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!"#$%&'()*+,-,+.+/01.2,3#$#4.)#*)$#$",5%.
!
-(./*0(/*1!1(&2!3./1/'/4!%5)267!85)26!9.66!$+:;!)2!<644!)2!4/<!=&>?&>0!
>*'46/1&?6!9.66!1*=62!)>?!9&416.!1&32!).6!*26?@!
!
A2/4)1&/>!/9!1/1)4!%5B!C&)!-.&D/4!.6)06>1!3./'6?*.6E!
A>3*1!F",,G0!/9!9.62(!<6&0(1!
H.6I!'//4!J/K!'6>1.&9*06!
!

• B??!",,L4!-.&D/4!.6)06>1!1/!1(6!34)>1!G)16.&)4!&>!)!4/<!=&>?&>0!"@MG4!.6)'1&/>!
C&)4!

• N.&>?!<&1(!)!8621./O!21&'P!1/!(/G/06>&D6!1&22*6!Q!.&>26!1(6!21&'P!<&1(!R,,L4!
-.&D/4@!S&>)4!C/4*G6!F",,,L4@!T/.16U@!

• V3&>!MW!)1!"J@,,,%HX!)1!J/K!1/!.6G/C6!1(6!=&0!'(*>P2!/9!1&22*6@!
• -.)>296.!1(6!2*36.>)1)>1!1/!)!>6<!C&)4!Q!46)C6!9/.!MW!)1!%-@!
• B??!+,,L4!K$K4Y!ZK(4/./3(/.G[!C/.16U!Q!46)C6!9/.!MW!%-!
• V3&>!)1!"J@,,,%HX!)1!J/K!9/.!"MW@!-(6!1/3!)\*6/*2!3()26!'/>1)&>2!1(6!%5B;!
1(6!&>16.9)'6!1(6!85B;!)>?!1(6!/.0)>&'!3()26!&>!1(6!=/11/G!G)&>4O!'/>1)&>2!
3./16&>2@!

• %6G/C6!1(6!*336.!)\*6/*2!3()26!ZF],,L4[;!1.)>296.!1/!)!>6<!C&)4Q!)??!
M,,L4!&2/3./3)>/4!

• ^61!21)>?!9/.!",W!)1!%-;!G&U!=O!&>C6.1&>0!Q!23&>!9/.!",W!)1!"J@,,,%HX!)1!J/K@!
%5B!2(/*4?!9/.G!)!364461!)1!1(6!=/11/G!/9!1(6!1*=6@!!

• H/*.!/9!2*36.>)1)>1!Z?)3!/>!1&22*6!3)36.[!Q!<)2(!<&1(!"G4!/9!_M`!a1:$!=O!
C/.16U&>0@!V3&>!MW!)1!R@,,,%HX!)1!J/K!

• H/*.!/99!a1:$!Z?)3!/>!1&22*6!3)36.Q!461!)&.!?.O!9/.F!",W[!
• %62*236>?!1(6!364461!&>!+ML4!%5)26!9.66!<)16.!=O!06>14O!3&3611&>0!*3!)>?!
?/<>!
!

5)>/8./3!G6)2*.6G6>12!
!
• H./'66?!&GG6?&)164O!<&1(!G%5B!&2/4)1&/>!/.!9.66D6!&>!b,/K!*>1&4!9*.1(6.!
3./'622&>0!

!
!
V-:HHA5N!H:A5-!
!
H*.&9&')1&/>!/9!G%5B!9./G!1/1)4!%5B!C&)!?/*=46!8O>)=6)?!&2/4)1&/>!
3./'6?*.6!
!
c)2(!7!')4&=.)16!8O>)=6)?2!
• %62*236>?!8O>)=6)?2!1(/./*0(4O!&>!1(6!C&)4!1/!/=1)&>!)!*>&9/.G!=./<>!
2*236>2&/>!Q!1.)>296.!+,,L4!Z"G0[!/9!=6)?2!1/!)!>6<!C&)4!

• H4)'6!1(6!1*=6!/>!)!G)0>61&'!21)>?!9/.!"I+!G&>!Q!.6G/C6!1(6!2*36.>)1)>1!



! +!

• %6G/C6!1(6!1*=6!9./G!1(6!21)>?!)>?!)??!",,L4!/9!=6)?!=&>?&>0!=*996.!1/!
.62*236>?!1(6!=6)?2!

• H4)'6!)0)&>!/>!)!G)0>61&'!21)>?!Q!.6G/C6!1(6!2*36.>)1)>1!
• S&>)44O!.62*236>?!1(6!=6)?2!&>!",,L4!=&>?&>0!=*996.!9/.!9*.1(6.!)334&')1&/>!
!
G%5B!3*.&9&')1&/>!3./'6?*.6!!
!
H.6(6)1!<)16.!=)1(!1/!]M/K!
H.6(6)1!(6)1&>0!=4/'P!1/!_MIb,/K!
!
A>3*1!F!_ML0!/9!1/1)4!%5B!

!
• B?d*21!1(6!C/4*G6!/9!1(6!_ML0!1/1)4!%5B!2)G346!1/!",,L4!<&1(!?&21&446?!$+:!/.!
",GX!-.&2I$K^;!3$!_@M!

• B??!",,L4!/9!=&>?&>0!=*996.!!Q!(6)1!1/!]M/K!9/.!+!G&>!1/!?&2.*31!26'/>?).O!
21.*'1*.6@!AGG6?&)164O!34)'6!/>!&'6e!

• B??!+,,!L4!/9!1/1)4!%5B!1/!1(6!",,L4!/9!!<)2(6?!=6)?2!Z9/.!6C6.O!_ML0!/9!1/1)4!
%5B!*26!"G0!/9!=6)?2!.62*236>?6?!&>!",,L4!=&>?&>0!=*996.[!

• X&U!1(/./*0(4O!)>?!)>>6)4!=O!'/>1&>*/*24O!./1)1&>0!!9/.!MW!/>!)!G&U6.!)1!%-!
• H4)'6!1(6!1*=6!/>!G)0>61&'!21)>?!)>?!').69*44O!.6G/C6!2*36.>)1)>1!
• %6G/C6!1(6!1*=6!9./G!1(6!G)0>61&'!21)>?!)>?!)??!+,,L4!<)2(&>0!=*996.@!X&U!
=O!3&3611&>0!').69*44O!*3!Q!?/<>!

• H4)'6!1(6!1*=6!/>!G)0>61&'!21)>?!)0)&>!)>?!').69*44O!.6G/C6!)44!1(6!
2*36.>)1)>1!!

• %636)1!<)2(&>0!/>'6!G/.6!
• S/.!9&.21!%5B!64*1&/>!)??!M,L4!/9!'/4?!-.&2I$K^!Z3$_@M[;!(6)1!1(6!2)G346!1/!
_MIb,/K!9/.!+W!)>?!34)'6!1(6!1*=6!&GG6?&)164O!/>!1(6!G)0>61&'!21)>?!1/!
\*&'P4O!.6G/C6!1(6!64*16?!G%5B!&>1/!)!>6<!C&)4!

• c)2(!1(6!=6)?2!/>6!1&G6!<&1(!Y,,L4!=&>?&>0!=*996.!)>?!.62*236>?!&>!",,L4!
=&>?&>0!=*996.!1/!.6*26!1(6G!/>!1(6!2)G6!2)G346!)0)&>!

• B??!M,L4!-.&2I$K^!Q!",,L4!=&>?&>0!=*996.!1/!1(6!64*16?!%5B!Q!(6)1!1/!]M/K!
9/.!+!G&>!1/!?&2.*31!26'/>?).O!21.*'1*.6@!AGG6?&)164O!34)'6!/>!&'6e!

• B??!+,,!L4!/9!1/1)4!%5B!1/!1(6!",,L4!/9!<)2(6?!=6)?2!!
• X&U!1(/./*0(4O!)>?!)>>6)4!=O!'/>1&>*/*24O!./1)1&>0!9/.!MW!/>!)!G&U6.!)1!%-!
• H4)'6!1(6!1*=6!/>!G)0>61&'!21)>?!)>?!').69*44O!.6G/C6!2*36.>)1)>1!
• %6G/C6!1(6!1*=6!9./G!1(6!G)0>61&'!21)>?!)>?!)??!+,,L4!<)2(&>0!=*996.@!X&U!
=O!3&3611&>0!').69*44O!*3!Q!?/<>!

• H4)'6!1(6!1*=6!/>!G)0>61&'!21)>?!)0)&>!)>?!').69*44O!.6G/C6!)44!1(6!
2*36.>)1)>1!!

• %636)1!<)2(&>0!/>'6!G/.6!
• A9!%5B!64*1&/>!&2!.6\*&.6?;!)??!1(6!?62&.6?!)G/*>1!Z+,L4[!/9!'/4?!-.&2I$K^!
Z3$_@M[;!(6)1!1(6!2)G346!1/!_MIb,/K!9/.!+W!)>?!34)'6!1(6!1*=6!&GG6?&)164O!/>!
1(6!G)0>61&'!21)>?!1/!\*&'P4O!.6G/C6!1(6!64*16?!G%5B!&>1/!)!>6<!C&)4@!!

!
5)>/8./3!G6)2*.6G6>1!
!
• S.66D6!&>!+,/K!*>1&4!9*.1(6.!3./'622&>0!
V-:HHA5N!H:A5-! !



! Y!

85)26!f9.66E!85)26!1.6)1G6>1!)>?!.6G/C)4!.6)06>1!!
!
H.6)(6)1!(6)1&>0!=4/'P!1/!Y_/K!
!
• B??!+L4!/9!",g!85)26A!=*996.!1/!+,L4!&2/4)16?!G%5B!
• h26!,@ML4!/9!85)26!A!Z+h[!9/.!*3!1/!",L0!/9!%5B!&>!)!+,L4!.6)'1&/>!C/4*G6@!
Z-(626!.6)'1&/>!'/>?&1&/>2!<&44!.6G/C6!*3!1/!+L0!/9!06>/G&'!85B!9./G!1/1)4!
/.!G%5B!&>!)!+,L4!.6)'1&/>!C/4*G6@[!!

• A>'*=)16!)1!Y_/K!9/.!+,IY,W!
• B??!+L4!.62*236>?6?!85)26!&>)'1&C)1&/>!.6)06>1!Z1O3&')44O!,@"!C/4*G6[!)>?!
G&U!<644@!Zh26!)1!46)21!+L4!85)26!&>)'1&C)1&/>!.6)06>1!6C6>!&1!1()1!&2!G/.6!1()>!
,@"!C/4*G6!/9!1(6!.6)'1&/>!C/4*G6[!

• A>'*=)16!+W!)1!%-!<&1(!/'')2&/>)44O!G&U&>0!
• V3&>!)1!",@,,,%HX!9/.!F"@MW!Q!').69*44O!1.)>296.!1(6!%5B!1/!)!9.62(!1*=6@!
!
Z5)>/8./3!G6)2*.6G6>1[!
!

• S.66D6!&>!+,/K!*>1&4!9*.1(6.!3./'622&>0!
!

V-:HHA5N!H:A5-!
!
("#$%&.()*+,-,+.+/01.2,3#$#4.)#*)$#$",5%.6,$."7*.089.0*:".;,"..
A>3*1!",,IM,,L0!/9!3*.&9&6?!G%5B!
!
G%5B!9.)0G6>1)1&/>!
!
H.6I'//4!J/K!'6>1.&9*06!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!216.&46!HK%!1*=6E!
!!!H*.&9&6?!G%5B! !!"I"bL4!
!!!",g!%5B!S.)0G6>1)1&/>!=*996.! !!+L4!
!!!5*'46)26!9.66!<)16.! C).&)=46!
! !

!!!-/1)4!C/4*G6! +,L4!
!

• A>'*=)16!&>!)!3.6(6)16?!1(6.G)4!'O'46.!9/.!6U)'14O!MW!i!RJ/K!
• -.)>296.!1*=6!1/!&'6!
• B??!+L4!",g!%5B!21/3!2/4*1&/>!
!
a1()>/4!3.6'&3&1)1&/>!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12E!
!!!S.)0G6>16?!G%5B! ++L4!
!!!YX!V/?&*G!B'61)16!3$!M@+! !!+L4!
!!!4&>6).!)'.O4)G&?6! !!"I+L4!
!!",,`!a1:$! ],L4!
!
!!!-/1)4!C/4*G6! bMIb]L4!
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• S.66D6!i!Ib,/K!9/.!Y,W!Z/.!:5[!
• !
V-:HHA5N!H:A5-!
!
• V3&>!)1!"J@,,,%HX!9/.!+MW!i!J/K!
• K).69*44O!.6G/C6!a1:$!Q!<)2(!364461!<&1(!+,,L4!_,`!a1:$!
• V3&>!)0)&>!9/.!MW!Q!').69*44O!.6G/C6!a1:$!
• B&.!?.O!364461!9/.!*3!1/",W!)1!%-!1/!.6G/C6!.62&?*)4!a1:$!
• %62*236>?!&>!"Y;ML4!5*'46)26I9.66!$+:!
!
!
S&.21!21.)>?!'85B!2O>1(62&2!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12E!
!!!S.)0G6>16?!G%5B! "Y@ML4!
!!!%)>?/G!3.&G6.2! !!"L4!
!
!!!-/1)4!C/4*G6! "J@ML4!
!
• A>'*=)16!9/.!MW!i!]M/K!
• V3&>!=.&694O!Q!3*1!/>!&'6!
!
!
!
-/!1(6!9.)0G6>16?!G%5B!)>?!1(6!.)>?/G!3.&G6.!G&U!)??E!
!
!!!Mg!9&.21!21.)>?!2O>1(62&2!=*996.! !!JL4!
!!!G*.&>6!%5)26!&>(&=&1/.! !!,@ML4!
!
-/1)4!C/4*G6! "RL4!
!

• A>'*=)16!9/.!+W!i!+M/K!
• B??!"L4!V*36.V'.&31!AA!.6C6.26!-.)>2'.&31)26!1/!1(6!.6)'1&/>!
• A>'*=)16!!2)G346!)2!9/44/<6?E!
!
",W!i!+M/K!
M,W!i!J+/K!
"MW!i!_,/K!
(/4?!i!J/K!
!

• H4)'6!1*=6!/>!&'6!
! !



! M!

V6'/>?!21.)>?!2O>1(62&2!9/.!21.)>?!236'&9&'!'85B!4&=.).O!!
!
S&.21!.6G/C6!?5-H2!C&)!HKAB!Z+ME+JE"[!!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!"@MG4!1*=6E!
!
!!!!!%5B785B!(O=.&?!/9!1(6!9&.21!21.)>?!.6)'1&/>! ! +,L4!!
!!!!!$+:!!!!!! ! b,L4!
!!!HKAB! !!!!!!!!!",,L4!
!
-/1)4!C/4*G6!! !!!!!!!!!+,,L4!
!
• T/.16U!9/.!"M!26'/>?2!Q!)>?!23&>!)1!"Y@,,,!9/.!"MW!
• -.)>296.!*336.!)\*6/*2!3()26!ZF"+,L4[!1/!>6<!C&)4!)>?!3.6'&3&1)16!
%5B785B!(O=.&?!=O!)??&>0!
!
YX!5)B'! !!",L4!
a1:$!",,`! +M,L4!

• S.66D6!9/.!)1!46)21!Y,W!i!Ib,/K!/.!:5!
!
V-:HHA5N!H:A5-!
!
H.6I'//4!J/K!'6>1.&9*06!
!
• V3&>!)1!"J@,,,%HX!9/.!+MW!i!J/K!
• K).69*44O!.6G/C6!a1:$!!
• c)2(!<&1(!M,,L4!_,`!a1:$!Q!23&>!)0)&>!9/.!MW!
• K).69*44O!.6G/C6!a1:$!Q!)&.!?.O!364461!9/.!F!",G&>!)1!%-!
• %62*236>?!364461!&>!MR@_L4!$+:!
!

X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6!ZX)216.G&U[E!
!!!!
!!!H*.&9&6?!%5BI85B!(O=.&?! MR@_L4! !
!!!!Mg!SVV!=*996.! !!JL4!
!!!!VVV!=*996.!ZI?5-H2[! !!bL4!
!!!?5-HV!Z",GX!6)'([! !!+@YL4!
!!!85B!4&0)26!Za@!'/4&[! !!"L4!Z",h[!
!!!%5)26!$! !!"L4!Z+h[!
!!!85B!3/4OG6.)26!A!Za@!'/4&[! !!JL4!ZJ,h[!
!
-/1)4!C/4*G6! b,L4!
!
• A>'*=)16!+@M!(!i!"]/K!
• H*.&9O!'85B!*2&>0!)!HK%!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!M,L4!$+:!!
!
5)>/8./3!G6)2*.6G6>12!
!
V-:HHA5N!H:A5-!



! ]!

a>?!%63)&.!/9!'85B!4&=.).O!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6E!
!
!!!H*.&9&6?!?/*=46I21.)>?6?!'85B! ! !M,L4!
!!!5*'46)26I9.66!$+:! ! !+ML4!
!!!",g!H(/23(/.O4)1&/>!.6)'1&/>!=*996.! ! !",L4!
!!!?5-H!2/4*1&/>!G&U! ! !!!JL4!
!!!-J!3/4OG6.)26! !! !!!ML4!
!!!a@'/4&!85B!3/4OG6.)26!A;!4).06!Z#46>/<[!9.)0G6>1! !! !!!"L4!
!!!-J!H/4O>*'46/1&?6!P&>)26! !!! !!!ML4!
!
-/1)4!C/4*G6! ! ",,L4!
!
• A>'*=)16!Y,W(!i!+,/K!
• H*.&9O!6>?I.63)&.6?!'85B!*2&>0!)!HK%!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!!!!!
!!!!!Y+L4!$+:!!
!
!
?BI1)&4&>0!/9!1(6!4&=.).O!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!"@MG4!1*=6E!
!
!!!H*.&9&6?;!6>?I.63)&.6?!'85B!! ! Y+L4!
!!!",g!5aj!=*996.!+! ! !!ML4!
!!!?B-H!Z"GX[! ! ",L4!
!!!#46>/<!9.)0G6>1!ZYWIk!MW!6U/I[! ! !!YL4!
!!!!
! !
-/1)4!C/4*G6! ! M,L4!
!
!
• A>'*=)16!Y,W(!i!Y_/K!
• H*.&9O!6>?I.63)&.6?!'85B!*2&>0!)!HK%!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!!
!!!!!+YL4!$+:!!
!
B?)31/.!4&0)1&/>!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6E!
!
!!!H*.&9&6?!?BI1)&46?!'85B! ! +YL4!
!!!+g!l*&'P!4&0)1&/>!.6)'1&/>!=*996.! ! +ML4!
!!!85B!)?)31/.!Z"MLX[! ! !!"L4! !
!!!l*&'P!-J!85B!4&0)26! ! !!"L4!
!
!
-/1)4!C/4*G6! ! M,L4!
!



! _!

• A>'*=)16!"MW(!i!%-!!
• H*.&9O!)?)31/.I!4&0)16?!'85B!*2&>0!)!HK%!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!!
!!!!",L4!$+:!!
!
V1/33&>0!3/&>1!
!
V&D6!2646'1&/>!/9!'85)!4&=.).O!
!
V/)P!064!1.)O!Q!'/G=!9/.!Y,W!&>!J,,GX!5):$!9/.!'46)>&>0!
!
H.6I(6)1!(6)1&>0!=4/'P!1/!M,/K!
!
• %*>!)?)31/.!4&0)16?!'85B!4&=.).O!Z",L4!2)G346!m!+@ML4!:.)>06!N!4/)?&>0!?O6[!!
!!!!!/>!)!Y`!)0)./26!064!
• K*1!?62&.6?!'85B!9.)0G6>12!2&D6!9./G!1(6!064!!
!
!!!"21!9.)0G6>1!=61<66>!+,,IY,,=3!
!!!Z/31&>)4!+>?!9.)0G6>1!=61<66>!J,,IM,,=3[!
!
• H*.&9O!064!24&'62!*2&>0!)!064!6U1.)'1&/>!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!
!!!!!Y,L4!$+:!
!
5)>/8./3!G6)2*.6G6>12!
!
V6'/>?!21.)>?!?60.)?)1&/>!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6E!
!
!!!V&D6!2646'16?!'85B! ! +RL4!
!!!+h!hVa%!6>DOG6! !!!!!!!!+L4!
!!!!
• A>'*=)16!"MW!i!Y_/K!
• V1/3!.6)'1&/>!i!RM/K!9/.!MW!
• H*.&9O!'85B!<&1(!BGHh%a!=6)?2!!
• !
• X&U!=6)?2!Z.6)'1&/>!C/4*G6!n!";b!o!=6)?2!C/4*G6[!<&1(!HK%!3./?*'1!&>!)!HK%!!
!!!!!1*=6!=O!1(/./*0(4O!3&3611&>0!",U!*3Q!?/<>!!Q!&>'*=)16!9/.!MW!)1!%-!
• H4)'6!1(6!1*=6!/>!G)0>61&'!34)16!9/.!+W!Q!?&2').?!2*36.>)1)>1!
• :5!1(6!G)0>61&'!34)16E!<)2(!1(6!=6)?2!<&1(!+,,L4!b,`!a1:$!&>'*=)16!9/.!Y,!!
!!!!!26'/>?2!)1!%-!
• %636)1!<)2(!9/.!)!1/1)4!/9!1</!<)2(62!
• B&.!?.O!364461!9/.!*3!1/",W!)1!%-!1/!.6G/C6!.62&?*)4!a1:$!
• :SS!1(6!G)0>61&'!34)16E!)??!Y,L4!%62*236>2&/>!=*996.!Z-%AV!B'61)16!=*996.!!
!!!!!3$!b@,!.!-a!=*996.[!Q!G&U!1(/./*0(4O!=O!",U!3&3611&>0!*3!Q!?/<>!
• H4)'6!/>!1(6!G)0>61&'!34)16!9/.!"W!Q!64*16!<&1(!Y,L4!%62*236>2&/>!j*996.!!!!!
!!!!!Z",GX!-.&2IB'61)16!3$!b@,!/.!-a!=*996.[!
!



! b!

5)>/8./3!G6)2*.6G6>12!
HK%!6>.&'(G6>1!/9!)?)31/.!4&0)16?!'85B!4&=.).O!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6!ZX)216.G&U[E!
!
!!!V&D6!2646'16?!'85B! ! Y,L4!
!!!Mg!H(*2&/>!$S!=*996.! ! ",L4!
!!!H.&G6.!"!Z+MLX[ZHa"[! ! !!"L4!
!!!H.&G6.!+!Z+MLX[ZHa+[! ! !!"L4! !
!!!?5-H!G&U!! ! !!"@ML4!
!!!$+:! ! !!]L4!
!!!H(*2&/>!85B!3/4OG6.)26! ! !!,@ML4!
!
-/1)4!C/4*G6!! ! M,L4!
!
!
<=>.+4+2,%?.+5%&,",5%(!
!!!A>&1&)4!?6>)1*.)1&/>!!!!!Rb:K!!!!!!!",!26'/>?2!
!
!!!86>)1*.)1&/>!!!!!!!!!!!!!!!!!Rb/K!!!!!!!!",!26'/>?2!
!!!B>>6)4&>0!!!!!!!!!!!!!!!!!!!!!!!]M/K!!!!!!!!Y,!26'/>?2! "M!'O'462!
!!!aU16>2&/>!!!!!!!!!!!!!!!!!!!!!!!_+/K!!!!!!!!Y,!26'/>?2!
!
!!!S&>)4!6U16>2&/>!!!!!!!!!!!!!_+/K!!!!!!!!!MW!
!!!$/4?!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!J/K!
!
• H*.&9O!HK%!6>.&'(6?!'85B!<&1(!!R,L4!BXH*.6!=6)?2!Z.6)'1&/>!C/4*G6!n!";b!o!
=6)?2!C/4*G6[Q!64*16!&>!Y,L4!%62*236>2&/>!!
!!!!!!j*996.!Z",GX!-.&2IB'61)16!3$!b@,!/.!-a!=*996.[!
!
!
^&=.).O!&2!.6)?O!9/.!jA:B5B^pqa%!'(6'P!Z85B",,,!/.!(&0(!26>2&1&C&1O!'(&3[!
2*=26\*6>1!1/!26\*6>'&>0!6C6>1!
!
@)",5%$2!
K(6'P!3./?*'1!/>!)>!)0)./26!064!!
-(6.69/.6!)G34&9O!"L4!4&=.).O!)??&1&/>)4!YM!'O'462!<&1(!N/-Bl!3/4OG6.)26!Q!
'(6'P!9/.!C&2&=46!=)>?!
!
A9!4&=.).O!'/>'6>1.)1&/>!&2!4/<E!)G34&9&O!<&1(!H$hVA:5!3/4OG6.)26!)??&1&/>)4!_!
'O'462!9/.!j&/!B>)4OD6.!(&0(!26>2&1&C&1O!'(&3@!
! !



! R!

T6.&9&')1&/>!/9!21.)>?!236'&9&'&1O!/9!1(6!4&=.).O!=O!VB5Na%!26\*6>'&>0!
!
B??&1&/>)4!Y,'O'462!HK%!Z266!)=/C6[!9/.!'4/>&>0!&>1/!3NaX!C6'1/.!ZB-!'4/>&>0[!
!
-(6.69/.6;!)>!BI1)&4&>0!/9!)G34&9&6?!'85B!4&=.).&62!&2!>6'622).O;!2&>'6!3.//9!
.6)?&>0!3/4OG6.)26!3./?*'62!=4*>1!6>?!85B!
!
BI!1)&4&>0!/9!)G34&9&6?!'85)!4&=.).&62!
!
• H*.&9O!HK%!6>.&'(6?!'85B!*2&>0!)!HK%!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!
J,L4!$+:!!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6E!
!
!!!H*.&9&6?!HK%!9.)0G6>12! ! "ML4!
!!!-)0!3/4OG6.)26!=*996.!",g! ! !!+L4!
!!!?B-H!!Z+MGX[! ! !!,@+L4! !
!!!-)\!3/4OG6.)26! ! !!+L4!
!!!$+:! ! !!"@bL4!
!
-/1)4!C/4*G6! ! +,L4!
!
• !!!A>'*=)16!9/.!+,IY,W!i!_,/K!
!
V&D6!2646'1&/>!/9!1(6!6U1.)!)G34&9&6?;!BI1)&46?!'85B!4&=.).O!
!
• B??!+,`!ZJL4[!/.)>06IN!4/)?&>0!?O6!Z:.)>06!fN!&>!M,`!04O'6./4!o]U[!1/!1(6!!
!!!!!)G34&9&6?!'85B!Q!.*>!BI1)&46?!'85B!4&=.).O!/>!)!+`!)0)./26!064!)>?!&2/4)16!!
!!!!!?62&.6?!'85B!9.)0G6>12!2&D6!9./G!1(6!064!
• H*.&9O!064!24&'62!*2&>0!)!064!6U1.)'1&/>!'/4*G>!3*.&9&')1&/>!P&1!Q!64*16!<&1(!
!!!!!Y,L4!$+:!
!
!
!
^&0)1&/>!<&1(!3NaX!6)2O!C6'1/.!
!
• K)4'*4)16!&>26.1E!C6'1/.!.)1&/>!ZYE"[!)''/.?&>0!1/!1(6!9/44/<&>0!6\*)1&/>r!
!!

!!!!!!!!!!!!!! !
!!
!

4. An aliquot of the PCR reaction should be analyzed on an agarose gel before
use in the ligation reaction to verify that the reaction produced the desired
product. The PCR product to be ligated can be gel-purified or purified
directly from the PCR amplification using the Wizard® SV Gel and PCR
Clean-Up System (Cat.# A9281). Clean-up of reactions prior to ligation is
recommended to remove primer dimers or other undesired reaction
products, and to improve ligation efficiency. Exposure of PCR products to
shortwave ultraviolet light should be minimized in order to avoid the
formation of pyrimidine dimers.

3.B. Optimizing Insert:Vector Molar Ratios

The pGEM®-T and pGEM®-T Easy Vector Systems have been optimized using
a 1:1 molar ratio of the Control Insert DNA to the vectors. However, ratios of
8:1 to 1:8 have been used successfully. If initial experiments with your PCR
product are suboptimal, ratio optimization may be necessary. Ratios from 3:1
to 1:3 provide good initial parameters. The concentration of PCR product
should be estimated by comparison to DNA mass standards on a gel or by
using a fluorescent assay (3). The pGEM®-T and pGEM®-T Easy Vectors are
approximately 3kb and are supplied at 50ng/µl. To calculate the appropriate
amount of PCR product (insert) to include in the ligation reaction, use the
following equation.

ng of vector × kb size of insert  ×  insert:vector molar ratio  =  ng of insertkb size of vector

Example of insert:vector ratio calculation:

How much 0.5kb PCR product should be added to a ligation in which 50ng of
3.0kb vector will be used if a 3:1 insert:vector molar ratio is desired?
50ng vector × 0.5kb insert  × 3   =  25ng insert3.0kb vector 1
Using the same parameters for a 1:1 insert:vector molar ratio, 8.3ng of a 0.5kb
insert would be required.
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Tip: The Biomath calculator (www.promega.com/biomath) can be
used to determine the amount of insert DNA needed. The pGEM®-T
Vector size is 3000bp and the pGEM®-T Easy Vector size is 3015bp.



! ",!

!
!
!

• A>'*=)16!1(6!.6)'1&/>2!9/.!"(!i!%-!/.!:5!)1!J/K!
• H.63).6!^j7K).=6>&'&44&>!34)162!Z"E",,!?64*1&/>!/9!K).=[!
!
0*:".&$4.
!
H.6(6)1!<)16.!=)1(!)1!6U)'14O!J+:K!9/.!'(6G&')4!1.)>29/.G)1&/>!
!
H.63).6!^j7K).=7AH-N7gIN)4!34)162!!
• V3.6)?!/>!6)'(!34)16!",,L4!AH-N!Q!gIN)4!)>?!bL4!K).=!

!
!

=7*A,+$2."#$%(-5#A$",5%.
!
• V3&>!4&0)1&/>!G&U!=.&694O!
• B??!+L4!4&0)1&/>!G&U!1/!)!216.&46!"@MG4!1*=6!
• H4)'6!'(6G&')4!'/G3616>1!'6442!/>!&'6!*>1&4!1()<6?!ZMW[!QG&U!1(6G!=O!06>14O!!
!!!!!!94&'P&>0!
• K).69*44O!1.)>296.!M,L4!/9!'6442!1/!6)'(!4&0)1&/>!G&U!1*=6!Z*26!",,L4!9/.!85B!!
!!!!!!'/>1./4[!
• A>'*=)16!9/.!+,W!/>!&'6!
• $6)1!2(/'P!'6442!9/.!JMIM,!26'!)1!6U)'14O!J+/K!Q!1(6!&GG6?&)164O!'(&44!!!
!!!!!!1.)>29/.G)1&/>!G&U!/>!&'6!9/.!+W!
• B??!RM,L4!%-!^j!G6?&*G!1/!1.)>29/.G)1&/>!G&U!ZR,,L4!9/.!85B!'/>1./4[!!
!!!!!Q!&>'*=)16!9/.!"@M(!iY_/K!<&1(!G&4?!2()P&>0!ZF"M,.3G[!
!
!
82*+"#5."#$%(-5#A$",5%.
• V3&>!4&0)1&/>!G&U!=.&694O!
• B??!"L4!4&0)1&/>!G&U!1/!)!216.&46!"@MG4!1*=6!
• H4)'6!646'1./!'/G3616>1!'6442!/>!&'6!*>1&4!1()<6?!ZMW[!Q!G&U!1(6G!=O!06>14O!!
!!!!!!94&'P&>0!
• 8&4*16!'6442!"EM!ZML4!'6442E!+,L4!&'6!'/4?!$+:[!Q!').69*44O!1.)>296.!'6442!1/!6)'(!!
!!!!!!4&0)1&/>!G&U!1*=6!Z*26!!"L4!9/.!'/>1./4!34)2G&?[!
• a46'1./3/.)16!)1!"M,,T/412!Z+@+!T;!+,,:(G;!+MLS[!&>!"GG!'*C6116!Z1&G6!!

3. Protocol for Ligations Using the pGEM®-T and pGEM®-T Easy Vectors and the
2X Rapid Ligation Buffer

3.A. Ligation Protocol

1. Briefly centrifuge the pGEM®-T or pGEM®-T Easy Vector and Control Insert DNA
tubes to collect the contents at the bottom of the tubes.

2. Set up ligation reactions as described below. 
Note: Use 0.5ml tubes known to have low DNA-binding capacity (e.g., VWR
Cat.# 20170-310).
Vortex the 2X Rapid Ligation Buffer vigorously before each use.

3. Mix the reactions by pipetting. Incubate the reactions for 1 hour at room
temperature.
Alternatively, if the maximum number of transformants is required, incubate the
reactions overnight at 4°C.

Notes:

1. Use only the T4 DNA Ligase supplied with this system to perform pGEM®-T and
pGEM®-T Easy Vector ligations. Other commercial preparations of T4 DNA ligase
may contain exonuclease activities that may remove the terminal
deoxythymidines from the vector.

2. 2X Rapid Ligation Buffer contains ATP, which degrades during temperature
fluctuations. Avoid multiple freeze-thaw cycles and exposure to frequent
temperature changes by making single-use aliquots of the buffer.

3. Longer incubation times will increase the number of transformants. Generally,
incubation overnight at 4°C will produce the maximum number of transformants.
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Reaction Component Standard
Reaction

Positive
Control

Background
Control

2X Rapid Ligation Buffer, T4 DNA Ligase 5µl 5µl 5µl

pGEM®-T or pGEM®-T Easy Vector (50ng) 1µl 1µl 1µl

PCR product Xµl* – –

Control Insert DNA – 2µl –

T4 DNA Ligase (3 Weiss units/µl) 1µl 1µl 1µl

nuclease-free water to a final volume of 10µl 10µl 10µl
*Molar ratio of PCR product:vector may require optimization.



! ""!

!!!!!'/>21)>1!2(/*4?!=6!JIM!G26'!9/.!2*''6229*4!1.)>29/.G)1&/>[!
• %&>26!'*C6116!<&1(!JM,L4!V:K!G6?&*G!1/!1(6!1.)>29/.G)1&/>!G&U!Q!&>'*=)16!!
!!!!!9/."@M(!iY_/K!<&1(!G&4?!2()P&>0!ZF"M,.3G[!
!
!
• H4)16!/*1!",,L4!!/9!6)'(!1.)>29/.G)1&/>!G&U!/>1/!^j7K).=7AH-N7gIN)4!34)162!!
!!!!!Z9./G!1(6!85B!'/>1./4!34)16!/*1!)!"E",!?&4*1&/>!&>!V:K!G6?&*G[!
• A>'*=)16!1(6!34)16!iY_/K!:5!

!
Z/31&/>)4!P663!1.)>29/.G)1&/>!G&U!/>!&'6!:5!9/.!)??&1&/>)4!34)1&>0!>6U1!?)O!&9!
O&64?!&2!4/<[!
.
.
.
.
.
0*:".&$4.!
!
V'.66>!9/.!1.)>29/.G)>12!C&)!=4*67<(&16!2646'1&/>!
!
H.63).6!HK%!1*=62!<&1(!M,L4!$+:!
!
• H&'P!<(&16!'/4/>&62!<&1(!)!216.&46!1//1(3&'P!ZQ!=4*6!/>62!)2!'/>1./4[!)>?!?&3!
1(6!1//1(3&'P!&>!M,L4!$+:!!

• T/.16U!Q!(6)1!2(/'P!MW!iRM/K!
• V3&>!MW!i!"Y,,,.3G!
!
V34&1!1.)>29/.G)1&/>!.6)'1&/>!&>1/!1</!3).12r!
"21!3).1!9/.!'/4/>O!HK%!ZML4[!Q!
+>?!3).1!Z"ML4[!9/.!:T!'*41*.62!/9!1(6!1.)>29/.G)>12!
!
!
K/4/>O!HK%!
!
X&U!1(6!9/44/<&>0!'/G3/>6>12!&>!)!HK%!1*=6E!
!!!!
!
!!!'85B!!9./G!'/4/>O!2*236>2&/>! ! !!ML4!!!
!!!",g!8.6)G!-)\!=*996.! ! !!ML4!
!!!3.&G6.!"!Z",GX[!!!Z-_[! ! !!,@bL4!
!!!3.&G6.!+!Z",GX[!!!ZVH][! ! !!,@bL4! !
!!!?5-H!G&U!! ! !!,@_ML4!
!!!$+:! ! !!bL4!
!!!!8.6)G!-)\!85B!3/4OG6.)26! ! !!,@+ML4!
!
!
-/1)4!C/4*G6!! ! "ML4!



! "+!

!
=525%4.<=>..+5%&,",5%(!
!!!A>&1&)4!?6>)1*.)1&/>!!!!!RJ:K!!!!!!!",!26'/>?2!
!!!86>)1*.)1&/>!!!!!!!!!!!!!!!!!Rb/K!!!!!!!!",!26'/>?2!
!!!B>>6)4&>0!!!!!!!!!!!!!!!!!!!!!!!M+/K!!!!!!!!Y,!26'/>?2! YM!'O'462!
!!!aU16>2&/>!!!!!!!!!!!!!!!!!!!!!!!_+/K!!!!!!!!Y,!26'/>?2!
!
!!!S&>)4!6U16>2&/>!!!!!!!!!!!!!_+/K!!!!!!!!!MW!
!!!$/4?!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!J/K!
!
!
• )??!+,`!]U!:.)>06I!N!4/)?&>0!?O6!1/!1(6!6>.&'(6?!85B!
• 4/)?!/>!)!+`!)0)./26!064!1/!'(6'P!9/.!?62&.6?!9.)0G6>12!!!!!
!
!
H/2&1&C6!=)>?2!0&C6!&>?&')1&/>!9/.!.&0(1!1.)>29/.G)1&/>;!G6)>&>0!1()1!1(6!
)22/'&)16?!:5!'*41*.6!')>!=6!*26?!9/.!X&>&H.63!)334&')1&/>!1/!0)&>!85B!9/.!
26\*6>'&>0!/9!1(6!21.)>?!236'&9&'!4&=.).O!&>!?&.6'1!'/G3).&2/>!1/!1(6!>/>I21.)>?!
236'&9&'!/>6!1/!C6.&9O!1(6!236'&9&'&1O@!
!
!
!


