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I . ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠʦʣʦʛʠʷ ʨʘʩʩʪʨʦʡʩʪʚ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʩʪʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚʳʩʦʢʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 1-1,5% ʠ 3-4%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʠʯʠʥʘ ʚʳʷʚʣʷʝʪʩʷ ʚ 40-50% (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006; 

Roizen et al., 2003.; Schaefer et al., 2008). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʭ ʧʨʠʯʠʥ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʘʫʪʠʟʤʦʤ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006). ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʨʠʯʠʥ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ (Iourov et al., 2015). ɻʝʥʝʪʠʯʝʩʢʠʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʢʣʝʪʦʢ ʤʦʟʛʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʘʫʪʠʟʤʘ (Iourov et al., 2008). ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʣʝʢʫʣʷʨʥʦï

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʘʥʦʤʘʣʠʠ ʭʨʦʤʦʩʦʤ, ʯʠʩʣʝʥʥʳʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ, ʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʛʝʥʳïʢʘʥʜʠʜʘʪʳ ʟʘʙʦʣʝʚʘʥʠʡ (ʖʨʦʚ ʠ ʜʨ., 

2001, ʖʨʦʚ ʠ ʜʨ., 2004). ɺ ʩʣʫʯʘʷʭ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ 

ʘʫʪʠʟʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ 

ʦʜʥʠʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʝʤ, ʥʦ ʪʘʢʞʝ ʷʚʣʷʪʴʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʝʥʦʚ ʠ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ. ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʛʝʥ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʠʟʤʝʥʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʨʦʷʚʣʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʩʠʭʠʢʠ ʫ ʦʪʜʝʣʴʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʩ 

ʧʦʤʦʱʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʨʫʰʝʥʥʦʡ ʩʝʪʠ ʛʝʥʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʪʦ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʤʘ (ʤʦʣʝʢʫʣʷʨʥʦʝ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʛʝʥʦʤʘ, ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ). ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʦ ʚʘʨʠʘʮʠʷʭ ʯʠʩʣʘ ʢʦʧʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ (CNV), ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ (SNP), ʤʠʢʨʦʜʝʣʝʮʠʷʭ/ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʷʭ ʠ ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʥʦʤʘʣʠʷʭ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ʛʝʥʘʤʠ ʠ ʙʝʣʢʘʤʠ. ʇʦʠʩʢ ʧʨʦʮʝʩʩʦʚ ʠ ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʫʚʝʣʠʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʦʣʝʟʥʝʡ ð 

ʚʩʝ ʵʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ɺʦʨʩʘʥʦʚʘ 

ʠ ʜʨ., 2013;  ʖʨʦʚ ʠ ʜʨ., 2005; Chen et al., 2011; Croft  et al., 2014; Hehir-Kwa  Y. et al., 2010; 

Iourov et al., 2009, 2012, 2013, 2014; Paratore et al., 2012; Xu et al. 2014). ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʧʦʩʣʝʜʩʪʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ɼʅʂ ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʧʘʪʦʣʦʛʠʠ ʛʝʥʦʤʘ ʠ ʝʝ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ) ʧʦʩʣʝʜʩʪʚʠʷʭ (Moreau et 
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al., 2012). ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʪʦʛʝʥʥʦʩʪʠ ʧʝʨʝʩʪʨʦʝʢ ʠ ʘʩʩʦʮʠʘʮʠʠ ʚʘʨʠʘʮʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ ʩ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ð ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʛʝʥʦʚ ʠ ʧʨʦʮʝʩʩʦʚï

ʢʘʥʜʠʜʘʪʦʚ (Chen et al., 2011). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʭʨʦʤʦʩʦʤʥʳʭ ʠ ʛʝʥʦʤʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʛʝʥʝʪʠʢʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ, ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ 

ʩʧʦʩʦʙʦʤ ʠʟʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ CNV ʠ ʩʥʠʞʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʘʥʝʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ, ʥʦ ʠ ʧʨʦʮʝʩʩʳ-ʢʘʥʜʠʜʘʪʳ, 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʥʦʛʠʝ ʫʯʝʥʳʝ (Iourov et al., 2014; Kºhler et al., 2008; Shlomi et al., 2008). 

ʆʙʦʙʱʝʥʠʝ ʛʝʥʦʤʥʳʭ, ʧʨʦʪʝʦʤʥʳʭ ʠ ʠʥʪʝʨʘʢʪʦʤʥʳʭ ʜʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʛʝʥʦʤʘ in silico (Iourov et al., 2014, 2015). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʘʥʘʣʠʟ CNV 

ʜʣʷ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʧʨʠ ʘʫʪʠʟʤʝ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ: 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʨʫʰʝʥʠʷ 

ʧʩʠʭʠʢʠ ʧʨʠ ʥʝʩʠʥʜʨʦʤʘʣʴʥʳʭ ʬʦʨʤʘʭ ʘʫʪʠʟʤʘ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 

ʚʘʨʠʘʮʠʡ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ ʠ ʠʭ ʚʦʟʤʦʞʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ. 

ɿʘʜʘʯʠ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʛʨʫʧʧʫ ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʥʦʤʘʣʠʡ ʠ CNV.  

2. ʆʧʨʝʜʝʣʠʪʴ ʧʘʪʦʛʝʥʥʳʝ ʠ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʥʳʝ CNV c ʧʦʤʦʱʴʶ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʥʘʣʠʟ ʬʫʥʢʮʠʡ, ʩʝʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʟʘʪʨʦʥʫʪʳʭ CNV.   

3. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʨʘʪʝʛʠʡ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʧʨʠʦʨʠʪʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʦʤʘ 

ʠ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʧʦʣʫʯʠʪʴ ʢʣʘʩʪʝʨʳ ʧʨʦʮʝʩʩʦʚïʢʘʥʜʠʜʘʪʦʚ, ʚʥʦʩʷʱʠʭ ʚʢʣʘʜ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ. 

4. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʘʩʩʦʮʠʘʮʠʠ ʥʘʨʫʰʝʥʠʡ ʧʩʠʭʠʢʠ ʠ 

ʚʨʦʞʜʝʥʥʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ, ʧʦʜʦʙʥʳʭ ʩʠʥʜʨʦʤʫ ʈʝʪʪʘ (RTT), ʘ ʪʘʢʞʝ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʘʫʪʠʟʤʘ ʩ ʨʷʜʦʤ ʢʣʘʩʪʝʨʦʚ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ 

ʠ ʧʨʦʮʝʩʩʦʚ-ʢʘʥʜʠʜʘʪʦʚ.  
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5. ʆʧʨʝʜʝʣʠʪʴ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʘʫʪʠʟʤʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ (SNP array ʠ array 

CGH) ʠ ʦʨʠʛʠʥʘʣʴʥʦʡ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʢʦʛʦʨʪʳ ʧʘʮʠʝʥʪʦʚ ʩ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʘʤʠ 

ʘʫʪʠʟʤʘ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ. 

 ʆʧʨʝʜʝʣʝʥʘ ʯʘʩʪʦʪʘ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ (ʚ ʚʠʜʝ 

ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʝʪʝʡ, ʨʦʞʜʝʥʥʳʭ ʚ ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʳʭ ʙʨʘʢʘʭ, ʘ 

ʪʘʢʞʝ ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʚ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʥʳʭ ʣʦʢʫʩʘʭ) ʚ ʢʦʛʦʨʪʝ ʜʝʪʝʡ ʩ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʬʦʨʤʘʤʠ ʘʫʪʠʟʤʘ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ. 

ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ CNV ʠ ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠ 

ʘʫʪʠʟʤʝ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʦʨʠʛʠʥʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 8 ʢʣʘʩʪʝʨʦʚ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 28 ʛʝʥʦʤʥʳʭ 

ʩʝʪʝʡ (ʤʝʪʠʣʠʨʦʚʘʥʠʝ ɼʅʂ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣ, ʨʘʟʚʠʪʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ, ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Notch, ʮʠʢʣ ʂʨʝʙʩʘ, ʩʦʢʨʘʱʝʥʠʝ ʤʫʩʢʫʣʘʪʫʨʳ, ʨʝʛʫʣʷʮʠʷ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʢʪʠʥʘ) ʠ 95 ʛʝʥʦʚ, ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ ʧʨʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʷʭ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʘʫʪʠʟʤʘ, 

ʧʦʜʦʙʥʳʭ RTT.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ 13 ʢʣʘʩʪʝʨʦʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʢʣʝʪʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ 40 ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʠ  475 ʛʝʥʦʚ, ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ ʧʨʠ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤʘʭ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ ʠ ʘʫʪʠʟʤʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʝ ʩʪʨʘʪʝʛʠʡ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʧʨʠʦʨʠʪʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʝʥʠʷ ʠʥʪʝʨʘʢʪʦʤʘ ʠ 

ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʧʦʣʫʯʠʪʴ ʢʣʘʩʪʝʨʳ ʧʨʦʮʝʩʩʦʚïʢʘʥʜʠʜʘʪʦʚ ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ. 

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʣʘʜʘʝʪ ʥʝʩʦʤʥʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʴʶ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʝʥʦʤʠʢʠ, ʤʝʜʠʮʠʥʩʢʦʡ ʛʝʥʝʪʠʢʠ, ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʝʜʠʮʠʥʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʭʦʜʝ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʛʝʥʦʤʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʟʥʘʥʠʷ ʦ 

ʤʝʭʘʥʠʟʤʘʭ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʩʣʫʯʘʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʧʨʠ 
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ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ CNV. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʝʜʠʬʬʠʨʝʥʮʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʘʪʦʣʦʛʠʝʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʆʨʠʛʠʥʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠʦʨʠʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʘʥʘʣʠʟʘ CNV, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʙʦʣʝʚʘʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʝʜʠʥʘʷ ʧʨʠʯʠʥʘ, ʪʘʢ ʠ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʚ ʩʣʫʯʘʝ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʘʮʠʝʥʪʫ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʆʧʨʝʜʝʣʝʥʘ ʯʘʩʪʦʪʘ ʛʝʥʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʫ ʜʝʪʝʡ ʩ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʘʫʪʠʟʤʦʤ. ʅʘʨʫʰʝʥʠʷ ʛʝʥʦʤʘ ʚ 

ʚʠʜʝ ʘʥʝʫʧʣʦʠʜʠʠ, ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʩʣʦʞʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, 

ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʜʝʪʝʡ, ʨʦʞʜʝʥʥʳʭ ʚ ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʳʭ 

ʙʨʘʢʘʭ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʚ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʥʳʭ ʣʦʢʫʩʘʭ, 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 42% ʩʣʫʯʘʝʚ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ.  

2. ʆʧʨʝʜʝʣʝʥʘ ʯʘʩʪʦʪʘ ʧʘʪʦʛʝʥʥʳʭ ʠ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʳʭ CNV ʫ ʜʝʪʝʡ ʩ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʘʫʪʠʟʤʦʤ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 51%.  

3. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʥʘ ʦʩʥʦʚʝ ʩʪʨʘʪʝʛʠʡ ʨʘʥʞʠʨʦʚʘʥʠʷ, ʧʨʠʦʨʠʪʠʟʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʝʥʠʷ 

ʠʥʪʝʨʘʢʪʦʤʘ ʠ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʧʦʣʫʯʠʪʴ ʥʘʙʦʨ ʧʨʦʮʝʩʩʦʚïʢʘʥʜʠʜʘʪʦʚ, 

ʚʥʦʩʷʱʠʭ ʚʢʣʘʜ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ.  

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ RTT-ʧʦʜʦʙʥʳʡ ʬʝʥʦʪʠʧ ʤʦʞʝʪ ʙʳʪʴ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʷʜʘ 

ʧʨʦʮʝʩʩʦʚ (ʢʣʘʩʪʝʨʦʚ ʩʝʪʝʡ), ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʠ ʛʝʥʦʚ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 95 ʛʝʥʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ 28 ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 8 ʢʣʘʩʪʝʨʦʚ ʧʨʦʮʝʩʩʦʚ: 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣ, ʮʠʢʣ ʂʨʝʙʩʘ, ʩʠʛʥʘʣʴʥʘʷ ʩʝʪʴ Notch, ʤʝʪʠʣʠʨʦʚʘʥʠʝ 

ɼʅʂ, ʨʘʟʚʠʪʠʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʢʨʘʱʝʥʠʝ ʤʫʩʢʫʣʘʪʫʨ,r ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʘʢʪʠʥʘ, ʨʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ. 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʘʷ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ ʠ ʘʫʪʠʟʤ ʤʦʛʫʪ ʙʳʪʴ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ (ʢʣʘʩʪʝʨʦʚ ʩʝʪʝʡ), ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʠ 

ʛʝʥʦʚ. ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 475 ʛʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ 40 ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 13 

ʢʣʘʩʪʝʨʦʚ ʧʨʦʮʝʩʩʦʚ: ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʷ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʪʝʘʩʦʤʳ, ʩʠʛʥʘʣʴʥʳʡ 

ʧʫʪʴ ERBB, ʨʝʛʫʣʷʮʠʷ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʩʠʛʥʘʣʴʥʘʷ ʩʝʪʴ TP53, ʩʠʛʥʘʣʴʥʘʷ ʩʝʪʴ Notch, 

ʩʪʘʨʝʥʠʝ, ʤʠʪʦʪʠʯʝʩʢʦʝ ʜʝʣʝʥʠʝ ʢʣʝʪʢʠ, ʨʝʧʘʨʘʮʠʷ ɼʅʂ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʝʟʠʢʫʣ, 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʘʢʪʠʥʘ, ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, B ʣʠʤʬʦʮʠʪʳ.  



 
 

7 
 

                                          II. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

II.1 ɻʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ 

ʉʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʝʟʥʝʡ (ʄʂɹï10), ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʛʨʫʧʧʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʢʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʘʨʫʰʝʥʠʝʤ ʨʝʯʝʚʦʛʦ ʠ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ ʨʘʟʚʠʪʠʷ (ʄʂɹ-10, 2003). 

ɼʘʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʦʨʘʞʘʝʪ ʦʪ 1,5 ʜʦ 2 % ʧʦʧʫʣʷʮʠʠ ʚ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ ʠ ʧʨʠʤʝʨʥʦ 0,6% ʚ 

ʈʦʩʩʠʠ (ʏʫʨʢʠʥ, 1997), ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʜʝʝʩʧʦʩʦʙʥʦʩʪʠ ʠʥʜʠʚʠʜʫʫʤʘ (Mefford et al., 

2012). ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ ʤʘʥʠʬʝʩʪʠʨʫʝʪ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 18 ʣʝʪ, ʠ ʩʪʝʧʝʥʴ ʝʝ ʪʷʞʝʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ IQ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʣʣʝʢʪʘ ð intelligence quotient), 

ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ ʥʘʨʫʰʝʥʠʠ ʥʝ ʜʦʩʪʠʛʘʝʪ 70 (ʩʨʝʜʥʠʡ IQ ʚ ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 

100) (Schwartz et al., 2012). ɺʧʝʨʚʳʝ ʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʠʯʠʥʘ ʩʠʥʜʨʦʤʘʣʴʥʦʡ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ (ʪʨʠʩʦʤʠʷ ʭʨʦʤʦʩʦʤʳ 21 ʫ ʜʝʪʝʡ ʩ ʩʠʥʜʨʦʤʦʤ ɼʘʫʥʘ) ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʚ 

ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ XX ʚʝʢʘ (Roizen et al., 2003). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʜʦʣʶ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʥʦʩʷʱʠʭ ʚʢʣʘʜ ʚ ʵʪʠʦʣʦʛʠʶ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʠʤʝʨʥʦ 50% ʩʣʫʯʘʝʚ ʵʪʦʡ ʬʦʨʤʳ ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 1999; 2006; Chelly 

et al., 2006), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʩʢʣʶʯʠʪʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʠʟʫʯʝʥʠʷ ʚʘʨʠʘʮʠʡ ʛʝʥʦʤʘ 

ʧʨʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ. ʉʨʝʜʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʫʤʩʪʚʝʥʥʫʶ ʦʪʩʪʘʣʦʩʪʴ ʚʥʦʩʷʪ ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʜʝʣʝʮʠʠ ʠ 

ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʠ, ʛʝʥʥʳʝ ʤʫʪʘʮʠʠ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ (ʵʧʠʛʝʥʦʤʥʳʝ) ʥʘʨʫʰʝʥʠʷ.   

 

II.1.1 ʍʨʦʤʦʩʦʤʥʳʝ ʩʠʥʜʨʦʤʳ 

ʍʨʦʤʦʩʦʤʥʳʝ ʩʠʥʜʨʦʤʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʯʠʩʣʝʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ 

ʘʫʪʦʩʦʤ ʠ ʛʦʥʦʩʦʤ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 1999; 2006; ʅʴʶʩʙʘʫʤ, 2010). ʊʝʨʤʠʥ çʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʪʠʧʦʚ ʛʝʥʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʢʘʢ ʜʝʣʝʮʠʠ, 

ʜʫʧʣʠʢʘʮʠʠ, ʠʥʩʝʨʮʠʠ, ʠʥʚʝʨʩʠʠ, ʪʨʘʥʩʣʦʢʘʮʠʠ, ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʛʝʥʦʤʘ. 

ʏʠʩʣʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʭʨʦʤʦʩʦʤ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʦʪʩʫʪʩʪʚʠʝ ʭʨʦʤʦʩʦʤʳ ʠʣʠ 

ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʮʝʣʦʡ ʭʨʦʤʦʩʦʤʳ, ʚʝʜʫʱʝʡ ʢ ʤʦʥʦʩʦʤʠʠ ʠʣʠ ʪʨʠʩʦʤʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʣʠ ʭʨʦʤʦʩʦʤʥʦʛʦ ʥʘʙʦʨʘ, ʧʨʠʚʦʜʷ ʢ ʧʦʣʠʧʣʦʠʜʠʠ. ɺ ʮʝʣʦʤ, ʘʥʝʫʧʣʦʠʜʠʷ ʚ 

ʚʠʜʝ ʤʦʥʦʩʦʤʠʠ ʠʤʝʝʪ ʙʦʣʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʢʣʝʪʢʠ, ʯʝʤ ʥʘʣʠʯʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʨʦʤʦʩʦʤʳ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʦʜʥʘʢʦ, ʷʚʣʷʝʪʩʷ ʚʝʨʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʘʫʪʦʩʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʠʝ ʘʫʪʦʩʦʤʳ ʥʝ ʩʦʚʤʝʩʪʠʤʦ ʩ ʞʠʟʥʴʶ, 

ʪʦʛʜʘ ʢʘʢ ʛʦʥʦʩʦʤʥʘʷ ʤʦʥʦʩʦʤʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʦʞʜʝʥʠʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʛʦ 

ʠʥʜʠʚʠʜʫʫʤʘ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006ʘ).  

 

 



 
 

8 
 

II.1.1.1 ɸʫʪʦʩʦʤʥʳʝ ʩʠʥʜʨʦʤʳ 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʭʨʦʤʦʩʦʤʥʳʤ ʩʠʥʜʨʦʤʦʤ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ 

ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʘʥʝʫʧʣʦʠʜʠʝʡ ʘʫʪʦʩʦʤ, ʷʚʣʷʝʪʩʷ ʩʠʥʜʨʦʤ ɼʘʫʥʘ, 

ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʩ ʯʘʩʪʦʪʦʡ, ʚʘʨʴʠʨʫʶʱʝʡ ʦʪ 1:1000 ʜʦ 1:700 ʥʦʚʦʨʦʞʜʝʥʥʳʭ (ʖʨʦʚ ʠ ʜʨ., 

2014, Wang et al., 2005). ɼʘʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʨʫʰʝʥʠʝʤ 

ʩʝʛʨʝʛʘʮʠʠ ʭʨʦʤʦʩʦʤʳ 21 ʚ ʤʝʡʦʟʝ. ʅʝʨʘʩʭʦʞʜʝʥʠʝ ʭʨʦʤʦʩʦʤ ʧʨʠ ʜʘʥʥʦʤ ʩʠʥʜʨʦʤʝ 

ʚʦʟʥʠʢʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʣʦʚʳʭ ʢʣʝʪʢʘʭ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ï ʧʨʠ 

ʧʝʨʚʦʤ ʤʝʡʦʟʝ (~80%). ɼʣʷ ʩʠʥʜʨʦʤʘ ɼʘʫʥʘ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʠʡ ʫʯʘʩʪʦʢ (Down 

syndrome critical region ʠʣʠ DSCR), ʢʦʪʦʨʳʡ ʚʳʷʚʣʝʥ ʚ ʣʦʢʫʩʝ 21q22. ɸʥʘʣʠʟ ʛʝʥʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʘʥʥʦʤ ʭʨʦʤʦʩʦʤʥʦʤ ʫʯʘʩʪʢʝ, ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʛʝʥ DYRK1A, ʢʘʢ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʧʨʠ ʜʘʥʥʦʤ ʟʘʙʦʣʝʚʘʥʠʠ. ʆʧʠʩʳʚʘʝʤʳʡ ʛʝʥ 

ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (Yamamoto et al., 2011), ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʝʛʦ 

ʢʦʧʠʡ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (Kimura et al., 2007; Park et al., 2007; 

Ryoo et al., 2008). ʄʦʟʘʠʯʥʳʝ ʬʦʨʤʳ ʩʠʥʜʨʦʤʘ ɼʘʫʥʘ ʚʳʷʚʣʷʶʪʩʷ ʫ 2%ï4% ʧʘʮʠʝʥʪʦʚ 

(Mikkelsen et al., 1976). ʈʝʛʫʣʷʨʥʘ ̫ʤʦʥʦʩʦʤʠ ̫ʠʣʠ ʪʨʠʩʦʤʠʷ ʜʨʫʛʠʭ ʘʫʪʦʩʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʩʦʚʤʝʩʪʠʤʘ ʩ ʞʠʟʥʴʶ. ʇʨʠ ʩʠʥʜʨʦʤʘʭ ʕʜʚʘʨʜʩʘ ʠ ʇʘʪʘʫ (ʪʨʠʩʦʤʠʷ 18 ʠ 13, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʝʪʠ ʫʤʠʨʘʶʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006ʘ). ʆʧʠʩʘʥʳ ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ 

ʪʨʠʩʦʤʠʠ ʜʨʫʛʠʭ ʘʫʪʦʩʦʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʪʦʨʳʭ ʭʨʦʤʦʩʦʤʥʘʷ ʘʥʦʤʘʣʠʷ ʧʨʦʷʚʣʷʣʘʩʴ ʚ 

ʤʦʟʘʠʯʥʦʡ ʬʦʨʤʝ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʮʠʝʥʪʦʚ ʩ ʪʘʢʠʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. ʄʦʥʦʩʦʤʠʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʪʦʣʴʢʦ ʧʦ ʭʨʦʤʦʩʦʤʘʤ 21 ʠ 22.  ɼʣʷ ʩʣʫʯʘʝʚ ʤʦʥʦʩʦʤʠʠ ʭʨʦʤʦʩʦʤʳ 21 ʙʳʣʠ ʦʧʠʩʘʥʳ ʢʘʢ 

ʤʦʟʘʠʯʥʳʝ ʠ ʨʝʛʫʣʷʨʥʳʝ, ʪʘʢ ʠ ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʝ ʬʦʨʤʳ. ɼʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʵʪʠʤ 

ʥʘʨʫʰʝʥʠʝʤ ʛʝʥʦʤʘ ʭʘʨʘʢʪʝʨʥʘ ʚʥʫʪʨʠʫʪʨʦʙʥʘʷ ʠ ʧʦʩʪʥʘʪʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʛʠʧʝʨʪʦʥʠʷ, ʢʨʫʧʥʳʝ ʥʠʟʢʦʧʦʩʘʞʝʥʥʳʝ ʫʰʥʳʝ ʨʘʢʦʚʠʥʳ (Wang et al., 2005).  

 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʪʝʡ ʩ ʪʨʠʩʦʤʠʝʡ ʘʫʪʦʩʦʤ*.  

ʍʨʦʤʦʩʦʤʘ ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʊʠʧ ʧʝʨʝʩʪʨʦʡʢʠ  ʃʠʪʝʨʘʪʫʨʥʳʝ 

ʠʩʪʦʯʥʠʢʠ 

2 ɻʠʧʦʪʦʥʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

 

ʄʦʟʘʠʯʥʘʷ, 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ 

ʤʦʟʘʠʮʠʟʤ 

Wang et al., 2005  

3 ʊʷʞʝʣʘʷ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʚʳʩʪʫʧʘʶʱʠʝ ʣʦʙʥʳʝ ʙʫʛʨʳ, 

ʄʦʟʘʠʯʥʘʷ Schinzel et al., 

2001; Wang et al., 
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ʘʥʦʤʘʣʠʠ ʫʰʥʦʡ ʨʘʢʦʚʠʥʳ ʠ 

ʩʪʨʦʝʥʠʷ ʛʣʘʟʘ. 

2005 

4 ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʚʨʦʞʜʝʥʥʳʝ 

ʧʦʨʦʢʠ ʨʘʟʚʠʪʠʷ 

ʄʦʟʘʠʯʥʘʷ, 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ 

ʤʦʟʘʠʮʠʟʤ 

Brady et al., 2005 

5 ʄʥʦʞʝʩʪʚʝʥʥʳʝ ɺʇʈ, 

ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ ʩʝʨʜʮʘ,  

ʟʘʜʝʨʞʢʘ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ 

ʨʘʟʚʠʪʠʷ 

ʄʦʟʘʠʯʥʘʷ, 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ 

ʤʦʟʘʠʮʠʟʤ 

Villa et al., 2007 

6 ʇʦʨʦʢʠ ʩʝʨʜʮʘ (ʜʝʬʝʢʪ 

ʤʝʞʧʨʝʜʩʝʨʜʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ, 

ʩʪʝʥʦʟ ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ), 

ʢʨʫʧʥʳʝ ʫʰʥʳʝ ʨʘʢʦʚʠʥʳ, 

ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ 

ʄʦʟʘʠʯʥʘʷ, 

ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ 

ʤʦʟʘʠʮʠʟʤ 

Wang et al., 2005 

7 ɿʘʜʝʨʞʢʘ ʬʠʟʠʯʝʩʢʦʛʦ ʠ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʧʠʛʤʝʥʪʥʘʷ ʜʠʩʧʣʘʟʠʷ ʩ ʛʠʧʦ-ʠ 

ʛʠʧʝʨʧʠʛʤʝʥʪʘʮʠʝʡ, ʘʩʠʤʤʝʪʨʠʷ 

(ʣʠʮʘ ʠʣʠ ʪʝʣʘ), ʣʠʮʝʚʳʝ 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʄʦʟʘʠʯʥʘʷ Hsu et al., 1997 

8 ʋʤʝʨʝʥʥʘʷ ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ,  ʘʛʝʥʝʟʠʷ 

ʤʦʟʦʣʠʩʪʦʛʦ ʪʝʣʘ, ʧʦʨʦʢʠ ɻʄ, 

ʛʠʜʨʦʮʝʬʘʣʠʷ, ʟʘʜʝʨʞʢʘ 

ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʚʳʩʪʫʧʘʶʱʠʝ ʣʦʙʥʳʝ ʙʫʛʨʳ, 

ʛʣʫʙʦʢʦ ʧʦʩʘʞʝʥʥʳʝ ʛʣʘʟʘ, 

ʩʪʨʘʙʠʟʤ, ʰʠʨʦʢʦʝ ʧʝʨʝʥʦʩʴʝ, 

ʨʘʩʱʝʣʠʥʘ ʥʸʙʘ, ʘʥʦʤʘʣʠʠ 

ʩʢʝʣʝʪʘ,  ʧʦʨʦʢʠ ʩʝʨʜʮʘ 

ʈʝʛʫʣʷʨʥʘʷ ʠ 

ʤʦʟʘʠʯʥʘʷ 

ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 

1999; 2006ʘ; Wang 

et al., 2005 

Schinzel et al., 

2001 

9 ʃʠʮʝʚʳʝ ʤʠʢʨʦʘʥʦʤʘʣʠʠ: 

ʚʳʩʦʢʠʡ ʫʟʢʠʡ ʣʦʙ, ʛʣʫʙʦʢʦ 

ʧʦʩʘʞʝʥʥʳʝ ʛʣʘʟʘ, 

ʤʠʢʨʦʬʪʘʣʴʤʠʷ, 

ʄʦʟʘʠʯʥʘʷ ʠ 

ʨʝʛʫʣʷʨʥʘʷ, 

ʪʨʠʩʦʤʥʘʷ 

ʭʨʦʤʦʩʦʤʘ ʚ ʚʠʜʝ 

ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 

1999; 2006ʘ; 

Schinzel et al., 

2001; Wang et al., 
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ʥʠʟʢʦʧʦʩʘʞʝʥʥʳʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʫʰʥʳʝ 

ʨʘʢʦʚʠʥʳ, ʩʢʝʣʝʪʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʧʦʨʦʢʠ ʩʝʨʜʮʘ, ʧʦʨʦʢʠ ɻʄ, 

ʧʦʨʦʢʠ ʨʘʟʚʠʪʠʷ ʧʦʯʝʢ 

9pter->9q32: ʠʣʠ 

9q33 

2005 

10 ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʨʘʩʱʝʣʠʥʘ ʛʫʙʳ ʠ ʥʸʙʘ, ʧʦʨʦʢʠ 

ʩʝʨʜʮʘ, ʧʦʯʝʢ ʠ ʛʣʘʟ, 

ʜʝʬʦʨʤʘʮʠʷ ʯʝʨʝʧʘ 

ʄʦʟʘʠʯʥʘʷ Hahnemann et al., 

2005 

12 ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʥʠʟʢʠʡ 

ʨʦʩʪ, ʘʥʦʤʘʣʠʠ ʢʣʘʧʘʥʦʚ 

ʣʝʛʦʯʥʦʡ ʘʨʪʝʨʠʠ, ʩʢʦʣʠʦʟ, 

ʣʠʮʝʚʳʝ ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʄʦʟʘʠʯʥʘʷ Machado et al., 

2009; Wang et al., 

2005 

13 ʉʠʥʜʨʦʤ ʇʘʪʘʫ:  ʧʦʨʦʢʠ ɻʄ 

(ʛʦʣʦʧʨʦʟʵʥʮʝʬʘʣʠʷ, ʘʧʣʘʟʠʷ ʠ 

ʛʠʧʦʧʣʘʟʠʷ ʤʦʟʦʣʠʩʪʦʛʦ ʪʝʣʘ, 

ʘʧʣʘʟʠʷ ʠ ʛʠʧʦʧʣʘʟʠʷ 

ʟʨʠʪʝʣʴʥʳʭ ʥʝʨʚʦʚ, ʛʠʧʦʧʣʘʟʠʷ 

ʤʦʟʞʝʯʢʘ), ʤʠʢʨʦʬʪʘʣʴʤʠʷ, 

ʨʘʩʱʝʣʠʥʘ ʛʫʙʳ ʠ ʥʝʙʘ, 

ʘʥʦʤʘʣʠʠ ʩʝʨʜʮʘ, ʧʦʣʠʢʠʩʪʦʟ 

ʧʦʯʝʢ 

ʈʝʛʫʣʷʨʥʘʷ, 

ʤʦʟʘʠʯʥʘʷ 

Schinzel et al., 

2001; Wang et al., 

2005 

14 ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ,  ʤʠʢʨʦʛʥʘʪʠʷ, 

ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ ʩʝʨʜʮʘ,  

ʢʨʠʧʪʦʨʭʠʟʤ 

ʄʦʟʘʠʯʥʘʷ von Sneidern et al., 

2008 

15 ʏʝʨʝʧʥʦ-ʣʠʮʝʚʳʝ ʠ ʩʢʝʣʝʪʥʳʝ 

ʘʥʦʤʘʣʠʠ, ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ 

ʩʝʨʜʮʘ 

ʄʦʟʘʠʯʥʘʷ, 

ʨʝʛʫʣʷʨʥʘʷ 

Schinzel et al., 

2001; Wang et al., 

2005 

16 ɿʘʜʝʨʞʢʘ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʧʪʦʟ, 

ʣʠʮʝʚʳʝ ʤʠʢʨʦʘʥʦʤʘʣʠʠ, 

ʚʨʦʞʜʝʥʥʳʝ ʧʦʨʦʢʠ ʩʝʨʜʮʘ, 

ʩʢʦʣʠʦʟ, ʧʦʧʝʨʝʯʥʘʷ ʣʘʜʦʥʥʘʷ 

ʙʦʨʦʟʜʘ 

ʄʦʟʘʠʯʥʘʷ Wang et al., 2005 
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17 ɿʘʜʝʨʞʢʘ ʫʤʩʪʚʝʥʥʦʛʦ ʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʩʫʜʦʨʦʛʠ, ʧʦʪʝʨʷ 

ʩʣʫʭʘ, ʘʫʪʠʩʪʠʯʝʩʢʠʝ ʯʝʨʪ rʚ 

ʧʦʚʝʜʝʥʠʠ 

ʄʦʟʘʠʯʥʘʷ Collado et al., 2003 

18 ʉʠʥʜʨʦʤ ʕʜʚʘʨʜʩʘ: ʧʦʨʦʢʠ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʛʠʧʦʧʣʘʟʠʷ 

ʤʦʟʞʝʯʢʘ ʠ ʤʦʟʦʣʠʩʪʦʛʦ ʪʝʣʘ), 

ʣʠʮʝʚʳʝ ʤʠʢʨʦʘʥʦʤʘʣʠʠ, 

ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

ʇʦʣʥʘʷ, ʤʦʟʘʠʯʥʘʷ, 

ʯʘʩʪʠʯʥʘʷ 

 

ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 

1999; 2006ʘ; Wang 

et al., 2005 

20 ɻʠʧʦʧʠʛʤʝʥʪʘʮʠʷ, ʦʧʠʩʘʥ 

ʬʝʥʦʪʠʧ ʙʝʟ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ ʠ 

ʥʘʨʫʰʝʥʠʡ ʧʩʠʭʠʢʠ 

ʊʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ 

ʤʦʟʘʠʮʠʟʤ 

Schinzel et al., 

2001; Wang et al., 

2005 

21 ʉʠʥʜʨʦʤ ɼʘʫʥʘ ʈʝʛʫʣʷʨʥʘʷ, 

ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʘʷ, 

ʤʦʟʘʠʯʥʘʷ  

ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 

1999; 2006ʘ; 

Roizen et al., 2003; 

Dierssen et al., 

2009 

22 ʉʠʥʜʨʦʤ ʢʦʰʘʯʴʝʛʦ ʛʣʘʟʘ, ʘ 

ʪʘʢʞʝ ʚʥʫʪʨʠʫʪʨʦʙʥʘʷ ʟʘʜʝʨʞʢʘ 

ʨʦʩʪʘ, ʥʠʟʢʦʧʦʩʘʞʝʥʥʳʝ ʫʰʥʳʝ 

ʨʘʢʦʚʠʥʳ, ʛʠʧʦʧʣʘʟʠʷ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʣʠʮʘ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʤʠʢʨʦʛʥʘʪʠʷ, ʘʥʦʤʘʣʠʠ ʩʝʨʜʮʘ,  

ʛʠʧʦʧʠʛʤʝʥʪʘʮʠʷ 

ʄʦʟʘʠʯʥʘʷ ʬʦʨʤʘ 

ʪʨʠʩʦʤʠʠ, SMCs 

ʭʨʦʤʦʩʦʤʳ 22 ʠʣʠ 

ʜʫʧʣʠʢʘʮʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʫʯʘʩʪʢʘ 

 

 

 

 

Schinzel, 2001; 

Liehr et al., 2004 

*ɺ ʜʘʥʥʫʶ ʪʘʙʣʠʮʫ ʚʢʣʶʯʝʥʳ ʪʦʣʴʢʦ ʥʘʨʫʰʝʥʠʷ, ʚʳʷʚʣʷʚ ʠhʝʩʷ ʫ ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʜʝʪʝʡ. 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʭʨʦʤʦʩʦʤʥʳʭ ʩʠʥʜʨʦʤʦʚ ʠ ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʠʩʦʤʠʝʡ ʠ ʤʦʥʦʩʦʤʠʝʡ ʘʫʪʦʩʦʤ, ʭʘʨʘʢʪʝʨʥʳ ʪʷʞʝʣʳʝ ʧʨʝʥʘʪʘʣʴʥʳʝ ʠ ʧʦʩʪʥʘʪʘʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʚʩʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʦʚ, ʠʤʝʥʥʦ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 
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II .1.1.2 ɻʦʥʦʩʦʤʥʳʝ ʩʠʥʜʨʦʤʳ 

ɸʥʝʫʧʣʦʠʜʠʷ ʛʦʥʦʩʦʤ (ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ 

ʭʨʦʤʦʩʦʤ ʍ ʠʣʠ Y. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʦʥʦʩʦʤʥʳʤʠ ʩʠʥʜʨʦʤʘʤʠ ʷʚʣʷʶʪʩʷ 

ʩʠʥʜʨʦʤ ʐʝʨʝʰʝʚʩʢʦʛʦ-ʊʝʨʥʝʨʘ, ʂʣʘʡʥʬʝʣʴʪʝʨʘ, ʪʨʠʩʦʤʠʷ ʭʨʦʤʦʩʦʤʳ ʍ ʠ ʜʠʩʦʤʠʷ 

ʭʨʦʤʦʩʦʤʳ Y (Demaliaj et al., 2012). ʉʠʥʜʨʦʤ ʂʣʘʡʥʬʝʣʴʪʝʨʘ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʦʡ 

ʭʨʦʤʦʩʦʤʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʤʫʞʩʢʦʤ ʭʨʦʤʦʩʦʤʥʦʤ ʥʘʙʦʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝ 

ʤʝʥʝʝ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʨʦʤʦʩʦʤ rʍ (Visootsak et al, 2006). ʂʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʦʡ 

ʩʠʥʜʨʦʤʘ ʩʯʠʪʘʝʪʩʷ ʥʘʣʠʯʠʝ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʨʦʤʦʩʦʤʳ ʍ (ʢʘʨʠʦʪʠʧ: 47,XXY), ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʥʘʨʫʰʝʥʠʝʤ ʯʠʩʣʘ ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ ʫ ʯʝʣʦʚʝʢʘ ʠ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʫ 1 ʠʟ 500 ʤʫʞʯʠʥ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʵʪʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʚ ʮʝʣʦʤ, ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ (ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʢ ʥʦʨʤʘʣʴʥʦʛʦ IQ, ʪʘʢ ʠ ʥʠʞʝ ʠ ʚʳʰʝ ʩʨʝʜʥʝʛʦ) (Boada et al, 

2009), ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʦʧʠʩʘʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 70% 

ʧʘʮʠʝʥʪʦʚ; ʦʪʤʝʯʘʶʪʩʷ ʘʥʦʤʘʣʠʠ ʧʦʚʝʜʝʥʠʷ. ɺʘʨʠʘʥʪʳ ʩʠʥʜʨʦʤʘ ʂʣʘʡʥʬʝʣʴʪʝʨʘ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʠ ʙʦʣʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʭʨʦʤʦʩʦʤ ʍ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ (48,XXYY  ð 

1:17000, ʘ 48,XXXY  ð 1:50000) ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ IQ ʫ ʪʘʢʠʭ ʠʥʜʠʚʠʜʫʫʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ, ʯʝʤ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʩʠʥʜʨʦʤʘ (Tartaglia et al, 2005). ʉʠʥʜʨʦʤ 

ʐʝʨʝʰʝʚʩʢʦʛʦ-ʊʝʨʥʝʨʘ (45,ʍ) ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 1:2000-1:5000 ʜʝʚʦʯʝʢ. 

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤ ʦʨʘʛʥʠʟʤʘ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʘʥʥʳʤ 

ʟʘʙʦʣʝʚʘʥʠʝʤ, ʚʣʠʷʶʪ ʥʘ ʧʩʠʭʦʩʝʢʩʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʜʝʚʦʯʝʢ ʚ ʧʦʜʨʦʩʪʢʦʚʦʤ ʚʦʟʨʘʩʪʝ, ʘ 

ʪʘʢʞʝ ʟʘʪʨʘʛʠʚʘʶʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʞʠʟʥʠ ʨʝʙʝʥʢʘ. 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʜʘʥʥʦʛʦ ʩʠʥʜʨʦʤʘ, ʦʜʥʘʢʦ ʫ ʜʝʚʦʯʝʢ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʚ ʚʦʩʧʨʠʷʪʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ ʩ 

ʜʝʬʠʮʠʪʦʤ ʚʥʠʤʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ ʩʠʥʜʨʦʤʘ ʐʝʨʝʰʝʚʩʢʦʛʦ ï 

ʊʝʨʥʝʨʘ ʷʚʣʷʶʪʩʷ ʥʠʟʢʠʡ ʨʦʩʪ, ʙʝʩʧʣʦʜʠʝ, ʦʞʠʨʝʥʠʝ, ʢʨʳʣʦʚʠʜʥʳʝ ʩʢʣʘʜʢʠ ʥʘ ʰʝʝ, 

ʥʘʨʫʰʝʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʇʦʤʠʤʦ ʭʨʦʤʦʩʦʤʥʳʭ ʩʠʥʜʨʦʤʦʚ, ʚʳʟʚʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʭʨʦʤʦʩʦʤ, ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʫʤʩʪʚʝʥʥʫʶ ʦʪʩʪʘʣʦʩʪʴ ʚʥʦʩʷʪ 

ʤʠʢʨʦʜʝʣʝʮʠʦʥʥʳʝ ʠ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʦʥʥʳʝ ʩʠʥʜʨʦʤʳ.  
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ʈʠʩ 1. ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʩʠʥʜʨʦʤʘ ʂʣʘʡʥʬʝʣʴʪʝʨʘ. 

 

II .1.2 ʄʠʢʨʦʜʝʣʝʮʠʦʥʥʳʝ ʠ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʦʥʥʳʝ ʩʠʥʜʨʦʤʳ.  

ʄʠʢʨʦʜʝʣʝʮʠʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʭʨʦʤʦʩʦʤʥʳʝ ʘʙʝʨʨʘʮʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʧʦʪʝʨʠ ʫʯʘʩʪʢʘ ɼʅʂ ʨʘʟʤʝʨʦʤ 1-5 ʤʣʥ. ʧʥ. ʆʥʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʵʢʩʧʨʝʩʩʠʶ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʟʘʪʨʦʥʫʪʳʭ ʛʝʥʦʚ, ʘ ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʝʨʝʩʪʨʦʝʢ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʲʷʩʥʝʥʳ ʥʘʣʠʯʠʝʤ ʪʦʣʴʢʦ ʦʜʥʦʡ ʢʦʧʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ. 

ʄʠʢʨʦʜʝʣʝʮʠʠ ʘʩʩʦʮʠʠʨʦʚʘʣʠʩʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʠʥʜʨʦʤʘʤʠ ʝʱʝ ʚ 70-ʭ, 80-ʭ ʠ 90-ʭ ʛʦʜʘʭ 

ʠ ʚʳʷʚʣʷʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʬʣʶʦʨʝʩʮʝʥʪʥʦʡ 

ʛʠʙʨʠʜʠʟʘʮʠʠ in situ (FISH). ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʤʠʢʨʦʜʝʣʝʮʠʦʥʥʳʭ (ʜʝʣʝʮʠʦʥʥʳʭ) 

ʩʠʥʜʨʦʤʦʚ ʷʚʣʷʶʪʩʷ ʩʠʥʜʨʦʤʳ ɺʦʣʴʬʘ-ʍʠʨʰʭʦʨʥʘ, ʂʨʠʢʘ ʢʦʰʢʠ, ɺʠʣʴʷʤʩʘ, ʇʨʘʜʝʨʘ-

ɺʠʣʣʠ, ɸʥʛʝʣʴʤʘʥʘ, ʈʫʙʠʥʰʪʝʡʥʘ-ʊʝʡʙʠ, ʉʤʠʪ-ʄʘʞʝʥʠʩ, ɼʠɼʞʦʨʜʞʠ, ʄʠʣʣʝʨʘ-ɼʠʢʝʨʘ 

(ʪʘʙʣ.2) (ʖʨʦʚ ʠ ʜʨ., 2014ʙ, ʖʨʦʚ ʠ ʜʨ., 2014). ʍʦʪʷ ʢʘʞʜʳʡ ʩʠʥʜʨʦʤ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʢʣʠʥʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ, ʦʥʠ ʚʩʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʢʦʛʥʠʪʠʚʥʳʭ 
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ʬʫʥʢʮʠʡ ʠ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ 

(Iourov et al., 2006). ʇʦʤʠʤʦ ʤʠʢʨʦʜʝʣʝʮʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʨʠʯʠʥ 

ʠʜʠʦʧʘʪʠʯʝʩʢʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʠ (Iourov et 

al., 2006, 2008). ʄʠʢʨʦʜʫʧʣʠʢʘʮʠʷ ð ʵʪʦ ʫʜʚʦʝʥʠʝ ʫʯʘʩʪʢʘ ɼʅʂ ʨʘʟʤʝʨʦʤ 1-5 ʤʣʥ.ʧʥ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʦʥʥʳʭ ʩʠʥʜʨʦʤʦʚ ʷʚʣʷʝʪʩʷ ʩʠʥʜʨʦʤ 

ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʠ 22q11.2. ʇʨʠ ʵʪʦʤ ʩʠʥʜʨʦʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʛʦʪʠʯʝʩʢʦʝ ʥʸʙʦ, ʥʘʨʫʰʝʥʠʷ 

ʩʣʫʭʘ, ʣʠʮʝʚʳʝ ʤʠʢʨʦʘʥʦʤʘʣʠʠ, ʟʘʜʝʨʞʢʘ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ ʨʘʟʚʠʪʠʷ (Bessa et al., 2012). 

 

ʊʘʙʣʠʮʘ 2. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʠʢʨʦʜʝʣʝʮʠʦʥʥʳʝ ʠ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʦʥʥʳʝ 

ʩʠʥʜʨʦʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ (ʯʘʩʪʠʯʥʦ ʧʦ Muhl e et al, 2004). 

ʉʠʥʜʨʦʤ ʅʘʨʫʰʝʥʠʝ ʛʝʥʦʤʘ ʏʘʩʪʦʪʘ ʂʣʠʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʦʣʴʬʘ - 

ʍʠʨʰʭʦʨʥʘ 

ɼʝʣʝʮʠʷ ʫʯʘʩʪʢʘ 

4p16.3 

1 : 50000 ɿʘʜʝʨʞʢʘ ʨʦʩʪʘ, ʣʠʮʝʚʳʝ 

ʘʥʦʤʘʣʠʠ, ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ 

ʛʦʣʦʚʳ, ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ 

ʩʝʨʜʮʘ 

ʂʨʠʢʘ ʢʦʰʢʠ ɼʝʣʝʮʠʷ ʫʯʘʩʪʢʘ 

5ʨ15.2  

1 : 50000 ʊʷʞʝʣʘʷ ʟʘʜʝʨʞʢʘ 

ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ ʠ ʫʤʩʪʚʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʛʠʧʝʨʪʝʣʦʨʠʟʤ ʛʣʘʟ, 

ʤʘʣʝʥʴʢʠʡ ʧʦʜʙʦʨʦʜʦʢ, ʰʠʨʦʢʘʷ 

ʧʝʨʝʥʦʩʠʮʘ, ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʢʨʠʢ 

ɺʠʣʴʷʤʩʘ ɼʝʣʝʮʠʷ ʫʯʘʩʪʢʘ 

7q11.23 

1 : 20000 ɸʥʦʤʘʣʠʠ ʩʝʨʜʮʘ, ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, 

ʣʠʮʝʚʳʝ ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʇʨʘʜʝʨʘ-ɺʠʣʣʠ ɼʝʣʝʮʠʷ ʫʯʘʩʪʢʘ 

15q11.2 

1 : 10000 ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʩʥʠʞʝʥʥʳʡ 

ʤʳʰʝʯʥʳʡ ʪʦʥʫʩ, ʦʞʠʨʝʥʠʝ, 

ʯʨʝʟʤʝʨʥʳʡ ʘʧʧʝʪʠʪ, 

ʛʠʧʦʧʠʛʤʝʥʪʘʮʠʷ, ʫʤʝʥʴʰʝʥʠʝ 

ʨʘʟʤʝʨʘ ʛʝʥʠʪʘʣʠʡ 

ɸʥʛʝʣʴʤʘʥʘ ɼʝʣʝʮʠʷ ʫʯʘʩʪʢʘ  

15q11.2 

1 : 10000 ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʫʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʨʝʯʠ, 

ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ, 

ʥʝʧʨʦʠʟʚʦʣʴʥʳʡ ʩʤʝʭ, 
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ʤʠʢʨʦʙʨʘʭʠʮʝʬʘʣʠʷ, 

ʤʘʢʨʦʩʪʦʤʠʷ 

ʉʤʠʪïʄʘʞʝʥʠʩ ɼʝʣʝʮʠʷ ʫʯʘʩʪʢʘ  

17p11.2 

1 : 25000 ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ, ʥʠʟʢʠʡ ʨʦʩʪ, 

ʣʠʮʝʚʳʝ ʘʥʦʤʘʣʠʠ, ʥʘʨʫʰʝʥʠʝ 

ʧʦʚʝʜʝʥʠʷ 

ɹʝʢʚʠʪʘïɺʠʜʝʤʘʥʘ ɼʫʧʣʠʢʘʮʠʷ ʫʯʘʩʪʢʘ 

17p11.2p12 

1: 13700 ɺʳʩʪʫʧʘʶʱʠʡ ʷʟʳʢ, ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʪʝʣʘ ʠ ʨʘʟʤʝʨʘ 

ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʣʝʛʢʘʷ 

ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ 

 

ʂʨʦʤʝ ʤʠʢʨʦʜʝʣʝʮʠʦʥʥʳʭ ʠ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʦʥʥʳʭ ʩʠʥʜʨʦʤʦʚ, ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʵʪʠʦʣʦʛʠʶ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʪʘʢʞʝ ʚʥʦʩʷʪ ʤʦʥʦʛʝʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʷ ʢʦʧʠʡʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 1000 ʧʥ.  

 

II.1.3 ɺʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ (CNV) 

ɺʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ (CNV) ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʠʟʤʝʥʝʥʠʷ 

ɼʅʂ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 1000 ʧʥ, ʚʢʣʶʯʘʶʱʠʝ ʜʫʧʣʠʢʘʮʠʠ ʠʣʠ ʜʝʣʝʮʠʠ. CNV ʚʥʦʩʷʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʬʝʥʦʪʠʧʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʢʘʢ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʦʜʠʥ ʛʝʥ, ʪʘʢ ʠ ʧʨʠ ʤʫʣʴʪʠʬʘʢʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʉ ʨʘʟʚʠʪʠʝʤ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ, ʪʘʢʠʭ ʢʘʢ array CGH ʠ SNP array,  ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ CNV ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦ ʚʩʝʤʫ ʛʝʥʦʤʫ, ʥʦ ʠ 

ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ ʠʜʠʦʧʘʪʠʯʝʩʢʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ. CNV ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ 

ʩʧʦʨʘʜʠʯʝʩʢʠʤʠ ʠ ʚʳʟʚʘʥʳ ʧʝʨʝʩʪʨʦʡʢʘʤʠ de novo.  ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦʪ ʪʠʧ ʚʘʨʠʘʮʠʡ 

ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴʩʷ c ʯʘʩʪʦʪʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ ʯʘʩʪʦʪʫ ʪʦʯʝʯʥʳʭ ʤʫʪʘʮʠʡ ʥʘ 1000-10000 

(Kumar et al., 2008). ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ) ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʢʘʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ çʥʝʡʪʨʘʣʴʥʳʭè 

ʚʘʨʠʘʮʠʡ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʚʩʝʛʦ ʛʝʥʦʤʘ (Bernardini et al., 2010). CNV ʤʦʛʫʪ ʙʳʪʴ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ 

ʚʘʨʠʘʮʠʷ ʛʝʥʦʤʘ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʘ ʚ ʧʘʪʦʛʝʥʝʟ ʨʘʟʣʠʯʥʳʭ ʥʝʨʚʥʳʭ ʠ ʧʩʠʭʠʯʝʩʢʠʭ 

ʙʦʣʝʟʥʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʵʢʟʦʥʥʫʶ ʜʝʣʝʮʠʶ ʚ ʛʝʥʝ NRXN1 

(ʣʦʢʘʣʠʟʦʚʘʥʥʦʤ ʚ ʫʯʘʩʪʢʝ 2p16.3 ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʤʦʤ ʩ ʘʫʪʠʟʤʦʤ), ʢʦʨʦʪʘʷ 

ʙʳʣʘ ʦʧʠʩʘʥʘ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʟʘʜʝʨʞʢʦʡ ʨʘʟʚʠʪʠʷ, ʘʫʪʠʟʤʦʤ, ʠ ʰʠʟʦʬʨʝʥʠʝʡ (ʩʝʛʨʝʛʘʮʠʷ 

ʜʝʣʝʮʠʠ ʫ ʧʘʮʠʝʥʪʦʚ ʚ ʜʚʫʭ ʩʝʤʴʷʭ) (Grayton et al., 2012). CNV ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʘʢʞʝ 

ʠ ʧʨʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ (ʪʘʙʣ.3). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ CNV, ʚʳʷʚʣʷʝʤʳʝ de novo, ʤʦʛʫʪ 
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ʙʳʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ ʩʣʫʯʘʝʚ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ  (ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʨʠʪʝʨʠʝʚ ʚʢʣʶʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʛʨʫʧʧʫ) ʠ ʣʦʢʘʣʠʟʦʚʳʚʘʪʴʩʷ ʚ ʣʶʙʦʤ 

ʛʝʥʦʤʥʦʤ ʣʦʢʫʩʝ.  

ʀʥʪʝʨʧʨʝʪʠʨʫʷ CNV ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʫʯʠʪʳʚʘʶʪ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʨʦʜʠʪʝʣʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʠʥʜʠʚʠʜʫʫʤʦʚ, ʨʘʟʤʝʨ 

ʧʝʨʝʩʪʨʦʝʢ ʠ ʯʘʩʪʦʪʫ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʛʦʨʪʘʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ 

ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʣʠʯʠʝ 

ʤʦʟʘʠʯʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʦʩʪʟʠʛʦʪʠʯʝʩʢʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʚʘʞʥʦʩʪʴ ʤʝʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʛʝʥʦʤʘ (Iourov et al., 2006, 2012; Vissers et al., 2016). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʥʷʪʠʷ ñCNVò ʘʚʪʦʨʳ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʙʦʪ ʩʭʦʜʷʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʨʘʟʤʝʨ ʵʪʦʛʦ ʪʠʧʘ ʚʘʨʠʘʮʠʡ ʛʝʥʦʤʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1000 ʧʥ ʠ ʙʦʣʝʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʣʝʜʫʝʪ ʦʪʝʪʠʪʴ, ʯʪʦ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʨʘʟʤʝʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ ñCNVò ʩʠʣʴʥʦ 

ʚʘʨʴʠʨʫʝʪ. CNV ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʥʘʨʫʰʝʥʠʷ ʛʝʥʦʤʘ ʨʘʟʤʝʨʦʤ ʦʪ 1000 ʧʥ ʜʦ 5-8 ʤʣʥ. 

ʧʥ (ʨʘʟʤʝʨ çʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʠʜʠʤʳʭè ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩ 

ʫʯʝʪʦʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ CNV ʦʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢ ʚʘʨʠʘʮʠʠ ʛʝʥʦʤʘ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 500 

ʪʳʩ ʧʥ. 

ʊʘʙʣʠʮʘ 3. CNV ʧʨʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ (ʧʦ Wyandt et al., 2017). 

ʋʯʘʩʪʦʢ 

ʛʝʥʦʤʘ 

ʊʠʧ 

ʧʝʨʝʩʪʨʦʡʢʠ 

(ī) ï ʜʝʣʝʮʠʷ 

(+) ï 

ʜʫʧʣʠʢʘʮʠʷ  

ɻʝʥʦʤʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ  

ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ 

1q21.1 

 

(ī) 149,040,813 

149,699,561 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ 

 

1q21.1 

 

(ī) 145,414,990 

147,824,348 

ʅʘʨʫʰʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʫʯʝʥʠʶ 

1q21.1q21.2 

 

(ī) 154,064,944 

154,792,944 

 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʟʘʜʝʨʞʢʘ 

ʨʘʟʚʠʪʠʷ ʨʝʯʠ, ʜʝʬʦʨʤʘʮʠʷ ʩʪʦʧʳ 

1q21.3q31.1 

 

(ī) 153,035,245 

159,367,106 

 

ʊʷʞʝʣʘʷ ʩʪʝʧʝʥʴ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ, ʤʠʢʨʦʙʨʘʭʠʮʝʬʘʣʠʷ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʜʠʣʘʪʘʮʠʦʥʥʘʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ, 

ʢʦʥʪʨʘʢʪʫʨʳ ʧʷʪʢʠ, ʧʨʠʩʪʫʧʳ ʘʧʥʦʵ ʚʦ 

ʩʥʝ, ʛʠʧʦʧʣʘʟʠʷ ʤʦʟʦʣʠʩʪʦʛʦ ʪʝʣʘ 

1p21.1 

 

(ī) 102,595,342 

102,849,782 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʘʪʨʦʬʠʷ ʤʳʰʮ, 

ʛʠʧʦʛʣʠʢʝʤʠʷ 

1q21.1 

 

(ī) 149,040,813 

149,232,622 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʤʘʢʨʦʛʣʦʩʩʠʷ 
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1q21.2 

 

(ī) 149,041,013 

149,275,102 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʢʦʘʨʢʪʘʮʠʷ ʘʦʨʪʳ 

1q42.2 

 

(+) 231,749,489 

231,814,121 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʥʘʨʫʰʝʥʠʝ 

ʦʙʫʯʝʥʠʷ, ʧʦʪʝʨʷ ʩʣʫʭʘ, ʣʠʮʝʚʳʝ 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ, ʥʘʧʦʤʠʥʘʶʱʠʝ 

ʩʠʥʜʨʦʤ ɺʦʣʴʬʘ-ʍʠʨʰʭʦʨʥʘ 

1q42.3 

 

(ī) 234,665,301 

234,867,632 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

2p11.2 

 

(+) 87,229,388 

87,786,674 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

2p25.2 

 

(+) 4,568,002 

4,745,293 

 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʵʧʠʣʝʧʪʠʬʦʨʤʥʳʝ ʧʨʠʧʘʜʢʠ 

 

2q13 

 

(+) 110,732,632 

110,964,737 

 

ʋʤʝʨʝʥʥʘʷ ʩʪʝʧʝʥʴ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ, ʦʞʠʨʝʥʠʝ, ʬʝʪʘʣʴʥʳʡ 

ʘʩʮʠʪ 

2q37.3 

 

(ī) 242,579,073 

242,656,173 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʘʛʨʝʩʩʠʚʥʦʝ 

ʧʦʚʝʜʝʥʠʝ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʘʪʨʝʟʠʷ ʟʘʜʥʝʛʦ ʧʨʦʭʦʜʘ, 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʯʝʨʪʳ ʩʠʥʜʨʦʤʘ 

ɼʠɼʞʦʨʜʞʠ, ʛʠʙʝʣʴ ʧʣʦʜʘ 

3p26.3 

 

(+) 117,535  

338,099 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

3p24.2p24.1 

 

(ī) 

 

26,279,385 

26,485,026 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

3q13.11 

 

(ī) 103,522,615 

103,883,630 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

3q28 

 

(ī) 188,019,577 

188,225,481 

ʅʘʨʫʰʝʥʠʝ ʦʙʫʯʝʥʠʷ, ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ 

ʯʝʨʪʳ ʩʠʥʜʨʦʤʘ ʂʣʘʡʥʬʝʣʴʪʝʨʘ 

 

3q29 

 

(+) 196,745,068 

196,943,521 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʦʞʠʨʝʥʠʝ 

 

4p16.3 

 

(+) 1,333,133 

1,742,790 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

4p16.3 (+) 1,405,662  

1,798,461 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʉɼɺɻ, 

ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ ʨʝʯʠ, 

ʛʠʧʝʨʪʨʦʬʠʷ, ʤʠʢʨʦʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ 

 

4q32.1 

 

(+) 157,699,207 

158,086,013 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʢʘʪʘʨʘʢʪʳ 

 

4p15.1 

 

(+) 28,373,509 

28,547,832 

ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ ʯʝʨʪʳ ʩʠʥʜʨʦʤʘ 

ɼʠɼʞʦʨʜʞʠ 

4q13.2 

 

(ī) 69,276,398 

69,483,248 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

4q22.3 

 

(+) 95,255,487 

95,482,719 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  
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4q26 

 

(ī) 116,731,797 

117,012,211 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ 

 

4q35.2 

 

(+) 189,968,249 

190,231,734 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

5p14.1 

 

(+) 25,086,038 

25,376,266 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʦʪʤʝʯʘʣʘʩʴ 

ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ ʧʦ ʤʘʪʝʨʠʥʩʢʦʡ 

ʣʠʥʠʠ 

5p12p11 

 

(ī) 45,858,633  

45,916,607 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʥʠʟʢʠʡ ʨʦʩʪ, 

ʛʠʧʦʪʦʥʠʷ, ʙʠʣʘʪʝʨʘʣʴʥʘʷ ʨʘʟʱʝʣʠʥʘ 

ʛʫʙʳ ʠ ʥʸʙʘ, ʪʨʘʥʩʧʦʟʠʮʠʷ ʙʦʣʴʰʠʭ 

ʩʦʩʫʜʦʚ, ʘʪʘʢʩʠʷ 

5q35.3 

 

(+) 177,691,966 

177,957,079 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ɻ ʧʠʣʝʧʩʠʷ 

 

6q11.1 

 

(+) 62,238,605 

62,351,058 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ 

6q24q25 

 

(ī) 149,580,983 

149,861,981 

 

ʉʠʥʜʨʦʤ ʤʠʢʨʦʜʝʣʝʮʠʠ 6q24q25; 

ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʥʠʟʢʠʡ ʨʦʩʪ, 

ʜʦʣʠʭʦʮʝʬʘʣʠʷ, ʣʠʮʝʚʳʝ 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ, ʧʦʪʝʨʷ ʩʣʫʭʘ, ʧʦʨʦʢʠ 

ʩʝʨʜʮʘ, ʛʠʧʦʪʦʥʠʷ, 

ʚʝʥʪʨʠʢʫʣʦʤʝʛʘʣʠʷ, ʛʠʧʦʧʣʘʟʠʷ 

ʤʦʟʦʣʠʩʪʦʛʦ ʪʝʣʘ 

6p25.1 

 

(ī) 4,214,499 

4,383,020 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

7p21.1 (ī) 15,957,375 

20,331,837 

ʉʠʥʜʨʦʤ ʤʠʢʨʦʜʝʣʝʮʠʠ 7p21.1; 

ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʥʘʨʫʰʝʥʠʝ 

ʦʙʫʯʝʥʠʷ, ʥʠʟʢʠʡ ʨʦʩʪ, ʢʦʨʦʥʘʣʴʥʳʡ 

ʩʠʥʦʩʪʦʟ, ʤʠʢʨʦʮʝʬʘʣʠʷ, ʧʪʦʟ, 

ʚʳʩʦʢʦʝ ʥʸʙʦ, ʩʠʥʜʘʢʪʠʣʠʷ,  

ʝʜʠʥʠʯʥʘʷ ʣʘʜʦʥʥʘʷ ʩʢʣʘʜʢʘ 

7p21.1 

 

(+) 16,964,459 

17,373,868 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ 

7q11.21 (ī) 64,247,064 

64,708,495 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʘʪʘʢʩʠʷ 

7q11.23 

 

(ī) 76,139,082 

76,623,565 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʘʪʘʢʩʠʷ 

7p14.3 

 

(ī) 33,491,736 

33,722,347 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ 

7p12.3 

 

(ī) 48,518,636 

48,671,021 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

7q11.2/.3 

 

(ī) 72,041,204 

72,286,351 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ɻ ʧʠʣʝʧʩʠʷ 

7q11.23 

 

(ī) 76,139,082 

76,558,165 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, ʵʧʠʣʝʧʩʠʷ 

7q21.3 

 

(ī) 96,359,034 

96,594,968 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʨʦʜʦʩʣʦʚʥʦʡ, ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʯʝʨʪʳ 

ʩʠʥʜʨʦʤʘ ʇʨʘʜʝʨʘ-ɺʠʣʣʠ 

7q31.1 

 

(ī) 110,990,668 

111,194,797 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

7q35 

 

(ī) 143,852,773 

144,204,314 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʨʝʩʧʠʨʘʪʦʨʥʳʝ 

ʥʘʨʫʰʝʥʠʷ, ʚʥʫʪʨʠʫʪʨʦʙʥʘʷ ʟʘʜʝʨʞʢʘ 
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ʨʦʩʪʘ 

8p21.1 

 

(+) 27,579,035 

28,776,494 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʭʦʞʜʝʥʠʝ ʥʘ 

ʮʳʧʦʯʢʘʭ 

 

8p23.1 

 

(+) 7,113,661  

7,403,681 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʜʝʬʝʢʪʳ ʯʝʨʝʧʘ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʤʠʢʨʦʬʘʣʣʦʩ 

8p23.1 

 

(+) 7,410,304  

7,843,790 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʛʨʳʞʘ ʚ ʦʙʣʘʩʪʠ 

ʜʠʘʬʨʘʛʤʳ 

 

8p11.23/.22 

 

(ī) 

 

39,135,835 

39,505,456 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, ʢʘʦʜʠʦʤʠʦʧʘʪʠʷ 

ʧɻʠʣʝʧʩʠʷ 

8p24.3 

 

(ī) 146,222,672 

146,235,484 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠ ̫

 

9q22.33 

 

(+) 99,541,544 

99,824,386 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

9q34.3 

 

(+) 140,756,863 

140,901,156 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʛʣʫʭʦʪʘ, ʵʧʠʣʝʧʩʠʷ 

10q11.22 

 

(ī) 46,839,213 

47,074,861 

 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʥʠʟʢʠʡ ʨʦʩʪ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʜʝʬʝʢʪʳ ʢʦʩʪʝʡ ʯʝʨʝʧʘ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʨʝʪʨʦʛʥʘʪʠʷ, 

ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʧʦʯʝʢ, 

ʛʠʧʦʛʦʥʘʜʠʟʤ, ʦʧʫʭʦʣʴ ɺʠʣʴʤʩʘ, 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʯʝʨʪʳ ʩʠʥʜʨʦʤʘ 

ʇʨʘʜʝʨʘ-ɺʠʣʣʠ 

10q23.1 

 

(ī) 84,270,008 

84,328,801 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʧʨʝʘʫʨʠʢʫʣʷʨʥʳʝ 

ʦʪʤʝʪʢʠ 

10q24.31/.32 

 

(+) 102,977,341 

103,047,710 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʤʘʢʨʦʩʦʤʠʷ,  

ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ ʨʝʯʠ 

10q26.3 

 

(ī) 135,103,829 

135,227,663 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʛʠʧʦʪʦʥʠʷ, ʵʥʮʝʬʘʣʦʮʝʣʝ, 

ʧʦʨʦʢ ʩʝʨʜʮʘ, ʚʥʫʪʨʠʫʪʨʦʙʥʘʷ 

ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ 

ʯʝʨʪʳ, ʥʘʧʦʤʠʥʘʶʱʠʝ ʩʠʥʜʨʦʤ 

ɼʠɼʞʦʨʜʞʠ  

11q24.3 

 

(ī) 128,341,630 

128,777,536 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ 

11q24.3 (ī) 129,511,419 

129,519,794 

 

ʉʠʥʜʨʦʤ ʤʠʢʨʦʜʝʣʝʮʠʠ 11q24.3, 

ʧʝʨʝʩʝʢʘʶʱʠʡʩʷ ʩ ʩʠʥʜʨʦʤʦʤ ʜʝʣʝʮʠʠ 

11q23qter (ʩʠʥʜʨʦʤ ʗʢʦʙʩʝʥʘ): 

ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʚʥʫʪʨʠʫʪʨʦʙʥʘʷ ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, 

ʤʘʢʨʦ- ʠʣʠ ʤʠʢʨʦʮʝʬʘʣʠʷ, ʪʝʣʝʢʘʥʪ, 

ʫʧʣʦʱʝʥʥʘʷ ʧʝʨʝʥʦʩʠʮʘ, ʢʦʨʦʪʢʠʡ 

ʥʦʩ, ʥʠʟʢʦʧʦʩʘʞʝʥʥʳʝ ʫʰʥʳʝ 

ʨʘʢʦʚʠʥʳ, ʤʠʢʨʦʛʥʘʪʠʷ,  ʩʪʨʘʙʠʟʤ, 

ʢʦʣʦʙʦʤʘ, ʤʠʢʨʦʢʦʨʥʝʘ, ʘʪʨʦʬʠʷ 

ʟʨʠʪʝʣʴʥʦʛʦ ʥʝʨʚʘ, ʧʦʨʦʢʠ ʩʝʨʜʮʘ, 
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ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʷ, ʛʠʧʦʪʦʥʠʷ, 

ʛʠʜʨʦʮʝʬʘʣʠʷ, ʛʦʣʦʧʨʦʟʵʥʮʝʬʘʣʠʷ 

11p15.5 

 

(+) 1,976,375  

2,118,630 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʷ 

11q24.3 (ī) 128,226,032 

128,241,939 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʤʠʢʨʦʮʝʬʘʣʠʷ 

13q13.3/.2 

 

(ī) 35,605,266 

35,940,229 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ 

ʨʝʯʠ 

13q14.11 

 

(ī) 44,450,435 

44,739,087 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʨʘʩʱʝʣʠʥʘ ʛʫʙʳ ʠ 

ʥʸʙʘ 

13q21.32 

 

(ī) 67,001,748 

67,169,837 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ɻ ʧʠʣʝʧʩʠʷ 

13q21.33 (+) 72,302,975 

72,525,931 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʢʦʣʦʙʦʤʘ, 

ʛʝʤʠʘʪʨʦʬʠʷ 

13q34 

 

(+) 114,974,569 

115,016,766 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

14q21.2 

 

(+) 43,856,486 

44,179,120 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʨʘʩʱʝʣʠʥʘ ʛʫʙʳ ʠ 

ʥʸʙʘ 

14q21.2/.3 

 

(+) 44,786,536 

45,109,511 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

15q11.2q13.1 

 

(ī) 

 

27,486,180 

27,499,728 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

15q14 

 

(+) 34,277,738 

34,657,934 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

15q15.3 

 

(+) 43,851,548 

43,951,301 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ 

15q26.2 

 

(ī) 94,674,245 

94,676,323 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʘʪʘʢʩʠʷ 

 

16p13.2 

 

(+) 6,767,242 

7,112,742 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ  

 

16p13.3 

 

(ī) 6,920,942 

7,078,722 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

16p12.2 

 

(+) 21,474,860 

21,837,692 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

17q21.31 (ī) 44,188,241 

44,485,971 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʵʧʠʣʝʧʩʠʷ, ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʝʡ ʧʫʨʠʚʘʪʘ ʠ ʢʨʝʘʪʠʥʢʠʥʘʟʳ 

18q22.3 

 

(ī) 69,442,044 

69,711,288 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʛʠʧʦʪʦʥʠʷ, 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʩʠʥʜʨʦʤ ʇʨʘʜʝʨʘ-

ɺʠʣʣʠ 

19q13.31 (+) 

 

43,242,595 

43,645,749 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ 

19q13.3/.2 

 

(+) 6,916,039 

7,103,496 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʛʠʧʝʨʧʦʜʚʠʞʥʦʩʪʴ 

ʩʫʩʪʘʚʦʚ , ʛʠʧʦʪʦʥʠʷ 

19q13.33 

 

(+) 52,357,221 

52,578,452 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʥʘʨʫʰʝʥʠʝ 

ʧʨʠʙʘʚʢʠ ʚ ʚʝʩʝ, ʵʧʠʣʝʧʩʠʷ 

22q13.2 

 

(ī) 41,419,124 

41,577,188 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʥʘʨʫʰʝʥʠʝ 

ʧʨʠʙʘʚʢʠ ʚ ʚʝʩʝ 

22q11.22 (+) 22,336,068 ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʥʦʞʝʩʪʚʝʥʥʳʝ 
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 22,495,163 ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, ʥʠʟʢʦʧʦʩʘʞʝʥʥʳʝ 

ʫʰʥʳʝ ʨʘʢʦʚʠʥʳ, ʚʳʩʦʢʦʝ ʥʸʙʦ 

22q11.23 

 

(ī) 24,025,269 

24,233,684 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʥʘʨʫʰʝʥʠʷ ʢʘʧʠʣʣʷʨʦʚ, ʚʝʨʦʷʪʥʦ 

ʩʠʥʜʨʦʤ ʅʫʥʘʥ 

Xp22.31 

 

(+) 8,448,059  

8,674,497 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

Xq26.3 

 

(ī) 137,779,548 

137,782,146 

 

ʉʠʥʜʨʦʤ ʤʠʢʨʦʜʝʣʝʮʠʠ Xq26.3, 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʝʢʦʪʦʨʳʭ ʧʘʮʠʝʥʪʦʚ ʥʘʧʦʤʠʥʘʶʪ 

ʩʠʥʜʨʦʤ ɺʠʣʴʜʝʨʚʘʥʢʘ - ʣʠʮʝʚʘʷ, 

ʧʩʝʚʜʦʧʘʧʠʣʣʝʜʝʤʘ, ʨʝʪʨʘʢʮʠʦʥʥʳʡ 

ʩʠʥʜʨʦʤ ɼʫʵʡʥʘ, ʧʨʝʘʫʨʠʢʫʣʷʨʥʳʝ 

ʦʪʤʝʪʢʠ, ʧʦʪʝʨʷ ʩʣʫʭʘ, ʘʥʦʤʘʣʠʷ 

Klippel-Feil, ʢʦʨʦʪʢʘʷ ʰʝʷ 

(ʙʦʣʴʰʠʥʩʪʚʦ ʧʘʮʠʝʥʪʦʚ - ʞʝʥʱʠʥʳ) 

Xq28 (ī) 153, 688 

153, 700 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʩʝʥʩʦʥʝʚʨʘʣʴʥʘʷ ʪʫʛʦʫʭʦʩʪʴ, ʜʠʩʪʦʥʠʷ 

Xq28 (ī) 153,688 

153,724 

 

ʉʠʥʜʨʦʤ ʤʠʢʨʦʜʝʣʝʮʠʠ Xq28, 

ʟʘʪʨʘʛʠʚʘʶʱʠʡ ʛʝʥʳ  

ABCD1, BCAP31, ʠ  

SLC6A ðʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʟʘʜʝʨʞʢʘ ʨʦʩʪʘ, ʩʤʝʨʪʴ ʚ ʨʘʥʥʝʤ 

ʚʦʟʨʘʩʪʝ, ʤʠʢʨʦʛʥʘʪʠʷ, ʧʘʭʦʚʘʷ ʛʨʳʞʘ, 

ʤʠʢʨʦʧʝʥʠʩ, ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ 

ʧʝʯʝʥʠ 

Xq28 

 

(ī) 153,860 

153,902 

 

ʄʠʢʨʦʜʝʣʝʮʠʷ Xq28, ʟʘʪʨʘʛʠʚʘʶʱʘʷ 

ʛʝʥʳ AVPR2 ʠ L1CAM -  

ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʥʝʩʘʭʘʨʥʳʡ 

ʧʦʯʝʯʥʳʡ ʜʠʘʙʝʪ, ʛʠʜʨʦʮʝʬʘʣʠʷ 

Xp11.22 

 

(ī) 53,460,111 

53,460,503 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ 

Xq11.1 

 

(+) 61,848,214 

62,133,353 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʘʛʨʝʩʩʠʚʥʦʝ 

ʧʦʚʝʜʝʥʠʝ  

Xq27.2 

 

(+) 140,352,891 

140,557,758 

ʋʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ 

 

Xq27.3 

 

(ī) 144,302,985 

144,511,278 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ 

Yq11.21 

 

(+) 13,052,852 

13,264,529 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ  

 

 

II .1.4 ʄʦʥʦʛʝʥʥʳʝ ʩʠʥʜʨʦʤʳ 

ʄʫʪʘʮʠʠ, ʚʳʷʚʣʷʝʤʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʦʜʥʦʛʦ ʛʝʥʘ, ʤʦʛʫʪ 

ʥʘʨʫʰʘʪʴ ʝʛʦ ʬʫʥʢʮʠʶ ʠ ʚʳʟʳʚʘʪʴ ʫʤʩʪʚʝʥʥʫʶ ʦʪʩʪʘʣʦʩʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʪʘʙʣ.3).  
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ʊʘʙʣʠʮʘ 3. ɻʝʥʳ, ʚʘʨʠʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʢʦʪʦʨʳʭ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳ ʩ 

ʩʠʥʜʨʦʤʘʣʴʥʦʡ ʠ ʥʝʩʠʥʜʨʦʤʘʣʴʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʧʦ 

ʬʫʥʢʮʠʠ ʙʝʣʢʘ (ʯʘʩʪʠʯʥʦ ʧʦ Petrij  et al., 2010). 

ʌʫʥʢʮʠʷ ɻʝʥʳ 

ʈʝʛʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ ɼʅʂ ʠ ʭʨʦʤʦʩʦʤ ATRX,RSK2,ZNF41,ZNF81,CREBBP, 

EHMT1,CUL48,UBE3A,MED12,BRWD3 

ʈʝʧʣʠʢʘʮʠʷ ɼʅʂ ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ ERCC8,ERCC6 

ʂʦʥʪʨʦʣʴ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ PHF6,FTSJ1,FMR1,FMR2,MECP2,SMCX, 

ARX,PQBP1,UPF38 

ʄʝʞʢʣʝʪʦʯʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ GDI1,ARHGEF6,PAK3,CRBN,AGTR2, 

TSPAN7,FGD1,PRSS12,OPHN1 

ʂʣʝʪʦʯʥʳʡ ʮʠʢʣ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʘʷ ʢʣʝʪʦʯʥʘʷ 

ʩʤʝʨʪʴ 

CENPJ 

ʄʝʭʘʥʠʟʤʳ ʜʝʣʝʥʠʷ ʢʣʝʪʢʠ  ASPM, MCPH1 

 

ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʧʦʜʛʨʫʧʧʳ ʚ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʟʘʙʦʣʝʚʘʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʪʠʧʝ ʥʘʩʣʝʜʦʚʘʥʠʷ 

(Winnepenninckx et al., 2003). ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʤʦʥʦʛʝʥʥʳʭ ʬʦʨʤ 

ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ ʩʠʥʜʨʦʤʳ. ʊʘʢ, ʧʨʠ ʩʠʥʜʨʦʤʝ 

ʈʫʙʠʥʰʪʝʡʥʘïʊʝʡʙʠ (Petrij et al., 2010), ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʤʝʯʘʶʪʩʷ ʟʘʜʝʨʞʢʘ ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʰʠʨʦʢʠʝ ʙʦʣʴʰʠʝ 

ʧʘʣʴʮʳ ʨʫʢ ʠ ʥʦʛ, ʚʳʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ CREB, ʣʦʢʘʣʠʟʦʚʘʥʥʦʤ ʚ ʫʯʘʩʪʢʝ 16p13.3. 

ɸʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʘʷ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʷʭ, ʢʦʛʜʘ ʧʦʪʝʨʷ ʬʫʥʢʮʠʠ ʛʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʶ ʢʦʜʠʨʫʝʤʦʛʦ ʠʤ ʙʝʣʢʘ. ʌʝʥʠʣʢʝʪʦʥʫʨʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʚʩʣʝʜʩʪʚʠʝ ʤʫʪʘʮʠʡ, 

ʚʳʟʳʚʘʶʱʠʭ ʥʝʜʦʩʪʘʪʦʢ ʬʝʥʠʣʘʣʘʥʠʥʛʠʜʨʦʢʩʠʣʘʟʳ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ 

ʘʫʪʦʩʦʤʥʦ-ʨʝʮʝʩʩʠʚʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʩʠʥʜʨʦʤ ʉʤʠʪʘ-

ʃʝʤʣʠ-ʆʧʠʮʘ, ʭʘʨʘʢʪʝʨʠʟʫʶɦ ʠʡʩʷ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʩ ʚʨʦʞʜʝʥʥʳʤʠ ʧʦʨʦʢʘʤʠ 

ʨʘʟʚʠʪʠʷ. ɿʘʙʦʣʝʚʘʥʠʝ ʚʳʟʳʚʘʝʪʩʷ ʤʫʪʘʮʠʷʤʠ ʚ ʦʙʝʠʭ ʢʦʧʠʷʭ ʛʝʥʘ DHCR7. ʍ-ʩʮʝʧʣʝʥʥʘʷ 

ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʨʠʤʝʨʥʦ 1 ʠʟ 600 ʤʘʣʴʯʠʢʦʚ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 10-20% ʚʩʝʭ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʩʣʫʯʘʝʚ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ (Chelly et al., 2006).  

ʅʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʧʠʩʘʥʦ ʙʦʣʝʝ 200 ʬʦʨʤ ʍ-ʩʮʝʧʣʝʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʩʮʝʧʣʝʥʥʘʷ ʩ ʣʦʤʢʦʡ 

ʭʨʦʤʦʩʦʤʦʡ ʍ, ʪʠʧ FRAXA (Chiurazzi et al., 2001). ɼʘʥʥʳʡ ʩʠʥʜʨʦʤ ʚʳʷʚʣʷʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 

1:4000-1:6000 ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʡ ʠʣʠ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʴʶ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (ʤʘʢʨʦʦʨʭʠʜʠʟʤ, ʜʣʠʥʥʦʝ ʣʠʮʦ, 
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ʚʳʩʪʫʧʘʶʱʠʝ ʫʰʠ, ʚʳʩʦʢʦʝ ʢʫʧʦʣʦʦʙʨʘʟʥʦʝ ʥʝʙʦ) ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ 

(ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ, ʠʟʙʝʛʘʥʠʝ ʛʣʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʵʭʦʣʘʣʠʠ, ʘʫʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ). 

ɼʘʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʠʣʠ  ʵʢʩʧʘʥʩʠʝʡ CGG ʧʦʚʪʦʨʦʚ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʛʝʥʘ FMR1. ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ MECP2 ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 

ʯʘʩʪʳʭ ʬʦʨʤ ʍ-ʩʮʝʧʣʝʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ. ɼʘʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚʳʟʳʚʘʶʪ ʩʠʥʜʨʦʤ 

ʈʝʪʪʘ ʫ ʜʝʚʦʯʝʢ. ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʢʨʦʤʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʨʫʰʝʥʠʡ ʛʝʥʦʤʘ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ, 

ʚʳʜʝʣʷʶʪ ʪʘʢʞʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ.  

 

II .1.5 ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ 

ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʛʫʣʷʮʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ 

ʭʨʦʤʘʪʠʥʘ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʣʦʢʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʦʤʘ, ʥʝʩʚʷʟʘʥʥʫʶ ʥʘʧʨʷʤʫʶ ʩ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ. ʈʝʛʫʣʷʪʦʨʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʚʢʣʶʯʘʶʪ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ɼʅʂ ʠ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʛʠʩʪʦʥʦʚ (ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ, ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʣʠʟʠʥʘ ʠ ʘʨʛʠʥʠʥʘ, 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʩʝʨʠʥʘ ʠ ʪʨʝʦʥʠʥʘ, ʫʙʠʢʚʠʪʠʥʠʣʠʨʦʚʘʥʠʝ, ʩʫʤʦʠʣʠʨʦʚʘʥʠʝ ʠ ɸɼʌ-

ʨʠʙʦʟʠʣʠʨʦʚʘʥʠʝ) (Kramer et al., 2009). ʀʟʤʝʥʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ɼʅʂ ʠʣʠ ʠʟʤʝʥʝʥʥʳʡ 

ʧʨʦʬʠʣʴ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʛʠʩʪʦʥʦʚ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʬʫʥʢʮʠʡ ʢʣʝʪʢʠ ʠ ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʚ 

ʧʘʪʦʛʝʥʝʟ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʙʦʣʝʟʥʷʭ ʠʤʧʨʠʥʪʠʥʛʘ (Franklin et al., 

2011).  

ɹʦʣʝʟʥʠ ʠʤʧʨʠʥʪʠʥʛʘ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʠʥʜʨʦʤʘʤʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʭʘʨʘʢʪʝʨʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʥʦʘʣʣʝʣʴʥʘʷ 

ʵʢʩʧʨʝʩʩʠʷ ʣʠʙʦ ʩ ʤʘʪʝʨʠʥʩʢʦʡ, ʣʠʙʦ ʩ ʦʪʮʦʚʩʢʦʡ ʭʨʦʤʦʩʦʤʳ (Dulac et al., 2010). 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʨʥʦ 1% ʛʝʥʦʚ ʚ ʛʝʥʦʤʝ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʤʧʨʠʥʪʠʥʛ ʟʥʘʯʠʤʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ (Amor et 

al., 2008). ʅʘʨʫʰʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʤʧʨʠʥʪʠʥʛʘ ʩʚʷʟʘʥʦ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʧʩʠʭʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʠ ʦʞʠʨʝʥʠʝʤ. ʉ 

ʥʘʨʫʰʝʥʠʝʤ ʠʤʧʨʠʥʪʠʥʛʘ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩʠʥʜʨʦʤʳ ʇʨʘʜʝʨʘ-

ɺʠʣʣʠ ʠ ɸʥʛʝʣʴʤʘʥʘ (Amor et al., 2008). ʇʨʠ ʦʙʦʠʭ ʩʠʥʜʨʦʤʘʭ ʧʨʠʯʠʥʘ ʥʘʨʫʰʝʥʠʷ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʢʣʘʩʪʝʨʝ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʦʚ ʥʘ ʭʨʦʤʦʩʦʤʝ 15, ʘ ʥʝʢʦʪʦʨʳʝ ʩʣʫʯʘʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʵʧʠʤʫʪʘʮʠʷʤʠ (Chamberlain et al., 2010). ʉʠʥʜʨʦʤ ʇʨʘʜʝʨʘ-ɺʠʣʣʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʧʨʠʤʝʨʥʦ 1:17500, ʚ ʦʩʥʦʚʥʦʤ, ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʜʝʣʝʮʠʝʡ ʚ ʫʯʘʩʪʢʝ 

15q11q13. ʆʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʦʨʦʜʠʪʝʣʴʩʢʘʷ ʜʠʩʦʤʠʷ 
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ʤʘʪʝʨʠʥʩʢʦʡ ʭʨʦʤʦʩʦʤ rʠʣʠ ʥʘʨʫʰʝʥʠʷ ʚ ʮʝʥʪʨʝ ʠʤʧʨʠʥʪʠʥʛʘ ʭʨʦʤʦʩʦʤʳ 15 (Amor et al., 

2008). ʋ ʤʝʥʝʝ ʯʝʤ 1% ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʵʧʠʤʫʪʘʮʠʷ (ʛʠʧʦʤʝʪʠʣʠʨʦʚʘʥʠʝ) ʚ 

ʦʪʮʦʚʩʢʦʤ ʘʣʣʝʣʝ. ɺ ʩʣʫʯʘʝ ʩʠʥʜʨʦʤʘ ɸʥʛʝʣʴʤʘʥʘ, ʧʦʨʘʞʘʶʱʝʛʦ ʦʢʦʣʦ 1:16000 ʜʝʪʝʡ, 

ʧʨʠʤʝʨʥʦ ʚ 3% ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʪʠʣʠʨʦʚʘʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪʮʦʚʩʢʦʛʦ ʘʣʣʝʣʷ 

(Amor et al., 2008). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʥʝʢʦʪʦʨʳʭ ʧʘʮʠʝʥʪʦʚ ʩ ʢʣʠʥʠʯʝʩʢʠʤ ʜʠʘʛʥʦʟʦʤ 

çʩʠʥʜʨʦʤ ɸʥʛʝʣʴʤʘʥʘè ʚʳʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ MECP2, ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʢʦʪʦʨʦʤ 

ʘʩʩʦʮʠʠʨʦʚʘʥ RTT (Samaco et al., 2005). ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ 

ʛʝʥ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥ ʚ ʨʝʛʫʣʷʮʠʶ ʠʤʧʨʠʥʪʠʥʛʘ ʛʝʥʘ UBE3A ʠ ʜʨʫʛʠʭ ʛʝʥʦʚ ʫʯʘʩʪʢʘ 

15q11. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʟʛʘ ʧʘʮʠʝʥʪʦʚ ʩ RTT (ʧʨʦʚʝʜʝʥʥʳʡ 

ʧʦʩʪ-ʤʦʨʪʝʤ), ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʢ ʙʝʣʢʘ MECP2 ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ ʛʝʥʘ UBE3A ʠ ʛʝʥʦʚ ʨʝʮʝʧʪʦʨʦʚ GABAa ʠ GABAb, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʫʯʘʩʪʢʝ 15q11q13 (Hogart et al., 2007; Samaco et al., 2005).  

ʅʘʨʫʰʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʭʨʦʤʘʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʨʫʛʠʭ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʂ ʧʨʠʤʝʨʫ, ʵʢʩʧʘʥʩʠʷ CGG ʪʨʠʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʚʪʦʨʦʚ ʚ 

ʛʝʥʝ FMR1 ʧʨʠ ʩʠʥʜʨʦʤʝ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʩʮʝʧʣʝʥʥʦʡ ʩ ʣʦʤʢʦʡ ʭʨʦʤʦʩʦʤʦʡ ʍ, 

ʧʨʠʚʦʜʠʪ ʢ ʛʠʧʝʨʤʝʪʠʣʠʨʦʚʘʥʠʶ ɼʅʂ ʠ ʧʦʜʘʚʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ FMR1. ʉʠʥʜʨʦʤ 

ʂʦʬʬʠʥʘ-ʃʦʫʨʠ ʷʚʣʷʝʪʩʷ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʘʥʦʤʘʣʠʷʤʠ 

ʩʢʝʣʝʪʘ ʫ ʤʫʞʯʠʥ (Kramer et al., 2009) ʠ ʚʳʟʚʘʥʥrʤ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʠ ʙʝʣʢʘ, ʢʦʜʠʨʫʝʤʦʛʦ 

ʛʝʥʦʤ RSK2. ɼʘʥʥʳʡ ʩʠʥʜʨʦʤ ʙʳʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʪʘʢ 

ʢʘʢ RSK2 ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʭʨʦʤʘʪʠʥʘ ʣʠʙʦ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʛʠʩʪʦʥʦʚ ʠʣʠ ʥʘʨʫʰʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ CBP (HAT), ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʶ ʛʠʩʪʦʥʦʚ (Urdinguio et al.,2009). 

 

II.2 ɻʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʫʪʠʟʤʘ 

ʊʝʨʤʠʥ çʘʫʪʠʟʤè ʙʳʣ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥ ʰʚʝʡʮʘʨʩʢʠʤ ʧʩʠʭʠʘʪʨʦʤ ʕ. ɹʣʝʡʝʨʦʤ ʚ 

1913 ʛʦʜʫ. ɹʣʝʡʝʨ ʠʩʧʦʣʴʟʦʚʘʣ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ çʘʫʪʠʩʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝè ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʜʥʦʛʦ ʠʟ ʩʠʤʧʪʦʤʦʚ ʰʠʟʦʬʨʝʥʠʠ. ʆʥ ʦʧʠʩʘʣ ʘʫʪʠʩʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʢʘʢ ʦʪʩʪʨʘʥʝʥʠʝ ʦʪ 

ʣʦʛʠʢʠ ʠ ʨʝʘʣʴʥʦʩʪʠ. ʃ. ʂʘʥʥʝʨ, ʦʜʥʘʢʦ, ʠʩʧʦʣʴʟʦʚʘʣ ʵʪʦʪ ʪʝʨʤʠʥ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʟʘʙʦʣʝʚʘʥʠʝ, ʘ ʥʝ ʩʠʤʧʪʦʤ. ɺʧʝʨʚʳʝ ʘʫʪʠʟʤ ʙʳʣ ʠʤ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ 

ʟʘʙʦʣʝʚʘʥʠʷ ʚ 1943 ʛʦʜʫ, ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ 11 ʤʘʣʴʯʠʢʦʚ ʩ ʘʫʪʠʩʪʠʯʝʩʢʠʤ 

ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʠ ʥʘʨʫʰʝʥʠʝʤ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʘ (Kanner, 1943). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʂʘʥʥʝʨ ʧʨʠʟʥʘʚʘʣ ʘʫʪʠʟʤ ʫʥʠʢʘʣʴʥʳʤ, ʦʪʜʝʣʴʥʳʤ ʩʠʥʜʨʦʤʦʤ, ʘ ʪʘʢʞʝ ʫʢʘʟʳʚʘʣ ʥʘ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʜʝʪʝʡ, ʥʘʧʨʠʤʝʨ, ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʙʝʥʢʘ ʢ ʧʦʚʪʦʨʝʥʠʶ 

ʝʞʝʜʥʝʚʥʦʛʦ ʨʘʩʧʦʨʷʜʢʘ, ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʚʘʥʪʘ (ʥʝʦʨʜʠʥʘʨʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, ʥʝ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʜʨʫʛʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʣʠʯʥʦʩʪʠ) ʠ ʥʘʨʫʰʝʥʠʝ 
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ʩʦʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʯʠ. ʂʘʥʥʝʨ ʩʯʠʪʘʣ, ʯʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ ʙʳʣʘ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʦʠʪʴ ʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ, 

ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʩ ʨʦʞʜʝʥʠʷ. ɼʝʪʠ ʙʦʣʝʝ ʦʭʦʪʥʦ ʥʘʭʦʜʠʣʠʩʴ ʚ ʦʜʠʥʦʯʝʩʪʚʝ ʠ ʯʘʩʪʦ 

ʠʛʥʦʨʠʨʦʚʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʜʨʫʛʠʭ ʣʶʜʝʡ, ʦʥʠ ʧʨʝʜʧʦʯʠʪʘʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʛʨʫʰʢʘʤʠ ʠ 

ʥʝʠʛʨʦʚʳʤʠ ʧʨʝʜʤʝʪʘʤʠ ʦʙʱʝʥʠʶ ʩ ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ. ʂʘʥʥʝʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʣ 

ʩʦʮʠʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʦʪ ʰʠʟʦʬʨʝʥʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠʤ ʜʝʪʠ 

ʥʠʢʦʛʜʘ ʥʝ ʬʦʨʤʠʨʦʚʘʣʠ ʟʥʘʯʠʤʳʭ ʦʪʥʦʰʝʥʠʡ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʧʘʮʠʝʥʪʦʚ ʩ ʰʠʟʦʬʨʝʥʠʝʡ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʫʪʨʘʪʘ ʨʘʥʝʝ ʟʥʘʯʠʤʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʆʜʥʘʢʦ, 

ʦʧʠʩʳʚʘʷ ʘʫʪʠʟʤ, ʂʘʥʥʝʨ ʥʝ ʫʧʦʤʠʥʘʣ ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʘʬʬʝʢʪʠʚʥʳʤ, ʠ ʚ ʩʚʦʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʧʦʜʜʝʨʞʠʚʘʣ ʠʜʝʶ ʦ ʚʠʥʝ ʨʦʜʠʪʝʣʝʡ ʚ 

ʟʘʙʦʣʝʚʘʥʠʠ ʜʝʪʝʡ (ʭʦʣʦʜʥʳʝ ʤʘʪʝʨʠ), ʠ ʥʝ ʧʨʠʟʥʘʚʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʨʠʯʠʥʳ ʩʦʩʪʦʷʥʠʷ ʚʧʣʦʪʴ ʜʦ 1971 ʛʦʜʘ. ɺ 1960-ʭ ʠ 70-ʭ ʛʦʜʘʭ ʘʫʪʠʟʤ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ 

ʬʦʨʤʘ ʧʩʠʭʦʟʘ, ʥʘʧʦʜʦʙʠʝ ʜʝʪʩʢʦʡ ʰʠʟʦʬʨʝʥʠʠ, ʠ ʧʨʝʚʘʣʠʨʦʚʘʣʦ ʤʥʝʥʠʝ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʝʛʦ ʧʦʷʚʣʝʥʠʷ ʙʳʣʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʤʝʪʦʜʳ ʨʦʜʠʪʝʣʴʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ. ɹ. 

ɹʝʪʪʝʣʴʭʘʡʤ ʦʙʚʠʥʷʣ ʨʦʜʠʪʝʣʝʡ ʚ ʵʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʠʩʘʣ, ʯʪʦ çʦʩʥʦʚʥʦʡ ʬʘʢʪʦʨ ʜʝʪʩʢʦʛʦ 

ʘʫʪʠʟʤʘ ð ʞʝʣʘʥʠʝ ʨʦʜʠʪʝʣʝʡ, ʯʪʦʙʳ ʠʭ ʨʝʙʝʥʦʢ ʥʠʢʦʛʜʘ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣè (Bettelheim, 

1967). ɺʟʛʣʷʜʳ ɹʝʪʪʝʣʴʭʘʡʤʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʜ ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʌʨʝʡʜʘ ʠ 

ʧʩʠʭʦʘʥʘʣʠʟʘ, ʦʥ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʦʪʨʠʮʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʘʜʘ ʛʝʥʝʪʠʯʝʩʢʠʭ, ʘ ʥʝ 

ʵʤʦʮʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʙʥʘʨʫʞʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʨʝʜʢʠʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʙʦʣʝʟʥʷʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʬʝʥʠʣʢʝʪʦʥʫʨʠʷ (Friedman, 1969), ʢʘʟʘʣʦʩʴ ʙʳ, ʤʦʛʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʳʚʦʜʘʤ ʦʙ 

ʦʰʠʙʦʯʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ ʪʝʦʨʠʠ, ʯʪʦ ʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʧʦʟʞʝ. ʆʜʥʘʢʦ ʚ 60-ʭ ʠ 70-ʭ ʛʦʜʘʭ 

ʵʪʦʛʦ ʥʝ ʩʣʫʯʠʣʦʩʴ, ʠ ʵʪʠ ʩʠʥʜʨʦʤʘʣʴʥʳʝ ʬʦʨʤʳ ʘʫʪʠʟʤʘ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʠʩʢʣʶʯʝʥʠʷʤʠ 

(Cantwell et al., 1979).  ʃʠʰʴ ʚ 1980-ʭ ʛʦʜʘʭ ʘʫʪʠʟʤ ʙʳʣ ʧʨʠʟʥʘʥ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʠ ʠʤʝʶʱʠʤ ʙʠʦʤʝʜʠʮʠʥʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʘʫʪʠʟʤʝ ʢʘʢ ʦ ʛʝʥʝʪʠʯʝʩʢʦʤ ʟʘʙʦʣʝʚʘʥʠʠ ʙʳʣʦ ʧʦʜʢʨʝʧʣʝʥʦ ʜʝʤʦʥʩʪʨʘʮʠʝʡ 

ʝʛʦ ʥʘʩʣʝʜʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ ʠ ʘʩʩʦʮʠʘʮʠʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʨʦʤʦʩʦʤʥʳʤʠ ʠ ʤʦʥʦʛʝʥʥʳʤʠ 

ʩʠʥʜʨʦʤʘʤʠ (Gillberg et al., 1985). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʧʦʩʦʙʳ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘ ʪʨʠ 

ʜʝʩʷʪʠʣʝʪʠʷ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʣʠʩʴ, ʜʠʘʛʥʦʟ çʘʫʪʠʟʤè ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʥʘʨʫʰʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʦʩʥʦʚʫ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ 1979 ʛʦʜʫ ʃ. 

ɺʠʥʛ ʠ ɼ. ɻʘʫʜ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 173 ʜʝʪʝʡ ʚ ʃʦʥʜʦʥʝ, ʧʦʟʚʦʣʠʚʰʝʝ ʠʤ ʚʚʝʩʪʠ 

ʢʣʶʯʝʚʳʝ ʢʦʥʮʝʧʮʠʠ ï çʘʫʪʠʩʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨè ʠ çʪʨʠʘʜʘ ʘʫʪʠʟʤʘè. ɼʠʘʛʥʦʟ çʘʫʪʠʩʪʠʯʝʩʢʦʝ 

ʨʘʩʩʪʨʦʡʩʪʚʦè ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʧʫʥʢʪʦʚ, ʩ ʤʘʥʠʬʝʩʪʘʮʠʝʡ ʜʦ 

ʪʨʝʭʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ: ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʨʫʰʝʥʠʝ ʩʦʮʠʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʣʠʯʠʝ ʩʪʝʨʝʦʪʠʧʥʳʭ ʜʚʠʞʝʥʠʡ, ʧʦʚʝʜʝʥʠʷ ʠʣʠ ʠʥʪʝʨʝʩʦʚ (Wing et al., 

1979; Bertoglio et al., 2009). ʆʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ 
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ʩʧʝʢʪʨʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ. ʊʨʫʜʥʦʩʪʠ ʚ ʵʪʦʡ ʩʬʝʨʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʚʳʨʘʞʝʥʳ, ʯʪʦ ʤʥʦʛʠʝ ʨʦʜʠʪʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʫ ʜʝʪʝʡ ʛʣʫʭʦʪʫ.  ʅʘʨʫʰʝʥʠʷ 

ʩʦʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʝ ʠ ʚʘʨʴʠʨʦʚʘʪʴ ʧʦ ʩʪʝʧʝʥʠ 

ʪʷʞʝʩʪʠ. ɼʝʪʠ ʩ ʈɸʉ ʨʝʞʝ ʠʥʠʮʠʠʨʫʶʪ ʢʦʥʪʘʢʪ c ʨʦʚʝʩʥʠʢʘʤʠ, ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʧʦʧʳʪʢʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʢʦʥʪʘʢʪ ʩʦ ʚʟʨʦʩʣʳʤʠ ʣʶʜʴʤʠ ʫ ʪʘʢʠʭ ʜʝʪʝʡ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ ʧʦ 

ʯʘʩʪʦʪʝ ʥʘʙʣʶʜʘʝʤʳʤ ʫ ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʚʝʨʩʪʥʠʢʦʚ, ʦʪʤʝʯʘʝʪʩʷ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 

ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʭ ʨʠʪʫʘʣʠʩʪʠʯʥʦʩʪʴ (Hauck et al., 1995). ɼʝʪʠ ʠʩʧʳʪʳʚʘʶʪ 

ʪʨʫʜʥʦʩʪʠ ʩ ʚʦʩʧʨʠʷʪʠʝʤ ʩʣʦʞʥʳʭ ʵʤʦʮʠʡ ʜʨʫʛʠʭ ʣʶʜʝʡ  (Golan et al., 2007). ʊʘʢʞʝ ʫ ʥʠʭ 

ʦʪʤʝʯʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʨʘʟʜʝʣʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ (ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʨʝʜʦʪʘʯʠʚʘʪʴʩʷ ʥʘ ʦʙʲʝʢʪʝ 

ʠʣʠ ʩʦʙʳʪʠʠ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ) (Naber et al.,2008). ʏʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʝʤʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ (Ruffman et al., 

2001) ʠ ʥʘʨʫʰʝʥʠʝ ʠʤʠʪʘʮʠʠ (Smith et al.,1994). ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʮʠʘʣʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʪʨʫʜʥʦʩʪʷʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʪʥʦʰʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ (Travis et 

al., 1998). ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʥʘʚʳʢʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʱʝʥʠʷ ʨʦʜʠʪʝʣʝʡ ʢ ʩʧʝʮʠʘʣʠʩʪʫ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ 

ʨʝʙʝʥʢʘ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ (DeGiacomo et al., 1998). ʆʢʦʣʦ 33-50% ʜʝʪʝʡ ʩ ʈɸʉ ʥʝ 

ʦʚʣʘʜʝʚʘʶʪ ʵʢʩʧʨʝʩʩʠʚʥʦʡ ʨʝʯʴʶ (Noens et al., 2005), ʘ ʤʥʦʛʠʝ ʠʟ ʪʝʭ, ʢʪʦ ʤʦʞʝʪ 

ʨʘʟʛʦʚʘʨʠʚʘʪʴ, ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʤʫʥʠʢʘʮʠʶ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʥʦ ʨʝʜʢʦ ʜʣʷ ʩʦʮʠʘʣʠʟʘʮʠʠ.  ʈʝʯʴ ʜʝʪʝʡ ʩ ʈɸʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, 

ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤʠ ʷʚʣʷʶʪʩʷ ʵʭʦʣʘʣʠʷ ʠ ʦʪʩʨʦʯʝʥʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʩʪʝʨʝʦʪʠʧʥʳʭ 

ʬʨʘʟ (Noens et al., 2005).  ɽʱʝ ʦʜʥʠʤ ʩʠʤʧʪʦʤʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʈɸʉ, ʷʚʣʷʝʪʩʷ 

ʩʪʝʨʝʦʪʠʧʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠ ʠʥʪʝʨʝʩʳ, ʠʥʘʯʝ ʥʘʟʳʚʘʝʤʳʝ ʩʪʝʨʝʦʪʠʧʠʷʤʠ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï ʧʨʠʚʷʟʘʥʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʦʙʲʝʢʪʘʤ,  ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʩʪʴ ʥʘ ʯʘʩʪʷʭ ʧʨʝʜʤʝʪʦʚ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷʤ, ʥʘʚʷʟʯʠʚʳʝ 

ʨʠʪʫʘʣʳ (Rutter et al., 1971). ʉʪʝʨʝʦʪʠʧʠʠ ʤʦʛʫʪ ʤʝʰʘʪʴ ʢʘʢ ʧʨʦʷʚʣʝʥʠʶ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 

ʥʘʚʳʢʦʚ, ʪʘʢ ʠ ʧʨʠʦʙʨʝʪʝʥʠʶ ʥʦʚʳʭ. ɼʝʪʠ, ʫ ʢʦʪʦʨʳʭ ʤʝʥʝʝ ʚʳʨʘʞʝʥʦ ʧʦʚʪʦʨʷʶʱʝʝʩʷ 

ʧʦʚʝʜʝʥʠʝ,  ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʠʛʨʦʚʳʝ ʜʝʡʩʪʚʠʷ (Honey et al., 2007), ʘ 

ʙʦʣʴʰʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʩʪʝʨʝʦʪʠʧʠʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʠʢʪʦʨʦʤ ʦʙʱʝʡ ʪʷʞʝʩʪʠ 

ʟʘʙʦʣʝʚʘʥʠʷ (Bodfish et al., 2000). ʇʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʘʫʪʠʟʤ ʠʤʝʝʪ ʛʝʥʝʪʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ, ʥʘʯʘʣʠ ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʚ 1967 ʛʦʜʫ, ʢʦʛʜʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʨʠʩʢ ʨʘʟʚʠʪʠʷ 

ʘʫʪʠʟʤʘ ʜʣʷ ʩʠʙʩʦʚ ʚ ʨʘʟʳ ʚʳʰʝ ʦʙʱʝʧʦʧʫʣʷʮʠʦʥʥʦʛʦ. ʏʝʪʳʨʝ ʧʝʨʚʳʭ ʙʣʠʟʥʝʮʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʮʝʥʠʣʠ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ ʟʘʙʦʣʝʚʘʥʠʶ ʚ 60% ʜʣʷ ʤʦʥʦʟʠʛʦʪʥʳʭ ʠ 0-5% ʜʣʷ 

ʜʠʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʢʣʘʜ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʠ ʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʙʦʣʝʟʥʴ (Happ®., Ronald., 2008).  ʂ ʢʦʥʮʫ 80-ʭ ʛʦʜʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʜʝʢʩ 

ʥʘʩʣʝʜʫʝʤʦʩʪʠ ʜʣʷ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ  0.85-0.92 (Miles, 2011). 
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ʏʘʩʪʦʪʘ ʘʫʪʠʟʤʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ. ʈʘʥʥʠʝ ʨʘʙʦʪʳ ʧʦ 

ʦʮʝʥʢʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʘʫʪʠʟʤʘ ʫʢʘʟʳʚʘʣʠ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʨʝʜʢʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, 

ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʩ ʯʘʩʪʦʪʦʡ ʧʨʠʤʝʨʥʦ 4:10000 (Wing et al., 1976). ʉʦ ʚʨʝʤʝʥʝʤ, ʦʜʥʘʢʦ, 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʠʟʤʝʥʠʣʠʩʴ ʠ ʨʘʩʰʠʨʠʣʠʩʴ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʟʤʝʥʠʣʠʩʴ ʠ 

ʧʦʢʘʟʘʪʝʣʠ ï ʦʪ 1:1000 ʚ 1988 ʛʦʜʫ, ʜʦ 1:150 ï 1:200 ʚ 2002 ʜʣʷ ʟʘʙʦʣʝʚʘʥʠʡ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ, ʠ 1:500 ʜʣʷ ʫʟʢʦʛʦ ʜʠʘʛʥʦʟʘ çʘʫʪʠʟʤè (Autism and Developmental Disabilities 

Monitoring Network Surveillance, 2002).  

ʉʣʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʢʠ ʘʫʪʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʘʣʠʜʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʪʝʩʪʦʚ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʜʪʚʝʨʜʠʪʴ ʜʠʘʛʥʦʟ, ʧʦʵʪʦʤʫ 

ʜʠʘʛʥʦʩʪʠʢʘ ʩʪʨʦʠʪʩʷ ʮʝʣʠʢʦʤ ʥʘ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʬʝʥʦʪʠʧʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʵʪʦʪ ʜʠʘʛʥʦʟ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʦʩʥʦʚʘʥ ʥʘ ʵʪʠʦʣʦʛʠʠ ʠʣʠ 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ, ʟʘʙʦʣʝʚʘʥʠʷ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʝʜʠʥʳʤ ʜʠʘʛʥʦʟʦʤ, 

ʘ ʩʢʦʨʝʝ ʦʙʦʙɦ ʘʶʱʝʡ ʛʨʫʧʧʦʡ ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʢʣʠʥʠʯʝʩʢʠʭ ʩʠʥʜʨʦʤʦʚ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʣʣʝʢʪʘ ʩʨʝʜʠ ʠʥʜʠʚʠʜʫʫʤʦʚ ʩ ʘʫʪʠʩʪʠʯʝʩʢʠʤ ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʪʘʢʞʝ 

ʨʘʟʣʠʯʘʝʪʩʷ. ʆʥ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ çʥʦʨʤʘʣʴʥʦʛʦè ʜʦ çʚʳʰʝ ʥʦʨʤʳè, ʘ ʝʛʦ ʩʥʠʞʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ, ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ, ʚ 30-70% ʩʣʫʯʘʝʚ ʈɸʉ (Autism and Developmental 

Disabilities Monitoring Network Surveillance Year., 2002; Bertoglio et al., 2009). ɻʝʥʝʪʠʯʝʩʢʠʝ 

ʥʘʨʫʰʝʥʠʷ, ʚʳʷʚʣʷʝʤʳʝ ʧʨʠ ʈɸʉ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠ ʚʠʜʠʤʳʝ 

ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ (5%),  ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ (CNV) (10ï

20%) ʠ ʤʦʥʦʛʝʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (5%) (Miles, 2011).  

 

II .2.1 ɻʝʥʝʪʠʯʝʩʢʠʝ ʩʠʥʜʨʦʤʳ ʠ ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʈɸʉ 

ʍʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ ʚʳʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʥʦ ʫ 5-9 ʧʨʦʮʝʥʪʦʚ ʠʥʜʠʚʠʜʫʫʤʦʚ  ʩ 

ʘʫʪʠʟʤʦʤ (Iourov et al., 2006). ʉ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʙʳʣʠ 

ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʛʝʥʦʤʘ (ʊʠʛʘʥʦʚ ʠ ʜʨ., 2012). ɺ ʪʘʙʣʠʮʝ 4 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʈɸʉ (Bertoglio et al., 

2009; Cohen et al., 2005). ʊʘʢ, ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʯʠʥʦʡ ʩʠʥʜʨʦʤʘ ɸʥʛʝʣʴʤʘʥʘ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ ʤʘʪʝʨʠʥʩʢʦʡ ʢʦʧʠʠ ʛʝʥʘ UBE3A. ɻʝʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʣʦʢʫʩʝ 

15q11q13 ʠ ʧʦʜʚʝʨʞʝʥ ʠʤʧʨʠʥʪʠʥʛʫ. ɺ ʦʩʥʦʚʝ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʫʪ ʣʝʞʘʪʴ ʢʘʢ ʜʝʣʝʮʠʠ ʛʝʥʘ 

(2/3 ʦʪ ʚʩʝʭ ʩʣʫʯʘʝʚ), ʪʘʢ ʠ ʪʨʘʥʩʣʦʢʘʮʠʠ, ʠʥʚʝʨʩʠʠ, ʫʥʠʧʘʨʝʥʪʘʣʴʥʘʷ ʜʠʩʦʤʠʷ ʠ ʪʦʯʝʯʥʳʝ 

ʤʫʪʘʮʠʠ ʛʝʥʘ UBE3A (Kishino et al., 1997). ɸʫʪʠʟʤ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ 

ʩʠʥʜʨʦʤʘ, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʠʩʳʚʘʶʪʩʷ ʩʣʫʯʘʠ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʈɸʉ. ʋ 

ʜʝʪʝʡ ʩ ʵʪʠʤ ʩʠʥʜʨʦʤʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʫʤʝʨʝʥʥʘʷ ʠ ʪʷʞʝʣʘʷ ʩʪʝʧʝʥʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, 

ʦʪʩʫʪʩʪʚʠʝ ʨʝʯʠ, ʩʪʝʨʝʦʪʠʧʥʦʝ ʧʦʚʝʜʝʥʠʝ. ʍʦʜʴʙʘ ʥʝʫʩʪʦʡʯʠʚʘ ʠ ʯʘʩʪʦ ʘʪʘʢʩʠʯʥʘ. ɼʣʷ ʜʝʪʝʡ 

ʭʘʨʘʢʪʝʨʥʘ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʫʭʫʜʰʘʝʪ ʩʦʮʠʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʚʘ 
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ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʨʠʟʥʘʢʘ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʜʘʥʥʦʛʦ ʩʠʥʜʨʦʤʘ - ʥʝʧʨʦʠʟʚʦʣʴʥʳʡ 

ʩʤʝʭ ʠ ʨʝʟʢʠʝ ʧʝʨʝʤʝʥʳ ʥʘʩʪʨʦʝʥʠʷ (Summers et al, 1995). ɸʩʩʦʮʠʘʮʠʷ ʤʝʞʜʫ ʩʠʥʜʨʦʤʦʤ 

ɼʘʫʥʘ ʠ ʘʫʪʠʟʤʦʤ ʦʩʪʘʝʪʩʷ ʩʧʦʨʥʦʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʩ ʪʨʠʩʦʤʠʝʡ 21 ʥʝ 

ʭʘʨʘʢʪʝʨʥʳ ʘʫʪʠʩʪʠʯʝʩʢʠʝ ʯʝʨʪʳ. ʆʜʥʘʢʦ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʙʱʘʶʪ ʦ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʫ  1,7-2,5% ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ (Fombonne et al.,1997). ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʝʤʴ ʩʦʦʙʱʝʥʠʡ ʦʙ ʘʫʪʠʟʤʝ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ɼʘʫʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʫ ʦʜʥʦʛʦ 

ʤʘʣʴʯʠʢʘ ʩ ʤʦʟʘʠʯʥʦʡ ʪʨʠʩʦʤʠʝʡ 21 (Bregmen et al., 1998). ʇʨʠʯʠʥʦʡ ʩʠʥʜʨʦʤʘ ʉʤʠʪ-

ʄʘʞʝʥʠʩ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʘʷ  ʤʠʢʨʦʜʝʣʝʮʠʷ ʭʨʦʤʦʩʦʤʳ 17p11.2. ɼʣʷ ʩʠʥʜʨʦʤʘ 

ʭʘʨʘʢʪʝʨʥʳ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʦʪ ʫʤʝʨʝʥʥʦʡ ʜʦ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ, ʥʘʨʫʰʝʥʠʷ ʨʝʯʠ. ʋ 

ʚʦʩʴʤʠʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʧʘʮʠʝʥʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʚʨʝʞʜʘʶʱʝʝ ʧʦʚʝʜʝʥʠʝ, ʚʢʣʶʯʘʷ 

ʦʥʠʭʦʪʠʣʣʦʤʘʥʠʶ, ʢʫʩʘʥʠʝ ʟʘʧʷʩʪʠʡ, ʢʘʯʘʥʠʝ ʛʦʣʦʚʦʡ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʘʷ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ 

ʙʦʣʠ, ʥʘʨʫʰʝʥʠʷ ʩʥʘ. ɼʝʪʠ ʦʙʳʯʥʦ ʥʠʟʢʦʛʦ ʨʦʩʪʘ, ʫ ʥʠʭ ʦʪʤʝʯʘʝʪʩʷ ʦʞʠʨʝʥʠʝ, ʢʦʨʦʪʢʠʡ 

ʬʠʣʴʪʨ, ʧʨʦʛʥʘʪʠʟʤ, ʢʦʨʦʪʢʠʝ ʨʫʢʠ; ʘʫʪʠʟʤ ʙʳʣ ʦʧʠʩʘʥ ʢʘʢ ʤʠʥʠʤʫʤ ʫ 4 ʧʘʮʠʝʥʪʦʚ ʩ 

ʜʝʣʝʮʠʝʡ ʚ ʫʯʘʩʪʢʝ ʜʝʣʝʮʠʠ ʉʤʠʪ-ʄʘʞʝʥʠʩ (Vostanis et al., 1994). ʉʠʥʜʨʦʤ ʌʝʣʘʥ-

ʄʘʢʜʝʨʤʠʜ, ʠʣʠ ʜʝʣʝʮʠʷ 22q13.3, ʟʘʪʨʘʛʠʚʘʶʱʘʷ ʜʠʩʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʜʣʠʥʥʦʛʦ ʧʣʝʯʘ 

ʭʨʦʤʦʩʦʤʳ 22, ʙʳʣ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʈɸʉ (Phelan et al., 2011). ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʦʪʤʝʯʘʝʤʳʤʠ ʩʠʤʧʪʦʤʘʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, ʦʪʩʫʪʩʪʚʫʶʱʘʷ ʠʣʠ ʪʷʞʝʣʦ 

ʥʘʨʫʰʝʥʥʘʷ ʨʝʯʴ, ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʛʠʧʦʪʦʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʢ ʙʦʣʠ, 

ʥʦʨʤʘʣʴʥʳʡ ʠʣʠ ʫʩʢʦʨʝʥʥʳʡ ʨʦʩʪ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʯʝʨʪ ʤʦʛʫʪ ʦʪʤʝʯʘʪʴʩʷ 

ʜʦʣʠʭʦʮʝʬʘʣʠʷ, ʘʥʦʤʘʣʴʥʳʝ ʫʰʥʳʝ ʨʘʢʦʚʠʥʳ, ʧʪʦʟ, ʜʠʩʧʣʘʟʠʷ ʥʦʛʪʝʡ ʥʘ ʧʘʣʴʮʘʭ ʥʦʛ, 

ʩʫʜʦʨʦʞʥʳʝ ʧʨʠʩʪʫʧʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʨʫʢʠ. ɺʚʠʜʫ ʩʪʝʧʝʥʠ ʪʷʞʝʩʪʠ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʨʝʯʠ ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʘʫʪʠʩʪʠʯʝʩʢʠʝ ʯʝʨʪʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ  (Phelan et al., 2011). ʇʦʤʠʤʦ ʘʫʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ, ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʧʨʠ 

ʩʠʥʜʨʦʤʘʣʴʥʳʭ ʬʦʨʤʘʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘʫʪʠʟʤ ʠ ʘʫʪʠʩʪʠʯʝʩʢʠʝ ʯʝʨʪʳ ʦʧʠʩʘʥʳ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʷʭ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ (CNV). 
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ʊʘʙʣʠʮʘ 4.  ʆʩʥʦʚʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʠʥʜʨʦʤʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʈɸʉ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ. 

ɻʝʥʝʪʠʯʝʩʢʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ 

ʅʘʨʫʰʝʥʠʝ 

ʛʝʥʦʤʘ 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, 

ʩʪʝʧʝʥʴ 

ʇʨʠʟʥʘʢʠ ʘʫʪʠʟʤʘ ɼʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʚʝʜʝʥʠʷ 

ɼʨʫʛʠʝ ʩʠʤʧʪʦʤʳ 

ʉʠʥʜʨʦʤ 

ɸʥʛʝʣʴʤʘʥʘ 

ʆʪʩʫʪʩʪʚʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ 

ʤʘʪʝʨʠʥʩʢʦʡ 

ʢʦʧʠʠ ʛʝʥʘ 

UBE3A 

ʊʷʞʝʣʘʷ ʈʝʯʴ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʩʪʝʨʝʦʪʠʧʥʦʝ ʧʦʚʝʜʝʥʠʝ,  

ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ 

ʅʝʧʨʦʠʟʚʦʣʴʥʳʡ ʩʤʝʭ, 

ʨʝʟʢʠʝ ʧʝʨʝʤʝʥʳ ʥʘʩʪʨʦʝʥʠʷ 

ʃʠʮʝʚʳʝ ʘʥʦʤʘʣʠʠ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʩʫʜʦʨʦʞʥʳʝ ʧʨʠʩʪʫʧʳ, 

ʘʪʘʢʩʠʷ, ʥʘʨʫʰʝʥʠʷ ʭʦʜʴʙʳ 

ʉʠʥʜʨʦʤ ɼʘʫʥʘ ʊʨʠʩʦʤʠʷ 

ʭʨʦʤʦʩʦʤʳ 21, 

ʪʨʘʥʩʣʦʢʘʮʠʠ 

ɺʘʨʴʠʨʫʝʪ ʊʷʞʝʣʳʝ ʘʫʪʠʩʪʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ 

ɿʘʜʝʨʞʢʘ ʨʝʯʝʚʦʛʦ ʠ 

ʤʦʪʦʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʃʠʮʝʚʳʝ ʘʥʦʤʘʣʠʠ, 

ʥʘʨʫʰʝʥʠʝ ʩʝʨʜʮʘ ʠ ɾʂʊ 

ʉʠʥʜʨʦʤ ʉʤʠʪ-

ʄʘʞʝʥʠʩ 

ʄʠʢʨʦʜʝʣʝʮʠʷ 

17p11.2 

 

ɺʘʨʴʠʨʫʝʪ ʉʘʤʦʧʦʚʨʝʞʜʘʶʱʝʝ 

ʧʦʚʝʜʝʥʠʝ, ʩʪʝʨʝʦʪʠʧʥʦʝ 

ʧʦʚʝʜʝʥʠʝ (ʦʙʥʠʤʘʝʪ 

ʩʝʙʷ)  

ʈʝʟʢʠʝ ʧʝʨʝʤʝʥʳ 

ʥʘʩʪʨʦʝʥʠʷ, ʥʘʨʫʰʝʥʠʷ ʩʥʘ 

ʃʠʮʝʚʳʝ ʘʥʦʤʘʣʠʠ, 

ʧʝʨʠʬʝʨʠʯʝʩʢʘʷ ʥʝʚʨʦʧʘʪʠʷ, 

ʛʠʧʦʪʦʥʠʷ 

ʉʠʥʜʨʦʤ ʌʝʣʘʥ-

ʄʘʢɼʝʨʤʠʜ 

ɼʝʣʝʮʠʷ 22q13 ʊʷʞʝʣʘʷ ʊʷʞʝʣʳʝ ʘʫʪʠʩʪʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ, ʨʝʯʴ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʥʘʨʫʰʝʥʠʝ 

ʛʣʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ, 

ʧʦʚʳʰʝʥʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʧʨʠʢʦʩʥʦʚʝʥʠʷʤ 

ɸʛʨʝʩʩʠʷ ɻʠʧʦʪʦʥʠʷ, ʧʦʥʠʞʝʥʥʦʝ 

ʧʦʪʦʦʪʜʝʣʝʥʠʝ, ʣʠʮʝʚʳʝ 

ʘʥʦʤʘʣʠʠ 
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ʉʠʥʜʨʦʤ 

ʂʦʨʥʝʣʠʠ ʜʝ 

ʃʘʥʛʝ 

ɼʫʧʣʠʢʘʮʠʷ 

3q26.3ïq27 

ɺʘʨʴʠʨʫʝʪ ɺʘʨʴʠʨʫʝʪ; ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʝʞʝʜʥʝʚʥʳʭ ʩʦʙʳʪʠʷʭ, 

ʩʘʤʦʧʦʚʨʝʞʜʘʶʱʝʝ 

ʧʦʚʝʜʝʥʠʝ 

ɸʛʨʝʩʩʠʷ  ʄʠʢʨʦʮʝʬʘʣʠʷ, ʩʠʥʦʬʨʠʟ, 

ʛʠʧʝʨʪʨʠʭʦʟ, ʦʪʩʪʘʚʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʉʠʥʜʨʦʤ ʇʨʘʜʝʨʘ 

- ɺʠʣʣʠ 

ʆʪʩʫʪʩʪʚʠʝ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʩ 

ʦʪʮʦʚʩʢʦʛʦ ʛʝʥʘ 

SNRPN 

ɺ ʦʩʥʦʚʥʦʤ 

ʦʪ 

ʧʦʛʨʘʥʠʯʥʦʡ 

ʜʦ 

ʫʤʝʨʝʥʥʦʡ 

ʅʘʚʷʟʯʠʚʦʩʪʠ  ʇʦʚʳʰʝʥʥʳʡ ʘʧʧʝʪʠʪ, 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʘʛʨʝʩʩʠʠ 

ʆʞʠʨʝʥʠʝ 

ʉʠʥʜʨʦʤ ʉʦʪʦʩʘ ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ 

 NSD1  

ɺ ʦʩʥʦʚʥʦʤ 

ʦʪ 

ʧʦʛʨʘʥʠʯʥʦʡ 

ʜʦ 

ʫʤʝʨʝʥʥʦʡ 

ʉʪʝʨʝʦʪʠʧʠʠ, ʥʘʨʫʰʝʥʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʩʘʤʦʧʦʚʨʝʞʜʘʶʱʝʝ 

ʧʦʚʝʜʝʥʠʝ 

ɸʛʨʝʩʩʠʷ ʇʦʩʪʥʘʪʘʣʴʥʘʷ ʛʠʧʝʨʪʨʦʬʠʷ, 

ʜʦʣʠʭʦʮʝʬʘʣʠʷ, ʚʳʩʪʫʧʘʶʱʠʝ 

ʣʦʙʥʳʝ ʙʫʛʨʳ 

ʉʠʥʜʨʦʤ 

ɺʠʣʴʷʤʩʘ 

ɼʝʣʝʮʠʷ 7q11.23 ʋʤʝʨʝʥʥʘʷ  ʉʪʝʨʝʦʪʠʧʠʠ, ʧʦʚʳʰʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʟʚʫʢʘʤ, ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚ 

ʝʜʝ, ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ, 

ʩʪʨʘʭʠ ʠ ʪʨʝʚʦʛʠ 

ɺʘʨʴʠʨʫʶʪ çʃʠʮʦ ʵʣʴʬʘè 

ʉʠʥʜʨʦʤ 

ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ, 

ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ CGG 

ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʝ 

ɺʘʨʴʠʨʫʝʪ ʅʘʨʫʰʝʥʠʝ ʛʣʘʟʥʦʛʦ 

ʢʦʥʪʘʢʪʘ, ʩʦʮʠʘʣʴʥʘʷ 

ʪʨʝʚʦʞʥʦʩʪʴ, ʥʘʨʫʰʝʥʠʝ 

ɺʘʨʴʠʨʫʶʪ ʃʠʮʝʚʳʝ ʘʥʦʤʘʣʠʠ, 

ʤʘʢʨʦʦʨʭʠʜʠʟʤ 
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ʩʮʝʧʣʝʥʥʦʡ ʩ 

ʣʦʤʢʦʡ 

ʭʨʦʤʦʩʦʤʦʡ ʍ 

FMR1 ʨʝʯʠ, ʩʪʝʨʝʦʪʠʧʥʦʝ 

ʧʦʚʝʜʝʥʠʝ, 

ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ, 

ʩʝʥʩʦʨʥʘʷ ʛʠʧʝʨ-

ʨʝʘʢʪʠʚʥʦʩʪʴ 

ʊʫʙʝʨʦʟʥʳʡ 

ʩʢʣʝʨʦʟ 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʘʭ 

TSC1 ʠ TSC2  

 

ɺʘʨʴʠʨʫʝʪ ʊʷʞʝʣʳʝ ʘʫʪʠʩʪʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ 

ʅʘʨʫʰʝʥʠʷ ʦʙʫʯʝʥʠʷ ʕʢʪʦʜʝʨʤʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʨʝʢʪʘʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʩʫʜʦʨʦʞʥʳʝ ʧʨʠʩʪʫʧ  r

ʄʫʢʦʧʦʣʠʩʘʭʘʨʠʜ

ʦʟ 

ʅʘʨʫʰʝʥʠʝ 

ʦʙʤʝʥʘ 

ʢʠʩʣʳʭ ʛʣʠʢʦʟʘʤ

ʠʥʦʛʣʠʢʘʥʦʚ 

ʊʷʞʝʣʘʷ ʉʪʝʨʝʦʪʠʧʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʠʩʧʫʣʴʩʠʚʥʦʩʪʴ, 

ʥʘʨʫʰʝʥʠʷ ʨʝʯʠ 

ʇʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʧʦʪʝʨʷ 

ʥʘʚʳʢʦʚ 

ɻʝʧʘʪʦʤʝʛʘʣʠʷ 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ 

MECP2 (RTT) 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ 

MECP2 

ʊʷʞʝʣʘʷ ʉʪʝʨʝʦʪʠʧʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ 

ʆʩʪʘʥʦʚʢʘ ʚ ʨʘʟʚʠʪʠʠ ʫ 

ʜʝʚʦʯʝʢ (6-18 ʤʝʩ), ʟʘʪʝʤ 

ʨʝʛʨʝʩʩ (12-36 ʤʝʩ.). 

ʇʨʠʦʙʨʝʪʝʥʥʘʷ 

ʤʠʢʨʦʮʝʬʘʣʠʷ, ʭʘʨʘʢʪʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʦʨʦʢʦʚ ʨʘʟʚʠʪʠʷ 

ʌʝʥʠʣʢʝʪʦʥʫʨʠʷ 

(ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʣʝʯʝʥʠʷ) 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ 

PAH 

ʊʷʞʝʣʘʷ ʉʘʤʦʧʦʚʨʝʞʜʘʶʱʝʝ 

ʧʦʚʝʜʝʥʠʝ, 

ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴ 

ʈʝʟʢʠʝ ʧʝʨʝʤʝʥʳ ʥʘʩʪʨʦʝʥʠʷ ʕʢʟʝʤʘ, ʛʠʧʝʨʪʦʥʠʷ, 

ʩʫʜʦʨʦʞʥʳʝ ʧʨʠʩʪʫʧʳ, 

ʛʠʧʦʧʠʛʤʝʥʪʘʮʠʷ 

ʉʠʥʜʨʦʤ ʉʤʠʪʘ-

ʃʝʤʣʠ-ʆʧʠʮʘ 

ʄʫʪʘʮʠʷ ʚ ʛʝʥʝ 

DHCR7 

ɺʘʨʴʠʨʫʝʪ ʉʘʤʦʧʦʚʨʝʞʜʘʶʱʝʝ ʠ 

ʩʪʝʨʝʦʪʠʧʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʥʘʨʫʰʝʥʠʝ ʨʝʯʠ, 

ʩʝʥʩʦʨʥʘʷ 

ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʈʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʴ, 

ʥʘʨʫʰʝʥʠʷ ʩʥʘ 

ʃʠʮʝʚʳʝ ʘʥʦʤʘʣʠʠ, 

ʨʘʩʱʝʣʠʥʘ ʥʝʙʘ, ʚʨʦʞʜʝʥʥʳʡ 

ʧʦʨʦʢ ʩʝʨʜʮʘ, ʛʠʧʦʩʧʘʜʠʷ, 

ʩʠʥʜʘʢʪʠʣʠʷ 2-3 ʧʘʣʴʮʝʚ ʥʦʛ 
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II.2.2 ɺʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ (CNV) ʧʨʠ ʈɸʉ 

ɺʳʷʚʣʝʥʠʝ CNV ʧʨʠ ʧʩʠʭʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ 

ʪʝʭʥʦʣʦʛʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ (ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʛʝʥʦʤʥʘʷ 

ʛʠʙʨʠʜʠʟʘʮʠʷ ï array CGH ʠ SNP-array) (Lee et al., 2006). ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ), ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ 

ʚʘʨʠʘʮʠʠ ʠ ʥʘʨʫʰʝʥʠʷ ʛʝʥʦʤʘ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʪʳʩʷʯʠ ʜʦ ʤʠʣʣʠʦʥʦʚ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ  (Feuk et 

al., 2006). ʉ ʧʦʤʦʱʴʶ array CGH ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʥʘʨʫʰʝʥʠʷ 

ʛʝʥʦʤʘ (de novo) ʧʨʠʩʫʪʩʪʚʫʶʪ ʫ 7-20% ʠʥʜʠʚʠʜʫʫʤʦʚ ʩ ʠʜʠʦʧʘʪʠʯʝʩʢʠʤ ʘʫʪʠʟʤʦʤ (Marshall 

et al., 2008; Miller  et al., 2010). ʊʘʢ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʥʦʛʝʥʦʤʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 

ʤʣʥ ʧʥ, Jacquemont et al. (Jacquemont et al., 2006) ʚʳʷʚʠʣʠ ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ CNV ʫ 

27,5% (8/29)  ʧʘʮʠʝʥʪʦʚ ʩ ʘʫʪʠʟʤʦʤ ʠ ʤʠʢʨʦʘʥʦʤʘʣʠʷʤʠ ʨʘʟʚʠʪʠʷ ʠ ʥʦʨʤʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. Sebat et al. ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ CNV ʚʳʷʚʣʷʶʪʩʷ ʫ 10% ʜʝʪʝʡ 

ʠʟ ʩʝʤʝʡ ʩ ʦʜʥʠʤ ʨʝʙʝʥʢʦʤ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʟʚʠʪʠʷ, ʠ ʫ 2% ʚ ʩʝʤʴʷʭ, ʛʜʝ ʘʫʪʠʟʤ ʥʘʙʣʶʜʘʣʩʷ 

ʫ ʥʝʩʢʦʣʴʢʠʭ ʯʣʝʥʦʚ ʩʝʤʴʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1% ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (Sebat et al., 2007). 

ʀʩʧʦʣʴʟʫʷ SNP array ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʦʙ, Marshall et al. ʚʳʷʚʠʣʠ 

ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ CNV, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʚ 44% ʩʣʫʯʘʝʚ 

ʥʝʨʦʜʩʪʚʝʥʥʳʭ ʩʝʤʝʡ ʩ ʘʫʪʠʟʤʦʤ (Marshall et al., 2008). ʄʥʦʛʠʝ ʠʟ ʦʙʥʘʨʫʞʝʥʥʳʭ CNV 

ʥʘʩʣʝʜʦʚʘʣʠʩʴ, ʪʦʛʜʘ ʢʘʢ ʪʦʣʴʢʦ 7% ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ de novo ʚ ʛʨʫʧʧʘʭ ʠʥʜʠʚʠʜʫʫʤʦʚ ʩ 

ʠʜʠʦʧʘʪʠʯʝʩʢʠʤ ʘʫʪʠʟʤʦʤ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʩʦʨʮʠʫʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ 

(The International Standard Cytogenomic Array Consortium) ʦʧʫʙʣʠʢʦʚʘʣ ʦʙʟʦʨ 33 ʧʫʙʣʠʢʘʮʠʡ, 

ʚʢʣʶʯʘʚʰʠʭ 21,698 ʧʘʮʠʝʥʪʦʚ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ array CGH, ʠ ʧʨʠʰʝʣ ʢ 

ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʦʝ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ ʧʦʚʳʰʘʝʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʜʦ 

15-20% ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʮʠʝʥʪʦʚ ʩ ʠʜʠʦʧʘʪʠʯʝʩʢʦʡ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʴʶ, ʈɸʉ ʠ ʚʨʦʞʜʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʨʘʟʚʠʪʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝʤ (ʦʢʦʣʦ 3%, ʠʩʢʣʶʯʘʷ ʩʠʥʜʨʦʤ ɼʘʫʥʘ ʠ ʜʨʫʛʠʝ ʭʦʨʦʰʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʝ 

ʭʨʦʤʦʩʦʤʥʳʝ ʩʠʥʜʨʦʤʳ) (Miller  et al., 2010; Miles, 2011). ʀʥʪʝʨʧʨʝʪʘʮʠʷ CNV ʥʘ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʫʩʘ CNV (ʷʚʣʷʝʪʩʷ ʣʠ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ 

ʢʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʠʣʠ ʥʝʪ) ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʯʠʥʝ ʥʘʣʠʯʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ CNV (Inoue, 

Lupski, 2003). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʝ CNV ʠ ʠʭ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʪʘʙʣʠʮʝ 5. 
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ʈʠʩ. 2. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ CNV, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʈɸʉ, ʠ ʠʭ ʦʩʥʦʚʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ (ʯʘʩʪʠʯʥʦ ʧʦ 

Carter  et al., 2013) 



 
 

34 
 

ʊʘʙʣʠʮʘ 5. CNV ʧʨʠ ʘʫʪʠʟʤʝ (ʧʦ Wyandt et al., 2017). 

ʋʯʘʩʪʦʢ ʊʠʧ ʧʝʨʝʩʪʨʦʡʢʠ 

(ī) ï ʜʝʣʝʮʠʷ 

(+) ï ʜʫʧʣʠʢʘʮʠʷ 

ɻʝʥʦʤʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ 

ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ 

1q21.1 

 

(+) 147,133,975 

149,433,326 

 

Pʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʘʫʪʠʟʤ, 

ʵʧʠʣʝʧʩʠʷ 

2p15p14 

 

(+) 63,352,057 

65,492,177 

 

ʉʠʥʜʨʦʤ ɸʩʧʝʨʛʝʨʘ 

 

2p12 

 

(ī) 82,121,511 

82,409,512 

 

ɸʫʪʠʟʤ 

 

2q37.3 

 

(ī) 242,923,858 

243,007,500 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ, ʛʠʧʦʪʦʥʠʷ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, 

ʚʳʩʪʫʧʘʶʱʠʝ ʣʦʙʥʳʝ 

ʙʫʛʨʳ, 

ʥʠʟʢʦʧʦʩʘʞʝʥʥʳʝ 

ʫʰʠ,  ʤʠʥʜʘʣʝʚʠʜʥʳʝ 

ʛʣʘʟʘ, ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ 

ʩʠʥʜʨʦʤ ʄʘʨʬʘʥʘ 

5p15.33 (+) 480,459  

981,735 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ, 

ʤʘʢʨʦʮʝʬʘʣʠʷ, 

ʜʠʣʘʪʘʮʠʦʥʥʘʷ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ, 

ʛʠʧʦʛʣʠʢʝʤʠʷ, 

ʤʳʰʝʯʥʘʷ ʘʪʨʦʬʠʷ, 

ʤʠʝʣʦʤʝʥʠʥʛʦʮʝʣʝ 

6p25.3 (+) 204,118 

334,623 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʘʫʪʠʟʤ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʤʠʢʨʦ- ʠʣʠ 

ʤʘʢʨʦʮʝʬʘʣʠʷ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, 

ʜʫʦʜʝʥʘʣʴʥʘʷ ʘʪʨʝʟʠʷ, 

ʛʠʜʨʦʮʝʬʘʣʠʷ, 

ʧʦʨʦʢ ʂʠʘʨʠ, 

ʘʪʘʢʩʠʷ 

6p25.3 

 

(+) 204,118  

308,139 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʟʘʜʝʨʞʢʘ 

ʨʘʟʚʠʪʠʷ, ʘʫʪʠʟʤ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 
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ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʤʠʢʨʦʘʥʦʤʘʣʠʠ 

ʨʘʟʚʠʪʠʷ, ʢʦʣʦʙʦʤʘ,  

ʛʦʣʦʧʨʦʟʵʥʮʝʬʘʣʠʷ, 

ʛʝʤʠʘʪʨʦʬʠʷ, 

ʧɻʠʣʝʧʩʠʷ, ʤʝʣʘʥʦʤʘ  

6p25.3 

 

(ī) 221,568 

339,943 

 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʘʫʪʠʟʤ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʢʦʘʨʢʪʘʮʠʷ ʘʦʨʪʳ, 

ʦʪʩʫʪʩʚʠʝ ʤʘʣʦʡ 

ʙʝʨʮʦʚʦʡ ʢʦʩʪʠ, 

ʤʠʢʨʦʧʝʥʠʩ,  

ʛʠʧʦʪʦʥʠʷ, 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ 

ʩʠʥʜʨʦʤ ʄʘʨʬʘʥʘ 

6p25.3 

 

(ī) 259,318  

339,943 

 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʘʫʪʠʟʤ, 

ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʦʞʠʨʝʥʠʝ, 

ʤʠʢʨʦ ï ʠʣʠ 

ʤʘʢʨʦʮʝʬʘʣʠʷ,  

ʨʘʩʱʝʣʠʥʘ ʛʫʙʳ/ʥʸʙʘ, 

ʛʣʘʫʢʦʤʘ, 

ʛʣʫʭʦʪʘ, 

ʜʠʘʬʨʘʛʤʘʣʴʥʘʷ 

ʛʨʳʞʘ, 

ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʷ, 

ʜʠʘʙʝʪ, ʢʦʩʦʣʘʧʦʩʪʴ, 

ʛʠʧʦʪʦʥʠʷ 

6p25.3 

 

(+) 259,318  

389,482 

 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, 

ʥʘʨʫʰʝʥʠʝ ʦʙʫʯʝʥʠʷ, 

ʘʫʪʠʟʤ, ʥʠʟʢʠʡ ʨʦʩʪ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʘʪʨʝʟʠʷ ʧʠʱʝʚʦʜʘ, 

ʘʥʦʤʘʣʠʷ ɼʝʥʜʠ-

ʋʦʢʝʨʘ, 

ʤʠʝʣʦʤʝʥʠʥʛʦʮʝʣʝ, 

ʛʠʧʦʪʦʥʠʷ, ʭʦʞʜʝʥʠʝ 

ʥʘ ʮʳʧʦʯʢʘʭ 

7q11.21 

 

(+) 62,196,542 

62,618,873 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ , 

ʘʫʪʠʟʤ, ʘʪʨʝʟʠʷ ʘʥʫʩʘ, 

ʥʘʨʫʞʥʳʝ ʧʦʣʦʚʳʝ 

ʦʨʛʘʥʳ 
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ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʠʧʘ, 

ʛʠʧʦʪʦʥʠʷ 

8p23.1 

 

(ī) 7,268,619 

7,752,727 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʘʫʪʠʟʤ, 

ʥʠʟʢʠʡ ʨʦʩʪ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʤʠʢʨʦʛʥʘʪʠʷ, 

ʛʠʧʦʧʣʘʟʠʷ ʣʝʛʢʦʛʦ, 

ʜʝʬʝʢʪ ʧʨʝʜʩʝʨʜʥʦ-

ʞʝʣʫʜʦʯʢʦʚʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ, ʧʦʨʦʢʠ 

ʩʝʨʜʮʘ, ʜʫʦʜʝʥʘʣʴʥʘʷ 

ʘʪʨʝʟʠʷ, ʦʤʬʘʣʦʮʝʣʝ, 

ʘʪʨʝʟʠʷ ʘʥʘʣʴʥʦʛʦ 

ʧʨʦʭʦʜʘ, ʢʦʨʦʪʢʘʷ 

ʰʝʷ, ʦʪʩʫʪʩʪʚʫʶʱʘʷ 

ʤʘʣʘʷ ʙʝʨʮʦʚʘʷ ʢʦʩʪʴ, 

ʜʝʬʝʢʪ ʥʝʨʚʥʦʡ 

ʪʨʫʙʢʠ, ʧɻʠʣʝʧʩʠʷ, 

ʛʠʜʨʦʮʝʬʘʣʠʷ, 

ʩʧʘʩʪʠʯʥʦʩʪʴ, 

ʛʦʣʦʧʨʦʟʵʥʮʝʬʘʣʠʷ, 

ʧʩʠʭʦʟ, ʪʨʝʚʦʞʥʦʩʪʴ, 

ʘʥʦʨʝʢʩʠʷ, 

ʦʣʠʛʦʛʠʜʨʘʤʥʠʦʥ 

9p24.3 (+) 193,993  

332,656 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ 

9p13.3 

 

(+) 33,328,441 

33,484,325 

ʉʠʥʜʨʦʤ ɸʩʧʝʨʛʝʨʘ 

9q32 (+) 117,008,956 

117,399,502 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ 

12q23.1 

 

(ī) 99,574,445 

99,961,604 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ 

16p11.2/.1 

 

(+) 34,481,842 

34,727,492 

 

ʋʤʩʪʚʝʥʥʘʷ 

ʦʪʩʪʘʣʦʩʪʴ, ʘʫʪʠʟʤ, 

ʤʫʪʠʟʤ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ, 

ʤʠʢʨʦʮʝʬʘʣʠʷ, 

ʣʠʮʝʚʦʡ ʧʘʨʘʣʠʯ, 

ʧʦʪʝʨʷ ʩʣʫʭʘ, ʜʝʬʝʢʪ 

ʤʝʞʧʨʝʜʩʝʨʜʥʦʡ ʠ 

ʤʝʞʞʝʣʫʜʦʯʢʦʚʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ, 
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ʢʦʘʨʢʪʘʮʠʷ ʘʦʨʪʳ, 

ʛʠʧʦʪʦʥʠʷ, 

ʵʥʮʝʬʘʣʦʤʝʥʠʥʛʦʮʝʣʝ, 

ʘʥʦʤʘʣʠʷ ɼʝʥʜʠ-

ʋʦʢʝʨʘ 

17p11.2 

 

(ī) 21,736,081 

22,154,715 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ, 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʘʥʦʤʘʣʠʠ ʨʘʟʚʠʪʠʷ 

19q13.31 

 

(+) 43,242,595 

43,584,633 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ, ʧʘʨʘʣʠʯ ʣʠʮʘ, 

ʵʧʠʢʘʥʪ 

 

Xq28 

 

(+) 154,664,137 

155,252,027 

 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ 

Yq11.22 

 

(ī) 16,188,482 

16,287,311 

ɿʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ, 

ʘʫʪʠʟʤ 

 

 

II.2.3 ɻʝʥʳ-ʢʘʥʜʠʜʘʪʳ ʠ ʤʦʥʦʛʝʥʥʳʝ ʬʦʨʤʳ ʘʫʪʠʟʤʘ 

ʄʥʦʛʠʝ ʠʟ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʈɸʉ, ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʶʪ ʠ ʩ ʜʨʫʛʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʰʠʟʦʬʨʝʥʠʷ, ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, ʉɼɺɻ ʠ ʵʧʠʣʝʧʩʠʷ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʈɸʉ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʘʪ 

ʚʘʨʠʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʥʦʚ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ/ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʠ ʬʘʢʪʦʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ.  

ʅʘʩʣʝʜʩʪʚʝʥʥʘʷ ʧʨʠʨʦʜʘ ʈɸʉ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚʢʣʶʯʘʶʱʠʭ ʙʣʠʟʥʝʮʦʚ ʠ ʩʠʙʩʦʚ, ʠ ʩ ʪʝʭ ʧʦʨ ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ (Geschwind, 2011). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʠʩʢ ʨʦʞʜʝʥʠʷ 

ʚʪʦʨʦʛʦ ʨʝʙʝʥʢʘ ʩ ʘʫʪʠʟʤʦʤ ʚʳʰʝ ʚ ʩʝʤʴʷʭ, ʚ ʢʦʪʦʨʳʭ ʫʞʝ ʝʩʪʴ ʦʜʠʥ ʨʝʙʝʥʦʢ ʩ ʈɸʉ, ʯʝʤ ʚ 

ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʪʘʢʦʡ ʨʠʩʢ ʦʮʝʥʠʚʘʣʩʷ ʚ 5% (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ~ 1% ʚ 

ʦʙʱʝʡ ʧʦʧʫʣʷʮʠʠ), ʭʦʪʷ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʦʧʠʩʳʚʘʶʪʩʷ ʮʠʬʨʳ ʜʦ 20% (Ozonoff et al., 

2011). ʀʟʥʘʯʘʣʴʥʦ ʫʨʦʚʝʥʴ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʧʨʠʤʝʨʥʦ 90% ʠ 10% ʜʣʷ 

ʤʦʥʦʟʠʛʦʪʥʳʭ ʠ ʜʠʟʠʛʦʪʥʳʭ ʙʣʠʟʥʝʮʦʚ ʩ ʈɸʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Bailey et al., 1995). 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʴ ʜʣʷ ʜʠʟʠʛʦʪʥʳʭ 

ʙʣʠʟʥʝʮʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʴʰʝ 20% (Hallmayer et al., 2011). ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʳʷʚʣʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʫʪʘʮʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʤʦʥʦʛʝʥʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ ʫ ʜʝʪʝʡ (ʚ ʪʦʤ 

ʯʠʩʣʝ, ʩʠʥʜʨʦʤʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʈɸʉ: RTT ʠ ʩʠʥʜʨʦʤ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, 

ʩʮʝʧʣʝʥʥʦʡ ʩ ʣʦʤʢʦʡ ʭʨʦʤʦʩʦʤʦʡ ʍ), ʧʨʠʚʝʣʠ ʢ ʧʦʧʳʪʢʘʤ ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ 

ʠʜʠʦʧʘʪʠʯʝʩʢʠʭ ʈɸʉ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʣʠ ʦʙʥʘʨʫʞʠʪʴ ʙʦʣʝʝ 700 
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ʛʝʥʝʪʠʯʝʩʢʠʭ ʣʦʢʫʩʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʈɸʉ (Freitag, 2007; Basu et al., 2009; Anney et al., 

2010). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ ʘʫʪʠʟʤʘ ʜʦʢʘʟʳʚʘʶʪ ʘʩʩʦʮʠʘʮʠʠ 

ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʩ ʚʘʨʠʘʮʠʷʤʠ ʛʝʥʦʤʘ, ʦʜʥʘʢʦ ʜʘʞʝ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʚʩʝʛʜʘ 

ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʢʘʭ. ʆʩʥʦʚʥʳʝ ʛʝʥʳ-ʢʘʥʜʠʜʘʪʳ ʚʢʣʶʯʘʶʪ HOXD1 ʥʘ 

ʭʨʦʤʦʩʦʤʝ 2; GAT1 ʠ OXTR ʥʘ ʭʨʦʤʦʩʦʤʝ 3; FOXP2, HOXA1, HOXB1, RELN ʠ WNT2 ʥʘ 

ʭʨʦʤʦʩʦʤʝ 7; GABRA5, GABRB3, GABRG3, UBE3A ʠ ATP10C ʥʘ ʭʨʦʤʦʩʦʤʝ 15, ʘ ʪʘʢʞʝ 

NLGN3 ʠ NLGN4 ʥʘ ʭʨʦʤʦʩʦʤʝ X (ʪʘʙʣ.6) (Bertoglio et al., 2009). ʅʘ ʧʨʦʪʷʞʝʥʠʠ 

ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ, ʛʝʥ HOXD1 ʜʝʡʩʪʚʫʝʪ ʥʘ ʮʠʪʦʘʨʭʠʪʝʢʪʫʨʫ 

ʧʨʦʟʵʥʮʝʬʘʣʦʥʘ. ɸʩʩʦʮʠʘʮʠʠ ʵʪʦʛʦ ʛʝʥʘ ʩ ʈɸʉ ʪʘʢʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ ʧʦʜʛʨʫʧʧʝ ʧʘʮʠʝʥʪʦʚ 

ʩ ʘʫʪʠʟʤʦʤ ʠ ʟʘʜʝʨʞʢʦʡ ʨʘʟʚʠʪʠʷ ʨʝʯʠ (Buxbaum et al. 2002). ɻʝʥ GAT1 ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ, 

ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ ɻɸʄʂ (ʛʘʤʤʘ-ʘʤʠʥʦʤʘʩʣʷʥʘʷ ʢʠʩʣʦʪʘ), ʠ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʪʦʨʤʦʟʥʳʤ ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ɻɸʄʂ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʤʦʟʛʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʧʦʚʝʜʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʫ ʤʥʦʛʠʭ ʧʘʮʠʝʥʪʦʚ ʩ ʘʫʪʠʟʤʦʤ. ɻʝʥ OXTR ʢʦʜʠʨʫʝʪ ʙʝʣʦʢ 

ʨʝʮʝʧʪʦʨʘ ʦʢʩʠʪʦʮʠʥʘ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʛʝʥ ʫʯʘʩʪʚʫʝʪ 

ʚ ʨʘʥʥʝʤ ʨʘʟʚʠʪʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʢʨʳʩʘʭ, 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʮʠʷʭ ʦʢʩʠʪʦʮʠʥʘ ʨʘʟʚʠʚʘʶʪʩʷ 

ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʘʪʪʝʨʥʳ ʧʦʚʝʜʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʜʚʠʞʝʥʠʷ. ɻʝʥ FOXP2,  ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʝʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʨʘʟʚʠʪʠʝʤ 

ʚʝʨʙʘʣʴʥʦʡ ʜʠʩʧʨʘʢʩʠʠ (ʩʣʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʣʠʮʝʚʳʭ ʜʚʠʞʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʣʦʚʝʩʥʦʡ ʘʨʪʠʢʫʣʷʮʠʠ) ʠ ʧʨʦʙʣʝʤʘʤʠ ʧʦʥʠʤʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʯʠ. ɻʝʥʳ HOXA1 ʠ  HOXB1 

ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʚʠʪʠʠ ʟʘʜʥʝʛʦ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (ʤʦʟʞʝʯʦʢ ʠ ʯʘʩʪʴ ʩʪʚʦʣʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ) ʠ 

ʷʚʣʷʶʪʩʷ ʛʝʥʘʤʠïʢʘʥʜʠʜʘʪʘʤʠ ʘʫʪʠʟʤʘ, ʪʘʢ ʢʘʢ ʫ ʥʝʢʦʪʦʨʳʭ ʠʥʜʠʚʠʜʫʫʤʦʚ ʩ ʵʪʠʤ 

ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʧʨʠ ʥʝʡʨʦʚʠʟʫʘʣʠʟʘʮʠʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʥʘʨʫʰʝʥʠʡ ʚ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʦʙʣʘʩʪʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ɻʝʥ RELN ʫʯʘʩʪʚʫʝʪ ʚ ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʚʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʧʣʦʜʘ. ɻʝʥ WNT2 ʚʦʚʣʝʯʝʥ ʚ ʤʠʛʨʘʮʠʶ 

ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦ ʚʨʝʤʷ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. 

ɻʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʥʘʨʫʞʠʣʘ ʚʘʨʠʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʜʘʥʥʦʛʦ ʛʝʥʘ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩ ʘʫʪʠʟʤʦʤ ʚ ʧʦʜʛʨʫʧʧʝ ʩ ʪʷʞʝʣʳʤ ʥʘʨʫʰʝʥʠʝʤ ʨʝʯʠ, ʘ ʤʫʪʘʮʠʠ ʚ ʵʪʦʤ ʛʝʥʝ ʫ 

ʤʳʰʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʝʜʝʥʯʝʩʢʦʤʫ ʬʝʥʦʪʠʧʫ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (Wassink et al., 2001). ɻʝʥʳ GABRB3, GABRA5 ʠ GABRG3 ʪʘʢʞʝ 

ʙʳʣʠ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙr ʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʘʩʩʦʮʠʘʮʠʷ ʛʝʥʘ 

GABRB3 ʩ ʘʫʪʠʟʤʦʤ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʘʷ, ʪʘʢ ʢʘʢ ʦʥ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩ ̫ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚ ʨʘʥʥʝʤ ʚʦʟʨʘʩʪʝ, ʘ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʙʫʯʝʥʠʷ, 
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ʩʫʜʦʨʦʛʘʤ ʠ ʜʚʠʛʘʪʝʣʴʥʦʤʫ ʙʝʩʧʦʢʦʡʩʪʚʫ ʫ ʤʳʰʝʡ (Buxbaum et al. 2002). ɻʝʥ UBE3A 

ʷʚʣʷʝʪʩʷ ʛʝʥʦʤ-ʢʘʥʜʠʜʘʪʦʤ ʠʟ-ʟʘ ʩʚʦʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 15q11.13 ʠ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʩʠʥʜʨʦʤʦʤ ɸʥʛʝʣʴʤʘʥʘ. ʕʪʦʪ ʛʝʥ ʫʯʘʩʪʚʫʝʪ ʚ ʨʘʟʚʠʪʠʠ ʛʠʧʧʦʢʘʤʧʘ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ 

ʢʣʝʪʦʢ ʇʫʨʢʠʥʴʝ, ʥʘʨʫʰʝʥʠʝ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʘʫʪʠʟʤʦʤ. ɻʝʥʳ 

NLGN3 ʠ NLGN4 ʢʦʜʠʨʫʶʪ ʙʝʣʢʠ ʥʝʡʨʦʣʠʛʠʥʳ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ 

ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ (Bertoglio et al., 2009). ʇʦʤʠʤʦ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ ʘʫʪʠʟʤʦʤ ʛʝʥʦʚ, 

ʩʚʷʟʴ ʩ ʟʘʙʦʣʝʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʫʪʦʯʥʷʝʪʩʷ, ʩʫʱʝʩʪʚʫʶʪ ʩʠʥʜʨʦʤʘʣʴʥʳʝ ʤʦʥʦʛʝʥʥʳʝ ʬʦʨʤʳ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʈɸʉ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʙʦʣʝʟʥʠ. ʉ 

ʘʫʪʠʟʤʦʤ ʘʩʩʦʮʠʠʨʫʶʪ ʩʠʥʜʨʦʤ ʤʘʢʨʦʮʝʬʘʣʠʠ PTEN, ʩʠʥʜʨʦʤ ʊʠʤʦʪʠ, ʩʠʥʜʨʦʤ ɾʫʙʝʨʘ, 

ʩʠʥʜʨʦʤ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʩʮʝʧʣʝʥʥʦʡ ʩ ʣʦʤʢʦʡ ʭʨʦʤʦʩʦʤʦʡ ʍ, RTT ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ. ɻʘʧʣʦʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʛʝʥʘ PTEN ʠʛʨʘʝʪ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʦʟʛʘ, ʚʢʣʶʯʘʷ ʚʳʞʠʚʘʥʠʝ 

ʥʝʡʨʦʥʦʚ ʠ ʥʝʡʨʦʥʘʣʴʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ (Buxbaum et al., 2007). ʊʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʩʚʷʟʠ ʵʪʦʛʦ 

ʛʝʥʘ ʩ ʘʫʪʠʟʤʦʤ ʥʝʷʩʝʥ, ʦʜʥʘʢʦ ʧʦʩʣʝʜʥʠʝ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʧʨʠʯʠʥʝ ʧʦʜʘʚʣʝʥʠʷ ʩʝʪʠ ʬʦʩʬʦʠʥʦʟʠʪʠʜ-3-ʢʠʥʘʟʳ (phosphoinositide 3-kinase) (Page et al., 

2009). ʄʫʪʘʮʠʠ ʚ ʜʨʫʛʠʭ ʛʝʥʘʭ ʜʘʥʥʦʡ ʛʝʥʦʤʥʦʡ ʩʝʪʠ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʈɸʉ, ʥʘʧʨʠʤʝʨ 

ʛʝʥʳ ʢʦʤʧʣʝʢʩʘ ʪʫʙʝʨʦʟʥʦʛʦ ʩʢʣʝʨʦʟʘ TSC1, TSC2 ʠ ʥʝʡʨʦʬʠʙʨʦʤʠʥ (Muhle et al., 2004). ʋ 

ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ ʠ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ PTEN, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʷʞʝʣʘʷ 

ʤʘʢʨʦʮʝʬʘʣʠʷ (ʦʪ 3,7 ʜʦ 9,6 SD), ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠ ʩʠʥʜʨʦʤʝ ʊʠʤʦʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ ʫʜʣʠʥʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ QT, 

ʩʠʥʜʘʢʪʠʣʠʝʡ, ʘʥʦʤʘʣʠʷʤʠ ʩʝʨʜʮʘ, ʣʠʮʝʚʳʤʠ ʤʠʢʨʦʘʥʦʤʘʣʠʷʤʠ, ʟʘʜʝʨʞʢʦʡ ʨʘʟʚʠʪʠʷ ʠ 

ʘʫʪʠʩʪʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ, ʚʳʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ CACNA1C (Splawski et al., 2004), 

ʦʪʚʝʯʘʶʱʝʤ ʟʘ ʬʫʥʢʮʠʶ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ʉʠʥʜʨʦʤ ɾʫʙʝʨʘ ï ʘʫʪʦʩʦʤʥʦïʨʝʮʝʩʩʠʚʥʦʝ 

ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʘʷ ʠ ʧʦʣʥʘʷ ʘʛʝʥʝʟʠʷ ʯʝʨʚʷ ʤʦʟʞʝʯʢʘ, 

ʘʥʦʤʘʣʠʠ ʜʳʭʘʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʛʣʘʟ, ʥʘʨʫʰʝʥʠʝ ʧʩʠʭʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʥʘʨʫʰʝʥʠʝ 

ʧʦʚʝʜʝʥʠʷ. ʇʨʠ ʜʘʥʥʦʤ ʩʠʥʜʨʦʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ AHI1, ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ 

ʞʫʙʝʨʠʥ (Miles et al., 2011). ʉʠʥʜʨʦʤ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ, ʩʮʝʧʣʝʥʥʦʡ ʩ ʣʦʤʢʦʡ 

ʭʨʦʤʦʩʦʤʦʡ ʍ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʤʦʥʦʛʝʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ (1-4 ʥʘ 6000 ʤʘʣʴʯʠʢʦʚ).  ʉʠʥʜʨʦʤ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʫ ʧʨʠʤʝʨʥʦ 5% ʧʘʮʠʝʥʪʦʚ ʩ 

ʈɸʉ. ɼʣʷ ʟʘʙʦʣʝʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʣʝʛʢʘʷ ʠ ʫʤʝʨʝʥʥʘʷ ʩʪʝʧʝʥʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ (IQ 

40ï60) ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʬʝʥʦʪʠʧ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʦʮʠʘʣʠʟʘʮʠʠ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʉʠʥʜʨʦʤ 

ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʨʝʯʠ,  ʩʪʝʨʝʦʪʠʧʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʁʢ 

ʧʨʠʢʦʩʥʦʚʝʥʠʷʤ, ʟʨʠʪʝʣʴʥʳʤ ʠ ʟʚʫʢʦʚʳʤ ʩʪʠʤʫʣʘʤ, ʥʘʨʫʰʝʥʠʝʤ ʛʣʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ, 

ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʴʶ, ʠʤʧʫʣʴʩʠʚʥʦʩʪʴʶ, ʵʭʦʣʘʣʠʝʡ, ʩʘʤʦʧʦʚʨʝʞʜʘʶʱʠʤ ʧʦʚʝʜʝʥʠʝʤ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ RTT ʩʯʠʪʘʶʪʩʷ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ MECP2, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʭʨʦʤʦʩʦʤʝ ʍ 

(Amir et al., 1999; ʖʨʦʚ ʠ ʜʨ., 2005ʙ). ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ MECP2 



 
 

40 
 

ʚʢʣʶʯʘʶʪ ʪʷʞʝʣʳʝ ʢʦʛʥʠʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʜʚʠʛʘʪʝʣʴʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ (ʘʪʘʢʩʠʷ, ʘʧʨʘʢʩʠʷ, 

ʪʨʝʤʦʨ), ʤʷʛʢʠʝ ʜʠʩʤʦʨʬʠʯʥʳʝ ʯʝʨʪʳ (ʵʥʦʬʪʘʣʴʤʠʷ, ʘʨʦʯʥʳʝ ʙʨʦʚʠ), ʥʘʨʫʰʝʥʠʷ ʨʝʯʠ, 

ʥʘʨʫʰʝʥʠʷ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʛʨʳ. 

 

ʊʘʙʣʠʮʘ 6.  ɻʝʥʳ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʤʳʝ ʩ ʘʫʪʠʟʤʦʤ (Miles et al., 2011) 

ɻʝʥ ʃʦʢʘʣʠʟʘʮʠʷ ʅʘʟʚʘʥʠʝ ʙʝʣʢʘ ʌʫʥʢʮʠʷ ʙʝʣʢʘ 

NLGN3X Xq28 Neuroligin 3 ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʥʘʧʩʘ 

NLGN4X Xp22.33 Neuroligin 4 ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʠʥʘʧʩʘ 

NRXN1 2p16.3 Neurexin 1 ʊʨʘʥʩʩʠʥʘʧʪʠʯʝʩʢʠʡ ʧʘʨʪʥʝʨ ʧʦ 

ʩʚʷʟʳʚʘʥʠʶ ʜʣʷ ʥʝʡʨʦʣʠʛʠʥʦʚ 

SHANK3 22q13 SH3 and multiple 

ankyrin repeat 

domains protein 3 

ʆʨʛʘʥʠʟʘʮʠʷ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʩʚʷʟʳʚʘʥʠʝ  

ʥʝʡʨʦʣʠʛʠʥʦʚ 

CNTNAP2 7q36 Contactin-

associated protein-

like 2 

ɺʦʚʣʝʯʝʥ ʚ ʥʝʡʨʦʥʘʣʴʥʫʶ 

ʤʠʛʨʘʮʠʶ 

CNTN4 and 

CNTN3 

6p26-p25 Contactin 4 and 

Contactin 3 

ɸʜʛʝʟʠʚʥr ʝ ʤʦʣʝʢʫʣʳ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ ʚ ʥʝʡʨʦʥʘʭ 

PCDH10 4q28 Protocadherin 10 ʅʝʡʨʦʥʘʣʴʥʳʡ ʨʝʮʝʧʪʦʨ ï ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʧʝʮʠʬʠʯʥʳʭ 

ʤʝʞʢʣʝʪʦʯʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ 

ʢʨʠʪʠʯʥʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʘʢʩʦʥʦʚ ʚ ʧʝʨʝʜʥʝʤ ʤʦʟʛʝ 

NRCAM 7q31 Neuronal cell 

adhesion molecule 

ɸʜʛʝʟʠʚʥr ʝ ʤʦʣʝʢʫʣʳ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝʩʷ 

ʚ ʥʝʡʨʦʥʘʭ 

MECP2 Xq28 Methyl CpG-

binding protein 1 

ɻʣʦʙʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ 

ʪʨʘʥʩʢʨʠʧʮʠʠ 

UBE3A 15q11q13 Ubiquitin protein 

ligase E3A 

ʂʦʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʥʝʡʨʦʥʘʭ 

A2BP1 16p13 Ataxin 2-binding ʈʝʛʫʣʠʨʫʝʪ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʳʡ 
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protein 1 ʩʧʣʘʡʩʠʥʛ ʧʫʪʝʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʵʣʝʤʝʥʪʫ  

 (U)GCAUG ʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʝ 

ʤʈʅʂ 

EN2 7q36 Engrailed 2 ɺʦʚʣʝʯʝʥ ʚ ʨʘʟʚʠʪʠʝ ʩʨʝʜʥʝʛʦ 

ʤʦʟʛʘ ʠ ʤʦʟʞʝʯʢʘ 

HOXA1 17p15.3 Homeobox A1 ɺʦʚʣʝʯʝʥ ʚ ʨʘʟʚʠʪʠʝ ʩʨʝʜʥʝʛʦ 

ʤʦʟʛʘ 

HOXB1 17q21-q22 Homeobox B1 ɺʦʚʣʝʯʝʥ ʚ ʨʘʟʚʠʪʠʝ ʩʨʝʜʥʝʛʦ 

ʤʦʟʛʘ 

RELN 7q22 Reelin ʉʠʛʥʘʣʴʥʳʡ ʙʝʣʦʢ, ʚʦʚʣʝʯʝʥʥʳʡ ʚ 

ʥʝʡʨʦʥʘʣʴʥʫʶ ʤʠʛʨʘʮʠ ʁ

WNT2 7q31 protein Wnt-2 ʉʠʛʥʘʣʴʥʳʡ ʙʝʣʦʢ, ʚʦʚʣʝʯʝʥʥʳʡ ʚ 

ʢʣʝʪʦʯʥʫʶ ʧʨʦʣʠʬʝʨʘʮʠʶ  

FOXP2 7q31 forkhead box 

protein P2 

ʌʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ, 

ʚʦʚʣʝʯʝʥʥʳʡ ʚ ʵʤʙʨʠʦʛʝʥʝʟ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʦʚ 

SLC9A9 3q24 Solute carrier 

family 9 

(sodium/hydrogen 

exchanger), 

isoform 9 

ʄʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ 

ʛʦʤʝʦʩʪʘʟʘ ʢʘʪʠʦʥʦʚ 

CACNA1C 12p13.3 Calcium channel, 

voltage-dependent, 

L type, alpha 1C 

subunit 

ʇʨʦʜʫʮʠʨʫʝʪ ʩʫʙʲʝʜʠʥʠʮʳ 

ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

GABRB3, 

GABRA5, 

GABRG3 

15q11.2-q12 

 

GABA receptor 

subunits 

ʅʝʡʨʦʤʝʜʠʘʪʦʨ ʪʦʨʤʦʟʥʦʛʦ ʪʠʧʘ 

SLC6A4 17q11.1-q12 Sodium-dependent 

serotonin 

transporter 

ʊʨʘʥʩʧʦʨʪʝʨ ʩʝʨʦʪʦʥʠʥʘ 

SLC25A12 2q24 Mitochondrial 

aspartate/glutamate 

ʋʯʘʩʪʚʫʝʪ ʚ ʪʨʘʥʩʧʦʨʪʝ ʘʩʧʘʨʪʘʪʘ 

ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʮʠʪʦʟʦʣʴ ʚ 
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transporter ʦʙʤʝʥ ʥʘ ʛʣʶʤʘʪʘʪ.  

OXTR 3p26.2 Oxytocin receptor ʈʝʮʝʧʪʦʨ ʦʢʩʠʪʦʮʠʥʘ 

LAMB1 7q31.1 Laminin beta 1 ʕʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʪʢʘʥʷʭ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʙʘʟʘʣʴʥʳʝ 

ʤʝʤʙʨʘʥʳ. 

RNF8 6p21.3 RING finger 

protein 8 

ʂʦʘʢʪʠʚʘʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʪʦʛʝʥʝʟʘ 

ʘʫʪʠʟʤʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʬʦʢʫʩʠʨʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʥʘï

ʢʘʥʜʠʜʘʪʘ, ʘ ʥʘ ʚʳʷʚʣʝʥʠʠ ʥʘʨʫʰʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ï çʧʨʦʮʝʩʩʦʚ-ʤʠʰʝʥʝʡè, ʠʣʠ ʛʝʥʦʤʥʳʭ 

ʩʝʪʝʡ (OôRoak et al., 2012). ʆʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʛʝʥʘʤʠ ʠ ʙʝʣʢʘʤʠ, 

ʧʘʪʦʛʝʥʥʦʩʪʠ CNV, ʠ ʚʳʷʚʣʝʥʠʝ ʥʘʨʫʰʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʤʥʦʛʦʵʪʘʧʥʫʶ ʨʘʙʦʪʫ, ʪʨʝʙʫʶʱʫʶ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠ ʪʝʭʥʦʣʦʛʠʡ. 

 

II .3 ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 

ʥʘʨʫʰʝʥʠʝ ʧʩʠʭʠʢʠ, ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʜʠʨʫʝʤʳʭ ʠʤʠ ʙʝʣʢʦʚ, 

ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʦʜʥʫ ʛʝʥʦʤʥʫʶ ʩʝʪʴ ʠʣʠ ʢʦʤʧʣʝʢʩ. ʅʘʨʫʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʥʫʪʨʠ ʪʘʢʦʡ ʩʝʪʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʭʘʨʘʢʪʝʨʥʳʤ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ 

ʧʨʦʷʚʣʝʥʠʷʤ ʚ ʩʣʫʯʘʝ ʤʫʪʘʮʠʡ (ʪʘʙʣ.7). ʊʘʢ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʙʳʣʠ ʦʧʠʩʘʥʳ 

ʩʨʝʜʠ ʧʨʠʤʝʨʥʦ 450 ʛʝʥʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʚʫʩʪʦʨʦʥʥʠʤ ʙʝʣʦʢ-ʙʝʣʢʦʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʣʠ 

ʨʝʛʫʣʷʪʦʨʥʳʤʠ ʧʝʪʣʷʤʠ, ʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʙʦʣʝʝ ʰʠʨʦʢʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʝʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʙʝʣʢʦʚ (van Bokhoven, 

2011). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ 

ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʤʦʛʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʦʜʥʠ ʠ ʪʝ ʞʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʠ ʢʣʝʪʦʯʥʳʝ 

ʧʨʦʮʝʩʩʳ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʝʪʠ ʦʞʠʜʘʝʤʦ ʙʫʜʝʪ ʠʤʝʪʴ ʘʥʘʣʦʛʠʯʥʳʡ ʬʝʥʦʪʠʧʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʮʝʣʦʤ (Oti et al., 2008). 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʙʱʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ 

ʦʩʥʦʚʝ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʧʩʠʭʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ: ʥʝʡʨʦʛʝʥʝʟ, ʥʝʡʨʦʥʘʣʴʥʘʷ ʤʠʛʨʘʮʠʷ, 

ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ,  ʪʨʘʥʩʢʨʠʧʮʠʷ ʠ ʪʨʘʥʩʣʷʮʠʷ (Chelly et al., 2006). ʅʝʡʨʦʛʝʥʝʟ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʤʠʢʨʦʮʝʬʘʣʠʠ, ʧʨʠ ʵʪʦʤ ʞʝ ʟʘʙʦʣʝʚʘʥʠʠ ʦʪʤʝʯʘʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʮʝʥʪʨʦʩʦʤʳ ʠ ʨʝʧʘʨʘʮʠʠ ɼʅʂ (Kaindl et al., 2010). ɿʘʙʦʣʝʚʘʥʠʷ, 
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ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʤʠʛʨʘʮʠʠ ʥʝʡʨʦʥʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʨʫʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʜʦʙʥʳʝ ʘʥʦʤʘʣʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʣʠʩʵʥʮʝʬʘʣʠʷʭ, ʛʨʫʧʧʝ ʙʦʣʝʟʥʝʡ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʤʠʛʨʘʮʠʠ ʥʝʡʨʦʥʦʚ, ʚʳʟʚʘʥʥʳʤ ʛʠʧʦʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʝʤ Ŭ-

ʜʠʩʪʨʦʛʣʠʢʘʥʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʦ ʧʨʠʯʠʥʝ ʨʝʮʝʩʩʠʚʥʳʭ ʤʫʪʘʮʠʡ ʚ ʣʶʙʦʤ ʠʟ ʰʝʩʪʠ 

ʛʝʥʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʚ O-ʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʠ: POMT1, POMT2, POMGNT1, LARGE, FKTN, ʠ 

FKRP (van Reeuwijk et al., 2005). ʅʘʨʫʰʝʥʠʝ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʥʝʡʨʦʛʝʥʝʟʘ, ʥʝʡʨʦʥʘʣʴʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʘʧʩʦʚ, ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʨʝʛʫʣʷʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʯʘʩʪʦ ʩʚʷʟʳʚʘʶʪ ʩ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʧʩʠʭʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ (Vaillend et al., 2008).  

 

ʊʘʙʣʠʮʘ 7. ʅʝʢʦʪʦʨʳʝ ʛʝʥʳ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ 

ʘʫʪʠʩʪʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʢʦʥʪʨʦʣʴ ʥʝʡʨʦʥʘʣʴʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 

ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ (ʯʘʩʪʠʯʥʦ ʧʦ Srivastava et.al., 2014). 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɻʝʥʳ 

ʎʠʢʣ ʠ ʪʨʘʥʩʧʦʨʪ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣ  

ŬGDI, CASK, AP-1,AP-2, AP-3, AP-

4,AP4BP1,AP4E1, AP4S1, AP4M1, 

IL1RAPL1, OPHN1, RAB39B, 

STXBP1,SYN1,SYN11,SYP 

ɼʠʥʘʤʠʢʘ ʮʠʪʦʩʢʝʣʝʪʘ ARHGEF6, ARHGEF9, FGD1, IQSEC2, 

LIMK1, OPHN1, OCRL1, MEGAP,PAK3 

ɸʜʛʝʟʠʷ ʢʣʝʪʦʢ ʠ ʪʨʘʥʩ-ʩʠʥʘʧʪʠʯʝʩʢʘʷ 

ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ 

CASK, CDH9, CDH10, CDH15, CNTN4, 

CNTNAP2, KIRREL3, NLGN3, NLGN4, 

NRXN1, PTCHD1, PCDH9, PCDH10, 

PCDH19, SHANK2, SHANK3 

ʈʝʛʫʣʷʮʠʷ ʪʨʘʥʩʣʷʮʠʠ, ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʘ ʠ 

ʙʝʣʢʦʚʦʛʦ ʦʙʤʝʥʘ  

CUL4B, FBOX40, FMRP, HUWE1, MID1, 

MEF2, PARK2, PCDH10, RFWD2, UBR1, 

UBE2A, UBE3A, UBE3B, UPF3B, UPF3A, 

SMG6, EIF4A3, RNPS1 

 

II .3.2.1 ʅʘʨʫʰʝʥʠʝ ʛʝʥʦʤʥʳʭ ʠ ʧʨʦʪʝʦʤʥʳʭ ʩʝʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ, 

ʩʦʟʨʝʚʘʥʠʝʤ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʩʠʥʘʧʩʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʜʦ ʧʦʜʨʦʩʪʢʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʤʦʟʛ ʯʝʣʦʚʝʢʘ ʧʦʜʚʝʨʞʝʥ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʶ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʚʷʟʝʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʫʩʪʨʘʥʝʥʠʝʤ 

ʩʠʥʘʧʩʦʚ. ʆʜʥʘʢʦ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʛʫʣʷʮʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʪʘʢʞʝ ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʘʭ ʦʙʫʯʝʥʠʷ, ʧʘʤʷʪʠ, ʠ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʚ ʤʦʟʛʝ ʚʟʨʦʩʣʦʛʦ 
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ʯʝʣʦʚʝʢʘ. ɼʝʥʜʨʠʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʡʨʦʥʦʚ ʧʦʢʨʳʪʳ ʥʝʙʦʣʴʰʠʤʠ ʚʳʩʪʫʧʘʤʠ, ʠʟʚʝʩʪʥʳʤʠ 

ʢʘʢ ʜʝʥʜʨʠʪʥʳʝ ʰʠʧʠʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʤʝʩʪʘʤʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʩʠʥʘʧʪʠʯʝʩʢʦʛʦ ʚʭʦʜʘ. ʄʦʨʬʦʣʦʛʠʷ ʩʠʥʘʧʩʦʚ ʠ ʰʠʧʠʢʦʚ ʦʯʝʥʴ ʜʠʥʘʤʠʯʥʘ ʠ ʤʦʞʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʙʳʩʪʨʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʜʨʘʞʠʪʝʣʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ, 

ʥʘʟʳʚʘʝʤʦʝ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʩʯʠʪʘʝʪʩʷ ʢʣʝʪʦʯʥʳʤ ʢʦʨʨʝʣʷʪʦʤ ʦʙʫʯʝʥʠʷ ʠ 

ʧʘʤʷʪʠ (Lamprecht et al., 2004). ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʧʦʪʝʥʮʠʘʮʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ (LTP) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʪʦʷʥʠʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʣʫʪʘʤʘʪʝʨʛʠʯʝʩʢʦʡ 

ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ 

ʩʠʥʘʧʩʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʠʪʝʣʴʥʘʷ ʜʝʧʨʝʩʩʠʷ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʳʤ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʩʥʠʞʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʘʣʴʥʳʭ ʩʠʥʘʧʩʦʚ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʤʦʛʫʪ ʜʣʠʪʴʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʠʣʠ ʣʝʪ, ʠ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʨʘʟʤʝʨʝ ʠ ʤʦʨʬʦʣʦʛʠʠ ʩʠʥʘʧʩʦʚ (Waites et al., 2005). ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʝʭʘʥʠʟʤʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʪʠ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʳ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʙʦʪʳ 

ʘʜʛʝʟʠʚʥʳʭ ʤʦʣʝʢʫʣ (ʤʦʣʝʢʫʣʘ ʛʣʠʢʦʧʨʦʪʝʠʜʘ (ʮʝʧʠ), ʚʳʩʪʫʧʘʶʱʘʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥ 

ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʪʦʯʥʫʶ çʩʪʳʢʦʚʢʫè ʢʣʝʪʦʢ ʜʨʫʛ ʩ ʜʨʫʛʦʤ), 

ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ, ʨʘʩʧʘʜʦʤ ʘʢʪʠʥʦʚʳʭ ʬʠʣʘʤʝʥʪʦʚ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʤ 

ʫʧʣʦʪʥʝʥʠʠ (PSD), ʠ ʤʠʛʨʘʮʠʝʡ (trafficking) ʨʝʮʝʧʪʦʨʦʚ 2-ʘʤʠʥʦ-3-ʛʠʜʨʦʢʩʠ-5-ʤʝʪʠʣ-4-

ʠʟʦʢʩʘʟʦʣ-ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ɸʄʈɸ). ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʥʘʨʫʰʝʥʥʦʡ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ ʨʘʟʚʠʪʠʷ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʦʥʠʤʘʥʠʶ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʝʨʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʙʦʣʝʝ 40 ʣʝʪ ʥʘʟʘʜ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʛʣʫʙʦʢʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ 

ʥʝʚʳʷʚʣʝʥʥʦʡ ʵʪʠʦʣʦʛʠʠ (Purpura et al., 1974), ʘ ʧʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʣʠ 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʥʘʨʫʰʝʥʠʷ ʫ ʠʥʜʠʚʠʜʫʫʤʦʚ ʩ ʩʠʥʜʨʦʤʦʤ ɼʘʫʥʘ, ʇʘʪʘʫ, ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ, ʩʮʝʧʣʝʥʥʦʡ ʩ ʣʦʤʢʦʡ ʭʨʦʤʦʩʦʤʦʡ ʍ, ʠ RTT (Fiala et al.,2002). 

 

II .3.2.2 ʅʘʨʫʰʝʥʠʝ ʮʠʢʣʘ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʥʘʧʩʦʚ ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʠʥʘʧʩʘʤʠ, ʢʦʪʦʨʳʝ 

ʨʝʘʛʠʨʫʶʪ ʥʘ ʨʘʟʜʨʘʞʠʪʝʣʠ, ʚʳʩʚʦʙʦʞʜʘʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʳ. ʇʨʝʩʠʥʘʧʪʠʯʝʩʢʦʝ ʦʢʦʥʯʘʥʠʝ 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʟʠʢʫʣ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʥʝʡʨʦʤʝʜʠʘʪʦʨʳ; ʚ ʩʣʫʯʘʝ 

ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʠʥʘʧʩʘ, ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʤ ʷʚʣʷʝʪʩʷ ʛʣʫʪʘʤʘʪ. ʇʨʠ ʩʪʠʤʫʣʷʮʠʠ, ʚʝʟʠʢʫʣʳ 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ, ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ ʠ 

ʬʠʢʩʠʨʫʶʪʩʷ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ, ʠʣʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʚʝʟʠʢʫʣ ʩ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ 

ʤʝʤʙʨʘʥʦʡ, ʚʢʣʶʯʘʝʪ ʜʝʡʩʪʚʠʝ ʙʝʣʢʦʚ Synaptotagmin, Syntaxin-1 ʠ Munc18-1 (de Wit et al., 

2009). Mʫʪʘʮʠʠ ʚ ʛʝʥʝ STXBP1, ʢʦʜʠʨʫʶʱʝʤ Munc18-1, ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʩʠʥʜʨʦʤʘ 

ʆʪʘʭʘʨʘ (Ohtahara), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʠʥʬʘʥʪʠʣʴʥʳʡ ʵʧʠʣʝʧʪʠʯʝʩʢʦʡ ʵʥʮʝʬʘʣʦʧʘʪʠʝʡ ʠ 
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ʪʷʞʝʣʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ (Pinto et al., 2010). ɺ ʦʪʚʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ Ca2+ , 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʝ ʚʝʟʠʢʫʣʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʢʟʦʮʠʪʦʟʫ ʠ ʚʳʩʚʦʙʦʞʜʘʶʪ ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʳ ʚ 

ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʱʝʣʴ, ʛʜʝ ʤʦʣʝʢʫʣʳ ʥʝʡʨʦʤʝʜʠʘʪʦʨʘ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ ʨʝʮʝʧʪʦʨʘʤʠ ʥʘ 

ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʝ. ʇʨʝʩʠʥʘʧʪʠʯʝʩʢʠʝ ʚʝʟʠʢʫʣʳ ʧʦʢʨʳʪʳ ʙʝʣʢʘʤʠ Rab, ʚ 

ʯʘʩʪʥʦʩʪʠ Rab3, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʝʛʫʣʷʪʦʨʥʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʧʦʨʪʝ ʚʝʟʠʢʫʣ. ɹʝʣʢʠ Rab 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʜʛʨʫʧʧʫ ʩʝʤʝʡʩʪʚʘ Ras ʠʟ ʤʘʣʳʭ GTPaʟ (ɻʊʌ, ʛʫʘʥʦʟʠʥʪʨʠʬʦʩʬʘʪ), ʢʦʪʦʨʳʝ 

ʦʙrʯʥʦ ʘʢʪʠʚʥʳ ʚ GTP-ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʥʝʘʢʪʠʚʥʳ, ʢʦʛʜʘ ʩʚʷʟʘʥ GDP (ɻɼʌ, 

ʛʫʘʥʦʟʠʥʜʠʬʦʩʬʘʪ). GDP-GTP-ʩʚʷʟʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʧʨʘʚʣʷʝʪʩʷ GTPʘʟ-ʘʢʪʠʚʠʨʫʶʱʠʤʠ 

ʙʝʣʢʘʤʠ (GAPs) ʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʛʫʘʥʠʥʦʚʳʭ ʥʫʢʣʝʦʪʠʜʦʚ (GDIs). ɼʚʘ ʙʝʣʢʘ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ, ʙʳʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ: GDIŬ ʠ 

Rab3GAP. GDIŬ ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ GDI1, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʭʨʦʤʦʩʦʤʝ ʍ (DôAdamo et al., 

1998). ʋ ʤʳʰʝʡ ʩ ʥʦʢʘʫʪʦʤ ʜʘʥʥʦʛʦ ʛʝʥʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʟʠʢʫʣʘʭ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ (Bianchi et al., 2009). 

ʆʜʥʘʢʦ ʥʘ Rab3a ʤʫʪʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʦʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ, ʠ ʢʦʛʥʠʪʠʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʯʝʨʝʟ ʜʨʫʛʠʝ ʥʝʡʨʦʥʘʣʴʥʳʝ ʙʝʣʢʠ Rab. ʊʘʢ, Rab39B, ʥʝʡʨʦʥ-

ʩʧʝʮʠʬʠʯʥʳʡ ʙʝʣʦʢ, ʢʦʪʦʨʳʡ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ɻʦʣʴʜʞʠ, ʙʳʣ ʥʝʜʘʚʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥ 

ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʈɸʉ, ʵʧʠʣʝʧʩʠʝʡ ʠ ʤʘʢʨʦʮʝʬʘʣʠʝʡ (Giannandrea et al., 2010). 

ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʤʦʨʬʦʣʦʛʠʠ ʘʢʩʦʥʘʣʴʥʳʭ ʢʦʥʫʩʦʚ ʨʦʩʪʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʪʝʨʤʠʥʘʣʝʡ, ʠʟ ʯʝʛʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ Rab39B ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʩʠʥʘʧʩʦʚ. ɽɦ ʝ ʦʜʥʠʤ ʧʨʷʤʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʙʝʣʢʦʚ Rab 

ʷʚʣʷʝʪʩʷ Rab3GAP, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ GTP, ʩʚʷʟʘʥʥʦʛʦ ʩ 

Rab3A. ʄʫʪʘʮʠʠ ʚ Rab3GAP ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠ ʩʠʥʜʨʦʤʝ Warburg-Micro, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʤ ʩ 

ʨʝʮʝʩʩʠʚʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʤʠʢʨʦʮʝʬʘʣʠʝʡ, ʘʥʦʤʘʣʠʷʤʠ ʛʣʘʟʘ ʠ 

ʛʠʧʦʛʝʥʠʪʘʣʠʟʤʦʤ. ɼʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ 

ʠʛʨʘʶʱʠʤʠ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʮʠʢʣʝ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ, ʷʚʣʷʶʪʩʷ IL1RAPL1 ʠ 

ʩʠʥʘʧʩʠʥ.  IL1RAPL1 ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʥʝʩʠʥʜʨʦʤʘʣʴʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ (Carrie et al., 

1999), ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠ ʰʠʟʦʬʨʝʥʠʝʡ (Piton et al., 2008); ʙʝʣʦʢ 

ʜʘʥʥʦʛʦ ʛʝʥʘ ʠʥʛʠʙʠʨʫʝʪ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʳʡ ʵʢʟʦʮʠʪʦʟ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʥʝʡʨʦʪʨʘʥʩʤʠʪʪʝʨʦʚ (Gambino et al., 2007). ʉʠʥʘʧʩʠʥ I ʨʝʛʫʣʠʨʫʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʤʝʜʠʘʪʦʨʘ ʠ ̫ʚʣʷʝʪʩʷ ʥʝʡʨʦʥʘʣʴʥʳʤ ʬʦʩʬʦʧʨʦʪʝʠʥʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʤʝʤʙʨʘʥʘʤʠ ʤʘʣʳʭ 

ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʚʝʟʠʢʫʣ. ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ ʩʠʥʘʧʩʠʥʘ ʩʚʷʟʘʥʳ ʩ ʵʧʠʣʝʧʩʠʝʡ ʠ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʴʶ (Garcia et al.,2004). ɺ ʧʨʝʩʠʥʘʧʪʠʯʝʩʢʠʭ ʦʢʦʥʯʘʥʠʷʭ ʪʘʢʞʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʙʝʣʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ,  ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʬʫʥʢʮʠʠ ʩʠʥʘʧʩʦʚ (ʥʘʧʨʠʤʝʨ, FMR1 ʠ OPHN1 
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ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩ-ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ). ʅʝʡʨʝʢʩʠʥ 1, ʘ ʪʘʢʞʝ ʥʝʡʨʦʣʠʛʠʥʳ 3 ʠ 4 ʠ ʙʝʣʦʢ CNTNAP2 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʤʫʪʘʮʠʠ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ CNTNAP2 ʠ ʥʝʡʨʝʢʩʠʥ-1, ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʭʦʞʠʤ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʥʘʧʦʤʠʥʘʶʱʠʤ ʩʠʥʜʨʦʤ ʇʠʪʪʘ-ʍʦʧʢʠʥʩʘ (Zweier 

et al., 2009). 

 

II .3.2.3 ʅʘʨʫʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʢʘʢ ʚʦʟʙʫʞʜʘʶʱʠʭ 

ʛʣʫʪʘʤʘʪʵʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʪʘʢ ʠ ʠʥʛʠʙʠʨʫʶʱʠʭ ɻɸʄʂʝʨʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʨʠʯʠʥʦʡ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʈɸʉ 

(Chao et al., 2010; Malinow et al., 2002). ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʠʥʘʧʪʠʯʝʩʢʦʡ 

ʨʦʣʠ ʙʝʣʢʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ,  ʠʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʥʘ ʚʦʟʙʫʞʜʘʶʱʠʝ ʛʣʶʪʘʤʘʪʵʨʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʛʠʧʧʦʢʘʤʧʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʤʷʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʜʘʥʥʳʭ ʦʧʠʩʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʟʙʫʞʜʘʶʱʠʭ ʥʝʡʨʦʥʘʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʛʣʫʪʘʤʘʪʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʜʝʥʜʨʠʪʥʳʭ ʰʠʧʠʢʘʭ ʛʣʶʪʘʤʘʪʥʳʭ ʚʦʟʙʫʞʜʘʶʱʠʭ ʩʠʥʘʧʩʦʚ (excitatory glutamate synapses) -  

N-ʤʝʪʠʣ-D ʘʩʧʘʨʪʘʪ (NMDA) ʠ ʨʝʮʝʧʪʦʨ ɸʄʈɸ. ʄʫʪʘʮʠʠ ʚ ʛʝʥʘʭ, ʢʦʜʠʨʫʶʱʠʭ 

ʩʫʙʲʝʜʠʥʠʮʳ ɸʄʈɸ ʠ ʨʝʮʝʧʪʦʨʳ NMDA, ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ 

ʨʘʟʚʠʪʠʷ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʄʫʪʘʮʠʠ ʚ ʍ-ʩʮʝʧʣʝʥʥʦʤ ʛʝʥʝ GRIA3, ʢʦʜʠʨʫʶʱʝʤ ʩʫʙʲʝʜʠʥʠʮʫ 

ʠʦʥʦʪʨʦʧʥʦʛʦ ʨʝʮʝʧʪʦʨʘ ɸʄʈɸ, ʩʚʷʟʘʥʳ ʩ ʫʤʝʨʝʥʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʢʦʛʥʠʪʠʚʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʫ ʯʝʣʦʚʝʢʘ (Wu et al., 2007). ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʥʩʣʦʢʘʮʠʠ ʠ ʤʫʪʘʮʠʠ de novo, 

ʚʣʠʷʶʱʠʝ ʥʘ ʛʝʥʳ GRIN2A ʠ GRIN2B,  ʢʦʪʦʨʳʝ ʢʦʜʠʨʫʶʪ  ʩʫʙʲʝʜʠʥʠʮʳ NR2B ʠ NR2A 

ʨʝʮʝʧʪʦʨʘ NMDA,  ʩʚʷʟʘʥʳ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ/ʠʣʠ ʵʧʠʣʝʧʩʠʝʡ (Greer et al., 2010), ʘ 

ʛʝʥ OPHN1 ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʦʟʨʝʚʘʥʠʝ ʩʠʥʘʧʩʦʚ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʩʪʘʙʠʣʠʟʠʨʫʷ ʨʝʮʝʧʪʦʨʳ 

AMPA. ʆʢʦʣʦ 1500 ʙʝʣʢʦʚ ʙʳʣʠ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʨʦʪʝʦʤʦʤ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʘ 133 ʠʟ ʥʠʭ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʧʝʨʚʠʯʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ (Bayes et al., 2011). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʞʠʚʦʪʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʫʪʘʮʠʠ ʯʝʣʦʚʝʢʘ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ 

ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʧʘʤʷʪʠ ʠ ʜʨʫʛʠʭ 

ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʤʫʪʘʮʠʡ de novo ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʚ ʛʝʥʘʭ SHANK3, SHANK2, SYNGAP1 ʠ GKAP ʫ ʠʥʜʠʚʠʜʫʫʤʦʚ ʩ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʴʶ, ʈɸʉ ʠ ʰʠʟʦʬʨʝʥʠʝʡ (Awadalla et al., 2010; Berkel et al., 2010; Pinto et al., 2010;). 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ SYNGAP1 ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 3% ʜʦ 5% ʪʦʣʴʢʦ ʧʨʠ ʥʝʩʠʥʜʨʦʤʘʣʴʥʦʡ 
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ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ (Hamdan et al., 2009), ʘ de novo ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ SHANK3 ʜʦ 1% ʧʨʠ 

ʈɸʉ (Moessner et al., 2007) ʠ 0,5% ʩʨʝʜʠ ʧʘʮʠʝʥʪʦʚ ʩ ʰʠʟʦʬʨʝʥʠʝʡ (Gauthier et al.,2010). 

 

II .3.2.4 ʅʘʨʫʰʝʥʠʷ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɸʢʪʠʚʘʮʠʷ ʨʝʮʝʧʪʦʨʦʚ ʛʣʫʪʘʤʘʪʘ ʠʥʠʮʠʠʨʫʝʪ ʨʷʜ ʧʦʩʪʩʠʥʘʧʪʠʯʝʩʢʠʭ ʢʘʩʢʘʜʦʚ 

ʢʣʝʪʦʯʥʦʡ ʩʚʷʟʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Ras. ʕʪʦʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ ʥʘʨʫʰʘʝʪʩʷ ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʡʨʦ-ʢʘʨʜʠʦ-ʬʘʮʠʦ-ʢʫʪʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ (NCFCs): ʩʠʥʜʨʦʤ ʅʫʥʘʥ ʠ 

ʅʫʥʘʥ-ʧʦʜʦʙʥʳʡ ʩʠʥʜʨʦʤ, ʩʠʥʜʨʦʤ ʂʦʩʪʝʣʣʦ, ʥʝʡʨʦʬʠʙʨʦʤʘʪʦʟ, ʩʠʥʜʨʦʤ LEOPARD, 

ʩʠʥʜʨʦʤ CFC, ʠ ʩʠʥʜʨʦʤ Legius (Wright et al., 2010). ʌʝʥʦʪʠʧʠʯʝʩʢʠʡ ʩʧʝʢʪʨ, ʭʘʨʘʢʪʝʨʥʳʡ 

ʜʣʷ NCFCs, ʦʪʨʘʞʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʥʦʡ ʩʝʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ GTPʘʟʳ 

Ras -  HRas ʠ KRas. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʣʠʥʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ NCFCs ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ 

ʤʫʪʘʮʠʷʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ Ras-ʄɸʈʂ ʛʝʥʦʤʥʳʭ ʩʝʪʷʭ, ʠ, ʥʘʦʙʦʨʦʪ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʛʝʥʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʜʣʷ ʨʷʜʘ NCFCs. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʫʪʴ NCFC-Ras ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʛʝʥʦʪʠʧ-ʬʝʥʦʪʠʧ ʘʩʩʦʮʠʘʮʠʡ ʥʘ ʫʨʦʚʥʝ ʩʝʪʝʡ. ɻʝʥʦʤʥʘʷ ʩʝʪʴ PI3K-

mTOR ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʢʘʩʢʘʜ, ʢʦʪʦʨʳʡ 

ʦʙʳʯʥʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʪʨʦʡʩʪʚ, ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ ʠ ʈɸʉ. ʉʠʛʥʘʣʴʥʳʡ ʧʫʪʴ PI3KmTOR ʢʦʥʪʨʦʣʠʨʫʝʪ ʪʨʘʥʩʣʷʮʠʶ, ʠ ʝʛʦ ʥʘʨʫʰʝʥʠʝ 

(Krab et al., 2008) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʘʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʢʘʢ ʩʠʥʜʨʦʤ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʠ, ʩʮʝʧʣʝʥʥʳʡ ʩ ʣʦʤʢʦʡ ʭʨʦʤʦʩʦʤʦʡ ʍ (Bear et al., 2008), ʪʫʙʝʨʦʟʥʳʡ ʩʢʣʝʨʦʟ 

(Ehninger et al., 2008), ʙʦʣʝʟʥʴ ʂʘʫʜʝʥʘ (Liaw et al., 1997) ʠ ʩʠʥʜʨʦʤ ʈʝʪʪʘ (Ricciardi et al., 

2011). ʇʦʤʠʤʦ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ, ʥʘʨʫʰʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ, ʨʘʟʣʠʯʥʳʝ ʧʨʦʪʝʦʤʥʳʝ ʠ ʛʝʥʦʤʥʳʝ ʩʝʪʠ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, ʪʨʘʥʩʢʨʠʧʮʠʶ ʠ ʪʨʘʥʩʣʷʮʠʶ, ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʫʤʩʪʚʝʥʥʦʡ 

ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʪʘʙʣ.7).  

 

ʊʘʙʣʠʮʘ 7. ʇʨʦʪʝʦʤʥʳʝ/ʛʝʥʦʤʥʳʝ ʩʝʪʠ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʧʘʪʦʛʝʥʝʟ ʧʩʠʭʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ 

ʅʘʟʚʘʥʠʝ 

ʧʨʦʪʝʦʤʥʦʡ/ 

ʛʝʥʦʤʥʦʡ ʩʝʪʠ 

ʌʫʥʢʮʠʷ ʅʝʢʦʪʦʨʳʝ ʠʟ ʚʭʦʜʷʱʠʭ 

ʛʝʥʦʚ/ʙʝʣʢʦʚ 

RhoGTPase  

Pathway 

ɺʦʚʣʝʯʝʥʘ ʚ ʨʝʛʫʣʷʮʠʶ ʜʠʥʘʤʠʢʠ ʘʢʪʠʥʘ, 

ʣʦʢʘʣʴʥʦʡ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ 

ʨʝʮʝʧʪʦʨʦʚ (receptor trafficking). GTPʘʟʳ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ çʤʦʣʝʢʫʣʷʨʥʳʝ 

OPHN1, MAGI2, 

ARHGEF6, srGAP3, FGDI, 

PAK3, LIMK, FMR1 
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ʧʝʨʝʢʣʶʯʘʪʝʣʠè ʤʝʞʜʫ ʠʥʘʢʪʠʚʥʳʤ 

GDP-ʩʚʷʟʘʥʥʳʤ ʠ ʘʢʪʠʚʥʳʤ GTP-

ʩʚʷʟʘʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ (Boda et al. 

2010). ʇʦʜʩʝʤʝʡʩʪʚʦ Rho ʤʘʣʳʭ GTP-

ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ ʚʦʚʣʝʯʝʥʦ ʚ 

ʨʘʟʚʠʪʠʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ 

(Moon, Zheng, 2003), ʚʝʪʚʣʝʥʠʝ 

ʜʝʥʜʨʠʪʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʥʜʨʠʪʥʳʭ 

ʰʠʧʠʢʦʚ  ʠ  ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʥʝʡʨʦʥʦʚ 

(Threadgill et al. 1997, Govek et al. 2004), 

Nasu-Nishimura et al. 2006). 

Rac1/Cdc42/PAKs 

Pathway 

 

ɺʦʚʣʝʯʝʥʘ ʚ ʨʝʛʫʣʷʮʠʶ 

ʘʢʪʠʚʥʦʛʦ/ʠʥʘʢʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʣʢʦʚ 

Rho (Rac/Cdc42). ʅʝʢʦʪʦʨʳʝ 

ʥʠʞʝʣʝʞʘʱʠʝ ʵʬʬʝʢʪʦʨʳ ʨʝʛʫʣʠʨʫʶʪ 

ʮʠʪʦʩʢʝʣʝʪ ʘʢʪʠʥʘ ʯʝʨʝʟ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʦʬʠʣʠʥʘ, ʦʜʥʦʛʦ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʝʛʦ ʜʠʥʘʤʠʢʠ (Bernstein et 

al., 2010). 

ARHGEF6, PAK3, LIMK 

Ras/RAP Pathway 

 

ʂʦʥʪʨʦʣʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩc .r Ras ʦʪʚʝʯʘʝʪ 

ʟʘ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʦʪʝʥʮʠʘʮʠʶ (LTP) 

ʨʝʮʝʧʪʦʨʦʚ AMPA (AMPARs), ʪʦʛʜʘ ʢʘʢ 

Rap ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ 

ʫʛʥʝʪʝʥʠʝ (LTD) ʠʣʠ ʜʝʧʦʪʝʥʮʠʘʮʠʶ 

(Zhu et al. 2002). Ras ʪʘʢʞʝ ʩʪʠʤʫʣʠʨʫʝʪ 

ʠʟʙʳʪʦʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʜʝʥʜʨʠʪʥʳʭ 

ʰʠʧʠʢʦʚ (Arendt et al. 2004), ʪʦʛʜʘ ʢʘʢ 

Rap ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ (Fu et al. 2007; Valnegri P et 

al., 2012). 

ERK, JNK, p38MAPK 

ʉell cycle pathway ʂʣʝʪʦʯʥʳʡ ʮʠʢʣ ʷʚʣʷʝʪʩʷ ʩʝʨʠʝʡ 

ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʢʣʝʪʢʝ ʠ 

SMC1A, CHEK2, RB1, 

STAG1, EP300, SMC1B, 
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ʧʨʠʚʦʜʷʱʠʭ ʢ ʝʝ ʜʝʣʝʥʠʶ ʠ ʨʝʧʣʠʢʘʮʠʠ. 

ʈʝʛʫʣʷʮʠʷ ʢʣʝʪʦʯʥʦʛʦ ʮʠʢʣʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʧʨʦʮʝʩʩʳ, ʠʤʝʶʱʠʝ ʨʝʰʘʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʢʣʝʪʢʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʢʣʝʪʦʯʥʦʛʦ ʜʝʣʝʥʠʷ.  

STAG2, ANAPC10, 

CDK6, ESPL1, 

CDC16, CDC45, CUL1, 

CDKN1C, MAD1L1, ABL1, 

PCNA, RBL2, 

TFDP1, CCND2 

ERK/PI3K signaling 

pathway 

ERK and PI3K ʘʢʪʠʚʠʨʫʶʪ ʨʘʧʘʤʠʮʠʥ 

(mTOR), ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʜʨʫʛʠʝ ʢʠʥʘʟʳ 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʘʥʩʣʷʮʠʶ ʤʈʅʂ, ʚʣʠʷʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʢʣʝʪʦʯʥʳʡ ʮʠʢʣ, 

ʜʠʬʬʝʨʝʥʮʠʘʮʠ,ʁ ʧʦʜʚʠʞʥʦʩʪʴ ʠ 

ʚʳʞʠʚʘʥʠʝ ʢʣʝʪʢʠ (Levitt et al., 2009). 

MET, PLAUR, SERPINE1 

 

Wnt signaling 

pathway 

ʋʯʘʩʪʚʫʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʨʚʥʦʡ 

ʩʠʩʪʝʤʳ. ɺʣʠʷʝʪ ʥʘ ʧʦʜʨʘʟʜʝʣʝʥʠʝ 

ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʥʝʨʚʥʦʡ ʪʨʫʙʢʠ ʚ 

ʦʩʥʦʚʥʳʝ ʫʯʘʩʪʢʠ ʤʦʟʛʘ (ʧʝʨʝʜʥʠʡ ʤʦʟʛ, 

ʩʨʝʜʥʠʡ ʤʦʟʛ ʠ ʟʘʜʥʠʡ ʤʦʟʛ), 

ʧʨʦʣʠʬʝʨʘʮʠʷ ʢʣʝʪʦʢ ð 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʥʝʡʨʦʥʦʚ, 

ʥʝʡʨʦʥʘʣʴʥʘʷ ʤʠʛʨʘʮʠʷ, ʘʢʩʦʥʘʣʴʥʦʝ 

ʥʘʚʝʜʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʜʝʥʜʨʠʪʦʚ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʥʘʧʩʦʚ (Cristino et al., 

2014).  

DKK1, DKK4, NEUROG1, 

CTNNB1 

 

 

II.3.3 ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ 

ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʝ 

ʚʦʚʣʝʯʝʥʳ ʙʝʣʢʠ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʚʳʷʚʠʣʠ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʫʪʷʤ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʜʫʣʠʨʫʶʪ ʠʭ ʘʢʪʠʚʥʦʩʪʴ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʫʪʘʮʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʘʣʳʝ GTPʘʟʳ, ʚʝʜʫʪ ʢ 

ʛʠʧʝʨʘʢʪʠʚʘʮʠʠ ʧʫʪʠ ʪʨʘʥʩʧʦʨʪʘ ʜʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʪʨʘʥʩʜʫʢʮʠʶ 

ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʙʦ ʦʙʱʠʝ ʠʥʛʠʙʠʪʦʨʳ ʤʘʣʳʭ GTPʘʟ, ʣʠʙʦ ʙʦʣʝʝ 
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ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʠʥʛʠʙʠʪʦʨʳ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʠʞʝʣʝʞʘʱʠʝ ʢʠʥʘʟ r (Pavlowsky et 

al., 2012). ʀʥʛʠʙʠʨʦʚʘʥʠʝ ʬʘʨʥʝʟʠʣ-ʪʨʘʥʩʬʝʨʘʟʳ ʠʣʠ HMG-CoA-ʨʝʜʫʢʪʘʟʳ ʩ BMS191563 ʠ 

ʤʦʣʝʢʫʣʘʤʠ ʠʟ ʩʝʤʝʡʩʪʚʘ Statin ʙʳʣʦ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ 

ʘʢʪʠʚʘʮʠʠ Ras ʫ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩ ʥʝʡʨʦʬʠʙʨʦʤʘʪʦʟʦʤ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʢʦʤʧʣʝʢʩʥʦʤ 

ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʦʤ ʥʘʨʫʰʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʤ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʠ  RasGAP, NF1 (Shilyansky 

et al., 2010). ʄʫʪʘʮʠʠ ʚ ʜʨʫʛʠʭ ʛʝʥʘʭ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʤʦʛʫʪ 

ʠʥʘʢʪʠʚʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʛʝʥʦʤʥʳʝ ʩʝʪʠ ʪʠʧʘ APIX /Rac / PAK3 / LIMK ʠʣʠ 

IL1RAPL1 / JNK. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʘʢʪʠʚʘʮʠʝʡ ʥʠʞʝʣʝʞʘʱʠʭ ʵʬʬʝʢʪʦʨʦʚ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʇʝʨʚʦʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʧʝʮʠʬʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʭʦʪʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʝʥʦʤʥʳʝ ʩʝʪʠ. ɺʪʦʨʳʤ ʛʣʘʚʥʳʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʠʷ, ʠ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʤ ʣʝʯʝʥʠʝ ʤʦʞʝʪ ʠʭ ʫʩʪʨʘʥʠʪʴ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ (ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʦʚʣʝʯʝʥʥʳʭ ʚ 

ʥʘʨʫʰʝʥʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ ʙʝʣʢʘʭ ʠ ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, 

ʥʘʨʫʰʝʥʥʦʤ ʤʫʪʘʮʠʝʡ), ʤʦʞʥʦ ʪʦʣʴʢʦ ʟʥʘʷ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʧʩʠʭʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʝʥʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʜʝʣʘʝʪ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ (ʖʨʦʚ 

ʠ ʜʨ., 2013; Iourov et al., 2014, 2015). 

 

II.4 ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʥʘʨʫʰʝʥʠʷ ʧʩʠʭʠʢʠ 

ʎʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ, ʤʦʣʝʢʫʣʷʨʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʮʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʛʝʥʦʤʘ (Vorsanova et al., 

2010).  

II.4.1 ʎʠʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʎʝʣʴʶ ʤʝʜʠʮʠʥʩʢʦʡ ʮʠʪʦʛʝʥʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʘʥʦʤʘʣʠʡ ʭʨʦʤʦʩʦʤ ʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʬʝʥʦʪʠʧʦʚ. ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ 

ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʭʨʦʤʦʩʦʤ ʧʦ ʜʣʠʥʝ (Gartler, 2006; 

Shaffer et al., 2013). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʠʧʘʤʠ ʦʢʨʘʩʢʠ ʭʨʦʤʦʩʦʤ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʦʤ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʠ ʚ ʈʦʩʩʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ G ʠ C ʦʢʨʘʰʠʚʘʥʠʝ. 

ʇʨʠ G ʦʢʨʘʰʠʚʘʥʠʠ ʭʨʦʤʦʩʦʤʥʳʝ ʧʨʝʧʘʨʘʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʩʪʚʦʨʦʤ ʪʨʠʧʩʠʥʘ 
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(ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʠʡ ʬʝʨʤʝʥʪ) ʠ ʜʘʣʝʝ ʢʨʘʩʠʪʝʣʝʤ ɻʠʤʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʥʘ ʭʨʦʤʦʩʦʤʘʭ ʩʪʘʥʦʚʷʪʩʷ ʚʠʜʥʳ ʪʝʤʥʳʝ ʠ ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ, ʧʦʨʷʜʦʢ ʢʦʪʦʨʳʭ 

ʩʧʝʮʠʬʠʯʝʥ ʜʣʷ ʢʘʞʜʦʡ ʭʨʦʤʦʩʦʤʳ. ʄʝʪʦʜ ʉ ʦʢʨʘʰʠʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʢʨʘʩʠʪʴ 

ʧʝʨʠʮʝʥʪʨʦʤʝʨʥʳʡ ʫʯʘʩʪʦʢ ʢʘʞʜʦʡ ʭʨʦʤʦʩʦʤʳ ʠ ʣʦʢʫʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʥʩʪʠʪʫʪʠʚʥʳʡ 

ʛʝʪʝʨʦʭʨʦʤʘʪʠʥ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ.,2008).  

 

II .4.2 FISH 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ G-ʦʢʨʘʰʠʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʠʧʩʠʥʘ ʠ ɻʠʤʟʳ (GTG) ʧʦ-

ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʚʩʝʭ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʥʦ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʉ ʤʦʤʝʥʪʘ ʚʥʝʜʨʝʥʠʷ ʚ ʮʠʪʦʛʝʥʝʪʠʢʫ ʚ 

ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ, ʬʣʶʦʨʝʩʮʝʥʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ in situ  (FISH) ʩʪʘʣʘ ʥʝʟʘʤʝʥʠʤʳʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 

2006; Liehr T. et al., 2004). ʊʝʭʥʦʣʦʛʠʷ FISH ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ, 

ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʤʳʝ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʠ, ʫʪʦʯʥʷʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʤʘʨʢʝʨʥʳʭ ʭʨʦʤʦʩʦʤ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʤʠʢʨʦʜʝʣʝʮʠʷʭ ʠ ʤʠʢʨʦʜʫʧʣʠʢʘʮʠʷʭ ʨʘʟʨʳʚʳ ʯʘʩʪʦ ʩʣʫʯʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ ʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʪʦʨʘʤʠ ʩ ʥʠʟʢʠʤ ʯʠʩʣʦʤ ʢʦʧʠʡ (low copy repeats (LCRs)), ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʘʣʣʝʣʴʥʦʡ ʛʦʤʦʣʦʛʠʯʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʈʘʟʤʝʨ ʪʘʢʠʭ ʧʝʨʝʩʪʨʦʝʢ 

ʯʘʩʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʤʣʥ ʧʥ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ FISH, ʧʨʦʙʫ ʠ ʪʘʨʛʝʪʥʫʶ ɼʅʂ ʜʝʥʘʪʫʨʠʨʫʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʟʦʥʜ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʪʘʨʛʝʪʥʫʶ ɼʅʂ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʙ ʜʣʷ FISH ʜʝʣ̫ʪʩʷ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ: ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʫʯʘʩʪʦʢ, ʮʝʣʘʷ 

ʭʨʦʤʦʩʦʤʘ ʠʣʠ ʫʥʠʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ. ɹʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʠʥʪʝʨʬʘʟʥʳʭ ʭʨʦʤʦʩʦʤʘʭ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ 

ʘʥʘʣʠʟʝ ʥʝʢʫʣʴʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (Iourov et al., 2006; Gersen., 2013). 

 

II.4.3 ʄʦʣʝʢʫʣʷʨʥʦʝ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʠ ʚʘʨʠʘʮʠʡ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʝ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʢʘʢ 

ʤʠʢʨʦʤʘʪʨʠʯʥʳʡ ʘʥʘʣʠʟ ʠʣʠ ʘʥʘʣʠʟ ʥʘ ʯʠʧʘʭ) (ʖʨʦʚ ʠ ʜʨ., 2005ʘ; ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006ʙ; 

ʖʨʦʚ ʠ ʜʨ., 2014ʘ). ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʦʞʠʣ ʤʝʪʦʜ ʩʨʘʚʥʠʪʝʣʴʥʦʡ 

ʛʝʥʦʤʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ (CGH), ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʩʨʘʚʥʝʥʠʝ ʯʠʩʣʘ ʢʦʧʠʡ ʤʝʯʝʥʦʛʦ 

ʦʙʨʘʟʮʘ ʧʘʮʠʝʥʪʘ ʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FISH ʥʘ ʥʦʨʤʘʣʴʥʳʭ ʤʝʪʘʬʘʟʘʭ 

(Kallioniemi et al., 1996). ʀʟʤʝʨʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʦ ʜʣʠʥʝ ʢʘʞʜʦʡ 

ʭʨʦʤʦʩʦʤʳ ʦʧʨʝʜʝʣʷʣʦ ʦʙʣʘʩʪʠ ʧʦʪʝʨʠ ʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ɼʅʂ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ 

(ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʬʝʨʝʥʩʥʘʷ ɼʅʂ ʷʚʣʷʝʪʩʷ ʜʠʧʣʦʠʜʥʦʡ). ʍʦʪʷ ʵʪʦʪ ʤʝʪʦʜ ʦʢʘʟʘʣ 
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ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʧʦʥʠʤʘʥʠʝ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʙʠʦʣʦʛʠʠ ʦʧʫʭʦʣʝʡ 

(Kallioniemi et al., 1996), ʝʛʦ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʙʳʣʘ ʥʠʟʢʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, 

ʢʘʢ ʧʨʘʚʠʣʦ, 5-10 ʄʙ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʘʷ ʤʝʪʘʬʘʟʥʦʡ FISH. ʇʦʟʞʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʟʘʤʝʥʠʪʴ 

ʤʝʪʘʬʘʟʥʳʝ ʭʨʦʤʦʩʦʤʳ ʧʨʠ CGH ʥʘ ʩʝʨʠʠ ʢʣʦʥʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʯʠʧʳ ʠʣʠ ʤʠʢʨʦʤʘʪʨʠʮʳ 

(Iourov et al., 2012). ɺ ʩʣʫʯʘʝ ʵʪʦʛʦ ʤʝʪʦʜʘ, ʨʘʟʨʝʰʝʥʠʝ CGH ʦʧʨʝʜʝʣʷʣʘʩʴ ʨʘʟʤʝʨʦʤ ʠ 

ʯʠʩʣʦʤ (ʧʣʦʪʥʦʩʪʴʶ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʯʠʧʝ. ɺ array CGH, ʢʘʢ ʠ ʚ ʦʙʳʯʥʦʡ CGH, ɼʅʂ 

ʧʘʮʠʝʥʪʘ ʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ ʤʘʨʢʠʨʦʚʘʥʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ ʠ ʛʠʙʨʠʜʠʟʦʚʘʥʳ ʚʤʝʩʪʝ ʥʘ ʯʠʧʝ. ɺ ʩʣʫʯʘʝ SNP ʘʥʘʣʠʟʘ, ʛʠʙʨʠʜʠʟʘʮʠʶ ʧʨʦʚʦʜʷʪ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ ʛʠʙʨʠʜʠʟʘʮʠʠ ɼʅʂ ʜʚʫʭ ʠʥʜʠʚʠʜʫʫʤʦʚ, ʢʘʢ ʚ array-CGH, ʥʦ ʧʫʪʝʤ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ɼʅʂ ʦʜʥʦʛʦ ʠʥʜʠʚʠʜʫʫʤʘ (Carter., 2007).  

 

II.4.4 ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ɺʥʝʜʨʝʥʠʝ ʚ ʧʦʚʩʝʤʝʩʪʥʫʶ ʧʨʘʢʪʠʢʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ array 

CGH ʠ SNP array ʧʦʟʚʦʣʠʣʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʖʨʦʚ ʠ ʜʨ., 2010). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʪʜʝʣʴʥʦ ʦʪ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʤʦʞʝʪ ʚ 

ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʮʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ. ɼʘʞʝ ʧʦʩʪʘʚʣʷʝʤʳʝ ʚ ʢʦʤʧʣʝʢʪʝ ʩ 

ʤʠʢʨʦʤʘʪʨʠʮʘʤʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ, 

ʩʧʦʩʦʙʥʳʝ ʦʧʨʝʜʝʣʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʛʝʥʦʚ ʚ ʫʯʘʩʪʢʘʭ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʜʘʥʥʦʛʦ ʛʝʥʘ, ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʩʪʨʦʝʥʠʷ ʙʝʣʢʘ, ʚʝʨʦʷʪʥʦʡ ʧʘʪʦʛʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʘʭ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚ 

ʛʝʥʦʤʝ ʠʣʠ ʛʝʥʦʤʥʳʭ ʧʝʨʝʩʪʨʦʡʢʘʭ. ʊʝʨʤʠʥ CNV ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʶʙʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʢʦʧʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥʦʤʘ, ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʪʝʨʝ ʠʣʠ 

ʧʨʠʦʙʨʝʪʝʥʠʶ ʛʝʥʦʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʨʘʟʮʫ (Feuk et al., 

2006). ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, CNV ʥʝʦʙʭʦʜʠʤʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ (South et al., 2011). ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʮʠʠ ʯʠʩʣʘ ʢʦʧʠʡ 

ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʩʪʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ CNV ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʨʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʥʦʤʘ, ʥʝ ʚʣʠʷʶʱʠʝ ʥʘ 

ʧʘʪʦʛʝʥʝʟ ʙʦʣʝʟʥʠ. ʈʝʜʢʠʝ CNV ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʫʜʫʪ ʠʤʝʪʴ ʦʪʥʦʰʝʥʠʝ ʢ 

ʟʘʙʦʣʝʚʘʥʠʶ, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʘʢʠʝ ʚʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʝ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʤʴʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʥʦʤʘ (Tsuchiya et al., 2009). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʣʘʙʦʨʘʪʦʨʠʡ 

CNV ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʘʪʝʛʦʨʠʷʤ (ʪʘʙʣ.8). ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʰʘʛʘ: 1) ʩʨʘʚʥʝʥʠʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʣʫʯʘʝʚ (ʠʣʠ ʥʘʮʠʦʥʘʣʴʥʦʡ/ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ) 2)  ʩʨʘʚʥʝʥʠʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʙʘʟʦʡ 
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ʜʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ ʣʘʙʦʨʘʪʦʨʠʠ (ʠʣʠ ʥʘʮʠʦʥʘʣʴʥʦʡ/ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ) 3) ʘʥʘʣʠʟ 

ʛʝʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ, ʠ ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ (de Leeuw N. et al., 2012). 

 

ʊʘʙʣʠʮʘ 8. ʂʣʘʩʩʠʬʠʢʘʮʠʷ CNV. 

ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ CNV ɿʥʘʯʝʥʠʝ 

Benign CNV ʅʦʨʤʘʣʴʥʳʡ ʠʣʠ ʥʝʧʘʪʦʛʝʥʥʳʡ ʛʝʥʦʤʥʳʡ 

ʚʘʨʠʘʥʪ 

Likely benign CNV ɺʝʨʦʷʪʥʦ ʥʝʧʘʪʦʛʝʥʥʳʡ ʚʘʨʠʘʥʪ 

CNV of uncertain clinical relevance 

(significance) 

ɺʘʨʠʘʥʪ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ 

ʟʥʘʯʠʤʦʩʪʴʶ 

CNV of possible clinical relevance 

(significance) 

ɺʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʳʡ ʚʘʨʠʘʥʪ 

Clinically relevant CNV ʇʘʪʦʛʝʥʥʳʡ ʚʘʨʠʘʥʪ 

 

ɺʩʣʝʜʩʪʚʠʝ ʚʩʝʛʦ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ,  ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʥʝʰʥʠʭ ʙʘʟ ʜʘʥʥʳʭ (ʦʥʣʘʡʥ-ʨʝʩʫʨʩʦʚ) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ.  

 

II.3.1 ɹʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʘʟʳ 

ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʨʘʟʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʨʠʩ.3). ɼʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩ 

ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ CNV ʠ ʝʛʦ ʨʝʣʝʚʘʥʪʥʦʩʪʴ ʜʣʷ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʠ ʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (Iourov et al.,2014). ʃʦʢʘʣʠʟʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ UCSC 

Genome Browser, Ensembl Genome Browser ʠ NCBI Map Viewer. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʨʝʩʫʨʩʦʚ 

ʚʦʟʤʦʞʥʦ ʫʟʥʘʪʴ, ʢʘʢʠʝ ʛʝʥʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʟʘʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. UCSC Genome Browser ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʘʚʠʪʴ ʚ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʢʦʪʦʨʳʭ ʥʘʛʣʷʜʥʦ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ɼʘʥʥʳʝ ʦ ʥʝʧʘʪʦʛʝʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʛʝʥʦʤʘ ʩʦʜʝʨʞʘʪʩʷ ʚ 

Database of Genomic Variants, ʘ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʥʦʤʘʣʠʷʭ,  ʥʝ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʬʝʥʦʪʠʧʠʯʝʩʢʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ The Chromosome 

Anomaly Collection. ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ CNV, ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʦʙʨʘʞʝʥʳ ʚ OMIM (online Mendelian inheritance in Man), DECIPHER (Database of 

Chromosomal Imbalance and Phenotype in Humans using Ensembl Resources), ECARUCA, 

Phenotype-Genotype Integrator (PheGenI), SFARI Gene ʠ AutismKB. ʕʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʤʦʞʥʦ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ BioGPS ʠ Expression Atlas. ɸʥʘʣʠʟ ʠʥʪʝʨʘʢʪʦʤʘ ʧʨʦʚʦʜʠʪʩʷ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Cytoscape ʠʣʠ STRING, ʘ ʜʘʥʥʳʝ ʦ ʛʝʥʦʤʥʳʭ ʩʝʪʷʭ ʩʦʜʝʨʞʘʪʩʷ ʚ Reactome, 

Pathway commons ʠ KEGG (Kyoto Encyclopedia of Genes and Genomes) (Iourov et al., 2015). 

ʗʚʣʷʶʪʩʷ ʣʠ ʛʝʥʳ ʚ CNV ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʤʠ, ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʙʳʟʳ ʜʘʥʥʳʭ 

Geneimprint. ʉʨʝʜʠ ʙʘʟ ʜʘʥʥʳʭ ʤʝʞʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ IntACT (de 

Leeuw et al., 2012; Iourov et al., 2014). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʦʤʥʳʝ, ʧʨʦʪʝʦʤʥʳʝ, ʠʥʪʝʨʘʢʪʦʤʥʳʝ 

ʠ ʚʘʨʠʦʤʥʳʝ ʜʘʥʥʳʝ ʠʛʨʘʶʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʘʨʠʘʮʠʡ ʯʠʩʣʘ ʢʦʧʠʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɼʅʂ.  

 

 

ʈʠʩ.3. ʀʥʬʦʨʤʘʮʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ. 
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II .4 ɿʘʢʣʶʯʝʥʠʝ. 

ʕʪʠʦʣʦʛʠʷ ʪʘʢʠʭ ʬʦʨʤ ʥʘʨʫʰʝʥʠʡ ʧʩʠʭʠʢʠ, ʢʘʢ ʘʫʪʠʟʤ ʠ ʫʤʩʪʚʝʥʥʘʷ ʦʪʩʪʘʣʦʩʪʴ, 

ʦʩʪʘʝʪʩʷ ʥʝʚʳʷʩʥʝʥʥʦʡ ʚ 50-60% ʩʣʫʯʘʝʚ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006ʘ; Roizen  et al., 2003.; 

Schaefer et al., 2008). ʀʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʛʝʥʦʚ, ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ 

ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʷʤ ʨʘʙʦʪʳ ʢʣʝʪʦʢ ʤʦʟʛʘ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ ʠ ʘʫʪʠʟʤʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ 

ʭʨʦʤʦʩʦʤ, ʘ ʪʘʢʞʝ CNV ʠ/ʠʣʠ SNP, ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ 

ʛʝʥʦʤʘ (ʖʨʦʚ ʠ ʜʨ.,2005; ʖʨʦʚ ʖ.ɹ., ʠ ʜʨ., 2001). ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʦʚ-

ʢʘʥʜʠʜʘʪʦʚ ʧʨʠʚʝʣʘ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ, ʯʪʦ, ʪʘʢ ʢʘʢ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʛʝʥ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʨʫʰʝʥʠʷ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘʨʫʰʝʥʥʦʡ ʩʝʪʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʟʘʠʤʦʚʣʠʷʶʱʠʭ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ. ʇʦʠʩʢ ʧʨʦʮʝʩʩʦʚ ʠ ʛʝʥʦʚ-ʢʘʥʜʠʜʘʪʦʚ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦ-

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʛʝʥʦʤʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʙʦʣʝʟʥʝʡ ʪʨʝʙʫʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2013ʘ;  ʖʨʦʚ ʠ ʜʨ., 2005ʘ; Chen et al., 

2011; Hehir-Kwa et al., 2010; Iourov et al., 2009.; Iourov et al., 2012, 2013, 2014; Paratore et al., 

2012; Xu et al. 2014). ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ɼʅʂ ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʘʪʦʣʦʛʠʠ ʛʝʥʦʤʘ ʠ ʝʝ ʢʣʠʥʠʯʝʩʢʠʭ 

ʧʨʦʷʚʣʝʥʠʡ (Moreau et al., 2012). ʄʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʛʝʥʦʤʘ in silico, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ 

ʦʙʦʙʱʝʥʠʷ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʦʛʝʥʥʦʩʪʠ ʚʘʨʠʘʮʠʡ ʛʝʥʦʤʘ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʪʝʨʘʢʪʦʤʥʳʭ ʠ ʧʨʦʪʝʦʤʥʳʭ ʩʝʪʝʡ, ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʧʨʠ ʧʦʚʝʜʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (Iourov et al., 2013).   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʫʪʠʟʤʘ ʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʠ 

ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʙʠʦʤʝʜʠʮʠʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʤʦʣʝʢʫʣʷʨʥʦ-

ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʭ (ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ) ʜʘʥʥʳʭ ʠ ʠʭ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠ ʢʣʝʪʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʘʥʥʳʭ ʬʦʨʤ ʥʘʨʫʰʝʥʠʷ 

ʧʩʠʭʠʢʠ. 
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III . OɹʒEʂʊʓ ʀ ʄEʊOɼʓ ʀCCʃɽɼʆɺɸʅʀʗ 

III .1. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʷʚʣʷʣʠʩʴ ʦʙʨʘʟʮʳ ʣʠʤʬʦʮʠʪʦʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 374 ʜʝʪʝʡ ʩ ʘʫʪʠʟʤʦʤ ʠ/ʠʣʠ ʟʘʜʝʨʞʢʦʡ 

ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ/ʧʩʠʭʦʨʝʯʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠʣʠ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʚʨʦʞʜʝʥʥʳʤʠ 

ʧʦʨʦʢʘʤʠ ʠ/ʠʣʠ ʤʠʢʨʦʘʥʦʤʘʣʠʷʤʠ ʨʘʟʚʠʪʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʣʦʚ ʩʦʩʪʘʚʠʣʦ 169:205 (ɾ:ʄ). 

ʄʝʜʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʪʜʝʣʝ ʚʨʦʞʜʝʥʥʳʭ ʠ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʜʝʪʝʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʩʠʭʠʢʠ ʄʦʩʢʦʚʩʢʦʛʦ ʅʀʂʀ ʇʝʜʠʘʪʨʠʠ. 

ʎʠʪʦʛʝʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥa ʧʨeʧaʨʘʪax ʤʝʪaʬaʟʥʳʭ ʭʨoʤoʩoʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ 

253 ʧʘʮʠʝʥʪʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ (ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2006ʙ). ʇʨʝʧʘʨʘʪʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʢʫʣʴʪʠʚʠʨoʚaʥʥʳʭ in vitrʦ ʣʠʤʬoʮʠʪoʚ ʧeʨʠʬeʨʠʯeʩʢoʡ ʢʨʦʚʠ. ɺʩʝ ʧʘʮʠʝʥʪʳ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʨʠʛʠʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʏʘʩʪʴ ʧʘʮʠʝʥʪʦʚ (352) ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ SNP array, ʘ ʜʨʫʛʠʝ (22) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ array CGH. ɺʳʙʦʨ 

ʜʚʫʭ ʤʝʪʦʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʜʣʷ 22 ʧʘʮʠʝʥʪʦʚ ʩ ʜʠʘʛʥʦʟʦʤ çʈʝʪʪ-ʧʦʜʦʙʥʳʡ ʬʝʥʦʪʠʧè 

ʧʦʜʙʠʨʘʣʩʷ ʯʠʧ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʙ ʚ ʣʦʢʫʩʘʭ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʤʳʭ ʩ 

RTT. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʫʯʝʪʦʤ ʧʨʘʚʦʚʳʭ ʠ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ ʚ ʦʙʣʘʩʪʠ 

ʛʝʥʝʪʠʢʠ (Fʘrmer et ʘl., 2000) ʠ ʦʜʦʙʨʝʥʳ ʵʪʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʌɻɹʅʋ çʅʘʫʯʥʳʡ ʮʝʥʪʨ 

ʧʩʠʭʠʯʝʩʢʦʛʦ ʟʜʦʨʦʚʴʷè.  

 

III .2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ, ʤʦʣʝʢʫʣʷʨʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

III .2.1 ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʣʠʤʬʦʮʠʪʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ 

ʦʧʠʩʘʥʥʳʤ ʧʨʦʪʦʢʦʣʘʤ (ɺoʨʩaʥoʚa ʠ ʜʨ., 1999). ɿʘʙʦʨ ʢʨʦʚʠ ʜʣʷ ʘʥʘʣʠʟʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʧʫʥʢʮʠʠ ʣʦʢʪʝʚʦʡ ʚʝʥʳ ʦʜʥʦʨʘʟʦʚʳʤ ʰʧʨʠʮʦʤ, ʣʠʙʦ ʚʘʢʫʫʤʥʦʡ ʩʠʩʪʝʤʦʡ ʟʘʙʦʨʘ 

ʢʨʦʚʠ (Vacutainer). ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ MAX (Gibco) 

(ʛʦʪʦʚʘʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʥʘ ʦʩʥʦʚʝ RPMI (Roswell Park Memorial Institute 

medium)). ʇʦʣʦʚʠʥʫ ʤʠʣʣʠʣʠʪʨʘ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʠ ʧʷʪʴ ʤʠʣʣʠʣʠʪʨʦʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʧʦʤʝʱʘʣʠ ʚ ʩʪʝʨʠʣʴʥʳʝ ʧʨʦʙʠʨʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 37Á ʉ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʤʬʦʮʠʪʦʚ ʚ ʩʪʘʜʠʠ ʤʝʪʘʬʘʟʳ ʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʨʝʰʝʥʠʷ ʭʨʦʤʦʩʦʤ ʟʘ 10-15 ʤʠʥʫʪ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʧʨʦʙʠʨʢʫ ʚʚʦʜʠʣʠ 

ʢʦʣʭʠʮʠʥ (ʢʦʥʝʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ï 0,5 ʤʢʛ/ʤʣ).  
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III .2.1.2 ʇʦʣʫʯʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʠʥʪeʨʬʘʟʥʳʭ ʷʜep ʠ ʤeʪaʬʘʟʥʳʭ xpoʤocoʤ 

ʂʣʝʪʢʠ ʚʤʝʩʪʝ ʩ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʠʣʠʩʴ 

ʚ ʧʨʦʙʠʨʢʠ ʜʣʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʘʞʜʘʣʠʩʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ (ʧʷʪʴ 

ʤʠʥʫʪ, 1500 ʦʙʦʨʦʪʦʚ/ʤʠʥ). ʇʨʦʚʦʜʠʣʦʩʴ ʜʝʢʘʥʪʠʨʦʚʘʥʠʝ ʞʠʜʢʦʩʪʠ, ʘ ʦʩʪʘʚʰʠʡʩʷ ʦʩʘʜʦʢ 

ʧʦʜʚʝʨʛʘʣʩʷ ʛʠʧʦʪʦʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʜʚʘʜʮʘʪʴ ʤʠʥʫʪ, 37Üʉ, 0,075ʄ ʨaʩʪʚop ʭʣopʠʜa 

ʢaʣʠʷ). ɼʘʣʝʝ, ʧʨʦʚʦʜʠʣʘʩʴ ʬʠʢʩʘʮʠʷ ʢʣʝʪʦʢ ʚ ʪʨʝʭ ʩʤʝʥʘʭ ʬʠʢʩʘʪʦʨʘ (ʵʪʘʥʦʣ-ʫʢʩʫʩʥʘʷ ʩʤʝʩʴ 

ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1), ʧʦ ʜʝʩʷʪʴ, ʜʚʘʜʮʘʪʴ ʠ ʪʨʠʜʮʘʪʴ ʤʠʥʫʪ. ɺ ʟʘʚʝʨʰʝʥʠʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʢʦʨʦʩʪʠ 1500 ʦʙʦʨʦʪʦʚ/ʤʠʥ, ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ɿʘʪʝʤ 

ʩʫʩʧʝʥʟʠʶ ʨʘʩʢʘʧʳʚʘʣʠ ʥʘ ʚʣʘʞʥʳʝ ʦʭʣʘʞʜʝʥʥʳʝ ʩʪʝʢʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. ɼʣ̫ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʝʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʠʢʨʦʩʢʦʧ ʩ ʬʘʟʦʚʳʤ ʢʦʥʪʨʘʩʪʦʤ ʬʠʨʤʳ ZEISS.  

 

III .2.1.3. ʄʝʪʦʜ G-ʦʢʨʘʰʠʚʘʥʠʷ ʭʨʦʤʦʩʦʤ (GʊG) 

G-ʦʢʨʘʰʠʚʘʥʠʝ ʭʨʦʤʦʩʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ, ʚʠʜʦʠʟʤʝʥʝʥʥʦʤʫ ʠ ʜʦʧʦʣʥʝʥʥʦʤʫ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʮʠʪʦʛʝʥʝʪʠʢʠ ʥʝʨʚʥʦ-ʧʩʠʭʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʅʀʂʀ 

ʇʝʜʠʘʪʨʠʠ (Seabright, 1971; ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 1999). ʇʨʝʧʘʨʘʪʳ ʭʨʦʤʦʩʦʤ ʨʘʩʢʘʧʳʚʘʣʠ ʥʘ 

ʩʪʝʢʣʘ, ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʨʘʩʪʚʦʨ ʪʨʠʧʩʠʥʘ (0,25%) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʪʨʠʧʩʠʥʦʤ ʚ ʪʝʯʝʥʠʝ ʦʪ 5 ʜʦ 15 ʩʝʢʫʥʜ, ʩʪʝʢʣʘ ʦʧʫʩʢʘʣʠ ʚ ʵʪʘʥʦʣ ʥʘ ʥʝ ʤʝʥʝʝ ʯʝʤ 

ʪʨʠʜʮʘʪʴ ʩʝʢʫʥʜ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 70% ʠ 96%. ɼʘʣʝʝ, ʩʪʝʢʣʘ ʚʳʩʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʝʧʘʨʘʪʳ ʦʢʨʘʰʠʚʘʣʠʩʴ ʨʘʩʪʚʦʨʦʤ 

ʢʨʘʩʠʪʝʣʷ ɻʠʤʟʳ (5%), ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH 6,8). ʆʢʨʘʰʠʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 3-ʭ-4-ʭ ʤʠʥʫʪ, ʜʘʣʝʝ ʩʪʝʢʣʘ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

 

III .2.1.4. ʄʝʪʦʜ ʉ-ʦʢʨʘʰʠʚʘʥʠʷ ʭʨʦʤʦʩʦʤ (CʊG) 

ʄʝʪʦʜ ʉ-ʦʢʨʘʰʠʚʘʥʠʷ ʭʨʦʤʦʩʦʤ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʪʦʢʦʣʦʚ  

(ɺʦʨʩʘʥʦʚʘ ʠ ʜʨ., 2008). ʇʨʝʧʘʨʘʪʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʦʢʠʩʠ ʙʘʨʠʷ 

ʚ ʪʝʯʝʥʠʝ ʜʚʘʜʮʘʪʠ ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ, ʥʘ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʩʪʝʢʣʘ ʧʦʤʝʱʘʣʠ ʧʦʜ ʧʨʦʪʦʯʥʫʶ ʚʦʜʫ, ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʚ ʯʝʪʳʨʝʭʢʨʘʪʥʳʡ ʩʦʣʝʚʦʡ ʨʘʩʪʚʦʨ 

ʭʣʦʨʠʜʘ ʠ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ ï ʥʘ 1,5 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 65 ʛʨʘʜʫʩʦʚ. ʇʨʝʧʘʨʘʪʳ ʧʨʦʤʳʚʘʣʠ 

ʚ 70% ʠ 96% ʨʘʩʪʚʦʨʘʭ ʵʪʘʥʦʣʘ, ʥʝ ʤʝʥʝʝ 30 ʩʝʢʫʥʜ ʚ ʢʘʞʜʦʤ, ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ. 

ʆʢʨʘʰʠʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʤʠʥʫʪ ʢʨʘʩʠʪʝʣʝʤ ɻʠʤʟʘ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (pH 6,8). ɿʘʪʝʤ, ʩʪʝʢʣʘ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʣʠ ʥʘ ʚʦʟʜʫʭʝ.  
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III .2.1.5. ʄʝʪʦʜ aʥaʣʠʟa ʧʨeʧaʨaʪoʚ ʭʨʦʤʦʩʦʤ 

ʄʝʪʘʬʘʟʥʳʝ ʧʣʘʩʪʠʥʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʙʠʨʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ (ISCN, 2013). ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʨʝʧʘʨʘʪʳ ʭʨʦʤʦʩʦʤ, ʦʢʨʘʰʝʥʥʳʭ ʧʦ ʜʣʠʥʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ C- ʠ G- ʤʝʪʦʜʦʚ ʦʢʨʘʰʠʚʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ ʙʦʣʝʝ 

15 ʤʝʪʘʬʘʟʥʳʭ ʧʣʘʩʪʠʥʦʢ, ʦʢʨʘʰʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ G ʦʢʨʘʰʠʚʘʥʠʷ, ʠ ʙʦʣʝʝ 5, 

ʦʢʨʘʰʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ C ʦʢʨʘʰʠʚʘʥʠʷ. ʏʠʩʣʦ ʢʣʝʪʦʢ ʜʣʷ ʘʥʘʣʠʟʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ 30 

ʚ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ ʘʥʦʤʘʣʠʠ ʭʨʦʤʦʩʦʤ. 

 

III .2.2.6. ʄʦʣʝʢʫʣʷʨʥʦʝ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ ï ʤʝʪʦʜ ʘrrʘy ʉGʅ 

ɺʳʜʝʣʝʥʠʝ ɼʅʂ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʮʝʜʫʨ (ʖʨʦʚ ʠ ʜʨ., 2005ʙ, 2010). ʄʦʣʝʢʫʣʷʨʥʦʝ 

ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ array CGH ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʨʝʘʢʪʠʚʦʚ ʢʦʤʧʘʥʠʠ Nimblegen. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʯʠʧ Nimblegen 12Ĭ135K ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ ʧʨʠʤʝʨʥʦ 21500 ʧʥ. ʄʝʯʝʥʠʝ ʛʝʥʦʤʥʦʡ ɼʅʂ ʧʘʮʠʝʥʪʘ ʠ ʜʦʥʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʬʣʶʦʨʦʭʨʦʤʦʚ Cy5 ʠ Cy3. ɺ 15 ʤʣ ʧʨʦʙʠʨʢʝ ʨʘʟʚʦʜʠʣʠ 2,2 ʤʣ 

Random Primer Buffer ʠ 4 ʤʢʣ beta-Mercaptoethanol. ʇʨʦʙʠʨʢʠ ʩ Cy3 Random ʠ Cy5 Random 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʚ ʥʠʭ ʧʦ 1,05 ʤʣ ʩʤʝʩʠ ʠʟ 15 ʤʣ ʧʨʦʙʠʨʢʠ. ɼʘʣʝʝ ʚ 

ʧʨʦʙʠʨʢʘʭ ʦʙʲʝʤʦʤ 0,2 ʤʣ ʩʤʝʰʠʚʘʣʠ 0,5 ʤʢʛ ɼʅʂ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, 0,5 ʤʢʛ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ, 40 ʤʢʣ Cy3 Random, 49 ʤʢʣ Cy5 Random. ɺʦʜʦʡ ʜʣʷ PCR ʜʦʚʦʜʠʣʠ 

ʧʦʣʥʳʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʙʠʨʢʝ ʜʦ 80 ʤʢʣ. ɿʘʪʝʤ ʥʘʛʨʝʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 98ÁC, ʧʦʩʣʝ 

ʯʝʛʦ ʚʳʢʣʘʜʳʚʘʣʠ ʥʘ ʣʸʜ. ɻʦʪʦʚʠʣʠ ʩʤʝʩʴ ʬʨʘʛʤʝʥʪʘ ʂʣʝʥʦʚʘ, ʚ ʧʨʦʙʠʨʢʝ ʩʤʝʰʠʚʘʣʠ 10 ʤʢʣ 

dNTP Mix , 8 ʤʢʣ PCR Grade Water, 2 ʤʢʣ ʬʨʘʛʤʝʥʪʘ ʂʣʝʥʦʚʘ. ɼʦʙʘʚʣʷʣʠ ʧʦ 20 ʤʢʣ ʩʤʝʩʠ 

ʬʨʘʛʤʝʥʪʘ ʂʣʝʥʦʚʘ ʚ ʧʨʦʙʠʨʢʠ ʥʘ ʣʴʜʫ. ʇʝʨʝʤʝʰʠʚʘʣʠ. ɿʘʪʝʤ ʧʨʦʙʠʨʢʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʥʘ 2 ʯʘʩʘ (37ÁC). ʇʦʩʣʝ ʩʥʷʪʠʷ ʩ ʚʦʜʷʥʦʡ ʙʘʥʠ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ 

ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘʟʥʦʡ ʨʝʘʢʮʠʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʦʙʠʨʢʠ ʧʦ 1,5 

ʤʢʣ, ʜʦʙʘʚʣʷʣʠ ʧʦ 110 ʤʢʣ ʠʟʦʧʨʦʧʘʥʦʣʘ. ʇʝʨʝʤʝʰʠʚʘʣʠ, ʦʩʪʘʚʣʷʣʠ ʥʘ 10 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 15-25ÁC ʚ ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ. ɼʘʣʝʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 

ʤʠʥʫʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 12000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ, ʫʜʘʣʷʣʠ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ, ʜʦʙʘʚʣʷʣʠ 

0,5 ʤʣ ʩʧʠʨʪʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ (2 ʤʠʥʫʪʳ, 12000 ʦʙʦʨʦʪʦʚ), ʫʜʘʣʷʣʠ 

ʩʫʧʝʨʥʘʪʘʥʪ. ʆʩʘʜʦʢ ʚʳʩʫʰʠʚʘʣʠ ʚ ʟʘʱʠʱʝʥʥʦʤ ʦʪ ʩʚʝʪʘ ʤʝʩʪʝ. ʇʦʩʣʝ ʚʳʩʫʰʠʚʘʥʠʷ ʚ 

ʧʨʦʙʠʨʢʫ ʩ ʦʩʘʜʢʦʤ ʜʦʙʘʚʣʷʣʠ 35 ʤʢʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʧʝʨʝʤʝʰʠʚʘʣʠ, 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ, ʦʩʪʘʚʣʷʣʠ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ.  

ʀʟʤʝʨʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ɼʅʂ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ NanoDrop (Thermo Fisher 

Scientific). ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠ ʛʠʙʨʠʜʠʟʘʮʠʶ ʠ ʦʪʤʳʚʢʫ. ɼʣʷ ʵʪʦʛʦ ʢ ʚʳʩʫʰʝʥʥʦʡ ʠ ʤʝʯʝʥʦʡ 

ɼʅʂ ʜʦʙʘʚʣʷʣʠ ʚʦʜʫ, ʩʦʛʣʘʩʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ ʩ ʥʘʙʦʨʦʤ ʜʣʷ ʯʠʧʦʚ ʪʘʙʣʠʮʘʤ (ʧʦ 3,3 ʤʢʣ 
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ʚ ʢʘʞʜʫʶ ʧʨʦʙʠʨʢʫ). ɻʦʪʦʚʠʣʠ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ, ʩʤʝʰʠʚʘʷ 2ʭHybridization Buffer 

(88,5 ʤʢʣ), Hybridization Component A (35,5 ʤʢʣ), Alignment Oligo (3,6 ʤʢʣ). ɿʘʪʝʤ ʚ ʢʘʞʜʫʶ 

ʧʨʦʙʠʨʢʫ ʜʦʙʘʚʣʷʣʠ ʧʦ 8,3 ʤʢʣ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʝʨʝʤʝʰʠʚʘʣʠ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ. ʆʩʪʘʚʣʷʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 95 ÁC ʥʘ 5 ʤʠʥʫʪ. ʅʘ ʯʠʧ ʠʟ ʥʘʙʦʨʘ ʥʘʥʦʩʠʣʠ 

Hʍ12 Mixer ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 42ÁC ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ʇʦ 6 ʤʢʣ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʥʘʥʦʩʠʣʠ ʥʘ 

ʯʠʧ, ʠ ʧʦʤʝʱʘʣʠ ʝʛʦ ʚʦ ʚʣʘʞʥʫʶ ʢʘʤʝʨʫ, ʥʘʛʨʝʚʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 42 ÁC ʚ ʪʝʯʝʥʠʝ 40-72 

ʯʘʩʦʚ. ɼʣʷ ʦʪʤʳʚʢʠ ʛʦʪʦʚʠʣʠ 1ʄ ʨʘʩʪʚʦʨ ʜʠʪʠʦʪʨʝʠʪʦʣ ʠ ʙʫʬʝʨ ʜʣʷ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ 

ʪʨʝʪʴʝʡ ʦʪʤʳʚʦʢ. ʅʘʛʨʝʚʘʣʠ ʧʝʨʚʫʶ ʩʤʝʩʴ ʜʣʷ ʦʪʤʳʚʢʠ ʜʦ 42ÁC, ʯʠʧ ʧʦʤʝʱʘʣʠ ʚ ʥʝʝ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ, ʟʘʪʝʤ ʧʦʤʝʱʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ ʚʪʦʨʫʶ (1 ʤʠʥʫʪʘ) ʠ ʪʨʝʪʴʶ (30 

ʩʝʢʫʥʜ) ʩʤʝʩʠ. ʏʠʧ ʚʳʩʫʰʠʚʘʣʠ ʠ ʩʢʘʥʠʨʦʚʘʣʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ (DEVA) ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

 

III .2.2.7 ʄʦʣʝʢʫʣʷʨʥʦʝ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ - ʤʝʪʦʜ SNP array  

ʄʦʣʝʢʫʣʷʨʥʦʝ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ SNP array ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʠʨʤʳ Affymetrix. ɼʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʯʠʧ CytoScan HD. ɼʘʥʥʳʡ ʯʠʧ 

ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 2,6 ʤʠʣʣʠʦʥʦʚ ʤʘʨʢʝʨʦʚ ʜʣʷ ʘʥʘʣʠʟʘ CNV ʠ ʦʢʦʣʦ 750,000 SNPs. ʆʩʥʦʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʧʨʠʥʮʠʧʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ɼʅʂ 

(ʨʠʩ 4).  

 

ʈʠʩ 4. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ array CGH ʠ SNP array (ʧʦ Habela et 

al., 2013). 
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ʇʦʜʛʦʪʦʚʢʘ ʯʠʧʘ ʢ ʘʥʘʣʠʟʫ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ 9 ʩʪʘʜʠʡ (ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʤʫ ʢʦʤʧʘʥʠʝʡ Affymetrix, ʨʠʩ. 5): ʦʙʨʘʙʦʪʢʘ ʛʝʥʦʤʥʦʡ ɼʅʂ ʨʝʩʪʨʠʢʪʘʟʦʡ, 

ʣʠʛʠʨʦʚʘʥʠʝ, ʇʎʈ (ʧʦʣʠʤʝʨʘʟʥʘʷ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ), ʆʯʠʩʪʢʘ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ɼʅʂ, 

ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ, ʬʨʘʛʤʝʥʪʘʮʠʷ, ʤʝʯʝʥʠʝ, ʪʘʨʛʝʪʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ. ɺʥʘʯʘʣʝ 

ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʕɼʊɸ ʊɽ (ʪʨʠʩ ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʪʝʪʨʘʫʢʩʫʩʥʘʷ 

ʢʠʩʣʦʪʘ) ʠ 96-ʪʠ ʣʫʥʦʯʥʳʡ ʧʣʘʥʰʝʪ ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʣʸʜ ʚʤʝʩʪʝ ʩ ʧʨʦʙʠʨʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 

ʛʝʥʦʤʥʫ  ʁɼʅʂ, ʨʘʟʙʘʚʣʝʥʥʦʡ ʜʦ 50 ʥʛ/ʤʢʣ ʩ ʧʦʤʦʱʴʶ ʙʫʬʝʨʘ. ɻʝʥʦʤʥʫʶ ɼʅʂ ʦʙʨʘʟʮʦʚ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʚʦʨʪʝʢʩʝ ʚ ʪʝʯʝʥʠʝ 3 ʩʝʢʫʥʜ, ʟʘʪʝʤ ʦʩʘʞʜʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ʇʷʪʴ 

ʤʠʢʨʦʣʠʪʨʦʚ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ʧʝʨʝʥʦʩʠʣʠ ʚ ʣʫʥʢʫ A1 ʧʣʘʥʰʝʪʘ (ʨʠʩ.5). ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʧʝʨʝʥʦʩʠʣʠʩʴ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ. ɺ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʴʥʦʡ ɼʅʂ, 5 ʤʠʢʨʦʣʠʪʨʦʚ ʠʟ CytoScanÊ 

Reagent Kit  (+) ʧʝʨʝʥʦʩʠʣʠ ʚ ʣʫʥʢʫ A7, ʘ Low EDTA TE buffer (ï) ʚ ʣʫʥʢʫ A8. ʇʣʘʥʰʝʪ 

ʟʘʢʨʳʚʘʣʠ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ ʧʨʠ 2000 ʦʙʦʨʦʪʘʭ. 

 

 

ʈʠʩ. 5. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɼʅʂ ʚ ʧʣʘʥʰʝʪʝ. 

 

ɼʘʣʝʝ, ʧʨʦʚʦʜʠʣʠ ʦʙʨʘʙʦʪʢʫ ʨʝʩʪʨʠʢʪʘʟʦʡ ʠ ʛʦʪʦʚʠʣʠ Digestion Master Mix , ʟʘʪʝʤ 

ʧʦʩʣʝʜʥʠʡ ʜʦʙʘʚʣʷʣʠ ʚ ʧʨʦʙʠʨʢʠ ʩ ʛʝʥʦʤʥʦʡ ɼʅʂ ʠ ʢʦʥʪʨʦʣʝʤ (ʧʦ 14,75 ʤʢʣ). ɺʩʪʨʷʭʠʚʘʣʠ 

ʧʣʘʥʰʝʪ ʥʘ ʚʦʨʪʝʢʩʝ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 1 ʩʝʢʫʥʜʳ, ʟʘʪʝʤ ʫʙʘʚʣʷʣʠ ʩʢʦʨʦʩʪʴ ʜʦ 

2000 ʦʙʦʨʦʪʦʚ ʠ ʚʩʪʨʦʷʭʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ɿʘʛʨʫʞʘʣʠ ʧʣʘʥʰʝʪ ʚ ʪʝʨʤʦʮʠʢʣʝʨ ʠ 

ʟʘʧʫʩʢʘʣʠ ʚ ʧʨʦʛʨʘʤʤʫ CytoScan Digest (2 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37ÁC, 20 ʤʠʥʫʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 95ÁC, ʜʘʣʝʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 4ÁC).  ʆʙʨʘʟʮʳ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʢ 

ʣʠʛʠʨʦʚʘʥʠʶ: ʧʨʦʙʠʨʢʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 2000 ʦʙʦʨʦʪʘʭ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ, ʟʘʪʝʤ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʘ ʚʦʨʪʝʢʩʝ 3 ʨʘʟʘ, ʢʘʞʜʳʡ ʨʘʟ ʧʦ 1 ʩʝʢʫʥʜʝ. ɼʘʣʝʝ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠ ʩʤʝʩʴ ʜʣʷ 

ʣʠʛʠʨʦʚʘʥʠʷ ʠ ʜʦʙʘʚʣʷʣʠ 5.25 ʤʢʣ Ligation Master Mix  ʢ ʢʘʞʜʦʤʫ ʦʙʨʘʟʮʫ. ɿʘʪʝʤ, ʧʨʦʙʠʨʢʠ 

ʚʩʪʨʷʭʠʚʘʣʠ ʥʘ ʚʦʨʪʝʢʩʝ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 1 ʩʝʢʫʥʜʳ, ʟʘʪʝʤ ʩʥʠʞʘʣʠ ʩʢʦʨʦʩʪʴ 
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ʠ ʚʩʪʨʷʭʠʚʘʣʠ ʥʘ 2000 ʦʙʦʨʦʪʦʚ 1 ʤʠʥʫʪʫ. ɼʘʣʝʝ ʟʘʧʫʩʢʘʣʠ ʧʨʦʛʨʘʤʤʫ CytoScan Ligate ʥʘ 

ʪʝʨʤʦʮʠʢʣʝʨʝ (3 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 16ÁC, 20 ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70ÁC). ʂʦʛʜʘ 

ʧʨʦʛʨʘʤʤʘ CytoScan Ligate ʟʘʚʝʨʰʘʣʘʩʴ, ʚʳʥʠʤʘʣʠ ʧʣʘʥʰʝʪ ʠ ʢʨʫʪʠʣʠ ʥʘ 2000 ʚ ʪʝʯʝʥʠʝ 1 

ʤʠʥʫʪʳ. ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 75 ʤʢʣ ʚʦʜʳ ʢ ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʝ. ʇʨʦʙʠʨʢʠ ʢʨʫʪʠʣʠ ʥʘ ʚʦʨʪʝʢʩʝ ʥʘ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 1 ʩʝʢʫʥʜʳ, ʟʘʪʝʤ ʩʥʠʞʘʣʠ ʩʢʦʨʦʩʪʴ ʠ ʢʨʫʪʠʣʠ ʥʘ 2000 ʦʙʦʨʦʪʦʚ, 

1 ʤʠʥʫʪʫ. ʅʘ ʥʠʞʥʶʶ ʯʘʩʪʴ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʤʝʱʘʣʠ ʥʦʚʳʡ ʧʣʘʥʰʝʪ ʠ ʧʦʤʝʯʘʣʠ 

çʇʎʈè.  ɼʦʙʘʚʣʷʣʠ 10 ʤʢʣ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 4 ʣʫʥʢʠ ʚ ʥʦʚʦʤ ʧʣʘʥʰʝʪʝ. 

ʂʨʫʪʠʣʠ ʥʘ 2000 ʦʙʦʨʦʪʦʚ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ. ɻʦʪʦʚʠʣʠ PCR Master Mix. ɼʦʙʘʚʣʷʣʠ 90 ʤʢʣ 

PCR Master Mix  ʢ ʢʘʞʜʦʤʫ ʦʙʨʘʟʮʫ. ɼʘʣʝʝ ʥʘ ʣʴʜʫ ʧʝʨʝʥʦʩʠʣʠ ʧʣʘʥʰʝʪ ʚ ʟʦʥʫ ʧʦʩʪ-ʇʎʈ. 

ʂʨʳʰʢʫ ʪʝʨʤʦʮʠʢʣʝʨʘ ʥʘʛʨʝʚʘʣʠ. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʧʣʘʥʰʝʪʘ ʚ ʪʝʨʤʦʮʠʢʣʝʨ ʟʘʧʫʩʢʘʣʠ 

ʧʨʦʛʨʘʤʤʫ CytoScan PCR. ɼʘʣʝʝ ʨʝʟʫʣʴʪʘʪʳ ʇʎʈ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ. ɽʩʣʠ ʨʘʟʤʝʨ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɼʅʂ ʥʘʭʦʜʠʣʩʷ ʤʝʞʜʫ 

150 ʧʥ ʠ 2000 ʧʥ, ʧʝʨʝʭʦʜʠʣʠ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ. ɼʣʷ ʥʘʯʘʣʘ ʛʦʪʦʚʠʣʠ Purification Wash 

Buffer, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 720 ʤʢʣ Purification Beads ʚ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ. ʆʙʨʘʟʮʳ ʭʦʨʦʰʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠ, ʧʝʨʝʚʦʨʘʯʠʚʘʷ 10 ʨʘʟ, ʟʘʪʝʤ ʠʥʢʫʙʠʨʦʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɼʘʣʝʝ, ʧʨʦʙʠʨʢʠ ʟʘʛʨʫʞʘʣʠ ʚ ʮʝʥʪʨʠʬʫʛʫ ʠ ʧʨʦʢʨʫʯʠʚʘʣʠ 3 ʤʠʥʫʪʳ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (16100 ʦʙʦʨʦʪʦʚ). ʇʨʦʙʠʨʢʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʦʩʘʜʦʢ ʥʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʤʘʛʥʠʪʫ. ʅʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʟʘʪʝʤ 

ʫʜʘʣʷʣʠ, ʠ ʜʦʙʘʚʣʷʣʠ Purification Wash Buffer - 1 ʤʣ ʢ ʢʘʞʜʦʡ ʧʨʦʙʠʨʢʝ. ɼʘʣʝʝ ʧʨʦʢʨʫʯʠʚʘʣʠ 

ʥʘ ʚʦʨʪʝʢʩʝ 2 ʤʠʥʫʪʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʦʙʠʨʢʠ ʚ ʪʝʯʝʥʠʝ 3 

ʤʠʥʫʪ, ʪʘʢʞʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʇʨʦʙʠʨʢʠ ʧʦʤʝʱʘʣʠ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ, ʧʦʢʘ 

ʦʩʘʜʦʢ ʥʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʤʘʛʥʠʪʫ. ɼʝʢʘʥʪʠʨʦʚʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, ʟʘʪʝʤ 

ʦʩʪʘʚʣʷʣʠ ʥʘ 30 ʩʝʢʫʥʜ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ʂ ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʠ 52 ʤʢʣ 

ʵʣʶʠʨʫʶʱʝʛʦ ʙʫʬʝʨʘ. ʆʙʨʘʟʝʮ ʚ ʢʦʣʠʯʝʩʪʚʝ 47 ʤʢʣ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʫʥʢʫ 

ʥʘ ʧʣʘʥʰʝʪʝ. ɼʘʣʝʝ ʧʝʨʝʭʦʜʠʣʠ ʢ ʠʟʤʝʨʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

NanoDrop. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʟʤʝʨʷʣʠ ʚ 2 ʤʢʣ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 260, 280 ʠ 320 ʥʤ (ʛʜʝ 280 ʠ 

320 ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʢ ʢʦʥʪʨʦʣʴ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʤʢʣ/ʤʣ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

  

 

 

ɽʩʣʠ ʨʝʟʫʣʴʪʘʪ ʩʦʩʪʘʚʣʷʣ Ó 3.0 ʤʢʛ/ʤʢʣ, ʧʝʨʝʭʦʜʠʣʠ ʢ ʵʪʘʧʫ ʬʨʘʛʤʝʥʪʘʮʠʠ. 

ʇʦʜʛʦʪʘʚʣʠʚʘʣʠ  ʙʫʬʝʨ ʠ ʩʤʝʩʴ ʜʣʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 10 ʤʢʣ ʩʤʝʩʠ ʢ 

ʢʘʞʜʦʤʫ ʦʙʨʘʟʮʫ. ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ ʦʭʣʘʞʜʝʥʥʦʡ ʮʝʥʪʨʠʬʫʛʝ ʥʘ 2000 ʚ ʪʝʯʝʥʠʝ 1 

ʤʠʥʫʪʳ. ʈʝʘʢʮʠʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʦʚʝʨʷʣʠ ʥʘ ʵʣʝʢʪʨʦʬʦʨʝʟʝ ʠ ʧʝʨʝʭʦʜʠʣʠ ʢ ʤʝʯʝʥʠʶ. 
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Labeling Master Mix  ʜʦʙʘʚʣʷʣʠ ʢ ʦʙʨʘʟʮʘʤ (ʧʦ 19.5 ʤʢʣ), ʟʘʪʝʤ ʢʨʫʪʠʣʠ ʥʘ ʚʦʨʪʝʢʩʝ ʥʘ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʟʘʪʝʤ 1 ʤʠʥʫʪʫ ʧʨʠ 2000 ʦʙʦʨʦʪʘʭ. ʇʝʨʝʭʦʜʠʣʠ ʢ ʵʪʘʧʫ ʪʘʨʛʝʪʥʦʡ 

ʛʠʙʨʠʜʠʟʘʮʠʠ. ʅʘ ʢʦʤʧʴʶʪʝʨʝ ʩʦʟʜʘʚʘʣʠ Batch Registration File, ʯʪʦʙʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʥʦʚʳʡ ʦʙʨʘʟʝʮ, ʠʩʧʦʣʴʟʫʷ AGCC (Affymetrix GeneChip Command Console Portal). ɻʦʪʦʚʠʣʠ 

ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʧʦ 190 ʤʢʣ ʢ ʢʘʞʜʦʤʫ ʦʙʨʘʟʮʫ. ʇʣʘʥʰʝʪ ʩ 

ʦʙʨʘʟʮʘʤʠ ʧʦʤʝʱʘʣʠ ʚ ʨʘʟʦʛʨʝʪʳʡ ʪʝʨʤʦʮʠʢʣʝʨ ʠ ʚʢʣʶʯʘʣʠ ʧʨʦʛʨʘʤʤʫ CytoScan Hyb (10 

ʤʠʥʫʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95ÁC, ʜʘʣʝʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 45ÁC) . ɿʘʪʝʤ ʦʙʨʘʟʮʳ 

ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʯʠʧ, ʧʦ 200 ʤʢʣ, ʧʦʩʣʝ ʯʝʛʦ ʯʠʧʳ ʧʦʤʝʱʘʣʠ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʢʶʚʝʪʫ ʠ ʩʪʘʚʠʣʠ 

ʚ ʛʠʙʨʠʜʠʟʘʮʠʦʥʥʫʶ ʧʝʯʴ. ɼʘʣʝʝ ʯʠʧʳ ʚʨʘʱʘʣʠʩʴ ʧʨʠ 50ÁC, 60 ʦʙʦʨʦʪʦʚ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ ʦʪ 16 

ʜʦ 18 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʣʠ ʢ ʵʪʘʧʫ çʦʪʤʳʚʢʘ, ʦʢʨʘʰʠʚʘʥʠʝ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝè. ɼʣʷ 

ʢʘʞʜʦʛʦ ʯʠʧʘ ʚ 1,5 ʤʣ ʤʠʢʨʦʮʝʥʪʨʠʬʫʞʥʳʝ ʧʨʦʙʠʨʢʠ ʜʦʙʘʚʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʨʝʘʛʝʥʪʳ: 500 

ʤʢʣ ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʙʫʬʝʨʘ, 500 ʤʢʣ ʦʢʨʘʰʠʚʘʶʱʝʛʦ ʙʫʬʝʨʘ 2, 800 ʤʢʣ Array Holding 

Buffer. ʂʦʛʜʘ ʵʪʘʧ ʦʪʤʳʚʢʠ ʠ ʦʢʨʘʰʠʚʘʥʠʷ ʟʘʚʝʨʰʘʣʩʷ, ʯʠʧʳ ʠʟ ʘʧʧʘʨʘʪʘ ʚʳʥʠʤʘʣʠ ʠ 

ʧʨʦʚʝʨʷʣʠ ʥʘʣʠʯʠʝ ʧʫʟʳʨʴʢʦʚ. ʅʘ AGCC ʚʳʙʠʨʘʣʠ ʧʨʦʪʦʢʦʣ CytoScanHD_Array_450, 

ʷʚʣʷʶʱʠʡʩʷ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ ʢ ʵʪʘʧʫ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʘʣʝʝ ʥʘʯʠʥʘʣʠ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʝʨʘ GeneChip Scanner 3000 7G (ʨʠʩ.6). ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ The AffymetrixÈ Chromosome 

Analysis Suite (ChAS). CHAS ʠʩʧʦʣʴʟʫʝʪ ʛʝʥʦʤʥʫʶ ʘʥʥʦʪʘʮʠʶ Hg19, ʠ ʩʦʜʝʨʞʠʪ 

ʦʙʥʦʚʣʷʝʤʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʙʘʟ ʜʘʥʥʳʭ DGV, OMIM ʠ RefSeq.  

 

ʈʠʩ.6 ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ SNP ʘʥʘʣʠʟʘ 
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III .2.2.8 ɹʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʤʙʠʥʠʨʦʚʘʣʠ ʤʝʪʦʜʳ ʦʪʙʦʨʘ ʛʝʥʦʚ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʛʝʥʦʤʥʳʭ/ʵʧʠʛʝʥʦʤʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʩʪʨʘʪʝʛʠʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʠ 

ʜʨʫʛʠʭ ʩʚʦʡʩʪʚʘʭ ʛʝʥʦʚ (ʙʝʣʢʦʚ), ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʙʘʟ ʜʘʥʥʳʭ. 

ʆʧʠʩʘʥʠʝ ʩʪʨʘʪʝʛʠʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʥʝʝ (Moreau 

et al., 2012., Iourov et al., 2014, Yurov et al., 2017). ɺʥʘʯʘʣʝ ʧʨʠʦʨʠʪʝʟʘʮʠʷ ʛʝʥʦʚ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʦʛʣʘʩʥʦ ʬʫʥʢʮʠʠ, ʧʨʦʬʠʣʶ ʵʢʩʧʨʝʩʩʠʠ, ʜʘʥʥʳʤ ʦ ʧʨʦʪʝʦʤʥʳʭ ʩʝʪʷʭ (ʥʘʧʨʠʤʝʨ, 

ʧʦʩʣʝʜʩʪʚʠʷ ʤʫʪʘʮʠʠ ʥʘ ʫʨʦʚʥʝ ʙʝʣʢʘ, ʤʝʞʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ). ɼʘʥʥʳʝ ʦ ʥʝʧʘʪʦʛʝʥʥʳʭ ʚʘʨʠʘʮʠʷʭ ʛʝʥʦʤʘ ʧʦʣʫʯʘʣʠ ʠʟ Database of Genomic 

Variants. ʉʦʚʤʝʱʘʷ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʙʘʟ ʜʘʥʥʳʭ, ʩ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʧʘʮʠʝʥʪʦʚ, ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ-ʢʘʥʜʠʜʘʪʳ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʛʝʥʘʤʠ ï ʢʘʥʜʠʜʘʪʘʤʠ. ʉʭʝʤʘ ʤʝʪʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7 (Iourov et al., 

2014). 

 

ʈʠʩ.7. ʉʭʝʤʘ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. 
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ʉʭʝʤʘ ʧʨʠʦʨʠʪʝʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1) ʛʝʥʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ 

ʛʝʥʦʤʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ, ʦʪʙʠʨʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʬʠʣʷʤʠ ʵʢʩʧʨʝʩʩʠʠ; 2) ʠʥʬʦʨʤʘʮʠʷ, 

ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʛʝʥʦʤʥʳʭ/ʧʨʦʪʝʤʥʳʭ/ʤʝʪʘʙʦʣʦʤʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʮʠʬʠʯʥʦʡ ʛʝʥʦʤʥʦʡ ʩʝʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʣʠ ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ; 3) ʜʨʫʛʠʝ ʛʝʥʳ/ʙʝʣʢʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ 

ʛʝʥʘʤʠ-ʢʘʥʜʠʜʘʪʘʤʠ, ʦʮʝʥʠʚʘʶʪʩʷ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ (Vorsanova et al., 2017; Yurov et al., 

2017). ʆʙʲʝʜʠʥʝʥʠʝ ʜʘʥʥʳʭ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ, 

ʚʝʨʦʷʪʥʦ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʠʦʨʠʪʝʟʠʨʦʚʘʥʠʷ ʛʝʥʦʚ in silico (Chen et al., 

2011; Gan et al., 2013; Aerts et al. 2006; Chen et al., 2009; Iourov et al., 2014; Yurov et al., 2017). 

ʆʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʣʠʟʘʮʠʠ ʛʝʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟ ʜʘʥʥʳʭ UCSC 

Genome Browser, Ensembl Genome Browser ʠ NCBI Map Viewer. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʨʝʩʫʨʩʦʚ 

ʚʳʷʚʣʷʣʦʩʴ ʛʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ. ʂʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ CNV, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ OMIM (online Mendelian 

inheritance in Man), DECIPHER (Database of Chromosomal Imbalance and Phenotype in Humans 

using Ensembl Resources), ECARUCA, Phenotype-Genotype Integrator (PheGenI), SFARI Gene ʠ 

AutismKB. ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʙʳʣʘ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ BioGPS ʠ GenAtlas. ɸʥʘʣʠʟ 

ʠʥʪʝʨʘʢʪʦʤʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ STRING, NCBI gene ʠ BioGRID, ʘ ʜʘʥʥʳʝ ʦ 

ʛʝʥʦʤʥʳʭ ʩʝʪʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ Reactome, KEGG (Kyoto Encyclopedia of Genes and 

Genomes), Gene Ontology ʠ NCBI biosystems. NCBI Gene ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʪʦʨʦʤ ʜʘʥʥʳʭ 

ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʚ ʢʦʪʦʨʦʤ ʦʙʥʦʚʣʷʝʪʩʷ ʝʞʝʜʥʝʚʥʦ. ʀʥʪʝʨʘʢʪʦʤʥʳʝ ʜʘʥʥʳʝ 

ʚ NCBI gene ʩʦʙʠʨʘʶʪʩʷ ʠʟ ʨʝʩʫʨʩʦʚ BIND, BioGRID, EcoCyc, HIV-1, human protein 

interaction data ʠ HPRD (Brown et al., 2015). ɹʘʟʘ ʜʘʥʥʳʭ STRING (Search Tool for the Retrieval 

of Interacting Genes/Proteins) ʧʦʩʚʷʱʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ STRING ʧʦʣʫʯʝʥʳ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ: (i) 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʧʦʨʪʠʨʫʶʪʩʷ ʠʟ ʧʝʨʚʠʯʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, (ii) ʛʝʥʦʤʥʳʝ 

ʩʝʪʠ ʩʦʙʠʨʘʶʪʩʷ ʠʟ ʙʘʟ ʜʘʥʥʳʭ, ʢʫʨʠʨʫʝʤʳʭ ʚʨʫʯʥʫʶ, (iii) ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ 

ʪʝʢʩʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ / ʠʣʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʙʝʣʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ Pubmed (US National Library of Medicine National Institutes of 

Health) ʠ ʙʦʣʴʰʦʡ ʢʦʣʣʝʢʮʠʠ ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʩʪʘʪʝʡ, (iv) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ de novo 

ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʝʥʦʤʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ 

ʪʘʢʞʝ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʢʦʵʢʩʧʨʝʩʩʠʠ ʠ (v) ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. BioGRID (The Biological General 

Repository for Interaction Datasets) - ʙʘʟʘ ʜʘʥʥʳʭ ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ, ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʙʝʣʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʝʨʚʠʯʥʦʡ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ ʠ ʯʝʣʦʚʝʢʘ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

ʩʝʥʪʷʙʨʴ 2014 ʛʦʜʘ, BioGRID ʩʦʜʝʨʞʠʪ 749912 ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚʟʷʪʳʭ ʠʟ 43149 
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ʧʫʙʣʠʢʘʮʠʡ. Reactome - ʵʪʦ ʦʙʥʦʚʣʷʝʤʳʡ ʨʝʩʫʨʩ, ʪʝʢʫʱʘʷ ʚʝʨʩʠʷ 46 ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪ 

ʘʥʥʦʪʘʮʠʠ ʜʣʷ 7088 ʠʟ 20774 ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭ ʛʝʥʦʚ, 15107 ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʠ 1481 

ʛʝʥʦʤʥʳʡ ʧʫʪʴ. ɹʘʟʘ ʜʘʥʥʳʭ NCBI BioSystems ʦʙʲʝʜʠʥʷʝʪ ʠ ʩʚʷʟʳʚʘʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʙʠʦʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʛʝʥʦʤʥʘʷ ʩʝʪʴ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʛʝʥʦʚ, ʙʝʣʢʦʚ ʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ. ɼʨʫʛʦʡ ʪʠʧ 

ʙʠʦʩʠʩʪʝʤ - ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ ʛʝʥʳ, 

ʙʠʦʤʘʨʢʝʨʳ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ. ɹʘʟʘ ʜʘʥʥʳʭ NCBI BioSystems ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʦʜʝʨʞʠʪ ʟʘʧʠʩʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʠʩʭʦʜʥʳʭ ʙʘʟ ʜʘʥʥʳʭ: KEGG, BioCyc, Reactome, Pathway 

Interaction Database, WikiPathways ʠ Gene Ontology (GO). Gene ontology ʦʧʠʩʳʚʘʝʪ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʛʝʥʦʚ ʠ ʙʝʣʢʦʚ ʧʫʪʝʤ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʢʣʘʩʩʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʫʥʢʮʠʡ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʫʯʘʩʪʚʫʶʪ, 

ʫʯʘʩʪʢʦʚ ʢʣʝʪʢʠ, ʛʜʝ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ (ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ), ʠ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ 

ʠʭ. çGO annotationè ʦʧʠʩʳʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʢʣʘʩʩʦʤ ʠ ʧʨʦʜʫʢʪʦʤ ʛʝʥʘ, ʘ ʪʘʢʞʝ ʩʩʳʣʢʘʤʠ ʥʘ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʘʩʩʦʮʠʘʮʠʶ. ʗʚʣʷʶʪʩʷ ʣʠ ʛʝʥʳ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ CNV, 

ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʤʠ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ Geneimprint. ʉʨʝʜʠ ʙʘʟ ʜʘʥʥʳʭ 

ʤʝʞʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ IntACT ʠ HPRD (de Leeuw et al., 2012; Iourov 

et al., 2014).  ʉʝʪʠ ʤʝʞʙʝʣʢʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (proteinïprotein interaction, PPI) - ʟʥʘʯʠʤʳʡ 

ʨʝʩʫʨʩ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʥʦʤʥʳʭ ʜʘʥʥʳʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ 

ʥʘʢʦʧʣʝʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʠʟʫʯʘʶʪʩʷ, ʯʪʦ ʠʩʢʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʝʪʝʡ PPI ʩ ʛʝʥʦʤʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʜʭʦʜ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʥʘʟʳʚʘʝʪʩʷ çʦʙʦʛʘʱʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷè (physical interaction enrichment, PIE). PIE ʠʩʧʦʣʴʟʫʝʪ ʥʦʨʤʘʣʠʟʘʮʠʶ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ çʫʟʣʘè ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ ʠ ʩʣʫʯʘʡʥʳʭ 

ʩʝʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʦʥ ʩʨʘʚʥʠʚʘʝʪʩʷ. ʄʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠ ʚ 

ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ ʙʝʣʢʦʚ ʙʦʣʴʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʝʤ ʤʝʞʜʫ ʙʝʣʢʘʤʠ ʚ ʩʣʫʯʘʡʥʳʭ ʩʝʪʷʭ, ʚ 

ʩʚʷʟʠ, ʩ ʯʝʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʬʠʟʠʯʝʩʢʦʡ ʩʚʷʟʘʥʥʦʩʪʠ ʙʝʣʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʛʨʫʧʧʝ 

(Sama et al., 2010). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʦʤʥʳʝ, ʧʨʦʪʝʦʤʥʳʝ, ʠʥʪʝʨʘʢʪʦʤʥʳʝ ʠ ʚʘʨʠʦʤʥʳʝ 

ʜʘʥʥʳʝ ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʚʳʷʚʣʝʥʠʷ ʛʝʥʦʚ ʠ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ï 

ʢʘʥʜʠʜʘʪʦʚ.   

 

III .2.2.9 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʤʦʩʪʠ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʚ ʭʦʜʝ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ ʤʘʩʩʠʚʘ ʠʥʜʝʢʩʦʚ ʛʝʥʦʤʥʳʭ ʩʝʪʝʡ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʨʝʜʥʝʝ, 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʠʥʪʝʨʚʘʣʳ M+3SD, M+2SD, M+SD. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʪʨʝʭ ʩʠʛʤ 

(ç68-95-99.7è), ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʩʝ ʟʥʘʯʝʥʠʷ ʚʳʙʦʨʢʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʩʣʝʚʘ ʠ 
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ʩʧʨʘʚʘ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʨʝʭ ʩʠʛʤ (ʨʠʩ.8). ɺ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʠʛʤʳ ʦʪ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʧʦʯʪʠ ʜʚʝ ʪʨʝʪʠ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ï 68,27%. ɺ ʜʠʘʧʘʟʦʥ ʚ ʧʨʝʜʝʣʘʭ 

ʜʚʫʭ ʩʠʛʤ ʧʦʧʘʜʘʝʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ï 95, 45%. ɺ ʧʨʝʜʝʣʘʭ ʪʨʝʭ ʩʠʛʤ 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʟʥʘʯʝʥʠʷ - 99,73%. ɼʣʷ ʥʝʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 88,8% ʩʣʫʯʘʝʚ ʧʦʧʘʜʘʣʠ ʚ ʧʨʘʚʠʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʩ ʪʨʝʤʷ ʩʠʛʤʘʤʠ. (Grafarend et al., 2012).  

 

ʈʠʩ 8. ʇʨʘʚʠʣʦ ʪʨʝʭ ʩʠʛʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 
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IV. ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

IV.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʪʝʡ ʩ ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ ʠ ʨʘʩʩʪʨʦʡʩʪʚʦʤ ʘʫʪʠʩʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ  

ʄʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

374 ʨʝʙʝʥʢʘ ʩ ʘʫʪʠʟʤʦʤ ʠ/ʠʣʠ ʟʘʜʝʨʞʢʦʡ ʧʩʠʭʦʤʦʪʦʨʥʦʛʦ/ʧʩʠʭʦʨʝʯʝʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠʣʠ 

ʫʤʩʪʚʝʥʥʦʡ ʦʪʩʪʘʣʦʩʪʴʶ, ʚʨʦʞʜʝʥʥʳʤʠ ʧʦʨʦʢʘʤʠ ʠ/ʠʣʠ ʤʠʢʨʦʘʥʦʤʘʣʠʷʤʠ ʨʘʟʚʠʪʠʷ. ɺ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʛʦʨʪʝ ʧʘʮʠʝʥʪʦʚ ʙʳʣʠ ʚʳʷʚʣʝʥʳ: ʭʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ (ʜʝʣʝʮʠʠ ʠ ʥʘʣʠʯʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʭʨʦʤʦʩʦʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 500 ʪʳʩ. ʧʥ.), ʧʦʪʝʨʷ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ, ʟʘʪʨʘʛʠʚʘʶʱʘʷ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʝ ʛʝʥr, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʫʯʘʩʪʢʦʚ 

ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʝʪʝʡ, ʨʦʞʜʝʥʥʳʭ ʦʪ ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʳʭ ʙʨʘʢʦʚ,  

ʩʣʦʞʥʳʝ ʭʨʦʤʦʩʦʤʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ (ʨʠʩ.9, ʪʘʙʣ.9). ʂʣʠʥʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʠ ʚʝʨʦʷʪʥʦ 

ʧʘʪʦʛʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʥʦʤʘ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫ 26 ʜʝʪʝʡ (7%). ʍʨʦʤʦʩʦʤʥʳʝ ʘʥʦʤʘʣʠʠ 

ʦʙʥʘʨʫʞʝʥʳ ʫ 108 ʧʘʮʠʝʥʪʦʚ (28,9%), ʠʟ ʢʦʪʦʨʳʭ ʨʝʛʫʣʷʨʥʳʝ ʜʝʣʝʮʠʠ ʩʦʩʪʘʚʣʷʣʠ 8,6% (32 

ʩʣʫʯʘʷ), ʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʭʨʦʤʦʩʦʤʥʳʡ ʤʘʪʝʨʠʘʣ ʙʳʣ ʚʳʷʚʣʝʥ ʚ 4,5% ʩʣʫʯʘʝʚ (17 ʜʝʪʝʡ). 

ʉʨʝʜʠ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʤʦʟʘʠʯʥʳʝ ʜʝʣʝʮʠʠ (7 ʜʝʪʝʡ, 1,9%) ʠ 

ʜʫʧʣʠʢʘʮʠʠ (5 ʜʝʪʝʡ, 1,3%), ʘ ʪʘʢʞʝ ʩʣʫʯʘʠ ʩʦʯʝʪʘʥʠʷ ʤʦʟʘʠʯʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, 

ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʦʜʠʥ ʫʯʘʩʪʦʢ (15 ʯʝʣʦʚʝʢ, 4%) (ʨʠʩ.10). ɺ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʢʦʛʦʨʪʝ ʫ 26 

ʧʘʮʠʝʥʪʦʚ (7%) ʙʳʣʠ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʩʣʫʯʘʠ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʝʩʪʨʦʝʢ (ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʥʦʤʘʣʠʡ) ʚ ʚʠʜʝ ʩʦʯʝʪʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʩʦʯʝʪʘʥʠʷ ʭʨʦʤʦʩʦʤʥʦʡ 

ʘʥʦʤʘʣʠʠ ʠ ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʚ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ. ʋ ʜʚʦʠʭ ʧʘʮʠʝʥʪʦʚ 

(0,5%) ʦʪʤʝʯʘʣʘʩʴ ʛʝʥʦʤʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʢʨʫʧʥʳʭ CNV ʠ 

ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ (ʨʠʩ.11). ɺ ʜʚʫʭ ʩʣʫʯʘʷʭ (0,5%) ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʘʥʝʫʧʣʦʠʜʠʷ: 

ʤʦʥʦʩʦʤʠʷ ʭʨʦʤʦʩʦʤ r21 ʠ ʪʨʠʩʦʤʠʷ ʭʨʦʤʦʩʦʤ rʍ (ʨʠʩ.12). ʋ ʦʜʥʦʛʦ ʧʘʮʠʝʥʪʘ (0,3%) ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʤʦʟʘʠʯʥʘʷ ʪʨʠʩʦʤʠʷ ʭʨʦʤʦʩʦʤʳ 8 ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 20% ʢʣʝʪʦʢ. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʥʘʣʠʯʠʝ ʤʘʨʢʝʨʥʦʡ ʭʨʦʤʦʩʦʤʳ. ʄʥʦʞʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ 

ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʝʪʝʡ ʦʪ ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʳʭ ʙʨʘʢʦʚ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 13 

ʩʣʫʯʘʷʭ (3,5%)(ʨʠʩ.13). ʇʦʪʝʨʷ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʚ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ ʛʝʥʘʭ ʦʪʤʝʯʘʣʘʩʴ ʚ 36 

ʩʣʫʯʘʷʭ (9,6%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʫʰʝʥʠʷ ʛʝʥʦʤʘ ʚ ʚʠʜʝ ʘʥʝʫʧʣʦʠʜʠʠ, ʭʨʦʤʦʩʦʤʥʳʭ 

ʘʥʦʤʘʣʠʡ, ʩʣʦʞʥʳʭ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ, ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʜʝʪʝʡ ʦʪ ʢʨʦʚʥʦʨʦʜʩʪʚʝʥʥʳʭ ʙʨʘʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʛʝʪʝʨʦʟʠʛʦʪʥʦʩʪʠ ʚ ʠʤʧʨʠʥʪʠʨʦʚʘʥʥʳʭ 

ʛʝʥʘʭ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʚ 157 ʩʣʫʯʘʷʭ (42%) (ʪʘʙʣ.9), ʧʘʪʦʛʝʥʥʳʭ ʠʣʠ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ 26 ʩʣʫʯʘʷʭ (7%), ʘ ʫ 191 (51%) ʧʘʮʠʝʥʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʧʘʪʦʛʝʥʥʳʝ ʠ ʚʝʨʦʷʪʥʦ ʧʘʪʦʛʝʥʥʳʝ CNV ʠʣʠ ʠʥʪʨʘʛʝʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʪʳʩ.ʧʥ 

ʜʦ 500 ʪʳʩ. ʧʥ (ʪʘʙʣ.10). 
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ʈʠʩ.9. ʈʝʟʫʣʴʪʘʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʠʦʪʠʧʠʨʦʚʘʥʠʷ.  


