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zOst_F¼bQHk�d{LOQ­_4[OQ­_b�*µO·G�O�4¸¾��� � ��* � D L��  ¬pom¹P
_bstQ
d{L�fg[ dtQ�[l�
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Hit probability for sequences of score 25 (bitscore 49.90)

single seed of size 11 (BLAST)

2 disjoint seeds of size 9 (Gapped BLAST)

seeds size 9, group size 13 (YASS)

��\`abijs{QT�G0��TÊ¶ÒlÍ@Ã{Ä&B�À&B�Ê¶Î Ê¶Ò Æ�ÀF¤TÀy^	
JÐ/Á�Ò¨Ê�ÄgÐ¹Ä ^TÎ]¥�ÐoÑgÒ�ÂËÄ ^ � �o¥�¦�@´¤�Á�ÄFÃ{¥RÀFÎ�Ê�ÑgÐ@¥�Å¡¥�Ð�Ò�¤

:Ó[ D�F&H�HCIKJ²µJ·G�O�4¸@»Jd{LO\hkZzOst_bpjfbpO\]^`\]dvm³����� ��� * � D L��  -\`kZk{P
fb^]^`Q�sed{Ljfb[ËdtLOQV_4[OQT��_4s�_4iOseP
Q�dtLO_Jx6»lfbkdtLOQiDGF&H�HCI9J²µO·G�O�4¸)xJ_4iOpO^`Q�«ÓknQHQHx�c�st\]d{Q�st\`_b[�\hk�knd{st\`c�d{^`m�kvdts{_4[OabQHs�d{Ljfb[Ë_bijstkH� c [�dtLOQ�_bd{LOQHseLjfb[jx6»
DGF&H�HCI9J²µO·G�O�4¸R\hk�P�ijc�L)^`QHktk�k{Q�[jk{\�dt\]¼4Q¬_b[°knLO_4snd-k{QHqGiOQH[jc�Q2k��
K�_�p�QËfbpO^]Q�dt_�knd{\`^`^-c�_bP
zjfbs{Q!DGF&HKHCIKJ²µO·G�J�4¸ ��\]d{L²_biOs­fbzOzOst_4f4c�Ll»>�*Q�c�LO_GknQ�f³zjfbstfbPRQ�d{QHs

c�_b[J��abiOs�fFdt\]_4[�k{ijc�L°d{L�fFdep/_gdtL�fg^`ab_4s{\]d{LOP¡kMLjf§¼4Q¬d{LOQRk{fbP
QTknQH^]Q2cªd{\`¼o\�dvm�� � D L	�  ª�-KMLO\hk-\hkef4c�LO\`Q�¼bQ2xpom�c�Lj_G_Gkn\`[Oa°knQHQHx³kn\36�Q­�)��_4s D�F&H�HCIKJ²µJ·G�O�4¸Ëfg[jx¹abst_bijz¹k{\t6HQE2&2���_bs��o�O�G������LO\`^]Q �4Q�Q�zj\][Oa�k{Q�Q2x
k{\36�QAa4 ��

:Ó[9d{LO\hkMknQ�dnd{\`[Oa�»ofb[jx¡��_4s*k{QHqGiOQH[jc�Q2k�_b�&f��O©JQ2x9ktc�_bstQV� Sb��\`[9_4iOs*Q�©Jz�QHs{\`P
Q�[Gd� �»o�G�O�o�Td{iOst[jk*_biJd
dt_Vp/QeP
_bstQek{Q�[jk{\]d{\`¼bQ���_4s£k{QHqGiOQ�[�c�QHk�iOz­dt_V�b�TpOzl»o��LO\`^]Q�D�F&H�HCIKJ²µJ·G�O�4¸Vp/QHc�_bP
QHk£P
_bstQeknQH[jk{\�dt\]¼4Q
��_4se^`_b[Oa4Q�sek{QHqGiOQH[jc�Q2kV�¨xOfFd�f­[O_bdZk{LO_F��[� ª�-we^`k{_j»/�o�O�G�­\`k�P
_bstQTQ�½­c�\]QH[4dZ\][Ëd{LO\hk�cHfbk{Qb»/fbkyDGF&H�HCI9J
µO·G�O�4¸9dtQ�[jxOk�dt_°c�_bP
zOiJdtQ�P
_4s{QRknzOijs{\`_bijkZ\`[jxJ\`¼o\`xJi�fg^®knQHQHxOk�dtLjfFd�fgstQV[O_bd¬��_b^`^]_F�*QHx�pomËf�knQ2c�_4[jx
Lj\�d2»���Lj\`c�L³dtf&�bQ2kTf�c�_4[jkn\hxJQHstfbpO^]Q
zjfbsnd�_g�*d{LOQ­Q�©JQHc�iOd{\`_b[�d{\`P
Qb� c [�d{LOQ9_gd{LjQ�sTLjfb[jx6»�kn\`[jc�Q¡d{LOQ
�o�O�o�¡k{Q�QHx�k{\36�QT\hkek{P¡fg^`^]QHsepom9_4[OQT[oijc�^`Q�_bd{\hxJQb»�d{LjQT[oiOPVp/Q�s�_g�>knzjiOs{\`_bi�k-\`[jxJ\`¼G\hxJijfb^�k{Q�Q2xOk-fFd�d{LOQ
��stknd-kvdtQ�z°\`k*dtLOQ�[�xJ\`¼o\`xOQHx�pom­~¡_b[�^`fbs{a4QZk{QHqGiOQH[jc�Q2k��
�&Q�dMijk*[O_F�Cfg[jfb^]m�6HQ�d{LOQ¬c�_4P
zjfgs�fFdt\]¼4Q-p�QHLjf§¼o\]_4s�_b�6d{LOQZ�o�J�o�Vabst_biOz)c�st\�dtQ�st\]_4[
��_bs*_gd{LjQ�sMk{c�_bstQ

¼Ffb^]iOQ2k�����\`abiOstQ�\Rk{LO_F�-k£d{LOQ¬LO\]d�zOs{_4pjfgpj\]^`\�dvm
_b�&d{LjQZa4s{_4iOz)c�s{\]d{QHs{\`_b[¹��k{Q�QHx�k{\t6HQ�aj»Jabst_biOz9k{\36�Q<2H�G 
fb[jx)d{LOQ�kn\`[Oab^`Q�«Ók{Q�QHx�c�st\]d{Q�st\`_b[�_g��µJ·G�O�4¸���k{Q�Q2x°kn\36�Q 2922 ª� ��\`abijs{Q \¡k{LO_F�-k*d{L�fFd-��_4s-fg^`\]a4[OP
Q�[Gdtk�_b�
ktc�_4s{QV^`fbs{a4Q�s�dtLjfg[¹S4�Ë��d{LjfgdZfgstQVa4Q�[OQHstfb^]^`m9_b��\`[4dtQ�stQHknd-��_bs¬�Z�ew�knQ2q4ijQ�[jc�QHk� ª»/d{LOQ��o�J�o�)c�st\�dtQ�st\]_4[
\hk*P
_bstQ�k{Q�[jk{\�dt\]¼4QedtLjfg[9d{Ljfgd*_b�lµO·G�J�4¸ ^�ÄFÃVÀgÎ¶Î&ÀFÎ Ê�ÑbÐjÅ¡¥�Ð�Ò�Î]¥�ÐGÑbÒ�ÂG¤ª��:´�&d{LjQZktc�_4s{Q�p�Q2c�_bP
Q2k*k{P¡fg^`^]QHsH»
dtLOQ¬abst_biOz)c�st\�dtQ�st\]_4[­p�Q2c�_4PRQ2k*^]Q2k{kMk{Q�[jk{\]pj^]Q���_bs�k{LO_bs{d{QHs*k{QHqGiOQH[jc�Q2k£pjiJd�\`kMknd{\`^]^6P
_bstQ¬knQH[jkn\]d{\`¼bQe��_bs
^hfgstabQHse_4[OQHkR��ktc�_4s{Q�Sb�­_4[ ��\]a4iOs{Q.\4 �� �-_F�*Q�¼bQHsH»j��_bs¬kni�c�L¹f9k{P¡fg^`^�ktc�_4s{QVd{LOQ
k{Q�[jk{\�dt\]¼o\]dvm°_g��p/_gdtL
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P
Q�d{LO_JxOk�\`k��*QHf$����ij[jxJQ�s D � �G ª���j_bs�mbQ�d¬knP¡fb^]^`Q�sZk{c�_bstQHkV�¨k{c�_bstQ�2]\­_b[ ��\`abiOstQl\4 �»@p�_bd{L�P
Q�d{LO_JxOk
��fb\]^®Q�©Oc�Q�zOdZ��_4s¬¼bQ�stmËk{LO_bs{d¬k{QHqGiOQH[jc�Q2k�»6\`[³��LO\`c�L�c�f4knQ�d{LjQ
k{\`[Oab^`Q�«ÓknQHQHx�PRQ�d{LO_Jx�d{iOst[jk¬_4iJd¬d{_°p�Q
zjs{Q���Q�s�fgpO^`Qb��:Ó[�zOstf4cªdt\`c�Qb»OxJQ�d{QHc�d{\`[Oa­k{_R^`_F�M«Ók{c�_bst\][OaRkn\`P
\]^hfgst\]d{\`QHk*s{Q2qGiO\]stQHkMstQHxOijc�\`[Oa�d{LOQTk{Q�Q2x�k{\36�Qb�

� ���°�T�*�����������)�

ÝJ_ ��fgs)�£QËL�f§¼bQËfbktk{iOP
QHx²d{L�fFd9[oijc�^]QH_gd{\hxJQËP�iJdtfgd{\`_b[jk9_Jc�c�ijs9\`[jxJQ�z/Q�[�xJQ�[Gd{^`m fg^`_b[Oa<k{\`PR\`^hfgst\�dvm
stQ�a4\]_4[jkH� �e_F�£QH¼bQHsH»/d{Lj\`k¬fbktk{iOP
zJd{\`_b[¹\`kZ[O_bd�fb^]�Mf§mJk®uvijknd{\]�jQ2x6�l:Ó[³zjfgs{d{\hc�ij^`fbsH»@\`[�zOst_gdtQ�\`[J«´c�_JxJ\][ja
stQ�a4\]_4[jkH»bdtLOQZd{LO\`stx)c�_JxJ_4[)pjf4knQ�\`kMP
_4s{Q�zOs{_4[OQ�d{_
PViJd�fFdt\]_4[jk£d{Ljfb[­d{LjQ���stkndMfb[jx9d{LOQ¬knQ2c�_4[jx­_4[OQb�
wÈ�Mf§m�d{_¬d�f$�4Q£dtLO\hk®_bpjk{Q�st¼FfFdt\]_4[V\`[4dt_�fbc�c�_biO[Gd®\hk�d{_¬ijk{Q¬¤ ÍOÀ4Át¥�¦T¤�¥t¥�¦F¤���:Ó[
c�_4[4dtstf4kvd�dt_¬c�^`f4k{k{\hc�fg^

k{Q�Q2xOkMdtLjfFd�c�_bsts{Q2knz/_b[�x9dt_ �°c�_4[4dt\]a4iO_bi�k�[oijc�^`Q�_bd{\hxJQ�P¡fFdtc�LjQHkH»�k{zjfbc�QHx°knQHQHxOk�fgstQ�s{QHzOstQHk{Q�[Gd{Q2x9pom
fË¤{ÂOÀtÍj¥���LO\hc�L¹k{z�Q2c�\]�jQHk�z�_Gkn\]d{\`_b[�k�fgd���LO\hc�L�P¡fFd�c�LOQHkePVijknd¬_ocHc�iOs2� �O_bs�Q�©OfgP
zO^`Qb»������	�ek{z�Q2c�\]�jQHk
dtLjfFd�dv�£_9~g«´�£_4stxOk���_bstPÜf9knQHQHx6»@\]�>P
fgdtc�LOQ2ke_JcHc�iOsZfFdedtLOQT��stkndH»/d{Lj\]s�xËfg[�x°��_biOs{d{L�z�_Gkn\]d{\`_b[jkepOiJd
[j_gd£[jQHc�Q2k{ktfgst\`^]mRfFd*d{LOQZknQ2c�_b[�x¡_b[OQ4��w¯k{Q�QHx­\`k*c�Ljfgs�fbc�d{QHs{\36�Q2x�pom
\]dtk�'�¥�Ê�Ñ§ÂoÒ � ��[oiOPVp/Q�sM_g�
�t >fg[�x
\]dtkT¤ ÍOÀgÐ �-�¶dt_gdtfb^l^`Q�[Oabd{L� �»/fb[jx�\`k-c�_bP
zO^`Q�dtQ�^`m�xJQ��j[OQ2x°pGm)\�d�kek{Ljfgz/Qb�MKMLOQTc�LO_4\`c�Q�_g��d{LjQVknL�fgz/Q�\`k
\`P
z�_4snd�fg[Gd-fg[jx�xJ\`s{Q2cªdt^]m�f�7@QHcªd�k*d{LOQ�Q�½­c�\`Q�[jc�m­_g��d{LOQTk{Q�Q2x6�
Ýoz�fbc�Q2x k{Q�Q2xOk°Ljf§¼4Q³p/Q�QH[¯k{LO_F��[ d{_ c�_4[jk{\`xJQHstfbpO^`m \]P
zOst_F¼bQ¹d{LOQ<k{Q�[�kn\]d{\`¼o\�dvm4»Z[j_gd�_b[O^`mC_4[

zjs{_bd{Q�\`[J«Óc�_JxJ\`[OaVstQ�a4\]_4[jk£pOiJd-fg^hkn_�_b[)abQ�[jQ�s�fg^/iO[jc�_4[jknd{s�fg\`[4d��Z�ew�knQ2qGiOQ�[jc�QHkH�>Ýozjfbc�QHx)knQHQHxOk*Ljf§¼4Q
p/Q�QH[ËxJQHk{\`ab[OQ2x�fb[jx°knmJknd{QHP
fgd{\hc�fb^]^`m­ijk{QHx�\`[EVGF9X�XWI9Y9ZGRK[�ZGXGI9Y`�t2 \O� »/fg[jx�Ljf§¼4Q�fg^hkn_¡p/Q�QH[ËkvdtijxJ\`QHx6»
��st_bP f¹P
_4s{Q�d{LjQ�_bstQ�dt\`cHfg^Mz/Q�s�knz/QHc�d{\`¼bQb»*\`[ � \O�´�CKMLOQ�stQHc�QH[Gd
�*_bs,�5� � �ezOst_bz/_4k{QHx±f³d{_o_b^ »£cHfg^`^]Q2x
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eWF&ZWJGF�)KF�»O��_4s�xJQHk{\]a4[O\`[Oa)P
_Gkvd�knQH[jk{\�dt\]¼4QRk{zjfbc�QHxËk{Q�Q2xOk¬fbcHc�_bs�xJ\`[Oa­dt_�f)PViOdtfFdt\]_4[jfg^�P
_JxJQ�^®k{z�Q2cª«
\]�jQ2xËpom�f9p/_o_b^`QHfg[ �Ëfgs,�b_F¼°c�Ljfg\`[l� �o�O�o�9\hkZc�_bP
zjfgd{\`pO^`Q���\]d{L�d{LOQ¡k{zjfbc�QHxËk{Q�Q2xËfgzOzjs{_Gfbc�LËfg[�x
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Hit probability for sequences of score 25 (bitscore 49.9)

single seed, motif  ###.#..#.#..##.###
group size 20, motif       ###..#.#..##.##
group size 18, motif       ###..#.#..##.##
group size 16, motif       ###..#.#..##.##

group size 14 (double-seed), motif       ###..#.#..##.##
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¤�ÄFÎ Ê�¦�Î Ê¶Ð/¥
Ãt¥´Í@Ã{¥ª¤�¥�ÐjÒ¨¤VÒ�ÂO¥TÂoÊ¶Ò®Í/Ã{Ä9BtÀ9B�Ê¶Î�Ê¶Ò¨Æ ^�ÄgÃ
À
¤ªÊ¶ÐoÑgÎ]¥9¤�¥�¥�¦¹Ä ^)'�¥�Ê�Ñ2ÂJÒ���� �´Ê¶Å-Í@Î]¥�Å¡¥�ÐjÒÓ¥t¦�Ê¶Ð VGF9X�XWI9Y9ZGRK[�ZGXGI9Y������@ÂO¥°ÄgÒ¶Âj¥�Ã)Î Ê¶Ð/¥�¤)Á�ÄFÃªÃ{¥�¤ ÍOÄgÐ/¦¹Ò´Ä
À�¤�¥t¥�¦¹Ä ^,'�¥�Ê�Ñ2ÂJÒ ���ZÀFÐ@¦ËÒ�ÂO¥T�o�J�o�¹ÑgÃ{Ä$
2Í Á�ÃªÊ¶Ò´¥�ÃªÊ�ÄFÐ%� ^�ÄgÃ)¦FÊ �e¥�Ã{¥�ÐjÒ�ÑgÃtÄ�
2Í±¤ªÊ��2¥�¤ �S�VÄgÒ´¥9Ò�ÂOÀFÒ¬ÀFÐ�Æ
ÄgÉ§¥�ÃªÎ]À�Í Ä ^
Ò�ÂoÊh¤�¤�¥t¥�¦ '®Ê¶Ò�Â³Ê¶Ò¨¤�¥�Î ^
ÆFÊ�¥�Î]¦F¤­ÀgÒ-Î]¥�À§¤ªÒ�� � Å¡ÀFÒÓÁtÂj¥�¦°ÐC
jÁ�Î]¥�ÄFÒ Ê�¦b¥�¤Z�ZÀFÐ@¦°Ò¶Âj¥�Ãt¥�^�ÄgÃ{¥
¤�¥�Ò¨Ò Ê¶ÐGÑ
Ò�ÂO¥ZÑbÃ{Ä�
2Í³¤�Ê��2¥VÒ´Ä�� �³ÀFÅ¡Ä�
JÐjÒ¨¤¬Ò´Ä­Ò¶Âj¥�¦4Ä�
CB�Î]¥�@´¤�¥�¥�¦9Á�ÃªÊ¶Ò´¥�ÃªÊ�ÄFÐ Ä ^ VGF9X�XWI9Y9ZGRK[�ZGXGI9Y

fb^]^`_F�-k�d{LOQ¡i�knQHs¬d{_°zOst_bz/_4k{Q�LO\hk�_F��[�knQHQHx³knL�fgz/Qb�­�-_bd{QRd{L�fFdVfgzjzO^]mo\`[Oa�d{LOQ¡a4s{_4iOz¹c�s{\]d{QHs{\`_b[³\`[
dtLOQTc�f4knQ¬_b��_F¼4Q�st^`fbzOzO\`[OaRk{zjf4c�QHx�k{Q�QHxjk�\`k-^]Q2k{k*dts{\`¼o\`fb^¨»jf4k*d{LOQTd{_gd�fg^6[oiOP�p�QHs-_g��P¡fFdtc�LjQHk-xJQHz�QH[jxOk
[j_gd�_4[O^`m�_4[�d{LjQVstQ�^hfFd{\`¼bQVzO^`f4c�QHPRQH[Gd�_g��d{LOQRknQHQHxOk�pOiJd�fg^hkn_9_b[�dtLOQ�k{Ljfgz/QR\�d�knQH^��v�¬K&_�c�_4iO[Gded{Lj\`k
[oiOP�p�QHs�_b[J«´^`\][OQ4»J�o�J�o�Rijk{QHk�fb[�fgzOzOst_bzjs{\hfFdtQ-�j[O\]d{QTfbiJd{_4P¡fFd{_4[�c�_bP
zOiJdtQHx)��st_bP dtLOQTknQHQHx�knL�fgz/Qb�

VWF9X�XGI9YKZGRK[KZGXWI9YRc�_bP�pO\][jQHk-k{zjfbc�QHx°k{Q�QHxjk-��\]d{L°d{LjQVxJ_bijpO^]Q�«´k{Q�Q2x�c�st\�dtQ�st\]_4[l»jfb^]^`_F��\][ja
f­z�_Gk{k{\�«
pj^]Q­_F¼4Q�st^`fbz¹p/Q�dv�*Q�QH[�d{LOQ­dv�£_Ëk{Q�Q2xOk��°KMLOQ9fbzOzOst_4f4c�L¹\hkT¼4Q�stm�Q�½­c�\]QH[4d�\][ p/_gdtL¾knQH^]Q2cªdt\]¼o\]dvm¹fg[�x
k{Q�[�kn\]d{\`¼o\�dvm4»>\][²c�_4PRz�fgst\`k{_b[ dt_¹P
Q�d{LO_JxOkRpjf4knQ2x<_b[²c�_4[4dt\]a4iO_bi�kVk{Q�QHxjk��s�e_F�£QH¼bQ�s2»®\]dtkRQ�½­c�\`Q�[�c�m
xOQ�z/Q�[jxOkT_b[¹d{LOQ­c�LO_4\`c�Q
_g�*d{LOQ­k{Ljfgz/Qb»�fbk¬\]dVxJQ�dtQ�stP
\][OQ2kZd{LOQ¡z/_4ktk{\]pO^`Q¡[oiOPVp/Q�s�_b�*P¡fgdtc�LOQ2x�[oiJ«
c�^]QH_gdt\`xJQ2k�\`[�_F¼bQ�st^hfgzOz/QHx�knQHQHxOkV����LO\hc�Ll»/\][°dtiOs{[&»�xJ\`s{Q2cªdt^]m�f�7@QHcªd�k�dtLOQVk{Q�^`QHcªdt\]¼o\]dvmO ª���O_bseQ�©OfgP
zO^`Qb»
z/_4ktk{\]pO^`Q9k{Q�^]�¶« _F¼4Q�st^`fbzjk¬_g�MdtLOQ)k{Q�Q2x �	�	��� � ��� ��� � �	��� � �R��_g�-�*Q�\`abLGdia4 �Ljf§¼bQ¡dtLOQ­[oiOP�p�QHs�_b�MP¡fgdtc�LOQ2x
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