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Supplementary Material 

 
Supplementary Table 1 – Supporting Table for Main Figure 3 on the Assembly of human Respiratory Complexes. The human subunits 

and major assembly factors are shown alongside with their yeast orthologs counterparts. Orthologs were checked in the Alliance of Genome 

Resource Database, release 4.0.0. Subunits are grouped by their assembly module, whenever the respiratory complex assembly is in modular 

fashion. For the assembly factors the column represents the subunit/module they help with. Protein features, N-terminal targeting sequence 

(MTS) and transmembrane domains were extracted from Uniprot annotated entries, unless it is supported by previous works in the literature. 

Similarly, for the proteins where there is no practical evidence for their import route, we inferred the most probable import pathway they use.  

 
Respiratory Complex Yeast Ortholog 

Gene Name/ Access. Number 
Module Pre-Assembly Localisation, Features, and Import Route 

Structural Subunits of CI       

ND1 N/A ND1/PP-a mtDNA-encoded; 
IMM protein; 



 
 

Inserted via OXA1L. 

NDUFA3 N/A ND1/PP-a 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

NDUFA8 N/A ND1/PP-a IMS protein; 
Imported through the MIA pathway [1]. 

NDUFA11 N/A ND1/PP-a IMM protein; 
Expected to be inserted via TIM22 [2]. 

NDUFA13 N/A ND1/PP-a 

IMM protein; 
No N-terminal targeting sequence; 
Residues 20–30 and 40–60 are mitochondrial localisation signals [3];  
Unknown import route. 

ND2 N/A ND2/PP-b 
mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

ND3 N/A ND2/PP-b 
 

mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

ND4L N/A ND2/PP-b  
 

mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

ND6 N/A ND2/PP-b  
 

mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

NDUFA10 N/A ND2/PP-b 
 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFA1 N/A ND2/PP-b 

IMM protein; 
No N-terminal targeting sequence; 
Residues 1-27 are mitochondrial localisation signals [3, 4];  
Expected to be imported through TIM23SORT [3, 4]. 

NDUFC1 N/A ND2/PP-b 
IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 



 
 

NDUFC2 N/A ND2/PP-b  
 

IMM protein; 
No N-terminal targeting sequence; 
Expected to be inserted via TIM22 [5]. 

NDUFS5 N/A ND2/PP-b  
 

IMS protein; 
Imported through the MIA pathway [1]. 

ND4 N/A ND4/PD-a  
mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

NDUFB1 N/A ND4/PD-a 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

NDUFB4 N/A ND4/PD-a 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

NDUFB5 N/A ND4/PD-a 
IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

NDUFB6 N/A ND4/PD-a 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

NDUFB10 N/A ND4/PD-a IMS protein; 
Imported through the MIA pathway [1]. 

NDUFB11 N/A ND4/PD-a 
IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

ND5 N/A ND5/PD-b 
mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

NDUFAB1 N/A ND5/PD-b 
 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFB2 N/A ND5/PD-b 
 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 



 
 

NDUFB3 N/A ND5/PD-b 
 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

NDUFB7 N/A ND5/PD-b 
 

IMS protein; 
Imported through the MIA pathway [1]. 

NDUFB8 N/A ND5/PD-b  
 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT [6]. 

NDUFB9 N/A ND5/PD-b No N-terminal targeting sequence; 
Unknown import route. 

NDUFA5 N/A Q No N-terminal targeting sequence; 
Unknown import route. 

NDUFA6 N/A Q No N-terminal targeting sequence; 
Unknown import route. 

NDUFA7 N/A Q No N-terminal targeting sequence; 
Unknown import route. 

NDUFA9 N/A Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFS2 N/A Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFS3 N/A Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFS7 N/A Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFS8 N/A Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFS1 N/A N 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 



 
 

NDUFS4 N/A N/Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFS6 N/A N/Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFV1 N/A N 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFV2 N/A N 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFV3 N/A N/Q 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFA2 N/A N 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFA12 N/A N/Q No N-terminal targeting sequence; 
Unknown import route. 

Assembly Factors for CI       

ACAD9 N/A 
Assists in 
ND2/PP-b 
module 

IMM protein [7]; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

ECSIT N/A 
Assists in 
ND2/PP-b 
module 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

FOXRED1 N/A 
Assists in 
ND4/PD-a 
module 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route [8]. 

ATP5SL N/A 
Assists in 
ND4/PD-a 
module 

No N-terminal targeting sequence; 
Unknown import route. 



 
 

TMEM70 N/A 
Assists in 
ND4/PD-a 
module 

IMM protein; 
N-terminal targeting sequence; 
Unknown import route. 

NDUFAF1 N/A 

Assists in 
ND1//PP-a 
and N 
modules 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFAF2 N/A Assists in N 
module 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFAF3 N/A Assists in Q 
module 

IMM protein [9];  
No N-terminal targeting sequence; 
Unknown import route [8]. 

NDUFAF4 N/A Assists in Q 
module 

IMM protein [9];  
No N-terminal targeting sequence; 
Unknown import route.  

NDUFAF5 N/A Assists in Q 
module 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFAF6 N/A 
Assists in 
ND1/Pp-a 
module 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NDUFAF7 N/A Assists in Q 
module 

Matrix protein [10]; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

NUBPL N/A 
Assists in N 
and Q 
modules 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

TIMMDC1 N/A Assists in 
ND1/PP-a 

IMM protein; 
No N-terminal targeting sequence; 
Expected to be inserted via TIM22 [5]. 



 
 

TMEM126B N/A 
Assists in 
ND2/PP-b 
module 

IMM protein; 
No N-terminal targeting sequence; 
Expected to be inserted via TIM22 [5]. 

TMEM186 N/A 
Assists in 
ND2/PP-b 
module 

IMM protein; 
N-terminal targeting sequence; 
imported via the TIM23SORT [11]. 

DMAC1/TMEM261 N/A 
Assists in 
ND5/PD-b 
module 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

COA1 COA1 / YIL157C 
Assists in 
ND2/Pp-b 
module 

IMM protein;  
No N-terminal targeting sequence; 
Unknown import route. 

Structural Subunits of CII       

SDHA SDH1 / YKL148C 
  Non-modular 

Matrix protein;  
N-terminal targeting sequence inferred by similarity with porcine 
sequence; 
Expected to be imported through TIM23MOTOR. 

SDHB SDH2 / YLL041C 
  Non-modular 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

SDHC SDH3 / YKL141W 
  

Hydrophobic 
module 

IMM protein;  
N-terminal targeting sequence;  
expected to be imported through TIM23SORT [12]. 

SDHD SDH4 / YDR178W 
  

Hydrophobic 
module 

IMM protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT [12]. 

Assembly Factors for CII       

SDHAF1 SDH6 / YDR379C-A 
  

Maturation of 
SDHB 

Matrix protein;  
Non-cleavable N-terminal targeting sequence. 

SDHAF2 SDH5 / YOL071W 
  

Flavinylation 
of SDHA 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR [13]. 

SDHAF3 SDH7 / YDR511W Maturation of 
SDHB 

Matrix protein;  
N-terminal targeting sequence; 



 
 

Expected to be imported through TIM23MOTOR.  

SDHAF4 SDH8/ YBR269C 
Interacts with 
mature 
SDHA 

Matrix protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

Structural Subunits of CIII       

UQCRC1 COR1 / YBL045C 
  Non-modular 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

UQCRC2 QCR2 / YPR191W 
  

Non-modular 
  

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

MTCYB COB / Q0105 
  

Non-modular 
  

mtDNA-encoded 
IMM protein; 
Inserted via OXA1L. 

CYC1 CYT1 / YOR065W 
  

Intermediate-
assembly 
module 

IMM protein; 
N-terminal targeting sequence; 
Unclear if it is imported into the matrix and then re-located to the IMM 
or inserted in the IMM through lateral release (stop-transfer) via 
TIM23SORT [14, 15]. 

UQCRFS1 RIP1 / YEL024W 
  

Non-modular 
  

IMM protein; 
Targeted to the matrix and exported in the IMS via BCS1 [16]. 

UQCRH QCR6 / YFR033C 
  

Intermediate-
assembly 
module 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

UQCRB QCR7 / YDR529C 
  

Non-modular 
  

Matrix protein 
No N-terminal targeting sequence; 
Unknown import route. 

UQCRQ QCR8 / YJL166W Non-modular 
  

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

UQCR10 QCR9 / YGR183C 
  

Intermediate-
assembly 
module 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

UQCR11 N/A Non-modular IMM protein; 



 
 

No N-terminal targeting sequence; 
Unknown import route. 

Assembly Factors for CIII       

UQCC1 CBP3 / YPL215W MTCYB 
Matrix protein; 
No N-terminal targeting sequence; 
Unknown import route. 

UQCC2 N/A MTCYB 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

UQCC3 N/A MTCYB 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

HCCS Cyt2 CYC1 
IMM-associated protein; 
No N-terminal targeting sequence; 
Unknown import route [17]. 

BCS1L BCS1 / YDR375C 
  UQCRFS1 

IMM protein; 
No N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR based on yeast 
ortholog [18]. 

LYRM7 MZM1 / YDR493W 
  UQCRFS1 

Matrix protein; 
No N-terminal targeting sequence; 
Unknown import route. 

TTC19 N/A UQCRFS1 
IMM protein;  
N-terminal targeting sequence; 
Unknown import route. 

Structural Subunits of CIV       

MTCO1 COX1 / Q0045 
  

MTCO1-
module 

mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

COX4I1 
Paralogs 
COX5A / YNL052W and 
COX5B / YIL111W 

Early-
assembly-
module 

IMM protein; 
N-terminal targeting sequence 
Imported via TIM23SORT [19]. 



 
 

COX5A COX6 / YHR051W 
  

Early-
assembly-
module 

Matrix protein 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

MTCO2 COX2 / Q0250 
  

MTCO2-
module 

mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

COX5B COX4 / YGL187C 
  

MTCO2-
module 

Matrix protein 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

COX6C N/A MTCO2-
module 

IMM protein; 
No N-terminal targeting sequence; 
Interacts with TIM21, expected to be imported through TIM23SORT [6]. 

COX7B N/A MTCO2-
module 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX7C COX8 / YLR395C 
  

MTCO2-
module 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX8A N/A MTCO2-
module 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

MTCO3 COX3 / Q0275 
  

MTCO3-
module 

mtDNA-encoded; 
IMM protein; 
Inserted via OXA1L. 

COX6A1 COX13 / YGL191W 
  

MTCO3-
module 
  

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX6A2 COX13 / YGL191W 
  

MTCO3-
module 
  

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX6B1 COX12 / YLR038C 
  

MTCO3-
module 
  

IMS protein; 
No N-terminal targeting sequence; 
Imported through the MIA pathway. 



 
 

COX7A  COX7 / YMR256C 
 

MTCO3-
module 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

NDUFA4 N/A N/A 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

Assembly Factors for CIV       

TACO1 DPC29 / YGR021W 
  

MTCO1 
translation 

Matrix protein; 
No N-terminal targeting sequence; 
Unknown import route. 

LRPPRC N/A N/A 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

FASTKD2 N/A 

Post-
transcriptiona
l RNA 
maturation, 
ribosome 
biogenesis 
and 
translation. 

Matrix protein; 
Might contain an N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

COX10 COX10 / YPL172C 

MTCO1-
module; 
Heme a 
synthesis 

IMM protein; 
Might contain an N-terminal targeting sequence; 
Expected to be imported through TIM23SORT and others. 

COX15 COX15 / YER141W 
  

MTCO1-
module; 
Heme a 
synthesis 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

SURF1 SHY1 / YGR112W 
  

MTCO1-
module; 
Insertion or 
stabilisation 
of heme a3 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 
 



 
 

COA6 COA6 / YMR244C-A 
  

MTCO2-
module; 
Copper 
homeostasis 

IMS protein; 
Imported through the MIA pathway [20]. 

SCO1 SCO1 / YBR037C 
  

MTCO2-
module; 
Copper 
incorporation 

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

SCO2 SCO2 / YBR024W 
  

MTCO2-
module; 
Copper 
incorporation 

IMM protein;  
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX11 COX11 / YPL132W 
  

MTCO1-
module; 
Copper 
chaperone 

IMM protein; 
Might contain an N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX16 COX16 / YJL003W 
  

MTCO2-
module 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

COX17 COX17 / YLL009C 
  

MTCO1-
module; 
Copper 
transfer 

IMS protein; 
Imported through the MIA pathway in yeast [21]. 

COX19 COX19 / YLL018C-A 
  

MTCO1-
module; 
COX11 
stabilisation 

IMS protein; 
Imported through the MIA pathway. 

COA3/MITRAC12 COA3 / YJL062W-A 
  

MTCO1-
module 

IMM protein; 
N-terminal targeting sequence [22];  
Possibly interacts with OXA1 [22]. 

COA7 N/A N/A IMS protein; 
Imported through the MIA pathway. 

COX14/c12orf62 COX14 / YML129C 
 

MTCO1-
module 

IMM protein; 
Contains mitochondrial targeting sequences [22]. 



 
 

CMC1 CMC1 / YKL137W 
  

MTCO1-
module 

IMS protein; 
Imported through the MIA pathway [23]. 

COX20/FAM36A COX20 / YDR231C 
  

MTCO2-
module; 
Copper 
metalation 

IMM protein; 
No N-terminal targeting sequence; 
Imported through the MIA pathway [24]. 

PET100 PET100 / YDR079W 
 

S3 
intermediary 

IMM protein; 
No N-terminal targeting sequence [25]; 
Unknown import route. 

PET117 PET117 / YER058W 
  

S3 
intermediary 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

PNKD/MR-1S 
Paralogs 
GLO2 / YDR272W 
GLO4 / YOR040W 

S3 
intermediary 

IMM protein [26]; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT [26]. 

COA8 N/A N/A 
IMM protein [27]; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

COX18 COX18 / YGR062C MTCO2-
module 

IMM protein; 
N-terminal targeting sequence [28]; 
Expected to be imported through TIM23SORT. 

Structural Subunits of CV       

ATP5F1A ATP1 / YBL099W 
  

F1 catalytic 
head 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATP5F1B ATP2 / YJR121W 
  

F1 catalytic 
head 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATP5F1C ATP3 / YBR039W 
  

F1 central 
stalk 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATP5F1D ATP16 / YDL004W 
  

F1 central 
stalk 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 



 
 

ATP5F1E ATP15 / YPL271W 
  

F1 central 
stalk 

Matrix protein; 
No N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATP5MC1 

ATP9 / Q0130 Fo rotor  

IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

ATP5MC2 
IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

ATP5MC3 
IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

MT-ATP6 ATP6 / Q0085 Fo rotor 
mtDNA-encoded; 
IMM protein; 
Imported via OXA1L. 

MT-ATP8 ATP8 / Q0080 Fo rotor 
mtDNA-encoded; 
IMM protein; 
Imported via OXA1L. 

ATP5ME ATP21 / YDR322C-A 
 

Fo 
supernumera
ry subunits 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

ATP5MF ATP17 / YDR377W 
Fo 
supernumera
ry subunits 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

ATP5MG ATP20 / YPR020W 
Fo 
supernumera
ry subunits 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

ATP5MJ ATP18 / YML081C-A 
 

Fo 
supernumera
ry subunits 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

ATP5MK ATP19 / YOL077W-A 
Fo 
supernumera
ry subunits 

IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 



 
 

ATP5PB ATP4 / YPL078C Fo peripheral 
stalk 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATP5PD ATP7 / YKL016C 
Fo peripheral 
stalk 
 

Matrix protein; 
No N-terminal targeting sequence; 
Unknown import route. 

ATP5PF ATP14 / YLR295C Fo peripheral 
stalk 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATP5PO ATP5 / YDR298C Fo peripheral 
stalk 

Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

Assembly Factors for CV       

ATPAF1/ATP11 ATP11 / YNL315C F1-module 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

ATPAF2/ATP12 ATP12 / YJL180C F1-module 
Matrix protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23MOTOR. 

FMC1/C7orf55 FMC1 / YIL098C F1-module No N-terminal targeting sequence; 
Unknown import route. 

TMEM70 N/A c-ring 
IMM protein; 
N-terminal targeting sequence; 
Expected to be imported through TIM23SORT. 

TMEM242 N/A c-ring 
IMM protein; 
No N-terminal targeting sequence; 
Unknown import route. 

ATP23 ATP23 / YNR020C 
  N/A No N-terminal targeting sequence; 

Imported through the MIA pathway in yeast [29]. 
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