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Rare disease PGX NCD Cancer Others

(856 probands)

June 2020 to February 2024

856 families (2351 participants) 51.74%
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Undiagnosed diseases

Known diseases

Pending

Reported

Number of 

patients
%

Positive 

results
%

Sex

male 178 55.28 58 32.58

female 144 48.57 65 45.14

Singleton WGS 47 14.60 16 34.04

Duo WGS 63 19.57 24 38.10

Trio WGS 190 59.00 72 37.89

Large family WGS 22 6.83 11 50.00

All (all participants) 322 (834) 123 38.08

Diagnostic Yield 38.08%
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Diagnostic yield of WGS across various phenotypic categories

Phenotypic categories
number 

of 
patients

positive 
results %positive

Pulmonology 1 1 100.00

Skin 7 4 57.14

Neurology and developmental delay 87 45 51.72

Gastroenterology and hepatobiliary 
system 18 8 44.44

Craniofacial anomalies 13 5 38.46

Endocrinology 13 5 38.46

Multiple anomalies 47 17 36.17

Nephrology 15 5 33.33

Cardiology 18 6 33.33

Ophthalmology 24 7 29.17

Metabolic disorders 23 6 26.09

Musculoskeletal system 27 7 25.93

Hematology 24 6 25.00

Immunology 5 1 20.00



Case I Recurrent infantile onset encephalopathy

• G1 เสียชีวิตตอน 3 เดือนเป8น influenza A + acute 
necrotizing encephalitis

• G2 เสียชีวิตตอน 7 เดือน acute encephalopathy MRI 

brain: bilateral symmetrical basal ganglia lesion

• G3 ทารกแรกเกิดปกติ แตWตรวจพบ lactate 34.8 mg/dl

MRI brain at 8 months: 

Symmetric abnormal increased SI 
on T2/FLAIR at bilateral lentiform 

nuclei (more prominent at 
putamina), caudate nuclei, 

thalami, and periaqueductal 

region. Diffusion restriction 
involving bilateral putamina and 

caudate nuclei are seen



Diagnosis: Biotin-Thiamine-Responsive Basal Ganglia Disease



Tabarki B, Al-Hashem A, Alfadhel M. Biotin-Thiamine-Responsive Basal Ganglia Disease. 2013 Nov 21 [Updated 2020 Aug 

20]. In: Adam MP, Feldman J, Mirzaa GM, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, 
Seattle; 1993-2024. Available from: https://www.ncbi.nlm.nih.gov/books/NBK169615/

Felhi R, Sfaihi L, Charif M, Frikha F, Aoiadni N, Kamoun T, Lenaers G, Fakhfakh F. Vitamin B1 deficiency leads to high oxidative 

stress and mtDNA depletion caused by SLC19A3 mutation in consanguineous family with Leigh syndrome. Metab Brain Dis. 2023 
Oct;38(7):2489-2497. doi: 10.1007/s11011-023-01280-w. Epub 2023 Aug 29. PMID: 37642897.

Biotin-Thiamine-Responsive Basal Ganglia Disease



• เด็กหญิงอายุ 1 ปD 8 เดือน มีพัฒนาการชOารอบ
ดOาน นั่งไดOตอน 7-8 เดือน คลานไดOตอน 1 ขวบ 
เกาะยืน 1.2 ปD พูดเป]นคำ ๆ ไดO 5-6 คำ

• ตรวจรcางกายไมcพบความผิดปกติ

• Chromosome study : 46,XX

Case II

MRI brain: Diffuse high SI in 
T2W involving subcortical, 
deep white matter of 
bilateral cerebral 
hemispheres and posterior 
limb internal capsule. There 
is abnormal high SI in T1W 
and low SI in T2W involving 
both thalami. 
DDx 1) gangliosidoses 2) 
Krabbe disease



• Compound heterozygous c.671del, p.Pro224LeufsTer3 (pathogenic) and 
c.1304_1305delinsC, p.Asp435Alafs*26 (likely pathogenic) in FUCA1

• Diagnosis: Fucosidosis
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Lysosomal metabolism of glycoproteins
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lysosome. The serine protease, cathepsin A, which also has
a protective role toward certain lysosomal hydrolases, initiates
the degradation of the receptor, lamp-2a, thereby controlling
the rate of chaperone-mediated autophagy (Cuervo et al.,
2003). About 30% of cytosolic proteins can be degraded by
chaperone-mediated autophagy, and it plays an important
part in the regulation of protein degradation under different
physiological conditions. Fragments of glycans derived from
the breakdown of incorrectly folded or glycosylated glycopro-
teins in the ER and cytosol are also delivered to the lysosome
by a receptor-mediated mechanism for digestion (Saint-Pol
et al., 1999) (see later discussion).

Heterophagy or endocytosis is the mechanism for deliver-
ing extracellular and plasma membrane proteins to the
lysosome for catabolism (Mellman, 1996; Smythe, 1996). It
encompasses phagocytosis of cellular debris and pathogenic
microorganisms, receptor-mediated endocytosis via clathrin-
coated pits of specific protein ligands, nonspecific fluid phase
pinocytosis and macropinocytosis (Swainson and Watts,
1995) of extracellular proteins, and endocytosis by caveolae.
Pinocytosis is constitutive in most cell types, whereas phago-
cytosis is predominantly carried out by professional scaven-
gers in response to stimulation. All of these processes result
in the formation of early endosomes (or phagosomes) where
sorting of the material for delivery to the lysosome or
recycling to the plasma membrane occurs (Luzio et al., 2001;
Maxfield and Mukherjee, 2004). The endosomes mature into
late endosomes, which contain the material to be digested
and fuse with lysosomes to form hybrid organelles, in which
digestion commences (Luzio et al., 2001). Subsequently lyso-
somes are reformed by condensation of the contents and
removal of some membrane proteins by vesicular traffic.

Lysosomal catabolism of glycoproteins

Once inside lysosomes, the catabolism of glycoproteins is
catalyzed by hydrolases with characteristic acidic pH

optima. The low pH inside lysosomes not only provides the
optimal conditions for the enzymes but also probably
partially denatures the glycoproteins. The polypeptide
chain is broken down by proteases and the glycan moiety
by glycosidases. Any other posttranslational modifications,
for example, sulfation, phosphorylation, or esterification,
are removed by appropriate hydrolases. Very little is
known about the precise pattern of breakdown of the
polypeptide portion of any glycoprotein in vivo because
there is an excess of protease activity and many of the
enzymes have overlapping specificities. This probably
accounts for the apparent absence of lysosomal storage dis-
eases due directly to a generalized defect in lysosomal pro-
teolysis. This is supported by the absence of nonspecific
lysosomal protein storage in mice knocked out for a specific
protease (Saftig et al., 1995), However, these models also
indicate that some proteases have specific functions in addi-
tion to contributing to the general proteolytic capacity of
cells (Turk et al., 2001). Often this function is restricted to
certain cell types or is extracellular, explaining the lack of a
general defect in protein turnover due to their deficiency.
To date only four human diseases have been shown to be
due directly to defects in genes encoding lysosomal proteases
(Table I). In contrast, highly specifc glycosidases catalyze the
hydrolysis of the different glycosidic linkages in N- and O-
linked glycans in highly ordered pathways. Consequently a
defect in one enzyme will block the pathway and lead to the
accumulation of its substrate, resulting in a lysosomal stor-
age disease (Winchester, 1996) (Table I and Figure 3).

Enzymology of lysosomal proteolysis
The proteolytic capacity of lysosomes comprises a mixture
of endo- and exo-peptidases, called cathepsins, which act in
concert to degrade proteins to a mixture of amino acids and
dipeptides (Barrett et al., 1998; Mason, 1996) (Table II).
Some cathepsins, for example, G and E, also function out-
side the lysosome. All of the proteases are active at an

Table I. Lysosomal storage diseases with defects in proteases or catabolism of glycoproteins

Disorder Enzymic defect

Fucosidosis α-L-fucosidase (E.C. 3.2.1.51)

Sialidosis (mucolipidosis I) N-acetyl-α-neuraminidase (E.C. 3.2.1.18) (sialidase)

GM1-gangliosidosis β-D-galactosidase (E.C. 3.2.1.23)

Sandhoff disease β-D-hexosaminidase A and B (E.C. 3.2.1.30)

α-Mannosidosis α-D-mannosidase (E.C. 3.2.1.24)

β-Mannosidosis β-D-mannosidase (E.C. 3.2.1.26)

Aspartylglucosaminuria N-(β-N-acetylglucosaminyl)-1-asparaginase or aspartylglucosaminidase (E.C. 3.5.1.26)

Schindler (Kawasaki) disease α-N-acetylgalactosaminidase (α-D-galactosidase B) (E.C. 3.2.1.49)

I-cell disease and pseudo-Hurler polydystrophy 
(mucolipidosis II and III)

UDP-N-acetylglucosamine-1-phosphotransferase leading to multiple enzyme deficiencies

Galactosialidosis Protective protein/cathepsin A (E.C. 3.4.16.1)

Papillon-Lefevre syndrome Cathepsin C (E.C. 3.4.14.1)

Ovine and murine ceroid lipofuscinosis Cathepsin D (E.C. 3.4.23.5)

Pycnodysostosis Cathepsin K

Infantile neuronal ceroid lipofuscinosis Palmitoyl protein thioesterase

Late infantile neuronal ceroid lipofuscinosis Tripeptidyl peptidase 1

B. Winchester 

2R

asparagines or O-glycosidically linked to the OH-group of
serine/threonine or hydroxylysine (Figure 2). All cellular
glycoproteins are being turned over continuously, albeit at
different rates. As far as is known, all mature, natural gly-
coproteins can be catabolyzed to their constituent amino
acids (plus some dipeptides) and monosaccharides in the
lysosomes by the action of a cocktail of enzymes, predomi-
nantly acidic hydrolases. The digestion products pass
through the lysosomal membrane for reuse by the cell. In
this review the transport of glycoproteins to lysosomes, the
proteolysis of the polypeptide moiety, the release and
breakdown of the glycans, the transport of the breakdown
products out of the lysosome, and the relationship between
lysosomal and cytosolic/ER degradation will be discussed.

Transport of glycoproteins to lysosomes

The location and function of a glycoprotein determine its
rate of turnover and route of delivery to the lysosome.
Historically, autophagy was the term for the nonselective
process of delivering material from the cytoplasm (i.e.,

excluding the nucleus and plasma membrane) of eukaryotic
cells to the lysosome for digestion and heterophagy the
term for the uptake and lysosomal digestion of exogenous
material. The advances in elucidating the molecular basis of
membrane trafficking and organelle biogenesis and the
widespread involvement of ubiquitination have blurred
these definitions (Schekman, 2004) but it is still helpful
from a functional standpoint to consider the catabolic fate
of endogenous and exogenous glycoproteins separately.

Several forms of autophagy are recognized (Cuervo,
2004; Dunn, 1994; Levine and Klionsky, 2004). In mac-
roautophagy fractions of the cytoplasm are sequestered in
newly formed vacuoles (autophagosomes) that subse-
quently fuse with lysosomes. Macroautophagy is an impor-
tant component of cellular homeostasis and accounts for
the turnover of many long-lived cellular glycoproteins in
organelles. Crinophagy is a process used to regulate the rate
of secretion of secretory proteins by diverting secretory
granules to fuse with lysosomes/endosomes rather than the
plasma membrane. Cytosolic material may also be trans-
ferred into the lysosome directly by invagination of the
lysosomal membrane to form vesicles in the lumen of the
lysosome (microautophagy). The vesicular membrane, which
is rich in glycoproteins, is broken down to expose the cyto-
plasmic material, which may be a random sample of soluble
material or selected whole organelles, such as peroxisomes.
Microautophagy is a slow, constitutive, energy-dependent
process that is essentially unselective for cytosolic proteins,
including glycoproteins. In contrast, chaperone-mediated
autophagy is highly selective (Cuervo and Dice, 1998).
Unfolded (Salvador et al., 2000), soluble cytosolic proteins
that possess the targeting signal, KFERQ or KFERQ-like
motif, can bind to a cytosolic chaperone, the heat-shock
protein, hsc73. The resultant complex binds to the short
cytosolic tail of integral lysosomal membrane proteins,
including the lysosome-associated membrane protein-2a
(lamp-2a). The cytosolic protein is then translocated across
the lysosomal membrane with the assistance of an intraly-
sosomal form of the chaperone, hsc73, and degraded in the

Fig. 1. The role of lysosomal catabolism of glycoproteins in the cellular 
homeostasis of glycosylation.
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Winchester B. Lysosomal metabolism of glycoproteins. Glycobiology. 2005 Jun;15(6):1R-15R. doi: 10.1093/glycob/cwi041. Epub 

2005 Jan 12. PMID: 15647514.

Fucosidosis



Stepien KM, Ciara E, Jezela-Stanek A. Fucosidosis-Clinical Manifestation, Long-Term Outcomes, and Genetic Profile-Review and Case Series. Genes (Basel). 2020 Nov 22;11(11):1383. doi: 10.3390/genes11111383. PMID: 33266441; PMCID: PMC7700486.



• เด็กหญิงอายุ 6 ปD มีประวัติ recurrent 
hypoglycemia lactic acidosis และ 
ketosis ตั้งแตcภายหลังคลอด อาการจะดีขึ้น
หลังไดOรับสารน้ำ 

• ชcวงอายุ 1 ปDแรกมีปtญหาน้ำตาลในเลือดต่ำ
หลายครั้ง รcวมกับมี severe wide anion gap 
metabolic acidosis, hyperlactatemia

• Acylcarnitine analysis: slightly elevated C5OH

• Urine organic acid: tiglyglycine

• Dx: Beta-ketothiolase deficiency?

hypoglycemia

seizure

Birth 8 year

2 5

Case III



Bijarnia-Mahay S, Bhatia S, Arora V. Fructose-1,6-Bisphosphatase Deficiency. 2019 Dec 5. In: Adam MP, Feldman J, Mirzaa GM, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2024. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK550349/



Diagnosis: Fructose-1,6-bisphosphatase deficiency



Bijarnia-Mahay S, Bhatia S, Arora V. Fructose-1,6-Bisphosphatase Deficiency. 2019 Dec 5. In: Adam MP, Feldman J, Mirzaa GM, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2024. Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK550349/



• เด็กชายอายุ 1 ปD มีปtญหาพัฒนาการ
ถดถอย ชัก

• รcวมกับศีรษะโต HC > P97

• มีอาการสะดุOงตกใจงcายเวลาไดOยินเสียงดัง

• ตรวจตา ไมcพบ cherry red spot
results unit Cut-off value

Hexosaminidase A 0.6 nmol/h > 0.6

Hexosaminidase total 0.6 nmol/h > 2.0

Case IV

MRI: Symmetrical bilateral hypoS1 

T1, hyperT2 change or 
demyelination at bilateral cerebral 

white matter and both basal 
ganglia, involving subcortical U fiber 

and predominate at both frontal 

lobe. involve caudate nucleus, 
internal capsule, putamen 

involvement, T2 hypotense band at 
periventricular white matter 

(ventricular Garlands sign). DDx: 

Alexander disease



Diagnosis: Sandhoff disease



• เด็กหญิงอายุ 14 ปD ไมcมีโรคประจำตัว ถูกสcงตัวมาดOวย
ปtญหา acute liver failure ไมcทราบสาเหตุ

• 1 สัปดาห�กcอนมาโรงพยาบาล มีอาการทOองเสียถcาย
เหลว 4-5 ครั้งหลังกินสOมตำ

• 5 วันกcอนมาโรงพยาบาลมีอาการอcอนแรง ยกคอไมcขึ้น 
ลุกไมcไดO วินิจฉัย Guillain-Barré syndrome จึง 
refer มา
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Case V



Diagnosis: Multiple acyl-CoA dehydrogenase deficiency (Glutaric aciduria type 2)



Prasun P. Multiple Acyl-CoA Dehydrogenase Deficiency. 2020 Jun 18. In: Adam MP, Feldman J, Mirzaa GM, et al., editors. 

GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2024. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK558236/Grünert SC. Clinical and genetical heterogeneity of late-onset multiple acyl-coenzyme A dehydrogenase 

deficiency. Orphanet J Rare Dis. 2014 Jul 22;9:117. doi: 10.1186/s13023-014-0117-5. PMID: 25200064; PMCID: 
PMC4222585.

Proximal myopathy, 

rhabdomyolysis

Liver dysfunction, hypoglycemia, 

metabolic acidosis

Neck weakness
Hypertrophic 

cardiomyopathy

encephalopathy

El-Gharbawy A, Vockley J. Chapter 14 - Nonmitochondrial Metabolic Cardioskeletal Myopathies. In: Jefferies JL, 

Blaxall BC, Robbins J, Towbin JA, editors. Cardioskeletal Myopathies in Children and Young Adults [Internet]. 
Boston: Academic Press; 2017. p. 265–303. Available from: 

https://www.sciencedirect.com/science/article/pii/B9780128000403000145 

~98% of persons with late-onset MADD respond to 
riboflavin (100-300 mg/day).



Challenges in implementing WGS from the Genomics Thailand 

project into healthcare services in Thailand.
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