Supporting Information

Demonstration of Arithmetic Calculations by DNA

Tile-Based Algorithmic Self-Assembly

Anshula Tandon, ™ Yongwoo Song,™* Sekhar Babu Mitta,” Sanghyun Yoo, Suyoun Park,"

Sungjin Lee," Muhammad Tayyab Raza,” Tai Hwan Ha** and Sung Ha Park *

" Department of Physics and Sungkyunkwan Advanced Institute of Nanotechnology
(SAINT), Sungkyunkwan University, Suwon 16419, Korea
¥ Future Biotechnology Research Division,
Korea Research Institute of Bioscience and Biotechnology (KRIBB),

Daejeon 34141, Korea

# These authors contributed equally to this work

* Correspondence and requests for materials should be addressed to T.H.H. (email:

tathwan@kribb.re kr) or S.H.P. (email: sunghapark@skku.edu)



Figure S1. Schematic of the binding domains of rule building blocks (i.e., propagator, connector,
and solution tiles) for addition and subtraction.

Table S1. Sticky-end binding domains with specific DNA base sequences in propagator, connector,
and solution tiles for addition operation.

Table S2. Sticky-end binding domains with specific DNA base sequences in propagator, connector,
and solution tiles for subtraction operation.

Figure S2. A sequence diagram with cartoon representation of the double-crossover (DX) tiles for
the propagators used in the addition and subtraction operations.

Table S3. Sequence information of propagators for addition and subtraction.

Figure S3. A sequence diagram with cartoon representation of the connectors for addition.
Table S4. Sequence information of connectors for addition.

Figure S4. A sequence diagram with cartoon representation of the connectors for subtraction.
Table S5. Sequence information of connectors for subtraction.

Figure S5. A sequence diagram with cartoon representation of the solutions for addition.
Table S6. Sequence information of solutions for addition.

Figure S6. A sequence diagram with cartoon representation of the solutions for subtraction.

Table S7. Sequence information of solutions for subtraction.
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Figure S1. Schematic of the binding domains of rule building blocks (i.e., propagator,
connector, and solution tiles) for addition and subtraction. (a) Binding domains of
Dummy, Input, Carryow/2, and Input + (Carry/2) with corresponding geometrical
representations. We have considered four types (i.e., Dummy, Input, Carryou/2, and Input +
(Carry/2)) of binding domains to demonstrate arithmetic calculation. Geometrical
representations of the binding domains are also shown. (b) Name and corresponding
geometrical representation of the binding domains for addition with specific colour coding.
Pairs (d-d"), (0-0" and 1-1"), (0c-0c' and Yac-Y4c"), and [(0+0¢)-(0+0¢)", (1+0c)-(1+0c)", (0+V4c)-
(0+Y%c)', and (1+Y2c)-(1+Y%c)"] belong to Dummy, Input, Carryou/2, and Input + (Carrym/2)
binding domains, respectively. Geometrical representation of unprimed and primed specific
binding domains with identical colour coding (which were complementary to each other).
(c) Name and corresponding geometrical representation of the binding domains for
subtraction with specific colour coding. Binding domain pairs: (d-d"), (0-0' and 1-1"), (Oc,-
Oc,l' and _1/20,1' _1/20,1'), (Oc,r'oc,r' and _1/2c,r' _1/20,1”'), [(0+Oc,l)'(0+oc,l)', (1+Oc,l)'(1+00,1)', (0_1/20,1)'
(0—"%4c))", and (1—Vac1)-(1-Y2ce1)'], and [(0+0cr)-(0+0c;)', (14+0c,)-(140c;)", (0—Yacr)-(0—Yac,)',
and (1—"ac)-(1-"2¢,)'] belong to Dummy, Input, Carryouw/2 on left, Carryou/2 on right, Input
+ (Carryin/2) on left, and Input + (Carryn/2) on right, respectively



Sticky-end name 5to 3’ 5'to 3’ Sticky-end name

d aactg cagtt d’
0 ctagt actag 0’
1 agcat atgct Iy
0Oc gegta tacge 0.
Vac agtcc ggact V!
(0+0c) tegte gacga (0+0c)’
(1+0c) ctgag ctcag (1+0c)’
(0+%%¢) gacga tegte (0+%ac)
(1+%c) atcgg ccgat (1+%e)

Table S1. Sticky-end binding domains with specific DNA base sequences in propagator,
connector, and solution tiles for addition operation. The complementary sticky end pairs
are indicated by unprimed and primed symbols (e.g. d and d").

Sticky-end name 5to 3’ 5'to 3’ Sticky-end name
d aactg cagtt d’
0 ctagt actag 0’

1 agcat atgct I
Oc,1 gegta tacgc Oc,t’
-Yacl agtcc ggact -Yacl'
(0+0c,1) tegte gacga (0+0c)
(140c,1) ctgag ctcag (140c)
(0-Y2¢.1) gacga tegte (0-Y4e,1)
(1-%c) atcgg ccgat (1-Yc0)'
Oc,r tgeea tggca Oc,r’
-Yacr cgtac gtacg Yoo
(0+0c,r) ggtct agacc (040c.r)'
(14+0c,r) aggct agect (140c.r)"
(0-Y2¢r) gtacc ggtag (0-Yac,r)'
(1-Y2cr) tagge geeta (1-Y2er)'

Table S2. Sticky-end binding domains with specific DNA base sequences in propagator,
connector, and solution tiles for subtraction operation. The complementary sticky end
pairs are indicated by unprimed and primed symbols (e.g. 0 and 0').



GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG 1

CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC TACGA
RPO-1 RPO-4 RP1-1 RP1-4

CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG TCGTA CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG

GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC 1" GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC

R-2 R-3 R-2 R-3

S-2 5-3 S§+2 S-3

GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG 1

CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC AGCAT
SPO-1 SPO-4 SP1-1 SP1-4

GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG

CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 1" CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC

Figure S2. A sequence diagram with cartoon representation of the double-crossover
(DX) tiles for the propagators used in the addition and subtraction operations. A
propagator (four kinds, i.e., RPO, RP1, SP0, and SP1 are available) delivers the initial input
value placed on left side (IL, which is either 0 or 1) through the next propagator (0’ or 1) to
the connector (0’ or 1'). The propagator can also deliver the initial input value placed on
right side (Ir) if it is rotated along the y-axis. Two inputs I and Ir are added to get the sum.
For subtraction operation, Ir (subtrahend) is subtracted from I. (minuend).

Tile Strand Length Sequence (5’ to 3°)

RPO RPO-1 26mers aactgcgttcgcaccgaaagcactag
R-2 48mers gcetttcggactcgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgecteg
RPO-4 26mers ctagtcgaggcgtggtcatcgcagtt

RP1 RPI-1 26mers aactgcgttcgcaccgaaagceatgct
R-2 48mers gcetttcggactcgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgecteg
RP1-4 26mers agcatcgaggcegtggtcatcgeagtt

SPO  SPO-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegttc
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
SP0-4 26mers cagttgcttacggtgttgctcctagt

SP1  SPI-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
SP1-4 26mers cagttgcttacggtgttgctcagceat

Table S3. Sequence information of propagators for addition and subtraction.



S-2 S-3 S-2 5-3
GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (0+0) GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG
CTAC TACA GGAA CATT ACTT CGCC  TGTT GCTC TCGTC CTAC TACA GGAA CATT ACTT CGCC  TGTT GCTC
1/
CO0 CO%
C00-1 C00-4 CO%-1 CO%-4
GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG CGCAT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG TCAGG
CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 0. CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 172’
=J == cox IL=
ﬁ Coo ﬁ CO%
L SR
S-2 S-3 S-2 S-3
GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (1+1/2)
CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC CTAC TACA GGAA CATT ACTT CGCC  TGTT GCTC ATCGG
1/
C10 C1%
Ci0-1 C10-4 C1%-1 Cl%-4
ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG CGCAT ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG TCAGG
1 CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC O 1 CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 172!

Figure S3.
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A sequence diagram with cartoon representation of the connectors for

addition. A connector (C00, CO, C10%, and C1'%), which is placed between propagator and
solution tiles, delivers bit information (0 or 1, which is obtained from propagator) to the
solution tiles from both left and right sides.

Tile Strand Length Sequence (5’ to 3°)

C00  CO00-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegttc
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C00-4 26mers tacgegcttacggtgttgetctegte

C10  C10-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegttc
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C10-4 26mers tacgegcttacggtgttgctectgag

Coz  CO0%-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegttc
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C0% -4 26mers ggactgcttacggtgttgctcgacga

Clz  Clh-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegttc
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
Cl% -4 26mers ggactgcttacggtgttgctcatcgg

Table S4. Sequence information of connectors for addition.



S-2 S-3 S-2 S-3
GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (0+0_) GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG
CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC TCGTC CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC
Vol
COOl CO%
COO0I-1 COO0I-4 CO¥l-1
GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG CGCAT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG TCAGG
CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 0. 0 CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC -1/2
S-2 S-3 S-2 S-3
GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (1-1/2 )
CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC ATCGG
Yol
C10l C1%
C101-1 C101-4 Cl1%l-1 Cl1%l-4
ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG CGCAT ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG TCAGG
1" CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 0./ 1" CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC -1/2/
u C10l f ‘ﬁ Clval
S-2 S-3 S-2 S-3
GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (0+0_) GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (0-1/2 )
CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC GGTCT CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC GTACC
1/
COOr COYer
COOr-1 COOr-4 COVer-1 COYr-4
GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG ACGGT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG
CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC 0. CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC
% COOr - COYar
S-2 S-3 S-2 S-3
GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (1+0,) GATG ATGT CCTT GTAA TGAA GCGG ACAA CGAG (1-1/2)
CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC AGGCT CTAC TACA GGAA CATT ACTT CGCC TGTT GCTC TAGGC
1/
C10r Cler
C10r-1 C10r-4 Cl¥er-1 ClYor-4
ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG ACGGT ATGCT GAAC GACC TGAT TGCG TAAT CTCA GGCA TTCG
14 CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC O 1 CTTG CTGG ACTA ACGC ATTA GAGT CCGT AAGC

=)
B

C10r

AN

=al C1%r

Figure S4. A sequence diagram with cartoon representation of the connectors for
subtraction. A connector (C001, C0'l, C101, C1'21, COOr, CO%r, C10r, and C1%r ), which
is placed between propagator and solution tiles, delivers bit information (0 or 1, which is
obtained from propagator) to the solution either from left (via CO0L, C0’1, C10l, and C1%l)
or right (C0OOr, C0%r, C10r, and C1Yr).



Tile Strand Length Sequence (5’ to 3’)

C001 C001-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C001-4 26mers tacgcgcttacggtgttgctctegte

C101 C10l1-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C101-4 26mers tacgcgcttacggtgttgctcetgag

C0%al C0%l-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C0%.1-4 26mers ggactgcttacggtgttgctcgacga

ClYl Clls-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
Cl%l-4 26mers ggactgcttacggtgttgctcatcgg

CO00r CO00r-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
CO00r-4 26mers tggcagcttacggtgttectcggtct

Cl10r C10r-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
C10r-4 26mers tggcagcttacggtgttgctcaggcet

CO%r CO0%r-1 26mers actaggaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
CO0%or-4 26mers gtacggcttacggtgttgctegtace

ClVr Cl%r-1 26mers atgctgaacgaccacatcatcaactg
S-2 48mers gatgatgtccttgtaaacttcgccactctaatcgcaatcaggtegtte
S-3 48mers gagcaacaggcgaagtttacaaggtgattgcgattagagtccgtaage
Clor-4 26mers gtacggcttacggtgttgctctagge

Table S5. Sequence information of connectors for subtraction.



ASO000-1

0. GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG o,
GCGTA CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC ATGCG
ASO000-4
AGCAG CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG GACGA
(0+0)" GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC (0+0)
R-2 R-3

AS0000

0. GCAA GCGT
GCGTA CGTT CGCA

CCAC TTGG GCAG TAGG

X

ACGC CTCG o,
TGCG GAGC ATGCG

GGTG AACC CGTC ATCC
AS1000-1 AS1000-4
CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG GACGA
GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC (0+0)
R-2h | l R-3h
T<CGTC GCCT GCTA ccec>T
T\GCAG CGGA TT TT_CGAT_GGCG $

AS1000

12,  GCAA GCGT
AGTCC CGTT CGCA

CCAC TTGG
GGTG AACC

GCAG TAGG
CGTC ATCC

X

ACGC CTCG 172,
TGCG GAGC CCTGA

AS110%2-1

AS110%

AS110%-4

CGAA AGCC
GCTT TCGG

TGAG CTAG
ACTC GATC

TCCA GACA
AGGT CTGT

X

GGTC ATCG
CCAG TAGC

R-2

R-3

0, GCAA
GCGTA CGTT

GCGT

CCAC TTGG GCAG TAGG ACGC CTCG o
CGCA  GGTG AACC CGTC ATCC TGCG GAGC ATGCG

AS00%:0-1

AS 001/20 AS00%:0-4

CGAA
GCTT

AGCC
TCGG

TGAG CTAG
ACTC GATC

TCCA GACA GGTC ATCG
AGGT CTGT CCAG TAGC

T TR-3h
T<CGTC GCCT GCTA CCGC>T

% GCAG _CGGA TT TT_CGAT GGCG ¥
-ASOOVzO-
172_  GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG  1/2,
AGTCC CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC CCTGA
AS10%Y.-1 AS10%.Y.-4
VZY/
AS10Y2Y%
TAGCC CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG
(1+1/2) GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC
R-2 R-3
-ASIO‘/;‘/z
‘
112, GCAA

AGTCC CGTT

GCGT CCAC TTGG GCAG TAGG ACGC CTCG 1/2,
CGCA  GGTG AACC CGTC ATCC TGCG GAGC CCTGA

AS11%%-1

AS11%%Y%

TAGCC CGAA
(1+112)' GCTT

AGCC TGAG CTAG
TCGG ACTC GATC

TCCA GACA GGTC ATCG CCGAT
AGGT CTGT CCAG TAGC (1+1/2)

R-2h

T TR-3h
T<:ceTc GCCT GCTA CCGC \ T
T\GcAG cGea 1T TT_CGAT GGCG/ T

Figure S5. A sequence diagram with cartoon representation of the solutions for
addition. A solution, i.e., AS0000, AS00%20, AS1000, AS10%2%2, AS110%, and AS11%2%,
which is placed at the centre of crystal, reveals the result of summation based on the
information obtained from left and right connectors.



Tile Strand Length Sequence (5’ to 3°)

AS0000-1 26mers gegtacgttcgeaccgaaagegacga

AS0000 R-2 48mers gcetttcggactcgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgecteg
AS0000-4 26mers gegtacgaggegtggtcatcggacga
AS1000-1 26mers gegtacgttcgeaccgaaagectcag

AS1000 R-2h 70mers gcettteggactegatetecgetgcttttgecageggatttccagacacctactgeggttcacctgegaacg
R-3h 70mers cgatgacctgtctggagctaccgcettttgeggtagettgatcgagtggtgaaccgeagtaggacgecteg
AS1000-4 26mers gegtacgaggegtggtcatcggacga
AS110% -1 26mers agtcccgttcgcaccgaaagectcag

AS110% R-2 48mers gcetttcggactcgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgecteg
AS11072 -4 26mers agtcccgaggegtggteatcgetcag
AS00°20-1 26mers gegtacgttcgeaccgaaagetegte

AS00%40 R-2h 70mers gcettteggactegatetccgetgcttttgecageggatttccagacacctactgeggttcacctgegaacg
R-3h 70mers cgatgacctgtctggagctaccgcettttgecggtagettgatcgagtggtgaaccgeagtaggacgecteg
AS00°20-4 26mers gegtacgaggegtggtcategtegte
AS10°%% -1 26mers agtcccgttcgeaccgaaagecegat

AS10%Y R-2 48mers gcetttcggactcgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgecteg
AS10°%Y: -4 26mers agtcccgaggegtggteatcgtegte
AS11'%% -1 26mers agtcccgttcgcaccgaaageccgat

AS11%Y R-2h 70mers gcettteggactegatetccgetgcttttgecageggatttccagacacctactgeggttcacctgegaacg
R-3h 70mers cgatgacctgtctggagctaccgcettttgecggtagettgatcgagtggtgaaccgeagtaggacgecteg
AS11%Y2 -4 26mers agtcccgaggegtggteatcgecgat

Table S6. Sequence information of solutions for addition.
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0, GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG 0
GCGTA CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC ACCGT
SS0000-1 SS0000-4

SS0000

112, GCAA GCGT
AGTCC CGTT CGCA

CCAC TTGG GCAG TAGG ACGC
GGTG AACC CGTC ATCC TGCG

CTCG
GAGC

AGCAG CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG AGACC
(0+0,)" GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC (0+0,)'
R-2 R-3
SS0000
0, GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG 0
GCGTA CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC ACCGT
SS1000-1 SS1000-4

CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG AGACC
GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC (0+0.)
R-2hT | TR-3h
1 /CGTC GCCT GCTA ccec>T
T\GeaG cGea TT IT_CGAT GGG /T
112, GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG
AGTCC CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC
SS010%-1 SS010%2-4
1/
SS0107%

AGCAG CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG AGCCT
(0+0.)" GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC (1+0.)'
R-2h | TR-3h
1 /carc eeer GCTA ccec>T
{ GCAG_CGGA TT TT_CGAT_GGCG $
0, GCAA GCGT CCAC TTGG GCAG TAGG ACGC CTCG 0,
GCGTA CGTT CGCA GGTG AACC CGTC ATCC TGCG GAGC ACCGT
SS1100-1 SS1100-4
CGAA AGCC TGAG CTAG TCCA GACA GGTC ATCG AGCCT
GCTT TCGG ACTC GATC AGGT CTGT CCAG TAGC (1+0.)

R-2 R-3

SS00%%-1

SS00%2"2

SS00%%.-4

CGAA AGCC
GCTT TCGG

TGAG CTAG
ACTC GATC

TCCA GACA GGTC
AGGT CTGT CCAG

ATCG GGTAG
TAGC (0-1/2)

R-2h

CGTC GCCT
GCAG CGGA TT

GCTA CCGC
TT _CGAT GGCG

———

SS00%2Y%

—A———

R-3h

0, GCAA
GCGTA CGTT

GCGT

CCAC TTGG GCAG TAGG ACGC
CGCA GGTG AACC CGTC ATCC TGCG

CTCG o
GAGC ACCGT

5$510%:0-1

SS10%20

S510%20-4

TAGCC CGAA
(1-172,)' GCTT

AGCC
TCGG

TGAG CTAG TCCA GACA GGTC
ACTC GATC AGGT CTGT CCAG

ATCG GGTAG
TAGC (0-1/2_)"

R-2

SS10%0

R-3

112, GCAA
AGTCC CGTT

GCGT
CGCA

CCAC TTGG GCAG TAGG ACGC
GGTG AACC CGTC ATCC TGCG

CTCG
GAGC

SS01%%2-1

SSO1%2%

SSO1%%-4

CGAA
GCTT

AGCC

TGAG CTAG TCCA GACA GGTC
TCGG ACTC GATC AGGT CTGT CCAG

ATCG GCCTA
TAGC (1-172.)

R-2

R-3

/2., GCAA GCGT
AGTCC CGTT CGCA

CCAC TTGG GCAG TAGG ACGC
GGTG AACC CGTC ATCC TGCG

CTCG
GAGC

SS11%22-1

SS117%%%2

SS11%2Y2-4

ATCG GCCTA
TAGC (1-172.)

TAGCC CGAA AGCC TGAG CTAG TCCA GACA GGTC
(1-172_) GCTT TCGG ACTC GATC AGGT CTGT CCAG
R-2hT TR-3h
1/ CGTC GCCT GCTA CCGC \ T
¥ GCAG _CGGA TT TT _CGAT GGCG ¥

SSH‘/:‘/:IE

Figure S6. A sequence diagram with cartoon representation of the solutions for
subtraction. A solution, i.e., SS0000, SS00%2}2, SS1000, SS10%20, SS010%2, SS01'%%%,
SS1100, or SS11%%, which is placed at the centre of crystal, reveals the result of
subtraction based on the information obtained from left and right connectors.



Tile Strand Length Sequence (5’ to 3’)
SS0000-1 26mers gegtacgttcgecaccgaaagegacga
$S0000 R-2 48mers gctttcggactecgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgectcg
SS0000-4 26mers tgccacgaggcegtggtcatcgagace
SS010% -1 26mers agtccegttcgeaccgaaagegacga
SS010Y% R-2h 70mers gcetttcggactegatetccgetgcttttgecageggatttccagacacctactgeggttcacctgegaacg
R-3h 70mers cgatgacctgtctggagctaccgcettttgecggtagettgatcgagtggtgaaccgcagtaggacgecteg
SS010% -4 26mers cgtaccgaggcegtggtcatcgagect
SS1000-1 26mers gcgtacgttcgecaccgaaagcectcag
$S1000 R-2h 70mers gcetttcggactegatctccgetgcttttgecageggatttccagacacctactgeggttcacctgegaacg
R-3h 70mers cgatgacctgtctggagctaccgcettttgecggtagettgatcgagtggtgaaccgcagtaggacgecteg
SS1000-4 26mers tgccacgaggcegtggteatcgagace
SS1100-1 26mers gcegtacgttcgeaccgaaagcectcag
S$S1100 R-2 48mers gctttcggactcgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgectcg
SS1100-4 26mers tgccacgaggcegtggteatcgagect
SS00%2% -1 26mers agtcccgttcgcaccgaaagetegte
SS00%2  R-2h 70mers gctttcggactegatctcegetgcettttgecageggatttccagacacctactgeggttcacctgegaacg
Y2 R-3h 70mers cgatgacctgtctggagctaccgcettttgeggtagettgatcgagtggtgaaccgeagtaggacgecteg
S00%2% -4 26mers cgtaccgaggegtggtcatcgggtag
SS01%% -1 26mers agtccegttcgeaccgaaagcetegte
SS01'2  R-2 48mers getttcggactcgatctccagacacctactgeggttcacctgegaacg
Vs R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgectcg
SS01%Y -4 26mers cgtaccgaggcegtggtcatcggecta
SS10%20-1 26mers gcgtacgttcgecaccgaaageccgat
SS10%40 R-2 48mers gctttcggactecgatctccagacacctactgeggttcacctgegaacg
R-3 48mers cgatgacctgtctggagatcgagtggtgaaccgcagtaggacgectcg
SS10%20-4 26mers tgccacgaggcegtggteatcgggtag
SS11°%47 -1 26mers agtccegttcgeaccgaaagecegat
SS11%2  R-2h 70mers gctttcggactegatctcegetgcettttgecageggatttccagacacctactgeggttcacctgegaacg
Vs R-3h 70mers cgatgacctgtctggagctaccgettttgeggtagettgatcgagtggtgaaccgeagtaggacgecteg
SS11%%Y -4 26mers cgtaccgaggcegtggtcatcggecta

Table S7. Sequence information of solutions for subtraction.
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