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eTable 1: Exome metrics calculated from the BAM files using 

Picard CalculateHsMetrics (http://picard.sourceforge.net/index.shtml) 

BAIT_SET SAMPLE
GENOME_SIZE 3101804739
BAIT_TERRITORY 51756122
TARGET_TERRITORY 39269754
BAIT_DESIGN_EFFICIENCY 0.758746
TOTAL_READS 120388134
PF_READS 120388134
PF_UNIQUE_READS 106366949
PCT_PF_READS 1
PCT_PF_UQ_READS 0.883533
PF_UQ_READS_ALIGNED 94823784
PCT_PF_UQ_READS_ALIGNED 0.891478
PF_UQ_BASES_ALIGNED 7053492054
ON_BAIT_BASES 4395193756
NEAR_BAIT_BASES 1342334657
OFF_BAIT_BASES 1315963641
ON_TARGET_BASES 3472853850
PCT_SELECTED_BASES 0.813431
PCT_OFF_BAIT 0.186569
ON_BAIT_VS_SELECTED 0.766043
MEAN_BAIT_COVERAGE 84.921234
MEAN_TARGET_COVERAGE 90.703095
PCT_USABLE_BASES_ON_BAIT 0.48678
PCT_USABLE_BASES_ON_TARGET 0.384629
FOLD_ENRICHMENT 37.344493
ZERO_CVG_TARGETS_PCT 0.033923
FOLD_80_BASE_PENALTY 3.779296
PCT_TARGET_BASES_2X 0.948174
PCT_TARGET_BASES_10X 0.87325
PCT_TARGET_BASES_20X 0.80692
PCT_TARGET_BASES_30X 0.742556
HS_LIBRARY_SIZE 188907477
HS_PENALTY_10X 8.076789
HS_PENALTY_20X 8.53466
HS_PENALTY_30X 9.085432
AT_DROPOUT 0.060562
GC_DROPOUT 22.821561
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BAIT_SET: The name of the bait set used in the hybrid selection. 

GENOME_SIZE: The number of bases in the reference genome used for alignment. 

BAIT_TERRITORY: The number of bases which have one or more baits on top of 

them. 

TARGET_TERRITORY: The unique number of target bases in the experiment where 

target is usually exons etc. 

BAIT_DESIGN_EFFICIENCY: Target territory / bait territory. 1 == perfectly efficient, 0.5 

= half of baited bases are not target. 

TOTAL_READS: The total number of reads in the SAM or BAM file. 

PF_READS: The number of reads that pass the vendor's filter. 

PF_UNIQUE_READS: The number of PF reads that are not marked as duplicates. 

PCT_PF_READS: PF reads / total reads. The percent of reads passing filter. 

PCT_PF_UQ_READS: PF Unique Reads / Total Reads. 

PF_UQ_READS_ALIGNED: The number of PF unique reads that are aligned with 

mapping score > 0 to the reference genome. 

PCT_PF_UQ_READS_ALIGNED: PF Reads Aligned / PF Reads. 

PF_UQ_BASES_ALIGNED: The number of bases in the PF aligned reads that are 

mapped to a reference base. Accounts for clipping and gaps. 

ON_BAIT_BASES: The number of PF aligned bases that mapped to a baited region of 

the genome. 

NEAR_BAIT_BASES: The number of PF aligned bases that mapped to within a fixed 

interval of a baited region, but not on a baited region. 
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OFF_BAIT_BASES: The number of PF aligned bases that mapped to neither on or 

near a bait. 

ON_TARGET_BASES: The number of PF aligned bases that mapped to a targeted 

region of the genome. 

PCT_SELECTED_BASES: On+Near Bait Bases / PF Bases Aligned. 

PCT_OFF_BAIT: The percentage of aligned PF bases that mapped either on or near a 

bait. 

ON_BAIT_VS_SELECTED: The percentage of on+near bait bases that are on as 

opposed to near. 

MEAN_BAIT_COVERAGE: The mean coverage of all baits in the experiment. 

MEAN_TARGET_COVERAGE: The mean coverage of targets that received at least 

coverage depth = 2 at one base. 

PCT_USABLE_BASES_ON_BAIT: The number of aligned, de-duped, on-bait bases 

out of the PF bases available. 

PCT_USABLE_BASES_ON_TARGET: The number of aligned, de-duped, on-target 

bases out of the PF bases available. 

FOLD_ENRICHMENT: The fold by which the baited region has been amplified above 

genomic background. 

ZERO_CVG_TARGETS_PCT: The number of targets that did not reach coverage=2 

over any base. 

FOLD_80_BASE_PENALTY: The fold over-coverage necessary to raise 80% of bases 

in "non-zero-cvg" targets to the mean coverage level in those targets. 
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PCT_TARGET_BASES_2X: The percentage of ALL target bases achieving 2X or 

greater coverage. 

PCT_TARGET_BASES_10X: The percentage of ALL target bases achieving 10X or 

greater coverage. 

PCT_TARGET_BASES_20X: The percentage of ALL target bases achieving 20X or 

greater coverage. 

PCT_TARGET_BASES_30X: The percentage of ALL target bases achieving 30X or 

greater coverage. 

HS_LIBRARY_SIZE: The estimated number of unique molecules in the selected part of 

the library. 

HS_PENALTY_10X: The "hybrid selection penalty" incurred to get 80% of target bases 

to 10X. This metric should be interpreted as: if I have a design with 10 megabases of 

target, and want to get 10X coverage I need to sequence until PF_ALIGNED_BASES = 

10^7 * 10 * HS_PENALTY_10X. 

HS_PENALTY_20X: The "hybrid selection penalty" incurred to get 80% of target bases 

to 20X. This metric should be interpreted as: if I have a design with 10 megabases of 

target, and want to get 20X coverage I need to sequence until PF_ALIGNED_BASES = 

10^7 * 20 * HS_PENALTY_20X. 

HS_PENALTY_30X: The "hybrid selection penalty" incurred to get 80% of target bases 

to 10X. This metric should be interpreted as: if I have a design with 10 megabases of 

target, and want to get 30X coverage I need to sequence until PF_ALIGNED_BASES = 

10^7 * 30 * HS_PENALTY_30X. 

AT_DROPOUT: A measure of how under covered <= 50% GC regions are relative to 

the mean. For each GC bin [0..50] we calculate a = % of target territory, and b = % of 

aligned reads aligned to these targets. AT DROPOUT is then abs(sum(a-b when a-b < 
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0)). E.g. if the value is 5% this implies that 5% of total reads that should have mapped to 

GC<=50% regions mapped elsewhere. 

GC_DROPOUT: A measure of how under covered >= 50% GC regions are relative to 

the mean. For each GC bin [50..100] we calculate a = % of target territory, and b = % of 

aligned reads aligned to these targets. GC DROPOUT is then abs(sum(a-b when a-b < 

0)). E.g. if the value is 5% this implies that 5% of total reads that should have mapped to 

GC>=50% regions mapped elsewhere. 
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eTable 2: Bioinformatic filtering pathway used to identify candidate genes for 
cytochrome-c oxidase deficiency by exome resequencing 
 

Filter  SNVs Genes 

Total 138006 13268 

SC 9465 5825 

NSC/LOF  9456 5445 

Novel NSC/LOF 404 376 

Novel homozygous NSC/LOF 24 21 

Novel heterozygous NSC/LOF 380  358 

Novel compound heterozygous NSC/LOF 39 17 

With predicted mitochondrial localization 0 0 

With predicted role in cytochrome-c oxidase biogenesis 0 0 

Homozygous NSC/LOF 3749 2597 

Heterozygous NSC/LOF 5707 3596 

Compound heterozygous NSC/LOF 3211 1100 

With predicted mitochondrial localization 104 43 

With predicted role in cytochrome-c oxidase biogenesis 3 1 (COX10) 

 

Among the identified SNVs, nonsynonymous coding and loss-of-function variants were 

subsequently filtered for a predicted role in cytochrome-c oxidase biogenesis under a 

recessive model. Variants were considered novel when absent from dbSNP132, the 

1000 Genomes Project, the UK10K rare disease cohort (823 exomes at the time of the 

analysis), and the National Heart, Lung, and Blood Institute Exome Sequencing Project 

database. Regions interrogated by the exome pulldown overlapped 99.6% of all known 

nuclear mitochondrial genes with a median coverage of 40x. Abbreviations: SNVs = 

single nucleotide variants; SC = synonymous coding; NSC = nonsynonymous coding; 

LOF = loss-of-function (frame-shift coding/stop codon gained/splice site). 

 


