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Supporting Information Section — 1: Various ligation techniques for making pre-synthesized
circular DNA (cDNA) and their bioanalytical RCA applications
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Figure S1. Survey of existing reports from NCBI Pubmed (from January 2017 to May 2021) for preparing pre-
synthesized circular DNA for an RCA-based bioanalytical study. The search keywords used were “Rolling AND
circle AND amplification”. Only the publications using presynthesized circular DNA are used for this survey. A,
Representation of studies using different ligation techniques. B, Representation of studies using different splint
lengths employed for splint-padlock ligation. C, Representation (in terms of % of papers) of studies using different
digestion and purification techniques utilized for the removal of unligated precursor oligonucleotides. The papers
used in preparing these charts are listed under references! .

1.1 Bioanalytical RCA applications of cDNAs from various ligations. In self-annealing ligation, the

5'- and 3’-termini of a 5'-phosphorylated oligonucleotide are brought in proximity by intramolecular
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annealing. A DNA ligase joining the termini leads to self-annealing ligation, forming cDNA with
applications such as detecting leukaemia biomarker BCR/ABLp210 fusion*’ (Scheme 1A). In the splint-
padlock ligation, an oligonucleotide “splint” (could be a DNA or RNA) anneals to another 5'-
phosphorylated oligonucleotide “padlock” to bring 5'- and 3'-terminus of the latter to immediate
proximity (Scheme 1B). A DNA or RNA ligase (depending on the splint) then joins the termini, creating
a cDNA. Splint-padlock ligation remains the most attractive method for circular DNA (cDNA)
preparation, including a recent work involving thrombin detection?®. Another method of preparing
cDNA involves cohesive end ligation (Scheme 1C), where the 5'- and 3'-termini are brought in
proximity for ligation using complementary overhangs called “cohesive ends” or “sticky-ends™*%. Such
cohesive ends can be generated by enzymatic digestion or deliberate sequence design, followed by
ligation to enable circularization®”. RCA assays involving cohesive end ligated cDNAs have been

applied to detect thrombin and let-7 family miRNA#4,
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Supporting Information Section — 2: Oligonucleotide sequences and secondary structures

Table S1. List, sequences, and description of oligonucleotides used in this study

AGG GAA GCT GAG GAA GGT CGA GTT
CGC GGT CGG TCT GAC AAA TGA GGG
GCT GAG GCA CGT CCA GTG GCG TGC
TCA AAA AAA AAA AGA GCA CGC

Oligonucleotide Sequence (5' to 3') Description
1 GTC GCT TTT AGA GTA GAT GAG TGC Precursor to self-annealing ligated
AAG CCT TTA GCG ACG TCC AGT CCA circular DNA (cDNA) 1C
TCC AGT CGT CGA TCG TTC CTA AGT
CCA CTA CAC CAT GCG TAC CTC AGC
TTT GGA CTG GAC
2 TAC GCA TGG TGT AGT GGA CT Primer sequence for cDNA 1C.
Please note that this oligonucleotide
is also the primer for cohesive end
ligated circular DNAs 11C — 13C
3 CCA GTC GTC GAT CGT HRCA primer sequence for cDNA
1C
4 GTGCCGGAGTACCTGACCTGCAGTGACG | Padlock precursor to splint-padlock
GT ligated cDNA 4C
GACAGACAAACGAGCTATACTTCGCAGT
GAC
GGTCGAGTTCGCGGTCGGTCTGACGCAG
TGA
CGCCGTAAGATGCACCTCAT
5 AGG TCA GGT ACT CCG GCA CAT GAG 38 nt splint for padlock precursor 4
GTG CAT CTT ACG GC
6 CAG GTA CTC CGG CAC ATG AGG TGC 30 nt splint for padlock precursor 4
ATC TTA
7 GTA CTC CGG CAC ATG AGG TGC ATC 24 nt splint for padlock precursor 4
8 TCC GGC ACA TGA GGT G 16 nt splint for padlock precursor 4
9 CAG ACC GAC CGC GAA CTCGACC Primer sequence for cDNA 4C
10 GGT GAC AGA CAA ACG AGCTAT ACT HRCA primer sequence for cDNA
TC 4C
11a CTG CAT CTC CAC TGC TGA ATT CTT First precursor to cohesive end
TTG AGT AGT TTG AATTCA G ligated cDNA 11C (14 nt cohesive
end at 5'-side)
11b CAG TGG AGA TGC AGC TGG ATC CTC Second precursor to cohesive end
CCT CCC TCC CTC CCA GTA AGT CCA ligated cDNA 11C (14 nt cohesive
CTA CAC CAT GCG TAT TTG GAG GAT end at 5'-side)
CCAG
12a CAT CCA CTC CTG AAT TCT TTT GAG First precursor to cohesive end
TAG TTT GAA TTC AG ligated cDNA 12C (9 nt cohesive
end at 5'-side)
12b GAG TGG ATG CTG GAT CCT CCC TCC Second precursor to cohesive end
CTC CCT CCC AGT AAG TCC ACT ACA ligated cDNA 12C (9 nt cohesive
CCA TGC GTA TTT GGA GGA TCC AG end at 5'-side)
13a CCA TCC TGA ATT CTT TTG AGT AGT First precursor to cohesive end
TTG AATTCA G ligated cDNA 13C (5 nt cohesive
end at 5'-side)
13b GAT GGC TGG ATC CTC CCT CCC TCC Second precursor to cohesive end
CTC CCA GTA AGT CCA CTA CAC CAT ligated cDNA 13C (5 nt cohesive
GCG TAT TTG GAG GAT CCA G end at 5'-side)
14 CCT CCC TCC CTC CCA HRCA primer sequence for cDNAs
11C-13C
15 CAC TGG ACG AGC TGA GGT GGG AGT Precursor for self-annealing ligated

DNA 15C




16 TCG TCG ACG GAT CCA TGG CAC ATG Padlock precursor for splint-padlock
GAT TAC TAG CGA ACG CAT GAG CCG ligated DNA 16C
GCT GCG GCG CATGCG T

17 GC CAT GGA TCC GTC GAC GAA CGC 38 nt splint for splint-padlock ligated
ATG CGC CGC AGC CGG DNA 16C

18 CGT CGA CGA ACG CAT GCG 18 nt splint for splint-padlock ligated

DNA 16C
19 CTC AGC TTC CCT ACT CCC ACC Primer for cDNA 15C
20 GTT CGC TAG TAA TCC ATG Primer for cDNA 16C




2.1 Secondary structure generation conditions. In UNAFold*’, the secondary structures were

generated by incorporating the oligonucleotide sequences in the “DNA Folding Form”, with

B

“sequence type” as circular, “Ionic Conditions” of 0.05 M NaCl, and 37°C “Temperature’
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Figure S2. Secondary structure of self-annealing cDNA 1C. The positions of the ligation site, primer, and HRCA
primer binding sites are indicated. Secondary structure has been generated using UNAFold with 37°C temperature
and 50 mM Na* salt condition>*.

2.2 Sequence design consideration for self-annealing cDNA. To prepare a dumbbell-shaped cDNA
1C with self-annealed ligation, the stem regions of the precursor oligonucleotide 1 must fold into a
stable duplex to bring 5'-PO,4 and 3’-OH termini in proximity (Scheme 1A). Furthermore, the loop
region sequences were chosen to be predominantly free of any secondary structure. The presence of
secondary structures in the loop region of 1C and folding stability of the stem region as duplex were
checked using UNAFold (IDT) simulation (Figure S2)3°°!. The binding regions for LRCA and
HRCA primers have been indicated.
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Figure S3. Secondary structure of splint-padlock ligated cDNA 4C. The positions of the ligation site, splint-
binding sites, primer, and HRCA primer binding sites are indicated. Secondary structure has been generated using
UNAFold with 37°C temperature and 50 mM Na* salt condition®*.

2.3 Design consideration for padlock sequence and role of splint length. Initially, a 38 nt long splint
was utilized to produce cDNA 4C. Additionally, the role of splint length was investigated using shorter
splints (30, 24, and 16 nt, oligonucleotides 6 — 8, respectively) without changing the final cDNA
sequence 4C itself or the ligation site (Figure S3). The binding regions for LRCA and HRCA

primers have been indicated.
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Figure S5. Secondary structure of cohesive end (9 nt cohesive end) circular DNA 12C. The positions of the
ligation site, primer, and HRCA primer binding sites are indicated. Secondary structure has been generated using
UNAFold with 37°C temperature and 50 mM Na" salt condition>*.
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Figure S6. Secondary structure of cohesive end (5 nt cohesive end) cDNA 13C. The positions of the ligation site,
primer, and HRCA primer binding sites are indicated. Secondary structure has been generated using UNAFold
with 37°C temperature and 50 mM Na* salt condition®*.

2.4 Sequence design consideration for cohesive end ligation. A set of non-palindromic cohesive end
sequences was utilized for the cohesive end ligation. This way, two asymmetric precursor ssDNA
fragments (11a/11b) containing these cohesive ends at 5’-termini would anneal into a stable asymmetric
dumbbell-shaped duplex 11C (Scheme 1C and Figure S4). For investigating the role of cohesive end
overhang length in NSA, we also utilized precursors having 9 and 5 nt 5'-overhangs (12a/12b for
making 12C, and 13a/13b for making 13C, respectively) (secondary structures shown in Figure S5 and
S6). The structure of the final dumbbell-shaped cDNA and the stability of the stem and secondary
structure-free  loop regions were verified using UNAFold (Figure S4 - S6).
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Supporting Information Section — 3:

A. Self-annealing
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Figure S7. Analysis of cDNA synthesis in denaturing PAGE (13%). A, Analysis of self-annealing ligation
synthesized cDNA 1C using denaturing PAGE. Lane 1, unligated precursor DNA 1. Lane 2, ligation reaction for
precursor DNA 1. Lane 3, exonuclease digested (digestion condition Dig5) cDNA 1C. B, Analysis of splint-
padlock ligation synthesized cDNA 4C using denaturing PAGE. Lane 1, unligated precursor DNA 4. Lane 2,
ligation reaction for precursor DNA 4 using splint 5 (visible in gel). Lane 3, exonuclease digested (digestion
condition Dig5) cDNA 4C. C, Analysis of cohesive end ligation synthesized cDNA 11C using denaturing PAGE.
Lane | and 2, unligated precursor DNA 11a and 11b, respectively. Lane 3, ligation reaction for precursor DNA
11a/11b. Lane 4, exonuclease digested (digestion condition Dig5) cDNA 11C. The leftmost lane in each gel
contains 50 bp ladder. Each lane was loaded with 300 - 600 ng of DNA and the gel was stained with ethidium

bromide before imaging
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Supporting Information Section — 4: Quantification of non-specific amplification, baseline
correction, normalization, and data representation

=

— |RCAprimer ~—% HRCAprimer <RS2 $29 DNA polymerase
Scheme S1. Mechanism of Hyperbranched rolling circle amplification (HRCA) amplification.
4.1 Hyperbranched rolling circle amplification (HRCA). During HRCA, a primer sharing the same
sequence as part of the circular DNA hybridizes to LRCA amplicon at multiple sites and initiates strand
displacement amplification (Scheme S1). Using this exponentially branching amplification, HRCA
significantly improves the analytical sensitivity of otherwise linear RCA by several orders of
magnitude, sometimes with a detection limit as low as 100 — 1000 copies>2. As a result, it is frequently

employed in RCA assays involving both in situ ligation and pre-synthesized cDNA>2.
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Figure S8. Method of various baseline corrections for an experiment involving representative amplification
profiles of cDNA alone (no primer), cDNA with HRCA primer, cDNA with LRCA primer (referred to as LRCA
in the Figure), and cDNA with both LRCA and HRCA primer. A, Mechanism of Hyperbranched rolling circle
amplification (HRCA) amplification. B, Screenshots of amplification profiles with instrument software-enabled
default baseline correction. C, Same experiment plotted in Origin software without any further baseline correction.
D, Screenshot of the same experiment in instrument PC without any baseline correction applied by the software.
E, Amplification profiles after the cycle 1 (at 2 min) fluorescence of cDNA alone sample was subtracted from the
amplification fluorescence of itself and other samples. The color codes are identical for all panel. Data was
obtained using 12C as cDNA, 2 as primer, and 14 as HRCA primer following Dig6.

4.2 Baseline correction methods. Here, the measurements of non-specific amplification was carried

out through both absolute (using end-RFU) and relative (using normalized non-specific amplification
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or NNSA) quantifications. Rolling circle amplification (RCA), when recorded in a standard real-time
PCR (rt-PCR) instrument, usually did not automatically generate either absolute or relative RFU. The
proprietary software for the rt-PCR instrument, intuitively programmed to sense quantitative real-time
PCR (qPCR) assays, presumably searches for an early flat baseline in an amplification curve. It then
“subtracts” the baseline from the whole amplification to produce the characteristic and familiar “S”-
shaped plots with initial linear baselines. However, in contrast to qPCR assays, an RCA assay may not
have an early flat baseline. Instead, its fluorescence rises early in the amplification and generates a flat
saturation plateau later in the assay. Due to the proprietary algorithm's propensity to sense a flat
baseline, the resulting baseline subtraction led to an inverted amplification plot with negative RFU
(Figure S8A and B). This misrepresentation was resolved when we removed all baseline subtraction

from the amplification profiles, i.e., presented it with absolute RFU (Figure S8C).

4.3 Absolute NSA measurement. Although an informative NSA marker, an absolute end-RFU
presentation would be problematic when comparing different assays due to their inherent differences.
Instead, a manual subtraction of the 1% cycle RFU magnitude of “cDNA alone” control in each assay
(e.g., “black” amplification profile in Figure S8C) from the rest of the amplification profiles seemed a
more appropriate representation. A demonstrative example of this was plotted in Figure S8D.
Accordingly, this “baseline subtraction” measure was first applied in all the assays as the “cDNA alone”
control has been present in all studies. Thus, the absolute NSA would be quantified by the end-RFU of
a manually-baseline-subtracted “cDNA alone” control in an LRCA assay (e.g., 182 for black square
profile, Figure S8D) and that of a “cDNA with HRCA” in an HRCA assay (e.g., 5168 for red circle
profile, Figure S8D).

4.4 Normalized NSA (NNSA) measurement. Besides the absolute NSA, we also wanted to quantify
the NNSA for a relative valuation. This was computed by percentage ratio of the end-RFU of “cDNA

138.9

alone” well with that of the primer-assisted LRCA from the same experiment (e.g., 2828-6% =4.9%

in Figure S8D). Similarly, for hyperbranched RCA (HRCA) assays, the percentage of end-RFU of

cDNA with HRCA was computed with respect to that of end-RFU for HRCA primer-assisted HRCA
5182.8

from the same experiment (e.g., 3798-7% = 136% in Figure S8D).
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Supporting Information Section — 5: Data summary of non-specific amplification

Table S2. Quantification of non-specific amplification for self-annealing, splint-padlock, and cohesive end

ligations
Type of ligation and Digestion and End-RFU NNSA In Figure
circular DNA substrate amplification
Condition
Self-annealing ligation Digl Figure 1A,
814.5 £ 239.6 37.6 £14.6 Figure S9A
Circular DNA 1C Dig2 Figure 1A,
446.6 =49 149+23 Figure S9B
Dig3 Figure 1A,
268.5 +58.7 9.7+£2.6 Figure S9C
Dig4 Figure 1A,
536.3 +49.8 25.6+4.5 Figure S9D
Dig5 Figure 2A,
Figure S11A
-10.6 +4.8 -0.6+0.3
Digb6 Figure 2A,
769 +£21.2 0.8+0.2 Figure S11B
Dig7 Figure 2A,
29+21.1 04+0.3 Figure S11C
Dig8 Figure 2A,
1091.7 £ 156.1 16.5+£2.7 Figure S11D
Dig9 Figure 2A,
775 +246.8 10.2+43 Figure S11E
Dig5 + HRCA Figure 3A,
924 +47.1 5+£3.8 Figure S12A
Dig6 + HRCA Figure 3A,
434 +43.9 19.2+1 Figure S12B
Dig7 + HRCA Figure 3A,
649.6 + 96.3 245+24 Fiiure S12C
Cohesive end (14 nt Digl Figure 1C,
cohesive end at 5’-termini) 928.3 +£237.5 33+94 Figure S91
ligation Dig2 Figure 1C,
1237.3+214.8 40.2+94 Figure S9J
Circular DNA 11C Dig3 Figure 1C,
185.5+£39 6.3+£09 Figure SOK
Dig4 Figure 1C,
1346.9 £ 162.2 60.4 £ 8.1 Figure SOL
Dig5 Figure 2C,
337.3+£33.6 9.3+4.2 Figure S11K
Digb6 Figure 2C,
122.7+112.3 33+33 Figure S11L
Dig7 Figure 2C,
6.8 £4.8 0.6+04 Figure S11M
Dig8 Figure 2C,
2017.7 +326.8 21.2+£42 Figure STIN
Dig9 Figure 2C,
587 +159.1 84+3.1 Figure S110
Dig5 + HRCA Figure 3B,
2285.3 +304.9 80.2 £ 15.1 Figure S12D
Dig6 + HRCA Figure 3B,
2143.4+82.2 82.1+2.8 Figure S12E
Dig7 + HRCA Figure 3B,
2243.5+71.4 81.8+9 Figure S12F
Cohesive end (9 nt Dig6 305.1 +£264.9 6.1 +5.1 Figure 4A,
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cohesive end at 5’-termini) Figure S13C
ligation Dig6 + HRCA Figure 4A,
4752.9 +1002.9 106.8 £32.9 Figure S13C
Circular DNA 12C Dig7 Figure 4A,
423.4+235.2 8.5+£64 Figure S13D
Dig7 + HRCA Figure 4A,
5168.3 £ 607.8 103.3+11.8 Figure S13D
Cohesive end (5 nt Dig6 Figure 4B,
cohesive end at 5’-termini) 339.1 £211.8 16.3 +13.1 Figure S13A
ligation Dig6 + HRCA Figure 4B,
2159.9+512.5 108 +53.9 Figure S13A
Circular DNA 13C Dig7 Figure 4B,
303.3+£51.5 12.7+6.1 Figure S13B
Dig7 + HRCA Figure 4B,
2139.9+73.9 72.2+28.9 Fiiure S13B
Splint-padlock (38 nt Digl Figure 1B,
splint) ligation 12103 £172.8 128.4 + 10.6 Figure S9E
Dig2 Figure 1B,
Circular DNA 4C 2471.3+212.3 923+7 Figure SOF
Dig3 Figure 1B,
1218.1 £ 163.5 44,7+ 13 Figure S9G
Dig4 Figure 1B,
1496.5 + 148.4 203.8 £26.2 Figure SOH
Dig5 Figure 2B,
3116 £ 140.4 5844127 Figure S11F
Digb6 Figure 2B,
3907.7 £ 616.3 77.9£9.7 Figure S11G
Dig7 Figure 2B,
1896.7 £ 137.6 326+74 Figure S11H
Dig8 Figure 2B,
1556.7 + 400.5 160.8 £ 90 Figure S111
Dig9 Figure 2B,
1904.3 £1149.3 143 £79.8 Figure S11J
Splint-padlock (30 nt Dig6 260.7 £97 69+23 Figure 5B,
splint) ligation Figure 15C
Dig7 68.8+13.3 45+1.7 Figure 5C,
Circular DNA 4C Figure 15F
Splint-padlock (24 nt Dig6 133.8+40.2 2.9+0.9 Figure 5B,
splint) ligation Figure 15B
Dig7 53.0+28.2 35+19 Figure 5C,
Circular DNA 4C Figure 15D
Splint-padlock (16 nt Dig6 04+0.2 0.2+0.1 Figure 5B,
splint) (Figure 5B and C) Figure S15A
ligation Dig7 -9.6+2.6 -0.8+0.2 Figure 5C,
Figure S15D
Circular DNA 4C
Splint-padlock (16 nt Digb6 Figure 6,
splint) (Figure 6) ligation 49+34 0.6+04 Figure S16A
Dig6 + HRCA Figure 6,
Circular DNA 4C 122.3+35.5 54+£33 Figure S16A
Dig7 Figure 6.
21.9+194 3.5+0.8 Figure S16B
Dig7 + HRCA Figure 6,
38.1+5.8 2.1+0.2 Figure S16B
Self-annealing ligation Dig5 652+73 3.8+1.2 Figure 7A
Dig8 1329+22.4 13.3+24 and Figure
Circular DNA 15C S20
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Splint-padlock (38 nt Digb6 9552+ 82.9 94.6 £10.2 Figure 7B

splint) ligation - and Figure
Dig8 940.0 £75.6 82.6 £ 8.5 S21

Circular DNA 16C

Splint-padlock (16 nt Dig6 2732+22.4 22.1+£2.3 Figure 7C

splint) ligation and Figure
Dig8 602+52 55+1.2 S22

Circular DNA 16C
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Supporting Information Section — 6: Representative amplification plots for Digl — Dig4 digestions
(LRCA conditions)
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Figure S9. Representative amplification profiles for NSA measurement for exonuclease digestion conditions Digl
—Dig4 under LRCA condition. A — D, Amplification profiles for self-annealing ligated cDNA 1C (following
Digl — Dig4 digestions, respectively) alone and with LRCA primer. E — H, Amplification profiles for splint-
padlock ligated cDNA 4C (following Digl — Dig4 digestions, respectively) alone and with LRCA primer. [ - L,
Amplification profiles for self-annealing ligated cDNA 11C (following Digl — Dig4 digestions, respectively)
alone and with LRCA primer.
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Supporting Information Section — 7: Pilot studies on salt and buffer conditions used during dual
Exo I and Exo III digestions
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Figure S10. Pilot experiments to explore various salt and buffer compositions during dual exonuclease I and 111
digestion. A, Representative amplification profiles for self-annealing ligated cDNA 1C alone for dual exonuclease
digestion using Exo III buffer with its concentrations adjusted to have final total Mg?* concentrations 10 — 44 mM
without any supplemental Mg?" addition. The same panel also has cDNA 1C amplification profiles for dual
exonuclease digestion with Exo III buffer in 1X concentration but with supplemental Mg?* addition to attain final
total Mg?* concentrations 10 —44 mM. B, Representative amplification profiles for cDNA 1C with LRCA primer
for same salt and buffer compositions as described in Panel A. C, Representative amplification profiles for self-
annealing ligated cDNA 4C alone for dual exonuclease digestion using Exo III buffer with concentration adjusted
to have Mg?* 10 or 33 mM (Dig5 and Dig6), Exo III buffer 1X with supplemental Mg?* to final concentration 33
mM (Dig7), combined Exo I and III buffer in 1X concentration each (Dig8), or combined Exo I and III buffer in
1X concentration with supplemental Mg?* to final concentration 29 mM (Dig9). D, Representative amplification
profiles for cDNA 4C with LRCA primer for the same salt and buffer compositions as described in Panel C. E,
Representative amplification profiles for self-annealing ligated cDNA 11C alone for the same salt and buffer
compositions as described in Panel C. F, Representative amplification profiles for cDNA 11C with LRCA primer
for the same salt and buffer compositions as described in Panel C.
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Supporting Information Section — 8: Representative amplification plots for Dig5 — Dig9 digestion
(LRCA conditions)
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Figure S11. Representative amplification profiles for NSA measurement for exonuclease digestion conditions
Dig5 — Dig9 under LRCA condition. A — E, Amplification profiles for self-annealing ligated cDNA 1C (following
Dig5 — Dig9 digestions, respectively) alone and with LRCA primer. F — J, Amplification profiles for splint-
padlock ligated cDNA 4C (following Dig5 — Dig9 digestions, respectively) alone and with LRCA primer. K — O,
Amplification profiles for self-annealing ligated cDNA 11C (following Dig5 — Dig9 digestions, respectively)
alone and with LRCA primer.
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Supporting Information Section — 9: Non-specific amplification under HRCA conditions for
digestion Dig5 — Dig7
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Figure S12. Representative amplification profiles for NSA measurement for exonuclease digestion conditions
Dig5 —Dig7 under HRCA condition. A — C, Amplification profiles for self-annealing ligated cDNA 1C (following
Dig5 — Dig7 digestions, respectively) with HRCA alone, and with both LRCA and HRCA primer. D — F,
Amplification profiles for cohesive end ligated cDNA 11C (following Dig5 — Dig7 digestions, respectively) with
HRCA alone, and with both LRCA and HRCA primer.
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Supporting Information Section — 10: Non-specific amplification for 5 and 9 nt cohesive end

ligated cDNAs under LRCA and HRCA conditions

A | = Dig6 cDNA 13C alone B 6000 4 = Dig7 cDNA 13C alone
a2re0 1 * Dig6 cDNA 13C + primer « Dig7 cDNA 13C + primer
1 » Dig6 cDNA 13C +HRCA 5000 - + Dig7 cDNA 13C + HRCA
300“] + Dig6 cDNA 13C + primer + HRCA idido + Dig7 cDNA 13C + primer + HRCA
|
22504
z | ¥ I 3000
Eieos] & reed 74
1 = 2000{ 7
7501! 1000 - -
| .
01| / R
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)
= Dig6 cDNA 12C alone D = Dig7 cONA 12C aione
9000 * Dig6 cDNA 12C + primer 10500 < P
+ Digé cDNA 12C + HRCA ® Dig7 cDNA 12C + primer
7500 Digé cDNA 126 + primer + HREA 9000 - 4 Digl cDNA 12C +HRCA
1 v Dighe primer " « Dig7 cDNA 12C + primer + HRCA
6000 -~
=5 P ] 5 6000{ =
& 4500 : & v
. 4500 ~
s000] - .r'
1 3000 ¢
1500 1500] *
e
0 0-
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)
E 50+ ns ns ns F 250 e =
ns ns.
40 = - ns. ns
- ns ns ns ns ns
= 304 " " ) °< 150
<< [72]
[} =
% 20 < 100
10+ { l 0 I
o C— ra— 0 - . -

Digé Dig7 Digé Dig7 Digé Dig7
cDNA cDNA cDNA ¢cDNACDNA cDNA
11c 11Cc 12¢ 12C 13C 13C

Dig6, Dig7, Digé, Dig7, Dig6, Dig7,
HRCA HRCA HRCA HRCA HRCA HRCA
cDNA cDNA cDNA cDNA cDNA cDNA
11C 11C 12C 12C 13C 13C

Figure S13. Representative amplification profiles for NSA measurement for exonuclease digestion conditions
Dig6 — Dig7 under LRCA and HRCA conditions for shorter cohesive end enabled ligation. A and B, Amplification
profiles for 5 nt 5'-termini cohesive end ligated cDNA 13C (following Dig6 — Dig7 digestions, respectively)
alone, with LRCA primer, with HRCA primer, and with both LRCA and HRCA primers. C and D, Amplification
profiles for 9 nt 5'-termini cohesive end ligated cDNA 12C (following Dig6 — Dig7 digestions, respectively)
alone, with LRCA primer, with HRCA primer, and with both LRCA and HRCA primers. E and F, Comparison
of NNSA % values for 11C, 12C, and 13C following Dig6 and Dig7 digestions and LRCA and HRCA conditions,
respectively. These panels use the same dataset as in Figure 2C, Figure 3B, and Figure 4. Error bars represent

standard deviation (n = 3). *P <0.1,
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Scheme S2. Possible mechanism of strand-displacement complex formation between circular DNA and unligated
precursor in cohesive end ligation.
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Supporting Information Section — 11: Effect of prolonged heating and snap-cooling on non-
specific amplification for splint-padlock ligation
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Figure S14. Representative amplification profiles for NSA measurement for 5 — 15 min snap cooling followed
by dual Exo I and III dual digestion for Dig5 condition for splint-padlock ligated cDNA 4C alone and with LRCA
primer.
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Supporting Information Section — 12: Effect of splint length on splint-padlock ligation (LRCA

and HRCA conditions)
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Figure S15. Representative amplification profiles for NSA measurement as a function of splint length for Dig6
— Dig7 exonuclease treatment under LRCA condition. A — C, Amplification profiles for splint-padlock ligated
and Dig6 condition digested cDNA 4C alone and with LRCA primer for splint lengths 16 — 30 nt, respectively.
D - F, Amplification profiles for splint-padlock ligated and Dig7 condition digested cDNA 4C alone and with
LRCA primer for splint lengths 16 — 30 nt, respectively.
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Figure S16. Representative amplification profiles for NSA measurement for 16 nt splint-padlock ligation
followed by Dig6 — Dig7 exonuclease treatment under LRCA and HRCA conditions. A and B, Amplification
profiles for 16 nt splint-padlock ligated cDNA 4C (following Dig6 — Dig7 digestions, respectively) alone, with
LRCA primer, with HRCA primer, and with both LRCA and HRCA primers.
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Supporting Information Section — 13: Reproducibility of the methods
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Figure S17. Secondary structure of self-annealing cDNA 15C. The positions of the ligation site and primer
binding sites are indicated. Secondary structure has been generated using UNAFold*.
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Figure S18. Secondary structure of self-annealing cDNA 16C. The positions of the ligation site, splint binding
site, and primer binding sites are indicated. Secondary structure has been generated using UNAFold.
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Figure S19. Gel profiles for self-annealing and splint-padlock ligation for cDNAs 15C and 16C, respectively. A

Analysis of self-annealing ligation synthesized cDNA 15C using denaturing PAGE. Lane 1, unligated precursor
DNA 15. Lane 2, ligation reaction for preparing cDNA 15C. B, Analysis of splint-padlock ligation synthesized
c¢DNA 16C using denaturing PAGE. Lane 1, unligated precursor DNA 16. Lane 2, ligation reaction for preparing
c¢DNA 16C using 18 nt long splint 18. Lane 3, ligation reaction for preparing cDNA 16C using 38 nt long splint
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Figure S20. Representative amplification plots for self-annealing ligated cDNA 15C (panel A) digested under
conditions Dig5 (panel B) and Dig8 (Panel C). LRCA conditions and primer 19 were used.
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Figure S21. Representative amplification plots for splint-padlock (using long splint 17) ligated cDNA 16C (Panel
A) digested under conditions Dig6 (panel B) and Dig8 (Panel C). LRCA conditions and primer 20 were used.

A B 1500 - c 1500 -
= Dig6 cDNA 16C alone
+ Dig6 cDNA 16C + primer,

Splint 18 1000 ’/————-—'—" gz /
= i. Ligation O

= Dig8 cDNA 16C alone
+ Dig8 cDNA 16C + primer

T Y
® —_— Frd &~ 2 -
ii. Digestion  16C [ o o 4
Padlock 16 500 4 - 500 4 s
L d
A L]
. S
: ..
..
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (min) Time (min)

Figure S22. Representative amplification plots for splint-padlock (using short splint 18) ligated cDNA 16C (Panel
A) digested under conditions Dig6 (panel B) and Dig8 (Panel C). LRCA conditions and primer 20 were used.
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