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������<�����#�	���!�=>KIJD�j_f���'#�=%��	����_f��'#D���-����-�����-�1-�%���eAOCAG@�
��!-�+�1����ykJsUp�yABCM�kLMA]� J]CPG>?G@� s?AOMQ� ULL]�'E�����*��IWyop� IA@CLGA]�
W?G@?O�mLO�yCL@?MQGL]LPR�oGmLO>A@CLG�=Q@@Nphhq]AB@aGMqCaG]>aGCQaPLeD���	����

<̀C><E=��jjXB�>���
Query  1     TCAGCATCGTAACACCAGAAGATAT  25 
             ||||||||||||||||||||||||| 
Sbjct  1580  TCAGCATCGTAACACCAGAAGATAT  1604 

�
<̀C><E=��jjXB�>���

Query  1     GGCATATCGCTTACGTTCTACTCTA  25 
             ||||||||||||||||||||||||| 
Sbjct  1631  GGCATATCGCTTACGTTCTACTCTA  1655 

�
<̀C><E=��jjXB�>�S�

Query  1    GAATACAGATGAACCTCCAATGGTA  25 
            ||||||||||||||||||||||||| 
Sbjct  276  GAATACAGATGAACCTCCAATGGTA  300 

�
<̀C><E=��jjXB�>���

Query  1     TCAGCATCGTAACACCAGAAGATAT  25 
             ||||||||||||||||||||||||| 
Sbjct  1475  TCAGCATCGTAACACCAGAAGATAT  1499 
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<̀C><E=��jjXB�>���
Query  1     GGCATATCGCTTACGTTCTACTCTA  25 
             ||||||||||||||||||||||||| 
Sbjct  1526  GGCATATCGCTTACGTTCTACTCTA  1550 

�
<̀C><E=��jjXB�>�S�

Query  1    GAATACAGATGAACCTCCAATGGTA  25 
            ||||||||||||||||||||||||| 
Sbjct  276  GAATACAGATGAACCTCCAATGGTA  300 
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�
J]NCGCX�}aX�}]AB?Oa� sa� saX�r?GLX��aX� [QA>X�kaX� [LtC]AX� [a� vaX� WA]CPCVOCX� JaX�k?sAP?X�}aX�

kAKVBBLX� Ia� ~a� =�bbcD� �?@?OLP?G?C@R� Lm� @Q?� NOL]Cm?OA@Ce?� MANAMC@R� Lm� OA@�
MQL]AGPCLMR@?B�Am@?O�qC]?�tVM@�]CPA@CLGa����k�lIL'>&RX��g!X�}̀ d`�``fa�

WQV?GBV>OAGX� raX� sA?]??X� [aX� [VGRAOC@X� [aX� YLGPZQA>X� saX� [ACOL\ZV]X� WaX� WQAVCGX� saX�
[?@>C@OX� sa� =S_��D� rqC�VC@CG�BN?MCmCM� NOL@?AB?� �j� ?�NO?BBCLG� ABBLMCA@?t� uC@Q�
CG@OAQ?NA@CM� MQL]AGPCLMAOMCGL>A� M?]]�tCmm?O?G@CA@CLG���'><E�l<K�k�h<EKDC�lCDem�
��X�``f�``ba�

WQV?GBV>OAGX�raX�YLGPZQA>X�saX�[ACOL\ZV]X�WaX�WQAVCGX�saX�[?@>C@OX�sa�=S__̀D�[OLPGLB@CM�
eA]V?� Lm� HIJ� A]@?OA@CLGB� LG� MQOL>LBL>?� �`N�iaS� mLO� CG@OAQ?NA@CM�
MQL]AGPCLMAOMCGL>Aa�n&CR̂�k�o<'=C&DE=DC&Rm��Sm�Sbcd�Sbb�a�

~CO?X�JaX��VX�saX�nLG@PL>?ORX�na�waX�wLB@ABX�sa�JaX�HOCe?OX�sa��aX�n?]]LX�Wa�Wa�=�bbcD�[L@?G@�
AGt� BN?MCmCM�P?G?@CM�CG@?Om?O?GM?�qR�tLVq]?�B@OAGt?t�KIJ�CG� WA?GLOQAqtC@CB�
?]?PAGBa�B<=_CDm�Sp�m�c_d�c��a�

~CO?X� Ja� �a� =S__̀D� }?G?� BC]?GMCGP�qR�tLVq]?�B@OAGt?t�KIJ� =ILq?]�k?M@VO?Da��EFDH�
hID��aE=�q̂�qEFRm�!cX�dbdd�dbcja�

~VOVqLX�saX��AOAtAX�waX�sQC>LGCBQCX�UaX�wA@ARAGAPCX�waX� UBVCX�YaX�IAZAGV>AX��a� =�bbbD�
[OL@?CG� ?�NO?BBCLG� AGt� P?G?@CM� A]@?OA@CLGB� Lm� Nfi� AGt� OAB� CG� CG@OAQ?NA@CM�
MQL]AGPCLMAOMCGL>Aa�r>'=&�<=I&R&FLm�S�X�Si_�Sj_a�

�AOAtAX�waX� U?OAtAX� UaX�IAZAGV>AX��a� =�bbdD�H?@?M@CLG�Lm� @OAGBmLO>CGP�POLu@Q�mAM@LO�
A]NQA� NOL@?CG� AGt� >?BB?GP?O� KIJ� CG� Q?NA@LqC]CAOR� tCB?AB?B� qR�
C>>VGLQCB@LMQ?>CMA]�AGt�CG�BC@V�QRqOCtC|A@CLG�@?MQGC�V?Ba�r_��l<=I&Rm��gm�`c`�
`bSa�

oG@?OGA@CLGA]� JP?GMR� mLO� K?B?AOMQ� LG� WAGM?Oa� =�bbjD� oGm?M@CLG� uC@Q� ]Ce?O� m]VZ?B�
=��������	���
 ��������X� ��������	���
 H�1����� AGt�<1���	���
 ������Da�a�Xh�
s&E&FC�qe<R�h<CK>E&F�X>'M'�r_�m�c�m��S���`fa��

oBQCuA@AX� saX� wA@ARA>AX� �aX� sQCGtLX� �aX� T|AuAX� �aX� o@LQX� waX� nC|VPAZCX� na� =S__�D�
oGMO?AB?t� ?�NO?BBCLG� Lm� �V?VLBCG?� BRG@Q?BC|CGP� ?G|R>?X� @KIJ�PVAGCG?�
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@OAGBP]RMLBR]AB?X� AGt��V?VLBCG?�]?e?]B�CG� @KIJ�Lm�]?VZ?>CM� M?]]Ba�k�t>&KID�m�
��pX��i��`a�

k?eCX�saX�rOqAGL�oBNC|VAX�JaX�}C]]X�KaX�UQL>ABX�Ha�naX�}C]q?O@BLGX��aX�~LB@?OX�WaX�nAOBQA]]X�
Wa� �a� =�bb�D� nV]@CN]?� w�OAB� MLtLG� �S� >V@A@CLGB� CG� MQL]AGPCLMAOMCGL>AB�
t?>LGB@OA@?t� uC@Q� A� B?GBC@Ce?� NL]R>?OAB?� MQACG� O?AM@CLG� @?MQGC�V?a�h<EKDC�
XD'm���X�ijb`�if_Sa�

kC>NACqLLGX�UaX�wOCBBAtAOAZX�waX�sOCNAX�yaX��?AOAGACZLLGX�[aX�yQVQCBAuABtCX�vaX�WQAV�CGX�
saX� KL>NQOVZX� JaX� [ACOL\ZV]X� Wa� =S__SD� nCMOLBA@?]]C@?� A]@?OA@CLGB� CG� ]Ce?O� m]VZ?�
O?]A@?t� MQL]AGPCLMAOMCGL>A� AO?� ABBLMCA@?t�uC@Q�NLLO�NOLPGLBCBa�h<EKDC�%D==m�
�"�m�S�f�SSSa�

kCVX�HaX�nL>LCX��aX�kCX�kaX�oBQCZAuAX��aX�~VZV>L@LX�na� =S__SD�nCMOLBA@?]]C@?�CGB@AqC]C@R�CG�
@QLOL@OAB@�CGtVM?t�QV>AG�CG@OAQ?NA@CM� MQL]AGPCLMAOMCGL>Aa�aE=�k�h<EKDCm��u�X�
idd�i`�a�

kCeAZX�wa� �aX� sMQ>C@@P?GX� Ua�Ha� =S__�D�JGA]RBCB�Lm�O?]A@Ce?�P?G?�?�NO?BBCLG�tA@A�VBCGP�
O?A]�@C>?��VAG@C@A@Ce?� [WK� AGt� @Q?� S=�H?]@A�H?]@A� W=UDD� n?@QLta�sD=I&̂'m���X�
j_S�j_ca�

n?]]LX�Wa�Wa�=S__̀D�K?@VOG�@L�@Q?�KIJC�uLO]tp�O?@QCGZCGP�P?G?�?�NO?BBCLG�AGt�?eL]V@CLG�
=ILq?]�k?M@VO?Dap��EFDH�hID��aE=�q̂�qEFRm�!cm�dbcf�dbbja��

IANL]CX� WaX� k?>C?V�X� WaX� �LOP?GB?GX� Ka� =�bb_D� oG@OLtVM@CLG�Lm� A� WQC>?OCM� WQA]MLG?�
sRG@QAB?� }?G?� CG@L� [?@VGCA� K?BV]@B� CG� K?e?OBCq]?� WL�sVNNO?BBCLG� Lm�
�L>L]LPLVB�}?G?B�CG�@OAGBa�lR<E=�hDRRm��X�S`b�Scba�

TQABQCX�waX�IAZA\C>AX��aX�wAG?QCOLX��aX�UBV@BV>CX�naX�UAZCX��aX�JL>A@BVX��aX��LBQC>VOAX�
JaX� wLX� saX� wCGX� UaX� �APVOAX� wa� =�bbfD� wC�OAB� >V@A@CLGB� AGt� Nfi� NOL@?CG�
?�NO?BBCLGB� CG� CG@OAQ?NA@CM� MQL]AGPCLMAOMCGL>ABp� O?]A@CLG� @L� POLBB� @V>LO�
>LONQL]LPRa�o<'=C&DE=DC&R&FLm��upm��d�S��d�`a�

TQABQCX�waX�UBV@BV>CX�naX�IAZA\C>AX��aX�ILPVMQCX�TaX�TZC@AX�saX�wC@AtAX��aX�UBV\CVMQCX�UaX�
wLqARABQCX��aX�IAZAGLX��aX�wLGCBQCX��a�=�bbjD��CPQ�OA@?B�Lm�wC�OAB�NLCG@�>V@A@CLG�
CG�qL@Q�CG@OA��AGt�?�@OA�Q?NA@CM�MQL]AGPCLMAOMCGL>ABa�k�E�k�hR>E�bEK&Rm��!m�i_f�
i�_a�
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[ABMQ?OX�JaX��LGABX�saX�I?VQAVBX�[a�=S__iD�oG@OAQ?NA@CM�MQL]AGPCLMAOMCGL>Ap�CGtCMA@CLG�
mLO�@OAGBN]AG@A@CLGa�k�rD�<=&v>R><CL�l<EKCD<=�Y_CFm��uX�ScS�Sc`a�

[?@>C@OX� saX� [CG]ALOX� saX� UQLVBVGPGL?GX� JaX� wAOA]AZX� JaX� nCPAB?GAX� [a� =�bbcD� w�OAB�
LGMLP?G?� AGt�Nfi�P?G?�>V@A@CLGB�CG�MQL]AGPCLMAOMCGL>A�mOL>�UQAC�NA@C?G@Ba�
Y&_=ID<'=��'><E�k�ZC&��sD̂�l_vR>K�rD<R=Im��pX�`��`fa�

KAtA?eAX�saX�~?OO?COA�}LG|A]?|X�JaX�sCOCMAX�Ja��a�=�bbbD�Te?O?�NO?BBCLG�Lm�W�I�r�AGt�W�
n�U�tVOCGP�OA@�]Ce?O� MQL]AGPCLMAOMCGLP?G?BCBp�J�]CGZ�q?@u??G�qC]CAOR�CG@?B@CGA]�
>?@AN]ABCA� AGt�>VMCG�NOLtVMCGP� MQL]AGPCLMAOMCGL>Aa�rD�<=&R&FLm� �pX� �jfi�
�jdSa�

sQCG\CX�saX�IAC@LX��aX�oBQCuA@AX�saX�oBQCuA@AX�UaX�UAGAZAX�IaX�~VOVZAuAX�waX�sV|VZCX��aX�s?RAX�
UaX� nA@BVtAX� JaX� wA@BV@AX� naX� UA\COCX� Ua� =S__dD� rqC�VC@CG�BN?MCmCM� NOL@?AB?� �j�
?�NO?BBCLG� CG� ML]LO?M@A]� MAGM?O� CB� ABBLMCA@?t� uC@Q� ]Ce?O� AGt� ]R>NQ� GLt?�
>?@AB@AB?Ba�bEK&R�XD�m���X�fib�fjia�

sCOCMAX�Ja��aX�kACX�}a��aX��GtLX�waX��QAGPX��aX��LLGX�ya�oa�=S__SD�WRM]LL�RP?GAB?�S�AGt�
�Kyy�S�CG�MQL]AGPCLMAOMCGL>Ap�NL@?G@CA]� @Q?OAN?V@CM� @AOP?@Ba�YD�>E�%>eDC�A>'m�
��m�i_i�i�ia�

sOCA>NLOGX�saX�[CBAGCX�[aX�[CNC@PLL]X�vaX�sVuAGOVGPOVAGPX�waX�wA>BA�AOtX�saX�[AOZCGX�Ha�na�
=S__jD� [O?eA]?GM?� Lm� ��������	���
 ��������� CGm?M@CLG� AGt� CGMCt?GM?� Lm�
MQL]AGPCLMAOMCGL>A�CG�wQLG�wA?GX�ILO@Q?AB@�UQAC]AGta�ZC&��sD̂�aE=�rD<R=Im�pX�
fcc�fbja�

sOCNAX� yaX� wA?uZ?BX� sa� =S___D� K?]A@CLGBQCN� q?@u??G� NAOABC@?�BN?MCmCM� AG@CqLtR�
O?BNLGB?B�AGt�CG@?GBC@R�Lm�TNCB@QLOMQCB�eCe?OOCGC�CGm?M@CLG�CG�QA>B@?OBa�l<C<'>=D�
a��_E&Rm���X��ib��jfa�

sOCNAX�yaX�k?VGPuA@@AGAuAGC@X�saX�IC@@AX�UaX�YLGPZQA>X�WaX�yQVtQCBAuABtCX�vaX�[VANACOL\X�
JaX� sOCNAX� WaX� nCuAX� na� =S__fD� �B@Aq]CBQ>?G@� AGt� MQAOAM@?OC|A@CLG� Lm� AG�
LNCB@QLOMQCABCB�ABBLMCA@?t� MQL]AGPCLMAOMCGL>A� M?]]� ]CG?� =wwr��__Da� n&CR̂� k�
o<'=C&DE=DC&Rm���X�iibS�iib`a�

UAtAX� naX� T>A@AX� naX� TQ@LX� na� =�bbSD� �CPQ� CGMCt?GM?� Lm� OAB� P?G?� >V@A@CLG� CG�
CG@OAQ?NA@CM�MQL]AGPCLMAOMCGL>Aa�h<EKDCm�cpm����f����ca�
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U?OAtAX� UaX� JBQCtAX�waX� �GtLX�waX� �LOC?X� saX�nA?@AX��aX�nA@BVGAPAX��aX� UAZABQC>AX�waX�
TQ@AX�UaX�wC@A>VOAX��a�=�bbcD�M�?Oqy�S�NOL@?CG�CB�?�NO?BB?t�CG�Q?NA@L]C@QCABCB�AGt�
MQL]AGPCLMAOMCGL>Aa�r>'=&�<=I&R&FLm�SSm�iSf�ii�a�

UQA>AeC@X� YaX� yQA>AOANOAeA@CX� IaX� sAQANQLGPX� saX� vA\OAB@QCOAX� saX� JGPBVqQAZLOGX� sa�
=�b`cD� �mm?M@B� Lm� tC>?@QR]GC@OLBA>CG?� LG� CGtVM@CLG� Lm� MQL]AGPCLMAOMCGL>A� CG�
TNCB@QLOMQCB�eCe?OOCGC�CGm?M@?t�sROCAG�PL]t?G�QA>B@?OBa�h<EKDC�XD'm�S"X� jdij�
jdiba��

UBVtAX��aX�sA@AOVPX�saX�yQVtQCBAuABtCX�vaX�wCQAGAX�UaX�sVPC>VOAX�UaX��COLQABQCX�sa�=�bbSD�
WQL]AGPCLMAOMCGL>AB�CG��ANAG?B?�AGt�UQAC�NA@C?G@Bp�tCmm?O?GM?�CG�?@CL]LPR�AGt�
CGMCt?GM?�Lm�NLCG@�>V@A@CLG�Lm� @Q?� M�wC�OAB�NOL@L�LGMLP?G?a�s&R�h<CK>E&Fm�cm�
Sdd�Sdba�

r@@AOAeCMQC?GX� UaX� yVttQCBAuABtCX� va� =�bb_D� ��N?OC?GM?� Lm� GLG�\AVGtCM?t�
MQL]AGPCLMAOMCGL>Aa�rD�<=&F<'=C&DE=DC&R&FLm�Sgm�d_c�d��a�

vA@AGABAN@X�vaX�nAO@CGX�IaX� sOCN]VGPX��aX�WQCGtAeC\AZX�waX� sLG@CNLGPX�saX� sOCA>NLOGX��aX�
[AOZCGX�Ha�naX�~?O]ARX��a�=�bbfD�WAGM?O�CGMCt?GM?�CG�UQAC]AGtX��bcc��bb�a�h<EKDC�
q�>̂D�>&R�t>&�<CMDC'�lCDem�!X�j`f�jcia�

vA@AGABAN@X� vaX� sOCNAX� yaX� sC@QC@QAuLOGX� [aX� nACOCAGPX� �a� =�bbbD� kCe?O�m]VZ?B� AGB� ]Ce?O�
MAGM?Oa�oGp�I?u@LG�y?OA]� vX�Y?CBB�KJX� ?tC@LOBa�aEJDK=>&E'�<Ê�I_�<E�K<EKDCa�
yAGPZLZa�i�i�ijia�

YVX��aX��AC@X�Ya�IaX��AGPX��a�na� =S__iD�s>A]]�CG@?Om?OCGP�KIJ�CGtVM?t�BVNNO?BBCLG�Lm�
nHK�� =[�P]RMLNOL@?CGD� O?B@LO?B� B?GBC@CeC@R� @L�>V]@CtOVP�O?BCB@AG@� MAGM?O� M?]]Ba�
h<EKDC�XD'm�cSm��f�f��f�ba�

�VZC?]X� KaX� ILuAZX� saX� YRB|ZLX� �aX� KL]]?X� waX� }AuOLGBZAX� oaX� yAOMCB|?uBZAX� na� �aX�
yAOMCB|?uBZCX��a�=S__dD�sVNNO?BBCLG�Lm�QV>AG�qOACG�@V>LO�uC@Q�CG@?Om?O?GM?�KIJ�
BN?MCmCM�mLO�@?GABMCG�Wa�h<EKDC�t>&R�ZIDCm��X��__S��__̀a�
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hI_DE'_�C<E�wX�YLGPZQA>�sX�[ACOL\ZV]�WX�WQAVCG�sX�[?@>C@O�sa�[OLPGLB@CM�eA]V?�Lm�
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