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Why don’t we try two tiles? And do 1t with Origamis
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Desien of DNA origami o
° = WA3MP18 viral genome 7249 bases long
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DNA Orlgaml Des' jAACAAAGAAACGAGCGAGTAACAACC

1191110111 103950310V 1I1D1199

POy PXAFM058
[CCTTCTGGT CATTTAATGTTGAT

DDVVOVIIVILDLVVVLIIVOVYD I
'+ JECCTGATJGCTTTGAATACCAAGTTA

| DIDVOLVVODVVVOLIVYLODDLLIOVYVL

PXAFMO67 PXAFMO76
ATTAATAGCGACGATTTACAGAAGCA

Anneal

PXAFMOOT PXAFMO19 PXAFMO02  PXAFMO11 PXAFMOO3  PXAFMO12 PXAFMOO4  PXAFMO13 PXAFMO05 ~ PXAFMO14 PXAFMO06  PXAFMO15 PXAFMOO7  PXAFMO16 PXAFMOO08 ~ PXAFMO17 PXAFM009
Iv_ CAAGTGATGTITATTACTAAT GAAGTATTGCTAC GGTTAATTTGCGTIGAT GACTCTTTTACTCGGTGGCCTC IGATTAT e ITCTCAGGATTCTGGCGTACCGTTCCTGTCI T AT < ITTCGCCCTTTGACGTT ICCACGTTCTTTAATAGIGGACTCTTGTT CIGG CTATCTCGGGCTATTCTTTTGATTTAT GATTTCG CCAT C xvl
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TAGAAGAACTCAAAQIATCGGCCTTGCTGGTAATATCCAGAACAATARTACCGCCAGCCATTGCAACAGGAAAAACGCTLATGGAAATACCTTTCCAGTCGGHAAACCT GTGCCAGCTGCATTAATGA CCAACG AGA TTTGCGTATIGGGCGCCA TGGTTTTTCTTTTCACCAGTGAGACGGGUAACAGCTGATTGCCCTTCACCGCETGG GAGTTGCAGCAAGCGGTCCALGCTGGTTTRCCCCAGCAGGCGAA
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PXAFMO10 PXAFMO18 | PXARMO20 PXAFMO21 PXAFMO22 || PXALSP: PXAFMO023 PXAFMO32 PXAFMO24 PXAFMO33 PXAFMO25 'XAFMO34 PXAFM026 PXAFMO35 PXAFMO27
GGCCAGAATGTCCCTTTTATTACTGGTCGTGIGACTGGTGAATCTGCCAATGTAAATAATC ICAGACGATTGAGCGTCAAAATGTAAEGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACHFATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTIGTGGAATTGTAAGCGGATAAC A GACCATGATTACGAATTCGAGCTCGGTACCAGGGGATCCTCTAGAGTCGACCTGCAGGCATGC
[» T
E)a')x)xLv)va')')vjt;vwvmv))v'))v) DL9VIIV H.‘w"\Y[LVJVLJLVLLVDDL vm)lo)lvvn)sj >HHvt\w7‘))7)‘71)vtl)'msus)mﬂvnvwd ) 91VV1III9199 t !>‘)wvwwvvvlv)')vv'm))av'))vI\Jvv)v)v))uvv)v 139301VLLY L1913)LT19109VIVILIOLVILVVLIODLYfV DVIIIVLINN9IIIILVIOVIVLIILINHILOOVIOLIIOLYD
IALA(.ACATA(.AA(( T(mA(U(.AAAu((r AAGAATACGTGGCACAGACAATATTTTTGAATGGCTATJAGTCTTTARTGCGCGAACTGATAG TAAAACATCG TAAAAATACCGAACGAMIECACCAGCAGAAG \!\r\y\!\h\(u\L(;'b!\b(i GGTCAGIATTAACA T A AGCT - ugm AGTTGGGTAA GGTT CCAGT ACGTTGJAAAACGA
LI0LI0IDLVIOLLI999VVOVILOOVILLLIOOPNLLIOLLVLIOOVI)OLOL)LIOLIVLIVVVVV) L P)IOVLIVVLIOVOVVVLILIVID)9)LLOVOLVLIPOOVLIILIOLVO)OOLVVLILILILILIVIOO) LD @90 99 L0090 LL)LVLILIIIOL)L)0VIL))$IIVOLIVLIVVLIIOL99)99VIoLLY v)JD)LL1)))))LVIVIOVIOLL))9)LVY[ELOVV)I)IJVLILID)O0L)))VVVVOOOLIOVOLYPLOIVVIVLILIIIDILD)I99L0VIOOLLIOVY
PXAFMO028 PXAFMO36 | PXAFMO37 PXAFMO38 PXAFMO29 PXAFMO30 PXAFMO39 PXAFMO40 PXAFM049 PXAFMO41 | PXARMO42 PXAFM043 PXAFMO44 | PXAFMO045
TATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGIGCTCCT GATATTTT 1 (&4 ITCCTTTCAACTGTITGATTITGCC \r CCAGATATTGATTGAGGGTTTGAT GGITCAGCAAGGTGATGCTTTAGATTTTTAATITGCTG CGTG TAATAGCGAAGAGGCCC GATCGCCCTTCCCAMCAGTITGCGCAGCCT TGGCGAATGGCGCTIITGCCTGGTITTCCGGCACC CGGTGCC
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PXAFM0416 PXAFMO54 PXAFMO55 PXAFMO56 | PXAFMO4T PXAFMO048 PXAFMO57
TTGATATGGTAGGTTCTAACCCTTCCATTATICAGAAGTATAATCCAAACAATCAGGATTATATTGATGAATTGCCATCATCTGATAATCAGGAATATGATGATAATTCCGCTCCTTCT
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ATTATTTGCACGTAARACAGAAATAAAGAAATT TAGATTTTCAAGTTTAACGTCAGAT TATACAGTAACAGT TTTTASATCGGGAGAAACAATAACGGATT

PXAFMO58 XAFMO59 ‘ PXAFMO50 PXAFMO51 ‘ PXAFMO60 PXAFMO61 | PXAFMO52  PXAFMO62 ‘ PXAFMO53  PXAFM063

AAAGCTGGCTACAGGAAGGCAAGACGCGAATTATTTTTGATGGCGTTCCTATIGGTTAAAAAATGAGCTGATTTAACAAAAATTTAATGCGAATTTTAACAAAATATTAACGTTTAQAATTTAAATATTTGCTTATACAATCTTCCTGT
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IT_ GGCGCGGTAATGATTCCTACGAT TA CGGCTTGCTTGTITCTCGATGAGTGCG TIGGTTTAATACCCGTTCTTGGAATGAT A‘ G CAGC TTATTGATTGGTTTCTAQATGCTCGT TTAGGATGGGATATTATTTT %TT&TT( GACTTATCTATTIGITGAT - CGCGTTCTGCATTALG CITCCAGAC ’MT CITTAGITGCATATTTAAAACATGTT - I GCATTATATTCAG TTAAGCTCT
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PXARMI117 PXAFMI18 ]l PXAFM127 | PXAFMIT9  PXAFMI128 I PXARMI20 PXAFMI21 | | PXAFM129 PXAFM130 PXAFM122 PXAFMIZSJ‘ PXAFMI31 PXAFM124 PXAFM132 PXAFM133 ‘” PXAFMI25  PXAFM134
ICGGGAGGTTCGCT GCCTCGCGTTCTT GGATT TGAATATTTATGACGAT GCAGTATTGGACGCTATCCAGTCT CATTTITACTATTACCCCCTCTGG CITCTTIITGC CCTCTCGCTATTTTIGGTITTTT GICGTCTGGT CGAGGGTTATGATAGTIGNTGCTCTTACTATGCCTCGTAATTCCTTTTGGAGTTATGTATCTGCATTAGTITGAATGTGGTAT i ICTCAACTGAT ICITTICTACCTG
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PXAFM153 PXAFM162 { PXAFM154 PXAFM163 | PXAFM155 PXAFM164 | PXAFM156 PXAFM157 PXAFM165 PXAFM158 PXAFM166 PXAFMI59 | | PXAFM167 PXAFM160 PXAFM168 PXAFM169 PXAFMI61  PXAFM170
AGTTCTTTTGGGTATTCCGTTATTATTGCGTIICCTCGGTTTCCTTCTGGTAACTTTGITCGGATATCTGCTTACTTTTLTTTTAGTGTATTCTIITGCCTCTTTCGTTTTAGGTTGGTGCCTTCGIAGTGGCATTACGTATTTTACCCGTTTAATG ACTTCCTCATGAAAAAGTCTTTAGTCCTCAANGCCTCTGTAGCCGTTGCTACCCTCGTTCC CTGTCTTTCGCTGCTGAGGGTGACGATCCAECAAAAGCGGCCTTTAACTCCCTGCAAGCCTC
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PXAFM171 PXAFM180 PXAFM172  PXAFMI81 | PXAFMI73 PXAFM182 | PXAFM174 PXAFMIT5 | | PXAFMI83 PXAFM176 | | PXAFM184 PXARMI7T PXAFMI85 PXAFM178 PXAFMI186 PXAFMI87  PXAFMI79  PXAFMI188
CTCTGAGGGAGGCGGTTCCGGTGGTGGCTAIGGTTCCGGTGATTTTGATTATGAAAA GCTAATAAGGGGGCTATGACCGAAAATGCCGATG CGCT ICT CTAAAGG LIGATTCTGTCGCTACTGATTACGYTGCTGCTATCGATGGTTTCATTGGTGACGTIHCCGGCCTTGCTAATGGTANTGGTGCTACTGAIGATTTTGCIGGCTCTAMTTCCC IIGTCATTGICGGCG IATCGGTATCAAGCTGT
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Basic tile set for self-replication

SEED TILES
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Labelling with letter “T”

hairpin dot

:\_,-L '

hairpin end
staple end

T-050 CAGCAAATCGGTCAGT

T-051 TAGGTCACAATAGGAAC
GCCATCATGAGCAAA

T-059 GGCGAATTAATATATGT
GAGTGAATAGAACCC

T-077 TCATATATAAGCCTCAG
AGCATAAATAAAGTA

T-095 CCGACAAAAAAAATAAT
ATCCCATTAACAGGCA

T-112 AGCCCGAAATAAAAACC
AAAATAGCCCAATCC

T-130 AAAGAGCATGGTTTAAT

T-158 TAAATTGTTCCATTAAA
CGGGTAACAGCGCCA

T-176 AAGACAAACGTAATCAG
TAGCGACTTCAGCGG
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Replication cycles - cool/UV/heat -repeat

SEED TILES DAUGHTER TILES
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UV XLINK

uv XLINKED COMPLEX
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UV XLINK
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= | Aii/f UV XLINKED TILES
RECOGNITION COMPLEX

RECOGNITION COMPLEX

\> Mﬁiii Aiiiifﬁii A iii = /H;BRIDIZE
DAUGHTER TILES
GENERATIONS CONTAINING SEEDS GENERATIONS NOT CONTAINING SEEDS



Number of Dimers Doubles each cycle!

log(D%/De%)
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Here’s 500X multiplication of seed

Self-Replication Plot (1:1024)
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Cycle 2

Cycle 3

Cycle 4

Cycle 5

Cycle )
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Cycle 11
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N(Dimer)

Replication by Serial Dilution

€ Use the self-replicated sample (ratio: 1:32) after four cycles
€ Allow approximately 14-fold amplification before transferring ~6% of the mixture to

a new reaction tube that contained a fresh supply of monomers.
16
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-
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O 1 2 3 4 4 5 6 7 8 8 9 10 1M1 12 12 13 14 15 16 16 17 18 19 20 20 21 22 23 24
Cycle Number

Xiaojin

Total Amplification 7.5 million Ho




N (Dimer)
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Gel analysis shows same growth as counting Origami

—&—AFM Data

== Gel Data
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Temperature and light cycles

NO SEED

no origin of life yet

Cycle N
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Evolution - Wikipedia, the free encyclopedia
en.wikipedia.org/wiki/Evolution ~

Evolution is the change in the inherited characteristics of biological populations over
successive generations. Evolutionary processes give rise to diversity at ...




Schematic Evolution

Original Species

Mutations with
inheritable traits

Environment Changes - advantage to one species
growth rate higher - species takes over



Red - Green Origami Evolution
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Original Species

Mutations with
inheritable traits

Selection - higher growth rate - Green takes over



Laser Heating of IR Dyes

Local heating

JQ ~ 4732
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Seed FG SG Seed FG SG
HH H-2 H-1 [l -4 -3
IR700 IR700 IR800 IR800
CoO 1 8 6 1 8 6
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€~ 4 C: Laser 785 nm for 20 min
€~ 4 C:Laser 785 nm + UV for 1 h
& After each 2 cycles
1) add monomer H to keep
HH: H-FG: H-SG=1:7.7
2) Add Monomer | to keep
(2*HH+ H): (2*11+ 1) = 1: 1
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Can reverse selection by switching lights

Grow in green 1 step then switch to red
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How about growing it outside!
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Dirt from here




Roof Top DNA Origami Solar Replicator

After a cold night, rays from the
sunrise hit the sample
for about 2 hours

26° .- UV360 _ _

FOIL OVERHANG

SAMPLE —

/

ALUMINUM
—
FOIL

STYROFOAM CONTAINER

Andrew Bergman



As the sun continues to rise, rays
are blocked from hitting the sample

and now serve to heat the dirt

HEATING
Why Dirt? SUN RAYS
Ambient temperature "
32-36F —> 0-2C FOIL OVERHANG

Dirt Temperature
32-96F -> 0-35C

STYROFOAM CONTAINER



Original Dimer:Mono Ratio — 1:30

After One Sunny Day:

Control Sample on roof (in Al Foil)
Dimers Remain Same Concentration

Sunny Sample
Dimers Doubled




DINA as a tunctional material

Now much DNA is there?

Enough to fill a cube
2 kilometers on a side

2 km

\4 /ékm

2 km

Enough to build 200 cities the size of New York



Summary

*Dynamic Clustering when flux in (p+) > flux out

*DNA is a great structural material
- specific, controllable, reversible, or permanent bonds

 15t? Artificial Self-replicating system with:
- design flexibility
- autonomous offspring
- N0 enzymes
- exponential growth (great way to make zillions of nanodevices)

- uses only temperature and light mimicking daily cycles

- replicates information and structure Keck Foundation
- 1: 7,500,000 and growing NYU NSF MRSEC
‘j GORDON AND BETTY
o NeXt' U.S. DEPARTMENT OF MOORE
-evolution @ EN ERGY

-without nucleic acids Basic Energy Science | © UNDATION
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