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CGACCCAACG TTTTTCA TA

CGACCCAAC TTTTTCA TAg

CGACCCAAC TTTTTCA TAg

C

C

CGACCCAAcG

G

C

CG CCCAA G

G

Ca
C

CG CCCAA G

G

Ca

T

C

CG CCCAA G

G

C

t

A

C
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TGGGTTg

CG CCCAA GCA

TTTTTCA TA

C

CGACCCAACg

CG CCCAA GCA TTTTTCA TA

Kopiermodus ein (CG)

abschneiden (AC)

eine Einheit nach links rücken (CC)

Kopiermodus ein (CG)

auf anderen Strang umschalten (AT)

CTGGGTTG

G T TGGGTC

suche nächstes A oder G links (TT)

suche nächstes A oder G links (TT)

erstes Enzym wird gebunden
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687:9 ;�<�=:>:?@=BA CEDGFIH
C J�F�J�JK=BL2M�M FNHNCOD
D J�F�J�JK=BL2M�P CEDNDQC
F J�F�J�JK=BL2M�R CEDGFIH
H J�F�J�JK=BL2M�S DGCNCOD

Reaktionsmatrix der letzten
vier Spezies (ab Gen. 122)

Spezies 0 und 1

Spezies 2 und 3
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VXW1Y Z\[\]I^M_ ]E` acbed�f�g9hSi�jlkSm nEnEnog�a
a b1pC]M]MqEi�d�h Y YrY YsY YtY YtY YuY YuY Yvg�aeY YrY YcnEnEn
b i�aD]MqIq�bEd�i acbeY YtY Y4gcY YuY YtY YwkSY Y
d i�g�hDxykDg�d�a Y YTbed�f�g9hSi�jlkSh
f ]MqEk!bEd�d�k�z a{Y YsY Y|d�h}Y Ysm{Y YtY YwY Yrm
g a!bEmDxyi�k�dDg Y YrY YsY YtY Y4gcY YuY YtY YwkSY Y
h a�a�]EaDx	bM]M] Y YrY YsY YtY YtY Ysh{Y Y~jlY Yrh
i k\bEzDqEd�f�k�a Y YTbed�f�g9hSi�jlkSh
j mEpCx\xyi�aD]M] Y YTbeY YtY YtY Ysh{Y Y~jlkSh
k k!bEmDxyi�k�d�i Y YTbeY YtY YtY Ysh{Y Y~jlkSm
m a�aD]EaDx	bM]1p Y YrY YsY YtY YtY Ysh{Y Y~jlY Yrm nEnEn
nEnEn nEnEn nEnEn

Generation 128
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� V h��Kq�n����M���rWM��Z�W1��Z�[�\lZ�s(m(k1W1���Yhjs�k1[�W*�g�KZ
`bZ�^�k1Z�k y `�s��a`�s���\lZ�s(m(k1W&q���� � [:q�`�^bm2k,s���`�W!Z	�eZ�[
� k1Z�n&n-Z���W&X��#k|WM�d`�Z�[�� s�k1[
WB����q�[Km2q�hjhjk���� W!Z�[]Z�[B�Ys(���eZ��d`�W!Z���s�k1[�WB�YZ��d`�Z�[��_Z���Z�[�s�k1W!q( 
�,Z��¢¡(£d^X�,`N¤�¤�`�W!Z �,�¥�lus�^�¦vt��Yk1Z�� � � Z��YW!Z	���
w x �*®E®&®�y�{ q�`bZ } y \lZ � n-W�m(s�k1W&q���Z�[�n-s�^��ek y \ ^X�u§��8�l[�nYusb^#k1Z�[
^X�#t W&h f~���eX	����W&k1k����!���*¨X�
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�b" � :�* ��=� /1�X�7/ 5Y5 � � �X� �> �'$.&�*3"H��( ��� � P �'/10 5 *)8 5 �/>�7* � -�/10 �!"+* j ��Q�� & 5 ��*)�h�b" � �7* � " � *3" � *)8��" � �� �@�  �7" ��� csq � *)� � ��*x"%�  �E�����Q ( K "+�@�X��*)�;:�* �T=> /!�^89"  x¡ qi�b" � &�*3"  * � ��*)�I�b" ���>� 0G*ucsqM( � � ¡ l



�#��������'����(��	��
'������]���/�:+,�&���!� � �

0

20

40

60

80

100

5 10 15
K

o
n
ze

n
tr

a
tio

n
 in

 %
t in Generationen

Arbeitsstring sw

ErgebnisEingabe

Zwischenprodukte
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�b" � &�*3"  * � *3" � *�� �2('ba�`���c6c	� 2�`�� 0 c[c)lX0�*3, �( 5Y5+ ( � � � *��  @� �  *  �E�� "+* j (�� �>� 0G*�"H�  ��*)����" � �� �@�  �7" ��� -��*)�i*3" � *���*)(  75 "H$'&U& �/1&�*)�'* �x/ ��Q * �� � �� "+/ �2�65 � �65Y5 * ��� ��*)�.* � �  /%�M*_& �� �E ± ��� ��* 5+ *����#"%$'&J0G*3" ��*)8�  �7" ��� (�8 c�
 x � -g�7/L0�*���*)(  *  � � �s-g� ��N �!"W* j ��Q�� & 5 ��*)���n" � �A* � ��*����n" ���>� 0�*��  �7" ��� � � *)� � ��*"H�  �E� "W* �! ��*)�x�  �7" ��� c��]x � ?1/!��-1�7/�"H�  �!"+* j ��Q�� & 5 ( ��� *)� � ��* E j 5Y5+� *)8J*3" � *)�7,�/ 5+�1 �!"W*�:�* ��=� "+/ �?1/ � �sl �65 � ° P *)� �� /!�I8Z"  *3" � *)8 �T� ��*)�.* � ��" � �� �@�  �7" ��� csq �65 �*° P *)� ��� � K "+*x,�/ 5+�1 m
� �#�  ��*)� ° P *)� ��� ��* � �  �7" ��� c)q ��5 *3"%$'&�c)l_-nc�
dx � /���*)�Jc � x � -��7/4�.* P�5 " Q "+*)�.*X"+& �ME�� "+*��7*:�* ��=� "+/ � ?1*)�@�  �� � => *3" � ��� � *)0 � "H���#c	
x/F��*)��c ��� -!, �65Y5 �[*�� � (�,  3� (�$.&  �E
� �#�  ��*)�j° P *)� ��� ��* � �  �7" ���4��5 *3"H$.&������ 	�� � �
1-M�7/X*)� Q *)( � *������ 	��D8Z"  Lm-x��  ���x �
 � ( � �
� ��
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 �!� 
 � x �"�����#�X= /18J8L* �,V/ 5W� * � ��*u:�* ��=� "+/ � � �T5 *3"H$'&>( ��� * �]Q (�8  � �T� * � mc)l � �"�����"� x�� �"�����csl� �"����� x�� �"���c l � �"��� x�� �"�c)l� �"� x�� �csl� � x�� � �#:<* P�5 " =��� "+/ � ��*��I:<*��7( 5+ @�� � �c)l �oc)l x�� c)l �.�1* 5 0��  �.* P�5 " =S�T "+/ � ��*�� j �.0�*3"  �'�  �7" ��� � �
�i*)� K * � ��*  8 ��� ��* � �.*3" � * � :�* ��=� /1�.C j 5+� /1�7"  &�8Z(��$� E��1E ��-i�7/��R" � � �!"+* j �.0G*3"  �.�  �7" ��� � ��� $.&*3" � " � *)�Z��*3"  ?1/ 5Y5 �  ���� �!" � '�?1*)�'0�� � (�$'&  '%� j 0�0 E � E�� � E }[8 ��*)8 * �� .� * � * �\Q ( K "+� = * � - =S����� *3" � *�  ���� �!" � *Z�G( �>� 0�*D?1/ � c)lk*)�7,�/ 5+� * � � j 0�0 E � E � � E
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f [���Z�W&kM���ek1[
WM�#t�� �sl �v}����_Z�t�Z����es�kM���e^#[ f����eW!no`b^���t ���!��	�Z�[�`�Z�� s�^�X	� s�n&n-Z���	�W*�eX	�#Z��� 
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�|���8��� �d��� �(�����,�.�i� �	�(������������ �(�_���	���U�,�
}I8 �!"+*�x/ ��Q * �� � �� "+/ � 8J*)&��.*)�.*)� j �.0G*3"  �.� P * Q "W*�� Q (�*)�.& �65+ * � ( � � Q (��  3� 0�" 5 "H�R"+*)�.* � -�8 �(��.�7* ��!"+*	�  / � * �(�0G*)�<:<* ��=> "W/ � * � 8Z"  *3" ����� ��*)� Q ® =15 "H�.$'& � * = / P�P * 5+ �K *)�@��* � -6, �65Y5 �_8 �T� *3" � * 5H� (�,�* � ��**�
  *)� � *x�  *)(�*)�.( ��� ��(��@$'&2��( �>� 0G*<�!"+?1*)�3�7*)��� P * Q "+*�� � K "+*�" � j 0�0 E � E � � ?1*)�.8J*3"H��* � 8 �/>$'&  * �)��  �
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	 �����
� �b���� �"!���� %�- � � ����	�� �
���� � 	��� ����� �
	 �"!�����%�� E ��� � C ����© � E ��8 ,�/ 5+� * � ��* �K "+�@�Z*3" � :�* ��=� /1� � * Q *3" �1 -���*)� �65 � j �.�A/ Q " �� "+?F� P *3"H$.&�*)�_,�( ��� "+*)�  �E �1*3" � * ���� * �LK *)�3��* � " � *3" � *)8
±_® P *)� Q ® =!5 (�� � *�� P *3"H$.&�*)�  -g��*)�x?1/ � j �.0G*3"  �.� P * Q "+*�� � *)0�" 5 ��*  �K "+�@� E�b" � �Xc�c � �>`��"��`���c��baF`����ga12x"H�  *3" � � P *3"H$'&�*)�;89"  �KI� & 5 ,��.*3"+*)8 �G( � �7"�� E>� *)�x��( � �7"��h*)�7,�/ 5+�1 ��,W!X	��k� (�,u*3" � *���(��@$'& *3" � * j ���.*��'�7*�� P * Q "o¯ Q "+*)�  * � P *3"H$.&�*)� Q * 5B5 *1-u�7/ � ��*)� � � (�, �65Y5 * � P *3"H$'&�*)� Q * 5Y5 * ���5 *3"H$.& Q *3"  " � -i�!"+*J*3" � *J?1/1� � * � *)0�* � *L� � & �65+ �.� P * Q "-¯ =S�� "W/ � *)�7, �( 5Y5 * �ME �n" � *  ® P "H�.$'&�* j �>K * � ��( ���"H�  ��*)��� � $'&�*)C7� P *3"H$.&�*)� �R? ��5�E ��� � � � � � ����! �&�����>� �=�
	 ������"  � � �"!�����%�� E�#�ª � E� "+*��7*��J�_*3"H� P "+* 5 ��*�¯ � "W*)�  *3" � * � *3" � , � $'&�* � � P *3"H$.&�*)��-���*)�U���.*3"('�� P *3"H$'&�*)� Q * 5Y5 * � ' * �> & ��65+ �E �i�=S�����2Q (h���.*3"M?1*)�@�'$.&�"+*���* � * � �n" ���>� 0�* � c�
  3c �  @c��^�!"+*�* �� � P �.*�$'&�* � ��* � j (�� �>� 0�* � c �
  @c � �  @c � � ' � �AC�7/ Q "Y"+*)�.* � ' E ��� K *)�3��* � ���'*3" j �.0G*3"  �.�  �A" ��� �hc)l 
  3c)l �  3c)l ��0�* � �/  " �! -^�!"+*��!"+*�*3" ��Q * 5 * � * � ��(�C/1�@� � ( ��� * � �.* �S5 "H�R"+*)�.* �ME �R8 :�(�&�* Q (��  3��� �k* �> &M��65+ ��*)�u:<* ��=> /1� ��5 *3"H$.&�* j �� *3" 5 *h��*)�u���.*3" j �.C0�*3"  �.�  �7" ��� � E  �(���*3" � * � � P *3"H$.&�*)� Q ( � �7"�� K *)�3��* �U� ( � �n" � &�*3"  * � *3" � *)�;�b" ���>� 0�*x&�" ��Q ( � * � *)0�* �ME� "+*U* �� � P �.*�$'&�* � ��* j (�� ��� 0�*  @� (�$'&  Z�65 � = (�� Q *)�$�x/ ��Q * �� � �� "+/ � � P * ��=�� (�, Eb������� $'& � *)&  ��*)�:�* ��=� /1� K "W*���*)�b" � *3" � * � :�(�&�* Q (��  3��� �X�(�0�*)��-6(�8 K *3"  *)� j � ,V� ��� * � 0�* � �.0�*3"  * �JQ ( = �/ ��� * �ME j 0�C0�" 5 ��( ��� � E$#xQ *3" �1 *3" � * � ��"+8u( 5H�� "W/ � � 5H� (�,A-O0�*3" ��*)8 Q (�8 ��*3"  .P ( ��=� � �!"+*��n" ����� 0�*x&�" ��Q ( � *3, �( �! K "+�@� E� "+*	:�* ��=� "+/ � � ��5 *3"H$.&�( ��� * �45H� (  * � m c	
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j 0�0 E � E$# m �-, ��.�/�021 ,�3 �54 , ��4	� � � 4 ,76 ��498��
.$:;8 , ����� �<.�� �=4 , 1 � .��'>$1��?.@/7/�	A498�B24��DC�£�£ � � �
4
>�1�4EB24�8
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