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RNA ligase deposited 2'-phosphate modifica�ons
are sufficient to inhibit 5'→ 3' exoribonucleases

Nanopore sequencing of Xrn1-degraded RNA
iden�fies 2'-PO4s produced during HAC1 splicing

Complex modifica�ons of tRNAs
complicate detec�on of RNA repair signals

RNA repair produces distor�ons in nanopore signal
intensity and stalls during pore transloca�on

2'-PO4-induced stalls are strong enough that they
may trigger premature sequencing read termina�on

Department of Biochemistry and Molecular Gene�cs, RNA Bioscience
Ini�a�ve, University of Colorado School of Medicine

This study was funded in part by grants from the Na�onal Ins�tutes of Health
(R35GM119550-06 to J.R.H., and T32 GM008730 to L.K.W.), the RNA Bioscience
Ini�a�ve (RNA Scholars Award to L.K.W. and Victor W. and Earleen Bolie Molecular
Biology Scholarship Award to L.K.W.

−50
0

50
100
150

0
30

0
60

0
90

0
−50

0
50

100
150

70
0

71
0

72
0

73
0

74
0

75
0

0
50

100
150

0
30

0
60

0
90

0

0
50

100
150

70
0

71
0

72
0

73
0

74
0

75
0

−50
0

50
100
150

0
30

0
60

0
90

0
−50

0
50

100
150

70
0

71
0

72
0

73
0

74
0

75
0

0
50

100
150

0
30

0
60

0
90

0

0
50

100
150

70
0

71
0

72
0

73
0

74
0

75
0

HAC1s

13 nt

∆C
P
M
on

X
rn
1

di
ge
st
io
n

M
T
-W

T
∆C
P
M
s

11
98

11
98

P2′

Trl1

Ire1

Tpt1

HAC1u

HAC1s

5´
en
ds
(C
P
M
)

wild-type xrn1∆ tpt1∆ (10x-tRNA)

D
M
S
O

D
M
S
O

D
M
S
O

D
M
S
O

Tm
Tm

No exonuclease +rXrn1

P
P

5′
2′

P

80

***

121
158

Xrn1:

wild-
type

tpt1∆
(10x)

trl1∆
tpt1∆
(10x)

trl1∆
(10x)

- + - + - + - +

tRNA Pro-UGG

3′ probe

5S rRNA

2′-P substrate▶

exonuclease-
resistant
products

Xrn1
- + - + - +

Dxo1 RNase J1

Xrn1
J1

5′P-AAUUGGUUCUUUUAAGUCCUCAGACG

Dxo1

Xrn1:

ctrl
- + - + - +

2′-P 2′-O-Me

exonuclease-
resistant
products

26 nt substrates▶

∆
M
M

(M
T
-W

T)

* *

M
ea
n
∆
M
M

ov
er
5
nt

HAC1 and
intron-containing
tRNAs are the two

known RNA
substrates of Trl1

the complete
repertoire of RNAs
repaired by Trl1
has not been
previously
explored

gene�cally
bypassed tpt1∆
(10x-tRNA)

cells accumulate
2'-phosphates at
sites of RNA repair

AAG2PUC

CAG2PAA
HAC1s

synthetic RNA

�me (ms)

cu
rr

en
t(

pA
)

raw nanopore output:

2'-phosphoryla�on of spliced, intron-containing tRNAs occurs at the "hypermodified base"

Read termination reasons in
UPR-stressed cells

HAC1s

HAC1s

RNA repair generates localized
base calling errors on HAC1
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