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Supplementary Text

Mapping of the tRNA positions targeted by human TRMTII-TRMTI12 and THUMPD3-
TRMTI112 complexes on E.coli tRNAMet

To map the positions modified by TRMT11-TRMT112 and THUMPD3-TRMT112 on E. coli
tRNAMet| this tRNA was incubated with the recombinant human complexes and then digested by
RNase A prior to MALDI-MS/MS experiments as previously described (1). We mainly focused on
digested oligonucleotides ¢GGAGCi3 and sGGGGs*Us, which are methylated by TRMTI11-
TRMT112 and THUMPD3-TRMT112, respectively (Supplementary Figure S3A and S3D).

For the THUMPD3-TRMT112 complex, the d3 and w3 fragments from the 4GGGGs*Us
oligonucleotide were analyzed (Supplementary Figure S3D). The m/z value of the w3 fragment is
shifted by 14 units from 1111.6 for the tRNA alone to 1125.7 in the presence of THUMPD3-
TRMTI112 complex, indicating that the mono-methylation does not occur at either G4 or Gs
(Supplementary Figure S3B). Furthermore, the m/z value of the d3 fragment lacking one guanine
base at position either G4, Gs or G, is also shifted by 14 unit upon incubation of the tRNA with the
human THUMPD3-TRMT112 complex (from 903.5 to 917.4), demonstrating that the methylation
catalyzed by THUMPD3-TRMT112 occurs at position 6 of the E. coli tRNAMet (Supplementary
Figure S3C).

For the yGGAGC;3 oligonucleotide obtained upon digestion of the tRNA alone, the fragments c2
and d2 lacking the guanine base from either Go or Gio (m/z value of 540.1 and 558.1, respectively;
Supplementary Figure S3D-E) were considered first. Upon incubation of the tRNA with TRMT11-
TRMT112, the m/z values of both fragments are shifted by 14 units (554.2 for ¢2 and 572.2 for d2
fragments lacking on G base), meaning that one methyl group is added on either base Gy or Gio. As
in the presence of the TRMTI11-TRMT112 complex, no m/z change is observed on fragment cl
containing the sole Gy compared to the tRNA alone (Supplementary Figure S3D), we conclude that

this enzyme adds a methyl group at position Gio of E.coli tRNAMet,

Depletion of TRMT11, THUMPD3 and THUMPD? proteins by CRISPR-Cas9

To inactivate the expression of each of the MTases of interest, the CRISPR-Cas9 technique was
used to generate DNA double-stranded breaks (DSBs) within the targeted gene region and thereby
induce random mutation (insertion of nucleotides due to mispairing) through non-homologous end
joining (NHEJ) pathway of DNA damage repair (2). For TRMT11 and THUMPD3 genes, two
different sgRNAs were used whereas for THUMPD?2, only one sgRNA was used (Supplementary
Figures SSA-B and S7A; Supplementary Table S2). The resulting cells were screened for the lack of



expression of the different proteins of interest by western blot using antibodies directed against
these proteins of interest (Supplementary Table S3). For cells not expressing the targeted protein,
the presence and nature of the mutations were characterized by sequencing the targeted regions of
the genes using oligonucleotides listed in Supplementary Table S2.

For TRMT11 KO cell lines, the sequencing results showed that in both cases, a T nucleotide was
inserted exactly on the sgRNA-targeted sites, causing a frameshift event leading in the appearance
of a premature stop codon (Supplementary Figure S5A). For the TRMT11 KO1 cell line, the
insertion induced a frameshift in the Tyr377 codon associated with the emergence of a premature
stop codon 6 codons downstream (p.Tyr377Leufs*6). Regarding the TRMT11 KO2 cell line, the
insertion caused a frameshift in the Leu366 codon associated with the emergence of a stop codon 17
codons downstream (p.Leu366Phefs*17).

For THUMPD3, the sgRNAs designed to inactivate THUMPD3 expression bind to the last exon
(E9) of THUMPD3 gene (Supplementary Figure S5B). The sequencing of the targeted locus
revealed a one nucleotide (A) insertion induced by both sgRNAs, resulting in frame-shifting events
that generated a delayed stop codon (p.Val465Glyfs*58 for THUMPD3 KO1 and
p-Asn471Lysfs*52 for THUMPD3 KO2).

Two TRMT11/THUMPD3 double KO1 and KO2 cell lines were generated by mutating the
THUMPD3 gene using sgRNA-MG1 or sgRNA-MG3 (Supplementary Table S2), respectively, in
the TRMT11 KO2 cell line (Supplementary Figure S5C). The same mutations as those observed for
the THUMPD3 KO1 and KO2 cell lines were obtained.

For THUMPD?2 protein, we obtained two cell lines showing depletion in the protein of interest
(Figure 3B). For the THUMPD2 KOl cell line, the genomic DNA sequencing results revealed the
insertion of an A exactly on the site targeted by sgRNA-MG7 on THUMPD2 exon 6
(Supplementary Figure S7A). This nucleotide insertion was also detected in the mRNA-seq data as
more than 80% of the reads have an insertion at this position of THUMPD2 exon 6 in the
THUMPD2 KO1 cell line (Supplementary Figure S7C). This resulted in a frameshift event causing
the appearance of a premature stop codon 9 codons downstream the inserted nucleotide
(p.Ala287Serfs*9; Supplementary Figure S7A). For the THUMPD2 KO2 cell line, genomic DNA
sequencing revealed the presence of a three nucleotide insertion that encodes a stop codon (TAA) at
the targeted site, which leads to expression of a truncated protein (p.Ala287*). The RNA-seq
analysis showed intron retention around the targeted exon (Supplementary Figure S7B) and a

marked coverage drop around the introduced stop codon (Supplementary Figure S7D).



Alternative splicing analysis

To assess alternative splicing (AS) changes, two alternative bioinformatics approaches were
utilized: rMATS and FRASER. rMATS quantifies AS changes in an exon-centric way and provides
inclusion values alternative 5’ splice sites (AS5SS), alternative 3’ splice sites (A3SS), mutually
exclusive exons (MXE), retained introns (RI), and for skipped exons (SE). For RI events, exon
coordinates are given as output and thus it cannot be easily evaluated which introns are considered
retained or better spliced. Hence, alternative splicing was also assessed with using the software
package FRASER that quantifies intron retention and alternative splice site usage based on
individual 3’ and 5’ splice sites (SS) (3). Psi3, psi5, theta3 and theta5 counts were obtained with
FRASER for the individual replicates. Psi5 and psi3 correspond to the ‘percent spliced in’ of the
respective 5’ or 3’ splice site. Theta5 and theta3 reflect intron retention computed at the 5’ and 3’
splice site, respectively. The outputs obtained from rMATS and FRASER together yielded
consistent results. In both cases, intron retention was the most prevalent type of alternative splicing
when considering the relative proportion of significantly changed events compared to all events that
passed the minimal read cutoff criteria (Figure 5C, Supplementary Figure S9B,C). In absolute terms
skipped exons were most abundant, but these are also the group with the most events passing the
read cutoff (e.g. 58068 skipped exons versus 4421 introns in tMATS, Supplementary Figure S9G-
H). The overlap of genes that were determined to have significantly more or less intron retention
using both methods was highly significant as determined with the Chi-squared test. The respective
p-values for more retained introns (up) and for less retained introns (down) are 2x10-26 and 4x10-35.
56% of genes detected to have more intron retention in the THUMPD2 KOI1 by rMATS also
showed significantly more intron retention in the analyses performed using FRASER. Overall, > 10
times more events associated with altered intron retention were detected using FRASER than
rMATS (Supplementary Figure S9G-H). Hence, the intron feature analysis is based on the FRASER

dataset.
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Legends to Supplementary Figures

Supplementary Figure S1: Validation of the interaction between human TRMT112 and

MTases

A. Human METTLS co-purifies with wild-type TRMT112 but not with the TRMT112 T5R mutant.
BirA*-HA-TRMT112 proteins were expressed in HEK293T cells and captured using an anti-HA
antibody attached to agarose beads. Co-immunoprecipitated proteins were detected by western
blot using the indicated antibodies. As a control, we used a cell line expressing only the BirA*-
HA tag. Samples were treated with or without benzonase to degrade nucleic acids.

B. Optimization of the expression levels of the different BirA* proteins in HEK293T cells. For
BirA*-HA and eGFP-BirA*-HA (pMG1127), 2 pg of the corresponding plasmids were mixed
with 3 pg of empty plasmid for transfection. For TRMT112-WT-BirA*-HA and TRMT112-T5R-
BirA*-HA, 5 pg of the corresponding plasmids (pMG891 or pMG906, respectively) were used
for transfection. The expression levels were assessed by western blot using anti-HA antibodies.

C. TRMT112 co-purifies with either human THUMPD3 (upper panel) or THUMPD?2 (lower panel).
3xFlag proteins were expressed in HEK293T cells and captured using an anti-Flag antibody
attached to agarose beads. Co-immunoprecipitated proteins were detected by western blot using
the indicated antibodies. As a control, we used a cell line expressing only the 3xFlag tag.

Samples were treated with or without benzonase to degrade nucleic acids.

Supplementary Figure S2: Human TRMT11 and THUMPD3 proteins physically interact with
TRMT112. Chromatograms resulting from SEC-MALLS analysis of the human TRMTI112-
TRMT11 (A) and TRMT112-THUMPD3 (B) complexes. For clarity, only the main refractive index
peak (black curve, left y-axis) and the molecular weight distribution calculated from light scattering
along this peak (red curve, right y-axis) are shown. Insets: SDS-PAGE analysis of the protein

complexes used for these experiments.

Supplementary Figure S3: The TRMT11-TRMT112 and THUMPD3-TRMT112 complexes

are m2Gio and m2G¢ tRNA methyltransferases.

A. Cloverleaf representation of E. coli tRNAMet. RNase A cleavage sites of interest in this study are
indicated by red arrows. Gs at positions 6, 7 and 10 are indicated in pink, purple and light green,
respectively. 4, D, T and W stand for 4-thiouridine, dihydrouridine, thymidine and

pseudouridine, respectively.



B.

In vitro enzymatic assays performed using recombinant human TRMT11-TRMTI112 and
THUMPD3-TRMT112 complexes and E. coli tRNAMet as substrate. Three replicates were

performed and error bars represent standard deviation.

. HPLC-MS elution profiles of E. coli tRNAMet digested into nucleosides after incubation with

MTase buffer (no enzyme) or incubated with human TRMTI11-TRMTI112 or THUMPD3-
TRMT112 complexes. Absorbance at 254 nm (left Y axis, black solid lines) and absolute
intensity of m/z values of 298+ (corresponding to the m2G protonated ion; right Y axis, red solid

lines) are plotted. Three replicates were performed and a representative image is shown.

. MALDI-TOF MS spectrum of the 4GGGGs*Us (m/z value of 1721.1) andodGGAGC3 (m/z value

of 1688.1) oligonucleotides obtained from E. coli tRNAMet digestion after incubation with
MTase buffer (top panel), human TRMTI11-TRMT112 (middle panel) or THUMPD3-TRMT112
(bottom panel) complexes. Three replicates were performed and a representative image is

shown.

Supplementary Figure S4: Mapping of the m2G nucleosides deposited by human TRMT11-

TRMT112 and THUMPD3-TRMT112 complexes on E. coli tRNA;Met

A.

The w3- and d3-type fragment ions for the 4GGGGs*Us oligonucleotide generated upon
digestion of the E. coli tRNAMet by RNase A and discussed in panels B and C. This
nomenclature is based on McLuckey et al. (4).

CID spectrum of the w3-type fragment ion observed in E. coli tRNAMet incubated with MTase
buffer (upper panel) or human THUMPD3-TRMT112 complex (lower panel). The expected
position of methylated ions is depicted by a red asterisk.

CID spectrum of the d3-type fragment ions lacking one G base observed in E. coli tRNA;Met
incubated with MTase buffer (upper panel) or human THUMPD3-TRMT112 complex. The
expected position of methylated ions is depicted by a red asterisk.

The c- and d-type fragment ions for the \GGAGCi3 oligonucleotide generated upon digestion of
the E. coli tRNAMet by RNase A and discussed in panels E and F. This nomenclature is based
on McLuckey et al. (4).

CID spectrum of the c2- and d2-type fragment ions lacking one G base observed in E. coli
tRNAMet incubated with MTase buffer (upper panel) or human TRMTI11-TRMT112 complex

(lower panel). The expected position of methylated ions is depicted by a red asterisk.



F. CID spectrum of the cl-type fragment ion observed in E. coli tRNA;Met incubated with MTase
buffer (upper panel) or human TRMTI11-TRMT112 complex. The expected position of

methylated ions is depicted by a red asterisk.

Supplementary Figure S5: Validation of the disruption of the TRMT11 and THUMPD3 genes

in different cell lines

A. Validation of the HCT116 TRMTI11 KO cell lines. Schematic representation of the human
TRMTI11 gene with exons shown as blue squares and introns as red lines. The sgRNAs
(sgRNA-MG14 and sgRNA-MG16) used and the region their target on TRMT11 gene are
shown. Comparison of the sequencing chromatograms for the WT and TRMT11 KO1 or KO2
cell lines, showing the insertion of one T nucleotide in the TRMT11 gene in KO1 and KO2 cell
lines. The table summarizes the sequence of the TRMT11 gene targeted region in WT and KO
cell lines and the proteins generated by these mutations. | : Predicted cleavage site. T :
introduced nucleotide. * : stop codon. The amino acid sequences resulting from the frameshift
events are in italics and underlined.

B. Validation of the HCT116 THUMPD3 KO cell lines. Schematic representation of the human
THUMPD3 gene with exons shown as blue squares and introns as red lines. The sgRNAs
(sgRNA-MG1 and sgRNA-MG3) used and the region their target on THUMPD3 gene are
shown. Comparison of the sequencing chromatograms for the WT and THUMPD3 KOI1 or
KO2 cell lines, showing the insertion of one A nucleotide in the THUMPD3 gene in KO1 and
KO2 cell lines. The table summarizes the sequence of the THUMPD3 gene targeted region in
WT and KO cell lines and the proteins generated by these mutations. | : Predicted cleavage site.
A : introduced nucleotide. * : stop codon. The amino acid sequences resulting from the
frameshift events are in italics and underlined.

C. Validation of the HCT116 TRMT11/THUMPD3 double KO cell lines. The sgRNAs (sgRNA-
MGI1 and sgRNA-MG3) targeting THUMPD3 gene were used to mutate this gene in the
TRMTI11 KO2 cell line. Comparison of the sequencing chromatograms for the THUMPD3
targeted locus in TRMT11 KO2 and TRMT11/THUMPD3 KO1 or KO2 cell lines, showing the
insertion of one A nucleotide in the THUMPD?3 gene in KO1 and KO2 cell lines.

D. Colony formation assay in soft agar: representative pictures. 1000 cells were seeded and

cultured for 10 days before fixation and staining with crystal violet.



Supplementary Figure S6: The absence of m2G¢ and m2Gyo does not affect tRNA stability or
folding.

A-C. Scatter plots comparing the difference in abundance (determined as 2-ACt) of tRNAs between
TRMT11 KO2 (A), THUMPD3 KOl (B) or TRMT11/THUMPD3 KOI1 (C) cell lines and
parental cell line. The mitochondrial tRNAs are shown in grey. Color code for cytoplasmic
tRNAs absence of m2G (black), experimentally confirmed presence of m2Gs (green), m2Gio (red)
or both (orange). The black line corresponds to fold changes in 2-ACt of 1 (no difference). The

blue lines correspond to fold changes in 2-ACt [ower than 0.5 or higher than 2.

D. Total RNAs extracted from HEK293 cell lines lacking METTL8 (METTLS KO1 and KO2; (5))
were separated by native polyacrylamide gel electrophoresis alongside RNA extracted from
wild-type (WT) HCT116 cells or those lacking the indicated m2G MTases. Selected
mitochondrial (mt-) and cytosolic tRNAs were detected by northern blotting. The presence and
position of m2G in the detected tRNAs is noted on the right. Two biologically independent

experiments were performed and a representative image is shown.

E. Polysome profile analyses of the different cell lines. For each cell line, a representative curve

has been chosen among five biological replicates.

Supplementary Figure S7: Validation of the disruption of the THUMPD?2 gene in HCT116

cells

A. Validation of the HCT116 THUMPD2 KO1 and KO2 cell lines. Schematic representation of the
human THUMPD?2 gene with exons shown as blue squares and introns as red lines. The
sgRNA-MG7 used and the targeted region on THUMPD?2 gene is shown. Comparison of the
sequencing chromatograms for the WT and THUMPD2 KO1 or KO2 cell lines, showing the
insertion in the THUMPD?2 gene of one A nucleotide in KO1 cell line and three nucleotides
(TAA) in the KO2 cell line. The table summarizes the sequence of the THUMPD?2 gene targeted
region in WT and KO1/KO2 cell lines and the proteins generated in each case. The amino acid
sequences resulting from the frameshift events are in italics and underlined. The stop codon

introduced in the THUMPD2 KO2 cell line is marked by a red asterisk.

B. Pooled read coverage profiles for wild-type and both knock-outs across the negative strand
gene THUMPD?. Intron retention is observed especially in knock-out 2 around the target site of
the sgRNA on exon 6.



C. Validation of single nucleotide insertion in KO1 from mapped mRNA-seq reads, allowing two
mismatches. Error bars in barplot correspond to the standard deviation among the three

replicates.

D. Pooled read coverage across exon 6 of THUMPD?2 for wild-type and both knock-outs. Knock-

out 2 shows a coverage drop around the region where the stop codon was inserted.

Supplementary Figure S8: Purification of recombinant TRMTI112-THUMPD2 and

fractionation of small RNAs for in vitro methylation assays.

A.Volcano plot showing that TRMT112 is the only protein significantly enriched by co-
immunoprecipitation of human 3xFlag-THUMPD?2 and detected by mass spectrometry.

B.Chromatogram resulting from the SEC-MALLS analysis of the bovine TRMT112-THUMPD2
complex. For clarity, only the main refractive index peak (black curve, left y-axis) and the
molecular weight distribution calculated from light scattering along this peak (red curve, right y-
axis) are shown. Inset: SDS-PAGE analysis of the protein complex used for these experiments.

C.SEC chromatogram of total tRNAs purified from parental or THUMPD2 KO1 HCT116 cell lines.

D.8M acryl-urea gel of the various RNA populations and identification of fractions pooled to
generate the large rRNA (blue box), 90-200 nt RNAs (green box) and <90 nt tRNAs (orange
box) used in experiments presented in Figure 4C-D.

E.IP of Flag-His tagged THUMPD?2 to search for U6 biogenesis factors. Inputs and eluates of anti-
Flag immunoprecipitation experiments of Flag-His-THUMPD2, THUMPD2-His-Flag or the tag

alone were analyzed by western blotting using the indicated antibodies.

Supplementary Figure S9: THUMPD2-dependent mRNA expression and splicing analysis

A. Heat-map of Pearson correlation coefficients of mRNA-seq gene expression for three replicates

per condition.

B. Fraction of significant alternative splicing events identified with the splice-site centric method
FRASER for KOL1. Psi5 and psi3 correspond to the ‘percent spliced in’ of the respective 5° or 3’
splice site. ThetaS and theta3 reflect intron retention computed at the 5’ and 3’ splice site,
respectively. 95% confidence intervals are given as error bars (bootstrapping, n = 100). Dark
bars reflect the overlap with splicing changes in the same direction for the THUMPD2 KO2 cell

line.



. Fraction of significant alternative splicing events identified with the splice-site centric method

FRASER for KO2. See B for details on labels, error bars and dark shading.

. Intron features associated with psi3. No significant changes were detected with the Wilcoxon
rank-sum test between the up and down groups. The dashed line corresponds to the median

value of the group containing not significantly different psi3 events.

Intron features associated with psi3 as heatmap (same data as in D). Heatmaps show 1) the
change of the median in introns with 3’SSs that are more (up) or less (down) included in KO1
(plotted as modified Z-score) relative to the median in introns without significant changes and

2) the significance of the changes plotted as -log10(p-value) from the Wilcoxon rank-sum test.

Intron feature distributions for more (up) or less (down) retained introns identified with
FRASER (theta3). Extended data matching Figure 6G. Significance was assessed with the
Wilcoxon rank-sum test ((*) P < 0.05, (**) P <0.01). The dashed line reflects the median value

of the group containing not significantly different theta3 events.

. Absolute numbers of significant alternative splicing events identified with rMATS and
FRASER for THUMPD?2 KO1. Significance of the overlap in genes with intron retention events
was tested with the Chi-squared test (p-values are 2x10-26 for more retained introns (up) and
4x10-35 for less retained introns (down)). Dark bars reflect the overlap with splicing changes in

the same direction for the THUMPD?2 KO2 cell line.

. Absolute numbers of significant alternative splicing events identified with rMATS and
FRASER for THUMPD2 KO2. Dark bars reflect the overlap with splicing changes in the same
direction for the THUMPD2 KOI1 cell line. KO — knock-out, n.s. — not significant, PY —
polypyrimidine, SS — splice site.

Intron overlap with snoRNAs. Intron-encoded snoRNAs overlap preferentially with retained

introns in THUMPD2 KO1. 95% confidence intervals are given as error bars (bootstrapping, n
=100).
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