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1) Experimental section

1.1 General remarks

All PAGEs were analyzed by FAM and Cy5 fluorescence imaging using Typhoon FLA
9500 (GE Healthcare). The MALDI-TOF spectra of modified ONs were measured using
UltrafleXtreme MALDI-TOF/TOF (Bruker) mass spectrometer with 1 kHz smartbeam I
laser technology. The matrix consisted of 3-hydroxypicolinic acid (HPA)/picolinic acid
(PA)/ ammonium tartrate in ratio 9/1/1. The matrix (1 uL) was applied to the target (ground
steel) and dried at room temperature. ESI spectra of modified ONs were measured using
Xevo G2-XS QTof (Waters) mass spectrometer in 10 mM NH4OAc buffer pH 9.
Concentrations of modified ONs were determined using NanoDropl1000
(ThermoScientific). Synthetic ONs (5°-Cy5-labelled RNA templates, 5°-6-FAM-labelled
primers, Table S1) were purchased from Generi Biotech. Natural ANTPs and RNase AT1
were purchased from ThermoFisher Scientific. Set of modified dNERTPs (Figure S1) were

prepared according to published procedures.! KOD XL DNA polymerase was purchased



from Merck. Vent (exo-), Bst Large Fragment, Bst 2.0, Bst 3.0 DNA polymerases; AMV,
Warmstart RTx, M-MuLV and ProtoScript Il reverse transcriptases; RNase H and
Terminal transferase (TdT) were all purchased from New England Biolabs. ddA®Y>TP
(NU-1612-CY) and ddU™AMTP (NU-1619-5FM) were purchased from Jena Bioscience.
Mili-Q water was used for all experiments. PAGE stop solution contained: 95% [v/V]
formamide, 0.5 mM EDTA, 0.025% [w/v] bromophenol blue, 0.025% [w/v] SDS and Milli-
Q water. All reactions were separated on 12.5% PAGE (acrylamide/bisacrylamide 19:1,
25% urea) in 1X TBE buffer (25 mA, 1 h) without preheating. Hypermodified DNA (Table
S2) were purified by C18 column (Waters X Bridge BEH C18 2.5 um, 4.6 x 150 mm)
heated by SICO-300 column oven (SISw) or by MicroSpin G-25 or G-50 (Cytiva illustra),
Zeba (ThermoFisher Scientific), Mini Quick Spin Oligo or DNA (Roche) and Micro Bio-
Spin P6 or P30 (Bio-Rad) spin columns. HPLC mobile phase pH was adjusted using

InoLab pH 720. Other chemicals were of analytical grade.
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Figure S1. Chemical structures of modified dNERTPs.

Table S1. List of synthetic RNAs and DNAs used in this study

Title Size [nt] Sequence (5'>3")

35RNAE 35 [rC][rAl[rG][rU][rC][rU][rA][rG][rC][rA][rU][rG][rA][rG][rC][rU][rC][rA]
[rG][rU]rCl[rCIrCIrA[rUIrGIIr CIIr CIIr GlIr CIIr CIIr CIrAIrUT[r G

35RNAq/@ 35 [rA][rA]l[rC][rA][rA][rA][rG][rC][rU][rG][rU][rA][rG][rU][rA][rG][rU][rA]
[rU][rU]Lr Ir Clr I AP Uk G ClIr CIr Gy CIr CAIr CIrALr U G

35RNABA 35 [rU][rG][rU][rU][rU][rC][rG][rA][rC][rG][rG][rU][rU][rC][rA][rC][rU][rU]
[rA][rU]rCl[rCI[r IIr Al [rUTIr Gk CIr CAr GlIr CI[r CY[r YAl [rU][r G
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35RNAyl
35RNASH

60RNAL

P15-|b]
P15/
P15-111]
P15-|VIb!
P15-Vib!
P25-|b]

35 [rA][rG][rC][rU][rG][rG][rG][rG][rU][rU][rC][rG][rU][rG][rU][rC][rG][rG]
[rU][rA]rCI[rCI[r Ir Al [rUTIr GIr C[r CI[r GlIr CI[r CY[r C[r Al [rU][r G]

35 [rU][rU][r][rU][rC][rCl[rU]IrA]Ir Cl[rG][rG]Ir Cl[rG][rG][rG][rC][rU][rC]
[rC][rG]rClrIIr C[rAl[rUr G CIr CI[r G1[r CIIr Cr CI[rAI[rU][r G

60 [rA][rC][rAl[rU][r][rAJ[rUN[rG][rA][rG][rA][rG][rA][rC][rA][rU][rC][rG]
[rCI[rCI[rU][rAllrG][rC][rAl[rU][rG][rA][rG][rC][rU][rC][rA][rG][rU][rA]
[rAI[rG][rG][rAl[rAI[rUI[rA][rCI[rAl[rGI[rG][rU][rAl[rU][rU][rU][rU][rG]
[rU][rC][rC][rU][rU][rG]

15 CATGGGCGGCATGGG

15 CATGGGCGGCATGG[rG]

15 CATGGGI[rC]GGCATGG[rG]

15 [rC][rA][rU][rG][rG][rG][rC][rG][rG][rC][rA][rU][rG][rG][rG]

15 [rCI[rA][rUI[rGIrG][rG][rC[rG][rG][rC][rA][rU][rG][rG]G

25 CAAGGACAAAATACCTGTATTCCTT

[a] 5°-Cy5; [b] 5°-6-FAM; [rN] ribonucleotide; primer regions underlined.

Table S2. List of enzymatically synthesized (hypermodified) DNA products

Title Sequence (6'23’)
35NAE CATGGGCGGCATGGGACTGAGCTCATGCTAGACTG
350N! CATGGGCGGCATGGGACTGAGCTCATGCTAGACTG
35NAI NER[a] CATGGGCGGCATGGGAEIncEAIkuEPhGEiPrAEInGEiPrcEAIkUEPthAIkAEInUEPh
- GEiPrcEAIkU EPhAEInGEiPrAEIncEAIkU EPhG EiPr
35ONI NER CATGGGCGGCATGGGAEIncEAIkuEPhGEiPrAEInGEiPrcEAIkUEPthAIkAEInUEPh
- GEiPrcEAIkU EPhAEInGEiPrAEIncEAIkU EPhG EiPr
35ONI(X, NER CATGGGCGGCATGGGAEInAEInUEPhAEIncEAIkUEPhAEIncEAIkuEPhAEIncEAIk
- AEInGEiPrcEAlkuEPhuEPhUEPhGEiPruEPhuEPh
35ONIB NER CATGGGCGGCATGGGAEInuEPhAEInAEInGEiPrUEPhGEiPrAEInAEIncEAIkcEAIk
- GEiPruEPthAIkG EiPrAEInAEInAEIncEAlkAEIn
35ONI'Y NER CATGGGCGGCATGGGUEPhAEIncEAIkcEAIkGEiPrAEIncEAIkAEIncEAIkGEiPrAEIn
- AEInCEAIkCEAIkCEAIkCEAIkAEInG EiPrCEAIkU EPh
35ON|8 NER CATGGGCGGCATGGGcEAIkGEiPrGEiPrAEInG EiPrcEAIkcEAIkcEAIkGEiPrcEAIk
- CEAIkG EiPrU EPhAEInGEiPrG EiPrAEInG EiPrAEInAEIn
35NA” NER[a] CATGGGCGGCATGG[rG'IAEIncEAIkuEPhGEiPrAEInGEiPrcEAIkuEPthAIkAEIn
- UEPhGEiPrcEAlkU EPhAEInG EiPrAEIncEAlkU EPhGEiPr
350N” NER CATGGGCGGCATGG[rG]AEIncEAIkuEPhGEiPrAEInGEiPrcEAIkuEPthAIkAEIn
- UEPhGEiPrcEAIkU EPhAEInG EiPrAEIncEAlkU EPhGEiPr
360N” NER CATGGGCGGCATGG[rG]AEIncEAIkuEPhGEiPrAEInGEiPrcEAIkuEPthAIkAEIn
- UEPhGEiPrcEAIkU EPhAEInG EiPrAEIncEAlkU EPhGEiPrACyS
35NAIII NER[a] CATGGG[I’C]GGCATGG[I’G]AEInCEAIkUEPhGEiPrAEInGEiPrCEAIkUEPhCEAIkAEIn
B UEPhGEiPrcEAIkU EPhAEInG EiPrAEIncEAIkU EPhGEiPr
350N'" NER CATGGG[I’C]GGCATGG[I’G]AEInCEAIkUEPhGEiPrAEInGEiPrCEAIkUEPhCEAIkAEIn
B UEPhGEiPrcEAIkU EPhAEInG EiPrAEIncEAlkU EPhGEiPr
35ON|”0L NER CATGGG”C'IGGCATGG[rG]AEInAEInUEPhAEIncEAIkUEPhAEIncEAIkuEPhAEIn
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350N”|B_NER
350NIII.Y—NER
350N"§ NER

BONA!_NERIl

600ON'_NER

200N_NER

200N, NER
200ONB_NER
200Ny _NER
200NS_NER
280N _NER

210N_NER

CEAIkAEInGEiPrcEAIkU EPhuEPhuEPhG EiPruEPhuEPh
CATGGG[I’C]GGCATGG[I’G]AEanEPhAEInAEmG EiPruEPhGEiPrAEInAEIncEAIk
CEAIkG EiPrU EPthAIkGEiPrAEInAEInAEIncEAIkAEIn

CATGGG [I’C]GGCATGG [I’G] U EPhAEIncEAIkcEAIkG EiPrAEIncEAIkAEIncEAIkG EiPr
AEInAEInCEAIkcEAIkcEAIkcEAIkAEInG EiPrcEAIkU EPh

CATGGG [I’C]GGCATGG [I’G]CEAIkG EiPrG EiPrAEInG EiPrcEAlkcEAIkcEAIkG EiPr
CEAIkcEAIkGEiPruEPhAEInG EiPrG EiPrAEInG EiPrAEInAEIn
CAAGGACAAAATACCTGTATTCCTTAENCEAKUEPhGEPTAEINGEPICEAK|EPh
CEAIkAEInuEPhGEiPrcEAIkU EPhAEInGEiPrGEiPrcEAIkG EiPrAEInUEPhGEiPruEPthAIk
UEPthAIkuEPthAIkAEInU EPhG EiPrAEInuEPhG EiPrU EPh
CAAGGACAAAATACCTGTATTCCTTAENCEAKYEPhGEPTAEINGEPICEAKJEPh
CEAIkAEInuEPhGEiPrcEAlkU EPhAEInGEiPrGEiPrcEAIkG EiPrAEInUEPhGEiPruEPthAIk
UEPthAIkuEPthAIkAEInU EPhG EiPrAEInuEPhG EiPrU EPh
AEIncEAIkUEPhGEiPrAEInGEiPrcEAIkU EPthAIkAEInuEPhGEiPrcEAIkU EPhAEInGEiPrAEIn
CEAIkU EPhG EiPr

AEINAEIN EPhAEIncEAIkUEPhAEIncEAIkU EPhAEIncEAIkAEInGEiPrcEAIkU EPhuEPhU EPh
GEiPruEPhuEPh

AEInuEPhAEInAEInG EiPruEPhG EiPrAEInAEIncEAIkcEAIkG EiPrU EPthAlkG EiPrAEInAEIn
AEIncEAIkAEIn

UEPhAEIncEAIkcEAlkG EiPrAEIncEAlkAEIncEAIkG EiPrAEInAEIncEAIkcEAlkcEAIkcEAIkAEIn
GEiPrcEAIkU EPh

CEAIkG EiPrGEiPrAEInG EiPrcEAIkcEAlkcEAIkG EiPrcEAIkcEAIkGEiPruEPhAEInG EiPrGEiPr
AEInGEiPrAEInAEIn

GGCATGG [I’G]AEInCEAIkU EPhG EiPrAEInG EiPrcEAIkuEPthAIkAEInUEPhG EiPrcEAIk
UEPhAEInGEiPrAEIncEAIkuEPhGEiPr

AEIncEAIkUEPhGEiPrAEInGEiPrcEAIkU EPthAIkAEInuEPhGEiPrcEAIkU EPhAEInGEiPrAEIn
CEAkEPhGEIPrpCy5

[a] NA = double-stranded RNA-DNA heteroduplex (complementary RNA strands are shown in
Table S1); ON = single-stranded DNA,; [rN] ribonucleotide; primer regions underlined.

1.2 Reverse transcription

Method A: Reaction mixture (10 pL) contained Cy5-labelled RNA template (2.25 uM,
1 L, Table S3), 5°-6-FAM-labelled primer (1.5 yM, 1 uL, Table S3), either natural ANTPs
(1 yL, Table S4) or modified dNERTPs (1L, Table S5), enzyme (Tables S4 and S5) and

reaction buffer (10X, 1 pyL) as supplied by the manufacturer. The reaction mixture was

incubated for 8 h at enzyme-appropriate temperature (Tables S4 or S5) to achieve RNA-
DNA hybrid and followed by incubation with RNase H (5 U) for 1 h at 37 °C to achieve
ssON (Table S3). RNase H buffer supplied by the manufacturer was not used. Reaction
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was stopped by cooling down to 4 °C and followed by addition of PAGE stop solution
(11 pL). Samples were analyzed by PAGE using FAM and Cy5 fluorescence imaging
(Figures S2 and S4). Control reactions without RNA template, Bst 3.0 DNA polymerase
or dNTPs / dNERTPs were also performed (Figures S3, S5 and S6).

Table S3. Combination of RNA template and DNA primer used in reverse transcription

RNA DNA ) RNA-DNA
. Nucleotides i ssON
template primer hybrid
35RNA P15-| dNTPs 35NA! 350N!
35RNA P15-| dNERTPs 35NA! NER 350N’ NER
60RNA P25-I dNERTPs 60NA' NER 600N' NER
set of natural

dNTPs

OH

)
o
ERE Y
+ P15-1
OH
c
OH
G
o
OH

OE®

35RNA

350N!

Scheme S1. Reverse transcription with natural dNTPs followed by RNA template digestion.

Table S4. Reaction conditions specifications for RT with natural dNTPs

Enzyme Temperature Enzyme C(dNTPs) Figure S2
[°C] [U] [MmMM] lanes
M-MuLV 42 40 0.05 1
ProtoScript Il 42 100 0.1 2
AMV 42 10 2 3
Warmstart RTx 55 15 0.1 4
KOD XL 60 0.8-2.5[ 0.1-41 5
Vent (exo-) 60 10 4 6
Bst Large Fragment 65 8 0.5 7
Bst 2.0 65 4 0.1 8
Bst 3.0 65 4 0.1 9

[a] no conditions within this range worked.



set of modified
dNERTPs

35NA!_NER 350N'_NER

or or
60NA'_NER 600N'_NER

Scheme S2. Reverse transcription with modified dNERTPs followed by RNA template digestion.

Table S5. Reaction conditions specifications for RT with modified dNERTPs

Enzyme Temperature  Enzyme C(dNERTPs) [mM] Figure S4
[°C] [U] 350N' NER  600ON' NER  lanes
M-MuLV 42 40-120l 0.1-1[ NP 1
ProtoScript Il 42 100-2008 0.5-208 NP 2
AMV 42 5-10( 1-4[al NP 3
Warmstart RTx 55 7.5-15[@ 0.5-2M NP 4
KOD XL 60 1.25 4 2 5
Vent (exo-) 60 6 2 1 6
Bst Large Fragment 65 8 2 1 7
Bst 2.0 65 4 2 4 8
Bst 3.0 65 4 2 6 9

[a] no conditions within this range worked; NP - reaction not performed.
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Figure S2. FAM (left) and Cy5 (right) scan of PAGE analysis of 350N’ after reverse transcription
with various enzymes and RNA template digestion: (L) single-stranded ladder; (lanes 1) M-MuLV;
(lanes 2) ProtoScript IlI; (lanes 3) AMV; (lanes 4) Warmstart RTx; (lanes 5) KOD XL; (lanes 6)
Vent (exo-); (lanes 7) Bst Large Fragment; (lanes 8) Bst 2.0; (lanes 9) Bst 3.0.
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Figure S3. FAM (left) and Cy5 (right) scan of PAGE analysis of control reactions in synthesis of
35NA' and 350N' according to Method A with Bst 3.0 DNA polymerase: (L) single-stranded
ladder; (lanes 1) without 35RNA template; (lanes 2) without Bst 3.0 DNA polymerase; (lanes 3)
without dNTPs; (lanes 4) 35NA!; (lanes 5) 350N
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Figure S4. FAM (left) and Cy5 (right) scan of PAGE analysis of 350N' NER (A) and 600N' NER
(B) after reverse transcription with various enzymes and RNA template digestion: (L) single-
stranded ladder; (lanes 1) M-MuLV; (lanes 2) ProtoScript II; (lanes 3) AMV; (lanes 4) Warmstart
RTx; (lanes 5) KOD XL; (lanes 6) Vent (exo-); (lanes 7) Bst Large Fragment; (lanes 8) Bst 2.0;
(lanes 9) Bst 3.0.
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Figure S5. FAM (left) and Cy5 (right) scan of PAGE analysis of control reactions in synthesis of
35NA'_NER and 350N'_NER according to Method A using Bst 3.0 DNA polymerase: (L) single-
stranded ladder; (lanes 1) without 35RNA template; (lanes 2) without Bst 3.0 DNA polymerase;
(lanes 3) without dNERTPs; (lanes 4) 35NA! NER; (lanes 5) 350N' NER,

FAM Cy5
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Figure S6. FAM (left) and Cy5 (right) scan of PAGE analysis of control reactions in synthesis of
60NA'_NER and 600N' NER according to Method A using Bst 3.0 DNA polymerase: (L) single-
stranded ladder; (lanes 1) without 60RNA template; (lanes 2) without Bst 3.0 DNA polymerase;
(lanes 3) without dNERTPs; (lanes 4) 60NA'_NER: (lanes 5) 600N'_NER,
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1.3 Reverse transcription — various primers

Reverse transcription with template and primer combinations showed in Table S6 were
performed according to Method A described in Section 1.2 using only Bst 3.0 DNA

polymerase (Scheme S3). PAGE analysis of these reactions is shown in Figure S7.

Table S6. Combination of RNA template and DNA primer used in reverse transcription

with various primers

RNA DNA Nucleotides RNA-DNA ssON
template primer hybrid
35RNA P15-| dNERTPs 35NA! NER 350N’ NER
35RNA P15-11 dNERTPs 35NA NER 350N NER
35RNA P15-111 dNERTPs 35NAI_ NER 350N NER
35RNA P15-1V dNERTPs 35NAV_NER 350NV_NER
35RNA P15-V dNERTPs 35NAY_NER 350NV _NER
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set of modified
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Scheme S3. Reverse transcriptions with modified dNERTPs and P15-1 — P15-V primers.
Conditions: a) Bst 3.0 DNA polymerase (4 U, 8 h, 65 °C); b) RNase H (5 U, 1 h, 37 °C).
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Figure S7. FAM (left) and Cy5 (right) scan of PAGE analysis of RT reactions performed with P15-
| — P15-V primers not followed (lanes 1-5) or followed (lanes 6-10) by RNA template digestion
with RNase H: (L) single-stranded ladder; (lanes 1) P15-1, 35NA' NER product; (lanes 2) P15-ll,
35NA'"_NER product; (lanes 3) P15-Ill, 35NA"_NER product; (lanes 4) P15-1V, no product; (lanes
5) P15-V, no product; (lanes 6) P15-1, 350N' NER product; (lanes 7) P15-11, 350N"_NER product;
(lanes 8) P15-11l, 350N"_NER product; (lanes 9) P15-1V, product not formed; (lanes 10) P15-V,

product not formed.

Annealing curves
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Figure S8. Annealing curves and calculated an

nealing temperatures (Ta) of 35RNA template with

P15-I, P15-1l, P15-1ll or P15-1V primers obtained from UV spectroscopy at 260 nm absorption.
Measurements were carried out in TrisHCI buffer (10 mM, 1 mM EDTA, 65 mM NacCl, pH 8).
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1.4 RNA digestion — RNase H vs. RNase AT1

Hypermodified RNA-DNA heteroduplexes (35NA! NER 35NA! NER and 35NA''" NER)
prepared according to Method A described in Section 1.2. using Bst 3.0 DNA polymerase
and appropriate P15-1, P15-11 or P15-Ill primer were incubated with RNase H (5 U) or
RNase AT1 (5 U) for specific time (Scheme S4 and Table S7). PAGE analysis is shown
in Figure S9.

A)

RNase H
1hor

—_—
RNase AT1
¢> 05hor8h

35NA!_NER 350N'_NER 35NA!l_NER 350N"_NER
B)
RNase AT1
8h RNase AT1 fP15"”
RNase H 05 h ragment
1hor RNase AT1 +
RNase AT1 8h
-
=, 05h
+
200N_NER P15-11l
P15-1l  not visible on PAGE fragments 280N_NER
350N!"_NER 35NA"_NER (15nt) (7 +8nt)  not visible on PAGE

Scheme S4. Overview of enzyme and time-dependent digestion of reverse transcription products
35NA'_NER (A), 35NA"_NER(B) or 35NA"_NER (C) using RNase H or RNase AT1.
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Table S7. Overview of RNase H and AT1 time dependence

Template Primer RNA-DNA RNA digestion Digestion Figure S9
P hybrid RNase Time [h] product lanes
. H 1 350NN 5
p15. SONALN AT1 05  350N! NER 6
(Fig. S9, lanes 4)
AT1 8 350N'_NER 7
- H 1 350N'_NER 9
35RNA P15 SONATLN AT1 05  350N! NER 10
(Fig. S9, lanes 8)
AT1 8 200N_NER 11
. H 1 350N_NER 13
p15-)  3ONATN AT1 0.5 280N_NER 14
(Fig. S9, lanes 12)
AT1 8 200N_NER 15
FAM Cy5
61-w 61-em
] — — —— Lo
43-wm 43
35-a TR -
30-w "l ww 30-en
25-wn 25-w
20-wn 20-a,
-
15-= ~.. = = 15- .
10-wy
5-
@ -

L12345¢6 78910111213 1415

L12345¢6 7 89101112131415

Figure S9. FAM (left) and Cy5 (right) scan of PAGE analysis after time-dependent digestion of
35NA!_NER, 35NA" NER and 35NA" NER using RNase H or RNase AT1: (L) single-stranded
ladder; (lanes 1) control without 35RNA template; (lanes 2) control without Bst 3.0 DNA
polymerase; (lanes 3) control without dNERTPs; (lanes 4) 35NA' NER: (lanes 5-7) 350N' NER;
(lanes 8) 35NA"_NER; (lanes 9-10) 350N"_NER; (lanes 11) 200N_NER, not visible on PAGE; (lanes
12) 35NA"_NER: (lanes 13) 350N"_NER; (lanes 14) 280N_NER, not visible on PAGE; (lanes 15)

200N_NER not visible on PAGE.
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1.5 Reverse transcription — semi-preparative scale and HPLC purification

Method B: Reaction mixture (10 yL) contained Cy5-labelled RNA template (20 uM, 2 pL,
Table S8), 5°-6-FAM-labelled primer (20 uM, 3 uL, Table S8), modified dNERTPs (1 pL,
Table S8), Bst 3.0 DNA polymerase (24 U) and reaction buffer (10X, 1 yL) as supplied by
the manufacturer. The reaction mixture was incubated for 16 h at 65 °C to achieve
modified RNA-DNA hybrid and followed by incubation with RNase H (5 U) or AT1 (5 U)
for specific time according to desired ssON (Table S7). RNase H or AT1 buffer supplied
by the manufacturer were not used. All reactions were stopped by cooling down to 4 °C
and purified by HPLC (can be seen further in this section, Figures S11-15). PAGE
analyses of 35NA! _NER and 350N' NER or 60NA' _NER and 600N' NER in semi-

preparative scale before HPLC purification are shown in Figure S10.

HPLC method: Synthesis described in Method B was multiplied by 20 reactions.
Resulting 200 pL was injected for HPLC separation using C18 column heated for 60°C
with use of linear gradient starting from 0.1 M TEAB in H20 to 0.1 M TEAB in H20/MeCN
(4:1)in 1 h and to MeCN in 1 h. Buffer pH was adjusted to 7.4 by CO2 (g). HPLC fractions
were freeze-dried and applied for MALDI-TOF or ESI measurements (Section 2, Figures
S19-24).

Table S8. Combination of RNA template and DNA primer used in semi-preparative

reverse transcription

RNA DNA dNERTPs RNA-DNA

template  primer [mM] hybrid SSON RNase
35RNA  P15- 2mM 35NA!_NER 350N'_NER H
35RNA P15l 2mM 35NA_NER 200N_NER AT1
35RNA  P15-llI 2mM 35NAI NER  280N_NER 200N_NER AT1
60RNA P25-1 4 mM B60NA' NER 600N’ NER H
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Figure S10. FAM (left) and Cy5 (right) scan of PAGE analyses of semi-preparative reverse
transcription described by Method B for 35RNA (A) or 60RNA (B) template: (L) single-stranded
ladder; (lanes 1) 35NA'_NER; (lanes 2) 350N'_NER: (lanes 3) 60NA' NER; (lanes 4) 600N'_NER,

1,007 350N'_NER 254nm
2 0,50
01007‘777 I ‘ I I | ‘ I I | I I ‘ I | ‘
0,00 20,00 40,00 60,00 80,00 100,00
Minutes

Figure S11. HPLC chromatogram with assigned fraction of FAM-labelled 350N' _NER product,
confirmed by MALDI-TOF (Figure S21) and ESI (Figure S22).
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Figure S12. HPLC chromatogram with assigned fraction of FAM-labelled 600N' NER product,
confirmed by ESI (Figure S23).
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Figure S13. HPLC chromatogram with assigned fraction of non-labelled 200N_NER product after
digestion of 35NA"_NER with RNase AT1, confirmed by ESI (Figure S24).
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Figure S14. HPLC chromatogram with assigned fraction of non-labelled 280N_NER after
digestion of 35NA"_NER with RNase AT1, confirmed by ESI (Figure S25).
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Figure S15. HPLC chromatogram with assigned fraction of non-labelled 200N_NER after
digestion of 35NA"_NER with RNase AT1, confirmed by ESI (Figure S26).

1.6 Reverse transcription — spin column purification

Hypermodified 350N' NER and 200N_NER were prepared from 35NA' NER and
35NA" NER  respectively, using only RNase AT1 for RNA digestion according to
procedure described in Section 1.4 and were purified by seven different spin columns
(Table S9 and Figure S16). All purifications were performed using protocols provided by
manufacturers. Hypermodified 350N' _NER recovery and RNA template removal was
calculated and is shown in Table S9. Since 200N_NER is not visible on PAGE, its recovery
was not determined thus only removal of 7nt primer fragment was calculated.
Furthermore, 200N_NER purified by Micro Bio-Spin P6 was confirmed by ESI (Figure
S27).

Table S9. Spin column purification results

350N! NER 200N_NER .
. PL5-II Figure
Spin column DNA RNA RNA S16
fragment
recovery removal removal lanes
removal
MicroSpin G-25 26% 100% 63% 100% 2
MicroSpin G-50 83% 100% 92% 100% 3
Zeba 85% 100% 14% 100% 4
Mini Quick Spin Oligo 63% 100% 38% 100% 5
Mini Quick Spin DNA 79% 100% 66% 100% 6
Micro Bio-Spin P6 77% 100% 37% 100% 7
Micro Bio-Spin P30 2% 100% 94% 100% 8

% calculated according to fluorescence signals using ImageJ quantification program.
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Figure S16. FAM (left) and Cy5 (right) scan of PAGE analyses of 350N'_NER (A) and 200N_NER
(B) after purification with various spin columns: (L) single-stranded ladder; (lanes D) 35NA""_NER;
(lanes 1) not purified; (lanes 2) MicroSpin G-25; (lanes 3) MicroSpin G-50; (lanes 4) Zeba; (lanes
5) Mini Quick Spin Oligo; (lanes 6) Mini Quick Spin DNA,; (lanes 7) Micro Bio-Spin P6; (lanes 8)

Micro Bio-Spin P30.
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1.7 Non-templated labelling — Terminal transferase (TdT)

Reaction conditions for oligonucleotide labelling using ddA®>TP and TdT were first
performed on FAM-labelled 350N" NER prepared by procedure described above in
Section 1.4 using P15-II primer and Bst 3.0 DNA polymerase (Scheme S5). Cy5-labelled
product 360N" NER was purified by G50 spin column and analyzed by PAGE (Figure
S17A) and further digested at ribonucleotide position using RNase AT1 (5 U, 8 h) to
provide 210N_NER, Optimized conditions were then applied for labelling of 200N_NER

and are described as Method C.

Method C: Reaction mixture (20 pL) contained HPLC-purified 200N_NER (2 uM, 5 L,
prepared from 35NA!"_NER according to Method B), ddA®Y>TP (1 uL, 1 mM), CoCl2 (2 pL,
2.5 mM), Terminal deoxynucleotidyl transferase (TdT) (10 U) and reaction buffer (10X,
2 pL) as supplied by the manufacturer. The reaction mixture was incubated for 12 h at
37 °C to achieve 210N_NER, stopped by cooling down to 4 °C and analyzed by PAGE
(Figure S17B). Due to insufficient removal of free ddA®Y>TP and its complexes by spin
columns, Cy5-labelled 210N _NER product was purified by HPLC according to procedure
described in section 1.5 (Figure S18) and confirmed by ESI (Figure S28).

B) RNase AT1 TdT

ddA®Y>TP

12 h
TdT
ddACYeTP
12 h
210N_NFR 360N"_NER 350N'_NER
not visible on PAGE visible on PAGE P15-11 from
360N"_NER

Scheme S5. Non-templated labelling of 200N_NER (A) and 350N"_NER (B) using TdT.
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Figure S17. FAM (left) and Cy5 (right) scan of PAGE analyses for non-templated labelling of
350N" NER (A) and 200N_NER (B) using TdT: (L) single-stranded ladder; (lanes 1) 35NA" NER;
(lanes 2) 350N"_NER; (lanes 3) 360N" NER; (lanes 4) 210N_NER, G50 spin column purified;
(lanes 5) 35NA'"_NER: (lanes 6) 200N_NER, not purified; (lanes 7) 200N_NER, HPLC purified;
(lanes 8) 210N_NER, HPLC purified.
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Figure S18. HPLC chromatogram of labelling reaction of 200N_NER (A) and absorption spectra
(B) of fraction F2 containing both non-labelled 200N_NER (starting material) and Cy5-labelled
210N_NER (product); (C) Cy5 scan of PAGE analysis of HPLC fractions F1 and F2.

1.8 Reverse transcription — RNA template randomization

Products of reverse transcriptions synthesized from five random sequences of RNA
template gave 30, 40, 50, 60 or 70% of GC content within synthesized part of extending
P15-1 primer (Table S10). Reactions were performed according to Method A described in
Section 1.2 using Bst 3.0 DNA polymerase, digested with RNase AT1 and purified by

MicroSpin G-50. PAGE analysis of these reactions is shown in Figure S19.

Table S10. Randomization of extended sequence within sSSONs products of RT

GC content

RNA Product Extended sequence of extended .dNTP.S

template distribution
sequence

35RNAa  350N'a. NER  AATACTACTACAGCTTTGTT 30% T-rich
35RNAB  350N'B_NER  ATAAGTGAACCGTCGAAACA 40% A-rich
35RNA 350N NER  ACTGAGCTCATGCTAGACTG 50% equal
35RNAy 350Nly_NER  TACCGACACGAACCCCAGCT 60% C-rich
35RNAS 350N's NER  CGGAGCCCGCCGTAGGAGAA 70% G-rich
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Figure S19. FAM (left) and Cy5 (right) scan of PAGE analysis of RT reactions performed on five
random sequences of RNA template with P15-1 primer and Bst 3.0 DNA polymerase, followed by
RNA template digestion using RNase AT1 and purified by MicroSpin G-50: (L) single-stranded
ladder; (lanes 1) 350N'a,_NER; (lanes 2) 350N'B_NER; (lanes 3) 350N'_NER; (lanes 4) 350NYy_NER;
(lanes 5) 350N'§_NER,

Reverse transcriptions using five random sequences of RNA template and P15-Ill primer
were performed according to Method B described in Section 1.5 using Bst 3.0 DNA
polymerase and digested with RNase H or AT1 (Table S11). Non-labelled fully-modified
ssONs formed after template digestion and primer cleavage with RNase AT1 were
purified by HPLC according to HPLC method described in Section 1.5 and applied for ESI

measurements (Figures S29-S32). PAGE analysis of these reactions is shown in Figure
S20.
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Table S11. Products of RT (using five random sequences of RNA template) and digestion
with RNase H or AT1

RNA After Figure S20 After ESI
template RNase H lane RNase AT1 spectrum
35RNAc.  350N"'g, NER 1 200Nq,_NER Figure S29
35RNAB  350N"B_NER 2 200NB_NER Figure S30
35RNA 350N _NER 3 200N_NER Figure S26
35RNAy 350Ny NER 4 200Ny_NER Figure S31
35RNAS  350N"§_NER 5 200NS§_NER Figure S32

FAM FAM
01- e 61- =
43- - 43- -
30- - 30-4
25- - 25- an
20-
- 20-a
\
15- -
15-m
10-
10- ™
5.
5 - oauEasare®
L1 2 3 4 5 L 6 7 8 9 10

Figure S20. FAM scan of PAGE analysis of RT reactions performed on five random sequences
of RNA templates with P15-IIl primer, Bst 3.0 DNA polymerase, followed by template digestion
using RNase H (lanes 1-5) or AT1 for additional primer cleavage (lanes 6-10): (L) single-stranded
ladder; (lane 1) 350N"a,_NER; (lane 2) 350N"B_NER; (lane 3) 350N"_NER; (lane 4) 350N""y NER;
(lane 5) 350N"§ NER; (lane 6) 200Na._NER; (lane 7) 200NB_NER; (lane 8) 200N_NER; (lane 9)
200Ny_NER; (lane 10) 200N§_NER,
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2) MALDI-TOF and ESI

Table S12. Overview of synthesized (hypermodified) sSONs and their masses

ON Mass calculated Mass found Mass
[Da] [Da] spectrum
350N' NER 13166.4 13167.0 and 13616.9 Figure S21
350N' NER 13166.4 13168.0 and 13619.0 Figure S22
600N' NER 21987.8 21990.0 Figure S23
200N_NER 7892.8 7894.0 and 8346.0 Figure S24
280N_NER 10461.5 10464.0 and 10915.0 Figure S25
200N_NER 7892.8 8345.0 Figure S26
200N_NER 7892.8 8346.5 Figure S27
210N_NER 9335.4 9334.0 Figure S28
200Na,_ NER 7976.7 7978.0 Figure S29
200NB_NER 8168.0 8621.0 Figure S30
200Ny NER 7805.8 7806.0 Figure S31
200NS NER 7870.0 7870.0 Figure S32

\MMMW«W

‘ ki | W 'WM‘WWWWWwawww

i

|||||

Figure S21. MALDI-TOF spectrum of 350N'_NER: calculated: 13166.4 Da, found: 13167.0 Da,
A =0.6 Da. The peak at 13616.9 Da is assigned to product of non-templated addition of dAE"MP
(calculated: 13617.7 Da, A = 0.8 Da).
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RNA_86_prod1 11 (0.203) M1 [Ev-170575,1t30] (Sp.0.500,1440:2822,1.00,L33,R33); Sb (15,10.00 ); Sm (5G, 1x5.00); 5b (15,10.00 ); Sm (SG, 1x5.00) 1: TOF MS ES-

100 13619.0010 5 63e6
= 13636.0010
12675.0010
-
13168.0010
13184.0010 13735.0010
e rd
13284.0010 13753.0010 4 4974.0010
rd e
0 et | I L nr ] el ol " L mass
r y ' r r r r " r r
10000 10500 11000 11500 12000 12500 13000 13500 14000 14500

Figure S22. ESI spectrum of 350N'_NER: calculated: 13166.4 Da, found: 13168.0 Da, A = 1.6 Da.
The peak at 13619.0 Da is assigned to product of non-templated addition of dAE™MP (calculated:
13617.7 Da, A = 1.3 Da).

RNA_96_template 12 (0.220) M1 [Ev-260061.1t27] (Sp.0.100.785:1611,1.00.L33,R33); Sb (15.10.00 ); Sm (SG, 1x5.00); Sb (15.10.00 ); Sm (SG, 1x5.00) 1: TOF MS ES-
21990.0000 3.55e6
100+
22006.0000
=
22025.0000
22041.0000
i
22126.0000
21207.0000 .-22163.0000
~22459.0000
ok , PYRI M— " : — A | Lol JIH.I.I J-Jl‘“ .‘.h | m |Il‘ TR : mass
15000 16000 17000 18000 19000 20000 21000 22000 23000 24000

Figure S23. ESI spectrum of 600N'_NER: calculated: 21987.8 Da, found: 21990.0 Da, A = 2.2 Da.
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16th

HPLC fractions 31 (0.541) M1 [Ev-197448 1t42] (Sp,0.100.797:2160,1.00,L33,R33); Sb (15.10.00 ): Sm (SG, 1x5.00); Sb {15,10.00 ); Sm (SG, 1x5.00) 1: TOF MS ES-
83460000 1.03e7
1004
]
8362.0000
pd
8378.0000 5740 0000
v
£294.0000
78940005 8462.0000) 87550000
79510005
o . : . : —— : : - : I ‘I. " L Yo : mass
5000 5500 6000 6500 7000 7500 8000 8500 9000 9500

Figure S24. ESI spectrum of 200N_NER: calculated: 7892.8 Da, found: 7894.0 Da, A = 1.2 Da.
The peak at 8346.0 Da is assigned to product of non-templated addition of dAE"MP (calculated:
8344.1 Da, A = 1.9 Da).

hplc108 f11 28 (0.490) M1 [Ev-130416,1t40] (Sp,0.100,1423:2493,1.00,L33,R33); Sb (15,10.00 ); Sm (SG, 1x5.00): Sb (15,10.00 ); Sm (SG, 1x5.00) 1: TOF MS ES-
100 10915.0010 1.16e6

]

10464.0010
5455 0005 10931.0010
7732.0005
5583 0005 8346.0000 11367.0010
0 [ : Il : L I.J\ L ‘ . s |L o . . ully . Il\ i e — . ’ mass
5000 6000 7000 8000 9000 10000 11000 12000 13000 14000

Figure S25. ESI spectrum of 280N_NER: calculated: 10461.5 Da, found: 10464.0 Da, A = 2.5 Da.
The peak at 10915.0 Da is assigned to product of non-templated addition of dAE"MP (calculated:
10912.8 Da, A = 2.2 Da).
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HPLC 1216 38 (0.660) M1 [Ev-167159,1t28] (Gs,0.750,1118:2188,1.00,L33,R33); Sb (15,10.00 ); Sm (SG, 1x5.00); Sb (15,10.00 ); Sm (SG, 1x5.00) 1: TOF MS ES-

7
100- 345,000 6.80¢7
=
8361.0000
rs
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e
7951,0005 8482.0000 5740.0000
¢ s
8011.0005 ~8797.0000
s
0 L T T k| T e T \‘ T : T T L T L‘ \‘“ !h \hm 4 T T mass
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Figure S26. ESI spectrum of 200N_NER: calculated: 7892.8 Da, found: 8345.0 Da. The peak at
8345.0 Da is assigned to product of non-templated addition of dAZ"MP (calculated: 8344.1 Da,
A =0.9 Da).

biospinP30blue 39 (0.676) M1 [Ev-616566,1t25] (Sp,0.500,965:2985,0.50, L10,R10); Sm (SG, 2x1.00); Sb (45,10.00 ); Sb (45,10.00 ); Sb (45,10.00 ); 1: TOF MS ES-
T 8346.5000 4.86e6
-
8740.5000
5216.5005
8762.5000
5554,0005 °2°° ggsg 5005 _8798.0000  10487.5010 109155010 13567.0010
‘ 2 7562.0005 | | | 110845010 125195010 ‘
‘ |
0 - . / b mass
5000 6000 7000 8000 9000 10000 11000 12000 13000 14000

Figure S27. ESI spectrum of 200N_NER: calculated: 7892.8 Da, found: 8346.5 Da. The peak at
8346.5 Da is assigned to product of non-templated addition of dAE"MP (calculated: 8344.1 Da,
A = 2.4 Da).
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HPLC 1228 f3 28 (0.490) M1 [Ev-151875,1t25] (Sp,0.100,1233:2380,1.00,L33,R33); Sb (156,10.00 ); Sm (SG, 1x5.00); Sb (15,10.00 ). Sm (SG, 1x56.00) 1: TOF MS ES-

100 9324.0000 1.56e5
8346.0000
e
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8361.0000
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9366.0000
8392.0000
8741.0000
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53540005 7953.0005 9724.0000
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o - '.‘I i — lel‘l IR mass
5000 6000 7000 8000 9000 10000 11000 12000 13000 14000

Figure S28. ESI spectrum of 210N _NER: calculated: 9335.4 Da, found: 9334.0 Da, A = 1.4 Da.
The peak at 8346.0 Da is assigned to 200N_NER (calculated: 8344.1 Da, A = 1.9 Da).

30% 10uL 31 (0.541) M1 [Ev-57826,1t28] (Gs,0.100,1299:2011,1.00,L0,RO); Sb (25,10.00 ); Sb (25,10.00 ); Cm (26:31) 1: TOF MS ES-
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100+
<
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o4 mass
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Figure S29. ESI spectrum of 200Na,_NER: calculated: 7976.7 Da, found: 7978.0 Da, A = 1.3 Da.
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40% 10uL 31 (0.541) M1 [Ev-56723,1t20] (Sp,0.500,1364:2216,1.00,L0,R0); Sb (25,10.00 ); Cm (26:31) 1: TOF MS ES-
1.33e5
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Figure S30. ESI spectrum of 200NB_NER: calculated: 8168.0 Da, found: 8621.0 Da. The peak at
8621.0 Da is assigned to product of non-templated addition of dAZ"MP (calculated: 8619.2 Da,
A = 1.8 Da).

60% 5uL 32 (0.558) M1 [Ev-47267,1t5] (Gs,0.100,1489:2031,1.00,L0,R0); Sb (25,10.00); Sb (25,10.00 ); Cm (26:32) 1: TOF MS ES-
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o ORI % NUTR R W A . " P R O ) . mass
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Figure S31. ESI spectrum of 200Ny_NER: calculated: 7805.8 Da, found: 7806.0 Da, A = 0.2 Da.
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TORNA 10ul. 31 (0 541) M1 [EvO, 18] (Gs,0 100,949:2680,1 00,L0,R0), Sb (25,1000 ), Cm (23 3 1. TOF MS ES-
pole 78700005 92464
100 2

5000 5500 6000 6500 7000 7500 8000 8500 2000 9500

Figure S32. ESI spectrum of 200N§_NER: calculated: 7870.0 Da, found: 7870.0 Da, A = 0 Da.
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