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1. Extended results and discussion

Structures of natural pyrimidine dNTPs (dTTP and dCTP) and epigenetic nucleoside
triphosphates (dUTP, d5hmUTP, d5mCTP and d5hmCTP) used for the synthesis of fully or

partially modified DNAs are shown in Figure S1.
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Figure S1: Structures of used triphosphates

Structures of modified nucleotides incorporated into the modified DNA templates are shown

in Figure S2.
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Figure S2: Structures of used canonical and epigenetic nucleotides in DNA (and abbreviations used in gels)
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1.1.  Synthesis of fully and partially modified DNA templates

1.1.1. Syntheses of fully modified DNA:
A) Synthesis of fully-modified 339-mer templates

template i 3 ;

E 5' 3’ promoter gene 3 : 5
T Bl Vo VoV Vo W W U W W We Ve W We Wt
(PCR) | 3

Figure S3. Synthesis of fully modified 339-mer templates

Fully modified 339-mer DNA templates with Pveg or rrnB P1 promoter sequence were
prepared by PCR reactions in the presence of 3 natural dNTPs and either dUTP, d5hmUTP,
d5mCTP or d5hmCTP (Figure S3). Templates containing chimeric promoter regions rrnB P-
10Dveg and Pveg-10DBP1 were prepared in the same way.

B) Synthesis of modified 235-mer templates

template : 3 '
; 5 4 Promoter gene 3:5
T e VoV W W, W W, Mo We Yo W We Mo v
(PCR) | 3 IR IR I IIII I I s
i : &

Figure S4. Synthesis of fully modified 235-mer templates

To show that the length of the DNA region upstream of the -35 hexamer of the promoter does
not significantly affect transcription, a fully modified 235-mer DNA fragment (shortened by
104 bp upstream of the promoter) with the Pveg promoter region was synthesized in the
presence of 3 natural dNTPs and either dUTP, d5hmUTP, d5mCTP or d5hmCTP by PCR (Figure
54). The length of the promoter-upstream region did no have significant effects on
transcription (data not shown).

1.1.2. Syntheses of partially modified DNA

235-mers of partially modified DNAs (with Pveg promoter region) were synthesized to
understand which modified part of DNA (promoter, transcribed region, template strand,
nontemplate strand) is responsible for the observed effects of transcription.
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A) Synthesis of DNA templates modified in the transcribed region

i5'-FAM :3'
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Figure S5: Synthesis of DNA templates modified in the transcribed region.

To prepare dsDNA modified in the promoter-downstream part (transcribed region), a natural
69-mer DNA and modified 166-mers DNA were synthesized. The natural 69-mer DNA was
synthesized with a 5'-FAM labelled forward primer and a 5 -phosphate modified reverse
primer. Modified 166-mers of modified DNAs (representing the promoter-downstream part)
were prepared with a 5-FAM labelled reverse primer and a 5’-phosphate modified forward
primer. The 5'-phosphate ends in the primers allowed ligation of only the desired ends of DNA
and the 5-FAM labelled ends prevented undesirable ligations. In the final step, the natural
69bp DNA and modified 166bp DNAs (either dU, hmU, mC or hmC-modified 166-mer) were
ligated by T4 DNA Ligase (Figure S5).

B) Synthesis of DNA templates modified in promoter-upstream and promoter regions of
dsDNA

S-FAM 3
template: 3, h:
) 3':5'-FAM

! promoter gene
S-FAM 3'

PCR 1 55'-FA54

PCR 2

product
(ligation)

5'-FAM y
3 5'-FAM

Figure S6. Synthesis of DNA templates modified in upstream and promoter gene region

To prepare dsDNA modified in the promoter-upstream and promoter regions, respectively,
modified 69-mers of DNA and unmodified 166bp DNA were synthesized by PCR. Modified 69-
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bp DNAs (representatives of promoter-upstream and promoter regions) were synthesized
with a 5"-FAM labelled forward primer and a 5"-phosphate modified reverse primer. Natural
166-mers of DNA were prepared with a 5'-FAM labelled reverse primer and a 5’-phosphate
modified forward primer. 5"-phosphate ends and 5’ -FAM labelled ends had the same roles as
in (A). In the final step, modified 69bp DNAs of each type (either dU, hmU, mC or hmC-
modified 69-mer) and natural 166bp DNA were ligated by T4 DNA Ligase (Figure S6).

C) Synthesis of DNA templates modified in upstream and promoter regions of template

strand
5 :3‘
termplate
promoter gene :
PCR 1

digestion 1

a 5._%23.
| = 3
PCR 2 | )

digestion 2 |

Bneaing 3 —
product :

(PEX)

Figure S7. Synthesis of DNA templates modified in promoter-upstream and promoter regions of the template
strand

To synthetize modified DNAs in the promoter-upstream and promoter regions in the template
strand of DNA, natural double stranded 181-, and 235-mers, respectively, were prepared. The
181-mer DNA was synthesized with a 5’-phosphate modified forward primer and an
unmodified reverse primer while the 235-mer DNA was prepared with a natural forward
primer and a 5"-phosphate modified reverse primer. The DNA synthesis was done by PCR. 5'-
A phosphate modification was introduced to facilitate the digestion of the undesired strand
by Lambda exonuclease to get the desired single-stranded DNA (ssDNA of 181-mer and ssDNA
of 235-mer). Complementary single-stranded DNAs of different length were annealled to
obtain dsDNA with a single stranded overhang at the 5-end of the coding (non-template)
strand. The annealed dsDNA was then used for the final PEX reaction in the presence of three
natural dNTPs and either of dUTP, d5hmUTP, d5mCTP or d5hmCTP to obtain DNA modified in
promoter-upstream and promoter regions in the template strand of DNA (Figure S7).
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D) Synthesis of DNA templates modified in promoter-upstream and promoter regions of
the coding strand

template

primer

product
(PCR)

5' 3
=) _3'
3 '
ﬂl
promoter gene
5 -3’

5 O s

Figure S8. Synthesis of DNA templates modified in promoter-upstream and promoter regions of the coding strand

The synthesis of DNA modified in promoter-upstream and promoter regions of the coding

strand was performed by PCR reactions using a natural reverse primer and a commercially

synthesized dU-, hmU-, mC- or hmC-modified forward primer (Figure S8).

E) Synthesis of DNA templates modified in the promoter region of the coding strand

template

primer

product
(PCR)

5' 3
D _3.
3' ;
3':5'
promoter gene
5' -3’

5 O O

5 -3

Figure S9. Synthesis of DNA templates modified in the promoter region of the coding strand

The synthesis of DNA modified in promoter regions of the coding strand was performed by

PCR reaction using natural reverse primer and commercially synthesized dU-, hmU-, mC- or

hmC-modified forward primer (Figure S9).
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1.2. Determination of (relative) concentrations of modified DNA templates

As the presence of modified nucleobases in the DNA templates presumably could strongly
influence both extinction coefficients (for determination of concentration of DNA using
NanoDrop) and intercallation and/or possible quenching of fluorescence of the DNA staining
fluorescent dyes (i.e. GelRed), we needed to establish an independent and reliable method to
determine the concentrations of modified DNA templates prepared by PCR.

To verify the concentrations of modified DNAs for the in vitro transcription assay, 32P-

labelled and NON-labelled DNA templates were prepared, purified, and diluted to the
apparent final concentration of 30 ng/ulL according to NanoDrop. Then, 180 ng of DNA was
loaded on a 5% PAA gel or 1.3% agarose gel. 3’P-labelled DNA templates loaded on PAA gel
were analyzed by gel electrophoresis with detection by radioactivity and NON-labelled
templates were analysed on agarose gel with detection by GelRed. The relative intensities of
the DNA bands on the gels did not correspond to the relative concentrations of the DNA
samples as measured by the Nanodrop. Compared to the non-modified DNA, especially the
bands of hmU-modified DNA were much weaker showing that its concentration must have
been lower. Therefore, the concentration of the modified DNA templates could not be taken
from a simple NanoDrop measurement of the UV absorbance.
However, when we compared the intensity of the DNA template spots on the gels using either
32p_radioactivity detection or detection of fluorescence by GelRed staining, the correlation
was satisfactory. Therefore, we used either staining by GelRed and fluorescence detection or
the radioactive label for determination of relative concentrations of the modified and natural
DNA templates in all the transcription studies.
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Table S1: Determination of relative concentrations of NON-labelled (agarose) and
32p_radioactive labelled (PAA) DNA templates. T*, as measured by the NanoDrop was set as
100 %. The percentages in parentheses are the relative amounts of the DNA as detected either
by fluorescence or radioactivity compared to T*. The calculated amounts in [ng] are listed.

Temvaeg
Agarose PAA
(NON-labelled templates) (32P-radioactive labelled templates)
T 180 ng (100 %) 180 ng (100 %)
du 177.5 ng (98.6 %) 151.7 ng (84.3 %)
hmU 121.6 ng (67.6 %) 96.8 ng (53 %)
c* 180 ng (100 %) 180 ng (100 %)
mC 144.9 ng (80.5 %) 184 ng (102 %)
hmC 140.9 ng (78.3 %) 160.3 ng (93 %)
TemprrnBPl
Agarose PAA
(NON-labelled templates) (32P-radioactive labelled templates)
T 180 ng (100 %) 180 ng (100 %)
du 152.6 ng (84.7 %) 120.6 ng (67 %)
hmu 62.2 ng (34.5 %) 90.3 ng (50.2 %)
c 180 ng (100 %) 180 ng (100 %)
mC 202.5 ng (112 %) 172 ng (95.7 %)
hmC 195.9 ng (108 %) 217.6 ng (120.9 %)
Tem vaeg-IODBPI
Agarose PAA
(NON-labelled templates) (32P-radioactive labelled templates)
T 180 ng (100 %) 180 ng (100 %)
du 108 ng (60.1%) 139.5 ng (77.5 %)
hmuU 67 ng (37 %) 94.8 ng (52.7 %)
c 180 ng (100 %) 180 ng (100 %)
mC 146 ng (81 %) 136.9 ng (74.1 %)
hmC 121.6 ng (67.6 %) 121.7 ng (69.6 %)
Temp'™BP1-100veg
Agarose PAA
(NON-labelled templates) (32P-radioactive labelled templates)
T 180 ng (100 %) 180 ng (100 %)
du 126.7 ng (70.4 %) 143.4 ng (79.6 %)
hmuU 54.8 ng (30.5 %) 77.7 ng (43 %)
c 180 ng (100 %) 180 ng (100 %)
mC 111.3 ng (61.8%) 138 ng (76.6 %)
hmC 135 ng (75%) 153 ng (85 %)
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2. Experimental part

2.1. General remarks

Synthetic oligonucleotides (NON-labelled primers, FAM-labelled primers and 5’-phosphate
modified primers) were purchased from GeneriBiotech. Synthetic modified oligonucleotides
(primers Primfo”PaX) were purchased from IBA Lifesciences. Natural nucleoside triphosphates
(dATP, dCTP, dGTP, dTTP) and d5mCTP were bought from New England Biolabs, dUTP was
purchased from Thermo Fischer Scientific, and d5hmCTP was purchased from Trilink
Biotechnologies. d5hmUTP was prepared according to published procedure.!
KOD XL DNA polymerase was purchased from Merck; Dynazyme Il from Thermo Fischer
Scientific; Vent (exo-) polymerase, Tag DNA polymerase and Taq DNA polymerase for
ThermoPol buffer were purchased from New England Biolabs. Enzymes Lambda Exonuclease
and T4 DNA Ligase were purchased from New England Biolabs. All PCR products and final DNA
templates were purified on columns (QlAquick PCR Purification Kit and QlAquick Nucleotide
Removal Kit from QIAGEN; E.Z.N.A. Gel Extraction Kit from Omega Bio-Tek) and/ or on
Agencourt AMPure XP magnetic particles (Beckman Coulter Life Science - GE Healthcare).

2.2. Synthesis of fully modified 339-mers of DNA
|5 T
- h&
. _*5-
i > 3 5'
: 5' 9 promoter gene
T R Mty VooV Vo W W, W Ve Vo W Ve W Vo Wo
(FCR) | 3 IR P I I P TP FTIFFF T
i . 5

template
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Table S2: List of oligonucleotides used for synthesis of 339- and 340-mers

Oligonucleotide-PRIMERs | Sequence (5'=3°) Length
PrimfoR TAGGGGTTCCGCGCACATTTCCCCG 25-mer
PrimREv GGAGAGCGTTCACCGACAAACAACAG 26-mer
PrimfoR — 32pa TAGGGGTTCCGCGCACATTTCCCCG 25-mer
PrimREY — 32pa GGAGAGCGTTCACCGACAAACAACAG 26-mer
Oligonucleotide- TAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACC
TEMPLATEs> TGACGTCTAAGAAACCATTATTATCATGACATTAACCT
ATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCA
AGAATTCNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNN(N)GTCTAAGCTTGGGTCCCACCT | 339-mer
GACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGC | or
GCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTA | 340-mer
GGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCA
GTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTIG
TCGGTGAACGCTCTCC
Promoter regions*
TempPved TATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGT | 339-mer®
Temp"™® P CTATTGCAATAAATAAATACAGGTGTTATATTATTAAAC | 340-mer®
TempPveg-100BP1 TATTTGACAAAAATGGGCTCGTGTTGTATATTATTAAAC | 340-mer®
Temp'™B P1-10Dveg CTATTGCAATAAATAAATACAGGTGTTACAATAAATGT | 339-mer®

95’-end of oligonucleotide is radiolabelled with phosphate from (y)-32P-dATP

b primer sequences in template are underlined

¢ promoter sequence of templates is generally marked by Ns in italic

4 all four templates have the same promoter-upstream and -downstream sequences. The specific sequences of
promoter region for all four templates (instead of the Ns in the template sequence) are summarised in the table.
€ the final length of templates

2.3. Enzymatic synthesis of templates (Temp*¢9; Temp'™8P!; TempPves-10DBP1,

Tem prrnB P1-1 ODveg)

The 339-mer (in the case of Temp®'®9and Temp"™™8 P1-100ved) gnd 340-mer (in the case of
Temp"™ Pland TempPved-100BP1) templates were prepared by PCR with forward (PrimfoR) and
reverse (PrimRtY) NON-labelled primers from plasmids containing specific promoter regions
cloned in p770 between EcoRI and Hindlll sites.? Each PCR reaction mixture (40 pL) contained
Taq DNA polymerase for ThermoPol buffer (New England Biolabs; 5000 U/mL; 2.4 L) with
ThermoPol buffer (4 pL), natural dNTPs (4 mM; 1.5 pL), primers (20 uM; 6 pL; Primf® and
20 uM; 6 pL; Prim®EV) and appropriate plasmid template (88 ng of Pveg; 86 ng of BP1; 77 ng
of PgBP1 and 77 ng of BP1Pg). Total volume of each reaction mixture was divided to
2 Eppendorf tubes and 40 PCR cycles were run in the thermal cycler under the following
conditions: preheating for 3 minutes at 94°C, denaturation for 1 minute at 94°C, annealing for
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1 minute at 62°C, extension for 1.5 minutes at 75°C, followed by final extension step of
5 minutes at 75°C. PCR products of each type were then mixed together and purified on
Agencourt AMPure XP magnetic particles (see 2.3.1.). In the last step, the products were
eluted with 40 pL of MilliQ water in final concentrations 99 ng/uL of Temp®é9; 117 ng/ uL of
Temp®P1; 109 ng/uL of TempP98P1 and 115 ng/uL of TempBPiPI, After purification, all templates
were run on 1.3% agarose gels and stained with GelRed in 0.5xTBE. 180 ng of DNA was loaded
on a gel in all cases (Figure S10).

Figure S10: Agarose gel analysis of PCR template products amplified by Taq DNA polymerase. Lane 1 (L): ladder
(commercial mix of dsDNA with the specific length); Lane 2 (A): PCR product of template - Temp*¢9); Lane 3 (B):
PCR product of template - Temp™& P, Lane 4 (C): PCR product of template - Temp”¢9-1008P1. | ane 5 (D): PCR
product of template - Temp™™8 P1-100ved; 5a3r0se gel stained with GelRed.

2.3.1. Protocol for purification of DNA on Agencourt AMPure XP magnetic particles

Each DNA sample was transferred after PCR from the PCR tube into a 1.5 mL Eppendorf tube
and resuspended Agencourt AMPure XP magnetic particles were added (the volume of
Agencourt AMPure XP was 1.8x the volume of the sample). Mixtures of samples and magnetic
particles were mixed 10 to 20 times with pipette and incubated at room temperature for 10
minutes. The mixtures were placed on magnet. After separation of magnetic beads from
solution (approx. 3 minutes), the solution was discarded and the magnetic beads with bound
DNA were washed two times with 200 pL of 80% ethanol. During the washing, the magnetic
beads were incubated for 30-60 seconds at room temperature with the ethanol. After the
second washing and discarding of ethanol, the DNA product was eluted with 40 pL of MilliQ
water from magnetic particles. The mixture of magnetic beads and water was mixed 10 to 20
times with pipette, incubated at room temperature for 3 minutes and placed on a magnet for
1 minute to separate beads from the solution containing DNA. The eluant was transferred into
a new Eppendorf tube and its concentration was measured by the NanoDrop
spectrophotometer.

2.4. Synthesis of fully modified DNA with different templates (Temp”'é9; Temp "8 "%;
Temvaeg-IODBPl; TemprmB P1-10Dveg) - genera| remarks

To prepare modified templates for transcription, PCR reactions were performed in a total final
volume of 20 pL. Natural DNAs (positive controls on gels) were in all cases synthesized
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according to a procedure for hmU-modified or xC-modified DNA without any additives and in
the presence of all natural dNTPs (4 mM; 0.75 plL) (Figures S12, S14, S16, S18, S21). For xN —
modified DNA, where the protocol for synthesis of modified DNA was significantly different,
the positive controls were synthesized under the same conditions - in the presence of all
natural dNTPs (4 mM; 0.75 ul) (Figures S11, S13, S15, S17, S20).

All samples were prepared in the presence of either NON-labelled (Prim™R and PrimRtY) or
32p_labelled (PrimOR — 32p and PrimREY — 32p) primers under the same conditions.

The 32P-labelling of primers was achieved by the transfer of the terminal phosphate from
(v)-32P-dATP to the 5'-end of NON-labelled primers by T4 polynucleotide kinase.

Forty PCR cycles were run in the thermal cycler under the following conditions: preheating for
3 minutes at 94°C, denaturation for 1 minute at 94°C, annealing for 1 minute at 70°C,
extension for 1.5 minutes at 75°C, followed by final extension step of 5 minutes at 75°C.

PCR products of each type were then purified with Agencourt AMPure XP magnetic particles
according to the protocol (see 2.3.1.). The concentration of purified samples was measured
by the NanoDrop spectrophotometr. All samples were diluted to a final concentration of
20 ng/ulL and used for transcription experiments. The exact quantity of DNA for transcription
was analysed based on the DNA signals (fluorescence and/or radioactivity) on a gel
(see 5.2.).

Control 1.3% agarose gels were stained with GelRed (Biotium) in the case of NON-labelled and
32p-lgbelled DNA samples (gels A) andB) in Figures S12, S14, S16, S18, S21). Moreover, 32P-
labelled DNA samples were detected by 5% native PAA gel (gels C) in Figures S12, S14, 516,
5§18, 521). 180ng of each sample was loaded on a 1.3% agarose gel in all cases.

2.4.1. Synthesis of fully modified DNA with the Temp’¢9 template

2.4.1.1. Synthesis of fully dU-modified DNA with the Temp®¢9 template

The PCR reaction mixture (20 pL) contained Tag DNA polymerase for ThermoPol Buffer (New
England Biolabs; 5000 U/mL; 2.4 uL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 1 uL), dUTP
(4 mM; 1 uL), 339-mer template (30 ng/uL; 1.6 pL; TempPvé9) and primers either NON-labelled
or 3P-labelled (20 uM; 3 pL; PrimfR and 20 pM; 3 uL; PrimRtY) in 10x ThermoPol reaction
Buffer (2 uL) supplied by the manufacturer (Figures S11, S12).
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Figure S11: Agarose gel analysis of NON-labelled PCR products amplified by Tag DNA polymerase for ThermoPol
buffer. The order of samples is as follows: Lane 1 (L): ladder (mix of commercial dsDNA with specific length); Lane
2 (T*): PCR was run in the presence of natural dNTPs; Lane 3 (T): PCR was run in the presence of dCTP, dGTP,
dATP; Lane 4, (dU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP. 1.3 %
agarose gel was stained with GelRed.

2.4.1.2. Synthesis of fully hmU-modified DNA with the Temp®¢9 template

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/uL; 1.2 pL), natural dNTPs (dCTP, dGTP and dATP; 4mM; 0.75 uL), dShmUTP (4 mM; 1.5
uL), 339-mer template (30 ng/uL; 1.2 uL; Temp® %), MgS0O4 (100 mM; 2 uL) and primers - either
NON-labelled or 32P-labelled (20 uM; 3puL; PrimOR and 20 uM; 3 uL; Prim®Y) in 10x reaction
Buffer for KOD XL (2 puL) supplied by the manufacturer (Figure S12).

2.4.1.3. Synthesis of fully mC- and hmC-modified DNA with the Temp®'¢9 template
The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ uL; 1.2 pL), natural dNTPs (dTTP, dGTP and dATP; 4 mM; 0.75 pL), d5mCTP (4 mM;
2 uL) or d5hmCTP (4 mM; 1.5 pL), 339-mer template (30 ng/uL; 1.2 pL; Temp®é9) and primers
- either NON-labelled or 3?P-labelled (20 uM; 3 uL; PrimfoR and 20 uM; 3 uL; PrimRY) in 10x
reaction Buffer for KOD XL (2 pL) supplied by the manufacturer (Figure 512).

A) - dU hmU L ¢t = [
2 3 4 5 6 Z 8
300bp-b. - - 6‘
200bp-
'IOObp—.
L T T dU hmU L cCt C mC hmC

Q)

Figure $12: Gel analysis of PCR products that were either NON-labelled A) or 32P-labelled B) and C). In all gels, the
order of samples is as follows: Lanes 1,6 (L): ladder (mix of commercial dsDNA with specific length); Lanes 2,7 (T*
or C*): PCRs were run in the presence of natural dNTPs; Lane 3 (T): PCR was run in the presence of dCTP, dGTP,
dATP; Lane 4, (dU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; Lane 5,
(hmU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dShmUTP; Lane 8 (C): PCR
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was run in the presence of dTTP, dGTP, dATP; Lane 9, (mC): PCR was run in the presence of three natural dNTPs
(dTTP, dGTP, dATP) and d5mCTP; Lane 10, (hmC): PCR was run in the presence of three natural dNTPs (dTTP,
dGTP, dATP) and d5hmCTP. The PCR samples were analysed by agarose gel stained with GelRed in the case of A)
and B) and moreover *P-labelled samples were analysed by 5% PAA native gel C).

2.4.2. Synthesis of fully modified DNA with the Temp™™2 P! template

2.4.2.1. Synthesis of fully dU-modified DNA with the Temp™8 P! template

The PCR reaction mixture (20 pL) contained Tag DNA polymerase for ThermoPol Buffer (New
England Biolabs; 5000 U/mL; 2.4 uL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 1 uL), dUTP
(4 mM; 1 pL), 340-mer template (24 ng/uL; 1.6 uL; Temp™B P1) and primers - either NON-
labelled or 3’P-labelled (20 pM; 3 pL; PrimOR and 20 uM; 3 pL; Prim®tV) in 10x ThermoPol
reaction Buffer (2 uL) supplied by the manufacturer (Figures S13, S14).

2.4.2.2. Synthesis of fully hmU-modified DNA with the Temp™ ! template

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/uL; 1.2 pL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 1 uL), dShmUTP (4 mM; 1 plL),
340-mer template (24 ng/uL; 1.6 pL; Temp™BP1), MgSO4 (100 mM; 0.7 L) and primers - either
NON-labelled or 32P-labelled (20 uM; 3 uL; PrimfR and 20 pM; 3 pL; Prim®tY) in 10x reaction
Buffer for KOD XL (2 uL) supplied by the manufacturer (Figures S13, S14).

A)

Figure S$13: Agarose gel analysis of NON-labeled PCR products amplified by Tag DNA polymerase A) under the
conditions 2.4.2.1 and by KOD XL DNA polymerase B) under the conditions 2.4.2.2. The order of samples is as
follows: Lanes 1 (L): ladder (mix of commercial dsDNA with specific length); Lanes 2 (T*): PCR was run in the
presence of natural dNTPs; Lanes 3 (T'): PCR was run in the presence of dCTP, dGTP, dATP; A) Lane 4, (dU): PCR
was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; B) Lane 4, (hmU): PCR was run in
the presence of three natural dNTPs (dCTP, dGTP, dATP) and d5hmUTP. 1,3% agarose gel was stained with
GelRed.

2.4.2.3. Synthesis of fully mC- and hmC-modified DNA with the Temp™8 ! template

The PCR reaction mixture (20 ulL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ul; 1.2 uL), natural dNTPs (dTTP, dGTP and dATP; 4 mM; 0.75 pL), d5mCTP (4 mM;
2 pL) or d5hmCTP (4 mM; 1.5 L), 340-mer template (24 ng/uL; 1.6 uL; Temp™™8P?) and primers
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- either NON-labelled or 32P-labelled (20 uM; 3 pL; Prim® and 20 uM; 3 pL; Prim®EY) in 10x
reaction Buffer for KOD XL (2 pL) supplied by the manufacturer (Figure S14).

A) © dU hmU L * € mC hmC B) * T dUu hmU L C*
et e B
200bp-
100bp-  w—_—

C) L ™ T duhmu L C C mC hmC

Figure S14: Gel analysis of PCR products that were either NON-labelled A) or 32P-labelled B) and C). In all gels, the
order of samples is as follows: Lanes 1,6 (L): ladder (mix of commercial dsDNA with specific length); Lanes 2,7 (T*
or C*): PCRs were run in the presence of natural dNTPs; Lane 3 (T'): PCR was run in the presence of dCTP, dGTP,
dATP; Lane 4, (dU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; Lane 5,
(hmU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and d5ShmUTP; Lane 8 (C): PCR
was run in the presence of dTTP, dGTP, dATP; Lane 9, (mC): PCR was run in the presence of three natural dNTPs
(dTTP, dGTP, dATP) and d5mCTP; Lane 10, (hmC): PCR was run in the presence of three natural dNTPs (dTTP,
dGTP, dATP) and d5hmCTP. The PCR samples were analysed by agarose gel stained with GelRed in the case of A)
and B) and moreover *2P-labelled samples were analysed by 5% PAA native gel C).

2.4.3. Synthesis of fully modified DNA with the Temp®v¢9-1908P1 template

2.4.3.1. Synthesis of fully dU-modified DNA with the Temp®v¢9-1908P1 temp|ate

The PCR reaction mixture (20 plL) contained Taq DNA polymerase for ThermoPol Buffer (New
England Biolabs; 5000 U/ml; 2.4 uL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 1 uL), dUTP
(4 mM; 1 uL), 340-mer template (24 ng/uL; 1.6 ulL; TempPves-1008P1) gnd primers - either
NON-labelled or 32P-labelled (20 uM; 2 uL; Prim® and 20 uM; 2 pL; Prim®EY) in 10x ThermoPol
reaction Buffer (2 uL) supplied by the manufacturer (Figures S15, 516).

2.4.3.2. Synthesis of fully hmU-modified DNA with the Temp®¢9-1908P1 template
The PCR reaction mixture (20 pL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5U/uL; 1.2 L), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 0.75 pL), d5ShmUTP (4 mM; 1.5
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uL), 340-mer template (24 ng/pL; 1.6 pL; Temp*ves-1008P1) N\ gSO4 (100 mM; 2 L) and primers
- either NON-labelled or 3?P-labelled (20 uM; 2 uL; PrimfoR and 20 uM; 2 uL; PrimRY) in 10x
reaction Buffer for KOD XL (2 pL) supplied by the manufacturer (Figure S16).

2.4.3.3. Synthesis of fully hmC-modified DNA with the TempPvé9-1008P1 template

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ul; 1.2 pL), natural dNTPs (dTTP, dGTP and dATP; 4 mM; 1 L), dShmCTP (4 mM; 2 L),
340-mer template (24 ng/ulL; 1.6 uL; TempPved-1008P1) ‘NgSO, (100 mM; 2 ul) and primers -
either NON-labelled or 3?P-labelled (20 uM; 3 uL; Prim™R and 20 uM; 3 uL; PrimRY) in 10x
reaction Buffer for KOD XL (2 pL) supplied by the manufacturer (Figures S15, 516).

B)

Figure $15: Agarose gel analysis of NON-labelled PCR products amplified by Tag DNA polymerase A) under the
condition 2.4.3.1 and by KOD XL DNA polymerase B) under the conditions 2.4.3.3. The order of samples is as
follows: Lanes 1 (L): ladder (mix of commercial dsDNA with specific length); Lane 2 (T* or C*): PCR was run in the
presence of natural dNTPs; A) Lane 3 (T'): PCR was run in the presence of dCTP, dGTP, dATP; A) Lane 4, (dU): PCR
was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; B) Lane 3 (C): PCR was run in the
presence of dTTP, dGTP, dATP; B) Lane 4, (hmC): PCR was run in the presence of three natural dNTPs (dTTP,
dGTP, dATP) and d5hmCTP. 1.3 % agarose gel was stained with GelRed.

2.4.3.4. Synthesis of fully mC-modified DNA with the Tempfve9-1008P1 template

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ul; 1.2 pL), natural dNTPs (dTTP, dGTP and dATP; 4 mM; 0.75 uL), d5SmCTP (4 mM; 2 uL),
340-mer template (24 ng/uL; 1.6 pL; Temp®ves-1008P1) ‘\MgSQO, (100 mM; 1 plL) and primers -
either NON-labelled or 3?P-labelled (20 uM; 2 uL; Prim™R and 20 uM; 2 pL; Prim®EY) in 10x
reaction Buffer for KOD XL (2 pL) supplied by the manufacturer (Figure 516).

T dUu hmU L T du hmU L C C mC hmC

S16



300bp-"2 ? 6&&6 8 “

200bp-

100bp- W -
C) L ™ T duhmU L C C mC hmC

Figure S16: Gel analysis of PCR products that were either NON-labelled A) or 32P-labelled B) and C). In all gels, the
order of samples is as follows: Lanes 1,6 (L): ladder (mix of commercial dsDNA with specific length); Lanes 2,7 (T*
or C*): PCRs were run in the presence of natural dNTPs; Lane 3 (T): PCR was run in the presence of dCTP, dGTP,
dATP; Lane 4, (dU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; Lane 5,
(hmU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and d5hmUTP; Lane 8 (C): PCR
was run in the presence of dTTP, dGTP, dATP; Lane 9, (mC): PCR was run in the presence of three natural dNTPs
(dTTP, dGTP, dATP) and d5mCTP; Lane 10, (hmC): PCR was run in the presence of three natural dNTPs (dTTP,
dGTP, dATP) and d5hmCTP. The PCR samples were analysed by agarose gel stained with GelRed in the case of A)
and B) and moreover *P-labelled samples were analysed by 5% PAA native gel C).

2.4.4. Synthesis of fully modified DNA with the Temp'™8 P1-10Dved template

2.4.4.1. Synthesis of fully dU-modified DNA with the Temp'8 P1-10Dved template

The PCR reaction mixture (20 uL) contained Tag DNA polymerase for ThermoPol Buffer (New
England Biolabs; 5000 U/mL; 2.4 uL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 1 uL), dUTP
(4 mM; 1 uL), 339-mer template (24 ng/uL; 1.6 pL; Temp™™BP1-10Dved) gnd primers - either NON-
labelled or 3’P-labelled (20 pM; 2 uL; PrimOR and 20 pM; 2 pL; Prim®tV) in 10x ThermoPol
reaction Buffer (2 pL) supplied by the manufacturer (Figures S17, S18).

2.4.4.2. Synthesis of fully hmU-modified DNA with the Temp'"8 P1-100veg template

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ul; 1.2 pL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 0.75 ulL), dShmUTP (4 mM; 1.5
uL), 339-mer template (24 ng/uL; 1.6 pL; Temp™EP1-100veq) \gSO, (100 mM; 2uL) and primers
- either NON-labelled or 3?P-labelled (20 uM; 2 uL; Prim® and 20 uM; 2 uL; Prim®EV) in 10x
reaction Buffer for KOD XL (2 pL) supplied by the manufacturer (Figure 518).

2.44.3. Synthesis of fully hmC-modified DNA with the Temp™& P1-10Dved tamplate

The PCR reaction mixture (20 pL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ul; 1.2 pL), natural dNTPs (dTTP, dGTP and dATP; 4 mM; 1 uL), d5hmCTP (4 mM;
1.5 pl), 339-mer template (24 ng/uL; 1.6 uL; Temp™ "B P1-10Dveq) NMgSO, (100 mM; 1 ul) and
primers - either NON-labelled or 3’P-labelled (20 uM; 2 uL; Prim™R and 20 uM; 2 pL; PrimREY)
in 10x reaction Buffer for KOD XL (2 uL) supplied by the manufacturer (Figures S17, 518).
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Figure S17: Agarose gel analysis of NON-labelled PCR products amplified by Tag DNA polymerase A) under the
condition 2.4.4.1 and by KOD XL DNA polymerase B) under the conditions 2.4.4.3. The order of samples is as
follows: Lanes 1 (L): ladder (mix of commercial dsDNA with specific length); Lane 2 (T* or C*): PCR was run in the
presence of natural dNTPs; A) Lane 3 (T"): PCR was run in the presence of dCTP, dGTP, dATP; A) Lane 4, (dU): PCR
was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; B) Lane 3 (C): PCR was run in the
presence of dTTP, dGTP, dATP; B) Lane 4, (hmC): PCR was run in the presence of three natural dNTPs (dTTP,
dGTP, dATP) and d5hmCTP. 1,3 % agarose gel was stained with GelRed.

2.4.4.4. Synthesis of fully mC-modified DNA with the Temp™™8P1-10Dves template

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/ul; 1.2 uL), natural dNTPs (dTTP, dGTP and dATP; 4 mM; 0.75 uL), d5mCTP (4 mM;
2 pl), 339-mer template (24 ng/uL; 1.6 pL; Temp™8 P1-10Dveq) NgSO, (100 mM; 1 pL) and
primers - either NON-labelled or 3?P-labelled (20 uM; 2 uL; PrimfR and 20 uM; 2 uL; PrimReY)
in 10x reaction Buffer for KOD XL (2 uL) supplied by the manufacturer (Figure 518).

A) L T T du hmyu L C* C mC hmC i) T dUuhmU L C* C mC hmC
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Figure S18: Gel analysis of PCR products that were either NON-labelled A) or 32P-labelled B) and C). In all gels, the
order of samples is as follows: Lanes 1,6 (L): ladder (mix of commercial dsDNA with specific length); Lanes 2,7 (T*
or C*): PCRs were run in the presence of natural dNTPs; Lane 3 (T): PCR was run in the presence of dCTP, dGTP,
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dATP; Lane 4, (dU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; Lane 5,
(hmU): PCR was run in the presence of three natural dNTPs (dCTP, dGTP, dATP) and d5ShmUTP; Lane 8 (C): PCR
was run in the presence of dTTP, dGTP, dATP; Lane 9, (mC): PCR was run in the presence of three natural dNTPs
(dTTP, dGTP, dATP) and d5mCTP; Lane 10, (hmC): PCR was run in the presence of three natural dNTPs (dTTP,
dGTP, dATP) and d5hmCTP. The PCR samples were analysed by agarose gel stained with GelRed in the case of A)
and B) and moreover ¥P-labelled samples were analysed by 5% PAGE native gel C).

3. Synthesis of fully modified 235-mers of DNA

) 3
template | g: _3
; 5 4 Promoter gene 3=5
L eV Vo W, W Wo We Wo We Ve Wo W Wo W
(POR) | ¥ MR PP IR FI I P
: U 5!

Table $3: List of oligonucleotides used for synthesis of 235-mers (version Ib)

Oligonucleotide-PRIMERs Sequence (5'>3") Length
PrimFoR-Pgll CGT CTT CAA GAA TTC TAT 18-mer
PrimREV-Pail-R1/R3 GGA GAG CGT TCA CCG ACA 18-mer
Oligonucleotide—- TEMPLATE®?

TempPves sh235 CGTCTTCAAGAATTCTATTTGACAAAAATGGGCTCGT

GTTGTACAATAAATGTGTCTAAGCTTGGGTCCCACCT
GACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGC
GCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTA
GGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCA
GTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTIG

TCGGTGAACGCTCTCC

9 primer sequences in template are underlined

235-mer

b promoter sequence of template is in italic

3.1. Enzymatic synthesis of template (Temp”e9-sh235)

The 235-mer template (TempPve9-sh235) was prepared by PCR with forward (Primfo?-Pd") and
reverse (PrimREV-Pal-R1/R3) NON-labelled primers from the longer Temp®’¢9 (339-mer) template
containing the Pveg promoter region. PCR reaction mixture (40 plL) contained Tag DNA
polymerase for ThermoPol Buffer (New England Biolabs; 5000 U/mL; 2.4 uL) with ThermoPol
buffer (4 uL), natural dNTPs (4 mM; 1.5 pL), primers (20 uM, 6 pL, PrimfORPdll and 20 pM,
6 UL, PrimREV-PalRI/R3) and Pyeg template - TempP’e9 (72 ng). The reaction mixture was divided
into 2 Eppendorf tubes and 40 PCR cycles were run in the thermal cycler as follows: preheating
for 3minutes at 94°C, denaturation for 1 minute at 94°C, annealing for 1 minute at 52°C,
extension for 1.5 minutes at 75°C, followed by a final extension step of 5 minutes at 75°C. The
PCR products were then combined together and purified by Agencourt AMPure XP magnetic
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beads according to the protocol (see 2.3.1.). In the last step, the product was eluted with 40
uL of MilliQ water at a final concentration 113 ng/uL. After purification the template was
analysed by 1.3% agarose gel stained with GelRed in 0.5xTBE (Figure S19).

Figure $19: Agarose gel analysis of PCR template product amplified by Tag DNA polymerase. The order of samples
is as follow: Lane 1 (L): ladder (commercial mix of dsDNA with the specific length); Lane 2 (A): 339-mer Pveg
template- Temp™®9 used as template for the PCR reaction; Lane 3 (B): PCR product of template - 235-mer -
Temp®’e9-sh235 1 39% agarose gel was stained with GelRed

3.2.  Synthesis of fully modified DNA with 235-mer template (Temp*ve9-sh235)-general
remarks

To prepare modified templates for transcription, PCR reactions were performed in a total final
volume of 20 pL. All samples were prepared in the presence of NON-labelled
commercially available primers (PrimfOR-Pa!l and PrimREV-Pall-R1/R3)

Forty PCR cycles were run in the thermal cycler under the following conditions: preheating for
3 minutes at 94°C, denaturation for 1 minute at 94°C, annealing for 1 minute at 52°C,
extension for 1.5 minutes at 75°C, followed by final extension step of 5 minutes at 75°C. PCR
products were purified on Agencourt AMPure XP magnetic beads according to the protocol
(see 2.3.1.). In the last step, the product was eluted with 40 uL of MilliQ water. Control 1.3%
agarose gels were stained by GelRed.

3.2.1. Synthesis of fully dU-modified DNA

The PCR reaction mixture (20 pL) contained Tag DNA polymerase for ThermoPol Buffer (New
England Biolabs; 5000 U/ml; 2.4 uL), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 1 uL), dUTP
(4 mM; 1 pL), 235-mer template (41 ng/pL; 0.88 pL; Temp*ve9-sh235) and primers - either NON-
labelled (20 uM; 2 pL; PrimfORPal  and 20 uM; 2 pL  PrimREV-PIIFRI/R3) - jp
10x ThermoPol reaction Buffer (2 uL) supplied by the manufacturer (Figure 520, 521.)
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Figure S20: Agarose gel analysis of PCR products amplified by Tag DNA polymerase. The order of samples is as
follow: Lane 1 (L): ladder (mix of commercial dsDNA with specific length); Lane 2 (T*): PCR was run in the presence
of natural dNTPs; Lanes 3 (T'): PCR was run in the presence of dCTP, dGTP, dATP; Lane 4, (dU): PCR was run in
the presence of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; agarose gel stained with GelRed.

3.2.2. Synthesis of fully hmU-modified DNA

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5U/uL; 1.2 L), natural dNTPs (dCTP, dGTP and dATP; 4 mM; 0.75 pL), d5ShmUTP (4 mM; 1.5
ul), 235-mer template (41 ng/uL; 0.88 ulL; TempPve? —h235) and NON-labelled primers
(20 uM; 3puL; PrimfOR+a" and 20 puM; 3 pL; PrimREV-PIFRI/R3) in 10x reaction Buffer for KOD XL
(2 pL) supplied by the manufacturer (Figure S21).

3.2.3. Synthesis of fully mC- and hmC-modified DNA

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase (Merck; Novagen;
2.5 U/uL; 1.2 pL), natural dNTPs (dTTP, dGTP and dATP; 4mM; 0.75 uL), d5mCTP (4 mM;
2 uL) or d5ShmCTP (4 mM; 1.5 uL), 235-mer template (41 ng/pL; 0.88 uL; TempPrea—sh?35) gnd
NON-labelled primers (20 pM; 3 pL; PrimfORPal and 20 pM; 3 plL PrimREV-POI-RI/R3) jn
10x reaction Buffer for KOD XL (2 uL) supplied by the manufacturer (Figure S21).

dUu hmU L C C mC hmC

Figure S$21: Gel analysis of NON-labeled PCR products. The order of samples is as follows: Lanes 1,6 (L): ladder
(mix of commercial dsDNA with specific length); Lanes 2,7 (T* or C*): PCRs were run in the presence of natural
dNTPs; Lane 3 (T"): PCR was run in the presence of dCTP, dGTP, dATP; Lane 4, (dU): PCR was run in the presence
of three natural dNTPs (dCTP, dGTP, dATP) and dUTP; Lane 5, (hmU): PCR was run in the presence of three natural
dNTPs (dCTP, dGTP, dATP) and d5hmUTP; Lane 8 (C): PCR was run in the presence of dTTP, dGTP, dATP; Lane 9,
(mC): PCR was run in the presence of three natural dNTPs (dTTP, dGTP, dATP) and d5mCTP; Line 5, (hmC): PCR
was run in the presence of three natural dNTPs (dTTP, dGTP, dATP) and d5hmCTP. The PCR samples were
analysed by agarose gel stained with GelRed.
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4. Synthesis of partially modified 235-mers of DNA

Table S4: List of oligonucleotides used for synthesis of the partially modified 235-mers

Oligonucleotide-

PRIMERS Sequence (5'=3) Length
Primf%-Pall CGTCTTCAAGAATTCTATTTGACA 24-mer
PrimRz'Pg'”_P" GGAGAGCGTTCACCGACA 18-mer
Primf%* g”’_ P’ CGTCTTCAAGAATTCTATTTGACA 24-mer
Primf3-* g”’_ P° TCTAAGCTTGGGTCCCACC 19-mer
PrimREV-PgII/III-Rl/R3

b GGAGAGCGTTCACCGACA 18-mer

Prim*or-? v = CGTCTTCAAGAATTCTAT 18-mer

PrimReV-P g’V'Sh_P" GGACCCAAGCTTAGA 15-mer

Prim*or-? g’V"g_P" CACCTGACCCCATGCCGAAC 20-mer

PrimReEV-P g’V"g_Fb GGAGAGCGTTCACCGACAAACA 22-mer
CGdUCdUdUCAAGAAdUdUCAUAdUdUdUGACAAAAAdUGGGCAUCGAUGdU

PrimFOR-Pall-du1s 54-mer
dUGdUACAAdUAAAdUGAUG
CGhmUChmUhmUCAAGAAhMUhhmUChmUARMmUhmUNmMUGACAAAAA

PrimFOR-PgII-dSthlS 54-mer
hmUGGGChmUCGhmUGhmUhmUGhmUACAAhmUAAAhmUGhmUG
MCGTMCTTMCAAGAATTMCTATTTGAMCAAAAATGGGMCT

Primfor+aidsmes | mCGTGTTGTAMCAATAAATGTG S4-mer

primfoR-baidshmes | NMCGThMCTThMCAAGAATThmCTATTTGARMCAAAAATGGGhmCT Sa.mer
hmCGTGTTGTAMMCAATAAATGTG

PrimREV-Pall-R1/R3 GGAGAGCGTTCACCGACA 18-mer
hmCGThmCTThmCAAGAATThMCTATTTGAhMCAAAAATGGGhmCThmCG

PrimFOR-PgII-dSth8 54_mer
TGTTGTARMMCAATAAATGTG
CGTCTTCAAGAATTCTAThmUhmUGACAAAAAMMUGGGChmUCGhmUG

PrimFOR-Pgll-d5th11 54_mer
hmUhmUGhmUACAAhMUAAAhmUGhmUG
CGTCTTCAAGAATTCTATTTGAMCAAAAATGGGMCTMCGTGTTGTAMCAA

PrimFOR-Pgll-d5mC4 54_mer
TAAATGTG
CGTCTTCAAGAATTCTATTTGARMCAAAAATGGGhmCThmCGTGTTGTAhmC

Pr"mFOR-PgII-dSth4 54_mer
AATAAATGTG

Oligonucleotide—

TEMPLATE %

TempP"eg —sh235 CGTCTTCAAGAATTCTATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGIG
TCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGT
AGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGG | 23°-mer
CATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGT
TGTTTGTCGGTGAACGCTCTCC

Temp®ved —sh1s1 TCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGT
AGCGCCGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGG 181-mer
CATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGT
TGTTITGTCGGTGAACGCTCTCC

Tempus—“’"e’ CGTCTTCAAGAATTCTATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGTGT 69-mer

CTAAGCTTGGGTCC

95’-end of oligonucleotide is modified by phosphate
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b 5’_end of oligonucleotide is labelled by 6-carboxyfluorescein (6-FAM)

¢ primer sequences in the template are underlined
4 promoter sequences in the template are in italics

¢ double underlined primer sequence in the template was used in section 4.3. as PrimRPsV_pb

4.1. Synthesis of dsDNA modified in the promoter-downstream region

15-FAM 3

template | g h:‘

: promoter gene 3':5'-FAM
\5'-FAM 3'

PCR1 i5-FAM

3 i
3':5

(ligation)

5 5-(P) Dy

i 5'- 3'
Relte i 5'-FAM

: FTFTOTTO 33'25'4—7\»1
Product |5 FAM u— kel b e )

4.1.1. Enzymatic syntheses of the natural promoter region and the dU, hmU, mC, hmC
modified promoter-downstream region - general remarks

The experiments were designed to obtain blunt-ended DNA with extremities suitable for
subsequent ligation. For this purpose, the reactions were performed with a 5’-FAM labelled
forward primer and a 5’-phospate reverse primer in the case of the promoter containing
portion, and a 5’-phospate forward primer and a 5’-FAM labelled primer for the downstream
portion to promote the ligation only between the desired extremities. For the synthesis of the
upstream portion, a 69-mer DNA template, purchased from Generi Biotech, was used. The
PCR reactions were performed in a final volume of 200 pLL.

The obtained products were purified via QlAquick PCR purification kit or QlAquick nucleotide
removal kit (QIAGEN) according to protocol and eluted in the final step with 30 pL of MilliQ
water.

Both downstream and upstream portions were analysed by gel electrophoresis on a 1.3 %
agarose gel run in 0.5x TBE buffer and stained with GelRed, (Figure 522).

4.1.1.1. Enzymatic synthesis of the natural promoter region

To obtain the natural upstream portion, the reaction mixture (10 pL) contained KOD XL DNA
polymerase (Merck, Novagen; 2.5 U/uL; 0.25 uL), forward and reverse primers (20 uM; 1 uL;
PrimfoRPaV_F and 20 uM; 1 pL; PrimREV-Palvsh p) 69-mer DNA template (1 uM; 0.175 pL;
TempVs-°mer) natural dNTPs (4 mM; 0.075 pl) in the appropriate enzyme reaction buffer
(1 pL) supplied by the manufacturer. The reaction was carried out in a PCR thermal cycler as
follows: preheating at 95 °C for 1 minutes, denaturation at 95 °C for 0.5 minute, annealing at
46 °C for 0.5 minute, elongation at 72 °C for 0.5 minute and final extension at 72 °C for

S23



1 minute. The amplification was stopped after 25 cycles. The final product was purified by
using QIAquick nucleotide removal kit (QIAGEN) according to protocol and eluted in the final
step with 30 pL of MilliQ water (Figure S22A)

4.1.1.2. Enzymatic syntheses of the hmU, mC, hmC modified promoter-downstream
regions

The synthesis of the modified downstream portion was performed by using a reaction mixture
(10 pL) containing Vent(exo) DNA polymerase (New England Biolabs; 0.5 pL;
2 U/uL), forward and reverse primers (20 uM; 1 pL Prim"OR-PalV-la_p and 20 uM; 1 uL; PrimREV-
PalV-la ) either d5ShmUTP, d5mCTP or d5hmCTP (4 mM; 0.5 uL), 235-mer template
(20 ng/uL; 0.25 pL; Temp*ve9—h235) gnd natural dNTPs (dCTP, dGTP and dATP in the case of the
d5hmUTP modified portion and dTTP, dGTP and dATP in the case of the d5mCTP or d5hmCTP
modified portions; 4 mM; 0.5 pL) in the enzyme reaction buffer (1 uL) supplied by the
manufacturer. Forty cycles were run in a PCR thermal cycler using the following protocol:
preheating at 94 °C for 3 minutes, denaturation at 94 °C for 1 minute, annealing at 64 °C for 1
minute, elongation at 72 °C for 1.5 minutes and final extension at 72 °C for 5 minutes. The
obtained products were purified via QlAquick PCR purification kit (QIAGEN) according to
protocol and eluted in the final step in 30 uL of MilliQ water (Figure S22C).

4.1.1.3. Enzymatic synthesis of the dU modified promoter-downstream region

The synthesis of the dU modified downstream region was achieved by mixing Dynazyme Il
DNA polymerase (Thermo Fisher Scientific; 2 U/uL; 0.5 uL), forward and reverse primers
(10 uM; 2 pL PrimfOR-PaV-la_p and 10 uM; 2 pL PrimREV-PeiV-la_F) dUTP (4 mM; 1 ulL), 235-mer
template (20 ng/uL; 0.25 pL; TempPve9-sh235) natural dNTPs (dCTP, dGTP and dATP; 4 mM; 0.3
pL) in appropriate enzyme buffer (1 uL) to give a final volume of 10 pL. The reaction was
conducted in a PCR cycler under the following conditions: preheating at 94 °C for 3 minutes,
denaturation at 95 °C for 1 minute, annealing at 64 °C for 1 minute, elongation at 72 °C for 1.5
minute and final extension at 75 °C for 2 minutes. The amplification was stopped after
30 cycles. The obtained products were purified via QlAquick PCR purification kit (QIAGEN)
according to protocol and eluted in the final step with 30 pL of MilliQ water (Figure S22B).

B) T duhmU L C C mC hmC C)

Figure $22: Agarose gel analysis of the downstream and upstream regions obtained by PCR. A) Lane 1 (L): ladder
(mix of DNA sequences of specific number of base pairs); lane 2 (A): upstream unmodified DNA region. B) Lane
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1and 6 (L): ladder (mix of DNA sequences of specific number of base pairs); lane 2 and 8: (T*, C*): positive controls,
PCR run in presence of natural dNTPs; lane 3 (T'): negative control, PCR run in the presence of dATP, dGTP, dCTP;
lane 4 (dU): dU modified PCR product; lane 5 (hmU): hmU modified product; lane 8 (C’): negative control, PCR
run in presence of dATP, dGTP, dTTP; lane 9 (mC): mC modified PCR product; lane 10 (hmC): hmC modified
product; C) Lane 1 (L): ladder (mix of DNA sequences of specific number of base pairs); lane 2 (T*): positive control
for the downstream region amplified by Dynazyme DNA polymerase, i. e. PCR run in presence of natural dNTPs;
lane 3 (T"): negative control, PCR run in the presence of dATP, dGTP, dCTP; lane 4 (dU): dU modified PCR product.

4.1.2. DNA Ligation

The ligation between the modified promoter-downstream portion and the natural upstream
portion (including the promoter) was performed at a molar ratio of 1:2 (downstream to
upstream region), and catalysed by T4 DNA Ligase. The reaction mixture (20 uL) was prepared
by mixing T4 DNA Ligase (New England Biolabs; 400 U cohesive end units/uL; 2 uL), 0.4 pg of
modified downstream portion, 0.33 pg of unmodified upstream portion and dATP (4 mM; 0.5
uL) in the Ligase reaction buffer supplied by the manufacturer (2 uL). The reaction mixture
was incubated at 16 °C overnight and then purified through magnetoseparation (Agencourt
AMPure XP magnetic particles, Beckman Coulter) according the protocol (see 2.3.1.). To allow
the isolation of the desired product from the mixture containing downstream-downstream
and upstream-upstream portions products, agarose gel purification (E.Z.N.A. Gel Extraction
Kit from Omega Bio-Tek) was carried out on 1.3 % agarose gel, stained with GelRed and run in
0.5X TBE buffer, for 90 minutes at 118 \Y
(Figure S23).

Figure $23: Agarose gel analysis of the ligation between the upstream and downstream DNA region. Lane 1 (L):
ladder (mix of DNA sequences of specific number of base pairs); lane 2 (A): natural DNA upstream region;
lane 3 (B): natural DNA downstream region; lane 4 (C): natural full length DNA template (235-mer); lane 5 (D):
products after ligation between the unmodified upstream and downstream regions; lane 6 (dU): products after
ligation between the unmodified upstream region and dU modified downstream region; lane 7 (hmU): products
after ligation between the unmodified upstream region and hmU modified downstream region; lane 8 (mC):
products after ligation between the unmodified upstream region and mC modified downstream region; lane 9
(hmC): products after ligation between the unmodified upstream region and hmC modified downstream region.
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4.1.3. Amplification of the modified templates

Table S5: List of oligonucleotides used for synthesis of 235-mers amplified from the modified
templates extracted from agarose gels

Oligonucleotide- | Sequence (5" >3°) Length

PRIMERS

PrimFoR-Palv CGTCTTCAAGAATTCTATTTGACAAAAATGGGCTCGTG | 54-mer
TTGTACAATAAATGTG

PrimREV-Palv GGAGAGCGTTCACCGACAAACAACAGATAAAACGAAA | 40-mer
GGC

To verify that we had generated the desired DNA sequence and that the subsequent
purificaton from agarose gels did not have any deleteriuous effects, amplifications of the
templates extracted from the gels were carried out. The reaction mixture (10 uL) was prepared
by mixing KOD XL DNA polymerase (Merck, Novagen; 2.5 U/uL; 0.5 pL), forward and reverse
primers (20 pM; 1 pL PrimfORPVI and 20 uM; 1 pL  PrimREV-Pavi)
(Table S5), modified template extracted from the gel (20 ng/uL; 1 pL) and natural dNTPs
(4 mM; 0.5 pL) in polymerase reaction buffer (1 uL). Forty PCR cycles were run in PCR thermal
cycler using the following protocol: preheating at 94 °C for 3 minutes, denaturation at 94 °C
for 1 minute, annealing at 68 °C for 1 minute, elongation at 72 °C for 1 minute and final
extension at 72 °C for 5 minutes. The PCR products were purified via QlIAquick PCR purification
kit (QIAGEN) and subjected to electrophoresis analysis on 1.3 % agarose gel, run in 0.5x TBE
buffer for 90 minutes at 118 V, and stained with GelRed (Figure 524). Subsequently, the PCR
products were sequenced and in all cases the correct sequences were detected.

L A dUu hmU mC hmC

Figure S24: Agarose gel analysis of the products obtained from amplification of the modified templates. Lane 1
(L): ladder (mix of DNA sequences of specific number of base pairs); lane 2 (A): full length unmodified 235-mer
template; lane 3 (dU): PCR product obtained from the dU modified template; lane 4 (hmU): PCR product obtained
from the hmU modified template; lane 5 (mC): PCR product obtained from the mC modified template; lane 6
(hmC): PCR product obtained from the hmC modified template.
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4.2. Synthesis of modified promoter-upstream and promoter regions of dsDNA
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4.2.1 Enzymatic syntheses of the dU, hmU, mC, hmC modified promoter region and the
natural downstream region — general remarks

The experiments were designed to obtain blunt-ended DNA with extremities suitable for
subsequent ligation. For this purpose, the reactions were performed with a 5’-FAM labelled
forward primer and a 5’-phospate reverse primer in the case of the upstream promoter
containing portion, and a 5’-phospate forward primer and a 5’-FAM labelled primer for the
downstream portion to promote the ligation only between the desired extremities. For the
synthesis of the upstream portion, a 69-mer DNA template, purchased from Generi Biotech,
was used. For technical reasons the template strand contained modifications in both the
promoter-upstream and promoter regions whereas the nontemplate strand (coding strand)
contained modifications in the promoter region only. The PCR reactions were performed in a
final volume of 200 pL.

The obtained products were purified via QlAquick PCR purification kit or QlAquick nucleotide
removal kit (QIAGEN) according to the protocol and eluted in the final step with 30 pL of MilliQ
water.

Both downstream and upstream portions were finally analysed by gel electrophoresison a 1.3
% agarose gel run in 0.5x TBE buffer and stained with GelRed, (Figure S25).

4.2.1.1. Enzymatic synthesis of the natural downstream region

For the synthesis of the natural portion of the final template, i.e. the promoter-downstream
region (transcribed region), 10 uL of the reaction mixture were prepared mixing: Vent(exo’)
DNA polymerase (New England Biolabs; 2 U/uL; 0.5 L), forward and reverse primers
(20 uM; 1 pL; PrimfORPaV-la p and 20 puM; 1 pL; PrimREV-PalV-la_F)  235-mer template
(20 ng/uL; 0.75 pL; Tempve9-h235 natural dNTPs (4 mM; 0.5 pl) in enzyme reaction buffer
(1 pL) supplied by the manufacturer. Forty cycles were repeated in a PCR cycler under the
following conditions: preheating at 94 °C for 3 minutes, denaturation at 94 °C for 1 minute,
annealing at 64 °C for 1 minute, elongation at 72 °C for 1 minute, followed by a final extension
step at 72 °C for 5 minutes. The obtained PCR product was purified with QlAquick PCR
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purification kit (QIAGEN) and eluted in the final step with 30 pL of MilliQ water
(Figure S25A).

4.2.1.2. Enzymatic syntheses of the hmU, mC, hmC modified promoter region

The hmU, mC and hmC modified promoter regions were synthesized by using 10 uL of solution
containing KOD XL DNA polymerase (Merck, Novagen; 2.5 U/uL; 0.25 uL), forward and reverse
primers (20 uM; 1 pL; Prim™ORP3V_F and 20 uM; 1 pL; PrimREV-Palv-sh_p) 69-mer DNA template
(1 uM; 0.175 pL; TempYs-69mer) natural dNTPs (dCTP, dGTP and dATP; 4mM; 0.075 L in the
case of the d5hmUTP modified portion and dTTP, dGTP and dATP; 4mM; 0.075 L in the case
of the d5mCTP or d5hmCTP modified portions), functionalized dNTPs, either d5hmUTP,
d5mCTP or d5hmCTP (0.5 pL; 4 mM) in appropriate enzyme reaction buffer supplied by the
manufacturer (1 pL). The reaction was conducted in a PCR thermal cycler under the following
conditions: preheating at 95 °C for 1 minute, denaturation at 95 °C for 0.5 minute, annealing
at 46 °C for 0.5 minute, elongation at 72 °C for 0.5 minute and a final extension at 72 °C for 1
minute. The amplification was stopped after 25 cycles. The PCR products were purified with
QIAquick nucleotide removal kit (QIAGENE) and eluted in the final step with 30 pL of MilliQ
water (Figure S25B).

4.2.1.3. Enzymatic syntheses of the dU modified promoter region

For the synthesis of the dU modified promoter region, 0.5 uL of Dynazyme Il DNA polymerase
(Thermo Fisher Scientific; 2 U/uL) was mixed with 1 uL of the 10x enzyme reaction buffer,
forward and reverse primers (10 uM; 2 uL; PrimfORPsV_F and 10 uM; 2 uL; PrimREV-Paivsh_p)
dUTP (4 mM; 1 pL), 69-mer DNA template (1 pM; 0.25 pL; TempY>-69me") and natural dNTPs
(dCTP, dGTP and dATP; 4 mM; 0.3 pL) in a final reaction volume of 10 pL. The amplification
was conducted in a PCR thermal cycler as follows: preheating at 94 °C for 3 minutes,
denaturation at 95 °C for 1 minute, annealing at 46 °C for 1 minute, elongation at 72 °C for 1
minute and a final extension step at 72 °C for 5 minutes. The amplification was stopped after
30 cycles. The PCR product was purified with QlAquick nucleotide removal kit (QIAGENE) and
eluted in the final step with 30 uL of MilliQ water (Figure S25C).

300bp-

A)

Figure S25: Agarose gel analysis of the enzymatic syntheses of the natural downstream region and modified
promoter region. A) Lane 1 (L): ladder (mix of DNA sequences of specific number of base pairs); lane 2 (A): PCR
natural product of the downstream region. B) Lane 1 (L): ladder (mix of DNA sequences of specific number of
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base pairs); lane 2 (T*): positive control for the unmodified promoter region, i.e. PCR run in the presence of the
natural dNTPs, lane 3 (T): negative control, PCR run in the presence of dATP, dGTP, dCTP; lane 4 (dU): dU
modified promoter region; lane 5 (hmU): hmU modified promoter region; lane 6 (L): ladder (mix of DNA
sequences of specific number of base pairs); lane 7 (C*): positive control for the unmodified promoter region, i.e.
PCR run in presence of the natural dNTPs; lane 8 (C’): negative control, PCR run in presence of dATP, dGTP, dTTP;
lane 9 (mC): mC modified promoter region; lane 10 (hmC): hmC modified upstream region. C) lane 1 (L): ladder
(mix of DNA sequences of specific number of base pairs); lane 2 (T*): positive control for the dU modified
promoter region amplified by Dynazyme DNA polymerase, i.e. PCR run in presence of the natural dNTPs; lane 3
(T°): negative control, i.e. PCR run in presence of dATP, dGTP, dCTP; lane 4 (dU): dU modified promoter region
amplified by Dynazyme DNA polymerase.

4.2.2. DNA Ligation

Ligation between the modified promoter portion and the natural downstream portion was
performed with T4 DNA ligase (New England Biolabs; 400 U cohesive end units/uL), using a
molar ratio of 1:3, downstream to upstream region. To the reaction mixture containing
0.4 ug of downstream portion, 0.5 pg of upstream portion, 0.5 puL of 4 mM ATP and 2 L of
10x enzyme reaction buffer, 2 uL of T4 DNA Ligase were added to give a final volume of
20 pL. This mixture was incubated at 16 °C overnight. The reaction mixture was then purified
through magneto-separation (Agencourt AMPure XP magnetic particles, Beckman Coulter)
according to the protocol (see 2.3.1.). To allow the isolation of the desired product from the
mixture containing upstream-upstream and downstream-downstream portions products,
agarose gel purification (E.Z.N.A. Gel Extraction Kit from Omega Bio-Tek) was carried out from
a 1.3 % agarose gel run in 0.5x TBE buffer for 90 minutes at 118 V, and stained with GelRed
(Figure 526).

L

Figure $26: Agarose gel analysis of the ligation between the upstream and downstream DNA portions. Lane 1 (L):
ladder (mix of DNA sequences of specific number of base pairs); lane 2 (A): natural upstream (i. e. promoter)
region; lane 3 (B): natural downstream region; lane 4 (C): natural full length DNA template (235-mer); lane 5 (D):
products after ligation between the unmodified upstream and downstream regions; lane 6 (dU): products after
ligation between the unmodified downstream region and dU modified upstream region; lane 7 (hmU): products
after ligation between the unmodified downstream region and hmU modified upstream region; lane 8 (mC):
products after ligation between the unmodified downstream region and mC modified upstream region; lane 9
(hmC): products after ligation between the unmodified downstream region and hmC modified upstream region.
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4.2.3 Amplification of the modified templates

As previously described, the amplification of the modified templates extracted from agarose
gel was performed to confirm the generation and isolation of the correct sequences.
The reaction mixture (10 pL) was prepared by mixing KOD XL DNA polymerase (Merck,
Novagen; 2.5 U/uL; 0.5 pL), forward and reverse primers (20 uM; 1 uL PrimfOR-PIVI and
20 uM; 1 pL PrimREV-PeVl) (Table S5), modified template extracted from the gel (20 ng/uL;
1 uL) and natural dNTPs (4 mM; 0.5 pL) in polymerase reaction buffer (1 pL). Forty PCR cycles
were run in PCR thermal cycler using the following protocol: preheating at 94 °C for
3 minutes, denaturation at 94 °C for 1 minute, annealing at 68 °C for 1 minute, elongation at
72 °C for 1 minute and final extension at 72 °C for 5 minutes. The PCR products were purified
via QlAquick PCR purification kit (QIAGEN) and subjected to electrophoresis analysis on 1.3 %
agarose gel run in 0.5x TBE buffer for 90 minutes at 118 V and stained with GelRed (Figure
527). Subsequently, the PCR products were sequenced and in all cases the correct sequences
were detected.

5 A dU hmU mC hmC

Figure S27: Agarose gel analysis of the products obtained from the amplification of the modified templates
extracted from agarose gel. Lane 1 (L): ladder (mix of DNA sequences of specific number of base pairs); lane 2
(A): full length unmodified 235-mer template; lane 3 (dU): PCR product obtained from the dU modified template;
lane 4 (hmU): PCR product obtained from the hmU modified template; lane 5 (mC): PCR product obtained from
the mC modified template; lane 6 (hmC): PCR product obtained from the hmC modified template.
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4.3. Synthesis of modified promoter-upstream and promoter regions in the template
strand of DNA
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4.3.1. Enzymatic syntheses of Temp*v¢9-sh235 and TempP e9-sh181 DNA templates

4.3.1.1. Enzymatic synthesis of the Temp”’¢9-sh235 DNA template

The non-labelled 235-mer DNA template, Temp?'e9-sh235 | \as prepared with PCR by mixing
KOD XL DNA polymerase (Merck, Novagen; 2.5 U/ ulL; 0.1 pL), forward and reverse
NON- labelled primers (PrimfP9 and Prim®?-P9l_p; 20 uM; 1 pL each), the already described
339-mer template, Temp®¢9 (20 ng/uL; 1 pL), natural dNTPs (4 mM; 0.5 pL) and the enzyme
reaction buffer supplied by the manufacturer (1 L) in a final reaction volume of 10 puL. Forty
PCR cycles were conducted in a PCR thermal cycler and the reaction was performed as follows:
preheating at 94 °C for 3 minutes, denaturation at 94 °C for 1 minute, annealing at 72 °Cfor 1
minute, elongation at 72 °C for 1 minute, final extension step at
72 °C for 5 minutes. The final product was purified and extracted from 1.3 % agarose gel,
stained with GelRed and run in 0.5x TBE buffer for 90 minutes at 108 V, by using the EZNA Gel
Extraction kit (OMEGA Biotek) according to the protocol and eluted in the final step with 30
puL of MilliQ water. The obtained product was used as a DNA template for the following
amplification.

4.3.1.2. Enzymatic synthesis of the Temp”v¢9-sh181 DNA template

The FAM-labelled 181 mer DNA template was prepared with PCR by mixing Tag DNA
Polymerase (New England Biolabs; 5 U/ uL; 1 uL), natural forward primer and 5’-FAM labelled
reverse primer (20 uM; 1 pL; Prim™P9"_p and 20 pM; 1 plL PrimREV-PaI/IRI/RS )
the 339-mer template (20 ng/uL; 1 uL; Temp*é9), natural dNTPs (4 mM; 0.5 pL) in the enzyme
reaction buffer supplied by the manufacturer (1 pL) for a final reaction volume of
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10 pL. The amplification was performed in a thermal cycler under the following conditions:
preheating at 94 °C for 3 minutes, denaturation at 94 °C for 1 minute, annealing at 55 °C for 1
minute, elongation at 72 °C for 1 minute, followed by final extension step at 72 °C for
5 minutes. The final product was purified and extracted from 1.3 % agarose gel, stained with
GelRed and run in 0.5X TBE buffer for 90 minutes at 108 V, by using the EZNA Gel Extraction
kit (OMEGA Biotek) according to the protocol and eluted in the final step with 30 pL of MilliQ
water. The obtained product was used as a DNA template for the following amplification.

4.3.2. Amplification of the natural DNA templates for subsequent Lambda exonuclease
digestion — general remarks

For the full length template (the 235-mer), the amplification was performed with a
5’-phosphate-containing reverse primer while for its shorter version (181-mer),
the 5’-phosphate-containing forward primer was used to allow, in both cases, the subsequent
Lambda exonuclease digestion. The PCR reactions were performed in a final volume of 150 pL.
The obtained PCR products were purified with QlAquick PCR purification kit (QIAGEN) and
eluted in the final step with 30 pL of MilliQ water. The final analysis was performed by gel
electrophoresis on a 1.3 % agarose gel stained with GelRed in 0.5x TBE buffer.

4.3.2.1. Amplification of the natural 235-mer DNA template

For the synthesis of the 235-mer template, Vent(exo) DNA polymerase (New England Biolabs;
2 U/uL; 1 pL) in appropriate enzyme reaction buffer (1 pL) was added to the mixture (final
volume 10 uL) containing 5’-FAM labelled forward primer and 5’-phosphate reverse primer
(20 uM; 1 pL; Primf2P9_F and 20 uM; 1 pL; Prim®?-Pall_p) 235-mer DNA template (20 ng/pL;
1 pL; TempPvea—sh235) natural dNTPs (4 mM; 0.5 uL), supplied by the manufacturer. Forty PCR
cycles were conducted in a PCR thermal cycler and the reaction was performed as follows:
preheating at 94 °C for 3 minutes, denaturation at 94 °C for 1 minute, annealing at 55 °Cfor 1
minute, elongation at 72 °C for 1 minute, followed by final extension step at 72 °C for 5
minutes (Figure 528).

4.3.2.2. Amplification of the natural 181-mer DNA template

The synthesis of the 181-mer template was achieved by preparing a reaction mixture (final
volume 10 pl) containing: Vent(exo’) DNA polymerase (New England Biolabs; 2 U/uL; 1 ulL),
10x enzyme reaction buffer (1 uL), forward and reverse primers (20 uM; 1 uL; Prim*3-Pd!_p
and 20 pM; 1 pL; PrimREV-Pall/l-R1/R3  F) 181-mer DNA template (20 ng/ pL; 1 uL; Temp?vea-sh1él)
and standard dNTPs (4 mM; 0.5 pL). The amplification was performed in a PCR cycler under
the same conditions as previously described for the 235-mer template (Figure S28).
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Figure $28: Agarose gel analysis of the natural DNA templates for subsequent Lambda exonuclease digestion.
Lane 1 (L): ladder (mix of DNA sequences of specific number of base pairs); lane 2 (A): 235-mer DNA template;
lane 3 (B): 181-mer DNA template.

4.3.3. Lambda exonuclease digestion and annealing of the complementary sequences

4.3.3.1. Lambda exonuclease digestion of prepared dsDNA

The generation of the single stranded DNA from the double stranded PCR products was
accomplished by using 3.5 U of Lambda exonuclease (New England Biolabs; 5 U/uL) per
microgram of double stranded DNA. For both templates, the 235-mer and the 181-mer, in a
10 pg of dsDNA were mixed with 7 pL of Lambda exonuclease and 10 pL of enzyme reaction
buffer supplied by the manufacturer in a final reaction volume of 100 uL. The mixture was
incubated at 37 °C for 1 hour and the DNA then extracted from the mixture by phenol-
chloroform. The single stranded DNA was finally recovered through acetone precipitation and
dissolved in 30 pL of MilliQ water. The obtained single stranded products were analysed on a
1.3 % agarose gel, stained with GelRed and run in 0.5X TBE buffer for
90 minutes at 118 V (Figure S29).

i

Figure 529: Agarose gel analysis of the natural DNA templates after PCR and after Lambda exonuclease digestion.
Lane 1 (L): ladder (mix of DNA sequences of specific number of base pairs); lane 2 (A): double stranded 235-mer
DNA template; lane 3 (B): single stranded 235-mer DNA template; lane 4 (C): double stranded 181-mer DNA
template; lane 5 (D): single stranded 181-mer DNA template.

4.3.3.2. Annealing of complementary ssDNA sequences
The subsequent hybridization between the 235-mer ssDNA and the 181-mer ssDNA was
performed in Tris-HCl (10 mM Tris, 50 mM NaCl, 1 mM EDTA, pH = 8) containing buffer,
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at a molar ratio of 1:1 to yield a final DNA concentration of 0.3 uM, and carried out by heating
the mixture at 95 °C and slowly cooling it down to 25 °C for 95 minutes. The resulting duplex
was submitted to primer extension experiments (Figure S30).

4.3.4. PEX reactions

The primer extension was performed by mixing KOD XL DNA polymerase (Merck, Novagen; 2.5
U/ uL; 3 pL), 10X enzyme reaction buffer (6 pL), the complex template and appropriate primer
(0.3 uM; 12 pL), the functionalized dNTP (either dUTP, d5hmUTP, d5mCTP or d5hmCTP; 4mM;
3 plL) and suitable natural dNTPs mixture (either dATP, dGTP, dCTP for the dUTP and d5hmUTP
modified templates or dATP, dGTP, dTP for the d5mCTP and d5hmCTP modified templates; 4
mM; 3 L), in a final reaction volume of 60 uL. The mixture was incubated at 65 °C for 30
minutes and purified through magneto separation (Agencourt AMPure XP magnetic particles,
Beckman Coulter). The samples were finally analysed
on a 1.3% agarose gel run in 0.5x TBE buffer at 118 V for 90 minutes and stained with GelRed
(Figure S30).

Figure $30: Agarose gel analysis of the DNA templates with modified promoter-upstream and promoter regions
in the template strand of DNA. Lane 1 (L): ladder (mix of DNA sequences of specific number of base pairs); lane
2 (T*): positive control, i.e. PEX reaction run with natural dNTP; lane 3 (T°): negative control, reaction run with
dATP, dGTP, dCTP; lane 4 (dU): dU modified template; lane 5 (hmU): 5hmU modified template; lane 6 (C*):
positive control, i.e. PEX reaction run with natural dNTP; lane 7 (C): negative control, reaction run with dATP,
dGTP, dTTP; lane 8 (mC): 5mC modified template; lane 9 (hmC): 5hmC modified template.

4.4. Synthesis of modified promoter-upstream and promoter regions in the coding
strand of DNA
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4.4.1. Synthesis of modified promoter-upstream and promoter regions in the coding
strand of DNA-general remarks
To prepare modified templates for transcription, PCR reactions were performed in a total final
volume of 60 pL. All samples were prepared in the presence of NON-labelled
(modified Prim @’ and non-modified PrimREV-Pal-R1/R3) commercially available primers.
Thirty PCR cycles were run in a thermal cycler under the following conditions: preheating for
3minutes at 94°C, denaturation for 1 minute at 94°C, annealing for 1 minute at 68°C, extension
for 1 minute at 72°C, followed by final extension step of 5 minutes at 75°C. PCR products were
separated on agarose gels and subsequently extracted from the gels (E.Z.N.A. Gel Extraction
Kit from Omega Bio-Tek) followed by purification by Agencourt AMPure XP magnetic beads
according to the protocol (see 2.3.1.). The product was in the last step eluted by 40 uL of MilliQ
water. Control 1.3% agarose gels were stained by GelRed.

44.1.1. Synthesis of dU-modified DNA in promoter-upstream and promoter regions
of the coding strand

The PCR reaction mixture (20 pL) contained KOD XL (Merck; Novagen; 2.5 U/uL; 0.4 uL) or
Dynazyme |l (Thermo Fischer Scientific) DNA polymerase, four natural dNTPs (dCTP, dGTP,
dTTP and dATP; 5mM; 0.8 pL), 235-mer template (30 ng/uL; 2 pL; TempPre9-h235) and primers
(20 pM; 2 pL; PrimFOR-Pal-dU18 3nd 20 uM; 2 pL; PrimREV-Pal-R1/R3) in 10x reaction Buffer for KOD
XL or for Dynazyme (2 pL) supplied by the manufacturer. PCR with KOD XL DNA polymerase
was not successful. Therefore, the PCR product for transcription was prepared using
Dynazyme Il DNA polymerase (Figure S31 and Figure S32).

Figure $31: Gel analysis of PCR products. The order of samples is as follows: Lane 1 (L): ladder (mix of commercial
dsDNA with specific length); Lane 2 (K+): PCR was run in the presence of the non-modified primer PrimoR-all;

Lane 3 (K): PCR was run in the absence of a forward primer; Lane 4, (dU®): PCR was run in the presence of
PrimfoR-Pall-du1s.

4.4.1.2. Synthesis of hmU-modified DNA in promoter-upstream and promoter
regions of the coding strand

The PCR reaction mixture (20 plL) contained KOD XL DNA polymerase (Merck; Novagen;

2.5 U/uL; 0.4 pL), four natural dNTPs (dCTP, dGTP, dTTP and dATP; 5 mM; 0.8 uL), 235-mer

template (30 ng/uL; 2 puL; Temp®ve9-sh235) and primers (20 uM; 2 pL; PrimfOR-Pgll-d5hmU18 5
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20 UM; 2 pL; PrimREV-Pal-RI/R3) in 10x reaction Buffer for KOD XL (2 pL) supplied by the
manufacturer (Figure S32).

4.4.1.3. Synthesis of mC-modified DNA in promoter-upstream and promoter regions
of the coding strand

The PCR reaction mixture (20 uL) contained KOD XL DNA polymerase(Merck; Novagen;

2.5 U/uL; 0.4 pL), natural dNTPs (dCTP, dGTP, dTTP and dATP; 5 mM; 0.8 uL), 235-mer

template (30 ng/uL; 2 pL; Temp®ed —-h235%) and primers (20 pM; 2 pL; PrimfOR-Pall-d5mcs 5nd

20 pM; 2 pl; PrimREV-PAI-RI/R3) in 10x reaction Buffer for KOD XL (2 L) supplied by the

manufacturer (Figure S32).

4.4.1.4. Synthesis of hmC-modified DNA in promoter-upstream and promoter
regions of the coding strand

The PCR reaction mixture (20 plL) contained KOD XL DNA polymerase (Merck; Novagen;

2.5 U/uL; 0.4 pL), natural dNTPs (dCTP, dGTP, dTTP and dATP; 5 mM; 0.8 uL), 235-mer

template (30 ng/uL; 2 pL; Temp®ve9 —-sh235) and primers (20 pM; 2 plL; PrimfOR-Pgll-d5hmc8 54

20 uM; 2 pl PrimREV-Pal-R1/R3) in 10x reaction Buffer for KOD XL (2 plL) supplied by the

manufacturer (Figure $32).

Figure $32: Gel analysis of PCR products modified in promoter-upstream and promoter region of DNA in the
coding strand. The order of samples is as follows: Lane 1 (L): ladder (mix of commercial dsDNA with specific
length); Lane 2 (K+): PCR was run in the presence of the non-modified primer PrimfOR-Pall. | ane 3 (K): PCR was
run in the absence of a forward primer; Lane 4, (dU): PCR was run in the presence of PrimFOR-Pgll-dU18. | oo 5
(hmU): PCR was run in the presence of PrimfOR-Pall-dshmU18. | ohe 6 (mC): PCR was run in the presence of
PrimFOR-Pgll-d5mC8. | oo 7 (hmC): PCR was run in the presence of PrimFOR-PaI-C8hM bR samples were analysed

by agarose gel stained with GelRed.
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4.5. Synthesis of DNA modified in the the coding strand of the promoter region

' 5' :3‘
template | g: 3
3‘:5'

promoter gene

primer E 5 -3

L 5 OO O

- 3
product | 5 HXH—B
(PCR) i 3

4.5.1. Synthesis of DNA modified in the the coding strand of the promoter region -
general remarks
To prepare modified templates for transcription, PCR reactions were performed in a total final
volume of 60 pL. All samples were prepared in the presence of NON-labelled
(modified PrimfoR-Pa! and non-modified PrimREV-Pa!-R1/R3) commercially available primers.
Thirty PCR cycles were run in a thermal cycler under the following conditions: preheating for
3 minutes at 94°C, denaturation for 1 minute at 94°C, annealing for 1 minute at 68°C,
extension for 1 minute at 72°C, followed by final extension step of 5 minutes at 75°C. PCR
products were separated on agarose gels, extracted from the gels, and subsequently purified
with Agencourt AMPure XP magnetic beads according to the protocol (see 2.3.1.). The product
was in the last step eluted with 40 uL of MilliQ water. Control 1.3% agarose gels were stained
by GelRed.

4.5.2. Synthesis of dU-modified DNA in the the coding strand of the promoter region

The PCR reaction mixture (20 pL) contained KOD XL (Merck; Novagen; 2.5 U/uL; 0.4 uL) or
Dynazyme |l (Thermo Fischer Scientific) DNA polymerase, natural dNTPs (dCTP, dGTP, dTTP
and dATP; 5 mM; 0.8 pL), 235-mer template (30 ng/uL; 2 pL; TempPve?-sh235) and primers
(20 uM; 2 pL; PrimfORPaldULL ang 20 uM; 2 pL PrimREV-P9I-R1/R3) in 10x reaction Buffer for
KOD XL or Dynazyme (2 pL) supplied by the manufacturer. PCR with KOD XL DNA polymerase
did not proceed. PCR product for transcription was prepared using Dynazyme |l DNA
polymerase (Figure S33 and Figure $34).

L Kt K dU"

Figure $33: Gel analysis of PCR products. The order of samples is as follows: Lane 1 (L): ladder (mix of commercial
dsDNA with specific length); Lane 2 (K+): PCR was run in the presence of the non-modified primer Primor-Fd!l;
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Lane 3 (K): PCR was run in the absence of a forward primer; Lane 4, (dU*): PCR was run in the presence of
PrimFOR-Pal-dU11 pCR samples were analysed by 1.3% agarose gel stained with GelRed.

4.5.3. Synthesis of hmU-modified DNA in the the coding strand of the promoter region
The PCR reaction mixture (20 pL) contained KOD XL DNA polymerase(Merck; Novagen;
2.5 U/uL; 0.4 pL), natural dNTPs (dCTP, dGTP, dTTP and dATP; 5 mM; 0.8 uL), 235-mer
template (30 ng/uL; 2 pL; Temp’e9—sh235) gnd primers (20 uM; 2 pL; PrimfOR-Pgll-dshmU1l 5
20 uM; 2 pL PrimREV-Pal-RI/R3) in 10x reaction Buffer for KOD XL (2 pL) supplied by the
manufacturer (Figure S34).

4.5.4. Synthesis of mC-modified DNA in the the coding strand of the promoter region

The PCR reaction mixture (20 pL) contained KOD XL DNA polymerase(Merck; Novagen;
2.5 U/uL; 0.4 pL), natural dNTPs (dCTP, dGTP, dTTP and dATP; 5 mM; 0.8 uL), 235-mer
template (30 ng/uL; 2 pL; Tempve9-sh235) and primers (20 uM; 2 pl; PrimfOR-Pall-d5mt4 ond 20
UM; 2 plL PrimREV-Pal-RI/R3) in 10x reaction Buffer for KOD XL (2 uL) supplied by the
manufacturer (Figure S34).

4.5.5. Synthesis of hmC-modified DNA in promoter region of coding strand

The PCR reaction mixture (20 pL) contained KOD XL DNA polymerase(Merck; Novagen;
2.5 U/uL; 0.4 pL), natural dNTPs (dCTP, dGTP, dTTP and dATP; 5 mM; 0.8 uL), 235-mer
template (30 ng/uL; 2 pL; Temp®ved —h235) and primers (20 uM; 2 uL; PrimfOR-Pall-dshmcs 54
20 uM; 2 pL PrimREV-Pal-RI/R3) in 10x reaction Buffer for KOD XL (2 pL) supplied by the
manufacturer (Figure S34).

Figure $34: Gel analysis of PCR products modified in promoter region of coding strand. The order of samples is
as follow: Lane 1 (L): ladder (mix of commercial dsDNA with specific length); Lane 2 (K+): PCR was run in the

presence of non-modified primer PrimfOR-Pall. | ane 3 (K): PCR was run in the absence of forward primer;
Lane 4, (dU): PCR was run in the presence of PrimFOR'Pg”'dUﬂ; Lane 5, (hmU): PCR was run in the presence of
PrimFOR-Pgll-d5hmU11. | oo 6 (mC): PCR was run in the presence of PrimFOR-Pall-d5mCa. | o e 7 (hmC): PCR was

run in the presence of PrimFOR-Pgll-d5hmC4 pcp samples were analysed by agarose gel stained with GelRed.
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5. Invitro transcription assay

5.1. DNA templates quantification

DNA concentration was measured by the NanoDrop spectrophotometr and subsequently
diluted to 5 ng/uL in water. 25 ng of 32P-labelled DNA were resolved on a 5% polyacrylamide
(PAA) gel without urea. 50 ng of NON-labelled DNA was analyzed on a 1.5% agarose gel dyed
with 10 000x diluted GelRed (Biotium). The PAA gels were dried, exposed to Fuji MS phosphor
storage screens and scanned with a Molecular Imager FX (BIORAD) and analyzed with Quantity
One program (BIORAD). NON-labelled DNA was visualized by UV light and DNA templates were
analysed with Quantity One program (BIORAD).

5.2. Multiple round in vitro transcription assays

Multiple round transcription assays were performed as described 3, unless stated otherwise.
The experiments were carried out in 10 pL with 5 ng of template, 100 mM Tris pH 8, 125 mM
MgCl,, 50 mM DTT, 90 mM KCl, 30 nM Escherichia coli RNAPG’® holoenzyme (New England
Biolabs) and NTPs (200 uM ATP, 1000 uM GTP, 200 uM CTP, 10 uM UTP plus 3.7 kBq [a-
32PJUTP). RNAP was used diluted in 50 mM Tris—HCI| pH 8.0, 0.1 M NaCl, 50% glycerol. The
samples were preheated for 10 min at 37°C and the reactions were initiated with NTPs. The
reactions were then allowed to proceed for 10 min at 37°C. Subsequently, the reactions were
stopped by the addition of 10 pL of formamide stop solution (95% formamide, 20 mM EDTA,
pH 8.0). The samples were loaded onto 7% polyacrylamide gels. The gels were dried and
exposed to Fuji MS phosphor storage screens and scanned with a Molecular Imager FX
(BIORAD) and analysed with Quantity One program (BIORAD).

Finally, the transcript signals were normalized to signals from the DNA templates and these
values were compared to the K+ values (natural DNA template). The natural DNA templates,
namely the DNA templates synthesized in the presence of natural dNTPs, reported on the
transcription assays gels are unambigously indicated as K*, differently from the PCR products
analisys gels, on which natural DNAs (positive controls for the reactions) were reported like T*
and C".

5.3. Invitro transcription assays on U, 5hmU-containing DNA

In vitro transcription asssays with fully modified DNA templates (U, 5hmU) were performed.
DNA template quantification and multiple round in vitro transcription assays were performed
as described in 5. DNA templates were 3?P-labelled. The transcription assays were performed
with these samples with concentrations adjusted according to DNA gel electrophoreses and
guantitation (Figure S35). The two bands in K+ are due to a crack in the gel and not to the
presence of two DNA species.
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Figure $35: (A) Gel electrophoresis of DNA templates (radiolabelled) and RNA transcripts and (B) quantitation of

transcriptions from full length U or 5ShmU modified templates. K+ is non modified DNA. The bar graph shows the
average from two independent experiments. K+ was set as 100%. The error bars show the range.
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Supporting Information Il
For
5-(Hydroxymethyl)uracil and —cytosine as epigenetic marks enhancing or inhibiting

transcription with bacterial RNA polymerase

Sequencing of DNA templates:

The correct sequence of all PCR products was confirmed by LIGHTRUN tube Sequencing
service (GATC Biotech AG, Germany) using standard Sanger sequencing. The DNA templates
with modified dsDNA downstream region and with modified dsDNA upstream region (sections
2.1 and 2.2) were used for their rePCR, according to the protocol reported in the sections
4.1.3. and 4.2.3. of the SI, with natural dNTPs and the resulting products were sent for
sequencing.

Red underlined part shows exact match of sequenced DNA with expected sequence in the
presence of reverse primer. Blue underlined part shows exact match of sequenced DNA with
expected sequence in the presence of forward primer. Double, violet underlined part was
correctly sequenced in the presence of either forward or reverse primer.



1. Sequencing of fully modified 339-mers, 340-mers and 235-mers of DNA
1.1. Sequencing of fully modified DNA (339-mers) with promotor region of Pveg
1.1.1. dU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA CAA TAA ATG TGT CTA AGC TTG GGT CCC ACC TGA CCC CAT GCC GAA CTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG

CCA GGCATC AAATAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3.

Primary strand (exact match for 283 bp):

! 0 & % % 50 0

~ NNNNNNNNN.  NNN - TGACATTAACCTATARARATAGGCG
?!J 8!3 Q.D 10.0 1 1.0 1"0

Iy S "j\ a"nj\

4 vy W
TATCA-GGCCCTTTCGTCTTCAAGAITIC TATTTGACAAAAATGGGCTCGTGTTGTACAATA
130 140 150 160 170 180 190

AATGTGTCTAAGCTTGGGTCCCACC TGACCCCATGCCGAAC TCAGAAGTGAAAC GC-AGC GC
200 210 220 230 240 250

A A f\ .'I"' ~ &N A -"" I\ AW Nyl '
CGATGGTAGTGTGGGETC T CCCATGC GAGAGTAGGGAAC TGCCAGGCATCAAATAARACGAAR
260 270 280 200 300 3o ale

|
AMNAAANNA NN W WA uu-.m.!

G[E]CTCAG-AAAGACTGG-TTTCGTTTTATCTGTTGTTTGTCGG_C-TC C C

Complementary strand (exact match for 298 bp):

e . AN LAY A VAN AV Y
TTCGTTTIMATTTGATGCCTGGCAGTTCCCTACTCH
100 110 ILD
I -

MM [\ VWMWY

_TGG.GAGACCCCACAC TACCATCGGCGC TACGGCGT TTCACTTCTGAGT TCGGCRTGGGG
1?0 1?0 15|U 1B|D 1]:'0 13|U 19|U
= I_|—|_| LT LT

N I'I '. I'I \ |l|", .I' \ ."' ,' I- |l,"'|I Inll R .llnl|| II"III \ If‘ll II“II ‘ R I-J-. fi | \ |r \ |"I 1|| . N

TCAGGTGGGACCCARGCTTAGACACAT TTAT TGTACAACACGAGCCCAT TT T TGTCAAATAGAA
2 0 230 240 250

"UIJ l
|| A ,'J'.
NNV MMA WA A MR A A A AAAAAA
TTCTTGAAGACGAAAGGGCCTCGTGATACGCC TATTTTTATAGGTTAATGTCRTGATAATAATG
260 270 280 290 an0o 310 313

GTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCG_F\_



1.1.2. hmU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA CAA TAA ATG TGT CTA AGC TTG GGT CCC ACC TGA CCC CAT GCC GAA CTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG
CCA GGC ATC AAA TAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3”

Primary strand (exact match for 280 bp):

40 G0

N\ YAY
TEACATTAACC TATAAARATAGGCGT
i & By 100 110 120

ATCACGAGGCCCTTT.GTCTTCA.GA.T | TATTTGACAAAAATGGGCTCGTGTTGTACAATAA
130 140 150 160 170 180 190

ATGTGTCTAAGCTTGGGTCCCACC TGACCCCA-CCGAAC TCAGAAGTGAAACGCCGTAGCGCC
200 210 220 230 240 250

— -—|_|—|_|—|—l—.|_l—|_l—|_l_l—|_':_

WA AANN WA ANV WAV AV VY|
GATGGTAGTGTGGGGTCTCCCCHTGCGHGHGTHGGGHHCTGCCHGGCRTCRHRTRHRHCGRHRG
260 270 280 200 aoo a0 19

_1&»"\{\ VATAY M’\f\(\/\ ANV WAAANNAAANAN NN f\ﬂ/\/\/\aﬂ%\@&

GCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCT_

Complementary strand (exact match for 236 bp):

\/ | | ‘. \ ‘
GGGGTCAGGTGGGACCCAAGC T TAGACACATTTAT TGTACAACAC GAGCCCATTT T TGTCAAAT
200 210 220 230 240 250




1.1.3. mC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA CAA TAA ATG TGT CTA AGCTTG GGT CCC ACC TGA CCC CAT GCC GAA CTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG
CCA GGCATC AAATAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3”

Primary strand (exact match for 284 bp):

TG.C.TTAACCTATAAAAATAGGCGTATCAC
0 &0 an 100 1o 120

, \‘l |
GAGGCCCTTTCGTCTTCAAGAATTC TATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGTG
130 140 150 160 170 180 190

I n Fal
fl A , . .I b a
TCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGATGE
200 210 220 230 240

VAl .-l"\.'l ',‘__’-__‘__..'-__U..-"-__ YAV AT B TAY | '-_\’_.’._“_.-".. ‘A TRVAY A RYA
TAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCA
260 270 280 200 300 3o 30
—— T ———

I
L fa¥ BYAYY

G-CCTT-CGTTT-T T-GATGCCTGGCAGTTCCCTACT
i a0 a0 100 1o 120

r AT h n ".A
/\,m WAV
C_TGGG.AGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGG
130 140 150 160 170 180 190

|'
1|.» .~
MV /\Mm” W ;
GGTCAGGTGG-CCCAAGCTTAGACACATTTATTGTACAACACGAGCCCATTTTTGTCAAATAG
"‘OIZI "‘l 220 "30 240 260

N ey T e e el

AATTCTTGAAGACGAAAGGGCC TCGTGATACGCCTATTTTTATAGGT TAATGTCATGATAATAA
260 270 280 "QD 300 3o EIE

TGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGC-A_



1.1.4. hmC-modified DNA

5'-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA CAA TAA ATG TGT CTA AGCTTG GGT CCC ACC TGA CCC CAT GCC GAA CTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG
CCA GGCATC AAATAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT

CGG TGA ACG CTCTCC-3’

Primary strand (exact match for 290 bp):

Y Y XX (V|
 THA T TATCA T CACKT TARCCTA TAAAA-TAGGCGTATCA-GG
T an ao 100 1o 120

n

CCCTTTCGTCTTCA.GAATTCTATTTGACAAAAATGGGCTCGTGTTGTACAATAAATGTGTCTA
130 140 150 160 170 180 190

T AT TR
AGCTTGGGTCCCACCTGACCCCA-CCGAAC TCAGAAGTGAAACGCCGTAGC GCCGATGGTAGT
200 210 220 230 240 "50

Wi A A Vs s Ml

GTGGGGTCTCCCCATGCGA-GTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCRGTCG

260 270 280
L

AV ¥s

WA WAAAAANAA AAN JAVATS !
AR AT e e T I T I T T T AT e T T T C T C B AR CC T e TE N7

Complementary strand (exact match for 294 bp):

Y\ ALY VIR /)
_TGAICCITTCITTTIATTTGAIGCCTGGCAGTTICCTACTCT

QP 100 110 hU

. / \/! A_ A A |/
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CGCATGGGGAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGHGTTCGGCHTGGGG
130 a0

J'I'. 'uﬂ\ M

ITCAGGTGGGACCCAAGCTTAGACACAT TTAT TGTACAACACGAGCCC-T T TT TGTCAAATAGAA
200 210 220 230 240 2560

GTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCG_



1.2. Sequencing of fully modified DNA (340-mers) with promotor region of BP1
1.2.1. dU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT
CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA GACTGG GCCTIT CGT TTT ATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 272 bp):

i N "| f
AW WAV
G—ATTGCAATAAATAAATACAGGTGT-TATTAT
1:?0 140 15.0 IBD D ISD 190

LMAMAMM A AN AR A A A A AA
TAAACGTCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGC
220 "30 240 "50
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GGCTCAGTCGAAAGACTGGGCCTTTCGTTTIATCTGTTGTTTGTC

Complementary strand (exact match for 299 bp):
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CAGGTGG_CCCARGCTTAGACGTTTAATAATATAACACCTGTATTTATTTATTGCAATAGGA-
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TTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTThhTGTChTGhThhThRTG
260 270 280 290 an0o an
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GTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGC-A.CCCCT_
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1.2.2. hmU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT

CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAAGACTGG GCCTIT CGT TTT ATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 291 bp):
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AN\ YD VWW AWV
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?:J 8:2! QP 10|0 l1|0 I‘IO
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CGTCTAAGCTTGGGTCCCACCTGACCCCATGCCGAAC TCAGAAGTGAAACGCCGTAGCGCCGAT
200 210 220 230 240 250
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GGTAGTGTGGGGTCTCCCCATGCGPLGPLGTPLGGGPLPLCTGCC.PLGGC.PLTChﬂhThhththhGGcT
260 270 280 200 300 3o alg
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CAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGT-A-CGCTCT_

Complementary strand (exact match for 286 bp):
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1?0 1?0 15.0 180 1?0 180 190
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CAGGTGG-CCCAAGCTTAGACGT TTAATAATATAACACC TGTAT TTATTTATTGCAATAGGAA
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TTCTTGAAGACGAAAGGGCCTCGTGATACGCC TATTTTTATAGGTTAATGTCATGATAATAATG
280 JU ;.80 200 300 ain alg
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GTTTCTTAGACGTCAGGTGGCAC TTT TCGGG.AA.TGTGCGC-A.CCCC_F\AAA-




1.2.3. mC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT

CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA GACTGG GCCTIT CGT TTT ATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 285 bp):
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ACGTCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGA
;UD 21|D 220 ;30 ;40 ASID

[ A LT LT
A Wi W s A A A AR AW
TGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGC
260 "TD "30 "90 300 310 313

A AN AN A AN

.-.'-| !
TCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTC_

Complementary strand (exact match for 299 bp):

= .-\' A, X e 1 | 4
NN NN D CCTTMCGTTTIMAT T.GATGCCT_TTCCCTAC T-GC
T a0 an

ATGG_CCCCACACTACCATCGGCGCTACGGCGTTTCACTTCT-TTCGGCATGGGGTCA

11|30 1110 15|D 1BID 1?:‘0 1:?0 1?0
fl i B -
I a N an o A ﬁ,ﬁ AN A/ M"IP'
A A WA A AN AN
GGTGGGACCCAAGCTTAGACGTTTAATAATATAACACCTGTATTTATTTATTGCAATAGGAATT
200 210 220 ‘30 240 ‘50

[ UL ,
" || A M lllur.

T e

CTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGT
260 270 280 200 300 oy

MAMN AN

TTCT TAGACGTCAGGTGGCAC TTT TCGGG.AA.TGTGC GC_




1.2.4. hmC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT

CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA GACTGG GCCTIT CGT TTT ATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 291 bp):

M Ao\
h_Gh-TﬂﬂC [ ThThhhhﬂ.hG.C GTATCACGAGZ
TO B0 an IUU 110 I‘U

ANVAWAVA WA YW AN DAV WAV YA f“a WAAAANAAAAAANA
GCCCTTTCGTCTTCAAGAATTCCTATTGCAATAAATAAATACAGGTGTTATATTATTAAACGT
130 140 150 ITU IQU

| I.\.I n .

M M e mw I i J\ At

TAAGC T TGGGTCCCACC TGACCCCATGCCGAAC TCAGAAGTGAAAC GCCETAGC GCCGATGGTA
200 210 220 ;30 240 2450

1T

AN WUV YV Y \/ NAaas) M*‘ MAMPAANAN AN
GTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCAGT
260 "TD "30 "90 ano 3o a4

DA f\f\/ AMAA wmw A \aan

CGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCG

Complementary strand (exact match for 298 bp):

_TIC-T G-C TTTCETT T-T TEATECCT GGCAGT TCCCTAC TC T

0 &0 a0 100 1o 120

CGCATGG-GAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGG

150 130 1?0 180 190
L ——— ——

A Mf\fm "'“Mﬂmﬂmmfmm AMANMAMAN AR P\
TCAGGTGGG.CCCAAGCTTAGACGTTTAATAATATAACACCTGTATTTATTTATTGCAATAGGA
200 210 220 230 240 260

AAAAA FAYAYA TAVAVAVAVATATAVAYATRTAVATA
GGTTTCTTAGACGTCAGGTGGCA-TTTCGGGIAAATGTGCGCG—AI



1.3. Sequencing of fully modified DNA (340-mers) with promotor region of PgBP1
1.3.1. dU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTA TCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT
CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAAGACTGG GCCTIT CGT TTT ATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 281 bp):

F!J SP 90 IL'IIU 1 1.0 l}.I‘U

A

- ANV WA n YA Y
TCA-G.CCCTTTCGTCTTCAAGAATTCTATTTGACAAAAATGGGCTCGTGTTGTATATTATT
130 140 150 160 170 180 190

EUIU 21|U 22|U 21?0 2‘?0 25IIJ

GATGGTAGTGTGGGGTIC TCCCCATGL GAGAGTAGGGAAC TGL CAGGCATCARATARAACGAAAG

260 am 280 260 300 3o 320

i &0 an 100 1o 120

n

"|‘|_| | il f M
Al Vi N W gy
TC.CATGGG.AGACCCCACACTHCCHTCG-GCTHCGGCGTTTC.CTTCTGRGTTCGGCRTGGG
130 140 150 160 170 ISU 190

| A A | f\
V - [\ AW\ M\
GTCAGGTGG-CCCAAGCTTAGACGT TTAATAATA TACAACACGAGCCCAT TTITTGTICAAATAG
200 210 0 230 40 240

MMM AN VAN A AN AN NN A A

AATTCTTGAAGACGAAAGGGCC TCGETGATACGCC TATTTT TATAGGTTAATGTCATCGHETAATAR
260 270 "80 "90 300 ain als

TGGTTTCTTAGACGTCAGGTGGCACTTTTCGGG.AAATGTGCGC ) NI -




1.3.2. hmU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA

AAA TGG GCT CGT GTT GTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT
CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA GACTGG GCCTTT CGTTTTATCTGT TGT TTG

TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 275 bp):

AG_CA.GA.TTCTATTTG.CAAAAATGGGC C TGTT-hThTThTThh.CG
160 1? ISU 190

VMM MW W s

TCTAAGCTTGG.TCCCACC-CCCCATGCCGAAC TC-AAGTGAAAC GCCGTAGCGCCGATGG
200 210 220 230 240 250

TAGTGTGGEGTICTCCCCATGUGAGAGTAGGGAAC IGCCAGGCATCARATAARACGARAGGCTCA
260 270 280 200 300 3o 3e

GTCGAAAGACTGGECCTTTCGETTTTATCIGTTGTTITGICGGTGAACGCTCTCC

Complementary strand (exact match for 178 bp):




1.3.3. mC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT
CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAAGACTGG GCCTIT CGT TTT ATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 281 bp):

O AN AAAT
CACATTAACCTATAABRAATAGECE

i &0 an 100 1o 120

VIO . O VY VY VY YV RIATAYAYA'R VA A A
TATCACGAGGCCCT-C-TCTTCAAGAATTCTATTTGACAAAAATGGGCTCGTGTTG-TATTA
130 140 150 160 1?0 ISD 190

_‘;l_l_l_' — T

AN . MWW,
MAMANANAAN Y AN MW WA WA AAMNANAN
TTAAACGTCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCG
QDIIJ ‘1.0 22:0 ‘Z?D ;‘IﬂJ ASID

L r —,-—| ,_-— A I e e

It 1
I Iul". r‘\ I Ill’. 'I A A .'-\' a A .J- I'I A 'h'. IAI
AN A W AN A AN A AN ANAAARAD
CCGATGGTAGTGTGGGGTCTCCCCATGC.AGAGTAGGGAACTGCCAGGCATCAAATAAAACGAA
260 "‘?l:l "80 "QU 300 310 7

—— T

MAAMAL ‘,\J{\L fW“ '.-’- /\]_\;‘“‘n '.ff\_a \Jﬂu’ TATAY, U’ﬁ\f\ A

AGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTC_GC_

Complementary strand (exact match for 288 bp):

Y’ OALOAN Nannn\IAAN
T TCG.T—A-C.G-AGT TCCCTA
?:J 8:2! Qp 1q0 IIIO I’I‘O

C-C_A-G_A-CCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCAT
130 140 150 180 170 180 1490

| A |

mm_'_.—‘_.—u—l—'ﬂ '_'_'_l——\_.—'_'_'———'_
A W AR A AN AN AN AN L

GGGGTCAGGTGGGACCCARGCT TABACGTT TAATAATATACAACACGAGCCCATTITTTGTCAAA
200 210 220 230 240 250

TA-AATTCTTGAAGACGAAAGGGCC TCGTGATACGCC TATTTTTATAGGT TAATGTCATGATAA
260 270 280 200 300 ain als

TAATGGTTTCTTAGACGTCAGGTG-A.T TT TCGGGGAAATGTGC GC G-AC_F\A-



1.3.4. hmC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCT ATT TGA CAA
AAA TGG GCT CGT GTT GTA TAT TAT TAA ACG TCT AAG CTT GGG TCC CAC CTG ACC CCATGC CGA ACT
CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG GGT CTC CCC ATG CGA GAG TAG GGA ACT
GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA GACTGG GCCTTT CGTTTTATCTGT TGT TTG
TCG GTG AACGCT CTC C-3°

Primary strand (exact match for 281 bp):

i &0 a0 100 1o 120

ATCA.GAGGCCCTTTCGTCTTCA-A.TTC TATTTGACAAAAATGGGC TCGTGTT-ATATTAT
130 140 150 180 170 180 100

2 1.0 22IIJ 2?0 2‘?0 ASIU

P

\/ WV A \
CGATGGTAGTGTGGGGTCTCCCCATGCGAGAG TAGGGAACTGCCAGGCATCAAA TAAAACGAAA
260 270 280 200

Mf‘fll\lﬂﬂ ”U'h"..

_.PLCCCCPLCPLC TACCATC_TACGGCGT T.CACTTCT-T TCGGCA
130 140 150 160 170 130 190

J AW WA A AN AN A
TGGGGTCAG-G-CCCAAGCTTAGACGTTTAATAATATACAACACGAGCCCATTTTTGTCAA
‘DU 210 220 LZ}D 240 LSD

"I Lr—

| . |1 f
MM\ NV AWM A AN
ﬂTﬂGﬂﬂTTCTTGAPLGPLCGPLPLHGGGCCTCGTGATACGCCT.PLTTTTTHTAGGTTARTGTCPLTGF\.TF\.
"K?U "?IU "30 "QU 3'.?0 3!0 3':'0
IV M n f . -”.
A W A AWV AW AN

ATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAA.TGTGC GC I IV IV




1.4. Sequencing of fully modified DNA (339-mers) with promotor region of BP1Pg
1.4.1. dU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA CAA TAA ATG TGT CTAAGCTTG GGT CCCACCTGA CCC CAT GCCGAACTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG

CCA GGC ATC AAA TAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3.

Primary strand (exact match for 268 bp):

I
A “N\m VAR )

PAA - {W”a VWV /) |
CA-G_CGTCTTCA-A-T TCCTAT TGCAA TAAA TAAATACAGGTGT TACAATAAAT
11?0 1?0 15IIJ IBID I?ID ISID IQID

——

WV, ﬁmewm My

P

/ 'R I\ { i\ I
GTGTCTAAGCTTGGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGCCGA

" il T\W\ Wl e W

TGGTAGTGTGGGGTCTCCCCATGCGAGAG TAGGGAAC TGCCAGGCATCAAATAAAAC GAAAGGC

AL

3!4

AN M A M ﬂf\,\ MWWV A

TCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGG_CGCTCT_

Complementary strand (exact match for 264 bp):

\ f J \ \ ' '.
CCCHEACAC TACCATCGGCGC TACGGCGTTTCACTTCTGAGTTCGGCA
130 140 150 180 170 180 190

AN AN AN

fA) ] "{‘\l 1 '_I
TGGGGTCAGGTGG-CCCAAGC ITTAGACACATTTATTGTAACACCTGTATT TAT TTAT TGCAAT
200 210 0 230 40 240

_.—._.—._.—._.—._n—._.—._.—._.—._w A S —
AR P AN AR WA N A

AGGAATTCTTGAAGACGAAAGGGCC TCGTEATACGCCTATTTTTATAGGT TAATGTCATGATAA
260 270 ;.80 ;.90 300 ain a4

TAATGGTTTCTTAGACGTCAGGTGGCAC T T T TCGGGGAAATGTGC GC-A.C_



1.4.2. hmU-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTA TTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA CAA TAA ATG TGT CTA AGCTTG GGT CCC ACCTGA CCC CAT GCCGAACTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG
CCA GGC ATC AAA TAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3.

Primary strand (exact match for 281 bp):

L\ AN AR
CARGAATTCC TATTGCAATAAATAAATACAGG TG TINACAATAAATGTG
11?0 1?0 15IIJ 1BID 1?ID ISID IQID

A

TCTAAGCTTGLGUGTCCCACCTGACCCCA-CCGAAC TCAGAAGTGAAACGCCGTAGC GCCG.ATG‘Gl
200 210 220 230 240 250

AYANATATAVTAVATATA'A'A 'A'ATA WAARY & AWAAATAIATA' . -
TAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCC.GGCAT_TA_G-GGCTCA
260 270 280 200 300 3o ]

BT EAANCACTGEECCTTTEGTTTTATC TG TTGTT TG TCGGTGAACGCIIETC CAA A ARKIEEEE

Complementary strand (exact match for 214 bp):

I T ‘ A M .
TGG-TC-GGTGGG-CCCAA-C T-AGACACAT TTAT TGTAACAC C-G-AT TTATTTATTGCAAT
200 210 220 ;.30 ;.40 ;.50

AGGAATTCTTGAAGACGAAAGGGCC T-TGA TAC.C.TAT TTT TAT.G.T TARTGTCAINSRTAA
280 270 280 200 300 310 320
[l

TAA.G[!]TTTCTTAGACGTCAGGTGGCACTTT-G-AAATG_C_AA_



1.4.3. mC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTATCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA CAA TAA ATG TGT CTA AGCTTG GGT CCC ACCTGA CCC CAT GCCGAACTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG
CCA GGC ATC AAA TAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3.

Primary strand (exact match for 235 bp):

_C T TCA-GA-T TCCTAT TGCAATAAATAAATACAGGTG-CAATAAATGT
130 140 150 180 170 180 190

i LA f o *II A A A A Mf\[\]\l ni | A M\/\nl I,' | N /\/\l\:ﬂl N /\/ﬂ\'ﬁ' Jf\n | |

LANVWANV VAN AWM WA WA WA W |

GTC T.Pl.PLGCTTGGGTCCCRCCTGRCCCCRTGCCGRHCTCRGRF\GTGAAACGCCGTAGCGCCGATG
200 0 220 230 240 250

h |1 N f e il

AW AN AN AW A A AN VWA

GT.PLGTGTGGGGTCTCCCCJ’LTGCGHGHGTHGGGHHCTGCCHGGCATCAAATAAAACGAAAGGCTC
260 270 280 200 300 30 314

2NN VAAAAANANMNANAAAN A AN \AAAAN J\N\
AGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCT_

Complementary strand (exact match for 235 bp):

| AN AYA ATATATAY: TATAYAVAA) AW AVATRPAVAYAVA
.G.GTCAGGTGGGAICCARGCTTAGACACATTTATTGTAACACCTG-TTTATTTATTGCAATA
200 210 220 230 240 250

ATA ' AVAY AT VAT AT R TAYAYAY AT AV AV ATAYAVAVRVAVAY RYAVAYAVATAYATAVATAYA
AATGITTTCTTAGACGTCAGGTGICACTTTTCGGGGAAATGTGCICGIAAC_AAI



1.4.4. hmC-modified DNA

5’-TAG GGG TTC CGC GCA CAT TTC CCC GAA AAG TGC CAC CTG ACG TCT AAG AAA CCATTATTATCA
TGA CAT TAA CCT ATA AAA ATA GGC GTA TCA CGA GGC CCT TTC GTC TTC AAG AAT TCC TAT TGC AAT
AAA TAA ATA CAG GTG TTA CAA TAA ATG TGT CTA AGCTTG GGT CCC ACC TGA CCC CAT GCCGAACTC
AGA AGT GAA ACG CCG TAG CGC CGA TGG TAG TGT GGG GTC TCC CCA TGC GAG AGT AGG GAA CTG
CCA GGC ATC AAA TAA AAC GAA AGG CTC AGT CGA AAG ACT GGG CCT TTC GTT TTATCT GTT GTT TGT
CGG TGA ACG CTCTCC-3.

Primary strand (exact match for 277 bp):

A= ' TAAAYS [ /| LAY
C_GG_GTCTTCA-GAAT TCCTAT TGCAA TAAA TAAATACAGGTG-CRRTAAAT
130 140 150 160 170 180 180

il
| .I'llu".

GTGTCTAAGCTTGGGTCCCACC TGACCCCATGCCGAAC TCAGAAGTGAAACGCCGTAGCGCCGA
‘DU 210 220 230 240 250

"
"l

A WA A AW AV Wi
TGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGARCTGCCAGGCATCHAATAHAACGAAHGGC
260 270 280 280 300 310 318
- — —/ I 1L T

TCAGTC GAAAGAC TGGGCC TTTCGTTTTATC TG TTG TT TG TCGGTIHRABICGC TC I I

Complementary strand (exact match for 255 bp):

TR'A AYAN ATATA A / ATAVAYAY
GGGTCAGGTGGGACCCAAGCTTAGACACAT TTAT TGTAACACC TGTAT TTATT TAT TGCAATAG
200 210 220 230 240 250

ATG.TTTCTTAGACGTCAGGTG-CACTTTTCGGGGAAATGTGCGCG_AR_



1.5. Sequencing of fully modified DNA (235-mers) with promotor region of Pveg
1.5.1. dU-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 190 bp):

1 / 1 ! J \ !
AGAAGTGAAAC GCCG.AGCGCCGATGG TAGTGTGGGGTCTCCCCATGC GA-GTAGGGAAC TGC
130 140 150 160 170 180 190

|_n—l‘—|_‘ il T r — ) —

'I. ."-I |'n'| . . A ﬁ'| N ."', M,\ AR, Inl II'I|I \ a |n| n\ i f

A a \AAAAAAAAN VAW VAWV VANV VA WA WY |

CAGGE AT CAAATAARAAAC GAAAGGC TCAGTC GAAAGACTGGGCC TTTCGTTTTATC TETTGTT TG
200 210 212

Al GGIGAIC GC_

Complementary strand (exact match for 193 bp):

C-TG-CCTT.CGTTT-TT.GATGCCTGGCAGTTCCCTACTCT
a0 oo 100 1o 120

CGCATGGGGAG.CCCCACAC TACCATCGGCGC TACGGCGTTTCAC T TC TGAGT TCGGCATGGGG
130 140 150 160 170 120 180

NN

TECTTCAACACGA



1.5.2. hmU-modified DNA

5'-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3”

Primary strand (exact match for 188 bp):

A D YA MY X
TC TAIGC T_TCC-C C_T_AIC TC
100 110 120

-A.GT.A_CCGT-GCC-TGGTAGTGTG-TCTCCCCATGC_GTAGGGAICTGC
130 140 150 160 170 180 190

VY VY VWYY Y LA A ATATLVATA B ATAATY S AAN R AARTATATA'S! WATARY S AARAVATAVAAY:YA's 4!
CAGGCATCAAATAAAACGCAARGECTCAGTCEBAARGACTGEGCCTTITICGT TTTATC TG TG TEMG
200 210 214

TCGGIEARCGC TC T CCBCH TEE

Complementary strand (exact match for 196 bp):

! 10 & & & 50 o

(S0 NN NA Dol sy Aaniny
TT.C_G-CCTT.CGTTT-TT.GATGCCTGGCAGTTCCCTAC
70 B0 an 100 110 120

TCTCGCATGGGGABACCCCACAC TACCATCGGCGC TACGGCGTTTCACTIC TGRAGT TCGGCATG
130 140 150 160 170 120 180

—_—
|ﬁ|

ERATR'R g v W | A /1 I\ /L
GGGTCAGGTGG-CCCAAGCTTAGACACATTTATTGTACAACACGAGCCCATTTTTGTCAAATA
210 213

G-T-CTTGAAGACG I]II




1.5.3. mC-modified DNA

5°-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 187 bp):

A - I Ja¥a! WV YWY
T C.R.GC THGEETCCEACCIEACCCCAMEC CEABCTCA

TIU SP QIU 1UIU l]IU l;I.U
1 —T A 1

|
| Y | T

CAAGCTGAAA GO G TAGC GCCGATGG TAG TG TGGGG T T CCCATGCGAGAG TAGGGARCTGCC
130 140 150 180 1?0 180 190

r— -

l—‘ | .I
n f f I ' f AN
N AW MW, mf\JW\M MWW VW
RGGCRTCF\RHTRHRACGARAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTRTCTGTTGTTTGT
200 21

CEETGAACGC TC TCEmim

Complementary strand (exact match for 194 bp):

! 10 & & & 5 o

O YN VMV LOO D Y )
_C.TTC-TGA.CC.TTCGTTT-TTTGATGCCTGGCAGTTCCCTACT
7o a0 1UU 110 hU

III
A\ n Al an N A /\ i\
Moy s JWY\/\/\ A AN VA, N‘U
CTCGCATGGGGAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGG
130 140 150 160 1?0 130 190

|
LA A A s A A AN e
GGTCAGGTGGGACCCA.&GCTTAGACACATTTATTGTACAACACGAGCCCATTTTTGTCAAATAG
200 207

ABRNITCTTGAAGACGEE

-




1.5.4. hmC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT

GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 181 bp):

L ey Ly ‘. fa - "..-\' - A
CTTGGETCCENCEINENCCCCATGCCGAA
70 80 a0 100 1o

~

c TCAGR.GTGAAAC GCCG-CGCCGATGGTAGTGTGGGGTCTCCCCRTGC-RGTRGGGAAC
130 140 150 180 170 180 190

AN\, : A v / | X
TGC CAGGCATCAAATAAAACGAAAGGC TCAGTC.AA.GACTGGGCC TT TCGT TTTATCTGETTGT
200 210 Mz

TTGTCEGTEARCEC TC TICEE

Complementary strand (exact match for 186 bp):

| [\(\
\ N ."\j f ﬂm
X NOTAD b
_G-CCTT.CGTTT-TT.GATGCCTGGCAGTTCCCTAC TCT
70 80 QD 100 110 120

A A AT M J\
CGCPLTCCCCPLC.PLCTACCATCGGCGCTACGGCGTTTCACTTCTG-TTCGGCHTGGGG
I?U I‘IIU 150 16I|:I 1?0 130 1Q|0

TCAGGTGG-CCCAAGC T TAGACACAT T TATTGTACAACACGAGCCCAT TTT TGTCAAATAG-
200 210 212

‘m




2. Sequencing of partially modified 235-mers of DNA

2.1. Sequencing of modified downstream of dsDNA
2.1.1. dU-modified DNA

5'-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3!

Complementary strand (exact match for 122 bp):

1 10 0 30 40 50 &0 70
' ' ' v v " - [ I

' S AAANY AT YV VAN Al
ATCTTICGICT-GCCTTICGTTTI.&TTIGﬁTGCCTGG-TTCCCT»\CTCTCGCATGG
B0 k) 100 11':) 130 140

e DA AN V\f\wu]\f\/\mf\ W

G_CCCCﬁCﬁCT.ACC-ATCGGCGCTACGGCGTTTC&CTTCTG&GTTCGGC-ATGGGGTC-AGGTG
150 160 170 150 130 200 207

2.1.2. d5hmU-modified DNA

5'-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Complementary strand (exact match for 189 bp):

-TCGC.&TGGG‘GﬁG-ACCCC-AC-AC.-ACCa‘\TCGGCGCTACGG.CGTTTCﬁCTTCTG-AGTTCGGC»\TGIGGG'TCAGG'T
150 160 170 180 190 200 210 212

2.1.3. d5mC-modified DNA

5’-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG




GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3!

Complementary strand (exact match for 137 bp):

£ e ok . PAVAVaN AV AYVAY, VWA Y VAR Y VYV
[ ] N TCTT_GCCTT.CGTTT.HTT-TGCCTGG-TTCCCTP\CTCTCGCHTG
BD 0 1(?'3 ”IQ 17'3 I?Q 1-'}9

i)

PNAVATAVVAVNATAY VWA Y VY A
GG_CCCCa‘\CﬁCTﬁCCﬁTCGGCGCTﬁCGGCGTTTCPaCTTCTGﬁGTTCGGCﬁTGGG-TCﬁGGTG_
150 160 170 180 180 200 07

2.1.4. d5hmC-modified DNA

5'-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Complementary strand (exact match for 125 bp):

/ OO X (V7 : Al LAV Y VYU
i T_GCCTTICGTTTIATTIG ATGCCTGG-TTCCITACTCTCGCATGG
!'.0 9::) 1(|:0 110 IICI 1?0 1.|10

1?0 l?Cl 1|0 1%0 1?0 1(;‘0 l(l.‘IS

2.2. Sequencing of modified upstream and promotor regions of dsDNA
2.2.1. dU-modified DNA

5'-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTTATCTGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 185 bp):




80 50 100 110 120 130 140
il

A f} N M A Q f 'E,\ ,V.-'ﬁ'-._ At J\-';).I" ﬁ.'l '-._.-'ﬁ'-.‘_-'&'.»_l'l I'-I IRYAV.YATY ATAY M \ \ f | A /| [ ¥ |
CGIAGCGCC-TGGTAGTGTGGGGTCTCCCCATGC_GTAGGGAACTGCCAGGCATCﬂAATAAAACGAAAGG
150 16D 170 180 150 206

CTCAGTCGAAA-CTGGGCCTTTC GTTTTATCTGTTGTTTGTC_A.CGCTCT-

Complementary strand (exact match for 170 bp):

ATGCCTGGCA—TA

CHCTCGCATGGGGAGACCCCACACIMACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGT
150 160 170 180 120 200 20 212

2.2.2. d5hmU-modified DNA

5’-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 180 bp):

GTGTCIAIG CTTG GITC C_G CICGA AITC—A-G
EIO ";‘Fl 1(;‘0 110 1%0 1?0 1;}0

ANA ARV AVARATA!
RS RESAGSNG S CC T T TRET T

Complementary strand (exact match for 199 bp):




NN SOA TNV . A VY VY VYV VYL
CABRIMBEAGGC CRGTC T TTCCOACTEAGCCT TTCGT TTTAT TTGATGCCTGGCAGTTCCETACTETCECATGGE

EICI ‘3:3 1(?3 11|0 1%0 1?0 I:II,CI
N il

‘ A 7 I i
_a&-T—ﬁC#-C AC G-C-TTTTTGTCAQ_

2.2.3. d5mC-modified DNA

5'-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 184 bp):

GiG:I'C-G cTT6 GI:I'C CEMCCT GACCCCATGOCGAACT CARBGTGA AR ﬁ-GCCG-

100 110 120 130 140

I

) AVAVYA A YAANAY AAAARAAAAS' ! ‘
—TGGTAGTGTGGGGTCTCCCCATG_GTAGGIﬁ.ICTGCcnGGCATCAAATAAAACGAAAGGCTCA

1?0 hl:»Cl 1?0 1%0 1‘“0 ZCO 202

/\ [\ '
_A_CIG-CITTTCGTTTTATCTGTTGTTTGTCGG-AICGCTC_

Complementary strand (exact match for 175 bp):

CECATECIV_:CCCCACACTACCATCEGIC.C;CTACG}G.C.G-ITTTCACTTCT.G.AG.TTC(.?-“GICATGGI(G:GTCAGGTG—
150 160 190 200 210 21-1

MAA A ANAAN N WV AL
AR R A AT T T AR PR AR A B T T TTT 1 CAA A Y ERRNC T S

2.2.4. d5hmC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 178 bp):




=y A
NNN M NNEIENMN

0 ";‘:3 0 e 130
N LN WV NAPNATATATAY AN VA 1S \ . [\
GC_CGC-TGGT-TGTGGGGTCTCCCCA-C_TA G GIAAC CCAGGCATCARATRAAACGAAA
150 160 170 180
I—Fl—|_l—|_|_|—|_|_,—rf'|—|_| T ——1

A A e =t

Complementary strand (exact match for 195 bp):

NNNN_N e Tl o T TRA T TG AT G CC TG ECMITTCCCTACTCTCECR
EIO 9:3 I(I.‘O 11|0 1.?_() 1?() 111.0

TGGGGAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGTGGGACCCA
150 160 170 180 190 200 210

2.3. Sequencing of modified upstream and promotor regions in template strand of DNA
2.3.1. dU-modified DNA

5'-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3!

Primary strand (exact match for 194 bp):

! 10 » » © 59 @ »

(N X YV L AWAR'
GTC_CTTGGITCC-CCTGACCC_CIG ABCTCAGAAGT GARACGC

80 90 100 1o 120 130 140

Complementary strand (exact match for 178 bp):




' ] \ ‘ | \ vV [\
GTC-CTTGGITCC-C CTGACCC—C-GA-CTuGA—GC
80 9‘3 ‘30 140

I Y MV\(\AA./WU\ [\[\ /\& Mm I W

—GCGC_GT-GG—C —CAA-AAAAC-AAIGG.

150 160 70 200 206
—’ "v L r—— — [j,, - = ‘ = T & e VAV
- L] = ! < I A
VAV VALY 4 VW AVAVAVAV AV-V AVAVAVAV . VAVAVAVAV A VAVAVAVAVAVAVAVAY =
CTCAGTCGAAAGACTGGGCCTTTEGTTTTA

2.3.2. d5hm-U modified DNA

5'-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 178 bp):

- oC L i i AAAWAS IR AWALY
_C_CTTGGITCC-CCTGICCCCA-CCGAICTCIGAAGTGAAAC
8D 0 100 10 120 130 140

GCCBTAGCGCCGATGETAGTGETGGGG TETCCCEATECGAGAGTAGGGAACTGCCAGGCATCAARTAAARCGAAA
150 160 170 180 130 200

n

..-‘-.L_ll L} A A .-'I I'. _."-.. M . I'.. / \ ] 3
GGCTCAGTCGAAAGACTGGECCTTTEGTTTHAT CTGTTGT TG T CGISNMSNENES

Complementary strand (exact match for 194 bp):

B A . anaaael
CETTECGT TIPAT THGATGC CINGGECAGITC COTACTE TEMEATGG
E'.O 9:3 1(:‘0 11|O 1%0 13() 1:|1-0

1?0 1:90 1|0 1!;.0 1":.‘0 1":‘

n'ae A N\ A Ty
T_CAcATTTAT-ACAACA-GCC-TTTTTGTCAA—

2.3.3. d5mC-modified DNA

5'-CGT CTT CAA GAA TTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3!

Primary strand (exact match for 200 bp):



LA IV { \ N WY _ V
_CGC_GGG_CCC_GGIAIC-CCAGGCATCAA-nnAnCG-&AAGGC

150 160 170 180 150

Ia'ala¥ala

MCAGTCGAAAGACTGGGCCTTTEGTTTTATETGTEGT T

Complementary strand (exact match for 175 bp):

A N AV / VXY _ N\ \
CIT—C-TT—TTIGITG CCHMGGCAGTTCCETAC TETC G
!'P I(IXII 1!0 1%0 1?0 1'.10

JAYNAYNINAYATY, AW \ / aun J /)
CATGG_CCCIAC-AC_GGCG-AIG-T-C-TT_T-GGCaIGGG-CAG-GG-CC
150 1:»0 180 190 200 n

A AN A A \n /A
CARGCTTAGACACATTTATTIGTACAACACGAGCCCATTTTITGTCAA

2.3.4. d5hmC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3!

Primary strand (exact match for 181 bp):

A I'I -'ll A LD || ‘ II
GTGTC_CTTG G.TC C-C CTGACCOCATGCEGAACT CAGARGTGAAACGC
8 %0 160 10 120 130 140

CGTAGCGCCGATGGTAGTGTGGGGTETCCCOATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGG
150 160 170 180 190 200 205

CTCRGTCGAAAGACTGGGCCTTTCGTTETATCTGTTGT TTGT CGCEEEEGG GBS

Complementary strand (exact match for 192 bp):




EICI ";‘:3 l(l.‘O 11|0 1%0 1?0 1:|l0
fal

2.4. Sequencing of modified upstream and promotor regions in coding strand of DNA
2.4.1. dU-modified DNA

5"-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT

GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 181 bp):

.

>R/ el LYY YWY J\ J
-TAIGCTTG GIT_C CTGICC C-TG C CGAICTCIGAAGTIA ARCGCEGTAGEGCEGATGG
70 20 0 100 1o 120
T L 17 '_‘—|—|—|—,_|—\,I|_l—|—ul_|—|_| 2 LT

PVYAVNATAYATA FAAA NS W M-'I V W [\ J [\ ¥
TAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCA
1?() 1=|1Q 1?() 179’3 1?':' 1%0 1%3
— 7 ff fr - _ l

AN AMNANNNY VIV A AN W WY WY I W W WNAN VY
GTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGG-AACGCT_

Complementary strand (exact match for 186 bp):

‘ I
IGGGGAGA_ACTﬁCIﬂTCGG_GGCGTTTCACT

130 140 150 180 170 180 130

1 'I ‘L ! I i ‘
GGTGGGACCCAAGCTTAIACACATTTATTGTACAACACGAGCCCA-TTTGTCAA
200 202

BTCAAGACCH



2.4.2. dS5hmU-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 151 bp):

T2 ;.‘ \ KU UV
NN N TTTHRATTTGATGCCTGGCAGTTCCET
?IO !::' 0 ](I.":' ]]O 1%9

GGEAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGT
130 140 150 180 170 180 130

W A

TAGEBNTECTTG




2.4.3. mC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 148 bp):

A ATV AAA A S AR VARAT A
i I ~ I B 2 < A ANMEIC CAG IR CAAATAAAACCAAACEET

130 140 150 180 7o 120 185

-T-A—GGGCCTTTCGTTTTATCTGTTGTTTGT_aAacﬁ—

Complementary strand (exact match for 184 bp):

J " .. \
TCAGC CTTIC-TT-TTIG A-GCCTGGCAGTTCCCTACT_TG

70 & 0 190 1o 120

A
AY

GGEMMIC CCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGT

130 140 150 180 170 180 130




2.4.4. dS5hmC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 154 bp):

o & 0 100 1o 120

|_I—|

GGTAGTGTGGGGTCTCCCCATGC_GTAGGGAACTGCCAGG-ATCAAATAAAACGAAAGGCT

130 140 150 160 170 180 130

T

1 10 20 EIICI 40 '] DP
' AN K ;...-.WM&A 248
T-ATGC CTG GCAETIRCEAET A C TINOGED

70 & 0 100 1o 120

.' ' AA "{\!: - -. '|
-GGGG-CCCCACACT#CCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGC#TGGGGTC#

130 140 150 180 170 180 130




2.5. Sequencing of modified promotor region in coding strand of DNA
2.5.1. dU-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 166 bp):

I‘JI‘J [ [ [ TGC
TICI .E,ICI 9::) 1(|:-:- 11|-f:I 1‘?":'

TanNanan\n/ WAVAYA AL ARAERAY w
EATGGTAGTGTGGGGTETCCCEATECOABAG TAGGGAACTGCCAGGCATCAARTAAARCGAAA
130 140 150 160 170 180

WAAANAN AN VYV VYV oA ) J :
GGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTC-AAACGCT

Complementary strand (exact match for 190 bp):

! 10 » 0 ® = o

LS \ OVVY DA DA WAAAANAN
_T.C-TG-CC.TTCGTTT.A.TTG&TGCC.GGC.&G

70 & Y 100 1o 120

GGGAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGT

1?0 1:|1O 1?0 1?3 I?Cl 1%0 I?Cl
| LT L, W
[ A n i1 \ f il

GGGACCCAAGCTTAGACACATTTATTGTACAACACGAGCCCATTTTTGTCAAATAGARTTCTTG

128

‘ |‘|
A WL
AAGACHE




2.5.2. d5hmU-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATCTGT TGT TTG TCG GTG AAC GCT CTC C-3.

Primary strand (exact match for 151 bp):

0/ VA i _ LY X : A
NN TG-CCTTICGTTT-TT-ﬁTGCCTGGCﬁGTTC-TﬁCT_ATGGG

70 & Y 100 120

GAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGTGG

IEIIO 1:|1O 1?0 1:.:0 1"Cl 1%0 I?CI




2.5.3. mC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 180 bp):

il
Y pan] Bonnan] “ /!
ICTAIGCTTG G_CITGICC-TGCCGAICICAGAAGTGAA-GC_GC-TGG

70 & 0 100 1o 120

nn ]
: O WA TP LU
A AN A AN AL WA ~ AR I\ AR f\ [Y )

TAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAACGAAAGGCTCA

130 140 150 180 7o 120 184

avi AT WAATYARYA'S rio A A WAWA T M
STCEAARCACTGEGGCCTTTCOTTTTATCTGT TGT T T 6T CIi A A C T Chimmm

Complementary strand (exact match for 189 bp):

WRRA'Y! . J
GG.GG-CCﬂ.i\GCTT&I&Cf-\C-T-QTTGTACAACAC.AGCCCIT_GTC&ﬁu’-\T—
201



2.5.4. d5hmC-modified DNA

5’-CGT CTT CAA GAATTC TAT TTG ACA AAA ATG GGC TCG TGT TGT ACA ATA AAT GTG TCT AAG CTT
GGG TCC CAC CTG ACC CCA TGC CGA ACT CAG AAG TGA AAC GCC GTA GCG CCG ATG GTA GTG TGG
GGT CTC CCC ATG CGA GAG TAG GGA ACT GCC AGG CAT CAA ATA AAA CGA AAG GCT CAG TCG AAA
GACTGG GCCTTT CGT TTT ATC TGT TGT TTG TCG GTG AAC GCT CTC C-3]

Primary strand (exact match for 178 bp):

o S I -
_A-ﬁITG GGCCHTTCET T TERTICTGT TGET T

Complementary strand (exact match for 190 bp):

A RN A " ‘. ) [ ) A
NMNMN TG-C-TT-C-TTT-TT-G ATGCCTGGCAGTTCCCTACTC_GG
70 a0 0 100 10 120

GGAGACCCCACACTACCATCGGCGCTACGGCGTTTCACTTCTGAGTTCGGCATGGGGTCAGGTG

130 140 150 180 7o 120 120

A i A SATAAW
GERCCCAAGCTTAGRCACATTTATTGTACAACACERGCCCATTTTTGTCAAAT ACRERTECT TG
201

n






