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!6989A<9

<\dgeb_bW\s��[Ta\̀TYf�bXab�\[�jYafdT_paoá�̀ Yef�edYX\�̀ YX\̂b-
U\b_bW\kYê\á�aTĝ��;gdabY�dT[V\f\Y�YY�Vcbe_YXa\YXVTXYesf\_Yf\sbUg�
e_bV_Yab�e_YXgrm\̀\�hT̂fbdT̀\��<b-cYdVoá��V\dgeaoY�Ub_Y[a\�\̀Yrf�
VYXgmYY�[aTkYa\Y�V�\ahŶj\baab]�cTfb_bW\\�kY_bVŶT. <b-Vfbdoá��V�aT�
efbsmYY�VdỲs�cb_gk\_T�cd\[aTa\Y�V\dgeaTsfYbd\s�qf\b_bW\\�dT̂T��_Y]�
b̂[bV�\�XdgW\á�[_b̂TkYefVYaaoá�abVbbUdT[bVTa\]��<-fdYfp\á��aT�beabVT�
a\\�\[gkYa\s�cd\dbXo�V\dgebV�\�V[T\̀bXY]efV\s�\á�e�̂_Yf̂T̀\�áb[sYV�V�
aTefbsmYY�VdỲs�dYlTrfes�hgaXT̀YafT_paoY�cdbU_Ỳo�U\b_bW\\��dTe�
d̂of\Y�cd\dbXo�WYaYf\kYêbWb̂ bXT��̀YáTa\[̀bV�e\afY[T�aĝ_Y\abVoá�̂\�
e_bf�\�UY_̂bV��á\̀\kYêbWb�̀gfTWYaY[T��<-kYfVYdfoá��V\dgeo�sV_srfes�
bebUb]�̂TfYWbd\Y]�bdWTa\kYêb]�̀TfYd\\��bf_\kTrmY]es�bf�Z\VbfabWb�\�
dTef\fY_pabWb�jTdefVT��Hbqfb̀g�V�aTefbsmYY�VdỲs�\[gkYa\Y�dT[aoá�hbd̀�
bdWTa\kYêbWb�̀\dT�aỲoe_\̀b�UY[�\[gkYa\s�V\dgebV�
<�cYdYVbXY�e�_Tf\aêbWb�virus b[aTkTYf�NsX��sXbV\fbY�aTkT_b2��[b�̂bajT�

19V��fYd̀\a�NV\dge2�\ecb_p[bVT_es�X_s�bUb[aTkYa\s�_rUbWb�\ahŶj\baabWb�
TWYafT��Vo[oVTrmYWb�[TUb_YVTa\Y��Gf̂dofbY�[�B�BVTabVê\̀�(1892) 
Nh\_pfdgrmYYes�sXbV\fbY aTkT_b2��Vo[oVTrmYY fTUTkagr� b̀[T\̂g��
E�;Y]Yd\â�aT[VT_�Nh\_pfdgrm\̀es�V\dgeb̀2��Rfbf�fYd̀\a�cbefYcYaab�
eb̂dTf\_es�Xb�bXabWb�e_bVT�3NV\dge2��
GeabVaoY�eVb]efVT�V\dgebV��cb�̂bfbdò �ba\�bf_\kTrfes�bf�VeYá�be�

fT_paoá�Z\Voá�egmYefV�
3 \̀Yrf�g_pfdT̀\̂dbêbc\kYê\Y�dT[̀Ydo;
3 ba\�aY�\̀Yrf�̂_YfbkabWb�efdbYa\s;
3 ebXYdZTf�aĝ_Y\abVgr�̂\e_bfg�fb_p̂b�bXabWb�f\cT�3\_\�[FC��\_\�

IFC��<eY�XdgW\Y�bdWTa\[̀o�ebXYdZTf�aĝ_Y\abVoY�̂\e_bfo�bUb\á�f\cbV��
WYab̀�g�a\á�cdYXefTV_Ya�fb_p̂b�[FC;
3 WYab̀�g�cbXTV_srmYWb�Ub_pl\aefVT�V\dgebV�WTc_b\Xao];
3 gV\dgebV�bfegfefVgrf�ebUefVYaaoY�e\efỲo�̀bU\_\[Tj\\�qaYdW\\;
3 gV\dgebV�aYf�ebUefVYaaoá�UY_b̂e\afY[\dgrm\á�e\efỲ;
3V\dgeoaY�ecbebUao�̂�dbefg�\�U\aTdab̀g�XY_Ya\r�Ga\�dT[̀abZT�

rfes��EIH;B�8DGEFD>=8;:;C>UeYUs��\[��ebUefVYaab]��WYab̀ab]��aĝ_Y\ab�
Vb]�̂\e_bfo��f�Y��V\dgeo�bUdT[grfesV�V\XY�[dY_oá�hbd̀��V\d\babV �cg�
fỲ�eT̀beUbd̂\�\[�WbfbVoá��cdYhbd̀\dbVTaaoá �̂b̀cbaYafbV��IT[̀abZY�
a\Y�VeYá�cdbk\á�bdWTa\[̀bV�V̂_rkTYf�efTX\\�U\aTdabWb�XY_Ya\s�̂_Yfb̂;
3dYc_\̂Tj\s�V\dgebV�cdb\eábX\f�V�̂_Yf̂Tá�áb[s\aT�e�\ecb_p[bVTa\Ỳ�

UY_b̂e\afY[\dgrm\á�\�qaYdWYf\kYê\á�e\efỲ�cbe_YXa\á��Hbqfb̀g�V\dg�
eo�3TUeb_rfaoY�bU_\WTfaoY �Vagfd\̂_YfbkaoYcTdT[\fo.
<�aTefbsmYY�VdỲs�\[VYefao�V\dgeo�UT̂fYd\]��UT̂fYd\bhTW\ ��T̂f\ab�
\̀jYfbV��Wd\UbV��dTefYa\]�\�Z\Vbfaoá��<\dgeo��3dT[abbUdT[aTs�\�WYfYdb�
WYaaTs�WdgccT�̀\̂dbbdWTa\[̀bV��Bá�dTeèTfd\VTrf�aY�fb_p̂b�̂T̂�qf\b_b�
W\kYê\]�TWYaf�bcdYXY_Yaaoá�\ahŶj\baaoá�[TUb_YVTa\]��ab�\�̂T̂�bX\a�
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\[�hT̂fbdbV�qVb_rj\\�VeYá�Z\Voá�bdWTa\[̀bV��Hd\�qfb̀�V\dgeo�sV_srfes�
ga\̂T_pab]�qVb_rj\baab]�e\efỲb]��bU_TXTrmY]�aYbUokT]ab�Voeb̂b]�
\[̀Yak\Vbefpr��Hbcg_sj\\�V\d\babV�V�\ah\j\dbVTaab̀�bdWTa\[̀Y�kY_b�
VŶT�Xbef\WTrf�Xb�
	13 V�
�è3 c_T[̀o�̂dbV\��=YaYf\kYê\]�XdY]h��bUg�
e_bV_Yaao]�[T̀Yab]�aĝ_Ybf\Xaoá�cbe_YXbVTfY_pabefY]��VosV_sYfes�[aT�
k\fY_pab�kTmY��kỲ�V�WYab̀Y�g�̂_Yfb̂�áb[sYV��IŶb̀U\aTj\baao]�cdbjYee�
bfXY_paoá�hdTẀYafbV�WYab̀bV�dT[aoá�V\dgebV�cd\VbX\f�̂�hbd̀\dbVTa\r�
abVoá�VTd\TafbV��V\XbV�\�eỲY]efV�V\dgebV�<�V\dgeb_bW\\�VeY�Ub_plY�
Va\̀Ta\s�bUdTmTYfes�aT�\[gkYa\Y�U\b_bW\kYê\á�cdbjYeebV�̂bqVb_rj\\�
V\dgebV�e�\á�áb[sYVT̀\�
<\dgeb_bW\s�\[gkTYf�̀bdhb_bW\r, efdbYa\Y��q̂b_bW\r��WYaYf\̂g��̀b�

_Ŷg_sdagr�U\b_bW\r�V\dgebV��cdbjYeeo\á�dYc_\̂Tj\\��aTcdTV_Ya\Y�\�
ỲáTa\[̀o�qVb_rj\\��qc\XỲ\b_bW\r��̀YfbXo�_TUbdTfbdab]�X\TWabef\̂\��
cdbh\_T̂f\̂\�\�_YkYa\s�Vo[oVTỲoá�\̀\�[TUb_YVTa\]���
?e_\�V�cdbl_bY�efb_Yf\Y�aTU_rXT_escdbWdYee�V�̂bafdb_Y�[T�V\dgeao�
\̀�\ahŶj\s̀\��_\̂V\X\dbVTab�bXab�\[�aT\Ub_YY�bcTeaoá�[TUb_YVTa\]�3
becT��cb_gkYao�VT̂j\ao�cdbf\V�cb_\b̀\Y_\fT��̂bd\�\�Xd� ��fb�aTefbsmYY�
VdỲsV�dT[V\f\\�V\dgeb_bW\\�̀bZYf�dTeèTfd\VTfpes�̂T̂�cbefWYab̀ao]�
cYd\bX��IsX�abVoá�aTcdTV_Ya\]�cbefWYab̀abWb�cYd\bXT�cb_gk\_\�Xbcb_�
a\fY_pao]�eghh\̂e�N-b̀\̂T2��aTcd\̀Yd, WYab̀\̂T��fdTaêd\cfb̀\̂T��
cdbfYb̀\̂T��
=Yab̀\̂T�\[gkTYf�efdĝfgdab-hgâj\baT_paoY�̀YZWYaaoY�V[T\̀beVs�

[\�V�cdbjYeeTá�h\[\b_bW\kYêb]�\�cTfb_bW\kYêb]�q̂ecdYee\\�WYab̀T��GaT�
\ecb_p[gYfes�X_s�\XYaf\h\̂Tj\\��fT̂ebab̀\\��\[gkYa\s�cdbjYeebV�qVb_r�
j\\�WYabV�\�̀\̂dbbdWTa\[̀bV����
KdTaêd\cfb̀\̂T�\[gkTYf�ecbebUo��̀ YáTa\[̀o�\�[T̂bab̀Ydabef\�

fdTaêd\cj\\�WYabV��dT[dTUTfoVTYf�̀YfbXo�\�cdYcTdTfo�X_s�YY�dYWg_sj\\�
\�cdT̂f\kYêbWb�\ecb_p[bVTa\s�
HdbfYb̀\̂T�\[gkTYf�efdĝfgdab-hgâj\baT_paoY�V[T\̀beVs[\�\�cdb�

VbX\f�TaT_\[�[T̂bab̀YdabefY]�U\be\afY[T�bfXY_paoá�V\dgeaoá�\�̂_Yfbk�
aoá�UY_̂bV��UY_b̂-UY_̂bVoá�V[T\̀bXY]efV\]�\�\[̀YaYa\]�V�cdbjYeeTá�\a�
hŶj\\�\_\�_YkYa\s�
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EFDG>FGD


�
�JfdĝfgdT�V\dgeaoá�kTef\j

���GUb_bk̂\�V\d\babV

���K\co�e\̀ Ỳfd\\

�
�Mgâj\\�efdĝfgdaoá�̂b̀cbaYafbV�V\dgeaoá�kTef\j

1.1-FDG>FGD4�6<DGEAMI�K4EF<J�
<\dgeo�3qfb�̀Y_pkT]l\Y�Z\VoY�bdWTa\[̀o:
3\á�dT[̀Ydo�VTdp\dgrf�V�cdYXY_Tá�cd\̀Ydab�bf��	�Xb��		�̀`�V�edYX�

aỲ�ba\�V�csfpXYesf�dT[�̀YaplY�UT̂fYd\]);
3V\dgeo�aY_p[s�gV\XYfp�e�cb̀bmpr�eVYfbVbWb�̀\̂dbêbcT, fT̂�̂T̂�\á�

dT[̀Ydo�̀YaplY�cb_gX_\ao�eVYfbVb]�Vb_ao. [_s�\[gkYa\s�̀bdhb_bW\\�\�
efdĝfgdo�V\dgebV�\ecb_p[grf�q_ŶfdbaaoY�̀\̂dbêbco�
3V\dgeo�cdbábXsfkYdY[�h\_pfdo� b̂fbdoY�[TXYdZ\VTrf�UT̂fYd\�

T_paoY�̂_Yf̂\�
JdYX\�V\dgebV�\̀Yrfes�̂dgcaoY�V\Xo�d\egâ\1, 2)��FTcd\̀Yd��V\dge�

aTfgdT_pab]�beco�Xbef\WTYf�
		�à��<\dge�̂bdbVpY]�beco��\̀YYf�fT̂\Y�ZY�
dT[̀Ydo��̂T̂�\�aT\Ub_YY�̀Y_̂\Y�UT̂fYd\\��á_T̀\X\\�\�d\̂ Ŷfe\\ ��̂bfbdoY�
fbZY�sV_srfes�bU_\WTfaò \cTdT[\fT̀\\�dT[̀abZTrfes�fb_p̂b�V�Z\�
Voá�̂_Yf̂Tá�
Hb�̀bdhb_bW\\�VoXY_srf�V\dgeo�cT_bk̂bV\XaoY��Vb[UgX\fY_p�_\áb�

dTX̂\�RUb_T ��cg_YV\XaoY��V\dge�UYlYaefVT ��ehYd\kYê\Y��WYdcYeV\dg�
eo ��bVT_paoY��V\dge�beco ��T�fT̂ZY�UT̂fYd\bhTW\��\̀Yrm\Y�e_bZagr�
hbd̀g�\̀Yrf�Wb_bV̂g�\�áVbef\̂ .
IT[_\kTrf�XVY�hbd̀o�egmYefVbVTa\sV\dgebV��<aŶ_YfbkaTs�hbd̀T�3

8>F>DC3V̂_rkTYf�V�eYUs�VeY�ebefTVaoY�q_ỲYafo��̂Tce\X��aĝ_Y\abVgr�̂\�
e_bfg��efdĝfgdaoY�UY_̂\��hYd̀Yafo�\�Xd� ��<agfd\̂_YfbkaTs�hbd̀T�38>FIG
3 b̀ZYf�Uofp�cdYXefTV_YaT�_\lp�bXab]�̀b_Ŷg_b]�aĝ_Y\abVb]�̂\e_bfo��
fT̂�̂T̂��cbcTXTs�V�̂_Yf̂g��V\d\ba�dTecTXTYfes�aT�ebefTVaoY�q_ỲYafo�
Hb�efdbYa\rdT[_\kTrf�XVT�f\cT�V\dgeaoá�kTef\j��cdbefoY�\�e_bZ�

aoY��.FDGHQ;�NWb_oY2 �8>FIGQ ebefbsf�\[�eYdXjYV\ao�\�UY_̂bVb]�bUb�
_bk̂\�3 T̂ce\XT. 0AD<CQ;�NbXYfoY2 �8>FIGQ \̀Yrf�Xbcb_a\fY_pagr�
_\cbcdbfY\Xagr�bUb_bk̂g�3egcYd̂Tce\X�\_\�cYc_be�
<agfdYaass�efdĝfgdT�cdbefoá�\�e_bZaoá�V\dgebV�eábXaT�
0;F:L;8>C6V\dgeT�3V\dgeaTs�aĝ_Y\abVTs�̂\e_bfT��[FC�_\Ub�IFC 3

V\dgeao]�WYab̀ . FT\Ub_YY�cdbefb]�V\dgeao]�WYab̀�̂bX\dgYf��-
�UY_̂T��
aT\Ub_YY�e_bZao]�5�Ub_YY��	�cb_\cYcf\XbV�
JaTdgZ\�aĝ_Y\abVTs�̂\e_bfT�cb̂dofT�UY_̂bVò �kYá_b̀�3̂ Tce\Xb̀��

bUdT[gs�̂b̀c_Ŷe�3CI@A;D@6EG>:��cb�á\̀\kYêb]�cd\dbXY�cdYXefTV_sr�
m\]��ebUb]�aĝ_YbcdbfY\X�



7

I\egab̂ 13Mbd̀T\bfabe\fY_paoY�dT[̀Ydo�V\d\babVaŶbfbdoá�
eỲY]efV��[FC-ebXYdZTm\á���V\dgebVZ\Vbfaoá

I\egab̂ 2 3Mbd̀T�\�bfabe\fY_paoY�dT[̀Ydo�V\d\babV�aŶbfbdoá�
eỲY]efV�IFC-ebXYdZTm\á�V\dgebV�Z\Vbfaoá��

1 3Paramyxoviridae;  2 !Orthomyxoviridae;   3 3Coronaviridae;   4 3Arena-
viridae; 5 3Retroviridae; 6 3Reoviridae; 7 3Picornaviridae; 8 !Rhabdoviridae; 
9 3Orbiviridae; 10 3Togaviridae; 11 3Bunyaviridae
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����*5B?BK><�6<D<BAB6
*6EG>:�_Tf. capsa, sm\̂ �kTefb�cbefdbYa�\[�cbVfbdsrm\áes�egUnYX\�

a\j�3 T̂ceb̀YdbV. *6EGDB;FQsV_srfes�̀bdhb_bW\kYê\̀\YX\a\jT̀\
V\dgebV�d\egab̂�� . P\e_b�̂Tceb̀YdbV�efdbWb�ecYj\h\kab�X_s�̂TZXbWb�
V\XT�\�[TV\e\f�bf�dT[̀YdbV�\�̀bdhb_bW\\�V\d\babV��FTcd\̀Yd��V\dge�cb�
_\b̀\Y_\fT�ebXYdZ\f����̂Tceb̀YdT��T�TXYabV\dge�3252.

I\egab̂���5�EbXY_\�V\dgeaoá�kTef\j��PTefp�cT_bk̂\�V\dgeT̀ b[T\k�
ab]�Ub_Y[a\�fTUT̂T��V\Xao�̂Tceb̀Ydo�\�\âdgef\dbVTaaoY�V�a\á�V\f̂\�
aĝ_Y\abVb]�̂\e_bfo�

CTceb̀Ydo��ebefbsf�\[�̀b_Ŷg_�UY_̂T�3EFDHDB;FD8. Hdbfb̀Ydo�3
qfb�efdĝfgdaoY�YX\a\jo�̂Tceb̀YdT��Hdbfb̀Ydo�̀bWgf�Uofp�̀bab̀Yd�
aò \��ebXYdZTfp�bX\a�cb_\cYcf\X �_\Ub�cb_\̀Ydaò \��V̂_rkTfp�aY-
êb_p̂b�cb_\cYcf\XbV � CTce\X cdbefoá�V\dgebV cdYXefTV_Ya�63
ec\dT_paò \�UY_̂T̀\�
GeabVaoY�hgâj\\�̂Tce\XT3[Tm\fT�V\dgeabWb�WYab̀T�bf�VaYla\á�

Vb[XY]efV\]��bUYecYkYa\Y�TXebdUj\\�V\d\baT�̂�̂_Yf̂Y��cdba\̂abVYa\Y�YWb�
V�̂_Yf̂g�cgft̀�V[T\̀bXY]efV\s�e�̂_Yfbkaò \�dYjYcfbdT̀\�;Y_̂\�̂Tce\XT�
bU_TXTrf�Taf\WYaaò \�eVb]efVT̀\�
Cb̀c_Ŷe�̂Tce\XT�\�V\dgeabWb�WYab̀T�aT[oVTrf�CI@A;D@6EG>:DB.
[bcb_a\fY_paTs�bUb_bk̂T�e_bZaoá�V\dgebV�3GIE;F@6EG>:bUdT[bVTa�

\[�c_T[̀Tf\kYêb]�̀ỲUdTao�̂_Yf̂\-áb[s\aT. JgcYd̂Tce\X�VefdYkTYfes�
fb_p̂b�g�edTVa\fY_pab�̂dgcaoá�V\dgebV��Wd\cc��WYdcYe �\�Vocb_asYf�[T�
m\fagr�hgâj\r��<�ebefTVY�egcYd̂Tce\XT�VoXY_srf�VagfdYaa\]�UY_̂b�
Vo]�e_b]��E-UY_b̂ ��VaYla\]�bUnỲao]�e_b]�_\c\XbV�\�gW_YVbXbV��̂b̀�
cbaYafbV�̀ỲUdTa�̂_Yf̂\-áb[s\aT �\�cbVYdáabefaoY�W_\̂bcdbfY\Xo��
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<\dgeecYj\h\kYê\Y�W_\̂bcdbfY\Xo�VefdT\VTrfes�V�_\c\Xao]�U\e_b]��
bUdT[gs�dT[aoY�cb�hbd̀Y�Vocsk\VTa\s��aTcd\̀Yd��l\co���

1.3 .<CM�E<@@9FD<<�6<DGEB6
CTceb̀YdoV\d\baTbdWTa\[bVTao�V�bX\a�\_\�XVT�e_bs�cb�XVg̀�f\cT̀�

e\̀ Ỳfd\\3@I7>M;G@DBI�\_\�GE>F6ARCDBI(d\egab̂�4). J\̀ Ỳfd\kabefp�
T̂ce\XT�eVs[TaT�e�fỲ��kfb�X_s�gcT̂bV̂\�WYab̀T�fdYUgYfes�Ub_plbY�̂b_\kY�
efVb�̂Tceb̀YdbV��T�̂b̀cT̂fabY�\á�ebYX\aYa\Y�Vb[̀bZab�_\lp�cd\�ge_bV\\�
e\̀ Ỳfd\kabWb�dTecb_bZYa\s�egUnYX\a\j��Mbd̀\dbVTa\Y�̂Tce\XT�aTcb�
\̀aTYf�cdbjYee�̂d\efT__\[Tj\\�\�cdbfŶTYf�cb�cd\aj\cg�eT̀beUbd̂\�

I\egab̂�43GeabVaoY�f\co�e\̀ Ỳfd\\�V\dgebV�

:3 ĝU\kYê\](NWb_o]2V\d\ba ; ;3 ĝU\kYê\](NbXYfo]2V\d\ba ; 
<�3ec\dT_pao](NWb_o]2V\d\ba ; =�3ec\dT_pao](NbXYfo]2V\d\ba 

);4<,7G9,J�=4881><4J. <�aĝ_Yb̂Tce\XY�V[T\̀bXY]efV\Y�aĝ_Y\ab�
Vb]�̂\e_bfo�\�UY_̂T�begmYefV_sYfes�cb�bXab]�be\�VdTmYa\s��CTZXo]�V\�
dge�eb�ec\dT_pab]�e\̀ Ỳfd\Y]�bU_TXTYf�áTdT̂fYdab]�X_\ab]��l\d\ab]�\�
cYd\bX\kabefpr�aĝ_Yb̂Tce\XT��Fĝ_Yb̂Tce\Xo�Ub_pl\aefVT�cTfbWYa�
aoá�X_s�kY_bVŶT�V\dgebV�\̀Yrf�ec\dT_pagr�e\̀ Ỳfd\r��C�qfb]�WdgccY�
bfabesf�\�V\dge�fTUTkab]�̀b[T\̂\��d\egab̂�� ��̂Tce\X�̂bfbdbWb�bUdT[b�
VTa��
�	�bX\aT̂bVò \�UY_̂bVò \�egUnYX\a\jT̀\. -F96C>=6L>U�ED�
EF>CL>EI�GE>F6ARCD?�G>BB;HF>> EF>:6VH 8>FIG6B E6ADM@D8>:CIT�
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JDFBI��Hd\�ec\dT_pab]�e\̀ Ỳfd\\�UY_̂bVo]�kYáb_�_gklY�[Tm\mTYf�aT�
e_YXefVYaagr�\ahbd̀Tj\r��ab�fdYUgYf�Ub_plbWb�̂b_\kYefVT�UY_̂T��fT̂�
T̂̂�cb̂dof\Y�ebefb\f�\[�edTVa\fY_pab�̂dgcaoá�U_b̂bV�

#?-4C1=6,J�=4881><4J. L�cbXbUaoá�V\dgebV�aĝ_Y\abVTs�̂\e_bfT�
b̂dgZYaT�̂Tceb̀YdT̀\��bUdT[grm\̀\�h\Wgdg�>@DG6S:F63̀ abWbWdTaa\̂T�
e�
��VYdl\aT̀\���	�fdYgWb_paò \�WdTas̀\�\��	�gW_T̀\�d\egab̂�6).-F96�
C>=6L>U�ED�EF>CL>EI�@I7>M;G@D?�G>BB;HF>>�EF>:6VH�8>FIG6B�GJ;F>M;G@IT�
JDFBI��Hd\aj\c�̂gU\kYêb]�e\̀ Ỳfd\\�3eT̀o]�q̂bab̀\kao]�X_s�hbd�
\̀dbVTa\s�[T̀ âgfbWb�̂Tce\XT��fT̂�̂T̂�X_s�YWb�bdWTa\[Tj\\�\ecb_p[grfes�
edTVa\fY_pab�aYUb_pl\Y�UY_̂bVoY�U_b̂\��bUdT[grm\Y�Ub_plbY�VagfdYa�
aYY�cdbefdTaefVb��V�̂bfbdbY�eVbUbXab�ĝ_TXoVTYfes�aĝ_Y\abVTs�̂\e_bfT�
 .:59,J��=81D,99,J��=4881><4J. FŶbfbdoY�UT̂fYd\bhTW\��V\dgeo�

UT̂fYd\] �\̀Yrf�XVb]agr�e\̀ Ỳfd\r��Wb_bV̂T�bdWTa\[bVTaT�cb�cd\aj\cg�
ĝU\kYêb]�e\̀ Ỳfd\\��bfdbefb̂�3cb�cd\aj\cg�ec\dT_pab]�e\̀ Ỳfd\\�
�d\egab̂ 7).

I\egab̂������3<\dge���fTUTkab]�
b̀[T\̂\����ec\dT_pao]��f\c�
e\̀ Ỳfd\\ 

I\egab̂���3GX\a�\[�Vb[̀bZaoá�
VTd\TafbV�̂gU\kYêb]�e\̀ Ỳfd\\

I\egab̂����3 ;T̂fYd\bhTW
�èYlTaao]�f\c�e\̀ Ỳfd\\)
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&>=?>=>.41�;:=>:J99:5�=4881><44. [_s�V\dgebV�Ub_pl\á�dT[̀Y�
dbV��X_s�cb̂eV\dgebV �áTdT̂fYdab�bfegfefV\Y�cbefbsaab]�e\̀ Ỳfd\\�

1.40GA>J<<�EFDG>FGDAMI�>B@CBA9AFB6�6<DGEAMI�K4EF<J
�1764�<�ebefTV�aĝ_Yb̂Tce\XbV�VábXsf�8CIHF;CC>;�7;A@>, bUYecYk\�

VTrm\Y�cdTV\_pagr�gcT̂bV̂g�WYab̀T��T�fT̂ZY�Vocb_asrf�efdĝfgdagr�\�
hYd̀YafTf\Vagr�hgâj\\��
<\dgeaoY�hYd̀Yafo�dT[XY_srf�aT�V\d\baaoY\�V\dge\aXgj\dbVTaaoY.

< T̂ce\XTá�̀bWgf�cd\egfefVbVTfp�hYd̀Yafo�bUY\á�Wdgcc�
&>F>DCCQ;�J;FB;CHQVábXsf�V�ebefTV�V\d\babV�\�\á�fT̂ZY�cbXdT[XY�

_srf�aT�XVY�hgâj\baT_paoY�Wdgcco��
3hYd̀Yafo��bUYecYk\VTrm\Ycdba\̂abVYa\Y�V\dgeaoá�aĝ_Y\abVoá�

\̂e_bf�V�̂_Yf̂g�\�VoábX�XbkYda\á�cbcg_sj\];
3 hYd̀Yafo��gkTefVgrm\Y�V�fdTaêd\cj\\�\�dYc_\̂Tj\\�V\dgeabWb�

WYab̀T��aTcd\̀Yd��bUdTfaTs�fdTaêd\cfT[T ��
&>FIG>C:IL>FD86CCQ;�J;FB;CHQ[T̂bX\dbVTao�V�V\dgeab̀�WYab̀Y��
HbVYdáabefaoY�UY_̂\�NWb_oá2�V\dgebV�bUYecYk\VTrf�V[T\̀bXY]efV\Y�

V\dgebV�e�̂_Yfbkaò \�dYjYcfbdT̀\�\�cbe_YXgrmYY�cdba\̂abVYa\Y�V�̂_Yf�
ĝ�cgft̀�qaXbj\fb[T�JgcYd̂Tce\XaoY�9A>@DEFDH;>:Q��bUdT[grm\Y�l\co��
dTecb[aTrf�̂_YfbkaoY�dYjYcfbdo�\�eVs[oVTrfes�e�a\̀\��bUYecYk\VTrf�
e_\sa\Y�V\dgeab]�̀ỲUdTao�e�̀ỲUdTab]�̂_Yf̂\�
;b_pl\aefVb�NbXYfoá2V\dgebV\̀Yrf�cbVYdáabefaoY�ecYj\T_paoY�

F-7;A@>(_Tf��fusio, e_\sa\Y)��bUYecYk\VTrm\Y�e_\sa\Y�V\dgeaoá�egcYd�
T̂ce\XbV�\�̂_Yfbkaoá�̀ỲUdTa��
+-7;A@>3 T̀fd\kaoY�UY_̂\��hbd̀\dgrf�efdĝfgdao]�e_b]�aT�Vagf-

dYaaY]�cbVYdáabef\�egcYd̂Tce\XT�\�ecbebUefVgrf�V[T\̀bXY]efV\r�YWb�e�
UY_̂T̀\�aĝ_Yb̂Tce\XT��kfb�VTZab�aT�[T̂_rk\fY_paoá�qfTcTá�eT̀beUbd̂\�
V\d\babV�
$4;40F�egcYd̂Tce\XTefTU\_\[\dgrf�efdĝfgdo�V\dgebV��[YWdTXTj\s

\_\�gfYds�_\c\XbV�cd\VbX\f�̂�cbfYdY�\ahŶj\baaoá�eVb]efV��fT̂�̂T̂�fT�
\̂Y�V\dgeaoY�kTef\jo�fYdsrf�efTU\_pabefp�eVbYWb�ebefTVT�\��ebbfVYfef�
VYaab��ecbebUabefp�̂�[TdTZYa\r�̂_Yfb̂��JbefTV�_\c\XbV�bUokab�[TV\e\f�
bf�áTdT̂fYdT�Ncbk̂bVTa\s2�V\dgeab]�kTef\jo��FTcd\̀Yd��g�V\dgeT�Wd\ccT�
ebefTV�_\c\XabWb�U\e_bs�TaT_bW\kYa�fT̂bVb̀g�V�̂_Yfbkaoá�̀ỲUdTaTá��
=YdcYeV\dgeo�cbk̂grfes�kYdY[�sXYdagr�̀ỲUdTag��cbqfb̀g�aTUbd�_\c\�
XbV�egcYd̂Tce\XT�bfdTZTYf�ebefTV�_\c\XbV�sXYdab]�̀ỲUdTao�

!BCDBEM�8?O�E4@B>BAFDB?O
1 [T]fY�bcdYXY_Ya\Y�cbasf\r�NV\dgeo2��
2 CT̂\Y�hbd̀o�egmYefVbVTa\s�dT[_\kTrf�g�V\dgebV���
3 CT̂\Y�eVb]efVT�áTdT̂fYd\[grf�V\dgeo�̂T̂�bebUbY�jTdefVb�g_pfdT̀\̂db�

êbc\kYê\á�bdWTa\[̀bV��
4 CT̂\Y�dT[̀Ydo�\�hbd̀g�\̀Yrf�V\dgeaoY�kTef\jo�
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5 Hd\VYX\fY�cd\̀Ydo�dT[aoá�cb�̀bdhb_bW\\�V\dgebV��
6 FT[bV\fY�efdĝfgdaoY�q_ỲYafo�cdbefoá�\�e_bZaoá�V\dgebV�
7 CT̂gr�á\̀\kYêgr�cd\dbXg�\̀Yrf�eYdXjYV\aT��̂Tce\X�\�aĝ_Yb̂Tce\X�

V\d\baT�
8 Pfb�sV_sYfes�̀bdhb_bW\kYêb]�\�efdĝfgdab]�YX\a\jT̀\�̂Tce\XT�
9 Pfb�bcdYXY_sYf�ecbebU�ĝ_TX̂\�̂Tceb̀YdbV�V�̂Tce\XY�
10CT̂bY�cdb\eábZXYa\Y�\̀YYf�egcYd̂Tce\X�e_bZaoá�V\dgebV�
11[T]fY�áTdT̂fYd\ef\̂g�̂gU\kYêb̀g��ec\dT_pab̀g�\�èYlTaab̀g�f\cT̀�

e\̀ Ỳfd\\�\�cd\VYX\fY�cd\̀Ydo�V\dgebV�e�qf\̀\�f\cT̀\�e\̀ Ỳfd\\�
12 CT̂\Y�e_b\�dT[_\kTrf�V�g_pfdTefdĝfgdY�egcYd̂Tce\XT�
13CT̂\Y�hgâj\\�Vocb_asrf�̂Tce\X\�egcYd̂Tce\X�
14 =XY�V�V\dgeab]�kTef\jY�dTecb_bZYao�E- \�F-UY_̂\�\�̂T̂\Y�hgâj\\�ba\�

Vocb_asrf�
15[T]fY�bcdYXY_Ya\Y�cbasf\s̀�NV\d\baaoY2�\�NV\dge\aXgj\dbVTaaoY2�

hYd̀Yafo��
16FT[bV\fY�UY_̂bVoY�efdĝfgdo�V\dgeab]�kTef\jo\�\á�hgâj\\�
17CT̂Ts�WdgccT�bdWTa\kYê\á�ebYX\aYa\]�bUdT[gYf�cbVYdáabefaoY�efdĝfg�

do�egcYd̂Tce\XT�
18 CT̂\Y�hgâj\\�Vocb_asrf�_\c\Xo�V\dgeab]�kTef\jo�

'45BD4FBDAB9;4AOF<91
(BDHB?B7<O��<�G?NFD4EFDG>FGD4��6<DGEB6

3;AR�=6CUH>U: beVb\fp�UT̂fYd\bêbc\kYê\]̀ YfbX�VosV_Ya\s�V\dgebV�
V�̀TfYd\T_Tá\\[gk\fp�bebUYaabef\�̀bdhb_bW\\�\�g_pfdTefdĝfgdo�V\dg�
ebVe�\ecb_p[bVTa\Ỳ�̀YfbXT�q_Ŷfdbaab]�̀\̂dbêbc\\.
+6H;F>6AQ>�D7DFI:D86C>;: 
 �q_ŶfdbaaoY�̀\̂dbhbfbWdTh\\�\�XY�
b̀aefdTj\baaoY�d\egâ\��T �cdbefoá�\�e_bZaoá�V\dgebV��U �V\dgebV�e�
dT[aò \�f\cT̀\�e\̀ Ỳfd\\��V �V\dgebV�e�bUb_bk̂T̀\�dT[ab]�Tdá\fŶfg�
do��� �eVYfbVb]�̀\̂dbêbc��� �h_rbdYejYafao]�̀\̂dbêbc��
) g̀[Y]aoY�
cdYcTdTfo�e�V\dgeaò \�V̂_rkYa\s̀\�V�̂_Yf̂Tá�cbdTZYaaoá�f̂TaY]�dTe�
fYa\]�\�Z\Vbfaoá; 5) cdYcTdTf�\_\�hbfbWdTh\s�h_rbdYejYafab]�̀\̂db�
êbc\\�cdYcTdTfT�V\dgeb\ah\j\dbVTaaoá�̂_Yfb̂.
!,0,941��: cdbVYX\fY�V\dgebêbc\kYêbY \ee_YXbVTa\Y�XỲbaef-

dTj\baaoá�cdYcTdTfbV̂_Yfb̂��cbdTZYaaoá�V\dgeT̀\�
NbX�dTUbfo�
1 Hdbkf\fYcd\VYXYaabY�a\ZY�̂dTf̂bY�bc\eTa\Y�̀\̂dbêbc\kYê\á�
ỲfbXbV��\ecb_p[gỲoá�X_s�VosV_Ya\s�V\dgebV��V�̀TfYd\T_Tá�V\dgebêb�
c\s�V�\̀ Ỳde\baab̀�\�_r̀ \aYejYafab̀�̀\̂dbêbcTá �
&>FIGDG@DE>U. <�\̀ Ỳde\baab̀�eVYfbVb̀�̀\̂dbêbcY�bUaTdgZ\VTrfes�

eT̀oY�̂dgcaoY�q_ỲYafTdaoY�fY_pjT��KT̂��cd\�aTfgdT_pab]�becY�V�Z\X̂b�
ef\�̂bZaoá�cg[odp̂bV�aTábXsf�V\d\bao�HTlYaT��T�V�fT̂\á�ZY�VY[\̂g_Tá�
cd\�VYfdsab]�becY�3V\d\bao�:dTWTaT�
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DYWkY�cd\�V\dgeaoá�\ahŶj\sá�VosV\fp�Vagfd\̂_YfbkaoY�V̂_rkYa\s
�d\egab̂�� .

I\egab̂ 83<\dgeaoY�V̂_rkYa\s�

1 3fY_pjT�=gTda\Yd\�V�̂_Yf̂Y��[TdTZYaab]�V\dgeb̀�beco����3V̂_rkYa\s�V�
j\_\aXd\kYêb̀�qc\fY_\\��[TdTZYaab̀�V\dgeb̀�Wd\ccT��3 3V̂_rkYa\s�V�qc\�
fY_\\��[TdTZYaab̀ dYbV\dgeb̀� 4 3fY_pjT;TUYlT-FYWd\�VaY]dbj\fTá��
5,6 3Vagfd\sXYdaoY�V̂_rkYa\s�V�qc\fY_\\��[TdTZYaab̀�WYdcYe- \�TXYabV\dg�
eb̀����3Vagfd\sXYdaoY�\�j\fbc_T[̀Tf\kYê\Y�V̂_rkYa\s�V�qc\fY_\\��[TdTZYa�
ab̀�V\dgeb̀�̂bd\

<�beabVab̀�ba\�cdYXefTV_Yao�êbc_Ya\s̀\�V\d\babV�VcYdỲYl̂ g�e�
dYT̂f\Vaò \�̂_Yfbkaò \�cdbXĝfT̀\�\�V�[TV\e\̀bef\�bf�̀YefT�dYc_\̂T�
j\\�V\d\babV�aTábXsfes�V�j\fbc_T[̀Y�\_\�sXdY�̂_Yfb̂-áb[sYV��<�kTefab�
ef\��j\fbc_T[̀Tf\kYê\̀\�V̂_rkYa\s̀\�sV_srfes�fY_pjT�=gTda\Yd\�V�
qc\fY_\T_paoá�̂_Yf̂Tá��êbc_Ya\s�dYbV\dgebV�\�V\dgebV�Wd\ccT�V�a\á��
fY_pjT�;TUYlT-FYWd\�3V�aY]dbj\fTá��SXYdaoY�TXYab-��cTcbVT-\�WYdcYeV\�
dgeaoY�V̂_rkYa\s�ebefbsf�\[�̂_YfbkabWb�̀TfYd\T_T��B[dYX̂TV�bXab]�\�
fb]�ZY�̂_Yf̂Y�V\dgeo��aTcd\̀Yd, b̂dYVb]��hbd̀\dgrf�j\fbc_T[̀Tf\kYê\Y�
\�sXYdaoY�V̂_rkYa\s�
Hb�hbd̀Y��dT[̀YdT̀��efdĝfgdY��bfablYa\r�̂�̂dTe\fY_s̀�V\dgeaoY�

V̂_rkYa\s�efdbWb�ecYj\h\kao��FTcd\̀Yd��fY_pjT�=gTda\Yd\�\̀Yrf�b̂�
dgW_gr��eYdcbV\Xagr�\_\�T̀YUb\Xagr�hbd̀g�X\T̀Yfdb̀�
3
	�̀^̀��fY_pjT�
;TUYlT-FYWd\�3bVT_paoY�\_\�q__\ceb\XaoY��Xbef\WTrm\Y��	�̀^̀��V̂_r�
kYa\s�dYbV\dgebV�eYdcbV\XaoY��aTcb_bV\ag�báVTfoVTrm\Y�̂_YfbkabY�sX�
db��̂bdYVoY�V̂_rkYa\s�3V�V\XY�cbk̂grm\áes�̀Y_̂\á�XdbZZY]�d\egab̂�9).
<�cdYcTdTfTá��bUdTUbfTaaoá�̀YkYaò \�Taf\fY_T̀\�cbX�_r̀ \aYejYaf�

aò �̀\̂dbêbcb̀�bUaTdgZ\VTrf�VaY- \�Vagfd\̂_Yfbkab�dTecb_bZYaaoY�
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V\d\bao�V�V\XY�dT[abjVYfaoá�fbkŶ�\�̂baW_b̀YdTfbV�V�[TV\e\̀bef\�bf�
cd\dbXo�\ecb_p[gỲbWb�h_rbdbádb̀T�d\egab̂�
	 .

I\egab̂�����3KY_pjT�;TUYlT-FYWd\�V�aYdVaoá�̂_Yf̂Tá�Wb_bVabWb�̀b[WT

FT�eYWbXasla\]�XYap�V�VYfYd\aTd\\�cd\̀YasYfes�YX\aefVYaao]�\ahbd̀T�
f\Vao]�\�XbefTfbkab�fbkao]�̀YfbX�X\TWabef\̂\�UYlYaefVT�g�Z\Vbfaoá��Rfb�cb�
èYdfabY�\ee_YXbVTa\Y�edY[bV�T̀ b̀abVoá�dbWbVWb_bVabWb�̀b[WT�\�bUaTdgZYa\Y�
V�a\á�ecYj\h\kYê\á�V̂_rkYa\]:fY_Yj�;TUYlT-FYWd\��Jbefbsf�fY_pjT�;TUYlT-
FYWd\�\[�fbâbVb_b̂a\efbWb�̀Tfd\̂eT�\�V\dgeabWb�d\Ubaĝ_YbcdbfY\XT�

I\egab̂�
	�v <\dge�Wd\ccT�V�̂g_pfgdY�̂_Yfb̂�kYdY[��
��k�cbe_Y�\a�
h\j\dbVTa\s��\̀ g̀abh_rbdYejYafaTs�̀\̂dbêbc\s, w1200)��<\Xao�eVY�
fsm\Yes�̂b̀c_Ŷeo�V�sXdY�\�aT�VagfdYaaY]�cbVYdáabef\�c_T[̀T_Ỳ ò�
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2 Becb_p[gs�h_rbdYejYafao]�̀\̂dbêbc��dTeèbfd\fY�cdYcTdTf�̂g_p�
fgdo�̂_Yfb̂�\ah\j\dbVTaaoá�V\dgeb̀�\�bUdTUbfTaaoá�h_rbdbádb̀b̀��
JXY_T]fY�d\egab̂�cdYcTdTfT�\�ĝTZ\fY�eVYfsm\Yes�fbk̂\-V\dgeo�

3 Becb_p[gs�eVYfbVb]�̀\̂dbêbc��dTeèbfd\fY�h\̂e\dbVTaao]�cdYcT�
dTf�aY]fdbj\fbV�e�V̂_rkYa\s̀\�dTUXbV\dgebV��fY_pjT�;TUYlT-FYWd\ ��
JXY_T]fY�d\egab̂�cdYcTdTfT�\�ĝTZ\fY�fY_pjT�;TUYlT-FYWd\�
!,0,941��: \[gk\fY�bebUYaabef\�q_Ŷfdbaab]�̀\̂dbêbc\\�\�YY�Vb[�
b̀Zabef\�cd\�\[gkYa\\�̀bdhb_bW\\�\�g_pfdTefdĝfgdo�V\dgebV�
NbX�dTUbfo�

�G[aT̂b̀pfYep�e�cd\VYXYaab]�a\ZY�bUmY]�áTdT̂fYd\ef\̂b]�̀YfbXT�

q_Ŷfdbaab]�̀\̂dbêbc\\�
5A;@HFDCC6U�B>@FDG@DE>U. KYbdYf\kYê\�dT[dYlYa\YcdbeVYk\VTrmY�

Wb�q_ŶfdbaabWb�̀\̂dbêbcT�ebefTV_sYf�	�		��à��dYT_pabY�dT[dYlYa\Y�eb�
VdỲYaaoá�̀\̂dbêbcbV�cd\U_\ZTYfes�̂�	�
�à��FT�cdT̂f\̂Y�dT[dYlYa\Y�
X_s�U\b_bW\kYê\á�bUnŶfbV�Xbef\WTYf���à�
<�q_Ŷfdbaab̀�̀\̂dbêbcY�V\dgeo�\XYaf\h\j\dgrf�cb�fbâ\̀�XYfT�

_s̀�\á�g_pfdTefdĝfgdo��J�qfb]�jY_pr�cb_gkTrf�̀\̂dbhbfbWdTh\\��Hd\�
qfb̀�ebXYdZTm\]�V\dgeo�̀TfYd\T_�egecYaX\dgrf�V�ábdblb�\ecTdsrmY]es�
edYXY�\�aTabesf�aT�eYf̂g�e�cbX_bẐb]��cdYXefTV_srmY]�ebUb]�c_Yâg�\[�
b̂__bX\s�\_\�\[�k\efbWb�gW_YdbXT��e_TUb�cbW_bmTrmgrq_Ŷfdbao��L_gk�
lYa\Y�q_Ŷfdbaab- \̀̂dbêbc\kYêbWb�\[bUdTZYa\s�V\dgebV�Xbef\WTYfes�
gVY_\kYa\Ỳ�\á�q_Ŷfdbaab]�c_bfabef\�cgfỲ�Vb[XY]efV\s�aT�a\á�cTdbV�kY�
fodYáb̂\e\�bè\s��Q\db̂b�\ecb_p[grfes�fT̂ZY�̀YfbXo�aTco_Ya\s�aT�V\�
dgeebXYdZTm\Y�̀TfYd\T_o�fsZY_oá�̀YfT__bV��[b_bfb��cT__TX\]��gdTa ��áb�
dblb�bffYasrm\á�hbd̀g�\�bUnỲ�V\dgeaoá�kTef\j��\�aYWTf\VabWb�̂bafdT�
ef\dbVTa\s�V\d\babV�aY]fdT_paò \�dTefVbdT̀\�hbehbVb_phdT̀TfT�\_\�
gdTa\_TjYfTfT��W_gUb̂b�cdba\̂Trm\̀\�V�\á�N\[V\_\ao�\�[T[bdo2��FT̂b�
aYj��̂bah\WgdTj\s�V\d\babV�bfkYf_\Vb�bfcYkTfoVTYfes�aT�̀ Tfd\jTá-
dYc_\̂Tá�Voebál\á�c_Yab̂�c_Tef̀Teeo��dTefVbdb̀�̂bfbdoá�ba\�[T_\VTrf�
es��J\̀ Ỳfd\r�\�dTecdYXY_Ya\Y�UY_̂bVoá�egUnYX\a\j�V�U_b̂Y-TaeT̀U_Y�
V\dgeaoá�̂d\efT__bV�\[gkTrf�e�cb̀bmpr�dYafWYabefdĝfgdabWb�TaT_\[T�
HdbeVYk\VTrm\]�q_Ŷfdbaao]�̀\̂dbêbc��d\egab̂�

 �ebefb\f�\[�̂b�

_baao��kYdY[�̂bfbdgr�V�VT̂gg̀Y�cdbábXsf�q_Ŷfdbao��\[_gkTỲoY�̂TfbX�
ab]�a\fpr��Hgkb̂�q_ŶfdbabV��hb̂ge\dgỲo]�̂b_pjYVò \�̀TWa\fT̀\��
cdbábX\f�kYdY[�cbXWbfbV_Yaao]�bUdT[Yj��NTdT̂fYd�dTeeY\VTa\s�q_Ŷfdb�
abV�[TV\e\f�bf�c_bfabef\�bUdT[jT��HdbábXsm\Y�kYdY[�bUdT[Yj�q_Ŷfdbao�
aTU_rXTrf�aT�h_rbdYej\dgrmỲ�q̂dTaY�\�dYW\efd\dgrf�cd\�cb̀bm\�hb�
fbc_Tef\â\�
ĴTa\dgrm\]��dTefdbVo] �q_Ŷfdbaao]�̀\̂dbêbc�IRE�cd\̀Yasrf�

X_s�cb_gkYa\s�fdtá̀YdabWb�\[bUdTZYa\s�cbVYdáabef\�\ee_YXgỲbWb�bUn�
ŶfT�<�IRE�cd\̀Yasrfes�q_ŶfdbaaoY�_\a[o�X_s�hb̂ge\dbV̂\�q_Ŷ�
fdbaabWb�cgk̂T�V�csfab�bkYap�̀T_oá�dT[̀YdbV��Rfb�csfab�aYcdYdoVab�
bUYWTYf�aŶbfbdo]�gkTefb̂�bUdT[jT�TaT_bW\kab�_gkg��bUYWTrmỲgq̂dTa�
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fY_YV\[\baab]�fdgÛ\��R_Ŷfd\kYê\]�e\WaT_��Vb[a\̂Trm\]�cd\�Ub̀UTd�
X\dbV̂Y�bUnŶfT�q_ŶfdbaT̀\�cgk̂T��\ecb_p[gYfes�X_s�hbd̀\dbVTa\s�\[b�
UdTZYa\s�aT�q̂dTaY�fY_YV\[\baabWb�̂\aYêbcT�\_\�q_Ŷfdbaab-_gkYVb]�
fdgÛ\��LVY_\kYa\Y�(bfablYa\Y�dT[̀YdT�\[bUdTZYa\s�aT�q̂dTaY�̂�dT[̀Ydg�
bU_Tef\��bUYWTỲb]�cgk̂b̀�aT�bUdT[jY)ebefTV_sYf�bf�
	�Xb�
	�̀_a�

I\egab̂�113<aYla\]�V\X�\�eáỲT��q_ŶfdbaabWb�̀\̂dbêbcT
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2 ITeèbfd\fY�q_ŶfdbaaoY�̀\̂dbhbfbWdTh\\�V\dgebV��d\egâ\�
�-15, 
XỲbaefdTj\baao]�̀TfYd\T_ �

I\egab̂�123:XYabV\dgeo I\egab̂�
33<\dgeo�WYcTf\fT�:

I\egab̂�
43<\dgeo�Wd\ccT

3 <�cdbfb̂b_Y�[Tasf\s�̂dTf̂b�bc\l\fY�fYáab_bW\r�q_Ŷfdbaab]�
\̀̂dbêbc\\�
!,0,941����\[gk\fY�efdĝfgdg�V\dgeT�aTfgdT_pab]�beco�
NbX�dTUbfo�

��ITeèbfd\fY� q_Ŷfdbaagr \̀̂dbhbfbWdTh\r V\d\baT�beco��

�d\egab̂�
� �
���B[gk\fY�eáỲg�efdbYa\s�V\dgeT�aTfgdT_pab]�beco��d\egab̂�
� \�

aT]X\fY�ebbfVYfefV\s�efdĝfgdaoá�q_ỲYafbV�aT�eáỲY�\�hbfbWdTh\\�
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���L̂TZ\fY�aT�ebbfVYfefVgrmỲ�d\egâY�cdbfb̂b_T�[Tasf\s�eYdXjYV\�
ag��̂Tce\X��egcYd̂Tce\X�V\d\baT�beco\�[TáVTkYaaoY�\̀�hdTẀYafo�j\fb�
c_T[̀Tf\kYêb]�̀ỲUdTao�

I\egab̂�
53R_ŶfdbaaTs�̀\̂dbhbfbWdTh\s�hTWT�qlYd\á\\�̂b_\

I\egab̂�
��3 <\d\ba�aTfgdT_pab]��beco����q_ŶfdbaaTs�̀\̂dbêbc\s��
w230 000 )
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,<EGAB>17 :-I9@4�EFDB9A<O�6<D<BA4�BECM	

1 3hdTẀYaf�j\fbc_T[̀Tf\kYêb]�bUb_bk̂\��[TáVTkYaab]�V\d\bab̀�cd\�
VoábXY�\[�̂_Yf̂\��2 3cdbefdTaefVb�̀YZXg�qfb]�bUb_bk̂b]�\�cbVYdáabefpr�
V\d\baT��3 3VaYlass�bè\bh\_paTs�̀ỲUdTaT�bUb_bk̂\�V\d\baT��4 3edYXass�
bè\bh\_paTs�̀ỲUdTaT�bUb_bk̂\�V\d\baT��5 3VagfdYaass�̀ỲUdTaT�bUb-
_bk̂\�V\d\baT����3Ub̂bVbY��_TfYdT_pabY �fY_b����3hdTẀYaf�̂_Yfbkab]�bUb�
_bk̂\��8 3Vagfd\V\dgeaTs WdTag_T�� 9 3_b̂T_pabY VfsZYa\Y bUb_bk̂\��
10 3fsZ��eVs[oVTrm\] b̂̀cbaYaf aĝ_Yb\XTe bUb_bk̂b]��11 3 V\dgeb�
c_T[̀T��12 3VaYlass�bè\bh\_paTs�̀ỲUdTaT�bUb_bk̂\�aĝ_Yb\XT��13 3edYX�
ass�bè\bhbUaTs�̀ỲUdTaT�bUb_bk̂\�aĝ_Yb\XT��14 3VagfdYaass�bè\bh\_p�
aTs�̀ỲUdTaT�bUb_bk̂\�aĝ_Yb\XT; 15 3aĝ_Yb\Xbc_T[̀T��16 3bè\bhbUao]�
b̂̀cbaYaf�S-bUdT[ab]�efdĝfgdo��17 3̂ b_pjb3edY[�ec\dT_pab]�ĝ_TX̂\�[FC�
�W\cbfY[T ��18 3jYafd�qfbWb b̂_pjT�19 3VagfdYaa\]�̂ b̀cbaYaf�S-bUdT[ab]�
efdĝfgdo�aĝ_Yb\XT��20 3jYafdT_pao]�̂b̀cbaYaf�S-bUdT[ab]�efdĝfgdo�
aĝ_Yb\XT.

.9@42  +D<AJ<CM���>?4EE<H<>4J<<����6<DGEB6����:<6BFAMI����
K9?B69>4��<D4EF9A<=�

��
�GeabVaoY�eỲY]efVT
����M\fbV\dgeo
2.3 EYfbXo�VoXY_Ya\s��̂g_pf\V\dbVTa\s\�\XYaf\h\̂Tj\\�V\dgebV

2.1 *EAB6AM9�E9@9=EF64
<\dgeo�bfaYeYao�̂�jTdefVg�Vira. Hb�f\cg�aĝ_Y\abVb]�̂\e_bfoVoXY�

_srf�F>7D8>FIGQ�IFC-V\dgeo �\�:;=D@G>F>7D8>FIGQ�[FC-V\dgeo ��[_s�
V\dgebV�cdYX_bZYao�e_YXgrm\Y�fT̂ebab̀\kYê\Y�̂TfYWbd\\��cb�VbeábXs�
mY] ��<\X�(Species) 7�IbX (Genus) 7 HbXeỲY]efVb�(Subfamilia) 7�
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JỲY]efVb�(Familia). CTfYWbd\\�cbXeỲY]efV�\�dbXbV�dT[dTUbfTao�aY�
X_s�VeYá�V\dgebV��
FT[VTa\Y�VeYá�V\dgeaoá�dbXbV�b̂Tak\VTYfes�e_bVb̀��virus ��X_s�aT[VT�

a\s�eỲY]efV�\ecb_p[gYfes�eghh\̂e��-idae ��T�cbXeỲY]efV�5��-inae .
B[�Ub_YY�kỲ����eỲY]efV�V\dgebV��cd\[aTaaoá�EYZXgaTdbXaò �̂b̀\�

fYfb̀�cb�fT̂ebab̀\\�V\dgebV��e_YXgrm\Y�
��V̂_rkTrf�V\dgeo�kY_bVŶT�\�
Z\Vbfaoá��ED@G8>FIGQ��>F>:D8>FIGQ��8>FIGQ�9;FE;G6��6:;CD8>FIGQ��E6ED�
868>FIGQ��8>FIGQ�9;E6H>H6�&��E6F8D8>FIGQ��F;D8>FIGQ��HD968>FIGQ��@DFD�
C68>FIGQ��E6F6B>@GD8>FIGQ��F67:D8>FIGQ��J>AD8>FIGQ��DFHDB>@GD8>FIGQ��
7ICRU8>FIGQ��6F;C68>FIGQ��F;HFD8>FIGQ��E>@DFC68>FIGQ��@6A>L>8>FIGQ.
C�k\e_g�eỲY]efV�V\dgebV�\ê_rk\fY_pab�cb[Vbabkaoá�bfabesfes�Her-

pesviridae, Adenoviridae, Papovaviridae, Paramyxoviridae, Orthomyxoviridae, 
Arenaviridae, Coronaviridae. 
IT[̀abZTfpes�V�XVgá�f\cTá�áb[sYV3cb[Vbabkaoá�\�UYecb[Vbabkaoá�

�̂_Ym\��̂b̀Tdo��̀bê\fo ecbebUaoV\dgeo�eỲY]efVT�Bunyaviridae��dbXo�
Alphavirus\�FlaviviruseỲY]efVT�Togaviridae��V\dgeo�dbXbV�Vesiculovirus\�
LyssaviruseỲY]efVT�Rhabdoviridae��dbX�OrbiviruseỲY]efVT�Reoviridae��V\�
dge�Thd\̂Taêb]�_\ábdTX̂\�eV\aY]�eỲY]efVT�Iridoviridae��KT̂\Y�V\dgeo�
ebefTV_srf�q̂b_bW\kYêgr�Wdgccg�TdUbV\dgebV��f��Y��V\dgebV�cb[Vbabk�
aoá��cYdYXTrm\áes�k_Ya\efbabW\̀\�
':6=.4<?=F. JỲY]efVb�Poxviridae V̂_rkTYf�V\dgeo��cTfbWYaaoY�X_s�

aTeŶb̀oá��cf\j�\�̀_Ŷbc\fTrm\á��<\d\bao \̂dc\kYbUdT[ab]hbd̀o
�d\egab̂�
�:), \á�dT[̀Ydo��ebefTV_srf�2503390w2003��	�à��

: ;

I\egab̂�
��3Hb̂eV\dgeo�

:��3̂\dc\kYbUdT[aTs�hbd̀T�V\d\baT�;�3V\dge�̂bafTW\b[abWb�̀b__rêT
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<\d\ba�V̂_rkTYf�eYdXjYV\ag��b̂dgZYaagr�W_TX̂b]�̀ỲUdTab]�\�e_bỲ�
dTVab̀Ydab�dTecb_bZYaaoá�j\_\aXd\kYê\á�efdĝfgd��JaTdgZ\�dTecb_T�
WTrfes�bVT_paoY�efdĝfgdo��UY_̂bVoY�fY_T ��b̂dgZYaaoY�bUb_bk̂b]�e�áT�
dT̂fYdab]�Ubdb[XkTfb]�efdĝfgdb]��=Yab̀�3XVgáa\fYVTs̀ b_Ŷg_T�[FC��
JỲY]efVb�V̂_rkTYf�V\dgeo�becbVT̂j\ao�\�aTfgdT_pab]�beco��dbX�Or-

thopoxvirus ��V\dgeo�g[Y_̂bV�Xbsdb̂�3ceYVXbbeco�̂dgcabWb�dbWTfbWb�êbfT�
�dbX�Parapoxvirus ��V\dge�̂bafTW\b[abWb�̀b__rêT��dbX�Molluscipoxvirus)
�d\egab̂�
��; ��V\dgeo�beco�KTaT�\�SUT�3beco�bUY[psa��dbX�Yatapoxvirus).
�4<?=F�/1<;1=,. =YdcYeV\dgeo�Herpesviridae ?bf�WdYk��herpes, cb_[gkYY�

cbdTZYa\Y�̂bZ\#3 WdgccTedTVa\fY_pab�̂dgcaoá�V\dgebV�X\T̀Yfdb̀�
1503�		�à �d\egab̂�
��:��; \�̂gU\kYê\̀�f\cb̀�e\̀ Ỳfd\\. =Yab̀�
cdYXefTV_Ya�XVgáa\fYVb]�̀b_Ŷg_b]�[FC��ebXYdZTmY]�̂bdbf̂\]��
��� �\�
X_\aao]������ �̂b̀cbaYafo��

:������������������������������������������� ;��������������

,<EGAB>����:"9DC9E6<DGEM	

:�3aĝ_Yb̂Tce\X�V\dgeab]�kTef\jo \�bfábXsmTs�aTdT[_\kabY�bf�aYWb�
dTeefbsa\YbUb_bk̂T�hbd̀\dgrfáTdT̂fYdagr T̂df\ag�NZTdsmYWbes�s]jT2; 
;�3̀ bXY_p�V\dgeab]�kTef\jo

JgcYd̂Tce\XoWYdcYeV\dgebV�bUdT[bVTao�hdTẀYafT̀\�sXYdaoá�̀Ỳ�
UdTa��eb[dYVTa\Y�XbkYda\á�cbcg_sj\]�cdb\eábX\f�aT�VagfdYaaY]�̀ỲUdT�
aY�sXYd�[TdTZYaab]�̂_Yf̂\3d\egab̂��	 �\cdba\[Ta�W_\̂bcdbfY\abVò \�
l\cT̀\��EYZXg�aĝ_Yb̂Tce\Xb̀�\�egcYd̂Tce\Xb̀�dTecb_bZYa�cb̂dbVao]�
e_b]3fYWg̀Yaf�
�019:.4<?=F. HTfbWYaaoY�X_s�kY_bVŶT�V\dgeo�V̂_rkYao�V�ebefTV�dbXT�

Mastadenovirus �TXYabV\dgeo�̀ _Ŷbc\fTrm\á �eỲY]efVT�Adenoviridae. 
:XYabV\dgeo�bdWTa\[bVTao�cb�cd\aj\cg�̂gU\kYêb]�e\̀ Ỳfd\\�\�aY�\̀Y�
rf�egcYd̂Tce\XT��=Yab̀�cdYXefTV_Ya�_\aY]ab]�̀b_Ŷg_b]XVgáa\fYVb]�
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[FC��JdYXa\]�X\T̀Yfd�V\d\baT�dTVYa��	3�	�à�CTce\X�ebefb\f�\[�����
T̂ceb̀YdbV���
	�\[�a\á��WŶebao �bUdT[grf�YWb�WdTa\��
���cYafbao �3cb�
_\WbaT_paoY�beabVTa\s�\�cd\̂dYc_taaoY�̂�aỲg�a\f\�d\egab̂��1).

I\egab̂�20 3<\dgeaoY�kTef\jo��<P cdbefbWb�WYdcYeT��cb̂\XTrm\Y�
sXdb�\ah\j\dbVTaab]�̂_Yf̂\�R_ŶfdbaaTs�̀\̂dbêbc\s, w40 000

I\egab̂��1 3 <\X�TXYabV\dgeT�cd\q_Ŷfdbaab]� \̀̂dbêbc\\�: 
(w�					�dT[ �\�YWb�̀bXY_p�; 

',;:.,.4<?=F. FT[VTa\Y�V\dgebV�ĝT[oVTYf�aT�ecbebUabefp�Vo[oVTfp�
bcgáb_YVoY�fdTaehbd̀Tj\\� _̂Yfb̂�?C4�c\__b̀T ���CB�_\b̀T ���
64�̂gb_\[\dgrm\Y �V\dgeo#��JỲY]efVb�Papovaviridae V̂_rkTYf�dbXo�Pa-
pillomavirus\�Polyomavirus�d\egab̂��2:��; ��cbe_YXa\Y�cd\VbXsf�̂�dT[V\�
f\r�cTc\__b̀�\�cb_\b̀�g�eVb\á�áb[sYV�3dT[_\kaoá�̀_Ŷbc\fTrm\á��V�
fb̀�k\e_Y�\�kY_bVŶT ��=Yab̀�bUdT[gYf�̂b_pjYVTs�[FC��̂Tce\X�bdWTa\[b�
VTa�cb�f\cg�̂gU\kYêb]�e\̀ Ỳfd\\��JdYXa\]�dT[̀Yd�V\d\babV�
�3�	�à��
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:���� ;

I\egab̂��2 3HTc\__b̀TV\dge�: �\�cb_\b̀TV\dge�; ��q_ŶfdbaaTs�
\̀̂dbêbc\s 

�4<?=F�/1;,>4>,��. <\dge�WYcTf\fT�<�V̂_rkta�V�ebefTV�dbXT�Ortho-
hepadnavirus eỲY]efVT�Hepadnaviridae. <\d\bao�V\dgeT�WYcTf\fT�<�ehY�
d\kYêb]hbd̀o�
��à�V�X\T̀YfdY�\̀Yrf�egcYd̂Tce\X��=Yab̀�bUdT[gYf�aY�
cb_aTs��bXaT�a\fp�̂bdbkY��d\egab̂��� �XVgáa\fYVTs�̂b_pjYVTs�̀b_Ŷg_T�
[FC��<�ebefTV�eYdXjYV\ao�fT̂ZY�VábX\f�[FC-[TV\e\̀Ts�[FC-cb_\̀YdT[T��
<�X\aT̀\̂Y�cdbjYeeT�dYcdbXĝj\\�V\dgeaTs�[FC�\afYWd\dgYf�V[FC�
_̂Yf̂\��<�̂dbV\�Ub_paoá�WYcTf\fb̀�<�j\d̂g_\dgrf�kTef\jo�fdtá�̀bdhb�
_bW\kYê\á�f\cbV��FT\Ub_YY�kTefb�bUaTdgZ\VTrf�ehYd\kYê\Y�kTef\jo�
b̂b_b����à�V�X\T̀YfdY��dYZY5�a\fYV\Xab]hbd̀o�b̂b_b����à�V�X\T̀Yf�
dY�\��	3��	�à�V�X_\ag��&>FIGCQ;�M6GH>LQ�SH>K�H>ED8�C;�EFDU8AUTH�>C�
J;@L>DCCQK�G8D?GH8��D\lp����kTef\j�cdYXefTV_Yao�̂b̀c_Ŷeaò \�XVgá�
e_b]aò \�ehYd\kYê\̀\�bUdT[bVTa\s̀\�e�cb_ab]�efdĝfgdb]�3M6GH>LQ�
(;?C6�d\egab̂��4), cdbsV_srm\Y�VodTZYaagr�\ahŶj\baabefp��Bá�bUb�
_bk̂g�aT��	��cbVYdáabef\�bUdT[grf�UY_̂\�
',<.:.4<?=F. Parvoviridae 3eỲY]efVb�̀Y_̂\á�V\dgebV��ebXYdZTm\á�

bXaba\fYVgr�[FC��IYc_\̂Tj\s�\�eUbd̂T�V\d\babV�cdb\eábX\f�V�̂_Yfbk�
ab̀�sXdY��<oXY_srf���dbXT��Parvovirus �f\c\kao]�V\X�3V\dge�̂doe�C\_�
áq̀T ��Densovirus \�dbX��V̂_rkTrm\]�Teebj\\dgrm\Yes�ef̂Tas̀\�̀\aXT�
_\a�eTfY__\faoY�V\dgeo��
(1:.4<?=F. JỲY]efVb�ReoviridaebUnYX\asYf���dbXbV��V̂_rkTrm\á�V\�

Xo��cTfbWYaaoY�X_s�kY_bVŶT��cb[Vbabkaoá��aTeŶb̀oá�\�dTefYa\]��<\d\b�
ao�ehYd\kYêb]�hbd̀o(X\T̀Yfd��	3�	�à ), bU_TXTrm\YXVg̀s�̂Tce\X�
aò \�bUb_bk̂T̀\, egcYd̂Tce\X�bfegfefVgYf��FT�cbVYdáabef\�aTdgZabWb�
T̂ce\XT�aTábX\fes�WỲTWW_rf\a\a��=Yab̀�bUdT[bVTa�eYẀYaf\dbVTaab]�
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XVgáa\fYVb]�̀b_Ŷg_b]�-IFC��Fĝ_Yb̂Tce\X�bUdT[bVTa�cb�f\cg�̂gU\kY�
êb]�e\̀ Ỳfd\\��CTce\X�̂b_pjYVb]�hbd̀o�V̂_rkTYf�̀abWbk\e_YaaoY�UY_�
b̂VoY�l\co�cd\XTrm\Y�V\dgeT̀�Ncgl\efo]2�V\X��

I\egab̂��33JáỲT�efdbYa\s�WYab̀T�V\dgeT�WYcTf\fT�<

I\egab̂��43JáỲT�efdbYa\s�kTef\jo�[Y]aT
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*:/,.4<?=F. CdTeagáT�3befdTs�\ahŶj\s��cdbsV_srmTses�̂dTf̂bVdY�
Ỳaab]�_\ábdTX̂b]��̀Y_̂bcsfa\efò �cb̂dTeaYa\Ỳ�̂bZ\��gVY_\kYa\Ỳ�
_\̀hTf\kYê\á�g[_bV�\�cbdTZYa\Ỳ�c_bXT�g�UYdỲYaaoá��<\dge�̂dTeagá\�
V̂_rkta�V�dbX�Rubivirus eỲY]efVT�Togaviridae \�sV_sYfes�YX\aefVYaaò �
fbWTV\dgeb̀��qc\XỲ\b_bW\s�̂bfbdbWb�aY�eVs[TaT�e�k_Ya\efbabW\̀\-
cYdYabek\̂T̀\��AdY_oY�V\d\bao�\̀Yrf�ehYd\kYêgr�hbd̀g�\�X\T̀Yfd�
503�	�à��=Yab̀�bUdT[bVTa�aYeYẀYaf\dbVTaab]�̀b_Ŷg_b]��IFC��D\�
c\XaTs�bUb_bk̂T egcYd̂Tce\XT ebXYdZ\f�W_\̂bcdbfY\ao��\̀Yrm\Y�
hbd̀g�l\cbV��
#:<:9,.4<?=F. JỲY]efVb�Coronaviridae V̂_rkTYf�bX\a�dbX�3 Coro-

navirus, bUnYX\asrm\]�V\d\bao�b̂dgW_b]�\_\�bVT_pab]�hbd̀o�X\T̀Yfdb̀�
503��	�à��AdY_oY�kTef\jo�b̂dgZYao�egcYd̂Tce\Xb̀��V̂_rkTrm\̀�dYX̂b�
dTecb_bZYaaoY�W_\̂bcdbfY\abVoY�l\co��ebefbsm\Y�\[�fbâb]�lY]̂\�\�
T̀ee\Vab]�lTdbV\Xab]�bVT_pab]�\_\�WdglYV\Xab]�Wb_bV̂\��kfb�cd\XTtf�
\̀�eábXefVb�e�eb_aYkab]�̂bdbab]�d\egab̂��5). 

I\egab̂�253EbXY_p�̂bdbaTV\dgeT

<\dgeao]�aĝ_Yb̂Tce\X�cdYXefTV_sYf�ebUb]�cdbfsZYaagr��aYeYẀYa�
f\dbVTaagr��W\Ûgr�ec\dT_p��ebXYdZTmgr�WYab̀agr��IFC�\�Ub_plbY�
k\e_b�̀b_Ŷg_�hbehbd\_\dbVTaabWb�aĝ_Yb̂Tce\XabWb�UY_̂T����<\dgeaTs�
bUb_bk̂T�ebefb\f�\[�_\c\XabWb�U\e_bs��bUdT[grmYWbes�\[�Vagfd\̂_Yfbk�
ab]�̀ỲUdTao�̂_Yf̂\-áb[s\aT��\�XVgá�V\dgeaoá�W_\̂bcdbfY\abV�;[�\�?���
ETfd\̂eao]�W_\̂bcdbfY\a�?
�cdba\[oVTYf�_\c\Xao]�U\e_b]�\�V[T\̀b�
XY]efVgYf�e�aĝ_Yb̂Tce\Xb̀�Vagfd\�V\dgeab]�kTef\jo�
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L�kY_bVŶT�̂bdbaTV\dgeo�Vo[oVTrf�cbdTZYa\s�Vb[Xgábabeaoá�cgfY]
�d\egab̂��� �\�ZY_gXbkab- \̂lYkabWb�fdT̂fT�

I\egab̂��63E\̂dbhbfbWdTh\\�cbVYdáabefY]�aY[TdTZYaab]�̂_Yf̂\\�
_̂Yf̂\��[TdTZYaab]�̂bdbaTV\dgeb̀��Cbafdb_paTs�̂_Yf̂T��$��\̀YYfW_TX�
ĝr�c_T[̀Tf\kYêgr�̀ỲUdTag, cb̂dofgr�̀abWbk\e_Yaaò \�j\_\aXd\�
kYê\̀\�̀\̂dbVbde\âT̀\��<�[TdTZYaab]�̂_Yf̂Y��%��e�c_T[̀Tf\kYêb]�
Ỳ̀UdTab]�\�̀\̂dbVbde\âT̀\2�eVs[Tab�Ub_plbY�k\e_b�ehYd\kYê\á�V\�
d\babV�̂bdbaTV\dgeT

',<,846=:.4<?=F. <eY�kYfodY�dbXT�eỲY]efVT�Paramyxoviridae V̂_r�
kTrf�Vb[UgX\fY_Y]�\ahŶj\]�g�kY_bVŶT��dbX�Paramyxovirus !V\dgeo�cT�
dTWd\ccT�
- \��-Wb�f\cbV��dbX�Rubulavirus !V\dgeo�qc\XỲ\kYêbWb�cTdb�
f\fT�\�cTdTWd\ccT��-\�
-Wb�f\cbV��dbX�Morbillivirus!V\dgeo�̂bd\�\�cbXb�
efdbWb�ê_Ydb[\dgrmYWb�cTaqajYhT_\fT��IbX�Pneumovirus !PC-V\dge�kY�
_bVŶT��HTdT̀\̂ebV\dgeo�3ehYd\kYê\Y�NbXYfoY2�V\dgeo��edYXa\]�dT[�
Ỳd�V\d\baT�31003�		�à��=Yab̀�bUdT[gYf�_\aY]aTs��aYeYẀYaf\dbVTaaTs�
b̀_Ŷg_T�-IFC��J�aY]�eVs[Tao�UY_b̂�NP \�cb_\̀YdT[aoY�UY_̂\�I�\�L��bU�
dT[grm\Y�aĝ_Yb̂Tce\X�eb�ec\dT_pab]�e\̀ Ỳfd\Y]��Fĝ_Yb̂Tce\X�b̂dg�
Zta�̀Tfd\̂eaò �E-UY_̂b̀��JgcYd̂Tce\X�bUdT[bVTa�XVgáe_b]ab]�_\c\X�
ab]�̀ỲUdTab]��cdba\[oVTỲb]�W_\̂bcdbfY\abVò \�Nl\cT̀\2HN \�F
�bfVYfefVYaao�[T�e_\sa\Y�e�̂_Yfbkab]�̀ỲUdTab]��bUdT[bVTa\Y�e\̀c_TefbV�
\�cdbsV_srm\Y�WỲb_\f\kYêgr�\�j\fbfb̂e\kYêgr�T̂f\Vabefp ��IYc_\�
T̂j\s�V\dgebV�cb_abefpr�dYT_\[gYfes�V�j\fbc_T[̀Y�̂_Yfb̂�áb[s\aT�
(,-0:.4<?=F. ITUXbV\dgeo�V̂_rkTrf�Vb[UgX\fY_s�UYlYaefVT��dbX�Lys-

savirus eỲY]efVT�Rhabdoviridae)��AdY_oY�V\d\bao�\̀Yrfcg_YV\Xagr�
hbd̀g�\�dT[̀Yd���w
�	�à��bX\a�̂baYj�[T̂dgW_ta��XdgWb]�c_bê\]��=Yab̀�
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bUdT[gYf�bXaba\fYVTs�aYeYẀYaf\dbVTaaTs�̀b_Ŷg_T�-IFC��JYdXjYV\aT�
V\d\baT�e\̀ Ỳfd\kab�[T̂dgkYaT�Vagfd\�bUb_bk̂\�cb�cdbXb_pab]�be\�kTe�
f\jo��Fĝ_Yb̂Tce\X�Xbcb_asrf�̀b_Ŷg_o�eYdXjYV\aabWb�UY_̂T��NP �\�V\�
dgeab]�fdTaêd\cfT[o��Fĝ_Yb̂Tce\X�cb̂doVTYf�egcYd̂Tce\X��V̂_rkTr-
m\]�cbVYdáabefaoY�W_\̂bcdbfY\abVoY�Nl\co2��IYcdbXĝj\s�V\dgeT�dYT�
_\[gYfes�V�j\fbc_T[̀Y�̂_Yf̂\��
+47:.4<?=F. IbX�Filovirus eỲY]efVT�Filoviridae bUnYX\asYf�cT_bk̂b�

V\XaoY�\_\�a\fYV\XaoY��VYfVsm\Yes�V\dgeo�(_Tf��filum, a\fp)��JdYXa\Y�
dT[̀Ydo�V\d\babV�

w�	�à��=Yab̀�bUdT[bVTa�̀b_Ŷg_b]�IFC��Fĝ_Yb̂Tc�
e\X�bdWTa\[bVTa�cb�f\cg�ec\dT_pab]�e\̀ Ỳfd\\�\�bUdT[gYf�fsZ��cb̂dofo]�
egcYd̂Tce\Xb̀�e�W_\̂bcdbfY\abVò \�l\cT̀\�X_\ab]��3
	�à��[_s�kY_b�
VŶT�cTfbWYaao�V\dgeo�WỲbddTW\kYê\á�_\ábdTXb̂�E+dUgdW�\�RU,_T��AT�
Ub_YVTa\YdYW\efd\dgYfesV�q̂VTfbd\T_paoá�\egUq̂VTfbd\T_paoá�dT]�
baTá�:hd\̂\�
&<>:846=:.4<?=F. <�ebefTV�eỲY]efVT�Orthomyxoviridae V̂_rkYao�

V\dgeo�Wd\ccT�kY_bVŶT��dbX�Influenzavirus $��&�\�dbXInfluenzavirus 0.).
<\dgeo�Wd\ccT�v bVT_paoY�NbXYfoY2V\dgeo��V\d\bao�kTefb�\̀Yrf�aY�
cdTV\_pagr�hbd̀g��\á�edYXa\]�dT[̀Yd�ebefTV_sYf��	3
�	�à . =Yab̀�bUdT�
[bVTa�bXaba\fYVb]�̀b_Ŷg_b]�-IFC��ebefbsmY]�\[���bfXY_paoá�eYẀYafbV��
Fĝ_Yb̂Tce\X�bdWTa\[bVTa�cb�f\cg�ec\dT_pab]�e\̀ Ỳfd\\��JgcYd̂Tce\X�
bUdT[bVTa�_\c\Xaò �U\e_bỲ��̂bfbdo]�cdba\[oVTrf�W_\̂bcdbfY\abVoY�
l\co��GE>@IAQ)�d\egab̂��7). 

I\egab̂��73JáỲT�efdbYa\s�V\dgeT�Wd\ccT�

1 3ec\dT_p�dNP; 2 3UY_̂\�pV1, pV2, pA;  3 3WỲTWW_rf\a\a (5003�		�l\�
cbV ; 4 3aY]dT̀\a\XT[T�(1003
�	�l\cbV ; 5 3̀ Tfd\̂eao]�UY_b̂; 6 3_\c\Xao]�
U\e_b]



28

IYc_\̂Tj\s�bdfb̀\̂ebV\dgebV�cYdV\kab�dYT_\[gYfes�V�j\fbc_T[̀Y�\a�
h\j\dbVTaab]�̂_Yf̂\��e\afY[�V\dgeab]�IFC�cdb\eábX\f�V�sXdY�
FT\Ub_plgr�qc\XỲ\kYêgr�bcTeabefp�cdYXefTV_srf�V\dgeo�Wd\ccT�

:, V\dge�Wd\ccT�<�Vo[oVTYf� _b̂T_paoY�Vecol̂\�\�qc\XỲ\\��V\dge�
Wd\ccT�J�5�ecbdTX\kYê\Y�e_gkT\�Wd\ccT�
�?9GJ.4<?=F. JỲY]efVb�Bunyaviridae ek\fTYfes�̂dgcaY]l\̀�cb�̂b_\�

kYefVg�VábXsm\á�VaYWb�V\dgebV��b̂b_b���	 ��<\d\bao�UgapsV\dgebV�\̀Y�
rf�ehYd\kYêgr�hbd̀g�\�X\T̀Yfd��	3
		�à��=Yab̀�bUdT[bVTa�̀b_Ŷg_b]
-IFC��ebefbsmY]�\[�fdYá�eYẀYafbV��Fĝ_Yb̂Tce\X�bdWTa\[bVTa�cb�f\cg�
ec\dT_pab]�e\̀ Ỳfd\\��JaTdgZ\�aĝ_Yb̂Tce\X�cb̂dof�XVgáe_b]aò �_\�
c\Xaò �egcYd̂Tce\Xb̀��aT�̂bfbdb̀�dTecb_TWTrfes�UY_̂bVoY�efdĝfgdo�e�
WỲTWW_rf\a\dgrmY]�T̂f\Vabefpr��bUnYX\aYaaoY�V�hbd̀Y�cbVYdáab�
efab]�dYlYf̂\��
<�dbX�Bunyavirus VábXsf�Vb[UgX\fY_\�qajYhT_\fbV��<\dgeo�dbXT�Phle-

bovirus Vo[oVTrf�dT[_\kaoY�̀bê\faoY�_\ábdTX̂\��IbX�Nairovirus V̂_r�
kTYf�V\dge�CbaWb- d̂ò êb]�WỲbddTW\kYêb]�_\ábdTX̂\��Vo[oVTrmY]�[T�
Ub_YVTa\s�V�Ibee\\��Eb_XTV\\��L̂dT\aY��aT�;T_̂TaTá�\�V�:hd\̂Y�
�<19,.4<?=F. NTdT̂fYdao]�̀bdhb_bW\kYê\]�cd\[aT̂�cdYXefTV\fY_Y]�

eỲY]efVT��Arenaviridae 3aT_\k\Y�Vagfd\�V\dgeaoá�kTef\j�q_Ŷfdbaab-
c_bfaoá�[Yda\efoá�efdĝfgd��aTcb̀\aTrm\á�cYekTaoY�V̂dTc_Ya\s�(_Tf��
6ren6��cYeb̂)��JỲY]efVb�V̂_rkTYf�bX\a�dbX�Arenavirus��cdYXefTV_Yaao]�
b̂dgW_ò \�V\d\baT̀\�X\T̀Yfdb̀�

	3
�	�à��=Yab̀�bUdT[gYf�bXaba\fY�
VTs�̀b_Ŷg_T�-IFC��ebXYdZTmTs�csfp�eYẀYafbV��<\d\bao�ebXYdZTf�fdTae�
d̂\cfT[g��bfVYfefVYaagr�[T�e\afY[�̂b̀c_ỲYafTdab]�a\f\��IFC��\ecb_�
asrmY]�db_p�̀Tfd\jo��Fĝ_Yb̂Tce\X�b̂dgZYa�egcYd̂Tce\Xb̀��aT�̂bfbdb̀�
dTecb_bZYao�̀ abWbk\e_YaaoY�W_\̂bcdbfY\abVoY�Ug_TVbV\XaoY�l\co��
<eY�TdYaTV\dgeo�bfabesfes�̂�q̂b_bW\kYêb]�WdgccY�dbUbV\dgebV��\�VeY�V\�
Xo�cTfbWYaao�X_s�kY_bVŶT��FT\Ub_YY�f\c\kao�fsZY_oY�WỲbddTW\kYê\Y�
_\ábdTX̂\�e�Voeb̂b]�_YfT_pabefpr��Wd\ccbcbXbUaoY�cbdTZYa\s��dYZY�eY�
db[aoY�̀\a\aW\fo���
(1><:.4<?=F. <�ebefTV�cbXeỲY]efVT�Lentivirinae eỲY]efVT�Retro-

viridae VábX\f�V\dge\̀ g̀abXYh\j\fT�kY_bVŶT��<BP ��NTdT̂fYdaoY�beb�
UYaabef\�dYfdbV\dgebV�3ga\̂T_pabY�efdbYa\Y�WYab̀T�\�aT_\k\Y�bUdTfab]�
fdTaêd\cfT[o��IFC-[TV\e\̀Ts�[FC-cb_\̀YdT[T ��GUdTfaTs�fdTaêd\cfT�
[T��\_\�dYVYdfT[T �bUYecYk\VTYf�bUdTfagr�aTcdTV_Yaabefp�cbfb̂T�WYaYf\�
kYêb]�\ahbd̀Tj\\3aY�bf�[FC�̂�IFC��T�aTbUbdbf��bf�IFC�̂�[FC��V�eVs�
[\�e�kỲ�eỲY]efVb�\�cb_gk\_b�eVbt�aT[VTa\Y�(TaW_., retro, bUdTfab). 
AdY_oY�V\d\bao�<BP�\̀Yrf�ehYd\kYêgr�hbd̀g��\á�dT[̀Ydo�aY�cdY�

VolTrf�
		3
�	�à�V�X\T̀YfdY. =Yab̀�bUdT[grf�XVY�a\f\��IFC�\á�eVs�
[oVTrf�UY_̂\�d��\�d���j\hdT�ebbfVYfefVgYf�̀b_Ŷg_sdab̀g�VYeg�V�̂[ ��
CTce\X�bUdT[gYf�UY_b̂�d�
��JYdXjYV\aT�V\d\baT�\̀YYf�j\_\aXd\kYêgr�
\_\�̂bagebV\Xagr�hbd̀o��Yt�hbd̀\dgrf�UY_̂\�d
��\�d�
��<�eYdXjYV\aY�
dTecb_TWTrfes�IFC��VagfdYaa\Y�UY_̂\��d��\�d� �bUdTfaTs�fdTaêd\cfT[T�\�
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qaXbaĝ_YT[T��ETfd\kao]�UY_b̂�d
��hbd̀\dgYf�cdbe_b]̂g�̀YZXg�eYdXjY�
V\ab]�V\d\baT�\�VaYlaY]�bUb_bk̂b]��JgcYd̂Tce\X�bUdT[bVTa�XVb]aò �
_\c\Xaò �e_bỲ��̂bfbdo]�cdba\[oVTrf�W_\̂bcdbfY\abVoY�l\co��CTZ�
Xo]�l\c�ebefb\f�\[�UY_̂bV�gp

�\�gpl20�d\egab̂�28). 
=_\̂bcdbfY\ao�gp
�	�_b̂T_\[bVTao�V�VoefgcTrmY]�kTef\�l\cT�\�

V[T\̀bXY]efVgrf�e�̀b_Ŷg_T̀\�CD
�aT�̀ỲUdTaTá�̂_Yfb̂��=_\̂bcdbfY\ao�
gp

��UY_̂\�e_\sa\s �dTecb_TWTrfes�Vagfd\�bUb_bk̂\�\�bUYecYk\VTrf�Yt�
e_\sa\Y�e�̂_Yfbkab]�̀ỲUdTab]�
'46:<9,.4<?=F. 0;B;?GH8DPicornaviridae [TaW_��pico, T̀_Yap̂\]\

RNA 3IFC] V̂_rkTYf�
�dbXT��Enterovirus, Rhinovirus, Cardiovirus, Aphtho-
virus. <eY�cdYXefTV\fY_\�qfbWb�eỲY]efVT��bfabesfes�̂��IFC-ebXYdZTm\̀�
V\dgeT̀��Eb_Ŷg_T�IFC�aYhdTẀYaf\dbVTaaTs��[T̂_rkYaT�V�\̂beTqXd\-
kYê\]�̂Tce\X��cbefdbYaao]�\[��	�egUnYX\a\j�\�ebXYdZTm\]�
�ga\̂T_p�
aoá�cb_\cYcf\XT��NTdT̂fYdab]�kYdfb]�sV_sYfes�fdTae_sj\s�V\d\bab]�IFC�
V�[TdTZYaab]�̂_Yf̂Y�e�bUdT[bVTa\Ỳ�YX\ab]�cb_\cYcf\Xab]�a\f\��NaTdY�
[TỲb]2�V�XT_paY]lỲ�cdbfYT[T̀\�e�bUdT[bVTa\Ỳ�V\dgebecYj\h\kYê\á�
UY_̂bV��IT[̀abZTrfes�c\̂bdaTV\dgeo�V�qc\fY_\\�ZY_gXbkab- \̂lYkabWb�
fdT̂fT�\�̀bWgf�cbdTZTfp�qc\fY_\T_paoY�̂_Yf̂\�XoáTfY_paoá�cgfY]�

I\egab̂ 283JáỲT�efdbYa\s�V\dgeT�\̀ g̀abXYh\j\fT�kY_bVŶT
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#,74B4.4<?=F. IbX�Calicivirus eỲY]efVT�Caliciviridae bUnYX\asYf�V\�
dgeo�e�NWb_ò 2�̂gU\kYê\̀ �̂Tce\Xb̀�X\T̀Yfdb̀���3
	�à��=Yab̀�bUdT[b�
VTa�̀b_Ŷg_b]��IFC��Hd\�aYWTf\Vab- b̂afdTefab]�̀\̂dbêbc\\�aT�cb�
VYdáabef\�V\d\babV�bUaTdgZ\VTrf����kTlYk̂bV\Xaoá�VXTV_Ya\s��V�eVs[\�
e�kỲ�V\dgeo�\�cb_gk\_\�eVbY�aT[VTa\Y�(WdYk��kalyx��kTlT)��HTfbWYaaoY�X_s�
kY_bVŶT�V\Xo�Vo[oVTrf�WTefdbqafYd\fo�\�WYcTf\fo�
"<40:.4<?=F. Bd\XbV\dgeo�bfabesfes�̂�bXab\̀taab̀geỲY]efVg

Iridoviridae \�dbXg�Iridovirus. <cbe_YXa\]�V̂_rkYao�V\dgeo�dTXgZabef\�
aTeŶb̀oá��CeỲY]efVg�Iridoviridae, ab�̂�XdgWb̀g�cdYXcb_TWTỲb̀g�dbXg�
cd\aTX_YZ\f�[FC-ebXYdZTm\]�V\dge�Thd\̂Taêb]�kg̀o�eV\aY]�
<\dgeb̀�Thd\̂Taêb]�kg̀o�eV\aY]�V�cd\dbXY�\ah\j\dgrfes�fb_p̂b�

eV\ap\��Xb̀Tla\Y�\�X\̂\Y�V\Xo �\� s̀Ŵ\Y�̂_Ym\�dbXT�Ornithdoros
(O. moubata 3aT�rWY�JTáTdo�V�:hd\̂Y��O. erraticus 3V�HbdfgWT_\\�\�Be�
cTa\\ ��<\dge�cYdYXTYfes�edYX\�̂_YmY]�fdTaeefTX\]ab��fdTaebVTd\T_pab�\�
cb_bVò �cgfỲ��JV\ap\�\ah\j\dgrfes�cd\�ĝgeTá�\ah\j\dbVTaaò \�
_̂YmT̀\��;b_Y[ap�cdbsV_sYfes�g�Xb̀Tla\á�\�X\̂\á�YVdbcY]ê\á�eV\aY]��
Bd\XbV\dgeocb]̂\_bfYdaoá�Z\VbfaoáVoXY_Yao�fb_p̂b�bf�Z\Vbf�

aoá��\̀Yrm\á�VbXagr�efTX\r�V�j\̂_Y�eVbYWb�dT[V\f\s��;b_pl\aefVb�\d\�
XbV\dgebV�aTeŶb̀oá�cdYXTrf�e\a\]\_\�U\dr[bVo]�jVYf�\ah\j\dbVTa�
aò �_\k\âT̀��
<\d\ba�\̂beTqXdT_pab]�e\̀ Ỳfd\\��<\dgeo�Z\Vbfaoá�\̀Yrf�bUb_bk�

ĝ��<eY�\d\XbV\dgeo�ebXYdZTf�VagfdYaa\Y�_\c\XaoY�̀ỲUdTab-cbXbUaoY�
efdĝfgdo��FŶbfbdoY�\d\XbV\dgeo�\̀Yrf�̀abWbk\e_YaaoY�h\Udo��cdb�
ábXsm\Y�kYdY[�\̂beTqXdba�[\T̀Yfd�V\d\babV�1303
�	�à�Rfb�[FC-
WYab̀aoY�V\dgeo��Eb_Ŷg_T[FC�_\aY]aTs��XVgec\dT_paTs��=Yab̀�\d\Xb�
V\dgebV�cb[Vbabkaoá�e\_pab�̀Yf\_\dbVTa��
JbUefVYaab�.4<?=F�-1=;:3.:9:C9FAcdYXefTV_Yao�eỲY]efVb̀�Baculo-

viridae��cbXeỲY]efVb̀�Entomopoxvirinae �eỲY]efVb�Poxviridae �\�dbXT̀\�
Densovirus �eỲY]efVb�Parvoviridae), Iridovirus �eỲY]efVb�Iridoviridae ��V\�
dgeT̀\�aTeŶb̀oá�eỲY]efVT�Rhabdoviridae��Wdgccb]�V\dgebV�j\fbc_T[�
ỲaabWb�cb_\qXdb[T��eỲY]efVb�Reoviridae �\�Wdgccb]�qafYdb-V\dgebV�UYe�
cb[Vbabkaoá�eỲY]efVT�Picornaviridae. 

����0<FB6<DGEM
M\fbV\dgeo�l\db̂b�dTecdbefdTaYao�V�cd\dbXY��<�dT[aoá�dYW\baTá�

AỲ_\�ba\�cbdTZTrf�eT̀oY�dT[abbUdT[aoY�V\Xo�dTefYa\]��X\̂bdTefgm\Y�\�
Vb[XY_oVTỲoY��bXab- \�̀abWb_Yfa\Y��bVbmaoY�\�c_bXbVoY�̂g_pfgdo��fdT�
Vsa\efoY��̂gefTda\̂\�\�XYdYVps��;b_plY�VeYWb�h\fbcTfbWYaaoá�V\dgebV�
VoXY_Yab�\[�jVYf̂bVoá�dTefYa\]��\[�cTcbdbfa\̂bV�\�Wb_beỲYaaoá�3VdYX�
\̂á��YX\a\kaoá �e_gkTsá��IT[̀abZTsep��h\fbcTfbWYaaoY�V\dgeo�Vo[oVTrf�
[T̂ĝ_\VTa\Y��d\egab̂����: ��jVYfbVgr�cYefdb_\efabefp��̀b[T\̂g��d\egab̂�
���; ��êdgk\VTa\Y��d\egab̂��	 ��UgWd\efbefp\�XdgW\Y�XYhbd̀Tj\\�_\efpYV��
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_b̂T_pao]�\�X\hhg[ao]\á�aŶdb[��bUY[bUdTZ\VTa\Y�c_bXbV��[TXYdẐg�
dbefT�dTefYa\]�

I\egab̂����3 Ĵdgk\VTa\Y�_\efpYV�á_bckTfa\̂T �: �\�̀b[T\̂T�
clYa\jo��; 

I\egab̂��	�3Ĵdgk\VTa\Y�_\efpYV�á_bckTfa\̂T
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ĜbakTfY_paTs�fT̂ebab̀\s�h\fbcTfbWYaaoá�V\dgebV�XT_ŶT�bf�[TVYd�
lYa\s��kfb�Vb�̀abWb̀�eVs[Tab�e�fdgXabefpr�\á�VodTm\VTa\s�in vitroV�cdb�
fbc_TefTá�̂_Yfb̂�dTefYa\]�\�bXabe_b]aoá�̂g_pfgdTá�̂_Yfb̂�aTeŶb̀oá-
cYdYabek\̂bV��V�̂bfbdoá�aY�cdb\eábX\f�cb_ao]�j\̂_�\á�dT[V\f\s�
DgklY�VeYWb�\[gkYao�V\dgeo�q̂bab̀\kYê\�VTZaoá�̂g_pfgd��JdYX\�

a\á�VoXY_srf�XVY�Wdgcco�h\fbcTfbWYaaoá�V\dgebV��bUokaoY�̂_Tee\h\�
j\dbVTaaoY�V\dgeo�\�V\db\Xo�[WdYk.-eides, cbXbUaoY]��\_\�V\dgebcbXbU�
aoY�TWYafo� HbXTV_srmYY�Ub_pl\aefVb�̂_Tee\h\j\dbVTaaoá�V\dgebV�
dTefYa\]�3IFC-V\dgeo�eỲY]efV�dTUXb- \�dYbV\dgebV��Bê_rkYa\Y�eb�
efTV_srf�\[b̀Yfd\kYê\Y�V\dgeo���	�à �̀b[T\̂\�jVYfab]�̂Tcgefo�\�̀b�
[T\̂\�WYbdW\ao��ebXYdZTm\Y�bUokagr�XVgájYcbkYkagr�[FC�\�XYhŶfaoY�
eTfY__\fo�V\dgeT�aŶdb[T�fTUT̂T�\�̂b_pjYVb]�csfa\efbef\�fTUT̂T�e�aYcb_�
abjYaaò �WYab̀b̀��dYc_\̂Tj\s�\�eb[dYVTa\Y�̂bfbdoá�cdb\eábXsf�fb_p̂b�V�
cd\egfefV\\�dbX\fY_pêbWb�V\dgeT-cb̀bma\̂T�
=dgccT�IFC-V\dgebV�e�cb_abjYaaò �WYab̀b̀�aTek\foVTYf�b̂b_b�ebfa\�

V\XbV��;b_pl\aefVb�\[�a\á�V\d\bao�e�bXabjYcbkYkab]�_\aY]ab]�jY_pab]�
IFC��Hb�̀bdhb_bW\\�\á�cbXdT[XY_srfaT�fd\�cbXWdgcco��T �UTj\__sdaoY�
�b̂b_b�
	�V\XbV ��bf_\kTrm\Yes�fT̂\̀�ZY�cbcYdYka\̂b̀��̂T̂�\�g�dTUXbV\�
dgeT ZY_fb]�̂Td_\̂bVbef\�̂TdfbhY_s��\̀YrmYWbdT[̀Ydo���	w���à��
U �cT_bk̂bV\XaoY��Ub_YY��	�V\XbV ��cbcYdYka\̂ b̂fbdoá�aY�cdYVolTYf�

��à��T�X_\aT�VTdp\dgYf�bf��		�à��̂T̂�g�V\dgeT�fTUTkab]�̀b[T\̂\��<KE �
\�U_\[̂\á�Ỳg�V\dgebV�[Y_Yab]�̂dTckTfbef\�̀b[T\̂\�bWgdjT��̂b_pjYVb]�
csfa\efb]�bdá\XY\��̀b[T\̂\�cbXbdbZa\̂T�\�WbdbáT��Xb�
��	�à��̂T̂�g�V\�
dgebV�ZY_fb]�eVŶ_o�\�csfa\efbWb�aŶdb[T�WVb[X\̂\��V �\[b̀Yfd\kYê\Y�
�Ub_YY��	�V\XbV ��V�X\T̀YfdY�aY�cdYVolTrm\Y��	�à��f\c\kaò \�cdYXefT-
V\fY_s̀\�̂bfbdoá�sV_srfes�V\dgeo�̀b[T\̂\�̂befdT��̂dTckTfbef\�̂bdbVpY�
Wb�WbdbáT��̀b[T\̂\�bWgdjT��aŶdbf\kYêb]�̂b_pjYVb]�csfa\efbef\�e_\Vo��
b̂_pjYVb]�csfa\efbef\�fTUT̂T��ZY_fgá\�sk̀Yas��̂gef\efb]�̂Td_\̂bVbef\
fb̀TfT��ZY_fb]�̀b[T\̂\�fgdaYceT�
C�V\dgeT̀�e�XVgájYcbkYkab]�eYẀYaf\dbVTaab]�IFC�bfabesfV\dge�dT�

aYVb]�bcgáb_\��WYab̀�̂bfbdbWb�ebefb\f�\[�

�hdTẀYafbV��eábXaoY�e�a\̀�
V\dgeo�̂Td_\̂bVbef\�̂ĝgdg[o�\�d\eT�eTáTdabWbfdbefa\̂T�befdbVbV�
M\XZ\�\�\[̀Y_pkYaabef\�cbkTf̂bV�̂ĝgdg[o.
C_Tee\h\̂Tj\s�V\dgebV�dTefYa\]�aY�cbXas_Tep�cb̂T�VolY�eb[XTa\s�

dbXbV��Cdb̀Y�V\dgebV�dTefYa\]��VblYXl\á�V�eỲY]efVb��Reoviridae �dbXo�
Phytoreovirus \�Fijivirus ��\�dTUXbV\dgebV�dTefYa\]��aTek\foVTYfeseVolY�
�	�Wdgcc��dbXbV �V\dgebV��cbdTZTrm\á�Voel\Y�dTefYa\s��Gf_\k\fY_pab]�
bebUYaabefpr�̀abW\á�V\dgebV�dTefYa\]�sV_sYfes�dT[bUmYaao]�WYab̀��
hdTẀYafo�̂bfbdbWb�aTábXsfes�V�dT[_\kaoá�V\d\baTá��[_s�dYc_\̂Tj\\�fT�
\̂á�V\dgebV�aYbUábX\̀b��kfbUo�V�̂_Yf̂Y�cd\egfefVbVT_\�V\d\bao��aYeg-
m\Y�V�eg̀ Ỳ�cb_ao]�aTUbd�WYab̀T��
+4>:.4<?=F �=:01<2,E41�/19:89F1�(%#: Carlavirus3WdgccT�V\dgeT�

_TfYafab]�̀b[T\̂\�WVb[X\̂\��Comovirus 3WdgccT�V\dgeT�̀b[T\̂\�̂bdbVpYWb
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WbdbáT��Cucumovirus 3WdgccT�V\dgeT�bWgdYkab]�̀b[T\̂\��Nepovirus 3Wdgc�
cT�V\dgeT�̂b_pjYVb]�csfa\efbef\�fTUT̂T��Potexvirus 3WdgccT�N<C��V\dge�N�
T̂dfbhY_s ��Tobamovirus 3WdgccT�V\dgeT�fTUTkab]�̀b[T\̂\��Tobravirus 3
WdgccT�V\dgeT�cbWdỲ b̂Vbef\�fTUT̂T��Tombusvirus 3WdgccT�V\dgeT�̂gef\�
efb]�̂Td_\̂bVbef\�fb̀TfbV��Tymovirus 3WdgccT�V\dgebV�ZY_fb]�̀b[T\̂\�
fgdaYceT��Closterovirus 3WdgccT�V\dgeT�ZY_fgá\�eVŶ_o��Hordeivirus 3
WdgccT�V\dgeT�lfd\ábVTfb]�̀b[T\̂\�sk̀Yas��Luteovirus 3WdgccT�V\dgeT�
ZY_fb]�̂Td_\̂bVbef\�sk̀Yas��Ilarvirus 3WdgccT�\[b̀Yfd\kYê\á�_TU\_p�
aoá�V\dgebV�̂bajYVoá�csfa\efbefY]��
+4>:.4<?=F �=:01<2,E41� %#: Caulimovirus3WdgccT�V\dgeT�̀b[T\�

\̂�jVYfab]�̂Tcgefo�

2.3 (9FB8M�6M89?9A<O��>G?NF<6<DB64A<O<�<89AF<H<>4J<<�6<DGEB6
DTUbdTfbdaoY�\ee_YXbVTa\scd\�cdbVYXYa\\�\XYaf\h\̂Tj\\�V\dgebV�\�

X\TWabef\̂Y�V\dgeaoá�\ahŶj\]�V̂_rkTrfe_YXgrm\Y�qfTco: VoXY_Ya\Y, 
ĝ_pf\V\dbVTa\Y, \aX\̂Tj\s��VosV_Ya\Y \�\XYaf\h\̂Tj\s�V\dgebV�

2.3.1 Cg_pf\V\dbVTa\Y�V\dgebV
<\dgeo�aY�dTefgf�aT�\êgeefVYaaoá�c\fTfY_paoá�edYXTá��T�dT[̀abZT�

rfes�fb_p̂b�Vagfd\̂_Yfbkab. Cdgcaò �Xbef\ZYa\Ỳ�Uo_b�cdYX_bZYa\Y�
I��=gXcTekgdT�V�
����W��\ecb_p[bVTfp�X_s�̂g_pf\V\dbVTa\s�V\dgebV�̂gd\�
aoY�q̀Ud\bao�ĜbakTfY_pabY�dYlYa\Y�cdbU_Ỳo��̂g_pf\V\dbVTa\s�V\�
dgebV�b̂T[T_bep�Vb[̀bZaò �_\lp�cbe_Y�fbWb��̂T̂�Uo_\�dT[dTUbfTao�be�
abVaoY�ecbebUo�̂g_pf\V\dbVTa\s�̂_Yfb̂�VaY�bdWTa\[̀T�
"=;:7G3:.,941�6?<49FA�H8-<4:9:..Cgd\aoY�q̀Ud\bao�3cdT̂f\kYê\�

\XYT_paoY�̀bXY_\�X_s�̂g_pf\V\dbVTa\s�aŶbfbdoá�V\dgebV��aTcd\̀Yd��
Wd\ccT�\�̂bd\ ��AT̀ âgfTs�cb_befp�q̀Ud\baT�cdYcsfefVgYf�cdba\̂abVYa\r�
\̀̂dbbdWTa\[̀bV�\[VaY��T�fT̂ZY�dT[V\f\r�ecbafTaaoá�V\dgeaoá�\ahŶ�
j\]��R̀ Ud\bao�cd\̀Yasrf�X_s�cYdV\kabWb�VoXY_Ya\s�V\dgebV�\[�cTfb_b�
W\kYêbWb�̀TfYd\T_T��X_s�cTee\dbVTa\s�\�ebádTaYa\s�\á��T�fT̂ZY�X_s�cb_g�
kYa\s�aYbUábX\̀oá�̂b_\kYefV�V\dgeT��FŶbfbdoY�Vb[UgX\fY_\��aTcd\̀Yd��
WYdcYeV\dgeo �Vo[oVTrf�áTdT̂fYdaoY�\[̀YaYa\s��cb�a\̀�̀bZab�dTecb[aT-
VTfp�[TUb_YVTa\Y ��
[_s�[TdTZYa\s�bUokab�\ecb_p[grf�̂gd\aoY�q̀Ud\bao���312-XaYVabWb�

Vb[dTefT��HYdYX�[TdTZYa\Ỳ�bcdYXY_srf�Z\[aYecbebUabefp�q̀Ud\baT�cg�
fỲ�bVbêbc\dbVTa\s��cdbèTfd\VTrf�V�cdbábXsmỲ�eVYfY)��]\VoY�q̀�
Ud\bao�cd\�bVbêbc\dbVTa\\�cdbsV_srf�XV\WTfY_pagr�T̂f\Vabefp��ábdb�
lb�V\XYa��ebegX\efo]�d\egab̂��Hdbefò �̂TdTaXTlb̀�bkYdk\VTrf�WdTa\�
jo�Vb[Xglab]�̂T̀Ydo��
Cgd\aoY�q̀Ud\bao�[TdTZTrf�V\dgeebXYdZTm\̀�̀TfYd\T_b̀��V�TeYcf\�

kYê\á�ge_bV\sá�efYd\_paò \�\aefdg̀YafT̀\��cdYXVTd\fY_pab�bUdTUbfTV�
êbd_gcg�aTX�Vb[Xglaò �cdbefdTaefVb̀ ]bXb̀�\�ec\dfb̀�ATdTZYa\Y�
cdbVbXsf�aTábd\ba-T__Tafb\eagr bUb_bk̂g��V T̀a\bf\kYêgr \_\�



34

T__Tafb\eagr�cb_befp��_\Ub�V�ZY_fbkao]�̀Ylb̂��d\egab̂�29)��<oUbd�̀Y�
fbXT�[TdTZYa\s�[TV\e\f�bf�U\b_bW\kYê\á�eVb]efV�V\dgeT�

I\egab̂��93JáỲTf\kYêbY��\[bUdTZYa\Y��dT[V\VTrmYWbes��̂gd\abWb��
q̀Ud\baT

#?7G>?<,�671>:6. <aTkT_Y�Uo_�\ecb_p[bVTa�B;HD:�E;F;<>86TO>K�
H@6C;?��Ga�[T̂_rkT_es�V�fb̀��kfb�V�̂b_Ug��ebXYdZTmgr�c\fTfY_pagr�edY�
Xg��Vabe\_\�̂gebkŶ�f̂Ta\��C_Yf̂\�aŶbfbdoá�f̂TaY]�V�fT̂\á�ge_bV\sá�
b̀Wgf�cYdYZ\VTfp��ab�aY�dT[̀abZTfpes �Xb��	�XaY]��T�V�a\á�̀bWgf�dT[̀ab�
ZTfpes�V\dgeo��GXaT̂b�qfbf�ecbebU�XTVT_�bkYap�aYUb_plb]�VoábX�V\dg�
ebV��FYbUábX\̀b�Uo_b�dT[dTUbfTfp�ge_bV\s��cd\�̂bfbdoá�̂_Yf̂\�f̂Ta\�
b̀W_\�Uo�eVbUbXab�dT[̀abZTfpes�
[_s�cb_gkYa\s� ĝ_pfgd� _̂Yfb̂ aYbUábX\̀b�Uo_b�dYl\fp�kYfodY�

W_TVaoá�[TXTk\�
3cb_gk\fp�V�aYbUábX\̀b̀�̂b_\kYefVY�eVbUbXaoY��f��Y��\[b_\dbVTaaoY�

XdgW�bf�XdgWT �̂_Yf̂\�
3eb[XTfp�fT̂\Y�c\fTfY_paoY�edYXo�\�ge_bV\s��V�̂bfbdoá�̂_Yf̂\�̀bW_\�

Uo�T̂f\Vab�dT[̀abZTfpes�
3bUYecYk\fp�ge_bV\s��cd\�̂bfbdoá�V�̂g_pfgdTá�̂_Yfb̂�aY�̀bW_\�Uo�

dT[̀abZTfpes�UT̂fYd\\�
3bcdYXY_\fp�̀YfbXo��e�cb̀bmpr�̂bfbdoá�̀bZab�Uo_b�Uo�dTecb[aT�

VTfp�dbef�V\dgeT�V�̂g_pfgdY�̂_Yfb̂�\�\XYaf\h\j\dbVTfp�YWb�
[_s�VoXY_Ya\s�\[b_\dbVTaaoá��dT[bUmYaaoá ��ab�Z\[aYecbebUaoá�

_̂Yfb̂�\[�dT[dglYaaoá�f̂TaY]��efT_\�\ecb_p[bVTfp�bUdTUbf̂g�\á�e_TUò �
dTefVbdb̀�fd\ce\aT��dT[dglTrmYWb�̀YẐ_YfbkaoY�̀bef\̂\��[_s�̂g_pf\�
V\dbVTa\s�̂_Yfb̂�Uo_\�cdYX_bZYao�dT[_\kaoY�edYXo��ebXYdZTm\Y�VeY�
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aYbUábX\̀oY�X_s�dT[̀abZYa\s�̂_Yfb̂�c\fTfY_paoY�VYmYefVT��T̀\ab̂\e�
_bfo��beabVTa\s��V\fT̀\ao�\�XdgW\Y ��̀\aYdT_paoY�eb_\��\̀Yrm\Y�bcf\�
T̀_pagr�dF�\�f��X��C�c\fTfY_paò �edYXT̀�XbUTV_s_\�\aX\̂Tfbd��cb�\[̀Y�
aYa\r�jVYfT�̂bfbdbWb�̀bZab�Uo_b�egX\fp�b�̀YfTUb_\[̀Y�̂_Yfb̂�\�\á�dT[�
àbZYa\\��;o_b�gefTabV_Yab��kfb�V�̂TkYefVY�beabVo��aT�̂bfbdb]�̂_Yf̂\�
dT[̀abZTrfes�\�bUdT[grf�̀babe_b]��̀bZYf�Uofp�\ecb_p[bVTab�ábdblb�
bUdTUbfTaabY�efŶ_b�cdbU\db̂�\�̂b_U��[_s�cbXTV_Ya\s�Vb[̀bZabWb�dbefT�
UT̂fYd\]�V\dgeebXYdZTm\]�̀TfYd\T_�cYdYX�cbeYVb̀�YWb�V̂g_pfgdo�̂_Yfb̂�
efT_\�bUdTUTfoVTfp�Taf\U\bf\̂T̀\��
<
�
��W��[Z��RaXYde��K��<Y__Yd�\�M��IbUU\ae�cb̂T[T_\��kfb�V\dge�cb�

_\b̀\Y_\fT�ábdblb�dT[̀abZTYfes�V�E;F8>MCD-HF>EG>C>=>FD86CCQK�@IAR�
HIF6K _̂Yfb̂��cb_gkYaaoá�\[�cbkŶ�bUY[psa�GeabVab]�aYXbefTfb̂�cYd�
V\kab-fd\ce\a\[\dbVTaaoá�̂_Yfb̂�[T̂_rkTYfes�V�fb̀��kfb�cbe_Y�aYêb_p�
\̂á�cYdYeYVbV�ba\�cYdYefTrf�dT[̀abZTfpes��Hbqfb̀g�cdYXcbkfYa\Ỳ�efT_\�
cb_p[bVTfpes�̂g_pfgdo�fT̂\á�̂_Yfb̂��̂bfbdoY�ecbebUao�dT[̀abZTfpes�in
vitro UYêbaYkab�Xb_Wb��KT̂\Y�E;F;8>86;BQ;�@IARHIFQ _̂Yfb̂��̂_YfbkaoY�
_\a\\�áTdT̂fYd\[grfes�UYeèYdf\Ỳ�\�WYfYdbc_b\Xaò �̂Td\bf\cb̀ �cb�
_gkTrf�\[�bcgáb_YVoá�f̂TaY]��HeLacb_gkYaT�\[�̂Tdj\ab̀o�lY]̂\�̀Tf̂\��
F?d-2 3\[�̂Tdj\ab̀o�WbdfTa\��[Yfdb]f-6 3\[�̀YfTefT[T�dT̂T�_YŴbWb�V�
b̂efao]�̀b[W��RF�3\[�bcgáb_\�cbk̂\�kY_bVŶT �\_\�\[�̀gfTafaoá�̂_Yfb̂�
e�cb_\c_b\Xaò �aTUbdb̀�ádb̀beb̀��GXaT̂b�bcgáb_YVoY�̂_Yf̂\�aY_p[s�
cd\̀Yasfp�X_s�cb_gkYa\s�VT̂j\a��[_s�qf\á�jY_Y]�\ecb_p[grf�fb_p̂b�̂g_p�
fgdo�fT̂\á�̂_Yfb̂��̂bfbdoY�aY�ebXYdZTf�a\̂T̂\á�̂bafT̀\aTafaoá�V\dgebV�
\�aY�bU_TXTrf�[_b̂TkYefVYaabefpr��DgklY�VeYWb�qf\̀�fdYUbVTa\s̀�bfVY�
kTrf�̂g_pfgdo�X\c_b\Xaoá�̂_Yfb̂��
.DAIE;F;8>86;BQ;��:>EAD>:CQ;��@IARHIFQ _̂Yfb̂�3 _̂Yf̂\�bXabWb�WY�

abf\cT��ecbebUaoY�in vitro VoXYdZ\VTfp��	3
		�cTeeTZY]��ebádTass�cd\�
qfb̀�eVb]�\eábXao]�X\c_b\Xao]�aTUbd�ádb̀beb̀��[\c_b\XaoY�_\a\\�
h\UdbU_TefbV�q̀Ud\baT�kY_bVŶT�\ecb_p[grfes�̂T̂�X_s�X\TWabef\̂\�V\�
dgeaoá�\ahŶj\]��fT̂�\�cd\�cdb\[VbXefVY�V\dgeaoá�VT̂j\a�CT̂�b̂T[T�
_bep��V\dgeo�̀bWgf�dT[̀abZTfpes�aY�fb_p̂b�V�̂g_pfgdTá�̂_Yfb̂��bUdT[gr�
m\á�̀babe_b]�aT�efŶ_Y�cdbU\db̂��ab�\�V�egecYa[\sá�Z\Voá�̂_Yfb̂�
[_s�bUYecYkYa\s�Z\[aYXYsfY_pabef\�̂g_pf\V\dgỲoá�̂_Yfb̂�aYbUáb�

X\̀o�c\fTfY_paoY�edYXo��Hb�aT[aTkYa\r�ba\�XY_sfes�aT�dbefbVoY�\�cbX�
XYdZ\VTrm\Y��<�FDGHD8QKc\fTfY_paoá�edYXTá�Xb_Zab�ebXYdZTfpes�
Ub_plY�c\fTfY_paoá�VYmYefV��bUYecYk\VTrm\á�T̂f\VabY�dT[̀abZYa\Y�
_̂Yfb̂�\�hbd̀\dbVTa\Y�̀babe_bs��.D::;F<>86TO>;edYXo�bUYecYk\VTrf�
cYdYZ\VTa\Y�̂_Yfb̂�V�gZY�ehbd̀\dbVTaab̀�̀babe_bY�V�cYd\bX�dT[̀abZY�
a\s�V�a\á�V\dgebV�

2.3.2 <oXY_Ya\Y�V\dgebV�
�F0171941�.4<?=:.�.�6?7G>?<,A�671>:6. Hd\�VoXY_Ya\\�V\dgebV�\[�

dT[_\kaoá�\ahŶj\baaoá�̀TfYd\T_bV��̂dbVp��̀bkT��e_\[\efoY�bfXY_sY�
òY��èoVo� \[�bdWTabV �cd\̀Yasrf�̂g_pfgdo _̂Yfb̂��bU_TXTrm\á�
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aT\Ub_plY]�kgVefV\fY_pabefpr�̂�cdYXcb_TWTỲb̀g�V\dgeg��[_s�[TdTZYa\s��
\ecb_p[grf�̂g_pfgdo�V�cdbU\d̂Tá�e�ábdblb�dT[V\fò �̀babe_bỲ�̂_Yfb̂��
HYdYX�[TdTZYa\Ỳ�̂_Yfb̂�c\fTfY_pagr�edYXg�gXT_srf�\�V�̂TZXgr�cdbU\d�
ĝ�Vabesf�cb�	�
3	���̀_�V[VYe\�\ee_YXgỲbWb�̀TfYd\T_T��cdYXVTd\fY_pab�
bUdTUbfTaabWb�Taf\U\bf\̂T̀\�X_s�ga\kfbZYa\s�UT̂fYd\]�\�Wd\UbV��Hbe_Y�
30-�	�̀\a�̂bafT̂fT�V\dgeT�e�̀babe_bỲ�̂_Yfb̂�gXT_srf�\[Uofb̂�̀TfYd\T�
_T��V�̂g_pfgdg�Vabesf�cbXXYdZ\VTrmgr�edYXg�\�cdbUo�befTV_srf�V�fYd̀b�
efTfY�Xb�VosV_Ya\s�cd\[aT̂bV�dT[̀abZYa\s�V\dgeT��
�F0171941�.4<?=:.�9,�7,-:<,>:<9FA�24.:>9FA. Hd\�aYVb[̀bZab�

ef\�VoXY_\fp�\�\XYaf\h\j\dbVTfp�V\dge�efTaXTdfaò \�̀YfbXT̀\�in vitro
\ahŶj\baao]�̀TfYd\T_�VVbXsf�kgVefV\fY_paò �̂�Vb[UgX\fY_r�Z\Vbf�
aò ��\�cbe_Y�dT[V\f\s�f\c\kabWb�\ahŶj\baabWb�cdbjYeeT�cdbVbXsf�cb�
VfbdabY�[TdTZYa\Y�kgVefV\fY_paoá�̂_Yfbkaoá�̂g_pfgd��FT\Ub_YY�kTefb�
\ecb_p[grf�̀olY]��̂db_\̂bV�\�bUY[psa��X_s�VoXY_Ya\s�aŶbfbdoá�V\dg�
ebV��aTcd\̀Yd��V\dgebV�Cb̂eT̂\ �[TdTZTrf�̀olTf-ebegâbV��<e_YXefV\Y�
XbdbWbV\[ao�\�e_bZabef\�ebXYdZTa\s�_TUbdTfbdaoá�Z\Vbfaoá��cdT̂f\kY�
ê\�cbVeỲYefab�\á�VofYea\_\�̂_YfbkaoY�̂g_pfgdo��KỲ�aY�̀YaYY�Z\Vbf�
aoY�̀bXY_\�T̂f\Vab�\ecb_p[grf�X_s�\[gkYa\s�bebUYaabefY]�cTfbWYaY[T�\�
hbd̀\dbVTa\s�\̀ g̀aaoá�dYT̂j\]�cd\�V\dgeaoá�\ahŶj\sá�
KT̂\̀�bUdT[b̀���X_s�VoXY_Ya\s�k\efoá�̂g_pfgd�V\dgebV�V�_TUbdTfbd�

aoá�ge_bV\sá�V�aTefbsmYY�VdỲs�\ecb_p[grfes�e_YXgrm\Y�Z\VoY�bUnŶfo�
�U\b_bW\kYê\Y�̀bXY_\ ��
 �̂g_pfgdT�̂_Yfb̂��f̂TaY]��bdWTabV ��� �̂gd\aoY�
q̀Ud\bao��� �_TUbdTfbdaoY�Z\VbfaoY�

2.3.3 BaX\̂Tj\s�V\dgebV
"9046,B4J�.4<?=,�.�6?<49:8�H8-<4:91. BaX\̂Tj\s�V\dgeT�V�̂gd\ab̀�

q̀Ud\baY�cdb\[VbX\fes�cb�W\UY_\�q̀Ud\baT��cb_bZ\fY_pab]�dYT̂j\\�WY�
T̀WW_rf\aTj\\�aT�efŶ_Y�e�T__Tafb\eab]�\_\�T̀a\bf\kYêb]�Z\X̂b�
efpr��cb�bUdT[bVTa\r�hb̂geaoá�cbdTZYa\]��NU_slŶ2 �aT�ábd\ba-
T__Tafb\eab]�bUb_bk̂Y�
"9046,B4J�.4<?=:.�.�6?7G>?<,A�671>:6. BaX\̂Tfbdb̀�aT_\k\s�V\dg�

eT�V�[TdTZYaaoá�̂g_pfgdTá�̂_Yfb̂�̀bZYf�e_gZ\fp�

 �dT[V\f\Y�ecYj\h\kYêb]�XYWYaYdTj\\�̂_Yfb̂�3L>HDE6H>M;G@D;�:;?�

GH8>;�8>FIG6�OH[ ��\̀YrmYY�fd\�beabVaoá�f\cT��̂dgcab- \_\�̀Y_̂b̂_Y�
fbkaTs�XYWYaYdTj\s��bUdT[bVTa\Y�̀abWbsXYdaoá�W\WTafê\á�̂_Yfb̂��G>B�
EA6GHD8 ��dT[V\f\Y�bkTWbV�̂_Yfbkab]�cdb_\hYdTj\\��ebefbsm\á�\[�aY�
êb_p̂\á�e_bYV�̂_Yfb̂��9FD=:;8>:C6U�:;9;C;F6L>U�@A;HD@).
IT[_\kTrf�XVT�̀YáTa\[̀T�W\UY_\�̂_Yfb̂��Vo[oVTỲb]�V\dgeT̀\��3aŶ�

db[�\�Tcbcfb[��,;@FD=cdb\eábX\f�\[-[T�aYbUdTf\̀oá�aTdglYa\]�jY_bef�
abef\�̂_Yfbkaoá�̀ỲUdTa��6EDEHD=3Ve_YXefV\Y�hdTẀYafTj\\�sXYdab]�
[FC�cbX�XY]efV\Ỳ�̂_Yfbkab]�qaXbaĝ_YT[o��
O\fbcTf\kYê\Y�qhhŶfo bjYa\VTrf�cd\�̀ \̂dbêbc\\�̂_Yfbkaoá�

ĝ_pfgd��Hb�efYcYa\�cbdTZYa\s�̂_Yfb̂�VoXY_srf�V\dgeo�e�Voeb̂b]�\_\�
g̀YdYaab]�j\fbcTfbWYaabefpr:
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2) D7C6FI<;C>;�8CIHF>@A;HDMCQK8@ATM;C>?��dTecb_TWTrm\áes�V�j\�
fbc_T[̀Y�\%\_\�V�sXdTá�cbdTZYaaoá�̂_Yfb̂�

3) EDAD<>H;ARC6U�F;6@L>U�9;B699ATH>C6L>>��/'$�\_\�9;B6:GDF7L>>�
�/'$:G���FŶbfbdoY�V\dgeo��V�kTefabef\,V\dge�Wd\ccT��bU_TXTrf�bebUò \�
dYjYcfbdT̀\��WỲTWW_rf\a\aT̀\ ��e�cb̀bmpr�̂bfbdoá�ba\�TXebdU\dgrf�
es�aT�qd\fdbj\fTá�\�Vo[oVTrf�\á�ê_Y\VTa\Y��WỲTWW_rf\aTj\r ��KT̂\Y�
V\dgeo�_YŴb�bUaTdgZ\VTrfes�e�cb̀bmpr�dYT̂j\\�WỲTWW_rf\aTj\\�\_\�
WỲTXebdUj\\��qd\fdbj\fo�TXebdU\dgrfes�aT�\ah\j\dbVTaaoá�V\dgeT̀\�
_̂Yf̂Tá�̂g_pfgdo�f̂TaY] �

4) J;CDB;C7AUN@DD7F6=D86C>U��Q\db̂bY�dTecdbefdTaYa\Y�cb_gk\_�
cdYX_bZYaao]�V�
����W��I��[r_pUŶ b̂�B;HD:�7AUN;@�aYWTf\Vaoá�̂b_b�
a\] ��cb[Vb_srm\]�cdb\[VbX\fp�̂b_\kYefVYaabY�bcdYXY_Ya\Y�V\dgebV��
[_s�VoXY_Ya\s�V\dgebV�̀babe_b]�̂_Yfb̂�cbe_Y�gXT_Ya\s�c\fTfY_pab]�edY�
Xo�[TdTZTrf�V\dgeebXYdZTm\̀�̀TfYd\T_b̀�\�cb̂doVTrf�e_bỲ�TWTdT��eb�
XYdZTmYWb�\aX\̂Tfbd�aY]fdT_pao]�̂dTeao]��PTl̂\��h_T̂bao �\âgU\dg�
rf�cd\����-J��PYdY[�
�3���k�VosV_srfes�csfaT3U_sl̂\��Ga\�\̀Yrf�X\T�
Ỳfd�
3��̀ �̀\�VoW_sXsf�aYb̂dTlYaaò \�aT�db[bVb̀�hbaY��HsfaT�Vb[a\̂T�
rf�[T�ekYf�j\fbcTf\kYêbWb�XY]efV\s�V\dgeT;

5) L8;HC6U�F;6@L>U�0DA@6. G�dbefY�V\dgebV�V�̂_Yf̂Tá�̀bZab�egX\fp�e�
cb̀bmpr�\aX\̂TfbdT��XbUTV_sỲbWb�̂�c\fTfY_pab]�edYXY��?e_\�̂_Yf̂\�T̂�
f\Vab�begmYefV_srf�̀YfTUb_\[̀��dF�edYXo�eXV\WTYfes�V�̂\e_gr�efbdbag��
\�edYXT�b̂dTl\VTYfes�V�ZY_fo]�jVYf��<�e_gkTY�dT[̀abZYa\s�V\dgeT�̂_Yf̂\�
cbW\UTrf��dF�edYXo�̀T_b�̀YasYfes��\�baT�ebádTasYf�cYdVbaTkT_pao]��̀T�
_\abVo] �jVYf�\_\��cd\�aY]fdT_pab]�dF �cd\bUdYfTYf�bdTaZYVo];

6) F;6@L>U�>CH;FJ;F;CL>>�\ecb_p[gYfes�cd\�bfegfefV\\�OH[��WỲTWW�
_rf\aTj\\�\�WỲTXebdUj\\ ��\ee_YXgỲTs�̂g_pfgdT�cbVfbdab�[TdTZTYfes�
V\dgeb̀��Vo[oVTrm\̀�OH[��<�cb_bZ\fY_pab̀�e_gkTY�OH[�UgXYf�bfegf�
efVbVTfp��dYT̂j\s�\afYdhYdYaj\\�cb_bZ\fY_paT ��?e_\�V�\ee_YXgỲb̀�̀T�
fYd\T_Y�V\dgeT�aY�Uo_b��aTU_rXTYfes�OH[���
Cdb̀YfbWb��X_s�bUaTdgZYa\s�V\dgeT�V�̂g_pfgdTá�̂_Yfb̂�̀bWgf�Uofp�

\ecb_p[bVTao�dT[_\kaoY�eYdb_bW\kYê\Y�dYT̂j\\�
"9046,B4J�.4<?=:.�9,�7,-:<,>:<9FA�24.:>9FA. BaX\̂Tj\s�V\dgeT

beabVTaT�aT�bUaTdgZYa\\g�Z\Vbfaoácd\[aT̂bV�\ahŶj\baabWb�[TUb_Y�
VTa\s��dYW\efdTj\\�\á�W\UY_\��\[gkYa\\�áTdT̂fYdTcTfb̀bdhb_bW\kYê\á�\�
cTfbW\efb_bW\kYê\á�\[̀YaYa\]�V�f̂Tasá�\�bdWTaTá��VosV_Ya\\cb_bZ\�
fY_pab]�dYT̂j\\�WỲTWW_rf\aTj\\�

2.3.4 EYfbXo�\XYaf\h\̂Tj\\�V\dgebV
GcdYXY_Ya\Y�f\cT�V\dgeT��YWb�\XYaf\h\̂Tj\s �beabVTab�aT�aY]fdT_\�

[Tj\\�U\b_bW\kYêb]�T̂f\Vabef\�V\dgeT�e�cb̀bmpr�f\cbecYj\h\kYê\á�
eoVbdbfb̂��CbaYkao]�dY[g_pfTf�YY�̀bZYf�Uofp�gefTabV_Ya�aT�beabVTa\\�
e_YXgrm\á�cd\[aT̂bV�

1) C;?HF6A>=6L>U�L>HDE6H>M;G@D9D�:;?GH8>U��V�̂g_pfgdT_pagr�edYXg��
ebXYdZTmgr�\[gkTỲo]�V\dge��Vabesf�̂b̀ ỲdkYêgr�eoVbdbf̂g��aTcd\̀Yd, 
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�̂V\dgeg�̂dTeagá\�cd\�cbXb[dYa\\�aT�aYt ��\âgU\dgrf�\�[TdTZTrf�Vfb�
dgr�̂g_pfgdg��kYdY[�
3��Xas�V�aYt�Vabesf�\[VYefao]�j\fbcTfbWYaao]�V\�
dge��Hd\�aT_\k\\�j\fbcTfbWYaabWb�qhhŶfT�XY_Trf�VoVbX�b�fb̀��kfb�cYd�
VTs�̂g_pfgdT�Uo_T�[TdTZYaT�V\dgeb̀��ebbfVYfefVbVTVl\̀�Taf\fY_T̀�cd\�
ỲaYaab]�eoVbdbf̂\;

2) C;?HF6A>=6L>U�F;6@L>>�9;B6:GDF7L>>;
3) >=B;C;C>;�EFDU8A;C>U�L8;HCD?�EFD7Q;
4) =6:;F<@6��HDFBD<;C>;��F;6@L>>�9;B699ATH>C6L>>��èYl\VTrf�

ĝ_pfgdT_pagr�edYXg��ebXYdZTmgr�Vb[UgX\fY_p��e�\[VYefab]�̂b̀ ỲdkY�
êb]�Taf\eoVbdbf̂b]�\�Vabesf�V�̂g_pfgdg�̂_Yfb̂��Hbe_Y�\âgUTj\\�bcdY�
XY_srf�ecbebUabefp�̂g_pfgdo�̂�WỲTWW_rf\aTj\\�\�cd\�Yt�bfegfefV\\�XY�
_Trf�[T̂_rkYa\Y�b�aYebbfVYfefV\\�V\dgeT�Taf\eoVbdbf̂Y�

5) C;?HF6A>=6L>U�8�DEQH6K�C6�<>8DHCQK.
KT̂\̀�bUdT[b̀�IF��dYT̂j\s�aY]fdT_\[Tj\\ �beabVTaT�aT�cbXTV_Ya\\�

ebbfVYfefVgrmY]�dYT̂j\\��hYab̀YaT��dT[V\f\s�\ahŶj\baabWb�cdbjYeeT��
cbe_Y�VaYeYa\s�V�̂g_pfgdg�\_\�VVYXYa\s�V�bdWTa\[̀�Z\VbfabWb�èYe\�V\�
dgeT�eb�ecYj\h\kaò \�AT��ebXYdZTm\̀\es�V�X\TWabef\kYêb]�eoVbdbf̂Y��

!BCDBEM�8?O�E4@B>BAFDB?O
1 FT[bV\fY�beabVaoY�cd\aj\co�̂_Tee\h\̂Tj\\�V\dgebV�
2 Hd\VYX\fY�dgeê\Y�\�_Tf\aê\Y�aT[VTa\s�beabVaoá�eỲY]efV�V\dgebV�kY�

_bVŶT�\�Z\Vbfaoá��
3 FT[bV\fY�f\cbVoá�cdYXefTV\fY_Y]beabVaoá�eỲY]efV�V\dgebV\�[TUb_Y�

VTa\s��Vo[oVTỲoY�\̀\�
4 CT̂bVo�bebUYaabef\�̀bdhb_bW\\�\�g_pfdTefdĝfgdo��V\dgebV�kY_bVŶT�\�

Z\Vbfaoá��beabVaoá�eỲY]efV ?
5 FT[bV\fY�IFC-WYab̀aoY�\�[FC-WYab̀aoY�h\fbV\dgeo.
6 CT̂\Y�qfTco�V̂_rkTrf�V�eYUs�_TUbdTfbdaoY�\ee_YXbVTa\scd\�\XYaf\h\�

T̂j\\�V\dgebV�\�X\TWabef\̂Y�V\dgeaoá�\ahŶj\]?
7 CT̂\YU\b_bW\kYê\Y�̀bXY_\�\ecb_p[grfes�X_s�VoXY_Ya\s�\�̂g_pf\V\db�

VTa\s�V\dgebV�kY_bVŶT�\�Z\Vbfaoá��
8 CT̂�cdb\eábX\f�[TdTZYa\Y�̂gd\aoá�q̀Ud\babV�V�_TUbdTfbdaoá�ge_bV\�

sá��
9 CT̂\Y�̀YfbXo�cb_gkYa\s�̂g_pfgdo�̂_Yfb̂�Vo�[aTYfY��
10 CT̂�cdbVbXsf�\XYaf\h\̂Tj\r�V\dgebV�V̂ gd\ab̀�q̀Ud\baY�\�aT�_TUbdT�

fbdaoá�Z\Vbfaoá?
11 CT̂\Y�egmYefVgrf�̀YfbXo�\aX\̂Tj\\V\dgebV�aT�̂g_pfgdY�̂_Yfb̂?
12 <�kỲ�[T̂_rkTYfes�aT[aTkYa\Y�\�egmabefp�dYT̂j\]�aY]fdT_\[Tj\\�V\dg�

ebV��
13 FT[bV\fY�ecbebUo�cbefTabV̂\�dYT̂j\]�aY]fdT_\[Tj\\V\dgebV�
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'45BD4FBDAB9;4AOF<92
*EAB6AM9�E9@9=EF64�6<DGEB6�:<6BFAMI�<�D4EF9A<=

3;AR�=6CUH>U�\[gk\fp�áTdT̂fYd\ef\̂\beabVaoá�eỲY]efV�V\dgebVaT�
cd\̀YdTá�\á�f\cbVoá�cdYXefTV\fY_Y]\�cd\bUdYef\�aTVô\�bc\eTa\s�̀bd�
hb_bW\\�\�efdĝfgdo�V\d\babV�
+6H;F>6AQ: 
 �q_ŶfdbaaoY�̀\̂dbhbfbWdTh\\�\�XỲbaefdTj\baaoY�d\�

egâ\�f\cbVoá�cdYXefTV\fY_Y]�eỲY]efV�V\dgebV: T �kY_bVŶT�\�Z\Vbfaoá��
U �\ê_rk\fY_pab�Z\Vbfaoá��V �aTeŶb̀oá��W �dTefYa\]�2) hbfbWdTh\\�V\�
dgeab]�cTfb_bW\\: T �kY_bVŶT�U �cb[Vbabkaoá�Z\Vbfaoá�V �aTeŶb̀oá��
W �dTefYa\]���) eáỲo�efdbYa\s�V\d\babV�beabVaoá�eỲY]efV�V\dgebV��
!,0,941��: \[gk\fY�̀bdhb_bW\r�\�g_pfdTefdĝfgdg�f\cbVoá�cdYXefTV\�

fY_Y]beabVaoá�eỲY]efV�V\dgebV�
NbX�dTUbfo�
1 ITeèbfd\fY�q_ŶfdbaaoY�̀\̂dbhbfbWdTh\\�\�XỲbaefdTj\baaoY�d\�

egâ\��eáỲo�efdbYa\sf\cbVoá�cdYXefTV\fY_Y]�beabVaoá�eỲY]efV�V\dg�
ebV��GUdTf\fY�Va\̀Ta\Y�aT�hbd̀g��f\c�e\̀ Ỳfd\\���cbVYdáabefaoY�efdĝfg�
do�V\d\babV�

2 Gc\dTsep�aT�beabVaoY�̂d\fYd\\�̂_Tee\h\̂Tj\\�V\dgebV�\�cdYX_b�
ZYaagr��eáỲg�bc\eTa\s, ebefTVpfY��̂dTf̂\YáTdT̂fYd\ef\̂\beabVaoá�eY�
Ỳ]efV�V\dgebV�
JáỲT�bc\eTa\s�V\dgeab]�kTef\jo��
 �aT[VTa\Y�eỲY]efVT��� �V\XbVbY�

aT[VTa\Y�V\dgeT; 3) kgVefV\fY_paoY�̂ XTaab̀g V\dgeg bdWTa\[̀o;
4 �hbd̀T V\d\baT��5 �dT[̀Ydo�V\d\baT�6) f\c�e\̀ Ỳfd\\ aĝ_Yb̂Tc�
e\XT��7 �aT_\k\Y�egcYd̂Tce\XT; 8 �bUdT[bVTa\s�aT�cbVYdáabef\�V\d\baT��
9 �bebUYaabef\�WYab̀T�V\dgeT���

3 ATc\l\fY�ebefTV_YaaoY�áTdT̂fYd\ef\̂\�V�cdbfb̂b_�[Tasf\s�
!,0,941�2: _̂Tee\h\j\dg]fY�cb�f\cg�WYab̀T�beabVaoY�eỲY]efVT�V\dg�

ebVkY_bVŶT�\�Z\Vbfaoá��ĝT[oVTs�f\cbVbWb�cdYXefTV\fY_s��
NbX�dTUbfo�

1 ITeèbfd\fY�hbfbWdTh\\�e�cTfb_bW\s̀\��Vo[oVTỲò \�V\dgeT̀\�g�
kY_bVŶT�\�Z\Vbfaoá��GUdTf\fY�Va\̀Ta\Y�aT�VaYla\Y�cdbsV_Ya\s�[TUb_Y�
VTa\s�

2 <�cdbfb̂b_Y�[Tasf\s�ebefTVpfYfTU_\jo�NGeabVaoY�eỲY]efVT��IFC-
WYab̀aoá�V\dgebV2, NGeabVaoY�eỲY]efVT�-IFC-WYab̀aoá�V\dgebV2\�
NGeabVaoY�eỲY]efVT��[FC-WYab̀aoá�V\dgebV2cb�e_YXgrmY]�hbd̀Y�

JỲY]efVb IbX K\cbVb]�cdYXefTV\fY_p

!,0,941�3: \[gk\fY�beabVaoY�áTdT̂fYd\ef\̂\�h\fbV\dgebV�\�cd\[aT̂\�
Vo[oVTỲoá�\̀\�[TUb_YVTa\]�g�dTefYa\]�
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NbX�dTUbfo
1 ITeèbfd\fY�hbfbWdTh\\�dTefYa\]��cbdTZYaaoá�V\dgeT̀\�
2 <�cdbfb̂b_Y�[Tasf\s�ebefTVpfY�fTU_\jg�NGeabVaoY�eỲY]efVT�h\fb�

V\dgebV:

JỲY]efVb��dbX
NTdT̂fYd\ef\̂T�
WYab̀T

<o[oVTỲbY�[TUb_YVTa\Y�\�
YWb�cd\[aT̂\�

'45BD4FBDAB9�;4AOF<9��
(9FB8M6M89?9A<O��>G?NF<6<DB64A<O<�<89AF<H<>4J<<�6<DGEB6

3;AR�=6CUH>U�\[gk\fp�cd\aj\co�\�̀YfbXo�VoXY_Ya\s��̂g_pf\V\dbVT�
a\s��\�\XYaf\h\̂Tj\\�V\dgebV.
+6H;F>6AQ>�D7DFI:D86C>;: 1) eVYfbVb]�̀\̂dbêbc; 2) cdYcTdTfo�X_s�
\̀̂dbêbc\\��\_\�hbfbWdTh\\�cdYcTdTfbV �̂g_pfgd�̂_Yfb̂�aY\ah\j\db�
VTaaoá�V\dgeT̀\�\�\ah\j\dbVTaaoá�V\dgeT̀\: T �e�̂dgcab̂_Yfbkab]�XY�
WYaYdTj\Y]�̂_Yfb̂��U �e�̀Y_̂b̂_Yfbkab]XYWYaYdTj\Y]�̂_Yfb̂�V �e�bUdT[b�
VTa\Ỳ e\̀c_TefbV, W �edT[V\f\Ỳ bkTWbV _̂Yfbkab]�cdb_\hYdTj\\, 
X) e�Vagfd\̂_Yfbkaò \V̂_rkYa\s̀\�4) XỲbaefdTj\baaTs�c_TalYf̂T�e�
cb_bZ\fY_pab] dYT̂j\Y] WỲTWW_rf\aTj\\��� hbfbWdTh\s�cdYcTdTfT�
\_\�cdYcTdTfX_s�̀\̂dbêbc\\�e�cb_bZ\fY_pab]�dYT̂j\Y]�WỲTXebdUj\\; 
� �XỲbaefdTj\baao]�cdYcTdTf�\ah\j\dbVTaab]�V\dgeT̀\�̂g_pfgdo�̂_Y�
fb̂�e�hYab̀Yab̀�U_sl̂bbUdT[bVTa\s��� �lfTf\V�e�cdbU\d̂\��XỲbaefd\�
dgrm\̀\��jVYfagr�dYT̂j\r�Jb_̂T��� �XỲbaefdTj\baaoY�VTd\Tafo�cb�
efTabV̂\�dYT̂j\\�aY]fdT_\[Tj\\�V\dgebV���
!,0,941����cdbVYX\fY\aX\̂Tj\r�V\dgebV�V�̂g_pfgdTá�̂_Yfb̂�cb�j\fbcT�

f\kYêb̀g�XY]efV\r�
NbX�dTUbfo�
1 ITeèbfd\fY�hbfbWdTh\\�\_\�cdb̀\̂dbêbc\dg]fY�VeVYfbVb]�̀\̂db�

êbc�cd\�Ub_plb̀�gVY_\kYa\\�cdYcTdTfo�aY\ah\j\dbVTaaoá�\�\ah\j\db�
VTaaoá�V\dgeT̀\�̂g_pfgd�̂_Yfb̂�e�dT[aò \�f\cT̀\�j\fbcTf\kYêbWb�XY]ef�
V\s��T �e�̂dgcab̂_Yfbkab]�XYWYaYdTj\Y]�̂_Yfb̂;U �e�̀Y_̂b̂_Yfbkab]XYWY�
aYdTj\Y]�̂_Yfb̂;V �e�bUdT[bVTa\Ỳ e\̀c_TefbV;W �e�dT[V\f\Ỳ bkTWbV�̂_Y�
fbkab]�cdb_\hYdTj\\.

2 GcdYXY_\fY, T̂̂b]�f\c�j\fbcTf\kYêbWb�XY]efV\s�Vo�bUaTdgZ\_\�aT�
cdYcTdTfTá�̂g_pfgd�̂_Yfb̂�\ah\j\dbVTaaoá�V\dgeT̀\�

3 <�cdbfb̂b_Y�[Tasf\s�aT[bV\fY�\�aTd\eg]fY�f\co�j\fbcTf\kYêbWb�
XY]efV\s�V\dgebV��
!,0,941�2��cdbVYX\fY\aX\̂Tj\r�V\dgebV�V�̂g_pfgdTá�̂_Yfb̂ cb�aT_\�

k\r�Vagfd\̂_Yfbkaoá�V̂_rkYa\]�
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NbX�dTUbfo�
1 ITeèbfd\fY�hbfbWdTh\\�\_\�cdb̀\̂dbêbc\dg]fY�V�eVYfbVb̀ \̀̂db�

êbcYcd\�Ub_plb̀�gVY_\kYa\\�cdYcTdTfo�\ah\j\dbVTaaoá�V\dgeT̀\�
ĝ_pfgd�̂_Yfb̂ e�Vagfd\̂_Yfbkaò \�V̂_rkYa\s̀\��GUdTf\fY�Va\̀Ta\Y�
aT dTecb_bZYa\Y�V̂_rkYa\]V _̂Yf̂Y�V�j\fbc_T[̀Y�\_\�V�sXdY �\�\á�
dT[̀Ydo�\�hbd̀g�

2 <�cdbfb̂b_Y�[Tasf\]�eXY_T]fY�d\egâ\�dTeèbfdYaaoá�cdYcTdTfbV�\�
ĝTZ\fY�Vagfd\̂_YfbkaoY�V̂_rkYa\s�
!,0,941�3��cdbVYX\fY\aX\̂Tj\r�V\dgebV�V�̂g_pfgdTá�̂_Yfb̂�e�\ecb_p�

[bVTa\Ỳ�dYT̂j\\�WỲTWW_rf\aTj\\��\�WỲTXebdUj\\�
NbX�dTUbfo�
1 B[gk\fY�̀YáTa\[̀�dYT̂j\\�WỲTWW_rf\aTj\\�\�WỲTXebdUj\\��<�cdb�

fb̂b_Y�[Tasf\s�bc\l\fY�egmabefp�qf\á�dYT̂j\]�
2 ITeèbfd\fYXỲbaefdTj\baao] T̀fYd\T_��c_TalYf̂T�e�cb_bZ\�

fY_pab]�dYT̂j\Y]�TWW_rf\aTj\\�\�cdYcTdTf�X_s�̀\̂dbêbc\\�e�dYT̂j\Y]�
WỲTXebdUj\\ �

3 <�cdbfb̂b_Y�[Tasf\s�eXY_T]fY�d\egâ\�dTeèTfd\VTỲoá�dYT̂j\]���
!,0,941�4��cdbVYX\fY\aX\̂Tj\r�V\dgebV�V�̂g_pfgdTá�̂_Yfb̂�e�\ecb_p�

[bVTa\Ỳ�hYab̀YaT�U_sl̂bbUdT[bVTa\s�
NbX�dTUbfo�
1 B[gk\fY�̀YfbX�U_slŶ��<�cdbfb̂b_Y�[Tasf\s�bc\l\fY�egmabefp�hY�

ab̀YaT�U_sl̂bbUdT[bVTa\s�
2 ITeèbfd\fY�XỲbaefdTj\baao]�̀TfYd\T_�e�hYab̀Yab̀�U_sl̂bbUdT�

[bVTa\s��GUdTf\fY�Va\̀Ta\Y�aT�jVYf�c\fTfY_pab]�edYXo�\�aT_\k\Y�V�aY]�
U_slŶ��aYWTf\Vaoá�̂b_ba\] �

3 <�cdbfb̂b_Y�[Tasf\s�eXY_T]fY�d\egab̂�̂g_pfgdo�̂_Yfb̂�e�hYab̀Yab̀�
U_sl̂bbUdT[bVTa\s�
!,0,941�5��cdbVYX\fY\aX\̂Tj\r�V\dgebV�V�̂g_pfgdŶ_Yfb̂�e�\ecb_p[b�

VTa\Ỳ�jVYfab]�dYT̂j\\�Jb_̂T.
NbX�dTUbfo�
1 B[gk\fY�̀YfbX\̂g�cbefTabV̂\�jVYfab]�dYT̂j\\�Jb_̂T��<�cdbfb̂b_Y�

[Tasf\s�̂dTf̂b�bc\l\fY�egmabefp�qfb]�dYT̂j\\�
2 ITeèbfd\fY�XỲbaefdTj\r�dY[g_pfTfbV�jVYfab]�dYT̂j\\�Jb_̂T��
3 <�cdbfb̂b_Y�[Tasf\s�bfdT[\fYdY[g_pfTfodYT̂j\\�aT�d\egâY�\�eXY�

_T]fY�VoVbX�b�aT_\k\\�V\dgeT�V�̂g_pfgdY�̂_Yfb̂���
!,0,941�6��cdbVYX\fY\XYaf\h\̂Tj\r�V\dgeTe�\ecb_p[bVTa\Ỳ dYT̂j\\�

aY]fdT_\[Tj\\.
NbX�dTUbfo�
1 B[gk\fY�̀YfbX\̂g�cbefTabV̂\�dYT̂j\]�aY]fdT_\[Tj\\�V\dgebV��<�

cdbfb̂b_Y�[Tasf\s�̂dTf̂b�bc\l\fY�egmabefp�qfb]�dYT̂j\\�
2 ITeèbfd\fY�XỲbaefdTj\baao]�̀TfYd\T_�e�cbefTabV̂b]�bXabWb�\[�

VTd\TafbV�dYT̂j\\�aY]fdT_\[Tj\\�
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3 <�cdbfb̂b_Y�[Tasf\sĝTZ\fY�cdbXỲbaefd\dbVTaao]�VT̀ VTd\�
Taf�dYT̂j\\�aY]fdT_\[Tj\\�\�aTd\eg]fYeáỲg�cbefTabV̂\�qfbWbVT�
d\TafT�dYT̂j\\��

.9@4��*D74A<;4J<O�79AB@B6 6<DGEB6�<�BEB59AABEF<�<I�
D9C?<>4J<<

3.1IFC�\_\�[FC�̂T̂�WYaYf\kYê\]�̀TfYd\T_�V\dgeT
3.2 IYcdbXĝf\VaoY�f\cb-VTd\Tafo�V\dgebV�\�V[T\̀bXY]efV\s�̀YZXg�

V\dgeT̀\
3.3 K\co�V\dgeaoá�̀gfTafbV�\�V[T\̀bXY]efV\Y�̀YZXg�V\dgeT̀\
3.4 GUm\Y�cd\aj\co�VodTZYa\s�V\dgeabWb�WYab̀T�cd\�dYcdbXĝj\\�

V\dgebV

3.1 ,)&�<?<�#)&�>4>�79A9F<K9E><=�@4F9D<4?�6<DGE4
*4;F�.4<?=9FA�/19:8:.. <\dgeaTs�aĝ_Y\abVTs�̂\e_bfT�cdYXefTV_YaT�

fb_p̂b�bXab]�aĝ_Y\abVb]�̂\e_bfb]��[FC�\_\�IFC)��CTZXTs�\[�a\á�sV_s�
Yfes�WYab̀b̀��<�dT[aoá�cb�VY_\k\aY�V\d\baTá�V�WYab̀Y�aTek\foVTrf�bf�
aYêb_p̂\á�Xb�̀abW\á�XYesf̂bV�WYabV��=Yab̀aoY�aĝ_Y\abVoY�̂\e_bfo�
V\dgebV�bf_\kTrfes�Ub_pl\̀�dT[abbUdT[\Ỳ�efdĝfgdo�\�hbd̀o�
=Yab̀�V\dgeT�sV_sYfes�WTc_b\Xaò �[WdYk��Haploos, bX\abkao]\eidos,

V\X]��f��Y��cdYXefTV_Ya�bXa\̀�aTUbdb̀�WYabV��PTef\kab�X\c_b\Xao�[WdYk��
Diploos, XVb]ab]] [FC-ebXYdZTm\Y�V\dgeo��V�[FC�̂bfbdoá�VefdYkTrfes�
cbVfbdsrm\Yes�aĝ_Ybf\XaoY�cbe_YXbVTfY_pabef\��Hb_abefpr�X\c_b\X�
aodYfdbV\dgeo��WYab̀�̂bfbdoá�cdYXefTV_Ya�XVg̀s�\XYaf\kaò \�̀b-
_Ŷg_T̀\�IFC�
&=:-199:=>4�=><:194J�.4<?=9:5� %#. <\dgeaoY�[FC ED�GHFI@�

HIF;̀ bWgf�Uofp: 1) jY_paò \�bXabjYcbkYkaò \��2)XVgájYcbkYkaò \�
� �e�NdT[doV-XYhŶfb̀2�V�bXab]�jYc\.
Hb�hbd̀Y�̀b_Ŷg_T�[FC�̀bZYf�Uofp: 1) _\aY]ab]�2) b̂_pjYVb]��j\d�

ĝ_sdab-[T̀ âgfb] , 3) b̂VT_Yafab-ejYc_YaaoY�egcYdec\dT_\[bVTaaoY�
�aTcd\̀Yd��g�cTcbVTV\dgebV ���
<�V\dgeab]�[FC�aT�̂bajTá�̀b_Ŷg_o�\̀Yrfes�cds̀oY�\_\�\aVYdf\db�

VTaaoY��dT[VYdagfoY�aT�
�	- �cbVfbdsrm\Yes�aĝ_Ybf\XaoY�cbe_YXbVT�
fY_pabef\��Bá�aT_\k\Y�bUYecYk\VTYf�ecbebUabefp�̀b_Ŷg_o�[FC�[T̀o�
T̂fpes�V�̂b_pjb�
Eb_Ŷg_sdaTs�̀TeeT�V\dgeaoá�[FC�V�
	3
		�dT[�̀YaplY�̀Teeo�UT̂fY�

d\T_paoá�[FC�
&=:-199:=>4�=><:194J�.4<?=9:5�(%#.<\dgeaoY�IFC�dT[_\kTrfes�V�

YmY�Ub_plY]�efYcYa\��Eb_Ŷg_o�IFC�cb�efdĝfgdY�̀bWgf�Uofp:

 �bXab- \�XVgájYcbkYkaoY��X\c_b\Xao]�WYab̀ ��� �jY_paoY��ec_bl�

aoY �\�hdTẀYaf\dbVTaaoY��eYẀYaf\dbVTaaoY �aT��33 ... 83
��eYẀYafbV��
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FT_\k\Y�eYẀYafbV�VYXYf�̂�gVY_\kYa\r�̂bX\dgrmY]�t̀ b̂ef\�WYab̀T�
Hb�hbd̀Y�IFC�dT[_\kTrf:
 �_\aY]aoY, � �̂b_pjYVoY�
JdYX\�IFC-WYab̀aoá�V\dgebV�e�bXabjYcbkYkab]�_\aY]ab]�̀b_Ŷg_b]�

IFC�dT[_\kTrf�V\dgeo�e� /,*��ED=>H>8CQB�\�-/,*��C;96H>8CQB��9;CD�
BDB.
 /,*Vocb_asYf�\�WYab̀agr�\�\ahbd̀Tj\baagr�hgâj\\��f��Y��bXab-

VdỲYaab�e_gZ\f�̀Tfd\jY]�X_s�e\afY[T�VabVp�bUdT[grm\áes�V\d\baaoá�
IFC�\�UY_̂bV��H_re-a\f\�IFC\̀Yrf�áTdT̂fYdaoY�b̂bakTa\s��NlTcbk�
\̂2 �X_s�dTecb[aTVTa\s�d\Ubeb̀�

-/,*aY�ecbebUao�fdTae_\dbVTfp�WYaYf\kYêgr�\ahbd̀Tj\r�aYcb�
edYXefVYaab�aT�d\Ubeb̀Tá��fb�Yefp�ba\�aY�̀bWgf�hgâj\ba\dbVTfp�̂T̂�
\IFC��J\afY[�\IFC�g�IFC-aYWTf\Vaoá�V\dgebV�begmYefV_sYfes�V�[TdT�
ZYaab]�̂_Yf̂Y�aT�̀Tfd\jY�-IFC�e�cb̀bmpr�V\dgebecYj\h\kYêbWb�hYd�
ỲafT�HF6CG@F>EH6=Q.
FŶbfbdoY�IFC-WYab̀aoY�V\dgeo�̀bWgf�ebXYdZTfp�̂T̂�N�2��fT̂�\�N-2�

a\f\�IFC���0IFC ��KT̂\Y�V\dgeo�aT[oVTrf�6B7>G;CG8>FIG6B>.
)><?6>?<9:-@?96B4:9,7G9,J�:</,943,B4J�.4<?=9:/:�/19:8,. [FC-

ebXYdZTm\Y�V\dgeo�fT̂ZY��̂T̂�cdb̂Td\bfo\�qĝTd\bfo��\̀Yrf�efdĝfgd�
aoY�WYao��̂bX\dgrm\Y�UY_̂\-hYd̀Yafo��\�dYWg_sfbdaoY�WYao��XYfYd̀\�
a\dgrm\Y�bUdT[bVTa\Y�dYcdYeebdbV��cbXTV_srm\á��V�kTefabef\��hgâj\r�
efdĝfgdaoá��
Jk\foVTa\Y�\ahbd̀Tj\\eDE;FDCD8̂bafdb_\dgYfes�SCK6CG;FDB[TaW_��

enhancer] \_\�ge\_\fY_Ỳ�fdTaêd\cj\\��EFDBDHDFDB [_Tf��promotum,
cdbXV\WTfp]��bfVYfefVYaaò �[T�YY�\a\j\Tj\r��aTkT_b ��e�̂bfbdò �eVs[oVT�
Yfes�hYd̀Yaf�IFC-cb_\̀YdT[T��begmYefV_srmTs�fdTaêd\cj\r�[FC��DE;�
F6HDFDB[bf�_Tf��dTUbfa\̂]��dYWg_\dgrm\̀�fdTaêd\cj\r�bcYdbaT��\_\�
bfXY_paoá�WYabV �\�H;FB>C6HDFDB [_Tf��terminare, bWdTa\k\VTfp]��cdY�
d̂TmTrm\̀�YY��Hd\�qfb̀�dYWg_sfbdaoY�gkTef̂\�bcYdbaT�cdYXefTV_srf�eb�
Ub]�̂bdbf̂\Y�cbe_YXbVTfY_pabef\�aĝ_Ybf\XbV�[FC��qaáTaeYd��cdb̀bfbd�\�
bcYdTfbd�dTecb_bZYao�V�YWb�aTkT_Y��cYdYX�efdĝfgdaò \�WYaT̀\ ��T�fYd�
\̀aTfbd�3V�̂bajY�
<�GHFI@HIFCQK�9;C6KV\dgeaoá�bcYdbabV��̂T̂�\�V�̂_Yf̂Tá�qĝTd\bf��

\̀Yrfes�@D:>FI;BQ;�IM6GH@>aĝ_Ybf\Xaoá�cbe_YXbVTfY_pabefY]��aYeg�
m\á�\ahbd̀Tj\r��S@=DCQ ��\�C;@D:>FI;BQ;�8GH68DMCQ;�EDGA;:D86H;ARCD�
GH>(>CHFDCQ)��̂bfbdoY�cbe_Y�fdTaêd\cj\\�V�cdbjYeeY�eb[dYVTa\s��cdb�
jYee\aWT �\IFC�VodY[Trfes�e�bXabVdỲYaaò �ek\foVTa\Ỳ�q̂[babV��kfb�
aT[oVTYfes�ec_T]e\aWb̀�[TaW_��splice,ebYX\asfp��edTm\VTfp]. 
#:04<?IE,J�=;:=:-9:=>G�.4<?=9:/:�/19:8,. P\e_b�WYabV�V�V\dge�

aoá�WYab̀Tá�̂b_YU_Yfes�bf��3
�g�eT̀oá�cdbefoá�V\dgebV�Xb�̀abW\á�XY�
esf̂bV�g�e_bZab�gefdbYaaoá�LVY_\kYa\Y�WYaYf\kYêb]�\ahbd̀Tj\\�cd\�
\̀a\̀T_pab̀�ebXYdZTa\\�WYaYf\kYêbWb�̀TfYd\T_T�cdb\eábX\f�[T�ekYf�
fbWb��kfb:
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 �V\dgeaoY�\IFC�V�bf_\k\Y�bf�\IFC�cdb- \�qĝTd\bf�̀bWgf�aTcdTV�
_sfp�e\afY[�aY�bXabWb��T�XVgá-fdYá�UY_̂bV��[bef\WTYfes�qfb�XVgá̂dTfaò �
ek\foVTa\Ỳ�bXab]�\�fb]�ZY�\IFC�e�aTábXsm\áes�V�aY]�V�dT[aoá�gkTef̂Tá�
XVgá-fdYá\a\j\\dgrm\á�:L=- b̂XbabV�GUdT[grm\Yes cb_\cYcf\Xo�
e� dT[aoá� \a\j\\dgrm\á� b̂XbabV�UgXgf�̂bc\s̀\��bf_\kTrm\̀\es�
fb_p̂b�X_\ab];
� �cd\�eXV\WY�dT̀ \̂�ek\foVTa\s�aT�bX\a�\_\�XVT�aĝ_Ybf\XT�\�cbsV_Y�

a\\�abVbWb�WYaYf\kYêbWb�̂bXT�̀b_Ŷg_T�\IFC�̀bZYf�fdTae_\dbVTfpes�e�
bUdT[bVTa\Ỳ�fT̂\á�cb_\cYcf\XbV��g�̂bfbdoá�aYf�\XYaf\kaoá�T̀\ab̂\e�
_bfaoá�cbe_YXbVTfY_pabefY]� KT̂\YUY_̂\�aT[oVTrf� IC>@6ARCQB>
7;A@6B>;
� �aYdYX̂b�g�V\dgebV�cdb\eábX\f�fdTae_sj\s�W\WTafê\á�cb_\cYcf\-

XbV-cdYXlYefVYaa\̂bV�e�cbe_YXgrm\̀�aTdY[Ta\Ỳ�\á�aT�Ub_YY�̀Y_̂\Y�

 �bfabe\fY_pab�aYVoeb̂\]�gdbVYap�WYaYf\kYêb]�\ahbd̀Tj\\�V\dgebV�

b̂̀cYae\dgYfes�\ê_rk\fY_pab�fbkaò �̀YáTa\[̀b̀�cYdŶ_rkYa\s�e�dYc�
_\̂Tj\\�aT�fdTaêd\cj\r�\�aTbUbdbf��kfb�bebUYaab�sd̂b�cdbsV_sYfes�cd\�
dYcdbXĝj\\�IFC-ebXYdZTm\á�V\dgebV�

3.3.<CM�6<DGEAMI�@GF4AFB6<�6;4<@B89=EF6<O�@9:8G�6<DGE4@<
FTdsXg�e�cb_aò \�V\d\baT̀\�V�cdbjYeeY�dYcdbXĝj\\�hbd̀\dgrfes�

aYbUokaoY�cb�efdĝfgdY�\�hgâj\\�V\dgeaoY�kTef\jo��̂bfbdoY�̀bZab�
bUnYX\a\fp�V�fd\�Wdgcco��ceYVXbV\dgeo�V\dgeo- g̀fTafo�\�V\dgeo-
dŶb̀U\aTafo. HeYVXb- \�̀gfTafaoY�V\d\bao�Vb[a\̂Trf�V�k\efoá�\�èY�
lTaaoá�̂g_pfgdTá�V\dgebV��T�dŶb̀U\aTafaoY�3fb_p̂b�V�èYlTaaoá��
.G;8:D8>FIGQcdYXefTV_Yao�V\dgeaò \�̂Tce\XT̀\��JdYX\�ceYVXbV\�

dgebV�dT[_\kTrf:
3C;EDACQ;�EG;8:D8>F>DCQ (8>FIGQ-EIGHQN@>��\_\��8>FIGCQ;�H;�

C> ) 5cb_oY�̂Tce\Xo��aY�ebXYdZTm\Y�V\dgeabWb�WYab̀T;
3EG;8:D8>F>DCQ��̂Tce\Xo�̂bfbdoá�V̀Yefb�V\dgeabWb�WYab̀T�ebXYdZTf

aĝ_Y\abVgr�̂\e_bfg�̂_Yf̂\-áb[s\aT��
*4;F�.4<?=9FA�8?>,9>:.. <�dYcdbXĝf\Vaoá�j\̂_Tá�V\dgebV�[T̂b-

ab̀Ydab�cbsV_srfes�V\dgeaoY�9>7F>:Q-BIH6CHQ[_Tf��mutation, \[̀YaY�
a\Y], cb�efdĝfgdY�\�hYabf\cg�bf_\kTrm\Yes�bf�dbX\fY_pêbWb��X\̂bWb �
f\cT��ab�\̀Yrm\Y�YWb�WYaYf\kYêgr�beabVg��\�C;BIH6L>DCCQ;�9>7F>:Q.
KYd̀\a�NBIH6CH2��Nf\c2��NlfT̀ 2̀��NVTd\Taf2 �bUb[aTkTYf�V\dge��̂b�

fbdo]�bf_\kTYfes�̂T̂\̀ -fb�aTe_YXgỲò �cd\[aT̂b̀�bf�dbX\fY_pêbWb�
NX\̂bWb2�V\dgeT��N(>@>?�H>E2�vqfb�ge_bVabY�bUb[aTkYa\Y�bcdYXY_Yaab]�
cbcg_sj\\��̂bfbdbY�bUokab�cd\̀Yasrf̂ �aY]�fb_p̂b�V�eVs[\�e�\ee_YXgY�
b̀]�̀gfTj\Y]��aTcd\̀Yd�fỲcYdTfgdbgefb]k\Vbefp��Hd\�qfb̀�X\̂\]�f\c�
b̀ZYf�ebXYdZTfp�\aoY�̀gfTj\\�
4H6BBDBaT[oVTrf�dT[_\kaoY�X\̂\Y�f\co�bXabWb�V\dgeT��aTcd\�
Ỳd�lfT̀ ò�Gdeq]�\�Fpr-[ZYde\�V\dgeT�VY[\̂g_sdabWb�efb̀Tf\fT��
KYd̀\a��H>E sV_sYfes�e\aba\̀ b̀�NeYdbf\c2��̂bfbdo]�bcdYXY_srf�cb�
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aY]fdT_\[Tj\\\ahŶj\baabef\��ecYj\h\kYê\̀\�Taf\fY_T̀\ ��aTcd\̀Yd�
eYdbf\co�dYbV\dgeT�
����\����
IT[_\kTrf�ecbafTaagr�\�\aXgj\dbVTaagr�̀gfTj\\�V\dgebV�
"90?B4<:.,99,J�8?>,B4J��;b_plTs�kTefp�̀gfTafbV�cb_gkYaT�\[�cb�

cg_sj\]�X\̂bWb�f\cT��bUdTUbfTaaoá�̀gfTWYaT̀\��aTcd\̀Yd, T[bf\efb]�̂\�
e_bfb]��W\Xdb̂e\_T̀\ab̀��T_̂\_\dgrm\̀\�TWYafT̀\��g_pfdTh\b_YfbVò �
bU_gkYa\Ỳ�
);:9>,99,J�8?>,B4J��FŶbfbdoY�V\dgeo�XTrf�[aTk\fY_pagr�Xb_r�
g̀fTafbV�cd\�cTee\dbVTa\\�V�bfegfefV\\�̂T̂\á-_\Ub�̀gfTWYabV��Rf\�ecba�
fTaaoY�̀gfTj\\�aT̂Tc_\VTrfes�V�WYab̀Tá�V\dgebV�\�cd\VbXsf�̂�\[̀YaY�
a\r�hYabf\cT��&�DGCD8;�GEDCH6CCD9D�BIH69;C;=6�A;<>H��DN>7DMCD; �
GE6F>86C>;�6=DH>GHQK�DGCD86C>?��bUge_bV_YaabY�egmYefVbVTa\Ỳ�XVgá�
fTgfb̀Ydaoá�[WdYk��tauto3fY�ZY�eT̀oY��meros3kTefp]hbd̀�T[bf\efoá�be�
abVTa\]��<b�VdỲs�dYc_\̂Tj\\�V\dgebV�ecTd\VTa\Y�cdTV\_pabWb�T[bf\efb�
Wb�beabVTa\s�e�beabVTa\Ỳ�V�fTgfb̀Ydab]�hbd̀Y�cd\VbX\f�̂�cdbefb]�[T�
ỲaY��HF6C=>L>> �cgd\aT�aT�cgd\a�\_\�c\d\̀\X\aT�aT�c\d\̀\X\a. Ĵbdb�
ef\�ecbafTaabWb�̀gfTWYaY[T�V�[FC-WYab̀Tá�a\[̂\�310-8310-11 aT�̂TZXo]�
V̂_rkYaao]�aĝ_Ybf\X��FTcd\̀Yd��X_s�V\dgeT�beco�̂db_\̂bV�bUaTdgZYab�
ỲaYY�	�
���ecbafTaaoá�ts- g̀fTafbV��L�IFC-ebXYdZTm\á�V\dgebV�êb�
dbefp�ecbafTaabWb�̀gfTWYaY[T�[aTk\fY_pab�VolY�310-3310-4 aT�̂TZXo]�
V̂_rkYaao]�aĝ_Ybf\X��[_s�V\dgeT�VY[\̂g_sdabWb�efb̀Tf\fT�kTefbfT�cY�
dYábXT�̂��ts-hYabf\cg�dTVaT�
35 %.
HbsV_srm\Yes�̀gfTafo��̂T̂�cdTV\_b��sV_srfes�XY_Yj\baaò \��_Tf��

deletion, VocTXYa\Y ��f��Y��gfdTk\VTrm\̀\�bcdYXY_Yaao]�gkTefb̂�WYab̀T�
dbX\fY_pêbWb�V\dgeT��<\dgeaoY�kTef\jo�e�fT̂\̀�XYhŶfaò �WYab̀b̀�eb�
ádTasrf�eVbr�T̂f\Vabefp��ab�X_s�dYc_\̂Tj\\�\�eb[dYVTa\s�agZXTrfes�V�
cdbXĝfTá�V\dgeabWb�WYab̀T�dbX\fY_s�3bUokab�V�efdĝfgdaoá�\�aYefdĝ�
fgdaoá�UY_̂Tá��KT̂b]�áTdT̂fYd�Vbecdb\[VbXefVT�V\dgebV�aT[oVTrf�C;9;�
C;H>M;G@>B�H>EDB�8=6>BD:;?GH8>U\_\�bXabefbdbaaY]�@DBEA;B;CH6L>;?
�Xbcb_aYa\Ỳ ��dbX\fY_pê\]�V\dge��ef\̀g_\dgrm\]�dYcdbXĝj\r�̀g�
fTafT��38>FIGDB-EDBDOC>@DB��T�dYcdbXgj\dgrm\]es�e�YWb�cb̀bmpr�̀g-
fTaf�38>FIGDB-G6H;AA>HDB��GEIHC>@DB�.
<�ebbfVYfefV\\�e�qf\̀�dT[_\kTrf�
�̂_TeeT�V\dgebV- g̀fTafbV��
 �V\dgeo�

G�IGAD8CD�:;J;@HCQB>�9;CDB6B>; 2) ()-M6GH>LQ��f��Y��XYhŶfaoY�\afYd�
hYd\dgrm\Y��3) >CH;9F6L>DCCQ; 8>FIGQ G :;J;@HCQB> 9;CDB6B>; 
4) 8>FIGQ-G6H;AA>HQ.
2GAD8CD-:;J;@HCQ;�8>FIGQC;GIH�BIH6CHCQ;�9;CDBQ��:;J;@HCQ;�8�

DEF;:;A;CCQK�IGAD8>UK��JdYX\�a\á�kTmY�VeYWb�VefdYkTrfes�fỲcYdTfgdb�
kgVefV\fY_paoYts- \�áb_bXbkgVefV\fY_paoYtc- g̀fTafo, g̀fTafo�cb�ecŶ�
fdg�áb[sYV�\�̀gfTafo�cb�̀bdhb_bW\\�U_slŶ.
L�ts- g̀fTafbV�aĝ_Ybf\XaTs�cbe_YXbVTfY_pabefp�V�WYab̀Y�\[̀YasYfes�

fT̂\̀�bUdT[b̀��kfb�bUdT[bVTaao]�\̀\�UY_̂bVo]�cdbXĝf�ebádTasYf�hgâ�
j\baT_pab�T̂f\Vagr� b̂ahbd̀Tj\r fb_p̂b� cd\�cYd̀\ee\Vab]�[TaW_��
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permissive, dT[dYlTrm\]] fỲcYdTfgdY�b̂b_b���3��-J��T�cd\�Ub_YY�Voeb�
b̂]�aYcYd̀\ee\Vab]�fỲcYdTfgdY���342bJ�̀gfTaf�efTabV\fes�aYZ\[aYecb�
ebUaò �\�cdŶdTmTYf�dT[V\f\Y��FTbUbdbf��tc- g̀fTafo�dT[̀abZTrfes�cd\�
Ub_YY�Voeb̂b]��kỲ�bcf\̀T_paTs��cYd̀\ee\Vab]�X_s�a\á�fỲcYdTfgdY�
(;J;@HCQ;�>CH;FJ;F>FITO>;�8>FIGQ��>A>�()-M6GH>LQ�cdYXefTV_s�

rf�ebUb]�V\d\bao��g�̂bfbdoá�bfegfefVgYf�aŶbfbdTs�kTefp�WYab̀ab]�IFC�
\_\�[FC��ab�efdĝfgdaoY�UY_̂\�befTrfes�fT̂\̀\�ZY��̂T̂�g�dbX\fY_pê\á�
V\dgebV��IYc_\̂Tj\s�[B-kTef\j�UY[�dbX\fY_pê\á�V\d\babV�aY�cdb\eáb�
X\f��ab�cd\�GD8B;GHCDB�=6F6<;C>>�@A;HD@fỲ\�\�XdgW\̀\�baT�VbeefTaTV�
_\VTYfes�Ve_YXefV\Y�\ecb_p[bVTa\s�WYaaoá�cdbXĝfbV�X\̂bWb�f\cT��̂bfb�
doá�ba\�eT̀\�aY�VodTUTfoVTrf��[_s�[B-kTef\j�dbX\fY_pê\]�V\dge�e�
cb_abjYaaò �WYab̀b̀�sV_sYfes�V\dgeb̀ -cb̀bma\̂b̀��K;AE;FDB ��FT[VT�
a\Y�[B-kTef\j�bUge_bV_Yab�fỲ��kfb�gf\_\[\dgs�X_s�eVbY]�dYc_\̂Tj\\�
cdbXĝfo�WYabV�áY_cYdT��ba\�V̀YefYe�fỲ�gWaYfTrfdYcdbXĝj\r�V\dg�
eT-cb̀bma\̂T��kfb�V�V\dgeb_bW\\�aT[oVTrf�>CH;FJ;F;CL>;?[_Tf��inter,
V[T\̀ab\ferio,cbXTV_sfp].
)CH;9F6L>DCCQ;�8>FIGQ�G�:;J;@HCQB�9;CDBDB!qfb�̀gfTafo-f\co�

�\_\�V\Xo �dYfdbV\dgebV�cbXeỲY]efVT�DC@DFC68>FIGD8��ebXYdZTm\Y�onG-
9;CQ[WdYk. oncoma, bcgáb_p\�TaW_��RNA 3IFC], 3cdYZXY�VeYWb�eTd̂b̀�
aoY�V\dgeo-W\Ud\Xo��̂bfbdoY�V�cdbjYeeY�qVb_rj\\��̂T̂�cdYXcb_TWTrf��
cd\bUdY_\�̂_YfbkaoY�onG-9;CQ��BafYWd\dgs�e�̂_Yfbkaò �WYab̀b̀��[FC-
fdTaêd\cfo�eTd̂b̀aoá�V\dgebV�cd\Vabesf�V�aYWb�onG-WYao�\��Ye_\�ba\�
cbcTXTrf�cbX�XY]efV\Y�bcdYXY_Yaab]�dYWg_sj\\�̂_Yfb̂��cbe_Y�̂bdbf̂bWb�
_TfYafabWb�cYd\bXT�Vo[oVTrf�[_b̂TkYefVYaabY�\á�cYdYdbZXYa\Y��
&>FIGQ-G6H;AA>HQ��KT̂�ZY��̂T̂�[B-kTef\jo��ba\�cTdT[\f\dgrf�aT�

WYaaoá�cdbXĝfTá�V\dgeebV-cb̀bma\̂bV�\�kTefb�\afYdhYd\dgrf�e�a\̀\, 
T̂̂��aTcd\̀Yd��eTfY__\f�V\dgeT�aŶdb[T�fTUT̂T��cb_abefpr�[TV\esm\]�V�
eVbY]�dYc_\̂Tj\\�bf�bXabVdỲYaabWb�[TdTZYa\s�̂_Yfb̂�fTUT̂T�YWb�\ahŶ�
j\baaò �V\dgeb̀ -cb̀bma\̂b̀ .
GXaT̂b�V\dgeo-eTfY__\fo�kTefb�\ecb_p[grf�WYaaoY�cdbXĝfo�aYdbX�

efVYaaoá�\̀�V\dgebV-cb̀bma\̂bV�e�aYWb̀b_bW\kaò \�WYab̀T̀\��
�191>4C1=6:1� .3,48:015=>.41 8120?�.4<?=,84. IT[_\kTrf�XVT�

f\cT�WYaYf\kYêbWb�V[T\̀bXY]efV\s�̀YZXg�V\dgeT̀\��̂b̀c_ỲYafTj\s\�
dŶb̀U\aTj\s.
*DBEA;B;CH6L>;?aT[oVTrf�V[T\̀bXY]efV\Y�WYaaoá�cdbXĝfbV�V\dgeT�

V�èYlTaaoá�V\dgeaoá�̂g_pfgdTá�̂_Yfb̂��̂bfbdbY�cd\VbX\f�̂�gVY_\kYa\r�
VoábXT�bXabWb\_\�bUb\á�V\dgebV��V�fb�VdỲs�̂T̂�\á�WYabf\c�befTYfes�
aY\[̀Yaaò �
JgmYefVgYf�XVT�f\cT�̂b̀c_ỲYafTj\\�
1) C;6AA;ARC6U��\_\�̀YZWYaaTs��aT\Ub_YY�f\c\kaTs ��cd\�̂bfbdb]�̀g�

fTafo��XYhŶfaoY�cb�dT[_\kaò �hgâj\s̀��cb̀bWTrf�XdgW�XdgWg�V�dYc_\�
T̂j\\��cdYXbefTV_ss�hgâj\r��XYhŶfagr�g�XdgWbWb�V\dgeT��
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2) 6AA;ARC6U��\_\�Vagfd\WYaaTs��aTU_rXTYfes�aT̀abWb�dYZY ��̂bfbdTs�
cdb\eábX\f�V�fb̀�e_gkTY��Ye_\�WYaao]�cdbXĝf��XYhŶfao]�g�bUb\á�cTdf�
aYdbV�V�dT[aoá�Xb̀YaTá��bUdT[gYf�̀g_pf\̀Ydao]�UY_b̂��?e_\�fT̂b]�UY_b̂�
ebefb\f�\[�egUnYX\a\j�bXabWb�cTdfaYdT��fb�ba�hgâj\baT_pab�aYT̂f\VYa��T�
Ye_\\[�egUnYX\a\j�bUb\á�cTdfaYdbV��fb�ba�̀bZYf�cd\asfp�hgâj\baT_pab�
T̂f\Vagr�̂bahbd̀Tj\r�
&>FIGCD?�F;@DB7>C6L>;?aT[oVTrf�bÙYa�WYaYf\kYê\̀ �̀TfYd\T_b̀�

�bfXY_paoá�gkTef̂bV�\�jY_oá�WYabV �̀YZXg�XVg̀s�V\dgeT̀\�e�dT[aò \�WY�
ab̀T̀\�\_\�ZY�VTd\TafT̀\�bXabWb�\�fbWb�ZY�V\dgeT��dT[_\kTrm\̀\es�aY�
b̂fbdò \�efdĝfgdaò \�bebUYaabefs̀\�\á�WYab̀T��<\dge��V�WYab̀Y�̂bfb�
dbWb�cd\�dŶb̀U\aTj\sá�cdb\[bl_b�[T̀YmYa\Y-XbUTV_Ya\Y�bcdYXY_YaabWb�
gkTef̂T�[FC��aT[oVTrf8>FIGDB-F;L>E>;CHDB��F;@DB7>C6CHDB�. 
;\b_bW\kYêbY�[aTkYa\Y�dŶb̀U\aTj\]��ba\�aY�aTdglTrf�efdĝfgdo�

V\dgeabWb�WYab̀T��V�bf_\k\Y�bf�̀gfTj\]��ba\�aY�_YfT_pao ��T�bUabV_srf�
YWb�\_\�gefdTasrf�\̀Yrm\Yes�cbVdYZXYa\s��bUbWTmTrf�cd\�qfb̀�WY-
aYf\kYê\]�hbaX�V\dgebV�\�Vabesf�egmYefVYaao]�V̂_TX�V�\á�qVb_rj\r�
<agfd\̀b_Ŷg_sdaoY�dŶb̀U\aTj\\�g�V\dgebV�dYT_\[grfes�̀YáTa\[�
b̀̀�dT[doV-VbeebYX\aYa\Y��T�g�IFC-V\dgebV�e�eYẀYaf\dbVTaaò �WYab�
b̀̀�3cYdỲYl\VTa\Ỳ�WYabV�
JdYX\�WYaYf\kYê\á dŶb̀U\aTj\]�[FC-V\dgebV VoXY_srf�dY�

b̂̀U\aTj\\��
1) B;<:I�:8IBU�:>@>B>�H>E6B>�8>FIGD8�G�>CH6@HCQB>�_Tf. intactus,

aYfdbagfo] ��f��Y��cb_aò \��9;CDB6B>��IŶb̀U\aTj\\�̀YZXg�X\̂\̀\�f\�
cT̀\�̀bWgf�Uofp�̀YZWYaaò \�e�cYdYXTkY]�WYabV�\�Vagfd\WYaaò \�e�bÙY�
ab̀�bfXY_paoá�gkTef̂bV�WYaT��Hd\�qfb̀�bUdT[grm\]es�8>FIG-F;@DB7>C6CH
aTe_YXgYf�eVb]efVT�bUb\á�f\cbV�V\dgebV�

2) B;<:I�:>@>B�H>EDB�>�;9D�BIH6CHCQB�86F>6CHDB��Mbd̀\dbVTa\Y�
dŶb̀U\aTafbV�cdb\eábX\f�aT�beabVY�̀gfTafbV. <�kTefabef\��dŶb̀U\aT�
j\s�̀YZXg�\afT̂faò �WYab̀b̀�X\̂bWb�f\cT�\�XYhŶfaò �WYab̀b̀�YWb�̀g�
fTafT�gefdTasYf�cbVdYZXYa\Y�V�dY[g_pfTfY�êdYm\VTa\s�cb_abWb�\�XYhŶf�
abWb�WYab̀bV�V\dgebV�3cYdŶdYefaTs��\_\�̂dbee-dYT̂f\VTj\s. KT̂�̂T̂�cd\�
qfb̀�VbeefTaTV_\VTYfes�gfdTkYaao]�cd\[aT̂��̀Td̂Yd ��fb�YY�aYdYX̂b�\̀Y�
agrf�J;CDB;CDB��GE6G;C>U�B6F@;F6 ;

3) B;<:I�86F>6CH6B>�BIH6CHD8�:>@D9D�H>E6�8>FIG6��Mbd̀\dbVTa\Y�
dŶb̀U\aTafbV�cdb\eábX\f�aTbeabVY�̀ gfTafbV��KT̂ZY�aTU_rXTYfes�
dYT̂f\VTj\s�cbVdYZXYa\]�WYab̀bV��ab�fT̂ T̂̂�YY�qhhŶf\Vabefp�VeYjY_b�
[TV\e\f�bf�̂b_\kYefVT�\�fYeabWb�̂bbcYdTf\VabWb�V[T\̀bXY]efV\s�̀YZXg�
dŶb̀U\a\dgrm\̀\�V\dgeT̀\��fb�YY�aT[oVTrf�aY�cYdŶdYefab]��T�BCD<;�
GH8;CCD?�F;6@H>86L>;?.
<�dŶb̀U\aTj\baab̀�cdbjYeeY�̀YZXg�V\dgeT̀\��\̀Yrm\̀\�cb_ao]�

eYẀYaf\dbVTaao]�WYab̀��cdb\eábX\f�cYdYfTebV̂T��cYdYebdf\dbV̂T �\á�
hdTẀYafbV�\�bUdT[bVTa\Y�dŶb̀U\aTafbV��ebXYdZTm\á�dbXefVYaaoY��ab�
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aY�eVb]efVYaaoY�X_s�X\̂bWb�f\cT�WYao��aTcd\̀Yd,WYao�WỲTWW_rf\a\abV�\�
aY]dT̀\a\XT[�XdgW\á�eYdbVTdbV�V\dgeT�Wd\ccT�f\cT�:�
KT̂\̀�bUdT[b̀��V�̂_Yf̂Y��[TdTZYaab]�GB;N6CCD?�@IARHIFD?dbXefVYa�

aoá�V\dgebV�e�\afT̂faò \�WYaT̀\��Vb[a\̂Trf�V\dgeo-dŶb̀U\aTafo�\�dY�
TeebdfTafo��T�cd\�bXabVdỲYaab̀�YY�\ah\j\dbVTa\\�X\̂\̀�f\cb̀�e�YWb�
g̀fTafb̀�\_\�aYêb_p̂\̀\�̀gfTafT̀\-dYT̂f\VTafT̀\. 
=YaYf\kYêbWb�V[T\̀bXY]efV\s�̀YZXg�U\b_bW\kYê\�\�qVb_rj\baab�

XT_Ŷ\̀\�V\dgeT̀\�V�cd\dbXY�aY�cdb\eábX\f�Ve_YXefV\Y�\á�Voeb̂b]�ecY�
j\h\kabef\�cb�ecŶfdg�̂_Yfb̂-áb[sYV�\�\afYdhYdYaj\\��f��Y��8�;GH;GH8;C�
CQK�IGAD8>UK�>=�9;H;FD9;CCQK�8>FIGCQK�9;CDBD8�9>7F>:D8�C;�8D=C>@6;H.
%1/191>4C1=6:1�.3,48:015=>.41�.4<?=:..FYWYaYf\kYê\Y�V[T\̀bXY]�

efV\s�kTefb�cd\VbXsf�̂�hYabf\c\kYêb̀g�̀Tê\dbVTa\r�\ef\aabWb�V\dge�
abWb�WYabf\cT�\�Vb[a\̂abVYa\r�C;BIH6L>DCCQK�9>7F>:D8���C�aYWYaYf\kY�
ê\̀�V[T\̀bXY]efV\s̀�V\dgebV�V�kTefabef\�bfabesf�9;H;FD=>9DHCDGHR, 
J;CDH>E>M;G@D;�GB;N>86C>;, >CH;FJ;F;CL>T.
JdYX\� aỲgfTj\baaoá� V\dgebV-W\Ud\XbV� dT[_\kTrf� V\dgeo-

WYfYdb[\Wbfo�\�NV\dgeo-á\̀Ydo2. 
&>FIGQ�9;H;FD=>9DHQ�WdYk��heteros, \ab], kgZb]\zygoo, ebYX\asfp �

cdYXefTV_srf�ebUb]�V\dgeaoY�kTef\jo��V�ebefTV�̂bfbdoá�VábX\f�aY�bX\a��T�
XVT�dT[_\kaoá�WYab̀T�V\dgebV�\_\�bX\a�cb_ao]�e�aŶbfbdb]�kTefpr�Vfb�
dbWb��GUdT[bVTa\Y�WYfYdb[\Wbf�edTVa\fY_pab�dYX̂bY�sV_Ya\Y�
�&>FIGQ-K>B;FQ 3qfb�V\dgeaoY�kTef\jo��ebXYdZTm\Y�cb_ao]�WYab̀��

[T̂_rkYaao]�V�̂Tce\X��ebefbsm\]�\[�UY_̂T�XdgWbWb�V\dgeT��kfb�cdb\eáb�
X\f�cd\�fT̂�aT[oVTỲb̀�hYabf\c\kYêb̀�èYl\VTa\\��\_\�HF6CG@6EG>:>�
=6L>>��MYabf\c\kYêbY�èYl\VTa\Y�XbVb_pab�l\db̂b�dTecdbefdTaYab�
edYX\�U_\[̂bdbXefVYaaoá�UY[bUb_bkYkaoá�V\dgebV��fT̂\á��aTcd\̀Yd��̂T̂�
V\dgeo�cb_\b̀\Y_\fT�f\cbV�
�\����V\dgebV�RCNG�\�Cb̂eT̂\��XdgW\á�c\�
b̂daTV\dgebV��
KT̂\̀�bUdT[b̀��aỲgfTj\baaoY�V\dgeo-W\Ud\Xo�3cb_abjYaaoY�V\�

d\bao��HbXbUab�V\dgeT̀- g̀fTafT̀��Vb[a\̂Trf�cgfỲ�̂b̀c_ỲYafTj\\��T�
aY�Ve_YXefV\Y�êdYm\VTa\s�WYab̀bV��̂T̂�dŶb̀U\aTafo�
Jbefbsa\s�WYfYdb[\Wbfabef\�\�fdTaêTce\X\[Tj\\�V\dgebV�aYgefb]k\�

Vo�\�Uoefdb�\ekY[Trf�cd\�cTeeTZTá��
%>DAD9>M;G@D;�=C6M;C>;aỲgfTj\baaoá�W\Ud\XbV��[aTkYa\Y�WYfYdb[\�

Wbf�aY�VoseaYab��KdTaêTce\X\[Tj\s�ZY�̀ bZYf�bUYecYk\fp�V\dgeT̀-
W\Ud\XT̀�l\db̂\]�̂dgW�áb[sYV�\�cdYbXb_Ya\Y�̀YZV\XbVoá�UTdpYdbV�

3.4 *5L<9�CD<AJ<CM�6MD4:9A<O�6<DGEAB7B� 79AB@4�CD<�
D9CDB8G>J<<�6<DGEB6
<�dYcdbXĝj\baab̀�j\̂_Y�V\dgebV�ebUefVYaab�dYcdbXĝf\VaTs�efTX\s��

V̂_rkTrmTs�hT[o�fdTaêd\cj\\��fdTae_sj\\�\�dYc_\̂Tj\\��g�dT[aoá�
Wdgcc�V\dgebV�\�eỲY]efV�aYbX\aT̂bVT�
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*<,9=6<4;B4J3cYdVo]�qfTc�dYT_\[Tj\\�WYaYf\kYêb]�\ahbd̀Tj\\�
V\dgebV.
L[FC-ebXYdZTm\á�eỲY]efV�cTcbVT-��TXYab- \�WYdcYeV\dgebV��dYcdb�

Xĝj\s�̂bfbdoá�cdb\eábX\f�V�sXdY��begmYefV_sYfes�̂_Yfbkab]�IFC-
cb_\̀YdT[b]�T�g�dYcdbXgj\dgrm\áes�V j\fbc_T[̀Y�\d\Xb- \�cb̂eV\�
dgebV�3V\dgebecYj\h\kYêb]��cbcTXTrmY]�V�̂_Yf̂g�V̀YefY�e�\á�WYab̀b̀��
KT̂\̀�ZY�V\dgebecYj\h\kYê\̀�hYd̀Yafb̀�begmYefV_sYfes�T̂f�fdTae�

d̂\cj\\�g�IFC-ebXYdZTm\á�V\dgebV�e�aYWTf\Vaò �WYab̀b̀��<�T̂fY�fdTae�
d̂\cj\\�X_s�e\afY[T�UY_̂T�IFC-V\dgeo�e�cb[\f\Vaò �WYab̀b̀�aY�agZXT�
rfes��Bê_rkYa\Y�ebefTV_srf�dYfdbV\dgeo��g�̂bfbdoá�fdTaêd\cj\s�cdb�
\eábX\f�aT�\afYWd\dbVTaaoá�e�̂_Yfbkaò �WYab̀b̀�V\d\baaoá�[FC-
fdTaêd\cfTá�e�cb̀bmpr�̂_Yfbkaoá�IFC5cb_\̀YdT[�
NTdT̂fYdab]�bebUYaabefpr�fdTaêd\cj\\ g c_re-a\fYVoá�IFC-

V\dgebV�sV_sYfes�̂bX\dbVTa\Y�e\afY[T�bXab]�X_\aab]�\IFC��T�g�[FC-
V\dgebV�3̀ abW\á��ab�Ub_YY�̂bdbf̂\á�
*<,9=7JB4J.FT�qfb̀�qfTcY�cdb\eábX\f�e\afY[�V\dgeabWb�UY_̂T��KdTae�

_sj\s�aTk\aTYfes�e�g[aTVTa\s�̂_Yfbkaò \�d\Ubeb̀T̀\�V\dgeaoá�\IFC��
HYdŶ_rkYa\Y�aT�\[U\dTfY_pagr�fdTae_sj\r�V\dgeaoá�\IFC�kTefb�eVs�
[Tab�e�V\dgeaò �̀YáTa\[̀b̀�cbXTV_Ya\s�fdTae_sj\\�\IFC�̂_Yfb̂-áb[sYV.
<�cdbjYeeY�fdTae_sj\\�g�V\dgebV��̂bX\dgrm\á�e\afY[�bXab]�X_\aab]�

\IFC��e\afY[\dgYfes�W\WTafê\]�cb_\cYcf\X-cdYXlYefVYaa\̂��Vcbe_YXef�
V\\�aTdY[Trm\]es�aT�aYêb_p̂b�dT[_\kaoá�UY_̂bV��T�g�V\dgebV��̂bX\dgr�
m\á�̂bdbf̂\Y�\IFC��3ebbfVYfefVgrmYY�\̀�k\e_b�cb_abefpr�eb[dYVl\á�
UY_̂bV��GUdT[grm\Yes�V\dgeaoY�UY_̂\�kTefb�cbXVYdWTrfes�cbeffdTae_s-
j\baaò �̀ bX\h\̂Tj\s̀��aTcd\̀Yd�W_\̂b_\[\dbVTa\r��Tj\_\dbVTa\r��
Ỳf\_\dbVTa\r��hbehbd\_\dbVTa\r�
(1;746,B4J[FC-ebXYdZTm\á�V\dgebV��\_\�̂bc\dbVTa\Y�\á�WYab̀T��

cdYXefTV_YaabWb�_\aY]ab]�XVgájYcbkYkab]efdĝfgdb]��eábXaT�e�dYc_\�
T̂j\Y]�[FC�̂_Yfb̂�\�begmYefV_sYfes�\á�[FC-cb_\̀YdT[T̀\��[dgW\̀\�
e_bVT̀\��e\afY[�Wb̀b_bW\kaoá�aĝ_Y\abVoá�̂\e_bf�cdb\eábX\f�aT�bUY\á�
dTec_YfYaaoá�jYcsá��V�dY[g_pfTfY�kYWb�̂TZXo]�VabVp�bUdT[grm\]es�V\d\�
ba�cb_gkTYf�[FC��ebefbsmgr�\[�efTdb]�jYc\�\�YY�abVb]�̂bc\\��J_YXgYf��
cdTVXT��cbXkYd̂agfp��kfb�dTêdgk\VTa\r�̂b_pjYVoá�XVgájYcbkYkaoá�[FC�
cdYXlYefVgYf�dT[dY[Ta\Y�bXab]�\[�YY�a\fY]��T�dYc_\̂Tj\s�bXaba\fkTfoá�
[FC-ebXYdZTm\á�cTdVbV\dgebV�cdb\eábX\f�cbe_Y�e\afY[T�Vfbdb]�jYc\�
[FC�\�bUdT[bVTa\s�cdb̀YZgfbkaoá�XVgájYcbkYkaoá�YWb�hbd̀�
IYc_\̂Tj\s�V\dgeaoá�IFC�fbZY�cdb\eábX\f�aY�aT�dbX\fY_pê\á��T�aT�

cdb̀YZgfbkaoá�̂b̀c_ỲYafTdaoá�a\fsá��f��Y��bUdT[bVTa\r�abVoá�WYab̀�
aoáa\fY]cdYXlYefVgYf�e\afY[�\á�XVb]a\̂bV��Hd\�qfb̀�e\afY[�fYá�\�Xdg�
W\á�a\fY]�IFC��fT̂�ZY�̂T̂�\IFC��begmYefV_srf�V\dgebecYj\h\kYê\Y�
IFC-cb_\̀YdT[o��
L�V\dgebV��WYab̀�̂bfbdoácdYXefTV_Ya�XVgájYcbkYkab]�[FC��̀YáT�

a\[̀�YY�dYc_\̂Tj\\�bUYecYk\VTYfes�[FC-[TV\e\̀b]�[FC-cb_\̀YdT[b]��
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GebUò �eVb]efVb̀�bU_TXTYf�WYab̀aTs�IFCdYfdbV\dgebV��\̀Yrm\á�V�
eVbỲ�ebefTVY�D7F6HCIT��F;8;FG6ARCIT��HF6CG@F>EH6=I, >A> /,*-
=68>G>BIT�(,*-EDA>B;F6=I��J�cb̀bmpr�qfbWb�ga\̂T_pabWb�V\dgebecYj\�
h\kYêbWb�hYd̀YafT�aT�YY�̀Tfd\kab]�beabVY�cbe_YXbVTfY_pab�e\afY[\dg�
rfes�VaTkT_Y�bXaT�a\fp�[FC��[TfỲ�\�XdgWTs��̂bfbdoY��[T̀ âgVl\ep�V�
b̂_pjb��\afYWd\dgrf�e�̂_Yfbkaò �WYab̀b̀��cbe_Y�kYWb�e�gkTef\Ỳ�
IFC5cb_\̀YdT[o�̂_Yfb̂�cdb\eábX\f�cYdYc\eoVTa\Y�\ahbd̀Tj\\�aT�IFC��
Hbêb_p̂g�e\afY[\dbVTaaTs�fT̂\̀�b̂b_paò �cgfỲ�\IFC�aY�cdbefb�̂b̀�
c_ỲYafTdaT�WYab̀ab]��̂T̂�g�̀\age-a\fYVoá�V\dgebV��T�cb_abefpr�Wb̀b�
_bW\kaT�Y]��fb�dYfdbV\dgeo�e�cb_aò �cdTVb̀�bfabesf�̂�Nc_re-a\fYVò 2�
J\afY[\dbVTaao]�UY_b̂��̂bfbdo]�\ecb_p[gYfes�X_s�efdb\fY_pefVT�̂Tc�

e\XT��\�dT[̀abZYaaTs�Vb�̀abW\á�̂bc\sá�V\dgeaTs�[FC�bUnYX\asrfes�\�
hbd̀\dgrf�abVoY��NXbkYda\Y2�V\d\bao��Jhbd̀\dbVTaabY�V\dgeabY�cb�
fb̀efVb�cb̂\XTYf�\ecb_p[bVTaagr�̂_Yf̂g�\�[TdTZTYf�abVoY��j\̂_�dYcdb�
Xĝj\\�V\dgeT�cbVfbdsYfes��
L�aŶbfbdoá�[FC-ebXYdZTm\á�V\dgebV�eT̀�j\̂_�dYcdbXĝj\\�V�̂_Yf�

Ŷ�aY�eVs[Ta�e�aỲYX_Yaab]�dYc_\̂Tj\Y]�V\dgeab]�[FC��V̀Yefb�qfbWb�V\�
dgeaTs�[FC�VefdT\VTYfes��\afYWd\dgYfes �V�[FC�̂_Yf̂\-áb[s\aT��FT�qfb]�
efTX\\�V\dge�̂T̂�YX\abY�efdĝfgdabY�bUdT[bVTa\Y�\ekY[TYf��YWb�WYab̀�efT�
abV\fes�kTefpr�WYaYf\kYêbWb�TccTdTfT�̂_Yf̂\�\�XTZY�dYc_\j\dgYfes�V�eb�
efTVY�̂_Yfbkab]�[FC�Vb�VdỲs�XY_Ya\s�̂_Yf̂\��GXaT̂b�Vcbe_YXefV\\��\ab�
WXT�kYdY[�̀abWb�_Yf��V\dge�̀bZYf�cbsV\fpes�VabVp�3[TcgêTYfes�̀YáTa\[̀�e\a�
fY[TV\dgeaoá�UY_̂bV��̂bfbdoY��bUnYX\assep�e�V\dgeab]�[FC��hbd̀\dgrf�ab�
VoY�V\d\bao��

!BCDBEM�8?O�E4@B>BAFDB?O
1 CT̂\Y�f\co�V\dgeaoá�WYab̀bVegmYefVgrf�
2 CT̂\Y�efdĝfgdaoY�bebUYaabef\�\̀Yrf�IFC\�[FC�V\dgeabWb�cdb\eábZ�

XYa\s�
3 CT̂bVT�efdĝfgdab-hgâj\baT_paTs�bdWTa\[Tj\s�V\dgeabWb�WYab̀T�
4 Pfb�bcdYXY_sYf�̂bX\dgrmgrecbebUabefp�V\dgeabWb�WYab̀T?
5 CT̂\Y�f\co�V\dgeaoá�̀gfTafbVdT[_\kTrf�
6 Pfb�ebUb]�cdYXefTV_srf�[B-kTef\jo?
7 CT̂\Y�WYaYf\kYê\Y�V[T\̀bXY]efV\segmYefVgrf�̀YZXg�V\dgeT̀\?
8 CT̂\Y�aYWYaYf\kYê\YV[T\̀bXY]efV\segmYefVgrf�̀YZXg�V\dgeT̀\�
9 FT[bV\fY�qfTco�dYc_\̂Tj\\�[FC�\�IFC�V\dgebV�
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'45BD4FBDAB9;4AOF<94
*D74A<;4J<O�79AB@B6�6<DGEB6<6MD4:9A<O�6<DGEAB7B�

79AB@4�CD<�D9CDB8G>J<<�6<DGEB6

3;AR�=6CUH>U�\[gk\fp�bebUYaabef\�bdWTa\[Tj\\�V\dgeaoá�WYab̀bV�\�
bUm\Y�cd\aj\co�VodTZYa\s�WYab̀bV�cd\�dYcdbXĝj\\�V\dgebV.
+6H;F>6AQ: XỲbaefdTj\baaoY�fTU_\jo��d\egâ\ �eb�eáỲT̀\�cdb�

jYeeT�dYcdbXĝj\\�V\dgebV�e�dT[aò \�f\cT̀\�WYab̀bV������
!,0,941��: cdbVYX\fYTaT_\[�bebUYaabefY]�efdbYa\s�V\dgeabWb�WYab̀T
NbX�dTUbfo
<�cdbfb̂b_Y�[Tasf\s:
1 ebefTVpfY�WdThb_bW\kYêgr�eáỲg�NK\co�V\dgeaoá�WYab̀bV2;
2 aT[bV\fY�\�\[bUdT[\fY�V�V\XY�d\egâbV�dT[abbUdT[\Y�hbd̀�efdĝfg�

do�[FC-\�IFC-WYab̀bV;
3 XT]fY�c\ep̀YaaoY�bfVYfo�aT�Vbcdbeo�[TXTa\s�
�
4 ebefTVpfY�bUmgr�eáỲg�hgâj\baT_pab]�bdWTa\[Tj\\�V\dgeaoá�WY�

ab̀bV�
!,0,941�2: cdbVYX\fY�TaT_\[�̀YáTa\[̀bV�bUdT[bVTa\s�dYcdbXĝf\Vaoá�

f\cb-VTd\TafbV�V\dgebV.
NbX�dTUbfo�
<�cdbfb̂b_Y�[Tasf\s:
1 ebefTVpfY�WdThb_bW\kYêgr�eáỲg�NIYcdbXĝf\VaoY�f\cb-VTd\Tafo�

V\dgebV2;
2 ebefTVpfY�fTU_\jg NEYáTa\[̀o bUdT[bVTa\s�dYcdbXĝf\Vaoá

f\cb-VTd\TafbV�V\dgebV2:

K\cb-VTd\Taf�V\dgeT�
EYáTa\[̀��cd\k\aT �cbsV_Ya\s

f\cb-VTd\TafT

!,0,941�3��\[gk\fY�bUm\Y�cd\aj\co�VodTZYa\s�WYab̀T�cd\�dYcdbXĝ�
j\\�V\dgebV�
NbX�dTUbfo�
1 ITeèbfd\fY�d\egâ\�aT�fTU_\jTá��\[bUdTZTrm\Y�qfTco�dYcdbXĝj\\�

V\dgebVe�dT[_\kaò \�f\cT̀\�WYab̀bV�GUdTf\fY�Va\̀Ta\Y�aT�bebUYaabef\�
dYT_\[Tj\\�WYaYf\kYêb]�\ahbd̀Tj\\�g�V\dgebV�e�dT[aò \�WYab̀T̀\�

2 <�cdbfb̂b_Tá�[Tasf\]�cbX�ebbfVYfefVgrm\̀\�d\egâT̀\�XT]fY�aT[VT�
a\s�qfTcT̀�dYcdbXĝj\\�V\dgebV�e�dT[aò \�f\cT̀\�WYab̀bV�

3 JbefTVpfY�\�\[bUdT[\fY�V�cdbfb̂b_Y�[Tasf\s�eáỲo�dYcdbXĝj\\�V\�
dgebV�V�[TV\e\̀bef\�bf�f\cT�WYab̀T�
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.9@4�4 !;4<@B89=EF6<9�6<DGEB6�E�>?9F>B=�:IB;O<AB@

4.1Mbd̀o�V[T\̀bXY]efV\s�V\dgebV�e�̂_Yf̂b]
4.2 Mbd̀o�cdbXĝf\Vabef\�\ahŶj\\

���JfTX\\�dYc_\̂Tj\\�V\dgebV
4.10BD@M�6;4<@B89=EF6<O�6<DGEB6�E�>?9F>B=
/;EFD:I@L>;?��_Tf��production, cdb\[VbXefVb �V\dgebV�aT[oVTrf�cdb�

jYee�dT[̀abZYa\s�V\dgeaoá�kTef\j�V�kgVefV\fY_paoá�̂�a\̀�̂_Yf̂Tá��IY�
cdbXgj\dgrfes�V�a\á�aY�VeY�V\dgeo��T�fb_p̂b�V\dg_YafaoY��bU_TXTrm\Y�
Voeb̂b]�efYcYapr�cTfbWYaabef\��L�\afYWdTj\baaoáV\dgebV�ecbebUabefp�
�̂dYcdbXĝj\\�Vb[a\̂TYf�cbe_Y�\ê_rkYa\s��bfmYc_Ya\s �\á�WYab̀T�bf�
WYab̀T�̂_Yfb̂�
<\dgeo�aY�ecbebUao�̂�eT̀befbsfY_pab̀g�dT[̀abZYa\r��J\afY[V\�

dgeaoá�UY_̂bV�\�Vbecdb\[VYXYa\Y�̂bc\]�V\dgeabWb�WYab̀T�bUYecYk\VTrf�
U\be\afYf\kYê\Y�cdbjYeeo�̂_Yf̂\-áb[s\aT��[_s�V\dgebV�áTdT̂fYdYa�
:>=PTC@H>8CQ?�dT[bUmtaao] �H>E�F;EFD:I@L>>, begmYefV_sỲo]�cd\�
V[T\̀bXY]efV\\�V\dgeT�e�\ah\j\dgỲb]�̂_Yf̂b]�3UY_̂bVoY�̀T̂db̀b_Y�
ĝ_o�\�aĝ_Y\abVoY�̂\e_bfo�bUdT[grfes�bfXY_pab��cbe_Y�kYWb�cdb\eáb�
X\f�eUbd̂T�XbkYda\á�cbcg_sj\]��IYT_\[Tj\s�dYcdbXĝf\VabWb�j\̂_T�V�
egmYefVYaab]�efYcYa\�[TV\e\f�bf�f\cT�\ah\j\dbVTa\s�̂_Yf̂\�\�áTdT̂fYdT�
V[T\̀bXY]efV\s�V\dgeT�e�kgVefV\fY_pab]��̀bWgmY]�Uofp�\ah\j\dbVTa�
ab] �̂_Yf̂b]�
B[VYefao�e_YXgrm\Y�f\co�V[T\̀bXY]efV\]�NV\dge- _̂Yf̂T2��cdbXĝ�

f\Vao]��bUdT[gYfes�XbkYdass�cbcg_sj\s ��\afYWdTf\Vao]��V\dbWYa\s ��
TUbdf\Vao]��XbkYdass�cbcg_sj\s�aY�bUdT[gYfes �\�\afYdhYdYaj\s�V\dg�
ebV��\ah\j\dbVTa\Y�kgVefV\fY_pab]�̂_Yf̂\�dT[aò \�V\dgeT̀\ �
'<:0?6>4.9:1�.3,48:015=>.41NV\dge3̂ _Yf̂T2�kTmY�abe\f�A>H>M;�

G@>?�K6F6@H;F, fb�Yefp�[T̂Tak\VTYfes�W\UY_pr�\�_\[\eb̀�\ah\j\dbVTaab]�
_̂Yf̂\��kfb�cdb\eábX\f�cbe_Y�cb_ab]�eUbd̂\�XbkYdaY]�cbcg_sj\\��=\UY_p�
_̂Yf̂\�Vo[oVTrf�e_YXgrm\Y�hT̂fbdo��dTaaYY�cbXTV_Ya\Y�e\afY[T�̂_Y�
fbkaoá�UY_̂bV��aT̂bc_Ya\Y�fb̂e\kYê\á�\�cbVdYZXTrm\á�̂_Yf̂g�V\dge�
aoá�̂b̀cbaYafbV��cbVdYZXYa\Y�_\[beb̀�\�VoeVbUbZXYa\Y�\á�hYd̀YafbV�
V�j\fbc_T[̀g�
"9>1/<,>4.9:1�.3,48:015=>.41, \_\�.4<:/194J, aY�cd\VbX\f�̂�W\UY�

_\�̂_Yf̂\��Fĝ_Y\abVTs�̂\e_bfT�V\dgeT�VefdT\VTYfes�V�WYab̀�̂_Yf̂\-
áb[s\aT�\�V�cbe_YXgrmỲ�hgâj\ba\dgYf�̂T̂�YWb�ebefTVaTs�kTefp��FT\Ub�
_YY�sd̂\Y�cd\̀Ydo�cbXbUabWb�V[T\̀bXY]efV\s�3_\[bWYa\s�UT̂fYd\]�\�V\�
dgeaTs�fdTaehbd̀Tj\s�̂_Yfb̂.
�-:<>4.9:1�.3,48:015=>.41aY�cd\VbX\f�̂�cbsV_Ya\r�XbkYdaY]�cb�

cg_sj\\�\�cdb\eábX\f�cd\�V[T\̀bXY]efV\\�V\dgeT�e�cb̂bsmY]es�̂_Yf̂b]�
�efTX\s�̂_YfbkabWb�j\̂_T�Go �_\Ub�cd\�\ah\j\dbVTa\\�̂_Yf̂\�V\dgeb̀�e�
\[̀Yataaò \��XYhŶfaò \ �eVb]efVT̀\��J_YXgYf�dT[_\kTfp�:;J;@HCQ;�
8>FIGQ�>�:;J;@HCQ;�8>F>DCQ��HYdVoY�egmYefVgrf�̂T̂�eT̀befbsfY_paoY�
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V\Xo�\�hgâj\baT_pab�aYcb_abjYaao��fT̂�̂T̂�X_s�\á�dYc_\̂Tj\\�aYbUáb�
X\̀�NV\dge-cb̀bma\̂2��aTcd\̀Yd��X_s�dYc_\̂Tj\\�TXYabTeebj\\dbVTa�
abWb�V\dgeT�aYbUábX\̀b�cd\egfefV\Y�TXYabV\dgebV ��<fbdoY�ebefTV_srf�
XYhŶfagr�Wdgccg��hbd̀\dgrmgres�cd\�bUdT[bVTa\\�Ub_pl\á�XbkYda\á�
cbcg_sj\]��aTcd\̀Yd��̀bWgf�bUdT[bVoVTfpes�cgefoY�̂Tce\Xo�_\Ub�UY[�
bUb_bkYkaoY�aĝ_Yb̂Tce\Xo ��GebUTs�hbd̀T�XYhŶfaoá�V\d\babV�3EG;8�
:D8>F>DCQ, V̂_rk\Vl\Y�V�̂Tce\X�aĝ_Y\abVgr�̂\e_bfg�̂_Yf̂\-áb[s\aT�
"9>1<@1<19B4J�.4<?=:.cdb\eábX\f�cd\�\ah\j\dbVTa\\�̂_Yf̂\�XVg�
s̀�V\dgeT̀\��IT[_\kTrf�Wb̀b_bW\kagr��cd\�\ah\j\dbVTa\\�̂_Yf̂\�dbX�
efVYaaò \�V\dgeT̀\ �\�WYfYdb_bW\kagr��Ye_\�\afYdhYd\dgrf�aYdbXef�
VYaaoY�V\Xo �\afYdhYdYaj\r��Rfb�sV_Ya\Y�Vb[a\̂TYf�aY�cd\�Veŝb]�̂b̀�
U\aTj\\�Vb[UgX\fY_Y]��\abWXT�XVT�dT[aoá�V\dgeT�̀bWgf�dYcdbXgj\dbVTfp�
es�bXabVdỲYaab��aTcd\̀Yd��V\dgeo�̂bd\�\�cb_\b̀\Y_\fT ��BafYdhYdYa�
j\s�dYT_\[gYfes�_\Ub�[T�ektf�\aXĝj\\�bXa\̀�V\dgeb̀�̂_Yfbkaoá�\aW\U\�
fbdbV��aTcd\̀Yd��BMF ��cbXTV_srm\á�dYcdbXĝj\rXdgWbWb��_\Ub�[T�ektf�
cbVdYZXYa\s�dYjYcfbdabWb�TccTdTfT�\_\�̀YfTUb_\[̀T�̂_Yf̂\�cYdVò �V\�
dgeb̀��kfb�\ê_rkTYf�Vb[̀bZabefp�dYcdbXĝj\\�VfbdbWb�

4.20BD@M�CDB8G>F<6ABEF<�<AH9>J<<
Hb�áTdT̂fYdg�V[T\̀bXY]efV\s�WYab̀T�V\dgeT�e�WYab̀b̀�̂_Yf̂\�VoXY�

_srf�68HDCDBCD;�WYab̀�V\dgeT�aY�\afYWd\dbVTa�V�WYab̀�̂_Yf̂\ �\�>CH;�
9F6L>DCCD;�WYab̀�V\dgeT�\afYWd\dbVTa�V�WYab̀�̂_Yf̂\ �>CJ>L>FD86C>;. 
GebUgr�hbd̀g�ebefTV_srf�_TfYafabY�\�cYde\ef\dgrmYY�\ah\j\dbVTa\Y�
$,>19>9:1�49@4B4<:.,941. [FC�aŶbfbdoá�V\dgebV��WYdcYeV\dgeo��

dYfdbV\dgeo �̀bZYf�aTábX\fpes�V�̂_Yf̂Y�VaY�ádb̀beb̀��_\Ub�V\dgeaTs�
[FC�\afYWd\dgYfes�V�sXYdao]�WYab̀��ab�V\dgeecYj\h\kYê\Y�e\afY[o�aY�
cdb\eábXsf��KT̂Ts�V\dgeaTs�[FC�bUdT[gYf�_TfYafao]�EFD8>FIG, dYc_\j\�
dgrm\]es�V̀YefY�e�ádb̀beb̀b]��HbXbUaoY�ebefbsa\s�V\dgeab][FC�aY�
efTU\_pao��Vb[̀bZao�cYd\bX\kYê\Y�dYT̂f\VTj\\�e�cYdYábXb̀�V�cdbXĝ�
f\VabY�V[T\̀bXY]efV\Y�NV\dge3̂ _Yf̂T2��_\Ub�̂_Yf̂T�fdTaehbd̀\dgYfes��
XTVTs�aTkT_b�[_b̂TkYefVYaab̀g�dbefg�
'1<=4=>4<?IE11�49@4B4<:.,941. FŶbfbdoY�IFC-V\dgeo�̀bWgf�Vo�

[oVTfp�cYde\ef\dgrm\Y�\ahŶj\\��Hd\�qfb̀�cdb\eábX\f�cbefYcYaabY�
VoXY_Ya\Y�V\dgeaoá�kTef\j��ab�\ah\j\dbVTaaTs�̂_Yf̂T�aY�_\[\dgYfes��
FYdYX̂b�XbkYda\Y�cbcg_sj\\�V\d\babV�XYhŶfao��BabWXT�fT̂\Y�ádba\kY�
ê\Y�cbdTZYa\s�g�kY_bVŶT�cdbfŶTrf�UY[�̂_\a\kYê\á�cdbsV_Ya\]��<�kT�
efabef\�V\dge�WYcTf\fT�<�ecbebUYa�Vo[oVTfp�cYde\ef\dgrmYY�cbdTZYa\Y�
WYcTfbj\fbV�e�dT[V\f\Ỳ�ádba\kYêbWb�WYcTf\fT�

4.3-F48<<�D9C?<>4J<<�6<DGEB6
<�j\̂_Y�dYcdbXĝj\\�V\dgebV�dT[_\kTrf�kYfodY�efTX\\��
 �ED:9D�

HD8>H;ARCIT��\_\�\a\j\T_pagr��V̂_rkTrmgr�hT[o�TXebdUj\\�V\dgeT�
aT�̂_Yf̂Y��cdba\̂abVYa\s \�dT[XYVTa\s V�̂_Yf̂Y�2) GD7GH8;CCD�
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F;EFD:I@H>8CITefTX\r�bUdT[bVTa\s�efdĝfgdaoá�UY_̂bV�\�V\d\baaoá�
aĝ_Y\abVoá�̂\e_bf��� �G7DF@I�8>F>DCD8; 4) =6@ATM>H;ARCIT��ebcdbVbZ�
XTrmgres�VoábXb̀�[dY_oá�V\dgeaoá�kTef\j�\[�̂_Yf̂\�d\egab̂�30).
�0=:<-B4J. HYdVTs�efTX\s�dYcdbXĝf\VabWb�j\̂_T�4 TXebdUj\s�V\�

d\baT�aT�cbVYdáabef\�\ah\j\dgỲb]�̂_Yf̂\��$:GDF7L>U�EFD>GKD:>H�EI�
HVB�8=6>BD:;?GH8>U�8>F>DC6�GD�GE;L>J>M;G@>B>�@A;HDMCQB>�F;L;EHD�
F6B>��Hbasf\Y�Nfdbc\[̀�V\dgebV2�bUnseasYfes�ecYj\h\kYê\̀�V[T\̀b�
XY]efV\Ỳ�V\dgeaoá�UY_̂bV�e�cbVYdáabefaò \�dYjYcfbdT̀\�\ah\j\dgY-
b̀]�̂_Yf̂\��
HdbjYee�TXebdUj\\�cdbfŶTYf�V�XVY�hT[o��hT[T�\baabWb�cd\fsZYa\s�

bUge_bV_YaT�aYecYj\h\kYê\̀�V[T\̀bXY]efV\Ỳ��hT[T�cd\̂dYc_Ya\s�cdb�
\eábX\f�U_TWbXTds�efdĝfgdab]�Wb̀b_bW\\�_\Ub�̂ b̀c_ỲYafTdabef\�
V[T\̀bXY]efVgrm\á�̀b_Ŷg_�

I\egab̂ 303GeabVaoY�qfTco�dYcdbXĝj\\�V\dgebV

Cb_\kYefVb�\ahŶj\baaoá�V\dgeaoá�kTef\j��TXebdU\dbVTaaoá�aT�
_̂Yf̂Y��bcdYXY_sYf�fYd̀\a�ǸabZYefVYaabefp�[TdTZYa\s2��\ah\j\dbVT�
a\s , fb�Yefp�aT�̂_Yf̂Y�̀bZYf�ebdU\dbVTfpes�Ub_plbY�̂b_\kYefVb�V\d\b�
abV��GXaT̂b�>CJ>L>FD86CC6U�8>FIGDB�@A;H@6�D7QMCD�HDA;F6CHC6�@�ED�
8HDFCDBI�=6F6<;C>T�9DBDAD9>MCQB�8>FIGDB�
'<:9469:.1941�4��<,301.,941�. N=b_oY2�V\dgeo�cdba\̂Trf�V�̂_Yf̂g�

cgft̀�SC:DL>HD=6(8>FDE;@G>G?V\dge���WdYk��pexis, cd\̂dYc_Ya\Y# �3cb�
WdgZYa\s�gkTef̂T�̂_Yfbkab]�̀ỲUdTao�V�̀YefY�\á�TXebdUj\\��NGXYfoY2�
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V\dgeo�cdba\̂Trf�V�̂_Yf̂g�cgft̀�e_\sa\s�egcYd̂Tce\XT�e�̂_Yfbkab]�̀Ỳ�
UdTab]�cd\�gkTef\\�ecYj\h\kYê\á�F-UY_̂bV�UY_̂bV�e_\sa\s ��Hd\�cdb�
a\̂abVYa\\�NWb_oá2�V\dgebV�V�̂_Yf̂g�bUdT[grfes�VT̂gb_\��qaXbeb̀o ��Hb�
e_Y�cdba\̂abVYa\s�NbXYfoá2�V\dgebV�V�j\fbc_T[̀g�cdb\eábX\f�kTef\kaTs�
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C>;��EbX\h\j\dbVTaaoY�kTef\jo�fYdsrf�\ahŶj\baaoY�eVb]efVT�
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�-J��\ê_rkTs�V\dge�Wd\ccT ��KYaYVTs�hT�
[T�[T̂Tak\VTYfes�cbe_Y�bUdT[bVTa\s�ebefTVaoá�̂b̀cbaYafbV�V\dgeT��aYbU�
ábX\̀oá�X_s�eUbd̂\�XbkYda\á�cbcg_sj\]�
)-:<6,�L�cdbefb�gefdbYaaoá�V\dgebV��ebefbsm\á�\[�aĝ_Y\abVb]�̂\�
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f\Vab]�\ahŶj\\�
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