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CONCEPT
SKILL

Abstraction as a tool for managing biocomplexity

- Bioengineers can compose higher-level human-defined
functions (i.e., devices) from functional biomolecules.

- Common-signal carriers facilitate device reuse.

- Synthetic logic can operate inside living systems.

General system architecture for genetic engineering

Week 4 reprise

- Sense, Compute, Act enables general purpose
cell-system programming.

Brain Storm: | Like, | Wish;What If

- Go for quantity (how many ideas can you imagine!?)
- Don’t be constrained by what exists (> vanilla ice cream)
- Engage others on a constructive basis



Week 5 look ahead CONgKEE

DNA sequencing (reading)

DNA synthesis (writing)

Surfing exponentials

Interconvertibility of matter and information

Team rules & priority setting tools



sequencing
(reading DNA)
((see separate slide deck from Brianna))



synthesis
(writing DNA)
((slides follow in this deck))



DNA synthesis = 4 key keyboard for genetic stuff

Raw chemicals,
not derived

from existing
DNA

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



Step |. Couple |st base to a surface




Step 2.Add & attach desired 2nd base




Step 3 (ldeal). Couple 2nd base to |st
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Unfortunately, things are
not so simple...



® o

Fail |. Extra bases added (insertion mutations)




Fail |. Extra bases added (insertion mutations)



Fail 2. Bases missing (deletion mutations)
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Figure 5: General scheme for automated synthesis of DNA using amidites

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 process
define added necessary steps:

- propensity to react leads to blocking
group that prevents insertions.

- failure to couple leads to capping step
that prevents deletions.



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

Hbp
yield = (coupling %)

36% = (0.99) J0Me"



E.g., how do | make KumaMax!

>KumaMax (amino acid sequence)

MSDMEKPWKEGEEARA VLQGHARAQAPQA VDKGPV AGDERMA VITVVLRRQRAGELAAHVERQAAIAP
HAREHLKREAFAASHGASLDDFAELRRFADAHGLALDRANVAAGTAVLSGPDDAINRAFGVELRHFDHPD
GSYRSYLGEVTVPASIAPMIEAVLGLDTRPVARPHFRMQRRAEGGFEARSQAAAPTAYTPLDVAQAYQFPE
GLDGQGQCIAIIELGGGYDEASLAQYFASLGVPAPQVVSVSVDGASNQPTGDPKGPDGEVELDIEVAGALA
PGAKFAVYFAPDTTAGFLDAITTAIHDPTLKPSVVSISWSGPEDSWTSAAIAAMNRAFLDAAALGVTVLAA
AGDSGSTGGEQDGLYHVHFPAASPY VLACGGTRLVASGGRIAQETVWNDGPDGGATGGGV SRIFPLPAW
QEHANVPPSANPGASSGRGVPDLAGNADPATGYEVVIDGEATVIGGTSAVAPLFAALVARINQKLGKAVG YLNPTL
YQLP ADVFHDITEGNNDIANRAQIYQAGPGWDPCTGLGSPIGVRLLQALLPSASQPQPGSTENL YF
QSGALEHHHHHH

>KumaMax (DNA sequence)
atgagcgatatggaaaaaccgtggaaagaaggcgaagaagcgcgcgcggtgectgcagggccatgcgecgecgecgcaggcgeccgcaggcggtggataaaggecc
ggtggcgggcgatgaacgcatggcggtgaccgtggtgctgcgeccgccagecgecgecgggcgaactggecggecgcatgtggaacgeccaggecggecgattgegecge
atgcgcgcgaacatctgaaacgcgaagcgtttgcggcgagccatggcgcgagecctggatgattttgecggaactgegecgetttgecggatgecgcatggectg
gcgctggatcgcgcgaacgtggcggcgggcaccgcggtgctgagecggecccggatgatgcgattaaccgegegtttggecgtggaactgecgeccattttgatca
tccggatggcagctatcgcagctatctgggcgaagtgaccgtgccggcgagcattgecgecgatgattgaagecggtgectgggectggatacccgeeccggtygg
cgcgcccgcattttcgcatgcagecgeccgecgecggaaggcggctttgaagecgecgcagccaggecggcggecgecgaccgegtatacececcgetggatgtggegeag
gcgtatcagtttccggaaggecctggatggccagggeccagtgcattgecgattattgaactgggecggecggctatgatgaagecgagecctggegcagtattttge
gagcctgggcgtgccggcgeccgcaggtggtgagecgtgagecgtggatggecgcgagcaaccagccgaccggcgateccgaaaggecccggatggecgaagtggaac
tggatattgaagtggcgggcgcgctggcgccgggcgcgaaatttgecggtgtattttgecgeccggataccaccgecgggectttectggatgecgattaccaccgeg
attcatgatccgaccctgaaaccgagcgtggtgagcattagctggagcggcccggaagatagectggaccagecgecggcgattgecggecgatgaaccgegegtt
tctggatgcggcggcgctgggcgtgaccgtgctggcggcggcgggcgatagecggcagcaccggcggcgaacaggatggectgtatcatgtgecatttteecgg
cggcgagcccgtatgtgctggecgtgecggecggcaccecgectggtggecgagecggecggeccgcattgecgcaggaaaccgtgtggaacgatggecccggatggeggce
gcgaccggcggcggcgtgageccgcatttttcecgetgeccggecgtggcaggaacatgcgaacgtgeccgeccgagcgcgaacccgggcgcgagcagecggecgecgg
cgtgccggatctggcgggcaacgcggatccggcgaccggctatgaagtggtgattgatggecgaagecgaccgtgattggecggcaccagecgecggtggecgecgce
tgtttgcggcgctggtggcgcgcattaaccagaaactgggcaaagcggtgggctatctgaacccgaccctgtatcagectgeccggecggatgtgtttcatgat
attaccgaaggcaacaacgatattgcgaaccgcgcgcagatttatcaggcgggcccgggctgggatccgtgcaccggecctgggcageccgattggegtgeg
cctgctgcaggcgctgctgccgagcgcgagccagccgcageccgggcagcaccgaaaacctgtattttcagagecggecgegectggaacatcatcatcatecate
at



Short synthetic DNA fragments can be
assembled into longer and longer fragments

DNA duplex sequence to be synthesized

\ 4

Overlapping oligonucleotides to assemble DNA duplex
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Progressive one-pot overlap extension assembly
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Amplification of full-length assembled product

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



How | make KumaMax!

gene synthesis X Q
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About 263,000,000 results (0.57 seconds) TO d ay:
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GENEWIZ Gene Synthesis | Delivery in just 5 Days

Verified Synthetic Construct, Certificate of Analysis, Sequence Trace Data, Sequence Files. Free 3 We e I ( I at e n Cy
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Codon Optimization, Global Provider, Up to 150Kb, Synthesis, Assembly, and Cloning. Up to
150kb synthesis. Fast delivery time. Synthetic Biology. Custom Cloning.
DNA Cloning - Gene Synthesis Express - Gene Synthesis - Starting at $0.10/bp - CRISPR
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Gene Synthesis-$0.09/bp | No genes No Charge

We can synthesize genes of any length & complexity, up to 3000 bp in 2 weeks! High Success D e S I(to P 7
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Rate. Free Cloning. Pioneer in gene synthesis. Competitive Price.
Gene Synthesis - Molecular Biology - Oligo Synthesis

Ad - www.genscript.com/ v (877) 436-7274 KI LO BASER
Gene synthesis, from $0.105/bp | From now to 5/31/2020 - EXPRESS DNA MACHINE

Buy 1 get 1 70% off gene by GenSmart™ instant quote. And new feature of GenSmart™... Synthesize your DNA oligos in just 60 minutes!

Ad - en.vectorbuilder.com/Services/Gene_Synthesis ¥ (800) 517-2189 BUY NOW
Custom Gene Synthesis | DNA Cloning Services

Custom Gene Synthesis Services with 100% Sequence Guarantee. Downstream Cloning
Services.

Producing your own DNA primers becomes as convenient as
brewing a nice cup of coffee

www.genscript.com » gene_synthesis v

Gene synthesis - DNA synthesis — Guaranteed Delivery Time ...
% %k %k Rating: 4.8 - 127 reviews



DNA = industrial polymer of 21st century.

DNA read/write tools progressing...

Significant opportunities remain for improving
DNA sequencing and synthesis.

For example...

Single-molecule synthesis

Closed loop error detection & correction
Water-based chemistries

Enzymatic (i.e., genetically encoded)

Genes on demand...
Genomes as a Service...



