
�����������	� ��

������� ��������� �
�
��� �"!$#&%('*)	+-,/.0#$�1,/�123�4�5�6!7'328'9)��6:;�=<
#$>9'9?@!7�6:A, )B'9?DCE!$2AF0!$2A>HGJIK�5?J!7�"23� LNMH'"�6!$)B%PO
Q !7� :SRT.U�WV�!7�"#YXZ�1)[�1?6�12AV\�]� '�^K�"%-��_`^K'*23� ?6'*#a�
�5� �
bYc\dfehgjifk-lmi"nJopnrqsnJotltgju-k�e�vtv&w\xzy-{t{}|a~P�	nJdfisvtv&�pxzy`{h{h|a~P�*� �r�fk�lhk�w�x�y�ifk�d5cPopk-e0nad��fu-�jk-cPopg�ifk�v$�K���	���
c\l�bE{0nJo0op�fkU�\���E�*c\���1q(c\lt�5�fgju�etg�opk�v������\���W�4���4�-�p ¡{m¢7c\l0ot�fka£$���Egjdfifg�¤1gjif�"nJ�Tv7£0�¥�\���1�4�4�4�`�§¦¨{
nPq(c\df©�ot�fkru4nPehk�e�nPdfis�pxzyYifk-dfcPopk-eUop�fkrepnJqska¢7c\l�ot�fkE£ ��� gjdfi5g�¤1gjif�fnP�mv7£����\���W���4�4�`�§¦¨{UnPq(c\df©
dfc\lhqZnJ�ªu�c\d�otltc\��e�«U�E�fk-etk¬ifnJo§n�qsnJoplhgju�k-ernPltk­©\k-dfk�ltnJopk-i®¢7lhc\q¯nP��gj©\d5k�i�°	±��Hehk�²��fk-dfu�k-e�cP¢Un
et�*k�u-g�³"uY�fc\q(c\�jc\©Pc\�fe;©\k�d5c\qsg�u¡ehk�©\q(k�d�oUcJ¢3�P¦´g�dfifg�¤1g�if�"nP��eYv$¦�u4nJetk�e�nPdfi�¦�u-c\d�oplhc\�jep{`�P¢7lhc\q
�r�fg�u§�µnP�j��q(c\dfc\q(c\lt�5�fgju(etg�opk�eK�"n4¤\k
¶*k�k-d�lhk�q(c ¤\k�iT«¸·9cPlKehgjq(�f�jg�u�g�o¹�]�Yk
�"n4¤Pkºu�c\d5etgji5k�ltk-i
op�5kZepnJqs�f��k»etgj¼-k¨v$¦¨{	opc®¶3ksepnPq(k(¢7cPl½u�nPetk-e�nPdfi=u�c\d�otltc\��e��A¶f�5o¬ot�fk�ehkZu�nPd¾¶*ksifg�¿Tk-ltk-d�oKgjd
�fltnPu-otgju�kJ«r·"c\lr©\k�dfcJo¹�W�*k¬ifnJo§n5�"�¡k¬u�nPd]d��fq(k�lhgju4nJ�j���Zltk-u�c1ifk¬©\k-dfcPo¹�1�*k�e��*kP«À©f«��3���ÁnJeÃÂ5�9���
nPea�anPdfi(�½�ÄnPeU��v&nPehet�fq(gjd5©Ãop�"n@o�op�5k�ltkrnJltkYo¹�¡c�¤JnPltgjnPd�o�d��fu���k�cPotgjifk-e��8nJdfi(�Än@o�op�fkY�jc1u��fe
�fdfi5k�l�u-c\dfetg�ifk�ltnJopg�c\d9{rc\l��¡k�u4nPd]k�ehotgjqsnJopkK�"nP�f��cPo¹�1�3k-e	nPdfi�u�nPltl}�®c\�5o­nPdfnP���1etk-eÃ�r�fk-ltk»w\xzy
ifk-dfcPopk-e	op�fk�d��fu-�jk�cJopgji5k®v$�¬�À�	���´c\l­bE{�nJo	ot�fk­�\���s�*c\���Wq(c\lh�f�fgjuKetg�opk®v����Å�\�§�W�4�4�4�`�§ �{�¢7c\l
op�5k�£&���(�"nP�f��cPo¹�1�3k®v7£E���\���1�4�4�4�`�§¦¨{�nJqsc\d5©Zop�fk�u�nPetk-e­c\l­nPq(c\df©ºu-c\d�opltcP�je�«­Æ=k»nP�jehc
dfcPopk
op�fnJo�g�¢�ifg�e7Çhc\g�d�o�etk-©\qsk-d�ope�cP¢Ã°	±��¯nJltkºopc�¶*k
etg�q��f��o§nPdfk-c\�feh���Èk`É5nPq(gjdfk-iÊ¢7c\l�q(cPopg�¢a³"dfiWË
gjd5©f�0ot�fk�dµnP�5�fltc\�5ltgÌn@opkZehk�©\q(k�d�ote�qZn4�È¶*kºetk-�"nPlpn@opk����¾nJ�jgj©Pdfk�i=nPdfi¾ot�fkºnP��gj©\d5k�i/ehk�©\q(k�d�ote
u�cPdfu4nJotk�d"n@opk�iDgjd
op�5k½ifnJo§n�qsnJoplhg�É3«

��e»¶3k`¢7c\ltkJ�a�jk`osÍÎ�ÎÏ��\�§�W�4�4�4�`�§ aÐ¨i5k�dfcPotk®ot�fk®etk-oscP¢�nP�j�E Ñ�*c\���Wq(c\lh�f�fgju
ehg�otk�e»gjdµop�fk
i"nJopn5«�Òmk-o�Ó¡Ô
ifk-dfcPotkZop�fkZetk-o�cP¢�nP�j���*c\etehgj¶f��kZu-c\q�¶fg�d"nJopg�c\dfe½cP¢UÕÊehg�opk-e�gjd¾Í��0Ö¹dÊ©\k�d5k�lpnJ�[�
Ó¡ÔÊ� ÏJÍ½×Ô Ð��YØÙ� �\���W�4���4����Ú � Ô@Û nPd5iÄÍ½×Ô � Ï Ü9× Ý �tÜ9×Þ@�4�4�4�-�tÜ9×ÔÄß Ü9×xáà Í(Ð��¡·"c\lZnÈ³5ÉWk�iÄØ3�
�¡k®i5k-³"dfk�op�5k�âZã�ä�åPæ�ç èté�ê"è`ëTì§è®åPâZã@ë1íÊìtå@ç è§çKc\dáÍK×Ô nJe�op�"nJo»�fnPlhotgju��5�ÌnPl�u-c\q�¶fg�d"nJotgjc\d¾cJ¢
d��fu���k�cPotgjifk-e�nJoKop�fkºehg�otk�eZÏ Ü × Ý4�tÜ ×ÞJ���4�4���hÜ ×Ô Ð�gjd5u��j�5ifk�iÊg�dÊÍ ×Ô �UØÊ�î�\���W���4�4�`� Ú � Ô Û ���r�5gju§�Ê�"nPe
op�5k(�5gj©\�fk-eho­¢7ltk-²��fk�dfu`�ïv&ð@ñ7òhó&ôh{	nPqscPdf©
op�fk»u4nJetk�e-«ZÖ¹dÈop�fk»i"nJopn®qsnJotltg�É]cP¢EõW�f�f�f��k�q(k�d�o§nJlh�
�0nP¶f�jk»�\�"ot�fkKq(c1i"nP�metk-²��fk�dfu-kP�T¢7cPl�k�É5nPqs�5�jkP�"cPd�Í ÝÞ �öÏ��P���1Ð�g�er���ö�rg�op�®¢7ltk-²1�5k�dfu`���W�"cPd
Í ÞÞ ��Ï��\�p÷WÐ¬g�eE�U�ø�rg�op�
¢7ltk-²1�5k�dfu`�]÷W�fk-otuP«

õ1gjdfu-k�c\�fl
©\c�nJ�Ãgjeºotcµetgjq¬�f��opnPdfk�cP�fet���N��cWc\ùÊ¢7c\l�nÊehk�²��fk�d5u�k=ot�"nJo�c1u�u-�flte
�rg�ot�SnÊ�fgj©\�
¢7ltk-²��fk�dfu`�®nPq(c\df©»u�c\d�otltc\��ernPdfi�gjea¤JnPlhgÌnPd�oaotc»ot�"nJorc1u�u-�fltlhgjdf©(nJo�n��ÌnJlt©\kÃ¢7lhk�²��fk-dfu-�DnPq(c\df©

�



op�5k½u�nPetk-e��"�¡kKk`¤PnJ�j�"nJotk�op�fk	¢7c\���jc �rgjd5© ß
�	g�¤\k-dÈnºet�*k�u�g�³"u�ehotltg�df©f���5Ô��ªcJ¢¡��k�df©Jop�ºÕm�T�¡k�³"lte}o	³"dfi�op�5k
âZã�ä�åPæAç èté�ê"è`ëTì§è(åPâZã@ë1í]ìtå@ç è§ç
v���ñ7òtó$ôt{0nPdfi»g�ote�¢7ltk-²1�5k�dfu`�sð@ñ7òtó$ô���Òmk-o��feUifk-dfcPotkaop�"nJo�etk�²��fk-dfu�k�¶����4ñ7òhó&ô��\�E�fk-d��Ykrk�d��fq(k�ltnJopk
¢7ltcPqöop�5kEu�c\d�oplhc\�fi"n@o§n­nP�j�W�3cPetetg�¶f�jkYetk�²��fk-dfu�k-e����	� Ô½v�
ª�ö�\���W���4�4�À{�cP¢3d��fu���k�cPotgjifk-e���nJoUot�fkEetg�opk�e
gjd5u��j�5ifk�iÊg�d��5Ô���·"c\l�k�nPu§�µet�fu§��etk-²��fk�dfu-k
����� ÔP�0�¡k
u4nP��u��f�jnJopksg�opeK¢7ltk�²��fk-dfu-�áð���� ÔP�0Æ=kºop�fk-d
u4nJ�ju��5�ÌnJotk�op�fk½d��fq�¶*k�l�cP¢�q(gjehqZnJotu§�fk�e-������� Ô\�9cP¢�k4nPu§�DcP¢�ot�fk�ehk¬ehk�²��fk�d5u�k�e������ ÔZv�
A�Á�\�§�W�4�4�4�À{
�rg�ot�Nop�5k¨ltk`¢7k�ltk-dfu�k¸ehk�²��fk�d5u�kP«ÁõWg�dfu�k]�¡k¸nPlhk¨gjd�opk-ltk-ehopk-iïgjd8g�ifk�d�otg�¢ �1gjdf©/n¾qscJopg�¢�op�"n@o
gje
ifg�¿Tk-ltk�d�o�¢7lhc\q op�fk
lhk-¢7k�lhk�dfu-k�etk�²��fk-dfu�k/v$g�d/op�5gje�u�nPetk���ñ$òhó&ôh{��0�¡k
dfk�k-i�otc¨o§nPùJkºop�fk-etk����	� Ô
¤JnP�j�5k�e­gjd�opc®nPu-u�c\�5d�o�«(Æ=k»�fltc ¤1gji5ksn
©\lhk4nJotk�l	�¡k�gj©P��opnP©\k�opc®n�etk-²1�5k�dfu-ksop�fnJo½�"nPe½n®�jnPlt©Pk�l
d��fq�¶*k�lscP¢	q(gjetqsnJotu§�fk�e(�rg�op��op�fkDltk`¢7k�ltk-dfu�k]etk�²��fk-dfu�kJ«HÖ¹dNop�5gje(�fltc\¶5�jk�q®�Yot�fk�lhk-¢7c\lhkP�a�¡k
�"n4¤\k­�fehk�i]n�qsc1ifg�³fk�i
c\¶1Çhk-u-otg�¤\k	¢7�fd5u-opg�c\d�cP¢Aop�fk�¢7c\lhq��sv��5Ô@{U���Tv&ð Ý �§ð Þ ���®{��5�r�fk�lhkKð Ý �9ð Þ
nPdfi�� i5k�dfcPotkP�ªlhk�eh�3k-u-opg�¤\k-���\�3op�fk½¢7ltk�²��fk-dfu�g�k�e	cP¢Uot�fk�e}opltg�df©ºcP¢�d1�5u��jk-cPopg�ifk�e�nJoÃot�fk�etg�opk-eÃgjd
�5Ô(nPq(c\df©
u4nJetk�e½nPd5i�u�c\d�oplhc\�je-�mltk-et�*k�u-otg�¤Pk����P�;nPdfi�� ifk�dfcJopk�e	ot�fk�d��fq�¶*k�l	cP¢�q(gjetqsnJotu§�fk�e
¶*k-o¹�¡k�k�d
ot�fk�ehkÃo¹�Yc¬d1�5u��jk-cPopg�ifk�etk�²��fk-dfu�k-e�nPqscPdf©Ku�nPetk-eEnPdfiZu�c\d�oplhc\�je-«��E�fk�eh�3k-u�g�³"u�eacJ¢ªop�fk
�fehkKcP¢0et�5u§�¨nPd�c\¶1Çhk-u-otg�¤\k­¢7�fdfu`opg�c\d®nPltk	k�É5�5�ÌnPg�dfk�i®¶3k-�jc �Ä�rg�op�
ot�fk­�fk����DcP¢�nPd�k`É5nPq(�f��kP«

Ö¹dïot�fk¸i"nJo§nÊqsnJoplhg�ÉNcP¢¬õW�f�f�5�jk�q(k�d�opnPlh�ï�0nP¶f��kÊ�\��ot�fk¸qsc1i"nP��etk-²1�5k�dfu-k¾nPq(c\df©Êu�nPetk-e
v���ñ7òtó$ôt{��Tc\d¨Í ÞÞ � Ï��P�§÷WÐ�g�e��U�H�rg�ot�D¢7lhk�²��fk�d5u-��÷W«Ã·"c\lrop�fg�eÃehk-o�cJ¢�etg�otk�e�Í ÞÞ � Ï��\�p÷WÐ�op�5k�ltk
nPlhkZ�
ifg�ehopg�dfu-o½ehk�²��fk�d5u�k�e-�U�U�ÑnPd5iÊ�½bÃ�mgjd�op�fk(u�cPd�otltc\��i"n@o§n�etk-o½�rg�ot��¢7ltk�²��fk-dfu�g�k�e¬÷DnPd5i
�\�flhk�eh�3k-u-opg�¤\k-���\«��E�fk­d��fq�¶*k�lrcP¢Aq(gjehqZnJotu§�fk�eEcJ¢Aot�fk�ehk½o¹�¡c(etk�²��fk-dfu�k-e��rg�op���4ñ7òhó&ô��fc\dDÍ ÞÞ¸�
Ï��\�§÷1ÐanPlhkP�Jltk�eh�3k-u-otg�¤\k-���P�\ÂÃnJdfi��1«���k-dfu�k�op�fk�¤JnP�j�5k�cJ¢5op�5k¡c\¶�Çhk�u-otg�¤Pk¡¢7�fdfu`opg�c\d½¢7cPl;ot�fgje;u§�fcPgju�k
cP¢fo¹�¡c�u�nPdfifg�i"nJopk�etg�opk-e�gje ß qZn@ÉWg�q��fq cP¢;vtv&ÂW«! #"%$�� {�v&ÂW«! #"%$�� {�v&Â\{ªnPdfi�v$Â5«! %"#$��6{�v$Â5« �%"#$��6{�v&�\{t{�«
�E�fk-ltk-¢7cPltkP�\nP��ot�fc\�f©\�­op�5kYetk-²��fk�dfu-kE�U�µnPq(c\df©�u�c\d�oplhc\�jeAc1u�u��5l�nJo�n��fg�©\�­¢7ltk�²��fk-dfu-�P��g�o0gjeAdfcPo
u§�fc\ehk�dZnPe�n­u�nPdfifg�i"nJotk�ehk�²��fk-dfu�k�¶3k-u4nP�fehk�cJ¢Tg�opeUetqsnP���jk�l�d1�5q�¶3k-l�cP¢Tq(gjehqZn@opu§�fk-e��rg�op�&��ñ$òhó&ô��
�U�¥nPq(c\df©ºu�nPetk-e­nPdfiÈ�½b nPqscPdf©Zop�5k�u�c\d�otltc\��e�nPlhk¬op�fk¬�fltk`¢7k�ltlhk�i¸u4nJdfifgjifnJopk-eÃ¢7c\l�¤JnPlhgÌnPd�o
q(cPopg�¢7e�g�¢ªop�5k�etk�o¹�Yc�ehg�otk�eanJltkÃu§�5c\etk-dª«�Æ=k�ot�fk�dZ�fetkÃot�fk('®k-oplhc\�*c\�jg�e}Ë)��nPehotgjdf©Pe¡nJ�j©\c\lhg�ot�fqÁopc
u§�fc1c\etk	ot�fk­etk-o�cP¢0etg�opk�eE�r�fg�u§�D©P�jc\¶"nJ�j���(qsn@ÉWgjq(gjehk�e¡ot�fk­c\¶1Çhk-u-opg�¤\k­¢7�fdfu`opgjcPdª«

�



�����������
	��
��
��������������������! #"%$�&('*)�+-,/.(0�&213&(45,7681�.( :95;<.(+�=>&?9<&A@B&?95;<C-$

D ,�E:F�,G IHG,�J K%&L;<CM&( :9 D CN9<,PO!.IQ
R  IS�CMT
CMS�FI&L+UOV.IQ W X Y Z [ \ ]

W � � ^ ^ _ 1 1
13&(45,`4 X � _ ^ 1 _ 1 ^

Y � _ ^ ^ � 1 ^
Z _ _ 1 1 � ^ ^
W � _ ^ ^ _ 1 1

1�.( :95;<.(+a4 X � ^ ^ 1 _ 1 ^
Y � ^ ^ ^ � 1 ^
Z _ _ 1 ^ � ^ ^



�����������
	��
���������������������

 �!#"%$�&('*),+.-/"102!435!#"102+768+�9;:<!=-2!?>1$@"1&(-BADC
E2-."10B!#"1&(FG �$@"%$HCI!#"KJ
LNMPO�QSRUT?VXWPYZVX[]\_^a`bVc`ed=YZV_fhgP\ZihjlkPOX[mQXYnQ�`po�`qVr`qstju`bVXOX[wvuibxyQz[]{ZY}| ~���g�\ZihOXOzYnQXk.ihTPo@[]TP�pVci

o�`bVc`}ihTu|�[mTPoP[��=[moPM�`��mQ�`bV��D�@[]T�`�OSRpk.ih�mRUjlihOXkPW@[]\�QX[�VcYZQn����V�Yn`�\rW<Qz[mVcYbg#x�ihO�Yn`�\rW<[mTPoP[m�U[moPM�`��*g
� YG`�QXQz[]�hTPYZoD`4�P[]TP`�OzR�oP[]��[mV<�*�KihOuf1� � [mVXW�kPOzih��`��P[m�][�V�R��@���U�/�(��i � YZ�hYZOng�`�Q,TPibVcYnoD[mT�VcWPY
� T#VcOzi=oPM@\ZVc[mihTIg7VcW@Yu`�QzQXMPjlk@VX[]ihT�i�x�Y�`�\rW�k
ih��RUj�ihOzkPWP[m\pQX[mVXYe�
YZ[]TP�G�P[mT�`�OzR4[]Q;TPi�V_\nOzMP\n[]`���Vci
VcW@[]Q�`��]�hi�OX[mVXWPj����p��jli�VX[mxyi�x��]YZTP��VXWl� � `�Q�kP� `bT?VXYno¡[]T¡`lx�Oc`b\ZVc[mihT�¢4i�x�VXWPY£|¤[]T@oP[m�U[]o@M�`��]QZ�
¥ i�oPilVcWP[mQng � Y}QzYn�mYn\ZVXYnol�4QX[�VcYZQ¦OX`�TPoPi�j���Rux�OXi�j§VcWPY}�8QX[�VcYZQn¨�VcW�`qV�[mQng � Y}\rW@ihQXY¦�K\Zih�]MPjlTPQ
i�x
VcWPY¦| ~H��o�`bVc`qs�j�`bVcOz[�v£Oc`�T@oPihjl�mRh� ¥ WPYnT
gI©ª|�~,¢�«�Ozi � Q � YnOzY�Oc`bTPoPihjl�mR£\rWPihQXYZT¬� � WPYnOzY
© ­�«�oPYnTPibVcYnQ�VcW@Y��]`�OX�hYZQzV�[mT?VXYn�hYZO�\nihT#Vr`b[]TPYZo�[mTe­
�®gU`�TPoeVcWPY�Yn�mYnjlYnT#VcQ�i�x
Y�`�\rWli�x
VcWPY���\rWPihQXYZT
\ni��]MPjlTPQa\ni�OXOXYZQXk.ihTPoP[mTP��VciGY�`b\rW�i�x¯VcW@YnQXYe\rWPi�QXYnT�OXi � Q � YZOXYlOXYZkP� `�\ZYno°�#RHfh�e±�ihOa`��h[��hYZT
QXY²Vei�x��b`��]MPYZQ,i�x£�*|�g¯��g¯`�T@o°���²g�f%�h���4[]TPoPYZk
YZTPoPYZT?VeQSRUT?VXWPYZVX[]\Go�`bVc`4ju`qVcOX[m\nYZQ � YZOXY<VXWUM@Q
�hYZTPYnOX`bVcYZoI�

f



Supplementary Table 2.  Performance of the algorithm on Synthetic Data Set 1 with N=200 for different values of the variables L (number of
segregating sites) and u (proportion of the planted motif among N), and for different values of the control parameter c.  (The mean and s.d. of the
number of sweeps to convergence and the % of simulation runs in which the planted motif was correctly identified are based on 1000 independent
simulation runs for each combination of values of the variables and the parameter. The minimum and maximum values of the significance level as
the motif length was increased from 9 to 10 and from 10 to 11 were also calculated over 1000 simulation runs.)

c=50 c=100 c=200
No. of Sweeps Sig. Level*

(min,max)
No. of Sweeps Sig. Level*

(min,max)
No. of Sweeps Sig. Level*

(min,max)L u
Mean s.d.

%
correct p: 9 

    10
p: 10 

11
Mean s.d.

%
correct p: 9 

    10
p: 10 

11
Mean s.d.

%
correct p: 9 

    10
p: 10 

11
0.3 130.13 57.34 100 .024,  .027 529, 532 72.52 48.71 100 .024,  .027 529, 532 66.26 49.29 100 .024,  .027 529, 532

0.4 95.74 43.44 100 .15, .17 527, 530 72.42 35.69 100 .15, .17 527, 530 63.92 41.62 100 .15, .17 527, 530

0.5 81.41 34.88 100 .20, .22 526, 528 70.68 39.15 100 .20, .22 526, 528 63.08 39.06 100 .20, .22 526, 528

0.6 77.10 47.42 100 .41, .45 526, 527 70.88 42.77 100 .41, .45 526, 527 62.73 43.35 100 .41, .45 526, 527

50

0.7 71.85 35.55 100 1.1, 1.5 527, 527 62.72 39.23 100 1.1, 1.5 527, 527 62.08 43.78 100 1.1, 1.5 527, 527

0.3 728.88 352.03 100 .024,  .027 529, 532 216.63 99.06 100 .024,  .027 529, 532 127.69 100.62 53 .024,  .027 529, 532

0.4 363.97 149.04 100 .16, .17 527, 530 200.23 123.80 100 .16, .17 527, 530 143.26 87.27 83 .16, .17 527, 530

0.5 288.40 124.22 100 .20, .22 526, 528 157.20 96.93 100 .20, .22 526, 528 143.27 91.69 95 .20, .22 526, 528

0.6 246.02 120.07 100 .41, .45 526, 527 161.04 93.10 100 .41, .45 526, 527 141.54 88.79 98 .41, .45 526, 527

100

0.7 213.92 104.83 100 1.1, 1.5 527, 527 161.30 90.30 100 1.1, 1.5 527, 527 139.05 90.39 100 1.1, 1.5 527, 527

0.3 190.86 97.07 100 .024,  .027 529, 532 435.49 202.93 100 .024,  .027 529, 532 1736.32 900.54 32 .024,  .027 529, 532

0.4 149.52 67.88 100 .15, .17 527, 530 331.85 173.77 100 .15, .17 527, 530 954.16 497.42 40 .15, .17 527, 530

0.5 189.40 117.54 100 .20, .22 526, 528 287.73 133.55 100 .20, .22 526, 528 620.00 250.47 55 .20, .22 526, 528

0.6 228.16 130.53 100 .41, .45 526, 527 259.56 163.36 100 .41, .45 526, 527 461.06 190.07 74 .41, .45 526, 527

150

0.7 217.61 138.81 100 1.1, 1.5 527, 527 239.62 130.98 100 1.1, 1.5 527, 527 436.14 227.85 88 1.1, 1.5 527, 527

0.3 369.50 200.10 100 .024,  .027 529, 532 720.90 294.71 100 .024,  .027 529, 532 2932.18 1218.12 4 .024,  .027 529, 532

0.4 301.17 140.12 100 .15, .17 527, 530 610.35 264.93 100 .15, .17 527, 530 2028.86 986.43 14 .15, .17 527, 530

0.5 206.58 135.76 100 .20, .22 526, 528 416.3 231.80 100 .20, .22 526, 528 1252.38 474.05 22 .20, .22 526, 528

0.6 224.83 126.04 100 .41, .45 526, 527 404.4 194.50 100 .41, .45 526, 527 817.95 203.28 46 .41, .45 526, 527

200

0.7 283.26 183.31 100 1.1, 1.5 527, 527 415.52 242.10 100 1.1, 1.5 527, 527 721.78 263.08 62 1.1, 1.5 527, 527

* All values are multiplied by 10 3−
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np`�y�aey�jigi`=w�g�y:n|y�ub^Dn�`{_"�buehtw�htz�y�ab�Nubneaemif�npmiab^�q
r�^�fDae^My{np^Dg�y�g�y{npy�ub^Dn�r�h�npo��������*q
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fM`�zkmiwxj�ab^Mw�y�hkj¥uey�w�^�y�uvnpo�y:n�htjxneoi^��bae^My�zk�"g�y{npy*�³¼±j�^My�f|o�`{_§npoi^"�@�*q©�=�=��ab^McizthkfLy:np^�apy�j*gi`=w
g�y{npy�w�y{npabhkfD^MuMq�r�^Nue^My�aef|oi^Dg¬_-`=a�npoi^����
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��oi^�z�y�abl=^� 8gi^Ds6h�y:nphk`�jxc*ae`=��y{�ihkzthtn±�=q=neo�y{n�hkuDq6neoi^�ciab`=��y��*hkzkh�n±��neo�y{nRneoi^��/^Mu�n}`=avnpo*^�gihtuefM`@s�^Mae^Dg
wx`�nph�_R`6fMfDmiaeu"hkj0yWaey�jigi`=wÌgiy{n|yYue^�n�r�h�npo»y�_-ae^D¢[mi^Mjif��0neo�y{n�hku�l=ab^Ly{ne^Ma�npo�y�j0`=a�^M¢[m�y�zvnp`
npoiy{nd`�_
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Supplementary Table 3.  Probabilities that the best motif discovered in a random data
set has a frequency (f*) greater than the frequency (f) of the motif discovered in the real
data set of size 20×10, for different values of u 2.1

u Prob (f* > f)
0.3 < 0.00001
0.5 0.0001
0.7 <0.00001

1   Results are based on 1000 real data sets for each value of u and 10000 random data
sets for each real data set.

2   In each case, the motif discovered in the real data set coincided with the planted motif,
and its proporation was also close to u.
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TGU�V0UDWIUYX[Z]\^UD_?`baCWc\[dIUe\[fhg@_IZ]\iZMjOZ]\[XbfkgDUY`ml�no`b\^X^pIge\[pIXbUD`q`^fhjOfhrsZ�Xt\[lM\^d�Z]\SV0fvu0UDWwfhW?xypIzIzIrhUe{
jqUDWc\iZ�X|a~}�fhV0pIX^Uw�0����dIU�jOl]\[fhu]Z]\^fkl0W�n:l0X@Z�W�Z�rvay�YfkWIV�\^dIUD`bU,`|ayWc\^dIUY\^fkg�_�Z]\iZw`^Ue\[`@�3Z�`�\[l
Z�`b`^UD`b`3\[dIU�z
UYXbn:l0Xbj�Z]WIgDUol�n5l0pIX�Z�rhV0l0X^fv\[dIj���dIUDW�\^dIU�`bU�Z�Xbgid�`^z�Z�gYU"gDl�jOzIXbfk`bUD`3Z�rsZ�XbV0UoWCp�jS{
� UDX�l]n�rklCg�Z�r�l0z�\^fkjOZ��~��W�\[dIfh`�_�Z*\iZ,jOZ]\[Xbfv�wl]n�`^fk�YU,�����0���������t���,gYl0rkp�jOWI`S��UDX^UMX^Z�Wy{
_Il0jqrha�gidIl0`bUDW����HZ�gid�gid�l0`^UYW�gDl0rhpIjqW��o��Z�`���rkrhUD_���fv\[d� 0�0�¡��`�Z�WI_¢���0�w��`Y����W�l�\^dIUDX
��l0X^_I`Y�£\^dIU���Xb`b\q 0�0�7UYrkUYjOUYW$\^`¤l�noU�Z�gid?gidIl0`bUDW?gDl0rhpIjqW,��UYX^U¥�0�£Z�WI_¦\^dIU�X^UYj�Z�fhWIfkW�V,���0�
��UDX^U�����§�n3\^dIUOXbUDjOZ�fkW�fkWIV�¨c��gDl0rhpIjqWI`�l�n3\[d�UO_�Z*\iZ1jOZ]\^X^fv�
�E©�����UYX^UOX[Z�WI_�l0jOrvaMgidIl0`bUDW��
Z�WI_?U�Z]gid�gidIl0`bUDWªgYl0rkp�jOW¦��Z�`O��rhrkUY_w��fv\[dª«��0�¦��`OZ�WI_�¬0�0�¥��`Y���HZ�gidªl]n�\[d�U1XbUDjOZ�fkWIfhWIV
©��,gYl0rkp�jOWI`Y�3�3Z]`���rkrhUD_?��fh\[d¡���0�ª��`�Z�WI_~�]�0����`Y�­}�l0Xq\^dIU7U®�IZ]jOzIrhU¯_�Z*\iZ,jOZ]\[Xbfv�wz�X^Ue{
`^UYWc\[UD_¦fhW¦xyp�zIzIrkUYjOUYWc\iZ�X|a�}�fkV0p�X^U@�0�E\^dIUO`bUY\°l�n�gDl�rkpIjqWI`D�²±�³P��rkrhUD_G��fv\[d, 0�0�¥��`mZ�W�_ª���0�
��`"fh`D´�±ªµ�¶&¨I³i·�³i y³��&©y³���«y³®©]¨I³i©�¸�³i¬0�y³i¬��0³b¨I��¹$º$��d$pI`D��\^dIfk`�`^UY\"l�nH`^fv\[UD`�gDl0jqzIX^fh`^UY`�\[dIU°jOl�\^fhn
» ��³��0³�º�ºDºY³���¼ol�n£rkUYWIV�\^d�½Mµ�����³;��fv\[d¥¾ » ±H¼�µ¿ 0�0�yº
Àol&��UYu�UDXY�5\^dIfk`�jOl�\^fhnNfh`�gYrkU�Z]X^rha1Z�rhjOl�`b\
fkjqz;l0`^`bf � rhU�\[lq��WI_�� � UDg�Z]pI`^U�\[dIUYX^U°fh`�Ue��Z�gY\^rha�l0W�UA`bpIgidMZ�jql0WIV,ÁbÂ�ÃÄ Ã�Å z;l0`^`bf � fhrkfv\[fkUY`D�HÆ�jql0WIV\[d�UD`^U�Á Â�ÃÄ Ã�Å z;l0fkWc\[`�fhW�\^dIUO`bU�Z�Xbgid�`^zIZ�gDU]��\[dIUYX^U�Z�X^UwÇ|Á Â�ÃÄ Ã�Å�È Á^É ÃÄ Ã�Å�Ê ���&{�`^fv\[U¤gYl0j � fhW�Z]\[fhl0WI`�Z]\��dIfhgidw\^dIU�`bUDË$pIUDW�gDU���fkrkr � U »^» ��¼^¼ Ä^ÌCÄ Ã ��fv\[dwZ¯n:XbUDË$pIUDW�gYawl�n��������HZ�WI_ Ç�Á É ÃÄ Ã Å È � Ê ���&{�`^fv\[UgDl�j � fkWIZ]\[fhl0WI`"Z*\t��dIfkgid¥\[dIU¤`bUDË$pIUYWIgDUq��fkrkr � U »b» �&¼b¼ Ä^ÌCÄ Ã ��fh\^d�Z�n:XbUDË$pIUYWIgYa¥l�n3«��0�y�°��d$pI`D�\[d�Ut`^UY\ol�n£���ml�p�\�l�n²���m`^fv\[UD`3u�UDXb`^pI`�\[dIU"n:XbUDË$pIUYWIgYa�_Ifh`b\^X^f � p�\[fhl0W�l�n/fkW�_IfhuCfk_�p�Z�rk`�d�Z�`�Zmu0UYXba
_Ifh`^gDXbUY\^U�`|\[X^p�gY\[p�X^U�´5\[d�UDX^U£fk`Pl�WIrhatl�WIUHUDrkUYjOUYWc\EfhWt\[dIfh`/`bUY\/��fh\^d° 0����fhWI_Ifvuyfh_Ip�Z�rh`D�&Z�u0UYXba�rsZ]X^V0U
W$pIj � UDXHl�n
UDrhUDjqUDWc\[`N��fh\^dO«��0�tfkWI_�fhuCfk_IpIZ�rk`NZ]WI_�Zt`bfkjqfkrsZ]X^rha�rkZ�X^V�U�WCp�j � UYXHl�n
UYrkUYjOUYW$\^`N��fh\[d
���0��fhWI_Ifvuyfh_Ip�Z�rh`D��Í�rhU�Z�Xbrha��
\[d�UDX^Uen:l0X^U]��\[l���W�_¥\^dIUmUYrkUDjqUDWc\"��fv\[d¥ 0����fkWI_IfvuCfk_Ip�Z]rk`ofk`"WIUDZ�X^rva
fkjqz;l0`^`bf � rhU��o��W¦���0�0��XbpIWI`"l]nHl0pIXtZ�rhV0l0Xbfh\[d�j���fh\^d�½;µm����Z�W�_M_IfhÎ
UDXbUDWc\tfkW�fh\[fkZ�r�u]Z�rkp�UD`�l]n£Ï*³
��Uq��UDXbU�WIUeu0UDX°Z � rhUm\[l@_Ifk`bgDl�u0UYXA\[d�UqgYl0X^XbUDge\°jql�\[fvn��¤��Wcu�Z]X^fsZ � rha��5\^dIUqgDl0Wcu0UYX^V0UYWIgDUO�3Z�`�\[l
Z7`b\^X^fhWIV7��fh\^d�n:X^UDË$pIUYWIgYa�UDfh\^dIUDX¤���0�7l0Xm«��0����À�l���UYu�UDXD�£��dIUDW »>Ð Â�Ã�Ã ³ Ð�Ñ Ã�Ã ³ Ð�Ò Ã�Ã ¼e³/��dIUDXbUÐ�Ó _IUDW�l�\[UY`�\^dIUOW$pIj � UYX�l]n�gYl0rkpIjqWI`�fkW¥UDZ�gid,l�n£��dIfhgid�\^dIUDXbU�Z�XbUSÔ��D`AZ]WI_ » ���0�0� È Ô�¼t��`» ÔEµ����0��³®«]�0��³i 0����Õ Ð Â�Ã�Ã�Ö Ð�Ñ Ã�Ã
Ö Ð�Ò Ã�Ã µ×���c¼®³C��Z�`�gid�Z�WIV0UY_�n:X^l0j » ©����Ø©����v���c¼�\[lAl�\[d�UDX�`bUY\^`
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l�n�u]Z�rkp�UD`D�]\[dIU�zIXbl0z;l0Xb\^fkl0WI`El�n;X^pIW�`NfkW°��dIfhgid¤\[dIU3gYl0X^XbUDge\HjOl�\^fhn�l]n
rhUDWIV]\[d�������Z�`H_Ifh`^gDl�u�UDX^UY_
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\[d�U1Z]rkV0l0Xbfh\^dIj gYl0Wcu0UYX^V0UY_ªgDl�X^X^UYgY\^rhawZ�W�_�fh_IUDWc\[fv��UD_¦\^dIU1jql�\^fhn��¦xCfkjmpIrkZ]\[fhl0W�U®��z;UDXbfkjqUDWc\[`
��UDX^U�z
UYXbn:l0XbjOUY_O��fv\[dOu]Z�Xbfkl0p�`Hu]Z�rhpIUD`£l�n
\[dIU�gDl0Wc\[Xbl0r�z�Z�X^Z�jOUe\[UYX�Ï&�c\[dIU�X^UD`bpIrh\^`�l]n���dIfkgid�Z�X^U
zIXbUD`^UYWc\[UD_¯fkW1xypIzIz�rkUDjqUDWc\[Z�Xba��EZ � rhUt¨I����UY`b\oX^UY`^pIrv\[`���UYX^U�l � \[Z�fkWIUY_���fh\[d1ÏYµ�©]�0���
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Supplementary Figure 1.  Model structure of the synthetic data sets with multiple local optima.  [Dark boxes are filled with 1; white boxes are
filled with 0.  Ten columns have 900 1s and 100 0s.  Expected motif is (1,1,1,1,1,1,1,1,1,1) at sites (4, 8, 9, 12, 17, 24, 26, 30, 31, 41).]



Supplementary Table 4.  Results of 1000 Simulation Runs for Different Structures of
Synthetic Data Set 2 as Specified by (m500, m700, m900) for Different Values of the
Control Parameter c 1

(m500 , m700, m900) c % runs in
which the
motif was
correctly
identified

Mean+s.d. of the
number of
sweeps to

convergence 

10 36.8 1101.44+540.73
30 50.8 986.43+574.89
50 51.0 976.62+538.11
100 52.0 926.69+589.32

(17,17,16)

200 55.0 896.77+571.40
10 84.5 823.33+504.37
30 92.0 627.87+489.17
50 93.9 590.74+489.17
100 92.5 638.92+503.21

(16,16,18)

200 93.6 621.96+489.63
10 99.4 458.32+354.85
30 99.8 270.20+237.87
50 99.9 295.04+268.50
100 100 293.07+268.81

(15,15,20)

200 100 288.20+267.71
1  The significance level of the motif, when correctly identified, was ≈ 10 15−  when 
assessed by the “drop” procedure, and was = 0 when assessed by the bootstrap procedure
(indicating that no motif  “better” than that identified by the algorithm existed in the data).
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Supplementary Table 5.  Performance of the algorithm on Synthetic Data Set 1 with (a) N=200 for different values of the variables L (number of
segregating sites) and u (proportion of the planted motif among N) = 0.1; and, (b) N=50, L=200 and various values of $u$. (The mean and s.d. of
the number of sweeps to convergence and the % of simulation runs in which the planted motif was correctly identified are based on 1000
independent simulation runs for each combination of values of the variables and the parameter.)

(a)
c=50 c=100

No. of Sweeps No. of Sweeps
L Mean s.d. %

correct
Mean s.d. %

correct
50 1203.67 575.49 100 208.36 94.30 100
100 3660.30 1157.10 100 990.04 494.44 87

(b)
c=50 c=100

No. of Sweeps No. of Sweeps
u Mean s.d. %

correct
Mean s.d. %

correct
0.3 2067.20 1847.40 74

1983.2
1

1541.6
0

85

0.5 551.36 275.80 100 657.20 301.60 100
0.7 398.60 223.80 100 382.10 212.50 100
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	Supplementary Table 2.  Performance of the algorithm on Synthetic Data Set 1 with N=200 for different values of the variables L (number of segregating sites) and u (proportion of the planted motif among N), and for different values of the control par
	L
	u
	c=50
	c=100
	c=200
	No. of Sweeps
	% correct
	Sig. Level*
	(min,max)
	No. of Sweeps
	% correct
	Sig. Level*
	(min,max)
	No. of Sweeps
	% correct
	Sig. Level*
	(min,max)
	Mean
	s.d.
	p: 9
	10
	p: 10
	11
	Mean
	s.d.
	p: 9
	10
	p: 10
	11
	Mean
	s.d.
	p: 9
	10
	p: 10
	11
	50
	0.3
	130.13
	57.34
	100
	.024,  .027
	529, 532
	72.52
	48.71
	100
	.024,  .027
	529, 532
	66.26
	49.29
	100
	.024,  .027
	529, 532
	0.4
	95.74
	43.44
	100
	.15, .17
	527, 530
	72.42
	35.69
	100
	.15, .17
	527, 530
	63.92
	41.62
	100
	.15, .17
	527, 530
	0.5
	81.41
	34.88
	100
	.20, .22
	526, 528
	70.68
	39.15
	100
	.20, .22
	526, 528
	63.08
	39.06
	100
	.20, .22
	526, 528
	0.6
	77.10
	47.42
	100
	.41, .45
	526, 527
	70.88
	42.77
	100
	.41, .45
	526, 527
	62.73
	43.35
	100
	.41, .45
	526, 527
	0.7
	71.85
	35.55
	100
	1.1, 1.5
	527, 527
	62.72
	39.23
	100
	1.1, 1.5
	527, 527
	62.08
	43.78
	100
	1.1, 1.5
	527, 527
	100
	0.3
	728.88
	352.03
	100
	.024,  .027
	529, 532
	216.63
	99.06
	100
	.024,  .027
	529, 532
	127.69
	100.62
	53
	.024,  .027
	529, 532
	0.4
	363.97
	149.04
	100
	.16, .17
	527, 530
	200.23
	123.80
	100
	.16, .17
	527, 530
	143.26
	87.27
	83
	.16, .17
	527, 530
	0.5
	288.40
	124.22
	100
	.20, .22
	526, 528
	157.20
	96.93
	100
	.20, .22
	526, 528
	143.27
	91.69
	95
	.20, .22
	526, 528
	0.6
	246.02
	120.07
	100
	.41, .45
	526, 527
	161.04
	93.10
	100
	.41, .45
	526, 527
	141.54
	88.79
	98
	.41, .45
	526, 527
	0.7
	213.92
	104.83
	100
	1.1, 1.5
	527, 527
	161.30
	90.30
	100
	1.1, 1.5
	527, 527
	139.05
	90.39
	100
	1.1, 1.5
	527, 527
	150
	0.3
	190.86
	97.07
	100
	.024,  .027
	529, 532
	435.49
	202.93
	100
	.024,  .027
	529, 532
	1736.32
	900.54
	32
	.024,  .027
	529, 532
	0.4
	149.52
	67.88
	100
	.15, .17
	527, 530
	331.85
	173.77
	100
	.15, .17
	527, 530
	954.16
	497.42
	40
	.15, .17
	527, 530
	0.5
	189.40
	117.54
	100
	.20, .22
	526, 528
	287.73
	133.55
	100
	.20, .22
	526, 528
	620.00
	250.47
	55
	.20, .22
	526, 528
	0.6
	228.16
	130.53
	100
	.41, .45
	526, 527
	259.56
	163.36
	100
	.41, .45
	526, 527
	461.06
	190.07
	74
	.41, .45
	526, 527
	0.7
	217.61
	138.81
	100
	1.1, 1.5
	527, 527
	239.62
	130.98
	100
	1.1, 1.5
	527, 527
	436.14
	227.85
	88
	1.1, 1.5
	527, 527
	200
	0.3
	369.50
	200.10
	100
	.024,  .027
	529, 532
	720.90
	294.71
	100
	.024,  .027
	529, 532
	2932.18
	1218.12
	4
	.024,  .027
	529, 532
	0.4
	301.17
	140.12
	100
	.15, .17
	527, 530
	610.35
	264.93
	100
	.15, .17
	527, 530
	2028.86
	986.43
	14
	.15, .17
	527, 530
	0.5
	206.58
	135.76
	100
	.20, .22
	526, 528
	416.3
	231.80
	100
	.20, .22
	526, 528
	1252.38
	474.05
	22
	.20, .22
	526, 528
	0.6
	224.83
	126.04
	100
	.41, .45
	526, 527
	404.4
	194.50
	100
	.41, .45
	526, 527
	817.95
	203.28
	46
	.41, .45
	526, 527
	0.7
	283.26
	183.31
	100
	1.1, 1.5
	527, 527
	415.52
	242.10
	100
	1.1, 1.5
	527, 527
	721.78
	263.08
	62
	1.1, 1.5
	527, 527
	* All values are multiplied by 10
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	Supplementary Table 3.  Probabilities that the best motif discovered in a random data set has a frequency (f*) greater than the frequency (f) of the motif discovered in the real data set of size 20�10, for different values of u
	u
	Prob (f* > f)
	0.3
	< 0.00001
	0.5
	0.0001
	0.7
	<0.00001
	Results are based on 1000 real data sets for each value of u and 10000 random data sets for each real data set.
	In each case, the motif discovered in the real data set coincided with the planted motif, and its proporation was also close to u.
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	Supplementary Figure 1.  Model structure of the synthetic data sets with multiple local optima.  [Dark boxes are filled with 1; white boxes are filled with 0.  Ten columns have 900 1s and 100 0s.  Expected motif is (1,1,1,1,1,1,1,1,1,1) at sites (4, 8

	Supplementary Table 4.pdf
	Supplementary Table 4.  Results of 1000 Simulation Runs for Different Structures of Synthetic Data Set 2 as Specified by (m�, m�, m�) for Different Values of the Control Parameter c
	(m�, m�, m�)
	c
	% runs in which the motif was correctly identified
	Mean+s.d. of the number of sweeps to convergence
	(17,17,16)
	10
	36.8
	1101.44+540.73
	30
	50.8
	986.43+574.89
	50
	51.0
	976.62+538.11
	100
	52.0
	926.69+589.32
	200
	55.0
	896.77+571.40
	(16,16,18)
	10
	84.5
	823.33+504.37
	30
	92.0
	627.87+489.17
	50
	93.9
	590.74+489.17
	100
	92.5
	638.92+503.21
	200
	93.6
	621.96+489.63
	(15,15,20)
	10
	99.4
	458.32+354.85
	30
	99.8
	270.20+237.87
	50
	99.9
	295.04+268.50
	100
	100
	293.07+268.81
	200
	100
	288.20+267.71
	The significance level of the motif, when correctly identified, was �10� when
	assessed by the “drop” procedure, and was = 0 whe
	\(indicating that no motif  “better” than that i
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	Supplementary Table 5.  Performance of the algorithm on Synthetic Data Set 1 with (a) N=200 for different values of the variables L (number of segregating sites) and u (proportion of the planted motif among N) = 0.1; and, (b) N=50, L=200 and vari
	(a)
	L
	c=50
	c=100
	No. of Sweeps
	% correct
	No. of Sweeps
	% correct
	Mean
	s.d.
	Mean
	s.d.
	50
	1203.67
	575.49
	100
	208.36
	94.30
	100
	100
	3660.30
	1157.10
	100
	990.04
	494.44
	87
	(b)
	u
	c=50
	c=100
	No. of Sweeps
	% correct
	No. of Sweeps
	% correct
	Mean
	s.d.
	Mean
	s.d.
	0.3
	2067.20
	1847.40
	74
	1983.21
	1541.60
	85
	0.5
	551.36
	275.80
	100
	657.20
	301.60
	100
	0.7
	398.60
	223.80
	100
	382.10
	212.50
	100




