Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2017

Supporting Information for

Establishment of a universal and rational gene detection strategy through
three-way junction based remote transduction

Yidan Tang®"f, Baiyang Lu®', Zhentong Zhu*P, and Bingling Li**

a State Key Lab of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese Academy of
Science, Changchun, Jilin, 130022, P.R. China.

b University of Chinese Academy of Sciences, Beijing, 100049, China.

Corresponding Author

Bingling Li: binglingli@ciac.ac.cn

Author Contributions
t These authors contributed equally.


mailto:binglingli@ciac.ac.cn

C1 : 2 3

catalyst =
% »

H1 r6
e o* 2%3%4 3.4°

g EEEEEEEr 0
Il 4*3%*
—ly i 2
WEEE 1
3
5 6 1+ H1
. a R2*3*4 3 2 5 6_ +‘5 6 .
S F TTTITIITITY —

Reporter 2 343" 2*5% 6

Figure S1. Scheme for a typical CHA pathway. The ssDNA C1 as a catalyst catalyzes the
hairpin assembly.

Figure S2. Agarose gel electrophoresis shown the amplicons obtained by LAMP reaction using
different concentrations of ompA4 gene as template. Line 1: no Target gene; Line 2: 200 copies
ompA gene; Line 3: 2, 000 copies ompA gene; Line 4: 20, 000 copies ompA gene.
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Figure S3. End-point detection of LAMP amplicons for opmA gene using 3W-CHA detector.
The TP (TP24mpaTT) and CHA components (CHA2-H1,mpa, CHA2-H2, CHA2-F and CHA2-Q)
were added after LAMP reactions finished. Note: Reaction rate could not be used as a
quantitative standard due to for different LAMP reactions, side reactions could happen randomly
and thus affect the yields of correct amplicons.

Initial rate (nM/min)

O—lN mhmmﬂ

_

2254 T1+T2+4T3
200
175
150
125
100

Product concentration (nM)

0-' : T T 1
0 20 40 60 80 100

Time (min)

Figure S4. One-tube one-channel detection of T1, T2 and T3. Kinetic curves (left) and
respective initial rate (right) of the CHA reactions catalyzed by different targets with different
concentrations of HI.
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Figure S5. The self-fabricated mini portable reactor (in a dimension of 14.5 cm X 8 cm x 5.5 cm)
could provide colorimetric fluorescence reading. The reactor has a two two-way buttons. Right
one is for temperature setting. II side could be set to any temperature ranging from room
temperature to 99 °C. We usually set it to 95 °C for lysis or 60 °C for LAMP reaction. For the
left button, II side is to light up blue LED source to excite FAM emission. I side is to open a fan
to avoid overheating. The photograph was taken by one of the authors of this work.
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Comparison between the transduction strategies based on 3W-
associative trigger, 4W-associative trigger, and hairpin transduction

Systematic comparison between the three kinds of transduction strategies should be much
more complicated than that we could show in Figure 9. Ideally, each method has its own
advantages and disadvantages, which could finally meet different practical applications.
However, particular in this work, we thought some potential problems of 4W-associative trigger
and hairpin transduction may make them relatively harder to use and design to be as efficient as
the 3W-associative trigger.

The ideal pathway of transduction based on 4W-associative trigger is shown in Figure 9B1.
While in detecting real nucleic acid targets (not limited to LAMP amplicons), two non-expected
situations may happen. The first potential problem is formation of side products as shown in
Figure 9B2. It shows a possibility that transducer-TH and transducer-BM bind with two of
targets (e.g. LAMP loop amplicons), producing side products that will not induce OSD or
CHA signal. In other words, certain amount of target sequences could only bind one of
transducer, either TH or BM. This problem would become more serious when the target amount
i1s comparable with or even higher than that of any one of transducer. As shown in Figure S6B,
when the T,mpa concentration is over than 20 nM (equal to concentration of TH), the catalytic
rate of CHA reaction, induced by 4W-associative trigger, starts to decrease sharply. As a matter
of fact, during detecting isothermal reactions such as LAMP, it would be really hard to predict
how many amplicons will be produced and how many loop amplicons can be efficiently probed.
So it will be relatively hard to determine the concentrations of TH and BM to be used. The
transduction strategies based on 3W-associative trigger and hairpin transducer will not have this
problem (Figure S6A and S6C). The second potential problem is inefficient hybridization. In
previous study!, we have concluded that formation of efficient 4W-associative trigger relies on
stable hybridization of both m-m* and n-n*. The target (m-n) has to be long enough to
stabilize both m-m* and n-n* hybridization, especially at high temperature around 55 °C
in this work. To make efficient LAMP reaction, the single stranded loop amplicon should
be no more than ~35-mer. Therefore, sometimes the binding energy between loop
amplicon and TH (or/and BM) is too low to enable complete amplicon/TH/BM
hybridization (Figure 9B2), thus showing less CHA efficiency under the same
environments as 3W-associative trigger (As compared in Figure 9D and Figure S7). As
predicted, if we artificially extend two bases to the end of both m and n domains, more
4W-associative trigger would be formed under the same condition, thus producing higher
CHA signals (Comparison of Figure S7B and Figure S8B).
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Figure S6. Comparison between three types of universal transduction strategies in
presence of different concentrations of Tompa. All the comparison was done under the

same buffer situation and same concentration of TP2,,,ATT, hairpin transducer, and
transducer-TH (20 nM) at 55 °C.
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Figure S7. Fitting using Software of Nupack?. It indicates that in presence of 20 nM
Tompa, 20 nM TH, and 30 nM BM, only about 7.2 nM efficient 4W-associative trigger
could be formed. While in presence of 20 nM T,mpa and 20 nM TP2,,,,ATT, about 19 nM
efficient 3W-associative trigger would be formed.
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A: 4W-associative trigger with extended bases B: Detection of T*ompA
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Figure S8. Demonstration that detection based on 4W-asscociative trigger could be
improved via increasing the binding energy of m-m* and n-n* hybridization. (A) Fitting
using Software of Nupack when we artificially extend two bases at both ends of target
Tompa (forming new mimic target T*,,,4). It indicates that in presence of 20 nM T* 4,
20 nM TH, and 30 nM BM, about 15 nM efficient 4W-associative trigger could be
formed. It is more than the one with T,,a target (Figure S7A). (B) Detection of different
concentrations of T* ;4. It shows CHA reaction rate in presence of T*,,,4 1s faster than
that of Tympa under the same concentration (Figure S6B).

In the case of transduction based on hairpin transducer, efficient design is even
harder. Relatively high non-target induced background leaking is almost non-
avoidable because the whole CHA catalyst (a-2-3) always exists in the solution, nothing
but a domain is blocked by the hairpin stem. During the stem breathing, partial of a might
be released and finally generates non-target induced CHA leakage (as shown in Figure
9C2 and 9D, blue curve). In order to block a sequence better, the stem of hairpin
transducer has to be equal or longer than a. Therefore there is also possibility to form
self-dimer or self-trimmer products once the hairpin is opened by the target (as shown in
Figure 9C2 and S9). In these side products, the domain a of hairpin transducer are re-
trapped, decreasing the ability to trigger CHA reaction. Particular in detecting LAMP
reactions, the transduction may also subject to head-to-head hybridization with the
hairpin transducer, which will further limit the opening efficiency.
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Figure S9. Fitting using Software of Nupack. It indicates that if 20 nM transducer was

opened by the target, about 4.7 nM of them would self-bind to each other due to a-o* re-
hybridization.
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Name

Sequences (from 5’ to 3') Label

Note

OSD-Acceptor

TACCATTTTTTTC_GTAAATGCACCGC_CTCGACATGAAGCTACTACACGACAG_GACA

CTGTAAACGG
4 3% 2% o* Probe triplex used in
OSD-F CTGTCGTGTAGTA _GCTTCATGTCGAG 3’FAM 3W-one step detector
23
OSD-Q GCGGTGCATTTACGAAAAAAATGGTA 5’BHQI,
4% 3' Inverted
dT
CHA1-Hl gmpa ACCACCGAACGC_CATCATCCAGAG_AGAATTATCGAG_CCATCCTCCTACCC_CTCGA
TAATTCT_CTCTGGATGATG_CCTTGTCAC_TACGCAGCAC
a* 2% 3* 43256
CHAI-H1,u8 CATGCCCTTCTC_CATCATCCAGAG_AGAATTATCGAG_CCATCCTCCTACCC_CTCGAT Sequences used in
AATTCT_CTCTGGATGATG_CCTTGTCAC_TACGCAGCAC
0* 2% 3% 43256 a B CHAI
CHAI1-H2 AGAATTATCGAG_GGGTAGGAGGATGG_CTCGATAATTCT_CTCTGGATGATG_CCATC
CTCCTACCC
3% 4% 32 4
CHAI1-F CGA_GTGCTGCGTA_GTGACAAGG_CATCATCCAGAG 5’FAM
CGA_6*_5* 2%
CHAI-Q CCTTGTCAC_TACGCAGCAC TCG 3’BHQI1
5 6 _TCG
CHA2-H1 gmpa ACCACCGAACGC_GATCACACCG_CAGACGTTGA_CCACGCTGCTAGCA_TCAACGTCT
G_CGGTGTGATC_CCTTGTCATA_CGCAGCAC
a* 2% 3% 43256
CHA2-H1 CTACGTGGAGGC_GATCACACCG_CAGACGTTGA_CCACGCTGCTAGCA_TCAACGTCT

(for 4W- and hairpin
transduction)

CHA2-H1 a8

CHA2-H2

CHA2-F
CHA2-Q

HI1-T1

H1-T2

H1-T3

H2

G_CGGTGTGATC_CCTTGTCATA_CGCAGCAC

CATGCCCTTCTC_GATCACACCG_CAGACGTTGA_CCACGCTGCTAGCA_TCAACGTCTG
_CGGTGTGATC_CCTTGTCATA CGCAGCAC
CAGACGTTGA_TGCTAGCAGCGTGG TCAACGTCTG CGGTGTGATC CCACGCTGCTA
GCA

3% 4% 32 4

CGA_GTGCTGCG_TATGACAAGG_GATCACACCG

CGA_6* 5% 2%

C_CCTTGTCATA_CGCAGCAC_TCG

C_5 6 TCG

AGTAGTCAGTC_GCTAGGTT AGATGTCG_CCATGTGTAGA CGACATC
T_AACCTAGC_CCTTGTCAT AGAGCAC

5S’FAM

3’BHQI

TAGAGAGTCAC_GCTAGGTT AGATGTCG_CCATGTGTAGA CGACATC
T _AACCTAGC_CCTTGTCAT AGAGCAC

AGGTTTCTCAC_GCTAGGTT AGATGTCG_CCATGTGTAGA CGACATCT
_AACCTAGC_CCTTGTCAT AGAGCAC
AGATGTCG_TCTACACATGG_CGACATCT AACCTAGC_CCATGTGTAG
A

3% 4% 32 4

CGA_GTGCTCT_ATGACAAGG_GCTAGGTT

CGA_6* 5% 2*

C_CCTTGTCAT AGAGCAC_TCG

C 5.6 TCG

5S’FAM

3’BHQI

Sequences used in
CHA2

Sequences used in
CHA3

TompA
T ompa

TompA-OSD
(target used for 3W-OSD

detection in Figure 2A)

MiSTompAl
MisTompaz

MiSTompA3

AGCCAGCTGGGCGCAGGC_GCGTTCGGTGGT_T

BaT

AAAGCCAGCTGGGCGC_AGGCGCGTTCGGTGGTTAC

n_m
AAGCGCCGTTTACAGTGTC_GCCTTTATACGGCATGCGGCCC

af

AGCCAGCTGGGCGCAGGC _GCGTTCCGTGGT T
BaT
AGCCACCTGGGCGCAGGC_GCGTTCGGTGGT_T
BaT
AGCCAGCTGCGCGCAGGC _GCGTTCGGTGGT T
BoT
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Tompa THIO AGCCAGCTGGGCGCAGGC _GCGTTCGGTG
Tompa_THII ?\_((}XCCAGCTGGGCGCAGGCfGCGTTCGGTGG
Tompa THI2 ?\gcCAGCTGGGCGCAGGC_GCGTTCGGTGGT
Tinais [;E?TCGATGACAGGTTGTTACAAAGGﬁGAGAAGGGCATG
Tl ?Z?gTCACTGTGAGATTCTAGiGACTGACTACT
T2 gil"aACTGATAACTGTTCTGACTATC_GTGACTCTCTA
T3 ?:TI‘QTCCATTATAGACTTCCACTCfGTGAGAAACCT
TPompa TT E}C(}XGCCGCATGCCGTATAAAGGCiTT7CTGTCGTGTAGTAiGCTTCATGTCGAG
*
TP1ompaNT gfggg%/iATTCT_CTCTGGATGATG_GCCTGCGCCCAGCTGGCT
*
TP1ompaT é?égAl:kAATTCT7CTCTGGATGATGﬁTiGCCTGCGCCCAGCTGGCT
TP1ompaTT éi’%é?\ﬁTAATTCT7CTCTGGATGATGfTTﬁGCCTGCGCCCAGCTGGCT
23 TT p* TP used in CHA1 circuit
TP1,asNT CTCGATAATTCT _CTCTGGATGATG _CCTTTGTAACAACCTGTCATCGACA
*
TP1pasT é?égATAATTCT7CTCTGGATGATG7T7CCTTTGTAACAACCTGTCATCGACA
*
TP1,usTT ?ﬁ%g;\ﬁTAATTCT7CTCTGGATGATGfTTﬁCCTTTGTAACAACCTGTCATCGACA
*
TP1*,.sNT éil?é(gijl?AATTCT_CTCTGGATGAT_CTTTGTAACAACCTGTCATCGACA
*
TP1* 8T é?égATAATTCT7CTCTGGATGAT7T7CTTTGTAACAACCTGTCATCGACA
*
TP1*,sTT é_l%g}fTAATTCT7CTCTGGATGATﬁTTﬁCTTTGTAACAACCTGTCATCGACA
*
TP20upaTT ?FggingCTG_CGGTGTGATC_TT_GCCTGCGCCCAGCTGGCT
£
TP2masTT gfggzré_C[}STCTGﬁCGGTGTGATCiTTﬁCCTTTGTAACAACCTGTCATCGACA Transducers used in
2 3 TT B* CHA2 circuit
Hairpin TCAACGTCTG_CGGTGTGATC GCCTCCACGTAGTC _ACCACCGAACGCGCCTGCGCCC

transducer

Transducer-BM

AGCTG_GACTACGTGGAGGC
a_2 3 TCACCACCGAACGCGCCTGCGCCCAGCTGGA _3*

TCAACGTCTG_CGGTGTGATC_GCGCCCAGCTGGCTTT

o2 p*
Transducer-TH ~ GTAACCACCGAACGCGCCT GCCTCCACGTAG
a* 3
TP1 CGACATCT AACCTAGC TT CTAGAATCTCACAGTGATG
2.3 TT p* TP used in CHA3
TP2 CGACATCT AACCTAGC TT GATAGTCAGAACAGTTATCAGTAG circuit
2 3 TT p*
TP3 CGACATCT AACCTAGC TT GAGTGGAAGTCTATAATGGAAG
2 3 TT p*
ompA_F3 TGGTCCCAGTTCCACGATAC
ompA_B3 GTAACCCAGTTTAGCGGTCA OmpAp%fI‘;ZJ;AMP
ompA_FIP CCAACGTACGGGTTAACCTGGTGACGGTCCGACTCACGAA
ompA_BIP TCGAAATGGGCTACGACTGGCTTGTACGCCCTGAGCTTTGA
malB_F3 GCCATCTCCTGATGACGC
malB_B3 ATTTACCGCAGCCAGACG malB pgrir;z rLSAMP
malB_FIP CATTTTGCAGCTGTACGCTCGCAGCCCATCATGAATGTTGCT
malB_BIP CTGGGGCGAGGTCGTGGTATTCCGACAAACACCACGAATT

Table S1. Sequence of oligonucleotides used in this work. Domains are separated by

underscores.
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