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Patient ID Typical clinical features Causative MD subtype

genes

P1 Fasting hyperglycemia, overweight, and hypertriglyceridemia ABCC8 and MODY_ 12 (ABCCS)
KANK1

P2 Diabetes, abdominal pain, and vomiting RFX6 REX6_MODY

P3 Ketoacidosis and obesity UCP2 and EN3K Idiopathic type 1 diabetes

P4 Diabetes only BBS12 and TTCS Bardet-Biedl syndrome

P5 Diabetes KANK1 Monogenic diabetes

6 Dumbness and deafness, mental retardation, delay in weight status, neurological TTC8 Bardet-Bied! syndrome 8

problems, facial dysmorphia, and brachydactyly

P7 No ketoacidosis, nervous character, learning difficulties, and overweight GCKR MODY_2 (GCK_MODY)

P8 Hearing loss, retinitis pigmentosa, and neurological problem ALMSI Alstrom syndrome

Py Diabetes and neurological problems WESI Isolated diabetes with low penetrance for

Wolfram syndrome features
P10 Overweight, kidney agenesis, low HDL, and hypertension INSR Insulin resistance type A
P11 Nephropathy, development delay, and overweight ALMSI and PDX1 MODY_4 (PDX1_MODY)

R I
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Patients Gene Exon  Refseq Genetic  Genotype Consequence  dbSNP  gnomAD  Pathogenicity  ClinVar  References
variant frequency score D

n ABCCS | 2| NMLODO2G | G250G>A Het pValsatle - 1989605 s s54707 | Clinvar vUs Pathogenic
KANKL 7 NM_ eMGA Hom pGlu2ssLys 2 7571605 n 1353906 | Clinvar vUs Likey to be
012568762 Pathogenic
P PPIRA 4 NMORTI 26T Het pPro7Sileu | rsISISN0A 00009 n W02 | Clinar Likely benign | Likely benign
REXS 16 NMLIZISE | cI7RGSC Het PARSTSPr0 | rsHGIISI0S | 00023 0 36331 ClinVar vus Likéy to be
pathogenic
” U2 5 NMLOOBSs | c3GeA Het PARIZSTRE | 74701085 | 8071e06 2 : The present | Likely benign Benign
BNK 1 NMLORISS | cl0IASG Het PApMGly | 667 00002 9 - study Likely benign Benign
“The present
study
P BBSIZ 2 NMLISWIS | c3SSGA Hom PG9S | TS 00016 5 2550 LovD Benign lkely Likely to be
TICS 3 NMMS6 | cI9iAG Het PAPOSGly | nILSTAIZ 00009 n w2515 Lovp benign pathogenic
Likely to be
pathogenic
KANKI 3| NMLOISISS | cl6SGeA Het POSSITyr | r70250575 | 0000125 2 426868 | The present Benign Likey to be
study pathogenic
v TIGS 3 NMLSs | clAG Het PAPSSGly | mILSTAZ 00009 10 w515 LoD Likely benign Likey to be
pathogenic
” GCKR | 4 NMLODSS | c3I6G>A Het POlIOGARg | rsAS00816 | 3978c:06 0 - The present | VUS lkely Likey to be
PPPIRSA | 4| NMLOOIL | c267C5T Hom pPro7Sileu | rsISISI0SA 00009 n 93402 sudy LOVD benign pathogenic
Benign
s ALMSI B ONMLOISIO | cliSGSC Het POWiS3Al | rlie2013512 00000121 1 1903933 The present | Likely benign Likey to be
Asi | u <9617CT Het pTho2sle | 1201620771 00003 8 9932 study Likely benign pathogenic
“The present Likey to be
study pathogenic
» KLFI 4| NMLOOS7 | cI3S2A Het PABISIGIn 199770757 00005 0 2167203 Lovp Benign Benign
WESL 8 NMLOOISSSS | c2206G>A Het POTISSer | r7Isnsel | 3254605 B 152869 LOVD pathogenic Pathogenic
o INSR 8 NMLOGONS | cl6i9GT Het pAIsSSOVal N ~ 9 - “The present vus Likely to be
study pathogenic
i ALMSI 1| NMLOISIO | cl4mGGA | Het PEldding BE | rs53859738 _ N - “The present Benign Benign
PDXI 1| NMOOONS | c226G>A Het PASTAM | ISR 00032 5 8859 study Benign Likely 1o be.
LovD/ pathogenic
Uniprot

Het, hetrozygous sate; Hom, homozygous state VUS, varant with uncertain signfcance.
SRR R i
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VarCoPP score

Pl ABCC8:11:1749647. 086 Disease-causing with 99% confidence True digenic

P2 059 Low pathogenicity Monogenic + modifier

P3 EN3K: 17:80693613:AG 052 Low pathogenicity Dual molecular diagnosis

UCP2: 11:73688018:C:T

P4 TICS : 1489305845:A.G. 093 Disease-causing with 99.9% confidence True digenic
BBSI2: 4:123663402:G:A

7 GCKR: 2:27721152G:A 053 Disease-causing True digenic
PPIR3A7:113518880:G:A

Pl No variant combination - -
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Selective screening

Age in days, years (median, range)
Weight in grams, kilograms (median, range)
Gender

Male, n

Female, n
Geographic distribution

Aktobe province

Atyrau province

West Kazakhstan province

Mangystau province

Urban population

Rural population
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Main criteria (symptoms) Sudden deterioration in the clinical condition of the child after a period of normal development (days, weeks, months): Acute metabolic
encephalopathy lethargy (coma) seizures resistant to antiepileptic therapy

Hepatomegaly (hepatosplenomegaly)
Metabolic acidosis with increased anion gap
Muliple fractures
Child mortality in the family from diseases with similar symptoms
Additional criteria (symptoms) | Treatment-resistant seizures
Abnormal muscle tone: dystonia, hyperkinesis, hypotension
Speech retardation
Mental retardation of unknown cause
Cardiomyopathy
Tachypnea
Frequent spitting up (vomiting)
Osteoarticular anomalies (joint stiffness, chest deformity, rickets-like changes)
Hernias (umbilical, inguinal-scrotal)
Persistent or recurrent hypoglycemia
Metabolic alkalosis
An increase in ketone bodies in the blood and (or) urine
Hyperammonemia
An increase in the level of liver enzymes (ALAT, AST) more than 1.5 times
Increase in the level of creatine phosphokinase (CPK) by more than 2 times
Decrease in the level of alkaline phosphatase (AP) below the age norm
Imaging or electrophysiological examinations indicating a metabolic disorder
Leukopenia
“Thrombocytopenia
Abnormal odor of urine, body, earwax, any unusual odor
Hair growth disorders, alopecia
Ophthalmic anomalies
Unusual appearance, dysmorphic features
History of death of a previous sibling of unknown cause
Parents’ consanguinity

Positive family history with metabolic disorders
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Patient 1 Patient 2 Patient 3 Patient 4
Gender Female Female Male Female Female
Gene GEM2 NDUFAF5 FASTKD2 FOXREDI FH
RefSeq NM_032380.5 NM_024120.5  NM_0011361932 NM_017547.4 NM_000143.4
DNA change €569G>A <827G>C c496_497del €1261G>A C1358T>C
Protein change PAIgI90Gin pArg276Pro  pLeul66GlufsTer2 p.Val421Met p.Leuds3Pro
Genotype ‘Homozygous Homozygous Homozygous Homozygous Homozygous
dbSNP ID 15761283105 - 151304003703 15199542988 -
GnomAD exome frequency v2.1 165 - 6572e-6' 125 -
ACMG classification Uncertain significance | Uncertain Likely pathogenic | Uncertain significance | Likely pathogenic
significance
Prediction tools/ SIFT/<0.05 Damaging (0.001) Damaging (0.001) Deleterious® Damaging (0.003) Damaging (0)
threshold score
PolyPhen-2 HDIV/ Deleterious (1) Deleterious (1) NA® Deleterious (0.987) Deleterious (1)
>0.453
FATHMM/<0 Tolerated (-0.54) | Deleterious (~2.06) NA© Deleterious (~2.26) Deleterious
(-6.34)
Metal R/>0.5 Deleterious (0.66) Deleterious (0.79) NA® Deleterious (0.7551) Deleterious
(098)
MetaSVM/>0 Deleterious (0.5661) Deleterious NA© Deleterious (0.6457) Deleterious
(0.7425) (1.042)
DANN/>08 Deleterious (0.9996) Deleterious NA® Deleterious (0.9989) Deleterious
(0.9969) (0.9993)
VEST3/>0.75 Deleterious (0.428) | Deleterious (0.945) NA® Deleterious (0.222) Deleterious
(0.987)
CADD/>20 Deleterious (35) Deleterious (34) NA® Deleterious (27.9) Deleterious (32)
PROVEAN/<-2.5 Deleterious (-348) | Deleterious (-6.7) NA® Neutral (-2.27) Deleterious
(-65)
Mutation assessor/>1.9 Medium (2.84) Medium (2.895) NA® Medium (2.595) Medium (2.255)
UMD predictor/>75 Probably Deleterious (99) NA© Probably Deleterious (84)
polymorphism (57) polymorphism (63)
M-CAP/> 0025 Deleterious (0.0504) Deleterious NA© Deleterious (0.2961) Deleterious
(0.1844) (0.8812)
LRT/D, N, and U Deleterious Deleterious NA® Deleterious Deleterious
Mutation taster/A, D, N, Deleterious Deleterious Deleterious Deleterious Deleterious
and P
Deleteriousness predictions 11/14 14/14 22 11/14 14/14

'In gnomAD, genome.
"SIFT, indel.
WA: it spobcible i s Bama

variant.
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JHMG

3MCCD

3MGA

AAs

ACs

Arg
ARG
ASA

BTD

C3DC

C4DC
C40H

C5 OH

Cs:1

CsDC

C6DC
C60H
Cs8

C8:1
C8DC
C10
C10:1
C 10:2
C10DC
C12
C12:1
C12DC
Cl4
Cl140H
Cl4:1
Cl4:2
C16
C160H
C16:1
C16:10H
C18
C180H
C18:1
C18:10H
C18:2
C18:20H
CACT
CIT I
Cit

CPS
CPT I
CPT II
CUD
DBS
DE RED
ENBS
FAOD
GA 1
GC-MS
Gln
Glu

Gy
HCU

IBDD

lle
IMD
IVA

LCHAD

LC-MS/MS
Leu
MA

MADD
(GA )

MATD

MCAD
MCAT
MCD
Met
MHBDD
MMA
MSUD
NAGSD
NBS
NKHG
OA

Orn
OTCD
PA

Phe
PKU
Pro
Pro-OH

SBCAD

SCAD
Suc (SUAC
TYR I

TYR I

Tyr

ucD

val

VLCAD

3 hydroxy methylglutaryl-CoA lyase deficiency, 3-hydroxy 3-methyl
glutaric aciduria

3-methylcrotonyl-CoA carboxylase deficiency

3-methylglutaconyl-CoA hydratase deficiency, 3-methylglutaconic
acid/aciduria

amino acid disorders
amino acids

acylcanitines

alanine

arginine

argininemia, arginase deficiency
Argininosuccinic aciduria

biotinidase deficiency

free carnitine

acetylcarnitine

propionylcarnitine

‘malonylcarnitine

iso-/butyrylcarnitine
methylmalonylcarnitine
3-hydroxyiso-/butyrylcarnitine
hydroxyisovalerylcarnitine
isovaleryl-/2-methylbutyrylcarnitine
tiglylcarnitine

glutarylcarnitine

hexanoylcarnitine
3-methylglutarylcanitine
3-hydroxyhexanoylcarnitine
octanoylcarnitine

octenoylearnitine

octanedioylcarnitine

decanoylcarnitine

decenoylcamnitine

decadienoylcarnitine

sebacylcarnitine

dodecanoylcarnitine

dodecenoylcarnitine
dodecanedioylcarnitine
tetradecanoylcarnitine
3-hydroxytetradecanoylcarnitine
tetradecenoylcarnitine
tetradecadienoylcarnitine
hexadecanoylcarnitine
3-hydroxyhexadecenoylcarnitine
hexadecenoylcarnitine
3-hydroxyhexadecenoylcarnitine
octadecanoylcarnitine
3-hydroxyoctadecanoylcarnitine
octadecenoylcarnitine
hydroxyoleoylcaitine

linoleylcarnitine
3-hydroxyoctadecadienoylcarnitine
carnitine/acylcarnitine translocase deficiency
citrullinemia T

citrulline

carbamoyl phosphate synthetase deficiency
carnitine palmitoyl transferase deficiency type I
carnitine palmitoyl transferase deficiency type II
carnitine uptake defect

dry blood spot

2,4 dienoyl-CoA reductase deficiency
expanded newborn screening

fatty acid oxidation defects

glutaric aciduria type 1, glutaryl-CoA dehydrogenase deficiency
gas chromatography-mass spectrometry
glutamine

glutamic acid

gycine

homocystinuria

isobutyryl-CoA dehydrogenase deficiency
inborn errors of metabolism

isoleucine

inherited metabolic discases

isovaleric academia, isovaleryl-CoA dehydrogenase deficiency

long-chain 3-hydroxyacyl-CoA dehydrogenase deficiency,
trifunctional protein deficiency

liquid chromatography-tandem mass spectrometry
leucine
malonic acidemia, malonyl-CoA decarboxylase deficiency

multiple-CoA dehydrogenase deficiency, glutaric acidemia type I,
glutaryl-CoA dehydrogenase type II deficiency

mitochondrial acetoacetyl-CoA thiolase (T2) deficiency/
“beta-ketothiolase”

medium-chain acyl-coenzyme A dehydrogenase deficiency
medium-chain ketoacyl-CoA thiolase deficiency

multiple carboxylase deficiency

‘methionine

2-methyl-3-hydroxybutyryl-CoA dehydrogenase deficiency
‘methylmalonic academia, methylmalonyl-CoA mutase deficiency
maple syrup urine disease

N-acetylglutamate synthase deficiency

newborn screening

nonketotic hyperglycinemia

organic acidemias

ornithine

ornithine transcarbamylase deficiency

propionic acidemia, propionyl-CoA carboxylase deficiency
phenylalanine

phenylketonuria

proline

hydroxyproline

short/branched chain acyl-CoA dehydrogenase deficiency,
2-methylbutyryl-CoA dehydrogenase deficiency

short-chain hydroxyacyl-CoA dehydrogenase deficiency
succinylacetone

tyrosinemia type I

tyrosinemia type I

Tyrosine

urea cycle disorders

valine

very long chain acyl-CoA dehydrogenase deficiency
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Hospital  Referring
clinician

type

Ancestry  Indicat

for testing

NEWL | RMMCH
NEI | RMMCH | Neomstlogist | M | Other- | Newromuscular
Pacdiatriian Pakisiani
NEZ2 | NMCH | Getias | F | Afin Sicen!
NEZ6 | RMMCH | Neomswlogsy | M | Affcn | Declopmental
Pacdiatriian
NER9 | RMMCH | Geetien | M | Mied Mliple
congenital
anomalics
NEDSS | RMMCH | Geniist | F | Aficn Rensl
NEGH | RMMCH | Neowswlogi/ | F | Africin Skeewl

Pacdiatrican

Abbreviations: RMMCH, Rahima Mooss Mother and Child Hospital NMCH, Nelson Mandela Children's Hospital: M, Male; F, female; NICU/African, Neonatal- and early childhood onset and African Founder Variant.

Phenotypic
features

Myopatic facis,
eneralised
bypotonia,reduced
tendon reflees, ow
e, posterorly
rotated can, high
arched palste,
eryplorchidisn,
wide
ntermammilary
disance, gena
recurvatum, rocker
bottom foot, single
transverse palmar

retrognathia,narrow
chest,hypaplastc
coyplorchidism

Mild shizomelc
Shortening,
resiced ebow
extension and hip
abducton, truncal
hypotonia, short
strnal prominence,
pectus carnatum,
short and naerow
ches, Harrison's
sulus, fared i,
protuberant
abdomen with
palpable soft liver
and spleen,
exsggerted humbar
ordosi,rltve
macrocephaly, it
nasal brdge,
prominent forchad,
epianthal olds,
infraobial creses,
arey scer, malar
hypoplasia,short
ek

Neonaal sizures,
hypocskacmi,
filure 10 theve,
alopecia. sparse
exebrows, frontal
bossing
scaphocephaly.
mala fatening, fat
nasal brdge,
rezomicrognatha,
mild abdomen
ditension, serotal
dyplasi, mild
hypotonia with
somal powe, dry
sk, fecing
diffclties due t0
fagi tecth and
blcding gums.

Cataracts, bocked

ear ducts, bilateral

eye opaciy,bilsteral
nystagmus,

trognathia, open
anteior fontandle

without cranitabes,
rdundant skin
shoulder jonts,
brachydacyly.
apered fngers,
hyperlaiy of fingee
oo, short satre,

bl bypotonia
it educed

eflexes and power,
hesd b,
osteomalacia on
ray, protinuria,
stagnating weight

Congerital
ephraticsyndrome,
let venticul
hypertrophy.
efuson of right
ventsice, peripheral
pulmonary stenoss,
amsrc,
proteinuri,
dectolyte
abnormliies,
bypothymidism

Metaphysel
widenin left femur
and midshatt
fncure of right
femur, hypophastic
ef i, rstrited
elbow extension,
proximlly inserted
thumb, tpered
fngers biltraly,
fixed bip lexion
bilaeral hip and
Knee extension,
iteraltlpes
cquinovarus,
hypoplastic ails
both fet, prominent
occiput, Mongolian
blue spot over
buttocks and sacral,
dimple ver medial
mallel,reduced
plntar creaes

Variant
HGVS;
gene OMIM
number

STACHESSIG >
C (pTepasaser)
15521

MIMLcOIC >
T(pAm22Te)
300015

cowar:

399G > A

(PGiy11975er)
100

sHoC2G4A >
G (pser2Gly)
orrs

ocRLcIgC>
T(pArgSiITe)
300535

Neist:
13965A
(pAmg160GIn)
16

TRPV 305G >
Alparg2eoti)
stz

Variant
type

Missense

Stop gain

Missnse

Missnse

Stop gain

Missnse

Missnse

Filtering
strategy

Nicur
Africn
Panel

Nicu/
Aftcan
Panel

Nicu/
African
Panel

Clnvr
Filer

Nicur
Afican
Pandd

Nicu/
Afcan
Panel

Clnvar
Filer

ACMG/AMP
classification
and codes

Pathogenic—PM3_strong.
PS3, PP3, PPS_supporing.

Pathogenic —PVSI,
PM2_supporting
PPS_supporting

Likely Pathogenic—PMS,
PML, P2 supporing.
PP, PP2, PPS_supporting

sthogenic -—PS2._very
strong, P31, PS3_moderate,
PM2_supporting, PP2,
PPS_supporing.

Pathogenic - PVSI_strong,
PM2_supporting.
PPS_supporting

Likely Pathogenic
PM3_strong, PMI,
PPS_supportng.

Pathogenic—PSt, 3,
PMS, PM1, PPS_supporting

ClinVar
accession
1D and
dlassification

VCVO00uss744.3)
2 st Pathogenic

VevonoIssss1s
2 s Pathogenic

vevouoor7sstan

2 star Pahogenic!
Likely Pathogenic

Vevo0000es2L 64
3 st Pathogenic

Vevons210939
2 st Pathogenic

Vevouooseiss.17
2 st Pathogenic

Vevo0000s0m 37
2 st Pathogenic

Variant

inheritance,

variant
coverage

Autosomal

recessive, 121X

Xlinked
reesive, 47X

Autosomal
dominant, 85X

Autosomal
dominant, 30X

Xlinked
recesive, 16X

Autosomal
recessve 89X

Autosomal
dominant, 73X

Diagnosed
condition

STAC (Bailey-
Bloch) myopathy

Xelnked
myotububr
myopathy

COL2AI colgen
disorder

Noonan-ike
syndrome with
loose ansgen hair

Lowe syndrome

Congenital

ncphiotic

syndrome

Spondylo-
metaphysesl
dyplasia
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Characteristic Number of Percentage of Number of positive Percentage of positive

individuals cohort (%) diagnoses diagnoses (%)
“Total number of participants 32 - 7 219
Hospital recruitment RMMCH 17 531 6 353
site
NMCH 15 469 1 67
Sex Female 16 500 3 188
Male 16 500 4 250
Referring clinician Neonatologist/ 2 719 4 174
Pacdiatrician
Geneticist 9 281 3 333
Ancestry African 2% 813 5 192
European 1 31 - =
Mixed 1 31 1 1000
Other 4 125 1 250
Consanguinity Consanguineous 2 63 = 00
parents
Non-consanguineous 30 938 7 233
parents
Indication for genetic Neuromuscular 3 94 2 667
eting | | I
Skeletal 2 63 2 1000
Cardiac 6 188 — -
Renal 2 63 1 50.0
Multiple congenital 9 28.1 1 1.1
anomalies
Hepatic H 63 - —
Developmental 2 63 1 50.0
Abnormal growth 1 31 - -
Dysmorphic 3 94 — =
Neurological 1 31 - -
Gastrointestinal 1 31 - -

Abbreviations: RMMCH, Rahima Moosa Mother and Child Hospital; NMCH, Nelson Mandela Children’s Hospital.
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Patient
ID

FPG
(mmol/
L)

HbA1C
(%)

Total
cholesterol
(mmol/L)

Triglycerides
(mmol/L)

HDL
(mmol/

LDL
(mmol/

L)

Creatinine
(umol/L)

CRP
(mg/

L)

C-peptide
(ng/mL)

Pancreatic
antibodies

P1 892 10.10 529 227 103 125 66 58 NA ‘Three negative
P2 NA 1105 576 367 077 336 3058 517 NA Two negative
P3 20.35 845 532 081 16 336 4252 4.06 0.187 ‘Three negative
P4 19.30 1299 NA NA NA NA NA NA NA ‘Three negative
P5 484 519 331 0.66 139 155 5551 0 146 ‘Three negative
P6 193 1538 395 128 17 155 37 027 13.89 ‘Three negative
P7 114 92 505 055 178 17 386 437 NA Three negative
23 153 833 362 0.64 1.08 225 719 533 0.164 ‘Three negative
P9 10.6 79 396 036 204 176 57 077 0.068 Two negative
P10 824 65 464 132 0.8 12 60 2 NA ‘Three negative
P11 9.62 1079 561 081 122 168 45 <5 04 Three negative

TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CRP, C-reactive protein; NA, not available.
C-peptide: The connecting peptide is a short 31-amino-acid polypeptide that connects insulin’s A-chain to its B-chain in the proinsulin molecule.

Phroe s tive: ieliiliin Reoative postii fof D thved paticeiats antsoe
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aa Amino acid

ACMG American College of Medical Genetics
ADA American Diabetes Association

BBS Bardet-Biedl syndrome

CRP C-reactive protein

FPG Fasting plasma glucose

GAD Glutamic acid decarboxylase
GnomAD Genome Aggregation Database
HbAlc Glycated hemoglobin

HDL High-density lipoprotein

A2 Islet antigen 2

ICA Islet cell antibodies

IDF International Diabetes Federation
LDL Low-density lipoprotein

MAF Minor allele frequency

MD Monogenic diabetes

MDS Monogenic diabetes syndrome
MENA Middle East and North Africa

MIDD Maternally inherited diabetes and deafness
MODY Maturity-onset diabetes of the young
MRS Mitchell-Riley syndrome

NGS Next-generation sequencing

NMR Nuclear magnetic resonance

NNDM Neonatal diabetes mellitus

OAD Oral anti-diabetic

ORVAL Oligogenic Resource for Variant AnaLysis
PCR Polymerase chain reaction

TID Type 1 diabetes

2D Type 2 diabetes

vUs Variant with uncertain significance
WES Whole-exome sequencing

WS Wolfram syndrome
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Patient ~ Gender  Circumstance of Other clinical features

D diabetes

Treatment Family
members
with diabetes

Age at Age at

diagnosis of  survey
diabetes

discovery

Pl M SPUPD 27 31 OAD treatment for Overweight and high TG
FPG = 19.08 mmol/L 4 years and then switch
to insulin
P2 F SPUPD 14 17 OAD treatment and Overweight, high TG, low
FPG = 22 mmol/L then switch to insulin + HDL, abdominal pain, and
sulfonylurea (Irys) vomiting
P3 F SPUPD 7 8 Insulin High acetone levels and
FPG = 27.8 mmol/L normal weight
P4 M SPUPD 5 6 Insulin Absence of other clinical signs
asthenia
FPG = 33.4 mmol/L
Ps M SPUPD 11 15 Insulin Frequent hypoglycemia due to
asthenia high insulin dose
FPG = 132 mmol/L
6 F SPUPD 13 14 Insulin Dumbness and deafness,
FPG = 12.8 mmol/L ‘mental retardation, delay in
weight status, facial
dysmorphia, and
brachydactyly
7 M SPUPD 8 13 Insulin No ketoacidosis, nervous
HbAIC = 10% character, learning difficulties,
and overweight
P M SPUPD 21 24 Insulin + OAD and Hearing loss, retinitis
FPG = 167 mmol/L then remain on insulin pigmentosa, and irritability
only
P9 F SPUPD weight loss 24 25 Insulin Frequent hypoglycemic and
FPG = 22.2 mmol/L neurological problem
P10 M FPG = 1052 mmol/L. 15 17 0AD Overweight, low HDL,
HBAIc = 7.7% hypertension, and one kidney
(congenital renal agenesis)
P11 F SPUPD 25 28 Insulin Overweight, nephropathy, and
FPG = 9.62 mmol/L development delay
HbALc = 10.79%

SPUPD, polyuropolydipsic syndrome; FPG, fasting plasma glucose; HbALc, glycated hemoglobin; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; OAD, oral
sists-diabetes drug Mk, not availibie:






OPS/images/fgene-14-1277784/fgene-14-1277784-g001.gif
A Read-depth

B Spiit-read
Exome regions

Mapped reads. Mapped read Spitread
AT R
S
sl

Clustored resds

D8 novo.
Denove





OPS/images/fgene-14-1277784/fgene-14-1277784-g002.gif
b niagiidiand
ERRREREE

Improved diagostic yviaki by combined SV and
e analysis

12 3 4 s s
ESNVonly - BONY only





OPS/images/fgene-14-1277784/fgene-14-1277784-t001.jpg
CANOES

CLAMMS

CoNIFER

ExomeDepth

XHMM

Cn.MOPS

GATK-gCNV

HMZDelFinder/HMZDelFinder _opt

EXCAVATOR2
CODEX

CN-Learn

CNVkit

PINDEL
PRISM
SVseq2

Gustaf

INDELible

BreakDancer

HYDRA

PEMer

Ulysses

Magnolya

DELLY

LUMPY

Manta

GenomeSTRiP

CNVer

“Whole-genome sequencing (WGS).
*Structural variation (SV).

Method
Read depth

Read depth

Read depth

Read depth

Read depth

Read depth

Read depth

Read depth

Read depth
Read depth

Read depth

Read depth

Split read
Split read
Split read

Split read

Split read

Paired-end

Paired-end

Paired-end

Paired-end

Assembly based

Ensemble approach

Ensemble approach

Ensemble approach

Ensemble approach

Ensemble approach

Adva

ges/Attributes
Rare CNVs from ES data

Large population ES studies and easy integration into
automated variant-calling pipeline

More insertions identified and low memory required. ES-
specific tool

Good control of technical variability between samples and
effective across a wider range of exome datasets. Small and
heterozygous deletions

Explores novel classes of CNVs from ES data

Larger CNVs identified from ES and WGS data. Fast average
running time

Detects rare CNVs and determines copy number biases and
CNVs from WGS and ES data

Rare, intragenic homozygous and hemizygous deletions
from ES data

Detects CNVs from ES data with genome-wide resolution
No matched normal controls required. Designed for ES data.

Small sample size needed, good precision, and high-
confidence CNVs from ES data

<100 kb CNVs from WGS and ES data and more effective
for deletions

Large deletions and medium-sized insertions from WGS
SVs and precise breakpoints from WGS
Indel from low coverage WGS data and exact breakpoints

Identifies size and location of dispersed duplications and
translocations from WGS data; 30-100 bp and >500 bp

Smaller SV (20500 bps) from ES data missed by
conventional methods

Various $Vs including indels, inversions, and translocations
from WGS

Diverse classes of SVs, including those involving repetitive
elements such as transposons and segmental duplications
from WGS
~3 kilobases or larger SVs from WGS

High specificity over a complete spectrum of variants

No mapping of reads to reference genome and de novo CNV
detection

Full spectrum of genomic rearrangements from WGS,
including complex events

Increased sensitivity of SV detection from WGS
Less computational time/space, intense large-scale SV,
‘medium-sized indels, and large insertions from WGS and ES
data

Whole-genome discovery and genotyping of deletions

Better mitigates the sequencing biases causing uneven local
coverage and accurately predicts CNVs

Reference
Backenroth et al. (2014)

Packer et al. (2016)

Krumm et al. (2012)

Plagnol et al. (2012)

Fromer et al. (2012)

Klambauer et al. (2012)

Babadi et al. (2022)

Gambin et al. (2017)

Diaurizio et al., 2016
Jiang et al. (2012)

Pounraja et al. (2019)

Talevich et al. (2016b)

Ye et al. (2018)
Jiang et al. (2012)
Zhang et al. (2012)

Trappe et al. (2014)

Gardner et al. (2021)

Chen et al. (2016)

Quinlan et al. (2010)

Korbel et al. (2009)

Gillet-Markowska et al. (2015)

Nijkamp et al. (2012)

Rausch et al. (2012)

Layer et al. (2014)

Chen et al. (2016)

Handsaker et al. (2011)

Medvedev et al. (2010)
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Variables Number of patients (percent)
Developmental delay
Neurological abnormalities
Disturbed consciousness level
Vomiting/dehydration
Hyperammonemia
Metabolic acidosis

MRI brain abnormalities

Infections
Hypoglycemia
Mental retardation
Organomegaly
Micro/macrocephaly

Ophthalmic abnormalities

Cardiomyopathy
Seizures
Tachypnea
‘Thrombocytopenia
Abnormal smell
Hair growth disorders
Osteoarticular anomalies

Abnormal muscle tone

Mutism

Dysmorphia
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Disorder

Primary and repeated LC-MS/MS

screening

Confirmatory tests

MADD (GA 1)

1C4, Cs, C5-OH, C5-DC, C6, C8, C14, C16, C12

AMINO ACIDS & UREA CYCLE DISORDERS
PKU 1Phe, TPhe/Tyr ratio | Phe, Phe/Tyr ratio (Blood)
TPhenyl acetic acid (Urine)
Genetic sequencing of the PAH gene
MSUD 1Val, Tle, Leu 1Val, Tle, Leu (Blood)
1 Leu/lle | 1¥al, Leulle, LewPhe rato (Blood)
TLeu/Phe Ta-KG, 20H-IVA (Urine)
1Xle/Ala Genetic sequencing of the BCKDHA, BCKDHB genes
1Xle/Phe
1Val/Phe ratio
HCU TMet, Hey TMet, Hey (Blood)
TMet/phe ratio
CIT1 1Cit 1Cit (Blood)
TOA (Urine)
Genetic sequencing of the ASSI gene
Asa TArgininosuccinic acid 7 Argininosuccinic acid (Blood)
TArgininosuccinic acid (Urine)
Genetic sequencing of the ASL gene
oTCD 1Git 1Orn 1Git (Blood)
[ 1 Glu (Blood)
TOrotic acid (Urine)
| Genetic sequencing of the OTC gene
crs 1Git 1Organic acids (Urine)
Genetic sequencing of the CPSI gene
NAGSD 1Cit 1Cit (Blood)
Genetic sequencing of the NAGS gene
TYR I 1Tyr 1Tyr/Phe ratio [ 1 Cit (Blood)
1 SuAc (Urine)
1 OA (Urine)
Genetic sequencing of the FAH gene
TYR 1T Tyr Normal levels succinylacetone (Urine)
Genetic sequencing of the TAT gene
NKHG 1Gly 1Gly (Blood)
1Gly (CSF/P)
ARG High arginine TArg/Om High plasma arginine and high urinary orotic acid
'ORGANIC ACID DISORDERS
SBCAD 105 Genetic sequencing of the ACADSB gene
MMA 1C3 | 163, C/C2 ntio (Blood)
1C3/C2 ratio TMMA, 30H-PA, MCA, PG (Urine)
1C4DC, €3/C0
PA 1c3 1Gly (Blood)
1C3/C2 ratio 1C3, C3/C2 ratio (Blood)
1C3/C0 ratio | 130H-PA, MCA, PG (Urine)
Genetic sequencing of the PCCA, PCCB genes
IVA 1Cs [ 1C5 (Blood)
1C5/C2 ratio 1IVG isovalerylglycine, T 30H-IVA (Urine)
1 C3/C2 ratio | Genetic sequencing of the IVD gene
IBDD 1C4 1C4 (Blood)
| Genetc sequencing of the ACADS gene
GAT 1C5DC 1C5-DC (Blood))
1CSDC/CS ratio 1GA, 30H-GA (Urine)
|| Genetic sequencing of the GCDH gene
3MCCD 1C5-OH 1C5-OH (Blood)
T30H-IVA, 3MCG (Urine)
MCD, MCC 1C3, C5-OH 1C3, C5-OH (Blood)
1C3, C5-OH (Urine)
Genetic sequencing of the HLCS gene
BTD 1C50H |Biotinidase activity (Blood) Genetic sequencing of the BTD gene
MA 1¢3DC 1C3DC (Urine)
1C3DC/C4 ratio Genetic sequencing of the MLYCD gene
MATD 1C5:1, C5-OH 1 Cs:1, C5-OH (Blood)
T TGL (tiglylglycine), 2methyl-30H butyric (Urine)
Genetic sequencing of the ACATI gene
MHBDD 1C5 Genetic sequencing of the ACADSB gene
3HvG 1 C5-OH Genetic sequencing of the HMGCL gene
1C 50H/C3
1C6DC
3MGA 1C5-OH 1C5-OH (Blood)
1C6DC T30H-IVA, 3MGA (Urine)
Genetic sequencing of the AUH gene
FATTY ACID OXIDATION DISORDERS
MCAD 1€6, €8, C10 Tn-hexanoylglycine and 3-phenylpropionylglycine (Urine) Genetic sequencing of the
ACADM gene
1C8/C10 ratio
1C10:1 ratio
1 C8/C2 ratio
VLCAD 1C12, C14, C14:1, C16, C16:1, Cl8:1 Genetic sequencing of the ACADVL gene
1C14:1/C2 ratio
1C14:1/C12:1 ratio
1C14:1/C16 ratio
scap 13, C4, C6 1Ethylmalonic acid (EMA) (Urine) Genetic sequencing of the ACADS gene
14
1ca/c2
LCHAD 1C160H Genetic sequencing of the HADHA gene
1 C160H
1CI80H
1C18:10H |

1C4, €5, C5-OH, C5-DC, Cs, C8 (Blood)

TGA, EMA, C4-C8 AGs, isovalerylglycine (Urine)

Genetic sequencing of ETFA, ETFB, ETFDH genes

CUD 1co 1CO (Blood)
Llong-chain acylcarnitines 1C0 (Urine)
Genetic sequencing of the SLC22A5 gene
CPTI 1C0, 1C0/C16 + C18 ratio €0 (Blood))
1C16, C18, C18:1, C182 1C0/C16 + C18 (Blood)
Genetic sequencing of CPT1A, CPTIB, CPTIC genes
CPT Il 1Co Genetic sequencing of the CPT2 gene
1C14, C16, CI611, CI8, C18:1, C182
cact 1co Genetic sequencing of the SLC25A20 gene
1C16, C18, C18:1, C182
DE RED 1C102 Genetic sequencing of the DECRI gene
MCAT 1C6-OH
1c8

1C10:10H
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Characteristic

Total (n = 48)

<2
>2and<5
>5and < 18

Endogamy
Consanguinity

Tsonymy

Family history of hematological disorders

Male 29 (60)
Female 19 (40)
Mean age (years) 9.02 (£6.01)

22 (49)
9 (20)
14 (31)

11(23)
4(8)
3060
24)

T dillontee diemanion: s doan
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Pati

Clinical characteristics

First From birth: weak cry,
symptoms | muscular hypotonia
Family  Two brothers died at
history 14 years and 9 years
with the same
symptoms
Apgar score 7 (weak cry)
Respiratory No
distress
Musculature 3 months: slight
hypotonia in both legs
Facial No
Dysmorphy
Dysfunction No
of ANS
Creatine Elevated
kinase level
MRI NA

3 months: muscle
weakness, weak
movements

One sister died at
11 years with the
same symptoms

10
No
5 months:
Proximal muscle

‘weakness in lower
limbs

No

No

Elevated

NA

Patient 3

4 months: slight hypotonia
in both legs

10
No
5 months:
Proximal muscle weakness

in upper and lower limbs

No

No

Elevated

NA

From birth: weak cry

One sister with normal
phenotype

7 (weak cry)

No
4 months: Neck flexor

weakness

‘Typical elongated myopathic
face, with an open mouth and
tongue protrusion

No

Elevated

NA

1 months:
hypotonia

12 days: hypotonia

One alive brother
(Patient 5) with
similar muscle

One alive brother
(Patient 6) with
similar muscle

weakness weakness symptoms
symptoms

10 10

No No

6 months: hard to | 8 months: able to sit
roll over 8 months:

able to sit

Typical elongated
myopathic face

Typical elongated
myopathic face

No No
Elevated Elevated
NA ‘White matter
hyperintensities
lesions on T2W1I and
T2 Flair

Last clinical
follow-up.

Alive, 2 years, unable
to walk

LAMAZ variants (NM_000426.3)

Patient €.1303C>T, het
€3556-13T>A, het

Paternal €1303C>T, het

Maternal €3556-13T>A, het

Abbreviation: het: heterozygous; hom: homozygous; AN

Alive, 3 years,
unable to walk

€3556-13T>A,
hom

€.3556-13T>A, het

€3556-13T>A, het

Alive, 5 years, able to sit,
wheelchair dependence

<.8974_8975insTGAT,
hom

8974_8975insTGAT, het

€8974_8975insTGAT, het

utonomic nervous system, MRI: magnetic resonance imagi

Alive, 4 years, able to sit with
his hands as support,
wheelchair dependence

4717 + 5G>A, het
€.7156-5_7157delinsT, het

7156~

_7157
delinsT, het

4717 + 5G>A, het

Alive 10 years, able
to sit, wheelchair
dependence

Alive 8 years, able to
sit, wheelchair
dependence

Exon 3 del, het
€4644C>A, het

Exon 3 del, het
€A4644C>A, het

CA4644C>A, het c4644C>A, het

Exon 3 del, het Exon 3 del, het

A et .
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ard entries

1 Nystagmus (HP:0000639) + + - - nir
2 Intellectual disability (HP:0001249) + + + + +
3 | Memory impairment (HP:0002354) + + + + +
4 Abnormal social behavior (HP:0012433) + + + + +
5 | Dysarthria (HP:0001260) + + + + +
6 Hyporeflexia (HP:0001265) e + | + nlr +
7 | Hypotonia (HP:0001252) + + - + | +
8 Gait ataxia (HP:0002066) + + + + +
9 | Cercbellar ataxia (HPOO01251) /e + + nlr | +
10 Dystonia (HP:0001332) + + | - nir +
1 | Seizure (HP0001250) + | + | + [ + | +

B Causative gene | CARS2 ARSA o CLCN4 ARSA
13 o COXPD27 MLD FAMES MRxsRC | wID

Note: “HPO” human phenotype ontology, “+” Phenotypes observed, *-” phenotypes not reported, “n/s” Phenotypes not recorded, “OMIM” online mendelian inheritance in man, COXPD27
(Combinsd Oxsistive Phosmhirylition Defiiency 27), MLD (Msiscirainatic Loifkodyetraphy), BAMES [Pamaal Adult Myododic Bollerer 5, MIZSRC (Raviand-Cliss Sindrofie)
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Challenges

1) Some countries do not have designated legislation establishing NBS programs and
early diagnosis strategies

2) Insufficient education and awareness among stakeholders including
policymakers, parents, and the general public on the importance of NBS programs
and early diagnosis strategies

3) Lack of training of the healthcare community (primary care professionals,
midwives, gynecologists, pediatricians, neonatologists, among others) in
fundamental knowledge about genetics, RDs and early diagnosis for RDs, including
NBS/ENBS, and its impact on health indicators

4) Shortage or absence of specialists in the RD field, including nurses, genetic
counselors, medical geneticists, and pediatric subspecialties. This shortage is

especially exacerbated in terms of genetic counselors and medical geneticists because
in most LATAM countries, only physicians can provide genetic counselling, there
are few training programs for this specialty, and few job opportunities in the region

Recommendations

Policy Changes and Development

@Five countries in LATAM without RD legislation must create a national policy
guaranteeing and regulating the care of patients with RDs

@Countries that already have dedicated RD legislation and policies must ensure NBS
and early diagnosis of RDs are prioritized and continuously expanded within the
legislature. Any screening is better than no screening, but at a minimum, CH and PKU
must be conducted with the maximum coverage possible

@Create a MoH advisory committee that includes decision-makers from the
government, payers, health institutions, public and private laboratories, academia,
bioethicists, medical and scientific associations, and POs to develop national screening
plans and advise the government on policy development based on the RD community’s
needs

@Carry out a consensus among LATAM experts in RDs to adopt a unified definition for
RDs to facilitate collaboration within the region. This effort must include perspectives
from medical societies, academia, and POs. Follow-up efforts must then be organized to
advocate for the adoption of this definition by all countries in the region

Advocacy and Awareness

@ Awareness campaigns targeting all stakeholders, including policymakers, the public,
private and public entities, and the healthcare community should advocate for:

“The need to develop, expand, improve, and provide equal access to NBS and early
diagnosis for RDs as well as to its life-changing impact for patients and their
families

The importance of equal opportunities, social justice, and protection, and
eliminating discrimination and stigma for people living with RDs and their families
to alleviate some of the challenges they face

@Expecting parents must be educated and informed of the benefits and limitations of
NBS, their right to access it, and options for expanded screening

@Parents or caretakers of children with RDs must be educated on care, management,
and the nature of the disease. Psychosocial support must be provided in the face of a
diagnosis

Training for the healthcare community

@AIl healthcare professionals with neonatal contact (including gynecologists, nurses,
midwives, genetic counselors, neonatologists, pediatricians, clinical geneficists, and
primary care physicians) should receive adequate training on:

VRDs according to their level of care. Specifically, because they are the first point of
contact with neonates, every pediatrician and neonatologist must receive training
on when to suspect a RD and appropriate referral situations to get an early
diagnosis and prompt treatment

~Handling communication with families before, during, and after NBS or RD
diagnosis, considering the benefits of testing, the uncertainties and limitations
surrounding NBS and other diagnostic methods, and the implications of a
diagnosis

@ Address the shortage of specialists in the RD field, including specialized nurses,
genetic counselors, medical geneticists, and pediatric subspecialists by developing
training programs in these fields with corresponding job opportunities and incentives

@Broadening regulations on which professionals can train to provide genetic
counselling could increase the number of these specialists
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RBC(T/ Total Direct Indirect Ret OF(g/L) OF(g/L)
(8] Bilirubin Bilirubin Bilirubin (Fraction (start- (start-
(umol/L) (umol/L) (umol/L) %) olysis) hemolysis)
Proband 27 024 82 71 58 652 1379 0.6 042 60"
Mother 427 033 95 NA NA NA 078 048 03 >290"
Father 443 043 120 NA NA NA 085 045 03 >290"
References | 35-50 | 0.37-047 110-115 | 513-2053 <513 171-17.10 042-045 0.27-0.30 >290"
for female
References | 4-5.5 | 0.42-049  120-160 | 5.13-2053 <5.13 171-17.10 05-15 042-045 0.27-0.30 >290"
for male
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Initial UMN Duration (years) Reference
symptom inv.
+ Japanese 496 (SD £ 109; LL 3(n=5) 1 13| 173(SD£1075n=4) | Aokiet al (1994)
n=10)
+ Japanese 480 (SD £ 95; LL 1(n=1) No 15| 168(SD£68n=9) | Aokietal (1994)
n=14)
+ North 432 (SD £ 11.7; na. na. na. 5 | 174(SD64n=5 | Junejaetal (1997)
American n=5s)
+ French na. LL 1(n=4) No 4 | 115(3-25yearsn=4) | Camu et al (1999)
+ Japanese 397 (SD 105 LL 3(n=9) 1 11| 181(SD£132n=9) | Ohietal (2002)
n=9)
+ Japanese 443 (SD £ 87; LL 1(n=17) 1 17| 121(SD+7.6n=17) | Arisato et al. (2003)
n=17)
+ Japanese | 429(SD£4.7;n=7) LL No (n=7) No 15| 172(SD+81n=7) | Ohietal (2004)
+ Pakistani 55 (n=1) LL 1(n=1) No 12| 17-20years (n=12) | Holmoyetal. (2007)
+ Japanese 503 (SD + 4.18; LL No (n=3) No 3| >38(m=D%5>12(i=1* | Yamashita et al.
n=3 (2009)
+ Chinese | 427(SD+6.81=4) LL 1(n=4) 1 4 >12 (n = 4)* Li et al. (2010)
+ Norwegian | 467 (SD+9.4n=3) LL No (n=3) No 3| >5(1=2)%~40-50 | Holmoyetal (2011)
(=1
+ Chinese 545 (SD 1115 LL no (n =4) 1 4 | 13(n=1)>3-12(1=3)* | Zhangetal. (2012)
n=4)
+ Norwegian 425 (SD £ 109; LL 3(n=12) 1 2| 29(sD#13. 9) | Ostem etal. (2012)
n=22)
+- Chinese | 514(SD+69n=5) LL 1(n=5) No 5 >7-11 (n = 5)* Zou et al. (2016)
- Chinese 508 (SD + 10.1; na. na. na. 8| >8(D42n=3+ | Tangetal (2019)
n=8) n=5%
- (de novo) Turkish 33 (mn=1) LL 1 No 1 >7 (n=1) Our study

Family history: + represents inherited disease; +/- represents the studies where both familial and apparently sporadic cases were reported; AO, age of discase onset, represented as the mean +
standard deviation; n, number of affected cases included in the data; initial symptom: LL, lower limb predominance; UMN, inv: number of cases showing upper motor neuron involvement in
addition to lower motor neuron findings; n, number of affected cases studied; bulbar signs, number of patients showing bulbar involvement; N, number of affected members in the study cohort;
duration, time between the symptom onset and death. Dataare presented as the mean * standard deviation or range of years. n, number of affected patients included in the data. *,stll alive at the
time of the study. n.a, information not available.
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leotide change

ino acid change

Mutation type

Patients

Families

References

1 889G>A V297TM Missense 5 2 Hara et al. (2009)

2 754G>A A252T Missense 2 1 Hara et al. (2009)

3 821G>A R274Q Missense 3 2 Nishimoto et al. (2011)

4 1091T>C L364P Missense 2 1 Wang et al. (2012)

5 126delG/961G>A Qu2As/A32IT Compounds heterozygous 1 1 Bianchi et al. (2014)

6 161_162insAG GS6fs Frameshift 1 1 Cai et al. (2015)

7 517A>G AI73T Missense 1 i Khaleeli et al. (2015)
s 1005+1G>T NA Splice site 1 1 Roeben et al. (2016)

9 616G>A G206R Missense 1 1 Ibrahimi et al. (2017)

10 739delG E247Rfs Frameshift 1 1 Preethish-Kumar et al. (2017)

uo 830_831delAG E227Vs Frameshift 1 1 Preethish-Kumar et al. (2017)

12 50245G K168X Nonsense 1 1 Preethish-Kumar et al. (2017)

13 958G>A/1021G>A D320N/G34IR Compounds heterozygous 1 1 Xie and Zhang (2018)

14 983C>A $328X Nonsense 1 1 Giindiiz et al. (2019)

15 805insG S270Lfs*69 Frameshift 3 1 Ziaei et al. (2019)

16 847G>T G283X Missense 1 1 Yu et al. (2020)

v 47242 T>C NA Splice site 1 1 Sun et al. (2022)

18 1156C>T R386X Nonsense 2 1 Shirah et al. (2023)

CARASL aarsbral stitosaaeal tovusnn aiveionath wath: suboonticsl infares and Selomsahalopatie: WA ot ivaibblio satisbls
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Population Citation,
year

Icaeli Druze Mandel etal. 2001

Algerian Labarthe e al, 2005

Moroccan Labarthe e al. 2005;
Brahimi et al, 2009

Tunisan Brahimi et a, 2009

Saudi AlHussain et al, 2014

Egyptian AlMenabawy et al.
w2

Lebanese Mancuso et al, 2005;
this study
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Test (reference range)

Patient 1
2w)*

Patient 2
@m)*

Patient 3
Bw)*

Initial Liver function tests Glucose (76-110 mg/dl) 32 19 33
investigations
AST (0-50 IU/LY/ALT (0-85 IU/L) 102/72 180/98 84/60
GGT (10-50 IU) 579 68 461
Bilirubin total/direct (0-1.2/0~0.3 mg/dl) 128/1.2 10.8/7.7 1312
AFP (5-250 U/mL) 61,754 86,805 92476
INR (0.9-1.2) 24 38 36
Metabolic work-up  Basic tests Ammonia (< 50 umol/L) 24 44 54
Lactate (0.55-2.20 mmol/L) 446 59 732
Plasma amino acids Tyrosine (55-147 ymol/l) at < 1 m 948 1810 394
chromatography
(22-108 umol/l) at 1 m-2y
| Phenylalanine (38-137 wmol/) at < 1 m 96 29 65
(31-75 umol/l) at 1 m-2y
Newborn screening (TMS) Tyrosine (20-450 ymol/l) 1104 1632 621
Succinylacetone (<1.16 ng/ml) 025 037 041
GALT assay (3.5-100 U/g Hb) 95 75 5.1
Urine organic acids 4-hydroxyphenyllactic acid (<2 mmol/mol 1399 Increased 1047
chromatography creatinine)
4-hydroxyphenylpyruvic acid (<2 mmol/mol 236 Increased 166
creatinine)
N-acetyltyrosine (<2 mmol/mol creatinine) 54 Increased 42
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CDNA change Phys. Location (exon) AA Frequency ClinVar ID. Literature

change

Deletion Exon 3 Bon 3 - - n CGrairen2 - ~ Pathogenc (PVSL PSS, | Reported
P2, DM, PP, PPA)

et ChGABIBEBITCT (Exon 9) pROST | 660-1/ | ro7sasize | 23505 Pahogenic | Pathogenic ™ 57 athogenic (PVSLBSI, | Reported
3850 het sz P PAS, P,
b5, phi)

CISEISA | cGINGISOSTOA (ntron 24-25) | pVISSTICH | U2SKS0-5/ | ro7sza0s  ssssi9Likdy | Pathogenic ™ 25 Likly puthogenic (M2, | Reported
251405, het pathogenic csisias PG, PP, PP, PPS)

caouCoA 196N (Bxon 3) | OIS - - . - ™ 5 Pathogeic (PVSL, P2, | Reported
P, PM, PP, PPA)

CTITSGA | rITIS0TGHA (intron 32-35) - VIR e 1028253 VUS - ™ 25 Likdly pathogenic (M2, | Reportd
261650, het PN, PR3, )

aise- chr125786285_ 125786291 dlinsT e - RISSH0IS 477505 Pathogenic B ™ ~ Puogemic(BVSLPVR, | Not
5_7157delinsT (Intron 50-51+Exon 51) PM3, PMd, PP3, PP4)

COTILISISTGAT | Chi SISO pE9st - - - ™ < PuogenicVSL PR, Not
(exon 63 PALS, P, PP, PPA)

At B Hosaasn Tl ekt VAPE Uit o Haceciie Do, TR0 H e Ghut Skl S VAT ouliaaui i MEoa Bl dec TS heniiis i Mt Lt
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Method Index Result Reference range

RBC (*1012/L) 32 45-59
HGB (g/L) 15 129-172
MCV (fL) 107.2 80-100
MCHC (g/L) 335.0 310-355
Blood routine
MCH (pg) 359 25-34
| HCT (%) 343 39-51
Ret (*109/L) 2029 46.4-1212
Retth (%) 634 09-222
Blood cell smear Red blood cells are mildly unequal in size, polychromic red blood cells
ALT (U/L) 349.8 9-50
| AsT UL a6 15-40
TBIL (umol/L) 565.02 | 3ae170
psiL (umol/L) 117.08 <8
Liver function
IBIL (umol/L) 447.94 30-170
GGT (UL) 2533 10-60
ALP (U/L) 165.0 40-150
TBA (umol/L) 946 <0

Note: RBC, red blood cell; HGB, hemoglobin; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MCH, mean corpuscular hemoglobin; HCT, hematocrit;
Ret, Reticulocyte; ALT, alanine transaminase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; ALP, alkaline phosphatase; GGT, gamma-
st translraie THA. toeil bilé. s
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