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Data analysis

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

In silico analysis was performed in PyMol V 1.3 (Schrodinger, LLC) and UCSF Chimera V 1.10.2

he BioRad CFX96 real time software was used to quantify transcript levels

The BioRad imaging system and Image Lab v1.2 was used for immunoblotting analysis

Southern blot analysis and the in vitro transcription assays were quantified using ImageJ software, version 1.53 (PMID: 22930834)

The data that support the findings of this study are available from the corresponding authors upon request.

We believe we have used all the databases/accession codes appropriately and updated the `Data avalibility’ section:

*The authors declare that the data supporting the findings of this study are available within the paper and its supplementary information files. Source data are
provided with this paper. Accession number for POLRMT cDNA used in the study is NM_005035.3 (https://www.ncbi.nlm.nih.gov/nuccore/NM_005035.3). The
structures of the POLRMT initiation complex (PDB ID: 6ERQ), elongation complex (PDB ID: 4BOC) and POLRMT alone (PDB ID: 3SPA) were sourced from PDB (https://
www.rcsb.org).

No sample size calculation was performed because each ‘sample’ corresponded to an individual patient or control cell line and mutation
present in that specific patient e.g. only one skin biopsy was available from each patient and control. The experiments were then performed
on duplicates or triplicates from independent biological repeats as indicated in figure legends.

No data were excluded from the analysis

As stated in the methods and figure legends the experiments were performed in duplicates or triplicates from independent biological repeats.
Where applicable error bars +/- SEM were calculated.

The allocation of samples was not random, because specific patient samples or recombinant proteins representing the patient mutations
identified in the study were used. We believe that the Editorial question about this has now been addressed.

The investigators were not blinded to group allocations during sample collection or data analysis, because specific patient samples or
recombinant proteins representing the patient mutations identified in the study were used.
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Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Human research participants

Clinical data

Dual use research of concern

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

The following primary antibodies were used in this study: MS601 (ab110411, Abcam), NDUFB8 (ab110242, Abcam), SDHA (ab14715,
Abcam), UQCRC2 (ab14745, Abcam), COXI (ab14705, Abcam), ATP5A (ab14748, Abcam) and !-actin (Cloud Clone Corp.
CAB340Hu22). HRP-conjugated secondary antibodies: DAKO, P0399, and P0260.

This information has now been added to the manuscript.

MS601 (ab110411, Abcam) – according to manufacturer’s guidelines 1:1000 dilution was used and a PVDF transfer. Secondary HRP-
conjugated anti-mouse antibody was used in 1:2000 dilution. Manufactures’ website shows a western blots analysis of the antibody
in lysates isolated from Human B cell lymphoma and MRC5 fibroblasts. The antibody was cited in 242 studies (e.g. Mingirulli N et al.
Clinical presentation and proteomic signature of patients with TANGO2 mutations. J Inherit Metab Dis N/A:N/A (2019)).

NDUFB8 (ab110242, Abcam) - according to manufacturer’s guidelines 1:1000 dilution was used. Secondary HRP-conjugated anti-
mouse antibody was used in 1:2000 dilution. Manufactures’ website shows a western blots analysis of the antibody in lysates isolated
from human, cow, rat and mouse heart. The antibody was cited in 111 studies (e.g. Alston et al. Pathogenic Bi-allelic Mutations in
NDUFAF8 Cause Leigh Syndrome with an Isolated Complex I Deficiency, AJHG, 106 (1) 92-101 (2020); Sommerville EW et al.
Instability of the mitochondrial alanyl-tRNA synthetase underlies fatal infantile-onset cardiomyopathy. Hum Mol Genet 28:258-268
(2019)).

SDHA (ab14715, Abcam) - 1:2000 dilution was used. Secondary HRP-conjugated anti-mouse antibody was used in 1:2000 dilution.
Manufactures’ website shows a western blots analysis of the antibody in lysates isolated from wild type HEK93, SDHA KO HEK293,
MCF7 and HepG2, in addition to human, bovine, rat and mouse heart mitochondria. The antibody was cited in 235 studies (Alston et
al. A recessive homozygous p.Asp92Gly SDHD mutation causes prenatal cardiomyopathy and a severe mitochondrial complex II
deficiency, Human Genetics 134, 869-879 (2015); Thompson K et al. OXA1L mutations cause mitochondrial encephalopathy and a
combined oxidative phosphorylation defect. EMBO Mol Med 10:N/A (2018)).

UQCRC2 (ab14745, Abcam) - according to manufacturer’s guidelines 1:1000 dilution was used. Secondary HRP-conjugated anti-
mouse antibody was used in 1:2000 dilution. Manufactures’ website shows a western blots analysis of the antibody in lysates isolated
from H23, Ramos cell lines and human skeletal muscle. The antibody was cited in 147 studies (Oláhová et al. Molecular genetic
investigations identify new clinical phenotypes associated with BCS1L-related mitochondrial disease, Human Molecular Genetics,
Volume 28, Issue 22, (2019)).

COXI (ab14705, Abcam) - 1:1000 dilution was used. Secondary HRP-conjugated anti-mouse antibody was used in 1:2000 dilution.
Manufactures’ website shows a western blots analysis of the antibody in lysates isolated from human, bovine, rat and mouse heart.
The antibody was cited in 280 studies (e.g. Olahova et al. A truncating PET100 variant causing fatal infantile lactic acidosis and
isolated cytochrome c oxidase deficiency, EJHG, 23, 935-939 (2015)).

ATP5A (ab14748, Abcam) - 1:1000 dilution was used. Secondary HRP-conjugated anti-mouse antibody was used in 1:2000 dilution.
Manufactures’ website shows a western blots analysis of the antibody in lysates isolated from human, bovine, rat, mouse heart
mitochondria; human liver tissue, HepG2 cells. The antibody was cited in 243 studies (e.g. Olahova et al. Biallelic Mutations in
ATP5F1D, Which Encodes a Subunit of ATP Synthase, Cause a Metabolic Disorder, AJHG, 102 (3) 494-504; (2018)).

!-actin (Cloud Clone Corp. CAB340Hu22) - The antibody is a mouse monoclonal antibody raised against ACTB. It has been selected for
its ability to recognize ACTB in immunohistochemical staining and western blotting. For Western blotting: 1/10000 (1mg/ml). The
manufactures’ website shows 3 citation for this antibody (e.g. Thompson et al. Targeted Elimination of Senescent Beta Cells Prevents
Type 1 Diabetes, Cell Metabolism, 29 (5), 1045-1060, (2019)).

Fibroblasts-derived cell lines were established from patient skin biopsies. Spodoptera frugiperda (Sf9) insect cells were
purchased from Thermo Fisher Scientific. Sf9 cells were used for expression of recombinant proteins.

Genomic DNA from the patient cell lines used was sequenced to confirm the presence of pathogenic POLRMT variants. Sf9
cell line used was not authenticated.

We routinely confirm all patient-derived cell lines and Sf9 cell lines test negative for mycoplasma contamination

No commonly misidentified cell lines were used in the study.




