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Table S1. Oligonucleotides used for sgRNA synthesis. SDHA-oligo1, SDHA-oligo2 and SDHB-oligo1 were used in both U2OS and 143B cell lines, whereas SDHB-oligo2 was used in U2OS and SDHB-oligo3 in 143B.
	Name
	Sequence (5’ −3')
	Target location

	SDHA-oligo1-FWD
	5’−TAATACGACTCACTATAGAACCCTGAAGGCAGCCCAAG−3’
	Intron 1

	SDHA-oligo1-REV
	5’−TTCTAGCTCTAAAACCTTGGGCTGCCTTCAGGGTT−3’
	Intron 1

	SDHA-oligo2-FWD
	5’−TAATACGACTCACTATAGGGCCTGCTCCGTCATGTAG−3’
	Exon 4

	SDHA-oligo2-REV
	5’−TTCTAGCTCTAAAACCTACATGACGGAGCAGGCC−3’
	Exon 4

	SDHB-oligo1-FWD
	5’−TAATACGACTCACTATAGTAGATGTGGCCCCATGGTAT−3’
	Exon 3

	SDHB-oligo1-REV
	5’−TTCTAGCTCTAAAACATACCATGGGGCCACATCTA−3’
	Exon 3

	SDHB-oligo2-FWD 
	5’−TAATACGACTCACTATAGAGGAACTGGCACAAGGGTG−3’
	Intron 5

	SDHB-oligo2-REV 
	5’− TTCTAGCTCTAAAACCACCCTTGTGCCAGTTCCT−3’
	Intron 5

	SDHB-oligo3-FWD 
	5’−TAATACGACTCACTATAGCAGTTTCTCACGCTCTTCTA−3’
	Exon 5

	SDHB-oligo3-REV 
	5’−TTCTAGCTCTAAAACTAGAAGAGCGTGAGAAACTG−3’
	Exon 5


Black: target sequences. Blue: T7 promoter. Orange: constant region tails
Primers used for PCR screening
	Name
	Sequence (5’ −3')

	SDHA-P1-FWD
	5’−GAGTGTGCATCCGACATCCTC−3’

	SDHA-P2-REV
	5’−CTCATCACCATTCTTTTGGCTG−3’

	SDHB-P1-FWD
	5’− CTGGTAAGTGGCTCAGCCAT−3’

	SDHB-P2-REV
	5’− GGCCGGACTCCCCTTTCTTA−3’





Table S2. Primers used to generate the plasmids used in this study
	Primers used to generate pSDHA-Flag-Puro and pSDHB-Flag-Puro

	Name
	Sequence
	Enzyme

	SDHA-Flag-FWD
	5’−ATTGGATCCGGCAACAGCAGACATGTC−3’
	BamHI

	SDHA-Flag-REV
	5’−ATTGATATCATGATCCTTATAATCTCCGTCGTGGTCCTTATAGTCGTAGGAGCGAATGGCTGGC−3’
	EcoRV

	SDHB-Flag-FWD
	5’− ATTGGATCCCCAAGATGGCGGCGGTGG−3’
	BamHI

	SDHB-Flag-REV
	5’−ATTGATATCATGATCCTTATAATCTCCGTCGTGGTCCTTATAGTCAACTGAAGCTTTCTTCTCCTTATA−3’
	EcoRV

	pac-Flag-FWD
	5’−ATTGATATCGATTACAAAGACGATGACGATGGCAGTGGAGAGGGCAGAG−3’
	EcoRV

	pac-Flag-REV
	5’−ATTCTTAAGTTCCTGCGGCCGCTCCCC−3’
	AflII

	Primers used to generate pSDHA-Puro

	Name
	Sequence
	Enzyme

	FlagDel-FWD
	5’−GAGGGCAGAGGAAGTCTGCTAACA−3’
	None

	FlagDel-REV
	5’−ACGCGTGTAGGAGCGAATGGC−3’
	MluI

	Primers used to generate pSDHA

	Name
	Sequence
	Enzyme

	SDHA-FWD
	5’−ATTGGATCCGGCAACAGCAGACATGTC−3’
	BamHI

	SDHA-REV
	5’−ATTCAATTGTCAGTAGGAGCGAATGGCTGG−3’
	MfeI

	Primers used to generate pPuro

	Name
	Sequence
	Enzyme

	pac-FWD
	5’−ATTGGATCCATGACCGAGTACAAGCCCA−3’
	BamHI

	pac-REV
	5’−ATTCAATTGTCAGGCACCGGGCTTGCG−3’
	MfeI


Black: target sequence. Blue: restriction site. Orange: 3xFlag tag.


Table S3. Data represented in the Volcano plots in Figure S3.
	SDHAKO vs WT: Complex subunits 

	Complex
	Protein
	log fold change
	-log T test
	Regulation

	CI
	NDUFS4
	-3,39698
	4,230196
	Downregulated

	
	NDUFA12
	-3,09285
	3,640053
	

	
	NDUFA7
	-2,82412
	4,462328
	

	
	MT-ND6
	-2,27535
	3,72833
	

	
	NDUFB3
	-1,88463
	2,160244
	

	
	NDUFB8
	-1,69835
	1,920566
	

	
	NDUFV1
	-1,51203
	1,925066
	

	
	NDUFB4
	-1,43339
	2,279806
	

	
	NDUFB7
	-1,39599
	1,893109
	

	
	NDUFV2
	-1,26803
	1,751448
	

	
	NDUFB5
	-1,2652
	1,438189
	

	CII
	SDHB
	-3,25248
	3,279556
	Downregulated

	
	SDHA
	-1,23853
	1,691489
	

	CIII
	UQCRB
	-3,04357
	3,405979
	Downregulated

	
	UQCRQ
	-3,03876
	3,312263
	

	
	UQCRFS1
	-1,40999
	2,220217
	

	CIV
	NDUFA4
	-4,05541
	4,292726
	[bookmark: OLE_LINK2]Downregulated

	
	COX7A2L
	-3,54389
	4,69196
	

	
	MT-CO2
	-3,26218
	4,512304
	

	
	MT-CO3
	-2,83335
	3,822663
	

	
	COX7A2
	-2,6209
	3,821279
	

	
	COX7C
	-2,46119
	3,486238
	

	
	COX6C
	-1,93879
	3,262321
	

	
	COX5A
	1,43631
	2,833679
	Upregulated

	CV
	ATP5MF
	1,132857
	2,202601
	Upregulated

	
	ATP5MJ
	1,157844
	1,78843
	

	
	ATP5PB
	1,257611
	1,992645
	

	
	ATP5PF
	1,367663
	2,302144
	

	
	ATP5PD
	1,67024
	1,589995
	

	
	ATP5MG
	1,688338
	3,172322
	

	
	ATP5MC1
	1,889035
	1,936813
	

	
	ATP5F1E
	1,916791
	1,30661
	

	
	ATP5F1D
	1,946964
	1,679478
	

	
	ATP5F1C
	2,090154
	4,596318
	

	
	ATP5F1A
	2,208555
	2,645403
	

	
	ATP5PO
	2,301284
	3,868779
	

	
	ATP5F1B
	2,363806
	1,614428
	



	SDHBKO vs WT: Complex subunits 

	Complex
	Protein
	log fold change
	-log T test
	Regulation

	CI
	NDUFV3
	-4,92978
	1,337562
	Downregulated

	
	NDUFS4
	-4,03586
	3,521357
	

	
	NDUFA12
	-3,5417
	4,119165
	

	
	NDUFA7
	-3,26497
	4,253108
	

	
	NDUFC2
	-2,80467
	3,461273
	

	
	NDUFA8
	-2,44518
	1,953973
	

	
	MT-ND6
	-2,2701
	4,342623
	

	
	NDUFB3
	-2,26153
	3,643929
	

	
	NDUFA13
	-2,18219
	3,779792
	

	
	MT-ND3
	-2,17276
	3,169642
	

	
	NDUFA10
	-2,03788
	1,509847
	

	
	NDUFB8
	-1,86403
	2,002249
	

	
	NDUFB4
	-1,79711
	3,548671
	

	
	NDUFB5
	-1,78966
	2,268762
	

	
	NDUFS5
	-1,75695
	2,066423
	

	
	NDUFB7
	-1,64487
	3,048161
	

	
	NDUFC1
	-1,41807
	1,792086
	

	
	NDUFA3
	-1,23126
	1,396929
	

	CII
	SDHB
	-4.35141
	3.804242
	Downregulated

	
	SDHA
	2.052253
	1.262887
	Upregulated

	CIII
	UQCRB
	-4,8225
	3,695632
	Downregulated

	
	UQCRQ
	-4,23031
	4,012318
	

	
	UQCRC2
	-2,11582
	2,145773
	

	
	UQCRFS1
	-2,06797
	2,609405
	

	
	CYC1
	1,713242
	2,027965
	Upregulated

	
	UQCRH
	2,326819
	2,739323
	

	CIV
	COX6B1
	-4,39326
	2,466843
	Downregulated

	
	NDUFA4
	-3,74754
	4,066076
	

	
	COX7A2L
	-3,47209
	4,33811
	

	
	COX7C
	-3,20944
	3,484867
	

	
	MT-CO3
	-3,18057
	3,609854
	

	
	MT-CO2
	-3,05734
	4,056761
	

	
	COX7A2
	-2,5442
	4,100379
	

	
	COX7B
	-1,21015
	1,689351
	

	
	COX4I1
	-1,11482
	1,247085
	

	CV
	ATP5F1C
	1,565512
	1,320711
	Upregulated

	
	ATP5F1A
	1,829367
	1,343556
	



	SDHAKO vs WT: Complex assembly and regulatory factors 

	Complex
	Protein
	log fold change
	-log T test
	Regulation

	CI
	TIMMDC1
	1,025107
	2,980674
	[bookmark: OLE_LINK1]Upregulated

	
	NDUFAF1
	1,15925
	2,053457
	

	
	NDUFAF7
	1,35368
	2,865591
	

	
	FOXRED1
	1,5009
	3,947039
	

	
	NDUFAF4
	1,921228
	3,529929
	

	
	ECSIT
	2,19806
	6,563233
	

	
	NDUFAF8
	2,440126
	5,535211
	

	CIII
	OXA1L
	1,103077
	1,729855
	Upregulated

	
	UQCC1
	1,73134
	1,777129
	

	
	LYRM7
	1,96721
	4,070989
	

	
	BCS1L
	2,1473
	4,1152
	

	
	UQCC5
	5,713166
	4,49797
	

	CIV
	SURF1
	1,174616
	2,707079
	Upregulated

	
	COX15
	1,218474
	1,502506
	

	
	COA7
	2,042954
	1,99349
	

	
	SCO1
	2,499498
	4,046639
	

	
	TACO1
	2,719262
	5,139307
	

	
	TMEM177
	2,889595
	4,495211
	

	
	COA6
	3,172148
	4,49333
	

	
	SCO2
	3,853942
	4,418623
	

	CV
	ATPAF1
	1,979695
	2,84914
	Upregulated

	
	ATPAF2
	2,720353
	5,754882
	

	
	ATP5IF1
	6,642183
	2,605844
	



	SDHBKO vs WT: Complex assembly and regulatory factors

	Complex
	Protein
	log fold change
	-log T test
	Regulation

	CI
	NDUFAF7
	1,120945
	1,863083
	Upregulated

	
	NDUFAF6
	1,694939
	3,900848
	

	CIII
	UQCC3
	-2,71851
	2,000966
	Downregulated

	
	UQCC1
	-2,02444
	2,41026
	

	
	UQCC5
	4,57546
	2,890233
	Upregulated

	CIV
	PET100
	-1,55671
	1,445682
	Downregulated

	
	COX15
	2,56077
	2,221296
	Upregulated

	
	SURF1
	1,674861
	1,982019
	

	CV
	ATPAF1
	1,490802
	1,703034
	Upregulated




Figure S1. Subcellular localization of CII-low. Related to Figure 1. (A) SDS-PAGE and western blot analysis of isolated mitochondria from SDHA-KO and SDHB-KO cell lines generated in U2OS and 143B cells using antibodies against SDHAF2. VDAC1 served as a mitochondrial loading control. (B) Representative confocal microscopy images of U2OS SDHB-KO cells stained for mitochondria, SDHA, SDHAF2 and nuclei. Individual channels are shown separately, together with pairwise combinations and the merged image. The insets show high-magnification views of the selected regions. (C) Co-localization analyses between mitochondria, SDHA and SDHAF2 were performed in pairwise combinations in U2OS SDHB-KO cells. The indicated correlation coefficients are plotted. Each point represents a single cell.
Figure S2. Validation of spectrophotometric assays for SQR and SDH activities. Related to Figure 2. (A) Schematic representation of CII indicating the target sites of the specific SQR and SDH activity inhibitors thenoyltrifluoroacetone (TTFA) and 3-nitropropionic acid (3-NPA). (B) SQR and SDH activities measured in WT cells by spectrophotometric assays in the presence of the indicated inhibitors. Enzymatic activities were calculated as enzyme units (U), where 1 U corresponds to the conversion of 1 nmol of substrate per minute per milligram of protein (nmol·min⁻¹·mg protein⁻¹). Activities were normalized to citrate synthase (CS) activity and are expressed as U/CS ratios (unitless). (C) Intracellular succinate levels measured in SDHA-KO and SDHB-KO U2OS and 143B cell lines using a succinate colorimetric assay kit. Statistical analysis: (B, C) One-way ANOVA followed by Tukey's multiple-comparisons test was used. *, p < 0.05; **, p < 0.01; ***, p < 0.005; ****, p < 0.001; ns, not significant. Each point represents a biological replicate.
Figure S3. Proteomics analysis of MRC subunits, assembly, and regulatory factors in SDHA-KO and SDHB-KO cell lines. Related to Figure 6. (A) Volcano plots showing relative abundance changes of mitochondrial proteins detected in isolated mitochondria from U2OS SDHA-KO and SDHB-KO cell lines compared with WT cells. Proteins corresponding to MRC subunits and assembly and regulatory proteins are highlighted. Protein labels are listed in Table S3. (B, C) Heat maps showing the mean relative abundance of MRC subunits (B) and assembly and regulatory proteins (C) in isolated mitochondria from U2OS SDHA-KO and SDHB-KO cell lines compared with WT cells.
Figure S4. Mitochondrial morphology in SDHA-KO and SDHB-KO cell lines. Related to Figure 7. Representative confocal microscopy images of U2OS (A) and 143B (B) SDHA-KO and SDHB-KO cells transfected with the pMTS-mRFP plasmid, which encodes a mitochondria-targeted mRFP. Nuclei were stained with Hoechst 33342.
Figure S5. Functional analysis of SDHA complementation in SDHA-KO cell lines. Related to Figure 8. (A) SDS-PAGE and western blot analysis of whole-cell lysates from WT, SDHA-KO and SDHA-rescued (SDHAresc.) U2OS cells stably transfected with pSDHA-Flag-Puro, using antibodies against SDHA and SDHB. β-actin served as a loading control. (B) SQR and SDH activities measured in mitochondria-enriched fractions by spectrophotometric assays. Each point represents a biological replicate. (C) BN-PAGE (7-16% polyacrylamide gradient gels) and western blot analysis of isolated mitochondria using antibodies against SDHA, SDHAF2, SDHB and SDHC to assess CII holoenzyme and CII-low assembly. VDAC1 served as a mitochondrial loading control. (D) In-gel detection of FAD fluorescence associated with the SDHA flavoprotein. Coomassie staining served as a loading control. (E–F) OCR assessed by Seahorse Mito Stress Test in U2OS cell lines. (E) OCR trace over time. Each point represents the mean ± SEM of three independent experiments. (F) Basal respiration and maximal respiration calculated from OCR measurements. Each point represents a biological replicate. (G) CI activity measured in mitochondria-enriched fractions by spectrophotometric assay. Each point represents a biological replicate. (H) BN-PAGE (3-13% polyacrylamide gradient gels) and western blot analysis of isolated mitochondria using antibodies against CI (NDUFA9), CII (SDHA), CIII (UQCRC2), CIV (MT-CO1) and CV (ATP5B) in WT, SDHA-KO and SDHA-rescued (SDHAresc.) U2OS cell lines. VDAC1 served as a mitochondrial loading control. Enzymatic activities were calculated as enzyme units (U), where 1 U corresponds to the conversion of 1 nmol of substrate per minute per milligram of protein (nmol·min⁻¹·mg protein⁻¹). Activities were normalized to citrate synthase (CS) activity and are expressed as U/CS ratios (unitless). CI SCs, complex I–containing supercomplexes. Statistical analysis: (B) Welch and Brown–Forsythe ANOVA tests followed by Games–Howell multiple-comparisons test for SQR activity; one-way ANOVA followed by Tukey’s multiple-comparisons test for SDH activity. (F, G) One-way ANOVA followed by Tukey’s multiple-comparisons test. *, p < 0.05; **, p < 0.01; ***, p < 0.005; ****, p < 0.001; ns, not significant.
Figure S6. Assembly of electron transport chain complexes and SCs in DMM-treated U2OS cells. Related to Figure 8. BN-PAGE (3-13% polyacrylamide gradient gels) and western blot analysis of isolated mitochondria from WT and SDHA-KO U2OS cells treated with 16 mM dimethyl malonate (DMM) for 7 days, using antibodies against CI (NDUFA9), CII (SDHA), CIII (UQCRC2), CIV (MT-CO1) and CV (ATP5B). VDAC1 served as a mitochondrial loading control. CI SCs, complex I–containing supercomplexes.
Figure S7. Strategies used for SDHA re-expresion. Related to Figure 8. (A) Schematic representation of the expression vectors used for SDHA re-expression. pSDHA-Flag-Puro expresses 3×Flag-tagged SDHA together with the puromycin resistance cassette (pac) from a single vector, whereas pSDHA-Puro co-expresses untagged SDHA and pac. Alternatively, SDHA and pac were expressed from two separate vectors using pSDHA and pPuro, respectively. (B) SDS-PAGE and western blot analysis of whole-cell lysates from WT, SDHA-KO, and SDHA-rescued U2OS cells stably transfected with the indicated plasmids using an antibody against SDHA. β-actin served as a loading control. (C) SDH activity measured in mitochondria-enriched fractions by spectrophotometric assays. Enzymatic activities were calculated as enzyme units (U), where 1 U corresponds to the conversion of 1 nmol of substrate per minute per milligram of protein (nmol·min⁻¹·mg protein⁻¹). Activities were normalized to citrate synthase (CS) activity and are expressed as U/CS ratios (unitless). (D) Intracellular succinate levels measured using a succinate colorimetric assay kit. Each point represents a biological replicate. Statistical analysis: (C) One-way ANOVA followed by Tukey’s multiple-comparisons test. *, p < 0.05; **, p < 0.01; ***, p < 0.005; ****, p < 0.001.
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