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Oligonucleotides

All the strands were analyzed by IE HPLC and their purity exceeded 94% which has been considered sufficient for
the studies.

Supplementary Table 1. Representative purity of oligonucleotides confirmed by IE HPLC.

Code Sequence, 5'->3’ Retention | Purity,%
time, min

DR1-CTRL | TAG CTA CAG AGA AAT CTC GAT 7.8 96

DR1-CTRL | rArUrC rGrArG rArUrU rUrCrU rCrUrG rUrArG rCrUrA 12.3 98

DR1,DR2 /Cy3/ TAG CTA CAG AGA AAT CTC GAT 16.2 95

DR1 rArUrC rGrArG rArUrU rUrCrU rCrUrG rUrArG rCrUrA 20.1 94
/cy5/

DR2 rArUrC rGrArG rArUrU rUrCrA rCrUrG rUrArG rCrUrA 20.4 94
/cys/

DR5,DR6 /Cy3/ GTT GGA GCT GAT GGC GTA GGC 15.5 95

DR5 rGrCrC rUrArC rGrCrC rArUrC rArGrC rUrCrC rArArC 21.1 97
/cy5/

DR6 rGrCrC rUrAC rGrCrC rArCrC rArGrC rUrCrC 21.0 96
rArArC/Cy5/

DR5L,DR6L | /Cy3/ GTT GGA GCT +G+A+T GGC GTA GGC 12.2 98

DR7,DR8 /ATTO532/ GTT GGA GCT GAT GGC GTA GGC 10.5 96

DR3,DR4 | /Cy3/ ACT GTA CAT GAG AAA CTT TTT CTC 95 94

DR3 rGrArG rArArA rArArG rUrUrU rCrUrC rArUrG rUrArC 22.4 96
rArGrU /Cy5/

DR4 rGrArG rArArA rArArG rUrUrU rCrUrC rArUrG rUrArC 21.8 95
rArGrC /Cy5/

DC TGT GGT AGT TGA GCG GAT GGC GTA GGCA 9.4 95

DC TGC CTA CGC CAT CCG CTC AACTACCACA 10.1 95




Fluorescence measurements

Assays have been done in duplicate for all probes in all tested conditions. Representative
coefficient of variance (CV) values (%) for randomly selected 10 systems are given in

Supplementary Table 2.

Supplementary Table 2. Representative results for duplicate fluorometry measurement and CV

calculation.
System Concentration Additive, FRET % - CV,%
concentration Measurement 1; 2
DR1 125 nM None 18.1; 18.7 1,6
DR3 25nM None 0.6; 0.64 3,2
DR4 500 nM None 4.7;4.5 2,2
DR5 500 nM Cell lysate, 25 nM 4.6;4.4 2,2
DR5L 500 nM None 6.8;7.2 2,9
DR6 25 nM POLY, 250 nM 2.1;2,4 6,7
DR7 125 nM ct DNA, 25 nM 5.3;4.9 3,9

Supplementary Figure 1. Representation of FRET efficiency values for tested DNA/RNA
duplexes DR1-DR6 with or without additional reagents. POLY = poly-L-lysine; ct DNA = calf
thymus DNA; DC = synthetic dsDNA crowder. ns = not significant (p>0.05); (**) = statistically

significant with p < 0.01.
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Supplementary Figure 2. Representation of FRET efficiency values for tested duplexes DR5L-
DR8 in the presence of additional reagents. POLY = poly-L-lysine; ct DNA = calf thymus DNA; DC
= synthetic dsDNA crowder. ns = not significant (p>0.05); (*) = statistically significant with p <
0.05.
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Supplementary Figure 3. Representation of FRET efficiency values for tested duplexes DR3-DR4
in the presence of additional reagents. POLY = poly-L-lysine; ct DNA = calf thymus DNA; DC =
synthetic dsDNA crowder. ns = not significant (p>0.05).
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Tm studies

Supplementary Figure 4. Representation of FRET efficiency values for tested duplexes DR1-DR2,
DR5-DR6, and DR5L-DR6L, at 25 nM concentration in the presence of PEG2000 (A), 2 nM
leukemia cell mRNA (B). Correlation between Trnand the distances Donor-Acceptor determined
by FRET, in duplex D1 at 1000 nM (C) and 500 nM (D) concentrations. DC = duplex control; ct
DNA = calf thymus DNA. Each measurement was performed twice (n=2) and the error values were
calculated.

A) p=0.034 (*) (PEG vs no PEG)
40
35
30
25
N
o 20
o
(N
15
10 I
5
, M N A = = 0 . | A =
) ) ) ) ) ) ) o o o o o
X X X X X X X Pl = = = =
= ol N N (9] (9] [e)] [e)] (9] (9] [e)] [e)]
+ + + + — l: — :
o - o o
& o & s = =

Duplex/additive

B)

40
35 p=0.0012 (**) (MRNA vs. no mRNA)
30
25
20
15

10

Tda
d4a
SHd
9d4d B
1594A )

194 W

FRET %
o ]
VNYW +T40 =

VNYW + 240
VNYW +GHA
VNYW + 940

VNYW +7940

VNYW + 1940 =

Duplex/additive



Q)

65 pri+DC
y =-0,7094x + 78,786
5 i“ R?=0,8703
Ogo | T ;.. DRI+CT-DNA
g DR1+poly- “h..
- L-lysine ) e,
E 55 e $
DR1+PEG2000
DRA1
50
24 26 28 30 32 34 36
Distance, D-A, A
D)
65
DR1+ DC
y = -0,6509x + 76,287
oe 1. R? = 0,893
: { o R1+CT-DNA
S |t e _
£ 55 S el DR1
L-lysine { """ T }
DR1+PEG2000
50
24

26 28 30 32

34 36
Distance, D-A, A

10



Supplementary Table 3. Tm values for DR1 and DR1-CTRL at different concentrations.

Tm, °C
Duplex/Concentration 500 nM 400 nM 250 nM 125 nM 50 nM 25 nM 5nM
DR1 58.5 57.5 57.5 57.5 nct* nct nct
DR1-CTRL 57.0 54.5 54.5 54 nct nct nct

* nct = no clear transition.
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Supplementary Figure 5. Representative thermal denaturation curves for DR1-CTRL (blue) and
DR1 (orange) at different concentrations in 1X PBS, pH 7.2.
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Supplementary Figure 6. Thermal denaturation curves for DR1 (1 uM) + DC (grey), DR1-CTRL (1
1M) + DC (yellow), DR1 (250 nM) + DC (blue), and DR1-CTRL (250 nM) + DC (green). DC =
synthetic dsDNA crowder.
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Supplementary Figure 7. Thermal denaturation curves for DR1 (1 uM) + ct DNA (grey), DR1- CTRL (1 pM) + ct DNA
(yellow), DR1 (250 nM) + ct DNA (blue), and DR1-CTRL (250 nM) + ct DNA (green). Ct DNA = calf thymus DNA
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Supplementary Figure 8. Thermal denaturation curves for DR1 (1 uM) + PEG (grey), DR1-CTRL (1 uM) + PEG
(vellow), DR1 (250 nM) + PEG (blue), and DR1-CTRL (250 nM) + PEG (green)
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Supplementary Table 4. Tm data for DR1 and DR1-CTRL in presence of additive reagents.

Reagent/Duplex (concentration) DR1 DR1-CTRL
Tm, °C

Poly-L-lysine (100 nM)/ duplex (1000 nM) 59.0 57.0

Poly-L-lysine (100 nM)/ duplex (250 nM)

59.0 58.0
ct DNA (2.5 nM)/ duplex (1000 nM)
first transition of Ty graph 58.0 57.0
ct DNA (2.5 nM)/ duplex (250 nM)
first transition of Ty graph 57.0 54.0
ct DNA (2.5 nM)/ duplex (1000 nM)
second transition of T, graph 83.5 83.0
ct DNA (2.5 nM)/ duplex (250 nM)
second transition of T graph

83.0 80.0
DC (100 nM)/ duplex (1000 nM) 62.0 62.0
DC (100 nM)/ duplex (250 nM)

57.0 57.0
PEG2000 (100 nM)/ duplex (1000 nM) 56.0 55.0
PEG2000 (100 nM)/ duplex (250 nM) 55.0 54.0

ct DNA = calf thymus DNA; DC = synthetic dsDNA crowder.
14



CD measurements

Supplementary Figure 9. Representative CD curves for the duplexes DR1 (orange) and DR1-CTRL
(blue) in different media. DC = synthetic dsDNA crowder ; ct DNA = calf thymus DNA.
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Supplementary Note 1. Parameter optimization

Mesoscopic modelling was used to extract oligonucleotide parameters from the measured duplex
melting temperatures, following the procedures outlined elsewhere.?? Here we will briefly outline
the main equations and introduce the relevant parameters.

The mesoscopic Peyrard-Bishop (PB) model uses two potentials, one for describing the hydro-
gen bonds and another for the stacking interactions.® The hydrogen bonds for the i-th base pair
are represented by a Morse potential®

V(yi) = Do (e7¥/P — 1) (1)

where D,, is the potential depth and )\, the potential width for a base pair of type a.. The variable y
is the relative displacement between the bases, that is, the difference between the displacements
of each strand that contributes to the stretching of the hydrogen bonds. The stacking interaction
between the i-th and 7 4 1-th base pairs is given by

w(Yi, Yiy1) = % (%2 — 2y;yi+1 cos 0 + ?Ji2+1) ) (2)
where kg is elastic constant of a nearest-neighbour of type 3.

The partition function (see for instance Eq. (14) of Ref. 6) is integrated over 400 points in the
interval Ymin = —0.1 nm to ymax = 20.0 nm, and a eigenvalue cut-off of 10, see Eq. (22) of Ref. 6.
The adimensional thermal index 7 is calculated from the partition function’ and correlated to the
melting temperatures using a linear regression

T,(P) = ag + a17,(P), (3)

where 77 is the predicted temperature for the n-th sequence in the dataset and P is the tentative
set of model parameters. The regression coefficients ag,a; are obtained from the experimental
melting temperatures. The optimization process consists in minimizing the merit function

N

G =D (TP — ] (4)

n=1

where T, is the calculated melting temperature of the n-th, and P; is the j-th tentative parameter
set and NV is the number of melting temperatures in the dataset. Eq. (4) is numerically minimized
with the downhill simplex method® and to overcome the well known problem o local minima,
this minimization is repeated several times starting over with different initial parameters follow-
ing the procedures outlined in Refs. 2,6,9. The final parameters shown here are those for the
lowest overall x?, and we estimate the parameter uncertainty from the standard deviations over
all minimizations.

Another quality parameter of interest is average difference between the experimental and the
calculated temperatures

1 N
(AT) =5 D _|T, — Tl (5)
n=1

Further details on the model implementation are given in Refs. 2,6,9.

For some sequences we calculated the average base pair displacement (y;) which is obtained
from the partition function using the potentials of Eq. (1) and (2). This is based on the method
developed by Zhang et al.?, for implementation details on this type of calculation see Ref. 9. The
uncertainly of the average base pair displacement is estimated by randomly changing (normal dis-
tribution) the parameters within their standard veriations and recalculating (y;). This is repeated

17



100 times for each sequence and is shown in Figs 3-5 as error bars. Note that for most cases the
resulting error bars are too small to be visible.

For the parametrization, we will vary only the Morse potential depth D and the stacking elastic
constant k, following the procedure developed previously.?® The Morse potential width \ and the
angle 0 are kept constant during the optimization.

1.1 DNA/LNA:DNA optimization

Here, due to the large number of unknown parameters the process was split into a number separ-
ate steps to ultimately arrive at hydrogen bonding and stacking information about the LNA modi-
fied probes. The strategy was to split the dataset into sequences with and without LNA modified
bases. We worked out all the parameters in the absence of LNA, even though substantial uncer-
tainty was to be expected. We then kept these parameters constant, and in a final step optimized
solely LNA modifications.

1.1.1 Data set description

The sequences had mixed characteristics, canonical duplex DNA, some had attached fluorophores,
some with overhangs and some were LNA modified. All sequences and their respective melting
temperatures are shown in supplementary table 5. For the purpose of the parameter optimization
they were divided into the following data sets,

Set F All duplexes without LNA modifications, code notation for overhangs and fluorophores are
shown in Tab. 6 and 7, respectively. For the purpose of the parametrization, Set F was sub-
divided into the following subsets:

Subset C strictly canonical DNA duplexes, no overhangs or fluorophores

Subset O duplexes with and without overhangs, but no fluorophores

Set L only duplexes containing LNA modifications. The overhangs and fluorophores are the same
as in Set F, therefore we maintain the notations of Tabs. 6 and 7

1.1.2 Parametrization workflow

Step 1 Parametrization of Subset C, using previously calculated DNA parameters at [Na™] 69 mM
from Ref. 2 as initial parameters, we arrived at preliminary parameters for AT and CG.

Step 2 Using the preliminary parameters of Step 1, we performed the Parametrization of Sub-
set O. We obtained the Morse potentials for the overhangs, see columns labelled ‘overhang’
in Tab. 8. We also worked the perturbation of the overhangs on the first neighbouring base-
pair, see base-pairs in notation BPX" in Tab. 8. For the canonical DNA base-pairs the optim-
ized Morse potentials are shown in the first row of Tab. 8 and the new stacking interaction
parameters are shown in Tab. 9.

Step 3 We now keep the parameters obtained in Step 2 as constants, and parametrize Set F con-
taining the fluorophores. For this we assign the fluorophore notation shown in Tab. 7, fol-
lowing a similar procedure as previously used for Cy3/Cy5 dyes.!! As in Step 2, we allow
the variation of Morse potentials of base-pairs next to the fluorophores, these results are
shown in Tab. 10, where the we also show the potentials associated to fluorophores in the
absence of overhangs. Table 11 shows the potentials when the fluorophores are paired with
overhangs. The stacking interaction parameters for all these cases are shown in Tab. 12.

18



Step 4 Many of the sequences in Set L have similar counterparts in Set F, that is, most of Set L is
similar to set F except for the presence of LNA modified nucleotides, including similar over-
hangs and fluorophores. Therefore, we now keep all parameters of Steps 2 and 3 constant,
Tabs. 8-12, and vary only the Morse and stacking potentials of the LNA modified bases. The
final results for LNA modified bases are shown in Tab. 13 and 14.

Supplementary Table 5: Sequences for the model probes of type DNA/DNA (DD) and their meas-
ured and predicted melting temperatures, 1.,, and 7T,,., respectively, at total strand concentra-
tions 0.3, 0.6 and 1.0 M. All temperatures are in °C. In LNA containing sequences, the positions
of LNA nucleotides are indicated in red. Overhangs in target DNA with regard to the probe bind-
ing region are shown in blue. Fluorophores are shown in green. Main DNA strands are shown in
5" —3’ on top of complementary DNA strands in 3’ <-5' direction. The final quality parameters of
the optimization were y? = 214 °C? and (AT) = 1.3 °C.

1.0 uM 0.6 uM 0.3 uM
identification Duplex Teep Tpre Tewp Tpre Tewp Tpre
DD17-CTRL GAG CGG ATG GCG TAG GCA 68.0 683 — — 68.5 70.1

CTC GCC TAC CGC ATC CGT

GAG AGT CAG TCA GTC TGT
DD18-CTRL CTC TCA GTC AGT CAG ACA 61.6 613 — B - -

AGA GAT TTC TCT GTA GTT
DD19-CTRL TCT CTA AAG AGA CAT CAA 245 545 — o - -

, GAG CGG ATG GCG TAG GCA
DD17-CTRL ACACCATCAACTC GCC TAC CGC ATC CGT 675 676

” GAG CGG ATG GCG TAG GCA
DD17-CTRL ACACCCTC GCC TAC CGC ATC CGTATCAA 68.0 679 702701

, GAG AGT CAG TCA GTC TGT
DD18-CTRL AGAAAGGAGACTC TCA GTC AGT CAG ACA 602 601 — o o o

” GAG AGT CAG TCA GTC TGT
DD18-CTRL AGAAACTC TCA GTC AGT CAG ACAGGAGA 606 60.4

, AGA GAT TTC TCT GTA GTT
DD19-CTRL AGGTGAGGTATCT CTA AAG AGA CAT CAA 525 527

” AGA GAT TTC TCT GTA GTT
DD13-CTRL AGGTGTCT CTA AAG AGA CAT CAAAGGTA 525 525

GAG CGG ATG GCG TAG GCA
DD17a CTC GCC TAC CGC ATC CGT 522 55,6 52.0 544 512 535

, GAG CGG ATG GCG TAG GCA
DD17a ACACCATCAACTC GCC TAC CGC ATC CGT 523 564 52.0 554 510 544

” GAG CGG ATG GCG TAG GCA
DD17a ACACCCTC GCC TAC CGC ATC CGTATCAA 65.2 626 650 63.2 640 620

GAG AGT CAG TCA GTC TGT
DD18a CTC TCA GTC AGT CAG ACA 55.7 520 52.0 500 515 491

, GAG AGT CAG TCA GTC TGT
DD18a AGAAAGGAGACTC TCA GTC AGT CAG ACA 55.0 539 53.0 523 510 514

” GAG AGT CAG TCA GTC TGT
DD18a AGAAACTC TCA GTC AGT CAG ACAGGAGA 555 53.7 53,5 521 505 511

AGA GAT TTC TCT GTA GTT
DD19a TCT CTA AAG AGA CAT CAA 527 534 523 517 520 508

, AGA GAT TTC TCT GTA GIT
DD19a AGGTGAGGTATCT CTA AAG AGA CAT CAA 53.2 538 527 522 520 513

B AGA GAT TTIC TCT GTA GIT
DD19a AGGTGTCT CTA AAG AGA AT capacera 528 532 502 514 510 505

(continued on next page)
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(5 continued)

1.0 uM 0.6 uM 0.3 uM
identification Duplex Teap Tpre Teap Tpre Tewp Tpre
00176 GIG GG ATC GO T0G GCL 45 543 500 sa0 400 533
ooty JC/GRG G MGG TG GO T gy s 530 533
DD17b” ACACCg"?g ggg ﬁg ggg X?g gg?ATCAA 55.6 54.4 553 54.0 548 534
DD18b g{;g ?gz gég Xg? gig XEX 54.0 539 520 534 515 525
ooty [CC/GCGT CAG IO GICTGT T s
DD18b” AGAAAgég igi g?g XS? gzg XEXGGAGA 573 540 570 535 56.6 526
DD19b ?g? gﬁ ng XSX gi? gii 53.6 53.3 527 527 512 514
ooty JOUMAGTTICICT GILGTT o0 0 g g
DD19b” AGGTG?gi g?} ng ng gzi EIXAGGTA 51.7 533 518 527 50.0 514
DD17c g,ﬁg ggg ﬁg ggg X?g ggi 68.0 679 683 676 66.0 655
DD17¢’ ACACCATCAAg"?"g ggg ﬁg ggg Xﬁg gg? 69.5 681 683 678 66,5 657
o017 TG G MG GG TG Gk T 1 g 675 650 657
DD18c gég ig{ g?g XS? gzg XE}}X 62.6 628 614 624 61.0 609
DD18c’ AGAAAGGAGAgﬁg égi (C;é(c; X(C;i gig XSX 62.8 63.6 625 633 61.0 61.7
DD18c” AGAAAgﬁg égz gég Xgé gig XgXGGAGA 63.3 639 629 636 615 619
DD19c ?g? gﬁz ng XSX gi? gzi 45,0 453 447 448 440 45.2
DD19c¢’ AGGTGAGGTA?% gﬁ Eg ng gi? gii 46.1 46.2 456 457 475 46.0
D3¢ IR GITTIC I G GTT 07 0 s 54 520 500
0174 GIG GGG TG GGG TG CCh 15 gra g0 706 669 600
DD17d’ ACACCATCAAg'?g ggg ﬁg ggg X?g gg? 68.0 685 710 703 679 6838
DD17d” ACACCgég ggg ﬁg ggg X?g ggiATCAA 68.5 674 688 688 674 674
DD18d g?g égz gég Xgé gig Xgi 62.0 609 613 60.6 60.0 59.9
ootsy [ OTGAG IGT GG IO GICTET 0T 1 00 615 34 610
DD18d” AGAAAg"ﬁg ?gi g?g XS? gig XgXGGAGA 64.0 627 636 628 639 619
D156 RGA GAT TIC TCT TR GIT o117 o1 40 53, 530 531
ovtsg  JTTUOCMGR GKTTICTOT GTA OTT 00y iy sy aao asa

(continued on next page)
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(5 continued)

0.3 uM
identification Duplex Teap Tpre
D19 AGGTCTCT CTA AAG AGA CAT CAAAGGTA 540540

+G +G+
DD17L-CTRL GAC(';I‘CCGGGCCA'I'TAGC CGGCC(ZTT;AGCG(';I'CA 72.5 701
+G +G+
DD17L1-CTRL’ ACACCGACC:I'CCGGGCCATTAGC CGGCC(;IXTT;)AGCGC;(:AATCAA 740 701
DD17L2-CTRL GCATGC CGGCGC ATFTCG CGGCCG :TACG CGGCTA 67.0 70.0
DD17L2-CTRL’ ACACCGCATGC CG,GCGC AT'I‘AJrCG CGGCCG I;TTACG CGGCTAATCAA 68.4 700
+
DD17L3-CTRL GCATGC CGGCGC ATTS c CGGCCG ITACG CGGCTA 67.3 70.1
+
DD1713-CTRL’ ACACCGCATGC cGGCGC ATFE\GC CGGCCG 1;1‘TALXCG CGGCTAATCAA 69.0 701
DD17L4-CTRL GCATGC Cé} CGC ATTI‘&GC GC+GCCG I;TTACG CGGCTA 68.0 70.2
+
DD17L4-CTRL’ ACACCGCATGC CGGCGC AT'I'AGC GCGCCG I;LI‘TACG CGGCTAATCAA 70.1 702
+G +
oo T e o5 o1
o TS SE TS pa o
oomnsn o oI e e 5 po_ s
+ +
DD17L6-CTRLY ACACCGéTg ggg ?XCGngGAggGngAATCAA /1.8 69.9
+ +
oo o A w5 o
T KT TS S ns o
+G +G+
bD17a-11 GAC(';I"CCGGGCCA'I'TAGC CGGCC(ZTT;AGCG(';I'CA 734 701
+G +G+
DD17a-L1" ACACCGACC:I'CCGGGCCATTAGC CGGCCiTTéAGCGC';I?AATCAA 77.2. 736
bD17a-L2 GCATGC CGGCGC ATFS:CG CGGCCG l;rTACG CGGCTA 676 670
DD17a-L2" ACACCGCATGC CG,GCGC ATTAJrCG CGGCCG .I;TTACG CGGCTAATCAA 690 708
+
bD17a-13 GCATGC CGGCGC ATTAGC CGGCCG ./;TTACG CGGCTA 68.4 685
DD17a-L3" ACACCGCATGC cGGCGC ATFE\GC +CGGCCG 1;1‘TALXCG CGGCTAATCAA 703 72.0
+
bD17a-L4 G’Cj-\TGC C(‘?CGC ATTI‘\GC GCGCCG I;TTACG CGGCTA 69.2 687
+
DD17a-L4” ACACCGCATGC CGGCGC AT'I'AGC GCGCCG I;LTTACG CGGCTAATCAA 71.0 736
+G +
DD17a:t5 "OT0 660 TAC C6C ATC CoT 12 e
o, po s
DD17a-L6 GA+G CGG AT+G GCG TAG GCA 660 66.2

CTC GCC TAC CGC ATC CGT

(continued on next page)
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(5 continued)

1.0 uM 0.6 uM 0.3 uM
identification Duplex Texp Tpre Texp Tpre Teap Tpre
DD17a-L6" ACACCGg;g ggg éX;GngGAiéGngAATCAA o o - o 68.1 9.6

+ +
"SC Gee TG Gae ATC CGT - - - - &1 @
+ +
DD17a-L7" ACACCGéTg ggg ﬁg ggg Eg ngAATCAA - - - - 68.7 718
DD17b-L1 GAc?rcCGGGcCATTJrAGc +cGG+cCiTTcAGc:TCA o o o o 68.2 682
DD17b-L1” ACACCGACGTCCGGGCCATT+AGC +CGG+CCGATTCAGCGGTCAATCAA o o - o 701 682
+
DD17b-L2 G<:1§ch CGGch ATTACG CGGCCG ATlfxcG cGGC? o - - o 63.2 641
+
DD17b-12" ACACCGCLEFGC CGGCGC ATTACG cGGCcG ATlfxcG cccclfx ATCAA o o o o 642 651
DD17b-L13 GCI?TGC CGGCGC ATTAGC +CGGCCG ATT%\CG CGGCT“L\ o o o - 66.1 665
+
DD17b-L3" ACACCGCIZ“GC CGGch ATTAGC CGGCCG AT"lf\CG cGGCIf\ ATCAA o - o o 67.4 673
+
DD17b-L4 Gclich CGGCGC ATTAGC GCGCCG AT'lf\CG cccclf\ o - - - 67.1 7.0
DD17b-14" ACACCGCﬁ"GC CGGCGC ATTAGC Gc+GccG ATlfxcG cGGC? ATCAA o o o o 68.9 686
017545 o6 6o TC 6ae AT GGT - - - - 73 3
+G +
DD17b-L5" ACACCGégccggCAiAg ngGAiéGngAATCAA o - - - 68.4 9.1
+
0017016 "S1c o TaC oG ATC CoT - - - - e e
DD17b-L6” ACACCGg;g g(c;g ?X;GCESGAiéGCg'CIEAATCAA o o - - 65.7 3.7
+ +
0017647 "S1C Gee TG Gae ATC GGT - - - = e s
+ +
DD17b-L7” ACACCGéTg ggg ﬁg ggg Eg ngAATCAA - - - - 66.3 662
DD17c-L1 GACGTCCGGGCCAT;AGC +cGG+cCiTTcAGc<§;TCA o o o o 66.2 676
bD17c-L1” ACACCGACGTCCGGGCCATT+AGC +CGG+CCGATTCAGCGGTCAATCAA o o o o 67.3 655
+
bD17c-L2 Gclﬁch CGGch ATTACG CGGCCG AT'?CG cccclé o o - o 614 625
+
Db17c-L2" ACACCGCLEFGC CGGCGC ATTACG CGGCCG AT'?CG cccclfx ATCAA o o o o 636 639
ph17cL3 GCI?TGC CGGCGC ATTAGC +CGGCCG ATT%\CG CGGCT“L\ - - - T 64 64
+
DD17c-L3" ACACCGCIE“GC CGGch ATTAGC CGGCCG AT"lf\CG cGGCIf\ ATCAA - - o - 66.1 643
+
DD17c-L4 Gclich CGGCGC ATTAGC GCGCCG AT'lf\CG cccclf\ - - - - 652 653
DD17c-L4" ACAcch%ch CGGCGC ATTAGC Gc+GCcG ATTI‘\CG cGGC? ATCAA o o o o 670 653
DD17CLS GAG CGG AT+G +GCG TAG GCA _ _ _ _ €52 653

CTC GCC TAC CGC ATC CGT

(continued on next page)
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(5 continued)

1.0 uM 0.6 uM 0.3 uM
identification Duplex Texp Tpre Texp Tpre Teap Tpre
DD17c-L5" ACAcchgcngcAEg ;ggGAiéGngAATCAA o o - o 67.3 653

+ +
01766 36 Gee TG oae AT GGT - - - - s a3
+ +
DD17c-L6" ACACCGéTg ggg ﬁcccggGAEGcggAATCAA - - - - 63.2 628
armmmI G e
bD17c-L7” ACACCGg;g ggg ?Xg gcc;g Eg ;g'cl:“AATCAA o o - o 63.5 652
+G +G+
bD17d-L1 GAC(ErcCGGGcCATTAGC CGGcCiTTcAGCGGTCA o - - o 746723
+ +
DD17d-11" ACAccGAcGTCCGGGccATTAGc +CGGCCGATTCAGCGGTCAATCAA o o o o /82 730
bD17d-L2 GCI?TGC CGGCGC ATTAJrcG cGGCcG ATT%\CG CGGCT“L\ o o o - 68.5 695
+
bD17d-L2" ACACCGCIZ“GC CGGch ATTACG CGGCCG AT"lf\CG cGGCIf\ ATCAA o - o o 711 8.3
+
bD17d-L3 Gclich CGGCGC ATTAGC CGGCCG AT'lf\CG cccclf\ o - - - 69.3 726
DD17d-13" ACACCGCﬁ"GC CGGCGC ATTAGC +cGGCcG ATlfxcG cGGC? ATCAA o o o o /12 718
DD17d-L4 Gclich CGGCGC ATTAGC GchGCcG ATlf\cG cGGCIf\ o o o o 731729
+
DD17d-L4” ACACCGCI;‘GC CGGch ATTAGC GCGCCG ATlfxcG cGGC? ATCAA o - - - 744 741
+
017645 Src o TAG oG ATG CoT - - - - noom
DD17d-L5" ACAcchgcngcAEg ;ggGAiéGngAATCAA o o - - 738 733
+ +
017646 "S1C Gee TG oae AT GGT - - - = 7 @
+ +
DD17d-L6” ACACCGéTg ggg ﬁcccggGAEGcggAATCAA - - - - 703 696
aeemm I ew
DD17dL7" GA+G CGG ATG GCG TAG +GCA _ _ _ _ 710 719

ACACC CTC GCC TAC CGC ATC CGT ATCAA
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Supplementary Table 6: Notation for overhangs either at the 3’ or 5. Code V (void) stands for the
unmatched opposite strand.

3’ overhang code overhang5’

ACACCATCAA L
AGAAAGGAGA F
AGGTGAGGTA S
AGGTG Q
ACACC P
AGAAA H

D GGAGA

M ATCAA
E AGGTA
void Vv void

Supplementary Table 7: Notation for fluorescent markers.

marker code marker code
Cy3 B Cy5 R
ATTO532 J ATTO647 [

Supplementary Table 8: Morse potentials D in meV, calculated in Step 2 for subset O (duplexes
with and without overhangs, but no fluorophores). BPX"V stands for base pairs (BP) next to an
overhang of type XV. For instance, CG”V is a CG base pair next to the overhang ACACC (P).

Base-pair D overhang D Base-pair D overhang D
AT 37.9+55 CG 64.9+ 6.9
ATPV 20.0+6.5 DV 15.4 +0.83 cGf'v 247 +4.7 FV 7.18 +0.80
ATEV 8.02+1.3 EV 13.24+0.092 CcGTYV  225+6.2 HV 17.3+1.2
ATMV 26.0+ 14 MV 101+1.3 cGLV 38.3+4.5 LV 14.1 +0.80
ATRV 4.41+0.31 Qv 12.6 £0.064 CcGPY  38.8+75 PV 4.99 +0.17
ATSV 6.39 + 0.77 Y 12.2 £ 0.63

Supplementary Table 9: Stacking potentials & in eV/nm?, calculated in Step 2 for subset O (du-
plexes with and without overhangs, but no fluorophores).

NN k NN k
AT-AT (AA/TT)  2.79 + 0.37 AT-CG (AC/TG) 2.69 + 0.37
AT-GC (AG/TC) 4.56 +0.78 AT-TA (AT/TA)  1.92 4 0.17
CG-AT (CA/GT) 2.29+0.51 CG-CG (CC/GG) 2.26 4 0.61
CG-GC (CG/GC) 2.71+0.50 GC-AT (GA/CT) 2.89 4 0.39
GC-CG (GC/CG) 3.12+0.74 TA-AT (TA/AT) 2.36 +0.48
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Supplementary Table 10: Morse potentials D in meV, calculated in Step 3, for set F containing the
fluorophores. BP¥ stands for base pairs (BP) next to a fluorescent marker X, for instance AT? is a
AT base pair next to a Cy3 (B) fluorophore.

Base-pair D Base-pair D free marker D
ATE 95.0+ 5.4 CGP 12.4+ 6.0 BV 329+ 4.3
AT! 81.2 + 27 CG! 100 + 13 \Y; 54.4 + 18
AT/ 22.8+ 6.7 CcG’ 114 + 27 i\Y; 20.9+38.1
ATE 37.7+1.4 CGFE 73.5+ 13 RV 33.4+5.2

Supplementary Table 11: Morse potentials D in meV for florescent markers with overhangs, cal-
culated in Step 3 (set F containing the fluorophores).

overhang (code) Cy3 Cy5 PEP PER
AGAAAGGAGA(F) 926+13 384426 31.8+£89 374199
AGAAA(H) 895+4+19 503+£37 363445 46.6+14
ACACCATCAA(L) 285+84 36.7+46 265+88 29.6+t6.5
ACACC(P) 273+33 385+34 27.74+11 222+73
AGGTG(Q) 289452 381+20 121+8.1 71.6+28
AGGTGAGGTA(S) 42.0+6.9 369+24 41.8+89 544+18

Supplementary Table 12: Stacking potentials k, in eV/nm?, of base-pairs next to fluorescent mark-
ers, calculated in Step 3 (set F containing the fluorophores).

NN k NN k NN k NN k
ATB.GC 2594022 AT/-GC 1.72+0.68 AT/-GC 2.42+0.13 ATE-GC 2.46+0.13
BF-GC®  2.49+0.046 BH-GC® 2.53+0.092 BL-GCP 2.18+042 BP-GCB 2.02+1.2
BQ-AT®  2.41+0.22 BS-AT®  246+0.13 BV-AT®  2.504+0.091 BV-GC® 2314024
CG'-FI  2554+028 CG!-HI 2.48+054 CcG'-L  219+0.79 CGI-PI  1.73+0.70
cG'-vi  1.00+067 CG’/-F) 2564025 CG’-H) 2414027 CG/-U 2214051
cG’-p 169+0.73 CG/-v) 2544060 CGE-FR 2.504+0.015 CGE-HR 2.51+0.13
CGE-LR 244+021 CGP-PR 247+0.080 CG-VR 2.26+048 GCB-AT 1.96+0.61
GCT-AT 1.98+0.58 GC/-AT 2.16+13 GCE-AT 2484011 IQ-AT! 3.35+3.2

IS-ATT 0.977+0.62  IV-AT/ 424+24  JQ-ATY 2924059  IJS-ATY  2.49+0.13
JV-ATY  2.454+0.15 RQ-AT® 2.50+4+0.030 RS-AT® 2.51+0.044 RV-AT® 2.50 + 0.050

Supplementary Table 13: Morse potentials D for LNA modified bases in meV, calculated in Step 4
(set L, only duplexes containing LNA modifications).

D
65.0 10

D
99.0 &+ 36

base pair
C+G

base pair
G+C
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Supplementary Table 14: Stacking potentials k for LNA modified bases in eV/nm?2, calculated in
Step 4 (set L, only duplexes containing LNA modifications).

NN k NN k NN k
AT+GC (A+G/TC) 1.95 + 1.8 CG-C+G (CC/G+G) 0.00460 + 0.0084  CG-G+C (CG/G+C)  2.61 + 1.7
C+G-AT (CA/+GT) 4.32+£2.4 C+G-CG (CC/+GG) 1.34 + 1.8 C+G-C+G (CC/+G+G) 3.66 + 1.5
GC-C+G (GC/C+G)  3.65+3.0 GC-+CG (G+C/CG) 2.68 +1.1 G+C-C+G (GC/+C+G) 3.36 £ 1.8
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Supplementary Note 2. DNA/LNA:RNA (DRL) optimization

The DNA/LNA:RNA (DRL) sequences contained a mix of LNA and DNA/RNA mismatches, shown in
supplementary table 15. Due to the large number of variables we could not calculate the canonical
DNA/RNA parameters as we had for DNA/LNA:DNA. Instead, we prepared a new set for low-salt
concentration from an independent sequence set (DRLS, see below for notation) that we recently
used for calculation of nearest-neighbours parameters. 2

2.1 Data set description
Set DRLS DNA/RNA melting temperatures at low-salt concentrations from Ref. 12

Set DLR DNA/RNA sequences some of which containing LNA modification, Cy3/Cy5 fluorophores,
and mismatches, in the absence of crowding agents, shown in supplementary table 15.

2.2 Parametrization workflow

Step 1 Parametrization of set DRLS following the procedure outline in Ref. 13. The resulting Morse
potentials are shown in Table 16 and stacking parameters in Table 17.

Step 2 Parametrization of set DLR using the parameters of Step 1 as input. Only Morse potentials
were calculated as there were not enough sequences to also include additional 33 stacking
parameters. The calculated Morse potentials are shown in Table. 18.

Supplementary Table 15: Sequences for the DLR set of duplexes. Mismatches are shown in grey
shaded boxes, and LNA are shown in red and with a plus in from of corresponding nucleotide
letter. Fluorophores are shown in green. DNA strands are shown in 5 —3’ on top of RNA strands
in 3’ <5’ direction. The final quality parameters of the optimization were x> = 590 °C? and
(AT) =24°C.

0.125 uM 0.5 uM
identification Duplex Teap Tore Teap Tpre
DR1 d(TAG CTA CAG AGA AAT CTC GAT) 575 528 585 548

r(AUC GAU GUC UCU UUA GAG CUA)

d(TAG CTA CAG AGA AAT CTC GAT)
DR1-CTRL r(AUC GAU GUC UCU UUA GAG CUA) 54.0 53.1 57.0 551

DR2 d(TAG CTA CAG A GA AAT CTC GAT) 520 514 550 535
r (AUC GAU GUC A CU UUA GAG CUA)

DR2-CTRL d(TAG CTA CAG A GA AAT CTC GAT) 540 516 570 G53.7
r(AUC GAU GUC A CU UUA GAG CUA)

d(ACT GTA CAT GAG AAA CTT TTT CTC)
DR3 r(UGA CAU GUA CUC UUU GAA AAA GAG) >70 603 580 621

d(ACT GTA CAT GAG AAA CTT TTT CTC)
DR3-CTRL r(UGA CAU GUA CUC UUU GAA AAA GAG) 50 60.7 560 626

DRA-CTRL d( ACT GTA CAT GAG AAA CTT TTT CTC) 525 600 540 619
r( CGA CAU GUA CUC UUU GAA AAA GAG)

DR4 d( ACT GTA CAT GAG AAA CTT TTT CTC) 560 595 575 614
r( CGA CAU GUA CUC UUU GAA AAA GAG)

DRSL-CTRL A(GTT GGA GCT NN GGC GTA GGC) 620 653 660 67.0
r(CAA COU CGA  C U A CCG CAU CCG)

DRSL d(GTT GGA GCT +G +A +T GGC GTA GGC) 670 653 695 67.0
r(CAA CCUCGA C U A CCG CAU CCG)

DR6L-CTRL d(GTT GGA GCT EENNNE GGC GTA GGC) 595 633 620 650
r(CAA CCU CGA C C A CCG CAU CCG)

(continued on next page)
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(5 continued)

0.1254M 05 uM

identification Duplex Tewp Tpre Teap Tpre

oReL d(GTT GGA GCT +G +A +T GGC GTA GGC) 12 633 640 651
r(CAA CCU CGA  C C A CCG CAU CCOG)
d(CTC CTG GGC TCA AGC AAT TCT)

DR9-CTRL OAG GAG 00O AGU UGG DUA AGKS 64.0 612 650 63.1
d(CTC CTG GGC TCA AGC AAT TCT)

PR r (GAG GAC CCG AGU UCG UUA AGA) 010 617 635 636

R 10 d(CTC CTG GG C TCA AGC AAT TCT) 00 612 610 6.0
r(GAG GAC CCU AGU UCG UUA AGA)

DR10-CTRL A(CIC CTG GG TCA AGC AAT TCT) 625 607 640 626
r(GAG GAC CCU AGU UCG UUA AGA)
d(CAG CCT CCC ACG TAG CTG GGA)

DR11-CTRL (CUG GOA 006 UGG AUG CAG GODS 700 646 710 663
d(CAG CCT CCC ACG TAG CTG GGA)

PRIL r(GUC GGA GGG UGC AUC GAC CCU) 070 650 635 667

DR12-CTRL A(CAG GCT CCC MG TAG CTG GGA) 68.5 657 695 67.4
r(GUC GGA GGG UCC AUC GAC CCU)

R s d(CAG CCT CCC ACG TAG CTG GGA) o5 o1 670 608
r(GUC GGA GGG UCC AUC GAC CCU)

ORLAL d(AGT AGA GAC +G +C +G GIT TCA CCA) 00 660 715 678
r(UCA UCU CUG  C G C CAA AGU GGU)
d(AGT AGA GAC GCG GTT TCA CCA)

DR13-CTRL (oA UOD UG GGG GAA AGU GGDS 64.0 616 655 63.4
d(AGT AGA GAC GCG GIT TCA CCA)

PR13 r(UCA UCU CUG CGC CAA AGU GGU) 6>0 615 66> 634

DR13L-CTRL A(AGT AGA GAC WSS GTT TCA CCA) 680 659 705 67.7
r(UCA UCU CUG  C G C CAA AGU GGU)

R4 d(AGT AGA GAC G CG GTT TCA CCA) 35 634 640 652
r(UCA UCU CUG CCC CAA AGU GGU)

DR14-CTRL A(AGT AGA GAC GRG GTT TCA GCA) 625 633 640 651
r(UCA UCU CUG CCC CAA AGU GGU)

R 1AL d(AGT AGA GAC +G +C +G GIT TCA CCA) 60 652 eis 6o
r(UCA UCU CUG  C C C CAA AGU GGU)

DR14L-CTRL A(AGT AGA GAC SN GTT TCA CCA) 640 651 665 669
r(UCA UCU CUG  C C C CAA AGU GGU)

oRL5L d(GTT AGG TTG +G +T +C TCA AAC TCC) 60 634 680 651
r(CAA UCC AAC  C A G AGU UUG AGG)
d(GTT AGG TTG GIC TCA AAC TCC)

DR15-CTRL (GAL UGG LA OAG AGU DUG AGGS 590 601 610 62.0

o d(GTT AGG TTG 4G +T +C TCA AAC TCC) 50 634 660 652
r(CAA UCC MAC C A G AGU UUG AGG)
d(GTT AGG TTG GTC TCA AAC TCC)

PRI5 r(CAA UCC AAC CAG AGU UUG AGG) °90 599 610 618

oR1e d(GTT AGG TTG GT C TCA AAC TCC) 80 589 500 608
r(CAA UCC AAC CCG AGU UUG AGG)

DR16-CTRL A(GTT AGG TTG GEC TCA AAG TCC) 575 593 595 611
r(CAA UCC AAC CCG AGU UUG AGG)

ORLELCTRL d(GTT AGG TTG +G +T +C TCA AAC TCC) 05 632 620 650
r(CAA UCC AAC  C C G AGU UUG AGG)

oRL6L d(GTT AGG TTG +G +T +C TCA AAC TCC) 20 631 635 oas
r(CAA UCC AAC C C G AGU UUG AGG)
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Supplementary Table 16: Morse potentials D for DNA/RNA in meV calculated in Step 1, sec-
tion 2.2.

Base-pair D Base-pair D
dArU 12.4+9.7 dTrA 38.7+8.9
dCrG 79.2 £ 16 dGrC 60.8 +13

Supplementary Table 17: Stacking potentials k& for DNA/RNA in eV/nm?, calculated in Step 1, sec-
tion 2.2.

NN k NN k NN k NN k

dArU-dArU 0.357 £0.63 dArU-dCrG 3.63+1.7 dArU-dGrC 6.26+2.5 dArU-dTrA 0.394 £ 0.68
dCrG-dArU 594 £3.1 dCrG-dCrG  2.32+1.2 dCrG-dGrC 1.10+0.92 dCrG-dTrA 456+23
dGrC-dArU 4.07 15 dGrC-dCrG  1.53 +£0.68 dTrA-dCrG  1.86 £0.64 dGrC-dTrA  1.70 +0.98
dTrA-dArU 151+14 dGrC-dGrC 1.53 £0.58 dTrA-dGrC 6.11+2.9 dTrA-dTrA 310£13

Supplementary Table 18: Morse potentials D for DNA/LNA:RNA in meV calculated in Step 2, sec-
tion 2.2.

Base-pair D Base-pair D Base-pair D
dArA 8.97 +21 dArC 0.00900 + 0.013 dcrC 167 + 24
dCru 58.5+5.4 dTrC 0.0190 £+ 0.023
d+CrG 176 +43 d+ArC 0.0100 £ 0.012 d+GrC 211+ 49
d+ArU 137 + 34 d+TrC 0.0250 + 0.049 d+TrA 109+ 11

dCy3rCy5 1.27+2.9
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Supplementary note 3. Bead-bait hybridization assay.

Procedures and results

For BRAF and EGFR control study, we used bait probe designs given in Table 1 of the main
paper.

For KRAS G12D detection, we designed a range of bait probes specific to the mutation. In the
probe design, our main goal has been to create a least stable probe:WT RNA complex, vs. a
stable binding of probe:mutant (full match) RNA.

Computing (described in section 5, Supplementary information) suggested the following
strategies for probe design:

avoid having +G and +G+G in the probe;!

consider not sequential incorporation of LNASs in the area of a mismatch;
include dTrC and dCrU mismatches;

avoid dArU base pair stretches.

Two other approaches we tested for the probe design were adding an additional mismatch to the
probe, to destabilize the probe:wild type complex event further, and moving a probe to
periphery/terminal region along the target, thus promoting more active opening in case of a
mismatched nucleotide.

The resulting probe designs are given in Supplementary Table 19, below.

"' LNA is labelled as a plus in front of corresponding nucleotide letter.
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Supplementary Table 19. Design strategy for KRAS G12D detection in KRAS G12D RNA.

Duplex code Mismatch(es) | Duplex probe:target RNA sequences Target
RNA
name

DR5- - 5- GTT GGA GCT +G+A+T GGC GTA GGC KRAS

CTRL,DR5L- 3’-rCrArA rCrCrU rCrGrA rCrUrA rCrCrG rCrArU rCrCrG | G12D

CTRL

DR6-CTRL, dArC 5’- GTT GGA GCT +G+A+T GGC GTA GGC KRAS wt

DR6L-CTRL +ArC 3’- rCrArA rCrCrU rCrGrA rCrCrA rCrCrG rCrArU rCrCrG

DR5L1-CTRL - 5’- GTT GGA G+CT G+AT GG+C GTA GGC KRAS

3’-rCrArA rCrCrU rCrGrA rCrUrA rCrCrG rCrArU rCrCrG G12D

DR6L1-CTRL dArC 5’- GTT GGA G+CT G+AT GG+C GTA GGC KRAS wt

+ArC 3’-rCrArA rCrCrU rCrGrA rCrCrA rCrCrG rCrArU rCrCrG

DR5L2-CTRL - 5’- GTT GGA G+CT G+AT GGC GTA GGC KRAS

3’-rCrArA rCrCrU rCrGrA rCrUrA rCrCrG rCrArU rCrCrG G12D

DR5L2-CTRL dArC 5’- GTT GGA G+CT G+AT GGC GTA GGC KRAS wt

+ArC 3’-rCrArA rCrCrU rCrGrA rCrCrA rCrCrG rCrArUJ rCrCrG

DR17-CTRL, dTrC 5’- GTT GGA G+CT T*+AT GGC GTA GGC KRAS

DR17L1-CTRL 3’-rCrArA rCrCrU rCrGrA rCrUrA rCrCrG rCrArU rCrCrG G12D

DR18-CTRL, dArC,dTrC 5’- GTT GGA G+CT T*+AT GGC GTA GGC KRAS wt

DR18L1-CTRL +ArC, dTrC 3’-rCrArA rCrCrU rCrGrA rCrCrA rCrCrG rCrArUJ rCrCrG

DR17L2-CTRL dTrC 5’- GTT GGA G+CT T*+AT GG+C GTA GGC KRAS

3’-rCrArA rCrCrU rCrGrA rCrUrA rCrCrG rCrArU rCrCrG G12D

DR18L2-CTRL dArC,dTrC 5’- GTT GGA G+CT T*+AT GG+C GTA GGC KRAS wt

+ArC, dTrC 3’-rCrArA rCrCrU rCrGrA rCrCrA rCrCrG rCrArUJ rCrCrG

DR17L3-CTRL dTrC 5’- GTT GGA GCT T*+AT GG+C GTA GGC KRAS

3°-rCrArA rCrCrU rCrGrA rCrUrA rCrCrG rCrArU rCrCrG G12D

DR18L3-CTRL dArC,dTrC 5’- GTT GGA GCT T*+AT GG+C GTA GGC KRAS wt

+ArC, dTrC 3’-rCrArA rCrCrU rCrGrA rCrCrA rCrCrG rCrArU rCrCrG

DR19-CTRL, - 5’- G+AT GG+C G+TA GGC AAG AGT GC KRAS

DR19L1-CTRL 3’-rCrUrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrG G12D

DR20-CTRL, dArC 5’- G+AT GG+C G+TA GGC AAG AGT GC KRAS wt

DR20L1-CTRL +ArC 3’-rCrCrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrG

DR21-CTRL, dTrC 5’- T*+AT GG+C G+TA GGC AAG AGT GC KRAS

DR21L1-CTRL 3’-rCrUrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrG G12D

DR22-CTRL, dArC,dTrC 5’- T*+AT GG+C G+TA GGC AAG AGT GC KRAS wt

DR22L1-CTRL +ArC, dTrC 3’-rCrCrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrG

DR23-CTRL, dTrC 5’- G+AT T*G+C G+TA GGC AAG AGT GC KRAS

DR23L1-CTRL 3’-rCrUrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrG G12D

DR24-CTRL, dArC,dTrC 5’- G+AT T*G+C G+TA GGC AAG AGT GC KRAS wt

DR24L1-CTRL +ArC, dTrC 3’-rCrCrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrG

DR25-CTRL, - 5’- +AT GG+C G+TA GGC AAG AGT GCC KRAS

DR25L1-CTRL 3’-rUrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrGrG G12D

DR26-CTRL, dArC 5’-+AT GG+C G+TA GGC AAG AGT GCC KRAS wt

DR26L1-CTRL +ArC 3’-rCrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrGrG

DR27-CTRL, dTrC 5’-+AT T*G+C G+TA GGC AAG AGT GCC KRAS

DR27L1-CTRL 3’- rUrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrGrG G12D
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DR28-CTRL, dArC,dTrC 5’-+AT T*G+C G+TA GGC AAG AGT GCC KRAS wt
DR28L1-CTRL +ArC, dTrC | 3’- rCrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrGrG

DR29-CTRL, dTrC 5’-+AT GT*+C G+TA GGC AAG AGT GCC KRAS
DR29L1-CTRL 3’- rUrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrGrG G12D
DR30-CTRL, dArC,dTrC 5’-+AT GT*+C G+TA GGC AAG AGT GCC KRAS wt
DR30L1-CTRL +ArC, dTrC 3’- rCrA rCrCrG rCrArU rCrCrG rUrUrC rUrCrA rCrGrG

Mismatch nucleotides are underlined; mismatch position in RNA is shown in bold. Additional mismatch

is indicated in bold italized letter with a star. LNAs are shown in red and with a plus in front of

corresponding nucleotide letter. Wt = wild-type.
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All the duplexes given in Table 19 were then analyzed by computation, as described in Methods
and Supplementary note 1. The results for predicted melting temperatures and difference ( ATm)
for full match (mutant) vs mismatch (mutant probe:wild type RNA target), are shown in
Supplementary Table 20, below.

Supplementary Table 20. Representative designs and theoretical prediction of Tr, for
probes with mutant (full match) and wild-type (mismatch) target.*

Tm,

Probe sequence, 5°—>3’ Target RNA sequence, 5°—3’ Probe name °C

d(BGTTGGAGCTGATGGCGTAGGC) r(RCAACCUCGACUACCGCAUCCG) #DR5 62.30
d(BGTTGGAGCTNWYGGCGTAGGC) r(RCAACCUCGACUACCGCAUCCG) #DR5L 65.30
d(BGTTGGAGCTGATGGCGTAGGC) r(RCAACCUCGACCACCGCAUCCG) #DR6 62.50
d(BGTTGGAGCTNWYGGCGTAGGC) r(RCAACCUCGACCACCGCAUCCG) #DR6L 63.30
d(GTTGGAGCTGATGGCGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR17-CTRL 62.30
d(GTTGGAGZTGWTGGZGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR17L1-CTRL 67.10
d(GTTGGAGCTGATGGCGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR18-CTRL 62.45
d(GTTGGAGZTGWTGGZGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR18L1-CTRL 65.39
d(GTTGGAGZTGWTGGCGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR17L2-CTRL 65.54
d(GTTGGAGZTGWTGGCGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR18L2-CTRL 63.71
d(GTTGGAGCTTATGGCGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR19-CTRL 60.11
d(GTTGGAGZTTWTGGCGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR19L1-CTRL 64.44
d(GTTGGAGCTTATGGCGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR20-CTRL 60.83
d(GTTGGAGZTTWTGGCGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR20L1-CTRL 62.51
d(GTTGGAGZTTWTGGZGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR19L2-CTRL  65.98
d(GTTGGAGZTTWTGGZGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR20L2-CTRL  64.38
d(GTTGGAGCTTWTGGZGTAGGC) r(CAACCUCGACUACCGCAUCCG) #DR19L3-CTRL  64.93
d(GTTGGAGCTTWTGGZGTAGGC) r(CAACCUCGACCACCGCAUCCG) #DR20L3-CTRL  63.07
d(GATGGCGTAGGCAAGAGTGC) r(CUACCGCAUCCGUUCUCACG) #DR21-CTRL 58.76
d(GWTGGZGYAGGCAAGAGTGC) r(CUACCGCAUCCGUUCUCACG) #DR21L1-CTRL 63.95
d(GATGGCGTAGGCAAGAGTGC) r(CCACCGCAUCCGUUCUCACG) #DR22-CTRL 59.13
d(GWTGGZGYAGGCAAGAGTGC) r(CCACCGCAUCCGUUCUCACG) #DR22L1-CTRL 61.55
d(TATGGCGTAGGCAAGAGTGC) r(CUACCGCAUCCGUUCUCACG) #DR23-CTRL 57.05
d(TWTGGZGYAGGCAAGAGTGC) r(CUACCGCAUCCGUUCUCACG) #DR23L1-CTRL 62.87
d(TATGGCGTAGGCAAGAGTGC) r(CCACCGCAUCCGUUCUCACG) #DR24-CTRL 57.28
d(TWTGGZGYAGGCAAGAGTGC) r(CCACCGCAUCCGUUCUCACG) #DR24L1-CTRL 60.42
d(GATTGCGTAGGCAAGAGTGC) r(CUACCGCAUCCGUUCUCACG) #DR25-CTRL 55.58
d(GWTTGZGYAGGCAAGAGTGC) r(CUACCGCAUCCGUUCUCACG) #DR25L1-CTRL  62.97
d(GATTGCGTAGGCAAGAGTGC) r(CCACCGCAUCCGUUCUCACG) #DR26-CTRL 55.74
d(GWTTGZGYAGGCAAGAGTGC) r(CCACCGCAUCCGUUCUCACG) #DR26L1-CTRL  59.87
d(ATGGCGTAGGCAAGAGTGCC) r(UACCGCAUCCGUUCUCACGG) #DR27-CTRL 59.48
d(WTGGZGYAGGCAAGAGTGCC) r(UACCGCAUCCGUUCUCACGG) #DR27L1-CTRL 64.43
d(ATGGCGTAGGCAAGAGTGCC) r(CACCGCAUCCGUUCUCACGG) #DR28-CTRL 59.88
d(WTGGZGYAGGCAAGAGTGCC) r(CACCGCAUCCGUUCUCACGG) #DR28L1-CTRL 62.20
d(ATTGCGTAGGCAAGAGTGCC) r(UACCGCAUCCGUUCUCACGG) #DR29-CTRL 56.93
d(WTTGZGYAGGCAAGAGTGCC) r(UACCGCAUCCGUUCUCACGG) #DR29L1-CTRL 63.43
d(ATGGCGTAGGCAAGAGTGCC) r(CACCGCAUCCGUUCUCACGG) #DR30-CTRL 59.88
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-0.16
1.95

-0.13

1.69

1.82

-0.72

1.92

1.59

1.86

-0.36
2.40

-0.24
2.46

-0.16
3.10

-0.40
2.23

-2.95



d(WTTGZGYAGGCAAGAGTGCC) r(CACCGCAUCCGUUCUCACGG)
d(ATGTCGTAGGCAAGAGTGCC) r(UACCGCAUCCGUUCUCACGG)
d(WTGTZGYAGGCAAGAGTGCC) r(UACCGCAUCCGUUCUCACGG)
d(ATGTCGTAGGCAAGAGTGCC) r(CACCGCAUCCGUUCUCACGG)
d(WTGTZGYAGGCAAGAGTGCC) r(CACCGCAUCCGUUCUCACGG)

* ATnm is the difference for melting temperature of full match (mutant) vs mismatch (mutant

probe:wild type RNA target).

#DR30L1-CTRL
#DR31-CTRL
#DR31L1-CTRL
#DR32-CTRL
#DR32L1-CTRL

60.66
S57.77
63.53
58.11
61.08

The convertion table for DNA:LNA/RNA was: B {Cy3}, R {Cy5}, W {+A}; Y {+T}; N {+G};

Z {+C}, where plus indicates LNA.
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Based on the highest mismatch discrimination potential, we selected ten probes from those given
in Supplementary Tables 19 and 20. The probes, their fully matched and mismatched targets
were purchased from Exigon (LNA strands) and IDT (natural oligonucleotides).

We studied them by UV melting assay as described in Methods. In this case we used 125 nM
concentration of oligonucleotides in 1X PBS, pH 7.2. The results along with a theoretical
prediction for fully matched and mismatched DNA probe:RNA target duplexes are given in the
Supplementary Table 21, below.

Supplementary Table 21. Tmresults for selected designs — predicted and experimental

values.
Duplex Probe (5°—3’):target RNA (3°—>5’) Crowder | Tm match ATm AATm,**
name predicted,* | predicted, | °C
(CTRL °C °C, match | Exper. —
sequences) - theor.

mismatch

DR5- d((Cy3}GTTGGAGC{+T)G{+AH{+T}GGCGTAGGC) -
M1199 r(  CAACCUCGU CU A CCGCAUCCG) 62.94 3.29 -0.56
DR5- d({Cy3)GTH+TIGGAGCH+TIG(+AITGGCGTAGGC) -
M486 r( CA ACCUCGU C U ACCGCAUCCG) 62.36 2.99 -1.16
DR5- d({Cy3}GTTGGAGCTG{+A}TGGCGTAGGC) -
M1331 r( CAACCUCGUC U ACCGCAUCCG) 64.49 1.99 0.19
DR5- d({Cy3}{+G)TTGGAGCT{+GIATGGC{+G}TAGGC) -
M140 K C AACCUCGU CUACCG C AUCCG) 67.61 -0.77 0.23
DR5- d({Cy3)GTTGGA{+G}CTGATGGC{+G}TA{+G}GC) -
M1075 r( CAACCU C GUCUACCG C AU CCG) 66.87 -0.87 1.43
DR6- d({Cy3}GTTGGAGC{+T)G{+AH+T}GGCGTAGGC) -
M1199 r( CAACCUCGU CE A CCGCAUCCG) 59.65
DR6- d({Cy3}GT{+T)GGAGC(+T)G{+A]TGGCGTAGGC) -
M486 r( CA ACCUCGU C € ACCGCAUCCG) 59.37
DR6- d({Cy3}GTTGGAGCTG{+A}TGGCGTAGGC) -
M1331 r( CAACCUCGUC [ ACCGCAUCCG) 62.50
DR6- d({Cy3H{+G)TTGGAGCT{+GIATGGC{+G}TAGGC) -
M140 K C AACCUCGU CEBACCG C AUCCG) 68.38
DR6- d({Cy3)GTTGGA{+G}CTGATGGC{+G}TA{+G}GC) -
M1075 r( CAACCU C GUCEACCG C AU C CG) 67.73
DR5- d({Cy3)GTTGGAGCH+T}G{+A}+T}GGCGTAGGC) beC
M1199 r(  CAACCUCGU CU A CCGCAUCCG) 62.94 3.29 0.31
DRS- d({Cy3}GT{H+TIGGAGCHTIGH+AITGGCGTAGGC) beC
M486 r( CA ACCUCGU C U ACCGCAUCCG) 62.36 2.99 1.98
DR5- d({(Cy3)GTTGGAGCTG{+A}TGGCGTAGGC) beC
M1331 r( CAACCUCGUC U ACCGCAUCCG) 64.49 1.99 -1.29
DR5- d({Cy3H+GITTGGAGCT{+G}ATGGC{+GITAGGC) bC
M140 K C AACCUCGU C UACCG C AUCCG) 67.61 -0.77 -1.30
DR5- d(Cy3)GTTGGA{+G}CTGATGGC{+G}TA{+G}GC) bC
M1075 r( CAACCU C GUCUACCG C AU CCG) 66.87 -0.87 -0.81
DR6- d({Cy3}GTTGGAGC{+T)G{+AH+T}GGCGTAGGC) bC
M1199 r( CAACCUCGU CE€ A CCGCAUCCG) 59.65
DR6- d{(Cy3IGT{H+TIGGAGCH+TIG(+AITGGCGTAGGC) bC
M486 r( CA ACCUCGU C € ACCGCAUCCG) 59.37
DR6- d({Cy3}GTTGGAGCTG{+AITGGCGTAGGC) bC
M1331 r( CAACCUCGUC [€ ACCGCAUCCG) 62.50
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DR6- d({Cy3H+GITTGGAGCT{+G}ATGGC{+G}TAGGC) bC

M140 K C AACCUCGU CEACCG C AUCCG) 68.38

DR6- d({Cy3)GTTGGA{+G}CTGATGGC{+G}TA{+G}GC) bC

M1075 (( CAACCU CGUCIBACCG C AU CCG) 67.73

DR5- d(Cy3)1GTTGGAGC{+T)G{+A}{+T}GGCGTAGGC) MRNA

M1199 r( CAACCUCGU CU A CCGCAUCCG) 62.94 3.29 2.55

DR5- d({Cy3IGTH+TIGGAGCHTIG(+AITGGCGTAGGC) MRNA

M486 r( CA ACCUCGU C U ACCGCAUCCG) 62.36 2.99 2.45

DR5- d({Cy3)GTTGGAGCTG{+A}TGGCGTAGGC) MRNA

M1331 r( CAACCUCGUC U ACCGCAUCCG) 64.49 1.99 2.00

DR5- d({Cy3}{+G}TTGGAGCT{+G}ATGGC{+G}TAGGC) MRNA

M140 C AACCUCGU CUACCG C AUCCG) 67.61 -0.77 -1.28

DR5- d({Cy3}GTTGGA{+G}CTGATGGC{+G}TA{+G}GC) MRNA

M1075 r( CAACCU C GUCUACCG C AU CCG) 66.87 -0.87 -1.25

DR6- d({Cy3)GTTGGAGC{+T}G{+A}+T}GGCGTAGGC) MRNA

M1199 r( CAACCUCGU CE€ A CCGCAUCCG) 59.65

DR6- d({Cy3}GT{H+TIGGAGCHTIGH+AITGGCGTAGGC) MRNA

M486 r( CA ACCUCGU C € ACCGCAUCCG) 59.37

DR6- d({Cy3)GTTGGAGCTG{+A}TGGCGTAGGC) MRNA

M1331 r( CAACCUCGUC [€ ACCGCAUCCG) 62.50

DR6- d({Cy3H+G}TTGGAGCT{+GIATGGC{+G}ITAGGC) MRNA

M140 K C AACCUCGU CEACCG C AUCCG) 68.38

DR6- d({Cy3}GTTGGA{+G)CTGATGGC{+G}TA{+G}GC) MRNA

M1075 r( CAACCU CGUCIEACCG C AU CCQG) 67.73
d(GTTGGAGC{HTIT{+A}{+T]GGCGTAGGC) 5

DR19- ((CAACCUCG UC U A CCGCAUCCG)

M1199 61.74 452 -0.63
d(GT{+TIGGAGCTT{+A}[+TJGGCGTAGGC) 5

DR19- ((CA A CCUCGUCU A CCGCAUCCG)

M510 61.21 4.45 -2.30
d(GTTG+GJAGCTTA+T)GG{+C]GTAGGC) 5

DR19- ((CAAC C UCGUCUA CC G CAUCCG)

M814 64.27 0.09 -1.06
d(GT{+TIGGAGC+T}TATGGCG{+TJAGGC) 5

DR19- ((CA A CCUCG U CUACCGC A UCCG)

M492 55.07 -1.27 -1.42
d(GETH+TIGGAGCTTATGGCG{+TIAGGC) 5

DR19- (C A A CCUCGUCUACCGC A UCCG)

M227 56.38 -1.34 -0.94
d(GTTGGAGCHTIT{+A{{+T]GGCGTAGGC) 5

DR20- f(CAACCUCG UC @ A CCGCAUCCG)

M1199 57.23
d(GT{+TIGGAGCTT{+A}{+T}JGGCGTAGGC) 5

DR20- (CA A CCUCGUCE A CCGCAUCCG)

M510 56.76
d(GTTG(+GJAGCTTA(+T)GG{+C}GTAGGC) :

DR20- (CAAC C UCGUCEBA CC G CAUCCG)

M814 64.18
d(GT{+TIGGAGC+T}TATGGCG{+TJAGGC) 5

DR20- ((CA A CCUCG U CIBACCGC A UCCG)

M492 56.34
d(GETH+TIGGAGCTTATGGCG+TJAGGC) :

DR20- (C A A CCUCGUCIE ACCGC A UCCG)

M227 57.72
d(GTTGGAGCHTIT{+AR+TIGGCGTAGGC) DC

DR19- f(CAACCUCG UC U A CCGCAUCCG)

M1199 61.74 452 3.68
d(GT{+TIGGAGCTT{+AH+T]GGCGTAGGC) DC

DR19- (CA A CCUCGUCU A CCGCAUCCG)

M510 61.21 4.45 1.33
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d(GTTG{+G}AGCTTA{+T}GG{+C}GTAGGC) DC

DR19- r(CAAC C UCGUCUA CC G CAUCCG)

M814 64.27 0.09 -3.43
d(GT{+T)GGAGC{+T}TATGGCG{+T}AGGC) DC

DR19- r(CA A CCUCG U CUACCGC A UCCG)

M492 55.07 -1.27 0.11
d(G{+TH{+T}GGAGCTTATGGCG{+T}AGGC) DC

DR19- r(C A A CCUCGUCUACCGC A UCCG)

M227 56.38 -1.34 0.79
d(GTTGGAGC{+T}T{+A{+T}GGCGTAGGC) DC

DR20- r(CAACCUCG UC € A CCGCAUCCG)

M1199 57.23
d(GT{+T}GGAGCTT{+A{+T}GGCGTAGGC) DC

DR20- r(CA A CCUCGUCE A CCGCAUCCG)

M510 56.76
d(GTTG{+G}AGCTTA{+T}GG{+C}GTAGGC) DC

DR20- r(CAAC C UCGUCEA CC G CAUCCG)

M814 64.18
d(GT{+T}GGAGC{+T}TATGGCG{+T}AGGC) DC

DR20- r(CA A CCUCG U CIEACCGC A UCCG)

M492 56.34
d(G{+TH+T}GGAGCTTATGGCG{+T}AGGC) DC

DR20- r(C A A CCUCGUC[E ACCGC A UCCG)

M227 57.72
d(GTTGGAGC{+T}T{+A}{+T}GGCGTAGGC) mRNA

DR19- r(CAACCUCG UC U A CCGCAUCCG)

M1199 61.74 4,52 2.73
d(GT{+T}GGAGCTT{+A}{+T}GGCGTAGGC) mRNA

DR19- r(CA A CCUCGUCU A CCGCAUCCG)

M510 61.21 4.45 3.85
d(GTTG{+G}AGCTTA{+T}GG{+C}GTAGGC) mRNA

DR19- r(CAAC C UCGUCUA CC G CAUCCG)

M814 64.27 0.09 -1.59
d(GT{+T}GGAGC{+T}TATGGCG{+T}AGGC) mRNA

DR19- r(CA A CCUCG U CUACCGC A UCCG)

M492 55.07 -1.27 -2.18
d(G{+TH+T}GGAGCTTATGGCG{+T}AGGC) mMRNA

DR19- r(C A A CCUCGUCUACCGC A UCCG)

M227 56.38 -1.34 -1.93
d(GTTGGAGC{+T}T{+A{+T}GGCGTAGGC) mRNA

DR20- r(CAACCUCG UC € A CCGCAUCCG)

M1199 57.23
d(GT{+T}GGAGCTT{+A}{+T}GGCGTAGGC) mRNA

DR20- r(CA A CCUCGUCE A CCGCAUCCG)

M510 56.76
d(GTTG{+GJAGCTTA{+T}GG{+C}GTAGGC) mRNA

DR20- r(CAAC C UCGUCEA CC G CAUCCG)

M814 64.18
d(GT{+T}GGAGC{+T}TATGGCG{+T}AGGC) mRNA

DR20- r(CA A CCUCG U C[EACCGC A UCCG)

M492 56.34
d(G{+TH+T}GGAGCTTATGGCG{+T}AGGC) mMRNA

DR20- r(C A A CCUCGUC[E ACCGC A UCCG)

M227 57.72

Codes for mismatched duplexes are indicated in bold. In RNA sequences, mismatched nucleotides are
shown in green. LNAs are indicated with a plus in front of corresponding nucleotide letter; LNA

nucleotides are written in brackets.
* Predicted T values are for all duplexes with no crowders. ** The difference between experimental and
predicted ATm
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We measured the calibration curve for ct DNA:Eva Green complex (Supplementary Figure
10A). Samples were prepared in duplicate, by mixing a known amount of ct DNA with 6 puL 20X
stock of Eva Green dye (Biotium) in 1X PBS buffer, pH 7.2, and measuring fluorescence right
away. Total sample volume was kept at 100 pL. Final concentrations of ct DNA per sample were
as follows: 5 nM, 1 nM, 500 pM, 250 pM, 100 pM, 50 pM, 25 pM, 10 pM, 5 pM, 1 pM. The read
out was obtained using 384-well plate Roche Light Cycler 480 plate reader. The data was analyzed
using Light Cycler fluorescence analysis software following the manufacturer’s recommendations.
The deviation between two independent measurements was below 2%. Resulting curve is given

below.

Supplementary Figure 10. Calibration curve for ct DNA:Eva Green complex (A), and
chemical structure of biotin modification incorporated into capture oligonucleotides (B).
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We performed control bead-bait hybridization studies for BRAF and EGFR targets, as described
in Methods. For this control, we were using capture probes DR1-bt (5'-biotin-TAG CTA CAG
AGA AAT CTC GAT), and DR3-bt (5’-biotin- ACT GTA CAT GAG AAACTT TTT CTC). For
chemical structure of biotin modification see Supplementary Figure 10B. Concentrations of RNA
by bead-bait assay were calculated using the calibration curve given in Figure 10. Concentrations
of RNA by RT-gPCR were determined by internal control.

Supplementary Table 22. Resulting RNA concentrations determined by bead-bait assay and
LNA RT-qPCR for BRAF and EGFR control oncogenes.!

Bead-bait assay, Results for replicates Average Conc, pM CV,%

DR1-bt/BRAF V600E 321 305 318 314,7 2,2

DR3-bt/EGFR L858R 121 124 122 122,3 1,0
LNA PCR

Target Concentration, replicates Average Conc, pM  CV,%

BRAF V600E 310 332 302 314,7 4,0

EGFR L858R 116 127 122 121,7 3,7

We proceeded with bead-bait hybridization and PCR detection of KRAS targets, following
procedures described in Methods. Bait probe sequences used in the assay are given in
Supplementary Table 23. For the prediction, they were used without any modification. However,
in the bead-bait assay they were used as 5’ biotinylated oligonucleotides.

RNA extracted from MRC-5 cell line has been used as a negative control, whereas HT-29 RNA
contained KRAS mutation.

The key results of KRAS detection are shown in Supplementary Table 23. In the Table, data is
arranges with best performing bait probes in the upper part of the table (ATm match-mismatch
above 5.2 °C); and control probes with lower mismatch discrimination: DR5-M1199, DR5-M486,
DR19-M641 and DR21-M729.

RT-gqPCR has been performed using same set of primers, given in Methods. Therefore only one
value has been obtained for RT-gPCR per target RNA.

Key results that prove better performance of rationally designed bait probes (DR26-M283, DR26-
M208, DR23-M208, DR23-M283, DR29-M97 and DR29-M17), vs. RT-qPCR, is indicated in
bold. We observe higher concentration of target RNA determined by bead-bait assay vs. RT-qPCR,
and lower concentration of negative control.
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Supplementary Table 23. Bead-bait assay results and LNA RT-gPCR for KRAS G12D.!
Bead-bait assay, results for Average conc,
replicates pM CV,%
Target: HT29 DNA (mutated)
Capture probe #

DR26-M283 113 116 111 113,33 1,81
DR26-M208 111 102 104 105,67 3,65
DR23-208 104 106 102 104,00 1,57
DR23-M283 122 122 114 119,33 3,16
DR29-M97 113 112 106 110,33 2,80
DR29-M17 121 122 117 120,00 1,80
DR5-M1199 144 140 142 142,00 1,15
DR5-M486 155 165 156 158,67 2,83
DR19-M641 160 162 163 161,67 0,77
DR21-M729 170 164 165 166,33 1,58

Target: MRC5 DNA (wild type)
Capture probe #

DR26-M283 6 7 7 6,67 7,07
DR26-M208 9 9 7 8,33 11,31
DR23-208 7 8 8 7,67 6,15
DR23-M283 6 6 7 6,33 7,44
DR29-M97 9 9 8 8,67 5,44
DR29-M17 7 7 6 6,67 7,07
DR5-M1199 5 5 6 5,33 8,84
DR5-M486 6 7 9 7,33 17,01
DR19-M641 5 5 6 5,33 8,84
DR21-M729 7 8 8 7,67 6,15

Concentration data for replicates Average conc,

LNA PCR pM CV,%
HT29 target 20 24 17 20,33 14,10

MRC5 target 22 21 27 23,33 11,25




Target dilution study was carried out similarly to the bead-bait assay described in Methods, using a total of
100 ng RNA per analysis and capture probes DR26-M283, DR26-208 and DR29-17. RT-gPCR has been
carried out for the same RNA samples as well, using primers for RT and gPCR given above for KRAS
target.

RNA samples were prepared by mixing wild type RNA (obtained from MRC-56 cell line), and KRAS
mutant RNA (obtained from HT-29 cell line), as follows: 100% mutant, 50% mutant, 25% mutant, 12.5 %
mutant, 6.25 % mutant, 3.125 % mutant, 1.5626 % mutant and 100% wild type RNA. Each sample was an
alysed in triplicate in three independent experiments. The obtained data is shown in Supplementary Table
24 and Supplementary Figures 11&12.

Limit of detection (LOD) was determined as the minimal amount of mutant RNA in the sample
with fluorescence response over 3-fold higher than signal for 100% wild type sample [Suppl. Ref.14]. For
RT-qPCR, LOD has been calculated as minimal amount of mutant RNA in the sample with Ct response
over 3-cycle higher than Ct value for 100% wild type sample [Suppl. Ref. 15].

Supplementary Table 24. Concentration values for target dilution assay - data for independent
triplicate measurements, using selected capture probes.

Conc., pM/ Probe Conc., pM/ Probe Conc., pM/ Probe
# # #
#DR26- #DR26- #DR29-
Sample M283 CVv,% | M208 Vv, % | M17 CV, %

100% mutant ~ 1001,00 1000,00 1021,00 0,96 998,00 990,00 985,00 0,54 | 1023,00 1011,00 1009,00 0,61

50 % mutant
677,00 670,00 665,00 0,73 665,00 664,00 679,00 1,02 687,00 680,00 688,00 0,52

25 % mutant
477,00 400,00 422,00 7,48 421,00 443,00 455,00 3,20 422,00 400,00 422,00 2,50

12.5%

mutant 244,00 223,00 231,00 3,72 221,00 243,00 243,00 4,40 225,00 226,00 220,00 1,17
6.25%

mutant 123,00 122,00 120,00 1,03 120,00 126,00 121,00 2,15 121,00 126,00 120,00 2,15
3.125%

mutant 43,00 45,00 40,00 4,82 44,00 47,00 48,00 3,67 47,00 50,00 55,00 6,51
1.5625 %

mutant 22,00 22,00 22,00 0,00 21,00 23,00 22,00 3,71 26,00 25,00 22,00 6,98
100 % wild-

type 11,00 11,00 12,00 4,16 12,00 12,00 12,00 0,00 11,00 11,00 12,00 4,16
CV average,

% 2,86 2,34 3,08
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Supplementary Table 25. Average values for triplicate results from independent
measurements; bead-bait target dilution assay

sample FDRZS. DRI 4DR2g-MI7

100%

mutant 1001,0 998,0 1023,0
50 %

mutant 677,0 665,0 687,0
25%

mutant 477,0 421,0 422,0
12.5%

mutant 244,0 221,0 225,0
6.25%

mutant 123,0 120,0 121,0
3.125%

mutant 43,0 44,0 47,0
1.5625 %

mutant 22,0 21,0 26,0
100 %

wild-type 11,0 12,0 12,0

Supplementary Table 26. Bead-bait assay results for KRAS G12D - target dilution assay.

Capture  Bait probe sequence, 5°—3’ Predicted ATm, LOD: Bead assay, % mutant

probe # °C RNA/average CV, %
mutant — wild
type

#DR26- 2.4/2.8

M283 | 5-bt-G{+A}TTGCG{+T}AGGCAAGAG{+T}GC 7.33

#DR26- 2.6/2.3

M?208 5 -bt-G{+AH{+T}TGCGTAGGCAAGAG{+T}GC 7.07

#DR29- 2.4.8/3.1

M17 5-bt-{+AH{+T}TGCGTAGGCAAGAG{+T}GCC 5.23

LNAs are indicated with a plus in front of corresponding nucleotide letter; LNA nucleotides are written in

brackets.
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Supplementary Table 27. PCR data for target dilution assay, triplicate independent measurements

and average Ct values.

Sample: 1st
100% mutant 24
50 % mutant
26
25 % mutant
27,2
12.5 % mutant
28,5
6.25 % mutant
29,9
3.125 % mutant
31
1.5625 %
mutant 31,5
100 % wild-type
’ YP€ 350

Average CV, %

Ctresult, run #

23,2

26,8

28

29

30

31,2

28,2

32

3rd

27

27,2

27,2

28

29,4

31

32

32,5

CV,%

6,61

1,87

1,37

1,43

0,88

0,30

5,52

0,73

2,3

Ct,
average

24,73

26,67

27,47

28,50

29,77

31,07

30,57

32,17

LOD: RT-gPCR, % mutant RNA /average CV, % : 12.5%/2.3.
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Supplementary Figure 11. Target dilution study for bead-bait (A) and RT-gPCR assays (B).
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Average data points are given for each sample composition. Error has been estimated for the three
independent measurements. Target dilution study was carried out using a total of 100 ng RNA per analysis
and capture probes DR26-M283, DR26-208 and DR29-17. RT-gPCR has been carried out for the same
RNA samples as well, using primers for RT and gPCR given above for KRAS target. RNA samples were
prepared by mixing wild type RNA (obtained from MRC-56 cell line), and KRAS mutant RNA (obtained
from HT-29 cell line), in a desired ratio of mutant to wild-type.
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