
Washington University School of Medicine Washington University School of Medicine 

Digital Commons@Becker Digital Commons@Becker 

Open Access Publications 

2018 

MLL1 is essential for retinal neurogenesis and horizontal inner MLL1 is essential for retinal neurogenesis and horizontal inner 

neuron integrity neuron integrity 

Diana S. Brightman 
Washington University School of Medicine in St. Louis 

Rachel L. Grant 
Washington University in St. Louis 

Philip A. Ruzycki 
Washington University School of Medicine in St. Louis 

Ray Suzuki 
Washington University in St. Louis 

Anne K. Hennig 
Washington University School of Medicine in St. Louis 

See next page for additional authors 

Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs 

Please let us know how this document benefits you. 

Recommended Citation Recommended Citation 
Brightman, Diana S.; Grant, Rachel L.; Ruzycki, Philip A.; Suzuki, Ray; Hennig, Anne K.; and Chen, Shiming, 
"MLL1 is essential for retinal neurogenesis and horizontal inner neuron integrity." Scientific Reports. 8, 1. 
e11902. (2018). 
https://digitalcommons.wustl.edu/open_access_pubs/7010 

This Open Access Publication is brought to you for free and open access by Digital Commons@Becker. It has been 
accepted for inclusion in Open Access Publications by an authorized administrator of Digital Commons@Becker. 
For more information, please contact vanam@wustl.edu. 

https://digitalcommons.wustl.edu/
https://digitalcommons.wustl.edu/open_access_pubs
https://digitalcommons.wustl.edu/open_access_pubs?utm_source=digitalcommons.wustl.edu%2Fopen_access_pubs%2F7010&utm_medium=PDF&utm_campaign=PDFCoverPages
https://becker.wustl.edu/digital-commons-becker-survey/?dclink=https://digitalcommons.wustl.edu/open_access_pubs/7010
mailto:vanam@wustl.edu


Authors Authors 
Diana S. Brightman, Rachel L. Grant, Philip A. Ruzycki, Ray Suzuki, Anne K. Hennig, and Shiming Chen 

This open access publication is available at Digital Commons@Becker: https://digitalcommons.wustl.edu/
open_access_pubs/7010 

https://digitalcommons.wustl.edu/open_access_pubs/7010
https://digitalcommons.wustl.edu/open_access_pubs/7010


�����������	
��

��	�		������	�������		�	������ ��!"#$%�&'"(��"(!�!&&(!

))) *+,-./ 012#$03/*,3430./51.,$6778	9:	;::;<=9>?	@AB	B;=9<>?	<;CBAD;<;:9:	><E	FAB9GA<=>?		9<<;B	<;CBA<	9<=;DB9=HI9><>	JK	LB9DF=M><8NONPN	Q>RF;?	7K	SB><=TN	UF9?9V	WK	QCGHRX9YN	Q>H	JCGCX9TN	W<<;	ZK	[;<<9D8	\	JF9M9<D	]F;<		8N̂I;_;?AVM;<=	A@	B;=9<>?	:=BCR=CB;	><E	@C<R=9A<	9:	RA<=BA??;E	̀H	R;??	=HV;a:V;R9bR	=B><:RB9V=9A<	@>R=AB:	><E	c9E;?H	;dVB;::;E	RAaB;DC?>=AB:K	eF;	?>==;B	9<R?CE;:	=F;	M9d;Ea?9<;>D;	?;CX;M9>	f677g	@>M9?H	A@	F9:=A<;	M;=FH?=B><:@;B>:;:	=F>=	R>=>?HG;	F9:=A<;	[O	?H:9<;	Y	E9a	><E	=B9aM;=FH?>=9A<	>::AR9>=;E	c9=F	D;<;	>R=9_>=9A<K	h<;	:CRF	M;M ;̀BN	6778N	9:	c9E;?H	;dVB;::;E	9<	=F;	R;<=B>?	<;B_AC:	:H:=;M	9<R?CE9<D	=F;	B;=9<>K	[Ac;_;BN	9=:	BA?;	9<	B;=9<>?	E;_;?AVM;<=	9:	C<X<Ac<K	eA	>EEB;::	=F9:	iC;:=9A<N	c;	X<ARX;E	AC=	jkkl	9<	MAC:;	B;=9<>?	VBAD;<9=AB:N	><E	E9:RA_;B;E	=F>=	6778	V?>H:	MC?=9V?;	BA?;:	9<	B;=9<>?	E;_;?AVM;<=	H̀	B;DC?>=9<D	VBAD;<9=AB	R;??	VBA?9@;B>=9A<N	R;??	=HV;	RAMVA:9=9A<	><E	<;CBA<aD?9>	̀>?><R;N	M>9<=;<><R;	A@	FAB9GA<=>?	<;CBA<:N	><E	@ABM>=9A<	A@	@C<R=9A<>?	:H<>V:;:	̀;=c;;<	<;CBA<>?	?>H;B:	B;iC9B;E	@AB	_9:C>?	:9D<>?	=B><:M9::9A<	><E	VBAR;::9<DK	W?=AD;=F;BN	ACB	B;:C?=:	:CDD;:=	=F>=	6778	9:	9<E9:V;<:>̀?;	@AB	B;=9<>?	<;CBAD;<;:9:	><E	@C<R=9A<	E;_;?AVM;<=N	VBA_9E9<D	>	<;c	V>B>E9DM	@AB	R;??	=HV;a:V;R9bR	BA?;:	A@	X<Ac<	F9:=A<;	MAE9@H9<D	;<GHM;:	ECB9<D	]mJ	=9::C;	E;_;?AVM;<=Kno	poqrosqtro	qoruvt	uw	t	xovrqty	voqpz{w	w|wro}	wrq{xr{qo	w~oxutyu�o�	�zq	puwuzv�	�u�	}t�zq	xytwwow	z�	vo{qzvw	tv�	zvo	r|~o	z�	�yut	��{yyoq�	tqo	zq�tvu�o�	uvrz	r�qoo	xoyy	yt|oqw��	no	z{roq	v{xyotq	yt|oq	�����	xzvrtuvw	qz�	tv�	xzvo	~�zrzqoxo~rzqw�	��ux�	xzvpoqr	yu��r	uvrz	t	vo{qzvty	wu�vty�	no	uvvoq	v{xyotq	yt|oq	�����	xzvrtuvw	xoyy	sz�uow	z�	�{yyoq	�yut	tv�	su~zytq�	�zqu�zvrty	tv�	t}txquvo	uvroqvo{qzvw�	��ux�	}o�utro	rqtvw}uwwuzv	tv�	uvuruty	~qzxowwuv�	z�	r�o	puw{ty	wu�vty�	�tv�yuzv	xoyyw	uv	r�o	�tv�yuzv	xoyy	yt|oq	�����	rqtvw}ur	r�o	~qzxowwo�	puw{ty	uv�zq}truzv	rz	r�o	sqtuv	put	r�o	z~rux	voqpo�	nowo	r�qoo	xoyy{ytq	yt|oqw	tqo	xzvvoxro�	s|	r�z	w|vt~rux	yt|oqw�	r�o	z{roq	tv�	uvvoq	~yo�u�zq}	yt|oqw	����	tv�	������yr�z{��	qoruvt	�opoyz~}ovr	zxx{qw	tr	�u��oqovr	qtrow	uv	�u��oqovr	w~oxuow�	�ovowuw	z�	uv�upu�{ty	xoyy	r|~ow	�zyyz�w	t	�u��y|	xzvwoqpo�	zq�oq��	�w	r�o	qoruvt	�opoyz~w�	}{yru~zrovr	~qz�ovurzq	xoyyw	soxz}o	}zqo	yuvot�o�qowrquxro���	�v	}uxo�	qoruvty	vo{qz�ovowuw	zxx{qw	sor�oov	o}sq|zvux	�t|	���	tv�	~zwrvtrty	�t|	����	~quzq	rz	o|o	z~ovuv�	tr	����	no	otqy|	qoruvty	~qz�ovurzq	xoyyw	r�tr	o�ur	r�o	xoyy	x|xyo	�{quv�	o}sq|zvux	�~qovtrty�	�opoyz~}ovr	�upo	quwo	rz	�tv�yuzv�	�zqu�zvrty�	xzvo	tv�	wz}o	t}txquvo	xoyyw�	��uyo	ytroq	~qz�ovurzq	xoyyw	r�tr	wrz~	�upu�uv�	�{quv�	~zwrvtrty	�opoyz~}ovr	�upo	quwo	rz	qz��	su~zytq�	ytro�szqv	t}txquvo	xoyyw	tv�	�{yyoq	�yut���oruvz�ovowuw	uw	�zpoqvo�	s|	t	�ovorux	~qz�qt}	r�tr	uvro�qtrow	o�rquvwux	wu�vtyw	rz	~qoxuwoy|	xzvrqzy	w~truty	tv�	ro}~zqty	~trroqvuv�	z�	r�o	qoruvt����	nuw	�ovorux	~qz�qt}	uw	s{uyr	zv	t	vor�zq�	z�	yuvot�o�w~oxu�x	rqtvwxqu~ruzv	�txrzqw	� ¡��	}tv|	z�	��ux�	tqo	}{yru�{vxruzvty	tv�	txr	tr	w~oxu�x	�opoyz~}ovrty	ru}o	~zuvrw�	�opoqty	�z}o�z�z}tuv	 ¡w�	w{x�	tw	��¢£�	��¢£¤	tv�	�¥¢��¦�§�	tqo	o�~qowwo�	s|	~qz�ovurzq	xoyyw	rz	}tuvrtuv	}{yru~zrovx|�	�r�oq	 ¡w	w~oxu�|	~tqrux{ytq	xoyy	r|~oẅ	� ¢����	��¢�����	tv�	�����	w~oxu�|	qz�	xoyy	�tro�	��uyo	�vox{r�	��������	���¢���	tv�	�����£	tqo	uvpzypo�	uv	�zqu�zvrty	xoyy	�opoyz~}ovr��uvot�o�w~oxu�x	rqtvwxqu~ruzv	�txrzqw	tywz	uvroqtxr	�ur�	�u�oy|�o�~qowwo�	xz�qo�{ytrzqw	rz	}z�{ytro	x�qz}t�ruv	txxowwusuyur|	�zq	rtq�or	�ovo	qo�{ytruzv�	nowo	xz�qo�{ytrzqw	uvxy{�o	ov�|}ow	r�tr	xtrty|�o	~zwr�rqtvwytruzvty	}z�u�xtruzvw	z�	�uwrzvo	rtuyw	�©�uwrzvo	}tq�wª��	�xrupo	�ovow	{w{tyy|	xtqq|	r�o	~zwurupo	�uwrzvo	}tq�w	¥�«�}o�	tv�	¥�«�¤�x�	��uyo	wuyovr	�ovow	tqo	z¬ov	}tq�o�	s|	¥�«§}o�	tv�	¥�«�¤}o��¤��¦�­®̄°±²³́ µ̄³	¶·	̧°¹³¹±º́¶º¶»¼	±µ½	¾¿ÀÁ±º	ÂÃ¿̄µÃ̄ÀÄ	Å±À¹¿µ»³¶µ	Æµ¿Ç̄²À¿³¼Ä	Â±¿µ³	È¶Á¿ÀÄ	É¿ÀÀ¶Á²¿Ä	ÆÂÊË	Ì®̄°±²³́ µ̄³	¶·	®̄Ç̄º¶°́ µ̄³±º	Í¿¶º¶»¼Ä	Å±À¹¿µ»³¶µ	Æµ¿Ç̄²À¿³¼Ä	Â±¿µ³	È¶Á¿ÀÄ	É¿ÀÀ¶Á²¿Ä	ÆÂÊË	ÎÉ¶º̄ÃÁº±²	Ï̄ºº	Í¿¶º¶»¼	»²±½Á±³̄	°²¶»²±́ Ä	®¿Ç¿À¿¶µ	¶·	Í¿¶º¶»¼	Ð	Í¿¶́ ½̄¿Ã±º	ÂÃ¿̄µÃ̄ÀÄ	Å±À¹¿µ»³¶µ	Æµ¿Ç̄²À¿³¼Ä	Â±¿µ³	È¶Á¿ÀÄ	É¿ÀÀ¶Á²¿Ä	ÆÂÊË	ÑÉ¶º̄ÃÁº±²	Ò̄µ̄³¿ÃÀ	±µ½	Ò̄µ¶́ ¿ÃÀ	»²±½Á±³̄	°²¶»²±́ Ä	®¿Ç¿À¿¶µ	¶·	Í¿¶º¶»¼	Ð	Í¿¶́ ½̄¿Ã±º	ÂÃ¿̄µÃ̄ÀÄ	Å±À¹¿µ»³¶µ	Æµ¿Ç̄²À¿³¼Ä	Â±¿µ³	È¶Á¿ÀÄ	É¿ÀÀ¶Á²¿Ä	ÆÂÊË	ÓÏ¶ºº̄»̄	¶·	Ê²³À	±µ½	ÂÃ¿̄µÃ̄ÀÄ	Å±À¹¿µ»³¶µ	Æµ¿Ç̄²À¿³¼Ä	Â±¿µ³	È¶Á¿ÀÄ	É¿ÀÀ¶Á²¿Ä	ÆÂÊË	ÔÕ²̄À̄µ³	Ö××ØÙÚÚÛ	ÜÝÞßÝÞÞÖàÝ	ÜáÝâ×ØÙÞãÚ	äåÚæÝàÖâ	çÙ×ÝßÖâ	ÜÙÞàÙØè	ÎÎÎÎ	éêØÞÙà	ëìÙÞêÙè	çí	ÑîîÔè	ÜÝÞßÝÞÞÖàÝè	ïäè	ÑÓÌÌðè	ñòëó	Ï¶²²̄À°¶µ½̄µÃ̄	±µ½	²̄ôÁ̄À³À	·¶²	́±³̄²¿±ºÀ	À¹¶Áº½	ȭ	±½½²̄ÀÀ̄½	³¶	ÂËÏË	ȫ́ ±¿º÷	Ã¹̄µÀ¹¿́¿µ»øùÁÀ³ºË̄½Áú
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:;<�=>?@A�BCD<EFG>�HIJJI:KLM�C;NO�;C;PQRC�QR<Q<S�FKBR�:RNR�JKMTQU;C;PQRC�KL�CKF�JKMTQ�VG@>G�BCEFFW�XIN�Y=�FKLUZQR<�;LC�R[PI<RC�QI�Y=�\<�JKMTQ�];<TR<�IX�KLBNR;<KLM�KLQRL<KQ̂_�F;[KFZF�];<T�KLQRL<KQ̂�XIN�JKMTQU;C;PQRC�QR<QKLM�:;<�G>̀aG�BCD<EFG>�bR<PIL<R<�XNIF�<RcRN;J�QNK;J<�:RNR�NRBINCRC�;LC�;cRN;MRC>�dR�FR;L�PR;O�;FPJKQZCR<�IX�C;NOU;C;PQRC�e�:;cR<�;LC�f�:;cR<�;LC�JKMTQU;C;PQRC�f�:;cR<�:RNR�MN;PTRC�;M;KL<Q�JIM�JKMTQ�KLQRL<KQ̂�VBCD<EFGW>�eQ�R;BT�;MR�NR<PIL<R<�:RNR�;cRN;MRC�ĝ�MRLIQ̂PR�;LC�BIFP;NRC�Z<KLM�Q:IU:;̂�ehije�:KQT�FZJQKPJR�BIFP;NKU<IL<�VkKC;Ol<�XIN�G�MRLIQ̂PR<�IN�mZOR̂l<�XIN�n�IN�FINR�MRLIQ̂PR<W>opqrstsuvw�xyyz{s|pqrs}|~ypqr�v��{���������~tp{u���̂R<�:RNR�RLZBJR;QRC�;Q�c;NKIZ<�QKFR�PIKLQ<S�CK<<RBQRC�:KQT�;�BINLR;J�Q;M�F;NOKLM�QTR�<ZPRNKIN�<KCR�IX�QTR�NRQKL;S�;LC��[RC�KL����P;N;XINF;JCRT̂CR�;Q������IcRNLKMTQ�XIN�P;N;�L�RFgRCCRC�<RBQKIL<>�HIN�XNI�RL�<RBQKIL<S�QTR�R̂R<�:RNR��[RC�XIN�n=�FKL�ILĴS�:;<TRC�KL��fk�XIN�Y=�FKLS�KLBZg;QRC�KL�n=��<ZBNI<R�IcRNLKMTQS�RFgRCCRC�KL�i�m�;LC�XNI�RL�IL�CN̂�KBR�XIN�BN̂I<RBQKILUKLM>�HNI�RL�<;MKQQ;J�BNI<<U<RBQKIL<�:RNR�BZQ�a�FKBNIL<�QTKBO�;LC�PJ;BRC�IL�PIĴU��Ĵ<KLR�BI;QRC�<JKCR<�VdRNFI�HK<TRN�kBKRLQK�BS��;JQT;FS��eW>��;N;�L�RFgRCCRC�R̂R<�:RNR�BZQ�A�FKBNIL<�QTKBO�IL�;�FKBNIQIFRS�<Q;KLRC�:KQT��RF;QI[̂JKL�;LC��I<KL�QI�R[;FKLR�NRQKL;J�FINPTIJIM̂>�HIN�KFFZLI<Q;KLKLM�IL�P;N;�L�RFgRCCRC�NRQUKL;J�<RBQKIL<S�;LQKMRL�NRQNKRc;J�:;<�PRNXINFRC�XIN�;JJ�<RBQKIL<�;LC�gJIBORC�KL�Y��fkeE=>Y��mNKQILU[UY==�KL�Y[��fk>�HNI�RL�<RBQKIL<�:RNR�gJIBORC�:KQT�A��LILX;Q�CN̂�FKJOS�G��fke�;LC�Y=��LINF;J�MI;Q�<RNZF�KL��fk>�kRR�kZPPJRFRLQ;N̂�m;gJR�kG�XIN�JK<Q�IX�PNKF;N̂�;LQKgICKR<>�kRBILC;N̂�;LQKgICKR<�:RNR�;PPJKRC�Y��==��I;Q�;LQKUN;ggKQS�;LQKUFIZ<R�IN�;LQKUMZKLR;�PKM�;LQKgICKR<�BIZPJRC�QI�eJR[;�HJZIN��??S�eJR[;�HJZIN�À?�IN�eJR[;�̀�a�V�LcKQNIMRL��IJRBZJ;N��NIgR<S�dRNFI�HK<TRN�kBKRLQK�BW>�eJJ�<JKCR<�:RNR�BIZLQRN<Q;KLRC�:KQT�T;NC�<RQ�FIZLQKLM�FRCKZF�:KQT��e���VjRBQ;<TKRJCS�jRBQIN��;gIN;QINKR<S��LBS�fZNJKLM;FRS��eW>�kJKCR<�:RNR�KF;MRC�IL�;L�iĴFPZ<�f�AY�FKBNI<BIPR�IN��RKB;��fAA==�FKBNI<BIPR>HIN��C���;gRJKLM���KBR�:RNR�KL�RBQRC����:KQT�Y=Z��IX�Y=�F���C�EPRN�MN;F�FIZ<R�:RKMTQ>�eQ�T;NcR<QS�R̂R<�:RNR�CK<<RBQRC�;LC��[RC�;<�CR<BNKgRC�;gIcR>��C��J;gRJKLM�:;<�CILR�Z<KLM�QTR��JKBOUKm��C��e<<;̂��KQ�V�LcKQNIMRLS�dRNFI�HK<TRN�kBKRLQK�BW>�FFZLITK<QIBTRFK<QN̂�IL�:TIJR�];QUFIZLQRC�NRQKL;<�:;<�PRNXINFRC�;BBINCKLM�QI�kIQI������>�A��e RN�CK<U<RBQKILS�QTR�NRQKL;�:;<�PJ;BRC�];Q�IL�;�PKRBR�IX��JQRN�P;PRNS�����<KCR�ZPS�QTRL��[RC�KL����P;N;XINF;JCRT̂CR�XIN�n=�FKLS�BN̂IPNIQRBQRC�KL�;�<ZBNI<R�MN;CKRLQ�IcRNLKMTQ>�bRQKL;J�];Q�FIZLQ<�:RNR�gJIBORC�XIN���TIZN<S�KLBZg;QRC�XIN�A�C;̂<�;Q�����S�;LC�KLBZg;QRC�KL�<RBILC;N̂�;LQKgIĈ�<IJZQKIL�XIN�G�C;̂<�;Q�����>�HJ;Q�FIZLQ<�:RNR�KF;MRC�IL�;L�iĴFPZ<�HjY===�BILXIB;J�FKBNI<BIPR>¡s�¢|sy~r�v��{��£~tt�£sz{r�¤{�tvqpq��HIN�FINPTIFRQN̂S�G=[�KF;MR<�IX�TRF;QI[̂JKL�;LC�RI<KL�<Q;KLRC�NRQKL;J�BNI<<U<RBQKIL<�:RNR�<QKQBTRC�QIMRQTRN>�dR�QTKBOLR<<�IX�NRQKL;J�J;̂RN<�:;<�FR;<ZNRC�Z<KLM��F;MR�¥�<I U:;NR�VKF;MR�>LKT>MIcEK�W>�dKBOLR<<R<�:RNR�FR;<ZNRC�;Q�NRMZJ;N�CK<Q;LBR<�XNIF�QTR�IPQKB�LRNcR�TR;C>�bR<ZJQ<�;NR�CK<PJ;̂RC�KL�;�<PKCRN�MN;PT>��R;<ZNRFRLQ<�:RNR�CILR�gJKLCRC�QI�MRLIQ̂PR�;LC�<;FPJR�LZFgRN>�HIN�BRJJ�Q̂PR�¦Z;LQK�B;QKILS�;�FKLKFZF�IX�n�;LKF;J<�:RNR�BIJJRBQRC�XIN�R;BT�MRLIQ̂PR�;LC�n�<RBQKIL<�PRN�R̂R�:RNR�<Q;KLRC�;LC�KF;MRC>�eJJ�BIZLQKLM�:;<�CILR�gJKLCRC>�kQ;QK<QKB;J�;L;Ĵ<R<�:RNR�PRNXINFRC�Z<KLM�Q:IU:;̂�ehije�:KQT�FZJQKPJR�BIFP;NK<IL<�VkKC;Ol<�XIN�G�MRLIQ̂PR<�IN�mZOR̂l<�XIN�n�IN�FINR�MRLIQ̂PR<W>�P�§�=>=A�����@A�>�eJJ�<Q;QK<QKB;J�;L;Ĵ<K<�:;<�PRNXINFRC�Z<KLM��N;PTP;C��NK<F�̀>=�V�N;PT�;C�kI :;NRS��;�¥IJJ;S��eW>�̈�{qypqqps{��t~}r�s{�¡p}�sq}s¢v�©̈�¡ª��HIN�m��S�FKBR�:RNR�;LR<QTRQK�RC�:KQT�ORQ;FKLR�V?=�FMEOMW�;LC�[̂J;�KLR�VYA�FMEOMW�;LC�PRNXZ<RC�:KQT�G��P;N;XINF;JCRT̂CREG>A��MJZQ;N;JCRT̂CR�KL�=>Y���<ICKZF�PTI<PT;QR�gZ«RN>�bRQKL;<�:RNR��[RC�KL�G��P;N;XINF;JCRT̂CREn��MJZQ;N;JCRT̂CR�KL�=>Y���PTI<PT;QR�gZ«RN�XIN�G��TIZN<>�dR̂�:RNR�QTRL�KLBZg;QRC�KL�Y��I<FKZF�QRQNI[KCR�XIN�Y�TIZN�;LC�<Q;KLRC�:KQT�Y��ZN;L̂J�;BRQ;QR�gZ«RN�XIN�Y�TIZN>�fJIBO<�:RNR�CRT̂CN;QRC�KL�;L�;BRQILR�MN;CKRLQ�;LC�RFgRCCRC>�kRFKUQTKL�<RBQKIL<�:RNR�<Q;KLRC�:KQT�QIJZKCKLR�gJZRS�ZN;L̂J�;BRQ;QR�;LC�JR;C�BKQN;QR�;LC�KF;MRC�IL�;��KQ;BTK��aA==�RJRBQNIL�FKBNI<BIPR>���¬­�®�̄�;LC�A�°��±²³�NRQKL;<�:RNR�BIJJRBQRC>�GA�KF;MR<�;Q�YA===[�F;MLK�B;QKIL�:RNR�N;LCIFĴ�<;FPJRC�PRN�;LKF;J�gJKLCRC�QI�MRLIQ̂PR>�bIC�<PTRNZJR<S�BILR�PRCKBJR<�;LC�NIC�<PTRNZJR�NKggIL�<T;PR<�:RNR�BIZLQRC�gJKLCRC�Z<KLM��F;MR�¥�<I :;NR>��IFP;NK<IL�gRQ:RRL�MRLIQ̂PR<�:;<�CILR�ĝ�INCKL;N̂�Q:IU:;̂�ehije�:KQT�kKC;Ol<��ZJQKPJR��IFP;NK<IL<�Z<KLM��N;PTP;C��NK<F�̀>�P�§�=>=A����@A�>µ́�¶·̧¹�|v��p�pº�rps{��»¼�½¾�¿�T̂gNKCK�;QKIL�:;<�PRNXINFRC�IL�P;N;�L�RFgRCCRC�NRQKL;J�<RBQKIL<�Z<KLM�QTR�ÀZ;LQK�RLR�jKR:bhe��k��mK<<ZR�e<<;̂��KQ�Ve«̂FRQNK[S�dRNFI�HK<TRN�kBKRLQK�BW�:KQT�;�BZ<QIF�CR<KMLRC�°��±�PNIgR�VHKM>�YeW>�kJKCR<�:RNR�BIU<Q;KLRC�:KQT��e���;LC�KF;MRC>ÁÂ̈ÃÄ£Â��bhe�:;<�PZNK�RC�XNIF�NRQKL;<�XNIF�G�FKBR�XIN�R;BT�<;FPJR�Z<KLM�QTR��RNXRBQ��ZNR�bhe�mK<<ZR��KQ�VA��NKFRS�dRNFI�HK<TRN�kBKRLQK�BW�;LC�¦Z;LQK�RC�Z<KLM�;�h;LI�NIP�h�UY===�Vh;LICNIPS�dRNFI�HK<TRN�kBKRLQK�BW>�B�he�:;<�<̂LQTR<K�RC�XNIF�Y�\M�IX�bhe�:KQT�bIBTR�mN;L<BNKPQIN�HKN<Q�kQN;LC�B�he�k̂LQTR<K<��KQ�VbIBTR��K;MLI<QKB<��INPIN;QKILS��LCK;L;PIJK<S��hW>��NKFRN�<R¦ZRLBR<�LIQ�JK<QRC�KL�kZPPJRFRLQ;N̂�m;gJR<�T;cR�gRRL�PNRcKIZ<Ĵ�PZgJK<TRC̀G>��c;�NRRL�:KQT��I[�bI[�VfKIUb;C��;gIN;QINKR<S��RNBZJR<S��eW�:;<�Z<RC�;<�QTR�NR;BUQKIL�FK[QZNR�;JILM�:KQT�Y�\��PNKFRN�FK[�;LC�CKJZQRC�B�he�KL�QNKPJKB;QR�XIN�R;BT�<;FPJR>�k;FPJR<�:RNR�NZL�Z<KLM�;�Q:IU<QRP��=�B̂BJR�;FPJK�B;QKIL�PNIQIBIJ�IL�;�fKIUb;C��H�@̀�dRNF;J��̂BJRN�VfKIUb;C��;gIN;QINKR<S��RNBZJR<S��eW>��NKFRN<�:RNR�CR<KMLRC�Z<KLM��;BjRBQIN�<I :;NR�V�;BjRBQINS�ePR[S�h�W�;LC�<̂LQTR<K�RC�ĝ��LQRMN;QRC��he�mRBTLIJIMKR<�V��mS��IN;JcKJJRS��I:;W>��ZNKLM�CR<KML�PNKFRN<�:RNR�QR<QRC�QI�RL<ZNR�R�BKRLB̂�gRQ:RRL�@=�;LC�YY=��;LC�<PRBK�BKQ̂>��¦<�:RNR�;L;Ĵ�RC�Z<KLM�Àf;<R�¦��b�;L;Ĵ<K<�<I :;NR�VTQQP<�EE:::>¦g;<RPJZ<>BIF_�fKIM;�RJJRS�fRJMKZFW>�bRXRNRLBR�MRLR<�:RNR�cRNK�RC�Z<KLM��RhINF�;L;Ĵ<K<�KL�Àf;<R�<I :;NR>��RLR�R[PNR<<KIL�:;<�LINF;JK�RC�QI�NRXRNRLBR�MRLR<�KL�Àf;<R>��[PNR<<KIL�KL�CK«RNRLQ�MRLIQ̂PR<�:;<�BIFP;NRC�Z<KLM�INCKL;N̂�Q:IU:;̂�ehije>�P�§�=>=A����@A��kQ;QK<QKB;J�;L;Ĵ<K<�:;<�CILR�KL��N;PTP;C��NK<F�̀>ÂÅ¤Ãq~Á�tp����v�¢�~¢���rps{w�q~Áz~{}p{u��{����r���{�tvqpq��mI�PNRP;NR�bhe<R¦�JKgN;NKR<S�bhe�:;<�PZNK�RC�XNIF�QTNRR�gKIJIMKB;J�NRPJKB;QR<�VG�NRQKL;<�PRN�<;FPJRW�Z<KLM�QTR��RNXRBQ��ZNR�bhe�mK<<ZR��KQ�VA�
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