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5.1 

85

https://github.com/feldman4/dna-barcodes


5.2 

5.3 



5.4 

86 29

5.5 

√𝑆𝐸𝑅1
2 + 𝑆𝐸𝑅2

2

𝑥



𝑥𝑅2 = 𝑚21𝑥𝑅1 + 𝑏21
𝑚10, 𝑏10

𝑥𝑅1∗ = 𝑚21𝑥𝑅1 + 𝑏21 𝑥𝑅0∗ =

𝑚21𝑚10𝑥𝑅1 + (𝑚21𝑏10 + 𝑏21)

5.6 



5.7 

5.8 

37 87

https://www.dropbox.com/sh/wh7b30dauxuajcw/AABQsvfmG65knGbFv0UsIcv1a?dl=0
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5.9.1 

53



5.9.2 

52

5.9.3 

88,89

5.9.4 



5.9.5 

5.10 

5.10.1 

54

20

90



5.10.2 

20

5.10.3 
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5.12 

5.12.1 
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5.12.3 



5.12.4 

5.12.5 

5.12.6 



5.12.7 

5.12.8 

5.13 

91

92

93

94



5.14 

5.15 

5.16 

https://jaspar2022.genereg.net/matrix-clusters/vertebrates/?detail=true
https://jaspar2022.genereg.net/matrix-clusters/vertebrates/?detail=true
https://www.vierstra.org/resources/motif_clustering


5.17 

64

5.18 

51

5.19 



5.20 

5.21 

5.22 



 

  



 

6.1 

68

95

https://doi.org/10.5281/zenodo.3838751


96

6.2 

https://github.com/coin-or/prtpy


6.3 

𝑛 = 64 𝑥𝑖∈{1...𝑛}

𝑖

𝑖 = 𝑡 𝑥𝑡 −
1

𝑛
∑ 𝑥𝑖𝑖

(
𝑛−1

𝑛
) [𝑥𝑡 −

1

𝑛−1
∑ 𝑥𝑖𝑖≠𝑡 ]

𝑇 = {𝑡, 𝑢} 𝑇 = {𝑡, 𝑢, 𝑣}

min
𝑖∈𝑇

𝑥𝑖 +
𝑎

𝑚
∑ 𝑥𝑖𝑖∈𝑇 −

1

𝑛−𝑚
∑ 𝑥𝑖𝑖∉𝑇 𝑚 = 2 3

𝑎 = 0.2



𝑥𝑡 = 𝑦 −|𝑥𝑡 − 𝑦| −
1

𝑛
∑ 𝑥𝑖𝑖

71

72

6.4 

𝑇 = {𝑡, 𝑢} 𝑇 = {𝑡, 𝑢, 𝑣}

min
𝑖∈𝑇

𝑥𝑖 +
𝑎

𝑚
∑ 𝑥𝑖𝑖∈𝑇 −

1

𝑛−𝑚
∑ 𝑥𝑖𝑖∉𝑇 𝑚 = 2 3 𝑎 = 0.2

GGTACC GTACC TCTAGA

−|𝑥𝑡 − 𝑥𝑡
∗| −

1

𝑛
∑ 𝑥𝑖𝑖≠𝑡 𝑥𝑡

∗ 𝑡

𝑥𝑡
∗

https://github.com/castillohair/corefsp
https://github.com/castillohair/genesis


GGTACC GTACC

TCTAGA

6.5 

GGTACC GTACC TCTAGA



6.6 

6

75

barcode_design

--length 10 --distance 2 -

-limit 50000 --exclude "GGTACC|TCTAGA|ATC$|AATAAA|ATTAAA"

ACTGGCCGCTTCACTG[145nt 

enhancer]GGTACCTCTAGA[10nt barcode]TGCCGGACCAGGTAGAT

6.7 

6

https://github.com/feldman4/dna-barcodes/blob/master/barcode_design.py
https://github.com/feldman4/dna-barcodes/blob/master/barcode_design.py
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