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1. Choosing a pollutant to sense.
2. Design and order a novel 
    Pollutant -> PoPS Sensor Device

GOALS FOR THIS WEEK

GOALS FOR TODAY’s CLASS

1. Understand logic of DNA synthesis chemistry
2. Context of DNA synthesis tech. development
3. Intro to DNA synthesis governance.



from “A Roadmap to the Assembly of Synthetic DNA from Raw Materials” by Sanghvi, Yogesh (http://dspace.mit.edu/handle/1721.1/39657)



from “A Roadmap to the Assembly of Synthetic DNA from Raw Materials” by Sanghvi, Yogesh (http://dspace.mit.edu/handle/1721.1/39657)



Chemistry of DNA defines what must be 
added (e.g., bases).

Sources of error in synthesis define 
necessary steps.

- failure to couple leads to capping step in 
order to prevent deletions from accruing

- propensity to react leads to blocking 
group in order to prevent poly-As etc.



Coupling efficiency limits length of what 
can be made from scratch (on 
conventional DNA synthesizers).

yield = (coupling %)
#bp

36% = (0.99)100mer



Making longer molecules requires 
assembly of oligonucleotides via some 
means (recombination- or ligation-based 
usually). For example:







Tech. Dev. Context for 
DNA FAB
“surfing an exponential”





Carlson, Pace & Proliferation of Biological Technologies, Biosec. & Bioterror. 1(3):1 (2003)



Reagents
Beyond phosphoramidites?

Oligos (<200 bp)
Move synthesis inside cells?

Raw Materials
From salmon milt to sugarcane

Genes (200 < 100,000 bp)
Increase process speed and reliability 

Genomes (> 500,000 bp)
Increase process speed and reliability

Pathways (10,000 < 500,000 bp)
Increase process speed and reliability 

Reduce scale (1/1000th) 
Coupling eff. From 99.3% to 99.99+%

ID & prior. error sources (going up)
Reconsider shift to new chemistry

Fab rules that back-propagate to designers
Solve manufacturing control problem 

Process specific (sequencers, colony picking)

Characterize reliability and limits





Editing Existing Material
Increase process speed, scale and reliability



Editing Existing Material
Increase process speed, scale and reliability

Positive Actions
Develop & implement strategic products procurement plan

(GC 20-80, length, repeats, modularity)
10kb coupon for all NIH researchers

Low cost guaranteed loan to expand capacity
Targeted grants for process R&D and improvement

Academic research programs (clone by dilution)



Editing Existing Material
Increase process speed, scale and reliability

Positive Actions
Develop & implement strategic products procurement plan

(GC 20-80, length, repeats, modularity)
10kb coupon for all NIH researchers

Low cost guaranteed loan to expand capacity
Targeted grants for process R&D and improvement

Academic research programs (clone by dilution)

5 Years From Now
Today:

100 mb @ 2kb length, $0.50-$4.00/bp, 5-180 day turn
Future:

3200 mb @ 2kb length, $0.10-$2.00, 3-20 day turn
100 mb @ 1mb length (30 microbial genomes / year) 

Impact:
2x improvement in biology and biotech. research



Security Context for 
DNA FAB
“could synthesis and assembly be misused?
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CGGACACACAAAAAGAAAAAAGGTTTTTTAAGACTTTTTGTGTGCGAGTAACTATGAGGAAGATTAACAGTTTTCCTCAGTTTAAGATATACACTGAAATTGAGATTGAGATTCTCCTCTTTGCTATTCTGTAACTTTCCCTGGTTGTGACAATTGAATCAGTTTTATCTATTACCAATTACCATCAACATGGTATGTCTAGTGATCTT
GGGACTCTTCTTCATCTGGTTTTTCCTAGAGCTCTGAATCCATTTTGCGAGAAGTTCATCCAAACGACCCAGTGTCTGAAAATACAAAAGGTTCCCCTTTCCGTCAAGTTTAAGGGGTTGTTTTGATTGTGTGTAGATTTTATAATCCTAGAGTGCCAAGGAGTTGCGTGTCATCATTGATTGGGAAGATCAAGGAAACAATTTGTTC
CAATAATATCGTACATCTTGACTAAGTCGAACAAGGGGAAGTCGATATGGATCGTGGGACCAGAAGAATCTGGGTGTCGCAAAATCAAGGTGATACTGATTTAGATTATCATAAAATTTTGACAGCTGGCCTTACTGTTCAACAGGGAATTGTCAGGCAGAAAATAATTTCTGTATATCTTGTTGATAACTTGGAGGCTATGTGTCAA
TTGGTAATACAAGCCTTTGAGGCCGGAATTGATTTCCAAGAAAATGCCGACAGCTTCCTTCTGATGCTTTGCCTACATCATGCTTACCAAGGTGACTATAAATTGTTCTTGGAGAGCAATGCTGTACAGTATTTGGAAGGTCATGGATTCAAATTTGAGCTCCGGAAGAAGGACGGTGTCAATCGGCTCGAGGAATTGCTTCCTGCT
GCAACGAGTGGAAAAAACATCAGGCGTACGTTGGCCGCACTGCCTGAAGAGGAGACTACAGAAGCAAATGCAGGGCAATTTCTCTCATTTGCGAGTTTGTTTCTTCCCAAACTGGTTGTGGGAGAGAAGGCTTGCTTGGAAAAAGTCCAGCGACAAATTCAGGTTCATGCAGAACAGGGTTTAATTCAATATCCCACTGCATGGCA
ATCAGTTGGACACATGATGGTAATCTTCAGATTGATGAGGACTAATTTCTTGATTAAATATTTACTGATCCACCAGGGTATGCATATGGTAGCTGGCCACGATGCCAATGATGCTGTCATTGCTAATTCAGTTGCTCAGGCTCGCTTTTCAGGACTCCTAATTGTCAAAACCGTTCTTGATCATATTCTGCAAAAAACCGACCAAGGA
GTAAGACTTCACCCTTTGGCCCGAACAGCCAAAGTGCGTAATGAGGTTAATGCATTTAAGGCCGCCCTAAGCTCACTTGCTAAGCATGGGGAATATGCCCCTTTTGCTCGCCTTCTCAATCTCTCGGGAGTTAACAACCTAGAACATGGTCTCTACCCACAGTTATCAGCAATTGCTCTTGGAGTTGCCACAGCACATGGTAGCACC
CTTGCAGGAGTTAATGTTGGTGAGCAGTATCAGCAGCTTAGAGAGGCTGCCACTGAAGCTGAGAAGCAACTCCAACAATATGCTGAGTCCAGAGAACTCGACAGCCTAGGCCTGGACGATCAGGAAAGAAGAATACTAATGAACTTCCATCAGAAGAAAAACGAAATTAGTTTCCAGCAGACCAATGCAATGGTAACCCTTAGGAA
AGAGCGACTGGCTAAATTAACAGAAGCTATAACGCTGGCCTCAAGACCTAACCTCGGGTCTAGACAAGACGACGGCAATGAAATACCGTTCCCTGGGCCTATAAGCAACAACCCAGACCAAGATCATCTGGAGGATGATCCTAGAGACTCCAGAGACACCATCATTCCTAATGGTGCAATTGACCCCGAGGATGGTGATTTTGAAA
ATTACAATGGCTATCATGATGATGAAGTTGGGACGGCAGGTGACTTGGTCCTGTTCGATCTTGACGATCATGAGGATGACAATAAAGCTTTTGAGCCACAGGACAGCTCGCCACAATCCCAAAGGGAAATAGAGAGAGAAAGATTAATTCATCCACCCCCAGGCAACAACAAGGACGACAATCGAGCCTCAGACAACAATCAACAA
TCAGCAGATTCTGAGGAACAAGGAGGTCAATACAACTGGCACCGAGGCCCAGAACGTACGACCGCCAATCGAAGACTCTCACCAGTGCACGAAGAGGACACCCTTATGGATCAAGGTGATGATGATCCCTCAAGCTTACCTCCGCTGGAATCTGATGATGACGATGCATCAAGTAGCCAACAAGATCCCGATTATACAGCTGTTGC
CCCTCCTGCTCCTGTATACCGCAGTGCAGAAGCCCACGAGCCTCCCCACAAATCCTCGAACGAGCCAGCTGAAACATCACAATTGAATGAAGACCCTGATATCGGTCAATCAAAGTCTATGCAAAAATTAGAAGAGACATATCACCATCTGCTGAGAACTCAAGGTCCATTTGAAGCCATCAATTATTATCACATGATGAAGGATGA
GCCGGTAATATTTAGCACTGATGATGGGAAGGAATACACCTACCCGGATTCACTTGAGGAAGCCTATCCTCCATGGCTCACCGAGAAAGAACGACTGGACAAAGAGAATCGCTACATTTACATAAATAATCAACAGTTCTTCTGGCCTGTCATGAGTCCCAGAGACAAATTTCTTGCAATCTTGCAGCACCATCAGTAACCACAGCA
CAAAGCGCGGTCCACTTCGTAAAGCTAAATACACTTAAGACTTGACCGATTCATCTACAAAAACTAATCCATTATAACTTATTAGTGCTACTTTTCTATAAGTGATTCTTAATCTAAGGCCATTAAGAGTTTAAGTAATATACATATACACTTACACCGGTCTATCCAAGATGTGGCTCAATGTTCTTGATTTGAACATAGTCATAAGG
GGATAAATAATACTTTATATTTCTGATTGTGGATTGACCCATTCTGCTTAAAATGCTTCGCCCATTGAAAATGTGATCTAATAGATAGCCCTGACTAGACAAATTAAGAAAAACATTTGATGAAGATTAAAACCTTCATCGCCAGTAAATGATTATATTGTCTGTAGGCAGGTGTTTACTCCACCTTAAATTTGGAAATATCCTACCTT
AGGACCATTGTCAAGAGGTGCATAGGCATTACCACCCTTGAGAACATGTACAATAATAAATTGAAGGTATGTTCAGGCCCAGAAACGACTGGATGGATTTCTGAGCAACTTATGACAGGTAAGATTCCAGTAACTGATATATTCATTGATATTGATAACAAGCCAGATCAAATGGAAGTCCGACTCAAACCATCATCAAGGAGCTCA
ACAAGAACTTGTACAAGTAGCAGTCAGACGGAGGTCAACTATGTACCTCTCCTTAAAAAGGTTGAGGATACATTAACTATGCTAGTGAATGCCACCAGTCGTCAGAATGCTGCAATCGAGGCCCTTGAAAACCGCCTCAGCACACTTGAGAGTAGCTTAAAGCCAATCCAAGACATGGGTAAAGTGATTTCATCATTGAATCGCAGT
TGTGCCGAAATGGTTGCAAAATATGATCTTCTAGTTATGACAACTGGACGGGCTACTTCAACTGCAGCTGCAGTAGATGCGTATTGGAAAGAGCACAAACAGCCACCACCAGGGCCAGCGTTGTATGAAGAGAATGCGCTTAAAGGAAAAATCGATGATCCAAACAGCTATGTACCAGATGCTGTGCAAGAGGCTTACAAGAACCT
TGACAGTACATCGACCCTGACCGAGGAAAATTTTGGGAAACCTTATATATCTGCTAAAGACCTGAAGGAGATCATGTATGATCATCTACCTGGTTTTGGGACTGCCTTTCACCAACTTGTTCAAGTGATTTGTAAAATAGGAAAGGATAACAACCTTTTGGACACAATCCATGCTGAGTTCCAGGCAAGTCTAGCAGATGGTGACTC
TCCCCAATGTGCACTCATACAGATAACCAAAAGGGTCCCAATCTTTCAGGATGTGCCGCCCCCGATAATCCATATTAGATCCCGTGGTGACATCCCACGAGCATGCCAAAAGAGTCTCCGACCAGCACCACCATCACCCAAAATTGATCGTGGTTGGGTTTGTTTGTTTAAGATGCAAGATGGTAAAACGCTTGGACTTAAGATCTA
AGAATCAAGATTTATTTAACAAGGCAAGCCACAACCTTAGATGGAACCTCAGCCAGACTATTGAACTATTGACGCTGTTGATGATAATATATAATTAATGGTCTTATTTGAATATGACAACATCTTGCTTCTTGTTCTGCCTTGTAGCTCTTTGAATTGGAAGATCATTCCAAACTTACAAACATGCACAAGATGTTATGGTTTAGCAA
AGAATTGATAGGAGTACTGGTATATAATGTAAATATAACAAGTGATGAAGATTAAGAAAAACCAGTCGGTATTTTCCAGACTTGGCATTTCTTATCTTCATCTTCTAAAGTGAGATATTTTATCATCAAAAAATGAGGCGCGGAGTGTTACCAACGGCTCCTCCAGCATATAATGATATTGCATACCCTATGAGCATACTCCCAACCC
GACCAAGTGTCATAGTCAATGAGACCAAATCAGATGTACTGGCAGTGCCAGGGGCAGATGTTCCATCAAACTCCATGAGACCAGTGGCTGATGATAACATTGATCACTCAAGCCATACTCCAAGCGGAGTAGCTTCTGCCTTTATATTGGAAGCTACAGTGAATGTAATTTCGGGAACAAAAGTCCTGATGAAGCAAATACCTATTT
GGCTTCCACTGGGTGTAGCTGATCAGAAGATATACAGCTTTGATTCAACAACAGCCGCAATTATGTTGGCTTCCTACACAGTGACACACTTCGGGAAGATATCTAACCCGCTGGTACGTGTCAACAGGCTAGGCCCAGGAATACCCGATCATCCGCTACGACTCCTAAGGTTGGGCAATCAGGCATTCCTTCAAGAGTTTGTTCTTC
CACCAGTCCAGCTTCCCCAGTATTTCACATTTGATCTAACAGCTCTAAAGCTCATCACTCAACCATTGCCAGCTGCAACCTGGACAGACGAAACTCCAGCAGGAGCAGTCAATGCTCTTCGTCCTGGGCTCTCACTCCATCCCAAGCTTCGTCCAATTCTCCTGCCGGGGAAGACAGGAAAGAAAGGACATGCTTCAGACTTAACAT
CACCTGACAAGATTCAAACAATCATGAATGCAATACCGGACCTCAAAATTGTCCCGATTGATCCAACCAAGAACATAGTTGGAATTGAGGTTCCAGAATTACTAGTTCAAAGGCTGACCGGCAAAAAACCACAACCCAAAAATGGCCAACCAATTATTCCAGTTCTTCTTCCGAAATATGTTGGACTTGATCCTATATCGCCAGGGG
ACTTAACTATGGTTATCACCCAGGATTGTGATTCATGCCACTCTCCAGCCAGCCATCCGTATCACATGGACAAGCAGAATAGTTACCAATAATTTAAATTCCATTCGAGCTATTATTCTGCTAGTAATTCCGACGGGATCAATAGACTAAAAATCTGATTGTATAGAATTATAAAAGAATCAAGCAGAGGCAACAGACTCACAGCTTA
CGCCTAGATAACTAATATTAAGGAGTTTTTTAATCTAATTTTCCAGTCTTGAGTAATAATCATTTCTTTTGTAATTAATTATGCATTTGTTAACTTATCGGTGCGAGATTTCCTTGAGAACCCGGCGGAGCTTCTACTATCTGCAGTAACCAGAAGAGAAGTTCAACCCAGTCAAAACTAAACCAAGCAATATTCTGAATGCTCTATAG
TCTATTCTAATCAGAGGTATAACAATGGCTAAGATTTCAATGACTCGTTAACAATCGCTAGTAATTTTAATCTCCAGATTAAGAAAAAGATATACGATGAAGATTAAGGCGACAACGAGCCGAAACTTCATCTCTTTTAAAGATCTAACATTATCTGTTCCAAAGTCATACAAGGACACATTCAAATCAGGGATTGTAAGCTGCTATT
TCTTACCTCCCCAAATTACCTATACAACATGGGGTCAGGATATCAACTTCTCCAATTGCCTCGGGAACGTTTTCGTAAAACTTCGTTCTTAGTATGGGTAATCATCCTCTTCCAGCGAGCAATCTCCATGCCGCTTGGTATAGTGACAAATAGCACTCTCAAAGCAACAGAAATTGATCAATTGGTTTGTCGGGACAAACTGTCATCA
ACCAGTCAGCTCAAGTCTGTGGGGCTGAATCTGGAAGGAAATGGAATTGCAACCGATGTCCCATCAGCAACAAAACGCTGGGGATTTCGTTCAGGTGTGCCTCCCAAGGTGGTCAGCTATGAAGCCGGAGAATGGGCAGAAAATTGCTACAATCTGGAGATCAAAAAGTCAGACGGAAGTGAATGCCTCCCTCTCCCTCCCGACG
GTGTACGAGGATTCCCTAGATGTCGCTATGTCCACAAAGTTCAAGGAACAGGTCCTTGTCCTGGTGACTTAGCTTTCCATAAAAATGGGGCTTTTTTCTTGTATGATAGATTGGCCTCAACTGTCATCTACCGAGGGACAACTTTTGCTGAAGGTGTCGTAGCTTTTTTAATTCTGTCAGAGCCCAAGAAGCATTTTTGGAAGGCTAC
ACCAGCTCATGAACCGGTGAACACAACAGATGATTCCACAAGCTACTACATGACCCTGACACTCAGCTACGAGATGTCAAATTTTGGGGGCAATGAAAGCAACACCCTTTTTAAGGTAGACAACCACACATATGTGCAACTAGATCGTCCACACACTCCGCAGTTCCTTGTTCAGCTCAATGAAACACTTCGAAGAAATAATCGCCT
TAGCAACAGTACAGGGAGATTGACTTGGACATTGGATCCTAAAATTGAACCAGATGTTGGTGAGTGGGCCTTCTGGGAAACTAAAAAAACTTTTCCCAACAACTTCATGGAGAAAACTTGCATTTCCAAATTCCATCAACCCACACCAACAACTCCTCAGATCAGAGCCCGGCGGGAACTGTCCAAGGAAAAATTAGCTACCACCCA
CCCGCCAACAACTCCGAGCTGGTTCCAACGGATTCCCCTCCAGTGGTTTCAGTGCTCACTGCAGGACGGACAGAGGAAATGTCGACCCAAGGTCTAACCAACGGAGAGACAATCACAGGTTTCACCGCGAACCCAATGACAACCACCATTGCCCCAAGTCCAACCATGACAAGCGAGGTTGATAACAATGTACCAAGTGAACAGC
CGAACAACACAGCATCCATTGAAGACTCCCCCCCATCGGCAAGCAACGAGACAATTTACCACTCCGAGATGGATCCGATCCAAGGCTCGAACAACTCCGCCCAGAGCCCACAGACCAAGACCACGCCAGCACCCACAACATCCCCGATGACCCAGGACCCGCAAGAGACGGCCAACAGCAGCAAACCAGGAACCAGCCCAGGAA
GCGCAGCCGGACCAAGTCAGCCCGGACTCACTATAAATACAGTAAGTAAGGTAGCTGATTCACTGAGTCCCACCAGGAAACAAAAGCGATCGGTTCGACAAAACACCGCTAATAAATGTAACCCAGATCTTTACTATTGGACAGCTGTTGATGAGGGGGCAGCAGTAGGATTGGCATGGATTCCATATTTCGGACCTGCAGCAGAA
GGCATCTACATTGAGGGTGTAATGCATAATCAGAATGGGCTTATTTGCGGGCTACGTCAGCTAGCCAATGAAACTACCCAGGCTCTTCAATTATTTCTGCGGGCCACAACAGAACTGAGGACTTACTCACTTCTTAACAGAAAAGCTATTGATTTTCTTCTTCAACGATGGGGAGGTACCTGTCGAATCCTAGGACCATCTTGTTGCA
TTGAGCCACATGATTGGACAAAAAATATTACTGATGAAATTAACCAAATTAAACATGACTTTATTGACAATCCCCTACCAGACCACGGAGATGATCTTAATCTATGGACAGGTTGGAGACAATGGATCCCGGCTGGAATTGGGATTATTGGAGTTATAATTGCTATAATAGCCCTACTTTGTATATGTAAGATTTTGTGTTGATTTATT
CTGAGATCTGAGAGAGAAAAATCTCAGGGTTACTCTAAGGAGAAATATTATTTTTAAAATTTACTTGAATGCTGACCACTTATCTTAAATGAGCAATTAATAATATGTTTTTCTGCTTCTTTGCTTGATTTACAATATGATATTTCTCTTAATAATGATTAATATATTAAGAAAAACTTATGACGAAGATTAAAGGAGAGGATCGTTAAC
GGGAAAACCTCCCATCTCGTTCGTCGAAGCCACGTTGGTGGTGCTTGCAGCTGAGAACAACTCCAGAGATTGTAGGTAGAAAGGACCAACATTTATAGGTAGGGGTCAGAAAGCAACAATAACCATAAAAGGAGAGCCTGACATTGCTATTTAATATCCTAGAACCTGATTTCTAGGTTCTAGCTTTAAAATCCGGATGATGGAGCA
TTCAAGAGAACGGGGTAGATCTAGCAACATGCGACATAATAGCCGGGAACCATACGAAAATCCATCAAGGTCTCGCTCATTATCTCGGGACCCTAATCAGGTTGATCGTAGACAGCCTCGAAGTGCATCCCAAATTCGTGTTCCGAATCTGTTCCATCGGAAAAAGACTGATGCACTCATAGTTCCTCCGGCTCCTAAAGATATATG
CCCAACACTCAAAAAAGGATTCCTCTGCGATAGCAAATTTTGCAAAAAAGATCACCAATTGGATAGCTTAAATGATCATGAATTACTACTGCTAATTGCAAGAAGAACATGTGGAATTATCGAGAGCAATTCGCAGATTACATCCCCAAAAGATATGCGGTTAGCGAATCCAACAGCTGAAGACTTCTCACAAGGTAATAGTCCTAA
ATTAACACTTGCAGTCCTTCTTCAAATTGCTGAACATTGGGCAACCAGAGACCTAAGGCAAATTGAGGACTCTAAACTTAGAGCTCTTTTAACCCTTTGTGCCGTATTAACAAGGAAATTTTCTAAATCCCAACTGGGTCTTCTATGTGAGACCCACCTACGGCATGAGGGCCTCGGACAGGACCAAGCTGATTCTGTATTAGAGGT
CTACCAAAGACTCCACAGTGATAAAGGAGGGAATTTTGAGGCTGCCCTGTGGCAACAATGGGACCGACAGTCATTAATAATGTTCATCTCTGCTTTTCTCAACATTGCTCTCCAGATACCTTGTGAAAGTTCTAGTGTCGTAGTCTCAGGTCTTGCCACATTGTACCCAGCACAAGACAATTCTACACCATCCGAGGCAACTAATGA
TACCACCTGGTCAAGTACAGTTGAATAGAAAACCACTGGAGCTATTTTTCCACGATTGCTCTCAGTCAATAAATTAATATAGATATAATACGACTTCGGTGTGCAATTGTCAAGAGTTCCATTTAGTAATAATGATTCTTAAAACAATCTACTATCGCAATTATCGATGGATCTACCCTATTTGACGGTACATGACTTGAATGTAATAA
GGTAAGTTGGTATCTGAGGTATTTTGTCTAGAGTATACTCAAAATCGTATGTCTAGCAAATTATCAATAGCAAAGTTAAATTCTCCTAACCTCATATTTTGATCAAGTAATCATGATTTTATGATAATTCTTTTCAGATTATCGGTTTAATCTTTATTAAGAAAAAATCATGATTGTAGACAATTTACTGGTAGTCCTTGGGTATCCAAG
TTTATGAATAGAGCTAGAGAGAATTTGCTACTTCCGAGGTATAACTTTATTATTTGCTACTTCGAATGCCTAAAACCAGTAATGCAGGATGAAGATTAATTGCGGAGGAATCAGGAATTCAACTTTAGTTCCTTAAGGCCTCGTCCGAATCTTCATCAGTTCGTAAGTTCTTTTATAGAAGTCATTAGCTTCTAAGGTGATTATATTTT
AGTATTAAATTTTGCTAATTGCTTGCTATAAAGTTGAAATGTCTAATGCTTAAATGAACACTTTTTTGAAGCTGACATACGAATACATCATATCATATGAAAACATCGCAATTAGAGCGTCCTTGAAGTCTGGCATTGACAGTCACCAGGCTGTTCTCAGTAGTCTGTCCTTGGAAGCTCTTGGGGAGACAAAAAGAGGTCCCAGAGA
GTCCCAACAGGTTGGCATAAGGTCATTAACACCAGCATAGTCGGCTCGACCAAGACTGTAAGCGAGTCGATTTCAACTAAAAAGATTATTTCTTGTTGTTTAAACAAATTCCTTTTGTGTGAGACATCCTCAAGGCACAAGATGGCTAAAGCCACAGGCCGATACAATCTCGTGCCCCCAAAGAAAGATATGGAAAAGGGAGTGATT
TTTAGTGATCTTTGTAATTTCTTGATTACTCAAACCCTGCAAGGTTGGAAGGTTTATTGGGCAGGAATTGAGTTTGATGTAAGTCAAAAAGGCATGGCTCTTCTGACAAGACTCAAAACAAATGACTTTGCTCCTGCCTGGGCGATGACAAGAAATCTTTTCCCACATCTGTTCCAGAACCCAAATTCGGTTATTCAATCTCCCATCT
GGGCTTTGAGGGTAATTTTGGCAGCCGGATTGCAGGATCAGTTGTTAGACCATTCATTGGTTGAGCCATTGACAGGGGCTCTCGGTCTAATTTCTGATTGGCTCCTAACTACAACGTCAACACATTTCAATCTTCGTACTAGAAGCGTAAAGGACCAGCTTAGTCTTCGTATGTTATCTTTGATCAGGTCAAACATCTTGCAGTTCAT
CAACAAGCTTGACGCCCTGCATGTTGTCAATTACAATGGTTTACTCAGTAGTATTGAGATCGGGACTTCTACACACACAATCATTATAACTCGTACAAATATGGGTTTTCTCGTGGAAGTTCAAGAGCCTGACAAATCAGCTATGAATTCTAAGCGCCCAGGACCAGTCAAGTTCTCATTACTTCATGAGTCTGCCTTCAAACCTTTC
ACTCGTGTTCCACAATCTGGGATGCAATCATTAATAATGGAGTTCAACAGTTTGTTGGCAATTTAACAAGGTAATCTTAAAATAAGTACATGAATGAGAATTAGTTGTGGGTCTTATCTAGCATTGTTGAGTTAACTATCTAATCTATTTTCGCTAATTGCATTGAGCACTGCTAATAGGTTTGTATCACGTTAAAGATTTAGAGTGTA
TGAATTGTGCAGATTTAAACTTGGGTTTTGCCTTATGCTTCATAGGTGGTCTTTTTGAAATGGAGATTATCAGCATTTCTTAAATGGGAGGAGTTAGCAATCAGAAATTGGAGATAAATGGACATCGGGATAGAACAATGCCTAACTATTGGGCGGCTTCCATTTTTACATGTGTATATAACCAATCTTTTCCTATCTTTGCTTATATT
GGTGTAACTTTATTTTAATAACATGTCAATGCTATACTGTTAAGAGAAGGTCTGAGGAAGATTAAGAAAAAGGCCTCGTGTTCACTTGGTTGCCGTCAAGTATCCTGTGGTTTTTTTCTACCTAACTTCCTCATGCCATATGGCTACCCAGCATACCCAGTACCCGGATGCACGTTTATCCTCACCTATAGTCCTGGATCAATGTGATT
TGGTAACTCGAGCATGTGGGTTATATTCATCTTATTCTCTAAATCCTCAACTAAGGCAATGTAAATTACCAAAACATATATATCGACTTAAGTTCGACACAATAGTATCCAAATTCCTAAGTGATACACCTGTAGCAACACTGCCGATAGACTATTTAGTACCAATTCTCCTGCGTTCCCTAACGGGGCACGGTGATAGGCCATTGAC
CCCGACTTGCAATCAATTCCTTGATGAAATTATTAATTACACTCTTCATGATGCAGCCTTTCTTGATTACTATCTCAAGGCAACAGGTGCACAGGACCATTTGACAAACATTGCAACTAGAGAGAAGCTTAAAAACGAAATTCTAAACAATGATTATGTCCATCAATTGTTCTTCTGGCATGACCTTTCTATTTTGGCTCGACGTGGGC
GTCTGAATCGCGGGAACAACCGTTCAACCTGGTTTGTTCATGATGAATTCATTGATATTTTAGGATATGGCGATTATATTTTTTGGAAAATACCTTTATCATTATTACCAGTTACTATAGACGGGGTCCCACACGCAGCAACTGACTGGTATCAACCGACTCTTTTTAAAGAATCCATCCTAGGGCATAGCCAAATCCTATCTGTGTCA
ACAGCTGAAATACTAATTATGTGTAAAGATATTATCACCTGTAGGTTTAATACATCACTGATTGCATCCATTGCAAAATTAGAGGATGTAGATGTGTCTGATTATCCTGACCCGAGTGATATTCTTAAGATATACAATGCTGGAGACTATGTAATATCTATTCTTGGCTCAGAGGGTTATAAGATAATAAAGTACCTTGAACCACTTTG
TTTGGCCAAAATCCAACTTTGCTCTAAATTCACAGAAAGAAAAGGTCGTTTCCTCACACAGATGCATTTATCAGTAATAAATGATCTTCGGGAGTTGATTTCTAACCGCAGGTTAAAGGACTATCAGCAAGAGAAGATTAGAGATTTTCACAAAATATTATTACAATTGCAATTATCTCCTCAACAGTTTTGTGAATTATTCTCTGTTC
AAAAACATTGGGGGCATCCAATTTTACATAGTGAGAAAGCTATACAAAAAGTAAAACGGCATGCAACCATCCTTAAGGCTCTCAGACCTAATGTCATCTTTGAGACATATTGTGTATTCAAGTACAATATTGCCAAGCACTATTTCGACAGCCAAGGAACTTGGTACAGTGTAATCTCAGACAGGAATTTAACTCCAGGACTCAACT
CCTTCATAAAACGTAATCACTTTCCTTCACTACCCATGATTAAGGATCTTCTATGGGAATTCTATCATCTTAATCACCCTCCGTTATTCTCTACAAAGGTGATTAGTGACTTAAGTATTTTCATCAAAGATAGGGCCACAGCTGTTGAACAGACATGTTGGGATGCAGTCTTTGAACCCAATGTGCTAGGTTACAATCCTCCAAACAAA
TTCTCCACTAAAAGGGTGCCGGAACAATTTCTAGAACAAGAGGATTTTTCAATCGAAAGTGTCCTGAATTATGCACAGGAATTACATTATTTATTACCACAGAATAGGAATTTTTCCTTTTCTCTCAAAGAAAAGGAATTAAATATTGGACGAACATTTGGGAAGCTACCATATCTCACACGGAATGTCCAAACTTTATGTGAGGCTC
TGTTAGCAGATGGACTGGCCAAGGCCTTCCCCAGTAACATGATGGTAGTAACTGAACGTGAACAAAAAGAGAGCCTTCTTCATCAGGCATCATGGCACCACACCAGTGATGATTTTGGAGAGAATGCTACCGTTCGAGGGAGTAGTTTTGTAACTGATTTAGAGAAGTACAATCTTGCATTTCGCTATGAGTTCACTGCACCATTTA
TTGAGTACTGCAACCATTGCTATGGTGTGCGTAATGTCTTTAATTGGATGCATTATTTAATCCCGCAGTGTTACATGCATGTAAGTGATTATTATAATCCGCCTCACAATGTTAATCTTAGCAATCGAGAATATCCTCCTGAAGGCCCGAGTTCGTACCGAGGGCACTTAGGAGGCATAGAGGGATTACAACAAAAACTGTGGACGAG
TATATCCTGTGCACAAATCTCCTTAGTGGAAATTAAAACTGGTTTTAAGTTACGATCAGCGGTCATGGGAGACAATCAGTGTATAACCGTATTGTCTGTTTTTCCACTTAAAACAGACCCTGAAGAGCAGGAGCAAAGCGCCGAAGACAATGCTGCAAGAGTAGCAGCAAGTCTTGCAAAAGTAACCAGTGCATGTGGGATCTTTCT
TAAACCAGATGAGACATTTGTACACTCAGGTTTCATTTATTTCGGAAAAAAACAATATCTCAATGGTGTACAATTACCGCAATCACTCAAAACAGCAGCAAGAATGGCACCACTCTCTGATGCTATATTCGATGATCTACAAGGAACACTTGCCAGTATTGGAACTGCCTTCGAACGTGCTATATCGGAAACGCGACATATCCTCCCA
TGTCGTATTGTAGCAGCTTTCCATACGTATTTCGCCGTTCGGATTTTACAATATCACCATCTTGGATTTAATAAAGGCATCGATTTAGGACAGTTGTCACTTAGTAAACCATTAGACTATGGGACTATTACTCTAACATTGGCGGTTCCACAAGTCCTTGGGGGATTGTCTTTTCTAAATCCAGAAAAGTGTTTTTATCGAAACTTCGG
AGATCCTGTGACTTCTGGACTTTTCCAGCTACGGGTGTACCTAGAAATGGTTAACATGAAAGACCTATTTTGTCCATTAATATCGAAAAATCCAGGAAATTGTAGTGCCATTGATTTTGTCTTAAATCCATCCGGATTAAATGTTCCAGGATCACAAGACTTGACATCCTTTTTGCGACAAATCGTTAGGCGTAGTATTACCCTAACTG
CTAGAAATAAGTTAATTAACACTCTCTTCCATGCCTCTGCTGATTTGGAAGATGAGATGGTTTGTAAGTGGCTCCTTTCATCAAACCCTGTCATGAGTCGCTTTGCAGCGGATATTTTTTCCAGGACACCGAGTGGTAAACGTCTCCAAATATTAGGTTATCTTGAAGGGACCAGGACTCTATTGGCCTCCAAAATCATAAACAACAA
CAGTGAGACACCTGTACTTGATAAGCTGAGGAAGATCACCCTACAAAGATGGAATCTGTGGTTCAGTTATTTGGACCATTGTGACCAATTACTAGCAGATGCTCTACAGAAAATTAGTTGCACGGTGGATTTGGCCCAGATTTTGCGTGAGTATACATGGTCACACATCTTAGAGGGTAGATCATTGATCGGAGCGACATTACCATG
TATGGTGGAGCAATTCAAAGTTAAGTGGCTAGGACAATATGAACCTTGTCCAGAATGTCTCAACAAAAAAGGCTCAAATGCTTATGTCTCAGTTGCAGTCAAAGATCAAGTGGTCAGTGCTTGGCCTAATACTTCTCGAATAAGTTGGACAATAGGGAGTGGTGTCCCCTATATAGGGTCAAGAACCGAGGATAAAATCGGACAGCC
TGCTATCAAGCCGCGATGCCCTTCATCTGCCCTCAAGGAGGCTATAGAATTAGCATCAAGGCTCACTTGGGTTACACAAGGAGGTTCTAATAGTGAACAATTAATCCGGCCTTTCTTGGAAGCGAGAGTCAACCTTAGTGTCAGTGAAGTCCTGCAAATGACACCATCACATTATTCAGGAAATATTGTCCATCGATATAACGACCA
ATACAGCCCGCACTCATTTATGGCGAATCGCATGAGCAATACTGCGACCCGTCTCATAGTGTCAACTAATACACTTGGAGAATTTTCAGGTGGAGGGCAGGCCGCCAGGGATAGCAATATAATTTTCCAGAATGTTATAAATTTAGCAGTTGCCCTTTATGATATTAGATTCCGGAATACAAACACCTCTGATATAAGGCATAATAG
GGCTCATCTTCACCTGACAGAGTGCTGTACTAAAGAGGTCCCGGCCCAGTATTTGACATATACAAGTGCACTTAATCTGGATTTAAGCCGTTATCGTGATAATGAACTAATATATGACTCAAATCCACTGAAGGGAGGATTGAACTGCAATTTAACAATAGATAGTCCTTTAGTGAAGGGTCCTAGGCTTAACATGATTGAAGATGAT
CTTCTCCGCTTTCCACACCTTTCTGGATGGGAGTTAGCGAAAACGGTGGTACAATCCATCATCTCAGACAATAGCAACTCATCAACAGATCCAATCAGTAGCGGAGAAACACGCTCTTTCACAACTCATTTTCTCACTTACCCTCAGATTGGCCTTCTTTACAGTTTCGGAGCAGTATTATGCTTTTATCTAGGCAATACTATCCTAT
GGACTAAAAAACTTGATTACGAACAGTTTCTATATTATTTGCATAACCAGCTGCACAACTTACCTCATCGAGCACTCCGTGTTTTTAAACCAACATTTAAGCATGCCAGTGTGATGTCCCGATTAATGGAAATTGATTCTAACTTCTCAATTTATATTGGCGGGACATCTGGAGATCGAGGGCTGTCTGATGCTGCTCGACTGTTTCTT
CGGACAGCAATCGCGAGTTTTTTACAATTTCTTAAAAGCTGGATCATCGATCGCCAAAAGACAATTCCTTTATGGATAGTATATCCGCTTGAAGGTCAACAGCCGGAATCCATCAATGAATTTCTACATAAAATTTTGGGTCTGCTCAAACAAGGCCCCAAAAGTATTCCAAAGGAGGTCAGCATCCAAAATGATGGACATTTGGATT
TGGCAGAAAATAATTATGTTTACAATAGTAAGAGCACTGCTAGTAATTTCTTCCATGCATCCTTAGCTTACTGGAGAAGTAGGAAATCTCGGAAAACTCAAGACCATAATGATTTCTCAAGAGGGGATGGAACACTTACAGAACCCGTGCGTAAGTTTTCAAGCAATCATCAGTCAGATGAAAAGTACTACAATGTGACATGTGGAA
AGTCACCGAAGCCGCAAGAACGCAAAGACTTCTCGCAATACAGACTCAGCAATAACGGGCAAACAATGAGTAATCATCGTAAGAAAGGGAAGTTCCACAAGTGGAATCCCTGCAAAATGTTAATGGAGAGTCAAAGGGGAACTGTTCTAACAGAGGGTGACTACTTTCAAAACAATACTCCACCAACAGATGATGTATCAAGTCCT
CACCGACTCATTCTACCATTTTTTAAATTGGGAAATCACAACCATGCACATGATCAAGATGCCCAAGAATTGATGAATCAAAATATTAAACAGTACCTACATCAGCTAAGGTCTATGTTGGACACCACTATATATTGTAGATTCACAGGGATTGTCTCATCCATGCATTACAAATTGGACGAAGTTCTTCTAGAATACAATAGTTTCG
ATTCAGCTATCACATTAGCTGAAGGTGAGGGGTCAGGGGCTCTATTACTTTTGCAAAAATATAGTACAAGGTTATTATTTTTGAACACATTGGCAACAGAACACAGTATAGAATCAGAAGTTGTATCAGGTTTTTCTACTCCGAGAATGTTGTTACCAATAATGCAAAAGGTTCATGAAGGACAAGTCACTGTTATCTTAAATAATTC
AGCAAGTCAGATAACTGACATAACTAGCTCAATGTGGTTAAGTAATCAAAAATATAATCTACCTTGTCAAGTTGAAATCATTATGATGGATGCTGAAACAACAGAGAACTTAAACAGGTCCCAACTCTACCGAGCAGTATATAACTTAATACTTGATCACATTGATCCGCAGTATCTCAAGGTGGTGGTACTCAAAGTATTTCTGAGT
GATATAGAAGGAATATTATGGATTAATGATTACTTGGCTCCATTATTCGGGGCTGGTTACTTGATTAAACCGATTACATCAAGTGCCCGGTCAAGTGAATGGTACCTTTGCTTATCAAATTTGATATCTACTAACAGGAGATCGGCCCATCAGACTCACAAGGCATGTCTTGGTGTTATCAGAGATGCTTTGCAAGCACAAGTCCAGC
GAGGCGTGTACTGGTTGAGTCACATCGCACAGTATGCTACAAAGAATCTCCATTGTGAATACATAGGCCTTGGTTTCCCATCTCTAGAAAAGGTCCTATATCACAGGTATAATCTAGTTGATACTGGACTCGGTCCATTGTCGTCAGTTATTAGACATTTAACTAACCTCCAGGCAGAGATACGAGACTTAGTATTAGATTATAACCT
GATGAGGGAGAGTCGCACTCAAACGTACCATTTTATTAAGACTGCAAAAGGCAGAATCACAAAGTTAGTCAATGACTTTCTGAAGTTTTCTTTAATTGTCCAGGCACTCAAAAATAATTCTTCTTGGTATACTGAGCTTAAAAAATTACCTGAGGTTATTAATGTGTGTAATCGATTTTATCATACTCACAATTGCGAATGTCAGGAAA
AATTCTTTGTCCAGACGCTTTATTTACAACGCCTACGCGATGCAGAAATCAAGCTAATTGAACGCCTTACCGGGTTAATGCGATTTTATCCAGAAGGGTTAATATATTCCAATCACACATAGGTACTAAATCATCATAGTATGAGGAATAAGATAATGATAATTCCTGACGACAGTTTTAGTTCCGATTCTAAGTATATCGGAAGAGA
GTATGCCAATCTTAATTGTTAGAGGTAACAAGCTATTAGTTATTACTTATTGATAAGAATACACTTTATCATAGCGTAACACATCATAACTTTATAACGATTTTGCATTTCTAATCCTAGTATTTATTAGAATGTACTACCAGAGAAATGACCCCAGTTCCTATCTTTAAATAATGATTGTGTGTATTAAATTATTAGTTTATTAGGTTT
ATGAGTTGGTTACACAGTGAGTATTAGTAATTGAGGATTATGTAGATAGGTAATCTAACACTGAATCACCCATCTGATGTCACCATATCCAAATGTTGTGCTAGTCGCATTTAAACATGCTATCTTCAGTTAAGTAACATAGACTGAAAATGCTAAGAAGAGATTGGAGTAAAAGTATAAAATAAATTTAATTAAACTTCAAAGTGAT
TAAATGATAATGATCTTGGGAACTCGATATGACCTCAAGTCAAAAATAATGTCAATATAATTGTTTAGTAATATGAGTGATAATGTAAATTTTGATAACTAACTAGCTTTAGTAGTTAAGATCAAATGCAAACATTATAAGAATGTTAAGCGCACACAAAAACATTATAAAAAACCAATTTTTTCCTTTTTGTGTGTCC
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