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DNA strand

5’P-ATCGAT-3’B

5’-ATCGAT-3’

Notation in DNA-HASKELL

[[P,@]] ++ [[A,*],[T,*],[C,*],[G,*],[A,*],[T,*]] ++ [[B,@]]

[[@,@]] ++ [[A,*],[T,*],[C,*],[G,*],[A,*],[T,*]] ++ [[@,@]]

for example

[[@,@]] ++ [[*,T],[*,A],[*,G],[*,C],[*,T],[*,A]] ++ [[@,@]]

[[@,B]] ++ [[*,T],[*,A],[*,G],[*,C],[*,T],[*,A]] ++ [[@,P]]

3’-TAGCTA-5’

3’B-TAGCTA-5’P

5’-ATCGCA-3’
3’-TAGCGT-5’

[[@,@]] ++ [[A,T],[T,A],[C,G],[G,C],[C,G],[A,T]] ++ [[@,@]]

5’-TGCGAT-3’
3’-ACGCTA-5’

[[@,@]] ++ [[T,A],[G,C],[C,G],[G,C],[A,T],[T,A]] ++ [[@,@]]

double strands

unlabeled

5’P-ATCGCA-3’
 3’-TAGCGT-5’B

[[P,@]] ++ [[A,T],[T,A],[C,G],[G,C],[C,G],[A,T]] ++ [[@,B]]

5’B-TGCGAT-3’
 3’-ACGCTA-5’P

[[B,@]] ++ [[T,A],[G,C],[C,G],[G,C],[A,T],[T,A]] ++ [[@,P]]

double strands

labeled
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Ò�Ñ§Ø�â2Ò�Ñ\ØAÕ�ä�Ó�Ø}â2Ù�Ô�ë�ôXÜ2Ô�Ó�Ô�Ö�Ó í Ü2Ô�Ó�Ü2Ô�Õ-Û�ÕXÑªÛ�Ó�Ó í Û8Ö�Ó�Õ�Ø}Ñ2ã2Ö�Ø}Õ�Ô_Ø}â2Ù�Ô-Ó�Û�Ø}Ñ2Ñ2Ô<Ø}Ù4Õ�Ô�åDà2Ò�Õ�Ô�Ö�8ö�ü<ù�Ó�Ò�áOÔXÖ�Ó�ÔxÝ2Ö<ë�ôXÜ2Ô-Þ�Ûná�Ý2Ù�Ô�õDÒ�Ó�ä �ÏöL! � E�� ù�Õ�Ô�Ö�à2Ù�Ó�ÖkÒ°Ñ ! � E�� Ý\ÛnÖ�Ö�Ò�â2Ò�Ù�Ò�Ó�Ò�Ô�Ö?ë4ôXÜ\Ø}ÓXá�Ô<Ø}Ñ2Ö 9
��� �8ö1! � � C ù

A TA TA T
T AT AT A

AAA
AAA

A

T AT A

A T

A T

T A

A TA TA T

T AT AT AA

A T A

T A T A

A

T A

T A

A T

pos3pos2pos1 pos3pos2pos1 pos3pos2pos1 pos3pos2pos1

pos1
pos2
pos3
sense
antisense

to anneal
possibility

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 1

0 1 0 1 1 0 0 0 0 0 0 0

1 0 0 1 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1

input tube:

example:

2*p*l places

p = 2
l = 3

1 10 0 0 0 0 0 0 0 0 0

1 10 0 0 0 0 0 0 0 0 0

0 1 0 1 0 0 0 0 0 0 0 0

oqpro6p�� � vF���$}�vF���
ôXÜ2Ô�Ó�Ò�á�Ô3Þ�Û�áOÝ2Ù�Ô�õDÒ°Ó�äkÛAß�Ù�Ò°×DØAÓ�Ò°ÛnÑ-Ò°Ö,ã2ÔxÓ�Ô�Õ�á�Ò�Ñ2Ô�ã�âDä�Ó�Ü2ÔXÑDà2á8â+Ô�Õ4Û}ß Þ�ÛnÑ2Þ<Ø}Ó�Ô�Ñ\Ø}Ó�Ò�Û�Ñ�Ó�ÔxÖ�Ó�Ö?ë
ôXÜ2Ô-Ö�Ò�á8à2Ù�Ø}Ó�Ò�Û�Ñ�Û}ß4Ù�Ò°×DØAÓ�Ò°ÛnÑ_Õ�à2Ñ2Ö�Ø}Ó*Ö�Ô�Ú�Ô�Õ$ØAÙ!Ö�Ó�Ø}×�Ô�Ö?ë,ÐXÓ
ú+Õ�Ö�Ó?÷\Ø}Ù°Ù9=&ø�ñkÐ¦Ö�Ó�Õ$ØAÑ2ã2ÖXÛ}ß4Ó�Ü2Ô
Ò�Ñ2Ý2à2Ó�Ó�àªâ\Ô�ØAÑªã�Ó�ÜªÔ�Ò�ÕXÕ�Ô�ÚnÔ�Õ�Ö�Ô�Þ�Û�àªÑiÓ�Ô�Õ�Ý+ØAÕ�Ó�Ö�Ø}Õ�Ô-Þ$Ü2Ô�Þ$ï�Ô�ãÃßVÛ�Õ�Ó�Ü2ÔxÒ°Õ�Þ�ÛnÑ2Þ<ØAÓ�Ô�Ñ\Ø}â2Ò�Ù°Ò�Ó�ä�Ø}Ñ2ã
#$ÛnÒ°ÑDÓ�ÒûßFÝ+Û�Ö�Ö�Ò�â2Ù�Ô	9
ôXÜ2Ô !�=�Ö�Ó�Õ�Ø}Ñ2ã2Ö�Û}ß¢Ó�Ü2Ô�Ò°ÑªÝ2à2Ó-Ó�à2â+Ô8Ò�Ñ2Þ�Ù�à2ã2Ò�Ñ2×&Ó�Ü2Ô�Ò�Õ-Õ�Ô�ÚnÔ�Õ�Ö�Ô�Þ�Ûnà2ÑDÓ�Ô�Õ�Ý\ØAÕ�Ó�Ö8ØAÑ2ã�Ó�Ü2Ô

á�Ø}õDÒ°á�à2á/öL!�=+ù��kÑ2Ô í Ö�Ó�Õ$ØAÑ2ã2ÖkÛAß,Ó�Ü2Ô-ú+Õ�Ö�ÓXÖ�Ó�Ø}×�Ô-ßVÛnÕ�á
Ó�Ü2Ô�Ö�Ô�ÓXÛAß*økñ�Ð�Ö�Ó�Õ�Ø}Ñ2ã2Ö�ßVÛ�Õ�Ó�Ü2ÔÑ2Ô�õDÓ�Ö�Ó$ØA×�Ônë§ôXÜ2ÔOÙ°Ò�×DØAÓ�Ò�ÛnÑþÒ�Ö�Ó�Ô�Õ�áOÒ°Ñ+ØAÓ�Ôxã í Ü2Ô�Ñ Ø}Ù�Ù
Þ�Û�ÑªÞ<ØAÓ�Ô�Ñ\ØAÓ�Ò�Û�Ñ¼Ó�Ô�Ö�Ó�Ö�ØAÕ�Ô�Ñ2Ô�×DØAÓ�Ò°ÚnÔÛ�Õ-ÛnÑ2Ù�äþøkñ�Ð
Ö�Ó�Õ�Ø}Ñ2ã2Ö í Ò�Ó�ÜþáOÛ�Õ�Ô�Ó�Ü+ØAÑ <Xâ\ØAÖ�Ô8Ý\ØAÒ�Õ�Ö�Ø}Õ�Ô8×�ÔxÑ2Ô�Õ�Ø}Ó�Ô�ã!ë�ôXÜ2Ô í Û�Õ�Ö�Ó�Þ?ØAÖ�Ô
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2
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2

2

2

2

2
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1

2

2

1

1

2

2

1

1

2

2

1

2

2

2

2

2

2

2

2

1

1

2

2

1

2

2

1

1

1 1

1 1

1

1 1 1

1

1

1

1

1

1

2

2 2 2

1

2 2

1 2

2

1

2

1 2

example:

input tube:
l = 3
p = 2

(2p) strands in input tube
(including reverse)

strands in input
tube to check for
concatenability
(maximum l
strands)

possible
concatena-
tions

2
(2p)   concatenation tests

1st stage:

(2p)   concatenation tests
3

2nd stage:

ü �
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Þxà2Ó�Ó�Ò°Ñª×_Ý+Û�Ö�Ò°Ó�Ò�Û�Ñ�ßVÕ�Û�á Ó�Ü2Ôkã\ØAÓ$ØAâ\Ø}Ö�ÔkÛAß4Õ�ÔxÖ�Ó�Õ�Ò�Þ�Ó�Ò�Û�Ñ
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á8à2Ö�Ó4â+ÔXÔ�Ö�Ó�Ò°á&ØAÓ�Ô�ã4ë!ôXÜ2Ò�ÖFÕ�Ô�åDà2Ò�Õ�Ô�Ö>=7#y�Ïö�ü<ù!Ó�Ò°áOÔ
Ö�Ó�Ô�Ý2Ö?ë
ø�àªÕ�Ò�Ñ2×-Ó�Ü2Ò�Ö
ÝªÕ�ÛDÞ�Ô�Ö�Ö¢Ø}Ù°ÙDÖ�Ó�Õ�Ø}Ñ2ã2Ö
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Ð á�ÛnÙ°ÔxÞ�à2Ù�ØAÕ�â2Ò�Û�Ù�Û�×nÒsÞ<Ø}Ù�Ù¡Ø}â\ÛnÕ�Ø}Ó�Û�Õ�ä&Ò°Ö-Þ�ÛnÑ2Ö�Ò�ã2ÔxÕ�Ô�ã¼Ø}Ö�á&ØAÖ�Ö�Ò�Ú�Ô�Ý+ØAÕ�Ø}Ù�Ù°ÔxÙ ��ì3�§ø ØAÕ�Þ$Ü2Ò�Ó�Ô�Þ$î
Ó�àªÕ�Ô_öW��â2Ò�ÛnÜ\ØAÕ�ã í Ø}Õ�Ô:�Dù�ë�ôXÜªÔ�ã2Ô�Ö�Þ�Õ�Ò�â+Ô�ã�ÛnÝ\ÔxÕ�ØAÓ�Ò�Û�Ñ2Ö
Õ�à2Ñ8Ó�ÜªÔ�Õ�Ô-ØAÖ
â2Ò�ÛDÞ$Ü2Ô�áOÒ°Þ?ØAÙDÕ�Ô<Ø}Þ�Ó�Ò�ÛnÑ2Ö<ëÐ�Ñ8ÔxõiÔxÞ�à2Ó�Ò�ÛnÑ8Ý2Õ�ÛnÓ�ÛDÞ�Û�Ù+Ô�õDÒ�Ö�Ó�Ö,ßVÛ�Õ3Ô<ØAÞ$Ü8Û�Ý+Ô�Õ$ØAÓ�Ò�ÛnÑ4ë � Ú�Ô�Õ�ä8Û�Ý+Ô�Õ�Ø}Ó�Ò�Û�Ñ�Õ�Ô�ÝªÕ�Ô�Ö�Ô�ÑDÓ�Ö�ÛnÑ2ÔXÙ�ØAâÖ�Ó�Ô�Ý í Ò�Ó�ÜyÓ�Ü2ÔOÞ�Û�Õ�Õ�Ô�Ö�Ý\ÛnÑ2ã2Ò�Ñ2×�Ó�Ò�á�Ô�Þ�Û�áOÝ2Ù�Ô�õDÒ�Ó�ä �Ïö�ü<ùxë � àªÕ�Ó�ÜªÔ�Õ�áOÛ�Õ�Ôn÷4Ó�Ü2Ô�Þ�Ûná�Ý2Ù�Ô�õDÒ�Ó�äÛAß
Ù�ØAâOÛ�Ý+Ô�Õ�Ø}Ó�Ò�Û�ÑªÖ�Ò�ÖXÞ$Ü\ØAÕ$ØAÞ�Ó�Ô�Õ�Ò���Ô�ã�âDä�Ó�Ü2Ô�ÑDà2á8â+Ô�Õ*Û}ß
Ò°ÑDÚnÛ�Ù�Ú�Ô�ã&økñ�Ð�Ö�Ó�Õ�Ø}Ñ2ã2Ö�Ø}Ñ2ã&Ó�Ü2Ô
Õ�Ô?ØAÞ�Ó�Ò°ÛnÑ&Ú�Û�Ù�à2áOÔ�ë

����� ��-/2�I1M>+$#g49-/K�-/K�!$c1�]#g2�I10g� 2D�6K/!$M !$#g-/Ke4
Û�Ý+Ô�Õ$ØAÓ�Ò�ÛnÑ Ó�Ò�á�Ô�Þ�Û�áOÝ2Ù�Ô�õDÒ°Ó�ä�Ò�Ñ

�Dì��2ø Ö�Ò�á8à2Ù�ØAÓ�Ò°ÛnÑ
Ó�Ò�á�Ô§Þ�Ûná�Ý2Ù�Ô�õDÒ�Ó�ä¼Ò�Ñ
��ì3�§ø á�ÛDã2Ô�Ù»ö�Ù�ØAâ
Ö�Ó�Ô�ÝªÖ�ù

Õ�Ô?ØAÙ¼Ó�Ò�á�Ô�Õ�Ô�åDà2Ò�Õ�Ô�ã
Ò�Ñ&Ó�Ü2Ô-Ù�ØAâ+Û�Õ$ØAÓ�ÛnÕ�ä

�DäDÑDÓ�Ü2ÔxÖ�Ò�Ö �8ö ��ù �Ïö�ü<ù ã2Ô�Ý+Ô�Ñ2ãªÖ�ÛnÑ
Ó�ÜªÔ¦Ù�Ô�Ñ2×nÓ�Ü2ÖºÛ}ßþÓ�Ü2Ô
Ö�Ó�Õ�Ø}Ñ2ã2Ö

Ð�ÑªÑ2Ô<ØAÙ�Ò�Ñ2× �8öL! � � C ù �Ïö�ü<ù ý�Ü
��ÑªÒ°ÛnÑ �8ö ���xù �Ïö�ü<ù $2÷�üxÜ
�4Ø}â\ÔxÙ°Ò�Ñ2× �8ö ��ù �Ïö�ü<ù !AÜ
��à2Ó �8ö ���xù �Ïö�ü<ù �AÜ
��à2Ó�Ó�Ò�Ñ2×  kà2Ó �8ö ��ù �Ïö�ü<ù �AÜ
��Ò�×DØAÓ�Ò�ÛnÑ �8ö � � ù �Ïö�ü<ù ü�!}Ü
ôXÜ2Ô�Ó�ØAâªÙ°Ô�Ö�ÜªÛ í Ö�Ó�Ü\ØAÓ-ØAÑ2ÑªÔ<ØAÙ�Ò�Ñ2×�Ø}Ñ2ã§Ù�Ò�×iØ}Ó�Ò�Û�Ñ&Ò�Ñ§Ó�ÜªÔ_Ù�ØAâ+Û�Õ$ØAÓ�Û�Õ�ä§Ø}Õ�Ô�Ý\ØAÕ�Ó�Ò�Þ�à2Ù�ØAÕ�Ù�äá�ÛnÕ�Ô&Ó�Ò�áOÔ�Ô���Þ�Ò�Ô�ÑDÓ&ØAÖ8Û�ÝªÝ\ÛnÖ�Ô�ã¹Ó�ÛyÓ�Ü2Ô��Dì��2ø Ú�Ô�Õ�Ö�Ò�Û�Ñ!ë�ôXÜ2Ô�Ö�Ô§Û�Ý+Ô�Õ�Ø}Ó�Ò�Û�ÑªÖ�Þ�ÛnÑ2Ö�à2áOÔ

Ô�õDÝ+Û�Ñ2Ô�ÑDÓ�Ò¡Ø}Ù4Ó�Ò°áOÔXÒ�Ñ�Ö�Ò�á8à2Ù�ØAÓ�Ò�ÛnÑ4ë

ü�ý
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� ÛnÕ
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Synthesis
’...’ -> PQE30S

Union
PQE30S, PQE30A -> PQE30SA

Annealing
PQE30SA, 3462 -> PQE30

Cut
PQE30, ’PvuII’ -> PQE30C1

Cut
PQE30C1, ’HinP1I’ -> PQE30C2

Labeling
PQE30C2, ’-P’, 5 -> ISSUES

CuttingOut
ISSUES, 719 -> ISSUE1

Synthesis
’...’ -> PQE30A

CuttingOut
ISSUES, 393 -> ISSUE2

Labeling
ISSUE1, ’+P’, 5 -> ISSUE1P

Union
ISSUE1, ISSUE2 -> TEMP1

Union
ISSUE1P, TEMP1 -> PRELIG1

Ligation
PRELIG1, 1112 -> LENGTHS4
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a1+a2=1112

LENGTHS8, 1112 -> RESULT
CuttingOut b=1112

a1=719
a2=393
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