


#"

!
!
!

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

"

4.!2"5((6"+(%&1!%2"&./"152&'1+&2",('"&./"#7&."8%%*19":(99/;/"(,"<1&*'19"=+!/%+/2"1%)"

>1&./-1&!+2"=&*)/%&"?/2/1'+."=@-A(2!*-3"4./"2@-A(2!*-".!;.9!;.&2";'1)*1&/"1%)"

*%)/';'1)*1&/"2&*)/%&"'/2/1'+."A'(B/+&2"+(-A9/&/)"*%)/'"&./";*!)1%+/"(,",1+*9&@"!%"

&./")/A1'&-/%&2"(,"C!(9(;@D":./-!2&'@D":(-A*&/'"=+!/%+/D">1&./-1&!+2D"1%)"E.@2!+2"

1%)"82&'(%(-@3"4.!2"/F/%&".12";'(G%"/F/'@"@/1'3"4.!2"@/1'H2"A'(;'1-"!%+9*)/2"I7"

152&'1+&2" G!&." #JJ" 2&*)/%&" 1*&.('2" 1%)" KK" ,1+*9&@" -/%&('23" 4./" (AA('&*%!&@" &("

1AA9@"6%(G9/);/"&("'/19"A'(59/-2"!2"1%"!-A('&1%&"+(-A(%/%&"(,"&./"/)*+1&!(%"&.1&"

2&*)/%&2" '/+/!F/"1&"L:83"4.!2" 2@-A(2!*-" !2"1%"(++12!(%" &(" +/9/5'1&/" &./" 2+!/%&!,!+"

1+.!/F/-/%&2"(,"(*'"2&*)/%&23!
!
!
!

"#$%&!'(!)'*+&*+,!
-&.#/+0&*+!'(!12'%'34! 5!
-&.#/+0&*+!'(!)6&02,+/4! 57!
-&.#/+0&*+!'(!)'0.8+&/!9:2&*:&! ;<!
-&.#/+0&*+!'(!=#+6&0#+2:,! >;!
-&.#/+0&*+!'(!?64,2:,!#*@!A,+/'*'04! >7!

"



J"

!
!
!
!
!
!
!
!
!

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



M"

)%'*2*3!$4!B&#,+!C#.!D&.#2/!+'!-&+&/02*&!+6&!-2((&/&*+!
E8*:+2'*,!'(!+6&!F'0'%'3'8,!?/'+&2*,!=@GH!#*@!)#(>!2*!

=2+':6'*@/2#%!E2,,2'*I"
"

!"#$%&'())*&"
!"#$%&'()*+&,-./01(2"-3(4"'%,-(

"

>!&(+.(%)'!1"1'/")(*59/N-/-5'1%/"(';1%/99/2"'/2A(%2!59/",('"A'()*+&!(%"(,"84EN"1"

+/99O2"/%/';@"2(*'+/3"4.!2",*%+&!(%")/A/%)2"(%"&./"2A/+!19!P/)"2&'*+&*'/"(,"

-!&(+.(%)'!1"G.!+."1'/"&*5*91'"1%)".!;.9@"5'1%+./)D"Q*!&/"*%9!6/"&./"B/99@5/1%"

2&'*+&*'/"2.(G%"!%"&/R&5((623""4.!2"2A/+!19!P/)"2&'*+&*'/"!2"-1!%&1!%/)"5@"&G("

+9122/2"(,"-/-5'1%/"/F/%&2D"6%(G%"12",*2!(%"1%)",!22!(%3""S*2!(%"!2"&./"-/';!%;"(,"

-!&(+.(%)'!1D"G./'/12",!22!(%"!2"&./")!F!2!(%"(,"-!&(+.(%)'!13""$,"&./2/"/F/%&2"1'/"

%(&"5191%+/)D"-!&(+.(%)'!19"2&'*+&*'/"G!99"5/"+(-A'(-!2/)D"A(22!59@"9/1)!%;"&("

-!&(+.(%)'!19")!2/12/D"2*+."12"59!%)%/22"('"./1'!%;"9(223"""

"

$%"5"##6"-,7'#*/(#*-*83/3"*D"(*'"5*))!%;"@/12&"-()/9"2@2&/-D"&.'//"A'(&/!%2"1'/"
'/Q*!'/)",('"-!&(+.(%)'!19",!22!(%T"0%-#D"S!2#D"1%)">)F#3"4./")@%1-!%N'/91&/)"

U4E12/D"0%-#D"2/9,N122/-59/2"!%&("A*%+&1&/"2&'*+&*'/2"&.1&"-/)!1&/"-!&(+.(%)'!19"

)!F!2!(%3"E(2&N&1';/&!%;D"0%-#N)/A/%)/%&")!F!2!(%"!2"+(%&'(99/)"5@"&./"1+&!(%2"(,"&./"

V0"'/A/1&"A'(&/!%D">)F#D"1%)"&./"-!&(+.(%)'!19"4E?N9!6/"(*&/'"-/-5'1%/"A'(&/!%D"

S!2#3""8%19@2!2"(,">)F#"!%)!+1&/2"&.1&"%(&"(%9@")(/2"!&",*%+&!(%"12"1%"1)1A&('"

-(9/+*9/"5*&"&.1&")@%1-!+"!%&/'1+&!(%"5/&G//%">)F#"1%)"0%-#"A91@"1"6/@"'(9/"!%"

)!F!2!(%"5@"'/;*91&!%;"0%-#"2/9,N122/-59@3"

"

8"%/G9@"!)/%&!,!/)"A'(&/!%D":1,KD"1".(-(9(;"&(">)F#D"-1@"192("&(",*%+&!(%"12"1%"

1)1A&('"-(9/+*9/3""$%&/'/2&!%;9@D":1,K"!2"%(&"'/Q*!'/)",('",!22!(%"1%)"(F/'N/RA'/22!(%"

/RA/'!-/%&2"2*;;/2&"&.1&":1,K"-1@"!%.!5!&",!22!(%3""4(")/&/'-!%/"&./"'(9/"(,":1,K"G/"

.1F/"*%)/'&16/%"1"2&'*+&*'/N,*%+&!(%"1AA'(1+."5@"*2!%;"W/12&"U1A"?/A1!'"&("

A/',('-"+'*)/")(-1!%"2G1AA!%;"5/&G//%"&.'//")(-1!%2"X<4YD"::D"V0Z"(,":1,K"1%)"

&./!'"+(''/2A(%)!%;")(-1!%2"(,">)F#3""E'/9!-!%1'@"1%19@2!2"(,"&./2/"+(%2&'*+&2"

2*;;/2&2"&.1&"G.!9/">)F#"1%)":1,K"1'/"%(&"'/)*%)1%&"!%",*%+&!(%D":1,K")(/2".1F/"

2(-/",!22!(%"1+&!F!&@"!%"&./"152/%+/"(,">)F#3""$%&/'/2&!%;9@D"&./"B*%+&!(%"5/&G//%"&./"

<4Y"1%)"::")(-1!%"!%"/!&./'">)F#"('":1,K"1AA/1'2"&("5/"!-A('&1%&",('",!22!(%"

1+&!F!&@3":(-A9/&!(%"(,"&.!2"1%19@2!2"G!99"A'(F!)/"1))!&!(%19"!%2!;.&"!%&("&./"

-(9/+*91'"A'(+/22"(,"-!&(+.(%)'!19",!22!(%"1%)"1"5/&&/'"*%)/'2&1%)!%;"(,"&./"

)@%1-!+2"&.1&"-1!%&1!%"-!&(+.(%)'!19"2&'*+&*'/3"

"

"

"



K"

A!9+8@4!'(!J8K#/4'+2:!=2+':6'*@/2#%!E2,,2'*!8,2*3!
+%,$-.#$*)%"/'0%#,.%0*"/!

'
1234.&02'(52$2'2&0'+*2&'6"78*9%))*!

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

93#&',/&*%3$7(:3/#,3:*$7".12"/-/';/)"12"1%"!-A('&1%&"-()/9"(';1%!2-"!%"&./"2&*)@"
(,"+@&(6!%/2!2"1%)"(&./'"-/-5'1%/"2+!22!(%"/F/%&23""9;(:3/#,3:*$7O2"(A&!+19"+91'!&@D"
.!;."+1A1+!&@",('";/%/N-1'6/'"&1;;!%;D"1%)"&./"2!-A9!+!&@"(,"!&2"9!,/"+@+9/"-16/"!&"1"

;'/1&"/*61'@(&!+"-()/9"(';1%!2-",('"(*'"'/2/1'+."2&*)@!%;"-!&(+.(%)'!19",!22!(%3""

E'/F!(*29@"!%"(*'"915D"2!-!91'",!22!(%"2&*)!/2".1F/"5//%"A/',('-/)"!%"@/12&D"5*&"9;(
:3/#,3:*$7"A'/2/%&2"%/G"+.199/%;/2"1%)"Q*/2&!(%23""[*'";(19"!2"&(")/,!%/"1%)"
Q*1%&!,@",!22!(%"/F/%&2"!%"9;(:3/#,3:*$7"1%)"*9&!-1&/9@"*%)/'2&1%)"&./"-/+.1%!2-"(,"
,!22!(%"!%"199"/*61'@(&/23"""

"

[*'",!'2&"&126".12"5//%"&("F!2*19!P/",!22!(%"/F/%&2D"1%)"Q*1%&!,@"-!&(+.(%)'!19"

-('A.(9(;!/2"!%"'/19"&!-/"*2!%;"+(%,(+19"-!+'(2+(A@3""=&1!%!%;"&./"-!&(+.(%)'!1"

G!&.">!&(4'1+6/'"?/)D"G/".1F/"5//%"159/"&("(5&1!%".!;."Q*19!&@"&!-/"91A2/"!-1;/2D"

5*&",!22!(%"/F/%&2".1F/"@/&"&("5/"!)/%&!,!/)3""4@A!+199@"&./"-!&(+.(%)'!1"(,"9;(
:3/#,3:*$7"1AA/1'"&("\G(559/]"12"!,"&/&./'/)"&("&./"+@&(26/9/&(%3""4./"F12&"-1B('!&@"
(,"-!&(+.(%)'!1"&.1&".1F/"5//%"F!2*19!P/)"1'/"2A./'!+19D"G!&."2(-/"F1'@!%;")/;'//2"

(,"/9(%;1&!(%"!%"1"2-199"%*-5/'"(,"+/9923"

"

"

"

!LD&0*#*+M!)&%%,!-'!N'+!98/G2G&!O*!"6&!1/#2*P!18+!98$.%#+&!
-'!!
"

:;'<2)0=%&>'(;1;'!2/*#>'?;'@782,4>'2&0'(;'?%)A.7*'
!"#$%&'()*+&,-/1(<"-="-"(>%"+#'?(@*,-A*(<-"&&,+(.B>C0(

D;E;(D*"A$*FG,//((.BC)50(
"

=*5A91&/"%/*'(%2"A1'&!+!A1&/"/R&/%2!F/9@"!%"&./")/F/9(A-/%&"(,"&./"-1--19!1%"

5'1!%3"S(99(G!%;")/F/9(A-/%&"2(-/"*%)/';("1A(A&(2!2D".(G/F/'"2(-/"A/'2!2&3"

4.(2/"&.1&"'/-1!%"1'/"(,&/%"'/,/''/)"&("12"1"'/-%1%&"+/99"A(A*91&!(%3"W/&"2*AA('&!%;"

1"F/2&!;!19"A(A*91&!(%"!2"-/&15(9!+199@"/RA/%2!F/D"1%)"&./'/,('/"*%9!6/9@3"[*'"915"

2&*)!/2"&./"A/'2!2&!%;"2*5A91&/"+/992"1+'(22"1;!%;"!%"'()/%&23"4./2/"+/992"1'/"9(+1&/)"

!%"1)F1%&1;/(*2"A(2!&!(%2"5/9(G"1%)"15(F/"&./"G.!&/"-1&&/'"1%)"A'(B/+&"

+(%%/+&!(%2"&.'(*;.(*&"&./"+('&/R3"V/"'/+(%2&'*+&/)"&./"2*5A91&/"%/*'19"

A(A*91&!(%",'(-"2/+&!(%2"(,"'1&"+('&/R"(%"A(2&%1&19")1@2"XEZ"^D"EID"EM^D"7"-(%&.2D"

1%)"#"@/1'"*2!%;"&.'//N)!-/%2!(%19"2(,&G1'/"X</*'(9*+!)1D">!+'(C'!;.&S!/9)Z3"

=*5A91&/"+/99"+(*%&2"1%)"(F/'199"F(9*-/2"G/'/"+(99/+&/)"X=&/'/("$%F/2&!;1&('D"

>!+'(C'!;.&S!/9)Z"1%)"+(-A1'/)"1+'(22"1;/23"E'/9!-!%1'@"2&1&!2&!+19"1%19@2!2"

X8%19@2!2"(,">/1%2_">!%!&15Z"!%)!+1&/2"&.1&")/2A!&/"&./")/+'/12/"!%"2*5A91&/"



`"

%*-5/'2"&.1&"(++*'2"1&"/1'9@"1;/2D"&./"2*5A91&/"2&15!9!P/2"1%)"A/'2!2&2"1+'(22"

-1&*'!&@"X7"-(%&.2D"#"@/1'Z3"$%",1+&D"A/'2!2&!%;"2*5A91&/"+/992"1AA/1'"&("5/"

'/-1'6159@"'/2!9!/%&"1+'(22"1;!%;_"2*+."2&15!9!&@"2*;;/2&2"1"'(9/"!%"-1&*'/"+('&!+19"

,*%+&!(%3"

"

"

"

O008*&!D&,.'*,&,!+'!#!N2:K&%Q$#,&@!A*+2Q"80'/!
)'0.'8*@!2*!1'+6!=&/:8/4!98,:&.+2$%&!#*@!=&/:8/4!

D&,2,+#*+!=2:&!
'

("$"/&'<*=)*-"
!"#$%&'()*+&,-1(<*+(G,H%*'(

"

4./"A*'A(2/"(,"&.!2"2&*)@"!2"&("&/2&"!--*%/"'/2A(%2/2"&("1"<!+6/9N512/)"+(-A(*%)"

!%" 5(&." -/'+*'@" 2*2+/A&!59/" 1%)" -/'+*'@" '/2!2&1%&" -!+/3" $%" F!&'(" 2&*)!/2" .1F/"

A'/F!(*29@" /R.!5!&/)" +@&(&(R!+" 1+&!F!&@" (," &.!2" %(F/9" %!+6/9" +(-A(*%)D"

aX)AA/Z<!X:@2Y&Zb:9D" !%" 1" .*-1%" 5'/12&" +1%+/'" +/99" 9!%/" X>:SNIZ3" 8" +(%+/'%" (,"

*&!9!P!%;" -/&19" -(9/+*9/N512/)" &./'1A!/2" !%" .*-1%" 5/!%;2D" .(G/F/'D" !2" 199/';!+"

'/1+&!(%2"1%)c('"!%)*+&!(%"(,"!--*%/"2@2&/-"15%('-19!&!/23"V/"G1%&"&(")/&/'-!%/"

!," &.!2" +(-A(*%)"-!;.&" 5/" 21,/9@" *2/)" 12" 1%" 1%&!N&*-('" )'*;" !%" .*-1%23"V/" 1'/"

'/A/1&!%;" (*'" A!9(&" 2&*)@" &(" +(%,!'-" !," &.!2" 1%&!N&*-('" +(-A(*%)" !%)*+/2" 1%@"

1*&(!--*%/"'/2A(%2/2"12"1"2!)/"/,,/+&"!%"-!+/3"$%"(')/'"&("5*!9)"*A(%"&./"'/2*9&2"(,"

&./" A!9(&" 2&*)@D"G/".1F/"%(&" (%9@" /RA1%)/)" &./" 2+(A/" (," &./" /RA/'!-/%&D" 5*&" 192("

1))/)";'(*A2"(,"1"-(*2/"2&'1!%"&.1&"!2";/%/&!+199@"'/2!2&1%&"&("./1F@"-/&19"!%)*+/)"

1*&(!--*%!&@3"4.!2"G!99"!%)!+1&/"!,"&./"!%)*+&!(%"(,"1*&(!--*%/"'/2A(%2/"!2"2A/+!,!+"

&(" &./" ;/%/&!+199@" 2*2+/A&!59/" -(*2/" 2&'1!%3" 4./" -!+/" 1'/" !%B/+&/)" G!&." 2*5&(R!+"

)(2/2"(,"&./"%!+6/9"+(-A(*%)D"1%)"59(()"2/'*-"21-A9/2"1'/"/R&'1+&/)",('"1%19@2!23"

E1%N$UN!--*%(,9*('/2+/%+/"G!99"5/"*&!9!P/)"&("915/9"&./"1%&!5()!/2"G!&.",9*('/2+/%&"

)@/2"2("&./@"-1@"5/"F!2*19!P/)"G!&."1"-!+'(2+(A/3"=/'1"Yd$=8O2"G!99"199(G"*2"&("122/2"

&./"&(&19"1%&!5()@"9/F/92"!%"&./"2/'*-"21-A9/23"V/"G!99"5/"9((6!%;"1&"$;>D"$;U#D"1%)"

$;Y3"$;U#"1%)"$;Y"9/F/92"&/%)"&("'!2/"!%"'/2A(%2/"&("./1F@"-/&192"1%)"$;>"9/F/92"G!99"

A'(F!)/"1))!&!(%19"!%,('-1&!(%3"V/"A'/)!+&"&.1&"1*&(!--*%!&@"G!99"5/"!%)*+/)"!%"&./"

;/%/&!+199@" 2*2+/A&!59/" -!+/D" 5*&" %(&" !%" &./" ;/%/&!+199@" '/2!2&1%&" -!+/3" $,"

1*&(!--*%!&@" !2"%(&" !%)*+/)" !%"&./"'/2!2&1%&"-(*2/"2&'1!%"&.!2"-1@"-/1%"&.1&" &./"

+(-A(*%)"+(*9)"5/"*2/)" !%".*-1%2" !," &./@")("%(&".1F/"1"./1F@"-/&19"2*2+/A&!59/"

;/%(&@A/3"

"

"

"



7"

9&3/&3#+2'*!('/!A.'02:+2:!9&&@!E'/0#+2'*!2*!?%#*+,!
!

B2)**'<"77.=>'C)2%7*'+*#7.,4*7#>'B277-'3%,4270#.&>'2&0':42=&'<7"//*$$'
!"#$%&'()*+&,-1(G3#6"-:(9;(4,'*/(

"

U/%/&!+"1%19@2!2"(,"&'1!&2"'/9!/2"(%"&./"F1'!1&!(%"!%"&'1!&"F19*/3"8A(-!R!2D"12/R*19"2//)"

A'()*+&!(%D"!2"1"%1&*'199@"(++*''!%;"A./%(-/%(%"&.1&"!2"+(%&'(99/)"5@"&G(";/%/23"

4./";(19"(,"&./"/RA/'!-/%&"!2"&("2&*)@"1A(-!R!2"&'1!&"F1'!1&!(%D"-/12*'/)"5@"

/2&!-1&!%;"2//)"A'()*+&!(%D"!%".@5'!)"S#2"5/&G//%"&.'//"&'!A9(!)"XJ+eJIZ"1A(-!+&!+"
A(99/%")(%('2"1%)"1"2!%;9/"+(--(%"2/R*19")!A9(!)"XJ+e#fZ"2//)"A1'/%&3"E'(;/%@"
2.(G"+.'(-(2(-/"%*-5/'"F1'!1&!(%"'1%;!%;",'(-")!A9(!)"&("&'!A9(!)"F19*/23""4./"

,'/Q*/%+@"(,"2//)"-16/'2"1&"/1+."+.'(-(2(-/"%*-5/'"+(%,('-2"+9(2/9@"&("

/RA/+&/)"F19*/2"512/)"(%";/%/&!+"-()/923""V('6"!2"(%;(!%;"&("-/12*'/"2//)"

A'()*+&!(%"Q*1%&!&1&!F/9@"1-(%;"&./"&.'//"S#"A(A*91&!(%23""4./2/")1&1"G!99"5/"*2/)"

,('"-1AA!%;";/%/2"&.1&"+(%&'(9"9/F/92"(,"1A(-!+&!+"2//)"A'()*+&!(%"!%"A91%&23""

"

"

"

-&+&/02*2*3!+6&!D'%&!'(!E+,R!?/'+&2*,!2*!=2+':6'*@/2#%!
-2G2,2'*!2*!+;'0%#,.%0*"/'

"

!.702&'<-70'2&0'?*))-'+"&&%&A"
!"#$%&'()*+&,-1(2"-3(4"'%,-(

"

>!&(+.(%)'!1"1'/"+/99*91'"(';1%/99/2"G.!+."+1''@"(*&"'/2A!'1&!(%"1%)"A'()*+/"&./"

/%/';@"%//)/)"&(",*/9"19-(2&"/F/'@"+/99*91'"A'(+/223""?/2/1'+."(%"@/12&"1%)"

-1--19!1%"-!&(+.(%)'!1"/-A.12!P/"&./"!-A('&1%+/"(,"&./"&*5*91'"2&'*+&*'/"!%"&./"

,*%+&!(%"(,"&./"-!&(+.(%)'!1D"6%(G%"&("5/"-1!%&1!%/)"5@"0@%1-!%"?/91&/)"E'(&/!%2"

X0?E2Z3"[%/"-/+.1%!2-"(,"0?E2"&("-1!%&1!%"&*5*91'"2&'*+&*'/"!2"&.'(*;.")!F!2!(%"(,"

&./"-!&(+.(%)'!13""

"

>!&(+.(%)'!1"/F(9F/)",'(-"A'(61'@(&!+"51+&/'!19"1%+/2&('23"$&"!2"6%(G%"&.1&"

51+&/'!19"+/99")!F!2!(%"!2"-/)!1&/)"5@"&./"S&2g"A'(&/!%_".(G/F/'D"!&"G12"&.(*;.&"&.!2"

A'(&/!%"G12"9(2&")*'!%;"&./"/F(9*&!(%1'@"A'(+/22"&.1&",('-/)"-!&(+.(%)'!13"L%&!9"

'/2/1'+."(,"&./"/*61'@(&!+"(';1%!2-"93#&',/&*%3$7(:3/#,3:*$7"5@"U!92(%"1%)"
+(99/1;*/2"!)/%&!,!/)"&G("S&2g"('&.(9(;2D"!/IC"1%)"!/I<"&.1&"-1@"A91@"1"'(9/"!%"
-1!%&1!%!%;"-!&(+.(%)'!19"2&'*+&*'/3""[*'";(19"!2"&(")/&/'-!%/"&./"'(9/"(,"S2P8"1%)"

S2PC"!%"&./"-!&(+.(%)'!19",!22!(%"A'(+/223""$%"(')/'"&("1221@"&./",!22!(%"-1+.!%/'@"!%(
9;(:3/#,3:*$7"G/"G!99"+'/1&/"&G(")/9/&!(%"2&'1!%2D"JK/IC"1%)"JK/I<?(1%)"&./%"1%19@P/"
,!22!(%"/F/%&2"!%"'/19"&!-/"*2!%;"d12/'":(%,(+19"=+1%%!%;">!+'(2+(A@3""

"

0/,/+&2"!%"-!&(+.(%)'!19"2&'*+&*'/".!%)/'"&./"A'(+/22"(,"1A(A&(2!2"('"A'(;'1--/)"

+/99")/1&.D"G.!+.".12"!-A9!+1&!(%"!%"1"-*9&!&*)/"(,"-!&(+.(%)'!1N9!%6/)")!2(')/'23""

4./"(*&+(-/2"(,"(*'"G('6"G!99"9/1)"&("5/&&/'"*%)/'2&1%)!%;"(,"&./"+1*2/2"1%)"

&'/1&-/%&"(,"-!&(+.(%)'!19")!2/12/2"'/91&/)"&("19&/'1&!(%2"!%"&./"&*5*91'"2&'*+&*'/"(,"



I"

&./"-!&(+.(%)'!13""4.!2"A'(B/+&"!2"F!&19"&(",*'&./'"(*'"*%)/'2&1%)!%;"(,"&./"

/F(9*&!(%1'@"'/91&!(%2.!A"5/&G//%"-!&(+.(%)'!1"1%)"A'(61'@(&/2"1%)"!%+'/12/"(*'"

6%(G9/);/"(,",!22!(%"-1+.!%/'@"!%"199"/*61'@(&/23""""

"

"

"

A*#%4,2,!'(!1Q:&%%!A*+2$'@4!C&*&!9&30&*+!S,&!2*!/&,.'*,&!
+'!=&/:8/4!"/&#+0&*+!

"

B*2$4*7'!;'C)27D*"
!"#$%&'()*+&,-./01(<*+(G,H%*'(

"

83=V"+(%;/%!+"2&'1!%"-!+/".1F/"5//%"*2/)",('"&.'//")/+1)/2"12"1"-()/9"(,"

+./-!+199@N!%)*+/)"1*&(!--*%!&@3"V./%"!%&'()*+/)"G!&."-/'+*'!+"+.9('!)/"

Xh;:9JZD"1")/,!%/)"1*&(!--*%/"'/2A(%2/"'/2*9&2"!%"&./2/"-!+/D"+.1'1+&/'!P/)"5@"

1%&!%*+9/(91'"1%&!5()!/2"X8<(8Z"(,"&./"$;U#"1%)"$;Y"!2(&@A/23"89&.(*;."-1%@"

2&*)!/2".1F/"5//%"+(%)*+&/)"*&!9!P!%;"&.!2"-(*2/"-()/9D"%(%/".1F/"/R1-!%/)"

2A/+!,!+"1%&!5()@"9!;.&N+.1!%";/%/"2/;-/%&2"(,"-1&*'/D"+!'+*91&!%;"CN+/99"'/+/A&('2"

XC:?2Z"G.!+."1'/"2/9/+&/)"!%"'/2A(%2/"&("-/'+*'@"&'/1&-/%&3"E'/F!(*2"G('6"!%"&.!2"

915".12"/R1-!%/)"2A/+!,!+"./1F@N+.1!%";/%/"2/;-/%&23"82"1"+(%&!%*1&!(%"(,"&.!2"

'/2/1'+."1%)"A!9(&"A'(B/+&",('",*&*'/"2&*)!/2D"G/".1F/"'/,(+*2/)"(*'"/,,('&2"&("5/;!%"

/R1-!%!%;"9!;.&N+.1!%"2/;-/%&23"L2!%;"%/2&/)"A(9@-/'12/"+.1!%"'/1+&!(%"XE:?ZD"

!%)!F!)*199@"2('&/)"CN+/992",'(-"-/'+*'@N&'/1&/)"1%)"2.1-N&'/1&/)"-!+/"G/'/"

/R1-!%/)",('"9!;.&N+.1!%"1%&!5()@"'/1''1%;/-/%&2"G.!+."+(*9)"5/"1-A9!,!/)3"4.!2"

-/&.()"G12"&./%",(99(G/)"5@"2/Q*/%+/"1%19@2/2"(,";/9NA*'!,!/)"A'()*+&2"!%"(')/'"&("

!)/%&!,@"!%)!F!)*19"ij";/%/"2/;-/%&2"*2/)"5@"C"9@-A.(+@&/2",'(-"&'/1&/)"1%)"%(%N

&'/1&/)"-!+/3"

"

"

"

-2&+!#*@!T2(&!F2,+'/4!'(!+6&!1'U(2*!V(/%2',2)92W!)'%%&:+&@!
2*!J#,+&/*!A/K#*,#,!*&#/!1/2*K%&4P!A/K#*,#,!

"

<72&0.&'C)*/.&#>'E%,42*)'@0/.&#.&>'2&0'<72&0.&'?%&A"
!"#$%&'()*+&,-./01(@3++'(C:"7/?(G*3:(C:"7/(

"

4./"5(G,!%D"C73"(#"%8"D"!2"%1&!F/"&("<('&."8-/'!+1"1%)"15*%)1%&"!%"-1%@"8'61%212"
G1&/'G1@23"$%"2A'!%;"J^^kD"1%"/'1)!+1&!(%"/,,('&"G12"-1)/"(%"&./"C!;"E!%/@"

G1&/'2./)"!%"/12&/'%"8'61%212"5@"&./"8'61%212"U1-/"1%)"S!2.":(--!22!(%"X8US:Z"

(%"&./"!%F12!F/"%('&./'%"2%16/./1)D">6"++"("-A$/3"4.!2"A'/2/%&/)"1%"(AA('&*%!&@"
&("2&*)@"1"-('A.(9(;!+199@"2!-!91'"%1&!F/"2A/+!/2D"C;(#"%8"D"12"G/99"12"+(-A1'!%;"&./"
/,,/+&2"(,"%!+./"(F/'91A"5/&G//%">;("-A$/(1%)"C;(#"%8"3""8";(%1)(2(-1&!+"!%)/R"XU=$Z"
G12"+19+*91&/)",('"-19/2"X%eMJZ"1%)",/-19/2"X%eJKZ3""8%"1F/'1;/"U=$"(,"M3^Ml"G12"

,(*%)",('",/-19/2"1%)"#3#fl",('"-19/2_"J^3fl"(,"&./",/-19/2"G/'/";'1F!)3""4./"



f"

1F/'1;/"U=$"+19+*91&/)",('"199"C;(#"%8"(21-A9/)"G12".!;./'"XM3^MlZ"+(-A1'/)">;(
"-A$/"X#3JklZD"!%)!+1&!%;"1%"/1'9!/'"'/A'()*+&!(%"!%"C;(#"%8"3"">19/"&(",/-19/"'1&!("
X#3MT#Z"G12"%(&"2!;%!,!+1%&9@")!,,/'/%&",'(-"1"#T#"'1&!("X+.!N2Q*1'/D"E"e"#3^^^Z3""8"

)!;/2&(2(-1&!+"!%)/R"X0=$Z"G12"f3#l",('"<e`I3":(-A1'!2(%2"(,"5(G,!%")/%2!&@"1%)"

+(%)!&!(%"!%"'/91&!(%"&("2%16/./1)"A'/2/%+/"G!99"5/")!2+*22/)3"

"

"

"

Identification of Novel MYB Transcription Factors Involved in 
Tomato Phenylpropanoid Biosynthesis in Response to Light 
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The leaves and fruits of tomatoes produce significant levels of phenylpropanoids which 
are an important step in the flavonoid biosynthetic pathway.  Flavonoids are health-
promoting components due to their high antioxidant capacity and ability to induce human 
protective enzymes.  We are investigating the effects of high irradiance on 
phenylpropanoid metabolism in tomato plants.  For this experiment we will be comparing 
(WT) wild-type plants with two monogenic mutant lines, aw (anthocyanin without) and 
hp-2dg (high pigment-2).  Plants with the aw mutation synthesize flavonols but not 
anthocyanins while plants with the hp-2dg mutation display higher anthocyanin levels in 
light and have more deeply pigmented immature fruits.  We are identifying which genes 
involved in phenylpropanoid metabolism are most responsive to light intensity.  MYB 
transcription factors appear to play a key role in gene regulation of these pathways.  
Interestingly, the function of many MYB transcription factors in tomato is unknown.  In 
order to identify new functional roles of MYB transcription factors involved in tomato 
phenylpropanoid biosynthesis we are BLASTing known MYB transcription factor genes 
in Arabidopsis and Oryza with the tomato genomic sequence.  Using this information we 
will be making degenerate oligonucleotide primers PCR to amplify EST fragments of 
interest from tomato mRNA.  We hope to isolate and characterize potential regulator 
factors and modifying enzyme in tomato based on orthologous gene sequences and 
identify a set of target genes that can be used for RT-PCR, northern blots, and in-situ 
hybridization. 
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The Molecular Investigation of Prickle Development Genes:  A 
Model for Cell Communication 

 
Kayla Hill, Danielle Tippit, Ben Magie, and Meaghan Thompson 

Faculty Mentor(s): J.D. Swanson 
 

Prickles are outgrowths of epidermal and sometimes cortical plant tissue that develop 
from a signaling cascade initiated by the head of glandular trichomes.  These signals 
result in the division and growth of epidermal and underlying cortical cells.  Due to the 
simplicity of their structure, prickle development is an ideal model to investigate how 
cells communicate to control growth, proliferation, and morphological differentiation.  
Understanding these modes of cellular communication could be a significant factor in all 
developmental pathways including mammals.  We are currently analyzing gene 
candidates and their function in prickle development to better understand the role of 
trichomes in prickle development.  We hypothesize that lignification marks the end of 
prickle development.  PAL 1 and PAL 2 are known to play a role in the lignification 
pathway, and have been targeted for functional analysis in this study due to their potential 
as stop signals in prickle development.   We have also hypothesized that GL1 and GIS 
are involved in promoting trichome initiation.  To this end, we have identified 
orthologous ESTs (expressed sequence tags) from the trichome developmental pathway 
of Arabidopsis and other model species using a degenerate primer method.  We have thus 
far identified several genes from raspberry and blackberry, our prickle development 
model plant.  Using these orthologous EST sequences we are carrying out functional 
analysis using in situ hybridization.  We have found that sectioning tissue for traditional 
in situ hybridization at the exact point of the occurrence of a glandular trichome is 
difficult; therefore, we have initiated the investigation of whole mount ISH allowing us to 
look at the entire epidermal surface of the tissue rather than sections. These data will 
provide some insight as to the potential signaling pathways involved in prickle 
development and may provide some clue to similar growth and developmental 
mechanisms in mammalian cells.  
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The Fourche LaFave River of west-central Arkansas accommodates a viable population 
of alligator gar.  The relatively unaltered status of the river allows recruitment by 
maintaining connectivity with spawning locations in the tributaries, making it attractive 
as a model for the movements and habitat use of periodic fishes in a contiguous system.  
Over four trips, 32 adult alligator gar were captured with gill nets from a deep bend on 
the Fourche LaFave River and externally tagged with Advanced Telemetry Systems 
F2090B radio transmitters.  They were also tagged with passive integrated transponder 
(PIT) tags and t-bar Floy tags. Lengths (147.0 cm – 224 cm) and weights (25.0 kg – 84.5 
kg) ranged widely.  Tracking began January 2009 and will continue until the summer of 
2010.  Basic descriptive analyses reflect seasonal differences in macrohabitat use, 
particularly between the main channel of the river and its tributaries.  Further tracking 
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will add to the body of data describing movement patterns and habitat use and selection 
on various temporal scales.  Microhabitat data have been collected throughout the project 
and use versus availability will be a strong focus during the remainder.  Additionally, we 
will seek to analyze the patterns of movement from the larger space of the watershed into 
an identified over-wintering location.  The majority of existing gar life history data are 
from lentic and estuarine populations; data describing riverine alligator gar are lacking.  
This study will also provide direction for future studies and stewardship efforts in 
Arkansas and similar regions. 
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The Effects of Natural Gas Drilling on Decomposition Rates in 
Headwater Streams in the Fayetteville Shale Gas Play 

 
Mike Lowry and Tyler Troutman 
Faculty Mentor: Sally A. Entrekin 

 
The natural gas industry is flourishing in the Fayetteville Shale gas play of north central 
Arkansas where over 1500 wells have been drilled in the last 5 years.  The drilling 
processes have the potential to alter stream catchments by increasing road density, land 
clearing, reservoir creation, pipeline construction, and the use of biocides and other 
components of fracturing fluids. Natural gas wells are in close proximity to small 
streams, but few studies have examined whether installation of gas wells affects stream 
biota and associated functions, such as decomposition. Our study quantified the 
relationship between well density and decomposition rates in six small stream catchments 
in the Fayetteville Shale region.  Our hypothesis is streams with higher well density will 
have lower rates of decomposition due to the potential for increased sedimentation and 
possible contaminants associated with well drilling. However, other land cover types may 
also affect rates. Decomposition rates varied among sites, ranging from 0.0072 to 0.0193 
k!d-1, but there was no relationship with well density (r2= 0.03). In fact, scrub-shrub (r2= 
0.69) land cover explained the most variation in decomposition rates among streams.   
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Acute effects of atrazine and nitrate on Hyalella azteca 
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Pesticides and other chemical contaminants rarely occur in the environment as single 
compounds but rather as mixtures. Atrazine is one of the most commonly detected 
herbicides found in mixtures with other contaminants such as nitrates. Atrazine 
application in agricultural areas often coincides with fertilizer use, resulting in the 
presence of both atrazine and nitrate in surface and groundwaters.!Atrazine toxicity data 
are available for many organisms but combined effects of atrazine and nitrate have not 
been investigated with any invertebrates. This study examined combined effects of 
atrazine and nitrate with the freshwater amphipod Hyalella azteca using survival as the 
toxic endpoint. The results obtained in laboratory exposures reveal that atrazine does not 
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alter the toxicity of nitrate. The 96-hour LC50 (concentration that kills 50% of 
organisms) values with and without the presence of atrazine are 69.8 and 87.2 mg/L NO3-
N respectively.!Post-test growth and behavioral observations (10-day period) conducted 
with adult H. azteca following 96-hour exposure suggest that nitrate and atrazine at these 
concentrations do not result in long-term effects on H. azteca under our experimental 
conditions. 
!
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Effects of the protein kinases, CaMKII, PKA, and PKG on the 
sarcoplasmic reticulum Ca2+-ATPase pump expression 

 
Stuart Sherwood, Andreya E. Reed, and Tramaine Shepard 

Faculty Mentor: Brent Hill 
 

A high cytoplasmic Ca2+ concentration in coronary artery smooth muscle cells induces 
arterial constriction which can limit blood flow to the heart.  The lack of blood flow to 
the heart can induce a heart attack if the coronary arteries have already demonstrated 
atherosclerotic plaque formation.  The sarcoplasmic/endoplasmic reticulum Ca2+ ATPase 
pump (SERCA) is used by the cells to help reduce cytoplasmic Ca2+ levels and relax the 
arteries.  SERCA activity is known to be increased by the protein kinases, 
Ca2+/calmodulin-dependent kinase II (CaMKII), protein kinase G (PKG), and protein 
kinase A (PKA).  Our lab has previously demonstrated that estrogen (E2) independently 
increases SERCA2b, PKA, PKG, and CaMKII expression.  The purpose of this study is 
to determine if E2 increases SERCA expression via the protein kinases.  The distal 
portion of right coronary arteries obtained from female porcine hearts were cut into 
longitudinal strips and incubated for 24 hrs in 1 nM E2 and the EtOH solvent for E2.  
When appropriate, the specific inhibitors for CaMKII, PKG, and PKA were added during 
the incubation period.  Western blot analyses suggest PKG is responsible to the increase 
in SERCA expression, while PKA appears to have no effect.  Preliminary data also 
indicates that CaMKII may mediate the increase in SERCA expression.        
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An Assessment of the Impacts of Natural Gas Drilling in the 
Southern Arkansas Ozarks 

 
Loren Stearman 

Faculty Mentor(s): Ginny Adams and Reid Adams 
 

Natural gas exploration has increased recently in the Fayetteville Shale region of the 
southern Ozark Mountains and Arkansas River Valley of central Arkansas. Potential 
impacts of natural gas drilling include increased sedimentation and loss of in-stream 
benthic habitat, loss of the riparian buffer zone, potential stream morphology 
homogenization and the accidental leaking of toxic fracturing fluid. However, few studies 
have measured the response of aquatic ecosystems to the combined effects of drilling on 
headwater streams, despite their lowered resistance compared to larger streams. Two 
study designs are being employed to measure the effects of drilling on headwater streams. 
A pre-post drilling study will assess fish community structure in streams, and a second 
will compare fish community structure in twelve streams with a gradient of well 
densities. Initial pre-drilling sampling of five stream stations indicated a rich fish fauna 
for monitoring (approximately 28 species), with greater than fifty percent of the species 
categorized as sensitive (e.g., Notropis boops, Etheostoma zonale, and Noturus exilis) by 
EPA standards. The coupled study design of pre-post drilling and a gradient of well 
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densities will provide a thorough assessment of potential effects of drilling on the diverse 
fish assemblages in headwater streams of north central Arkansas.  
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Expression of Mdv1 and Caf4 Chimera Proteins in 
Saccharomyces cerevisiae 

 
Abby Wyant 

Faculty Mentor(s): Kari Naylor 
 
The mitochondrion is a cellular organelle that produces energy required for cell survival. 
This function is highly dependent upon the maintenance of its reticular structure; any 
compromise in structure is a detriment to function. Fission and fusion are the events 
responsible for mitochondrial structure upkeep and we aim to study the former. Three 
proteins in budding yeast, Dmn1, Mdv1, and Fis1 are essential for the fission process. A 
fourth protein, Caf4, is not required for fission to occur but we hypothesize it functions to 
ensure that mitochondrial division does not occur in excess. Caf4 is homologous to 
Mdv1; their structures are very much alike, though their functions are not. To determine 
the inherent functional differences between Mdv1 and Caf4, five GFP tagged chimeras in 
the model organism Saccharomyces cerevisiae were constructed. Each chimera protein 
was then expressed in three different background strains, wild-type, !mdv1, and !caf4. 
To determine the affects these chimeras have on fission we must first determine if these 
constructs express full-length chimera proteins. Protein was extracted from each chimera 
expressing strain, separated by SDS-PAGE, and transferred to nitrocellulose, where the 
proteins were probed with anti-GFP. Preliminary data confirms protein expression in two 
constructs, #1 and #5. Western blots will continue to be employed to confirm expression 
of all chimera proteins. Once confirmed, Mdv1 and Caf4 function can be determined, 
thus mitochondrial morphology and its affect on function can be more readily 
understood. 
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The Importance of Retinoic Acid Dosage on Lymphocyte 
Adhesion and the Permanence of its Effect Over Time After 

Removal 
 

Jabin Miller 
Faculty Mentor(s): Melissa Kelley and Lance Bridges 

 
Cellular adhesion is a key event in a spectrum of biological processes, including gamete 
fusion, wound healing, immune response and inflammation. Within immune cells, 
adhesion and proliferation are known to be affected by retinoic acid (RA) treatment. Our 
previous studies have demonstrated that exposure of human lymphocytes to 1.0 µM 9-cis 
RA augments cell adhesion. In this study, we examined the adhesion effects of a range of 
physiologically relevant doses of 9-cis RA from 1.0 µM to 10.0 nM. All of the 
concentrations tested resulted in similar effects on adhesion. We also examined if the 
adhesion effects persisted after the RA stimulus was removed. We report here that while 
adhesion persisted for a brief time after RA removal, subsequent generations of cells did 
not exhibit elevated levels of adhesion. Our results are the first to define concentration 
ranges of RA that bestow lymphocyte adhesion, and that upon removal of RA exposure, 
RA adhesion diminishes over time. 
"



MK"

"

"

The Impact of Silver Nanostructures on the Thin Film 
Formation of Halogenated Benzoic Acids 

 
Liz Schiefer, Scott Cordova, Ashley Bonde, Taylor Razor, Mallory Roberson, and 

TsungYen Chen 
Faculty Mentor: Donald Perry 

 

Adsorption properties of nanofilms of halogenated benzoic acids deposited from volatile 
solvents with varying protic/aprotic and polar properties on vacuum-evaporated silver 
films and silver powders are being studied with surface-enhanced infrared absorption 
(SEIRA), surface-enhanced Raman spectroscopy (SERS), and density functional theory 
(DFT).  The adsorption properties are characterized as a function of increasing adsorbate 
coverage.  SERS preferentially enhances monolayer Raman shifts, while SEIRA can 
enhance the infrared absorbance of the monolayer and a multilayer.  SERS demonstrates 
that all of the benzoic acid isomers adsorb as benzoate ions in the monolayer, and the 
combination of SERS/SEIRA shows polar properties of the adsorption solvent alter the 
degree of molecular ionization, orientation, and intermolecular interactions in a 
multilayer.  In particular, deposition of the halogenated benzoic acid from an alkane 
solvent with nonpolar bonds results in the formation of a significant number of benzoate 
ions in the multilayer.  DFT calculations are revealing that there is a competition between 
halogen bonding and C-H--O hydrogen bonding going from a substituted F- through Cl- 
and Br- to I- in a multilayer of a halogenated benzoate ion. These studies will contribute 
directly to the understanding of the fate of halogenated compounds in the environment 
and will impact material, synthetic, biological, and nanotech. chemistry where the 
chemistry of halogenated organics is important. 
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Abhinav Reddy Atla, Benjamine Nordin, and Matthew Johnson 
Faculty Mentor: Chenyi Hu and Bernard Chen 

"

K-means is a well known clustering algorithm for grouping the data into different feature 
groups.  Interval typed data is commonly used in scientific computational analysis as it 
has been shown to produce more reliable results, however, to date there is no proven 
algorithm for clustering interval typed data.  In answer to this we introduce an Interval k-
means algorithm, which uses interval arithmetic concepts to generate the clusters.  We 
test the efficacy of the algorithm on scientific data that has been shown to be notoriously 
difficult to cluster and that also allows the generated cluster quality to be easily analyzed.  
This is done by comparing the homology of the clusters generated by this approach.  In 
this paper we analyze protein sequence data using the already proven k-means algorithm 
and our introduced interval k-means algorithm for comparison purposes. 
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Engaging Students in Realistic Mathematics:  Police Station 
Problem 

 
Dennis Show 

Faculty Mentors: Long Le and Carolyn Pinchback 
 
The city of Conway, AR just built a new police station located at the corner of Prairie St. 
and Front St., but, is it the best location to minimize the response time to a call when one 
comes in?  This is the question that we will answer using a technique called method of 
random search.  By analyzing the district breakdown of the city of Conway, the 
frequency of calls to each district, and the gridding of the city, we can answer that 
burning question, and begin to see how teaching secondary mathematics can be more 
meaningful, more engaging, and ultimately, more real. 
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Quantitative X-Ray Analysis with ZAF Corrections using an 
SEM/EPMA 

 
Saroj Adhikari 

Faculty Mentor(s): Rahul Mehta and Scott Austin 
 
Scanning Electron Microscope (SEM) and Electron Probe Micro Analyzer (EPMA) are 
important tools for research in material science, biophysics, chemistry and geology. 
SEMs are used to produce high-resolution images of various samples; EPMAs are 
additionally equipped with detectors and spectrometers for various qualitative and 
quantitative chemical analysis. A SEM/EPMA was used to perform quantitative x-ray 
analysis of a few samples containing Cu, Mg and Au. Characteristic x-rays of these 
elements were analyzed beforehand qualitatively to make sure that the samples contained 
the elements under consideration. In the SEM/EPMA, an electron beam of about 20 keV 
was directed on the samples; an SEM image was taken and the x-ray intensities at various 
wavelengths were measured. Then, to first approximation, the mass concentration of the 
elements in the samples were calculated by simply taking the product of the ratio of the 
measured x-ray intensities and the mass concentration of the known standard sample of 
the elements under consideration. Finally, ZAF corrections were applied to account for 
the effects that occur due to atomic number (Z), x-ray absorption (A), and x-ray 
fluorescence (F).  
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X-Ray Fluorescence: Identification of Unknown Samples* 
 

Renee Brock and Josh Lieblong 
Faculty Mentors: Stephen Addison and Rahul Mehta 

 
X-Ray fluorescence is a modern-day trick used to identify different elements by the 
energy they emit as x-rays. A certain, unknown, sample is placed near a detector and is 
bombarded with photons from either a radioactive or an x-ray source. Upon contact with 
the sample, the sample will emit characteristic x-rays with certain, predictable energies. 
These energies appear as peaks on a graph of relative intensity versus x-ray energy 
(measured in keV). In order to generate these graphs, a computer software Maestro is 
used. The use of this software allows the data to be analyzed and compared. This method 
has many practical applications. For instance, it may be used to test a sample and 
determine if the sample is above the safe range (elemental composition) for humans. 
Multiple samples were tested and the graphs were compared to known values to 
determine their elemental composition.  
 
*Acknowledgements: Dr. Jerome Duggan and Lucas Phinney of University of North 
Texas 
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Changes in the Elemental Composition of Rat Leg Bones 
Subjected to Hind-Limb Suspension 

 
Alec Watson 

Faculty Mentor: Rahul Mehta 
 

Hind–limb suspension, or HLS, is a NASA validated model of simulated weightlessness.  
This study examines whether the exposure of rats to HLS for a period of 1 or 2 weeks 
affects the relative ratios of elements in the leg bone tissue of the rats, with emphasis on 
the levels of calcium phosphate in the bones, one of the primary constituents that 
provides the ‘hardness’ of the bones.  To determine the elemental composition, x-rays 
produced by a 20keV beam of electrons by a scanning electron microscope (SEM) were 
analyzed by computer software that recognizes the unique signature of x-rays produced 
by different elements.  Changes in the ratios of elements in control vs. experimental rats 
were then determined.  Results suggest that calcium phosphate is produced at the same 
rate in both groups, but without the minute amount of wear each step causes on bones in 
the HLS rats, there is an imbalance of calcium phosphate in the bone tissue, especially 
around the knee. 
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