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a b

u u’ v v’ w w’

p p

d(u, u’)>K d(v, v’)<K d(w, w’)>K

¿�[_`ag<p{S*� � ��eØÈ<[\R3eL],p{g<Z�^b��� � R?[_hkR3esd�c|O�d|eLZQvQS#R p{S#z:Sfesd�h
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> 2p

j=0,1,...,K+1j j
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¿>[_`agQpkS"T�� ��esÈ�[\R3eb],� � R?[_hkR3eLd{c|O�`a]_^blweb]_]�j � vQS��wZQS#v�pkS#z:S�d{[\d�[\^aZ

�$ 	 %��- �$ 	<¬�' %²  * 2 	 5 	<¬�' 2?&w Qg<ZQ]_S�h{h�d�OQSY��OQ^b]_S��'^ap{v �©c#^bZFd�eb[_Z<h�]_S#hkh�d�OwebZ��
R�[\h{R�eLd�c|OQS�h�°Þd�^�h{[_R?zQ]\[\�Þj�d{OQS3z<p{S#hkS#Z�d|esd�[_^bZ$ >�'S�eb]���efjMh�S�È<c�]_gQv<S�d�O<[_h"]¶eLdkd�S#p"cfeLh{S
�¡p{^aR c#^aZQhk[_vQS�p�eLd{[_^aZw´��
¿>[_`agQpkS���[\]_]\gQhkd{p�eLd{S#hmd�O<S�v<S��wZQ[�d�[\^aZ�^b��°¡R3esÈ�[\R3eb]¶´"pkgQZ ^L�Y� � R?[_hkR3esd�c|O¥d|eLZ �

vQS#R p{S�z5S#eLd�h�  ebZ<v±¿�[_`bgQp{S�T d�Owesd�^b��°7R�esÈ�[_R�eb]¶´m� � R?[_h{R�eLd{c|Oµ`a]\^alweb]\]\j � vQS��wZQS�v
p{S#z:S�d{[\d{[_^aZQh��
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K−mismatch globally−defined repetitions

run of K−mismatch tandem repeats
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¸ Z `aS#Z<S#p�eL]Ô  Sfebc|O±� �ÛR�[\h{R�eLd�c|O `b]_^alweL]_]\j �ÛvQS��wZ<S#v�p{S�z5S�d�[\d{[_^aZ [\h?e hkgQl�� ^apkv·^b�
e�pkgQZ ^b��� � R?[_h{R�eLd{c|O¢d�ebZQvQS�R p{S�z5S#eLd�h��4§YZ d�OQS?^bd{OQS#p"OwebZQv, �e�p{gQZ ^b� d�ebZQvQS�R
p{S#z:Sfesd�h�[\Z¥e��'^apkv¥[_h�d�OQS�gQZQ[\^aZ¥^b��eL]_] `a]\^alweb]\]\j � vQS��wZQS�v pkS#z:S�d�[�d�[\^aZQh"[\dUc#^aZ�d|eL[_ZQh��
» S�h{efj d{OQS#Z d�OQeLd�d{OQS�ZQ^bd{[_^aZ ^b��p{gQZ ^L�u� � R?[_h{R�eLd{c|O d|eLZQvQS#R�p{S�z5S#eLd�hK�Ã�����
���� 
d�OweLd�^L�8� �ÛR�[\h{R�eLd�c|O�`a]\^alweb]\]\j � v<S��wZQS�v�p{S�z5S�d�[\d{[_^aZ °¡h{S�SU¿>[_`agQpkS���´��
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��� � � � � ÂD�<
���� 	���¶2��º�º'� �F���	� �E"�� �q¶�
�µ��%�' 
��
���(
	¹��
����	�
� ��������
��� 1�q¶����
�E���/���
(*������
����! 
��
�µ��%�' 
��
���(
	 ��º'���*
�º�º ��µb�	�����)��� �������
�����������! �  
	�� �F� �
�
º'� � ��� ���| 
���������! 

Ý%Ý Ë�¿!À�ÁÃÂ
Ä



��� �n����
����%��º �!
�����¾%
������D�*���	��������"_(
	��
����¾


�ºe� ���)��� �F��� 	4�)	��
�����|(*(
"	�
���
�)(*�* �#
������� ! ����� ! ! ��� ! ! ! � ! !�! ! ! ! ! ! � ! !�! ��� ! ! ����� ! �������
������� ! ����� !
����� ! ����� ! ! ��� ! !

��� ! ! ��� ! ! ! � ! !�!
� ! ! ! � ! !�! ! ! ! ! !

! !�! ! ! ! ! ! � ! !�! �
! ! ! � ! !�! ��� ! ! ���

!�! ��� ! ! ����� ! �����
! ����� ! �������

�
�B�' ��
� 
��º �  |�*�
�¹�)	!
��<�)	�� �E"	� (�
�� �
�������
�Ã
��q���C
����K� 	��
����¶2���*� � 		�' 7����¾��* �
��)���)	��
�
�Ã�g
��B��º'� �q¶ 
4¶�
��%��º � �q¶C�E"��! (*������
��������	� 
 ºe���)��
�� ��"�� �
�
� �q¶4��º'���*
�º�º ��µb�	�����)���
�*�����
�����������! �#

¸ Z�`aS�ZQS#p{eb]Ô <d{OQSY�¡^a]_]\^���[_ZQ`m^blQh{S�pk�LeLd�[\^aZ�OQ^a]\vQh#�
� Â � � � �<
���� �
���$ !�#�§ %��
�&
C�E"	�-�q¶�� µ��%�' 
��
��q(
	 ���
���	�
�¬�*������
��� 4�q¶����
�E���/�
' 
����Cº'�
��� �
� � 	��N��"�� �
�
�4�q¶&�%�' 
��
���(
	��* ��� * % �- �$ +*8¬ '0%
��! 2 *657*>¬ ' 2 §
� ��®/"���¾�
�º'�
����º �!��� - 1�¦ �� "!����»§,� ' %,57�$ '�¬ !����»§&%¶¯ �$# � 	��
� � (*������
����! ��2�H� ¬ !
��º'���*
�º�º ��µb�	�����)���p�*�����
�����������! �#

� ^bd�S8d{OweLd�l:^bd�O�vQS��wZQ[�d�[_^bZQh$cfeLZ"l:Sqc#pk[\d�[\c#[\³#S#v�ebh$�¡^ap$d�O<S#[_p,p{S#]\S��LebZQc�S d�^�zQp{ebc�d{[_cfeL]
h{[\d{gweLd{[_^aZQh��8t Z�^al��M[_^bgQh�zQp{^bz5S�pkd j�^b�>p{g<ZQh# 0ebh�hkOQ^���Z�[\Z �8È<ebR?zQ]\S�T��ç�< Q[_h�d{OweLd�d{OQS
p{S#z:Sfesd�S#v�zweLdkd�S#pkZ�c#ebZ�c|OwebZ<`aSUc�^aR?zQ]_S�d�S#]�j�eb]\^aZQ`*d�OQSUp{gQZ�p{S�`�ebp{v<]_S#hkhud{OQS��beL]_gQS�^b�
�¥��¿w^ap�S�È<ebR?zQ]\Sb _±g±g±V±g°E±V±g°E°)±g°E°)°E°E°�[_h�e?p{gQZ�^b��! � R?[_h{R�eLd{c|O�d|ebZQv<S#R p{S�z5S#eLd�hu^b�
z5S�p{[_^Mv �� Qeb]�d�OQ^ag<`aO ���Û]_S�d{d�S�p'zQeLd{d{S#p{Z<h[±g±	±?ebZQv&°
°E°uOwef�aSYZQ^bd{OQ[_Z<`�[_Z3c#^aR?R�^bZ$�F§�Z
d�OQSU^bd�OQS�pyOQebZQv$ :`a]_^blweb]_]�j � vQS��wZQS#v�p{S�z5S�d�[�d�[_^bZQh�zQg<dYe?`a]_^blweb]i]_[\R�[�d�^aZ�d�OQS"ZFgQRml:S#p
^b�iR?[_h{R�eLd{c|OQS#h ebZQv�d�OQS�p{S��¡^bp{S R�efj�ZQ^bd'cfebz�d�gQpkS h{^bR�Sup{S�z5S�d�[\d{[_^aZ<hqd{OweLd'^aZQSu� ^ag<]_v
z5^ahkh{[\lQ]\jµ]_['´LS�d�^.c#^aZQhk[_vQS�p�eLh�hkgQc|O$ �[_ZHzwebp�d�[\c#gQ]_ebp�p{S�z5S�d�[�d�[_^bZQh�^b�ml<[_`�S�È�z:^aZQS#Z�d
��OQS#pkS�d{OQS�d�^Ld|eb]�ZMg<Rml5S�p ^b�:R�[\h{R�eLd�c|O<S#h8c#ebZ�S�È�c#S�S#v�� ��OQ[\]_S'd{OQS�p{S�]¶eLd{[\�aS'ZFgQRml:S#p
^b�"R�[\h{R�eLd�c|OQS�h�p{S�R3eL[_ZQh�]\^���� ªu^Ø�'S��bS#p�  d�OQS�h{S�d �'^.h�d�pkgQc�d{gQp{S�h�eLp{S�^b�"zQpk[_R�ebpkj
[_R?z5^ap�d|ebZ<c#S"ebh d{OQS�j�zQp{^��M[_v<S�p{S�h{z:S#c�d�[\�bS#]�j�d{OQS��'S#S/´LS#h�d�eLZQv�hkd{p{^aZ<`aS#h�dYZQ^bd{[_^aZQhu^b�
p{S#z:S�d{[\d{[_^aZQh$��[�d�OU� R?[_h{R�eLd{c|OQS#h� bebZ<vUd�O<S#p{S��¡^ap{S WéS�RmlQp{ebc#S X eb]_]bzQp�ebc�d�[\cfeb]\]\j�pkS#]\S��LebZ�d
p{S#z:S�d{[\d{[_^aZQh��s¸ Z���OweLd �¡^a]_]\^Ø��h � SYz<p{^az:^ah{S S�«?c#[\S#Z�d�eb]\`a^ap{[�d�OQR?hqd�^��wZ<v�l:^bd{O3d�OQ^bh{S
d j�z:S#hu^b�>p{S�z5S�d�[\d{[_^aZ<h#�
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¸ Z¥d�OQ[\h�h{S�c�d{[_^aZ¥�'S�vQS�h{c#pk[_l:S�OQ^�� d�^��wZ<v$  [_Z e�`a[\�bS#Z¥�'^ap{v �U  eb]_] R�esÈ�[_R�eb]q� �
R�[\h{R�eLd�c|O�`a]\^alweb]\]\j � vQS��wZQS�v�p{S#z:S�d{[\d{[_^aZQh�^Mc#c�gQp{pk[_ZQ`?[_Z � °²� [_h�e�`b[\�aS�Z�c�^aZQh�d|ebZ�d�´��
§Yg<p eb]_`b^ap{[�d�OQR¹S�ÈMd�S#Z<vQh# F^aZmd{OQS�^aZQS OwebZQv$ ad{OQS�^aZ<S �¡^ap8S�ÈQeLc�d R�esÈ�[_R�eb]Fp{S�z5S�d�[\d{[_^aZ<h
¸���eL[ ¤a½M !¥�¥�½a½aeØ¾iebZQv�^bZ�d�OQS�^Ld�OQS�p�OwebZQv, <`aS�ZQS#p{eb]_[\³#S#h'd�OQS�^bZQS�^b� ¸»º%¼<½a�L¾ °7h{S�S�eb]_hk^
¸ÎWYgQh�½�¦s¾Þ´il�j�g<h{[_Z<`�eyhkz5S�c#[_eb]M�7eLc�d�^bp{[_³#eLd�[\^aZ�^b�Qd{OQS'�'^ap{vUd�^ hkz5S�S#v �ÛgQzmd�O<S�eb]\`a^ap{[�d�OQR��
N%^�zQpk^�c�S#S#v, ,� S*Z<S#S#v¢R?^ap{SUvQS��QZQ[\d{[_^aZQh�� � ^aZQhk[_vQS�pYe�`a]\^alweb]\]\j � vQS��wZQS�v�p{S�z5S�d�[!�

d�[_^bZ ��- �� *)��� & %>^L�8z:S#p{[\^�v$'�[_Z�e��'^ap{v8�$ !�#M§&%²���� *)��� *5¬ ' �4! %%[_h�cfeb]\]_S�v�d{OQS�º'��¶E�
�*�|����^b�V��ebZQv �$ &�� '�¬/!$��� & % [\d{h%�
� ��		�n���|���7�2��[\h�h�eb[\v�d�^ (*������
�����d{OQS*c|Owebp{ebc�d{S#p
�$ 	 %>[�� * 2 	 2�&w ,ebZQv�[\h h�eL[_v�d{^1�q��"�(
	 �$ 	 %�[ �,��c�^aZ�d|eb[\ZQh �$ 	 %Ô :^apyc#^aZ�d|eL[_ZQh�^bZQS
^b��c|OQebp�ebc�d�S�p{h �$ 	 � ! %²  �$ 	Q¬ ! %²�

» S?ebh{hkgQR?S��'S��<È�S#v¥e�R?[_ZQ[\R3eL]%l:^agQZ<v '����¡^ap�d{OQS�z:S#pk[_^Mv�^b�'p{S#z:S�d{[\d{[_^aZQh��'S
ebp{Su]_^M^�´F[_ZQ`Y�¡^ap��8¿w^apqS�È<ebR?zQ]\Sb  '�� c#ebZ3l:Sud�e�´bS�Z3d�^Ul5Sy� ¬ ! Owef�M[_Z<`U[\Z�R?[_ZQv�d�OQeLd
[\� e�z:S#p{[\^�v ' 2 � [\hYeb]_]\^�� S�v$ $e�d|eLZQvQS#R p{S�z5S#eLdY^b� ]_S�ZQ`bd{O �9'���[\d{O�ZQ^�c#^aR?R?^aZ
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¸ Z�d{OQ[_h*hkS#c�d�[_^bZ��'S�vQ[_hkc#pk[_l:S�ebZ.eb]_`a^bp{[\d{OQR �¡^ap��wZ<vQ[_ZQ` eb]\] pkgQZQh�^b� � � R?[_h{R�eLd{c|O
d|ebZQv<S#R pkS#z:SfeLd{hu[\Z�e*�'^apkv$�
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�º#�¡^ap1�$ 	�� %�ebZQv 'i��N�OQS h{gQlQpkgQZQh8�¡^ag<ZQv*eLd%d�OQ[\h
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Owef�aS l:S#S�Z�ebc�d�gweL]_]\jU�¡^agQZQv���[\d{OQ[_Z�d�O<[_hq[_Z�d�S�pk�Leb]² Febp{S�hkd{^ap{S�v3[\Z3e�vQ^agQl<]_S �Û]_[\Z¯´bS�v?]\[_h�d
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h{[\d{gweLd{[_^aZ.OQS#pkS�[\h3vQ[ �,S�p{S#Z�d�[_Z c#^aR?zwebpk[_h{^bZ d�^ `a]_^blweb]_]�j � vQS��wZQS#v.p{S�z5S�d�[�d�[_^bZQh ���'S
R3efj�Owef�bS"d{^�W c#g<du^ag<dOX"e�c|Oweb[_Z�^b��h{gQl<p{gQZQhyl5S�]_^aZ<`a[_ZQ`md{^?d{OQSY�7ebc�d{^ap�c#^az�j��¡pk^aR e
]_^aZQ`bS#p8]\[_hkd8ebZQv*d�O<S#Z�d�^"W �<d)X [\d [\ZFd{^Yd�OQS�`�eLz*l5S�d � S�S#Z�d �'^"S�È�zQ]_^bp{S#v�[\ZFd{S#p��beL]_h#�>N�OQS
Wéc#g�d{d�[\ZQ`?^ag<d)XYR3efj�S�ZFd�eb[_]�hkzQ]_[�d{d�[\ZQ`*h{g<lQp{gQZ<h ��OQ[_c|O�h{zweLZ�^��aS#p�d�O<S�l:^ap{vQS�p{hu^b��d{OQS
�7ebc�d{^ap�c#^az�jb 5eLZQv WÛ�Qd{d{[_ZQ`*[\Z�d�^ X R3efj�S�Z�d|eb[\]$R�S�p{`a[\ZQ`md�O<^ah{S"h{gQl<p{gQZQh���[\d{O�h{gQlQpkgQZQh
�¡p{^aR d�O<S�ZQS#[\`aOFl5^apk[_ZQ`�S�È�zQ]\^ap{S�v [_Z�d�S�pk�Leb]_h�� � S#]\^�� � S�hÃ´bS�d{c|O.d{OQS�eb]\`a^ap{[�d�OQR �¡^ap
d�OQSmd{OQ[_pkv�hkd�eb`aSb $��O<[_c|O¢c#^az:S#h���[�d�O�d{OQS#hkS?v<[ «?c#gQ]�d�[\S#h#��ty]_`a^apk[\d{OQR ��`a[\�bS#Z�l:S#]_^��
zQp{^��M[_vQS�hue�v<S�d|eL[_]_S�v�vQS#hkc#p{[\z<d�[\^aZ�^b�%d�OQSYd�O<[_p{v�h�d|eb`aSL�

�ygQp{[\ZQ`md�OQS�c�^aR�z<g<d|eLd{[_^aZ3^b��d�OQS�ºiS#R?z:S#] � 	,[\�*�7ebc�d�^apk[_³#eLd�[\^aZ$ F�¡^ap�SfeLc|O�ºiS�R�z:S#]!�
	,[\���7ebc�d�^ap ���:- �	±3� SUc|OQ^M^ah{SUe�c�^az�j�^L� ��^Mc#c�gQp{pk[_ZQ`?Sfebpk]_[\S#p�ebZQv�z5^b[_Z�d��¡p{^aR d{OQS
S#ZQv z5^ahk[\d{[_^aZ�^b�'d�OQ[\hYc#^az�j¢d�^�d{OQS�O<Sfebv c|Owebp�eLc�d�S�p7±�^b� ���Û��¸ÛdUR�efj�Owebz<z5S�Z d�OQeLd
^aZQS*z:^ah{[�d�[_^bZ�OwebhYd�^�OQe��bS�h{S��bS#p{eb]qz5^a[\Z�d�S#pkh# i[\Z���OQ[_c|O cfebhkS*� S�^apk`�ebZQ[\³#S�d{OQS#R [\Z
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� ±	² � * � '����0§ ¦"'0¯u��[_]\]�l:S?R�eb[\ZFd�eb[_Z<S#v�d{^�l:Smd�O<S?]_ebhkd�c#^aZQhk[_vQS�p{S�v pkgQZ¢^b� z:S#pk[_^Mv
' � � ���b±9��� *²§�� ���:§ �F¦ * ¯���[\]_]wl:S R�eb[_Z�d|eL[_ZQS�v�d{^�l:Syd{OQS ]\[_hkdq^L�ip{gQZ<h hkd�ebpkd{[_ZQ`�eLd *��
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	 Æ � Sfebc|O�z5^bh{[\d{[_^aZ * �  "!����»§&% Ç Æ
� � 	 Æ � S#ebc|O�pkgQZ � ���b± � � *Ô§�� � �0§ �F¦�* ¯ Ç Æ
Ä�� ]\S�d '�l:S�d{OQS�z5S�p{[\^�v�^b�-�
À�� ±g² � * � '����:§8¦"':¯ # - �
��� � 	 �m[_h�Z<^bd�d�OQS�]_ebhkd�[\Z�[�d�h�]\[_hkd � � Â �
Â�� ]_S�d *R@:l:S�d{OQSY�wp{h�duz5^ahk[\d{[_^aZ�^b�%d�O<S"Z<S�ÈMdup{gQZ�[_Z�d�O<S"]\[_h�d
FG� ebvQv�d�O<S"Z<S�ÈMdup{gQZ�d�^ ���b±9��� *²§�� � �0§ �M¦�*R@ ¯
1�� 	 Æ � S#ebc|O��7eLc�d�^bp�c#^az�j�S#Z<vQ[_ZQ`?eLd�z:^ahk[\d�[\^aZ�* Ç Æ
2�� ]\S�d �� &���� *,%%l5S�d{OQ[_h�c�^az�j�ebZQv ���·d{OQS�c#^apkp{S�h{z:^aZQvQ[\ZQ`*�7ebc�d{^ap
Á���� 	 Æ � Sfebc|O�z5S�p{[\^�v�'82 ¦�& � *5¬ !Ø¯ & � Ç Æ
Á
Á�� � 	 ±g² � * � '����:§8¦"':¯�c�^aZ�d|eb[\ZQh�d|ebZ<vQS#R pkS#z:SfeLd{hy[\ZQh{[\vQS �� &���� * % � � Â �
Á � � ]\[_Z¯´ �LR?S#pk`aS�d{OQ[_h�h{g<lQp{gQZ�^b�<d�ebZQvQS�R©p{S#z:Sfesd�h�d�^ �s��[�d�OYd�O<S �wpkhkd>h{gQl<p{gQZ

^L�>d{OQS�S�È�zQ]_^bp{S#v�[_Z�d{S#pk�Leb]$ebh{hk^�c�[¶eLd{S#v���[\d{O�d{OQS�OQSfeLv�h�j�R�l5^a]i^L�6���
ÁÃÄ�� ²���� � 'f§ �4���0§�# -�d{OQS�zQp{S�vQS#c�S#hkh{^apy^b�s±g² � * � '����:§8¦"':¯�[\Z�[\d�h�]\[_h�d
ÁbÀ�� Å � ��� Â ² ��� �$'f§ �4� �0§�c�^aZ�d|eb[\ZQh�d|ebZQv<S#R pkS#z:SfeLd{hu[\ZQh{[\vQS �$ &���� * % Ç Æ
Á ��� ]_[\Z¯´Bd{OQS�h{gQlQpkgQZ ^b��d�OQ^bh{S�d|ebZQv<S#R p{S�z5S#eLd�h¢d�^ d�OQS.zQpkS��M[_^ag<h{]\j

c#^bzQ[_S�v�hkgQlQp{g<Z�[\Z ���
ÁÃÂ�� ]\[_Z¯´ �LR?S#pk`aSYd�OQS�]¶ebh�d�zQpk^�c�S#h{hkS#v¢h{g<lQp{gQZ�d{^ �s��[�d�O�d{OQS�]_ebhkd h{gQlQpkgQZ�^b�

d{OQS�S�È�zQ]\^ap{S�v�[\Z�d�S#p��Leb]�ebh{hk^�c�[¶eLd{S#v���[\d{O�d�OQS�OQS#ebv�h�jMRml5^b]i^b�6��� � 6
Á FG� Â �²� Â
Á�1�� ]\[_Z¯´�d{OQS*]¶eLhkd�hkgQlQpkgQZ¢^b�qd�OQSmS�È�zQ]_^apkS#v�[\ZFd{S#p��beL]8ebhkh{^Mc#[¶esd�S#v���[�d�O�d{OQS

O<Sfebv*h�j�R�l5^a]�^b� ��� � 6%��[\d�OUd�OQS��wpkhkd hkgQlQpkgQZ�^b�0d�OQS�S�È�zQ]_^apkS#v*[\ZFd{S#p��beL]
eLh{h{^Mc#[_eLd�S�v���[\d�O�d{OQS�OQSfebv�hkjMRml:^a]i^b� ���

Á�2�� � 	 ±	² � * � '����0§ ¦"'0¯%[_h>d�OQS�]_ebhkd�h{gQl<p{gQZ�^b�wd{OQS�S�È�zQ]\^ap{S�v�[_Z�d�S�pk�Leb]�ebh{hk^�c�[¶eLd{S#v
��[\d{O�d�OQS�OQS#ebv�h�jMRml5^b]i^b�6��� � 6 � � Â �

� ��� ]\S�d * @ l:S�d�O<S��Qp{hkduz:^ah{[�d�[\^aZ�^b�%d�OQS�ZQS�È�dyp{g<Z�[\Z�d�OQS�]_[\hkd
� Á�� eLvQv�d�OQS�ZQS�È�dyp{g<Z¥°¡[\�>ebZ�j<´�d{^ � �b±9� � *Ô§�� ���0§ �F¦ * @ ¯
��� � c#]\^ah{S g<z"d{OQSq`�ebz�c#^apkp{S�h{z:^aZQvQ[\ZQ`�d�^ ����l�jYR?S#pk`a[_Z<`�[_Z�d�S�pk�Leb]_h$ebh{hk^�c�[¶eLd{S#v
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e�]_[\hkd#�n» SUd{p�ef�aS�p{hkS$� �¡pk^aR ]_S��Þdud�^�p{[\`aO�d�ebZ<v�R3eL[_Z�d|eb[\Z��¡^apyd{OQS�c�gQp{pkS#Z�dYz:^ah{[�d�[_^bZ
d�OQS�]¶eLhkd p{gQZ<h�°¡^b�$eL]_]Qz:^ah{hk[_lQ]\S�z5S�p{[_^MvQh�´>��OQ[_c|O�hkd|eLpkd l5S��¡^ap{S�d{OQ[_hqc|Owebp{ebc�d{S#p�� N>^�d�OQ[\h
zQgQp{z:^ahkSb ��'S�eb]\h{^�R�eb[\ZFd�eb[_Z�d{OQS��¡^a]\]_^���[_Z<`�[\Z��beLp{[¶eLZFd �meLd"d�O<S�R�^bR�S�ZFd��'S�ebpkp{[\�bS
eLd�e z5^ahk[\d{[_^aZ$ '� S1´FZQ^�� d�O<S�]_[\hkd�^b��eb]\]uhkgQlQpkgQZQh���OQ[\c|O±hkd|eLpkd�esd3d�O<[_h3z:^ahk[\d�[\^aZ$�
N�OQ[_hu[_Z<�¡^bp{R�eLd�[\^aZ�[_h�c�^a]_]\S#c�d{S#v�ebc#c�^ap{vQ[\ZQ`�d�^�d�OQS��¡^a]_]\^���[_ZQ`*`aS�ZQS#p{eb]�p{gQ]\S � �¡^ap�Sfebc|O
h{gQlQpkgQZ�h�d|ebp�d�[\ZQ`3esdud{OQS"c#gQpkp{S#Z�d z5^ahk[\d{[_^aZ$ �� SUebh{hk[_`aZ�d�O<SUh�d|ebp�d�[_Z<`�z:^ah{[�d�[\^aZ�^b��d{OQS
ZQS�ÈMd�hkgQlQpkgQZ·[_Z�d�O<S�]_[\hkd�°¡[_ZQh�d�p{g<c�d�[\^aZQh3T �b¦�[_Z.t ]\`a^apk[\d�O<R��F´�� §���c#^agQpkh{SL �d�OQS�p{S
R3efj�l:S�Z<^�ZQS�ÈMdmh{g<lQp{gQZ [\� d�OQS?c#g<p{p{S�Z�dmh{g<lQp{gQZ [_hYd�OQS�]_ebhkd"^aZQS?[_Z¢d�O<S�S�È<z<]_^apkS#v
[_Z�d�S�pk�Leb]Ô� ¸ Z�d�OQ[\h c#ebh{SL <d�OQS hkd|eLpkd�[\ZQ`mz:^ah{[�d�[\^aZ�^L�id�OQS�hkgQlQpkgQZ��¡^a]_]\^Ø��[\ZQ`�d�OQS�c�gQp{pkS#Z�d
h{gQlQpkgQZ ��[\]_]8l:S�h{S�dmeLd�d{OQS�R?^aR?S#Z�dY�'S?�w]\]8d�OQS�`�eLz eL�Þd{S#pYd�O<[_h�S�È�zQ]\^ap{S�v [\ZFd{S#p��beL]
°7[_Z<hkd�pkgQc�d{[_^aZ<hY��½���TM�Ø´��

» O<S#Z�� S ebpkp{[\�bS eLd$d{OQSqS#ZQv�z:^ah{[�d�[\^aZ�^b��e�c#^az�j ^b�Qe�ºiS�R�z:S#]!�
	,[\���7ebc�d�^ap� f� SqZQS�S#v
d�^"c#^az�j�[_Z�d{^"d{OQSu�7eLc�d�^bp'eL]_]Qd�O<SuhkgQlQpkgQZQh ��OQ[\c|O�d{OQ[_hqc#^bzFj�c�^aZ�d|eb[\ZQh#��N�OQS#pkS��¡^apkSb ��'S
h{cfeLZ �*
	(
� �P
��Ã�� �d{OQS hkgQlQp{g<ZQh c�^aZ�d|eb[\ZQS#v�[_Z�d{OQSuc#^az�j�ebZQv�c#^az�j�d�OQS�R d�^Ud{OQS��7ebc�d{^ap
°7[_Z<hkd�pkgQc�d{[_^aZ<h��a� �|�|¤�´�� � ^az�j�[\ZQ` d{OQS�h{g<lQp{gQZ<h�c#]\^ah{S�h�gQzµd �'^ S�È�zQ]\^ap{S�v·[_Z�d�S�pk�Leb]\h
[_Z�d�^�^aZ<S�[\Z�d�S#p��Leb]Ô  ebZQv�]\[_Z¯´Fhmd�^b`aS�d{OQS#p*d �'^ ]\[_hkd{hm^b�yh{gQl<p{gQZQh� �z:^ah{hk[_lQ]�j¥[_Z<h{S#p�d�[\ZQ`
e ZQS�� ]_[_h�d?^b�Yp{g<ZQh3[\Z l:S�d �'S#S�Z$� � ^az�jM[_Z<`¥h{gQl<p{gQZQh3[_Z�d�OQS�lwebc*´���eLp{v±vQ[\p{S#c�d�[\^aZ
[_h�[_R?z:^apkd�ebZ�d��¡^ap�d�O<S c�^ap{pkS#c�d�[_^bZH^L�Ud{OQS eL]_`a^apk[\d{OQR �µd{OQ[_h�`agQebp�ebZ�d{S#S#h�d{OweLd�ZQ^
h{gQlQpkgQZQh*eLp{S3R?[_hkh{S�v$�K¸Ûd�[_hmeL]_h{^��¡^apUd{OQS#hkS�p{S#ebh{^bZ d�Owesd��'S�ZQS#S�v¥d�OQS3c#^az�j d�^�l:S
ZQ^aZ �Û^Ø�bS#pk]¶ebzQz<[_ZQ`m��[�d�O�d�OQSY�7ebc�d�^ap��
tu�Þd�S�pyd�O<S���OQ^a]\SU�'^ap{v�OweLh l:S#S#Z�d{p�ef�aS�p{hkS#v$ iZQ^3R�^apkS�`�eLzQh l:S�d �'S#S�Z S�È<z<]_^apkS#v

[_Z�d�S�pk�Leb]_hUS�È�[_h�d�ebZ�jMR�^bp{Sb�¢N�OQ[\hmR?SfebZQhUd�OweLd��¡^apmSfeLc|O z5S�p{[_^Mv$ 8�'S�Owef�aS�e�]\[_hkdU^b�
h{gQlQpkgQZQh���[�d�O"d�OQ[\h>z:S#pk[_^MvU^Mc#c�gQp{pk[_ZQ`y[_ZUd{OQS'�'^apkv$ b��OQ[\c|O*ebp{S'ebc�d�gweb]\]\j�d{OQS hkSfebpkc|OQS#v
p{gQZQh��UN�O<S*c#^aR?zQ]_S�È�[\d j�^b�qd�OQSUd�OQ[\p{v�hkd�eb`aSm[\hY¤�¦¡§�¬±®q¯� ,��OQS#pkS?® [\h d�O<SmZFgQRml:S#p
^b�ip{S�h{gQ]�d�[\ZQ`UpkgQZQh��qoqg�d{d�[\ZQ`Ud{^a`aS�d�OQS�p'd�O<Syd�O<p{S#Syhkd�eb`aS#h� ��'S ^al�d|eb[\Z?d{OQS R�eb[_Z?p{S�h{gQ]�d
^b�>d{OQ[_h�hkS#c�d�[_^bZ$�
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� � R?[_h{R�eLd{c|O�`a]\^alweb]\]\j � v<S��wZQS�v�pkS#z:S�d�[�d�[\^aZQhu]_[_R?[\d�l�j�� d�OQS&������
�º:ZFgQR�l5S�p�^b�qR?[_h �
R3eLd{c|OQS#h� MebZQv*d�OQS�p{S��¡^ap{S�zQpk^���[\vQS�d�OQS�h�d�pk^aZQ`aS�hkd ZQ^bd{[_^aZ*^b�5ebz<zQp{^fÈ�[_R�eLd�S p{S#z:S�d{[\d{[_^aZ$�
§YZ�d�OQSU^bd�OQS�p�OwebZ<v$ ,pkgQZQh�^b� � � R?[_h{R�eLd{c|O�d|eLZQvQS#R pkS#z:SfeLd{h�zQp{^��M[_v<SUd�O<S�� S�S/´LS#hkd
ZQ^bd�[\^aZ·^b�"pkS#z:S�d�[�d�[\^aZ ��[�d�O � R�[\h{R�eLd�c|O<S#h# uebh�d{OQS�jµ[_R?z5^bh{S�^bZQ]\j�d�O<S�R�[\ZQ[_R�eb]
p{S#nFgQ[\p{S�R�S�ZFdYd{OweLd�S��aS#p�j¢d|ebZQv<S#R­pkS#z:SfeLd"[\Z e�hkgQc|O pkS#z:S�d{[\d�[\^aZ�c#^bZFd�eb[_Z<hYZQ^�R?^apkS
d�OwebZ¥� R?[_hkR3esd�c|OQS�h#��¿w^apUzQp�eLc�d�[\cfeb]'ebzQz<]_[_c#eLd�[\^aZQh� >hkgQc|O.ebhm`aS�ZQ^aR?S�ebZweL]\jMh{[\h# 8[�d
R�[\`aO�dUl:S?[_Z�d�S�p{S#h�d�[\ZQ`�d{^�c#^bZQh{[\vQS#p"[_Z�d�S�p{R?S#vQ[_eLd�S�vQS��wZQ[�d�[_^bZQh"��[�d�O p{S#hkz5S�c�dUd�^�d{OQS
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b c da . . .. . .
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a=b c=dd(u, u’)>K d(v, v’)<K d(w, w’)>K
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p exact repetition of period p

d(u, u’)>K d(v, v’)<K d(w, w’)>K
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K−mismatch consensus
repetitions tandem repeats

runs of K−mismatch

K−mismatch uniform
repetitions

K/2−mismatch consensus
repetitions (K is even)

K−mismatch globally−
defined repetitions
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