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Folding DNA to create nanoscale shapes and patterns

©
C
>

)
£ 8
= o
..m (V]
o« et
53 2
© @
a 2
® =EE———

DNA origam

e 2

dl
Jn.nf.
il
]

o U

~ 100 nm

uLdL Ty

(O]
(8]
pudt
o
(St
2
IS
2
<

microscope images

100 nm




DNA stacking interactions between
blunt ends

nonspecific attractive interactions
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Programming specific macrobonds through geometric
arrangement of nonspecific bonds (“patches”)

staple left out to

B . Y unintended translations can
deactivate” patch

result in overlap between large
subset of patches
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Design of geometric
molecular bonds,
a la Reed-Solomon

How to engineer large sets of specific molecular bonds that
do not bind (strongly) in unintended ways
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Mathematical model

macrobond: 10 .
subset of
n X n square

“patches”
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Desired outcomes

1) any nonzero translation
of macrobond has

“small” overlap with 3) lots of

macrobonds!
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design problem .
k=8 |
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# jand all translations v: [SinN (Sj+v)] < d
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Orthogonal macrobond .

design problem

n=11

k=8

d=2

w B~ U1 OO N 0 O O

o #jand all translations v: [Si N (Sj+v)] <
1

e« #0:[Sin (Si+v)] <d 0
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 nxnsquare such that:
* n = width of square
e k = # of patches in macrobond

e d = maximum overlap between macrobonds
e foralli: |S;| =k
e mis “large” #0: |S; N (S+v)| < d
. # jand all translations v: |5, N (S+v)| < d
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 Fundamental theorem of algebra: any degree d j |

polynomial p(x) = cx? + ¢, x¥ 1 + ... + cx + ¢
over field IF has at most d roots (values x where
p(x) =0) unlessallc;=0

e Consequence: since the difference p(x)-g(x) of |
two different degree d polynomials is a degree d
polynomial, p(x) = g(x) on at most d values of x

e If nis prime, addition and multiplication of
integers modulo n defines a field F
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Algorithm for generating macrobonds
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c 0 example macrobond:
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« Works for k=n = 3
— 8
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o
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Algorithm for generating macrobonds

n=k=11 d=3

e nd-1
* nd-1
e {0,1,..n-1} example macrobond:
e 0 10
e {01,.,n-1} o 0
«— 8
« Works fork=n T 5
o
o Letp(x)=cx¥+cy x4+ ... +cx+c, £ 6
* Cu1=¢=0 0 >
* m = total number of macrobonds = (n- + 4
1)nd-2 ~ pd1 >
* m = total number of macrobonds = (n- 3
1)nd-2 ~ nd-1 : 2
< 1
0
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Otherwise coefficients of p” and g are the same: =b. . modn
o p(x) = lagx + 6) + ag (x + 6)41 + . ay(x+6,) +agl + 6, \ /_V d-1
* binomial theorem says x*! coefficient (i.e., b, ) isa,, +ds,a, =0

e Also, binomial theorem says constant coefficient (i.e., b,) is a,0%+0a,,6%+
w+0a,6,'+a,+6,= by,modn

" 506 =0modw, e..0,>8 N 0/

=0
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* Translate macrobond derived from p by vector v=(-6,,6,) (both < n): gives polynomial p’(x)
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* g, then their translations are unequal also

e Omodn,ie., by=0

e bOmodn

e Omodn, so (déxad =0 mod n) = (6x =0)

e g, then p’(x) = q(x) on at most d values of x, and we are done.

e p(X)=apx@+a, X+ . +ax+a, qx)=bp?+byx 1+ .+ bx+ b,

* Translate macrobond derived from p by vector v=(-§,,8,) (both < n): gives polynomial p’(x) = p(x + 6,) +

6y = b, , mod n
e Otherwise coefficients of p” and g are the same: O \ /

o p'(X)=laglx+6)9+ay,(x+6)+ . a(x+6,) +a] +6,
* binomial theorem says x* coefficient (i.e., b,,) is a ., + dé,a,

* Sop=gq,ieeifp#q then thelr anslatigns are}nequal also
e Sop=gq,ie.,ifp#q @atlons.aoe unequal also
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Possible next steps

e Extend to macrobonds in n x n square (or n x n’
rectangle) that aren’t functions (i.e., exactly one y
value per x value)

e Rotations
* may be moot with particular DNA origami examples

* Allow smooth transition from initial misaligned
binding to intended alignment

e Lower bounds
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