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Positive weight

Negative weight

@−2=A @−1=G @1=G @2=T @3=A @4=A @5=T @5=C @5=A

Bias

OUTPUT UNITS:
(1,0,0) = IE
(0,1,0) = EI
(0,0,1) =  N
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iPk?c:��_I!�bdtnc/��pqv�v�_ZhÉx�h�pqc/�yaPtov�_Bcn_Zbneup�h�_BvÈtni!~q_B~qs2�!s k�i�x�bÂp�h�`�x�c|tZ���0��pq~q_Oc���i!t|_SiPk?c���_Stn_BzBi�h�v

��pqv�v�_ZhOx�h�pqc��!sÍc���_�bd_ZeoaPp�h�p�h��Cc:��bd_B_�p�h�`�x�cntZ������_�a�zBcnpq��aPcnpqi�h ��aP~�x�_Bt�p�hÍc���_�c���bd_B_
��pqv�v�_ZhOx�h�pqcnt

�j_Zbd_ozB~�x�tncn_Zb�_Bv>�L����_o�PaP~�x�_Ci�k ��	 �
������a�t�kmi�x�h�v cni¤��_otfeoaP~q~@_Zh�i�x��,�Ök�i�b�c���_Ch�_Bc��ji�b��-�ypqc��
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.

@2=T @3=A @4=A @5=T @5=C @5=A@1=G

Negative weight

Bias

Positive weight

OUTPUT UNITS:

(1,0,0) = @(2,1)

(0,1,0) = @(2,2)

(0,0,1) = @(2,3)

@ pq��x�bd_C��� �5bnx�h�_BvÑh�_Bc��ji�b��Ík�i�b�c���_;tn_BzBi�h�v(��p}v�v�_Zh x�h�pqcgiPkyc���_oi�bdpq�!p�h�aP~jh�_Bc��Êi�b��Sv�_Z`�pqzBcn_Bv p�h

@ pq��x�bd_o�!�

v�pqtnzZbd_Bcn_Oa�zBcnpq��aPcnpqi�h ��a�~�x�_Bt;cni tncnpq~q~�e;aPp�h!cfa�p�hÑa �Z�!� � a�zBzZx�bnaPzBsÒbna�cn_Ca!h�v ~�a!bd�!_Í_Zh�i�x��,� tfx�z#�

c���aPcjc���_Zb�_
�j_Zbd_Ãh�i!cyc|i�ioeoa!h%sÍv�pJ9>_Zbd_Zh%cyv�pqtnzZbd_Bc|_Ã��a�~�x�_Bt�� ����_gbd_Btfx�~qcnt��j_Zbd_Ãa�tjkmi%~}~qi*�ytZ�

�%� �ypqv�v�_ZhÑx�h�pqcO�!�gc���_Zb�_I�Ê_Zb�_L>Öv�p}t|zZbd_Bcn_S��a�~�x�_Bt�� �����47��¼�����!����a!h�v �²�����3>�� � k�c���_Ci�bdpq�!p�h�aP~

�Z�!�!� 5 ���ycfbna�p�h�p�h�� 8 `�aPc|cn_Zbnh�tZ� �!�4> 5 >!� 8 `�a�cncn_Zbnh�t���aPvÍc���_P!�bdtnc5�PaP~�x�_!�9�!� � 5 � � 8 c���_ytn_BzBi�h�v

��aP~�x�_!� a!h�vÔ� 7!� 5 � 8 ��aPvSc���_�c���p�bdvÖ��aP~�x�_!�

��� �ypqv�v�_ZhSx�h�pqc?���¼c���_Zbd_B�j_Zbd_.>�v�pqtnzZbd_Bcn_��PaP~�x�_BtZ�j���J747��!���J>4>���a!h�v/�²�����!���1����_�v�pqtncfbdp���x�cnpqi�hÍiPk

c���_�cfbnaPp�h�p�h��Ív9aPcfa?�yaPtÃ�Z�!� 5 7 8 � � � � 5 7 8 ��a!h�v � �Z� 5 � � 8 ��bd_Bt�`�_BzBcnpq�!_B~qs!�

>�� �ypqv�v�_ZhOx�h�pqc.>���c���_Zb�_.��a�tyi�h�~qs¤� v�p}t|zZbd_Bcn_Ã�PaP~�x�_!�Ê�����47��

r�p�h�zB_Âc���_Zbd_
�j_Zbd_
>uv�pJ9>_Zbd_Zh%c�aPzBcnpq��aPc|p}i�hS��a�~�x�_Bt�aPc0��pqv�v�_Zh x�h�pqcntg�Ãa!h�v¤���Æa%h�vOi�h�~qsÔ���PaP~�x�_

aPc���p}v�v�_ZhSx�h�pqc�>���a�cni!c�aP~�iPk��Ã`�i!tntnp���~q_�i�x�cf`�x�cnt@k�i�b¼c���_�h�_Bc��Êi�b��.�j_Zbd_?`�i!tntnp���~q_!������_Btn_�`�i!tnt|p���~q_

�Z�



�ypqv�v�_Zh x�h�pqc�a�zBcnpq��aPcnpqi�h�t �5b�_Bv�p}zBc|_BvOi�x�cf`�x�c wj~�aPtnt|pJ!9zZa�cnpqi�h

� � > � � >

�����47 ���"747 �����47 ������� �����%� �����!� � 5 �
��� 8

�����47 ���">4> �����47 �����!� ������� �����!� � 5 �
��� 8

�����47 �²��� �!� �����47 �!���!� �����%� �����!� � 5 �
��� 8

�����!� ���"747 �����47 �����!� �����%� �����47 � 5 �
�:> 8

�����!� ���">4> �����47 �����!� ������� �����!� � 5 �
��� 8

�����!� �²��� �!� �����47 �!���!� �����%� �����!� � 5 �
��� 8

�²�����4> ���"747 �����47 �����!� �����%� �%���!� � 5 �
�:> 8

�²�����4> ���">4> �����47 �����!� ������� �%���!� � 5 �
�:> 8

�²�����4> �²��� �!� �����47 �!���!� �����%� �����!� � 5 �
��� 8

�¼a!��~q_ � � � x�cf`�x�c�iPk5c���_Ãh�_Bc��ji�b����ypqc��Sv�pqtnzZbd_Bc|_ua�zBcnpq��aPcnpqi�h ��aP~�x�_BtÃaPc�c���_D��pqv�v�_Zh x�h�pqcnt�kmi�bjc���_

`�bnx�h�_Bv h�_Bc��ji�b��gp�h @ pq��x�bd_g���

i�x�cf`�x�c|t?a!bd_�tfx�e;eoa!bdpNMB_BvOp�h ��a!��~q_ � �

l7hgaytnp�egpq~�a!bÐk aPt:��p}i�h�a�tÐ��_�kmi�b�_!�!~q_Bc�� 5 � � � 8 v�_Zh�i!cn_jc���_���pqv�v�_Zhox�h�pqc �Îcfa4�%p�h���p}c|t � c��ÂaPzBcnpq��aPc|p}i�h

��a�~�x�_!������_�k�i!~q~qi ��p�h��Íbnx�~q_Btyc���aPcjzB~�aPtntnp k�sS_ZaPz#�oiPk�c���_�`�bd_Bv�pqzBcn_BvOi�x�cf`�x�cyzB~�aPtntn_BtP�Ê_Zb�_?�!_Zh�_Zb|aPcn_Bv

�%s ���!� k bdi�e c:��_�v9aPcfagp�hK�¼a!��~q_ � �

+ lºk�� 5 �
�:> 8 c���_Zh � 5 �
�Z� 8 �

+ ��~qtn_�p k�� 5 ����� 8 a%h�v�� 5 � �f� 8 c���_Zh � 5 �
��� 8 �

+ ��~qtn_�p k�� 5 ����� 8 a%h�v�� 5 � �Z� 8 c���_Zh � 5 �
��� 8 �

+ ��~qtn_�p k�� 5 ����� 8 a%h�v�� 5 � �f� 8 c���_Zh � 5 �
��� 8 �

+ ^�_�k a!x�~qcyi�x�cf`�x�cZ� � 5 �
�:> 8 �

� �



���!� _#)�c�bnaPzBcn_Bv2bnx�~q_BtZ��p�h2c|_ZbnegtoiPkÃc:��_Oi�bdpq�!p�h�aP~�aPcnc�bdp���x�cn_BtZ�jv�_BtnzZbdp���p�h�� ��i*� _Za�z�� iPkÃc���_

tnpN)Sv�p"9>_Zbd_Zh!c�aPzBcnpq�PaPcnpqi�hÖ��aP~�x�_Bt�iPk5c���_g�/��pqv�v�_Zh¤x�h�pqcnt.�yaPt�i���cfaPp�h�_Bv>������_Btn_gbnx�~q_Bt�a%bd_Ã�!pq�!_Zh p�h

O�`�`�_Zh�v�pN)LOÉaPt � _B�!_B~ >�bnx�~q_BtZ� ����_�zBi�eo`�~q_Bcn_?bnx�~q_Bt@�!_Zh�_ZbnaPcn_Bvuk bdi�e c���_jtf`�~qp}zB_:�=�nx�h�zBcnpqi�h v�i�eoaPp�h

a�k�cn_Zb�c���_oeg_Zbd�!p�h��SiPkybnx�~q_BtÃp�hÔr�cn_Z` �ÍiPkÊ��� aP~q�!i�bdpqc���e a!bd_gaP~qtniS�!pq�!_Zh p�hCO�`�`�_Zh�v�pN)6Og��r�p�h�zB_

c���_�tfx���h�_Bc��ji�b��ÂzZbd_ZaPcn_Bvukmi�b
c���_�tn_BzBi�h�vI��p}v�v�_ZhSx�h�pqcjiPk>c���_�i�bdpq�!p�h�aP~>h�_Bc��ji�b��
��a�v ��_B_Zhocfb|aPp�h�_Bv

cnioaPz#��pq_B�!_C�Z�%� � aPzBzZx�bnaPzBsSbnaPcn_�a!h�vSc���_��PaP~�x�_giPk �yx�tn_BvÖcnigzB~�x�tncn_Zb�c���_ÃaPzBcnpq��a�cnpqi�hS�PaP~�x�_Bt0�yaPt

aP~qtnioz#��i!tn_ZhÍc|iub�_BcfaPp�hÍc���pqty~q_B�!_B~>iPk5aPzBzZx�bna�zBs!��c���_�aPzBzZx�bnaPzBsSbnaPcn_BtjiPk�c���_Ãbnx�~q_Bt��j_Zbd_�_#)�aPzBcn~qsÍc���_

tfa!eu_�aPtyc:��i!tn_Ãi�k5c���_�h�_Bc��ji�b����ypqc��Sv�pqtnzZb�_Bcn_/��p}v�v�_Zh3�²x�h�pqcoaPzBcnpq�PaPcnpqi�hS�PaP~�x�_BtÃ~qpqtncn_Bv p�hC��a!��~q_o���

p���_!���9�%��� � � � i�hÍc:��_�cfbnaPp�h�p�h��Cv9a�cfaPtn_Bcya!h�v �4>��J>!� � i�hÍc���_Âcn_Btncjv9aPcfa�tn_BcZ�

�P��_ bd_Bt�x�~}c|t�i�k�i�x�b�_#)�`�_Zbdp�eg_Zh%cotfx��!�%_BtncÃc���a�cÃc���_Í_#)�c�bnaPzBcn_BvÑbnx�~q_Btoa!bd_Ca!��~q_Scni egp�egpqzSc���_

h�_Bc��ji�b��uk bdi�e �B��p}z#�Öc���_BsOa!bd_�_#)�cfbna�zBcn_BvO`�_Zb7k�_BzBcn~qs!�?l7hS�!_Zh�_Zb|aP~��9p k5c���_Zbd_ga!bd_�tfx �ÍzBp}_Zh%cÃh�x�e���_Zb

iPk�v�pqtnzZb�_BcnpNMB_Bv ��pqv�v�_Zh3�²x�h�pqcÃaPzBcnpq��aPc|p}i�hÍ��aP~�x�_Bt�a!h�vSc���_�tfx���h�_Bc��Êi�b��!tya!b�_?cfb|aPp�h�_BvOa!h�v `�b|x�h�_BvOcni

aPz#��pq_B�!_S�Z�!��� aPzBzZx�bnaPzBsOb|aPcn_!�Îc���_ZhSc���_gbnx�~q_Bt�_#)�c�bnaPzBcn_Bv �ypq~}~ ��a��!_Âc���_Ãt�a!eg_�a�zBzZx�bnaPzBsObnaPc|_ÃaPt

c���_yh�_Bc��ji�b���i�hÂc���_jcfbna�p�h�p�h���v9aPc�a���l�c�pqt5`�i!t|tnp���~}_�cni�egp�egpqzyc���_y��_ ��a���pqi�b�iPk9c:��_�`�b|x�h�_BvCh�_Bc��Êi�b��

�ypqc��Öv�pqtnzZbd_Bcn_ÍaPzBcnpq��aPc|p}i�h ��aP~�x�_BtÂ_B�!_ZhÖi�h k x�cfx�b�_u`�a�cncn_Zbnh�tÃh�i!c�p�h c���_gcfbna�p�h�p�h��Öv9aPcfaPtn_Bc�� �"_Bc��

��_gc���_Âtn_Bc�iPk
a�~}~�`�aPcnc|_Zbnh�t?c:��aPcyzZa!h ��_Â�!_Zh�_ZbnaPc|_Bv¤�%sSc���_Ãp�h�`�x�cntÂzBi�h�h�_BzBcn_Bv cniCaF��pqv�v�_ZhÔx�h�pqcZ�

%&��_Zh c���_Sv�pqtnzZbd_Bcn_Oa�zBcnpq��aPcnpqi�h �PaP~�x�_BtCp�h c���_K��pqv�v�_ZhÈx�h�p}cSa!bd_Ív�_Bcn_Zbneup�h�_BvÈi�h�~qs �%sÑaOt�x���tn_Bc

iPk��?�>pqcÂp}tgtnc|p}~q~j`�i!tnt|p���~q_ÍcniS_#)�cfbnaPzBcÃbnx�~q_Btgc���aPc.��p}~q~@zBi��%_Zb�aP~q~Ê`�i%tntnp���~q_Sp�h�t|cfa!h�zB_BtÃc:��aPcÃeoa�s¤��_

_Zh�zBi�x�h%cn_Zbd_BvSp�h;c���_yk0x�cfx�bd_!� @ i�b
_ZaPz��Í`�aPcnc|_Zbnhoc:��aPc5pqtyh�i!cybd_Z`�bd_Btn_Zh%cn_BvÍp�hÍc���_?c�bnaPp�h�p�h��ov9aPcfa��%pqcnt

zBi�h%cnp�h�x�i�x�t�aPzBc|p}�PaPcnpqi�hÖ��a�~�x�_BtÃa%bd_�zBi�eo`�x�cn_Bv x�tnp�h��Sc���_
�j_Bpq�,�%cntyiPk5c:��_�`�bnx�h�_Bv h�_Bc��ji�b��9�j�5aPz#�

iPk>c���_Btn_�aPzBcnpq�PaPcnpqi�hÍ��a�~�x�_Btjpqt?aPt|tnpq��h�_Bv a v�pqtnzZbd_Bcn_��PaP~�x�_�p�h;c���_.��pqv�v�_ZhSx�h�p}c�c���aPc5pqtjzB~qi!tn_BtncjcniÂpqcZ�

{�i!cn_gc���aPc�i�h�zB_gc���_ozBi�e;`�~}_Bc|_ub|x�~}_Bt;��a��!_o��_B_Zh i���c�aPp�h�_Bv>�>c���_oh�_Bc��ji�b��Ícni�`�i!~qi!�!s!� c���_;�j_Bpq�,�%cnt

i�h c���_¤h�_Bc��ji�b�� zBi�h�h�_BzBcnpqi�h�tZ�?a%h�v2c���_Öv�p}t|zZbd_Bcn_6��pqv�v�_Zh3�²x�h�p}cÔaPzBc|p}�PaPcnpqi�h ��aP~�x�_BtOh�_B_Bv h�i!cC��_

bd_Bcfa�p�h�_Bv>� @ i�b@i�x�b
_#)Æ`�_Zbdp�eg_Zh!c�i�h;c���_�tf`�~qp}zB_:�=�nx�h�zBcnpqi�hÖv�i�eoa�p�h � �j_�kmi�x�h�vÍc���aPcjbnx�~q_Btyc���aPcjzBiP�!_Zb
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aP~q~y`�i!t|tnp���~}_Sp�h�tnc�a!h�zB_Bt/�j_Zbd_o�!_Zh�_Zb|aPcn_Bv �ypqc���i�x�cD��a���p�h��¤c|iOzBi�eo`�x�c|_Cc���_SaPzBcnpq�PaPcnpqi�h ��a�~�x�_BtgiPk

`�aPcnc|_Zbnh�tCh�i!cSaP~�bd_ZaPv�s2`�bd_Bt|_Zh!cÍp�h2c:��_Ocfbna�p�h�p�h�� v9aPcfa��&�P��p}tF�yaPtov9x�_ cniÔc:��_¤bd_B~�aPcnpq�!_B~qsÈ~�a%bd�!_

h�x�e���_ZbjiPkÐ`�a�cncn_Zbnh�tjx�tn_BvSv9x�bdp�h��ocfbna�p�h�p�h��Ca%h�vSc���_?t�eoaP~q~>h�x�eg��_Zb�iPk�p�h�`�x�cntjk�i�x�h�vObd_B~q_B��a%h!cjk�i�b

v�_Bcn_Zbneup�h�p�h��Sc���_
��pqv�v�_Zh3�²x�h�pqc�a�zBcnpq��aPcnpqi�h ��aP~�x�_BtZ�

� ��� � 	1��� � 	$��� �.� 	 ����� ��	1� � ����� 
 �.��� �:�.�
�.��������� �������.�'	��

l0hÍc:��_Ã`�bd_B��pqi�x�t�tn_BzBcnpqi�h �<�j_.��aZ�%_?�!pq�!_ZhSaÂv�_Bcfa�p}~q_BvÖv�_BtnzZbdp�`�cnpqi�hSi�hL��i*� bnx�~q_Bt?zZa%hC��_�_#)�cfb|aPzBcn_Bv

k0bdi�e aÍv9aPcfa�tn_Bc.�ypqc�� i�h�~qsÔh�i�egp�h�aP~jaPcncfb�p���x�c|_BtZ�ol0h c:��p}tÂtn_BzBcnpqi�hC�j_ot:��aP~q~�p}~q~�x�tncfb|aPcn_I��i � b|x�~}_Bt

zZa!hÉaP~qtniÉ��_Ô_#)�cfbnaPzBc|_Bv2k0bdi�e a v9aPcfa�tn_BcK��a���p�h��ÑzBi�h%cnp�h�x�i�x�t¤aPcnc�bdp���x�cn_BtZ� ����_ tni�h�a!bSbd_Bc�x�bnh�t

zB~�aPtntnp"!9zZaPc|p}i�h `�b�i���~q_Ze 5 ��i�bneoa!h a!h�v r�_��nh�i*�yt��%p��Z�4747 8 �yaPtgz#��i!tn_Zh k�i�bgc���pqtC`�x�bn`�i!tn_!� ����_

v9aPcfa�tn_Bc?zBi�h�tnpqtncn_BvÔiPkÊ�%�47Ítni�h�a!b�bd_Bcfx�b|h�tZ� _ZaPz#�Oi�k �0��pqz#�K�yaPtÃb�_Z`�bd_Btn_Zh%cn_BvÔ�!s �!�Cb�_ZaP~5h�x�eg��_Zbdt

��_Bc��j_B_ZhÔ��� �Sa!h�v �%�����/����_oc�aPt�� �yaPt�cniSv�pqtncnp�h���x�pqt��È��_Bc��j_B_ZhÔbd_Bcfx�bnh�t k b�i�e aOeg_Bc�aP~�zBs�~qp�h�v�_Zb

a!h�vÖc���i!tn_�k0bdi�e a;zBs�~}p�h�v9bdpqzZaP~q~qsÔt���a%`�_Bv¤b�i�z#�9�j�j_Bcfx�b|h�t�k bdi�e eu_BcfaP~>zBs�~qp�h�v�_Zb��j_Zbd_�i���cfaPp�h�_BvÔaPc

aPtf`�_BzBc?a!h��!~q_Bt�tf`�a!h�h�p�h��S�!���P�<�0��pq~q_�c:��i!tn_�k0bdi�e bdi�z��%t?aPc?a�tf`�_BzBc?a%h��!~q_Ãtf`�a!h�h�p�h�� � 7!���P�

� i�bneoa%h?a!h�vor�_��nh�i*�yt��%p�5d�Z�473748 x�tn_Bvgc���bd_B_:�0~�a�s!_Zb k�_B_Bv�k�i�b��ya!bdvÃh�_Zx�bna�~�h�_Bc��Êi�b��!t �ypqc����Pa!bds�p�h��

h�x�e���_Zb�iPk0��pqv�v�_Zh x�h�p}c|t�c|iStni!~q�!_oc���pqto`�bdi���~q_ZeS�I���jiStn_Zb�p}_BtÂiPky_#)Æ`�_Zbdp�eg_Zh%cntgi�hÖc���pqt�v9a�cfaPtn_Bc

�j_Zbd_Sbd_Z`�i�b�cn_Bv>�Ca!h aPtf`�_BzBc��²a!h��!~q_Sp�h�v�_Z`�_Zh�v�_Zh%cÍtn_Zbdpq_BtCa!h�vÑa!h aPtf`�_BzBc �²a!h��!~q_Sv�_Z`�_Zh�v�_Zh%cCt|_Zbdpq_BtZ�

l0h c���_ÃaPtf`�_BzBc��²a!h��!~q_Âp�h�v�_Z`�_Zh�v�_Zh!c�t|_Zbdpq_BtZ�9c:��_�cfbnaPp�h�p�h�� `�a�cncn_Zbnh�tya!h�vSc���_Âcn_Btncnp�h��C`�a�cncn_Zbnh�t��j_Zbd_
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Postive weight

Negative weight

I−1 I−3 I−8 I−11 I−12 I−14 I−20 I−22 I−25 I−26

OUTPUT UNITS:
(1,0)  Act. value = −0.95
(0,1)  Act. value = 0.94 or − 0.04
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