&)23"%!$-Q%)1'&'T(&'$$#)/:% 0*% *"'/%

8)&*"% #/1'$*#3-*#/3%*"'%!$-Q%)1'&'T(&'$$#)/X#/+2,'+%(&)*',*#1'%+)8/$*&'-4%4',"-/#$4$%

#/1).1'+% #/% 3'/)4'% $*-9#.#*5% 4-#/*'/-/,':% !"'% 4',"-/#$4% 2/+'&.5#/3% 4-59'% -.&'-+5%

2/,.)$'+6%7)&%#/$*-/,'C%*"'%=KB%&'(-#&%4',"-/#$4%-,*#1-*#)/6%8"#,"%'77#,#'/*.5%4-#/*-#/%*"'%

3'/)4'%$*-9#.#*5%#/%!>BQ@J%42*-/*:%0*%,)2.+%-.$)%9'%-/%2/</)8/%4',"-/#$4%8"#,"%"-$%9''/%

2/,.)$'+%-/+%2/&'.-*'+%*)%=KB%&'32.-*#)/%+#&',*.56%7)&%#/$*-/,'C%*"&)23"%-%$(',#7#,%7'&4'/*)X

&'$(#&-*)&5% 4'*-9).#$4% 8"#,"% $*-9#.#U'% 3'/)4'% *"&)23"% -/% 2/'T(',*'+% '(#3'/'*#,%

4).',2.-&%(-*"8-5:%?-/5%()$$#9#.#*#'$%*"-*%,-/%9'%(&)()$'+%7)&%-/)*"'&%9#3%(&)a',*:%

S: J1#+'/,'% 7)&%3'/)4'%$*-9#.#*5%4-#/*'/-/,'%2/+'&%)T#+-*#1'%(&'X

$*&'$$

E-$'+%)/%*"'%)9$'&1-*#)/%)7%")&4'*#,%OR@R%.)/3'1#*5%'T*'/$#)/6%#*%"-$%9''/%(&)()$'+%*"-*%
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(&)*'#/% 72/,*#)/$% -/+% (&'1'/*% -3'#/3:% @/'% (&))7% )7% (&#/,#(.'% 'T('&#4'/*% "-$% 9''/%
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/)&4-.%4'+#24%YP#+')%[:SBZ6%-/)*"'&%3&)2(%)7%,'..$%2/+'&%")&4'*#,%OR@R%,)/,'/*&-*#)/%

YP#+')%[:SEZ:%%
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1#+{[:SE:-1#%

c"'/% 7-,#/3% -/% '/1#&)/4'/*-.% $*&'$$6% *"'% J;G% $#3/-.% )7% ,)/*&).% 3&)2(% ,'..$% #/,&'-$'$%

$#3/#7#,-/*.56%$")8%-9&2(*%J;G%7)&4-*#)/%2()/%$(-,'X#/+2,'+%$*&'$$:%!"#$%$233'$*$%*"-*%J;G%

7)&4-*#)/`'T,#$#)/%-/+%&#9)$)4-.%9#)3'/'$#$%4-5%9'%#4()&*-/*%Y95%(&)*'#/%9#)$5/*"'$#$Z%*)%

-,*#1-*'% $*&'$$% +'7'/$'% 4',"-/#$4$:% A'$$% #/,&'-$'% -/+% &'.-*#1'.5% $*-9.'% J;G% $#3/-.% -&'%

)9$'&1'+%#/%*"'%,'..$%#/,29-*'+%#/%")&4'*#,%OR@R%,)/,'/*&-*#)/:%!"#$%)9$'&1-*#)/%,)/7#&4%

*"-*% -% &'.-*#)/$"#(% 'T#$*$% 9'*8''/% $*&'$$% -/+% J;G% 7)&4-*#)/`&=KB% #/$*-9#.#*5:% B/+% 4#.+%

)T#+-*#1'% $*&'$$% ,-/% 9'% 9'/'7#,#-.% *)% (&'1'/*% -3'#/3% 95% 9'**'&% 4-#/*'/-/,'% )7% J;G%

7)&4-*#)/`&=KB%$*-9#.#*5:%
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)7%_:W4?%OR@R% YP#+')% [:VZ:%!"#$% 1#+')% $")8$%,'..$%2/+'&% .-&3'%+)$'%)7% $*&'$$6% *"'% &=KB%

#/$*-9#.#*5%-/+%J;G%7)&4-*#)/%$*-&*$%*)%#/,&'-$'%9'7)&'%*"'%$(-,'%9',)4'%,)/$*&-#/'+:%

V"4&.'5)?T'U24$=1".2'./'%YGT'"2;1+:"0"1A'+24'[SE'/.%9+1".2'/+="2#'&27"%.29&21+0';1%&;;'

J;G%7.2)&'$,'/,'%'1).2*#)/%8"'/%7-,#/3%'/1#&)/4'/*-.%$*&'$$:%G)/*&).%,'..$%8#*")2*%(&'X

*&'-*4'/*% )7% )T#+-*#1'% $*&'$$% $")8% -9&2(*% J;G% 7)&4-*#)/% 2()/% $(-,'% ,)/$*&-#/*$:% J;G%

&'()&*'&%$*&-#/%$")8$%+#&',*%&=KB`J;G%7)&4-*#)/%+5/-4#,:%

V"4&.'5)?^'\%&1%&+19&21'./'9"04'X<`<'-.%9&1"=';1%&;;';1+:"0"W&'%YGT'+24',%&7&21'/%.9'

.1-&%';1%&;;''

J1).2*#)/% )7% J;G% 7.2)&'$,'/,'% .'1'.% #/% ,'..$% ,2.*2&'+% #/% W_�?% OR@R% ,)/,'/*&-*#)/:%

&=KB`J;G%7.2)&'$,'/,'%$#3/-.%$")8%.'$$% #/,&'-$'% #/%7&)/*%)7% $(-,'%,)/$*&-#/*$:%!"'%J;G%

&'()&*'&%$*&-#/%$")8$%+#&',*%&=KB`J;G%7)&4-*#)/%+5/-4#,:%
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B/)*"'&% $2(()&*#1'% )9$'&1-*#)/% #$% (&)1#+'+% 95% 7)9QΔ% 42*-/*:% !"#$% 42*-/*% #$% .)/3X.#1'+%

compare to WT yet was not ‘evolutionary selected’. It must be pointed out that two main 

resources that are necessary for microorganisms’ survivorship: nutrient and space (Ghoul 

-/+%?#*&#%R_Q[Z:%c"'/%0%/)*#,'+%*"-*%*"#$%42*-/*%$")8$%4)&'%$*-9.'%J;G%.'1'.%Y&'.-*#1'.5%.'$$%

*"-/%c!Z%YN-/.'56%0+'%'*%-.:%R__^Z%-/+%#*$%,'..%,5,.'%+2&-*#)/%#$%$.#3"*.5%92*%$#3/#7#,-/*.5%.)/3'&%

than WT. I proposed two reasons for ‘not been selected’ compare to WT. Firstly, by shorter 

,'..%,5,.'%+2&-*#)/6%c!%4-5%&-(#+.5%#/,&'-$'%#/%()(2.-*#)/%7)&%$(-,'%-/+%/2*&#'/*%),,2(-*#)/:%

>',)/+.56% 8"'/% 7-,#/3% 1-&#)2$% '/1#&)/4'/*-.% $*&'$$% 7&)4% *"'% 8#.+6% c!% 4-5% 9'% 4)&'%

&'$()/$#1'% Y95% #/+2,#/3% &=KB% #/$*-9#.#*5`J;G% 7)&4-*#)/Z% *"-/% 7)9QΔ% 42*-/*% Y.'$$% J;G%

#/+2,#/3Z%7)&%-,*#1-*#/3%$*&'$$%+'7'/$'%4',"-/#$4$:%

B$%-%,)/,.2$#)/6%*"'%&=KB%#/$*-9#.#*5`J;G%7)&4-*#)/`&#9)$)4-.%9#)3'/'$#$%4-5%9'%,&2,#-.%7)&%

$*&'$$%+'7'/$'%4',"-/#$4:%M&'X-,*#1-*#)/%)7% $*&'$$%+'7'/$'%4',"-/#$4%95%4#.+%)T#+-*#1'%

$*&'$$%4-5%(&)1)<'%+'7'/$'%-/+%(&)*',*#1'%&'$()/$'%8"#,"%'1'/*2-..5%&'$2.*%#/%.'$$%&=KB%

#/$*-9#.#*5`J;G%7)&4-*#)/:%

V: =#$,)1'&5%)7%-/%2/</)8/%!$-Q%72/,*#)/

!"'%+2-.%(&)*',*#1'%72/,*#)/$%)7%!$-Q%"-1'%9)*"%9''/%&'()&*'+%7)&%#*$%#4(-,*%)/%(&'1'/*#/3%

-3'#/3%YO-/UL/6%P#'.7)&*%'*%-.:%R_Q[Z:%D&)4%*"'%(&)()&*#)/%)7%9)*"%7&''%Y^[hZ%-/+%-33&'3-*'%

Y[hZ%7)&4$%)7%(&)*'#/6%8'%,)2.+%,)/,.2+'%*"-*%('&)T#+-*#,%-,*#1#*5%)7%(&)*'#/%4-5%9'%-%4)&'%

#4()&*-/*%72/,*#)/:%!"#$%$(',2.-*#)/%#$%*"'/%1'&#7#'+%95%*$-QX1-&#-/*%42*-/*$:%E5%,"-/3#/3%

*"'%<'5%,5$*'#/'%&'$#+2'$%)7%!$-Q%(&)*'#/6%!$-Q%42*-/*%(&)*'#/%1-&#-/*$%,-/%&'$(',*#1'.5%

'T"#9#*% *8)%$'(-&-*'%72/,*#)/$:%!"'$'%!$-QX1-&#-/*%42*-/*$%,-/%9'%'T(&'$$'+%2/+'&%*"'%

&'32.-*#)/%)7%'/+)3'/)2$%(&)4)*'&:%!"'$'%!$-QXvariant mutants’ RLS are then measured 

YD#32&'%[:WZ%-/+%*"'%&'$2.*%$233'$*$%*"-*%,"-('&)/%72/,*#)/%4-5%9'%4)&'%#4()&*-/*%*"-/%

('&)T#+-*#1'%72/,*#)/%7)&%(&'1'/*#/3%-3'#/3:%

!"#$%&'5)B'[7.0$1".2'./'[SE'/0$.%&;=&2=&'>-&2'=&00;'+%&'=$01$%&4'$24&%'9+;;"7&'X<`<';1%&;;'

+1'6)F9@'=.2=&21%+1".2'
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D&)4%*"'%;A>%-/-.5$#$%&'$2.*6%8'%)9$'&1'%*"-*%$2&(&#$#/3.56%GQ\Q>%42*-/*%.#1'%.)/3'&%*"-/%=fD%

42*-/*:% !"#$% $233'$*$% *"-*% ,"-('&)/% 72/,*#)/%4-5% )1'&&#+'% *"'% ('&)T#+-*#,% 72/,*#)/% 7)&%

(&'1'/*#/3%-3'#/3:%O)8'1'&6%*"'%,"-('&)/%(&)*'#/%7&-,*#)/%#$%$)%.#**.'%Y[hZ6%(.2$%*"#$%$4-..%

7&-,*#)/%)7%O?c%!$-Q%9',)4'%.'$$%-7*'&%>JM:%

0/% -++#*#)/% *)% *"#$% )9$'&1-*#)/6% -% 3'/)4'% $*-9#.#*5%4-#/*'/-/,'% 72/,*#)/% )7% !$-Q% ,-/% 9'%

-$$24'+:%D&)4%*"'%&'$2.*% *"-*%*$-QΔ 42*-/*%$")8$%1'&5%$")&*%&'(.#,-*#1'% .#7'$(-/%YD#32&'%

[:WZ6%(.2$%*"'%!$-Q%(&)*'#/%#/,&'-$'%#*$%'T(&'$$#)/%.'1'.%-*%*"'%9'3#//#/3%)7%;A>%2(%*)%*8)X

7).+:%c'% ,)2.+% $(',2.-*'% *"-*% !$-Q% #$% ,&2,#-.% 7)&% '-&.5% $*-3'%3&)8*"%8"'/% ,'..% (&)+2,#/3%

4-$$#1'%d;@>e:%@/%*"'%,)/*&-&56%)1'&'T(&'$$%!$-Q%#/%!>BQ@J%$")8%+'.-5'+%>JM%95%.'$$%J;G%

-,,242.-*#)/`9'**'&%&=KB%$*-9#.#*56%8'%,)2.+%$(',2.-*'%*"-*%!$-Q%(&)*'#/%4-5%,)/*&#92*'%*)%

-%4',"-/#$4%7)&%3'/)4'%$*-9#.#*5%4-#/*'/-/,':%f'*%*"'%()*'/*#-.%4',"-/#$4$%,)/*&#92*#/3%

*)% *"'% 3'/)4'% $*-9#.#*5% 4-#/*'/-/,'% &'4-#/% 2/,.'-&i% @/'% )7% *"'% 4',"-/#$4$% *"-*%

,)/*&#92*#/3% *)% 3'/)4'% $*-9#.#*5% #$% *"&)23"% $.)8% ,'..% 3&)8*"% YP#/*)/% -/+%c'#/'&*% R_Q\Z6%

*"'&'7)&'% 0% 4'-$2&'+% *"'% 3&)8*"% &-*'% 9'*8''/% *$-QΔ6% c!% -/+% !>BQ@J% YD#32&'% [:[Z:%

>2&(&#$#/3.56%*"'%3&)8*"%&-*'%4''*$%*"'%$(',2.-*#)/6%*"'%!>BQ@J%#/+''+%9'**'&%4-#/*-#/%*"'%

3'/)4'%$*-9#.#*5%*"&)23"%-%$.)8'&%3&)8*"%("'/)*5(':%!"#$%.'-+$%*)%72&*"'&%b2'$*#)/6%8"-*%

4-5%9'%*"'%&'32.-*)&5%4',"-/#$4i%

!"#$%&'5)F'O;+(P7+%"+21'9$1+21;'+24'1-&"%'SCK'+2+0A;";'

!"'% .#$*%)7%!$-QX1-&#-/*%42*-/*$% #$% *'$*'+%-/+% *"'#&%;A>%-/-.5$#$% #$% $")8/% *)% *"'% &#3"*%95%

$2&1#1-.%,2&1':%!"'%!>BQ@J%$")8%S\:W%4'+#-/%;A>q%c!%R\:Wq%=fD%QWq%=fG:GQ\Q>%Q_q%GQ\Q>%

RQq%GV]>%Q_:Wq%*$-QΔ 11.
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W: B,,242.-*#)/%)7%)T#+-*#1'%$*&'$$%-*%*"'%9'3#//#/3%)7%;A>

;'-.X*#4'% 4)/#*)&#/3% 7)&% 4).',2.-&% +5/-4#,% )7% &'+)T% ")4')$*-$#$% #$% ('&7)&4'+% 2/+'&%

&'(.#,-*#1'%-3'#/3%9-,<3&)2/+:%!")23"%*"'%&'$2.*%#$%1'&5%(&'.#4#/-&56%*"'%#/,&'4'/*%)7%&'+)T%
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$#3/#7#,-/*%#/,&'-$#/3%$#3/-.%+2&#/3%7#&$*%*'/%3'/'&-*#)/$:%@*"'&%$*2+5%"-$%)9$'&1'+%$#4#.-&%

&'-+%)2*%YD#32&'%[:\Z%Yl/#'�%-/+%?-5'&%R_Q[Z:

!"#$%&'5)5'*%.>1-'%+1&'9&+;$%&9&21'"2'_OD'1;+(Δ'+24'OKT(`['9$1+21;'

!"'%$,"'4-*#,%3&)8*"%&-*'%4'-$2&'4'/*%#$%+&-8/%*)%*"'%.'7*:%!"'%9)T(.)*%)7%3&)8*"%&-*'%#$%

$")8/%*)%*"'%&#3"*6%*"'%4'-$2&'4'/*%#$%*"'/%1'&#7#'+%8#*"%$*-*#$*#,-.%*'$*:%%
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)9$'&1'+%#/%)2&%b2-/*#7#,-*#)/:%!"#$%&'$2.*%,)&&'.-*'$%72&*"'&%8#*"%*"'%&'$2.*%)7%!>BQXNDM6%#7%

-.#3/'+%95%9#&*"6%$.#3"*%7.2)&'$,'/,'%7.2,*2-*#)/%-&)2/+%>JM%4-59'%9.2&&'+%+2'%*)%*"'%,'..X

*)X,'..%"'*'&)3'/'#*5:%!"#$%)9$'&1-*#)/%$233'$*$%*"-*%&'+)T%9-.-/,'%,)2.+%9'%$*2+#'+%2$#/3%

(&)('&%'/+)3'/)2$%NDM%&'()&*'&%$*&-#/%#/%4#,&)7.2#+#,%$5$*'4:%!"#$%*)).%,-/%9'%+'1'.)('+%

7)&%4)&'%$*2+5%&'3-&+#/3%*"'%")&4'*#,%.)/3'1#*5%'T*'/$#)/%-/+%#/%.)/3X.#1'+%!>BQ@J%42*-/*:%

B3'#/3%#$%-%,)4(.'T%-/+%42.*#7-,*)&#-.%/'*8)&<:%!"'%72/+-4'/*-.%2/+'&$*-/+#/3%)7%,'..2.-&%

-3'#/3%(&),'$$%4-5%9'%a2$*%-%$4-..%9&#,<%#/%7&)/*%)7%-%9#3%8-..:%f'*%-..%3&'-*%92#.+#/3$%-&'%92#.*%

2(%7&)4%$4-..%9&#,<$:%

!"#$%&'5)J'[7.0$1".2'./'"21%+=&00$0+%'X<`<'3%&7&+0&4':A'`%,(P%.*!\<8'$24&%'%&;,"%+1.%A'

=.24"1".2'.7&%'1"9&'

!"'%,2&1'%#/%3&''/%4'-$2&'$%*"'%-,,242.-*#)/%)7%d;@>e%95%,)2/*#/3%92+%$,-&$%Y+#1#$#)/$Z:%

0/% *"'% 3&-("#,% 9'.)86% *"'% 4)*"'&% ()(2.-*#)/% 4'-$2&'+% #/% &'+% +)*% -/+% ,)&&'$()/+#/3%

)77$(&#/3%#$%$")8/%#/%9.2'%*&#-/3.':%
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"

G"-(*'&%P00%

?-*'&#-.$%-/+%?'*")+$%
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Q: f'-$*%$*&-#/$%-/+%4'+#-

B..%$*&-#/$%2$'+%-&'%,)/3'/#,%*)%>R]],6%2/.'$$%$(',#7#'+:%O*9RX$7NDM%$*&-#/%8-$%3'/'&-*'+%95%

,.-$$#,-.%MG;X4'+#-*'+%3'/)4'%'+#*#/3%7&)4%(&'1#)2$%8)&<%YN-&4'/+#-X!)&&'$%'*%-.:6R_Q]Z:%

B..%NDMX.-9'..'+%$*&-#/$%8'&'%7&)4%*"'%f'-$*%NDM%G.)/'%G)..',*#)/%(&)1#+'+%95%?#,"-'.%l/)(%

(Huh et al., 2003). fob1Δ, tsa1Δ strains were purchased from Euroscarf%-/+%sgf73Δ, ubp8Δ, 

bud6Δ% </),<X)2*% ,)..',*#)/% 7&)4% >5.1#'% D&#-/*’s lab. These strains are then ,&)$$'+%8#*"%

$*&-#/$%,)/*-#/#/3%*"'%&'.'1-/*%$7NDM%4-&<'&$%-/+%3'/)*5('+%95%MG;:%A-,@X&=KB%s%A-,0XNDM%

$*&-#/%Y?#5-U-<#%-/+%l)9-5-$"#6%R_QQZ%8-$%Ef%9-,<,&)$$'+%$*&-#/%7&)4%!?f]%$*&-#/%95%=&:%

>-/+&#/'%?)&.)*%Y?)&.)*%'*%-.:6%R_Q^Z:%!$-QX1-&#-/*%42*-/*$%8'&'%(&)1#+'+%95%M&)7:%?#,"'.%

!).'+-/)"!!"'%.#$*%)7%$*&-#/$%2$'+%#/%45%*"'$#$%&'()&*%,-/%9'%7)2/+%#/%*"'%*-9.'%9'.)8%Y!-9.'%

\:QZ:%

O+:0&'J)('O+:0&'./';1%+"2;'

"#$%&'()*%+,! -,'.#/0,! 1,2,$,'3,)".4$3,!

c!`EfV\VR% ?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQ%

J2&)$,-&7%

O*9RX

$7NDM`fGN_Q%

?B!-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%4'*QW=_q%

2&-S=_q%!;MQq%O*9RX$7NDMXlBK?p%

YN-&4'/+#-X!)&&'$%

'*%-.:6R_Q]Z%

O*9RX

$7NDM`fGN_R%

?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%

4'*QW=_q%2&-S=_q%!;MQq%O!ERX$7NDMXlBK?p%

YN-&4'/+#-X!)&&'$%

'*%-.:6R_Q]Z%

c"#WXNDM%

?B!-q%c"#WXNDMXO0>S?pq%B=JRq%.'2R=_q%Af>Rq%

4'*QW=_q%2&-S=_q%!;MQ%

f'-$*%NDM%G.)/'%

G)..',*#)/`%!"'&4)%

D#$,"'&%$,#'/*#7#,%

;/&SXNDM%

?B!-q%;/&SXNDMO0>S?pq%B=JRq%.'2R=_q%Af>Rq%

4'*QW=_q%2&-S=_q%!;MQ%

f'-$*%NDM%G.)/'%

G)..',*#)/`%!"'&4)%

D#$,"'&%$,#'/*#7#,%

fob1Δ% ?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%7)9QCC<-/?pV%

J2&)$,-&7%

ubp8Δ% ?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%29(]CC<-/?pV%

J2&)$,-&7%

sgf73Δ% ?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%$37\SCC<-/?pV%

J2&)$,-&7%

bud6Δ% ?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%92+[CC<-/?pV%

J2&)$,-&7%



'$*"

"

"#$%&'()*%+,! -,'.#/0,! 1,2,$,'3,)".4$3,!

fob1Δ; Htb2X

$7NDM%

?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%7)9QCC<-/?pVq%O*9RX$7NDMXlBK?p%

!"#$%8)&<%

ubp8Δ; Htb2X

$7NDM`>FQ:Q]%

?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%29(]CC<-/?pVq%O*9RX$7NDMXlBK?p%

!"#$%8)&<%

sgf73Δ; Htb2X

$7NDM`>FQ:Q]%

?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%$37\SCC<-/?pVq%O*9RX$7NDMXlBK?p%

!"#$%8)&<%

!$-QXNDM%

?B!-q%!$-QXNDMO0>S?pq%B=JRq%.'2R=_q%Af>Rq%

4'*QW=_q%2&-S=_q%!;MQ%

f'-$*%NDM%G.)/'%

G)..',*#)/`%!"'&4)%

D#$,"'&%$,#'/*#7#,%

f-(QXNDM% ?B!-q%f-(QXNDMO0>S?pq%B=JRq%.'2R=_q%Af>Rq%

4'*QW=_q%2&-S=_q%!;MQ%

f'-$*%NDM%G.)/'%

G)..',*#)/`%!"'&4)%

D#$,"'&%$,#'/*#7#,%

>&TQXNDM% ?B!-q%>&TQXNDMO0>S?pq%B=JRq%.'2R=_q%Af>Rq%

4'*QW=_q%2&-S=_q%!;MQ%

f'-$*%NDM%G.)/'%

G)..',*#)/`%!"'&4)%

D#$,"'&%$,#'/*#7#,%

EfV\VR%

1',*)&`f??Q

S_%

?B!-.("-q%"#$S=QCC(;>V_Sq%.'2R=_q%.5$R=_q%

2&-S=_q%%%

YO-/U'/%'*%-.:6%

R_Q[Z%

tsa1Δ% ?B!-.("-q%B=JRq%"#$S=Qq%.'2R=_q%.5$R=_q%?J!QWq%

2&-S=_q%!;MQq%*$-QCC<-/?pV%

J2&)$,-&7%

!>BQ@J% ?B!-.("-q%"#$S=QCC(;>V_SX?5,X!>BQq%.'2R=_q%

.5$R=_q%2&-S=_%

YO-/U'/%'*%-.:6%

R_Q[Z%

tsa1ΔC48S/YM

?QVW%

?B!-.("-q%"#$S=QCC(;>V_Sq%.'2R=_q%.5$R=_q%

2&-S=_q%*$-QGV]>%

YE)+1-&+%'*%-.:6%

R_Q\Z%

tsa1ΔC171S/Y

??QV[%

?B!-.("-q%"#$S=QCC(;>V_Sq%.'2R=_q%.5$R=_q%

2&-S=_q%*$-QGQ\Q>%

YE)+1-&+%'*%-.:6%

R_Q\Z%

tsa1ΔYF/YMM

QV\%

?B!-.("-q%"#$S=QCC(;>V_Sq%.'2R=_q%.5$R=_q%

2&-S=_q%*$-QYQXQ]VZ%

YE)+1-&+%'*%-.:6%

R_Q\Z%

tsa1C171SΔYF

`f??QV]%

?B!-.("-q%"#$S=QCC(;>V_Sq%.'2R=_q%.5$R=_q%

2&-S=_q%*$-QYQXQ]VZGQ\Q>%%

YE)+1-&+%'*%-.:6%

R_Q\Z%

!?f]% ?B!-q% -+'RCC(BD>QVVX8*NDMYB=JRZq% &=KBCC(!?X

.-,@W_% YI;BSZ% -4(.#7#'+% ∼QW_% ,)(#'$q% KJ!QX

4G"'&&5X$(O0>Wq% .'2RXS6QQRq% *&(QXQq% ,-/QXQ__q%

2&-SXQq%-+'RXQq%"#$SXQQ6Q%

Y?#5-U-<#% -/+%

l)9-5-$"#6%R_QQZ%
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"#$%&'()*%+,! -,'.#/0,! 1,2,$,'3,)".4$3,!

A-,@&=KB% s%

A-,0XNDM%$*&-#/%

?B!-q% -+'RCC(BD>QVVX8*NDMYB=JRZq% &=KBCC(!?X

.-,@W_% YI;BSZ% -4(.#7#'+% ∼QW_% ,)(#'$q% KJ!QX

4G"'&&5X$(O0>Wq%.'2R=_q%Af>Rq%?J!QWq%!;MQ%

Y?)&.)*%'*%-.:6%R_Q^Z%

!"'%=KB%).#3)%/2,.')*#+'%2$'+%7)&%MG;%-4(.#7#,-*#)/%-/+%1'&#7#,-*#)/%-&'%-.$)%.#$*'+%9'.)8%#/%

!-9.'%\:R:%

O+:0&'J)<'O+:0&'./'YGT'.0"#.'$;&4'/.%'\ES'7&%"/"=+1".2'

@.#3)%/-4'% >'b2'/,'% 3)-.%

l-/G% !NB!!!!NB!NBGNBNGN!BB!% ='.'*#/3%,)..',*#)/%l-/?pV%

3'/'%1'&#7#,-*#)/%

fob1Δ_C% !!GG!BG!B!GBBBG!G!NNBB!GN%
fob1Δ mutant verification%

fob1Δ_D% NGG!G!!N!BB!B!!N!!GBBNNBB%

sgf73ΔXD% BB!NGBBNBB!GBBB!GBBNB!BNG%
sgf73Δ mutant verification%

sgf73ΔX;% !NNGB!!!B!BBBBB!!G!BGGGBB%

ubp8ΔXD% G!GG!!NNBBBN!!G!B!!N!N!N!%
ubp8Δ mutant verification%

ubp8ΔX;% !BBBNBBBBBGB!NB!NNBBBGNB!%

bud6ΔXD% BNBG!!NNN!BBNNGB!!BNBBBG!%
bud6Δ mutant verification%

bud6ΔX;% !B!NGBB!!!GB!!GN!!G!!BGBB%

tsa1Δ_C% BG!N!G!!NGGB!N!BBG!NNB%
tsa1Δ mutant verification%

tsa1Δ_D% NN!!!BGNGN!!!!BNBNGGBN%

?5,{D% NBBGBBBBBGG!GB!G!GBNBBNBNNB!%

!$-Q%3'/'%#/$'&*#)/%

1'&#7#,-*#)/%)/%*"'%3'/)4'%
*$-Q{D% B!BGNG!BGGGBBN!BGBNBBNB!NN%

*$-Q{;% !!B!!!N!!NNGBNG!!GNBBN%

?5,{D{/'8% B!NNBBGBBBBN!!NB!!!G!NBBNB% !$-Q%3'/'%#/$'&*#)/%

1'&#7#,-*#)/%-*%-.*'&/-*#1'%

()$#*#)/%
*$-Q{;{/'8% NNBN!!!NNBBNG!!GG!!GG%

bMG;{*$-Q{D% N!G!!!NBGNBBN!G!GG!!% bMG;%1'&#7#,-*#)/%7)&%

/249'&%)7%3'/'$%#/$'&*'+%#/%

!>BQ@J%
bMG;{*$-Q{;% BBNNBNBG!!GN!GBBBNBG%
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@/'%/#3"*%9'7)&'%.)-+#/3%#/*)%4#,&)7.2#+#,%+'1#,'6%7&'$".5%*"-8'+%,'..$%8'&'%3&)8/%)1'&/#3"*%

#/%$5/*"'*#,%,)4(.'*'%Y>GZ%.#b2#+%4'+#24%8#*"%Rh%+'T*&)$'%-/+%*"'/%+#.2*'+%#/%*"'%4)&/#/3%

7)&%'T()/'/*#-..5%3&)8#/3%"'-.*"5%,'..$:%!"'%,'..%,5,.'%("-$'%YGGMZ%b2-/*#7#,-*#)/%-/+%-3'#/3%

'T('&#4'/*$%#$%('&7)&4'+%#/%4#,&)7.2#+#,%,"#(%$5$*'4%2/+'&%7&'$".5%(&'(-&'+%>GjRh+'T*&)$'%

4'+#24:%D)&%OR@R%")&4'*#,%-3'#/3%'T('&#4'/*6%+2'%*)%*"'%7-$*%+'3&-+-*#)/%)7%OR@R6%*"'%

"#3".5%,)/,'/*&-*'+%OR@R%YO5+&)3'/%('&)T#+'%$).2*#)/%SW8*:%h% #/%OR@6%SV^]]\–W__%?A6%

>#34-Z%#$%+#.2*'+%*)%$2#*-9.'%OR@R%,)/,'/*&-*#)/:%!"'%4'+#-%9)**.'%#$%(.-,'+%#/%#,'%9)T%7)&%

4-#/*-#/#/3%-%.)8%*'4('&-*2&'%*)%-1)#+%OR@R%+'3&-+-*#)/:%!"'%4#,&)7.2#+#,%'T('&#4'/*%-/+%

*"'%4'+#-%+)%/)*%-77',*%*"'%'T('&#4'/*%$#/,'%*"'%4'+#-%&'-,"'+%&))4%*'4('&-*2&'%9'7)&'%

'/*'&#/3%*"'%,"#(%YN)2.'1%'*%-.:6%R_Q\Z:%!"'%OR@R%4'+#24%#$%7&'$".5%(&'(-&'+%-/+%,"-/3'+%

'1'&5%V]"&$:%!"'%OR@R%-*%$2#*-9.'%,)/,'/*&-*#)/% #$%2$'+%7)&%")&4'$#$%-3'#/3%'T('&#4'/*:%

!"'% OR@R%,)/,'/*&-*#)/% 8-$% 4'-$2&'+% 2$#/3% -% ,).)4'*&#,% OR@R%-$$-5% <#*% Y@T#>'.',*%

O5+&)3'/% M'&)T#+'% B$$-5% l#*% YG).)&#4'*&#,Z6% >!BXSVS6% JI;@?J=Jp6%D&-/,'Z% #/% 4'+#-%

$-4(.'$%*-<'/%7&)4%*"'%7&'$".5%(&'(-&'+%4'+#-:%
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/+R%7)&4-*%#4-3'$%-&'%,)/1'&*'+%*)%?-*.-9%a('3%(&)a',*%7)&4-*:%!"#$%7)&4-*%-..)8$%*)%9'%

-/-.5U'+% 2$#/3% *"'% ,2$*)4% $)7*8-&'% M"5.),'..:% D)&% *"'% #4-3'% (&),'$$#/3% $*'(6% *"'% ,'..%

,)/*)2&%&',)3/#*#)/%-/+%$'34'/*-*#)/%#$%-,"#'1'+%95%$'**#/3%-((&)(&#-*'%*"&'$").+%#/%("-$'%

,)/*&-$*%,"-//'. ,ombining with the classic ‘watershed’ image processing algorithm, the 

,'..% ,)/*)2&% ,-/%9'% +'.#/'-*'+% 7&)4%*"'%,'..%4-$<$% &'*2&/'+%95% *"'%8-*'&$"'+%(&)3&-4:%

YE'2,"'&%s%A-/*2La)2.6%Q^\^q%D'"&4-//%'*%-.:6%R_QSZ:%!"'%/2,.'-&%,)/*)2&%,-/%9'%&'1'-.'+%

2$#/3%*"'%7.2)&'$,'/,'%72$'+%/2,.'-&%(&)*'#/6%7)&%#/$*-/,'%*"'%$*&-#/%O*9RX$7NDM%#/%45%*"'$#$%

&'()&*:%!"'%#4-3'%(&),'$$#/3%(&),'+2&'%#$%.#<'%*"'%,'..%contour segmentation. Firstly a ‘topX

hat’ classic filter is applied to abstract the background noise based on the fluorescence 

*"&'$").+:% !"'/% .#<'% the cellular contour segmentation, a ‘watershed’ image analysis is 

-((.#'+% 7)&% ,)&&',*% /2,.'-&% ,)/*)2&% $'34'/*-*#)/:% !"'% NI0% -..)8$% *)% 1#$2-.#U'% *"'%

$'34'/*-*#)/%-/+%('&7)&4%4-/2-.% ,)&&',*#)/$% #7%/','$$-&5% YD'"&4-//%'*%-.:6% R_QSZ:%!"#$%

#4-3'%(&),'$$#/3%&)2*#/'%"-$%9''/%-((.#'+%-/+%(29.#$"'+%#/%*"'%-&*#,.'%D'"&4-//%'*%-.:6%R_QS%

YM-).'**#6%R_QVZ:%

To monitor the continuous dynamic within the cell, a step of ‘cell tracking’ is applied to 

-$$),#-*'%-%/249'&%*)%*"'%$-4'%,'..%)&%*"'%$-4'%/2,.'2$%)7%+#77'&'/*%#4-3'$:%!"#$%$*'(%#$%-.$)%

called ‘cell tracking’. It is achieved by )(*#4#U#/3%*"'%,)/*)2&%()$#*#)/%-/+%,'..%$#U'%3.)9-..5%

by using Hungarian algorithm calculation. This step of cell ‘mapping’ allows to numerate the 

same cell from frame ‘a’ (birth) to frame ‘z’ (death) and along with manual correction. This 



')$"

"

$*'(%7-,#.#*-*'$%*"'%b2-/*#7#,-*#)/%)7%,)/$'b2'/*%+5/-4#,%)7%-%$#/3.'%,'..%+2&#/3%*"'%-3'#/3%

(&),'$$%YD'"&4-//%'*%-.:6%R_QSq%M-).'**#6%R_QVZ:%%

E-$'+% )/% *"'% -9)1'% +'$,&#9'+% #4-3'% (&),'$$#/3% (#('.#/'6% *"'% 72/,*#)/$% ‘,'..7.2)’ and 

‘#/,'..7.2)’ can be used to quantify the *)*-.6% -1'&-3'% 7.2)&'$,'/,'% $#3/-.% -/+% ,)/*)2&%

(-&-4'*'&$%8#*"#/%9)*"%,'..2.-&%-/+%/2,.'-&%,)/*)2&$:%

V:% ?#,&)7.2#+#,% *#4'X.-($'% 'T('&#4'/*$% -/+% +-*-% -/-.5$#$% Y-:%

'T('&#4'/*%9:%-/-.5$#$Z%

V:Q%G)44)/%$',*#)/%7)&%-..%*"'%'b2#(4'/*C%

G'..$%8'&'%#4-3'+%2$#/3%-/%#/1'&*'+%K#<)/%!#XJ%4#,&)$,)(':%D.2)&'$,'/,'%#..24#/-*#)/%8-$%

-,"#'1'+%2$#/3%AJ=%.#3"*% YA24'/,)&Z%-/+%'4#**'+% .#3"*%8-$%,)..',*'+%2$#/3%-%[_p%K:B:%Q:V%

)9a',*#1'%-/+%-%G?@>%,-4'&-%O-4-4-*$2%@&,-%D.-$"%V:_:%B/%-2*)4-*'+%$*-3'%8-$%2$'+%*)%

7)..)8%+#77'&'/*%7#'.+$%)7%1#'8%)1'&%*"'%,)2&$'%)7%*"'%'T('&#4'/*:%D),2$%8-$%4-#/*-#/'+%2$#/3%

*"'%K#<)/%M'&7',*%D),2$%>5$*'4:%B%,)/$*-/*%*'4('&-*2&'%)7%S_�G%8-$%4-#/*-#/'+%)/%*"'%,"#(%

2$#/3%-%,2$*)4%$-4(.'%").+'&%8#*"%*"'&4)'.',*&#,%4)+2.'$6%-/%)9a',*#1'%"'-*'&%8#*"%"'-*#/3%

&'$#$*)&$6%-/+%-%M0=%,)/*&)..'&%YWG\XQ^W6%@1'/%0/+2$*&#'$Z:%

O+:0&'J)?'O+:0&'./'9"=%./0$"4"='&H,&%"9&21;'+24'1"9&P0+,;&'9"=%.;=.,"=';&11"2#;'

>',*#

)/%

?#,&)7.2#+#,%'T('&#4'/*$%s%

$'**#/3$%

>*&-#/% M"-$'% NDM% =B

M0%

4#/`7

&-4'%

+2&-*#)/%Y"Z%

V:R% B3'#/3%'T('&#4'/*% O*9RX$7NDM% T% T% % Q_% }QV_"%

V:V% =BM0%$*-#/#/3%'T('&#4'/*% O*9RX$7NDM% T% T% T% Q% R4#/%

V:W% GGM%b2-/*#7#,-*#)/%YO*9RX

$7NDMZ%

O*9RX$7NDM% T% T% % S% W_"%

V:[% GGM%b2-/*#7#,-*#)/%Yc"#WXNDMZ% c"#WXNDM% T% T% % S% W_"%

V:\% =KB%+-4-3'%()$#*#1'%,)/*&).%

*'$*%

=+,RXNDM% T% T% % Q_% Q_"%YRV"X

#/,29-*#)/Z%



'))"

"

V:\% =KB%+-4-3'%()$#*#1'%,)/*&).%

*'$*%

;/&SXNDM% T% T% % Q_% Q_"%YRV"X

#/,29-*#)/Z%

V:R% B3'#/3%'T('&#4'/*% ;/&SXNDM% T% T% % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% fob1Δq% T% % % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% fob1Δ.%

O*9RX$7NDM%

T% T% % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% sgf73Δ% T% % % QW% }QV_"%

V:R% B3'#/3%'T('&#4'/*% sgf73Δ.%

O*9RX$7NDM%

T% T% % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% ubp8Δ% T% % % QW% }QV_"%

V:R% B3'#/3%'T('&#4'/*% ubp8Δ.%

O*9RX$7NDM%

T% T% % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% bud6Δ% T% % % QW% }QV_"%

V:S% OR@R%")&4'*#,%-3'#/3%

'T('&#4'/*%

O*9RX$7NDM% T% T% % Q_% }QV_"%

V:\% OR@R%_:V4?%)T#+-*#1'%$*&'$$%

-,*#1-*#)/%'T('&#4'/*%

!$-QXNDM% T% T% % Q_% QR"%YRV"X

#/,29-*#)/Z%

V:\% OR@R%_:V4?%)T#+-*#1'%$*&'$$%

-,*#1-*#)/%'T('&#4'/*%

f-(QXNDM% T% T% % Q_% QR"%YRV"X

#/,29-*#)/Z%

V:\% OR@R%_:V4?%)T#+-*#1'%$*&'$$%

-,*#1-*#)/%'T('&#4'/*%

>&TQXNDM% T% T% % Q_% QR"%YRV"X

#/,29-*#)/Z%

V:R% B3'#/3%'T('&#4'/*% !>BQ@J% T% % % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% tsa1Δ% T% % % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% !$-Q%42*-/*%

1-&#-/*$%

T% % % Q_% }QV_"%

V:R% B3'#/3%'T('&#4'/*% >&TQXNDM% T% T% % Q_% }\_"%

V:R% B3'#/3%'T('&#4'/*% !$-QXNDM% T% T% % Q_% }QV_"%

%



')*"

"

V:R-:%-3'#/3%*#4'X.-($'%'T('&#4'/*%

!"'%-3'#/3%*#4'X.-($'%'T('&#4'/*%#$%95%4)/#*)&#/3%*"'%8").'%&'(.#,-*#1'%-3'#/3%(&),'$$%%)7%

*"'%$*&-#/%*)%-/-.5U'% #*$%;A>6%,'..%,5,.'%+2&-*#)/%7)&%>JM%+'*'&4#/-*#)/%-/+% #/%*"'%,-$'%)7%

7.2)&'$,'/,'% 4'-$2&'4'/*6% *"'% 7.2)&'$,'/,'% .'1'.$% -&'% -.$)% b2-/*#7#'+% *"&)23")2*% *"'%

&'(.#,-*#1'% .#7'$(-/:% !"'% -,b2#$#*#)/% $*-&*$% a2$*% -7*'&% *"'% ,'..% .)-+#/3q% *"'&'7)&'6% *"'% 9#&*"%

'1'/*%8#..%/)*%9'%4#$$'+:%%

R% ,"-//'.$% -&'% 4-#/.5% 2$'+% 7)&% -3'#/3% *#4'X.-($'% 'T('&#4'/*C% ("-$'% ,)/*&-$*C% R_4$%

'T()$2&'%*#4'6%/)%9#//#/3q%NDM%,"-//'.%#$%)(*#)/-.%+'('/+#/3%)/%*"'%$*&-#/%2$'+C%Wh%.-$'&%

'T,#*-*#)/%7)&%O*9RX$7NDM%&'()&*'&%$*&-#/$%-/+%\h%7)&%;/&SXNDM%$*&-#/%Y8-1'.'/3*"%V\_/4ZC%

W_4$%'T()$2&'%*#4'%-/+%9#//#/3%R�R:%

V:R9:%-/-.5$#$%)7%-3'#/3%*#4'X.-($'%'T('&#4'/*%

V:R9:Q%;A>%-/-.5$#$%

!"'%;A>% #$%4'-$2&'+%95%,)2/*#/3%$2,,'$$#1'%+-23"*'&%,'..$%3'/'&-*'+%7&)4%$#/3.'%4)*"'&%

5'-$*% 7&)4% 9#&*"% *)% +'-*"% Y*#..% ,'..% .5$#$Z:% !"'% *#4'X.-($'% -3'#/3% 'T('&#4'/*% #4-3'$% -&'%

*&-/$7)&4'+%*)%1#+')%95%2$#/3%,2$*)4%?B!ABE%72/,*#)/% ‘exportmontage’%,)+':%!"'%K#<)/%

7)&4-*% #4-3'$% Y/+RZ% -&'% ,)/1'&*'+% #/*)%?-*.-9% a('3% -/+% *"'/% #/*)% -1#%4)1#':% !"#$% ,)+'%

9'.)/3$%*)%*"'%‘autotrack’%72/,*#)/%*"-*%"-$%9''/%+'1'.)('+%95%=&:%N#..'$%GOB;P0K:%!"'$'%

1#+')$%-&'%)('/'+% #/% 04-3'F%-/+% -/-.5U'+%95%+#&',*.5% ,)2/*#/3% *"'%/249'&%)7%+-23"*'&$%

3'/'&-*'+%7&)4%)/'%$#/3.'%4)*"'&%5'-$*:%B7*'&%-/-.5U#/3%'/)23"%/249'&%)7%4)*"'&%,'..$%

Y2$2-..5%K}W_Z6%$2&1#1-.%,2&1'$%,-/%9'%generated using ‘',+7’ MB!ABE%72/,*#)/:%B.*'&/-*#1'.56%

2$#/3%‘K)*E)TM.)*’%72/,*#)/6%*"'%;A>%+#$*&#92*#)/%,-/%-.$)%9'%$")8/%95%9)T%8#*"%*"'%4'+#-/%

-/+%$*-/+-&+%'&&)&:%!"'%,)+'%‘/)*E)TM.)*’ function 8-$%(29.#$"'+%95%;)9%G-4(9'..:%

V:R9:R%G'..%,5,.'%+2&-*#)/%*&-a',*)&5%-/-.5$#$%

!"'%,'..%,5,.'%+2&-*#)/%#$%b2-/*#7#'+%95%,)2/*#/3%*"'%/249'&%)7%7&-4'$%9'*8''/%'-,"%,'..%

+#1#$#)/%+#&',*.5%95%04-3'F:%B7*'&%,)..',*#/3%-..%*"'%,'..%,5,.'%+2&-*#)/%*&-a',*)&5%)7%-%$#/3.'%

4)*"'&% ,'..6% *"'% *&-a',*)&5% ,-/% 9'% &'(&'$'/*'+% 95% ,).)&X,)+'% 9-&% 2$#/3% ‘Tabtrajiso_Jia’%

72/,*#)/%8"#,"% #$% ,2$*)4#U'+%based on the original ‘!-9*&-a#$)’ function developed by =&:%

N#..'$%GOB;P0K:%!"'%/'8%72/,*#)/%,-/%-++%*"'%,).)&%9-&%-3'/+-:%



')+"

"

V:R9:S%>JM%+'*'&4#/-*#)/%9-$'+%)/%,'..%,5,.'%+2&-*#)/%

!"'% >JM% #$% +'*'&4#/'+% 9-$'+% )/% *"'% 9&'-<#/3% ()#/*% +'*'&4#/'+% 95% ,'..% ,5,.'% +2&-*#)/%

'T*'/$#)/:% !"'% $2++'/% ,'..% ,5,.'% 'T*'/$#)/% ,)&&'$()/+#/3% *)% -% +',&'-$'% )7% ,'..$% +#1#+#/3%

7&'b2'/,5:%I$#/3% ‘findSEP_Jia’%,2$*)4#U'+%72/,*#)/%8"#,"%8-$%)&#3#/-..5%+'1'.)('+%95%=&:%

N#..'$% GOB;P0K6% *"'% (#','X8#$'% .#/'-&% &'3&'$$#)/% ,-/% +'*',*% *"'% 4)$*% -9&2(*% ,'..% ,5,.'%

extension, the SEP. Compare to conventional ‘7#/+>JM’ function, the ,2$*)4#U'+% 72/,*#)/%

.#4#*%*"'%>JM%95%-%$.#3"*.5%4)&'%-9&2(*%,'..%,5,.'%'T*'/$#)/%-/+%&'a',*%*"'%>JM%8"'/%*"'%.-$*%

,'..%,5,.'%+2&-*#)/%#$%.'$$%*"-/%QR_%4#/2*'$:%

V:R9:V%D.2)&'$,'/,'%-/-.5$#$%

!"'%/2,.'-&%O*9RX$7NDM%7.2)&'$,'/,'%#$%4'-$2&'+%95%7#&$*.5%/2,.'-&%$'34'/*-*#)/%*"&'$").+%

at ‘600’ fluorescence density. A round of manual correction for the contour segmentation is 

/','$$-&5% 7)&% *"'%+-*-%(&',#$#)/:%B7*'&% $'34'/*#/3% *"'%/2,.'-&% ,)/*)2&6% *"'%4)*"'&% ,'..$%

4)/#*)&'+% 7&)4% 9#&*"% *)% +'-*"% -&'% -/-.5U'+%using ‘#/,'..7.2)’ f2/,*#)/% 7)&% ,)..',*#/3% *"'%

/2,.'-&%+-*-:%

!"'% ,'..2.-&% ;/&SXNDM% 7.2)&'$,'/,'% #$%4'-$2&'+% -7*'&% *"'% ,'..2.-&% ,)/*)2&% $'34'/*-*#)/:%

B7*'&%-%&)2/+%)7%4-/2-.%,)/*)2&%$'34'/*-*#)/%,)&&',*#)/6%*"'%4)*"'&%,'..$%4)/#*)&'+%7&)4%

9#&*"%*)%+'-*"%-&'%-/-.5U'+%using ‘,'..7.2)’ function for -/-.5U#/3%*"'%,'..2.-&%7.2)&'$,'/,'%

+-*-:%

V:R9:W%>JM%+'*'&4#/-*#)/%9-$'+%)/%O*9RX$7NDM%7.2)&'$,'/,'%$#3/-.%

!"'%>JM%,-/%-.$)%9'%+'*'&4#/'+%9-$'+%)/%*"'%9&'-<#/3%()#/*%)7%7.2)&'$,'/,'%#/,&'4'/*%7)&%

$37\SΔ% 42*-/*. Firstly, use the customized ‘findPEAKbyflu’ function to locate the 

fluorescence basal level after each cell division based on ‘findpeaks’ function. Then a round 

)7%4-/2-.%,)&&',*#)/%#$%&'b2#&'+%*)%.),-*'%*"'%7.2)&'$,'/,'%$#3/-.%-/+%1'&#75%*"'%,'..%+#1#$#)/%

'1'/*:%A-$*.56%9-$'+%)/%*"'%(#','X8#$'%.#/'-&%&'3&'$$#)/%(&#/,#(.'6%*"'%#/,&'-$#/3%()#/*%8"'&'%

7.2)&'$,'/,'%$*-&*$%*)%#/,&'-$'%,-/%9'%+'*'&4#/'+%-/+%+'7#/'+%-$%>JM:%!"'%72/,*#)/%#$%,-..'+%

‘findSEP_flonly’:%



'),"

"

V:S-:%OR@R%")&4'*#,%-3'#/3%*#4'X.-($'%'T('&#4'/*%

!"'%OR@R%")&4'*#,%-3'#/3%*#4'X.-($'%'T('&#4'/*%#$%*"'%-3'#/3%'T('&#4'/*%('&7)&4'+%2/+'&%

*"'%4'+#-% ,)/*-#/#/3% 1-&#)2$% OR@R%4#.+% ,)/,'/*&-*#)/:% !"'% ,'..$% -&'% ,2.*2&'+% #/% >GjRh%

+'T*&)$'% ,)/+#*#)/% 9'7)&'% #/a',*#/3% #/*)% *"'% 4#,&)7.2#+#,% ,"#(:% !"'% 7&-4'% #/*'&1-.% #$% Q_%

4#/2*'$%-/+%*"'%*)*-.% *#4'X.-($'%'T('&#4'/*%.-$*$% 7)&%4)&'%*"-/%QV_"&$:%O)8'1'&6% *"'$'%

,'..$%-&'%/)*% #/,.2+'+% 7)&%-3'#/3%-/-.5$#$6% *"'% ,'..$% -/-.5U'+%-&'%9)&/% #/% *"'%OR@R%4'+#-%

8#*")2*%-/%#/+2,*#)/%)7%)T#+-*#1'%$*&'$$:%

!"'% (-&-4'*'&$% )7% R% ,"-//'.$% -&'% #+'/*#,-.% *)% *"'% -3'#/3% *#4'X.-($'% 'T('&#4'/*C% ("-$'%

,)/*&-$*C%R_4$%'T()$2&'%*#4'6%/)%9#//#/3q%NDM%,"-//'.%#$%)(*#)/-.%+'('/+#/3%)/%*"'%$*&-#/%

2$'+C%Wh%.-$'&%'T,#*-*#)/%Y8-1'.'/3*"%V\_/4ZC%W_4$%'T()$2&'%*#4'%-/+%9#//#/3%R�R:%

V:S9:%;A>%-/+%>JM%+'*'&4#/-*#)/%-/-.5$#$%Y&'7'&%*)%(-&*%V:R9Z%

V:V-:%=BM0%$*-#/#/3%7)&%=KB%b2-/*#7#,-*#)/%-*%*"'%'/+%)7%*#4'X.-($'%'T('&#4'/*%

!"'%=BM0%$*-#/#/3%*#4'X.-($'%-/%-++#*#)/-.%'T('&#4'/*%#$%95%('&7)&4#/3%*"'%=BM0%$*-#/#/3%-*%

*"'% '/+% )7% -3'#/3% *#4'X.-($'% 'T('&#4'/*:% !"'% -3'#/3% *#4'X.-($'% 'T('&#4'/*% -..)8$% *)%

4)/#*)&% *"'% &'(.#,-*#1'% -3'$% )7% *"'% 4)*"'&% ,'..$% #/% *"'% 4#,&)7.2#+#,% +'1#,':% !"'% =BM0%

7.2)&'$,'/,'%-..)8$%*)%4'-$2&'%*"'%=KB%b2-/*#*5%#/%9)*"%(&'X>JM%-/+%()$*X>JM%4)*"'&%,'..$:%

The freshly prepared DAPI solution 2.5μg/mL is used for cell incubation in microfluidic 

system for 35 minutes under the flow rate 5μL/min right after the ageing timeX.-($'%

'T('&#4'/*:%!"'/%*"'%,'..$%-&'%washed 10 minutes with SC+2%Dextrose medium at 5μL/min 

-/+%R_Xminute at 10μL/min. 2 rounds of images are taken for each position continuously, 5 

$*-,<$%-&'%*-<'/%*)%'/$2&'%*"'%*)*-.%=BM0%7.2)&'$,'/,'%$#3/-.%YD#32&'%\:VZ:%!"'%7#1'%$*-,<$%-&'%

+'*'&4#/'+%-,,)&+#/3%*)%*"'%4#++.'%(.-/'6%*"'/%'b2-..5%+#$*&#92*'+%V%'T*&-%(.-/'$%$)%*"-*%

*"'%"#3"'$*%-/+%.)8'$*%(.-/'$%$")8%-%&-/3'%)7%S�4%"'#3"*:%!"'%=KB%#$%/)*%")4)3'/')2$.5%

+#$*&#92*'+%#/%*"'%/2,.'2$%&'3#)/6%*"'&'7)&'6%95%,)/$*&2,*#/3%4-T%(&)a',*#)/%)7%W%$*-,<$6%*"'%

$#3/-.%)7%=KB%8#*"#/%*"'%/2,.'2$%,-/%9'%9'**'&%b2-/*#7#'+:%%

%

%

%
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"

%

%

%

%

!"&''% ,"-//'.$% -&'% 2$'+% 7)&% *"#$% 'T('&#4'/*C% ("-$'% ,)/*&-$*C% R_4$% 'T()$2&'% *#4'6% /)%

9#//#/3q%NDMC%\h%.-$'&%'T,#*-*#)/%Y8-1'.'/3*"%V\_/4ZC%W_4$%'T()$2&'%*#4'%-/+%9#//#/3%R�Rq%

=BM0C%W_h%.-$'&%'T,#*-*#)/%Y8-1'.'/3*"%SW_/4ZC%Q__4$%'T()$2&'%*#4'%-/+%9#//#/3%R�R:%!8)%

7&-4'$%-&'%*-<'/%,)/*#/2)2$.5%7)&%'-,"%()$#*#)/:%

V:V9:%=BM0%7.2)&'$,'/,'`%=KB%b2-/*#7#,-*#)/%-/-.5$'$%

!"'% #4-3'$% )7% K#<)/% Y/+RZ% 7)&4-*% #$% 7#&$*.5% ,)/1'&*'+% *)% ?-*.-9% a('3% 7)&4-*6% *"'% =BM0%

7.2)&'$,'/,'% ,"-//'.% #$% ,)..',*#1'.5% -/-.5U'+% 95% (&)a',*#/3% *"'% 7#1'% $*-,<$% 2$#/3% *"'%

‘tiffToMatlabProject’%72/,*#)/:%>',)/+.56%*"'%/2,.'-&%,)/*)2&%#$%-2*)4-*#,-..5%$'34'/*'+%95%

‘720’% O*9RX$7NDM% 7.2)&'$,'/,'% +'/$#*5% *"&'$").+:% B% &)2/+% )7% 4-/2-.% ,)&&',*#)/% 7)&% *"'%

,)/*)2&%$'34'/*-*#)/% #$%/','$$-&5%7)&%*"'%+-*-%(&',#$#)/:%!"#&+.56%2$#/3%*"'% ‘analysedapi’%

!"#$%&'J)B'!"7&';1+=N;'+%&'1+N&2'/.%'YT\U'/0$.%&;=&2=&'9+HP,%.Z&=1".2']$+21"/"=+1".2'

!"'%,'..%*&-(('+%#/%*"'%,-1#*5%$")8%-%/2,.'-&%1).24'%,)/*-#/#/3%=KB:%!"'%3&''/% #/+#,-*'$%

*"'%/2,.'-&%1).24'%)7%-%4)*"'&%,'..:%!"'%9.2'%#/,#*'$%*"'%=BM0%$*-#/'+%=KB%9)*"%#/%/2,.'2$%

-/+%4#*),")/+&#)/:%D#1'%$*-,<$%-&'%*-<'/%7)&%=BM0%7.2)&'$,'/,'%$#3/-.%(&',#$'%b2-/*#7#,-*#)/:%

I$#/3% *"'%('&7',*% 7),2$% $5$*'4%)7%K0>6%9-$'+%)/% *"'%4#++.'%(.-/'%V%'T*&-%(.-/'$%'b2-..5%

+#$*&#92*'+%$)%*"-*%*"'%"#3"'$*%-/+%.)8'$*%(.-/'$%$")8%*"'%&-/3'%)7%S�4%"'#3"*:%0/%*)*-.6%7#1'%

(.-/'$% -&'% *-<'/% 7)&% =BM0% 4-T#X(&)a',*#)/% b2-/*#7#,-*#)/:% !"'% =BM0% 7.2)&'$,'/,'% #$%

,)..',*#1'.5%(&)a',*'+%*)%-%$#/3.'%(.-/'%-/+%-/-.5U'+:%%



'*("

"

72/,*#)/6%9)*"%O*9RX$7NDM%-/+%=BM0%7.2)&'$,'/,'%8#*"#/%*"'%/2,.'-&%,)/*)2&%)7%'-,"%,'..%,-/%

9'%b2-/*#7#'+:%

E-$'+%)/%*"'%1#+')%)7%-3'#/3%'T('&#4'/*6%*"'%-3'%-/+%*"'%>JM%$*-*2$%)7%'-,"%4)*"'&%,'..%,-/%

9'%-/-.5U'+:%A-$*.56%*"'%=BM0%-/+%O*9RX$7NDM%7.2)&'$,'/,'%+-*-%-&'%-/-.5U'+%-/+%,)4(-&'+%

9'*8''/%(&'X>JM%-/+%()$*X>JM%4)*"'&%,'..$:%

V:W-:%O*9RX$7NDM%GGM%b2-/*#7#,-*#)/%*#4'X.-($'%'T('&#4'/*%

!)%b2-/*#75%*"'%GGM%+2&-*#)/6%*"'%7.2)&'$,'/,'%)7%OR9%(&)*'#/%#$%4'-$2&'+%'-,"%S%4#/2*'$%

7)&%-%(&',#$'%*'4()&-.%(&',#$#)/%,)4(-&'%*)%-3'#/3%*#4'X.-($'%'T('&#4'/*:%!)%-1)#+%.-&3'%

7#.'%$*),<-3'%-/+%*"'%(")*)X*)T#,#*5%#/+2,'+%-9)1'%W_"&$%2/+'&%$2,"%"#3"%.-$'&%'T,#*-*#)/%

7&'b2'/,56%*"'%/249'&%)7%7&-4'$%*-<'/%8#*"#/%'-,"%*#4'X.-($'%'T('&#4'/*%#$%2$2-..5%.#4#*'+%

8#*"#/%Q___%7&-4'$:%!"'&'7)&'6%-%*)*-.%)7%W_X")2&%,'..%-3'#/3%(&),'$$%,-/%9'%4)/#*)&'+%7)&%

'-,"%*#4'X.-($'%'T('&#4'/*:%0*%*-<'$%-9)2*%RV"&$%7)&%*"'%4#,&)7.2#+#,%,"#(%*)%9'%7#..'+%8#*"%

92++#/3%5'-$*%-/+%5'-$*%,'..$%4-5%9'%*&-(('+%#/%*"'%,-1#*5:%!"'%-,b2#$#*#)/%$*-&*$%-7*'&%Q%+-5$%

)7%,'..%3&)8*"%#/%4#,&)7.2#+#,%,"#(%8"'/%4)$*%,-1#*#'$%-&'%7#..'+%8#*"%,'..$:%

!8)%,"-//'.$%-&'%2$'+%7)&%*#4'X.-($'%'T('&#4'/*C%("-$'%,)/*&-$*C%R_4$%'T()$2&'%*#4'6%/)%

9#//#/3q%NDMC%\h%.-$'&%'T,#*-*#)/%Y8-1'.'/3*"%V\_/4ZC%W_4$%'T()$2&'%*#4'%-/+%9#//#/3%R�R:%

V:W9:%O*9RX$7NDM%GGM%b2-/*#7#,-*#)/%-/-.5$'$%

V:W9:Q% G'..% ,5,.'% +2&-*#)/6% >JM% +'*'&4#/-*#)/% 7)&% GGM% b2-/*#7#,-*#)/% -/-.5$#$%

Y-2*)4-*'+Z%

D#&$*.56%*"'%$'b2'/,'%)7%K#<)/%#4-3'$%Y/+RZ%-&'%,)/1'&*'+%#/*)%?-*.-9%a('3%(&)a',*%-/+%1#+'):%

!"#$% ,)+'%9'.)/3$% *)% *"'% ‘autotrack’% 72/,*#)/% *"-*%8-$%+'1'.)('+%95%=&:%N#..'$%GOB;P0K:%

>',)/+.56% *"'%,'..2.-&%-/+%/2,.'-&%,)/*)2&$%-&'%-2*)4-*#,-..5%+'*',*'+%95%("-$'%,)/*&-$*%

and green fluorescence threshold at ‘1000’. A round of manual correction for the contour 

$'34'/*-*#)/% #$% /','$$-&5% 7)&% *"'% +-*-% (&',#$#)/:% !"#&+.56% *"'% O*9RX$7NDM% /2,.'-&%

7.2)&'$,'/,'%+-*-%,-/%9'%b2-/tified by ‘#/,'..7.2)’ function. Then two different approaches 

)7%-/-.5$'$%-&'%2$'+%#/%*"'%*"'$#$%&'()&*:%

Automated cell cycle duration and SEP determination is performed using ‘(.)*DA2)’ function. 

!"#$%-((&)-,"%#$%9-$'+%)/%O*9RX$7NDM%7.2)&'$,'/,'%$#3/-.%'T,.2$#1'.5%YD#32&'%\:WBZ:%!"'%,'..%



'*'"

,5,.'% +2&-*#)/% #$% +'*'&4#/'+% 9-$'+% )/% *"'% -/-("-$'% /2,.'-&% $'(-&-*#)/% 95% -2*)4-*'+%

fluorescence signal using ‘findpeaks’ function, the detected fluorescence ('-<$% -&'%

&'(&'$'/*'+%95%5'..)8%-&&)8$:%!"'%>JM%#$%*"2$%,-.,2.-*'+%9-$'+%)/%*"'%,'..%,5,.'%+2&-*#)/%95%

conventional ‘7#/+>JM’ custom function (more detail 7)&% >JM% +'*'&4#/-*#)/% ,)/7'&% V:R9%

$',*#)/Z:%O)8'1'&6%-$%$")8/%7&)4%*"'%7#32&'%\:WB6%*"'%+'*',*'+%7.2)&'$,'/,'%('-<$%,)2.+%9'%

'&&-*#,%+2'%*)% #&&'32.-&% 7.2)&'$,'/,'%$#3/-.%-*%*"'%'/+%)7% ,'..%,5,.':%!"'%3))+%+'*',*#)/% #$%

$")8/% #/% 5'..)8% -&&)86% 8"'&'-$% *"'% '&&-*#,% +'*',*#)/% #$% ,#&,.'+% 95% +-$"'+% &'+% ,#&,.'$:%

!"'&'7)&'6%8#*")2*%-%&)2/+%)7%4-/2-.%,)&&',*#)/6%*"'%,'..%,5,.'%+2&-*#)/%&'$2.*%4-5%9'%/)*%

(&',#$'%-.&'-+5:%

K'T*%$*'(6%*"'%,'..%,5,.'$%-&'%,2*%#/*)%$#/3.'%,'..%,5,.'$%-,,)&+#/3%*)%*"'%(&'1#)2$%+'*',*#)/%

-/+%*"'%GGM$%-&'%4'-$2&'+%9-$'+%)/%(#','Xwise linear regression using ‘ED>l’ function. As 

$")8/%#/%*"'%7#32&'%\:WE6%*"'%7.2)&'$,'/,'%$#3/-.%#$%fitted into the different ‘shape’%(-**'&/%

,)&&'$()/+#/3%*)%+#77'&'/*%("-$'$%-$%$")8/%#/%9.2'%+-$"'+%.#/':%!"'%5'..)8%-&&)8%#/+#,-*'$%

*"'% /2,.'-&% $'(-&-*#)/% +'*'&4#/'+% -*% -/-("-$'6% *"'% +2&-*#)/% 9'*8''/% -/-("-$'% -/+%

,5*)<#/'$#$%"-$%9''/%4'-$2&'+%2$#/3%*"'%G+,Q_X4G"'&&5%&'()&*'&%$*&-#/%Y2/(29.#$"'+%+-*-Z%

8"#,"% #$% )/% -1'&-3'% R:V% 4#/2*'$:% !"'&'7)&'6% *"'% ,'..% ,5,.'% $*-&*$% 7&)4% *"'% +'*'&4#/'+%

7.2)&'$,'/,'% ('-<% Y5'..)8% -&&)8Z% j% R:V%4#/2*'$6% *"'/% 7)..)8'+% 95% *"'% (#','X8#$'% .#/'-&%

D#32&'% \:W% GGM% b2-/*#7#,-*#)/% 'T,.2$#1'.5% 9-$'+% )/% 7.2)&'$,'/,'% -/+% (#','X8#$'% .#/'-&%

&'3&'$$#)/%

BC%!"'%O*9RX$7NDM%7.2)&'$,'/,'%)$,#..-*)&5%$#3/-.%$")8#/3%W%+#1#$#)/$%9'7)&'%-/+%-7*'&%>JM:%

!"'% >JM% #$% #/+#,-*'+% 95% *"'% 9.-,<% .#/':% !"'% 5'..)8% -&&)8% ,)&&'$()/+#/3% *)% *"'% ()*'/*#-.%

automated detection of fluorescence peaks by ‘findpeaks’ function. The yellow arrows 

,)&&'$()/+%*)%*"'%,)&&',*%-/-("-$'$%-/+%*"'%#/,)&&',*%-/-("-$'$%-&'%,#&,.'+%95%&'+%+-$"'+%

.#/':%

EC% !"'% b2-/*#7#,-*#)/% )7% GGM% 9-$'+% )/% *"'% 7.2)&'$,'/,'% +'*',*'+% -/-("-$':% !"'%

,)&&'$()/+#/3% .#/'-&%(-**'&/% 7)&%'-,"%("-$'% #$% $")8/% #/%9.2'% +-$"'+% .#/':% J-,"%("-$'% #$%

$'34'/*'+%95%*"'%&'+%+-$"'+%.#/':%%



'*!"

&'3&'$$#)/%,)&&'$()/+#/3%*)%*"'%")&#U)/*-.%NQ%("-$'6%#/,&'-$#/3%<#/'*#,%>%("-$'6%")&#U)/*-.%

NR`?%("-$'%-/+%.-$*.5%-/-("-$'%-/+%*"'%,5*)<#/'$#$%Y+',&'-$#/3%<#/'*#,%j%R:V%4#/2*'$Z:%J-,"%

GGM%,-/%9'%*"2$%b2-/*#7#'+:%

!"'%GGM%+2&-*#)/%,)&&'$()/+#/3%*)%*"'%W%+#1#$#)/$%9'7)&'%-/+%-7*'&%>JM%-&'%,)4(-&'+%-/+%

-/-.5U'+%YD#32&'%\:[Z:%!"'%<#/'*#,%)7%'-,"%GGM%,-/%#$%&'(&'$'/*'+:%!"#$%-((&)-,"%$")8$%.'$$%

(&',#$'%,'..%,5,.'%+2&-*#)/%8"#,"%#$%$")&*'&%*"-/%(&'1#)2$%&'$2.*%YN-&4'/+#-X!)&&'$6%!-$$5%'*%

-.:%R_Q]Z:%!"'%4)*"'&%,'..$%+#'%7#1'%+#1#$#)/$%-7*'&%>JM%)/%-1'&-3'6%*"'%/249'&%)7%+#1#$#)/$%

()$*X>JM% #$% 42,"% .'$$% *"-/% (&'X>JM% ,'..% ,5,.'$:% 0/% -++#*#)/6% -7*'&% &2.#/3% )2*% #&&'32.-&%

7.2)&'$,'/,'%(-**'&/%)7%,'&*-#/%()$*X>JM%,'..%,5,.'$6%*"'%&'$2.*%#$%4'-$2&'+%9-$'+%)/%42,"%

.'$$%'77',*#1'%7)&%()$*X>JM%4)*"'&$:%

V:W9:R%G'..%,5,.'%+2&-*#)/6%>JM%+'*'&4#/-*#)/%7)&%GGM%b2-/*#7#,-*#)/%-/-.5$#$%Y4-/2-.Z%

!)%#/,&'-$'%*"'%(&',#$#)/%-/+%#4(&)1'%*"'%4'-$2&'4'/*6%-/%-.*'&/-*#1'%-((&)-,"%#$%-((.#'+%

7)&%GGM%b2-/*#7#,-*#)/%2$#/3%4-/2-.%-/-.5$#$%7)&%,'..%,5,.'%+'*'&4#/-*#)/:%%I$#/3%04-3'F6%*"'%

,'..%+#1#$#)/%#$%+'*'&4#/'+%-*%*"'%'/+%)7%4#*)$#$%8"#,"%#$%&'(&'$'/*'+%95%/2,.'-&%+'*-,"4'/*%

!"#$%&'J)5'EE\']$+21"/"=+1".2'$;"2#'+$1.9+1&4'/0$.%&;=&2=&P:+;&4'+,,%.+=-'

D#1'%+#1#$#)/$%9'7)&'%-/+%-7*'&%>JM%-&'%+2+0AW&4%7)&%GGM%,)4(-&#$)/:%!"'%+5/-4#,%)7%'-,"%

GGM%'1).2*#)/%7&)4%>JMXW%+#1#$#)/%*)%>JMjW%+#1#$#)/%#$%9&+;$%&4D%&'$(',*#1'.5:%



'*#"

YD#32&'%\:\Z:%!"#$%4)&(").)3#,-.%$#3/-*2&'%-..)8$%*)%+'.#4#*-*'%*"'%,5*)<#/'$#$%,.)$'&%*"-/%*"'%

7.2)&'$,'/,'%('-<%Y-/-("-$'Z%+'*'&4#/'+%95%-2*)4-*'+%-((&)-,":%

!"'%>JM% #$% *"'/%-/-.5U'+%using ‘findSEP’ function as previously described in section V:R9:%

!"'/%'-,"%,'..%,5,.'%,-/%9'%$'(-&-*'+%-/+%-/-.5U'+%7)&%GGM%b2-/*#7#,-*#)/:%B$%$")8/%#/%*"'%

7#32&'%\:]B6%*"'%,'..%+#1#$#)/%,-/%9'%+'7#/'+%95%9.2'%-&&)8:%B$%7)&%$#/3.'%,'..%,5,.'6%$#4#.-&%

(#','X8#$'%.#/'-&%&'3&'$$#)/%4'*")+%#$%-((.#'+%7)&%GGM%b2-/*#7#,-*#)/%9-$'+%)/%7.2)&'$,'/,'%

$#3/-.%(-**'&/:%!"'%,'..%,5,.'%$*-&*$%-$%+'*'&4#/'+%4-/2-..56%*"'/%7)..)8'+%95%*"'%")&#U)/*-.%

NQ%("-$'6%#/,&'-$#/3%<#/'*#,%>%("-$'6%*"'/%*"'%")&#U)/*-.%NR`?%("-$'6%.-$*.5%*"'%-/-("-$'%

9'7)&'%/'T*%,'..%,5,.'6%*"#$%4#*)$#$%-/+%,5*)<#/'$#$%#$%b2-/*#7#'+%95%*"'%+2&-*#)/%9'*8''/%*"'%

NR`?%("-$'%-/+%/'T*%,'..%,5,.':%B$%$")8/%#/%*"'%7#32&'%\:]E6%'-,"%GGM%#$%+'.#4#*-*'+%95%&'+%

+-$"'+%.#/':%

!"#$%&'J)J'E&00'=A=0&'4&1&%9"2+1".2'$;"2#'9+2$+0'4&1&%9"2+1".2'"2'U9+#&e'

!"'% ,'..% +#1#$#)/% #$% +'7#/'+% 95% /2,.'-&% +'*-,"4'/*% 4)&(").)35% 9'*8''/% 4)*"'&% -/+%

+-23"*'&%,'..%Y#/+#,-*'+%95%9.2'%+-$"'+%.#/'Z%-/-.5U'+%95%04-3'F:%!"'%O*9RX$7NDM%7.2)&'$,'/*%

$#3/-.%#$%,2*%-,,)&+#/3%*)%*"'%,'..%+#1#$#)/%-$%$")8/%#/%3&''/:%!"'%7.2)&'$,'/,'X+'*'&4#/'+%

,'..%+#1#$#)/%#$%#/+#,-*'+%95%5'..)8%-&&)8%-/+%+-$"'+%.#/':%



' $"

%

!"#$%&'J)L'EE\']$+21"/"=+1".2':+;&4'.2',"&=&P>";&'0"2&+%'%&#%&;;".2'

BC%%!"'%9.2'%-&&)8$%#/+#,-*'%*"'%,'..%+#1#$#)/%+'*'&4#/'+%95%04-3'F%4-/2-.%-/-.5$#$%9-$'+%

)/%/2,.'-&%+'*-,"4'/*%9'*8''/%4)*"'&%-/+%+-23"*'&%,'..$:%!"'%>JM%#$%+'7#/'+%9-$'+%)/%*"'%

,'..%,5,.'%+2&-*#)/:%

EC% % J-,"% ,'..%+#1#$#)/% #$% ,2*%9-$'+%)/% *"'%9.2'%-&&)86%'-,"%CCP is quantified using ‘BFSK’ 

72/,*#)/%9-$'+%)/%(#','X8#$'%.#/'-&%&'3&'$$#)/:%!"'%.#/'-&%&'3&'$$#)/%7#**#/3%#$%$")8/%#/%9.-,<%

+-$"'+% .#/'6% '-,"% ("-$'% #$% $'(-&-*'+% 95% &'+% +-$"'+% .#/':% !"'% NQ% -/+% NR`?% ("-$'$%

,)&&'$()/+%*)%*"'%")&#U)/*-.%+2&-*#)/6%*"'% #/,&'-$#/3% .#/'%7)&%>%("-$'%-/+%*"'%&'$*% #$% *"'%

-/-("-$'%2/*#.%'-&.5%,5*)<#/'$#$%Y/2,.'-&%+'*-,"4'/*%-7*'&%4#*)$#$Z:%

!"#$%&'J)M'E.9,+%";.2':&1>&&2',%&PK[\'+24',.;1PK[\'=&00;'

!"'%,'..%,5,.'$%9'7)&'%-/+%-7*'&%>JM%-&'%,)4(-&'+%95%()).#/3%*8)%3&)2(%)7%+-*-:%?)&'%,'..%

,5,.'$%-..)8#/3%-%4)&'%-,,2&-*'%b2-/*#7#,-*#)/%9'*8''/%'-,"%GGM:%



'*)"

!"'%,)4(-&#$)/%)7%GGM%#$%('&7)&4'+%9'*8''/%(&'X>JM%-/+%()$*X>JM%,'..$%-$%$")8/%#/%7#32&'%

\:^:%

V:[-:%c"#WXNDM%GGM%b2-/*#7#,-*#)/%*#4'X.-($'%'T('&#4'/*%

!"#$%*#4'X.-($'%'T('&#4'/*%8#*"%c"#WXNDM%#$%7)&%,)4(-&#/3%*"'%NQ%("-$'%+2&-*#)/%9'7)&'%

-/+%-7*'&%>JM%95%2$#/3%c"#WXNDM%&'()&*'&%$*&-#/:%!)%b2-/*#75%*"'%GGM%+2&-*#)/6%*"'%#4-3'$%

-&'%*-<'/%7)&%'-,"%S%4#/2*'$:%B%*)*-.%)7%W_X")2&%,'..%-3'#/3%(&),'$$%#$%4)/#*)&'+%7)&%'-,"%

*#4'X.-($'%'T('&#4'/*%YQ___%7&-4'$Z:%

!8)%,"-//'.$%-&'%2$'+%7)&%*#4'X.-($'%'T('&#4'/*C%

("-$'% ,)/*&-$*C% R_4$% 'T()$2&'% *#4'6% /)% 9#//#/3:%=2'% *)% *"'%8'-<%c"#WXNDM% $#3/-.% -/+%

4'-/8"#.'% -1)#+% *"'% (")*)X+-4-3'6% *"'% NDM% ,"-//'.% #$% $'*% *)% ]h% .-$'&% 'T,#*-*#)/%

Y8-1'.'/3*"%V\_/4ZC%]_4$%'T()$2&'%*#4'6%9#//#/3%R�R:%

V:[9:%c"#WXNDM%/2,.'-&%&'$#+'/,'%GGM%b2-/*#7#,-*#)/%

!"'%#4-3'$%Y/+RZ%-&'%,)/1'&*'+%*)%?-*.-9%a('3%7)&4-*%-/+%-1#%1#+'):%!"'%?-/2-.%,'..%,5,.'%

+2&-*#)/% -/+% >JM% +'*'&4#/-*#)/% #$% ('&7)&4'+% 2$#/3% 04-3'F% -$% (&'1#)2$.5% +'$,&#9'+% 95%

,)2/*#/3% *"'% /249'&% )7% 7&-4'$% 9'*8''/% '-,"% ,'..% +#1#$#)/% *"'% 1#+')% ,.#(:% !"'% >JM% #$%

+'*'&4#/'+%using ‘7#/+>JM{F#-’ function -$%+'$,&#9'+%#/%$',*#)/%V:R9:%

!"'%c"#WXNDM%/2,.'-&%&'$#+'/,'%$*-*'%#$%-/-.5U'+%95%'5'$%)/%04-3'F%+#&',*.5%YD#32&'%\:Q_Z:%

!"'%/249'&%)7%7&-4'$%$")8#/3%$#3/#7#,-/*%/2,.'-&%7.2)&'$,'/,'%-,,242.-*#)/%,)&&'$()/+%*)%

!"#$%&'J)(6'_-"FP*!\'2$=0&+%'%&;"4&2=&'+2+0A;";'"2'U9+#&e'

!"'%NQ%("-$'%4'-$2&'+%95%c"#WXNDM%(&)*'#/%/2,.'-&%&'$#+'/,'%#$%-/-.5$'+%+#&',*.5%95%'5'%

#/%04-3'F:%!"'%+2&-*#)/%,)&&'$()/+$%*)%*"'%/249'&%)7%7&-4'$% $")8#/3%c"#WXNDM%/2,.'-&%

7.2)&'$,'/,'%-,,242.-*#)/%8"#,"%#/+#,-*'+%95%&'+%-&&)8:%



'**"

*"'%&'.-*#1'XNQ%("-$'%+2&-*#)/:%!)%#/,&'-$'%*"'%(&',#$#)/%)7%GGM%b2-/*#7#,-*#)/6%*"'%(&'X>JM%

-/+% ()$*X>JM% ,'..% ,5,.'$% -&'% ()).'+% *)% b2-/*#75% *"'% -1'&-3'% GGM% +2&-*#)/% #/% c"#WXNDM%

&'()&*'&%$*&-#/:%

V:\-:%=KB%+-4-3'%()$#*#1'%,)/*&).%*#4'X.-($'%'T('&#4'/*%

!"#$%*#4'X.-($'%'T('&#4'/*% #$%('&7)&4'+%#/%4#,&)7.2#+#,%,"#(%7)&%*'$*#/3%*"'%=KB%+-4-3'%

&'()&*'&%7)&%Q_"&$:%!"'%;/&SXNDM%-/+%=+,RXNDM%-&'%*"'%$*&-#/$%*'$*'+%Y\:QQBZ:%RV"&$%-7*'&%

#/a',*#/3%,'..$%#/*)%*"'%4#,&)7.2#+#,%+'1#,'6%*"'%,'..$%-&'%7#..'+%#/%*"'%,-1#*#'$:%!"'%*#4'X.-($'%

'T('&#4'/*%#$%$'*%*)%*-<'%'-,"%#4-3'%'1'&5%Q_%4#/2*'$6%#+'/*#,-.%*)%*"'%-3'#/3%'T('&#4'/*:%

D)&%*"'%7#&$*%W"&$6%*"'%3&)8*"%)7%,'..$%#$%4)/#*)&'+%2/+'&%/)&4-.%>GjRh%+'T*&)$'%4'+#-%-$%

*"'%,)/*&).:%!"'/%*"'%,'..$%-&'%#/,29-*'+%2/+'&%=KB%+-4-3#/3%-3'/*$%$2,"%-$%OR@R%_:V4?%

Y8"#,"%#/+2,'%4)$*%1-&#)2$%,'..%7-*'$%-,,)&+#/3%*)%N)2.'1%'*%-.:6%R_Q\Z%and 1000μg/mL zeocin 

-/*#9#)*#,%7)&%2(%*)%W"&$:%%

B/)*"'&%=KB%+-4-3'%()$#*#1'%,)/*&).%#$%('&7)&4'+%95%OR@R%_:R4?%Y8"#,"%#/+2,'%4-T#4-.%

4-3/#*2+'%)7%f-(QX&'32.-*'+%)T#+-*#1'%$*&'$$%+'7'/$'%-,*#1-*#)/%7&)4%N)2.'1%'*%-.:6%R_Q\Z%

7)&%*'$*#/3%*"'%)T#+-*#1'%$*&'$$%&'$()/$'%#/%4#,&)7.2#+#,%+'1#,':%!"'%>&TQXNDM%-/+%!$-QXNDM%

-&'%7#&$*.5%#/a',*'+%#/*)%4#,&)7.2#+#,%,"#(%-/+%3&)8%2/+'&%>GjRh%+'T*&)$'%4'+#-%7)&%RV"&$:%

!"'/%*"'%*#4'X.-($'%-,b2#$#*#)/%#$%$'*%*)%*-<'%'-,"%#4-3'%'1'&5%Q_%4#/2*'$6%#+'/*#,-.%*)%*"'%

-3'#/3%'T('&#4'/*:% D)&% *"'% 7#&$*%R"&$6% *"'% ,'..$%-&'%4)/#*)&'+% 7)&% ,)/*&).% ,)/+#*#)/6% *"'/%

#/,29-*'+% 2/+'&%OR@R%_:R4?% 7)&%4)&'% *"-/% Q_% "&$% Y*)%4)/#*)&% *"'% $*-9.'% $*-*'% 2/+'&%

)T#+-*#1'%$*&'$$Z:%

R%,"-//'.$%-&'%2$'+%*"&)23")2*%*"#$%'T('&#4'/*6%*"'%(-&-4'*'&$%7)&%'-,"%,"-//'.%8'&'%$'*%

-$% 9'.)8C% ("-$'% ,)/*&-$*C% R_4$% 'T()$2&'% *#4'6% /)% 9#//#/3q% NDMC% \h% .-$'&% 'T,#*-*#)/%

Y8-1'.'/3*"%V\_/4ZC%W_4$%'T()$2&'%*#4'%-/+%9#//#/3%R�R:%



'*+"

V:\9:%=KB%+-4-3'%&'$()/$'%Y==;Z%-,*#1-*#)/%-/-.5$#$%-/+%7.2)&'$,'/,'%-/-.5$#$%

D#&$*.56%*"'%#4-3'$%Y/+RZ%)7%9)*"%$*&-#/$%-&'%,)/1'&*'+%#/*)%?-*.-9%a('3%7)&4-*%-/+%-1#%1#+')%

using the code developed by Dr. Gilles CHARVIN in ‘-2*)*&-,<’. Secondly the cellular contour 

#$%$'34'/*'+%95%("-$'%,)/*&-$*%*"&'$").+:%B%&)2/+%)7%4-/2-.%,)&&',*#)/%7)&%*"'%,)/*)2&%

$'34'/*-*#)/% #$% /','$$-&5% 7)&% *"'% +-*-% (&',#$#)/:% !"#&+.56% *"'% 7.2)&'$,'/,'% $#3/-.% )7%

#/*'&'$*'+%4)*"'&%,'..$%-&'%-/-.5U'+%95%'5'%7)&%=+,RXGFP reporter strain or using ‘,'..7.2)’ 

72/,*#)/%7)&%;/&SXNDM%&'()&*'&%$*&-#/:%

!"#$%&' ((' YYS' +=1"7+1".2' "24$=&4' "2' Y4=<P*!\' +24' S2%?P*!\' %&,.%1&%' ;1%+"2;' :A' YGT'

4+9+#"2#'+#&21;'

BC%>,"'4-*#,%==;%-,*#1-*#)/%7.2)&'$,'/,'%'1).2*#)/%#/%9)*"%&'()&*'&%$*&-#/$:%

EC%!8)%$*&-#/$%-&'%*&'-*'+%2/+'&%9)*"%_:V4?%OR@R%4'+#-%-/+%Q___μ3`4A%U'),#/%-/*#9#)*#,%

7)&% W"&$:% !"'% #4-3'$% $")8% &'(&'$'/*-*#1'% 7.2)&'$,'/,'% '1).2*#)/% #/% 9)*"% $*&-#/$:% !"'%

#/*'&'$*'+%4)*"'&%,'..$%-&'%#/+#,-*'+%95%1#).'*%-&&)8$:%!"'%/2,.'-&%7),#%4-5%9'%)9$'&1'+%#/%

=+,RXNDM%$*&-#/%2/+'&%9)*"%,)/+#*#)/%5'*%*"'%/2,.'-&%7),#%Y#/+#,-*'+%95%8"#*'%-&&)8Z%#$%/)*%

$*-9.'%-/+%,-/%9'%.)$*%'-$#.5%7&)4%*"'%1#'8:%!"'%7.2)&'$,'/,'%92&$*%,-/%9'%)9$'&1'+%4)$*.5%

#/%;/&SXNDM%2/+'&%U'),#/%-/*#9#)*#,%*&'-*'+%,)/+#*#)/:%%



'*,"

!"'%('&$#$*'/,'%)7%/2,.'-&%7),#%,-//)*%9'%)9$'&1'+%#/%=+,RXNDM%&'()&*'&%$*&-#/%-7*'&%*"'%=KB%

+-4-3#/3%-3'/*X*&'-*4'/*%Y\:QQEZ:%0/%-++#*#)/6%*)%-1)#+%*"'%(")*)X+-4-3'6%*"'%'T,#*-*#)/%

7.2)&'$,'/,'%$#3/-.%,-//)*%9'%#/,&'-$'+6%8"#,"%.'-+%*)%8'-<%7.2)&'$,'/,'%$#3/-.:%!"'&'7)&'6%

*"#$%&'()&*'&%$*&-#/%#$%/)*%$2#*-9.'%7)&%4)/#*)&#/3%*"'%==;%-,*#1-*#)/%#/%4#,&)7.2#+#,%-3'#/3%

'T('&#4'/*:%

!"'% ;/&SXNDM% &'()&*'&% $*&-#/% 2/+'&% U'),#/% -/*#9#)*#,% *&'-*4'/*% $")8% 4)$*% $#3/#7#,-/*%

7.2)&'$,'/,'%92&$*%8"#,"%.-$*%4)&'%*"-/%Q"&%YD#32&'%\:QQEZ:%;/&SXNDM%#$%*"'&'7)&'%2$'+%7)&%

$*2+5#/3%*"'%==;%-,*#1-*#)/%+2&#/3%-3'#/3%(&),'$$%#/%4#,&)7.2#+#,%+'1#,'%#/%*"'%/'T*%$*'(:%

O)8'1'&6%*"'%,'..2.-&%;/&SXNDM%7.2)&'$,'/,'%$")8%"'*'&)3'/')2$%9-$-.%.'1'.%8#*")2*%$*&'$$%

+2'%*)%#*$%)$,#..-*)&5%'T(&'$$#)/%(-**'&/%#/1).1'+%#/%=KB%$5/*"'$#$:%!"'%;/&SXNDM%$*&-#/%-.$)%

$")8$%-%.-&3'%1-&#'*5%)7%==;%-,*#1-*#)/%<#/'*#,%2/+'&%U'),#/%-/*#9#)*#,%*&'-*4'/*:%!"'&'7)&'6%

*"'%9-$-.%U'),#/%7.2)&'$,'/,'%.'1'.%#$%,)4(-&'+%8#*"%WX")2&X*&'-*'+%;/&SXNDM%7.2)&'$,'/,'%

7)&%+'*'&&#/3%*"'%==;%-,*#1-*#)/%*"&'$").+%YD#32&'%\:QRBZ:%!"'%*"&'$").+%)7%==;%-,*#1-*#)/%#/%

;/&SXNDM% &'()&*'&% $*&-#/% #$% $'*% 95% =KB% +-4-3'%4-T#424% 7.2)&'$,'/,'% .'1'.%4#/2$% *"'%

4'+#-/%9-$-.%.'1'.6%8"#,"%'b2-.$%*)%R[%-:2:%YD#32&'%\:QREZ:%%



'*&"

!"#$%&'J)'(<'O-%&;-.04'4&1&%9"2+1".2'/.%'S2%?P*!\'YYS'+=1"7+1".2'$24&%'W&.="2'+21":".1"='

1%&+19&21'

BC%!"'%$4))*"'+%+'/$#*5%+#$*&#92*#)/%)7%,)/*&).%Y#/%9.2'Z%-/+%()$#*#1'%,)/*&).%Y#/%)&-/3'Z%

YW"%2/+'&%U'),#/%*&'-*4'/*Z%,)4(-&#$)/:%%

EC%!"'%*"&'$").+%7)&%==;%-,*#1-*#)/%#$%$'*%*)%R[%-:2:%4'-$2&'+%95%4-T#424%4#/2$%4'+#-/%

,)/*&).%7.2)&'$,'/,'%$#3/-.:%



'+("

"

O+:0&'J)B'K$99+%A'1+:0&'./'"9+#&',%.=&;;"2#'+2+0A;&;'+24'@+10+:'/$2=1".2;'

>244-&5%

)7%-/-.5$#$%

(&),'+2&'%

/+R`*#77%*)%

a('3%?-*.-9%

(&)a',*%

a('3%*)%-1#%1#+')%

-/+%04-3'F%-/-.5$#$%

,'..2.-&%s%

/2,.'-&%

$'34'/*-*#)/%

-/+%,'..%*&-,<#/3%

7.2)&'$,'/,'%

b2-/*#7#,-*#)/%

D2/,*#)/% /+R!)?-*.

-9M&)a',*V`%

*#77!)?-*.-

9M&)a',*%

'T()&*?)/*-3'`%

',+7`K)*E)TM.)*`%

!-9*&-a#$)Y{F#-Z`%

7#/+>JM%Y{F#-Z%

-2*)*&-,<%

Y-*{9-*,"Z%

("5.)G'..{4-#/NI0`%

,'..7.2)`%#/,'..7.2)`%

-/-.5$'+-(#`%(.)*DA2)%

Y7#/+('-<$`ED>lZ`%

7#/+MJBl957.2`%

findSEP_flonly’%

B/-.5$#$% % ;A>%-/-.5$#$`%

$2&1#1-.%,2&1'`%

9)T(.)*%)7%;A>`%

%,'..%,5,.'%+2&-*#)/%

*&-a',*)&5`%

>JM%+'*'&4#/-*#)/`%

GGM%b2-/*#7#,-*#)/%

Y#/%c"#WXNDM_`%%

,'..2.-&%s%

/2,.'-&%

$'34'/*-*#)/%

-/+%,'..%*&-,<#/3%

?-/2-.%,)&&',*#)/%95%

NI0q%,'..2.-&%-/+%

/2,.'-&%,)/*)2&X

4'-$2&'4'/*`%=BM0%

7.2)&'$,'/,'%

b2-/*#7#,-*#)/`%GGM%

b2-/*#7#,-*#)/`%>JM%

+'*'&4#/-*#)/%Y7)&%

$37\S%Δ)%

%

%

%

%

%

%

%

%

%

%

%

% %
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W:Q%@/.#/'%(29.#$"'+%&'$)2&,'$%

‘Phylocell’ and ‘autotrack’ functions has been developed by Dr. Gilles CHARVIN (Fehrmann 

'*%-.:6%R_QSZ%6%*"'%,)+'%,-/%9'%7)2/+%7&)4%*"'%.#/<C%"**($C``3#*"29:,)4`3,"-&1#/`-2*)*&-,<:%

‘ecdf’ function belon3$%*)%*"'%?-*.-9%,)+'%Y$''%.#/<C%%"**($C``888:4-*"8)&<$:,)4`"'.(`$*

-*$`',+7:"*4.Z:%

‘NotBoxPlot’ function has been published by Rob Campbell (see link: "**($C``888:4-*"8)&

<$:,)4`4-*.-9,'/*&-.`7#.''T,"-/3'`R[W_]X/)*9)T(.)*Z:%

W:R%2/(29.#$"'+%,)+'%*"-*%"-$%9''/%+'1'.)('+%95%)*"'&%-2*")&$%Y&'b2'$*%*"'%

.-9%7)&%4)&'%#/7)&4-*#)/Z%

‘nd2ToMatlabProject’, ‘exportMontage’, ‘cellfluo’ and ‘incellfluo’, ‘Tabtrajiso’,’findSEP’, ‘fin

dPEAK (findPEAKbyflu)’, ‘tiffToMatlabProject’, ‘analysedapi’, ‘plotFLuo’ and ‘plotFLuo_noSE

P’,  functions were developed by the lab members.%

W:S%,2$*)4#U'+%,)+'%#/%*"#$%8)&<%

‘Tabtrajiso_Jia’:%

72/,*#)/%*-9*&-a#$){F#-Y*-9Z%

h*-9n4-*&#T6%'-,"%.#/'%,)&&'$()/+$%*)%-%,'..%8#*"%$2,,'$$#1'%1-.2'$%)7%,'..%

h,5,.'%+2&-*#)/%#/%4#/%

5*#,<ndeq%

%"n7#32&'q%

4-(nU'&)$YRW[6SZq%

h%4-(YQ6CZnd_6Q6_eq%

h%4-(YRW[6CZndQ6_6_eq%

;_*)RW[n.#/$(-,'Y_6Q6RW[Zq%

N_*)RW[nQX;_*)RW[q%



'+!"

4-(YC6QZn;_*)RW[q%

4-(YC6RZnN_*)RW[q%

,).Rn,).)&4-(Y4-(Zq%

,,RnQq%

%7)&%#nQC$#U'Y*-96QZ%

%%%%*-9*'4(QY#6CZnd.'/3*"Y*-9Y#6CZZX$24Y#$/-/Y*-9Y#6CZZZ%*-9Y#6CZeq%

%'/+%

h%%*-9*'4(Rn*-9*'4(Qwq%

h%%d1-.2'$6)&+'&en$)&*Y*-9*'4(RYC6QZZq%

h%%*-9$)&*n*-9*'4(RY)&+'&Zq%

h%%*-9$)&*n*-9$)&*w%

d1-.2'$6)&+'&en$)&*Y*-9*'4(QYC6QZZq%

*-9$)&*n*-9*'4(QY)&+'&6CZq%

7)&%#nQC$#U'Y*-9$)&*6QZ%

%%%%$*-&*fn#q%

%%%%5*#,<nd5*#,<%$*-&*feq%

%%%,#/+'Tn)/'$YQ6.'/3*"Y*-9$)&*Y#6CZZXQX$24Y#$/-/Y*-9$)&*Y#6CZZZZq%

%!n/24'.Y,#/+'TZq%

%;n)/'$Y!6QZq%

%%%7)&%anQCY.'/3*"Y*-9$)&*Y#6CZZXRX$24Y#$/-/Y*-9$)&*Y#6CZZZZ%

%*n2#/*]Y&)2/+YRWW�Y*-9$)&*Y#6ajQZZ`RW_ZZq%

%,#/+'TYaZn4-TYQ6*Zq%

%;YajQZn;YaZj;YajQZq%%%

%%%'/+%

%%%%*7n2#/*]Y&)2/+YRWW�Y*-9$)&*Y#6.'/3*"Y*-9$)&*Y#6CZZX$24Y#$/-/Y*-9$)&*Y#6CZZZZ`RW_ZZZq%

%%%%,#/+'TY.'/3*"Y*-9$)&*Y#6CZZXQX$24Y#$/-/Y*-9$)&*Y#6CZZZZn%4-TYQ6*7Z%q%%

%%%%*'4(Rnd_q;eq%
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%%%%;Qn*'4(RYQCY$#U'Y;ZZZq%

%%%%&',nd;Q%;eq%

%%%%!&-aY&',6wG).)&w6,).R6w,).)&#/+'Tw6,#/+'T6w*-3w6dwG'..% w% e6"6w8#+*"w6_:^W6w$*-&*pw6_6w$*-&*fw6$*-&*

f6w$'(G).)&w6d_:Q%_:Q%_:Qe6w$'(8#+*"w6_:_\6w3&-+#'/*8#+*"w6_Zq%

'/+%

%%%$'*Y3,-6wf!#,<w65*#,<Zq%

%%%%-T#$%*#3"*q%

%%%%").+%)/%

h%%%%%,).)&9-&YwI/#*$w6w(#T'.$w6:::%

h%%%%%w!#,<$w6d_%_:_[RW%_:QRW%_:Q]\W%_:RW%_:SQRW%_:S\W%_:VS\W%_:W%_:W[RW%_:[RW%_:[]\W%_:\W%

_:]QRW%_:]\W%_:^S\W%Qe6:::%

h%%%%%w!#,<A-9'.$w6�w�n_w6wQ[w6wSRw6wV]w6w[Vw6w]_w6w^[w6wQQRw6wQR]w6wQVVw6wQ[_w6wQ\[w6wQ^Rw6wR_]w6wRRVw6

wRV_w6w}nRW[w�Zq%

%%%%,-T#$Yd_6QeZ%

,).)&9-&Yw$)2*")2*$#+'w6wI/#*$w6w(#T'.$w6:::%

%

‘findSEP_Jia’:%

72/,*#)/%d*Q%*R%4#+%T%5%*+#1%7+#1en7#/+>JM{F#-Y*-96.6+#$(.-5Z%

h+-2nd*,'..$Y,'..#/+'TZ:+-23"*'&A#$*eq%

*Qndeq%

*Rndeq%

Tndeq%

5ndeq%

*+#1ndeq%

7+#1ndeq%

h%%%%%#7%/24'.Y+-2Znn_%

h%%%%%%%%%&'*2&/q%

h%%%%%'/+%

*+#1n*-9Y.6CZq%



'+$"

%%%%*+#1n*+#1Y*+#1}_Zq%

%%%%#7%/24'.Y*+#1Znn_%

%%%%%%%%&'*2&/q%

%%%%'/+%

%%%7+#1nQ:`*+#1q%

%%%%*'$*n7+#1q%

%%%%h*'$*Y'/+jQZn_:__Qq%

%%%%d*Q%*R%.'1'.Q%.'1'.R%,2&1'en7#*>'/'$,'/,'?)+'.Y*'$*6_6_Zq%

%%%h%d$(%1e%n%$(-($YQC.'/3*"Y7+#1Z67+#16_:__RZq%

%%%%h%

%%%h%*Q6*R6.'1'.Q6.'1'.R%

%%%%h%

%%%%#7%.'1'.R�n_:_]%h_:_^%

%h%$'/'$'/,'%,-$'%

%h4#+nY*Qj*RZ`R%

%4#+n7#/+Y,2&1'�.'1'.QX_:_6Q6w7#&$*wZq%h%_:_S%

%4#+n*Qq%

%#7%/24'.Y4#+Znn_%

%%%%%4#+n&)2/+YY*Qj*RZ`RZq%

%'/+%

%4#+n4#/Y.'/3*"Y7+#1Z64#+Zq%

%h4#+n*Qq%

%h4#+n*Qq%

%TnQCQC.'/3*"Y7+#1Zq%

%TnTX4#+q%

%h%TnTX.'/3*"YTZq%
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%%%%%%%%%%%%5nQ:`7+#1YQC'/+Zq%

%%%%%%%%%%%%h%4#+%

%%%%%%%%%%%%h%(.)*YT656wG).)&w6,).Y#6CZZq%").+%)/q%

%%%%%%%%'.$'%

%%%%%%%%%%%%h,)/*#/2'%

%%%%%%%%%%%%TnQCQC.'/3*"Y7+#1Zq%

%%%%%%%%%%%%4#+n.'/3*"YTZjQq%

%%%%%%%%%%%%TnTX.'/3*"YTZq%

%%%%%%%%%%%%5nQ:`7+#1YQC'/+Zq%

%%%%%%%%%%%%*Rn4#+q%*Qn4#+XQq%

%%%%%%%%%%%%h#7%.'/3*"Y7+#1%

%%%%%%%%%%%%h7#32&'Y"SZq%(.)*YT6Q:`56wG).)&w6,).Y#6CZZq%%

%%%%%%%%%%%%h").+%)/q%

%%%%%%%%%%%h%(.)*D#*Y7+#16*Q6*RZ%

%%%%%%%%'/+%

%%%%%%%%h(.)*YT6Q:`56wG).)&w6,).Y#6CZZq%

%%%%%%%hhh%(.)*D#*YT67+#16*Q6*RZ%

%%%%%%h%%&'*2&/q%

%%%%%%%%#7%/-&3#/nnS%

%%%%%"n%(.)*D#*YT67+#1�[6*Q6*RZq%h(.)*YT616wG).)&w6w3wZq%

%%%%%%%%'/+%

72/,*#)/%d*Q%*R%.'1'.Q%.'1'.R%,2&1'en7#*>'/'$,'/,'?)+'.Y7+#16*"&Q6*"&RZ%

,"#RnU'&)$Y$#U'Y7+#1ZZq%

7+#1Y7+#1}_:RZn_:QWq%

7)&%#nQC.'/3*"Y7+#1ZXQ%

%%%%7)&%an#jQC.'/3*"Y7+#1Z%

%%%%%%%%h,"#Rn_q%
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"

%%%%%%%%.'1'.Qn4'-/Y7+#1YQC#ZZq%

%%%%%%%%.'1'.Rn4'-/Y7+#1YaC'/+ZZq%

%%%%%%%%,"#RY#6aZn%$24YY7+#1YQC#ZX.'1'.QZ:xRZj$24YY7+#1YaC'/+ZX.'1'.RZ:xRZq%

%%%%%%%%#7%a}#jQ%

%%%%%%%%%%%%-&&Tn#CQCaq%

%%%%%%%%%%%%-&&5nY.'1'.QX.'1'.RZ`Y#XaZ�-&&TjY.'1'.R�#X.'1'.Q�aZ`Y#XaZq%

%%%%%%%%%%%%,"#RY#6aZn%,"#RY#6aZ%j%$24Y%Y7+#1Y#jQCaXQZX%-&&5YRC'/+XQZZ:xR%Zq%

%%%%%%%%'/+%

h%%%%%%%%%%#7%#}]%

h%%%%%%%%%%(.)*D#*YQCQC.'/3*"Y7+#1Z67+#16#6aZq%

h%%%%%%%%%-n,"#RY#6aZ6#6a%

h%%%%%%%%%%(-2$'%

h%%%%%%%%%%,.)$'%

h%%%%%%%%%%'/+%

%%%%'/+%

'/+%

(#Tn7#/+Y,"#Rnn_Zq%

,"#RY(#TZn4-TY4-TY,"#RZZq%

d4%(#Ten4#/Y,"#RYCZZq%

h7#32&'6%(.)*Y,"#RYCZZq%

d#%aen#/+R$29Y$#U'Y,"#RZ6(#TZq%

*Qn#q%

*Rnaq%

%h(.)*D#*YQCQC.'/3*"Y7+#1Z67+#16#6aZq%

.'1'.Qn4'-/Y7+#1YQC#ZZq%

.'1'.Rn4'-/Y7+#1YaC'/+ZZq%

,2&1'YQC#Zn.'1'.Q�)/'$YQ6#Zq%
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h.'/3*"Y7+#1ZXa%

,2&1'YaC.'/3*"Y7+#1ZZn.'1'.R�)/'$YQ6.'/3*"Y7+#1ZXajQZq%

-&&Tn#CQCaq%

-&&5nY.'1'.QX.'1'.RZ`Y#XaZ�-&&TjY.'1'.R�#X.'1'.Q�aZ`Y#XaZq%

,2&1'Y#jQCaXQZn-&&5YRC'/+XQZq%

72/,*#)/%"n(.)*D#*YT67+#16#6aZ%

"n7#32&'q%

h%"n$29(.)*YR6Q6QZq%

.'1'.Qn4'-/Y7+#1YQC#ZZq%

.'1'.Rn4'-/Y7+#1YaC'/+ZZq%

.#/'QTnQC#q%.#/'Q5n.'1'.Q�)/'$YQ6.'/3*"Y.#/'QTZZq%

.#/'RTnaC.'/3*"Y7+#1Zq%.#/'R5n.'1'.R�)/'$YQ6.'/3*"Y.#/'RTZZq%

#7%a}n#jQ%

%%%%-&&Tn#CQCaq%

%%%%-&&5nY.'1'.QX.'1'.RZ`Y#XaZ�-&&TjY.'1'.R�#X.'1'.Q�aZ`Y#XaZq%

'/+%

(.)*YT67+#16w?-&<'&w6w:w6wA#/'>*5.'w6w/)/'w6w?-&<'&>#U'w6R_Zq%").+%)/q%%

(.)*Y.#/'QTjTYQZXQ6.#/'Q56wG).)&w6w&w6wA#/'>*5.'w6wXXwZq%").+%)/q%%

(.)*Y.#/'RTjTYQZXQ6.#/'R56wG).)&w6w&w6wA#/'>*5.'w6wXXwZq%%").+%)/q%

#7%a}n#jQ%

%%%%(.)*Y-&&TjTYQZXQ6-&&56wG).)&w6w&w6wA#/'>*5.'w6wXXwZq%").+%)/q%

'/+%

<%n%-&&5YRZX.'1'.Q%

#7%<%�n%X_:__RWq%

'.$'#7%<%}%X_:__RW%

%%%%+#$(Yw/)%>JM%8-$%7)2/+%+2'%*)%<%}%X_:__RWwZ%

%%%%&'*2&/%
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"

'/+%

#7%7+#1YaXQZ%�%Q`QR_%ss%7+#1YaZ%�%Q`QR_q%

%%%%+#$(Y%w/)%>JM%8-$%7)2/+%+2'%*)%QR_%4#/%,'..%,5,.'wZ%

%%%%&'*2&/%

'/+%

%

‘findSEP_fluonly’:%

72/,*#)/%7#/+>JM{7.)/.5Y?#/67.26#97Zqh7#/+%)2*%*"'%>JM%4)4'/*%95%7.2)&'$,'/,'%

h9-$'+%)/%*"'%('-<$%)7%7.2)&'$,'/,'%1-.'5$6%7#/+%)2*%*"'%#/,&'-$#/3%()#/*%

h8"'&'%7.2)&'$,'/,'%$*-&*$%*)%#/,&'-$'%

h?#/%#$%*"'%&'$2.*%)7%7#/+MJBl%,)/*-#/#/3%*8)%1',*)&$%,)&&'$()/+#/3%*)%

h('-<$%-/+%*"'#&%.),-*#)/$%

h#97%#$%*"'%4#/2*'$%#/%9'*8''/%7&-4'%

d�6/e%n%$#U'Y?#/Zq%

(<$nY?#/YQ6CZZ%q%%

++n+#77Y(<$Zq%h+#77%)7%('-<$%

,,n+#77Y?#/YR6CZ�#97Zq%%

h%7#32&'q%7#/+,"-/3'(*$Y(<$6w>*-*#$*#,w6w$*+wZ%

h%,)2/*n7#/+,"-/3'(*$Y(<$6w>*-*#$*#,w6w$*+wZq%hD#/+%()*'/*#-.%>JM%95%$*+%1-&#-*#)/%

h%hN'/'&-..56%*"'%&'$2.*%#$%.-*'&%*"-/%*"'%&'-.%>JM:%

h%,)2/*%

#7%,,Y/XRZ�QR_%ss%,,Y/XQZ�QR_q%%%%%%h*"'%.-$*%R%,'..%,5,.'$%-&'%.'$$%*"-/%QR_%4#/2*'$:%

%%%+#$(.-5%w/)%>JM%#$%7)2/+w%

'.$'#7%,,Y/XRZ}nQR_%ss%,,Y/XQZ}nQR_q%

'/+%

h%7)&%an,)2/*q%%

h%%%%%#7%++YaZ}n4{++(&'j'&&{++(&'q%%h#7%*"'%7.2)%.'1'.%#$%'T,.2+'+%)7%*"'%4'-/%+)4-#/6%*"'/%
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"

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h>JM%,)2.+%9'%*"'%(&'1#)2$%,'..%,5,.'q%'.$'%#7%*"'%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h7.2)%.'1'.%#$%#/,.2+'+%#/%*"'%4'-/%+)4-#/6%*"'/%>JM%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h,)2.+%9'%*"'%,2&&'/*%,'..%,5,.':%

h%%%%%%%%%%%%%%%%

h%%%%%%%%%%%%%%%,)2/*n,)2/*XQq%

h%%%%%'.$'#7%4{++(&'X'&&{++(&'�++YaZ�4{++(&'j'&&{++(&'q%

h%%%%%'/+%

h%'/+%

h%%

h%#n,)2/*q%%

h%%%%%#7%++Y#Z�n++Y#XQZq%%

h%%%%%%%%,)2/*n,)2/*XQq%

h%%%%%%%%%

h%%%%%'.$'#7%++Y#Z}++Y#XQZqh#7%*"'%7.2)%.'1'.%#$%3&'-*'&%*"-/%(&'1#)2$6%*"'/%%

h%%%%%%%%%%%%%%%%%%%%%%%%%%h>JM%,)2.+%9'%*"'%,2&&'/*%,'..%,5,.':%

h%%%%%'/+%

h%%

h%7)&%<n,)2/*q%%

h%%%%%#7%,,Y<Z}4{,,(&'j'&&{,,(&'q%%h#7%,2&&'/*%,'..%,5,.'%+2&-*#)/%#$%.-&3'&%*"-/%*"'%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h(&'1#)2$%)/'6%*"'%>JM%,)2.+%9'%*"'%(&'1#)2$%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h,'..%,5,.'q%'.$'%#7%,2&&'/*%,'..%,5,'%+2&-*#)%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h#$%.'$$%*"-/%*"'%(&'1#)2$%)/'6%*"'%>JM%,)2.+%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h9'%*"'%/'T*%,'..%,5,.':%

h%%%%%%%%%,)2/*%n%,)2/*%XQq%

h%%%%%'.$'#7%,,Y<Z�%4{,,(&'X'&&{,,(&'q%

h%%%%%%%%%,)2/*%n%,)2/*jQq%

h%%%%%'.$'#7%4{,,(&'X'&&{,,(&'�n,,Y<Z�n4{,,(&'j'&&{,,(&'q%%h#7%*"'%,'..%,5,.'%



',("

"

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h+2&-*#)/%#$%8#*"#/%%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h/)&4-.%&-/3'%*"'/%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h,)4(-&'%8#*"%/'T*%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h,'..%,5,.'%

h%%%%%%%%%#7%,,Y<Z}n,,Y<jQZq%%%%%%%%%%%%h,'..%,5,.'%+2&-*#)/%#$%#/,&'-$'+%-*%%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h>JMjQ%4)4'/*6$)%/'T*%,'..%,5,.'%

h%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%h+2&-*#)/%)7%>JM%42$*%9'%.)/3'&:%

h%%%%%%%%%%%%%,)2/*%n,)2/*jQq%

h%%%%%%%%%'.$'#7%,,Y<Z�,,Y<jQZq%

h%%%%%%%%%'/+%

h%%%%%%%%%%

h%%%%%'/+%

h%'/+%

pn?#/YR6CZq%

(.)*Yp6(<$6w?-&<'&w6w:w6wA#/'>*5.'w6w/)/'w6w?-&<'&>#U'w6R_Zq%").+%)/q%

%%%%%%%%/</)*$%n%Rq%

%%%%%%%%7#T</)*$%n%deq%

%%%%%%%%<%n%Rq%

%%%%%%%%,.'-&%$"-('%

%%%%%%%%h%72/,*#)/%")&#U)/-.%

%%%%%%%%.)YQZ%n%_q%2(YQZ%n%_q%

%%%%%%%%.)YRZ%n%_q%2(YRZ%n%j#/7q%

%%%%%%%%h%D2/,*#)/%7)&,'+%*)%"-1'%7)..)8/"%1-.2'$%

%%%%%%%%h%%%%$Y_ZnQ6%$YS`RZnQ6%$YRZnR%

%%%%%%%%h%%%%$wY_ZnQ%$wYSZnQ%

h%%%%%%%%%(/*,)/YQZ%n%$*&2,*Yw(w6%_6%wTw6%d_%Q:W%Se6%w1w6%d_%Q%ReZq%

h%%%%%%%%%(/*,)/YRZ%n%$*&2,*Yw(w6%Q6%wTw6%d_%Se6%w1w6%QZq%



','"

"

%%%%%%%%$"-('%n%$*&2,*Yw(w6Q6w.)w6.)6w2(w62(Zq%

h%%%%%%%%%)(*#)/$%n%$*&2,*Yw-/#4-*#)/w6%Q6%:::%

h%%%%%%%%%%%%%w7#32&'w6%Q6%:::%

h%%%%%%%%%%%%%w8-#*9-&w6%Q6%:::%

h%%%%%%%%%%%%%w+#$(.-5w6%Q6%:::%

h%%%%%%%%%%%%%w+w6%Q6%w.-49+-w6%_'XS6%w&'34'*")+w6%w,w6%:::%

h%%%%%%%%%%%%%wb('/3#/'w6%ww6%:::%

h%%%%%%%%%%%%%w$#34-w6%de6%:::%

h%%%%%%%%%%%%%w$"-('w6%$"-('Zq%

((%n%E>DlYp6%(<$6%<6%/</)*$6%7#T</)*$Z%%h(#','8#$'%.#/'-&%7#*%YR%</)*$Z%

d%+6%#T%e%n%4#/Y%-9$Y%pX%((:9&'-<$YRZ%Z%Zq%#T%h*"'%/'-&'$*%#/+'T%)7%pY,,Z%

.#/'Q5n)/'$�4'-/Y(<$YQC#TZZq%%h4'-/%7.2)%9'7)&'%>JM%

(.)*YdpYQZ%pY#TZe6d.#/'Q5%.#/'Q5e6wG).)&w6w&w6wA#/'>*5.'w6wXXwZq%").+%)/q%%

(.)*YdpY#TZ%pY/Ze6d.#/'Q5%(<$Y/Ze6wG).)&w6w&w6wA#/'>*5.'w6wXXwZq%%").+%)/q%

h(.)*YY7.2YQ6CZ�[Z67.2YS6CZ6wG).)&w6w3w6wA#/'>*5.'w6wXwZq%

(.)*Y7.2%6wG).)&w6w3w6wA#/'>*5.'w6wXwZq%

h%G&'-*'%T.-9'.%

T.-9'.YwD&-4'wZq%

h%G&'-*'%5.-9'.%

5.-9'.YwD.2)&'$,'/,'%YB:I:ZwZq%%%").+%)77%
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#$%&'()&%*!+"*!,-!('"!./0012"!3#4566,-7&8!&)9,7&-()8,!:;!:<&=(-&>,'5!=(6($,=!?7:-,&)4!=%7&)$!

85-:@&),4&4"3!A8&,)8,!/BB.CDE12F!EGCEHEGC1"!

!

I(7J:)5'(-,=! ?7:-,&)4!K,7,! >&4%('&L,=! &)! 4&)$',! 8,''4! :;! -9,! J%==&)$! 5,(4-! A(889(7:658,4!

8,7,>&4&(,*!7,>,('&)$!-9(-!-9,5!(88%6%'(-,!K&-9!7,?'&8(-&>,!($,"!M%7-9,76:7,*!8(7J:)5'(-,=!

?7:-,&)4!K,7,!):-!&)9,7&-,=!J5!=(%$9-,7!8,''4!=%7&)$!85-:@&),4&4"!N:-9,7!8,''4!:;!(!5,(4-!4-7(&)!

'(8@&)$!-9,!4&7/!$,),*!(!'&;,H4?()!=,-,76&)()-*!;(&',=!-:!7,-(&)!:<&=(-&>,'5!=(6($,=!?7:-,&)4!

=%7&)$! 85-:@&),4&4"! O9,4,! ;&)=&)$4! 4%$$,4-! -9(-! (! $,),-&8(''5! =,-,76&),=*! A&7/?H=,?,)=,)-!

(4566,-7&8! &)9,7&-()8,! :;! :<&=(-&>,'5! =(6($,=! ?7:-,&)4! 6(5! 8:)-7&J%-,! -:! ;7,,H7(=&8('!

=,;,)4,!()=!-9,!;&-),44!:;!),KJ:7)!8,''4"!

!

#''49&7,*!P"!I"*!,-!('"!.EBQB2"!3+%6()!-,':6,7,4!8:)-(&)!(-!',(4-!-97,,!-5?,4!:;!R–7&89!7,?,(-!

=&4-7&J%-,=!):)H7()=:6'5"3!S%8',&8!#8&=4!P,4,(789!EG.E/2F!TDEEHTD/G"!

!

#''4:??*!P"!I"*!,-!('"!.EBBC2"!3O,':6,7,!49:7-,)&)$!&4!(44:8&(-,=!K&-9!8,''!=&>&4&:)!&)!>&-7:!()=!

&)!>&>:"3!U<?,7&6,)-('!8,''!7,4,(789!//0.E2F!EBTH/00"!

!

#''4:??*! P"! I"*! ,-! ('"! .EBB/2"! 3O,':6,7,! ',)$-9! ?7,=&8-4! 7,?'&8(-&>,! 8(?(8&-5! :;! 9%6()!

;&J7:J'(4-4"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!QB./E2F!E0EETHE0EEQ"!

!

#)=,74:)*!P"!N"*!,-!('"!./00B2"!3I(':7&8!7,4-7&8-&:)!()=!($&)$F!4-%=&,4!&)!6&8,!()=!6:)@,54"3!

!

O:<&8:':$&8!?(-9:':$5!1G.E2F!TGHCE"!

!

#7'&(HI&:66:*! #"*! ,-! ('"! ./0EQ2"! 3I(':7&8! 7,4-7&8-&:)! =,'(54! 5,(4-! 897:):':$&8('! ($&)$! J5!

7,6:=,'&)$! 8(7J:95=7(-,! ()=! '&?&=! 6,-(J:'&46*! ('-,7&)$! ?,7:<&4:6('! ()=! 6&-:89:)=7&('!

;%)8-&:)('&-&,4*!()=!?:4-?:)&)$!-9,!:)4,-4!:;!(?:?-:-&8!()=!'&?:),87:-&8!6:=,4!:;!7,$%'(-,=!

8,''!=,(-9"3!W)8:-(7$,-!B.//2F!EDED1"!

!

#7'&(HI&:66:*! #"*! ,-! ('"! ./0ET2"! 3X%(4&H?7:$7(66,=! ($&)$! :;! J%==&)$! 5,(4-F! (! -7(=,H:;;!

J,-K,,)!?7:$7(66,=!?7:8,44,4!:;!8,''!?7:'&;,7(-&:)*!=&;;,7,)-&(-&:)*!4-7,44!7,4?:)4,*!4%7>&>('!

()=!=,(-9!=,;&),4!5,(4-!'&;,4?()"3!I,''!I58',!E1./E2F!111DH11TB"!

!

#497(;&*! Y"*! ,-! ('"! .EBBB2"! 3V(44($,! -97:%$9! 4-(-&:)(75! ?9(4,! (=>()8,4! 7,?'&8(-&>,! ($&)$! &)!

A(889(7:658,4!8,7,>&4&(,"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!BD.ED2F!BE00H

BE0C"!

!

Austad, S. N. (2010). "Cats,“rats,” and bats: the comparative biology of aging in the 21st!



',$"

"

!

8,)-%75"3!Z)-,$7(-&>,!()=!8:6?(7(-&>,!J&:':$5!C0.C2F!GQ1HGB/"!

!

#5('(*! #"*! ,-! ('"! ./0ET2"! 3[&?&=! ?,7:<&=(-&:)F! ?7:=%8-&:)*! 6,-(J:'&46*! ()=! 4&$)('&)$!

6,89()&464!:;!6(':)=&('=,95=,!()=!TH95=7:<5H/H):),)('"3!W<&=(-&>,!6,=&8&),!()=!8,''%'(7!

':)$,>&-5!/0ET"!

!

\(88:':*!R"*!,-!('"!./0EQ2"!N&-:89:)=7&('!6,-(J:'&46!()=!($&)$!&)!5,(4-"!Z)-,7)(-&:)('!7,>&,K!

:;!8,''!()=!6:',8%'(7!J&:':$5*!U'4,>&,7"!1T0F!EH11"!

!

\(@,7*! ]"! ^"*! ,-! ('"! ./0ED2"! 3S(-%7(''5! :88%77&)$! ?ED! Z)@T(H?:4&-&>,! 8,''4! 49:7-,)! 9,('-95!

'&;,4?()"3!S(-%7,!C10.GCQB2F!EQTHEQB"!

!

\(''*! ]"! #"*! ,-! ('"! ./0EE2"! 3W48&''(-:75! =5)(6&84! :;! 8,''! 858',! ?7:-,&)4! &)! 4&)$',! 5,(4-! 8,''4!

()('5L,=!J5!&6($&)$!85-:6,-75"3!V':A!:),!D.E02F!,/D/G/"!

!

\(44,--! ^7*! ]"!U"*! ,-!('"! .EBBD2"! 3U<?':&-&)$! -9,!8:6?',-,!5,(4-!$,):6,!4,_%,)8,"3! I%77,)-!

W?&)&:)!&)!R,),-&84!`!],>,':?6,)-!D.D2F!GD1HGDD"!

!

\(%6J(89*!["!["*!,-!('"!.EBQG2"!3P,$%'(-&:)!:;!9%6()!9&4-:),!$,),!,<?7,44&:)F!-7()487&?-&:)('!

()=!?:4--7()487&?-&:)('!8:)-7:'!&)!-9,!8:%?'&)$!:;!9&4-:),!6,44,)$,7!PS#!4-(J&'&-5!K&-9!]S#!

7,?'&8(-&:)"3!\&:89,6&4-75!/D.EB2F!DEGQHDEQG"!

!

\(%7*!^"!#"*!,-!('"!./00E2"!3O,':6,7,!?:4&-&:)!,;;,8-!&)!9%6()!8,''4"3!A8&,)8,!/B/.CC/T2F!/0GCH

/0GG"!

!

\,()*! ^"!N"*!,-!('"! ./00D2"!3I:9,7,)8,!()=!-&6&)$!:;!8,''!858',! 4-(7-!,<(6&),=!(-!4&)$',H8,''!

7,4:'%-&:)"3!N:',8%'(7!8,''!/E.E2F!1HET"!

!

\,)HV:7(-9*!Z"!()=!P"!#"!a,&)J,7$!./00T2"!3a9,)!8,''4!$,-!4-7,44,=F!()!&)-,$7(-&>,!>&,K!:;!

!

8,''%'(7!4,),48,)8,"3!O9,!^:%7)('!:;!8'&)&8('!&)>,4-&$(-&:)!EE1.E2F!QHE1"!

!

\&7J,)*! U"*! ,-! ('"! ./0E/2"! 3W<&=(-&>,! 4-7,44! ()=! ()-&:<&=()-! =,;,)4,"3! a:7'=! #'',7$5!

W7$()&L(-&:)!^:%7)('!C.E2F!BHEB"!

!

\&-,(%*!\"*!,-!('"!./0012"!3#OVH=,?,)=,)-!7,=%8-&:)!:;!854-,&),–4%'?9&)&8!(8&=!J5!A"!8,7,>&4&(,!

4%'?9&7,=:<&)"3!S(-%7,!T/C.DBDE2F!BQ0"!

!



',)"

"

\&--,76()*! Y"! ^"*! ,-! ('"! ./0012"! 3[:)$,>&-5! 7,$%'(-&:)! &)! A(889(7:658,4! 8,7,>&4&(,F! '&)@&)$!

6,-(J:'&46*!$,):6,!4-(J&'&-5*!()=!9,-,7:897:6(-&)"3!N&87:J&:'"!N:'"!\&:'"!P,>"!DG.12F!1GDH

1BB"!

!

Borodkina, A., et al. (2018). "“Social life” of senescent cells: what is SASP and why study it?" 

Acta Naturae (англоязычная версия)!E0.E!.1D22"!

!

\:7:=@&)(*!#"*!,-!('"!./0ET2"!3Z)-,7(8-&:)!J,-K,,)!PWA!=,?,)=,)-!]S#!=(6($,*!6&-:89:)=7&(!

()=!?1Q!N#VY!%)=,7'&,4!4,),48,)8,!:;!9%6()!(=%'-!4-,6!8,''4"3!#$&)$!.#'J()5!Sb2!D.D2F!TQE"!

!

\7&)$:'=*! M"! ()=! N"! A,77():! ./0002"! 3O%6:7! 4%??7,44:74! ()=! :)8:$,),4! &)! 8,''%'(7!

4,),48,)8,☆"3!U<?,7&6,)-('!$,7:)-:':$5!1C.12F!1EGH1/B"!

!

\%8@*!A"!a"*!,-!('"! ./00/2"!3PS#!?:'56,7(4,! Z! ?7:?($(-,4!%)&=&7,8-&:)('! 4?7,(=&)$!:;!7]S#!

4&',)-!897:6(-&)"3!I,''!EEE.G2F!E001HE0ET"!

!

O9,! 7&J:4:6('! ]S#! .7]S#2! -()=,6! (77(5! &)! A(889(7:658,4! 8,7,>&4&(,! &)=%8,4! -7()487&?-&:)('!

4&',)8&)$!:;!PS#!?:'56,7(4,!ZZH-7()487&J,=!$,),4"!O9&4!AZP/H=,?,)=,)-!;:76!:;!7,?7,44&:)!.7]S#!

4&',)8&)$2!('4:!;%)8-&:)4!-:!'&6&-!7]S#!7,8:6J&)(-&:)!()=!&4!&)>:'>,=!&)!'&;,!4?()!8:)-7:'"!Z)!-9&4!

7,?:7-*! K,! =,6:)4-7(-,! -9(-! 7]S#! 4&',)8&)$! 4?7,(=4! &)-:! -9,! 8,)-7:6,7,H?7:<&6('! %)&_%,!

4,_%,)8,! ':8(-,=!=:K)4-7,(6!:;! PS#!?:'56,7(4,! Z! .V:'! Z2! -7()487&?-&:)!J%-! ;(&'4! -:!,)-,7! -9,!

%?4-7,(6! -,':6,7,H?7:<&6('! 4,_%,)8,4"! O9,! ?7,(=&)$! :;! 4&',)8&)$! 8:77,'(-,4! K&-9! AZP/H

=,?,)=,)-!9&4-:),!+1!()=!+T!=,(8,-5'(-&:)!()=!8()!J,!,<-,)=,=!J5!AZP/!:>,7,<?7,44&:)"!

A%7?7&4&)$'5*!7]S#!4&',)8&)$!7,_%&7,=!-7()487&?-&:)!J5!PS#!?:'56,7(4,!Z!()=!-9,!=&7,8-&:)!:;!

4?7,(=&)$!K(4!8:)-7:'',=!J5!-9,!=&7,8-&:)!:;!V:'!Z!-7()487&?-&:)"!

!

\%;;,)4-,&)*!P"!./00C2"!3O9,!)(@,=!6:',H7(-F!(!),K!':)$H'&>&)$!6:=,'!;:7!9%6()!($&)$!

!

7,4,(789"3!O9,!^:%7)('4!:;!R,7:)-:':$5!A,7&,4!#F!\&:':$&8('!A8&,)8,4!()=!N,=&8('!A8&,)8,4!

D0.EE2F!E1DBHE1GG"!

!

\%7-),7*!I"!P"*!,-!('"!./0EE2"!3#!$,):6&8!()('54&4!:;!897:):':$&8('!':)$,>&-5!;(8-:74!&)!J%==&)$!

5,(4-"3!I,''!I58',!E0.B2F!E1QCHE1BD"!

!

I(6?&4&*!^"!./00C2"!3A,),48,)-!8,''4*!-%6:7!4%??7,44&:)*!()=!:7$()&46('!($&)$F!$::=!8&-&L,)4*!

!

J(=!),&$9J:74"3!I,''!E/0.T2F!CE1HC//"!

!

I(6?&4&*!^"!./0E12"!3#$&)$*!8,''%'(7!4,),48,)8,*!()=!8()8,7"3!#))%('!7,>&,K!:;!?954&:':$5!GCF!



',*"

DQCHG0C"

I(6?&4&*!^"!()=!M"!]"!#"!]&!M($($)(!./00G2"!3I,''%'(7!4,),48,)8,F!K9,)!J(=!-9&)$4!9(??,)!-:!

$::=!8,''4"3!S(-%7,!7,>&,K4!N:',8%'(7!8,''!J&:':$5!Q.B2F!G/BHGT0"!

I(4,*!#"!()=!#"!],(-:)!./0EG2"!3N:7-('&-5!()=!6:7J&=&-5!&)!-9,!/E4-!8,)-%75"3!\7::@&)$4!?(?,74!

:)!,8:):6&8!(8-&>&-5!/0EG.E2F!1BGHTGD"!

I9()8,*!\"!()=!+"!A&,4!.EBGB2"!3\:>,7&4!("!+5=7:?,7:<&=,!6,-(J:'&46!&)!6(66('&()!:7$()4"3!

V954&:'"!P,>!CBF!C/GHD0C"!

I9()$*!M"!()=!]"!R"!]7%J&)!.EBBD2"!3I,''!=&>&4&:)F!K95!=(%$9-,74!8()):-!J,!'&@,!-9,&7!6:-9,74"3!

I%77,)-!J&:':$5!D.D2F!DCEHDCT"!

I9(?($(&)*!]"*!,-!('"!./0EQ2"!3I:$)&-&>,!($&)$!&)!=:$4"3!R,7:)-:':$5!DT./2F!EDCHEGE"!

I9,)*!Y"! ["*! ,-!('"! ./0EG2"! 3N&87:;'%&=&8! -,89):':$&,4! ;:7! 5,(4-! 7,?'&8(-&>,! '&;,4?()! 4-%=&,4"3!

N,89()&464!:;!($,&)$!()=!=,>,':?6,)-!EDEF!/D/H/DB"!

I9:)=7:$&())&*!S"!()=!U"!A"!R:):4!./00T2"!3V7:-,(4:6,!&)9&J&-&:)!&)=%8,4!(!4,),48,)8,H'&@,!

?9,):-5?,!&)!?7&6(75!9%6()!;&J7:J'(4-4!8%'-%7,4"3!\&:$,7:)-:':$5!C.E2F!CCHDE"!

I:''(=:*!N"*!,-!('"!./00G2"!3I,''%'(7!4,),48,)8,!&)!8()8,7!()=!($&)$"3!I,''!E10./2F!//1H/11"!

I:'6()*!P"!^"!./0EQ2"!3S:)H9%6()!?7&6(-,4!(4!(!6:=,'!;:7!($&)$"3!\&:89&6&8(!,-!\&:?954&8(!

#8-(!.\\#2HN:',8%'(7!\(4&4!:;!]&4,(4,!EQDT.B2F!/G11H/GTE"!

I:'6()*!P"!^"*!,-!('"!./00B2"!3I(':7&8!7,4-7&8-&:)!=,'(54!=&4,(4,!:)4,-!()=!6:7-('&-5!&)!79,4%4!

6:)@,54"3!A8&,)8,!1/C.CB1G2F!/0EH/0T"!

I:)7(=*! N"*! ,-! ('"! ./0ET2"! 3S%-7&,)-! 4,)4&)$! ()=! 4&$)('&)$! &)! -9,! 5,(4-! A(889(7:658,4!

8,7,>&4&(,"3!MUNA!6&87:J&:':$5!7,>&,K4!1Q./2F!/CTH/BB"!



',+"

"

I:??c*!^"HV"*!,-!('"!./0E02"!3O9,!4,),48,)8,H(44:8&(-,=!4,87,-:75!?9,):-5?,F!-9,!=(7@!4&=,!:;!

!

-%6:7!4%??7,44&:)"3!#))%('!P,>&,K!:;!V(-9:':$5F!N,89()&464!:;!]&4,(4,!CF!BBHEEQ"!

!

I:??c*! ^"HV"*! ,-! ('"! ./00Q2"! 3A,),48,)8,H(44:8&(-,=! 4,87,-:75! ?9,):-5?,4! 7,>,('! 8,''H

):)(%-:):6:%4!;%)8-&:)4!:;!:)8:$,)&8!P#A!()=! -9,!?C1! -%6:7!4%??7,44:7"3!V[:A!J&:':$5!

D.E/2"!

!

I:77,&(HN,':*!I"!()=!^"!M"!V(44:4!./0EC2"!3N&-:89:)=7&(F!(7,!-9,5!8(%4('!?'(5,74!&)!8,''%'(7!

!

4,),48,)8,d3!\&:89&6&8(!,-!\&:?954&8(!#8-(!.\\#2H\&:,),7$,-&84!EQTG.EE2F!E1G1HE1GB"!

!

](>&=4:)*! ^"! M"*! ,-! ('"! .EBBD2"! 3W<&=(-&>,! 4-7,44! &4! &)>:'>,=! &)! 9,(-H&)=%8,=! 8,''! =,(-9! &)!

A(889(7:658,4!8,7,>&4&(,"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!B1.E02F!CEEDH

CE/E"!

!

],!\7%&)*!P"!#"*!,-!('"!./00T2"!3I')1!(8-&>(-,4!REH4?,8&;&8!-7()487&?-&:)!>&(!?9:4?9:75'(-&:)!:;!

-9,!A\M!J:%)=!7,?7,44:7!a9&C"3!I,''!EEG.G2F!QQGHQBQ"!

!

],;:44,L*!V"H#"*!,-!('"!.EBBB2"!3U'&6&)(-&:)!:;!7,?'&8(-&:)!J':8@!?7:-,&)!M:JE!,<-,)=4!-9,!'&;,!

4?()!:;!5,(4-!6:-9,7!8,''4"3!N:',8%'(7!8,''!1.T2F!TTGHTCC"!

!

],'(%)(5*!#"*!,-!('"!./00/2"!3#!-9&:'!?,7:<&=(4,!&4!()!+/W/!7,8,?-:7!()=!7,=:<H-7()4=%8,7!&)!

$,),!(8-&>(-&:)"3!I,''!EEE.T2F!TGEHTQE"!

!

],):-9H[&??%),7*!#"*!,-!('"!./0ET2"!3P:',!:;!A#R#!&)!-9,!(4566,-7&8!4,$7,$(-&:)!:;!]S#!8&78',4!

=%7&)$!5,(4-!($,&)$"3!U'&;,!1F!,01GB0"!

!

=&!M($($)(*!M"!="!#"!./00Q2"!3[&>&)$!:)!(!J7,(@F!8,''%'(7!4,),48,)8,!(4!(!]S#H=(6($,!

!

7,4?:)4,"3!S(-%7,!7,>&,K4!8()8,7!Q.G2F!CE/HC//"!

!

=&!M($($)(*!M"!="!#"*!,-!('"!./0012"!3#!]S#!=(6($,!89,8@?:&)-!7,4?:)4,!&)!-,':6,7,H&)&-&(-,=!

4,),48,)8,"3!S(-%7,!T/D.DBD12F!EBTHEBQ"!

!

=&!M($($)(*!M"!="!#"*!,-!('"!./00T2"!3M%)8-&:)('! '&)@4!J,-K,,)!-,':6,7,4!()=!?7:-,&)4!:;!-9,!

]S#H=(6($,!7,4?:)4,"3!R,),4!`!=,>,':?6,)-!EQ.EC2F!EGQEHEGBB"!

!



',,"

"

]&![,:)(7=:*!#"*!,-!('"!.EBBT2"!3]S#!=(6($,!-7&$$,74!(!?7:':)$,=!?C1H=,?,)=,)-!RE!(77,4-!

()=!':)$H-,76!&)=%8-&:)!:;!I&?E!&)!):76('!9%6()!;&J7:J'(4-4"3!R,),4!`!=,>,':?6,)-!Q./E2F!

/CT0H/CCE"!

!

]&!O('&(*!A"*!,-!('"!./00G2"!3O9,!,;;,8-4!:;!6:',8%'(7!):&4,!()=!4&L,!8:)-7:'!:)!>(7&(J&'&-5!&)!-9,!

J%==&)$!5,(4-!8,''!858',"3!S(-%7,!TTQ.GECD2F!BTG"!

!

]&67&*!R"!V"*!,-!('"!.EBBC2"!3#!J&:6(7@,7!-9(-!&=,)-&;&,4!4,),48,)-!9%6()!8,''4!&)!8%'-%7,!()=!&)!

($&)$!4@&)!&)!>&>:"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!B/./02F!B1D1HB1DG"!

!

]:)8&8*! #"*! ,-! ('"! ./0EE2"! 3]&4-&)8-! &)-,7(8-&:)4! 4,',8-! ()=! 6(&)-(&)! (! 4?,8&;&8! 8,''! ;(-,"3!

N:',8%'(7!8,''!T1.T2F!C/QHC1B"!

!

U$&'6,L*!S"!Y"!()=!A"!^(LK&)4@&!.EBQB2"!3U>&=,)8,!;:7!-9,!&)>:'>,6,)-!:;!(!85-:?'(46&8!;(8-:7!&)!-9,!

($&)$!:;!-9,!5,(4-!A(889(7:658,4!8,7,>&4&(,"3!^:%7)('!:;!J(8-,7&:':$5!EGE.E2F!1GHT/"!

!

U?,'*! U"! A"*! ,-! ('"! ./00T2"! 3#88,',7(-,=! -,':6,7,! 49:7-,)&)$! &)! 7,4?:)4,! -:! '&;,! 4-7,44"3!

V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!E0E.TB2F!EG1E/HEG1EC"!

!

U7e(>,8*!S"*!,-!('"!./00G2"!3#88,',7(-,=!($&)$!()=!;(&'%7,!-:!4,$7,$(-,!=(6($,=!?7:-,&)4!&)!A&7/!

6%-()-4! 8()! J,! 4%??7,44,=! J5! :>,7?7:=%8&)$! -9,! ?7:-,&)! ($$7,$(-&:)H7,6:=,'&)$! ;(8-:7!

+4?E0T?"3!R,),4!`!=,>,':?6,)-!/E.EB2F!/TE0H/T/E"!

!

M(J&()*!]"!()=!O"!M'(--!./0EE2"!3O9,!,>:'%-&:)!:;!($&)$"3!S(-%7,!U=%8(-&:)!Y):K',=$,!1.12F!EH

E0"!

!

M(J7&L&:*! V"*! ,-! ('"! ./0E02"! 3R,):6,HK&=,! 487,,)! &)! A(889(7:658,4! 8,7,>&4&(,! &=,)-&;&,4!

>(8%:'(7!?7:-,&)!4:7-&)$*!(%-:?9($5*!J&:45)-9,-&8*!()=!-PS#!6,-95'(-&:)!$,),4!&)>:'>,=!&)!'&;,!

4?()!7,$%'(-&:)"3!V[:A!$,),-&84!D.G2"!

!

M,976())*!A"*!,-!('"!./0E12"!3#$&)$!5,(4-!8,''4!%)=,7$:!(!49(7?!,)-75!&)-:!4,),48,)8,!%)7,'(-,=!

-:!-9,!':44!:;!6&-:89:)=7&('!6,6J7(),!?:-,)-&('"3!I,''!7,?:7-4!C.D2F!ECQBHECBB"!

!

M7,%)=*!#"*!,-!('"!./0EE2"!3?1QN#VY!&4!(!):>,'!]S#!=(6($,!response-independent!7,$%'(-:7!:;!

-9,!senescence-associated!4,87,-:75!?9,):-5?,"3!O9,!UN\W!e:%7)('!10.Q2F!EC1DHECTQ"!

!

M7&=:>&89*!Z"!.EBQB2"!3A%?,7:<&=,!=&46%-(4,4"!#)!(=(?-(-&:)!-:!(!?(7(6($),-&8!$(4"3! ^:%7)('!

:;!\&:':$&8('!I9,6&4-75!/DT.ET2F!GGDEHGGDT"!

!



',&"

"

R()',5*!#"!P"*!,-!('"!./00B2"!3O9,!,;;,8-!:;!7,?'&8(-&:)!&)&-&(-&:)!:)!$,),!(6?'&;&8(-&:)!&)!-9,!

7]S#!()=!&-4!7,'(-&:)49&?!-:!($&)$"3!N:',8%'(7!8,''!1C.C2F!DQ1HDB1"!

!

R(76,)=&(HO:77,4*!I"*!,-!('"!./0EQ2"!3N%'-&?',!&)?%-4!,)4%7,!5,(4-!8,''!4&L,!9:6,:4-(4&4!=%7&)$!

8,''!858',!?7:$7,44&:)"3!U'&;,!GF!,1T0/C"!

!

R(489*!#"!V"*!,-!('"!./0002"!3R,):6&8!,<?7,44&:)!?7:$7(64!&)!-9,!7,4?:)4,!:;!5,(4-!8,''4! -:!

,)>&7:)6,)-('!89()$,4"3!N:',8%'(7!J&:':$5!:;!-9,!8,''!EE.E/2F!T/TEHT/CG"!

!

R,9',)*!["!P"*!,-!('"!./0EE2"!3S%8',(7!$,:6,-75!()=!7(?&=!6&-:4&4!,)4%7,!(4566,-7&8!,?&4:6,!

4,$7,$(-&:)!&)!5,(4-"3!I%77,)-!J&:':$5!/E.E2F!/CH11"!

!

R9:%'*!N"!()=!A"!N&-7&!./0ED2"!3O9,!,8:':$5!()=!,>:'%-&:)!:;!6&87:J&('!8:6?,-&-&:)"3!O7,)=4!

&)!6&87:J&:':$5!/T.E02F!Q11HQTC"!

!

R&(,>,7*!R"!()=!I"!S&4':K!./0ET2"!3O9,!5,(4-!=,',-&:)!8:'',8-&:)F!(!=,8(=,!:;!;%)8-&:)('!

!

$,):6&84"3!R,),-&84!EBG./2F!TCEHTDC"!

!

R&7&*!]"!()=!N"!Z--6())!./0002"!3Z)-,7',%@&)HEα!&4!(!?(7(87&),!&)=%8,7!:;!MRMG*!(!@,5!,?&-9,'&('!

$7:K-9! ;(8-:7! &)!J,)&$)!?7:4-(-&8!95?,7?'(4&("3! O9,!#6,7&8()! e:%7)('!:;!?(-9:':$5!ECG.E2F!

/TBH/CC"!

!

R:)Lf',L*! #"! ()=! N"! S"! +(''! ./0EG2"! 3S%-7&,)-! 4,)4&)$! ()=! OWP! 4&$)('&)$! &)! 5,(4-! ()=!

6(66('4"3!O9,!UN\W!e:%7)('!1D.T2F!1BGHT0Q"!

!

R:%',>*! b"*! ,-!('"! ./0EG2"! 3S:)'&),(7! ;,,=J(8@!=7&>,4!9:6,:4-(-&8!?'(4-&8&-5! &)!+/W/!4-7,44!

7,4?:)4,"3!U'&;,!DF!,/1BGE"!

!

R7,&=,7*!I"!a"!()=!U"!+"!\'(8@J%7)!.EBQG2"!3O9,!-,':6,7,!-,76&)('!-7()4;,7(4,!:;!O,-7(956,)(!&4!

(!7&J:)%8',:?7:-,&)!,)L56,!K&-9!-K:!@&)=4!:;!?7&6,7!4?,8&;&8&-5"3!I,''!CE.D2F!QQGHQBQ"!

!

R7&;;&-9*!^"!]"*!,-!('"!.EBBB2"!3N(66('&()!-,':6,7,4!,)=!&)!(!'(7$,!=%?',<!'::?"3!I,''!BG.T2F!

!

C01HCET"!

!



'&("

"

R7:44*!U"*!,-!('"!./00D2"!3R,),7(-&)$!=&4%';&=,4!,)L56(-&8(''5F!7,(8-&:)!?7:=%8-4!()=!,',8-7:)!

(88,?-:74!:;! -9,!,)=:?'(46&8! 7,-&8%'%6! -9&:'!:<&=(4,!U7:E?"3! V7:8,,=&)$4!:;! -9,!S(-&:)('!

#8(=,65!:;!A8&,)8,4!E01./2F!/BBH10T"!

!

R5$&*! A"! V"*! ,-! ('"! .EBBB2"! 3I:77,'(-&:)! J,-K,,)! ?7:-,&)! ()=! 6PS#! (J%)=()8,! &)! 5,(4-"3!

N:',8%'(7!()=!8,''%'(7!J&:':$5!EB.12F!EG/0HEG10"!

!

+(9)*!a"!I"!()=!P"!#"!a,&)J,7$!./00/2"!3P%',4!;:7!6(@&)$!9%6()!-%6:7!8,''4"3!S,K!U)$'()=!

^:%7)('!:;!N,=&8&),!1TG./02F!ECB1HED01"!

!

+()(9()*!]"!()=!P"!#"!a,&)J,7$!./0002"!3O9,!9(''6(7@4!:;!8()8,7"3!I,''!E00.E2F!CGHG0"!

!

+()Lc)*!A"*!,-!('"!./0ED2"!3[&;,4?()!8:)-7:'!J5!7,=:<H=,?,)=,)-!7,87%&-6,)-!:;!89(?,7:),4!-:!

6&4;:'=,=!?7:-,&)4"3!I,''!EDD.E2F!ET0HECE"!

!

+(7J:%7*!^"!a"!()=!]"!I"!],()!./0002"!3O9,!PJgU/M!?(-9K(5F!,<?()=&)$!7:',4!()=!,6,7$&)$!

!

?(7(=&$64"3!R,),4!`!=,>,':?6,)-!ET.EB2F!/1B1H/T0B"!

!

+(76()*!]"!.EBB/2"!3M7,,!7(=&8('!-9,:75!:;!($&)$"3!N%-(-&:)!P,4,(789g]S#$&)$!/GC.1HD2F!/CGH

/DD"!

!

+(7-K,''*!["!+"!.EBGE2"!3R,),-&8!8:)-7:'!:;!-9,!8,''!=&>&4&:)!858',!&)!5,(4-F!ZZ"!R,),4!8:)-7:''&)$!

!

]S#!7,?'&8(-&:)!()=!&-4!&)&-&(-&:)"3!^:%7)('!:;!N:',8%'(7!\&:':$5!CB.E2F!EQ1HEBT"!

!

+(7-K,''*!["!+"!()=!O"!#"!a,&),7-!.EBQB2"!3I9,8@?:&)-4F!8:)-7:'4!-9(-!,)4%7,!-9,!:7=,7!:;!8,''!

!

858',!,>,)-4"3!A8&,)8,!/TD.TB102F!D/BHD1T"!

!

+(5;'&8@*!["!.EBDC2"!3O9,!'&6&-,=!&)!>&-7:!'&;,-&6,!:;!9%6()!=&?':&=!8,''!4-7(&)4"3!U<?,7&6,)-('!

8,''!7,4,(789!1G.12F!DETHD1D"!

!

+(5;'&8@*!["!()=!V"!A"!N::79,(=!.EBDE2"!3O9,!4,7&('!8%'-&>(-&:)!:;!9%6()!=&?':&=!8,''!4-7(&)4"3!

U<?,7&6,)-('!8,''!7,4,(789!/C.12F!CQCHD/E"!

!

+,*!b"!()=!+"!^(4?,7!./0ET2"!3A-%=5&)$!($&)$!&)!]7:4:?9&'("3!N,-9:=4!DQ.E2F!E/BHE11"!



'&'"

+,&)-L*! S"*! ,-! ('"! .EBQ12"! 3P,$%'(-&:)! :;! 9%6()! 9&4-:),! $,),! ,<?7,44&:)F! @&),-&84! :;!

(88%6%'(-&:)!()=!89()$,4!&)!-9,!7(-,!:;!45)-9,4&4!()=!&)!-9,!9(';H'&>,4!:;!&)=&>&=%('!9&4-:),!

6PS#4!=%7&)$!-9,!+,[(!8,''!858',"3!N:',8%'(7!()=!8,''%'(7!J&:':$5!1.T2F!C1BHCC0"!

+,6())*!N"!O"*!,-!('"!./00E2"!3O9,!49:7-,4-!-,':6,7,*!):-!(>,7($,!-,':6,7,!',)$-9*!&4!87&-&8('!

;:7!8,''!>&(J&'&-5!()=!897:6:4:6,!4-(J&'&-5"3!I,''!E0G.E2F!DGHGG"!

+,)=,74:)*! Y"! #"*! ,-! ('"! ./0ET2"! 3N:-9,7H=(%$9-,7! (4566,-75! :;! ?+! %)=,7'&,4! ($&)$! ()=!

7,e%>,)(-&:)!&)!5,(4-"3!U'&;,!1F!,01C0T"!

+,7J&$*!h"*!,-!('"!./00D2"!3I,''%'(7!4,),48,)8,!&)!($&)$!?7&6(-,4"3! A8&,)8,!1EE.CGDC2F!E/CGH

E/CG"!

+:'6,4*!]"!^"!()=!A"!S"!#%4-(=!.EBBC2"!3\&7=4!(4!()&6('!6:=,'4!;:7!-9,!8:6?(7(-&>,!J&:':$5!:;!

($&)$F!(!?7:4?,8-%4"3!O9,!^:%7)('4!:;!R,7:)-:':$5!A,7&,4!#F!\&:':$&8('!A8&,)8,4!()=!N,=&8('!

A8&,)8,4!C0./2F!\CBH\DD"!

+:)=(*! A"! ()=! N"! N(-4%:! .EBB/2"! 3[&;,4?()! 49:7-,)&)$! :;! -9,! ),6(-:=,! I(,):79(J=&-&4!

,',$()4!%)=,7!9&$9,7! 8:)8,)-7(-&:)4!:;!:<5$,)"3!N,89()&464!:;!($,&)$!()=!=,>,':?6,)-!

D1.12F!/1CH/TD"!

+%*! i"*! ,-! ('"! ./0ET2"! 3S%8',:4:6,! ':44! ',(=4! -:! $':J('! -7()487&?-&:)('! %?H7,$%'(-&:)! ()=!

$,):6&8!&)4-(J&'&-5!=%7&)$!5,(4-!($&)$"3!R,),4!`!=,>,':?6,)-!/Q.T2F!1BDHT0Q"!

+%()$*!^"!()=!]"!N:(L,=!./0012"!3#44:8&(-&:)!:;!-9,!PUSO!8:6?',<!K&-9!):)-7()487&J,=!()=!

8:=&)$!7,$&:)4!:;!7]S#!()=!(!7,$&:)('!7,_%&7,6,)-!;:7!-9,!7,?'&8(-&:)!;:7@!J':8@!?7:-,&)!M:JE!

&)!7]S#!4&',)8&)$"3!R,),4!`!=,>,':?6,)-!EG.EG2F!/ED/H/EGD"!

A&',)8&)$!K&-9&)!-9,!5,(4-!7]S#!7,?,(-4!&)9&J&-4!95?,77,8:6J&)(-&:)*!7,?7,44,4!-7()487&?-&:)!;7:6!

;:7,&$)! ?7:6:-,74*! ()=! ,<-,)=4! 7,?'&8(-&>,! '&;,! 4?()"! 7]S#! 4&',)8&)$! &4! 6,=&(-,=! J5! (! A&7/H

8:)-(&)&)$!8:6?',<!8('',=!PUSO!.7,$%'(-:7!:;!)%8',:'(7!4&',)8&)$!()=!-,':?9(4,!,<&-2"!a,!49:K!

-9(-!-9,!S,-E!.('4:!8('',=!I;&E2!()=!A&7/!4%J%)&-4!:;!PUSO!':8('&L,!?7&6(7&'5!-:!-K:!=&4-&)8-!7,$&:)4!

K&-9&)! 7]S#F! &)! :),! :;! -9,! ):)-7()487&J,=! 4?(8,74! .SOAE2! ()=! (7:%)=! -9,! V:'! Z! ?7:6:-,7*!

,<-,)=&)$!&)-:!-9,!1CA!7PS#!8:=&)$!7,$&:)"!\&)=&)$!-:!SOAE!:>,7'(?4!-9,!7,8:6J&)(-&:)!9:-4?:-!

()=! 7,?'&8(-&:)! ;:7@! J(77&,7!,',6,)-4*!K9&89!9(>,!J,,)!49:K)!?7,>&:%4'5! -:! 7,_%&7,! -9,! M:JE!

?7:-,&)!;:7!-9,&7!(8-&>&-&,4"!Z)!8,''4!'(8@&)$!M:JE*!4&',)8&)$!()=!-9,!(44:8&(-&:)!:;!PUSO!4%J%)&-4!(7,!

(J:'&49,=!4?,8&;&8(''5!(-!SOAE*!K9&',! 4&',)8&)$!()=!(44:8&(-&:)!(-!-9,!V:'! Z!?7:6:-,7! 7,$&:)!(7,!

%)(;;,8-,=! :7! &)87,(4,="!a,! ;&)=! -9(-! S,-E! ()=! A&7/! (7,! ?954&8(''5! (44:8&(-,=!K&-9! M:JE! ()=!

4%J%)&-4! :;! PS#! ?:'56,7(4,! Z"! O:$,-9,7! K&-9! -9,! ':8('&L(-&:)! =(-(*! -9,4,! 7,4%'-4! 4%$$,4-! -9,!

,<&4-,)8,!:;!-K:!=&4-&)8-!6:=,4!;:7!-9,!7,87%&-6,)-!:;!-9,!PUSO!8:6?',<!-:!7]S#!()=!7,>,('!(!

7:',!;:7!M:JE!&)!7]S#!4&',)8&)$!()=!&)!-9,!7,87%&-6,)-!:;!-9,!PUSO!8:6?',<"!M%7-9,76:7,*!-9,!

M:JEH=,?,)=,)-!(44:8&(-&:)4!:;!S,-E!()=!A&7/!K&-9!-9,!7,8:6J&)(-&:)!9:-4?:-!7,$&:)!4-7:)$'5!



'&!"

"

4%$$,4-! -9(-! A&7/! (8-4! =&7,8-'5! (-! -9&4! 7,$&:)! -:! 8(775! :%-! &-4! &)9&J&-:75! ,;;,8-! :)! 7]S#!

7,8:6J&)(-&:)!()=!(88,',7(-,=!($&)$"!

!

+%9*!a"HY"*!,-!('"! ./0012"!3R':J('!()('54&4!:;!?7:-,&)! ':8('&L(-&:)! &)!J%==&)$!5,(4-"3!S(-%7,!

T/C.DBCB2F!DQDHDBE"!

!

Z7()&*! Y"*! ,-! ('"! .EBBG2"! 3N&-:$,)&8! 4&$)('&)$! 6,=&(-,=! J5! :<&=()-4! &)! P(4H-7()4;:76,=!

;&J7:J'(4-4"3!A8&,)8,!/GC.C10D2F!EDTBHEDC/"!

!

Z-(9()(*!Y"*! ,-!('"! ./00E2"! 3P,$%'(-&:)!:;! 8,''%'(7! 4,),48,)8,!J5!?C1"3! U%7:?,()! ^:%7)('!:;!

\&:89,6&4-75!/DQ.E02F!/GQTH/GBE"!

!

^()$*!+"!+"*!,-!('"! ./00T2"!3OK:!,)L56,4!&)!:),F!-K:!5,(4-!?,7:<&7,=:<&)4!=&4?'(5!:<&=(-&>,!

4-7,44H=,?,)=,)-! 4K&-89&)$! ;7:6! (! ?,7:<&=(4,! -:! (! 6:',8%'(7! 89(?,7:),! ;%)8-&:)"3! I,''!

EEG.C2F!D/CHD1C"!

!

^()$*!a"*!,-!('"! .EBBB2"!3I:6?(7(-&>,!4,_%,)8,!:;!9%6()!()=!6:%4,!\#I!8':),4!;7:6!-9,!

6)=/!7,$&:)!:;!897:6:4:6,!/?E1"3!R,):6,!P,4,(789!B.E2F!C1HDE"!

!

^()L,)*!]"!+"!.EBGD2"!3a95!J(6J::4!K(&-!4:!':)$!-:!;':K,7"3!#))%('!P,>&,K!:;!U8:':$5!()=!

454-,6(-&84!G.E2F!1TGH1BE"!

!

^(LK&)4@&*!A"!N"!.EBB02"!3#)!,<?,7&6,)-('!454-,6!;:7!-9,!6:',8%'(7!()('54&4!:;!-9,!($&)$!?7:8,44F!

-9,!J%==&)$!5,(4-!A(889(7:658,4!8,7,>&4&(,"3!^:%7)('!:;!$,7:)-:':$5!TC.12F!\DQH\GT"!

!

^,5(?('()*! ^"! I"! ()=! ^"! N"! A,=&>5! ./00Q2"! 3I,''%'(7! 4,),48,)8,! ()=! :7$()&46('! ($&)$"3!

N,89()&464!:;!($,&)$!()=!=,>,':?6,)-!E/B.GHQ2F!TDGHTGT"!

!

^&)*!A"!()=!#"!^"![,>&),!./00E2"!3O9,!?C1!;%)8-&:)('!8&78%&-"3!^:%7)('!:;!8,''!48&,)8,!EET./12F!

!

TE1BHTET0"!

!

^%7@*! ]"*! ,-! ('"! ./0E/2"! 3V:4-6&-:-&8! ),%7:)4! =,>,':?! (! p21-dependent senescence-like!

?9,):-5?,!=7&>,)!J5!(!]S#!=(6($,!7,4?:)4,"3!#$&)$!8,''!EE.D2F!BBDHE00T"!

!

Y(K()&49&*!A"!()=!A"!W&@(K(!./00T2"!3N,89()&46!:;!-,':6,7,!49:7-,)&)$!J5!:<&=(-&>,!4-7,44"3!

#))('4!:;!-9,!S,K!b:7@!#8(=,65!:;!A8&,)8,4!E0EB.E2F!/GQH/QT"!

!



'&#"

Y,,',5*!^"!U"!()=!a"!^"!\:)=!.EBBB2"!3N(4-!;':K,7&)$!()=!4,6,'?(7&-5!&)!J(6J::4F!-9,!J(6J::!

;&7,!858',!95?:-9,4&4"3!O9,!#6,7&8()!S(-%7('&4-!ECT.12F!1Q1H1BE"!

Y,)),=5*!\"!Y"*!,-!('"!.EBBT2"!3](%$9-,7!8,''4!:;!A(889(7:658,4!8,7,>&4&(,!;7:6!:'=!6:-9,74!

=&4?'(5!(!7,=%8,=!'&;,!4?()"3!O9,!^:%7)('!:;!8,''!J&:':$5!E/G.D2F!EBQCHEBB1"!

Y9()*!A"!A"*!,-!('"!./0EG2"!3N:',8%'(7!()=!?954&:':$&8('!6()&;,4-(-&:)4!()=!6,(4%7,6,)-!:;!

($&)$!&)!9%6()4"3!#$&)$!8,''!ED.T2F!D/THD11"!

Y&7@K::=*!O"!\"!.EBGG2"!3U>:'%-&:)!:;!($,&)$"3!S(-%7,!/G0.CD1C2F!10E"!

Y&7@K::=*!O"!\"!()=!P"!+:''&=(5!.EBGB2"!3O9,!,>:'%-&:)!:;!($,&)$!()=!':)$,>&-5"3!V7:8,,=&)$4!:;!-9,!

P:5('!A:8&,-5!:;![:)=:)"!A,7&,4!\"!\&:':$&8('!A8&,)8,4!/0C.EEDE2F!C1EHCTD"!

YZA+Z*!A"!./00T2"!3M%)8-&:)('!($&)$!()=!$7(=%('!4,),48,)8,!&)!L,J7(;&49"3!#))('4!:;!-9,!S,K!

b:7@!#8(=,65!:;!A8&,)8,4!E0EB.E2F!C/EHC/D"!

Y&5:):*!O"*!,-!('"!.EBBQ2"!3\:-9!PJg?ED!ZSYT(!&)(8-&>(-&:)!()=!-,':6,7(4,!(8-&>&-5!(7,!7,_%&7,=!

-:!&66:7-('&L,!9%6()!,?&-9,'&('!8,''4"3!S(-%7,!1BD.DG0D2F!QTHQQ"!

Y)&,j*!P"!#"!()=!N"!V"!N(5,7!./0ED2"!3O9,!:<&=(-&:)!4-(-,!:;!-9,!85-:?'(46&8!$'%-(-9&:),!7,=:<!

454-,6!=:,4!):-!8:77,'(-,!K&-9!7,?'&8(-&>,!'&;,4?()!&)!5,(4-"3!)?e!#$&)$!()=!N,89()&464!:;!

]&4,(4,!/F!ED0/Q"!

Y)&,44*!P"!#"!()=!N"!V"!N(5,7!./0ED2"!3O9,!:<&=(-&:)!4-(-,!:;!-9,!85-:?'(46&8!$'%-(-9&:),!7,=:<!

454-,6!=:,4!):-!8:77,'(-,!K&-9!7,?'&8(-&>,!'&;,4?()!&)!5,(4-"3!)?e!#$&)$!()=!N,89()&464!:;!

]&4,(4,!/"!

a9(-!&4!8(%4,!()=!K9(-!&4!8:)4,_%,)8,!:;!($&)$!()=!K9,-9,7!7,(8-&>,!:<5$,)!4?,8&,4!.PWA2!

8:)-7&J%-,!-:!-9&4!?9,):6,):)!&4!=,J(-,=!4&)8,!6:7,!-9()!C0!5,(74"!S:-K&-94-()=&)$*!'&--',!

&4! @):K)! (J:%-! -9,! 8,''%'(7! J%;;,7! ()=! 7,=:<! 454-,64! &)! ($&)$! A(889(7:658,4! 8,7,>&4&(,*!

K9&89! &4! (!6:=,'! ;:7! ($&)$! 4-,6! 8,''4"!h4&)$! $,),-&8(''5! ,)8:=,=! ;'%:7,48,)-! 4,)4:74*!K,!

6,(4%7,=!?+*!+/W/!',>,'4!()=!-9,!$'%-(-9&:),!7,=:<!?:-,)-&('!8:6?(7-6,)-H4?,8&;&8!&)!-9,!

85-:4:'! :;! '&>&)$*! 7,?'&8(-&>,'5! ($&)$! 5,(4-! 8,''4*! $7:K&)$! %)=,7! ;,76,)-&)$! ()=! 7,4?&7(-:75!

8:)=&-&:)4! %)-&'! -9,! ,)=! :;! -9,&7! '&;,4?()"! a,! ;:%)=! -9(-! -9,! ?+! =,87,(4,4! %)=,7! J:-9!

8:)=&-&:)4!(-!'(-,7!4-($,4!:;!-9,!7,?'&8(-&>,!'&;,4?()"!+/W/!',>,'4!&)87,(4,!&)!;,76,)-&)$!8,''4!



'&$"

"

&)! -9,! ?:4-H7,?'&8(-&>,! 4-($,*! J%-! &)87,(4,! 8:)-&)%:%4'5! K&-9! ($,! &)! 7,4?&7&)$! 8,''4"! O9,!

$'%-(-9&:),!7,=:<!8:%?',!J,8:6,4!('4:!6:7,!:<&=&L&)$!&)!7,4?&7&)$!8,''4!J%-!4%7?7&4&)$'5!6:7,!

7,=%8&)$!%)=,7!;,76,)-&)$!8:)=&-&:)4"!Z)!4-7(&)4!=,',-,=!;:7!-9,!$,),!,)8:=&)$!$'%-(-9&:),!

7,=%8-(4,!R'7E*!4%89!(!7,=%8-&:)!:;!-9,!$'%-(-9&:),!7,=:<!8:%?',!K&-9!($,!&4!):-!:J4,7>,="!

a,!=,6:)4-7(-,!-9(-!&)!>&>:!R'7E!&4!(8-&>(-,=!(-!':K,7!?+!,<?'(&)&)$!-9,!7,=%8,=!$'%-(-9&:),!

?:-,)-&('"! O9,! =,',-&:)! :;! $'7E! =7(6(-&8(''5! &)87,(4,4! -9,! $'%-(-9&:),! 7,=:<! ?:-,)-&('!

,4?,8&(''5!%)=,7!7,4?&7(-:75!8:)=&-&:)4!J%-!=:,4!):-!7,=%8,!'&;,4?()"!W%7!=(-(!=,6:)4-7(-,!

-9(-!?+!()=!-9,!$'%-(-9&:),!7,=:<!8:%?',!&4!'&)@,=!-97:%$9!R'7E!()=!-9(-!5,(4-!8,''4!8()!8:?,!

K&-9!(!9&$9!$'%-(-9&:),!7,=:<!?:-,)-&('!K&-9:%-!&6?(8-!:)!':)$,>&-5"!W%7!=(-(!;%7-9,7!4%$$,4-!

-9(-!(!J7,(@=:K)!:;!8,''%'(7!,),7$5!6,-(J:'&46!6(7@4!-9,!,)=!:;!7,?'&8(-&>,!'&;,4?()!&)!5,(4-"!

!

Y:J(5(49&*!O"!./0012"!3O9,!7,?'&8(-&:)!;:7@!J(77&,7!4&-,!;:764!(!%)&_%,!4-7%8-%7,!K&-9!M:JE?!

()=!&)9&J&-4!-9,!7,?'&8(-&:)!;:7@"3!N:',8%'(7!()=!8,''%'(7!J&:':$5!/1./T2F!BEGQHBEQQ"!

!

Y:J(5(49&*!O"*!,-!('"!./00T2"!3AZP/!7,$%'(-,4!7,8:6J&)(-&:)!J,-K,,)!=&;;,7,)-!7]S#!7,?,(-4*!

J%-!):-!7,8:6J&)(-&:)!K&-9&)!&)=&>&=%('!7PS#!$,),4!&)!5,(4-"3!I,''!EEG.T2F!TTEHTC1"!

!

Z-!&4!@):K)!-9(-!6%-(-&:)4!&)!$,),!AZP/!&)87,(4,!()=!-9:4,!&)!MW\E!=,87,(4,!7,8:6J&)(-&:)!

K&-9&)!7]S#!7,?,(-4!(4!(44(5,=!J5!6(7@,7!':44!:7!,<-7(897:6:4:6('!7]S#!8&78',!;:76(-&:)"!

AZP/H=,?,)=,)-!897:6(-&)!4-7%8-%7,4!9(>,!J,,)!-9:%$9-!-:!&)9&J&-!(88,44!()=g:7!;%)8-&:)!:;!

7,8:6J&)(-&:)!6(89&),75!&)!7]S#"!a,!6,(4%7,=!-9,!;7,_%,)85!:;!MW\EH=,?,)=,)-!(77,4-!:;!

7,?'&8(-&:)!;:7@4*! 8:)4,_%,)-!]S#!=:%J',H4-7()=!J7,(@4*!()=!;:76(-&:)!:;!]S#!6:',8%',4!

K&-9!+:''&=(5!e%)8-&:)!4-7%8-%7,4*!()=!;:%)=!):!4&$)&;&8()-!=&;;,7,)8,!J,-K,,)!4&7/],'-(!()=!

AZP/! 4-7(&)4"! M:76('! $,),-&8! ,<?,7&6,)-4! 6,(4%7&)$! 6&-:-&8! 7,8:6J&)(-&:)! 7(-,4! K&-9&)!

&)=&>&=%('! 7PS#! $,),4! ('4:! 49:K,=! ):! 4&$)&;&8()-! =&;;,7,)8,! J,-K,,)! -9,4,! -K:! 4-7(&)4"!

Z)4-,(=*!K,!;:%)=!(!4&$)&;&8()-!=,87,(4,!&)!-9,!(44:8&(-&:)!:;!8:9,4&)!4%J%)&-!N8=E?!.A88E?2!

-:!7]S#!&)!4&7/],'-(!7,'(-&>,!-:!AZP/!4-7(&)4"!M7:6!-9,4,!()=!:-9,7!,<?,7&6,)-4*!K,!8:)8'%=,!

-9(-! AZP/! ?7,>,)-4! %),_%('! 4&4-,7H897:6(-&=! 7,8:6J&)(-&:)*! ?7:J(J'5! J5! ;:76&)$! 4?,8&('!

8:9,4&)!4-7%8-%7,4*!K&-9:%-!4&$)&;&8()-!,;;,8-4!:)! 7,H8:6J&)(-&:)('!,>,)-4!K&-9&)! &)=&>&=%('!

7PS#!$,),4"!

!

Y:J(5(49&*!O"!and M. Sasaki (2017). "Ribosomal DNA stability is supported by many ‘buffer 

genes’—&)-7:=%8-&:)!-:!-9,!b,(4-!7]S#!A-(J&'&-5!](-(J(4,"3!MUNA!5,(4-!7,4,(789!EG.E2"!

!
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Yk@4*!A"*!,-!('"!./0ED2"!3N:%4,!6:=,'4!:;!($,&)$!()=!-9,&7!7,',>()8,!-:!=&4,(4,"3!N,89()&464!

:;!($,&)$!()=!=,>,':?6,)-!ED0F!TEHC1"!

!

Y:L6&)*!A"*!,-!('"!./00C2"!3hl#!7(=&(-&:)!&4!9&$9'5!6%-($,)&8!&)!8,''4!-9(-!(7,!%)(J',!-:!7,?(&7!

G*! QH=&95=7:HQH:<:$%()&),! &)! A(889(7:658,4! 8,7,>&4&(,"3! V7:8,,=&)$4! :;! -9,! S(-&:)('!

#8(=,65!:;!A8&,)8,4!E0/.1Q2F!E1C1QHE1CT1"!

!

Y7(&@&>4@&*!V"*!,-!('"!./0EC2"!3M7:6!AO#PO!-:!MZSZA+F!8:6?%-(-&:)('!()('54&4!:;!8,''!858',!

!

8:)-7:'!&)!J%==&)$!5,(4-"3!SV^!454-,64!J&:':$5!()=!(??'&8(-&:)4!E.E2F!EHB"!

!

Y7&49)(6%7-95*!^"*!,-!('"!./00T2"!3Z)@T(g#7;!,<?7,44&:)!&4!(!J&:6(7@,7!:;!($&)$"3!O9,!^:%7)('!:;!

8'&)&8('!&)>,4-&$(-&:)!EET.B2F!E/BBHE10G"!

!

Y%$,*!A"*!,-!('"!./00E2"!3P,$%'(-&:)!:;!-9,!5,(4-!b(?E?!)%8',(7!,<?:7-!4&$)('!&4!6,=&(-,=!J5!

7,=:<! 4&$)('H&)=%8,=! 7,>,74&J',! =&4%';&=,! J:)=! ;:76(-&:)"3! N:',8%'(7! ()=! 8,''%'(7! J&:':$5!

/E.EQ2F!DE1BHDEC0"!

!

Y%$,*!A"!()=!S"!̂ :),4!.EBBT2"!3b#VE!=,?,)=,)-!(8-&>(-&:)!:;!OPm/!&4!,44,)-&('!;:7!-9,!7,4?:)4,!

:;!A(889(7:658,4!8,7,>&4&(,!-:!:<&=(-&>,!4-7,44!J5!95=7:?,7:<&=,4"3!O9,!UN\W!e:%7)('!E1.12F!

DCCHDDT"!

!

Y%$,*! A"*! ,-! ('"! .EBBQ2"! 3I76E! .m?:Z2! =,?,)=,)-! )%8',(7! ,<?:7-! :;! -9,! J%==&)$! 5,(4-!

-7()487&?-&:)!;(8-:7!yAP-1!&4!4,)4&-&>,!-:!:<&=(-&>,!4-7,44"3!R,),4!-:!I,''4!1.Q2F!C/EHC1/"!

!

Y%&'6()*!O"*!,-!('"!./0E02"!3O9,!,44,)8,!:;!4,),48,)8,"3!R,),4!`!=,>,':?6,)-!/T.//2F!/TD1H

/TGB"!

!

Y%&'6()*!O"!()=!]"!A"!V,,?,7!./00B2"!3A,),48,)8,H6,44($&)$!4,87,-:6,F!ANAH&)$!8,''%'(7!

!

4-7,44"3!S(-%7,!7,>&,K4!8()8,7!B./2F!QEHBT"!

!

Y%'(,>(*!W"!Z"*!,-!('"!./0012"!3U?&$,),-&8!4&',)8&)$!:;!6%'-&?',!&)-,7;,7:)!?(-9K(5!$,),4!(;-,7!

8,''%'(7!&66:7-('&L(-&:)"3!W)8:$,),!//./D2F!TEEQHTE/G"!

!

[(J%489($),*! I"! M"! ()=!#"! \"! \7,)@6()! ./0E12"! 3I%77,)-!6,-9:=4! &)! _%()-&;5&)$! PWA! ()=!

:<&=(-&>,! =(6($,! &)! I(,):79(J=&-&4! ,',$()4! ()=! :-9,7!6:=,'! :7$()&46! :;! ($&)$"3! #$,&)$!

7,4,(789!7,>&,K4!E/.T2F!BEQHB10"!
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!

[,,*!̂ "*!,-!('"!.EBBB2"!3b(?E!()=!A@)G!8:)-7:'!-K:!4?,8&('&L,=!:<&=(-&>,!4-7,44!7,4?:)4,!7,$%':)4!

&)!5,(4-"3!^:%7)('!:;!\&:':$&8('!I9,6&4-75!/GT./12F!ED0T0HED0TD"!

!

[,,*! Y"!a"*! ,-! ('"! ./0EE2"! 3[:K,7! (-(<&(! -,'()$&,8-(4&(!6%-(-,=! .#ON2!6PS#!,<?7,44&:)! &4!

8:77,'(-,=! K&-9! ?::7! :%-8:6,! :;! '(75)$,('! ()=! ?9(75)$,('! 8()8,7! ?(-&,)-4"3! #))('4! :;!

W)8:':$5!//.C2F!E0QQHE0B1"!

!

\(8@$7:%)=F!#-(<&(!-,'()$&,8-(4&(!6%-(-,=!.#ON2!@&)(4,!&4!(!87&-&8('!7,$%'(-:7!&)!&)&-&(-&)$!]S#!

=(6($,! 7,4?:)4,! ()=! (8-&>(-&)$! ]S#! 7,?(&7"! +:K,>,7*! -9,! 8:77,'(-&:)! J,-K,,)! #ON!

,<?7,44&:)! ()=! -9,! :%-8:6,! :;! '(75)$:?9(75)$,('! 8()8,7! ?(-&,)-4! &4! %)@):K)"! a,!

95?:-9,4&L,!-9(-!#ON!,<?7,44&:)!&4!8:77,'(-,=!K&-9!(!K:74,!:%-8:6,!&)! '(75)$:?9(75)$,('!

8()8,7!?(-&,)-4"!

V(-&,)-4!()=!6,-9:=4F!O9,!#ON!6,44,)$,7!PS#!.6PS#2!,<?7,44&:)!:;!Q0!-%6:74!:;!'(75)$,('!

()=!?9(75)$,('!8()8,7!K(4!,<(6&),=!J5!7,('H-&6,!_%()-&-(-&>,!POHVIP"!W>,7(''!4%7>&>('!7(-,4!

K,7,!6,(4%7,=!%4&)$!Y(?'()HN,&,7!,4-&6(-,4!()=!-9,!':$H7()@!-,4-4"!O9,!(=e%4-,=!9(L(7=!7(-,!

7(-&:4!.+PP42!K,7,!8:6?%-,=!J5!6%'-&>(7&(-,!I:<!7,$7,44&:)4"!

!

P,4%'-4F!P,=%8,=!#ON!6PS#!K(4!;:%)=! &)!DC!:;!Q0! 4-%=&,=!8(4,4"![:K,7!#ON!,<?7,44&:)!

n-%6:7g):76('!o!0"1*!+PP!p!/"TBq!BCr!8:);&=,)8,!&)-,7>('!.IZ2!E"/GHT"QQs*!5:%)$,7!($,!.o!CC!

5,(74*!+PP!p!/"GEq!BCr!IZ!E"EDHD"1/2*!()=!'(7$,7!-%6:7!.OH1gOHT*!+PP!p!/"/Eq!BCr!IZ!E"E0HT"TT2!

K,7,!&)=,?,)=,)-!7&4@!;(8-:74!;:7!4%7>&>('"!V(-&,)-4!K&-9!':K,7!#ON!()=!5:%)$,7!($,!.+PP!p!

D"CEq!BCr!IZ!/"0CH/0"DD2!:7!K&-9! ':K,7!#ON!()=!OH1gOHT!-%6:7!.+PP!p!C"/1q!BCr!IZ!/"0TH

E1"T02!,<9&J&-,=!-9,!?::7,4-!:%-8:6,"!

!

I:)8'%4&:)F!O9,!,<?7,44&:)!:;!#ON!6PS#*!K9&89! &4! ;7,_%,)-'5!=:K)7,$%'(-,=! &)! '(75)$,('!

()=!?9(75)$,('!8()8,74*!8:%'=!J,!(!>('%(J',!?7:$):4-&8!6(7@,7"!

!

[,,*! A"! A"*! ,-! ('"! ./0E/2"! 3a9:',! '&;,4?()! 6&87:48:?&8! :J4,7>(-&:)! :;! J%==&)$! 5,(4-! ($&)$!

-97:%$9!(!6&87:;'%&=&8!=&44,8-&:)!?'(-;:76"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!

E0B.E12F!TBEDHTB/0"!

!

[,:):>*! #"*! ,-! ('"! ./0EG2"! 3I(':7&8! 7,4-7&8-&:)! ,<-,)=4! 5,(4-! 897:):':$&8('! '&;,4?()! >&(! (!

6,89()&46!'&)@&)$!8,''%'(7!($&)$!-:!8,''!858',!7,$%'(-&:)*!6(&)-,)()8,!:;!(!_%&,48,)-!4-(-,*!

,)-75!&)-:!(!):)H_%&,48,)-!4-(-,!()=!4%7>&>('!&)!-9,!):)H_%&,48,)-!4-(-,"3!W)8:-(7$,-!Q.TE2F!

DB1/Q"!

!
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[&)=4-7:6*!]"!["!()=!]"!U"!R:--489'&)$!./00B2"!3O9,!6:-9,7!,)7&896,)-!?7:$7(6F!(!$,),-&8!

454-,6!;:7!;(8&',!7,?'&8(-&>,!'&;,!4?()!()('54&4!&)!A(889(7:658,4!8,7,>&4&(,"3!R,),-&84!EQ1./2F!

TE1HT//"!

!

[&%*!m"*!,-!('"! ./0EC2"!3P,'&(J',!8,''!858',!8:66&-6,)-! &)!J%==&)$!5,(4-! &4!,)4%7,=!J5!4&$)('!

&)-,$7(-&:)"3!U'&;,!TF!,01BGG"!

!

[:)$:*!l"!]"*!,-!('"! .EBBD2"! 3A%?,7:<&=,!=&46%-(4,!(8-&>&-5! &4!,44,)-&('! ;:7! 4-(-&:)(75!?9(4,!

4%7>&>('! &)! A(889(7:658,4! 8,7,>&4&(,!N&-:89:)=7&('! ?7:=%8-&:)! :;! -:<&8! :<5$,)! 4?,8&,4! &)!

>&>:"3!^:%7)('!:;!\&:':$&8('!I9,6&4-75!/GE./E2F!E//GCHE//Q0"!

!

[:)$:*!l"!]"*!,-!('"!./0E/2"!3P,?'&8(-&>,!()=!897:):':$&8('!($&)$!&)!A(889(7:658,4!8,7,>&4&(,"3!

I,''!6,-(J:'&46!ED.E2F!EQH1E"!

!

López-Lluch,!R"!()=!V"!S(>(4!./0ED2"!3I(':7&,!7,4-7&8-&:)!(4!()! &)-,7>,)-&:)! &)!($,&)$"3! O9,!

^:%7)('!:;!?954&:':$5!CBT.Q2F!/0T1H/0D0"!

!

[%:*! +"*! ,-! ('"! ./0EG2"! 3S%-7&,)-! 4,)4&)$! ()=! -9,! :<&=(-&>,! 4-7,44! 7,4?:)4,"3! O7,)=4! &)!

U)=:87&):':$5!`!N,-(J:'&46!/Q.D2F!TTBHTD0"!

!

N(8[,()*!N"*!,-!('"!./00E2"!3I97:):':$&8('!'&;,4?()!:;!4-(-&:)(75!?9(4,!5,(4-!8,''4q!(!6:=,'!;:7!

&)>,4-&$(-&)$! -9,! ;(8-:74! -9(-! 6&$9-! &);'%,)8,! -9,! ($,&)$! :;! ?:4-6&-:-&8! -&44%,4! &)! 9&$9,7!

:7$()&464"3!b,(4-!EQ.D2F!TBBHC0B"!

!

N($('9t,4*! ^"! V"! ="*! ,-! ('"! ./00G2"! 3#)! ()('54&4! :;! -9,! 7,'(-&:)49&?! J,-K,,)! 6,-(J:'&46*!

=,>,':?6,)-('! 489,=%',4*! ()=! ':)$,>&-5! %4&)$! ?95':$,),-&8! &)=,?,)=,)-! 8:)-7(4-4"3! O9,!

^:%7)('4!:;!R,7:)-:':$5!A,7&,4!#F!\&:':$&8('!A8&,)8,4!()=!N,=&8('!A8&,)8,4!D/./2F!ETBHED0"!

!

N($&,7(*!N"!N"*!,-!('"!./0ET2"!3]S#!7,?'&8(-&:)!()=!4?&)=',!89,8@?:&)-4!8::?,7(-,!=%7&)$!A!

?9(4,!-:!=,'(5!6&-:4&4!()=!?7,4,7>,!$,):6,!&)-,$7&-5"3!^!I,''!\&:'!/0T./2F!EDCHEGC"!

!

N('=:)(=:*!^"!["*!,-!('"!./00T2"!3N,89()&464!:;!8,''H858',!(77,4-!&)!A?&-L!),>&!K&-9!8:)4-&-%-&>,!

(8-&>(-&:)! :;! -9,!N#VH@&)(4,! ?(-9K(5"3! O9,!#6,7&8()! e:%7)('! :;! ?(-9:':$5! EDT.C2F! EGQ1H

EGQG"!

!

N(7>&)*!^"!A"*!,-!('"!./0EQ2"!3A-(J&'&-5*!(;;&)&-5*!()=!897:6(-&8!>(7&()-4!:;!-9,!$'%-(6(-,!4,)4:7!

&R'%A)MP"3!S(-%7,!6,-9:=4!EC.EE2F!B1DHB1B"!

!

N8I:76&8@*!N"!#"*!,-!('"! ./0ET2"! 3O9,!A#R#!9&4-:),!=,%J&_%&-&)(4,!6:=%',!8:)-7:'4! 5,(4-!

7,?'&8(-&>,!'&;,4?()!>&(!A&7/!&)-,7(8-&:)"3!I,''!7,?:7-4!Q./2F!TGGHTQD"!
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"

!

N,9-(*! Z"! A"*! ,-! ('"! ./00G2"! 3#'-,7(-&:)4! -:! )%8',(7! (789&-,8-%7,! ()=! $,):6,! J,9(>&:7! &)!

4,),48,)-!8,''4"3!#))('4!:;!-9,!S,K!b:7@!#8(=,65!:;!A8&,)8,4!EE00F!/C0H/D1"!

!

N,78@,)*!U"!N"*!,-!('"!./0E12"!3I(':7&,!7,4-7&8-&:)!&)!9%6()4!&)9&J&-4!-9,!VZ!1!Yg#YO!?(-9K(5!

()=!&)=%8,4!(!5:%)$,7!-7()487&?-&:)!?7:;&',"3!#$&)$!8,''!E/.T2F!DTCHDCE"!

!

N,5=()&*!A"!S"*!,-!('"!./0ED2"!3[:)$H-,76!6:=,7(-,!8(':7&,!7,4-7&8-&:)!&)9&J&-4!&);'(66(-&:)!

K&-9:%-! &6?(&7&)$! 8,''H6,=&(-,=! &66%)&-5F! (! 7()=:6&L,=! 8:)-7:'',=! -7&('! &)! ):)H:J,4,!

9%6()4"3!#$&)$!.#'J()5!Sb2!Q.G2F!ETED"!

!

N:7$()*! I"! I"*! ,-! ('"! ./0E12"! 3N:',8%'(7! (=(?-(-&:)! :;! -,':6,7,! (44:8&(-,=! $,),4! &)!

6(66('4"3!\NI!,>:'%-&:)(75!J&:':$5!E1.E2F!/CE"!

!

N:7':-*! A"*! ,-! ('"! ./0EB2"! 3U<8,44&>,! 7]S#! -7()487&?-&:)! =7&>,4! -9,! =&47%?-&:)! &)! )%8',(7!

9:6,:4-(4&4!=%7&)$!,)-75!&)-:!4,),48,)8,!&)!J%==&)$!5,(4-"3!I,''!7,?:7-4!/Q./2F!T0QHT//"!,T0T"!

!

N:7-&6,7*! P"! Y"! ()=! ^"! P"! ^:9)4-:)! .EBCB2"! 3[&;,! 4?()! :;! &)=&>&=%('! 5,(4-! 8,''4"3! S(-%7,!

EQ1.TDGG2F!EGCEHEGC/"!

!

N:5L&4*!P"!Y"*!,-!('"!.EBQQ2"!3#!9&$9'5!8:)4,7>,=!7,?,-&-&>,!]S#!4,_%,)8,*.OO#RRR2!)*!?7,4,)-!

(-!-9,!-,':6,7,4!:;!9%6()!897:6:4:6,4"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!

QC.EQ2F!DD//HDD/D"!

!

N%7?95*!N"! V"! ./00B2"! 3+:K!6&-:89:)=7&(! ?7:=%8,! 7,(8-&>,! :<5$,)! 4?,8&,4"3! \&:89,6&8('!

^:%7)('!TEG.E2F!EHE1"!

!

S(7&-(*!N"!./00G2"!3I,''%'(7!4,),48,)8,!()=!897:6(-&)!:7$()&4(-&:)"3!\7&-&49!̂ :%7)('!:;!I()8,7!

BD.C2F!DQDHDBE"!

!

S,'4:)*!]"!N"*! ,-! ('"! ./00/2"! 3I:%?'&)$! :;!]S#! 45)-9,4&4! ()=! 9&4-:),! 45)-9,4&4! &)! A! ?9(4,!

&)=,?,)=,)-!:;!858'&)g8=@/!(8-&>&-5"3!N:',8%'(7!()=!8,''%'(7!J&:':$5!//./E2F!GTCBHGTG/"!

!

S,%7:97*!R"!U"*!,-!('"!./0EQ2"!3],7,$%'(-&:)!:;!-9,!REgAH?9(4,!-7()4&-&:)!&4!-9,!?7:<&6('!8(%4,!

:;!6:7-('&-5!&)!:'=!5,(4-!6:-9,7!8,''4"3!R,),4!`!=,>,':?6,)-!1/.ECHED2F!E0GCHE0QT"!

!

S:&897&*!b"*!,-!('"!./0EC2"!3Z)!>&>:!?(7(6,-,74!&);'%,)8&)$!/HI54!V7<!:'&$:6,7&L(-&:)F!O9,!7:',!

!

:;!,)L56,!4%';&)5'(-&:)"3!P,=:<!J&:':$5!DF!1/DH111"!
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!

S:>(7&)(*!]"*!,-!('"!./0EG2"!3Z)87,(4,=!$,):6,!&)4-(J&'&-5!&4!):-!(88:6?()&,=!J5!4,)4&-&>&-5!-:!

]S#!=(6($&)$!($,)-4!&)!($,=!5,(4-!8,''4"3!]S#!7,?(&7!CTF!EHG"!

!

W@(=(*! N"*! ,-! ('"! ./0EG2"! 3V7:-,:6&84! ()('54&4! ;:7! (4566,-7&8! &)9,7&-()8,! :;! ?7,,<&4-&)$!

?7:-,&)4!J,-K,,)!6:-9,7!()=!=(%$9-,7!8,''4!&)!J%==&)$!5,(4-"3!R,),4!-:!I,''4!//.D2F!CBEHD0E"!

!

W':>)&@:>*! #"! N"! .EBGE2"! 3nV7&)8&?',! :;! 6(7$&):-:65! &)! -,6?'(-,! 45)-9,4&4! :;!

?:'5)%8',:-&=,4s"3!]:@'!#@(=!S(%@!AAAP!/0E.D2F!ETBDHETBB"!

!

W%--,)*!I"!U"*!,-!('"!./00C2"!3I,''%'(7!;(8-:74!7,_%&7,=!;:7!?7:-,8-&:)!;7:6!95?,7:<&(!-:<&8&-5!&)!

A(889(7:658,4!8,7,>&4&(,"3!\&:89,6&8('!^:%7)('!1QQ.E2F!B1HE0E"!

!

V(7@*!V"!h"*!,-!('"!.EBBB2"!3U;;,8-4!:;!N%-(-&:)4!&)!]S#!P,?(&7!R,),4!:)!M:76(-&:)!:;!P&J:4:6('!

]S#!I&78',4!()=![&;,!A?()!&)A(889(7:658,4!8,7,>&4&(,"3!N:',8%'(7!()=!8,''%'(7!J&:':$5!EB.C2F!

1QTQH1QCD"!

!

V(7-7&=$,*!["!()=!]"!R,64!./00/2"!3N,89()&464!:;!($&)$F!?%J'&8!:7!?7&>(-,d3!S(-%7,!P,>&,K4!

!

R,),-&84!1.12F!EDCHEGC"!

!

V(44:4*! ^"! M"*! ,-! ('"! ./0E02"! 3M,,=J(8@! J,-K,,)! ?/E! ()=! 7,(8-&>,! :<5$,)! ?7:=%8-&:)! &4!

),8,44(75!;:7!8,''!4,),48,)8,"3!N:',8%'(7!454-,64!J&:':$5!D.E2"!

!

V,(7'*!P"!.EB/Q2"!3O9,!P(-,!:;![&>&)$!h)&>,74&-5!:;![:)=:)!V7,44"3![:)=:)*!hY"!

!

V,(74:)*!N"*!,-!('"!./0002"!3VN[!7,$%'(-,4!?C1!(8,-5'(-&:)!()=!?7,6(-%7,!4,),48,)8,!&)=%8,=!

J5!:)8:$,)&8!P(4"3!S(-%7,!T0D.DGB/2F!/0GH/E0"!

!

V&;;,7&*!M"*!,-!('"!./0EQ2"!3I(':7&8!7,4-7&8-&:)!&)87,(4,4!'&;,4?()!J%-!(;;,8-4!J7(&)!&)-,$7&-5!&)!$7,5!

6:%4,!',6%7!?7&6(-,4"3!I:66%)&8(-&:)4!J&:':$5!E.E2F!EHQ"!

!

V:''(7=*!O"!]"*!,-!('"!./0ED2"!I,''!\&:':$5!UH\::@*!U'4,>&,7!+,('-9!A8&,)8,4"!

!

V7&,%7*!#"!()=!]"!A"!V,,?,7!./00Q2"!3I,''%'(7!4,),48,)8,!&)!>&>:F!(!J(77&,7!-:!-%6:7&$,),4&4"3!

!

I%77,)-!:?&)&:)!&)!8,''!J&:':$5!/0./2F!EC0HECC"!
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!

V7:-9,7:*! ^"! .EBB12"! 3#=%'-! '&;,! 4?()! (4! (! ;%)8-&:)! :;! ($,! (-! 6(-%7&-5"3! U<?,7&6,)-('!

$,7:)-:':$5!/Q.D2F!C/BHC1D"!

!

P,&4*! P"! ^"! A"*! ,-! ('"! ./00B2"! 3U<-7,6,H':)$,>&-5!6%-(-&:)4! :789,4-7(-,! 4&',)8&)$! :;!6%'-&?',!

4&$)('&)$!?(-9K(54"3!\&:89&6&8(!,-!\&:?954&8(!#8-(!.\\#2HR,),7('!A%Je,8-4!EGB0.E02F!E0GCH

E0Q1"!

!

P,)*!\"*!,-!('"!./00/2"!3U/M!&)-,$7(-,4!8,''!858',!?7:$7,44&:)!K&-9!]S#!7,?(&7*!7,?'&8(-&:)*!()=!

R/gN!89,8@?:&)-4"3!R,),4!`!=,>,':?6,)-!ED./2F!/TCH/CD"!

!

P&$9:'-*! I"! +"*! ,-! ('"! ./0EE2"! 3P:J%4-! )%8',(7! '(6&)(HJ(4,=! 8,''! 8'(44&;&8(-&:)! :;! ($&)$! ()=!

4,),48,)-!8,''4"3!#$&)$!.#'J()5!Sb2!1.E/2F!EEB/"!

!

P&)),7-9(',7*! N"*! ,-! ('"! ./0E/2"! 3b):E?g#&6ET?*! (! S#]V+H:<&=(4,! :7-9:':$*! 8:)-7:'4!

,<-7(6&-:89:)=7&('!7,(8-&>,!:<5$,)!4?,8&,4!$,),7(-&:)*!(?:?-:4&4*!()=!(8-&)!8(J',!;:76(-&:)!

&)!5,(4-"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!E0B.//2F!QDCQHQDD1"!

!

P:J',4*!A"!^"!()=!R"!P"!#=(6&!.EBBQ2"!3#$,)-4!-9(-!8(%4,!]S#!=:%J',!4-7()=!J7,(@4!',(=!-:!

!

?ED! ZSYT(! ,)7&896,)-! ()=! -9,! ?7,6(-%7,! 4,),48,)8,! :;! ):76('! ;&J7:J'(4-4"3! W)8:$,),!

ED.B2F!

EEE1HEE/1"!

!

P:=&,7*!M"!()=!^"!I(6?&4&!./0EE2"!3M:%7!;(8,4!:;!8,''%'(7!4,),48,)8,M:%7!;(8,4!:;!4,),48,)8,"3!

O9,!^:%7)('!:;!8,''!J&:':$5!EB/.T2F!CTGHCCD"!

!

P:)&)4:)*!Z"!\"!./0012"!3O%6:7!8,''!4,),48,)8,!&)!8()8,7!-7,(-6,)-"3!I()8,7!7,4,(789!D1.EE2F!

!

/G0CH/GEC"!

!

P:44*!A"!^"*!,-!('"!./0002"!3O9&:7,=:<&)!?,7:<&=(4,!&4!7,_%&7,=!;:7!-9,!-7()487&?-&:)('!7,4?:)4,!

-:!:<&=(-&>,!4-7,44!&)!J%==&)$!5,(4-"3!N:',8%'(7!J&:':$5!:;!-9,!8,''!EE.Q2F!/D1EH/DT/"!

!

P%J),7*!N"!.EB0Q2"!3](4!V7:J',6!=,-![,J,)4=(%7!%)=!4,&),7!J,L&,9%)$,7!L%6"3!

!
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A((7&@()$(4*!^"!()=!b"!\(77('!./0EC2"!3V7:-,&)!($$7,$(-,4!(7,!(44:8&(-,=!K&-9!7,?'&8(-&>,!($&)$!

K&-9:%-!8:6?7:6&4&)$!?7:-,&)!_%('&-5!8:)-7:'"3!U'&;,!TF!,0DEBG"!

!

A(',9&*!M"*!,-!('"!./0EQ2"!3W<&=(-&>,!]S#!=(6($,!&)=%8,=!J5!PWAH6:=%'(-&)$!($,)-4!K&-9!-9,!

(J&'&-5!-:!-(7$,-!]S#F!#!8:6?(7&4:)!:;!-9,!J&:':$&8('!89(7(8-,7&4-&84!:;!8&-7%4!?,8-&)!()=!(??',!

?,8-&)"3!A8&,)-&;&8!7,?:7-4!Q.E2F!E1B0/"!

!

A()-&>(4&*!a"! ["! ()=!M"!m&(! ./0ET2"! 3Z:)&L&)$! 7(=&(-&:)H&)=%8,=!]S#!=(6($,*! 7,4?:)4,*!()=!

7,?(&7"3!#)-&:<&=()-4!`!7,=:<!4&$)('&)$!/E./2F!/CEH/CB"!

!

A,=,')&@:>(*!W"!#"*!,-!('"!./00T2"!3A,),48&)$!9%6()!8,''4!()=!($,&)$!6&8,!(88%6%'(-,!]S#!

',4&:)4!K&-9!%)7,?(&7(J',!=:%J',H4-7()=!J7,(@4"3!S(-%7,!8,''!J&:':$5!D./2F!EDQHEG0"!

!

A,77():*!N"*!,-!('"!.EBBG2"!3W)8:$,)&8!7(4!?7:>:@,4!?7,6(-%7,!8,''!4,),48,)8,!(44:8&(-,=!K&-9!

(88%6%'(-&:)!:;!?C1!()=!?EDZSYT("3!I,''!QQ.C2F!CB1HD0/"!

!

A9(5*! ^"!a"*!,-!('"! .EBBE2"! 3#! 7:',! ;:7!J:-9!P\!()=!?C1! &)! -9,! 7,$%'(-&:)!:;!9%6()!8,''%'(7!

4,),48,)8,"3!U<?,7&6,)-('!8,''!7,4,(789!EBD.E2F!11H1B"!

!

A9(5*!^"!a"!()=!a"!U"!a7&$9-!./00C2"!3A,),48,)8,!()=!&66:7-('&L(-&:)F!7:',!:;!-,':6,7,4!()=!

!

-,':6,7(4,"3!I(78&):$,),4&4!/D.C2F!QDGHQGT"!

!

A989,?7:>(*!i"*!,-!('"!./00Q2"!3#!6,89()&46!;:7!(4566,-7&8!4,$7,$(-&:)!:;!($,!=%7&)$!5,(4-!

J%==&)$"3!S(-%7,!TCT.G/0C2F!G/QHG1T"!

!

A9,'-:)*!]"!S"*!,-!('"!.EBBB2"!3N&87:(77(5!()('54&4!:;!7,?'&8(-&>,!4,),48,)8,"3!I%77,)-!J&:':$5!

B.EG2F!B1BHBTC"!

!

A9&,'4*!V"!R"*!,-!('"!.EBBB2"!3#)('54&4!:;!-,':6,7,!',)$-94!&)!8':),=!49,,?"3!S(-%7,!1BB.DG1T2F!

!

1EDH1EG"!

!

A&)8'(&7*!]"!#"!./0E12"!A-%=5&)$!-9,!7,?'&8(-&>,!'&;,!4?()!:;!5,(4-!8,''4"!\&:':$&8('!#$&)$*!A?7&)$,7F!

TBHD1"!

!

A&)8'(&7*!]"!#"!()=!["!R%(7,)-,!.EBBG2"!3U<-7(897:6:4:6('!7]S#!8&78',4—(!8(%4,!:;!($&)$!&)!

5,(4-"3!I,''!BE.G2F!E011HE0T/"!
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!

A&)8'(&7*!]"!#"*! ,-!('"! .EBBG2"! 3#88,',7(-,=!($&)$!()=!)%8',:'(7! ;7($6,)-(-&:)! &)!5,(4-! 4$4E!

6%-()-4"3!A8&,)8,!/GG.C1102F!E1E1HE1ED"!

A&--,*!S"*!,-!('"! .EBBQ2"!"Proteasome-dependent!=,$7(=(-&:)!:;!:<&=&L,=!?7:-,&)4! &)!MRC-5!

;&J7:J'(4-4"3!MU\A!',--,74!TT0.12F!1BBHT0/"!

!

A&--6()*! ]"! \"*! ,-! ('"! .EBQ12"! 3+&4-:),!6PS#! 8:)8,)-7(-&:)4! (7,! 7,$%'(-,=! (-! -9,! ',>,'! :;!

-7()487&?-&:)! ()=! 6PS#! =,$7(=(-&:)"3! V7:8,,=&)$4! :;! -9,! S(-&:)('! #8(=,65! :;! A8&,)8,4!

Q0.G2F!EQTBHEQC1"!

!

A:9('*! P"! A"*! ,-! ('"! .EBBT2"! 3W<&=(-&>,! =(6($,*! 6&-:89:)=7&('! :<&=()-! $,),7(-&:)! ()=!

()-&:<&=()-! =,;,)4,4! =%7&)$! ($&)$! ()=! &)! 7,4?:)4,! -:! ;::=! 7,4-7&8-&:)! &)! -9,! 6:%4,"3!

N,89()&464!:;!($,&)$!()=!=,>,':?6,)-!GT.EH/2F!E/EHE11"!

!

A:9('*!P"!A"!()=!P"!a,&)=7%89!.EBBD2"!3W<&=(-&>,!4-7,44*!8(':7&8!7,4-7&8-&:)*!()=!($&)$"3!A8&,)8,!

/G1.C/GE2F!CBHD1"!

!

A7&>(4-(>(*! P"*! ,-! ('"! ./0ED2"! 3O9,! U?&$,),-&8! V(-9K(54! -:! P&J:4:6('! ]S#! A&',)8&)$"3!

N&87:J&:':$5!()=!N:',8%'(7!\&:':$5!P,>&,K4!Q0.12F!CTCHCD1"!

!

+,-,7:897:6(-&)! &4! -9,! -7()487&?-&:)(''5! 7,?7,44,=! ?:7-&:)! :;! ,%@(75:-&8! 897:6(-&)! -9(-!

6(&)-(&)4! (! 8:)=,)4,=! (??,(7()8,! -97:%$9:%-! -9,! 8,''! 858',"! #-! 4&-,4! :;! 7&J:4:6('! ]S#!

.7]S#2!9,-,7:897:6(-&)*!,?&$,),-&8!4-(-,4!8:)-7&J%-,!-:!$,),!4&',)8&)$!()=!$,):6,!4-(J&'&-5*!

K9&89!(7,! 7,_%&7,=! ;:7!?7:?,7! 897:6:4:6,!4,$7,$(-&:)!()=!(!):76('! '&;,! 4?()"!+,7,*!K,!

;:8%4!:)! 7,8,)-!(=>()8,4! &)! -9,!,?&$,),-&8! 7,$%'(-&:)!:;!7]S#!4&',)8&)$! &)!A(889(7:658,4!

8,7,>&4&(,!()=!&)!6(66('4*!&)8'%=&)$!7,$%'(-&:)!J5!4,>,7('!9&4-:),!6:=&;&8(-&:)4!()=!4,>,7('!

?7:-,&)! 8:6?:),)-4! (44:8&(-,=! K&-9! -9,! &)),7! )%8',(7! 6,6J7(),! K&-9&)! -9,! )%8',:'%4"!

M&)(''5*!K,!=&48%44!-9,!?,7-%7J(-&:)4!:;!7]S#!,?&$,),-&8!?(-9K(54!&)!7,$%'(-&)$!8,''%'(7!($&)$!

()=!&)!8(%4&)$!>(7&:%4!-5?,4!:;!=&4,(4,4"!

!

A-,;;,)*!Y"!Y"*!,-!('"!./00B2"!3N,(4%7&)$!7,?'&8(-&>,!'&;,!4?()!&)!-9,!J%==&)$!5,(4-"3!̂ :lU!.^:%7)('!

:;!l&4%('&L,=!U<?,7&6,)-42./Q2F!,E/0B"!

!

A-,&)@7(%4*!Y"*!,-!('"!./00Q2"!3P,?'&8(-&>,!($&)$!&)!5,(4-F!-9,!6,()4!-:!-9,!,)="3!#))%('!7,>&,K!

!

:;!8,''!()=!=,>,':?6,)-('!J&:':$5!/TF!/BHCT"!

!



!(#"

"

A56:)=4*! +"*! ,-! ('"! .EBBT2"! 3?C1H=,?,)=,)-! (?:?-:4&4! 4%??7,44,4! -%6:7! $7:K-9! ()=!

?7:$7,44&:)!&)!>&>:"3!I,''!GQ.T2F!G01HGEE"!

!

O(@(&*!+"*!,-!('"!./0012"!3]S#!=(6($,!;:8&!(-!=54;%)8-&:)('!-,':6,7,4"3!I%77,)-!J&:':$5!E1.EG2F!

ECTBHECCD"!

!

O89@:)&(*!O"*!,-!('"!./0E12"!3I,''%'(7!4,),48,)8,!()=!-9,!4,),48,)-!4,87,-:75!?9,):-5?,F!

!

-9,7(?,%-&8!:??:7-%)&-&,4"3!O9,!^:%7)('!:;!8'&)&8('!&)>,4-&$(-&:)!E/1.12F!BDDHBG/"!

!

O:%44(&)-*!W"*!,-!('"!./0002"!3I,''%'(7!()=!6:',8%'(7!6,89()&464!:;!4-7,44H&)=%8,=!?7,6(-%7,!

4,),48,)8,!.AZVA2!:;!9%6()!=&?':&=!;&J7:J'(4-4!()=!6,'():85-,4"3!U<?,7&6,)-('!$,7:)-:':$5!

1C.Q2F!B/GHBTC"!

!

O7&6(789&*! ^"! N"! ()=! ^"! #"! [,,4! ./00/2"! 3A&J'&)$! 7&>('75! &)! -9,! U/M! ;(6&'5"3! S(-%7,! 7,>&,K4!

N:',8%'(7!8,''!J&:':$5!1.E2F!EEH/0"!

!

O5',7*!̂ "!Y"!()=!̂ "!U"!̂ :9)4:)!./0EQ2"!3O9,!7:',!:;!(%-:?9($5!&)!-9,!7,$%'(-&:)!:;!5,(4-!'&;,!4?()"3!

#))('4!:;!-9,!S,K!b:7@!#8(=,65!:;!A8&,)8,4!ETEQ.E2F!1E"!

!

l('=,4*!#"!N"*!,-!('"!./00C2"!3WJ,4&-5*!8&$(7,--,!46:@&)$*!()=!-,':6,7,!',)$-9!&)!K:6,)"3!O9,!

'()8,-!1DD.BTQD2F!DD/HDDT"!

!

l()=,)J7:%8@,*! Y"*! ,-! ('"! ./00Q2"! 3+5=7:$,)! ?,7:<&=,–&)=%8,=! $,),! ,<?7,44&:)! (87:44!

@&)$=:64F!#!8:6?(7(-&>,!()('54&4"3!N:',8%'(7!\&:':$5!()=!U>:'%-&:)!/C.12F!C0GHCED"!

!

l(48:)8,'':4*!["!P"*!,-!('"!./0ED2"!3V7:-,&)!($$7,$(-&:)!(4!(!8,''%'(7!7,4?:)4,!-:!:<&=(-&>,!4-7,44!

&)=%8,=!J5!9,6,!()=!&7:)"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!EE1.TG2F!UGTGTH

UGTQ/"!

!

l(L&7&*!+"*!,-!('"!.EBB12"!3[:44!:;!-,':6,7&8!]S#!=%7&)$!($&)$!:;!):76('!()=!-7&4:65!/E!9%6()!

'56?9:85-,4"3!#6,7&8()!e:%7)('!:;!9%6()!$,),-&84!C/.T2F!DDE"!

!

l,)(J',*!N"!U"*!,-!('"!.EBBC2"!3P:',!:;!8,7(6&=,!&)!8,''%'(7!4,),48,)8,"3!^:%7)('!:;!\&:':$&8('!

I9,6&4-75!/G0.CE2F!10G0EH10G0Q"!

!

l&8-:7,''&*! A"! ()=! ^"! M"! V(44:4! ./0EG2"! 3O,':6,7,4! ()=! 8,''! 4,),48,)8,H4&L,! 6(--,74! ):-"3!

U\&:N,=&8&),!/EF!ETH/0"!

!



!($"

"

l&)-:)*!V"!^"!()=!O"!a,&),7-!./0EG2"!3#!4':K,=!8,''!858',!4-(J&'&L,4!-9,!J%==&)$!5,(4-!$,):6,"3!

R,),-&84!/0D./2F!QEEHQ/Q"!

!

l:)!i$'&)&8@&*!O"!./00/2"!3W<&=(-&>,!4-7,44!49:7-,)4!-,':6,7,4"3!O7,)=4!&)!J&:89,6&8('!48&,)8,4!

/G.G2F!11BH1TT"!

!

>:)!i$'&)&8@&*!O"*!,-!('"!.EBBC2"!3N&'=!95?,7:<&(!49:7-,)4!-,':6,7,4!()=!&)9&J&-4!?7:'&;,7(-&:)!:;!

;&J7:J'(4-4F!(!6:=,'!;:7!4,),48,)8,d3!U<?,7&6,)-('!8,''!7,4,(789!//0.E2F!EQDHEB1"!

!

a()$*!["*!,-!('"!./0EQ2"!3U)7&89,=!?954&8('!,)>&7:)6,)-!(--,)%(-,4!4?(-&('!()=!4:8&('!6,6:75!

&6?(&76,)-4! :;! ($,=! 4:8&(''5! &4:'(-,=! 6&8,"3! Z)-,7)(-&:)('!

^:%7)('!:;!S,%7:?4589:?9(76(8:':$5!/E.E/2F!EEETHEE/G"!

!

!

a(-4:)*!^"!]"!.EBG/2"!3W7&$&)!:;!8:)8(-,6,7&8!OG!]S#"3!S(-!S,K!\&:'!/1B.BT2F!EBGH/0E"!

!

a,66&,*!̂ "!#"*!,-!('"!.EBBT2"!3I(=6&%6!-:',7()8,!6,=&(-,=!J5!-9,!5,(4-!#VHE!?7:-,&)!7,_%&7,4!

-9,! ?7,4,)8,! :;! ()! #OVHJ&)=&)$! 8(44,--,! -7()4?:7-,7H,)8:=&)$! $,),*! bIME"3! ^:%7)('! :;!

\&:':$&8('!I9,6&4-75!/DB.CE2F!1/CB/H1/CBG"!

!

Werner-Washburne,! N"*! ,-! ('"! .EBBD2"! 3A-(-&:)(75! ?9(4,! &)! A(889(7:658,4! 8,7,>&4&(,"3!

N:',8%'(7!6&87:J&:':$5!EB.D2F!EECBHEEDD"!

!

a':@(*!I"*!,-!('"!./0EE2"!3U>&=,)8,!-9(-!(!4,?-&)!=&;;%4&:)!J(77&,7!&4!=&4?,)4(J',!;:7!85-:@&),4&4!

&)!J%==&)$!5,(4-"3!\&:':$&8('!89,6&4-75!1B/.QHB2F!QE1HQ/B"!

!

m&,*! Y"*! ,-! ('"! ./0EG2"! 3U>,75H:-9,7H=(5! ;,,=&)$! ,<-,)=4! '&;,4?()! J%-! ;(&'4! -:! =,'(5! 6()5!

456?-:64!:;!($&)$!&)!6&8,"3!S(-%7,!8:66%)&8(-&:)4!Q.E2F!EHEB"!

!

m&,*! i"*! ,-! ('"! ./0EC2"! 3U(7'5! -,':6,7(4,! &)(8-&>(-&:)! (88,',7(-,4! ($&)$! &)=,?,)=,)-'5! :;!

-,':6,7,!',)$-9"3!I,''!ED0.C2F!B/QHB1B"!

!

m%*!+"!^"*!,-!('"!.EBB12"!3[:44!:;!PJ!V7:-,&)!U<?7,44&:)!&)!V7&6(75!\'(==,7HI()8,7!I:77,'(-,4!

K&-9![:44!:;!+,-,7:L5$:4&-5!(-!-9,!PJ![:8%4!()=!O%6:7!V7:$7,44&:)"3!Z)-,7)(-&:)('!^:%7)('!:;!

I()8,7!C1.C2F!GQEHGQT"!

!

P\H?7:-,&)! 4-(-%4!(4! =,-,76&),=!J5! &66%):9&4-:89,6&8('! ()('54&4!K(4! 8:6?(7,=!K&-9! ':44! :;!

9,-,7:L5$:4&-5! .[W+2!(-! -9,!P\! ':8%4! &)!DQ!?7&6(75!-7()4&-&:)('H8,''! 8(78&):6(4!:;!-9,!J'(==,7"!

#J4,)8,!:;!P\H?7:-,&)!,<?7,44&:)!K(4!;:%)=!&)!EC!:;!EG!-%6:74!&)!K9&89![W+!(-!-9,!P\!':8%4!K(4!

&=,)-&;&,=*!K9,7,(4!1E!:;!1D!-%6:74!;7:6!&);:76(-&>,!?(-&,)-4!K9&89!49:K,=!):![W+!9(=!(!):76('!



!()"

P\H?7:-,&)!?(--,7)!.?!o!0"00E2"!#'-,7,=!P\H?7:-,&)!,<?7,44&:)!K(4!('4:!6:7,!;7,_%,)-'5!4,,)!&)!

6%48',H&)>(4&>,!()=!9&$9H$7(=,!-%6:74!.?!

o! 0"001!()=!o!0"00C*! 7,4?,8-&>,'52"!W%7!7,4%'-4! &)=&8(-,!-9(-![W+!(-!-9,!P\! ':8%4! &4!

9&$9'5! 8:77,'(-,=! K&-9! ':44! :;! P\H?7:-,&)! ,<?7,44&:)! &)! ?7&6(75! J'(==,7! 8(78&):6(4! ()=!

;%7-9,7! 4-7,)$-9,)4! -9,! ):-&:)! -9(-! ':44! :;! P\! ;%)8-&:)! 6(5! J,! (44:8&(-,=! K&-9! 6:7,!

($$7,44&>,!J'(==,7!-%6:74"!

b()*! N"! ()=! I"! a:'J,7$,7! ./0EC2"! 3h)8:>,7&)$! -9,! 7:',! :;! A$;G1! &)! 6(&)-(&)&)$! A#R#!

=,%J&_%&-&)(-&)$!6:=%',!4-7%8-%7,!()=!(8-&>&-5"3!^:%7)('!:;!N:',8%'(7!\&:':$5!T/G.Q2F!EGDCH

EGGQ"!

b()$*! ^"*! ,-! ('"! ./0EC2"! 3A54-,6(-&8! ()('54&4! :;! (4566,-7&8! ?(7-&-&:)&)$! :;! 5,(4-! ?7:-,:6,!

between mother and daughter cells reveals “aging factors” and mechanism of lifespan 

(4566,-75"3!V7:8,,=&)$4!:;!-9,!S(-&:)('!#8(=,65!:;!A8&,)8,4!EE/.1Q2F!EEBGGHEEBQ/"!

b()$*! ["*! ,-! ('"! ./0ED2"! 3[:)$HO,76! I(':7&,! P,4-7&8-&:)! U)9()8,4! I,''%'(7! X%('&-5HI:)-7:'!

V7:8,44,4!&)!+%6()!A@,',-('!N%48',"3!I,''!7,?:7-4!ET.12F!T//HT/Q"!

I(':7&,!7,4-7&8-&:)!.IP2!7,-(7=4!($&)$*!(8-4!(4!(!9:76,-&8!&)-,7>,)-&:)*!()=!&)87,(4,4!4,7%6!

8:7-&8:4-,7:),!()=!+AVG0!,<?7,44&:)!&)!7:=,)-4"!+:K,>,7*!',44!&4!@):K)!7,$(7=&)$!-9,!,;;,8-4!

:;!IP!:)!-9,4,!;(8-:74!&)!9%6()4"!A,7%6!8:7-&4:'!()=!6:',8%'(7!89(?,7:),4!()=!(%-:?9($&8!

?7:-,&)4!K,7,!6,(4%7,=!&)!-9,!4@,',-('!6%48',!:;!4%Je,8-4!:)!IP!=&,-4!;:7!1HEC!5,(74!()=!&)!

8:)-7:'!>:'%)-,,74"!A,7%6!8:7-&4:'!K(4!9&$9,7!&)!-9,!IP!$7:%?!-9()!&)!($,H6(-89,=!4,=,)-(75!

()=!,)=%7()8,!(-9',-,!$7:%?4!.EC"D!ugH!T"D!)$g='!>,74%4!E/"1!ugH!1"B!)$g='!()=!EE"/!ugH!/"G!

)$g='*!7,4?,8-&>,'5q!?!op!0"00E2"!+AVG0*!R7?GQ*!J,8'&)HE*!()=![I1!6PS#!()=g:7!?7:-,&)!',>,'4!

K,7,!9&$9,7!&)!-9,!4@,',-('!6%48',!:;!-9,!IP!$7:%?!8:6?(7,=!-:!8:)-7:'4"!W%7!=(-(!&)=&8(-,!

-9(-!IP!&)!9%6()4!&4!(44:8&(-,=!K&-9!4%4-(&),=!7&4,4!&)!4,7%6!8:7-&4:'*!7,=%8,=!&);'(66(-&:)*!

()=! &)87,(4,4! &)! @,5!6:',8%'(7! 89(?,7:),4! ()=! (%-:?9($&8!6,=&(-:74! &)>:'>,=! &)! 8,''%'(7!

?7:-,&)!_%('&-5!8:)-7:'!()=!7,6:>('!:;!=54;%)8-&:)('!?7:-,&)4!()=!:7$(),'',4"!





!(*"

B&*#,.'%-//'T%

N:7':-*! A()=7&),*! ,-! ('"! 3U<8,44&>,! 7]S#! -7()487&?-&:)!=7&>,4! -9,! =&47%?-&:)! &)!)%8',(7!

9:6,:4-(4&4!=%7&)$!,)-75! &)-:!4,),48,)8,! &)!J%==&)$!5,(4-"3!I,''! 7,?:7-4!/Q"/! ./0EB2F!

T0QHT//"





!(+"

#7-&8',!

U<8,44&>,!7]S#!O7()487&?-&:)!]7&>,4!-9,!]&47%?-&:)!&)!S%8',(7!

+:6,:4-(4&4!=%7&)$!U)-75!&)-:!A,),48,)8,!&)!\%==&)$!b,(4-!

R7(?9&8('!#J4-7(8-! #%-9:74!

A()=7&),!N:7':-*!^&(!A:)$*!

Z4(J,'',! [,v$,7HA&'>,4-7,*! #%=7,5!

N(-&;(4*!

W'&>&,7!R(=('*!R&'',4!I9(7>&)!

I:77,4?:)=,)8,!

6:7':-w&$J68";7!.A"N"2*!

89(7>&)w&$J68";7!.R"I"2!

Z)!\7&,;!

O9,!(88%6%'(-&:)!:;!,<-7(897:6:4:6('!7]S#!8&78',4!.UPI42!&4!(!9(''6(7@!:;!($&)$!&)!J%==&)$!5,(4-"!

N:7':-!,-!('"!49:K!-9(-!UPI4!(88%6%'(-,!(9,(=!:;!4,),48,)8,!:)4,-!()=!;%,'!()!,<8,44&>,!7]S#!

-7()487&?-&:)*! %'-&6(-,'5! ',(=&)$! -:! &6?(&7,=! )%8',(7! 9:6,:4-(4&4! ()=! ()! &77,>,74&J',! 8,''! 858',!

4':K=:K)"!



!(,"

"

!

+&$9'&$9-4!

!

=! A&)$',H8,''!6:)&-:7&)$!49:K4!-9(-!UPI!(88%6%'(-&:)!

4-(7-4!K,''!J,;:7,!4,),48,)8,!

!

=! UPI!(88%6%'(-&:)!=7&>,4!(!'(7$,!%?7,$%'(-&:)!&)!

?7,H7PS#*!J%-!):-!7&J:4:6,*!45)-9,4&4!

!

=! #!4-7:)$!':44!:;!)%8',(7!9:6,:4-(4&4!:88%74!

=:K)4-7,(6!:;!)%8',:'(7!=,;,8-4!

!

=! P,e%>,)(-&:)!:;!=(%$9-,74!&4!,)4%7,=!J5!

(4566,-7&8('!)%8',(7!?(7-&-&:)&)$!

!

!

!

!

!

N:7':-!,-!('"*!/0EB*!I,''!P,?:7-4!/Q*!T0Q–T//!

!

^%'5!B*!/0EB!x!/0EB!O9,!#%-9:74"!

9--?4Fgg=:&":7$gE0"E0EDge"8,'7,?"/0EB"0D"01/!



!(&"

"

I,''!P,?:7-4!

#7!-&8',!
!

!

!

U<8,44&>,!7]S#!O7()487&?-&:)!]7&>,4!-9,!]&47%?-&:)!&)!
S%8',(7!+:6,:4-(4&4!=%7&)$!U)-75!&)-:!A,),48,)8,!&)!

\%==&)$!b,(4-!
!

A()=7&),!N:7':-*
E*/*1*T*

y!^&(!A:)$*
E*/*1*T

! Z4(J,'',![,v$,7HA&'>,4-7,*
C
!#%=7,5!N(-&;(4*

E*/*1*T
!W'&>&,7!R(=('*

C
!()=!

R&'',4!I9(7>&)
E*/*1*T*D*

y!
E
],>,':?6,)-('!\&:':$5!()=!A-,6!I,''4!],?(7-6,)-*!Z)4-&-%-!=,!R,v),v-&_%,!,-!=,!\&:':$&,!N:',v8%'(&7,!,-!I,''%'(&7,*!Z''@&789!DGT00*!M7()8,!

/
I,)-7,!S(-&:)('!=,!'(!P,89,789,!A8&,)-&;&_%,*!hNPGE0T*!Z''@&789!DGT00*!M7()8,!

1
Z)4-&-%-!S(-&:)('!=,!'(!A()-,v!,-!=,!'(!P,89,789,!N,v=&8(',*!hE/CQ*!Z''@&789!DGT00*!M7()8,!

T
h)&>,74&-,v!=,!A-7(4J:%7$*!Z''@&789!DGT00*!M7()8,!

!

C
[(J:7(-:&7,!=,!\&:':$&,!N:',v8%'(&7,!U%8(75:-,*!I,)-7,!=,!\&:':$&,!Z)-,v$7(-&>,!.I\Z2*!h)&>,74&-,v!=,!O:%':%4,*!ISPA*!hVA*!O:%':%4,!1E000*!M7()8,!

D
[,(=!I:)-(8-!

yI:77,4?:)=,)8,F!6:7':-w&$J68";7!.A"N"2*!89(7>&)w&$J68";7!.R"I"2!

!

9--?4Fgg=:&":7$gE0"E0EDge"8,'7,?"/0EB"0D"01/!

!

!

AhNN#Pb!

!

\%==&)$!5,(4-!8,''4!%)=,7$:!(!'&6&-,=!)%6J,7!:;!

=&>&H4&:)4!J,;:7,!-9,5!,)-,7!4,),48,)8,!()=!=&,"!

],4?&-,! 7,8,)-! 6,89()&4-&8! (=>()8,4*! K9,-9,7!

()=! 9:K! 6:',8%'(7! ,>,)-4! (7,! -,6?:7(''5! ()=!

8(%4(''5! '&)@,=! =%7&)$! -9,! -7()4&-&:)! -:!

4,),48,)8,!7,6(&)!,'%4&>,"!+,7,*!%4&)$!7,('H-&6,!

:J4,7>(-&:)! :;! -9,! (88%6%'(-&:)! :;!

,<-7(897:6:4:6('! 7]S#! 8&78',4! .UPI42! &)! 4&)$',!

8,''4*! K,! ?7:>&=,! ,>&=,)8,! -9(-! UPI4! J%&'=! %?!

7(?&='5!K&-9!,<?:),)-&('!@&),-&84!K,''!J,;:7,!()5!

?954&:':$H&8('!=,8'&),"!a,! -9,)! 49:K! -9(-!UPI4!

;%,'!(!6(44&>,!&)87,(4,!&)!7&J:4:6('!PS#!.7PS#2!

',>,'4!&)!-9,!)%8',H:'%4*!K9&89!=:!):-!6(-%7,!&)-:!

;%)8-&:)('! 7&J:4:6,4"! O9&4! J7,(@=:K)! &)!

)%8',:'(7! 8::7=&)(-&:)! &4! ;:'':K,=! J5! (! ':44! :;!

)%8',(7!9:6,:4-(4&4*!-9%4!=,;&)&)$!(!897:):':$5!

:;!8(%4(''5!7,'(-,=!,>,)-4!',(=&)$!-:!8,''!=,(-9"!#!

8:6?%-(-&:)('! ()('54&4! 4%??:7-4! (! 6:=,'! &)!

K9&89!(!4,7&,4!:;!($,H&)=,?,)=,)-!?7:8,44,4!',(=!

-:! ()! ($,H=,?,)=,)-! &)87,(4,! &)! 8,''!6:7-('&-5*!

9,)8,! ,<?'(&)&)$! -9,! ,6,7$,)8,! :;! ($&)$! &)!

J%==&)$!5,(4-"!

!

ZSOPW]hIOZWS!

!

\%==&)$!5,(4-!8,''4!%)=,7$:!(!'&6&-,=!)%6J,7!:;!(4566,-7&8('!=&>&4&:)4!

J,;:7,! ,)-,7&)$! 4,),48,)8,! ()=! =5&)$*! (! ?9,):6,):)! @):K)! (4!

7,?'&8(-&>,!($&)$!.N:7-&6,7!()=!^:9)4-:)*!EBCB2"!#'-9:%$9!-9,!7,?'&8(-&>,!

($,!:;!6:-9,7!8,''4!&)87,(4,4!(-!,(89!=&H>&4&:)*!-9,!),KJ:7)!=(%$9-,7!8,''4!

are ‘‘rejuvenated,’’ meaning that they have full replicative p:-,)-&('!

.Y,)),=5! ,-! ('"*! EBBT2"! O:! ,<?'(&)! -9&4! ?9,):6,):)*! &-! 9(4! ':)$! J,,)!

?7:?:4,=!-9(-!($H&)$!8,''4!(88%6%'(-,!=,-7&6,)-('!;(8-:74!-9(-!(7,!',-9('!

-:!-9,!6:-9,7!J%-!(7,!):-! &)9,7&-,=!J5!=(%$9-,7!8,''4!.U$&'6,L!()=!^(LH

K&)4@&*!EBQB2"!A&)8,!-9(-!95?:-9,4&4!K(4!;&74-!?7:?:4,=*!(!'(7$,!J:=5!:;!

'&-,7(-%7,! 9(4! ,4-(J'&49,=! -9(-! 5,(4-! 8,''! ($&)$! &4! (88:6H?()&,=! J5!

J7,(@=:K)!:;!6()5!8,''%'(7!;%)8-&:)4*!7,4%'-&)$!&)!-9,!':44!:;!?7:-,:4-(4&4!

.U7e(>,8!,-!('"*!/00G2*!4-,7&'&-5!.A6,('!,-!('"*!



!'("

"

!

!

EBBD2*! $,):6&8! &)4-(J&'&-5! .N8N%77(5! ()=! R:--489'&)$*! /0012*!

&6?(&76,)-!&)!6&-:89:)=7&('!;%)8-&:)!.l,(-89!,-!('"*!/00B2*!8,''!858',!

=547,$%'(-&:)!.S,%7:97!,-!('"*!/0EQ2*!()=!)%8',:'(7!,)'(7$,H6,)-!()=!

;7($6,)-(-&:)!.A&)8'(&7!,-!('"*!EBBG2*!(6:)$!:-9,7!=,;,8-4"!

!

\(4,=!:)!-9,4,!:J4,7>(-&:)4*!(!8:)4,)4%4!9(4!,6,7$,=!&)!K9&89!8,''%'(7!

($&)$! &4! >&,K,=! (4! (! ?7:$7,44&>,! ?9,):6,):)! &)>:'>&)$! $7(=%('!

=,-,7&:7(-&:)!:;!?954&:':$&8('!;%)8-&:)4*!',(=H&)$!-:!8,''!=,(-9"!Z)!8:)-7(4-!

-:!-9&4!8'(44&8('!>&,K*!K9&89!&4!'(7$,'5!J(4,=!:)!:J4,7>(-&:)4!:;!8,''4!&)!J%'@!

8%'-%7,*! ':)$&-%=&)('! -7(8@&)$! :;! &)=&>&=%('! 8,''4! ;7:6! J&7-9! -:! =,(-9!

7,>,(',=! -9,!,<&4H-,)8,! :;!(!K,''H=,;&),=! -&6,! ?:&)-! &)! 8,''%'(7! '&;,4?()!

J,5:)=!K9&89!-9,!8,''!858',!=%7(-&:)!7(?&='5!&)87,(4,4!J,;:7,!8,''!=,(-9*!

K9&89!&4!(!-&6,!?:&)-!?7,>&:%4'5!7,;,77,=!-:!(4!-9,!4,),48,)8,!,)-75!?:&)-!

.AUV2! .M,976())! ,-! ('"*! /0E12"! O9,! :7&$&)! :;! -9,! =&487,?()85! J,-K,,)!

4&)$',H8,''! >,74%4! ?:?%'(-&:)! 6,(4%7,H6,)-4! :7&$&)(-,4! ;7:6! 8,''H8,''!

>(7&(J&'&-5!&)!-9,!-&6,!:;!=,(-9"!Z)=,,=*!,>,)!&;!-9,!(??,(7()8,!:;!(!$&>,)!

9(''6(7@!:;!($,!&4!(J7%?-!=%7&)$!8,''%'(7!'&;,4?()*!&-!K(4!49:K)!-9(-!?::'&)$!

:;!=(-(!;7:6! &)=&>&=%('!8,''4!K&-9!9,-,7:$,),:%4! '&;,4?()4!8:)4&=H,7(J'5!

(--,)%(-,!-9,!(>,7($,!=5)(6&84!:;!-9&4!6(7@,7!.M&$H%7,!AE#2!.M,976())!

,-!('"*!/0E12"!+,)8,*!J%'@!6,(4%7,6,)-4!=:!):-!;(&-9;%''5!8(?-%7,!-9,!-7%,!

@&),-&84!:;!($&)$!6(7@,74!=%7&)$!-9,!,)-75!&)-:!4,),48,)8,*!()=!-9&4!6(5!

',(=! -:! 6&4',(=&)$! &)-,7H?7,-(-&:)4"! A&6&'(7'5*! ()! ()('54&4! :;! J%'@!

?:?%'(-&:)4!:;!8,''4!K&-9!9,-,7:$,),:%4!'&;,4?()4!K:%'=!'&6&-!:%7!(J&'&-5!

-:! -,6?:7(''5! :7=,7! -9,! :)4,-! :;! ($&)$! 6(7@4*! -9%4! ?7,8'%=&)$! -9,!

&=,)-&;&8(-&:)! :;! -9,&7! 8(%4('! 7,'(-&:)49&?4! .M&$%7,! AE\2"! O9&4! ,<?'(&)4! &)!

?(7-!K95*!=,4?&-,!)%6,7:%4!8:77,'(-&:)4!J,-K,,)!($,!()=!(88%6%H'(-&:)!

:;!=&>,74,!;(8-:74!.;:7!,<(6?',*!?7:-,&)!($$7,$(-,4!nU7e(H>,8!,-!('"*!/00Gs*!

6&-:89:)=7&('! =,;,8-4! nl,(-89! ,-! ('"*! /00Bs*! ()=! $,):6&8! &)4-(J&'&-5!

nN8N%77(5! ()=! R:--489'&)$*! /001s2! &)! A(889(7:658,4! 8,7,>&4&(,! ()=!

:-9,7!6:=,'!:7$()&464*!(!8',(7!()=!8(%4('!89(&)!:;!,>,)-4!,<?'(&)&)$!,)-75!

&)-:!4,),48,)8,!7,H6(&)4!-:!J,!%)7(>,',="!

!

Z)!5,(4-*!:),! ;(8-:7!?7:?:4,=! -:! 7,$%'(-,!($&)$! &4! -9,!(88%6%H'(-&:)!:;!

,<-7(897:6:4:6('! 7]S#!8&78',4! .UPI42!K&-9&)!6:-9,7!8,''4! .A&)8'(&7!()=!

R%(7,)-,*!EBBG2!-9(-!(7,!(4566,-7&8(''5!(??:7-&:),=!()=!7,-(&),=!&)!-9,!

6:-9,7!%?:)!8,''!=&>&4&:)!

!

!

T0Q! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!x!/0EB!O9,!#%-9:74"!

O9&4!&4!()!:?,)!(88,44!(7-&8',!%)=,7!-9,!II!\bHSIHS]!'&8,)4,!.9--?Fgg87,(-&>,8:66:)4":7$g'&8,)4,4gJ5H)8H)=gT"0g2"!



!''"

"

!

!

.],):-9![&??%),7!,-!('"*!/0ETJq!A989,?7:>(!,-!('"*!/00Q2"!UPI4!(7,!4,';H

7,?'&8(-&)$!4,_%,)8,4!;:76,=!J5!-9,!,<8&4&:)!:;!7,?,(-4!;7:6!-9,! 7]S#!

8'%4-,7*!(!$,):6&8!7,$&:)!':8(-,=!:)!897:6:H4:6,!mZZ!-9(-!8:)-(&)4!(J:%-!

EC0–/00!7,?,(-4!:;! 7PS#!$,),4"!M:76(-&:)!:;!UPI4! &4!;(>:7,=!J5!-9,4,!

7,?,(-,=! 4,_%,)8,4! ()=! J5! -9,! ?7,4,)8,! :;! (! 7,?'&8(-&:)! ;:7@! J(77&,7!

6,=&(-,=!J5!M:JE*!K9&89!?7,>,)-4!8:''&4&:)!J,-K,,)!-9,!]S#!7,?'&8(-&:)!

()=! 7]S#! -7()487&?-&:)! 6(89&),7&,4*! -9,7,J5! ;(>:7&)$! =:%J',H4-7()=!

J7,(@4!()=!7,8:6J&)(-&:)!,>,)-4!.\7,K,7!()=!M()$6()*!EBQQq!Y:J(5(49&*!

/0012"!+:K,>,7*!&-!&4!):-!5,-!@):K)!K9,-9,7!()=!9:K!UPI!(88%6%'(-&:)!

&4!=,-7&6,)-('! -:!8,''4! .R()',5!,-!('"*!/00B2!:7!K9,-9,7!UPI! ,<8&4&:)*!(!

?:-,)-&(''5!4-:89(4-&8!,>,)-*!&4!-,6?:7(''5!()=!6,89()&4-&8(''5!7,'(-,=!-:!

-9,!:)4,-!:;!8,''!858',!4':K=:K)!.AUV2!:J4,7>,=!&)!($&)$!6:-9,74"!

!

O:!(==7,44! -9,4,! _%,4-&:)4*!K,!6:)&-:7,=! -9,! 7,?'&8(-&>,! '&;,H4?()!

.P[A2!:;!&)=&>&=%('!5,(4-!8,''4!J5!%4&)$!(!6&87:;'%&=&84HJ(4,=!&6($&)$!

454-,6! .R:%',>! ,-! ('"*! /0EG2"! a,! _%()-&-(-&>,'5! ()('5L,=! -9,!

4,_%,)8,!:;!,>,)-4!=7&>&)$!J:-9!-9,!,)-75!&)-:!4,),48,)8,!&)!6:-9,7!

()=!-9,!7,e%>,)(-&:)!&)!=(%$9-,7!8,''4"!Z6?:7-()-'5*!:%7!,<?,7&6,)-('!

=(-(!4%??:7-!(!6:=,'!&)!K9&89!(!4,7&,4!:;!($,H&)=,?,)=,)-!?7:8,44,4!

',(=!-:!()!($,H=,?,)=,)-!&)87,(4,!&)!8,''!6:7-('&-5*!9,)8,!,<?'(&)&)$!

-9,!,6,7$,)8,!:;!($&)$!&)!(!4&6?',!%)&8,''%'(7!:7$()&46"!

!

PUAh[OA!

!

UPI4! #88%6%'(-,! U<?:),)-&(''5! J,;:7,! U)-75! &)-:!

A,),48,)8,!

!

O:!-,4-!-9,!95?:-9,4&4!-9(-!UPI4!6(5!J,! &)>:'>,=!&)!=7&>&)$!-9,!(J7%?-!

:)4,-!:;!AUV!&)!($&)$!6:-9,7!8,''4*!K,!6,(4%7,=!-9,!-:-('!)%6J,7!:;!7PS#!

$,),!8:?&,4!.&","*!897:6:4:6('!()=!UPI!7PS#!$,),!7,?,(-42!&)!4&)$',!5,(4-!

8,''4! :>,7! -9,&7! ,)-&7,! '&;,4?()4"! O:! -9&4! ,)=*! K,! %4,=! (! ?7,>&:%4'5!

=,487&J,=! 6&87:;'%&=&84! =,>&8,! &)! K9&89! &)=&>&=%('! 6:-9,7! 8,''4! (7,!

-7(??,=!&)!8(>&-&,4!()=!&6($,=!(-!-9,!4&)$',H8,''!',>,'!;7:6!J&7-9!-:!=,(-9!

.R:%',>!,-!('"*!/0EG2"! O:! -7(8@! 7]S#!8:?5!)%6J,7*!K,!%4,=!(!4-7(&)! &)!

K9&89!C0!7,?,(-4!:;!-9,![(8W!4,_%,)8,!(7,!&)4,7-,=!&)-:!,(89!7,?,(-!:;!

-9,!)%8',:'(7!7PS#!$,),!8'%4-,7!.N&5(L(@&!()=!Y:J(5(H49&*!/0EE2"!O9%4*!J5!

8:H,<?7,44&)$!(!RMVH[(8Z!;%4&:)!?7:-,&)!()=!-9,!)%8',:'(7!6(7@,7!S,-EH

6I9,775*! -9,! -:-('! 4&L,! :;! -9,! 7]S#! ':8&! 8()!J,!_%()-&;&,=! .M&$%7,!E#2"!

M'%:7,48,)8,! &6($&)$!:;! -9,4,! 8,''4! 49:K,=!-9,! ?7,4,)8,! :;! )%8',:'(7H

':8('&L,=!RMV!-97:%$9:%-!-9,!8,''!'&;,4?()*!(4!,<?,8-,=!.M&$%7,!E\q!l&=,:!

AE2*!K&-9!(!6(7@,=!&)87,(4,!&)!RMV!-:K(7=!-9,!,)=!:;!-9,!'&;,4?()!-9(-!K(4!

8:)8:6&-()-!K&-9!-9,!AUV!.M&$%7,!EI2"!a,!8('8%'(-,=!-9,!-&6,!:;!:)4,-!:;!

AUV!;:7!,(89!-7(e,8-:75!J(4,=!:)!?&,8,K&4,!'&),(7!;&--&)$!-:!-9,!=5)(6&84!

:;!-9,!&)=&>&=%('!8,''!858',!=%7(-&:)4!.(4!?7,>&:%4'5!7,?:7-,=!nM,976())!,-!

('"*!/0E1s!4,,!('4:!AO#P!N,-9:=4!()=!M&$%7,!A/2*!K9&89!,)(J',=!('&$)6,)-!

:;!-9,!)%8',H:'(7!RMVH[(8Z!;'%:7,48,)8,!4&$)('!()=!8:);&76,=!-9,!6(7@,=!

(88%6%'(-&:)!:;!7]S#!8:?&,4!?7,8,=&)$!-9,!AUV!.M&$%7,!E]2"!O9&4!()('54&4!

7,>,(',=!()!('6:4-!E0H;:'=!&)87,(4,!&)!-9,!)%6J,7!:;!7PS#!$,),!8:?&,4!&)!

?:4-HAUV!8:6?(7,=!K&-9!?7,HAUV!8,''4!.M&$%7,!EU2*!K9&89!K(4!?(7('',',=!J5!

(!'(7$,!&)87,(4,!&)!-:-('!S,-EH6I9,775!;'%:7,48,)8,!.M&$%7,4!A1#!()=!A1\2"!

!

\5!;%7-9,7!_%()-&;5&)$!-9,!=5)(6&84!:;!-9,!(>,7($,!RMVH[(8Z!;'%:7,48,)8,!

4&$)('!:>,7!-&6,*!K,!;:%)=!()!,<8,'',)-!($7,,6,)-!-:!()!,<?:),)-&('!;&-!

K&-9!(!=:%J'&)$!-&6,!-!:;!E"D!z!0"C!$,),7(H!

!

!

-&:)4*!?7:>&=&)$! =&7,8-! ,>&=,)8,! -9(-!(! 7(?&=!6%'-&?'&8(-&>,!?7:H8,44!

$:>,7)4!-9,!(88%6%'(-&:)!:;!-9,!7]S#!8:?5!)%6J,7!.4,,! M&$%7,!EU!

()=!AO#P!N,-9:=4! ;:7!=,-(&'42"! Z)4-,(=*!K9,)!K,!()('5L,=!(>,7($,!

=(-(!(;-,7!('&$)6,)-!:;!4&)$',H8,''!-7(e,8-:7&,4!;7:6!J&7-9!.M&$%7,4!A1U!

()=!A1M2!:7!=,(-9!.M&$%7,4!A1R!()=!A1+2*!7(-9,7!-9()!(-!-9,!AUV*!K,!

:J-(&),=!6(7@,='5!4':K,7!,4-&H6(-,4!:;!-9,!=5)(6&84!:;!7]S#!8:?&,4!

.Q"D!z!/"/!()=!1"T!z!0"C!$,),7(-&:)!=:%J'&)$!-&6,*!7,4?,8-&>,'52"!M&--&)$!

4&)$',H8,''!RMVH[(8Z!=(-(*!7(-9,7!-9()!-9,!(>,7($,!4&$)('!=&4?'(5,=!&)!

M&$%7,!/U*!8:);&76,=!(!6,=&()!E"C!z!0"/!=:%J'&)$!-&6,!.M&$%7,4!A1I!

()=!A1]2"!O9%4*!('&$)6,)-!:;!-7(e,8-:7&,4!;7:6!J&7-9!:7!=,(-9!',(=!-:!

(! 4-7:)$! ()=! 454-,6(-&8! %)=,7,4-&6(-,! :;! -9,! -7%,! @&),-&84! :;! -9,!

(6?'&;&8(-&:)!:;!7]S#!8:?&,4"!

!

!

\,8(%4,!-9,!897:6:4:6('!7]S#!8:?5!)%6J,7!&4!@):K)!-:!J,!-&$9-'5!

7,$%'(-,=!(-!/00!-97:%$9:%-!-9,!8,''!858',!.Z=,!,-!('"*!/0E1q!N()4&4&=:7!

,-! ('"*! /0EQ2*! K,! (44%6,=! -9(-! -9,! J(4,'&),! ',>,'! :;! RMVH[(8Z!

;'%:7,48,)8,!&)!-9,!,(7'5!?(7-!:;!-9,!'&;,4?()!.&","*!K,''!(9,(=!:;!-9,!

AUV2!&4!'&@,'5!-:!8:77,4?:)=!-:!897:6:H4:6('!7]S#!7,?,(-4*!()=!-9,!

,<?:),)-&('!&)87,(4,!&)!RMVH[(8Z!;'%:7,48,)8,!8:&)8&=,)-!K&-9!-9,!AUV!

&4!'&@,'5!=%,!-:!-9,!4,';H7,?'&8(-&:)!:;!UPI4"!Z)!4-7:)$!4%??:7-!:;!-9&4*!

-9,! RMV! 4&$)('! (J:>,! J(4,'&),! 4,$7,$(-,4! (4566,-7&8(''5! J,-K,,)!

6:-9,7! ()=! =(%$9-,7! 8,''4*! K9&89! K:%'=! J,! &)8:)4&4-,)-! K&-9! -9,!

,_%('!?(7-&-&:)&)$!:;!897:6:4:6('!7]S#!.4,,!J,':K*!M&$%7,4!C#!()=!

C\2"! #':)$! -9,4,! '&),4*! &-! &4! &)-,7,4-&)$! -:! ):-,! -9(-! RMVH[(8Z! ;'%:H

7,48,)8,!(??,(7,=! &)!($&)$!8,''4!(4!(!=&;;%4,!4&$)('!7(-9,7!-9()!(4!(!

4&)$',!;:8&!&)!-9,!)%8',:'%4!.M&$%7,!E\2*!K9&89!&4!6:7,!8:)4&4H-,)-!K&-9!

RMVH[(8Z!J&)=&)$!-:!6%'-&?',!UPI4!-97:%$9:%-!-9,!)%8',:'%4!-9()!K&-9!

J&)=&)$!-:!(!=&487,-,!8'%4-,7!:;!7PS#!$,),4!&)!-9,!897:6:4:6('!]S#"!

!

O:!J,--,7!89(7(8-,7&L,!-9,!4?,8&;&8!@&),-&84!:;!UPI!(88%6%'(H-&:)!&)!6:-9,7!

8,''4*!K,!4%J-7(8-,=!-9,!J(4,'&),!RMVH[(8Z!;'%:H7,48,)8,!4&$)('!.(44%6&)$!

&-! 8:77,4?:)=,=! -:! /00! 897:6:4:6('! 7]S#! 8:?&,42*! 8('8%'(-,=! -9,!

)%6J,7!:;!$,),!8:?&,4!7,?7,4,)-,=!J5!-9,!7,6(&)&)$!RMVH[(8Z!4&$)('*!()=!

?':--,=! -9,! =(-(! &)! 4,6&H':$! 48(',! .M&$%7,! EU*! &)4,-2"! O9&4! ()('54&4!

8:);&76,=! -9,! 4-7&@&)$! ,<?:),)-&('! &)87,(4,! &)! UPI4! :>,7! (J:%-! EC!

$,),7(-&:)4*! ;:'H':K,=! J5! (! ?'(-,(%! 7,?7,4,)-&)$! 4(-%7(-&:)! :;! -9,!

(6?'&;&8(-&:)!?7:8,44!(-!E*C00!UPI!8:?&,4g8,''*!K9&89!&4!()!:7=,7!:;!6($)&H

-%=,! 9&$9,7! -9()! -9,! 897:6:4:6('! 7]S#! 8:?5! )%6J,7! ()=! 8:%'=! J,!

%)=,7,4-&6(-,=!=%,! -:! -9,! ?:-,)-&('! -&-7(-&:)!:;!RMVH[(8Z"! Z6?:7-()-'5*!

,<-7(?:'(-&)$!-9,!,<?:),)-&('!;&-!('':K,=!%4!-:!,4-&H6(-,!-9(-!-9,!;&74-!UPI!

,<8&4&:)! .=,;&),=! J5! UPI! 8:?5! )%6J,7! ,_%('! -:! Eq! M&$%7,! EU*! &)4,-2!

:88%77,=!()!(>,7($,!:;!(J:%-!E1!=&>&4&:)4!J,;:7,!-9,!AUV*!&","*!':)$!J,;:7,!

()5!=,8'&),!&)!?954&:H':$&8('!;%)8-&:)!&4!6()&;,4-"!Z)!(==&-&:)*!-9,!)%6J,7!

:;!UPI4!(-!-9,!AUV!K(4!1D0*!&)=&8(-&)$!-9(-!($&)$!8,''4!8()!-:',7(-,!(!'(7$,!

&)87,(4,!&)!,<-7(!7]S#!8:?&,4!J,;:7,!8,''!=&>&4&:)!&4!?,7-%7J,=!.M&$%7,!EU*!

&)4,-2"! O(@,)! -:$,-9,7*! -9,4,! 7,4%'-4! ?7:>&=,! =&7,8-! ,>&=,)8,! ;:7! -9,!

,<?:),)-&('! (88%6%'(-&:)! :;! UPI4! &)! -9,!6:-9,7! 8,''! ()=! =,6:)4-7(-,!

-9(-! &-! &4! ()! ,(7'5! ,>,)-! -9(-! ?7,8,=,4! J5! ;(7! -9,! :)4,-! :;! AUV! -9(-!

89(7(8-,7&L,4!,)-75!&)-:!7,?'&8(-&>,!4,),48,)8,"!

!

!

UPI!#88%6%'(-&:)![,(=4!-:!(!N(44&>,! Z)87,(4,! &)!V7,H7PS#!

[,>,'4!V7&:7!-:!U)-75!&)-:!A,),48,)8,!

!

UPI4!9(>,!':)$!J,,)!4?,8%'(-,=!-:!J,!-:<&8!-:!($&)$!8,''4!J5!-&-7(-&)$!

-9,!]S#!7,?'&8(-&:)!6(89&),75!()=g:7!7]S#H4?,8&;&8!

!
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I,''! P,?:7-4! /Q*! T0Q–T//*! ^%'5! B*! /0EB

!

T0B!



!'#"

"

!

!

!

!

!

!

!

!



!'$"

"

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!



!')"

"

!

!

!

!

!

!

!

!

!

!

!

!

!

!

M&$%7,!E"!7]S#!I:?5!S%6J,74!.UPI42!Z)87,(4,!U<?:),)-&(''5!J,;:7,!U)-75!&)-:!A,),48,)8,!

!

.#2!A89,6(-&8!49:K&)$![(8W!&)4,7-&:)!&)-:!,(89!7]S#!7,?,(-!&)!ONbQH\bT\!4-7(&)!('4:!8:H,<?7,44&)$!RMVH[(8Z!()=!S,-EH6I9,775"!

!

.\2!V9(4,!8:)-7(4-!.-:?2*!RMVH[(8Z!;'%:7,48,)8,!.6&==',2*!()=!S,-EH6I9,775!;'%:7,48,)8,!.J:--:62!&6($,4!:;!(!6:-9,7!8,''!-7(??,=!&)!(!8(>&-5!:;!-9,!6&87:;'%&=&8!

=,>&8,!;7:6!J&7-9!-:!=,(-9"!O9,!6:-9,7!8,''!&4!=,'&6&-,=!J5!5,'':K!8:)-:%74"!A8(',!J(74F!C!66"!

!

.I2!A89,6(-&8!49:K&)$!-7(e,8-:75!:;!8,''!858',!=%7(-&:)!.$7(5!48(',2!()=!RMVH[(8Z!4&$)('!.$7,,)!48(',2"!\'(8@!()=!$7,,)!=,)4&-5!&4!?7:?:7-&:)('!-:!-9,!8,''!858',!=%7(-&:)!

()=!)%8',:'(7!RMVH[(8Z!;'%:7,48,)8,!.7]S#!8:?5!)%6J,72*!7,4?,8-&>,'5*!;:7!-9,!8,''!49:K)!&)!.\2"!

!

.]2!A&)$',H8,''!-7(e,8-:7&,4!:;!8,''!858',!=%7(-&:)!.',;-2!()=!)%8',:'(7!RMVH[(8Z!;'%:7,48,)8,!.7&$9-2!49:K)!(4!(!;%)8-&:)!:;!($,"!O7(e,8-:7&,4!(7,!('&$),=!-:!-9,!AUV!.J'(8@!

>,7-&8('!J(72"!

!

.U2!I,''!858',!=%7(-&:)!.',;-2!()=!)%8',:'(7!RMVH[(8Z!;'%:7,48,)8,!.7&$9-2!&)!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,"!Z)4,-F!S%6J,7!:;!?7,4%6?-&>,!,<-7(897:6:4:6('!7]S#!

.UPI42!(4!(!;%)8-&:)!:;!($,*!8('8%'(-,=!;7:6!-9,!RMVH[(8Z!4&$)('"!O9,!?':-!49:K4!-9,!,<?:),)-&('!7&4,! &)!UPI!)%6J,7!?7,8,=&)$!-9,!AUV"!S!p!DT!6:-9,7!8,''4"!](-(!(7,!

7,?7,4,)-,=!(4!6,()!z!AUN"!

!

!

TE0! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!
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M&$%7,!/"!V7,H7PS#4!#88%6%'(-,!I:)8:6&-()-'5!K&-9!UPI4!J,;:7,!U)-75!&)-:!A,),48,)8,!



!',"

"

!

.#2!V9(4,!8:)-7(4-!()=!RMV!;'%:7,48,)8,!6&87:$7(?94!:;!()!P?(EB0HRMVH,<?7,44&)$!6:-9,7!8,''"!O9,!6:-9,7!8,''!&4!=,'&6&-,=!J5!5,'':K!8:)-:%74"!

!

.\2! O:-('!P?(EB0HRMV!;'%:7,48,)8,!.S!p!DE!8,''42!()=!)%8',:'(7!RMVH[(8Z!;'%:7,48,)8,!.S!p!DT!8,''42!&)!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,"!

!

.I2!MZA+H:)HI+ZV"![,;-F!O97,,!,<(6?',4!:;!P?(EB0HRMVH,<?7,44&)$!8,''4!-7(8@,=!;:7!=&;;,7,)-!$,),7(-&:)!-&6,4!J,;:7,!PS#!MZA+!'(J,'&)$"!O9,!)%6J,7!:;!=&H>&4&:)4!()=!

-9,&7!=%7(-&:)4!(7,!7,?7,4,)-,=!&)!-7(e,8-:7&,4!.$7(5!48(',2!J,':K!-9,!8:77,4?:)=&)$!&6($,4!;:7!,(89!8,''!-7(8@,="!P&$9-F!I,''4!49:K)!:)!-9,!',;-!K,7,!4%Je,8-,=!-:!MZA+!

K&-9!(!I51H-($$,=!?7:J,!=,-,8-&)$!(''!?7,H7PS#4"!

!

.]2!P?(EB0HRMV!;'%:7,48,)8,!(4!(!;%)8-&:)!:;!MZA+HI51!;'%:7,48,)8,!;:7!,(7'5!?7,HAUV!.S!p!TC*!'&$9-!J'%,2*!'(-,!?7,HAUV!.S!p!DQ*!=(7@!J'%,2*!()=!?:4-HAUV!.S!p!E/1*!

6($,)-(2!8,''4"!

!

.U2!P?(EB0HRMV!()=!MZA+HI51!;'%:7,48,)8,!;:7!-9,!8,''4!49:K)!&)!.]2"!

!

.M2!I,''!(7,(!8('8%'(-,=!;7:6!AUVH('&$),=!P?(EB0HRMVH,<?7,44&)$!6:-9,7!8,''4!(4!(!;%)8-&:)!:;!($,!.S!p!DE2"!

!

.R2!O:-('!P?(EB0HRMV!;'%:7,48,)8,!.$7,,)2!()=!)%8',:'(7!RMVH[(8Z!.$7(52!):76('&L,=!-:!-9,!8,''!(7,(!:;!AUVH('&$),=!8,''4!?':--,=!(4!(!;%)8-&:)!:;!($,"!

!

A8(',!J(74F!C!66!;:7!(''!&6($,4"!](-(!(7,!7,?7,4,)-,=!(4!6,()!z!AUN!,<8,?-!&)!.U2*!K9&89!(7,!6,=&()4"!yyyy?!o!0"000E*!-H-,4-"!

!

!

PS#!?:'56,7(4,!E!.V:'!Z2! .],;:44,L!,-!('"*!EBBQq!],):-9![&??%),7!,-!

('"*! /0ET(2q! 9:K,>,7*! -9,! '(--,7! 9(4! ),>,7! J,,)! ,<?,7&6,)-(''5!

>,7&;&,="!+,7,*!K,!-,4-,=!-9&4!95?:-9,4&4!J5!,<(6&)&)$!V:'!Z!()=!7]S#!

-7()487&?-&:)!',>,'4"!

!

O:!(44,44!V:'!Z!',>,'4!-97:%$9:%-!-9,!8,''!'&;,4?()*!K,!6:)&H-:7,=!8,''4!

,<?7,44&)$!(!;%4&:)!?7:-,&)!:;!RMV!()=!P?(EB0*!-9,!'(7$,4-!4%J%)&-!:;!

V:'!Z"!h),<?,8-,='5*!K,!:J4,7>,=!(!'(7$,!

!

!

&)87,(4,!&)!-:-('!P?(EB0HRMV!;'%:7,48,)8,!',>,'4*!4-(7-&)$!J,;:7,!-9,!AUV!

()=!8:)-&)%&)$!-:!=,(-9!.M&$%7,4!/#!()=!/\q!l&=,:!A/2"!\5!-9,!,)=!:;!-9,!

'&;,4?()*! -9,! (>,7($,! P?(EB0HRMV! ;'%:7,48,)8,! 7,(89,=! (! ',>,'!

(??7:<&6(-,'5!E0H;:'=!9&$9,7!-9()!-9(-!&)!5:%)$!8,''4*!K9&89!?(7('',',=!-9,!

=5)(6&84!:;!UPI!(88%H6%'(-&:)!.M&$%7,!/\2"!O9&4!;&)=&)$!4%$$,4-4!-9(-*!&)!

8:)-7(4-!-:!-9,!-&-7(-&:)!95?:-9,4&4*!V:'!Z!',>,'!6(5!):-!J,!(!'&6&-&)$!;(8-:7!

:;!

!

I,''! P,?:7-4! /Q*! T0Q–T//*! ^%'5! B*! /0EB

!
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!

M&$%7,!1"!U(7'5!()=![(-,!A-,?4!:;!P&J:4:6,!\&:$,),4&4!#7,!h)8:%?',=!J,;:7,!U)-75!&)-:!A,),48,)8,!

!

.#2!A89,6(-&8!:;!-9,!4-,?4!&)>:'>,=!&)!7&J:4:6,!J&:$,),4&4"!

!

.\2!V9(4,!8:)-7(4-!()=!;'%:7,48,)8,!6&87:$7(?94!:;!()!A4;EHRMVH,<?7,44&)$!6:-9,7!8,''!(-!,(7'5!()=!'(-,!?7,HAUV!()=!?:4-HAUV!4-($,4"!

!

.',$,)=!8:)-&)%,=!:)!),<-!?($,2!

!

TE/! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!



!!!"

"

!

!

7]S#!-7()487&?-&:)!&)!($&)$!8,''4!J,8(%4,!&-!&)87,(4,4!(':)$4&=,!UPI4!

&)!(!4-:&89&:6,-7&8!6()),7"!

!

O:!=&7,8-'5!(44,44!7]S#!-7()487&?-&:)*!K,!=,>,':?,=!(!;'%:7,4H8,)8,!&)!4&-%!

95J7&=&L(-&:)!?7:-:8:'!-:!6,(4%7,!-:-('!?7,H7PS#!',>,'4!&)!8,''4!$7:K&)$!&)!

-9,!6&87:;'%&=&8!89&?!8(>&-&,4!.;'%:7,4H8,)8,!&)!4&-%!95J7&=&L(-&:)!nMZA+sH:)H

I+ZV2"! #;-,7! 6:)&-:7&)$! P?(EB0HRMVH,<?7,44&)$!6:-9,7! 8,''4! ;:7! DC! 9*!

PS#!MZA+!K(4!?,7;:76,=!%4&)$!(!1CA!PS#H-(7$,-&)$!?7:J,!4,_%,)8,!-9(-!

'(J,'4!(''!)%8',:'(7!?7,H7PS#4!;7:6!1CA!-:!/0A"!\,8(%4,!6:-9,7!8,''!J&7-9!

K(4!):-!45)897:)&L,=!&)!(''!8(>&-&,4*!K,!%4,=!-9,!9&4-:75!:;!8,''!=&>&4&:)!-:!

8'(44&;5! -9,! 8,''4! (4! &)! ?7,HAUV! :7! ?:4-HAUV! 4-($,4!K9,)! PS#! MZA+!K(4!

?,7;:76,=!.M&$%7,!/I2"!h4&)$!-9&4!6,-9:=:':$5*!K,!;:%)=!-9(-!-9,!PS#!

MZA+! ()=! P?(EB0HRMV! ;'%:7,48,)8,! 4&$)('4! K,7,! ):-! :)'5! 8:':8('&L,=!

.M&$%7,! /I2! J%-! ('4:! 8:77,'(-,=! _%()-&-(-&>,'5! .M&$%7,! /]2*! ('J,&-! ',44!

4-7:)$'5! &)! ?:4-HAUV! 8:6?(7,=! K&-9! ?7,HAUV! 8,''4! .V,(74:)! 8:77,'(-&:)!

8:,;;&8&,)-4! p! 0"C! ()=! 0"Q*! 7,4?,8-&>,'5q! M&$%7,! /]2"! O9&4! 7,4%'-! 8',(7'5!

&)=&8(-,=! -9(-! -9,! 9&$9! (6:%)-! :;! V:'! Z! &4! ;%)8-&:)('! ()=! ,;;,8-&>,'5!

?7:=%8,4! &)87,(4,=! ',>,'4! :;! ?7,H7PS#"! N:7,:>,7*! J(4,=! :)! -9,!

(44%6?-&:)! -9(-! ?7,HAUV! 8,''4! -9(-! (89&,>,=! (! '(7$,7! )%6J,7! :;!

$,),7(-&:)4! (7,! 6:7,! '&@,'5! -:! J,! 8':4,! -:! -9,! AUV*! K,! ;%7-9,7!

=&487&6&)(-,=!J,-K,,)!,(7'5!?7,HAUV!8,''4!.oC!$,),7(-&:)4!;7:6!J&7-92!()=!

'(-,!?7,HAUV!8,''4!.{E0!$,),7(H-&:)42"!h4&)$!-9&4!=&4-&)8-&:)*!K,!8:);&76,=!

-9(-!-9,!&)87,(4,!&)!?7,H7PS#!',>,'4!?7,8,=,=!-9,!AUV!()=!8:&)8&=,=!K&-9!

-9,!&)H87,(4,!&)!V:'!Z!',>,'4!.M&$%7,!/U2!()=*!-9%4*!K&-9!-9,!-&6&)$!:;!UPI!

(88%6%'(-&:)!.M&$%7,!/\2"!

!

O:!7%',!:%-!-9,!?:44&J&'&-5!-9(-!-9,!:J4,7>,=!%?7,$%'(-&:)!&)!?7,H7PS#!

',>,'4!4&6?'5!7,;',8-,=!-9,!89(7(8-,7&4-&8!&)87,(4,!&)!8,''!4&L,!:>,7!-9,!

'&;,4?()! .M&$%7,!/M2*!K,!):76('&L,=!P?(EB0HRMV! 4&$)('! -:! 8,''! (7,("!

O9,!@&),-&84!:;!V:'!Z!(88%6%'(-&:)!K,7,!8:6?(7(J',!K&-9!:7!K&-9:%-!

):76('&L(-&:)! -:! 8,''! (7,(! .M&$%7,!/\!>,74%4! M&$%7,!/R2*! 8:);&76&)$!

-9(-!?7,H7PS#!',>,'4!(88%6%'(-,!J,;:7,!4,),48,)8,!&)=,?,)=,)-'5!:;!

8,''! $7:K-9"! O9,7,;:7,*! %)H',44! 4?,8&;&,=! :-9,7K&4,*! (''! :;! -9,!

;:'':K&)$!;'%:7,48,)8,!=(-(!K,7,!):76('&L,=!J5!8,''!(7,("!

!

O:!4%6!%?*!-9,!8:6?(7(J',!48(',!()=!-&6&)$4!:;!&)87,(4,!&)!UPI!()=!

?7,HPS#!',>,'4!4%$$,4-!-9(-!-9,!'(7$,!,<8,44!&)!7]S#!-7()487&?-&:)!&4!

;%,',=!J5!UPI!(88%6%'(-&:)"!

!

Z)87,(4,=! 7]S#!O7()487&?-&:)!V7&:7! -:! U)-75! &)-:!A,),48,)8,! Z4!

h)8:%?',=!;7:6!P&J:4:6,!V7:=%8-&:)!()=!I:6?7:6&4,4!R7:K-9!

+:6,:4-(4&4!

!

R&>,)!-9,!4-7&@&)$!&)87,(4,!&)!?7,H7PS#4!J,;:7,!-9,!AUV*!K,!),<-!(4@,=!

K9,-9,7! 7&J:4:6,! J&:$,),4&4! K(4! ('4:! ,',>(-,=! &)! -9,4,! 8,''4! ()=! &-4!

8:)4,_%,)8,!;:7!-9,!8,''%'(7!$7:K-9!7(-,"!O9,7,;:7,*!K,!%4,=!(!4,7&,4!:;!

;'%:7,48,)-! 7,?:7-,7! ?7:-,&)4! -:! &)>,4-&$(-,! K9,-9,7! 4%88,44&>,! 4-,?4!

;7:6!?7,H7PS#!?7:8,44&)$!-:!7&J:H!

!

!

4:6,!(44,6J'5!K,7,!8::7=&)(-,=!K&-9!-9,!&)87,(4,!&)!?7,H7PS#!',>,'4!

.M&$%7,!1#2"!

!

!

O:!_%()-&;5!?7,H7PS#!?7:8,44&)$*!K,!,<?7,44,=!(!RMV!;%4&:)!?7:-,&)!

K&-9!A4;E*!K9&89!&4!(!8:6?:),)-!:;!DDA!?7,H7&J:H4:6('!?(7-&8',4!-9(-!

8:)-(&)!;%)8-&:)(''5!?7:8,44,=!7PS#4!.M(-&8(!,-!('"*!/00/2"!N:)&-:7&)$!

:;! A4;EHRMV! ;'%:7,48,)8,! -97:%$9:%-! -9,! '&;,4?()! 7,>,(',=! 4&6&'(7!

=5)(6&84! -:! -9(-! :;! RMVH[(8Z! .M&$%7,4! 1\! ()=! 1Iq! l&=,:! A12"! #4! (!

4,8:)=!?7,H7PS#! ?7:8,44&)$! ?7:<5*!K,!6:)&-:7,=!N-7T*!K9&89! &4! (!

8:6?:H),)-!:;! -9,! )%8',(7!,<:4:6,! 7,_%&7,=! ;:7!PS#! =,$7(=(-&:)!

=%7&)$!?7,H7PS#!?7:8,44&)$! .=,! '(!I7%L!,-! ('"*! EBBQ2"! Z)-,7,4-H&)$'5*!

N-7THRMV!;'%:7,48,)8,!('4:! &)87,(4,=!K9,)!-9,! 8,''4!K,)-!-97:%$9!

-9,!AUV!-7()4&-&:)!.M&$%7,4!1]!()=!1U2"!O9,4,!=(-(*!-9,7,;:7,*!&)=&8(-,!

-9(-! 8:6?:),)-4! :;! -9,! ?7,H7PS#! 6(-%7(-&:)! 6(89&),75! K,7,!

8:)8:6&-()-'5!%?7,$%'(-,=!K&-9!V:'!Z*!4%$$,4-&)$!-9(-!-9,!&)87,(4,!&)!

?7,H7PS#!',>,'4!K(4!=%,!-:!&)87,(4,=!7]S#!-7()487&?-&:)!7(-9,7!-9()!

(!=,;,8-!&)!?7,H7PS#!?7:8,44&)$"!

!

O:! 6:)&-:7! -9,! '(-,7! 4-,?4! (44:8&(-,=! K&-9! ?7,H7&J:4:6,! )%8',(7!

,<?:7-*!K,!%4,=!(!S:$/HRMV!;%4&:)!?7:-,&)"!S:$/!&4!7,_%&7,=!;:7!-9,!

)%8',:?'(46&8! 4-,?4! :;! ?7,HD0A! 6(-%7(-&:)! .\(j',7! ,-! ('"*! /00Eq!

A(>,()%!,-!('"*!/00E2*!()=! &-4!,<?7,44&:)! ',>,'! &4!(44%6,=!-:!6&77:7!

-9,!,<?:7-!7(-,"!+:K,>,7*!&)!8:)-7(4-!-:!-9,!=5)(6&84!:;!P?(EB0*!A4;E*!

()=! N-7T*! K,! ;:%)=! -9(-! -9,! -:-('! )%8',(7! S:$/HRMV! 4&$)('!

.):76('&L,=! -:! 8,''! (7,(2! K(4! 7,6(7@H(J'5! 4-(J',! -97:%$9:%-! -9,!

8,''%'(7!'&;,4?()!.M&$%7,4!1M!()=!1Rq!l&=,:!AT2"!N:7,:>,7*!-9,!(>,7($,!

-:-('! 7&J:4:6,! 8:)-,)-! .):76('&L,=! -:! 8,''! (7,(2*! 6:)&-:7,=! %4&)$!

RMVH;%4,=!P?'E1(*! (! 8:6?:),)-!:;! -9,!D0A! 7&J:4:6('! 4%J%)&-*!K(4!

('4:!6(&)-(&),=!(-!(!),(7!8:)4-()-!',>,'!%)-&'!8,''!=,(-9!.M&$%7,4!1+!

()=! 1Zq! l&=,:! AC2"! O(@,)! -:$,-9,7*! -9,4,! =(-(! &)=&8(-,! -9(-! -9,!

(J%)=()8,! :;! 8:6?:),)-4! :;! -9,! '(-,! )%8',(7! 4-,?4! :;! 7&J:4:6,!

J&:$,),4&4!K(4!7,'(-&>,'5!%)(;;,8-,=!J5!8,''!($,*!4%$$,4-&)$!-9(-!-9,!

?7,HAUV!,<8,44!&)!7]S#!-7()487&?-&:)!=:,4!):-!',(=!-:!6:7,!7&J:H4:6,!

(44,6J'5"!\,8(%4,!7&J:4:6,!J&:$,),4&4!&4!;&),'5!-%),=!-:!4%??:7-!8,''!

$7:K-9!%)=,7!?954&:':$&8('!8:)=&-&:)4*!K,!95?:-9,4&L,=!-9(-!-9,!'(8@!

:;! 8::7=&)(-&:)! J,-K,,)! 7]S#! -7()H487&?-&:)! ()=! 7&J:4:6,!

J&:$,),4&4!6&$9-!J,!=,-7&6,)-('!-:!$7:K-9!&)!-9,!?:4-HAUV!?(7-!:;!-9,!

8,''%'(7! '&;,4?()"! I:)4&4-,)-!K&-9! -9&4*! -9,! 8,''! $7:K-9! 7(-,! (8-%(''5!

=,8'&),=!&)!?:4-HAUV!.M&$H%7,4!1^!()=!1Y2*!8:);&76&)$!-9(-!-9,!;(&'%7,!

-:! 8::7=&)(-,! 7]S#! -7()487&?-&:)! ()=! 7&J:4:6,! (44,6J'5! 8:%'=! J,!

=,',-,7&:%4!-:!8,''!$7:K-9"!

!

#! [:44! :;! S%8',(7! +:6,:4-(4&4! ]7&>,4! -9,! ],8'&),! &)! I,''%'(7!

V954&:':$5!&)!V:4-HAUV!I,''4!

!

O9,!:J4,7>(-&:)!:;!(!=7(6(-&8!&)87,(4,!&)!)%8',:'(7!4&L,*!K9&89!&4!'&@,'5!

-:!:7&$&)(-,!;7:6!-9,!(88%6%'(-&:)!:;!?7,HPS#4!?7&:7!-:!

!

!

!

.I2!P(-&:4!:;!A4;EHRMV!;'%:7,48,)8,!.$7,,)*!S!p!CD!8,''42!()=!RMVH[(8Z!;'%:7,48,)8,!.$7(5*!S!p!DT!8,''42!-:!8,''!(7,(!&)!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,"!.]!()=!U2!

A(6,!(4!.\2!()=!.I2*!7,4?,8-&>,'5*!;:7!N-7THRMVH,<?7,44&)$!8,''4!.S!p!T0!8,''42"!

!

.M!()=!R2!A(6,!(4!.\2!()=!.I2*!7,4?,8-&>,'5*!,<8,?-!;:7!?7,HAUV!()=!?:4-HAUV!S:$/HRMVH,<?7,44&)$!8,''4!.S!p!11!8,''42"!.+!()=!Z2!

A(6,!(4!.\2!()=!.I2*!7,4?,8-&>,'5*!,<8,?-!;:7!P?'E1(HRMVH,<?7,44&)$!8,''4!.S!p!1/!8,''42"!



!!#"

"

!

.^2! A89,6(-&8!49:K&)$!8('8%'(-&:)!:;!$7:K-9!7(-,!J(4,=!:)!4,$6,)-,=!8:)-:%7&)$!:;!-9,!6:-9,7!8,''4!J,;:7,!.'&$9-!J'%,2!()=!(;-,7!.=(7@!J'%,2!=&>&4&:)!()=!-9,!),KJ:7)!

=(%$9-,7!.:7()$,2"!

!

.Y2!R7:K-9!7(-,!.$7,,)*!6,(4%7,=!(4!&)!^*!S!p!1D!8,''42!()=!7(-&:!:;!RMVH[(8Z!;'%:7,48,)8,!-:!8,''!(7,(!.$7(5*!S!p!DT!8,''42!:;!AUVH('&$),=!6:-9,7!8,''4!(4!(!;%)8-&:)!:;!

($,"!

!

A8(',!J(74F!C!66!;:7!(''!&6($,4"!](-(!(7,!7,?7,4,)-,=!(4!6,()!z!AUN"!

!

!

I,''! P,?:7-4! /Q*! T0Q–T//*! ^%'5! B*! /0EB

!

TE1!
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!

!
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!

M&$%7,!T"![:44!:;!S%8',(7!+:6,:4-(4&4!W88%74!I:)8:6&-()-'5!K&-9!U)-75!&)-:!A,),48,)8,!

!

.#2!V9(4,!8:)-7(4-!()=!;'%:7,48,)8,!6&87:$7(?94!:;!(!6:-9,7!8,''!,<?7,44&)$!-9,!)%8',(7!6(7@,7!+-J/H4;RMV"!

!

.\2!O:-('!+-J/H4;RMV!;'%:7,48,)8,!&)!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,"!.S!p!/1!8,''42"!

!

.I2!S%8',(7!(7,(!.',;-!(<&4!nJ'%,s2!()=!8,''%'(7!(7,(!.7&$9-!(<&4!n7,=s2!:;!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,"!.S!p!/1!8,''42"!

!

.]2!P(-&:!:;!-9,!)%8',(7!-:!8,''!(7,(!.',;-!(<&4!n$7,,)s2!()=!8,''!858',!=%7(-&:)!.7&$9-!(<&4!n$7(5s2!:;!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,"!.S!p!/1!8,''42"!

!

.U2!V9(4,!8:)-7(4-!()=!;'%:7,48,)8,!6&87:$7(?94!:;!(!6:-9,7!8,''!,<?7,44&)$!S[AH4;RMV"!

!

.M2!M7(8-&:)!:;!S[AH4;RMV!;'%:7,48,)8,!':8('&L,=!-:!-9,!)%8',%4!.',;-!(<&4!n$7,,)s2!()=!8,''!858',!=%7(-&:)!.7&$9-!(<&4!n$7(5s2!&)!AUVH('&$),=!8,''4!(4!(!;%)8-&:)!:;!($,!.S!p!

/T!8,''42"!

!

A8(',!J(7F!C!66!;:7!(''!&6($,4"!](-(!(7,!7,?7,4,)-,=!(4!6,()!z!AUN"!

!

-9,! AUV*! ?7:6?-,=! %4! -:! &)>,4-&$(-,! 9:K! &-! 6(5! J,! '&)@,=! -:! -9,!

4%J4,_%,)-! =,8'&),! &)! 8,''! =&>&4&:)! 7(-,"! O:! -9&4! ,)=*! K,! K:)=,7,=!

K9,-9,7!-9,!:>,7(''!)%8',(7!4&L,!48(',4!K&-9!-9(-!:;!-9,!)%8',:'%4!&)!($&)$!

6:-9,74"! a,! %4,=! -9,! 9&4-:),! /\! 7,?:7-,7! +-J/H4;RMV! (4! (! )%8',(7!

7,?:7-,7! .M&$%7,! T#q! l&=,:! AD2"! A-7&@H&)$'5*! -9&4! ()('54&4! 7,>,(',=! ()!

&6?:7-()-! &)87,(4,! &)! -:-('! 9&4-:),! ',>,'4*! -9,! :)4,-! :;! K9&89! K(4!

8:)8:6&-()-! K&-9! -9,! AUV"! A&6&H'(7'5*! -9,! 8,''4! %)=,7K,)-! (! =7(6(-&8!

&)87,(4,!&)!)%8',(7!(7,(!.-9,!)%8',(7!8:)-:%74!K,7,!=,'&),(-,=!%4&)$!-9,!

+-J/H4;RMV!6(7@,72*!K9&89!8:%'=!):-!J,!(--7&J%-,=!-:!-9,!($,H=,?,)=,)-!

&)H87,(4,!&)!8,''!4&L,!.M&$%7,!TI2"!Z)=,,=*!-9,!)%8',%4H-:H8,''!(7,(!7(-&:!.SgI!

7(-&:2*!K9&89!K(4!7,6(7@(J'5!4-(J',!J,;:7,!-9,!AUV!=,4?&-,!(!?7:$7,44&>,!

&)87,(4,!&)!8,''%'(7!4&L,*!K,)-!%?!J5!(J:%-!EC0r!&)!?:4-HAUV!8,''4!.M&$%7,!

T]q!l&=,:!AD2!.P,6?,'!,-!('"*!/0EB2"!O9&4!7,4%'-!K(4!%),<?,8-,=!@):K&)$!

-9(-! -9,! SgI! 7(-&:! &4! -&$9-'5! 7,$%'(-,=! ()=! &4! 7,'(-&>,'5! %)(;;,8-,=! J5!

6%-(-&:)4!-9(-!?,7-%7J!,&-9,7!8,''!858',!?7:$7,44&:)!:7!8,''!4&L,!.^:7$,)4,)!

,-!('"*!/00Gq!Y%6,!,-!('"*!/0EGq!S,%6())!()=!S%74,*!/00G2"!Z)!(==&-&:)*!

K,! ):-&8,=! -9,! &)87,(4,! &)! SgI! 7(-&:!K(4! 8',(7'5! ?:4-,H7&:7! -:! ?7,HAUV!

&)87,(4,!&)!7]S#!-7()487&?-&:)!()=!UPI!(88%6%H!

!

'(-&:)!()=*!5,-*!K(4!4-7&@&)$'5!&=,)-&8('!-:!-9,!,>:'%-&:)!:;!-9,!8,''!858',!

=%7(-&:)! .M&$%7,! T]2"! O9&4! 4%$$,4-4! (! =&7,8-! 7,'(-&:)49&?! J,H-K,,)!

=547,$%'(-&:)!:;!)%8',(7!4&L,!()=!-9,!:)4,-!:;!?954&:':$H&8('!=,8'&),"!

!

O:!89,8@!K9,-9,7!:-9,7!?7:-,&)4!-(7$,-,=!-:!-9,!)%8',%4!K:%'=!-,)=!-:!

%)=,7$:! ()! &)87,(4,=! (88%6%'(-&:)! &)! -9,! )%8',%4! (;-,7! -9,! AUV*! K,!

&)>,4-&$(-,=! -9,! ':8('&L(-&:)! :;! 4;RMV! ?7:-,&)4! ;%4,=! K&-9! (! )%8',(7!

':8('&L(-&:)! 4&$)('! .S[AH4;RMV2! .M&$%7,! TU2"! O9,! ;7(8-&:)! :;! S[AH4;RMV!

':8('&L,=!-:!-9,!)%8',%4!&)87,(4,=!8:)4&=H,7(J'5!(4!-9,!8,''4!?(44,=!-9,!

AUV! .;7:6! ETr! -:! T0rq! M&$%7,! TM2"! O9&4! &)87,(4,! K(4! ):-! =%,! -:! ()!

%?7,$%'(-&:)! :;! S[AH4;RMV! ,<?7,44&:)! K&-9! ($,*! (4! -9,! -:-('! 8,''%'(7!

;'%:7,48,)8,! :;! 4;RMV!K(4!('6:4-! &=,)-&8('! -97:%$9:%-!8,''%'(7! '&;,4?()!

K&-9!:7!K&-9:%-!S[A!.M&$%7,4!AT#!()=!AT\2"!O9,4,!7,4%'-4!4%$$,4-,=!-9(-!

)%H8',(7!-7()4?:7-!K(4!=7(6(-&8(''5!(;;,8-,=!J5!($,*!&)!($7,,6,)-!K&-9!(!

7,8,)-! 4-%=5! .P,6?,'! ,-! ('"*! /0EB2"! #'-:$,-9,7*! -9,4,! 7,H4%'-4! 8',(7'5!

%)7(>,'!(!':44!&)!)%8',(7!9:6,:4-(4&4!&)!?:4-HAUV!8,''4!89(7(8-,7&L,=!J5!()!

,)'(7$,6,)-! :;! -9,! )%8',:?'(46! ()=! -9,! (88%6%'(-&:)! :;! )%8',(7!

?7:-,&)4*! K9&89! _%()-&-(-&>,'5! 8:&)H8&=,4! K&-9! -9,! =,8'&),! &)! 8,''%'(7!

;%)8-&:)"!

!

TET! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!
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!

!

#4566,-7&8('! S%8',(7! ()=! S%8',:'(7! ]&>&4&:)! U)(J',4! -9,!

P,e%>,)(-&:)!:;!](%$9-,74!:;!A,),48,)-!N:-9,7!I,''4!

!

Z-!9(4!':)$!J,,)!:J4,7>,=!-9(-!UPI4!(7,!?7&6(7&'5!&)9,7&-,=!J5!6:-9,7!

8,''4! %?:)! )%8',(7! =&>&4&:)! .A&)8'(&7! ()=! R%(7,)-,*! EBBG2*! ()=! -9&4!

(4566,-7&8('! &)9,7&-()8,! &4! -9:%$9-! -:! =7&>,! =(%$9-,7! 8,''!

7,e%>,)(-&:)!.Y,)),=5!,-!('"*!EBBT2"!+:K,>,7*!),&-9,7!(4566,-7&8('!

?(7-&-&:)&)$! :;! UPI4! ):7! 7,e%>,)(-&:)! :;! =(%$9-,7! 8,''4! 9(4! J,,)!

=,6:)4-7(-,=!J5!'&>,!4&)$',H8,''!-7(8@&)$"!

!

O:!(==7,44!-9&4*!K,!,<(6&),=!-9,!;(-,!:;!-9,!RMVH[(8Z!;'%:7,4H8,)8,!

4&$)('!&)!($&)$!6:-9,7!8,''4!%?:)!)%8',(7!=&>&4&:)"!#'-9:%$9!RMVH[(8Z!

K(4!,_%(''5!?(7-&-&:),=!&)-:!-9,!=(%$9-,7!8,''4!:;!5:%)$!.&","*!?7,HAUV2!

6:-9,74*!-9,!;'%:7,48,)8,!4&$)('!K(4!=&4?7:?:7-&:)(-,'5!7,-(&),=!J5!

:'=,7!.&","*!?:4-HAUV2!6:-9,74*!()=!-9,!=(%$9-,74!,<9&J&-,=!:)'5!J(4('!

RMVH[(8Z! ',>,'4*! 8:)4&4-,)-! K&-9! (4566,-7&8('! 4,$7,$(-&:)! :;! UPI4!

.M&$H%7,4!C#!()=!C\2!.A989,?7:>(!,-!('"*!/00Q2"!O9&4!;%7-9,7!8:);&764!

-9(-!-9,!&)87,(4,!&)!7]S#!8:?&,4!:J4,7>,=!&)!($,=!6:-9,74!&4!=%,!-:!

()! (88%6%'(-&:)! :;! UPI4! 7(-9,7! -9()! -:! ()! ,<?()4&:)! :;! -9,!

897:6:4:6('!7]S#!(77(5*!K9&89!K:%'=!J,!&)9,7&-,=!J5!=(%$9-,74"!

!

O:!=,-,76&),!K9,-9,7!-9,!7,8:>,75!:;!J(4('!UPI!',>,'4!K(4!(44:8&(-,=!

K&-9!(!7,8:>,75!:;!?954&:':$&8('!;%)8-&:)!&)!=(%$9H-,74*!K,!,<(6&),=!

-9,&7!8,''!858',!=%7(-&:)"!O9,!;&74-!=&>&4&:)!-&6,!:;!5,(4-!8,''4!&4!9&$9'5!

=,?,)=,)-!:)!8,''!>:'%6,!.+(7-K,''!()=!h)$,7*!EBGG2*!K9&89!>(7&,4!

8:)4&=,7(J'5!K&-9!($,! .M&$%7,!/M2q! -9,7,;:7,*!K,! J,$()!6:)&-:7&)$!

;7:6!-9,!4,8:)=!8,''!=&>&4&:)!.&","*!-9,!;&74-!=&>&4&:)!:;!-9,!=(%$9-,7!8,''!

(4!(!6:-9,7q!M&$%7,!CI2"!a,!:J4,7>,=!-9(-!-9,!8,''!858',!=%7(-&:)!:;!

=(%$9-,7!8,''4!K(4!8:6?(7(J',!-:!-9(-!:;!?7,HAUV!6:-9,7!8,''4!.M&$%7,!

C]2*! 4%$$,4-H&)$! -9(-! -9,! =,',-,7&:%4! 9(''6(7@4! :;! ($&)$! (7,! ):-!

&)9,7&-,=!J5!-9,!=(%$9-,7!8,''4"!

!

O9,7,;:7,*!-:!;%7-9,7!&)>,4-&$(-,!K9,-9,7!=(%$9-,74!K,7,!J:7)!8',(7!:;!

-9,! :-9,7! ($&)$! 6(7@,74! &=,)-&;&,=! &)! -9&4! 4-%=5*! K,! ,<(6H&),=! -9,!

)%8',:'(7!4&L,!.M&$%7,!CU2*!V:'!Z!',>,'4!.P?(EB0HRMVq!M&$H%7,4!CM!()=!CR2*!

SgI!7(-&:!.M&$%7,4!C+!()=!CZ2*!()=!A4;EHRMV!;'%:7,48,)8,!',>,'4!.M&$%7,4!

ATI–ATU2!:;!=(%$9-,74!J:7)!-:!6:-9,74!:;!5:%)$!()=!:'=!7,?'&8(-&>,!($,4!

.;7:6! E0! $,),7(-&:)4! ?7,HAUV! -:! E0! $,),7(-&:)4! ?:4-HAUV2"! S:-(J'5*!

6:)&-:7&)$! :;! ,(89! :;! -9,4,! ?9,):-5?,4! :>,7! 6%'-&?',! $,),7(-&:)4!

&)=&8(-,=! -9(-! -9,! =(%$9-,7! 8,''4! =&4?'(5,=! (! 7,e%>,)(-,=! ?9,):-5?,*!

7,$(7=',44!:;!-9,!($,!:;!-9,!6:-9,7!.M&$%7,4!CU–CZ2"!O9,4,!=(-(!4%$$,4-!

-9(-!(4566,-7&8('!?(7-&-&:)&)$!:;!-9,!,)-&7,!)%8',:'%4!()=!)%8',(7!8:)-,)-!

&4!&)>:'>,=!&)!-9,!7,e%>,)(-&:)!?7:8,44*!-9%4!;7,,&)$!-9,!=(%$9-,74!;7:6!

-9,! ,;;,8-4! :;! =547,$%'(-,=! 7]S#! -7()487&?-&:)! ()=! ?7,H7&J:4:6('!

(44,6J'5!()=!&)87,(4,=!SgI!7(-&:!:J4,7>,=!&)!($,=!6:-9,7!8,''4"!

!

#!?7,>&:%4!4-%=5!;:%)=!-9(-!=(%$9-,74!:;!>,75!:'=!6:-9,74!.&","*!6:7,!-9()!

B0r! :;! -9,! '&;,4?()2! =&4?'(5! (! >,75! 49:7-! P[A! .Y,)H),=5! ,-! ('"*! EBBT2*!

4%$$,4-&)$! -9,! ,<&4-,)8,!:;!6,89()&464! -9(-! '&6&-! -9,! ,;;&8&,)85!:;! -9,!

7,e%>,)(-&:)! ?7:8,44*! K9&89! &4! &)! 8:)-7(=&8-&:)! K&-9! -9,! =(%$9-,7!

8',(7()8,!:;!($&)$!6(7@,74!7,H?:7-,=!9,7,"!O,89)&8('!'&6&-(-&:)4!?7,8'%=,!

-7(8@&)$!:;!-9,!P[A!:;!=(%$9-,74!J:7)!;7:6!?:4-HAUV!6:-9,74!K&-9&)!-9,!

6&87:;'%&H=&84!=,>&8,"!+:K,>,7*!K,!:J4,7>,=!-9,!(??,(7()8,!:;!(!6%'-&H

)%8',(-,=! 8,''! ?9,):-5?,*!(! 7,;',8-&:)!:;!K9:',H$,):6,! &)4-(J&'&-5*! -9,!

;7,_%,)85!:;!K9&89!'&),(7'5!&)87,(4,=!K&-9!7,?'&8(H!

!

!

-&>,! ($,! (;-,7! -9,! AUV! .M&$%7,4! C^! ()=! CY2! .S,%7:97! ,-! ('"*! /0EQ2"!

Z6?:7-()-'5*! K,! ;:%)=! -9(-! -9&4! ?9,):-5?,*! K9&89! &4! '&@,'5! -:! J,!

=,-7&6,)-('!-:!8,''%'(7!;%)8-&:)*!K(4!;(&-9;%''5!&)9,7&-,=!J5!=(%$9-,7!8,''4!

.(J:%-!D0r!,<9&J&-&)$!-9,!6%'-&H)%8',(-,=!?9,):H-5?,q!M&$%7,4!C^!()=!C[2"!

O9&4!:J4,7>(-&:)!4%$$,4-4!-9(-*!=,4?&-,!,;;&8&,)-!,?&$,),-&8!4,$7,$(-&:)!:;!

($&)$!6(7@,74!J5!(4566,-H7&8('! )%8',:'(7!()=! )%8',(7!=&>&4&:)*!6:-9,7!

8,''4!(7,!'&@,'5!-:!%)H=,7$:!$,),-&8!('-,7(-&:)4!;:'':K&)$!-9,!':44!&)!)%8',(7!

9:6,:4-(H4&4*!K9&89! %'-&6(-,'5!8:6?7:6&4,! =(%$9-,7! 8,''! 7,e%>,)(-&:)"!

I:'',8-&>,'5*!-9,!7,4%'-4!49:K)!9,7,!8:)-7&J%-,!-:!,<?'(&)!-9,!6,89()&46*!

-9,! 897:):':$5*! ()=! -9,! '&6&-(-&:)4! (44:8&(-,=! K&-9! =(%$9-,7! 8,''!

7,e%>,)(-&:)!&)!($&)$!6:-9,74"!

!

!

#! V7:J(J&'&4-&8! U>,)-! ]7&>,4! -9,! O7()4&-&:)! &)-:!

P,?'&8(-&>,!A,),48,)8,!

!

V7,>&:%4! K:7@! ?7:?:4&)$! -9(-! (88%6%'(-&:)! :;! UPI4! &4! (44:H8&(-,=!

K&-9! ,)-75! &)-:! 4,),48,)8,! &4! 4%??:7-,=! J5! -9,! ;(8-! -9(-! ;:JE]!

6%-()-4*!K9&89!49:K!=,;,8-4!&)!UPI!,<8&4&:)!.],H;:44,L!,-!('"*!EBBBq!

Y:J(5(49&*!/001q!N()4&4&=:7!,-!('"*!/0EQ2!()=*!9,)8,*!9(>,!':K,7!UPI!

',>,'4! -9()! K&'=H-5?,! .aO2! 8,''4*! ('4:! 9(>,! 6%89! ':)$,7! '&;,4?()4!

.],;:44,L!,-!('"*!EBBB2"!I:)>,74,'5*!4&7/]!6%-()-4*!K9&89!(88%6%'(-,!

9&$9!',>,'4!:;!UPI4*!(7,!7,'(-&>,'5!49:7-H'&>,=!.Y(,J,7',&)!,-!('"*!EBBB2"!

O9,7,;:7,*! K,! (4@,=! K9,-9,7! ()=! 9:K! -9,! 7,=%8,=! ()=! ,',>(-,=!

',>,'4!:;!UPI4!&)!;:JE]!()=!4&7/]!6%-()-4*!7,4?,8H-&>,'5*!6:=&;&,=!-9,!

48,)(7&:!:;!,)-75!&)-:!4,),48,)8,!=,487&J,=!&)!-9&4!4-%=5"!

!

a,!:J4,7>,=!-9(-!-9,!6,=&()!'&;,4?()4!:;!;:JE]!()=!4&7/]!6%-()-4!

K,7,!&)=,,=!6%89!':)$,7!()=!49:7-,7*!7,4?,8-&>,'5*!-9()!-9(-!:;!aO!

8,''4!.1D*!E1*!()=!/B!$,),7(-&:)4*!7,4?,8-&>,'5q!M&$%7,!D#2"!N:4-!.QGr2!

:;!4&7/]!8,''4!,<?,7&,)8,=!(!AUV!?7&:7!-:!8,''!=,(-9*!4&6&'(7'5!-:!aO!

.M&$%7,4!AC\!()=!ACI2"!+:K,>,7*!(!=,-(&',=!()('54&4!:;!-9,!-7(e,8-:75!

:;! &)=&>&=%('! ;:JE]!8,''4!7,>,(',=!-9(-!-9,!6(e:7&-5! .DQ"1r2!=&=!):-!

%)=,7$:!(!4':KH=:K)!&)!-9,!8,''!858',!J,;:7,!=,(-9!.7,;,77,=!-:!(4!S:H

AUV! 8,''4q! M&$%7,4! DI! ()=! D]2! 8:6?(7,=! K&-9! :)'5! Gr! :;!aO! 8,''4!

.M&$%7,! E]2"! a,! ('4:! =&=! ):-! :J4,7>,! (88%6%'(-&:)! :;! RMVH[(8Z!

;'%:7,48,)8,! =%7&)$! 8,''%'(7! '&;,4?()4! :;! -9,! S:HAUV! ;:JE]!

4%J?:?%'(-&:)! .M&$%7,4! DU! ()=! DM2*! K9&89! &4! &)! 8:)-7(4-! -:! -9,!

7,6(&)&)$!;:JE]!?:?%'(-&:)!-9(-!=&=!,<?,7&,)8,!-9,!AUV!.7,;,77,=!-:!

(4!a&-9HAUV2*!K9&89!=&4?'(5,=!(!4&6&'(7!&)H87,(4,!&)!RMVH[(8Z!.M&$%7,4!

DU!()=!DM2!()=!S,-EH6I9,775!;'%:7,48,)8,!4&$)('4!.M&$%7,4!AD#–ADI2!

(4!:J4,7>,=!&)!aO!8,''4"!

!

O9&4!:J4,7>(-&:)!4%$$,4-,=!-9(-!UPI4!=:!):-!(88%6%'(-,! &)!S:HAUV!

;:JE]! 8,''4q! -9,7,;:7,*! -9,5!6%4-! =&,! -97:%$9! ()! UPIH&)=,?,)=,)-!

6,89()&46"!O:! &)>,4-&$(-,! -9&4! ;%7-9,7!()=! -:!,4-(J'&49! -9,!?7,8&4,!

7,'(-&:)49&?! J,-K,,)! UPI! ',>,'4! ()=! 8:)8:6&-()-! :7! =:K)4-7,(6!

,>,)-4*!K,!6:)&-:7,=!V:'!Z!',>,'4!.%4&)$!P?(EB0HRMV2*!-9,!SgI!7(-&:!

.+-J/HRMV2*!()=!-9,!$7:K-9!7(-,!&)!-9,!S:HAUV!()=!a&-9HAUV!;:JE]!

4%JH?:?%'(-&:)4"!S:-(J'5*!-9,!V:'!Z!8:)-,)-!.M&$%7,4!D\!()=!DRq!l&=,:!

AG2*!SgI!7(-&:!.M&$%7,!D+q!M&$%7,!AD]2*!()=!$7:K-9!7(-,!.M&$%7,!ADM2!:;!

-9,! S:HAUV! 4%J?:?%'(-&:)! K,7,! ),(7'5! 8:)4-()-! -97:%$9:%-! -9,!

'&;,4?()*! K9,7,(4! -9,! ?9,):-5?,4! :;! -9,! a&-9HAUV! ;:JE]!

4%J?:?%'(-&:)!()=!aO!8,''4!K,7,!>&7-%(''5!&)=&4-&)$%&49(J',!.M&$%7,4!

D\*! DR*! ()=! D+q! M&$%7,4! ADU! ()=! ADMq! l&=,:! AQ2"! #! 7,8,)-! 4-%=5!

4%$$,4-,=!-9(-!,<8,44&>,!
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!#("

M&$%7,!C"!P,e%>,)(-,=!](%$9-,7!I,''4!:;!#$&)$!N:-9,74!A9:K!\(4('![,>,'4!:;!UPI4!()=!V7,H7PS#!A5)-9,4&4!

.#2!V9(4,!8:)-7(4-!()=!;'%:7,48,)8,!6&87:$7(?94!:;!(!=&>&=&)$!RMVH[(8ZH,<?7,44&)$!6:-9,7!8,''!(-!(!5:%)$!($,!.Q!=&>&4&:)4!J,;:7,!AUV*!',;-*!?&)@!4-(72!()=!(-!()!:'=!($,!

.T!=&>&4&:)4!(;-,7!AUV*!7&$9-*!J'%,!4-(72"!

.\2!S%8',:'(7!RMVH[(8Z!;'%:7,48,)8,!&)!AUVH('&$),=!6:-9,7!.$7,,)2!()=!=(%$9-,7!.:7()$,2!8,''4!(4!(!;%)8-&:)!:;!($,!.S!p!/1–DT!8,''42"!V&)@!()=!J'%,!4-(74!&)=&8(-,!-9,!

4-($,4!8:77,4?:)=&)$!-:!-9,!8,''4!49:K)!&)!.#2"!

.I2!A89,6(-&8!49:K&)$!8('8%'(-&:)!:;!-9,!8,''!858',!=%7(-&:)!;:7!-9,!=(%$9-,7!8,''!49:K)!&)!:7()$,"

.]2!I,''!858',!=%7(-&:)!:;!AUVH('&$),=!6:-9,7!.$7,,)2!()=!=(%$9-,7!.:7()$,2!8,''4!(4!(!;%)8-&:)!:;!($,!.S!p!/B!8,''42"

.U2 S%8',:'(7!(7,(!&)!AUVH('&$),=!6:-9,7!.$7,,)2!()=!=(%$9-,7!.:7()$,2!8,''4!(4!(!;%)8-&:)!:;!($,!.S!p!/1–DT!8,''42"

.M!()=!R2!A(6,!(4!.#2!()=!.\2*!7,4?,8-&>,'5*!,<8,?-!49:K&)$!P?(EB0HRMV!;'%:7,48,)8,!.S!p!/E–DE!8,''42"!

.+2!A(6,!(4!.#2!,<8,?-!49:K&)$!+-J/H4;RMVH,<?7,44&)$!8,''4"

.Z2!S%8',(7!-:!8,''%'(7!(7,(!.SgI2!7(-&:!&)!AUVH('&$),=!6:-9,7!.$7,,)2!()=!=(%$9-,7!.:7()$,2!8,''4!(4!(!;%)8-&:)!:;!($,!.S!p!T/!8,''42"

.^2 V9(4,H8:)-7(4-!()=!;'%:7,48,)8,!6&87:$7(?94!:;!(!6%'-&H)%8',(-,=!6:-9,7!8,''!-7()46&--&)$!-K:!)%8',&!-:!&-4!=(%$9-,7"

.Y2!M7(8-&:)!:;!6%'-&H)%8',(-,=!6:-9,74!(4!(!;%)8-&:)!:;!($,"

.[2 M7(8-&:)!:;!=(%$9-,74!&)9,7&-&)$!)%8',(7!=,;,8-4!.1E!:;!TD!8,''42"

A8(',!J(74F!C!66!;:7!(''!&6($,4"!](-(!(7,!7,?7,4,)-,=!(4!6,()!z!AUN"!

TED! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!



!#'
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!

!

!

!

!

!

8,''! $7:K-9! 8:%'=! 8:)-7&J%-,! -:! 4,),48,)8,! J5! =&'%-&)$! 85-:H?'(46!

.S,%7:97!,-!('"*!/0EB2"!#'-9:%$9!&-! &4!):-!,<8'%=,=!-9(-!-9&4!?7:8,44!

8:%'=! &6?(&7! 8,''! 4%7>&>('! (-! >,75! '(-,! 4-($,4! :;! '&;,4?()*! 85-:?'(46!

=&'%-&:)!=:,4! ):-! 4,,6! -:!J,! &)>:'>,=! &)! UPI!(88%6%'(-&:)!()=! -:!

-7&$$,7! -9,!AUV*! (4! 8,''! 4&L,! &)87,(4,=!>,75! 4&6&'(7'5! -97:%$9:%-! -9,!

'&;,4?()!&)!;:JE]!8,''4!.M&$%7,!ADR2!=,4?&-,!=&;;,7,)-!8,''!;(-,4!.a&-9H

AUV!:7!S:HAUV2"!

!

Z)! 8:)-7(4-! -:! ;:JE]*! 4&7/]! 8,''4! ?7,4,)-,=! (! 49:7-,7! '&;,4?()! -9()!aO!

.M&$%7,! D#2! ()=! ()! ,(7'5! ,)-75! &)-:! 4,),48,)8,! .M&$H%7,! AC\2*!K9&89! &4!

8:)4&4-,)-!K&-9!UPI!(88%6%'(-&:)!J,&)$!-9,!=7&>,7!:;!AUV"!+:K,>,7*!RMVH

[(8Z!;'%:7,48,)8,!4&$)('!('&$),=!(-!AUV!,<9&J&-,=!>,75!4&6&'(7!-7,)=4!&)!aO!

()=!4&7/]!?:?%'(-&:)4! .M&$%7,4!AC#*!AC]*!()=!ACU2*! 4%$$,4-&)$! -9(-! -9,!

?7:8,44!:;!,<?:),)-&('!(88%6%'(-&:)!:;!UPI4!&4!&=,)-&8('!&)!4&7/]!()=!aO!

!

!

M&$%7,! D"! A,),48,)8,! U)-75! Z4! I:)-7:'',=! J5! (! MW\EH],?,)=,)-! A-:89(4-&8!

V7:8,44!O9(-!]547,$%'(-,4!S%8',:'(7!#8-&>&-5!

!

!

.#2! A%7>&>('! 8%7>,4!:;!aO!8,''4! .J'(8@*!P[A! p!/B*! S!p!

DE2*!;:JE]!8,''4!.85()*!P[A!p!1D*!S!p!E/D2*!()=!4&7/]!8,''4!.7,=*!P[A!p!E1*!S!p!CC!8,''42" !

!

.\2! V9(4,H8:)-7(4-! ()=! ;'%:7,48,)8,!6&87:$7(?94! :;!

-K:!P?(EB0HRMVH,<?7,44&)$!;:JE]!6:-9,7!8,''4F!:),!-9(-!),>,7!,<?,7&,)8,4!(!AUV!

.P[A!p!T/!$,),7(-&:)4q!-:?2!()=!:),!-9(-!,<?,7&,)8,4!(!AUV!(;-,7!11!=&>&4&:)4!.P[A!p!

1G!$,),7(-&:)4q!J:--:62"!A8(',!J(74F!C!66"!

!

.I2! O7(e,8-:7&,4!:;!8,''!858',!=%7(-&:)4!;:7!;:JE]!S:H

AUV!.-:?2!()=!a&-9HAUV!.J:--:62!4%JH?:?%'(-&:)4"!

!

.]2! I,''!858',!=%7(-&:)!:;!AUVH('&$),=!aO!8,''4!.$7,,)*!

S!p!CG2*!a&-9HAUV!;:JE]!8,''4!.J'%,*!S!p!T02*!()=!S:HAUV!;:JE]!8,''4!.6($,)-(*!S!p!

QT2"!

!

.U2! O7(e,8-:7&,4!:;!RMVH[(8Z!;'%:7,48,)8,!;:7!-9,!

4(6,!8,''4!7,?7,4,)-,=!&)!.I2"!

!

.M–+2!RMVH[(8Z! .M2*!P?(EB0HRMV! .R2*!()=!+-J/H4;RMV! .+2! ;'%:7,48,)8,! &)!AUVH('&$),=!aO!

8,''4!.$7,,)2*!a&-9HAUV!;:JE]!8,''4!.J'%,2*!()=!S:HAUV!;:JE]!8,''4!.6($,)-(2"!S:HAUV!8,''4!

K,7,!('&$),=!;7:6!J&7-9!K&-9!$,),7(-&:)!0!4,-!(-!-9,!6,=&()!AUV!:;!-9,!8:77,4?:)=&)$!a&-9H

AUV! ;:JE]!8,''4! .10! ;:7! ]*!/C! ;:7! M*!/E! ;:7!R*!()=!/G! ;:7!+2! .S!p!/0–DE!8,''42"!](-(!(7,!

7,?7,4,)-,=!(4!6,()!z!AUN"!

!

!

!

.=:%J'&)$! -&6,*! E"B! z! E"T! $,),7(-&:)42"! O9%4*! -9,! ,(7'5! ,)-75! &)-:!

4,),48,)8,! :J4,7>,=! &)! 4&7/]! &4! '&@,'5! =%,! -:! (! 9&$9,7! 7(-,! :;! UPI!

,<8&4&:)!7(-9,7!-9()!-:!(!;(4-,7!(88%6%'(-&:)!:;!UPI4"!

!

O9,4,! =(-(! ;%7-9,7! 4%??:7-! -9,! 95H?:-9,4&4! -9(-! UPI! (88%6%'(-&:)!

6(5!8:)-7&J%-,*!(-!',(4-!&)!?(7-*!-:!-9,!':44!:;!)%8',(7!9:6,:4-(4&4!&)!

($&)$!8,''4"!Z)!(==&-&:)*!-9,!9,-,7:$,),&-5!&)!8,''!;(-,!:J4,7>,=!&)!-9,!

;:JE]! 6%-()-! 4%$H$,4-4! -9(-! -9,! UPIH=,?,)=,)-! ,)-75! &)-:!

4,),48,)8,!&4!(!4-:89(4-&8!?7:H8,44*!-9,!?7:J(J&'&-5!:;!K9&89!&4!$7,(-'5!

7,=%8,=!J5!-9,!;:JE]!6%-(-&:)!()=!&)87,(4,=!J5!-9,!4&7/]!6%-(-&:)*!

()=!

!

-9(-! ()! UPIH&)=,?,)=,)-! 6,89()&46! 4,-4! -9,! 4%J4,_%,)-! '&6&-! :;!

7,?'&8(-&>,!':)$,>&-5"!

!

#! X%()-&-(-&>,! N:=,'! :;! U)-75! &)-:! P,?'&8(-&>,!

A,),48,)8,!&)!\%==&)$!b,(4-!

!

W%7!7,4%'-4!-9%4!;(7!4%??:7-!(!8',(7!:7=,7!:;!,>,)-4!&)!-9,!-7()4&H-&:)!

-:!7,?'&8(-&>,!4,),48,)8,!&)!5,(4-"!O9,!?7:J(J&'&4-&8!,<8&4&:)!:;!()!UPI!

',(=4!-:!-9,!,<?:),)-&('!(88%6%'(-&:)!:;!7]S#!8:?&,4!:>,7!(!6%'-&H

$,),7(-&:)! -&6,48(',! ()=! ?7,8,=,4! -9,! :)4,-! :;! AUV! ()=! ':44! :;!

)%8',(7!9:6,:4-(4&4!-9(-!'&@,'5!8(%4,4!8,''!=,(-9!.M&$%7,!G#2"!

!

\,8(%4,! -9&4! &)-,7?7,-(-&:)! =,7&>,4! ;7:6! _%()-&-(-&>,! ,<?,7&H6,)-('!

7,4%'-4! .UPI! (88%6%'(-&:)*! 8,''! 858',! =%7(-&:)*! ()=! '&;,H4?()!

6,(4%7,6,)-42*!K,!4:%$9-!-:!J%&'=!(!8:6?%-(-&:)('!6:=,'!

!
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M&$%7,!G"!\&:':$&8('!()=!I:6?%-(-&:)('!N:=,'!:;!U)-75!&)-:!A,),48,)8,!

!

.#2!A89,6(-&8!49:K&)$!-9,!-97,,!4-,?4!&)>:'>,=!&)!UPIH=,?,)=,)-!4,),48,)8,!.UPI!,<8&4&:)*!UPI!4,';H7,?'&8(-&:)*!()=!?:4-HAUV!&)-,7>('2"!

!

.\2!I%6%'(-&>,!?7:J(J&'&-5!.J'(8@!'&),42!(44:8&(-,=!K&-9!,(89!4-,?!49:K)!&)!.#2*!(4!=,;&),=!J5!-9,!8:6?%-(-&:)('!6:=,'!.4,,!AO#P!N,-9:=42*!J5!%4&)$!,<?,7&H!

!

6,)-(''5!=,-,76&),=!?(7(6,-,7!>('%,4!.&)=&8(-,=!&)!7,=q!4,,!O(J',!AE2"![,;-F!I%6%'(-&>,!=&4-7&J%-&:)!:;!-&6,4!;7:6!J&7-9!-:!-9,!;&74-!UPI!,<8&4&:)"!N&==',F!I%6%'(-&>,!

=&4-7&J%-&:)!:;!-9,!=%7(-&:)!:;!(88%6%'(-&:)!:;!UPI4!;7:6!E!-:!UPI-97!8:?&,4"!O9,!6,=&()!.7,=!=(49,=!'&),2!8:77,4?:)=4!-:!-9,!,<?,7&6,)-(''5!6,(4%7,=!>('%,!7,?:7-,=!

&)!M&$%7,!/U"!P&$9-F!I%6%'(-&>,!=&4-7&J%-&:)!:;!-&6,4!;7:6!AUV!-:!8,''!=,(-9"!O9,!7,=!'&),!7,?7,4,)-4!-9,!,<?,7&6,)-(''5!6,(4%7,=!=&4-7&J%-&:)!&)!aO"!

!

.I2! O:?F!U<?,7&6,)-(''5!=,-,76&),=!P[A!:;!aO!8,''4!.4:'&=!'&),2!()=!-9,!&);'%,)8,!:;!-9,!,<8&4&:)!7(-,!@
,
!:)!P[A*!(4!?7,=&8-,=!J5!-9,!8:6?%-(-&:)('!6:=,'!.$7(5!=(49,=!

'&),42"!O9,!=(7@!7,=!'&),!&)=&8(-,4!-9,!)%6,7&8('!P[A!:J-(&),=!J5!(==&)$!()!UPIHindependent cause of death (referred to as the ‘‘full model,’’ see #!X%()-&-(-&>,!N:=,'!

:;!U)-75!&)-:!P,?'&8(-&>,!A,),48,)8,!&)!\%==&)$!b,(4-2"!\:--:6F!N:7-('&-5!7(-,!.&","*!?7:J(J&'&-5!:;!'&>,!8,''4!-:!=&,!?,7!$,),7(-&:)2!(4!(!;%)8-&:)!:;!($,!8('8%'(-,=!;:7!J:-9!

,<?,7&6,)-('!.4:'&=!7,=!'&),2!()=!;%''!6:=,'!.7,=!=(49,=!'&),2"!

!

.]2!U<?,7&6,)-(''5!=,-,76&),=!.4:'&=!'&),42!()=!8:6?%-(-&:)(''5!?7,=&8-,=!.=(49,=!'&),42!P[A!;:7!aO!8,''4!()=!-9,!&)=&8(-,=!6%-()-4"!

!

.U2!U<?,7&6,)-(''5!=,-,76&),=!.'&$9-!J(742!()=!8:6?%-(-&:)(''5!?7,=&8-,=!.=(7@!J(742!6,=&()!P[A!.-:?2*!;7(8-&:)4!:;!8,''4!,<?,7&,)8&)$!(!AUV!.6&==',2!()=!M():!;(8-:7!

.J:--:62!:J-(&),=!;:7!aO!8,''4!()=!,(89!&)=&8(-,=!6%-()-"!

!

S!p!/00!8,''4!;:7!(''!8:6?%-(-&:)(''5!=,-,76&),=!8%7>,4"!

!

J(4,=!:)!-9&4!48,)(7&:!-:!=,-,76&),!K9,-9,7!&-!8:%'=!7,8(?&-%'(-,!-9,!

=&4-7&J%-&:)!:;!'&;,4?()4!()=!-9,!;7(8-&:)!:;!8,''4!,<?,7&,)8&)$!-9,!AUV!

&)!aO!8,''4!(4!K,''!(4!&)!-9,!6%-()-!4-7(&)4!&)!K9&89!-9,!UPI!,<8&4&:)!

7(-,!&4!?,7-%7J,="!

!

a,!=,4&$),=!(! 4-:89(4-&8!)%6,7&8('!6:=,'!K&-9! 8:)-&)%:%4! -&6,—

&)4?&7,=!;7:6!(!?7,>&:%4!4-%=5!.R&'',4?&,!,-!('"*!/00T2—!K9,7,J5!-9,!

8,''%'(7!'&;,4?()!&4!-9,!8:)>:'%-&:)!:;!-97,,!4-,?4!.4,,!M&$%7,!AG#!()=!

AO#P!N,-9:=4!;:7!=,-(&'42F!-9,!4-:89(4-&8!

!

!

TEQ! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!



!#+"

"

!

!

,<8&4&:)!:;!-9,!;&74-!UPI!.7(-,!@,q!M&$%7,!G\*!',;-2q!-9,!4,';H7,?'&8(H-&:)!

:;!UPI4!.K&-9!(!=:%J'&)$!-&6,!-q! M&$%7,!G\*!6&==',2!%)-&'!(!-97,49:'=!

)%6J,7!UPI
-97
!&4!7,(89,=!-9(-!8:77,4?:)=4!-:!-9,!AUVq!()=!()!&)-,7>('!

J,-K,,)! AUV! ()=! 8,''! =,(-9*! K9&89! &4! (44:H8&(-,=! K&-9! -9,! ':44! :;!

)%8',(7!9:6,:4-(4&4!.7(-,!@4q!M&$%7,!G\*!7&$9-2"!

!

N:4-!?(7(6,-,7!>('%,4!8:%'=! J,! ,4-&6(-,=! ,<?,7&6,)-(''5! ;7:6!4&)$',H

8,''!6,(4%7,6,)-4F!-9,!)%6J,7!:;!$,),7(-&:)4!(89&,>,=!J5!-9,!8,''4! &)!

-9,!?:4-HAUV!&)-,7>('!K(4!8':4,!-:!()!,<?:),)-&('!=&4-7&J%-&:)!K&-9!(!6,()!

?:4-HAUV!(7:%)=!C!$,),7(H-&:)4!.M&$%7,!G\2*!&)!($7,,6,)-!K&-9!(!7()=:6!

=,(-9!7(-,!@4!p!

!

Eg.?:4-HAUV2!p!0"/!$,),7(-&:)!.$,)2!
E
! .M&$%7,!G\2"!O9,!UPI!=:%J'&)$!

-&6,!-!p!E"C!$,)!()=!-9,!-97,49:'=!)%6J,7!UPI
-97
!p!

1D0! K,7,! 6,(4%7,=! ;7:6! -9,! ,<?:),)-&('! &)87,(4,! &)! RMVH[(8Z!

;'%:7,48,)8,!4&$)('!.M&$%7,!E]2"!O9,4,!-K:!?(7(6,-,74!4,-!-9,!-&6,48(',!

:;! -9,! UPI! 4,';H7,?'&8(-&:)! ?9(4,*! &","*! ':$/.UPI
-97

2! 1! -! E1! $,),7(-&:)4!

.M&$%7,!G\2"!@,!K(4!-9,!:)'5!;7,,!?(7(6,-,7!-:!;&-!-9,!6:=,'!-:!-9,!=(-("!

Z)-,7,4-&)$'5*! @,! p! 0"E! $,)!
E
! ?7:>&=,=! $::=! ($7,,6,)-! K&-9! -9,!

,<?,7&6,)-('! P[A! &)! aO! 8,''4! .M&$H%7,! GI*! -:?! ?(),'2*! ,<8,?-! ;:7! -9,!

?7:':)$(-&:)! :;! 4%7>&>('! :J4,7>,=! (-! (=>()8,=! ($,4"! Z6?:7-()-'5*! -9&4!

&)=&8(-,4! -9(-! -9,! &)87,(4,=! 6:7-('&-5! K&-9! ($,! .K9&89! &4! -9,! ;:76('!

=,;&)&-&:)!:;!($H&)$*!4,,!J:--:6!?(),'!:)!M&$%7,!GI2!8()!J,!K,''!(88:%)-,=!

;:7!J5!-9,!4,_%,)8,!:;! -97,,!($,H&)=,?,)=,)-!@&),-&8!4-,?4"!Z)!-9&4!48,H

)(7&:*! 7,?'&8(-&>,! ($&)$! (??,(74! -:! =,7&>,! ;7:6! (! 4-:89(4-&8! -7&$H$,7&)$!

,>,)-!7,'(-,=!-:!7]S#!&)4-(J&'&-5*!-9,!:%-8:6,!:;!K9&89!&4!?7:-7(8-,=!=%,!

-:! -9,! ':)$! ?,7&:=! :>,7! K9&89! UPI! (6?'&;&8(-&:)! :88%74! (4! K,''! (4!

4%J4-()-&('! 8,''%'(7! J%;;,7&)$! ($(&)4-! -9,! =,',H-,7&:%4! 8:)4,_%,)8,4! :;!

UPI!(88%6%'(-&:)!:88%77&)$!&)!?:4-HAUV"!O9&4!7,4%'-!=&;;,74!;7:6!-9,!6:=,'!

:;!R&'',4?&,!,-!('"!./00T2*!&)!K9&89!(!_%(=7(-&8!&)87,(4,!:;!-9,!?7:J(J&'&-5!

:;!UPI!,<8&4&:)!K&-9!($,!K(4!7,_%&7,=!-:!:J-(&)!(!$::=!;&-!-:!-9,!=(-("!O9,!

=&;;,7H,)8,!8:6,4!;7:6!-9,!;(8-!-9(-!(!4%J4-()-&('!?(7-!:;!-9,!>(7&(J&'&-5!&)!

4%7>&>('! &4!=%,! -:! -9,!?:4-HAUV! &)-,7>('! .M&$%7,!AG2*!K9&89!8:%'=!):-! J,!

-(@,)!&)-:!(88:%)-!&)!-9,!R&'',4?&,!,-!('"!6:=,'"!

!

\(4,=! :)! -9&4! 6:=,'*! ':K,7&)$! -9,! 7(-,! :;! UPI! ,<8&4&:)! @,! 49:%'=!

7,8(?&-%'(-,!-9,!'&;,4?()!,<-,)4&:)!:J4,7>,=!&)!;:JE]!8,''4"!+:K,>,7*!&-!&4!

6%89! ',44! 8',(7! 9:K! (! 7,;&),=!6:=,'! 8:%'=! _%()-&-(-&>,'5! 8(?-%7,! -9,!

?(7-&-&:)&)$!:;!&)=&>&=%('!;:JE]!'&;,H4?()4!&)-:!UPIH=,?,)=,)-!>,74%4!UPIH

&)=,?,)=,)-!8,''!;(-,4"!O:!&)>,4-&$(-,!-9&4*!K,!&)8'%=,=!&)!-9,!6:=,'!-9,!

?:44&J&'&-5! -9(-! 8,''! =,(-9! 8:%'=! ('4:! :88%7! =%,! -:! (! 8:6?,-&)$! UPIH

&)=,?,)=,)-!8(%4,!;:'':K&)$!(!4-()=(7=!R:6?,7-L!'(K!.&","*!=&8-(-,=!J5!(!

6:7H-('&-5!7(-,!'!$&>,)!J5!'n($,s!p!'0!1!,<?n6!1!($,s*!K9,7,!'0!()=!6!(7,!

8:)4-()-!?(7(6,-,742"!#44%6&)$!-9(-!-9,!?(7(6,-,74!(44:8&(-,=!K&-9!-9,!

R:6?,7-L! '(K! .'0! ()=!62! K,7,! &=,)-&8('! &)! -9,! ;:JE]!6%-()-! ()=!aO*!

;&--&)$!@,*!'0*!()=!6!-:!-9,!=(-(!?7:>&=,=!7,(4:)H(J',!($7,,6,)-!K&-9!-9,!

P[A!8%7>,4!;:7!aO!8,''4!.@,!p!0"E!$,)!
E
2!()=!;:JE]!8,''4!.@,!p!0"0/!$,)!

E
2!

.M&$%7,!G]2*!4%$$,4-&)$!-9(-!-9,!6%-()-!9(4!(!CH;:'=! ':K,7!UPI!,<8&4&:)!

7(-,!-9()!aO!8,''4"!N:4-!&6?:7-()-'5*!-9,!6:=,'!('4:!(88%7(-,'5!8(?-%7,=!

-9,!;7(8-&:)!:;!8,''4!,<?,7&,)8&)$!()!UPIH=,?,)=,)-!AUV!&)!J:-9!aO!()=!

;:JE]!8,''4!.M&$%7,!GUq!M&$%7,4!AG\!()=!AGI2"!Z)!(==&-&:)*!&)-7:H=%8&)$!-9,!

R:6?,7-L!'(K!&6?7:>,=!-9,!($7,,6,)-!:;!-9,!6:=,'!-:!-9,!,<?,7&6,)-('!

P[A!8%7>,!;:7!aO!8,''4!J5!8%--&)$!-9,!':)$!-(&'!&)!-9,!4%7>&>('!8%7>,!.M&$%7,!

GI*!-:?!?(),'2"!

!

I:)>,74,'5*! K,! K:)=,7,=! %)=,7! K9&89! (44%6?-&:)! -9&4! 6:=,'! 8:%'=!

8(?-%7,!-9,!'&;,4?()!7,=%8-&:)!:J4,7>,=!&)!-9,!4&7/]!J(8@H!

!

!

$7:%)=*! K9&89! ?7,6(-%7,'5! (88%6%'(-,4! UPI4! -:! 9&$9! ',>,'4!

.Y(,J,7',&)!,-!('"*!EBBB2"!#!=,8,)-!;&-!-:!-9,!=(-(!7,_%&7,=!J:-9!(!/0H

;:'=!9&$9,7!UPI!,<8&4&:)!7(-,!.@,!p!/!$,)!
E
!&)!4&7/]!>,74%4!0"E!$,)!

E
!&)!

aO2!()=!(!1H;:'=!'(7$,7!J(4('!6:7-('&-5!7(-,!.'0!p!

!

0"01!$,)!
E
!&)!4&7/]!>,74%4!'0!p!0"0E!$,)!

E
!&)!aO2!-9()!&)!aO*!49:K&)$!

-9(-!-9,!?7,6(-%7,!=,(-9!&)!-9&4!6%-()-!9(4!6%'-&?',!:7&$&)4!.&","*!):-!

:)'5! UPIH=,?,)=,)-2*! (4! 4%$$,4-,=! ?7,>&:%4'5! .Y(,J,7',&)! ,-! ('"*!

EBBB2"! O9,! 8:)4,_%,)8,! :;! (! 9&$9! 7(-,! :;! UPI! ,<8&4&:)! K(4! -:!

8:)4&=,7(J'5!7,=%8,!-9,! &);'%,)8,!:;!-9,! &)-,7>('!-&6,!J,-K,,)!-9,!

J&7-9!()=!UPI!,<8&4&:)!:)!-9,!-:-('!'&;,4?()*!9,)8,!7,=%8&)$!-9,!8,''H

8,''! >(7&(J&'&-5! -9,7,&)"! h4&)$! -9,! M():! ;(8-:7! .M():*! EBTG2*! K9&89!

?7:>&=,4!(!6,()H&)=,?,)H=,)-!6,(4%7,6,)-!:;!9,-,7:$,),&-5! &)!(!

=&4-7&J%-&:)*!K,!;:%)=!

!

(! 1H;:'=! 7,=%8-&:)! &)! '&;,4?()! >(7&(J&'&-5! &)! -9,! 4&7/]! 4-7(&)!

8:6?(7,=!-:!aO*!K9&89!K(4!4%88,44;%''5!(88:%)-,=!;:7!J5!-9,!6:=,'!

.M&$%7,! GUq! M&$%7,! AGI2"! I:)>,74,'5*! -9,! ;:JE]! 4-7(&)! =&4H?'(5,=! (!

6(7@,=!&)87,(4,!&)!'&;,4?()!>(7&(J&'&-5!8:6?(7,=!-:!aO!.M&$%7,!GU2"!

!

Z)!8:)-7(4-!-:!4&7/]*!-9,!,<?,7&6,)-('!P[A!:;!-9,!;:JE]!4&7/]!=:%J',!

6%-()-!K(4!4'&$9-'5!9&$9,7!-9()!-9(-!:;!aO!8,''4!.M&$H%7,!G]2*!K9&89!&4!

&)!($7,,6,)-!K&-9!?7,>&:%4!4-%=&,4!.Y(,J,7',&)!,-!('"*!EBBB*!/00T2"!#4!

K&-9!-9,!;:JE]!4-7(&)*!:)'5!(!6&):7&-5!:;!=:%J',!6%-()-!8,''4! .EQr2!

,<?,7&,)8,=!(!AUV*!4%$$,4-&)$!-9(-!-9,!UPI!,<8&4&:)!7(-,!K(4!4&6&'(7!

-:! -9(-!:;! -9,! 4&)$',! ;:JE]!6%-()-!()=! -9(-! -9,! 4&7/!6%-(-&:)!:)'5!

$:>,7),=! -9,! UPIH&)=,H?,)=,)-! =,(-9! 7(-,"! Z)=,,=*! (! $::=!

($7,,6,)-!K&-9!,<?,7&H!

!

6,)-('!=(-(!&)!-9,!=:%J',!6%-()-!K(4!;:%)=!K9,)!%4&)$!(!':K!UPI!

,<8&4&:)!7(-,!.@,!p!0"0/!$,)!
E
2!K&-9!(!9&$9!UPIH&)=,?,)=,)-!6:7-('&-5!

7(-,*!(4!&)!-9,!4&7/]!6%-()-!.'0!p!0"01!$,)!
E
2!.M&$H%7,!AGI2"!#'-:$,-9,7*!

-9&4! 8:6?%-(-&:)('! 6:=,'! ?7:>&=,4! 4%??:7-! ;:7! (! ?7:J(J&'&4-&8!

48,)(7&:!:;!,)-75!&)-:!4,),48,)8,*!K9&89!_%()-&-(-&>,'5!,<?'(&)4!-9,!

:7&$&)! :;! 8,''H8,''! >(7&(J&'&-5! &)! 8,''%'(7! '&;,4?()"! M%7-9,76:7,*! &-!

4%$$,4-4! -9(-! (! 4-:89(4-&8! ($,H&)=,H?,)=,)-! 87&4&4! (44:8&(-,=! K&-9!

7]S#! &)4-(J&'&-5! 4,-4! -9,! ;&74-! 7,?'&H8(-&>,! '&6&-! ()=! -9(-! (! =&;;,7,)-!

6,89()&46!6(5!4,-!4%J4,_%,)-!7,?'&8(-&>,!'&6&-4"!

!

]ZAIhAAZWS!

!

+,-,7:$,),&-5! &)! 8,''%'(7! '&;,4?()! K&-9&)! (! ?:?%'(-&:)! 9(4! ':)$! J,,)! (!

6(e:7!&6?,=&6,)-!-:!%)=,74-()=&)$!-9,!6,89()&464!$:>,7)&)$!,)-75!&)-:!

4,),48,)8,! J5! J'%77&)$! -9,! 89(&)! :;! 8(%4('H&-5"! Z)! -9&4! 4-%=5*! K,! %4,=!

':)$&-%=&)('!-7(8@&)$!:;!&)=&>&=%('!8,''4!8:%?',=!K&-9!_%()-&-(-&>,!()('54&4!

()=!8:6?%-(-&:)('!6,-9:=4!-:!?7:?:4,!(!8:6?7,9,)4&>,!=,487&?-&:)!:;!

-9,!4,_%,)8,!:;!,>,)-4!',(=&)$!-:!7,?'&8(-&>,!(77,4-!&)!J%==&)$!5,(4-"!W%7!

4&)H$',H8,''! (??7:(89! 4-7:)$'5! 4%$$,4-4! (! -,6?:7('! =&4-&)8-&:)! J,-K,,)!

,(7'5!()=!'(-,7!9(''6(7@4!:;!4,),48,)8,*!-9,7,J5!_%,4H-&:)&)$!-9,!8'(44&8('!

>&,K! :;! (! 6%'-&;(8-:7&('! ($&)$! ?7:8,44! &)! K9&89! -9,! 8(%4,4! ()=!

8:)4,_%,)8,4! :;! ,>,)-4! (7,! :;-,)! 7,H?:7-,=! -:! J,! -&$9-'5! &)-,7-K&),="!

Z)4-,(=*! :%7! ()('54&4! ,4-(J'&49,4! -9(-! UPI! (88%6%'(-&:)! 6(5! =7&>,! ()!

%?7,$%'(-&:)!:;! 7]S#!-7()H487&?-&:)!?7&:7!-:!-9,!AUV!()=!-9(-!,)-75!&)-:!

4,),48,)8,!&4!(88:6?()&,=!J5!(!J7,(@=:K)!&)!)%8',(7!9:6,:4-(4&4!-9(-!

&4! '&@,'5! -:! -7&$$,7! 8,''! =,(-9"! Z)! -9&4! 8:)-,<-*! &-! (??,(74! -9(-! 4-%=&,4!

;:8%4&)$!:)!-9,!'(4-!=&>&4&:)!?7,8,=&)$!8,''!=,(-9!(7,!6:7,!'&@,'5!-:!7,;&),!

our understanding of cellular ‘‘necrology’’ than to explain the mechanisms 

-9(-!-7&$$,7!7,?'&8(-&>,!4,),48,)8,"!
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!

U<8&4&:)!()=!(88%6%'(-&:)!:;!UPI4! &)!6:-9,7!8,''4!(7,!K,''H,4-(J'&49,=!

,>,)-4!?7:?:4,=!-:! '&6&-!5,(4-! '&;,4?()!.A&)8'(&7!()=!R%(7,)-,*!EBBG2"!#!

7,8,)-'5!?%J'&49,=!4-%=5!,<(6&),=!-9,!8,''! 858',! &6?(&76,)-!=%7&)$!-9,!

'(4-! =&>&4&:)4! J,;:7,! 8,''! =,(-9! J5! %4&)$! -9,! )%8',:'(7! 6(7@,7! S,-EH

6I9,775!(4!()!&)=&7,8-!?7:<5!;:7!UPI4!.S,%7:97!,-!('"*!/0EQ2"!\5!=&7,8-'5!

6:)&-:7&)$!()=!_%()H-&;5&)$!-9,!=5)(6&84!:;!7]S#!8:?5!)%6J,7!&)!'&>&)$!

8,''4*!-97:%$9:%-!-9,&7!K9:',!'&;,4?()*!:%7!4-%=5!;%7-9,7!7,>,('4!-9(-!UPI4!

;:'':K!(!6%'-&?'&8(-&>,!4,';H7,?'&8(-&>,!?7:8,44!K&-9!9&$9!,;H;&8&,)85*!;&)(''5!

?7:>&=&)$! ,>&=,)8,! ;:7! (! ':)$H4-()=&)$! J%-! ?7,>&H:%4'5! %)>,7&;&,=!

95?:-9,4&4! .A&)8'(&7! ()=! R%(7,)-,*! EBBG2"! O9,)*! K,! ?7:>&=,! 7,'&(J',!

,4-&6(-,4!:;!-9,!6(<&6%6!)%6J,7!:;!UPI4!.!1D02!-9(-!8()!J,!-:',7(-,=!

J5!-9,!8,''!J,;:7,!=,-7&6,)-('!,;;,8-4!,)4%,"!O9,!'(7$,!)%6J,7!:;!UPI4!

(88%6%'(-,=!J5!-9,!-&6,!:;!=,(-9!.!E*C002!7,>,('4!-9,!6($)&-%=,!:;!-9,!

&)87,(4,! &)! 7]S#!8:)-,)-*!K9&89! &4!8:6?(7(J',!-:!-9,!4&L,!:;!-9,!,)-&7,!

$,):6,!.S,%7:97!,-!('"*!/0EQq!A&)8'(&7!()=!R%(7,)-,*!EBBG2"!O9,!&)(J&'&-5!

:;!8,''4!-:!4%4-(&)!,<?:),)-&('!,<?()4&:)!:;!UPI4!J,5:)=!-9,!AUV!6&$9-!

('4:!J,!(! 9(''6(7@!:;! &6?(&76,)-!:;! -9,!]S#!7,?'&8(H-&:)!6(89&),75*!(!

95?:-9,4&4!-9(-!7,6(&)4!-:!J,!,>('%(-,=!&)!;%-%7,!4-%=&,4"!M&)(''5*!K,!49:K!

-9(-! UPI! (88%6%'(-&:)! &4! (! ',)$-95! ?7:8,44! &)&-&(-,=! ':)$! J,;:7,! -9,!

=,-,8-&:)!:;!()5!@):K)!9(''6(7@4!:;!4,),48,)8,!.K&-9!-9,!,<8,?-&:)!:;!

-9,! ':44! &)! >(8%H:'(7! (8&=&-5! n+%$9,4! ()=! R:--489'&)$*! /0E/s2! ()=! -9,!

-7&$$,7&)$! 4&$)('! &4! '&@,'5! -:! :88%7! (J:%-! E0–EC! $,),7(-&:)4! J,;:7,! -9,!

:)4,-!:;!AUV*!>,75!,(7'5!&)!'&;,"!

!

Z)! (==&-&:)! -:! -9,! 95?:-9,4&4! -9(-! UPI4! '&6&-! P[A*! &-! 9(4! ('4:! J,,)!

?7:?:4,=!-9(-!7]S#!&)4-(J&'&-5*!):-!UPI4!-9,64,'>,4*!=7&>,!,)-75!&)-:!

4,),48,)8,! .R()',5! ,-! ('"*! /00Bq! A(@(! ,-! ('"*! /0E12"! \,8(%4,! K,!

:J4,7>,=! &)87,(4,=!V:'! Z!()=!?7,H7PS#!',>,'4!8:)8:6&-()-!K&-9!-9,!

,<?:),)-&('!(88%6%'(-&:)!:;!UPI4*!K,!8()):-!,<8'%=,!(!48,)(7&:! &)!

K9&89! ()! %)@):K)! ,>,)-! -9(-! 7,$%'(-,4! 897:6:4:6('! 7]S#!

-7()487&?-&:)! &)&-&(-,4! )%8',:'(7! 4-7,44*! K9&89! -9,)! -7&$$,74! UPI!

,<8&4&:)"!+:K,>,7*!&)!-9&4!8(4,*!&-!K:%'=!J,!=&;;&8%'-!-:!,<?'(&)!K95!-9,!

7()$,!:;!)%8',:'(7!6(7@,74!,<(6&),=!9,7,!K:%'=!(''!=&4?'(5!4%4-(&),=!

,<?:),)-&('! @&),-&84! :;! (88%6%'(-&:)! :>,7! 8':4,! -:! /0! $,),7(-&:)4"!

Z)4-,(=*! -9&4! ?9,):6,):)! 4,,64! ,(4&,7! -:! 8:)8,&>,! &;! &-! &4! J,&)$!

=7&>,)!J5!(88%6%'(-&:)!:;!4,';H7,?'&8(-&)$!UPI4"!Z)!(==&-&:)*!(!4-:89(4H

-&8! ,>,)-*! '&@,! UPI! ,<8&4&:)*! 8()! J,--,7! ,<?'(&)! -9,! -K:! 4%J?:?H

%'(-&:)4!S:HAUV!()=!a&-9HAUV!,6,7$&)$!;7:6!()!&4:$,)&8!?:?%'(-&:)!

$7:K&)$!&)!(!K,''H8:)-7:'',=!,)>&7:)6,)-"!

!

h)=,7!?954&:':$&8('!8:)=&-&:)4*!-9,!7(-,!:;!7]S#!-7()487&?-&:)!&4!J%;;,7,=!

($(&)4-!>(7&(-&:)4!&)!7]S#!8:?5!)%6J,74!.](66())!,-!('"*!EBB1q!M7,)89!

,-!('"*!/001q!O(@,%89&!,-!('"*!/0012"!\(4,=!:)!-9&4*!&-!&4!%4%(''5!(44%6,=!-9(-!

&)87,(4&)$!7]S#!8:?&,4!J,5:)=!?954&:':$&8('!)%6J,74!.(4!&)!-9,!8(4,!:;!

UPI4!9,7,2!49:%'=!):-! &6?(8-!:)!7]S#!-7()487&?-&:)!7(-,4"!Z)!-9(-!8(4,*!

(88%6%'(-&)$! UPI4! 49:%'=! ):-! J,! -7()487&J,="! Z)! 8:)-7(4-! -:! -9&4!

7,(4:)&)$*!K,!49:K!-9(-!',>,'4!:;!?7,H7PS#4!()=!8:6?:),)-4!:;!-9,!7]S#!

-7()487&?-&:)!6(89&),75!(7,!6(44&>,'5! &)87,(4,=! &)!8,''4!(J:%-! -:!,)-,7!

4,),48,)8,"! O9&4! &)>('&=(-,4! -9,! (44%6?-&:)! -9(-! 7]S#! -7()487&?-&:)! &4!

%)=,7!?7,8&4,!9:6,:4-(-&8!7,$%'(-&:)!(7:%)=!-9,!AUV!()=!4%$$,4-4!-9(-!

UPI4!;%,'!,<8,44&>,!7]S#!-7()487&?-&:)!&)!(!6,89()&46!-9(-!7,6(&)4!-:!J,!

=,-,76&),="!W%7!4-%=5!=,6:)4-7(-,4!-9(-*!=,4?&-,!(!'(7$,!&)87,(4,!&)!?7,H

7PS#! 45)-9,4&4! ()=! ?7:8,44&)$*! 4,),48,)-! 8,''4! (7,! %)(J',! -:! 48(',! %?!

7&J:4:6,!?7:=%8-&:)"!O9&4!'(8@!:;!8::7=&)(-&:)!J,-K,,)!

!

!

PS#!45)-9,4&4!()=!7&J:4:6,!J&:$,),4&4!&4!8:)4&4-,)-!K&-9!(!?7,H>&:%4!

4-%=5!49:K&)$!-9(-!-7()487&?-&:)!()=!-7()4'(-&:)!:;!$,),4!&)>:'>,=!&)!

?7:-,&)! J&:$,),4&4! (7,! %)8:%?',=! &)! ($&)$! 8,''4! .^()4H4,)4! ,-! ('"*!

/0EC2"!

!

P,8,)-! 4-%=&,4! 9(>,! %)8:>,7,=!6,89()&4-&8! '&)@4! J,-K,,)! ($&)$! ()=! (!

)%6J,7! :;! ?954&:':$&8('! =,;,8-4! &)! )%8',(7! ?7:H8,44,4*! &)8'%=&)$! -9,!

(88%6%'(-&:)! :;! )%8',(7! ?:7,4! .],):-9! [&?H?%),7! ,-! ('"*! /0ETJ2*! -9,&7!

;%)8-&:)('!=,8'&),!.P,6?,'!,-!('"*!/0EB2*!()=!-9,!=547,$%'(-&:)!:;!8,''!858',!

8:)-7:'',74! 4%89!(4! -9,! -7()H487&?-&:)('! 7,?7,44:7!a9&C! .S,%7:97!,-!('"*!

/0EQ2"!W%7!4-%=5!7,H>,(',=!-9(-!,)-75!&)-:!4,),48,)8,!&4!(44:8&(-,=!K&-9!(!

'(7$,! &)87,(4,! &)! -9,!SgI! 7(-&:!()=!()!:>,7(''!(88%6%'(-&:)!:;! ?7:-,&)4!

-(7$,-,=!-:!-9,!)%8',%4*!-9%4! 7(&4&)$!-9,!?:44&J&'&-5! :;!=,;,8-&>,!?7:-,&)!

49%--'&)$!(87:44!-9,!)%8',%4!.Y%6,!,-!('"*!/0EG2"!O9,!;&)=&)$!-9(-!)%8',:'(7!

4-7,44!?7,8,=,4!-9,!=,;,8-4!&)!?7:-,&)!49%-H-'&)$!4%$$,4-4!(!?:44&J',!8(%4('!

7,'(-&:)49&?q! ;:7! ,<(6?',*! )%H8',(7! ?:7,4! 6(5! J,8:6,! 8':$$,=! J5! (!

J%&'=%?!:;!?7,HPS#4!:7!UPI4*!(4!?7:?:4,=!?7,>&:%4'5!.],):-9![&??%),7!,-!

('"*!/0ETJ2"!

!

W%7! 4-%=5! ?7:>&=,4! &)4&$9-4! &)-:! -9,! 6,89()&46! :;! =(%$9-,7! 8,''!

7,e%>,)(-&:)! J5! =,6:)4-7(-&)$*! &)! 4&)$',! 8,''4*! -9(-! (4566,-H7&8('!

)%8',:'(7! ()=! )%8',:?'(46&8! ?(7-&-&:)&)$! &)! ?:4-HAUV! 6:-9,7! 8,''4!

8:77,'(-,4! K&-9! -9,! 7,e%>,)(-&:)! :;! =(%$9-,7! 8,''4"! O9&4! :J4,7>(-&:)!

?7:>&=,4!;%7-9,7!4%??:7-!-:!-9,!6:=,'!&)!K9&89!(4566,-7&8('!&)9,7&-()8,!

:;! UPI4! (88%6%'(-&)$! &)! -9,! )%8',:'%4! &4! (! =7&>,7! :;! -9,! 7,e%>,)(-&:)!

?7:8,44"! A&6&'(7'5! -:! (%-:):6:%4'5! 7,?'&8(-&)$! ]S#! 8&78',4*! -9,!

(4566,-7&8('!)%8',:'(7!()=!)%8',(7!=&>&4&:)!8:%'=!J,!=%,!-:!-9,!=&;;%4&:)!

J(77&,7!(-!-9,!J%=!),8@!.A989,?7:>(!,-!('"*!/00Q2"!+:K,>,7*!:%7! 7,4%'-4!

('4:!7,>,('!-9(-!$,):6&8!=,;,8-4!?7,4,)-!&)!?:4-HAUV!6:-9,74!(7,!'(7$,'5!

&)9,7&-H(J',!()=!(7,!'&@,'5!-:!?7,>,)-!;%''!7,8:>,75!:;!-9,!P[A!&)!=(%$9-,7!

:;!>,75!:'=!6:-9,74*!K9&89!9(4!J,,)!7,?:7-,=!':)$!($:!.Y,)),=5!,-!('"*!

EBBT2"! O9,7,;:7,*! :%7! 4-%=5! 7,8:)8&',4! -9,! ,?&$,),-&8! ?(7(H=&$6! :;!

=(%$9-,7! 7,e%>,)(-&:)! .&","*! =(%$9-,74! =:! ):-! &)9,7&-! -9,! ($,! :;! -9,&7!

6:-9,72! K&-9! -9,! ':)$H4-()=&)$! :J4,7>(-&:)! -9(-! :'=! 8,''4! (88%6%'(-,!

$,):6&8!('-,7(-&:)4! -9(-!6%4-! J,! &)9,7&-,=! J5! -9,! ?7:$,)5! .N8N%77(5!

()=!R:--489'&)$*!/0012"!

!

O9,! )%8',:'(7! 4-7,44! =,487&J,=! &)! -9&4! 4-%=5! &4! '&@,'5! 8:)4,7>,=! (87:44!

4?,8&,4! J,8(%4,! 4&6&'(7! :J4,7>(-&:)4! 9(>,! J,,)! 7,H?:7-,=! &)! 4,>,7('!

4-%=&,4!&)!6,-(L:()4"!Z)!6:%4,!,6J75:)&8!;&J7:J'(4-4*!:)8:$,)&8!4-7,44!

&)=%8,4!7PS#!-7()487&?-&:)!()=!-7&$$,74!8,''%'(7!4,),48,)8,!.S&49&6%7(!,-!

('"*!/0EC2"!+%6()!;&J7:J'(4-4!K,7,!49:K)!-:!(88%6%'(-,!7PS#!?7,8%74:74!

&)! -9,! )%8',:'%4! ()=! =&4?'(5! =,;,8-&>,! 7&J:4:6,! J&:$,),4&4! (;-,7! &)H

=%8-&:)! :;! 4,),48,)8,! J5! :)8:$,)&8! P(4! .[,44(7=! ,-! ('"*! /0EQ2"! N:7,!

7,8,)-'5*!6(&)-,)()8,!:;!)%8',:'(7!9:6,:4-(4&4!K(4!49:K)!-:!('',>&(-,!

4,),48,)8,!&)!9%6()!6,4,)8956('!4-,6!8,''4!.P,)!,-!('"*!/0EB2"!A&6&'(7'5*!

46(''! )%8',:'&! &)! ?:4-H6&-:-&8! 8,''4! K,7,! ;:%)=! -:! J,! (! 9(''6(7@! :;!

,<-,)=,=! ':)$,>&-5! &)! I(,):79(J=&-&4! ,',$()4*! ]7:4:?9&'(*! 6&8,*! ()=!

9%6()!6%48',!-&44%,!.O&@%!,-!('"*!/0EG2"!O9,4,!7,4%'-4*!-:$,-9,7!K&-9!-9,!

;&)=&)$4!9,7,*!%)8:>,7!(!87%8&('!7:',!;:7!-9,!)%8',:'%4!&)!J:-9!7,?'&8(-&>,!

()=! 897:):':$&8('! ($&)$*! 4%$$,4-&)$! -9(-! 6,89()&464! ,)4%7&)$! 7]S#!

4-(J&'&-5!(7,!@,5!7,$%'(-:74!:;!':)$,>&-5"!

!

M&)(''5*!:%7!8:6?%-(-&:)('!6:=,'!?7:?:4,4!(!4&6?',!5,-!_%()-&-(-&>,!

=,487&?-&:)!:;!-9,!4-,?4!',(=&)$!-:!,)-75!&)-:!4,),4H8,)8,"!\(4,=!:)!

-9,!6(&)!(44%6?-&:)4!-9(-!,<8&4&:)!()=!(6?'&;&8(-&:)!:;!UPI4!8:)-7:'!



!$("

-9,!:)4,-!:;!AUV*!K,!8()!7,8(?&-H%'(-,!-9,!P[A! &)!aO!8,''4!()=! &)!(!

)%6J,7!:;!6%-()-4!&)!K9&89!

T/0! I,''!P,?:7-4!/Q*!T0Q–T//*!^%'5!B*!/0EB!



!$'"

"

!

!

-9,! 7(-,! :;! UPI!,<8&4&:)! &4! (;;,8-,="!N:4-! &6?:7-()-'5*! -9&4! @&H),-&8!

6:=,'!:;!8,''%'(7!'&;,4?()!&4!J(4,=!:)!($,H&)=,?,)=,)-!4-,?4!()=!;%''5!

4%??:7-4!(!6:=,'!&)!K9&89!4,),48,)8,!&)!J%==&)$!5,(4-!&4!=7&>,)!J5!(!

?%7,'5! 4-:89(4-&8! ,>,)-! (44:8&(-,=! K&-9! 7]S#! &)4-(J&'&-5*! -9,!

?954&:':$&8('! 8:)4,_%,)8,4! :;! K9&89! (7,! ?7:-7(8-,=! =%,! -:! -9,!

@&),-&84! :;! UPI! (88%6%'(-&:)"! M%7-9,7! ,<?,7&6,)-4! 8:%'=! ;%7-9,7!

89('',)$,! -9&4! 6:=,'"! M:7! ,<(6?',*! &)=%8&)$! UPI4! &)! -9,! SWHAUV!

;:JE]!?:?%'(-&:)!49:%'=!J,!4%;H;&8&,)-!-:!-7&$$,7!-9,!K9:',!8(48(=,!

:;! ,>,)-4! .(88%6%'(-&:)! :;! ?7,H7PS#4*! AUV*! ()=! ':44! :;! )%8',(7!

9:6,:4-(4&42"!O9&4!48,H)(7&:!7,>,('4!9:K!-9,!?7:8,44!:;!($&)$—K9&89!

6()&;,4-4!(4!()!&)87,(4,!&)!-9,!6:7-('&-5!7(-,—6&$9-!J,!4,,)!(4!()!

,6,7$&)$!?7:?,7-5!=7&>,)!J5!(!4,7&,4!:;!($,H&)=,?,)=,)-!J&:H':$&8('!

?7:8,44,4"!

!

AO#PuNUO+W]A!

!

],-(&',=!6,-9:=4!(7,!?7:>&=,=!&)!-9,!:)'&),!>,74&:)!:;!-9&4!?(?,7!()=!

&)8'%=,!-9,!;:'':K&)$F!

!

=! YUb!PUAWhPIUA!O#\[U!

!

=! [U#]! IWSO#IO! #S]! N#OUPZ#[A! #l#Z[#\Z[ZOb! =!

UmVUPZNUSO#[! NW]U[! #S]! Ah\^UIO! ]UO#Z[A! =! NUO+W]!

]UO#Z[A!

!

\!b,(4-!4-7(&)4*!?'(46&=4*!()=!6,=&(!\!N&87:;'%&=&84!

!

\! PS#! MZA+H:)H(HI+ZV! \! O&6,H'(?4,!

6&87:48:?5!\!Z6($,!()('54&4!

!

\!](-(!()('54&4!

!

\! I:6?%-(-&:)('! 4&6%'(-&:)4! :;! 7,?'&8(-&>,! '&;,4?()! =!

Xh#SOZMZI#OZWS! #S]! AO#OZAOZI#[! #S#[bAZA! =!]#O#! #S]! IW]U!

#l#Z[#\Z[ZOb!

!

AhVV[UNUSO#[!ZSMWPN#OZWS!

!

A%??',6,)-('!Z);:76(-&:)!8()!J,!;:%)=!:)'&),!(-!9--?4Fgg=:&":7$gE0"E0EDge"!

!

8,'7,?"/0EB"0D"01/"!

!

#IYSWa[U]RNUSOA!

!

a,!-9()@!],)&4!M%6($(''&!()=!-9,!NU]Z#VPUV!;(8&'&-5!:;!ZR\NI!;:7!?7,?(7&)$!6,=&(!

()=!V7:;"!O(@,9&@:!Y:J(5(49&!;:7!?7:>&=&)$!-9,!ONbQ!4-7(&)"!a,!(7,!$7(-,;%'!-:!O9,:!

#4?,7-*! P,),,! I9:K*! \(4&',! ^(8_%,'*! #'(4-(&7!N8UK,)*!N()H%,'!N,)=:L(*! A:?9&,!

X%&)-&)*!()=!i9:%!m%!;:7!8(7,;%'!7,(=&)$!:;!-9,!6()%H487&?-"!O9&4!K:7@!K(4!4%??:7-,=!

J5!-9,!#OZVH#>,)&7!?7:$7(6!/0E/H/0EG!.R"I"2*!(!$7()-!;7:6!-9,!M:)=(-&:)!?:%7!'(!

P,89,789,!N,v=&8(',!MPN!]UZ/0ECE/1T1BG!.R"I"2*!()=!J5!$7()-!#SPHE0H[#\mH0010H

ZSPO*!(!M7,)89!A-(-,!;%)=!6()($,=!J5!-9,!#$,)8,!S(-&:)(',!=,!'(!P,89,789,!%)=,7!

-9,!frame program Investissements d’Avenir ANRHE0HZ]UmH000/–0/"!O9&4!K:7@!K(4!

?(7-'5!4%??:7-,=!J5!-9,!M7,)89!PUS#OUI+!),-K:7@"!

!

#hO+WP!IWSOPZ\hOZWSA!

!

A"N"*! I:)8,?-%('&L(-&:)*! ](-(! 8%7(-&:)*! M:76('! ()('54&4*! Z)>,4-&$(-&:)*! l&4%('H&L(-&:)*!

N,-9:=:':$5*! V7:e,8-! (=6&)&4-7(-&:)*! A%?,7>&4&:)*! a7&-&)$—! :7&$&)('! =7(;-"! ^"A"*! ](-(!

8%7(-&:)*! M:76('! ()('54&4*! Z)>,4-&$(-&:)"! Z"["HA"*! N,-9:=:':$5*! I:)8,?-%('&L(-&:)"! #"N"*!

P,4:%78,4"! W"R"*! I:)8,?-%('&L(-&:)"! R"I"*! I:)8,?H-%('&L(-&:)*! M:76('! ()('54&4*!

N,-9:=:':$5*! l&4%('&L(-&:)*! V7:e,8-! (=6&)&4-7(H-&:)*! A:;-K(7,*! A%?,7>&4&:)*! M%)=&)$!

(8_%&4&-&:)*!a7&-&)$—!7,>&,K!`!,=&-&)$"!



!$!"

"

!

!

]UI[#P#OZWS!WM!ZSOUPUAOA!

!

!

O9,!(%-9:74!=,8'(7,!):!8:6?,-&)$!&)-,7,4-4"!

!

P,8,&>,=F!M,J7%(75!EE*!/0EB!

!

P,>&4,=F!#?7&'!B*!/0EB!

!

#88,?-,=F!^%),!G*!/0EB!

!

V%J'&49,=!^%'5!B*!/0EB!

!

PUMUPUSIUA!

!

\(j',7*!^"*!R7()=&*!V"*!R(=('*!W"*![,446())*!O"*!V,-;('4@&*!U"*!O:'',7>,5*!]"*![,89),7*!^"*!

()=!+%7-*!U"!./00E2"!Z=,)-&;&8(-&:)!:;!(!D0A!?7,7&J:4:6('!?(7-&8',!-9(-!&4!8':4,'5!'&)@,=!

-:!)%8',(7!,<?:7-"!N:'"!I,''!Q*!CEG–C/B"!

!

\7,K,7*!\"^"*!()=!M()$6()*!a"["!.EBQQ2"!#!7,?'&8(-&:)!;:7@!J(77&,7!(-!-9,!1
0
!,)=!:;!

5,(4-!7&J:4:6('!PS#!$,),4"!I,''!CC*!D1G–DT1"!

!

](66())*!P"*![%889&)&*!P"*!Y:'',7*!O"*!()=!A:$:*!^"N"!.EBB12"!I97:6(-&)!4-7%8H-%7,4!

()=!-7()487&?-&:)!:;!7]S#!&)!5,(4-!A(889(7:658,4!8,7,>&4&(,"!S%8',&8!#8&=4!P,4"!/E*!

/11E–/11Q"!

!
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! ! A8&,)8,4! ! ! !

A:7J&-:'!
!

A&$6(!
!

I(-~AEQGD!
!

! ! !

i56:'5(4,!/0O!
!

U%7:6,=,<! I(-~hiE000!
!

! !

! !

V9,)5'6,-95'4%';:)5'!;'%:7&=,!.VNAM2! ! M&489,7!A8&,)-&;&8! ! I(-~E0TQC0EC! !

! !

l()(=5'!P&J:)%8',:4&=,!I:6?',<!.l()(=&%62! ! A&$6(! ! I(-~P11Q0! !

! ! !

N,78(?-:,-9():'H/!BQr!.JNU2! ! A&$6(! I(-~N1ETQ! !

!

M:76(6&=,! ! A&$6(! I(-~MHCGQD! !

! !

\:>&),!A,7%6!#'J%6&)!.\A#2! ! NV!\&:6,=&8('4! ! I(-~QTE011! !

! !

-PS#!;7:6!U"!8:'&! ! P:89,!]&($):4-&84! I(-~!E0E0BCTE00E! !

! !

O7&-:)!mHE00! ! A&$6(! I(-~OQGQG! !

!

U<?,7&6,)-('!N:=,'4F!W7$()&464gA-7(&)4! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!ONbQF!N#O(q!(=,/FF?#MAETTHK-RMV.#]U/2q! .N&5(L(@&!()=!Y:J(5(49&*! Sg#! !

7]S#FF?ONH'(8WC0!.hP#12!(6?'&;&,=!!EC0!8:?&,4!SUOEH6I9,775H! /0EE2! ! ! !

4?+ZAC*!',%/H1*EE/!-7?EHE!8()EHE00!%7(1HE! ! ! ! !

(=,/HE!9&41HEE*E! ! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!ONbQH\bT\F!N#O(q!(=,/FF?#MAETTH!
!

O9&4!4-%=5! Sg#!
!

! !

K-RMV.#]U/2q!7]S#FF?ONH'(8WC0!.hP#12!(6?'&;&,=!!EC0!8:?&,4! ! ! ! ! !

SUOEH6I9,775H4?+ZACq!',%/]0q![bA/q!NUOECq!OPVE! ! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!PV#EB0HRMVF!;7:6!A/QQI*!N#O(q!PV#EB0H! O9,76:!M&489,7!48&,)-&;&8!
!

b,(4-!RMV!I':),!I:'',8-&:)!
!

! !

RMVH+ZA1Nmq!#]U/q!',%/]0q![bA/q!6,-EC]0q!%7(1]0q!OPVE! ! ! ! ! !

! ! ! !

A"!8,7,>&4&(,F!4-7(&)!AAMEHRMVF!;7:6!A/QQI*!N#O(q!AAMEHRMVH! ! O9,76:!M&489,7!48&,)-&;&8! ! b,(4-!RMV!I':),!I:'',8-&:)! !

+ZA1Nmq!#]U/q!',%/]0q![bA/q!6,-EC]0q!%7(1]0q!OPVE! ! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!SWR/HRMVF!;7:6!A/QQI*!N#O(q!SWR/HRMVH! O9,76:!M&489,7!48&,)-&;&8!
!

b,(4-!RMV!I':),!I:'',8-&:)!
!

! !

+ZA1Nmq!#]U/q!',%/]0q![bA/q!6,-EC]0q!%7(1]0q!OPVE! ! ! ! ! !

! ! ! !

A"!8,7,>&4&(,F!4-7(&)!PV[E1#HRMVF!;7:6!A/QQI*!N#O(q!PV[E1#H! ! O9,76:!M&489,7!48&,)-&;&8! ! b,(4-!RMV!I':),!I:'',8-&:)! !

RMVH+ZA1Nmq!#]U/q!',%/]0q![bA/q!6,-EC]0q!%7(1]0q!OPVE! ! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!bIR0EF!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq! .R(76,)=&(HO:77,4!,-!('"*! Sg#!
!

!



!$*"

"

',%/]0q!'54/]0q!6,-EC]0q!%7(1]0q!OPVEq!+O\/H4;RMVHY#SNm! ! /0EQ2! ! ! !

A"!8,7,>&4&(,F!4-7(&)!A^EDTF!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq!
!

O9&4!4-%=5!
!

Sg#!
!

! ! !

',%/]0q!'54/]0q!NUOECq!%7(1]0q!OPVEAV/CFFAV/CH#8-E?HS[AH! ! ! ! ! !

4;RMVHAOWVH#=9E-HS(-Nm! ! ! ! ! !

! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!b#VED0HEF!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq! O9&4!4-%=5! ! Sg#! !

',%/]0q![bA/q!6,-EC]0q!%7(1]0q!OPVEq!AV/CFFAV/CH#8-E?H4;RMVH! ! ! ! !

AOWVH#=9E-HS(-Nm! ! ! ! ! !

! ! ! !

A"!8,7,>&4&(,F!4-7(&)!APVEHRMVF!;7:6!A/QQI*!N#O(q!APVEHRMVH! ! O9,76:!M&489,7!48&,)-&;&8! ! b,(4-!RMV!I':),!I:'',8-&:)! !

+ZA1Nmq!#]U/q!',%/]0q![bA/q!6,-EC]0q!%7(1]0q!OPVE! ! ! ! ! !

A"!8,7,>&4&(,F!4-7(&)!\bTGT/F!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq! U%7:48(7;!
!

I(-~bE0000!
!

! !

',%/]0q!'54/]0q!NUOECq!%7(1]0q!OPVE! ! ! ! ! !

! ! ! !

! ! ! ! ! !



!$+"

"

!

!

A"!8,7,>&4&(,F!4-7(&)!bIR0/F!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq! .R(76,)=&(HO:77,4!,-!('"*!

! ',%/]0q!'54/]0q!NUOECq!%7(1]0q!OPVEq!+O\/H4;RMVHY#SNm! ! ! /0EQ2! ! !

A"!8,7,>&4&(,F!4-7(&)!;:JE]F!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq! U%7:48(7;!

! ',%/]0q!'54/]0q!NUOECq!%7(1]0q!OPVEq!;:JEFF@()NmT! ! ! ! ! !

!

Sg#!

!

I(-~bET0TT!

!

A"!8,7,>&4&(,F!4-7(&)!4&7/]F!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq! U%7:48(7;! I(-~bE1G1Q! !

! ',%/]0q!'54/]0q!NUOECq!%7(1]0q!OPVEq!4&7/FF@()NmT! ! ! ! !

! ! ! ! !

! ! ! ! .I:)-&)%,=!:)!),<-!?($,2! !

!

!

!

I,''! P,?:7-4! /Q*! T0Q–T//",E–,T*! ^%'5! B*! /0EB

!

,E!



!$,"

"

!

!

!

I:)-&)%,=!

!

!

PU#RUSO!:7!PUAWhPIU! AWhPIU! ! ! Z]USOZMZUP!

! A"!8,7,>&4&(,F!4-7(&)!AND/GF!4(6,!(4!ONbQH\bT\!,<8,?-!N#O(q! O9&4!4-%=5! ! Sg#!

! '54/]0q!;:JEFFY#SNm! ! ! ! ! ! !

! ! ! ! ! ! !

! A"!8,7,>&4&(,F!4-7(&)!ANCTDF!;7:6!A/QQI*!N#O(q!PV#EB0HRMVH! ! O9&4!4-%=5! ! ! Sg#!

! +ZA1Nmq!;:JEFFY#SNmq!#]U/q!',%/]0q![bA/q!NUOECq!%7(1]0q!OPVE! ! ! ! ! ! !

! ! ! ! ! ! ! !

! A"!8,7,>&4&(,F!4-7(&)!AN1TCF!;7:6!A/QQI*!N#O(q!+O\/H4;RMVHY#SNmq! O9&4!4-%=5! ! ! Sg#!

! ;:JEFFY#SNmq!#]U/q!',%/]0q!'54/]0q!6,-EC]0q!%7(1]0q!OPVE! ! ! ! ! ! !

! ! ! ! ! !

! A"!8,7,>&4&(,F!4-7(&)!ANCC0F!;7:6!A/QQI*!N#O(q!#]U/q!9&41]Eq!',%/]0q! ! O9&4!4-%=5! ! ! Sg#!

! '54/]0q!NUOECq!%7(1]0q!OPVEq!4&7/FF@()NmTq!;:JEFF@()NmT! ! ! ! ! ! !

! ! ! ! ! ! !

! A"!8,7,>&4&(,F!4-7(&)!ANDE1F!4(6,!(4!ONbQH\bT\!,<8,?-!4&7/FFY#SNm! ! O9&4!4-%=5! ! ! Sg#! !

! ! ! !

! W'&$:)%8',:-&=,4! ! ! ! ! !

! ZOAE!MZA+!?7:J,F!RI#I#R###OIOIOI#IIROOORR##O#RI##R! O9&4!4-%=5! ! Sg#!

!

###R###IOO#I##RI!u!C
0
!!I51!

! ! ! ! ! !

! ! ! ! ! !

P,8:6J&)()-!]S#! ! ! ! ! !

! ?]NT0/F!AZP/!&)!?PA1EC!J(8@J:),!.IUS![Uh/!#6?P2! M7:6! N:(L,=!

'(J:7(-:75"!

! Sg#!

! ! ! V7:>&=,=! J5! V(:'(!

M(J7&L&:!

! ! ! !

! ! ! ! ! ! !

A:;-K(7,!()=!#'$:7&-964! ! ! ! ! !

! SZA!U',6,)-!#P! ! S&@:)! ! ! Sg#! !

! N#O[#\!P/0ED(! ! N(-9a:7@4! ! ! Sg#! !

!

V95':8,''!
!

.R:%',>!,-!('"*!/0EG2!
!

9--?4FggKKK"$&-9%J"8:6g$89(7>&)!
!

! ! ! !

! ! ! ! ! ! !

! #%-:-7(8@! ! .R:%',>!,-!('"*!/0EG2! ! 9--?4FggKKK"$&-9%J"8:6g$89(7>&)!

! ! ! ! ! ! ! !
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"

!

!

!

[U#]!IWSO#IO!#S]!N#OUPZ#[A!#l#Z[#\Z[ZOb!

!

M%7-9,7!&);:76(-&:)!()=!7,_%,4-4!;:7!7,4:%78,4!()=!7,($,)-4!49:%'=!J,!=&7,8-,=!-:!()=!K&''!J,!;%';&'',=!J5!-9,![,(=!I:)-(8-*!R&'',4!I9(7>&)!

.89(7>&)w&$J68";72"!

!

UmVUPZNUSO#[!NW]U[!#S]!Ah\^UIO!]UO#Z[A!

!

A(889(7:658,4!8,7,>&4&(,!&4!-9,!,<?,7&6,)-('!6:=,'!%4,=!&)!-9&4!4-%=5"!#''!4-7(&)4!(7,!8:)$,)&8!-:!A/QQI*!,<8,?-!ONbQ!()=!ONbQH\bT\*!

()=!'&4-,=!&)!-9,!Y,5!P,4:%78,4!O(J',"!

!

NUO+W]!]UO#Z[A!

!

b,(4-!4-7(&)4*!?'(46&=4*!()=!6,=&(!

!

ONbQH\bT\!K(4!:J-(&),=!;7:6!J(8@87:44&)$!;:%7!-&6,4!K&-9!\bTGT/g\bTGTE!-9,!4-7(&)!ONbQ!?7:>&=,=!J5!V7:;"!O(@,9&@:!Y:J(5(H49&"!#''!RMVH'(J,',=!

4-7(&)4!K,7,! ;7:6!-9,!b,(4-!RMV!I':),!I:'',8-&:)! ?7:>&=,=!J5!N&89(,'!Y):?! .+%9!,-!('"*!/0012"! ;:JE]!()=!4&7/]!4-7(&)4!K,7,!?%789(4,=! ;7:6!

U%7:48(7;*!87:44,=!K&-9!4-7(&)4!8:)-(&)&)$!-9,!7,',>()-!RMV!6(7@,74*!()=!$,):-5?,=!J5!VIP"!#4!4&7/]!4-7(&)!&4!4-,7&',!()=!&)! :7=,7!-:!87:44!&-*!-9&4!

4-7(&)!K(4!-7()4;:76,=!K&-9!?]NT0/*!(!):)H&)-,$7(-&>,!?'(46&=!8:)-(&)&)$!AZP/!$,),"!#;-,7!87:44&)$*!4-7(&)4!:;!&)-,7,4-!K,7,!8:%)-,7H4,',8-,=!;:7!

?]NT0/!?'(46&=!':44!J5!89,8@&)$!-9,&7!&)(J&'&-5!-:!$7:K!&)!45)-9,-&8!=,<-7:4,!.A]2!6,=&%6!K&-9:%-!',%8&),"!O9,!+-J/ H4;RMV!.R(76,)=&(HO:77,4!,-!

('"*!/0EQ2*!#8-E?7H4;RMV!.4;RMV2*!()=!#8-E?7HS[AH4;RMV!.S[AH4;RMV2!4-7(&)4!K,7,!$,),7(-,=!%4&)$!]S#!,=&-&)$!()=!5,(4-!$,),-&84!8'(44&8('!-,89)&_%,4" !

!

V7&:7!-:!':(=&)$!&)-:!6&87:;'%&=&8!89&?4*!;7,49'5!-9(K,=!8,''4!K,7,!$7:K)!:>,7)&$9-!&)!45)-9,-&8!8:6?',-,!6,=&%6! K&-9!/r!=,<-7:4,!()=!

-9,)!=&'%-,=!&)!-9,!6:7)&)$!-:!('':K!4,>,7('!=&>&4&:)4!&)!,<?:),)-&('!$7:K-9"!

!

N&87:;'%&=&84!

!
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"

O9,!6&87:;'%&=&8!6(4-,7!6:'=!K(4!6(=,! %4&)$! 4-()=(7=! 4:;-H'&-9:$7(?95! -,89)&_%,4! &)! -9,!MUNOWHAO!)():-,89):':$5! ?'(-;:76! :;! -9,!

M7,)89!P,)(-,89!),-K:7@!.\,4()8�!:)*!M7()8,2"!V7:-:-5?&8!6:'=4!K,7,!7,?'&8(-,=!&)!,?:<5!-:!,)4%7,!':)$H-,76!?7,4,7>(H-&:)"!O9,!6&87:H

89()),'4!K,7,!8(4-!J5!8%7&)$!V]NA!.A5'$(7=!EQT*!E0FE!6&<&)$!7(-&:2!()=!-9,)!8:>(',)-'5!J:%)=!-:!(!/T!1!C0!66!8:>,74'&?!%4&)$! ?'(46(!

4%7;(8,!(8-&>(-&:)!.]&,),7*!R,76()52"!O9,!(44,6J',=!89&?!K(4!-9,)!J(@,=!;:7!E!9!(-!D0!I!-:!8:)4:'&=(-,!J:)=&)$!J,-K,,)!-9,!$'(44! ()=!

V]NA!()=!-9,)!?,7;%4,=!K&-9!6,=&(!%4&)$!O5$:)!-%J&)$!()=!(!?,7&4-('-&8!?%6?!.Z46(-,8*!AK&-L,7'()=2!(-!(!E0!6'g6&)!;':K!7(-,"! #;-,7!/!9!

:;!V]NA!7,95=7(-&:)*!5,(4-!8,''4!K,7,!':(=,=!&)-:!-9,!89&?!K&-9!(!E!6[!457&)$,!()=!(!/1R!),,='," !

!

!

!

,/! I,''!P,?:7-4!/Q*!T0Q–T//",E–,T*!^%'5!B*!/0EB!
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!

!

PS#!MZA+H:)H(HI+ZV!

!

O&6,H'(?4,! &6($&)$! K(4! 4-:??,=! (;-,7! DC! 9! (8_%&4&-&:)! ()=! -9,! 89&?! K(4! ?,7;%4,=! K&-9! Tr! ?(7(;:76('=,95=,! ;:7! 10! 6&)! (-! 7::6!

-,6?,7(-%7,! .PO2!()=!-9,)!K(49,=! ;:7!/0!6&)!K&-9!J%;;,7!\! .E"/!N!4:7J&-:'*!0"E!N!?:-(44&%6!?9:4?9(-,*!?+!G"C2"!O9,!8,''!K(''4 !K,7,!

=&$,4-,=!J5!;':K&)$!(!L56:'5(4,!6&<!.0"/6$g6'!i56:'5(4,!/0O*!0"/6N!VNAM*!/6N!l()(=&%6*!/B6N!JNU2!-97:%$9!-9,!89&?!;:7!/0!6&)!

(-!PO!;:'':K,=!J5!(!/0!6&)!K(49!K&-9!J%;;,7!\"!O9,!89&?!K(4!-9,)!7&)4,=!K&-9!8:'=!G0r!,-9():'!;:7!C!6&)*!K&-9!/<AAI!.4('&),H4:=&%6!8&-7(-,2!

;:7!EC!6&)*!()=!K&-9!E0r!;:76(6&=,!&)!/<AAI!;:7!/0!6&)"!#!95J7&=&L(-&:)!6&<!8:)-(&)&)$!E!)$g6'!MZA+!?7:J,!.&)!/<AAI*!E0r!;:76(6&=,*!

E06N!l()(=&%6*!0"C6$g6'!\A#*!0"C6$g6'!-PS#2!K(4!&)e,8-,=!&)-:!-9,!89&?!()=!-9,!8,''4!K,7,!&)8%J(-,=!(-!1G!I!;:7!1!9*!?7:-,8-,=!;7:6!

'&$9-"!O9,!8,''4!K,7,!-9,)!7&)4,=!K&-9!K(76!.1G!I2!E0r!;:76(6&=,!&)!/<AAI!;:7!10!6&)*!Er!O7&-:)!mHE00!&)!/<AAI!;:7!/0!6&)*!()=!E<AAI!;:7!

10!6&)"!O9,!8,''4!K,7,!-9,)!&6($,=!:)!(!S&@:)!O&HU8'&?4,!K&-9!()!6I9,775!;&'-,7!-:!(8_%&7,!-9,!MZA+!?7:J,!4&$)('!.C0r![U]!?:K,7*!100!64!

,<?:4%7,!-&6,*!J&))&)$!/!1!/2!()=!(!RMV!;&'-,7!-:!(8_%&7,!-9,!P?(EB0HRMV!./0r!',=!?:K,7*!E00!64!,<?:4%7,!-&6,*!J&))&)$!/!1!/2!(4!K,''!(4!

&)!?9(4,!8:)-7(4-"!O9,!MZA+!?7:J,!.K&-9!(!C
0
!I51!=5,2!-(7$,-4!-9,!ZOAE!7,$&:)!J,-K,,)!-9,!#/!8',(>($,!4&-,!()=!-9,!EQA!8:=&)$!7,$&:)"!

!

O&6,H'(?4,!6&87:48:?5!

!

I,''4!K,7,!&6($,=!%4&)$!()!&)>,7-,=!S&@:)!O&HU!6&87:48:?,"!M'%:7,48,)8,!&''%6&)(-&:)!K(4!(89&,>,=!%4&)$![U]!'&$9-!.[%6,)8:72!()=!,6&--,=!'&$9-!

K(4!8:'',8-,=!%4&)$!(!D0!1!S"#"!E"T!:Je,8-&>,!()=!(!INWA! 8(6,7(!+(6(6(-4%!W78(!M'(49!T"0"!#)!(%-:6(-,=!4-($,!K(4!%4,=!-:!;:'':K!%?!-:!D0!

=&;;,7,)-!;&,'=4!:;!>&,K!&)!?(7('','!:>,7!-9,!8:%74,!:;!-9,!,<?,7&6,)-"!Z6($,4!K,7,!(8_%&7,=!,>,75!E0!:7!EC!6&)!;:7!(!-:-('!=%7(-&:)!:;!ET0!9!.;%''!

'&;,4?()!,<?,7&6,)-42!:7!DC!9!.PS#!MZA+!,<?,7&6,)-42!%4&)$!SZA!4:;-K(7,"!M:8%4!K(4!6(&)-(&),=!%4&)$!-9,!S&@:)!V,7;,8-!M:8%4!A54-,6"!#!8:)4-()-!

-,6?,7(-%7,!:;!10!I!K(4!6(&)-(&),=!:)!-9,!89&?!%4&)$!(!8%4-:6!4(6?',!9:'=,7!K&-9!-9,76:,',8-7&8!6:=%',4*!()!:Je,8-&>,!9,(-,7! K&-9!9,(-&)$!

7,4&4-:74*!()=!(!VZ]!8:)-7:'',7!.CIGHEBC*!W>,)!Z)=%4-7&,42"!

!

Z6($,!()('54&4!

!

#;-,7!(8_%&4&-&:)*!SZA! 7(K! =(-(!K,7,!()('5L,=!%4&)$! -9,! 8%4-:6!N#O[#\! 4:;-K(7,!?95':8,''! ()=!(%-:-7(8@*! (>(&'(J',!:)! 9--?4FggKKK"!

$&-9%J"8:6g$89(7>&)"!I,''! 8:)-:%74!()=! ;'%:7,48,)-!6(7@,74!K,7,! 4,$6,)-,=!%4&)$!(!6:=&;&,=!K(-,749,=!('$:7&-96!()=! -7(8@&)$!K(4!

(89&,>,=!K&-9!-9,!+%)$(7&()!6,-9:=*!(4!?7,>&:%4'5!=,487&J,=!.R:%',>!,-!('"*!/0EG2"!I,''!(7,(!K(4!6,(4%7,=!;7:6!-9,!4,$6,)H-(-&:)!:;!-9,!
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