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= - An exposed residue according to the neural-network algorithm.

> - A buried residue according to the neural-network algorithm.

£ - A predicted functional residue (highly conserved and exposed).

= - A predicted structural residue (highly conserved and buried).

E - Insufficient data - the calculation for this site was performed on less than 10%6 of the sequences.

Figure S1. Conservation of amino acid predicted by ConSurf. Square box shown in red color
represents the location of mutation.



Car ——— s — S _—
A ML v P L AL S S0 A @GP HALMI HMEMY L PLSATRWESTSTVERI TTHYTI ¥ &
10 20 30 40 50
Conf . I R A S B B e Al
Cart
Pred cccccccccccccHHHECCECEBEEBECC S HHHHHHHHHHHHHHHHECC S S cE &
P D D MR WVWIE G WY RRE P AR DR ADWY VI WO A CGPF AL 3 A A Y ML M OL &YW & MBEWKDI = W
o a0 a0 100
Conf i i P R
Cart - e—

m-----E-EEEEEEEEEEEEIIEEMMMMMHEEEHHHHEEEEEEEEEEE""-
M T %W B M A S QI G HT LS GACLDPFGAFM KHEL M PFDWMERMGASPFPLRMTPRPRY  TEDRFE GI1 L

110 120 130 140 150
Conf - —-_—, , e
C-arl! L
PmdEEEEEEEl:ECCCCCCCCCCC1:BBEBHHHHHHHHHHHHHHCCCEECCCCCE
M TOE K Y MR Y T L P EE L RN RN RN Y W ML SR LY D VWA GRS oS LR B W Y P OEY A S

160 170 180 150 200
Conf | o —— e ey e ey e [ e
Cart —
Pr'adGIIIlﬁﬁﬁ-##llll.l¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢G¢llllllllll¢¢¢¢¢
M AW L T OH DD ORI Y R R AT MDY R O DG AP R AT PR R GEL WL &K Y T P AN G MG

o 220 230 240 250

HiHHMHM MMM MO oo C oo oo C@EmEEEEEEEE R CcCHHEMNCCCoRREREDEERCCao
AAd WL Aam oL v K PF DL MO MCEPGTY G G0 MEL WY1 DE M AMNMWHP GRY D HT W GWE LD
260 27 280 290 S0

Conf eome——— . . el . el
{:!ﬂ. ] oy
Pritl c cccccc o mHAHACcCcCCcCCcCcCcCEREREREREIREIREIEIREIREGCS$@©©C@C@©@€6@@H HHFBBEFHHS G H

T Y R CE RO LY OH L ME G E L WAL 3L W W O DY DR Y LR FE R EF N WHE HH PR M

a0 a2

Cart | —— U —

Conf

Cart ——

Pred mnrcoccocEEEEEGCCCS GGG S o

AA Lo B S = T R I S
260 3

Conf

Cart

Ff O T T b O O LI S S =i el =l el i sl = i s s = s = S RS B D = =y =y )
W L = S - IV W - Y - - % WAL L P CE R E P VYT L M OH K OG5 D F E ML P A R

460 470 480 4490 so0

Gl . i e . e s
Cart ww =
PMHGEGEEGEEEEEEGEGGGEEGHHHGEGEGGEEGEEH-HIGEEEEEHHHEH
A e TPl BEY P HPDGS] 5 F DL LS5V ALS GT MRMHBE HDGP A ML TL RDD S PV MHRRNL
510 520 530 540 550

Prel e ccermrHmHec cccc i El EdEccccc il EEEEEcccccCcCcCcEEEaEEEEeaaaa
M B2l Y DO EQOMmFCPFAGY Y EPFYFYEQDODOOF ML O MASODORMOY HAOKTCDI HDF S Ol
580 &00

Conf« v 1, ———
Cart

Pred eEmmcccccccococococooo
MWW W P B CE CE GE R P A Y A

&10
Strand Conf: ~—mmmm Confidence of prediction
:ggﬂx Cart: 3-state assignment cartoon

Pred: 3state prediction

Figure S2. The secondary structure of ETF-QO predicted by PSIPRED. Square box shown in
red color represents the location of mutation.



Table S1. MutPred2 based prediction of molecular mechanisms affected by missense variants.

G472

Variant Molecular mechanism | MutPred2 P-value | Interpretation
score/g scores

Loss of glycosylation at | 0.566 0.02 Disease associated,
S37 actionable hypothesis
Loss of disorder 0.566 0.03 Disease associated,

ETFDH:p.Argd1Leu actionable hypothesis
Altered Ordered 0.869 0.02 Disease associated,
interface confident hypothesis
Loss of Allosteric site at | 0.869 7.4e-03 Disease associated, very
Y271 confident hypothesis
Altered Metal binding 0.869 0.04 Disease associated,

confident hypothesis

ETFDH:p.GIn269His | Loss of Catalytic site at | 0.869 0.01 Disease associated,
Y271 confident hypothesis
Altered DNA binding 0.869 0.01 Disease associated,

confident hypothesis

Altered Transmembrane | 0.869 0.03 Disease associated,
protein confident hypothesis
Loss of Relative solvent | 0.869 0.03 Disease associated,
accessibility confident hypothesis

ETFDH:p.Ser442Leu | Loss of ubiquitination at | 0.881 0.04 Disease associated,
K440 confident hypothesis
Loss of disorder 0.881 0.07 Disease associated
Gain of molecular 0.985 0.004 Disease associated, very
recognition features confident hypothesis
(MoRFs) binding

ETFDH:p.Gly472Arg | Gain of methylation at 0.985 0.03 Disease associated,

confident hypothesis

Threshold P value < 0.05, Interpretation is performed on the basis of g and P scores; actionable
hypotheses: g > 0.5, P<0.05; confident hypotheses: g > 0.75, P<0.05 and very confident hypotheses: g >
0.75, P<0.01. Disease associated when g > 0.




Table S2. Effect of variants on the structure and domains of ETF-QO predicted by HOPE.

Variant Amino acid properties Effect on protein structure and domain
ETFDH:p.ArgdlLeu | There is a difference in charge between the wild-type
and mutant amino acid. The charge of the wild-type The mutated residue is located in a domain
residue will be lost, this can cause loss of interactions | that is important for the main activity of the
with other molecules or residues. protein.
The wild-type e.md mutant aminolacid.s differ in size. | \futation of the residue might disturb this
The mutant residue is smaller, this might lead to loss | f;1ction.
of interactions.
The mutation introduces a more hydrophobic residue
at this position. This can result in loss of hydrogen
bonds and/or disturb correct folding.
ETFDH:p.GIn269His | The wild-type and mutant amino acids differ in size. | The mutated residue is located in a domain

The mutant residue is bigger, this might lead to
bumps.

that is important for the main activity of the
protein.

Mutation of the residue might disturb this
function.

ETFDH:p.Ser442Leu

The wild-type and mutant amino acids differ in size.

The mutant residue is bigger, this might lead to
bumps.

The mutation introduces a more hydrophobic residue
at this position. This can result in loss of hydrogen
bonds and/or disturb correct folding.

The residue is located in a domain that was
annotated as an intramembrane region.

The wildtype residue was probably making
hydrophilic interactions with other residues.
The mutation could disturb these interactions
and affect the structure of the intramembrane
domain.

The mutant residue Leu442 will probably not
fit here and bump into other residues and/or
lipid molecules, thereby could disturb the
structure of the intramembrane domain.

The mutated residue is located in a domain
that is important for the main activity of the
protein.

Mutation of the residue might disturb this
function.

ETFDH:p.Gly472Arg

There is a difference in charge between the wild-type
and mutant amino acid.

The mutation introduces a charge, this can cause
repulsion of ligands or other residues with the same
charge. The wild-type and mutant amino acids differ
in size.

The mutant residue is bigger, this might lead to
bumps.

The torsion angles for this residue are unusual. Only
glycine is flexible enough to make these torsion
angles, mutation into another residue will force the
local backbone into an incorrect conformation and
will disturb the local structure.

The wild-type residue is a glycine, the most
flexible of all residues. This flexibility might
be necessary for the protein's function.

Mutation of this glycine can abolish this
function

The mutated residue is located in a domain
that is important for the main activity of the
protein.

Mutation of the residue might disturb this
function.




Table S3. UniProt Accession number of sequences used for protein sequence alignment.

Name of organism Protein ETF-QO
Homo sapiens (Human) Ql6134

Pan troglodytes (Chimpanzee) H2RB8&3
Mesocricetus auratus (Hamster) AOA1IU7QWG6
Mus musculus (Mouse) Q921G7
Rattus norvegicus (Rat) Q6UPE1
Oryctolagus cuniculus (Rabbit) U3KM78

Felis catus (Cat) U5Q9M7
Vulpes vulpes (Fox) AOA3Q7SNGS5
Equus caballus (Horse) AOA3Q2HQALI
Sus scrofa (Pig) P55931

Myotis lucifugus (Bat) GI1PDD7
Capra hircus (Goat) AO0A452FRHS5
Bos taurus (Bovine) Q2KIGO
Loxodonta africana (African Elephant) G3TD93
Ailuropoda melanoleuca (Panda) G1L6D0
Gallus gallus (Chicken) FINY29
Alligator mississippiensis (American alligator) AOA151PAY4
Physeter macrocephalus (Whale) AOA2Y9F9E2
Callorhinchus milii (Shark) VIKDO07
Drosophila melanogaster (Fruit fly) Q7JWF1




