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Supplementary Figure 1. shRNA screening quality controls and growth defects in
HepG2 METTL6 KD cells.

A. Multidimensional Scaling (MDS) plot showing within- and between-group distances of
samples used in the shRNA screen. P1-P9 indicate samples taken from sequential passages of
cells in vitro from the initial input population (P0). T1-T6 indicate individual xenograft tumors
engrafted on the flanks of CB17-SCID mice. Samples are color coded according to experiment
replicate and type (in vitro samples: blue; in vivo samples: green; Replicate 1: light colors;
Replicate 2: dark colors). The input viral (orange) and plasmid (grey) pools are also shown.
B. Heat map showing individual hairpin depletion and enrichment patterns across samples
in the in vitro and in vivo screens. Red indicates the overall enrichment of hairpin over input
passage cells (P0) and blue indicates the overall depletion of hairpin over P0. Each row
represents an individual unique hairpin, while each column shows a single experimental
sample. P1-P9 indicate samples taken from sequential passages of cells in vitro from the initial
input population (P0). T1-T6 indicate individual xenograft tumors engrafted on the flanks of
CB17-SCID mice in each replicate. Relative abundances of the plasmid and viral input hairpins
are indicated on the right.
C. qPCR analysis of METTL6 knockdown efficiency in HepG2 cells four days postinfection with three independent lentiviral vectors targeting METTL6 (8G3, 8G5 and 8G6) or
expressing control non-targeting hairpin (SCR). METTL6 levels in uninfected cells (UT) are
shown as a control. Shown are the averages and STD of two independent experiments.
D. Uncropped immunoblot showing METTL6 protein levels in HepG2 cells infected with
either control (SCR) or METTL6 targeting shRNAs (left). Immunoblot for GAPDH was used
as a loading control (right).

E. Percentage of cells in the G1 and G2-phases of cell cycle and apoptotic cells in HepG2
cells infected with either control (SCR) or METTL6 targeting shRNAs analysed by flow
cytometry (related to Fig. 2B). The average of triplicate wells as well as individual data points
are plotted. Error bars reflect the standard deviation. P-values, as determined by one-way
ANOVA followed by Holm-Sidak's post hoc test compared to control wells are indicated.
F. Soft agar assay of HepG2 cells infected with either control (SCR) or METTL6 targeting
shRNAs (related to Fig. 2C). Representative scanned images of assay wells are shown.
G. Colony formation assay of HepG2 cells infected with either control (SCR) or METTL6
targeting shRNAs (related to Fig. 2D). Representative scanned images of stained assay wells
are shown.

Supplementary Figure 2. Recombinant METTL6 catalyses m3C at C32 in tRNAsSer

A. Domain structure of human METTL6. Point mutations used in this study that disrupt its
catalytic activity are indicated.
B. Coomassie staining of PAGE showing step-wise purification of recombinant wt GSTMETTL6 (left), GST-METTL6 N92A (middle) and GST-METTL6 F111A (right) with
Glutathione-Sepharose beads followed by Superdex column purification.
C. Overlay of extracted ion chromatograms for detection of in vitro methylated
nucleosides in total tRNA (Fig. D). Black – without GST-METTL6; Blue – after in vitro
methylation with
GST-METTL6. Abbreviations and mass transitions: m3C (3- methylcytidine, 258à126), m1A
(1-methyladenosine, 282à150), m7G (7- methylguanosine, 298à166), m5U (5-methyluridine,
259à127), Um (2’-O- methyluridine, 259à113), m1G (1-methylguanosine, 298à166), Gm (2’O- methylguanosine, 298à152) and m2G (2-methylguanosine, 298à166). 5- methylcytidine is
not shown due to retention time overlap with m7G.
D. Overlay of extracted ion chromatograms for the detection of methylated nucleosides in
total RNA (Fig. A). Black – RNA isolated from wt cells; Red – from METTL6 KO cells.
Abbreviations: m3C (3-methylcytidine), m7G (7- methylguanosine), Cm (2’-Omethylcytidine), Um (2’-O-methyluridine), m1G (1- methylguanosine), Gm (2’-Omethylguanosine), m2G (2-methylguanosine), m22G (2,2-dimethylguanosine), Am (2’-Omethyladenosine) and m66A (6,6- dimethyladenosine). 5-methylcytidine is not shown due to
retention time overlap with m7G.

E. (left) Ethidium Bromide staining of PAGE used to resolve short RNAs. RNAs of 85 and
70-80 nucleotides (dotted boxes) were isolated from the gel. (right) Quantification of indicated
modified nucleosides from gel-purified tRNA fractions (Fig. B). Note: Abundance is shown on
a log-scale (base 10) due to the different abundance of modified nucleosides in tRNA. Black
– RNA isolated from wt cells; Red –METTL6 KO cells. Abbreviations: m3C (3methylcytidine), m1A (1-methyladenosine), m5C (5-methylcytidine), m7G (7methylguanosine), m1G (1- methylguanosine), m2G (2-methylguanosine) and m6A (6methyladenosine).
F. Scheme of probes (blue) annealing to specific tRNA isoacceptors used for the
purification of individual tRNAs. For sequences of specific probes see Supplementary Table
2.
G. Abundance of m3C per tRNA molecule in indicated tRNA isoacceptors quantified by
LC-MS/MS (n=3, error bars represent standard deviation).
H. Comparative NAIL-MS for comparison of m5C abundance in indicated tRNA
isoacceptors purified from wt (black) and METTL6 KO HAP1 cells (red). Note that KO of
METTL6 does not affect the abundance of m5C.

Supplementary Figure 3. Controls for CRISPR/Cas9 generation of Mettl6 KO mES
cells and additional data for ribosome profiling

A. Schematic representation of the CRISPR/Cas9 gene-editing strategy applied to generate
Mettl6 KO mES cells. The KO was created by inserting a mNeonGreen PolyA cassette (mNG,
green) into the first common exon (exon 2) of the mouse Mettl6 gene. See full description in the
Material

and

Methods.

Schematic

was

generated

with

Benchling

(https://benchling.com/).
B. Immunoblot with METTL6 antibodies (left) and Ponceau stain of the membrane (right)
showing METTL6 protein levels in wt mES cells and 8 independent Mettl6 KO clones. Full
membranes are shown. Clones D1, F8, G6 were randomly selected for further studies.
C. LC-MS/MS analysis of PAGE-purified tRNA of 85 nucleotides length from WT and
Mettl6 KO mESCs (clone D1): untransfected or KO transiently transfected with wt METTL6 or
catalytic mutant N92A. m3C content per 1000nt (top) and m5C per 1000nts (bottom) are shown.
Average and individual data points of 3 replicates are plotted, error bars reflect STD. p-values
were calculated by 2-way ANOVA test.
D. Scatter plot showing log2 fold change (Mettl6 KO/WT) versus mean expression level in
WT for RNA-seq (left panel) and Ribosome Protected Fragments (RBF) (right panel) (related to
Fig.

). Significantly misregulated transcripts (DESeq, multiple hypothesis-corrected p

<0.05) are indicated in red.

Supplementary Figure 4. Effects of METTL6 loss on mESC phenotypes

A. Heatmap of the sample-to-sample distances for RNAseq replicates used for Fig. C
computed with DESeq2 package in R. The lower the value is, the more similar the samples are
(related to Fig. C).
B. Cell cycle analysis of wt and Mettl6 KO mESCs analysed by flow cytometry (Fig. E).
Representative distributions are shown. Percentage of cells in the G1-, G2- and S-phases of cell
cycle are indicated.
C. Representative pictures of wt and Mettl6 KO (clones D1, G6) mESCs after 2, 4, 6 and 8
days during embryonic body (EB) formation. After 8 days the EBs were collected for RT-qPCR
data represented in Fig. 6G.

Supplementary Figure 5. Mendelian ratio of heterozygous Mettl6 KO mice breeding
and metabolic rate analyses

A. Mendelian ratio of Mettl6 KO mice generation after mating of heterozygous animals.
B-C. Averaged oxygen consumption continuously measured every 20 minutes during the
late light (0 to 280 min), dark (300 to 1020 min) and early light (1040 to 1240 min) phases in
females (B) and males (C).
D-E. Averaged respiratory exchange ratio (RER) representing the ratio of CO2 production
and O2 consumption for females (D) and males (E) according to light and dark cycles.
F-G. Averaged heat production (kJ/hour) according to light and dark phases for females (F)
and males (G). Data are shown as mean ±p-value of KO vs. wild-type are indicated. Related to
Fig. C-E.

Supplementary Figure . Mettl6 KO mice have reduced liver weight without obvious
pathological changes

A. Liver and body weights (g) correlation graph (n=5 wt and n=7 Mettl6 KO in female
group; n=8 wt and n=4 Mettl6 KO in male group).
B. Hematoxylin and Eosin (H&E) staining of the liver of WT and Mettl6 KO mice.
Representative pictures of male mice at 5x (upper panels) and 20x (lower panels) magnification
are shown (n=2 wt and n=5 Mettl6 KO in female group; n=3 WT and n=5 Mettl6 KO in male
group).
C-D. Plasma enzyme activities of alanine aminotransferase (ALAT) and alkaline
phosphatase (AP) (n= 9-11 per group).

Supplementary Tables 1-4
Table 1
1a. Table of all hairpin sequences used in the in vivo and in vitro shRNA screens.
1b. Table of individual hairpin enrichments and depletions in tumors relative to input
passage P0. The log2 fold change (LogFC), Log counts per million (logCPM), Log ratio (LR),
P value, and False discovery rate (FDR) of each hairpin with respect to P0 cells is indicated.
1c. Table of individual hairpin enrichments and depletions in in vitro passaged cells
relative to input passage P0. The log2 slope over time (LogFC) indicates relative loss or
enrichment of the hairpin over 10 passages. Log counts per million (logCPM), Log ratio (LR),
p-value, and False discovery rate (FDR) of each hairpin with respect to P0 cells is indicated.
1d. Full table showing the results of rotational gene set analysis conducted on the results in
Table 1b.
1e. Full table showing the results of rotational gene set analysis conducted on the results in
Table S1c.

Table 2
2a. Table of Methyl-NAIL-MS DMRM parameters for analysis of Methyl-NAIL-MS
samples. Abbreviations: Prec ion: Precursor ion; Prod ion: Product ion; Frag: Fragmentor
voltage; CE: collision energy [eV]; Cell Acc: Cell accelerator voltage; Ret Time: Retention
time; Ret Window: Retention time window.
2b. Table of DMRM parameters for analysis of unlabeled samples by LC-MS/MS.
Abbreviations: SILIS: stable isotope labeled internal standard Pec ion: Precursor ion; Prod ion:

Product ion; Frag: Fragmentor voltage; CE: collision energy [eV]; Cell Acc: Cell accelerator
voltage; Ret Time: Retention time; Ret Window: Retention time window.
2c. Table of sequences of DNA probes used for isolation of individual tRNA isoacceptors.
2d. Table of DMRM parameters for analysis of comparative NAIL-MS samples.
Abbreviations: SILIS: stable isotope labeled internal standard Prec ion: Precursor ion; Prod ion:
Product ion; Frag: Fragmentor voltage; CE: collision energy [eV]; Cell Acc: Cell accelerator
voltage; Ret Time: Retention time; Ret Window: Retention time window. T.

Table 3
Table of genome-wide changes of ribosome protected fragments (RBF) and RNA levels in
wt and Mettl6 KO mESC.

Table 4
Table of changes of RNA levels of differentially expressed genes in Mettl6 KO vs. wt
mESC grown under serum-Lif conditions.

List of figures that have associated raw data

Figure 1 has associated data sets in Supplementary Table 1a-e. Figures 3 and 4 has
associated data sets in Supplementary Table 2. Figure 5 has associated data sets in
Supplementary Table 3. Figure 6 has associated data sets in Supplementary Table 4.

