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Oligonucleotide sequences

Table S1. Sequences of primers and templates that were used in this study.

TCTGCGATCCGGCAAGGCGA-3'

Name Sequence Notes
Primerl 5-FAM-GGATTAGCGAACAGGCCATACCTTT-3'

Primer2 5-FAM-GGAUUAGCGAACAGGCCAUACCUUU-3 1
Templatel 5-TCGACAAAAAAAAGGTATGGCCTGTTCGCTAATCC-3'

Primer3 5-FAM-UCGCCUUGCCGGAUCGCAGA-3'

Template2 5-AAGGCAGCCACAGCGATTTC-(N)3o-

1: 2’-OMe is shown in red.
2: Nmeansmixof A,G,Cand T
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Scheme S1. Synthesis of 2-OEt-5"UTP (6a), 2'-OPr-5mUTP (6b), 2'-OBu->"UTP (6¢), and 2'-O'Pr-SmUTP (6d).
Reagents and conditions: (a) alkyl iodite (iodoethane for 2a, 1-iodopropane for 2b, 1-iodobutane for 2c, 2-
iodopropane for 2d), Agz0, toluene, 60-80 T, 13-15 h. Yields 29% for 2a; 23% for 2b; 18% for 2c; 23% for 2d. (b)
TBAF, THF, rt, 30 min. Yields 91% for 3a; 77% for 3b; 78% for 3c; 86% for 3d. (c) DMTrCl, pyridine, rt, 4.5-6 h
then DMAP, Ac,0, rt, 13-18 h. Yields 71% for 4a; 69% for 4b; 75% for 4c; 74% for 4d. (d) TFA, CHxClIy, rt, 30 min,
Yields 76% for 5a; 72% for 5b; 75% for 5c; 68% for 5d. (e) (i) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one,
pyridine, dioxane, rt, 30 min. (ii) (nBuzNH)2H2P207, DMF, BusN, rt, 1 h. (iii) I, pyridine/H20, 0 T-rt, 30 min. (iv)
ag. NHs, rt, 2 h, Yields 22% for 6a; 46% for 6b; 10% for 6¢; 16% for 6d. over four steps.
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Scheme S2. Synthesis of 2'-HE-SmUTP (11).

Reagents and conditions: (a) TBSCI, imidazole, DMF, rt, 5 h, 76%. (b) (i) BHs-THF, ethylene glycol, NaHCOs,
150 <C, 24 h. (ii) DMAP, Ac.0, pyridine, rt, 16 h, 50% over 2 steps. (c) TBAF, THF, rt, 30 min, 88%. (d) (i) 2-chloro-
4H-1,3,2-benzodioxaphosphorin-4-one, pyridine, dioxane, rt, 30 min. (ii) (nBusNH)2H2P.07, DMF, BusN, rt, 1 h.
(iii) Iy, pyridine/H0, 0 <€, 30 min. (iv) ag. NHs, rt, 2 h, 16%.
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Scheme S3. Synthesis of 2’-MOE-SMUTP (13).
Reagents and conditions: (a) (i) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one, pyridine, dioxane, rt, 1 h. (ii)
(nBusNH)2H2P207, DMF, BusN, rt, 1.5 h. (iii) I, pyridine/H,O, rt, 1 h. (iv) ag. NHs, rt, 1 h, 16% over four steps.



Primerl: 5'-FAM- GGATTAGCGAACAGGCCATACCTTT mp
Templatel: 3-CCTAATCGCTTGTCCGGTATGGAAAAAAAACAGCT-S

MZ* (1.2 mM Mg?*, 0 mM Mn?*), 50 ng/uL KOD DGLNK, 74 ° C, 30 min

2-0-alkyl-smUTP

dTTP 2-OMe 2-OEt 2-OPr 2-OBu 2'-O'Pr 2'-HE 2'-MOE

Primer+5T —
—— W Wy — S—
Primer ——

Primer | Primer +1 | Primer +2 | Primer +3 | Primer +4 | Primer +5 | Other
2'-OMe 0 31 50.2 20.9 9.1 0 16.7
2'-OEt 0 376 52.8 0 0 0 9.6
2'-0Pr 0 4.8 85.0 0 0 0 10.2
2'-0Bu 0 5.5 72.9 11.2 0 0 10.4
2'-0O'Pr 0 87.7 2.8 0 0 0 9.5
2"-HE 0 75.5 144 0 0 0 101
2'-MOE 0 533 36.6 0 0 0 101

Figure S1. Polymerase incorporation of 2’-O-alkyl->"UTPs with a DN A primer. Primer extension was performed with
a 0.4 uM 5'-FAM-labeled DNA primer, 0.5 pM DNA template, 1 < KOD Dash®" buffer, and 0.2 mM 2'-O-alkyl-
SmUTPs by incubation with 50 ng/pL KOD DGLNK at 74 <C for 30 min. The table shows the ratio of each band to

the total band in each lane. These were calculated by using image lab.



Primer1: 5'-FAM-GGATTAGCGAACAGGCCATACCTTT W
Template1: 3-CCTAATCGCTTGTCCGGTATGGAAAAAAAACAGCT-5

(a) M2+ (1.2 mM Mg2*, 0 mM Mn2+)

2'-0-alkyl-5™UTP

dTTP 2-OMe 2-OEt 2-OPr 2'-OBu 2'-OPr 2'-HE 2-MOE

Primer+5T —p -
= - - -
! - == -— e— ~ -
Primer —»

(b) M2+ (1.2 mM Mg?*, 0.1 mM Mn?*)

2'-0-alkyl-S™UTP

dTTP 2'-OMe 2-OEt 2-OPr 2-OBu 2-OPr 2-HE 2’-MOE

Primer+5T — - o
: ——  — L — — g
| —

Primer —»

(c) M2* (1.2 mM Mg2*, 0.5 mM Mn2*)

2'-0-alkyl->™UTP

dTTP 2-OMe 2-OEt 2-OPr 2'-OBu 2-O'Pr 2-HE 2-MOE

: . —
Primer+5T ; - -
| —
Primer —»

(d) M2* (1.2 mM Mg?*, 1.0 mM Mn?Z+)

)

|
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2'-0-alkyl->™UTP

dTTP 2-OMe 2'-OEt 2'-OPr 2-OBu 2'-OPr 2'-HE 2'-MOE

Primer+5T —»; e — — —
| — | — —
| — | —

Primer —

Figure S2. Polymerase incorporation of 2’-O-alkyl->"UTPs with DNA primer at different Mn2* concentrations.
Primer extension was performed with 0.4 uM 5’-FAM-labeled DNA primer, 0.5 pM DNAtemplate, 1<KOD Dash®"
buffer, 0.2 mM 2'-O-alkyl-5™"UTPs and 0 mM (a), 0.1 mM (b), 0.5 mM (c), 1.0 mM (d) MnSO4 by incubation with
50 ng/|L KOD DGLNK at 74 <C for 30 min.



Primer2: 5'-FAM-GGAUUAGCGAACAGGCCAUACCUUU
Templatel: 3-CCTAATCGCTTGTCCGGTATGGAAAAAAAACAGCT-5

(a) M2* (1.2 mM Mg2*, 0 mM Mn2¥)

2'-O-alkyl-5mUTP

dTTP 2-OMe 2-OEt 2-OPr 2-OBu 2-O'Pr 2'-HE 2’-MOE

Primer+5U —

Prlmer—*---—----—_

*(1.2m g2, 0.1m nz
b) MZ* (1.2 mM Mg?*, 0.1 mM Mn?

2'-0-alkyl-5mUTP

dTTP 2-OMe 2-OEt 2-OPr 2-OBu 2-OPr 2-HE 2-MOE

Primer+5U — e —

Primer —b " «EE. S S S R —

c *(1.2m g2*,0.5m n2*
(c) M2* (1.2 mM Mg?*, 0.5 mM Mn2*)

2'-0-alkyl-*"UTP

dTTP 2-OMe 2-OEt 2-OPr 2-OBu 2-O'Pr 2'-HE 2'-MOE

Primer+5U — — -_—
e == —-—

'
)
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"
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(d) M2* (1.2 mM Mg2*, 1.0 mM Mn2+)

2"-0-alkyl-S™UTP

dTTP 2-OMe 2-OEt 2-OPr 2-OBu 2'-OPr 2-HE 2-MOE

Primer+5U — i e —
— - -
) - - —
Primer —» "l — - ——

Figure S3. Polymerase incorporation of 2’-O-alkyl-™UTPs with 2’-OMe modified primer at different Mn2*
concentrations.

Primer extension was performed with 0.4 uM 5'-FAM-labeled 2’-OMe modified primer, 0.5 piM DNA template, 1<
KOD Dash®" buffer, 0.2 mM 2'-O-alkyl->™UTPs and 0 mM (a), 0.1 mM (b), 0.5 mM (c), 1.0 mM (d) MnSO4 by
incubation with 50 ng/pL KOD DGLNK at 74 <C for 30 min.



Primer3: 5-FAM-UCGCCUUGCCGGAUCGCAGA ®

Template2: 3'-AGCGGAACGGCCTAGCGTCT-N3o-CTTTAGCGACACCGACGGAA-5’
(a) SmUTP: 2-O'Pr-SmUTP (b) SMUTP: 2'-HE-S™UTP
Mn2* (mM) 1.0 3.0 5.0 Mn2*(mM) 1.0 3.0 5.0

Time (h) 4 8 4 8 4 Time (h) 4 8 4 8 4 8

8

pRetss LLLLL
- = Primer3 —» @

Primer3 —»

(c) S™UTP: 2'-MOE-S"UTP (d) SMUTP: Without SMUTP
Mn2* (mM) 1.0 3.0 5.0 Mn2* (mM) 1.0 3.0 5.0
Time (h) 4 8 4 8 4 8 Time(h) 4 8 4 8 4 8

Primer3 — wam . Primer3 — -

Figure S4. Enzymatic synthesis of ON_Pr, ON_HE and ON_MOE at different Mn2* concentrations and incubation
time.

Primer extension was performed with 0.4 pM 5'-FAM-labeled 2'-OMe modified primer, 0.5 pM DNA template, 1%
KOD Dash®" buffer, 1.0, 3.0, or 5.0 mM MnSQ4, 0.2 mM 2’-OMe-ATP, 0.2 mM 2'-OMe-GTP, 0.2 mM 2'-OMe-CTP
and 2'-OPr-5mUTP (a), 2’-HE-5MUTP (b) 2’-MOE-*"UTP (c), without >™UTP (d) by incubation with 300 ng/pL KOD
DGLNK at 60 <€ for 1 h, 60 T to 74 T for 4 or 8 h, 74 <T for 1 h. After extension, reaction mixture was treated
with 95 mU/jL DNasel at 37 <C for 30 min.
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Figure S5. lon pair RP-HPLC analysis of dTTP and 2’-O-alkyl-"UTPs.

lon pair RP-HPLC was performed by the injection 700 pmol nucleotide triphosphates onto a XBridge
Oligonucleotide BEH C18 column. The column temperature was 50 <C, with a flow rate of 1.0 mL/min, and detection
at 260 nm. Mobile phase A consisted of 100 mM triethylamine acetic acid solution (pH 6.9) and mobile phase B was
acetonitrile. The column was initially maintained at 5% mobile phase B and then at a gradient of 5% to 20% over 15

min.
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H NMR, CDCls, 400 MHz
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Figure S6. H and 13C NMR spectra of compound 2a.



H NMR, CDCls, 400 MHz
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1H and 13C NMR spectra of compound 3a.

Figure S7



H NMR, CDCls, 400 MHz
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Figure S8. 1H and 13C NMR spectra of compound 4a.



H NMR, CDCls, 400 MHz
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Figure S9. H and 13C NMR spectra of compound 5a.
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H NMR, D20, 400 MHz
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Figure S10. 1H and 3P NMR spectra of compound 6a.
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H NMR, CDCls, 400 MHz
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Figure S11. H and 13C NMR spectra of compound 2b.



H NMR, CDCls, 400 MHz

36-Pr-0R-0H 11 1 /opt/topsp:

‘topspin3. 5plé/data/m

o o [ QIO WO 10

TNSTRUN = spagt |~ ~ 0 ~ oniv- ~ o Y0 | >0 A <

N SIS ONONMOMOTY DOWOROVNOMAFHT~ N N PO 0s = 733 ¥ 0 o Yoton o 0~ w a o~ [}
NOHDNNOORN=PONOONH ONNNO OLENOND DO NONON ©  MOHNLION  OfM o | D a riion o © HO o~ H
DHOHONN MDA HRNO OMDHNO0O on @ o ° ® & I oO-o0 ° o oa foY o o
............... B A B M A & L A 0 o < ERLUE] - o ¥H | N0 - a
IR D Db Do B b N et b e I e N 000 n_v r o o - e Bl 0 00 MO © N
[ AN il L | [Ny BH P | | | YK | |l | | |

SF -
i p =

||l
O[O

.0152
.0220
1978

[o]j{efle]

2.3991

L

C

-
CDCls, 100 MHz

9921

4

.04
i.0000

3

4

4
i.0697
0.9650

3

> 3.0934

r..1

13C NMR

17

Figure S12. 1H and 13C NMR spectra of compound 3b.



H NMR, CDCls, 400 MHz
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Figure S13. 1H and 13C NMR spectra of compound 4b.



H NMR, CDCls, 400 MHz
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Figure S14. 1H and 13C NMR spectra of compound 5b.
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Figure S15. 1H and 3P NMR spectra of compound 6b.
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Figure S16. 1H and 13C NMR spectra of compound 2c.



H NMR, CDCls, 400 MHz
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Figure S17. 1H and 13C NMR spectra of compound 3c.
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Figure S18. 1H and 13C NMR spectra of compound 4c.
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Figure S19. 1H and 13C NMR spectra of compound 5c.
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Figure S20. 1H and 3P NMR spectra of compound 6c¢.

25



H NMR, CDCls, 400 MHz
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Figure S21. 1H and 13C NMR spectra of compound 2d.
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H NMR, CDCls, 400 MHz
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Figure S22. 1H and 13C NMR spectra of compound 3d.



H NMR, CDCls, 400 MHz
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Figure S23. 1H and 13C NMR spectra of compound 4d.
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Compound 5d (*H NMR, CDCls, 400 MHz)
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Figure S24. 1H and 13C NMR spectra of compound 5d.
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Figure S25. 1H and 3P NMR spectra of compound 6d.



'H NMR, DMSO-ds, 400 MHz

~O O
oo 00

an 00
©0 1
VoV

on
on
ad
o

Y

DOYNNINOOOL OO 0o
NONIDOYADF=OFrIO om
NOONOODMOFOORNO i
M000000¥TF 0NN ~~
P HHO0000000 i
e Y

o +
ksl [
N 2]
n -
L] [}
~ n
E e
| |

BS-Anhydro 11 1 /

—132.2531

—116.9008

pL4/data/nnrsu/n

=0
Yo
SIS
ono
[elu] )
VN0
N

—74.2161

—62.2897

—265.6884

N
I
=2
(]
/ I ] IJ \ =)
—
> E i S
‘ A L
& NI o o - & o o) 7
& o [N o | [0 < ™~ o 2
o o b b - > o 2
. d kb EIEIr X k | Q
l T l ! l T p , [a ,
. R S .- .-
Z
O
3

Figure S26. 1H and 13C NMR spectra of compound 8.
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H NMR, CDCls, 400 MHz
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Figure S27. 1H and 13C NMR spectra of compound 9.
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Figure S28. 1H and 13C NMR spectra of compound 10.



Compound 11 (*H NMR, D0, 400 MHz)
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Figure S29. 1H and 3P NMR spectra of compound 11.
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Compound 13 (*H NMR, D0, 400 MHz)
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Figure S30. 1H and 3P NMR spectra of compound 13.
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