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1+#&1=#61! *F! R+%! K8+B2\/83#! C&+18%/#2! `97>2a! 218//!
&//*W2! 1+&62F#+! *F! R+%! ="LR! $#1W##6! 6#B+*62!
`>&21Bf46! #1! &/(-! cNeOa(! A*! ;#1#+=86#! 8F! CB+8F8#;!
%&C28;2!=8G.1!%&++4!1.#!=#=*+4!*F!>ee!1+&8686G-!W#!
1#21#;!;#62814\F+&%18*6&1#;!/42&1#2!F+*=!jc2!*F!>ee\
1+&86#;! G+&6;=*1.#+2! F*+! 1.#8+! &$8/814! 1*! 86;B%#!
&K*8;&6%#(! m6/4! 1.#! ;#62#21! F+&%18*6! `,ka-! W.8%.!
2.*B/;! %*61&86! 97>2-! 86;B%#;! ,"# '$*-&1(/)'!
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&K*8;&6%#!$#.&K8*+!`1+&62=8228*6!*F!1.#!28G6&/!F+*=!
G#+=/86#! 1*! 6#B+*62! *+! 6#B+*6&/! FB6%18*6a! `j8GB+#!
PRa(!A.#!21#C!&1!W.8%.!!$*+!&%12!86!1.#!C&1.W&4!W&2!
6*1!%/#&+!F+*=!*B+!#VC#+8=#612-!$#%&B2#!&!=B1&61!*+!
!$*+! "LR8! F*+! 2#K#+&/! G#6#+&18*62! W*B/;! 6*1!
;82186GB82.!&! /&2186G!&6;!C#+=&6#61!#FF#%1!*F!!$*+!
&%18K&18*6!F+*=!&!1+&628#61!#FF#%1!1.&1!*6/4!&FF#%12!*6#!
21#C! *F! 1.#! 1+&62G#6#+&18*6&/! /#&+6#;! C&1.*G#6!
&K*8;&6%#! C+*%#22(! Z*W#K#+-! 1.#2#! 21#C2! %&6! $#!
;82186GB82.#;! 1.+*BG.! &! 28=C/#! #VC#+8=#61S!
36*%3;*W6! *F! 1.#! G#6#! *F! 861#+#21! 86! 1.#! je!
G#6#+&18*6! &F1#+! >N! 1+&8686G-! F*//*W#;! $4! %*61+*/!
"LR8! 86!G#6#+&18*62!jc\jP(!06*%3;*W6!*F!&!G#6#!
86K*/K#;! 86! 86818&18*6! `>Na! W*B/;! .&K#! 6*! #FF#%1! 8F!
+#;B%#;!*6/4!86!1.#!je!G#6#+&18*6!`j8GB+#!PR-!$/B#!
/86#-!X86818&18*6Yad!je!36*%3;*W6!*F!&!G#6#!86K*/K#;!86!
G#+=/86#! =&861#6&6%#! *+! C+*C&G&18*6! W*B/;!
C#+=&6#61/4! #/8=86&1#! /#&+6#;! $#.&K8*+! `*+&6G#!
/86#-! X=&861#6&6%#o! C+*C&G&18*6Yad! &6;! je!
36*%3;*W6! *F! &! G#6#! 1.&1! *6/4! FB6%18*62! 86!
1+&62=8228*6! *F! 1.#! 28G6&/! *+! FB6%18*62! 86! 6#B+*62!
W*B/;!#/8=86&1#!1.#!$#.&K8*+!F*+!&!G#6#+&18*6!*+!1W*-!
$B1! 2.*B/;! +#1B+6! *6%#! 1.#! "LR8! 36*%3;*W6! 82!
#6;#;!`G+##6!/86#-!X$#.&K8*+Ya(!!
!!!!!06*%3;*W6!*F!)1.=A-!1.#!"LR!1+&62C*+1#+!1.&1!82!
#VC+#22#;! 86! 1.#! 861#2186#! `)%:W&6! #1! &/(-! cNeca-!
*6/4!86!je!;*#2!6*1!&FF#%1!$#.&K8*+!86!&64!G#6#+&18*6-!
/83#/4! $#%&B2#! 812! +*/#! 82! 1*! F&%8/81&1#! BC1&3#! *F!
$&%1#+8&/!2=&//!"LR2!F+*=!1.#!GB1-!W.8%.!82!%+818%&/!86!
86818&18*6!`>Na!$B1!82!6*1!6##;#;!86!/&1#+!G#6#+&18*62!
`j8GB+#!P<-!j8GB+#!'PRa(!<4!%*61+&21-!36*%3;*W6!*F!
1.#! C8"LR! >8W8oR+G*6&B1#! >"@\e! 86! 1.#! je!

G#6#+&18*6! #/8=86&1#2! $#.&K8*+! 6*1! *6/4! 86! je-! $B1!
&/2*!%&B2#2!&!C#+=&6#61!/*22!*F!&K*8;&6%#!$#.&K8*+!
`j8GB+#! P5-! j8GB+#! 'P<a(! A.#2#! +#2B/12! &+#!
%*62821#61!W81.!C+#K8*B2!;&1&!2BGG#2186G!1.&1!3*&=+#
82! +#UB8+#;! F*+! =&861#6&6%#! *+! C+*C&G&18*6! *F!
&K*8;&6%#!$#.&K8*+-! &6;! 1.&1! /*22! *F!3*&=+! #+&2#2!
1+&62G#6#+&18*6&/!=#=*+4!`R2.#!#1!&/(-!cNeca(!A.#!
A@j\$#1&! /8G&6;! ERj\r! 82! #VC+#22#;! 86! 1.#! R'I!
6#B+*6-! &6;! 82! +#UB8+#;! 1*! #V#%B1#! 1.#! &K*8;&6%#!
$#.&K8*+!̀ 0&/#1234!#1!&/(-!cNcN&d!)**+#!#1!&/(-!cNega(!
"#;B%18*6! *F! .'8=>! $4! "LR8! 86! 1.#! je! G#6#+&18*6!
F*//*W86G!=&1#+6&/!,"#'$*-&1(/)'!`j8GB+#!'P5a!*+!6"#
7/%1q>ee!`j8GB+#!PEa! 1+&8686G!&$+*G&1#;!&K*8;&6%#!
$#.&K8*+! 86! 1.#! 2&=#! G#6#+&18*6! `jea(! Z*W#K#+-!
C+*G#64! +&82#;! *6! %*61+*/! "LR8! +#%*K#+#;! 1.#8+!
&K*8;&6%#!$#.&K8*+!86!1.#!jc\jQ!G#6#+&18*62!̀ j8GB+#!
PE-! j8GB+#! 'P5a-! ;#=*621+&186G! 1.&1! 1.#! #6%*;#;!
=#=*+4!W&2!+#1&86#;!#K#6!W.#6!.'8=>!#VC+#228*6!
W&2! +#;B%#;-! &6;! 1.&1! &K*8;&6%#! $#.&K8*+! %*B/;!
+#1B+6(! A.82! 2.*W2! 1.&1! .'8=>! 82! 6*1! +#UB8+#;! F*+!
G#+=/86#!=&861#6&6%#!*F!1+&62G#6#+&18*6&/!=#=*+4-!
$B1!82!8621#&;!86K*/K#;!86!1.#!#V#%B18*6!*F!&K*8;&6%#!
$#.&K8*+(! A.#2#! )1.=AC! 3*&=+C! &6;! .'8=>! "LR8!
86818&18*6! K2! =&861#6&6%#! K2! #V#%B18*6! $#.&K8*+!
+#2B/12-! +#2C#%18K#/4-! &G+##! W81.! 1.#8+! C+#K8*B2/4\
;#1#+=86#;!+*/#2!86!861#2186#!`)%:W&6!#1!&/(-!cNeca-!
G#+=/86#! `<&1821&! #1! &/(-! cNNOa-! &6;! 6#B+*62!
`0&/#1234!#1!&/(-!cNcN&d!)**+#!#1!&/(-!cNegd!"#6!#1!
&/(-!eggka(!
#####!$*+! %&C28;2! &+#! C+#2#61! 86! 1.#! G#+=/86#-! &6;!
1.#8+!C+#2#6%#!;#C#6;2!*6!3*&=+!&6;!>!G+&6B/#2!86!
W*+=2! `E#6682! #1! &/(-! cNecad! 86! 4#&21-! A4h! 97>!
F*+=&18*6! 82! 28=8/&+/4! ;#C#6;#61! *6! >\$*;8#2!
`<#/8&3*K&\<#1.#//-! cNNka(! A.#+#F*+#-! W#! F8+21!
.4C*1.#28f#;!1.&1!!$*+#=8G.1!FB6%18*6!&1!1.#!21#C!*F!
=&861&8686G! 1.#! 1+&62G#6#+&18*6&/! 28G6&/! 86! 1.#!
G#+=/86#-! 28=8/&+! 1*! 3*&=+! `j8GB+#! P5a(! Z*W#K#+-!
W.8/#!!$*+@DE21B! 1+#&1=#61! 86! 1.#! je! C+*G#64! *F!
W8/;\14C#! =*1.#+2! 1+&86#;! W81.! 6"# 7/%1! #VC+#2286G!
>ee! `j8GB+#! P:-!'P:-! +8G.1a! *+!W81.!,"# '$*-&1(/)'!
`j8GB+#! 'PE-! /#F1a! %&B2#;! /*22! *F! &K*8;&6%#!
$#.&K8*+-! 1.#! &K*8;&6%#! =#=*+4! +#%*K#+#;! 86!
2B$2#UB#61!G#6#+&18*62!=&861&86#;!*6!%*61+*/!"LR8!
&//*W86G! !$*+! +#\#VC+#228*6! `jc\jQd! j8GB+#! P:a(!
A.#2#! +#2B/12! +#2#=$/#;! .'8=>! 36*%3;*W6! &6;!
+#%*K#+4-!+&1.#+!1.&6!1.#!C#+=&6#61!/*22!*F!/#&+6#;!
&K*8;&6%#!1.&1!3*&=+!36*%3;*W6!%&B2#2-!2BGG#2186G!
1.&1! !$*+! &%12! 86! 1.#! #V#%B18*6! *F! &K*8;&6%#!
$#.&K8*+!+&1.#+! 1.&6!&1! 1.#!21#C!*F!=&861#6&6%#!*F!
1.#!1+&62G#6#+&18*6&/!28G6&/(!A.82!FB+1.#+!2BGG#21#;!
1.&1! !$*+]2! +*/#! 86! /#&+6#;! C&1.*G#6! &K*8;&6%#!
=8G.1!6*1!$#!+#21+8%1#;!1*!G#+=/86#!FB6%18*6-!;#2C81#!
1.#!F&%1!1.&1!81!82!C+8=&+8/4!#VC+#22#;!86!1.#!G#+=/86#!
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!
!

`E#6682!#1!&/(-!cNeca-!$B1! +&1.#+!=&4!&%1!&1!&!21#C!
$#1W##6!G#+=/86#!&6;!6#B+*6!FB6%18*6(!
!!!!!A*!1#21!1.#!6*18*6!1.&1!!$*+!=8G.1!&%1!86!&!C*21\
G#+=/86#-! ;46&=8%-! 1+&628#61! 21#C-! W#! %&++8#;! *B1!
"LR8!21&+186G!86!&;B/1.**;(!j8+21-!36*%3;*W6!*F!!$*+!
86!1+&86#;!>N!&;B/12!`j8GB+#!Pja!$/*%3#;!&K*8;&6%#!
/#&+686G! &2! W#//! &2! W.*/#\/8F#! "LR8! 1+#&1=#61! ;8;!
`j8GB+#!hMa-!2.*W86G!1.&1!!$*+#%&6!$#!36*%3#;!;*W6!
#FF#%18K#/4! 86!&;B/12(!'8=8/&+/4-! /*22!*F!5#+e!*6/4! 86!
&;B/12! C+#K#612! 1.#! 86;B%18*6! *F! .'8=>3??&83!
#VC+#228*6! 86! 1.#! R'I! `j8GB+#! P@a(! 06*%3;*W6! *F!
!$*+! 86!1+&86#;!>N!&;B/12!F*//*W#;!$4!1+#&1=#61!*6!
%*61+*/! "LR8! 86! je! &//*W#;! 1.#! +#\#=#+G#6%#! *F!
&K*8;&6%#! $#.&K8*+! `j8GB+#! 'kR\Ea-! FB+1.#+!
#21&$/82.86G! 1.&1! !$*+! 82! 6*1! 86K*/K#;! 86!
#21&$/82.=#61! *F! 1.#! 1+&62G#6#+&18*6&/! 28G6&/(!
06*%3;*W6! *F! !$*+# *6/4! 86! &;B/12! *F! 1.#! jc!
G#6#+&18*6! &$+*G&1#;! $#.&K8*+! `j8GB+#! PZ-! j8GB+#!
'k:a-!;#2C81#!1.#!je!&68=&/2!.&K86G!;#=*621+&1#;!
86.#+81&6%#!*F!&K*8;&6%#!`j8GB+#!'k5\Ea(!A*G#1.#+-!
1.#2#!+#2B/12!2BGG#21!1.&1!1.#!C+*%#22!82!;46&=8%S!8F!
1.#!1+&62G#6#+&18*6&/! 86.#+81&6%#!*F!&K*8;&6%#!.&;!
$##6!2#1!$4!+#GB/&18*6!*F!6#B+*6&/!G#6#!#VC+#228*6!
/#K#/2! 86! 1.#! #=$+4*68%! 21&1#-! 1.#6! 36*%3;*W6! *F!
!$*+!2.*B/;!6*1!.&K#!&FF#%1#;!$#.&K8*+(!I621#&;-!W#!
2##!1.&1!!$*+-!W.8%.!&%12!BC21+#&=!*F!.'8=>! 86!1.#!
R'I-! ;46&=8%&//4! +#GB/&1#2! $#.&K8*+! 86! &;B/1!
&68=&/2(!!
!!!!!A*G#1.#+-! 1.#2#! +#2B/12! 2.*W! 1.&1! /*22! *F!!$*+#
;*#2! 6*1! #+&2#! 1+&62G#6#+&18*6&/! =#=*+4-! $B1!
+&1.#+! 82! +#UB8+#;! ;*W621+#&=! *F! 1.#! =#=*+4!
=&861#6&6%#! =&%.86#+4! 86! *+;#+! 1*! #V#%B1#!
&K*8;&6%#!$#.&K8*+(!A.B2-! 812! +*/#! 82!B6/83#/4! 1*!$#!
2*/#/4! 86! 1.#! G#+=/86#-! $B1! =*+#! /83#/4! 86! 1.#!
%*==B68%&18*6! *F! 1.#! 21&1B2! *F! &K*8;&6%#! 21&1#!
86F*+=&18*6!F+*=!1.#!G#+=/86#!1*!1.#!6#B+*62!86!#K#+4!!
G#6#+&18*6(!A.82!G#+=/86#\1*\2*=&!28G6&/86G!`j8GB+#!
PIa!B/18=&1#/4!&FF#%12!6#B+*6&/!&%18K814!&6;!$#.&K8*+!
1*! &K*8;! &! %*==*6! C&1.*G#6-! &6;! &/2*! 8=C+*K#2!
1.#8+!2B+K8K&/!*6!1.&1!C&1.*G#6!`)**+#!#1!&/(-!cNega(!
A*G#1.#+-! 1.#2#! FB6%18*62! =8G.1! C+*K8;#! &6!
#K*/B18*6&+4!$#6#F81!F+*=!1.#!862#+18*6!&6;!&%18K814!*F!
&!+#1+*1+&62C*2*6!1.&1!W&2!C+#K8*B2/4!1.*BG.1!1*!$#!
2*/#/4!;#/#1#+8*B2(!
*
:3-*(6$)$';*"1*=$)+*/'#($&/*"1*!&%"'"()*+*'"*.(##;*
"8'* /0())* 9B5?$&+8.-+* 4('3"2-&* (,"$+(&.-*
)-(#&$&2* (&+* '#(&/2-&-#('$"&()* 0-0"#;*
."##-)('-/*=$'3*!"#$*-C4#-//$"&*

!
!!!!!"*BG./4!ePs!*F!1.#!!"#$%$&'()!G#6*=#!%*628212!
*F! 1+&62C*2*6! G#6#18%! =&1#+8&/! `7&+8%%.8&! #1! &/(-!

cNera(!A.#!A4ho@4C24!F&=8/4!+#1+*1+&62C*2*6!!$*+!
82! *6#! *F! 1.#2#! #/#=#612-! &6;! 82! 862#+1#;! 861*! 1.#!
G#6*=#2!*F!+*BG./4!rNs!*F!W8/;!!"#$%$&'()!21+&862!
`>&/*C*/8! #1! &/(-! cNNOa-! &/1.*BG.! 1.#! 281#2! *F! 1.#2#!
862#+18*62! ;8FF#+! l! 2*=#! &+#! C+#2#61! 86! 1.#! 3%&=+!
/*%B2-!W.8%.!+#GB/&1#2!XC/BGG86GY!BC*6!=&186G-!W.8/#!
*1.#+2!&+#!C+#2#61!#/2#W.#+#!`7&+8%%.8&!#1!&/(-!cNera!
`j8GB+#!kRa(!'8=8/&+/4-!2*=#!!$*+!862#+18*62!&+#!*6/4!
+#=6&612!*F! 1.#!&%18K#! 1+&62C*2*6-!W81.!*6/4!7A"2!
`/*6G! 1#+=86&/! +#C#&12a! ;#1#%1&$/#! `j8GB+#! kRa(!
A.#+#F*+#-! W#! W*6;#+#;! W.#1.#+! 1.#! C+#2#6%#! *F!
FB//\/#6G1.!!$*+! 86! 1.#!G#6*=#2!*F! 21+&862! 82*/&1#;!
F+*=!1.#!W8/;!82!6#%#22&+4!*+!2BFF8%8#61!1*!%*6F#+!1.#!
&$8/814!1*!/#&+6!&6;!+#=#=$#+!C&1.*G#6!&K*8;&6%#(!!
!!!!!R6!861&%1!%*C4!*F!!$*+!82!C+#2#61!86!1.#!W8/;!21+&86!
MJePON-!&2!2.*W6!$4!1.#!%*=C/#1#!%*K#+&G#!*F!1.#!
%*;86G!2#UB#6%#2!&6;!7A"2!$4!;#!6*K*!&22#=$/4!
`5**3!#1!&/(-!cNera!`j8GB+#!'rRa(!b#!F*B6;!1.&1!/83#!
Lc-! MJePON! &68=&/2! /#&+6! 1*! &K*8;!,"# '$*-&1(/)'!
$*1.!1.+*BG.!#VC*2B+#!1*!1.#!C&1.*G#6!`j8GB+#!k<-!
/#F1a!&6;!2=&//!"LR2!`j8GB+#!k<-!+8G.1a-!&2!W#//!&2!$4!
#VC*2B+#!1*!6"#7/%1q>ee!`>ee!1+&8686Ga!`j8GB+#!k5a(!
jB+1.#+=*+#-!1+&86#;!MJePON!=*1.#+2!%&6!C&22!1.82!
86F*+=&18*6!*6!1*!1.#8+!C+*G#64!F*+!F*B+!G#6#+&18*62-!
^B21! &2! Lc! ;*#2! `j8GB+#! kE\:a(! A.#2#! +#2B/12!
2BGG#21! 1.&1! 1.#! =#%.&682=2! B6;#+/486G!
1+&62G#6#+&18*6&/! 86.#+81&6%#! *F! /#&+6#;! C&1.*G#6!
&K*8;&6%#!K8&!2=&//!"LR2!&+#!%*62#+K#;(!!
!!!!!I6!%*61+&21!1*!*B+!F86;86G2!W81.!MJePON-!&6*1.#+!
!"#$%$&'()#21+&86-!5<QOPk!`XZ&W&88&6Ya-!82!B6&$/#!1*!
/#&+6!1*!&K*8;!,"#'$*-&1(/)'!&F1#+!/&W6!`j8GB+#!kja!
*+!6"#7/%1q>ee!1+&8686G!`j8GB+#!k@a-!*+! 1*!C&22! 1.82!
86F*+=&18*6!*6!1*!812!C+*G#64!`jea(!I1!W&2!C+#K8*B2/4!
2.*W6! 1.&1!Z&W&88&6!;*#2!6*1!.&K#!!$*+! 862#+1#;!
861*!812!G#6*=#!`>&/*C*/8!#1!&/(-!cNNOa!`j8GB+#!'r5a-!
$B1! 1.82! 82!6*1! 1.#!*6/4!;8FF#+#6%#!$#1W##6!Lc!&6;!
Z&W&88&6(!5<QOPk!&6;!Lc!;8FF#+#618&//4!2B+K8K#!*6!
,"#'$*-&1(/)'-!&6;!1.82!;8FF#+#6%#!82!=#;8&1#;!$4!1.#!
(3*=+! G#6#-! W.8%.! +#GB/&1#2! /#&K86G! $#.&K8*+! 86!
+#2C*62#! 1*! *V4G#6! /#K#/2(!Z*W#K#+-! 1.#!G#6*=8%!
+#G8*6!*F!(3*=+!86!MJePON!.&2!1.#!XW8/;Y!'L>!*F!(3*=
+-!&2!Z&W&88&6!;*#2!`5**3!#1!&/(-!cNera-!+B/86G!*B1!
(3*=+!&2!1.#!2*B+%#!*F!1.#!;8FF#+#6%#!86!C&1.*G#68%!
/#&+686G!&$8/814(!'8=8/&+/4-!1.#!0'7/=+!G#6#-!W.8%.!82!
;*W6+#GB/&1#;!BC*6!#VC*2B+#!1*!,"#'$*-&1(/)'!&6;!
82! +#UB8+#;! F*+! /#&+6#;! ,"# '$*-&1(/)'! &K*8;&6%#!
$#.&K8*+! `0&/#1234! #1! &/(-! cNcN&a-! 82! 8;#618%&/!
$#1W##6!Lc!&6;!Z&W&88&6!86!1.#!er!6B%/#*18;#2!*F!
.*=*/*G4! 1*! >ee! `j8GB+#! 'r<a-! 2BGG#2186G! 1.&1!
Z&W&88&6]2! 86&$8/814! 1*! /#&+6! &6;! C&22! *6! /#&+6#;!
&K*8;&6%#!82!6*1!;B#!1*!&!/&%3!*F!2#UB#6%#!=&1%.86G!
$#1W##6!>ee!2=&//!"LR!&6;!812!0'7/=+!1&+G#1(!!
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!!!!A*! ;#1#+=86#! W.#1.#+! 1.#! C+#2#6%#! *F! !$*+!
%*++#/&1#2! W81.! 1.#! &$8/814! 1*! /#&+6! C&1.*G#6!
&K*8;&6%#!=*+#!W8;#/4!86!6&1B+#-!W#!#V&=86#;!1.#!
#VC+#228*6! *F!!$*+#"LR! K8&! "A\>5"! `j8GB+#! kRa!
&6;! 1.#! C+#2#6%#! *F! !$*+! @R@! C+*1#86! K8&!
8==B6*F/B*+#2%#6%#! `j8GB+#! kZa! 86! Lc-! MJePON-!
Z&W&88&6-!&6;!&6!&;;818*6&/!686#!W8/;!21+&862!*F!!"#
$%$&'()-! &6;! W#! 1#21#;! 1.#! &$8/814! *F! 1.#2#! W8/;!
21+&862!1*!%&++4!*B1!>ee\=#;8&1#;!/#&+6#;!&K*8;&6%#!
*F! ,"# '$*-&1(/)'(! 783#! Lc! &6;! MJePON-! 1.#! W8/;!
21+&862!EZQcQ!&6;!0QheQ!#VC+#22#;!!$*+!"LR!&6;!
5#+e! @R@! C+*1#86-! &6;! W#+#! &$/#! 1*! /#&+6! ,"#
'$*-&1(/)'!&K*8;&6%#!&F1#+!>ee!1+&8686G!`j8GB+#!kR-!
Z\Ia(!m1.#+!21+&862!$#.&K#;! /83#!Z&W&88&6-!&2! 1.#4!
W#+#! B6&$/#! 1*! /#&+6! >ee\86;B%#;! &K*8;&6%#! &6;!
W#+#! ;#F#%18K#! F*+! &11+&%18*6! 1*! ,"# '$*-&1(/)'!
`j8GB+#2!Pkad!6*6#!*F!1.#2#!21+&862!.&;!!$*+!862#+1#;!
861*!1.#!G#6*=#!*+!#VC+#22#;!!$*+!&1!&CC+#%8&$/#!
/#K#/2! `j8GB+#! kR-!Za(! `R/1.*BG.! 1.#! 1W#/F1.! 21+&86-!
:EhNQN-! .&2! !$*+! 862#+1#;! 861*! 812! G#6*=#! &6;!
#VC+#22#2!!$*+-!81!82!;#F#%18K#!F*+!6*+=&/!&11+&%18*6!
1*! ,"# '$*-&1(/)'! &6;! ;*#2! 6*1! #V.8$81! 86%+#&2#;!
&K*8;&6%#! BC*6! 1+&8686G(a! j86&//4-! 1+#&1=#61! *F! 1.#!
!$*+\#VC+#2286G!W8/;!21+&86!0"heQ!W81.!!$*+!"LR8!
&$*/82.#;! 812! >ee\=#;8&1#;! /#&+686G! `j8GB+#! kMa(!
A.B2-!1.#!C+#2#6%#!&6;!#VC+#228*6!*F!!$*+! 86!W8/;!
21+&862!*F!!"#$%$&'()!/&+G#/4!%*++#/&1#2!W81.!&$8/814!1*!
/#&+6! 1*! &K*8;! ,"# '$*-&1(/)'! &F1#+! 2=&//! "LR\
=#;8&1#;!1+&8686G(!!!

*
D$/.8//$"&*
*
!!!!!Z#+#!W#!.&K#!2.*W6!1.&1!86F*+=&18*6!%*6K#486G!
C&1.*G#68%!#VC*2B+#!21&1B2!%&6!$#!1+&62F#++#;!F+*=!
1+&86#;! 1*! 6&[K#! !"# $%$&'()-! K8&! %&C28;2! *F!
A4ho@4C24# !$*+! +#1+*1+&62C*2*6(! R;;818*6&//4-! 1.#!
1+&62F#+! *F! 1.82! 86F*+=&18*6! 86;B%#2! =#=*+4! 1.&1!
/&212! F*+! F*B+! &;;818*6&/! G#6#+&18*62-! 28=8/&+! 1*!
1+&8686G! *6! ,)$-./0/(')# '$*-&1(/)'! *+! 812! 2=&//!
"LR-! >ee(! mB+! +#2B/12! C+*K8;#! &! =*/#%B/&+!
=#%.&682=! $4! W.8%.! =#=*+4! 1+&62=8228*6! =8G.1!
*%%B+S!1.#!!$*+!+#1+*1+&62C*2*6!#VC+#22#2!K8+B2\/83#!
C&+18%/#2! 1.&1! %&6! %*6F#+! =#=*+4! *F! /#&+6#;!
C&1.*G#6!&K*8;&6%#!1*!*1.#+!86;8K8;B&/2-!&6;!W81.86!
&6! 86;8K8;B&/-! F+*=! G#+=/86#! 1*! 6#B+*62(! A.B2-!
=#=*+8#2!*F!/#&+6#;!&K*8;&6%#!*F!C&1.*G#62!%&6!$#!
1+&62F#++#;! $#1W##6! 86;8K8;B&/2-! &6;! %&6! 86;B%#!
1+&62G#6#+&18*6&/! 86.#+81&6%#! *F! 1.#! /#&+6#;!
86F*+=&18*6(!
!!!!!A.#! 8;#&! 1.&1! =#=*+4! %&6! $#! 1+&62F#++#;!
$#1W##6!86;8K8;B&/2!82!*/;!$B1!%*61+*K#+28&/(!"#C*+12!
*F! .*+8f*61&//4\1+&62F#++#;! =#=*+4! 86! C/&6&+8&62!
`)%5*66#//!#1!&/(-!egPga!2##=#;!1*!%*61+&;8%1!$*1.!

1.#! %*6%#C1! *F! =#=*+4! 21*+&G#! *%%B++86G! *6/4! &1!
246&C2#2! &6;! 1.#! 21+8%1! C+*1#%18*6! *F! 1.#! G#+=/86#!
F+*=!2*=&18%!%.&6G#2!C+*C*2#;!$4!b#82=&66!86!1.#!
/&1#! eONN2(! A.#2#! F86;86G2! W#+#! =*+#! +#%#61/4!
2BCC*+1#;!$4!&6!86;#C#6;#61!21B;4!86!>/&6&+8&!1.&1!
B2#;!&6!&B1*=&1#;!2421#=!1*!+#;B%#!$8&2!`'.*=+&1!
&6;! 7#K86-! cNeha(! Z*W#K#+-! C/&6&+8&! ;8K8;#!
&2#VB&//4-! &6;! 1.B2! 1.#! %*6%#C1! *F! &! b#82=&66!
$&++8#+! =8G.1! $#! /#22! 21+8%1(! jB+1.#+=*+#-! 6*!
=*/#%B/&+! =#%.&682=! F*+! 1.82! 14C#! *F! =#=*+4!
1+&62F#+!.&2!$##6!;#1#+=86#;(!R6*1.#+!#V&=C/#!*F!
=#=*+4!1+&62F#+!$#1W##6!86;8K8;B&/2!82!F+*=!+#%#61!
W*+3!86!23%4)1'C!86!W.8%.!1.#!"LR!#V1+&%1#;!F+*=!1.#!
5L'!*F!1+&86#;!&68=&/2!86^#%1#;!861*!6&[K#!&68=&/2!
W&2! &$/#! 1*! 86%+#&2#! 2#62818f&18*6! 86! &! ELR!
=#1.4/&18*6\;#C#6;#61!=&66#+!`<i;i%&++&12!#1!&/(-!
cNeOa-!&6!#V&=C/#!*F!&6!#C8G#6#18%!=#%.&682=!*F!
=#=*+4!21*+&G#-!$B1!W.#1.#+! 1.82!%*B/;!.&CC#6! 86!
1.#! W8/;! *+! 86F/B#6%#! 1.#! $#.&K8*+! *F! C+*G#64! 82!
B636*W6(!mB+!+#2B/12!86!!"#$%$&'()!2BGG#21!1.&1!1.#!
!$*+! +#1+*1+&62C*2*6! #6&$/#2! 1.#! 1+&62F#+! *F! &!
=#=*+4! *F! &! C&1.*G#6! F+*=! G#+=/86#! 1*! 6#+K*B2!
2421#=-! $#1W##6! G#6#+&18*62-! &6;! F+*=! &68=&/! 1*!
&68=&/(!!
!!!!!A.#!F&%1!1.&1!!$*+]2!C+#2#6%#!86!W8/;!21+&862!*F!!"#
$%$&'()! %*++#/&1#2! W81.! 1.#! &$8/814! 1*! /#&+6! &6;!
1+&62G#6#+&18*6&//4! 86.#+81! C&1.*G#6! &K*8;&6%#!
2BGG#212! 1.&1! !$*+! 812#/F! =&4! .&K#! #6&$/#;! 1.#!
&%UB82818*6!*F!1.82!$#.&K8*+(!!"#$%$&'()!;8#2!W81.86!c\
h!;&42!86!1.#!C+#2#6%#!*F!,)$-./0/(')#'$*-&1(/)'-!
38//86G! =*1.#+2! $#F*+#! 1.#4! .&K#! F8682.#;!
+#C+*;B%86G-!W.8%.!W*B/;! ;#/#1#+8*B2/4! &FF#%1! 1.#8+!
F816#22(! !$*+! W&2! C+#K8*B2/4! 6*1#;! 1*! +#;B%#!
F#%B6;814! 86! 6*6\C&1.*G#68%! %*6;818*62! `E#6682! #1!
&/(-!cNeca-!$B1!.#+#!W#! F*B6;! 1.&1! 1.#!C+#2#6%#!*F!
!$*+! #6&$/#2! 1.#! W*+=2! 1*! /#&+6! 1*! &K*8;!
,)$-./0/(')(!IF!6&[K#!&68=&/2!&+#!&$/#!1*!1&3#!BC!
!$*+#%&C28;2!F+*=!&68=&/2!W.*!.&K#!;8#;!&6;!/42#;-!
81! W*B/;! &//*W! 1.#=! 1*! &%UB8+#! /#&+6#;! &K*8;&6%#!
W81.*B1!#VC#+8#6%86G!8//6#22!1.#=2#/K#2!`j8GB+#!ra-!!
#FF#%18K#/4! K&%%86&186G! 1.#=! &G&8621! FB1B+#! ,"#
'$*-&1(/)'! #VC*2B+#! $4! 86;B%86G! &K*8;&6%#!
$#.&K8*+(! jB+1.#+=*+#-! &2! 86F#%1#;! =*1.#+2! *F1#6!
X$&GY!`;8#!*F!=&1+8%8;#a-!1.#!&$8/814!*F!*1.#+!W*+=2!1*!
1&3#! BC! !$*+! 97>2! =8G.1! C+*K8;#! 1.#=! W81.! 1.#!
&$8/814! 1*! &K*8;! 1.#! C&1.*G#6! \! C#+.&C2! 1.#! F8+21!
B18/8f&18*6! *F!=#=*+4! 1+&62F#+(! A.#! &$8/814! 1*! &K*8;!
C&1.*G#62!F*+!=B/18C/#!G#6#+&18*62!%*B/;!C+*K8;#!!"#
$%$&'()! 1.&1! .&K#! &%UB8+#;!!$*+#&6! &;K&61&G#! 86!
#6K8+*6=#612!+8F#!W81.!C&1.*G#62(!
!!!!!Z#+#!W#!.&K#!2.*W6!1.&1!+&1.#+!1.&6!$#86G!2*/#/4!
;#/#1#+8*B2!̀ E#6682!#1!&/(-!cNeca-!1.#!C+#2#6%#!*F!1.#!
!$*+!+#1+*1+&62C*2*6!86!F&%1!=&4!.&K#!$##6!%*\!
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*C1#;! $4! !"# $%$&'()! 1*! .#/C! 81! 2B+K8K#! 86! &6!
#6K8+*6=#61!1.&1!+#UB8+#2!F+#UB#61!#6%*B61#+2!W81.!
C&1.*G#62(!A.#!&$8/814!*F! 1.#!!$*+! +#1+*1+&62C*2*6!
1*! %*6F#+! &! $#6#F81! 1*! 1.#! .*21! 82! 2B+C+8286G!
%*628;#+86G!1.#!%/&228%&/!6&1B+#!*F!1+&62C*2*62!86!!
G#6*=#2(! A+&62C*2*62! &+#! .8G./4! &$B6;&61! 86!
&68=&/! G#6*=#2-! &6;! G#6#+&//4! +#G&+;#;! &2!
C#+68%8*B2-! =B1&G#68%! G#6#18%! #/#=#612! W.*2#!
=*$8/814!%&6!/#&;!1*!;82#&2#!&6;!1.#!#+*28*6!*F!.*21!
F816#22(! A+&62C*2*62! 86%B+! ;&=&G#! 1*! .*212! *6!
2#K#+&/! F+*612S! 1.+*BG.! =82+#GB/&18*6! *F! .*21!
C+*%#22#2-! 2B%.! &2! 861#+F#+86G! W81.! .*21!
1+&62%+8C18*6-!C+*%#2286G!*F!="LR2-!&6;!%.+*=&186!
21+B%1B+#! `:/$&+$&+4! #1! &/(-! cNeka-! *+! 1.+*BG.!
;82+BC18*6!*F!1.#!.*21!G#6*=#!1.+*BG.!1+&62C*2818*6(!
5*62821#61!W81.!*1.#+!1+&62C*2*62-!1.#!C+#2#6%#!*F!
!$*+!W&2!C+#K8*B2/4!*6/4!6*1#;!1*!$#!;#/#1#+8*B2-!&2!
812!#VC+#228*6!;#%+#&2#2!F#%B6;814!&6;!/8F#2C&6!86!!
6*6\C&1.*G#68%!%*6;818*62!̀ E#6682!#1!&/(-!cNeca(!A.#!
F86;86G! 1.&1! !$*+! 82! +#UB8+#;! F*+! /#&+6#;! &6;!
1+&62G#6#+&18*6&//4\86.#+81#;! >ReQ! &K*8;&6%#!
$#.&K8*+! 2.*W2! 1.&1! &6%8#61! +#1+*1+&62C*2*62! %&6!
$#!%*\*C1#;!&6;!+#CB+C*2#;!1*!$#6#F81!1.#!W*+=-!&6!
#V&=C/#! *F! 1+&62C*2*6\.*21! =B1B&/82=! `j#2%.*11#!
&6;! @8/$#+1-! cNeca(! '86%#! +#1+*1+&62C*2818*6! 86! !"#
$%$&'()! .&2! 6#K#+! *$2#+K#;! B6;#+! /&$*+&1*+4!
%*6;818*62!`<#22#+#&B-!cNNkd!7&+8%%.8&!#1!&/(-!cNera-!
81! 82! /83#/4! 1.&1!!$*+#=#;8&1#2! 1.82! &%UB8+#;! W*+=!
$#.&K8*+! 86;#C#6;#61! *F! 812! C*1#618&/! F*+! 6*K#/!
G#6*=#!862#+18*6!&2!&!+#1+*1+&62C*2*6(!#
!!!!!b.8/#!1.#!;*=#218%&18*6!*F!1+&62C*2*62!B6;#+/8#2!
2*=#! *F! 1.#! =*21! %+818%&/! 1+&62818*62! 86! &68=&/!
#K*/B18*6! `RG+&W&/! #1! &/(-! eggOd! EBC+#22*8+! #1! &/(-!
cNecd!Z8*=!#1!&/(-!eggOd!'.##6!&6;!7#K82-!eggQd!!
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!
'=81! &6;! "8GG2-! eggkd! AB;*+! #1! &/(-! eggca# 1.#!
+#UB8+#=#61! F*+!!$*+! 86! 1+&62G#6#+&18*6&/! /#&+6#;!
$#.&K8*+! 82! B68UB#! 86! 1.&1! !$*+! 82! &6! &%18K#!
1+&62C*2*6-! &6;! 1.&1! !$*+! %*6F#+2! &! $#.&K8*+&/!
&$8/814-! &K*8;&6%#-! *6! 1.#! &68=&/2(! R6! 861#+#2186G!
C&+&//#/!&+82#2!W81.!%*=C&+82*6!1*!+#%#61!21B;8#2!*F!
R+%!`*F!A4ho@4C24#F&=8/4!*+8G86a-!W.8%.!2.*W#;!1.&1!
R+%! 97>2! %&6! 1+&62=81! %#//B/&+! G#6#18%! =&1#+8&/!
&%+*22!6#B+*62!86!&!C+*%#22!1.&1!B6;#+/8#2!246&C18%!
C/&218%814!86!F/4!&6;!=&==&/8&6!$+&862!`R2./#4!#1!&/(-!
cNeOd! 74F*+;! #1! &/(-! eggPd! >&21Bf46! #1! &/(-! cNeOa(!
b.8/#!!"#$%$&'()#/&%32!&!;8+#%1!2*7#*+1.*/*G-!!$*+!82!
&/2*!&!=#=$#+!*F!1.#!A4ho@4C24#F&=8/4!&6;!28=8/&+/4!
F*+=2!%&C28;2! `E#6682!#1!&/(-!cNeca(!!$*+52! +*/#! 86!
C&1.*G#6! &K*8;&6%#-! &6;! 2C#%8F8%&//4! 86! 1.#!
&K*8;&6%#!$#.&K8*+!21#C!\!+&1.#+!1.&6!86!G#6#+&18*6!
*+!=&861#6&6%#!*F! 1.#! 1+&62G#6#+&18*6&/!=#=*+4! \!
W&2! 2B+C+8286G-! G8K#6! 1.#! F&%1! 1.&1!!$*+! C+*;B%#2!
97>2! 86! 1.#! G#+=/86#d! .*W#K#+-! 97>2! &+#! &/2*!
C+#2#61! 86! 6*6\G#+=/86#! %#//2! &1! /*W#+! &$B6;&6%#-!
C#+.&C2! 2BGG#2186G! &1! /#&21! &! 1+&628#61! C+#2#6%#!
*B128;#! *F! 1.#! G#+=/86#! `E#6682! #1! &/(-! cNeca(!
R/1.*BG.! 81! 82! C*228$/#! 1.&1! !$*+! &%12! /83#! R+%-!
1+&62=81186G! 86F*+=&18*6! $#1W##6! 6#B+*62-! &!=*+#!
C&+28=*68*B2!#VC/&6&18*6-!G8K#6! 1.#!&$B6;&6%#!*F!
!$*+!97>2!86!1.#!G#+=/86#!&6;!*B+!G#6#18%!#K8;#6%#!
C/&%86G! 81! BC21+#&=! *F! .'8=>! +#GB/&18*6! 86! 1.#! R'I!
6#B+*6-!82!1.&1!G#+=/86#!!$*+!97>2!%&++4!.*21!%&+G*!
1*! 6#B+*62-! W.#+#! 2B$2#UB#61! %.&6G#2! 86!
#VC+#228*6!&6;!&%18K814!=*;B/&1#!$#.&K8*+!`j8G!P5a(!!
!!!!!mB+!;&1&!2BGG#21!1.&1!5$*+!FB6%18*62!86!&!6*K#/-!
;46&=8%! G#+=/86#\1*\6#B+*6! 28G6&/86G! =#%.&682=!
1.&1!=&4!+#C+#2#61!1.#!%*\*C18*6!*F!+#1+*1+&62C*2*6!
FB6%18*6! 1*! 8=C+*K#! !"# $%$&'()5! 2B+K8K&/-! &6;! 812!

12

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted December 29, 2020. ; https://doi.org/10.1101/2020.12.28.424563doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.28.424563


!

!
!
!

&'!

C+*G#64]2! 2B+K8K&/-! 86! C&1.*G#68%! #6K8+*6=#612(!
!$*+! &CC#&+2! 1*! C+*K8;#! !"# $%$&'()! 8==#;8&1#!
C+*1#%18*6!F+*=!&$B6;&61!C&1.*G#68%!,)$-./0/(')!
2C#%8#2!86! 812!#6K8+*6=#61-!$B1!&/2*!%*6F#+2!/&2186G!
G#6#+&18*6&/!$#6#F812!$4!%*==B68%&186G!&6!&;&C18K#!
8==B6#! 28G6&/! *F! /#&+6#;! &K*8;&6%#! 1*! 812!
;#2%#6;&612(! )*+#*K#+-! 1.#! &$8/814! 1*! C+*K8;#!
=#=*+8#2! *F! C&1.*G#6! &K*8;&6%#! 1*! 6#8G.$*+86G!
W*+=2!=8G.1!&//*W!G+#&1#+!2B+K8K&/!*F!812!386(*
*
5.@&"=)-+2-0-&'/*
*
b#! 1.&63! 1.#! !"#$%$&'()! @#6#18%2! 5#61#+! F*+!
21+&862d!1.#!:)!F&%8/814!&1!1.#!>+86%#1*6!I=&G86G!&6;!
R6&/4282! 5#61#+d! M(! >+8#22! F*+! C+*K8;86G! &618\!$*+!
@R@!&618$*;4! .4$+8;*=&d!'(!>#1+4! F*+! #UB8C=#61d!
<8*"#6;#+! F*+! =*;#/! F8GB+#! ;#28G6! 2*F1W&+#d! M(!
'.#C.#+;! &6;! 1.#! /&$*+&1*+4! *F! 5(A()(! F*+!
;82%B228*6d!&6;!"(!5/&B2#6!F*+!&22821&6%#(!5(A()(!82!
1.#!E8+#%1*+!*F!1.#!@/#66!5#61#+!F*+!RG86G!"#2#&+%.!
&1!>+86%#1*6!&6;!&6!ZZ)I\'8=*62!j&%B/14!'%.*/&+(!
A.82!W*+3!W&2!2BCC*+1#;!$4!1.#!@/#66!j*B6;&18*6!
F*+! )#;8%&/! "#2#&+%.! `@)j"! 5L9eNNeOgga-! 1.#!
ZZ)I\'8=*62! j&%B/14! '%.*/&+! >+*G+&=!
`RbEeNNPNQOa-! &6;! &! >8*6##+! RW&+;! 1*! 5(A()(!
`LI@)'!E>e@)eegekra-!Ahc@)NNrhOO! `LI@)'a!
2BCC*+1! *F! "('()(-! &6;! &! >8*6##+! RW&+;! 1*! ?(@(!
`E>eReecQkkga(!
*
*
9-1-#-&.-/*
*
RFG&6-!:(-! <&3#+-!E(-! <&1B1-! <(-! K&6!;#6!<##3-!)(-!
<*BK8#+-! E(-! t#%.-! )(-! 5.8/1*6-! M(-! 5/#=#612-! E(-!
5*+&*+-!L(-!@+u686G-!<(R(-!#1!&/(!`cNeOa(!A.#!@&/&V4!
C/&1F*+=! F*+! &%%#228$/#-! +#C+*;B%8$/#! &6;!
%*//&$*+&18K#! $8*=#;8%&/! &6&/42#2S! cNeO! BC;&1#(!
LB%/#8%!R%8;2!"#2(!;F-!bPhrlbPQQ(!

RG+&W&/-! R(-! :&21=&6-! v()(-! &6;! '%.&1f-! E(@(!
`eggOa(!A+&62C*2818*6!=#;8&1#;!$4!"R@e!&6;!"R@c!
&6;!812!8=C/8%&18*62!F*+!1.#!#K*/B18*6!*F!1.#!8==B6#!
2421#=(!L&1B+#!GH;-!rQQlrPe(!

R2.#-!R(-!'&C#12%.68G-!R(-!b#8%3-!:(\)(-!)81%.#//-!M(-!
<&G8^6-! )(>(-! 5*+;86G-! R(5(-! E*#$/#4-! R(\7(-!
@*/;21#86-! 7(E(-! 7#.+$&%.-! L(M(-! 7#!>#6-! M(-! #1! &/(!
`cNeca(! C8"LR2! 5&6! A+8GG#+! &! )B/18G#6#+&18*6&/!
:C8G#6#18%!)#=*+4! 86! 1.#!@#+=/86#!*F!5(!#/#G&62(!
5#//!+IJ-!OOlgg(!

R2./#4-! M(-! 5*+;4-! <(-! 7B%8&-! E(-! j+&;386-! 7(@(-!
<B;683-!9(-!&6;!A.*=2*6-!A(!`cNeOa(!"#1+*K8+B2\/83#!
@&G! >+*1#86! R+%e! <86;2! "LR! &6;! A+&FF8%2! &%+*22!
'46&C18%!<*B1*62(!5#//!+>A-!ckc\crQ(#ee(!

<&63#K8%.-!R(-!LB+3-!'(-!R618C*K-!E(-!@B+#K8%.-!R(R(-!
EK*+386-!)(-!0B/83*K-!R('(-! 7#286-!9()(-!L83*/#63*-!
'(I(-! >.&=-! '(-! >+^8$#/238-! R(E(-! #1! &/(! `cNeca(!
'>R;#2S!&!6#W!G#6*=#!&22#=$/4!&/G*+81.=!&6;!812!
&CC/8%&18*62! 1*! 286G/#\%#//! 2#UB#6%86G(! M(! 5*=CB1(!
<8*/(!M(!5*=CB1(!)*/(!5#//!<8*/(!+H-!QPPlQrr(!

<&1821&-!>(M(-!"B$4-! M(@(-!5/&4%*=$-! M()(-!5.8&6G-!
"(-!j&./G+#6-!L(-!0&22%.&B-!0(E(-!5.&K#2-!E(R(-!@B-!
b(-!9&2&/#-!M(M(-!EB&6-!'(-!#1!&/(!`cNNOa(!>"@\e!&6;!
ceJ\"LR2! I61#+&%1! 1*! j*+=! 1.#! C8"LR! 5*=C/#V!
"#UB8+#;!F*+!j#+18/814!86!5(!#/#G&62(!)*/(!5#//!G+-!krl
rO(!

<i;i%&++&12-!R(-!5.#6-!'(-!>#&+%#-!0(-!5&8-!E(-!&6;!
@/&6f=&6-!E(7(! `cNeOa(!"LR! F+*=!A+&86#;!23%4)1'!
5&6! I6;B%#! &6! :C8G#6#18%! :6G+&=! F*+! 7*6G\A#+=!
'#62818f&18*6! 86! J61+&86#;! 23%4)1'(! :6#B+*! I-!
:L:J"m(NNhO\eO(cNeO(!

<#/8&3*K&\<#1.#//-!L(! `cNNka(!98+B2\/83#!C&+18%/#2!*F!
1.#! A4h! +#1+*1+&62C*2*6! &22#=$/#! 86! &22*%8&18*6!
W81.!>\$*;4!%*=C*6#612(!"LR!+A-!gQleNe(!

<#22#+#&B-!M(\7(!̀ cNNka(!A+&62C*2*62!86!5(!#/#G&62(!
b*+=<**3!m6/86#!"#K(!5!:/#G&62!<8*/(!eleh(!

<*f/#+-! M(-! 0&%2*.-! <(?(-! &6;! <*2%*-! @(! `cNega(!
A+&62G#6#+&18*6&/!86.#+81&6%#!*F!#1.&6*/!C+#F#+#6%#!
82!%&B2#;!$4!=&1#+6&/!L>j!+#C+#228*6(!:78F#!K(!

5**3-! E(:(-! ?;+&/^#K8%-! '(-! "*$#+12-! M(>(-! &6;!
R6;#+2#6-!:(5(!`cNera(!5#LE"-!1.#!!'$(/*L'M.1:1)#
$%$&'()! 6&1B+&/! ;8K#+2814! +#2*B+%#(! LB%/#8%! R%8;2!
"#2(!;I-!EkPNlEkPr(!

E#6682-!'(-!'.#1.-!J(-!j#/;=&6-!M(7(-!:6G/82.-!0(R(-!
&6;! >+8#22-! M("(! `cNeca(! 5(! #/#G&62! @#+=! 5#//2!
'.*W!A#=C#+&1B+#!&6;!RG#\E#C#6;#61!:VC+#228*6!
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*F! 5#+e-! &! @4C24oA4h\"#/&1#;! "#1+*1+&62C*2*6(!
>7*'!>&1.*G(!K-!#eNNcPge(!

E8&2-! <(@(-! &6;! "#22/#+-! 0(M(! `cNeQa(! >&+#61&/!
*/F&%1*+4!#VC#+8#6%#!86F/B#6%#2!$#.&K8*+!&6;!6#B+&/!
21+B%1B+#!86!2B$2#UB#61!G#6#+&18*62(!L&1(!L#B+*2%8(!
+>-!Oglgk(!

EBC+#22*8+-! R(-! 7&K8&//#-! 5(-! &6;! Z#8;=&66-! A(!
`cNeca(! j+*=! &6%#21+&/! 86F#%18*B2! +#1+*K8+B2#2! 1*!
$*6&! F8;#! %#//B/&+! G#6#2S! "*/#! *F! 1.#! %&C1B+#;!
246%41862!86!C/&%#61&18*6(!>/&%#61&!GG-!kkhlkre(!

:/$&+$&+4-! "(R(-! 7B%&2-! <(R(-! &6;! )&UB&1-! 7(:(!
`cNeka(! "#1+*1+&62C*2*62! &2! +#GB/&1*+2! *F! G#6#!
#VC+#228*6(!'%8#6%#!GI+-!&&%rcQrl&&%rcQr(!

j#2%.*11#-!5(-!&6;!@8/$#+1-!5(! `cNeca(!:6;*G#6*B2!
K8+B2#2S! 8628G.12! 861*! K8+&/! #K*/B18*6!&6;! 8=C&%1!*6!
.*21!$8*/*G4(!L&1(!"#K(!@#6#1(!+G-!cOhlcgk(!

Z8*=-!0(-!)#/#3-!)(-! &6;!@#//#+1-!)(! `eggOa(!ELR!
A+&62C*2818*6!$4!1.#!"R@e!&6;!"R@c!>+*1#862(!5#//!
H;-!QkhlQrN(!

Z*B+8\?##K8-!7(-!0*+#=!0*.&68=-!w(-!R61*6*K&-!m(-!
&6;! "#%.&K8-! m(! `cNcNa(! A.+##! "B/#2! :VC/&86!
A+&62G#6#+&18*6&/! '=&//! "LR! I6.#+81&6%#! 86! 5(!
#/#G&62(!5#//!+KA-!eeOk\eegr(#ec(!

0&/#1234-!"(-!)**+#-!"('(-!9+/&-!@(E(-!>&+2*62-!7("(-!
@81&8-!?(-!&6;!5*/##6!A(!)B+C.4!`cNcN&a(!5(!#/#G&62!
861#+C+#12! $&%1#+8&/! 6*6\%*;86G! "LR2! 1*! /#&+6!
C&1.*G#68%!&K*8;&6%#(!L&1B+#!IKF-!QQPlQPe(!

0&/#1234-!"(-!)**+#-!"('(-!9+/&-!@(E(-!>&+2*62-!7(7(-!
@81&8-! ?(-! &6;! )B+C.4-! 5(A(! `cNcN$a(! 5(! #/#G&62!
X+#&;2Y! $&%1#+8&/! 6*6\%*;86G! "LR2! 1*! /#&+6!
C&1.*G#68%!&K*8;&6%#!`<8*"V8Ka(!

7&+8%%.8&-! 0()(-! ?;+&/^#K8%-! '(-! 5**3-! E(:(-! &6;!
R6;#+2#6-! :(5(! `cNera(! L&1B+&/! 9&+8&18*6! 86! 1.#!
E821+8$B18*6! &6;! R$B6;&6%#! *F! A+&62C*2&$/#!

:/#=#612! R%+*22! 1.#! 5&#6*+.&$;8182! #/#G&62!
'C#%8#2(!)*/(!<8*/(!:K*/(!G;-!ceOrlccNc(!

7&4#+-!"()(-!5.8&6G-!5(-!vB86/&6-!R("(-!&6;!Z&//-!I()(!
`cNeQa(! 7J)>wS! &! C+*$&$8/8218%! F+&=#W*+3! F*+!
21+B%1B+&/!K&+8&61!;82%*K#+4(!@#6*=#!<8*/(!+I-!"OQ(!

78-! Z(! `cNeOa(! )868=&CcS! C&8+W82#! &/8G6=#61! F*+!
6B%/#*18;#! 2#UB#6%#2(! <8*86F*+=&18%2! G;-! hNgQl
heNN(!

78-! Z(-! &6;! EB+$86-! "(! `cNNga(! j&21! &6;! &%%B+&1#!
2.*+1! +#&;! &/8G6=#61! W81.! <B++*W2\b.##/#+!
1+&62F*+=(!<8*86F*+=&18%2!AI-!erPQlerkN(!

74F*+;-! @(7(-! w&=&G&1&-! 0(-! 0&BF=&66-! b(:(-!
<&+6#2-! 5(R(-! '&6;#+2-! 7(0(-! 5*C#/&6;-! L(@(-!
@8/$#+1-! E(M(-! M#63862-! L(R(-! 7&6&.&6-! R(R(-! &6;!
b*+/#4-! >(j(! `eggPa(! R+%-! &! G+*W1.! F&%1*+! &6;!
&%18K814\+#GB/&1#;! G#6#-! #6%*;#2! &! 6*K#/!
%41*23#/#1*6\&22*%8&1#;! C+*1#86! 1.&1! 82! #6+8%.#;! 86!
6#B+*6&/!;#6;+81#2(!L#B+*6!+;-!QhhlQQP(!

)%5*66#//-!M(9(-!M&%*$2*6-!R(7(-!&6;!08=$/#-!E(>(!
`egPga(!A.#!#FF#%12!*F!+#G#6#+&18*6!BC*6!+#1#618*6!*F!
&!%*6;818*6#;! +#2C*62#! 86! 1.#!C/&6&+8&6(! M(!5*=C(!
>.428*/(!>24%.*/(!IA-!elP(!

)%:W&6-! E(7(-! b#82=&6-! R('(-! &6;! ZB61#+-! 5(>(!
`cNeca(! JC1&3#! *F! :V1+&%#//B/&+! E*B$/#\'1+&6;#;!
"LR!$4!'IE\c(!)*/(!5#//!;>-!rQklrPQ(!

)#82#/-! M(E(-! >&6;&-! m(-! )&.&618-! >(-! '%.+*#;#+-!
j(5(-! &6;! 08=-! E(Z(! `cNeQa(! 5.#=*2#62&18*6! *F!
<&%1#+8&/! '#%*6;&+4! )#1&$*/81#2! )*;B/&1#2!
L#B+*#6;*%+86#! '8G6&/86G! &6;! <#.&K8*+! *F! 5(!
#/#G&62(!5#//!+IH-!ckrlcON(!

)**+#-!"('(-!0&/#1234-!"(-!&6;!)B+C.4-!5(A(!`cNega(!
>8W8o>"@\e! R+G*6&B1#! &6;! A@j\x! )#;8&1#!
A+&62G#6#+&18*6&/!7#&+6#;!>&1.*G#68%!RK*8;&6%#(!
5#//!+>>-!eOcr\eOQe(#ec(!
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>&/*C*/8-! )(j(-! "*%3=&6-! )(9(-! A86)&B6G-! R(-!
"&=2&4-!5(-!5B+W#6-!'(-!R;B6&-!R(-!7&B+81&-!M(-!&6;!
0+BG/4&3-! 7(! `cNNOa(! )*/#%B/&+! $&282! *F! 1.#!
%*CB/&1*+4! C/BG! C*/4=*+C.82=! 86! 5&#6*+.&$;8182!
#/#G&62(!L&1B+#!;I;-!eNegleNcc(!
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Supplemental Table 1. Statistics Reporting. 
Statistics were generated using Prism 8. Detailed results from all figures are provided. 

Materials & Methods 

C. elegans and bacterial strains cultivation
Worm strains were provided by the C. elegans Genetics Center (CGC): N2 (wild type), FK181, 
CB4856 (Hawaiian), JU1580, KR314, DH424, MY2, JU363, JU323, ED3077, ED3040, ED3054, 
ED3073 and, CB4037, and VC40895 (gk870313) (Cer1 mutant). VC40895 was outcrossed 6 
times to generate CQ655. CQ655 was used for all the Cer1 mutant experiments reported in this 
paper. 

Bacterial strains: P. aeruginosa PA14 was a gift from Z. Gitai. P. fluorescens 15 (Pf15) was a 
gift from M. Donia, OP50 was provided by the CGC, and Serratia marcescens (ATCC 274) was 
provided by the ATCC. Control (L4440), Cer1, daf-7, and prg-1 RNAi clones were obtained from 
the Ahringer library and sequenced verified before use. E. coli expressing P11 was made as 
previously described (Kaletsky et al., 2020b). 

General worm maintenance: Worm strains were maintained at 20°C on High Growth Media 
(HG) plates (3 g/L NaCl, 20 g/L Bacto-peptone, 30 g/L Bacto-agar in distilled water, with 4 mL/L 
cholesterol (5 mg/mL in ethanol), 1 mL/L 1M CaCl2, 1 mL/L 1M MgSO4, and 25 mL/L 1M 
potassium phosphate buffer (pH 6.0) added to molten agar after autoclaving) on E. coli OP50 
using standard methods.  

RNAi worm maintenance: For all experiments using control or Cer1 RNAi treated worms had 
been cultured on HG plates (supplemented with 1 mL/L 1M IPTG, and 1 mL/L 100 mg/mL 
carbenicillin) for at least three generations, never starving worms.  

General bacterial cultivation: OP50 and P. aeruginosa PA14 were cultured overnight in 
autoclaved and cooled Luria Broth (10 g/L tryptone, 5 g/L yeast extract, 10 g/L NaCl in distilled 
water) shaking (250 rpm) at 37°C. E. coli strains expressing PA14 small RNAs were cultured 
overnight shaking (250 rpm) at 37°C in Luria Broth supplemented with 0.02% arabinose w/v and 
100 mg/mL carbenicillin. E. coli RNAi strains were cultured overnight shaking (250 rpm) at 37°C 
in Luria Broth supplemented with filter sterilized 12.5 mg/mL tetracycline and 100 mg/mL 
carbenicillin.   

Training plate/worm preparation 
Worm preparation: Eggs from young adult hermaphrodites were obtained by bleaching and 
subsequently placed onto HG plates seeded with E. coli OP50 or HG RNAi plates seeded with 
RNAi and incubated at 20°C for 2 days. Synchronized L4 worms were used in all training 
experiments.  

Bacteria lawn training plate preparation: Overnight cultures of bacteria (prepared as described 
above) were diluted in LB to an Optical Density (OD600) = 1 and used to fully cover Nematode 
Growth Media (NGM) ((3 g/L NaCl, 2.5 g/L Bacto-peptone, 17 g/L Bacto-agar in distilled water, 
with 1 mL/L cholesterol (5 mg/mL in ethanol), 1 mL/L 1M CaCl2, 1 mL/L 1M MgSO4, and 25 
mL/L 1M potassium phosphate buffer (pH 6.0) added to molten agar after autoclaving) plates. 
For preparation of E. coli expressing PA14 P11 RNA, bacteria were seeded on NGM plates 
supplemented with 0.02% arabinose and 100 mg/mL carbenicillin. All plates were incubated for 
2 days at 25°C unless specified otherwise (in separate incubators for control/pathogen seeded 
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plates). On the day of training (i.e., 2 days post bleaching), plates were left to cool on a 
benchtop for 1 hr to equilibrate to room temperature before the addition of worms. Additionally, 
for E. coli strains expressing PA14 small RNAs, 200 mL of 0.01% arabinose was spotted onto 
seeded training plates 1 hr prior to use. 
Small RNA training plate preparation: 200 µL of OP50 was spotted in the center of a 10 cm 
NGM.  Plates were incubated at 25°C for 2 days.  100 µg of small RNA was placed directly onto 
OP50 spots and left to completely dry at room temperature (~ 1 hr) before use on day of 
experiment for worm training. 
Worm preparation for training 
Synchronized L4 worms were washed off plates using M9 and left to pellet on the bench top for 
approximately 5 minutes. 5 mL of worms were placed onto small RNA-spotted training plates, 
while 10 mL or 40 mL of worms were plated onto OP50 or E. coli expressing PA14 small RNAs, 
or pathogen-seeded training plates, respectively. Worms were incubated on training plates at 
20°C in separate containers for 24 hr. After 24 hr, worms were washed off plates using M9 and 
washed an additional 3 times to remove excess bacteria. Worms were tested in an aversive 
learning assay described below. 

Aversive learning assay 
Overnight bacterial cultures were diluted in LB to an Optical Density (OD600) = 1, and 25 mL of 
each bacterial suspension was spotted onto one side of a 60 mm NGM plate and incubated for 
2 days at 25°C. After 2 days assay plates were left at room temperature for 1 h before use. 
Immediately before use, 1 mL of 1M sodium azide was spotted onto each respective bacteria 
spot to be used as a paralyzing agent during choice assay. To start the assay (modified from 
(Zhang et al., 2005)), worms were washed off training plates in M9 allowed to pellet by gravity, 
and washed 2 additional times in M9. 5 mL of worms were spotted at the bottom of the assay 
plate, using a wide orifice tip, midway between the bacterial lawns. Aversive learning assays 
were incubated at room temperature for 1 hr before manually counting the number of worms on 
each lawn. Plating a large number of worms (>200) on choice assay plates was avoided, since 
excess worms clump at bacterial spots making it difficult to distinguish animals, and high 
densities of worms can alter behavior. 

In experiments in which each generation was treated with RNAi: Animals were washed off 
plates with M9 at Day 1 of adulthood. A subset of the pooled animals was subjected to an 
aversive learning assay, while the remaining worms were bleached to obtain eggs, which were 
then placed onto HG or HG RNAi plates and left at 20°C for 3 days before the next generation 
was tested. 

Statistical analysis of choice assay data 
Populations of worms were raised together under identical conditions and were randomly 
distributed into treatment conditions. Trained worms were pooled and randomly chosen for 
choice assays. For all choice assays, each dot represents an individual choice assay plate 
(about 10–300 worms per plate) with all data shown from at least 3 independent replicates 
(Supplementary Table 1). Plates were excluded that contained less than 10 total worms per 
plate. The box extends from the 25th to the 75th percentile, with whiskers from the minimum to 
the maximum values. All figures in the Article and Supplementary Information pooled data from 
independent experiments. Statistics were generated using Prism 8. Counting of worms on 
choice assay plates was performed blind with respect to worm genotype and training condition. 
Preparation of bacteria for RNA isolation 
Bacteria for RNA collection were prepared as described for training plates (i.e. 2 days on plates 
at 25°C). Bacterial lawns were collected from the surface of NGM plates using a cell scraper. 
Briefly, 1 mL of M9 buffer was applied to the surface of the bacterial lawn, and the bacterial 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted December 29, 2020. ; https://doi.org/10.1101/2020.12.28.424563doi: bioRxiv preprint 

https://doi.org/10.1101/2020.12.28.424563


25 

suspension following scraping was transferred to a 15 mL conical tube. PA14, from 10 plates or 
OP50 from 15 plates was pooled in each tube and pelleted at 5,000 x g for 10 minutes at 4°C. 
The supernatant was discarded and the pellet was resuspended in 1 mL of Trizol LS for every 
100 µL of bacterial pellet recovered. The pellet was resuspended by vortexing and subsequently 
frozen at -80°C until RNA isolation.  
Bacteria RNA isolation  
To isolate RNA from bacterial pellets, Trizol lysates were incubated at 65°C for 10 min with 
occasional vortexing. Debris was pelleted at 7000 x g for 5 min at 4°C. The supernatant was 
transferred to new tubes containing 1/5 the volume of chloroform. Samples were mixed 
thoroughly by inverting and centrifuged at 12000 x g for 10 min at 4°C. The aqueous phase was 
used at input for RNA purification using the mirVana miRNA isolation kit according to the 
manufacturer’s instructions small RNA (<200 nt) isolation. Purified RNA was used immediately 
or frozen at -80°C until further use as previously described (Kaletsky et al., 2020a).  

C. elegans total RNA isolation
F2 worms from trained grandmothers were washed off of plates using M9. Three additional M9 
washed were performed to remove excess bacteria, and the supernatant was discarded. 1 mL 
of Trizol LS was added per 100 µL of worm pellet. Worms were lysed in Trizol by incubation at 
65°C for 10 min with occasional vortexing. RNA was extracted with chloroform, and the aqueous 
phase was used as input for RNA purification using the mirVana miRNA isolation kit according 
to the manufacturer’s instructions for total RNA. Approximately 100µg of total RNA from either 
control or P11 grandmother-trained F2 worms was used per training plate. This amount of RNA 
was chosen as it correlates to the same input of worms used for training with worm lysate (see 
Preparation of Worm Lysates). Purified RNA was used immediately by dropping RNA onto pre-
seeded spots of OP50 on NGM plates. Plates were allowed to air dry before the addition of 
naïve worms for training. Worms were trained on RNA-seeded plates for 24 h at 20°C and 
subsequently tested for PA14 aversive learning using a standard choice assay.  

Analysis of JU1580 genomic sequences 
Fastq files from SRA (accession numbers SRR9322509, SRR9322510, SRR9322511, 
SRR9322512, SRR9322514) were uploaded to Galaxy (Afgan et al., 2018) for analysis. De 
novo assembly of Illumina reads was performed using SPAdes (Bankevich et al., 2012) (Galaxy 
wrapper version 3.12.0), and contigs were aligned to the C. elegans N2 strain genome 
(WBcel235) using minimap2 (Li, 2018). For structural variant detection, alignment of raw fastq 
reads to C. elegans was performed using BWA (Li and Durbin, 2009), followed by analysis 
using Lumpy (Layer et al., 2014).  

Preparation of worm lysates 
Day 1 F2 progeny from control or P11-trained grandmothers were collected from plates and 
washed 3 times in M9. The worm pellet was washed with DPBS, and the pellet was 
resuspended in DPBS. Worms were homogenized using an all-glass Dounce tissue grinder 
(Kimble # 885300-0002), and homogenization was monitored using a microscope. Different 
worm lysates within an experiment were normalized to the starting amount of worms. For 
training naïve worms with lysates from F2 animals, the normalized lysate was diluted 1:3 with 
DPBS, such that 400 uL of lysate was obtained for every 100 ul of starting worm pellet. 150 ul of 
lysate was immediately pipetted directly onto the bacterial spot of 10 cm NGM plate (seeded 
with 200 ul of an OP50 spot in the center of the plate, 2 days prior to the experiment). Worm 
lysates were allowed to air dry, and plates with lysates were monitored to ensure no worms 
were alive following homogenization. Naïve Day 1 worms were then transferred to lysate-
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seeded plates for 24h of training at 20°C, followed by testing for learned avoidance using the 
standard OP50 v. PA14 choice assay. 
 
Cer1-enriched fraction isolation   
Homogenates were prepared as described (Preparation of worm lysates) and cleared from 
debris by a 750 x g centrifugation at 4° C for 5 minutes. Homogenization and clearing steps were 
repeated twice. The homogenates were then passed twice through a 0.22 um filter. For each 
sample, the homogenate protein concentration was measured using Quant-iT Protein Assay Kit 
(Invitrogen #Q33211). Per experiment, if needed, the homogenates were diluted in DPBS in 
order to load similar concentrations. From each sample, a small aliquot was kept as a “load” 
sample, and 830 uL was layered on top of an Iodixanol gradient. For each gradient- 5%, 11%, 
17%, 24% and 30% Iodixanol solutions were made by mixing solution A (0.1 M NaCl, 0.5 mM 
EDTA, 50 mM Tris HCl, pH 7.4) with solution B [50% Iodixanol solution (OptiPrep, Sigma 
#D1556), 0.5 mM EDTA, and 50 mM Tris HCl, pH 7.4]. The gradient was made in a 5 mL, 
Open-Top Thinwall Ultra-Clear Tube (Beckman Coulter #344057) from equal volumes (830 uL) 
of each Iodixanol solution that were allowed to diffuse by an overnight incubation at 
4°C. Samples were then centrifuged at 112,000 x g (4° C) for 2 hours, using SW55 Ti Swinging-
Bucket Rotor (Beckman Coulter). Six fractions of equal volumes were collected. Cer1-enriched 
fraction (fraction 6), as well as fraction 3, were diluted in DPBS and centrifuged at 335,000 x g 
(4° C) for 30 minutes. Each pellet was then resuspended in DPBS and used for Western blots, 
naïve worm training, or electron microscopy. For each experiment, the enrichment of Cer1 in 
fraction 6 was verified by western blot. For fractions treated with RNase, 1:1000 RNaseA 
(omega BIO- TEK #AC117) was added following resuspension after the final spin, and samples 
were incubated for 15 minutes at room temperature. For behavior experiments with RNase- 
treated samples, the reaction was terminated by adding RNase inhibitor (Invitrogen #AM2696, 1 
unit final).    
 
Western blot: For western blot analysis, samples were mixed with 10X Bolt Sample Reducing 
Agent (Invitrogen #B0009) and 4X Bolt LDS Sample Buffer (Invitrogen #B0007). Samples were 
then heated at 70°C for 10 minutes before loading on a gradient-PAGE (4 % -12 %) Bis-Tris gel 
(Invitrogen #NW04125BOX). After their separation, samples were transferred to a PVDF 
membrane (Millipore #IPVH00010) and blocked with 5 % milk in TBST (10X TBST: 200 mM 
Tris- HCl, pH 7.5, 1.5 M NaCl, 1% Tween20). Membranes were incubated with one of the 
following primary antibodies: anti-Cer1 GAG, 1:150 dilution), rabbit polyclonal anti-Histone H3 
(Abcam #ab1791, 1:1000 dilution), mouse monoclonal anti- ATP5A (Abcam #ab14748, 1:1000 
dilution), mouse monoclonal anti- Hsp90 (Abcam #ab13492, 1:1000 dilution). After washing with 
TBST, membranes were incubated with the corresponding fluorescent secondary antibody 
(either goat anti-rabbit IgG, Invitrogen #A32732 or goat anti- mouse IgG- Invitrogen #A28175). 
Membranes were then washed with TBST and imaged on (ODYSSEY CLx). 
 
Imaging and fluorescence quantification 
All images were taken on a Nikon Eclipse Ti microscope. Differential inference contrast (DIC) 
images of whole worms following OP50, or PA14 lawn or small RNA training, were imaged at 
20×. Z-stack multi-channel (DIC and GFP) of day-1 adult GFP-transgenic worms were imaged 
every 1 μm at 60× magnification; Maximum intensity projections and 3D reconstructions of head 
neurons were built with Nikon NIS-Elements. To quantify daf-7p::gfp levels, worms were 
prepared and treated as described in ‘Worm preparation for training’. Worms were mounted on 
agar pads and immobilized using 1 mM levamisole. GFP was imaged at 60× magnification and 
quantified using NIS-Elements software. Average pixel intensity was measured in each worm by 
drawing a Bezier outline of the neuron cell body for 2 ASI head neurons. 
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Whole-mount immunofluorescence 

Antibody staining of C. elegans gonads (Annette Chan and Barbara Meyer, Wormbook: 
Methods in Cell Biology). Day 1 hermaphrodites were suspended in M9 on a glass slide and 
gonads were dissected. Slides were freeze-cracked on dry-ice, fixed for 5 min in cold MeOH/5 
min in EtOH, and washed 3x in PBST. Primary antibodies used: anti-Cer1-GAG (1:50), and anti-
Histone H3 (Abcam, 1:200). Secondary antibodies used: goat anti-mouse AlexaFluor 488-
labeled IgG (1:500), goat-anti rabbit AlexaFluor 555-labeled IgG (1:500). Both primary and 
secondary antibodies were incubated overnight at 4C. Images were taken with a Nikon Ti at 
40x.   

Negative-stain Electron Microscopy  
5 µl of samples were applied to glow-discharged grids (Electron Microscopy Sciences, CF400-
Cu), washed once with ultrapure water, and stained with 0.75% uranyl formate. Images were 
collected with a Talos F200X Transmission Electron Microscope with CCD camera, at 200 keV 
at magnifications of either 14,000 (lower mag) or 36,000 (higher mag). 
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