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ʀɿʇʆʃɿɺɸʅʀ ʉʒʂʈɸʑɽʅʀʗ 
 

NGS ï next generation sequencing/ʩʝʢʚʝʥʠʨʘʥʝ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ 

WES ï whole exome sequencing/ʮʷʣʦʩʪʥʦ ʝʢʟʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ 

WGS ï whole genome sequencing/ʮʷʣʦʩʪʥʦ ʛʝʥʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ 

CES ï clinical exome sequencing/ʢʣʠʥʠʯʥʦ ʝʢʟʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ 

ɼʅʂ ï ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ 

ʈʅʂ ï ʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ 

ʪʈʅʂ ï ʪʨʘʥʩʧʦʨʪʥʘ ʈʅʂ 

ʠʈʅʂ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʈʅʂ 

ʤʪɼʅʂ ï ʤʠʪʦʭʦʥʜʨʠʘʣʥʘ ɼʅʂ 

ʇɺʈ/PCR ï ʧʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ/polymerase chain reaction 

bp ï ʥʫʢʣʝʦʪʠʜʥʠ ʜʚʦʡʢʠ/base pairs 

ɽɼʊɸ ï ʝʪʠʣʝʥ ʜʠʘʤʠʥ ʪʝʪʨʘʘʮʝʪʘʪ/EDTA 

DMSO ï ʜʠʤʝʪʠʣʩʫʣʬʦʢʩʠʜ 

ʜʅʊʌ ï ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʠ 

ʜʜʅʊʌ ï ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʠ 

PBD - ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ ʙʠʦʛʝʥʝʟʘ/peroxisome biogenesis disorders 

ZSD - ʟʘʙʦʣʷʚʘʥʠʷ ʦʪ ʩʧʝʢʪʲʨʘ ʥʘ Zellweger/Zellweger spectrum disorders 

MHC-ɓ - ʙʝʪʘ ʤʠʦʟʠʥʦʚʘʪʘ ʪʝʞʢʘ ʚʝʨʠʛʘ/beta (ɓ)-myosin heavy chain  

LMM - ʣʝʢ ʤʝʨʦʤʠʦʟʠʥ ʜʦʤʝʥ/light meromyosin domain 

LCA - ʚʨʦʜʝʥʘ ʘʤʘʚʨʦʟʘ ʥʘ Leber 

SLS - ʩʠʥʜʨʦʤ ʥʘ Senior-Loken 

JS - ʩʠʥʜʨʦʤ ʥʘ Joubert 

JS+RD - ʩʠʥʜʨʦʤ ʥʘ Joubert, ʘʩʦʮʠʠʨʘʥ ʩ ʨʝʪʠʥʦʧʘʪʠʷ 

JS+RF - ʩʠʥʜʨʦʤ ʥʘ Joubert, ʘʩʦʮʠʠʨʘʥ ʩ ʙʲʙʨʝʯʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ 

CORS - cerebello-oculo-renal ʩʠʥʜʨʦʤ 

MKS - ʩʠʥʜʨʦʤ ʥʘ Meckel-Gruber 
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MKS-like - Meckel-Gruber ʧʦʜʦʙʝʥ ʩʠʥʜʨʦʤ 

BBS - ʩʠʥʜʨʦʤ ʥʘ Bardet-Biedl 

LHON - ʥʘʩʣʝʜʩʪʚʝʥʘʪʘ ʦʧʪʠʯʥʘ ʥʝʚʨʦʧʘʪʠʷ ʥʘ Leber  

NMD - nonsense-mediated decay  

ACMG ï ɸʤʝʨʠʢʘʥʩʢʠ ʢʦʣʝʞ ʧʦ ʤʝʜʠʮʠʥʩʢʘ ʛʝʥʝʪʠʢʘ ʠ ʛʝʥʦʤʠʢʘ/American College of 

Medical Genetics and Genomics 

AMP ï ɸʩʦʮʠʘʮʠʷ ʟʘ ʤʦʣʝʢʫʣʷʨʥʠ ʧʘʪʦʣʦʛʠʠ/Association for Molecular Pathology 

MIM ï OMIM/ Online Mendelian Inheritance in Men 

SDS - ʥʘʪʨʠʝʚ ʜʦʜʝʮʠʣ ʩʫʣʬʘʪ 

ɸʊʌ/ATP - ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ 
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ʈɽɿʖʄɽ 
 

 ʅʘʩʪʦʷʱʠʷʪ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ ʬʦʢʫʩʠʨʘʥ ʚʲʨʭʫ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʘʪʘ 

ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʦʜʭʦʜʠ ʧʨʠ ʜʚʝ ʦʩʥʦʚʥʠ ʛʨʫʧʠ 

ʟʘʙʦʣʷʚʘʥʠʷ: ʥʝʚʨʦʣʦʛʠʯʥʠ (ʢʲʤ ʢʦʠʪʦ ʩʧʘʜʘʭʘ ʧʘʮʠʝʥʪʠ ʩ ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʠʣʠ 

ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ) ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ.  

ʀʟʧʦʣʟʚʘʡʢʠ ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ (ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʠ NGS), 

ʙʝʰʝ ʫʩʪʘʥʦʚʝʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʢʣʠʥʠʯʥʠ ʩʠʤʧʪʦʤʠ ʧʨʠ 43% ʦʪ 

ʥʘʩʦʯʝʥʠʪʝ ʧʘʮʠʝʥʪʠ.  

ʆʪ ʛʨʫʧʘʪʘ ʥʘ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ, ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʭʤʝ 39% ʦʪ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʮʠʝʥʪʠ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠ ̫ ʩ ʛʲʨʯʦʚʘ 

ʩʠʤʧʪʦʤʘʪʠʢʘ ʙʷʭʘ ʫʩʪʘʥʦʚʝʥʠ ʨʘʟʥʦʦʙʨʘʟʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ 

ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʟʣʠʯʥʠ ʢʣʝʪʲʯʥʠ ʧʨʦʮʝʩʠ, ʢʘʪʦ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʥʝʨʘʟʛʨʘʜʝʥʠ ʙʝʣʪʲʯʥʠ 

ʘʛʨʝʛʘʪʠ ʚ ʢʣʝʪʢʘʪʘ, ʣʠʟʦʟʦʤʥʠ ʠ ʧʝʨʦʢʩʠʟʦʤʥʠ ʫʚʨʝʞʜʘʥʠʷ, ʤʝʪʘʙʦʣʠʪʥʠ ʥʘʨʫʰʝʥʠʷ ʚ 

ʮʠʢʲʣʘ ʥʘ ʂʨʝʙʩ ʠ ʫʨʝʝʥ ʮʠʢʲʣ, ʢʘʢʪʦ ʠ ʥʘʨʫʰʝʥʠʷ ʚ ʘʤʠʥʦʘʮʠʣ-ʪʈʅʂ-ʩʠʥʪʝʪʘʟʥʠʪʝ 

ʬʫʥʢʮʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʙʝʣʪʲʯʥʘʪʘ ʩʠʥʪʝʟʘ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ 

ʩ ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ ʙʷʭʘ ʜʝʪʝʢʪʠʨʘʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ 

ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʙʝʣʪʲʮʠ ʦʪ ʤʫʩʢʫʣʥʦʪʦ ʩʲʢʨʘʱʝʥʠʝ, ʡʦʥʥʠ ʥʝʚʨʦʥʘʣʥʠ ʢʘʥʘʣʠ, ʨʝʛʫʣʠʨʘʱʠ 

ʥʝʚʨʦʤʫʩʢʫʣʥʘʪʘ ʩʠʛʥʘʣʠʟʘʮʠʷ, ʢʘʢʪʦ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠ ʝʥʟʠʤʠ ʠʣʠ ʨʝʛʫʣʘʪʦʨʠ, 

ʧʦʚʣʠʷʚʘʱʠ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʛʝʥʦʤ ʠʣʠ ʝʣʝʢʪʨʦʥʥʠʷ ʪʨʘʥʩʧʦʨʪ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ɸʊʌ.  

ʇʨʠ 57% ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ ʨʝʜʢʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʫʩʪʘʥʦʚʠʭʤʝ 

ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ, ʢʦʷʪʦ ʚʦʜʠ ʜʦ ʥʘʨʫʰʝʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʚʘʞʥʠ ʙʝʣʪʲʮʠ ʚ ʨʝʪʠʥʘʪʘ ʠʣʠ 

ʜʦ ʫʚʨʝʞʜʘʥʝ ʥʘ ʥʦʨʤʘʣʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʤʠʪʦʭʦʥʜʨʠʠʪʝ. 

ɺ ʜʦʧʲʣʥʝʥʠʝ ʧʨʝʜʩʪʘʚʠʭʤʝ ʧʨʝʜʠʤʩʪʚʘʪʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟ. ʉ ʦʧʠʩʘʥʠʪʝ ʢʣʠʥʠʯʥʠ ʩʣʫʯʘʠ, ʜʝʤʦʥʩʪʨʠʨʘʭʤʝ ʢʦʡ ʝ ʥʘʡ-

ʧʨʘʚʠʣʥʠʷʪ ʧʦʜʭʦʜ ʧʨʠ ʠʟʙʦʨʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʩ ʮʝʣ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ 

ʜʠʘʛʥʦʟʘʪʘ ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ.  

ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʙʷʭʘ ʦʪʢʨʠʪʠ ʨʝʜʠʮʘ 

ʥʝʧʫʙʣʠʢʫʚʘʥʠ ʚ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʚʠʩʦʢʘʪʘ 

ʭʝʪʝʨʦʛʝʥʥʦʩʪ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʦʪ ʙʲʣʛʘʨʩʢʠ ʧʨʦʠʟʭʦʜ. ʆʙʦʩʦʙʠʭʤʝ ʝʥʜʝʤʠʯʝʥ ʨʦʤʩʢʠ 

ʨʝʛʠʦʥ (ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ) ʟʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ ʚ ɹʲʣʛʘʨʠʷ. ɼʦʢʘʟʘʭʤʝ 
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ʯʝʩʪʦʪʘ ʦʪ 1% ʥʘ ʭʝʪʝʨʦʟʠʛʦʪʥʦ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ʚʘʨʠʘʥʪʘ c.329+1G>A ʚ ARG1 ʛʝʥʘ ʧʨʠ ʨʦʤʠ 

ʦʪ  ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ.  

ʅʘʩʪʦʷʱʠʷʪ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʧʨʝʜʩʪʘʚʠ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʘʥ ʧʦʜʭʦʜ ʟʘ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʧʨʠ ʪʘʨʛʝʪʥʠʪʝ 

ʧʘʮʠʝʥʪʠ. ʊʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʧʦʜʧʦʤʘʛʘ ʧʦʜʛʦʪʚʷʥʝʪʦ ʥʘ ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ ʟʘ ʥʦʚʠ 

ʪʝʨʘʧʝʚʪʠʯʥʠ ʧʦʜʭʦʜʠ ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʦʩʠʪʝʣʩʢʠʷ ʩʪʘʪʫʩ 

ʠ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʨʠʩʢʦʚʠʪʝ ʨʦʜʩʪʚʝʥʠʮʠ ʝ ʦʪ ʦʩʥʦʚʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʘʜʝʢʚʘʪʥʘ ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʥʘ ʢʦʥʩʫʣʪʘʮʠʷ ʠ ʩʝʤʝʡʥʦ ʧʣʘʥʠʨʘʥʝ. 
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SUMMARY  
 

The current PhD thesis is focused on molecular-genetic diagnostics based on different 

technological approaches in two main groups: neurological (consisting of patients experiencing 

seizures or exhibiting neuromuscular involvement) and ophthalmological diseases (eye diseases). 

Using modern diagnostic methods (Sanger sequencing and NGS), the genetic cause of the 

observed clinical symptoms was established in 43% of the tested patients. 

From the group of neurological diseases, we genetically verified 39% of the tested patients. 

Diverse genetic variants that lead to abnormalities in different cellular processes, such as the 

accumulation of undegraded protein aggregates in the cell, lysosomal and peroxisome disorders, 

metabolic abnormalities in the Krebs cycle and urea cycle, as well as disorders in the aminoacyl-

tRNA synthetase functions and amino acid transport in the process of protein synthesis, were found 

in patients with neurological diseases with seizure symptoms. Genetic variants that lead to 

disruption of muscle contraction proteins, neuronal ion channels regulating neuromuscular 

signaling, as well as mitochondrial enzymes or regulators affecting mitochondrial genome 

expression or electron transport and ATP production were detected in patients with neuromuscular 

involvement. 

In 57% of the patients with rare eye diseases, we identified the genetic cause leading to the 

observed clinical features, which arise as a result of impaired expression of important proteins in 

the retina or from damage to the normal functions of their mitochondria.  

Additionally, we have presented the advantages and disadvantages of each of the used 

molecular-genetic techniques. The described clinical cases have demonstrated which is the most 

appropriate method in choosing a molecular-genetic analysis in order to verify the diagnosis at the 

molecular level. 

Based on the performed analyses, a number of unpublished genetic variants were found. 

This demonstrates the high heterogeneity of the patients from Bulgarian origin. ɸn endemic Roma 

region (region of the village of Osikovitsa) in Bulgaria for the disease arginase deficiency was 

established. We proved significant carrier frequency (1% of heterozygous carrier) of the variant 

c.329+1G>A in the ARG1 gene in people from Roma origin in the endemic region.  
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The present PhD thesis demonstrates the necessity of applying an individualized approach 

for genetic verification of the diagnosis in the targeted patients. This, in turn, helps preparing 

affected patients for new therapeutic approaches at the molecular level. In addition, determining 

the carrier status and identifying at-risk relatives would be of fundamental importance for offering 

adequate medico-genetic counseling and family planning. 
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ɺʒɺɽɼɽʅʀɽ 
 

 ʅʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ ʤʥʦʛʦʙʨʦʡʥʘ ʛʨʫʧʘ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʘʪʦ ʦʙʱʦʪʦ 

ʤʝʞʜʫ ʪʷʭ ʝ ʯʝ ʩʝ ʟʘʩʷʛʘ ʮʝʥʪʨʘʣʥʘʪʘ ʠ/ʠʣʠ ʧʝʨʠʬʝʨʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ 

ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʨʘʟʣʠʯʥʠ ʢʣʠʥʠʯʥʠ ʩʠʤʧʪʦʤʠ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʘʪʘʢʩʠʷ, 

ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ, ʝʧʠʣʝʧʪʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʠ ʜʨ. ʂʲʤ ʜʥʝʰʥʘ ʜʘʪʘ ʩʘ ʠʟʚʝʩʪʥʠ 

ʨʝʜʠʮʘ ʛʝʥʠ, ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʥʝʚʨʦʣʦʛʠʯʥʠ 

ʥʘʨʫʰʝʥʠʷ. ɺ ʥʷʢʦʠ ʩʣʫʯʘʠ ʥʝʚʨʦʣʦʛʠʯʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʷʢʦʣʢʦ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʘ ʠ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ 

ʩʨʝʜʘ.  

 ʆʬʪʘʣʤʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʚʢʣʶʯʘʪ ʚʩʠʯʢʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʟʘʩʷʛʘʪ 

ʯʦʚʝʰʢʦʪʦ ʦʢʦ ʠ ʟʨʝʥʠʝʪʦ. ɻʝʥʝʪʠʯʥʘʪʘ ʝʪʠʦʣʦʛʠʷ ʝ ʩʠʣʥʦ ʟʘʩʪʲʧʝʥʘ ʠ ʚ ʪʘʟʠ ʛʨʫʧʘ. ʐʠʨʦʢ 

ʩʧʝʢʪʲʨ ʦʪ ʧʘʪʦʣʦʛʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ ʨʘʟʣʠʯʥʠ ʛʝʥʠ ʩʘ ʦʧʠʩʘʥʠ ʢʲʤ ʤʦʤʝʥʪʘ ʚ 

ʘʩʦʮʠʘʮʠʷ ʩ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ.  

 ɺ ʭʦʜʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʝ ʬʦʢʫʩʠʨʘʭʤʝ ʢʲʤ ʛʝʥʝʪʠʯʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʥʷʢʦʠ ʨʝʜʢʠ ʥʝʚʨʦʣʦʛʠʯʥʠ ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʘ 

ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ï ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʠ NGS, ʢʘʢʪʦ ʠ 

ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʧʨʝʜʠʤʩʪʚʘʪʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ. 
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1. ʃʀʊɽʈɸʊʋʈɽʅ ʆɹɿʆʈ 
 

ʉ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʤʥʦʛʦ ʤʝʪʦʜʠ ʩʝ ʦʪʢʨʦʠʭʘ 

ʢʘʪʦ ʟʣʘʪʝʥ ʩʪʘʥʜʘʨʪ ʟʘ ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʷʩʥʘ ʠ ʪʦʯʥʘ ʛʝʥʝʪʠʯʥʘ ʜʠʘʛʥʦʟʘ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʢʣʠʥʠʯʥʘʪʘ ʢʘʨʪʠʥʘ ʧʨʠ ʪʘʨʛʝʪʥʠʷ ʧʘʮʠʝʥʪ, ʠʟʙʠʨʘʤʝ ʥʘʡ-ʧʨʘʚʠʣʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʥ ʧʦʜʭʦʜ ʩ ʮʝʣ  ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ. ɺ ʥʘʩʪʦʷʱʠʷ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʱʝ ʩʝ ʩʧʨʝʤ ʥʘ ʜʚʘ ʦʪ ʤʝʪʦʜʠʪʝ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʜʝʪʝʢʪʠʨʘʥʝʪʦ ʥʘ 

ʪʦʯʢʦʚʠ ʟʘʤʝʥʠ ʠ ʤʘʣʢʠ ʜʝʣʝʮʠʠ/ʜʫʧʣʠʢʘʮʠʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʛʝʥʠ. 

 ɽʜʠʥ ʦʪ ʪʝʟʠ ʤʝʪʦʜʠ ʝ ʢʣʘʩʠʯʝʩʢʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger, ʯʨʝʟ ʢʦʡʪʦ ʩʝ ʦʧʨʝʜʝʣʷ 

ʥʫʢʣʝʦʪʠʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʫʯʘʩʪʲʢ ʦʪ ɼʅʂ, ʠʟʧʦʣʟʚʘʡʢʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠ 

ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʠ. ʂʣʘʩʠʯʝʩʢʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʫʜʦʙʝʥ ʠ ʙʲʨʟ ʤʝʪʦʜ, ʢʦʛʘʪʦ ʠʤʘʤʝ ʷʩʥʘ ʛʝʥʝʪʠʯʥʘ ʜʠʘʛʥʦʟʘ, ʢʦʷʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʧʘʪʦʛʝʥʥʠ 

ʚʘʨʠʘʥʪʠ (ʪʦʯʢʦʚʠ ʟʘʤʝʥʠ ʠ ʤʘʣʢʠ ʜʝʣʝʮʠʠ/ʜʫʧʣʠʢʘʮʠʠ) ʚ ʝʜʠʥʠʯʥʠ ʛʝʥʠ. ɺ ʪʘʢʠʚʘ ʩʣʫʯʘʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʤʝʪʦʜ ʙʠ ʧʦʟʚʦʣʠʣʦ ʙʲʨʟʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ 

ʧʨʠʯʠʥʘ ʟʘ ʧʦʩʪʘʚʝʥʘʪʘ ʢʣʠʥʠʯʥʘ ʜʠʘʛʥʦʟʘ.  

ʂʦʛʘʪʦ ʥʷʤʘʤʝ ʷʩʥʘ ʜʠʘʛʥʦʟʘ, ʠʣʠ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʨʘʟʣʠʯʥʠ ʛʝʥʠ ʩʘ ʦʪʛʦʚʦʨʥʠ 

ʟʘ ʜʘʜʝʥʦ ʢʣʠʥʠʯʥʦ ʩʲʩʪʦʷʥʠʝ, ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʧʦ Sanger ʥʝ ʝ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷʪ ʤʝʪʦʜ ʟʘ 

ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ ʜʠʘʛʥʦʟʘʪʘ. ʊʦʛʘʚʘ ʥʘ ʧʦʤʦʱ ʠʜʚʘ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʦʪ ʥʦʚʦ 

ʧʦʢʦʣʝʥʠʝ (Next Generation Sequenicng ï NGS), ʪʲʡ ʢʘʪʦ ʧʨʠ ʥʝʛʦ ʤʦʛʘʪ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ 

ʝʜʥʦʚʨʝʤʝʥʥʦ ʥʷʢʦʣʢʦ ʛʝʥʘ (ʧʘʥʝʣ ʦʪ ʛʝʥʠ), ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʠʷ ʧʦʜʭʦʜ ʛʝʥ-ʧʦ-ʛʝʥ, ʢʘʢʪʦ ʝ 

ʧʨʠ ʢʣʘʩʠʯʝʩʢʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger. 

ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ NGS ʧʣʘʪʬʦʨʤʠ ʢʘʪʦ ʦʙʱʦʪʦ ʤʝʞʜʫ ʪʷʭ ʝ, ʯʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ 

ʧʘʨʘʣʝʣʥʦ ʩʝʢʚʝʥʠʨʘʥʝ ʥʘ ʤʠʣʠʦʥʠ ʤʘʣʢʠ ʟʘʩʪʲʧʚʘʱʠ ʩʝ ʬʨʘʛʤʝʥʪʠ ʦʪ ɼʅʂ. ʉʣʝʜ 

ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʠʜʚʘ ʨʝʜ ʥʘ ʙʠʦʠʥʬʦʨʤʘʪʠʯʥʠʷ ʘʥʘʣʠʟ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ 

ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʧʦʣʫʯʝʥʠ ʬʨʘʛʤʝʥʪʠ ʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʠʤ ʩʧʨʷʤʦ ʯʦʚʝʰʢʠʷ ʨʝʬʝʨʝʥʪʝʥ 

ʛʝʥʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʙʨʦʷ ʛʝʥʠ, ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʢʦʠʪʦ ʩʘ ʦʪʛʦʚʦʨʥʠ ʟʘ ʢʦʥʢʨʝʪʥʦʪʦ 

ʟʘʙʦʣʷʚʘʥʝ, ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʮʝʣʠʷ ʛʝʥʦʤ 

(Whole genome sequencing - WGS), ʟʘ ʘʥʘʣʠʟ ʩʘʤʦ ʥʘ ʢʦʜʠʨʘʱʠʪʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʥʘ 

ʛʝʥʦʤʘ (ʮʷʣʦʩʪʥʦ ʝʢʟʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ; Whole exome sequencing- WES), ʟʘ ʘʥʘʣʠʟ ʩʘʤʦ ʥʘ 
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ʢʣʠʥʠʯʥʦ ʟʥʘʯʠʤʠ ʛʝʥʠ (ʢʣʠʥʠʯʥʦ ʝʢʟʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ, Clinical exome sequencing ï CES) 

ʠʣʠ ʘʥʘʣʠʟ ʥʘ ʪʝʨʛʝʪʥʦ ʧʦʜʙʨʘʥ ʧʘʥʝʣ ʦʪ ʛʝʥʠ (Behjati and Tarpey, 2013). 

ʏʨʝʟ ʩʝʢʚʝʥʠʨʘʥʝ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ ʤʦʞʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʥʘʣʠʯʠʝ ʥʘ ʪʦʯʢʦʚʠ 

ʟʘʤʝʥʠ, ʤʘʣʢʠ ʠʥʩʝʨʮʠʠ, ʜʝʣʝʮʠʠ ʠʣʠ ʜʫʧʣʠʢʘʮʠʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʛʝʥʠ. 

ʅʝʜʦʩʪʘʪʲʢ ʥʘ ʤʝʪʦʜʘ ʝ ʯʝ ʠʤʘ ʫʯʘʩʪʲʮʠ ʦʪ ʛʝʥʠʪʝ, ʢʦʠʪʦ ʥʝ ʩʘ ʜʦʙʨʝ ʧʦʢʨʠʪʠ ʠ ʟʘ ʜʘ ʩʝ 

ʠʟʢʣʶʯʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʪʝʟʠ ʨʝʛʠʦʥʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʢʣʘʩʠʯʝʩʢʦ 

ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʥʘ ʥʝʧʦʢʨʠʪʠʪʝ ʫʯʘʩʪʲʮʠ. ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʚʩʷʢʘ ʝʜʥʘ ʛʝʥʝʪʠʯʥʘ 

ʥʘʭʦʜʢʘ, ʢʦʷʪʦ ʝ ʠʜʝʥʪʠʬʠʮʠʨʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ NGS, ʜʘ ʙʲʜʝ ʚʝʨʠʬʠʮʠʨʘʥʘ ʠ ʩ ʢʣʘʩʠʯʝʩʢʦ 

ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger. ɺ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʪʘʟʠ ʩʪʲʧʢʘ ʝ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʝʛʨʝʛʘʮʠʦʥʝʥ 

ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ, ʢʦʡʪʦ ʙʠ ʚʥʝʩʲʣ ʷʩʥʦʪʘ ʚ ʤʝʭʘʥʠʟʤʘ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ ʥʘ ʪʝʨʛʝʪʥʠʷ 

ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ. 

ɹʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʢʘʟʘʥʦʪʦ ʜʦ ʪʫʢ ʤʦʞʝ ʜʘ ʦʙʦʙʱʠʤ ʩʪʲʧʢʠʪʝ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 

ʧʨʝʜʧʨʠʝʪʠ ʧʨʠ ʧʦʜʙʠʨʘʥʝ ʥʘ ʥʘʡ-ʧʨʘʚʠʣʥʠʷ ʤʝʪʦʜ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʠ ʪʘʨʛʝʪʥʠʪʝ 

ʧʘʮʠʝʥʪʠ (ʌʠʛʫʨʘ 1). 

 

ʌʠʛʫʨʘ 1: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʷ ʧʦʜʭʦʜ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʥʘ 

ʛʝʥʝʪʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ.  
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ɻʦʨʝʦʧʠʩʘʥʠʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʤʝʪʦʜʠ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʣʝʟʥʠ ʟʘ 

ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ, ʜʦʚʝʣʘ ʜʦ ʠʟʷʚʘ ʥʘ ʧʘʪʦʣʦʛʠʯʥʠʪʝ ʢʣʠʥʠʯʥʠ ʩʲʩʪʦʷʥʠʷ 

ʧʨʠ ʪʘʨʛʝʪʥʠʪʝ ʧʘʮʠʝʥʪʠ. ʆʩʥʦʚʥʠʪʝ ʛʨʫʧʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʚ ʥʘʩʪʦʷʱʠʷ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʘ: ʥʝʚʨʦʣʦʛʠʯʥʠ ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ. 

1.1. ʅʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʊʦʚʘ ʩʘ ʛʨʫʧʘ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩʲʩ ʟʘʩʷʛʘʥʝ ʥʘ ʧʝʨʠʬʝʨʥʘʪʘ 

ʠ/ʠʣʠ ʮʝʥʪʨʘʣʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʥʘʨʫʰʝʥʦ ʧʨʝʜʘʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ 

ʠʤʧʫʣʩʠ. ʏʘʩʪ ʦʪ ʢʣʠʥʠʯʥʠʪʝ ʩʠʤʧʪʦʤʠ ʥʘ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʤʦʛʘʪ ʜʘ 

ʚʢʣʶʯʚʘʪ: ʥʘʤʘʣʝʥʘ ʬʫʥʢʮʠʷ ʥʘ ʜʚʠʛʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ, ʟʘʩʷʛʘʥʝ ʥʘ ʢʦʛʥʠʪʠʚʥʠʪʝ ʬʫʥʢʮʠʠ, 

ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʟʚʠʪʠʝʪʦ, ʛʲʨʯʦʚʝ ʠ ʜʨ. ʀʤʘʡʢʠ ʧʨʝʜʚʠʜ ʰʠʨʦʢʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ ʪʝʞʢʦʪʦ ʟʘʩʷʛʘʥʝ, ʩ ʢʦʝʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʷʚʝʥʠ, 

ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʝʪʠʦʣʦʛʠʷʪʘ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʷʪʘ ʠʤ ʝ ʦʪ ʦʩʦʙʝʥʘ ʟʥʘʯʠʤʦʩʪ ʟʘ 

ʪʘʨʛʝʪʥʠʪʝ ʧʘʮʠʝʥʪʠ ʠ ʟʘʩʝʛʥʘʪʠʪʝ ʩʝʤʝʡʩʪʚʘ. ʉ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ ʤʦʣʝʢʫʣʷʨʥʘʪʘ 

ʜʠʘʛʥʦʩʪʠʢʘ ʩʝ ʧʦʷʚʠʭʘ ʚʩʝ ʧʦʚʝʯʝ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʫʯʘʩʪʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʛʝʥʝʪʠʯʥʠ 

ʬʘʢʪʦʨʠ, ʢʘʢʪʦ ʠ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʚ ʧʘʪʦʛʝʥʝʟʘʪʘ ʥʘ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ 

ʟʘʙʦʣʷʚʘʥʠʷ. ʇʨʠ ʯʘʩʪ ʦʪ ʪʷʭ ʠʤʘʤʝ ʷʩʥʘ ʛʝʥʝʪʠʯʥʘ ʝʪʠʦʣʦʛʠʷ ʥʘʧʨ. ʙʦʣʝʩʪ ʥʘ Wilson, 

ʙʦʣʝʩʪ ʥʘ Huntington, ʩʠʥʜʨʦʤ ʥʘ ʯʫʧʣʠʚʘ ʍ ʭʨʦʤʦʟʦʤʘ ʠ ʜʨ. ʇʨʠ ʜʨʫʛʠ ʥʝʚʨʦʣʦʛʠʯʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʨʘʟʣʠʯʥʠ ʬʘʢʪʦʨʠ (ʛʝʥʝʪʠʯʥʠ ʠ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ) ʤʦʛʘʪ ʜʘ 

ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʦʣʝʩʪʪʘ. ʊʘʢʠʚʘ ʩʘ ʙʦʣʝʩʪ ʥʘ Alzheimer, ʙʦʣʝʩʪ ʥʘ Parkinson, 

ʧʨʠʦʥʦʚʠ ʙʦʣʝʩʪʠ ʠ ʜʨ. (Faghihi, M. A., Mottagui-Tabar, S., & Wahlestedt, 2004).  

1.1.1. ʅʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ 
 

ɽʧʠʣʝʧʩʠʷʪʘ ʝ ʭʝʪʝʨʦʛʝʥʥʦ ʥʝʚʨʦʣʦʛʠʯʥʦ ʟʘʙʦʣʷʚʘʥʝ, ʢʦʝʪʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ 

ʧʦʚʪʘʨʷʱʠ ʩʝ ʛʲʨʯʦʚʝ ʩ ʤʦʟʲʯʝʥ ʧʨʦʠʟʭʦʜ. ʊʦʚʘ ʝ ʝʜʥʦ ʦʪ ʥʘʡ-ʯʝʩʪʠʪʝ ʥʝʚʨʦʣʦʛʠʯʥʠ 

ʩʲʩʪʦʷʥʠʷ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ, ʢʘʪʦ ʯʝʩʪʦʪʘʪʘ ʤʫ ʝ ʦʮʝʥʝʥʘ ʥʘ 5-10 ʥʘ 1000 ʯʦʚʝʢʘ ʠ 50-120 

ʥʘ 100 000 ʯʦʚʝʢʘ ʛʦʜʠʰʥʦ (Massimo Pandolfo, 2011). ʉʯʠʪʘ ʩʝ, ʯʝ ʦʢʦʣʦ 3-5% ʦʪ 

ʥʘʩʝʣʝʥʠʝʪʦ ʩʘ ʠʤʘʣʠ ʛʲʨʯʦʚʝ ʚ ʜʘʜʝʥ ʝʪʘʧ ʦʪ ʞʠʚʦʪʘ ʩʠ, ʜʦʢʘʪʦ 0.5-1% ʦʪ ʥʘʩʝʣʝʥʠʝʪʦ ʠʤʘʪ 

ʘʢʪʠʚʥʘ ʝʧʠʣʝʧʩʠʷ (Abramovici and Bagiĺ, 2016). ʆʢʦʣʦ 60% ʦʪ ʚʩʠʯʢʠ ʝʧʠʣʝʧʩʠʠ ʩʘ 

ʠʜʠʦʧʘʪʠʯʥʠ ʠʣʠ ʩ ʥʝʷʩʝʥ ʧʨʦʠʟʭʦʜ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʠʤʘ ʨʝʜʠʮʘ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ, ʢʦʠʪʦ 

ʚʣʠʷʷʪ ʚʲʨʭʫ ʧʨʦʷʚʘʪʘ ʥʘ ʛʲʨʯʦʚʝ. ɺ ʪʦʚʘ ʯʠʩʣʦ ʚʣʠʟʘʪ ʨʘʟʣʠʯʥʠ ʠʥʬʝʢʮʠʠ, ʤʦʟʲʯʥʠ 
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ʤʘʣʬʦʨʤʘʮʠʠ, ʤʦʟʲʯʥʠ ʪʫʤʦʨʠ ʠ ʜʨ. ʇʨʠ ʥʷʢʦʠ ʚʨʦʜʝʥʠ ʜʝʬʝʢʪʠ, ʢʘʪʦ ʮʝʨʝʙʨʘʣʥʘ ʧʘʨʘʣʠʟʘ 

ʠ ʠʥʪʝʣʝʢʪʫʘʣʝʥ ʜʝʬʠʮʠʪ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʚʠʩʦʢ ʨʠʩʢ ʦʪ ʧʨʦʷʚʘ ʥʘ ʝʧʠʣʝʧʩʠʷ.  

ʂʣʘʩʠʬʠʢʘʮʠʷʪʘ ʥʘ ʝʧʠʣʝʧʩʠʠʪʝ ʩʧʨʷʤʦ ʛʝʥʝʪʠʯʥʠʷ ʧʨʠʥʦʩ ʢʲʤ ʪʷʭʥʘʪʘ ʝʪʠʣʦʛʠʷ 

ʝ: ʤʦʥʦʛʝʥʥʘ ʝʧʠʣʝʧʩʠʷ (ʧʨʠʯʠʥʝʥʘ ʦʪ ʤʫʪʘʮʠʷ/ʤʫʪʘʮʠʠ ʚ ʝʜʠʥʠʯʝʥ ʛʝʥ) ʠ ʤʫʣʪʠʬʘʢʪʦʨʥʘ 

ʝʧʠʣʝʧʩʠʷ (ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʷʢʦʣʢʦ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʘ ʠ ʬʘʢʪʦʨʠ 

ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ) (Massimo Pandolfo, 2011). ʏʝʩʪʦʪʘʪʘ ʥʘ ʤʦʥʦʛʝʥʥʠʪʝ ʝʧʠʣʝʧʩʠʠ ʝ ʤʥʦʛʦ 

ʤʘʣʲʢ ʧʨʦʮʝʥʪ 1-2% ʩʧʨʷʤʦ ʤʫʣʪʠʬʘʢʪʦʨʥʠʪʝ, ʢʦʠʪʦ ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʯʝʩʪʠ.  

ɺ ʪʘʟʠ ʚʨʲʟʢʘ, ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʛʝʥʠ, ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʢʦʠʪʦ ʩʝ ʘʩʦʮʠʠʨʘʪ ʩ 

ʝʧʠʣʝʧʩʠʷ, ʙʠʭʘ ʦʙʦʛʘʪʠʣʠ ʩʚʝʪʦʚʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ ʠ ʙʠʭʘ ʜʦʧʨʠʥʝʩʣʠ ʟʘ ʠʟʷʩʥʷʚʘʥʝ ʥʘ 

ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʨʦʷʚʘʪʘ ʥʘ ʪʦʚʘ ʢʣʠʥʠʯʥʦ ʩʲʩʪʦʷʥʠʝ ʧʨʠ ʨʝʜʠʮʘ ʧʘʮʠʝʥʪʠ.  

ʇʨʠ ʝʧʠʣʝʧʪʠʯʥʠʪʝ ʩʠʥʜʨʦʤʠ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚʩʠʯʢʠ ʪʠʧʦʚʝ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ 

(ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʦ, ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʦ ʠ ʍ-ʩʚʲʨʟʘʥʦ). ʆʩʦʙʝʥ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣ̫ ʚʘ 

ʪʦʚʘ, ʯʝ ʧʨʠ ʯʘʩʪ ʦʪ ʪʷʭ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʧʲʣʥʘ ʧʝʥʝʪʨʘʥʪʥʦʩʪ, ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʘ ʠʟʷʚʘ ʥʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ ʧʨʠ ʟʘʩʝʛʥʘʪʠʪʝ ʠʥʜʠʚʠʜʠ ʦʪ ʝʜʥʦ ʠ ʩʲʱʦ ʩʝʤʝʡʩʪʚʦ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ 

ʥʘ ʫʯʘʩʪʠʝʪʦ ʥʘ ʜʨʫʛʠ ʛʝʥʝʪʠʯʥʠ ʬʘʢʪʦʨʠ, ʢʘʢʪʦ ʠ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʢʘʪʦ ʥʘʡ-

ʚʝʨʦʷʪʥʦʪʦ ʦʙʷʩʥʝʥʠʝ ʝ ʪ.ʥʘʨ. ʧʨʘʛ ʥʘ ʝʧʠʣʝʧʩʠʷʪʘ, ʢʦʡʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʙʘʣʘʥʩʘ ʤʝʞʜʫ 

ʚʲʟʙʫʞʜʘʱʠʪʝ ʠ ʠʥʭʠʙʠʨʘʱʠʪʝ ʩʠʛʥʘʣʠ ʚ ʤʦʟʲʢʘ (Oh and Bainbridge, 2012). ʊʦʯʥʠʷʪ ʧʨʘʛ, 

ʧʨʠ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʚʦʢʠʨʘ ʝʧʠʣʝʧʪʠʯʝʥ ʛʲʨʯ ʝ ʩʪʨʦʛʦ ʠʥʜʠʚʠʜʫʘʣʝʥ ʧʨʠ ʚʩʝʢʠ ʯʦʚʝʢ. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʪʦʚʘ, ʯʝ ʚʠʩʦʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʲʟʙʫʞʜʘʱʠ ʩʠʛʥʘʣʠ ʠ/ʠʣʠ 

ʥʠʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʠʥʭʠʙʠʪʦʨʥʠ ʩʠʛʥʘʣʠ ʫʚʝʣʠʯʘʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʢʲʤ ʛʲʨʯʦʚʝ. 

ʇʦʚʝʯʝ ʦʪ 900 ʛʝʥʘ ʩʘ ʦʧʠʩʘʥʠ ʚ ʘʩʦʮʠʘʮʠʷ ʩ ʝʧʠʣʝʧʪʠʯʥʠ ʩʠʥʜʨʦʤʠ (Wang et al., 

2017). ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʪʝʟʠ ʛʝʥʠ ʤʦʛʘʪ ʜʘ ʚʦʜʷʪ ʜʦ ʧʨʦʷʚʘ ʩʘʤʦ ʥʘ ʝʧʠʣʝʧʩʠʷ ʠʣʠ ʜʦ 

ʟʘʙʦʣʷʚʘʥʠʷ, ʧʨʠ ʢʦʠʪʦ ʝʧʠʣʝʧʩʠʷʪʘ ʝ ʦʩʥʦʚʝʥ ʠ ʚʦʜʝʱ ʩʠʤʧʪʦʤ, ʥʦ ʚ ʜʦʧʲʣʥʝʥʠʝ ʙʠʭʘ 

ʤʦʛʣʠ ʜʘ ʩʝ ʠʟʷʚʷʪ ʠ ʜʨʫʛʠ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʆʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʘ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʚʘʨʠʘʙʠʣʥʘ ʥʝʚʨʦʣʦʛʠʯʥʘ 

ʩʠʤʧʪʦʤʘʪʠʢʘ, ʥʦ ʦʙʱʦʪʦ ʧʨʠ ʚʩʠʯʢʠ ʝ ʥʘʣʠʯʝʪʦ ʥʘ ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ. 

1.1.1.1. IRF2BPL-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

IRF2BPL-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ ʩ ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʝʥ ʤʦʜʝʣ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ, 

ʢʘʪʦ ʢʣʠʥʠʯʥʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʚʘʪ: ʥʘʨʫʰʝʥʠʝ ʚ ʥʝʚʨʦʣʦʛʠʯʥʦʪʦ ʨʘʟʚʠʪʠʝ, 

ʨʝʛʨʝʩʠʷ, ʘʥʦʨʤʘʣʥʠ ʜʚʠʞʝʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʚ ʛʦʚʦʨʘ, ʢʘʢʪʦ ʠ ʥʘʣʠʯʠʝ ʥʘ ʛʲʨʯʦʚʝ (MIM# 
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618088). ʆʩʚʝʥ ʪʝʟʠ ʢʣʠʥʠʯʥʠ ʧʨʦʷʚʠ, ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ IRF2BPL-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, 

ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ ʘʥʦʤʘʣʠʠ ʚ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʦʯʠʪʝ, ʥʠʩʪʘʛʲʤ, ʠʥʪʝʣʝʢʪʫʘʣʝʥ 

ʜʝʬʠʮʠʪ, ʥʝʚʲʟʤʦʞʥʦʩʪ ʟʘ ʭʦʜʝʥʝ, ʘʪʘʢʩʠʷ, ʩʧʘʩʪʠʯʥʦʩʪ ʠ ʜʨ. ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ 

IRF2BPL ʚʦʜʷʪ ʜʦ ʦʧʠʩʘʥʠʪʝ ʩʠʤʧʪʦʤʠ (MIM* 611720). ʊʦʡ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ 

ʥʘ 14-ʪʘ ʭʨʦʤʦʟʦʤʘ (14q24.3) (ʌʠʛʫʨʘ 2), ʢʘʪʦ ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʚ ʨʝʜʠʮʘ ʦʨʛʘʥʠ ʚʢʣʶʯʠʪʝʣʥʦ 

ʮʝʥʪʨʘʣʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ (Marcogliese et al., 2018). 

 

 

ʌʠʛʫʨʘ 2: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ IRF2BPL ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 14-ʪʘ ʭʨʦʤʦʟʦʤʘ (14q24.3) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=IRF2BPL). 

 
 

ɹʝʣʪʲʢʲʪ (IRF2BPL), ʢʦʜʠʨʘʥ ʦʪ IRF2BPL ʛʝʥʘ ʝ ʠʟʛʨʘʜʝʥ ʦʪ 796 ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ 

ʦʩʪʘʪʲʢʘ. ʉʪʨʫʢʪʫʨʘʪʘ ʤʫ ʚʢʣʶʯʚʘ ʜʚʘ ʚʠʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠ ʜʦʤʝʥʘ ʚ N ʠ C ʢʨʘʠʱʘʪʘ ʥʘ 

ʙʝʣʪʲʢʘ, ʩʲʦʪʚʝʪʥʦ IRF2BP zinc finger ʠ C3HC4 RING finger. ɺʲʚ ʚʘʨʠʘʙʠʣʥʘʪʘ ʯʘʩʪ ʥʘ 

ʙʝʣʪʲʢʘ ʠʤʘ ʤʥʦʞʝʩʪʚʦ ʧʦʣʠʘʣʘʥʠʥʦʚʠ ʠ PEST ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ, ʢʘʢʪʦ ʠ 

ʧʦʣʠʛʣʫʪʘʤʠʥʦʚ ʪʨʘʢʪ (ʌʠʛʫʨʘ 3). 

 

 

ʌʠʛʫʨʘ 3: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʙʝʣʪʲʯʥʠʷ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ IRF2BPL, ʟʘʝʜʥʦ ʩ ʯʘʩʪ ʦʪ 

ʦʧʠʩʘʥʠʪʝ ʢʲʤ ʤʦʤʝʥʪʘ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ (Marcogliese et al., 2018). 
 

ʆʩʦʙʝʥ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʜʦʤʝʥʲʪ C3HC4 RING finger. ʊʘʢʲʚ ʪʠʧ ʜʦʤʝʥ ʝ 

ʭʘʨʘʢʪʝʨʝʥ ʟʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ E3 ʣʠʛʘʟʠʪʝ. C3HC4 RING finger ʫʯʘʩʪʚʘ ʚ 
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ʫʙʠʢʚʠʪʠʥʠʨʘʥʝʪʦ ʥʘ ʩʫʙʩʪʨʘʪʠ, ʢʦʠʪʦ ʩʘ ʪʘʨʛʝʪʥʠ ʟʘ ʨʘʟʛʨʘʞʜʘʥʝ (Tran Mau-Them et al., 

2019). ɼʝʨʝʛʫʣʘʮʠʷʪʘ ʥʘ E3 ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʠʪʝ ʠʣʠ ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʥʝʨʘʟʛʨʘʜʝʥʠ 

ʫʙʠʢʚʠʪʠʥʠʨʘʥʠ ʙʝʣʪʲʯʥʠ ʘʛʨʝʛʘʪʠ ʚʦʜʷʪ ʜʦ ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠʣʠ 

ʝʧʠʣʝʧʪʠʯʥʠ ʝʥʮʝʬʘʣʦʧʘʪʠʠ (Tran Mau-Them et al., 2019). C3HC4 RING finger ʜʦʤʝʥʲʪ ʝ 

ʥʝʦʙʭʦʜʠʤ ʠ ʟʘ ʘʚʪʦʨʝʛʫʣʘʮʠʷʪʘ ʥʘ IRF2BPL, ʪʲʡ ʢʘʪʦ IRF2BPL ʧʦʪʠʩʢʘ ʩʦʙʩʪʚʝʥʘʪʘ ʩʠ 

ʪʨʘʥʩʢʨʠʧʮʠʷ. ɼʝʣʝʮʠʷ ʥʘ RING finger ʜʦʤʝʥʘ ʚʦʜʠ ʜʦ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘʪʘ 

ʨʝʧʨʝʩʠʷ ʚ ʥʝʚʨʦʥʥʠ ʠ ʜʨʫʛʠ ʢʣʝʪʢʠ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʥʝʨʝʛʫʣʠʨʘʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ ʛʝʥʘ.  

ʈʘʟʣʠʯʝʥ ʪʠʧ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ IRF2BPL, ʩʘ ʦʧʠʩʘʥʠ ʢʲʤ ʤʦʤʝʥʪʘ 

(https://www.ncbi.nlm.nih.gov/clinvar). ʄʝʞʜʫ ʪʷʭ ʩʝ ʩʨʝʱʘʪ missense, nonsense, frameshift 

ʚʘʨʠʘʥʪʠ, ʢʘʢʪʦ ʠ ʜʝʣʝʮʠʠ ʠ ʜʫʧʣʠʢʘʮʠʠ, ʦʙʭʚʘʱʘʱʠ ʛʝʥʘ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ IRF2BPL-

ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʝʚʨʦʣʦʛʠʯʥʠ ʩʠʤʧʪʦʤʠ ʩ ʨʘʟʣʠʯʥʘ ʪʝʞʝʩʪ, ʢʘʪʦ 

ʝʧʠʣʝʧʩʠʷʪʘ ʝ ʭʘʨʘʢʪʝʨʥʘ ʟʘ ʧʦʯʪʠ ʚʩʠʯʢʠ ʧʘʮʠʝʥʪʠ. ɺʘʨʠʘʙʠʣʥʘʪʘ ʢʣʠʥʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ 

ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʪʠʧʘ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʢʦʠʪʦ ʩʝ ʦʪʢʨʠʚʘʪ ʧʨʠ ʪʘʨʛʝʪʥʠʪʝ 

ʧʘʮʠʝʥʪʠ. ʆʩʦʙʝʥʦ ʚʧʝʯʘʪʣʝʥʠʝ ʧʨʘʚʷʪ nonsense ʤʫʪʘʮʠʠʪʝ, ʢʦʠʪʦ ʩʝ ʘʩʦʮʠʠʨʘʪ ʩ 

ʧʨʦʛʨʝʩʠʚʥʘ ʨʝʛʨʝʩʠʷ ʚ ʥʝʚʨʦʣʦʛʠʯʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʩʧʘʩʪʠʯʥʦʩʪ, ʢʘʢʪʦ ʠ ʜʚʠʛʘʪʝʣʥʠ 

ʥʘʨʫʰʝʥʠʷ (Marcogliese et al., 2018). ɺʩʠʯʢʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ ʩʢʲʩʷʚʘʥʝ 

ʥʘ ʙʝʣʪʲʢʘ, ʥʘʡ-ʚʝʨʦʷʪʥʦ ʠʤʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ C-ʪʝʨʤʠʥʘʣʥʠʷ RING finger ʥʘ IRF2BPL. ʊʦʚʘ 

ʤʦʞʝ ʜʘ ʦʙʷʩʥʠ ʧʦ-ʪʝʞʢʘʪʘ ʢʣʠʥʠʯʥʘ ʠʟʷʚʘ, ʥʘʙʣʶʜʘʚʘʥʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʪʘʢʲʚ ʪʠʧ 

ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ.   

1.1.1.2. NARS1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 

NARS1-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʥʘʨʫʰʝʥʠʝ ʚ ʥʝʚʨʦʣʦʛʠʯʥʦʪʦ 

ʨʘʟʚʠʪʠʝ, ʤʠʢʨʦʮʝʬʘʣʠʷ, ʠʟʦʩʪʘʚʘʥʝ ʚ ʛʦʚʦʨʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʘʥʦʤʘʣʠʠ ʚ ʧʦʭʦʜʢʘʪʘ, 

ʭʠʧʦʪʦʥʠʷ, ʛʲʨʯʦʚʝ ʠ ʜʨ. (MIM# 619091, MIM# 619092). ʍʝʪʝʨʦʟʠʛʦʪʥʠ, ʭʦʤʦʟʠʛʦʪʥʠ ʠʣʠ 

ʜʚʦʡʥʦ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ NARS1 (MIM * 108410), ʦʱʝ ʠʟʚʝʩʪʝʥ ʢʘʪʦ NARS, ʩʘ 

ʧʨʠʯʠʥʘ ʟʘ ʠʟʷʚʘ ʥʘ ʪʝʟʠ ʢʣʠʥʠʯʥʠ ʩʲʩʪʦʷʥʠʷ. ɻʝʥʲʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 18-

ʪʘ ʭʨʦʤʦʟʦʤʘ (18q21.31) (ʌʠʛʫʨʘ 4), ʢʘʪʦ ʙʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ ʝ ʮʠʪʦʧʣʘʟʤʝʥʘ 

ʘʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʘ (EC 6.1.1.22).  
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ʌʠʛʫʨʘ 4: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ NARS1 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 18-ʪʘ ʭʨʦʤʦʟʦʤʘ (18q21.31) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=NARS1). 

 

ɸʤʠʥʦʘʮʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʠʪʝ ʩʘ ʝʥʟʠʤʠ, ʢʦʠʪʦ ʦʩʲʱʝʩʪʚʷʚʘʪ ʧʨʘʚʠʣʥʦʪʦ ʩʚʲʨʟʚʘʥʝ 

ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠʪʝ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʪʨʘʥʩʧʦʨʪʥʠ ʈʅʂ-ʠ (ʪʈʅʂ) ʢʘʢʪʦ ʚ ʮʠʪʦʧʣʘʟʤʘʪʘ, 

ʪʘʢʘ ʠ ʚ ʤʠʪʦʭʦʥʜʨʠʠʪʝ. ɿʘ ʚʩʷʢʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʦʛʪʦʚʘʨʷ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʘʤʠʥʦʘʮʠʣ-

ʪʈʅʂ ʩʠʥʪʝʪʘʟʘ. ɸʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʘʪʘ ʩʚʲʨʟʚʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘʪʘ ʘʩʧʘʨʘʛʠʥ (Asn) 

ʩ ʧʨʘʚʠʣʥʘʪʘ ʡ ʪʈʅʂ, ʧʨʦʮʝʩ ʢʦʡʪʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʙʝʣʪʲʯʥʘʪʘ ʩʠʥʪʝʟʘ (Wang 

et al., 2020). ɺ ʨʝʘʢʮʠʷ ʦʪ ʜʚʝ ʩʪʲʧʢʠ ʘʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʘʪʘ ʦʙʨʘʟʫʚʘ ʘʩʧʘʨʘʛʠʥʠʣ-

ʪʈʅʂAsn. ʇʲʨʚʘʪʘ ʩʪʲʧʢʘ ʝ ʢʘʪʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ɸʊʌ-ʟʘʚʠʟʠʤʦ ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʘʩʧʘʨʘʛʠʥʘ ʚ 

Asn~ɸʄʌ ʩ ʦʪʜʝʣʷʥʝ ʥʘ ʧʠʨʦʬʦʩʬʘʪ. ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʪʨʘʥʩʬʝʨʲʪ ʥʘ ʘʢʪʠʚʠʨʘʥʠʷ 

ʘʩʧʘʨʘʛʠʥ ʚʲʨʭʫ ʪʈʅʂAsn  ʩ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ɸʄʌ (ʌʠʛʫʨʘ 5) (Manole et al., 2020).  

 

ʌʠʛʫʨʘ 5: ʆʙʨʘʟʫʚʘʥʝ ʥʘ ʘʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂAsn, ʧʦʩʨʝʜʩʪʚʦʤ ʘʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʘʪʘ, 

ʢʦʜʠʨʘʥʘ ʦʪ NARS1 ʛʝʥʘ (Manole et al., 2020). 

 

ʂʲʤ ʤʦʤʝʥʪʘ ʚ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʩʘ ʦʧʠʩʘʥʠ ʦʢʦʣʦ 50 ʧʘʮʠʝʥʪʘ ʩ NARS1-

ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʥʠʩʢʘ ʯʝʩʪʦʪʘ ʥʘ ʪʝʟʠ ʩʲʩʪʦʷʥʠʷ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠ ʦʩʢʲʜʥʘʪʘ ʙʨʦʡʢʘ (ʧʦ-ʤʘʣʢʦ ʦʪ 30) ʥʘ ʜʦʢʘʟʘʥʠ ʧʘʪʦʣʦʛʠʯʥʠ 

ʚʘʨʠʘʥʪʠ ʚ NARS1 ʛʝʥʘ (Manole et al., 2020; Wang et al., 2020). ʊʦʚʘ ʜʘʚʘ ʠʥʜʠʢʘʮʠʷ, ʯʝ 
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ʟʘʙʦʣʷʚʘʥʠʷʪʘ, ʩʚʲʨʟʘʥʠ ʩ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ NARS1, ʥʝ ʩʘ ʜʦʙʨʝ ʠʟʫʯʝʥʠ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʦ ʥʠʚʦ. ɺʲʧʨʝʢʠ ʪʦʚʘ Manole et al., 2020 ʦʙʦʩʦʙʷʚʘʪ ʨʝʛʠʦʥʘ ʚ 

ʙʣʠʟʦʩʪ ʜʦ ʢʨʘʷ ʥʘ ʛʝʥʘ, ʢʘʪʦ ñʛʦʨʝʱ ʨʝʛʠʦʥñ ʟʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ.  

1.1.1.3. TPP1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʊʦʚʘ ʩʘ ʛʨʫʧʘ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʠʪʝ ʥʝʚʨʦʥʘʣʥʘ 

ʮʝʨʦʠʜ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2 (MIM # 204500) ʠ ʩʧʠʥʦʮʝʨʝʙʝʣʘʨʥʘ ʘʪʘʢʩʠʷ 7 (MIM # 609270).  

ʅʝʚʨʦʥʘʣʥʘ ʮʝʨʦʠʜ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2 ʝ ʣʠʟʦʟʦʤʥʘ ʙʦʣʝʩʪ ʥʘ ʥʘʪʨʫʧʚʘʥʝʪʦ. ʂʣʠʥʠʯʥʠʪʝ 

ʩʠʤʧʪʦʤʠ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚʢʣʶʯʚʘʪ ʧʨʦʛʨʝʩʠʚʥʘ ʟʘʛʫʙʘ ʥʘ ʟʨʝʥʠʝʪʦ, ʨʝʛʨʝʩʠʷ ʚ ʨʘʟʚʠʪʠʝʪʦ 

ʩʣʝʜ ʜʚʝʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ, ʥʘʨʫʰʝʥʠʝ ʚ ʛʦʚʦʨʘ, ʘʪʘʢʩʠʷ, ʪʨʫʜʥʦ ʦʚʣʘʜʷʝʤʠ ʛʲʨʯʦʚʝ, 

ʤʠʦʢʣʦʥʫʩ, ʮʝʨʝʙʨʘʣʥʘ ʘʪʨʦʬʠʷ ʠ ʜʨ. ʇʦʚʝʯʝʪʦ ʧʘʮʠʝʥʪʠ ʩ ʪʘʟʠ ʜʠʘʛʥʦʟʘ ʫʤʠʨʘʪ ʧʨʝʟ 

ʚʪʦʨʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʦʪ ʞʠʚʦʪʘ ʩʠ (Golabek et al., 2003). 

ɼʨʫʛʦʪʦ TPP1-ʩʚʲʨʟʘʥʦ ʟʘʙʦʣʷʚʘʥʝ ʝ ʩʧʠʥʦʮʝʨʝʙʝʣʘʨʥʘ ʘʪʘʢʩʠʷ 7, ʢʦʝʪʦ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩʲʩ ʟʘʩʷʛʘʥʝ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ. ʎʝʨʝʙʝʣʘʨʥʘ ʘʪʘʢʩʠʷ, ʟʘʩʷʛʘʥʝ 

ʥʘ ʦʯʠʪʝ, ʟʘʪʨʫʜʥʝʥʠʝ ʚ ʧʦʭʦʜʢʘʪʘ ʠ ʜʠʟʘʨʪʨʠʷ ʩʘ ʝʜʥʠ ʦʪ ʚʦʜʝʱʠʪʝ ʩʠʤʧʪʦʤʠ ʧʨʠ ʪʦʚʘ 

ʢʣʠʥʠʯʥʦ ʩʲʩʪʦʷʥʠʝ (Dy, Sims and Friedman, 2015). 

ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ TPP1 (MIM* 607998) ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʧʨʦʷʚʘ ʥʘ 

ʟʘʙʦʣʷʚʘʥʠʷʪʘ. ɻʝʥʲʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʢʲʩʦʪʦ ʨʘʤʦ ʥʘ ʭʨʦʤʦʟʦʤʘ 11 (11p15.4) (ʌʠʛʫʨʘ 6).  

 

 

ʌʠʛʫʨʘ 6: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ TPP1 ʚʲʨʭʫ ʢʲʩʦʪʦ ʨʘʤʦ ʥʘ 11-ʪʘ ʭʨʦʤʦʟʦʤʘ (11p15.4) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=TPP1). 

 

ʈʘʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʧʦʣʠʧʝʧʪʠʜʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ ʝʥʜʦ- ʠ 

ʝʢʟʦʧʝʧʪʠʜʘʟʠ. ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʚʦʙʦʜʥʠ ʘʤʠʥʦʢʠʩʝʣʠʥʠ ʠ ʜʠʧʝʧʪʠʜʠ, ʢʦʠʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʚ ʢʣʝʪʲʯʥʘʪʘ ʮʠʪʦʧʣʘʟʤʘ ʩʧʨʷʤʦ ʤʝʪʘʙʦʣʠʪʥʠʪʝ ʥʫʞʜʠ ʥʘ ʢʣʝʪʢʘʪʘ.  

ɹʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ TPP1 ʝ ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I (EC 3.4.14.9), ʢʦʷʪʦ ʝ 

ʣʠʟʦʟʦʤʥʘ ʝʢʟʦʧʝʧʪʠʜʘʟʘ, ʦʪʩʪʨʘʥʷʚʘʱʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʪʨʠʧʝʧʪʠʜʠʪʝ ʦʪ N ʢʨʘʠʱʘʪʘ ʥʘ 

ʧʦʣʠʧʝʧʪʠʜʠʪʝ (ʩʫʙʩʪʨʘʪʠʪʝ). ʆʩʚʝʥ ʪʦʚʘ ʪʷ ʠʤʘ ʠ ʤʘʣʢʘ ʝʥʜʦʧʝʧʪʠʜʘʟʥʘ ʘʢʪʠʚʥʦʩʪ 

(Golabek et al., 2005). ʊʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I ʝ ʠʟʛʨʘʜʝʥʘ ʦʪ 563 ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ 
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ʦʩʪʘʪʲʢʘ, ʚʢʣʶʯʚʘʱʠ ʩʠʛʥʘʣʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʠʟʛʨʘʜʝʥʘ ʦʪ 19 ʘʤʠʥʦʢʠʩʝʣʠʥʠ, ʢʘʢʪʦ ʠ 

176 ʘʤʠʥʦʢʠʩʝʣʠʥʝʥ ʧʨʦʧʝʧʪʠʜ, ʢʦʡʪʦ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʟʨʝʝʥʝ. ɺ 

ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʩʝ ʧʦʣʫʯʘʚʘ ʟʨʝʣʠʷʪ ʝʥʟʠʤ, ʠʟʛʨʘʜʝʥ ʦʪ 368 ʘʤʠʥʦʢʠʩʝʣʠʥʥʠ ʦʩʪʘʪʲʢʘ. 

ʊʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I ʝ ʝʜʠʥʩʪʚʝʥʘʪʘ ʭʠʜʨʦʣʘʟʘ, ʦʧʠʩʘʥʘ ʧʨʠ ʙʦʟʘʡʥʠʮʠʪʝ, ʢʦʷʪʦ ʠʤʘ 

ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʥʘ ʘʢʪʠʚʥʦʩʪ. ʀʥʪʝʨʝʩʥʦʪʦ ʟʘ ʪʦʟʠ ʝʥʟʠʤ ʝ, ʯʝ ʪʦʡ ʥʝ ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʚ 

ʤʦʟʲʢʘ ʧʦ ʚʨʝʤʝ ʥʘ ʝʤʙʨʠʦʥʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʘ ʝʜʚʘ ʥʘ ʚʲʟʨʘʩʪ ʦʪ 5 ʤʝʩʝʮʘ, ʢʘʪʦ ʜʦʩʪʠʛʘ 

ʩʪʘʙʠʣʥʠ ʥʠʚʘ ʩʣʝʜ ʦʢʦʣʢʦ 3-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ. ʀʤʝʥʥʦ ʥʘ ʪʦʚʘ ʩʝ ʜʲʣʞʠ ʠ ʧʦ-ʢʲʩʥʘʪʘ ʬʦʨʤʘ 

ʥʘ ʠʟʷʚʘ ʥʘ ʟʘʙʦʣʷʚʘʥʠʷʪʘ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʥʘʨʫʰʝʥʘ ʬʫʥʢʮʠʷ ʥʘ ʝʥʟʠʤʘ ʪʨʠʧʝʧʪʠʜʠʣ-

ʧʝʧʪʠʜʘʟʘ I (Sun et al., 2013). 

ʇʦʚʝʯʝ ʦʪ 100 ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʘ ʚ ʛʝʥʘ TPP1 ʩʘ ʜʦʢʘʟʘʥʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ TPP1-

ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ. ʆʧʠʩʘʥʠʪʝ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ ʚʢʣʶʯʚʘʪ missense, nonsense, 

ʠʥʩʝʨʮʠʠ, ʜʝʣʝʮʠʠ ʠ splice site ʚʘʨʠʘʥʪʠ. ʄʝʞʜʫ ʪʷʭ ʩʝ ʦʪʢʨʦʷʚʘʪ ʜʚʝ ʤʫʪʘʮʠʠ (p.Arg208Ter 

ʠ c.509ï1G>C), ʢʦʠʪʦ ʩʝ ʩʨʝʱʘʪ ʩ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ TPP1-ʩʚʲʨʟʘʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ. ʇʦʚʝʯʝʪʦ ʦʧʠʩʘʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚʦʜʷʪ ʜʦ ʤʥʦʛʦ ʥʘʤʘʣʝʥʘ ʠʣʠ ʣʠʧʩʚʘʱʘ 

ʝʥʟʠʤʥʘ ʘʢʪʠʚʥʦʩʪ (Sun et al., 2013). ʇʨʠ ʥʘʨʫʰʝʥʘ ʬʫʥʢʮʠʷ ʥʘ ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I ʩʝ 

ʥʘʪʨʫʧʚʘʪ ʧʨʦʪʝʠʥʠ ʠʣʠ ʧʝʧʪʠʜʠ ʠ ʜʨʫʛʠ ʚʝʱʝʩʪʚʘ ʚ ʣʠʟʦʟʦʤʠʪʝ. ʊʝʟʠ ʥʘʪʨʫʧʚʘʥʠʷ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʚʲʚ ʚʩʠʯʢʠ ʢʣʝʪʢʠ, ʥʦ ʠʤʘ ʜʘʥʥʠ, ʯʝ ʥʝʨʚʥʠʪʝ ʢʣʝʪʢʠ ʩʘ ʦʩʦʙʝʥʦ ʫʷʟʚʠʤʠ ʢʲʤ 

ʪʷʭʥʦʪʦ ʚʲʟʜʝʡʩʪʚʠʝ. ʅʘʪʨʫʧʚʘʥʠʷʪʘ ʤʦʛʘʪ ʜʘ ʧʨʠʯʠʥʷʪ ʫʚʨʝʞʜʘʥʝ ʥʘ ʢʣʝʪʢʠʪʝ, ʢʦʝʪʦ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʢʣʝʪʲʯʥʘ ʩʤʲʨʪ. ʂʣʝʪʲʯʥʘʪʘ ʩʤʲʨʪ ʥʘ ʥʝʨʚʥʠʪʝ ʢʣʝʪʢʠ ʚ ʤʦʟʲʢʘ, ʢʘʢʪʦ ʠ ʥʘ 

ʢʣʝʪʢʠʪʝ ʚ ʜʨʫʛʠ ʪʲʢʘʥʠ, ʩʘ ʠʤʝʥʥʦ ʧʨʠʯʠʥʘʪʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʢʣʠʥʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ 

ʧʨʠ TPP1-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ. 

ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʮʝʨʦʠʜ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2 ʠ ʩʧʠʥʦʮʝʨʝʙʝʣʘʨʥʘ ʘʪʘʢʩʠʷ 7 ʝ ʚ ʪʦʚʘ, ʯʝ 

ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩʲʩ ʩʧʠʥʦʮʝʨʝʙʝʣʘʨʥʘʪʘ ʘʪʘʢʩʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦ-ʚʠʩʦʢʠ ʥʠʚʘ ʦʪ 

ʥʦʨʤʘʣʥʦ ʬʫʥʢʮʠʦʥʠʨʘʱʠʷ ʝʥʟʠʤ. ʅʘ ʪʦʚʘ ʩʝ ʜʲʣʞʠ ʠ ʧʦ-ʣʝʢʦʪʦ ʟʘʩʷʛʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ 

ʩʲʩ ʩʧʠʥʦʮʝʨʝʙʝʣʘʨʥʘ ʘʪʘʢʩʠʷ 7 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʮʝʨʦʠʜ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2, ʧʨʠ ʢʦʠʪʦ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʤʥʦʛʦ ʥʠʩʢʠ ʥʠʚʘ ʥʘ ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I. 

1.1.1.4. ARG1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ɸʨʛʠʥʘʟʥʠʷʪ ʜʝʬʠʮʠʪ (ɸʨʛʠʥʠʥʝʤʠʷ) (MIM# 207800) ʝ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʦ 

ʟʘʙʦʣʷʚʘʥʝ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʜʝʬʝʢʪ ʚ ʧʦʩʣʝʜʥʘʪʘ ʩʪʲʧʢʘ ʦʪ ʫʨʝʡʥʠʷ ʮʠʢʲʣ ï ʭʠʜʨʦʣʠʟʘʪʘ 

ʥʘ ʘʨʛʠʥʠʥ ʜʦ ʫʨʝʷ ʠ ʦʨʥʠʪʠʥ (Ash et al., 1998; Iyer et al., 1998). ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʘʨʛʠʥʘʟʝʥ 
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ʜʝʬʠʮʠʪ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʝʧʠʟʦʜʠʯʥʘ ʭʠʧʝʨʘʤʦʥʝʤʠʷ, ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʩʪʝʞʘ, ʩʧʘʩʪʠʯʥʘ 

ʪʝʪʨʘʧʣʝʛʠʷ, ʠʥʪʝʣʝʢʪʫʘʣʝʥ ʜʝʬʠʮʠʪ, ʧʨʦʛʨʝʩʠʚʥʦ ʥʝʚʨʦʣʦʛʠʯʥʦ ʟʘʩʷʛʘʥʝ, ʛʲʨʯʦʚʝ ʠ ʜʨ. 

(Ash et al., 1998; Sin et al., 2015). ʏʝʩʪʦʪʘʪʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ ʝ ʠʟʯʠʩʣʝʥʘ 

ʤʝʞʜʫ 1:350,000 ʠ 1:1,000,000 (Angela Sun, Eric A Crombez, 2021). ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ 

ʛʝʥʘ ARG1 (MIM *  608313), ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 6-ʪʘ ʭʨʦʤʦʟʦʤʘ (6q23.2) 

(ʌʠʛʫʨʘ 7), ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʠʟʷʚʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. 

 

 

ʌʠʛʫʨʘ 7: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ ARG1 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 6-ʪʘ ʭʨʦʤʦʟʦʤʘ (6q23.2) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=ARG1). 

 

ɹʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ ʝ ʝʥʟʠʤʲʪ ʘʨʛʠʥʘʟʘ-1 (EC 3.5.3.1), ʢʦʷʪʦ ʢʘʪʘʣʠʟʠʨʘ 

ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʘʨʛʠʥʠʥ ʚ ʫʨʝʷ ʠ ʦʨʥʠʪʠʥ (ʌʠʛʫʨʘ 8). 

 

ʌʠʛʫʨʘ 8: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʫʨʘʡʥʠʷ ʮʠʢʲʣ (Sin et al., 2015). ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ, 

ʢʦʜʠʨʘʱ ʘʨʛʠʥʘʟʘ-1 (arginase-1), ʚʦʜʷʪ ʜʦ ʧʨʦʷʚʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ. 
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 ʇʦʚʝʯʝ ʦʪ 40 ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʘ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ARG1 ʛʝʥʘ ʩʘ ʦʧʠʩʘʥʠ ʧʨʠ 

ʧʘʮʠʝʥʪʠ ʩ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ, ʢʘʪʦ ʥʘʡ-ʯʝʩʪʠʪʝ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ ʩʘ missense ʚʘʨʠʘʥʪʠʪʝ 

(Sin et al., 2015; Diez-Fernandez et al., 2018). ʊʨʠ ʦʪ ʝʢʟʦʥʠʪʝ (1, 4 ʠ 7) ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʢʘʪʦ 

ʪ.ʥʘʨ. Ăʛʦʨʝʱʠ ʨʝʛʠʦʥʠñ, ʚ ʢʦʠʪʦ ʥʘʡ-ʯʝʩʪʦ ʧʦʧʘʜʘʪ ʛʝʥʝʪʠʯʥʠʪʝ ʜʝʬʝʢʪʠ (Diez-Fernandez 

et al., 2018). ʇʘʪʦʛʝʥʥʠʪʝ ARG1 ʚʘʨʠʘʥʪʠ  ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʟʘʩʷʛʘʥʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ, 

ʩʪʨʫʢʪʫʨʘʪʘ ʠʣʠ ʬʫʥʢʮʠʷʪʘ ʥʘ ʘʨʛʠʥʘʟʘ-1 (Sin et al., 2015), ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʝ ʥʘʨʫʰʘʚʘ 

ʥʦʨʤʘʣʥʦʪʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʫʨʝʷ ʠ ʠʟʣʠʰʥʠʷʪ ʘʟʦʪ ʩʝ ʥʘʪʨʫʧʚʘ ʚ ʢʨʲʚʪʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ 

ʘʤʦʥʷʢ. ʀʤʝʥʥʦ ʥʘ ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʘʤʦʥʷʢ ʠ ʘʨʛʠʥʠʥ ʩʝ ʜʲʣʞʘʪ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʩʠʤʧʪʦʤʠ, 

ʢʦʠʪʦ ʩʘ ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ. ʇʨʠ ʪʷʭ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 

ʧʦʚʠʰʝʥʠ ʥʠʚʘ ʥʘ ʘʨʛʠʥʠʥ ʚ ʢʨʲʚʪʘ ʧʦʚʝʯʝ ʦʪ 15 ʧʲʪʠ ʥʘʜ ʥʦʨʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʠ ʧʦʚʝʯʝ 

ʦʪ 10 ʧʲʪʠ ʚ ʛʨʲʙʥʘʯʥʦ-ʤʦʟʲʯʥʘʪʘ ʪʝʯʥʦʩʪ (Scaglia and Lee, 2006). ʆʩʚʝʥ ʪʦʚʘ ʧʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ ʩʝ ʦʪʯʠʪʘʪ ʠ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʦʨʦʪʦʚʘ ʢʠʩʝʣʠʥʘ ʚ ʫʨʠʥʘʪʘ. 

ʊʦʯʥʦ ʪʝʟʠ ʙʠʦʭʠʤʠʯʥʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʘʪ ʦʩʥʦʚʘʥʠʝ ʟʘ ʧʦʩʪʘʚʷʥʝ ʥʘ ʜʠʘʛʥʦʟʘ ʘʨʛʠʥʘʟʝʥ 

ʜʝʬʠʮʠʪ. 

1.1.1.5. FH -ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʌʫʤʘʨʘʟʥʠʷʪ ʜʝʬʠʮʠʪ (MIM # 606812) ʝ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʦ ʟʘʙʦʣʷʚʘʥʝ, ʢʦʝʪʦ 

ʚʲʟʥʠʢʚʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʘʪʦʛʝʥʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ FH ʛʝʥʘ (MIM * 136850), ʢʦʡʪʦ ʝ 

ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 1-ʚʘ ʭʨʦʤʦʟʦʤʘ (1q43) (ʌʠʛʫʨʘ 9).  

 

 

ʌʠʛʫʨʘ 9: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ FH ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 1-ʚʘ ʭʨʦʤʦʟʦʤʘ (1q43) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=FH). 
 

FH ʛʝʥʘ ʢʦʜʠʨʘ ʝʥʟʠʤʘ ʬʫʤʘʨʘʪ ʭʠʜʨʘʪʘʟʘ (ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ ʬʫʤʘʨʘʟʘ) (EC 4.2.1.2), 

ʢʦʡʪʦ ʚ ʮʠʢʲʣʘ ʥʘ ʂʨʝʙʩ ʢʘʪʘʣʠʟʠʨʘ ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʬʫʤʘʨʘʪ ʚ ʤʘʣʘʪ (ʌʠʛʫʨʘ 10).  

ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʬʫʤʘʨʘʟʝʥ ʜʝʬʠʮʠʪ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʝʥʮʝʬʘʣʦʧʘʪʠʷ, ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʩʪʝʞʘ, 

ʭʠʧʦʪʦʥʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, ʜʠʩʤʦʨʬʠʯʥʠ ʣʠʮʝʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝʚʲʟʤʦʞʥʦʩʪ ʟʘ ʭʨʘʥʝʥʝ 

ʠ ʛʦʚʦʨʝʥʝ, ʛʲʨʯʦʚʝ ʠ ʜʨ. (Coman D, Kranc KR, 2006). ʇʦʚʠʰʝʥʠ ʥʠʚʘ ʥʘ ʬʫʤʘʨʦʚʘ ʢʠʩʝʣʠʥʘ 

ʠ ʘʣʬʘ-ʢʝʪʦʛʣʫʪʘʨʘʪ ʚ ʫʨʠʥʘʪʘ ʜʘʚʘʪ ʠʥʜʠʢʘʮʠʷ ʟʘ ʪʦʚʘ ʪʝʞʢʦ ʟʘʙʦʣʷʚʘʥʝ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ 
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ʪʝʟʠ ʙʠʦʭʠʤʠʯʥʠ ʠʟʤʝʥʝʥʠʷ ʩʣʝʜʚʘ ʜʘ ʩʝ ʧʨʦʜʲʣʞʠ ʧʦʪʚʲʨʞʜʘʚʘʥʝʪʦ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʠ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʦ ʥʠʚʦ. 

ʈʘʟʣʠʯʥʠ ʧʘʪʦʛʝʥʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ FH ʛʝʥʘ ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʚʲʚ ʚʨʝʤʝʪʦ. 

ʀʟʤʝʞʜʫ ʪʷʭ ʩʝ ʩʨʝʱʘʪ missense, nonsense, frameshift ʠ splice site ʚʘʨʠʘʥʪʠ. ʆʩʚʝʥ ʪʝʟʠ 

ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ Mroch et al., 2012 ʧʨʝʜʩʪʘʚʷʪ ʩʣʫʯʘʡ ʥʘ ʬʫʤʘʨʘʟʝʥ ʜʝʬʠʮʠʪ, ʧʨʠ ʢʦʡʪʦ 

ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʲʣʥʘ ʜʝʣʝʮʠʷ ʥʘ ʝʜʥʦʪʦ ʢʦʧʠʝ ʥʘ ʛʝʥʘ FH ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ ʪʦʯʢʦʚʘ ʟʘʤʷʥʘ ʥʘ 

ʜʨʫʛʠʷ ʘʣʝʣ. ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʪʠʧ ʛʝʥʝʪʠʯʥʠ ʢʦʤʙʠʥʘʮʠʠ ʝ ʚʲʟʤʦʞʥʦ ʩʘʤʦ ʯʨʝʟ 

ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ, ʪʲʡ ʢʘʪʦ ʯʨʝʟ ʩʝʢʚʝʥʠʨʘʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʫʩʪʘʥʦʚʝʥʘ 

ʝʜʠʥʩʪʚʝʥʦ ʪʦʯʢʦʚʘʪʘ ʟʘʤʷʥʘ. ɺ ʪʝʟʠ ʩʣʫʯʘʠ ʩʝʛʨʝʛʘʮʠʦʥʥʠʷʪ ʘʥʘʣʠʟ ʜʘʚʘ ʠʥʜʠʢʘʮʠʷ, ʯʝ 

ʝʜʠʥʠʷʪ ʨʦʜʠʪʝʣ ʝ ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʪʦʯʢʦʚʠʷ ʛʝʥʝʪʠʯʝʥ ʜʝʬʝʢʪ, ʘ ʜʨʫʛʠʷʪ ʥʝ ʝ 

ʥʦʩʠʪʝʣ ʥʘ ʧʘʪʦʣʦʛʠʯʥʠ ʪʦʯʢʦʚʠ ʟʘʤʝʥʠ. ʇʨʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʪʘʢʠʚʘ ʨʝʟʫʣʪʘʪʠ ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʧʨʝʤʠʥʝ ʢʲʤ ʪʝʩʪ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʘʨʠʘʮʠʠ ʚ ʙʨʦʷ ʢʦʧʠʷ ʥʘ ʛʝʥʘ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʩʝ 

ʧʦʪʚʲʨʜʠ ʠʣʠ ʦʪʭʚʲʨʣʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʝʣʝʮʠʷ. ɺ ʩʣʫʯʘʠʪʝ ʢʦʛʘʪʦ ʙʘʱʘʪʘ ʥʝ ʝ ʥʦʩʠʪʝʣ ʥʘ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʘʪʘ ʥʘʭʦʜʢʘ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʠ ʪʝʩʪ ʟʘ ʙʘʱʠʥʩʪʚʦ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʜʘʣʠ 

ʛʝʥʝʪʠʯʥʠʷʪ ʚʘʨʠʘʥʪ ʥʝ ʩʝ ʜʝʪʝʢʪʠʨʘ ʧʨʠ ʙʘʱʘʪʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʝʚʝʥʪʫʘʣʥʦʪʦ ʥʘʣʠʯʠʝ ʥʘ 

ʜʝʣʝʮʠʷ ʧʨʠ ʥʝʛʦ ʠʣʠ ʚʩʲʱʥʦʩʪ ʪʦʡ ʥʝ ʝ ʙʘʱʘ ʥʘ ʪʘʨʛʝʪʥʠʷ ʧʘʮʠʝʥʪ, ʢʦʝʪʦ ʩʲʱʦ ʙʠ ʦʙʷʩʥʠʣʦ 

ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʚʘʨʠʘʥʪʘ. 
 

 

ʌʠʛʫʨʘ 10: ʎʠʢʲʣ ʥʘ ʂʨʝʙʩ. ɼʝʬʠʮʠʪ ʥʘ ʬʫʤʘʨʘʪ ʭʠʜʨʘʪʘʟʘ ʚʦʜʠ ʜʦ ʥʝʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʝʚʨʲʱʘʥʝ 

ʥʘ ʬʫʤʘʨʘʪ ʚ ʤʘʣʘʪ (ʨʝʘʢʮʠʷʪʘ ʝ ʦʪʙʝʣʷʟʘʥʘ ʩʲʩ ʟʝʣʝʥʘ ʩʪʨʝʣʢʘ ʥʘ ʬʠʛʫʨʘʪʘ) (Nelson, D. L., & Cox, 

2009 ʩ ʤʦʜʠʬʠʢʘʮʠʠ). 
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1.1.1.6. PEX1 ʠ PEX6-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʅʘʨʫʰʝʥʠʷ ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ ʙʠʦʛʝʥʝʟʘ (Peroxisome biogenesis disorders - PBD) ʩʘ 

ʛʨʫʧʘ ʦʪ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʚʲʟʥʠʢʚʘʪ ʧʦʨʘʜʠ ʥʘʨʫʰʝʥʦ ʩʛʣʦʙʷʚʘʥʝ 

ʥʘ ʧʝʨʦʢʩʠʟʦʤʠʪʝ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʝʨʦʢʩʠʟʦʤʥʠ ʝʥʟʠʤʥʠ ʜʝʬʠʮʠʪʠ, 

ʚʦʜʝʱʠ ʜʦ ʟʘʩʷʛʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʢʘʪʘʙʦʣʠʪʥʠ ʠ ʘʥʘʙʦʣʠʪʥʠ ʧʲʪʠʱʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ 

ʧʨʠʯʠʥʷʚʘʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʘʙʦʣʠʪʥʠ ʘʥʦʤʘʣʠʠ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩʲʩ ʟʘʙʦʣʷʚʘʥʠʷ ʦʪ 

ʩʧʝʢʪʲʨʘ ʥʘ Zellweger (Zellweger spectrum disorders - ZSD) ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʥʘʪʨʫʧʚʘʥʝ ʥʘ 

ʜʲʣʛʦʚʝʨʠʞʥʠ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ, ʬʠʪʘʥʦʚʘ ʠ ʧʨʠʩʪʘʥʦʚʘ ʢʠʩʝʣʠʥʘ, ʢʘʢʪʦ ʠ ʧʠʧʝʢʦʣʠʥʦʚʘ 

ʢʠʩʝʣʠʥʘ ʚ ʧʣʘʟʤʘʪʘ. ʇʦʚʠʰʝʥʠʪʝ ʥʠʚʘ ʥʘ ʪʝʟʠ ʤʝʪʘʙʦʣʠʪʠ ʜʘʚʘʪ ʠʥʜʠʢʘʮʠʷ ʟʘ 

ʧʝʨʦʢʩʠʟʦʤʥʦ ʟʘʙʦʣʷʚʘʥʝ. 

ʇʨʘʚʠʣʥʦʪʦ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʧʝʨʦʢʩʠʟʦʤʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʙʝʣʪʲʯʥʠʪʝ 

ʧʨʦʜʫʢʪʠ ʥʘ PEX ʛʝʥʠʪʝ (Braverman, DôAgostino and MacLean, 2013). ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ 

ʪʷʭ ʚʦʜ̫ʪ ʜʦ ZSD ʠ Rhizomelic chondrodysplasia punctata. ɺ ʤʠʥʘʣʦʪʦ ZSD ʩʘ ʩʝ ʩʤʷʪʘʣʠ ʟʘ 

ʪʨʠ ʦʪʜʝʣʥʠ ʟʘʙʦʣʷʚʘʥʠʷ: ʩʠʥʜʨʦʤ ʥʘ Zellweger, ʥʝʦʥʘʪʘʣʥʘ ʘʜʨʝʥʦʣʝʚʢʦʜʠʩʪʨʦʬʠʷ ʠ 

ʠʥʬʘʥʪʠʣʥʘ ʙʦʣʝʩʪ ʥʘ Refsum. ʂʲʤ ʤʦʤʝʥʪʘ ʩʘ ʦʙʝʜʠʥʝʥʠ ʧʦʜ ʦʙʱʦʪʦ ʥʘʟʚʘʥʠʝ 

ñɿʘʙʦʣʷʚʘʥʠʷ ʦʪ ʩʧʝʢʪʲʨʘ ʥʘ Zellwegerñ, ʢʘʪʦ ʥʘʡ-ʪʝʞʢʦʪʦ ʢʣʠʥʠʯʥʦ ʩʲʩʪʦʷʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʠʥʜʨʦʤʲʪ ʥʘ Zellweger (Steinberg et al., 2006). ʇʘʮʠʝʥʪʠʪʝ ʩ ZSD ʩʝ ʨʘʟʜʝʣʷʪ 

ʚ ʪʨʠ ʛʨʫʧʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʘʯʘʣʦʪʦ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ (Klouwer et al., 2015):  

¶ ʅʝʦʥʘʪʘʣʥa-ʠʥʬʘʥʪʠʣʥʘ ʠʟʷʚʘ: ʧʨʠ ʪʝʟʠ ʧʘʮʠʝʥʪʠ ʩʘ ʥʘʣʠʮʝ ʯʝʨʥʦʜʨʦʙʥʘ 

ʜʠʩʬʫʥʢʮʠʷ, ʪʝʞʢʘ ʭʠʧʦʪʦʥʠʷ, ʝʧʠʣʝʧʪʠʯʥʠ ʛʲʨʯʦʚʝ, ʣʠʮʝʚ ʜʠʩʤʦʨʬʠʟʲʤ, ʦʯʥʠ ʠ ʤʦʟʲʯʥʠ 

ʘʥʦʤʘʣʠʠ ʠ ʜʨ. 

¶ ʀʟʷʚʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚ ʨʘʥʥʘ ʜʝʪʩʢʘ ʚʲʟʨʘʩʪ: ʧʨʠ ʪʘʟʠ ʛʨʫʧʘ ʧʘʮʠʝʥʪʠ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʟʘʙʘʚʷʥʝ ʚ ʨʘʟʚʠʪʠʝʪʦ, ʦʯʥʠ ʘʥʦʤʘʣʠʠ, ʩʝʥʟʦʥʝʚʨʘʣʥʘ ʛʣʫʭʦʪʘ, ʭʝʧʘʪʦʤʝʛʘʣʠʷ ʠ 

ʯʝʨʥʦʜʨʦʙʥʘ ʜʠʩʬʫʥʢʮʠʷ, ʧʦʚʠʰʝʥʠ ʥʠʚʘ ʥʘ ʪʨʘʥʩʘʤʠʥʘʟʠ, ʝʧʠʣʝʧʪʠʯʥʠ ʧʨʠʧʘʜʲʮʠ (ʧʨʠ 

ʯʘʩʪ ʦʪ ʧʘʮʠʝʥʪʠʪʝ), ʧʦ-ʣʝʢʠ ʢʨʘʥʠʦʬʘʮʠʘʣʥʠ ʜʠʩʤʦʨʬʠʯʥʠ ʯʝʨʪʠ, ʜʝʤʠʝʣʠʥʠʟʘʮʠʷ ʠ ʜʨ. 

¶ ʀʟʷʚʘ ʧʨʠ ʶʥʦʰʠ ʠ ʚʲʟʨʘʩʪʥʠ: ʚ ʪʘʟʠ ʛʨʫʧʘ ʧʘʮʠʝʥʪʠʪʝ ʩʘ ʩ ʧʦ-ʣʝʢʦ ʟʘʩʷʛʘʥʝ, ʢʘʪʦ 

ʧʨʠ ʪʷʭ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʯʥʠ ʘʥʦʤʘʣʠʠ ʠ ʟʘʩʷʛʘʥʝ ʥʘ ʩʣʫʭʘ. ɺʩʠʯʢʠ ʦʩʪʘʥʘʣʠ ʠʟʤʝʥʝʥʠʷ 

ʤʦʛʘʪ ʜʘ ʥʝ ʙʲʜʘʪ ʠʟʷʚʝʥʠ. 

ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ PEX ʛʝʥʠʪʝ ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʠʟʷʚʘ ʥʘ ʪʝʟʠ 

ʢʣʠʥʠʯʥʠ ʩʲʩʪʦʷʥʠʷ. ʆʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʩʘ ʛʝʥʠʪʝ PEX1 ʠ PEX6.  
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PEX1 ʛʝʥʲʪ (MIM *602136) ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 7-ʤʘ ʭʨʦʤʦʟʦʤʘ 

(7q21.2) (ʌʠʛʫʨʘ 11). 

 

 
ʌʠʛʫʨʘ 11: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ PEX1 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 7-ʤʘ ʭʨʦʤʦʟʦʤʘ (7q21.2) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=PEX1). 

 

ʇʘʪʦʛʝʥʥʠ ʭʦʤʦʟʠʛʦʪʥʠ ʠ ʜʚʦʡʥʦ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʚʘʨʠʘʥʪʠ, ʟʘʩʷʛʘʱʠ PEX1 ʛʝʥʘ ʩʘ 

ʜʦʢʘʟʘʥʘ ʧʨʠʯʠʥʘ ʟʘ ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ ʙʠʦʛʝʥʝʟʘ ʠ ʧʦ-ʢʦʥʢʨʝʪʥʦ ʩʠʥʜʨʦʤ ʥʘ 

Heimler 1 (MIM: #234580), ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ ʙʠʦʛʝʥʝʟʘ 1A (Zellweger, MIM# 

214100) ʠ ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ ʙʠʦʛʝʥʝʟʘ 1B (NALD/IRD, MIM# 601539). 

ɼʨʫʛʠʷʪ ʛʝʥ PEX6 (MIM*  601498), ʦʪʥʦʚʦ ʢʦʜʠʨʘ ʙʝʣʪʲʢ, ʢʦʡʪʦ ʝ ʥʝʦʙʭʦʜʠʤ ʟʘ 

ʧʨʘʚʠʣʥʦʪʦ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʧʝʨʦʢʩʠʟʦʤʠʪʝ. PEX6 ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʢʲʩʦʪʦ ʨʘʤʦ ʥʘ 6-ʪʘ 

ʭʨʦʤʦʟʦʤʘ (6p21.1) (ʌʠʛʫʨʘ 12). 

 

   

ʌʠʛʫʨʘ 12: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ PEX6 ʚʲʨʭʫ ʢʲʩʦʪʦ ʨʘʤʦ ʥʘ 6-ʪʘ ʭʨʦʤʦʟʦʤʘ (6p21.1) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=PEX6). 

 

ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ PEX6 ʛʝʥʘ ʩʘ ʩʠʥʜʨʦʤ ʥʘ Heimler 2 (MIM # 616617), ʥʘʨʫʰʝʥʠʷ 

ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ ʙʠʦʛʝʥʝʟʘ 4A (Zellweger, MIM# 614862) ʠ ʥʘʨʫʰʝʥʠʷ ʥʘ ʧʝʨʦʢʩʠʟʦʤʥʘʪʘ 

ʙʠʦʛʝʥʝʟʘ 4B (MIM# 614863). 

ʂʲʤ ʤʦʤʝʥʪʘ ʩʘ ʦʧʠʩʘʥʠ ʨʘʟʥʦʦʙʨʘʟʥʠ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʠʪʝ PEX1 ʠ 

PEX6. ɺʩʠʯʢʠ ʪʝ ʚʦʜʷʪ ʜʦ ʥʘʨʫʰʝʥʠʝ ʚ ʩʛʣʦʙʷʚʘʥʝʪʦ ʥʘ ʧʝʨʦʢʩʠʟʦʤʠʪʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ 

ʩʝ ʩʪʠʛʘ ʜʦ ʪʷʭʥʘʪʘ ʜʠʩʬʫʥʢʮʠʷ.  
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1.1.2.  ʅʝʚʨʦʤʫʩʢʫʣʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ɼʨʫʛʦʪʦ ʦʩʥʦʚʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ ʥʝʚʨʦʤʫʩʢʫʣʥʠʪʝ. 

ʊʝ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩʲʩ ʟʘʩʷʛʘʥʝ ʥʘ ʥʝʚʨʦʤʫʩʢʫʣʥʘʪʘ ʩʠʩʪʝʤʘ (ʧʝʨʠʬʝʨʥʘʪʘ ʥʝʨʚʥʘ 

ʩʠʩʪʝʤʘ ʠ ʤʫʩʢʫʣʠʪʝ), ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʝ ʧʨʦʷʚʷʚʘ ʤʫʩʢʫʣʥʘ ʜʠʩʪʨʦʬʠʷ, ʤʫʩʢʫʣʥʘ 

ʘʪʨʦʬʠʷ ʠʣʠ ʤʫʩʢʫʣʥʘ ʩʣʘʙʦʩʪ. ʏʝʩʪʦʪʘʪʘ ʥʘ ʥʝʚʨʦʤʫʩʢʫʣʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʚ ʩʚʝʪʦʚʝʥ 

ʤʘʱʘʙ ʝ ʦʮʝʥʝʥʘ ʥʘ 1:1000 (Zatz, Passos-Bueno and Vainzof, 2016). ʅʷʢʦʣʢʦ ʧʦʜʛʨʫʧʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʚʣʠʟʘʪ ʚ ʛʦʣʷʤʦʪʦ ʥʘʧʨʘʚʣʝʥʠʝ Ăʅʝʚʨʦʤʫʩʢʫʣʥʠ ʟʘʙʦʣʷʚʘʥʠʷñ. ʀʟʤʝʞʜʫ ʪʷʭ 

ʩʘ: ʤʫʩʢʫʣʥʠ ʜʠʩʪʨʦʬʠʠ, ʤʠʦʧʘʪʠʠ, ʤʠʦʪʦʥʠʯʥʠ ʩʠʥʜʨʦʤʠ, ʤʝʪʘʙʦʣʠʪʥʠ ʤʠʦʧʘʪʠʠ, 

ʤʠʘʩʪʝʥʥʠ ʩʠʥʜʨʦʤʠ, ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ, ʩʧʠʥʘʣʥʠ ʤʫʩʢʫʣʥʠ ʘʪʨʦʬʠʠ ʠ ʥʘʩʣʝʜʩʪʚʝʥʠ 

ʘʪʘʢʩʠʠ, ʥʘʩʣʝʜʩʪʚʝʥʠ ʩʝʥʟʦʨʥʠ ʠ ʤʦʪʦʨʥʠ ʥʝʚʨʦʧʘʪʠʠ, ʥʘʩʣʝʜʩʪʚʝʥʘ ʧʘʨʘʧʣʝʛʠʷ, ʤʫʩʢʫʣʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʟʘʩʷʛʘʥʝ ʥʘ ʡʦʥʥʠ ʢʘʥʘʣʠ ʠ ʜʨ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ 

ʪʝʟʠ ʩʲʩʪʦʷʥʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʜʦʙʠʪʠ ʠʣʠ ʛʝʥʝʪʠʯʥʠ. ʂʲʤ ʧʨʠʜʦʙʠʪʠʪʝ ʥʝʚʨʦʤʫʩʢʫʣʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʩʧʘʜʘʪ ʠʜʠʦʧʘʪʠʯʥʠʪʝ ʚʲʟʧʘʣʠʪʝʣʥʠ ʤʠʦʧʘʪʠʠ, ʤʠʘʩʪʝʥʠʷ ʛʨʘʚʠʩ ʠ ʜʨ. ʂʦʛʘʪʦ 

ʛʦʚʦʨʠʤ ʟʘ ʛʝʥʝʪʠʯʥʦ ʦʙʫʩʣʦʚʝʥʦ ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʙʦʣʷʚʘʥʝ ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʢʲʤ 

ʤʦʤʝʥʪʘ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʧʦʚʝʯʝ ʦʪ 500 ʛʝʥʘ, ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ 

ʧʨʦʷʚʘʪʘ ʥʘ ʥʝʚʨʦʤʫʩʢʫʣʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ (Laing, 2012). ʋʥʘʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʪʝʟʠ ʛʝʥʝʪʠʯʥʠ 

ʜʝʬʝʢʪʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʦ, ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʦ ʠ ʍ-ʩʚʲʨʟʘʥʦ. ʀʟʷʚʘʪʘ 

ʥʘ ʢʣʠʥʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʤʦʞʝ ʜʘ ʥʘʩʪʲʧʠ ʚ ʨʘʥʥʦ ʜʝʪʩʪʚʦ ʠ ʜʘ ʠʤʘ ʪʝʞʢʘ ʧʨʦʛʨʝʩʠʷ, ʠʣʠ 

ʜʘ ʩʝ ʧʨʦʷʚʠ ʥʘ ʧʦ-ʢʲʩʥʘ ʚʲʟʨʘʩʪ ʩ ʧʦ-ʙʘʚʥʘ ʧʨʦʛʨʝʩʠʷ (Laing, 2012).  

1.1.2.1. MYH7ïʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

MYH7ïʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʦʙʭʚʘʱʘʪ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʩʲʨʜʝʯʥʠ ʠ ʩʢʝʣʝʪʥʦ-

ʤʫʩʢʫʣʥʠ ʟʘʩʷʛʘʥʠʷ ʩ ʥʘʯʘʣʦ ʚ ʜʝʪʩʢʘ ʠʣʠ ʟʨʷʣʘ ʚʲʟʨʘʩʪ. ʂʲʤ ʪʘʟʠ ʛʨʫʧʘ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ 

ʦʪʥʘʩʷʪ: ʜʠʣʘʪʘʪʠʚʥʘ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ 1S (MIM# 613426), ʭʠʧʝʨʪʨʦʬʠʯʥʘ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ 

1 (MIM # 192600), Laing ʜʠʩʪʘʣʥʘ ʤʠʦʧʘʪʠʷ (MIM # 60500), ʥʝʢʦʤʧʘʢʪʠʨʘʥʘ ʣʷʚʘ ʢʘʤʝʨʘ 5 

(Left ventricular noncompaction 5, MIM # 613426), ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʘ ʠʣʠ ʘʚʪʦʟʦʤʥʦ- 

ʨʝʮʝʩʠʚʥʘ ʤʠʦʧʘʪʠʷ, ʩʚʲʨʟʘʥʘ ʩ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʤʠʦʟʠʥ (myosin storage myopathy, MIM # 

608358, MIM# 255160), ʢʘʢʪʦ ʠ ʤʠʦʧʘʪʠʯʝʥ ʪʠʧ ʩʢʘʧʫʣʦʧʝʨʦʥʝʘʣʝʥ ʩʠʥʜʨʦʤ (MIM # 

181430). ʇʦʚʝʯʝʪʦ ʦʪ ʪʝʟʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠʤʘʪ ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʝʥ ʤʦʜʝʣ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ, 

ʢʘʪʦ ʚ ʤʘʣʲʢ ʧʨʦʮʝʥʪ ʦʪ ʩʣʫʯʘʠʪʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʦ ʫʥʘʩʣʝʜʷʚʘʥʝ.  
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ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ MYH7 (MIM* 160760) ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʠʟʷʚʘ ʥʘ 

ʥʝʚʨʦʤʫʩʢʫʣʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʧʨʠ ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ. ɻʝʥʲʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ 

ʨʘʤʦ ʥʘ 14-ʪʘ ʭʨʦʤʦʟʦʤʘ (ʌʠʛʫʨʘ 13).  

 

 

ʌʠʛʫʨʘ 13: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ MYH7 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 14-ʪʘ ʭʨʦʤʦʟʦʤʘ (14q11.2) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=MYH7). 

 

ɻʝʥʲʪ MYH7 ʢʦʜʠʨʘ ʠʟʦʬʦʨʤʘ ʥʘ ʙʝʪʘ ʤʠʦʟʠʥʦʚʘʪʘ ʪʝʞʢʘ ʚʝʨʠʛʘ (beta (ɓ)-myosin 

heavy chain, MHC-ɓ), ʢʦʷʪʦ ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʚ ʩʲʨʜʝʯʥʘʪʘ ʠ ʩʢʝʣʝʪʥʘʪʘ ʤʫʩʢʫʣʘʪʫʨʘ (Jaenicke 

et al., 1990; Quiat et al., 2011). MHC-ɓ ʝ ʦʩʥʦʚʥʠʷʪ ʧʨʦʪʝʠʥ, ʫʯʘʩʪʚʘʱ ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʜʝʙʝʣʠʪʝ ʥʠʰʢʠ ʥʘ ʩʲʨʜʝʯʥʠʪʝ ʤʫʩʢʫʣʠ ʠ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʧʨʠ ʩʲʢʨʘʱʘʚʘʥʝʪʦ ʠʤ. N-

ʪʝʨʤʠʥʘʣʥʠʷʪ Ăglobular headñ ʜʦʤʝʥ ʩʚʲʨʟʚʘ ʘʢʪʠʥ ʠ ɸʊʌ, ʢʦʠʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʤʦʪʦʨʥʘʪʘ ʘʢʪʠʚʥʦʩʪ. C-ʪʝʨʤʠʥʘʣʥʠʷʪ ʢʨʘʡ ʫʯʘʩʪʚʘ ʚ ʩʛʣʦʙʷʚʘʥʝʪʦ ʥʘ ʤʠʦʟʠʥʘ ʚ ʜʝʙʝʣʠ 

ʥʠʰʢʠ ʥʘ ʩʘʨʢʦʤʝʨʘ. ɺ C-ʪʝʨʤʠʥʘʣʥʠʷ ʢʨʘʡ ʥʘ Ărodñ ʜʦʤʝʥʘ ʝ ʨʘʟʧʦʣʦʞʝʥ ʪ.ʥʘʨ. ʣʝʢ 

ʤʝʨʦʤʠʦʟʠʥ ʜʦʤʝʥ (light meromyosin domain ï LMM) , ʢʦʡʪʦ ʫʯʘʩʪʚʘ ʚ ʩʛʣʦʙʷʚʘʥʝʪʦ ʥʘ 

ʥʠʰʢʠʪʝ. ʆʩʚʝʥ ʪʦʚʘ LMM  ʩʲʜʲʨʞʘ ʠ ʤʝʩʪʘ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʤʠʦʟʠʥ-ʘʩʦʮʠʠʨʘʥʠ ʙʝʣʪʲʮʠ 

ʢʘʪʦ ʤʠʦʟʠʥ-ʩʚʲʨʟʚʘʱʠʷ ʧʨʦʪʝʠʥ ʉ ʠ ʪʠʪʠʥ (Blair et al., 2002).   

ʇʦʚʝʯʝ ʦʪ 200 ʤʫʪʘʮʠʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʛʝʥʘ MYH7 ʩʘ ʦʧʠʩʘʥʠ ʚ ʘʩʦʮʠʘʮʠʷ ʩ 

ʠʟʦʣʠʨʘʥʦ ʠʣʠ ʢʦʤʙʠʥʠʨʘʥʦ ʟʘʩʷʛʘʥʝ ʥʘ ʩʲʨʜʝʯʥʠʪʝ ʠ ʩʢʝʣʝʪʥʠʪʝ ʤʫʩʢʫʣʠ (Walsh et al., 

2009) (ʌʠʛʫʨʘ 14). ʆʙʦʩʦʙʝʥʠ ʩʘ ʜʚʘ ʨʝʛʠʦʥʘ ʦʪ ʙʝʣʪʲʢʘ, ʧʘʪʦʛʝʥʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ ʢʦʠʪʦ 

ʧʨʠʯʠʥʷʚʘʪ ʠʣʠ ʩʲʨʜʝʯʥʦ, ʠʣʠ ʩʢʝʣʝʪʥʦ-ʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ. ʄʫʪʘʮʠʠ, ʣʦʢʘʣʠʟʠʨʘʥʠ ʚ 

globular head ʜʦʤʝʥʘ ʚʦʜʷʪ ʜʦ ʧʨʦʷʚʘʪʘ ʥʘ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ, ʧʦʨʘʜʠ ʟʘʩʷʛʘʥʝʪʦ ʥʘ ʤʝʩʪʘʪʘ ʟʘ 

ʩʚʲʨʟʚʘʥʝ ʥʘ ʘʢʪʠʥʘ, ʜʦʢʘʪʦ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʜʠʩʪʘʣʥʘʪʘ ʯʘʩʪ ʥʘ rod ʜʦʤʝʥʘ (LMM) 

ʚʦʜʷʪ ʜʦ ʩʢʝʣʝʪʥʘ ʤʠʦʧʘʪʠʷ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʠʤʘ ʠ ʦʧʠʩʘʥʠ ʩʣʫʯʘʠ, ʧʨʠ ʢʦʠʪʦ ʧʘʪʦʛʝʥʥʠ 

ʚʘʨʠʘʥʪʠ ʚʲʚ ʚʩʠʯʢʠ ʫʯʘʩʪʲʮʠ ʥʘ ʛʝʥʘ MYH7 ʚʦʜʷʪ ʜʦ ʢʦʤʙʠʥʠʨʘʥʦ ʩʲʨʜʝʯʥʦ ʠ ʩʢʝʣʝʪʥʦ-

ʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ (Fiorillo et al., 2016). 
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ʌʠʛʫʨʘ 14: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ MYH7 ʧʨʦʪʝʠʥʘ, ʟʘʝʜʥʦ ʩ ʯʘʩʪ ʦʪ ʦʧʠʩʘʥʠʪʝ ʢʲʤ ʤʦʤʝʥʪʘ 

ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ (Fiorillo et al., 2016). 

 

ɺʧʝʯʘʪʣʝʥʠʝ ʧʨʘʚʠ ʪʦʚʘ, ʯʝ ʧʨʠʯʠʥʘ ʟʘ MYH7-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʥʘʡ-ʯʝʩʪʦ ʩʘ  

missense ʚʘʨʠʘʥʪʠ (Blair et al., 2002; Walsh et al., 2009). ɺ ClinVar ʙʘʟʘʪʘ ʜʘʥʥʠ ʩʘ ʦʧʠʩʘʥʠ 

ʤʘʣʲʢ ʙʨʦʡ ʧʘʪʦʛʝʥʥʠ/ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʠ nonsense, splice site ʠ frameshift ʚʘʨʠʘʥʪʠ. ʊʦʚʘ 

ʜʘʚʘ ʠʥʜʠʢʘʮʠʷ, ʯʝ ʠʣʠ ʚʘʨʠʘʥʪʠʪʝ, ʚʦʜʝʱʠ ʜʦ ʟʘʛʫʙʘ ʥʘ ʬʫʥʢʮʠʷ ʥʘ ʙʝʣʪʲʢʘ ʥʝ ʩʘ 

ʧʘʪʦʣʦʛʠʯʝʥ ʤʝʭʘʥʠʟʲʤ ʧʨʠ MYH7-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ, ʠʣʠ ʧʘʪʦʛʝʥʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ 

ʚʘʨʠʘʥʪʠʪʝ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʠʤ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʛʝʥʘ, ʠʣʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʙʝʣʪʲʢʘ, ʜʦ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ.  

1.1.2.2. TWNKïʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʆʧʠʩʘʥʠʪʝ TWNKïʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʠʪʝ ʩʠʥʜʨʦʤ ʥʘ 

ʠʟʯʝʨʧʚʘʥʝ ʥʘ ɼʅʂ ʥʘ ʤʠʪʦʭʦʥʜʨʠʠʪʝ (ʭʝʧʘʪʦʮʝʨʝʙʨʘʣʝʥ ʪʠʧ) 7 (Mitochondrial DNA 

depletion syndrome (hepatocerebral type) 7, MIM # 271245) ʠ ʩʠʥʜʨʦʤ Perrault 5 (MIM # 

616138), ʢʘʢʪʦ ʠ ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʥʘ ʧʨʦʛʨʝʩʠʚʥʘ ʚʲʥʰʥʘ ʦʬʪʘʣʤʦʧʣʝʛʠʷ ʩ ʜʝʣʝʮʠʠ ʥʘ 

ʤʠʪʦʭʦʥʜʨʠʘʣʥʘ ɼʅʂ 3 (MIM # 609286). ʂʣʠʥʠʯʥʠʪʝ ʩʠʤʧʪʦʤʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ ʧʨʠ ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ, ʚʢʣʶʯʚʘʪ ʤʫʩʢʫʣʥʘ ʩʣʘʙʦʩʪ, ʘʪʘʢʩʠʷ, ʥʝʚʲʟʤʦʞʥʦʩʪ 

ʟʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʧʨʠʜʚʠʞʚʘʥʝ, ʠʥʪʝʣʝʢʪʫʘʣʝʥ ʜʝʬʠʮʠʪ, ʩʪʘʪʫʩ ʝʧʠʣʝʧʪʠʢʫʩ, ʠʟʦʩʪʘʚʘʥʝ ʚ 

ʧʩʠʭʦʤʦʪʦʨʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʥʝʚʨʦʧʘʪʠʷ, ʤʫʩʢʫʣʥʠ ʙʦʣʢʠ ʠ ʜʨ. ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ 
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TWNK (ʦʱʝ ʠʟʚʝʩʪʝʥ ʢʘʪʦ C10orf2, MIM*  606075) ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʠʟʷʚʘ ʥʘ ʪʝʟʠ ʢʣʠʥʠʯʥʠ 

ʩʲʩʪʦʷʥʠʷ. ɻʝʥʲʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 10-ʪʘ ʭʨʦʤʦʟʦʤʘ (10q24.31) (ʌʠʛʫʨʘ 15). 

  

 

ʌʠʛʫʨʘ 15: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ TWNK ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 10-ʪʘ ʭʨʦʤʦʟʦʤʘ (10q24.31) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=TWNK&keywords=C10orf2). 
 

ɹʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ ʝ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘ ɼʅʂ ʭʝʣʠʢʘʟʘ. ʄʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ 

ɼʅʂ ʭʝʣʠʢʘʟʘ (ʢʦʜʠʨʘʥʘ ʦʪ ʷʜʨʝʥʠʷ ʛʝʥ TWNK) ʟʘʝʜʥʦ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ɼʅʂ 

ʧʦʣʠʤʝʨʘʟʘ (ʢʦʜʠʨʘʥʘ ʦʪ ʷʜʨʝʥʠʷ ʛʝʥ POLG1, ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ POLG) ʫʯʘʩʪʚʘʪ ʚ 

ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ɼʅʂ (ʤʪɼʅʂ). ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʪʝʟʠ ʛʝʥʠ ʚʦʜʷʪ 

ʜʦ ʥʘʨʫʰʝʥʠʝ ʚ ʨʝʧʣʠʢʘʮʠʦʥʥʠʷ ʧʨʦʮʝʩ ʥʘ ʤʪɼʅʂ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʝ ʛʫʙʷʪ ʢʦʧʠʷ ʦʪ 

ʥʝʷ (Hartley et al., 2012).  

ʈʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ TWNK ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʢʲʤ ʤʦʤʝʥʪʘ. 

ʇʨʝʦʙʣʘʜʘʚʘʱʠʪʝ ʧʘʪʦʣʦʛʠʯʥʠ ʚʘʨʠʘʥʪʠ ʩʘ missense. ʉʨʝʱʘʪ ʩʝ ʦʱʝ nonsense, frameshift 

splice site ʚʘʨʠʘʥʪʠ, ʥʦ ʪʝ ʩʘ ʩ ʧʦ-ʥʠʩʢʘ ʯʝʪʦʪʘʪʘ. 

1.1.2.3. UNC80-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

UNC80-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘʪ ʩ ʪʝʞʢʘ ʠʥʬʘʥʪʠʣʥʘ ʭʠʧʦʪʦʥʠʷ, 

ʧʩʠʭʦʤʦʪʦʨʥʦ ʠʟʦʩʪʘʚʘʥʝ ʠ ʩʧʝʮʠʬʠʯʥʠ ʣʠʮʝʚʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (MIM # 616801). ʆʩʚʝʥ ʪʝʟʠ 

ʢʣʠʥʠʯʥʠ ʦʩʦʙʝʥʦʩʪʠ, ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ ʝʥʮʝʬʘʣʦʧʘʪʠʷ, 

ʠʥʪʝʣʝʢʪʫʘʣʝʥ ʜʝʬʠʮʠʪ, ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʟʚʠʪʠʝʪʦ, ʣʠʧʩʘ ʠʣʠ ʥʘʨʫʰʝʥʠʝ ʚ ʛʦʚʦʨʘ, ʛʲʨʯʦʚʝ ʠ 

ʜʨ. ʇʘʪʦʛʝʥʥʠ ʭʦʤʦʟʠʛʦʪʥʠ ʠʣʠ ʜʚʦʡʥʦ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ UNC80, ʣʦʢʘʣʠʟʠʨʘʥ 

ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 2-ʨʘ ʭʨʦʤʦʟʦʤʘ (2q34) (ʌʠʛʫʨʘ 16), ʚʦʜʷʪ ʜʦ ʦʧʠʩʘʥʠʪʝ ʬʝʥʦʪʠʧʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (MIM * 612636).   

 

  
ʌʠʛʫʨʘ 16: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ UNC80 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 2-ʨʘ ʭʨʦʤʦʟʦʤʘ (2q34) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=UNC80). 

 



 

26 

 

ɻʝʥʲʪ UNC80 ʢʦʜʠʨʘ ʙʝʣʪʲʢ (UNC80), ʢʦʡʪʦ ʝ ʥʝʦʙʭʦʜʠʤ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʠ 

ʬʫʥʢʮʠʷʪʘ ʥʘ ʥʘʪʨʠʝʚʠʷ ʢʘʥʘʣ, ʥʘʨʝʯʝʥ NALCN 

(https://medlineplus.gov/genetics/gene/unc80/#conditions). ʅʘʪʨʠʝʚʠʪʝ ʢʘʥʘʣʠ ʪʨʘʥʩʧʦʨʪʠʨʘʪ 

ʧʦʣʦʞʠʪʝʣʥʦ ʟʘʨʝʜʝʥʠ ʥʘʪʨʠʝʚʠ ʡʦʥʠ ʚ ʢʣʝʪʢʠʪʝ ʠ ʠʛʨʘʷʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ 

ʜʘ ʛʝʥʝʨʠʨʘʪ ʠ ʧʨʝʜʘʚʘʪ ʝʣʝʢʪʨʠʯʝʩʢʠ ʩʠʛʥʘʣʠ. NALCN ʠʟʛʨʘʞʜʘ ʥʝʟʘʚʠʩʠʤ ʦʪ 

ʥʘʧʨʝʞʝʥʠʝʪʦ, ʥʝʩʝʣʝʢʪʠʚʝʥ, ʥʝʘʢʪʠʚʠʨʘʱ ʢʘʪʠʦʥʝʥ ʢʘʥʘʣ, ʧʨʦʧʫʩʢʣʠʚ ʟʘ Na+, K+ ʠ 

Ca(2+), ʢʘʪʦ ʦʙʨʘʟʫʚʘ ʬʦʥʦʚʘ ʧʨʦʚʦʜʠʤʦʩʪ ʟʘ ʠʟʪʠʯʘʥʝ ʥʘ Na(+) ʠ ʢʦʥʪʨʦʣʠʨʘ 

ʚʲʟʙʫʜʠʤʦʩʪʪʘ ʥʘ ʥʝʚʨʦʥʠʪʝ (Lu et al., 2007). ʆʩʚʝʥ ʟʘ ʩʪʘʙʠʣʠʟʠʨʘʥʝʪʦ ʠ ʬʫʥʢʮʠʷʪʘ ʥʘ 

NALCN, UNC80 ʝ ʥʝʦʙʭʦʜʠʤ ʠ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ NALCN ʩ UNC79.  

UNC79 ʬʫʥʢʮʠʦʥʠʨʘ ʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʘ ʩʫʙʝʜʠʥʠʮʘ ʥʘ NALCN ʢʘʥʘʣʘ, ʢʘʪʦ ʤʫ 

ʧʨʠʜʘʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʠʟʚʲʥʢʣʝʪʲʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ Ca(2+) (Lu B, Zhang Q, Wang 

H, Wang Y, Nakayama M, 2010). ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ UNC80 ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

NALCN ʠ UNC79, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʬʦʨʤʠʨʘ ʬʫʥʢʮʠʦʥʘʣʝʥ ʢʦʤʧʣʝʢʩ (ʌʠʛʫʨʘ 17) 

(Shamseldin et al., 2016).  

 

 

ʌʠʛʫʨʘ 17: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ NALCN ʢʘʥʘʣʥʠʷ ʢʦʤʧʣʝʢʩ ʠ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʥʘ UNC80 

ʩʧʨʷʤʦ NALCN ʠ UNC79 (Ren, 2011). 
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ʇʘʪʦʛʝʥʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ UNC80 ʚʦʜʷʪ ʜʦ ʣʠʧʩʘ ʥʘ ʙʝʣʪʲʢ ʠʣʠ ʜʦ ʝʢʩʧʨʝʩʠʷ ʥʘ 

ʙʝʣʪʲʢ ʩ ʫʚʨʝʜʝʥʘ ʬʫʥʢʮʠʷ. ʊʦʚʘ, ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ, ʝ ʧʨʠʯʠʥʘ ʟʘ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ 

ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʥʘ NALCN ʢʘʥʘʣʥʠʷ ʢʦʤʧʣʝʢʩ. 

ʆʧʠʩʘʥʠʪʝ ʧʘʪʦʣʦʛʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ UNC80 ʩʘ missense, 

nonsense ʠ frameshift, ʢʘʪʦ ʟʘ ʤʦʤʝʥʪʘ ʥʷʤʘ ʷʩʥʠ ʠ ʢʘʪʝʛʦʨʠʯʥʠ ʜʘʥʥʠ ʟʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʪʠʧʘ ʥʘ ʛʝʥʝʪʠʯʥʠʷ ʜʝʬʝʢʠ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʟʘʩʷʛʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ. ʀʟʢʘʟʘʥʘ ʝ ʭʠʧʦʪʝʟʘ, ʯʝ 

ʚʘʨʠʘʥʪʠʪʝ, ʚʦʜʝʱʠ ʜʦ ʟʘʛʫʙʘ ʥʘ ʬʫʥʢʮʠʷ ʥʘ ʧʨʦʪʝʠʥʘ ʩʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦ-ʪʝʞʢʘ ʢʣʠʥʠʯʥʘ 

ʠʟʷʚʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ missense ʚʘʨʠʘʥʪʠʪʝ (Shamseldin et al., 2016). ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ ʠ ʪʦʚʘ, 

ʯʝ ʧʨʠ ʧʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ missense ʚʘʨʠʘʥʪʠ ʚ UNC80 ʛʝʥʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 

ʛʲʨʯʦʚʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ, ʥʦʩʠʪʝʣʠ ʥʘ farameshift ʠ nonsense ʚʘʨʠʘʥʪʠ (Shamseldin 

et al., 2016; Stray-Pedersen et al., 2016). ɺ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʠʪʝ ʙʘʟʠ 

ʜʘʥʥʠ ClinVar (https://www.ncbi.nlm.nih.gov/clinvar) ʠ LOVD (https://www.lovd.nl/), ʥʝ ʩʘ 

ʦʧʠʩʘʥʠ ʛʦʣʷʤ ʙʨʦʡ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ UNC80, ʢʦʝʪʦ ʥʠ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ 

ʩʯʠʪʘʤʝ, ʯʝ ʠʤʘ ʤʥʦʛʦ ʚʩʝ ʦʱʝ ʛʝʥʝʪʠʯʥʦ ʥʝʠʟʷʩʥʝʥʠ ʩʣʫʯʘʠ ʥʘ UNC80-ʩʚʲʨʟʘʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ. ʇʨʝʜʚʠʜ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʠʷ ʤʦʜʝʣ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚ 

ʩʝʤʝʡʩʪʚʘʪʘ, ʧʨʠ ʢʦʠʪʦ ʨʦʜʠʪʝʣʠʪʝ ʩʘ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ, ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ ʥʘ 

ʧʘʪʦʣʦʛʠʯʝʥ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ ʚ UNC80 ʛʝʥʘ, ʚʝʨʦʷʪʥʦʩʪʪʘ ʚʩʷʢʦ ʜʝʪʝ ʜʘ ʙʲʜʝ ʙʦʣʥʦ ʝ 25%. 

ʆʩʚʝʥ ʪʦʚʘ ʚʩʝʢʠ ʨʦʜʠʪʝʣ ʠʤʘ 50% ʨʠʩʢ ʜʘ ʧʨʝʜʘʜʝ ʪʦʟʠ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ ʚ ʧʦʢʦʣʝʥʠʝʪʦ 

ʩʠ ʠ ʜʘ ʠʤʘ ʜʝʮʘ, ʟʜʨʘʚʠ ʥʦʩʠʪʝʣʠ ʥʘ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ ʚ UNC80 ʛʝʥʘ. 

1.1.2.4. SCO2-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ɼʝʬʠʮʠʪ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʝʥ ʢʦʤʧʣʝʢʩ IV ʷʜʨʝʥ ʪʠʧ 2 (MIM # 604377) ʝ ʘʚʪʦʟʦʤʥʦ-

ʨʝʮʝʩʠʚʥʦ ʟʘʙʦʣʷʚʘʥʝ ʩ ʤʫʣʪʠʩʠʩʪʝʤʥʦ ʟʘʩʷʛʘʥʝ. ʇʨʦʷʚʘʪʘ ʥʘ ʢʣʠʥʠʯʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ 

ʤʦʞʝ ʜʘ ʥʘʩʪʲʧʠ ʦʪ ʥʘʯʘʣʦʪʦ ʥʘ ʨʘʞʜʘʥʝʪʦ ʜʦ ʧʲʨʚʘʪʘ ʛʦʜʠʥʘ. ʇʨʠ ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ ʩʘ 

ʥʘʣʠʮʝ ʩʣʝʜʥʠʪʝ ʩʠʤʧʪʦʤʠ: ʪʝʞʢʘ ʭʠʧʦʪʦʥʠʷ, ʜʠʭʘʪʝʣʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ, ʪʝʞʢʘ 

ʭʠʧʝʨʪʨʦʬʠʯʥʘ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ, ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʟʚʠʪʠʝʪʦ, ʤʦʟʲʯʥʠ ʤʘʣʬʦʨʤʘʮʠʠ, 

ʧʦʚʠʰʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʣʘʢʪʘʪ ʠ ʜʨ. (Papadopoulou et al., 1999; Jaksch et al., 2000). ʇʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʩʲʩ SCO2-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʭʦʜʥʘ ʩʲʩ ʩʠʥʜʨʦʤ ʥʘ Leigh 

ʥʝʚʨʦʣʦʛʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ. ʇʘʪʦʛʝʥʥʠ ʭʦʤʦʟʠʛʦʪʥʠ ʠ ʜʚʦʡʥʦ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʚʘʨʠʘʥʪʠ ʚ 

ʛʝʥʘ SCO2 (MIM * 604272) ʩʘ ʜʦʢʘʟʘʥʘ ʧʨʠʯʠʥʘ ʟʘ ʧʨʦʷʚʘʪʘ ʥʘ ʪʝʟʠ ʢʣʠʥʠʯʥʠ ʩʲʩʪʦʷʥʠʷ. 

ɻʝʥʲʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 22-ʨʘ ʭʨʦʤʦʟʦʤʘ (ʌʠʛʫʨʘ 18). 
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ʌʠʛʫʨʘ 18: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ SCO2 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 22-ʨʘ ʭʨʦʤʦʟʦʤʘ (22q13.33) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=SCO2). 

 

ɻʝʥʲʪ SCO2 ʢʦʜʠʨʘ ʝʜʠʥ ʦʪ ʙʝʣʪʲʮʠʪʝ, ʥʝʦʭʦʜʠʤ ʟʘ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʮʠʪʦʭʨʦʤ-ʩ-

ʦʢʩʠʜʘʟʘʪʘ (cytochrome c oxidase ï COX, ʢʦʤʧʣʝʢʩ IV). ʆʩʚʝʥ ʥʝʛʦ, ʟʘ ʩʛʣʦʙʷʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩ IV ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʠ ʩʣʝʜʥʠʪʝ ʙʝʣʪʲʯʥʠ ʬʘʢʪʦʨʠ: COX10, COX15, SCO1, COX11, 

COX17 ʠ SURF1 (Pecina et al., 2004). ʎʠʪʦʭʨʦʤ-ʩ-ʦʢʩʠʜʘʟʘʪʘ ʝ ʧʦʩʣʝʜʥʘʪʘ ʩʪʲʧʢʘ ʦʪ 

ʝʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʘʪʘ ʚʝʨʠʛʘ ʚʲʚ ʚʲʪʨʝʰʥʘʪʘ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘ ʤʝʤʙʨʘʥʘ. ʊʦʡ ʧʨʝʜʘʚʘ 

ʝʣʝʢʪʨʦʥʠ ʦʪ ʮʠʪʦʭʨʦʤ-c ʜʦ ʢʨʘʡʥʠʷ ʝʣʝʢʪʨʦʥʝʥ ʘʢʮʝʧʪʦʨ ï ʢʠʩʣʦʨʦʜ, ʢʘʪʦ ʢʠʩʣʦʨʦʜʲʪ ʩʝ 

ʨʝʜʫʮʠʨʘ ʜʦ ʚʦʜʘ (Nelson, D. L., & Cox, 2009) (ʌʠʛʫʨʘ 19).  

 

 

ʌʠʛʫʨʘ 19: ʉʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʷ ʥʘ ʢʦʤʧʣʝʢʩ IV ʦʪ ʝʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʘ ʚʝʨʠʛʘ (Nelson, D. L., & 

Cox, 2009). 

 



 

29 

 

ʅʘʨʫʰʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʮʠʪʦʭʨʦʤ-c-ʦʢʩʠʜʘʟʘʪʘ ʚʦʜʠ ʜʦ ʪ.ʥʘʨ. ʦʢʩʠʜʘʪʠʚʝʥ ʩʪʨʝʩ. ɺ 

ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʚʘ ʩʝ ʧʦʣʫʯʘʚʘ ʦʙʨʘʪʝʥ ʧʦʪʦʢ ʥʘ ʝʣʝʢʪʨʦʥʠ ʠ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʨʝʘʢʪʠʚʥʠ 

ʢʠʩʣʦʨʦʜʥʠ ʩʫʙʩʪʘʥʮʠʠ, ʘʮʠʜʦʟʘ ʠ ʙʠʦʝʥʝʨʛʝʪʠʯʥʠ ʢʨʠʟʠ (ʌʠʛʫʨʘ 20). 

 

 

ʌʠʛʫʨʘ 20: ʇʦʩʣʝʜʥʠʮʠ ʦʪ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʮʠʪʦʭʨʦʤ-c-ʦʢʩʠʜʘʟʘʪʘ. 

 

ʇʦ ʧʦʚʦʜ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʜʝʬʝʢʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʚʦʜʷʪ ʜʦ ʜʝʬʠʮʠʪ ʥʘ 

ʤʠʪʦʭʦʥʜʨʠʘʣʝʥ ʢʦʤʧʣʝʢʩ IV ʷʜʨʝʥ ʪʠʧ 2, ʜʦ ʤʦʤʝʥʪʘ ʚ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʝ ʦʧʠʩʘʥ 

ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ SCO2. ɽʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʠʪʝ ʛʝʥʝʪʠʯʥʠ 

ʜʝʬʝʢʪʠ ʝ ʪʦʯʢʦʚʘ ʤʫʪʘʮʠʷ, ʚʦʜʝʱʘ ʜʦ ʟʘʤʷʥʘ ʥʘ ʛʣʫʪʘʤʠʥʦʚʘ ʢʠʩʝʣʠʥʘ ʩ ʣʠʟʠʥ ʥʘ ʧʦʟʠʮʠʷ 

140 (p.Glu140Lys) ʚ ʘʤʠʥʦʢʠʩʝʣʠʥʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʦʜʠʨʘʥʘ ʦʪ SCO2 ʛʝʥʘ. 

ʀʥʪʝʨʝʩʥʦʪʦ ʝ, ʯʝ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ, ʢʦʠʪʦ ʩʘ ʭʦʤʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ ʥʘ ʪʘʟʠ ʤʫʪʘʮʠʷ, ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʧʦ-ʢʲʩʥʦ ʥʘʯʘʣʦ ʥʘ ʧʨʦʷʚʘ ʥʘ ʩʠʤʧʪʦʤʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʚʦʡʥʠʪʝ ʭʝʪʝʨʦʟʠʛʦʪʠ, 

ʢʦʠʪʦ ʦʩʚʝʥ ʚʘʨʠʘʥʪʘ p.Glu140Lys, ʥʦʩʷʪ ʠ ʜʨʫʛ ʛʝʥʝʪʠʯʝʥ ʜʝʬʝʢʪ, ʧʨʠʯʠʥʷʚʘʱ ʩʝʨʠʦʟʥʠ 

ʥʘʨʫʰʝʥʠʷ ʚ ʙʝʣʪʲʯʥʠʷ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ SCO2. ʀʤʝʥʥʦ ʥʘ ʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʠ ʧʦ-

ʪʝʞʢʦʪʦ ʟʘʩʷʛʘʥʝ ʥʘ ʪʝʟʠ ʧʘʮʠʝʥʪʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʭʦʤʦʟʠʛʦʪʥʠʪʝ ʥʦʩʠʪʝʣʠ ʥʘ p.Glu140Lys 

(Verdijk et al., 2008). 
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ɺʲʧʨʝʢʠ ʯʝ ʨʘʟʜʝʣʠʭʤʝ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʚ ʜʚʝ ʛʨʫʧʠ, 

ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʚʦʜʝʱʠʪʝ ʠʤ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʥʘʣʠʯʠʝ ʥʘ ʝʧʠʣʝʧʩʠʷ/ʛʲʨʯʦʚʝ ʠʣʠ 

ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ, ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʙʠ ʙʠʣʦ ʪʨʫʜʥʦ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʷʩʥʘ ʠ 

ʢʘʪʝʛʦʨʠʯʥʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ.  

ɿʘ ʪʦʚʘ ʚ ʦʙʦʙɦ ʝʥʠʝ ʤʦʞʝ ʜʘ ʟʘʢʣʶʯʠʤ, ʯʝ ʧʨʠ ʥʷʢʦʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʚʦʜʝʱ 

ʝʧʠʣʝʧʪʠʯʝʥ ʩʠʥʜʨʦʤ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ ʠ ʦʙʨʘʪʥʦ (ʌʠʛʫʨʘ 

21).  

 

 

ʌʠʛʫʨʘ 21: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʨʠʧʦʢʨʠʚʘʱʠʪʝ ʩʝ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʯʘʩʪ ʦʪ 

ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ.  

 

1.2. ʆʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʊʦʚʘ ʩʘ ʚʩʠʯʢʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʟʘʩʷʛʘʪ ʯʦʚʝʰʢʦʪʦ ʦʢʦ ʠ ʟʨʝʥʠʝʪʦ. ʇʦʚʝʯʝʪʦ ʦʪ 

ʦʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʟʘʩʷʛʘʪ ʚʲʟʨʘʩʪʥʠʪʝ ʭʦʨʘ, ʪʲʡ ʢʘʪʦ ʩ ʚʲʟʨʘʩʪʪʘ ʥʘʩʪʲʧʚʘʪ ʨʝʜʠʮʘ 

ʘʥʦʤʘʣʠʠ ʚ ʟʨʠʪʝʣʥʠʷ ʘʧʘʨʘʪ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ ʦʪʩʣʘʙʚʘʥʝ ʠ ʜʦʨʠ ʟʘʛʫʙʘ ʥʘ ʟʨʝʥʠʝʪʦ. ɺʲʧʨʝʢʠ 

ʪʦʚʘ ʠʤʘ ʨʝʜʠʮʘ ʦʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚ ʧʦ-ʨʘʥʥʘ ʚʲʟʨʘʩʪ, ʢʘʪʦ 

ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʪʷʭ ʩʘ ʥʘʩʣʝʜʩʪʚʝʥʠ. ɹʨʦʷʪ ʥʘ ʥʘʩʣʝʜʩʪʚʝʥʠʪʝ ʦʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʝ ʧʦʚʝʯʝ ʦʪ 

350. ʂʲʤ ʪʷʭ ʩʧʘʜʘʪ ʜʘʣʪʦʥʠʟʲʤ, ʜʠʩʪʨʦʬʠʷ ʥʘ ʨʦʛʦʚʠʮʘʪʘ, ʛʣʘʫʢʦʤʘ, ʚʨʦʜʝʥʘ ʢʘʪʘʨʘʢʪʘ, 
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ʚʨʦʜʝʥʘ ʘʤʘʚʨʦʟʘ ʥʘ Leber, ʥʦʱʪʥʘ ʩʣʝʧʦʪʘ, retinitis pigmentosa, ʥʘʩʣʝʜʩʪʚʝʥʘ ʦʧʪʠʯʥʘ 

ʥʝʚʨʦʧʘʪʠʷ ʥʘ Leber ʠ ʜʨ. ʇʘʪʦʣʦʛʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ ʨʝʜʠʮʘ ʛʝʥʠ ʤʦʛʘʪ ʜʘ ʚʦʜʷʪ 

ʜʦ ʥʘʩʣʝʜʩʪʚʝʥʠ ʦʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʢʦʠʪʦ ʩʘ ʠ ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. 

1.2.1. CRB1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

CRB1-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʚʢʣʶʯʚʘʪ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʠʪʝ Retinitis 

pigmentosa-12 (MIM # 600105) ʠ ɺʨʦʜʝʥʘ ʘʤʘʚʨʦʟʘ ʥʘ Leber 8 (MIM # 613835), ʢʘʢʪʦ ʠ 

ʘʚʪʦʟʦʤʥʦ-ʜʦʤʠʥʘʥʪʥaʪʘ ʇʠʛʤʝʥʪʠʨʘʥʘ ʧʘʨʘʚʝʥʦʟʥʘ ʭʦʨʠʦʨʝʪʠʥʘʣʥʘ ʘʪʨʦʬʠʷ (Pigmented 

paravenous chorioretinal atrophy) (MIM # 172870). ɺʩʠʯʢʠ ʪʝʟʠ ʟʘʙʦʣʷʚʘʥʠʷ ʟʘʩʷʛʘʪ ʦʯʠʪʝ ʠ 

ʟʨʝʥʠʝʪʦ. ʂʣʠʥʠʯʥʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʘʪ ʜʘ ʚʢʣʶʯʚʘʪ ʥʠʩʪʘʛʲʤ, ʥʦʱʥʘ ʩʣʝʧʦʪʘ, 

retinitis pigmentosa, ʙʝʣʠ ʧʝʪʥʘ ʚ ʨʝʪʠʥʘʪʘ, ʝʥʦʬʪʘʣʤ ʠ ʜʨ. ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʘ CRB1 

(MIM* 604210), ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 1-ʚʘ ʭʨʦʤʦʟʦʤʘ (1q31.3) (ʌʠʛʫʨʘ 22) ʩʘ 

ʧʨʠʯʠʥʘ ʟʘ ʪʝʟʠ ʟʘʙʦʣʷʚʘʥʠʷ. 

 

 

ʌʠʛʫʨʘ 22: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ CRB1 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 1-ʚʘ ʭʨʦʤʦʟʦʤʘ (1q31.3) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=CRB1). 

 

ɹʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʚ ʤʦʟʲʢʘ ʠ ʨʝʪʠʥʘʪʘ, ʢʦʷʪʦ ʝ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʪʲʢʘʥ ʚ ʟʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʦʢʦʪʦ. ʏʨʝʟ ʥʝʷ ʩʝ ʜʝʪʝʢʪʠʨʘʪ ʩʚʝʪʣʠʥʘʪʘ ʠ 

ʮʚʝʪʦʚʝʪʝ. ɹʝʣʪʲʢʲʪ CRB1 ʝ ʯʘʩʪ ʦʪ CRB ʢʦʤʧʣʝʢʩʘ, ʠʟʛʨʘʞʜʘʱ ʢʣʝʪʲʯʥʠʪʝ ʚʨʲʟʢʠ ʠ 

ʜʝʡʩʪʚʘ ʢʘʪʦ ʨʝʛʫʣʘʪʦʨ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʧʦʣʷʨʥʦʩʪ. ʆʩʚʝʥ ʪʦʚʘ ʪʦʡ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʧʦ ʚʨʝʤʝ 

ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʝʪʠʥʘʪʘ. ɻʝʥʲʪ CRB1 ʩʲʜʲʨʞʘ 12 ʪʨʘʥʩʢʨʠʧʪʘ, ʢʘʪʦ ʚ ʨʝʪʠʥʘʪʘ ʜʚʘ ʦʪ 

ʪʨʘʥʩʢʨʠʧʪʠʪʝ, ʢʦʠʪʦ ʢʦʜʠʨʘʪ ʧʨʦʪʝʠʥʠ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʩʝ ʝʢʩʧʨʝʩʠʨʘʪ ʚ 

ʢʣʝʪʢʠʪʝ ʥʘ M¿ller ʠ ʬʦʪʦʨʝʮʝʧʪʦʨʠʪʝ (Mairot et al., 2021). ʂʣʝʪʢʠʪʝ ʥʘ M¿ller ʝʢʩʧʨʝʩʠʨʘʪ 

ʪʨʘʥʩʢʨʠʧʪ CRB1-A, ʜʦʢʘʪʦ ʬʦʪʦʨʝʮʝʧʪʦʨʠʪʝ ʝʢʩʧʨʝʩʠʨʘʪ ʪʨʘʥʩʢʨʠʧʪʘ CRB1-B. 

ʊʨʘʥʩʢʨʠʧʪ CRB1-A ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʦʩʥʦʚʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʝʪʠʥʘʪʘ, ʘ 

ʪʨʘʥʩʢʨʠʧʪ CRB1-B ʝ ʧʨʝʦʙʣʘʜʘʚʘʱ ʚ ʨʝʪʠʥʘʪʘ ʥʘ ʚʲʟʨʘʩʪʥʠʪʝ. ʆʩʚʝʥ ʪʨʘʥʩʢʨʠʧʪʠʪʝ 

CRB1-A ʠ CRB1-B ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʪʨʘʥʩʢʨʠʧʪ CRB1-C, ʥʦ ʚ ʧʦ-ʤʘʣʢʦ ʢʦʣʠʯʝʩʪʚʦ. 

ʇʨʦʪʝʠʥʲʪ CRB1 ʫʯʘʩʪʚʘ ʠ ʚʲʚ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʚʨʲʟʢʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʢʣʝʪʢʠ ʚ ʨʝʪʠʥʘʪʘ.  
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ʇʦʚʝʯʝ ʦʪ 400 ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʚʦʜʝʱʠ ʜʦ CRB1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʩʘ 

ʜʦʢʣʘʜʚʘʥʠ ʜʦʩʝʛʘ. ʀʟʤʝʞʜʫ ʪʷʭ ʩʝ ʩʨʝʱʘʪ missense, nonsense, frameshift, splice site ʠ 

ʠʥʩʝʨʮʠʠ/ʜʝʣʝʮʠʠ (ʌʠʛʫʨʘ 23). 

 

  

ʌʠʛʫʨʘ 23: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʪʨʘʥʩʢʨʠʧʪʠʪʝ, ʢʦʜʠʨʘʱʠ CRB1 ʠʟʦʬʦʨʤʠ ɸ ʠ B, ʢʘʢʪʦ ʠ 

ʯʘʩʪ ʦʪ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʣʦʢʘʣʠʟʠʨʘʥʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʛʝʥʘ CRB1 (Mairot et al., 2021).  

 

ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ CRB1 ʛʝʥʘ ʤʦʛʘʪ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʧʨʦʛʨʝʩʠʚʥʘ ʜʝʛʝʥʝʨʘʮʠʷ ʥʘ 

ʬʦʪʦʨʝʮʝʧʪʦʨʠʪʝ, ʪʝʞʢʦ ʫʚʨʝʞʜʘʥʝ ʥʘ ʢʣʝʪʢʠʪʝ ʥʘ M¿ller, ʢʘʢʪʦ ʠ ʤʘʢʫʣʥʘ ʜʠʩʪʨʦʬʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʨʘʥʩʢʨʠʧʪʘ, ʢʦʡʪʦ ʟʘʩʷʛʘʪ (Den Hollander et al., 1999; Mairot et al., 2021).  

1.2.2. CEP290-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ CEP290 (MIM* 610142) ʛʝʥʘ ʚʦʜʷʪ ʜʦ 

ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʥʠʪʝ ʩʠʥʜʨʦʤ ʥʘ Bardet-Biedl 14 (MIM#  615991), ʩʠʥʜʨʦʤ ʥʘ Joubert 5 

(MIM#  610188), ʚʨʦʜʝʥʘ ʘʤʘʚʨʦʟʘ ʥʘ Leber  10 (MIM#  611755), ʩʠʥʜʨʦʤ ʥʘ Meckel 4 (MIM# 

611134) ʠ ʩʠʥʜʨʦʤ ʥʘ Senior-Loken 6 (MIM#  610189). ʍʘʨʘʢʪʝʨʥʦ ʟʘ ʚʩʠʯʢʠ ʪʝʟʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʝ ʦʯʥʦʪʦ ʟʘʩʷʛʘʥʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʚʢʣʶʯʚʘ ʥʠʩʪʘʛʲʤ, ʚʨʦʜʝʥʘ ʘʤʘʚʨʦʟʘ, retinitis 

pigmentosa, ʢʦʣʦʙʦʤʘ ʥʘ ʨʝʪʠʥʘʪʘ, ʥʘʤʘʣʝʥʘ ʟʨʠʪʝʣʥʘ ʦʩʪʨʦʪʘ ʠ ʜʨ. ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ 

ʛʝʥʘ CEP290 ʚʦʜʷʪ ʜʦ ʦʧʠʩʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʛʝʥʝʪʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʠʧʘ ʥʘ 

ʚʘʨʠʘʥʪʘ, ʢʣʠʥʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ, ʚʘʨʠʨʘʪ ʦʪ ʠʟʦʣʠʨʘʥʘ 

ʩʣʝʧʦʪʘ ʜʦ ʩʤʲʨʪʦʥʦʩʥʠʷ ʩʠʥʜʨʦʤ ʥʘ Meckel-Gruber. 
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ɻʝʥʲʪ CEP290 ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 12-ʪʘ ʭʨʦʤʦʟʦʤʘ (12q21.32) (ʌʠʛʫʨʘ 

24). 

 

 

ʌʠʛʫʨʘ 24: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ CEP290 ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 12-ʪʘ ʭʨʦʤʦʟʦʤʘ (12q21.32) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=CEP290). 

 

ɹʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ e ʮʝʥʪʨʦʟʦʤʝʥ ʧʨʦʪʝʠʥ, ʢʦʡʪʦ ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʚ 

ʨʝʩʥʠʯʝʩʪʠ ʢʣʝʪʢʠ ʚ ʮʷʣʦʪʦ ʪʷʣʦ. ʊʦʡ ʫʯʘʩʪʚʘ ʚ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʨʝʩʥʠʯʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʥʘ 

ʙʝʣʪʲʮʠʪʝ, ʥʫʞʥʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʠʤ (Coppieters et al., 2010; Burnight et al., 2014). 

ʈʝʩʥʠʯʢʠʪʝ ʫʯʘʩʪʚʘʪ ʚ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʢʣʝʪʢʠʪʝ ʠ ʨʘʟʣʠʯʥʠ ʭʠʤʠʯʥʠ ʩʠʛʥʘʣʥʠ ʧʲʪʠʱʘ. 

ʆʩʚʝʥ ʪʦʚʘ ʪʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝʪʦ ʥʘ ʩʝʪʠʚʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʩʚʲʨʟʘʥʘ ʩʲʩ 

ʟʨʝʥʠʝʪʦ, ʩʣʫʭʘ ʠ ʤʠʨʠʩʘ. 

ʂʲʤ ʤʦʤʝʥʪʘ ʩʘ ʦʧʠʩʘʥʠ ʨʘʟʣʠʯʥʠ ʧʘʪʦʣʦʛʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʟʘʩʷʛʘʱʠ ʛʝʥʘ 

CEP290. ɼʦʢʘʟʘʥʠ ʩʘ ʢʘʢʪʦ missense, nonsense, frameshift, splice site, ʪʘʢʘ ʠ in-frame ʤʫʪʘʮʠʠ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘ ʪʦʚʘ, ʯʝ ʧʨʠ ʨʘʟʣʠʯʥʠ CEP290-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʤʦʞʝ ʜʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʝʜʠʥ ʠ ʩʲʱ ʛʝʥʝʪʠʯʝʥ ʜʝʬʝʢʪ (Coppieters et al., 2010) (ʌʠʛʫʨʘ 25).  
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ʌʠʛʫʨʘ 25: ʇʨʠʧʦʢʨʠʚʘʥʝʪʦ ʥʘ  CEP290 ʤʫʪʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʬʝʥʦʪʠʧʥʠ ʠʟʷʚʠ. LCA (ʚʨʦʜʝʥʘ 

ʘʤʘʚʨʦʟʘ ʥʘ Leber), SLS (ʩʠʥʜʨʦʤ ʥʘ Senior-Loken), JS (ʩʠʥʜʨʦʤ ʥʘ Joubert), JS+RD (ʩʠʥʜʨʦʤ ʥʘ 

Joubert, ʘʩʦʮʠʠʨʘʥ ʩ ʨʝʪʠʥʦʧʘʪʠʷ), JS+RF (ʩʠʥʜʨʦʤ ʥʘ Joubert, ʘʩʦʮʠʠʨʘʥ ʩ ʙʲʙʨʝʯʥʘ 

ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ), CORS (cerebello-oculo-renal ʩʠʥʜʨʦʤ), MKS (ʩʠʥʜʨʦʤ ʥʘ Meckel-Gruber), MKS-

like (Meckel-Gruber ʧʦʜʦʙʝʥ ʩʠʥʜʨʦʤ), BBS (ʩʠʥʜʨʦʤ ʥʘ Bardet-Biedl) (Coppieters et al., 2010). 

 

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʢʦʨʝʣʘʮʠʷʪʘ ʤʝʞʜʫ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʠ ʬʝʥʦʪʠʧʥʠʪʝ ʠʟʷʚʠ, 

ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʦʧʨʝʜʝʣʝʥʠ ʤʫʪʘʮʠʠ ʩʝ ʩʨʝʱʘʪ ʩ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʧʨʠ ʥʷʢʦʠ ʦʪ 

CEP290-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ. ʊʘʢʘ ʥʘʧʨʠʤʝʨ ʠʥʪʨʦʥʥʠʷʪ ʚʘʨʠʘʥʪ c.2991+1655A>G ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʩ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʨʦʜʝʥʘ ʘʤʘʚʨʦʟʘ ʥʘ Leber  

(Coppieters et al., 2010; Valkenburg et al., 2018). ʆʧʠʩʘʥʘʪʘ ʛʝʥʝʪʠʯʥʘ ʥʘʭʦʜʢʘ ʚʦʜʠ ʜʦ 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʘʢʪʠʚʥʠʷ ʧʨʦʪʝʠʥ, ʢʦʜʠʨʘʥ ʦʪ ʛʝʥʘ CEP290, ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʩʝ ʥʘʨʫʰʘʚʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʝʪʠʥʘʪʘ, ʯʨʝʟ ʟʘʩʷʛʘʥʝ ʥʘ ʬʦʪʦʨʝʮʝʧʪʦʨʠʪʝ, ʢʦʠʪʦ ʩʲʜʲʨʞʘʪ ʨʝʩʥʠʯʢʠ. 

ɸʥʦʤʘʣʠʠ ʚ ʨʝʩʥʠʯʢʠʪʝ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʪʝʞʢʦ ʠ ʨʘʥʥʦ ʫʚʨʝʞʜʘʥʝ ʥʘ ʟʨʝʥʠʝʪʦ, ʢʦʝʪʦ ʝ 

ʭʘʨʘʢʪʝʨʥʦ ʟʘ ʚʨʦʜʝʥʘʪʘ ʘʤʘʚʨʦʟʘ ʥʘ Leber. 
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1.2.3.  USH2A-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

USH2A ʛʝʥʲʪ (MIM * 608400) ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 1-ʚʘ ʭʨʦʤʦʟʦʤʘ 

(1q41) (ʌʠʛʫʨʘ 26).  

 

 

ʌʠʛʫʨʘ 26: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʛʝʥʘ USH2A ʚʲʨʭʫ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ 1-ʚʘ ʭʨʦʤʦʟʦʤʘ (1q41) 

(https://www.genecards.org/cgi-bin/carddisp.pl?gene=USH2A). 

 

ʇʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʛʝʥʘ ʩʘ ʜʦʢʘʟʘʥʘ ʧʨʠʯʠʥʘ ʟʘ ʘʚʪʦʟʦʤʥʦ-

ʨʝʮʝʩʠʚʥʠʪʝ Retinitis pigmentosa 39 (MIM # 613809) ʠ ʩʠʥʜʨʦʤ ʥʘ Usher ʪʠʧ 2ɸ (MIM # 

276901). ʇʨʦʛʨʝʩʠʚʥʘ retinitis pigmentosa ʝ ʭʘʨʘʢʪʝʨʥʘ ʠ ʟʘ ʜʚʝʪʝ ʟʘʙʦʣʷʚʘʥʠʷ. ʇʨʠ 

ʩʠʥʜʨʦʤʘ ʥʘ Usher ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʟʘʛʫʙʘ ʥʘ ʩʣʫʭʘ.  

ɹʝʣʪʲʯʥʠʷʪ ʧʨʦʜʫʢʪ ʥʘ ʛʝʥʘ USH2A (ʪ.ʥʘʨ. usherin) ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʚʲʚ ʚʲʪʨʝʰʥʦʪʦ 

ʫʭʦ ʠ ʨʝʪʠʥʘʪʘ. ʊʦʡ ʝ ʚʘʞʝʥ ʢʦʤʧʦʥʝʥʪ ʥʘ ʙʘʟʘʣʥʠʪʝ ʤʝʤʙʨʘʥʠ ʠ ʫʯʘʩʪʚʘ ʚ ʨʘʟʚʠʪʠʝʪʦ ʠ 

ʭʦʤʝʦʩʪʘʟʘʪʘ ʥʘ ʚʲʪʨʝʰʥʦʪʦ ʫʭʦ ʠ ʨʝʪʠʥʘʪʘ (Bhattacharya et al., 2002).  

 ʇʦʚʝʯʝ ʦʪ 400 ʧʘʪʦʛʝʥʥʠ USH2A ʚʘʨʠʘʥʪʠ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʦʧʠʩʘʥʠʪʝ ʧʦ-ʛʦʨʝ 

ʢʣʠʥʠʯʥʠ ʩʲʩʪʦʷʥʠʷ, ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʜʦʩʝʛʘ (DuPont et al., 2018) (ʌʠʛʫʨʘ 27). 

  

 

ʌʠʛʫʨʘ 27: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʯʘʩʪ ʦʪ ʤʫʪʘʮʠʠʪʝ, ʣʦʢʘʣʠʟʠʨʘʥʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ USH2A 

ʛʝʥʘ. ɽʜʥʠ ʦʪ ʥʘʡ-ʯʝʩʪʠʪʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʩʘ ʤʘʨʢʠʨʘʥʠ ʩ ʯʝʨʚʝʥʠ ʩʪʨʝʣʢʠ ʥʘ ʬʠʛʫʨʘʪʘ (Ouyang 

et al., 2004 ʩ ʤʦʜʠʬʠʢʘʮʠʠ).  
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ʊʦʯʢʦʚʠ ʟʘʤʝʥʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ USH2A ʛʝʥʘ ʚʦʜʷʪ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʢʲʩʝʥ ʠʣʠ 

ʥʝʬʫʥʢʮʠʦʥʘʣʝʥ ʙʝʣʪʲʢ. ʉʯʠʪʘ ʩʝ, ʯʝ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ - ʜʝʣʝʮʠʠ/ʠʥʩʝʨʮʠʠ ʩʲʱʦ ʚʦʜʷʪ 

ʜʦ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʙʝʣʪʲʯʥʘʪʘ ʬʫʥʢʮʠʷ. ɽʜʥʠ ʦʪ ʥʘʡ-ʯʝʩʪʠʪʝ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ, 

ʟʘʩʷʛʘʱʠ ʬʫʥʢʮʠʷʪʘ ʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ usherin ʩʘ p.Glu767SerfsTer21 ʠ p.Cys759Phe (Ouyang 

et al., 2004; Blanco-Kelly et al., 2015) ʤʘʨʢʠʨʘʥʠ ʩ ʯʝʨʚʝʥʘ ʩʪʨʝʣʢʘ ʥʘ ʌʠʛʫʨʘ 27. ɻʝʥʦʪʠʧ-

ʬʝʥʦʪʠʧʥʠʪʝ ʢʦʨʝʣʘʮʠʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʠ ʩʲʩ ʩʠʥʜʨʦʤ ʥʘ Usher, ʥʦʩʠʪʝʣʠ 

ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ p.Glu767SerfsTer21 ʠʣʠ p.Cys759Phe, ʧʦʢʘʟʚʘʪ, ʯʝ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ 

ʛʝʥʝʪʠʯʝʥ ʜʝʬʝʢʪ p.Cys759Phe ʥʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʪʝʞʢʘ ʟʘʛʫʙʘ ʥʘ ʩʣʫʭʘ, ʜʦʢʘʪʦ ʧʨʠ ʛʦʣʷʤʘ 

ʯʘʩʪ ʦʪ ʧʘʮʠʝʥʪʠʪʝ, ʥʦʩʠʪʝʣʠ ʥʘ ʤʫʪʘʮʠʷʪʘ p.Glu767SerfsTer21 ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʫʤʝʨʝʥʘ 

ʛʣʫʭʦʪʘ (Aller et al., 2004; Blanco-Kelly et al., 2015). ʊʦʚʘ ʜʘʚʘ ʠʥʜʠʢʘʮʠʷ, ʯʝ ʬʝʥʦʪʠʧʥʘʪʘ 

ʠʟʷʚʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʟʘʚʠʩʠ ʦʪ ʪʠʧʘ ʥʘ ʤʫʪʘʮʠʷʪʘ ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ ʨʘʟʣʠʯʥʠ ʛʝʥʝʪʠʯʥʠ 

ʠʟʤʝʥʝʥʠʷ ʠ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ.  

1.2.4. ʅʘʩʣʝʜʩʪʚʝʥʘ ʦʧʪʠʯʥʘ ʥʝʚʨʦʧʘʪʠʷ ʥʘ Leber 
 

ʅʘʩʣʝʜʩʪʚʝʥʘʪʘ ʦʧʪʠʯʥʘ ʥʝʚʨʦʧʘʪʠʷ ʥʘ Leber (LHON, MIM# 535000) ʝ ʟʘʙʦʣʷʚʘʥʝ, 

ʢʦʝʪʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʜʚʫʩʪʨʘʥʥʘ, ʙʝʟʙʦʣʝʟʥʝʥʘ ʦʩʪʨʦ ʠʣʠ ʧʦʜʦʩʪʨʦ ʧʨʦʪʠʯʘʱʘ ʟʘʛʫʙʘ 

ʥʘ ʟʨʝʥʠʝ ʧʨʠ ʠʥʜʠʚʠʜʠ ʚ ʤʣʘʜʘ ʚʲʟʨʘʩʪ, ʧʨʝʜʠʤʥʦ ʤʣʘʜʠ ʤʲʞʝ. ʇʨʦʷʚʠʪʝ ʥʘ LHON ʥʘʡ-

ʯʝʩʪʦ ʥʘʩʪʲʧʚʘʪ ʧʨʝʟ ʚʪʦʨʦʪʦ ʠ ʪʨʝʪʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ ʦʪ ʞʠʚʦʪʘ, ʢʘʪʦ ʧʨʠ 90% ʦʪ ʩʣʫʯʘʠʪʝ 

ʩʝ ʩʪʠʛʘ ʜʦ ʟʘʛʫʙʘ ʥʘ ʟʨʝʥʠʝʪʦ ʧʨʝʜʠ 50-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ (Yu-Wai-Man P, 2000). ʇʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʥʘʩʣʝʜʩʪʚʝʥʘʪʘ ʦʧʪʠʯʥʘ ʥʝʚʨʦʧʘʪʠʷ ʥʘ Leber ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ 

ʥʝʚʨʦʣʦʛʠʯʥʦ ʟʘʩʷʛʘʥʝ, ʢʦʝʪʦ ʚʢʣʶʯʚʘ: ʧʦʩʪʫʨʘʣʝʥ ʪʨʝʤʦʨ, ʧʝʨʠʬʝʨʥʘ ʥʝʚʨʦʧʘʪʠʷ, 

ʥʝʩʧʝʮʠʬʠʯʥʘ ʤʠʦʧʘʪʠʷ ʠ ʜʚʠʛʘʪʝʣʥʠ ʥʘʨʫʰʝʥʠ.̫ 

ʇʘʪʦʛʝʥʥʠ missense ʚʘʨʠʘʥʪʠ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ɼʅʂ (ʥʘʡ-ʯʝʩʪʦ ʚ ʛʝʥʠʪʝ MT-ND1, 

MT-ND2, MT-ND3, MT-ND4, MT-ND4L, MT-ND5 ʠ MT-ND6) ʚʦʜʷʪ ʜʦ LHON. ɻʝʥʝʪʠʯʥʠʪʝ 

ʤʫʪʘʮʠʠ ʤʦʛʘʪ ʜʘ ʜʝʡʩʪʚʘʪ ʘʚʪʦʥʦʤʥʦ ʠʣʠ ʚ ʢʦʤʙʠʥʘʮʠʷ. ʇʨʠʯʠʥʘ ʟʘ ʥʘʩʣʝʜʩʪʚʝʥʘ ʦʧʪʠʯʥʘ 

ʥʝʚʨʦʧʘʪʠʷ ʥʘ Leber ʚ 95% ʦʪ ʩʣʫʯʘʠʪʝ ʝ ʝʜʥʘ ʦʪ ʪʨʠʪʝ ʪʦʯʢʦʚʠ ʤʫʪʘʮʠʠ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘ 

ɼʅʂ: m.3460G>A ʚ ʛʝʥʘ MT-ND1, m.11778G>A ʚ MT-ND4 ʠ m.14484T>C ʚ MT-ND6 ʛʝʥʘ. 

ɻʝʥʠʪʝ MT-ND1, MT-ND4 ʠ MT-ND6 ʢʦʜʠʨʘʪ ʩʫʙʝʜʠʥʠʮʠ ʥʘ ʢʦʤʧʣʝʢʩ I ʦʪ 

ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ʜʠʭʘʪʝʣʥʘ ʚʝʨʠʛʘ (Yu-Wai-Man et al., 2009) (ʌʠʛʫʨʘ 28). 
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ʌʠʛʫʨʘ 28: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʩʛʣʦʙʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩ I, ʟʘʝʜʥʦ ʩ ʫʯʘʩʪʚʘʱʠʪʝ 

ʩʫʙʝʜʠʥʠʮʠ. ʉ ʯʝʨʚʝʥʠ ʩʪʨʝʣʢʠ ʩʘ ʦʪʙʝʣʷʟʘʥʠ ʦʩʥʦʚʥʠʪʝ ʩʫʙʝʜʠʥʠʮʠ, ʢʦʠʪʦ ʩʘ ʟʘʩʝʛʥʘʪʠ ʧʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʩ LHON (Perales-Clemente et al., 2010 ʩ ʤʦʜʠʬʠʢʘʮʠʠ). 

 

ʆʩʚʝʥ ʦʧʠʩʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ LHON ʩʝ ʩʨʝʱʘʪ ʠ 

ʜʨʫʛʠ ʤʫʪʘʮʠʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʛʝʥʦʤ, ʥʦ ʪʝ ʩʘ ʩ ʤʥʦʛʦ ʧʦ-ʥʠʩʢʘ ʯʝʩʪʦʪʘ 

(Fraser, Biousse and Newman, 2010; Achilli et al., 2012; Bi et al., 2012). 

LHON ʚʲʟʥʠʢʚʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʘʪʦʣʦʛʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ɼʅʂ, 

ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʟʘʙʦʣʷʚʘʥʝʪʦ ʝ ʩ ʤʘʡʯʠʥʦ ʫʥʘʩʣʝʜʷʚʘʥʝ. ʄʘʡʢʠʪʝ ʥʘ ʟʘʩʝʛʥʘʪʠʪʝ 

ʧʨʦʙʘʥʜʠ ʥʦʩʷʪ ʧʘʪʦʣʦʛʠʯʝʥ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ ʚ ʤʪɼʅʂ, ʢʘʪʦ ʧʨʠ ʪʷʭ ʢʘʢʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʩʪʠʛʥʝ ʜʦ ʟʘʛʫʙʘ ʥʘ ʟʨʝʥʠʝ, ʪʘʢʘ ʠ ʤʦʞʝ ʪʦ ʜʘ ʥʝ ʙʲʜʝ ʟʘʩʝʛʥʘʪʦ. ʄʲʞʝʪʝ, ʥʦʩʠʪʝʣʠ ʥʘ 

ʧʘʪʦʣʦʛʠʯʝʥ ʚʘʨʠʘʥʪ, ʩʚʲʨʟʘʥ ʩ LHON ʥʝ ʤʦʛʘʪ ʜʘ ʧʨʝʜʘʚʘʪ ʤʫʪʘʮʠʷʪʘ ʚ ʧʦʢʦʣʝʥʠʝʪʦ ʩʠ, 

ʪʲʢ ʢʘʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ɼʅʂ ʩʝ ʫʥʘʩʣʝʜʷʚʘ ʦʪ ʤʘʡʢʘʪʘ. ɺ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 60% ʦʪ 

ʩʝʤʝʡʩʪʚʘʪʘ ʩ LHON ʠʤʘ ʘʥʘʤʥʝʟʘ ʟʘ ʟʘʛʫʙʘ ʥʘ ʟʨʝʥʠʝʪʦ, ʟʘʩʷʛʘʱʘ ʨʦʜʥʠʥʠ ʧʦ ʤʘʡʯʠʥʘ 

ʣʠʥʠʷ (Yu-Wai-Man P et al., 2000).  

ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʢʣʠʥʠʯʥʠ ʩʠʤʧʪʦʤʠ ʧʨʠ 

ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ ʩ ʨʝʜʢʠ ʥʝʚʨʦʣʦʛʠʯʥʠ ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʝ ʦʪ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʟʘʩʝʛʥʘʪʠʪʝ ʩʝʤʝʡʩʪʚʘ. ʇʨʠ ʥʷʢʦʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠʤʘ ʨʘʟʨʘʙʦʪʝʥʠ 

ʪʝʨʘʧʠʠ, ʢʦʠʪʦ ʙʠʭʘ ʧʦʜʦʙʨʠʣʠ ʥʘʯʠʥʘ ʥʘ ʞʠʚʦʪ ʥʘ ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ 

ʚʝʨʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʠʷ ʜʝʬʝʢʪ ʧʦʜʧʦʤʘʛʘ ʧʨʘʚʠʣʥʘʪʘ ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʥʘ 

ʢʦʥʩʫʣʪʘʮʠʷ ʚ ʟʘʩʝʛʥʘʪʠʪʝ ʩʝʤʝʡʩʪʚʘ, ʢʘʪʦ ʧʨʝʚʝʥʮʠʷ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʩʪʦʠ ʚ ʦʩʥʦʚʘʪʘ ʡ. 
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ʏʨʝʟ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʥʦʩʠʪʝʣʩʢʠʷ 

ʩʪʘʪʫʩ ʥʘ ʨʦʜʩʪʚʝʥʠʮʠʪʝ ʥʘ ʪʘʨʛʝʪʥʠʪʝ ʧʘʮʠʝʥʪʠ. ɽʜʠʥʩʪʚʝʥʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʦʚʝʜʝ ʢʦʨʝʢʪʥʘ ʛʝʥʝʪʠʯʥʘ ʢʦʥʩʫʣʪʘʮʠʷ ʠ ʩʝʤʝʡʥʦ ʧʣʘʥʠʨʘʥʝ. ʋʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦʜʙʦʨ ʥʘ 

ʨʘʟʣʠʯʠʥʠ ʤʝʪʦʜʠ ʟʘ ʘʥʘʣʠʟ ʩ ʮʝʣ ʫʩʪʘʥʦʚʷʚʘʥʝ ʠ ʨʘʟʙʠʨʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ 

ʢʦʥʢʨʝʪʥʦʪʦ ʟʘʙʦʣʷʚʘʥʝ. 
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2. ʎɽʃ ʀ ɿɸɼɸʏʀ 
 

2.1. ʎʝʣ 
 

ʎʝʣʪʘ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʘʥʝ ʥʘ ʥʷʢʦʠ ʨʝʜʢʠ ʥʝʚʨʦʣʦʛʠʯʥʠ ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʘ 

ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ï ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʠ NGS. ɼʨʫʛʘ ʧʦʩʪʘʚʝʥʘ 

ʮʝʣ ʙʝʰʝ ʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʝʣʝʢʪʠʚʝʥ ARG1 ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʥʛ ʚ ʪʘʨʛʝʪʝʥ ʛʝʦʛʨʘʬʩʢʠ 

ʨʝʛʠʦʥ ʥʘ ʩʪʨʘʥʘʪʘ. 

2.2. ɿʘʜʘʯʠ 

¶ ʇʦʜʙʠʨʘʥʝ ʥʘ ʥʘʡ-ʧʨʘʚʠʣʥʠʷ ʧʦʜʭʦʜ (ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʠʣʠ NGS) ʟʘ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ, ʜʦʚʝʣʘ ʜʦ ʧʨʦʷʚʘ ʥʘ ʥʷʢʦʠ ʨʝʜʢʠ 

ʥʝʚʨʦʣʦʛʠʯʥʠ ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʚ ɹʲʣʛʘʨʠʷ 

 

¶ ʀʟʚʲʨʰʚʘʥʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʘʥʘʣʠʟʠ ʩ ʮʝʣ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ 

ʜʠʘʛʥʦʟʠʪʝ 

 

¶ ɸʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʜʘʥʥʠ, ʧʦʣʫʯʝʥʠ ʚ ʨʝʟʫʣʪʘʪ ʦʪ NGS 

 

¶ ʇʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʦʪʢʨʠʪʠʪʝ ʩ NGS ʚʘʨʠʘʥʪʠ ʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ 

ʚ ʩʝʤʝʡʩʪʚʘʪʘ, ʯʨʝʟ ʢʣʘʩʠʯʝʩʢʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger 

 

¶ ʉʨʘʚʥʷʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩ ʧʫʙʣʠʢʫʚʘʥʘʪʘ ʩʚʝʪʦʚʥʘ ʣʠʪʝʨʘʪʫʨʘ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʙʘʟʠ ʜʘʥʥʠ 

 

¶ ʀʟʚʲʨʰʚʘʥʝ ʥʘ ʪʘʨʛʝʪʝʥ ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʥʛ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʪʝʥʮʠʘʣʝʥ 

ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʚ ɹʲʣʛʘʨʠʷ 

 

¶ ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʧʨʦʮʝʥʪ ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ ʠ ʘʣʝʣʥʘ ʯʝʩʪʦʪʘ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʪʘʨʛʝʪʥʘʪʘ ʤʫʪʘʮʠʷ ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʨʝʛʠʦʥ  
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3.  ʄɸʊɽʈʀɸʃʀ ʀ ʄɽʊʆɼʀ 

3.1. ʄʘʪʝʨʠʘʣʠ 

3.1.1. ʂʣʠʥʠʯʝʥ ʤʘʪʝʨʠʘʣ 

ɺ ʭʦʜʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ 279 ʧʨʦʙʠ, 

ʩʨʝʜ ʢʦʠʪʦ ʧʘʮʠʝʥʪʠ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ ʠ ʦʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʟʜʨʘʚʠ ʠ ʟʘʩʝʛʥʘʪʠ 

ʨʦʜʩʪʚʝʥʠʮʠ, ʢʘʢʪʦ ʠ ʧʨʠ ʯʘʩʪ ʦʪ ʩʝʤʝʡʩʪʚʘʪʘ ʙʷʭʘ ʠʟʚʲʨʰʝʥʠ ʧʨʝʥʘʪʘʣʥʠ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ 

ʧʦʚʦʜ ʥʘ ʦʪʢʨʠʪʠʪʝ ʛʝʥʪʠʯʥʠ ʚʘʨʠʘʥʪʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ, ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʚ ʥʘʩʪʦʷʱʠʷ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʙʷʭʘ ʠ ʥʦʚʦʨʦʜʝʥʠ ʜʝʮʘ ʦʪ ʧʦʪʝʥʮʠʘʣʝʥ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʚ ʩʪʨʘʥʘʪʘ 

ʟʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ, ʢʘʢʪʦ ʠ ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ (ʊʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1: ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʮʠʝʥʪʠ ʠ ʪʝʭʥʠ ʨʦʜʩʪʚʝʥʠʮʠ ʚ ʭʦʜʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ 

ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. 
 

ʆʙʱ ʙʨʦʡ ʠʟʩʣʝʜʚʘʥʠ ʧʘʮʠʝʥʪʠ 279 

ɻʨʫʧʘ ʟʘʙʦʣʷʚʘʥʠʷ 
ʅʝʚʨʦʣʦʛʠʯʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ 

ʆʬʪʘʣʤʦʣʦʛʠʯʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ 

ʉʝʣʝʢʪʠʚʝʥ 

ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʥʛ 

ɹʨʦʡ ʠʟʩʣʝʜʚʘʥʠ 

ʪʘʨʛʝʪʥʠ ʧʘʮʠʝʥʪʠ 
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200 

ɹʨʦʡ ʠʟʩʣʝʜʚʘʥʠ 

ʨʦʜʩʪʚʝʥʠʮʠ  
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ʆʙʱ ʙʨʦʡ  65 14 200 

ʀʟʩʣʝʜʚʘʥʠʪʝ ʣʠʮʘ ʤʦʛʘʪ ʜʘ ʩʝ ʦʙʦʙʱʷʪ ʚ ʩʣʝʜʥʠʪʝ ʛʨʫʧʠ:  

¶ ʅʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ: ʀʟʩʣʝʜʚʘʭʤʝ ʦʙʱʦ 33 ʧʨʦʙʘʥʜʘ, ʢʘʢʪʦ ʠ 32 

ʨʦʜʩʪʚʝʥʠʢʘ ʥʘ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʠʪʝ ʪʘʨʛʝʪʥʠ ʧʘʮʠʝʥʪʠ. ʇʨʦʚʝʜʦʭʤʝ 

ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʛ ʥʘ 100 ʥʦʚʦʨʦʜʝʥʠ ʦʪ ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ ʦʪ ʧʦʪʝʥʮʠʘʣʝʥ 

ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʚ ʩʪʨʘʥʘʪʘ ʟʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ, ʢʘʢʪʦ ʠ ʥʘ 100 

ʢʦʥʪʨʦʣʥʠ ʧʨʦʙʠ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ. 

¶ ʆʬʪʘʣʤʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ: ʀʟʩʣʝʜʚʘʭʤʝ ʦʙʱʦ 7 ʧʘʮʠʝʥʪʘ, ʢʘʢʪʦ ʠ 7 

ʨʦʜʩʪʚʝʥʠʢʘ ʥʘ ʛʝʥʝʪʠʯʥʦ ʧʦʪʚʲʨʜʝʥʠʪʝ ʧʘʮʠʝʥʪʠ. 

ʇʘʮʠʝʥʪʠʪʝ, ʢʦʠʪʦ ʙʷʭʘ ʦʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʙʷʭʘ 

ʥʘʩʦʯʝʥʠ ʟʘ ɼʅʂ ʘʥʘʣʠʟ ʦʪ: 
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¶ ʉɹɸʃ ʧʦ ʜʝʪʩʢʠ ʙʦʣʝʩʪʠ  Ăʇʨʦʬ. ʀʚʘʥ ʄʠʪʝʚò, ʛʨ. ʉʦʬʠʷ 

¶ ʋʄɹɸʃ Ăʉʚ. ɻʝʦʨʛʠñ, ʛʨ. ʇʣʦʚʜʠʚ  

¶ ʋʄɹɸʃ Ăʉʚ. ʄʘʨʠʥʘñ, ʛʨ. ɺʘʨʥʘ 

¶ ʋʄɹɸʃ Ăʉʦʬʠʷʤʝʜñ, ʛʨ. ʉʦʬʠʷ 

¶ ʋʄɹɸʃ Ăɸʣʝʢʩʘʥʜʨʦʚʩʢʘñ, ʛʨ. ʉʦʬʠʷ 

¶ ʋʄɹɸʃ Ăʉʚ. ʀʚʘʥ ʈʠʣʩʢʠñ, ʛʨ. ʉʦʬʠʷ 

¶ ʄɹɸʃ Ăʅʘʮʠʦʥʘʣʥʘ ʢʘʨʜʠʦʣʦʛʠʯʥʘ ʙʦʣʥʠʮʘñ, ʛʨ. ʉʦʬʠʷ  

ʀʥʬʦʨʤʠʨʘʥʦ ʩʲʛʣʘʩʠʝ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʙʝʰʝ ʧʦʜʧʠʩʘʥʦ ʦʪ 

ʚʩʠʯʢʠ ʧʘʮʠʝʥʪʠ ʠʣʠ ʪʝʭʥʠʪʝ ʨʦʜʠʪʝʣʠ/ʥʘʩʪʦʡʥʠʮʠ. ʏʘʩʪ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ, ʢʦʠʪʦ ʙʷʭʘ 

ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ, ʩʘ ʬʠʥʘʥʩʠʨʘʥʠ ʧʦ ʜʦʛʦʚʦʨʠ ɼ-58/02.05.2017ʛ., ɼ-

116/03.05.2018ʛ. ʠ ɼ-120/23.04.2019ʛ. ʥʘ ʄʝʜʠʮʠʥʩʢʠ ʋʥʠʚʝʨʩʠʪʝʪ-ʉʦʬʠʷ. 

3.1.2. ɹʠʦʣʦʛʠʯʝʥ ʤʘʪʝʨʠʘʣ 

ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥʘ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ, ʠʟʦʣʠʨʘʥʘ ʦʪ ʣʝʚʢʦʮʠʪʠ ʦʪ ʚʝʥʦʟʥʘ ʠʣʠ ʢʘʧʠʣʷʨʥʘ ʢʨʲʚ. 

ʂʦʣʠʯʝʩʪʚʦʪʦ ʢʨʲʚ, ʢʦʝʪʦ ʙʝʰʝ ʥʝʦʙʭʦʜʠʤʦ ʝ 3-6 ml ʚ ʝʧʨʫʚʝʪʢʘ ʩ ʘʥʪʠʢʦʘʛʫʣʘʥʪ ʝʪʠʣʝʥ 

ʜʠʘʤʠʥ ʪʝʪʨʘʘʮʝʪʘʪ ï ʥʘʪʨʠʝʚʘ ʩʦʣ (ɽɼʊɸ). ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʘʮʠʝʥʪʠʪʝ ʜʘ ʩʘ ʛʣʘʜʥʠ, ʪʘʢʘ ʯʝ ʧʨʦʙʠʪʝ ʙʷʭʘ ʚʟʝʪʠ ʩʣʝʜ 

ʥʘʭʨʘʥʚʘʥʝ. ɹʠʦʣʦʛʠʯʥʠʷʪ ʤʘʪʝʨʠʘʣ ʤʦʞʝ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ +4ʦC (ʜʦ 48 

ʯʘʩʘ), ʜʦʢʘʪʦ ʟʘʧʦʯʥʝ ʧʨʦʮʝʩʲʪ ʧʦ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ. ɿʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʨʝʥʘʪʘʣʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʠʟʦʣʠʨʘ ɼʅʂ ʤʘʪʝʨʠʘʣ ʦʪ ʧʨʦʙʘ, ʚʟʝʪʘ ʯʨʝʟ ʭʦʨʠʦʥʙʠʦʧʩʠʷ ʠʣʠ 

ʘʤʥʠʦʮʝʥʪʝʟʘ. ɺ ʭʦʜʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʧʨʠʣʦʞʠʭʤʝ ʠ 

ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ ʠ ʙʫʢʘʣʥʘ ʣʠʛʘʚʠʮʘ ʧʨʠ ʝʜʠʥ ʪʘʨʛʝʪʝʥ ʧʘʮʠʝʥʪ ʠ ʥʝʛʦʚʠ 

ʨʦʜʩʪʚʝʥʠʮʠ. 

ɿʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʪʘʨʛʝʪʥʠʷ ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʥʛ ʚ ʧʦʪʝʥʮʠʘʣʥʠʷ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ 

ʟʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ, ʢʘʢʪʦ ʠ ʧʨʠ ʢʦʥʪʨʦʣʥʠʪʝ ʧʨʦʙʠ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ, ʙʝʰʝ 

ʠʟʦʣʠʨʘʥʘ ɼʅʂ ʦʪ ʢʨʲʚ, ʚʟʝʪʘ ʚʲʨʭʫ ʬʠʣʪʲʨʥʠ ʙʣʘʥʢʠ, ʢʦʠʪʦ ʩʝ ʥʘʙʘʚʷʪ ʟʘ ʮʝʣʠʪʝ ʥʘ 

ʥʝʦʥʘʪʘʣʥʠʷ ʩʢʨʠʥʠʥʛ. ʊʝ ʙʷʭʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ʅʘʮʠʦʥʘʣʥʘʪʘ ɻʝʥʝʪʠʯʥʘ ʃʘʙʦʨʘʪʦʨʠʷ. 

ʇʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʪʦʟʠ ʪʠʧ ʧʨʦʙʠ ʝ ʪʦʚʘ, ʯʝ ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 
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ʙʝʟ ʪʦʚʘ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʘʨʫʰʘʚʘʥʝ ʚ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʤʘʪʝʨʠʘʣʘ, ʤʦʛʘʪ ʠ ʜʘ ʩʝ ʪʨʘʥʩʧʦʨʪʠʨʘʪ 

ʙʝʟ ʩʧʝʮʠʬʠʯʥʠ ʠʟʠʩʢʚʘʥʠʷ. 

3.2.  ʄʝʪʦʜʠ 

3.2.1.  ʇʨʝʜʘʥʘʣʠʪʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʤʘʪʝʨʠʘʣʘ 

3.2.1.1. ʀʟʦʣʠʨʘʥʝ ʥʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ ʦʪ ʧʝʨʠʬʝʨʥʘ ʢʨʲʚ ʧʦ ʩʦʣʝʚʠ 

ʤʝʪʦʜ 

ʇʨʠʥʮʠʧ ʥʘ ʤʝʪʦʜʘ: 

ʇʨʠʥʮʠʧʲʪ ʥʘ ʤʝʪʦʜʘ ʚʢʣʶʯʚʘ ʥʷʢʦʣʢʦ ʩʪʲʧʢʠ: ʧʲʨʚʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʘʟʨʫʰʘʪ 

ʯʝʨʚʝʥʠʪʝ ʢʨʲʚʥʠ ʢʣʝʪʢʠ, ʢʘʪʦ ʚʪʦʨʘ ʩʪʲʧʢʘ ʝ ʫʪʘʷʚʘʥʝ ʥʘ ʷʜʨʝʥʠʪʝ ʢʣʝʪʢʠ ʠ ʧʦʩʣʝʜʚʘʱʦʪʦ 

ʠʤ ʨʘʟʨʫʰʘʚʘʥʝ. ʇʨʝʮʠʧʠʪʘʮʠʷ ʥʘ ʙʝʣʪʲʮʠʪʝ ʝ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʧʨʠ ʠʟʦʣʠʨʘʥʝ ʥʘ 

ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ. ʂʘʪʦ ʧʦʩʣʝʜʥʘ ʩʪʲʧʢʘ ʝ ʧʨʝʮʠʧʠʪʘʮʠʷʪʘ ʥʘ ɼʅʂ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʦʮʝʜʫʨʘ: 

ɺʟʝʪʘʪʘ ʢʨʲʚ ʩʝ ʠʟʣʠʚʘ ʚ ʩʪʝʨʠʣʥʘ ʧʣʘʩʪʤʘʩʦʚʘ ʝʧʨʫʚʝʪʢʘ ʦʪ 50 ml, ʢʘʪʦ ʢʲʤ ʥʝʷ ʩʝ 

ʜʦʙʘʚʷ 30 ml ʩʪʫʜʝʥ ʣʠʟʠʨʘʱ ʙʫʬʝʨ (pH=7.4, NH4Cl ï 155mM, KHCO3 - 10mM, Na2EDTA ï 

0.1mM). ɽʧʨʫʚʝʪʢʘʪʘ ʩʝ ʨʘʟʢʣʘʱʘ ʜʦʙʨʝ ʠ ʩʝ ʠʥʢʫʙʠʨʘ ʥʘ ʣʝʜ ʟʘ ʦʢʦʣʦ 30 ʤʠʥ. ʉʣʝʜ ʪʦʚʘ ʩʝ 

ʮʝʥʪʨʦʬʫʛʠʨʘ ʟʘ 15 ʤʠʥ. ʧʨʠ 3000 rpm. ʉʫʧʝʨʥʘʪʘʥʪʘʪʘ ʩʝ ʦʪʣʠʚʘ ʠ ʩʝ ʠʟʭʚʲʨʣʷ. ʂʲʤ 

ʧʦʣʫʯʝʥʘʪʘ ʩʣʝʜ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ ʫʪʘʡʢʘ, ʩʝ ʜʦʙʘʚʷ 10 ml ʩʪʫʜʝʥ ʣʠʟʠʨʘʱ ʙʫʬʝʨ ʠ ʦʪʥʦʚʦ 

ʩʝ ʨʘʟʙʲʨʢʚʘ ʜʦʙʨʝ. ʉʣʝʜʚʘ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ ʧʨʠ ʩʲʱʠʪʝ ʫʩʣʦʚʠʷ ʠ ʥʘʜʩʪʦʷʱʘʪʘ ʪʝʯʥʦʩʪ 

ʦʪʥʦʚʦ ʩʝ ʦʪʣʠʚʘ. ʇʦʣʫʯʝʥʘʪʘ ʫʪʘʡʢʘ ʩʲʜʲʨʞʘ ʷʜʨʝʥʠ ʢʣʝʪʢʠ, ʢʲʤ ʢʦʠʪʦ ʩʝ ʜʦʙʘʚʷ 5 ml SE 

(ʥʫʢʣʝʦʣʠʟʠʨʘʱ) ʙʫʬʝʨ (pH=8.0, NaCl ï 75mM, Na2EDTA ï 25 mM). ʆʩʚʝʥ ʪʦʚʘ ʩʝ ʧʨʠʙʘʚʷʪ 

ʠ 50 Õl ʧʨʦʪʝʠʥʘʟʘ K (10mg/ml) ʠ 400 Õl 10% ʥʘʪʨʠʝʚ ʜʦʜʝʮʠʣ ʩʫʣʬʘʪ (SDS). ɺʦʨʪʝʢʩʠʨʘ ʩʝ 

ʜʦʙʨʝ ʠ ʩʝ ʠʥʢʫʙʠʨʘ ʥʘ 37ʦC ʟʘ ʮʷʣʘ ʥʦʱ. ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʝ ʫʪʘʷʚʘʥʝ ʥʘ ʙʝʣʪʲʮʠʪʝ. 

ɼʦʙʘʚʷ ʩʝ 2 ml ʧʨʝʩʠʪʝʥ 6 M ʥʘʪʨʠʝʚ ʭʣʦʨʠʜ ʠ ʩʝ ʚʦʨʪʝʢʩʠʨʘ ʜʦʙʨʝ. ʉʣʝʜ ʪʦʚʘ ʩʝ 

ʮʝʥʪʨʦʬʫʛʠʨʘ ʟʘ 15 min ʥʘ 3000 rpm ʧʨʠ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘ ʜʘ ʥʝ ʩʝ ʜʦʚʝʜʝ ʜʦ 

ʧʨʝʮʠʧʠʪʘʮʠʷ ʥʘ SDS-ʘ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝʪʦ ʙʝʣʪʲʮʠʪʝ ʩʝ ʫʪʘʷʚʘʪ ʥʘ ʜʲʥʦʪʦ. 

ʉʣʝʜ ʪʦʚʘ ʠʜʚʘ ʩʪʲʧʢʘʪʘ ʟʘ ʧʨʝʮʠʧʠʪʘʮʠʷ ʥʘ ɼʅʂ. ʉʫʧʝʨʥʘʪʘʥʪʘʪʘ, ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʧʨʝʜʭʦʜʥʦʪʦ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ, ʩʝ ʦʪʣʠʚʘ ʚʥʠʤʘʪʝʣʥʦ ʦʪʥʦʚʦ ʚ ʩʪʝʨʠʣʥʘ ʧʣʘʩʪʤʘʩʦʚʘ 

ʝʧʨʫʚʝʪʢʘ ʦʪ 50 ml, ʢʘʪʦ ʢʲʤ ʥʝʷ ʩʝ ʜʦʙʘʚʷʪ 2 ʦʙʝʤʘ ʣʝʜʝʥʦ ʩʪʫʜʝʥ ʘʙʩʦʣʶʪʝʥ ʝʪʘʥʦʣ. ɼʅʂ 

ʧʨʝʮʠʧʠʪʠʨʘ ʠ ʠʟʧʣʫʚʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ. ʉʣʝʜ ʪʦʚʘ ʪʷ ʩʝ ʩʲʙʠʨʘ ʩʲʩ ʩʪʝʨʠʣʝʥ ʥʘʢʨʘʡʥʠʢ ʟʘ 
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ʧʠʧʝʪʘ ʠ ʩʝ ʧʨʦʤʠʚʘ ʚ 70% ʝʪʘʥʦʣ. ʀʟʩʫʰʘʚʘ ʩʝ ʥʘ ʚʲʟʜʫʭ ʠ ʩʝ ʨʘʟʪʚʘʨʷ ʚ ʩʪʝʨʠʣʝʥ ʊɽ-

ʙʫʬʝʨ (pH=7.4, TRIS/HCl (pH=7.4) ï 10mM, ɽɼʊɸ (pH=8.0) ï 1mM). ɸʧʘʨʘʪʠʪʝ, ʢʦʠʪʦ 

ʠʟʧʦʣʟʚʘʭʤʝ ʩʘ: ʮʝʥʪʨʦʬʫʛʘ Hermle, Germany, ʮʝʥʪʨʦʬʫʛʘ MiniSpin Eppendorf, ʚʦʨʪʝʢʩ 

Heidolph Reax Top, ʪʝʨʤʦʩʪʘʪ Memmert, Germany. 

3.2.1.2. ʀʟʦʣʠʨʘʥʝ ʥʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ ʦʪ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥ ʩʣʝʜ 

ʭʦʨʠʦʥʙʠʦʧʩʠʷ, ʘʤʥʠʦʮʝʥʪʝʟʘ, ʢʘʢʪʦ ʠ ʦʪ ʙʫʢʘʣʥʘ ʣʠʛʘʚʠʮʘ 

ɿʘ ʮʝʣʪʘ ʠʟʧʦʣʟʚʘʭʤʝ Chelex 100 Resin ʦʪ Bio-Rad, ʢʘʪʦ ʩʣʝʜʚʘʭʤʝ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɸʧʘʨʘʪʫʨʘʪʘ, ʢʦʷʪʦ ʝ ʥʝʦʙʭʦʜʠʤʘ ʝ ʮʝʥʪʨʦʬʫʛʘ MiniSpin Eppendorf; ʚʦʨʪʝʢʩ 

Heidolph Reax Top; Biore Thermo E ʪʝʨʤʦʙʣʦʢ. 

 

3.2.1.3. ʀʟʦʣʠʨʘʥʝ ʥʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ  

ɿʘ ʮʝʣʪʘ ʠʟʧʦʣʟʚʘʭʤʝ DNA-sorb-B ʢʠʪ ʦʪ AmpliSens, ʢʘʪʦ ʩʣʝʜʚʘʭʤʝ ʠʥʩʪʨʫʢʮʠʠʪʝ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɸʧʘʨʘʪʫʨʘʪʘ, ʢʦʷʪʦ ʝ ʥʝʦʙʭʦʜʠʤʘ ʝ ʮʝʥʪʨʦʬʫʛʘ MiniSpin Eppendorf; 

ʚʦʨʪʝʢʩ Heidolph Reax Top; Biore Thermo E ʪʝʨʤʦʙʣʦʢ. 

3.2.1.4. ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʬʠʣʪʲʨʥʠ ʙʣʘʥʢʠ ʩ ʧʦʤʦʱʪʘ ʥʘ Dried Blood Spot 

(DBS) DNA Isolation kit ʦʪ NORGEN 

ʆʪ ʬʠʣʪʲʨʥʘʪʘ ʙʣʘʥʢʘ ʩʝ ʠʟʨʷʟʚʘʪ ʜʠʩʢʦʚʝ ʩ ʜʠʘʤʝʪʲʪ 3mm, ʢʦʠʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ. ʊʝ ʩʝ ʧʦʜʣʘʛʘʪ ʥʘ ʦʙʨʘʙʦʪʢʘ ʩ ʢʦʤʝʨʩʠʘʣʝʥ ʢʠʪ (Dried Blood Spot (DBS) 

DNA Isolation kit ʦʪ NORGEN), ʢʘʪʦ ʩʝ ʩʣʝʜʚʘʪ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɸʧʘʨʘʪʫʨʘʪʘ, ʢʦʷʪʦ ʝ ʥʝʦʙʭʦʜʠʤʘ ʝ ʮʝʥʪʨʦʬʫʛʘ MiniSpin Eppendorf; ʚʦʨʪʝʢʩ Heidolph Reax 

Top; Biore Thermo E ʪʝʨʤʦʙʣʦʢ. ʇʨʠ ʯʘʩʪ ʦʪ ʬʠʣʪʲʨʥʠʪʝ ʙʣʘʥʢʠ ʧʨʦʚʝʜʦʭʤʝ ʧʦʣʠʤʝʨʘʟʥʘ 

ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʢʲʤ ʠʟʨʷʟʘʥʠʷ ʜʠʩʢ ʩ ʨʘʟʤʝʨ 3mm, ʢʘʪʦ ʢʲʤ ʧʘʨʯʝʪʦ ʜʦʙʘʚʠʭʤʝ ʜʠʨʝʢʪʥʦ 

ʢʦʤʧʦʥʝʥʪʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʧʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ (Todorova 

et al., 1999). 

3.2.1.5. ɼʠʨʝʢʪʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʘʙʩʦʨʙʮʠʘʪʘ ʧʨʠ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ 260 nm ʠ 280 nm ʩʨʝʱʫ 

ʢʦʥʪʨʦʣʘ ʊɽ ʙʫʬʝʨ, ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʧʣʘʪʩʤʘʩʦʚʘ ʢʶʚʝʪʘ ʩ ʨʘʟʤʝʨ 10 mm ʥʘ 2 mm. 

ʆʪʥʦʰʝʥʠʝʪʦ ɚ260/ɚ280 ʧʦʢʘʟʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ɼʅʂ. ʊʦ ʪʨʷʙʚʘ ʜʘ ʝ ʤʝʞʜʫ 1.8 ʠ 2.0. 
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ʉʪʦʡʥʦʩʪʠ <1.8 ʧʦʢʘʟʚʘʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʨʠʤʝʩʠ ʦʪ ʙʝʣʪʲʮʠ, ʘ >2.0 ï ʦʪ ʈʅʂ. ɸʧʘʨʘʪʫʨʘʪʘ, 

ʢʦʷʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʲʨ BioPhotometer, Eppendorf. 

3.2.2. ɸʥʘʣʠʪʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʤʘʪʝʨʠʘʣʘ 

3.2.2.1. ʉʝʢʚʝʥʠʨʘʥʝ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ (NGS) 

ʉʝʢʚʝʥʠʨʘʥʝʪʦ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ ʙʝʰʝ ʠʟʚʲʨʰʝʥʦ ʚ ʢʦʣʘʙʦʨʘʮʠʷ ʩ ʜʚʝ ʣʘʙʦʨʘʪʦʨʠʠ 

Admera Health, ʅʶ ɼʞʲʨʩʠ, ɸʤʝʨʠʢʘ ʠ Clinical Institute of Medical Genetics, UMC Ljubljana, 

ʃʶʙʣʷʥʘ, ʉʣʦʚʝʥʠʷ. ɿʘ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʩʝʢʚʝʥʠʨʘʥʝ ʯʨʝʟ 

ʩʠʥʪʝʟ ʥʘ Illumina. ʇʨʠʥʮʠʧʲʪ ʥʘ ʤʝʪʦʜʘ ʚʢʣʶʯʚʘ ʬʨʘʛʤʝʥʪʠʨʘʥʝ ʥʘ ɼʅʂ (ʬʨʘʛʤʝʥʪʠʪʝ ʩʘ 

ʩ ʜʲʣʞʠʥʘ ʦʢʦʣʦ 200 ʙʘʟʠ), ʟʘʢʘʯʘʥʝ ʥʘ ʘʜʘʧʪʦʨʥʠ ʩʝʢʚʝʥʮʠʠ ʚ ʜʚʘʪʘ ʢʨʘʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ 

ʬʨʘʛʤʝʥʪʠ, ʟʘ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʩʝʢʚʝʥʮʠʦʥʥʘ ʙʠʙʣʠʦʪʝʢʘ. ʉʝʢʚʝʥʠʨʘʥʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʪ.ʥʘʨ. 

ʧʦʪʦʯʥʠ ʢʣʝʪʢʠ (ñflow cellò), ʢʘʪʦ ʬʨʘʛʤʝʥʪʠʪʝ ʩʝ ʩʚʲʨʟʚʘʪ ʢʲʤ ʪʘʟʠ ʧʦʚʲʨʭʥʦʩʪ. ʉʣʝʜʚʘʱʘ 

ʩʪʲʧʢʘ ʝ ʧʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʠʣʠ ʪ.ʥʘʨ. ʤʦʩʪʦʚʘ ʘʤʧʣʠʬʠʢʘʮʠʷ, ʚ ʨʝʟʫʣʪʘʪ ʥʘ 

ʢʦʷʪʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʢʣʲʩʪʝʨʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʧʦʪʦʯʥʘʪʘ ʢʣʝʪʢʘ. ʇʦʩʣʝʜʥʘʪʘ ʩʪʲʧʢʘ ʝ  

ʧʨʦʮʝʩʲʪ ʥʘ ʩʝʢʚʝʥʠʨʘʥʝ ʯʨʝʟ ʩʠʥʪʝʟ (https://bitesizebio.com/13546/sequencing-by-synthesis-

explaining-the-illumina-sequencing-technology/). 

ʌʘʡʣʦʚʝʪʝ ʦʪ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʩʝ ʦʙʨʘʙʦʪʚʘʭʘ ʠ ʘʥʘʣʠʟʠʨʘʭʘ ʚ ʭʦʜʘ ʥʘ ʥʘʩʪʦʷʱʠʷ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ, ʯʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ GensearchNGS (Phenosystems). 

ʇʦʣʫʯʝʥʠʪʝ ʩʝʢʚʝʥʮʠʠ ʩʝ ʧʦʜʨʘʚʥʷʚʘʪ ʩʧʨʷʤʦ ʨʝʬʝʨʝʥʪʥʠʷ ʯʦʚʝʰʢʠ ʛʝʥʦʤ (GRCh37). 

ʉʣʝʜʚʘ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ, ʢʘʪʦ ʥʝʩʲʦʪʚʝʪʩʪʚʠʷʪʘ ʤʝʞʜʫ ʩʝʢʚʝʥʮʠʠʪʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ 

ʠ ʨʝʬʝʨʝʥʪʥʘʪʘ ʩʝʢʚʝʥʮʠʷ ʩʝ ʧʦʜʣʘʛʘʭʘ ʥʘ ʬʠʣʪʨʫʚʘʥʝ, ʟʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʦʠ ʦʪ ʪʷʭ ʙʠʭʘ 

ʠʤʘʣʠ ʧʘʪʦʛʝʥʝʥ ʝʬʝʢʪ. 

ʇʨʠ ʚʩʠʯʢʠ ʧʘʮʠʝʥʪʠ ʙʷʭʘ ʘʥʘʣʠʟʠʨʘʥʠ ʨʘʟʣʠʯʝʥ ʥʘʙʦʨ ʦʪ ʛʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʪʘʨʛʝʪʥʘʪʘ ʜʠʘʛʥʦʟʘ/ʢʣʠʥʠʯʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ. ɸʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘʰʝ ʥʝ ʩʘʤʦ ʧʦ ʛʝʥʠ, ʥʦ ʠ ʥʘ ʙʘʟʘ ʬʝʥʦʪʠʧʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘ ʙʲʨʟ ʠ 

ʢʘʯʝʩʪʚʝʥ ʘʥʘʣʠʟ ʥʘ ʦʛʨʦʤʥʠʷ ʥʘʙʦʨ ʦʪ ʛʝʥʝʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʛʝʥʝʨʠʨʘ 

ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ, ʧʨʠʣʘʛʘʭʤʝ ʨʘʟʣʠʯʥʠ ʬʠʣʪʨʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʠʪʦ 

ʧʨʦʛʨʘʤʘʪʘ ʚʠʟʫʘʣʠʟʠʨʘ ʩʘʤʦ ʚʘʨʠʘʥʪʠʪʝ, ʢʦʠʪʦ ʦʪʛʦʚʘʨʷʪ ʥʘ ʟʘʜʘʜʝʥʠʪʝ ʦʪ ʥʘʩ ʧʘʨʘʤʝʪʨʠ.  
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ʆʩʥʦʚʥʠʪʝ ʬʠʣʪʨʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʭʤʝ ʩʘ: 

¶ ʏʝʩʪʦʪʘ (Frequency): ʪʦʚʘ ʝ ʯʘʩʪʪʘ ʦʪ ʧʨʦʯʠʪʠʪʝ, ʢʦʠʪʦ ʩʘ ʨʘʟʣʠʯʥʠ ʦʪ ʨʝʬʝʨʝʥʪʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʜʘʜʝʥʦ ʤʷʩʪʦ. ʂʦʛʘʪʦ ʠʤʘʤʝ ʧʝʨʬʝʢʪʝʥ ʭʝʪʝʨʦʟʠʛʦʪ ʩʪʦʡʥʦʩʪʪʘ ʪʨʷʙʚʘ 

ʜʘ ʙʲʜʝ 0.5. ʅʠʝ ʟʘʜʘʚʘʭʤʝ ʯʝʩʪʦʪʘ 0.2, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʜʝʪʝʢʪʠʨʘʤʝ ʚʝʨʦʷʪʥʠʪʝ ʭʝʪʝʨʦʟʠʛʦʪʠ 

ʠ ʚ ʨʝʛʠʦʥʠ ʥʘ ʛʝʥʠʪʝ, ʢʦʠʪʦ ʥʝ ʩʘ ʜʦʙʨʝ ʧʦʢʨʠʪʠ, ʢʘʢʪʦ ʠ ʝʚʝʥʪʫʘʣʥʠ ʤʦʟʘʝʯʥʠ ʬʦʨʤʠ. 

¶ MAF (minor allele frequency): ʩʪʦʡʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʟʘʜʘʚʘʭʤʝ ʚʘʨʠʨʘʭʘ ʦʪ 0.05 ʜʦ 0.01, 

ʪʲʡ ʢʘʪʦ ʠʩʢʘʭʤʝ ʜʘ ʘʥʘʣʠʟʠʨʘʤʝ ʩʘʤʦ ʚʘʨʠʘʥʪʠʪʝ, ʢʦʠʪʦ ʩʘ ʩ ʤʥʦʛʦ ʥʠʩʢʘ ʯʝʩʪʦʪʘ ʚ ʦʙʱʘʪʘ 

ʧʦʧʫʣʘʮʠʷ. 

¶ Var. balance: ʧʦʢʘʟʚʘ ʢʦʣʢʦ ʩʠʤʝʪʨʠʯʥʦ ʩʝ ʚʠʞʜʘ ʚʘʨʠʘʥʪʲʪ ʚ ʧʨʘʚʘʪʘ ʠ ʦʙʨʘʪʥʘʪʘ 

ʚʝʨʠʛʘ. ɺ ʠʜʝʘʣʥʠʷ ʩʣʫʯʘʡ ʚʘʨʠʘʥʪʲʪ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʙʘʣʘʥʩ 1, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʝ ʚʠʞʜʘ 

ʤʥʦʛʦ ʧʲʪʠ ʚ ʧʨʘʚʘʪʘ ʠ ʦʙʨʘʪʥʘʪʘ ʚʝʨʠʛʘ. ɸʢʦ ʩʝ ʚʠʞʜʘ ʩʘʤʦ ʚ ʝʜʥʘʪʘ ʧʦʩʦʢʘ, ʙʘʣʘʥʩʲʪ ʱʝ 

ʙʲʜʝ 0. ɺ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʧʨʘʚʠʭʤʝ ʘʥʘʣʠʟʘ ʥʘ ʜʘʥʥʠʪʝ, ʟʘʜʘʚʘʭʤʝ ʩʪʦʡʥʦʩʪ 1. 

¶ Pos. balance: ʧʦʢʘʟʚʘ ʢʦʣʢʦ ʩʠʤʝʪʨʠʯʥʦ ʩʝ ʚʠʞʜʘ ʧʦʟʠʮʠʷʪʘ ʚ ʧʨʘʚʘʪʘ ʠ ʦʙʨʘʪʥʘʪʘ 

ʚʝʨʠʛʘ ʟʘ ʚʩʠʯʢʠ ʧʨʦʯʠʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʜʘʣʠ ʩʲʜʲʨʞʘ ʚʘʨʠʘʥʪʘ ʠʣʠ ʜʠʚʠʷ ʪʠʧ ʥʫʢʣʝʦʪʠʜ. 

¶ Exon distance (ʨʘʟʩʪʦʷʥʠʝ ʜʦ ʝʢʟʦʥʘ): ʠʟʧʦʣʟʚʘ ʩʝ ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʠʩʢʘʤʝ ʜʘ ʟʘʜʘʜʝʤ 

ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʥʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ ʠʥʪʨʦʥʘ, ʢʦʷʪʦ ʮʝʣʠʤ ʜʘ 

ʚʠʟʫʘʣʠʟʠʨʘʤʝ. 

ʆʩʚʝʥ ʠʟʙʨʦʝʥʠʪʝ ʬʠʣʪʨʠ ʜʦ ʪʫʢ, ʧʨʦʛʨʘʤʘʪʘ ʥʠ ʧʦʟʚʦʣʷʚʘ ʜʘ ʬʠʣʪʨʫʚʘʤʝ ʧʦ 

ʬʝʥʦʪʠʧ, ʢʦʛʘʪʦ ʠʩʢʘʤʝ ʜʘ ʜʝʪʝʢʪʠʨʘʤʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʠ, ʢʦʠʪʦ ʠʤʘʪ ʷʩʥʘ 

ʢʦʨʝʣʘʮʠʷ ʩ ʢʣʠʥʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʙʣʶʜʘʚʘʥʠ ʧʨʠ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʧʘʮʠʝʥʪʠ. ʄʦʞʝ 

ʜʘ ʠʟʙʠʨʘʤʝ ʠ ʜʘ ʘʥʘʣʠʟʠʨʘʤʝ ʢʦʥʢʨʝʪʝʥ ʛʝʥ ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʚ ʭʦʜʘ ʥʘ ʘʥʘʣʠʟ ʩʤʝ 

ʧʦʣʫʯʠʣʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʦʚʘ, ʯʝ ʢʣʠʥʠʯʥʠʪʝ ʩʠʤʧʪʦʤʠ ʧʨʠ ʧʘʮʠʝʥʪʘ ʤʦʞʝ ʜʘ ʩʘ 

ʧʨʠʯʠʥʝʥʠ ʦʪ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʪʘʨʛʝʪʝʥ ʛʝʥ. ɸʢʦ ʞʝʣʘʝʤ ʠʣʠ ʥʝ ʞʝʣʘʝʤ ʜʘ ʚʠʞʜʘʤʝ 

ʚʘʨʠʘʥʪʠ ʚ ʥʝʢʦʜʠʨʘʱʠ ʫʯʘʩʪʲʮʠ ʥʘ ʛʝʥʘ, ʢʘʢʪʦ ʠ ʚ 5ôʠ 3ôUTR, ʤʦʞʝ ʜʘ ʟʘʜʘʜʝʤ ʠ ʪʝʟʠ 

ʧʘʨʘʤʝʪʨʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʧʨʦʛʨʘʤʘʪʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʘʥʘʣʠʟʠʨʘʤʝ ʜʘʥʥʠʪʝ ʠ ʧʦ ʢʣʘʩʠʬʠʢʘʮʠʷ 

ʥʘ ʚʘʨʠʘʥʪʠʪʝ (ʥʘʧʨ. ʜʘ ʚʠʞʜʘʤʝ ʩʘʤʦ ʧʘʪʦʛʝʥʥʠʪʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ).  
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3.2.2.2. ʇʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ (ʇɺʈ, polymerase chain reaction; PCR) 

¶ ʇʨʦʪʦʢʦʣ ʟʘ ʥʘʤʥʦʞʘʚʘʥʝ ʥʘ ʨʝʛʠʦʥʠ ʦʪ ʛʝʥʠʪʝ IRF2BPL, FH , PEX6, PEX1, 

MYH7, TWNK, SCO2, CRB1, CEP290, ʚ ʢʦʠʪʦ ʧʦʧʘʜʘʪ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠʪʝ ʯʨʝʟ 

NGS ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʘʢʪʦ ʠ ʯʘʩʪ ʦʪ ʛʝʥʘ ARG1 (ʝʢʟʦʥʠ 1, 2, 3 ʠ 4) 

ʇʨʘʡʤʝʨʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʦʧʠʩʘʥʠʪʝ ʚ ʪʘʟʠ ʪʦʯʢʘ 

ʩʧʝʮʠʬʠʯʥʠ ʨʝʛʠʦʥʠ ʦʪ ʛʝʥʠʪʝ, ʩʘ ʜʠʟʘʡʥʠʨʘʥʠ ʯʨʝʟ ʧʨʦʛʨʘʤʘʪʘ In-Silico PCR 

(https://genome.ucsc.edu/cgi-bin/hgPcr)  

ɿʘ ʚʩʝʢʠ ʦʪ ʨʝʛʠʦʥʠʪʝ ʩʘ ʦʧʪʠʤʠʟʠʨʘʥʠ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR. 

ʆʧʪʠʤʠʟʘʮʠʷʪʘ ʚʢʣʶʯʚʘʰʝ ʧʨʦʤʷʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʪʝʤʧʝʨʘʪʫʨʘ  ʠ 

ʚʨʝʤʝ ʟʘ ʭʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ, ʢʘʢʪʦ ʠ ʚʨʝʤʝʪʦ ʟʘ ʩʠʥʪʝʟ ʥʘ ʩʧʝʮʠʬʠʯʥʠʷ ʧʨʦʜʫʢʪ. 

ʆʧʪʠʤʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ PCR ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 2. 

ʊʘʙʣʠʮʘ 2: ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ PCR ʟʘ ʥʘʤʥʦʞʘʚʘʥʝ ʥʘ ʨʝʛʠʦʥʠ ʦʪ ʛʝʥʠʪʝ 

IRF2BPL, FH, PEX6, PEX1, MYH7, TWNK, SCO2, CRB1, CEP290, ʢʘʢʪʦ ʠ ʯʘʩʪ ʦʪ ʛʝʥʘ ARG1 (ʝʢʟʦʥʠ 

1, 2, 3 ʠ 4). 

ʂʦʤʧʦʥʝʥʪ ʥʘ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʆʙʝʤ (ml) 

ɺʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ 1 

ʇʨʘʡʤʝʨ F (10 pmol/ml) 1 

ʇʨʘʡʤʝʨ R (10 pmol/ml) 1 

ʈʘʟʪʚʦʨ ʥʘ ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʠ, ʜʅʊʌ (5mM) (GENET 

BIO, Chungnam, Korea) 

2 

10ʭ Prime Taq ʙʫʬʝʨ (GENET BIO, Chungnam, Korea) 2.5 

ʊʝʨʤʦʩʪʘʙʠʣʥʘ ʧʦʣʠʤʝʨʘʟʘ Prime Taq, (GENET BIO, Chungnam, 

Korea) 

0.1 

ɼʝʩʪʠʣʠʨʘʥʘ ʚʦʜʘ ɼʦ ʢʨʘʝʥ ʦʙʝʤ 25 

ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʝʥ ʧʨʦʜʫʢʪ, ʦʧʪʠʤʠʟʠʨʘʭʤʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

PCR. ʇʨʦʛʨʘʤʘʪʘ ʝ  ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʪʘʙʣʠʮʘ 3. 
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ʊʘʙʣʠʮʘ 3: ʇʨʦʛʨʘʤʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʨʝʛʠʦʥʠ ʦʪ 

ʛʝʥʠʪʝ IRF2BPL, FH, PEX6, PEX1, MYH7, TWNK, SCO2, CRB1, CEP290, ʢʘʢʪʦ ʠ ʯʘʩʪ ʦʪ ʛʝʥʘ ARG1 

(ʝʢʟʦʥʠ 1, 2, 3 ʠ 4). 

ɽʪʘʧ ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ ɹʨʦʡ ʮʠʢʣʠ 

ʅʘʯʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ 94ʦC 5 ʤʠʥ. 1 

ɼʝʥʘʪʫʨʘʮʠʷ 94ʦC 30 ʩʝʢ. 

30 ʍʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ 60ʦC 30 ʩʝʢ. 

ʉʠʥʪʝʟ ʥʘ ʥʦʚʘ ʚʝʨʠʛʘ 72ʦC 1 ʤʠʥ. 

ʂʨʘʝʥ ʩʠʥʪʝʟ 72ʦC 5 ʤʠʥ. 1 

 

¶ ʇʨʦʪʦʢʦʣ ʟʘ ʥʘʤʥʦʞʘʚʘʥʝ ʥʘ ʨʝʛʠʦʥʠ ʦʪ ʛʝʥʠʪʝ NARS1, TPP1, UNC80, USH2A, 

ʚ ʢʦʠʪʦ ʧʦʧʘʜʘʪ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠʪʝ ʯʨʝʟ NGS ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʘʢʪʦ ʠ ʯʘʩʪ 

ʦʪ ʛʝʥʘ ARG1 (ʝʢʟʦʥʠ 5, 6, 7 ʠ 8). 

ʇʨʘʡʤʝʨʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʦʧʠʩʘʥʠʪʝ ʚ ʪʘʟʠ ʪʦʯʢʘ 

ʨʝʛʠʦʥʠ ʦʪ ʛʝʥʠʪʝ, ʩʘ ʜʠʟʘʡʥʠʨʘʥʠ ʯʨʝʟ ʧʨʦʛʨʘʤʘʪʘ In-Silico PCR 

(https://genome.ucsc.edu/cgi-bin/hgPcr).  

ʆʪʥʦʚʦ ʧʨʦʚʝʜʦʭʤʝ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR, ʢʘʪʦ ʚ 

ʪʘʙʣʠʮʘ 4 ʧʨʝʜʩʪʘʚʷʤʝ ʦʧʪʠʤʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ PCR. 
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ʊʘʙʣʠʮʘ 4: ʂʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ PCR ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ 

ʧʨʦʜʫʢʪʠ ʥʘ ʨʝʛʠʦʥʠ ʦʪ ʛʝʥʠʪʝ NARS1, TPP1, UNC80, USH2A, ʢʘʢʪʦ ʠ ʯʘʩʪ ʦʪ ʛʝʥʘ ARG1 (ʝʢʟʦʥʠ 5, 

6, 7 ʠ 8). 
 

ʂʦʤʧʦʥʝʥʪ ʥʘ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʆʙʝʤ (ml) 

ɼʅʂ 1 

ʇʨʘʡʤʝʨ F (10 pmol/ml) 1 

ʇʨʘʡʤʝʨ R (10 pmol/ml) 1 

ʈʘʟʪʚʦʨ ʥʘ ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʠ, ʜʅʊʌ (5mM) 

(GENET BIO, Chungnam, Korea) 

2 

ɹʝʪʘʠʥ (5ʄ) 4 

DMSO 2 

10ʭ Prime Taq ʙʫʬʝʨ (GENET BIO, Chungnam, Korea) 2.5 

ʊʝʨʤʦʩʪʘʙʠʣʥʘ ʧʦʣʠʤʝʨʘʟʘ Prime Taq, (GENET BIO, Chungnam, 

Korea) 

0.1 

ɼʝʩʪʠʣʠʨʘʥʘ ʚʦʜʘ ɼʦ ʢʨʘʝʥ ʦʙʝʤ 25 

 

ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʝʥ ʧʨʦʜʫʢʪ, ʦʧʪʠʤʠʟʠʨʘʭʤʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

PCR. ʇʨʦʛʨʘʤʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʪʘʙʣʠʮʘ 5. 

ʊʘʙʣʠʮʘ 5: ʇʨʦʛʨʘʤʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʨʝʛʠʦʥʠ ʦʪ 

ʛʝʥʠʪʝ NARS1, TPP1, UNC80, USH2A, ʢʘʢʪʦ ʠ ʯʘʩʪ ʦʪ ʛʝʥʘ ARG1 (ʝʢʟʦʥʠ 5, 6, 7 ʠ 8). 

ɽʪʘʧ ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ ɹʨʦʡ ʮʠʢʣʠ 

ʅʘʯʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ 94ʦC 5 ʤʠʥ. 1 

ɼʝʥʘʪʫʨʘʮʠʷ 94ʦC 45 ʩʝʢ. 

35 ʍʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ 60ʦC 45 ʩʝʢ. 

ʉʠʥʪʝʟ ʥʘ ʥʦʚʘ ʚʝʨʠʛʘ 72ʦC 1 ʤʠʥ. 

ʂʨʘʝʥ ʩʠʥʪʝʟ 72ʦC 5 ʤʠʥ. 1 

 

¶ ʇʨʦʪʦʢʦʣ ʟʘ ʥʘʤʥʦʞʘʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʨʝʛʠʦʥʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʛʝʥʦʤ 

ʇʨʘʡʤʝʨʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʦʧʠʩʘʥʠʪʝ ʚ ʪʘʟʠ ʪʦʯʢʘ 

ʩʧʝʮʠʬʠʯʥʠ ʨʝʛʠʦʥʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʛʝʥʦʤ, ʦʪʥʦʚʦ ʙʷʭʘ ʜʠʟʘʡʥʠʨʘʥʠ ʯʨʝʟ ʧʨʦʛʨʘʤʘʪʘ 

In-Silico PCR (https://genome.ucsc.edu/cgi-bin/hgPcr). 
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 ɿʘ ʚʩʝʢʠ ʦʪ ʨʝʛʠʦʥʠʪʝ ʦʧʪʠʤʠʟʠʨʘʭʤʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR, ʢʘʪʦ 

ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʦʧʪʠʤʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ 

ʥʘ PCR ʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʝʥ ʧʨʦʜʫʢʪ ʩʘ ʩʲʱʠʪʝ, ʢʘʪʦ ʪʝʟʠ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 2. 

ʆʧʪʠʤʠʟʠʨʘʭʤʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR. ʇʨʦʛʨʘʤʘʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʪʘʙʣʠʮʘ 6. 

 

ʊʘʙʣʠʮʘ 6: ʇʨʦʛʨʘʤʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ PCR ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʜʫʢʪʠ ʥʘ ʚʩʠʯʢʠ 

ʨʝʛʠʦʥʠ ʦʪ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʛʝʥʦʤ. 

ɽʪʘʧ ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ ɹʨʦʡ ʮʠʢʣʠ 

ʅʘʯʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ 94ʦC 5 ʤʠʥ. 1 

ɼʝʥʘʪʫʨʘʮʠʷ 94ʦC 40 ʩʝʢ. 

30 ʍʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ 60ʦC 40 ʩʝʢ. 

ʉʠʥʪʝʟ ʥʘ ʥʦʚʘ ʚʝʨʠʛʘ 72ʦC 1 ʤʠʥ. 

ʂʨʘʝʥ ʩʠʥʪʝʟ 72ʦC 5 ʤʠʥ. 1 

 

3.2.2.3. ɽʣʝʢʪʨʦʬʦʨʝʟʘ ʚ ʘʛʘʨʦʟʝʥ ʛʝʣ 

ʂʦʣʠʯʝʩʪʚʦʪʦ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʯʨʝʟ PCR ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʠ ʧʨʦʜʫʢʪʠ ʩʝ 

ʘʥʘʣʠʟʠʨʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʛʘʨʦʟʥʘ ʛʝʣ-ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ɿʘ ʮʝʣʪʘ ʩʝ ʠʟʧʦʣʟʚʘ 2-3% ʘʛʘʨʦʟʝʥ 

ʛʝʣ ʠ ʭʦʨʠʟʦʥʪʘʣʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʥʘ ʩʠʩʪʝʤʘ. ʇʨʦʙʠʪʝ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʩʧʨʷʤʦ ʤʦʣʝʢʫʣʝʥ 

ʤʘʨʢʝʨ, ʟʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʜʲʣʞʠʥʘʪʘ ʥʘ ʥʘʤʥʦʞʝʥʠʷ ʬʨʘʛʤʝʥʪ. ʈʘʟʜʝʣʷʥʝʪʦ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ 

ʟʘʚʠʩʠ ʦʪ ʤʦʣʝʢʫʣʥʘʪʘ ʠʤ ʤʘʩʘ. ɺ ʘʛʘʨʦʟʥʠʷ ʛʝʣ ʠʤʘ ʨʘʟʪʚʦʨʝʥ ʝʪʠʜʠʝʚ ʙʨʦʤʠʜ, ʢʦʡʪʦ 

ʧʦʜʧʦʤʘʛʘ ʚʠʟʫʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ɼʅʂ ʩʣʝʜ ʦʙʣʲʯʚʘʥʝ ʩ ʫʣʪʨʘʚʠʦʣʝʪʦʚʘ ʩʚʝʪʣʠʥʘ. 

ʅʝʦʭʦʜʠʤʠʪʝ ʙʫʬʝʨʠ ʩʘ 1ʭ ʊɺɽ ʙʫʬʝʨ: TRIS ï 90 mmol/l; ʙʦʨʥʘ ʢʠʩʝʣʠʥʘ ï 90 mmol/l; 

Na2EDTA ï 1 mmol/l, ʙʫʬʝʨ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ ʧʨʦʙʠʪʝ: 0.25% ʙʨʦʤʬʝʥʦʣ ʙʣʫ; 25% ʬʠʢʦʣ. 

ɸʧʘʨʘʪʫʨʘʪʘ, ʢʦʷʪʦ ʠʟʧʦʣʟʚʘʭʤʝ ʟʘ ʠʟʛʦʪʚʷʥʝ ʥʘ ʘʛʘʨʦʟʝʥ ʛʝʣ ʝ ʤʠʢʨʦʚʲʣʥʦʚʘ ʬʫʨʥʘ, 

ʥʠʚʝʣʠʨʥʘ ʤʘʩʠʯʢʘ, ʚʘʥʠʯʢʘ ʟʘ ʠʟʣʠʚʘʥʝ ʥʘ ʘʛʘʨʦʟʝʥ ʛʝʣ (2500ʭ1800 mm), ʩʪʘʨʪʦʚʠ ʛʨʝʙʝʥʠ 

ʩ ʨʘʟʤʝʨ 2x22 cm, ʨʘʟʤʝʨʠ ʥʘ ʷʤʢʠʪʝ 5 ʭ 4 ʭ 1 mm. ʅʝʦʙʭʦʜʠʤʘʪʘ ʘʧʘʨʘʪʫʨʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ 

ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘʪʘ ʝ ʘʧʘʨʘʪ ʟʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʧʦʜʚʦʜʥʘ ʛʝʣ-ʝʣʝʢʪʨʦʬʦʨʝʟʘ A. Hartenstein, 

Wuerzburg, Germany; ʪʦʢʦʠʟʧʨʘʚʠʪʝʣ Consort EV222, Turnhout, Belgium. ɺʠʟʫʘʣʠʟʠʨʘʥʝʪʦ  

ʥʘ ʧʨʦʙʠʪʝ ʩʝ ʦʩʲʱʝʩʪʚʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʘʥʩʠʣʶʤʠʥʘʪʦʨ LKB Bromma 2011 Macrovue, LKB 

Vertriebs GmbH, Vienna, Austria. ɺʩʠʯʢʠ ʘʛʘʨʦʟʥʠ ʛʝʣʦʚʝ ʙʷʭʘ ʘʨʭʠʚʠʨʘʥʠ, ʯʨʝʟ 
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ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʬʦʪʦʜʦʢʫʤʝʥʪʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ: Alpha DigiDoc Pro, Alpha Innotech,  Cell 

Biosciences, Inc., Santa Clara, CA, USA. 

3.2.2.4. ɼʠʨʝʢʪʥʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʩ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠ 

ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠ 

ʉʝʢʚʝʥʠʨʘʥʝʪʦ ʧʦ Sanger ʝ ʝʥʟʠʤʝʥ ʤʝʪʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʫʢʣʝʦʪʠʜʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʪʘʨʛʝʪʝʥ ʫʯʘʩʪʲʢ ʦʪ ɼʅʂ. ʇʨʦʚʝʞʜʘ ʩʝ ʨʝʘʢʮʠʷ ʟʘ ʩʠʥʪʝʟ ʥʘ ɼʅʂ 

ʚʝʨʠʛʠ ʚʲʨʭʫ ʝʜʥʦʚʝʨʠʞʥʘ ʤʘʪʨʠʮʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ɼʅʂ ʧʦʣʠʤʝʨʘʟʘ. ʇʦʣʠʤʝʨʘʟʥʘʪʘ ʨʝʘʢʮʠʷ 

ʟʘʧʦʯʚʘ ʥʘ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʤʷʩʪʦ, ʢʲʜʝʪʦ ʧʨʘʡʤʝʨʠʪʝ ʭʠʙʨʠʜʠʟʠʨʘʪ ʩ ʤʘʪʨʠʮʘʪʘ. 

ʉʣʫʯʘʡʥʦʪʦ ʚʢʣʶʯʚʘʥʝ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠ ʥʫʢʣʝʦʪʠʜʥʠ ʘʥʘʣʦʟʠ (2', 3'-

ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜ 5'-ʪʨʠʬʦʩʬʘʪʠ (ʜʜʅʊʌ)), ʢʦʠʪʦ ʥʝ ʧʦʟʚʦʣʷʚʘʪ ʫʜʲʣʞʘʚʘʥʝʪʦ ʥʘ 

ʨʘʩʪʷʱʘʪʘ ʚʝʨʠʛʘ ʪʲʡ ʢʘʪʦ ʥʷʤʘʪ 3'-ʭʠʜʨʦʢʩʠʣʥʘ ʛʨʫʧʘ, ʚʦʜʠ ʜʦ ʧʨʝʢʨʘʪʷʚʘʥʝ ʥʘ ʨʝʘʢʮʠʷʪʘ 

ʚ ʨʘʟʣʠʯʥʠ ʤʝʩʪʘ. ɼʅʂ ʩʠʥʪʝʟʲʪ in vitro ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ PCR ʩ ʧʦʤʦʱʪʘ ʥʘ ʝʥʟʠʤʘ 

Thermo Sequenase II ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ. ʇʦʣʫʯʘʚʘʪ ʩʝ ʨʘʟʣʠʯʥʠ ʧʦ ʜʲʣʞʠʥʘ ʬʨʘʛʤʝʥʪʠ ʩ 

ʝʜʥʘʢʚʦ ʥʘʯʘʣʦ ʠ ʨʘʟʣʠʯʝʥ ʢʨʘʡ, ʦʧʨʝʜʝʣʝʥ ʦʪ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʦʪ ʯʝʪʠʨʠʪʝ ʚʠʜʘ 

ʜʜʅʊʌ. ʇʦʣʫʯʝʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʩʝ ʨʘʟʜʝʣʷʪ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʢʘʧʠʣʷʨʥʘʪʘ 

ʛʝʣ-ʝʣʝʢʪʨʦʬʦʨʝʟʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʯʝʥ ʩʝʢʚʝʥʘʪʦʨ ɸɺɯ3130 Sequence Genetic 

Analyzer (Applied Biosystems). ʉʪʲʧʢʠʪʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʚʢʣʶʯʚʘʪ:  

¶ ʅʘʤʥʦʞʘʚʘʥʝ ʥʘ ʪʘʨʛʝʨʥʠʷ ɼʅʂ ʬʨʘʛʤʝʥʪ ʧʦʩʨʝʜʩʪʚʦʤ PCR. 

¶ ɽʥʟʠʤʥʦ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʥʘʤʥʦʞʝʥʠʷ ʧʨʦʜʫʢʪ ʯʨʝʟ ʨʝʘʛʝʥʪʘ ExoSAP. ʎʝʣʪʘ ʥʘ ʪʘʟʠ 

ʩʪʲʧʢʘ ʝ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥʠʷ ʧʨʦʜʫʢʪ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʚ ʧʨʦʙʘʪʘ ʜʅʊʌ, ʧʨʘʡʤʝʨʠ 

ʠ ʥʝʩʧʝʮʠʬʠʯʥʠ ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ ʙʠʭʘ ʧʦʚʣʠʷʣʠ ʚʲʨʭʫ ʧʦ-ʥʘʪʘʪʲʯʥʠʪʝ ʨʝʘʢʮʠʠ. ʊʘʟʠ 

ʩʪʲʧʢʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ, ʢʘʪʦ ʚ ʝʧʨʫʚʝʪʢʘ ʦʪ 0.2 ml ʩʝ ʩʤʝʩʚʘʪ 2 Õl ʘʤʧʣʠʬʠʢʘʮʠʦʥʝʥ ʧʨʦʜʫʢʪ 

ʠ 1 Õl ExoSAP. ʉʣʝʜʚʘ ʠʥʢʫʙʠʨʘʥʝ ʥʘ 37ʦʉ ʟʘ 30 min, ʩʣʝʜ ʢʦʝʪʦ ʨʝʘʢʮʠʷʪʘ ʩʝ ʩʧʠʨʘ ʯʨʝʟ 

ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʝʥʟʠʤʠʪʝ ʥʘ 80ʦʉ ʟʘ 15 min. 

¶ ʉʝʢʚʝʥʮʠʦʥʥʘ ʨʝʘʢʮʠʷ, ʢʦʷʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ Big DyeÈTerminator kit v3.1. 

(Applied Biosystems), ʢʦʡʪʦ ʚʢʣʶʯʚʘ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ, ʥʝʙʝʣʷʟʘʥʠ ʥʫʢʣʝʦʪʠʜʠ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠ ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠ. ʂʲʤ ʝʥʟʠʤʥʦ ʧʨʝʯʠʩʪʝʥʘʪʘ ʤʘʪʨʠʮʘ ʩʝ 

ʜʦʙʘʚʷʪ 0.3 Õl ʧʨʘʡʤʝʨ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ 10 pM/Õl, 2 Õl 5x ʩʝʢʚʝʥʮʠʦʥʝʥ ʙʫʬʝʨ, 1 Õl ʦʪ ʢʠʪʘ 

DyeÈTerminator v3.1 ʠ ʙʠʜʝʩʪʠʣʠʨʘʥʘ ʚʦʜʘ ʜʦ ʢʨʘʝʥ ʦʙʝʤ 10 Õl. ʇʨʦʪʦʢʦʣʲʪ ʟʘ ʧʨʦʚʝʞʜʘʥʝ 

ʥʘ ʩʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʪʘʙʣʠʮʘ 7. 
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ʊʘʙʣʠʮʘ 7: ʇʨʦʪʦʢʦʣ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ. 

ɽʪʘʧ ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ ɹʨʦʡ ʮʠʢʣʠ 

ʅʘʯʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ 96ʦC 3 ʤʠʥ. 1 

ɼʝʥʘʪʫʨʘʮʠʷ 96ʦC 20 ʩʝʢ. 

30 ʍʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ 55ʦC 20 ʩʝʢ. 

ʉʠʥʪʝʟ ʥʘ ʥʦʚʘ ʚʝʨʠʛʘ 60ʦC 2 ʤʠʥ. 

ʂʨʘʝʥ ʩʠʥʪʝʟ 60ʦC 7 ʤʠʥ. 1 

 

¶ ʇʨʝʫʪʘʷʚʘʥʝ ʥʘ ʩʝʢʚʝʥʮʠʦʥʥʠʷ ʧʨʦʜʫʢʪ ʯʨʝʟ ʧʨʝʮʠʧʠʪʘʮʠʷ ʩ ʝʪʘʥʦʣ ʩ ʮʝʣ ʦʪʩʪʨʘʥʷʚʘʥʝ 

ʥʘ ʥʝʩʚʲʨʟʘʥʠʪʝ ʥʫʢʣʝʦʪʠʜʠ. ʂʲʤ ʩʝʢʚʝʥʮʠʦʥʥʘʪʘ ʧʨʦʙʘ ʩʝ ʜʦʙʘʚʷʪ ʧʦ 1/10 ʦʪ ʦʙʝʤʘ 1.5 ʄ 

ʥʘʪʨʠʝʚ ʘʮʝʪʘʪ ʩ ʨʅ>8 / 250 mM ɽɼʊɸ ʙʫʬʝʨ ʠ ʩʝ ʭʦʤʦʛʝʥʠʟʠʨʘ ʜʦʙʨʝ ʯʨʝʟ ʥʝʢʦʣʢʦʢʨʘʪʥʦ 

ʧʠʧʝʪʠʨʘʥʝ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʜʦʙʘʚʷ 80 Õl ʩʪʫʜʝʥ ʘʙʩʦʣʶʪʝʥ ʝʪʘʥʦʣ ʠ ʩʝ ʚʦʨʪʝʢʩʠʨʘ. 

ʎʝʥʪʨʦʬʫʛʠʨʘ ʩʝ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ 15 min ʧʨʠ 12 000 rpm. ʉʫʧʝʨʥʘʪʘʥʪʘʪʘ ʩʝ 

ʦʪʩʪʨʘʥʷʚʘ ʚʥʠʤʘʪʝʣʥʦ ʯʨʝʟ ʠʟʩʤʫʢʚʘʥʝ ʥʘ ʚʘʢʫʫʤ. ʇʦʣʫʯʝʥʘʪʘ ʫʪʘʡʢʘ ʩʝ ʧʨʦʤʠʚʘ ʩ 200 Õl 

80% ʝʪʘʥʦʣ, ʚʦʨʪʝʢʩʠʨʘ ʩʝ ʠ ʩʝ ʮʝʥʪʨʦʬʫʛʠʨʘ ʟʘ 10 min ʥʘ 12 000 rpm ʧʨʠ ʩʪʘʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʉʫʧʝʨʥʘʪʘʥʪʘʪʘ ʩʝ ʧʨʝʤʘʭʚʘ ʯʨʝʟ ʠʟʩʤʫʢʚʘʥʝ ʥʘ ʚʘʢʫʫʤ. ʋʪʘʡʢʘʪʘ ʩʝ ʩʫʰʠ ʥʘ 

ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʥʘ ʪʲʤʥʦ. 

¶ ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʩʝʢʚʝʥʮʠʦʥʥʠʷ ʧʨʦʜʫʢʪ ʟʘ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʨʘʟʜʝʣʷʥʝ. ʇʦʣʫʯʝʥʠʪʝ ʩʣʝʜ 

ʧʨʝʫʪʘʷʚʘʥʝ ʫʪʘʡʢʠ ʩʝ ʨʘʟʪʚʘʨʷʪ ʚ 20 Õl Hi-Di Formamide (Applied Biosystems) ʠ ʩʝ 

ʚʦʨʪʝʢʩʠʨʘʪ. ʉʣʝʜʚʘ ʜʝʥʘʪʫʨʘʮʠʷ ʟʘ 5 min ʥʘ 94 ʦC ʠ ʠʥʢʫʙʘʮʠʷ ʥʘ ʣʝʜ ʟʘ 5 min. ʉ ʮʝʣ 

ʩʲʙʠʨʘʥʝ ʥʘ ʮʷʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʜʲʥʦʪʦ, ʧʨʦʙʠʪʝ ʩʝ ʚʦʨʪʝʢʩʠʨʘʪ ʠ ʣʝʢʦ ʮʝʥʪʨʦʬʫʛʠʨʘʪ. 

ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʨʝʭʚʲʨʣʷʪ ʚ 96-ʷʤʢʦʚʘ ʧʣʘʢʘ ʠ ʩʝ ʧʦʜʘʚʘʪ ʥʘ ʘʧʘʨʘʪʘ ʟʘ ʘʥʘʣʠʟ. 

¶ ɺʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʘ. ʊʲʡ ʢʘʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʧʨʠ ʩʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ 

ʪʝʨʤʠʥʠʨʘʱʠ ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠ ʩʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠ, ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʣʘʟʝʨʥʘ 

ʜʝʪʝʢʮʠʷ. ʉʝʢʚʝʥʮʠʦʥʥʠʪʝ ʜʘʥʥʠ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʘʚʪʦʤʘʪʠʯʥʦ ʯʨʝʟ ʧʨʦʛʨʘʤʘʪʘ ABI3130 Data 

Collection Software ʠ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʘʪʘ Sequencing Analysis v5.1.1, ʧʨʠ 

ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʚ ʛʦʪʦʚ ʚʠʜ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ. 
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3.2.3. ʃʠʪʝʨʘʪʫʨʥʠ ʙʘʟʠ ʜʘʥʥʠ, ʢʘʢʪʦ ʠ in silico ʧʨʝʜʠʢʪʦʨʠ, 

ʠʟʧʦʣʟʚʘʥʠ ʚ ʭʦʜʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ 

ɿʘ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʩʝʢʚʝʥʮʠʦʥʥʠʪʝ ʜʘʥʥʠ, ʧʦʣʫʯʝʥʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ 

Sanger, ʩʨʘʚʥʷʚʘʭʤʝ ʨʘʟʯʝʪʝʥʘʪʘ ʩʝʢʚʝʥʮʠʷ ʩ ʧʫʙʣʠʢʫʚʘʥʘʪʘ ʟʘ ʚʩʝʢʠ ʛʝʥ ʚ UCSC Genome 

Browser ʠ GenBank. ɺʩʠʯʢʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʢʦʠʪʦ ʙʷʭʘ ʦʪʢʨʠʪʠ ʚ ʭʦʜʘ ʥʘ ʠʟʨʘʙʦʪʚʘʥʝ 

ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ, ʙʷʭʘ ʩʨʘʚʥʝʥʠ ʩ ʨʝʜʠʮʘ ʧʫʙʣʠʢʘʮʠʠ ʥʘ ʜʨʫʛʠ ʘʚʪʦʨʠ, 

ʢʘʢʪʦ ʠ ʨʘʟʣʠʯʥʠ ʙʘʟʠ ʜʘʥʥʠ, ʦʧʠʩʘʥʠ ʚ ʨʘʟʜʝʣ Ăʈɽɿʋʃʊɸʊʀ ʀ ʆɹʉʒɾɼɸʅɽñ. ʆʪʢʨʠʪʠʪʝ 

ʚʘʨʠʘʥʪʠ ʙʷʭʘ ʢʣʘʩʠʬʠʮʠʨʘʥʠ, ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʩʪʘʥʜʘʨʪʠʪʝ ʠ ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ ACMG/AMP 

ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ (Richards et al., 2015). ʆʩʚʝʥ ʪʦʚʘ ʪʝ ʙʷʭʘ 

ʧʨʦʚʝʨʷʚʘʥʠ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ gnomAD v2.1.1 (Karczewski et al., 2020) 

(https://gnomad.broadinstitute.org/), ʟʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʜʘʣʠ ʩʘ ʦʪʢʨʠʚʘʥʠ ʚ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ 

ʠ ʢʘʢʚʘ ʝ ʯʝʩʪʦʪʘʪʘ ʥʘ ʥʦʩʠʪʝʣʩʪʚʦ. ʇʨʠ ʯʘʩʪ ʦʪ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʠʟʧʦʣʟʚʘʭʤʝ in silico 

ʧʨʝʜʠʢʪʦʨʠ MutationTaster (https://www.mutationtaster.org/) ʠ Human Splicing Finder v3.0 

(Desmet et al., 2009), ʟʘ ʜʘ ʩʝ ʧʨʦʚʝʨʠ ʝʚʝʥʪʫʘʣʥʠʷ ʧʘʪʦʛʝʥʝʥ ʝʬʝʢʪ ʥʘ ʪʘʨʛʝʪʥʠʪʝ ʛʝʥʝʪʠʯʥʠ 

ʥʘʭʦʜʢʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʟʘ ʯʘʩʪ ʦʪ ʥʦʚʦʦʪʢʨʠʪʠʪʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʩʲʟʜʘʜʦʭʤʝ in silico 

ʙʝʣʪʲʯʝʥ ʤʦʜʝʣ, ʠʟʧʦʣʟʚʘʡʢʠ AlphaFold2 (Evans et al., 2021; Jumper et al., 2021), ʟʘ ʜʘ 

ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʙʠʭʘ ʠʤʘʣʠ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʙʝʣʪʲʯʥʘʪʘ ʩʪʨʫʢʪʫʨʘ. In silico ʙʝʣʪʲʯʥʠʪʝ 

ʤʦʜʝʣʠ ʙʷʭʘ ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʀʚʘʥ ʊʫʨʪʫʨʠʢʦʚ. 
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4. ʈɽɿʋʃʊɸʊʀ ʀ ʆɹʉʒɾɼɸʅɽ 
 

ʆʙʱʠʷʪ ʙʨʦʡ ʠʟʩʣʝʜʚʘʥʠ ʠʥʜʠʚʠʜʠ ʚ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ 279. ʇʨʠ 17 

ʦʪ 40 ʪʘʨʛʝʪʥʠ ʧʘʮʠʝʥʪʘ ʚʝʨʠʬʠʮʠʨʘʭʤʝ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ.  

ɺ ʜʦʧʲʣʥʝʥʠʝ ʠʟʩʣʝʜʚʘʭʤʝ 39 ʟʘʩʝʛʥʘʪʠ, ʥʝʟʘʩʝʛʥʘʪʠ ʠʣʠ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ 

ʨʦʜʩʪʚʝʥʠʮʠ ʩ ʥʝʠʟʷʚʝʥʠ ʢʣʠʥʠʯʥʠ ʩʠʤʧʪʦʤʠ ʢʲʤ ʤʦʤʝʥʪʘ, ʢʘʢʪʦ ʠ ʬʝʪʫʩʠ ʦʪ ʧʨʝʥʘʪʘʣʥʘ 

ʜʠʘʛʥʦʩʪʠʢʘ. ʂʲʤ ʧʘʮʠʝʥʪʩʢʘʪʘ ʛʨʫʧʘ ʜʦʙʘʚʠʭʤʝ 100 ʟʜʨʘʚʠ ʥʦʚʦʨʦʜʝʥʠ ʜʝʮʘ ʦʪ 

ʧʦʪʝʥʮʠʘʣʥʠʷ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʟʘ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ ʚ ɹʲʣʛʘʨʠʷ ʠ 100 ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ 

ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ. ʅʝ ʙʝʰʝ ʫʩʪʘʥʦʚʝʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʢʣʠʥʠʯʥʘ 

ʩʠʤʦʪʦʤʘʪʠʢʘ ʧʨʠ 23-ʤʘ ʧʘʮʠʝʥʪʘ. 

4.1. ʅʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ɺ ʨʘʤʢʠʪʝ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ  33 ʪʘʨʛʝʪʥʠ ʧʘʮʠʝʥʪʠ 

ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠ 32 ʨʦʜʩʪʚʝʥʠʮʠ (ʚʢʣʶʯʠʪʝʣʥʦ ʬʝʪʫʩʠ). ʇʨʠ 13 (39%) ʦʪ 

ʠʥʜʝʢʩʥʠʪʝ ʧʘʮʠʝʥʪʠ, ʫʩʪʘʥʦʚʠʭʤʝ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʢʣʠʥʠʯʥʘ 

ʩʠʤʧʪʦʤʘʪʠʢʘ. ʆʙʱʦ ʠʟʩʣʝʜʚʘʭʤʝ 22-ʤʘ ʧʘʮʠʝʥʪʠ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʚʢʣʶʯʚʘʱʠ 

ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ. ʇʨʠ 8 (36%) ʦʪ ʪʷʭ ʫʩʪʘʥʦʚʠʭʤʝ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ, ʜʦʚʝʣʘ ʜʦ 

ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʩʠʤʧʪʦʤʠ. ɺ ʪʘʙʣʠʮʘ 8 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʩʠʯʢʠ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʠ 

ʧʘʮʠʝʥʪʠ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʚʢʣʶʯʚʘʱʠ ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ, ʢʦʠʪʦ ʙʷʭʘ ʦʙʝʢʪ 

ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʧʨʦʫʯʚʘʥʝ.   
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ʊʘʙʣʠʮʘ 8: ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʜʘʥʥʠ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, 

ʚʢʣʶʯʚʘʱʠ ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ, ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ. 
 

 

ʆʪ ʛʨʫʧʘʪʘ ʥʘ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ, ʠʟʩʣʝʜʚʘʭʤʝ 

11 ʧʘʮʠʝʥʪʠ, ʢʘʪʦ ʧʨʠ 5 ʦʪ ʪʷʭ (45%) ʚʝʨʠʬʠʮʠʨʘʭʤʝ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʢʣʠʥʠʯʥʘʪʘ 

ʠʤ ʠʟʷʚʘ. ɺ ʪʘʙʣʠʮʘ 9 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʩʠʯʢʠ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʠ ʧʘʮʠʝʥʪʠ ʦʪ ʛʨʫʧʘʪʘ 

ʥʘ ʥʝʚʨʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ, ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ 

ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. 

  

ɿʠʛʦʪʥʦʩʪ

ʭʝʪʝʨʦʟʠʛʦʪ

ʭʝʪʝʨʦʟʠʛʦʪ

frameshift

In-frame 

ʜʝʣʝʮʠʷ
ʤʘʡʢʘ

ʅʦʤʝʨʇʦʣ
ʀʟʩʣʝʜʚʘʥʠ 

ʨʦʜʩʪʚʝʥʠʮʠ

ɿʘʩʝʛʥʘʪ 

ʛʝʥ

ʋʩʪʘʥʦʚʝʥ 

ʛʝʥʝʪʠʯʝʥ 

ʚʘʨʠʘʥʪ

c.376C>T, 

p.Gln126Ter 
ʭʝʪʝʨʦʟʠʛʦʪnonsense1 ʞʝʥʩʢʠʜʚʘʤʘ ʨʦʜʠʪʝʣʠIRF2BPL 

ʊʠʧ ʥʘ 

ʛʝʥʝʪʠʯʥʠʷ 

ʚʘʨʠʘʥʪ

NGS

ʙʘʱʘ

missense

nonsense

ʀʟʧʦʣʟʚʘʥ 

ʘʥʘʣʠʟ ʧʨʠ 

ʪʘʨʛʝʪʥʠʷ 

ʧʘʮʠʝʥʪ

NGSde novo

ʤʘʡʢʘ

ʙʘʱʘ

ʋʥʘʩʣʝʜʝʥ ʦʪ

c.676G>C, 

p.Val226Leu 
ʭʝʪʝʨʦʟʠʛʦʪmissense ʤʘʡʢʘ

ʭʝʪʝʨʦʟʠʛʦʪmissense
c.986G>A, 

p.Arg329Gln 

NARS1ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ ʞʝʥʩʢʠ2

ʉʝʢʚʝʥʠʨʘʥʝ ʧʦ 

Sanger

ʤʘʡʢʘ

ʙʘʱʘ

c.329+1G>A  ʭʦʤʦʟʠʛʦʪsplice site4 ʤʲʞʢʠ

ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ 

ʠ ʥʝʟʘʩʝʛʥʘʪʘ 

ʩʝʩʪʨʘ

ARG1

3 ʞʝʥʩʢʠ

ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ 

ʠ ʥʝʟʘʩʝʛʥʘʪʘ 

ʩʝʩʪʨʘ

TPP1

c.119G>A, 

p.Arg40His                    

ʠ                     

c.1375T>G, 

p.Tyr459Asp

c.622C>T,  

p.Arg208Ter

NGS

ʉʝʢʚʝʥʠʨʘʥʝ ʧʦ 

Sanger
/

ʤʘʡʢʘ

NGS

c.775G>A, 

p.Gly259Ser    
ʭʦʤʦʟʠʛʦʪmissense

ʭʝʪʝʨʦʟʠʛʦʪmissense

ʙʘʱʘ

5 ʤʲʞʢʠ / ARG1

ʙʘʱʘ

6 ʞʝʥʩʢʠʜʚʘʤʘ ʨʦʜʠʪʝʣʠ FH
c.1048C>T, 

p.Arg350Trp 
ʭʦʤʦʟʠʛʦʪmissense

ʭʦʤʦʟʠʛʦʪ

ʤʘʡʢʘ

NGS
c.2097dup, 

p.Ile700TyrfsTer42

NGS

7 ʞʝʥʩʢʠ
ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ 

ʠ ʜʚʘ ʬʝʪʫʩʘ 
PEX1

ʙʘʱʘ

8 ʞʝʥʩʢʠ
ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ 

ʠ ʝʜʠʥ ʬʝʪʫʩ 
PEX6

c.160_243del,  

p.Val54_Leu81del
ʭʝʪʝʨʦʟʠʛʦʪ

c.2663G>C, 

p.Arg888Pro
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ʊʘʙʣʠʮʘ 9: ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʜʘʥʥʠ ʥʘ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʠʪʝ ʧʘʮʠʝʥʪʠ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʥʝʚʨʦʤʫʩʢʫʣʥʦ ʟʘʩʷʛʘʥʝ, ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ. 
 

 

ʏʨʝʟ ʩʝʢʚʝʥʠʨʘʥʝ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ ʠʟʷʩʥʠʭʤʝ ʛʝʥʝʪʠʯʥʘ ʧʨʠʯʠʥʘ ʧʨʠ 11 ʦʪ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʪʘʨʛʝʪʥʠ ʧʘʮʠʝʥʪʠ ʩ ʨʝʜʢʠ ʥʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʇʨʠ ʪʷʭ ʠʟʧʦʣʟʚʘʭʤʝ 

ʠ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʩ ʮʝʣ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʦʪʢʨʠʪʠ ʛʝʥʝʪʠʯʥʠ ʥʘʭʦʜʢʠ ʦʪ NGS, 

ʢʘʢʪʦ ʠ ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʘʪʘ. 

ʂʣʘʩʠʯʝʩʢʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʙʝʰʝ ʦʩʥʦʚʝʥ ʤʝʪʦʜ ʟʘ ʘʥʘʣʠʟ ʧʨʠ ʜʚʘʤʘ 

ʧʘʮʠʝʥʪʠ ʩ ʜʠʘʛʥʦʟʘ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ, ʢʘʢʪʦ ʠ ʧʨʠ ʥʝʟʘʩʝʛʥʘʪʠʪʝ ʨʦʜʩʪʚʝʥʠʮʠ ʦʪ 

ʩʝʤʝʡʩʪʚʘʪʘ ʠʤ. 

ʉʝʣʝʢʪʠʚʝʥ ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʥʛ ʧʨʠ 100 ʥʦʚʦʨʦʜʝʥʠ ʦʪ ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ ʦʪ 

ʧʦʪʝʥʮʠʘʣʝʥ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʚ ɹʲʣʛʘʨʠʷ, ʢʘʢʪʦ ʠ 100 ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ ʦʪ ʥʦʚʦʨʦʜʝʥʠ 

ʩʲʱʦ ʦʪ ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ, ʙʝʰʝ ʠʟʚʲʨʰʝʥ ʯʨʝʟ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger.  

ʉʣʝʜʚʘ ʜʝʪʘʡʣʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʛʝʥʝʪʠʯʥʦ ʧʦʪʚʲʨʜʝʥʠʪʝ ʧʘʮʠʝʥʪʠ ʩ ʥʝʚʨʦʣʦʛʠʯʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ, ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ. 

 

NGS

ʤʘʡʢʘ

ʙʘʱʘ

c.29A>G, 

p.Gln10Arg

c.2338A>G, 

p.Ser780Gly 

ʭʝʪʝʨʦʟʠʛʦʪ

ʭʝʪʝʨʦʟʠʛʦʪ

missense

missense

NGS
c.418G>A,  

p.Glu140Lys
ʭʦʤʦʟʠʛʦʪmissense

ʤʘʡʢʘ

ʙʘʱʘ

5 ʤʲʞʢʠʜʚʘʤʘ ʨʦʜʠʪʝʣʠSCO2

4 ʤʲʞʢʠ
ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ ʠ 

ʥʝʟʘʩʝʛʥʘʪʘ ʩʝʩʪʨʘ
UNC80

3 ʞʝʥʩʢʠʜʚʘʤʘ ʨʦʜʠʪʝʣʠTWNK

c.1732A>G, 

p.Lys578Glu 

ʭʝʪʝʨʦʟʠʛʦʪ

ʭʝʪʝʨʦʟʠʛʦʪ

missense

missense

NGS

ʤʘʡʢʘ

ʙʘʱʘ

MYH7 c.5560-2A>C ʭʝʪʝʨʦʟʠʛʦʪsplice site

ʧʨʝʜʧʦʣʘʛʘʝʤ 

ʙʘʱʠʥ 

ʧʨʦʠʟʭʦʜ

c.1412A>G, 

p.Tyr471Cys 

ʤʘʡʢʘ, ʟʘʩʝʛʥʘʪʘ 

ʩʝʩʪʨʘ ʠ ʜʚʘʤʘ 

ʧʣʝʤʝʥʥʠʮʠ 

ʞʝʥʩʢʠ2 NGS

c.5746C>T, 

p.Gln1916Ter
ʭʝʪʝʨʦʟʠʛʦʪnonsense NGSʙʘʱʘ1 ʤʲʞʢʠ

ʜʚʘʤʘ ʨʦʜʠʪʝʣʠ, 

ʝʜʠʥʠʷʪ ʦʪ ʢʦʠʪʦ  

ʝ ʟʘʩʝʛʥʘʪ

MYH7

ʊʠʧ ʥʘ 

ʛʝʥʝʪʠʯʥʠʷ 

ʚʘʨʠʘʥʪ

ʋʥʘʩʣʝʜʝʥ      

ʦʪ
ɿʠʛʦʪʥʦʩʪ

ʀʟʧʦʣʟʚʘʥ 

ʘʥʘʣʠʟ ʧʨʠ 

ʪʘʨʛʝʪʥʠʷ 

ʧʘʮʠʝʥʪ

ʅʦʤʝʨʇʦʣ
ʀʟʩʣʝʜʚʘʥʠ 

ʨʦʜʩʪʚʝʥʠʮʠ

ɿʘʩʝʛʥʘʪ 

ʛʝʥ

ʋʩʪʘʥʦʚʝʥ 

ʛʝʥʝʪʠʯʝʥ 

ʚʘʨʠʘʥʪ
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4.1.1.  ʅʝʚʨʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ 
 

4.1.1.1. IRF2BPL-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʂʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ 

ʊʘʨʛʝʪʥʠʷʪ ʧʘʮʠʝʥʪ ʝ ʞʝʥʘ ʥʘ 26 ʛʦʜʠʥʠ ʩ ʢʣʠʥʠʯʥʘ ʜʠʘʛʥʦʟʘ Ăʧʨʦʛʨʝʩʠʚʥʘ 

ʤʠʦʢʣʦʥʠʯʥʘ ʝʧʠʣʝʧʩʠʷñ. ʅʘ ʚʲʟʨʘʩʪ ʦʪ 1ʛ. ʠ 6ʤ. ʩʝ ʥʘʙʣʶʜʘʚʘ ʨʝʛʨʝʩ ʚ ʥʝʨʚʥʦ-

ʧʩʠʭʠʯʝʩʢʦʪʦ ʨʘʟʚʠʪʠʝ. ʀʥʪʝʣʝʢʪʫʘʣʝʥ ʜʝʬʠʮʠʪ, ʠʟʦʩʪʘʚʘʥʝ ʚ ʛʦʚʦʨʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʘʪʘʢʩʠʷ 

ʠ ʣʝʢ ʩʪʨʘʙʠʟʲʤ ʩʘ ʝʜʥʠ ʦʪ ʚʦʜʝʱʠʪʝ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʧʘʮʠʝʥʪʢʘʪʘ.  

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ 

ʇʨʠ ʧʨʝʜʭʦʜʥʦ ʧʨʦʚʝʜʝʥʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ʧʘʮʠʝʥʪʢʘʪʘ ʩʘ 

ʠʟʢʣʶʯʝʥʠ ʧʘʪʦʣʦʛʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʧʠʥʦʮʝʨʝʙʝʣʘʨʥʠ ʘʪʘʢʩʠʠ, 

ʢʘʢʪʦ ʠ ʤʫʪʘʮʠʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʛʝʥʦʤ.  

ʀʤʘʡʢʠ ʧʨʝʜʚʠʜ ʛʦʣʝʤʠʷ ʥʘʙʦʨ ʦʪ ʛʝʥʠ, ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʧʨʠʯʠʥʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ, ʜʠʨʝʢʪʥʦ ʧʨʝʤʠʥʘʭʤʝ ʢʲʤ ʮʷʣʦʩʪʥʦ ʝʢʟʦʤʥʦ 

ʩʝʢʚʝʥʠʨʘʥʝ ʩ ʧʦʩʣʝʜʚʘʱ ʪʘʨʛʝʪʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʜʙʨʘʥʠ ʛʝʥʠ.  

ʏʨʝʟ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʘʥʘʣʠʟ ʥʝ ʙʷʭʘ ʦʪʢʨʠʪʠ ʧʘʪʦʣʦʛʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚ 

ʘʥʘʣʠʟʨʘʥʠʪʝ ʛʝʥʠ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ: 

¶ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ, ʢʦʠʪʦ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʝʪʝʢʪʠʨʘʥʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʝʢʚʝʥʮʠʦʥʝʥ ʤʝʪʦʜ (ʥʘʧʨ. ʛʦʣʝʤʠ ʜʝʣʝʮʠʠ/ʜʫʧʣʠʢʘʮʠʠ) 

¶ ʛʝʥʝʪʠʯʥʘ ʟʘʤʷʥʘ, ʢʦʷʪʦ ʧʦʧʘʜʘ ʚ ʫʯʘʩʪʲʢ ʦʪ ʛʝʥʦʤʘ, ʢʦʡʪʦ ʥʝ ʝ ʜʦʙʨʝ ʧʦʢʨʠʪ 

¶ ʧʘʪʦʛʝʥʥʠʷʪ ʚʘʨʠʘʥʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʚ ʛʝʥ, ʢʦʡʪʦ ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʘʥʘʣʠʟ ʥʝ ʝ 

ʙʠʣ ʩʲʦʙʱʘʚʘʥ ʚ ʘʩʦʮʠʘʮʠʷ ʩ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʢʣʠʥʠʯʥʠ ʩʠʤʧʪʦʤʠ, ʚ ʨʝʟʫʣʪʘʪ 

ʥʘ ʢʦʝʪʦ ʪʦʟʠ ʛʝʥ ʥʝ ʝ ʘʥʘʣʠʟʠʨʘʥ 

ʇʦʜʭʦʜʲʪ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʧʨʠʣʦʞʠʤ ʚ ʪʘʟʠ ʩʠʪʫʘʮʠʷ ʝ ʠʣʠ ʜʘ ʧʨʝʤʠʥʝʤ ʢʲʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ, ʯʨʝʟ ʢʦʡʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʜʝʪʝʢʪʠʨʘʪ ʛʦʣʝʤʠ 

ʜʝʣʝʮʠʠ/ʜʫʧʣʠʢʘʮʠʠ, ʠʣʠ ʜʘ ʧʨʝʘʥʘʣʠʟʠʨʘʤʝ ʜʘʥʥʠʪʝ ʦʪ ʝʢʟʦʤʥʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ ʩʣʝʜ ʚʨʝʤʝ. 

ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʠʟʙʨʘʭʤʝ ʜʘ ʧʨʦʚʝʜʝʤ ʧʨʝʘʥʘʣʠʟ ʥʘ NGS ʜʘʥʥʠʪʝ ʩʣʝʜ ʚʨʝʤʝ. ʇʦʚʝʯʝ 

ʦʪ ʛʦʜʠʥʘ ʥʠ ʙʝʰʝ ʥʝʦʭʦʜʠʤʘ ʟʘ ʚʝʨʠʬʠʮʠʨʘʥʝ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ. ʇʨʝʟ ʪʦʟʠ 
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ʧʝʨʠʦʜ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʘʥʘʣʠʟʠʨʘʭʤʝ ʜʘʥʥʠʪʝ ʦʪ NGS ʩʝʢʚʝʥʠʨʘʥʝʪʦ, ʜʦʢʘʪʦ ʪʨʫʜʲʪ ʥʠ 

ʥʘʡ-ʥʘʢʨʘʷ ʩʝ ʫʚʝʥʯʘ ʩ ʫʩʧʝʭ. ʅʘ ʙʘʟʘ ʥʘ ʠʟʚʲʨʰʝʥʦʪʦ ʧʨʝʘʥʘʣʠʟʨʘʥʝ ʫʩʪʘʥʦʚʠʭʤʝ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʭʝʪʝʨʦʟʠʛʦʪʝʥ nonsense ʚʘʨʠʘʥʪ c.376C>T, p.Gln126Ter ʚ ʛʝʥʘ IRF2BPL 

(NM_024496) (ʌʠʛʫʨʘ 29). 

 

ʌʠʛʫʨʘ 29: ʉʝʢʚʝʥʮʠʦʥʝʥ NGS ʧʨʦʬʠʣ ʥʘ ʤʫʪʘʮʠʷʪʘ c.376C>T, p.Gln126Ter ʚ ʛʝʥʘ IRF2BPL ʧʨʠ 

ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ. 

 

ʇʨʦʚʝʜʝʥʠʷʪ ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ ʧʦʢʘʟʘ, ʯʝ ʚʘʨʠʘʥʪʲʪ ʝ ʚʲʟʥʠʢʥʘʣ 

de novo ʧʨʠ ʧʘʮʠʝʥʪʢʘʪʘ (ʌʠʛʫʨʘ 30). 
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ʌʠʛʫʨʘ 30: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʫʪʘʮʠʷʪʘ c.376C>T, p.Gln126Ter ʚ ʛʝʥʘ IRF2BPL. ɸ). 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʘʡʢʘʪʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ 

ʙʘʱʘʪʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ 

ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.376C>T, p.Gln126Ter ʚ IRF2BPL ʛʝʥʘ. 

 

ʄʫʪʘʮʠʷʪʘ c.376C>T, p.Gln126Ter ʝ ʜʦʢʣʘʜʚʘʥa ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ ClinVar ʧʦʜ ʥʦʤʝʨ 

559610, ʢʘʪʦ ʧʘʪʦʛʝʥʥʘ (https://www.ncbi.nlm.nih.gov/clinvar/variation/559610/). ʆʩʚʝʥ ʪʦʚʘ 

ʪ ̫ʝ ʦʧʠʩʘʥʘ ʟʘ ʧʨʲʚ ʧʲʪ ʧʨʝʟ 2018 ʛ. ʧʨʠ ʧʘʮʠʝʥʪ ʦʪ ʤʲʞʢʠ ʧʦʣ ʩ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ: ʜʚʠʛʘʪʝʣʥʘ ʨʝʛʨʝʩʠʷ, ʬʝʙʨʠʣʥʘ, ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʥʘ ʠ ʤʠʦʢʣʦʥʠʯʥʘ 

ʝʧʠʣʝʧʩʠʷ ʥʘ 10-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ, ʢʘʢʪʦ ʠ ʘʪʘʢʩʠʷ, ʭʦʨʝʦʘʪʝʪʦʟʘ ʠ ʛʝʥʝʨʘʣʠʟʠʨʘʥʘ ʜʠʩʪʦʥʠʷ 

ʦʪ 15-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ (Marcogliese et al., 2018).  

ʆʪʢʨʠʪʠʷʪ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʚ ʢʨʘʷ ʥʘ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʠʷ ʪʨʘʢʪ 

(Marcogliese et al., 2018) (ʌʠʛʫʨʘ 31).  
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ʌʠʛʫʨʘ 31: ʃʦʢʘʣʠʟʘʮʠʷ ʥʘ ʚʘʨʠʘʥʪʘ p.Gln126Ter ʚ ʧʦʣʠʛʣʫʪʘʤʠʥʦʚʠʷ ʪʨʘʢʪ ʥʘ IRF2BPL ʧʨʦʪʝʠʥʘ.  

 

ʆʧʠʩʘʥʠʪʝ ʜʦ ʤʦʤʝʥʪʘ nonsense ʚʘʨʠʘʥʪʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʛʝʥʘ IRF2BPL 

(ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʚʘʨʠʘʥʪʲʪ c.376C>T, p.Gln126Ter) ʠʟʙʷʛʚʘʪ ʤʝʭʘʥʠʟʤʘ ʥʘ nonsense-mediated 

decay (NMD), ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʝ ʧʦʣʫʯʘʚʘ ʩʢʲʩʝʥ ʧʨʦʪʝʠʥ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʪʨʘʥʩʣʠʨʘ 

(Tran Mau-Them et al., 2019). ʇʨʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʩʪʦʧ ʢʦʜʦʥ ʥʘ ʧʦʟʠʮʠʷ 126 ʩʝ ʝʢʩʧʨʝʩʠʨʘ 

ʙʝʣʪʲʢ, ʚ ʢʦʡʪʦ ʣʠʧʩʚʘʪ ʚʘʞʥʠ ʟʘ ʥʦʨʤʘʣʥʘʪʘ ʤʫ ʬʫʥʢʮʠʷ ʜʦʤʝʥʠ, ʢʘʪʦ C3HC4 RING finger 

ʜʦʤʝʥʘ. ʂʘʢʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʭʤʝ ʚ ʛʣʘʚʘ Ăʃʠʪʝʨʘʪʫʨʝʥ ʦʙʟʦʨñ, C3HC4 RING finger ʜʦʤʝʥʲʪ 

ʝ ʭʘʨʘʢʪʝʨʝʥ ʟʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ E3 ʣʠʛʘʟʠʪʝ. ɼʝʨʝʛʫʣʘʮʠʷʪʘ ʥʘ E3 ʫʙʠʢʚʠʪʠʥ 

ʣʠʛʘʟʠʪʝ ʠʣʠ ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʥʝʨʘʟʛʨʘʜʝʥʠ ʫʙʠʢʚʠʪʠʥʠʨʘʥʠ ʙʝʣʪʲʯʥʠ ʘʛʨʝʛʘʪʠ ʚʦʜʷʪ ʜʦ 

ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʠʣʠ ʝʧʠʣʝʧʪʠʯʥʠ ʝʥʮʝʬʘʣʦʧʘʪʠʠ.  

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʛʝʥʝʪʠʯʥʠʷ ʚʘʨʠʘʥʪ c.376C>T, p.Gln126Ter ʩʝ ʧʦʣʫʯʘʚʘ ʙʝʣʪʲʢ, ʢʦʡʪʦ 

ʝ ʩʢʲʩʝʥ ʠ ʩ ʥʘʨʫʰʝʥʘ ʬʫʥʢʮʠʷ. ʀʤʝʥʥʦ ʥʘ ʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʧʦ-ʪʝʞʢʦʪʦ ʧʨʦʪʠʯʘʥʝ 

ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʧʠʩʘʥʠʪʝ ʧʘʮʠʝʥʪʠ, ʢʦʠʪʦ ʩʘ ʥʦʩʠʪʝʣʠ ʥʘ missense ʚʘʨʠʘʥʪʠ. 

ɹʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʢʘʟʘʥʦʪʦ ʜʦ ʪʫʢ ʠ ʥʘ ʙʘʟʘ ʥʘ ʩʪʘʥʜʘʨʪʠʪʝ ʠ ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ 

ACMG/AMP ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ (Richards et al., 2015), 

ʢʣʘʩʠʬʠʮʠʨʘʭʤʝ ʛʝʥʝʪʠʯʥʠʷ ʚʘʨʠʘʥʪ c.376C>T, p.Gln126Ter ʢʘʪʦ ʧʘʪʦʛʝʥʝʥ. 

ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ, ʜʦʚʝʣʘ ʜʦ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʢʣʠʥʠʯʥʘ 

ʩʠʤʧʪʦʤʘʪʠʢʘ ʧʨʠ ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ, ʙʝʰʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ, ʪʲʡ ʢʘʪʦ 

ʦʪʥʝ ʛʦʜʠʥʠ ʨʘʙʦʪʘ, ʜʦʢʘʪʦ ʩʝ ʩʪʠʛʥʝ ʜʦ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʥʘ ʤʦʣʝʢʫʣʥʦ ʥʠʚʦ. 

ʉ  ʪʦʟʠ ʩʣʫʯʘʡ ʜʝʤʦʥʩʪʨʠʨʘʭʤʝ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʧʨʝʘʥʘʣʠʟʨʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, ʧʨʠ ʢʦʠʪʦ 

ʧʲʨʚʦʥʘʯʘʣʥʠʷʪ ʘʥʘʣʠʟ ʥʝ ʫʩʪʘʥʦʚʷʚʘ ʛʝʥʝʪʠʯʥʘ ʧʨʠʯʠʥʘ ʟʘ ʢʣʠʥʠʯʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ ʤʦʣʝʢʫʣʷʥʦ-ʛʝʥʝʪʠʯʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʚʩʝ ʦʱʝ ʠʤʘ ʤʥʦʛʦ 

ʟʘʙʦʣʷʚʘʥʠʷ, ʧʨʠ ʢʦʠʪʦ ʛʝʥʝʪʠʯʥʘʪʘ ʝʪʠʦʣʦʛʠʷ ʝ ʥʝʠʟʚʝʩʪʥʘ. ɺ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ 

ʥʝʧʨʝʩʪʘʥʥʦ ʩʝ ʧʫʙʣʠʢʫʚʘʪ ʤʥʦʛʦ ʥʦʚʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ 
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ʨʘʟʣʠʯʥʠ ʛʝʥʠ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʧʨʝʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʥʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ 

ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʧʘʮʠʝʥʪʠʪʝ, ʧʨʠ ʢʦʠʪʦ ʥʝ ʩʤʝ ʫʩʪʘʥʦʚʠʣʠ ʛʝʥʝʪʠʯʥʘ ʧʨʠʯʠʥʘ, ʚʩʲʱʥʦʩʪ ʩʘ 

ʥʦʩʠʪʝʣʠ ʥʘ ʧʘʪʦʛʝʥʝʥ ʚʘʨʠʘʥʪ ʚ ʥʷʢʦʡ ʛʝʥ, ʢʦʡʪʦ ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʘʥʘʣʠʟ 

ʥʝ ʝ ʙʠʣ ʷʩʥʦ ʘʩʦʮʠʠʨʘʥ ʢʘʪʦ ʧʨʠʯʠʥʘ ʟʘ ʟʘʙʦʣʷʚʘʥʝ.  

4.1.1.2. NARS1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 

 

ʂʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ 

ʇʨʠʮʝʣʥʠʷʪ ʧʘʮʠʝʥʪ ʝ ʤʦʤʠʯʝ ʥʘ 3 ʛʦʜʠʥʠ ʩ ʝʧʠʣʝʧʩʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ ʠ ʦʙʱʦ 

ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʟʚʠʪʠʝʪʦ.  

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ 

 ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʜʠʨʝʢʪʥʦ ʧʨʝʤʠʥʘʭʤʝ ʢʲʤ ʩʝʢʚʝʥʠʨʘʥʝ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ (ʮʷʣʦʩʪʥʦ 

ʝʢʟʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ), ʪʲʡ ʢʘʪʦ ʥʷʤʘʭʤʝ ʷʩʝʥ ʛʝʥʝʪʠʯʝʥ ʪʘʨʛʝʪ. 

ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʭʤʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʚʘ 

ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʚʘʨʠʘʥʪʘ c.676G>C, p.Val226Leu ʠ c.986G>A, p.Arg329Gln ʚ NARS1 ʛʝʥʘ 

(NM_004539) (ʌʠʛʫʨʘ 32). 
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ʌʠʛʫʨʘ 32: ʉʝʢʚʝʥʮʠʦʥʝʥ NGS ʧʨʦʬʠʣ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ NARS1 ʛʝʥʘ. ɸ). ʉʝʢʚʝʥʮʠʦʥʝʥ 

ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.676G>C, p.Val226Leu. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.986G>A, 

p.Arg329Gln. 

 

ɿʘ ʜʘ ʧʨʦʚʝʨʠʤ ʤʦʜʝʣʘ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ ʥʘ ʜʚʘʪʘ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʘ, ʧʨʦʚʝʜʦʭʤʝ 

ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ, ʢʦʡʪʦ ʧʦʢʘʟʘ, ʯʝ ʛʝʥʝʪʠʯʥʠʷʪ ʚʘʨʠʘʥʪ c.676G>C ʝ 

ʫʥʘʩʣʝʜʝʥ ʦʪ ʤʘʡʢʘʪʘ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ, ʜʦʢʘʪʦ ʚʘʨʠʘʥʪʲʪ c.986G>A ʝ ʫʥʘʩʣʝʜʝʥ ʦʪ ʙʘʱʘʪʘ 

(ʌʠʛʫʨʘ 33 ʠ ʌʠʛʫʨʘ 34). 
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ʌʠʛʫʨʘ 33: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʫʪʘʮʠʷʪʘ c.676G>C, p.Val226Leu ʚ ʛʝʥʘ NARS1. ɸ). 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʘʡʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ 

ʧʘʮʠʝʥʪʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, ʢʦʡʪʦ 

ʧʦʢʘʟʚʘ ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. 

 

 

ʌʠʛʫʨʘ 34: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʫʪʘʮʠʷʪʘ c.986G>A, p.Arg329Gln ʚ ʛʝʥʘ NARS1. ɸ). 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʘʡʢʘʪʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ 

ʧʘʮʠʝʥʪʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, 

ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. 
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ʊʦʚʘ ʧʦʪʚʲʨʞʜʘʚʘ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚʲʨʭʫ ʜʚʘʪʘ ʘʣʝʣʘ ʥʘ 

ʛʝʥʘ NARS1 ʧʨʠ ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ ʠ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʝʥ ʤʦʜʝʣ ʥʘ 

ʫʥʘʩʣʝʜʷʚʘʥʝ (ʌʠʛʫʨʘ 35). 

 

 

ʌʠʛʫʨʘ 35: ʈʦʜʦʩʣʦʚʥʦ ʜʲʨʚʦ, ʧʦʢʘʟʚʘʱʦ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʜʝʪʝʢʪʠʨʘʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ NARS1 ʛʝʥʘ 

ʧʨʠ ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ ʠ ʥʝʡʥʠʪʝ ʨʦʜʠʪʝʣʠ. 

 

ɻʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ c.676G>C, p.Val226Leu ʠ c.986G>A, p.Arg329Gln ʥʝ ʩʘ 

ʦʪʢʨʠʚʘʥʠ ʩʨʝʜ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʦ ʧʨʦʝʢʪʘ gnomAD (v2.1.1), ʢʦʝʪʦ ʥʠ ʜʘʚʘ 

ʦʩʥʦʚʘʥʠʝ ʜʘ ʟʘʢʣʶʯʠʤ, ʯʝ ʪʝ ʩʘ ʩ ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʠʩʢʘ ʯʝʩʪʦʪʘ ʚ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ. ʂʲʤ 

ʤʦʤʝʥʪʘ ʚ ʙʘʟʠʪʝ ʜʘʥʥʠ ClinVar ʠ LOVD ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʧʦ-ʤʘʣʢʦ ʦʪ 30 ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʘ 

ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ NARS1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʂʣʠʥʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʝʟʠ 

ʧʘʮʠʝʥʪʠ ʚʢʣʶʯʚʘʪ ʦʙʱʦ ʠʟʦʩʪʘʚʘʥʝ ʚ ʨʘʟʚʠʪʠʝʪʦ, ʠʟʦʩʪʘʚʘʥʝ ʠʣʠ ʣʠʧʩʘ ʥʘ ʛʦʚʦʨ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʘʥʦʤʘʣʠʠ ʚ ʧʦʭʦʜʢʘʪʘ, ʛʲʨʯʦʚʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʠ ʜʨ. (OMIM: * 108410), ʢʦʝʪʦ 

ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʢʣʠʥʠʯʥʘʪʘ ʢʘʨʪʠʥʘ, ʥʘʙʣʶʜʘʚʘʥʘ ʧʨʠ ʥʘʰʘʪʘ ʧʘʮʠʝʥʪʢʘ. ʇʦ-ʤʘʣʢʦ ʦʪ 50 

ʟʘʩʝʛʥʘʪʠ ʧʘʮʠʝʥʪʠ ʩ missense, nonsense ʠ frameshift ʤʫʪʘʮʠʠ ʧʦ ʜʲʣʞʠʥʘʪʘ ʥʘ NARS1 ʛʝʥʘ 

ʩʘ ʦʧʠʩʘʥʠ ʢʲʤ ʤʦʤʝʥʪʘ ʚ ʩʚʝʪʦʚʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ (Manole et al., 2020; Wang et al., 2020). 

ʊʦʚʘ ʥʠ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʤʷʪʘʤʝ, ʯʝ ʠʣʠ NARS1-ʩʚʲʨʟʘʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ ʩ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʠʩʢʘ ʯʝʩʪʦʪʘ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ, ʠʣʠ ʪʝ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʝ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʠ. ɺʲʧʨʝʢʠ ʯʝ ʠʜʝʥʬʠʮʠʨʘʥʠʪʝ ʦʪ ʥʘʩ ʛʝʥʝʪʠʯʥʠ ʥʘʭʦʜʢʠ ʥʝ ʩʘ ʜʦʢʣʘʜʚʘʥʠ 

ʧʨʝʜʠ ʚ ʘʩʦʮʠʘʮʠʷ ʩʲʩ ʟʘʙʦʣʷʚʘʥʠʷ ʧʨʠ ʯʦʚʝʢ ʩʣʝʜʥʠʪʝ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʩʘ ʚ ʧʦʜʨʝʢʧʘ ʥʘ 
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ʧʘʪʦʛʝʥʥʘʪʘ ʠʤ ʧʨʠʨʦʜʘ: 1) ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʚʘʨʠʘʥʪʠʪʝ ʦʪ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʘ gnomAD, 2) ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ in silico ʧʨʝʜʠʢʪʦʨ MutationTaster, ʢʦʡʪʦ ʧʦʪʚʲʨʞʜʘʚʘ 

ʧʘʪʦʛʝʥʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʚʘʨʠʘʥʪʠʪʝ (ʌʠʛʫʨʘ 36), 3) ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʝʛʨʝʛʘʮʠʦʥʥʠʷ ʘʥʘʣʠʟ, 

ʢʦʠʪʦ ʧʦʪʚʲʨʞʜʘʚʘʪ ʘʚʪʦʟʦʤʥʦ-ʨʝʮʝʩʠʚʝʥ ʤʦʜʝʣ ʥʘ ʫʥʘʩʣʝʜʷʚʘʥʝ ʠ 4) ʩʲʦʪʚʝʪʩʪʚʠʝʪʦ ʥʘ 

ʢʣʠʥʠʢʘʪʘ ʧʨʠ ʧʘʮʠʝʥʪʢʘʪʘ ʩ ʦʧʠʩʘʥʠʪʝ ʢʲʤ ʤʦʤʝʥʪʘ NARS1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʅʘ ʙʘʟʘ 

ʥʘ ʩʪʘʥʜʘʨʪʠʪʝ ʠ ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ ACMG/AMP ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, 

ʢʣʘʩʠʬʠʮʠʨʘʭʤʝ ʦʪʢʨʠʪʠʪʝ ʚ NARS1 ʚʘʨʠʘʥʪʠ ʢʘʪʦ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʠ. 

 

 

ʌʠʛʫʨʘ 36: ʈʝʟʫʣʪʘʪʠ ʦʪ in silico ʧʨʝʜʠʢʪʦʨ MutationTaster. ɸ). ʆʮʝʥʢʘ ʥʘ ʚʘʨʠʘʥʪʘ c.676G>C ï 

ʚʘʨʠʘʥʪ ʧʨʠʯʠʥʷʚʘʱ ʟʘʙʦʣʷʚʘʥʝ. ɹ). ʆʮʝʥʢʘ ʥʘ ʚʘʨʠʘʥʪʘ c.986G>A ï ʚʘʨʠʘʥʪ ʧʨʠʯʠʥʷʚʘʱ 

ʟʘʙʦʣʷʚʘʥʝ. 

 

ʀʟʧʦʣʟʚʘʡʢʠ AlphaFold2, ʩʲʟʜʘʜʦʭʤʝ in silico ʙʝʣʪʲʯʥʠ ʤʦʜʝʣʠ, ʟʘ ʜʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ 

ʦʪʢʨʠʪʠʪʝ missense ʚʘʨʠʘʥʪʠ ʚʦʜʷʪ ʜʦ ʩʪʨʫʢʪʫʨʥʠ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʪʝʠʥʘ. ʋʩʪʘʥʦʚʠʭʤʝ, ʯʝ 

ʝʜʠʥ ʦʪ ʪʷʭ (p.Val226Leu) ʚʦʜʠ ʜʦ ʣʝʢʘ ʧʨʦʤʷʥʘ ʚ ʧʨʦʪʝʠʥʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʜʲʣʞʘʚʘʥʝ ʥʘ ʘʣʬʘ-ʩʧʠʨʘʣʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʢʣʶʯʚʘʥʝ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʧʨʦʣʠʥ ʥʘ ʧʦʟʠʮʠʷ 

369 ʦʪ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʙʝʣʪʲʢʘ, ʢʦʜʠʨʘʥ ʦʪ NARS1 ʛʝʥʘ, ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʡ. ɺ 

ʥʦʨʤʘʣʥʠʷ ʧʨʦʪʝʠʥ ʪʘʟʠ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʥʝ ʚʣʠʟʘ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʘʣʬʘ-ʩʧʠʨʘʣʘʪʘ. ɼʨʫʛʠʷʪ 
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ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ p.Arg329Gln ʥʝ ʧʦʢʘʟʘ ʩʪʨʫʢʪʫʨʥʠ ʠʟʤʝʥʝʥʠʷ ʚʲʨʭʫ ʙʝʣʪʲʢʘ, ʥʘ ʙʘʟʘ ʥʘ 

in silico ʤʦʜʝʣʘ (ʌʠʛʫʨʘ 37). 

 

 

ʌʠʛʫʨʘ 37: ʇʨʦʪʝʠʥʦʚʠ ʤʦʜʝʣʠ ʥʘ ʜʠʚʠʷ ʪʠʧ ʠ p.Val226Leu ʤʫʪʘʥʪʥʘʪʘ ʮʠʪʦʧʣʘʟʤʝʥʘ ʘʩʧʘʨʘʛʠʥʠʣ-

ʪʈʅʂ ʩʠʥʪʝʪʘʟʘ. ɸ). ɼʠʚ ʪʠʧ ʮʠʪʦʧʣʘʟʤʝʥʘ ʘʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʘ. ɹ). AlphaFold2 ʤʦʜʝʣ ʥʘ 

p.Val226Leu ʤʫʪʘʮʠʷʪʘ. ɺ). ɼʠʚʠʷʪ ʪʠʧ ʘʣʬʘ-ʩʧʠʨʘʣʘ (ʤʘʨʢʠʨʘʥʘ ʩʲʩ ʟʝʣʝʥ ʮʚʷʪ) ʚ ʧʨʦʪʝʠʥʘ. ɻ). 

ʋʜʲʣʞʝʥʠʷʪ ʤʦʪʠʚ (ʤʘʨʢʠʨʘʥ ʩ ʯʝʨʚʝʥ ʮʚʷʪ), ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʚʤʲʢʚʘʥʝ ʥʘ ʧʨʦʣʠʥ, 

ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʧʦʟʠʮʠʷ 369 ʚ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʙʝʣʪʲʢʘ, ʢʦʜʠʨʘʥ ʦʪ NARS1 ʛʝʥʘ, ʚ 

ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʘʣʬʘ-ʩʧʠʨʘʣʘʪʘ.  

 

ɺʲʧʨʝʢʠ ʯʝ ʦʪʢʨʠʪʠʪʝ ʚʘʨʠʘʥʪʠ ʥʝ ʚʦʜʷʪ ʜʦ ʜʨʘʩʪʠʯʥʠ ʧʨʦʤʝʥʠ ʚ ʙʝʣʪʲʯʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ, ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ, ʯʝ ʪʝ ʩʘ ʣʦʢʘʣʠʟʠʨʘʥʠ ʚʲʚ ʚʠʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʝʥ ʨʝʛʠʦʥ ʥʘ 

ʧʨʦʪʝʠʥʘ. ʇʨʦʤʝʥʠ, ʟʘʩʷʛʘʱʠ ʪʘʢʠʚʘ ʚʠʩʦʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠ ʫʯʘʩʪʲʮʠ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʚʦʜʷʪ 

ʜʦ ʢʦʤʧʨʦʤʝʪʠʨʘʥʝ ʥʘ ʬʫʥʢʮʠʷʪʘ ʥʘ ʝʥʟʠʤʘ, ʘ ʠʤʝʥʥʦ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘʪʘ 

ʘʩʧʘʨʘʛʠʥ ʩ ʧʨʘʚʠʣʥʘʪʘ ʡ ʪʈʅʂ. ʋʚʨʝʜʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʘʩʧʘʨʘʛʠʥʠʣ-ʪʈʅʂ ʩʠʥʪʝʪʘʟʘʪʘ 

ʚʦʜʠ ʜʦ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʩʠʥʪʝʟʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʙʝʣʪʲʮʠ ʚ ʩʪʨʫʢʪʫʨʘʪʘ, ʥʘ ʢʦʠʪʦ ʫʯʘʩʪʚʘ 

ʘʤʠʥʦʢʠʩʝʣʠʥʘʪʘ ʘʩʧʘʨʘʛʠʥ. 
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ʇʦʪʚʲʨʞʜʘʚʘʥʝʪʦ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʧʨʠ ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ ʜʦʧʨʠʥʝʩʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝ 

ʥʘ ʢʦʨʝʢʪʥʘ ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʥʘ ʢʦʥʩʫʣʪʘʮʠʷ ʚ ʩʝʤʝʡʩʪʚʦʪʦ. ʇʨʠ ʩʣʝʜʚʘʱʘ ʙʨʝʤʝʥʥʦʩʪ ʱʝ ʩʝ 

ʧʨʦʚʝʜʝ ʧʨʝʥʘʪʘʣʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʩ ʮʝʣ ʧʨʝʚʝʥʮʠʷ ʥʘ NARS1-ʩʚʲʨʟʘʥʦʪʦ ʟʘʙʦʣʷʚʘʥʝ.  

4.1.1.3. TPP1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʂʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ 

ʀʥʜʝʢʩʥʠʷʪ ʧʘʮʠʝʥʪ ʝ ʥʘ 4 ʛʦʜʠʥʠ ʦʪ ʞʝʥʩʢʠ ʧʦʣ ʩ ʥʦʨʤʘʣʥʦ ʧʦʩʪʥʘʪʘʣʥʦ ʨʘʟʚʠʪʠʝ.  

ʅʘ ʚʲʟʨʘʩʪ ʦʪ 3 ʛʦʜʠʥʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʲʨʚʠʪʝ ʤʠʦʢʣʦʥʠʯʥʠ ʝʧʠʣʝʧʪʠʯʥʠ ʧʨʠʩʪʲʧʠ. 

ɸʪʘʢʩʠʷ ʠ ʨʝʛʨʝʩ ʚ ʨʘʟʚʠʪʠʝʪʦ ʩʲʱʦ ʩʘ ʝʜʥʠ ʦʪ ʚʦʜʝʱʠʪʝ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʥʘʙʣʶʜʘʚʘʥʠ ʧʨʠ ʧʘʮʠʝʥʪʢʘʪʘ. ʅʘ ʙʘʟʘ ʥʘ  ʧʨʦʚʝʜʝʥʘ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʪʦʤʦʛʨʘʬʠʷ ʩʝ 

ʫʩʪʘʥʦʚʷʚʘ ʭʠʜʨʦʩʠʨʠʥʛʦʤʠʝʣʠʷ ʥʘ ʛʨʲʙʥʘʯʥʠʷ ʩʪʲʣʙ ʠ ʜʠʬʫʟʥʠ ʘʪʨʦʬʠʯʥʠ ʧʨʦʤʝʥʠ ʚ 

ʛʣʘʚʥʠʷ ʤʦʟʲʢ. ʅʘ 5-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʝ ʥʘʩʦʯʝʥʘ ʟʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʩ ʮʝʣ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʧʨʠʯʠʥʘʪʘ, ʜʦʚʝʣʘ ʜʦ ʪʝʟʠ ʢʣʠʥʠʯʥʠ ʩʲʩʪʦʷʥʠʷ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ 

ʆʪʥʦʚʦ ʧʦʨʘʜʠ ʣʠʧʩʘʪʘ ʥʘ ʷʩʝʥ ʛʝʥʝʪʠʯʥ ʪʘʨʛʝʪ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʛʝʥ-ʧʦ-ʛʝʥ ʥʝ ʙʝʰʝ 

ʫʜʘʯʝʥ ʠʟʙʦʨ ʟʘ ʙʲʨʟʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʠʯʠʥʘ, ʜʦʚʝʣʘ ʜʦ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʧʨʠ ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ. 

ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʧʨʝʤʠʥʘʭʤʝ ʢʲʤ ʮʷʣʦʩʪʥʦ ʝʢʟʦʤʥʦ ʩʝʢʚʝʥʠʨʘʥʝ ʩ ʪʘʨʛʝʪʝʥ 

ʘʥʘʣʠʟ ʥʘ ʛʝʥʠ, ʤʫʪʘʮʠʠ ʚ ʢʦʠʪʦ ʩʘ ʜʦʢʘʟʘʥʘ ʧʨʠʯʠʥʘ ʟʘ ʛʦʨʝʦʧʠʩʘʥʠʪʝ ʢʣʠʥʠʯʥʠ ʧʨʦʷʚʠ. 

ʅʘ ʙʘʟʘ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʭʤʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʪʨʠ 

ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʚʘʨʠʘʥʪʘ c.119G>A, p.Arg40His; c.1375T>G, p.Tyr459Asp ʠ c.622C>T, 

p.Arg208Ter ʚ TPP1 ʛʝʥʘ (NM_000391) (ʌʠʛʫʨʘ 38). 
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ʌʠʛʫʨʘ 38: ʉʝʢʚʝʥʮʠʦʥʝʥ NGS ʧʨʦʬʠʣ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ ʚ TPP1 ʛʝʥʘ. ɸ). ʉʝʢʚʝʥʮʠʦʥʝʥ 

ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.1375T>G, p.Tyr459Asp. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.119G>A, 

p.Arg40His. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.622C>T, p.Arg208Ter. 

 

 ɿʘ ʜʘ ʦʧʨʝʜʝʣʠʤ ʣʦʢʘʣʠʟʘʮʠʷʪʘ ʥʘ ʦʪʢʨʠʪʠʪʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʚʲʨʭʫ ʘʣʝʣʠʪʝ ʥʘ 

TPP1 ʛʝʥʘ ʧʨʠ ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ, ʧʨʦʚʝʜʦʭʤʝ ʩʝʛʨʝʛʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ, ʯʨʝʟ 

ʢʣʘʩʠʯʝʩʢʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʘʭʘ, ʯʝ ʛʝʥʝʪʠʯʥʠʪʝ 

ʚʘʨʠʘʥʪʠ c.119G>A ʠ c.1375T>G ʩʘ ʣʦʢʘʣʠʟʠʨʘʥʠ ʥʘ ʝʜʠʥʠʷ ʘʣʝʣ ʥʘ ʛʝʥʘ (ʤʘʡʯʠʥʠʷ ʘʣʝʣ), 

ʘ ʚʘʨʠʘʥʪʲʪ c.622C>T ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʥʘ ʜʨʫʛʠʷ ʘʣʝʣ ʥʘ ʛʝʥʘ (ʙʘʱʠʥʠʷ ʘʣʝʣ). ɺ ʜʦʧʲʣʥʝʥʠʝ 

ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʟʜʨʘʚʘʪʘ ʩʝʩʪʨʘ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ ʝ ʥʦʩʠʪʝʣ ʩʘʤʦ ʥʘ ʝʜʥʦʘʣʝʣʥʠʪʝ ʚʘʨʠʘʥʪʠ 

c.119G>A ʠ c.1375T>G ʚ TPP1 ʛʝʥʘ ʚ ʭʝʪʝʨʦʟʠʛʦʪʥʦ ʩʲʩʪʦʷʥʠʝ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʪʷ ʝ 

ʢʣʠʥʠʯʥʦ ʟʜʨʘʚ ʥʦʩʠʪʝʣ, ʢʘʪʦ ʩʚʦʷʪʘ ʤʘʡʢʘ (ʌʠʛʫʨʘ 39 ʠ ʌʠʛʫʨʘ 40). 
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ʌʠʛʫʨʘ 39: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʠʪʝ c.119G>ɸ, p.Arg40His ʠ c.1375T>G, p.Tyr459Asp 

ʚ ʛʝʥʘ TPP1. ɸ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʘʡʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.119G>ɸ. 

ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.119G>ɸ. ɺ). 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. ɻ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ 

ʟʜʨʘʚʘʪʘ ʩʝʩʪʨʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.119G>ɸ. ɼ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ 

ʤʘʡʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.1375T>G. ɽ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ, 

ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.1375T>G. ɾ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ 

ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. ɿ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʟʜʨʘʚʘʪʘ ʩʝʩʪʨʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ 

c.1375T>G. 

 
 

 
ʌʠʛʫʨʘ 40: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.622C>T, p.Arg208Ter ʚ ʛʝʥʘ TPP1. ɸ). 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʤʘʡʢʘʪʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ 

ʧʘʮʠʝʥʪʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, 

ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɻ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʟʜʨʘʚʘʪʘ ʩʝʩʪʨʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ 

ʥʦʨʤʘʣʝʥ ʛʝʥʦʪʠʧ. 
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ʆʪʢʨʠʪʠʷʪ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ c.119G>ɸ ʝ ʜʦʩʪʲʧʝʥ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ ClinVar ʧʦʜ ʥʦʤʝʨ 

658762, ʢʘʪʦ ʚʘʨʠʘʥʪ ʩ ʥʝʷʩʥʦ ʢʣʠʥʠʯʥʦ ʟʥʘʯʝʥʠʝ (https://www.ncbi.nlm.nih.gov/clinvar/ 

variation/658762/). ɺ ʜʦʧʲʣʥʝʥʠʝ ʝ ʦʪʢʨʠʚʘʥ ʚ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʦ ʧʨʦʝʢʪʘ gnomAD 

(v2.1.1), ʢʘʪʦ ʥʝʛʦʚʘʪʘ ʧʦʧʫʣʘʮʠʦʥʥʘ ʯʝʩʪʦʪʘ ʝ ʦʮʝʥʝʥʘ ʥʘ 0.002% (ʥʷʤʘ ʜʦʢʣʘʜʚʘʥʠ 

ʭʦʤʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ). ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ ʩʪʘʥʜʘʨʪʠʪʝ ʠ ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ ACMG/AMP ʟʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʚʘʨʠʘʥʪʘ ʢʘʪʦ ʚʘʨʠʘʥʪ ʩ ʥʝʷʩʥʦ 

ʢʣʠʥʠʯʥʦ ʟʥʘʯʝʥʠʝ. 

ɻʝʥʝʪʠʯʥʠʷʪ ʚʘʨʠʘʥʪ c.1375T>G, p.Tyr459Asp ʚ TPP1 ʛʝʥʘ ʥʝ ʝ ʦʪʢʨʠʚʘʥ ʚ 

ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʦ ʧʨʦʝʢʪʘ gnomAD (v2.1.1), ʢʦʝʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʝ ʩ ʤʥʦʛʦ ʥʠʩʢʘ 

ʯʝʩʪʦʪʘ ʚ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ. ɺʘʨʠʘʥʪʲʪ c.1375T>G ʥʝ ʝ ʩʲʦʙʱʘʚʘʥ ʧʨʝʜʠ ʚ ʘʩʦʮʠʘʮʠʷ ʩ 

TPP1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ, ʚʲʧʨʝʢʠ ʪʦʚʘ ʥʘ ʩʲʱʘʪʘ ʘʤʠʥʦʢʠʩʝʣʠʥʥʘ ʧʦʟʠʮʠʷ ʝ ʦʪʢʨʠʚʘʥ 

ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʝʥ ʚʘʨʠʘʥʪ c.1376A>C, p.Tyr459Ser ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʅʝʚʨʦʥʘʣʥʘ ʮʝʨʦʠʜʥʘ 

ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2 (Sheth et al., 2018; Angural et al., 2021). Sheth et al., 2018 ʩʯʠʪʘʪ, ʯʝ 

ʚʘʨʠʘʥʪʲʪ p.Tyr459Ser ʚʝʨʦʷʪʥʦ ʢʦʤʧʨʦʤʝʪʠʨʘ ʘʢʪʠʚʥʠʷ ʮʝʥʪʲʨ ʠ ʜʝʩʪʘʙʠʣʠʟʠʨʘ 

ʭʠʜʨʦʬʦʙʥʠʷ ʜʞʦʙ ʥʘ ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I (Sheth et al., 2018), ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ 

ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʨʝʜʫʮʠʨʘʥʝ ʠʣʠ ʣʠʧʩʘ ʥʘ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʠ ʜʦ ʠʟʷʚʘʪʘ ʥʘ 

ʢʣʠʥʠʯʥʠʪʝ ʩʠʤʧʪʦʤʠ, ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ʅʘ ʙʘʟʘ ʥʘ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 

ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘʪʘ ʪʠʨʦʟʠʥ ʚ ʧʦʟʠʮʠʷ 459 ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʥʦʩʪ, ʢʦʜʠʨʘʥʘ ʦʪ TPP1 ʛʝʥʘ. ɿʘʤʝʥʠ, ʟʘʩʷʛʘʱʠ ʪʘʟʠ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʥʘʡ-

ʚʝʨʦʷʪʥʦ ʙʠʭʘ ʙʠʣʠ ʩ ʧʘʪʦʛʝʥʝʥ ʝʬʝʢʪ. ɺ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ ʩʪʘʥʜʘʨʪʠʪʝ ʠ ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ 

ACMG/AMP ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʦʪʢʨʠʪʠʷ ʦʪ ʥʘʩ 

ʚʘʨʠʘʥʪ c.1375T>G ʢʘʪʦ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʝʥ. 

Nonsense ʚʘʨʠʘʥʪʲʪ c.622C>T, p.Arg208Ter ʚ TPP1 ʛʝʥʘ ʝ ʝʜʠʥ ʦʪ ʥʘʡ-ʯʝʩʪʠʪʝ 

ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʅʝʚʨʦʥʘʣʥʘ ʮʝʨʦʠʜʥʘ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2 (Gardner et al., 

2019; Ma et al., 2021). Ma et al., 2021 ʜʦʢʘʟʚʘʪ, ʯʝ ʭʦʤʦʟʠʛʦʪʥʠʪʝ ʥʦʩʠʪʝʣʠ ʥʘ ʚʘʨʠʘʥʪʘ ʤʦʛʘʪ 

ʜʘ ʠʤʘʪ ʨʝʜʫʮʠʨʘʥ ʠʣʠ ʣʠʧʩʚʘʱ ʧʨʦʪʝʠʥ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʠ ʜʝʬʠʮʠʪ ʥʘ ʝʥʟʠʤʥʘʪʘ ʘʢʪʠʚʥʦʩʪ 

ʥʘ ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I. ɺʘʨʠʘʥʪʲʪ c.622C>T ʝ ʦʪʢʨʠʚʘʥ ʩʨʝʜ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ 

ʧʦ ʧʨʦʝʢʪʘ gnomAD (v2.1.1), ʢʘʪʦ ʥʝʛʦʚʘʪʘ ʧʦʧʫʣʘʮʠʦʥʥʘ ʯʝʩʪʦʪʘ ʝ ʦʮʝʥʝʥʘ ʥʘ 0.03% (ʥʷʤʘ 

ʜʦʢʣʘʜʚʘʥʠ ʭʦʤʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ). ɺʘʨʠʘʥʪʲʪ ʝ ʩʲʦʙʱʘʚʘʥ ʚ ʙʘʟʘʪʘ ʜʘʥʥʠ ClinVar ʧʦʜ 

ʥʦʤʝʨ 2643, ʢʘʪʦ ʧʘʪʦʛʝʥʝʥ (https://www.ncbi.nlm.nih.gov/clinvar/variation/2643/). ɹʘʟʠʨʘʡʢʠ 
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ʩʝ ʥʘ ʩʪʘʥʜʘʨʪʠʪʝ ʠ ʧʨʝʧʦʨʲʢʠʪʝ ʥʘ ACMG/AMP ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ 

ʚʘʨʠʘʥʪʠ, ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʚʘʨʠʘʥʪʘ c.622C>T ʢʘʪʦ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʝʥ. 

ʆʧʠʩʘʥʠʪʝ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʢʦʤʧʨʦʤʝʪʠʨʘʪ ʬʫʥʢʮʠʷʪʘ ʥʘ ʝʥʟʠʤʘ 

ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I,  ʢʦʷʪʦ ʝ ʣʠʟʦʟʦʤʥʘ ʝʢʟʦʧʝʧʪʠʜʘʟʘ, ʦʪʩʪʨʘʥʷʚʘʱʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ 

ʪʨʠʧʝʧʪʠʜʠʪʝ ʦʪ N ʢʨʘʠʱʘʪʘ ʥʘ ʧʦʣʠʧʝʧʪʠʜʠʪʝ (ʩʫʙʩʪʨʘʪʠʪʝ). ʅʘʨʫʰʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ 

ʪʨʠʧʝʧʪʠʜʠʣ-ʧʝʧʪʠʜʘʟʘ I ʚʦʜʠ ʜʦ ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʧʨʦʪʝʠʥʠ/ʧʝʧʪʠʜʠ ʠ ʜʨʫʛʠ ʚʝʱʝʩʪʚʘ ʚ 

ʣʠʟʦʟʦʤʠʪʝ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʢʦʤʧʨʦʤʝʪʠʨʘ ʪʷʭʥʘʪʘ ʬʫʥʢʮʠʷ. 

ʆʪʢʨʠʪʠʪʝ ʛʝʥʝʪʠʯʥʠ ʥʘʭʦʜʢʠ ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ ʥʘʙʣʶʜʘʚʘʥʠʷ ʬʝʥʦʪʠʧ ʧʨʠ 

ʪʘʨʛʝʪʥʘʪʘ ʧʘʮʠʝʥʪʢʘ ʥʠ ʜʘʜʦʭʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʟʘʢʣʶʯʠʤ, ʯʝ ʧʨʠ ʥʝʷ ʩʝ ʢʘʩʘʝ ʟʘ ʜʠʛʥʦʟʘ 

ʅʝʚʨʦʥʘʣʥʘ ʮʝʨʦʠʜʥʘ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2, ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ TPP1 ʛʝʥʘ. 

ʇʦʪʚʲʨʞʜʘʚʘʥʝʪʦ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʙʝʰʝ ʦʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʟʥʘʯʝʥʠʝ, ʪʲʡ ʢʘʪʦ ʪʦʚʘ 

ʧʦʟʚʦʣʠ ʜʘ ʩʝ ʧʨʦʚʝʜʝ ʪʝʨʘʧʠʷ ʧʨʠ ʟʘʩʝʛʥʘʪʦʪʦ ʜʝʪʝ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʅʝʚʨʦʥʘʣʥʘ 

ʮʝʨʦʠʜʥʘ ʣʠʧʦʬʫʩʮʠʥʦʟʘ 2, ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ TPP1 ʛʝʥʘ, ʩʝ ʧʨʠʣʘʛʘ 

ʝʥʟʠʤ-ʟʘʤʝʩʪʠʪʝʣʥʘ ʪʝʨʘʧʠʷ, ʢʦʷʪʦ ʜʦʩʪʘʚʷ TPP1 ʜʠʨʝʢʪʥʦ ʚ ʤʦʟʲʢʘ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ, 

ʧʦʜʣʦʞʝʥʠ ʥʘ ʪʘʟʠ ʪʝʨʘʧʠʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʪʘʮʠʦʥʠʨʘʥʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ɺ ʜʦʧʲʣʥʝʥʠʝ 

ʪʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ ʠ ʪʦʚʘ, ʯʝ ʨʘʥʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʧʦʟʚʦʣʠ ʥʘ 

ʪʘʨʛʝʪʥʠʪʝ ʧʘʮʠʝʥʪʠ ʜʘ ʙʲʜʘʪ ʣʝʢʫʚʘʥʠ ʥʘ ʧʦ-ʨʘʥʝʥ ʝʪʘʧ ʠʣʠ ʜʦʨʠ ʧʨʝʩʠʤʧʪʦʤʘʪʠʯʥʦ (Mole 

et al., 2021).  

4.1.1.4. ARG1-ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ɺ ʪʘʟʠ ʛʨʫʧʘ ʟʘʙʦʣʷʚʘʥʠʷ ʧʦʧʘʜʘʪ ʜʚʘ ʢʣʠʥʠʯʥʠ ʩʣʫʯʘʷ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʘʨʛʠʥʘʟʝʥ 

ʜʝʬʠʮʠʪ. 

ʂʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ ʥʘ ʩʣʫʯʘʡ 1 

ʄʦʤʯʝ ʥʘ 14 ʛʦʜʠʥʠ (ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʛʝʥʝʪʠʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ) ʦʪ ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ, 

ʨʦʜʝʥʦ ʦʪ ʧʝʪʘ ʥʦʨʤʘʣʥʦ ʧʨʦʪʝʢʣʘ ʙʨʝʤʝʥʥʦʩʪ. ʈʝʛʨʝʩ ʚ ʨʘʟʚʠʪʠʝʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪ 9-

ʤʝʩʝʯʥʘ ʚʲʟʨʘʩʪ: ʩʧʠʨʘ ʜʘ ʩʷʜʘ ʩʘʤ ʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʨʘʚʷ ʥʘ ʢʨʘʢʘ. ʅʘ 20-ʤʝʩʝʯʥʘ ʚʲʟʨʘʩʪ 

ʝ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥ ʩ ʝʧʠʣʝʧʩʠʷ. ʆʩʚʝʥ ʪʦʚʘ ʝ ʥʘʣʠʮʝ ʠ ʪʝʞʢʘ ʩʧʘʩʪʠʯʥʦʩʪ. ʇʨʦʚʝʜʝʥʠʷʪ 

ʤʝʪʘʙʦʣʠʪʝʥ ʩʢʨʠʥʠʥʛ ʧʦʢʘʟʘ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʦʨʦʪʦʚʘ ʢʠʩʝʣʠʥʘ ʠ ʫʨʘʮʠʣ ʚ ʫʨʠʥʘʪʘ, ʢʘʢʪʦ ʠ 
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ʧʦʚʠʰʝʥʠ ʥʠʚʘ ʥʘ ʘʨʛʠʥʠʥ ʠ ʘʤʦʥʷʢ ʚ ʢʨʲʚʪʘ. ɺʩʠʯʢʠ ʪʝʟʠ ʠʟʤʝʥʝʥʠʷ ʜʘʚʘʪ ʠʥʜʠʢʘʮʠʷ ʟʘ 

ʜʝʬʝʢʪ ʚ ʫʨʝʡʥʠʷ ʮʠʢʲʣ ʠ ʧʦ ʢʦʥʢʨʝʪʥʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ (ʌʠʛʫʨʘ 41).  

 

ʌʠʛʫʨʘ 41: ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʫʨʝʡʥʠʷ ʮʠʢʲʣ. ʉ ʯʝʨʚʝʥʠ ʩʪʨʝʣʢʠ ʥʘ ʬʠʛʫʨʘʪʘ ʩʘ 

ʤʘʨʢʠʨʘʥʠ ʤʝʪʘʙʦʣʠʪʠʪʝ (ʦʨʦʪʦʚʘ ʢʠʩʝʣʠʥʘ ʠ ʫʨʘʮʠʣ), ʧʨʠ ʢʦʠʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʦʪʢʣʦʥʝʥʠʷ  ʚ 

ʨʝʟʫʣʪʘʪ ʥʘ ʥʘʨʫʰʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʘʨʛʠʥʘʟʘ-1 (https://www.medlink.com/media/gha1 ʩ 

ʤʦʜʠʬʠʢʘʮʠʠ). 

 

ʌʘʤʠʣʥʘʪʘ ʠʩʪʦʨʠʷ ʚʢʣʶʯʚʘ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥ ʙʨʘʢ (ʨʦʜʠʪʝʣʠʪʝ ʩʘ ʪʨʝʪʠ ʙʨʘʪʦʚʯʝʜʠ), 

ʤʘʡʢʘʪʘ ʠʤʘ ʜʚʘ ʩʧʦʥʪʘʥʥʠ ʘʙʦʨʪʘ ʠ ʝʜʥʦ ʧʦʯʠʥʘʣʦ ʜʝʪʝ ʥʘ 9 ʤʝʩʝʮʘ (ʩʣʝʜ ʭʦʩʧʠʪʘʣʠʟʘʮʠʷ 

ʧʦʨʘʜʠ ʧʦʚʨʲʱʘʥʝ, ʜʠʘʨʠʷ ʠ ʝʧʠʣʝʧʪʠʯʝʥ ʩʪʘʪʫʩ ʚ ʭʦʜʘ ʥʘ ʠʥʬʝʢʮʠʷ). ʉʝʤʝʡʩʪʚʦʪʦ ʠʤʘʪ ʠ 

ʝʜʥʦ ʥʝʟʘʩʝʛʥʘʪʦ ʤʦʤʠʯʝ (ʌʠʛʫʨʘ 42). 
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ʌʠʛʫʨʘ 42: ʈʦʜʦʩʣʦʚʥʦ ʜʲʨʚʦ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʘ ʜʠʘʛʥʦʟʘ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ. 

 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ 

ʅʘ ʙʘʟʘ ʥʘ ʫʩʪʘʥʦʚʝʥʠʪʝ ʤʝʪʘʙʦʣʠʪʥʠ ʦʪʢʣʦʥʝʥʠʷ ʠ ʢʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʪʝʨʛʝʪʥʠʷ ʧʘʮʠʝʥʪ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʜʠʘʛʥʦʟʘ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ, ʜʠʨʝʢʪʥʦ ʧʨʝʤʠʥʘʭʤʝ 

ʢʲʤ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʥʘ ʛʝʥʘ ARG1, ʧʘʪʦʛʝʥʥʠ ʚʘʨʠʘʥʪʠ ʚ ʢʦʡʪʦ ʩʘ ʧʨʠʯʠʥʘ ʟʘ 

ʘʨʛʠʥʠʥʝʤʠʷ.  

ʇʨʦʚʝʜʝʥʠʷʪ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʧʦʢʘʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʥʝʧʫʙʣʠʢʫʚʘʥ 

ʭʦʤʦʟʠʛʦʪʝʥ splice site ʚʘʨʠʘʥʪ c.329+1G>A ʚ ʠʥʪʨʦʥ 3 ʥʘ ARG1 ʛʝʥʘ (NM_001244438). 

ʉʝʛʨʝʛʘʮʠʦʥʥʠʷʪ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ ʧʦʢʘʟʘ, ʯʝ ʨʦʜʠʪʝʣʠʪʝ ʠ ʟʜʨʘʚʘʪʘ ʩʝʩʪʨʘ ʥʘ ʧʘʮʠʝʥʪʘ 

ʩʘ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ ʥʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʘʪʘ ʛʝʥʝʪʠʯʥʘ ʥʘʭʦʜʢʘ (ʌʠʛʫʨʘ 43). 
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ʌʠʛʫʨʘ 43: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.329+1G>A ʚ ʛʝʥʘ ARG1. ɸ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ 

ʥʘ ʤʘʡʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ 

ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʧʘʮʠʝʥʪʘ, ʭʦʤʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɻ). 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʟʜʨʘʚʘʪʘ ʩʝʩʪʨʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ c.329+1G>A ʚ ʛʝʥʘ 

ARG1. 

 

ɻʝʥʝʪʠʯʥʠʷʪ ʚʘʨʠʘʥʪ c.329+1G>A ʚ ʛʝʥʘ ARG1 ʥʝ ʝ ʦʪʢʨʠʚʘʥ ʩʨʝʜ ʢʦʥʪʨʦʣʥʠʪʝ 

ʧʦʧʫʣʘʮʠʠ ʧʦ ʧʨʦʝʢʪʘ gnomAD (v2.1.1). ʆʩʚʝʥ ʪʦʚʘ ʪʦʡ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʚʦʜʠ ʜʦ ʥʘʨʫʰʘʚʘʥʝ 

ʥʘ ʧʨʘʚʠʣʥʠʷ ʝʢʟʦʥʝʥ ʩʧʣʘʡʩʠʥʛ, ʢʦʝʪʦ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʠ ʩ ʪʝʦʨʝʪʠʯʝʥ in silico ʧʨʝʜʠʢʪʦʨ 

Human Splicing Finder v3.0 (Desmet et al., 2009). Jain-Ghai et al., 2011, ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ 

ʥʘʣʠʯʠʝʪʦ ʥʘ nonsense, splice site ʠʣʠ frameshift ʤʫʪʘʮʠʠ ʚʦʜʷʪ ʜʦ ʥʝʦʥʘʪʘʣʥʘ ʠʟʷʚʘ ʥʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ, ʜʦʢʘʪʦ missense ʚʘʨʠʘʥʪʠʪʝ ʩʝ ʘʩʦʮʠʠʨʘʪ ʩ ʢʣʘʩʠʯʝʩʢʘ ʬʦʨʤʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ 

ʩ ʧʦ-ʢʲʩʥʦ ʥʘʯʘʣʦ (Jain-Ghai et al., 2011). ɹʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʬʘʢʪʘ, ʯʝ splice site ʚʘʨʠʘʥʪʠʪʝ ʥʝ 

ʩʘ ʤʥʦʛʦ ʯʝʩʪʠ Villegas-Ruiz et al., 2015 ʩʤʷʪʘʪ, ʯʝ ʪʦʟʠ ʪʠʧ ʛʝʥʝʪʠʯʥʠ ʜʝʬʝʢʪʠ ʚʦʜʷʪ ʜʦ ʧʦ-

ʪʝʞʢʘ ʬʝʥʦʪʠʧʥʘ ʠʟʷʚʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ missense ʤʫʪʘʮʠʠʪʝ (Villegas-Ruiz et al., 2015). ʀʤʝʥʥʦ 

ʥʘ ʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʨʘʥʥʘʪʘ ʠ ʪʝʞʢʘ ʠʟʷʚʘ ʧʨʠ ʥʘʰʠʷ ʧʘʮʠʝʥʪ. ʇʦʟʦʚʘʚʘʡʢʠ ʩʝ ʥʘ 
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ʢʘʟʘʥʦʪʦ ʜʦ ʪʫʢ ʠ ʩʲʛʣʘʩʥʦ ʢʨʠʪʝʨʠʠʪʝ ʥʘ ACMG/AMP ʟʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ 

ʚʘʨʠʘʥʪʠ, ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʦʢʨʠʪʠʷ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ c.329+1G>A ʢʘʪʦ ʧʘʪʦʛʝʥʝʥ.  

ɺ ʭʦʜʘ ʥʘ ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʥʘʪʘ ʢʦʥʩʫʣʪʘʮʠʷ ʩʲʩ ʩʝʤʝʡʩʪʚʦʪʦ, ʫʩʪʘʥʦʚʠʭʤʝ ʯʝ 

ʪʘʨʛʝʪʥʠʷʪ ʧʘʮʠʝʥʪ ʝ ʨʦʜʝʥ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥ ʙʨʘʢ. ʊʲʡ ʢʘʪʦ ʯʝʩʪʦʪʘʪʘ ʥʘ ʠʟʷʚʘ 

ʥʘ ʨʝʮʝʩʠʚʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʧʦʚʠʰʘʚʘ ʧʨʠ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʠ ʙʨʘʢʦʚʝ ʧʨʝʜʧʦʣʦʞʠʭʤʝ, ʯʝ 

ʝ ʚʲʟʤʦʞʥʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʟʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ ʧʨʠ ʨʦʤʠ 

ʦʪ ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ, ʆʙʱʠʥʘ ʇʨʘʚʝʮ, ʉʦʬʠʡʩʢʘ ʦʙʣʘʩʪ, ʦʪ ʢʲʜʝʪʦ ʝ ʠ ʥʘʰʠʷʪ 

ʠʥʜʝʢʩʝʥ ʧʘʮʠʝʥʪ. ɿʘ ʜʘ ʧʨʦʚʝʨʠʤ ʪʘʟʠ ʭʠʧʦʪʝʟʘ ʧʨʦʚʝʜʦʭʤʝ ʩʝʣʝʢʪʠʚʝʥ ʤʫʪʘʮʠʦʥʝʥ 

ʩʢʨʠʥʠʥʛ ʟʘ ʛʝʥʝʪʠʯʥʠʷ ʚʘʨʠʘʥʪ c.329+1G>A ʚ ARG1 ʛʝʥʘ ʧʨʠ 100 ʥʦʚʦʨʦʜʝʥʠ ʦʪ ʨʦʤʩʢʠ 

ʧʨʦʠʟʭʦʜ ʦʪ ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ. ɿʘ ʜʘ ʩʨʘʚʥʠʤ ʠ ʦʙʦʙʱʠʤ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʠʟʩʣʝʜʚʘʭʤʝ ʠ 100 ʢʦʥʪʨʦʣʥʠ ʧʨʦʙʠ ʥʘ ʥʦʚʦʨʦʜʝʥʠ ʦʪ ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ ʟʘ 

ʪʝʨʛʝʪʥʠʷ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ. ɿʘ ʮʝʣʪʘ ʥʘ ʤʫʪʘʮʠʦʥʥʠʷ ʩʢʨʠʥʠʥʛ ʠʟʧʦʣʟʚʘʭʤʝ ʬʠʣʪʲʨʥʠ 

ʙʣʘʥʢʠ ʥʘ ʥʦʚʦʨʦʜʝʥʠ ʦʪ ʜʘʜʝʥʠʷ ʛʝʦʛʨʘʬʩʢʠ ʨʝʛʠʦʥ ʠ ʢʦʥʪʨʦʣʥʠ ʧʨʦʙʠ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ. 

ʌʠʣʪʲʨʥʠʪʝ ʙʣʘʥʢʠ, ʢʦʠʪʦ ʙʷʭʘ ʦʙʝʢʪ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ, ʩʘ ʥʘʙʘʚʷʥʠ ʟʘ ʮʝʣʠʪʝ ʥʘ 

ʥʝʦʥʘʪʘʣʥʠʷ ʩʢʨʠʥʠʥʛ ʠ ʥʠ ʙʷʭʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ʝʢʠʧʘ ʥʘ ʅʘʮʠʦʥʘʣʥʘ ɻʝʥʝʪʠʯʥʘ 

ʃʘʙʦʨʘʪʦʨʠʷ. ʇʦʜʙʦʨʲʪ ʥʘ ʧʨʦʙʠʪʝ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʠʷ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ ʩʝ ʦʩʲʱʝʩʪʚʠ ʥʘ 

ʙʘʟʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʩʘʝʱʘ ʝʪʥʠʯʝʩʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ (ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ) ʠ ʤʷʩʪʦ ʥʘ 

ʨʘʞʜʘʥʝ (ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ). ʂʦʥʪʨʦʣʥʠʪʝ ʧʨʦʙʠ ʦʪ ʮʷʣʘʪʘ ʩʪʨʘʥʘ ʙʷʭʘ ʧʦʜʙʨʘʥʠ ʥʘ 

ʙʘʟʘ ʥʘ ʝʪʥʠʯʝʩʢʠ ʧʨʦʠʟʭʦʜ. 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʫʩʪʘʥʦʚʠʭʤʝ 

ʭʝʪʝʨʦʟʠʛʦʪʥʦ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ʚʘʨʠʘʥʪʘ c.329+1G>A ʧʨʠ ʝʜʥʘ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʨʦʙʠ ʦʪ 

ʪʘʨʛʝʪʥʠʷ ʝʥʜʝʤʠʯʝʥ ʨʝʛʠʦʥ (ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ), ʢʦʝʪʦ ʦʪʛʦʚʘʨʷ ʥʘ ʯʝʩʪʦʪʘ ʥʘ 

ʥʦʩʠʪʝʣʩʪʚʦ 1% (1/100) (ʌʠʛʫʨʘ 44). ʍʝʪʝʨʦʟʠʛʦʪʥʘʪʘ ʧʨʦʙʘ ʝ ʦʪ ʩ.ɼʞʫʨʦʚʦ, ʢʦʝʪʦ ʩʝ 

ʥʘʤʠʨʘ ʥʘ 4 ʢʤ. ʦʪ ʩ.ʆʩʠʢʦʚʠʮʘ (ʌʠʛʫʨʘ 45). 
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ʌʠʛʫʨʘ 44: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʪʘʨʛʝʪʥʠʷ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ c.329+1G>A ʚ ARG1 ʛʝʥʘ, 

ʜʦʢʘʟʘʥ ʧʨʠ 1 ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ 100 ʧʨʦʙʠ ʦʪ ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ.  

 

 

ʌʠʛʫʨʘ 45: ɻʝʦʛʨʘʬʩʢʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʩ.ɼʞʫʨʦʚʦ ʩʧʨʷʤʦ ʩ.ʆʩʠʢʦʚʠʮʘ. 

 

 

  ʊʲʡ ʢʘʪʦ ʚʩʝʢʠ ʛʝʥ ʠʤʘ 2 ʘʣʝʣʘ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʙʷʭʘ ʘʥʘʣʠʟʠʨʘʥʠ ʠ ʜʚʘʪʘ ʘʣʝʣʘ ʥʘ 

ARG1 ʛʝʥʘ ʟʘ ʚʩʷʢʘ ʦʪ 100-ʪʝ ʧʨʦʙʠ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʦʙʱʦ ʙʷʭʘ ʘʥʘʣʠʟʠʨʘʥʠ 200 ʘʣʝʣʘ. 
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ʇʨʦʚʝʜʝʥʠʪʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʘʭʘ ʯʝʩʪʦʪʘ ʥʘ ʤʫʪʘʥʪʥʠʷ 

ʘʣʝʣ ʚ ʥʘʰʘʪʘ ʠʟʚʘʜʢʘ 1:200 (0.5%).  

ʇʨʦʚʝʜʝʥʠʷʪ ʤʫʪʘʮʠʦʥʝʥ ʩʢʨʠʥʠʥʛ ʚʲʨʭʫ 100 ʧʨʦʙʠ ʦʪ ʨʦʤʩʢʠ ʧʨʦʠʟʭʦʜ ʦʪ ʮʷʣʘʪʘ 

ʩʪʨʘʥʘ ʥʝ ʧʦʢʘʟʘ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ʛʝʥʝʪʠʯʥʠʷ ʚʘʨʠʘʥʪ c.329+1G>A ʚ ARG1 ʛʝʥʘ ʚ ʜʨʫʛʠ 

ʨʝʛʠʦʥʠ ʥʘ ɹʲʣʛʘʨʠʷ.  

ɹʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʜʦʢʘʟʘʭʤʝ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʥʘ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ 

ʛʝʥʝʪʠʯʥʠʷ ʚʘʨʠʘʥʪ c.329+1G>A ʧʨʠ ʨʦʤʠ ʦʪ ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ ʩʧʨʷʤʦ ʮʷʣʘʪʘ ʩʪʨʘʥʘ. 

ʊʦʚʘ ʥʠ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʦʙʦʩʦʙʠʤ ʪʝʨʛʝʪʥʠʷʪ ʛʝʦʛʨʘʬʩʢʠ ʨʝʛʠʦʥ ʢʘʪʦ ʝʥʜʝʤʠʯʝʥ ʟʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ. ʅʘ ʙʘʟʘ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ 

ʤʝʞʜʫ 1:350,000 ʠ 1:1,000,000 ʠ ʯʝʩʪʦʪʘʪʘ ʥʘ ʥʦʩʠʪʝʣʩʪʚʦ 1% ʚ ʨʝʛʠʦʥʘ ʥʘ ʩ.ʆʩʠʢʦʚʠʮʘ  

ʩʯʠʪʘʤʝ, ʯʝ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʩʝʣʝʢʪʠʚʥʠ ʩʢʨʠʥʠʥʛʦʚʠ ʧʨʦʛʨʘʤʠ ʩʨʝʜ ʭʦʨʘʪʘ ʦʪ ʨʦʤʩʢʠ 

ʧʨʦʠʟʭʦʜ ʦʪ ʝʥʜʝʤʠʯʥʠʷ ʨʝʛʠʦʥ ʙʠʭʘ ʧʦʤʦʛʥʘʣʠ ʟʘ ʘʜʝʢʚʘʪʥʘʪʘ ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʥʘ 

ʢʦʥʩʫʣʪʘʮʠʷ ʚ ʟʘʩʝʛʥʘʪʠʪʝ ʩʝʤʝʡʩʪʚʘ ʠ ʙʠʭʘ ʜʦʚʝʣʠ ʜʦ ʧʨʝʚʝʥʮʠʷ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʘʨʛʠʥʘʟʝʥ 

ʜʝʬʠʮʠʪ ʚ ɹʲʣʛʘʨʠʷ.  

 

ʂʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ ʥʘ ʩʣʫʯʘʡ 2 

ʀʥʜʝʢʩʥʠʷʪ ʧʘʮʠʝʥʪ ʝ ʤʦʤʯʝ ʥʘ 20 ʛʦʜʠʥʠ (ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʛʝʥʝʪʠʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ), 

ʨʦʜʝʥʦ ʦʪ ʥʦʨʤʘʣʥʦ ʧʨʦʪʝʢʣʘ ʙʨʝʤʝʥʥʦʩʪ ʩ ʥʦʨʤʘʣʥʦ ʨʘʥʥʦ ʤʦʪʦʨʥʦ ʠ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦ 

ʨʘʟʚʠʪʠʝ. ʅʘ 2-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʟʘʧʦʯʚʘ ʜʘ ʭʦʜʠ ʥʘ ʧʨʲʩʪʠ, ʫʩʪʘʥʦʚʷʚʘ ʩʝ ʩʧʘʩʪʠʯʥʘ 

ʢʚʘʜʨʠʧʘʨʝʟʘ. ʂʦʛʥʠʪʠʚʥʠʷʪ ʩʧʘʜ ʟʘʧʦʯʚʘ ʜʘ ʩʪʘʚʘ ʦʯʝʚʠʜʝʥ ʥʘ 7-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ. ʅʘ 14-

ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʩʝ ʥʘʙʣʶʜʘʚʘ ʜʠʟʘʨʪʨʠʷ. ɻʦʜʠʥʘ ʧʦ-ʢʲʩʥʦ ʩʝ ʧʨʦʷʚʷʚʘʪ ʠ ʛʝʥʝʨʘʣʠʟʠʨʘʥʠ 

ʪʦʥʠʯʥʦ-ʢʣʦʥʠʯʥʠ ʛʲʨʯʦʚʝ. ʅʘ 20-ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʧʨʠ ʧʘʮʠʝʥʪʘ ʤʘʥʠʬʝʩʪʠʨʘ ʩʧʘʩʪʠʯʥʘ 

ʢʚʘʜʨʠʧʘʨʝʟʘ, ʧʩʝʚʜʦʙʫʣʙʘʨʥʘ ʜʠʩʬʘʛʠʷ ʠ ʜʠʟʘʨʪʨʠʷ, ʥʠʩʪʘʛʲʤ, ʘʪʘʢʩʠʷ, ʩʢʦʣʠʦʟʘ ʠ 

ʭʠʧʦʪʨʦʬʠʠ ʚ ʜʠʩʪʘʣʥʠʪʝ ʯʘʩʪʠ ʥʘ ʯʝʪʠʨʠʪʝ ʢʨʘʡʥʠʢʘ. ʇʨʦʚʝʜʝʥʠʪʝ ʤʝʪʘʙʦʣʠʪʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʫʩʪʘʥʦʚʠʭʘ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʘʨʛʠʥʠʥ ʚ ʢʨʲʚʪʘ ʠ ʧʦʚʠʰʝʥʠ ʥʠʚʘ ʥʘ ʦʨʦʪʦʚʘ 

ʢʠʩʝʣʠʥʘ ʠ ʫʨʘʮʠʣ ʚ ʫʨʠʥʘʪʘ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʜʠʘʛʥʦʟʘ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ 

ʊʘʨʛʝʪʥʦ ʩʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger ʥʘ ARG1 ʛʝʥʘ ʙʝʰʝ ʧʨʦʚʝʜʝʥʦ ʚʲʨʭʫ ɼʅʂ ʤʘʪʝʨʠʘʣ 

ʦʪ ʠʥʜʝʢʩʥʠʷ ʧʘʮʠʝʥʪ, ʧʨʝʜʦʩʪʘʚʝʥ ʦʪ ʅʘʮʠʦʥʘʣʥʘ ɻʝʥʝʪʠʯʥʘ ʃʘʙʦʨʘʪʦʨʠʷ. ʄʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʥʠʷʪ ʘʥʘʣʠʟ ʧʦʢʘʟʘ ʥʘʣʠʯʠʝ ʥʘ ʭʦʤʦʟʠʛʦʪʝʥ missense ʚʘʨʠʘʥʪ c.775G>A, p.Gly259Ser 
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ʚ ʝʢʟʦʥ 7 ʥʘ ARG1 ʛʝʥʘ (NM_001244438) (ʌʠʛʫʨʘ 46). ʉʝʛʨʝʛʘʮʠʦʥʥʠʷʪ ʘʥʘʣʠʟ ʚ 

ʩʝʤʝʡʩʪʚʦʪʦ ʥʝ ʙʝʰʝ ʚʲʟʤʦʞʝʥ ʧʦʨʘʜʠ ʣʠʧʩʘ ʥʘ ʛʝʥʝʪʠʯʝʥ ʤʘʪʝʨʠʘʣ ʦʪ ʨʦʜʠʪʝʣʠʪʝ. 

 

 
ʌʠʛʫʨʘ 46: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.775G>A, p.Gly259Ser ʚ ARG1 ʛʝʥʘ. 
 

ɺʘʨʠʘʥʪʲʪ c.775G>A ʥʝ ʝ ʦʪʢʨʠʚʘʥ ʩʨʝʜ ʢʦʥʪʨʦʣʥʠʪʝ ʧʦʧʫʣʘʮʠʠ ʧʦ ʧʨʦʝʢʪʘ gnomAD 

(v2.1.1). Elsayed et al., 2020 ʩʤʷʪʘʪ, ʯʝ missense ʚʘʨʠʘʥʪʠ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʠʪʝ ʨʝʛʠʦʥʠ (ʝʢʟʦʥʠ 

1, 4 ʠ 7) ʥʘ ARG1 ʛʝʥʘ ʤʦʞʝ ʜʘ ʠʤʘʪ ʚʣʠʷʥʠʝ ʚʲʭʫ ʢʘʪʘʣʠʪʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʝʥʟʠʤʘ, ʢʦʝʪʦ 

ʦʧʨʝʜʝʣʷ ʚʘʨʠʘʥʪʠʪʝ, ʣʦʢʘʣʠʟʠʨʘʥʠ ʚ ʪʝʟʠ ʨʝʛʠʦʥʠ ʥʘ ʛʝʥʘ ʢʘʪʦ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʠ 

(Elsayed et al., 2020). ʇʘʪʦʛʝʥʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʦʪʢʨʠʪʠʷ ʚʘʨʠʘʥʪ ʤʦʞʝ ʜʘ ʩʝ ʦʙʷʩʥʠ ʠ ʩ 

ʧʨʦʤʝʥʠʪʝ ʚ ʧʨʦʪʝʠʥʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʝʥʟʠʤʘ ʘʨʛʠʥʘʟʘ-1. ʆʪʢʨʠʪʘʪʘ ʤʫʪʘʮʠʷ ʚʦʜʠ ʜʦ 

ʟʘʤʷʥʘ ʥʘ ʘʤʠʥʦʢʠʩʝʣʠʥʘʪʘ ʛʣʠʮʠʥ ʩʲʩ ʩʝʨʠʥ ʥʘ ʧʦʟʠʮʠʷ 259 ʚ ʘʤʠʥʦʢʠʩʝʣʠʥʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʦʜʠʨʘʥʘ ʦʪ ʛʝʥʘ ARG1. ɻʝʥʝʨʠʨʘʭʤʝ in silico ʧʨʦʪʝʠʥʦʚ ʤʦʜʝʣ, 

ʠʟʧʦʣʟʚʘʡʢʠ AlphaFold2, ʢʦʡʪʦ ʧʦʢʘʟʘ, ʯʝ ʦʪʢʨʠʪʘʪʘ ʛʝʥʝʪʠʯʥʘ ʥʘʭʦʜʢʘ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʚʦʜʠ 

ʜʦ ʧʨʦʤʷʥʘ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʨʦʪʝʠʥʘ. ɺ ʥʘʪʠʚʥʠʷ ʧʨʦʪʝʠʥ ʝʜʠʥ ʦʪ ɓ-ʣʠʩʪʦʚʝʪʝ ʝ ʠʟʛʨʘʜʝʥ 

ʦʪ ʯʝʪʠʨʠ ʘʤʠʥʦʢʠʩʝʣʠʥʠ Asp54, Val55, Lys56 ʠ Asp57, ʜʦʢʘʪʦ ʚ ʤʫʪʘʥʪʥʠʷ ʧʨʦʪʝʠʥ ʪʦʟʠ ɓ-

ʣʠʩʪ ʚʝʯʝ ʝ ʩʲʩʪʘʚʝʥ ʩʘʤʦ ʦʪ 3 ʘʤʠʥʦʢʠʩʝʣʠʥʠ Val55, Lys56 ʠ Asp57 (ʌʠʛʫʨʘ 47).  
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ʌʠʛʫʨʘ 47: In silico ʧʨʦʪʝʠʥʦʚ ʤʦʜʝʣ ʥʘ ʝʥʟʠʤʘ ʘʨʛʠʥʘʟʘ-1. ɸ) ɼʠʚ ʪʠʧ ʧʨʦʪʝʠʥ. ʅʦʨʤʘʣʥʠʷʪ ɓ-

ʣʠʩʪ, ʢʦʡʪʦ ʚʢʣʶʯʚʘ ʘʤʠʥʦʢʠʩʝʣʠʥʠ Asp54, Val55, Lys56 ʠ Asp57 ʝ ʤʘʨʢʠʨʘʥ ʩʲʩ ʟʝʣʝʥ ʮʚʷʪ ʥʘ 

ʬʠʛʫʨʘʪʘ. ɹ) ʄʫʪʘʥʪʝʥ ʧʨʦʪʝʠʥ. ʉ ʯʝʨʚʝʥ ʮʚʷʪ ʥʘ ʬʠʛʫʨʘʪʘ ʝ ʤʘʨʢʠʨʘʥ ɓ-ʣʠʩʪʘ, ʚ ʢʦʡʪʦ ʩʝ ʚʢʣʶʯʚʘʪ 

ʘʤʠʥʦʢʠʩʝʣʠʥʠʪʝ Val55, Lys56 ʠ Asp57. 

 

ɸʤʠʥʦʢʠʩʝʣʠʥʘʪʘ Asp54 ʚʩʝ ʦʱʝ ʝ ʯʘʩʪ ʦʪ ʧʦʣʠʧʝʧʪʠʜʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʧʨʦʪʝʠʥʘ, ʥʦ 

ʚʝʯʝ ʥʝ ʫʯʘʩʪʚʘ ʚ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ɓ-ʣʠʩʪʘ. ʅʘ ʙʘʟʘ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʙʝʣʪʲʢʘ ʠ 

ʧʦʨʘʜʠ ʪʦʚʘ, ʯʝ missense ʚʘʨʠʘʥʪʠ ʚ ʨʝʛʠʦʥʘ, ʚ ʢʦʡʪʦ ʧʦʧʘʜʘ ʠ ʥʘʰʘʪʘ ʛʝʥʝʪʠʯʥʘ ʥʘʭʦʜʢʘ, 

ʩʘ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʠ, ʤʦʞʝ ʜʘ ʟʘʢʣʶʯʠʤ ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʟʘʤʷʥʘʪʘ c.775G>A ʜʘ ʜʦʚʝʜʝ 

ʜʦ ʥʘʨʫʰʝʥʘ ʬʫʥʢʮʠʷ ʥʘ ʝʥʟʠʤʘ ʘʨʛʠʥʘʟʘ-1 ʠ ʩʲʦʪʚʝʪʥʦ ʜʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʢʣʠʥʠʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʪʘʨʛʝʪʥʠʷ ʥʠ ʧʘʮʠʝʥʪ. ʉʲʛʣʘʩʥʦ ʢʨʠʪʝʨʠʠʪʝ ʥʘ ACMG/AMP ʟʘ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʚʘʨʠʘʥʪʠ, ʢʣʘʩʠʬʠʮʠʨʘʤʝ ʦʪʢʨʠʪʠʷ ʛʝʥʝʪʠʯʝʥ ʚʘʨʠʘʥʪ 

c.775G>A ʢʘʪʦ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʝʥ. 

ʋʚʨʝʜʝʥʘʪʘ ʬʫʥʢʮʠʷ ʥʘ ʘʨʛʠʥʘʟʘ-1, ʢʦʷʪʦ ʢʘʪʘʣʠʟʠʨʘ ʧʨʝʚʨʲʱʘʥʝʪʦ ʥʘ ʘʨʛʠʥʠʥ ʚ 

ʫʨʝʷ ʠ ʦʨʥʠʪʠʥ, ʥʘʨʫʰʘʚʘ ʥʦʨʤʘʣʥʦʪʦ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʫʨʝʷ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʦʝʪʦ ʠʟʣʠʰʥʠʷʪ 

ʘʟʦʪ ʩʝ ʥʘʪʨʫʧʚʘ ʚ ʢʨʲʚʪʘ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʘʤʦʥʷʢ. ɺʠʩʦʢʠʪʝ ʥʠʚʘ ʥʘ ʘʤʦʥʷʢ ʠ ʘʨʛʠʥʠʥ ʚʦʜʷʪ 

ʜʦ ʪʝʞʢʘ ʥʝʚʨʦʣʦʛʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ, ʢʘʢʚʘʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʧʨʠ ʥʘʰʠʪʝ ʧʘʮʠʝʥʪʠ. ɺ 

ʜʦʧʲʣʥʝʥʠʝ, ʢʘʢʪʦ ʚʝʯʝ ʢʦʤʝʥʪʠʨʘʭʤʝ, missense ʚʘʨʠʘʥʪʠʪʝ ʚ ARG1 ʛʝʥʘ ʚʝʨʦʷʪʥʦ ʚʦʜʷʪ ʜʦ 

ʧʦ-ʢʲʩʥʘ ʠ ʧʦ-ʣʝʢʘ ʢʣʠʥʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ. ʀʤʝʥʥʦ ʥʘ ʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ 

ʜʲʣʞʠ ʨʘʟʣʠʢʘʪʘ ʚ ʪʝʞʝʩʪʪʘ ʥʘ ʢʣʠʥʠʯʥʘʪʘ ʠʟʷʚʘ ʧʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʦʪ ʥʘʩ ʧʘʮʠʝʥʪʠ (ʩʣʫʯʘʡ 

1 ʠ ʩʣʫʯʘʡ 2).  
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ʅʘʚʨʝʤʝʥʥʦʪʦ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʘʨʛʠʥʘʟʝʥ ʜʝʬʠʮʠʪ ʙʠ ʧʦʤʦʛʥʘʣʦ ʟʘ 

ʘʜʝʢʚʘʪʥʦʪʦ ʣʝʯʝʥʠʝ ʠ ʜʠʝʪʠʯʝʥ ʨʝʞʠʤ, ʥʘʩʦʯʝʥ ʢʲʤ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʧʦʚʠʰʝʥʠʪʝ ʥʠʚʘ ʥʘ 

ʘʨʛʠʥʠʥ ʧʨʠ ʟʘʩʝʛʥʘʪʠʪʝ ʧʘʮʠʝʥʪʠ. ʆʩʚʝʥ ʪʦʚʘ ʛʝʥʝʪʠʯʥʦ ʚʝʨʠʬʠʮʠʨʘʥʠʪʝ ʧʘʮʠʝʥʪʠ ʤʦʛʘʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʜʘ ʙʲʜʘʪ ʧʦʜʣʦʞʝʥʠ ʥʘ ʥʦʚʦʫʪʚʲʨʜʝʥʠ ʪʘʨʘʧʠʠ (ʥʘʧʨ. ʝʥʟʠʤ-ʟʘʤʝʩʪʠʪʝʣʥʘ 

ʪʝʨʘʧʠʷ, ʈʅʂ ʪʝʨʘʧʠʠ ʜʨ.) ʩ ʮʝʣ ʣʝʯʝʥʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʠʣʠ ʟʘʙʘʚʷʥʝ ʥʘ ʧʨʦʛʨʝʩʠʷʪʘ ʤʫ. 

4.1.1.5. FH -ʩʚʲʨʟʘʥʠ ʟʘʙʦʣʷʚʘʥʠʷ 
 

ʂʣʠʥʠʯʥʘ ʢʘʨʪʠʥʘ 

ʄʦʤʠʯʝ ʥʘ 8 ʛʦʜʠʥʠ ʩ ʤʠʢʨʦʮʝʬʘʣʠʷ, ʠʥʪʝʣʝʢʪʫʘʣʝʥ ʜʝʬʠʮʠʪ, ʠʟʦʩʪʘʚʘʥʝ ʚ 

ʨʘʟʚʠʪʠʝʪʦ, ʪʝʞʢʘ ʭʠʧʦʪʦʥʠʷ ʠ ʝʧʠʣʝʧʪʠʯʥʠ ʧʨʠʩʪʲʧʠ, ʢʦʠʪʦ ʩʝ ʧʨʦʷʚʷʚʘʪ ʥʘ 7-ʛʦʜʠʰʥʘ 

ʚʲʟʨʘʩʪ, ʙʝʰʝ ʥʘʩʦʯʝʥʦ ʟʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʩ ʮʝʣ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʘʪʘ 

ʧʨʠʯʠʥʘ, ʜʦʚʝʣʘ ʜʦ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʢʣʠʥʠʯʥʠ ʧʨʦʷʚʠ. 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ 

ʂʘʢʪʦ ʚʝʯʝ ʦʧʠʩʘʭʤʝ ʚ ʥʷʢʦʠ ʦʪ ʧʨʝʜʩʪʘʚʝʥʠʪʝ ʧʦ-ʛʦʨʝ ʩʣʫʯʘʠ, ʢʦʛʘʪʦ ʠʤʘʤʝ 

ʚʩʝʦʙʭʚʘʪʥʘ ʢʣʠʥʠʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ ʙʝʟ ʷʩʝʥ ʛʝʥʝʪʠʯʝʥ ʪʘʨʛʝʪ ʝ ʥʘʡ-ʜʦʙʨʝ ʜʘ ʩʝ ʧʨʝʤʠʥʝ 

ʢʲʤ ʩʝʢʚʝʥʠʨʘʥʝ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ. ɺ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʠʟʙʨʘʭʤʝ ʮʷʣʦʩʪʥʦ ʝʢʟʦʤʥʦ 

ʩʝʢʚʝʥʠʨʘʥʝ ʩ ʘʥʘʣʠʟ ʥʘ ʪʘʨʛʝʪʥʠ ʛʝʥʠ, ʤʫʪʘʮʠʠ ʚ ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʯʠʥʘ ʟʘ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʬʝʥʦʪʠʧʥʘ ʠʟʷʚʘ. ʇʨʦʚʝʜʝʥʠʷʪ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʧʦʢʘʟʘ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʭʦʤʦʟʠʛʦʪʝʥ missense ʚʘʨʠʘʥʪ c.1048C>T, p.Arg350Trp ʚ FH ʛʝʥʘ 

(NM_000143) (ʌʠʛʫʨʘ 48). 
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ʌʠʛʫʨʘ 48: ʉʝʢʚʝʥʮʠʦʥʝʥ NGS ʧʨʦʬʠʣ ʥʘ ʛʝʥʝʪʠʯʥʠʷ ʚʘʨʠʘʥʪ c.1048C>T, p.Arg350Trp ʚ FH ʛʝʥʘ. 

 

ʉʝʛʨʝʛʘʮʠʦʥʥʠʷʪ ʘʥʘʣʠʟ ʚ ʩʝʤʝʡʩʪʚʦʪʦ ʧʦʢʘʟʘ, ʯʝ ʨʦʜʠʪʝʣʠʪʝ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ ʩʘ 

ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ ʥʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʘʪʘ ʛʝʥʝʪʠʯʥʘ ʥʘʭʦʜʢʘ (ʌʠʛʫʨʘ 49).  

 

 

ʌʠʛʫʨʘ 49: ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʚʘʨʠʘʥʪʘ c.1048C>T, p.Arg350Trp ʚ FH ʛʝʥʘ. ɸ). ʉʝʢʚʝʥʮʠʦʥʝʥ 

ʧʨʦʬʠʣ ʥʘ ʤʘʡʢʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɹ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʧʘʮʠʝʥʪʢʘʪʘ, 

ʭʦʤʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ ʚʘʨʠʘʥʪʘ. ɺ). ʉʝʢʚʝʥʮʠʦʥʝʥ ʧʨʦʬʠʣ ʥʘ ʙʘʱʘʪʘ, ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʥʦʩʠʪʝʣ ʥʘ 

ʚʘʨʠʘʥʪʘ.  

 


































































































































