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A' :+89)#B9'

Outer membrane vesicles (OMVs) are secreted by many bacterial species, where they are 

involved in diverse extracellular functions as well as intercellular communication. They contain 

DNA which has been reported to be a source for lateral gene transfer at a similar efficiency as 

transduction. However, it is only poorly understood what the natural genetic content of OMVs 

comprise and how it changes with different environmental conditions. Here, I searched for the 

existence of OMVs in several cyanobacteria and studied their genomic content. Additionally, I 

assessed OMVs abundance and genomic content in the unicellular Synechocystis sp. PCC 

6803 under various environmental conditions. 

I isolated vesicles from stationary growth cultures. Transmission electron microscopy 

showed OMVs in Synechocystis sp. PCC 6803, as well as in the filamentous Anabaena sp. 

PCC 7120 and Chlorogloeopsis fritschii PCC 6912 as discrete, spherical blebs having a bilayer 

membrane with a diameter ranging between 20 and 150 nm. Some of the isolated OMVs 

contained DNA and sequencing revealed the presence of most of the genome including the 

chromosome and plasmids (if existing) in all three cyanobacteria. Additionally, a temperate 

phage was identified in Chlorogloeopsis fritschii PCC 6912 via TEM and sequencing.  

For Synechocystis sp. PCC 6803, I found that the OMV abundance is significantly 

higher in bacteria cultured under heat– or high salt– stress in comparison to the control 

conditions. Sequencing revealed that two small cryptic plasmids – pCA2.4 and pCB2.4 – were 

highly overrepresented in the vesicle DNA independent of the growth conditions compared to 

a genomic DNA sample. I additionally identified overrepresented genes dependent on the 

growth condition in vesicles.  

I hypothesize that the enrichment for small plasmids in the vesicles is a stochastic 

process and a result of their high abundance in the cell, their packed topology, high diffusibility, 

and location. Further, I speculate that various mechanisms involved in cell cycle, transcription, 

or gene amplification might increase the likelihood of specific sequences to be packed in 

vesicles. My observations implicate that OMVs are a transfer mechanism of small plasmids by 

providing a nuclease protected DNA space and may serve as a mechanism to maintain 

plasmids and/or important genes for the population.  
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e)6*'X'&!,$5,!:35!`$0-'0($@R!9'0!,$5,)&?!'-!G30)3&*$5I!]$G$&$t5!,$5,!:35!3``6)$@R!

!
! !



! c\!

J' T,8$"98'

J2A' ?),8.U#9,)'BK#-7+#B9,)&#'M)7%$B,'7$9,)'/,/+)#-,'L,8&B",8'9.#9'B7-9#&-'-$B",&B'

#B&%8'

"'!,$5,!-'0!,#$!`0$5$&*$!'-!'/,$0!($(203&$!G$5)*6$5!)&!@)--$0$&,!*;3&'23*,$0)36!5`$*)$5I!*$665!

:$0$! ?0':&! /&,)6! 5,3,)'&30;! ?0':,#! `#35$! )&! 3&! 3``0'`0)3,$! ($@)/(I! ,#$! 5/`$0&3,3&,! :35!

5,$0)6$! -)6,$0$@! ,'! 0$('G$! 3&;! *$665! 3&@! G$5)*6$5! :$0$! $&0)*#$@! 2;! /6,03*$&,0)-/?3,)'&R! 9'0!

G)5/36)=3,)'&I!,03&5()55)'&!$6$*,0'&!()*0'5*'`;!7">18!3&@!-6/'0$5*$&,!()*0'5*'`;!:35!/5$@R!

"'!)&G$5,)?3,$!:#$,#$0!.145!*'&,3)&!&/*6$)*!3*)@5I!O!)&),)366;!@)?$5,$@!,#$!G$5)*6$5!,:)*$!:),#!

<C35$!O!,'!0$('G$!3&;!5/00'/&@)&?!<CE!,#3,!*'/6@!2$!`0$5$&,!)&!,#$!2/--$0!'0!3,,3*#$@!,'!,#$!

.145R!E5!3!&$?3,)G$!*'&,0'6I!W>Q>U!2/--$0!36'&$!:35!5,3)&$@!3&@!5#':$@!/&5`$*)-)*!'0!&'!

2)&@)&?! '-! Uh^Ti! %'6@I! :#)*#! )5! 0$*'?&)=326$! 2;! $X,0$($6;! -35,! -6/'0$5*$&*$! 26$3*#)&?!

79)?/0$!U!ME!3&@!^8R!

J2A2A' >$9,)'/,/+)#-,'L,8&B",8'&-'9.,'$-&B,""$"#)'!"#$%&'%"()*('8M2'6!!'JYNH'''

]''A)&?!-'0!.145!)&!!"#$%&'%"()*(!5`R!Q++!abLcI!O!̀ 0$`30$@!,#$!53(`6$5!35!@$5*0)2$@!32'G$!

3&@!G)5/36)=$@!,#$!`30,)*6$5!/5)&?!">1!79)?/0$!fE8R!O!-'/&@!G$5)*6$5!:#)*#!:$0$!KL!d!MfL!&(!

)&!@)3($,$0!3&@!3``$30$@!$(`,;!79)?/0$!fEI!263*A!300':8!'0!:),#!3&!$6$*,0'&!@$&5$!6/()&36!

*'&,$&,!79)?/0$!fEI!:#),$!300':8R!9/0,#$0I!Uh^Ti!%'6@!5,3)&)&?!0$G$36$@!<CE!*'&,$&,!)&!3,!

6$35,!5'($!'-!,#$!G$5)*6$5!79)?/0$!f^8R!"#)5!)&@)*3,$5!,#3,!!"#$%&'%"()*(!5`R!Q++!abLc!)5!326$!

,'!`0'@/*$!<CE!*'&,3)&)&?!.145R!">1!)(3?)&?!'-!:#'6$!23*,$0)36!*$665!0$G$36$@!3!-0$5#6;!

@$,3*#$@!'/,$0!($(203&$!G$5)*6$!:),#!3&!$6$*,0'&!@$&5$!($(203&$!79)?/0$!f+I!300':8!3&@!

,#$! `/,3,)G$! @$,3*#)&?! ='&$! '&! ,#$! *$66/630! 5),$! 79)?/0$! f+I! 300':! #$3@8R! "#)5! '25$0G3,)'&!

5/``'0,5!,#$!&',)'&!,#3,!.145!30$!3*,)G$6;!`0'@/*$@!3&@!5#$@!2;!6)G)&?!23*,$0)3R!!

!
,*-./$+ <+ =.)$/+ >$>4/3#$+ ?$(*%6$(+ *#+ SK-,B.7BK89&8+ (7@+ A55+ BCD9@. 5+@. _h`. *<,2$. '4. 'M)$1.

<$<-1,#$.Z$(*%0$(.*('0,)$E.41'<.)&$.%$00.41$$.(M3$1#,),#).'4.U;&$*#'*;5,)5.(36.R//.QC>Y.'4.E*44$1$#).

(*\$(. -$)F$$#. =>. )'. 7?>. #<. 5-0,%B. ,11'F(@6. !'<$. '4. )&$. Z$(*%0$(. (&'F. ,#. $0$%)1'#. E$#($. 0M<*#,0.

%'#)$#).5F&*)$.,11'F(@6.5A@.SV,($.G.E*2$()$E.,#E.20M),1,0E$&"E$.4*O$E.T`I(.(),*#$E.F*)&.!bADr.W'0E6.

W1$$#.E')(.,1$.40M'1$(%$#).#M%0$*%.,%*E(.*#.Z$(*%0$(.5F&*)$.,11'F(@6.5/@._h`.*<,2$.'4.,.41$(&0".4'1<$E.

Z$(*%0$.5-0,%B.,11'F@.,#E.)&$.E$),%&<$#).3'*#).'#.)&$.%$00M0,1.(*)$.5-0,%B.,11'F.&$,E6.!%,0$.-,1(.,1$.

7>>.#<.*#.5+:./@.,#E.7s<.*#.5A@6..



! cb!

J2A2D' ?&"#/,-97$80'F),8.U#9,)'BK#-7+#B9,)&#'F)7/'8,B9&7-'IO'M)7%$B,'7$9,)'/,/+)#-,'

L,8&B",8'9.#9'B7-9#&-'-$B",&B'#B&%8''

E5!$X3(`6$5!-'0!5$*,)'&!O4!-)63($&,'/5!?0':)&?!*;3&'23*,$0)3I!O!,$5,$@!!%")'#$<,.&'4<,##*!

Q++!\MML!3&@!+#,-,$#,.5`R!Q++!\MKL!-'0!,#$!`0'@/*,)'&!'-!'/,$0!($(203&$!G$5)*6$5R!!

O&.!%")'#$<,.&'4<,##*!Q++!\MMLI!'&6;!-$:!,;`)*36!'/,$0!($(203&$!G$5)*6$5!*'/6@!2$!

@$,$*,$@! :),#! 3&! $5,)(3,$@! 5)=$! '-! 3``0'X)(3,$6;! MLL! &(! 3&@! 3&! $6$*,0'&! @$&5$! 6/()&36!

*'&,$&,! 35! 5#':&! )&! 9)?/0$! aER! W':$G$0I! ,#$! ('5,! 32/&@3&,! `30,)*6$5! :$0$! G$5)*6$! 6)A$!

5,0/*,/0$5!@)5`63;)&?!3!0'@B5#3`$@!('0`#'6'?;!:),#!3&!/&/5/36!$G$&!5)=$!@)5,0)2/,)'&!'-!bL!&(!

79)?/0$!a^I!263*A!300':58R!E@@),)'&366;I!('5,!`30,)*6$5!3``$30!,'!#3G$!3!5$`,/(!)&!,#$!*$&,$0!

:#)6$!',#$05!30$!3``0'X)(3,$6;!#36-!,#$!5)=$!730'/&@![L!&(8!:),#'/,!,#$!5$`,/(!79)?/0$!a!^I!

:#),$!300':58R!</$!,'!,#$!G$0;!6':!32/&@3&*$!'-!,;`)*366;!-'0($@!.145!3&@!,#$!`0$5$&*$!'-!

3,;`)*366;!5(366!`30,)*6$5I!O!@)@!&',!*'&,)&/$!,'!:'0A!:),#!,#)5!5,03)&R!

.

!
,*-./$+B+=.)$/+>$>4/3#$+?$(*%6$(+*#+)&$+($%)*'#+EF+%"3#'43%)$/*.>+SBK97-,/#'.7F/#--&.A55+

G00D@.5+@.V$2,)*Z$.(),*#$E._h`.*<,2$.'4.3M1*4*$E.'M)$1.<$<-1,#$.Z$(*%0$(6._&$.-0,%B.,11'F.(&'F(.,#.

$O,<30$.'4.,.)"3*%,00".(&,3$E.T`I.F*)&.$0$%)1'#.E$#($.0M<*#,0.%'#)$#)6.5A@.I$(*%0$.0*B$.()1M%)M1$(.F*)&.

,#. ,)"3*%,0. 1'EX(&,3$E. <'13&'0'2". ,#E. ,. ($3)M<. *#. )&$. %$#)$1. 5-0,%B. ,11'F(@6. +EE*)*'#,00"L. 1'M#E.

3,1)*%0$(L.&,04.)&$.(*\$.'4.)&$.1'EX(&,3$E.$#)*)*$(.%'M0E.-$.E$)$%)$E.5F&*)$.,11'F(@6.!%,0$.-,1(.,1$.7>>.

#<6.'

E5!3!5$*'&@!$X3(`6$!-'0!5$*,)'&!O4!*;3&'23*,$0)3I!O!)&G$5,)?3,$@!+#,-,$#,!5`R!Q++!

\MKLR!O&!,#)5!5,03)&I!O!365'!-'/&@!'/,$0!($(203&$!G$5)*6$5!)&!,#$!*$66!-0$$!5/`$0&3,3&,R!4$5)*6$5!

'**/00$@!35!0'/&@!$&,),)$5!:),#!3!5)&?6$!63;$0!79)?/0$!\EI!:#),$!300':58!'0!2)63;$0!79)?/0$!a^I!

263*A!300':58!($(203&$R!"#$;!3``$30$@!$(`,;!'0!:),#!3&!$6$*,0'&!@$&5$!6/()&36!*'&,$&,!3&@!

,#$!@)3($,$0!03&?$@!-0'(!Mf!,'!MKL!&(R!"$5,)&?!.145!:),#!Uh^Ti!%'6@!0$G$36$@!&/*6$)*!

3*)@5!)&!3,!6$35,!5'($!'-!,#$(!79)?/0$!\^8R!"3A$&!,'?$,#$0I!,#$5$!0$5/6,5!5#':!,#3,!-)63($&,'/5!

*;3&'23*,$0)3!'-!5$*,)'&!O4!`0'@/*$!.145!:#)*#!*3&!*'&,3)&!&/*6$)*!3*)@5R!!

!



! cN!

!
,*-./$+G+=.)$/+>$>4/3#$+?$(*%6$(+*#+)&$+($%)*'#+EF+%"3#'43%)$/*.>+:-#+#,-#+(7@+A55+G01D@.

5+@.V$2,)*Z$.(),*#$E._h`.*<,2$.'4.3M1*4*$E.'M)$1.<$<-1,#$.Z$(*%0$(.'4.E*44$1$#).(*\$(.(M11'M#E$E.-".

,.(*#20$.<$<-1,#$.5F&*)$.,11'F(@.'1.,.-*0,"$1.<$<-1,#$.5-0,%B.,11'F(@6. 5A@.SV,($. G.E*2$()$E.,#E.

20M),1,0E$&"E$. 4*O$E. Z$(*%0$(. (),*#$E. F*)&. !bADr. W'0E6. W1$$#. E')(. 1$31$($#). 40M'1$(%$#). SV+. *#.

Z$(*%0$(6.!%,0$.-,1.*#.5+@.*(.7>>.#<.,#E.*#.5A@.1$31$($#)(.7s<6.

!

J2A2H' 6#)9&B",8'&-'8,B9&7-'O'BK#-7+#B9,)&#''

+;3&'23*,$0)3!-0'(!5$*,)'&!4!30$!*#303*,$0)=$@!2;!,#$)0!(/6,)*$66/630),;I!-'0()&?!@)--$0$&,)3,$@!

*$665!-'0!&),0'?$&!-)X3,)'&!3&@!,#$)0!,0/$!203&*#)&?R!O!)&G$5,)?3,$@!,#$!*$66B-0$$!5/`$0&3,3&,5!'-!

U*(%&$1$00,. <M(%*%'0,! Q++! \[M[I! U*(%&$1$00,. )&$1<,0*(! Q++! \fKMI! 3&@! /&0'1'20'$'3(*(.

41*)(%&**!Q++!aNMK!-'0!,#$!`0$5$&*$!'-!.145R!!

O&! U*(%&$1$00,. <M(%*%'0,! Q++! \[M[! &'! ,;`)*36! '/,$0! ($(203&$! G$5)*6$5! *'/6@! 2$!

@$,$*,$@R!W':$G$0I!O!*'/6@!@$,$*,!G$0;!5(366!0'@B5#3`$@!`30,)*6$5!5)=$@!30'/&@!ML!&(!79)?/0$!

bE8!,#3,!63*A!,#$!,;`)*36!5#3`$!3&@!($(203&$!:#)*#!)5!?$&$0)*!-'0!'/,$0!($(203&$!G$5)*6$5R!

C'&$,#$6$55I!O!,$5,$@!:#$,#$0!O!*'/6@!@$,$*,!<CE!2$30)&?!`30,)*6$5!3-,$0!<C35$!O!@)?$5,)'&!)&!

,#$!.14!$X,03*,!3&@! )&@$$@! -'/&@!Uh^Ti!%'6@!`'5),)G$!`30,)*6$5!'-!30'/&@!fL!d!KLL!&(R!

79)?/0$!b^8R!"#$5$!0$5/6,5!)&@)*3,$!,#3,!.145!30$!$),#$0!$X,0$($6;!030$!3&@!@)--)*/6,!,'!@$,$*,!

/5)&?!$6$*,0'&!()*0'5*'`;I!,#3,!,#$!`0'*$55!'-!53(`6$!`0$`303,)'&!-'0!,#$!">1!)5!$6)()&3,)&?!

,#$!.145I!'0!,#3,!,#$!Uh^Ti!%'6@!`'5),)G$!`30,)*6$5!30$!'-!@)--$0$&,!'0)?)&R!!

!

!



! [L!

!
,*-./$+C+A3/)*%6$(+*#+?&8B.,),""#'/$8B&B7"#+A55+G:0:@+5+H+V'.'M)$1.<$<-1,#$.Z$(*%0$(.%'M0E.-$.

E$)$%)$E. *#. )&$.($%)*'#.I.%",#'-,%)$1*M<.9)5*#$0$663!(/5*)*'63.R//.9P7P.-". )1,#(<*((*'#.$0$%)1'#.

<*%1'(%'3"6.;'F$Z$1L.('<$.$O)1$<$0".(<,00. 1'EX(&,3$E.3,1)*%0$(.'4.,331'O*<,)$0".7>.#<.%'M0E.-$.

E$)$%)$E6.5A@.!bADr.W'0E.(),*#*#2.1$Z$,0$E.1'M#E.3,1)*%0$(.%'#),*#*#2.#M%0$*%.,%*E(.521$$#.E')(@6.!%,0$.

-,1.*#.5+@.1$31$($#)(.7>>.#<.,#E.*#.5A@.7.s<6!!

!
,*-./$+I+A3/)*%6$(+*#+?&8B.,),""#'9.,)/#"&8+A55+G<10@.5+@.I$(*%0$.0*B$.()1M%)M1$(.F*)&.,#.,)"3*%,0.1'EX

(&,3$E.<'13&'0'2".,#E.,.($3)M<. *#. )&$.%$#)$1. 5,11'F(@. *#. )&$.(M3$1#,),#).'4.9)5*#$0$663! ,#$0(36)5.

R//.9?=7.-".)1,#(<*((*'#.$0$%)1'#.<*%1'(%'3".F*)&.,.(*\$.'4.C>.)'.7>>.#<6.+EE*)*'#,00"L.1'M#E.3,1)*%0$(L.

&,04.)&$.(*\$.'4.)&$.1'EX(&,3$E.'#$(.%'M0E.-$.E$)$%)$E.5,11'F.&$,E(@6.5A@._h`.*<,2$.'4.1'EX(&,3$E.

3,1)*%0$(.'4.C>X7>>.#<.F*)&.,.($3)M<.5,11'F(@.,#E.1'M#E.3,1)*%0$(.'4.,331'O*<,)$0".P>.#<.5,11'F.&$,E(@.

E*1$%)0". $<-$EE$E. *#. )&$. $O'3'0"(,%%&,1*E$. 0,"$1. '4. )&$. -,%)$1*,6. 5/@. SV,($. G. E*2$()$E. ,#E.

20M),1,0E$&"E$.4*O$E.Z$(*%0$(.(),*#$E.F*)&.!bADr.W'0E6.W1$$#.E')(.1$31$($#).40M'1$(%$#).SV+.*#.)&$.

3,1)*%0$(6.!%,0$.-,1(.*#.5+@.,#E.5A@.1$31$($#).7>>.#<.,#E.*#.5/@.7.s<6.

">1!)(3?)&?!'-!U*(%&$1$00,.)&$1<,0*(!Q++!\fKM!0$G$36$@!,#$!`0$5$&*$!'-!3,;`)*36!0'@B

5#3`$@! 7zbL! d! MLL! &(! )&! @)3($,$08! `30,)*6$5! :),#! 3&! $6$*,0'&! @$&5$! ($(203&$! 63;$0R!

O&,$0$5,)&?6;I! O! @$,$*,$@! `30,)*6$5! :#)*#! 3``$30$@! ,'! 2$! @)G)@$@! 2;! 3! 5$`,/(! 79)?/0$! NEI!

300':58R!O&!3@@),)'&I!O!-'/&@!`30,)*6$5!,#3,!:$0$!#36-!,#$!5)=$!730'/&@![L!&(8!3&@!'-!0'/&@$0!

5#3`$! 79)?/0$! NEI! 300':! #$3@58R! U$*,)'&! 4! *;3&'23*,$0)3! ,;`)*366;! `0'@/*$! G$0;! ,#)*A!

$X'`'6;53**#30)@$!63;$05I!:#)*#!3``$30!35!3&!$6$*,0'&!@$&5$!(355!*'&5)5,)&?!'-!5#'0,!-)2$05!

79)?/0$!N^8R! O&! ,#$5$! 63;$05I! O!*'/6@!@$,$*,! ,#$!53($!0'@B5#3`$@!G$5)*6$5!'-!3``0'X)(3,$6;!

bL!&(!:),#!3!5$`,/(!7300':58!'0!0'/&@!`30,)*6$5!:),#'/,!3!5$`,/(!7300':!#$3@58!'-!30'/&@!



! [M!

[L!&(!)&!@)3($,$0R!"$5,)&?!-'0!<CE!*'&,$&,!)&!,#$!`30,)*6$5!:),#!Uh^Ti!%'6@I!O!@$,$*,$@!<CE!

`'5),)G$!`30,)*6$5!79)?/0$!N+8R!"#/5I!U*(%&$1$00,.)&$1<,0*(!Q++!\fKM!`0'@/*$5!3,;`)*36I!0'@B

5#3`$@I!5(366I!3&@!`0$5/(326;!<CE!*'&,3)&)&?!`30,)*6$5!3&@!O!@)@!&',!)&*6/@$!,#)5!5,03)&5!)&,'!

-/0,#$0!3&36;5$5R!!

!

O&! /&0'1'20'$'3(*(. 41*)(%&**! Q++! aNMKI! O! 365'! )@$&,)-)$@! G$5)*6$! 6)A$! 5,0/*,/0$5! )&! ,#$!

5/`$0&3,3&,R! "#'5$! $&,),)$5I! #':$G$0I! 5#':$@! 3! G$0;! #'('?$&'/5! 5)=$! @)5,0)2/,)'&! :),#!

36('5,!366!$&,),)$5!#3G)&?!3!@)3($,$0!'-!bL!&(!3&@!'&6;!5'($!:$0$!5(366$0!'0!630?$0!79)?/0$!

MLEI!:#),$!300':58R!+30$-/6!$X3()&3,)'&!'-!,#$!)(3?$5!0$G$36$@!3&!'*,3?'&36!-'0(!'-!('5,!'-!

,#$!$&,),)$5!79)?/0$!MLE!p!^I!263*A!300':58!3&@!,#$!3``$303&*$!'-!,3)6B6)A$!5,0/*,/0$5!79)?/0$!

MLEI!263*A!300':!#$3@8I!:#)*#! 6$3@! ,'! ,#$!#;`',#$5)5I! ,#3,! ,#)5! 5,03)&.`'55$55$5!3!`#3?$R!

E6,#'/?#!,#$!(3n'0),;!'-!,#$!`30,)*6$5!30$!*'(`0)5$@!,#$!`/,3,)G$!`#3?$I!O!*'/6@!365'!)@$&,)-;!

.145!,#3,!:$0$!0'/&@!5#3`$@!:),#!@)--$0$&,!5)=$5!'-!ML!d!MLL!&(!79)?/0$!MLEP!:#),$!300':5o!

^P!263*A!300':!#$3@58R!!

!

!
,*-./$+0D+=.)$/+>$>4/3#$+?$(*%6$(+3#J+7.)3)*?$+7&3-$(+*#+!."7)71"7,7M8&8'F)&98B.&&+A55+BI01@.

5+@. +#6'0'?6'$'`5)5. -0),5*#)). R//.Q87=. (&'F(. 4$F.E*44$1$#)0". (*\$E.'M)$1.<$<-1,#$. Z$(*%0$(. 5F&*)$.

,11'F(@.,#E.<,#".3&,2$.&$,E(.F*)&.$0$%)1'#.E$#($.0M<*#,0.%'#)$#).5-0,%B.,11'F(@.,#E.),*0.()1M%)M1$(.

5-0,%B.,11'F.&$,E(@6.5A@.+#.$#0,12$E._h`.*<,2$.'4.,.3&,2$.&$,E.5-0,%B.,11'F@6._&$.,11'F.&$,E.&*#)(.

)'.,.3M),)*Z$.T`I.F*)&.$0$%)1'#.E$#($.0M<*#,0.%'#)$#)6.!%,0$.-,1.5+@.*(.=>>.#<.,#E.5A@.*(.7>>.#<6.

J2D' S,V$,-B&-1'7F'L,8&B",'W@:'F)7/'%&FF,),-9'89)#&-8X'#'M&"79'9,89'

90'(! ,#$! 0$5/6,5! 32'G$I! O! 6$30&$@! ,#3,! 3,! 6$35,! 5'($! *;3&'23*,$0)36! 5`$*)$5! '-! @)--$0$&,!

('0`#'6'?)*36!*'(`6$X),)$5!`0'@/*$!'/,$0!($(203&$!G$5)*6$5!,#3,!*'&,3)&!<CER!C$X,I!O!:35!

)&,$0$5,$@! )&! ,#$! 3*,/36! ?$&$,)*! *'&,$&,! '-! ,#$! .145I! 3&@! :#$,#$0! ,#$! `/,3,)G$! `#3?$! )&!

/&0'1'20'$'3(*(. 41*)(%&**! Q++! aNMK! )5! )&@$$@! 3! `#3?$R! "#$0$-'0$I! O! )5'63,$@! G$5)*6$5! -0'(!

5,03)&5I!:#$0$!O!*6$306;!)@$&,)-)$@!G$5)*6$5!35!@$5*0)2$@!2$-'0$I!&3($6;!!"#$%&'%"()*(!5`R!Q++!

abLcI!+#,-,$#,!5`R!Q++!\MKLI!3&@!3@@),)'&366;!`30,)*6$5!-0'(!/&0'1'20'$'3(*(.41*)(%&**!Q++!

aNMKR! O!@)?$5,$@! ,#$(! ,:)*$!:),#!<C35$! O! ,'! 0$('G$!3&;!<CE!3,,3*#$@! ,'! ,#$!`30,)*6$5!'0!

-6'3,)&?!)&!,#$!5/`$0&3,3&,I!3&@!3-,$0:30@5!)5'63,$@!G$5)*6$j`30,)*6$!<CER!"#$!3*,)G),;!'-!<C35$!



! [K!

O! :35! ,$5,$@! )&! 3! `0$6)()&30;! ,$5,! '&! ?$&'()*! <CE! 53(`6$5! :),#! <CE! *'&*$&,03,)'&5!

*'(`30326$!,'!,#'5$!-'/&@!)&!,#$!G$5)*6$5!/`!,'!,$&!,)($5!('0$!<CER!"#$!@)?$5,)'&!'-!,#'5$!

53(`6$5! :35! ,$5,$@! :),#! g/3&,),3,)G$! Q+T! 3&@! &'! 3(`6)-)*3,)'&! *'/6@! 2$! '25$0G$@! &'0! 3!

`0'@/*,!:35!-'/&@!:#$&!0$*'0@)&?!3!($6,)&?!*/0G$!7"326$!U!c8R!9'0!$G$0;!G$5)*6$j`30,)*6$!<CE!

)5'63,)'&!0/&I!O!@)?$5,$@!3!?$&'()*!<CE!53(`6$!35!*'&,0'6!3&@!&$G$0!'25$0G$@!3(`6)-)*3,)'&!

'-!3!`0'@/*,!)&@)*3,)&?!3&!3*,)G$!<C35$!OR!!

"#$!G$5)*6$!<CE!:35!`/0)-)$@!3&@!5$g/$&*$@!'&!3!1;U$g!`63,-'0(!:),#!KX!MfL!2`R!

T$3@!g/36),;!:35!355$55$@!:),#! -35,Y+!GLRMMR[!3&@! ,#$! 0$3@5!:$0$!g/36),;! ,0)(($@!/5)&?!

,0)(('(3,)*!GLRcaR!T$3@5!:$0$!(3``$@!'&!,#$!3``0'`0)3,$!0$-$0$&*$!?$&'($!75$$!"326$![!8!

:),#!2':,)$K!GKRcR[RMR!!

J2D2A' S,V$,-B&-1'),8$"98'7F'L,8&B",'W@:'%,)&L,%'F)7/'!"#$%&'%"()*('8M2'6!!'JYNH'

./,$0!($(203&$!G$5)*6$5!-0'(!!"#$%&'%"()*(!5`R!Q++!abLc!:$0$!5$g/$&*$@!)&!,:'!23,*#$5!

723,*#!MP!U;Mo!23,*#!KP!U;KI!U;cI!U;[8R!e#)6$!,#$!5$g/$&*)&?!'-!U;M!0$5/6,$@!)&!zMR[!()66)'&!

0$3@5o! ,#$! 5$g/$&*)&?! '-! ,#$! 5$*'&@! 23,*#! ?3G$! '&6;! caIMa\! ,'! [\IbLc! ,',36! 0$3@5! 2$-'0$!

,0)(()&?!7"326$!f8R!O&!?$&$036I!,#$!g/36),;!'-!5$g/$&*)&?!:35!6':I!)&@)*3,$@!2;!#)?#!-)6,$0)&?!

03,$5!'-!0$3@5!3-,$0!,0)(()&?R!O&!'0@$0!,'!0$,3)&!35!(/*#!)&-'0(3,)'&!35!`'55)26$I!366!3G3)6326$!

0$3@5!3-,$0! ,0)(()&?!:$0$! )&*6/@$@! )&,'! -/0,#$0!3&36;5)5I! 0$?30@6$55! )-!`3)0$@!'0!5)&?6$!$&@R!

.&6;!MRNs!,'!bRaNs!'-!,#$!0$3@5!36)?&$@!,'!,#$!0$-$0$&*$!?$&'($R!!

!

;346$+<._'),0.1$,E(L.1$,E(.,4)$1.)1*<<*#2.,#E.,0*2#<$#).1,)$.

!! SKA' SKD' SKH' SKC'
,',36!0$3@5! MIc\[IfNa! [\IbLc! c\IMaL! caIMa\!
2',#!5/0G)G)&?! [[IK\b! cIK\b! bIKK[! KIK\[!
-'0:30@!'&6;! Mc\I[MM! fINM[! aIfca! aIbbK!
0$G$05$!'&6;! \IM\[! MIKbc! MI\N[! abM!
-)6,$0$@! MIMbfI\cc! c\IcKb! KLIaLa! KaIccL!
36)?&($&,!03,$! aRbas! cRKbs! MRNLs! bRaNs!

!



! [c!

!
,*-./$+00./'Z$1,2$.3$1.-,($.3,*1.'4. Z$(*%0$.SV+L. *('0,)$E. 41'<. 4'M1.U;&$*#'*;5,)5. (36.R//.QC>Y.

(,<30$(.'Z$1.,00.1$30*%'#(.31$($#)$E.,(.&$,)<,36./'0'1(.1$31$($#).&*2&$1.%'Z$1,2$.*#.0'27>.(%,0$.41'<.

-0M$.50'F@.)'.1$E.5&*2&@6.

9)?/0$!MM!@)5`63;5!,#$!*'G$03?$!`$0!235$!`3)0!'G$0!366!0$`6)*'&5!'-!,#$!-'/0!@)--$0$&,!

0$`6)*3,$5R!O!-)05,!&',)*$@!,#3,!,#$!5(366!`635()@!`++fRK!)5!&',!*'G$0$@!)&!3&;!53(`6$I!,#/5!),!)5!

$),#$0! &',! `0$5$&,! )&! G$5)*6$5! '0! &',! `0$5$&,! )&! ,#$! 632! 5,03)&! 3,! 366R! O&! ?$&$036I! O! -'/&@! 3!

-03*,)'&3,$@! *'G$03?$! '-! 366! ',#$0! 0$`6)*'&5! :),#! G$0;! 6':! *'G$03?$5! @/$! ,'! ,#$! 6':! 0$3@!

&/(2$05R!O&!U;MI!,#$!5(366!`635()@5!`+EKR[!3&@!`+^KR[!30$!*'(`6$,$6;!*'G$0$@!:),#!,$&!,)($!

#)?#$0! ($@)3&5! *'(`30$@! ,'! 366! ',#$0! 0$`6)*'&5! 7"326$! a8R! C',326;I! ,#$! 'G$0366! *'G$03?$!

-03*,)'&!'-!2',#!5(366!`635()@5!:35!365'!#)?#$5,!)&!23,*#!,:'I!:#$0$!),!03&?$@!-0'(!K[RMMs!

7U;K8!,'!f[RKas!7U;[8!)&!`+EKR[!3&@!-0'(!MNR\s!7U;c8!/`!,'!faRcNs!7U;[8!)&!`+^KR[I!:#)*#!

30$!('0$!,#3&!,$&!,)($5!#)?#$0!G36/$5!,#3&!'25$0G$@!-'0!,#$!',#$0!0$`6)*'&5R!E&!$X`63&3,)'&!

*'/6@!2$!,#3,!2',#!`635()@5!30$!('0$!,#3&!#/&@0$@!,)($5!5(366$0!,#3&!,#$!630?$0!-03?($&,5I!

,#/5! ),! )5!('0$! 6)A$6;! -'0! ,#$(!,'!2$!*'G$0$@!*'(`6$,$6;!2;!'&6;! -$:!0$3@5R!"3A$&!,'?$,#$0I!

3`30,!-0'(!̀ ''0!5$g/$&*)&?I!,#$!0$5/6,5!#)&,!,'!,#$!*'&*6/5)'&5!,#3,!7O8!̀ 30,5!'-!,#$!*#0'('5'($!

35!:$66!35!366!`635()@5!30$!`0$5$&,!)&!'/,$0!($(203&$!G$5)*6$5!3&@!7OO8!2',#!5(366!`635()@5!

()?#,!2$!$&0)*#$@!)&!'/,$0!($(203&$!G$5)*6$5!'-!!"#$%&'%"()*(!5`R!Q++!abLcR!!

!

!

!

!

!

!

!

+'G$03?$!'-!53(`6$5!`$0!0$`6)*'&!



! [[!

;346$+ B. `$E*,#L. <$,#. 5*#. 3,1$#)&$(*(@L. ,#E. 'Z$1,00. %'Z$1,2$. tuv. '4. ZSV+. *#. 4'M1. (,<30$(. '4.

!"#$%&'%"()*(.(36.R//.QC>Y.T`I(.'Z$1.,00.1$30*%'#(6.

!! SKA' SKD' SKH' SKC'
' K! M! M! M!
*#0'('5'($! 7KRL[8! 7MRK[8! 7MRM\8! 7MRKc8!
!! ccRNNs! MRMfs! LRb[s! KR[cs!
! K! M! M! M!
`UhUE! KRM\! 7MRL\8! 7MR\M8! 7MRM\8!
! [LRLMs! KRLfs! MRfcs! cRabs!
! K! K! M! M!
`UhU%! 7KR\[8! 7MRfN8! 7M8! 7MRMc8!
! acRL\s! LRNcs! LRaMs! cRKNs!
! K! M! M! M!
`UhU1! 7KRMa8! 7MRLa8! 7MRc\8! 7MRcM8!
! cfRL[s! MRafs! MRNKs! MRNas!
! K! M! M! M!
`UhUr! 7KRL[8! 7MR\[8! 7MRMN8! 7MRKM8!
!! [LRKKs! MR[Ms! KR[Ns! [RcMs!
! M\! K! K! M!
`+EKR[! 7M\Ra\8! 7MRa\8! 7MRNc8! 7MR[a8!
! MLLRLLs! K[RMMs! c\Rf[s! f[RKas!
! KM! M! M! M!
`+^KR[! 7KcRfL8! 7MRMf8! 7MRK\8! 7MRfc8!
! MLLRLLs! ccR[Ks! MNR\Ls! faRcNs!
! L! L! L! L!
`++fRK! L! L! L! L!
'' LRLLs! LRLLs! LRLLs! LRLLs!

!

J2D2D' S,V$,-B&-1'),8$"98'7F'L,8&B",'W@:'F)7/'2#343$#3'8M2'6!!'QADN'

9'0!+#,-,$#,! 5`R!Q++!\MKLI! O! 5$g/$&*$@!G<CE! )&! ,:'!23,*#$5! 7-)05,!23,*#P!E&Mo!5$*'&@!

23,*#P!E&K!p!E&c8R!e#)6$!0/&!M!753(`6$!E&M8!#3@!30'/&@!M[R\!()66)'&!0$3@5I!23,*#!K!7E&K!3&@!

E&c8!`0'@/*$@!-30!6$55!,',36!0$3@5!:),#![\Ib[[!3&@!KaMIcL[!0$5`$*,)G$6;!75$$!"326$!\8R!E-,$0!

g/36),;!,0)(()&?I!(3&;!0$3@5!:),#!`''0!g/36),;!:$0$!-)6,$0$@!7KfR\s!)&!E&Mo!fKI\s!)&!E&KI!3&@!

cNIas!)&!E&c8R!"#$!'G$0366!36)?&($&,!03,$!03&?$@!2$,:$$&!acRK!,'!NKRfsR!

!
;346$+G._'),0.1$,E(L.1$,E(.,4)$1.)1*<<*#2.,#E.,0*2#<$#).1,)$.

!! :-A' :-D' :-H'
0$3@5! M[IaNNIa\K! [\Ib[[! KaMIcL[!
2',#!5/0G)G)&?! cINMaI[NL! bIKcK! fcIL\M!
-'0:30@!'&6;! aI\NbI\bb! McIca\! MLLIcM\!
0$G$05$!'&6;! MbfIL[M! MILMc! [IfL[!
@0'``$@! cI\NNIcfc! KfIKcK! MLcI[MK!
36)?&($&,!03,$! NKRfs! acRMbs! bbRNas!



! [f!

!

!
,*-./$+01./'Z$1,2$.3$1.-,($.3,*1.'4.Z$(*%0$.SV+L.*('0,)$E.41'<.)&1$$.E&323$&3.(36.R//.97=>.(,<30$(.

'Z$1.,00. 1$30*%'#(.31$($#)$E.,(.&$,)<,36./'0'1(.1$31$($#).&*2&$1.%'Z$1,2$. *#. 0'27>.(%,0$.41'<.-0M$.

50'F@.)'.1$E.5&*2&@6..

9)?/0$!MK!@)5`63;5!3!*'G$03?$!`6',!'G$0!366!0$`6)*'&5!0$`0$5$&,$@!35!3!#$3,(3`!-0'(!

6':!*'G$03?$!75,30,)&?!-0'(!L!7:#),$8!'G$0!26/$!,'!#)?#!*'G$03?$5!70$@8!)&!6'?ML!5*36$R!4$5)*6$!

<CE!'-!+#,-,$#,.5`R!Q++!\MKL!*'&,3)&5!5$g/$&*$5!-0'(!,#$!*#0'('5'($!35!:$66!35!-0'(!

366!5)X!)&,0)&5)*!`635()@5R!"#$!($@)3&j!($3&!*'G$03?$5!30$!#)?#$5,!-'0!`635()@!36`#3I!`635()@!

$`5)6'&I!3&@!`635()@!?3((3!)&!366!,#0$$!0$`6)*3,$5!@$5`),$!'-!,#$!'G$0366!5$g/$&*)&?!g/36),;!

75$$!"326$!b8R!E@@),)'&366;I!,#$!'G$0366!*'G$03?$!:35!2$5,!)&!,#'5$!`635()@5R!.&!`635()@!@$6,3I!

O!@$,$*,$@!,#0$$!630?$!`$3A5I!`0$5$&,!)&!E&M!3&@!E&K!,#3,!#3G$!cRf!d!\RfB-'6@!#)?#$0!($@)3&!

*'G$03?$5! 75$$! "326$! NR! "#$5$! `$3A5! 5`3&! /`! ,'! NMs! '-! c! @)--$0$&,! ,03&5`'535$! ?$&$5!

7eQ{LMLNNNfL[RMI!eQ{Lb[\bNLfaRMI!3&@!eQ{LMLNNN\NbRM8R!!

!"3A$&!,'?$,#$0I!,#$!0$5/6,5!)&@)*3,$!,#3,!`30,5!'-!366!0$`6)*'&5!30$!`0$5$&,!)&!.145!'-!

+#,-,$#,!5`R!Q++!\MKLI!,#3,!̀ 635()@!36`#3I!$`5)6'&I!3&@!?3((3!()?#,!2$!$&0)*#$@!)&!G$5)*6$!

<CE!3&@!,#3,!,#$0$!()?#,!2$!'G$00$`0$5$&,$@!0$?)'&5!)&!G$5)*6$!<CE!'-!+#,-,$#,!5`R!Q++!

\MKLR!!

!

!

!

!

!

!

!

+'G$03?$!'-!53(`6$5!`$0!0$`6)*'&!



! [a!

;346$+ C. `$E*,#L. <$,#. 5*#. 3,1$#)&$(*(@L. ,#E. 'Z$1,00. %'Z$1,2$. tuv. '4. ZSV+. *#. )&1$$. (,<30$(. '4.

E&323$&3!(36.R//.97=>.T`I(.'Z$1.,00.1$30*%'#(.

U3(`6$! *#0'('5'($! `E6`#3! `^$,3! `<$6,3! `>`5)6'&! `%3((3! `S$,3!
! NM! abf! M\[! M\L! MMf\! [\K! caf!
E&M! 7MLLR\b8! 7\fMRKN8! 7MNLRfa8! 7KLcRKa8! 7Mc[fR[f8! 7fMMRKc8! 7cbfRbL8!
!! NNRNbs! MLLRLLs! NNRbLs! MLLRLLs! MLLRLLs! MLLRLLs! MLLRLLs!
! M! K! M! M! K! K! M!
E&K! 7MRcb8! 7KRLc8! 7MR[M8! 7MR[a8! 7KRc\8! 7KRMM8! 7MRa\8!
!! MKRLMs! faRfMs! MNR[as! M\RLMs! a\RMLs! fNRMMs! KMRfcs!
! K! ML! c! c! MK! b! f!
E&c! 7KRfa8! 7MMRfa8! 7cRfa8! 7cR[L8! 7M[RaL8! 7NRLM8! 7fR[[8!
!! aaR\Ms! NbR\Ks! bcRLLs! \bRbMs! NNRNLs! NNRfLs! NaRLas!

!

!

;346$+I.R1'<*#$#).%'Z$1,2$.3$,B(.*#.Z$(*%0$.SV+.'4.E&323$&3.(36.R//.97=>6..

U,30,!
72`8!

U,'`!
72`8!

?$&$!
*'G$0$@!

(3XR!($@)3&!
*'G$03?$!-'6@!

*#3&?$! 0$`6)*'&! ?$&$! ?$&$!`0'@/*,!

\MLb! baLM! N[RMLs! \Rf! `<$6,3! eQ{LMLNNNfL[RM! "03&5`'535$!
fafMM! f\\ML! NcR[Ls! a! `<$6,3! eQ{Lb[\bNLfaRM! "03&5`'535$!

KaaMNM! Ka\[M[! \\s! cR[! `<$6,3! eQ{LMLNNN\NbRM! "03&5`'535$!
!

J2D2H' S,V$,-B&-1'),8$"98'7F'M#)9&B",8'F)7/'5&6'/'-6'$'7(*(+8/*)(%&**'6!!'J[AD'

"03&5()55)'&!$6$*,0'&!()*0'5*'`;!)(3?$5!0$G$36$@!`/,3,)G$!`#3?$5!&$X,!,'!'/,$0!($(203&$!

G$5)*6$5!)&!/&0'1'20'$'3(*(.41*)(%&**!Q++!aNMKR!C$X,!?$&$03,)'&!5$g/$&*)&?!0$5/6,$@!)&!zMNRa!

()66)'&!0$3@5!-0'(!:#)*#!30'/&@!cRM\!()66)'&!0$3@5!:$0$!-)6,$0$@!3-,$0!,0)(()&?!7"326$!ML8R!e),#!

,#$!0$(3)&)&?!0$3@5I!@':&5,0$3(!3&36;5)5!:35!*'&@/*,$@!,#3,!6$@!,'!3&!'G$0366!36)?&($&,!03,$!

'-!N\RLKsR!!

!

;346$+0D.W$#$1,0.(),)*()*%(.4'1.($wM$#%*#2.'4.3M),)*Z$.3&,2$(.,#E.T`I(.*#.+#6'0'?6'$'`5)5!-0),5*#)).

R//.Q87=6.

!! J[ADdA'
0$3@5! MNIac[INcL!
2',#!5/0G)G)&?! \INN[I\KK!
-'0:30@!'&6;! bIMfcIbaf!
0$G$05$!'&6;! cMNIcL\!
@0'``$@! cIMa\ILca!
36)?&($&,!03,$! N\RLKs!
($3&!*'G$03?$! 392.31  
($@)3&!*'G$03?$! K!
'G$0366!*'G$03?$!! 70.08% 



! [\!

!
,*-./$+09./'Z$1,2$.3$1.-,($.3,*1.'4.3,1)*%0$.SV+L.*('0,)$E.41'<.3,1)*%0$(.'4.+#6'0'?6'$'`5)5!-0),5*#)).

R//.Q87=.'Z$1.,00.1$30*%'#(.31$($#)$E.,(.&$,)<,36./'0'1(.1$31$($#).&*2&$1.%'Z$1,2$.*#.0'27>.(%,0$.

41'<.-0M$.50'F@.)'.1$E.5&*2&@6.

9)?/0$!Mc!5#':5!,#$!*'G$03?$!'-!,#$!:#'6$!*#0'('5'($!:),#!3!\Ls!'G$0366!*'G$03?$!

'-! 3,! 6$35,! MR! 1'5,! `30,5! #3G$! '&6;! G$0;! 6':! *'G$03?$I! #':$G$0I! c! `$3A5! :),#! (3X)(/(!

*'G$03?$5!'-!30'/&@!MLILLL!3&@!3!0$?)'&!'-!30'/&@!NL!A2!)&!6$&?,#!:),#!G$0;!#)?#!*'G$03?$5!

/`!,'!bKILLL!*'/6@!2$!'25$0G$@R!"#$!($3&!*'G$03?$!'G$0!,#$!:#'6$!*#0'('5'($!)5!cNKRcM!

:#)6$!,#$!($@)3&!)5!KI!)&@)*3,)&?!3&!/&$G$&!@)5,0)2/,)'&!'-!*'G$03?$5!'G$0!,#$!0$`6)*'&R!"#$!NL!

A2! 6'&?! 0$?)'&! '-! #)?#! *'G$03?$5! 0$5$(26$5! ,#$! 0$?)'&! '-! ,#$! `0'`#3?$! )&! ,#$! ?$&'($! '-!

/&0'1'20'$'3(*(. 41*)(%&**! Q++! aNMK! 5S,2,#. $). ,06. =>7=@! :),#! 3! ($3&! *'G$03?$! '-! KMI[fLI!

6$3@)&?!,'!,#$!*'&*6/5)'&!,#3,!('5,!`30,)*6$5!'25$0G$@!G)3!">1!30$!)&@$$@!`#3?$5!,#3,!*3&!

$&,$0!,#$!6;,)*!`#35$R!"#$!0$5/6,5!)&@)*3,$!,#3,!,#$!`#3?$!'-!/&0'1'20'$'3(*(.41*)(%&**!Q++!aNMK!

()?#,!2$!3!,$(`$03,$!`#3?$R!!

9'0!,#0$$!3@@),)'&36!`$3A5!:),#!#)?#!*'G$03?$5I!O!`$0-'0($@!3&!.T9!`0$@)*,)'&!3&@!3!
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