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ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʩʲʜʲʨʞʘ 325 ʩʪʨʘʥʠʮʠ, 

176 ʬʠʛʫʨʠ, 143 ʪʘʙʣʠʮʠ. 

 

ʎʠʪʠʨʘʥʠ ʩʘ 795 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʢʘ ʠ 20 ʠʥʪʝʨʥʝʪ ʩʘʡʪʘ. 

 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʙʩʲʜʝʥ ʠ ʥʘʩʦʯʝʥ ʟʘ ʧʫʙʣʠʯʥʘ ʟʘʱʠʪʘ ʦʪ ʢʘʪʝʜʨʘ ʄʝʜʠʮʠʥʩʢʘ 

ʍʠʤʠʷ ʠ ɹʠʦʭʠʤʠʷ ʢʲʤ ʄʝʜʠʮʠʥʩʢʠ ʬʘʢʫʣʪʝʪ ʥʘ ʄʝʜʠʮʠʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʦʬʠʷ 

ʩʲʛʣʘʩʥʦ ʧʨʘʚʠʣʥʠʢʘ ʟʘ ʫʩʣʦʚʠʷʪʘ ʠ ʨʝʜʘ ʥʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʧʨʠʜʦʙʠʚʘʥʝ ʥʘ ʥʘʫʯʥʠ ʩʪʝʧʝʥʠ 

ʚ ʄʋ - ʉʦʬʠʷ ʥʘ 05.03.2015. 

 

ʇʫʙʣʠʯʥʘʪʘ ʟʘʱʠʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʱʝ ʩʝ ʧʨʦʚʝʜʝ ʥʘ 01.06.2015. 

 

ɺʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʩʘ ʠʟʚʲʨʰʝʥʠ ʚ ʎʝʥʪʲʨʘ ʧʦ ʄʦʣʝʢʫʣʥʘ 

ʄʝʜʠʮʠʥʘ, ʂʘʪʝʜʨʘ ʄʝʜʠʮʠʥʩʢʘ ʍʠʤʠʷ ʠ ɹʠʦʭʠʤʠʷ, ʄʌ, ʄʋ ï ʉʦʬʠʷ. 

 

 



ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

 

ʀʟʢʘʟʚʘʤ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʥʘ ʯʣ. ʢʦʨ. ʧʨʦʬ. ʜ-ʨ ɺʘʥʴʦ ʄʠʪʝʚ ʟʘ ʧʨʝʜʦʩʪʘʚʝʥʘʪʘ ʤʠ 

ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ. ɹʠʭ ʠʩʢʘʣʘ ʜʘ ʠʟʢʘʞʘ ʠʩʢʨʝʥʠ ʙʣʘʛʦʜʘʨʥʦʩʪʠ ʠ 

ʥʘ ʥʘʫʯʥʠʷ ʤʠ ʨʲʢʦʚʦʜʠʪʝʣ ʜʦʮ. ʜ-ʨ ʈʘʜʢʘ ʂʲʥʝʚʘ ʠ ʥʘ ʥʘʫʯʥʠʷ ʤʠ ʢʦʥʩʫʣʪʘʥʪ ʛʣ. ʘʩ. ʜ-ʨ 

ɸʪʘʥʘʩʢʘ ʄʠʪʢʦʚʘ. ɹʣʘʛʦʜʘʨʷ ʠʤ ʟʘ ʪʲʨʧʝʥʠʝʪʦ, ʚʩʝʦʪʜʘʡʥʦʩʪʪʘ, ʟʘ ʥʘʧʲʪʩʪʚʠʷʪʘ ʠ ʟʘ 

ʧʦʣʫʯʝʥʠʪʝ ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ. ɹʣʘʛʦʜʘʨʥʘ ʩʲʤ ʠʤ ʟʘ ʜʦʚʝʨʠʝʪʦ, ʚʷʨʘʪʘ ʚ ʤʝʥ, ʠʩʢʨʝʥʦʩʪʪʘ, 

ʩʲʚʝʪʠʪʝ ʠ ʧʦʤʦʱʪʘ, ʢʦʠʪʦ ʧʦʣʫʯʠʭ. ʊʝ ʙʷʭʘ ʩʲʧʨʠʯʘʩʪʥʠ ʠ ʠʟʞʠʚʷʚʘʭʘ ʩ ʤʝʥ ʢʘʢʪʦ 

ʨʘʜʦʩʪʠʪʝ, ʪʘʢʘ ʠ ʪʨʝʚʦʛʠʪʝ. 

ʉʲʱʦ ʪʘʢʘ ʠʩʢʘʤ ʜʘ ʙʣʘʛʦʜʘʨʷ ʥʘ ʚʩʠʯʢʠ ʢʦʣʝʛʠ ʦʪ ʎʝʥʪʲʨʘ ʧʦ ʄʦʣʝʢʫʣʥʘ ʄʝʜʠʮʠʥʘ, 

ʢʦʠʪʦ ʤʝ ʥʘʩʲʨʯʘʚʘʭʘ ʚ ʪʨʫʜʥʠʪʝ ʤʦʤʝʥʪʠ, ʜʘʚʘʭʘ ʤʠ ʩʲʚʝʪʠ ʠ ʤʠ ʧʦʤʘʛʘʭʘ.  

ɹʣʘʛʦʜʘʨʥʘ ʩʲʤ ʥʘ ʥʘʰʠʪʝ ʢʦʣʘʙʦʨʘʪʦʨʠ ʚ ʂʣʠʥʠʢʘʪʘ ʧʦ ʋʨʦʣʦʛʠʷ ʠ ʚ ʂʣʠʥʠʢʘʪʘ ʧʦ 

ʆʙʱʘ ʠ ʢʣʠʥʠʯʥʘ ʧʘʪʦʣʦʛʠʷ ʢʲʤ ʋʥʠʚʝʨʩʠʪʝʪʩʢʘ ʙʦʣʥʠʮʘ Ăɸʣʝʢʩʘʥʜʨʦʚʩʢʘñ, ʄʋ-ʉʦʬʠʷ, ʙʝʟ 

ʢʦʠʪʦ ʠʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʥʝ ʙʠ ʙʠʣʦ ʚʲʟʤʦʞʥʦ. 

ɹʣʘʛʦʜʘʨʥʘ ʩʲʤ ʠ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʤʠ, ʥʘ ʩʲʧʨʫʛʘ ʤʠ, ʢʦʠʪʦ ʤʝ ʧʦʜʢʨʝʧʷʭʘ ʧʨʝʟ ʮʷʣʦʪʦ 

ʚʨʝʤʝ. 

 



ʅɸʁ-ʏɽʉʊʆ ʀɿʇʆʃɿɺɸʅʀ ʉʒʂʈɸʑɽʅʀʗ 

 

ʉʲʢʨʘʱʝʥʠʷ ʥʘ ʢʠʨʠʣʠʮʘ 

ʛɼʅʂ ï ʛʝʥʦʤʥʘ ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ (DNA) 

ɼʅʂ- ʜʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ (DNA) 

ɼʇʍ ï ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ ʭʠʧʝʨʧʣʘʟʠʷ 

ɼʍʊ- ʜʠʭʠʜʨʦʪʝʩʪʦʩʪʝʨʦʥ 

ʠʈʅʂ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʈʅʂ (mRNA) 

ʢɼʅʂ ï ʢʦʧʠ ɼʅʂ (cDNA) 

ʄɸʄ - ʤʣʘʜʠ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ 

ʤʠʢʨʦʈʅʂ/ ʤʠʢʨʦʈʅʂ-ʠ - miRNA/miRNAs 

ʤʂʈʈʇ ï ʤʝʪʘʩʪʘʪʠʯʝʥ ʢʘʩʪʨʘʮʠʦʥʥʦ ʨʝʟʠʩʪʝʥʪʝʥ ʨʘʢ ʥʘ ʧʨʦʩʪʘʪʘʪʘ 

ʈʅʂ ï ʨʠʙʦʥʫʢʣʝʠʥʦʚʘ ʢʠʩʝʣʠʥʘ (RNA) 

ʈʇ - ʨʘʢ ʥʘ ʧʨʦʩʪʘʪʘʪʘ 

 

ʉʲʢʨʘʱʝʥʠʷ ʥʘ ʣʘʪʠʥʠʮʘ 

aCGH ï array Comparative Genomic Hybridization ï ʩʨʘʚʥʠʪʝʣʥʘ ʛʝʥʦʤʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ 

bp ï ʙʘʟʦʚʠ ʜʚʦʡʢʠ 

ddNTPs - ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜ ʪʨʠʬʦʩʬʘʪʠ 

DMSO ï ʜʠʤʝʪʠʣʩʫʣʬʦʢʩʠʜ 

dNTP ï ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪ 

DRE- ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ 

FDR ï false discovery rate 

GWAS - Genome Wide Association Studies (ɻʦʣʝʤʠ ʛʝʥʦʤʥʠ ʘʩʦʮʠʘʪʠʚʥʠ ʧʨʦʫʯʚʘʥʠʷ) 

HRMA  ï High resolution melting analysis ï ʘʥʘʣʠʟ ʯʨʝʟ ʚʠʩʦʢʦʨʝʟʦʣʶʪʠʚʥʦ ʪʦʧʝʥʝ ʥʘ ɼʅʂ 

kb ï ʢʠʣʦʙʘʟʠ 

MS-HRM A ï ʤʝʪʠʣ ʩʧʝʮʠʬʠʯʝʥ ʘʥʘʣʠʟ ʯʨʝʟ ʚʠʩʦʢʦ ʨʝʟʦʣʶʪʠʚʥʦ ʪʦʧʝʥʝ ʥʘ ɼʅʂ 

PCA ï principle component analysis ï ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ 

PCR ï Polymerase Chain Reaction ï ʇʦʣʠʤʝʨʘʟʥʘ ɺʝʨʠʞʥʘ ʈʝʘʢʮʠʷ 

PRACTICAL  ï Prostate Cancer Association Group to Investigate Cancer Associated Alterations in 

the Genome 

PSA ï ʧʨʦʩʪʘʪʥʦ ʩʧʝʮʠʬʠʯʝʥ ʘʥʪʠʛʝʥ 

RT-PCR ï Reverse Transcription PCR 

ROC curve analysisï receiver operating characteristics curve ï ʘʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ 

SNP/SNPs ï single nucleotide polymorphism/polymorphisms (ʝʜʥʦʥʫʢʣʝʦʪʠʜeʥ ʧʦʣʠʤʦʨʬʠʟʲʤ/ 

ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ) 

ʊɽ ʙʫʬʝʨ ï Tris ï EDTA ʙʫʬʝʨ 

UV ï ʫʣʪʨʘʚʠʦʣʝʪʦʚʘ ʩʚʝʪʣʠʥʘ 

 

ʉʧʠʩʲʢ ʥʘ ʥʫʢʣʝʦʪʠʜʪʨʠʬʦʩʬʘʪʠʪʝ 

ɼʝʟʦʢʩʠʥʫʢʣʝʪʠʜʪʨʠʬʦʩʬʘʪ ʉʲʢʨʘʱʝʥʠʝ 

ʜʝʟʦʢʩʠʘʜʝʥʦʟʠʥʪʨʠʬʦʩʛʘʪ ʜɸʊʌ (A) 

ʜʝʟʦʢʩʠʛʫʘʥʠʥʪʨʠʬʦʩʬʘʪ ʜɻʊʌ (G) 

ʜʝʟʦʢʩʠʪʠʤʠʜʠʥʪʨʠʬʦʩʬʘʪ ʜʊʊʌ (T) 

ʜʝʟʦʢʩʠʮʠʪʦʟʠʥʪʨʠʬʦʩʬʘʪ ʜʎʊʌ (C) 
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ɺʒɺɽɼɽʅʀɽ 

 

ʈʘʢʲʪ ʥʘ ʧʨʦʩʪʘʪʘʪʘ (ʈʇ) ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʩʥʦʚʝʥ ʟʜʨʘʚʝʥ ʧʨʦʙʣʝʤ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ 

ʪʲʡ ʢʘʪʦ ʠʤʘ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪ ʠ ʩʤʲʨʪʥʦʩʪ, ʠ ʟʘʩʷʛʘ ʥʘʡ-ʯʝʩʪʦ ʚʲʟʨʘʩʪʥʠʪʝ 

ʤʲʞʝ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʙʠʦʤʘʨʢʝʨʠ, ʢʦʠʪʦ ʜʘ ʩʘ ʧʦ-ʥʘʜʝʞʥʠ 

ʦʪ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ PSA, ʜʘ ʩʧʦʤʘʛʘʪ ʟʘ ʨʘʥʥʦ ʠ ʥʝʠʥʚʘʟʠʚʥʦ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ, 

ʦʛʨʘʥʠʯʘʚʘʡʢʠ ʙʨʦʷ ʥʘ ʥʝʥʫʞʥʠʪʝ ʙʠʦʧʩʠʠ, ʜʘ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʘʛʨʝʩʠʚʥʠ ʦʪ ʥʝʘʛʨʝʩʠʚʥʠ ʪʫʤʦʨʠ ʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʨʦʚʝʜʝʥʦ 

ʣʝʯʝʥʠʝ. 

ɺʲʧʨʝʢʠ ʥʘʧʨʝʜʲʢʘ ʚ ʥʘʫʢʘʪʘ ʝʪʠʦʣʦʛʠʷʪʘ ʥʘ ʈʇ ʥʝ ʝ ʥʘʧʲʣʥʦ ʠʟʩʷʩʥʝʥʘ. 

ɽʜʠʥʩʪʚʝʥʠʪʝ ʫʩʪʘʥʦʚʝʥʠ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ ʩʘ ʚʲʟʨʘʩʪʪʘ, ʝʪʥʦʩʘ ʠ ʬʘʤʠʣʥʘʪʘ ʠʩʪʦʨʠʷ. ʅʘ 

ʛʝʥʝʪʠʯʥʠʪʝ ʬʘʢʪʦʨʠ ʩʝ ʜʲʣʞʘʪ 42% ʦʪ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ, ʥʦ ʩʲʱʦ ʝ 

ʫʩʪʘʥʦʚʝʥʦ ʯʝ ʠ ʜʨʫʛʠ ʬʘʢʪʦʨʠ ʢʘʪʦ ʚʲʟʧʘʣʝʥʠʷʪʘ ʠ ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʜʠʝʪʘʪʘ, ʥʘʯʠʥʘ ʥʘ 

ʞʠʚʦʪ ʦʢʘʟʚʘʪ ʚʣʠʷʥʠʝ. ɺʩʝ ʦʱʝ ʥʝ ʝ ʠʟʷʩʥʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʪʷʭ. 

ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʘʥʜʨʦʛʝʥʠʪʝ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʥʝ ʩʘʤʦ ʟʘ ʥʦʨʤʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ 

ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ, ʥʦ ʩʲʱʦ ʪʘʢʘ ʫʯʘʩʪʚʘʪ ʠ ʚ ʧʨʦʩʪʘʪʥʘʪʘ ʢʘʨʮʠʥʦʛʝʥʝʟʘ. ɼʦʢʘʟʘʪʝʣʩʪʚʦ 

ʟʘ ʪʦʚʘ ʩʘ ʫʩʪʘʥʦʚʝʥʠʪʝ ʨʘʟʣʠʯʥʠ ʥʠʚʘ ʥʘ ʘʥʜʨʦʛʝʥʠʪʝ ʧʨʠ ʘʬʨʦ ʘʤʝʨʠʢʘʥʮʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ 

ʩ ʦʩʪʘʥʘʣʠʪʝ ʧʦʧʫʣʘʮʠʠ ʠ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʨʘʟʣʠʯʥʘ ʯʝʩʪʦʪʘ ʥʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪ ʦʪ ʈʇ. 

ʆʪʢʨʠʪʠ ʩʘ ʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʚ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʘʥʜʨʦʛʝʥʦʚʠʷ ʤʝʪʘʙʦʣʠʟʲʤ ʢʘʪʦ 

AR ʠ CYP1B1, ʢʦʠʪʦ ʤʦʜʠʬʠʮʠʨʘʪ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ. ʈʝʟʫʣʪʘʪʠʪʝ ʟʘ 

ʥʷʢʦʠ ʦʪ ʪʷʭ ʦʙʘʯʝ ʩʘ ʧʨʦʪʠʚʦʨʝʯʠʚʠ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʷʭʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ 

ʚ ʨʘʟʣʠʯʥʠ ʧʦʧʫʣʘʮʠʠ. 

ɽʧʠʜʝʤʠʦʣʦʛʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦʚʠʰʝʥʘʪʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʯʝʨʚʝʥʦ 

ʤʝʩʦ ʠ ʤʣʝʯʥʠ ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ ʩʘ ʛʣʘʚʥʠ ʠʟʪʦʯʥʠʮʠ ʥʘ ʨʘʟʢʣʦʥʝʥʠ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʥʠ, ʩʘ 

ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. ɺ ʧʦʜʢʨʝʧʘ ʥʘ ʪʦʚʘ ʝ ʦʪʢʨʠʪʦ, ʯʝ ʝʜʠʥ ʦʪ ʝʥʟʠʤʠʪʝ 

ʥʘʨʝʯʝʥ AMACR, ʫʯʘʩʪʚʘʱ ʚ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ, e ʩ ʧʦʚʠʰʝʥʘ ʝʢʩʧʨʝʩʠʷ ʚ 

ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʠ ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ ʥʝʛʦ ʤʦʜʠʬʠʮʠʨʘʪ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. 

ʇʦʚʠʰʝʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ AMACR ʚʦʜʠ ʜʦ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʩʚʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ, ʟʘ ʢʦʠʪʦ ʝ 

ʠʟʚʝʩʪʥʦ ʯʝ ʧʨʝʜʠʟʚʠʢʚʘʪ ʦʢʩʠʜʘʪʠʚʝʥ ʩʪʨʝʩ ʠ ɼʅʂ ʧʦʚʨʝʜʠ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ 

ʦʢʩʠʜʘʪʠʚʥʠʷʪ ʩʪʨʝʩ ʝ ʦʩʥʦʚʝʥ ʬʘʢʪʦʨ ʚ ʢʘʨʮʠʥʦʛʝʥʝʟʘʪʘ ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ. 

ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʛʦʣʝʤʠʪʝ ʘʩʦʮʠʘʪʠʚʥʠ ʧʨʦʫʯʚʘʥʠʷ (GWAS) ʩʘ ʦʪʢʨʠʪʠ ʥʘʜ 70 

ʭʨʦʤʦʟʦʤʥʠ ʣʦʢʫʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ ʢʘʪʦ ʪʝ ʦʙʷʩʥʷʚʘʪ ʦʢʦʣʦ 30% ʦʪ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ ʠ ʠʤʘʪ ʥʠʩʲʢ ʜʦ ʩʨʝʜʝʥ ʝʬʝʢʪ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʪʷʭʥʦʪʦ ʤʥʦʛʦʢʨʘʪʥʦ 

ʚʘʣʠʜʠʨʘʥʝ ʚ ʨʘʟʣʠʯʥʠ ʧʦʧʫʣʘʮʠʠ. ʇʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʘʩʦʮʠʠʨʘʥʠʪʝ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ 

ʩʝ ʥʘʤʠʨʘʪ ʚ ʠʟʚʲʥʛʝʥʥʠ ʦʙʣʘʩʪʠ ʥʘ ʛʝʥʦʤʘ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʟʘ ʜʘ ʩʝ ʨʘʟʙʝʨʘʪ ʪʦʯʥʠʪʝ 

ʤʝʭʘʥʠʟʤʠ, ʚʦʜʝʱʠ ʜʦ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʈʇ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʤʝʨʷʪ ʛʝʥʠʪʝ ʦʪʛʦʚʦʨʥʠ ʟʘ 

ʧʦʣʫʯʝʥʠʪʝ ʩʠʛʥʘʣʠ ʦʪ GWAS. ʊʦʚʘ ʙʠ ʩʧʦʤʦʛʥʘʣʦ ʟʘ ʧʦ-ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʥʠʷ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. 

ʇʨʦʩʪʘʪʥʘʪʘ ʢʘʨʮʠʥʦʛʝʥʝʟʘ ʩʝ ʩʲʧʲʪʩʪʚʘ ʦʪ ʤʥʦʞʝʩʪʚʦ ʛʝʥʝʪʠʯʥʠ, ʛʝʥʦʤʥʠ ʠ 

ʝʧʠʛʝʥʝʪʠʯʥʠ ʧʨʦʤʝʥʠ. ʅʷʢʦʠ ʦʪ ʪʝʟʠ ʧʨʦʤʝʥʠ ʩʝ ʠʟʩʣʝʜʚʘʪ ʢʘʪʦ ʧʦʪʝʥʮʠʘʣʥʠ 

ʜʠʘʛʥʦʩʪʠʯʥʠ ʠ ʧʨʦʛʥʦʩʪʠʯʥʠ ʙʠʦʤʘʨʢʝʨʠ. ʊʷʭʥʦʪʦ ʚʘʣʠʜʠʨʘʥʝ ʝ ʤʥʦʛʦ ʪʨʫʜʥʦ ʪʲʡ ʢʘʪʦ 

ʈʇ ʝ ʭʝʪʝʨʦʛʝʥʝʥ ʠ ʤʫʣʪʠʬʦʢʘʣʝʥ (ʤʫʣʪʠʣʦʢʫʩʝʥ), ʠ ʩʲʱʦ ʪʘʢʘ ʩʲʱʝʩʪʚʫʚʘʪ ʚʘʨʠʘʮʠʠ ʚ 

ʜʠʟʘʡʥʘ ʠ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʦʜʠ ʚ ʦʪʜʝʣʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ. ʆʩʦʙʝʥ ʠʥʪʝʨʝʩ ʦʙʘʯʝ 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʥʝʠʥʚʘʟʠʚʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʚ ʪʝʣʝʩʥʠ ʪʝʯʥʦʩʪʠ 

ʢʘʪʦ ʫʨʠʥʘ ʠ ʢʨʲʚ (ʧʣʘʟʤʘ/ʩʝʨʫʤ). ʊʝ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠ ʩ 

ʤʫʣʪʠʬʦʢʘʣʥʠ ʠ ʭʝʪʝʨʦʛʝʥʥʠ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ. ɹʠʦʤʘʨʢʝʨʠ ʠʟʩʣʝʜʚʘʥʠ ʚ ʪʝʣʝʩʥʠ 

ʪʝʯʥʦʩʪʠ ʧʨʠ ʈʇ ʩʘ ʥʘʧʨʠʤʝʨ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ, ʧʨʦʤʷʥʘʪʘ ʚ ʥʠʚʘʪʘ ʥʘ 

ʤʠʢʨʦʈʅʂ-ʠʪʝ (miRNAs) ʠ ʠʈʅʂ-ʠʪʝ (mRNAs). ʤʠʢʨʦʈʅʂ-ʠʪʝ ʠ CpG ʧʨʦʤʦʪʦʨʥʦʪʦ 



2 

 

ʤʝʪʠʣʠʨʘʥʝ ʩʘ ʯʘʩʪ ʦʪ ʝʧʠʛʝʥʝʪʠʯʥʠʷ ʤʝʭʘʥʠʟʲʤ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʛʝʥʠʪʝ, ʟʘ 

ʢʦʡʪʦ ʩʝ ʧʨʝʜʧʦʣʘʛʘ ʯʝ ʝ ʟʘʩʝʛʥʘʪ ʦʱʝ ʚ ʥʘʡ-ʨʘʥʥʠʪʝ ʝʪʘʧʠ ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʪʫʤʦʨʦʛʝʥʝʟʘ. 

ɽʜʠʥ ʦʪ ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠʪʝ ʙʠʦʘʤʘʨʢʝʨʠ ʠʥʪʝʥʟʠʚʥʦ ʠʟʩʣʝʜʚʘʥ ʧʨʠ ʈʇ ʝ 

GSTP1. CpG ʧʨʦʤʦʪʦʨʥʘʪʘ ʦʙʣʘʩʪ ʥʘ ʪʦʟʠ ʛʝʥ ʝ ʤʝʪʠʣʠʨʘʥʘ ʚʲʚ ʚʠʩʦʢ ʧʨʦʮʝʥʪ ʦʪ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʣʦʛʠʯʥʠ ʤʘʪʝʨʠʣʠ ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ, ʥʦ ʩʲʱʦ ʪʘʢʘ ʤʝʪʠʣʠʨʘʥʝ ʝ 

ʦʪʢʨʠʪʦ ʠ ʚ ʧʨʦʙʠ ʥʘ ʢʦʥʪʨʦʣʠ ʙʝʟ ʨʘʢ ʚ ʥʷʢʦʠ ʧʨʦʫʯʚʘʥʠʷ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʨʦʣʷʪʘ ʤʫ ʚ 

ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ ʥʝ ʝ ʥʘʧʲʣʥʦ ʠʟʷʩʥʝʥʘ. ʇʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʧʨʠ ʈʇ ʝ 

ʦʪʢʨʠʪʦ ʠ ʧʨʠ ʜʨʫʛʠ ʛʝʥʠ ʢʘʪʦ ʥʦʚʠ ʧʦʪʝʥʮʠʘʣʥʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʙʠʦʘʤʘʨʢʝʨʠ ʩʘ HIST1H4K 

ʠ RASSF2. ʀʥʪʝʥʟʠʚʥʦ ʩʝ ʠʟʩʣʝʜʚʘʪ ʠ ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʠʈʅʂ-ʠʪʝ. ɹʠʦʤʘʨʢʝʨʠʪʝ 

AMACR, PCA3, PSA, GOLPH2 ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʠʤʘʪ ʧʨʦʤʝʥʝʥʘ ʝʢʩʧʨʝʩʠʷ ʚ ʫʨʠʥʘ ʦʪ 

ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʚ ʨʝʜʠʮʘ ʧʨʦʫʯʚʘʥʠʷ, ʥʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʷʭʥʦʪʦ ʚʘʣʠʜʠʨʘʥʝ. 

ʆʙʝʱʘʚʘʱʠ ʙʠʦʤʘʨʢʝʨʠ ʩʘ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʪʲʡ ʢʘʪʦ ʪʝ ʬʫʥʢʮʠʦʥʠʨʘʪ ʢʘʪʦ 

ʪʫʤʦʨʩʫʧʨʝʩʦʨʠ ʠ ʦʥʢʦʛʝʥʠ ʠ ʩʘ ʦʩʦʙʝʥʦ ʩʪʘʙʠʣʥʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʪʝ ʙʠʦʤʘʨʢʝʨʠ. 

ʈʝʜʠʮʘ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ let-7c, miR-30c, miR-141 ʠ miR-375 

ʩʘ ʧʨʦʤʝʥʝʥʠ ʚ ʧʣʘʟʤʘ/ʩʝʨʫʤ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʢʦʥʪʨʦʣʠ. 

ɺ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ ʝ ʧʦʩʚʝʪʝʥ ʥʘ ʚʘʣʠʜʠʨʘʥʝ ʠ ʪʲʨʩʝʥʝ ʥʘ ʥʦʚʠ 

ʛʝʥʝʪʠʯʥʠ, ʝʧʠʛʝʥʝʪʠʯʥʠ ʠ ʝʢʩʧʨʝʩʠʦʥʥʠ ʙʠʦʤʘʨʢʝʨʠ ʩ ʧʦ-ʜʦʙʨʘ ʜʠʘʛʥʦʩʪʠʯʥʘ ʠ 

ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʫʪʚʲʨʜʝʥʠʪʝ ʢʲʤ ʤʦʤʝʥʪʘ ʩ ʮʝʣ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ 

ʩʢʨʠʥʠʥʛʘ ʠ ʨʘʥʥʦʪʦ ʦʪʢʨʠʚʘʥʝ ʥʘ ʈʇ ʚ ɹʲʣʛʘʨʠʷ. ʇʨʦʚʝʜʦʭʤʝ ʘʩʦʮʠʘʪʠʚʥʠ ʧʨʦʫʯʚʘʥʠʷ ʥʘ 

ʧʦʜʙʨʘʥʠ ʦʪ ʣʠʪʝʨʘʪʫʨʘʪʘ (ʚ ʛʝʥʠʪʝ AR, CYP1B1, AMACR ʠ ʪʘʢʠʚʘ ʦʪʢʨʠʪʠ ʦʪ GWAS), ʠ 

ʥʝʠʟʩʣʝʜʚʘʥʠ ʜʦ ʪʦʟʠ ʤʦʤʝʥʪ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ (ʚ ʭʨʦʤʦʟʦʤʥʠʷ ʣʦʢʫʩ 11p15). ɹʷʭʘ 

ʠʟʩʣʝʜʚʘʥʠ ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʠʈʅʂ ʠ ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠ ʙʠʦʤʘʨʢʝʨʠ ʚ 

ʫʨʠʥʘ, ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʧʣʘʟʤʘ, ʩ ʮʝʣ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʷʭʥʘʪʘ 

ʜʠʘʛʥʦʩʪʠʯʥʘ ʠ ʧʨʦʛʥʦʩʪʠʯʥʘ ʩʪʦʡʥʦʩʪ ʠ ʩʨʘʚʥʠʭʤʝ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩ ʪʝʟʠ 

ʜʦʢʣʘʜʚʘʥʠ ʦʪ ʜʨʫʛʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ. ʇʨʦʚʝʜʦʭʤʝ ʠ ʤʠʢʨʦʈʅʂ ʝʢʩʧʨʝʩʠʦʥʥʦ ʧʨʦʬʠʣʠʨʘʥʝ 

ʚ ʪʫʤʦʨʥʠ ʠ ʥʦʨʤʘʣʥʠ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ ʯʨʝʟ ʤʠʢʨʦʯʠʧʦʚʝ, ʟʘ ʜʘ ʦʪʢʨʠʝʤ ʥʦʚʠ 

ʧʦʪʝʥʮʠʘʣʥʠ ʙʠʦʘʤʘʨʢʝʨʠ ʧʨʠ ʈʇ.  
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1. ʃʀʊɽʈɸʊʋʈɽʅ ʆɹɿʆʈ 

1.1. ɽʇʀɼɽʄʀʆʃʆɻʀʗ 

ʈʘʢʲʪ ʥʘ ʧʨʦʩʪʘʪʘʪʘ (ʈʇ) ʩʝ ʨʘʟʚʠʚʘ ʚ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ. Tʦʡ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʡ-

ʯʝʩʪʦ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʦʪʦ ʤʘʣʠʛʥʝʥʦ ʟʘʙʦʣʷʚʘʥʝ ʠ ʩʝ ʥʘʨʝʞʜʘ ʥʘ ʚʪʦʨʦ ʤʷʩʪʦ ʧʦ 

ʩʤʲʨʪʥʦʩʪ ʧʦʨʘʜʠ ʨʘʢ ʧʨʠ ʤʲʞʝʪʝ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ [2]. ʈʇ ʝ ʭʝʪʝʨʦʛʝʥʥʦ 

ʟʘʙʦʣʷʚʘʥʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʧʨʦʪʝʯʝ ʘʩʠʤʧʪʦʤʘʪʠʯʥʦ ʠʣʠ ʜʘ ʩʝ ʨʘʟʚʠʝ ʙʲʨʟʦ ʠ ʘʛʨʝʩʠʚʥʦ 

[3]. ɺ ɽʚʨʦʧʘ ʥʝʛʦʚʘʪʘ ʯʝʩʪʦʪʘʪʘ ʝ 214 ʩʣʫʯʘʷ ʥʘ 1000 ʤʲʞʝ. ɿʘʩʷʛʘ ʧʦ-ʯʝʩʪʦ ʚʲʟʨʘʩʪʥʠ 

ʤʲʞʝ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʝ ʦʩʥʦʚʝʥ ʟʜʨʘʚʝʥ ʧʨʦʙʣʝʤ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ. ʋʩʪʘʥʦʚʝʥʦ ʝ, 

ʯʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 15% ʦʪ ʦʥʢʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ ʧʨʠ ʤʲʞʝʪʝ ʚ ʨʘʟʚʠʪʠʪʝ ʩʪʨʘʥʠ ʠ 

ʦʢʦʣʦ 4% ʚ ʨʘʟʚʠʚʘʱʠʪʝ ʩʝ ʩʪʨʘʥʠ ʩʝ ʜʲʣʞʘʪ ʥʘ ʈʇ [4]. ʉʲʱʝʩʪʚʫʚʘʪ ʝʪʥʠʯʝʩʢʠ ʨʘʟʣʠʯʠʷ ʚ 

ʯʝʩʪʦʪʘʪʘ ʥʘ ʪʦʟʠ ʪʠʧ ʨʘʢ: ʥʘʡ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ e ʥʘʙʣʶʜʘʚʘʥʘ ʧʨʠ ʘʬʨʦʘʤʝʨʠʢʘʥʮʠʪʝ ʚ 

ʉɸʑ, ʥʘʡ-ʥʠʩʢʘ ʯʝʩʪʦʪʘ ʚ ɸʟʠʷ (ʌʠʛʫʨʘ 1.1) [5]. ʇʨʦʛʥʦʟʠʨʘʥʘʪʘ ʩʤʲʨʪʥʦʩʪ ʚ ɽʚʨʦʧʘ 

ʧʦʨʘʜʠ ʈʇ ʧʨʠ ʤʲʞʝʪʝ ʟʘ 2014 ʛ. ʝ 10.2/100000 ʠʣʠ ʦʙʱʦ 70 000 ʩʤʲʨʪʥʠ ʩʣʫʯʘʷ ʦʪ ʚʩʠʯʢʠ 

ʤʘʣʠʛʥʝʥʠ ʟʘʙʦʣʷʚʘʥʠʷ [6]. 

 

 
ʌʠʛʫʨʘ 1.1. ɿʘʙʦʣʝʚʘʝʤʦʩʪ ʦʪ ʈʇ ʚ ʩʚʝʪʘ. 

 

 

ʌʠʛʫʨʘ 1.2. ʇʨʦʮʝʥʪʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʥʘʡ-ʯʝʩʪʠʪʠʪʝ 

ʟʣʦʢʘʯʝʩʪʚʝʥʠ ʟʘʙʦʣʷʚʘʥʠʷ (ʙʝʟ 

ʥʝʤʝʣʘʥʦʤʥʠ ʢʦʞʥʠ ʪʫʤʦʨʠ) ʧʨʠ 

ʤʲʞʝʪʝ ʚ ɹʲʣʛʘʨʠʷ ʟʘ 2012ʛ [1] 
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.  
 

ɺ ɹʲʣʛʘʨʠʷ ʥʦʚʠʪʝ ʩʣʫʯʘʠ ʥʘ ʈʇ ʟʘ 2012 ʛʦʜʠʥʘ ʩʘ 2946 (82.9 ʥʘ 100 000) ʠ ʪʦʚʘ 

ʧʨʝʜʩʪʘʚʣʷʚʘ 17% ʦʪ ʚʩʠʯʢʠ ʤʘʣʠʛʥʝʥʠ ʟʘʙʦʣʷʚʘʥʠʷ (ʌʠʛʫʨʘ 1.2). ʅʘ ʥʝʛʦ ʩʝ ʜʲʣʞʠ 9.3% 

(26.3 ʥʘ 100 000) ʦʪ ʩʤʲʨʪʥʦʩʪʪʘ ʧʦʨʘʜʠ ʨʘʢ. ʊʦʚʘ ʥʘʨʝʞʜʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʥʘ ʚʪʦʨʦ ʤʷʩʪʦ ʧʦ 

ʯʝʩʪʦʪʘ ʠ ʧʦ ʩʤʲʨʪʥʦʩʪ ʩʨʝʜ ʤʲʞʝʪʝ (ʌʠʛʫʨʘ 1.3). ʆʯʘʢʚʘʥʠʷʪ ʙʨʦʡ ʥʦʚʠ ʩʣʫʯʘʠ ʥʘ ʈʇ ʟʘ 

2015 ʛ. ʝ 2783 [1]. 

 

1.2. ɸʅɸʊʆʄʀʗ ʀ ʇɸʊʆʌʀɿʀʆʃʆɻʀʗ 

ʇʨʦʩʪʘʪʘʪʘ ʧʦʜʧʦʤʘʛʘ ʧʨʦʜʫʢʮʠʷʪʘ ʠ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʩʝʤʝʥʥʘʪʘ ʪʝʯʥʦʩʪ. ʅʘʤʠʨʘ 

ʩʝ ʚ ʧʝʣʚʠʩʘ ʧʦʜ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ ʠ ʧʨʝʜ ʨʝʢʪʫʤʘ, ʦʙʛʨʘʞʜʘ ʯʘʩʪ ʦʪ ʫʨʝʪʨʘʪʘ (ʌʠʛʫʨʘ 4) 

(ɽ1). ʊʷ ʝ ʩʚʲʨʟʘʥʘ ʩʲʩ ʩʝʤʝʥʥʠʪʝ ʪʦʨʙʠʯʢʠ. ʊʝ ʧʨʦʠʟʚʝʞʜʘʪ ʪʝʯʥʦʩʪ, ʢʦʷʪʦ ʩʝ ʩʣʠʚʘ ʩ 

ʧʨʦʩʪʘʪʥʠʷ ʩʝʢʨʝʪ ʠ ʪʘʢʘ ʩʝ ʬʦʨʤʠʨʘ ʩʧʝʨʤʘ, ʚ ʢʦʷʪʦ ʩʝ ʧʨʝʥʘʩʷʪ ʩʧʝʨʤʘʪʦʟʦʠʜʠʪʝ (ɽ2). 

ʇʨʦʩʪʘʪʘʪʘ ʩʲʜʲʨʞʘ ʤʥʦʛʦ ʤʘʣʢʠ ʞʣʝʟʠ (ʌʠʛʫʨʘ 5) ʠ ʢʣʝʪʢʠʪʝ ʡ ʩʠʥʪʝʟʠʨʘʪ ʧʨʦʩʪʘʪʥʦ 

ʩʧʝʮʠʬʠʯʝʥ ʘʥʪʠʛʝʥ (PSA)- ʧʨʦʪʝʘʟʘ, ʢʦʷʪʦ ʚʪʝʯʥʷʚʘ ʩʧʝʨʤʘʪʘ. (ɽ3).  

 

 
ʌʠʛʫʨʘ 1.4. ʈʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʧʨʦʩʪʘʪʘʪʘ. 

 

ʌʠʛʫʨʘ 1.3. ʇʨʦʮʝʥʪʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʥʘʡ-ʯʝʩʪʠʪʝ 

ʧʨʠʯʠʥʠ ʟʘ ʩʤʲʨʪ ʦʪ 

ʟʣʦʢʘʯʝʩʪʚʝʥʠ ʟʘʙʦʣʷʚʘʥʠʷ (ʙʝʟ 

ʥʝʤʝʣʘʥʦʤʥʠ ʢʦʞʥʠ ʪʫʤʦʨʠ) ʧʨʠ 

ʤʲʞʝʪʝ ʚ ɹʲʣʛʘʨʠʷ ʟʘ 2012ʛ [1] 
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ʊʨʠ ʩʘ ʥʘʡ-ʯʝʩʪʠʪʝ ʧʨʦʩʪʘʪʥʠ ʧʨʦʤʝʥʠ: ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ ʭʠʧʝʨʧʣʘʟʠʷ (ʥʝ 

ʤʘʣʠʛʥʝʥʦ ʫʛʦʣʝʤʷʚʘʥʝ ʥʘ ʧʨʦʩʪʘʪʘʪʘ, ʯʘʩʪ ʦʪ ʥʦʨʤʘʣʥʠʷ ʧʨʦʮʝʩ ʥʘ ʦʩʪʘʨʷʚʘʥʝ ʧʨʠ 

ʤʲʞʝʪʝ), ʧʨʦʩʪʘʪʠʪʠʩ (ʚʲʟʧʘʣʝʥʠʝ ʥʘ ʧʨʦʩʪʘʪʘʪʘ, ʧʦʥʷʢʦʛʘ ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʪ ʠʥʬʝʢʮʠʷ) ʠ 

ʨʘʢ (ɽ4,ɽ5). 

ʈʘʟʚʠʪʘʪʘ ʧʨʦʩʪʘʪʥʘ ʞʣʝʟʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʣʫʤʠʥʘʣʥʠ ʠ ʙʘʟʘʣʥʠ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ 

ʟʘʦʙʠʢʦʣʝʥʠ ʦʪ ʩʪʨʦʤʘ (ʌʠʛʫʨʘ 1.5). ʃʫʤʠʥʘʣʥʠʪʝ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ ʩʘ ʧʦʣʷʨʠʟʠʨʘʥʠ, 

ʦʙʛʨʘʞʜʘʱʠ ʧʨʦʩʪʘʪʥʠʷ ʣʫʤʝʥ, ʘ ʙʘʟʘʣʥʠʪʝ ʢʣʝʪʢʠ ʩʘ ʫʜʲʣʞʝʥʠ ʠ ʨʘʟʜʝʣʷʪ ʣʫʤʝʥʘ ʦʪ 

ʩʪʨʦʤʘʪʘ. ʊʝʟʠ ʢʣʝʪʢʠ ʩʝ ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʠ ʢʣʝʪʲʯʥʠ ʤʘʨʢʝʨʠ. 

ʃʫʤʠʥʘʣʥʠʪʝ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ ʝʢʩʧʨʝʩʠʨʘʪ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ AR (ʘʥʜʨʦʛʝʥ ʨʝʮʝʧʪʦʨ) ʠ ʩʘ 

ʧʦʟʠʪʠʚʥʠ ʟʘ ʮʠʪʦʢʝʨʘʪʠʥʠ 8 ʠ 18, CD57 ʠ NKX3.1. ɹʘʟʘʣʥʠʪʝ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ 

ʝʢʩʧʨʝʩʠʨʘʪ ʥʠʩʢʠ ʥʠʚʘ ʥʘ AR ʠ ʩʘ ʧʦʟʠʪʠʚʥʠ ʟʘ ʮʠʪʦʢʝʨʘʪʠʥʠ 5 ʠ 14, p63, CD44 ʠ GSTP1. 

ʉʨʝʱʘʪ ʩʝ ʠ ʥʝʚʨʦʝʥʜʦʢʨʠʥʥʠ ʢʣʝʪʢʠ, ʢʦʠʪʦ ʩʘ AR-ʥʝʛʘʪʠʚʥʠ, ʧʦʩʪ-ʤʠʪʦʪʠʯʥʠ ʠ 

ʩʝʢʨʝʪʠʨʘʪ ʥʝʚʨʦʧʝʧʪʠʜʠ ʠ ʨʘʩʪʝʞʥʠ ʬʘʢʪʦʨʠ, ʥʝʦʙʭʦʜʠʤʠ ʥʘ ʣʫʤʠʥʘʣʥʠʪʝ ʢʣʝʪʢʠ. 

ʉʪʨʦʤʘʪʘ ʠʤʘ ʧʦʪʝʥʮʠʘʣʥʘ ʨʦʣʷ ʚ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʭʦʤʝʦʩʪʘʟʘ ʥʘ ʝʧʠʪʝʣʥʠʪʝ ʢʣʝʪʢʠ ʠ ʚ 

ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʈʇ [7].  

 
 

ʌʠʛʫʨʘ 1.5. ʉʪʨʫʢʪʫʨʘ ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ. 

 

ʇʦʚʝʯʝ ʦʪ 95% ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʩʘ ʘʜʝʥʦʢʘʨʮʠʥʦʤʠ. ʆʪ ʪʷʭ 70% ʩʝ 

ʧʦʷʚʷʚʘʪ ʚ ʧʝʨʠʬʝʨʥʘʪʘ ʟʦʥʘ, 15-20% ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʟʦʥʘ, ʠ 10-15% ʚ 

ʪʨʘʥʟʠʮʠʦʥʥʘʪʘ ʟʦʥʘ (ɽ6). 

 

 
 

ʌʠʛʫʨʘ 1.6. ɿʦʥʠ ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ. 
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1.3. ɼʀɸɻʅʆɿɸ 

ɼʠʘʛʥʦʟʘʪʘ ʈʇ ʩʝ ʧʦʩʪʘʚʷ ʩʣʝʜ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ ʤʘʨʢʝʨʘ PSA, 

ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ (Digital Rectal Examination ï DRE) ʠ 

ʭʠʩʪʦʧʘʪʦʣʦʛʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʫʣʪʨʘʟʚʫʢʦʚʘ ʥʘʩʦʯʚʘʥʘ (Transrectal Ultrasound 

TRUS) ʧʨʦʩʪʘʪʥʘ ʙʠʦʧʩʠʷ. ʂʦʣʢʦʪʦ ʧʦ-ʚʠʩʦʢʠ ʩʘ ʥʠʚʘʪʘ ʥʘ PSA, ʪʦʣʢʦʚʘ ʧʦ-ʚʝʨʦʷʪʥʦ ʝ 

ʜʘ ʠʤʘ ʨʘʟʚʠʪ ʧʨʦʩʪʘʪʝʥ ʘʜʝʥʦʢʘʨʮʠʥʦʤ [4]. ʄʥʦʛʦ ʤʲʞʝ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʈʇ ʧʨʠ ʥʦʨʤʘʣʥʠ 

ʩʪʦʡʥʦʩʪʠ ʥʘ PSA ʠ ʪʦʚʘ ʝ ʧʦʢʘʟʘʥʦ ʚ ʝʜʥʦ ʧʨʦʫʯʚʘʥʝ ʟʘ ʧʨʝʚʝʥʮʠʷ ʥʘ ʈʇ ʥʘ Thomson ʠ 

ʩʲʘʚʪʦʨʠ. ʊʘʙʣʠʮʘ 1.1 ʧʦʢʘʟʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩʧʦʨʝʜ ʩʪʦʡʥʦʩʪʠ ʥʘ PSA ʧʨʠ 2950 

ʤʲʞʝ ʦʪ ʧʣʘʮʝʙʦ ʨʘʤʦʪʦ ʚ ʪʦʚʘ ʧʨʦʫʯʚʘʥʝ [8].  

 

ʊʘʙʣʠʮʘ 1.1. ʈʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʥʠʩʢʠ ʩʝʨʫʤʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ 

PSA [9].  

PSA ʩʪʦʡʥʦʩʪ, ng/ml ʈʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ, % 

0-0.5 6.6 

0.6-1 10.1 

1.1-2 17.0 

2.1-3 23.9 

3.1-4 26.9 

PSA- ʧʨʦʩʪʘʪʥʦ ʩʧʝʮʠʬʠʯʝʥ ʘʥʪʠʛʝʥ; ʈʇ- ʨʘʢ ʥʘ ʧʨʦʩʪʘʪʘʪʘ 

 

PSA ʝ ʝʥʟʠʤ, ʯʘʩʪ ʦʪ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʢʘʣʠʢʨʝʠʥʠʪʝ, ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ ʢʘʣʠʢʨʝʠʥ 

ʩʚʲʨʟʘʥʘ ʧʝʧʪʠʜʘʟʘ 3 (KLK 3) [10]. ʉʠʥʪʝʟʠʨʘ ʩʝ ʚʲʚ ʚʠʩʦʢʠ ʥʠʚʘ ʦʪ ʥʦʨʤʘʣʥʠ ʠ ʤʘʣʠʛʥʝʥʠ 

ʧʨʦʩʪʘʪʥʠ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ ʠ ʧʨʠ ʧʘʪʦʣʦʛʠʯʥʠ ʩʲʩʪʦʷʥʠʷ ʢʘʪʦ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʩʝʢʨʝʪʠʨʘ ʚ 

ʠʟʚʲʥʢʣʝʪʲʯʥʠʪʝ ʢʦʤʧʘʨʪʤʝʥʪʠ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʪʦʡ ʝ ʦʩʥʦʚʥʠʷʪ ʙʠʦʤʘʨʢʝʨ, ʢʦʡʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ ʈʇ. ʆʜʦʙʨʝʥ ʝ ʦʪ FDA (US Food and Drug 

Administration) ʧʨʝʟ 1986 [11]. ʉʝʨʫʤʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ PSA ʩʲʱʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʦʪʢʨʠʚʘʥʝ ʥʘ ʨʝʮʠʜʠʚʠ ʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʦʪʛʦʚʦʨ ʢʲʤ ʪʝʨʘʧʠʷ ʧʨʠ ʥʝʦʧʝʨʘʪʠʚʥʠ ʠ 

ʤʝʪʘʩʪʘʪʠʯʥʠ ʪʫʤʦʨʠ [12], ʥʦ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ 

ʘʛʨʝʩʠʚʥʠʪʝ ʦʪ ʥʝʘʛʨʝʩʠʚʥʠʪʝ ʢʘʨʮʠʥʦʤʠ ʪʲʡ ʢʘʪʦ ʠ ʥʘʧʨʝʜʥʘʣʠʪʝ ʧʨʦʩʪʘʪʥʠ ʢʘʨʮʠʥʦʤʠ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʩʦʮʠʠʨʘʥʠ ʩ ʤʥʦʛʦ ʥʠʩʢʠ ʠʣʠ ʥʦʨʤʘʣʥʠ PSA ʥʠʚʘ [13].  

ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʜʠʮʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ PSA ʪʝʩʪʘ ʟʘ ʩʢʨʠʥʠʨʘʥʝ 

ʥʘ ʈʇ. ʆʩʥʦʚʥʠʷʪ ʥʝʜʦʩʪʘʪʲʢ ʝ, ʯʝ ʪʝʩʪʲʪ ʤʦʞʝ ʜʘ ʜʘʜʝ ʬʘʣʰʠʚʦ ʧʦʣʦʞʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ. 

ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʤʲʞʝʪʝ ʩ ʧʦʚʠʰʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ PSA (ʥʘʜ 4.0 ng/mL) ʥʷʤʘʪ ʈʇ ʠ ʩʘʤʦ 

25% ʦʪ ʧʘʮʠʝʥʪʠʪʝ, ʧʦʜʣʦʞʝʥʠ ʥʘ ʧʨʦʩʪʘʪʥʘ ʙʠʦʧʩʠʷ ʧʦʨʘʜʠ ʧʦʚʠʰʝʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ PSA, 

ʠʤʘʪ ʢʘʨʮʠʥʦʤ (ɽ7). ʅʘʜʝʞʜʥʦʩʪʪʘ ʥʘ PSA ʪʝʩʪʘ ʟʘ ʩʢʨʠʥʠʨʘʥʝ ʥʘ ʈʇ ʚʘʨʠʨʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʙʨʘʥʠʪʝ ʛʨʘʥʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʙʠʦʤʘʨʢʝʨʘ, ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʠ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʩʝ ʤʝʥʷʪ ʦʪ 20 ʜʦ 40% ʠ ʦʪ 70 ʜʦ 90%, ʩʲʦʪʚʝʪʥʦ. ʇʣʦʱʪʘ ʧʦʜ ʢʨʠʚʘʪʘ 

(AUC - area under the curve) ʧʨʠ ROC (receiver operating characteristic) curve ʘʥʘʣʠʟʘ ʚʘʨʠʨʘ 

ʦʪ 0.55 ʜʦ 0.70 ʠ ʧʦʢʘʟʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ PSA ʜʘ ʠʜʝʥʪʠʬʠʮʠʨʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ [14]. 

ʉʪʦʡʥʦʩʪʠ ʥʘ AUC ʙʣʠʟʢʠ ʜʦ 1 ʩʘ ʥʘ ʙʠʦʤʘʨʢʝʨʠ, ʢʦʠʪʦ ʩʘ ʧʝʨʬʝʢʪʥʠ ʜʠʩʢʨʠʤʠʥʘʪʦʨʠ. 

ʇʦʨʘʜʠ ʚʠʩʦʢʠʷ ʧʨʦʮʝʥʪ ʥʘ ʬʘʣʰʠʚʦ ʧʦʣʦʞʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ, PSA ʩʢʨʠʥʠʥʛʲʪ ʧʦʢʘʟʚʘ 

ʩʘʤʦ 25-40% ʧʦʣʦʞʠʪʝʣʥʘ ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ [15]. ɽʜʥʘ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ 

ʥʠʩʢʘʪʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʝ, ʯʝ PSA ʤʦʞʝ ʜʘ ʩʝ ʧʦʚʠʰʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʨʘʟʣʠʯʥʠ 

ʥʝʢʘʥʮʝʨʦʛʝʥʥʠ ʩʲʩʪʦʷʥʠʷ ʢʘʪʦ ʠʥʬʝʢʮʠʠ, ʪʨʘʚʤʠ ʠ ɼʇʍ [16, 17]. ʅʷʢʦʠ ʤʝʜʠʢʘʤʝʥʪʠ 

(ʥʘʧʨʠʤʝʨ ʬʠʥʘʩʪʝʨʠʜ), ʝʷʢʫʣʘʮʠʷʪʘ ʠ ʧʨʦʩʪʘʪʥʠʪʝ ʤʘʥʠʧʫʣʘʮʠʠ (ʢʘʪʦ ʢʘʪʝʪʲʨʠʟʘʮʠʷ, 

ʮʠʩʪʦʩʢʦʧʠʷ, ʧʨʦʩʪʘʪʝʥ ʤʘʩʘʞ) ʤʦʛʘʪ ʜʘ ʧʦʚʣʠʷʷʪ PSA ʩʪʦʡʥʦʩʪʠʪʝ [11]. PSA ʝ ʧʨʦʩʪʘʪʥʦ 

ʩʧʝʮʠʬʠʯʝʥ ʙʠʦʤʘʨʢʝʨ, ʥʦ ʥʝ ʝ ʨʘʢʦʚʦ ʩʧʝʮʠʬʠʯʝʥ. ʇʨʦʫʯʚʘʥʝʪʦ PLCO - Prostate, Lung, 
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Colorectal and Ovarian Cancer Screening Trial (ʉʢʨʠʥʠʨʘʱʦ ʧʨʦʫʯʚʘʥʝ ʥʘ ʨʘʢʘ ʥʘ 

ʧʨʦʩʪʘʪʘʪʘ, ʨʘʢʘ ʥʘ ʙʝʣʠʷ ʜʨʦʙ, ʥʘ ʢʦʣʦʨʝʢʪʘʣʥʠʷ ʠ ʦʚʘʨʠʘʣʝʥ ʢʘʨʮʠʥʦʤ) ʧʦʢʘʟʚʘ ʯʝ PSA 

ʩʢʨʠʥʠʥʛʲʪ ʥʝ ʚʦʜʠ ʜʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʩʤʲʨʪʥʦʩʪʪʘ ʧʦʨʘʜʠ ʈʇ [18], ʥʦ ʜʨʫʛʠ ʜʚʝ 

ʧʨʦʫʯʚʘʥʠʷ [19, 20] ʧʦʢʘʟʚʘʪ, ʯʝ ʪʦʡ ʨʝʜʫʮʠʨʘ ʩʤʲʨʪʥʦʩʪʪʘ.  

 

1.4. ʂʃɸʉʀʌʀʂɸʎʀʗ 

ɺʘʞʥʘ ʯʘʩʪ ʚ ʦʮʝʥʷʚʘʥʝʪʦ ʥʘ ʈʇ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʪʘʜʠʷ ʠʣʠ ʜʦ ʢʦʣʢʦ ʨʘʢʲʪ ʩʝ ʝ 

ʨʘʟʧʨʦʩʪʨʷʣ. ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʩʪʘʜʠʷ ʫʣʝʩʥʷʚʘ ʧʨʦʛʥʦʟʘʪʘ ʠ ʧʦʜʧʦʤʘʛʘ ʠʟʙʦʨʘ ʥʘ ʪʝʨʘʧʠʷ 

(ɽ8). 

TNM (Tumor/Nodes/Metastases) ʩʠʩʪʝʤʘʪʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʝ ʚʲʟʧʨʠʝʪʘ ʟʘ ʚʩʠʯʢʠ 

ʚʠʜʦʚʝ ʨʘʢ ʠ ʝ ʦʩʥʦʚʥʘ. ʅʝʡʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚʢʣʶʯʚʘʪ ʨʘʟʤʝʨʘ ʥʘ ʪʫʤʦʨʘ, ʙʨʦʷ ʥʘ 

ʟʘʩʝʛʥʘʪʠʪʝ ʣʠʤʬʥʠ ʚʲʟʣʠ ʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʤʝʪʘʩʪʘʟʠ [21]. ʉʠʩʪʝʤʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ, 

ʚʲʟʧʨʠʝʪʘ ʩʘʤʦ ʟʘ ʈʇ, ʝ Gleason score - ʪʦʡ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʧʘʪʦʬʠʟʠʦʣʦʟʠʪʝ ʧʨʠ 

ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʤʠʢʨʦʩʢʦʧʩʢʠ ʩʨʝʟʠ ʩʣʝʜ ʙʠʦʧʩʠʷ (ʌʠʛʫʨʘ 1.7). Gleason score ʚʘʨʠʨʘ 

ʤʝʞʜʫ 2-10 ʠ ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ ʩʪʝʧʝʥʪʘ ʥʘ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʘʢʦʚʠʪʝ ʠ ʥʦʨʤʘʣʥʠʪʝ ʢʣʝʪʢʠ, 

ʢʘʢʪʦ ʠ ʟʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʤʝʪʘʩʪʘʟʠʨʘʥʝ (ɽ9). ʉʧʦʨʝʜ ʩʝʛʘʰʥʘʪʘ ʤʝʞʜʫʥʘʨʦʜʥʘ 

ʢʦʥʚʝʥʮʠʷ Gleason score ʥʘ ʦʪʢʨʠʪʠʪʝ ʪʫʤʦʨʠ ʚ ʧʨʦʩʪʘʪʥʠʪʝ ʙʠʦʧʩʠʠ ʝ ʤʦʜʠʬʠʮʠʨʘʥ ʠ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʙʦʨ ʦʪ Gleason grade (ʩʪʘʜʠʡ) ʥʘ ʜʦʤʠʥʘʥʪʥʠʷ (ʥʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʷ, ʥʘʡ-

ʨʘʟʧʨʦʩʪʨʘʥʝʥ) ʢʘʨʮʠʥʦʤ ʠ ʥʘʡ-ʚʠʩʦʢʠʷ ʥʘʙʣʶʜʘʚʘʥ Gleason ʩʪʘʜʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʥʝʛʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ - ʥʝ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʘʚʠʣʦʪʦ ʟʘ 5%. ʇʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ Gleason 

score ʥʘ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘʪʘ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʪʫʤʦʨʥʠ 

ʩʪʘʜʠʷ, ʥʦ ʘʢʦ ʩʲʱʝʩʪʚʫʚʘ ʠ ʪʨʝʪʠ ʩʪʘʜʠʡ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʦʡ ʩʲʱʦ ʜʘ ʩʝ ʜʦʢʣʘʜʚʘ [4].  

 
ʌʠʛʫʨʘ 1.7. Gleason grade ʩʠʩʪʝʤʘʪʘ ʧʨʠ ʈʇ [22]. 

 

ʇʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʥʘ ʥʠʩʢʦ- ʩʨʝʜʥʦ- ʠ ʚʠʩʦʢʦ- 

ʨʠʩʢʦʚʠ. ʊʦʚʘ ʛʨʫʧʠʨʘʥʝ ʧʲʨʚʦʥʘʯʘʣʥʦ ʝ ʙʠʣʦ ʧʨʝʜʣʦʞʝʥʦ ʦʪ DôAmico ʠ ʥʝʛʦʚʠ ʢʦʣʝʛʠ ʠ ʝ 

ʦʜʦʙʨʝʥʦ ʦʪ National Comprehensive Cancer Network (NCCN) ʠ American Urologic 

Association (AUA) [23]. ʅʠʩʢʦ ʨʠʩʢʦʚʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʠʤʘʪ Gleason score 6 ʧʨʠ 

ʧʨʦʩʪʘʪʥʘ ʙʠʦʧʩʠʷ, ʢʣʠʥʠʯʥʠ ʩʪʘʜʠʠ T1a, T1c, ʠʣʠ T2a ʠ PSA < 10 ng/mL. ʇʨʦʩʪʘʪʥʠʪʝ 

ʪʫʤʦʨʠ ʩ ʤʝʞʜʠʥʝʥ ʨʠʩʢ ʤʦʛʘʪ ʜʘ ʠʤʘʪ Gleason score 7, ʠʣʠ PSA ʤʝʞʜʫ 10-20 ng/mL, ʠʣʠ 

ʢʣʠʥʠʯʝʥ ʩʪʘʜʠʡ T2b ʠʣʠ T2c. ɺʠʩʦʢʦ ʨʠʩʢʦʚʠʪʝ ʣʦʢʘʣʠʟʠʨʘʥʠ ʢʘʨʮʠʥʦʤʠ ʧʨʠʪʝʞʘʚʘʪ 

ʝʜʥʘ ʦʪ ʩʣʝʜʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: Gleason score ʤʝʞʜʫ 8 ʠ 10, PSA ʩʪʦʡʥʦʩʪʠ >20 ng/mL 
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ʠʣʠ ʢʣʠʥʠʯʝʥ ʩʪʘʜʠʡ T3a. ʇʘʮʠʝʥʪʠʪʝ ʩ T3b ʠʣʠ T4 ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʣʦʢʘʣʥʦ 

ʘʚʘʥʩʠʨʘʣʠ ʪʫʤʦʨʠ [23].  

 

1.5. ʈʀʉʂʆɺʀ ʌɸʂʊʆʈʀ 

ʇʨʦʩʪʘʪʥʠʷʪ ʢʘʨʮʠʥʦʤ ʧʨʝʜʩʪʘʚʣʷʚʘ ʛʦʣʷʤ ʧʨʦʙʣʝʤ ʟʘ ʟʜʨʘʚʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʚʲʧʨʝʢʠ 

ʥʘʧʨʝʜʲʢʘ ʚ ʥʘʫʢʘʪʘ, ʝʪʠʣʦʛʠʷʪʘ ʥʘ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ ʚʩʝ ʦʱʝ ʥʝ ʝ ʥʘʧʲʣʥʦ ʠʟʷʩʥʝʥʘ. 

ɽʜʠʥʩʪʚʝʥʠʪʝ ʫʩʪʘʥʦʚʝʥʠ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ ʩʘ ʚʲʟʨʘʩʪʪʘ, ʝʪʥʦʩʘ ʠ ʬʘʤʠʣʥʘʪʘ 

ʠʩʪʦʨʠʷ [24]. ʈʠʩʢʲʪ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩʝ ʧʦʚʠʰʘʚʘ ʟʥʘʯʠʪʝʣʥʦ ʩʣʝʜ 50 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ. 

ʉʘʤʦ 1 ʥʘ 10 000 ʤʲʞʝ ʧʦʜ 40 ʛʦʜʠʥʠ ʩʝ ʜʠʘʛʥʦʩʪʠʮʠʨʘ ʩ ʈʇ, ʥʦ ʯʝʩʪʦʪʘʪʘ ʩʝ ʧʦʚʠʰʘʚʘ ʥʘ 

1 ʥʘ 38 ʧʨʠ ʚʲʟʨʘʩʪ ʦʪ 40 ʜʦ 59, ʠ 1 ʥʘ 14 ʧʨʠ ʚʲʟʨʘʩʪ 60-69 ʛʦʜʠʥʠ. ʇʦʚʝʯʝ ʦʪ 65% ʦʪ 

ʚʩʠʯʢʠ ʩʣʫʯʘʠ ʥʘ ʈʇ ʩʝ ʜʠʘʛʥʦʩʪʠʮʠʨʘʪ ʧʨʠ ʤʲʞʝ ʥʘʜ 65 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ. ɺ ʉɸʑ 

ʩʨʝʜʥʘʪʘ ʚʲʟʨʘʩʪ, ʧʨʠ ʢʦʷʪʦ ʩʝ ʜʠʘʛʥʦʩʪʠʮʠʨʘ ʈʇ ʝ 69. ʉʣʝʜ ʪʘʟʠ ʚʲʟʨʘʩʪ ʨʠʩʢʲʪ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩʪʘʚʘ ʧʦ-ʚʠʩʦʢ ʦʪ ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʦʥʢʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʧʨʠ ʤʲʞʝʪʝ ʠʣʠ 

ʞʝʥʠʪʝ (ɽ10,ɽ11).  

ʅʘ ʛʝʥʝʪʠʯʥʠʪʝ ʬʘʢʪʦʨʠ ʩʝ ʜʲʣʞʘʪ 42% ʦʪ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ [25]. ɸʢʦ 

ʝʜʠʥ ʨʦʜʩʪʚʝʥʠʢ ʦʪ ʧʲʨʚʘ ʣʠʥʠʷ ʠʤʘ ʈʇ, ʪʦ ʨʠʩʢʲʪ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ ʝ ʧʦʥʝ 

ʜʚʦʝʥ. ɸʢʦ ʩʘ ʟʘʩʝʛʥʘʪʠ ʜʚʘʤʘ ʠʣʠ ʧʦʚʝʯʝ ʨʦʜʥʠʥʠ ʦʪ ʧʲʨʚʘ ʣʠʥʠʷ, ʪʦ ʨʠʩʢʲʪ ʩʝ ʫʚʝʣʠʯʘʚʘ 

ʩ 5-11 ʧʲʪʠ [26]. ʇʨʠ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 9% ʦʪ ʧʘʮʠʝʥʪʠʪʝ, ʈʇ ʝ ʥʘʩʣʝʜʩʪʚʝʥ, ʢʦʝʪʦ ʩʝ 

ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʥʘʣʠʯʠʝ ʥʘ ʪʨʠʤʘ ʠʣʠ ʧʦʚʝʯʝ ʟʘʩʝʛʥʘʪʠ ʨʦʜʥʠʥʠ ʠʣʠ ʧʦʥʝ ʜʚʘʤʘ 

ʨʦʜʩʪʚʝʥʠʢʘ ʩ ʨʘʥʥʦ ʥʘʯʘʣʦ (ʧʨʝʜʠ 55 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ) ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ [27].  

ʏʝʩʪʦʪʘʪʘ ʥʘ ʦʪʢʨʠʪʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʧʨʠ ʘʫʪʦʧʩʠʷ ʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʝʜʥʘʢʚʘ ʟʘ 

ʨʘʟʣʠʯʥʠʪʝ ʯʘʩʪʠ ʥʘ ʩʚʝʪʘ [28]. ʊʦʚʘ ʦʪʢʨʠʪʠʝ ʝ ʚ ʨʷʟʲʢ ʢʦʥʪʨʘʩʪ ʩ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʯʝʩʪʦʪʘ 

ʥʘ ʢʣʠʥʠʯʥʠʷ ʈʇ, ʢʦʷʪʦ ʚʘʨʠʨʘ ʟʘ ʨʘʟʣʠʯʥʠʪʝ ʛʝʦʛʨʘʬʩʢʠ ʦʙʣʘʩʪʠ, ʢʘʪʦ ʝ ʥʘʡ-ʚʠʩʦʢʘ ʚ 

ʉɸʑ ʠ ʉʝʚʝʨʥʘ ɽʚʨʦʧʘ ʠ ʥʘʡ-ʥʠʩʢʘ ʚ ʖʛʦʠʟʪʦʯʥʘ ɸʟʠʷ [29]. ɺʲʧʨʝʢʠ ʪʦʚʘ ʝ ʫʩʪʘʥʦʚʝʥʦ, 

ʯʝ ʘʢʦ ʤʲʞʝ ʦʪ ʗʧʦʥʠʷ ʤʠʛʨʠʨʘʪ ʚ ʍʘʚʘʠʪʝ, ʪʦ ʪʝʭʥʠʷʪ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩʝ 

ʫʚʝʣʠʯʘʚʘ. ɸʢʦ ʩʝ ʧʨʝʤʝʩʪʷʪ ʚ ʂʘʣʠʬʦʨʥʠʷ, ʪʝʭʥʠʷʪ ʨʠʩʢ ʩʝ ʫʚʝʣʠʯʘʚʘ ʜʦʨʠ ʧʦʚʝʯʝ, 

ʜʦʙʣʠʞʘʚʘʡʢʠ ʩʝ ʜʦ ʪʦʟʠ ʥʘ ʘʤʝʨʠʢʘʥʩʢʠʪʝ ʤʲʞʝ [29]. ʊʝʟʠ ʦʪʢʨʠʪʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʝʢʟʦʛʝʥʥʠ ʬʘʢʪʦʨʠ ʧʦʚʣʠʷʚʘʪ ʨʠʩʢʘ ʟʘ ʧʨʦʛʨʝʩʠʷ ʥʘ ʣʘʪʝʥʪʝʥ ʢʲʤ ʢʣʠʥʠʯʝʥ ʈʇ. ʌʘʢʪʦʨʠ 

ʢʘʪʦ ʜʠʝʪʘʪʘ, ʩʝʢʩʫʘʣʥʦʪʦ ʧʦʚʝʜʝʥʠʝ, ʢʦʥʩʫʤʘʮʠʷʪʘ ʥʘ ʘʣʢʦʭʦʣ, ʠʟʣʘʛʘʥʝʪʦ ʥʘ 

ʫʣʪʨʘʚʠʦʣʝʪʦʚʘ ʨʘʜʠʘʮʠʷ, ʭʨʦʥʠʯʥʠʪʝ ʚʲʟʧʘʣʝʥʠʷ [30, 31] ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ ʩʨʝʜʘ ʩʘ 

ʚʘʞʥʠ ʟʘ ʝʪʠʦʣʦʛʠʷʪʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ [31]. ʈʇ ʝ ʟʘʙʦʣʷʚʘʥʝ, ʢʦʝʪʦ ʩʝ ʧʦʚʣʠʷʚʘ ʥʝ ʩʘʤʦ 

ʦʪ ʛʝʥʝʪʠʯʥʠ ʬʘʢʪʦʨʠ, ʥʦ ʠ ʦʪ ʬʘʢʪʦʨʠ ʥʘ ʩʨʝʜʘʪʘ.  
 

1.5.1. ɻʝʥʝʪʠʯʥʠ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ - ʛʝʨʤʠʥʘʪʠʚʥʠ ʠ ʩʦʤʘʪʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʠ ʛʝʥʦʤʥʠ 

ʧʨʦʤʝʥʠ ʧʨʠ ʨʘʢʘ ʥʘ ʧʨʦʩʪʘʪʘʪʘ 

1.5.1.1. ʍʨʦʤʦʟʦʤʥʠ ʣʦʢʫʩʠ ʠ ʛʝʥʠ, ʦʪʢʨʠʪʠ ʧʨʠ ʘʥʘʣʠʟʠʪʝ ʥʘ ʩʢʘʯʝʥʦʩʪ 

ʉʲʱʝʩʪʚʫʚʘʪ ʨʘʟʣʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʤʦʜʝʣʠ, ʦʙʷʩʥʷʚʘʱʠ ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʦʩʪʪʘ ʢʲʤ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. ɺ ʥʷʢʦʠ ʦʪ ʪʝʟʠ ʤʦʜʝʣʠ ʩʝ ʚʢʣʶʯʚʘʪ ʨʝʜʢʠ ʚʘʨʠʘʥʪʠ ʚʲʚ ʚʠʩʦʢʦ 

ʧʝʥʝʪʨʘʥʪʥʠ ʛʝʥʠ, ʘ ʚ ʜʨʫʛʠ ʯʝʩʪʠ ʚʘʨʠʘʥʪʠ, ʘʩʦʮʠʠʨʘʥʠ ʩʲʩ ʩʣʘʙʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʠʩʢʘ 

(ʚʲʧʨʝʢʠ ʯʝ ʢʫʤʫʣʘʪʠʚʥʠʷʪ ʨʠʩʢ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʥʘʯʠʪʝʣʝʥ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦ 

ʚʘʨʠʘʥʪʠ, ʯʠʡʪʦ ʝʬʝʢʪ ʝ ʤʫʣʪʠʧʣʠʢʘʪʠʚʝʥ). ʈʘʥʥʠʪʝ ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʛʝʥʝʪʠʯʥʘʪʘ 

ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʦʩʪ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩʘ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʩʢʘʯʝʥʦʩʪʪʘ (linkage 

analyses). ʉʢʘʯʝʥʦʩʪʪʘ ʝ ʢʦ-ʩʝʛʨʝʛʘʮʠʷ (ʢʦ-ʫʥʘʩʣʝʜʷʚʘʥʝ) ʥʘ ʛʝʥʝʪʠʯʝʥ ʤʘʨʢʝʨ ʩʲʩ 

ʟʘʙʦʣʷʚʘʥʝ [32]. ʆʪʜʝʣʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʧʨʝʜʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʤʦʜʝʣʠ ʟʘ ʫʥʘʩʣʝʜʷʚʘʥʝ ʥʘ 

ʘʩʦʮʠʠʨʘʥʠʪʝ ʩ ʈʇ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ: ʜʦʤʠʥʘʥʪʥʠ, ʨʝʮʝʩʠʚʥʠ, X-ʩʚʲʨʟʘʥʠ, ʚʲʚ 

ʚʘʨʠʨʘʱʠ ʩʲʦʪʥʦʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʧʫʣʘʮʠʷ ʠ ʧʦʣʠʛʝʥʥʠʷ ʢʦʤʧʦʥʝʥʪ. 

ʉʝʛʨʝʛʘʮʠʦʥʥʠʪʝ ʘʥʘʣʠʟʠ ʥʷʤʘʪ ʜʦʩʪʘʪʲʯʥʦ ʩʠʣʘ ʜʘ ʥʘʧʨʘʚʷʪ ʜʠʬʝʨʝʥʮʠʘʮʠʷ ʤʝʞʜʫ 

ʦʪʜʝʣʥʠʪʝ ʛʝʥʝʪʠʯʥʠ ʤʦʜʝʣʠ [33].  
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ɼʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʩʢʘʯʝʥʦʩʪ ʟʘ ʨʘʟʣʠʯʥʠ ʭʨʦʤʦʟʦʤʠ (1-6, 8, 11, 15, 17, 19, 20, 22 

ʠ X) ʩʘ ʜʦʢʣʘʜʚʘʥʠ ʚ ʥʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ ʥʘ ʈʇ [34-60]. ʊʝ ʦʙʘʯʝ ʥʝ ʩʘ ʧʦʪʚʲʨʜʝʥʠ ʚ 

ʜʨʫʛʠ ʠʟʩʣʝʜʚʘʥʠʷ [61-70]. ʄʝʞʜʫʥʘʨʦʜʥʠʷʪ ʢʦʥʩʦʨʮʠʫʤ ʟʘ ʛʝʥʝʪʠʢʘʪʘ ʥʘ ʨʘʢʘ ʥʘ 

ʧʨʦʩʪʘʪʘʪʘ (International Consortium for Prostate Cancer Genetics- ICPCG) ʧʨʦʚʝʞʜʘ ʥʘʡ-

ʛʦʣʷʤʦʪʦ ʧʨʦʫʯʚʘʥʝ ʟʘ ʩʢʘʯʝʥʦʩʪ, ʦʙʝʜʠʥʷʚʘʱʦ ʥʘʜ 1000 ʩʝʤʝʡʩʪʚʘ ʦʪ 10 ʤʝʞʜʫʥʘʨʦʜʥʠ 

ʛʨʫʧʠ. ʊʝ ʦʪʨʠʚʘʪ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 22q, ʩʠʣʥʦ ʩʢʘʯʝʥ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝʪʦ ʚ ʩʝʤʝʡʩʪʚʘ ʩ 

ʧʦʚʝʯʝ ʦʪ 5 ʨʦʜʩʪʚʝʥʠʢʘ ʩ ʨʘʥʥʦ ʥʘʯʘʣʦ ʥʘ ʈʇ [71]. ɼʦ ʪʦʟʠ ʤʦʤʝʥʪ ʥʝ ʝ ʦʪʢʨʠʪ ʛʝʥʲʪ, 

ʦʪʛʦʚʦʨʝʥ ʟʘ ʛʝʥʝʪʠʯʥʘʪʘ ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʦʩʪ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʚ ʪʦʟʠ ʨʝʛʠʦʥ. 

ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʩʢʘʯʝʥʦʩʪʪʘ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʠ ʜʨʫʛ ʚʘʞʝʥ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ, ʘʩʦʮʠʠʨʘʥ 

ʩ ʈʇ - 8q24 [72], ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʥʷʢʦʣʢʦ ʛʝʥʘ: ELAC2 (17p12 ), RNASEL (1q25) ʠ MSR1 

(8p22) [73-76]. ʉʝʢʚʝʥʠʨʘʥʝʪʦ ʥʘ ʧʦʢʘʟʘʣʠʷ ʩʢʘʯʝʥʦʩʪ ʭʨʦʤʦʟʦʤʝʥ ʨʝʛʠʦʥ 17q21 ʜʦʚʝʜʝ ʜʦ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʟʘʤʷʥʘʪʘ G84E ʚ HOXB13 [77]. ʅʷʢʦʠ ʦʪʢʨʠʪʠʷ ʥʝ ʩʘ ʚʘʣʠʜʠʨʘʥʠ ʚ 

ʩʣʝʜʚʘʱʠ ʧʨʦʫʯʚʘʥʠʷ ʠ ʪʦʚʘ ʧʦʩʪʘʚʷ ʧʦʜ ʩʲʤʥʝʥʠʝ ʪʷʭʥʘʪʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘ ʈʇ. ʃʠʧʩʘʪʘ ʥʘ ʚʲʟʧʨʦʠʟʚʝʜʠʤʠ ʨʝʟʫʣʪʘʪʠ ʠ ʥʘʜʝʞʜʥʠ ʠ ʢʘʪʝʛʦʨʠʯʥʠ ʦʪʢʨʠʪʠʷ ʚ 

ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ ʩʢʘʯʝʥʦʩʪ ʧʦʢʘʟʚʘʪ, ʯʝ ʈʇ ʝ ʢʦʤʧʣʝʢʩʥʦ ʟʘʙʦʣʷʚʘʥʝ 

[33]. ɸʥʘʣʠʟʠʪʝ ʟʘ ʩʢʘʯʝʥʦʩʪ ʩʘ ʥʘʡ-ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʨʝʜʢʠ ʚʘʨʠʘʥʪʠ ʩ ʚʠʩʦʢʘ 

ʧʝʥʝʪʨʘʥʪʥʦʩʪ. ʉʝʛʘ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʛʝʥʝʪʠʯʥʘʪʘ ʦʩʥʦʚʘ ʥʘ ʈʇ ʩʝ 

ʜʲʣʞʠ ʥʘ ʤʥʦʛʦʙʨʦʡʥʠ ʛʝʥʠ ʠ ʧʦʣʠʤʦʨʬʠʟʤʠ ʩ ʥʠʩʢʘ ʧʝʥʝʪʨʘʥʪʥʦʩʪ (ʌʠʛʫʨʘ 1.8) [78]. 

ʆʪʢʨʠʪʠʝʪʦ ʥʘ ʨʝʜʢʠ ʤʫʪʘʮʠʠ ʩ ʚʠʩʦʢʘ ʧʝʥʝʪʨʘʥʪʥʦʩʪ ʩʪʘʚʘ ʚʲʟʤʦʞʥʦ ʩ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ ʥʦʚʦʛʝʥʝʨʘʮʠʦʥʥʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ. ʈʘʟʚʠʪʠʝʪʦ ʥʘ 

ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘʪ ʝʜʥʦʚʨʝʤʝʥʥʦ ʤʠʣʠʦʥʠ 

ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ (Single Nucleotide Polymorphisms - SNPs) ʠ ʜʘ ʩʝ 

ʧʨʦʚʝʞʜʘʪ ʛʦʣʝʤʠ ʛʝʥʦʤʥʠ ʘʩʦʮʠʘʪʠʚʥʠ ʧʨʦʫʯʚʘʥʠʷ (Genome Wide Association Studies - 

GWAS), ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ ʦʪʢʨʠʪʠʝʪʦ ʥʘ ʤʥʦʞʝʩʪʚʦ ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ ʚʘʨʠʘʥʪʠ, ʩ ʘʣʝʣʥʠ 

ʯʝʩʪʦʪʠ ʥʘ ʨʝʜʢʠʪʝ ʘʣʝʣʠ ʧʦʥʝ 1% ʠ ʥʠʩʲʢ ʜʦ ʩʨʝʜʝʥ ʝʬʝʢʪ ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ [32]. 
 

 

 

 

 

ʌʠʛʫʨʘ 1.8. ɻʝʥʝʪʠʯʥʘ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʘ ʈʇ- ʧʦʢʘʟʚʘ ʯʝ 

ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʦʩʪʪʘ ʢʲʤ ʪʦʚʘ 

ʟʘʙʦʣʷʚʘʥʝ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʜʘ ʩʝ 

ʜʲʣʞʠ ʥʘ ʩʤʝʩʝʥ ʤʦʜʝʣ ʦʪ ʯʝʩʪʠ ʠ 

ʨʝʜʢʠ ʛʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ 

(ʌʠʛʫʨʘʪʘ ʝ ʘʜʘʧʪʠʨʘʥʘ ʦʪ Eeles et al, 

2014 [33]). 
 

 

 

 

 

 

1.5.1.2. ɻʝʥʝʪʠʯʥʠ ʚʘʨʠʘʥʪʠ ʦʪʢʨʠʪʠ ʚ ʛʦʣʝʤʠ ʛʝʥʦʤʥʠ ʘʩʦʮʠʘʪʠʚʥʠ ʧʨʦʫʯʚʘʥʠʷ (GWAS) 

ʆʪ 2006 ʛʦʜʠʥʘ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ 32 GWAS ʟʘ ʈʇ (ɽ12). ʀʜʝʥʪʠʬʠʮʠʨʘʥʠ ʩʘ 

ʦʢʦʣʦ 78 ʣʦʢʫʩʘ, ʘʩʦʮʠʠʨʘʥʠ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝʪʦ. ʇʨʦʚʝʞʜʘʪ ʩʝ ʜʦʧʲʣʥʠʪʝʣʥʠ ʘʥʘʣʠʟʠ 

ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʧʨʝʜʨʘʟʧʦʣʘʛʘʱʠʪʝ ʛʝʥʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʪʷʭ [25].  



1. ʃʠʪʝʨʘʪʫʨʝʥ ʦʙʟʦʨ 
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ʉʨʝʜ ʧʲʨʚʠʪʝ ʦʪʢʨʠʪʠ SNPs ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ ʩʘ ʪʝʟʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʭʨʦʤʦʟʦʤʥʠʷ 

ʣʦʢʫʩ 8q24 [72, 79]. ʊʦʟʠ ʣʦʢʫʩ ʝ ʙʝʜʝʥ ʥʘ ʛʝʥʠ ʠ ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʙʣʠʟʦʩʪ ʜʦ MYC ʧʨʦʪʦ-

ʦʥʢʦʛʝʥʘ, ʘʩʦʮʠʠʨʘʥ ʩ ʤʥʦʛʦ ʚʠʜʦʚʝ ʦʥʢʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ 8q24 

ʨʝʛʠʦʥʲʪ ʧʦʚʣʠʷʚʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ MYC [80]. ɼʨʫʛ ʧʦʪʝʥʮʠʘʣʥʦ ʢʣʠʥʠʯʥʦ ʟʥʘʯʠʤ 

ʧʦʣʠʤʦʨʬʠʟʲʤ ʝ rs10993994 ʚ MSMB ʛʝʥʘ ʥʘ ʭʨʦʤʦʟʦʤʘ 10 [81]. ʊʦʟʠ ʛʝʥ ʢʦʜʠʨʘ 

ʤʠʢʨʦʩʝʤʠʥʦʧʨʦʪʝʠʥ-ɓ, ʩʝʢʨʝʪʠʨʘʱ ʩʝ ʦʪ ʝʧʠʪʝʣʥʠʪʝ ʢʣʝʪʢʠ ʥʘ ʧʨʦʩʪʘʪʘʪʘ ʠ ʨʝʛʫʣʠʨʘʱ 

ʨʘʩʪʝʞʘ [82]. ɽʢʩʧʨʝʩʠʷʪʘ ʤʫ ʝ ʚʠʩʦʢʘ ʚ ʥʦʨʤʘʣʥʠ ʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʠ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ ʠ 

e ʥʠʩʢʘ ʧʨʠ ʈʇ. ʈʠʩʢʦʚʠʷʪ ʘʣʝʣ ʥʘ rs10993994 ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʚ ʙʣʠʟʦʩʪ ʜʦ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʪʦ ʩʪʘʨʪʦʚʦ ʤʷʩʪʦ ʥʘ MSMB ʠ ʩʝ ʘʩʦʮʠʠʨʘ ʩ ʨʝʜʫʢʮʠʷ ʚ ʝʢʩʧʨʝʩʠʷʪʘ [83, 

84]. ɺ ʜʦʧʲʣʥʝʥʠʝ ʨʠʩʢʦʚʠʷʪ ʘʣʝʣ ʩʝ ʘʩʦʮʠʠʨʘ ʩ ʥʠʩʢʠ ʙʝʣʪʲʯʥʠ ʥʠʚʘ ʥʘ MSMB ʚ ʫʨʠʥʘ ʠ 

ʢʨʲʚ, ʠ ʪʦʚʘ ʧʨʘʚʠ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʪʦʟʠ ʛʝʥ ʧʦʪʝʥʮʠʘʣʝʥ ʙʠʦʤʘʨʢʝʨ, ʧʦ-ʜʦʙʲʨ ʦʪ PSA [83-

85].  

ɽʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ, ʩʘ ʦʪʢʨʠʪʠ ʩʲʱʦ ʥʘ ʭʨʦʤʦʟʦʤʘ 

19, ʢʲʜʝʪʦ ʩʝ ʥʘʤʠʨʘʪ ʛʝʥʠ, ʢʦʜʠʨʘʱʠ ʢʘʣʠʢʨʝʠʥʠ, ʧʦʜʛʨʫʧʘ ʦʪ ʩʝʨʠʥʦʚʠ ʧʨʦʪʝʘʟʠ ʢʘʪʦ 

KLK2 ʠ KLK3 (PSA) [86]. ʌʠʥʦʪʦ ʢʘʨʪʠʨʘʥʝ ʥʘ 19q13 ʨʝʛʠʦʥʘ ʜʦʚʝʜʝ ʜʦ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʢʦʜʠʨʘʱ ʚʘʨʠʘʥʪ ʚ KLK3, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʧʦ-ʩʠʣʥʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʲʨʚʦʥʘʯʘʣʥʦ ʦʪʢʨʠʪʠʷ ʧʦʣʠʤʦʨʬʠʟʲʤ ʧʨʠ GWAS ʠ ʚʦʜʠ ʜʦ ʧʦʪʝʥʮʠʘʣʥʠ 

ʧʨʦʤʝʥʠ ʚ PSA [87].  

ɼʨʫʛʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʚ ʠʥʪʨʦʥʥʠʪʝ ʦʙʣʘʩʪʠ ʥʘ LMTK2 

ʛʝʥʘ, ʢʦʡʪʦ ʢʦʜʠʨʘ cdk5; SLC22A3 ʛʝʥʘ, ʢʦʡʪʦ ʢʦʜʠʨʘ ʦʨʛʘʥʠʯʝʥ ʢʘʪʠʡʦʥʝʥ ʪʨʘʥʩʧʦʨʪʝʨ; 

RAD51B ʛʝʥʘ, ʢʦʡʪʦ ʝ ʚʘʞʝʥ ʟʘ ɼʅʂ ʧʦʧʨʘʚʢʘʪʘ ʠ NUDT10, ʢʦʡʪʦ ʨʝʛʫʣʠʨʘ ɼʅʂ 

ʬʦʩʬʦʨʠʣʠʨʘʥʝʪʦ [81, 88].  

ɺ ʙʣʠʟʦʩʪ ʜʦ TERT ʛʝʥʘ ʥʘ 5p15 ʝ ʠʜʝʥʪʠʬʠʮʠʨʘʥ ʧʦʣʠʤʦʨʬʠʟʤʲʪ rs2242652, ʢʦʡʪʦ 

ʧʦʢʘʟʚʘ ʘʩʦʮʠʘʮʠʷ ʩ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ PSA, ʘ ʪʘʢʘ ʩʲʱʦ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ 

[89]. ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʪʝʣʦʤʝʨʘʟʘʪʘ ʝ ʚʘʞʥʘ ʚ ʨʝʛʫʣʠʨʘʥʝʪʦ ʥʘ ʪʝʣʦʤʝʨ-ʟʘʚʠʩʠʤʦʪʦ 

ʨʝʧʣʠʢʘʪʠʚʥʦ ʦʩʪʘʨʷʚʘʥʝ ʠ SNPs ʚ ʪʦʟʠ ʨʝʛʠʦʥ ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʨʘʢ [90]. 

ʌʠʥʦʪʦ ʢʘʨʪʠʨʘʥʝ ʠʜʝʥʪʠʬʠʮʠʨʘ ʦʙʱʦ 4 ʥʝʟʘʚʠʩʠʤʦ ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʈʇ ʣʦʢʫʩʘ ʚ TERT ʨʝʛʠʦʥʘ, ʢʘʪʦ ʝʜʠʥ ʦʪ ʪʷʭ ʩʝ ʘʩʦʮʠʠʨʘ ʠ ʩ ʧʨʦʤʝʥʠ ʚ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ 

[91]. ɼʨʫʛ ʧʦʣʠʤʦʨʬʠʟʲʤ rs2121875 ʩʲʱʦ ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʢʲʩʦʪʦ ʨʘʤʦ ʥʘ ʭʨʦʤʦʟʦʤʘ 5 ʚ 

ʨʘʤʢʠʪʝ ʥʘ FGF10 ʣʦʢʫʩʘ, ʘʩʦʮʠʠʨʘʥ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ [89]. 

ɼʚʝ ʧʨʦʫʯʚʘʥʠʷ ʫʩʪʘʥʦʚʷʚʘʪ ʚʨʲʟʢʘ ʤʝʞʜʫ ʈʇ ʠ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ, 

ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʭʨʦʤʦʟʦʤʝʥ ʨʝʛʠʦʥ 11q13.2 (rs79313429 ʠ rs1089644910) [81, 92]. 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs7931342 ʝ ʣʦʢʘʣʠʟʠʨʘʥ ʚ ʨʝʛʠʦʥ ʙʝʟ ʠʟʚʝʩʪʥʠ ʛʝʥʠ [81], ʘ 

ʧʦʣʠʤʦʨʬʠʟʤʲʪ rs10896449 ʩʝ ʥʘʤʠʨʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 67 kb ʦʪ ʛʝʥʘ MYEOV [92]. ɸʩʦʮʠʘʮʠʷ 

ʥʘ ʭʨʦʤʦʟʦʤʝʥ ʨʝʛʠʦʥ 11q13 ʩ ʈʇ ʝ ʥʘʤʝʨʝʥʘ ʠ ʧʨʠ ʜʨʫʛʠ GWAS [93-96]. ɺʘʞʥʦʩʪʪʘ ʤʫ ʟʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ, ʧʦ-ʥʘʪʘʪʲʢ, ʝ ʧʦʪʚʲʨʜʝʥʘ ʠ ʦʪ ʬʠʥʦʪʦ ʢʘʨʪʠʨʘʥʝ, ʧʨʠ ʢʦʝʪʦ ʜʚʘ ʥʝʟʘʚʠʩʠʤʠ 

ʣʦʢʫʩʘ (rs10896449 ʠ rs12418451) ʥʘ 11q13 ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ [97]. ɺ 

ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʘʩʦʮʠʘʮʠʷʪʘ ʥʘ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠʪʝ ʧʦʣʠʤʦʨʬʠʟʤʠ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʠ 

ʧʨʦʤʝʥʠ ʚ ʙʨʦʷ ʢʦʧʠʡʥʠ ʚʘʨʠʘʥʪʠ ʚ ʨʝʛʠʦʥʘ 11q13ï11q14 [98-101]. 

ɼʨʫʛ ʧʦʣʠʤʦʨʬʝʥ ʚʘʨʠʘʥʪ (rs11568818) ʩ ʧʦʪʝʥʮʠʘʣʥʘ ʧʨʦʛʥʦʩʪʠʯʥʘ ʩʪʦʡʥʦʩʪ ʚ 

11q22 ʩʝ ʥʘʤʠʨʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʨʝʛʠʦʥʘ, ʩʲʜʲʨʞʘʱ ʛʝʥʘ MMP7. ʊʦʟʠ ʛʝʥ ʢʦʜʠʨʘ ʤʘʪʨʠʢʩʥʘ 

ʤʝʪʘʣʦʧʨʦʪʝʠʥʘʟʘ, ʢʦʷʪʦ ʝ ʚʘʞʥʘ ʟʘ ʪʫʤʦʨʥʦʪʦ ʤʝʪʘʩʪʘʟʠʨʘʥʝ ʠ MMP7 ʝ ʧʦʪʝʥʮʠʘʣʝʥ 

ʧʨʦʛʥʦʩʪʠʯʝʥ ʙʠʦʤʘʨʢʝʨ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʘʛʨʝʩʠʚʝʥ ʢʘʨʮʠʥʦʤ ʠ ʤʝʪʘʩʪʘʟʠ [102]. 

ʇʨʠ ʥʘʩʢʦʨʦ ʧʨʦʚʝʜʝʥʦ GWAS ʥʘ ʢʦʥʩʦʨʮʠʫʤʘ PRACTICAL, ʚ ʢʦʝʪʦ ʫʯʘʩʪʚʘʪ ʠ 

ʙʲʣʛʘʨʩʢʠ ʧʘʮʠʝʥʪʠ ʦʪ ɼʅʂ ʙʘʥʢʘʪʘ ʥʘ ʎʄʄ, ʩʝ ʦʪʢʨʠʚʘ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤʘ rs7127900, ʣʦʢʘʣʠʟʠʨʘʥ ʚʲʨʭʫ ʢʲʩʦʪʦ ʨʘʤʦ ʥʘ ʭʨʦʤʦʟʦʤʘ 11 - ʣʦʢʫʩ 11ʨ15 

[103]. ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs7127900 ʝ ʨʘʟʧʦʣʦʞʝʥ ʚ ʙʣʠʟʦʩʪ ʜʦ ʛʝʥʠʪʝ IGF, IGF2, INS, ʠ TH, 

ʟʘ ʢʦʠʪʦ ʠʤʘ ʜʘʥʥʠ, ʯʝ ʫʯʘʩʪʚʘʪ ʚ ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʧʘʪʦʣʦʛʠʷ ʥʘ ʈʇ [104-106]. 
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ʇʨʝʟ 2013 Eeles ʠ ʩʲʘʚʪʦʨʠ ʜʦʢʣʘʜʚʘʪ 23 ʥʦʚʠ ʘʣʝʣʠ ʩʚʲʨʟʘʥʠ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ, ʦʪ ʢʦʠʪʦ 16 ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʘʛʨʝʩʠʚʥʠʪʝ ʬʦʨʤʠ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ɺ 

ʪʭ̫ʥʦʪʦ ʧʨʦʫʯʚʘʥʝ ʧʦʣʠʤʦʨʬʠʟʤʲʪ rs4245739, ʨʘʟʧʦʣʦʞʝʥ ʥʘ 1q32 ʚ ʙʣʠʟʦʩʪ ʜʦ MDM4 

ʛʝʥʘ, ʧʦʢʘʟʚʘ ʧʦʪʝʥʮʠʘʣʥʘ ʢʣʠʥʠʯʥʘ ʟʥʘʯʠʤʦʩʪ. MDM4 ʠʥʭʠʙʠʨʘ ʩʪʦʧʠʨʘʥʝʪʦ ʥʘ 

ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ ʠ ʘʧʦʧʪʦʟʘʪʘ ʯʨʝʟ ʧʦʥʠʞʘʚʘʥʝ ʥʠʚʘʪʘ ʥʘ p53 [88].  

ɺʲʧʨʝʢʠ ʦʩʲʱʝʩʪʚʝʥʠʪʝ ʤʥʦʛʦʙʨʦʡʥʠʪʝ ʛʝʥʦʤʥʠ ʠʟʩʣʝʜʚʘʥʠʷ (ʘʥʘʣʠʟʠ ʟʘ 

ʩʢʘʯʝʥʦʩʪ ʠ GWAS), ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʛʣʘʚʥʠʪʝ ʨʠʩʢʦʚʠ ʛʝʥʠ, ʩʚʲʨʟʘʥʠ 

ʩ ʧʘʪʦʛʝʥʝʟʘʪʘ ʥʘ ʈʇ. ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʨʝʜʢʠ ʨʝʛʫʣʘʪʦʨʥʠ ʜʝʬʝʢʪʠ, ʢʦʠʪʦ 

ʪʨʫʜʥʦ ʩʝ ʦʪʢʨʠʚʘʪ ʠ ʧʦʪʚʲʨʞʜʘʚʘʪ. ʇʦʨʘʜʠ ʭʝʪʝʨʦʛʝʥʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʈʇ ʝʜʠʥ 

ʝʜʠʥʩʪʚʝʥ ʧʦʣʠʤʦʨʬʠʟʲʤ ʥʷʤʘ ʜʘ ʙʲʜʝ ʜʦʩʪʘʪʲʯʥʦ ʥʘʜʝʞʜʝʥ ʟʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʠ 

ʨʘʟʛʨʘʥʠʯʘʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʪʠʧʦʚʝ ʈʇ, ʘ ʧʦ-ʚʝʨʦʷʪʥʦ, ʜʠʘʛʥʦʟʘʪʘ ʠ ʧʨʦʛʥʦʟʘʪʘ 

ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʙʱʠʷ ʝʬʝʢʪ ʥʘ ʤʥʦʛʦʙʨʦʡʥʠ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ.  

ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʦʪʢʨʠʪʠʪʝ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʩʘ ʥʝʢʦʜʠʨʘʱʠ, ʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʠʥʪʨʦʥʠ ʠʣʠ ʤʝʞʜʫʛʝʥʥʠ ʨʝʛʠʦʥʠ. ʊʝ ʚʝʨʦʷʪʥʦ ʦʢʘʟʚʘʪ ʩʚʦʝʪʦ ʚʣʠʷʥʠʝ ʯʨʝʟ ʧʨʦʤʦʪʦʨʠ 

ʠʣʠ ʝʥʭʘʥʩʝʨʥʠ ʝʣʝʤʝʥʪʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʦʪ ʜʘʣʝʯʥʠ 

ʨʘʟʩʪʦʷʥʠʷ. ɼʨʫʛʠ ʚʲʟʤʦʞʥʠ ʤʝʭʘʥʠʟʤʠ ʚʢʣʶʯʚʘʪ ʩʪʨʫʢʪʫʨʥʠ ʧʨʝʥʘʨʝʞʜʘʥʠʷ, ʧʨʦʤʝʥʠ ʚ 

ɼʅʂ ʩʪʨʫʢʪʫʨʘʪʘ ʠʣʠ ʚ ʤʠʢʨʦʈʅʂ ʩʚʲʨʟʚʘʱʠʪʝ ʤʝʩʪʘ [107]. 

 

ʊʘʙʣʠʮʘ 1.2. ʆʪʢʨʠʪʠʪʝ ʧʨʠ ʛʦʣʝʤʠʪʝ ʛʝʥʦʤʥʠ ʘʩʦʮʠʘʪʠʚʥʠ ʧʨʦʫʯʚʘʥʠʷ 

ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ, ʩ ʙʣʠʟʢʦ 

ʨʘʟʧʦʣʦʞʝʥʠʪʝ ʛʝʥʠ ʠ ʪʝʭʥʠʪʝ ʬʫʥʢʮʠʠ. 

SNP ʃʦʢʫʩ ɻʝʥ ʚ ʩʲʩʝʜʩʪʚʦ ʌʫʥʢʮʠʷ ʥʘ ʛʝʥʘ ɹʠʙʣʠʦ

-ʛʨʘʬʠʷ 

rs1218582 1q21 KCNN3 ʂʘʣʤʦʜʫʣʠʥ ʩʚʲʨʟʚʘʱ [88] 

rs4245739 1q32 MDM4 ʠ PIK3C2B ʅʝʛʘʪʠʚʝʥ TP53 ʨʝʛʫʣʘʪʦʨ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ 

ʚʦʜʝʱ ʜʦ ʠʥʭʠʙʠʨʘʥʝ ʥʘ ʩʪʦʧʠʨʘʥʝʪʦ ʥʘ 

ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ ʠ ʘʧʦʧʪʦʟʘ ʠ ʧʦʟʠʪʠʚʝʥ 

ʨʝʛʫʣʘʪʦʨ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʧʨʦʣʠʬʝʨʘʮʠʷ 

[88] 

rs10187424 2p11 GGCX/VAMP8 SNARE ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʲʚ ʚʝʟʠʢʫʣʘʨʥʠʷ 

ʪʨʘʥʩʧʦʨʪ 

[89] 

rs721048 2p15 ɺ ʠʥʪʨʦʥʘ ʥʘ EHBP1 Eps15 ʭʦʤʦʣʦʞʝʥ ʜʦʤʝʥ ʩʚʲʨʟʚʘʱ ʧʨʦʪʝʠʥ [108] 

rs1465618 2p21 ɺ ʠʥʪʨʦʥʘ ʥʘ THADA ʂʦʤʧʣʝʢʩʝʥ ʣʦʢʫʩ [103] 

rs13385191 2p24 C2orf43 ʂʘʪʘʣʠʪʠʯʥʘ ʘʢʪʠʚʥʦʩʪ [109] 

rs11902236 2p25 TAF1B:GRHL1 TBP- ʘʩʦʮʠʠʨʘʥ ʬʘʢʪʦʨ [88] 

rs12621278 2q31 ɺ ʠʥʪʨʦʥʘ ʥʘ ITGA6 ʀʥʪʝʛʨʠʥʠ ʠ ʧʦʚʲʨʭʥʦʩʪʥʦ ʢʣʝʪʲʯʥʦ 

ʘʜʭʝʟʠʦʥʥʦ ʩʠʛʥʘʣʠʟʠʨʘʥʝ 

[103] 

rs2292884 2q37 MLPH ɽʢʟʦʬʠʣʠʥʦʚʦ ʩʫʙʩʝʤʝʡʩʪʚʦ ʥʘ Rab- 

ʝʬʝʢʪʦʨʥʠʪʝ ʧʨʦʪʝʠʥʠ 

[89] 

rs3771570 2q37 FARP2 Rac ʙʝʣʪʲʯʥʘ ʩʠʛʥʘʣʥʘ ʪʨʘʥʩʜʫʢʮʠʷ [88] 

rs2055109 3p11 - - [110] 

rs2660753 3p12   [81] 

rs7611694 3q13 SIDT1 ʅʝʠʟʚʝʩʪʥʘ [88] 

rs10934853 3q21 ɺ ʠʥʪʨʦʥʘ ʥʘ 

EEFSEC 

GTP ʩʚʲʨʟʚʘʱ, GTPase ʘʢʪʠʚʥʦʩʪ, ʥʫʢʣʝʦʪʠʜ 

ʩʚʲʨʟʚʘʱ, ʩ ʪʨʘʥʩʣʘʮʠʦʥʥʘ ʠ ʝʣʦʥʛʘʮʠʦʥʥʘ 

ʬʘʢʪʦʨʥʘ ʘʢʪʠʚʥʦʩʪ 

[96] 

rs6763931 3q23 ɺ ʠʥʪʨʦʥʘ ʥʘ 

ZBTB38 

ʊʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʘʢʪʠʚʘʪʦʨ, ʢʦʡʪʦ ʩʝ ʩʚʲʨʟʚʘ 

ʢʲʤ ʤʝʪʠʣʠʨʘʥʘ ɼʅʂ 

[111] 

 

rs10936632 3q26 CLDN11/SKIL ʄʠʝʣʠʥ ʥʘ ʎʅʉ [89] 

rs1894292 4q13 AFM ʠ RASSF6 ʉʪʨʫʢʪʫʨʥʦ ʩʚʲʨʟʘʥʠ ʩʝʨʫʤʥʠ ʪʨʘʥʩʧʦʨʪʥʠ 

ʙʝʣʪʲʮʠ 

[88] 
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rs17021918 4q22 ɺ ʠʥʪʨʦʥʘ ʥʘ 

PDLIM5 

ʎʠʪʦʩʢʝʣʝʪʥʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʩʧʝʮʠʬʠʢʘʮʠʷ ʥʘ 

ʢʣʝʪʲʯʥʠʪʝ ʣʠʥʠʠ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʦʨʛʘʥʥʘʪʘ 

ʦʥʢʦʛʝʥʝʟʘ 

[103] 

rs12500426 4q22 -  [103] 

rs7679673 4q24 TET2 ʉʚʲʨʟʚʘʱ ʙʝʣʪʲʢ ʥʘ ʤʝʪʘʣʥʠ ʡʦʥʠ, 

ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʥʘ ʘʢʪʠʚʥʦʩʪ 

[103] 

rs2121875 5p12 FGF10 ɺʘʞʥʘ ʨʦʣʷ ʚ ʨʘʩʪʝʞʘ ʥʘ ʥʦʨʤʘʣʥʠʪʝ ʧʨʦʩʪʘʪʥʠ 

ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ 

[111] 

rs2242652 5p15 TERT ʊʝʣʦʤʝʨʘʟʘ, ʨʝʛʫʣʠʨʘʱʘ ʪʝʣʦʤʝʨ ʟʘʚʠʩʠʤʦʪʦ 

ʨʝʧʣʠʢʘʪʠʚʥʦ ʦʩʪʘʨʷʚʘʥʝ 

[89] 

rs12653946 5p15 IRX4 ʈʝʛʫʣʘʮʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ, ɼʅʂ ʟʘʚʠʩʠʤ [109] 

rs6869841 5q35 FAM44B (BOD1) ɹʠʦʨʠʝʥʪʠʨʘʥʝʪʦ ʥʘ ʭʨʦʤʦʟʦʤʠʪʝ ʚ ʧʲʨʚʦʪʦ 

ʢʣʝʪʲʯʥʦ ʜʝʣʝʥʝ 

[88] 

rs130067 6p21 ʄʠʩʩʝʥʩ ʚʘʨʠʘʥʪ ʚ 

CCHCR1 

ɹʝʣʪʲʢ ʩʚʲʨʟʚʘʱʘ [89] 

rs1983891 6p21 FOXP4 ʉʝʤʝʡʩʪʚʦʪʦ ʥʘ FOX ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ [89] 

rs3096702 6p21 NOTCH4 Notch ʩʠʛʥʘʣʥʘ ʤʨʝʞʘ [88] 

rs2273669 6q21 ARMC2 ʠ SESN1 ARMC2 [88] 

rs339331 6q22 RFX6 RFX ʩʝʤʝʡʩʪʚʦ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ [109] 

rs9364554 6q25 ɺ ʠʥʪʨʦʥʘ ʥʘ 

SLC22A3 

ʂʘʪʠʦʥ ʪʨʘʥʩʧʦʨʪʝʨʝʥ ʛʝʥ [81] 

rs1933488 6q25 RSG17  [88] 

rs10486567 7p15 ɺ ʠʥʪʨʦʥʘ ʥʘ JAZF1 ʊʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʨʝʧʨʝʩʦʨ [92] 

rs12155172 7p21 SP8 ʊʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʬʘʢʪʦʨ [88] 

rs6465657 7q21 ɺ ʠʥʪʨʦʥʘ ʥʘ LMTK2 ʊʠʨʦʟʠʥ ʢʠʥʘʟʘ [81] 

rs2928679 8p21 SLC25A37 ʄʠʪʦʭʦʥʜʨʠʘʣʥʠ ʪʨʘʥʩʧʦʨʪʝʨʥʠ ʙʝʣʪʲʮʠ [88] 

rs1512268 8p21 NKX3.1 ʍʦʤʝʦʜʦʤʝʥ ʩʲʜʲʨʞʘʱ ʪʨʘʥʩʢʨʠʧʮʠʦʥʝʥ 

ʬʘʢʪʦʨ 

[103] 

rs11135910 8p21 EBF2 ʈʝʛʫʣʘʮʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ [88] 

rs1447295 8q24 -  [72] 

rs6983267 8q24 -  [112] 

rs16901979 8q24 -  [96] 

rs10086908 8q24 -  [79] 

rs12543663 8q24 -  [79] 

rs620861 8q24 -  [79] 

rs13254738 8q24 -  [113] 

rs445114 8q24 -  [96] 

rs817826 9q31 RAD23B-KLF4 ʅʫʢʣʝʦʪʠʜ- ʝʢʩʮʠʟʠʦʥʥʘ ʨʝʧʘʨʘʮʠʷ [114] 

rs1571801 9q33 DAB2IP Ras GAP (GTPase-activating protein) ʪʫʤʦʨʝʥ 

ʩʫʧʨʝʩʦʨ 

[115] 

rs10993994 10q11 MSMB ʛʝʥ MSMB ʨʝʛʫʣʠʨʘ ʢʣʝʪʲʯʥʠʷ ʨʘʩʪʝʞ [81, 92] 

rs3850699 10q24 TRIM8 ʃʠʛʘʟʥʘ ʘʢʪʠʚʥʦʩʪ [88] 

rs4962416 10q26 ɺ ʠʥʪʨʦʥʘ ʥʘ CTBP2 Wnt ʩʠʛʥʘʣʝʥ ʧʲʪ ʠ Notch ʩʠʛʥʘʣʝʥ ʧʲʪ [92] 

rs2252004 10q26 ï  [110] 

rs7127900 11p15 ï  [103] 

rs1938781 11q12 FAM111A ʇʨʦʪʝʦʣʠʟʘ [110] 

rs7931342 11q13 ï  [81, 92] 

rs11568818 11q22 MMP7 ʄʘʪʨʠʢʩʥʘ ʤʝʪʘʣʦ ʧʨʦʪʝʠʥʘʟʘ ʘʩʦʮʠʠʨʘʥʘ ʩ 

ʤʝʪʘʩʪʘʪʠʯʥʠʷ ʧʦʪʝʥʮʠʘʣ 

[88] 

rs902774 12q13 KRT8 ʂʣʝʪʲʯʝʥ ʩʪʨʫʢʪʫʨʝʥ ʠʥʪʝʛʨʠʪʝʪ [89, 111] 

rs10875943 12q13 TUBA1C/PRPH ɹʝʣʪʲʢ ʩʚʲʨʟʚʘʱ, GTP ʩʚʲʨʟʚʘʱ, GTPase 

ʘʢʪʠʚʥʦʩʪ, ʥʫʢʣʝʦʪʠʜ ʩʚʲʨʟʚʘʱ ʠ ʩʪʨʫʢʪʫʨʥʦ 

ʤʦʣʝʢʫʣʥʘ ʘʢʪʠʚʥʦʩʪ 

[111] 

rs1270884 12q24 TBX5 ʊʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ, ʫʯʘʩʪʚʘʱʠ ʚ 

ʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʨʘʟʚʠʪʠʝ 

[88] 



1. ʃʠʪʝʨʘʪʫʨʝʥ ʦʙʟʦʨ 

13 

 

rs9600079 13q22 ï  [109] 

rs8008270 14q22 FERMT2 ɸʢʪʠʥ ʮʠʪʦʩʢʝʣʝʪʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʢʣʝʪʲʯʥʘʪʘ 

ʘʜʭʝʟʠʷ, ʨʝʛʫʣʘʮʠʷ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʬʦʨʤʘ 

[88] 

rs7141529 14q24 RAD51 ɼʅʂ ʧʦʧʨʘʚʢʘ [88] 

rs684232 17p13 VPS53 ʠ FAM57A ɹʝʣʪʲʯʝʥ ʪʨʘʥʩʧʦʨʪ [88] 

rs4430796 17q12 ɺ ʠʥʪʨʦʥʘ ʥʘ HNF1B ʍʦʤʝʦʜʦʤʝʥ ʩʲʜʲʨʞʘʱʦʪʦ ʩʝʤʝʡʩʪʚʦ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ 

[116-

118] 

rs11649743 17q12 ɺ ʠʥʪʨʦʥʘ ʥʘ HNF1B ʍʦʤʝʦʜʦʤʝʥ ʩʲʜʲʨʞʘʱʦʪʦ ʩʝʤʝʡʩʪʚʦ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ 

[116, 

118] 

rs7405696 17q12 ɺ ʠʥʪʨʦʥʘ ʥʘ HNF1B ʍʦʤʝʦʜʦʤʝʥ ʩʲʜʲʨʞʘʱʦʪʦ ʩʝʤʝʡʩʪʚʦ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ 

[118] 

rs7210100 17q21 ZNF652 ʈʝʛʫʣʘʮʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ [119] 

rs11650494 17q21 HOXB13 ʊʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʬʘʢʪʦʨ [88] 

rs1859962 17q24 ï  [120] 

rs7241993 18q23 SALL3 ʈʝʛʫʣʘʮʠʷ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ [88] 

rs2735839 19q13 KLK2 ʠ KLK3 

ʨʝʛʠʦʥʠʪʝ 

ʉʝʨʠʥʦʚʠ ʧʨʦʪʝʘʟʠ [81] 

rs8102476 19q13 ï  [96] 

rs11672691 19q13 ï  [121] 

rs103294 19q13 LILRA3 ʀʤʫʥʦʨʝʮʝʧʪʦʨʠ ʝʢʩʧʨʝʩʠʨʘʥʠ ʦʩʥʦʚʥʦ ʦʪ 

ʤʦʥʦʮʠʪʠʪʝ ʠ B ʢʣʝʪʢʠʪʝ 

[114] 

rs6062509 20q13 ZGPAT ʊʨʘʥʩʤʝʤʝʙʨʘʥʝʥ ʘʜʘʧʪʦʨʝʥ ʬʦʩʬʦʧʨʦʪʝʠʥ [88] 

rs2427345 20q13 GATAS ʠ CABLES2 ʎʠʢʣʠʥ ʟʘʚʠʩʠʤʘ ʢʠʥʘʟʥʘ ʨʝʛʫʣʘʪʦʨʥʘ 

ʘʢʪʠʚʥʦʩʪ 

[88] 

rs5759167 

 

22q13 BIʂ/TTLL1 

 

ɸʧʦʧʪʦʟʘ ʠʥʜʫʮʠʨʘʱ BCL2-ʚʟʘʠʤʦʜʝʡʩʪʚʘʱ 

ʙʝʣʪʲʢ /ʏʣʝʥ ʥʘ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʪʫʙʦʣʠʥ ʪʠʨʦʟʠʥ 

ʣʠʛʘʟʦ ʧʦʜʦʙʥʠʪʝ ʙʝʣʪʲʮʠ 

[103] 

rs2405942 Xp22 ɺ ʠʥʪʨʦʥ ʥʘ 

SHROOM2 

ɸʤʠʣʦʨʠʜ-ʯʫʚʩʪʚʠʪʝʣʥʘ ʥʘʪʨʠʝʚʦ ʢʘʥʘʣʥʘ 

ʘʢʪʠʚʥʦʩʪ, ʙʝʪʘ-ʢʘʪʝʥʠʥ ʩʚʲʨʟʚʘʱ 

[88] 

rs5945619 Xp11 NUDT11 ɼʠʬʦʩʬʦʠʥʦʟʠʪʦʣ- ʧʦʣʠʬʦʩʬʘʪ ʜʠʬʦʩʬʘʪʘʟʥʘ 

ʘʢʪʠʚʥʦʩʪ, ʭʠʜʨʦʣʘʟʥʘ ʘʢʪʠʚʥʦʩʪ ʠ ʩʚʲʨʟʚʘʱ 

ʤʝʪʘʣʥʠ ʡʦʥʠ ʙʝʣʪʲʢ 

[81, 108] 

rs591943 Xq12 ɸʥʜʨʦʛʝʥʦʚ 

ʨʝʮʝʧʪʦʨ 

ɸʥʜʨʦʛʝʥ ʨʝʮʝʧʪʦʨʥʘ ʨʝʛʫʣʘʮʠʷ [89] 

 

 

1.5.1.3. ʈʝʜʢʠ ʚʘʨʠʘʥʪʠ ʚ ʩʨʝʜʥʦ ʧʝʥʝʪʨʘʥʪʥʠ ʛʝʥʠ 

ʊʘʨʛʝʪʥʠʷʪ ʤʫʪʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ ʢʘʥʜʠʜʘʪ ʛʝʥʠ ʜʦʚʝʜʝ ʜʦ ʦʪʢʨʠʪʠʝʪʦ, ʯʝ ʯʘʩʪ ʦʪ 

ʩʣʫʯʘʠʪʝ ʥʘ ʈʇ ʩʝ ʜʲʣʞʘʪ ʥʘ ʛʝʨʤʠʥʘʪʠʚʥʠ ʤʫʪʘʮʠʠ ʚ ʛʝʥʠ ʩʲʩ ʩʨʝʜʥʘ ʧʝʥʝʪʨʘʥʪʥʦʩʪ. 

ʉʨʝʜ ʪʷʭ ʚʦʜʝʱʘ ʨʦʣʷ ʠʤʘʪ BRCA ʛʝʥʠʪʝ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʧʦʧʨʘʚʢʘʪʘ ʥʘ 

ʜʚʦʡʥʦʚʝʨʠʞʥʠʪʝ ʩʢʲʩʚʘʥʠʷ ʚ ɼʅʂ ʯʨʝʟ ʭʦʤʦʣʦʞʥʘ ʨʝʢʦʤʙʠʥʘʮʠʷ, ʢʘʢʪʦ ʠ ʚ ʜʨʫʛʠ ʚʘʞʥʠ 

ʧʨʦʮʝʩʠ, ʩʚʲʨʟʘʥʠ ʩ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʛʝʥʦʤʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ. ʄʫʪʘʮʠʠʪʝ ʚ ʪʝʟʠ ʛʝʥʠ ʩʘ 

ʘʩʦʮʠʠʨʘʥʠ ʩ ʬʘʤʠʣʥʠʷ ʨʘʢ ʥʘ ʛʲʨʜʘʪʘ ʠ ʷʡʯʥʠʮʠʪʝ [65]. 

BRCA2 

ɻʝʨʤʠʥʘʪʠʚʥʠ ʤʫʪʘʮʠʠ ʚ BRCA2 ʛʝʥʘ ʧʨʠʩʲʩʪʚʘʪ ʚ 2% ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ, 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʠ ʧʨʝʜʠ 55 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ [65]. ʄʲʞʝ ʩ ʤʫʪʘʮʠʠ ʚ ʪʦʟʠ ʛʝʥ ʠʤʘʪ 5 

ʧʲʪʠ ʧʦ-ʚʠʩʦʢ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʤʲʞʝʪʝ ʙʝʟ ʤʫʪʘʮʠʷ. ʈʠʩʢʲʪ ʩʝ 

ʧʦʚʠʰʘʚʘ ʜʦ ʥʘʜ 7 ʧʲʪʠ ʚ ʩʝʤʝʡʩʪʚʘ ʩ ʨʘʥʥʦ ʥʘʯʘʣʦ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ [122, 123]. ʈʘʟʣʠʯʥʠ 

ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʛʨʫʧʠ ʫʩʪʘʥʦʚʷʚʘʪ, ʯʝ ʥʦʩʠʪʝʣʠʪʝ ʥʘ BRCA2 ʤʫʪʘʮʠʠ ʠʤʘʪ ʧʦ-ʘʛʨʝʩʠʚʝʥ 

ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ ʠ ʧʦ-ʣʦʰʘ ʧʨʦʛʥʦʟʘ ʚ ʩʨʘʚʥʝʥʠʝ ʚ ʧʘʮʠʝʥʪʠ ʙʝʟ ʤʫʪʘʮʠʠ ʚ ʪʦʟʠ ʛʝʥ 

[124-127]. 
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BRCA1 

ʅʦʩʠʪʝʣʠʪʝ ʥʘ ʤʫʪʘʮʠʠ ʚ BRCA1 ʛʝʥʘ ʩʲʱʦ ʠʤʘʪ ʧʦʚʠʰʝʥ ʨʠʩʢ (ʧʨʠʙʣʠʟʠʪʝʣʥʦ 3.8 

ʧʲʪʠ) ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʜʦ 65 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ. ʉʧʦʨʝʜ 

Breast Cancer Linkage Consortium ʟʘ ʤʲʞʝʪʝ ʥʦʩʠʪʝʣʠ ʥʘ BRCA1 ʤʫʪʘʮʠʠ 

ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʧʨʝʜʠ 65 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʝ 1.82, ʘ ʧʨʠ ʪʝʟʠ 

ʥʘʜ 65 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʨʠʩʢʲʪ ʝ ʢʘʢʪʦ ʪʦʟʠ ʟʘ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ. ʂʲʤ ʥʘʩʪʦʷʱʠʷ 

ʤʦʤʝʥʪ ʟʥʘʯʝʥʠʝʪʦ ʥʘ BRCA1 ʤʫʪʘʮʠʠʪʝ ʢʘʪʦ ʧʨʦʛʥʦʩʪʠʯʝʥ ʬʘʢʪʦʨ ʟʘ ʈʇ ʝ ʚʩʝ ʦʱʝ 

ʥʝʠʟʷʩʥʝʥʦ [128]. 

ɼʨʫʛʠ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ɼʅʂ ʧʦʧʨʘʚʢʘʪʘ 

ʆʩʚʝʥ BRCA ʛʝʥʠʪʝ, ʠʟʩʣʝʜʚʘʥʘ ʝ ʨʦʣʷʪʘ ʠ ʥʘ ʜʨʫʛʠ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ɼʅʂ 

ʧʦʧʨʘʚʢʘʪʘ ʢʘʪʦ PALB2, BRIP1, PMS2, CHEK2 ʠ NBS1 ʟʘ ʧʨʝʜʨʘʟʧʦʣʦʞʝʥʦʩʪ ʢʲʤ ʈʇ. ʊʲʡ 

ʢʘʪʦ ʘʩʦʮʠʘʮʠʷ ʥʘ ʤʫʪʘʮʠʠ ʚ ʪʝʟʠ ʛʝʥʠ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝʪʦ ʝ ʥʘʤʝʨʝʥʘ ʩʘʤʦ ʚ ʥʷʢʦʠ 

ʧʦʧʫʣʘʮʠʠ ʠ ʥʷʤʘ ʚʲʟʧʨʦʠʟʚʝʜʠʤʠ ʨʝʟʫʣʪʘʪʠ, ʢʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʪʝ ʥʝ ʤʦʛʘʪ 

ʢʘʪʝʛʦʨʠʯʥʦ ʜʘ ʙʲʜʘʪ ʘʩʦʮʠʠʨʘʥʠ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ [129-131]. 

Lynch ʩʠʥʜʨʦʤ 

ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʤʲʞʝʪʝ ʩ Lynch ʩʠʥʜʨʦʤ ʠʤʘʪ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. 

Lynch ʩʠʥʜʨʦʤʲʪ ʩʝ ʜʲʣʞʠ ʥʘ ʛʝʨʤʠʥʘʪʠʚʥʠ ʤʫʪʘʮʠʠ ʚ MMR ʛʝʥʠʪʝ - MLH1, MSH2, MSH6 

ʠ PMS2, ʢʦʜʠʨʘʱʠ ʙʝʣʪʲʯʥʠ ʬʘʢʪʦʨʠ ʦʪ ʨʝʧʘʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʧʦʧʨʘʚʢʘ ʥʘ 

ʥʝʩʲʦʪʚʝʪʩʪʚʠʷʪʘ (Mismatch Repair). ʇʨʠ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ʤʫʪʘʮʠʠ ʚ ʪʝʟʠ ʛʝʥʠ 

ʢʦʣʦʨʝʢʪʘʣʥʠʪʝ ʢʘʨʮʠʥʦʤʠ ʩʘ ʧʨʝʦʙʣʘʜʘʚʘʱʠʷʪ ʬʝʥʦʪʠʧ ʩʲʩ 70% ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʥʘ 70 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ, ʥʦ ʩʲʱʝʩʪʚʫʚʘ ʧʦʚʠʰʝʥ ʨʠʩʢ ʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʪʫʤʦʨʠ ʠʟʚʲʥ ʜʝʙʝʣʦʪʦ ʯʝʨʚʦ. ʢʘʪʦ ʝʥʜʦʤʝʪʨʠʫʤ, ʷʡʯʥʠʮʠ, ʩʪʦʤʘʭ, ʫʨʠʥʘʨʝʥ ʪʨʘʢʪ, 

ʧʨʦʩʪʘʪʘ ʠ ʜʨ. ʈʠʩʢʲʪ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʧʨʦʩʪʘʪʥʠ ʢʘʨʮʠʥʦʤʠ ʧʨʠ ʤʲʞʝ ʩʲʩ ʩʠʥʜʨʦʤ ʥʘ 

Lynch ʝ ʥʘʙʣʶʜʘʚʘʥ ʚ ʥʷʢʦʣʢʦ ʩʢʦʨʦʰʥʠ ʧʨʦʫʯʚʘʥʠʷ [132, 133]. Grindedal ʠ ʩʲʘʚʪʦʨʠ 

ʫʩʪʘʥʦʚʷʚʘʪ, ʯʝ ʢʫʤʫʣʘʪʠʚʥʠʷʪ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʥʘ 70 ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʤʲʞʝʪʝ ʥʦʩʠʪʝʣʠ ʥʘ ʤʫʪʘʮʠʠ ʚ MMR ʛʝʥʠʪʝ ʝ 30% ʚ ʩʨʘʚʥʝʥʠʝ ʩ 9% ʟʘ ʦʙʱʘʪʘ 

ʧʦʧʫʣʘʮʠʷ [131].  

HOXB13 

HOX ʛʝʥʠʪʝ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʚ ʦʨʛʘʥʦʛʝʥʝʟʘʪʘ ʥʘ ʛʨʲʙʥʘʯʥʠʪʝ ʠ ʤʫʪʘʮʠʠ ʚ ʪʷʭ ʩʘ 

ʥʘʙʣʶʜʘʚʘʥʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʢʦʥʛʝʥʠʪʘʣʥʠ (ʚʨʦʜʝʥʠ) ʤʘʣʬʦʨʤʘʮʠʠ [134]. HOXB13 ʝ ʛʝʥ, 

ʢʦʜʠʨʘʱ ʪʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʬʘʢʪʦʨ, ʢʦʡʪʦ ʝ ʞʠʟʥʝʥʦ ʚʘʞʝʥ ʟʘ ʝʤʙʨʠʦʥʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ 

ʧʨʦʩʪʘʪʘʪʘ, ʥʦ ʟʘʧʘʟʚʘ ʚʠʩʦʢʠ ʥʠʚʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʚ ʥʦʨʤʘʣʥʠ ʧʨʦʩʪʘʪʥʠ ʞʣʝʟʠ ʥʘ 

ʚʲʟʨʘʩʪʥʠ [135]. HOXB13 ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ɼʅʂ ʩʚʲʨʟʚʘʱʠʷ ʜʦʤʝʥ ʥʘ ʘʥʜʨʦʛʝʥʦʚʠʷ 

ʨʝʮʝʧʪʦʨ ʠ ʧʦʥʠʞʘʚʘ ʥʝʛʦʚʘʪʘ ʝʢʩʧʨʝʩʠʷ [136]. ʉʣʝʜ ʬʠʥʥʦ ʢʘʨʪʠʨʘʥʝ ʥʘ ʭʨʦʤʦʟʦʤʝʥ 

ʣʦʢʫʩ 17q21. Ewing ʠ ʩʲʘʚʪʦʨʠ ʦʪʢʨʠʚʘʪ, ʯʝ ʛʝʨʤʠʥʘʪʠʚʥʘʪʘ ʤʫʪʘʮʠʷ G84E (rs138213197) ʚ 

HOXB13 ʚʦʜʠ ʜʦ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʥʘʩʣʝʜʩʪʚʝʥ ʈʇ [77]. ɸʩʦʮʠʘʮʠʷʪʘ ʥʘ 

HOXB13 G84E ʤʫʪʘʮʠʷʪʘ ʩ ʈʇ ʝ ʚʘʣʠʜʠʨʘʥʘ ʠ ʚ ʜʨʫʛʠ ʧʨʦʫʯʚʘʥʠʷ [137-139]. 

ʇʨʠʙʣʠʟʠʪʝʣʥʦ 5% ʦʪ ʩʝʤʝʡʩʪʚʘʪʘ ʩ ʈʇ, ʛʣʘʚʥʦ ʩ ʝʚʨʦʧʝʡʩʢʠ ʧʨʦʠʟʭʦʜ, ʩʘ ʥʦʩʠʪʝʣʠ 

ʥʘ ʪʦʟʠ ʚʘʨʠʘʥʪ [137]. ʅʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪ, ʯʝ G48E ʤʫʪʘʮʠʷʪʘ ʧʨʦʠʟʣʠʟʘ ʦʪ 

ʩʢʘʥʜʠʥʘʚʩʢʠʪʝ ʧʦʧʫʣʘʮʠʠ [140-142]. ʏʝʩʪʦʪʘʪʘ ʥʘ ʪʘʟʠ ʤʫʪʘʮʠʷ ʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʚʠʩʦʢʘ 

ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʥʝʟʘʩʝʛʥʘʪʠʪʝ ʤʲʞʝ ʚ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ ʠ 

ʦʪʥʦʩʠʪʝʣʥʠʷʪ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʧʨʠ ʥʦʩʠʪʝʣʠʪʝ ʥʘ ʤʫʪʘʮʠʷʪʘ ʚʘʨʠʨʘ ʤʝʞʜʫ 3.3 ʠ 

20.1 ʚ ʨʘʟʣʠʯʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ [77, 137, 140, 143-146]. ɺ ʜʦʧʲʣʥʝʥʠʝ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ 

ʤʫʪʠʨʘʣʠʷʪ HOXB13 ʫʚʝʣʠʯʘʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʠ ʚ ʂʠʪʘʡʩʢʘʪʘ ʧʦʧʫʣʘʮʠʷ [147]. ɺ 

ʪʘʟʠ ʧʦʧʫʣʘʮʠʷ ʝ ʦʪʢʨʠʪʘ ʜʨʫʛʘ ʤʫʪʘʮʠʷ G135E, ʢʦʷʪʦ ʩʝ ʩʨʝʱʘ 5 ʧʲʪʠ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ. 
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1.5.1.4. ɼʨʫʛʠ ʛʝʥʠ ʧʦʢʘʟʘʣʠ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʚ ʧʨʦʫʯʚʘʥʠʷ ʦʪ ʪʠʧʘ ʩʣʫʯʘʠ-ʢʦʥʪʨʦʣʠ 

 

ɸʥʜʨʦʛʝʥʠʪʝ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ, ʥʦ ʩʲʱʦ 

ʪʘʢʘ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʪʝ ʠʛʨʘʷʪ ʨʦʣʷ ʠ ʚ ʧʨʦʩʪʘʪʥʘʪʘ ʢʘʨʮʠʥʦʛʝʥʝʟʘ. ʈʘʟʣʠʯʥʠ 

ʝʧʠʜʝʤʠʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ ʘʥʜʨʦʛʝʥʠʪʝ ʧʦʚʣʠʷʚʘʪ 

ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʧʨʠ ʥʷʢʦʠ ʧʦʧʫʣʘʮʠʠ. ɸʬʨʦ ʘʤʝʨʠʢʘʥʮʠʪʝ ʠʤʘʪ ʧʦ-ʚʠʩʦʢʠ ʥʠʚʘ 

ʥʘ ʩʝʨʫʤʝʥ ʪʝʩʪʦʩʪʝʨʦʥ ʠ ʧʦ-ʚʠʩʦʢ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠʪʝ 

ʥʘ ʷʧʦʥʩʢʘʪʘ ʧʦʧʫʣʘʮʠʷ, ʧʨʠ ʢʦʠʪʦ ʨʠʩʢʲʪ ʝ ʥʠʩʲʢ ʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʠʩʢʠ ʩʝʨʫʤʥʠ ʥʠʚʘ ʥʘ 

ʪʝʩʪʦʩʪʝʨʦʥ. ʉʲʱʦ ʪʘʢʘ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʤʲʞʝ ʩ 5-ʘʣʬʘ ʨʝʜʫʢʪʘʟʝʥ ʜʝʬʠʮʠʪ ʥʝ ʨʘʟʚʠʚʘʪ 

ʈʇ ʠ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ ʤʥʦʛʦ ʨʷʜʢʦ ʚʲʟʥʠʢʚʘ ʧʨʠ ʤʲʞʝ ʢʘʩʪʨʠʨʘʥʠ ʧʨʝʜʠ ʧʫʙʝʨʪʝʪʘ ʠʣʠ 

ʤʘʣʢʦ ʩʣʝʜ ʥʝʛʦ. ʉʧʦʨʝʜ ʝʧʠʜʝʤʠʦʣʦʛʠʯʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʘʥʜʨʦʛʝʥʠʪʝ ʠʤʘʪ ʜʠʨʝʢʪʥʦ ʠʣʠ 

ʠʥʜʠʨʝʢʪʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ ʥʘ ʥʦʨʤʘʣʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ ʚ ʪʫʤʦʨʥʠ 

[148]. ɺ ʨʘʟʣʠʯʥʠ ʧʨʦʫʯʚʘʥʠʷ ʝ ʥʘʙʣʶʜʘʚʘʥʘ ʘʩʦʮʠʘʮʠʷ ʤʝʞʜʫ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʠ 

ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ (SNPs) ʚ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʩʪʝʨʦʠʜʥʠʪʝ 

ʭʦʨʤʦʥʠ [149-152], ʢʦʝʪʦ ʜʘʚa ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʦʟʥʘʥʠʷ ʟʘ ʛʝʥʝʪʠʯʥʘʪʘ ʦʩʥʦʚʘ ʥʘ ʪʦʚʘ 

ʟʘʙʦʣʷʚʘʥʝ. ʅʷʢʦʠ ʦʪ ʪʝʟʠ ʛʝʥʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 1.3.  

ʍʨʦʥʠʯʥʦʪʦ ʚʲʟʧʘʣʝʥʠʝ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʦʥʢʦʣʦʛʠʯʥʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʢʘʪʦ ʨʘʢʘ ʥʘ ʩʪʦʤʘʭʘ, ʨʘʢʘ ʥʘ ʧʠʢʦʯʥʠʷ ʤʝʭʫʨ, ʨʘʢʘ ʥʘ ʯʝʨʥʠʷ ʜʨʦʙ ʠ ʨʘʢʘ ʥʘ 

ʜʝʙʝʣʦʪʦ ʯʝʨʚʦ [153]. ʇʨʝʜʧʦʣʦʞʝʥʦ ʝ, ʯʝ ʪʦ ʠʛʨʘʝ ʨʦʣʷ ʠ ʚ ʝʪʠʦʣʦʛʠʷʪʘ ʥʘ ʈʇ [154]. ɺ 

ʧʦʜʢʨʝʧʘ ʥʘ ʪʦʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʝ ʦʪʢʨʠʪʦ, ʯʝ ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ ʛʝʥʠʪʝ MSR1, RNASEL ʠ 

TLR4, ʫʯʘʩʪʚʘʱʠ ʚʲʚ ʚʨʦʜʝʥʠʷ ʠʤʫʥʝʥ ʦʪʛʦʚʦʨ ʧʨʠ ʠʥʬʝʢʮʠʠ ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ [155-

157]. 

ɼʨʫʛ ʨʠʩʢʦʚ ʬʘʢʪʦʨ, ʤʦʜʠʬʠʮʠʨʘʱ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʝ ʟʘʧʘʜʥʘʪʘ ʜʠʝʪʘ, 

ʙʦʛʘʪʘ ʥʘ ʤʘʟʥʠʥʠ. ɸʣʬʘ ʤʝʪʠʣʘʮʠʣ CoA ʨʘʮʝʤʘʟʘʪʘ (AMACR) ʤʝʪʘʙʦʣʠʟʠʨʘ ʤʘʩʪʥʠʪʝ 

ʢʠʩʝʣʠʥʠʪʝ ʦʪ ʜʠʝʪʘʪʘ ʠ ʝ ʜʦʢʘʟʘʥ ʪʲʢʘʥʝʥ ʙʠʦʤʘʨʢʝʨ ʧʨʠ ʈʇ ʩ ʧʦʚʠʰʝʥʘ ʝʢʩʧʨʝʩʠʷ ʚ 

ʪʫʤʦʨʠʪʝ [158, 159]. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ ʪʦʟʠ ʛʝʥ ʤʦʜʠʬʠʮʠʨʘʪ ʨʠʩʢʘ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ [160]. 

ɸʥʛʠʦʛʝʥʝʟʘʪʘ ʝ ʜʨʫʛ ʚʘʞʝʥ ʧʲʪ, ʟʘʩʝʛʥʘʪ ʚ ʪʫʤʦʨʥʘʪʘ ʧʨʦʛʨʝʩʠʷ. ʈʝʤʦʜʝʣʠʨʘʥʝʪʦ 

ʥʘ ʢʨʲʚʦʥʦʩʥʠʪʝ ʩʲʜʦʚʝ ʦʩʠʛʫʨʷʚʘ ʢʠʩʣʦʨʦʜ ʠ ʭʨʘʥʠʪʝʣʥʠ ʚʝʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʪʫʤʦʨʥʠʷ ʨʘʩʪʝʞ ʠ ʧʨʦʛʨʝʩʠʷ. ɼʦʢʣʘʜʚʘʥʘ ʝ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʧʣʲʪʥʦʩʪʪʘ ʥʘ 

ʤʠʢʨʦʩʲʜʦʚʝʪʝ ʠ ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʠ ʝ ʫʩʪʘʥʦʚʝʥʘ ʧʨʦʤʷʥʘ ʚ 

ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʘʥʛʠʦʛʝʥʥʠʪʝ ʬʘʢʪʦʨʠ ʘʩʦʮʠʠʨʘʥʘ ʩ ʢʣʠʥʠʯʥʠʷ ʩʪʘʜʠʡ, Gleason score, ʩ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʤʝʪʘʩʪʘʟʠ ʠ ʧʨʝʞʠʚʷʝʤʦʩʪʪʘ. ʇʨʦʮʝʩʠʪʝ ʥʘ ʘʥʛʠʦʛʝʥʝʟʘ ʩʝ ʨʝʛʫʣʠʨʘʪ ʦʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʘʢʪʠʚʘʪʦʨʠʪʝ: VEGF, EGF, ʠʥʪʝʨʣʝʚʢʠʥʠ, NOS, TGF-ɓ, TNF-Ŭ, 

ʪʨʦʤʙʦʮʠʪʥʠʷ ʨʘʩʪʝʞʝʥ ʬʘʢʪʦʨ, ʤʘʪʨʠʢʩʥʠ ʤʝʪʘʣʦʧʨʦʪʝʠʥʘʟʠ ʠ ʠʥʭʠʙʠʪʦʨʠʪʝ: 

ʝʥʜʦʩʪʘʪʠʥ, ʪʨʦʤʙʦʮʠʪʝʥ ʬʘʢʪʨʦ-4, ʪʫʤʘʩʪʠʥ, ʪʨʦʤʙʦʩʧʦʥʜʠʥ-1, ʠʥʭʠʙʠʪʦʨʘ ʥʘ 

ʧʣʘʟʤʠʥʦʛʝʥʥʠʷ ʘʢʪʠʚʘʪʦʨ, ʘʥʛʠʦʩʪʘʪʠʥ. ʅʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʦʣʠʤʦʨʬʠʟʤʠ 

ʚ ʥʷʢʦʠ ʦʪ ʛʝʥʠʪʝ, ʨʝʛʫʣʠʨʘʱʠ ʘʥʛʠʦʛʝʥʝʟʘʪʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʈʇ (ʊʘʙʣʠʮʘ 1.3) [161]. 

ʎʠʨʢʘʜʥʠʪʝ ʨʠʪʤʠ ʨʝʛʫʣʠʨʘʪ ʜʥʝʚʥʠʪʝ ʦʩʮʠʣʘʮʠʠ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʬʠʟʠʦʣʦʛʠʯʥʠ, 

ʤʝʪʘʙʦʣʠʪʥʠ ʠ ʧʦʚʝʜʝʥʯʝʥʩʢʠ ʧʨʦʮʝʩʠ. ʅʘʨʫʰʘʚʘʥʝʪʦ ʠʤ ʨʘʟʩʪʨʦʡʚʘ ʬʠʟʠʦʣʦʛʠʯʥʠ ʠ 

ʙʠʦʭʠʤʠʯʥʠ ʧʨʝʮʝʩʠ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʪʫʤʦʨʦʛʝʥʝʟʘ. ʅʷʢʦʣʢʦ ʝʧʠʜʝʤʠʦʣʦʛʠʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʥʘʨʫʰʘʚʘʥʝʪʦ ʥʘ ʮʠʨʢʘʜʥʠʪʝ ʨʠʪʤʠ ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʯʝʩʪʘ ʩʤʷʥʘ ʥʘ 

ʯʘʩʦʚʠʪʝ ʟʦʥʠ (ʢʘʪʦ ʧʨʠ ʧʠʣʦʪʠʪʝ), ʥʦʱʥʠʪʝ ʩʤʷʥʠ, ʩʫʧʨʝʩʠʨʘʥʝʪʦ ʥʘ ʤʝʣʘʪʦʥʠʥ ʯʨʝʟ 

ʝʢʩʧʦʟʠʮʠʷ ʥʘ ʩʚʝʪʣʠʥʘ ʧʨʝʟ ʥʦʱʪʘ, ʥʘʨʫʰʝʥʠʷ ʚ ʩʲʥʷ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ [162]. ɻʝʥʠʪʝ, ʨʝʛʫʣʠʨʘʱʠ ʮʠʨʢʘʜʥʠʪʝ ʨʠʪʤʠ ʬʫʥʢʮʠʦʥʠʨʘʪ ʢʘʪʦ ʪʫʤʦʨ 

ʩʫʧʨʝʩʦʨʠ ʠʣʠ ʦʥʢʦʛʝʥʠ, ʪʲʡ ʢʘʪʦ ʫʯʘʩʪʚʘʪ ʚ ʢʣʝʪʲʯʥʘʪʘ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʘʧʦʧʪʦʟʘ, ʢʦʥʪʨʦʣ 

ʥʘ ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ ʠ ʦʪʛʦʚʦʨʘ ʢʲʤ ɼʅʂ ʫʚʨʝʞʜʘʥʠʷ. ʅʘʧʨʠʤʝʨ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ p53 ʩʝ 

ʨʝʛʫʣʠʨʘ ʦʪ ʮʠʨʢʘʜʥʠʷ ʯʘʩʦʚʥʠʢ, ʘ ʛʣʘʚʥʠʷ ʮʠʨʢʘʜʝʥ ʨʝʛʫʣʘʪʦʨ, ʢʘʟʝʠʥ ʢʠʥʘʟʘ I, ʠʥʠʮʠʠʨʘ 
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ʢʣʝʪʲʯʥʘʪʘ ʧʨʦʣʠʬʝʨʘʮʠʷ ʠ ʪʫʤʦʨʦʛʝʥʝʟʘ. ʇʨʠ ʈʇ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʮʠʨʢʘʜʥʠʪʝ ʨʠʪʤʠ 

ʨʝʛʫʣʠʨʘʪ ʠ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʘʥʜʨʦʛʝʥʠʪʝ ʠ ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʪʷʭʥʘʪʘ 

ʨʝʛʫʣʘʮʠʷ ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ [163]. ɺ ʊʘʙʣʠʮʘ 1.3 ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʯʘʩʪ ʦʪ ʛʝʥʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ ʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʮʠʨʢʘʜʥʠʪʝ ʨʠʪʤʠ ʘʩʦʮʠʠʨʘʥʠ ʩ 

ʈʇ. 

ɼʨʫʛʘ ʚʘʞʥʘ ʩʪʲʧʢʘ ʚ ʢʘʨʮʠʥʦʛʝʥʝʟʘʪʘ ʝ ʥʘʨʫʰʘʚʘʥʝ ʥʘ ʘʜʭʝʟʠʷʪʘ. ɽʜʠʥ ʦʪ ʛʝʥʠʪʝ, 

ʠʤʘʱ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʘʜʭʝʟʠʷʪʘ ʝ CDH1 ï ɽ ʢʘʜʭʝʨʠʥ. ʇʦʣʠʤʦʨʬʠʟʤʠ ʚ ʪʦʟʠ ʛʝʥ, 

ʧʦʚʣʠʷʚʘʱʠ ʘʢʪʠʚʥʦʩʪʪʘ ʤʫ, ʧʦʢʘʟʚʘʪ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʚ ʥʷʢʦʣʢʦ ʧʨʦʫʯʚʘʥʠʷ [164]. 

ɺ ʭʦʜʘ ʥʘ ʢʘʨʮʠʥʦʛʝʥʝʟʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʟʥʘʯʠʪʝʣʥʘ ʧʨʦʤʷʥʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 

ʨʝʜʠʮʘ ʛʝʥʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʥʘ ʪʝʟʠ, ʢʦʜʠʨʘʱʠ ʤʠʢʨʦʈʅʂ-ʠʪʝ. ʤʠʢʨʦʈʅʂ-ʠʪʝ ʨʝʛʫʣʠʨʘʪ 

ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨʠ ʠ ʦʥʢʦʛʝʥʠ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʠʤʘʪ ʨʦʣʷ ʚ ʪʫʤʦʨʥʘʪʘ 

ʠʥʠʮʠʘʮʠʷ ʠ ʧʨʦʛʨʝʩʠʷ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 50% ʦʪ ʛʝʥʠʪʝ ʟʘ ʤʠʢʨʦʈʅʂ-ʠʪʝ 

ʩʘ ʣʦʢʘʣʠʟʠʨʘʥʠ ʚ ʭʨʦʤʦʟʦʤʥʠ ʨʝʛʠʦʥʠ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʤʘʣʠʛʥʝʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʄʥʦʛʦ 

ʝʧʠʜʝʤʠʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʘʪ ʘʩʦʮʠʘʮʠʷʪʘ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ ʤʠʢʨʦʈʅʂ 

ʛʝʥʠʪʝ ʩ ʨʘʟʚʠʪʠʝʪʦ ʠ ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʦʥʢʦʣʦʛʠʯʥʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʈʇ 

[165]. 
 

ʊʘʙʣʠʮʘ 1.3. ʅʷʢʦʠ ʛʝʥʠ ʧʦʢʘʟʘʣʠ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʚ 

ʧʨʦʫʯʚʘʥʠʷ ʦʪ ʪʠʧʘ ʩʣʫʯʘʠ-ʢʦʥʪʨʦʣʠ 

ɻʝʥ ʋʯʘʩʪʠʝ ʚ ʢʣʝʪʲʯʥʠ ʧʲʪʠʱʘ ʈʝʬʝʨʝʥʮʠʷ 

AR 

ʄʝʪʘʙʦʣʠʟʲʤ ʥʘ ʩʪʝʨʦʠʜʠ 

[166]. 

CYP1B1 [167, 168] 

CYP17 [169, 170] 

CYP19 [171, 172] 

SRD5A2 [173] 

VDR [174, 175] 

RNASEL ʀʤʫʥʝʥ ʦʪʛʦʚʦʨ. ɿʘʱʠʪʘ ʢʲʤ 

ʠʥʬʝʢʮʠʠ 

[176] 

TLR4 [177, 178] 

AMACR ʄʝʪʘʙʦʣʠʟʲʤ ʥʘ ʣʠʧʠʜʠ [160, 179] 

miR-146a 

ɽʧʠʛʝʥʝʪʠʯʥʘ ʨʝʛʫʣʘʮʠʷ 

[180] 

miR-196a2 [181] 

miR-499 [181] 

VEGF 

ɸʥʛʠʦʛʝʥʝʟʘ 

[182] 

HIF1A [183] 

ecNOS [184] 

FGF4 [185] 

IGF1 [186] 

CDH1 ɸʜʭʝʟʠʷ [164, 187, 188] 

TIMELESS 

ʎʠʨʢʘʜʝʥ ʨʠʪʲʤ 

[162] 

NPAS2 [162] 

PER3 [162] 

CSNK1E [162] 

CLOCK [189] 

CRY1 [189] 

CRY2 [189] 
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1.5.1.5. ʉʦʤʘʪʠʯʥʠ ʤʫʪʘʮʠʠ ʧʨʠ ʈʇ 

ʈʘʟʣʠʯʥʠ ʛʝʥʝʪʠʯʥʠ ʩʲʙʠʪʠʷ ʤʦʛʘʪ ʜʘ ʩʲʧʨʦʚʦʞʜʘʪ ʪʫʤʦʨʦʛʝʥʝʟʘʪʘ. 

ɻʝʨʤʠʥʘʪʠʚʥʠʪʝ ʚʘʨʠʘʥʪʠ ʧʨʠʩʲʩʪʚʘʪ ʚʲʚ ʚʩʠʯʢʠ ʢʣʝʪʢʠ ʥʘ ʪʷʣʦʪʦ. ɿʘ ʨʘʟʣʠʢʘ ʪʦ ʪʷʭ 

ʩʦʤʘʪʠʯʥʠʪʝ ʤʫʪʘʮʠʠ ʚʲʟʥʠʢʚʘʪ ʚ ʧʨʦʩʪʘʪʥʠʪʝ ʢʣʝʪʢʠ ʠ ʚʢʣʶʯʚʘʪ ʤʫʪʘʮʠʠ, ʚʦʜʝʱʠ ʜʦ 

ʘʢʪʠʚʘʮʠʷ ʥʘ ʦʥʢʦʛʝʥʠ ʠ ʟʘʛʫʙʘ ʥʘ ʬʫʥʢʮʠʠ ʥʘ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨʥʠ ʛʝʥʠ. ʈʘʟʥʦʦʙʨʘʟʥʠ 

ʤʝʭʘʥʠʟʤʠ ʚʦʜʷʪ ʜʦ ʩʦʤʘʪʠʯʥʠ ʧʨʦʤʝʥʠ. ʉʪʨʫʢʪʫʨʥʠʪʝ ʣʝʟʠʠ ʩʘ ʯʝʩʪʠ ʧʨʠ ʈʇ ʠ ʚʦʜʷʪ ʜʦ 

ʛʝʥʦʤʥʠ ʧʨʝʥʘʨʝʞʜʘʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʘʤʧʣʠʬʠʢʘʮʠʠ, ʜʝʣʝʮʠʠ ʠʣʠ ʪʨʘʥʩʣʦʢʘʮʠʠ ʥʘ 

ʩʝʛʤʝʥʪʠ ʦʪ ʭʨʦʤʦʟʦʤʠ. ʍʨʦʤʦʟʦʤʥʠʪʝ ʧʨʝʥʘʨʝʞʜʘʥʠʷ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʛʝʥʥʠ ʬʫʟʠʠ. 

ʊʦʯʢʦʚʠʪʝ ʤʫʪʘʮʠʠ ʚʲʟʥʠʢʚʘʪ ʧʦ-ʨʷʜʢʦ ʧʨʠ ʈʇ [190]. 

ʇʨʦʤʝʥʠ ʚ ʦʥʢʦʛʝʥʥʠ ʧʲʪʠʱʘ, ʩʨʝʱʘʱʠ ʩʝ ʠ ʧʨʠ ʜʨʫʛʠ ʚʠʜʦʚʝ ʨʘʢ 

ʌʦʩʬʦʠʥʦʟʠʪʠʜ- 3- ʢʠʥʘʟʥʠʷ (PI3K) ʧʲʪ 

ʊʦʟʠ ʧʲʪ ʝ ʩʨʝʜ ʥʘʡ-ʯʝʩʪʦ ʟʘʩʝʛʥʘʪʠ ʩʠʛʥʘʣʥʠ ʧʲʪʠʱʘ ʚ ʦʥʢʦʛʝʥʝʟʘʪʘ. ɸʢʪʠʚʠʨʘ ʩʝ 

ʦʪ ʧʨʦʤʝʥʠ ʚ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ ʩʠʛʥʘʣʥʠ ʢʦʤʧʦʥʝʥʪʘ ʠ ʟʘʩʷʛʘ ʢʣʝʪʲʯʥʘʪʘ ʧʨʦʣʠʬʝʨʘʮʠʷ, 

ʦʮʝʣʷʚʘʥʝ ʠ ʠʥʚʘʟʠʷ. ʄʫʪʘʮʠʠ ʚ PI3K ʧʲʪʷ ʩʝ ʩʨʝʱʘʪ ʚ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 25-70% ʦʪ 

ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʢʘʪʦ ʧʨʠ ʤʝʪʘʩʪʘʟʠ ʪʷʭʥʘʪʘ ʯʝʩʪʦʪʘʪʘ ʝ ʧʦ-ʚʠʩʦʢʘ [190]. ɼʝʣʝʮʠʠ ʚ 

ʪʫʤʦʨʩʫʧʨʝʩʦʨʥʠʷ ʛʝʥ PTEN (ʬʦʩʬʘʪʘʟʘ ʠ ʪʝʥʩʠʥ ʭʦʤʦʣʦʛ) ʩʝ ʩʨʝʱʘʪ ʚ ʦʢʦʣʦ 40% ʦʪ 

ʧʲʨʚʠʯʥʠʪʝ ʪʫʤʦʨʠ, ʘ ʠʥʘʢʪʠʚʠʨʘʱʠ ʤʫʪʘʮʠʠ ʚ ʦʢʦʣʦ 5-10% ʦʪ ʪʷʭ [191-194]. 

ʌʫʥʢʮʠʦʥʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʤʦʜʝʣʥʠ ʩʠʩʪʝʤʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʪʚʲʨʞʜʘʚʘʪ ʨʦʣʷʪʘ ʥʘ 

PTEN ʢʘʪʦ ʚʘʞʝʥ ʪʫʤʦʨʩʫʧʨʝʩʦʨ ʧʨʠ ʈʇ [195-197]. ɸʤʧʣʠʬʠʢʘʮʠʠ ʠ ʪʦʯʢʦʚʠ ʤʫʪʘʮʠʠ ʚ 

PIK3CA ʛʝʥʘ, ʢʦʜʠʨʘʱ ʢʘʪʘʣʠʪʠʯʥʘʪʘ ʩʫʙʝʜʠʥʠʮʘ ʥʘ PI3K ʩʲʱʦ ʚʦʜʷʪ ʜʦ ʩʚʨʲʭ ʘʢʪʠʚʘʮʠʷ 

ʥʘ ʩʠʛʥʘʣʥʠʷ ʧʲʪ. ɸʤʧʣʠʬʠʢʘʮʠʠʪʝ ʚ ʪʦʟʠ ʛʝʥ ʩʝ ʩʨʝʱʘʪ ʚ ʦʢʦʣʦ 25% ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ 

ʪʫʤʦʨʠ, ʘ ʘʢʪʠʚʠʨʘʱʠʪʝ ʪʦʯʢʦʚʠ ʤʫʪʘʮʠʠ - ʚ ʦʢʦʣʦ 5% ʦʪ ʪʷʭ [191{Chen, 2011 #128, 196]. 

ʇʦ-ʨʷʜʢʦ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʤʫʪʘʮʠʠ ʠ ʚ ʜʨʫʛʠ ʛʝʥʠ ʦʪ PI3K ʩʠʛʥʘʣʥʠʷ ʧʲʪ ʢʘʪʦ: PHLPP1, 

MAGI2, CDKN1B, GSK3B [191, 196, 198-201]. 

Ras/Raf/MAPK ʩʠʛʥʘʣʝʥ ʧʲʪ  

ʉʚʨʲʭʘʢʪʠʚʠʨʘʥʝ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ MAPK ʩʠʛʥʘʣʥʠʷ ʧʲʪ ʩʝ ʩʨʝʱʘ ʯʝʩʪʦ ʧʨʠ 

ʤʝʪʘʩʪʘʟʠ ʥʘ ʈʇ, ʥʦ ʩʦʤʘʪʠʯʥʠ ʤʫʪʘʮʠʠ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʨʷʜʢʦ [202]. ʇʨʠ ʈʇ ʩʝ ʦʪʢʨʠʚʘʪ 

ʨʝʜʢʠ ʬʫʟʠʦʥʥʠ ʛʝʥʠ, ʚʢʣʶʯʚʘʱʠ KRAS, RAF1, ʠ BRAF [203-205]. 

p53 

ʊʫʤʦʨʩʫʧʨʝʩʦʨʲʪ p53 (TP53) ʝ ʥʘʡ-ʯʝʩʪʦ ʤʫʪʠʨʘʣʠʷ ʛʝʥ ʧʨʠ ʨʘʢ [206]. ɼʝʣʝʮʠʠ ʚ 

ʪʦʟʠ ʣʦʢʫʩ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʚ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 25-40% ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ, ʘ ʪʦʯʢʦʚʠ 

ʤʫʪʘʮʠʠ ʚ 5-40% ʪʷʭ [190].  

Rb 

RB1 ʛʝʥʲʪ, ʢʦʜʠʨʘʱ ʨʝʪʠʥʦʙʣʘʩʪʦʤʥʠʷ ʙʝʣʪʲʢ Rb, ʨʷʜʢʦ ʝ ʜʝʣʝʪʠʨʘʣ ʚ 

ʣʦʢʘʣʠʟʠʨʘʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ, ʥʦ ʝ ʠʥʘʢʪʠʚʠʨʘʥ ʚ ʧʦʚʝʯʝ ʦʪ 45% ʦʪ ʢʘʩʪʨʘʮʠʦʥʥʦ 

ʨʝʟʠʩʪʝʥʪʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ [205]. ʉʢʦʨʦʰʥʠ ʜʘʥʥʠ ʧʦʢʘʟʚʘʪ, ʯʝ Rb ʤʦʜʫʣʠʨʘ 

ʘʥʜʨʦʛʝʥ ʨʝʮʝʧʪʦʨʥʦʪʦ ʩʠʛʥʘʣʠʟʠʨʘʥʝ ʠ ʠʥʭʠʙʠʨʘ ʧʨʦʛʨʝʩʠʷʪʘ ʢʲʤ ʢʘʩʪʨʘʮʠʦʥʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ [207]. 

MYC 

MYC ʛʝʥʲʪ ʢʦʜʠʨʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠʷ ʬʘʢʪʦʨ c-Myc ʩ ʤʥʦʞʝʩʪʚʦ ʪʘʨʛʝʪʥʠ ʛʝʥʠ, 

ʢʦʡʪʦ ʚʦʜʠ ʜʦ ʧʨʦʛʨʝʩʠʷ ʥʘ ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ, ʢʣʝʪʲʯʥʦ ʦʮʝʣʷʚʘʥʝ ʠ ʪʫʤʦʨʦʛʝʥʝʟʘ. ʅʘʤʠʨʘ 

ʩʝ ʚ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 8q24 ʠ ʯʝʩʪʦ ʝ ʘʤʧʣʠʬʠʮʠʨʘʥ ʧʨʠ ʈʇ [190]. 

ʄʫʪʘʮʠʠ ʚ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʭʨʦʤʘʪʠʥʦʚʘʪʘ ʨʝʛʫʣʘʮʠʷ 

ɼʠʩʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʧʨʦʪʝʠʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʭʨʦʤʘʪʠʥʦʚʘʪʘ ʨʝʛʫʣʘʮʠʷ, ʤʦʞʝ ʜʘ ʠʤʘ 

ʰʠʨʦʢʦʦʙʭʚʘʪʥʠ ʢʣʝʪʲʯʥʠ ʧʦʩʣʝʜʩʪʚʠʷ, ʟʘʩʷʛʘʱʠ ʛʝʥʦʤʥʠʷ ʢʦʥʪʨʦʣ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ, 
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ɼʅʂ ʧʦʧʨʘʚʢʘʪʘ ʠ ʧʦʜʜʲʨʞʘʥʝʪʦ ʥʘ ʛʝʥʦʤʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ. ɺ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʩʘ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʤʫʪʘʮʠʠ ʚ ʛʝʥʠ ʢʘʪʦ KDM6A/UTX, MLL2, MLL3 ʠ EZH2, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ 

ʤʦʜʠʬʠʢʘʮʠʷʪʘ ʥʘ ʭʠʩʪʦʥʠʪʝ [206]. 

ʇʨʦʤʝʥʠ, ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʈʇ 

ʃʝʟʠʠ, ʟʘʩʷʛʘʱʠ ʘʥʜʨʦʛʝʥ - ʩʠʛʥʘʣʠʟʘʮʠʷʪʘ 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʨʝʛʨʝʩʠʷ ʥʘ ʈʇ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩʣʝʜ ʧʨʦʚʝʜʝʥʘ ʢʘʩʪʨʘʮʠʷ ʜʦʚʝʜʝ ʜʦ 

ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ ʘʥʜʨʦʛʝʥʦʚʘʪʘ ʩʠʛʥʘʣʠʟʘʮʠʷ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʚ ʧʘʪʦʛʝʥʝʟʘʪʘ ʥʘ ʈʇ. ɺ 

AR ʛʝʥʘ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʪʦʯʢʦʚʠ ʤʫʪʘʮʠʠ, ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ ʧʨʦʤʝʥʠ ʚ ʩʧʣʘʡʩʠʥʛʘ, ʚʦʜʝʱʠ 

ʜʦ ʢʦʥʩʪʠʪʫʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʨʝʮʝʧʪʦʨʘ, ʧʨʝʜʠʤʥʦ ʧʨʠ ʤʝʪʘʩʪʘʪʠʯʝʥ ʢʘʩʪʨʘʮʠʦʥʥʦ 

ʨʝʟʠʩʪʝʥʪʝʥ ʈʇ [208-211]. ɸʤʧʣʠʬʠʢʘʮʠʠ ʥʘ AR ʩʝ ʩʨʝʱʘʪ ʚ 46%, ʘ ʪʦʯʢʦʚʠ ʤʫʪʘʮʠʠ 

ʚ ʦʢʦʣʦ 10% ʦʪ ʪʨʝʪʠʨʘʥʠʪʝ ʤʝʪʘʩʪʘʪʠʯʥʠ ʪʫʤʦʨʠ, ʥʦ ʪʝʟʠ ʣʝʟʠʠ ʦʪʩʲʩʪʚʘʪ ʚ 

ʣʦʢʘʣʠʟʠʨʘʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ [202]. ʊʦʚʘ ʧʦʢʘʟʚʘ, ʯʝ AR ʥʷʤʘ ʨʦʣʷ ʚ ʧʘʪʦʛʝʥʝʟʘʪʘ 

ʥʘ ʈʇ ʠ ʤʫʪʘʮʠʠ ʚ ʪʦʟʠ ʛʝʥ ʚʲʟʥʠʢʚʘʪ ʧʦ ʚʨʝʤʝ ʥʘ ʣʝʯʝʥʠʝʪʦ ʢʘʪʦ ʤʝʭʘʥʠʟʲʤ, ʚʦʜʝʱ ʜʦ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ ʢʲʤ ʪʝʨʘʧʝʚʪʠʮʠ, ʜʝʡʩʪʚʘʱʠ ʚʲʨʭʫ ʘʥʜʨʦʛʝʥʦʚʘʪʘ ʦʩ [190]. ʅʘʙʣʶʜʘʚʘʥʠ ʩʘ 

ʠ ʤʫʪʘʮʠʠ ʚ ʛʝʥʠʪʝ NCOA2, EP300, NCOR2, ʯʠʠʪʦ ʧʨʦʜʫʢʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʠ ʤʦʜʫʣʠʨʘʪ 

ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ AR [191, 199, 202, 212]. ɿʘ ʨʘʟʣʠʢʘ ʦʪ AR, ʜʝʨʝʛʫʣʘʮʠʷ ʠʣʠ ʤʫʪʘʮʠʠ ʚ ʪʝʟʠ 

ʛʝʥʠ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʢʘʢʪʦ ʚ ʧʲʨʚʠʯʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ, ʪʘʢʘ ʠ ʚ ʤʝʪʘʩʪʘʟʠʪʝ.  

ETS ʛʝʥʥʠ ʬʫʟʠʠ 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʭʨʦʤʦʟʦʤʥʠʪʝ ʘʙʝʨʘʮʠʠ ʩʘ ʩʝ ʩʯʠʪʘʣʠ ʟʘ ʦʩʥʦʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʘʤʦ ʥʘ ʣʝʚʢʝʤʠʠʪʝ, ʣʠʤʬʦʤʠʪʝ ʠ ʩʘʨʢʦʤʠʪʝ. ɼʥʝʩ ʝ ʠʟʚʝʩʪʥʦ, ʯʝ ʧʦ-ʤʘʣʢʦ ʦʪ 1% ʦʪ 

ʭʨʦʤʦʟʦʤʥʠʪʝ ʧʨʝʥʘʨʝʞʜʘʥʠʷ, ʚʦʜʝʱʠ ʜʦ ʟʘʙʦʣʷʚʘʥʠʷ, ʩʝ ʩʨʝʱʘʪ ʚ ʝʧʠʪʝʣʥʠʪʝ ʪʫʤʦʨʠ 

(ʢʘʨʮʠʥʦʤʠʪʝ), ʢʦʠʪʦ ʩʘ ʥʘʡ-ʯʝʩʪʠʪʝ ʯʦʚʝʰʢʠ ʪʫʤʦʨʠ, ʜʦʧʨʠʥʘʩʷʱʠ ʟʘ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ 

ʟʘʙʦʣʝʚʘʝʤʦʩʪʪʘ ʠ ʩʤʲʨʪʥʦʩʪʪʘ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʘʢʘ [213]. ɼʨʘʩʪʠʯʥʦ ʩʝ ʧʨʦʤʝʥʷʪ 

ʚʲʟʛʣʝʜʠʪʝ ʟʘ ʙʠʦʣʦʛʠʷʪʘ ʥʘ ʪʫʤʦʨʠʪʝ ʩʣʝʜ ʦʪʢʨʠʪʠʝʪʦ ʥʘ ʬʫʟʠʦʥʥʠʪʝ ETS 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ ʬʘʢʪʦʨʠ ʚ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʦʪ Tomlins ʠ ʢʦʣʝʛʠ [214].  

ʅʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʘʪʘ ʬʫʟʠʷ ʚ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ ʝ ʤʝʞʜʫ ʛʝʥʠʪʝ TMPRSS2 

(21q22.3) ʠ ERG (21q22.2), ʩ ʯʝʩʪʦʪʘ ʦʢʦʣʦ 50% [215]. ʌʫʥʢʮʠʠʪʝ ʥʘ ʪʘʟʠ ʬʫʟʠʷ ʟʘ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʈʇ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʚ ʌʠʛʫʨʘ 1.9. ʅʘʜ 10 ʘʥʜʨʦʛʝʥ ʨʝʛʫʣʠʨʘʥʠ ʛʝʥʠ ʢʘʪʦ 

TMPRSS2 ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʢʘʪʦ 5ô ʬʫʟʠʦʥʥʠ ʧʘʨʪʥʴʦʨʠ ʥʘ ETS ʛʝʥʠʪʝ ʢʘʪʦ: ERG, ETV1, 

ETV4, ETV5, FLI1 [216, 217]. ʇʨʝʥʘʨʝʞʜʘʥʠʷʪʘ, ʚʢʣʶʯʚʘʱʠ ETS ʛʝʥʠʪʝ ʩʘ ʩ ʯʝʩʪʦʪʘ ʦʪ 27 

ʜʦ 79% ʚ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʠ ʙʠʦʧʩʠʠ [216].  
 

 
ʌʠʛʫʨʘ 1.9. ʌʫʥʢʮʠʠ ʥʘ ETS ʬʫʟʠʠʪʝ ʧʨʠ ʈʇ.  

ʂʦʛʘʪʦ ʬʫʟʠʷ ʩʝ ʩʣʫʯʠ ʤʝʞʜʫ TMPRSS2 ʠ ETS ʛʝʥ, TMPRSS2- 5ô ʧʨʦʤʦʪʦʨʘ ʘʢʪʠʚʠʨʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ ʧʨʠ 

ʥʘʣʠʯʠʝ ʥʘ ʘʥʜʨʦʛʝʥʠ ʠ ʚ ʥʷʢʦʠ ʩʣʫʯʘʠ, ʥʘ ʝʩʪʨʦʛʝʥʠ. ʍʠʤʝʨʥʠʷʪ ʪʨʘʥʩʢʨʠʧʪ ʢʦʜʠʨʘ ʩʢʲʩʝʥʘ ʚʝʨʩʠʷ ʥʘ ETS 
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ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠʷ ʬʘʢʪʦʨ. ʉʚʨʲʭʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ETS ʛʝʥʠʪʝ ʚ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ ʚʦʜʠ ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʢʣʝʪʲʯʥʘʪʘ ʧʨʦʣʠʬʝʨʘʮʠʷ, ʠʥʚʘʟʠʷ ʠ ʠʥʭʠʙʠʨʘʥʝ ʥʘ ʘʧʦʧʪʦʟʘʪʘ. ʉʤʷʪʘ ʩʝ, ʯʝ ʢʦʦʧʝʨʘʪʠʚʥʠ ʤʦʣʝʢʫʣʷʨʥʠ 

ʩʲʙʠʪʠʷ ʩʲʱʦ ʩʘ ʚʘʞʥʠ ʟʘ ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʈʇ [213]. 

 

ʇʨʠ ʈʇ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ ʬʫʟʠʠ, ʢʦʠʪʦ ʥʝ ʟʘʩʷʛʘʪ ETS ʛʝʥʠʪʝ. Rubin ʠ ʩʲʘʚʪʦʨʠ 

ʨʘʟʨʘʙʦʪʚʘʪ ʩʠʩʪʝʤʘ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʦʪʢʨʠʪʠʪʝ ʬʫʟʠʠ, ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛʫʨʘ 1.10. 

ʊʷʭʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʣʝʜʥʠʪʝ ʢʘʪʝʛʦʨʠʠ: 1) ʬʫʟʠʠ, ʟʘʩʷʛʘʱʠ 

ʯʣʝʥʦʚʝʪʝ ʥʘ ETS ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠʪʝ ʬʘʢʪʦʨʠ (ERG, ETV1, ETV4, ETV5 ʠ ELK4); 2) 

ʬʫʟʠʠ, ʟʘʩʷʛʘʱʠ RAF ʢʠʥʘʟʥʦʪʦ ʩʝʤʝʡʩʪʚʦ; ʠ ʤʦʣʝʢʫʣʷʨʥʠ ʩʲʙʠʪʠʷ, ʚʟʘʠʤʦʠʟʢʣʶʯʚʘʱʠʪʝ 

ʩʝ ʩ ETS ʧʨʝʥʘʨʝʞʜʘʥʠʷʪʘ ʧʨʠ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʢʘʪʦ 3) ʤʫʪʘʮʠʠ, ʚʦʜʝʱʠ ʜʦ 

ʩʚʨʲʭʝʢʩʧʨʝʩʠʷ ʥʘ SPINK1 ʠ 4) SPOP ʤʫʪʘʮʠʠ [213]. 

SPOP ʤʫʪʘʮʠʠ ʠ CHD1 ʜʝʣʝʮʠʠ  

ʄʫʪʘʮʠʠ ʚ SPOP ʛʝʥʘ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʥʘʡ-ʯʝʩʪʠʪʝ ʪʦʯʢʦʚʠ ʤʫʪʘʮʠʠ ʚ 

ʧʲʨʚʠʯʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʩ ʯʝʩʪʦʪʘ ʦʪ 6-15%, ʥʘʙʣʶʜʘʚʘʥʘ ʚ ʤʥʦʞʝʩʪʚʦ 

ʥʝʟʘʚʠʩʠʤʠ ʢʦʭʦʨʪʠ [191, 200, 212]. SPOP ʢʦʜʠʨʘ ʩʫʙʩʪʨʘʪ, ʨʘʟʧʦʟʥʘʚʘʱ ʢʦʤʧʦʥʝʥʪ ʥʘ 

ʎʠʢʣʠʥ-3- ʙʘʟʠʨʘʥʘ ɽ3-ʫʙʠʢʚʠʪʠʥ ʣʠʛʘʟʘ ʠ ʤʫʪʘʮʠʠʪʝ ʚ ʥʝʛʦ ʩʘ ʦʪʢʨʠʪʠ ʛʣʘʚʥʦ ʚ 

ʩʫʙʩʪʨʘʪ-ʩʚʲʨʟʚʘʱʘʪʘ ʮʝʧʥʘʪʠʥʘ [206]. ɽʜʠʥ ʚʘʞʝʥ ʩʫʙʩʪʨʘʪ ʥʘ SPOP ʝ ʢʦʘʢʪʠʚʘʪʦʨʲʪ ʥʘ 

AR - SRC-3. ɼʠʚʠʷʪ ʪʠʧ SPOP ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ SRC-3 ʠ ʛʦ ʨʘʟʛʨʘʞʜʘ, ʘ ʤʫʪʘʥʪʥʠʷʪ SPOP 

ʛʫʙʠ ʪʘʟʠ ʩʧʦʩʦʙʥʦʩʪ ʠ ʪʦʚʘ ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʘʥʜʨʦʛʝʥʦʚʘʪʘ ʩʠʛʥʘʣʠʟʘʮʠʷ [218]. 

SPOP ʤʫʪʘʮʠʠʪʝ ʥʝ ʩʝ ʩʨʝʱʘʪ ʚ ʪʫʤʦʨʠ ʩ TMPRSS-ERG ʬʫʟʠʷ, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʚ 

ʪʫʤʦʨʠ ʩ ʧʨʦʤʝʥʠ ʚ PI3K ʩʠʛʥʘʣʥʠʷ ʧʲʪ ʠ ʩ ʤʫʪʘʮʠʠ/ ʜʝʣʝʮʠʠ ʚ TP53 [191, 212]. SPOP 

ʤʫʪʘʮʠʠʪʝ ʦʙʘʯʝ ʩʝ ʩʨʝʱʘʪ ʯʝʩʪʦ ʚ ʪʫʤʦʨʠ ʩ ʜʝʣʝʮʠʠ ʥʘ CHD1 (5q21) ʠ 6q21 [191]. 

CHD1 ʢʦʜʠʨʘ ʭʨʦʤʦʜʦʤʝʥ ʭʝʣʠʢʘʟʘ-ɼʅʂ ʩʚʲʨʟʚʘʱ ʙʝʣʪʲʢ, ʢʦʡʪʦ ʨʝʤʦʜʝʣʠʨʘ ʭʨʦʤʘʪʠʥʘ ʠ 

ʫʯʘʩʪʚʘ ʚ ʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ. ʊʦʟʠ ʛʝʥ ʝ ʜʝʣʝʪʠʨʘʣ ʚ ʦʢʦʣʦ 10-15% ʦʪ 

ʧʲʨʚʠʯʥʠʪʝ ʠ ʤʝʪʘʩʪʘʪʠʯʥʠ ʪʫʤʦʨʠ ʙʝʟ ETS ʧʨʝʥʘʨʝʞʜʘʥʠʷ [191, 219] ʠ ʚʦʜʠ ʜʦ 

ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʛʝʥʦʤʥʠʪʝ ʧʨʝʥʘʨʝʞʜʘʥʠʷ [220]. 

SPINK1 

ʉʝʨʠʥʦʚʠʷʪ ʧʝʧʪʠʜʘʟʝʥ ʠʭʠʙʠʪʦʨ Kazal type 1 (SPINK1) ʝ ʩʝʢʨʝʪʦʨʝʥ ʙʝʣʪʲʢ, 

ʩʚʨʲʭʝʢʩʧʨʝʩʠʨʘʥ ʚ ETS-ʥʝʛʘʪʠʚʥʠ ʪʫʤʦʨʠ [216]. ʉʚʨʲʭʝʢʩʧʨʝʩʠʷʪʘ ʤʫ ʝ ʘʩʦʮʠʠʨʘʥʘ ʩ 

ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʧʝʨʠʦʜʘ ʥʘ ʧʨʝʞʠʚʷʝʤʦʩʪ ʙʝʟ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʠʦʭʠʤʠʯʝʥ ʨʝʮʠʜʠʚ [221]. 
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ʌʠʛʫʨʘ 1.10. ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʬʫʟʠʦʥʥʠʪʝ ʛʝʥʠ ʧʨʠ ʈʇ.  
ʆʪ ʢʣʘʩʠʬʠʢʘʮʠʷʪʘ ʩʘ ʠʟʢʣʶʯʝʥʠ ʬʫʟʠʠʪʝ ʩ ʯʝʩʪʦʪʘ ʧʦ-ʤʘʣʢʘ ʦʪ 1%. ɺʢʣʶʯʝʥʠ ʩʘ ʠ ʜʚʘ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʥʝʬʫʟʠʦʥʥʠ ʢʣʘʩʘ ʤʦʣʝʢʫʣʷʨʥʦ ʛʝʥʝʪʠʯʥʠ ʧʨʦʤʝʥʠ, ʩʨʝʱʘʥʠ ʧʨʠ ʪʫʤʦʨʠ ʙʝʟ ETS 

ʧʨʝʥʘʨʝʞʜʘʥʠʷ: SPINK1 ʠ SPOP ʤʫʪʘʮʠʠ [213].  

 

1.5.1.6. ɺʘʨʠʘʮʠʠ ʚ ʙʨʦʷ ʢʦʧʠʷ - ʯʝʩʪʠ ʛʝʥʦʤʥʠ ʚʠʩʦʢʦ ʭʝʪʝʨʦʛʝʥʥʠ ʧʨʦʤʝʥʠ ʧʨʠ 

ʈʇ. ʍʨʦʤʦʪʨʠʧʩʠʩ 

ɸʙʝʨʘʮʠʠʪʝ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ ʧʨʦʤʷʥʘ ʚ ʙʨʦʷ ʢʦʧʠʷ ʩʘ ʯʝʩʪʠ, ʥʦ ʠʟʢʣʶʯʠʪʝʣʥʦ 

ʭʝʪʝʨʦʛʝʥʥʠ ʧʨʠ ʈʇ [222].  

ʅʘʡ-ʯʝʩʪʠʪʝ ʘʤʧʣʠʬʠʢʘʮʠʠ ʩʘ ʩʣʝʜʥʠʪʝ: 1q, 2p, 7p, 8q, 9p/q, 14q, 16p, 17q, 20q ʠ Xq, 

ʘ ʥʘʡ-ʯʝʩʪʠʪʝ ʜʝʣʝʮʠʠ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʚ ʩʣʝʜʥʠʪʝ ʭʨʦʤʦʟʦʤʥʠ ʨʝʛʠʦʥʠ: 2q, 4p/q, 5q, 6q, 

8p, 10q, 12p, 13q, 16q, 17p/q, 18q, 21q ʠ 22q (ɽ13,ɽ14). 

ɽʜʥʦ ʩʢʦʨʦʰʥʦ ʧʦʫʯʚʘʥʝ, ʦʙʝʜʠʥʷʚʘʱʦ 372 ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʥʠ ʛʝʥʦʤʘ ʦʪ 

ʧʫʙʣʠʢʫʚʘʥʠ ʜʘʥʥʠ, ʠʟʧʦʣʟʚʘʱʦ ʩʠʩʪʝʤʝʥ ʤʝʪʦʜ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʪʘʨʛʝʪʠ ʧʨʠ 

ʨʘʢ, ʦʪʢʨʠʚʘ 90 ʨʝʛʠʦʥʘ, ʢʦʠʪʦ ʯʝʩʪʦ ʩʘ ʟʘʩʝʛʥʘʪʠ ʧʨʠ ʈʇ (73 ʘʤʧʣʠʬʠʢʘʮʠʠ ʠ 17 

ʜʝʣʝʮʠʠ) ï ʌʠʛʫʨʘ 1.11 [223].  

ʇʨʠ ʮʷʣʦʩʪʝʥ ʧʨʝʛʣʝʜ ʥʘ ʧʫʙʣʠʢʫʚʘʥʠʪʝ aCGH ʜʘʥʥʠ ʟʘ 17 ʨʘʟʣʠʯʥʠ 

ʦʥʢʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʈʇ ʠʤʘ ʥʘʡ-ʚʠʩʦʢʘʪʘ ʯʝʩʪʦʪʘ ʥʘ 

ʭʨʦʤʦʪʨʠʧʩʠʩ (5.6%). ʍʨʦʤʦʪʨʠʧʩʠʩʲʪ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʢʦʤʧʣʝʢʩʥʠ ʥʝʙʘʣʘʥʩʠʨʘʥʠ 

ʛʝʥʦʤʥʠ ʧʨʝʥʘʨʝʞʜʘʥʠʷ, ʚʲʟʥʠʢʚʘʱʠ ʚ ʝʜʠʥʠʯʥʘ ʢʣʝʪʢʘ (ʌʠʛʫʨʘ 1.12) ʠ ʤʦʞʝ ʜʘ 

ʠʥʠʮʠʠʨʘ ʪʫʤʦʨʦʛʝʥʝʟʘ ʯʨʝʟ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʜʝʣʝʪʠʨʘʥʝ ʥʘ ʪʫʤʦʨʩʫʧʨʝʩʦʨʠ ʠ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʦʥʢʦʛʝʥʥʠ ʧʨʝʥʘʨʝʞʜʘʥʠʷ (ʟʘʩʷʛʘʱʠ ʥʘʧʨʠʤʝʨ MYCN ʠʣʠ EGFR). ɺʲʧʨʝʢʠ 

ʯʝ ʩʲʱʝʩʪʚʫʚʘʪ ʧʨʦʫʯʚʘʥʠʷ, ʧʦʢʘʟʚʘʱʠ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʭʨʦʤʦʪʨʠʧʩʠʩʘ ʧʨʠ ʥʷʢʦʠ 

ʦʥʢʦʣʦʛʠʯʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʪʘ ʧʨʦʛʥʦʟʘ (ʤʥʦʞʝʩʪʚʝʥʘ ʤʠʝʦʣʦʤʘ, ʦʩʪʨʘ 

ʤʠʝʣʦʠʜʥʘ ʣʝʚʢʝʤʠʷ, ʥʝʚʨʦʙʣʘʩʪʦʤʘ), ʢʣʠʥʠʯʥʠʪʝ ʧʦʩʣʝʜʩʪʚʠʷ ʥʘ ʭʨʦʤʦʪʨʠʧʩʠʩʘ ʧʨʠ ʈʇ 

ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʠʟʷʩʥʝʥʠ [222]. 
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ʌʠʛʫʨʘ 1.11. ʏʝʩʪʦ ʩʨʝʱʘʱʠ ʩʝ ʤʦʣʝʢʫʣʷʨʥʠ ʧʨʦʤʝʥʠ ʧʨʠ ʈʇ.  

ʂʨʲʛʦʚʘ ʜʠʘʛʨʘʤʘ, ʧʦʢʘʟʚʘʱʘ 90 ʭʨʦʤʦʟʦʤʥʠ ʘʙʝʨʘʮʠʠ ʦʪ ʘʥʘʣʠʟʘ ʥʘ 372 ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʘ (ʩʲʩ ʟʝʣʝʥʦ ʩʘ 

ʦʙʦʟʥʘʯʝʥʠ ʜʝʣʝʮʠʠʪʝ, ʘ ʩ ʯʝʨʚʝʥʦ- ʘʤʧʣʠʬʠʢʘʮʠʠʪʝ). ʄʫʪʠʨʘʣʠʪʝ ʛʝʥʠ, ʦʪʢʨʠʪʠ ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʛʦʣʝʤʠ 

ʪʫʤʦʨʥʠ ʢʦʭʦʨʪʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʯʝʨʥʠ ʪʦʯʢʠ ʢʘʪʦ ʨʘʟʤʝʨʲʪ ʥʘ ʪʦʯʢʠʪʝ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘ 

ʯʝʩʪʦʪʘ ʥʘ ʜʦʢʣʘʜʚʘʥʠʪʝ ʤʫʪʘʮʠʠ. ʆʪʢʨʠʪʠʪʝ ʬʫʟʠʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʚ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ʢʨʲʛʦʚʘʪʘ 

ʜʠʘʛʨʘʤʘ [222] . 

 

 
ʌʠʛʫʨʘ 1.12. ʍʨʦʤʦʪʨʠʧʩʠʩʲʪ ʩʲʟʜʘʚʘ ʢʦʤʧʣʝʢʩʥʠ ʛʝʥʦʤʥʠ ʧʨʝʥʘʨʝʞʜʘʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʦʥʢʦʛʝʥʥʠ.  
ʇʦ ʚʨʝʤʝ ʥʘ ʭʨʦʤʦʪʨʠʧʩʠʩ ʜʝʩʝʪʢʠ ʜʦ ʩʪʦʪʠʮʠ ʨʘʟʢʲʩʚʘʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʬʦʨʤʠʨʘʪ ʚ ʝʜʠʥʠʯʥʦ 

ʭʨʦʤʦʟʦʤʥʦ ʨʘʤʦ, ʩʲʟʜʘʚʘʡʢʠ ʬʨʘʛʤʝʥʪʠ ɼʅʂ. ʊʝʟʠ ʬʨʘʛʤʝʥʪʠ ʩʣʝʜ ʪʦʚʘ ʥʝʧʨʘʚʠʣʥʦ ʩʝ 
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ʧʦʧʨʘʚʷʪ ʯʨʝʟ ʥʝʭʦʤʦʣʦʞʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʢʨʘʠʱʘʪʘ (NHEJ) ʠ ʪʦʚʘ ʚʦʜʠ ʜʦ ʬʫʟʠʷ ʥʘ ʤʥʦʞʝʩʪʚʦ 

ʛʝʥʠ ʠ ʜʦ ʜʝʣʝʮʠʷ ʥʘ ʜʨʫʛʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʪʫʤʦʨʩʫʧʨʝʩʦʨʥʠ. ɼʚʦʡʥʠ ʤʘʣʢʠ ʭʨʦʤʦʟʦʤʠ, ʩʲʜʲʨʞʘʱʠ 

ʦʥʢʦʛʝʥʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʬʦʨʤʠʨʘʥʠ ʠ ʚʧʦʩʣʝʜʩʪʚʠʝ ʘʤʧʣʠʬʠʮʠʨʘʥʠ. ʊʨʘʥʩʢʨʠʧʮʠʷʪʘ ʦʪ 

ʨʝʢʦʥʩʪʨʫʠʨʘʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʦʪ ʛʝʥʠ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʦʣʠʛʝʥʥʠ ʬʫʟʠʦʥʥʠ 

ʪʨʘʥʩʢʨʠʧʪʠ [222]. 

 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʟʥʘʥʠʷʪʘ ʟʘ ʤʫʪʘʮʠʦʥʥʠʪʝ ʩʲʙʠʪʠʷ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ 

ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ, ʧʨʝʜʩʪʘʚʝʥʘ ʚʲʚ ʌʠʛʫʨʘ 1.13. ʋʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʛʝʥʦʤʥʠʪʝ ʩʲʙʠʪʠʷʪʘ ʧʨʠ ʈʇ ʤʦʞʝ ʜʘ ʩʧʦʤʦʛʥʝ ʟʘ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʧʨʦʤʝʥʠʪʝ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʠʥʠʮʠʠʨʘʥʝʪʦ ʥʘ ʪʫʤʦʨʦʛʝʥʝʟʘʪʘ ʠ ʩ 

ʧʨʦʛʨʝʩʠʷʪʘ. ERG ʧʨʝʥʘʨʝʞʜʘʥʠʷʪʘ, ʥʘʧʨʠʤʝʨ, ʩʘ ʙʠʣʠ ʥʘʙʣʶʜʘʚʘʥʠ ʚ HGPIN (High 

Grade Prostate Intraephitelial Neoplasia), ʯʝʩʪʦ ʥʘʤʠʨʘʱa ʩʝ ʚ ʩʲʩʝʜʩʪʚʦ ʩ ʠʥʚʘʟʠʚʥʠ 

ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ [220]. SPOP ʤʫʪʘʮʠʠʪʝ ʩʲʱʦ ʩʘ ʦʪʢʨʠʪʠ ʚ HGPIN ʠ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ 

ʩʘʤʦ ʚ ETS ʥʝʛʘʪʠʚʥʠ ʪʫʤʦʨʠ [191]. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʝʟʠ ʦʪʢʨʠʪʠʷ, ʣʝʟʠʠ ʚ PTEN, RB1, TP53 

ʠ AR ʩʘ ʧʦ-ʯʝʩʪʦ ʩʨʝʱʘʥʠ ʧʨʠ ʪʫʤʦʨʠ ʚ ʥʘʧʨʝʜʥʘʣ ʩʪʘʜʠʡ. Baca ʠ ʩʲʘʚʪʦʨʠ ʫʩʪʘʥʦʚʷʚʘʪ, ʯʝ 

ERG ʧʨʝʥʘʨʝʞʜʘʥʠʷʪʘ, ʜʝʣʝʮʠʠʪʝ ʚ NKX3-1 (ʪʫʤʦʨʩʫʧʨʝʩʦʨʝʥ ʛʝʥ, ʢʦʜʠʨʘʱ ʧʨʦʩʪʘʪʥʦ 

ʩʧʝʮʠʬʠʯʝʥ ʪʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʬʘʢʪʦʨ) ʠ ʤʫʪʘʮʠʠʪʝ ʚ SPOP ʠ FOXA1 ʩʘ ʥʘʡ-ʨʘʥʥʠʪʝ 

ʩʲʙʠʪʠʷ ʚ ʧʨʦʩʪʘʪʥʘʪʘ ʪʫʤʦʨʦʛʝʥʝʟʘ, ʧʦʩʣʝʜʚʘʥʠ ʦʪ ʣʝʟʠʠ ʚ CDKN1B, CHD1 ʠ TP53. ɺ 

ʢʨʘʡʥʠʪʝ ʩʪʘʜʠʠ ʥʘ ʪʫʤʦʨʦʛʝʥʝʟʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ PTEN [224]. 

 

 

 
 

 

 

 

ʌʠʛʫʨʘ 1.13. ʄʦʣʝʢʫʣʷʨʥʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ 

ʈʇ. ɸ) ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʧʲʨʚʠʯʥʠʪʝ ʪʫʤʦʨʠ 

ʧʨʠʪʝʞʘʚʘʪ ETS ʧʨʝʥʘʨʝʞʜʘʥʠʷ, ʦʪ ʢʦʠʪʦ ʩ ʥʘʡ-

ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʝ ʬʫʟʠʷʪʘ TMPRSS2-ERG. 

ʊʫʤʦʨʩʫʧʨʝʩʦʨʠʪʝ PTEN ʠ TP53 ʩʘ ʜʝʣʝʪʠʨʘʣʠ ʠʣʠ 

ʤʫʪʠʨʘʣʠ ʚ 20-40% ʦʪ ʧʲʨʚʠʯʥʠʪʝ ʪʫʤʦʨʠ, ʢʘʪʦ 

ʧʨʦʤʝʥʠʪʝ ʚ ʪʷʭ ʟʥʘʯʠʪʝʣʥʦ ʩʝ ʧʨʠʧʦʢʨʠʚʘʪ ʝʜʥʠ ʩ 

ʜʨʫʛʠ, ʢʘʢʪʦ ʠ ʩ ETS ʧʨʝʥʘʨʝʞʜʘʥʠʷʪʘ. SPOP 

ʤʫʪʘʮʠʠʪʝ, ʢʦʠʪʦ ʩʝ ʧʦʷʚʷʚʘʪ ʚ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 10% 

ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ, ʩʘ ʚʟʘʠʤʥʦʠʟʢʣʶʯʚʘʱʠ ʩʝ ʩ 

ETS ʧʨʝʥʘʨʝʞʜʘʥʠʷʪʘ ʠ ʯʝʩʪʦ - ʩ ʜʝʣʝʮʠʠʪʝ ʚ PTEN, 

ʥʦ ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ CHD1 ʜʝʣʝʮʠʠʪʝ. ɺ) 

ʄʝʪʘʩʪʘʪʠʯʥʠʪʝ ʪʫʤʦʨʠ ʠʤʘʪ ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʚʠʰʝʥʠʝ ʥʘ ʣʝʟʠʠʪʝ ʚ PTEN ʠ ʚ ʜʨʫʛʠ ʫʯʘʩʪʥʠʮʠ ʥʘ 

PI3K ʩʠʛʥʘʣʥʠʷ ʧʲʪ, ʘ ʪʘʢʘ ʩʲʱʦ ʠʤʘʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 

ʛʝʥʦʤʥʠʪʝ ʧʨʝʥʘʨʝʞʜʘʥʠʷ. ʇʦʷʚʘʪ ʩʝ ʤʫʪʘʮʠʠ ʠ 

ʘʤʧʣʠʬʠʢʘʮʠʠ ʥʘ AR, ʛʣʘʚʥʦ ʧʨʠ ʧʘʮʠʝʥʪʠ, ʧʦʜʣʦʞʝʥʠ 

ʥʘ ʘʥʜʨʦʛʝʥ ʠʟʯʝʨʧʚʘʱʘ ʪʝʨʘʧʠʷ . 
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1.6. ɹʀʆʄɸʈʂɽʈʀ ʇʈʀ ʈɸʂɸ ʅɸ ʇʈʆʉʊɸʊɸʊɸ 

ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ PSA ʩʢʨʠʥʠʥʛʘ ʜʦʚʝʜʝ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘʥʝ ʜʠʘʛʥʦʩʪʠʢʘʪʘ 

ʥʘ ʈʇ, ʢʘʢʪʦ ʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʤʲʨʪʥʦʩʪʪʘ ʧʦʨʘʜʠ ʪʦʚʘ ʟʘʙʦʣʷʚʘʥʝ [225]. ɺʲʧʨʝʢʠ 

ʟʥʘʯʠʪʝʣʥʠʪʝ ʫʩʠʣʠʷ ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʧʦ-ʥʘʜʝʞʜʥʠ ʙʠʦʤʘʨʢʝʨʠ, ʢʦʠʪʦ ʜʘ ʠʟʤʝʩʪʷʪ PSA, 

ʪʦʡ ʚʩʝ ʦʱʝ ʝ ʧʲʨʚʘ ʣʠʥʠʷ ʙʠʦʤʘʨʢʝʨ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʈʇ [226]. ʇʨʦʚʝʞʜʘʪ ʩʝ ʧʨʦʫʯʚʘʥʠʷ, 

ʢʦʠʪʦ ʮʝʣʷʪ ʜʘ ʧʦʜʦʙʨʷʪ PSA ʪʝʩʪʘ ʯʨʝʟ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʚʦʙʦʜʝʥ PSA ʠʣʠ ʩʢʲʩʝʥʠ ʥʝʛʦʚʠ 

ʬʦʨʤʠ [227]. 

1.6.1. ʀʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠ ʠ ʝʢʩʧʨʝʩʠʦʥʥʠ ʙʠʦʤʘʨʢʝʨʠ 

ɼʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ ʈʇ ʚ ʭʠʩʪʦʧʘʪʦʣʦʛʠʯʥʠʪʝ ʧʨʦʙʠ ʩʝ ʙʘʟʠʨʘ ʦʩʥʦʚʥʦ ʥʘ 

ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʧʨʦʤʝʥʠ ʚ ʢʣʝʪʢʠʪʝ ʠ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʪʲʢʘʥʠʪʝ. ʄʦʨʬʦʣʦʛʠʷʪʘ ʚ 

ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʘ ʟʘ ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʩʠʛʫʨʥʘ ʜʠʘʛʥʦʟʘ. 

ɼʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʜʦʙʨʝʥʘ ʯʨʝʟ ʚʢʣʶʯʚʘʥʝ ʥʘ 

ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠ ʙʠʦʤʘʨʢʝʨʠ [228]. ʊʘʢʠʚʘ ʙʠʦʤʘʨʢʝʨʠ ʩʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʠʪʝ 

ʮʠʪʦʢʝʨʘʪʠʥʠ, p63, AMACR ʠ ʜʨ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ, ʢʘʪʦ 

ʥʘʧʨʠʤʝʨ ki67, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʨʦʛʥʦʟʘ ʠ ʧʨʝʜʠʢʮʠʷ. ɺʩʝ ʧʦʚʝʯʝ 

ʧʨʦʫʯʚʘʥʠʷ ʦʙʘʯʝ ʥʘʩʦʯʚʘʪ ʩʚʦʠʪʝ ʫʩʠʣʠʷ ʚ ʪʲʨʩʝʥʝʪʦ ʥʘ ʥʝʠʥʚʘʟʠʚʥʠ ʜʠʘʛʥʦʩʪʠʯʥʠ, 

ʧʨʦʛʥʦʩʪʠʯʥʠ ʠ ʧʨʝʜʠʢʪʠʚʥʠ ʙʠʦʤʘʨʢʝʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʩʣʝʜʚʘʥʠ ʚ ʫʨʠʥʘ, ʢʨʲʚ, 

ʝʷʢʫʣʘʪʠ ʩ ʮʝʣ ʨʝʜʫʮʠʨʘʥʝ ʙʨʦʷ ʥʘ ʥʝʥʫʞʥʠʪʝ ʙʠʦʧʩʠʠ, ʟʘ ʨʘʥʥʦ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ 

ʘʛʨʝʩʠʚʥʠʪʝ ʦʪ ʥʝʘʛʨʝʩʠʚʥʠʪʝ ʢʘʨʮʠʥʦʤʠ ʠ ʧʦ-ʙʲʨʟʦ ʠ ʥʘʜʝʞʜʥʦ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʦʪʛʦʚʦʨʘ 

ʢʲʤ ʪʝʨʘʧʠʷ. 

ɺʠʩʦʢʦʤʦʣʝʢʫʣʥʠ ʮʠʪʦʢʝʨʘʪʠʥʠ ʠ p63 

ʀʥʚʘʟʠʚʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʢʘʨʮʠʥʦʤʠ ʥʷʤʘʪ ʙʘʟʘʣʥʘ ʤʝʤʙʨʘʥʘ ʠ ʪʘʟʠ ʪʷʭʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʠʤ. ʉʲʱʝʩʪʚʫʚʘʪ ʘʥʪʠʪʝʣʘ 

ʩʨʝʱʫ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʠʪʝ ʮʠʪʦʢʝʨʘʪʠʥʠ ʠʣʠ ʮʠʪʦʢʝʨʘʪʠʥ 5, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʩʨʝʱʫ p63, 

ʢʦʠʪʦ ʙʝʣʝʞʘʪ ʩʣʦʷ ʦʪ ʙʘʟʘʣʥʠ ʢʣʝʪʢʠ. ʊʝʟʠ ʘʥʪʠʪʝʣʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʠʣʠ ʚ 

ʢʦʢʪʝʡʣ. ʆʩʚʝʥ ʢʘʨʮʠʥʦʤʠʪʝ, ʧʦʥʷʢʦʛʘ ʠ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʠʪʝ ʣʝʟʠʠ, ʢʘʪʦ ʯʘʩʪʠʯʥʘʪʘ 

ʘʪʨʦʬʠʷ, ʤʦʛʘʪ ʜʘ ʩʘ ʥʝʛʘʪʠʚʥʠ ʟʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʠʪʝ ʮʠʪʦʢʝʨʘʪʠʥʠ ʠ p63 [229]. ʇʦ ʪʘʟʠ 

ʧʨʠʯʠʥʘ ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʦʨʝʣʠʨʘʪ ʩ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘʪʘ 

ʤʦʨʬʦʣʦʛʠʷ [228]. 

AMACR  

ɸʣʬʘ-ʤʝʪʠʣʘʮʠʣ-CoA-ʨʘʮʝʤʘʟʘ (AMACR) ʝ ʝʥʟʠʤ, ʢʦʡʪʦ ʠʛʨʘʝ ʚʘʞʥʘ ʨʦʣʷ ʚ 

ʧʝʨʦʢʩʠʟʦʤʥʦʪʦ ɓ-ʦʢʠʩʣʝʥʠʝ ʥʘ ʨʘʟʢʣʦʥʝʥʠʪʝ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ ʠ ʪʝʭʥʠ ʜʝʨʠʚʘʪʠ ʦʪ 

ʤʣʝʯʥʠʪʝ ʧʨʦʜʫʢʪʠ ʠ ʛʦʚʝʞʜʦʪʦ [230]. ʊʦʡ ʝ ʫʯʘʩʪʥʠʢ ʚ ʧʨʦʮʝʩʠʪʝ ʥʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʩʚʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʝ ʟʘʧʦʜʦʟʨʷʥ ʢʘʪʦ ʝʜʠʥ ʦʪ ʫʯʘʩʪʥʠʮʠʪʝ ʚ 

ʧʘʪʦʛʝʥʝʟʘʪʘ ʥʘ ʧʨʦʩʪʘʪʥʠʷ ʢʘʨʮʠʥʦʤ ï ʠʟʚʝʩʪʥʦ ʝ, ʯʝ ʦʢʩʠʜʘʪʠʚʥʠʷ ʩʪʨʝʩ ʝ ʦʩʥʦʚʝʥ 

ʬʘʢʪʦʨ ʥʘ ʢʘʥʮʝʨʦʛʝʥʝʟʘʪʘ ʧʨʠ ʧʨʦʩʪʘʪʥʘʪʘ ʞʣʝʟʘ [231]. ʅʘʙʣʶʜʘʚʘʥʦ ʝ ʜʝʚʝʪʦʢʨʘʪʥʦ 

ʧʦʚʠʰʝʥʠʝ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʠʈʅʂ ʟʘ AMACR ʚ ʪʫʤʦʨʥʠ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʣʥʠ 

ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ. ʇʦʚʠʰʝʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʥʘ AMACR ʝ ʜʦʢʘʟʘʥʘ ʠ ʥʘ ʙʝʣʪʲʯʥʦ ʥʠʚʦ ʯʨʝʟ 

ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ Western blot ʘʥʘʣʠʟʠ [232]. ʀʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ AMACR ʢʘʪʦ ʙʠʦʤʘʨʢʝʨ ʚʘʨʠʨʘ ʤʝʞʜʫ 80 ʠ 

100% ʧʨʠ ʘʥʘʣʠʟ ʥʘ ʪʲʥʢʦʠʛʣʝʥʠ ʙʠʦʧʩʠʠ [233]. AMACR ʧʦʢʘʟʚʘ ʧʦʟʠʪʠʚʥʦ ʦʮʚʝʪʷʚʘʥʝ ʠ 

ʧʨʠ PIN, ʠ ʚ ʤʥʦʛʦ ʨʝʜʢʠ ʩʣʫʯʘʠ, ʚ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʠ ʣʝʟʠʠ ʢʘʪʦ ʘʪʨʦʬʠʷ ʠ ʘʜʝʥʦʟʠʩ. ʇʦ 

ʪʘʟʠ ʧʨʠʯʠʥʘ ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʚʥʠʤʘʪʝʣʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʘʥʠ ʢʘʪʦ ʩʝ ʩʨʘʚʥʷʚʘʪ ʩ ʭʝʤʘʪʦʢʩʠʣʠʥ ʠ ʝʦʟʠʥ ʦʮʚʝʪʝʥʠʪʝ ʙʠʦʧʩʠʯʥʠ ʩʨʝʟʠ 

[228]. ʂʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ p63 ʠ AMACR ʟʥʘʯʠʪʝʣʥʦ 

ʧʦʜʧʦʤʘʛʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʤʘʣʠʛʥʝʥʠʪʝ ʧʨʦʩʪʘʪʥʠ ʢʣʝʪʢʠ [234, 235]. ɺʠʩʦʢʘʪʘ 
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ʝʢʩʧʨʝʩʠʷ ʥʘ AMACR ʠ ʚʠʩʦʢʘʪʘ ʤʫ ʩʧʝʮʠʬʠʯʥʦʩʪ ʚ ʜʝʪʝʢʮʠʷʪʘ ʥʘ ʧʨʦʩʪʘʪʥʠ 

ʤʘʣʠʛʥʝʥʠ ʢʣʝʪʢʠ, ʛʦ ʧʨʘʚʠ ʢʘʥʜʠʜʘʪ ʟʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʢʘʪʦ ʥʝʠʥʚʘʟʠʚʝʥ 

ʜʠʘʛʥʦʩʪʠʯʝʥ ʙʠʦʤʘʨʢʝʨ ʚ ʫʨʠʥʘ. Zielie ʠ ʩʲʘʚʪʦʨʠ ʜʝʤʦʥʩʪʨʠʨʘʪ, ʯʝ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 

AMACR, ʥʦʨʤʘʣʠʟʠʨʘʥʘ ʢʲʤ PSA ʚ ʫʨʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʪʜʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʢʣʠʥʠʯʥʦ ʥʝʟʥʘʯʠʤ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ [236]. ɺ ʧʦʩʣʝʜʩʪʚʠʝ ʆuyang ʠ 

ʩʲʘʚʪʦʨʠ ʦʪʢʨʠʚʘʪ, ʯʝ ʧʦʟʠʪʠʚʥʘʪʘ ʠ ʥʝʛʘʪʠʚʥʘʪʘ ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 

AMACR ʚ ʫʨʠʥʘ ʩʘ 0.68 ʠ 0.73, ʩʲʦʪʚʝʪʥʦ. ʊʝ ʧʨʘʚʷʪ ʟʘʢʣʶʯʝʥʠʝʪʦ, ʯʝ AMACR ʝ ʧʦ-ʜʦʙʲʨ 

ʙʠʦʤʘʨʢʝʨ ʧʨʠ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ, ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ PSA. 

ɺ ʜʦʧʲʣʥʝʥʠʝ, ʢʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ AMACR ʠ PCA3 score ʧʦʚʠʰʘʚʘʪ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ʪʝʩʪʘ ʜʦ 81% ʠ ʜʦ 84%, ʩʲʦʪʚʝʪʥʦ [237]. 

ʇʨʦʩʪʘʪʥʦ-ʩʧʝʮʠʬʠʯʝʥ ʤʝʤʙʨʘʥʝʥ ʘʥʪʠʛʝʥ (PSMA) 

PSMA ʝ ʪʨʘʥʩʤʝʤʙʨʘʥʝʥ ʛʣʠʢʦʧʨʦʪʝʠʥ, ʢʦʡʪʦ ʩʝ ʝʢʩʧʨʝʩʠʨʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ 

ʧʨʦʩʪʘʪʥʠʪʝ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ. ʅʝʛʦʚʠʪʝ ʥʠʚʘ ʩʘ ʧʦʚʠʰʝʥʠ ʚ ʪʫʤʦʨʥʠ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʠ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʦʙʝʱʘʚʘʱ ʜʠʘʛʥʦʩʪʠʯʝʥ ʙʠʦʤʘʨʢʝʨ 

[238]. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ PSMA ʢʦʨʝʣʠʨʘ ʩ ʪʫʤʦʨʥʠʷ ʩʪʘʜʠʡ, 

ʘʥʝʫʧʣʦʠʜʥʦʩʪʪʘ ʥʘ ʪʫʤʦʨʠʪʝ ʠ ʙʠʦʭʠʤʠʯʥʠʷ ʨʝʮʠʜʠʚ [239]. ʇʨʠ ʤʲʞʝ ʩʲʩ ʩʝʨʫʤʥʠ 

PSA ʥʠʚʘ ʤʝʞʜʫ 4 ʠ 10 ng/ml, ʙʝʟ ʧʨʝʜʠʰʥʠ ʙʠʦʧʩʠʠ, ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 

PSMA, ʠʟʤʝʨʝʥʘ ʚ ʫʨʠʥʘ, ʚʟʝʪʘ ʩʣʝʜ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ, ʧʦ-ʥʘʜʝʞʜʥʦ ʧʨʝʜʩʢʘʟʚʘ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʨʘʢ ʚ ʩʨʘʚʥʝʥʠʝ ʩ PCA3 ʠ PSGR. ʂʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ ʪʨʠʪʝ ʙʠʦʤʘʨʢʝʨʠ ʚʦʜʠ 

ʜʦ ʧʦʚʠʰʘʚʘʥʝ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʝʩʪʘ [240]. 

Ki -67 

ʇʨʦʪʝʠʥʲʪ Ki-67 ʰʠʨʦʢʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʧʨʦʣʠʬʝʨʘʪʠʚʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ 

ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ. ɺ ʤʥʦʞʝʩʪʚʦ ʠʟʩʣʝʜʚʘʥʠʷ ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʪʦʡ ʝ ʧʨʦʛʥʦʩʪʠʯʝʥ ʙʠʦʤʘʨʢʝʨ 

ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʈʇ, ʣʝʢʫʚʘʥʠ ʯʨʝʟ ʨʘʜʠʢʘʣʥʘ ʧʨʦʩʪʘʪʝʢʪʦʤʠʷ, ʨʘʜʠʦʪʝʨʘʧʠʷ ʠʣʠ ʘʥʜʨʦʛʝʥ 

ʠʟʯʝʨʧʚʘʱʘ ʪʝʨʘʧʠʷ [241]. ʀʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʠʷʪ ʙʠʦʤʘʨʢʝʨ Ki-67 ʜʘʚʘ ʠ ʜʦʧʲʣʥʠʪʝʣʥʘ 

ʧʨʦʛʥʦʩʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʦʩʚʝʥ ʪʘʟʠ ʦʪ Gleason score, PSA ʥʠʚʘʪʘ ʠ ʪʫʤʦʨʥʦʪʦ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ [241]. 

GOLPH2 (GOLM 1) 

GOLM1 (ɻʦʣʜʞʠ ʤʝʤʙʨʘʥʝʥ ʧʨʦʪʝʠʥ 1, ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ GOLPH2) ʝ ʨʝʟʠʜʝʥʪʝʥ 

ʮʠʩ-ɻʦʣʜʞʠ ʤʝʤʙʨʘʥʝʥ ʧʨʦʪʝʠʥ ʩ ʥʝʠʟʚʝʩʪʥʘ ʬʫʥʢʮʠʷ. ʇʦʚʠʰʝʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʪʦʟʠ 

ʧʨʦʪʝʠʥ ʝ ʦʪʢʨʠʪʘ ʚ ʧʨʦʩʪʘʪʥʠ ʨʘʢʦʚʠ ʪʲʢʘʥʠ [242]. ɺ ʨʝʜʠʮʘ ʧʨʦʫʯʚʘʥʠʷ ʩʝ ʜʦʢʣʘʜʚʘ, 

ʯʝ ʧʦʚʠʰʝʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʥʘ GOLM1 ʪʨʘʥʩʢʨʠʧʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʥʘʜʝʞʜʝʥ 

ʜʠʘʛʥʦʩʪʠʯʝʥ ʤʘʨʢʝʨ [243-245]. Varamblly ʠ ʩʲʘʚʪʦʨʠ ʦʪʢʨʠʚʘʪ, ʯʝ ʚ ʫʨʠʥʘ ʝʢʩʧʨʝʩʠʷʪʘ 

ʥʘ GOLM1 ʝ ʧʦ-ʥʘʜʝʞʜʝʥ ʙʠʦʤʘʨʢʝʨ ʦʪ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ PSA (AUC-0.622 ʩʧʨʷʤʦ 0.495) 

ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʈʇ (ʯʫʚʩʪʠʚʠʪʝʣʥʦʩʪ ʥʘ ʪʝʩʪʘ - 59% ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ - 71%) [244]. ɺ ʜʨʫʛʦ 

ʧʨʦʫʯʚʘʥʝ ʥʘ Laxman ʠ ʩʲʘʚʪʦʨʠ ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʤʫʣʪʠʧʣʝʢʩʥʠʷ ʧʘʥʝʣ ʦʪ 

ʤʘʨʢʝʨʠ GOLM1, SPINK1, PCA3 ʠ ʬʫʟʠʷʪʘ TMPRSS2ïETS ʝ ʧʦ-ʟʥʘʯʠʤ ʧʨʝʜʠʢʪʠʚʝʥ ʬʘʢʪʦʨ 

ʟʘ ʈʇ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ PCA3 score ʩʘʤ ʧʦ ʩʝʙʝ ʩʠ (AUC - 0.758 ʩʨʝʱʫ 0.662), ʧʨʠ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ ʥʘ ʪʝʩʪʘ 65.9% ʠ 76%, ʩʲʦʪʚʝʪʥʦ [243]. 

1.6.2. ɽʧʠʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʢʘʪʦ ʙʠʦʤʘʨʢʝʨʠ ʧʨʠ ʈʇ 

ɽʧʠʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʩʘ ʤʥʦʛʦ ʯʝʩʪʠ ʧʨʠ ʈʇ ʠ ʩʝ ʩʤʷʪʘ, ʯʝ ʪʝ ʜʦʧʨʠʥʘʩʷʪ ʢʘʢʪʦ 

ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ, ʪʘʢʘ ʠ ʟʘ ʥʝʛʦʚʘʪʘ ʧʨʦʛʨʝʩʠʷ [246, 247]. ɺʲʧʨʝʢʠ ʯʝ ʥʝ ʩʘ 

ʥʘʧʲʣʥʦ ʠʟʷʩʥʝʥʠ ʪʦʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʟʘ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʝʧʠʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ 

ʧʨʠ ʈʇ, ʬʘʢʪʲʪ ʯʝ ʪʝ ʩʝ ʧʦʷʚʷʚʘʪ ʩ ʤʥʦʛʦ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʦʪ ʤʫʪʘʮʠʠʪʝ ʠ ʩʘ 

ʦʙʠʯʘʡʥʠ ʟʘ ʧʨʝʤʘʣʠʛʥʝʥʠʪʝ ʝʪʘʧʠ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ, ʛʠ ʧʨʘʚʠ ʤʥʦʛʦ ʘʪʨʘʢʪʠʚʥʠ 
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ʙʠʦʤʘʨʢʝʨʠ ʟʘ ʜʠʘʛʥʦʟʘ, ʧʨʦʛʥʦʟʘ ʠ ʦʪʛʦʚʦʨ ʢʲʤ ʪʝʨʘʧʠʷ [248]. ʅʘ ʌʠʛʫʨʘ 1.14 ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʨʘʟʣʠʯʥʠʪʝ ʝʧʠʛʝʥʝʪʠʯʥʠ ʤʝʭʘʥʠʟʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʪʷʭ. 

ʇʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠ ʛʝʥʠ ʧʨʠ ʈʇ 

ʄʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʮʠʪʦʟʠʥʦʚʠʪʝ ʦʩʪʘʪʲʮʠ ʚ CpG ʜʠʥʫʢʣʝʦʪʠʜʠʪʝ ʝ ʯʝʩʪʘ 

ʙʠʦʭʠʤʠʯʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʚ ʝʫʢʘʨʠʦʪʥʘʪʘ ɼʅʂ. CpG ʜʠʥʫʢʣʝʦʪʠʜʠʝʪʝ ʥʝ ʩʘ ʩʣʫʯʘʡʥʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠ, ʘ ʦʢʦʣʦ 1% ʦʪ ʪʷʭ ʩʝ ʩʪʨʫʧʚʘʪ ʚ ʢʲʩʠ ɼʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ, ʬʦʨʤʠʨʘʡʢʠ 

ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ CpG ʦʩʪʨʦʚʠ. ʇʨʦʤʦʪʦʨʥʦ ʘʩʦʮʠʠʨʘʥʠʪʝ CpG ʦʩʪʨʦʚʠ ʥʦʨʤʘʣʥʦ ʥʝ ʩʘ 

ʤʝʪʠʣʠʨʘʥʠ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʠʤʧʨʠʥʪʠʨʘʥʠʪʝ ʛʝʥʠ ʠ ʛʝʥʠʪʝ, ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʠʥʘʢʪʠʚʠʨʘʥʘʪʘ ʍ ʭʨʦʤʦʟʦʤʘ ʧʨʠ ʞʝʥʠʪʝ [249]. ʇʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʠʥʭʠʙʠʨʘ 

ʠʥʠʮʠʘʮʠʷʪʘ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ ʜʠʨʝʢʪʥʦ (ʧʨʝʯʠ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʠ 

ʬʘʢʪʦʨʠ) ʠ ʠʥʜʠʨʝʢʪʥʦ (ʯʨʝʟ ʧʨʠʚʣʠʯʘʥʝ ʥʘ ʤʝʪʠʣ- CpG ʩʚʲʨʟʚʘʱʠ ʙʝʣʪʲʮʠ, ʢʦʠʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʩ ʭʠʩʪʦʥʦʚʠʪʝ ʜʝʘʮʝʪʠʣʘʟʠ ʠ ʭʨʦʤʘʪʠʥ ʨʝʤʦʜʝʣʠʨʘʱʠʪʝ ʬʘʢʪʦʨʠ, ʚʦʜʝʱʠ 

ʜʦ ʢʦʥʜʝʥʟʘʮʠʷ ʥʘ ʭʨʦʤʘʪʠʥʘ). ʅʫʢʣʝʦʟʦʤʥʦʪʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʚʝʨʦʷʪʥʦ ʩʲʱʦ ʠʛʨʘʝ ʨʦʣʷ ʚ 

ʜʠʨʠʞʠʨʘʥʝʪʦ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝ [249].  

ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʡ-ʠʟʫʯʘʚʘʥʘʪʘ ʝʧʠʛʝʥʠʪʠʯʥʘ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠ ʈʇ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʈʅʂ ʠ ʙʝʣʪʲʮʠʪʝ, ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʝ ʦʪʥʦʩʠʪʝʣʥʦ 

ʩʪʘʙʠʣʥʦ ʜʦʨʠ ʠ ʚ ʪʝʣʝʩʥʠ ʪʝʯʥʦʩʪʠ, ʠ ʩʝ ʩʨʝʱʘ ʚ ʜʦʙʨʝ ʦʧʨʝʜʝʣʝʥʠ ʨʝʛʠʦʥʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ 

ɼʅʂ ʤʫʪʘʮʠʠʪʝ [250]. ɻʣʦʙʘʣʥʦʪʦ ʭʠʧʦʤʝʪʠʣʠʨʘʥʝ, ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʥʠʚʦʪʦ ʥʘ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ, ʯʝʩʪʦ ʩʝ ʩʚʲʨʟʚʘ ʩ ʘʢʪʠʚʘʮʠʷʪʘ ʥʘ ʧʨʦʪʦ-ʦʥʢʦʛʝʥʠ ʠ 

ʭʨʦʤʦʟʦʤʥʘ ʥʝʩʪʘʙʠʣʥʦʩʪ. ʀʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʥʠ ʪʲʢʘʥʠ 

ʧʦʢʘʟʚʘ ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʞʝʥʠʝ ʚ ʛʣʦʙʘʣʥʠʪʝ ʥʠʚʘ ʥʘ 5-ʤʝʪʠʣʮʠʪʦʟʠʥ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ 

ʨʝʮʠʜʠʚʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠ ʙʝʟ ʨʝʮʠʜʠʚʠ [251]. ʈʝʪʨʦʪʨʘʥʩʧʦʟʦʥʥʠʪʝ ʝʣʝʤʝʥʪʠ ʢʘʪʦ 

LINE-1 ʠ Alu (ʧʦʚʪʦʨʝʥʠ ɼʅʂ ʝʣʝʤʝʥʪʠ), ʤʝʪʠʣʠʨʘʥʠ ʚ ʥʦʨʤʘʣʥʠ ʪʲʢʘʥʠ, ʩʲʱʦ ʩʘ 

ʭʠʧʦʤʝʪʠʣʠʨʘʥʠ ʧʨʠ ʈʇ [252, 253]. ɽʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʣʦʙʘʣʥʦʪʦ ʛʝʥʦʤʥʦ ʭʠʧʦʤʝʪʠʣʠʨʘʥʝ 

ʧʨʠ ʨʘʢ ʝ ʦʪʢʨʠʪʦ ʠ ʩʧʝʮʠʬʠʯʥʦ ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ ʛʝʥʠ, ʫʯʘʩʪʚʘʱʠ ʚ ɼʅʂ 

ʧʦʧʨʘʚʢʘʪʘ, ʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ, ʘʧʦʧʪʦʟʘʪʘ ʠ ʪʫʤʦʨʥʘʪʘ ʩʫʧʨʝʩʠʷ (ʊʘʙʣʠʮʘ 

1.4) [254]. 

 
ʌʠʛʫʨʘ 1.14. ʈʘʟʣʠʯʥʠʪʝ ʣʠʮʘ ʥʘ ʝʧʠʛʝʥʝʪʠʢʘʪʘ. ʉʲʱʝʩʪʚʫʚʘ ʢʦʦʧʝʨʘʪʠʚʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ, ʭʠʩʪʦʥʦʚʠʪʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʫʢʣʝʦʟʦʤʥʦʪʦ ʨʝʤʦʜʝʣʠʨʘʥʝ ʠ 



1. ʃʠʪʝʨʘʪʫʨʝʥ ʦʙʟʦʨ 

26 

 

ʥʝʢʦʜʠʨʘʱʠʪʝ ʈʅʂ-ʠ ʢʘʪʦ ʤʠʢʨʦʈʅʂ-ʠʪʝ (miRNAs). miRNAs ʤʦʛʘʪ ʜʘ ʠʥʘʢʪʠʚʠʨʘʪ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ 

ʢʣʶʯʦʚʠ ʝʧʠʛʝʥʝʪʠʯʥʠ ʝʥʟʠʤʠ. ɼʲʣʛʠʪʝ ʥʝʢʦʜʠʨʘʱʠ ʈʅʂ-ʠ (lncRNA) ʤʦʛʘʪ ʜʘ ʩʣʫʞʘʪ ʢʘʪʦ ʤʦʣʝʢʫʣʝʥ 

ʛʨʲʙʥʘʢ, ʢʦʦʨʜʠʥʠʨʘʱ ʭʠʩʪʦʥʦʚʠʪʝ ʤʦʜʠʬʠʢʘʮʠʠ. ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ ʥʘ ʥʝʢʦʜʠʨʘʱʠʪʝ 

ʈʅʂ-ʠ ʤʦʞʝ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ ʯʨʝʟ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝ. Dicer ʠ Drosha ʩʘ ʝʥʟʠʤʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʟʨʝʝʥʝʪʦ ʥʘ 

miRNAs. ʇʨʦʤʦʪʦʨ ʥʘʩʦʯʚʘʥʠ ʤʘʣʢʠ ʠʥʪʝʨʬʝʨʠʨʘʱʠ ʈʅʂ-ʠ ʤʦʛʘʪ ʜʘ ʠʥʜʫʮʠʨʘʪ ʩʝʢʚʝʥʮʠʦʥʥʦ ʟʘʚʠʩʠʤʦ 

ʧʨʦʤʦʪʦʨʥʦ ʤʝʪʠʣʠʨʘʥʝ ʠ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʛʝʥʥʦ ʠʥʘʢʪʠʚʠʨʘʥʝ ʚ ʢʣʝʪʢʠʪʝ ʥʘ ʙʦʟʘʡʥʠʮʠʪʝ. ʀʟʧʦʣʟʚʘʥʠ 

ʩʲʢʨʘʱʝʥʠʷ: DNMT- ɼʅʂ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ, HAT- ʭʠʩʪʦʥʦʚʘ ʘʮʝʪʠʣ ʪʨʘʥʩʬʝʨʘʟʘ, HDAC- ʭʠʩʪʦʥʦʚʘ 

ʜʝʘʮʝʪʠʣʘʟʘ, HMT- ʭʠʩʪʦʥ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ, MBD- ʙʝʣʪʲʮʠ ʩ ʤʝʪʠʣ- CpG-ʩʚʨ̡ʟʚʘʱʠ ʜʦʤʝʥʠ, miRNA- 

ʤʠʢʨʦʈʅʂ, NURF- ʥʫʢʣʝʦʟʦʤʝʥ ʨʝʤʦʜʝʣʠʨʘʱ ʬʘʢʪʦʨ, PTGS- ʧʦʩʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦ ʛʝʥʥʦ ʟʘʤʣʲʢʚʘʥʝ. 

ʌʠʛʫʨʘʪʘ ʝ ʘʜʘʧʪʠʨʘʥʘ ʦʪ Perry et al [249].  

 

ʊʘʙʣʠʮʘ 1.4. ɻʝʥʠ ʯʝʩʪʦ ʤʝʪʠʣʠʨʘʥʠ ʧʨʠ ʈʇ. (ɸʜʘʧʪʠʨʘʥʘ ʦʪ: Jeronimo et al; [247]. 

ʂʣʝʪʲʯʝʥ ʧʲʪ ɻʝʥʠ ʇʨʦʜʫʢʪʠ ʥʘ ʛʝʥʠʪʝ ʏʝʩʪʦʪʘ ʥʘ 

ʤʝʪʠʣʠʨʘʥʝ 

(%) 

ʍʦʨʤʦʥʘʣʝʥ 

ʦʪʛʦʚʦʨ 

AR 

ESR1 
ESR2 

RARɓ2 
RARRES1 

 

ɸʥʜʨʦʛʝʥʦʚ ʨʝʮʝʧʪʦʨ 

ɽʩʪʨʦʛʝʥ ʨʝʮʝʧʪʦʨ 1 

ɽʩʪʨʦʛʝʥ ʨʝʮʝʧʪʦʨ 2 

ɓ2 ʨʝʮʝʧʪʦʨ ʥʘ ʨʝʪʠʥʦʝʚʘʪʘ ʢʠʩʝʣʠʥʘ 

ʈʝʩʧʦʥʜʝʨ ʥʘ ʨʝʮʝʧʪʦʨʘ ʥʘ ʨʝʪʠʥʦʝʚʘʪʘ 

ʢʠʩʝʣʠʥʘ (TIG1) 

15-39 

19-95 

83-92 

68-95 

55-96 

ʂʦʥʪʨʦʣ ʥʘ 

ʢʣʝʪʲʯʥʠʷ 

ʮʠʢʲʣ 

CCND2 

CDKN2A 
RPRM 

SFN 

ʎʠʢʣʠʥ D2 

ʎʠʢʣʠʥ ʟʘʚʠʩʠʤ ʢʠʥʘʟʝʥ ʠʥʭʠʙʠʪʦʨ 2ɸ (ʨ16) 

ʈʝʧʨʠʤʦ 

ʉʪʨʘʪʠʬʠʥ (14-3-3 ʩʠʛʤʘ) 

32-99 

3-77 

- 

99 

ʉʠʛʥʘʣʥʘ 

ʪʨʘʥʩʜʫʢʮʠʷ 

DKK3 

EDNRB 

RASSF1A 

 
RUNX3 

SFRP1 

ɼʠʢʦʧʬ 3 

ɽʥʜʦʪʝʣʠʥʦʚ ʨʝʮʝʧʪʦʨ ʪʠʧ ɺ 

ɹʝʣʪʲʢ 1 ʠʟʦʬʦʨʤʘ ɸ ʥʘ Ras ʘʩʦʮʠʠʨʘʥʦʪʦ 

ʩʝʤʝʡʩʪʚʦ  

Runt- ʩʚʲʨʟʘʥ ʪʨʘʥʩʢʧʨʠʮʠʦʥʝʥ ʬʘʢʪʦʨ 

ʉʝʢʨʝʪʠʨʘʱ ʩʝ frezzled ʩʚʲʨʟʘʥ ʧʨʦʪʝʠʥ 1 

68 

15-100 

53-99 

 

24-44 

83 

ʊʫʤʦʨʥʘ 

ʠʥʚʘʟʠʷ 

APC 
CAV1 

CDH1 

CDH13 
CD44 

LAMA 3 
LAM C2 

TIMP3 

ʌʘʤʠʣʥʘ ʘʜʝʥʦʤʘʪʦʟʘ ʧʦʣʠʧʦʟʠʩ 

ʂʘʚʝʦʣʠʥ 1 

ɽ-ʢʘʜʭʝʨʠʥ 

ʂʘʜʭʝʨʠʥ 13 

ʂʣʲʩʪʝʨ ʜʠʬʝʨʝʥʮʠʨʘʱ ʘʥʪʠʛʝʥ 44 

ʂ-3 ʣʘʤʠʥʠʥ 

ʅ-3 ʣʘʤʠʥʠʥ 

TIMP ʤʝʪʘʣʦʧʝʧʪʠʜʘʟʝʥ ʠʥʭʠʙʠʪʦʨ 3 

27-100 

90 

27-69 

45-54 

19-72 

44 

41 

0-97 

ɼʅʂ ʧʦʧʨʘʚʢʘ GSTM1 

GSTP1 
GPX3 

MGMT 

ɻʣʫʪʘʪʠʦʥ S-ʪʨʘʥʩʬʝʨʘʟʘ ʄ1 

ɻʣʫʪʘʪʠʦʥ S-ʪʨʘʥʩʬʝʨʘʟʘ ʈ1 

ɻʣʫʪʘʪʠʦʥ ʧʝʨʦʢʩʠʜʘʟʘ 3 

ʆ-6 ʤʝʪʠʣʛʫʘʥʠʥ ɼʅʂ ʤʝʪʠʣʪʨʘʥʩʬʝʨʘʟʘ 

58 

79-95 

93 

0-76 

ɸʧʦʧʪʦʟʘ ASC 
 

BCL2 

DAPK 

ɸʧʦʧʪʦʟʘ ʘʩʦʮʠʠʨʘʥ Speck ʧʦʜʦʙʝʥ ʙʝʣʪʲʢ, 

ʩʲʜʲʨʞʘʱ CARD 

ɺ ʢʣʝʪʲʯʥʘ ʣʠʤʬʦʤʘ 2 

Death- ʘʩʦʮʠʠʨʘʥʘ ʢʠʥʘʟʘ 

37-78 

 

52-87 

0-36 

ɼʨʫʛʠ MDR1 

 

PTGS2 
HIC 

ʈʝʮʝʧʪʦʨ 1 ʟʘ ʤʥʦʞʝʩʪʚʝʥʘ ʣʝʢʘʨʩʪʚʝʥʘ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪ 

ʇʨʦʩʪʘʛʣʘʜʠʥ ʝʥʜʦʧʝʨʦʢʩʠʜʘʟʘ ʩʠʥʪʝʪʘʟʘ 2 

ʍʠʧʝʨʤʝʪʠʣʠʨʘʥ ʧʨʠ ʨʘʢ 

51-100 

 

18-88 

99-100 

 

GSTP1 ʝ ʥʘʡ-ʰʠʨʦʢʦ ʠʟʩʣʝʜʚʘʥʠʷ ʝʧʠʛʝʥʝʪʠʯʝʥ ʙʠʦʤʘʨʢʝʨ ʧʨʠ ʈʇ. ʊʦʡ ʝ ʯʘʩʪ 

ʦʪ ʩʝʤʝʡʩʪʚʦʪʦ ʥʘ ʛʣʫʪʘʪʠʦʥ-S ʪʨʘʥʩʬʝʨʘʟʥʠʪʝ ʤʫʣʪʠʬʫʥʢʮʠʦʥʘʣʥʠ ʝʥʟʠʤʠ, ʢʦʠʪʦ 
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ʢʦʥʶʛʠʨʘʪ ʨʝʘʢʪʠʚʥʠ ʩʫʙʩʪʨʘʪʠ ʩ ʨʝʜʫʮʠʨʘʥ ʛʣʫʪʘʪʠʦʥ ʠ ʫʯʘʩʪʚʘʪ ʚ ʜʝʪʦʢʩʠʢʘʮʠʷʪʘ ʠ 

ʧʨʝʜʧʘʟʚʘʥʝʪʦ ʥʘ ɼʅʂ ʦʪ ʦʢʩʠʜʘʥʪʠ [255]. ʇʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʩʝ 

ʩʨʝʱʘ ʚ ʦʢʦʣʦ 90% ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ, ʚ ʦʢʦʣʦ 2/3 ʦʪ HGPIN ʠ ʥʝ ʩʝ ʩʨʝʱʘ ʠʣʠ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʨʷʜʢʦ ʚ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ ʦʪ ʧʘʮʠʝʥʪʠ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ 

ʭʠʧʝʨʧʣʘʟʠʷ. ʊʦʚʘ ʛʦ ʧʨʘʚʠ ʧʦʪʝʥʮʠʘʣʝʥ ʙʠʦʤʘʨʢʝʨ ʟʘ ʈʇ [256-259]. ʉʧʦʨʝʜ ʝʜʥʦ 

ʧʨʦʫʯʚʘʥʝ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ GSTP1 ʤʦʞʝ ʜʘ ʩʝ ʦʪʢʨʠʝ ʠ ʚ 50% ʦʪ ʝʷʢʫʣʘʪʠʪʝ, ʚ 82% 

ʦʪ ʩʝʨʫʤʘ ʠ ʚ 36% ʦʪ ʫʨʠʥʘʪʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ [260]. ʂʘʪʦ ʮʷʣʦ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ GSTP1 

ʚʘʨʠʨʘ ʚ ʦʪʜʝʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ: ʤʝʞʜʫ 70 ʠ 100% ʚ ʙʠʦʧʩʠʠ [259, 261, 262], ʠ ʤʝʞʜʫ 

18.8% ʠ 83.2% ʚ ʫʨʠʥʘ [260, 263-268] ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ. 

ɿʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʜʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ GSTP1 ʢʘʪʦ ʙʠʦʤʘʨʢʝʨ, ʪʦʡ ʝ 

ʚʢʣʶʯʚʘʥ ʚ ʧʘʥʝʣʠ ʩ ʜʨʫʛʠ ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠ ʛʝʥʠ ʚ ʪʲʢʘʥ ʠ ʫʨʠʥʘ 

(ʊʘʙʣʠʮʘ 1.5). ʂʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ GSTP1 ʩ APC, RASSF1a, PTGS2 ʠ MDR1 ʚ ʪʲʢʘʥ ʤʦʞʝ ʜʘ 

ʨʘʟʛʨʘʥʠʯʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʦʪ ʪʝʟʠ ʩ ɼʇʍ, ʩ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʦʪ 97.3-100% ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪ ʦʪ 92-100%, ʩʲʦʪʚʝʪʥʦ [269]. ʇʨʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʤʝʪʠʣʘʮʠʦʥʝʥ ʧʘʥʝʣ ʦʪ 10 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠ ʛʝʥʠ, ʚʢʣʶʯʚʘʱ GSTP1, RASSF1A, CDH1, APC, DAPK, MGMT, p14, 

p16INK4a, RARb2 ʠ TIMP3 ʩʝ ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʪʝʟʠ ʛʝʥʠ ʩʘ ʟʥʘʯʠʪʝʣʥʦ ʧʨʦʤʦʪʦʨʥʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠ ʚ ʫʨʠʥʘ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ p14 ʠ 

p16INK4a [266]. ʅʘʙʣʜʁʘʚʘʥʘ ʝ ʢʦʨʝʣʘʮʠʷ ʥʘ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ APC, RASSF1Ŭ ʠ 

RUNX3 ʩ PSA ʩʪʦʡʥʦʩʪʠʪʝ ʠ Gleason score [251-253, 270]. 

 

ʊʘʙʣʠʮʘ 1.5. ɼʠʘʛʥʦʩʪʠʯʥʠ ʠ ʧʨʦʛʥʦʩʪʠʯʥʠ ʙʠʦʤʘʨʢʝʨʠ, ʚʢʣʶʯʚʘʱʠ 

ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠ ʛʝʥʠ 

ʇʨʦʤʷʥʘ ɻʝʥʠ, ʢʦʠʪʦ ʩʘ ʟʘʩʝʛʥʘʪʠ ɹʠʦʤʘʨʢʝʨ- 

ʧʨʠʣʦʞʝʥʠʝ 

ɹʠʙʣʠʦ- 

ʛʨʘʬʠʷ 

ʍʠʧʦʤʝʪʠʣʠʨʘʥʝ ɻʣʦʙʘʣʥʦ ɼʅʂ ʭʠʧʦʤʝʪʠʣʠʨʘʥʝ 

 

ʇʨʦʛʥʦʩʪʠʯʝʥ 

 

ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ 

[251, 270, 271] 

 

[272, 273] 

IGF2 ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ [274, 275] 

ʍʠʧʝʨʤʝʪʠʣʠʨʘʥʝ GSTP1 ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ 

 

 

ɼʠʘʛʥʦʩʪʠʯʝʥ 

 

ʇʨʦʛʥʦʩʪʠʯʝʥ 

[260, 263, 267, 

268, 276, 277] 

 

[260, 278] 

 

[268, 279] 

GSTP1/APC/MDR1 ɼʠʘʛʥʦʩʪʠʯʝʥ [280]  

p16/ARF/MGMT/GSTP1 ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ [267] 

GSTP1/APC/RARB2/RASSF1A ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ [266] 

GSTP1/APC/RARB2 ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ 

 

ʇʨʦʛʥʦʩʪʠʯʝʥ 

[281]  

[268, 282] 

GSTP1/PTGS2/RPRM/TIG1 ʇʨʦʛʥʦʩʪʠʯʝʥ [283]  

APC ʇʨʦʛʥʦʩʪʠʯʝʥ [284]  

GSTP1/APC/PTGS2/MDR1 ʇʨʦʛʥʦʩʪʠʯʝʥ 

 

ɼʠʘʛʥʦʩʪʠʯʝʥ 

[269, 282] 

 

 

[280]  

PTGS2/CD44 ʇʨʦʛʥʦʩʪʠʯʝʥ [285]  

GPR7/ABHD9/Chr3-EST ʇʨʦʛʥʦʩʪʠʯʝʥ [286]  

PITX2 ʇʨʦʛʥʦʩʪʠʯʝʥ [287]  
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ʍʠʩʪʦʥʦʚʠ ʤʦʜʠʬʠʢʘʮʠʠ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ 

ʍʨʦʤʘʪʠʥʲʪ ʝ ʥʘʡ-ʚʠʩʦʢʘʪʘ ʩʪʝʧʝʥ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʷʜʨʝʥʘʪʘ ɼʅʂ ʠ ʥʝʛʦʚʘ 

ʦʩʥʦʚʥʘ ʝʜʠʥʠʮʘ ʝ ʥʫʢʣʝʦʟʦʤʘʪʘ. ʅʫʢʣʝʦʟʦʤʘʪʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʙʝʣʪʲʯʥʦ ʷʜʨʦ (ʦʩʝʤ 

ʭʠʩʪʦʥʘ), ʦʢʦʣʦ ʢʦʝʪʦ ʩʝ ʫʩʫʢʚʘ ʥʠʰʢʘ ʦʪ ɼʅʂ ʩ ʜʲʣʞʠʥʘ 147 bp [288]. ʍʠʩʪʦʥʠʪʝ ʩʘ 

ʜʠʥʘʤʠʯʥʠ ʙʠʦʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʚ ʨʝʛʫʣʘʮʠʷʪʘ ʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷʪʘ, ʧʦʧʨʘʚʢʘʪʘ ʠ 

ʨʝʧʣʠʢʘʮʠʷʪʘ ʥʘ ɼʅʂ [289]. ʉʪʨʫʢʪʫʨʥʦ ʭʠʩʪʦʥʠʪʝ ʧʨʠʪʝʞʘʚʘʪ ʧʦʜʚʠʞʥʘ Ăʦʧʘʰʢʘò, ʢʦʷʪʦ 

ʩʝ ʧʦʜʣʘʛʘ ʥʘ ʧʦʩʪ-ʪʨʘʥʩʣʘʮʠʦʥʥʠ ʙʠʦʭʠʤʠʯʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʪʦ ʘʮʝʪʠʣʠʨʘʥʝ, 

ʤʝʪʠʣʠʨʘʥʝ, ʬʦʩʬʦʨʠʣʠʨʘʥʝ ʠ ʜʨ. [290]. ɸʮʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʘʤʠʥʦʢʠʩʝʣʠʥʠ ʚ 

ʭʠʩʪʦʥʦʚʠʪʝ ʦʧʘʰʢʠ ʥʘʤʘʣʷʚʘ ʘʬʠʥʠʪʝʪʘ ʥʘ ʭʠʩʪʦʥʠʪʝ ʢʲʤ ɼʅʂ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 

ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ Ăʦʪʚʦʨʝʥʘò ʭʨʦʤʘʪʠʥʦʚʘ ʢʦʥʬʦʨʤʘʮʠʷ, ʧʦʟʚʦʣʷʚʘʱʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʷ. ʄʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʭʠʩʪʦʥʠʪʝ ʩʝ ʘʩʦʮʠʠʨʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʘ 

ʘʢʪʠʚʘʮʠʷ ʠ ʨʝʧʨʝʩʠʷ. ʄʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʣʠʟʠʥʦʚʠʪʝ ʦʩʪʘʪʲʮʠ ʚ ʧʦʟʠʮʠʠ 4, 36 ʠ 79 ʥʘ 

ʭʠʩʪʦʥ H3 (H3K4me3, H3K36me ʠ H3K79me) ʝ ʭʘʨʘʢʪʝʨʥʦ ʟʘ ʘʢʪʠʚʥʦ ʪʨʘʥʩʢʨʠʙʠʨʘʱʠʪʝ 

ʩʝ ʛʝʥʠ, ʜʦʢʘʪʦ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʣʠʟʠʥʦʚʠʪʝ ʦʩʪʘʪʲʮʠ ʥʘ 9-ʪʘ ʠ 27-ʤʘ ʧʦʟʠʮʠʷ ʥʘ ʭʠʩʪʦʥ 

H3 (H3K9 ʠ H3K27) ʠ ʣʠʟʠʥ 20 ʥʘ ʭʠʩʪʦʥ H4 (H4K20) ʝ ʭʘʨʘʢʪʝʨʥʦ ʟʘ ʥʝʘʢʪʠʚʥʠʷ 

ʭʝʪʝʨʦʭʨʦʤʘʪʠʥ [288]. ɻʣʦʙʘʣʥʠʪʝ ʥʠʚʘ ʥʘ ʩʧʝʮʠʬʠʯʥʠ ʭʠʩʪʦʥʦʚʠ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʪʦ 

H3K9Ac, H3K18Ac, H4K12Ac, H3K4Me2 ʠ H4R3Me2 ʚ ʧʲʨʚʠʯʥʠ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʩʘ 

ʘʥʘʣʠʟʠʨʘʥʠ ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʯʥʦ ʠ ʝ ʫʩʪʘʥʦʚʝʥʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʚʩʠʯʢʠ ʭʠʩʪʦʥʦʚʠ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ H3K9Ac, ʠ ʧʨʦʩʪʘʪʥʠʷ ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ [291]. ʅʠʚʘʪʘ 

ʥʘ H3K27Me3 ʟʥʘʯʠʤʦ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʤʝʞʜʫ ʤʝʪʘʩʪʘʪʠʯʥʠ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʠ ʥʝ-

ʤʘʣʠʛʥʝʥʠ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ [292]. ʉʲʱʝʩʪʚʫʚʘʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʚ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʟʘ 

ʭʠʩʪʦʥʦʚʠʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʪʦ ʙʠʦʤʘʨʢʝʨʠ ʧʨʠ ʈʇ, ʢʦʠʪʦ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʘʪ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʥʘ ʠʤʫʥʦʭʠʩʪʦʭʠʤʠʷʪʘ, ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʘʥʪʠʪʝʣʘ, ʢʘʢʪʦ ʠ ʥʘ 

ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʘʥʪʠʛʝʥʘ [248]. ʍʠʩʪʦʥʦʚʠʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʠʟʩʣʝʜʚʘʥʠ ʚ ɼʅʂ, ʠʟʦʣʠʨʘʥʘ ʦʪ ʧʣʘʟʤʘ, ʩʝʨʫʤ ʠʣʠ ʚ ʮʠʨʢʫʣʠʨʘʱʘ ɼʅʂ ʯʨʝʟ ELISA 

ʤʝʪʦʜʘ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʧʣʘʟʤʝʥʠʪʝ ʥʠʚʘ ʥʘ H3K27Me3 ʟʥʘʯʠʪʝʣʥʦ ʩʘ ʧʦʥʠʞʝʥʠ ʧʨʠ 

ʧʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʟʠ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠ ʩ ʦʨʛʘʥʥʦ ʣʦʢʘʣʠʟʠʨʘʥ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ 

[293]. 

 

ʊʘʙʣʠʮʘ 1.6. ʍʠʩʪʦʥʦʚʠʪʝ ʤʦʜʠʬʠʢʘʮʠʠ ʢʘʪʦ ʙʠʦʤʘʨʢʝʨʠ ʧʨʠ ʈʇ 

ʍʠʩʪʦʥʦʚʘ 

ʤʦʜʠʬʠʢʘʮʠʷ 

ʇʦʩʦʢʘ ʥʘ ʧʨʦʤʷʥʘ ʇʨʠʣʦʞʝʥʠʝ ʥʘ 

ʙʠʦʤʘʨʢʝʨʘ 

ɹʠʙʣʠʦʛʨʘʬʠʷ 

H3ac/H3K9me2 ʇʦʥʠʞʝʥʠ ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ [294]  

H4K20me 1, 2 ʠ 3 ʇʦʥʠʞʝʥʠ ʇʨʦʛʥʦʟʘ [295, 296] 

H3K27me3 ʇʦʥʠʞʝʥʠ ʈʘʥʥʘ ʜʝʪʝʢʮʠʷ 

ʇʨʦʛʥʦʟʘ 

[297] 

H3K18Ac/H3K4me2 ʇʦʚʠʰʝʥʠ ʇʨʦʛʥʦʟʘ [296, 298] 

H3K4me1 ʇʦʚʠʰʝʥʠ ʇʨʦʛʥʦʟʘ [294] 

H3K27me3 ʇʦʚʠʰʝʥʠ ʇʨʦʛʥʦʟʘ [292] 

 

 

ɽʢʩʧʨʝʩʠʦʥʥʠ ʧʨʦʤʝʥʠ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʧʨʠ ʈʇ 

ʤʠʢʨʦʈʅʂ-ʠʪʝ (miRNAs) ʩʘ ʦʙʰʠʨʝʥ ʢʣʘʩ ʝʥʜʦʛʝʥʥʠ ʤʘʣʢʠ ʥʝʢʦʜʠʨʘʱʠ ʈʅʂ-ʠ, 

ʜʲʣʛʠ ʦʢʦʣʦ 19-23 ʥʫʢʣʝʦʪʠʜʘ [299]. ʊʝ ʤʦʛʘʪ ʜʘ ʨʝʛʫʣʠʨʘʪ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ [300] ʢʘʪʦ ʩʝ 
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ʩʚʲʨʟʚʘʪ ʟʘ 3ô-ʥʝʪʨʘʥʩʣʠʨʘʱʠʪʝ ʩʝ ʨʝʛʠʦʥʠ (3ôUTR) ʥʘ ʤʘʪʨʠʯʥʠ ʈʅʂ-ʠ (ʠʥʬʦʨʤʘʮʠʦʥʥʠ 

ʈʅʂ-ʠ, mRNA) ʠ ʠʥʜʫʮʠʨʘʪ ʪʷʭʥʦʪʦ ʨʘʟʛʨʘʞʜʘʥʝ ʠʣʠ ʠʥʭʠʙʠʨʘʪ ʪʨʘʥʩʣʘʮʠʷʪʘ [301]. 

miRNAs ʩʘ ʯʘʩʪ ʩʘ ʦʪ ʛʣʦʙʘʣʥʠʷ ʨʝʛʫʣʘʪʦʨʝʥ ʧʲʪ, ʥʘʨʝʯʝʥ ʈʅʂ ʠʥʪʝʨʬʝʨʝʥʮʠʷ [302]. ʇʨʠ 

ʯʦʚʝʢ ʩʘ ʦʧʠʩʘʥʠ ʥʘʜ 1424 ʤʠʢʨʦʈʅʂ-ʠ (ɽ15) ʠ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʪʝ ʩʘ ʦʪʛʦʚʦʨʥʠ ʟʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʦʢʦʣʦ 1/3 ʦʪ ʯʦʚʝʰʢʠʪʝ ʛʝʥʠ [303]. ʊʝ ʧʨʝʜʣʘʛʘʪ ʙʲʨʟ ʬʠʥʦ 

ʥʘʩʪʨʦʡʚʘʱ ʠ ʝʥʝʨʛʠʡʥʦ ʠʢʦʥʦʤʠʯʝʥ ʤʝʭʘʥʠʟʲʤ ʟʘ ʧʦʩʪ- ʪʨʘʥʩʢʨʠʧʮʠʦʥʝʥ ʢʦʥʪʨʦʣ ʥʘ 

ʙʝʣʪʲʯʥʘʪʘ ʝʢʩʧʨʝʩʠʷ [304]. ʇʦʨʘʜʠ ʥʝʧʝʨʬʝʢʪʥʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʪʘ ʤʝʞʜʫ 

3ô-UTR ʥʘ mRNA (ʠʈʅʂ) ʠ miRNA, ʚʩʷʢʘ miRNA ʤʦʞʝ ʜʘ ʠʤʘ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ mRNA 

ʤʠʰʝʥʠ ʠ ʚʩʷʢʘ mRNA ʤʦʞʝ ʜʘ ʙʲʜʝ ʤʠʰʝʥʘ ʥʘ ʤʥʦʛʦʙʨʦʡʥʠ ʤʠʢʨʦʈʅʂ-ʠ. ʊʘʢʘ ʩʝ 

ʩʲʟʜʘʚʘ ʩʣʦʞʥʘ ʤʨʝʞʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ [305].  

ʇʦʢʘʟʘʥʦ ʝ, ʯʝ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʨʝʛʫʣʠʨʘʪ ʦʩʥʦʚʥʠ ʢʦʤʧʣʝʢʩʥʠ ʙʠʦʣʦʛʠʯʥʠ 

ʧʨʦʮʝʩʠ ʢʘʪʦ ʜʠʬʝʨʝʥʮʠʘʮʠʷʪʘ, ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ, ʩʠʛʥʘʣʥʘʪʘ ʪʨʘʥʩʜʫʢʮʠʷ, 

ʘʧʦʧʪʦʟʘʪʘ, ʠʤʫʥʥʠʷ ʦʪʛʦʚʦʨ ʠ ʤʝʪʘʙʦʣʠʟʤʘ. ʇʨʦʤʷʥʘʪʘ ʚ ʪʷʭʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʤʦʞʝ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʨʘʟʚʠʪʠʝʪʦ, ʠʥʚʘʟʠʷʪʘ ʠ ʤʝʪʘʩʪʘʟʠʨʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʨʘʢ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʈʇ [305, 306] . 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʩʘ ʠʟʩʣʝʜʚʘʥʠ ʚ ʥʦʨʤʘʣʥʘ ʠ ʪʫʤʦʨʥʘ ʪʲʢʘʥ (ʦʪ 

ʙʠʦʧʩʠʠ ʠʣʠ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ) [306-317], ʚ ʤʝʪʘʩʪʘʟʠ [318, 319] ʠ ʚ ʢʣʝʪʲʯʥʠ 

ʣʠʥʠʠ ʥʘ ʈʇ [302, 310, 320-324]. ʀʜʝʥʪʠʬʠʮʠʨʘʥʠ ʩʘ ʜʠʘʛʥʦʩʪʠʯʥʠ ʠ ʧʨʦʛʥʦʩʪʠʯʥʠ 

ʧʘʥʝʣʠ, ʢʦʠʪʦ ʥʘʧʲʣʥʦ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʠʣʠ ʩʘʤʦ ʯʘʩʪʠʯʥʦ ʩʝ ʧʨʠʧʦʢʨʠʚʘʪ ʚ ʦʪʜʝʣʥʠʪʝ 

ʧʨʦʫʯʚʘʥʠʷ. ɺʝʨʦʷʪʥʠʪʝ ʧʨʠʯʠʥʠ ʟʘ ʪʦʚʘ ʩʘ ʭʝʪʝʨʦʛʝʥʥʦʩʪʪʘ ʥʘ ʧʲʨʚʠʯʥʠʪʝ ʪʫʤʦʨʠ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʛʝʥʝʪʠʯʥʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʝʪʘʩʪʘʪʠʯʥʠʷ ʧʦʪʝʥʮʠʘʣ, ʢʦʥʪʘʤʠʥʠʨʘʥʝ 

ʩ ʥʝʞʝʣʘʥʠ ʢʣʝʪʲʯʥʠ ʪʠʧʦʚʝ ʠʣʠ ʤʘʣʢʘʪʘ ʠʟʩʣʝʜʚʘʥʘ ʛʨʫʧʘ ʚ ʥʷʢʦʠ ʧʨʦʫʯʚʘʥʠʷ. 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʣʘʟʝʨʥʘ ʤʠʢʨʦʜʠʩʝʢʮʠʷ ʩʧʦʤʘʛʘ ʟʘ ʧʦ-ʪʦʯʥʦ ʠ ʢʦʥʪʨʦʣʠʨʘʥʦ ʩʨʘʚʥʝʥʠʝ 

ʥʘ ʪʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ ʪʲʢʘʥ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʦ-ʢʦʨʝʢʪʥʠ ʨʝʟʫʣʪʘʪʠ [325]. 

ɿʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʷʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʲʨʚʠʯʥʠʪʝ ʪʫʤʦʨʠ, ʤʥʦʛʦ 

ʦʪ ʠʟʩʣʝʜʦʚʘʪʝʣʠʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʘʥʘʣʠʟʠʨʘʪ ʤʠʢʨʦʈʅʂ ʝʢʩʧʨʝʩʠʷʪʘ ʚ ʢʨʲʚʥʠ ʧʨʦʙʠ 

(ʧʣʘʟʤʘ, ʩʝʨʫʤ) [24, 300, 326-334] ʠ ʜʦʨʠ ʠ ʚ ʫʨʠʥʘ [327, 335, 336]. ʊʦʚʘ ʩʪʘʚʘ ʚʲʟʤʦʞʥʦ, 

ʧʦʨʘʜʠ ʥʝʦʙʠʯʘʡʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ miRNAs ʚ ʪʝʣʝʩʥʠ ʪʝʯʥʦʩʪʠ ʠ ʣʝʩʥʘʪʘ ʠʤ ʜʝʪʝʢʮʠʷ 

[328]. 

ɺ ʊʘʙʣʠʮʘ 1.7 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʯʘʩʪ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʘʥʘʣʠʟʘ 

ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʪʲʢʘʥʠ ʠʣʠ ʪʝʣʝʩʥʠ ʪʝʯʥʦʩʪʠ ʢʘʪʦ ʙʠʦʤʘʨʢʝʨʠ ʧʨʠ ʈʇ.  

ɺʩʠʯʢʠ ʧʨʦʫʯʚʘʥʠʷ ʥʘ ʘʩʦʮʠʘʮʠʷʪʘ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʩ ʈʇ ʧʦʢʘʟʚʘʪ, ʯʝ ʪʝ ʠʤʘʪ 

ʧʦʪʝʥʮʠʘʣʘ ʜʘ ʚʣʷʟʘʪ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ ʢʘʪʦ ʜʠʘʛʥʦʩʪʠʯʥʠ ʠ ʧʨʦʛʥʦʩʪʠʯʥʠ 

ʙʠʦʤʘʨʢʝʨʠ. ʊʝ ʩʘ ʧʦʢʘʟʘʣʠ ʩʚʦʷʪʘ ʨʦʣʷ ʢʘʪʦ ʦʥʢʦʛʝʥʠ ʠʣʠ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨʠ ʚ ʟʘʚʠʩʠʤʦʩʪ 

ʦʪ ʛʝʥʘ ʤʠʰʝʥʘ, ʢʦʡʪʦ ʨʝʛʫʣʠʨʘʪ. miRNA ʝʢʩʧʨʝʩʠʷʪʘ ʝ ʜʠʥʘʤʠʯʥʘ ʠ ʩʝ ʧʨʦʤʝʥʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʬʘʟʘʪʘ ʥʘ ʧʨʦʩʪʘʪʥʘʪʘ ʢʘʨʮʠʥʦʛʝʥʝʟʘ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʪʝ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʚ ʙʲʜʝʱʝ ʧʨʠ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʘʪʘ ʤʝʜʠʮʠʥʘ. ɼʝʪʘʡʣʥʦʪʦ ʨʘʟʙʠʨʘʥʝ ʥʘ 

ʬʫʥʢʮʠʠʪʝ ʥʘ ʩʧʝʮʠʬʠʯʥʠ miRNAs ʧʨʠ ʈʇ ʠ ʪʦʯʥʦʪʦ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʪʝʭʥʠʪʝ 

ʢʣʶʯʦʚʠ ʤʠʰʝʥʠ, ʱʝ ʙʲʜʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʘʞʥʦ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ miRNA-ʙʘʟʠʨʘʥʘ 

ʪʝʨʘʧʠʷ. ʊʲʡ ʢʘʪʦ miRNAs ʤʦʛʘʪ ʜʘ ʤʦʜʫʣʠʨʘʪ ʛʨʫʧʘ ʦʪ ʛʝʥʥʠ ʤʨʝʞʠ, ʪʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʧʨʠʣʘʛʘʪ ʢʘʪʦ ʪʝʨʘʧʝʚʪʠʯʥʠ ʣʝʢʘʨʩʪʚʘ, ʢʦʠʪʦ ʜʝʡʩʪʚʘʪ ʥʘ ʧʨʠʥʮʠʧʘ Ăʩ ʝʜʠʥ ʫʜʘʨ, 

ʤʥʦʞʝʩʪʚʦ ʤʠʰʝʥʠò. ʅʝʦʙʭʦʜʠʤʦ ʝ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠ ʚʘʣʠʜʠʨʘʱʠ 

ʧʨʦʫʯʚʘʥʠʷ ʧʨʝʜʠ ʥʘʚʣʠʟʘʥʝʪʦ ʠʤ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ. ɿʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʢʣʠʥʠʯʥʘʪʘ ʠʤ 

ʩʪʦʡʥʦʩʪ ʪʝ ʙʠʭʘ ʤʦʛʣʠ ʜʘ ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʩ ʜʨʫʛʠ ʙʠʦʤʘʨʢʝʨʠ, ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ. 
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ʊʘʙʣʠʮʘ 1.7. ʤʠʢʨʦʈʅʂ-ʠʪʝ ʢʘʪʦ ʧʦʪʝʥʮʠʘʣʥʠ ʙʠʦʤʘʨʢʝʨʠ ʧʨʠ ʈʇ 

ɼʠʟʘʡʥ ʥʘ ʧʨʦʫʯʚʘʥʝʪʦ ɹʠʦʣʦʛʠʯʝʥ 

ʤʘʪʝʨʠʘʣ 

ɼʠʬʝʨʝʥʮʠʘʣʥʦ 

ʝʢʩʧʨʝʩʠʨʘʥʠ miRNAs 

ɹʠʙʣʠʦ- 

ʛʨʘʬʠʷ 

ʇʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʪʠʯʝʥ ʈʇ 

ʩʧʨʷʤʦ ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ 

ʇʣʘʟʤʘ/ ʩʝʨʫʤ miR-141 [326] 

ʂʦʨʝʣʘʮʠʷ ʥʘ ʙʨʦʷ ʥʘ ʎʊʂ 

(ʮʠʨʢʫʣʠʨʘʱʠ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ), 

PSA, LDH (ʣʘʢʪʘʪ 

ʜʝʭʠʜʨʦʛʝʥʘʟʘ) ʠ miRNA 

ʧʣʘʟʤʝʥʠ ʥʠʚʘ 

ʇʣʘʟʤʘ miR-141 [337] 

 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ 

ʇʣʘʟʤʘ 12 miRNA ʧʨʦʬʠʣ [327] 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ 

ʇʣʘʟʤʘ miR-21 ʠ miR-221 [328] 

ʇʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʪʠʯʝʥ 

ʩʧʨʷʤʦ ʧʘʮʠʝʥʪʠ ʩ ʣʦʢʘʣʠʟʠʨʘʥ 

ʈʇ 

ʉʝʨʫʤ miRNA-375, miRNA-9*, 

miRNA- 141, miRNA-200b 

ʠ miRNA-516a-3p 

[329] 

ʇʘʮʠʝʥʪʠ ʚ ʪʨʝʪʠ ʠ ʯʝʪʚʲʨʪʠ 

ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ 

ʉʝʨʫʤ 15 miRNA ʧʨʦʬʠʣ [338] 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ 

ʉʝʨʫʤ 10 miRNA ʧʨʦʬʠʣ [331] 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ ʠ ʧʘʮʠʝʥʪʠ ʩ ɼʇʍ 

ʇʣʘʟʤʘ let-7e, let-7c, miR-30c, miR-

622 ʠ miR-1285 

[332] 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʧʘʮʠʝʥʪʠ 

ʩ ɼʇʍ ʠ ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ 

ʉʝʨʫʤ miR-26a, miR-32, miR-195 

ʠ let-7i ʥʦ ʩʘʤʦ ʧʨʠ 

ʩʨʘʚʥʝʥʠʝ ʥʘ ʧʘʮʠʝʥʪʠ ʩ 

ʨʘʢ ʩʧʨʷʤʦ ɼʇʍ  

[333] 

 

ʇʘʮʠʝʥʪʠ ʩ ʣʦʢʘʣʠʟʠʨʘʥ ʨʘʢ, ʩ 

ʘʥʜʨʦʛʝʥ ʟʘʚʠʩʠʤ ʨʘʢ, ʩ ʭʦʨʤʦʥ 

ʥʝʯʫʚʩʪʚʠʪʝʣʝʥ ʨʘʢ ʠ ʧʘʮʠʝʥʪʠ ʩ 

ɼʇʍ 

ʉʝʨʫʤ miR-21 ʚ ʧʘʮʠʝʥʪʠ ʩ 

ʭʦʨʤʦʥ ʨʝʟʠʩʪʝʥʪʝʥ ʨʘʢ 

[300] 

ʇʘʮʠʝʥʪʠ ʩ ʘʛʨʝʩʠʚʝʥ ʠ 

ʥʝʘʛʨʝʩʠʚʝʥ ʨʘʢ 

ʇʣʘʟʤʘ miR-20a, miR-21, miR-145, 

ʠ miR-221 

[334] 

ʇʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʪʠʯʝʥ 

ʩʧʨʷʤʦ ʣʦʢʘʣʠʟʠʨʘʥ ʢʘʨʮʠʥʦʤ 

ʉʝʨʫʤ miR-375, miR-378*, 

miR-141 

[339] 

ʇʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʪʠʯʝʥ ʈʇ 

ʩʧʨʷʤʦ ʟʜʨʘʚʠ ʢʦʥʪʨʦʣʠ 

ʉʝʨʫʤ miR-141, miR-375 [340] 

ʊʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ 

ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ  

ʈʘʜʠʢʘʣʥʠ 

ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ 

miR-125b, miR-145 ʠ let-7c [311] 

ʊʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ 

ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ 

ʄʘʢʨʦʜʠʩʝʢʪʠʨʘʥʠ 

ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʥʠ 

ʪʲʢʘʥʠ 

miR-520h, miR-494, miR-

490, miR-1(-2), miR-133a(-

1), miR-145 ʠ miR-221 

[322] 

PIN ʪʫʤʦʨʠ ʩʧʨʷʤʦ ʪʫʤʦʨʠ ʙʝʟ 

PIN 

ʇʨʦʩʪʘʪʝʢʪʦʤʠʠ 19 miRNA ʧʨʦʬʠʣ [312] 

ʊʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ 

ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ ʩʣʝʜ ʣʘʟʝʨʥʘ 

ʤʠʢʨʦʜʠʩʝʢʮʠʷ 

ʇʨʦʩʪʘʪʝʢʪʦʤʠʠ miR-23b, miR-145, miR-221 

ʠ miR-222 

[325] 

ʊʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ 

ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ 

ʇʨʦʩʪʘʪʝʢʪʦʤʠʠ miR-96, miR-149, miR-

181b, miR-182, miR-205, 

miR-375 ʠ ʜʨ. 

[313] 
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ʊʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ 

ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ 

ʌʦʨʤʘʣʠʥ 

ʬʠʢʩʠʨʘʥʠ ʠ 

ʚʢʣʶʯʝʥʠ ʚ 

ʧʘʨʘʬʠʥ ʪʲʢʘʥʠ 

9 miRNA ʧʨʦʬʠʣ [341] 

ʊʫʤʦʨʥʘ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘ 

ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ 

ʇʨʦʩʪʘʪʝʢʪʦʤʠʠ miR-375, miR-143 ʠ miR-

145 

[306]  

 

ʇʲʨʚʠʯʥʠ ʪʫʤʦʨʠ ʩʧʨʷʤʦ 

ʢʦʩʪʥʠ ʤʝʪʘʩʪʘʟʠ 

ʊʲʢʘʥ miR-508-5p, miR-145, miR-

143, miR-33a ʠ miR-100 

[318] 

 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ 

ʋʨʠʥʘ miR-107 ʠ miR-574-3p [327]  

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʧʘʮʠʝʥʪʠ 

ʩ ɼʇʍ 

ʋʨʠʥʘ miR-1825, miR-484 [335] 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ ʩʧʨʷʤʦ ʟʜʨʘʚʠ 

ʢʦʥʪʨʦʣʠ 

ʋʨʠʥʘ miR-205 ʠ miR-214 [336]  

 

 

1.6.3. ʂʣʠʥʠʯʥo ʧʦʜʦʙʨʝʥʠ ʣʘʙʦʨʘʪʦʨʥʦ ʨʘʟʨʘʙʦʪʝʥʠ ʪʝʩʪʦʚʝ ʧʨʠ ʈʇ 

 

ʎʠʨʢʫʣʠʨʘʱʠ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ 

ʎʠʨʢʫʣʠʨʘʱʠʪʝ ʪʫʤʦʨʥʠ ʢʣʝʪʢʠ (ʎʊʂ) ʩʝ ʦʪʨʠʚʘʪ ʚ ʢʨʲʚʦʦʙʨʘʱʝʥʠʝʪʦ ʠ ʪʝʭʥʠʷ 

ʙʨʦʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʙʠʦʤʘʨʢʝʨ, ʩʣʫʞʝʱ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʨʘʢ. ʉʘʤʠʪʝ ʢʣʝʪʢʠ ʩʲʱʦ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʠʟʪʦʯʥʠʢ ʥʘ ʤʦʣʝʢʫʣʷʨʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʥʘʣʠʯʠʝʪʦ ʠ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 

TMPRSS2-ERG ʬʫʟʠʷʪʘ, AR ʠ PTEN [342]. ʇʦʚʠʰʝʥʠʷʪ ʙʨʦʡ ʎʊʂ ʚ ʢʨʲʚʪʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩ 

ʢʘʩʪʨʘʮʠʦʥʥʦ ʨʝʟʠʩʪʝʥʪʝʥ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ ʝ ʠʥʜʠʢʘʪʦʨ ʟʘ ʣʦʰʘ ʦʙʱʘ ʧʨʝʞʠʚʷʝʤʦʩʪ 

[343, 344]. CellSearch System (Veridex LLC) ʝ ʩʠʩʪʝʤʘ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʎʊʂ, ʧʦʣʫʯʠʣʘ 

ʦʜʦʙʨʝʥʠʝ ʦʪ FDA (Food and Drug Administration , USA) ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʧʨʦʛʥʦʟʘʪʘ ʥʘ 

ʈʇ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʢʘʩʪʨʘʮʠʦʥʥʦ ʨʝʟʠʩʪʝʥʪʝʥ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ. ʅʷʢʦʣʢʦ 

ʧʨʦʫʯʚʘʥʠʷ ʧʦʢʘʟʚʘʪ ʧʦʣʟʘʪʘ ʦʪ ʪʦʟʠ ʪʝʩʪ ʚ ʢʣʠʥʠʯʥʠ ʠʟʧʠʪʚʘʥʠʷ [345, 346]. 

ProPSA ʠ Prostate Heath index (ʇʨʦʩʪʘʪʝʥ ʟʜʨʘʚʝʥ ʠʥʜʝʢʩ) 

ProPSA ʝ ʧʨʦ-ʝʥʟʠʤ, ʩʲʜʲʨʞʘ ɦ ʣʠʜʝʨʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʦʪ 7 ʘʤʠʥʦʢʠʩʝʣʠʥʠ 

(ɸʂ), ʢʦʷʪʦ ʩʝ ʨʘʟʧʦʟʥʘʚʘ ʦʪ ʝʥʟʠʤʠ ʠ ʩʝ ʠʟʨʷʟʚʘ, ʟʘ ʜʘ ʩʝ ʬʦʨʤʠʨʘ ʘʢʪʠʚʝʥ PSA. ʊʦʡ ʝ 

ʬʦʨʤʘ ʥʘ ʩʚʦʙʦʜʝʥ PSA (fPSA). ʆʪ proPSA ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʨʷʟʘʥʠ ʨʘʟʣʠʯʝʥ ʙʨʦʡ ɸʂ, 

ʪʘʢʘ ʯʝ ʪʦʡ ʤʦʞʝ ʜʘ ʩʲʜʲʨʞʘ 5, 4 ʠʣʠ 2 ɸʂ ʧʦʚʝʯʝ ʦʪ ʘʢʪʠʚʥʠʷ PSA. p2PSA ʬʦʨʤʘʪʘ ʝ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʘ ʢʘʪʦ ʥʘʡ-ʯʝʩʪʘʪʘ ʬʦʨʤʘ ʚ ʪʫʤʦʨʥʠ ʝʢʩʪʨʘʢʪʠ ʠ ʪʦʚʘ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ 

ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʘʥʥʘ ʜʝʪʝʢʮʠʷ ʥʘ ʈʇ ʠ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʥʝʘʛʨʝʩʠʚʥʠʪʝ 

ʬʦʨʤʠ ʥʘ ʈʇ [347, 348].  

ʇʨʦʩʪʘʪʥʠʷʪ ʟʜʨʘʚʝʥ ʠʥʜʝʢʩ (phi) ʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ Beckman Coulter, Inc ʚ 

ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʩ NCI Early Detection Research Network ʠ ʝ ʦʜʦʙʨʝʥ ʦʪ FDA ʧʨʝʟ 2012 ʛ. 

ʇʨʝʜʩʪʘʚʣʷʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʬʦʨʤʫʣʘ, ʚʢʣʶʯʚʘʱʘ ʪʨʠ ʙʠʦʤʘʨʢʝʨʘ: p2PSA, fPSA ʠ 

ʪʦʪʘʣʥʠʷ PSA (tPSA). Phi ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʨʘʢ ʦʪ ʪʝʟʠ ʩ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʠ ʧʨʦʩʪʘʪʥʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʚʲʟʨʘʩʪ Ó50 ʛʦʜʠʥʠ, ʪʦʪʘʣʥʠ ʩʝʨʫʤʥʠ PSA 

ʥʠʚʘ ʤʝʞʜʫ 4 ʠ 10 ng/ml, ʠ ʧʨʠ ʥʦʨʤʘʣʥʘ ʥʘʭʦʜʢʘ ʩʣʝʜ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ 

[349]. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ proPSA ʠ phi ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ ʧʨʝʜʠʢʪʠʚʥʘʪʘ ʪʦʯʥʦʩʪ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝʪʦ ʥʘ ʈʇ [348]. 
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Prostate Cancer Antigen 3 (PCA3) ʠ Progensa 

PCA3 ʝ ʧʨʦʩʪʘʪʥʦ ʩʧʝʮʠʬʠʯʝʥ ʛʝʥ. ʇʨʝʜʩʪʘʚʣʷʚʘ ʜʲʣʛʘ ʥʝʢʦʜʠʨʘʱʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘ ʈʅʂ, ʯʠʷʪʦ ʝʢʩʧʨʝʩʠʷ ʝ ʧʦʚʠʰʝʥʘ 66 ʧʲʪʠ ʚ ʥʘʜ 90% ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ 

ʪʫʤʦʨʠ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʣʥʠ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ [350, 351]. PCA3 ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʦʙʝʱʘʚʘʱ ʥʝʠʥʚʘʟʠʚʝʥ ʜʠʘʛʥʦʩʪʠʯʝʥ ʙʠʦʤʘʨʢʝʨ, ʪʲʡ ʢʘʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʩʣʝʜʚʘ ʚ ʫʨʠʥʘ 

[352]. ʈʘʟʨʘʙʦʪʝʥ ʝ Progensa PCA3 ʪʝʩʪ, ʢʦʡʪʦ ʠʟʤʝʨʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʈʅʂ 

ʤʦʣʝʢʫʣʠʪʝ ʥʘ PCA3 ʠ PSA ʚ ʫʨʠʥʘ, ʚʟʝʪʘ ʩʣʝʜ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ ʠ 

ʠʟʯʠʩʣʷʚʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʜʚʝʪʝ ʈʅʂ ʤʦʣʝʢʫʣʠ. Gen-Probe, Inc ʧʦʣʫʯʘʚʘ 

ʦʜʦʙʨʝʥʠʝ ʦʪ FDA ʟʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʦʟʠ ʪʝʩʪ ʧʨʝʟ 2012 ʛ. ʊʝʩʪʲʪ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʤʲʞʝ, ʟʘ 

ʢʦʠʪʦ ʩʝ ʧʨʝʜʧʦʣʘʛʘ ʯʝ ʠʤʘʪ ʨʘʢ ʚʲʟ ʦʩʥʦʚʘ ʥʘ PSA ʥʠʚʘʪʘ ʠ/ʠʣʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ 

ʜʠʛʠʪʘʣʥʠʷ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ ʠ/ʠʣʠ ʠʤʘʪ ʝʜʥʘ ʠʣʠ ʧʦʚʝʯʝ ʙʠʦʧʩʠʠ ʩ ʥʝʛʘʪʠʚʝʥ ʨʝʟʫʣʪʘʪ 

[353, 354]. Stephan ʠ ʩʲʘʚʪʦʨʠ ʦʙʦʙʱʘʚʘʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʫʯʚʘʥʠʷ, ʚʢʣʶʯʚʘʱʠ ʧʦʥʝ 200 

ʧʘʮʠʝʥʪʠ ʩ ʧʦʪʚʲʨʜʝʥʘ ʜʠʘʛʥʦʟʘ ʩʣʝʜ ʙʠʦʧʩʠʷ, ʧʨʠ ʢʦʠʪʦ ʝ ʠʟʧʦʣʟʚʘʥ Progensa PCA3 ʪʝʩʪʘ 

ʠ ʫʩʪʘʥʦʚʷʚʘʪ, ʯʝ AUC ʩʪʦʡʥʦʩʪʠʪʝ ʩʘ ʦʢʦʣʦ 0.7, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʜʚʝ ʠʟʩʣʝʜʚʘʥʠʷ. 

ʏʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʝʩʪʘ ʚʘʨʠʨʘ ʤʝʞʜʫ 44% ʜʦ 88%, ʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʤʝʞʜʫ 40% ʠ 

81% [355].  

Oncotype Dx 

Genomic Health Inc ʧʨʝʜʣʘʛʘ Oncotype DX Prostate Cancer Assay, ʢʦʡʪʦ ʝ ʨʘʟʨʘʙʦʪʝʥ 

ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʤʘʣʢʠ 1 ʤʤ ʬʦʨʤʘʣʠʥ ʬʠʢʩʠʨʘʥʠ ʠ ʚʢʣʶʯʝʥʠ ʚ ʧʘʨʘʬʠʥ ʪʲʢʘʥʠ, ʧʦʣʫʯʝʥʠ 

ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʪʲʥʢʦʠʛʣʝʥʘ ʙʠʦʧʩʠʷ. ʀʟʤʝʨʚʘʪ ʩʝ ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ 12 

ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʘʢʘ ʛʝʥʠ, ʢʦʠʪʦ ʩʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ 4 ʨʘʟʣʠʯʥʠ ʛʨʫʧʠ, ʩʚʲʨʟʘʥʠ ʩ: ʘʥʜʨʦʛʝʥ 

ʩʠʛʥʘʣʥʠʷ ʧʲʪ (AZGP1, KLK2, SRD5A2 ʠ RAM13C), ʢʣʝʪʲʯʥʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ (FLNC, GSN, 

TPM2 ʠ GSTM2), ʧʨʦʣʠʬʝʨʘʮʠʷʪʘ (TPX2) ʠ ʧʨʦʮʝʩʠʪʝ ʚ ʩʪʨʦʤʘʪʘ (BGN, COL1A1 ʠ 

SFRP4). ʆʧʨʝʜʝʣʷ ʩʝ ʠ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 5 ʨʝʬʝʨʝʥʪʥʠ ʛʝʥʘ (ARF1, ATP5E, CLTC, GPS1, 

PGK1), ʩʣʫʞʝʱʠ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʢʦʥʪʨʦʣ ʥʘ ʧʨʝʘʥʘʣʠʪʠʯʥʘʪʘ ʠ ʘʥʘʣʠʪʠʯʥʘʪʘ 

ʚʘʨʠʘʙʠʣʥʦʩʪ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʘʣʛʦʨʠʪʤʠʯʥʦ ʠ ʩʝ ʢʘʣʢʫʣʠʨʘ 

Genomic Prostate Score (GPS) [356]. ʊʝʩʪʲʪ ʧʦʜʧʦʤʘʛʘ ʨʘʟʜʝʣʷʥʝʪʦ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʥʘ 

ʛʨʫʧʠ ʩʧʦʨʝʜ ʪʝʭʥʠʷ ʨʠʩʢ ʠ ʠʟʙʦʨʘ ʥʘ ʧʨʘʚʠʣʥʘ ʪʝʨʘʧʠʷ.  

Prolaris score 

Myriad Genetics, Inc ʧʨʝʜʣʘʛʘ ʤʦʣʝʢʫʣʷʨʝʥ ʪʝʩʪ, ʢʦʡʪʦ ʜʠʨʝʢʪʥʦ ʠʟʤʝʨʚʘ 

ʨʘʩʪʝʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʫʤʦʨʥʠʪʝ ʢʣʝʪʢʠ ʩ ʮʝʣ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʠʩʢʘ ʦʪ ʧʨʦʛʨʝʩʠʷ. 

ʊʝʩʪʚʘʪ ʩʝ ʬʦʨʤʘʣʠʥ ʬʠʢʩʠʨʘʥʠ ʠ ʚʢʣʶʯʝʥʠ ʚ ʧʘʨʘʬʠʥ ʪʲʢʘʥʠ ʦʪ ʙʠʦʧʩʠʠ ʠʣʠ ʨʘʜʠʢʘʣʥʠ 

ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ. ɺ ʪʝʩʪʘ ʩʘ ʚʢʣʶʯʝʥʠ 46 ʨʘʟʣʠʯʥʠ ʛʝʥʠ, ʦʪ ʢʦʠʪʦ 31 ʩʘ ʩʚʲʨʟʘʥʠ ʩ 

ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ (CCP) ʠ 15 ʩʘ ʨʝʬʝʨʝʥʪʥʠ [357-359]. ʇʨʦʫʯʚʘʥʝ ʥʘ Myriad 

Genetics ʦʪʢʨʠʚʘ, ʯʝ ʧʦʥʠʞʝʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʩʝ ʘʩʦʮʠʠʨʘ ʩ ʥʠʩʲʢ ʨʠʩʢ ʦʪ ʧʨʦʛʨʝʩʠʷ ʥʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ, ʜʦʢʘʪʦ ʧʦʚʠʰʝʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʝ ʧʦʢʘʟʘʪʝʣʥʘ ʟʘ ʚʠʩʦʢ ʨʠʩʢ ʦʪ ʧʨʦʛʨʝʩʠʷ. 

Prostarix 

Prostarix ʝ ʪʝʩʪ, ʠʟʚʲʨʰʚʘʱ ʩʝ ʚ CLIA ʩʝʨʪʠʬʠʮʠʨʘʥʠ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ Metabolon, 

Inc ʠ ʩʝ ʧʨʝʜʣʘʛʘ ʯʨʝʟ ʣʘʙʦʨʘʪʦʨʠʠʪʝ Boswick. ʈʘʟʨʘʙʦʪʝʥ ʝ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ 

ʢʣʠʥʠʮʠʩʪʠʪʝ ʧʨʠ ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʧʦʚʪʦʨʥʘ ʙʠʦʧʩʠʷ ʧʨʠ 

ʧʘʮʠʝʥʪʠ ʩ ʥʦʨʤʘʣʥʘ ʥʘʭʦʜʢʘ ʩʣʝʜ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ ʠ ʩʨʝʜʥʦ ʫʚʝʣʠʯʝʥʠ ʥʠʚʘ 

ʥʘ PSA. Prostarix ʠʟʧʦʣʟʚʘ ʫʨʠʥʘ, ʦʪʜʝʣʝʥʘ ʩʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ 
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ʧʨʝʛʣʝʜ ʠ ʩʝ ʙʘʟʠʨʘ ʥʘ ʧʘʪʝʥʪʦʚʘʥʘ ʤʝʪʘʙʦʣʠʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 4 ʤʝʪʘʙʦʣʠʪʘ, 

ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ-ʤʘʩ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (LC-MS) [360, 361]. 

TMPRSS2:ERG ʠ Mi-prostate score 

TMPRSS2:ERG (ʥʘ ʢʨʘʪʢʦ T2-ERG) ʬʫʟʠʷʪʘ ʚ ʫʨʠʥʘ ʠʤʘ ʥʠʩʢʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ 

(37%), ʥʦ ʚʠʩʦʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪ (93%), ʢʦʝʪʦ ʜʘʚʘ ʧʦʣʦʞʠʪʝʣʥʘ ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ ʦʪ 

94% ʩʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ. ɺʲʧʨʝʢʠ ʯʝ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʝ 

ʚʠʩʦʢʘ, ʧʦʚʝʯʝʪʦ ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʩʘ ʤʫʣʪʠʬʦʢʘʣʥʠ (ʤʫʣʪʠʣʦʢʫʩʥʠ) ʠ ʭʝʪʝʨʦʛʝʥʥʠ ʧʦ 

ʦʪʥʦʰʝʥʠʝ ʥʘ ʬʫʟʠʷʪʘ. ɿʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʝ ʭʝʪʝʨʦʛʝʥʥʦʩʪʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ 

ʜʨʫʛʠ ʙʠʦʤʘʨʢʝʨʠ. ʋʥʠʚʝʨʩʠʪʝʪʲʪ ʥʘ ʄʠʯʠʛʘʥʩʢʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ ʨʘʟʨʘʙʦʪʚʘ 

Mi-Prostate Score ʪʝʩʪʘ, ʢʦʡʪʦ ʢʦʤʙʠʥʠʨʘ ʪʨʠ ʙʠʦʤʘʨʢʝʨʘ: PCA3 ʦʪ Progensa, T2:ERG 

ʬʫʟʠʷʪʘ ʠ ʩʝʨʫʤʥʠʪʝ PSA ʥʠʚʘ, ʟʘ ʜʘ ʩʝ ʦʮʝʥʠ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʘʛʨʝʩʠʚʝʥ ʈʇ. ʊʝʩʪʲʪ ʝ 

ʚʘʣʠʜʠʨʘʥ ʚ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 2000 ʧʨʦʙʠ ʦʪ ʫʨʠʥʘ [362-364] ʀʟʫʯʘʚʘʥʘ ʝ ʠ ʧʨʦʛʥʦʩʪʠʯʥʘʪʘ 

ʩʪʦʡʥʦʩʪ ʥʘ T2:ERG ʬʫʟʠʷʪʘ, ʥʦ ʩʲʱʝʩʪʚʫʚʘʪ ʧʨʦʪʠʚʦʨʝʯʠʷ ʟʘ ʘʩʦʮʠʘʮʠʷʪʘ ʥʘ ʬʫʟʠʷʪʘ ʩ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʠʦʭʠʤʠʯʥʠ ʨʝʮʠʜʠʚʠ, ʩ ʧʨʝʞʠʚʷʝʤʦʩʪʪʘ [365-370] ʠ ʚʠʩʦʢʠʷ Gleason score 

[363, 366, 371]. T2:ERG ʬʫʟʠʷʪʘ ʦʙʘʯʝ ʧʦʢʘʟʚʘ ʩʠʣʥʘ ʢʦʨʝʣʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʚʠʩʦʢ ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ [365, 366, 371]. 

ConfirmMDx  

ConfirmMDx ʩʝ ʧʨʝʜʣʘʛʘ ʦʪ MDxHealth, Inc. ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʧʠʛʝʥʝʪʠʯʝʥ ʪʝʩʪ, ʚ 

ʢʦʡʪʦ ʩʝ ʠʟʩʣʝʜʚʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1, APC ʠ RASSF1 ʩ ʮʝʣ 

ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʠʩʪʠʥʩʢʠ ʥʝʛʘʪʠʚʥʠ ʙʠʦʧʩʠʠ ʦʪ ʪʝʟʠ, ʢʦʠʪʦ ʤʦʞʝ ʜʘ ʠʤʘʪ 

ʩʢʨʠʪ, ʥʝʜʦʢʘʟʘʥ ʨʘʢ ʩ 90% ʥʝʛʘʪʠʚʥʘ ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ. ʀʟʧʦʣʟʚʘ ʬʦʨʤʘʣʠʥ 

ʬʠʢʩʠʨʘʥʠ ʠ ʚʢʣʶʯʝʥʠ ʚ ʧʘʨʘʬʠʥ ʙʠʦʧʩʠʠ. ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʪʝʩʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʝ 

ʧʨʦʚʝʜʝʥʘ 12 ʪʦʯʢʦʚʘ ʙʠʦʧʩʠʷ. ConfirmMDx ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʬʘʢʪʘ, ʯʝ ʥʘʩʪʲʧʚʘʪ 

ʤʦʣʝʢʫʣʷʨʥʠ ʧʨʦʤʝʥʠ ʚ ɼʅʂ ʥʘ ʢʣʝʪʢʠʪʝ, ʢʦʠʪʦ ʩʘ ʚ ʙʣʠʟʦʩʪ ʜʦ ʪʫʤʦʨʘ, ʪʘʢʘ ʥʘʨʝʯʝʥʠʷ 

óhalo effectô [372, 373]. 

Prostate Core Mitomic  test 

The Prostate Core Mitomic ʪʝʩʪʲʪ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʜʝʣʝʮʠʠ ʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʥʘʪʘ ɼʅʂ (mtDNA) ʚ ʧʨʦʩʪʘʪʥʠ ʙʠʦʧʩʠʠ. ʊʝʩʪʲʪ ʮʝʣʠ ʜʘ ʫʩʪʘʥʦʚʠ 

ʤʦʣʝʢʫʣʷʨʥʠ ʧʨʦʤʝʥʠ ʚ mtDNA ʚ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ, ʢʦʷʪʦ ʝ ʚ ʙʣʠʟʦʩʪ ʜʦ 

ʥʝʦʪʢʨʠʪʘ ʪʫʤʦʨʥʘ ʪʲʢʘʥ. Prostate Core Mitomic ʪʝʩʪʲʪ ʢʣʘʩʠʬʠʮʠʨʘ ʠʩʪʠʥʩʢʠ ʥʝʛʘʪʠʚʥʠʪʝ 

ʙʠʦʧʩʠʠ ʩ ʚʠʩʦʢʘ ʥʝʛʘʪʠʚʥʘ ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ ʦʪ 91% ʠ ʦʪʢʨʠʚʘ ʧʘʮʠʝʥʪʠʪʝ ʩ 

ʥʝʦʪʢʨʠʪ ʢʘʨʮʠʥʦʤ ʧʨʠ ʙʠʦʧʩʠʷ ʩ 84% ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ [374, 375]. 

 

1.7. ɿɸʂʃʖʏɽʅʀɽ 

ʋʩʪʘʥʦʚʝʥʠʪʝ ʨʠʩʢʦʚʠ ʬʘʢʪʦʨʠ ʧʨʠ ʈʇ ʢʘʪʦ ʚʲʟʨʘʩʪʪʘ, ʬʘʤʠʣʥʘʪʘ ʠʩʪʦʨʠʷ ʠ ʝʪʥʦʩʘ, 

ʢʘʢʪʦ ʠ ʙʠʦʤʘʨʢʝʨʠʪʝ ʚ ʢʨʲʚ ʠ ʫʨʠʥʘ, ʧʦʜʧʦʤʘʛʘʪ ʠ ʜʦʧʲʣʚʘʪ PSA ʪʝʩʪʘ ʚ ʩʢʨʠʥʠʥʛʘ ʠ 

ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʢʘʪʦ ʧʨʝʦʜʦʣʷʚʘʪ ʥʝʛʦʚʘʪʘ ʥʠʩʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪ. ʅʷʢʦʠ ʦʪ ʦʪʢʨʠʪʠʪʝ ʧʘʥʝʣʠ 

ʦʪ ʙʠʦʤʘʨʢʝʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʝʟʥʠ ʠ ʚ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝʪʦ ʥʘ ʘʛʨʝʩʠʚʥʠʪʝ ʦʪ 

ʥʝʘʛʨʝʩʠʚʥʠʪʝ ʬʦʨʤʠ ʥʘ ʈʇ. ʇʨʝʜʩʪʦʠ ʦʪʢʨʠʚʘʥʝʪʦ ʠ ʥʘ ʥʦʚʠ ʙʠʦʤʘʨʢʝʨʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʘʪ ʦʮʝʥʝʥʠ ʩʧʦʨʝʜ ʪʷʭʥʦʪʦ ʢʣʠʥʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ. ʊʝ ʪʨʷʙʚʘ ʜʘ ʩʧʦʤʦʛʥʘʪ ʟʘ 

ʨʝʜʫʮʠʨʘʥʝ ʙʨʦʷ ʥʘ ʥʝʥʫʞʥʠʪʝ ʙʠʦʧʩʠʠ/ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ; ʟʘ ʜʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ ʣʘʪʝʥʪʥʠʪʝ 

ʙʘʚʥʦʨʘʟʚʠʚʘʱʠ ʩʝ ʪʫʤʦʨʠ, ʧʦʜʭʦʜʷʱʠ ʟʘ ʦʧʝʨʘʙʠʣʥʦ ʣʝʯʝʥʠʝ; ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ 
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ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʠ ʧʘʮʠʝʥʪʠʪʝ, ʢʦʠʪʦ ʩʘ ʩʘʤʦ ʥʘ ʥʘʙʣʶʜʝʥʠʝ; ʟʘ ʦʪʢʨʠʚʘʥʝʪʦ 

ʥʘ ʤʠʢʨʦʤʝʪʘʩʪʘʟʠ, ʥʝʨʘʟʛʨʘʥʠʯʠʤʠ ʩ ʦʙʨʘʟʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ; ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ 

ʥʘ ʪʘʨʛʝʪʥʘ ʪʝʨʘʧʠʷ, ʠ ʟʘ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʠʟʭʦʜʘ ʦʪ ʧʨʦʚʝʜʝʥʦ ʣʝʯʝʥʠʝ. ʂʘʪʦ ʮʷʣʦ ʥʦʚʠʪʝ 

ʙʠʦʤʘʨʢʝʨʠ ʪʨʷʙʚʘ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʤʲʨʪʥʦʩʪʪʘ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʞʠʚʦʪ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ.  

ʆʪʢʨʠʚʘʥʝʪʦ ʠ ʚʘʣʠʜʠʨʘʥʝʪʦ ʥʘ ʥʦʚʠ ʙʠʦʤʘʨʢʝʨʠ ʧʨʠ ʈʇ ʝ ʪʨʫʜʥʘ ʟʘʜʘʯʘ ʪʲʡ ʢʘʪʦ, 

ʢʘʢʪʦ ʠ ʜʨʫʛʠ ʚʠʜʦʚʝ ʪʫʤʦʨʠ, ʪʦʡ ʝ ʩʠʣʥʦ ʭʝʪʝʨʦʛʝʥʝʥ ʠ ʤʫʣʪʠʬʦʢʘʣʝʥ. ɺ ʜʦʧʲʣʥʝʥʠʝ 

ʠʥʠʮʠʘʮʠʷʪʘ ʠ ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʈʇ ʟʘʚʠʩʠ ʦʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʠ ʢʘʪʦ: ʚʲʟʧʘʣʝʥʠʷʪʘ ʠ 

ʠʤʫʥʥʘʪʘ ʩʠʩʪʝʤʘ, ʛʝʥʝʪʠʯʥʠʪʝ, ʛʝʥʦʤʥʠʪʝ ʠ ʝʧʠʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ, ʪʝʣʦʤʝʨʥʦʪʦ 

ʩʢʲʩʷʚʘʥʝ, ʜʠʝʪʘʪʘ, ʥʘʯʠʥʘ ʥʘ ʞʠʚʦʪ ʠ ʜʨʫʛʠ, ʯʠʝʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝ ʚʩʝ ʦʱʝ ʥʝʠʟʷʩʥʝʥʦ. 
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2. ʎɽʃ ʀ ɿɸɼɸʏʀ 
 

 

2.1. ʎɽʃ 

ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʛʝʥʝʪʠʯʥʠ ʬʘʢʪʦʨʠ ʘʩʦʮʠʠʨʘʥʠ ʩ ʨʘʢʘ ʥʘ ʧʨʦʩʪʘʪʘʪʘ ʧʨʠ 

ʙ̡ ʣʛʘʨʩʢʠ ʧʘʮʠʝʥʪʠ ʠ ʘʥʘʣʠʟ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ, ʥʠʚʘʪʘ ʥʘ 

ʝʢʩʧʨʝʩʠʷ ʥʘ ʠʈʅʂ ʠ ʤʠʢʨʦʈʅʂ ʚ ʨʘʟʣʠʯʥʠ ʙʠʦʣʦʛʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʪʷʭʥʘʪʘ ʨʦʣʷ ʢʘʪʦ ʜʠʘʛʥʦʩʪʠʯʥʠ ʠ ʧʨʦʛʥʦʩʪʠʯʥʠ ʙʠʦʤʘʨʢʝʨʠ. 
 

 

 

2.2. ɿɸɼɸʏʀ 

ɿʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʩʠ ʚʲʟʣʦʞʠʭʤʝ ʩʣʝʜʥʠʪʝ ʟʘʜʘʯʠ: 

2.2.1. ʇʦʜʙʦʨ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ ʩ ʙʲʣʛʘʨʩʢʠ ʝʪʥʠʯʝʩʢʠ ʧʨʦʠʟʭʦʜ 

(ʧʘʮʠʝʥʪʠ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ ʭʠʧʝʨʧʣʘʟʠʷ - ɼʇʍ, ʧʦʧʫʣʘʮʠʦʥʥʠ ʢʦʥʪʨʦʣʠ 

ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʧʦ ʧʦʣ, ʚʲʟʨʘʩʪ ʠ ʝʪʥʠʯʝʩʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, ʤʣʘʜʠ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ - ʄɸʄ) ʠ ʩʲʙʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʙʠʦʣʦʛʠʯʥʠ ʤʘʪʝʨʠʘʣʠ. 

2.2.2. ʆʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʧʨʦʪʦʢʦʣʠʪʝ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ/ʈʅʂ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʙʠʦʣʦʛʠʯʥʠ ʤʘʪʝʨʠʘʣʠ, ʢʲʜʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ. 

2.2.3. ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʘʩʦʮʠʘʪʠʚʥʦ ʧʨʦʫʯʚʘʥʝ ʩ ʧʦʜʙʨʘʥʠ ʦʪ GWAS ʧʦʢʘʟʘʣʠ 

ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʨʘʟʣʠʯʥʠ 

ʭʨʦʤʦʟʦʤʥʠ ʣʦʢʫʩʠ (7q21, 8q24, 10q11, 11p15, 12q13, 19q13) ʠ ʬʠʥʥʦ ʢʘʨʪʠʨʘʥʝ ʥʘ 

ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 11p15 ʟʘ ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʘʩʦʮʠʘʮʠʷʪʘ ʩ ʈʇ ʧʦʣʫʯʝʥʘ ʟʘ ʪʦʟʠ ʣʦʢʫʩ. 

2.2.4. ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʘʩʦʮʠʘʪʠʚʥʦ ʧʨʦʫʯʚʘʥʝ ʩ ʧʦʜʙʨʘʥʠ ʦʪ ʣʠʪʝʨʘʪʫʨʘʪʘ 

ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ AMACR ʠ ʚ ʛʝʥʠ, ʩʚʲʨʟʘʥʠ ʩ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʘʥʜʨʦʛʝʥ (CYP1B1, AR). 

2.2.5 ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʛʝʥʥʦ ʝʢʩʧʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ PCA3 (DD3), PSA (KLK3), 

AMACR, GSTP1, COLPH2 (GOLM1) ʚ ʫʨʠʥʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʯʨʝʟ PCR 

ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, TaqMan ʪʝʭʥʦʣʦʛʠʷ. 

2.2.6. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1, HIST1H4K ʠ 

RASSF2 ʚ ʫʨʠʥʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ (ɼʇʍ ʠ ʄɸʄ) ʯʨʝʟ HRM, MethyLight. 

2.2.7. ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ let-7c, miR-30c, miR-141 ʠ miR-375 ʚ 

ʧʣʘʟʤʘ ʦʪ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ (ɼʇʍ ʠ ʄɸʄ) ʯʨʝʟ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, SybrGreen 

ʪʝʭʥʦʣʦʛʠʷʪʘ. 

2.2.8. ʤʠʢʨʦʈʅʂ ʝʢʩʧʨʝʩʠʦʥʥʦ ʧʨʦʬʠʣʠʨʘʥʝ ʚ ʪʫʤʦʨʥʠ ʠ ʥʦʨʤʘʣʥʠ ʧʨʦʩʪʘʪʥʠ 

ʪʲʢʘʥʠ ʯʨʝʟ ʤʠʢʨʦʯʠʧʦʚ ʘʥʘʣʠʟ. 

2.2.9. ɸʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. 
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3. ʄɸʊɽʈʀɸʃʀ ʀ ʄɽʊʆɼʀ 
 

3.1. ʂʃʀʅʀʏɽʅ ʄɸʊɽʈʀɸʃ 

 

ʋʯʘʩʪʥʠʮʠʪʝ ʙʷʭʘ ʥʘʙʠʨʘʥʠ ʧʨʠ ʨʫʪʠʥʝʥ ʩʢʨʠʥʠʥʛ ʥʘ ʧʘʮʠʝʥʪʠʪʝ, ʥʘʩʦʯʝʥʠ ʢʲʤ 

ʂʣʠʥʠʢʘʪʘ ʧʦ ʋʨʦʣʦʛʠʷ, ʋʥʠʚʝʨʩʠʪʝʪʩʢʘ ʙʦʣʥʠʮʘ ñɸʣʝʢʩʘʥʜʨʦʚʩʢʘò, ʄʋ - ʉʦʬʠʷ ʟʘ 

ʟʘʙʦʣʷʚʘʥʝ ʦʪ ʧʨʦʩʪʘʪʝʥ ʘʜʝʥʦʢʘʨʮʠʥʦʤ ʢʘʢʪʦ ʠ ʥʘʩʦʯʝʥʠ ʦʪ ʩʧʝʮʠʘʣʠʩʪʠ ʠ 

ʦʙʱʦʧʨʘʢʪʠʢʫʚʘʱʠ ʣʝʢʘʨʠ. ɹʠʦʣʦʛʠʯʥʠ ʧʨʦʙʠ ʢʘʪʦ ʢʨʲʚ ʠ ʫʨʠʥʘ ʙʷʭʘ ʚʟʠʤʘʥʠ ʠ ʦʪ ʤʣʘʜʠ 

ʤʲʞʝ, ʜʦʙʨʦʚʦʣʮʠ ʩʣʝʜ ʧʦʜʧʠʩʚʘʥʝ ʥʘ ʠʥʬʦʨʤʠʨʘʥʦ ʩʲʛʣʘʩʠʝ. 

ʂʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʜʙʨʘʥʠʪʝ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ʟʘ 

ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʦʪʜʝʣʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʊʘʙʣʠʮʠ 3.1; 3.2; 3.3; 3.4; 3.5; 3.6. 

ɺʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ ʚ ʧʨʦʫʯʚʘʥʝʪʦ ʩʘ ʩ ʙʲʣʛʘʨʩʢʠ ʝʪʥʠʯʝʩʢʠ ʧʨʦʠʟʭʦʜ. 
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ʊʘʙʣʠʮʘ 3.1. ʂʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʚʢʣʶʯʝʥʠ ʚ ʘʩʦʮʠʘʪʠʚʥʠʪʝ ʘʥʘʣʠʟʠ (ʧʦʣʠʤʦʨʬʠʟʤʠ ʦʪʢʨʠʪʠ ʧʨʠ GWAS ʠ 

ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ ʚ ʛʝʥʠʪʝ CYP1B1, AR ʠ AMACR). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʮʠʝʥʪʠ ʩ ʈʇ, 

N = 318 

n (%) 

ʂʦʥʪʨʦʣʠ ʩ ɼʇʍ, 

N = 182 

n (%) 

ɺʲʟʨʘʩʪ 

ʉʨʝʜʥʘ ʚʲʟʨʘʩʪ 

ʄʠʥʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

ʄʘʢʩʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

 

68.71 Ñ 8.22 SD 

47 

90 

 

67.14 Ñ 8.41 SD 

48 

86 

ʅʘʯʘʣʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʈʇ 

Ò64 

>64 

 

 

95 (29.87%) 

223 (70.13) 

 

PSA ʩʪʦʡʥʦʩʪʠ 

ʉʨʝʜʥʠ PSA ʩʪʦʡʥʦʩʪʠ 

<10 ng/ml 

10 - 30 ng/ml 

> 30 ng/ml 

ʃʠʧʩʚʘʱʠ ʩʪʦʡʥʦʩʪʠ 

 

28.86 ng/ml 

97 (30.50%) 

130 (40.88%) 

74 (23.27%) 

17 (5.35%) 

 

4.7 ng/ml 

105 (57.69%) 

15 (8.24%) 

2 (1.10%) 

60 (32.97%) 

Gleason score 

Ò 6 

7 

Ó8 

ʃʠʧʩʚʘʪ ʜʘʥʥʠ 

 

94 (29.56%) 

113 (35.53%) 

102 (32.08%) 

9 (2.83%) 

 

ʊʫʤʦʨʝʥ ʩʪʘʜʠʡ 

ʊ1 

ʊ2 

ʊ3 

ʊ4 

ʃʠʧʩʚʘʪ ʜʘʥʥʠ 

 

42 (13.21%) 

142 (44.65%) 

111 (34.91%) 

15 (4.72%) 

8 (2.51%) 

 

ʃʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

N0 

N1 

ʃʠʧʩʚʘʪ ʜʘʥʠʠ 

 

219 (68.87%) 

89 (27.99%) 

10 (3.14%) 

 

ɼʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ 

M0 

M1 

ʃʠʧʩʚʘʪ ʜʘʥʠʠ 

 

262 (82.39%) 

40 (12.58%) 

16 (5.03%) 
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ʊʘʙʣʠʮʘ 3.2. ʂʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʚʢʣʯʁʝʥʠ ʚ ʝʢʩʧʨʝʩʠʦʥʥʠ̫ ʘʥʘʣʠʟ ʥʘ ʙʠʦʤʘʨʢʝʨʠ ʚ ʫʨʠʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʮʠʝʥʪʠ ʩ ʈʇ, 

N = 54 

n (%) 

ʂʦʥʪʨʦʣʠ ʩ ɼʇʍ 

N = 13 

n (%) 

ɺʲʟʨʘʩʪ 

ʉʨʝʜʥʘ ʚʲʟʨʘʩʪ 

ʄʠʥʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

ʄʘʢʩʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

 

67.31 Ñ 7.29 SD 

51 

80 

 

67.5 Ñ 8.45 SD 

52 

82 

ʅʘʯʘʣʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ 

ʜʠʘʛʥʦʟʘʪʘ ʈʇ 

Ò64 

>64 

 

 

 

21 (38.89%) 

33 (61.11%) 

 

PSA ʩʪʦʡʥʦʩʪʠ 

ʉʨʝʜʥʠ PSA ʩʪʦʡʥʦʩʪʠ 

<10 ng/ml 

10 -30 ng/ml 

>30 ng/ml 

ʃʠʧʩʚʘʱʠ ʩʪʦʡʥʦʩʪʠ 

 

14.9 ng/ml 

16 (29.63%) 

33 (61.11%) 

3 (5.56%) 

2 (3.70%) 

 

7.9 ng/ml 

6 (46.15%) 

4 (30.77%) 

0 (0%) 

3 (23.08%) 

Gleason score 

Ò6 

7 

Ó8 

ʅʝʠʟʚʝʩʪʥʠ  

 

13 (24.07%) 

24 (44.44%) 

15 (27.78%) 

2 (3.70%) 

 

ʊʫʤʦʨʝʥ ʩʪʘʜʠʡ 

ʊ1 

ʊ2 

ʊ3 

ʅʝʠʟʚʝʩʪʥʠ 

 

8 (14.81%) 

28 (51.85%) 

13 (24.07%) 

5 (9.26%) 

 

ʃʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

N0 

N1 

ʅʝʠʟʚʝʩʪʥʠ 

 

45 (83.33%) 

4 (7.41%) 

5 (9.26%) 

 

ɼʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ 

M0 

M1 

 

53 (98.15%) 

1 (1.85%) 
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ʊʘʙʣʠʮʘ 3.3. ʂʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʚʢʣʶʯʝʥʠ ʚ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʚ ʫʨʠʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʮʠʝʥʪʠ ʩ 

ʈʇ, 

N = 64 

n (%) 

ʂʦʥʪʨʦʣʠ ʩ 

ɼʇʍ 

N = 26 

n (%) 

ʄʣʘʜʠ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ 

ʤʲʞʝ 

N = 20 

n (%) 

ɺʲʟʨʘʩʪ 

ʉʨʝʜʥʘ ʚʲʟʨʘʩʪ 

ʄʠʥʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

ʄʘʢʩʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

 

68.13 Ñ 7.37 SD 

51 

90 

 

65.46 Ñ 8.6 SD 

48 

82 

 

24.2 Ñ 5.57 SD 

17 

34 

ʅʘʯʘʣʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ 

ʜʠʘʛʥʦʟʘʪʘ ʈʇ 

Ò64 

>64 

ʅʝʠʟʚʝʩʪʥʠ 

 

 

 

22 (34.38%) 

41 (64.06%) 

1 (1.56%) 

  

PSA ʩʪʦʡʥʦʩʪʠ 

ʉʨʝʜʥʠ PSA ʩʪʦʡʥʦʩʪʠ 

<10 ng/ml 

10 -30 ng/ml 

>30 ng/ml 

ʅʝʠʟʚʝʩʪʥʠ 

 

18.02 ng/ml 

20 (31.25%) 

33 (51.56%) 

7 (10.94%) 

4 (6.25%) 

 

10.36 ng/ml 

17 (65.38%) 

5 (19.23%) 

1(3.85%) 

3 (11.54%) 

 

Gleason score 

Ò6 

7 

Ó8 

ʅʝʠʟʚʝʩʪʥʠ  

 

12 (18.75%) 

31 (48.44%) 

21 (32.82%) 

0 (0%) 

  

ʊʫʤʦʨʝʥ ʩʪʘʜʠʡ 

ʊ1 

ʊ2 

ʊ3 

ʊ4 

ʅʝʠʟʚʝʩʪʥʠ 

 

9 (14.06%) 

32 (50%) 

18 (28.13%) 

1 (1.56%) 

4 (6.25%) 

  

ʃʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

N0 

N1 

ʅʝʠʟʚʝʩʪʥʠ 

 

54 (84.37%) 

6 (9.38%) 

4 (6.25%) 

  

ɼʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ 

M0 

M1 

ʅʝʠʟʚʝʩʪʥʠ 

 

59 (92.19%) 

1 (1.56%) 

4 (6.25%) 
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ʊʘʙʣʠʮʘ 3.4. ʂʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʚʢʣʶʯʝʥʠ ʚ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʠ RASSF2 ʚ 

ʫʨʠʥʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʮʠʝʥʪʠ ʩ ʈʇ, 

N = 57 

n (%) 

ʂʦʥʪʨʦʣʠ ʩ ɼʇʍ 

N = 29 

n (%) 

ʄʣʘʜʠ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ 

ʤʲʞʝ 

N = 50 

n (%) 

ɺʲʟʨʘʩʪ 

ʉʨʝʜʥʘ ʚʲʟʨʘʩʪ 

ʄʠʥʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

ʄʘʢʩʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

 

66.7 Ñ 7.41 SD 

51 

85 

 

65.8 Ñ 8.16 SD 

49 

83 

 

24.4 Ñ 4.94 SD 

17 

34 

ʅʘʯʘʣʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ 

ʜʠʘʛʥʦʟʘʪʘ ʈʇ 

Ò64 

>64 

ʅʝʠʟʚʝʩʪʥʠ 

 

 

 

24 (42.10%) 

29 (50.88) 

4 (7.02%) 

  

PSA ʩʪʦʡʥʦʩʪʠ 

ʉʨʝʜʥʠ PSA ʩʪʦʡʥʦʩʪʠ 

<10 ng/ml 

10 -30 ng/ml 

>30 ng/ml 

ʃʠʧʩʚʘʱʠ ʩʪʦʡʥʦʩʪʠ 

 

43.38 ng/ml 

10 (17.54%) 

26 (45.61%) 

15 (26.32%) 

6 (10.53%) 

 

9.75 ng/ml 

17 (58.62%) 

10 (34.48%) 

1(3.45%) 

1 (3.45%) 

 

Gleason score 

Ò6 

7 

Ó8 

ʅʝʠʟʚʝʩʪʥʠ  

 

11 (19.30%) 

25 (43.86%) 

19 (33.33%) 

2 (3.51%) 

  

ʊʫʤʦʨʝʥ ʩʪʘʜʠʡ 

ʊ1 

ʊ2 

ʊ3 

ʊ4 

ʅʝʠʟʚʝʩʪʥʠ 

 

19 (33.33%) 

23 (40.35%) 

13 (22.81%) 

0 (0%) 

2 (3.51%) 

  

ʃʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

N0 

N1 

ʅʝʠʟʚʝʩʪʥʠ 

 

53 (92.98%) 

2 (3.51%) 

2 (3.51%) 

  

ɼʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ 

M0 

M1 

ʅʝʠʟʚʝʩʪʥʠ 

 

54 (94.74%) 

1 (1.75%) 

2 (3.51%) 
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ʊʘʙʣʠʮʘ 3.5. ʂʣʠʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ ʚʢʣʶʯʝʥʠ ʚ 

ʝʢʩʧʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʧʣʘʟʤʘ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʮʠʝʥʪʠ ʩ 

ʈʇ, 

N = 59 

n (%) 

ʂʦʥʪʨʦʣʠ ʩ 

ɼʇʍ 

N = 16 

n (%) 

ʄʣʘʜʠ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ 

ʤʲʞʝ 

N = 11 

n (%) 

ɺʲʟʨʘʩʪ 

ʉʨʝʜʥʘ ʚʲʟʨʘʩʪ 

ʄʠʥʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

ʄʘʢʩʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

 

67.37 Ñ 8.01 SD 

51 

83 

 

67.5 Ñ 8.45 SD 

55 

88 

 

26.82 Ñ 5.25 

21 

35 

ʅʘʯʘʣʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ 

ʜʠʘʛʥʦʟʘʪʘ ʈʇ 

Ò64 

>64 

 

 

 

21 (35.59%) 

38 (64.41%) 

  

PSA ʩʪʦʡʥʦʩʪʠ 

ʉʨʝʜʥʠ PSA ʩʪʦʡʥʦʩʪʠ 

<10 ng/ml 

10 -30 ng/ml 

>30 ng/ml 

ʃʠʧʩʚʘʱʠ ʩʪʦʡʥʦʩʪʠ 

 

19.43 ng/ml 

17 (28.81%) 

32 (54.24%) 

7 (11.86%) 

3 (5.08%) 

 

11.24 ng/ml 

8 (50%) 

8 (50%) 

0 (0%) 

0 (0%) 

 

Gleason score 

Ò6 

7 

Ó8 

ʅʝʠʟʚʝʩʪʥʠ  

 

13 (22.03%) 

24 (40.68%) 

22 (37.29%) 

0 (0%) 

  

ʊʫʤʦʨʝʥ ʩʪʘʜʠʡ 

ʊ1 

ʊ2 

ʊ3 

ʅʝʠʟʚʝʩʪʥʠ 

 

9 (15.25%) 

29 (49.15%) 

18 (30.51%) 

3 (5.08%) 

  

ʃʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

N0 

N1 

ʅʝʠʟʚʝʩʪʥʠ 

 

50 (84.75%) 

6 (10.17%) 

3 (5.08%) 

  

ɼʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ 

M0 

M1 

ʅʝʠʟʚʝʩʪʥʠ 

 

55 (93.22%) 

2 (3.39%) 

2 (3.39%) 
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ʊʘʙʣʠʮʘ 3.6. ʂʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʚʢʣʶʯʝʥʠ ʚ ʤʠʢʨʦʯʠʧʦʚʠʷ ʝʢʩʧʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʥʦʨʤʘʣʥʘ ʠ 

ʪʫʤʦʨʥʘ ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʮʠʝʥʪʠ ʩ ʈʇ, 

N = 19 

n (%) 

ʂʦʥʪʨʦʣʠ ʩ ɼʇʍ 

N = 14 

n (%) 

ɺʲʟʨʘʩʪ 

ʉʨʝʜʥʘ ʚʲʟʨʘʩʪ 

ʄʠʥʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

ʄʘʢʩʠʤʘʣʥʘ ʚʲʟʨʘʩʪ 

 

66.84 Ñ 7.11 SD 

55 

84 

 

66.15 Ñ 8.69 SD 

48 

77 

ʅʘʯʘʣʥʘ ʚʲʟʨʘʩʪ ʧʨʠ 

ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʜʠʘʛʥʦʟʘʪʘ ʈʇ 

Ò64 

>64 

 

 

8 (42.11%) 

11 (57.89%) 

 

PSA ʩʪʦʡʥʦʩʪʠ 

ʉʨʝʜʥʠ PSA ʩʪʦʡʥʦʩʪʠ 

<10 ng/ml 

10 - 30 ng/ml 

> 30 ng/ml 

ʃʠʧʩʚʘʱʠ ʩʪʦʡʥʦʩʪʠ 

 

22.01 ng/ml 

3 (15.79%) 

12 (63.16%) 

2 (10.53%) 

2 (10.53%) 

 

9.64 ng/ml 

7 (50.00%) 

6 (42.86%) 

0 (%) 

1 (7.14%) 

Gleason score 

Gleason score 6 

Gleason score 7 

Gleason score 8 

Gleason score 9 

Gleason score 10 

 

1 (5.26%) 

10 (52.63%) 

4 (21.05%) 

2 (10.53%) 

2 (10.53%) 

 

ʊʫʤʦʨʝʥ ʩʪʘʜʠʡ 

ʊ1 

ʊ2 

ʊ3 

ʊ4 

 

1 (5.26%) 

6 (31.58%) 

10 (52.63%) 

2 (10.53%) 

 

ʃʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

N0 

N1 

 

11 (57.89%) 

8 (42.11%) 

 

ɼʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ 

M0 

M1 

 

17 (89.47%) 

2 (10.53%) 

 

 

3.2. ɹʀʆʃʆɻʀʏɽʅ ʄɸʊɽʈʀɸʃ 

ʂʨʲʚ ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ ʙʝ ʚʟʠʤʘʥʘ ʚ ʜʚʘ ʚʠʜʘ ʝʧʨʫʚʝʪʢʠ: ʝʧʨʫʚʝʪʢʠ ʟʘ 

ʢʨʲʚ ʩ ɽɼʊɸ ʠ ʝʧʨʫʚʝʪʢʠ ʟʘ ʩʝʨʫʤ. ʉʣʝʜ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ ʦʪ ʪʷʭ ʙʷʭʘ ʦʪʜʝʣʷʥʠ ʧʣʘʟʤʘ ʠ 

ʩʝʨʫʤ ʟʘ ʙʲʜʝʱʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʆʪ ʢʨʲʚʪʘ ʙʝ ʠʟʦʣʠʨʘʥʘ ɼʅʂ ʦʪ 

492 ʧʘʮʠʝʥʪʘ ʩ ʨʘʢ ʥʘ ʧʨʦʩʪʘʪʘʪʘ (ʈʇ) ʠ 240 ʢʦʥʪʨʦʣʠ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ 

ʭʠʧʝʨʧʣʘʟʠʷ (ɼʇʍ). ɹʷʭʘ ʩʲʙʨʘʥʠ ʧʣʘʟʤʠ ʦʪ 441 ʧʘʮʠʝʥʪʘ ʩ ʈʇ ʠ 183 ʢʦʥʪʨʦʣʠ, ʠ ʩʝʨʫʤʠ 

ʦʪ 65 ʧʘʮʠʝʥʪʘ ʠ 5 ʢʦʥʪʨʦʣʠ. ɹʷʭʘ ʩʲʙʨʘʥʠ ʙʠʦʣʦʛʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʠ ʦʪ ʦʙʱʦ 50 ʤʣʘʜʠ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ (ʄɸʄ). ʆʪ ʚʩʠʯʢʠ ʙʝ ʚʟʝʪʘ ʫʨʠʥʘ, ʘ 11 ʩʝ ʩʲʛʣʘʩʠʭʘ ʜʘ ʜʘʜʘʪ ʠ 

ʢʨʲʚ, ʦʪ ʢʦʷʪʦ ʩʝ ʦʪʜʝʣʠ ʧʣʘʟʤʘ ʠ ʩʝ ʠʟʦʣʠʨʘ ʈʅʂ. 
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ʉ ʮʝʣ ʜʲʣʛʦʪʨʘʡʥʦ ʩʲʭʨʘʥʝʥʠʝ ʦʪʜʝʣʝʥʠʪʝ ʧʣʘʟʤʠ, ʩʝʨʫʤʠ ʠ ʠʟʦʣʠʨʘʥʠʪʝ ɼʅʂ ʙʷʭʘ 

ʟʘʤʨʘʟʝʥʠ ʥʘ -80ʦʉ. 

ʆʪ ʧʘʮʠʝʥʪʠ ʩ ʈʇ (187) ʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ (65), ʩʣʝʜ ʨʝʢʪʘʣʥʦ ʪʫʰʠʨʘʥʝ, ʙʝʰʝ 

ʩʲʙʠʨʘʥʘ ʫʨʠʥʘ. ʏʘʩʪ ʦʪ ʫʨʠʥʘʪʘ ʜʠʨʝʢʪʥʦ ʟʘʤʨʘʟʠʭʤʝ ʥʘ -80ʦʉ ʟʘ ʙʲʜʝʱʠ ʤʝʪʘʙʦʣʦʤʥʠ 

ʧʨʦʫʯʚʘʥʠʷ, ʘ ʦʪ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʦʪʜʝʣʠʭʤʝ ʢʣʝʪʢʠ, ʢʦʠʪʦ ʩʲʱʦ ʟʘʤʨʘʟʠʭʤʝ ʩ ʮʝʣ ʧʦ-

ʥʘʪʘʪʲʰʥʦʪʦ ʠʤ ʠʟʧʦʣʟʚʘʥʝ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʠ ʈʅʂ ʟʘ ʛʝʥʝʪʠʯʥʠ, ʝʧʠʛʝʥʝʪʠʯʥʠ ʠ 

ʝʢʩʧʨʝʩʠʦʥʥʠ ʘʥʘʣʠʟʠ. 

ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʨʘʥʩʨʝʢʪʘʣʥʦ ʥʘʩʦʯʚʘʥʘ ʪʲʥʢʣʦʠʛʣʝʥʘ ʧʨʦʩʪʘʪʥʘ ʙʠʦʧʩʠʷ ʧʦ 

ʫʩʪʘʥʦʚʝʥʠʪʝ ʝʚʨʦʧʝʡʩʢʠ ʩʪʘʥʜʘʨʪʠ ʧʨʠ ʇʉɸ ʥʘʜ 4 ng/ml ʠʣʠ ʧʦʜʦʟʨʠʪʝʣʥʘ ʥʘʭʦʜʢʘ ʧʨʠ 

ʨʝʢʪʘʣʥʦ ʪʫʰʠʨʘʥʝ ʩ ʚʟʠʤʘʥʝ ʥʘ 8-12 ʧʨʦʙʠ ʟʘ ʭʠʩʪʦʣʦʛʠʯʥʦ ʠʟʩʣʝʜʚʘʥʝ ʙʷʭʘ ʚʟʠʤʘʥʠ ʠ 1-

2 ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʨʦʙʠ ʦʪ ʥʘʡ-ʩʲʤʥʠʪʝʣʥʠʪʝ ʟʦʥʠ ʥʘ ʞʣʝʟʘʪʘ ʧʨʠ ʩʲʦʪʚʝʪʥʠʷ ʧʘʮʠʝʥʪ ʠ 

ʧʦʩʪʘʚʷʥʠ ʚ RNA later, ʠ ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʎʝʥʪʲʨʘ ʧʦ ʄʦʣʝʢʫʣʥʘ ʄʝʜʠʮʠʥʘ ʥʘ -80ʦʉ ʜʦ 

ʤʦʤʝʥʪʘ ʥʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʠ ɼʅʂ. ʊʘʢʘ ʙʷʭʘ ʩʲʙʨʘʥʠ ʙʠʦʧʩʠʯʥʠ ʤʘʪʝʨʠʘʣʠ ʦʪ 80 

ʧʘʮʠʝʥʪʘ ʩ ʈʇ ʠ 32 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ. 

ʉʲʙʨʘʥʠ ʙʷʭʘ ʠ ʪʲʢʘʥʠ ʦʪ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʥʘ 65 ʧʘʮʠʝʥʪʘ. ʊʲʢʘʥʠʪʝ ʦʪ 

ʨʘʜʠʢʘʣʥʠʪʝ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʙʷʭʘ ʧʦʩʪʘʚʷʥʠ ʚ RNA later ʠ ʩʲʭʨʘʥʷʚʘʥʠ ʥʘ -80ʦʉ ʧʦʜʦʙʥʦ 

ʥʘ ʙʠʦʧʩʠʠʪʝ. 

ɺ ʧʨʦʚʝʜʝʥʦʪʦ ʘʩʦʮʠʘʪʠʚʥʦ ʧʨʦʫʯʚʘʥʝ ʙʷʭʘ ʚʢʣʶʯʝʥʠ ɼʅʂ-ʠ ʠʟʦʣʠʨʘʥʠ ʦʪ ʢʨʲʚ ʦʪ 

318 ʧʘʮʠʝʥʪʘ ʩ ʈʇ ʠ 182 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ. 

ɺ ʝʢʩʧʨʝʩʠʦʥʥʠʷ ʘʥʘʣʠʟ ʥʘ ʙʠʦʤʘʨʢʝʨʠ ʚ ʫʨʠʥʘ ʯʨʝʟ Taq Man ʪʝʭʥʦʣʦʛʠʷʪʘ ʙʷʭʘ 

ʚʢʣʶʯʝʥʠ 54 ʧʘʮʠʝʥʪʘ ʩ ʈʇ ʠ 13 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ. ʆʪ ʫʨʠʥʘʪʘ ʥʘ ʧʦʜʙʨʘʥʠʪʝ ʧʨʦʙʠ ʙʝ 

ʠʟʦʣʠʨʘʥʘ ʈʅʂ. ʀʟʦʣʠʨʘʥʘʪʘ ʈʅʂ ʙʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ, ʯʘʩʪ ʦʪ ʢʦʷʪʦ ʙʝ 

ʠʟʧʦʣʟʚʘʥʘ ʚ ʝʢʩʧʨʝʩʠʦʥʥʠʪʝ ʘʥʘʣʠʟʠ, ʘ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʙʝ ʩʲʭʨʘʥʝʥʘ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ. 

ɺ ʧʨʦʚʝʜʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʯʨʝʟ HRM 

ʘʥʘʣʠʟ ʙʷʭʘ ʧʦʜʙʨʘʥʠ ʫʨʠʥʠ ʦʪ 64 ʧʘʮʠʝʥʪʠ ʩ ʈʇ, 26 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʠ 20 ʄɸʄ. 

ɸʥʘʣʠʟʲʪ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K1 ʠ RASSF2 ʚ ʫʨʠʥʘ ʯʨʝʟ 

MethyLight ʘʥʘʣʠʟʘ ʚʢʣʶʯʚʘʰʝ ʫʨʠʥʠ ʦʪ 57 ʧʘʮʠʝʥʪʘ ʩ ʈʇ, 29 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʠ 50 ʄɸʄ. 

ʆʪ ʧʦʜʙʨʘʥʠʪʝ ʫʨʠʥʠ ʙʝ ʠʟʦʣʠʨʘʥʘ ɼʅʂ. ʏʘʩʪ ʦʪ ʪʘʟʠ ɼʅʂ ʙʝʰʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ 

ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʨʲʱʘʥʝ, ʘ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʙʝ ʩʲʭʨʘʥʝʥʘ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʠʟʧʦʣʟʚʘʥʝ. ɺ 

ʥʷʢʦʠ ʩʣʫʯʘʠ ʮʷʣʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ ʙʝ ʠʟʨʘʟʭʦʜʝʥʦ ʟʘ ʙʠʩʫʣʬʠʪʥʦʪʦ ʧʨʝʚʨʲʱʘʥʝ. 

ɿʘ ʝʢʩʧʨʝʩʠʦʥʥʠʷ ʘʥʘʣʠʟ ʥʘ ʤʠʢʨʦʈʅʂ ʚ ʧʣʘʟʤʘ ʯʨʝʟ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʙʷʭʘ 

ʧʦʜʙʨʘʥʠ 59 ʧʘʮʠʝʥʪʘ ʩ ʈʇ, 16 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʠ 11 ʄɸʄ. ʆʪ ʠʟʦʣʠʨʘʥʘʪʘ ʈʅʂ ʙʝ 

ʩʠʥʪʝʟʠʨʘʥʘ ʢɼʅʂ, ʯʘʩʪ ʦʪ ʢʦʷʪʦ ʙʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʝʢʩʧʨʝʩʠʦʥʥʠʷ ʘʥʘʣʠʟ ʥʘ 

ʧʦʜʙʨʘʥʠ ʤʠʢʨʦʈʅʂ, ʘ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʩʲʭʨʘʥʠʭʤʝ ʟʘ ʙʲʜʝʱʠ ʧʨʦʫʯʚʘʥʠʷ. 

ʆʪ ʩʲʙʨʘʥʠʪʝ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʧʦʜʙʨʘʭʤʝ 19, ʘ ʦʪ ʩʲʙʨʘʥʠʪʝ ʧʨʦʩʪʘʪʥʠ 

ʙʠʦʧʩʠʠ ʥʘ ɼʇʍ ʢʦʥʪʨʦʣʠ ʧʦʜʙʨʘʭʤʝ 14 ʟʘ ʤʠʢʨʦʈʅʂ ʝʢʧʩʨʝʩʠʦʥʥʦʪʦ ʧʨʦʬʠʣʠʨʘʥʝ ʯʨʝʟ 

ʤʠʢʨʦʯʠʧʦʚ ʘʥʘʣʠʟ. ʆʪ ʧʦʜʙʨʘʥʠʪʝ ʪʲʢʘʥʠ ʠʟʦʣʠʨʘʭʤʝ ʈʅʂ, ʯʘʩʪ ʦʪ ʢʦʷʪʦ ʠʟʧʦʣʟʚʘʭʤʝ ʟʘ 

ʘʥʘʣʠʟʘ, ʘ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʩʲʭʨʘʥʠʭʤʝ. 

ʂʲʤ ʥʘʩʪʦʷʱʠʷʪ ʤʦʤʝʥʪ ʩʲʟʜʘʜʝʥʘʪʘ ʙʠʦʙʘʥʢʘ ʚ ʎʝʥʪʲʨʘ ʧʦ ʄʦʣʝʢʫʣʥʘ ʄʝʜʠʮʠʥʘ 

ʩʲʜ̡ʨʞʘ: 

ü ɼʅʂ ʠʟʦʣʠʨʘʥʘ ʦʪ ʢʨʲʚ ʥʘ 463 ʧʘʮʠʝʥʪʠ ʩ ʘʜʝʥʦʢʘʨʮʠʥʦʤ ʥʘ ʧʨʦʩʪʘʪʘʪʘ ʠ 

240 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ; 

ü ʇʣʘʟʤʝʥʘ ʙʠʦʙʘʥʢʘ ʦʪ 441 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 183 ʢʦʥʪʨʦʣʠ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ 
ʧʨʦʩʪʘʪʥʘ ʭʠʧʝʨʧʣʘʟʠʷ; 

ü ɹʠʦʙʘʥʢʘ ʟʘ ʩʝʨʫʤ ʥʘ 65 ʧʘʮʠʝʥʪʠ ʠ 5 ʢʦʥʪʨʦʣʠ 

ü ɹʠʦʙʘʥʢʘ ʟʘ ʫʨʠʥʘ ʥʘ 187 ʧʘʮʠʝʥʪʘ ʩ ʈʇ ʠ 65 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ 

ü ʊʲʢʘʥʥʘ ʙʠʦʙʘʥʢʘ - ʙʠʦʧʩʠʠ ʦʪ 80 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 32 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ; 

ʈʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʥʘ 65 ʧʘʮʠʝʥʪʘ; 
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ü ɹʠʦʙʘʥʢʘ ʩ ʫʨʠʥʠ ʥʘ 187 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 65 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ; 

ü ʈʅʂ ʠ ʢɼʅʂ ʙʠʦʙʘʥʢʘ ʦʪ ʫʨʠʥʠ ʥʘ ʦʙʱʦ 67 ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ; 

ü ʈʅʂ ʙʠʦʙʘʥʢʘ ʦʪ ʙʠʦʧʩʠʠ ʥʘ 14 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ 

ü ʈʅʂ ʙʠʦʙʘʥʢʘ ʦʪ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʥʘ 19 ʧʘʮʠʝʥʪʘ 

ü ɼʅʂ ʙʠʦʙʘʥʢʘ ʦʪ ʫʨʠʥʠ ʥʘ ʦʙʱʦ 170 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ, 20 

ʄɸʄ 

ʊʘʙʣʠʮʘ 3.7. ʇʨʦʚʝʜʝʥʠ ʧʨʦʫʯʚʘʥʠʷ, ʚʠʜʘ ʠʟʧʦʣʟʚʘʥ ʙʠʦʣʦʛʠʯʝʥ ʤʘʪʝʨʠʘʣ ʠ 

ʙʨʦʷ ʚʢʣʶʯʝʥʠ ʧʘʮʠʝʥʪʠ ʩ ʈʇ, ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʠ ʄɸʄ 

ʇʨʦʫʯʚʘʥʝ ʀʟʧʦʣʟʚʘʥ 

ʙʠʦʣʦʛʠʯʝʥ 

ʤʘʪʝʨʠʘʣ 

ɹʨʦʡ 

ʧʘʮʠʝʥʪʠ 

ʩ ʈʇ 

ɹʨʦʡ 

ʢʦʥʪʨʦʣʠ 

ʩ ɼʇʍ 

ɹʨʦʡ 

ʧʦʧʫʣʘʮʠʦʥʥʠ 

ʢʦʥʪʨʦʣʠ 

ɹʨʦʡ 

ʄɸʄ 

ɸʩʦʮʠʘʪʠʚʥʠ 

ʧʨʦʫʯʚʘʥʠʷ ʥʘ 

ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ 

ʟʘʤʝʥʠ ʚ ʨʘʟʣʠʯʥʠ 

ʭʨʦʤʦʟʦʤʥʠ ʣʦʢʫʩʠ 

ʦʪʢʨʠʪʠ ʧʨʠ GWAS*  

ɺʝʥʦʟʥʘ ʢʨʲʚ 318 182 75 - 

ɸʩʦʮʠʘʪʠʚʥʠ 

ʧʨʦʫʯʚʘʥʠʷ ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤʠ ʚ AR, 

CYP1B1 ʠ AMACR 

ʛʝʥʠʪʝ**  

ɺʝʥʦʟʥʘ ʢʨʲʚ 246 150 107 - 

ɸʥʘʣʠʟ ʥʘ 

ʝʢʩʧʨʝʩʠʦʥʥʠ 

ʙʠʦʤʘʨʢʝʨʠ PSA, PCA3, 

AMACR, GSTP1, 

GOLPH2 

ʋʨʠʥʘ 54 13 - - 

ʇʨʦʤʦʪʦʨʥʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ 

GSTP1 ʯʨʝʟ HRM 

ʘʥʘʣʠʟ 

ʋʨʠʥʘ 64 26 - 20 

ʇʨʦʤʦʪʦʨʥʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ 

HIST1H4K ʠ RASSF2 

ʯʨʝʟ MethyLight 

ʋʨʠʥʘ 57 29 - 50 

ɽʢʩʧʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ 

let-7c, miR-30c, miR-

141, miR-375 

ʇʣʘʟʤʘ 59 16 - 11 

ʤʠʢʨʦʈʅʂ 

ʝʢʩʧʨʝʩʠʦʥʥʦ 

ʧʨʦʬʠʣʠʨʘʥʝ ʯʨʝʟ 

ʤʠʢʨʦʯʠʧʦʚʝ 

ʊʲʢʘʥ ʦʪ 

ʨʘʜʠʢʘʣʥʘ 

ʧʨʦʩʪʘʪʝʢʪʦʤʠʷ 

ʠ ʙʠʦʧʩʠʷ 

19 14 - - 

 

* - ɺʩʠʯʢʠ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ ʦʩʚʝʥ rs55930300 ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ ʚ 190 
ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 169 ʢʦʥʪʨʦʣʠ, ʦʪ ʢʦʠʪʦ 90 ʩʘ ʩ ɼʇʍ, ʘ ʦʩʪʘʥʘʣʠʪʝ 79 ʩʘ ʟʜʨʘʚʠ ʧʦʧʫʣʘʮʠʦʥʥʠ 

ʢʦʥʪʨʦʣʠ ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʙʦʣʥʠʪʝ ʧʦ ʧʦʣ, ʚʲʟʨʘʩʪ ʠ ʝʪʥʠʯʝʩʢʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪ. 

ʇʦʧʫʣʘʮʠʦʥʥʠʪʝ ʢʦʥʪʨʦʣʠ ʙʷʭʘ ʠʟʙʨʘʥʠ ʦʪ ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ɼʅʂ ʙʠʦʙʘʥʢʘ ʚ ʎʝʥʪʲʨʘ ʧʦ 

ʄʦʣʝʢʫʣʥʘ ʤʝʜʠʮʠʥʘ. ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs55930300 ʙʝ ʠʟʩʣʝʜʚʘʥ ʚ 381 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 257 

ʢʦʥʪʨʦʣʠ, ʦʪ ʢʦʠʪʦ 182 ʩʘ ʩ ɼʇʍ, ʘ ʦʩʪʘʥʘʣʠʪʝ 75 ʩʘ ʧʦʧʫʣʘʮʠʦʥʥʠ ʢʦʥʪʨʦʣʠ. ɻʝʥʦʪʠʧʠʨʘʥʝʪʦ 

ʥʘ ʚʩʠʯʢʠ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʟʘʤʝʥʠ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ TaqMan ʤʝʪʦʜʘ. 

** -ʊʨʠʥʫʢʣʝʦʪʠʜʥʠʷʪ ʧʦʚʪʦʨʝʥ ʧʦʣʠʤʦʨʬʠʟʲʤ ʚ AR ʙʝ ʠʟʩʣʝʜʚʘʥ ʯʨʝʟ ʬʨʘʛʤʝʥʪʝʥ ʘʥʘʣʠʟ 
ʚ 246 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 261 ʢʦʥʪʨʦʣʠ, ʦʪ ʢʦʠʪʦ 150 ʩʘ ʩ ɼʇʍ ʠ 107 ʩʘ ʧʦʧʫʣʘʮʠʦʥʥʠ ʢʦʥʪʨʦʣʠ. 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs2567206 ʚ CYP1B1 ʙʝ ʛʝʥʦʪʠʧʠʨʘʥ ʚ 181 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 168 ʢʦʥʪʨʦʣʠ, ʦʪ 
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ʢʦʠʪʦ 88 ʩʘ ʩ ɼʇʍ, ʘ ʦʩʪʘʥʘʣʠʪʝ 80 ʩʘ ʧʦʧʫʣʘʮʠʦʥʥʠ ʢʦʥʪʨʦʣʠ. ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʚ AMACR- 

rs3195676 ʙʝ ʛʝʥʦʪʠʧʠʨʘʥ ʚ 188 ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 163 ʢʦʥʪʨʦʣʠ, ʦʪ ʢʦʠʪʦ 83 ʩʘ ʩ ɼʇʍ, ʘ 

ʦʩʪʘʥʘʣʠʪʝ 80 ʩʘ ʧʦʧʫʣʘʮʠʦʥʥʠ ʢʦʥʪʨʦʣʠ. ʇʦʣʠʤʦʨʬʠʟʤʠʪʝ ʚ AMACR ʠ CYP1B1 ʙʷʭʘ 

ʠʟʩʣʝʜʚʘʥʠ ʯʨʝʟ TaqMan ʤʝʪʦʜʘ. 

 

3.3. ʇʈɽɼɸʅɸʃʀʊʀʏʅɸ ʆɹʈɸɹʆʊʂɸ ʅɸ ɹʀʆʃʆɻʀʏʅʀʊɽ ʄɸʊɽʈʀɸʃʀ 

 

3.3.1. ʆʙʨʘʙʦʪʢʘ ʥʘ ʩʝʨʫʤʠʪʝ ʠ ʧʣʘʟʤʠʪʝ 
ʉʝʨʫʤʥʠʪʝ ʧʨʦʙʠ ʙʷʭʘ ʩʲʙʠʨʘʥʠ ʚ BD Vacutainer È SSTTM II  Advance. ɽʧʨʫʚʝʪʢʠʪʝ 

ʩʲʜʲʨʞʘʪ ʩʠʣʠʮʠʝʚ ʜʚʫʦʢʠʩ, ʘʢʪʠʚʠʨʘʱ ʢʨʲʚʦʩʲʩʠʨʚʘʥʝʪʦ ʠ ʛʝʣ, ʢʦʡʪʦ ʩʲʟʜʘʚʘ ʙʘʨʠʝʨʘ 

ʤʝʞʜʫ ʩʲʩʠʨʝʢʘ ʠ ʩʝʨʫʤʘ ʩʣʝʜ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ. ʉʣʝʜ ʚʟʠʤʘʥʝʪʦ ʥʘ ʢʨʲʚʪʘ ʝʧʨʫʚʝʪʢʠʪʝ ʩʝ 

ʦʙʨʲʱʘʭʘ ʚʥʠʤʘʪʝʣʥʦ 5-6 ʧʲʪʠ ʠ ʩʝ ʦʩʪʘʚʷʭʘ ʢʨʲʚʪʘ ʜʘ ʩʝ ʩʲʩʠʨʠ ʟʘ ʦʢʦʣʦ 30 ʤʠʥ ʧʨʝʜʠ 

ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ. ʎʝʥʪʨʦʬʫʛʠʨʘʥʝʪʦ ʙʝ ʠʟʚʲʨʰʝʥʦ ʥʘ ʭʣʘʜʠʣʥʘ ʮʝʥʪʨʦʬʫʛʘ Centrifuge 

5810R (Eppendorf) ʥʘ 1300-2000g ʟʘ 10-15 ʤʠʥ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʆʪʜʝʣʝʥʠʪʝ ʩʝʨʫʤʠ 

ʩʝ ʦʪʧʠʧʝʪʠʨʚʘʭʘ ʚ ʢʨʠʦʝʧʨʫʚʝʪʢʠ, ʢʦʠʪʦ ʩʝ ʩʲʭʨʘʥʷʚʘʭʘ ʥʘ -80ʦʉ. 

ʇʣʘʟʤʠʪʝ ʙʷʭʘ ʦʪʜʝʣʷʥʠ ʦʪ BD Vacutainer ʂ3EDTA ʝʧʨʫʚʝʪʢʠ ʩ ʢʨʲʚ ʩʭʦʜʥʦ ʥʘ 

ʩʝʨʫʤʠʪʝ. ʂʨʲʚʪʘ ʩʣʝʜ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʧʣʘʟʤʠʪʝ ʙʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ. 

3.3.2. ʆʙʨʘʙʦʪʢʘ ʥʘ ʧʨʦʙʠʪʝ ʫʨʠʥʘ 
ʋʨʠʥʘʪʘ ʦʪ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʤʦʣʝʢʫʣʷʨʥʦ 

ʙʠʦʣʦʛʠʯʥʠʪʝ ʘʥʘʣʠʟʠ ʝ ʚʟʝʪʘ ʩʣʝʜ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʜʠʛʠʪʘʣʝʥ ʨʝʢʪʘʣʝʥ ʧʨʝʛʣʝʜ. 

ʇʨʦʩʪʘʪʥʠʷʪ ʤʘʩʘʞ ʦʩʠʛʫʨʷʚʘ ʧʦʧʘʜʘʥʝ ʥʘ ʧʨʦʩʪʘʪʥʠ ʢʣʝʪʢʠ ʚ ʫʨʠʥʘʪʘ.  

ɺʲʟʤʦʞʥʦ ʝ ʚʟʠʤʘʥʝ ʥʘ ʫʨʠʥʘ ʠ ʩʣʝʜ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʙʠʦʧʩʠʷ, ʥʦ ʥʝ ʝ 

ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʪʲʡ ʢʘʪʦ ʩʣʝʜ ʪʘʟʠ ʧʨʦʮʝʜʫʨʘ ʠʤʘ ʛʦʣʷʤʘ ʚʝʨʦʷʪʥʦʩʪ ʜʘ ʠʤʘ ʢʨʲʚ ʚ 

ʦʪʜʝʣʝʥʘʪʘ ʫʨʠʥʘ.  

ʋʨʠʥʠʪʝ, ʢʦʠʪʦ ʩʘ ʢʲʨʚʘʚʠ ʥʝ ʙʷʭʘ ʚʢʣʶʯʝʥʠ ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ.  

ʏʘʩʪ ʦʪ ʫʨʠʥʘʪʘ ʙʝ ʜʠʨʝʢʪʥʦ ʟʘʤʨʘʟʷʚʘʥʘ, ʘ ʦʪ ʦʩʪʘʥʘʣʘʪʘ ʯʘʩʪ ʙʷʭʘ ʦʪʜʝʣʝʥʠ 

ʢʣʝʪʢʠ ʩʣʝʜ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ ʥʘ 2000g ʟʘ 10 ʤʠʥ. ʂʲʤ ʢʣʝʪʢʠʪʝ ʜʦʙʘʚʷʭʤʝ RNA later ʠ ʛʠ 

ʩʲʭʨʘʥʷʚʘʭʤʝ ʚ ʢʨʠʦʝʧʨʫʚʝʪʢʠ ʜʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʠʣʠ ʈʅʂ. 

ɼʅʂ/ʈʅʂ ʠʟʦʣʠʨʘʥʘ ʦʪ ʧʨʦʙʠ ʫʨʠʥʘ ʩ ʥʘʣʠʯʥʠ ʦʢʩʘʣʘʪʠ ʩʝ ʦʢʘʟʘ ʥʝʢʘʯʝʩʪʚʝʥʘ, ʪʲʡ ʢʘʪʦ 

ʥʝ ʙʝ ʚʲʟʤʦʞʥʦ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ. ɿʘ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʦʢʩʘʣʘʪʠʪʝ ʠ 

ʪʷʭʥʦʪʦ ʨʘʟʪʚʘʨʷʥʝ, ʪʦ ʩʣʝʜ ʫʪʘʷʚʘʥʝ ʥʘ ʢʣʝʪʢʠʪʝ ʦʪ ʫʨʠʥʘ ʜʦʙʘʚʷʭʤʝ/ʧʨʦʤʠʚʘʭʤʝ ʩ 

ʜʝʩʪʠʣʠʨʘʥʘ ʚʦʜʘ ʠʣʠ PBS. ʉʣʝʜ ʨʘʟʪʚʘʨʷʥʝʪʦ ʠʤ ʦʩʲʱʝʩʪʚʷʚʘʭʤʝ ʧʦʩʣʝʜʚʘʱʦ 

ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ.  

ɺ ʘʥʘʣʠʟʠʪʝ ʥʝ ʙʷʭʘ ʚʢʣʶʯʚʘʥʠ ʧʨʦʙʠ ʫʨʠʥʘ ʚʟʝʪʠ ʦʪ ʧʘʮʠʝʥʪʠ ʩ ʢʘʪʝʪʲʨ, ʪʲʡ ʢʘʪʦ 

ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʧʨʦʩʪʘʪʥʠ ʝʧʠʪʝʣʥʠ ʢʣʝʪʢʠ. 

ʇʨʦʙʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ɼʅʂ ʧʦʜ 5 ng/Õl ʥʝ ʙʷʭʘ ʚʢʣʶʯʚʘʥʠ ʚ ʧʦʩʣʝʜʚʘʰʠʪʝ ʘʥʘʣʠʟʠ. 

3.3.3. ʆʙʨʘʙʦʪʢʘ ʥʘ ʪʲʢʘʥʠʪʝ 
ɺʩʠʯʢʠ ʩʲʙʨʘʥʠ ʪʲʢʘʥʠ ʙʷʭʘ ʩʲʭʨʘʥʷʚʘʥʠ ʚ ʢʨʠʦʝʧʨʫʚʝʪʢʠ ʩ RNA later (ʩʧʝʮʠʘʣʝʥ 

ʙʫʬʝʨ ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʪʲʢʘʥʠ ʠ ʧʨʝʜʧʘʟʚʘʥʝ ʥʘ ʈʅʂ, ʩʲʜʲʨʞʘʱʘ ʩʝ ʚ ʪʷʭ ʦʪ ʜʝʛʨʘʜʘʮʠʷ). 

ʊʲʢʘʥʠʪʝ ʦʪ ʨʘʜʠʢʘʣʥʠʪʝ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʧʦʜʙʨʘʥʠ ʟʘ 

ʠʟʩʣʝʜʚʘʥʝ ʙʷʭʘ ʤʘʢʨʦʜʠʩʝʢʪʠʨʘʥʠ, ʪʘʢʘ ʯʝ ʜʘ ʩʝ ʦʩʠʛʫʨʠ >70% ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʨʘʢʦʚʠ 

ʢʣʝʪʢʠ ʧʨʠ ʠʟʦʣʠʨʘʥʝʪʦ. ʏʘʩʪ ʦʪ ʙʠʦʧʩʠʯʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʥʘ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ ʙʷʭʘ 

ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ. ɺ ʤʠʢʨʦʈʅʂ (miRNA) ʝʢʩʧʨʝʩʠʦʥʥʠʷ ʘʥʘʣʠʟ 

ʠʟʧʦʣʟʚʘʭʤʝ ʥʦʨʤʘʣʥʘ ʪʲʢʘʥ ʦʪ ʧʘʮʠʝʥʪʠ ʩ ɼʇʍ, ʘ ʥʝ ʩʲʩʝʜʥʘ ʥʦʨʤʘʣʥʘ ʪʲʢʘʥ ʦʪ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʧʨʦʩʪʘʪʥʠ ʢʘʨʮʠʥʦʤʠ ʪʲʡ ʢʘʪʦ ʝ ʚʲʟʤʦʞʥʦ ʧʨʦʤʷʥʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ ʜʘ 

ʩʲʱʝʩʪʚʫʚʘ ʠ ʚ ʥʦʨʤʘʣʥʘʪʘ ʪʲʢʘʥ ʚ ʩʲʩʝʜʩʪʚʦ ʥʘ ʪʫʤʦʨʥʘʪʘ, ʢʦʷʪʦ ʜʘ ʝ ʚʲʟʥʠʢʥʘʣʘ ʚ 

ʨʝʟʫʣʪʘʪ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʘʢʦʚʠʪʝ ʢʣʝʪʢʠ. 
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3.3.4. ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ 
3.3.4.1. ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʚʝʥʦʟʥʘ ʢʨʲʚ ʯʨʝʟ ʧʦʣʫʘʚʪʦʤʘʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ 

Chemagic Magnetic Separtion Module I  (Chemagen) 

ʆʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʩʠʩʪʝʤʘʪʘ Chemagic Magnetic Separation Module I 

(Chemagen)-(ʌʠʛʫʨʘ 3.1) ʩʘ ʧʦʜʚʠʞʝʥ ʤʦʜʫʣ ʠ ʤʘʛʥʠʪʥʘ ʛʣʘʚʘ. ɺʲʨʭʫ ʧʦʜʚʠʞʥʠʷ ʤʦʜʫʣ ʩʝ 

ʧʦʩʪʘʚʷʪ: ʢʦʥʪʝʡʥʝʨ ʩ ʯʠʩʪʠ ʥʘʢʨʘʡʥʠʮʠ, ʝʧʨʫʚʝʪʢʠ ʩ ʧʨʦʙʠ ʠ ʝʧʨʫʚʝʪʢʠ ʩ ʧʦʨʝʜʠʮʘ ʦʪ 

ʙʫʬʝʨʠ. ʄʘʛʥʠʪʥʘʪʘ ʛʣʘʚʘ ʥʦʩʠ ʤʝʪʘʣʥʠ ʧʨʲʯʠʮʠ (ʨʦʜʦʚʝ), ʢʦʠʪʦ ʠʤʘʪ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʩʝ 

ʥʘʤʘʛʥʠʪʠʟʠʨʘʪ. ɿʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʩʝ ʠʟʧʦʣʟʚʘ ʩʧʝʮʠʘʣʝʥ ʥʘʙʦʨ ʦʪ ʨʝʘʢʪʠʚʠ, ʢʦʡʪʦ 

ʚʢʣʶʯʚʘ ʨʘʟʣʠʯʥʠ ʙʫʬʝʨʠ, ʢʘʢʪʦ ʠ ʤʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ (MïPVA Magnetic Beads). 
 

ʊʘʙʣʠʮʘ 3.8. ʀʟʧʦʣʟʚʘʥʠ ʨʝʘʢʪʠʚʠ 

ɽʪʘʧ ʂʦʤʧʦʥʝʥʪʠ 
ʂʦʣʠʯʝʩʪʚʦ ʟʘ  
1 ʨʝʘʢʮʠʷ (ml) 

1 
ʚʝʥʦʟʥʘ ʢʨʲʚ 6-8  
ʃʠʟʠʨʘʱ ʙʫʬʝʨ 7-9 
ʇʨʦʪʝʘʟʘ 25 ɛl 

2 
ʉʚʲʨʟʚʘʱ ʤʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ ʙʫʬʝʨ 25 
ʄʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ 800 ɛl 

ʇʨʦʤʠʚʘʥʝ 

ʄʠʝʱ ʙʫʬʝʨ 3 15 
ʄʠʝʱ ʙʫʬʝʨ 4 15 
ʄʠʝʱ ʙʫʬʝʨ 5 15 
ʄʠʝʱ ʙʫʬʝʨ 6 22.5 

ɽʣʫʠʨʘʥʝ ɽʣʫʠʨʘʱ ʙʫʬʝʨ - ʩʲʜʲʨʞʘ 10 ʤʄ ʊʨʠʩ 

ï HCl ʨʅ=8.0. TE ʙʫʬʝʨ ʨʅ=8.0.  
500 ï 1000 ɛl 

 

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü ʍʣʘʜʠʣʥʘ ʮʝʥʪʨʦʬʫʛʘ Centrifuge 5810R (Eppendorf); 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ ï Vortex - Press-to-mix (Snijders); 

ü ʉʫʭ ʩʪʝʨʠʣʠʟʘʪʦʨ ʄʄʄ (Ecocell). 

ü ʉʠʩʪʝʤʘʪʘ Chemagic Magnetic Separation Module I (Chemagen) 
 

ʇʨʠʥʮʠʧ: 

ʆʪʜʝʣʷʥʝʪʦ ʥʘ ɼʅʂ ʤʦʣʝʢʫʣʠʪʝ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʢʣʝʪʲʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʩʪʘʚʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʤʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ. ʄʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ɼʅʂ ʤʦʣʝʢʫʣʠʪʝ ʚ 

ʧʨʦʙʘʪʘ. ʇʨʠ ʚʢʣʶʯʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʘ ʥʘ ʘʧʘʨʘʪʘ, ʨʦʜʦʚʝʪʝ ʩʝ ʥʘʤʘʛʥʠʪʠʟʠʨʘʪ ʠ 

ʧʨʠʚʣʠʯʘʪ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʦʪ ʨʘʟʪʚʦʨʘ. ɺʩʝʢʠ ʦʪ ʪʷʭ ʝ ʩʥʘʙʜʝʥ ʩ ʥʘʢʨʘʡʥʠʢ ʠ 

ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ (ʟʘʝʜʥʦ ʩ ɼʅʂ ʤʦʣʝʢʫʣʠʪʝ) ʧʦʣʝʧʚʘʪ ʧʦ ʚʲʥʰʥʘʪʘ ʠʤ ʩʪʨʘʥʘ. 

ʇʨʠʥʮʠʧʲʪ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʝ ʩʣʝʜʥʠʷʪ: ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʩʲʜʲʨʞʘʪ 

ʤʘʪʨʠʮʘ ʦʪ ʧʦʣʠʚʠʥʠʣʦʚ ʘʣʢʦʭʦʣ, ʢʦʡʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʩʝ ʢʘʨʙʦʢʩʠʣʠʨʘ, ʟʘ ʜʘ ʤʦʞʝ ʣʝʩʥʦ 

ʜʘ ʩʚʲʨʟʚʘ ʙʝʣʪʲʮʠ, ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ ʠ ʜʨʫʛʠ ʘʤʠʥʦ- ʣʠʛʘʥʜʠ. ʄʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʩ 

ïCOOH ʛʨʫʧʠ ʤʦʛʘʪ ʜʘ ʩʝ ʩʚʲʨʟʚʘʪ ʩ ʧʦʣʠʤʝʨʥʠ ʠʣʠ ʥʝʧʦʣʠʤʝʨʥʠ ʤʦʣʝʢʫʣʠ, ʢʦʠʪʦ 

ʩʲʜʲʨʞʘʪ ʘʤʠʥʦ ʛʨʫʧʠ. ʇʲʨʚʦ ʟʘʜʲʣʞʠʪʝʣʥʦ ʫʩʣʦʚʠʝ ʝ ʘʢʪʠʚʠʨʘʥʝʪʦ ʥʘ ïʉʆʆʅ 

ʤʘʪʨʠʮʘʪʘ. ɿʘ ʪʘʟʠ ʘʢʪʠʚʘʮʠʷ ʨʅ ʥʘ ʩʨʝʜʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʤʝʞʜʫ 4.7 ʠ 6. ʉʨʝʜʘ ʩ ʨʅ>7.5 ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʝ ʠʟʙʷʛʚʘʥʘ. 

ʅʘʤʘʛʥʠʪʠʟʠʨʘʥʠʪʝ ʨʦʜʦʚʝ ʧʨʝʭʚʲʨʣʷʪ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ (ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʷʭ 

ɼʅʂ ʤʦʣʝʢʫʣʠ) ʧʨʝʟ ʨʘʟʣʠʯʥʠ ʧʨʦʤʠʚʘʱʠ ʙʫʬʝʨʠ. ʇʨʠ ʧʦʪʘʧʷʥʝ ʚ ʦʧʨʝʜʝʣʝʥ ʙʫʬʝʨ, 

ʝʣʝʢʪʨʦʤʘʛʥʠʪʲʪ ʩʝ ʠʟʢʣʶʯʚʘ, ʧʨʠ ʢʦʝʪʦ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʩʝ ʦʪʜʝʣʷʪ ʦʪ ʥʘʢʨʘʡʥʠʮʠʪʝ. 

ʉʣʝʜ ʪʦʚʘ ʩʝ ʚʢʣʶʯʚʘ ʝʣʝʢʪʨʦʤʦʪʦʨʲʪ, ʨʦʜʦʚʝʪʝ ʟʘʧʦʯʚʘʪ ʜʘ ʩʝ ʚʲʨʪʷʪ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 

ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ (ʟʘʝʜʥʦ ʩ ɼʅʂ) ʩʝ ʜʠʩʧʝʨʛʠʨʘʪ ʚ ʮʝʣʠʷ ʦʙʝʤ ʥʘ ʨʘʟʪʚʦʨʘ. ʉʣʝʜ ʪʦʚʘ 

ʝʣʝʢʪʨʦʤʦʪʦʨʲʪ ʩʝ ʠʟʢʣʶʯʚʘ, ʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʲʪ ʩʝ ʚʢʣʶʯʚʘ ʠ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ (ʟʘʝʜʥʦ 
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ʩ ɼʅʂ) ʦʪʥʦʚʦ ʧʦʣʝʧʚʘʪ ʧʦ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʥʘʢʨʘʡʥʠʢʘ (ʌʠʛ 3.2). ʇʦ ʪʦʟʠ ʥʘʯʠʥ 

ʩʚʲʨʟʘʥʘʪʘ ʩ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ɼʅʂ ʩʝ ʧʨʦʤʠʚʘ ʚ ʥʷʢʦʣʢʦ ʧʨʦʤʠʚʘʱʠ ʙʫʬʝʨʠ, ʩʣʝʜ 

ʢʦʝʪʦ ʟʘʧʦʯʚʘ ʝʪʘʧʘ ʥʘ ʝʣʫʠʨʘʥʝ ʥʘ ɼʅʂ. 

ɽʣʫʠʨʘʥʝʪʦ ʧʨʦʪʠʯʘ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: ʧʦ ʚʨʝʤʝ ʥʘ ʚʲʨʪʝʥʝʪʦ ʥʘ ʤʝʪʘʣʥʠʪʝ ʨʦʜʦʚʝ 

ɼʅʂ ʤʦʣʝʢʫʣʠʪʝ ʩʝ ʦʪʜʝʣʷʪ ʦʪ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʠ ʦʩʪʘʚʘʪ ʚ ʝʣʫʠʨʘʱʠʷ ʙʫʬʝʨ. 

ɺʧʦʩʣʝʜʩʪʚʠʝ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ ʦʪʥʦʚʦ ʧʦʣʝʧʚʘʪ ʧʦ ʚʲʥʰʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʥʘʢʨʘʡʥʠʮʠʪʝ. 

ʇʦʩʣʝʜʥʠʷʪ ʝʪʘʧ ʩʝ ʩʲʩʪʦʠ ʚ ʘʚʪʦʤʘʪʠʯʥʦ ʦʪʜʝʣʷʥʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʥʘʢʨʘʡʥʠʮʠ ʦʪ 

ʤʝʪʘʣʥʠʪʝ ʨʦʜʦʚʝ. ʂʨʘʡʥʠʷʪ ʨʝʟʫʣʪʘʪ ʝ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʯʠʩʪʘ ʛʝʥʦʤʥʘ ɼʅʂ ʩ ʚʠʩʦʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ. 

ɸʢʪʠʚʥʦ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʦ

ʧʦʣʝ/ʜʝʘʢʪʠʚʥʘ ʨʦʪʘʮʠʷ

ʄʝʪʘʣʥʠ ʪʠʧʦʚʝ

ʊʠʧʦʚʝ ʟʘ ʝʜʥʦʢʨʘʪʥʘ

ʫʧʦʪʨʝʙʘ

ɼʝʘʢʪʠʚʥʦ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʦ

ʧʦʣʝ/ʘʢʪʠʚʥʘ ʨʦʪʘʮʠʷ

˽͍͙͔ͦ͒͗ͤ ͣͦ͒ͯ͡

˸͎͙͊ͤͭͤ͊ ͎͍͊͊͡

 
ʌʠʛʫʨʘ 3.1. ʆʙʱ ʚʠʜ ʠ ʧʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʧʦʣʫʘʚʪʦʤʘʪʠʟʠʨʘʥʘʪʘ ʩʠʩʪʝʤʘ Chemagic 

Magnetic Separation Module station I  (Chemagen) ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʚʝʥʦʟʥʘ ʢʨʲʚ. 

 

ɽʪʘʧʠ:  

ü ʈʘʟʨʫʰʘʚʘʥʝ ʥʘ ʢʨʲʚʥʠʪʝ ʢʣʝʪʢʠ ʩ ʭʠʧʦʪʦʥʠʯʝʥ ʩʦʣʝʚʠ ʨʘʟʪʚʦʨ; 

ü ʃʠʟʠʨʘʥʝ ʥʘ ʷʜʨʘʪʘ ʩ ʧʦʜʭʦʜʷʱ ʟʘ ʮʝʣʪʘ ʙʫʬʝʨ ʠ ʧʨʦʪʝʠʥʘʟʘ ʂ ʚ 

ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ SDS (ʥʘʪʨʠʝʚ ʜʦʜʝʮʠʣ ʩʫʣʬʘʪ - ʜʝʪʝʨʛʝʥʪ, ʢʦʡʪʦ ʜʠʩʦʮʠʠʨʘ 

ʧʨʦʪʝʠʥʠʪʝ ʦʪ ɼʅʂ ʠ ʩʲʟʜʘʚʘ ʫʩʣʦʚʠʷ ʟʘ ʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʝʠʥʘʟʘʪʘ); 

ü ʉʚʲʨʟʚʘʥʝ ʥʘ ʦʩʚʦʙʦʜʝʥʘʪʘ ʦʪ ʷʜʨʘʪʘ ɼʅʂ ʢʲʤ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ; 

ü ʆʪʜʝʣʷʥʝ ʥʘ ʢʦʤʧʣʝʢʩʘ ɼʅʂ-ʤʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ ʦʪ ʢʨʲʚʥʦ-ʢʣʝʪʲʯʥʠʷ ʣʠʟʘʪ; 

ü ʅʷʢʦʣʢʦʢʨʘʪʥʦ ʧʨʦʤʠʚʘʥʝ ʩ ʝʪʘʥʦʣ ʩʲʜʲʨʞʘʱʠ ʙʫʬʝʨʠ; 

ü ʆʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ʧʨʝʯʠʩʪʝʥʘʪʘ ɼʅʂ ʦʪ ʤʘʛʥʠʪʥʠʪʝ ʯʘʩʪʠʮʠ; 

ʇʨʦʮʝʜʫʨʘ 

ü ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʢʣʝʪʲʯʝʥ ʣʠʟʘʪ -ʚʲʚ ʚʩʷʢʘ 50 ml ʝʧʨʫʚʝʪʢʘ ʩʝ ʩʤʝʩʚʘʪ 

ʦʧʨʝʜʝʣʝʥʠ ʢʦʣʠʯʝʩʪʚʘ ʚʝʥʦʟʥʘ ʢʨʲʚ ʩ ʣʠʟʠʨʘʱʠʷ ʙʫʬʝʨ ʜʦ 15 ml 

ü ʇʨʠʙʘʚʷʥʝ ʥʘ 25 ɛl ʇʨʦʪʝʘʟʘ. ʈʘʟʨʫʰʘʚʘʥʝ ʥʘ ʢʣʝʪʲʯʥʠʪʝ ʩʪʝʥʠ- ʘʢʪʠʚʥʦ 

ʩʤʝʩʚʘʥʝ 20 ʤʠʥ  

ü ʇʨʠʙʘʚʷʥʝ ʥʘ ʉʚʲʨʟʚʘʱ ʙʫʬʝʨ (25ml) ʠ ʤʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ (800 ɛl). ɸʢʪʠʚʥʦ 

ʩʤʝʩʚʘʥʝ 10 ʤʠʥ. 

ü ʇʨʦʤʠʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʘ ɼʅʂ-ʤʘʛʥʠʪʥʠ ʯʘʩʪʠʮʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʚ ɹʫʬʝʨʠ 

ʦʪ 3 ʜʦ 6. 

ü ɽʣʫʠʨʘʥʝ ʥʘ ɼʅʂ ʝ ʝʣʫʠʨʘʱ ɹʫʬʝʨ EB (ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 500 ʜʦ 1000ɛl) 

ʇʦʟʠʮʠʠʪʝ ʥʘ ʧʦʜʚʠʞʥʠʷ ʤʦʜʫʣ ʩʘ ʥʦʤʝʨʠʨʘʥʠ ʚʲʚ ʚʲʟʭʦʜʷʱ ʨʝʜ ʠ ʚ ʨʘʟʣʠʯʥʠʪʝ 

ʧʦʟʠʮʠʠ ʩʝ ʧʦʩʪʘʚʷʪ ʝʧʨʫʚʝʪʢʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʷ ʙʫʬʝʨ 

 

3.3.4.2. ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ 

ʀʟʦʣʠʨʘʥʝʪʦ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ZR Urine DNA 

Isolation Kit  (Zymo Research) 
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ʊʘʙʣʠʮʘ 3.9. ʉʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ZR Urine DNA Isolation kit  

ʅʝʦʙʭʦʜʠʤʦ ʦʙʦʨʫʜʚʘʥʝ 
ʉʧʨʠʥʮʦʚʢʠ (ʦʪ 1ʤʣ ʠ ʦʪ 30-50 ʤʣ), 

ʮʝʥʪʨʦʬʫʛʘ 
ʉʪʘʨʪʦʚ ʤʘʪʝʨʠʘʣ ʋʨʠʥʘ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʨʪʦʚ ʤʘʪʝʨʠʘʣ 
30 ʤʣ, ʥʦ ʤʦʞʝ ʠ ʧʦ-ʤʘʣʢʦ ʠʣʠ 

ʧʦʚʝʯʝ 

ɼʅʂ ʯʠʩʪʦʪʘ 
ʀʟʦʣʠʨʘ ʩʝ ɼʅʂ ʩ ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ, 

ʝʣʫʠʨʘʥʘ ʚ ʝʣʫʠʨʘʱ ʙʫʬʝʨ ʠʣʠ 

ʚʦʜʘ  
ɼʅʂ ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʢʦʣʦʥʢʠʪʝ 
5 Õg 

ɽʣʫʠʨʘʱ ʦʙʝʤ Ó 6 Õl 

ɼʅʂ ʜʦʙʠʚ 
ʆʪ ʞʝʥʩʢʘ ʫʨʠʥʘ ʜʦʙʠʚʲʪ ʩʨʝʜʥʦ ʝ 

14-200 ng/ml, ʦʪ ʤʲʞʢʘ ʫʨʠʥʘ 4-60 

ng/ml 

 

 
ʌʠʛʫʨʘ 3.2. ʉʪʲʧʢʠ ʧʨʠ ʠʟʦʣʠʨʘʥʝʪʦ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ ʩʲʩ ZR Urine DNA Isolation 

KitÊ 
 

 

ʊʘʙʣʠʮʘ 3.10. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ZR Urine DNA Isolation Kit 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ/ʙʨʦʡ ʟʘ 

ʠʟʦʣʠʨʘʥʝ ʥʘ 20 ʧʨʦʙʠ 

ʫʨʠʥʘ 

ɻʝʥʦʤʝʥ ʃʠʟʠʩ ʙʫʬʝʨ* 50 ʤʣ 

ɼʅʂ ʧʨʝ-ʇʨʦʤʠʚʘʱ ʙʫʬʝʨ 

(DNA Pre-Wash buffer) 

15 ʤʣ 

ʛɼʅʂ ʇʨʦʤʠʚʘʱ ʙʫʬʝʨ 

(g-DNA Wash buffer) 

50 ʤʣ 

ɼʅʂ ʝʣʫʠʨʘʱ ʙʫʬʝʨ 

(DNA elution buffer) 

1 ʤʣ 

ZRC GFTM ʬʠʣʪʲʨ 20 ʙʨ 

Zymo-SpinTM IC ʢʦʣʦʥʢʠ 20 ʙʨ 

ʉʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ 

(Collecion tubes) 

20 ʙʨ 

* - ɿʘ ʧʦ-ʜʦʙʨʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʣʠʟʠʨʘʱʠʷ ʙʫʬʝʨ ʧʨʝʜʠ ʫʧʦʪʨʝʙʘ ʩʝ ʜʦʙʘʚʷ ʩʝ ʙʝʪʘ-ʤʝʨʢʘʧʪʦʝʪʘʥʦʣ, ʪʘʢʘ 

ʯʝ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘ 0.5%- ʪʦʝʩʪ 250 Õl ʢʲʤ 50 ʤʣ ʙʫʬʝʨ 

 

ʊʦʟʠ ʢʠʪ ʦʩʠʛʫʨʷʚʘ ʣʝʩʥʦ ʠ ʙʲʨʟʦ ʠʟʦʣʠʨʘʥʝ ʥʘ ʪʦʪʘʣʥʘ ɼʅʂ ʦʪ ʢʣʝʪʢʠ ʠ 

ʙʠʦʣʦʛʠʯʥʠ ʩʝʜʠʤʝʥʪʠ ʚ ʧʨʦʙʠ ʦʪ ʫʨʠʥʘ. ʂʣʝʪʢʠʪʝ ʦʪ ʫʨʠʥʘʪʘ ʩʝ ʠʟʦʣʠʨʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʩʧʨʠʥʮʦʚʢʘ ʠ ʩʧʝʮʠʘʣʝʥ ʬʠʣʪʲʨ. ʊʲʡ ʢʘʪʦ ʚʝʯʝ ʢʣʝʪʢʠʪʝ ʙʷʭʘ ʦʪʜʝʣʝʥʠ ʯʨʝʟ 

ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ ʠ ʢʲʤ ʪʷʭ ʙʝʰʝ ʜʦʙʘʚʝʥ RNA later, ʪʦ ʪʘʟʠ ʩʤʝʩ ʦʪ ʢʣʝʪʢʠ ʠ ʙʫʬʝʨ ʙʝʰʝ 

ʬʠʣʪʨʠʨʘʥʘ ʩ ʮʝʣ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʙʫʬʝʨʘ ʠ ʜʨʫʛʠ ʠʟʚʲʥʢʣʝʪʲʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʦʩʪʘʥʘʣʠ ʦʪ 

ʫʨʠʥʘʪʘ ʩʣʝʜ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝʪʦ. ʉʣʝʜ ʬʠʣʪʨʫʚʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʣʠʟʠʨʘʥʝ ʥʘ ʢʣʝʪʢʠʪʝ 

ʠ ʩʲʙʠʨʘʥʝ ʥʘ ʣʠʟʘʪʘ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʮʝʩʠʨʘʥ ʚʝʜʥʘʛʘ ʠʣʠ ʤʦʞʝ ʜʘ ʩʝ ʩʲʭʨʘʥʠ ʜʦ 



3. ʄʘʪʝʨʠʘʣʠ ʠ ʄʝʪʦʜʠ 

49 

 

ʝʜʥʘ ʩʝʜʤʠʮʘ ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʃʠʟʘʪʲʪ ʩʝ ʧʨʝʭʚʲʨʣʷ ʚ ʢʦʣʦʥʢʠ ʩʲʩ ʩʧʝʮʠʘʣʥʘ 

ʤʝʤʙʨʘʥʘ. ɼʅʂ ʩʝ ʟʘʢʘʯʘ ʟʘ ʥʝʷ ʠ ʩʝ ʧʨʦʤʠʚʘ ʥʷʢʦʣʢʦ ʧʲʪʠ ʩ Wash ʙʫʬʝʨʠ (ʧʨʦʤʠʚʘʱʠ). 

ʅʘʢʨʘʷ ɼʅʂ ʩʝ ʨʘʟʪʚʘʨʷ ʚ Elution (ɽʣʫʠʨʘʱ) ʙʫʬʝʨ ʠ ʩʝ ʧʨʝʭʚʲʨʣʷ ʚ 1.5 ʤʣ ʝʧʨʫʚʝʪʢʠ. 

ʊʘʢʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʭʨʘʥʝʥʘ ʥʘ -20 ʦʉ ʠʣʠ -80ʦʉ, ʠʣʠ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʠʟʧʦʣʟʚʘʥʘ ʚʝʜʥʘʛʘ. 
 

3.3.5. ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ  

3.3.5.1. ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʦʪ ʫʨʠʥʘ 

ʀʟʦʣʠʨʘʥʝʪʦ ʥʘ ʈʅʂ ʦʪ ʫʨʠʥʘ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ZR Urine RNA Isolation 

kit (Zymo Research), ʥʦ ʩʲʱʦ ʪʘʢʘ ʙʝ ʠʟʧʦʣʟʚʘʥ Urine Exfoliated Cell RNA Purification kit 

(Fisher Scientific, ʥʦ ʩʝ ʧʨʝʜʣʘʛʘ ʠ ʦʪ Norgen)  

ʀ ʜʚʘʪʘ ʢʠʪʘ ʧʨʝʜʣʘʛʘʪ ʙʲʨʟʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʣʦʥʢʠ ʠʟʦʣʠʨʘʥʝ ʥʘ ʪʦʪʘʣʥʘ ʈʅʂ, 

ʚʢʣʶʯʚʘʱʘ ʠ ʤʘʣʢʠ ʈʅʂ ʤʦʣʝʢʫʣʠ ʦʪ ʫʨʠʥʘ. ʅʝ ʠʟʧʦʣʟʚʘʪ ʬʝʥʦʣ ʠʣʠ ʭʣʦʨʦʬʦʨʤ. ʀʟʦʣʠʨʘ 

ʩʝ ʈʅʂ ʩ ʜʦʙʨʦ ʢʘʯʝʩʪʚʦ. ʇʦ ʚʨʝʤʝ ʥʘ ʠʟʦʣʠʨʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʦʪ ɼʅʂ 

ʩ ʧʦʤʦʱʪʘ ʥʘ Dnase I ʝʥʟʠʤ. 

3.3.5.1.1. ʀʟʦʣʠʨʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ZR Urine RNA Isolation kit 

ʊʘʙʣʠʮʘ 3.11. ʉʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ZR Urine RNA Isolation kit 

ɺʨʝʤʝ ʟʘ ʧʨʦʮʝʩʠʨʘʥʝ 10 ʤʠʥ 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʦʨʫʜʚʘʥʝ 
ʉʧʨʠʥʮʦʚʢʠ (ʦʪ 1ʤʣ ʠ ʦʪ 30-50 ʤʣ), 

ʮʝʥʪʨʦʬʫʛʘ 
ʉʪʘʨʪʦʚ ʤʘʪʝʨʠʘʣ ʋʨʠʥʘ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʨʪʦʚ ʤʘʪʝʨʠʘʣ 
30 ʤʣ, ʥʦ ʤʦʞʝ ʠ ʧʦ-ʤʘʣʢʦ ʠʣʠ 

ʧʦʚʝʯʝ 
ɽʥʟʠʤʥʦ ʠʥʘʢʪʠʚʠʨʘʥʝ ʠ 

ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ɼʅʂ ʠ ʧʨʝʯʠʩʪʚʘʥʝ 

ʥʘ ʈʅʂ 

ʆʙʠʢʥʦʚʝʥʦ 0.2-3 Õg ʈʅʂ ʩʝ 

ʠʟʦʣʠʨʘ ʦʪ 30 ʤʣ ʫʨʠʥʘ.  

ʈʅʂ ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʢʦʣʦʥʢʠʪʝ 
5 Õg 

ɽʣʫʠʨʘʱ ʦʙʝʤ 6 Õl 

ʏʠʩʪʦʪʘ ʥʘ ʈʅʂ 
ʈʅʂ ʩ ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʦ ʩʝ ʝʣʫʠʨʘ ʩ 

RNase free ʚʦʜʘ 

 

 
ʌʠʛʫʨʘ 3.3. ʉʪʲʧʢʠ ʧʨʠ ʠʟʦʣʠʨʘʥʝʪʦ ʥʘ ʈʅʂ ʦʪ ʫʨʠʥʘ ʩʲʩ ZR Urine RNA Isolation KitÊ 
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ʊʘʙʣʠʮʘ 3.12. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ZR Urine RNA Isolation Kit 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ/ʙʨʦʡ ʟʘ 

ʠʟʦʣʠʨʘʥʝ ʥʘ 20 

ʧʨʦʙʠ ʫʨʠʥʘ 

ʋʨʠʥʘ ʈʅʂ ʙʫʬʝʨ 
(Urine RNA buffer) 

20 ʤʣ 

ʈʅʂ ʧʦʜʛʦʪʚʷʱ ʙʫʬʝʨ 
(RNA Prep buffer) 

10 ʤʣ 

ʈʅʂ ʇʨʦʤʠʚʘʱ ʙʫʬʝʨ ʢʦʥʮʝʥʪʨʘʪ 

*  
(RNA Wash buffer concentrate) 

12 ʤʣ 

ɺʦʜʘ ʧʨʝʯʠʩʪʝʥʘ ʦʪ Dnase/RNase 
(Dnase/RNase-Free Water) 

1 ʤʣ 

ZRC GFTM ʬʠʣʪʲʨ 20 ʙʨ 
Zymo-SpinTM IC ʢʦʣʦʥʢʠ 20 ʙʨ 
ʉʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ 
(Collecion tubes) 

20 ʙʨ 

* - ʇʨʝʜʠ ʫʧʦʪʨʝʙʘ ʢʲʤ ʇʨʦʤʠʚʘʱʠʷ ʙʫʬʝʨ ʩʝ ʜʦʙʘʚʷ 48 ʤʣ 100% ʝʪʘʥʦʣ 
 

ʊʦʟʠ ʢʠʪ ʧʦʟʚʦʣʷʚʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʢʣʝʪʢʠʪʝ ʦʪ ʫʨʠʥʘʪʘ (30 ʤʣ) ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʩʧʨʠʥʮʦʚʢʘ ʠ ʩʧʝʮʠʘʣʝʥ ʬʠʣʪʲʨ (ʩʭʦʜʥʦ ʥʘ ʢʠʪʘ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ). ʉʭʦʜʥʦ 

ʥʘ ʠʟʦʣʠʨʘʥʝʪʦ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ ʪʲʡ ʢʘʪʦ ʢʣʝʪʢʠʪʝ ʙʷʭʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʮʝʥʪʨʦʬʫʛʠʨʘʥʠ ʠ 

ʩʲʙʨʘʥʠ, ʪʦ ʬʠʣʪʨʠʨʘʭʤʝ ʪʷʭ (ʯʘʩʪ ʦʪ ʧʨʦʙʠʪʝ ʫʨʠʥʘ ʙʷʭʘ ʜʠʨʝʢʪʥʦ ʧʨʦʮʝʩʠʨʘʥʠ 

(ʦʙʨʘʙʦʪʝʥʠ) ʩʲʩ ʩʪʨʠʢʪʥʦ ʩʣʝʜʚʘʥʝ ʥʘ ʧʨʦʪʦʢʦʣʘ ʥʘ ʢʠʪʘ). ʉʣʝʜ ʬʠʣʪʨʠʨʘʥʝʪʦ ʢʣʝʪʢʠʪʝ ʩʝ 

ʣʠʟʠʨʘʪ ʠ ʪʦʪʘʣʥʘʪʘ ʈʅʂ ʩʝ ʩʪʘʙʠʣʠʟʠʨʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʬʠʯʝʥ Urine RNA Buffer. 

ʇʦʣʫʯʝʥʠʷʪ ʣʠʟʘʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʚʝʜʥʘʛʘ ʠʣʠ ʧʦ-ʢʲʩʥʦ ʩʣʝʜ ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ 

ʠ/ʠʣʠ ʩʲʭʨʘʥʝʥʠʝ. ʉʲʱʦ ʪʘʢʘ Urine RNA Buffer ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʜʠʨʝʢʪʥʦ ʠʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ 

ʦʪ ʤʠʢʨʦʚʝʟʠʢʫʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʚʲʟʩʪʘʥʦʚʷʚʘʪ ʦʪ ʬʠʣʪʨʘʪʠʪʝ ʫʨʠʥʘ. ɽʜʥʦʩʪʲʧʘʣʥʦʪʦ 

ʈʅʂ ʠʟʦʣʠʨʘʥʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʤʘʪʨʠʢʩʥʘ ʘʜʩʦʨʙʮʠʷ ʠʟʧʦʣʟʚʘʡʢʠ Zymo-SpinÊ IC 

Columns. ʇʨʦʮʝʜʫʨʘʪʘ ʧʦ ʠʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʦʪʥʝʤʘ ʦʢʦʣʦ 5 ʤʠʥ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʢʠʪ ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʚʠʩʦʢʦ ʢʘʯʝʩʪʚʝʥʘ, ʪʦʪʘʣʥʘ ʈʅʂ ʦʪ 

ʧʨʦʙʠʪʝ ʫʨʠʥʘ, ʢʦʷʪʦ ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʧʦʩʣʝʜʚʘʱʠ ʘʥʘʣʠʟʠ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ. 

 

3.3.5.1.2. ʀʟʦʣʠʨʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ Urine Exfoliated Cell RNA Purification kit 

ʊʘʙʣʠʮʘ 3.13. ʉʧʝʮʠʬʠʢʘʮʠʠ ʥʘ Urine Exfoliated Cell RNA Purification kit  

ʄʘʢʩʠʤʘʣʝʥ ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʢʦʣʦʥʢʠʪʝ 
50 Õg ʈʅʂ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʘʨʪʦʚ ʤʘʪʝʨʠʘʣ 
ʋʨʠʥʘ 
ʂʣʝʪʢʠ 

 
1-50 ʤʣ 
1 ʭ 106 

ʈʘʟʤʝʨ ʥʘ ʧʨʝʯʠʩʪʝʥʠʪʝ ʈʅʂ 

ʤʦʣʝʢʫʣʠ 
ɺʩʠʯʢʠ ʨʘʟʤʝʨʠ, ʚʢʣʶʯʠʪʝʣʥʦ 

ʤʘʣʢʠ ʈʅʂ-ʠ (<200 ʥʫʢʣʝʦʪʠʜʘ) 
ɺʨʝʤʝ ʟʘ ʟʘʚʲʨʰʚʘʥʝ ʥʘ 10 

ʧʨʝʯʠʩʪʚʘʥʠʷ 
20 ʤʠʥ 

ʉʨʝʜʝʥ ʜʦʙʠʚ 
ʆʢʦʣʦ 1 Õg ʈʅʂ ʥʘ 1 ʭ 105 ʢʣʝʪʢʠ, 

ʥʦ ʚʘʨʠʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʙʨʦʷ 

ʢʣʝʪʢʠ 
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ʊʘʙʣʠʮʘ 3.14. ʂʦʤʧʦʥʝʥʪʠ ʥʘ Urine Exfoliated Cell RNA Purification kit 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ/ʙʨʦʡ ʟʘ 

ʠʟʦʣʠʨʘʥʝ ʥʘ 50 

ʧʨʦʙʠ ʫʨʠʥʘ 

ʃʠʟʠʩ ʨʘʟʪʚʦʨ (Lysis Solution) *  40 ʤʣ 
ʇʨʦʤʠʚʘʰ ʙʫʬʝʨ (Wash Solution) 

**  
22 ʤʣ 

ɽʣʫʠʨʘʱ ʙʫʬʝʨ (Elution buffer) 5 ʤʣ 
ʂʦʣʦʥʢʠ (Micro Spin Columns) 20 ʙʨ 
ʉʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ 

(Collection tubes) 
20 ʙʨ 

ɽʣʫʠʨʘʱʠ ʝʧʨʫʚʝʪʢʠ 1.7 ml 

(Elution tubes) 
20 ʙʨ 

* - ɿʘ ʧʦ-ʜʦʙʨʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʣʠʟʠʨʘʱʠʷ ʙʫʬʝʨ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʷʥʝʪʦ ʥʘ 10Õl ʙʝʪʘ-ʤʝʨʢʘʧʪʦʝʪʘʥʦʣ 

ʢʲʤ ʚʩʝʢʠ 1 ml ʦʪ ʣʠʟʠʨʘʱʠʷ ʙʫʬʝʨ 
** - ʇʨʝʜʠ ʧʲʨʚʘ ʫʧʦʪʨʝʙʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʷʥʝʪʦ ʥʘ 95% ʝʪʘʥʦʣ ʢʲʤ ʧʨʦʤʠʚʘʱʠʷ ʙʫʬʝʨ 

 

ʇʨʝʯʠʩʪʚʘʥʝʪʦ ʟʘ ʙʘʟʠʨʘ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠ ʢʦʣʦʥʢʠ ʩʲʩ ʩʧʝʮʠʬʠʯʥʘ ʩʤʦʣʘ, 

ʩʣʫʞʝʱʘ ʟʘ ʨʘʟʜʝʣʠʪʝʣʥʘ ʤʘʪʨʠʮʘ. ʉʪʲʧʢʠʪʝ ʥʘ ʠʟʦʣʠʨʘʥʝ ʩʘ ʩʣʝʜʥʠʪʝ: ʣʠʟʠʨʘʥʝ ʥʘ 

ʫʪʘʝʥʠʪʝ ʢʣʝʪʢʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʣʠʟʠʩ ʨʘʟʪʚʦʨʘ; ʜʦʙʘʚʷʥʝ ʥʘ ʝʪʘʥʦʣ ʢʲʤ ʣʠʟʘʪʘ ʠ 

ʧʠʧʝʪʠʨʘʥʝ ʥʘ ʣʠʟʘʪʘ ʚ ʢʦʣʦʥʢʠʪʝ; ʟʘʚʠʩʠʤʦ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʡʦʥʠ ʩʚʲʨʟʚʘʥʝ ʥʘ ʈʅʂ, 

ʥʦ ʥʝ ʠ ʦʩʪʘʥʘʣʠʪʝ ʢʦʥʪʘʤʠʥʠʨʘʱʠ ʙʝʣʪʲʮʠ ʢʲʤ ʢʦʣʦʥʢʘʪʘ; ʜʚʫʢʨʘʪʥʦ ʧʨʦʤʠʚʘʥʝ ʩ 

ʧʨʦʤʠʚʘʱʠʷ ʙʫʬʝʨ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʟʘʤʲʨʩʠʪʝʣʠ ʠ ʝʣʫʠʨʘʥʝ ʥʘ ʧʨʝʯʠʩʪʝʥʘʪʘ ʈʅʂ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʝʣʫʠʨʘʱ ʙʫʬʝʨ. 

 

3.3.5.2. ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ, ʩʲʜʲʨʞʘʱʘ ʠ ʤʠʢʨʦʈʅʂ-ʠ ʦʪ ʧʣʘʟʤʘ 

ʀʟʦʣʠʨʘʥʝʪʦ ʥʘ ʪʦʪʘʣʥʘ ʈʅʂ, ʚʢʣʶʯʚʘʱʘ ʠ ʤʠʢʨʦʈʅʂ-ʠ ʦʪ ʧʣʘʟʤʘ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ 

ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʧʝʮʠʬʠʯʝʥ ʢʠʪ: miRNeasy Serum/Plasma kit (Qiagen). 

 

ʊʘʙʣʠʮʘ 3.15. ʉʧʝʮʠʬʠʢʘʮʠʠ ʥʘ Min  Elute Spin ʢʦʣʦʥʢʠʪʝ ʥʘ miRNeasy Serum/Plasma 

Kit  

ʄʘʢʩʠʤʘʣʝʥ ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʢʦʣʦʥʢʠʪʝ 
45 Õg ʈʅʂ 

ʄʘʢʩʠʤʘʣʝʥ ʦʙʝʤ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʝʤʝ ʦʪ ʢʦʣʦʥʢʠʪʝ 
700 Õl 

ʈʅʂ ʤʦʣʝʢʫʣʠ 
ʈʅʂ > ʩ ʜʲʣʞʠʥʘ 18 ʥʫʢʣʝʦʪʠʜʘ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 
ʄʠʥʠʤʘʣʝʥ ʝʣʫʠʨʘʱ ʦʙʝʤ 10 Õl 
ʄʘʢʩʠʤʘʣʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʩʝʨʫʤ/ʧʣʘʟʤʘ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʠʟʧʦʣʟʚʘʥʦ 
200 Õl 

 

 

ʂʠʪʲʪ miRNeasy Serum/Plasma Kit ʢʦʤʙʠʥʠʨʘ ʬʝʥʦʣ/ʛʫʘʥʠʜʠʥ ʙʘʟʠʨʘʥʦʪʦ ʣʠʟʠʨʘʥʝ 

ʥʘ ʧʨʦʙʠʪʝ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ʪʦʪʘʣʥʘ ʈʅʂ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʠʣʠʮʠʝʚʠʪʝ ʤʝʤʙʨʘʥʠ. QIAzol 

Lysis Reagent ʚʢʣʶʯʝʥ ʚ ʢʠʪʘ ʝ ʤʦʥʦʬʘʟʝʥ ʨʘʟʪʚʦʨ ʥʘ ʬʝʥʦʣ ʠ ʛʫʘʥʠʜʠʥ ʪʠʦʮʠʘʥʘʪ, ʢʦʡʪʦ 

ʩʧʦʤʘʛʘ ʣʠʟʠʨʘʥʝʪʦ, ʠʥʭʠʙʠʨʘ Rnases ʠ ʩʲʱʦ ʧʨʝʤʘʭʚʘ ʯʨʝʟ ʦʨʛʘʥʠʯʥʘ ʝʢʩʪʨʘʢʮʠʷ ʛʦʣʷʤʘ 

ʯʘʩʪ ʦʪ ʢʣʝʪʲʯʥʘʪʘ ɼʅʂ ʠ ʧʨʦʪʝʠʥʠʪʝ ʦʪ ʣʠʟʘʪʘ. ʂʣʝʪʢʠʪʝ ʠʣʠ ʪʲʢʘʥʠʪʝ ʩʝ ʭʦʤʦʛʝʥʠʟʠʨʘʪ 

ʚ QIAzol Lysis Reagent. QIAzol Lysis Reagent ʩʝ ʜʦʙʘʚʷ ʢʲʤ ʩʝʨʫʤʘ ʠʣʠ ʧʣʘʟʤʘʪʘ. ʉʣʝʜ 

ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʭʣʦʨʦʬʦʨʤ ʠ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ ʭʦʤʦʛʝʥʘʪʘ ʩʝ ʨʘʟʜʝʣʷ ʥʘ ʚʦʜʥʘ ʠ ʦʨʛʘʥʠʯʥʘ 

ʬʘʟʘ. ʈʅʂ ʩʝ ʥʘʤʠʨʘ ʚ ʛʦʨʥʘʪʘ, ʪʝʯʥʘ ʬʘʟʘ, ɼʅʂ ʩʝ ʥʘʤʠʨʘ ʚ ʤʝʞʜʠʥʥʘʪʘ ʬʘʟʘ, ʘ 
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ʙʝʣʪʲʮʠʪʝ ʚ ʥʘʡ-ʜʦʣʥʘʪʘ ʦʨʛʘʥʠʯʥʘ ʬʘʟʘ ʠʣʠ ʚ ʤʝʞʜʠʥʥʘʪʘ ʬʘʟʘ. ɻʦʨʥʘʪʘ ʚʦʜʥʘ ʬʘʟʘ ʩʝ 

ʦʪʜʝʣʷ ʠ ʩʝ ʜʦʙʘʚʷ ʢʲʤ ʥʝʷ ʝʪʘʥʦʣ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʷʪ ʧʦʜʭʦʜʷʱʠ ʫʩʣʦʚʠʷ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ 

ʚʩʠʯʢʠ ʈʅʂ ʤʦʣʝʢʫʣʠ ʥʘʜ 18 ʥʫʢʣʝʦʪʠʜʘ. ʉʣʝʜ ʪʦʚʘ ʧʨʦʙʘʪʘ ʩʝ ʧʦʩʪʘʚʷ ʚ ʢʦʣʦʥʢʘ, ʢʲʜʝʪʦ 

ʪʦʪʘʣʥʘʪʘ ʈʅʂ ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ ʤʝʤʙʨʘʥʘʪʘ ʠ ʬʝʥʦʣʲʪ ʠ ʜʨʫʛʠʪʝ ʢʦʥʪʘʤʠʥʠʨʘʱʠ ʚʝʱʝʩʪʚʘ 

ʩʝ ʧʨʦʤʠʚʘʪ. ɺʠʩʦʢʦʢʘʯʝʩʪʚʝʥʘ ʈʅʂ ʩʝ ʧʨʦʤʠʚʘ ʚ ʤʘʣʲʢ ʦʙʝʤ RNase-free (ʧʨʝʯʠʩʪʝʥʘ, 

ʩʚʦʙʦʜʥʘ ʦʪ ʈʅʘʟʠ) ʚʦʜʘ. ʉʝʨʫʤʲʪ ʠ ʧʣʘʟʤʘʪʘ ʩʲʜʲʨʞʘʪ ʧʲʨʚʦʥʘʯʘʣʥʦ ʤʘʣʢʠ ʈʅʂ-ʠ ʠ ʧʦ 

ʪʘʟʠ ʧʨʠʯʠʥʘ ʥʘʙʦʛʘʪʷʚʘʥʝ ʩ ʤʠʢʨʦʈʅʂ-ʠ ʠ ʜʨʫʛʠ ʤʘʣʢʠ ʈʅʂ-ʠ ʚ ʦʪʜʝʣʥʘ ʬʘʟʘ 

ʦʙʠʢʥʦʚʝʥʦ ʥʝ ʩʝ ʠʟʠʩʢʚʘ. 
 

ʊʘʙʣʠʮʘ 3.16. ʂʦʤʧʦʥʝʥʪʠ ʥʘ miRNeasy Serum/Plasma kit 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ/ʙʨʦʡ ʟʘ 

ʠʟʦʣʠʨʘʥʝ ʥʘ 50 

ʧʨʦʙʠ ʧʣʘʟʤʘ 

ʂʦʣʦʥʢʠ ʟʘʝʜʥʦ ʩ 2 ʤʣ 

ʩʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ 

RNeasyÈ MinEluteÈ Spin Columns 

(each packaged with a 2 ml 

Collection Tube) 

50 ʙʨ 

ʉʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ (1.5ʤʣ) 

(Collection tubes (1.5ml)) 

50 ʙʨ 

ʉʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ (2 ʤʣ) 

(Collection tubes (2ml)) 

50 ʙʨ 

QIAzolÈ ʃʠʟʠʨʘʱ ʨʝʘʛʝʥʪ 

(QIAzolÈ Lysis Reagent) 

50 ʤʣ 

ɹʫʬʝʨ RWT* 15 ʤʣ 

ɹʫʬʝʨ RPE**  11 ʤʣ 

ɺʦʜʘ ʧʨʝʯʠʩʪʝʥʘ ʦʪ RNase 

RNase-Free Water 

10 ʤʣ 

* - ɹʫʬʝʨ RWT ʩʝ ʜʦʩʪʘʚʷ ʢʘʪʦ ʢʦʥʮʝʥʪʨʘʪ. ʇʨʝʜʠ ʫʧʦʪʨʝʙʘ ʟʘ ʧʨʲʚ ʧʲʪ ʩʝ ʜʦʙʘʚʷʪ ʜʚʘ ʦʙʝʤʘ 

ʝʪʘʥʦʣ (96%ï100%), ʢʘʢʪʦ ʝ ʦʪʙʝʣʷʟʘʥʦ ʥʘ ʦʧʘʢʦʚʢʘʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʨʘʙʦʪʝʥ ʨʘʟʪʚʦʨ 
** - ɹʫʬʝʨ RPE ʩʝ ʜʦʩʪʘʚʷ ʢʘʪʦ ʢʦʥʮʝʥʪʨʘʪ. ʇʨʝʜʠ ʫʧʦʪʨʝʙʘ ʟʘ ʧʨʲʚ ʧʲʪ ʩʝ ʜʦʙʘʚʷʪ ʯʝʪʠʨʠ 

ʦʙʝʤʘ ʝʪʘʥʦʣ (96%ï100%), ʢʘʢʪʦ ʝ ʦʪʙʝʣʷʟʘʥʦ ʥʘ ʦʧʘʢʦʚʢʘʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʨʘʙʦʪʝʥ ʨʘʟʪʚʦʨ. 

 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 3.4. ʉʪʲʧʢʠ ʧʨʠ ʠʟʦʣʠʨʘʥʝʪʦ ʥʘ ʈʅʂ ʦʪ 

ʧʣʘʟʤʘ/ʩʝʨʫʤ ʩ miRNeasy Serum/Plasma Kit 
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3.3.5.3. ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ, ʩʲʜʲʨʞʘʱʘ ʠ ʤʠʢʨʦʈʅʂ ʦʪ ʪʲʢʘʥ 

ʀʟʦʣʠʨʘʥʝʪʦ ʥʘ ʪʦʪʘʣʥʘ ʈʅʂ, ʚʢʣʶʯʚʘʱʘ ʠ ʤʠʢʨʦʈʅʂ-ʠ ʦʪ ʨʘʜʠʢʘʣʥʠ 

ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʠ ʙʠʦʧʩʠʠʪʝ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʩʲʦʪʚʝʪʥʦ ʥʘ miRneasy Mini kit 

(Qiagen) ʠ miRNeasy Micro kit (Qiagen) 

3.3.5.3.1. ʀʟʦʣʠʨʘʥʝ ʈʅʂ ʦʪ ʨʘʜʠʢʘʣʥʠ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ ʩ ʧʦʤʦʱʪʘ ʥʘ miRneasy 

Mini kit (Qiagen)- ʢʦʤʧʦʥʝʥʪʠʪʝ ʠ ʧʨʦʮʝʜʫʨʘʪʘ ʧʦ ʠʟʦʣʠʨʘʥʝʪʦ ʝ ʩʲʱʘʪʘ, ʢʘʢʪʦ ʧʨʠ 

miRNeasy Serum/Plasma Kit (ʪʦʯʢʘ 3.3.5.2). 

 

ʊʘʙʣʠʮʘ 3.17. ʉʧʝʮʠʬʠʢʘʮʠʠ ʥʘ Min  Elute Spin ʢʦʣʦʥʢʠʪʝ ʥʘ miRneasy Mini Kit  

ʄʘʢʩʠʤʘʣʝʥ ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʢʦʣʦʥʢʠʪʝ 
100 Õg ʈʅʂ 

ʄʘʢʩʠʤʘʣʝʥ ʦʙʝʤ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʝʤʝ ʦʪ ʢʦʣʦʥʢʠʪʝ 
700 Õl 

ʈʅʂ ʤʦʣʝʢʫʣʠ 
ʈʅʂ > ʩ ʜʲʣʞʠʥʘ 18 ʥʫʢʣʝʦʪʠʜʘ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 
ʄʠʥʠʤʘʣʝʥ ʝʣʫʠʨʘʱ ʦʙʝʤ 30 Õl 

ʄʘʢʩʠʤʘʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʨʪʦʚ 

ʤʘʪʝʨʠʘʣ 
ɾʠʚʦʪʠʥʩʢʠ ʢʣʝʪʢʠ 
ɾʠʚʦʪʠʥʩʢʠ ʪʲʢʘʥʠ 

 

 
1 x 107

 

50 ʤʛ (100 ʤʛ ʤʘʩʪʥʘ ʪʲʢʘʥ) 

 

ʆʧʪʠʤʠʟʠʨʘʭʤʝ ʩʪʲʧʢʘʪʘ ʥʘ ʣʠʟʠʨʘʥʝ. ʉʣʝʜ ʧʦʩʪʘʚʷʥʝʪʦ ʥʘ ʪʲʢʘʥʠʪʝ ʚ ʣʠʟʠʨʘʱʠʷ 

ʨʝʘʛʝʥʪ, ʟʘ ʜʘ ʩʝ ʧʦʜʧʦʤʦʛʥʝ ʭʦʤʦʛʝʥʠʟʠʨʘʥʝʪʦ, ʝʧʨʫʚʝʪʢʠʪʝ ʙʷʭʘ ʧʦʪʘʧʷʥʠ ʟʘ ʥʷʢʦʣʢʦ 

ʩʝʢʫʥʜʠ ʚ ʪʝʯʝʥ ʘʟʦʪ ʠ ʩʣʝʜ ʪʦʚʘ ʙʝ ʠʟʧʦʣʟʚʘʥ ʤʝʭʘʥʠʯʝʥ ʭʦʤʦʛʝʥʠʟʘʪʦʨ. ɿʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ 

ʚʲʟʤʦʞʥʦ ʥʘʡ-ʧʲʣʥʦ ʭʦʤʦʛʝʥʠʟʠʨʘʥʝ ʧʨʦʙʠʪʝ ʙʷʭʘ ʦʩʪʘʚʷʥʠ ʟʘ 5-10 ʤʠʥ ʥʘ ʩʪʘʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʲʨʪʷʱ ʩʝ ʚʦʨʪʝʢʩ (Multi Speed Vortex MSV-3500, Biosan). 

3.3.5.3.2. ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʦʪ ʙʠʦʧʩʠʠ ʥʘ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʩ ʧʦʤʦʱʪʘ ʥʘ miRNeasy 

Micro kit - ʢʦʤʧʦʥʝʥʪʠʪʝ ʠ ʧʨʦʮʝʜʫʨʘʪʘ ʧʦ ʠʟʦʣʠʨʘʥʝʪʦ ʝ ʩʲʱʘʪʘ, ʢʘʢʪʦ ʧʨʠ miRNeasy 

Serum/Plasma Kit (ʪʦʯʢʘ 3.3.5.2). 

 

ʊʘʙʣʠʮʘ 3.18. ʉʧʝʮʠʬʠʢʘʮʠʠ ʥʘ Min  Elute Spin ʢʦʣʦʥʢʠʪʝ ʥʘ miRneasy Micro Kit  

ʄʘʢʩʠʤʘʣʝʥ ʩʚʲʨʟʚʘʱ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ʢʦʣʦʥʢʠʪʝ 
45 Õg ʈʅʂ 

ʄʘʢʩʠʤʘʣʝʥ ʦʙʝʤ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʝʤʝ ʦʪ ʢʦʣʦʥʢʠʪʝ 
700 Õl 

ʈʅʂ ʤʦʣʝʢʫʣʠ 
ʈʅʂ > ʩ ʜʲʣʞʠʥʘ 18 ʥʫʢʣʝʦʪʠʜʘ 

ʧʨʠʙʣʠʟʠʪʝʣʥʦ 
ʄʠʥʠʤʘʣʝʥ ʝʣʫʠʨʘʱ ʦʙʝʤ 10 Õl 

ʄʘʢʩʠʤʘʣʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʨʪʦʚ 

ʤʘʪʝʨʠʘʣ 
ɾʠʚʦʪʠʥʩʢʠ ʢʣʝʪʢʠ 
ɾʠʚʦʪʠʥʩʢʠ ʪʲʢʘʥʠ 

 

 
1 x 106

 

5 ʤʛ (10 ʤʛ ʤʘʩʪʥʘ ʪʲʢʘʥ) 

 

3.3.6. ʆʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ/ʈʅʂ 

 

3.3.6.1. ʀʟʤʝʨʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ/ʈʅʂ ʯʨʝʟ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʥ ʤʝʪʦʜ. ʊʦʚʘ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ 

ʧʦʤʦʱʪʘ ʥʘ NanoDrop (Thermo Scientific) 
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ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ʛʝʥʦʤʥʘ ɼʅʂ ʠ ʪʦʪʘʣʥʘ ʈʅʂ ʙʝʰʝ ʠʟʤʝʨʝʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ NANODROP (Thermo Scientific). ʄʝʪʦʜʲʪ ʩʝ ʦʩʥʦʚʘʚʘ 

ʥʘ ʩʧʝʮʠʬʠʯʥʦʪʦ ʧʦʛʣʲʱʘʥʝ ʥʘ ʩʚʝʪʣʠʥʘ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ɚ= 260 nm ʦʪ ʧʫʨʠʥʦʚʠʪʝ ʠ 

ʧʠʨʠʤʠʜʠʥʦʚʠʪʝ ʙʘʟʠ ʥʘ ɼʅʂ ʠ ʈʅʂ. ɸʙʩʦʨʙʮʠʷʪʘ ʧʨʠ ɚ= 280 nm ʜʘʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 

ʙʝʣʪʲʮʠʪʝ.  

1 O.D. ʧʨʠ 260 nm ʟʘ ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ = 50 ng/Õl ʦʪ dsDNA (ʜʚɼʅʂ) 

1 O.D. ʧʨʠ 260 nm ʟʘ ʝʜʥʦʚʝʨʠʞʥʘ ɼʅʂ = 20-33 ng/Õl ʦʪ ssDNA (ʝʚɼʅʂ) 

1 O.D. ʧʨʠ 260 nm ʟʘ ʈʅʂ ʤʦʣʝʢʫʣʠ = 40 ng/Õl ʟʘ ʈʅʂ 

ʆʪʥʦʰʝʥʠʝʪʦ ʥʘ ʘʙʩʦʨʙʮʠʠʪʝ, ʠʟʤʝʨʝʥʠ ʩʲʦʪʚʝʪʥʦ ʧʨʠ ɚ260 ʠ ɚ280, ʧʦʢʘʟʚʘ 

ʯʠʩʪʦʪʘʪʘ ʥʘ ɼʅʂ/ʈʅʂ. ʏʠʩʪʠʪʝ ɼʅʂ ʧʨʦʙʠ ʜʘʚʘʪ ɸ260/280 ʩʲʦʪʥʦʰʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 

1.8 ʢʘʪʦ ʩʪʦʡʥʦʩʪʠ ʧʦʜ 1.6 ʧʦʢʘʟʚʘʪ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʨʠʤʝʩʠ ʦʪ ʙʝʣʪʲʮʠ, ʘ ʥʘʜ 2- ʧʨʠʤʝʩʠ ʦʪ 

ʈʅʂ. ʏʠʩʪʠʪʝ ʈʅʂ ʧʨʦʙʠ ʜʘʚʘʪ ɸ260/280 ʩʲʦʪʥʦʰʝʥʠʝ ʦʪ ʦʢʦʣʦ 2 ʢʘʪʦ ʚ ʪʦʟʠ ʩʣʫʯʘʡ 

ʩʪʦʡʥʦʩʪʠ ʧʦʜ 1.8 ʧʦʢʘʟʚʘʪ ʧʨʠʤʝʩʠ ʦʪ ʙʝʣʪʲʮʠ. ɺʲʨʭʫ ɸ260/280 ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʚʣʠʷʥʠʝ 

ʦʢʘʟʚʘ ʠ ʢʠʩʝʣʠʥʥʦʩʪʪʘ ʥʘ ʧʨʦʙʠʪʝ. ʆʪʥʦʰʝʥʠʝʪʦ ɸ260/ɸ230 ʜʘʚʘ ʧʨʝʜʩʪʘʚʘ ʟʘ 

ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʜʨʫʛʠ ʢʦʥʪʘʤʠʥʠʨʘʱʠ ʚʝʱʝʩʪʚʘ, ʢʦʠʪʦ ʘʙʩʦʨʙʠʨʘʪ ʧʨʠ ɚ230 ʠʣʠ ɚ260. 

ʏʠʩʪʠʪʝ ʧʨʦʙʠ ʠʤʘʪ ʩʲʦʪʥʦʰʝʥʠʝ ʥʘ ɸ260/ɸ230 ʚ ʦʙʭʚʘʪʘ 2-2.2. ɺʝʱʝʩʪʚʘ, ʢʦʠʪʦ 

ʧʦʛʣʲʱʘʪ ʧʨʠ ɚ230 ʩʘ EDTA, ʚʲʛʣʝʭʠʜʨʘʪʠʪʝ ʠ TRIzol (ʨʘʟʪʚʦʨ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʠʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ), Guanidine HCL (ʨʘʟʪʚʦʨ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ). ʇʨʠ 

ʢʦʥʪʘʤʠʥʘʮʠʷ ʩ ʪʷʭ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ɸ260/ɸ230 ʝ ʧʦʥʠʞʝʥʦ. ɺʝʱʝʩʪʚʦ, ʢʦʝʪʦ ʧʦʛʣʲʱʘ ʧʨʠ 

ɚ260 ʝ ʛʫʘʥʠʜʠʥ ʠʟʦʪʠʦʮʠʘʥʘʪ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ. ʇʨʠ 

ʢʦʥʪʘʤʠʥʠʨʘʥʝ ʩ ʥʝʛʦ ɸ260/ɸ230 ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʠʤʘ ʚʠʩʦʢʠ ʩʪʦʡʥʦʩʪʠ. 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 3.5: ʆʮʝʥʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ɼʅʂ/ʈʅʂ ʩ 

ʧʦʤʦʱʪʘ ʥʘ NANODROP A) ʆʪ 1 ʜʦ 2 Õl ʦʪ ʈʅʂ/ɼʅʂ ʧʨʦʙʘ ʩʝ ʜʠʩʧʝʥʩʠʨʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʪʠʧʯʝ 

ʚʲʨʭʫ ʜʦʣʥʘʪʘ ʦʧʪʠʯʥʘ ʧʦʚʲʨʭʥʦʩʪ; ɺ) ʉʣʝʜ ʥʘʥʘʩʷʥʝʪʦ ʥʘ ʧʨʦʙʘʪʘ ʛʦʨʥʦʪʦ ʨʘʤʦ ʩʝ ʩʚʘʣʷ ʠ 

ʛʦʨʥʘʪʘ ʦʧʪʠʯʥʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʜʦʢʦʩʚʘ ʜʦ ʧʨʦʙʘʪʘ, ʬʦʨʤʠʨʘʡʢʠ ʪʝʯʥʘ ʢʦʣʦʥʘ ʩ ʜʲʣʞʠʥʘ ʥʘ 

ʧʲʪʷ ʥʘ ʣʲʯʘ ʦʧʨʝʜʝʣʝʥ ʦʪ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʚʝʪʝ ʦʧʪʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʠ. 

ʇʨʦʮʝʜʫʨʘ: 

ʈʘʟʪʚʦʨʝʥʘʪʘ ʚʲʚ ʚʦʜʘ ʠʣʠ ʝʣʠʫʨʘʱ ʙʫʬʝʨ ʦʪ ʩʲʦʪʚʝʪʥʠʷ ʢʠʪ ɼʅʂ/ʈʅʂ ʧʨʦʙʘ ʩʝ 

ʠʟʤʝʨʚʘ, ʢʘʪʦ ʩʝ ʦʪʯʠʪʘ ʘʙʩʦʨʙʮʠʷʪʘ ʧʨʠ 280/260 nm. ɸʧʘʨʘʪʲʪ ʘʚʪʦʤʘʪʠʯʥʦ ʠʟʯʠʩʣʷʚʘʥʝ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ɼʅʂ/ʈʅʂ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʟʘʢʦʥʘ ʥʘ ɹʝʝʨ-ʃʘʤʙʝʨʪ (Beer-Lambert) ʢʘʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

c - ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ɼʅʂ (ɛg/ɛl) 

E260 - ʝʢʩʪʠʥʢʮʠʷ ʧʨʠ 260 nm  

 R ï ʨʘʟʨʝʞʜʘʥʝ, l - ʰʠʨʠʥʘ ʥʘ ʢʶʚʝʪʘʪʘ 

 Ů - ʜʝʩʝʪʠʯʝʥ ʤʦʣʘʨʝʥ ʝʢʩʪʠʥʢʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ (ʟʘ ɼʅʂ Ů=26) 

 

l
c

x

x

e
RE260

=
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3.3.6.2. ʀʟʤʝʨʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ/ʈʅʂ ʩ 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʥ ʤʝʪʦʜ ʩ ʧʦʤʦʱʪʘ ʥʘ Qubit  (Life  Technologies)  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʪʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ɼʅʂ ʠ ʈʅʂ ʝ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥ ʤʝʪʦʜ, ʥʦ 

ʪʦ ʥʝ ʝ ʜʦʩʪʘʪʲʯʥʦ ʥʘʜʝʞʜʥʦ ʠ ʪʦʯʥʦ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ UV ʙʘʟʠʨʘʥʠʪʝ ʘʙʩʦʨʙʮʠʦʥʥʠ 

ʠʟʤʝʨʚʘʥʠʷ ʥʝ ʩʘ ʩʝʣʝʢʪʠʚʥʠ ʠ ʥʝ ʤʦʛʘʪ ʜʘ ʧʨʘʚʷʪ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ɼʅʂ, ʈʅʂ, 

ʙʝʣʪʲʢ, ʠʣʠ ʩʚʦʙʦʜʥʠ ʥʫʢʣʝʦʪʠʜʠ ʠʣʠ ʩʚʦʙʦʜʥʠ ʘʤʠʥʦʢʠʩʝʣʠʥʠ. ʉʪʦʡʥʦʩʪʠʪʝ ʧʦʣʫʯʝʥʠ ʟʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʚʣʠʷʷʪ ʦʪ ʚʘʨʠʨʘʥʝʪʦ ʥʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʙʘʟʠʪʝ ʚ 

ʠʟʤʝʨʚʘʥʠʪʝ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ ʠ ʦʪ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʜʨʫʛʠ ʢʦʥʪʘʤʠʥʠʨʘʱʠ ʚʝʱʝʩʪʚʘ 

ʢʘʪʦ ʩʚʦʙʦʜʥʠ ʥʫʢʣʝʦʪʠʜʠ, ʩʦʣʠ ʠ ʦʨʛʘʥʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʝ ʥʠʩʢʘ ʢʘʪʦ ʝ ʥʝʚʲʟʤʦʞʥʦ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ 

ɼʅʂ/ʈʅʂ ʩ ʤʥʦʛʦ ʥʠʩʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʌʣʫʦʨʝʩʮʝʥʪʥʦ ʙʘʟʠʨʘʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʥʫʢʣʝʠʥʦʚʠʪʝ ʢʠʩʝʣʠʥʠ ʝ ʧʦ-ʯʫʚʩʪʚʠʪʝʣʥʦ ʠ ʩʧʝʮʠʬʠʯʥʦ ʪʲʡ ʢʘʪʦ 

ʧʨʘʚʠ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ɼʅʂ ʠ ʈʅʂ ʠ ʙʝʣʪʲʮʠ, ʠ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʠʟʤʝʨʚʘʪ 

ʧʨʦʙʠ ʩ ʤʥʦʛʦ ʥʠʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. 

ʆʩʥʦʚʥʘʪʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʜʚʘʪʘ ʤʝʪʦʜʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʝ, ʯʝ Qubit 

ʬʣʫʦʨʦʤʝʪʲʨʘ ʠʟʧʦʣʟʚʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʙʘʛʨʠʣʘ. ɺʩʷʢʦ ʙʘʛʨʠʣʦ ʝ ʩʧʝʮʠʬʠʯʥʦ ʟʘ 

ʦʧʨʝʜʝʣʝʥʘ ʤʦʣʝʢʫʣʘ: ɼʅʂ, ʈʅʂ ʠʣʠ ʙʝʣʪʲʢ. ʊʝʟʠ ʙʘʛʨʠʣʘ ʠʤʘʪ ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʠʩʢʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʜʦʢʘʪʦ ʥʝ ʩʝ ʩʚʲʨʞʘʪ ʩ ʪʝʭʥʠʪʝ ʪʘʨʛʝʪʥʠ ʤʦʣʝʢʫʣʠ (ɼʅʂ, ʈʅʂ ʠʣʠ ʙʝʣʪʲʢ). 

ʇʨʠ ʩʚʲʨʟʚʘʥʝʪʦ ʩʠ ʪʝ ʟʘʧʦʯʚʘʪ ʠʥʪʝʥʟʠʚʥʦ ʜʘ ʬʣʫʦʨʝʩʮʠʨʘʪ. ɼʦʙʘʚʷʪ ʩʝ ʢʲʤ ʨʘʟʪʚʦʨ ʥʘ 

ʧʨʦʙʠʪʝ ʠ ʪʝ ʩʝ ʩʚʲʨʟʚʘʪ ʢʲʤ ʪʘʨʛʝʪʥʠʪʝ ʤʦʣʝʢʫʣʠ ʟʘ ʥʷʢʦʣʢʦ ʩʝʢʫʥʜʠ ʠ ʩʝ ʜʦʩʪʠʛʘ 

ʨʘʚʥʦʚʝʩʠʝ ʟʘ ʧʦ-ʤʘʣʢʦ ʦʪ 2 ʤʠʥʫʪʠ. ʇʨʠ ʩʧʝʮʠʬʠʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʙʘʛʨʠʣʦʪʦ, 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ ʦʪ ʧʨʦʙʘʪʘ ʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʤʝʨʚʘʥʘʪʘ ʤʦʣʝʢʫʣʘ ʚ ʨʘʟʪʚʦʨʘ. ʉʣʝʜ ʪʦʚʘ Qubit ʬʣʫʦʨʦʤʝʪʲʨʲʪ 

ʦʪʯʠʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ ʠ ʦʧʨʝʜʝʣʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʩʪʘʥʜʘʨʪʠ ʩ 

ʠʟʚʝʩʪʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʏʨʝʟ ʩʪʘʥʜʘʨʪʠʪʝ ʩʝ ʦʧʨʝʜʝʣʷ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ɼʅʂ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʠ ʩʣʝʜ ʪʦʚʘ ʧʦʣʫʯʝʥʦʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʢʘʣʢʫʣʠʨʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʤʝʨʚʘʥʠʪʝ ʧʨʦʙʠ. 
 

 
ʌʠʛʫʨʘ 3.6. ʉʨʘʚʥʝʥʠʝ ʥʘ ʦʙʭʚʘʪʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʠʟʤʝʨʚʘʥʠʪʝ ʧʨʦʙʠ ʯʨʝʟ ʢʠʪʦʚʝʪʝ 

ʥʘ Qubit ʠ UV ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʦʪʦ ʠʟʤʝʨʚʘʥʝ 

 



3. ʄʘʪʝʨʠʘʣʠ ʠ ʄʝʪʦʜʠ 

56 

 

 
ʌʠʛʫʨʘ 3.7. ʇʨʦʪʦʢʦʣ ʟʘ ʨʘʙʦʪʘ ʩ Qubit ʬʣʫʦʨʦʤʝʪʲʨ 

 

3.3.6.3. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ RINʝ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ʈʅʂ ʦʪ ʪʲʢʘʥ 

ʯʨʝʟ Agilent 2200 TapeStation Systems 

 TapeStation ʩʲʱʦ ʠʟʧʦʣʟʚʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʙʘʛʨʠʣʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʤʦʣʝʢʫʣʠʪʝ, 

ʢʦʠʪʦ ʩʝ ʠʟʤʝʨʚʘʪ, ʥʦ ʦʩʚʝʥ ʯʝ ʩʝ ʦʧʨʝʜʝʣʷ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʠ ʢʘʧʠʣʷʨʥʘ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ, ʯʨʝʟ ʢʦʷʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʥʫʢʣʝʠʥʦʚʠ ʢʠʩʝʣʠʥʠ. 

ʇʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʈʅʂ ʧʨʦʙʠ, ʪʦ ʩʝ ʦʧʨʝʜʝʣʷ RIN (RNA integrity number). ʇʨʠ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʈʅʂ ʤʦʣʝʢʫʣʠʪʝ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʨʘʟʜʝʣʷʪ ʥʘ ʜʚʘ ʦʩʥʦʚʥʠ ʧʠʢʘ, 

ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ 18S ʠ 28S ʨʠʙʦʟʦʤʥʘ ʈʅʂ (rRNA). ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʝʪʦʜʘ ʥʘ 

ʧʨʝʯʠʩʪʚʘʥʝ, ʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʤʘʣʢʠ ʧʠʢʦʚʝ, ʢʦʠʪʦ ʩʲʦʪʚʝʪʩʪʚʘʪ 

ʥʘ 5S rRNA ʠ ʜʨʫʛʠ ʤʘʣʢʠ ʈʅʂ-ʠ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʜʝʛʨʘʜʠʨʘʥʝ ʥʘ ʈʅʂ ʤʦʣʝʢʫʣʠʪʝ, ʪʦ 

ʧʦʩʪʝʧʝʥʥʦ ʠʟʯʝʟʚʘʪ ʧʠʢʦʚʝʪʝ ʧʨʠ 18S ʠ 28S ʨʠʙʦʟʦʤʥʘ ʈʅʂ ʠ ʩʝ ʧʦʷʚʷʚʘʪ ʥʠʩʢʦ 

ʤʦʣʝʢʫʣʥʠ ʧʠʢʦʚʝ. ʉʲʦʪʥʦʰʝʥʠʝʪʦ 28S/18S rRNA ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʠʥʪʝʛʨʠʪʝʪʘ ʥʘ ʈʅʂ ʤʦʣʝʢʫʣʠʪʝ- RIN. RIN ʟʘʝʤʘ ʩʪʦʡʥʦʩʪʠ ʦʪ 1 ʜʦ 10, ʦʪʨʘʟʷʚʘʱʠ 

ʩʪʝʧʝʥʪʘ ʥʘ ʜʝʛʨʘʜʘʮʠʷ ʥʘ ʈʅʂ ʤʦʣʝʢʫʣʠʪʝ ʚ ʧʨʦʙʠʪʝ ʢʘʪʦ RIN=10 ʧʦʢʘʟʚʘ ʚʲʟʤʦʞʥʦ ʥʘʡ-

ʜʦʙʨʦ ʢʘʯʝʩʪʚʦ ʈʅʂ. TapeStation ʩʠʩʪʝʤʘʪʘ ʦʧʨʝʜʝʣʷ RINʝ, ʢʦʝʪʦ ʝ ʝʢʚʠʚʘʣʝʥʪ ʥʘ RIN 

ʦʧʨʝʜʝʣʷʥ ʦʪ Agilent 2100 Bioanalyzer. ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ RINʝ ʠ RIN ʝ ʚ ʘʣʛʦʨʠʪʲʤʘ ʟʘ 

ʧʨʝʩʤʷʪʘʥʝʪʦ ʠʤ.  

ʈʅʂ ʧʨʦʙʠ ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʥʘ RIN=5 ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ RT-PCR ʘʥʘʣʠʟʠ, ʥʦ ʥʝ 

ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʚ ʤʠʢʨʦʯʠʧʦʚʠ ʘʥʘʣʠʟʠ. ʇʨʦʙʠ ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʥʘ RIN ʥʘʜ 7-8 

ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʚʩʷʢʘʢʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʤʠʢʨʦʯʠʧʦʚ 

ʘʥʘʣʠʟ. 
 

 
ʌʠʛʫʨʘ 3.8. ʇʨʦʪʦʢʦʣ ʟʘ ʨʘʙʦʪʘ ʩ RNA ScreenTape, TapeStation System. ʏʨʝʟ RNA ScreenTape 

ʤʦʛʘʪ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʧʨʦʢʘʨʠʦʪʥʠ ʠ ʝʫʢʘʨʠʦʪʥʠ ʈʅʂ ʤʦʣʝʢʫʣʠ ʦʪ 50-6000 ʥʫʢʣʝʦʪʠʜʘ.  

ʂʦʣʠʯʝʩʪʚʝʥʠʷʪ ʦʙʭʚʘʪ ʥʘ ʪʦʟʠ ʢʠʪ ʝ ʦʪ 25 ʜʦ 500 ng/Õl. 
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ʊʘʙʣʠʮʘ 3.19. ʉʨʘʚʥʝʥʠʝ ʥʘ ʤʝʪʦʜʠʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ 

ʈʅʂ/ɼʅʂ 
 Qubit ʬʣʫʦʨʦʤʝʪʲʨ NanoDrop, TapeStation 

ʂʦʣʠʯʝʩʪʚʝʥ ʤʝʪʦʜ 

ʌʣʫʦʨʝʩʮʝʥʪʥʠ-
ʙʘʟʠʨʘʥʠ ʙʘʛʨʠʣʘ, 
ʢʦʠʪʦ ʩʝ ʩʚʲʨʟʚʘʪ 
ʩʧʝʮʠʬʠʯʥʦ ʢʲʤ 
ɼʅʂ, ʈʅʂ ʠʣʠ 
ʙʝʣʪʲʢ 

UV ʘʙʩʦʨʙʮʦʥʥʠ 
ʠʟʤʝʨʚʘʥʠʷ 
(ʠʟʤʝʨʚʘ ʩʝ 260 

nm/280 nm 
ʩʲʦʪʥʦʰʝʥʠʝʪʦ) 

ʌʣʫʦʨʝʩʮʝʥʪʥʠ-
ʙʘʟʠʨʘʥʠ ʙʘʛʨʠʣʘ, 
ʢʦʠʪʦ ʩʝ ʩʚʲʨʟʚʘʪ 
ʩʧʝʮʠʬʠʯʥʦ ʢʲʤ 

ɼʅʂ, ʈʅʂ ʠʣʠ ʙʝʣʪʲʢ 

ʉʝʣʝʢʪʠʚʥʦʩʪ ʢʲʤ 
ɼʅʂ ʠʣʠ ʈʅʂ 

ɼʘ 
ʊʦʯʥʦ ʠʟʤʝʨʚʘ ɼʅʂ 
ʠ ʈʅʂ ʚ ʝʜʥʘ ʠ ʩʲʱʘ 

ʧʨʦʙʘ 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ 
ʧʨʦʙʠ, 

ʩʲʜʲʨʞʘʱʠ ɼʅʂ 
ʠ ʈʅʂ ʩʘ 

ʥʝʜʠʩʢʨʠʤʠʥʠʨʘ-
ʱʠ- ʥʝ ʤʦʛʘʪ ʜʘ 
ʩʝ ʨʘʟʛʨʘʥʠʯʘʪ 
ɼʅʂ ʦʪ ʈʅʂ. 

ɼʘ 

ʊʦʯʥʦʩʪ ʠ 
ʧʨʝʮʠʟʥʦʩʪ ʧʨʠ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ 

ʊʦʯʥʦ ʢʦʣʠʯʝʩʪʚʝʥʦ 
ʦʧʨʝʜʝʣʷ ɼʅʂ ʚ 
ʧʨʦʙʠ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 10 
pg/ɛL 

ɿʥʘʯʠʪʝʣʥʦ 
ʦʧʨʝʜʝʣʷ ʧʦ-
ʚʠʩʦʢʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 
ʉʲʱʝʩʪʚʫʚʘʪ 
ʚʘʨʠʘʮʠʠ ʚ 

ʠʟʤʝʨʚʘʥʠʷʪʘ ʥʘ 
ʝʜʥʘ ʠ ʩʲʱʘ 
ʧʨʦʙʘ- CV%= 2 

20% ʢʦʣʠʯʝʩʪʚʝʥʘ 
ʪʦʯʥʦʩʪ ʠ 5% 
ʧʨʝʮʠʟʥʦʩʪ (CV) 

ʏʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ 
ʦʙʭʚʘʪ 

ʊʦʣʝʨʠʨʘ ʦʙʝʤ ʦʪ 1ï
20 ɛL ʦʪ ʚʩʷʢʘ 

ʧʨʦʙʘ. ɽʬʝʢʪʠʚʥʠʷʪ 
ʦʙʭʚʘʪ ʥʘ 

ʠʟʤʝʨʚʘʥʠʷʪʘ: ʟʘ 
ʈʅʂ- 5-1000 ng; ʟʘ 
ɼʅʂ- 10 pg/ɛL-1 
ɛg/ɛL. ʈʘʟʣʠʯʥʠ 
ʢʠʪʦʚʝ. 

ʀʟʧʦʣʟʚʘ ʩʝ 1-2 
ɛL ʦʪ ʚʩʷʢʘ 
ʧʨʦʙʘ. ʄʦʞʝ ʜʘ 
ʩʝ ʠʟʤʝʨʚʘʪ 
ʧʨʦʙʠ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 
2 ng/ɛL ʜʦ 15 
ɛg/ɛL 

ʀʟʧʦʣʟʚʘ ʩʝ 1-2 ɛL ʦʪ 
ʚʩʷʢʘ ʧʨʦʙʘ. 

ɽʬʝʢʪʠʚʥʠʷʪ ʦʙʭʚʘʪ 
ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ: ʟʘ 
ɼʅʂ- 10 pg/ɛL ʜʦ 50 

ng/ɛL ʠ 
ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ 5 

pg/ɛL; ʟʘ ʈʅʂ: 100 
pg/ɛL ʜʦ 500 ng/ɛL ʠ 
ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ 100 

pg/ɛL. ʈʘʟʣʠʯʥʠ 
ʢʠʪʦʚʝ 

ɺʲʟʤʦʞʥʦʩʪ ʟʘ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʯʠʩʪʦʪʘ ʥʘ 
ʤʝʨʝʥʘʪʘ 
ʥʫʢʣʝʠʥʦʚʘ 
ʢʠʩʝʣʠʥʘ 

ʅʝ ɼʘ ʅʝ 

ɺʲʟʤʦʞʥʦʩʪ ʟʘ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʠʥʪʝʛʨʠʪʝʪʘ ʥʘ 
ʤʝʨʝʥʘʪʘ 
ʥʫʢʣʝʠʥʦʚʘ 
ʢʠʩʝʣʠʥʘ 

ʅʝ ʅʝ ɼʘ 

ɺʨʝʤʝ ʟʘ 
ʠʟʤʝʨʚʘʥʝ 

<5 ʩʝʢ. ʥʘ ʧʨʦʙʘ. 
ʇʨʠ ʚʢʣʶʯʚʘʥʝ ʥʘ 
ʧʦʜʛʦʪʚʠʪʝʣʥʠʪʝ 
ʩʪʲʧʢʠ- ~ 2 ʤʠʥ 

<5 ʩʝʢ. ʥʘ ʧʨʦʙʘ. 
ʅʷʤʘ 

ʧʦʜʛʦʪʚʠʪʝʣʥʠ 
ʩʪʲʧʢʠ 

<16 ʤʠʥ. ʟʘ 16 ʧʨʦʙʠ 
ʝʜʥʦʚʨʝʤʝʥʥʦ. 
ʇʦʜʛʦʪʚʠʪʝʣʥʠʪʝ 
ʩʪʲʧʢʠ: ~ 7 ʤʠʥ. 

 

3.3.6.4. ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ ʧʦʩʨʝʜʩʪʚʦʤ ʘʛʘʨʦʟʥʘ 

ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 

ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʧʦʣʫʯʝʥʘʪʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ ʙʝʰʝ ʦʧʨʝʜʝʣʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʩʪʚʘʥʝ ʥʘ ʘʛʘʨʦʟʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʚʲʨʭʫ 0.8 % ʘʛʘʨʦʟʝʥ ʛʝʣ ʠ 1ʍ ʊɺɽ (ʪʨʠʩʙʦʨʘʪʝʥ 

ʙʫʬʝʨ). ɺʠʟʫʘʣʠʟʘʮʠʷʪʘ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʝ ʦʩʲʱʝʩʪʚʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʝʪʠʜʠʝʚ ʙʨʦʤʠʜ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ 0.05 ɛl/ml. ʏʨʝʟ ʝʣʝʢʪʨʦʬʦʨʝʟʘʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʮʷʣʦʩʪʪʘ ʥʘ 

ʛʝʥʦʤʥʘʪʘ ɼʅʂ ʠ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʦ ʥʝʡʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʤʦʣʝʢʫʣʥʠ 
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ʤʘʨʢʝʨʠ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ñʧʲʪʝʢʘò (smearing), ʩʲʩʪʘʚʝʥʘ ʦʪ ʤʥʦʞʝʩʪʚʦ ʬʨʘʛʤʝʥʪʠ, ʩʝ ʧʨʘʚʠ 

ʠʟʚʦʜʲʪ, ʯʝ ɼʅʂ ʝ ʜʝʛʨʘʜʠʨʘʣʘ ʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʥʘʣʠʟ. 

 

3.3.7. ɹʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ɼʅʂ ʠʟʦʣʠʨʘʥʘ ʦʪ ʫʨʠʥʘ 

ɹʠʩʫʣʬʠʪʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ EZ DNA Methylation-GoldTM 

kit 

ʉʧʦʩʦʙʥʦʩʪʪʘ ʝʬʠʢʘʩʥʦ ʜʘ ʩʝ ʦʪʢʨʠʚʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʷ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ 

ʝ ʤʥʦʛʦ ʚʘʞʥʦ ʧʨʠ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʝʧʠʛʝʥʝʪʠʯʥʠʪʝ ʧʨʦʤʝʥʠ ʧʨʠ ʨʘʢʦʚʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ. ɼʦ 

ʜʥʝʰʥʘ ʜʘʪʘ ʠʤʘ ʤʥʦʛʦ ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ, ʥʦ ʥʘʡ-

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʷʪ ʤʝʪʦʜ ʝ ʙʠʩʫʣʬʠʪʥʦʪʦ ʧʨʝʚʨʲʱʘʥʝ. ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ɼʅʂ ʩʝ ʪʨʝʪʠʨʘ ʩ 

ʙʠʩʫʣʬʠʪ, ʢʦʡʪʦ ʧʨʝʚʨʲʱʘ ʥʝʤʝʪʠʣʠʨʘʥʠʪʝ ʮʠʪʦʟʠʥʠ ʚ ʫʨʘʮʠʣ, ʘ ʤʝʪʠʣʠʨʘʥʠʪʝ ʮʠʪʦʟʠʥʠ 

ʦʩʪʘʚʘʪ ʥʝʧʨʦʤʝʥʝʥʠ (ʌʠʛʫʨʘ 3.9). ʑʦʤ ɼʅʂ ʙʲʜʝ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ, ʪʦ 

ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʯʨʝʟ ʤʝʪʠʣ ʩʧʝʮʠʬʠʯʝʥ PCR 

(MSP). 

 

 
ʌʠʛʫʨʘ.3.9. ɹʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ɼʅʂ: (ɸ) ʇʨʦʮʝʜʫʨʘʪʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʭʠʤʠʯʥʘ 

ʨʝʘʢʮʠʷ ʥʘ ʝʜʥʦʚʝʨʠʞʥʘ ɼʅʂ ʩ ʥʘʪʨʠʝʚ ʙʠʩʫʣʬʠʪ (HSO3
-) ʧʨʠ ʥʠʩʢʦ ʨʅ ʠ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʍʠʤʠʯʥʠʪʝ ʩʪʲʧʢʠ ʩʘ ʩʣʝʜʥʠʪʝ: ʩʫʣʬʦʥʠʨʘʥʝ ʥʘ ʉ ʘʪʦʤʘ ʥʘ ʰʝʩʪʘ ʧʦʟʠʮʠʷ ʚ ʮʠʪʦʟʠʥʘ, 

ʥʝʦʙʨʘʪʠʤʦ ʭʠʜʨʦʣʠʪʠʯʥʦ ʜʝʘʤʠʥʠʨʘʥʝ ʥʘ ʉ ʘʪʦʤ ʥʘ 4-ʪʘ ʧʦʟʠʮʠʷ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʫʨʘʮʠʣʦʚ 

ʩʫʣʬʦʥʘʪ ʠ ʥʘʡ-ʥʘʢʨʘʷ ʧʦʩʣʝʜʚʘʱʦ ʜʝʩʫʣʬʦʥʠʨʘʥʝ ʧʨʠ ʘʣʢʘʣʥʠ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʝʪʦ ʩʝ ʧʦʣʫʯʘʚʘ 

ʫʨʘʮʠʣ. ʄʝʪʠʣʠʨʘʥʝʪʦ ʧʨʠ ʉ-5 ʥʘ ʮʠʪʦʟʠʥʘ ʟʘʪʨʫʜʥʷʚʘ ʩʫʣʬʦʥʠʨʘʥʝʪʦ ʥʘ ʉ-6 ʧʦʟʠʮʠʷ ʚ ʧʲʨʚʘʪʘ 

ʩʪʲʧʢʘ. ɺʲʧʨʝʢʠ ʯʝ 5-ʤʝʪʠʣʮʠʪʦʟʠʥʲʪ ʤʦʞʝ ʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʙʠʩʫʣʬʠʪʘ, ʪʦ ʨʝʘʢʮʠʷʪʘ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʙʘʚʥʘ ʠ ʨʘʚʥʦʚʝʩʠʝʪʦ ʝ ʢʲʤ 5-ʤʝʪʠʣʮʠʪʦʟʠʥ, ʦʪʢʦʣʢʦʪʦ ʢʲʤ ʪʠʤʠʥ. ʉʣʝʜ 

ʪʨʝʪʠʨʘʥʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʯʠʩʪʚʘʥʝ, ʟʘ ʜʘ ʩʝ ʧʨʝʤʘʭʥʘʪ ʩʦʣʠʪʝ ʠ ʜʨʫʛʠʪʝ ʭʠʤʠʢʘʣʠ 

ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʪʨʝʪʠʨʘʥʝʪʦ. (ɹ) ɹʠʩʫʣʬʠʪʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʧʨʝʚʨʲʱʘ ʥʝʤʝʪʠʣʠʨʘʥʠʪʝ 

ʮʠʪʦʟʠʥʠ ʚ ʫʨʘʮʠʣʠ, ʘ ʤʝʪʠʣʠʨʘʥʠʪʝ ʮʠʪʦʟʠʥʠ ʩʠ ʦʩʪʘʚʘʪ ʮʠʪʦʟʠʥʠ. ɼʠʥʫʢʣʝʦʪʲʜ CpG ʝ 

ʧʦʢʘʟʘʥ ʚ ʙʦʣʜ (bold). 

ɿʘ ʙʠʩʫʣʬʠʪʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ɼʅʂ ʠʟʧʦʣʟʚʘʭʤʝ EZ DNA Methylation-GoldTM Kit, 

ʢʦʡʪʦ ʠʥʪʝʛʨʠʨʘ ɼʅʂ ʜʝʥʘʪʫʨʘʮʠʷ ʠ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʨʲʱʘʥʝ ʚ ʝʜʥʘ ʩʪʲʧʢʘ (ʌʠʛʫʨʘ 

3.10.). ʊʦʚʘ ʩʝ ʧʦʩʪʠʛʘ ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʜʝʥʘʪʫʨʘʮʠʷ, ʘ ʥʝ ʭʠʤʠʯʥʘʪʘ 

ʜʝʥʘʪʫʨʘʮʠʷ ʩ ʥʘʪʨʠʝʚ ʭʠʜʨʦʢʩʠʜ. ɺʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ɼʅʂ ʩʣʝʜ ʪʦʚʘ ʪʨʝʪʠʨʘʥʝ ʝ ʥʘʜ 

75% ʪʲʡ ʢʘʪʦ ʢʠʪʲʪ ʝ ʥʘʧʨʘʚʝʥ ʪʘʢʘ, ʯʝ ʜʝʛʨʘʜʠʨʘʥʝʪʦ ʥʘ ʤʘʪʨʠʮʘʪʘ, ʟʘʛʫʙʘʪʘ ʥʘ ɼʅʂ ʧʦ 
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ʚʨʝʤʝ ʥʘ ʪʨʝʪʠʨʘʥʝʪʦ ʠ ʧʨʝʯʠʩʪʚʘʥʝʪʦ ʜʘ ʩʘ ʩʚʝʜʝʥʠ ʜʦ ʤʠʥʠʤʫʤ. ʄʦʞʝ ʜʘ ʩʝ ʪʨʝʪʠʨʘ 

ɼʅʂ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪ 500 pg ʜʦ 2 ɛg, ʢʦʝʪʦ ʧʨʘʚʠ ʪʦʟʠ ʢʠʪ ʧʦʜʭʦʜʷʱ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ 

ɼʅʂ ʩ ʥʠʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʘʢʚʘʪʦ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ ʠʟʦʣʠʨʘʥʝ ʦʪ ʫʨʠʥʘ. ʆʧʪʠʤʘʣʥʠ 

ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʧʨʠ ʪʨʝʪʠʨʘʥʝ ʥʘ 200 ʜʦ 500 ng ɼʅʂ. ɽʬʠʢʘʩʥʦʩʪʪʘ ʥʘ ʧʨʝʚʨʲʱʘʥʝ 

ʩʲʱʦ ʝ ʤʥʦʛʦ ʚʠʩʦʢʘ (> 99% ʦʪ ʥʝʤʝʪʠʣʠʨʘʥʠʪʝ ʮʠʪʦʟʠʥʠ ʩʝ ʧʨʝʚʨʲʱʘʪ ʚ ʫʨʘʮʠʣ ʠ > 99% 

ʦʪ ʤʝʪʠʣʠʨʘʥʠʪʝ ʮʠʪʦʟʠʥʠ ʦʩʪʘʚʘʪ ʥʝʧʨʦʤʝʥʝʥʠ). 
 

ʊʘʙʣʠʮʘ 3.20. ʂʦʤʧʦʥʝʥʪʠ ʥʘ EZ DNA Methylation-GoldTM Kit  

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ/ʙʨʦʡ ʟʘ 

ʪʨʝʪʠʨʘʥʝ ʥʘ 50 

ɼʅʂ ʧʨʦʙʠ 

CT Conversion Reagent*  (ʇʨʝʚʨʲʱʘʱ 

ʨʝʘʛʝʥʪ) 
5 ʝʧʨʫʚʝʪʢʠ 

M-Dilution buffer (ɹʫʬʝʨ ʟʘ ʨʘʟʨʝʞʜʘʥʝ) 1.5 ml 

M-Dissolving buffer (ʈʘʟʪʚʘʨʷʱ ʙʫʬʝʨ) 500 Õl 

M-Binding buffer (ʉʚʲʨʟʚʘʱ ʙʫʬʝʨ) 30 ml 

M-Wash buffer** (ʇʨʦʤʠʚʘʱ ʙʫʬʝʨ) 6 ml 

M-Desulfonation buffer (ɼʝʩʫʣʬʦʥʠʨʘʱ 

ʙʫʬʝʨ) 
10 ml 

M-Elution buffer (ɽʣʫʠʨʘʱ ʙʫʬʝʨ) 1 ml 

Zymo SpinÊ IC Columns (ʂʦʣʦʥʢʠ) 50 ʙʨ 

Collection tubes (ʉʲʙʠʨʘʪʝʣʥʠ ʝʧʨʫʚʝʪʢʠ) 50 ʙʨ 

*- 900 ɛl ʚʦʜʘ, 300 ɛl M-Dilution Buffer, ʠ 50 ɛl M-Dissolving Buffer ʩʝ ʜʦʙʘʚʷʪ ʢʲʤ ʚʩʷʢʘ 

ʝʧʨʫʚʝʪʢʘ CT Conversion Reagent ʧʨʝʜʠ ʫʧʦʪʨʝʙʘ. 

** - ɼʦʙʘʚʷ ʩʝ 100% ʝʪʘʥʦʣ ʢʲʤ 6 ml ʢʦʥʮʝʥʪʨʘʪ ʥʘ M-Wash Buffer ʧʨʝʜʠ ʧʲʨʚʘ ʫʧʦʪʨʝʙʘ 

 

ɹʠʩʫʣʬʠʪʥʦʪʦ ʪʨʝʪʠʨʘʥʝ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʠ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: 

98ÁC ʟʘ 10 ʤʠʥ  

64ÁC ʟʘ 2.5 ʯʘʩʘ  
4ÁC ʩʲʭʨʘʥʝʥʠʝ ʜʦ 20 ʯʘʩʘ 
ʉʣʝʜ ʪʦʚʘ ʪʨʝʪʠʨʘʥʝ ʩʣʝʜʚʘʪ ʩʪʲʧʢʠʪʝ ʧʦ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ɼʅʂ. ʂʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ 

ʧʨʝʯʠʩʪʝʥʘʪʘ ɼʅʂ ʙʝ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ NanoDrop. 
 

 

 

 

 

 

 

 
ʌʠʛʫʨʘ.3.10. ʉʪʲʧʢʠ ʥʘ ʙʠʩʫʣʬʠʪʥʦʪʦ ʧʨʝʚʨʲʱʘʥʝ ʠ 

ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ɼʅʂ ʩ EZ DNA Methylation-GoldTM 

Kit  
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3.3.8. MSss I ʤʦʜʠʬʠʮʠʨʘʥʝ ʟʘ ʠʟʛʦʪʚʷʥʝ ʥʘ 100% ʤʝʪʠʣʠʨʘʥʠ ʢʦʥʪʨʦʣʠ 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ 

M.SssI (New England Biolabs) ʝ CpG ʤʝʪʠʣʘʟʘ ʠ ʟʘʪʦʚʘ ʚʩʝʢʠ CpG ʜʠʥʫʢʣʝʦʪʠʜ ʝ 

ʤʠʰʝʥʘ ʥʘ ʪʦʟʠ ʝʥʟʠʤ (ʌʠʛʫʨʘ 3.11), ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ S-ʘʜʝʥʦʟʠʣ ʤʝʪʠʦʥʠʥ (SAM) ʢʘʪʦ 

ʜʦʥʦʨ ʥʘ ʤʝʪʠʣʦʚʘ ʛʨʫʧʘ. 

 
ʌʠʛʫʨʘ .3.11. ʉʫʙʩʪʨʘʪ ʥʘ ʝʥʟʠʤʘ M.SssI 

 

M.SssI ʪʨʝʪʠʨʘʥʘ ɼʅʂ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʫʥʠʚʝʨʩʘʣʥʘ 100% ʤʝʪʠʣʠʨʘʥʘ ʢʦʥʪʨʦʣʥʘ 

ɼʅʂ ʧʨʠ MethyLight ʘʥʘʣʠʟʘ. ɼʅʂ ʠʟʦʣʠʨʘʥʘ ʦʪ ʣʠʤʬʦʮʠʪʠ ʠʟʧʦʣʟʚʘʭʤʝ ʢʘʪʦ ʩʫʙʩʪʨʘʪ ʚ 

ʪʦʟʠ ʧʨʦʪʦʢʦʣ. ʈʘʟʨʝʜʢʠ ʥʘ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ M.SssI ʪʨʝʪʠʨʘʥʘ ɼʅʂ ʠʟʧʦʣʟʚʘʭʤʝ ʟʘ 

ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ ʯʨʝʟ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ALU-

C4 ʩʪʘʥʜʘʨʪʥʠ ʢʨʠʚʠ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʠ 

RASSF2 ʯʨʝʟ MethyLight ʤʝʪʦʜʘ. 
 

ʇʨʦʪʦʢʦʣ ʟʘ M.SssI ʤʦʜʠʬʠʮʠʨʘʥʝ: 

- M.SssI ʪʨʝʪʠʨʘʥʝʪʦ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʟʘ ʝʜʥʘ ʥʦʱ ʥʘ 37ʦʉ ʚ ʨʘʟʪʚʦʨ ʩʲʜʲʨʞʘʱ 

ʅ2ʆ, 0.05Õg/ÕL (50ng/ ÕL) ʦʪ ɼʅʂ, 0,16 mM SAM, 1x ʨʝʘʢʮʠʦʥʝʥ ʙʫʬʝʨ ʠ 0.05 

ʝʜʠʥʠʮʠ (U)/ ÕL ʝʥʟʠʤ 

- ʅʘ ʩʣʝʜʚʘʱʠʷ ʜʝʥ ʩʝ ʜʦʙʘʚʷ ʜʦʧʲʣʥʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʦ M.SssI ʝʥʟʠʤ ʠ SAM (1/3 

ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʦʙʝʤ) ʢʘʪʦ ʠ ʜʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʟʘʝʜʥʦ ʩ ʚʦʜʘʪʘ ʜʘ 

ʧʨʝʜʩʪʘʚʣʷʚʘʪ 1/50 ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʦʙʝʤ ʧʨʠ ʪʨʝʪʠʨʘʥʝʪʦ 

- ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʧʲʣʥʦ ʤʝʪʠʣʠʨʘʥʝ ʥʘ ʚʩʠʯʢʠ CpG ʜʠʥʫʢʣʝʦʪʠʜʠ ʚ ʛʝʥʦʤʥʘʪʘ 
ɼʅʂ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʘʪ ʥʷʢʦʣʢʦ ʪʨʝʪʠʨʘʥʠʷ ʩ ʝʥʟʠʤ 

- M.SssI ʪʨʝʪʠʨʘʥʘʪʘ ɼʅʂ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʲʭʨʘʥʷʚʘʥʘ ʥʘ +4 ʦʉ ʠ 20 ÕL ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʧʨʠ ʚʩʷʢʦ ʙʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʝ 
 

3.3.9.ʆʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ʈʅʂ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ  

3.3.9.1. ʆʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ ʈʅʂ ʠʟʦʣʠʨʘʥʘ ʦʪ ʫʨʠʥʘ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ 

ʆʙʨʘʪʥʘʪʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʙʝ ʠʟʚʲʨʰʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʣʝʜʥʠʪʝ ʢʠʪʦʚʝ High-

Capacity cDNA Reverse Transcription kits, Super Script III First-Strand Synthesis Super Mix for 

qRT-PCR 

3.3.9.1.1. ʈʘʙʦʪʘ ʩ High-capacity cDNA reverse transcription kit (Applied Biosystems) 

ʊʘʙʣʠʮʘ 3.21. ʉʲʩʪʘʚ ʥʘ 2ʭ ʤʘʩʪʝʨ ʤʠʢʩ ʟʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ. 

ɽʪʘʧ ʂʦʤʧʦʥʝʥʪ 
ʂʦʣʠʯʝʩʪʚʦ (Õl) 

ʟʘ ʝʜʥʘ ʨʝʘʢʮʠʷ 

ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʈʅʂ 
ʈʅʂ (ʜʦ 2 Õg) ʭ 

ʉʚʦʙʦʜʥʘ ʦʪ ʈʅ-ʘʟʠ ʚʦʜʘ 10-ʭ 

ʆʙʨʘʪʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʷ ï 

ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ 

10X RT Buffer 2.0 

25X dNTP Mix (100mM) 0.8 

MiltiScribe ɽʥʟʠʤ- 

ʆʙʨʘʪʥʘ ʊʨʘʥʩʢʨʠʧʪʘʟʘ 
2.0 

RNase Inhibitor 1.0 

Nuclease-free H2O 1.0 

 ʂʨʘʝʥ ʦʙʝʤ 20.0 
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ʀʟʧʦʣʟʚʘʥʘ ɸʧʘʨʘʪʫʨʘ: 

ü PCR ʘʧʘʨʘʪ Bioer Gene Pro (Harlow scientific) 

ü ʄʠʢʨʦʮʝʥʪʨʦʬʫʛʘ Micro CL 21 (Thermo Scientific) 

 

ʇʨʠʥʮʠʧ: 

ɺ RT-PCR, ʤʘʪʨʠʯʥʘʪʘ ʤʈʅʂ ʧʲʨʚʦ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ɼʅʂ (ʢɼʅʂ) ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʝʥʟʠʤ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ. ʉʣʝʜ ʪʦʚʘ ʢɼʅʂ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʤʘʪʨʠʮʘ ʟʘ 

ʝʢʩʧʦʥʝʥʮʠʘʣʥʦ ʘʤʧʣʠʬʠʮʠʨʘʥʝ ʩ PCR ʤʝʪʦʜʘ. ɼʦ ʩʝʛʘ RT-PCR ʝ ʥʘʡ-ʯʫʚʩʪʚʠʪʝʣʥʠʷ 

ʤʝʪʦʜ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʈʅʂ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ RT-PCR ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʈʅʂ 

ʪʨʘʥʩʢʨʠʧʪʠ ʚʦʜʠ ʜʦ ʨʝʚʦʣʶʮʠʷ ʚ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʧʦʨʘʜʠ ʩʣʝʜʥʠʪʝ 

ʧʨʠʯʠʥʠ: 1) ʧʨʘʚʠ ʪʝʦʨʝʪʠʯʥʦ ʚʲʟʤʦʞʥʦ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʢʠ ʛʝʥʝʥ 

ʪʨʘʥʩʢʨʠʧʪ; 2) ʝʣʠʤʠʥʠʨʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʭʦʜʝʥ ʤʘʪʝʨʠʘʣ, 

ʥʝʜʦʩʪʘʪʲʢ ʥʘ Northern Blot ʘʥʘʣʠʟʘ; 3) ʩʲʟʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʢʲʤ 

ʯʘʩʪʠʯʥʦʪʦ ʨʘʟʛʨʘʞʜʘʥʝ ʥʘ ʈʅʂ, ʜʦʢʘʪʦ ʈʅʂ ʩʝʢʚʝʥʮʠʷʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʝ 

ʥʝʧʦʢʲʪʥʘʪʘ; 

ɽʪʘʧʠ: 

ü ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʈʅʂ ʧʨʦʙʘʪʘ 

ü ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʨʝʘʢʮʠʷ ʥʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ 

 

ʇʨʦʮʝʜʫʨʘ: 

ʀʟʚʲʨʰʚʘ ʩʝ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ ʥʘ ʙʘʟʘʪʘ ʥʘ ʪʦʪʘʣʥʘ ʤʈʅʂ, ʠʟʦʣʠʨʘʥʘ ʦʪ ʩʚʝʞʘ ʪʲʢʘʥ, ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʝʥʟʠʤ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʪʘʟʘ ʧʦ ʧʨʦʪʦʢʦʣ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

¶ ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʈʅʂ ʨʘʟʨʝʜʢʘ ʩ ʧʦʜʭʦʜʷʱʘ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʝʜʥʘʢʚʘ ʟʘ ʚʩʠʯʢʠ 

ʨʝʘʢʮʠʠ  

¶ ʇʦʜʛʦʪʦʚʢʘ ʥʘ 2ʭ ʤʘʩʪʝʨ ʤʠʢʩ ʟʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ (2X RT master mix) ʩ 

ʨʝʘʢʪʠʚʠ ʦʪ ʢʠʪʘ, ʥʘ ʣʝʜ, ʩʧʦʨʝʜ ʪʘʙʣʠʮʘ 3.22. ʉʤʝʩʚʘʥʝ ʠ ʢʨʘʪʢʦ ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ. 

¶ ʇʨʦʚʝʞʜʘʥʝ ʥʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ PCR ʘʧʘʨʘʪ ʧʦ ʩʣʝʜʥʘʪʘ ʧʨʦʛʨʘʤʘ: 
ʊʘʙʣʠʮʘ 3.22. 

ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ (ʤʠʥ) 

25ÁC 10 

37ÁC 120 

85ÁC 5 

4ÁC ʠʟʯʘʢʚʘʥʝ/Ð 

¶ ʉʲʭʨʘʥʷʚʘʥʝ ʥʘ ʛʦʪʦʚʠʪʝ ʧʨʦʙʠ ʚ ʭʣʘʜʠʣʥʠʢ ʥʘ -20Áʉ ʜʦ ʧʨʠʩʪʲʧʚʘʥʝ ʢʲʤ ʩʣʝʜʚʘʱʘʪʘ 

ʩʪʲʧʢʘ.  

 

3.3.9.1.2. ʈʘʙʦʪʘ ʩʲʩ Super Script III First-Strand Synthesis Super Mix for qRT-PCR 

ɺʢʣʶʯʝʥʘʪʘ ʚ ʢʠʪʘ Super ScriptÊ Reverse Transcriptase (ʚ RT ʝʥʟʠʤʥʠʷ ʤʠʢʩ) ʝ 

ʚʝʨʩʠʷ ʥʘ M-MLV  RT, ʢʦʷʪʦ ʝ ʤʦʜʠʬʠʮʠʨʘʥʘ ʜʘ ʨʝʜʫʮʠʨʘ RNase H ʘʢʪʠʚʥʦʩʪʪʘ ʠ ʜʘ 

ʦʩʠʛʫʨʷʚʘ ʧʦʚʠʰʝʥʘ ʪʝʨʤʠʯʥʘ ʩʪʘʙʠʣʥʦʩʪ. ɽʥʟʠʤʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ 

ʩʠʥʪʝʟʠʨʘʥʝ ʥʘ ʢɼʅʂ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝʥ ʦʙʭʚʘʪ 42-60ÁC, ʦʩʠʛʫʨʷʚʘʡʢʠ ʧʦʚʠʰʝʥʘ 

ʩʧʝʮʠʬʠʯʥʦʩʪ ʠ ʧʦ-ʚʠʩʦʢ ʜʦʙʠʚ ʥʘ ʢɼʅʂ ʠ ʧʦʚʝʯʝ ʧʲʣʥʦʨʘʟʤʝʨʥʠ ʧʨʦʜʫʢʪʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʜʨʫʛʠʪʝ ʦʙʨʘʪʥʠ ʪʨʘʥʩʢʨʠʧʪʘʟʠ. ʊʲʡ ʢʘʪʦ Super Script III RT ʥʝ ʩʝ ʠʥʭʠʙʠʨʘ ʦʪ 

ʨʠʙʦʟʦʤʥʠʪʝ ʠ ʪʨʘʥʩʧʦʨʪʥʠʪʝ ʈʅʂ, ʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ ʦʪ ʪʦʪʘʣʥʘ 

ʈʅʂ. 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʭʦʜʥʠʷ ʢʠʪ, ʢʦʡʪʦ ʠʟʧʦʣʟʚʘ ʩʘʤʦ ʩʣʫʯʘʡʥʠ ʧʨʘʡʤʝʨʠ, ʪʦ ʧʨʠ 

Super Script III RT ʢʠʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʣʫʯʘʡʥʠ ʠ ʦʣʠʛʦ (dT) ʧʨʘʡʤʝʨʠ. 2X RT ʈʝʘʢʮʠʦʥʥʠʷ 
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ʤʠʢʩ ʥʘ ʪʦʟʠ ʢʠʪ ʩʲʜʲʨʞʘ ʦʩʚʝʥ ʜʚʘʪʘ ʚʠʜʘ ʧʨʘʡʤʝʨʠ, ʠ MgCl2, dNTP ʠ ʙʫʬʝʨ 

ʦʧʪʠʤʠʟʠʨʘʥ ʟʘ qRT-PCR. 

ʂʲʤ ʪʦʟʠ ʢʠʪ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʭʦʜʥʠʷ ʝ ʚʢʣʶʯʝʥ E. coli RNase H ʝʥʟʠʤʘ, ʢʦʡʪʦ 

ʧʨʝʤʘʭʚʘ ʈʅʂ ʤʘʪʨʠʮʘʪʘ ʦʪ ʢɼʅʂ:ʈʅʂ ʭʠʙʨʠʜʠʪʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʫʚʝʣʠʯʘʚʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʧʦʩʣʝʜʚʘʱʠʪʝ ʘʥʘʣʠʟʠ. 

ʄʠʢʩʲʪ ʝ ʩʲʟʜʘʜʝʥ ʪʘʢʘ ʯʝ ʜʘ ʧʦʟʚʦʣʷʚʘ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʧʦ-ʤʘʣʢʦ ʦʪ 10 

ʢʦʧʠʷ ʦʪ ʜʘʜʝʥ ʪʘʨʛʝʪʝʥ ʛʝʥ, ʥʦ ʩʲʱʦ ʪʘʢʘ ʠ ʪʦʯʥʦ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʠʩʦʢʦ 

ʢʦʧʠʡʥʠʪʝ ʠʈʅʂ ʚ ʧʦʩʣʝʜʚʘʱʠʪʝ ʘʥʘʣʠʟʠ ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʤʘʢʩʠʤʫʤ 1 ɛg ʪʦʪʘʣʥʘ ʈʅʂ ʟʘ 
ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ. 

 

ʇʨʦʮʝʜʫʨʘ (ʧʨʦʪʦʢʦʣ): 

¶ ʂʦʤʙʠʥʠʨʘʪ ʩʝ ʩʣʝʜʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʢʠʪʘ (ʊʘʙʣʠʮʘ 3.23) ʚ ʝʧʨʫʚʝʪʢʘ 
ʢʘʪʦ ʩʝ ʨʘʙʦʪʠ ʥʘ ʣʝʜ. ɿʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʨʝʘʢʮʠʷ, ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʛʦʪʚʠ ʤʠʩʪʲʨ ʤʠʢʩ ʙʝʟ ʈʅʂ. ɺʩʠʯʢʦ ʩʝ ʨʘʟʙʲʨʢʚʘ ʤʥʦʛʦ ʚʥʠʤʘʪʝʣʥʦ. 

ʊʘʙʣʠʮʘ 3.23. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʤʘʩʪʝʨ ʤʠʢʩ ʟʘ ʦʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ (Õl) 

ʟʘ ʝʜʥʘ ʨʝʘʢʮʠʷ 

2 x RT Reaction Mix 10 

RT Enzyme Mix 2 

ʈʅʂ ʜʦ 1 ɛg ʭ 

RNase free H2O ʭ 

ʂʨʘʝʥ ʦʙʝʤ 20 Õl 

 

¶ ʉʣʝʜʚʘ ʠʥʢʫʙʠʨʘʥʝ, ʢʘʪʦ ʫʩʣʦʚʠʷʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 3.24 

ʊʘʙʣʠʮʘ 3.24.  

ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ (ʤʠʥ) 

25ÁC 10 

50ÁC 30 

85ÁC 5 

4ÁC ʠʟʯʘʢʚʘʥʝ/Ð 

 

¶ ʊʨʝʪʠʨʘʥʝ ʩ Rnase H- ʜʦʙʘʚʷ ʩʝ 1 Õl (2 U) E. coli RNase H ʠ ʩʝ ʠʥʢʫʙʠʨʘ ʥʘ 

37ÁC ʟʘ 20 ʤʠʥ. 

¶ ʉʲʭʨʘʥʝʥʠʝ ʥʘ ʧʨʦʙʠʪʝ ʥʘ -20ÁC ʠʣʠ ʜʠʨʝʢʪʥʦ ʠʟʧʦʣʟʚʘʥʝ 
 

3.3.9.2. ʆʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʥʘ ʠʟʦʣʠʨʘʥʘ ʦʪ ʧʣʘʟʤʘ ʈʅʂ, ʩʲʜʲʨʞʘʱʘ ʠ 

ʤʠʢʨʦʈʅʂ-ʠ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ  

ʆʙʨʘʪʥʘʪʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʙʝ ʦʩʲʱʝʩʪʚʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ miScript II RT Kit.  

ɺ ʢʠʪʘ ʩʘ ʚʢʣʶʯʝʥʠ ʜʚʘ ʨʘʟʣʠʯʥʠ ʙʫʬʝʨʘ: HiSpec ʠ HiFlex, ʯʠʝʪʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʝ 

ʨʘʟʣʠʯʥʦ- ʬʠʛʫʨʘ 3.12. ɺ ʥʘʰʝʪʦ ʧʨʦʫʯʚʘʥʝ ʥʠʝ ʠʟʧʦʣʟʚʘʭʤʝ ʙʫʬʝʨʘ HiSpec ʟʘ ʩʠʥʪʝʟ ʥʘ 

ʢɼʅʂ ʩʘʤʦ ʦʪ ʟʨʝʣʠʪʝ miRNAs.  

ʂʦʛʘʪʦ ʦʙʨʘʪʥʦ ʪʨʘʥʩʢʨʠʧʪʘʟʥʘʪʘ ʨʝʘʢʮʠʷ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ miScript 

HiSpec Buffer, ʟʨʝʣʠʪʝ miRNAs ʠ ʦʧʨʝʜʝʣʝʥʠ ʷʜʲʨʮʝʚʠ ʈʅʂ-ʠ ʠ ʤʘʣʢʠ ʷʜʨʝʥʠ ʈʅʂ-ʠ 

(snoRNAs, snRNAs) ʩʝ ʢʦʥʚʝʨʪʠʨʘʪ ʚ ʢɼʅʂ. ɿʨʝʣʠʪʝ miRNAs (ʤʠʢʨʦʈʅʂ-ʠ) ʩʝ 

ʧʦʣʠʘʜʝʥʠʣʠʨʘʪ ʦʪ poly(A) ʧʦʣʠʤʝʨʘʟʘ ʠ ʦʙʨʘʪʥʦ ʩʝ ʪʨʘʥʩʢʨʠʙʠʨʘʪ ʚ ʢɼʅʂ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʦʣʠʛʦ-dT ʧʨʘʡʤʝʨʠ. ʇʦʣʠʘʜʝʥʠʣʠʨʘʥʝʪʦ ʠ ʦʙʨʘʪʥʘʪʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ 

ʧʘʨʘʣʝʣʥʦ ʚ ʝʜʥʘ ʝʧʨʫʚʝʪʢʘ. ʆʣʠʛʦ-dT ʧʨʘʡʤʝʨʠʪʝ ʧʨʠʪʝʞʘʚʘʪ ʧʦʣʠ-ʊ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʚ 
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3ô ʢʨʘʷ ʩʠ ʠ ʫʥʠʚʝʨʩʘʣʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ- ʪʘʛ ʚ 5ô ʢʨʘʷ ʩʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʟʨʝʣʠʪʝ miRNAs ʚ ʩʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ- real-time PCR (PCR ʚ ʨʝʘʣʥʦ 

ʚʨʝʤʝ). miScript Primer Assays ʠʟʧʦʣʟʚʘʥʠ ʚ ʢʦʤʙʠʥʘʮʠʷ ʩ miScript SYBR Green PCR Kit 

ʩʧʦʤʘʛʘʪ ʟʘ ʢʦʣʠʯʝʩʪʚʝʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʟʨʝʣʠʪʝ miRNAs ʯʨʝʟ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

ʂʦʤʙʠʥʘʮʠʷʪʘ ʦʪ ʧʦʣʠʘʜʝʥʠʣʠʨʘʥʝ ʠ ʜʦʙʘʚʷʥʝ ʥʘ ʫʥʠʚʝʨʩʘʣʝʥ ʪʘʛ ʦʩʠʛʫʨʷʚʘʪ 

ʩʧʝʮʠʬʠʯʥʦʩʪ ʥʘ miScript Primer Assays ʠ ʥʝʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʝʩʧʝʮʠʬʠʯʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ 

ʥʘ ʛʝʥʦʤʥʘ ɼʅʂ. 

 
ʌʠʛʫʨʘ 3.12. ɼʝʪʝʢʮʠʷ ʥʘ miRNA, ʧʨʝʢʫʨʩʦʨʥʠ miRNA, ʜʨʫʛʠ ʥʝʢʦʜʠʨʘʱʠ RNA, ʠ mRNA. 

ɼʚʘ ʙʫʬʝʨʘ ʩʘ ʚʢʣʶʯʝʥʠ ʚ miScript II RT Kit 

 

ʂʘʪʦ ʠʟʭʦʜʝʥ ʤʘʪʝʨʠʘʣ ʟʘ ʩʠʥʪʝʟʘ ʥʘ ʢɼʅʂ ʠʟʧʦʣʟʚʘʭʤʝ 50ng ʪʦʪʘʣʥʘ ʈʅʂ. ɺ 

ʪʘʙʣʠʮʘ 3.25 ʩʘ ʧʦʢʘʟʘʥʠ ʨʝʘʢʪʠʚʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʟʘ RT-PCR ʠ ʪʝʭʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ. 

 

ʊʘʙʣʠʮʘ 3.25. ʂʦʤʧʦʥʝʥʪʠ ʥʘ RT-PCR ʨʝʘʢʮʠʷʪʘ. 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ (Õl) 

ʟʘ ʝʜʥʘ ʨʝʘʢʮʠʷ 

5x miScript HiSpec Buffer 4 Õl 

10x miScript Nucleics Mix 2 Õl 

RNase- free H2O ɺʘʨʠʨʘ 

miScript Reverse Transcriptase Mix 2 Õl 

ʈʅʂ ʤʘʪʨʠʮʘ ɺʘʨʠʨʘ 

ʂʨʘʝʥ ʆʙʝʤ 20 Õl 

 

ʋʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʦʙʨʘʪʥʘʪʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 3.26. 

ʊʘʙʣʠʮʘ 3.26.  

ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝ (ʤʠʥ) 

37ÁC 60 

95ÁC 5 

4ÁC ʠʟʯʘʢʚʘʥʝ/Ð 
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ʌʠʛʫʨʘ 3.13. ʉʝʣʝʢʪʠʚʥʘ ʢʦʥʚʝʨʩʠʷ ʥʘ ʟʨʝʣʠʪʝ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʢɼʅʂ ʩ ʧʦʤʦʱʪʘ ʥʘ HiSpec 

buffer . 

 

3.4. ɸʅɸʃʀʊʀʏʅɸ ʆɹʈɸɹʆʊʂɸ  

3.4.1. ʇʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ (Polymerase Chain Reaction ï PCR) 

ʇʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ (PCR) ʝ ʦʩʥʦʚʝʥ ʤʝʪʦʜ ʚ ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʙʠʦʣʦʛʠʷ 

ʠ ʤʦʣʝʢʫʣʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ. ʄʝʪʦʜʲʪ ʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ K. B. Mullis ʧʨʝʟ 1985 ʛ. ʠ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʝʥʟʠʤʥʦ ʘʤʧʣʠʬʠʮʠʨʘʥʝ (ʥʘʤʥʦʞʘʚʘʥʝ) ʥʘ ʩʧʝʮʠʬʠʯʥʘ ɼʅʂ ʥʫʢʣʝʦʪʠʜʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʚ ʠʥ ʚʠʪʨʦ ʫʩʣʦʚʠʷ. ɺ ʨʘʤʢʠʪʝ ʥʘ ʥʷʢʦʣʢʦ ʯʘʩʘ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ 

ʩʠʥʪʝʟʠʨʘʪ ʤʠʣʠʦʥʠ ʢʦʧʠʷ ʦʪ ʞʝʣʘʥʘʪʘ ɼʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʩʧʝʮʠʬʠʯʥʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʠ ʧʨʘʡʤʝʨʠ ʠ ʝʥʟʠʤ ɼʅʂ ʧʦʣʠʤʝʨʘʟʘ. 

ʀʟʧʦʣʟʚʘʥʘ ɸʧʘʨʘʪʫʨʘ: 

ü Aʧʘʨʘʪ ʟʘ PCR-ʘʤʧʣʠʬʠʢʘʮʠʷ Veriti 96-well (ABI) ʠʣʠ Bioer Gene Pro (Harlow 

scientific) 

ɽʪʘʧʠ: 

ʇʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʠ ʠʟʠʩʢʚʘ ʩʘʤʦ 

ʥʷʢʦʣʢʦ ɼʅʂ ʤʦʣʝʢʫʣʠ ʚ ʝʜʥʘ ʨʝʘʢʮʠʷ. ɿʘʪʦʚʘ ʝ ʤʥʦʛʦ ʚʘʞʥʦ ʜʘ ʩʝ ʠʟʙʷʛʚʘ ʢʦʥʪʘʤʠʥʘʮʠʷ 

ʩ ʯʫʞʜʘ ɼʅʂ, ʧʨʠʩʲʩʪʚʘʱʘ ʚ ʣʘʙʦʨʘʪʦʨʠʷʪʘ (ʙʘʢʪʝʨʠʠ, ʚʠʨʫʩʠ ʠʣʠ ʯʦʚʝʰʢʠ ʠʟʪʦʯʥʠʮʠ). 

ɿʘʧʦʯʚʘ ʩ ʧʲʨʚʦʥʘʯʘʣʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ, ʢʦʷʪʦ ʮʝʣʠ ʨʘʟʜʝʣʷʥʝ ʥʘ 

ʜʚʦʡʥʦʩʧʠʨʘʣʥʘʪʘ ʚʝʨʠʛʘ ʥʘ ʛʝʥʦʤʥʘʪʘ ɼʅʂ (2 ʜʦ 5 ʤʠʥ. ʧʨʠ 92 ʜʦ 95ÁC). 

ɸʤʧʣʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʞʝʣʘʥʠʷ ʫʯʘʩʪʲʢ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʘʨʷʥʝ ʥʘ 

ʩʝʨʠʷ ʦʪ ʮʠʢʣʠ ʩ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʩʝʢʠ ʦʪ ʢʦʠʪʦ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʪʨʠ ʩʪʲʧʢʠ: 

ü ʊʝʨʤʠʯʥʘ ʜʝʥʘʪʫʨʘʮʠʷ (denaturation) - ʮʝʣʪʘ ʝ ʜʘ ʥʘʩʪʲʧʠ ʧʲʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘ 

ʜʚʦʡʥʦʚʝʨʠʞʥʠʪʝ ɼʅʂ ʤʦʣʝʢʫʣʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʝʜʥʦʚʝʨʠʞʥʠ ʤʘʪʨʠʮʠ ʥʝʦʙʭʦʜʠʤʠ ʟʘ 

ʧʨʦʮʝʩʘ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ. ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʘʟʠ ʩʪʲʧʢʘ ʦʙʠʢʥʦʚʝʥʦ ʝ ʦʪ 10 ʩʝʢ. ʜʦ 1 
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ʤʠʥ., ʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -90 ʜʦ 98ÁC ʦʩʠʛʫʨʷʚʘʱ ʧʲʣʥʦ ʨʘʟʜʝʣʷʥʝ ʥʘ 

ʜʚʦʡʥʦʚʝʨʠʞʥʘʪʘ ɼʅʂ; 

ü ʍʠʙʨʠʜʠʟʘʮʠʷ (annealing)- ʦʩʲʱʝʩʪʚʷʚʘ ʩʝ ʤʝʞʜʫ ʧʨʘʡʤʝʨʠʪʝ ʠ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʪʝ ʠʤ ʫʯʘʩʪʲʮʠ ʦʪ ʤʘʪʨʠʯʥʘʪʘ, ʝʜʥʦʚʝʨʠʞʥʘ ɼʅʂ. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʟʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʪʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝ ʩʪʨʦʛʦ ʩʧʝʮʠʬʠʯʥʘ ʠ ʩʝ ʠʟʯʠʩʣʷʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪ 

ʦʪ ʙʘʟʦʚʠʷ ʩʲʩʪʘʚ ʠ ʜʲʣʞʠʥʘʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʧʨʘʡʤʝʨʥʠ ʩʝʢʚʝʥʮʠʠ. ɽʤʧʠʨʠʯʥʦ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʯʠʩʣʝʥʘ ʧʦ ʩʣʝʜʥʘʪʘ 

ʬʦʨʤʫʣʘ:  ʊ̄C ʭʠʙʨʠʜʠʟʘʮʠʷ = [(A+T)x2+(G+C)x4]-5 C̄ 

ü ʉʠʥʪʝʟ (elongation) ï ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʧʦʣʠʤʝʨʘʟʘʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩʠʥʪʝʟ ʥʘ 

ʥʦʚʘ ɼʅʂ ʚʝʨʠʛʘ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʥʘ ʤʘʪʨʠʯʥʘʪʘ ɼʅʂ ʚʝʨʠʛʘ. ʉʠʥʪʝʟʠʨʘʥʝ ʥʘ ʥʦʚʘ, 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ ʥʘ ʤʘʪʨʠʯʥʘʪʘ, ɼʅʂ ʚʝʨʠʛʘ ʚ ʧʦʩʦʢʘ 5ËŸ3Ë. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʟʠ ʝʪʘʧ 

ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʷ ʝʥʟʠʤ ʪʘʢʘ, ʯʝ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʥʘʡ-ʚʠʩʦʢʘʪʘ 

ɼʅʂ-ʧʦʣʠʤʝʨʘʟʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʝʥʟʠʤʘ. ʆʙʠʢʥʦʚʝʥʦ ʪʘʟʠ ʪʝʤʧʝʨʘʪʫʨʘ ʝ 72ęʉ. 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʪʘʟʠ ʩʪʲʧʢʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʦʯʘʢʚʘʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ PCR ʧʨʦʜʫʢʪʘ (1 

ʤʠʥ. ʟʘ PCR ʧʨʦʜʫʢʪ ʩ ʛʦʣʝʤʠʥʘ 1 ʢʙ, ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ Taq ʧʦʣʠʤʝʨʘʟʘ). 

ü ʂʨʘʝʥ ʧʨʦʜʲʣʞʠʪʝʣʝʥ ʩʠʥʪʝʟ - ʇʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʟʘʚʲʨʰʚʘ ʩ 

ʪʦʟʠ ʝʪʘʧ (5 ʜʦ 10 ʤʠʥ. ʧʨʠ 72ÁC), ʩ ʮʝʣ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʮʷʣʦʩʪʥʦ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʥʷʢʦʠ 

ʯʘʩʪʠʯʥʠ ʩʠʥʪʝʟʠʨʘʥʠ ɼʅʂ ʬʨʘʛʤʝʥʪʠ. 

ü ʆʮʝʥʢʘ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʧʦʣʫʯʝʥʠ ʚ ʨʝʟʫʣʪʘʪ ʥʘ PCR ʨʝʘʢʮʠʷʪʘ, 

ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʨʘʟʜʝʣʷʥʝ ʥʘ 2% ʘʛʘʨʦʟʝʥ ʛʝʣ (ʚʞ. ʪ. 3.4.2). 

 

ʇʨʠʥʮʠʧ: 

ʇʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ (PCR) ʝ ʦʩʥʦʚʝʥ ʤʝʪʦʜ, ʠʟʧʦʣʟʚʘʥ ʚ ʤʦʣʝʢʫʣʷʨʥʘʪʘ 

ʙʠʦʣʦʛʠʷ ʠ ʤʦʣʝʢʫʣʥʘʪʘ ʜʠʘʛʥʦʩʪʠʢʘ. ʊʦʡ ʝ ʚ ʦʩʥʦʚʘʪʘ ʠ ʥʘ MSP. ʉʲʩʪʦʠ ʩʝ ʚ in vitro 

ʝʥʟʠʤʥʦ ʥʘʤʥʦʞʘʚʘʥʝ (ʘʤʧʣʠʬʠʢʘʮʠʷ) ʥʘ ʠʟʙʨʘʥʠ ʥʫʢʣʝʦʪʠʜʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ, 

ʦʛʨʘʥʠʯʝʥʠ ʦʪ ʠʟʚʝʩʪʥʠ ʩʝʢʚʝʥʮʠʠ. ʄʝʪʦʜʲʪ ʝ ʨʘʟʨʘʙʦʪʝʥ ʦʪ Kary Mullis ʚ 1985ʛ, ʧʨʝʟ 1993 

ʛ. ʪʦʡ ʧʦʣʫʯʘʚʘ ʠ ʅʦʙʝʣʦʚʘ ʥʘʛʨʘʜʘ ʟʘ ʦʪʢʨʠʪʠʝʪʦ ʩʠ. PCR ʝ ʢʣʶʯʦʚʘ ʪʝʭʥʠʢʘ, ʠʟʧʦʣʟʚʘʥʘ 

ʧʨʠ ʧʦʚʝʯʝʪʦ ʘʥʘʣʠʟʠ ʚ ʤʦʣʝʢʫʣʷʨʥʘʪʘ ʤʝʜʠʮʠʥʘ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʠʷ ʤʝʪʦʜ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ 

ʚʠʜʘ ʧʨʘʡʤʝʨʠ ï ʧʨʘʚ ʠ ʦʙʨʘʪʝʥ. ʇʲʨʚʠʷʪ ʩʝ ʩʚʲʨʟʚʘ ʩ ʢʦʜʠʨʘʱʘʪʘ ʚʝʨʠʛʘ (ʚ ʧʦʩʦʢʘ 5'-3'), ʘ 

ʜʨʫʛʠʷʪ ʩʝ ʩʚʲʨʟʚʘ ʩ ʥʝʢʦʜʠʨʘʱʘʪʘ (ʚ ʧʦʩʦʢʘ 3'-5'). ʊʝʟʠ ʧʨʘʡʤʝʨʠ (ʦʢʦʣʦ 20 ʙʘʟʠ) 

ʭʠʙʨʠʜʠʟʠʨʘʪ ʩʲʩ ʩʨʝʱʫʧʦʣʦʞʥʠʪʝ ʚʝʨʠʛʠ ʠ ʩʣʫʞʘʪ ʢʘʪʦ ʩʫʙʩʪʨʘʪ ʥʘ ʧʦʣʠʤʝʨʘʟʘʪʘ, 

ʩʲʟʜʘʚʘʱʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʚʝʨʠʛʠ ʯʨʝʟ ʜʦʙʘʚʢʘ ʥʘ ʥʫʢʣʝʦʪʠʜʠ. 4-ʪʝ ʚʠʜʘ 

ʥʫʢʣʝʦʟʠʜʪʨʠʬʦʩʬʘʪʠ, ʧʦʣʠʤʝʨʘʟʘʪʘ, ʤʘʪʨʠʮʘʪʘ, ʧʨʘʡʤʝʨʠʪʝ, ʤʘʛʥʝʟʠʝʚ ʜʠʭʣʦʨʠʜ ʠ 

ʧʦʜʭʦʜʷʱ ʙʫʬʝʨ ʦʬʦʨʤʷʪ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ. ɸʤʧʣʠʬʠʢʘʮʠʷʪʘ ʧʨʦʪʠʯʘ ʚ 20-40 

ʧʦʚʪʘʨʷʱʠ ʩʝ ʮʠʢʲʣʘ, ʚʩʝʢʠ ʩʲʩʪʦʷʱ ʩʝ ʦʪ 2-3 ʪʝʨʤʠʯʥʠ ʩʪʲʧʢʠ: ʜʝʥʘʪʫʨʘʮʠʷ ʥʘ ʜʚʦʡʥʦ 

ʚʝʨʠʞʥʘʪʘ ɼʅʂ (93-950ʉ), ʩʚʲʨʟʚʘʥʝ ʥʘ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʠʪʝ ʧʨʘʡʤʝʨʠ ʢʲʤ ʜʚʘʪʘ ʢʨʘʷ ʥʘ 

ʪʘʨʛʝʪʥʘʪʘ ʩʝʢʚʝʥʮʠʷ (50-700ʉ), ʢʦʧʠʨʘʥʝ ʥʘ ʞʝʣʘʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʯʨʝʟ ʫʜʲʣʞʘʚʘʥʝ 

ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʦʪ ʪʝʨʤʦʩʪʘʙʠʣʥʘʪʘ (Taq) ʧʦʣʠʤʝʨʘʟʘ (70-750ʉ). ʉʝʢʚʝʥʮʠʷʪʘ ʤʝʞʜʫ 

ʧʨʘʡʤʝʨʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʧʠʨʘ ʤʥʦʞʝʩʪʚʦ ʧʲʪʠ. ɸʤʧʣʠʬʠʮʠʨʘʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʤʦʞʝ ʜʘ ʩʝ 

ʨʘʟʜʝʣʷʪ ʥʘ ʘʛʘʨʦʟʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʩʧʦʨʝʜ ʨʘʟʤʝʨʘ ʩʠ, ʢʘʢʪʦ ʠ ʯʨʝʟ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʥʘ 

ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ ʢʘʧʠʣʷʨʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ɺʠʟʫʘʣʠʟʘʮʠʷʪʘ ʩʪʘʚʘ ʩʣʝʜ ʦʮʚʝʪʷʚʘʥʝ 

ʥʘ ʛʝʣʘ ʩ ʝʪʠʜʠʝʚ ʙʨʦʤʠʜ ʠʣʠ SYBR Green ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʥʘ ʋɺ ʩʚʝʪʣʠʥʘ 

(ʪʨʘʥʩʠʣʶʤʠʥʘʪʦʨ). 

ɺʲʚ ʚʩʷʢʘ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʘ ʨʝʘʢʮʠʷ ʫʯʘʩʪʚʘʪ: 

¶ ɼʅʂ ï ʝʜʥʦʚʝʨʠʞʥʘ ʤʘʪʨʠʮʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʠʷ ʧʨʦʮʝʩ, ʧʦʣʫʯʝʥʘ ʩʣʝʜ 

ʪʝʨʤʠʯʥʘ ʜʝʥʘʪʫʨʘʮʠʷ ʥʘ ʛʝʥʦʤʥʘʪʘ ɼʅʂ. 

¶ ʊʝʨʤʦʩʪʘʙʠʣʥʘ ɼʅʂ ʧʦʣʠʤʝʨʘʟʘ (ʊʘq ʧʦʣʠʤʝʨʘʟʘ) ï ʦʩʲʱʝʩʪʚʷʚʘ 

ʧʨʦʮʝʩʘ ʥʘ ʥʘʤʥʦʞʘʚʘʥʝ ʥʘ ʞʝʣʘʥʘʪʘ ɼʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʝ ʠʟʦʣʠʨʘʥʘ ʦʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ Termophylus aquaticus. ɽʥʟʠʤʲʪ Taq ʧʦʣʠʤʝʨʘʟʘ ʝ ʪʝʨʤʦʩʪʘʙʠʣʝʥ ʠ 
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ʟʘʧʘʟʚʘ ʩʚʦʷʪʘ ʘʢʪʠʚʥʦʩʪ 45-60 ʤʠʥ. ʧʨʠ 94ęʉ ï ʪ.ʝ. ʧʨʝʟ ʮʝʣʠʷ ʘʤʧʣʠʬʠʢʘʮʠʦʥʝʥ ʧʨʦʮʝʩ. 

ʆʧʪʠʤʘʣʥʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʩʠʥʪʝʟ ʩ Taq ʧʦʣʠʤʝʨʘʟʘʪʘ ʝ 72ęʉ. ʅʝʦʙʭʦʜʠʤʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʝʥʟʠʤʘ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ ʝ 1 ʜʦ 5 U. ʂʘʪʘʣʠʟʠʨʘ ʩʠʥʪʝʟʘ ʥʘ 

ʥʦʚʠ ɼʅʂ ʚʝʨʠʛʠ ʚ ʧʦʩʦʢʘ 5ǋŸ3ǋ. 

¶ ʇʨʘʡʤʝʨʠ (ʟʘʨʦʜʠʰʠ) ï ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʢʲʩʠ ʩʠʥʪʝʪʠʯʥʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʠ 

(14ï40 ʥʫʢʣʝʦʪʠʜʘ), ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʥʘ ʦʛʨʘʥʠʯʘʚʘʱʠʪʝ ʥʘʤʥʦʞʘʚʘʥʘʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʫʯʘʩʪʲʮʠ. ʆʪ ʪʷʭ ʟʘʧʦʯʚʘ ʩʠʥʪʝʟʘʪʘ ʥʘ ɼʅʂ ʧʨʠ ʚʩʝʢʠ ʥʦʚ ʮʠʢʲʣ ʥʘ 

PCRïʨʝʘʢʮʠʷʪʘ. ʆʧʪʠʤʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʚ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ 

ʝ 0.1ï1.0ɛʄ. ʉʝʢʚʝʥʮʠʠʪe ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʚ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ ʧʨʘʡʤʝʨʠ ʟʘ ʘʥʘʣʠʟ ʥʘ 

(CAG)n ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʷ ʧʦʚʪʦʨ ʚ AR ʠ ʧʨʘʡʤʝʨʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʩʝʢʚʝʥʠʨʘʥʝ ʥʘ GSTP1 

ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮa 3.27. ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʥʠʣʠʥʛ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʙʝ ʫʩʪʘʥʦʚʝʥʘ 

ʩʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʛʨʘʜʠʝʥʪʝʥ PCR. 

 

ʊʘʙʣʠʮʘ3.27. ʉʝʢʚʝʥʮʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʘʥʠʣʠʥʛ (ʊʘʥ) ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʠʟʧʦʣʟʚʘʥʠ 

ʟʘ ʘʥʘʣʠʟ ʥʘ ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʷ ʧʦʚʪʦʨ (CAG)n ʚ AR ʠ ʟʘ ʩʝʢʚʝʥʮʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ 

GSTP1. 

ɻʝʥ/ 
ʃʦʢʘʣʠʟʘ-

ʮʠʷ 
 

ɼʝʪʝʢʮʠʷ 
 

ʉʝʢʚʝʥʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʊʘʥ ʈʘʟʤʝʨ ʥʘ 
ʧʨʦʜʫʢʪʘ 
ʚ bp 

AR 

Xq12 

(CAG)n F 5ô- TCCAGAATCTGTTCCAGAGCGTGC- FAM -3ô 
R 5ô- GCTGTGAAGGTTGCTGTTCCTCAT - 3ô 

66oC 222 ʭ 3n (n 

ʝ ʙʨʦʡ 

ʧʦʚʪʦʨʠ) 

GSTP1 CpG  

ʦʩʪʨʦʚʠ 

F 5ô- GAAAGAGGGAAAGGTTTTTT - 3ô 
R 5ô- CCATACTAAAAACTCTAAACCCCATC- 3ô 

56oC 303 

 

¶ ɼʝʟʦʢʩʠʨʠʙʦʥʫʢʣʝʦʟʠʜ ʪʨʠʬʦʩʬʘʪʠ (dNTPs) ï dɸʊP, dGTP, dTTP, dCTP. 

ʉʣʫʞʘʪ ʢʘʪʦ ʩʫʙʩʪʨʘʪ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʥʦʚʦʩʠʥʪʝʟʠʨʘʱʘʪʘ ʩʝ ʚʝʨʠʛʘ, ʢʘʪʦ ʩʝ ʚʢʣʶʯʚʘʪ 

ʠʟʙʠʨʘʪʝʣʥʦ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪ ʥʘ ʙʘʟʠʪʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ɼʅʂ. 

ɿʘʜʲʣʞʠʪʝʣʥʦ ʫʩʣʦʚʠʝ ʝ ʯʝʪʠʨʠʪʝ ʪʠʧʘ dNTP ʜʘ ʧʨʠʩʲʩʪʚʘʪ ʚ ʝʢʚʠʤʦʣʘʨʥʠ ʢʦʣʠʯʝʩʪʚʘ ʚ 

ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ. ʆʧʪʠʤʘʣʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝ 20-200 ɛʄ ʟʘ ʚʩʝʢʠ ʥʫʢʣʝʦʪʠʜ. 

¶ ʈʝʘʢʮʠʦʥʝʥ ʙʫʬʝʨ ï ʦʩʠʛʫʨʷʚʘ ʧʦʜʭʦʜʷʱʦʪʦ ʨʅ=8.3ï9.0 ʥʘ ʩʨʝʜʘʪʘ ʠ 

ʥʝʦʙʭʦʜʠʤʠʪʝ ʡʦʥʠ ʟʘ ʨʘʙʦʪʘ ʥʘ ʝʥʟʠʤʘ. ɺʢʣʶʯʚʘ ʚ ʩʲʩʪʘʚʘ ʩʠ 10-50 mʄ Tris-HCl ʩ 

ʨʅ=8.3-9.0 ; ʜʦ 50 mM KCl ʠ 0.5-5.0 mM MgCl2. ʆʩʚʝʥ ʪʦʚʘ, ʤʦʞʝ ʜʘ ʩʲʜʲʨʞʘ ʠ ʞʝʣʘʪʠʥ, 

ʛʦʚʝʞʜʠ ʩʝʨʫʤʝʥ ʘʣʙʫʤʠʥ (BSA), ʥʝʡʦʥʥʠ ʜʝʪʝʨʛʝʥʪʠ (ʢʘʪʦ DMSO ï ʜʠʤʝʪʠʣ 

ʩʫʣʬʦʦʢʩʠʜ), ʙʝʪʘʠʥ ʠ ʜʨʫʛʠ. ʂʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʙʫʬʝʨʘ ʤʦʛʘʪ ʜʘ ʚʘʨʠʨʘʪ ʢʘʯʝʩʪʚʝʥʦ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʢʦʥʢʨʝʪʥʘʪʘ Taq ʧʦʣʠʤʝʨʘʟʘ. 

ʇʨʦʚʝʜʝʥʘ ʝ ʦʧʪʠʤʠʟʘʮʠʷ ʥʘ ʫʩʣʦʚʠʷʪʘ ʯʨʝʟ ʚʘʨʠʨʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʥʠʣʠʥʛ ʠ 

ʚʨʝʤʝʪʦ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ. ʆʧʪʠʤʠʟʠʨʘʥʠ ʙʷʭʘ ʠ ʢʦʣʠʯʝʩʪʚʘʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠʪʝ ʥʘ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚ PCR ʨʝʘʢʮʠʠʪʝ. ʂʦʤʧʦʥʝʥʪʠʪʝ ʥʘ PCR ʨʝʘʢʮʠʠʪʝ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʠ 3.28 ʠ 3.29, ʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ PCR ʨʝʘʢʮʠʠʪʝ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 3.30. 
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ʊʘʙʣʠʮʘ 3.28. ʂʦʤʧʦʥʝʥʪʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘ PCR ʨʝʘʢʮʠʦʥʥʠʷ ʤʠʢʩ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ 

ʥʘ AR 

ʂʦʤʧʦʥʝʥʪʠ ʥʘ 

ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʟʘ 

PCR 

ʂʦʣʠʯʝʩʪʚʦ 

(ɛl) 

ɼʅʂ ~50 ng/ɛl 1 

ɹʫʬʝʨ 10ʭ (ʙʝʟ MgCl2) 1 

ʇʨʘʡʤʝʨ F 10 pm/ ɛl 0.3 

ʇʨʘʡʤʝʨ R 10 pm/ ɛl 0.3 

MgCl2 (50ʤʄ) 0.3 

dNTP 5 mM/ ɛl 0.8 

Taq Platinum-

ʧʦʣʠʤʝʨʘʟʘ (500U/ ɛl) 

0.05 

dʅ2ʆ 6.25 

ʂʨʘʝʥ ʦʙʝʤ 10 

 

 

ʊʘʙʣʠʮʘ 3.29. ʂʦʤʧʦʥʝʥʪʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘ PCR ʨʝʘʢʮʠʦʥʥʠʷ ʤʠʢʩ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ 

ʥʘ GSTP1 

ʂʦʤʧʦʥʝʥʪʠ ʥʘ 

ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʟʘ 

PCR 

ʂʦʣʠʯʝʩʪʚʦ 

(ɛl) 

BSC ɼʅʂ ~20 ng/ɛl 2 

ɹʫʬʝʨ 10ʭ (ʙʝʟ MgCl2) 1 

ʇʨʘʡʤʝʨ F 20 pm/ ɛl 0.15 

ʇʨʘʡʤʝʨ R 20 pm/ ɛl 0.15 

MgCl2 (50ʤʄ) 0.3 

dNTP 5 mM/ ɛl 0.8 

Taq Platinum-

ʧʦʣʠʤʝʨʘʟʘ (500U/ ɛl) 

0.05 

ʅ2ʆ 5.55 

ʂʨʘʝʥ ʦʙʝʤ 10 
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ʊʘʙʣʠʮʘ 3.30. ʋʩʣʦʚʠʷ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ PCR ʨʝʘʢʮʠʠʪʝ 

ɽʪʘʧʠ ʥʘ PCR 

ʨʝʘʢʮʠʷʪʘ 

ɺʨʝʤʝʪʨʘʝʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ 

ɸʤʧʣʠʬʠʢʘʮʠʷ 

ʥʘ GSTP1 

ɸʤʧʣʠʬʠʢʘʮʠʷ 

ʥʘ AR 

ʅʘʯʘʣʥʘ 

ʜʝʥʘʪʫʨʘʮʠʷ 

95ʦʉ 

10 ʤʠʥ 

95ʦʉ 

7 ʤʠʥ 

 

ɼʝʥʘʪʫʨʘʮʠʷ 

 

94 ʦʉ 

1 ʤʠʥ 

 

95 ʦʉ 

40 ʩʝʢ 

ɸʥʠʣʠʥʛ 

 

56 ʦʉ 

40 ʩʝʢ 

66 ʦʉ 

40 ʩʝʢ 

ɽʣʦʥʛʘʮʠʷ 

 

72 ʦʉ 

1 ʤʠʥ 

72 ʦʉ 

1 ʤʠʥ 

ʂʨʘʡʥʘ 

ʝʣʦʥʛʘʮʠʷ 

72 ʦʉ 

7 ʤʠʥ 

72 ʦʉ 

7 ʤʠʥ 

ɹʨʦʡ ʮʠʢʣʠ 45 35 

 

3.4.2. ʂʘʯʝʩʪʚʝʥ ʢʦʥʪʨʦʣ ʥʘ ʧʦʣʠʤʝʨʘʟʥʘʪʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ 

ʂʘʯʝʩʪʚʝʥʠʷʪ ʢʦʥʪʨʦʣ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ, ʢʘʪʦ ʩʝ ʟʘʣʘʛʘʪ ʧʦʣʦʞʠʪʝʣʥʘ ʠ ʦʪʨʠʮʘʪʝʣʥʘ 

ʢʦʥʪʨʦʣʘ. ɿʘ ʧʦʣʦʞʠʪʝʣʥʘ ʢʦʥʪʨʦʣʘ ʟʘ ʚʩʷʢʘ PCR ʨʝʘʢʮʠʷ ʩʝ ʠʟʧʦʣʟʚʘ ɼʅʂ, ʟʘ ʢʦʷʪʦ ʝ 

ʠʟʚʝʩʪʥʦ, ʯʝ ʩʝ ʘʤʧʣʠʬʠʮʠʨʘ ʟʘ ʜʘʜʝʥ ʤʘʨʢʝʨ. ʃʠʧʩʘʪʘ ʥʘ ʧʨʦʜʫʢʪ ʚ ʧʦʣʦʞʠʪʝʣʥʘʪʘ 

ʢʦʥʪʨʦʣʘ ʧʦʢʘʟʚʘ, ʯʝ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ ʥʝ ʝ ʧʨʦʪʝʢʣʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʚ 

ʦʪʨʠʮʘʪʝʣʥʘʪʘ ʢʦʥʪʨʦʣʘ ʩʝ ʟʘʣʘʛʘ ʧʨʦʙʘ ʩ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʨʝʘʢʮʠʷʪʘ, ʩ ʠʟʢʣʶʯʝʥʠʝ 

ʥʘ ʤʘʪʨʠʯʥʘ ɼʅʂ, ʢʦʷʪʦ ʩʝ ʟʘʤʝʩʪʚʘ ʩ ddH2O. ʃʠʧʩʘʪʘ ʥʘ ʧʨʦʜʫʢʪ ʚ ʦʪʨʠʮʘʪʝʣʥʘʪʘ 

ʢʦʥʪʨʦʣʘ ʜʦʢʘʟʚʘ, ʯʝ ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʥʝ ʝ ʟʘʤʲʨʩʝʥʘ ʩ ʯʫʞʜʘ ɼʅʂ ʤʘʪʨʠʮʘ. 

ʍʦʨʠʟʦʥʪʘʣʥʘ ʘʛʘʨʦʟʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 

ʀʟʧʦʣʟʚʘʥʠ ʈʝʘʢʪʠʚʠ ʠ ʈʘʟʪʚʦʨʠ: 

ʊʘʙʣʠʮʘ 3.31. ʉʲʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʨʝʘʢʪʠʚʠ ʠ ʨʘʟʪʚʦʨʠ ʧʨʠ ʨʘʙʦʪʘ 

ʩ ʘʛʘʨʦʟʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 

ʀʟʧʦʣʟʚʘʥʠ ʨʝʘʢʪʠʚʠ ʉʲʩʪʘʚ ʂʦʣʠʯʝʩʪʚʦ ddH2O 

5 ʭ ʊBE buffer (ʨʅ=8,0) 90 mM Tris HCl 

90 mM ʙʦʨʥʘ 

ʢʠʩʝʣʠʥʘ  

1 mM ɽɼʊɸ 

54 g 

27.5 g 

4.76 g 

ʜʦ 1000 ml 

0.8% ʘʛʘʨʦʟʝʥ ʛʝʣ ɸʛʘʨʦʟʘ  

TBE ʙʫʬʝʨ 

0,8 g 

20 ml 
ʜʦ 100 ml 

2% ʘʛʘʨʦʟʝʥ ʛʝʣ Aʛʘʨʦʟʘ  

TBE ʙʫʬʝʨ 

2 g 

20 ml 
ʜʦ 100 ml 

3% ʘʛʘʨʦʟʝʥ ʛʝʣ ɸʛʘʨʦʟʘ  

TBE ʙʫʬʝʨ 

3 g 

20 ml 
ʜʦ 100 ml 

ɽʪʠʜʠʝʚ ʙʨʦʤʠʜ 10mg/ml ---- 1 g ʜʦ 100 ml 

ʈʘʟʪʚʦʨ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ 

ʧʨʦʙʠʪʝ 10x 

0.25% brimphenol blue 

15% Ficol ʠʣʠ  

30% ʛʣʠʮʝʨʦʣ 

0,25 g 

15 g 

30 g 

ʜʦ 100 ml 

 

ʀʟʧʦʣʟʚʘʥʘ ɸʧʘʨʘʪʫʨʘ: 

ü ʄʠʢʨʦʚʲʣʥʦʚʘ ʬʫʨʥʘ ʟʘ ʨʘʟʪʘʧʷʥʝ ʥʘ ʘʛʘʨʦʟʘʪʘ (Daewoo KOR 6C27); 



3. ʄʘʪʝʨʠʘʣʠ ʠ ʄʝʪʦʜʠ 

69 

 

ü ʅʠʚʝʣʠʨʘʥʘ ʤʘʩʘ ʟʘ ʠʟʣʠʚʘʥʝ ʥʘ ʛʝʣʘ; 

ü ɺʘʥʘ ʟʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ (Science-Plus-UK); 

ü ʉʪʘʨʪʦʚʠ ʛʨʝʙʝʥʠ ʩ ʨʘʟʤʝʨ ʥʘ ʟʲʙʮʠʪʝ 5 x 1mm; 

ü ʊʦʢʦʠʟʧʨʘʚʠʪʝʣ (Science-Plus-UK); 

ü ʌʦʪʦ-ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʠ UVïʪʨʘʥʩʠʣʶʤʠʥʘʪʦʨ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ 

315nm (MiniBisPro - Bio Imaging Systems) 

 

ʇʨʠʥʮʠʧ: 

ʍʦʨʠʟʦʥʪʘʣʥʘʪʘ ʘʛʘʨʦʟʥʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʝʪʦʜ ʟʘ ʨʘʟʜʝʣʷʥʝ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʧʨʝʯʠʩʪʚʘʥʝ ʥʘ ɼʅʂ ʬʨʘʛʤʝʥʪʠ. ʄʝʪʦʜʲʪ ʧʦʟʚʦʣʷʚʘ ɼʅʂ ʬʨʘʛʤʝʥʪʠʪʝ 

ʜʘ ʩʝ ʨʘʟʜʝʣʷʪ ʝʜʠʥ ʦʪ ʜʨʫʛ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʷʭʥʘʪʘ ʤʦʣʝʢʫʣʥʘ ʤʘʩʘ. ʊʘʟʠ ʪʝʭʥʠʢʘ ʝ 

ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʢʘʯʝʩʪʚʦʪʦ ʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʠʪʝ ʧʨʦʜʫʢʪʠ. ɿʘ 

ʧʨʠʙʣʠʟʠʪʝʣʥʘ ʦʮʝʥʢʘ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ɼʅʂ ʬʨʘʛʤʝʥʪʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘ ʤʦʣʝʢʫʣʝʥ ʤʘʨʢʝʨ 

(ladder). ʊʦʚʘ ʝ ʩʤʝʩ ʦʪ ɼʅʂ ʬʨʘʛʤʝʥʪʠ ʩ ʠʟʚʝʩʪʥʘ, ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʘ ʜʲʣʞʠʥʘ. ɿʘ ʮʝʣʪʘ ʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʠ ʥʘʯʘʣʦʪʦ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘʪʘ ʤʘʨʢʝʨʲʪ ʜʘ ʩʝ ʥʘʥʝʩʝ ʫʩʧʦʨʝʜʥʦ ʩ 

ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʧʨʦʙʠ. ʅʘʥʝʩʝʥʠʪʝ ʚ ʘʛʘʨʦʟʥʠʷ ʛʝʣ ɼʅʂ ʧʨʦʙʠ ʩʝ ʨʘʟʜʝʣʷʪ ʚ ʝʣʝʢʪʨʠʯʥʦ 

ʧʦʣʝ. ʇʨʠ ʩʣʘʙʦ ʘʣʢʘʣʥʦ ʨʅ ɼʅʂ ʬʨʘʛʤʝʥʪʠʪʝ ʩʘ ʟʘʨʝʜʝʥʠ ʦʪʨʠʮʘʪʝʣʥʦ ʠ ʩʝ ʧʨʠʜʚʠʞʚʘʪ 

ʢʲʤ ʧʦʣʦʞʠʪʝʣʥʠʷ ʧʦʣʶʩ (ʘʥʦʜ). ɽʣʝʢʪʨʦʬʦʨʝʪʠʯʥʘʪʘ ʧʦʜʚʠʞʥʦʩʪ ʥʘ ɼʅʂ ʬʨʘʛʤʝʥʪʠʪʝ 

ʟʘʚʠʩʠ ʦʪ ʤʦʣʝʢʫʣʥʘʪʘ ʠʤ ʤʘʩʘ, ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʘʛʘʨʦʟʥʠʷ ʛʝʣ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ, 

ʩʲʩʪʘʚʘ ʠ ʡʦʥʥʘʪʘ ʩʠʣʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʷ ʙʫʬʝʨ ʠ ʜʨ. ʇʨʠ ʥʠʩʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʡʦʥʠʪʝ, 

ʝʣʝʢʪʨʠʯʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʝ ʤʠʥʘʤʘʣʥʦ ʠ ɼʅʂ ʬʨʘʛʤʝʥʪʠʪʝ ʩʝ ʧʨʠʜʚʠʞʚʘʪ ʧʦ ʙʘʚʥʦ. ɿʘ 

ʘʥʘʣʠʟ ʠ ʨʘʟʜʝʣʷʥʝ ʥʘ PCR ʧʨʦʜʫʢʪʠ, ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʘʚʘ ʊɺɽ ʙʫʬʝʨ. ʉʣʝʜ 

ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦʪʦ ʨʘʟʜʝʣʷʥʝ, ʝ ʥʝʦʙʭʦʜʠʤʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ɼʅʂ. 

ʈʘʟʪʚʦʨʝʥʠʷʪ ʚ ʘʛʘʨʦʟʥʠʷ ʛʝʣ ʝʪʠʜʠʝʚ ʙʨʦʤʠʜ (0.5 ɛg/ml) ʩʝ ʠʥʪʝʨʢʘʣʠʨʘ ʤʝʞʜʫ ʙʘʟʠʪʝ ʚ 

ʤʦʣʝʢʫʣʘʪʘ ʥʘ ɼʅʂ ʠ ʧʦʟʚʦʣʷʚʘ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ɼʅʂ ʧʨʠ ʦʙʣʲʯʚʘʥʝ ʩ ʫʣʪʨʘʚʠʦʣʝʪʦʚʘ 

ʩʚʝʪʣʠʥʘ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ l = 315 nm. ʌʨʘʛʤʝʥʪʠʪʝ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ UV 

ʪʨʘʥʩʠʣʶʤʠʥʘʪʦʨ.  

 

ɽʪʘʧʠ: 

ü ʇʨʠʛʦʪʚʷʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʷ % ʘʛʘʨʦʟʝʥ ʛʝʣ 

ü ʅʘʥʘʩʷʥʝ ʥʘ ʧʨʦʙʠʪʝ ʚʲʨʭʫ ʥʝʛʦ 

ü ʇʨʦʪʠʯʘʥʝ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦʪʦ ʨʘʟʜʝʣʷʥʝ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥʠʷ ʧʨʦʜʫʢʪ 

ü ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʜʝʣʝʥʠʪʝ ʧʦ ʤʦʣʝʢʫʣʥʘ ʤʘʩʘ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥʠ ʧʨʦʜʫʢʪʠ 

 

ʇʨʦʮʝʜʫʨʘ: 

¶ ʇʨʠʛʦʪʚʷʥʝ ʠ ʦʪʤʝʨʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʨʪʦʚʠ ʨʝʘʢʪʠʚʠ 
ʠ ʨʘʟʪʚʦʨʠ- ʘʛʘʨʦʟʘ ʠ 5ʭʊBE ʙʫʬʝʨ. ʈʘʟʪʘʧʷʥʝ ʥʘ ʘʛʘʨʦʟʘʪʘ. 

¶ ʇʨʠʙʘʚʷʥʝ ʥʘ ʝʪʠʜʝʚʠʷʪ ʙʨʦʤʠʜ ʧʨʠ ʜʦʩʪʠʛʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʭʦʤʦʛʝʥʥʘʪʘ ʩʤʝʩ. 

¶ ʀʟʣʠʚʘʥʝ ʥʘ ʩʤʝʩʪʘ ʚ ʧʦʜʭʦʜʷʱʦ ʩʛʣʦʙʝʥʘ ʚʘʥʘ ʩ ʧʦʩʪʘʚʝʥʠ ʧʣʘʩʪʤʘʩʦʚʠ 
ʛʨʝʙʝʥʠ, ʦʬʦʨʤʷʱʠ ʩʪʘʨʪʦʚʝʪʝ. 

¶ ʉʣʝʜ ʢʘʪʦ ʛʝʣʘ ʝ ʩʪʝʛʥʘʣ ʠ ʠʟʩʪʠʥʘʣ ʩʝ ʦʪʜʝʣʷ ʦʪ ʚʘʥʘʪʘ ʟʘ ʠʟʣʠʚʘʥʝ ʠ ʩʝ 
ʧʦʩʪʘʚʷ ʚʲʚ ʚʘʥʘʪʘ ʟʘ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʨʘʟʜʝʣʷʥʝ ʥʘʧʲʣʥʝʥʘ ʩ ʧʨʝʩʝʥ 

1ʭTBE ʙʫʬʝʨ. 

¶ ʉʤʝʩʚʘʥʝ ʥʘ 3ɛl PCR ʧʨʦʜʫʢʪʘ ʩ 3ɛl ʨʘʟʪʚʦʨ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ ʧʨʦʙʠʪʝ 10x ʠ 

ʥʘʥʘʩʷʥʝʪʦ ʠʤ ʥʘ ʛʝʣʘ. ɺ ʝʜʠʥ ʦʪ ʩʪʘʨʪʦʚʝʪʝ ʥʘ ʛʝʣʘ ʩʝ ʥʘʥʘʩʷ ʠ 

ʤʦʣʝʢʫʣʝʥ ʤʘʨʢʝʨ. ɼʲʣʞʠʥʘʪʘ ʥʘ ʧʨʦʜʫʢʪʠʪʝ ʦʪ PCR ʨʝʘʢʮʠʷʪʘ ʩʝ 

ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʦʣʝʢʫʣʥʠ ʤʘʨʢʝʨʠ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʙʦʪʘ 

ʙʷʭʘ ʠʟʧʦʣʟʚʘʥ 3 ʤʦʣʝʢʫʣʥʠ ʤʘʨʢʝʨ ʩ ʜʲʣʞʠʥʘ 50ï1000ʙ.ʜʚ. ʟʘ MS-PCR, 
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100-1000 bp ʟʘ PCR ʠ 500-2500 bp ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʈʅʂ ʠʥʪʘʢʪʥʦʩʪ (New 

England BioLabs). 

¶ ɽʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʨʘʟʜʝʣʷʥʝ ʧʨʠ 140 W ʟʘ ʜʦ 30 ʤʠʥ. 

¶ ɺʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʨʘʟʜʝʣʝʥʠʪʝ ʬʨʘʛʤʝʥʪʠ ʯʨʝʟ UV- ʚʠʟʫʘʣʠʟʠʨʘʱʘ 

ʩʠʩʪʝʤʘ. 

 

3.4.3. ɻʝʥʦʪʠʧʠʨʘʥʝ ʥʘ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ (Single Nucleotide 

Polymorhisms ï SNP) ʯʨʝʟ TaqMan ʪʝʭʥʦʣʦʛʠʷʪʘ, PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ (Real Time 

PCR) 

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü 7900 HT Fast Real-Time PCR (Applied Biosystems) 

ü ʍʣʘʜʠʣʥʘ ʮʝʥʪʨʦʬʫʛʘ 5810R (Eppendorf); 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü ʉʫʭ ʩʪʝʨʠʣʠʟʘʪʦʨ ʄʄʄ (Ecocell) 

ü Beckman BIOMEKÈFXp 

 

ɽʪʘʧʠ: 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ʚʠʩʦʢʦʤʦʣʝʢʫʣʥʘ ɼʅʂ ʦʪ ʚʝʥʦʟʥʘ ʢʨʲʚ; 

ü ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ; 

ü ʀʟʛʦʪʚʷʥʝ ʥʘ 10 ng/Õl ʨʘʟʨʝʜʢʠ ʦʪ ʩʪʦʢʦʚʠʪʝ ʨʘʟʪʚʦʨʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ 

ʢʦʥʪʨʦʣʠʪʝ ʠ ʨʘʟʢʘʧʚʘʥʝʪʦ ʠʤ ʥʘ 96-ʷʤʢʦʚʠ ʧʣʘʢʠ; 

ü ʇʦʜʛʦʪʦʚʢʘ ʥʘ PCR ʤʠʢʩ; 

ü ʈʘʟʢʘʧʚʘʥʝ ʥʘ PCR ʤʠʢʩʘ ʠ ɼʅʂ ʧʨʦʙʠʪʝ ʚ 384 ʷʤʢʦʚʘ ʧʣʘʢʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 

BIOMEKÈFXp; 

ü ʇʨʦʪʠʯʘʥʝ ʥʘ PCR ʨʝʘʢʮʠʷʪʘ ʚ 7900 HT Fast Real-Time PCR 

ü ʆʪʯʠʪʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʠ ʘʥʘʣʠʟ 

 

ʇʨʠʥʮʠʧ: 

ɺ ʥʘʩʪʦʷʱʝʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ TaqManÈ ʧʨʦʙʠ ʟʘ ʢʘʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʷʥʝ 

ʥʘ ʥʫʢʣʝʦʪʠʜʥʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʜʚʝ ʩʦʥʜʠ ʚʲʚ ʚʩʷʢʘ ʨʝʘʢʮʠʷ, ʧʦʟʚʦʣʷʚʘ 

ʛʝʥʦʪʠʧʠʨʘʥʝʪʦ ʥʘ ʜʚʘʪʘ ʚʘʨʠʘʥʪʘ ʥʘ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠʪʝ ʧʦʣʠʤʦʨʬʥʠ ʟʘʤʝʥʠ ʚ 

ʠʟʩʣʝʜʚʘʥʘʪʘ ʩʝʢʚʝʥʮʠʷ. ɺʩʝʢʠ TaqManÈ ʝʢʩʧʝʨʠʤʝʥʪ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʘ ʦʩʥʦʚʥʠ 

ʢʦʤʧʦʥʝʥʪʘ: ʜʚʘ ʩʧʝʮʠʬʠʯʥʠ ʧʨʘʡʤʝʨʘ, ʟʘʛʨʘʞʜʘʱʠ ʠʥʪʝʨʝʩʫʚʘʱʠʷ ʥʠ ʬʨʘʛʤʝʥʪ ɼʅʂ, 

ʩʲʜʲʨʞʘʱ ʚʘʨʠʘʥʪʘ, ʢʦʡʪʦ ʱʝ ʙʲʜʝ ʠʟʩʣʝʜʚʘʥ; ʜʚʝ ʘʣʝʣ-ʩʧʝʮʠʬʠʯʥʠ TaqManÈ MGB 

ʩʦʥʜʠ, ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʘʣʝʣʠʪʝ ʥʘ ʧʦʣʠʤʦʨʬʥʠʷ ʚʘʨʠʘʥʪ. 

ɸʣʝʣ ʩʧʝʮʠʬʠʯʥʘʪʘ TaqManÈ MGB ʩʦʥʜʘ ʚʢʣʶʯʚʘ: 

¶ ʄʘʨʢʝʨʥʘ ʙʦʷ (ʬʣʫʦʨʦʭʨʦʤ) ʚ 5ôʢʨʘʷ ʩʠ - ʦʙʠʢʥʦʚʝʥʦ VICÈ ʙʘʛʨʠʣʦ ʝ ʩʚʲʨʟʘʥʦ ʢʲʤ 

5ôʢʨʘʷ ʥʘ ʩʦʥʜʘʪʘ ʟʘ ʘʣʝʣ 1, ʘ FAMÊ ʙʘʛʨʠʣʦʪʦ ʝ ʩʚʲʨʟʘʥʦ ʢʲʤ 5ô ʢʨʘʷ ʥʘ ʩʦʥʜʘʪʘ 

ʟʘ ʘʣʝʣ 2. ɸʣʝʣ 1 VICÈ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʘʪʘ ʩʦʥʜʘ ʦʪʛʦʚʘʨʷ ʥʘ ʝʜʠʥʠʷ ʘʣʝʣ ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤʘ, ʘ ɸʣʝʣ 2 FAMÊ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʘʪʘ ʩʦʥʜʘ - ʥʘ ʜʨʫʛʠʷ. 

ʂʦʛʘʪʦ ʙʲʜʝ ʚʲʟʙʫʜʝʥo ʧʦʜ ʜʝʡʩʪʚʠʝ ʥʘ ʝʥʝʨʛʠʷʪʘ ʥʘ ʣʘʟʝʨʝʥ ʣʲʯ, ʚʩʷʢʦ ʦʪ ʪʝʟʠ 

ʙʘʛʨʠʣʘ ʠʟʣʲʯʚʘ ʩʚʝʪʣʠʥʘ ʩ ʦʧʨʝʜʝʣʝʥʘ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ; 

¶ MGB (Minor groove binder), ʢʦʡʪʦ ʧʦʚʠʰʘʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝʥʝ (ʊm) ʟʘ 

ʢʦʥʢʨʝʪʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʩʦʥʜʘʪʘ, ʧʦʟʚʦʣʷʚʘ ʜʠʟʘʡʥ ʥʘ ʧʦ-ʢʲʩʠ ʩʦʥʜʠ. ʇʦ-ʢʲʩʠʪʝ 

ʩʦʥʜʠ ʧʦʚʠʰʘʚʘʪ ʝʬʠʢʘʩʥʦʩʪʪʘ ʥʘ ʛʝʥʦʪʠʧʠʨʘʥʝ; 

¶ ʅʝʬʣʫʦʨʝʮʝʥʪʝʥ ʛʘʩʠʪʝʣ (NFQ) ʚ 3ôʢʨʘʷ, ʢʦʡʪʦ ʧʦʜʪʠʢʩʢʘ ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʩʠʛʥʘʣ, 

ʢʦʛʘʪʦ ʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʘ ʙʣʠʟʦʩʪ ʜʦ ʬʣʫʦʨʦʭʨʦʤʘ. 

 

ɽʪʘʧʠʪʝ ʥʘ ʨʝʘʢʮʠʷʪʘ ʧʨʠ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛʫʨʘ 3.14: 
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ʌʠʛʫʨʘ 3.14. ɽʪʘʧʠ ʥʘ ʧʦʣʠʤʝʨʘʟʥʘʪʘ 

ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʩ ʠʟʧʦʣʚʘʥʝ ʥʘ TaqMan 

ʧʨʦʙʠ 

 

 

 

 

 

 

 

 

 

ɺʩʷʢʘ TaqManÈ MGB ʩʦʥʜʘ ʩʝ ʩʚʲʨʟʚʘ ʩʧʝʮʠʬʠʯʥʦ ʟʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʪʘ ʡ 

ʩʝʢʚʝʥʮʠʷ ʤʝʞʜʫ ʧʨʘʚʠʷ ʠ ʦʙʨʘʪʥʠʷ ʧʨʘʡʤʝʨ. ʂʦʛʘʪʦ ʩʦʥʜʘʪʘ ʝ ʠʥʪʘʢʪʥʘ, ʙʣʠʟʦʩʪʪʘ ʥʘ 

ʛʘʩʠʪʝʣʷ ʜʦ ʨʝʧʦʨʪʝʨʘ ʜʝʡʩʪʚʘ, ʪʘʢʘ ʯʝ ʧʦʜʪʠʩʢʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʨʝʧʦʨʪʝʨʘ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʨʝʘʢʮʠʷʪʘ, ʭʠʙʨʠʜʠʟʠʨʘʣʘʪʘ ʢʲʤ ʤʘʪʨʠʮʘʪʘ ʩʦʥʜʘ ʨʘʟʜʝʣʷ ʨʝʧʦʨʪʝʨʘ ʠ 

ʛʘʩʠʪʝʣʷ. ʅʘʪʨʫʧʚʘʥʝʪʦ ʥʘ PCR ʧʨʦʜʫʢʪʠ ʩʝ ʜʝʪʝʢʪʠʨʘ ʜʠʨʝʢʪʥʦ, ʢʘʪʦ ʩʝ ʩʣʝʜʠ 

ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʨʝʧʦʨʪʝʨʘ ʦʪʯʝʪʝʥʘ ʩ ʣʘʟʝʨ, ʢʘʪʦ ʜʘʥʥʠʪʝ ʠ 

ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʝ ʠʟʚʲʨʰʚʘʪ ʯʨʝʟ ʢʦʤʧʶʪʲʨ. ʇʦʨʘʜʠ ʥʘʣʠʯʠʝʪʦ ʥʘ ʧʨʘʡʤʝʨ, 

Taq ʧʦʣʠʤʝʨʘʟʘʪʘ ʟʘʧʦʯʚʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʪʘ ʚʝʨʠʛʘ, ʢʘʪʦ ʩʧʘʟʚʘ 5ô->3ô 

ʧʦʣʠʤʝʨʘʟʥʘʪʘ ʠ ʝʢʟʦʥʫʢʣʝʘʟʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʇʦ ʪʦʟʠ ʥʘʯʠʥ Taq ʧʦʣʠʤʝʨʘʟʘʪʘ ʟʘʧʦʯʚʘ ʜʘ 

ʜʦʙʘʚʷ ʥʫʢʣʝʦʪʠʜʠ ʧʦ ʨʘʩʪʷʱʘʪʘ ʚʝʨʠʛʘ ʠ ʧʨʝʤʘʭʚʘ TaqManÈ ʥʫʢʣʝʦʪʠʜʠʪʝ ʦʪ ʧʨʠʮʝʣʥʘʪʘ 

ɼʅʂ. ʊʦʟʠ ʧʨʦʮʝʩ ʦʪʜʝʣʷ ʨʝʧʦʨʪʝʨʘ ʦʪ ʛʘʩʠʪʝʣʷ ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʨʝʧʦʨʪʝʨʘ ʩʝ ʘʢʪʠʚʠʨʘ. 

ʅʘ ʙʘʟʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ, ʦʪʜʝʣʝʥ ʦʪ ʚʩʷʢʘ ʧʨʦʙʘ, ʩʝ 

ʦʧʨʝʜʝʣʷ ʢʦʠ ʘʣʝʣʠ ʧʨʠʩʲʩʪʚʘʪ ʚ ʥʝʷ. 

ʇʲʨʚʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʘʪʘ ʧʦʣʠʤʝʨʘʟʥʘ ʚʝʨʠʞʥʘ ʨʝʘʢʮʠʷ ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ ʝ ʥʘʧʨʘʚʝʥʘ ʩ ʧʨʦʛʨʘʤʥʠʷ ʧʨʦʜʫʢʪ ʥʘ ʬʠʨʤʘʪʘ Applied Biosystems - 

SDSv2.2.2.  

ʈʝʘʢʪʠʚʠʪʝ, ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʠ ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ. 3.32.. 

 

 

ʊʘʙʣʠʮʘ 3.32. ʈʝʘʢʪʠʚʠ ʠ ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ HT Fast Real-

Time PCR 

ʂʦʤʧʦʥʝʥʪʠ 
ʂʦʣʠʯʝʩʪʚʦ 

(ɛl) 

PCR MIX 2.5 

40x SNP mix 0.125 

dH2O 1.375 

ɼʅʂ (20ng/ɛl) 1 

ʂʨʘʝʥ ʦʙʝʤ 5 

  

ʊʝʨʤʘʣʝʥ ʧʨʦʬʠʣ ʟʘ ʚʩʠʯʢʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʊʘʙʣʠʮʘ 3.33: 
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ʊʘʙʣʠʮʘ 3.33. ʋʩʣʦʚʠʷ ʟʘ ʧʨʦʪʠʯʥʘ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʠʪʝ ʟʘ SNP ʛʝʥʦʪʠʧʠʨʘʥʝ ʯʨʝʟ 

TaqMan ʪʝʭʥʦʣʦʛʠʷʪʘ 

ʉʪʲʧʢʘ ʊʝʤʧʝʨʘʪʫʨʘ ɺʨʝʤʝʪʨʘʝʥʝ ʎʠʢʣʠ 

ɸʢʪʠʚʠʨʘʥʝ ʥʘ Ampli Taq 

Gold, UP ʝʥʟʠʤ 
95ʦʉ 10 ʤʠʥ 1 

ɼʝʥʘʪʫʨʘʮʠʷ 95ʦʉ 15 ʩʝʢ 
40 

ɸʥʠʣʠʥʛ/ ɽʣʦʥʛʘʮʠʷ 60 ʦʉ 1 ʤʠʥ 

 

ʉʣʝʜ ʧʨʠʢʣʶʯʚʘʥʝ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷʪʘ ʩʝ ʦʪʯʠʪʘ ʩʠʛʥʘʣʘ ʦʪ ʚʩʷʢʘ ʷʤʢʘ ʥʘ ʧʣʘʢʘʪʘ ʠ 

ʩʝ ʦʧʨʝʜʝʣʷ ʛʝʥʦʪʠʧʘ ʥʘ ʚʩʷʢʘ ʧʨʦʙʘ. ʉʦʬʪʫʝʨʲʪ ʧʨʘʚʠ Allele Discrimination plot, ʥʘ ʢʦʡʪʦ 

ʤʦʛʘʪ ʜʘ ʩʝ ʚʠʜʷʪ ʢʣʲʩʪʝʨʠ ʦʪ ʧʨʦʙʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʝʭʥʠʷ ʛʝʥʦʪʠʧ (ʌʠʛʫʨʘ 3.15) 

 

 
ʌʠʛʫʨʘ 3.15. ʇʨʠʤʝʨʝʥ Allele Discrimination plot 

 

ɺʩʠʯʢʠ ʝʜʥʦʥʫʢʣʝʦʪʠʜʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠ ʠʟʩʣʝʜʚʘʥʠ ʯʨʝʟ TaqMan ʤʝʪʦʜʘ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʪʘʙʣʠʮʘ 3.34. 

ɺʲʚ ʚʩʷʢʘ ʝʜʥʘ 384-ʷʤʢʦʚʘ ʧʣʘʢʘ ʙʷʭʘ ʚʢʣʶʯʚʘʥʠ ʠ 4 ʥʝʛʘʪʠʚʥʠ ʢʦʥʪʨʦʣʠ, 

ʩʲʜʲʨʞʘʱʠ PCR ʤʠʢʩ, ʥʦ ʥʝ ʠ ɼʅʂ ʤʘʪʨʠʮʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʩʣʝʜʝʰʝ ʜʘʣʠ ʠʤʘ 

ʢʦʥʪʘʤʠʥʘʮʠʷ. ɿʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʚʲʟʧʨʦʠʟʚʦʜʠʤʦʩʪʪʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʪʦʯʥʦʪʦ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʝʥʦʪʠʧʠʪʝ, ʪʦ 10% ʦʪ ʧʨʦʙʠʪʝ ʙʷʭʘ ʧʦʚʪʦʨʝʥʠ ʚ ʥʝʟʘʚʠʩʠʤ ʝʢʩʧʝʨʠʤʝʥʪ. ɿʘ 

ʚʩʠʢʯʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʥʝ ʙʝ ʥʘʙʣʶʜʘʚʘʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʚ ʥʝʛʘʪʠʚʥʠʪʝ 

ʢʦʥʪʨʦʣʠ ʠ ʙʝ ʫʩʪʘʥʦʚʝʥʘ 100% ʢʦʥʢʦʨʜʘʥʪʥʦʩʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʠ ʧʦʚʪʦʨʝʥʠʪʝ ʧʨʦʙʠ. 
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ʊʘʙʣʠʮʘ 3.34. ʆʧʠʩʘʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ, ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʣʦʢʫʩʘ ʠ 

ʛʝʥʘ, ʚ ʢʦʡʪʦ ʩʝ ʥʘʤʠʨʘʪ ʠ ʪʷʭʥʘʪʘ ʣʦʢʘʣʠʟʘʮʠʷ, ʠ ʩʝʢʚʝʥʮʠʷ ʥʘ TaqMan ʧʨʦʙʘʪʘ 
ʃʦʢʫʩ/ 

ɻʝʥ/ 

ʃʦʢʘʣʠʟʘ-

ʮʠʷ 

ʇʦʣʠʤʦʨʬʠ

-ʟʲʤ 

 

ʉʝʢʚʝʥʮʠʷ ʥʘ ʧʨʦʙʘʪʘ 

2p21, 

CYP1B1 

38303531 

rs2567206 

 

 

CGCTTCATCACAGCCACCTCCAATC[A/G]AGGCCGCACGGTGTCCCCAGAACCA 

 

 

5p13.2 

AMACR 

34008100 

rs3195676 CCCGGGGCCAGGCCGGACAGCTCCA[C/T]GACCGAGATGCCCTGCAGTGCCATG 

7q21.3, 

LMTK2 

97816327 

rs6465657 TAATATCTGGTACGTATTGGCTTAC[C/T]GTTTTATTAGTCATTTCTTTGGCAA 

 

8q24 

128093297 

rs1016343 

 

CAAGACCATGTGTTACATTTCCCTC[C/T]CATGATTACTCACAGCTTCACAGTT 

8q24 

128093541 

rs4871008 AAAATGCATGTTGTTTGAATCACAC[C/T]CTTTCAGATTATACAATTGTAGTCT 

8q24 

128096477 

rs7841060 AGACATCAATATACAGTCTTTGTGT[G/T]TAAGAGGTTCATGGTCTACCTGAGA 

8q24 

128335673 

rs620861 GATACACTAGCAGCTTACATCCTGA[A/G]CCTGGAAAAGCCACAGGCATTCAAC 

10q11.23 

MSMB 

51549496 

rs10993994 CTCACCTTGTTATCATTCCCAATGA[C/T]GTCGAATGCGTGGTTGCCCTCTCCA 

10q11.23 

51532621 

rs7920517 TTCTAATACCATTTTCACTTCTCCC[A/G]AATTTTGTGGATCGTTTCTTGGTAT 

11p15.5 

IGF2 

2165173 

rs11603378 GGAAGGCGCTGCCGGGGATTCACCT[G/T]GGCTGGGGCGCGCGCGGAGCACTGG 

11p15.5 

IGF2 

2167981 

rs2239681 TGGATCCCTCCCTGCAGGCCCTGTC[A/G]TGGGGCAGGTACAGGGACTCCAATC 

11p15.5 

IGF2 

2169014 

rs10770125 GCTGGAATCCACCTCCTCCCACACA[A/G]GCTCGGTGGTGACTCTTCGGCCCCT 

11p15.5 

INS-IGF2 

2180772 

rs3842756 AAGTCACTTCTCAGTGGCCCCACCA[C/T]CCCTGGCCCCTCAGAGACCCCCGCA 

11p15.5 

TH 

2186335 

rs2070762 TCCCTGCTGTGTGGGGGCTGCTGCA[A/G]CCAGGGGTCGGTTTTCTCATCTGTG 

11p15.5 

2200329 

rs11564710 GTGCTTTGACAGCAAATCACATCTC[A/C]TTGCAAGGCCACAGCCCGCCCTGGC 

11p15.5 

2233574 

rs7127900 

 

TTGGGCCATGCGAGGAATGATGGAC[A/G]GATGCAGGCTGCAGCATGGACAGGC 

11p15.5 

ASCL2 

2292080 

rs55930300 GGTGCGCCCCCTGCTCCCGGCAGGT[A/G] CTTAGTGCGCCCCCAAAGCAAGGTA 

12q13.13 

53273904 

rs902774 GCTCCTCTGCTGCCTCCTAGTGGAT[A/G]TCTGATGTCTCTCCGGTTTGCACAA 

19q13.33 

KLK3 

51349090 

rs266849 AGAAAAGGAAC [A/G]ATAAAC TAGTGTCATTAGCTTATAA 

19q13.33 

KLK15 

51335943 

rs2659056 CCCTCTCCCTGGGTCTCCCATGACC[C/T]TGTCCTAGACGCAGCCAGTGCTGCC 
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3.4.4. ʀʟʩʣʝʜʚʘʥʝ ʥʘ (CAG)n ʤʠʢʨʦʩʘʪʝʣʠʪʝʥ ʧʦʣʠʤʦʨʬʠʟʲʤ ʚ AR ʛʝʥʘ ʯʨʝʟ 

ʬʨʘʛʤʝʥʪʝʥ ʘʥʘʣʠʟ ʠ ʢʘʧʠʣʷʨʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 

 ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü ʎʝʥʪʨʦʬʫʛʘ MicroCL-21 (Thermo Fisher Scientific); 

ü PCR ʘʧʘʨʘʪ Bioer Gene Pro (Harlow scientific) 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü Aʚʪʦʤʘʪʠʯʝʥ ʩʝʢʚʝʥʘʪoʨ ABI Prism 3130 xl (Applied Biosystems). 

 

ɽʪʘʧʠ: 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʚʝʥʦʟʥʘ ʢʨʲʚ 

ü ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ, ʠ ʠʟʛʦʪʚʷʥʝ ʥʘ 

50 ng/Õl ʨʘʟʨʝʜʢʠ 

ü ɸʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʙʝʣʷʟʘʥʠ ʬʨʘʛʤʝʥʪʠ ʯʨʝʟ PCR ʪʝʭʥʦʣʦʛʠʷ ; 

ü ʊʝʩʪʚʘʥʝ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ ʥʘ 2%-ʝʥ ʘʛʘʨʦʟʝʥ ʛʝʣ; 

ü ʈʘʟʜʝʣʷʥʝ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʘ 

ʢʘʧʠʣʷʨʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʥʘ ʘʚʪʦʤʘʪʠʯʝʥ ʩʝʢʚʝʥʘʪʦʨ (ABI Prism 3130 xl ï Applied 

Biosystems) ʠʣʠ ʌʨʘʛʤʝʥʪʝʥ ʘʥʘʣʠʟ; 

ü ʆʙʨʘʙʦʪʢʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩ ʧʦʤʦʱʪʘ ʥʘ GeneMapper V 4.0 (ABI) 

 

ʇʨʠʥʮʠʧ: 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʤʠʢʨʦʩʘʪʝʣʠʪʥʠʪʝ ʤʘʨʢʝʨʠ ʩʘ ʩʝ ʠʟʩʣʝʜʚʘʣʠ ʯʨʝʟ ʘʛʘʨʦʟʥʘ ʛʝʣ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ʅʦ ʩ ʪʦʟʠ ʤʝʪʦʜ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʨʘʟʜʝʣʷʥʝ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʩ 

ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʠ ʥʝ ʩʝ ʧʦʩʪʠʛʘ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʚ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʘʣʝʣʠʪʝ. 

ʏʨʝʟ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘʪʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʩʝ ʧʦʩʪʠʛʘ ʧʦ-ʜʦʙʨʦ ʨʘʟʜʝʣʷʥʝ ʥʘ 

ʬʨʘʛʤʝʥʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʘʛaʨoʟʥʘʪʘ ʛʝʣ ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ɺʲʚʝʞʜʘʥʝʪʦ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʪʝ ʙʦʠ ʠ ʣʘʟʝʨʥʦʪʦ ʦʪʯʠʪʘʥʝ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘʪ ʨʝʟʦʣʶʮʠʷʪʘ ʠ 

ʪʦʯʥʦʩʪʪʘ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘʪʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʛʦʣʷʤ ʥʘʧʨʝʜʲʢ ʚ ʪʦʯʥʦʩʪʪʘ ʚ ʘʥʘʣʠʟʘ ʥʘ 

ʤʠʢʨʦʩʘʪʝʣʠʪʥʠʪʝ ʤʘʨʢʝʨʠ ʩʝ ʧʦʩʪʠʛʘ ʩ ʚʲʚʝʞʜʘʥʝʪʦ ʥʘ ʢʘʧʠʣʷʨʥʘʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʦʪ 

ʨʘʟʣʠʯʥʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʘʪʦ ʥʘʧʨʠʤʝʨ Applied Biosystems. ʂʘʧʠʣʷʨʥʘʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ 

ʧʦʟʚʦʣʷʚʘ ʪʦʯʥʦ ʠ ʚʲʟʧʨʦʠʟʚʝʜʠʤʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʨʘʟʤʝʨʠʪʝ ʥʘ ʘʣʝʣʠʪʝ ʢʘʪʦ ʪʦʚʘ ʩʪʘʚʘ 

ʧʦʯʪʠ ʠʟʮʷʣʦ ʘʚʪʦʤʘʪʠʯʥʦ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʛʨʝʰʢʠʪʝ ʧʨʠ ʦʪʯʠʪʘʥʝ.  

ʂʘʧʠʣʷʨʥʘʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʝ ʧʨʦʮʝʩ ʥʘ ʨʘʟʜʝʣʷʥʝ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʩʧʦʨʝʜ ʪʝʭʥʠʷ 

ʨʘʟʤʝʨ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʟʘʨʷʜʘ, ʢʦʡʪʦ ʥʦʩʷʪ. ʈʘʟʪʚʦʨʲʪ ʩ ɼʅʂ ʬʨʘʛʤʝʥʪʠʪʝ ʩʝ ʠʥʞʝʢʪʠʨʘ ʚʲʚ 

ʚʩʷʢʘ ʢʘʧʠʣʷʨʘ. ʇʦ ʚʨʝʤʝ ʥʘ ʢʘʧʠʣʷʨʥʘʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʧʨʦʜʫʢʪʠʪʝ ʦʪ PCR ʨʝʘʢʮʠʠʪʝ (ʠ 

ʜʨʫʛʠ ʦʪʨʠʮʘʪʝʣʥʦ ʟʘʨʝʜʝʥʠ ʤʦʣʝʢʫʣʠ ʢʘʪʦ ʩʦʣʠ ʠʣʠ ʩʚʦʙʦʜʥʠ ʧʨʘʡʤʝʨʠ ʠ ʥʫʢʣʝʦʪʠʜʠ) 

ʥʘʚʣʠʟʘʪ ʚ ʢʘʧʠʣʷʨʘʪʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʝʣʝʢʪʨʦʢʠʥʝʪʠʯʥʘʪʘ ʠʥʞʝʢʮʠʷ. ʇʨʦʜʫʢʪʠʪʝ ʩʣʝʜ ʪʦʚʘ 

ʩʝ ʨʘʟʜʝʣʷʪ ʧʦ ʨʘʟʤʝʨ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʪʝʭʥʠʷ ʦʙʱ ʟʘʨʷʜ. ɽʣʝʢʪʨʦʬʦʨʝʪʠʯʥʘʪʘ ʧʦʜʚʠʞʥʦʩʪ ʥʘ 

ʧʨʦʙʠʪʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʚʣʠʷʥʘ ʦʪ ʫʩʣʦʚʠʷʪʘ ʥʘ ʧʨʦʪʠʯʘʥʝ ʥʘ ʢʘʧʠʣʷʨʥʘʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ: 

ʪʠʧʘ ʙʫʬʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ, pH, ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʦʣʠʯʝʩʪʚʦʪʦ ʧʨʠʣʦʞʝʥ ʚʦʣʪʘʞ ʠ ʪʠʧʘ ʥʘ 

ʧʦʣʠʤʝʨʘ. 

ʇʨʝʜʠ ʜʘ ʜʦʩʪʠʛʥʘʪ ʧʦʣʦʞʠʪʝʣʥʠʷ ʝʣʝʢʪʨʦʜ, ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠʪʝ ɼʅʂ 

ʬʨʘʛʤʝʥʪʠ ʨʘʟʜʝʣʝʥʠ ʩʧʦʨʝʜ ʨʘʟʤʝʨʘ ʩʠ ʧʨʝʤʠʥʘʚʘʪ ʧʨʝʟ ʣʘʟʝʨʝʥ ʣʲʯ. ʃʘʟʝʨʥʠʷʪ ʣʲʯ 

ʧʨʝʜʠʟʚʠʢʚʘ ʙʘʛʨʠʣʘʪʘ ʧʨʠʢʨʝʧʝʥʠ ʢʲʤ ʬʨʘʛʤʝʥʪʠʪʝ ʜʘ ʬʣʫʦʨʝʩʮʠʨʘʪ. ʉʣʝʜ ʪʦʚʘ CCD 

ʢʘʤʝʨʘ ʦʪʯʠʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ. ʌʣʫʦʨʝʩʮʝʥʪʥʠʪʝ ʩʠʛʥʘʣʠ ʩʝ ʢʦʥʚʝʨʪʠʨʘʪ ʚ ʜʠʛʠʪʘʣʥʠ ʠ 

ʩʣʝʜ ʪʦʚʘ ʜʘʥʥʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʥʘʣʠʟʠʨʘʥʠ. 

ɺʩʷʢʘ ʧʨʦʙʘ ʩʝ ʩʤʝʩʚʘ ʩ ʚʲʪʨʝʰʝʥ ʩʪʘʥʜʘʨʪ ʧʨʝʜʠ ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ɺʲʪʨʝʰʥʠʷʪ 

ʩʪʘʥʜʘʨʪ ʠʟʧʲʣʥʷʚʘ ʜʚʝ ʦʩʥʦʚʥʠ ʬʫʥʢʮʠʠ: 1) ʧʦʟʚʦʣʷʚʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʨʘʟʤʝʨʘ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʩʣʝʜ ʝʣʝʢʪʨʦʬʦʨʝʟʘʪʘ ʧʠʢʦʚʝ ʪʲʡ ʢʘʪʦ ʩʪʘʥʜʘʨʪʲʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʤʝʩ ʦʪ 

ʬʨʘʛʤʝʥʪʥʠ ʩ ʠʟʚʝʩʪʥʘ ʜʲʣʞʠʥʘ (ʚ bp ï ʙʘʟʦʚʠ ʜʚʦʡʢʠ) ʠ ʜʲʣʞʠʥʘʪʘ ʥʘ ʧʨʦʙʘʪʘ ʩʝ 
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ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʩʨʘʚʥʝʥʠʝ ʥʘ ʤʠʛʨʘʮʠʦʥʥʘʪʘ ʩʢʦʨʦʩʪ ʧʦ ʚʨʝʤʝ ʥʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘʪʘ ʩ ʪʝʟʠ ʥʘ 

ʩʪʘʥʜʘʨʪʘ; 2) ʧʦʟʚʦʣʷʚʘ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʚʘʨʠʘʮʠʠ ʚ ʠʥʞʝʢʪʠʨʘʥʝʪʦ, ʚʦʜʝʱʠ ʜʦ ʨʘʟʣʠʯʠʷ 

ʧʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʝʜʥʠ ʠ ʩʲʱʠ ɼʅʂ ʬʨʘʛʤʝʥʪʠ ʦʪ ʨʘʟʣʠʯʥʠ ʢʘʧʠʣʷʨʠ, ʧʫʩʢʘʥʠ ʧʦ 

ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ ʠʣʠ ʦʪʯʠʪʘʥʠ ʥʘ ʨʘʟʣʠʯʥʠ ʠʥʩʪʨʫʤʝʥʪʠ. 

ɺ ʪʝʢʫʱʦʪʦ ʧʨʦʫʯʚʘʥʝ ʙʝ ʠʟʧʦʣʟʚʘʥ ʤʦʣʝʢʫʣʥʠʷ ʩʪʘʥʜʘʨʪ GeneScanÊ ROX 500, 

ʧʨʠ ʢʦʡʪʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʝ ʦʪ 35 ʜʦ 500 bp (ʌʠʛʫʨʘ 3.16). ʉʲʜʲʨʞʘ ʦʙʱʦ 16 

ʬʨʘʛʤʝʥʪʘ. 

 

 
ʌʠʛʫʨʘ 3.16. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʙʨʦʷ ʠ ʜʲʣʞʠʥʘʪʘ ʥʘ ʧʠʢʦʚʝʪʝ ʩʲʜʲʨʞʘʱʠ ʩʝ ʚ GeneScanÊ 

ROX 500 

 

ʇʨʦʮʝʜʫʨʘ: 

ʇʨʝʜʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʢʘʧʠʣʷʨʥʘʪʘ ʝʣʝʢʪʨʦʬʦʨʝʟʘ PCR ʧʨʦʜʫʢʪʠʪʝ ʙʷʭʘ ʩʤʝʩʚʘʥʠ 

ʩ ʬʦʨʤʘʤʠʜ ʠ GeneScanÊ ROX 500 ʢʘʪʦ ʪʦʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʊʘʙʣʠʮʘ 3.35. ɹʝ 

ʦʧʪʠʤʠʟʠʨʘʥʦ ʢʦʣʠʯʝʩʪʚʦʪʦ PCR ʧʨʦʜʫʢʪ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʬʨʘʛʤʝʥʪʥʠʷ 

ʘʥʘʣʠʟ. 

ɹʷʭʘ ʠʟʛʦʪʚʝʥʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʠ ʘʣʝʣʥʠ ʩʚʠʜʝʪʝʣʠ, ʩʲʜʲʨʞʘʱʠ ʠʟʚʝʩʪʝʥ ʙʨʦʡ 

(CAG)n ʧʦʚʪʦʨʠ ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʜʠʨʝʢʪʥʦ ʩʝʢʚʝʥʠʨʘʥʝ. ɺ ʝʜʠʥʠʷʪ ʘʣʝʣʝʥ ʩʚʠʜʝʪʝʣ 

ʚʢʣʶʯʠʭʤʝ ʬʨʘʛʤʝʥʪʠ ʩʲʜʲʨʞʘʱʠ ʯʝʪʝʥ ʙʨʦʡ (CAG)n ʧʦʚʪʦʨʠ (14, 16, 18. 20, 22, 24, 26, 

28), ʘ ʚ ʜʨʫʛʠʷ ʬʨʘʛʤʝʥʪʠ ʩʲʜʲʨʞʘʱʠ ʥʝʯʝʪʝʥ ʙʨʦʡ ʧʦʚʪʦʨʠ (15, 17, 19, 21, 23, 25, 27, 29, 

31). ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʢʦʥʪʨʦʣʠʨʘʭʤʝ ʚʘʨʠʨʘʥʝʪʦ ʚ ʦʪʜʝʣʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ. 

 

ʊʘʙʣʠʮʘ 3.35. ʂʦʣʠʯʝʩʪʚʦ ʥʘ ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʬʨʘʛʤʝʥʪʥʠʷ ʘʥʘʣʠʟ 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ 

 (ʚ Õl) 

PCR ʧʨʦʜʫʢʪ 2.5 

Hi-DiÊ ʌʦʨʤʘʤʠʜ 9.8 

GeneScanÊ ROX 500 0.7 

ʂʨʘʝʥ ʦʙʝʤ 13 

 

ʆʪʯʠʪʘʥʝʪʦ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʬʨʘʛʤʝʥʪʠʪʝ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ 

GeneMapper software. 
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3.4.5. ɸʥʘʣʠʟ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʯʨʝʟ ʪʦʧʝʥʝ ʩ 

ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʥʘ ɼʅʂ (High Resolution Melting Analysis- HRMA ) 
 

ʀʟʧʦʣʟʚʘʥʠ ʨʝʘʢʪʠʚʠ: 
ʊʘʙʣʠʮʘ 3.36. ʅʝʦʙʭʦʜʠʤʠ ʨʝʘʢʪʠʚʠ ʟʘ ʘʥʘʣʠʟ 

ɽʪʘʧ 
ʂʦʤʧʦʥʝʥʪʠ ʥʘ  
ʨʝʘʢʮʠʦʥʥʘʪʘ ʩʤʝʩ 

Kʦʣʠʯʝʩʪʚʦ ʟʘ ʝʜʥʘ 

ʨʝʘʢʮʠʷ(ɛl) 

ʇʨʦʚʝʞʜʘʥʝ 

ʥʘ PCR 

ɹʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ  

x- ʚʘʨʠʨʘ, ʥʦ 

ʢʨʘʡʥʘʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʝ 25 

ng 

10ʭ ɹʫʬʝʨ  2.5 

5 mM dNTP  0.5 

MgCl2  0.75 

ʇʨʘʡʤʝʨ F 10 pM 0.6 

ʇʨʘʡʤʝʨ R 10 pM 0.6 

Taq Platinum-ʧʦʣʠʤʝʨʘʟʘ (500U/ ɛl) 0.15 

dʅ2ʆ ʚʘʨʠʨʘ 

Syto 9 0.9 

ʂʨʘʝʥ ʦʙʝʤ 25.0 

ʂʦʥʪʨʦʣʠ ʥʘ 

PCR ʧʨʦʜʫʢʪ 

ʢʦʥʪʨʦʣʥʘ ʙʠʩʫʣʬʠʪʥʘ ɼʅʂ (10 ng/ 

ɛl) -100% ʤʝʪʠʣʠʨʘʥʘ(Qiagen) 
2.5 

ʢʦʥʪʨʦʣʥʘ ʙʠʩʫʣʬʠʪʥʘ ɼʅʂ (10 ng/ 

ɛl) -75% ʤʝʪʠʣʠʨʘʥʘ(Qiagen) 
2.5 

ʢʦʥʪʨʦʣʥʘ ʙʠʩʫʣʬʠʪʥʘ ɼʅʂ (10 ng/ 

ɛl)(Qiagen) 50% ʤʝʪʠʣʠʨʘʥʘ 
2.5 

ʢʦʥʪʨʦʣʥʘ ʙʠʩʫʣʬʠʪʥʘ ɼʅʂ (10 ng/ 

ɛl) 25% ʥʝʤʝʪʠʣʠʨʘʥʘ(Qiagen) 
2.5 

ʢʦʥʪʨʦʣʥʘ ʙʠʩʫʣʬʠʪʥʘ ɼʅʂ (10 ng/ 

ɛl) 100% ʥʝʤʝʪʠʣʠʨʘʥʘ(Qiagen) 
2.5 

 

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü Aʧʘʨʘʪ ʟʘ PCR-ʘʤʧʣʠʬʠʢʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ RotorGene 6000 (Qiagen). 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ - Vortex-Press-to-mix (Snijders) 

ɽʪʘʧʠ: 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ; 

ü ɹʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ɼʅʂ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ; 

ü ʇʨʦʚʝʞʜʘʥʝ ʥʘ PCR ʠ MS-HRM ʘʥʘʣʠʟ ʥʘ RotorGene 6000 

ü ʆʪʯʠʪʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 

ʇʨʠʥʮʠʧ: 

ʄʝʪʦʜʲʪ ʩʝ ʙʘʟʠʨʘ ʥʘ ʬʘʢʪʘ, ʯʝ ʝʜʥʦʚʝʨʠʞʥʠ ɼʅʂ ʬʨʘʛʤʝʥʪʠ (ʥʦʩʝʱʠ ʠʣʠ ʥʝ 

ʤʫʪʘʮʠʷ), ʢʦʠʪʦ ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʜʦʨʠ ʧʦ ʝʜʠʥ ʥʫʢʣʝʦʪʠʜ, ʬʦʨʤʠʨʘʪ ʨʘʟʣʠʯʥʠ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʠ ʩʪʨʫʢʪʫʨʠ. ʊʝʟʠ ɼʅʂ ʬʨʘʛʤʝʥʪʠ ʩ ʨʘʟʣʠʯʥʘ ʢʦʥʬʦʨʤʘʮʠʷ ʩʝ ʜʚʠʞʘʪ ʩ 

ʨʘʟʣʠʯʥʘ ʩʢʦʨʦʩʪ ʚ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʧʦʣʝ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ. 

ɸʥʘʣʠʟʲʪ ʯʨʝʟ ʪʦʧʝʥʝ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ (HRM) ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʠʩʦʢʦ ʝʬʝʢʪʠʚʝʥ ʠ 

ʙʲʨʟ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ ʥʘ ʤʫʪʘʮʠʠ, ʧʦʣʠʤʦʨʬʠʟʤʠ ʠ ʝʧʠʛʝʥʝʪʠʯʥʠ ʧʨʦʤʝʥʠ ʚ ʜʚʦʡʥʦ - 

ʚʝʨʠʞʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ɼʅʂ. ʇʲʨʚʦʥʘʯʘʣʥʦ ʝ ʙʠʣ ʨʘʟʨʘʙʦʪʝʥ ʟʘ SNP ʛʝʥʦʪʠʧʠʨʘʥʝ 

(Wojdacz TK et al., 2007), ʥʦ ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʥʘʙʠʨʘ ʰʠʨʦʢʘ ʧʦʧʫʣʷʨʥʦʩʪ ʠ ʟʘ 
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ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʠ ʥʘ ʜʨʫʛ ʚʠʜ ʛʝʥʝʪʠʯʥʠ ʘʙʝʨʘʮʠʠ. ʊʘʟʠ ʪʝʭʥʠʢʘ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʜʠʩʦʮʠʘʮʠʷ ʥʘ ɼʅʂ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʧʦʩʪʝʧʝʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʇʨʦʬʠʣʲʪ ʥʘ ʪʦʧʝʥʝ ʥʘ ɼʅʂ ʟʘʚʠʩʠ ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʮʠʪʦʟʠʥ ʠ ʛʫʘʥʠʥ 

ʠ ʦʙʱʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʙʘʟʠʪʝ ʚ ʥʫʢʣʝʦʪʠʜʥʘʪʘ ʩʝʢʚʝʥʮʠʷ. ʈʘʡʦʥʠʪʝ, ʢʦʠʪʦ ʩʘ ʙʦʛʘʪʠ 

ʥʘ ʘʜʝʥʠʥ ʠ ʪʠʤʠʥ, ʩʝ ʪʦʧʷʪ ʧʦ-ʙʲʨʟʦ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ, ʢʦʠʪʦ ʩʘ ʙʦʛʘʪʠ ʥʘ ʮʠʪʦʟʠʥ ʠ 

ʛʫʘʥʠʥ. 

ʊʘʙʣʠʮʘ.3.37. ʆʩʥʦʚʥʠ ʢʣʘʩʦʚʝ ʝʜʠʥʠʯʥʠ ʙʘʟʦʚʠ ʟʘʤʝʥʠ ʠ ʧʨʦʮʝʥʪʥʦʪʦ ʠʤ 

ʨʘʧʨʝʜʝʣʝʥʠʝ ʚ ʯʦʚʝʰʢʠʷ ʛʝʥʦʤ. 

ʂʣʘʩ 

SNP : 

ɹʘʟʦʚʘ 

ʟʘʤʷʥʘ: 

ʈʘʟʣʠʢʘ ʚ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝʥʝ ʥʘ 

ʭʦʤʦʟʠʛʦʪʥʠʪʝ ʧʨʦʙʠ: 

ʇʨʦʮʝʥʪʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʧʨʠ 

ʯʦʚʝʢ: 

I C/T ʠ G/A ɻʦʣʷʤʘ: >0.5ÁC  

 

 

ʄʥʦʛʦ ʤʘʣʢʘ: <0.2ÁC 

64% 

II  C/A ʠ G/T 20% 

III  C/G 9% 

IV  A/T  7% 

 

ʇʨʠ ʘʥʘʣʠʟʲʪ ʯʨʝʟ ʪʦʧʝʥʝ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʧʨʠʮʝʣʥʠʷʪ ʫʯʘʩʪʲʢ ʦʪ ʛʝʥʦʤʥʘʪʘ 

ʩʝʢʚʝʥʮʠʷ ʩʝ ʛʝʥʝʨʠʨʘ ʯʨʝʟ ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ ʩʣʝʜ ʪʦʚʘ ʩʝ ʧʦʜʣʘʛʘ ʥʘ ʪʦʧʝʥʝ ʧʨʠ ʫʩʣʦʚʠʷ ʥʘ 

ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ ʤʘʣʢʠ ʠʥʪʝʨʚʘʣʠ ʦʪ ʚʨʝʤʝ. ʇʦʜʦʙʥʦ ʥʘ ʤʥʦʛʦ 

PCR ʪʝʭʥʠʢʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, HRM ʠʟʧʦʣʟʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʥʷʢʦʠ ʙʘʛʨʠʣʘ ʜʘ 

ʬʣʫʦʨʝʩʮʠʨʘʪ ʙʝʟ ʜʘ ʠʥʭʠʙʠʨʘʪ PCR ʨʝʘʢʮʠʷʪʘ, ʢʦʛʘʪʦ ʩʘ ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʚ ʜʚʦʡʥʦ-

ʚʝʨʠʞʥʘ ɼʅʂ [376]. SYTO 9 ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ ʬʣʫʦʨʝʩʮʠʨʘʱʦ ʙʘʛʨʠʣʦ, ʢʦʝʪʦ 

ʩʝ ʠʥʪʝʨʢʘʣʠʨʘ ʚ ʜʚʦʡʥʦʚʝʨʠʞʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ɼʅʂ. SYTO 9 ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚʲʚ 

ʚʠʩʦʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʟ ʜʘ ʧʦʚʣʠʷʝ ʧʨʦʪʠʯʘʥʝʪʦ ʥʘ ʨʝʘʢʮʠʷʪʘ, ʢʘʪʦ ʧʦʢʘʟʚʘ ʝʜʥʘʢʚʘ 

ʩʢʣʦʥʥʦʩʪ ʟʘ ʩʚʲʨʟʚʘʥʝ ʩ ʦʙʣʘʩʪʠ, ʙʦʛʘʪʠ ʥʘ ʛʫʘʥʠʥ/ʮʠʪʦʟʠʥ ʠ ʘʜʝʥʠʥ/ʪʠʤʠʥ, ʙʝʟ 

ʧʨʝʜʧʦʯʠʪʘʥʠʷ ʢʲʤ ʪʠʧʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ. ʊʦʚʘ ʧʨʝʚʨʲʱʘ SYTO 9 ʚ ʥʘʡ ï ʧʦʜʭʦʜʷʱʦʪʦ 

ʬʣʫʦʨʝʩʮʠʨʘʱʦ ʙʘʛʨʠʣʦ ʟʘ HRM ʘʥʘʣʠʟʠ ʥʘ ʨʘʟʣʠʯʥʠ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʠ ʧʨʦʜʫʢʪʠ. 

ʇʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʘʥʘʣʠʟʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʩʝ ʫʚʝʣʠʯʘʚʘ ʧʦʩʪʝʧʝʥʥʦ ʦʪ ʥʠʩʢʘ ʢʲʤ 

ʚʠʩʦʢʘ. ʌʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʪʨʝʪʦʪʦ ʧʦʢʦʣʝʥʠʝ ʬʣʫʦʨʝʩʮʠʨʘʱʦ ʙʘʛʨʠʣʦ (SYTO 9) ʩʝ 

ʠʟʤʝʨʚʘ ʥʝʧʨʝʢʲʩʥʘʪʦ ʠ ʩʝ ʧʨʝʜʩʪʘʚʷ ʛʨʘʬʠʯʥʦ ʢʘʪʦ ʬʫʥʢʮʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʘʪʘ. ʇʦʚʠʰʝʥʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʩʝ ʠʟʤʝʨʚʘ ʩʘʤʦ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʙʘʛʨʠʣʦʪʦ ʝ ʩʚʲʨʟʘʥʦ ʩ ɼʅʂ. ʇʨʠ ʧʦ-ʥʠʩʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʝ ʚʠʩʦʢʘ, ʪʲʡ ʢʘʪʦ ɼʅʂ ʝ ʜʚʦʡʥʦʚʝʨʠʞʥʘ. ʇʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ɼʅʂ ʟʘʧʦʯʚʘ ʜʘ ʩʝ ʜʝʥʘʪʫʨʠʨʘ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʪʦʧʝʥʝ ʥʘ ʜʚʦʡʥʦʚʝʨʠʞʥʘʪʘ 

ʩʪʨʫʢʪʫʨʘ. ʇʨʠ ʪʦʟʠ ʧʨʦʮʝʩ ʙʘʛʨʠʣʦʪʦ ʩʝ ʦʩʚʦʙʦʞʜʘʚʘ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʧʦʩʪʝʧʝʥʦ 

ʥʘʤʘʣʷʚʘ. ʇʨʠ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝʥʝ (Tʪ) ʥʘ ʜʘʜʝʥʘ ʧʨʦʙʘ 

ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ ʪ. ʥʘʨ. ʬʘʟʘ ʥʘ ʪʦʧʝʥʝ. ʇʨʠ ʪʘʟʠ ʬʘʟʘ ʧʨʦʤʷʥʘ ʚʲʚ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʝ ʥʘʡ ï 

ʛʦʣʷʤʘ. ʂʦʛʘʪʦ ɼʅʂ ʩʝ ʩʪʦʧʠ ʥʘʧʲʣʥʦ, ʩʝ ʥʘʙʣʶʜʘʚʘ ʨʷʟʲʢ ʩʧʘʜ ʚ ʥʠʚʦʪʦ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ (ʌʠʛʫʨʘ 3.17.).  

 

 
 

ʌʠʛʫʨʘ 3.17. ʆʩʥʦʚʥʠ ʬʘʟʠ ʧʨʠ ʪʦʧʝʥʝʪʦ ʥʘ 

ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ. ʉʠʥʷʪʘ ʢʨʠʚʘ ʧʦʢʘʟʚʘ 

ʪʠʧʠʯʝʥ ʧʨʦʬʠʣ ʥʘ ʪʦʧʝʥʝ ʥʘ ɼʅʂ. ɺʲʚ 

ʬʘʟʘʪʘ ʥʘ ʪʦʧʝʥʝ ʩʝ ʠʟʤʝʨʚʘ ʊʪ ï 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʪʦʧʝʥʝ. 
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ʇʨʦʤʷʥʘʪʘ ʚʲʚ ʬʣʫʦʨʝʩʮʝʥʮʠʷʪʘ ʥʘ ʙʘʛʨʠʣʦʪʦ ʝ ʧʦʢʘʟʘʪʝʣ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ɼʅʂ ʧʦ ʚʨʝʤʝ PCR ʨʝʘʢʮʠʷʪʘ, ʘ ʩʲʱʦ ʪʘʢʘ ʩʝ ʠʟʧʦʣʟʚʘ ʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ 

ʧʨʦʬʠʣʘ ʥʘ ʪʦʧʝʥʝ ʥʘ ɼʅʂ ʧʦ ʚʨʝʤʝ ʥʘ HRM ʘʥʘʣʠʟʘ. HRMA ʜʦʨʠ ʧʦʟʚʦʣʷʚʘ ʦʪʢʨʠʚʘʥʝʪʦ 

ʥʘ ʤʥʦʛʦ ʬʠʥʠ ʨʘʟʣʠʢʠ ʤʝʞʜʫ ʜʚʝ ɼʅʂ ʩʝʢʚʝʥʮʠʠ - ʜʦʨʠ ʧʨʠ ʨʘʟʣʠʢʘ ʩʘʤʦ ʚ ʝʜʠʥ 

ʥʫʢʣʝʦʪʠʜ. 

ɽʜʥʦ ʦʪ ʧʨʠʣʦʞʝʥʠʷʪʘ ʥʘ HRM ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ ʟʘ ʘʥʘʣʠʟ ʥʘ ʤʝʪʠʣʠʨʘʥʝ ʯʨʝʟ 

ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʧʨʦʬʠʣʠʪʝ ʥʘ ʪʦʧʝʥʝ ʥʘ ʥʝʠʟʚʝʩʪʥʠ ʧʨʦʙʠ ʩ ʧʨʦʬʠʣʠʪʝ ʥʘ ʥʘʧʲʣʥʦ 

ʤʝʪʠʣʠʨʘʥʠ ʠ ʥʝʤʝʪʠʣʠʨʘʥʠ ʢʦʥʪʨʦʣʠ ʘʤʧʣʠʬʠʮʠʨʘʥʠ ʩʣʝʜ ʙʠʩʫʣʬʠʪʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

(MS-HRM). PCR ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʤʝʪʠʣʠʨʘʥʠʪʝ ʧʨʦʙʠ ʠʤʘʪ ʨʘʟʣʠʯʝʥ GC ʩʲʩʪʘʚ ʦʪ PCR 

ʧʨʦʜʫʢʪʠʪʝ ʥʘ ʥʝʤʝʪʠʣʠʨʘʥʠʪʝ ʧʨʦʙʠ, ʚ ʢʦʠʪʦ ʮʠʪʦʟʠʥʦʚʠʪʝ ʱʝ ʩʘ ʩʝ ʧʨʝʚʲʨʥʘʣʠ ʚ 

ʫʨʘʮʠʣʦʚʠ ʦʩʪʘʪʲʮʠ ʩʣʝʜ ʙʠʩʫʣʬʠʪʥʘʪʘ ʤʦʜʠʬʠʢʘʮʠʷ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʧʨʦʜʫʢʪʠʪʝ ʱʝ 

ʠʤʘʪ ʨʘʟʣʠʯʝʥ ʧʨʦʬʠʣ ʥʘ ʪʦʧʝʥʝ. ɸʥʘʣʠʟʲʪ ʯʨʝʟ ʪʦʧʝʥʝ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʥʝ ʜʘʚʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʪʘʪʫʩʘ ʥʘ ʤʝʪʠʣʠʨʘʥʠ ʥʘ ʦʪʜʝʣʥʠ ʮʠʪʦʟʠʥʠ ʚ ʠʟʩʣʝʜʚʘʥʠʷʪ ʣʦʢʫʩ, ʥʦ ʤʦʞʝ 

ʜʘ ʥʘʧʨʘʚʠ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʤʝʞʜʫ ʥʘʧʲʣʥʦ ʠ ʯʘʩʪʠʯʥʦ ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ.  

ʇʨʘʡʤʝʨʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʚ MS-HRM ʘʥʘʣʠʟʘ ʩʘ ʠʟʙʨʘʥʠ ʦʪ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ Wojdacz ʠ 

ʩʲʘʚʪʦʨʠ [376] ʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 3.38. 
 

ʊʘʙʣʠʮʘ 3.38. ʉʝʢʚʝʥʮʠʠ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʟʘ MS HRM  ʠ ʦʧʪʠʤʘʣʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʘʥʠʣʠʥʛ (Tʘʥ) ʟʘ ʤʝʪʠʣʠʨʘʥʘʪʘ ʠ ʥʝʤʝʪʠʣʠʨʘʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ɼʅʂ. 

ʇʨʘʡʤʝʨ MS-HRM  ʉʝʢʚʝʥʮʠʷ 
ʈʘʟʤʝʨ 

ʥʘ PCR 

ʧʨʦʜʫʢʪʘ 
Tʘʥ 

GSTP1_HRM_F 5 -̀ GAGAAGTACGAGATGTGGGGAT -3  ̀
68 57ÁC 

GSTP1_HRM_R 5 -̀ TACACTCCTAACCCCTCCCC -3  ̀
 

ʂʦʨʝʢʪʥʠʷʪ ʜʠʟʘʡʥ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʧʦʟʚʦʣʷʚʘ ʠʟʙʷʛʚʘʥʝ ʥʘ ʛʨʝʰʢʠ ʧʨʠ PCR 

ʨʝʘʢʮʠʠʪʝ. ʇʨʦʧʦʨʮʠʦʥʘʣʥʦʪʦ ʘʤʧʣʠʬʠʮʠʨʘʥʝ ʥʘ ʙʠʩʫʣʬʠʪʥʦ ʤʦʜʠʬʠʮʠʨʘʥʠʪʝ 

ʤʝʪʠʣʠʨʘʥʠ ʠ ʥʝʤʝʪʠʣʠʨʘʥʠ ʤʘʪʨʠʮʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʤʧʨʦʤʝʪʠʨʘʥʦ ʦʪ ʧʦʚʣʠʷʚʘʥʝ ʥʘ 

PCR ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʦ ʘʤʧʣʠʬʠʮʠʨʘʥʝ ʥʘ ʝʜʥʘ ʦʪ ʜʚʝʪʝ ɼʅʂ ʤʘʪʨʠʮʠ ʪʲʡ ʢʘʪʦ ʪʝ ʠʤʘʪ 

ʨʘʟʣʠʯʥʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʙʘʟʠ. ʊʦʟʠ ʧʨʦʙʣʝʤ ʝ ʨʘʟʧʦʟʥʘʪ ʦʪʜʘʚʥʘ ʧʨʠ ʘʥʘʣʠʟʠʨʘʥʝʪʦ ʥʘ 

ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʠʪʝ ʛʝʥʠ ʢʘʪʦ ʝ ʥʘʙʣʶʜʘʚʘʥʘ ʧʨʝʬʝʨʝʥʮʠʘʣʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ 

ʥʘ ʥʝʤʝʪʠʣʠʨʘʥʠʪʝ ʚʝʨʠʛʠ. ʊʦʚʘ ʦʪʥʦʩʠʪʝʣʥʦ ʜʠʩʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʘʤʧʣʠʬʠʮʠʨʘʥʝ ʤʦʞʝ 

ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʝʧʨʘʚʠʣʥʦ ʠʥʪʝʨʧʨʝʪʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʦʪʯʠʪʘʥʝ ʥʘ ʧʦ-ʤʘʣʲʢ ʧʨʦʮʝʥʪ 

ʤʝʪʠʣʠʨʘʥʝ ʦʪ ʨʝʘʣʥʠʷ. ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʪʦʚʘ, ʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʧʘʟʚʘʪ ʦʧʨʝʜʝʣʝʥʠ ʧʨʘʚʠʣʘ 

ʧʨʠ ʜʠʟʘʡʥʘ ʥʘ ʧʨʘʡʤʝʨʠʪʝ: 1) ʚʩʝʢʠ ʦʪ ʧʨʘʡʤʝʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʲʜʲʨʞʘ ʝʜʠʥ ʠʣʠ ʜʚʘ CpG 

ʜʠʥʫʢʣʝʦʪʠʜʘ; 2) CpG ʜʠʥʫʢʣʝʦʪʠʜʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʢʦʣʢʦʪʦ ʩʝ ʤʦʞʝ ʧʦ-

ʙʣʠʟʦ ʜʦ 5ô-ʢʨʘʷ ʥʘ ʚʩʝʢʠ ʧʨʘʡʤʝʨ; 3) ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʪʦʧʝʥʝ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ 

ʤʥʦʛʦ ʩʭʦʜʥʠ ʢʘʪʦ ʩʝ ʜʦʧʫʩʢʘ ʤʘʢʩʠʤʘʣʥʘ ʨʘʟʣʠʢʘ ʦʪ 1ʦʉ; 4) 3ô-ʢʨʘʷ ʥʘ ʧʨʘʡʤʝʨʘ ʪʨʷʙʚʘ ʜʘ 

ʩʲʜʲʨʞʘ ʝʜʠʥ ʠʣʠ ʧʦʚʝʯʝ ʊ ʦʩʪʘʪʲʮʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʥʘ ʮʠʪʦʟʠʥʦʚʠʪʝ ʦʩʪʘʪʲʮʠ ʠʟʚʲʥ 

CpG ʜʠʥʫʢʣʝʦʪʠʜʠʪʝ, ʟʘ ʜʘ ʩʝ ʧʦʜʩʠʛʫʨʠ ʘʤʧʣʠʬʠʢʘʮʠʷ ʩʘʤʦ ʥʘ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ 

ɼʅʂ; 5) ʧʨʘʡʤʝʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʦʪʛʦʚʘʨʷʪ ʥʘ ʩʪʘʥʜʘʨʪʥʠʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʠʟʙʷʛʚʘʥʝ ʥʘ 

ʬʦʨʤʠʨʘʥʝ ʥʘ ʚʪʦʨʠʯʥʠ ʩʪʨʫʢʪʫʨʠ, ʧʨʘʡʤʝʨʥʠ ʜʠʤʝʨʠ ʠ ʜʨ; 6) ʧʨʘʡʤʝʨʠʪʝ ʜʘ 

ʘʤʧʣʠʬʠʮʠʨʘʪ ʬʨʘʛʤʝʥʪʠ ʦʢʦʣʦ 100 bp, ʟʘ ʜʘ ʩʝ ʦʧʨʦʩʪʠ ʩʣʦʞʥʦʩʪʪʘ ʥʘ ʧʨʦʬʠʣʘ ʥʘ 

ʪʦʧʝʥʝ.  

ʋʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ PCR ʨʝʘʢʮʠʠʪʝ ʠ MS-HRMA ʩʘ ʩʣʝʜʥʠʪʝ: 

¶ ʥʘʯʘʣʥʘ ʜʝʥʘʪʫʨʘʮʠʷ 95Áʉ - 10 ʤʠʥ. 

¶ 95Áʉ - 20 ʩʝʢ. 

¶ 57Áʉ - 20 ʩʝʢ. 

¶ 72Áʉ- 30 ʩʝʢ. 

¶ ʢʨʘʝʥ ʩʠʥʪʝʟ 72Áʉ - 5 ʤʠʥ. 

¶ HRM 70-90ʦʉ ï 0.1ʦʉ/ʩʝʢ 

45 ʮʠʢʲʣʘ 
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ʊʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʥʠʣʠʥʛ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʙʝ ʦʧʪʠʤʠʟʠʨʘʥʘ ʩʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 

ʛʨʘʜʠʝʥʪʝʥ PCR. ɸʤʧʣʠʬʠʢʘʮʠʷʪʘ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʢʦʣʠʯʝʩʪʚʦ PCR ʧʨʦʜʫʢʪʠ ʦʪ 

ʙʠʩʫʣʬʠʪʥʦ ʤʦʜʠʬʠʮʠʨʘʥʠ ʤʘʪʨʠʮʠ ʦʙʠʢʥʦʚʝʥʦ ʠʟʠʩʢʚʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ 

ʮʠʢʣʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʪʘʥʜʘʨʪʥʠʪʝ PCR ʘʤʧʣʠʬʠʢʘʮʠʠ. ɹʨʦʷʪ ʥʘ ʮʠʢʣʠʪʝ ʙʝ 

ʦʧʪʠʤʠʟʠʨʘʥ ʢʘʪʦ ʧʲʨʚʦʥʘʯʘʣʥʦ ʟʘʧʦʯʥʘʭʤʝ ʩ 50 ʮʠʢʲʣʘ. ɹʷʭʘ ʦʧʪʠʤʠʟʠʨʘʥʠ ʠ ʫʩʣʦʚʠʷʪʘ 

ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ HRM ʘʥʘʣʠʟʘ: ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʜʠʘʧʘʟʦʥ ʠ ʛʨʘʜʫʩʠʪʝ, ʩ ʢʦʠʪʦ ʩʝ ʧʦʢʘʯʚʘ 

ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʧʨʝʟ 1 ʩʝʢʫʥʜʘ. 

 

3.4.6. ɸʥʘʣʠʟ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʠ RASSF2 ʯʨʝʟ 

MethyLight  ʘʥʘʣʠʟ 

ʉʪʘʪʫʩʲʪ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʠ RASSF2 ʙʝ ʦʧʨʝʜʝʣʝʥ 

ʯʨʝʟ ʤʝʪʦʜʘ MethyLight [377-382] 
 

ʀʟʧʦʣʟʚʘʥʘ ɸʧʘʨʘʪʫʨʘ: 

ü 7900 HT Fast Real-Time PCR (Applied Biosystems) 

ü ʍʣʘʜʠʣʥʘ ʮʝʥʪʨʦʬʫʛʘ 5810R (Eppendorf); 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü ʉʫʭ ʩʪʝʨʠʣʠʟʘʪʦʨ ʄʄʄ (Ecocell) 

ü Beckman BIOMEKÈFXp 
 

ɽʪʘʧʠ: 

ü ɼʠʟʘʡʥ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʘʥʘʣʠʟʘ 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ɼʅʂ ʦʪ ʫʨʠʥʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ 

ü M.SssI ʪʨʝʪʠʨʘʥʝ ʥʘ ʛʝʥʦʤʥʘ ɼʅʂ ʟʘ ʠʟʛʦʪʚʷʥʝ ʥʘ 100% ʤʝʪʠʣʠʨʘʥʠ ʢʦʥʪʨʦʣʠ 

ü ɹʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʝ ʥʘ ɼʅʂ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ 

ü ʀʟʛʦʪʚʷʥʝ ʥʘ ʨʘʟʨʝʜʢʠ ʦʪ ʙʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʠʪʝ ɼʅʂ-ʠ 

ü ʇʨʦʚʝʞʜʘʥʝ ʥʘ MethyLight ʘʥʘʣʠʟʘ 

ü ʆʪʯʠʪʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ PMR (percentage relative to an 

M.SssI-treated methylated DNA reference sample)- ʧʨʦʮʝʥʪ ʤʝʪʠʣʠʨʘʥʝ 

ʦʧʨʝʜʝʣʝʥʦ ʩʧʨʷʤʦ M.SssI-ʪʨʝʪʠʨʘʥʘ ʤʝʪʠʣʠʨʘʥʘ ʨʝʬʝʨʝʥʪʥʘ ɼʅʂ ʧʨʦʙʘ. 
 

ʇʨʠʥʮʠʧ: 

MethyLight ʝ ʙʠʩʫʣʬʠʪʥʦ ʟʘʚʠʩʠʤ, ʢʦʣʠʯʝʩʪʚʝʥ, ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʘʟʠʨʘʥ (TaqMan) 

PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʤʝʪʦʜ, ʢʦʡʪʦ ʦʪʢʨʠʚʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʷ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʚ 

ʛʝʥʦʤʥʘ ɼʅʂ. ʇʨʝʜʩʪʘʚʣʷʚʘ ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʤʝʪʦʜ, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʦʪʢʨʠʝ ʤʝʪʠʣʠʨʘʥʠ 

ʘʣʝʣʠ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 10 000 ʧʲʪʠ ʠʟʣʠʰʝʩʪʚʦ ʥʘ ʥʝʤʝʪʠʣʠʨʘʥʠ ʘʣʝʣʠ. MethyLight 

ʤʝʪʦʜʲʪ ʩʝ ʙʘʟʠʨʘ ʥʘ ʩʧʝʮʠʬʠʯʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠ ʠ ʧʨʦʙʠ ʢʲʤ ʤʝʪʠʣʠʨʘʥʠ 

ʤʘʪʨʠʮʠ. 

ʇʨʠ ʪʦʟʠ ʪʠʧ ʘʥʘʣʠʟ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ ʪʠʧʘ ʨʝʘʢʮʠʠ: 1) MethyLight ʨʝʘʢʮʠʠ: 

ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘʪʘ ɼʅʂ ʝ ʤʘʪʨʠʮʘ. ʇʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʘʪʘ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ 

ʤʝʪʠʣʠʨʘʥʘ ɼʅʂ ʠ ʩʲʱʦ ʪʘʢʘ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʙʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʘ ɼʅʂ; 2) 

ɹʠʩʫʣʬʠʪʥʦ ʩʧʝʮʠʬʠʯʥʘ ʢʦʥʪʨʦʣʥʘ ʨʝʘʢʮʠʷ (ALU-C4): ʠʟʤʝʨʚʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʙʠʩʫʣʬʠʪʥʦ 

ʪʨʝʪʠʨʘʥʘ ɼʅʂ ʚ ʨʝʘʢʮʠʷʪʘ ʠ ʩʣʫʞʠ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ. ʊʘʟʠ ʨʝʘʢʮʠʷ ʥʝ ʝ ʩʧʝʮʠʬʠʯʥʘ ʟʘ 

ʤʝʪʠʣʠʨʘʥʠ ʤʘʪʨʠʮʠ ʥʦ ʝ ʩʧʝʮʠʬʠʯʥʘ ʟʘ ʙʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʘ ɼʅʂ. ʉʣʝʜʦʚʘʪʝʣʥʦ 

ʙʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʘʪʘ ɼʅʂ ʦʪ ʚʩʷʢʘ ʧʨʦʙʘ ʠ ʦʪ M.SssI ʪʨʝʪʠʨʘʥʘʪʘ ɼʅʂ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ 

ʜʚʘ ʚʠʜʘ ʨʝʘʢʮʠʠ ʢʘʪʦ ʪʦʚʘ ʩʝ ʧʨʘʚʠ ʚ ʜʚʝ ʧʦʚʪʦʨʝʥʠʷ. ɿʘ ʚʩʷʢʘ 384- ʷʤʢʦʚʘ ʧʣʘʢʘ ʩʝ 

ʧʦʩʪʨʦʷʚʘ ʠ 4 ʪʦʯʢʦʚʘ ʩʪʘʥʜʘʨʪʥʘ ʢʨʠʚʘ ʩ M.SssI ʪʨʝʪʠʨʘʥʘʪʘ ɼʅʂ ʠ ALU-C4 ʢʦʥʪʨʦʣʥʘʪʘ 

ʨʝʘʢʮʠʷ ʚ 6 ʷʤʢʠ ʢʘʪʦ ʦʪʥʦʚʦ ʝ ʚ ʜʚʝ ʧʦʚʪʦʨʝʥʠʷ (ʦʙʱʦ 12 ʷʤʢʠ). 
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ʂʦʣʠʯʝʩʪʚʦʪʦ ʤʝʪʠʣʠʨʘʥʘ ɼʅʂ ʙʝ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ PMR. ʌʦʨʤʫʣʘʪʘ ʟʘ 

ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ PMR ʝ ʩʣʝʜʥʘʪʘ: 

[((GENE-X mean value)sample/(ALU  mean value) sample) / ((GENE-X mean value)M.SssI /(ALU  

mean value) M.SssI)] * 100 

¶ ʑʦʤ PCR ʧʨʦʛʨʘʤʘʪʘ ʝ ʩʚʲʨʰʠʣʘ, ʪʦ C(t) ʩʪʦʡʥʦʩʪʠʪʝ ʩʝ ʢʦʥʚʝʨʪʠʨʘʪ ʚ C(t) 

ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ ʠ ʩʝ ʠʟʯʠʩʣʷʚʘ Quantity mean ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʪʘʥʜʘʨʪʥʘʪʘ 

ʢʨʠʚʘ ʟʘ ʚʩʷʢʘ ʧʣʘʢʘ 

¶ PMR ʩʪʦʡʥʦʩʪʠʪʝ ʩʝ ʠʟʯʠʩʣʷʚʘʪ ʧʦʦʪʜʝʣʥʦ ʠ ʟʘ ʜʚʝʪʝ ʩʪʘʥʜʘʨʪʥʠ ʢʨʠʚʠ. ʉʣʝʜ 

ʪʦʚʘ PMR ʩʪʦʡʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ, ʩʝ ʫʩʨʝʜʥʷʚʘʪ 

¶ ʇʨʦʙʠ ʩ PMR ʩʪʦʡʥʦʩʪʠ ʥʘʜ 10 ʩʝ ʩʤʷʪʘʪ ʟʘ ʤʝʪʠʣʠʨʘʥʠ 

 

ɼʠʟʘʡʥ ʥʘ ʧʨʘʡʤʝʨʠ ʠ ʧʨʦʙʠ: 

ɿʘ ʜʠʟʘʡʥʲʪ ʥʘ TaqMan ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʤʝʪʠʣʠʨʘʥʘ ɼʅʂ 

ʠʟʧʦʣʟʚʘʭʤʝ ʩʦʬʪʫʝʨʘ Beacon Designer 7. ʊʦʟʠ ʩʦʬʪʫʝʨ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪʢʨʠʪ ʥʘ ʩʣʝʜʥʠʷ 

ʩʘʡʪ: (http://www.premierbiosoft.com/molecular_beacons/index/methylight.html). 

ʇʨʠ ʜʠʟʘʡʥʲʪ ʠ ʠʟʙʦʨʲʪ ʥʘ ʧʨʘʡʤʝʨʠ ʩʣʝʜʚʘʭʤʝ ʩʣʝʜʥʠʪʝ ʢʨʠʪʝʨʠʠ ʠ ʠʟʠʩʢʚʘʥʠʷ: 

- ɿʘ ʜʘ ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʤʝʪʠʣʠʨʘʥʘ ʦʪ ʥʝʤʝʪʠʣʠʨʘʥʘ ɼʅʂ, ʧʨʘʡʤʝʨʠʪʝ ʪʨʷʙʚʘ ʜʘ 
ʩʲʜʲʨʞʘʪ ʢʦʣʢʦʪʦ ʩʝ ʤʦʞʝ ʧʦʚʝʯʝ CpG (ʧʦʥʝ ʝʜʠʥ CpG) ʠ ʥʘʡ-ʜʦʙʨʝ ʜʘ ʩʝ 

ʥʘʤʠʨʘʪ ʥʘ 3ô ʢʨʘʷ. ʇʦʥʝ ʝʜʥʘ ʦʪ ʪʨʠʪʝ ʙʘʟʠ ʚ 3ô ʢʨʘʷ ʥʘ ʧʨʘʡʤʝʨʘ ʪʨʷʙʚʘ ʜʘ ʝ ʉ 

ʦʪ CpG. 

- ʀʟʙʷʛʚʘʥʝ ʥʘ ʧʨʘʡʤʝʨʠ ʩ ʚʠʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʚʪʦʨʠʯʥʠ 
ʩʪʨʫʢʪʫʨʠ ʠ ʧʨʘʡʤʝʨʥʠ ʜʠʤʝʨʠ ʢʘʪʦ ʩʝ ʫʚʝʣʠʯʠ ʤʘʢʩʠʤʘʣʥʦ ʜʲʣʞʠʥʘʪʘ ʥʘ 

ʧʨʘʡʤʝʨʠʪʝ 

- ʇʨʦʜʫʢʪʲʪ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʥʝ ʙʠʚʘ ʜʘ ʝ ʥʘʜ 500bp (ʘ ʟʘ Real Time ʘʥʘʣʠʟʠʪʝ ʥʘʜ 
300bp) ʪʲʡ ʢʘʪʦ ɼʅʂ ʤʦʞʝ ʜʘ ʝ ʯʘʩʪʠʯʥʦ ʜʝʛʨʘʜʠʨʘʣʘ ʩʣʝʜ ʙʠʩʫʣʬʠʪʥʘʪʘ 

ʤʦʜʠʬʠʢʘʮʠʷ 

 

ʇʨʠ ʜʠʟʘʡʥʘ ʠ ʠʟʙʦʨʘ ʥʘ ʧʨʦʙʠ ʩʣʝʜʚʘʭʤʝ ʩʣʝʜʥʠʪʝ ʢʨʠʪʝʨʠʠ ʠ ʠʟʠʩʢʚʘʥʠʷ: 

- ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʧʨʦʙʘʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʜʲʨʞʘʪ 3-5 ʧʦʪʝʥʮʠʘʣʥʠ 

ʤʝʪʠʣʘʮʠʦʥʥʠ ʤʝʩʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʚʠʰʠ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʠ ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʠ 

ʧʦʛʨʝʰʥʘʪʘ ʭʠʙʨʠʜʠʟʘʮʠʷ 

- ɺ ʩʚʲʨʟʚʘʱʠʪʝ ʤʝʩʪʘ ʥʘ ʧʨʦʙʘʪʘ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʧʦʥʝ ʥʷʢʦʣʢʦ ʮʠʪʦʟʠʥʘ ʚ 
ʤʘʪʨʠʮʘʪʘ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʢʲʤ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ ʠ 

ʟʘ ʜʘ ʩʝ ʦʛʨʘʥʠʯʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʬʘʣʰʠʚʦ ʧʦʣʦʞʠʪʝʣʥʦ ʨʝʟʫʣʪʘʪʠ ʧʦʨʘʜʠ ʥʝ 

ʧʲʣʥʦ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʨʲʱʘʥʝ. 

- ɼʲʣʛʠ ʧʦʚʪʘʨʷʱʠ ʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʙʷʛʚʘʥʠ 

- Tm ʥʘ ʧʨʦʙʘʪʘ ʪʨʷʙʚʘ ʜʘ ʝ ʩ 10ʦʉ ʧʦ-ʚʠʩʦʢʘ ʦʪ ʪʘʟʠ ʥʘ ʧʨʘʡʤʝʨʠʪʝ 

- G+C ʩʲʜʲʨʞʘʥʠʝʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ 30%-80% 

- ʅʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘ G ʚ 5ô ʢʨʘʷ ʥʘ ʧʨʦʙʘʪʘ 

- ʇʨʦʙʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʜʦ 15-30 ʥʫʢʣʝʦʪʠʜʘ ʜʲʣʛʠ 

- ʅʝ ʧʦʚʝʯʝ ʦʪ ʜʚʝ G+C ʪʨʷʙʚʘ ʜʘ ʩʘ ʥʘ 3ô ʢʨʘʷ 

- ɼʲʣʞʠʥʘʪʘ ʥʘ ʘʤʧʣʠʢʦʥʘ ʪʨʷʙʚʘ ʜʘ ʝ 50-150bp (ʤʘʢʩʠʤʫʤ 300bp). PCR 

ʧʨʦʜʫʢʪʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʢʦʣʢʦʪʦ ʩʝ ʤʦʞʝ ʧʦ-ʢʲʩʠ, ʟʘ ʜʘ ʩʝ ʧʦʚʠʰʠ ʝʬʠʢʘʩʥʦʩʪʪʘ 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʠ 3.39 ʠ 3.40. 
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ʊʘʙʣʠʮʘ 3.39. ʀʟʧʦʣʟʚʘʥʠ ʧʨʘʡʤʝʨʠ ʠ ʪʷʭʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 

ʇʨʘʡʤʝʨ 

 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ (5ôŸ3ô) 

 
ALU-forward 
ALU-reverse 

GGTTAGGTATAGTGGTTTATATTTGTAATTTTAGTA 
ATTAACTAAACTAATCTTAAACTCCTAACCTCA  

RASSF2-forward 
RASSF2- reverse 

GAGAGGATAGCGGACGAGTAGATT 
CAACCAAACTAAACAAACGATAACCG  

HIST1H4K- forward 
HIST1H4K- reverse 

GATCACCGCCATAAATATAATCTACG 
TTGATAGAAAGGGACGTTTAATTATCG 

 
ʊʘʙʣʠʮʘ 3.40. ʀʟʧʦʣʟʚʘʥʠ ʧʨʦʙʠ ʠ ʪʷʭʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 

ʀʤʝ ʥʘ ʧʨʦʙʘʪʘ ʇʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ (5ôŸ3ô) 

ALU-Probe 6FAM-CCTACCTTAACCTCCC-MGBNFQ 
RASSF2- Probe 6FAM-AAAACCGAACGCCCCGCCCTCCTC-TAMRA  
HIST1H4K- Probe 6FAM-AAACGCCAAAACCGCACCCTCTACG-TAMRA  

 

ʇʨʦʮʝʜʫʨʘ: 

1) ʇʨʠʛʦʪʚʷʥʝ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ 

ʊʲʡ ʢʘʪʦ ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ ʩʘ ʣʠʦʬʠʣʠʟʠʨʘʥʠ ʩʣʝʜ ʢʘʪʦ ʙʲʜʘʪ ʩʠʥʪʝʟʠʨʘʥʠ, ʪʦ 

ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʝ ʜʘ ʙʲʜʘʪ ʨʘʟʪʚʦʨʝʥʠ ʚ ddH2O. 

¶ ʇʨʘʡʤʝʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʨʘʟʪʚʦʨʝʥʠ, ʪʘʢʘ ʯʝ ʢʨʘʡʥʘʪʘ ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʘ ʝ 

300Õʄ 

¶ ʇʨʦʙʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʨʘʟʪʚʦʨʝʥʠ, ʪʘʢʘ ʯʝ ʢʨʘʡʥʘʪʘ ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʘ ʝ 100 

Õʄ 

¶ ʀʟʛʦʪʚʷʥʝ ʥʘ OligoMix, ʩʲʜʲʨʞʘʱ 4Õl ʦʪ 300 Õʄ forward ʧʨʘʡʤʝʨ, 4Õl ʦʪ 300 

Õʄ reverse ʧʨʘʡʤʝʨ, 4Õl ʦʪ 100 Õʄ ʧʨʦʙʘ ʚ 600 Õl ʢʨʘʝʥ ʦʙʝʤ. 

2) ʇʲʨʚʦʥʘʯʘʣʥʘ MethyLight ʢʦʥʪʨʦʣʥʘ PCR ʨʝʘʢʮʠʷ 

ʊʘʟʠ ʨʝʘʢʮʠʷ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʦʧʨʝʜʝʣʠ ʤʘʢʩʠʤʘʣʥʦʪʦ ʨʘʟʨʝʞʜʘʥʝ, ʜʦ ʢʦʝʪʦ ʤʦʛʘʪ ʜʘ 

ʩʝ ʜʦʚʝʜʘʪ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʠʪʝ ʧʨʦʙʠ. ʀʟʧʦʣʟʚʘ ʩʝ ALU-C4 ʢʦʥʪʨʦʣʥʘʪʘ ʨʝʘʢʮʠʷ ʠ 

ʥʷʢʦʣʢʦ ʨʘʟʨʝʜʢʠ ʥʘ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ. ʊʲʡ ʢʘʪʦ ALU-C4 ʨʝʘʢʮʠʷʪʘ ʝ ʤʥʦʛʦ 

ʯʫʚʩʪʚʠʪʝʣʥʘ ʠ ʜʘʚʘ ʤʥʦʛʦ ʥʠʩʢʠ C(t) ʩʪʦʡʥʦʩʪʠ, ʪʦ ʝ ʧʨʠʝʪʦ, ʯʝ ʧʨʦʙʘʪʘ, ʢʦʷʪʦ ʜʘʚʘ 

C(t)=22 ʝ ʤʘʢʩʠʤʘʣʥʦ ʨʘʟʨʝʜʝʥʘ. ʇʨʝʜʧʦʯʠʪʘʪ ʩʝ ʧʦ-ʥʠʩʢʠ C(t) ʩʪʦʡʥʦʩʪʠ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ 

ʧʦ-ʜʦʙʨʠ ʜʘʥʥʠ- C(t) ʩʪʦʡʥʦʩʪʠ ʧʦʜ 20. 

3) TaqMan PCR ʨʝʘʢʮʠʠ ʧʨʠ MethyLight ʘʥʘʣʠʟʠʪʝ 

MethyLight ʘʥʘʣʠʟʲʪ ʠʟʧʦʣʟʚʘ TaqMan PCR ʧʨʠʥʮʠʧʘ, ʢʦʡʪʦ ʠʟʠʩʢʚʘ forward ʠ 

reverse ʧʨʘʡʤʝʨʠ, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʘ ʧʨʦʙʘ, ʢʦʷʪʦ ʠʟʣʲʯʚʘ ʬʣʫʦʨʝʩʮʝʥʪʝʥ 

ʩʠʛʥʘʣ ʩʘʤʦ ʩʣʝʜ ʢʘʪʦ ʙʲʜʝ ʜʝʛʨʘʜʠʨʘʥʘ ʦʪ 5ôŸ3ô ʝʢʟʦʥʫʢʣʝʘʟʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ Taq 

ʧʦʣʠʤʝʨʘʟʘʪʘ. ʄʝʪʦʜʲʪ ʝ ʦʧʠʩʘʥ ʚ ʪʦʯʢʘ 3.4.3. 

ʈʝʘʢʪʠʚʠʪʝ, ʢʦʠʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʠ ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 

3.41. 

 
ʊʘʙʣʠʮʘ 3.41. ʈʝʘʢʪʠʚʠ ʠ ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ MethyLight  ʘʥʘʣʠʟʘ 

ʂʦʤʧʦʥʝʥʪʠ ʂʦʣʠʯʝʩʪʚʦ (ɛl) 

2x Ampli Taq Gold Master mix 5 
Oligo mix 1.5 

dH2O 1.5 
DNA (5ng/ɛl) 2 

ʂʨʘʝʥ ʦʙʝʤ 10 
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ʇʨʠ MethyLight ʘʥʘʣʠʟʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʚʘ ʦʩʥʦʚʥʠ ʚʠʜʘ ʨʝʘʢʮʠʠ ʢʦʤʝʥʪʠʨʘʥʠ ʧʦ-ʛʦʨʝ. ʀ 

ʧʨʠ ʜʚʝʪʝ ʨʝʘʢʮʠʠ ʩʝ ʠʟʧʦʣʟʚʘ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ ʢʘʪʦ ʩʫʙʩʪʨʘʪ: ʨʝʘʢʮʠʠ 

ʟʘʚʠʩʠʤʠ ʦʪ ʤʝʪʠʣʠʨʘʥʝʪʦ ʠ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʤʝʪʠʣʠʨʘʥʘ ɼʅʂ ʠ ʥʝʟʘʚʠʩʠʤʠ ʦʪ 

ʤʝʪʠʣʠʨʘʥʝʪʦ ʢʦʥʪʨʦʣʥʠ ʨʝʘʢʮʠʠ 

¶ ʇʨʠ ʟʘʚʠʩʠʤʠʪʝ ʦʪ ʤʝʪʠʣʠʨʘʥʝ ʨʝʘʢʮʠʠ, ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ ʩʘ ʩʧʝʮʠʬʠʯʥʠ 
ʟʘ ʤʝʪʠʣʠʨʘʥʘ ɼʅʂ ʠ ʪʘʢʘ ʩʲʱʦ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʙʠʩʫʣʬʠʪʥʦ ʪʨʝʪʠʨʘʥʘ ɼʅʂ. 

ʊʝ ʩʘ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠ ʥʘ CpG, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʥʘ ʮʠʪʦʟʠʥʠ, ʢʦʠʪʦ ʥʝ ʩʝ ʥʘʤʠʨʘʪ ʚ 

ʜʠʥʫʢʣʝʦʪʠʜʠʪʝ CpG (ʤʝʪʠʣʠʨʘʥʠʪʝ ʉ ʚ CpGs ʱʝ ʦʩʪʘʥʘʪ CpGs, ʥʦ ʦʩʪʘʥʘʣʠʪʝ 

ʮʠʪʦʟʠʥʠ ʠ ʥʝʤʝʪʠʣʠʨʘʥʠʪʝ CpG ʱʝ ʩʘ ʩʝ ʧʨʝʚʲʨʥʘʣʠ ʩʲʦʪʚʝʪʥʦ ʚ ʪʠʤʠʥʠ ʠʣʠ 

TpGs ʩʣʝʜ ʙʠʩʫʣʬʠʪʥʦʪʦ ʧʨʝʚʨʲʱʘʥʝ ʠ PCR). 

¶ ɹʠʩʫʣʬʠʪʥʦ ʩʧʝʮʠʬʠʯʥʘʪʘ ʢʦʥʪʨʦʣʥʘ ʨʝʘʢʮʠʷ (ALU-C4) ʠʟʤʝʨʚʘ ʢʦʣʠʯʝʩʪʚʦʪʦ 

ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ. ʊʝʟʠ ʨʝʘʢʮʠʠ ʥʝ ʩʘ ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʤʝʪʠʣʠʨʘʥʘ 

ɼʅʂ, ʟʘʱʦʪʦ ʥʷʤʘ CpG ʜʠʥʫʢʣʝʦʪʠʜʠ ʚ ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʘʪʘ, ʥʦ ʩʘ 

ʩʧʝʮʠʬʠʯʥʠ ʟʘ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʟʘ ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ 

ʨʘʟʣʠʯʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ɼʅʂ ʧʨʦʙʠʪʝ. 
 

ʊʝʨʤʘʣʥʠʷʪ ʧʨʦʬʠʣ ʟʘ ʚʩʠʯʢʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʝ ʩʣʝʜʥʠʷ: 

 

ʉʪʲʧʢʘ 1: 95ÁC ʟʘ 10 ʤʠʥ. ï 1 ʮʠʢʲʣ 

 

ʉʪʲʧʢʘ 2:  95ÁC ʟʘ 15 ʩʝʢ.  

                    60ÁC ʟʘ 60 ʩʝʢ. 

 

4) MethyLight ʘʥʘʣʠʟ 

ɿʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʤʝʪʠʣʘʮʠʦʥʥʠʷ ʩʪʘʪʫʩ ʥʘ ʩʧʝʮʠʬʠʯʝʥ ʛʝʥ ʯʨʝʟ MethyLight ʘʥʘʣʠʟ, 

ʪʦ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʯʝʪʠʨʠ PCR ʨʝʘʢʮʠʠ. ʅʝʦʙʭʦʜʠʤʠ ʩʘ ʜʚʘ ʚʠʜʘ ʧʨʦʙʠ: ʙʠʩʫʣʬʠʪʥʦ 

ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ ʦʪ ʧʨʦʙʘ, ʢʦʷʪʦ ʥʠ ʠʥʪʝʨʝʩʫʚʘ ʠ M.SssI ʪʨʝʪʠʨʘʥʘ ɼʅʂ ʢʘʪʦ ʢʦʥʪʨʦʣʘ. ɿʘ 

ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʪʝʟʠ ɼʅʂ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ PCR ʨʝʘʢʮʠʷ ʟʘ ʛʝʥʘ, ʢʦʡʪʦ ʥʠ ʠʥʪʝʨʝʩʫʚʘ (ʚ ʜʚʝ 

ʧʦʚʪʦʨʝʥʠʷ) ʠ ʢʦʥʪʨʦʣʥʘ PCR ʨʝʘʢʮʠʷ (ʚ ʜʚʝ ʧʦʚʪʦʨʝʥʠʷ), ʢʦʷʪʦ ʤʝʨʠ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ 

ʘʤʧʣʠʬʠʮʠʨʘʱʘʪʘ ʩʝ ɼʅʂ. ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ M.SssI ʪʨʝʪʠʨʘʥʘʪʘ ɼʅʂ ʩʝ ʧʦʜʧʦʤʘʛʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʚʘʨʠʘʮʠʠʪʝ ʚ ʨʝʘʢʪʠʚʠʪʝ ʢʘʪʦ ʧʨʘʡʤʝʨʠ, ʧʨʦʙʠ, ʥʘ ʨʝʘʢʮʠʦʥʥʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ, 

ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʘʧʘʨʘʪʘ. ʇʨʘʚʷʪ ʩʝ 2 ʥʝʟʘʚʠʩʠʤʠ 4-ʪʦʯʢʦʚʠ ʩʪʘʥʜʘʨʪʥʠ ʢʨʠʚʠ ʢʘʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘ ALU-ʉ4 ʢʦʥʪʨʦʣʥʘʪʘ ʨʝʘʢʮʠʷ ʠ M.SssI ʤʦʜʠʬʠʮʠʨʘʥʘ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ 

ɼʅʂ.  

ʉʪʘʥʜʘʨʪʥʘ ʢʨʠʚʘ-ʧʦʩʪʨʦʷʚʘʥʝ: 

- M.SssI ʪʨʝʪʠʨʘʥʘʪʘ ɼʅʂ (50ng/Õl) ʩʝ ʨʘʟʨʝʞʜʘ İ- ʦʪ ʥʝʷ ʩʝ ʠʟʧʦʣʟʚʘ 2 Õl. ʊʦʚʘ ʝ 

ʧʲʨʚʘʪʘ ʧʨʦʙʘ ʦʪ ʩʪʘʥʜʘʨʪʥʘʪʘ ʢʨʠʚʘ- 25ng/Õl (ʥʦ 50ng ʚ PCR ʨʝʘʢʮʠʷʪʘ) 

- 1:25 ʨʘʟʨʝʜʢʘ ʥʘ ʧʨʦʙʘ 1 (ʚ ʜʚʝ ʧʦʚʪʦʨʝʥʠʷ)- ʪʦʚʘ ʝ ʧʨʦʙʘ 2- 2ng 
- 1:25 ʨʘʟʨʝʜʢʘ ʥʘ ʧʨʦʙʘ 2 (ʚ ʜʚʝ ʧʦʚʪʦʨʝʥʠʷ)- ʪʦʚʘ ʝ ʧʨʦʙʘ 3- 0.08ng 
- 1:25 ʨʘʟʨʝʜʢʘ ʥʘ ʧʨʦʙʘ 3- 0.0032ng 
ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʜʚʘʪʘ ʛʝʥʘ- RASSF2 ʠ HIST1H4K, ʪʦ ʦʪ 

ʚʩʷʢʘ ʧʨʦʙʘ ʥʠ ʙʷʭʘ ʥʝʦʙʭʦʜʠʤʠ ʧʦ 16 Õl. 
 

3.4.7. ɽʢʩʧʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ PCA3 (DD3), PSA (KLK3), GSTP1, AMACR ʠ 

GOLPH2 (GOLM1) ʚ ʫʨʠʥʘ ʥʘ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ʯʨʝʟ TaqMan ʪʝʭʥʦʣʦʛʠʷʪʘ, PCR 

ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ (Real Time PCR) 

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü 7900 HT Fast Real-Time PCR (Applied Biosystems) 

ü ʍʣʘʜʠʣʥʘ ʮʝʥʪʨʦʬʫʛʘ 5810R (Eppendorf); 

45 ʮʠʢʲʣʘ 
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ü ʎʝʥʪʨʦʬʫʛʘ MicroCL-21 (Thermo Fisher Scientific) 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü ʉʫʭ ʩʪʝʨʠʣʠʟʘʪʦʨ ʄʄʄ (Ecocell) 

 

ɽʪʘʧʠ: 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʦʪ ʫʨʠʥʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ 

ü ʆʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ 

ü ʀʟʛʦʪʚʷʥʝ ʥʘ ʨʘʟʨʝʜʢʠ ʥʘ ʢɼʅʂ 

ü ʇʨʦʚʝʞʜʘʥʝ ʥʘ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 

ü ɸʥʘʣʠʟ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ 

 

ʇʨʠʥʮʠʧ ʠ ʇʨʦʮʝʜʫʨʘ: 

ʇʨʠʥʮʠʧʲʪ ʥʘ TaqMan ʤʝʪʦʜʘ ʝ ʦʧʠʩʘʥ ʚ ʪʦʯʢʘ 3.4.3. 

ʊʦʟʠ ʤʝʪʦʜ ʧʦʟʚʦʣʷʚʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʤʫʣʪʠʧʣʝʢʩʥʠ PCR ʨʝʘʢʮʠʠ ʪʲʡ ʢʘʪʦ 

ʧʨʦʙʠʪʝ ʟʘ ʦʪʜʝʣʥʠʪʝ ʨʝʘʢʮʠʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʙʝʣʷʟʘʥʠ ʩ ʨʘʟʣʠʯʥʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠ ʙʘʛʨʠʣʘ. 

ʇʨʦʙʠʪʝ ʟʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʛʝʥʠ ʙʷʭʘ ʙʝʣʷʟʘʥʠ ʩ FAM, ʘ ʧʨʦʙʘʪʘ ʟʘ ʝʥʜʦʛʝʥʥʘʪʘ ʢʦʥʪʨʦʣʘ 

(ʨʝʬʝʨʝʥʪʥʘ ʢʦʥʨʪʦʣʘ) ʙʝʰʝ ʙʝʣʷʟʘʥʘ ʩ VIC. ʊʦʚʘ ʥʠ ʧʦʟʚʦʣʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʜʫʧʣʝʢʩʥʠ 

PCR ʨʝʘʢʮʠʠ, ʩʲʜʲʨʞʘʱʠ ʧʨʘʡʤʝʨʠʪʝ ʠ ʧʨʦʙʠʪʝ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʝʜʠʥ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʛʝʥʠ ʠ ʝʥʜʦʛʝʥʥʘʪʘ ʢʦʥʪʨʦʣʘ. ɿʘ ʝʥʜʦʛʝʥʥʘ ʢʦʥʪʨʦʣʘ ʙʝ ʠʟʙʨʘʥ B2M ʛʝʥʘ, ʢʦʜʠʨʘʱ ɓ-2 

ʤʠʢʨʦʛʣʦʙʫʣʠʥ. 

ʀʤʘ ʜʚʘ ʤʝʪʦʜʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ: ʘʙʩʦʣʶʪʝʥ ʠ ʦʪʥʦʩʠʪʝʣʝʥ. ɺ 

ʪʝʢʫʱʦʪʦ ʧʨʦʫʯʚʘʥʝ ʥʠʝ ʠʟʧʦʣʟʚʘʭʤʝ ʦʪʥʦʩʠʪʝʣʥʦ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʝʥʥʘʪʘ 

ʝʢʩʧʨʝʩʠʷ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 2-ææCt ʤʝʪʦʜʘ.  

ɼʝʬʠʥʠʮʠʠ: 

ü ɽʥʜʦʛʝʥʥʘ ʢʦʥʪʨʦʣʘ, ʨʝʬʝʨʝʥʪʝʥ ʛʝʥ- ʢʦʥʪʨʦʣʘʪʘ ʝ ʛʝʥ, ʯʠʷʪʦ ʝʢʩʧʨʝʩʠʷ ʥʝ 

ʚʘʨʠʨʘ ʤʝʞʜʫ ʧʨʦʙʠʪʝ, ʢʦʠʪʦ ʩʝ ʪʝʩʪʚʘʪ. 

ü ʂʘʣʠʙʨʘʪʦʨ- ʢʘʣʠʙʨʘʪʦʨʲʪ ʝ ʧʨʦʙʘʪʘ ʢʲʤ ʢʦʷʪʦ ʩʝ ʩʨʘʚʥʷʚʘʪ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ. 

RQ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʘʣʠʙʨʘʪʦʨʘ ʝ 1, ʟʘʱʦʪʦ ʥʝ ʚʘʨʠʨʘ ʧʨʠ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʝʙʝ 

ʩʠ. 

ü Ct (Cq) - PCR ʮʠʢʲʣ. ʆʙʠʢʥʦʚʝʥʦ ʝʜʠʥ PCR run ʠʤʘ ʦʢʦʣʦ 40 ʮʠʢʲʣʘ. Ct ʝ 

ʩʪʦʡʥʦʩʪʪʘ, ʢʲʜʝʪʦ PCR ʢʨʠʚʘʪʘ ʧʨʝʩʠʯʘ ʥʷʢʘʢʲʚ ʧʨʘʛ ʚ ʣʠʥʝʡʥʘʪʘ ʯʘʩʪ ʥʘ 

ʢʨʠʚʘʪʘ. ʊʘʟʠ ʩʪʦʡʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʘʥʘʣʠʟʘ. ʇʦ-ʚʠʩʦʢʠʪʝ Ct ʩʪʦʡʥʦʩʪʠ 

ʦʟʥʘʯʘʚʘʪ, ʯʝ ʧʦ-ʤʘʣʢʦ mRNA, miRNA ʧʨʠʩʲʩʪʚʘʪ. 

 PCR ʨʝʘʢʮʠʷʪʘ ʝ ʝʢʩʧʦʥʝʥʮʠʘʣʝʥ ʧʨʦʮʝʩ, ʢʲʜʝʪʦ ʩʧʝʮʠʬʠʯʥʦ ʘʤʧʣʠʬʠʮʠʨʘʱʠʷ ʩʝ 

ʧʨʦʜʫʢʪ ʚ ʠʜʝʘʣʥʠʷ ʩʣʫʯʘʡ ʩʝ ʫʜʚʦʷʚʘ ʩʣʝʜ ʚʩʝʢʠ ʮʠʢʲʣ. ʂʦʣʠʯʝʩʪʚʝʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʢɼʅʂ ʧʦ ʚʨʝʤʝ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ ʦʪ ʨʝʧʦʨʪʝʨʘ ï ʧʨʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʱʠʪʝ ʩʝ 

ʘʤʧʣʠʢʦʥʠ ʬʣʫʦʨʝʩʮʝʥʪʥʠʷʪ ʩʠʛʥʘʣ ʩʲʱʦ ʩʝ ʫʚʝʣʠʯʘʚʘ. ʀʟʤʝʨʚʘʥʘʪʘ Cq (Ct) ʩʪʦʡʥʦʩʪ ʝ 

ʣʦʛʘʨʠʪʤʠʯʥʘ ʩʪʦʡʥʦʩʪ, ʢʦʷʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʝ ʢʦʥʚʝʨʪʠʨʘʥʘ ʚ ʣʠʥʝʡʥʘ ʢʦʣʠʯʝʩʪʚʝʥʘ 

ʩʪʦʡʥʦʩʪ ʯʨʝʟ ʬʫʥʢʮʠʷʪʘ: RQunkn = 2^-(ææCt). 

ȹCt = Ct (ʛʝʥ)-Ct (ʝʥʜ.ʢ.), ʢʲʜʝʪʦ ʝʥʜ.ʢ. ï ʝʥʜʦʛʝʥʥʘ ʢʦʥʪʨʦʣʘ 

ȹȹCt = ȹCt (ʠʟʩʣʝʜʚʘʥʘ ʧʨʦʙʘ) - ȹCt (ʢʘʣʠʙʨʘʪʦʨ) ʢʘʪʦ ȹCt ʥʘ ʢʘʣʠʙʨʘʪʦʨʘ 
ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʧʦʣʫʯʝʥʘ ʦʪ ʚʩʠʯʢʠ ʢʘʣʠʙʨʘʪʦʨʥʠ ʧʨʦʙʠ (ʚ ʩʣʫʯʘʷ ɼʇʍ 

ʢʦʥʪʨʦʣʠʪʝ)  

RQ = 2- ȹȹCt, ʢʲʜʝʪʦ RQ e relative quantification (ʦʪʥʦʩʠʪʝʣʥʦ ʥʠʚʦ ʥʘ ʛʝʥʥʘʪʘ 

ʝʢʩʧʨʝʩʠʷ) 

ɺʩʷʢʘ ʝʜʥʘ ʧʨʦʙʘ ʙʝ ʧʦʚʪʦʨʝʥʘ ʪʨʠ ʧʲʪʠ ʠ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ȹCt ʩʝ ʚʟʠʤʘʪ ʩʨʝʜʥʠʪʝ 

Ct ʩʪʦʡʥʦʩʪʠ ʧʦʣʫʯʝʥʠ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʛʝʥ ʠ ʝʥʜʦʛʝʥʥʘʪʘ ʢʦʥʪʨʦʣʘ. 
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ʂʘʪʦ ʨʝʬʝʨʝʥʪʝʥ ʛʝʥ (ʝʥʜʦʛʝʥʥʘ ʢʦʥʪʨʦʣʘ) ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʚʩʠʯʢʠ 

ʠʟʩʣʝʜʚʘʥʠ ʛʝʥʠ ʠʟʧʦʣʟʚʘʭʤʝ B2M (ɓ-2 ʤʠʢʨʦʛʣʦʙʫʣʠʥ), ʢʘʢʪʦ ʚ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʜʨʫʛʠ 

ʘʚʪʦʨʩʢʠ ʢʦʣʝʢʪʠʚʠ [383, 384]. 

ɺʩʠʯʢʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʩʘ ʢʘʣʠʙʨʘʪʦʨʠ, ʩʧʨʷʤʦ ʢʦʠʪʦ ʩʝ ʩʨʘʚʥʷʚʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ 

ʪʘʨʛʝʪʥʠʷ ʛʝʥ. 

ʉʪʦʡʥʦʩʪʪʘ RQ ʧʦʢʘʟʚʘ ʩ ʢʦʣʢʦ ʧʲʪʠ ʝ ʧʨʦʤʝʥʝʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʢʘʣʠʙʨʘʪʦʨʘ. ʂʘʣʠʙʨʘʪʦʨʲʪ ʠʤʘ RQ ʩʪʦʡʥʦʩʪ 1. ɺʩʠʯʢʠ ʧʨʦʙʠ ʩʝ ʩʨʘʚʥʷʚʘʪ ʩ ʢʘʣʠʙʨʘʪʦʨʘ. 

RQ ʩʪʦʡʥʦʩʪ 10 ʦʟʥʘʯʘʚʘ, ʯʝ ʠʟʩʣʝʜʚʘʥʠʷʪ ʛʝʥ ʝ 10 ʧʲʪʠ ʧʦ-ʩʠʣʥʦ ʝʢʩʧʨʝʩʠʨʘʥ ʚ ʜʘʜʝʥʘ 

ʧʨʦʙʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʘʣʠʙʨʘʪʦʨʥʘʪʘ ʧʨʦʙʘ. ʉʪʦʡʥʦʩʪ ʥʘ RQ 0.1 ʦʟʥʘʯʘʚʘ ʯʝ ʠʟʩʣʝʜʚʘʥʠʷ 

ʛʝʥ ʝ ʩ 10 ʧʲʪʠ ʧʦ-ʥʠʩʢʘ ʝʢʩʧʨʝʩʠʷ.  

ʇʨʠʝʤʘ ʩʝ, ʯʝ RQ ʝ ʟʥʘʯʠʤʘ, ʢʦʛʘʪʦ ʩʪʦʡʥʦʩʪʪʘ ʝ > 2 ʠʣʠ ʧʦ-ʤʘʣʢʦ ʦʪ 0.50. ʇʨʠ 

ʩʪʦʡʥʦʩʪ ʥʘ RQ ʥʘʜ 2 ʦʟʥʘʯʘʚʘ, ʯʝ ʠʤʘ ʧʦʣʦʞʠʪʝʣʥʘ ʧʨʦʤʷʥʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ (ʧʦʚʠʰʝʥʠʝ) 

ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʠʟʩʣʝʜʚʘʥ ʛʝʥ. ʇʨʠ ʩʪʦʡʥʦʩʪ ʥʘ RQ <0.50, ʧʨʦʤʷʥʘʪʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ ʝ ʩ 

ʦʪʨʠʮʘʪʝʣʥʘ ʩʪʦʡʥʦʩʪ (ʧʦʥʠʞʝʥʠʝ ʚ ʝʢʩʧʨʝʩʠʷʪʘ). 

ʀʟʯʠʩʣʝʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʦʬʪʫʝʨʘ SDS v.2.2.2 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ 

ʠʟʧʦʣʟʚʘʥʝ ʩ 7900HT Fast Real Time PCR System (Applied Biosystems). 

ʂʦʤʧʦʥʝʥʪʠʪʝ ʥʘ PCR ʨʝʘʢʮʠʦʥʥʠʪʝ ʤʠʢʩʦʚʝ ʠ ʪʝʭʥʠʪʝ ʢʦʣʠʯʝʩʪʚʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʚ ʊʘʙʣʠʮʘ 3.42, ʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ PCR ʨʝʘʢʮʠʷʪʘ ʩʘ ʢʘʪʦ ʪʝʟʠ ʧʨʠ SNP 

ʛʝʥʦʪʠʧʠʨʘʥʝʪʦ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 3.33. 
ʊʘʙʣʠʮʘ 3.42. ʈʝʘʢʪʠʚʠ ʠ ʪʷʭʥʦʪʦ ʢʦʣʠʯʝʩʪʚʦ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʘʥʘʣʠʟʘ ʥʘ ʛʝʥʥʘʪʘ 

ʝʢʩʧʨʝʩʠʷ 

ʂʦʤʧʦʥʝʥʪʠ ʂʦʣʠʯʝʩʪʚʦ (ɛl) 

2x Gene Expression Master mix 5 
20x Gene expression assay (target 

gene) 
0.5 

20x Gene expression assay (B2M) 0.5 
ʢɼʅʂ (100ng/Õl) + dH2O 4 

ʂʨʘʝʥ ʦʙʝʤ 10 

 

3.4.8. ɽʢʩʧʨʝʩʠʦʥʝʥ ʘʥʘʣʠʟ ʥʘ let-7c, miR-30c, miR-141 ʠ miR-375 ʚ ʧʣʘʟʤʘ ʥʘ 

ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ 
 

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü 7900 HT Fast Real-Time PCR (Applied Biosystems) 

ü ʍʣʘʜʠʣʥʘ ʮʝʥʪʨʦʬʫʛʘ 5810R (Eppendorf); 

ü ʎʝʥʪʨʦʬʫʛʘ MicroCL-21 (Thermo Fisher Scientific) 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü ʉʫʭ ʩʪʝʨʠʣʠʟʘʪʦʨ ʄʄʄ (Ecocell) 

ɽʪʘʧʠ: 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʦʪ ʧʣʘʟʤʘ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ 

ü ʆʙʨʘʪʥʘ ʪʨʘʥʩʢʨʠʧʮʠʷ ʟʘ ʩʠʥʪʝʟ ʥʘ ʢɼʅʂ 

ü ʀʟʛʦʪʚʷʥʝ ʥʘ ʨʘʟʨʝʜʢʠ ʥʘ ʢɼʅʂ 

ü ʇʨʦʚʝʞʜʘʥʝ ʥʘ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 

ü ɸʥʘʣʠʟ ʥʘ ʛʝʥʥʘʪʘ ʝʢʩʧʨʝʩʠʷ 

ʆʪʥʦʩʠʪʝʣʥʘʪʘ ʛʝʥʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʧʣʘʟʤʘ ʙʝ 

ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ 2-ææCt ʤʝʪʦʜʘ ʦʧʠʩʘʥ ʚ ʪʦʯʢʘ 3.4.7. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʘʥʘʣʠʟʘ ʥʘ 

ʙʠʦʤʘʨʢʝʨʠ ʚ ʫʨʠʥʘ ʟʘ ʘʥʘʣʠʟ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʧʣʘʟʤʘ ʠʟʧʦʣʟʚʘʭʤʝ SybrGreen 

ʪʝʭʥʦʣʦʛʠʷʪʘ. 
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ʇʨʠʥʮʠʧ: 

Sybr Green ʙʘʛʨʠʣʦʪʦ ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ 

ʟʘʩʠʯʘʪ PCR ʧʨʦʜʫʢʪʠʪʝ, ʢʦʠʪʦ ʩʝ ʘʢʫʤʫʣʠʨʘʪ ʧʨʠ ʧʨʦʪʠʯʘʥʝʪʦ ʥʘ PCR ʮʠʢʣʠʪʝ. ɺʘʞʥʘ 

ʨʘʟʣʠʢʘ ʤʝʞʜʫ TaqMan ʪʝʭʥʦʣʦʛʠʷʪʘ ʠ Sybr Green, ʝ ʯʝ Sybr Green ʙʘʛʨʠʣʦʪʦ ʩʝ ʩʚʲʨʟʚʘ 

ʢʲʤ ʚʩʠʯʢʠ ʜʚʦʡʥʦʚʝʨʠʞʥʠ ɼʅʂ ʤʦʣʝʢʫʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʢʲʤ ʥʝʩʧʝʮʠʬʠʯʥʠʪʝ 

ʧʨʦʜʫʢʪʠ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʝ ʤʥʦʛʦ ʚʘʞʥʦ ʜʘ ʩʝ ʦʧʪʠʤʠʟʠʨʘʪ PCR ʨʝʘʢʮʠʠʪʝ ʟʘ ʜʘ ʩʝ 

ʧʦʣʫʯʘʚʘʪ ʥʘʜʝʞʜʥʠ ʨʝʟʫʣʪʘʪʠ. 

ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ SybrGreen ʪʝʭʥʦʣʦʛʠʷʪʘ: 

1) Sybr Green I ʙʘʛʨʠʣʦʪʦ ʬʣʫʦʨʝʩʮʠʨʘ, ʢʦʛʘʪʦ ʝ ʠʥʪʝʨʢʘʣʠʨʘʥʦ (ʩʚʲʨʟʘʥʦ) ʢʲʤ 

ʜʚʦʡʥʦʚʝʨʠʞʥʘ ɼʅʂ; 

2) ʇʦ ʚʨʝʤʝ ʥʘ PCR ʧʦʣʠʤʝʨʘʟʘʪʘ ʘʤʧʣʠʬʠʮʠʨʘ ʪʘʨʛʝʪʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʦʝʪʦ 

ʚʦʜʠ ʜʦ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ PCR ʧʨʦʜʫʢʪʠ, ʥʘʨʝʯʝʥʠ ʘʤʧʣʠʢʦʥʠ; 

3) ʇʨʠ ʥʘʧʨʝʜʚʘʥʝʪʦ ʥʘ PCR ʮʠʢʣʠʪʝ ʧʦʚʝʯʝ ʘʤʧʣʠʢʦʥʠ ʩʝ ʩʲʟʜʘʚʘʪ. ʊʲʡ ʢʘʪʦ Sybr 

Green ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ ʚʩʠʯʢʠ ʜʚʦʡʥʦʚʝʨʠʞʥʠ ɼʅʂ-ʠ, ʪʦ ʪʦʚʘ ʚʦʜʠ ʜʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ PCR ʧʨʦʜʫʢʪʠ. 

ɼʨʫʛʘ ʨʘʟʣʠʢʘ ʩ TaqMan ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ, ʯʝ ʧʨʠ Sybr Green ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘʪ ʤʫʣʪʠʧʣʝʢʩʥʠ PCR ʨʝʘʢʮʠʠ. 

ʇʨʦʮʝʜʫʨʘ: 

ʇʨʠ ʘʥʘʣʠʟ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʜʘʜʝʥʘ ʤʠʢʨʦʈʅʂ, ʪʦ ʟʘ ʚʩʷʢʘ ʧʨʦʙʘ ʙʝ ʧʫʩʢʘʥʘ ʚ ʜʚʝ 

ʦʪʜʝʣʥʠ PCR ʨʝʘʢʮʠʠ ʢʘʪʦ ʚʩʷʢʘ ʝ ʚ ʪʨʠ ʧʦʚʪʦʨʝʥʠʷ. ɺ ʝʜʥʘʪʘ PCR ʨʝʘʢʮʠʷ ʩʝ ʩʣʘʛʘʪ 

ʧʨʘʡʤʝʨʠʪʝ ʟʘ ʠʟʣʩʝʜʚʘʥʪʘ ʤʠʢʨʦʈʅʂ, ʘ ʚ ʜʨʫʛʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʨʘʡʤʝʨʠʪʝ ʟʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʠʟʙʨʘʥʘʪʘ ʝʥʜʦʛʝʥʥʘ ʢʦʥʪʨʦʣʘ. ɿʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʙʝ ʠʟʧʦʣʟʚʘʥʘ RNU6B 

ʢʘʪʦ ʝʜʥʦʛʝʥʥʘ ʢʦʥʪʨʦʣʘ ʩʭʦʜʥʦ ʥʘ ʤʥʦʛʦ ʧʨʦʫʯʚʘʥʠʷ ʥʘ ʤʠʢʨʦʈʅʂ-ʠ ʚ ʪʲʢʘʥ ʠ 

ʮʠʨʢʫʣʘʮʠʷ ʧʨʠ ʈʇ [332, 385, 386]. ʂʘʪʦ ʢʘʣʠʙʨʘʪʦʨʠ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʠʣʠ ɼʇʍ 

ʢʦʥʪʨʦʣʠʪʝ ʠʣʠ ʄɸʄ. 

ʂʦʤʧʝʥʝʥʪʠʪʝ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʛʦʪʚʷʪʥʝʦʪ ʥʘ PCR ʤʠʢʩ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʷ 

3.44. 
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ʊʘʙʣʠʮʘ 3.43. ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ TaqMan ʠ SybrGreen ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ 

PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ 
ʄʝʪʦʜ ʂʨʘʪʢʦ ʦʧʠʩʘʥʠʝ ʇʨʝʜʠʤʩʪʚʘ ʅʝʜʦʩʪʘʪʲʮʠ 
TaqMan ʀʟʧʦʣʟʚʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʙʝʣʷʟʘʥʘ ʧʨʦʙʘ, ʢʦʝʪʦ 

ʧʦʟʚʦʣʷʚʘ ʜʝʪʝʢʮʠʷ ʥʘ 

ʩʧʝʮʠʬʠʯʝʥ PCR 

ʧʨʦʜʫʢʪ ʪʲʡ ʢʘʪʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʷ ʩʠʛʥʘʣ 

ʩʝ ʧʦʚʠʰʘʚʘ. 
ʆʪʯʠʪʘʪ ʩʝ ʩʘʤʦ 

ʩʧʝʮʠʬʠʯʥʠ PCR 

ʧʨʦʜʫʢʪʠ 

¶ ʉʧʝʮʠʬʠʯʥʘ 

ʭʠʙʨʠʜʠʟʘʮʠʷ ʤʝʞʜʫ ʧʨʦʙʘʪʘ 

ʠ ʤʘʪʨʠʮʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘ 

ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʩʠʛʥʘʣ ʠ ʧʦ 

ʪʦʟʠ ʥʘʯʠʥ ʟʥʘʯʠʪʝʣʥʦ ʩʝ 

ʥʘʤʘʣʷʚʘ ʬʦʥʦʚʠʷ ʰʫʤ ʠ 

ʯʝʩʪʦʪʘʪʘ ʥʘ ʬʘʣʰʠʚʦ 

ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ 

¶ ɼʚʘ ʠʣʠ ʥʷʢʦʣʢʦ 

ʩʧʝʮʠʬʠʯʥʠ ʪʘʨʛʝʪʘ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʜʝʪʝʢʪʠʨʘʥʠ ʚ ʝʜʥʘ 

ʨʝʘʢʮʠʷ, ʢʦʛʘʪʦ ʧʨʦʙʠʪʝ ʩʘ 

ʙʝʣʷʟʘʥʠ ʩ ʨʘʟʣʠʯʥʠ ʙʘʛʨʠʣʘ. 

ʄʫʣʪʠʧʣʝʢʩʥʠʷʪ PCR ʤʦʞʝ 

ʜʘ ʥʘʤʘʣʠ ʮʝʥʘʪʘ ʠ ʜʘ 

ʧʦʜʦʙʨʠ ʧʨʝʮʠʟʥʦʩʪʪʘ 

¶ ʅʷʤʘ ʧʦʩʪ-PCR 

ʧʨʦʮʝʩʠʨʘʥʝ, ʢʦʝʪʦ ʩʧʝʩʪʷʚʘ 

ʚʨʝʤʝ 

ʈʘʟʣʠʯʥʘ ʧʨʦʙʘ ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʩʠʥʪʝʟʠʨʘ ʟʘ ʚʩʷʢʘ 

ʝʜʥʘ ʪʘʨʛʝʪʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 

SybrGreen ʀʟʧʦʣʟʚʘ ʩʝ ʙʘʛʨʠʣʦ, 

ʢʦʝʪʦ ʩʝ ʩʚʲʨʟʚʘ ʢʲʤ 

ʜʚɼʅʂ ʠ ʟʘʧʦʯʚʘ ʜʘ 

ʬʣʫʦʨʝʩʮʠʨʘ ʠ ʩʝ 

ʘʢʫʤʫʣʠʨʘ ʧʨʠ 

ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ PCR 

ʮʠʢʣʠʪʝ. 
ʏʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ 

ʚʩʠʯʢʠ ʜʚɼʅʂ-ʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ 

ʩʧʝʮʠʬʠʯʥʠ ʠ 

ʥʝʩʧʝʮʠʬʠʯʥʠ ʧʨʦʜʫʢʪʠ 

¶ ʇʦʟʚʦʣʷʚʘ ʜʘ ʩʝ 

ʩʣʝʜʠ ʘʤʧʣʠʬʠʢʘʮʠʷʪʘ ʥʘ 

ʚʩʷʢʘ ʝʜʥʘ ʜʚʦʡʥʦʚʝʨʠʞʥʘ 

ɼʅʂ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 

¶ ʅʝ ʠʟʠʩʢʚʘ ʧʨʦʙʠ ʠ 

ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʝ ʨʝʜʫʮʠʨʘ 

ʮʝʥʘʪʘ 

¶ ʄʥʦʞʝʩʪʚʦ 

ʤʦʣʝʢʫʣʠ ʦʪ ʙʘʛʨʠʣʦʪʦ ʤʦʛʘʪ 

ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʢʲʤ ʝʜʥʘ 

ʝʜʠʥʩʪʚʝʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥʘ 

ʪʘʨʛʝʪʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ 

ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ 

ʫʚʝʣʠʯʘʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ 

ʥʘ ʜʝʪʝʢʮʠʷ ʥʘ 

ʘʤʧʣʠʬʠʮʠʨʘʥʠʪʝ ʧʨʦʜʫʢʪʠ 

¶ ʊʲʡ ʢʘʪʦ ʩʝ 

ʩʚʲʨʟʚʘ ʢʲʤ ʚʩʷʢʘ ʜʚɼʅʂ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʢʲʤ 

ʥʝʩʧʝʮʠʬʠʯʥʠʪʝ 

ʧʨʦʜʫʢʪʠ, ʪʦ ʤʦʞʝ ʜʘ 

ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ 

ʥʘ ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠ 

ʨʝʟʫʣʪʘʪʠ 

¶ ʇʦʥʷʢʦʛʘ ʝ 

ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ 

ʧʨʘʡʤʝʨʠʪʝ 

¶ ʅʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʧʨʦʚʝʞʜʘʥ ʤʫʣʪʠʧʣʝʢʩʥʠ 

PCR ʨʝʘʢʮʠʠ 

¶ ʊʦʧʝʥʝ ʥʘ PCR 

ʧʨʦʜʫʢʪʠʪʝ ʩʝ 

ʧʨʝʧʦʨʲʯʚʘ, ʢʦʝʪʦ 

ʫʜʲʣʞʘʚʘ ʧʨʦʪʦʢʦʣʘ ʠ 

ʠʟʠʩʢʚʘ ʚʠʟʫʘʣʝʥ ʘʥʘʣʠʟ 

ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʧʠʢʦʚʝ. 

 

 

 

 

 

 

 



3. ʄʘʪʝʨʠʘʣʠ ʠ ʄʝʪʦʜʠ 

87 

 

ʊʘʙʣʠʮʘ 3.44. ʂʦʤʧʦʥʝʥʪʠ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ 

ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ ʟʨʝʣʠ ʤʠʢʨʦʈʅʂ-ʠ ʚ 384-ʷʤʢʦʚʠ ʧʣʘʢʠ 

ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ ʟʘ 

ʝʜʥʘ ʨʝʘʢʮʠʷ 

2ʭ QuantiTect SYBR Green PCR Master Mix 5 Õl 

10x miScript Universal Primer 1 Õl 

10x miScript Primer Assay 1 Õl 
RNase-free ʚʦʜʘ ɺʘʨʠʨʘ 

ʄʘʪʨʠʮʘ cDNA Ò 1 Õl 

ʂʨʘʝʥ ʦʙʝʤ 10 Õl 

 

ʋʩʣʦʚʠʷʪʘ ʥʘ PCR ʨʝʘʢʮʠʷʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʭʤʝ ʩʘ ʦʙʦʙʱʝʥʠ ʚ 

ʊʘʙʣʠʮʘ 3.45. 

 

ʊʘʙʣʠʮʘ 3.45. ʋʩʣʦʚʠʷ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ real time PCR 

ʉʪʲʧʢʘ ɺʨʝʤʝ ʊʝʤʧʝʨʘʪʫʨʘ ɼʦʧʲʣʥʠʪʝʣʥʠ ʢʦʤʝʥʪʘʨʠ 

ʇʲʨʚʦʥʘʯʘʣʥʘ 

ʩʪʲʧʢʘ ʥʘ 

ʘʢʪʠʚʘʮʠʷ ʥʘ PCR 

15 ʤʠʥ 95oC HotStar Taq ɼʅʂ ʧʦʣʠʤʝʨʘʟʘʪʘ 

ʩʝ ʘʢʪʠʚʠʨʘ ʧʨʠ ʪʘʟʠ ʩʪʲʧʢʘ 

ʋʩʣʦʚʠʷ ʥʘ 3- ʩʪʲʧʘʣʥʠʷ PCR 
ɼʝʥʘʪʫʨʘʮʠʷ 15 ʩʝʢ 94 oC  
ɸʥʠʣʠʥʛ 30 ʩʝʢ 55 oC 
ɽʢʩʪʝʥʟʠʷ 

(ɽʣʦʥʛʘʮʠʷ) 
30 ʩʝʢ 70 oC ʉʲʙʠʨʘʥʝ ʥʘ ʬʣʫʦʨʝʩʮʝʥʪʥʠʪʝ 

ʩʠʛʥʘʣʠ 
ɹʨʦʡ ʮʠʢʣʠ                   40 ʮʠʢʲʣʘ 

 

 

3.4.9. ʤʠʢʨʦʈʅʂ ʝʢʩʧʨʝʩʠʦʥʥʦ ʧʨʦʬʠʣʠʨʘʥʝ ʯʨʝʟ ʤʠʢʨʦʯʠʧʦʚʝ ʥʘ ʪʫʤʦʨʥʘ ʠ 

ʥʦʨʤʘʣʥʘ ʧʨʦʩʪʘʪʥʘ ʪʲʢʘʥ 

ʤʠʢʨʦʈʅʂ ʝʢʩʧʨʝʩʠʦʥʥʦʪʦ ʧʨʦʬʠʣʠʨʘʥʝ ʙʝ ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ Agilent 

miRNA System.  

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ: 

ü ɺʘʢʫʫʤʥʘ ʮʝʥʪʨʦʬʫʛʘ 

ü ʄʠʢʨʦʯʠʧʦʚ ʩʢʝʥʝʨ G2565CA (Agilent Technology) 

ü ʍʠʙʨʠʜʠʟʘʮʠʦʥʥʘ ʢʘʤʝʨʘ ʩ ʚʲʨʪʷʱ ʨʦʪʦʨ (Agilent Technology) 

ü ʄʘʛʥʠʪʥʘ ʙʲʨʢʘʣʢʘ (x1 or x3) (Thermo Scientific) 

ü ʄʘʛʥʠʪʥʘ ʙʲʨʢʘʣʢʘ ʩ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʥʘʛʨʷʚʘʥʝ 

ü ʎʝʥʪʨʦʬʫʛʘ MicroCL-21 (Thermo Fisher Scientific); 

ü PCR ʘʧʘʨʘʪ Bioer Gene Pro (Harlow scientific ) 

ü ʃʝʜʦʛʝʥʝʨʘʪʦʨ ʤʦʜʝʣ B20A (Fiochetti) 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü ʊʘʡʤʝʨ 

ü ɼʝʩʠʢʘʪʦʨʥʘ ʢʫʪʠʷ 

ɽʪʘʧʠ: 

ü ʆʪʜʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ ʪʫʤʦʨʥʘ ʦʪ ʥʦʨʤʘʣʥʘ ʪʲʢʘʥ ʦʪ ʨʘʜʠʢʘʣʥʠʪʝ ʧʨʦʩʪʘʪʝʢʪʦʤʠʠ. 
ʀʟʙʦʨ ʥʘ ʥʦʨʤʘʣʥʘ ʪʲʢʘʥ ʦʪ ʙʠʦʧʩʠʠʪʝ ʥʘ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ 

ü ʀʟʦʣʠʨʘʥʝ ʥʘ ʈʅʂ ʦʪ ʧʨʦʩʪʘʪʥʠʪʝ ʪʲʢʘʥʠ 
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ü ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʠ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʣʠʨʘʥʠʪʝ ʈʅʂ-ʠ 

ü ʇʦʜʛʦʪʦʚʢʘ ʥʘ ʈʅʂ ʧʨʦʙʠʪʝ 

ü ɹʝʣʷʟʘʥʝ ʥʘ ʈʅʂ ʧʨʦʙʠʪʝ ʩ Cyanine3-pCp 

ü ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ ʙʝʣʷʟʘʥʠʪʝ ʈʅʂ ʧʨʦʙʠ 

ü ʍʠʙʨʠʜʠʟʘʮʠʦʥʥʘ ʨʝʘʢʮʠʷ 

ü ʇʨʦʤʠʚʘʥʝ ʥʘ ʤʠʢʨʦʯʠʧʦʚʝʪʝ 

ü ʉʢʘʥʠʨʘʥʝ ʥʘ ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʩ ʧʦʤʦʱʪʘ ʥʘ Feature Extraction Software 

ü ɺʠʟʫʘʣʠʟʘʮʠʷ, ʜʝʪʝʢʮʠʷ ʠ ʘʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩ ʧʦʤʦʱʪʘ ʥʘ GeneSpring 12.6-GX-PA 

ʇʨʠʥʮʠʧ ʠ ʧʨʦʮʝʜʫʨʘ 

ʇʨʦʬʠʣʠʨʘʥʝʪʦ ʥʘ miRNA ʝʢʩʧʨʝʩʠʷʪʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʛʦʣʷʤ ʠʥʪʝʨʝʩ ʧʦʨʘʜʠ 

ʟʥʘʯʠʤʘʪʘ ʨʦʣʷ ʥʘ ʪʝʟʠ ʢʲʩʠ ʥʝʢʦʜʠʨʘʱʠ ʈʅʂ ʤʦʣʝʢʫʣʠ ʚ ʢʣʝʪʲʯʥʘʪʘ ʨʝʛʫʣʘʮʠʷ. 

ɽʢʩʧʨʝʩʠʦʥʥʠ ʧʨʦʬʠʣʠ ʥʘ miRNAs ʩʘ ʘʩʦʮʠʠʨʘʥʠ ʩ ʥʘʨʫʰʝʥʠʷʪʘ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʨʝʛʫʣʘʮʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʨʘʢ.  

ʇʨʦʬʠʣʠʨʘʥʝʪʦ ʥʘ ʝʢʩʧʨʝʩʠʷʪʘ ʥʘ miRNAs ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʲʱʝʩʪʚʝʥʦ ʯʨʝʟ 

ʩʠʩʪʝʤʘʪʘ ʥʘ Agilent, ʢʦʷʪʦ ʝ ʪʦʯʥʘ ʠ ʯʫʚʩʪʚʠʪʝʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʤʠʢʨʦʯʠʧʦʚ ʘʥʘʣʠʟ. ɿʘ 

ʨʝʘʢʮʠʷʪʘ ʥʘ ʙʝʣʷʟʘʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦ 100 ng ʪʦʪʘʣʥʘ ʈʅʂ. ʊʘʟʠ ʈʅʂ ʩʝ ʙʝʣʝʞʠ ʯʨʝʟ 

ʣʠʛʠʨʘʥʝ ʥʘ Cy-3 pCp ʤʦʣʝʢʫʣʘ ʢʲʤ 3ô ʢʨʘʷ ʥʘ ʈʅʂ ʩʣʝʜ ʥʘʛʨʷʚʘʥʝ ʚ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ 

DMSO. ɹʝʣʷʟʘʥʠʷʪ ʮʠʪʦʟʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʘ ʩ ʛʫʘʥʠʜʠʥ ʚ 5ô ʢʨʘʷ ʥʘ ʧʨʦʙʘʪʘ (ʩʦʥʜʘʪʘ) ʠ ʧʦ 

ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʨʠʜʘʚʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʭʠʙʨʠʜʠʟʘʮʠʦʥʥʠʷ ʢʦʤʧʣʝʢʩ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʧʨʦʙʠʪʝ 

(ʩʦʥʜʠʪʝ) ʩʘ ʩ ʪʘʢʲʚ ʜʠʟʘʡʥ, ʢʦʡʪʦ ʦʩʠʛʫʨʷʚʘ ʢʘʢʪʦ ʜʠʩʢʨʠʤʠʥʠʨʘʥʝ ʩʧʦʨʝʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ, ʥʦ ʪʘʢʘ ʩʲʱʦ ʠ ʧʦ ʨʘʟʤʝʨ ʠ ʪʦʚʘ ʚʦʜʠ ʜʦ ʚʠʩʦʢʦ ʩʧʝʮʠʬʠʯʥʘ ʜʝʪʝʢʮʠʷ 

ʥʘ ʟʨʝʣʠ miRNAs. ʇʨʦʙʠʪʝ ʩʘ ʩ ʙʘʣʘʥʩʠʨʘʥʘ Tm ʠ ʚʢʣʶʯʚʘʪ ʬʫʨʢʝʪʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʚ 

5ô ʢʨʘʷ ʥʘ ʧʨʦʙʘʪʘ, ʌʠʛʫʨʘ 3.18. ɹʝʣʷʟʘʥʝʪʦ ʠ ʜʠʟʘʡʥʲʪ ʥʘ ʧʨʦʙʠ ʧʦʟʚʦʣʷʚʘ ʧʨʝʮʠʟʥʦ ʠ 

ʪʦʯʥʦ ʠʟʤʝʨʚʘʥʝ, ʢʦʝʪʦ ʦʙʭʚʘʱʘ ʣʠʥʝʝʥ ʜʠʥʘʤʠʯʝʥ ʜʠʘʧʘʟʦʥ ʦʪ ʧʦ-ʤʘʣʢʦ ʦʪ 0.2 amol ʜʦ 2 

fmol ʦʪ miRNA ʠ ʛʨʘʥʠʮʘ ʥʘ ʜʝʪʝʢʮʠʷ ʦʪ ʧʦ-ʤʘʣʢʦ ʦʪ 0.1 amol (D'Andrade PN et al, 2012).  
 

 
ʌʠʛʫʨʘ 3.18. ɼʠʟʘʡʥ ʥʘ Agilent ʧʨʦʙʠʪʝ. ʅʝʤʦʜʠʬʠʮʠʨʘʥʘʪʘ ʧʨʦʙʘ ʦʪ ʤʠʢʨʦʯʠʧʘ (ʚ ʯʝʨʥʦ) ʝ 

ʩʠʥʪʝʟʠʨʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʦʷʪʦ ʭʠʙʨʠʜʠʟʠʨʘ ʢʲʤ ʪʘʨʛʝʪʥʘ miRNA (ʚ ʯʝʨʚʝʥʦ). ʇʨʦʙʠʪʝ ʩʘ 

ʟʘʢʦʪʚʝʥʠ ʢʲʤ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʩʣʘʡʜʘ (ʩʪʲʢʣʦʪʦ) ʯʨʝʟ ʢʨʘʯʝ (ʚ ʢʘʬʷʚʦ). (a) ɺʢʣʶʯʚʘʥʝʪʦ ʥʘ G 

ʦʩʪʘʪʲʢ (ʚ ʯʝʨʥʦ) ʢʲʤ 5ô ʢʨʘʷ ʥʘ ʭʠʙʨʠʜʠʟʠʨʘʱʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʢʦʤʧʣʝʤʝʥʪʠʨʘ ʢʲʤ 3ô 

ʢʨʘʡʥʠʷ C ʦʩʪʘʪʲʢ (ʚ ʞʲʣʪʦ), ʢʦʡʪʦ ʩʝ ʚʲʚʝʞʜʘ ʧʨʠ ʙʝʣʷʟʘʥʝʪʦ. G-C ʜʚʦʡʢʘʪʘ ʚ ʧʨʦʙʘ- ʪʘʨʛʝʪ 

ʨʝʛʠʦʥʘ ʩʪʘʙʠʣʠʟʠʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʚʩʠʯʢʠ ʧʨʦʙʠ (ʩʦʥʜʠ) ʩʲʜʲʨʞʘʪ 5ô 
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ʬʫʨʢʝʪʥʘ ʩʪʨʫʢʪʫʨʘ (ʚ ʩʠʥʴʦ), ʦʧʠʨʘʱʘ ʨʝʛʠʦʥʘ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʙʘ-ʪʘʨʛʝʪ ʠ 

ʩʪʘʙʠʣʠʟʠʨʘʱʘ ʩʚʲʨʟʚʘʥʝʪʦ ʠ ʧʦʚʠʰʘʚʘʱʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʩʧʦʨʝʜ ʨʘʟʤʝʨʘ. (b) Tm ʥʘ ʧʨʦʙʠʪʝ 

(ʩʦʥʜʠʪʝ) ʝ ʝʜʥʘʢʚʘ ʟʘ ʮʝʣʠʷ ʤʠʢʨʦʯʠʧ. ɿʘ ʩʦʥʜʠ, ʠʟʠʩʢʚʘʱʠ ʨʝʜʫʢʮʠʷ ʥʘ Tm ʪʦʚʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ 

ʯʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ ʙʘʟʠ ʜʦ ʜʦʩʪʠʛʘʥʝ ʥʘ ʧʦʜʭʦʜʷʱʘ ʜʲʣʞʠʥʘ ʚ 3ô ʢʨʘʷ ʥʘ 

ʭʠʙʨʠʜʠʟʠʨʘʱʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʪʘʢʘ ʯʝ ʧʨʦʙʘ- ʪʘʨʛʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʝ ʚ ʨʘʤʢʠʪʝ ʥʘ 9-

20 ʥʫʢʣʝʦʪʠʜʘ [387].  

 

ʇʨʦʮʝʜʫʨʘʪʘ ʟʘ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʧʨʦʙʠʪʝ ʠ ʧʨʦʮʝʩʠʨʘʥʝ ʥʘ ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʝ 

ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛʫʨʘ 3.19.  

 

 
ʌʠʛʫʨʘ 3.19. ʈʘʙʦʪʝʥ ʧʨʦʮʝʩ ʟʘ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʧʨʦʙʠʪʝ ʠ ʧʨʦʮʝʩʠʨʘʥʝ ʥʘ ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʩ 

ʢʦʣʦʥʢʠʪʝ ʥʘ Bio-Rad ʠ Spike in. 

 

ɿʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ ʩʣʝʜʚʘʭʤʝ ʧʨʦʪʦʢʦʣʘ ñmiRNA 

Microarray System with miRNA Complete Labeling and Hyb kitò, version 2.4, September 2011 

ʥʘ ʬʠʨʤʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣ. ʀʟʧʦʣʟʚʘʭʤʝ ʯʠʧʦʚʝʪʝ: Agilent G4870A, miRBase release 16, 

8x60k ʬʦʨʤʘʪ ʠ ʩ AMADID  ˉ31181. ʅʘ ʚʩʷʢʦ ʦʪ 8-ʪʝ ʧʦʣʝʪʘ ʥʘ ʯʠʧʘ ʩʘ ʚʢʣʶʯʝʥʠ 1205 

ʯʦʚʝʰʢʠ miRNAs ʠ 144 ʯʦʚʝʰʢʠ ʚʠʨʫʩʥʠ miRNAs. ɺʩ̫ʢʘ miRNA ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʧʦʥʝ ʦʪ 2 

ʨʘʟʣʠʯʥʠ ʧʨʦʙʠ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʜʘʚʘʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ.  

ʀʟʧʦʣʟʚʘʭʤʝ ʥʝʟʘʜʲʣʞʠʪʝʣʥʠʷ ʟʘ ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ Agilent microRNA Spike-In 

ʢʠʪ, ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʜʚʘ microRNA Spike-In ʨʘʟʪʚʦʨʘ, ʢʦʠʪʦ ʩʣʫʞʘʪ ʢʘʪʦ ʪʝʭʥʦʣʦʛʠʯʥʠ 
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ʢʦʥʪʨʦʣʠ ʥʘ ʙʝʣʷʟʘʥʝʪʦ ʠ ʭʠʙʨʠʜʠʟʘʮʠʷʪʘ. ʀʟʧʦʣʟʚʘʭʤʝ ʪʦʟʠ ʢʠʪ ʪʲʡ ʢʘʪʦ ʪʦʡ ʧʦʜʧʦʤʘʛʘ 

ʨʘʟʛʨʘʥʠʯʘʚʘʥʝʪʦ ʥʘ ʟʥʘʯʠʤʠʪʝ ʙʠʦʣʦʛʠʯʥʠ ʜʘʥʥʠ ʦʪ ʚʘʨʠʘʮʠʠ ʠ ʛʨʝʰʢʠ ʧʨʠ 

ʧʨʦʮʝʩʠʨʘʥʝʪʦ (ʦʙʨʘʙʦʪʚʘʥʝʪʦ). 

 

ʊʘʙʣʠʮʘ 3.46. ɽʪʘʧʠ ʚ ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ ʠ ʠʟʧʦʣʟʚʘʥʠ ʢʦʥʩʫʤʘʪʠʚʠ 

ɽʪʘʧ  ʂʦʤʧʦʥʝʥʪ ʂʦʣʠʯʝʩʪʚʦ (Õl)  

ʟʘ ʝʜʥʘ ʨʝʘʢʮʠʷ 

ʇʦʜʛʦʪʦʚʢʘ ʥʘ 

Spike In 

ʨʘʟʪʚʦʨʠʪʝ- 

ʧʨʠʛʦʪʚʷʥʝ ʥʘ 

ʩʝʨʠʡʥʠ ʨʘʟʨʝʜʢʠ 

Labeling Spike-In 
1 

Hyb Spike-In 
1 

ʇʦʜʛʦʪʦʚʢʘ ʥʘ 

ʈʅʂ ʧʨʦʙʠʪʝ 

ʪʦʪʘʣʥʘ ʈʅʂ (50 ng/Õl) 2 

10 x Calf Intestinal Phosphatase 

Buffer 
0.4 

Labeling Spike-In (Third dilution) 1.1 

Calf Intestinal Phosphatase 0.5 

ʂʨʘʝʥ ʦʙʝʤ 4 

ɼʝʥʘʪʫʨʘʮʠʷ 100% DMSO 2.8 

ɹʝʣʷʟʘʥʝ (ʃʠʛʘʟʥʘ 

ʨʝʘʢʮʠʷ) 

10 x T4 RNA Ligase Buffer 1 

Cyanine3-pCp 3 

T4 RNA Ligase 0.5 

ʂʨʘʝʥ ʦʙʝʤ 11.3 

ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ 

ʙʝʣʷʟʘʥʠʪʝ ʈʅʂ-ʠ 

ʩ Micro  Bio-Spin 6 

Columns ʠ ʉʫʰʝʥʝ 

RNase-Free H2O 50 

ʍʠʙʨʠʜʠʟʘʮʠʦʥʥʘ 

ʨʝʘʢʮʠʷ ʠ 

ʍʠʙʨʠʜʠʟʘʮʠʷ ʟʘ 

20 ʯʘʩʘ 

RNase-Free Water 17 

Hyb Spike-In 1 

10 x GE Blocking Agent 4.5 

2X Hi-RPM Hybridization Buffer 22.5 

ʂʨʘʝʥ ʦʙʝʤ 45 

ʄʠʢʨʦʯʠʧ 
Agilent G4870A, miRBase release 

16, 8x60k 
- 

ʇʨʦʤʠʚʘʥʝ 
Agilent GE Wash Buffer 1 600 ml 

Agilent GE Wash Buffer 2 300 ml 

 

3.4.10. ɼʠʨʝʢʪʥʦ ʩʝʢʚʝʥʠʨʘʥʝ (ʉʝʢʚʝʥʠʨʘʥʝ ʧʦ Sanger) 

ɼʠʨʝʢʪʥʦʪʦ ʩʝʢʚʝʥʠʨʘʥʝ ʙʝ ʠʟʧʦʣʟʚʘʥʦ ʟʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ 

ʦʪ ʬʨʘʛʤʝʥʪʥʠʷ ʘʥʘʣʠʟ ʥʘ (CAG)n ʧʦʚʪʦʨʘ ʚ AR ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʦʪ HRM ʘʥʘʣʠʟʘ 

ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1. 

ʀʟʧʦʣʟʚʘʥʘ ʘʧʘʨʘʪʫʨʘ:  

ü ʎʝʥʪʨʦʬʫʛʘ 5810R ʟʘ ʧʣʘʢʠ (Ependorf). 

ü PCR ʘʧʘʨʘʪ Bioer Gene Pro (Harlow scientific) 

ü ʋʩʪʨʦʡʩʪʚʦ ʟʘ ʨʘʟʙʲʨʢʚʘʥʝ Pressïtoïmix (Snijders); 

ü Aʚʪʦʤʘʪʠʯʝʥ ʩʝʢʚʝʥʘʪoʨ ABI Prism 3130 xl (Applied Biosystems). 

ʇʨʠʥʮʠʧ: 

ʉʝʢʚʝʥʠʨʘʥʝʪʦ ʥʘ PCR ʧʨʦʜʫʢʪʠʪʝ ʝ ʨʝʬʝʨʝʥʪʝʥ ʤʝʪʦʜ ʟʘ ʜʠʨʝʢʪʝʥ ɼʅʂ ʘʥʘʣʠʟ. 

ʇʨʠ ʥʝʛʦ, ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʥʫʢʣʝʦʪʠʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʜʘʜʝʥ ɼʅʂ ʬʨʘʛʤʝʥʪ ʩʪʘʚʘ 

ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʚʪʦʤʘʪʠʯʥʠ ʩʝʢʚʝʥʘʪʦʨʠ, ʨʘʙʦʪʝʱʠ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘʪʘ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ. ʄʝʪʦʜʲʪ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʩʚʦʡʩʪʚʦʪʦ ʥʘ ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠʪʝ (ddNTP) ʜʘ 
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ʧʨʝʢʲʩʚʘʪ ʩʠʥʪʝʟʘ ʥʘ ɼʅʂ ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʚʢʣʶʯʚʘʥʝʪʦ ʠʤ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ, ʪʝ ʤʘʨʢʠʨʘʪ 

ʧʦʟʠʮʠʷʪʘ ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʥʫʢʣʝʦʪʠʜʥʘ ʙʘʟʘ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ddNTP, ʢʦʤʙʠʥʠʨʘʥʦ ʩ 

PCR ʘʤʧʣʠʬʠʢʘʮʠʷ, ʩʝ ʦʙʨʘʟʫʚʘʪ ʛʦʣʷʤ ʙʨʦʡ ʬʨʘʛʤʝʥʪʠ, ʢʦʠʪʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʯʨʝʟ 

ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦ ʨʘʟʜʝʣʷʥʝ. ʍʘʨʘʢʪʝʨʥʦ ʝ, ʯʝ ʧʨʠ ddNTP ʚ ʪʨʝʪʘ ʧʦʟʠʮʠʷ ʥʘ ʨʠʙʦʟʘʪʘ 

ʣʠʧʩʚʘ ʭʠʜʨʦʢʩʠʣʥʘʪʘ ʛʨʫʧʘ, ʢʦʝʪʦ ʥʝ ʧʦʟʚʦʣʷʚʘ ɼʅʂ ʧʦʣʠʤʝʨʘʟʘʪʘ ʜʘ ʩʠʥʪʝʟʠʨʘ ɼʅʂ. 

ʇʦʣʫʯʘʚʘʪ ʩʝ ʤʥʦʛʦ ʨʘʟʣʠʯʥʠ ʧʦ ʜʲʣʞʠʥʘ PCR ʧʨʦʜʫʢʪʠ, ʚʩʝʢʠ ʟʘʚʲʨʰʚʘʱ ʩ ddNTP. 

ʇʦʣʫʯʝʥʠʪʝ PCR ʧʨʦʜʫʢʪʠ ʩʝ ʨʘʟʜʝʣʷʪ ʯʨʝʟ ʜʝʥʘʪʫʨʠʨʘʱʘ ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʘ 

ʝʣʝʢʪʨʦʬʦʨʝʟʘ ʠ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ. ʈʘʟʜʝʣʷʥʝʪʦ ʦʪ ʩʪʘʨʪʘ ʜʦ ʤʷʩʪʦʪʦ, ʥʘ ʢʦʝʪʦ ʩʝ ʬʠʢʩʠʨʘ 

ʪʝʨʤʠʥʘʪʦʨʲʪ ʩ ʜʘʜʝʥʦ ddNTP, ʦʧʨʝʜʝʣʷ ʤʷʩʪʦʪʦ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʥʫʢʣʝʦʪʠʜ ʚ ɼʅʂ 

ʩʝʢʚʝʥʮʠʷʪʘ. 

ɺʩʝʢʠ ʦʪ ʯʝʪʠʨʠʪʝ ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʘ ʝ ʙʝʣʷʟʘʥ ʩ ʜʚʘ ʬʣʫʦʨʦʬʦʨʘ ïʬʣʫʦʨʝʩʮʠʥ ʠ 

ʝʜʠʥ ʦʪ ʯʝʪʠʨʠʪʝ ʪʠʧʘ ʨʦʜʘʤʠʥ. ʌʣʫʦʨʝʩʮʠʥʲʪ ʠʤʘ ʚʠʩʦʢ ʝʢʩʪʠʥʢʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ ʧʨʠ 

l=488 nm. (ʪʦʚʘ ʝ ʠ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ, ʝʤʠʪʠʨʘʥʘ ʦʪ ʘʨʛʦʥʦʚʠʷ ʣʘʟʝʨ, ʢʦʡʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘ ʚ ʘʚʪʦʤʘʪʠʯʥʠʪʝ ʩʝʢʚʝʥʘʪʦʨʠ). ʀʛʨʘʝʡʢʠ ʨʦʣʷʪʘ ʥʘ ʜʦʥʦʨ, ʬʣʫʦʨʝʩʮʠʥʲʪ 

ʧʦʛʣʲʱʘ ʝʥʝʨʛʠʷʪʘ ʥʘ ʣʘʟʝʨʥʠʷ ʣʲʯ ʠ ʷ ʧʨʝʭʚʲʨʣʷ ʢʲʤ ʘʢʮʝʧʪʦʨʥʠʷ ʨʦʜʘʤʠʥ ʚʲʨʭʫ ʩʲʱʘʪʘ 

ʤʦʣʝʢʫʣʘ. ɺʩʝʢʠ ʦʪ ʯʝʪʠʨʠʪʝ ʘʢʮʝʧʪʦʨʘ ʝʤʠʪʠʨʘ ʩʚʝʪʣʠʥʘ ʩ ʦʧʨʝʜʝʣʝʥʘ ʜʲʣʞʠʥʘ ʥʘ 

ʚʲʣʥʘʪʘ, ʢʦʷʪʦ ʩʝ ʟʘʩʠʯʘ ʦʪ ʘʧʘʨʘʪʘ ʠ ʪʘʢʘ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘ ʩʲʦʪʚʝʪʥʠʷʪ ʥʫʢʣʝʦʪʠʜ. 

ɽʪʘʧʠ ʠ ʧʨʦʮʝʜʫʨʘ: 

1) ʅʘʤʥʦʞʘʚʘʥʝ (ʘʤʧʣʠʬʠʢʘʮʠʷ) ʥʘ ɼʅʂ ʬʨʘʛʤʝʥʪʘ ʯʨʝʟ PCR. PCR ʨʝʘʢʮʠʷʪʘ ʩʝ 

ʠʟʚʲʨʰʚʘ ʧʨʠ ʦʧʪʠʤʘʣʥʠʪʝ ʫʩʣʦʚʠʷ ʟʘ ʩʲʦʪʚʝʪʥʠʪʝ ʤʘʨʢʝʨʠ. ʇʦʣʫʯʝʥʠʪʝ PCR ʧʨʦʜʫʢʪʠ ʩʝ 

ʦʮʝʥʷʚʘʪ ʥʘ 2% ʘʛʘʨʦʟʝʥ ʛʝʣ. ɿʘ ʜʘ ʩʝ ʧʨʝʤʠʥʝ ʢʲʤ ʩʝʢʚʝʥʠʨʘʥʝ, ʧʦʣʫʯʝʥʠʪʝ ʧʨʦʜʫʢʪʠ 

ʪʨʷʙʚʘ ʜʘ ʩʘ ʯʠʩʪʠ, ʙʝʟ ʥʝʩʧʝʮʠʬʠʯʥʠ ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʨʦʜʫʢʪʠ. 

2) ʇʨʝʯʠʩʪʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʘ ʩ ExoSAP. ʇʦʣʫʯʝʥʠʪʝ PCR ʧʨʦʜʫʢʪʠ ʩʝ ʧʨʝʯʠʩʪʚʘʪ ʩ 

ExoSAP, ʩ ʮʝʣ ʧʨʝʤʘʭʚʘʥʝ ʥʘ dNTPs, ʧʨʘʡʤʝʨʠ, ʩʦʣʠ ʠ ʥʝʩʧʝʮʠʬʠʯʥʠ ʧʨʦʜʫʢʪʠ, ʢʦʠʪʦ 

ʤʦʛʘʪ ʜʘ ʦʢʘʞʘʪ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʧʦ-ʥʘʪʘʪʲʰʥʠʪʝ ʨʝʘʢʮʠʠ. ExoSAP ʝ ʨʘʟʪʚʦʨ ʥʘ ʜʚʘ 

ʭʠʜʨʦʣʠʪʠʯʥʠ ʝʥʟʠʤʘ ï ɽʢʟʦʥʫʢʣʝʘʟʘ I ʠ ʘʣʢʘʣʥʘ ʬʦʩʬʘʪʘʟʘ, ʠʟʦʣʠʨʘʥʘ ʦʪ ʩʢʘʨʠʜʠ (Shrimp 

Alkaline Phosphatase ï SAP), ʚ ʙʫʬʝʨ. 

ɽʢʟʦʥʫʢʣʝʘʟʘʪʘ ʨʘʟʛʨʘʞʜʘ ʥʝʠʟʧʦʣʟʚʘʥʠʪʝ ʝʜʥʦʚʝʨʠʞʥʠ ɼʅʂ ʬʨʘʛʤʝʥʪʠ ʠ ʧʨʘʡʤʝʨʠ, 

ʧʦʣʫʯʝʥʠ ʧʦ ʚʨʝʤʝ ʥʘ PCR ʨʝʘʢʮʠʷʪʘ. ɸʣʢʘʣʥʘʪʘ ʬʦʩʬʘʪʘʟʘ ʭʠʜʨʦʣʠʟʠʨʘ ʠʟʣʠʰʲʢʘ ʦʪ 

ʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠ. ʇʨʝʯʠʩʪʚʘʥʝʪʦ ʩ ExoSAP ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʜʠʨʝʢʪʥʦʪʦ ʤʫ ʜʦʙʘʚʷʥʝ 

ʢʲʤ PCR ʧʨʦʜʫʢʪʘ ʚ ʩʲʦʪʥʦʰʝʥʠʝ 1.5 ɛl/2 ɛl PCR ʧʨʦʜʫʢʪ:0.4 ɛl ExoSAP + 1.6 ɛl dH2O . 

ʉʤʝʩʪʘ ʩʝ ʠʥʢʫʙʠʨʘ ʩ ʧʨʦʛʨʘʤʘ ExoSAP, ʥʘ PCR ʘʧʘʨʘʪ, ʧʨʠ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: 30 ʤʠʥʫʪʠ 

ʥʘ 37Üʉ ʠ 15 ʤʠʥʫʪʠ ʥʘ 80Üʉ ʟʘ ʠʥʘʢʪʠʚʠʨʘʥʝ ʥʘ ʜʚʘʪʘ ʝʥʟʠʤʘ. ʇʨʝʯʠʩʪʝʥʠʪʝ ʧʨʦʙʠ ʤʦʛʘʪ 

ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʥʘ -80 Üʉ ʠʣʠ -20 Üʉ. 

3) ʉʝʢʚʝʥʮʠʦʥʥʘ ʨʝʘʢʮʠʷ. ʂʠʪʲʪ ʟʘ ʩʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ Big DyeÈ Terminator 

kit v3.1, (Appilied Biosystems), ʚʢʣʶʯʚʘ ɼʅʂ-ʧʦʣʠʤʝʨʘʟʘ, ʥʝʙʝʣʷʟʘʥʠ ʥʫʢʣʝʦʪʠʜʠ ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʙʝʣʷʟʘʥʠ ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠ. ʂʲʤ 3'-ʢʨʘʷ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʯʝʪʠʨʠʪʝ 

ʜʠʜʝʟʦʢʩʠʥʫʢʣʝʦʪʠʜʠ ï ddG, ddA, ddT, ddC ʝ ʩʚʲʨʟʘʥʦ ʨʘʟʣʠʯʥʦ ʙʘʛʨʠʣʦ. ʀʟʧʦʣʟʚʘʥʘʪʘ ʟʘ 

ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʨʝʘʢʮʠʷ ʩʲʜʲʨʞʘ Big Dye ʨʝʘʢʮʠʦʥʥʘ ʩʤʝʩ, ʧʨʝʯʠʩʪʝʥ PCR ʧʨʦʜʫʢʪ ʠ ʝʜʠʥ 

ʦʪ ʠʟʧʦʣʟʚʘʥʠʪʝ ʧʨʠ ʘʤʧʣʠʬʠʢʘʮʠʷʪʘ ʧʨʘʡʤʝʨʠ. ʉʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ ʚʢʣʶʯʚʘ 

ʜʝʥʘʪʫʨʘʮʠʷ, ʭʠʙʨʠʜʠʟʘʮʠʷ ʠ ʝʣʦʥʛʘʮʠʷ. 
 

ʊʘʙʣʠʮʘ 3.47. ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʩʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ 

ʂʦʤʧʦʥʝʥʪʠ ʥʘ ʨʝʢʮʠʦʥʥʘʪʘ ʩʤʝʩ ʂʦʣʠʯʝʩʪʚʦ (Õl) 

ʄʘʪʨʠʮʘ (PCR ʧʨʦʜʫʢʪ) 4 

ʇʨʘʡʤʝʨ (F ʠʣʠ R) ï 20 pM 0.1 

5ʭ ʩʝʢʚʝʥʮʠʦʥʝʥ ʙʫʬʝʨ 2 

ʉʝʢʚʝʥʮʠʦʥʝʥ ʤʠʢʩ (Big Dye v 3.1 

500) 
0.4 

dH2O 3.5 

ʂʨʘʝʥ ʦʙʝʤ 10 ɛl 
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ʉʝʢʚʝʥʮʠʦʥʥʘʪʘ ʨʝʘʢʮʠʷ ʩʝ ʧʨʦʚʝʞʜʘ ʧʨʠ ʩʣʝʜʥʠʪʝ ʪʝʤʧʝʨʘʪʫʨʥʠ ʫʩʣʦʚʠʷ: 

¶ 95̄ ʉ ï 3 ʤʠʥ. 

¶ 95̄ ʉ ï 20 ʩʝʢ. 

¶ 55 ʉ̄ ï 20 ʩʝʢ. 

¶ 60̄ ʉ ï 2 ʤʠʥ. 

¶ 60̄ ʉ ï 5 ʤʠʥ. 

 

4) ʇʨʝʫʪʘʷʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʘ. ʇʨʘʚʠ ʩʝ ʩ ʮʝʣ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʥʝʩʚʲʨʟʘʥʠʪʝ 

ʥʫʢʣʝʦʪʠʜʠ. ɺ ʟʘʚʠʩʠʚʦʩʪ ʦʪ ʙʨʦʷ ʧʨʦʙʠ, ʧʨʝʫʪʘʚʷʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʚ ʝʧʨʫʚʝʪʢʠ 

ʠʣʠ ʥʘ ʧʣʘʢʘ. ʇʨʝʯʠʩʪʚʘʥʝʪʦ ʥʘ ʧʨʦʜʫʢʪʘ ʚʢʣʶʯʚʘ ʜʚʘ ʝʪʘʧʘ. ʂʲʤ ʧʨʦʙʠʪʝ ʩʝ ʜʦʙʘʚʷ 3ʄ 

ʥʘʪʨʠʝʚ ʘʮʝʪʘʪ, 125 mM ɽɼʊɸ ʠ 95% ʝʪʘʥʦʣ. ʊʘʢʘ ʧʨʠʛʦʪʚʝʥʠʪʝ ʧʨʦʙʠ ʦʩʪʘʚʠʷʪ ʜʘ ʩʝ 

ʠʥʢʫʙʠʨʘʪ ʟʘ 15 ʤʠʥʫʪʠ. ɺʨʝʤʝ ʟʘ ʧʨʝʮʠʧʠʪʘʮʠʷ, ʧʦʚʝʯʝ ʦʪ 15 ʤʠʥʫʪʠ ʤʦʞʝ, ʜʘ ʜʦʚʝʜʝ ʜʦ 

ʟʘʛʫʙʘ ʥʘ ʧʦ-ʢʲʩʠʪʝ ʬʨʘʛʤʝʥʪʠ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʧʨʘʚʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʯʠʩʪʚʘʥʝ, ʢʘʪʦ 

ʧʨʦʙʠʪʝ ʩʝ ʧʨʦʤʠʚʘʪ ʩʲʩ 70% ʝʪʘʥʦʣ. ʊʘʢʘ ʧʨʠʛʦʪʚʝʥʠʪʝ ʫʪʘʡʢʠ ʩʝ ʨʘʟʪʚʘʨʷʪ ʩ 12 ɛl 

ʬʦʨʤʘʤʠʜ. ʀʟʧʦʣʟʚʘʥʠʪʝ ʧʨʠ ʩʝʢʚʝʥʠʨʘʥʝʪʦ ʠ ʧʨʝʫʪʘʷʚʘʥʝʪʦ ʨʝʘʢʪʠʚʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 

ʊʘʙʣʠʮʘ 3.48. 

 

 
ʊʘʙʣʠʮʘ 3.48. ɽʪʘʧʠ ʥʘ ʧʨʝʫʪʘʷʚʘʥʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʨʝʘʢʪʠʚʠ, ʢʦʛʘʪʦ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʝʧʨʫʚʝʪʢʠ ʠ ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʧʣʘʢʘ 

ʇʨʝʫʪʘʷʚʘʥʝ ʚ ʝʧʨʫʚʝʪʢʠ ʇʨʝʫʪʘʷʚʘʥʝ ʚ ʧʣʘʢʘ 

1. EDTA- 1 Õl 

NaAc- 1 Õl 

95% ʘʣʢʦʭʦʣ- 25 Õl 

1. EDTA- 1 Õl 

NaAc- 1 Õl 

95% ʘʣʢʦʭʦʣ- 25 Õl 

2. ʀʥʢʫʙʠʨʘʥʝ-15 ʤʠʥ. ʥʘ ʪʲʤʥʦ 2. ʀʥʢʫʙʠʨʘʥʝ- 15 ʤʠʥ. ʥʘ ʪʲʤʥʦ 

3. ʎʝʥʪʨʦʬʫʛʠʨʘʥʝ- 20 

ʤʠʥ./14000rpm/ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

3. ʎʝʥʪʨʦʬʫʛʠʨʘʥʝ- 30ʤʠʥ./3000 

rpm/ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

4. ʀʟʩʫʰʘʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʯʨʝʟ 

ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ- 30ʩʝʢ /500rpm ʠʣʠ 

ʯʨʝʟ ʚʘʢʫʫʤ, ʠʣʠ ʯʨʝʟ ʧʠʧʝʪʠʨʘʥʝ ʥʘ 

ʩʫʧʝʨʥʘʪʘʥʪʘʪʘ 

4. ʀʟʩʫʰʘʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʯʨʝʟ 

ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ- 1ʤʠʥ./180 rpm 

5. 70% ʝʪʘʥʦʣ- 35 Õl 5. 70% ʝʪʘʥʦʣ- 35 Õl 

6. ʎʝʥʪʨʦʬʫʛʠʨʘʥʝ- 15ʤʠʥ./14000 rpm 6. ʎʝʥʪʨʦʬʫʛʠʨʘʥʝ-15ʤʠʥ./1650 rpm 

7. ʀʟʩʫʰʘʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ- ʧʦ ʝʜʠʥ ʦʪ 

ʤʝʪʦʜʠʪʝ-ʥʘʧʨ. ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ-30ʩʝʢ 

/500rpm 

7. ʀʟʩʫʰʘʚʘʥʝ ʥʘ ʫʪʘʡʢʠʪʝ- 

ʮʝʥʪʨʦʬʫʛʠʨʘʥʝ-1ʤʠʥ./180 rpm 

8. ʉʲʭʨʘʥʝʥʠʝ ʟʘ ʝʜʥʘ ʥʦʱ ʥʘ ʪʲʤʥʦ ʩ 

ʦʪʚʦʨʝʥʠ ʢʘʧʘʯʝʪʘ, ʥʘ ʩʪʘʡʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʮʝʣ ʧʲʣʥʦʪʦ ʠʟʧʘʨʷʚʘʥʝ 

ʥʘ ʝʪʘʥʦʣʘʦ 

8. ʉʲʭʨʘʥʝʥʠʝ ʥʘ ʧʣʘʢʘʪʘ ʟʘ ʝʜʥʘ ʥʦʱ ʥʘ 

ʪʲʤʥʦ, ʥʘ ʩʪʘʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʮʝʣ 

ʧʲʣʥʦʪʦ ʠʟʧʘʨʷʚʘʥʝ ʥʘ ʝʪʘʥʦʣʘ  

9. ʈʘʟʪʚʘʨʷʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʚ 14 Õl 

ʬʦʨʤʘʤʠʜ 

9. ʈʘʟʪʚʘʨʷʥʝ ʥʘ ʫʪʘʡʢʠʪʝ ʚ 14 Õl 

ʬʦʨʤʘʤʠʜ 

 

 

30 ʮʠʢʲʣʘ 
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3.5. ʉʊɸʊʀʉʊʀʏɽʉʂʀ ʄɽʊʆɼʀ ɿɸ ɸʅɸʃʀɿ  

ʉʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʘʥʘʣʠʟ ʙʷʭʘ ʠʟʚʲʨʰʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʥʷʢʦʣʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʧʨʦʛʨʘʤʠ ʢʘʪʦ: SPSS v.20 (Windows), Plink, Vassar stats (http://faculty.vassar.edu/), 

HaploView, MedCalc. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʘʩʦʮʠʘʪʠʚʥʠʪʝ ʧʨʦʫʯʚʘʥʠʷ ʙʷʭʘ ʧʨʦʚʝʨʝʥʠ ʟʘ 

ʦʪʢʣʦʥʷʚʘʥʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʯʨʝʟ ʠʥʪʝʨʥʝʪ ʧʨʦʛʨʘʤʘ ʥʘ Helmholtz-muenchen. 

(http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl) 
 

3.5.1. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠ ʯʝʩʪʦʪʠ. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ. ɿʘʢʦʥ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ 

3.5.1.1. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠ ʯʝʩʪʦʪʠ 

ɿʘ ʘʚʪʦʟʦʤʝʥ ʣʦʢʫʩ ɸ ʩ ʜʚʘ ʘʣʝʣʘ ɸ1 ʠ ɸ2 ʩʘ ʚʲʟʤʦʞʥʠ ʪʦʯʥʦ ʪʨʠ ʛʝʥʦʪʠʧʘ: ɸ1ɸ1. 

ɸ1ɸ2 ʠ ɸ2ɸ2. ʀʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʚ ʠʟʚʘʜʢʘʪʘ (ʧʘʮʠʝʥʪʠ. ʢʦʥʪʨʦʣʠ) 

ʩʪʘʚʘ ʯʨʝʟ ʨʘʟʜʝʣʷʥʝ ʥʘ ʙʨʦʷ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʩ ʢʦʥʢʨʝʪʝʥ ʛʝʥʦʪʠʧ ʥʘ ʦʙʱʠʷ ʙʨʦʡ 

ʠʟʩʣʝʜʚʘʥʠ ʠʥʜʠʚʠʜʠ. ʅʘʧʨʠʤʝʨ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʢʦʡʪʦ ʠ ʜʘ ʝ ʦʪ ʛʝʥʦʪʠʧʠʪʝ 

ʩʪʘʚʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

f= ɹʨʦʡ ʠʥʜʠʚʠʜʠ ʩ ʜʘʜʝʥʠʷ ʛʝʥʦʪʠʧ / ʦʙʱ ʙʨʦʡ ʠʟʩʣʝʜʚʘʥʠ ʠʥʜʠʚʠʜʠ 
 

ʈʝʟʫʣʪʘʪʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʜʝʩʝʪʠʯʝʥ ʚʠʜ ʠʣʠ ʢʘʪʦ ʧʨʦʮʝʥʪʠ ʩʣʝʜ 

ʫʤʥʦʞʝʥʠʝ ʧʦ 100. 

ʉʫʤʘʪʘ ʥʘ ʚʩʠʯʢʠ ʛʝʥʦʪʠʧʥʠ ʯʝʩʪʦʪʠ ʚ ʠʟʚʘʜʢʘʪʘ ʝ ʨʘʚʥʘ ʥʘ 1 (100%). 

ʀʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ f(A1) ʠ f(A2) ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ ʠʟʚʘʜʢʘ ʩʪʘʚʘ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʩʣʝʜʥʠʪʝ ʬʦʨʤʫʣʠ: 

 

 
 

3.5.1.2. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ 

ʍʝʪʝʨʦʟʠʛʦʪʥʦʩʪʪʘ (ʅ) ʝ ʤʷʨʢʘ ʟʘ ʩʪʝʧʝʥʪʘ ʥʘ ʧʦʣʠʤʦʨʬʥʦʩʪ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ 

ʘʚʪʦʟʦʤʝʥ ʣʦʢʫʩ. ʊʷ ʠʟʨʘʟʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʩʣʫʯʘʡʥʦ ʠʟʙʨʘʥ ʠʥʜʠʚʠʜ ʦʪ ʧʦʧʫʣʘʮʠʷʪʘ ʜʘ ʝ 

ʭʝʪʝʨʦʟʠʛʦʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʜʘʜʝʥ ʣʦʢʫʩ. ʆʯʘʢʚʘʥʘʪʘ ʭʝʪʝʨʦʟʠʛʦʪʥʦʩʪ (ʅ) ʩʝ ʠʟʯʠʩʣʷʚʘ 

ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʝ ʧʦʧʫʣʘʮʠʷʪʘ ʝ ʚ ʨʘʚʥʦʚʝʩʠʝ ʩʲʩ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

ʀʟʧʦʣʟʚʘ ʩʝ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 

 

ä-= 2)(1 ipH
, 

ʢʲʜʝʪʦ ʨi ʝ ʯʝʩʪʦʪʘʪʘ ʥʘ Iʪʠʷ ʘʣʝʣ 

 

3.5.1.3. ɿʘʢʦʥ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ 

ʆʩʥʦʚʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʟʘʣʝʛʥʘʣʦ ʚ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʝ, ʯʝ ʚ ʝʜʥʘ ʛʦʣʷʤʘ, 

ʩʚʦʙʦʜʥʦ ʢʨʲʩʪʦʩʚʘʱʘ ʩʝ ʧʦʧʫʣʘʮʠʷ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʚ ʜʘʜʝʥ ʣʦʢʫʩ ʩʘ 

ʧʦʩʪʦʷʥʥʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʷʪ ʠʟʨʘʟ ʥʘ ʟʘʢʦʥʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʯʨʝʟ ʩʣʝʜʥʘʪʘ 

ʬʦʨʤʫʣʘ: 

( ) 222
..2 qqppqp ++=+

, 

ʢʲʜʝʪʦ p ʝ ʯʝʩʪʦʪʘʪʘ ʥʘ ʘʣʝʣʘ [ɸ1], ʘ q ʝ ʯʝʩʪʦʪʘʪʘ ʥʘ ʘʣʝʣʘ [ɸ2], ʢʘʪʦ [ɸ1] ʠ [ɸ2] ʩʘ ʜʚʘʪʘ 

ʘʣʝʣʘ ʩʨʝʱʘʱʠ ʩʝ ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʣʦʢʫʩ ʠ p+q=1. 
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ʂʦʛʘʪʦ ʪʦʚʘ ʩʲʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʝ ʩʧʘʟʝʥʦ ʚ ʧʦʧʫʣʘʮʠʷʪʘ ʠ 

ʩʲʦʪʚʝʪʥʦ ʚ ʧʨʝʜʩʪʘʚʠʪʝʣʥʘʪʘ ʠʟʚʘʜʢʘ, ʢʦʷʪʦ ʩʝ ʠʟʩʣʝʜʚʘ, ʪʦ ʪʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʲʱʝʩʪʚʫʚʘ 

ʛʝʥʝʪʠʯʥʦ ʨʘʚʥʦʚʝʩʠʝ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʣʦʢʫʩ. 

ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʘʙʣʶʜʘʚʘʥʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ, ʢʦʠʪʦ ʥʘʡ-

ʯʝʩʪʦ ʩʝ ʠʟʨʘʟʷʚʘʪ ʚ ʧʦʚʠʰʝʥʘ ʭʦʤʦʟʠʪʦʪʥʦʩʪ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʜʲʣʞʠ ʥʘ ʩʣʝʜʥʠʪʝ 

ʧʨʠʯʠʥʠ: 

¶ ʀʟʚʘʜʢʘʪʘ ʥʝ ʝ ʧʦʜʙʨʘʥʘ ʜʦʙʨʝ ʠ ʤʦʞʝ ʜʘ ʩʲʜʲʨʞʘ ʨʦʜʩʪʚʝʥʦ ʩʚʲʨʟʘʥʠ 

ʠʥʜʠʚʠʜʠ; 

¶ ɺ ʧʦʧʫʣʘʮʠʷʪʘ ʣʠʧʩʚʘ ʩʚʦʙʦʜʥʦ ʢʨʲʩʪʦʩʚʘʥʝ ʠ ʚ ʥʝʷ ʤʦʛʘʪ ʜʘ 

ʩʲʱʝʩʪʚʫʚʘʪ ʦʪʜʝʣʥʠ ʩʫʙʧʦʧʫʣʘʮʠʠ, ʚ ʢʦʠʪʦ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʜʘ ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʦʪ ʪʝʟʠ ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʦʙʱʘʪʘ ʧʦʧʫʣʘʮʠʷ; 

¶ ɺʲʨʭʫ ʧʦʧʫʣʘʮʠʷʪʘ ʤʦʛʘʪ ʜʘ ʜʝʡʩʪʚʘʪ ʩʝʣʝʢʪʠʚʥʠ ʬʘʢʪʦʨʠ; 

¶ ʄʝʪʦʜʲʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʚ ʠʟʚʘʜʢʘʪʘ ʥʝ ʝ 

ʜʦʩʪʘʪʲʯʥʦ ʧʨʝʮʠʟʝʥ ʠ ʪʦʚʘ ʚʦʜʠ ʜʦ ʛʨʝʰʢʠ ʧʨʠ ʦʪʯʠʪʘʥʝʪʦ. 

 

3.5.2. ʅʝʨʘʚʥʦʚʝʩʥʘ ʩʢʘʯʝʥʦʩʪ 

ʅʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʢʘʯʝʥʦʩʪ ʚʲʟʥʠʢʚʘ, ʢʦʛʘʪʦ ʛʝʥʦʪʠʧʠʪʝ ʥʘ ʜʚʘ ʠʣʠ ʧʦʚʝʯʝ ʣʦʢʫʩʘ ʥʝ 

ʩʘ ʥʝʟʘʚʠʩʠʤʠ ʝʜʠʥ ʦʪ ʜʨʫʛ, ʪʦʝʩʪ ʩʲʱʝʩʪʚʫʚʘ ʥʝʩʣʫʯʘʡʥʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʘʣʝʣʠʪʝ ʦʪ ʜʚʝ ʠʣʠ 

ʧʦʚʝʯʝ ʣʦʢʫʩʘ ʚ ʝʜʥʘ ʠ ʩʲʱʘ ʭʨʦʤʦʟʦʤʘ. ʅʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʢʘʯʝʥʦʩʪ ʩʝ ʙʘʟʠʨʘ ʥʘ 

ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʧʨʦʢʩʠʤʘʣʥʦʪʦ ʛʝʥʦʤʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉ ʜʨʫʛʠ ʜʫʤʠ ʥʝʨʘʚʥʦʚʝʩʥʘʪʘ 

ʩʢʘʯʝʥʦʩʪ ʝ ʧʦʷʚʘ ʥʘ ʥʷʢʦʠ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʘʣʝʣʠ ʠʣʠ ʛʝʥʝʪʠʯʥʠ ʤʘʨʢʝʨʠ ʚ ʧʦʧʫʣʘʮʠʷʪʘ 

ʧʦ-ʯʝʩʪʦ ʠʣʠ ʧʦ-ʨʷʜʢʦ ʦʪ ʦʯʘʢʚʘʥʦʪʦ ʧʨʠ ʩʣʫʯʘʡʥʦʪʦ ʬʦʨʤʠʨʘʥʝ ʥʘ ʭʘʧʣʦʪʠʧʠ ʦʪ ʘʣʝʣʠʪʝ, 

ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʪʝʭʥʠʪʝ ʯʝʩʪʦʪʠ. ɺʲʟʥʠʢʚʘ ʧʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʘ ʨʝʢʦʤʙʠʥʘʮʠʷ ʤʝʞʜʫ ʜʚʘ 

ʠʣʠ ʧʦʚʝʯʝ ʣʦʢʫʩʘ ʥʘ ʝʜʥʘ ʭʨʦʤʦʟʦʤʘ. 

ʅʠʚʦʪʦ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʢʘʯʝʥʦʩʪ ʩʝ ʧʦʚʣʠʷʚʘ ʦʪ ʨʝʜʠʮʘ ʬʘʢʪʦʨʠ ʢʘʪʦ 

ʛʝʥʝʪʠʯʥʘʪʘ ʩʢʘʯʝʥʦʩʪ, ʩʝʣʝʢʮʠʷʪʘ, ʯʝʩʪʦʪʘʪʘ ʥʘ ʨʝʢʦʤʙʠʥʘʮʠʷ, ʯʝʩʪʦʪʘʪʘ ʥʘ ʤʫʪʘʮʠʠʪʝ, 

ʛʝʥʝʪʠʯʥʠ ʜʨʠʬʪ, ʥʝʩʣʫʯʘʡʥʠʪʝ ʢʨʲʩʪʦʩʚʘʥʠʷ ʠ ʧʦʧʫʣʘʮʠʦʥʥʘʪʘ ʩʪʨʫʢʪʫʨʘ.  

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʢʘʯʝʥʦʩʪ: 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʝ ʦʧʨʝʜʝʣʷʪ ʭʘʧʣʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʜʚʘ ʣʦʢʫʩʘ ʩ ʜʚʘ ʘʣʝʣʘ: 

ʍʘʧʣʦʪʠʧ ʏʝʩʪʦʪʘ 

ɸ1ɺ1 ɢ11 

ɸ1ɺ2 ɢ 12 

ɸ2ɺ1 ɢ 21 

ɸ2ɺ2 ɢ 22 

 

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪʥʦʩʠʪʝʣʥʠʪʝ ʯʝʩʪʦʪʠ, ʥʦ ʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʯʝʩʪʦʪʠʪʝ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʘʣʝʣʠʪʝ: 

 

ʍʘʧʣʦʪʠʧ ʏʝʩʪʦʪʘ 

ɸ1 p1 = ɢ11 + ɢ 12 

ɸ2 p2 = ɢ 21 + ɢ 22 

ɺ1 p3 = ɢ11 + ɢ 21 

ɺ2 p3 = ɢ12 + ɢ 22 

ʏʝʩʪʦʪʘʪʘ ʥʘ ʭʘʧʣʦʪʠʧʘ ɸ1ɺ1 ʝ ɢ11, ʘ ʩʧʦʨʝʜ ʧʨʘʚʠʣʘʪʘ ʥʘ ʝʣʝʤʝʥʪʘʨʥʘʪʘ ʩʪʘʪʠʩʪʠʢʘ 

ɢ11 = p1q1. ʇʨʠ ʦʪʢʦʣʦʥʝʥʠʝ ʦʪ ʪʘʟʠ ʯʝʩʪʦʪʘ, ʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʨʘʚʥʦʚʝʩʥʘ ʩʢʘʯʝʥʦʩʪ, 

ʢʦʷʪʦ ʩʝ ʦʙʦʟʥʘʯʘʚʘ ʩ D. 

D= ɢ11 - p1q1 

ʂʦʛʘʪʦ ʜʚʘ ʘʣʝʣʘ ʩʘ ʩʢʘʯʝʥʠ ʪʦʚʘ ʦʟʥʘʯʚʘ, ʯʝ D Í 0. 
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ʉʪʦʡʥʦʩʪʠʪʝ ʟʘ D ʣʝʩʥʦ ʩʝ ʧʨʝʩʤʷʪʘʪ, ʥʦ ʥʝʜʦʩʪʘʪʲʢ ʝ, ʯʝ ʟʘʚʠʩʷʪ ʦʪ ʯʝʩʪʦʪʠʪʝ ʥʘ 

ʘʣʝʣʠʪʝ. ʊʦʚʘ ʝ ʪʘʢʘ, ʪʲʡ ʢʘʪʦ ʯʝʩʪʦʪʠʪʝ ʩʘ ʤʝʞʜʫ 0 ʠ 1. ɸʢʦ ʜʘʜʝʥ ʣʦʢʫʩ ʠʤʘ ʘʣʝʣʥʘ 

ʯʝʩʪʦʪʘ 0 ʠʣʠ 1, ʪʦ ʥʝʨʘʚʥʦʚʝʩʥʦ D ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥʦ. ʂʦʛʘʪʦ ʘʣʝʣʥʠʪʝ 

ʯʝʩʪʦʪʠ ʟʘ 0.5, ʪʦ ʥʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʢʘʯʝʥʦʩʪ D ʝ ʤʘʢʩʠʤʘʣʥʘ. Lewontin ʧʨʝʜʣʘʛʘ 

ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ D ʯʨʝʟ ʜʝʣʝʥʝʪʦ ʡ ʩ ʪʝʦʨʝʪʠʯʥʠʷ ʤʘʢʩʠʤʫʤ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʘʣʝʣʥʠ 

ʯʝʩʪʦʪʠ [388] 

 
ʂʲʜʝʪʦ:  

 
 

ʅʝʨʘʚʥʦʚʝʩʥʘʪʘ ʩʢʘʯʝʥʦʩʪ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ ʤʘʨʢʝʨʠ (DĮ/r2) ʝ ʠʟʯʠʩʣʝʥʘ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʧʨʦʛʨʘʤʘʪʘ HaploView 4.0 (Broad Institute of MIT & Harvard). a LD ï ʙʣʦʢʦʚʠʪʝ 

ʩʪʨʫʢʪʫʨʠ ʩʘ ʢʦʥʩʪʨʫʠʨʘʥʠ ʧʦ ʘʣʛʦʨʠʪʲʤʘ ĂConfidence intervalsò [389]. ʂʘʪʦ ʩʪʦʡʥʦʩʪʠʪʝ, 

ʢʦʠʪʦ ʩʝ ʧʦʢʘʟʚʘʪ ʚ LD ʙʣʦʢʦʚʝʜʝ ʩʘ Dô. LD ʙʣʦʢʦʚʝʪʝ ʩʝ ʬʦʨʤʠʨʘʪ ʘʢʦ 95% ʦʪ 

ʠʥʬʦʨʤʘʪʠʚʥʠʪʝ ʩʨʘʚʥʝʥʠʷ ʩʘ ʚ ʩʠʣʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘ ʩʢʘʯʝʥʦʩʪ (Ăstrong LDò). ʊʦʟʠ 

ʘʣʛʦʨʠʪʲʤ ʠʛʥʦʨʠʨʘ ʤʘʨʢʝʨʠʪʝ ʩ ʯʝʩʪʦʪʘ ʥʘ ʨʝʜʢʠʪʝ ʘʣʝʣʠ < 0.05.  

ʆʙʷʩʥʝʥʠʝʪʦ ʥʘ ʮʚʝʪʦʚʝʪʝ ʚ LD ʙʣʦʢʦʚʝʪʝ ʝ ʩʣʝʜʥʦʪʦ: 

 D' < 1 D' = 1 

LOD < 2 ʙʷʣʦ ʩʠʥʴʦ 

LOD Ó 2 ʅʶʘʥʩʠ ʥʘ ʨʦʟʦʚʦʪʦ ʉʚʝʪʣʦ ʯʝʨʚʝʥʦ ʠ ʯʝʨʚʝʥʦ 

 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠʪʝ ʨʘʟʣʠʢʠ ʝ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʘ ʪʠʧ Manhattan 

(Manhattan plot). ɿʘ ʮʝʣʪʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʧʨʦʛʨʘʤʘʪʘ HaploView 4.0 ʠ ʜʘʥʥʠʪʝ ʟʘ 

ʭʨʦʤʦʟʦʤʥʘʪʘ ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʪʨʘʥʩʬʦʨʤʠʨʘʥʘʪʘ ʚ ʦʪʨʠʮʘʪʝʣʝʥ ʜʝʩʝʪʠʯʝʥ ʣʦʛʘʨʠʪʲʤ 

ʩʪʦʡʥʦʩʪ ʥʘ ʨ ʟʘ ʚʩʝʢʠ ʠʟʩʣʝʜʚʘʥ SNP. 

 

3.5.3. ʉʪʘʪʠʩʪʠʯʝʩʢʘ ʧʨʦʚʝʨʢʘ ʥʘ ʭʠʧʦʪʝʟʘ 

3.5.3.1. ʅʫʣʝʚʘ ʭʠʧʦʪʝʟʘ 

ʅʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʨʫʧʠ ʜʘʥʥʠ. ʇʨʠʝʤʘ ʩʝ, ʯʝ 

ʩʧʦʨʝʜ ʥʝʷ ʥʝ ʩʲʱʝʩʪʚʫʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʩʨʘʚʥʷʚʘʥʠʪʝ ʛʨʫʧʠ. 

ʇʦʣʫʯʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʦʙʷʩʥʷʚʘʪ ʩ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʣʫʯʘʡʥʠ ʬʘʢʪʦʨʠ. 

ɸʣʪʝʨʥʘʪʠʚʥʘʪʘ (ʠʣʠ ʦʱʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ) ʭʠʧʦʪʝʟʘ (H1) ʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʥʘ ʥʫʣʝʚʘʪʘ 

ʭʠʧʦʪʝʟʘ. ʅʝ ʩʝ ʫʪʦʯʥʷʚʘ ʢʘʢʲʚ ʝ ʪʠʧʲʪ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ï ʪ.ʝ. ʜʘʣʠ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʜʘʜʝʥ 

ʘʣʝʣ/ʛʝʥʦʪʠʧ ʧʦʚʠʰʘʚʘ ʠʣʠ ʧʦʥʠʞʘʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ.  

ʇʲʨʚʦʥʘʯʘʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʥʠʚʦʪʦ ʥʘ ʟʥʘʯʠʤʦʩʪ ï Ŭ (ʪ.ʥʘʨ. Significance 

Level), ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ (ʨʠʩʢʘ) ʜʘ ʦʪʭʚʲʨʣʠʤ ʅ0 ʭʠʧʦʪʝʟʘʪʘ, ʜʦʨʠ ʘʢʦ ʪʷ ʝ 

ʚʷʨʥʘ. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʦʪʦ ʥʠʚʦ ʥʘ ʟʥʘʯʠʤʦʩʪ ʝ a=0.05 ʠʣʠ 5% ʚʝʨʦʷʪʥʦʩʪ ʥʫʣʝʚʘʪʘ 

ʭʠʧʦʪʝʟʘ ʜʘ ʩʝ ʦʪʭʚʲʨʣʠ, ʢʦʛʘʪʦ ʚʩʲʱʥʦʩʪ ʝ ʚʷʨʥʘ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʠ ʚʝʨʦʷʪʥʦʩʪʪʘ 

(ʈ) ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʜʘʥʥʠ (ʠʣʠ ʥʘ ʜʘʥʥʠ ʩ ʦʱʝ ʧʦ-ʛʦʣʷʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ 

ʜʚʝʪʝ ʛʨʫʧʠ) ʧʨʠ ʧʦʣʦʞʝʥʠʝ, ʯʝ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʚʷʨʥʘ ʠ ʜʚʝʪʝ ʛʨʫʧʠ ʚʩʲʱʥʦʩʪ ʥʝ ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ.  

¶ ʇʨʠ ʈ>a ʅ0 ʥʝ ʩʝ ʦʪʭʚʲʨʣʷ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ. ʯʝ ʤʝʞʜʫ ʩʨʘʚʥʷʚʘʥʠʪʝ ʛʨʫʧʠ ʥʝ 

ʩʲʱʝʩʪʚʫʚʘ ʜʦʢʘʟʫʝʤʘ (ʚ ʩʣʫʯʘʷ) ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ. 

¶ ʇʨʠ ʈ<a ʅ0 ʩʝ ʦʪʭʚʲʨʣʷ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʤʝʞʜʫ ʩʨʘʚʥʷʚʘʥʠʪʝ ʛʨʫʧʠ 
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ʩʲʱʝʩʪʚʫʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ. 

ʅʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʦʚʝʨʝʥʘ ʩ ʨʘʟʣʠʯʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʝʪʦʜʠ - c2, 

ʄʘʥ-ʋʠʪʥʠ U ʪʝʩʪ, ʘʥʘʣʠʟʘ ʥʘ ʂʨʫʩʢʘʣ-ʋʦʣʠʩ ʠ ʜʨ. 

 

ʀʟʙʦʨ ʥʘ ʪʝʩʪ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʭʠʧʦʪʝʟʘʪʘ: 

1) ʩʧʦʨʝʜ ʚʠʜʘ ʥʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ - ʥʝʧʘʨʘʤʝʪʨʠʯʥʠ ʪʝʩʪʦʚʝ ʧʨʠ 

ʩʣʘʙʠ ʩʢʘʣʠ (ʧʨʠ ʢʘʪʝʛʦʨʠʡʥʠ/ʢʘʯʝʩʪʚʝʥʠ ʠʣʠ ʦʨʜʠʥʘʣʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ 

ʧʨʦʤʝʥʣʠʚʘ) ʠ ʧʘʨʘʤʝʪʨʠʯʥʠ ʪʝʩʪʦʚʝ ʧʨʠ ʩʠʣʥʠ ʩʢʘʣʠ (ʧʨʠ ʠʥʪʝʨʚʘʣʥʠ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʠ 

ʧʨʦʤʝʥʣʠʚʠ); 

2) ʩʧʦʨʝʜ ʚʠʜʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ - 

ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʤʝʪʦʜʠ ʠʤʘʪ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ (ʥʘʧʨʠʤʝʨ 

ʠʟʠʩʢʚʘʪ ʥʦʨʤʘʣʥʦ/ʛʘʫʩʦʚʦ/ ʨʘʟʧʨʝʜʝʣʝʥʠʝ), ʜʦʢʘʪʦ ʧʨʠ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʯʘʩʪ ʦʪ 

ʧʘʨʘʤʝʪʨʠʪʝ ʥʷʤʘʪ ʟʥʘʯʝʥʠʝ (ʠʣʠ ʩʝ ʪʦʣʝʨʠʨʘ ʦʧʨʝʜʝʣʝʥʦ ʦʪʢʣʦʥʝʥʠʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʠʤ); 

3)  ʩʧʦʨʝʜ ʥʘʣʠʯʠʝʪʦ ʥʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʠʟʚʘʜʢʠʪʝ, ʦʪ ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ 

ʩʨʘʚʥʷʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ, ʪ.ʝ. ʜʘʣʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ ʧʦʣʫʯʝʥʠ ʦʪ ʝʜʥʘʪʘ ʛʨʫʧʘ 

(ʠʟʚʘʜʢʘ) ʩʝ ʚʣʠʷʷʪ ʦʪ ʪʝʟʠ ʥʘ ʜʨʫʛʘʪʘ. ʀʟʚʘʜʢʠʪʝ ʩʘ ʥʝʟʘʚʠʩʠʤʠ, ʘʢʦ ʩʝ ʩʨʘʚʥʷʚʘʪ 

ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʨʠʟʥʘʢʘ ʍ ʚ ʜʚʝ ʛʨʫʧʠ, ʢʦʠʪʦ ʥʷʤʘʪ ʚʨʲʟʢʘ ʧʦʤʝʞʜʫ ʩʠ ʠ ʥʝ ʩʧʦʜʝʣʷʪ 

ʚʲʥʰʥʠ ʫʩʣʦʚʠʷ (ʢʦʚʘʨʠʘʥʪʠ), ʢʦʠʪʦ ʙʠʭʘ ʧʦʚʣʠʷʣʠ ʥʘ ʧʨʠʟʥʘʢʘ ʍ ʚ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʦʢʘ. 

ʇʨʠʤʝʨ: ɼʚʝ ʛʨʫʧʠ ʧʘʮʠʝʥʪʠ ʙʝʟ ʨʦʜʥʠʥʩʢʠ ʚʨʲʟʢʠ ʧʦʤʝʞʜʫ ʩʠ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ 

ʨʦʜʥʠʥʩʢʠ ʚʨʲʟʢʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʩʨʘʚʥʝʥʠʝʪʦ ʩʝ ʠʟʢʨʠʚʷʚʘʪ ʚ ʧʦʣʟʘ ʥʘ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ 

(ʪʲʡ ʢʘʪʦ ʨʦʜʥʠʥʠʪʝ ʥʘʡ-ʯʝʩʪʦ ʠʤʘʪ ʩʭʦʜʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ). ɸʢʦ 

ʩʘ ʥʘʣʠʮʝ ʬʘʢʪʦʨʠ ʥʘ ʩʨʝʜʘʪʘ, ʢʦʠʪʦ ʚʣʠʷʷʪ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ (ʢʦʚʘʨʠʘʥʪʠ), ʚʣʠʷʥʠʝʪʦ ʠʤ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʝʫʪʨʘʣʠʟʠʨʘʥʦ ʯʨʝʟ ʛʨʫʧʠʨʘʥʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ ʩʧʦʨʝʜ 

ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʦʚʘʨʠʘʥʪʘ. 

4) ʩʧʦʨʝʜ ʙʨʦʷ ʥʘ ʩʨʘʚʥʷʚʘʥʠʪʝ ʧʘʨʘʤʝʪʨʠ (ʩ ʢʦʣʢʦ ʠʟʚʘʜʢʠ ʩʝ ʨʘʙʦʪʠ) - ʜʚʘ 

ʠʣʠ ʧʦʚʝʯʝ. 

 

3.5.3.2. ʄʝʪʦʜ ɢ2 

Mʝʪʦʜʲʪ c2 ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʦʧʠʪʥʠ ʜʘʥʥʠ ʩ ʦʯʘʢʚʘʥʠʪʝ ʜʘʥʥʠ, 

ʧʨʦʠʟʣʠʟʘʱʠ ʦʪ ʥʷʢʦʡ ʝʩʪʝʩʪʚʝʥ ʟʘʢʦʥ ʠʣʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʧʨʠʝʪʘ ʭʠʧʦʪʝʟʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʷʪ 

ʢʨʠʪʝʨʠʡ ɢ2 ʟʘ ʚʩʷʢʘ ʢʦʥʢʨʝʪʥʘ ʧʨʦʚʝʨʢʘ ʠʤʘ ʝʜʥʘ ʝʤʧʠʨʠʯʥʘ (ɢ2ɽʄ) ʠ ʝʜʥʘ ʪʝʦʨʝʪʠʯʥʘ 

(ɢ2ʊ) ʩʪʦʡʥʦʩʪ. ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʪʷʭ ʩʝ ʧʨʠʝʤʘ ʠʣʠ ʦʪʭʚʲʨʣʷ ʅ0. 

ʉʨʘʚʥʝʥʠʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʤʝʞʜʫ ʨʘʟʧʨʝʜʝʣʝʥʠʪʝ ʚ ʤʘʪʨʠʯʝʥ ʚʠʜ ʧʦ ʢʦʣʦʥʠ ʠ ʨʝʜʦʚʝ 

ʠʟʩʣʝʜʚʘʥʠ ʠʥʜʠʚʠʜʠ ʠʣʠ ʦʙʝʢʪʠ, ʩʧʦʨʝʜ ʧʨʠʥʘʜʣʝʞʥʦʩʪʪʘ ʠʤ ʢʲʤ ʝʜʥʘ ʦʪ ʨʘʟʛʣʝʞʜʘʥʠʪʝ 

ʛʨʫʧʠ ʠ ʥʘʣʠʯʠʝʪʦ ʠʣʠ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʬʘʢʪʦʨʠ/ʩʲʩʪʦʷʥʠʷ.  

 

ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʪʝʦʨʝʪʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʨʠʪʝʨʠʷ ɢ2 (ɢ2ʊ) 

ʊʝʦʨʝʪʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʛʦʪʦʚʠ ʪʘʙʣʠʮʠ (ʠʣʠ ʩ ʢʦʤʧʶʪʲʨʥʠ 

ʧʨʦʛʨʘʤʠ), ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʥʠʚʦʪʦ ʥʘ ʟʥʘʯʠʤʦʩʪ (Ŭ) ʠ ʙʨʦʷ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ 

(degrees of freedom, df). ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ c2 ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʠʪʝ ʩʪʝʧʝʥ ʥʘ ʩʚʦʙʦʜʘ ʠ ʥʠʚʦ 

ʥʘ ʟʥʘʯʠʤʦʩʪ, ʢʦʠʪʦ ʩʘ ʙʠʣʠ ʚʲʟʧʨʠʝʪʠ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʉʪʝʧʝʥʪʘ ʥʘ 

ʩʚʦʙʦʜʘ (degree of freedom) ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ ʬʦʨʤʫʣʘʪʘ:  

df = (n-1), ʢʲʜʝʪʦ n ʝ ʙʨʦʷʪ ʥʘ ʩʨʘʚʥʷʚʘʥʠʪʝ ʢʣʘʩʦʚʝ. ʇʨʠ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʤʘʪʨʠʮʘ ʩ 

ʦʧʨʝʜʝʣʝʥ ʙʨʦʡ ʨʝʜʦʚʝ ʠ ʢʦʣʦʥʠ ʙʨʦʷʪ ʥʘ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ ʩʣʝʜʥʘʪʘ 

ʬʦʨʤʫʣʘ: 

 

, ʢʲʜʝʪʦ: 

r  ï ʙʨʦʡ ʥʘ ʨʝʜʦʚʝʪʝ ʚ ʪʘʙʣʠʮʘʪʘ (ʥʘʡ-ʯʝʩʪʦ r = 2); 

c ï ʙʨʦʡ ʥʘ ʢʦʣʦʥʠʪʝ ʚ ʪʘʙʣʠʮʘʪʘ (ʥʘʡ-ʯʝʩʪʦ c = 2). 
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ʉʣʝʜ ʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʪʝʦʨʝʪʠʯʥʦ ʦʯʘʢʚʘʥʠʷʪ ʙʨʦʡ ʥʘ ʠʥʜʠʚʠʜʠʪʝ 

ʚʲʚ ʚʩʷʢʘ ʦʪʜʝʣʥʘ ʢʣʝʪʢʘ (ɽ, ʦʪ ʘʥʛʣ. expected). ʊʦʚʘ ʩʪʘʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʬʦʨʤʫʣʘʪʘ: 
Ecell - ʪʝʦʨʝʪʠʯʥʦ ʦʯʘʢʚʘʥ ʙʨʦʡ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʚ ʜʘʜʝʥʘ ʢʣʝʪʢʘ; 

R ï ʦʙʱ ʙʨʦʡ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʚ ʨʝʜʘ, ʚ ʢʦʠʪʦ ʩʝ ʥʘʤʠʨʘ ʢʣʝʪʢʘʪʘ; 

C ï ʦʙʱ ʙʨʦʡ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʚ ʢʦʣʦʥʘʪʘ, ʚ ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʢʣʝʪʢʘʪʘ; 

N ï ʦʙʱ ʙʨʦʡ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʠʥʜʠʚʠʜʠ. 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʝʤʧʠʨʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ c2 

, ʢʲʜʝʪʦ n: ʙʨʦʡ ʩʨʘʚʥʷʚʘʥʠ ʢʣʘʩʦʚʝ (ʢʣʝʪʢʠ ʚ ʤʘʪʨʠʮʘʪʘ) 

ʆi : ʦʧʠʪʥʠ (ʥʘʙʣʶʜʘʚʘʥʠ) ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʣʘʩ i 

ɽi : oʯʘʢʚʘʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʣʘʩ i 

 

ʀʟʚʘʞʜʘʥʝʪʦ ʥʘ 0.5 ʦʪ ʘʙʩʦʣʶʪʥʘʪʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʥʘʙʣʶʜʘʚʘʥʠʷ ʠ ʦʯʘʢʚʘʥʠʷ ʙʨʦʡ 

ʦʙʝʢʪʠ ʩʝ ʥʘʨʠʯʘ ʢʦʨʝʢʮʠʷ ʥʘ ʁʝʡʪʩ (Yates) ʠ ʩʝ ʧʨʠʣʘʛʘ, ʢʦʛʘʪʦ ʥʘʙʣʶʜʘʚʘʥʠʷʪ ʙʨʦʡ 

ʦʙʝʢʪʠ ʚ ʥʷʢʦʡ ʦʪ ʢʣʘʩʦʚʝʪʝ (ʢʣʝʪʢʠʪʝ) ʝ ʧʦ-ʤʘʣʲʢ ʦʪ 10. 

ʇʨʠ ʧʨʠʝʤʘʥʝ ʚʝʨʥʦʩʪʪʘ ʥʘ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʧʦ ʤʝʪʦʜʘ c2, ʩʲʱʝʩʪʚʫʚʘʪ ʪʘʙʣʠʮʠ, 

ʢʦʠʪʦ ʜʘʚʘʪ ʚʟʘʠʤʦʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʛʨʘʥʠʯʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ c2 ʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʈ, ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ ʠ ʥʠʚʘ ʥʘ ʟʥʘʯʠʤʦʩʪ. ʂʦʛʘʪʦ 

ʝʤʧʠʨʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ c2 ʝ ʧʦ-ʛʦʣʷʤʘ ʦʪ ʛʨʘʥʠʯʥʘʪʘ ʧʨʠ ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʥʠʚʦ 

ʥa ʟʥʘʯʠʤʦʩʪ (a) ʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ (df), ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʥʫʣʝʚʘ ʭʠʧʦʪʝʟʘ ʩʝ ʦʪʭʚʲʨʣʷ 

ʢʘʪʦ ʥʝʚʷʨʥʘ. 

ʈʝʰʝʥʠʝʪʦ ʟʘ ʧʨʠʝʤʘʥʝ ʠʣʠ ʦʪʭʚʲʨʣʷʥʝ ʥʘ ʅ0 ʤʦʞʝ ʜʘ ʩʝ ʚʟʝʤʝ ʠ ʚʲʟ ʦʩʥʦʚʘ 

ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʥʦʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʚʲʟʧʨʠʝʪʦ ʥʠʚʦ ʥʘ ʟʥʘʯʠʤʦʩʪ (Ŭʪ = 

0.05) ʠ ʦʮʝʥʝʥʦʪʦ (ʧʦ ʝʤʧʠʨʠʯʥʠʪʝ ʜʘʥʥʠ) ʥʠʚʦ ʥʘ ʟʥʘʯʠʤʦʩʪ Ŭʝʤ. ɺʩʲʱʥʦʩʪ Ŭʝʤ ʝ 

ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʧʦʷʚʷʚʘʥʝʪʦ ʥʘ ɢ2ɽʄ ʠ ʤʦʞʝ ʜʘ ʩʝ ʦʟʥʘʯʠ ʩ p.  

ʇʨʠ ɢ2
ɽʄ > ɢ

2
ʊ (ʠʣʠ ʨʝʩʧ. p < Ŭʪ). ʅ0 ʩʝ ʦʪʭʚʲʨʣʷ ʚ ʧʦʣʟʘ ʥʘ ʅ1. ʇʨʠʝʤʘ ʩʝ, ʯʝ ʤʝʞʜʫ 

ʥʘʣʠʯʠʝʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥ ʘʣʝʣ/ʛʝʥʦʪʠʧ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʈɻ ʩʲʱʝʩʪʚʫʚʘ ʟʘʚʠʩʠʤʦʩʪ 

(ʘʩʦʮʠʘʮʠʷ). 

ʇʨʠ ɢ2
ɽʄ < ɢ

2
ʊ (ʠʣʠ ʨʝʩʧ. p > Ŭʪ). ʅ0 ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʦʪʭʚʲʨʣʠ. ʅʦ ʪʦʚʘ ʚʩʝ ʦʱʝ ʥʝ 

ʦʟʥʘʯʘʚʘ. ʯʝ ʪʷ ʝ ʚʷʨʥʘʪʘ ʭʠʧʦʪʝʟʘ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʠʥʪʝʨʧʨʝʪʘʮʠʷʪʘ ʝ ʜʚʫʟʥʘʯʥʘ: ʠʣʠ 

ʜʝʡʩʪʚʠʪʝʣʥʦ ʅ0 ʝ ʚʷʨʥʘ ʠ ʧʦʨʘʜʠ ʪʦʚʘ ʥʝ ʩʝ ʦʪʭʚʲʨʣʷ ʠʣʠ ʅ1 ʝ ʚʷʨʥʘʪʘ ʭʠʧʦʪʝʟʘ, ʥʦ ʪʦʚʘ 

ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʧʦʪʚʲʨʜʠ ʩ ʢʦʥʢʨʝʪʥʦʪʦ ʧʨʦʫʯʚʘʥʝ (ʥʘʧʨʠʤʝʨ ʧʦʨʘʜʠ ʥʝʜʦʩʪʘʪʲʯʥʠʷ ʙʨʦʡ 

ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʩʣʫʯʘʠ). 

ʄʝʪʦʜʲʪ c2 ʩʝ ʧʨʠʣʘʛʘ. ʢʦʛʘʪʦ ʩʘ ʩʧʘʟʝʥʠ ʩʣʝʜʥʠʪʝ ʫʩʣʦʚʠʷ: 

Á ʦʙʝʤʲʪ ʥʘ ʠʟʚʘʜʢʘʪʘ ʥʘʜʚʠʰʘʚʘ 50 ʠʥʜʠʚʠʜʘ; 

Á ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʩʪʘʥʦʚʝʥʠʷʪ ʙʨʦʡ ʥʘ ʠʥʜʠʚʠʜʠʪʝ ʚʲʚ ʚʩʷʢʘ ʢʣʝʪʢʘ ʝ ʥʝ ʧʦï

ʤʘʣʲʢ ʦʪ 5. 

3.5.3.3. ʊʝʩʪ ʥʘ ʌʠʰʝʨ (Fishersôs test) 

ʊʝʩʪʲʪ ʥʘ ʌʠʰʝʨ ʧʨʠʥʘʜʣʝʞʠ ʢʲʤ ʛʨʫʧʘʪʘ ʥʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʤʝʪʦʜʠ ʠ ʩʝ ʧʨʠʣʘʛʘ ʧʨʠ ʘʥʘʣʠʟ ʥʘ ʢʘʪʝʛʦʨʠʡʥʠ ʜʘʥʥʠ (ʢʦʠʪʦ ʠʤʘʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥ 

ʦʙʠʢʥʦʚʝʥʦ ʤʘʣʲʢ ʙʨʦʡ ʩʪʦʡʥʦʩʪʠ). ʊʝʩʪʲʪ ʥʘ ʌʠʰʝʨ ʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʜʭʦʜʷʱ ʚ 

ʩʣʫʯʘʡʪʝ, ʢʦʛʘʪʦ ʠʟʧʦʣʟʚʘʥʘʪʘ ʠʟʚʘʜʢʘ ʝ ʩ ʤʘʣʲʢ ʨʘʟʤʝʨ, ʪ.ʝ. ʢʦʛʘʪʦ ʝ ʚʲʟʤʦʞʥʦ ʦʯʘʢʚʘʥʘʪʘ 

ʯʝʩʪʦʪʘ ʜʘ ʝ ʧʦʜ 10 ʧʨʠ ʝʜʥʘ ʩʪʝʧʝʥ ʥʘ ʩʚʦʙʦʜʘ. ʅʘʨʠʯʘ ʩʝ ʦʱʝ ʪʦʯʝʥ, ʪʲʡ ʢʘʪʦ ʜʘʚʘ 

ʚʲʟʤʦʞʥʦʩʪ ʟʥʘʯʠʤʦʩʪʪʘ ʥʘ ʦʪʢʣʦʥʝʥʠʝʪʦ ʦʪ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʪʦʯʥʦ, ʘ ʥʝ 

ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʠʙʣʠʞʝʥʠʷ ʩʧʨʷʤʦ ʪʝʦʨʝʪʠʯʥʘ ʠʟʚʘʜʢʘ, ʢʘʢʪʦ ʝ ʧʨʠ ʤʝʪʦʜʘ c2. ʇʨʠ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʦʯʥʠʷ ʪʝʩʪ ʥʘ ʌʠʰʝʨ ʤʦʞʝ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ 

ʤʝʞʜʫ ʜʚʝ ʢʘʪʝʛʦʨʠʡʥʠ ʧʨʦʤʝʥʣʠʚʠ, ʢʦʛʘʪʦ ʘʥʘʣʠʟʠʨʘʥʠʪʝ ʦʙʝʢʪʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʧʦ ʜʚʘ 

ʨʘʟʣʠʯʥʠ ʧʦʢʘʟʘʪʝʣʷ.  
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ʂʦʛʘʪʦ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʟʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʤʝʪʦʜʘ c2 ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠ, ʚʤʝʩʪʦ ʥʝʛʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʨʠʪʝʨʠʷʪ ʥʘ ʌʠʰʝʨ. ʂʨʠʪʝʨʠʷʪ ʩʝ 

ʠʟʯʠʩʣʷʚʘ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ:  
P ï ʝʤʧʠʨʠʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʨʠʪʝʨʠʷ ʥʘ ʌʠʰʝʨ; 

a, b, c, d ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʩʪʘʥʦʚʝʥ ʙʨʦʡ ʥʘ 

ʠʥʜʠʚʠʜʠʪʝ ʚ ʢʣʝʪʢʠʪʝ ʥʘ ʪʘʙʣʠʮʘʪʘ; 

N ï ʦʙʱ ʙʨʦʡ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʠʥʜʠʚʠʜʠ. 

 

ʇʨʠ ʈ < Ŭ ʅ0 ʩʝ ʦʪʭʚʲʨʣʷ ʚ ʧʦʣʟʘ ʥʘ ʅ1, ʘ ʧʨʠ ʈ > Ŭ ʅ0 ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪʭʚʲʨʣʝʥʘ. 
 

3.5.3.4. Studentôs ʊ ʪʝʩʪ ʘʥʘʣʠʟ 

T-test ʝ ʚʩʝʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʪʝʩʪ ʥʘ ʭʠʧʦʪʝʟʘ, ʚ ʢʦʡʪʦ ʪʝʩʪʦʚʘʪʘ ʩʪʘʪʠʩʪʠʢʘ (test 

statistic) ʩʣʝʜʚʘ Studentôs ʊ ʪʝʩʪ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ, ʢʦʛʘʪʦ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʚʷʨʥʘ. ʄʦʞʝ 

ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʜʘʣʠ ʜʚʝ ʛʨʫʧʠ ʦʪ ʜʘʥʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ ʝʜʥʠ ʦʪ ʜʨʫʛʠ (ʪʦʝʩʪ ʠʜʚʘʪ ʦʪ ʨʘʟʣʠʯʥʠ ʨʘʟʧʨʝʜʝʣʝʥʠʷ) ʠ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʧʨʠʣʘʛʘ 

ʧʨʠ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʘʥʥʠʪʝ ʚ ʜʚʝʪʝ ʩʨʘʚʥʷʚʘʥʠ ʛʨʫʧʠ. 

t- ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʝ ʚʩʲʱʥʦʩʪ ʛʨʫʧʘ ʨʘʟʧʨʝʜʝʣʝʥʠʷ, ʧʨʠ ʢʦʠʪʦ ʙʨʦʷʪ ʥʘ ʩʪʝʧʝʥʠʪʝ 

ʥʘ ʩʚʦʙʦʜʘ (ʙʨʦʷʪ ʥʘ ʥʝʟʘʚʠʩʠʤʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʙʘ ʤʠʥʫʩ ʝʜʥʦ) ʦʧʨʝʜʝʣʷʪ ʢʦʥʢʨʝʪʥʘ 

ʢʨʠʚʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ. ʉ ʥʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʨʘʟʤʝʨʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʠʟʚʘʜʢʘ (ʠ ʧʦ ʪʦʟʠ 

ʥʘʯʠʥ ʩʪʝʧʝʥʠʪʝ ʥʘ ʩʚʦʙʦʜʘ), ʪʦ t-ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʧʨʠʜʦʙʠʚʘ ʢʘʤʙʘʥʦʚʠʜʥʘʪʘ ʬʦʨʤʘ ʥʘ 

ʩʪʘʥʜʘʨʪʥʦʪʦ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ. 

ʇʲʨʚʦʥʘʯʘʣʥʦ ʩʝ ʬʦʨʤʫʣʠʨʘ ʥʫʣʝʚʘ ʭʠʧʦʪʝʟʘ, ʢʦʷʪʦ ʦʙʠʢʥʦʚʝʥʦ ʛʣʘʩʠ, ʯʝ ʥʷʤʘ 

ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʩʨʝʜʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʜʚʝʪʝ ʩʨʘʚʥʷʚʘʥʠ ʛʨʫʧʠ ʠ ʚʩʷʢʦ 

ʧʦʣʫʯʝʥʦ ʨʘʟʣʠʯʠʝ ʝ ʩʣʫʯʘʡʥʦ. T- ʪʝʩʪʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʜʚʫʩʪʨʘʥʝʥ (two-sided, two-tailed), 

ʧʦʩʦʯʚʘʡʢʠ ʧʨʦʩʪʦ, ʯʝ ʩʨʝʜʥʠʪʝ ʥʝ ʩʘ ʝʢʚʠʚʘʣʝʥʪʥʠ, ʠʣʠ ʝʜʥʦʩʪʨʘʥʝʥ (one-sided), 

ʦʧʨʝʜʝʣʷʱ ʜʘʣʠ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʝ ʧʦ-ʛʦʣʷʤʘ ʠʣʠ ʧʦ-ʤʘʣʢʘ ʦʪ 

ʧʨʝʜʩʢʘʟʘʥʘʪʘ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʪʝʩʪʦʚʘʪʘ ʩʪʘʪʠʩʪʠʢʘ- t ʠ ʦʪ t-

ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ï ʨ-ʩʪʦʡʥʦʩʪʪʘ ʟʘ ʢʦʥʢʨʝʪʥʠʷ ʪʝʩʪ. ʇʨʠ ʩʪʦʡʥʦʩʪʠ ʥʘ p < 0.05 ʥʫʣʝʚʘʪʘ 

ʭʠʧʦʪʝʟʘ ʩʝ ʦʪʭʚʲʨʣʷ. 

ʇʦʚʝʯʝʪʦ t-ʪʝʩʪʦʚʝ ʠʤʘʪ ʩʣʝʜʥʘʪʘ ʬʦʨʤʘ: t = Z/s, ʢʲʜʝʪʦ Z ʠ s ʩʘ ʬʫʥʢʮʠʠ ʥʘ 

ʜʘʥʥʠʪʝ. ʆʙʠʢʥʦʚʝʥʦ Z ʝ ʠʟʙʨʘʥʘ ʪʘʢʘ, ʯʝ ʜʘ ʝ ʯʫʚʩʪʚʠʪʝʣʥʘ ʢʲʤ ʘʣʪʝʨʥʘʪʠʚʥʘʪʘ ʭʠʧʦʪʝʟʘ 

(ʩʪʦʡʥʦʩʪʪʘ ʥʘ Z ʠʤʘ ʪʝʥʜʝʥʮʠʷ ʜʘ ʝ ʧʦ-ʛʦʣʷʤʘ, ʘʢʦ ʘʣʪʝʨʥʘʪʠʚʥʘʪʘ ʭʠʧʦʪʝʟʘ ʝ ʚʷʨʥʘ), 

ʜʦʢʘʪʦ s ʝ ʩʢʘʣʘʨʝʥ ʧʘʨʘʤʝʪʲʨ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ t.  

ʇʨʠʤʝʨ ʟʘ one-sample t-ʪʝʩʪ ʝ: 

 

 

ʂʲʜʝʪʦ  ʝ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ  ʥʘ ʠʟʚʘʜʢʘ  ʠ s ʝ 

ʩʪʘʥʜʘʨʪʥʦʪʦ ʦʪʢʣʦʥʝʥʠʝ.  ʝ ʧʦʧʫʣʘʮʠʦʥʥʦʪʦ ʩʪʘʥʜʘʨʪʥʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʜʘʥʥʠʪʝ. 

 ʇʨʝʜʧʦʣʦʞʝʥʠʷʪʘ, ʢʦʠʪʦ ʩʝ ʧʨʘʚʷʪ ʧʨʠ t-ʪʝʩʪa ʩʘ ʩʣʝʜʥʠʪʝ: 

¶ X ʩʣʝʜʚʘ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʩʲʩ ʩʨʝʜʥʘ ʩʪʦʡʥʦʩʪ Õ ʠ ʜʠʩʧʝʨʩʠʷ  

¶ s2 ʩʣʝʜʚʘ ɢ2 ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʩ p ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ ʧʨʠ ʥʫʣʝʚʘ ʭʠʧʦʪʝʟʘ, ʢʲʜʝʪʦ p ʝ 

ʧʦʣʦʞʠʪʝʣʥʘ ʢʦʥʩʪʘʥʪʘ 

¶ Z ʠ s ʩʘ ʥʝʟʘʚʠʩʠʤʠ 

 

t 
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Studentôs t-ʪʝʩʪʲʪ ʙʝ ʠʟʧʦʣʟʚʘʥ ʥʘʧʨʠʤʝʨ ʧʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ æCt ʥʘ 

ʜʘʜʝʥ ʧʘʮʠʝʥʪ ʩ ʪʝʟʠ ʧʦʣʫʯʝʥʠ ʟʘ ʢʘʣʠʙʨʘʪʦʨʠʪʝ ʟʘ ʜʘʜʝʥ ʛʝʥ. ʊʦʟʠ ʪʝʩʪ ʰʠʨʦʢʦ ʩʝ 

ʠʟʧʦʣʟʚʘ ʟʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝʪʦ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʥʦ ʝʢʩʧʨʝʩʠʨʘʥʠ ʛʝʥʠ. 

 

3.5.4. ʉʲʦʪʥʦʰʝʥʠʷ ʥʘ ʰʘʥʩʦʚʝʪʝ, ʦʪʥʦʩʠʪʝʣʝʥ ʨʠʩʢ (Odds ratio ï OR) 

ɿʘ ʦʮʝʥʷʚʘʥʝ ʨʘʟʤʝʨʘ ʥʘ ʝʬʝʢʪʘ (effect size. ʩʠʣʘ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ 

ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ) ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʰʘʥʩʦʚʝʪʝ (Odds Ratio. OR). 

OR e ʦʪʥʦʩʠʪʝʣʥʘ ʤʷʨʢʘ ʟʘ ʨʠʩʢʘ ʠʣʠ ʚʝʨʦʷʪʥʦʩʪʪʘ ʜʘʜʝʥʦ ʩʲʙʠʪʠʝ ʜʘ ʩʝ ʩʣʫʯʠ ʩʨʝʜ ʜʘʜʝʥʘ 

ʛʨʫʧʘ ʦʙʝʢʪʠ. ʢʦʛʘʪʦ ʝ ʥʘʣʠʮʝ ʜʘʜʝʥ ʬʘʢʪʦʨ. ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʛʨʫʧʘ ʦʙʝʢʪʠ, ʧʨʠ ʢʦʠʪʦ 

ʬʘʢʪʦʨʲʪ ʣʠʧʩʚʘ. ʆʮʝʥʢʘ ʥʘ 95% ʜʦʚʝʨʠʪʝʣʝʥ ʠʥʪʝʨʚʘʣ (95%CI) ʠ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʥʘ 

ʰʘʥʩʦʚʝʪʝ ʩʝ ʧʨʘʚʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʟʘʢʣʶʯʝʥʠʷʪʘ ʟʘ ʨʠʩʢʦʚ ʘʣʝʣ ʟʘ ʚʩʝʢʠ ʧʦʣʠʤʦʨʬʠʟʲʤ 

ʧʦʦʪʜʝʣʥʦ.  

ɺʝʣʠʯʠʥʘʪʘ Odds ʩʝ ʠʟʯʠʩʣʷʚʘ ʯʨʝʟ ʨʘʟʜʝʣʷʥʝ ʥʘ ʙʨʦʷ ʥʘ ʧʘʮʠʝʥʪʠʪʝ. ʢʦʠʪʦ ʥʦʩʷʪ 

ʢʦʥʢʨʝʪʥʠʷ ʘʣʝʣ/ʛʝʥʦʪʠʧ ʥʘ ʙʨʦʷ ʥʘ ʧʘʮʠʝʥʪʠʪʝ. ʢʦʠʪʦ ʥʝ ʥʦʩʷʪ ʢʦʥʢʨʝʪʥʠʷ ʘʣʝʣ/ʛʝʥʦʪʠʧ. 

ɺʝʣʠʯʠʥʘʪʘ Odds2 ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʦ ʘʥʘʣʦʛʠʯʝʥ ʥʘʯʠʥ. ʥʦ ʢʘʩʘʝ ʛʨʫʧʘʪʘ ʥʘ ʢʦʥʪʨʦʣʠʪʝ. OR 

ʩʝ ʠʟʯʠʩʣʷʚʘ ʯʨʝʟ ʨʘʟʜʝʣʷʥʝ ʥʘ Odds1 ʥʘ Odds2 ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʬʦʨʤʫʣʘʪʘ [390]: 
 

 

 
 

 

ʇʨʠ OR = 1. ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʝ ʝʜʥʘʢʚʘ ʟʘ ʜʚʝʪʝ ʛʨʫʧʠ 

(ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ). ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʧʨʦʫʯʚʘʥʠʷʪ ʬʘʢʪʦʨ ʥʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʚʲʨʭʫ 

ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. 

ʇʨʠ OR > 1. ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʝ ʧʦ-ʚʠʩʦʢʘ ʟʘ ʛʨʫʧʘʪʘ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʥʠʪʝ ʠʥʜʠʚʠʜʠ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʧʨʦʫʯʚʘʥʠʷʪ ʬʘʢʪʦʨ ʝ 

ʨʠʩʢʦʚ ʟʘ ʩʲʦʪʚʝʪʥʦʪʦ ʟʘʙʦʣʷʚʘʥʝ. 

ʇʨʠ OR < 1. ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʝ ʧʦ-ʚʠʩʦʢʘ ʟʘ ʛʨʫʧʘʪʘ ʥʘ 

ʢʦʥʪʨʦʣʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʙʦʣʥʠʪʝ ʠʥʜʠʚʠʜʠ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʧʨʦʫʯʚʘʥʠʷʪ ʬʘʢʪʦʨ ʦʢʘʟʚʘ 

ʧʨʦʪʝʢʪʠʚʥʦ (ʟʘʱʠʪʥʦ) ʜʝʡʩʪʚʠʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. 

95% ʜʦʚʝʨʠʪʝʣʥʠʷʪ ʠʥʪʝʨʚʘʣ (CI) ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʧʨʝʜʝʣʠ ʧʨʝʮʠʟʥʦʩʪʪʘ ʥʘ 

ʠʟʯʠʩʣʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ OR. ɻʦʣʷʤ ʜʦʚʝʨʠʪʝʣʝʥ ʠʥʪʝʨʚʘʣ ʧʦʢʘʟʚʘ ʥʠʩʢʘ ʧʨʝʮʠʟʥʦʩʪ ʥʘ 

OR, ʜʦʢʘʪʦ ʪʝʩʝʥ ʜʦʚʝʨʠʪʝʣʝʥ ʠʥʪʝʨʚʘʣ ʧʦʢʘʟʚʘ ʚʠʩʦʢʘ ʧʨʝʮʠʟʥʦʩʪ, ʪʦʯʥʦʩʪ ʥʘ ʧʦʣʫʯʝʥʠʷ 

OR. ɿʘ ʨʘʟʣʠʢʘ ʦʪ p ʩʪʦʡʥʦʩʪʪʘ 95% CI ʥʝ ʠʟʤʝʨʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ.  

 

3.5.5. ʊʝʩʪ ʥʘ ʄʘʥ-ʋʠʪʥʠ (MannïWhitney) ʟʘ ʧʨʦʤʝʥʣʠʚʠ ʩ ʤʥʦʞʝʩʪʚʦ 

ʠʟʤʝʨʚʘʥʠʷ 

U-ʪʝʩʪʲʪ ʥʘ ʄʘʥ-ʋʠʪʥʠ (ʢʦʡʪʦ ʧʦʥʷʢʦʛʘ ʩʝ ʦʪʙʝʣʷʟʚʘ ʠ ʢʘʪʦ W-ʪʝʩʪ ʥʘ ʄʘʥ-ʋʠʪʥʠ) 

ʠʤʘ ʩʲʱʘʪʘ ʮʝʣ ʠ ʧʦʟʥʘʚʘʪʝʣʥʦ ʟʥʘʯʝʥʠʝ, ʢʘʢʪʦ ʥʝʟʘʚʠʩʠʤʠʷ t-ʪʝʩʪ (ʪʝʩʪʘ ʥʘ ʉʪʶʜʲʥʪ) ʟʘ 

ʥʝʟʘʚʠʩʠʤʠ ʠʟʚʘʜʢʠ, ʥʦ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʪʘʟʠ ʮʝʣ ʩʝ ʠʟʚʲʨʰʚʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʨʫʛʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʲʦʙʨʘʞʝʥʠʷ. ʇʲʨʚʘʪʘ ʦʩʥʦʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ U-ʪʝʩʪʘ ʝ, ʯʝ ʥʝʛʦʚʦʪʦ 

ʧʨʦʚʝʞʜʘʥʝ ʥʝ ʧʨʝʜʷʚʷʚʘ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʚʠʜʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ 

ʧʨʦʤʝʥʣʠʚʘ. ɺʣʘʛʘʡʢʠ ʠʟʚʝʩʪʥʠ ʥʝʩʲʱʝʩʪʚʝʥʠ ʟʘ ʧʨʘʢʪʠʢʘʪʘ ʝʣʝʤʝʥʪʠ ʥʘ ʥʝʪʦʯʥʦʩʪ, ʤʦʞʝ 

ʜʘ ʩʝ ʢʘʞʝ, ʯʝ U-ʪʝʩʪʲʪ ʥʘ ʄʘʥ-ʋʠʪʥʠ ʠʟʧʦʣʟʚʘ ʤʝʜʠʘʥʘʪʘ ʚʤʝʩʪʦ ʩʨʝʜʥʦʪʦ ʢʘʪʦ ʮʝʣ ʠ 

ʩʨʝʜʩʪʚʦ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʩʨʘʚʥʝʥʠʝʪʦ. ʄʝʜʠʘʥʘʪʘ Me ʧʨʝʜʩʪʘʚʣʷʚʘ ʜʨʫʛʘʪʘ ʩʣʝʜʚʘʱʘ ʧʦ 

ʚʘʞʥʦʩʪ ʤʷʨʢʘ ʟʘ ʮʝʥʪʨʘʣʥʘ ʪʝʥʜʝʥʮʠʷ ʥʘ ʯʠʩʣʦʚʠ ʧʨʦʤʝʥʣʠʚʠ ʩʣʝʜ ʩʨʝʜʥʦʪʦ Õ. 

ʆʪʢʣʦʥʝʥʠʷʪʘ ʚʲʚ ʬʦʨʤʘʪʘ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʘʜʝʥʘ ʤʝʪʨʠʯʥʘ ʧʨʦʤʝʥʣʠʚʘ ʩʝ ʧʦʣʫʯʘʚʘʪ 

OR ï Odds ratio; 

a ï ʙʨʦʡ ʧʘʮʠʝʥʪʠ, ʢʦʠʪʦ ʥʝ ʥʦʩʷʪ ʢʦʥʢʨʝʪʥʠʷ ʘʣʝʣ/ʛʝʥʦʪʠʧ; 

b ï ʙʨʦʡ ʧʘʮʠʝʥʪʠ, ʢʦʠʪʦ ʥʦʩʷʪ ʢʦʥʢʨʝʪʥʠʷ ʘʣʝʣ/ʛʝʥʦʪʠʧ; 

c ï ʙʨʦʡ ʢʦʥʪʨʦʣʠ, ʢʦʠʪʦ ʥʝ ʥʦʩʷʪ ʢʦʥʢʨʝʪʥʠʷ ʘʣʝʣ/ʛʝʥʦʪʠʧ; 

d ï ʙʨʦʡ ʢʦʥʪʨʦʣʠ, ʢʦʠʪʦ ʥʝ ʥʦʩʷʪ ʢʦʥʢʨʝʪʥʠʷ ʘʣʝʣ/ʛʝʥʦʪʠʧ 
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ʥʘʡ-ʚʝʯʝ ʢʘʪʦ ʩʣʝʜʩʪʚʠʝ ʦʪ ʤʘʣʢʠʷ ʦʙʝʤ ʥʘ ʠʟʚʘʜʢʘʪʘ, ʥʘʧʨʠʤʝʨ ʧʦ-ʤʘʣʲʢ ʦʪ 30. ɿʘʪʦʚʘ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠ ʪʝʩʪʦʚʝ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʠʤʝʥʥʦ ʚ ʩʣʫʯʘʠ ʥʘ ʠʟʚʘʜʢʠ ʩ 

ʤʘʣʢʠ ʦʙʝʤʠ. ɺʪʦʨʘʪʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ U-ʪʝʩʪʘ ʩʝ ʩʲʩʪʦʠ ʚ ʪʦʚʘ, ʯʝ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʚʘʜʢʠʪʝ ʥʝ ʩʝ ʠʟʚʲʨʰʚʘ ʜʠʨʝʢʪʥʦ ʚʲʨʭʫ ʦʪʯʝʪʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ 

ʧʨʦʤʝʥʣʠʚʘʪʘ, ʘ ʚʲʨʭʫ ʪʝʭʥʠʪʝ ʧʦʨʝʜʥʠ ʥʦʤʝʨʘ ï ʨʘʥʛʦʚʝ. ʇʦʜʨʝʞʜʘʥʝʪʦ ʩʪʘʚʘ ʢʘʪʦ ʥʘʡ-

ʤʘʣʢʘʪʘ ʩʪʦʡʥʦʩʪ ʧʦʣʫʯʘʚʘ ʨʘʥʛ 1, ʩʣʝʜʚʘʱʘʪʘ ʧʦ ʛʦʣʝʤʠʥʘ ʧʦʣʫʯʘʚʘ ʨʘʥʛ 2 ʠ ʪ.ʥ., ʜʦʢʘʪʦ 

ʩʝ ʠʟʯʝʨʧʷʪ ʥʘʙʣʶʜʝʥʠʷʪʘ.  

ʅʝʢʘ ʟʘ ʧʨʦʤʝʥʣʠʚʘʪʘ X ʨʘʟʧʦʣʘʛʘʤʝ ʩ ʠʟʚʘʜʢʘ ʩ ʦʙʝʤ m, ʘ ʟʘ ʧʨʦʤʝʥʣʠʚʘʪʘ Y 

ʨʘʟʧʦʣʘʛʘʤʝ ʩ ʠʟʚʘʜʢʘ ʩ ʦʙʝʤ n. ʂʘʪʦ ʦʙʝʜʠʥʠʤ ʜʚʝʪʝ ʠʟʚʘʜʢʠ ʧʦʣʫʯʘʚʘʤʝ ʝʜʥʘ ʦʙʝʜʠʥʝʥʘ 

ʠʟʚʘʜʢʘ ʩ ʦʙʝʤ m+n, ʟʘ ʢʦʷʪʦ ʧʨʝʩʤʷʪʘʤʝ ʧʦʨʝʜʥʠʷ ʥʦʤʝʨ ʥʘ ʚʩʷʢʦ ʥʘʙʣʶʜʝʥʠʝ. ɸʢʦ ʩ Wx 

ʦʟʥʘʯʠʤ ʩʫʤʘʪʘ ʦʪ ʨʘʥʛʦʚʝʪʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʦʪ ʠʟʚʘʜʢʘʪʘ ʟʘ ʧʨʦʤʝʥʣʠʚʘʪʘ X, ʪʦ ʥʫʣʝʚʘʪʘ 

ʭʠʧʦʪʝʟʘʪʘ ʛʣʘʩʠ, ʯʝ ʜʚʝʪʝ ʠʟʚʘʜʢʠ ʧʨʦʠʟʭʦʞʜʘʪ ʦʪ ʝʜʥʘʢʚʦ ʨʘʟʧʨʝʜʝʣʝʥʠ ʥʝʧʨʝʢʲʩʥʘʪʠ 

ʧʨʦʤʝʥʣʠʚʠ, ʪ.ʝ. ʥʷʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ Wx ʠ Wy. 

 

3.5.6. ʆʮʝʥʢʘ ʥʘ ʧʨʦʮʝʥʪʘ ʥʘ ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ (ʘʩʦʮʠʘʮʠʠ) ʧʨʠ 

ʤʥʦʞʝʩʪʚʝʥʠ ʩʨʘʚʥʝʥʠʷ: ʪʝʩʪ ʥʘ BenjaminiïHochberg FDR 

ʄʥʦʞʝʩʪʚʝʥʠʷʪ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ (ʢʦʨʝʢʮʠʷ ʧʨʠ ʤʥʦʞʝʩʪʚʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ; 

correction for multiple testing) ʝ ʧʨʦʮʝʜʫʨʘ, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʷʪʦ ʩʝ ʢʦʨʠʛʠʨʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ 

ʚʝʣʠʯʠʥʘʪʘ p (p ï value) ʧʦʣʫʯʝʥʘ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʛʦʣʷʤ ʙʨʦʡ ʘʥʘʣʦʛʠʯʥʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʪʝʩʪʦʚʝ. ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʘʟʠ ʧʨʦʮʝʜʫʨʘ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʥʘʤʘʣʠ ʚʝʨʦʷʪʥʦʩʪʪʘ 

ʦʪ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʛʨʝʰʢʘ ʦʪ ʪʠʧ I (Ŭ ʛʨʝʰʢʘ ʠʣʠ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʝʥ 

ʨʝʟʫʣʪʘʪ), ʠʟʨʘʟʷʚʘʱʘ ʩʝ ʚ ʧʦʛʨʝʰʥʦ ʦʪʭʚʲʨʣʷʥʝ ʥʘ ʥʫʣʝʚʘʪʘ ʭʠʧʦʪʝʟʘ. 

BenjaminiïHochberg (BH) ʢʦʨʝʢʮʠʷʪʘ ʝ ʤʦʜʠʬʠʮʠʨʘʥ ʚʘʨʠʘʥʪ ʥʘ ʢʦʨʝʢʮʠʷʪʘ ʥʘ 

ɹʦʥʬʝʨʦʥʠ (Bonferroni correction) ʠ ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʥʝʷ ʥʝ ʝ ʪʦʣʢʦʚʘ ʩʪʨʦʛʘ. 

ʇʨʠ BH ʤʝʪʦʜʘ ʧʲʨʚʦʥʘʯʘʣʥʦ p ʩʪʦʡʥʦʩʪʠʪʝ ʩʝ ʩʦʨʪʠʨʘʪ ʠ ʨʘʥʢʠʨʘʪ (ʦʧʨʝʜʝʣʷʪ ʠʤ 

ʩʝ ʤʝʩʪʘ ʚ ʨʝʜʠʮʘʪʘ). ʅʘʡ-ʤʘʣʢaʪa p ʩʪʦʡʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ ʥʦʤʝʨ 1, ʩʣʝʜʚʘʱʘʪʘ ʝ 

ʥʦʤʝʨ 2, ʘ ʥʘʡ-ʚʠʩʦʢaʪa p ʩʪʦʡʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ N (ʢʲʜʝʪʦ N ʝ ʦʙʱʠʷ ʙʨʦʡ ʥʘ ʨ-

ʩʪʦʡʥʦʩʪʠʪʝ). ʉʣʝʜ ʪʦʚʘ ʚʩʷʢʘ p ʩʪʦʡʥʦʩʪ ʩe ʫʤʥʦʞʘʚʘ ʧʦ N ʠ ʩʝ ʜʝʣʠ ʥʘ ʩʚʦʷ ʦʧʨʝʜʝʣʝʥ 

ʥʦʤʝʨ ʢʘʪʦ ʪʘʢa ʩʝ ʧʦʣʫʯʘʚʘ ʢʦʨʠʛʠʨʘʥʘ p ʩʪʦʡʥʦʩʪ [391]. ʊʘʟʠ ʪʠʧ ʢʦʨʝʢʮʠʷ ʙʝ ʠʟʧʦʣʟʚʘʥ 

ʟʘ ʢʦʨʠʛʠʨʘʥʝ ʥʘ p ʩʪʦʡʥʦʩʪʠʪʝ ʧʦʣʫʯʝʥʠ ʦʪ Mann-Whitney ʪʝʩʪʘ ʧʨʠ ʤʠʢʨʦʈʅʂ 

ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ. 

ʊʦʯʥʘʪʘ ʬʦʨʤʫʣʘ ʥʘ BH ʝ: 

, 

ʢʲʜʝʪʦ p(1) Ò p(2) Ò ......... Ò p(n) ʚ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʝ ʙʨʦʷ ʠʟʩʣʝʜʚʘʥʠ ʤʠʢʨʦʈʅʂ-

ʠ.  

ʊʦʟʠ ʪʠʧ ʢʦʨʝʢʮʠʷ ʙʝ ʠʟʙʨʘʥʘ ʪʲʡ ʢʘʪʦ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʦʪ ʬʠʨʤʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣ ʥʘ 

ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʠʟʧʦʣʟʚʘʥʠ ʚ ʧʨʦʫʯʚʘʥʝʪʦ. BenjaminiïHochberg FDR ʢʦʨʝʢʮʠʷʪʘ ʥʝ ʝ 

ʪʦʣʢʦʚʘ ʩʪʨʦʛʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʩʪʘʥʘʣʠʪʝ ʤʝʪʦʜʠ ʟʘ ʢʦʨʝʢʮʠʷ, ʥʦ ʦʩʠʛʫʨʷʚʘ ʜʦʙʲʨ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʦʪʢʨʠʚʘʥʝ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦʚʣʠʷʥʠ ʤʠʢʨʦʈʅʂ-ʠ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. ʇʦʜʭʦʜʷʱʘ ʝ ʟʘ ʤʘʣʢʠ ʧʨʦʫʯʚʘʥʠʷ, ʢʘʢʚʦʪʦ ʝ ʥʘʰʝʪʦ ʩ 

ʚʢʣʶʯʝʥʠ ʩʘʤʦ 19 ʪʫʤʦʨʥʠ ʠ 14 ʥʦʨʤʘʣʥʠ ʧʨʦʩʪʘʪʥʠ ʪʲʢʘʥʠ. Bonferoni ʢʦʨʝʢʮʠʷʪʘ ʝ ʥʘʡ-

ʩʪʨʦʛʠʷʪ ʤʝʪʦʜʘ ʠ ʧʨʝʜʣʘʛʘ ʥʘʡ-ʢʦʥʩʝʨʚʘʪʠʚʥʠʷ ʧʦʜʭʦʜ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʬʘʣʰʠʚʦ 

ʧʦʟʠʪʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ. ʇʦʜʭʦʜʷʱʘ ʝ ʟʘ ʛʦʣʝʤʠ ʧʨʦʫʯʚʘʥʠʷ. 

ʀʥʪʝʨʧʨʝʪʠʨʘʥʝʪʦ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʧʦʨʝʜ ʧʦʜʙʨʘʥʠʷ ʪʝʩʪ ʟʘ ʢʦʨʝʢʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʦ 

ʚ ʊʘʙʣʠʮʘ 3.49. 
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ʊʘʙʣʠʮʘ 3.49. 

ʊʠʧ ʪʝʩʪ ʊʠʧ ʢʦʥʪʨʦʣ ʥʘ 

ʛʨʝʰʢʘʪʘ 
ʤʠʢʨʦʈʅʂ-ʠ (ʛʝʥʠ) ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʧʦ 

ʩʣʫʯʘʡʥʦʩʪ ʩʣʝʜ ʢʦʨʝʢʮʠʷʪʘ 
Bonferoni 

Family-wise error rate 
ɸʢʦ ʩʝ ʪʝʩʪʚʘʪ 10 000 ʛʝʥʠ, ʧʨʠ ʠʟʙʨʘʥʘ 

ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ p Ò 0.05, ʪʦ 0.05 ʦʪ 

ʛʝʥʠʪʝ ʱʝ ʩʘ ʟʥʘʯʠʤʠ ʧʦ ʩʣʫʯʘʡʥʦʩʪ 

Bonferorni Step-down 
Westfall and Young 

permutation 

Benjaminiï

Hochberg 
False Discovery Rate 

ɸʢʦ ʩʝ ʪʝʩʪʚʘʪ 10 000 ʛʝʥʘ, ʧʨʠ ʠʟʙʨʘʥʘ 

ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʥʘ p Ò 0.05, ʪʦ 5% ʦʪ 

ʛʝʥʠʪʝ ʦʧʨʝʜʝʣʝʥʠ ʢʘʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʠ ʱʝ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʧʦ 

ʩʣʫʯʘʡʥʦʩʪ  

 

3.5.7. ʂʦʨʝʣʘʮʠʦʥʥʠ ʘʥʘʣʠʟʠ 

ʂʦʨʝʣʘʮʠʦʥʥʠʷʪ ʘʥʘʣʠʟ ʝ ʤʝʪʦʜ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʘʥʥʠ, ʠʟʧʦʣʟʚʘʥ ʟʘ 

ʠʟʫʯʘʚʘʥʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ (ʢʦʨʝʣʘʮʠʷʪʘ) ʤʝʞʜʫ ʧʨʦʤʝʥʣʠʚʠ. ʇʨʠ ʘʥʘʣʠʟʘ ʩʝ ʩʨʘʚʥʷʚʘʪ 

ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʝʜʥʘ ʠʣʠ ʧʦʚʝʯʝ ʜʚʦʡʢʠ ʧʨʦʤʝʥʣʠʚʠ, ʟʘ ʜʘ ʩʝ 

ʫʩʪʘʥʦʚʷʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʪʷʭ. ʂʦʛʘʪʦ ʚʲʨʭʫ ʜʘʜʝʥʦ ʷʚʣʝʥʠʝ 

ʚʣʠʷʷʪ ʤʥʦʛʦ ʬʘʢʪʦʨʠ, ʘ ʩʝ ʠʟʩʣʝʜʚʘ ʩʘʤʦ ʝʜʠʥ ʦʪ ʪʷʭ, ʟʘʚʠʩʠʤʦʩʪʪʘ ʝ ʥʝʧʲʣʥʘ. ʉʠʣʘʪʘ 

(ʩʪʝʧʝʥʪʘ) ʥʘ ʢʦʨʝʣʘʮʠʦʥʥʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʝ ʠʟʤʝʨʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ 

ʢʦʨʝʣʘʮʠʷ. ʉʪʦʡʥʦʩʪʪʘ ʠʤ ʩʝ ʜʚʠʞʠ ʚ ʛʨʘʥʠʮʠʪʝ ʦʪ -1 ʜʦ +1. ɺ ʟʘʚʠʩʠʤʦʩʪ ʦʪ 

ʠʟʤʝʨʠʪʝʣʥʘʪʘ ʩʢʘʣʘ, ʚ ʢʦʷʪʦ ʩʘ ʠʟʨʘʟʝʥʠ ʧʨʦʤʝʥʣʠʚʠʪʝ, ʩʝ ʧʦʣʟʚʘʪ ʨʘʟʣʠʯʥʠ ʢʦʝʬʠʮʠʝʥʪʠ 

ʥʘ ʢʦʨʝʣʘʮʠʷ. 

3.5.7.1. ʂʦʨʝʣʘʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʇʠʲʨʩʲʥ (Pearson) 

ʅʘʡ-ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠʷʪ ʠʥʜʝʢʩ ʟʘ ʣʠʥʝʡʥʘ ʟʘʚʠʩʠʤʦʩʪ ʝ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ 

ʢʦʨʝʣʘʮʠʷ ʥʘ ʇʠʲʨʩʲʥ, ʠʥʜʝʢʩ ʦʪʨʘʟʷʚʘʱ ʩʪʝʧʝʥʪʘ, ʚ ʢʦʷʪʦ ʩʪʦʡʥʦʩʪʠʪʝ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ 

ʩʘ ʣʠʥʝʡʥʦ ʩʚʲʨʟʘʥʠ (ʠ ʧʦʪʝʥʮʠʘʣʥʦ ʟʘʚʠʩʠʤʠ) ʝʜʥʘ ʦʪ ʜʨʫʛʘ. ʇʨʠʣʘʛʘ ʩʝ, ʢʦʛʘʪʦ ʠ ʜʚʝʪʝ 

ʧʨʦʤʝʥʣʠʚʠ ʩʘ ʢʦʣʠʯʝʩʪʚʝʥʠ, ʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʠʤ ʝ ʙʣʠʟʢʘ ʜʦ ʣʠʥʝʡʥʘʪʘ ʧʦ ʬʦʨʤʘ. 

ʀʟʯʠʩʣʷʚʘ ʩʝ ʧʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʫʣʘ: 
, ʢʲʜʝʪʦ ʍ ʠ ʋ ʩʘ ʧʨʦʤʝʥʣʠʚʠʪʝ, ʍi ʝ i-ʪʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʍ, ʝ ʩʨʝʜʥʘʪʘ 

ʩʪʦʡʥʦʩʪ ʥʘ ʍ, n ʝ ʙʨʦʷ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ, ʠ sx e ʩʪʘʥʜʘʨʪʥʦʪʦ 

ʦʪʢʣʦʥʝʥʠʝ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʧʨʦʤʝʥʣʠʚʘʪʘ ʍ. 

 

ʉʪʘʥʜʘʨʪʥʠʷʪ ʩʠʤʚʦʣ, ʩ ʢʦʡʪʦ ʩʝ ʙʝʣʝʞʠ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʢʦʨʝʣʘʮʠʷ ʝ r. 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʤʦʞʝ ʜʘ ʟʘʝʤʘ ʩʪʦʡʥʦʩʪʠ ʦʪ -1 ʜʦ +1. ʂʦʛʘʪʦ r = 0 ʥʷʤʘ ʣʠʥʝʡʥʘ ʚʨʲʟʢʘ 

ʤʝʞʜʫ ʧʨʦʤʝʥʣʠʚʠʪʝ, ʪ.ʝ ʥʷʤʘ ʥʠʢʘʢʚʘ ʢʦʨʝʣʘʮʠʷ. ʂʦʛʘʪʦ r = 1 ʠʣʠ r = -1 ʠʤʘ ʧʲʣʥʘ 

ʣʠʥʝʡʥʘ ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʜʠʘʛʨʘʤʘʪʘ 

ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʚ ʪʝʟʠ ʩʣʫʯʘʠ ʱʝ ʙʲʜʝ ʧʨʘʚʘ ʣʠʥʠʷ ʩ ʧʦʣʦʞʠʪʝʣʝʥ (ʠʣʠ ʩʲʦʪʚʝʪʥʦ 

ʦʪʨʠʮʘʪʝʣʝʥ) ʥʘʢʣʦʥ ʦʪ 45 ʛʨʘʜʫʩʘ. ɿʥʘʢʲʪ ʧʨʝʜ r ʧʦʢʘʟʚʘ ʧʦʩʦʢʘʪʘ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ 

ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ. ʂʦʛʘʪʦ r ʝ ʩ ʧʦʣʦʞʠʪʝʣʝʥ ʟʥʘʢ ʠʤʘ ʧʨʘʚʘ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʜʚʝʪʝ 

ʧʨʦʤʝʥʣʠʚʠ: ʧʨʠ ʥʘʨʘʩʪʚʘʥʝ ʥʘ x, ʥʘʨʘʩʪʚʘ ʠ y. ʂʦʛʘʪʦ ʟʥʘʢʲʪ ʝ ʦʪʨʠʮʘʪʝʣʝʥ, ʠʤʘ ʦʙʨʘʪʥʘ 

ʟʘʚʠʩʠʤʦʩʪ - ʩ ʥʘʨʘʩʪʚʘʥʝ ʥʘ x, ʫ ʥʘʤʘʣʷʚʘ. ʅʘ ʝʜʠʥʠʮʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʝʜʥʘʪʘ ʧʨʦʤʝʥʣʠʚʘ 

ʩʪʦʡʥʦʩʪʠʪʝʪ ʥʘ ʜʨʫʛʘʪʘ ʩʝ ʧʨʦʤʝʥʷʪ ʩʨʝʜʥʦ ʩʲʩ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷʪʘ ʥʘ r ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʝʜʥʘʢʚʘ ʟʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʦʜʘ ʥʘ 0,3 ʠ 0,7. 

ʂʦʨʝʣʘʮʠʦʥʥʘʪʘ ʩʢʘʣʘ ʝ ʦʨʜʠʥʘʣʥʘ, ʘ ʥʝ ʠʥʪʝʨʚʘʣʥʘ. ʀʤʘ ʜʚʘ ʥʘʯʠʥʘ ʟʘ ʪʲʣʢʫʚʘʥʝ ʥʘ 

ʢʦʝʬʠʮʠʝʥʪʘ. ɽʜʠʥʠʷʪ ʠʟʧʦʣʟʚʘ ʜʠʨʝʢʪʥʦ ʧʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ: 
 0 < |r| < 0,3 ï ʩʣʘʙʘ ʢʦʨʝʣʘʮʠʷ 

0,3 <= |r| < 0,5 ï ʫʤʝʨʝʥʘ ʢʦʨʝʣʘʮʠʷ 

0,5 <= |r| < 0,7 ï ʟʥʘʯʠʪʝʣʥʘ ʢʦʨʝʣʘʮʠʷ 

0,7 <= |r| < 0,9 ï ʚʠʩʦʢʘ ʢʦʨʝʣʘʮʠʷ 

0,9 <= |r| <= 1,0 - ʤʥʦʛʦ ʚʠʩʦʢʘ ʢʦʨʝʣʘʮʠʷ 
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ɺʪʦʨʠʷʪ ʥʘʯʠʥ ʟʘ ʪʲʣʢʫʚʘʥʝ ʝ ʯʨʝʟ ʪʘʢʘ ʥʘʨʝʯʝʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʝʪʝʨʤʠʥʘʮʠʷ, 

r2. ʉʪʦʡʥʦʩʪʪʘ ʤʫ ʩʝ ʧʦʣʫʯʘʚʘ ʧʨʠ ʧʦʚʜʠʛʘʥʝ ʥʘ ʚʪʦʨʘ ʩʪʝʧʝʥ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ r ʠ ʦʪʨʘʟʷʚʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʝʜʠʢʪʠʚʥʠʷ ʤʦʜʝʣ, ʢʦʡʪʦ ʙʠʭʤʝ ʤʦʛʣʠ ʜʘ ʧʦʩʪʨʦʠʤ ʚʲʨʭʫ ʜʘʥʥʠʪʝ. ʇʨʠ 

ʣʠʥʝʡʥʘʪʘ ʨʝʛʨʝʩʠʷ ʪʦʟʠ ʢʦʝʬʠʮʠʝʥʪ (ʦʪʙʝʣʷʟʚʘʥ ʩ R2) ʦʪʨʘʟʷʚʘ ʢʘʢʚʘ ʯʘʩʪ ʦʪ ʚʘʨʠʨʘʥʝʪʦ ʚ 

ʜʘʥʥʠʪʝ ʩʝ ʦʪʨʘʟʷʚʘ ʦʪ ʤʦʜʝʣʘ. 

3.5.7.2. ʂʦʨʝʣʘʮʠʦʥʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʉʧʠʲʨʤʘʥ (Spearman) 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʨʘʥʛʦʚʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʉʧʠʨ̡ʤʘʥ ʝ ʧʦʜʚʠʜ ʥʘ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ 

ʇʠʲʨʩʲʥ, ʥʦ ʠʟʧʦʣʟʚʘʡʢʠ ʨʘʥʛʦʚʠ ʜʘʥʥʠ ʠʣʠ ʦʨʜʠʥʘʨʥʠ ʜʘʥʥʠ ʧʨʝʦʙʨʘʟʫʚʘʥʠ ʚ ʨʘʥʛʦʚʠ. 

ʀʟʧʦʣʟʚʘ ʩʝ ʢʦʛʘʪʦ ʠʤʘ ʥʫʞʜʘ ʦʪ ʥʝʧʘʨʘʤʝʪʨʠʯʝʥ ʤʝʪʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʢʦʨʝʣʘʮʠʷʪʘ (ʠ 

ʩʣʝʜʦʚʘʪʝʣʥʦ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʇʠʲʨʩʲʥ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ). ʇʲʨʚʦʥʘʯʘʣʥʠʪʝ 

ʜʘʥʥʠ ʩʝ ʧʦʜʨʝʞʜʘʪ ʧʦ ʛʦʣʝʤʠʥʘ ʠ ʩʝ ʟʘʤʝʥʷʪ ʩ ʨʘʥʛʦʚʝʪʝ ʩʠ ʠ ʨʘʟʣʠʢʠʪʝ ʤʝʞʜʫ ʨʘʥʛʦʚʝʪʝ 

ʧʨʠ ʚʩʷʢʦ ʦʪ ʥʘʙʣʶʜʝʥʠʷʪʘ ʥʘ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʧʨʝʩʤʷʪʘ. ʀʟʯʠʩʣʷʚʘ ʩʝ ʧʦ ʩʣʝʜʥʘʪʘ 

ʬʦʨʤʫʣʘ: 

 

 

 

ʂʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʉʧʠʲʨʤʘʥ ʩʝ ʦʟʥʘʯʘʚʘ ʩ ʛʨʲʮʢʘʪʘ ʙʫʢʚʘ ɟ (Ăʨʦñ, ʦʪ ʪʘʤ ʠ 

ʥʘʠʤʝʥʦʚʘʥʠʝʪʦ ĂSpearman's rhoñ) ʠʣʠ rs. 

ʊʦʟʠ ʤʝʪʦʜ ʩʝ ʠʟʧʦʣʟʚʘ ʢʦʛʘʪʦ ʥʝ ʝ ʚʲʟʤʦʞʥʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʠ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʧʨʦʤʝʥʣʠʚʠʪʝ, ʥʦ ʝ ʠʟʚʝʩʪʝʥ ʪʝʭʥʠʷʪ ʨʝʜ. ʆʩʚʝʥ ʪʦʚʘ ʪʦʟʠ ʢʦʝʬʠʮʠʝʥʪ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʧʦ-ʜʦʙʲʨ ʧʦʢʘʟʘʪʝʣ, ʯʝ ʩʲʱʝʩʪʚʫʚʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʜʚʝ ʧʨʦʤʝʥʣʠʚʠ, ʢʦʛʘʪʦ ʚʨʲʟʢʘʪʘ 

ʝ ʥʝʣʠʥʝʡʥʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʇʠʲʨʩʲʥ. ʇʨʠʣʘʛʘʥʝʪʦ ʤʫ ʝ ʧʦ-ʧʦʜʭʦʜʷʱʦ ʠ 

ʢʦʛʘʪʦ ʜʦʧʫʩʢʘʥʝʪʦ, ʯʝ ʜʚʝʪʝ ʧʨʦʤʝʥʣʠʚʠ ʠʤʘʪ ʥʦʨʤʘʣʥʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʜʘʥʥʠʪʝ, ʥʝ ʩʝ 

ʧʦʪʚʲʨʜʠ. 
 

3.5.8. ɸʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʘ ʪʦʯʥʦʩʪ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ  

ɼʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʜʘʜʝʥ ʙʠʦʤʘʨʢʝʨ ʠʣʠ ʪʦʯʥʦʩʪʪʘ ʥʘ ʜʘʜʝʥ ʪʝʩʪ ʜʘ 

ʨʘʟʛʨʘʥʠʯʘʚʘ ʧʘʮʠʝʥʪʠʪʝ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝ ʦʪ ʪʝʟʠ ʙʝʟ ʟʘʙʦʣʷʚʘʥʝ ʩʝ ʦʧʨʝʜʝʣʷ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʘʥʘʣʠʟʘ ʥʘ ROC ʢʨʠʚʠʪʝ (Receiver Operating Characteristic curve) [392, 393]. ɸʥʘʣʠʟʲʪ ʥʘ 

ROC ʢʨʠʚʠʪʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʩʨʘʚʥʝʥʠʝ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʜʚʘ ʠʣʠ 

ʧʦʚʝʯʝ ʣʘʙʦʨʘʪʦʨʥʠ ʠʣʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʩʪʦʚʝ [394].  

ʉ ʧʦʤʦʱʪʘ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʠʪʝ ʪʝʩʪʦʚʝ ʤʥʦʛʦ ʨʷʜʢʦ ʠʤʘ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ ʨʘʟʜʝʣʷʥʝ 

ʥʘ ʛʨʫʧʘʪʘ ʧʘʮʠʝʥʪʠ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝʪʦ ʠ ʛʨʫʧʘʪʘ ʧʘʮʠʝʥʪʠ (ʢʦʥʪʨʦʣʠ) ʙʝʟ ʟʘʙʦʣʷʚʘʥʝʪʦ. 

ʊʦʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʥʘ ʌʠʛʫʨʘ 3.20 

 
ʌʠʛʫʨʘ 3.20.  

 

ɿʘ ʚʩʷʢʘ ʚʲʟʤʦʞʥʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʠʟʙʨʘʥʘ ʟʘ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʜʚʝʪʝ ʛʨʫʧʠ 

ʚʠʥʘʛʠ ʱʝ ʠʤʘ ʧʨʘʚʠʣʥʦ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʧʘʮʠʝʥʪʠ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝʪʦ, ʢʘʪʦ ʪʦʚʘ ʩʘ ʠʩʪʠʥʩʢʠ 

ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘ ʪʝʩʪʘ (TP - True positive fraction), ʥʦ ʥʷʢʦʠ ʧʘʮʠʝʥʪʠ ʩʲʩ 

ʟʘʙʦʣʷʚʘʥʝʪʦ ʥʷʤʘ ʜʘ ʩʘ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʧʨʘʚʠʣʥʦ ʠ ʪʦʚʘ ʩʘ ʬʘʣʰʠʚʦ ʥʝʛʘʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ 

(FN - False Negative fraction). ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʥʷʢʦʠ ʧʘʮʠʝʥʪʠ ʙʝʟ ʟʘʙʦʣʷʚʘʥʝʪʦ ʱʝ ʙʲʜʘʪ 
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ʢʦʨʝʢʪʥʦ ʢʣʘʩʠʬʠʮʠʨʘʥʠ (ʠʩʪʠʥʩʢʠ ʥʝʛʘʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ: TN- True Negative fraction), ʥʦ 

ʜʨʫʛʠ ʱʝ ʙʲʜʘʪ ʢʣʘʩʠʬʠʮʠʨʘʥʠ ʢʘʪʦ ʧʘʮʠʝʥʪʠ ʩʲʩ ʟʘʙʦʣʷʚʘʥʝ (ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠ 

ʨʝʟʫʣʪʘʪʠ: FP- False Positive fraction). 
 

ʊʘʙʣʠʮʘ 3.50. ʈʝʟʫʣʪʘʪʠ ʩʣʝʜ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʥ ʪʝʩʪ ʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ TP, 

FN, FP, TN ʨʝʟʫʣʪʘʪʠ. 

ʈʝʟʫʣʪʘʪ ʦʪ ʜʠʘʛʥʦʩʪʠʯʥʠʷ ʪʝʩʪ ɿʘʙʦʣʷʚʘʥʝ 

ʇʨʠʩʲʩʪʚʘ ʆʪʩʲʩʪʚʘ 

ʇʦʟʠʪʠʚʝʥ ʨʝʟʫʣʪʘʪ ʘ (ʊʈ) c (FP) 

ʅʝʛʘʪʠʚʝʥ ʨʝʟʫʣʪʘʪ b (FN) d (TN) 

ʆʙʱ ʙʨʦʡ a + b c + d 
 

 ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʠʟʯʠʩʣʷʚʘʪ: ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ, 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ, ʧʦʟʠʪʠʚʥʘ ʧʨʝʜʠʢʪʠʚʥʘ ʩʪʦʡʥʦʩʪ (PPV), ʥʝʛʘʪʠʚʥʘ ʧʨʝʜʠʢʪʠʚʥʘ 

ʩʪʦʡʥʦʩʪ (NPV) ʠ ʜʨ. 

ʏʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʧʦʢʘʟʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʪʝʩʪʘ ʜʘ ʝ ʧʦʟʠʪʠʚʝʥ, ʢʦʛʘʪʦ 

ʟʘʙʦʣʷʚʘʥʝʪʦ ʧʨʠʩʲʩʪʚʘ (ʯʝʩʪʦʪʘʪʘ ʥʘ ʠʩʪʠʥʩʢʠʪʝ ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ, ʧʨʝʜʩʪʘʚʷ ʩʝ ʚ %).  

ʏʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ: TP/ (TP+FN) = a / (a + b) 

ʉʧʝʮʠʬʠʯʥʦʩʪʪʘ ʧʦʢʘʟʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʪʝʩʪʘ ʜʘ ʝ ʥʝʛʘʪʠʚʝʥ, ʢʦʛʘʪʦ 

ʟʘʙʦʣʷʚʘʥʝʪʦ ʥʝ ʧʨʠʩʲʩʪʚʘ (ʯʝʩʪʦʪʘʪʘ ʥʘ ʠʩʪʠʥʩʢʠ ʥʝʛʘʪʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʧʨʝʜʩʪʘʚʷ ʩʝ ʚ 

%). 

ʉʧʝʮʠʬʠʯʥʦʩʪʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ: TN / (TN +FP) = d / d + c 

PPV ʧʨʝʜʩʪʘʚʣʷʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʜʘ ʧʨʠʩʲʩʪʚʘ, ʢʦʛʘʪʦ ʪʝʩʪʲʪ ʝ 

ʧʦʣʦʞʠʪʝʣʝʥ. 

PPV ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ: TP / (TP + FP) = a / (a + c) 

NPV ʧʦʢʘʟʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʜʘ ʦʪʩʲʩʪʚʘ, ʢʦʛʘʪʦ ʨʝʟʫʣʪʘʪʲʪ ʝ ʥʝʛʘʪʠʚʝʥ. 

NPV ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ: TN / (TN + FN) = d / (d + b) 

 

ʇʨʠ ʠʟʙʦʨ ʥʘ ʚʠʩʦʢʠ ʛʨʘʥʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʩʪʘ (ʙʠʦʤʘʨʢʝʨʘ), ʪʦ ʬʘʣʰʠʚʦ 

ʧʦʟʠʪʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘʤʘʣʷʚʘʪ ʩ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ, ʥʦ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ (ʠʩʪʠʥʩʢʠ ʧʦʟʠʪʠʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ) ʩʝ ʧʦʥʠʞʘʚʘ. ʇʨʠ ʠʟʙʦʨ ʥʘ ʧʦ-ʥʠʩʢʘ 

ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʩʝ ʧʦʚʠʰʘʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ, ʥʦ ʩʝ ʫʚʝʣʠʯʘʪ ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠʪʝ 

ʨʝʟʫʣʪʘʪʠ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘʤʘʣʷʚʘ (ʌʠʛʫʨʘ 3.21). 

 

 

 
ʌʠʛʫʨʘ 3.21. ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʠ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʦʪ ʠʟʙʦʨʘ ʥʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ 

 

 

 

 

ROC ʢʨʠʚʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʛʨʘʬʠʯʥʠ ʜʠʘʛʨʘʤʠ, ʠʣʶʩʪʨʠʨʘʱʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 

ʙʠʥʘʨʥʘ ʢʣʘʩʠʬʠʢʘʪʦʨʥʘ ʩʠʩʪʝʤʘ ʧʨʠ ʚʘʨʠʨʘʥʝ ʥʘ ʜʠʩʢʨʠʤʠʥʠʨʘʱʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ. 

ʂʨʠʚʘʪʘ ʩʝ ʩʲʟʜʘʚʘ ʯʨʝʟ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʯʝʩʪʦʪʘ ʥʘ ʠʩʪʠʥʩʢʠ ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ 

(ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ) ʧʦ ʦʩʪʘ y ʩʨʝʱʫ ʯʝʩʪʦʪʘ ʥʘ ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ (1-

ʩʧʝʮʠʬʠʯʥʦʩʪ) ʧʦ ʦʩʪʘ x ʧʨʠ ʨʘʟʣʠʯʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʪʝʩʪʘ (ʙʠʦʤʘʨʢʝʨʘ). ROC ʢʨʠʚʠʪʝ, 

ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʚʠʩʦʢʦ ʜʠʩʢʨʠʤʠʥʘʪʠʚʥʠ ʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʩʪʦʚʝ ʩʝ ʣʦʢʘʣʠʟʠʨʘʪ ʚ 

ʙʣʠʟʦʩʪ ʜʦ ʛʦʨʥʠʷ ʣʷʚ ʲʛʲʣ ʥʘ ʜʠʘʛʨʘʤʘʪʘ. ROC ʢʨʠʚʠʪʝ, ʣʝʞʘʱʠ ʥʘ ʜʠʘʛʦʥʘʣʥʘʪʘ 

ʨʝʬʝʨʝʥʪʥʘ ʣʠʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʠ ʪʝʩʪʦʚʝ ʩ ʥʠʩʢʘ ʜʠʘʛʥʦʩʪʠʯʥʘ ʪʦʯʥʦʩʪ. 
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ʇʣʦʱʪʘ ʧʦʜ ʢʨʠʚʘʪʘ - AUC (area under the curve) ʝ ʝʬʝʢʪʠʚʥʘ ʠ ʢʦʤʙʠʥʠʨʘʥʘ ʩʪʦʡʥʦʩʪ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ, ʢʦʷʪʦ ʧʦʢʘʟʚʘ ʚʘʣʠʜʥʦʩʪʪʘ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʠʪʝ 

ʪʝʩʪʦʚʝ. AUC ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʥʝʧʘʨʘʤʝʪʨʠʯʝʥ Mann-Whitney U ʪʝʩʪ. 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ AUC = 1 ʦʟʥʘʯʘʚʘ, ʯʝ ʜʠʘʛʥʦʩʪʠʯʥʠʷ ʪʝʩʪ ʧʨʘʚʠ ʧʝʨʬʝʢʪʥʘ 

ʜʠʩʢʨʠʤʠʥʘʮʠʷ ʤʝʞʜʫ ʙʦʣʥʠ ʠ ʟʜʨʘʚʠ. ʊʦʚʘ ʩʝ ʧʦʣʫʯʘʚʘ, ʢʦʛʘʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʷʪʘ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʝʩʪʘ ʥʘ ʙʦʣʥʠʪʝ ʠ ʟʜʨʘʚʠʪʝ ʥʝ ʩʝ ʧʨʠʧʦʢʨʠʚʘʪ. AUC = 0.5 ʦʟʥʘʯʘʚʘ, ʯʝ 

ʜʠʘʛʥʦʩʪʠʯʥʠʷ ʪʝʩʪ ʝ ʪʦʣʢʦʚʘ ʪʦʯʝʥ, ʢʦʣʢʦʪʦ ʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʜʠʘʛʥʦʟʘ ʥʘ ʩʣʫʯʘʝʥ 

ʧʨʠʥʮʠʧ. ʇʨʠ AUC = 0 ʪʝʩʪʲʪ ʥʝʧʨʘʚʠʣʥʦ ʦʧʨʝʜʝʣʷ ʚʩʠʯʢʠ ʟʜʨʘʚʠ ʢʘʪʦ ʙʦʣʥʠ, ʘ ʚʩʠʯʢʠ 

ʙʦʣʥʠ ʢʘʪʦ ʟʜʨʘʚʠ, ʥʦ ʪʦʚʘ ʝ ʤʘʣʢʦ ʚʝʨʦʷʪʥʦ ʜʘ ʩʝ ʩʣʫʯʠ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ [395]. 

ɼʦʢʦʣʢʦ ʢʦʥʢʨʝʪʥʘʪʘ ʢʨʠʚʘ ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʜʠʘʛʦʥʘʣʘ (ʠ ʩʲʦʪʚʝʪʥʦ ʦʪ ʩʣʫʯʘʡʥʘʪʘ 

ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʦʙʝʢʪʠʪʝ) ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʥʝʧʘʨʘʤʝʪʨʠʯʝʥ Mann-Whitney U 

ʪʝʩʪ. 

ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʦʧʪʠʤʘʣʥʘʪʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʪʨʠ ʤʝʪʦʜʘ. ɼʚʘ 

ʦʪ ʤʝʪʦʜʠʪʝ ʜʘʚʘʪ ʝʜʥʘʢʚʘ ʪʝʞʝʩʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ. 

¶ ʇʲʨʚʠ ʤʝʪʦʜ: ʠʟʧʦʣʟʚʘ ʢʚʘʜʨʘʪʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ (0, 1) ʛʦʨʥʠʷ ʣʷʚ 
ʲʛʲʣ ʥʘ ʜʠʘʛʨʘʤʘʪʘ ʠ ʢʦʷ ʜʘ ʝ ʪʦʯʢʘ ʦʪ ʢʨʠʚʘʪʘ, ʪʦʝʩʪ: d2= (1-TP)2+ FP2=(1-

sensetivity)2+ (1-specificty)2. ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʦʧʪʠʤʘʣʥʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʩʝ 

ʥʘʤʠʨʘ ʥʘʡ-ʤʘʣʢʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʢʚʘʜʨʘʪʘ ʥʘ ʪʦʚʘ ʨʘʟʩʪʦʷʥʠʝ. ʇʦ ʪʘʟʠ 

ʧʨʠʯʠʥʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʪʦʚʘ ʨʘʟʩʪʦʷʥʠʝ ʟʘ ʚʩʷʢʘ ʝʜʥʘ ʛʨʘʥʠʯʥʘ 

ʩʪʦʡʥʦʩʪ 

¶ ɺʪʦʨʠ ʤʝʪʦʜ - ʥʘʨʝʯʝʥ ʦʱʝ Youden index (ʠʥʜʝʢʩ ʥʘ Youden) - ʠʟʧʦʣʟʚʘ 

ʤʘʢʩʠʤʘʣʥʦʪʦ ʚʝʨʪʠʢʘʣʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʢʨʠʚʘʪʘ ʦʪ ʪʦʯʢʘ (x, y) ʜʦ 

ʜʠʘʛʦʥʘʣʥʘʪʘ ʣʠʥʠʷ. Youden Index = TP-FP = ʏʫʚʩʪʚʠʪʝʣʥʦʩʪ + 

ʉʧʝʮʠʬʠʯʥʦʩʪ -1. ʆʧʨʝʜʝʣʷ ʩʝ ʩʙʦʨʘ ʥʘ ʏʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ 

ʉʧʝʮʠʬʠʯʥʦʩʪʪʘ ʧʨʠ ʚʩʷʢʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʠ ʩʝ ʠʟʙʠʨʘ ʪʘʟʠ ʛʨʘʥʠʯʥʘ 

ʩʪʦʡʥʦʩʪ, ʧʨʠ ʢʦʷʪʦ ʩʙʦʨʲʪ ʝ ʥʘʡ-ʛʦʣʷʤ 

¶ ʊʨʝʪʠ ʤʝʪʦʜ - ʚʢʣʶʯʚʘ ʬʠʥʘʥʩʦʚʠʪʝ ʨʘʟʭʦʜʠ ʟʘ ʧʨʘʚʠʣʥʦ ʠ ʥʝʧʨʘʚʠʣʥʦ 

ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ ʠ ʮʝʥʘʪʘ ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʧʦ-ʥʘʪʲʰʥʦʪʦ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ. ɿʘ 

ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʥʠʩʢʘ ʯʝʩʪʦʪʘ ʠ ʛʦʣʷʤ ʧʨʦʮʝʥʪ ʬʘʣʰʠʚʦ ʧʦʟʠʪʠʚʥʠ ʨʝʟʫʣʪʘʪʠ 

ʧʨʠ ʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ, ʪʦ ʩʝ ʠʟʙʠʨʘ ʚʠʩʦʢʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ, ʟʘ ʜʘ ʩʝ 

ʧʦʚʠʰʠ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ. ɿʘ ʟʘʙʦʣʷʚʘʥʠʷ ʩ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʩ ʬʘʪʘʣʥʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʥʝʜʠʘʛʥʦʩʪʠʮʠʨʘʥʝ, ʩʝ ʠʟʙʠʨʘ ʧʦ-ʥʠʩʢʘ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ, 

ʟʘ ʜʘ ʩʝ ʧʦʚʠʰʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ. 

ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʛʨʘʥʠʯʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʘʤʘʨʢʝʨʠ 

ʠʟʧʦʣʟʚʘʭʤʝ ʤʝʪʦʜʘ ʥʘ Youden.  

3.5.8.1. ɸʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ ʥʘ ʝʜʠʥʠʯʥʠ ʙʠʦʤʘʨʢʝʨʠ 

ɼʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ ʚ ʫʨʠʥʘ ʠ ʧʣʘʟʤʘ ʙʝ 

ʦʧʨʝʜʝʣʷʥʝ ʯʨʝʟ ʘʥʘʣʠʟʘ ʥʘ ROC ʢʨʠʚʠʪʝ. ʇʦʣʫʯʝʥʠʪʝ ʩʪʦʡʥʦʩʪʠʪʝ ʟʘ AUC, ʢʘʢʪʦ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʙʷʭʘ ʩʨʘʚʥʷʚʘʥʠ ʧʨʠ ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ, ʟʘ ʜʘ 

ʩʝ ʦʧʨʝʜʝʣʠ ʪʦʟʠ ʢʦʡʪʦ ʥʘʡ-ʜʦʙʨʝ ʨʘʟʛʨʘʥʠʯʘʚʘ ʧʘʮʠʝʥʪʠʪʝ ʦʪ ʢʦʥʪʨʦʣʠʪʝ. ɿʘ ʥʘʜʝʞʜʥʠ 

ʙʠʦʤʘʨʢʝʨʠ ʙʷʭʘ ʦʧʨʝʜʝʣʝʥʠ ʪʝʟʠ, ʢʦʠʪʦ ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʧʦ-ʜʦʙʨʝ ʧʘʮʠʝʥʪʠʪʝ ʩ ʨʘʢʘ ʥʘ 

ʧʨʦʩʪʘʪʘʪʘ ʦʪ ʢʦʥʪʨʦʣʠʪʝ ʩ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʘ ʧʨʦʩʪʘʪʥʘ ʭʠʧʝʨʧʣʘʟʠʷ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ 

ʩʝʨʫʤʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ PSA - ʫʪʚʲʨʜʝʥ ʙʠʦʤʘʨʢʝʨ ʥʘʚʣʷʟʲʣ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ. 

3.5.8.2. ʄʫʣʪʠʤʘʨʢʝʨʝʥ ʘʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ  

ɿʘ ʜʘ ʦʧʨʝʜʝʣʠʤ ʜʘʣʠ ʜʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʩʝ ʧʦʜʦʙʨʷʚʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 

ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʙʠʦʤʘʨʢʝʨʠ ʧʨʦʚʝʜʦʭʤʝ ʤʫʣʪʠʤʘʨʢʝʨʝʥ ʘʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ. ʊʦʚʘ ʙʝ 

ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠ, ʦʧʨʝʜʝʣʷʱʠ 

ʪʝʞʝʩʪʪʘ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʤʘʨʢʝʨʠʪʝ ʠ ʜʘʚʘʱʠ ʥʘʡ-ʛʦʣʷʤʘ ʧʣʦʱ ʥʘ ʢʨʠʚʘʪʘ ʧʨʠ ROC curve 

ʘʥʘʣʠʟʘ. ʄʝʪʦʜʲʪ ʥʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʝ ʦʧʠʩʘʥ ʦʪ Pepe ʠ Thompson [396]  
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3.5.9. ʆʙʨʘʙʦʪʢʘ ʥʘ ʨʝʟʫʣʘʪʠʪʝ ʦʪ ʤʠʢʨʦʈʅʂ ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ 

ʉʣʝʜ ʭʠʙʨʠʜʠʟʘʮʠʷ ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʙʷʭʘ ʧʨʦʮʝʩʠʨʘʥʠ ʩʧʦʨʝʜ ʠʥʩʪʨʫʢʮʠʠʪʝ ʥʘ 

ʬʠʨʤʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣ. ɸʥʘʣʠʟʲʪ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʙʝ ʠʟʚʲʨʰʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ Gene Spring 

12.6 GX-PA ʢʘʪʦ ʙʝ ʠʟʙʨʘʥ 90th percentile ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʙʝʟ ʢʦʨʝʢʮʠʷ ʥʘ 

baseline. 

3.5.9.1. ʅʦʨʤʘʣʠʟʘʮʠʷ ʥʘ ʜʘʥʥʠʪʝ 

ʉʫʨʦʚʠʪʝ ʜʘʥʥʠ, ʢʦʠʪʦ ʩʝ ʧʦʣʫʯʘʚʘʪ ʦʪ ʤʠʢʨʦʯʠʧʦʚʠʷ ʘʥʘʣʠʟ ʥʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʧʦʣʟʚʘʥʠ ʜʠʨʝʢʪʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʪʝ ʜʘ ʩʝ ʧʨʦʮʝʩʠʨʘʪ.  

Gene spring ʩʦʬʪʫʝʨʲʪ ʧʦʟʚʦʣʷʚʘ ʠʟʙʦʨ ʤʝʞʜʫ ʩʣʝʜʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ: 

Percentile shift, Scale, Quantile, Normalize to control genes, Normalize to External value. 

ʀʟʙʦʨʲʪ ʥʘ ʧʦʜʭʦʜʷʱ ʤʝʪʦʜ ʟʘ ʥʦʨʤʘʣʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʝ 

ʤʥʦʛʦ ʚʘʞʝʥ ʟʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʚʘʨʠʨʘʥʝʪʦ ʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʪʷʭʥʦʪʦ 

ʩʨʘʚʥʷʚʘʥʝ [397-399]. ʀʤʘ ʨʝʜʠʮʘ ʧʨʦʫʯʚʘʥʠʷ ʟʘ ʘʥʘʣʠʟ ʥʘ mRNA ʝʢʩʧʨʝʩʠʦʥʥʠ 

ʤʠʢʨʦʯʠʧʦʚʝ ʠ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʥʷʢʦʣʢʦ ʤʝʪʦʜʘ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʥʘ miRNA ʤʠʢʨʦʯʠʧʦʚʝ 

[400-404]. ʇʨʝʧʦʨʲʯʘʥ ʤʝʪʦʜ ʦʪ Agilent ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʥʘ ʜʘʥʥʠʪʝ ʦʪ miRNA 

ʤʠʢʨʦʯʠʧʦʚʝʪʝ ʝ 90th percentile shift. ʊʦʟʠ ʤʝʪʦʜ ʟʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʝ ʠʟʧʦʣʟʚʘʥ ʚ ʨʝʜʠʮʘ 

ʧʨʦʫʯʚʘʥʠʷ [405, 406]. ʇʨʠ ʥʝʛʦ ʠʥʪʝʥʟʠʪʝʪʠʪʝ ʥʘ ʩʠʛʥʘʣʠʪʝ ʦʪ ʭʠʙʨʠʜʠʟʘʮʠʦʥʥʠʪʝ ʧʨʦʙʠ 

ʩʝ ʢʦʨʠʛʠʨʘʪ ʢʘʪʦ ʩʝ ʚʟʠʤʘ ʚʩʷʢʘ ʢʦʣʦʥʘ ʦʪ ʩʧʦʪʦʚʝ ʥʘ ʯʠʧʘ ʧʦʦʪʜʝʣʥʦ ʠ ʩʝ ʠʟʯʠʩʣʷʚʘ n-

ʧʝʨʮʝʥʪʠʣʲʪ ʥʘ ʝʢʩʧʨʝʩʠʦʥʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʤʠʢʨʦʯʠʧʘ ʩʧʨʷʤʦ ʚʩʠʯʢʠ ʩʠʛʥʘʣʠ (ʢʲʜʝʪʦ n 

ʠʤʘ ʩʪʦʡʥʦʩʪʠ ʦʪ 0 ʜʦ 100, ʚ ʩʣʫʯʘʷ 90). ɼʝʚʝʪʜʝʩʝʪʠʷʪ ʧʝʨʮʝʥʪʠʣ ʝ ʛʨʘʥʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ 

ʤʝʞʜʫ ʛʦʨʥʠʪʝ 10% ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʝʜʥʘ ʧʨʦʤʝʥʣʠʚʘ (ʚ ʩʣʫʯʘʷ 

ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʩʚʝʪʝʥʝ ʥʘ ʩʧʦʪʘ ʥʘ ʤʠʢʨʦʯʠʧʘ) ʠ ʦʩʪʘʥʘʣʠʪʝ 90%. ʉʣʝʜ ʪʦʚʘ ʩʝ ʠʟʚʘʞʜʘ 

ʧʦʣʫʯʝʥʘʪʘ ʩʪʦʡʥʦʩʪ ʦʪ ʝʢʩʧʨʝʩʠʦʥʥʠʪʝ ʩʠʛʥʘʣʠ ʟʘ ʚʩʷʢʘ ʤʠʢʨʦʈʅʂ ʧʨʦʙʘ [406]. 

3.5.9.2. ɸʥʘʣʠʟ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ï PCA (Principle Component Analysis) 

ʊʦʟʠ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʣʦʞʝʥ ʤʘʪʝʤʘʪʠʯʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʙʨʦʷ ʥʘ 

ʠʟʤʝʨʝʥʠʷʪʘ ʥʘ ʜʘʥʥʠʪʝ ʠ ʚ ʩʲʱʦʪʦ ʚʨʝʤʝ ʟʘʧʘʟʚʘ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʚʘʨʠʨʘʥʝʪʦ. ʈʝʜʫʢʮʠʷʪʘ 

ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʠʜʝʥʪʠʬʠʮʠʨʘʥʝ ʥʘ ʥʦʚʠ ʚʘʨʠʘʙʠʣʥʠ (ʧʨʦʤʝʥʣʠʚʠ), ʥʘʨʝʯʝʥʠ 

ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʧʨʠ ʢʦʠʪʦ ʚʘʨʠʨʘʥʝʪʦ ʚ ʜʘʥʥʠʪʝ ʝ ʤʘʢʩʠʤʘʣʥʦ ʠ ʩʲʱʝʩʪʚʫʚʘ ʥʷʢʘʢʚʘ 

ʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʪʷʭ. ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʥʷʢʦʣʢʦ ʢʦʤʧʦʥʝʥʪʘ ʚʩʷʢʘ ʧʨʦʙʘ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʯʨʝʟ ʦʪʥʦʩʠʪʝʣʥʦ ʤʘʣʲʢ ʙʨʦʡ ʯʠʩʣʦʚʠ ʩʪʦʡʥʦʩʪʠ. ʇʨʦʙʠʪʝ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʠ 

ʤʦʛʘʪ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʩʭʦʜʩʪʚʘʪʘ ʠ ʨʘʟʣʠʯʠʷʪʘ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʧʨʦʙʠ ʠ ʪʦʚʘ ʧʦʜʧʦʤʘʛʘ 

ʪʷʭʥʦʪʦ ʛʨʫʧʠʨʘʥʝ [407] . 

ɺ GeneSpring ʧʨʠ PCA ʩʝ ʢʘʣʢʫʣʠʨʘʪ ʩʪʦʡʥʦʩʪʠ ʟʘ ʪʨʠ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʧʨʦʙʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʥʝʩʘʪ ʚʠʟʫʘʣʥʦ ʥʘ 3D ʜʠʘʛʨʘʤʘ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʦʟʠ ʘʥʘʣʠʟ ʤʦʛʘʪ ʜʘ 

ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʜʘʥʥʠʪʝ. ɺ ʜʠʘʛʨʘʤʘʪʘ ʩ ʧʦ ʝʜʥʘ ʪʦʯʢʘ ʩʝ 

ʦʪʙʝʣʷʟʚʘ ʚʩʷʢʦ ʧʦʣʝ ʥʘ ʚʢʣʶʯʝʥʠʪʝ ʚ ʘʥʘʣʠʟʘ ʤʠʢʨʦʯʠʧʦʚʝ (ʚ ʩʣʫʯʘʷ ʝʜʥʘ ʪʦʯʢʘ 

ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʪʫʤʦʨʥʘ ʠʣʠ ʥʦʨʤʘʣʥʘ ʪʲʢʘʥ ʩʲʦʪʚʝʪʥʦ ʦʪ ʧʘʮʠʝʥʪ ʩ ʈʇ ʠʣʠ ʢʦʥʪʨʦʣʘ ʩ 

ɼʇʍ) ʢʘʪʦ ʦʮʚʝʪʷʚʘʥʝʪʦ ʦʪʨʘʟʷʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʬʘʢʪʦʨʠ, ʚʲʚʝʜʝʥʠ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʧʨʠ ʛʨʫʧʠʨʘʥʝʪʦ ʥʘ ʧʨʦʙʠʪʝ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʚʠʜʠ ʥʘʣʠʯʠʝ ʥʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʦʪʜʝʣʥʠʪʝ ʛʨʫʧʠ, ʢʘʢʪʦ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʝʜʥʘʪʘ ʛʨʫʧʘ, ʢʦʠʪʦ ʩʘ ʧʦʜʦʙʥʠ ʥʘ ʜʨʫʛʘʪʘ (ʠ 

ʦʙʨʘʪʥʦ). ɺ ʥʘʡ-ʜʦʙʨʠʷ ʩʣʫʯʘʡ ʨʝʧʣʠʮʠʨʘʥʠʪʝ ʧʨʦʙʠ ʠʣʠ ʧʨʦʙʠʪʝ ʦʪ ʝʜʥʘ ʛʨʫʧʘ 

ʢʣʲʩʪʝʨʠʨʘʪ (ʩʝ ʛʨʫʧʠʨʘʪ) ʟʘʝʜʥʦ ʠ ʦʪʜʝʣʥʦ ʦʪ ʜʨʫʛʠʪʝ ʛʨʫʧʠ. ʂʦʤʧʦʥʝʥʪʠʪʝ ʚ PCA ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʧʦ X, Y ʠ Z ʠ ʩʘ ʥʦʤʝʨʠʨʘʥʠ 1, 2, 3... ʩʧʦʨʝʜ ʪʷʭʥʘʪʘ ʥʘʤʘʣʷʚʘʱʘ ʟʥʘʯʠʤʦʩʪ. 

 

3.5.9.3. Volcano plot 

ʏʨʝʟ Volcano plot ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʦʤʷʥʘ ʚ 

ʝʢʩʧʨʝʩʠʷʪʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ. ɼʠʘʛʨʘʤʘʪʘ ʚʠʟʫʘʣʥʦ ʧʨʝʜʩʪʘʚʷ 

ʜʠʬʝʨʝʥʮʠʘʣʥʘʪʘ ʝʢʩʧʨʝʩʠʷ ʤʝʞʜʫ ʜʚʝ ʨʘʟʣʠʯʥʠ ʩʲʩʪʦʷʥʠʷ, ʛʨʫʧʠ (ʥʘʣʠʯʠʝ ʠ ʦʪʩʲʩʪʚʠʝ ʥʘ 
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ʟʘʙʦʣʷʚʘʥʝ). Volcano plot ʩʝ ʢʦʥʩʪʨʫʠʨʘ ʢʘʪʦ ʥʘ y ʦʩʪʘ ʩʝ ʧʨʝʜʩʪʘʚʷ ʦʪʨʠʮʘʪʝʣʝʥ ʣʦʛʘʨʠʪʲʤ 

(ʦʙʠʢʥʦʚʝʥʦ ʜʝʩʝʪʠʯʝʥ ʣʦʛʘʨʠʪʲʤ) ʥʘ ʨ ʩʪʦʡʥʦʩʪʪʘ. ʊʘʢʘ ʤʠʢʨʦʈʅʂ-ʠʪʝ (ʠʣʠ ʛʝʥʠʪʝ) ʩ 

ʥʘʡ-ʥʠʩʢʠ p ʩʪʦʡʥʦʩʪʠ (ʩʠʣʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ) ʩʝ ʧʦʷʚʷʚʘʪ ʥʘʡ-ʦʪʛʦʨʝ ʥʘ 

ʛʨʘʬʠʢʘʪʘ. ʅʘ ʦʩʪʘ ʭ ʩʝ ʧʨʝʜʩʪʘʚʷ ʣʦʛʘʨʠʪʲʤ ʦʪ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʦʤʷʥʘ ʤʝʞʜʫ ʜʚʝʪʝ 

ʩʨʘʚʥʷʚʘʥʠ ʛʨʫʧʠ, ʦʪʥʦʚʦ ʚ ʣʦʛʘʨʠʪʤʠʯʥʘ ʬʦʨʤʘ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʣʦʛʘʨʠʪʤʫʚʘʥʠʪʝ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʧʨʦʤʷʥʘ ʚ ʝʢʩʧʨʝʩʠʷʪʘ, ʟʘ ʜʘ ʤʦʞʝ ʧʨʦʤʷʥʘʪʘ ʠ ʚ ʜʚʝʪʝ ʧʦʩʦʢʠ 

(ʧʦʥʠʞʝʥʘ ʠ ʧʦʚʠʰʝʥʘ ʝʢʩʧʨʝʩʠʷ) ʜʘ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʥʘ ʝʜʥʘʢʚʠ ʨʘʟʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʲʨʘ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʪʦʯʢʠʪʝ (ʤʠʢʨʦʈʅʂ-ʠʪʝ ʠʣʠ ʛʝʥʠʪʝ), ʥʘʤʠʨʘʱʠ ʩʝ ʥʘʡ-ʦʪʛʦʨʝ ʥʘ 

ʛʨʘʬʠʢʘʪʘ ʠ ʨʘʟʧʦʣʦʞʝʥʠ ʜʘʣʝʯ ʚʣʷʚʦ ʠʣʠ ʜʷʩʥʦ ʦʪ ʮʝʥʪʲʨʘ. ʊʝ ʠʤʘʪ ʥʘʡ-ʛʦʣʷʤʘ ʧʨʦʤʷʥʘ 

ʚ ʝʢʩʧʨʝʩʠʷʪʘ (ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʝ ʥʘʤʠʨʘʪ ʚ ʣʷʚʦ ʠʣʠ ʜʷʩʥʦ, ʥʘʡ-ʜʘʣʝʯ ʦʪ ʮʝʥʪʲʨʘ), ʥʦ ʠ 

ʠʤʘʪ ʥʘʡ-ʛʦʣʷʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ ʪʲʡ ʢʘʪʦ ʩʝ ʥʘʤʠʨʘʪ ʥʘʡ-ʦʪʛʦʨʝ. 

 

3.5.9.4. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

3.5.9.4.1. ʆʪʢʨʠʚʘʥʝ ʥʘ ʛʝʥʠ ʨʝʛʫʣʠʨʘʥʠ ʦʪ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʧʦʢʘʟʘʣʠ ʧʨʦʤʝʥʝʥʘ 

ʝʢʩʧʨʝʩʠʷ 

ʆʪʢʨʠʚʘʥʝʪʦ ʥʘ ʛʝʥʠʪʝ ʨʝʛʫʣʠʨʘʥʠ ʦʪ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʧʦʢʘʟʘʣʠ ʜʠʬʝʨʝʥʮʠʘʣʥʘ 

ʧʨʦʤʷʥʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʙʘʟʠ ʜʘʥʥʠ ʟʘ ʧʨʝʜʠʢʮʠʷ ʥʘ ʤʠʰʝʥʠ. GeneSpring 

ʧʦʜʜʲʨʞʘ ʩʣʝʜʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ: PITA, PicTar, TarBase, TargetScan ʠ microRNA.org. 

ʊʲʨʩʝʥʝʪʦ ʥʘ ʛʝʥʠ ʩʪʘʚʘ ʧʦʦʪʜʝʣʥʦ ʟʘ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʧʦʢʘʟʘʣʠ ʧʦʚʠʰʝʥʘ ʝʢʩʧʨʝʩʠʷ ʠ ʪʝʟʠ 

ʧʦʢʘʟʘʣʠ ʧʦʥʠʞʝʥʘ ʝʢʩʧʨʝʩʠʷ. 

ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʚʘʣʠʜʠʨʘʥʠʪʝ ʤʠʰʝʥʠ ʥʘ ʤʠʢʨʦʈʅʂ-ʠʪʝ ʠʟʧʦʣʟʚʘʭʤʝ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʠ ʩʣʝʜʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ: miRWalk (http://www.umm.uni-

heidelberg.de/apps/zmf/mirwalk/), ʠ miRecords (http://mirecords.biolead.org/). 

3.5.9.4.2. ʆʪʢʨʠʚʘʥʝ ʥʘ ʢʣʝʪʲʯʥʠ ʧʲʪʠʱʘ, ʚ ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʛʝʥʠʪʝ ʨʝʛʫʣʠʨʘʥʠ ʦʪ 

ʤʠʢʨʦʈʅʂ-ʠʪʝ ʧʦʢʘʟʘʣʠ ʧʨʦʤʝʥʝʥʘ ʝʢʩʧʨʝʩʠʷ 

ʄʦʛʘʪ ʜʘ ʩʝ ʪʲʨʩʷʪ ʧʲʪʠʱʘʪʘ, ʚ ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʛʝʥʠʪʝ ʨʝʛʫʣʠʨʘʥʠ ʦʪ ʤʠʢʨʦʈʅʂ-ʠʪʝ 

ʩ ʧʦʚʠʰʝʥʘ ʝʢʩʧʨʝʩʠʷ ʠ ʛʝʥʠʪʝ ʨʝʛʫʣʠʨʘʥʠ ʦʪ ʤʠʢʨʦʈʅʂ-ʪʝ ʩ ʧʦʥʠʞʝʥʘ ʝʢʩʧʨʝʩʠʷ 

ʧʦʦʪʜʝʣʥʦ. GeneSpring ʠʟʧʦʣʟʚʘ ʩʣʝʜʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ: WikiPathways, BioPAX, GPML, 

Legacy, ʥʦ ʩʲʱʦ ʪʘʢʘ ʧʦʟʚʦʣʷʚʘ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʦʙʩʪʚʝʥʠ ʢʦʥʩʪʨʫʠʨʘʥʠ ʧʲʪʠʱʘ. 

ɼʦʧʲʣʥʠʪʝʣʥʦ ʠʟʧʦʣʟʚʘʭʤʝ ʠ ʙʘʟʘʪʘ ʜʘʥʥʠ KEGG [408]. 

3.5.9.4.3. Venn ʜʠʘʛʨʘʤʠ 

ʊʝʟʠ ʜʠʘʛʨʘʤʠ ʠʟʧʦʣʟʚʘʪ ʢʨʲʛʦʚʝ, ʟʘ ʜʘ ʧʨʝʜʩʪʘʚʷʪ ʜʘʥʥʠ ʢʘʪʦ ʧʦʟʠʮʠʷʪʘ ʠ 

ʧʨʠʧʦʢʨʠʚʘʥʝʪʦ ʥʘ ʢʨʲʛʦʚʝʪʝ ʧʦʢʘʟʚʘ ʧʦʜʦʙʠʝʪʦ/ʧʨʠʧʦʢʨʠʚʘʥʝʪʦ ʤʝʞʜʫ ʜʘʥʥʠʪʝ. 

ʄʘʪʝʤʘʪʠʯʥʦʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʝ ʩʣʝʜʥʦʪʦ: ʜʠʘʛʨʘʤʘ, ʚ ʢʦʷʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʘʙʦʨ ʠʣʠ 

ʥʘʙʦʨ ʦʪ ʢʘʪʝʛʦʨʠʡʥʠ ʪʚʲʨʜʝʥʠʷ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʯʨʝʟ ʧʨʠʧʦʢʨʠʚʘʱʠ ʩʝ ʢʨʲʛʦʚʝ ʚ ʨʘʤʢʠʪʝ 

ʥʘ ʧʦʣʝ (ʛʨʘʥʠʮʘ), ʪʘʢʘ ʯʝ ʚʩʠʯʢʠ ʢʦʤʙʠʥʘʮʠʠ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʯʘʩʪʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʯʨʝʟ 

ʨʘʟʥʦʦʙʨʘʟʥʠ ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʚ ʜʠʘʛʨʘʤʘʪʘ. 

Venn ʜʠʘʛʨʘʤʠʪʝ ʙʷʭʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʛʝʥʠʪʝ ʨʝʛʫʣʠʨʘʥʠ ʦʪ 

ʤʠʢʨʦʈʅʂ-ʠʪʝ ʩ ʧʦʚʠʰʝʥʘ ʠ ʧʦʥʠʞʝʥʘ ʝʢʩʧʨʝʩʠʷ, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 

ʢʣʝʪʲʯʥʠʪʝ ʧʲʪʠʱʘ, ʚ ʢʦʠʪʦ ʫʯʘʩʪʚʘʪ ʛʝʥʠʪʝ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʘ ʧʦʚʠʰʝʥʘ ʠ ʧʦʥʠʞʝʥʘ 

ʝʢʩʧʨʝʩʠʷ. 

3.5.9.4.4. ʆʥʪʦʣʦʛʠʯʝʥ ʘʥʘʣʠʟ 

ʇʨʦʝʢʪʲʪ ʟʘ ʛʝʥʥʘ ʦʥʪʦʣʦʛʠʷ (Gene Ontology- GO) ʮʝʣʠ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʥʫʞʜʘʪʘ ʦʪ 

ʥʝʧʨʦʤʝʥʣʠʚʠ, ʫʝʜʥʘʢʚʝʥʠ ʦʧʠʩʘʥʠʷ ʥʘ ʛʝʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʦʪ ʨʘʟʣʠʯʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ. 

ʇʨʦʝʢʪʲʪ GO ʨʘʟʚʠʚʘ ʪʨʠ ʩʪʨʫʢʪʫʨʠʨʘʥʠ, ʢʦʥʪʨʦʣʠʨʘʥʠ ʨʝʯʥʠʮʠ (ʦʥʪʦʣʦʛʠʠ), ʯʨʝʟ ʢʦʠʪʦ 

ʩʝ ʦʧʠʩʚʘʪ ʛʝʥʥʠʪʝ ʧʨʦʜʫʢʪʠ ʚʲʚ ʚʨʲʟʢʘ ʩ ʪʝʭʥʠʪʝ ʘʩʦʮʠʠʨʘʥʠ ʙʠʦʣʦʛʠʯʥʠ ʧʨʦʮʝʩʠ, 

ʢʣʝʪʲʯʥʠ ʢʦʤʧʦʥʝʥʪʠ ʠ ʤʦʣʝʢʫʣʥʠ ʬʫʥʢʮʠʠ. ʆʥʪʦʣʦʛʠʯʥʠʷʪ ʘʥʘʣʠʟ ʙʝ ʦʩʲʱʝʩʪʚʝʥ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʠʥʪʝʨʥʝʪ ʩʘʡʪʘ: http://geneontology.org/.  

http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/
http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/
http://geneontology.org/
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ʆʥʪʦʣʦʛʠʯʥʠʷʪ ʘʥʘʣʠʟ ʙʝ ʠʟʧʦʣʟʚʘʥ, ʟʘ ʜʘ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʛʝʥʠʪʝ ʨʝʛʫʣʠʨʘʥʠ ʦʪ 

ʤʠʢʨʦʈʅʂ-ʠʪʝ ʩ ʜʠʬʝʨʝʥʮʠʘʣʥʘ ʝʢʩʧʨʝʩʠʷ ʩʧʦʨʝʜ ʪʷʭʥʦʪʦ ʫʯʘʩʪʠʝ ʚ ʢʣʝʪʲʯʥʠ ʧʨʦʮʝʩʠ ʠ 

ʧʲʪʠʱʘ ʥʘʡ-ʩʠʣʥʦ ʟʘʩʝʛʥʘʪʠ ʚ ʨʘʢʦʚʠʪʝ ʢʣʝʪʢʠ. 

3.5.9.4.5. ʂʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ 

ɺ Gene Spring ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ: 

- ʁʝʨʘʨʭʠʯʝʥ ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ - ʠʟʧʦʣʟʚʘ ʩʝ ʢʘʪʦ ʤʝʪʦʜ, ʧʦʢʘʟʚʘʱ 

ʚʟʘʠʤʦʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʥʠʚʘʪʘ ʥʘ ʝʢʩʧʨʝʩʠʷ ʥʘ ʧʦʜʙʨʘʥʠ miRNAs ʠ ʩʝʨʠʷ 

ʦʪ ʫʩʣʦʚʠʷ, ʩʲʩʪʦʷʥʠʷ.  
- K-Means ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ- ʮʝʣʪʘ ʝ ʜʘ ʩʝ ʩʲʟʜʘʜʘʪ ʛʨʫʧʠ, ʧʨʠ ʢʦʠʪʦ ʚ 

ʨʘʤʢʠʪʝ ʥʘ ʜʘʜʝʥʘ ʛʨʫʧʘ ʠʤʘ ʛʦʣʷʤʦ ʩʭʦʜʩʪʚʦ, ʥʦ ʥʠʩʢʦ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ 

ʦʪʜʝʣʥʠʪʝ ʛʨʫʧʠ, ʢʘʪʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʝ ʟʘʜʘʚʘ ʙʨʦʷʪ ʥʘ ʪʲʨʩʝʥʠʪʝ ʛʨʫʧʠ  
- SOM ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ - ʢʣʲʩʪʝʨʥʘ ʪʝʭʥʠʢʘ, ʢʦʷʪʦ ʠʣʶʩʪʨʠʨʘ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʛʨʫʧʠʪʝ ʯʨʝʟ ʧʦʜʨʝʞʜʘʥʝ ʚ ʜʚʫʠʟʤʝʨʥʘ 

ʜʠʘʛʨʘʤʘ, ʜʝʣʷʱʘ ʦʪʜʝʣʥʠʪʝ ʝʜʠʥʠʮʠ ʚ ʛʨʫʧʠ ʚʲʟ ʦʩʥʦʚʘ ʥʘ 

ʝʢʩʧʨʝʩʠʦʥʥʠʪʝ ʠʤ ʧʨʦʬʠʣʠ. SOM ʜʠʘʛʨʘʤʠʪʝ ʩʘ ʧʦʣʝʟʥʠ ʟʘ 

ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʦʪʜʝʣʥʠʪʝ ʝʢʩʧʨʝʩʠʦʥʥʠ ʧʨʦʬʠʣʠ ʠ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ 

ʢʦʠ ʦʪ ʪʷʭ ʩʘ ʚʘʨʠʘʮʠʠ ʝʜʥʠ ʥʘ ʜʨʫʛʠ. 
ʀʟʧʦʣʟʚʘʭʤʝ ʡʝʨʘʨʭʠʯʝʥ ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ, ʥʦ ʩʲʱʦ ʧʨʦʚʝʜʦʭʤʝ ʠ K-Means 

ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ ʟʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʦʩʥʦʚʥʠʪʝ ʢʣʲʩʪʝʨʠ ʥʘʙʣʶʜʘʚʘʥʠ ʚ ʡʝʨʘʨʭʠʯʥʠʷ 

ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ ʩʝ ʟʘʧʘʟʚʘʪ. 

3.5.9.4.5.1. ʁʝʨʘʨʭʠʯʝʥ ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ 

ʁʝʨʘʨʭʠʯʥʦʪʦ ʢʣʲʩʪʝʨʠʨʘʥʝ ʝ ʤʝʪʦʜ, ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥ ʧʨʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 

ʬʠʣʦʛʝʥʝʪʠʯʥʠ ʜʲʨʚʝʪʘ. ʇʨʠʥʮʠʧʲʪ ʥʘ ʡʝʨʘʨʭʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʝ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ 

ʢʣʲʩʪʝʨʠʪʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ ʥʘ ʜʚʘʪʘ "ʥʘʡ-ʙʣʠʟʢʠ" ʛʝʥʠ ʠʣʠ 

ʛʨʫʧʠ ʦʪ ʛʝʥʠ (ʠʣʠ ʜʨʫʛʠ ʨʘʟʛʣʝʞʜʘʥʠ ʦʙʝʢʪʠ). ʊʦʟʠ ʧʦʜʭʦʜ ʩʝ ʠʟʧʦʣʟʚʘ ʩ ʮʝʣ ʜʘ ʩʝ ʩʚʝʜʝ 

ʜʦ ʤʠʥʠʤʫʤ ʧʨʦʤʝʥʣʠʚʦʩʪʪʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʛʨʫʧʘʪʘ. ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʛʝʥʠʪʝ ʩʝ ʧʨʝʜʩʪʘʚʷ 

ʛʨʘʬʠʯʥʦ ʢʘʪʦ ʜʲʨʚʦ (ʜʝʥʜʨʦʛʨʘʤʘ), ʯʠʠʪʦ ʜʲʣʞʠʥʠ ʥʘ ʢʣʦʥʠʪʝ ʦʪʨʘʟʷʚʘʪ ʩʪʝʧʝʥʪʘ ʥʘ 

ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʛʝʥʠʪʝ. ʊʝʟʠ ʜʝʥʜʦʛʨʘʤʠ ʩʘ ʧʦʣʝʟʥʠ ʚ ʩʧʦʩʦʙʥʦʩʪʪʘ ʠʤ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘʪ 

ʨʘʟʣʠʯʥʠ ʩʪʝʧʝʥʠ ʥʘ ʩʭʦʜʩʪʚʦ ʠ ʧʦ-ʜʘʣʝʯʥʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʛʨʫʧʠ ʦʪ ʪʷʩʥʦ ʩʚʲʨʟʘʥʠ 

ʛʝʥʠ, ʘ ʩʲʱʦ ʪʘʢʘ ʠʟʠʩʢʚʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʨʘʚʥʠʪʝʣʥʦ ʤʘʣʲʢ ʙʨʦʡ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʟʘ 

ʭʘʨʘʢʪʝʨʘ ʥʘ ʜʘʥʥʠʪʝ. ʀʟʯʠʩʣʝʥʠʪʝ ʜʲʨʚʝʪʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʧʦʜʨʝʜʙʘ ʥʘ 

ʛʝʥʠʪʝ ʚ ʪʘʙʣʠʮʘ ʩ ʜʘʥʥʠ, ʪʘʢʘ ʯʝ ʛʝʥʠʪʝ ʠʣʠ ʛʨʫʧʠ ʦʪ ʛʝʥʠ ʩ ʧʦʜʦʙʥʠ ʤʦʜʝʣʠ ʥʘ ʝʢʩʧʨʝʩʠʷ 

ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʙʣʠʟʢʦ ʝʜʠʥ ʜʦ ʜʨʫʛ. ʇʨʝʜʠʤʩʪʚʦʪʦ ʥʘ ʡʝʨʘʨʭʠʯʥʠʷ ʤʝʪʦʜ, ʢʘʢʪʦ ʝ 

ʦʪʙʝʣʷʟʘʥʦ ʠ ʦʪ Eisen (1998) [409], ʝ, ʯʝ ʝʩʪʝʩʪʚʝʥʠʷʪ ʥʘʯʠʥ ʟʘ ʚʲʟʧʨʠʝʤʘʥʝ ʠ ʘʥʘʣʠʟʠʨʘʥʝ 

ʥʘ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʦʪ ʜʘʥʥʠ ʝ ʧʲʨʚʦ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʛʦʣʝʤʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʟʣʠʢʠ, 

ʘ ʩʣʝʜ ʪʦʚʘ ʜʘ ʩʝ ʥʘʩʦʯʠ ʚʥʠʤʘʥʠʝʪʦ ʚʲʨʭʫ ʧʦ-ʤʘʣʢʠʪʝ ʜʝʪʘʡʣʠ. ʉ ʧʦʤʦʱʪʘ ʥʘ ʪʦʟʠ ʤʝʪʦʜ 

ʩʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʝʜʠʥ ʠ ʩʲʱʠ ʚʠʜ ʠʥʪʫʠʪʠʚʝʥ ʧʦʜʭʦʜ ʚ ʮʝʣʠʷ ʘʥʘʣʠʟ ʥʘ ʛʝʥʦʤʥʠ 

ʜʘʥʥʠ. ɺʲʧʨʝʢʠ ʯʝ ʪʦʟʠ ʧʦʜʭʦʜ ʝ ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ, ʢʦʡʪʦ ʥʷʤʘ ʧʨʠʩʲʱʘ ʩʧʝʮʠʬʠʯʥʦʩʪ 

ʢʲʤ ʢʦʥʢʨʝʪʥʠʷ ʤʝʪʦʜ, ʠʟʧʦʣʟʚʘʥ ʧʨʠ ʫʩʚʦʷʚʘʥʝʪʦ ʥʘ ʛʝʥʦʤʥʠʪʝ ʜʘʥʥʠ, ʪʦʡ ʩʝ ʝ ʜʦʢʘʟʘʣ ʚ 

ʧʨʘʢʪʠʢʘʪʘ ʢʘʪʦ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʣʝʟʝʥ. 

ʁʝʨʘʨʭʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʚʠʥʘʛʠ ʜʘʚʘʪ ʝʜʥʦ ʢʦʥʢʨʝʪʥʦ ʜʲʨʚʦ, ʜʦʨʠ ʘʢʦ ʪʦ ʥʝ 

ʦʪʨʘʟʷʚʘ ʠʩʪʠʥʩʢʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʨʝʘʣʥʘʪʘ ʧʦʧʫʣʘʮʠʷ, ʦʪ ʢʦʷʪʦ ʧʨʦʠʟʣʠʟʘʪ ʜʘʥʥʠʪʝ. 

ʄʘʢʘʨ ʜʝʥʜʨʦʛʨʘʤʠʪʝ ʜʘ ʩʝ ʩʯʠʪʘʪ ʟʘ ʧʨʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʚʠʟʫʘʣʠʟʘʮʠʷ, ʪʨʷʙʚʘ ʜʘ ʩʝ 

ʧʦʜʯʝʨʪʘʝ, ʯʝ ʪʦʚʘ ʝ ʤʥʦʛʦ ʩʧʝʮʠʘʣʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʜʘʥʥʠʪʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʥʘʧʲʣʥʦ ʥʝʫʤʝʩʪʥʦ. ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ʪʝʟʠ "ʘʣʛʦʨʠʪʤʠʯʥʠ" ʧʦʜʭʦʜʠ ʝ, ʯʝ 

ʧʦʨʘʜʠ ʣʠʧʩʘ ʥʘ ʪʦʯʥʠ ʠ ʷʩʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣʠ, ʝ ʪʨʫʜʥʦ ʜʘ ʩʝ ʦʮʝʥʠ ʢʦʣʢʦ ʢʦʨʝʢʪʥʦ 

ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʜʘʥʥʠʪʝ. ʉʪʘʪʠʩʪʠʮʠʪʝ ʦʪʙʝʣʷʟʚʘʪ, ʯʝ ʡʝʨʘʨʭʠʯʥʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʩʪʨʘʜʘ ʦʪ 

ʣʠʧʩʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪ, ʣʠʧʩʘ ʥʘ ʫʥʠʢʘʣʥʦʩʪ ʠ ʠʥʚʝʨʩʠʦʥʥʠ ʧʨʦʙʣʝʤʠ, ʢʦʠʪʦ ʫʩʣʦʞʥʷʚʘʪ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʡʝʨʘʨʭʠʷʪʘ. ʆʩʚʝʥ ʪʦʚʘ ʜʝʪʝʨʤʠʥʠʩʪʢʘʪʘ ʧʨʠʨʦʜʘ ʥʘ ʡʝʨʘʨʭʠʯʥʦʪʦ 
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ʛʨʫʧʠʨʘʥʝ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʣʦʢʘʣʥʦ ʨʝʰʝʥʠʝ ʚ ʛʨʫʧʠʨʘʥʝ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ, ʢʦʝʪʦ ʦʙʘʯʝ ʜʘ 

ʥʝ ʦʪʨʘʟʷʚʘ ʥʘʡ-ʜʦʙʨʘʪʘ ʚʲʟʤʦʞʥʘ ʧʦʜʨʝʜʙʘ [410]. 

ʇʨʠ ʡʝʨʘʨʭʠʯʥʦʪʦ ʢʣʲʩʪʝʨʠʨʘʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʥʷʢʦʣʢʦ ʚʘʨʠʘʥʪʘ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʦʙʝʢʪʠʪʝ ʠʣʠ ʛʨʫʧʠʪʝ: 

1) Wardôs rule - ʧʨʘʚʠʣʦ ʥʘ Ward 

ʇʨʠ ʥʝʛʦ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʢʣʲʩʪʝʨʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʫʤʘ ʦʪ ʢʚʘʜʨʘʪʠʪʝ ʥʘ 

ʦʪʢʣʦʥʝʥʠʷʪʘ ʦʪ ʪʦʯʢʠʪʝ ʜʦ ʮʝʥʪʨʦʠʜʠʪʝ. ʎʝʣʪʘ ʥʘ Ward ʤʝʪʦʜʘ ʝ ʜʘ ʩʝ ʥʘʤʘʣʠ ʩʫʤʘʪʘ ʦʪ 

ʢʚʘʜʨʘʪʠʪʝ ʟʘ ʚʩʝʢʠ ʦʪʜʝʣʝʥ ʢʣʲʩʪʝʨ. ʏʨʝʟ ʪʦʟʠ ʤʝʪʦʜ ʩʝ ʧʦʣʫʯʘʚʘʪ ʢʣʲʩʪʝʨʠ ʩʲʩ ʩʭʦʜʝʥ 

ʙʨʦʡ ʥʘʙʣʶʜʝʥʠʷ, ʥʦ ʪʦʡ ʝ ʤʥʦʛʦ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢʲʤ ʩʠʣʥʦ ʦʪʢʣʦʥʷʚʘʱʠ ʩʝ ʧʨʦʙʠ (outliers). 

ɺʲʟʤʦʞʥʦ ʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʚʘ ʢʣʲʩʪʝʨʘ ʜʘ ʙʲʜʝ ʧʦ-ʛʦʣʷʤʦ ʦʪ dmax- ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʩʪʦʡʥʦʩʪ ʚ ʦʨʠʛʠʥʘʣʥʘʪʘ ʤʘʪʨʠʮʘ. ɸʢʦ ʪʦʚʘ ʩʝ ʥʘʙʣʶʜʘʚʘ, ʪʦ ʩʭʦʜʩʪʚʦʪʦ ʱʝ ʙʲʜʝ 

ʥʝʛʘʪʠʚʥʦ. 

2) Single linkage rule - ʥʘʨʠʯʘ ʩʝ ʦʱʝ nearest neighbor method 

ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʜʚʘ ʢʣʲʩʪʝʨʘ ʝ ʤʠʥʠʤʘʣʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʪʘ 

ʚ ʝʜʠʥʠʷ ʢʣʲʩʪʝʨ ʠ ʥʘʙʣʶʜʝʥʠʷʪʘ ʚ ʜʨʫʛʠʷ ʢʣʲʩʪʝʨ, ʪʦʝʩʪ ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʛʨʫʧʠʪʝ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʦʪ ʪʝʭʥʠʪʝ ʥʘʡ-ʙʣʠʟʢʠ ʯʣʝʥʦʚʝ. ʇʨʠ ʪʦʚʘ ʛʨʫʧʠʨʘʥʝ ʩʭʦʜʩʪʚʦʪʦ ʥʘ ʜʚʝʪʝ ʛʨʫʧʠ ʝ 

ʩʭʦʜʩʪʚʦʪʦ ʥʘ ʪʝʭʥʠʪʝ ʥʘʡ-ʧʦʜʦʙʥʠ ʯʣʝʥʦʚʝ. ʂʨʠʪʝʨʠʠʪʝ ʟʘ ʩʣʠʚʘʥʝ ʩʘ ʣʦʢʘʣʥʠ. ʆʙʨʲʱʘ 

ʩʝ ʚʥʠʤʘʥʠʝ ʝʜʠʥʩʪʚʝʥʦ ʥʘ ʟʦʥʘʪʘ, ʢʲʜʝʪʦ ʜʚʘʪʘ ʢʣʲʩʪʝʨʘ ʩʘ ʥʘʡ-ʙʣʠʟʢʠ ʝʜʠʥ ʜʦ ʜʨʫʛ. 

ɼʨʫʛʠ, ʧʦ-ʦʪʜʘʣʝʯʝʥʠ ʯʘʩʪʠ ʥʘ ʢʣʲʩʪʝʨʘ ʠ ʮʷʣʦʩʪʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʢʣʲʩʪʝʨʘ ʥʝ ʩʝ ʚʟʠʤʘʪ 

ʧʦʜ ʚʥʠʤʘʥʠʝ. ʊʦʟʠ ʤʝʪʦʜ ʝ ʧʦʜʭʦʜʷʱ, ʢʦʛʘʪʦ ʛʨʫʧʠʪʝ (ʢʣʲʩʪʝʨʠʪʝ) ʩʘ ʦʯʝʚʠʜʥʦ 

ʨʘʟʜʝʣʝʥʠ. ʂʦʛʘʪʦ ʩʪʦʡʥʦʩʪʠʪʝ (ʥʘʙʣʶʜʝʥʠʷʪʘ) ʣʝʞʘʪ ʤʥʦʛʦ ʙʣʠʟʢʦ ʝʜʥʠ ʜʦ ʜʨʫʛʠ, ʪʦ ʯʨʝʟ 

Single ʤʝʪʦʜʘ ʩʝ ʠʜʝʥʪʠʬʠʮʠʨʘʪ ʜʲʣʛʠ ʚʝʨʠʛʠ ʧʦʜʦʙʥʠ ʢʣʲʩʪʝʨʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʠʤʘʪ 

ʦʪʥʦʩʠʪʝʣʥʦ ʛʦʣʝʤʠ ʨʘʟʩʪʦʷʥʠʷ, ʨʘʟʜʝʣʷʱʠ ʥʘʙʣʶʜʝʥʠʷʪʘ ʚ ʜʚʘʪʘ ʢʨʘʷ ʥʘ ʚʝʨʠʛʘʪʘ ʠ ʜʘ ʥʝ 

ʜʘʚʘʪ ʨʝʘʣʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʧʦʧʫʣʘʮʠʷʪʘ ʦʪ ʦʙʝʢʪʠ. 

3) ʇʨʘʚʠʣʦʪʦ Centroid: 

ʈʘʟʩʪʦʷʥʠʷʪʘʪ ʤʝʞʜʫ ʢʣʲʩʪʝʨʠʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʣʲʩʪʝʨʥʠʪʝ 

ʮʝʥʪʨʦʠʜʠ ʠʣʠ ʩʨʝʜʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʚʩʝʢʠ ʢʣʲʩʪʝʨ. ʉʭʦʜʝʥ ʝ ʩ Average ʤʝʪʦʜʘ. 

4) Average linkage rule 

ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʢʣʲʩʪʝʨʠʪʝ ʝ ʩʨʝʜʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʪʘ ʚ ʝʜʠʥ 

ʢʣʲʩʪʝʨ (ʛʨʫʧʘ) ʠ ʥʘʙʣʶʜʝʥʠʷʪʘ ʚ ʜʨʫʛ ʢʣʲʩʪʝʨ (ʛʨʫʧʘ), ʪʦʝʩʪ ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʛʨʫʧʠʪʝ 

ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʫʩʨʝʜʥʝʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʩʝʢʠ ʜʚʘ ʪʝʭʥʠ ʯʣʝʥʘ. ʊʦ ʧʨʝʜʩʪʘʚʣʷʚʘ 

ʢʦʤʧʨʦʤʠʩ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ complete linkage ʢʣʲʩʪʝʨʠʨʘʥʝʪʦ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʩ 

ʛʦʣʝʤʠ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʠ ʪʝʥʜʝʥʮʠʷʪʘ ʥʘ single linkage ʢʣʲʩʪʝʨʠʨʘʥʝ ʜʘ ʦʙʨʘʟʫʚʘ 

ʜʲʣʛʠ ʢʣʦʥʦʚʝ ʚ ʜʝʥʜʨʦʛʨʘʤʠʪʝ, ʢʦʝʪʦ ʥʝ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʠʜʝʷʪʘ ʟʘ ʮʝʣʪʘ ʥʘ ʛʨʫʧʠʨʘʥʝʪʦ 

(ʪʦʝʩʪ ʦʢʨʫʧʥʷʚʘʥʝ ʠ ʢʦʤʧʘʢʪʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʜʘʥʥʠʪʝ). 

5) Complete linkage rule 

ʇʨʝʜʩʪʘʚʣʷʚʘ ʢʣʲʩʪʝʨʠʨʘʥʝ, ʧʨʠ ʢʦʝʪʦ ʥʘ ʚʩʷʢʘ ʩʪʲʧʢʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʛʨʫʧʠʪʝ 

ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʪʝʭʥʠʪʝ ʥʘʡ-ʜʘʣʝʯʥʠ ʯʣʝʥʦʚʝ. ʇʨʠ ʪʦʟʠ ʚʠʜ ʡʝʨʘʨʭʠʯʥʦ ʛʨʫʧʠʨʘʥʝ 

ʠʟʧʦʣʟʚʘʥʠʪʝ ʢʨʠʪʝʨʠʠ ʥʝ ʩʘ ʣʦʢʘʣʥʠ, ʘ ʮʷʣʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʨʫʧʠʨʘʥʝʪʦ ʤʦʞʝ ʜʘ ʧʦʚʣʠʷʝ 

ʢʣʲʩʪʝʨʠʨʘʥʝʪʦ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʜʝʬʠʥʠʨʘʥʝ ʥʘ ʢʦʤʧʘʢʪʥʠ ʢʣʲʩʪʝʨʠ ʩ ʤʘʣʢʠ ʜʠʘʤʝʪʨʠ 

(ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʣʝʥʦʚʝʪʝ) ʚ ʛʦʣʝʤʠ, ʨʘʟʥʦʨʦʜʥʠ ʛʨʫʧʠ, ʢʘʪʦ ʠ ʫʚʝʣʠʯʝʥʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ ʛʦʣʝʤʠ ʨʘʟʣʠʯʠʷ ʚ ʩʪʦʡʥʦʩʪʠʪʝ. 

6) Median Linkage rule 

ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʛʨʫʧʠʪʝ (ʢʣʲʩʪʝʨʠʪʝ) ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʩʨʝʜʥʦʪʦ ʨʘʟʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʥʘʙʣʶʜʝʥʠʷʪʘ ʚ ʦʪʜʝʣʥʠʪʝ ʢʣʲʩʪʝʨʠ. ʉʭʦʜʝʥ ʝ ʥʘ Average ʤʝʪʦʜʘ, ʥʦ ʠʟʧʦʣʟʚʘ 

ʤʝʜʠʘʥʘʪʘ ʚʤʝʩʪʦ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʥʘʤʘʣʷʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʢʲʤ 

ʛʦʣʝʤʠ ʨʘʟʣʠʯʠʷ ʚ ʛʨʫʧʠʪʝ. 

Lance ʠ Williams ʨʘʟʨʘʙʦʪʚʘʪ ʬʦʨʤʫʣʘ, ʢʦʷʪʦ ʦʙʷʩʥʷʚʘ ʤʝʪʦʜʠʪʝ ʟʘ ʢʣʲʩʪʝʨʠʨʘʥʝ 

[411]. 



3. ʄʘʪʝʨʠʘʣʠ ʠ ʄʝʪʦʜʠ 

109 

 

 
ʂʲʜʝʪʦ dij  ʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʢʣʲʩʪʝʨʠʪʝ i ʠ ʢʣʲʩʪʝʨ j; dk(ij ) ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ 

ʢʣʲʩʪʝʨ k ʠ ʥʦʚʦʩʬʦʨʤʠʨʘʥʠʷ ʢʣʲʩʪʝʨ ʦʪ ʦʙʝʜʠʥʝʥʠʝʪʦ ʥʘ ʛʨʫʧʠʪʝ i ʠ j; ʠ ʂi, ʂj, ɓ ʠ ʅ ʩʘ 
ʧʘʨʘʤʝʪʨʠ, ʢʦʠʪʦ ʩʘ ʟʘʜʘʜʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʤʝʪʦʜʘ ʥʘ ʡʝʨʘʨʭʠʯʥʦ ʢʣʲʩʪʝʨʠʨʘʥʝ. 

 
 

ɺ ʪʝʢʫʱʦʪʦ ʧʨʦʫʯʚʘʥʝ ʙʝ ʠʟʧʦʣʟʚʘʥʦ ʧʨʘʚʠʣʦʪʦ ʥʘ Ward ʧʨʠ ʡʝʨʘʨʭʠʯʥʠʷ 

ʢʣʲʩʪʝʨʝʥ ʘʥʘʣʠʟ. 

ɼʨʫʛʘ ʚʘʞʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʢʣʲʩʪʝʨʠʨʘʥʝʪʦ ʝ ʤʝʪʨʠʢʘʪʘ, ʢʦʷʪʦ ʧʦʚʣʠʷʚʘ 

ʬʦʨʤʘʪʘ ʥʘ ʢʣʲʩʪʝʨʠʪʝ. ʅʘʧʨʠʤʝʨ ʥʷʢʦʠ ʝʣʝʤʝʥʪʠ ʤʦʛʘʪ ʜʘ ʠʟʛʣʝʞʜʘʪ ʨʘʟʧʦʣʦʞʝʥʠ 

ʙʣʠʟʢʦ ʝʜʠʥ ʜʦ ʜʨʫʛ ʠʣʠ ʜʘʣʝʯʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʠʟʧʦʣʟʚʘʥʘʪʘ ʤʝʪʨʠʢʘ. ʅʘʧʨʠʤʝʨ ʚ 

ʜʚʫʠʟʤʝʨʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʪʦʯʢʘʪʘ (1,0) ʠ ʥʘʯʘʣʦʪʦ (0,0) ʝ ʚʠʥʘʛʠ 1 

ʩʧʦʨʝʜ usual norms, ʥʦ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʪʦʯʢʘʪʘ (1,1) ʠ ʥʘʯʘʣʦʪʦ (0,0) ʤʦʞʝ ʜʘ ʙʲʜʝ 2 

ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ Manhattan ʤʝʪʨʠʯʥʘʪʘ ʩʠʩʪʝʤʘ,  ʘʢʦ ʩʝ ʠʟʧʦʣʟʚʘ ɽʚʢʣʠʜʦʚʦʪʦ 

ʨʘʟʩʪʦʷʥʠʝ ʠʣʠ 1 ʧʨʠ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ. ɺ ʪʘʙʣʠʮʘʪʘ (3.51) ʧʦ-ʜʦʣʫ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʨʠʢʠ ʠ ʬʦʨʤʫʣʠʪʝ ʟʘ ʪʝʭʥʦʪʦ ʠʟʯʠʩʣʷʚʘʥʝ. ʅʠʝ 

ʠʟʧʦʣʟʚʘʭʤʝ ɽʚʢʣʠʜʦʚʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʧʨʠ ʢʣʲʩʪʝʨʠʨʘʥʝʪʦ ʥʘ ʤʠʢʨʦʈʅʂ. 

ʊʘʙʣʠʮʘ 3.51. ʅʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʪʝ ʤʝʪʨʠʯʥʠ ʩʠʩʪʝʤʠ ʧʨʠ ʡʝʨʘʨʭʠʯʥʦʪʦ ʢʣʲʩʪʝʨʠʨʘʥʝ 

ʄʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ- 

ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʌʦʨʤʫʣʘ 

Euclidean  

 
Squared Euclidean 

 
Manhattan 

 
Maximum 
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4. ʈɽɿʋʃʊɸʊʀ 
 

4.1. ʈɽɿʋʃʊɸʊʀ ʆʊ ɸʉʆʎʀɸʊʀɺɽʅ ɸʅɸʃʀɿ ʅɸ ʇʆʃʀʄʆʈʌʅʀ 

ɺɸʈʀɸʅʊʀ ʆʊʂʈʀʊʀ ʇʈʀ GWAS 

 
ɿʘ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʚ ʩʪʘʪʠʩʯʝʩʢʠʪʝ ʘʥʘʣʠʟʠ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ ʩ 

ʈʇ ʧʨʠʝʤʘʭʤʝ ʩʪʦʡʥʦʩʪʠʪʝ ʧʦʜ 0.05 ʟʘ p, two tailed. ɿʘ ʫʣʝʩʥʝʥʠʝ ʚ ʪʘʙʣʠʮʠʪʝ ʩ ʨʝʟʫʣʪʘʪʠʪʝ 

ʦʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʘʥʘʣʠʟʠ ʟʥʘʯʠʤʠʪʝ p ʩʪʦʡʥʦʩʪʠ ʩʘ ʚ ʙʦʣʜ.  

 
4.1.1. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs6465657 

ʨʘʟʧʦʣʦʞʝʥ ʚ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 7q21.3 
ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs6465657 ʩʝ ʥʘʤʠʨʘ ʚ ʜʲʣʛʦʪʦ ʨʘʤʦ ʥʘ ʭʨʦʤʦʟʦʤʘ 7, ʣʦʢʫʩ 7q21.3 ʠ 

ʝ ʚ ʠʥʪʨʦʥ 9 ʥʘ LMTK2 ʛʝʥʘ.  

ʅʝ ʩʝ ʦʪʢʨʠʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʠʪʝ ʠ ʧʘʮʠʝʥʪʠʪʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʣʠʤʦʨʬʠʟʲʤ rs6465657 

(ʊʘʙʣʠʮʘ 4.1, ʌʠʛʫʨʘ 4.1). ʅʘʙʣʶʜʘʚʘ ʩʝ ʣʝʢʦ ʫʚʝʣʠʯʝʥʘ ʯʝʩʪʦʪʘ ʥʘ C/C ʛʝʥʦʪʠʧʘ ʧʨʠ ʙʦʣʥʠ 

(22.1%) ʩʧʨʷʤʦ ʢʦʥʪʨʦʣʠ (18.52%), ʢʘʢʪʦ ʠ ʥʘ ʘʣʝʣ C. ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʥʝ ʧʦʢʘʟʘ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʘʛʨʝʩʠʚʥʦ ʟʘʙʦʣʷʚʘʥʝ (Gleason 

score ʥʘʜ 7, ʥʘʣʠʯʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ). ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-

ɺʘʡʥʙʝʨʛ. 

 

ʊʘʙʣʠʮʘ 4.1. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs6465657 ʩ ʈʇ  

ɻʝʥʦʪʠʧ/ 

ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=190) 

 

ʂʦʥʪʨʦʣʠ 

(n=162) 

OR  

(95% CI) 

P  

Fisher, 

two-tailed 

C/C 42 (22.1%) 30 (18.52%) 1.25  

(0.74-2.1) 

0.43 

C/T 90 (47.37%) 81 (50%) 0.9  

(0.6-1.4) 

0.67 

T/T 58 (30.53%) 51 (31.48%) 0.96  

(0.61-1.5) 

0.91 

C 174 (45.79%) 141 (43.52%) 1.1  

(0.81-1.48) 

0.59 

T 206 (54.21%) 183 (56.48%) 0.91  

(0.68-1.23) 

0.59 
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4.1.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠ ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʭʨʦʤoʟʦʤʝʥ ʣʦʢʫʩ 8q24 

ʏʨʝʟ TaqMan ʪʝʭʥʦʣʦʛʠʷ, ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ ʩʣʝʜʥʠʪʝ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ 

ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ ʭʨʦʤʦʟʦʤʥʠʷ ʨʘʡʦʥ 8q24: rs1016346, rs4871008, rs7841060, rs620861, 

ʘʩʦʮʠʠʨʘʥʠ ʩ ʈʇ. 

 

4.1.2.1. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs620861 
ʇʦʣʫʯʝʥʠʪʝ ʛʝʥʦʪʠʧʥʠ ʠ ʘʣʝʣʥʠ ʯʝʩʪʦʪʠ ʟʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs620861 ʥʝ ʩʝ ʨʘʟʣʠʯʘʚʘʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ (ʊʘʙʣʠʮʘ 4.2, ʌʠʛʫʨʘ 4.2). 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʥʝ ʧʦʢʘʟʘ ʠ ʘʩʦʮʠʘʮʠʷ ʩ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʤʝʪʘʩʪʘʟʠ ʠ ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ Gleason 

score. ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

 

ʊʘʙʣʠʮʘ 4.2. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs620861 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=179) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI)  

P  
Fisher, two-

tailed 

G/G 74 (41.34%) 77 (47.24%) 0.79 
(0.51-1.21) 

0.28 

G/A 79 (44.13%) 66 (40.49%) 1.16 
(0.76-1.78) 

0.51 

A/A  26 (14.53%) 20 (12.27%) 1.22 
(0.65-2.27) 

0.63 

G 227 (63.41%) 220 (67.48%) 0.83 
(0.61-1.14) 

0.29 

A 131 (36.59%) 106 (32.52%) 1.2 
(0.87-1.64) 

0.29 
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4.1.2.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs1016343 

 

ʇʨʠ ʘʥʘʣʠʟʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʟʘ rs1016343 ʥʝ ʩʝ ʫʩʪʘʥʦʚʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʠ ʨʘʟʣʠʯʠʷ ʚ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʤʝʞʜʫ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

(ʊʘʙʣʠʮʘ 4.3, ʌʠʛʫʨʘ 4.3). ɻʝʥʦʪʠʧʠʪʝ C/C (p=0.079) ʠ C/T (p=0.07) ʧʦʢʘʟʚʘʪ ʪʝʥʜʝʥʮʠʷ ʟʘ 

ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʥʘ ʘʣʝʣʘ ʊ ʧʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ ʠ ʚʝʨʦʷʪʥʦ ʪʦʟʠ ʘʣʝʣ ʝ ʨʠʩʢʦʚ. ɹʝʰʝ ʥʘʧʨʘʚʝʥʘ 

ʧʨʦʚʝʨʢʘ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʚʠʩʦʢ Gleason score ʠʣʠ 

ʤʝʪʘʩʪʘʟʠ. ɻʝʥʦʪʠʧʲʪ ʉ/ʉ ʩʝ ʩʨʝʱʘ ʧʦ-ʨʷʜʢʦ ʚ ʧʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʟʠ (ʊʘʙʣʠʮʘ 4.4, ʌʠʛʫʨʘ 

4.4), ʢʘʢʪʦ ʠ ʚ ʧʘʮʠʝʥʪʠ ʩ ʚʠʩʦʢ Gleason score ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠ (ʊʘʙʣʠʮʘ 4.5, ʌʠʛʫʨʘ 

4.5) ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʙʣʠʟʢʠ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘ ʛʝʥʦʪʠʧʘ 

ʉ/ʉ, ʛʝʥʦʪʠʧʲʪ C/T ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʤʝʪʘʩʪʘʟʠ (p=0.03), ʢʘʢʪʦ ʠ ʧʨʠ 

ʪʝʟʠ ʩ ʚʠʩʦʢ Gleason score ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ. ɸʣʝʣ̡ʪ ʊ ʩʘʤʦ ʧʦ ʩʝʙʝ ʩʠ ʫʚʝʣʠʯʘʚʘ 

ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʚʠʩʦʢ Gleason score ʩ ʥʘʜ 1.5 ʧʲʪʠ ʢʘʪʦ ʨʝʟʫʣʪʘʪ̡ ʪ ʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤ (p=0.04). ɸʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʚ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

ʊʘʙʣʠʮʘ 4.3. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs1016343 ʩ ʈʇ 
ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=183) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI)  

P 
 Fisher, two-

tailed 

C/C 101 (55.19%) 106 (65.03%) 0.66 
(0.43-1.02) 

0.079 

C/T 72 (39.34%) 49 (30.06%) 1.51 
(0.96-2.36) 

0.07 

T/T  10 (5.46%) 8 (4.91%) 1.12 
(0.43-2.91) 

1 

C 274 (74.86%) 261 (80.06%) 0.74 
(0.52-1) 

0.12 

T 92 (25.14%) 65 (19.94%) 1.35 
(0.94-1.93) 

0.12 
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ʌʠʛʫʨʘ 4.3 

 

ʊʘʙʣʠʮʘ 4.4. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs1016343 ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʤʝʪʘʩʪʘʟʠ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=29) 

 

ʂʦʥʪʨʦʣʠ 
(n=168) 

OR  
(95% CI)  

P  
Fisher, 

two-tailed 

C/C 13 (44.83%) 106 (65.03%) 0.44 
(0.196-0.97) 

0.06 

C/T 15 (51.72%) 49 (30.06%) 2.49 
(1.11-5.56) 

0.03 

T/T  1 (3.45%) 8 (4.91%) 0.69 
(0.08-5.75) 

1 

C 41 (70.69%) 261 (80.06%) 0.6 
(0.32-1.12) 

0.12 

T 17 (29.31%) 65 (19.94%) 1.66 
(0.89-3.12) 

0.12 

 

 

ʌʠʛʫʨʘ 4.4 
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ʊʘʙʣʠʮʘ 4.5. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs1016343 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

Gleason score ʥʘʜ 7 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=44) 

 

ʂʦʥʪʨʦʣʠ 
(n=168) 

OR  
(95% CI)  

P  
Fisher, two-

tailed 

C/C 21 (47.73%) 106 (65.03%) 0.49 
(0.25-0.96) 

0.054 

C/T 19 (43.18%) 49 (30.06%) 1.77 
(0.89-3.5) 

0.11 

T/T  4 (9.09%) 8 (4.91%) 1.94 
(0.53-6.76) 

0.47 

C 61 (69.32%) 261 (80.06%) 0.56 
(0.33-0.95) 

0.04 

T 27 (30.68%) 65 (19.94%) 1.77 
(1.05-3) 

0.04 

 

 
ʌʠʛʫʨʘ 4.5 

 
4.1.2.3. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs4871008 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʷʪ ʘʥʘʣʠʟ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʟʘ rs4871008 ʜʦʚʝʜʝ ʜʦ 

ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʛʝʥʦʪʠʧʥʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ 

(ʊʘʙʣʠʮʘ 4.6, ʌʠʛʫʨʘ 4.6). 

ʏʝʩʪʦʪʘʪʘ ʥʘ ʛʝʥʦʪʠʧʲʪ T/T ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʝ ʨʘʟʣʠʯʘʚʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ ʢʘʪʦ ʩʝ ʩʚʲʨʟʚʘ ʩ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ (OR-0.52). 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʥʝʛʦ, C/T ʛʝʥʦʪʠʧʲʪ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʚ ʧʘʮʠʝʥʪʠʪʝ ʠ ʨʝʟʫʣʪʘʪʲʪ ʝ ʙʣʠʟʲʢ ʜʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ. ɸʣʝʣʲʪ T ʠʤʘ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʧʘʮʠʝʥʪʠʪʝ, ʥʦ ʨʝʟʫʣʪʘʪʲʪ ʥʝ ʜʦʩʪʠʛʘ ʟʥʘʯʠʤʦʩʪ. ɻʝʥʦʪʠʧʲʪ ʊ/ʊ (p=0.04), ʢʘʢʪʦ ʠ ʘʣʝʣʲʪ ʊ 

(p=0.027) ʩʘʤ ʧʦ ʩʝʙʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʩʝ ʘʩʦʮʠʠʨʘʪ ʩ ʧʦʥʠʞʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ Gleason score (ʊʘʙʣʠʮʘ 4.7, ʌʠʛʫʨʘ 4.7). ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʥʝ ʧʦʢʘʟʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 
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ʊʘʙʣʠʮʘ 4.6. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs4871008 ʩ ʈʇ 
ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=153) 

 

ʂʦʥʪʨʦʣʠ 
(n=152) 

OR  
(95% CI)  

P  
Fisher, two-

tailed 

C/C 49 (32.02%) 49 (32.24%) 0.99 
(0.61-1.6) 

1 

C/T 82 (53.59%) 66 (43.42%) 1.5 
(0.96-2.36) 

0.09 

T/T  22 (14.38%) 37 (24.34%) 0.52 
(0.29-0.94) 

0.03 

C 180 (58.82%) 164 (53.95%) 1.22 
(0.89-1.69) 

0.25 

T 126 (41.18%) 140 (46.05%) 0.82 
(0.6-1.13) 

0.25 

 

 

 
ʌʠʛʫʨʘ 4.6 

 

ʊʘʙʣʠʮʘ 4.7. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs4871008 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘʜ Gleason score ʥʘʜ 7 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=38) 

 

ʂʦʥʪʨʦʣʠ 
(n=152) 

OR 
(95% CI) 

P  
Fisher, two-

tailed 

C/C 17 (44.74%) 49 (32.24%) 1.7 
(0.82-3.51) 

0.18 

C/T 18 (47.37%) 66 (43.42%) 1.17 
(0.57-2.39) 

0.72 

T/T  3 (7.89%) 37 (24.34%) 0.27 
(0.08-0.92) 

0.04 

C 52 (68.42%) 164 (53.95%) 1.85 
(1.1-3.15) 

0.027 

T 24 (31.58%) 140 (46.05%) 0.54 
(0.32-0.92) 

0.027 
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ʊʘʙʣʠʮʘ 4.8. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs4871008 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʤʝʪʘʩʪʘʟʠ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=22) 

 

ʂʦʥʪʨʦʣʠ 
(n=152) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

C/C 9 (40.91%) 49 (32.24%) 1.46 
(0.58-3.64) 

0.47 

C/T 11 (50.00%) 66 (43.42%) 1.3 
(0.53-3.19) 

0.65 

T/T  2 (9.09%) 37 (24.34%) 0.31 
(0.07-1.39) 

0.17 

C 29 (65.91%) 164 (53.95%) 1.65 
(0.85-3.2) 

0.15 

T 15 (34.09%) 140 (46.05%) 0.61 
(0.31-1.18) 

0.15 

 

 

ʌʠʛʫʨʘ 4.8 
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4.1.2.4. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs7841060 

ʉʣʝʜ ʠʟʚʲʨʰʝʥʠʷ ʘʥʘʣʠʟ ʫʩʪʘʥʦʚʠʭʤʝ, ʯʝ ʠʤʘ ʨʘʟʣʠʯʠʷ ʚ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ 

ʯʝʩʪʦʪʠ ʥʘ rs7841060 ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ (ʊʘʙʣʠʮʘ 4.9, ʌʠʛʫʨʘ 4.10), ʥʦ ʥʝ ʩʝ 

ʜʦʩʪʠʛʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ.  

ɻʝʥʦʪʠʧʲʪ T/G, ʘ ʪʘʢʘ ʩʲʰʦ ʠ ʘʣʝʣʲʪ G ʩʝ ʩʨʝʱʘʪ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘ ʪʷʭ, ʛʝʥʦʪʠʧʲʪ ʊ/ʊ ʠʤʘ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʧʨʠ 

ʢʦʥʪʨʦʣʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ ʠ ʚʝʨʦʷʪʥʦ ʧʦʥʠʞʘʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. ʊʦʟʠ 

ʛʝʥʦʪʠʧ ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʨʠʩʢʘ ʦʪ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ 

(p=0.01) (ʊʘʙʣʠʮʘ 4.10) ʠ ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ Gleason score (p=0.05) (ʊʘʙʣʠʮʘ 4.11, ʌʠʛʫʨʘ 4.12) 

ʧʨʠ ʈʇ. ɸʣʝʣʲʪ ʊ ʩʘʤ ʧʦ ʩʝʙʝ ʩʲʱʦ ʧʦʥʠʞʘʚʘ ʨʠʩʢʘ ʢʘʢʪʦ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ 

(OR=0.53, p=0.05) (ʊʘʙʣʠʮʘ 4.10, ʌʠʛʫʨʘ 4.11), ʪʘʢʘ ʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ 

Gleason score (OR= 0.596, p=0.06). ɻʝʥʦʪʠʧʲʪ T/G ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʪʨʠʢʨʘʪʥʦ 

ʧʦʚʠʰʘʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ (p=0.009). ʊʦʟʠ ʛʝʥʦʪʠʧ ʩʝ ʩʨʝʱʘ ʠ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʧʘʮʠʝʥʪʠ ʩ ʚʠʩʦʢ Gleason score, ʢʘʪʦ ʨʝʟʫʣʪʘʪʲʪ ʧʦʢʘʟʚʘ ʙʣʠʟʢʘ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ 

ʘʩʦʮʠʘʮʠʷ (p=0.07). 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠʪʝ ʥʝ ʩʝ ʦʪʢʣʦʥʷʚʘʪ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

 

 

 

 

 

ʌʠʛʫʨʘ 4.9. ʈʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ PCR ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ ʯʨʝʟ TaqMan ʪʝʭʥʦʣʦʛʠʷʪʘ. 

ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ 

ʧʦʣʠʤʦʨʬʠʟʲʤ rs7841060 (Allele discrimination  plot) 
 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 4.9. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs7841060 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=181) 

 

ʂʦʥʪʨʦʣʠ 
(n=165) 

OR 
(95% CI) 

P 
Fisher two 

tailed 

T/T  100 (55.25%) 107 (64.85%) 0.67 
(0.43-1.03) 

0.08 

T/G 72 (39.78%) 50 (30.30%) 1.52 
(0.97-2.37) 

0.07 

G/G 9 (4.97%) 8 (4.85%) 1.03 
(0.39-2.73) 

1 

T 272 (75.14%) 264 (80%) 0.76 
(0.53-1.08) 

0.14 

G 90 (24.86%) 71 (20%) 1.32 
(0.92-1.9) 

0.14 
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ʌʠʛʫʨʘ 4.10 

 

ʊʘʙʣʠʮʘ 4.10. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs7841060 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘ ʤʝʪʘʩʪʘʟʠ ʧʨʠ ʈʇ 
ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=28) 

 

ʂʦʥʪʨʦʣʠ 
(n=165) 

OR 
(95% CI) 

P 
Fisher two 

tailed 

T/T  11 (39.29%) 107 (64.85%) 0.35 
(0.15-0.8) 

0.01 

T/G 16 (57.14%) 50 (30.30%) 3.07 
(1.35-6.95) 

0.009 

G/G 1 (3.57%) 8 (4.85%) 0.73 
(0.087-6.04) 

1 

T 38 (67.86%) 264 (80%) 0.53 
(0.28-0.98) 

0.05 

G 18 (32.14%) 71 (20%) 1.89 
(1.02-3.53) 

0.05 

 

 
ʌʠʛʫʨʘ 4.11 
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ʊʘʙʣʠʮʘ 4.11. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʠʘʮʠʷ ʥʘ rs7841060 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ 

Gleason score ʥʘʜ 7 ʧʨʠ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=44) 

 

ʂʦʥʪʨʦʣʠ 
(n=165) 

OR  
(95% CI) 

P 
Fisher two 

tailed 

T/T  21 (47.73%) 107 (64.85%) 0.49 
(0.25-0.97) 

0.05 

T/G 20 (45.45%) 50 (30.30%) 1.92 
(0.97-3.78) 

0.07 

G/G 3 (6.82%) 8 (4.85%) 1.44 
(0.36-5.65) 

0.7 

T 62 (70.45%) 264 (80%) 0.596 
(0.35-1.01) 

0.06 

G 26 (29.55%) 71 (20%) 1.68 
(0.98-2.85) 

0.06 

 

 
ʌʠʛʫʨʘ 4.12 

 
4.1.2.5. ʈʝʟʫʣʪʘʪʠ ʦʪ ʭʘʧʣʦʪʠʧʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 8q24 

ɺ ʭʘʧʣʦʪʠʧʥʠʷ ʘʥʘʣʠʟ ʚʢʣʶʯʠʭʤʝ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʦʱʝ ʪʨʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʘ 

(rs10505477, rs6983267, rs1447295), ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʨʘʙʦʪʝʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʜʠʧʣʦʤʥʘ 

ʨʘʙʦʪʘ.  

ʍʘʧʣʦʪʠʧʥʠʷʪ ʘʥʘʣʠʟ ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʭʘʧʣʦʪʠʧʥʠ ʚʘʨʠʘʥʪʠ ʧʨʠ ʚʩʠʯʢʠ ʧʘʮʠʝʥʪʠ ʠ 

ʢʦʥʪʨʦʣʠ. 

ʂʦʛʘʪʦ ʩʝ ʩʨʘʚʥʠʭʘ ʭʘʧʣʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʢʦʥʪʨʦʣʠʪʝ ʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ 

Gleason score, ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 4.12). ʍʘʧʣʦʪʠʧʲʪ T-

C-G-A-A-G-C ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ rs1016343-rs4871008-rs7841060-rs620861-rs10505477- 

rs6983267-rs1447295 ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ Gleason score ʥʘʜ 7, ʦʪʢʦʣʢʦʪʦ ʧʨʠ 

ʢʦʥʪʨʦʣʠʪʝ, ʨ= 0.0498. ʉʣʝʜʥʠʪʝ ʭʘʧʣʦʪʠʧʥʠ ʢʦʤʙʠʥʘʮʠʠ ʩʲʱʦ ʩʝ ʩʨʝʱʘʪ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʧʘʮʠʝʥʪʠʪʝ, ʦʪʢʦʣʢʦʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʠ ʨʝʟʫʣʪʘʪʠʪʝ ʟʘ ʪʷʭ ʩʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ: ʊ-C-
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G (rs1016343-rs4871008- rs7841060), p=0.343, C-G (rs4871008- rs7841060), p=0.343 ʠ C-A 

(rs4871008- rs10505477), p=0.0188. ʍʘʧʣʦʪʠʧʠʪʝ C-T-T (rs1016343-rs4871008- rs7841060), 

p=0.0243 ʠ T-T (rs4871008- rs7841060) ʚʝʨʦʷʪʥʦ ʠʤʘʪ ʧʨʦʪʝʢʪʠʚʥʘ ʨʦʣʷ ʪʲʡ ʢʘʪʦ ʩʝ ʩʨʝʱʘʪ 

ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠ ʩ ʚʠʩʦʢ Gleason score.  

 

 
ʌʠʛʫʨʘ 4.13. ɻʨʘʬʠʢʘ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʦ ʩʢʘʯʝʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ 

ʥʘ8q24 

 

ʊʘʙʣʠʮʘ 4.12. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʭʘʧʣʦʪʠʧʠʪʝ ʥʘ ʤʘʨʢʝʨʠʪʝ 1) rs1016343, 2) 

rs4871008, 3) rs7841060, 4) rs620861, 5) rs10505477, 6) rs6983267 ʠ 7) rs1447295 ʟʘ 

ʘʩʦʮʠʘʮʠʷ ʩ ʚʠʩʦʢ Gleason score 

ʍʘʧʣʦʪʠʧ ʏʝʩʪʦʪʘ ʇʘʮʠʝʥʪʠ, 

ʂʦʥʪʨʦʣʠ 

ʩʲʦʪʥʦʰʝʥʠ ̫

ɢ 2 p 

1 2 3 4 5 6 7 

T C G A A G C 0.029 0.061, 0.021 3.847 0.0498 

C T T     0.425 0.318, 0.453 5.072 0.0243 

T C G     0.218 0.302, 0.196 4.479 0.0343 

 T T     0.426 0.325, 0.453 4.603 0.0319 

 C G     0.218 0.302, 0.196 4.479 0.0343 

 C   A   0.271 0.372, 0.244 5.522 0.0188 
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ʍʘʧʣʦʪʠʧʝʥ ʘʥʘʣʠʟ ʙʝ ʥʘʧʨʘʚʝʥ ʠ ʩ ʧʘʮʠʝʥʪʠʪʝ ʩ ʤʝʪʘʩʪʘʟʠ, ʥʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʚʝʨʦʷʪʥʦ ʟʘʨʘʜʠ ʤʘʣʢʠʷ ʠʤ ʙʨʦʡ. 
 

4.1.3. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠ ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 10q11.23 
ɻʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ rs10993994 ʠ rs7920517 ʙʝ ʧʨʦʚʝʜʝʥ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʪʷʭʥʘʪʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʧʨʠ ʙʲʣʛʘʨʩʢʠ ʧʘʮʠʝʥʪʠ. ʀ ʜʚʘʪʘ ʧʦʣʠʤʦʨʬʥʠ 

ʚʘʨʠʘʥʪʘ ʩʘ ʚ ʝʜʠʥ LD ʙʣʦʢ ʦʪ 100 kb ʥʘ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 10q11.23. 

 

4.1.3.1. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs10993994 ʚ MSMB 

ʉʨʘʚʥʝʥʠʝʪʦ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ rs10993994 ʤʝʞʜʫ ʧʘʮʠʝʥʪʠʪʝ ʠ 

ʢʦʥʪʨʦʣʠʪʝ ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʘʟʣʠʢʠ (ʊʘʙʣʠʮʘ 4.13, 

ʌʠʛʫʨʘ 4.15). ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʥʘ ʛʝʥʦʪʠʧʘ T/C ʠ ʥʘ ʘʣʝʣʘ ʊ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ 

ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ.  

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ Gleason score 

ʥʘʜ 7 ʠ ʢʦʥʪʨʦʣʠʪʝ ʩʲʱʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʠ ʦʪʥʦʚʦ 

ʯʝʩʪʦʪʠʪʝ ʥʘ T/C ʛʝʥʦʪʠʧʘ ʠ ʥʘ ʘʣʝʣ ʊ ʩʘ ʧʦ-ʚʠʩʦʢʠ ʩʨʝʜ ʧʘʮʠʝʥʪʠʪʝ (ʊʘʙʣʠʮʘ 4.14, ʌʠʛʫʨʘ 

4.16).  
 

 

 

 

 

 

 

 

 

 

ʌʠʛʫʨʘ 4.14. ʍʘʧʣʦʪʠʧʥʠ ʯʝʩʪʦʪʠ ʥʘ rs1016343- 

rs4871008- rs7841060- rs620861- rs10505477- rs6983267 - 

rs1447295 ʚ LD ʙʣʦʢʘ ʟʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason 
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ʊʘʙʣʠʮʘ 4.13. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs10993994 ʩ ʈʇ. 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=161) 
ʂʦʥʪʨʦʣʠ 

(n=161) 
OR 

(95% CI) 
P  

Fisher, two-

tailed 
C/C 50 (31.0%) 61 (37.9%) 0.74 

(0.47-1.17) 
0.24 

T/C 84 (52.2%) 69 (42.8%) 1.45 
(0.94-2.26) 

0.12 

T/T  27 (16.8%) 31 (19.3%) 0.85 
(0.48-1.5) 

0.66 

C 184 (57.1%) 191 (59.3%) 0.91 
(0.67-1.25) 

0.63 

T 138 (42.9%) 131 (40.7%) 1.09  
(0.8-1.5) 

0.63 

 

 
ʌʠʛʫʨʘ 4.15 

 

ʊʘʙʣʠʮʘ 4.14. ʉʪʘʪʠʩʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs10993994 ʩ ʚʠʩʦʢ Gleason 

score ʧʨʠ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=39) 

ʂʦʥʪʨʦʣʠ 
(n=161) 

OR 
(95% CI) 

P  

Fisher, two-

tailed 
C/C 10 (25.64%) 61 (37.9%) 0.56  

(0.25-1.24) 
0.19 

T/C 22 (56.41%) 69 (42.8%) 1.73  
(0.85-3.49) 

0.15 

T/T  7 (17.95%) 31 (19.3%) 0.92  
(0.37-2.27) 

1 

C 42 (53.85%) 191 (59.3%) 0.80  
(0.48-1.32) 

0.44 

T 36 (46.15%) 131 (40.7%) 1.25  
(0.76-2.06) 

0.44 
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ʌʠʛʫʨʘ 4.16 

 

ʂʦʛʘʪʦ ʩʨʘʚʥʠʭʤʝ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʤʝʪʘʩʪʘʟʠ ʚ 

ʣʠʤʬʥʠʪʝ ʚʲʟʣʠ ʠ ʢʦʥʪʨʦʣʠʪʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʙʣʠʟʢʠ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ ʨʝʟʫʣʪʘʪʠ 

(ʊʘʙʣʠʮʘ 4.15, ʌʠʛʫʨʘ 4.17). ɻʝʥʦʪʠʧʲʪ C/C (p=0.059) ʩʝ ʩʨʝʱʘ ʤʥʦʛʦ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʢʦʥʪʨʦʣʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʯʝ ʪʦʟʠ ʛʝʥʦʪʠʧ ʝ ʧʨʦʪʝʢʪʠʚʝʥ. 

ɻʝʥʦʪʠʧʥʠʪʝ ʚʘʨʠʘʥʪʠ ʊ/ʉ ʠ ʊ/ʊ ʩʝ ʩʨʝʱʘʪ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ, ʥʦ ʨʝʟʫʣʪʘʪʠʪʝ ʥʝ ʩʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ.  

 

 

 

ʊʘʙʣʠʮʘ 4.15. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs10993994 ʩ ʣʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

ʧʨʠ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=63) 
ʂʦʥʪʨʦʣʠ 

(n=161) 
OR  

(95% CI) 
P  

Fisher, two-

tailed 
C/C 15 (23.81%) 61 (37.9%) 0.51  

(0.26-0.99) 
0.059 

T/C 33 (52.38%) 69 (42.8%) 1.47  
(0.82-2.63) 

0.23 

T/T  15 (23.81%) 31 (19.3%) 1.31  
(0.65-2.64) 

0.47 

C 63 (50%) 191 (59.3%) 0.69  
(0.45-1.04) 

0.09 

T 63 (50%) 131 (40.7%) 1.46  
(0.96-2.21) 

0.09 
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ʌʠʛʫʨʘ 4.17 
 

4.1.3.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ ʚ rs7920517 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs7920517 ʩʝ ʥʘʤʠʨʘ ʚ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 10q11 ʚ ʙʣʠʟʦʩʪ ʜʦ ʠ ʚ 

ʩʠʣʥʘ ʥʝʨʘʚʥʦʚʝʩʥʘ ʩʢʘʯʝʥʦʩʪ ʩ rs10993994, ʢʦʡʪʦ ʝ ʤʥʦʛʦʢʨʘʪʥʦ ʜʦʢʣʘʜʚʘʥ ʢʘʪʦ ʩʚʲʨʟʘʥ ʩ 

ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ.  

 

 
ʌʠʛʫʨʘ 4.18. ʈʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʯʨʝʟ TaqMan 

ʪʝʭʥʦʣʦʛʠʷʪʘ. ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʚʘʨʠʘʥʪʠ ʟʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs7920517 
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ʊʘʙʣʠʮʘ 4.16. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs7920517 ʩ ʈʇ. 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=187) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

G/G 37 (19.79%) 38 (23.31%) 0.81  
(0.48 -1.35) 

0.43 

G/A 113 (60.43%) 74 (45.4%) 1.84  
(1.2-2.8) 

0.0053 

A/A  37 (19.79%) 51 (31.3%) 0.54 
 (0.33-0.88) 

0.014 

G 187 (50%) 150 (46.01%) 1.17  
(0.87-1.58) 

0.32 

A 187(50%) 176 (53.99%) 0.85 
 (0.63-1.15) 

0.32 
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ɻʝʥʦʪʠʧʥʠ ʯʝʩʪʦʪʠ ʥʘ rs7920517 ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʨʘʢ ʥʘ 

ʧʨʦʩʪʘʪʘʪʘ ʠ ʢʦʥʪʨʦʣʠ

ʇʘʮʠʝʥʪʠ

ʂʦʥʪʨʦʣʠ

 
ʌʠʛʫʨʘ 4.19 

 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʚ ʛʨʫʧʘʪʘ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ 

ʢʦʥʪʨʦʣʥʘʪʘ ʠʟʚʘʜʢʘ ʙʝʰʝ ʥʘʙʣʶʜʘʚʘʥʘ ʩʲʱʝʩʪʚʝʥʘ ʨʘʟʣʠʢʘ (ʊʘʙʣʠʮʘ 4.16, ʌʠʛʫʨʘ 4.19) ʟʘ 

G/A ʠ ɸ/ɸ ʛʝʥʦʪʠʧʘ. G/A ʛʝʥʦʪʠʧʲʪ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʢʦʥʪʨʦʣʠʪʝ ʠ ʝ ʩʚʲʨʟʘʥ ʩ ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ 

(p=0.0053). ʇʨʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ HWE (ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ) ʩʝ ʟʘʙʝʣʷʟʚʘ ʠʟʣʠʰʲʢ ʦʪ 

ʭʝʪʝʨʦʟʠʛʦʪʠ ʚ ʛʨʫʧʘʪʘ ʥʘ ʧʘʮʠʝʥʪʠʪʝ (p=0.0043 ʧʦ Pearson; p=0.0042 ʧʦ Llr ; p=0.0055 ʧʦ 

Exact) (ʌʠʛʫʨʘ 4.20). 
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ʌʠʛʫʨʘ 4.20. ɼʠʘʛʨʘʤʘ ʥʘ ʜʝ ʌʠʥʝʪʠ, ʩ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʧʘʨʘʙʦʣʘ ʟʘ rs7920517 

 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʘʣʝʣʥʘ ʯʝʩʪʦʪʘ ʥʘ G ʘʣʝʣʘ ʚ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʧʦ-ʚʠʩʦʢʘ ʧʨʠ 

ʧʘʮʠʝʥʪʠ, ʤʘʢʘʨ ʯʝ ʧʨʠ G/G ʛʝʥʦʪʠʧʘ ʨʘʟʣʠʢʘʪʘ ʝ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ. ʍʦʤʦʟʠʛʦʪʠʪʝ ʧʦ ɸ 

ʘʣʝʣʘ ʩʝ ʩʨʝʱʘʪ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʠ ʧʦʢʘʟʚʘʪ ʧʦʥʠʞʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ 

(p=0.014). 

ɹʝ ʥʘʧʨʘʚʝʥʘ ʠ ʧʨʦʚʝʨʢʘ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʘʛʨʝʩʠʚʥʦ ʟʘʙʦʣʷʚʘʥʝ (ʊʘʙʣʠʮʠ 4.17 ʠ 4.18). ɻʝʥʦʪʠʧʲʪ G/A ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʧʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʟʠ (p=0.07) ʠʣʠ ʩ ʚʠʩʦʢ Gleason score (p=0.026) ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʢʦʥʪʨʦʣʠʪʝ. ʍʦʤʦʟʠʛʦʪʥʦʪʦ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ʘʣʝʣ ɸ ʩʝ ʩʚʲʨʟʚʘ ʩ ʧʦʥʠʞʝʥ ʨʠʩʢ ʢʘʢʪʦ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʘʛʨʝʩʠʚʝʥ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ ʩ ʤʝʪʘʩʪʘʟʠ, ʪʘʢʘ ʠ ʟʘ ʥʠʩʢʦ ʜʠʬʝʨʝʥʮʠʨʘʥʠ 

ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ Gleason score.  

 

ʊʘʙʣʠʮʘ 4.17. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs7920517 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ Gleason score ʧʨʠ ʈʇ. 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=43) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

G/G 8 (18.60%) 38 (23.31%) 0.75  
(0.32 -1.76) 

0.54 

G/A 28 (65.12%) 74 (45.4%) 2.25 
(1.12-4.52) 

0.026 

A/A  7 (16.28%) 51 (31.3%) 0.43 
 (0.18-1.02) 

0.06 

G 44 (51.16%) 150 (46.01%) 1.23 
(0.76-1.98) 

0.40 

A 42 (48.84%) 176 (53.99%) 0.81 
 (0.51-1.31) 

0.40 
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ʌʠʛʫʨʘ 4.21 

 

ʊʘʙʣʠʮʘ 4.18. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs7920517 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ 

ʤʝʪʘʩʪʘʟʠ ʧʨʠ ʈʇ. 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=29) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

G/G 7 (24.14%) 38 (23.31%) 0.96  
(0.38 -2.41) 

1 

G/A 19 (65.52%) 74 (45.4%) 2.29 
(1-5.22) 

0.07 

A/A  3 (10.31%) 51 (31.3%) 0.25 
 (0.07-0.87) 

0.024 

G 33 (56.90%) 150 (46.01%) 1.55 
(0.88-2.72) 

0.15 

A 25 (43.10%) 176 (53.99%) 0.65 
 (0.37-1.13) 

0.15 

 

 
ʌʠʛʫʨʘ 4.22  
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4.1.3.3. ʈʝʟʫʣʪʘʪʠ ʦʪ ʭʘʧʣʦʪʠʧʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ rs10993994 ʠ 

rs7920517 ʟʘ ʘʩʦʮʠʘʮʠʩʮʠʷ ʩ ʨʘʢʘ ʥʘ ʧʨʦʩʪʘʪʘʪʘ 

ʍʘʧʣʦʪʠʧʥʠʷʪ ʘʥʘʣʠʟ ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʨʝʟʫʣʪʘʪʠ, ʥʦ ʪʝʥʜʝʥʮʠʠʪʝ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘʙʣʶʜʘʚʘʥʠ ʟʘ ʦʪʜʝʣʥʠʪʝ ʧʦʣʠʤʦʨʬʠʟʤʠ ʩʝ 

ʟʘʧʘʟʚʘʪ (ʊʘʙʣʠʮʠ 4.19 ʠ 4.20). ʍʘʧʣʦʪʠʧʲʪ G-T (rs7920517-rs10993994) ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ 

ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ, ʦʪʢʦʣʢʦʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ (0.415 ʩʨʝʱʫ 0.398) ʠ ʪʦʟʠ ʭʘʧʣʦʪʠʧ ʚʝʨʦʷʪʥʦ ʝ 

ʨʠʩʢʦʚ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ, ʘ ʭʘʧʣʦʪʠʧʲʪ A-C ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ, ʪʘʢʘ ʯʝ ʪʦʡ 

ʚʝʨʦʷʪʥʦ ʝ ʧʨʦʪʝʢʪʠʚʝʥ. 

 

ʊʘʙʣʠʮʘ 4.19. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʦʪʜʝʣʥʠʪʝ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʥʘ 10q11.23 

ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ 

# ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʥʘ 

ʧʦʣʠʤʦʨʬʠʟʤʘ 

ɸʣʝʣ ʇʘʮʠʝʥʪʠ, 

ʂʦʥʪʨʦʣʠ 

ʩʲʦʪʥʦʰʝʥʠʷ 

ɢ 2 p 

1 rs7920517 G 0.491, 0.460 0.598 0.4392 

2 rs10993994 T 0.429, 0.407 0.313 0.576 

 

ʊʘʙʣʠʮʘ 4.20. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʭʘʧʣʦʪʠʧʠʪʝ ʥʘ ʤʘʨʢʝʨʠʪʝ rs7920517 ʠ 

rs10993994 ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ 

ʍʘʧʣʦʪʠʧ ʏʝʩʪʦʪʘ ʇʘʮʠʝʥʪʠ, 

ʂʦʥʪʨʦʣʠ 

ʩʲʦʪʥʦʰʝʥʠʷ 

ɢ 2 p 

A-C 0.511 0.490, 0.532 1.157 0.282 

G-T 0.407 0.415, 0.398 0.192 0.6615 

G-C 0.073 0.081, 0.066 0.61 0.4347 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʌʠʛʫʨʘ 4.24. ʍʘʧʣʦʪʠʧʥʠ 

ʯʝʩʪʦʪʠ ʥʘ rs7920517-

rs10993994 ʚ LD ʙʣʦʢʘ ʟʘ 

ʧʘʮʠʝʥʪʠʪʝ ʚʠʩʦʢ Gleason 

score ʠ ʢʦʥʪʨʦʣʠ (1-

rs10505477, 2- rs6983267) 

 

 

ʌʠʛʫʨʘ 4.23. ɻʨʘʬʠʢʘ ʥʘ 

ʥʝʨʘʚʥʦʚʝʩʥʦ ʩʢʘʯʝʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ 

ʥʘ 10q11.23 
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4.1.4. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠ ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 11p15.5 

 ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs7127900 ʧʦʢʘʟʘʣ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʚ ʧʨʝʜʭʦʜʥʦ ʧʨʦʫʯʚʘʥʝ ʥʘ 

ʢʦʥʩʦʨʮʠʫʤʘ PRACTICAL, ʚʢʣʶʯʚʘʱʦ ʠ ʙʲʣʛʘʨʩʢʠ ʧʘʮʠʝʥʪʠ ʙʝ ʠʟʩʣʝʜʚʘʥ ʚ ʨʘʟʰʠʨʝʥʘ 

ʠʟʚʘʜʢʘ. 

ɿʘ ʜʘ ʩʝ ʨʘʟʷʩʥʠ ʨʦʣʷʪʘ ʥʘ 11p15 ʨʝʛʠʦʥa ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʈʇ ʙʷʭʘ ʧʦʜʙʨʘʥʠ 7 

ʥʝʠʟʩʣʝʜʚʘʥʠ ʜʦ ʪʦʟʠ ʤʦʤʝʥʪ ʧʦʣʠʤʦʨʬʠʟʤʠ ʨʘʟʧʦʣʦʞʝʥʠ ʮʝʥʪʨʦʤʝʨʥʦ ʠ ʝʜʠʥ ʪʝʣʦʤʝʨʥʦ 

ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs7127900 ʧʦʢʘʟʘʣ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ. 

ʇʦʜʙʦʨʲʪ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʙʝ ʦʩʲʱʝʩʪʚʝʥ ʩ ʧʦʤʦʱʪʘ ʥʘ HapMap (ɽ16) ʢʘʪʦ 

ʢʨʠʪʝʨʠʠʪʝ ʟʘ ʠʟʙʦʨ ʙʷʭʘ ʩʣʝʜʥʠʪʝ: ʜʘ ʥʝ ʧʦʢʘʟʚʘʪ ʩʢʘʯʝʥʦʩʪ ʩ rs7127900, ʢʘʢʪʦ ʠ ʧʦʤʝʞʜʫ 

ʩʠ, ʯʝʩʪʦʪʘʪʘ ʥʘ ʤʠʥʦʨʥʠʪʝ ʘʣʝʣʠ ʜʘ ʝ ʧʦʜ 50% , ʥʦ ʠ ʥʘʜ 5%, ʟʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʝʬʝʢʪʘ ʠʤ 

ʚʲʨʭʫ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʈʇ ʜʦʨʠ ʠ ʧʨʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʤʘʣʢʘ ʠʟʚʘʜʢʘ.  

ʇʦʜʙʨʘʥʠʪʝ ʧʦʣʠʤʦʨʬʠʟʤʠ ʩʘ ʩʣʝʜʥʠʪʝ: rs11603378 (ʚ ʠʥʪʨʦʥ ʥʘ IGF2), rs2239681 (ʚ 

ʠʥʪʨʦʥ ʥʘ IGF2), rs10770125 (Leu144Pro ʟʘʤʷʥʘ ʚ ʛʝʥʘ INS-IGF2), rs3842756 (ʚ ʠʥʪʨʦʥ ʥʘ 

ʛʝʥʘ INS-IGF2), rs2070762 (ʚ ʠʥʪʨʦʥ ʥʘ TH), rs11564710 (ʙʣʠʟʦ ʜʦ TH ʛʝʥʘ), rs55930300 (ʚ 

ASCL2 ʛʝʥʘ). 

 
4.1.4.1. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs7127900 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʷʪ ʘʥʘʣʠʟ ʥʘ ʪʦʟʠ ʧʦʣʠʤʦʨʬʠʟʲʤ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʟʘ G/A ʛʝʥʦʪʠʧʘ (ʊʘʙʣʠʮʘ 4.21, ʌʠʛʫʨʘ 4.25). ɻʝʥʦʪʠʧʲʪ 

G/G ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ ʠ ʚʝʨʦʷʪʥʦ ʠʤʘ 

ʧʨʦʪʝʢʪʠʚʥʘ ʨʦʣʷ. ʍʝʪʝʨʦʟʠʛʦʪʥʦʪʦ ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ɸ ʘʣʝʣʘ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʢʘʪʦ ʪʦʚʘ ʚʦʜʠ ʜʦ ʥʘʜ 1.5 ʧʲʪʠ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ (p=0.034). ʅʘʡ-

ʚʝʨʦʷʪʥʦ ɸ ʘʣʝʣʲʪ ʝ ʨʠʩʢʦʚ, ʥʦ ʥʝ ʧʦʣʫʯʘʚʘʤʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʘʟʣʠʢʠ ʚ 

ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʟʘ ɸ/ɸ, ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʟʘ ʩʘʤʠʷ ʘʣʝʣ ɸ ʤʝʞʜʫ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ. 

ʊʦʚʘ ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʥʠʩʢʘʪʘ ʯʝʩʪʦʪʘ ʥʘ ʘʣʝʣ ɸ ʠ ʨʘʟʤʝʨʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʠʟʚʘʜʢʘ. 

ʇʨʠ ʪʝʩʪʚʘʥʝʪʦ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʨʘʚʥʦʚʝʩʠʝʪʦ ʥʝ ʙʷʭʘ ʦʪʢʨʠʪʠ ʦʪʢʣʦʥʝʥʠʷ. 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs7127900 ʥʝ ʧʦʢʘʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ ʠʣʠ ʩ ʚʠʩʦʢ Gleason score. 

 

ʊʘʙʣʠʮʘ 4.21. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs7127900 ʩ ʈʇ . 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=185) 

 

ʂʦʥʪʨʦʣʠ 
(n=162) 

OR  
(95% CI) 

P  
Fisher two-

tailed 

G/G 116 (62.7%) 116 (71.6%) 0.67 
 (0.42-1.05) 

0.088 

G/A 64 (34.6%) 38 (23.5%) 1.73  
(1.08-2.77) 

0.034 

A/A  5 (2.7%) 8 (4.9%) 0.53  
(0.17-1.67) 

0.4 

G 296 (80%) 270 (83.33%) 0.8  
(0.54-1.12) 

0.28 

A 74 (20%) 55 (16.67%) 1.25  
(0.85-1.84) 

0.28 
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4.1.4.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs11603378 
 

ɸʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ rs11603378 ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ ʥʝ ʩʝ 

ʨʘʟʣʠʯʘʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʠ ʘʥʘʣʠʟʲʪ ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 4.22, ʌʠʛʫʨʘ 4.26). ɸʣʝʣʲʪ G ʝ ʨʷʜʲʢ ʠ ʧʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʪʨʷʙʚʘ ʜʘ 

ʩʝ ʠʟʩʣʝʜʚʘ ʧʦ-ʛʦʣʷʤʘ ʠʟʚʘʜʢʘ, ʟʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʜʘʣʠ ʪʦʟʠ ʧʦʣʠʤʦʨʬʠʟʲʤ ʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ 

ʈʇ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʝ ʩʝ ʦʪʢʣʦʥʷʚʘʪ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. ʇʦʣʠʤʦʨʬʠʟʤʲʪ 

ʥʝ ʧʦʢʘʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʢʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʧʨʦʩʪʘʪʥʠʪʝ ʪʫʤʦʨʠ. 

 

ʊʘʙʣʠʮʘ 4.22. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs11603378 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=171) 

 

ʂʦʥʪʨʦʣʠ 
(n=161) 

OR  
(95% CI)  

P  
Fisher, 

two-tailed 

T/T  108 (63.16%) 100 (62.11%) 1.0457 
(0.67-1.63) 

0.91 

G/T 55 (32.16%) 50 (31.06%) 1.05 
(0.66-1.67) 

0.91 

G/G 8 (4.68%) 11 (6.83%) 0.67 
(0.26-1.71) 

0.48 

T 271 (79.24%) 250 (77.64%) 1.1 
(0.76-1.59) 

0.64 

G 71 (20.76%) 72 (22.36%) 0.91 
(0.63-1.32) 

0.64 
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4.1.4.3. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs2239681 

 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ rs2239681 ʧʨʠ ʚʩʠʯʢʠ 

ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ʥʝ ʩʝ ʧʦʩʪʠʛʥʘʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 4.33, 

ʌʠʛʫʨʘ 4.27). ɽʜʠʥʩʪʚʝʥʦ ʛʝʥʦʪʠʧʲʪ G/A ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʠ ʨʝʟʫʣʪʘʪʲʪ ʝ 

ʤʥʦʛʦ ʙʣʠʟʢʦ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (p=0.06). ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ 

ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

 

ʊʘʙʣʠʮʘ 4.33. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs2239681 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=178) 

 

ʂʦʥʪʨʦʣʠ 
(n=168) 

OR  
(95% CI) 

P  
Fisher, 

two-tailed 

G/G 99 (55.62%) 84 (50%) 1.25 
(0.82-1.91) 

0.33 

G/A 60 (33.71%) 74 (44.05%) 0.65 
(0.41-1) 

0.06 

A/A  19 (10.67%) 10 (5.95%) 1.89 
(0.85-4.19) 

0.12 

G 258 (72.47%) 242 (72.02%) 1.02 
(0.73-1.43) 

0.93 

A 98 (27.53%) 91 (27.98%) 0.98 
(0.7-1.36) 

0.93 
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ʇʨʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs2239681 ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʈʇ ʩ 

Gleason score ʥʘʜ 7, ʩ ʚʠʩʦʢ ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ (ʊ3 ʠ ʊ4) ʠ ʩ ʥʘʣʠʯʠʝ ʥʘ ʣʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

ʩʲʱʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 4.34, ʌʠʛʫʨʘ 4.28), ʥʦ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʥʘ ʛʝʥʦʪʠʧʘ G/G ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʘʛʨʝʩʠʚʝʥ ʨʘʢ ʚ ʩʨʘʚʥʝʥʠʝ 

ʩ ʢʦʥʪʨʦʣʠʪʝ. ɸʣʝʣʲʪ G ʩʲʱʦ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ.  
 

 

ʊʘʙʣʠʮʘ 4.34. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs2239681 ʩ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩ 

Gleason score ʥʘʜ 7, ʚʠʩʦʢ ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ (ʊ3 ʠ ʊ4) ʠ ʣʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=29) 

 

ʂʦʥʪʨʦʣʠ 
(n=168) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

G/G 20 (68.96%) 84 (50%) 2.22 
(0.96-5.16) 

0.07 

G/A 8 (27.59%) 74 (44.05%) 0.48 
(0.203-1.15) 

0.11 

A/A  1 (3.45%) 10 (5.95%) 0.56 
(0.07-4.58) 

0.71 

G 48 (82.76%) 242 (72.02%) 1.86 
(0.91-3.84) 

0.11 

A 10 (17.24%) 91 (27.98%) 0.54 
(0.26-1.1) 

0.11 
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4.1.4.4. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs10770125 
ʉʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʦʪʠʧʠʨʘʥʝʪʦ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ ʟʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs10770125 ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʘʟʣʠʢʠ ʚ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʤʝʞʜʫ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʛʨʫʧʠ (ʊʘʙʣʠʮʘ 4.35, ʌʠʛʫʨʘ 4.29). ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦ-ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʥʘ ʛʝʥʦʪʠʧʘ G/G, ʢʘʢʪʦ 

ʠ ʥʘ ʘʣʝʣ G ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʢʦʥʪʨʦʣʠʪʝ ʩ ʪʝʟʠ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʘʛʨʝʩʠʚʥʠ ʪʫʤʦʨʠ ʩʲʱʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ. 

 

ʊʘʙʣʠʮʘ 4.35. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs10770125 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

 (n=178) 

 

ʂʦʥʪʨʦʣʠ 
(n=166) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 
G/G 54 (30.34%) 39 (23.49%) 1.42  

(0.88-2.29) 
0.18 

G/A 79 (44.38%) 80 (48.19%) 0.86 
(0.56-1.31) 

0.52 

A/A  45 (25.28%) 47 (28.3%) 0.86 
(0.53-1.38) 

0.54 

G 187 (52.53%) 158 (47.59%) 1.22  
(0.90-1.64) 

0.22 

A 169 (47.47%) 174 (52.41%) 0.82  
(0.61-1.11) 

0.22 
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4.1.4.5. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs3842756 

 

ʆʙʨʘʙʦʪʢʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʦʪʠʧʠʨʘʥʝʪʦ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ 

rs3842756 ʥʝ ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʛʝʥʦʪʠʧʥʠʪʝ ʠ 

ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʤʝʞʜʫ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ (ʊʘʙʣʠʮʘ 4.36, ʌʠʛʫʨʘ 4.30). 

ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʢʦʥʪʨʦʣʠʪʝ ʩ ʪʝʟʠ ʥʘ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason score, ʠʣʠ ʪʝʟʠ ʩ ʚʠʩʦʢ ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ, ʠʣʠ ʪʝʟʠ ʩ ʤʝʪʘʩʪʘʟʠ 

ʩʲʱʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ. 

 

ʊʘʙʣʠʮʘ 4.36. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs3842756 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=179) 

 

ʂʦʥʪʨʦʣʠ 
(n=169) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

C/C 122 (68.16%) 110 (65.09%) 1.15 
(0.73-1.79) 

0.057 

C/T 52 (29.05%) 50 (29.59%) 0.97 
(0.61-1.55) 

1 

T/T  5 (2.79%) 9 (5.32%) 0.51 
(0.17-1.56) 

0.28 

C 296 (82.7%) 270 (79.88%) 1.2 
(0.82-1.76) 

0.38 

T 62 (17.32%) 68 (20.12%) 0.83 
(0.57-1.22) 

0.38 
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ʌʠʛʫʨʘ 4.30 

 
 

4.1.4.6. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs2070762 

ʉʨʘʚʥʝʥʠʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 4.37, ʌʠʛʫʨʘ 4.31). 

ɻʝʥʦʪʠʧʲʪ G/G ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ ʠ ʚʦʜʠ ʜʦ 

ʧʦʯʪʠ 1.7 ʧʲʪʠ ʫʚʝʣʠʯʝʥ ʨʠʩʢ ʦʪ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ (p=0.04, OR-1.685). ɻʝʥʦʪʠʧʲʪ G/A (p=0.05, 

OR-0.65) ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʠ ʚʝʨʦʷʪʥʦ ʝ ʧʨʦʪʝʢʪʠʚʝʥ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 

ɸʥʘʣʠʟʲʪ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʪʦʟʠ ʧʦʣʠʤʦʨʬʠʟʲʤ ʩ ʘʛʨʝʩʠʚʝʥ ʈʇ ʥʝ ʜʦʚʝʜʝ ʜʦ 

ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ. 

ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʧʦʢʘʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦ 

ʟʥʘʯʠʤʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ- ɺʘʡʥʙʝʨʛ (ʨ=0.0359 ʧʦ Pearson, p=0.0357 ʧʦ Llr , 

p=0.045 ʧʦ Exact) (ʌʠʛʫʨʘ 4.32). ɺ ʪʘʟʠ ʛʨʫʧʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʧʦʚʝʯʝ ʦʪ ʦʯʘʢʚʘʥʦʪʦ 

ʭʦʤʦʟʠʛʦʪʠ ʧʦ ʘʣʝʣ G ʠ ʧʦ-ʤʘʣʢʦ ʦʪ ʦʯʘʢʚʘʥʦʪʦ ʭʝʪʝʨʦʟʠʛʦʪʥʠ ʥʦʩʠʪʝʣʠ. 

ʊʘʙʣʠʮʘ 4.37. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs2070762 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=173) 

 

ʂʦʥʪʨʦʣʠ 
(n=162) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

G/G 59 (34.1%) 39 (23.49%) 1.685 
(1.05-2.71) 

0.04 

G/A 72 (41.61%)  87 (52.41%) 0.65 
(0.42-0.99) 

0.05 

A/A  42 (24.28%) 40 (24.1%) 1 
(0.61-1.66) 

1 

G 190 (54.91%) 165 (49.7%) 1.23 
(0.91-1.67) 

0.19 

A 156 (45.09%) 167 (50.3%) 0.8 
(0.6-1.1) 

0.19 
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ʌʠʛʫʨʘ 4.31 

 

 
ʌʠʛʫʨʘ 4.32. ɼʠʘʛʨʘʤʘ ʥʘ ʜʝ ʌʠʥʝʪʠ, ʩ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʧʘʨʘʙʦʣʘ ʟʘ rs2070762 

 

 

4.1.4.7. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs11564710 

 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs11564710 ʝ ʥʘʡ-ʙʣʠʟʦ ʨʘʟʧʦʣʦʞʝʥ ʜʦ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʠʟʩʣʝʜʚʘʥʠʷ 

ʠ ʧʦʢʘʟʘʣ ʘʩʦʮʠʘʮʠʷ ʧʦʣʠʤʦʨʬʠʟʲʤ rs7127900. ʅʘʤʠʨʘ ʩʝ ʠʟʚʲʥ ʛʝʥ. 

ʉʨʘʚʥʝʥʠʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

ʜʦʚʝʜʝ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʪʘʪʠʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (ʊʘʙʣʠʮʘ 4.38, ʌʠʛʫʨʘ 4.33). 

ɻʝʥʦʪʠʧʲʪ ʉ/ʉ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ ʠ ʪʦʡ ʠʤʘ 

ʧʨʦʪʝʢʪʠʚʥʘ ʨʦʣʷ, ʧʦʥʠʞʘʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ (OR=0.46, p=0.001). ʍʝʪʝʨʦʟʠʛʦʪʥʦʪʦ 

ʥʦʩʠʪʝʣʩʪʚʦ ʥʘ ʘʣʝʣ ʉ ʦʙʘʯʝ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʪʦʚʘ ʚʦʜʠ ʜʦ 2.2 ʧʲʪʠ 
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ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ʅʦʩʠʪʝʣʩʪʚʦʪʦ ʥʘ ʝʜʠʥ ʘʣʝʣ C ʥʷʤʘ 

ʧʨʦʪʝʢʪʠʚʥʘ ʨʦʣʷ. ɸʣʝʣʲʪ ɸ ʝ ʨʠʩʢʦʚ, ʟʘʱʦʪʦ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ (OR=1.39, p=0.04) ʠ ʚ ʭʝʪʝʨʦʟʠʛʦʪʥʦ ʩʲʩʪʦʷʥʠʝ ʩʲʱʦ ʧʦʚʠʰʘʚʘ 

ʨʠʩʢʘ (OR=2.21, p=3 ʭ 10-4).  

 

ʊʘʙʣʠʮʘ 4.38. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs11564710 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=176) 

 

ʂʦʥʪʨʦʣʠ 
(n=162) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

C/C 48 (28.23%) 77 (45.83%) 0.46 
(0.296-0.73) 

0.001 

C/A 99 (58.24%) 65 (38.69%) 2.21 
(1.43-3.41) 

3 ʭ 10-4 

A/A  23 (13.53%) 26 (15.48%) 0.85 
(0.47-1.57) 

0.65 

C 195 (57.35%) 219 (65.18%) 0.72 
(0.53-0.98) 

0.04 

A 145 (42.65%) 117 (34.82%) 1.39 
(1.02-1.9) 

0.04 

 

 
ʌʠʛʫʨʘ 4.33: 

 

ɻʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʥʝ ʩʝ ʦʪʢʣʦʥʷʚʘʪ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ, 

ʥʦ ʪʝʟʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩʝ ʦʪʢʣʦʥʷʚʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ (ʨ=0.013 ʧʦ Pearson, p=0.012 ʧʦ 

Llr, ʨ=0.018 ʧʦ Exact) (ʌʠʛʫʨʘ 4.34) 
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ʌʠʛʫʨʘ 4.34. ɼʠʘʛʨʘʤʘ ʥʘ ʜʝ ʌʠʥʝʪʠ, ʩ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʧʘʨʘʙʦʣʘ ʟʘ rs11564710 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʤʝʪʘʩʪʘʟʠ ʠ 

ʢʦʥʪʨʦʣʠʪʝ ʩʲʱʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ (ʊʘʙʣʠʮʘ 4.39, ʌʠʛʫʨʘ 4.35). 

ɺ ʪʘʟʠ ʛʨʫʧʘ ʦʪʥʦʚʦ ʨʠʩʢʦʚ ʘʣʝʣ ʝ ɸ, ʘ ʧʨʦʪʝʢʪʠʚʝʥ ʝ ʉ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʪʘ ʟʥʘʯʠʤʦʩʪ 

ʥʘʤʘʣʷʚʘ. ɻʝʥʦʪʠʧʲʪ ʉ/ɸ ʧʦʯʪʠ ʯʝʪʠʨʠʢʨʘʪʥʦ ʫʚʝʣʠʯʘʚʘ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩ 

ʤʝʪʘʩʪʘʟʠ (OR=3.76, p=0.0029). ɻʝʥʦʪʠʧʲʪ ʉ/ʉ ʝ ʧʨʦʪʝʢʪʠʚʝʥ. ʊʦʡ ʥʘʤʘʣʷʚʘ ʨʠʩʢʘ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʜʘʣʝʯʥʠ ʤʝʪʘʩʪʘʟʠ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʈʇ (OR-0.34, p=0.034).  

 

ʊʘʙʣʠʮʘ 4.39. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs11564710 ʩ ʤʝʪʘʩʪʘʟʠ ʧʨʠ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=27) 

 

ʂʦʥʪʨʦʣʠ 
(n=162) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

C/C 6 (22.22%) 77 (45.83%) 0.34 
(0.13-0.88) 

0.034 

C/A 19 (70.37%) 65 (38.69%) 3.76 
(1.56-9.09) 

0.0029 

A/A  2 (7.41%) 26 (15.48%) 0.44 
(0.097-1.96) 

0.38 

C 31 (57.41%) 219 (65.18%) 0.72 
(0.40-1.29) 

0.29 

A 23 (42.59%) 117 (34.82%) 1.39 
(0.77-2.49) 

0.29 
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ʌʠʛʫʨʘ 4.35 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʦʣʫʯʠʭʘ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʘʣʝʣʥʠʪʝ ʠ 

ʛʝʥʦʪʠʧʥʠ ʯʝʩʪʦʪʠ ʧʨʠ ʢʦʥʪʨʦʣʠʪʝ ʠ ʧʘʮʠʝʥʪʠʪʝ ʩ Gleason score ʥʘʜ 7, ʩ ʚʠʩʦʢ ʪʫʤʦʨʝʥ 

ʩʪʘʜʠʡ ʠ ʩ ʥʘʣʠʯʠʝ ʥʘ ʣʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ (ʊʘʙʣʠʮʘ 4.40, ʌʠʛʫʨʘ 4.36). ɻʝʥʦʪʠʧʲʪ ʉ/ɸ ʩʝ 

ʩʨʝɦʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ, ʨ=0.021 ʠ ʧʦʚʠʰʘʚʘ ʨʠʩʢʘ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʘʛʨʝʩʠʚʥʠ ʪʫʤʦʨʠ ʩ ʥʘʜ 2.5 ʧʲʪʠ.  

ʇʦʣʫʯʝʥʘʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘ ʘʛʨʝʩʠʚʝʥ ʧʨʦʩʪʘʪʝʥ ʢʘʨʮʠʥʦʤ ʤʦʞʝ ʜʘ ʝ ʧʦ ʩʣʫʯʘʡʥʦʩʪ. 
 

ʊʘʙʣʠʮʘ 4.40. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs11564710 ʩ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩ 

Gleason score ʥʘʜ 7, ʩ ʚʠʩʦʢ ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ (ʊ3 ʠ ʊ4) ʠ ʣʠʤʬʥʠ ʤʝʪʘʩʪʘʟʠ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=27) 

 

ʂʦʥʪʨʦʣʠ 
(n=162) 

OR  
(95% CI) 

P  
Fisher, 

two-tailed 

C/C 9 (33.33%) 77 (45.83%) 0.59 
(0.25-1.39) 

0.3 

C/A 17 (62.96%) 65 (38.69%) 2.69 
(1.16-6.24) 

0.021 

A/A  1 (3.7%) 26 (15.48%) 0.21 
(0.027-1.62) 

0.13 

C 35 (64.81%) 219 (65.18%) 0.98 
(0.54-1.8) 

1 

A 19 (35.19%) 117 (34.82%) 1.02 
(0.56-1.85) 

1 
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ʌʠʛʫʨʘ 4.36 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʷ ʝʧʠʩʪʘʪʠʯʝʥ ʘʥʘʣʠʟ, ʚʢʣʶʯʚʘʱ ʚʩʠʯʢʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʥʠ 

ʚʘʨʠʘʥʪʠ ʙʝ ʥʘʙʣʶʜʘʚʘʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦ ʟʥʘʯʠʤʦ ʝʧʠʩʪʘʪʠʯʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʣʝʜ 

ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʢʦʨʝʢʮʠʷ ʟʘ ʤʥʦʞʝʩʪʚʝʥʠ ʪʝʩʪʚʘʥʠʷ ʧʨʠ ʜʚʘ ʦʪ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ ʥʘ 11ʨ.15.5: 

rs7127900 ʠ rs11564710 (p=0.03). 
 

4.1.4.8. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs55930300  
 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs55930300 ʚʦʜʠ ʜʦ ʟʘʤʷʥʘ ʥʘ ʥʫʢʣʝʦʪʠʜʘ G ʩ ɸ ʚ 5' UTR 

(ʥʝʪʨʘʥʩʣʠʨʘʱʠʷ ʩʝ ʨʝʛʠʦʥ) ʥʘ ASCL2 (achaete-scute complex homolog 2).  

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʢʦʥʪʨʦʣʠʪʝ (ʢʦʥʪʨʦʣʠʪʝ ʩ 

ɼʇʍ ʠ ʧʦʧʫʣʘʮʠʦʥʥʠʪʝ ʢʦʥʪʨʦʣʠ) ʠ ʧʘʮʠʝʥʪʠʪʝ (ʊʘʙʣʠʮʘ 4.41) ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʠʟʩʣʝʜʚʘʥʠʷ ʧʦʣʠʤʦʨʬʠʟʲʤ ʥʝ ʩʝ ʦʪʢʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ. ʊʦʟʠ 

ʧʦʣʠʤʦʨʬʠʟʲʤ ʥʝ ʧʦʢʘʟʘ ʘʩʦʮʠʘʮʠʷ ʠ ʩ ʢʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʦ 

ʪʫʤʦʨʝʥ ʩʪʘʜʠʡ, Gleason score ʠʣʠ ʥʘʣʠʯʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ. ʂʦʛʘʪʦ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʷ ʘʥʘʣʠʟ 

ʙʷʭʘ ʚʢʣʶʯʝʥʠ ʩʘʤʦ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ ʠʣʠ ʩʘʤʦ ʧʦʧʫʣʘʮʠʦʥʥʠʪʝ ʢʦʥʪʨʦʣʠ ʩʲʱʦ ʥʝ ʩʝ 

ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʘʟʣʠʢʠ ʚ ʘʣʝʣʥʠʪʝ ʠ ʛʝʥʦʪʠʧʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʧʘʮʠʝʥʪʠʪʝ 

ʩʧʨʷʤʦ ʢʦʥʪʨʦʣʠʪʝ. 

 

ʊʘʙʣʠʮʘ 4.41. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs55930300 ʩ ʨʘʢ 

ʥʘ ʧʨʦʩʪʘʪʘʪʘ 
ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 
(n=318) 

 

ʂʦʥʪʨʦʣʠ 
(n=257) 

OR  
(95% CI) 

P 
Fisher, 

two-tailed 

G/G 214 (67.3%) 171 (66.54%) 1.03 
(0.73-1.46) 

0.86 

A/G 90 (28.3%) 77 (29.96%) 0.92 
(0.64-1.32) 

0.71 

A/A  14 (4.4%) 9 (3.5%) 1.27 
(0.54-2.98) 

0.67 

G 518 (81.45%) 419 (81.52%) 0.995 *  

A 118 (18.55%) 95 (18.48%) 0.97 *  
* - Fisher ʪʝʩʪʲʪ ʥʝ ʤʦʞʝ ʜʘ ʠʟʯʠʩʣʠ p ʩʪʦʡʥʦʩʪʪʘ ʟʘ ʛʦʣʷʤʘ ʠʟʚʘʜʢʘ. 
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ʌʠʛʫʨʘ 4.37  

 
 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʥʝ ʧʦʢʘʟʘ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʘʛʨʝʩʠʚʥʦ ʟʘʙʦʣʷʚʘʥʝ (ʚʠʩʦʢ Gleason score, ʤʝʪʘʩʪʘʟʠ). ʅʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʠ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 

ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 
 

 

4.1.4.9. ʈʝʟʫʣʪʘʪʠ ʦʪ ʭʘʧʣʦʪʠʧʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 

ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 11p15.5 

ɺ ʭʘʧʣʦʪʠʧʥʠʷ ʘʥʘʣʠʟ ʙʷʭʘ ʚʢʣʶʯʝʥʠ ʠʟʩʣʝʜʚʘʥʠʪʝ 8 ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʚ 

11p15.5 ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ. 

 

 
ʌʠʛʫʨʘ.4.38. ɻʨʘʬʠʢʘ ʥʘ ʥʝʨʘʚʥʦʚʝʩʥʦ ʩʢʘʯʝʥʠ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʥʠ 

ʚʘʨʠʘʥʪʠ ʚ 11ʨ15.5 ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 
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ʊʘʙʣʠʮʘ.4.42. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʭʘʧʣʦʪʠʧʠʪʝ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ: 1) 

rs11603378; 2) rs2239681; 3) rs10770125; 4) rs3842756; 5) rs2070762; 6) rs11564710; 7) 

rs7127900; 8) rs55930300 ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ 

ʍʘʧʣʦʪʠʧ ʏʝʩʪʦʪʘ ʇʘʮʠʝʥʪʠ, ʂʦʥʪʨʦʣʠ ʩʲʦʪʥʦʰʝʥʠ ̫ ɢ 2 p 

1 2 3 4 5 6 7 8 

    A C G  0.308 0.272, 0.345 4.255 0.0391 

     C G  0.591 0.551, 0.632 4.731 0.029 

   T A C   0.067 0.049, 0.085 3.514 0.0609 

   T A C G  0.062 0.045, 0.079 3.483 0.062 

G G A T A C G G 0.044 0.038, 0.050 0.588 0.4433 

 

ʍʘʧʣʦʪʠʧʲʪ A-C-G (rs2070762- rs11564710- rs7127900) ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ (ʊʘʙʣʠʮʘ 4.42). ʉʨʝʱʘ ʩʝ ʧʦ-ʯʝʩʪʦ ʧʨʠ 

ʢʦʥʪʨʦʣʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ ʠ ʚʝʨʦʷʪʥʦ ʪʦʡ ʠʤʘ ʧʨʦʪʝʢʪʠʚʥʘ ʨʦʣʷ. ʊʝʥʜʝʥʮʠʷ ʟʘ 

ʘʩʦʮʠʘʮʠʷ ʧʦʢʘʟʘ ʠ ʭʘʧʣʦʪʠʧʘ T-A-C-G (rs3842756- rs2070762- rs11564710- rs7127900), 

p=0.062. 

ʇʨʦʚʝʜʦʭʤʝ ʭʘʧʣʦʪʠʧʝʥ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ ʩ ʨʠʩʢʘ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʚʠʩʦʢ Gleason score (ʥʘʜ 7), ʥʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʨʝʟʫʣʪʘʪʠ. ʊʝʥʜʝʥʮʠʷ ʟʘ ʘʩʦʮʠʘʮʠʷ ʧʦʢʘʟʘ ʭʘʧʣʦʪʠʧʘ A-C-A (rs10770125- rs3842756- 

rs2070762) (p=0.0542), ʢʦʡʪʦ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason score.  

ʇʨʠ ʭʘʧʣʦʪʠʧʥʠʷ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ ʥʷʢʦʣʢʦ 

ʭʘʧʣʦʪʠʧʥʠ ʢʦʤʙʠʥʘʮʠʠ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 

ʊʘʙʣʠʮʘ 4.43. ʍʘʧʣʦʪʠʧʲʪ G-G-G-C (rs11603378- rs2239681- rs10770125- rs3842756) ʩʝ 

ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʤʝʪʘʩʪʘʟʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ. ʍʘʧʣʦʪʲʧʲʪ G-G-C, ʚ 

ʢʦʡʪʦ ʥʝ ʧʨʠʩʲʩʪʚʘ rs2239681 ʩʲʱʦ ʧʦʢʘʟʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ 

ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ. 

 

ʊʘʙʣʠʮʘ 4.43. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʭʘʧʣʦʪʠʧʠʪʝ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ: 1) 

rs11603378; 2) rs2239681; 3) rs10770125; 4) rs3842756; 5) rs2070762; 6) rs11564710; 7) 

rs7127900; 8) rs55930300 ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ ʧʨʠ ʈʇ 

ʍʘʧʣʦʪʠʧ ʏʝʩʪʦʪʘ ʇʘʮʠʝʥʪʠ, 

ʂʦʥʪʨʦʣʠ 

ʩʲʦʪʥʦʰʝʥʠ ̫

ɢ 2 p 

1 2 3 4 5 6 7 8 

G G G C     0.011 0.036, 0.006 4.163 0.0413 

G  G C     0.010 0.038, 0.006 4.905 0.0268 

G  G      0.011 0.039, 0.006 4.822 0.0281 

G G G C G C G G 0.011 0.036, 0.007 3.838 0.0501 

 

4.1.5. ʈʝʟʫʣʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs902774 

ʨʘʟʧʦʣʦʞʝʥ ʚ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 12q13.13 
 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs902774 ʩʝ ʥʘʤʠʨʘ ʚ ʣʦʢʫʩ 12q13.13, ʥʘ 12-ʪʘ ʭʨʦʤʦʟʦʤʘ, ʢʲʜʝʪʦ 

ʠʤʘ ʦʙʰʠʨʝʥ CpG ʦʩʪʨʦʚ. 
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ʊʘʙʣʠʮʘ 4.44. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs902774 ʩ ʈʇ . 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 
 (n=183) 

 

ʂʦʥʪʨʦʣʠ 
(n=164) 

OR  
(95 CI ) 

P 
Fisher, two-

tailed 

G/G 138 (75.4%) 126 (76.83%) 0.92 
 (0.56-1.52) 

0.80 

G/A 38 (20.77%) 33 (20.12%) 1.04  
(0.62-1.75) 

0.89 

A/A  7 (3.83%) 5 (3.05%) 1.26  
(0.39-4.07) 

0.77 

G 314 (85.79%) 285 (86.89%) 0.91  
(0.59-1.4) 

0.58 

A 52 (14.21%) 41 (13.11%) 1.1  
(0.71-1.7) 

0.58 

 

 

 
ʌʠʛʫʨʘ 4.39 

 

 

ʇʨʠ ʨʘʟʛʣʝʞʜʘʥʝ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʘʣʝʣʥʠ ʠ ʛʝʥʦʪʠʧʥʠ ʯʝʩʪʦʪʠ ʥʝ ʩʝ ʫʩʪʘʥʦʚʷʚʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʠʤ ʚ ʛʨʫʧʘʪa ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʚ ʪʘʟʠ 

ʥʘ ʢʦʥʪʨʦʣʠʪʝ (ʊʘʙʣʠʮʘ 4.44, ʌʠʛʫʨʘ 4.39). 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʝ ʪʝʩʪʚʘʥ ʟʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ ʠ ʪʘʢʦʚʘ ʥʝ ʝ 

ʥʘʤʝʨʝʥʦ. 

 

4.1.6. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʠ ʨʘʟʧʦʣʦʞʝʥʠ ʚ 

ʭʨʦʤʦʟʦʤʝʥ ʨʝʛʠʦʥ 19q13.33 
 

ɺ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 19q13 ʙʷʭʘ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʠʟʤʠʪʝ rs266849 ʠ rs2659056 

ʨʘʟʧʦʣʦʞʝʥʠ ʚ ʙʣʠʟʦʩʪ ʜʦ ʢʘʣʠʢʨʝʠʥ ʢʦʜʠʨʘʱʠʪʝ ʛʝʥʠ. 

ʇʨʠ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʚ ʛʨʫʧʘʪʘ ʥʘ ʧʘʮʠʝʥʪʠ ʠ 

ʢʦʥʪʨʦʣʥʘʪʘ ʠʟʚʘʜʢʘ ʠ ʧʨʠ ʜʚʘʪʘ ʠʟʩʣʝʜʚʘʥʠ ʧʦʣʠʤʦʨʬʠʟʤʘ ʥʝ ʙʝʰʝ ʫʩʪʘʥʦʚʝʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ (ʊʘʙʣʠʮʠ 4.45 ʠ 4.46, ʌʠʛʫʨʠ 4.40 ʠ 4.41). 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʝ ʩʝ ʦʪʢʣʦʥʷʚʘʪ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ. 
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ʊʘʙʣʠʮʘ 4.45. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs266849 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=184) 

 

ʂʦʥʪʨʦʣʠ 
(n=160) 

OR  
(95% CI) 

P 
 Fisher, 

two-tailed 

G/G 6 (3.26%) 4 (2.5%) 1.31  
(0.36-4.74) 

0.76 

G/A 64 (34.78%) 51 (31.88%) 1.14  
(0.73-1.79) 

0.65 

A/A  114 (61.96%) 105 (65.63%) 0.85  
(0.55-1.33) 

0.50 

G 76 (20.65%) 59 (18.44%) 1.15 
 (0.79-1.68) 

0.50 

A 292 (79.35%) 261 (81.56%) 0.87  
(0.59-1.27) 

0.50 

 

 

 
ʌʠʛʫʨʘ 4.40 

 

ʊʘʙʣʠʮʘ 4.46. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ rs2659056 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 
(n=185) 

 

ʂʦʥʪʨʦʣʠ 
(n=168) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

T/T 93 (50.27%) 81 (48.21%) 1.09  
(0.71-1.65) 

0.75 

T/C 79 (42.70%) 75 (44.64%) 0.92  
(0.61-1.41) 

0.75 

C/C 13 (7.03%) 12 (7.14%) 0.98  
(0.44-2.22) 

1 

T 265 (71.62%) 237 (70.54%) 1.05  
(0.76-1.46) 

0.80 

C 105 (28.38%) 99 (29.46%) 0.95  
(0.68-1.31) 

0.80 
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ʌʠʛʫʨʘ 4.41 

 
ʇʨʦʚʝʜʝʥ ʙʝʰʝ ʠ ʭʘʧʣʦʪʠʧʝʥ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʚ 19q13 

ʧʦʣʠʤʦʨʬʥʠ ʚʘʨʠʘʥʪʠ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ, ʩ ʢʣʠʥʠʢʦʧʘʪʦʣʦʛʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʪʦ ʚʠʩʦʢ Gleason score ʠ ʤʝʪʘʩʪʘʟʠ, ʥʦ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ.  

 

 
4.2. ʈɽɿʋʃʊɸʊʀ ʆʊ ɸʉʆʎʀɸʊʀɺɽʅ ɸʅɸʃʀɿ ʅɸ ʇʆʃʀʄʆʈʌʅʀ ɺɸʈʀɸʅʊʀ 

ʈɸɿʇʆʃʆɾɽʅʀ ɺ ɻɽʅʀʊɽ CYP1B1, AR ʀ AMACR 

 

4.2.1. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ 

rs2567206 ʨʘʟʧʦʣʦʞʝʥ ʥʘ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 2p21 ʚ ʛʝʥʘ CYP1B1 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs2567206 ʩʝ ʥʘʤʠʨʘ ʚ ʧʨʦʤʦʪʦʨʘ ʥʘ ʛʝʥʘ CYP1B1. ɻʝʥʦʪʠʧʠʨʘʥʝʪʦ 

ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʠʟʚʘʜʢʘ ʦʪ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ ʩʝ ʠʟʚʲʨʰʠ ʯʨʝʟ PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, 

Taq Man ʤʝʪʦʜʘ.  

 

 

 

 

 

ʌʠʛʫʨʘ.4.42. ʈʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ 

PCR ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʯʨʝʟ TaqMan 

ʪʝʭʥʦʣʦʛʠʷʪʘ. ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ 

ʚʘʨʠʘʥʪʠ ʟʘ ʧʦʣʠʤʦʨʬʠʟʲʤ rs2567206. 
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ʇʨʠ ʘʥʘʣʠʟʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʝ ʩʝ ʦʪʢʨʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʘʟʣʠʢʠ 

ʚ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ (ʊʘʙʣʠʮʘ 4.47, ʌʠʛʫʨʘ 

4.43). ʇʦʣʠʤʦʨʬʠʟʤʲʪ ʥʝ ʧʦʢʘʟʘ ʢʦʨʝʣʘʮʠʷ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʘʛʨʝʩʠʚʥʦ ʟʘʙʦʣʷʚʘʥʝ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ.  

 
ʊʘʙʣʠʮʘ 4.47. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs2567206 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=181) 

 

ʂʦʥʪʨʦʣʠ 
(n=168) 

OR  
(95% CI) 

P  
Fisher, two-

tailed 

G/G 87 (48.07%) 82 (48.81%) 0.97 
(0.64-1.48) 

0.91 

G/A 79 (43.65%) 76 (45.24%) 0.94 
(0.61-1.43) 

0.83 

A/A  15 (8.29%) 10 (5.95%) 1.43 
(0.62-3.27) 

0.42 

G 253 (69.89%) 240 (71.43%) 0.93 
(0.67-1.29) 

0.68 

A 109 (30.11%) 96 (29.57%) 1.08 
(0.78-1.49) 

0.68 

 

 
ʌʠʛʫʨʘ 4.43. 

 

 4.2.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ ʥʘ 

ʪʨʠʥʫʢʣʝʦʪʠʜʥʠʷ ʧʦʚʪʦʨʝʥ ʧʦʣʠʤʦʨʬʠʟʲʤ (CAG)n ʚ AR 

 
ʄʠʢʨʦʩʘʪʝʣʠʪʲʪ (CAG)n ʚ ʝʢʟʦʥ 1 ʥʘ AR ʩ ʦʪʢʨʠʪʠ 17 ʘʣʝʣʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʠ 

ʢʦʥʪʨʦʣʠʪʝ ʥʝ ʧʦʢʘʟʘ ʘʩʦʮʠʘʮʠʷ ʩ ʈʇ. ɼʲʣʞʠʥʘʪʘ ʥʘ ʧʦʚʪʦʨʠʪʝ ʚʘʨʠʨʘ ʤʝʞʜʫ 14-29 ʠ 31 

ʢʘʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʠʢ ʧʨʠ ʘʣʝʣ 21 ʠ ʦʱʝ ʝʜʠʥ ʧʨʠ ʘʣʝʣ 24. ʅʝ ʦʪʢʨʠʭʤʝ ʘʣʝʣ 30 ʩʨʝʜ 

ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ. ʈʘʟʣʠʢʘ ʚ ʯʝʩʪʦʪʘʪʘ ʥʘ ʢʲʩʠʪʝ ʘʣʝʣʠ (14-19 CAG ʧʦʚʪʦʨʠ) ʤʝʞʜʫ 

ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ ʥʝ ʙʝ ʦʪʢʨʠʪʘ. ʅʝ ʙʝ ʥʘʤʝʨʝʥʘ ʠ ʢʦʨʝʣʘʮʠʷ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ 

ʤʠʢʨʦʩʘʪʝʣʠʪ ʩ ʘʛʨʝʩʠʚʝʥ ʈʇ. 
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ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʬʨʘʛʤʝʥʪʥʠʷ ʘʥʘʣʠʟ ʙʷʭʘ ʧʦʪʚʲʨʜʝʥʠ ʟʘ ʥʷʢʦʠ ʧʘʮʠʝʥʪʠ ʯʨʝʟ 

ʜʠʨʝʢʪʥʦ ʩʝʢʚʝʥʠʨʘʥʝ. ɹʷʭʘ ʩʝʢʚʝʥʠʨʘʥʠ 40 ʧʨʦʙʠ, ʦʪ ʢʦʠʪʦ 4 ʩ ɼʇʍ ʠ 36 ʩ ʈʇ. 

ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʠʪʝ ʥʘ ʥʷʢʦʣʢʦ ʧʘʮʠʝʥʪʘ ʩ ʨʘʟʣʠʯʝʥ ʙʨʦʡ ʧʦʚʪʦʨʠ. 

 

ʊʘʙʣʠʮʘ 4.48. ɸʣʝʣʥʠ ʯʝʩʪʦʪʠ ʥʘ (CAG)n ʧʦʣʠʤʦʨʬʠʟʤʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʠ 

ʢʦʥʪʨʦʣʠʪʝ 

ɸʣʝʣ  

(ʙʨʦʡ ʧʦʚʪʦʨʠ) 

ʇʘʮʠʝʥʪʠ,  

ʯʝʩʪʦʪʘ ʚ % 

 

ʂʦʥʪʨʦʣʠ,  

ʯʝʩʪʦʪʘ ʚ % 

 

14 0.42 0.42 

15 0 0.42 

16 0 1.25 

17 3.35 1.25 

18 4.18 3.75 

19 7.95 8.75 

20 10.46 13.75 

21 19.66 18.75 

22 9.62 11.67 

23 8.37 12.92 

24 16.32 11.67 

25 7.53 6.67 

26 6.28 5.42 

27 2.51 1.67 

28 2.09 1.25 

29 0.42 0 

30 0 0 

31 0.84 0.42 

 

 

 
ʌʠʛʫʨʘ 4.44. (CAG)n ʧʦʣʠʤʦʨʬʠʟʲʤ ʚ AR ʧʨʠ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ. 
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ʌʠʛʫʨʘ 4.45. ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʥʘ ʧʘʮʠʝʥʪ ʩ 14 CAG ʧʦʚʪʦʨʘ ʚ ʝʢʟʦʥ 1 ʥʘ AR 

 

 

 
ʌʠʛʫʨʘ 4.46. ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʥʘ ʧʘʮʠʝʥʪ ʩ 21 CAG ʧʦʚʪʦʨʘ ʚ ʝʢʟʦʥ 1 ʥʘ AR 

 

 

 
ʌʠʛʫʨʘ 4.47. ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʥʘ ʧʘʮʠʝʥʪ ʩ 24 CAG ʧʦʚʪʦʨʘ ʚ ʝʢʟʦʥ 1 ʥʘ AR 
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ʌʠʛʫʨʘ 4.48. ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʥʘ ʧʘʮʠʝʥʪ ʩ 31 CAG ʧʦʚʪʦʨʘ ʚ ʝʢʟʦʥ 1 ʥʘ AR 

 

 

4.2.3. ʈʝʟʫʣʪʘʪʠ ʦʪ ʛʝʥʝʪʠʯʝʥ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʲʤ 

rs3195676 ʨʘʟʧʦʣʦʞʝʥ ʥʘ ʭʨʦʤʦʟʦʤʝʥ ʣʦʢʫʩ 5p13.2 ʝ ʛʝʥʘ AMACR 

ʇʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʛʝʥʦʪʠʧʥʠʪʝ ʠ ʘʣʝʣʥʠʪʝ ʯʝʩʪʦʪʠ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs3195676 ʥʘ 

ʚʩʠʯʢʠ ʧʘʮʠʝʥʪʠ ʩʧʨʷʤʦ ʢʦʥʪʨʦʣʠʪʝ ʥʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ 

(ʊʘʙʣʠʮʘ 4.49, ʌʠʛʫʨʘ 4.49). ʈʝʟʫʣʪʘʪʠʪʝ ʥʝ ʧʦʢʘʟʘʭʘ ʦʪʢʣʦʥʝʥʠʝ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-

ɺʘʡʥʙʝʨʛ. 

 

ʊʘʙʣʠʮʘ 4.49. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs3195676 ʩ ʈʇ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=188) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI)  

P  
Fisher, two-

tailed 

C/C 42 (22.34%) 37 (22.7%) 0.98  
(0.59-1.62) 

1 

C/T 104 (55.32%) 88 (53.99%) 1.06 
(0.69-1.61) 

0.83 

T/T  42 (22.34%) 38 (23.31%) 0.95 
(0.57-1.56) 

0.9 

C 188 (50%) 162 (49.7%) 1.01  
(0.75-1.36) 

0.94 

T 188 (50%) 164 (50.3%) 0.99 
(0.73-1.33) 

0.94 
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ʌʠʛʫʨʘ 4.49. 

 

ʇʦʣʠʤʦʨʬʠʟʤʲʪ rs3195676 ʙʝʰʝ ʧʨʦʚʝʨʝʥ ʜʘʣʠ ʝ ʘʩʦʮʠʠʨʘʥ ʩ ʨʠʩʢʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʧʨʦʩʪʘʪʥʠ ʪʫʤʦʨʠ ʩ ʚʠʩʦʢ Gleason score (ʊʘʙʣʠʮʘ 4.50, ʌʠʛʫʨʘ 4.50), ʩ ʨʘʟʚʠʪʠʝ ʥʘ 

ʤʝʪʘʩʪʘʟʠ (ʊʘʙʣʠʮʘ 4.51, ʌʠʛʫʨʘ 4.51), ʘ ʪʘʢʘ ʩʲʱʦ ʠ ʩ ʜʚʘʪʘ ʬʘʢʪʦʨʘ ʝʜʥʦʚʨʝʤʝʥʥʦ 

(Gleason score ʥʘʜ 7 ʠ ʥʘʣʠʯʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ) (ʊʘʙʣʠʮʘ 4.52, ʌʠʛʫʨʘ 4.52). ɸʣʝʣʲʪ ʊ ʩʝ 

ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason score ʠʣʠ ʩ ʤʝʪʘʩʪʘʟʠ, ʘ ʪʘʢʘ ʩʲʱʦ ʧʨʠ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason score ʠ ʤʝʪʘʩʪʘʟʠ ʝʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ ʨʝʟʫʣʪʘʪʠʪʝ ʥʝ ʜʦʩʪʠʛʘʪ 

ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ. ʅʘʡ-ʚʠʩʦʢʦ OR ʟʘ ʘʣʝʣ ʊ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ 

Gleason score ʠ ʤʝʪʘʩʪʘʟʠ. ʅʦʩʠʪʝʣʠʪʝ ʥʘ ʪʦʟʠ ʘʣʝʣ ʠʤʘʪ 2 ʧʲʪʠ ʧʦʚʠʰʝʥ ʨʠʩʢ ʟʘ ʨʘʟʚʠʪʠʝ 

ʥʘ ʘʛʨʝʩʠʚʝʥ ʈʇ ʩ ʤʝʪʘʩʪʘʟʠ. ɸʣʝʣʲʪ C ʠ ʚ ʪʨʠʪʝ ʛʨʫʧʠ ʧʘʮʠʝʥʪʠ ʚʝʨʦʷʪʥʦ ʝ ʧʨʦʪʝʢʪʠʚʝʥ. 

ɻʝʥʦʪʠʧʲʪ C/C ʩʝ ʩʨʝʱʘ ʩʘʤʦ ʚ 5% ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ Gleason score ʥʘʜ 7 ʠ ʩ ʤʝʪʘʩʪʘʟʠ ʠ ʚ 

22.7% ʦʪ ʢʦʥʪʨʦʣʠʪʝ. ʊʦʟʠ ʨʝʟʫʣʪʘʪ ʩʲʱʦ ʝ ʙʣʠʟʢʦ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘ ʟʥʘʯʠʤʦʩʪ (ʨ=0.08) ʠ 

ʠʤʘ ʤʥʦʛʦ ʥʠʩʲʢ ʦʪʥʦʩʠʪʝʣʝʥ ʨʠʩʢ (OR-0.18). ɻʝʥʦʪʠʧʲʪ ʊ/ʊ ʩʝ ʩʨʝʱʘ ʧʦ-ʯʝʩʪʦ ʠ ʧʨʠ ʪʨʠʪʝ 

ʛʨʫʧʠ ʧʘʮʠʝʥʪʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʢʦʥʪʨʦʣʠʪʝ, ʥʦ ʦʪʥʦʚʦ ʥʝ ʩʝ ʜʦʩʪʠʛʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘ 

ʟʥʘʯʠʤʦʩʪ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʪʝ ʘʥʘʣʠʟʘ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʝ ʧʦʢʘʟʘʭʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʢʦʥʘ ʥʘ ʍʘʨʜʠ-ɺʘʡʥʙʝʨʛ.  
 

ʊʘʙʣʠʮʘ 4.50. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs3195676 ʩ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩ ʚʠʩʦʢ Gleason score 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ  
(n=45) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI)  

P  
Fisher, two-

tailed 

C/C 5 (11.11%) 37 (22.7%) 0.43 
(0.16-1.16) 

0.97 

C/T 26 (57.78%) 88 (53.99%) 1.17 
(0.6-2.27) 

0.74 

T/T   14 (31.11%) 38 (23.31%) 1.49 
(0.72-3.08) 

0.33 

C 36 (40%) 162 (49.7%) 0.67 
(0.42-1.08) 

0.12 

T 54 (60%) 164 (50.3%) 1.48 
(0.92-2.38) 

0.12 
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ʌʠʛʫʨʘ 4.50. 

 

ʊʘʙʣʠʮʘ 4.51. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs3195676 ʩ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩ ʤʝʪʘʩʪʘʟʠ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=29) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR  
(95% CI)  

P  
Fisher, two-

tailed 

C/C 3 (10.34%) 37 (22.7%) 0.39  
(0.11-1.37) 

0.15 

C/T 16 (55.17%) 88 (53.99%) 1.05 
(0.47-2.32)  

0.54 

T/T  10 (34.48%) 38 (23.31%) 1.73 
(0.74-4) 

0.24 

C 22 (37.93%) 162 (49.7%) 0.62 
(0.35-1.1) 

0.12 

T 36 (62.07%) 164 (50.3%) 1.62 
(0.91-2.87) 

0.12 

 

 
ʌʠʛʫʨʘ 4.51. 
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ʊʘʙʣʠʮʘ 4.52. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʧʦʣʠʤʦʨʬʠʟʤʘ rs3195676 ʩ 

ʨʘʟʚʠʪʠʝ ʥʘ ʈʇ ʩ ʚʠʩʦʢ Gleason score ʠ ʤʝʪʘʩʪʘʟʠ 

ɻʝʥʦʪʠʧ/ 
ʘʣʝʣ 

ʇʘʮʠʝʥʪʠ 

(n=20) 

 

ʂʦʥʪʨʦʣʠ 
(n=163) 

OR 
(95% CI)  

P  
Fisher, two-

tailed 

C/C 1 (5%) 37 (22.7%) 0.18 
(0.02-1.38) 

0.08 

C/T 12 (60%) 88 (53.99%) 1.28  
(0.5-3.29)  

0.64 

T/T  7 (35%) 38 (23.31%)  1.77 
 (0.66-4.76) 

0.27 

C 14 (35%) 162 (49.7%) 0.55  
(0.27-1.08) 

0.09 

T 26 (65%) 164 (50.3%) 1.83 
 (0.92-3.64) 

0.09 

 

 

 
ʌʠʛʫʨʘ 4.52. 
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4.3. ʈɽɿʋʃʊɸʊʀ ʆʊ ɸʅɸʃʀɿɸ ʅɸ ʇʈʆʄʆʊʆʈʅʆ ʍʀʇɽʈʄɽʊʀʃʀʈɸʅɽ ʅɸ 

ɻɽʅʀʊɽ GSTP1, HIST1HK ʀ RASSF2 ɺ ʋʈʀʅɸ 

 

ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ ʙʝ 

ʦʩʲʱʝʩʪʚʝʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ROC ʢʨʠʚʠʪʝ ʦʧʠʩʘʥ ʜʝʪʘʡʣʥʦ ʚ ʨʘʟʜʝʣ 3. ʄʘʪʝʨʠʘʣʠ 

ʠ ʄʝʪʦʜʠ. ɼʠʘʛʥʦʩʪʠʯʥʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʚʩʝʢʠ ʦʪ ʠʟʩʣʝʜʚʘʥʠʪʝ ʙʠʦʤʘʨʢʝʨʠ ʙʝ ʩʨʘʚʥʷʚʘʥʘ ʩ 

ʪʘʟʠ ʧʦʣʫʯʝʥʘ ʟʘ ʩʝʨʫʤʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ PSA ʚ ʩʲʦʪʚʝʪʥʘʪʘ ʘʥʘʣʠʟʠʨʘʥʘ ʛʨʫʧʘ ʦʪ ʧʘʮʠʝʥʪʠ 

ʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ. ɿʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʚʩʠʯʢʠ ʧʨʦʚʝʜʝʥʠ ʘʥʘʣʠʟʠ ʩʝ 

ʩʯʠʪʘʭʘ ʩʪʦʡʥʦʩʪʠ ʥʘ two tailed p ʧʦʜ 0.05 

 

4.3.1. ʈʝʟʫʣʪʘʪʠ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 

ʚ ʫʨʠʥʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʨʘʢ ʥʘ ʧʨʦʩʪʘʪʘʪʘ ʠ ʢʦʥʪʨʦʣʠ ʩ ʧʦʤʦʱʪʘ ʥʘ MS-HRMA  

 

4.3.1.1. ʆʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʥʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʟʘ MS-

HRM ʘʥʘʣʠʟ ʠ ʧʨʘʡʤʝʨʠʪʝ ʟʘ ʩʝʢʚʝʥʠʨʘʥʝ 

ɿʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʥʠʣʠʥʛ ʥʘ ʧʨʘʡʤʝʨʥʠʪʝ ʜʚʦʡʢʠ ʦʩʲʱʝʩʪʚʠʭʤʝ 

ʛʨʘʜʠʝʥʪʥʠ PCR-ʠ. ʇʨʘʡʤʝʨʥʠʪʝ ʜʚʦʡʢʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʭʤʝ ʟʘ ʘʥʘʣʠʟ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1, ʪʝʭʥʠʪʝ ʫʩʪʘʥʦʚʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʧʪʠʤʘʣʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʭʠʙʨʠʜʠʟʘʮʠʷ (ʘʥʠʣʠʥʛ) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮa 4.53. 
 

ʊʘʙʣʠʮʘ 4.53. ʅʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʘʥʘʣʠʟ ʥʘ 

ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʘʥʠʣʠʥʛ, ʨʘʟʤʝʨ ʥʘ PCR 

ʧʨʦʜʫʢʪʠʪʝ ʠ ʤʝʪʦʜ ʟʘ ʜʝʪʝʢʮʠʷ. 

ʅʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ 

ʧʨʘʡʤʝʨʠʪʝ 5ô-3ô 
ʄʝʪʦʜ ʈʘʟʤʝʨ ʥʘ 

ʘʤʧʣʠʬʠʮʠʨʘʥʠʷ 

PCR ʧʨʦʜʫʢʪ  
(ʚ bp) 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘ ʘʥʠʣʠʥʛ  

F- GAGAAGTACGAGATGTGGGGAT 
R- TACACTCCTAACCCCTCCCC 

HRM ʘʥʘʣʠʟ 68 57oC 

F- GAAAGAGGGAAAGGTTTTTT 
R- CCATACTAAAAACTCTAAACCCCATC 

ɼʠʨʝʢʪʥʦ 

ʩʝʢʚʝʥʠʨʘʥʝ 
303 56oC 

 

ʅʘ ʬʠʛʫʨʘ 4.53. ʝ ʧʨʝʜʩʪʘʚʝʥ ʝʜʠʥ ʛʨʘʜʠʝʥʪʝʥ PCR ʪʝʩʪʚʘʥ ʥʘ 2% ʘʛʘʨʦʟʝʥ ʛʝʣ. 
 

 
  50       51      54      56      58.6    60.8  62.4  L100bp 

ʌʠʛʫʨʘ 4.53. ɻʨʘʜʠʝʥʪʝʥ PCR ʩ ʧʨʘʡʤʝʨʥʠʪʝ ʜʚʦʡʢʠ ʟʘ HRM ʘʥʘʣʠʟ. ʆʪ ʬʠʛʫʨʘʪʘ ʩʝ ʚʠʞʜʘ, 

ʯʝ ʧʨʠ ʧʦ-ʥʠʩʢʠʪʝ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʘʥʠʣʠʥʛ (50; 51 ʠ 54ʦʉ) ʦʩʚʝʥ ʞʝʣʘʥʠʷ ʧʨʦʜʫʢʪ ʠʤʘ ʠ 

ʥʝʩʧʝʮʠʬʠʢʠ, ʘ ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʝʩʧʝʮʠʬʠʢʠʪʝ ʠʟʯʝʟʚʘʪ ʠ ʩʝ ʟʘʩʠʣʚʘ 

ʘʤʧʣʠʬʠʢʘʮʠʷʪʘ ʥʘ ʞʝʣʘʥʠʷ ʧʨʦʜʫʢʪ. L100 bp ʝ ʤʦʣʝʢʫʣʝʥ ʤʘʨʢʝʨ 
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ʋʩʣʦʚʠʷʪʘ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ ʠ PCR ʨʝʘʢʮʠʦʥʥʠʪʝ ʤʠʢʩʦʚʝ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʘʥʘʣʠʟ ʥʘ 

ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʘʟʜʝʣ 3. ʄʘʪʝʨʠʘʣʠ ʠ ʄʝʪʦʜʠ  

 

4.3.1.2. ʆʧʪʠʤʠʟʠʨʘʥʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ MS-HRM ʘʥʘʣʠʟʘ 

ʉʣʝʜ ʢʘʪʦ ʦʧʪʠʤʠʟʠʨʘʭʤʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʘʤʧʣʠʬʠʢʘʮʠʷ, ʦʧʪʠʤʠʟʠʨʘʭʤʝ ʠ ʫʩʣʦʚʠʷʪʘ 

ʟʘ ʧʨʦʪʠʯʘʥʝ ʥʘ HRM ʘʥʘʣʠʟʘ, ʪʘʢʘ ʯʝ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʷʩʥʦ ʨʘʟʛʨʘʥʠʯʠʤʠ ʧʨʦʬʠʣʠ ʥʘ ʪʦʧʝʥʝ 

ʧʨʠ 100%, 75%, 50%, 25% ʠ 0% ʤʝʪʠʣʠʨʘʥʝ.  

 

 
ʌʠʛʫʨʘ 4.54. ɸʤʧʣʠʬʠʢʘʮʠʷ ʥʘ ʪʘʨʛʝʪʥʠʷ ʫʯʘʩʪʲʢ, ʩʲʜʲʨʞʘʱ CpG ʦʩʪʨʦʚʠʪʝ ʚ GSTP1 

 

 
 

ʌʠʛʫʨʘ 4.55. ʅʦʨʤʘʣʠʟʠʨʘʥʘ ʛʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ. ɺ ʯʝʨʚʝʥʦ- 100% 

ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʦʨʘʥʞʝʚʦ- 75% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʢʘʬʷʚʦ- 50% ʤʝʪʠʣʠʨʘʥʝ; ʩʠʥʴʦ-ʟʝʣʝʥʦ- 

25% ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʠʥʴʦ- 0% ʤʝʪʠʣʠʨʘʥʝ 

 

 
ʌʠʛʫʨʘ 4.56. ɼʠʬʝʨʝʥʮʠʘʣʥʘ ʛʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʩʧʨʷʤʦ ʧʨʦʬʠʣʘ ʥʘ 50% ʤʝʪʠʣʠʨʘʥʠ 

ʧʨʦʙʠ. ɺ ʯʝʨʚʝʥʦ- 100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʦʨʘʥʞʝʚʦ- 75% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʢʘʬʷʚʦ- 50% 

ʤʝʪʠʣʠʨʘʥʝ; ʩʠʥʴʦ-ʟʝʣʝʥʦ- 25% ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʠʥʴʦ- 0% ʤʝʪʠʣʠʨʘʥʝ 
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ʌʠʛʫʨʘ 4.57. ɼʠʬʝʨʝʥʮʠʘʣʥʘ ʛʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʩʧʨʷʤʦ ʧʨʦʬʠʣʘ ʥʘ 0% ʤʝʪʠʣʠʨʘʥʠ 

ʧʨʦʙʠ (100% ʥʝʤʝʪʠʣʠʨʘʥʘ ʧʨʦʙʘ). ɺ ʯʝʨʚʝʥʦ- 100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʦʨʘʥʞʝʚʦ- 75% 

ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʢʘʬʷʚʦ- 50% ʤʝʪʠʣʠʨʘʥʝ; ʩʠʥʴʦ-ʟʝʣʝʥʦ- 25% ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʠʥʴʦ- 0% 

ʤʝʪʠʣʠʨʘʥʝ 

 

 

 
 
ʌʠʛʫʨʘ 4.58. ɼʠʬʝʨʝʥʮʠʘʣʥʘ ʛʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʩʧʨʷʤʦ ʧʨʦʬʠʣʘ ʥʘ 100% ʤʝʪʠʣʠʨʘʥʠ 

ʧʨʦʙʠ. ɺ ʯʝʨʚʝʥʦ- 100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʦʨʘʥʞʝʚʦ- 75% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʢʘʬʷʚʦ- 50% 

ʤʝʪʠʣʠʨʘʥʝ; ʩʠʥʴʦ-ʟʝʣʝʥʦ- 25% ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʠʥʴʦ- 0% ʤʝʪʠʣʠʨʘʥʝ 

 

ʇʨʠ ʦʙʠʢʥʦʚʝʥʠʷ ʘʥʘʣʠʟ ʥʘ ʪʦʧʝʥʝ ʥʘ ʘʤʧʣʠʢʦʥʠʪʝ (ʥʝ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ) ʩʲʱʦ ʩʝ 

ʧʦʣʫʯʠʭʘ ʷʩʥʦ ʨʘʟʛʨʘʥʠʯʠʤʠ ʧʨʦʬʠʣʠ ʧʦʢʘʟʘʥʠ ʥʘ ʩʣʝʜʥʠʪʝ ʬʠʛʫʨʠ. 3,4,5,6   
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ʌʠʛʫʨʘ 4.59. ɻʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʥʘ 100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʯʝʨʚʝʥʦ) ʠ 100% 

ʥʝʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʩʠʥʴʦ) 

 

 

 
 

ʌʠʛʫʨʘ 4.60. ɻʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʥʘ 100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʯʝʨʚʝʥʦ) ʠ 100% 

ʥʝʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʩʠʥʴʦ) ʠ 50% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʢʘʬʷʚʦ) 

 

 

 
ʌʠʛʫʨʘ 4.61. ɻʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʥʘ 100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʯʝʨʚʝʥʦ) ʠ 100% 

ʥʝʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʩʠʥʴʦ), 75% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʦʨʘʥʞʝʚʦ) ʠ 25% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ 

(ʚ ʩʠʥʴʦ-ʟʝʣʝʥʦ) 
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ʌʠʛʫʨʘ 4.62. ɻʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʥʘ 75% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʦʨʘʥʞʝʚʦ) ʠ 25% 

ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ (ʚ ʩʠʥʴʦ-ʟʝʣʝʥʦ) 

 

 

 
ʌʠʛʫʨʘ 4.63. ɻʨʘʬʠʢʘ ʥʘ ʪʦʧʝʥʝʪʦ ʥʘ ʧʨʦʙʠ ʩ ʨʘʟʣʠʯʝʥ ʧʨʦʮʝʥʪ ʤʝʪʠʣʠʨʘʥʝ. ɺ ʯʝʨʚʝʥʦ- 

100% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʦʨʘʥʞʝʚʦ- 75% ʤʝʪʠʣʠʨʘʥʠ ʧʨʦʙʠ; ʚ ʢʘʬʷʚʦ- 50% ʤʝʪʠʣʠʨʘʥʝ; 

ʩʠʥʴʦ-ʟʝʣʝʥʦ- 25% ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʠʥʴʦ- 0% ʤʝʪʠʣʠʨʘʥʝ 

 

4.3.1.3. ɺʘʣʠʜʠʨʘʥʝ ʥʘ ʤʝʪʦʜʘ ʯʨʝʟ ʜʠʨʝʢʪʥʦ ʩʝʢʚʝʥʠʨʘʥʝ 

ʇʨʦʠʟʚʦʣʥʠ ʧʨʦʙʠ ʙʷʭʘ ʧʦʜʙʨʘʥʠ ʠ ʩʝʢʚʝʥʠʨʘʥʠ ʟʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʚʘʣʠʜʥʦʩʪʪʘ 

ʥʘ ʤʝʪʦʜʘ. ɿʘ ʩʲʞʘʣʝʥʠʝ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʪʷʭ ʥʝ ʫʩʧʷʭʤʝ ʜʘ ʘʤʧʣʠʬʠʮʠʨʘʤʝ, ʚʝʨʦʷʪʥʦ ʧʦʨʘʜʠ 

ʥʘʣʠʯʠʝ ʥʘ ʠʥʭʠʙʠʪʦʨʠ, ʥʝʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʦʪʦ ʢʘʯʝʩʪʚʦ ʠ ʥʠʩʢʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ 

ʠʟʦʣʠʨʘʥʘʪʘ ɼʅʂ. 

ʇʦ-ʜʦʣʫ ʝ ʧʦʢʘʟʘʥʘ ʥʫʢʣʝʦʪʠʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ ʥʘ PCR ʧʨʦʜʫʢʪʘ, ʢʦʡʪʦ ʩʝ 

ʧʦʣʫʯʘʚʘ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʨʘʡʤʝʨʠʪʝ ʟʘ ʩʝʢʚʝʥʠʨʘʥʝ ʠ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ɼʅʂ ʩ 

ʤʝʪʠʣʠʨʘʥʠ CG ʜʠʥʫʢʣʝʦʪʠʜʠ. ɺ ʩʠʚʦ ʠ ʧʦʜʯʝʨʪʘʥʠ ʩʘ ʧʦʢʘʟʘʥʠ ʧʨʘʡʤʝʨʠʪʝ.  

 
TGGGAAAGAGGGAAAGGTTTTTTCGGTTAGTTGCGCGGCGATTTCGGGGATTTTAGGGCG 

TTTTTTTGCGGTCGACGTTCGGGGTGTAGCGGTCGTCGGGGTTGGGGTCGGCGGGAGTTT 

GCGGGATTTTTCAGAAGAGCGGTCGGCGTCGTGATTTAGTATTGGGGCGGAGCGGGGCGG 

GATTATTTTTATAAGGTTCGGAGGTCGCGAGGTTTTCGTTGGAGTTTCGTCGTCGCAGTT 

TTCGTTATTAGTGAGTACGCGCGGTTCGCGTTTTCGGGGATGGGGTTTAGAGTTTTTAGT 

ATGG 

 

ʅʘ ʬʠʛʫʨʘ 4.64. ʝ ʧʦʢʘʟʘʥʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʥʘ ʧʨʦʙʘ, ʢʦʷʪʦ ʝ 100% ʤʝʪʠʣʠʨʘʥʘ. 
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ʌʠʛʫʨʘ 4.64. ɽʣʝʢʪʨʦʬʦʨʝʛʨʘʤʘ ʥʘ ʘʤʧʣʠʬʠʮʠʨʘʥ ʫʯʘʩʪʲʢ ʦʪ GSTP1, ʩʲʜʲʨʞʘʱ CpG oʩʪʨʦʚʠ 

ʥʘ ʧʨʦʙʘ, ʢʦʷʪʦ ʝ ʙʠʩʫʣʬʠʪʥʦ ʧʨʝʚʲʨʥʘʪʘ ʠ 100% ʤʝʪʠʣʠʨʘʥʘ. 

 

 

 

4.3.1.4. ʈʝʟʫʣʪʘʪʠ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 

ɺ ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSʊP1 ʙʷʭʘ ʚʢʣʶʯʝʥʠ 64 ʧʘʮʠʝʥʪʘ 

ʩ ʈʇ, 26 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ ʠ 20 ʤʣʘʜʠ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʟʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ʩ 

ɼʇʍ ʠ ʤʣʘʜʠ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣʠʮʘ 4.54. ʇʨʦʙʠʪʝ ʩ ʤʝʪʠʣʠʨʘʥʝ 

Ó50% ʦʪʯʠʪʘʭʤʝ ʟʘ ʤʝʪʠʣʠʨʘʥʠ, ʘ ʦʩʪʘʥʘʣʠʪʝ ʟʘ ʥʝʤʝʪʠʣʠʨʘʥʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʨʘʟʣʠʢʠ ʚ ʩʪʘʪʫʩʘ ʥʘ ʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʧʦʣʫʯʠʭʤʝ ʧʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ 

ʠ ʤʣʘʜʠʪʝ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ (Fisher Exact test p=0.000016, two tailed). ʂʦʛʘʪʦ 

ʩʨʘʚʥʠʭʤʝ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ ʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʥʝ ʧʦʣʫʯʠʭʤʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ 

ʨʝʟʫʣʪʘʪʠ (Fisher Exact test p=0.8 two tailed, OR=1.25 (95%CI-0.48-3.31)). ʅʝʟʘʚʠʩʠʤʠʷʪ ʊ 

ʪʝʩʪ ʘʥʘʣʠʟ ʩʲʱʦ ʧʦʢʘʟʘ, ʯʝ ʥʷʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʩʨʘʚʥʷʚʘʥʠʪʝ 

ʛʨʫʧʠ (ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ) (p=0.652 two tailed). 

ʇʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʧʦʢʘʟʘʭʘ 70.31% (45) ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ 

ʢʘʪʦ ʦʪ ʪʷʭ 5 (11.11%) ʧʦʢʘʟʚʘʪ 50% ʤʝʪʠʣʠʨʘʥʝ, ʘ ʦʩʪʘʥʘʣʠʪʝ Ó75% ʤʝʪʠʣʠʨʘʥʝ (ʊʘʙʣʠʮʘ 

4.54, ʌʠʛʫʨʘ 4.65).  

ɺ ʥʘʰʝʪʦ ʧʨʦʫʯʚʘʥʝ ʦʪʢʨʠʚʘʤʝ ʚʠʩʦʢ ʧʨʦʮʝʥʪ (65.38%) ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʨʝʜ 

ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ (23.53% ʩ 50% ʤʝʪʠʣʠʨʘʥʝ ʠ 76.47% ʩʲʩ 75% ʠ 100% ʤʝʪʠʣʠʨʘʥʝ).  

ʇʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʙʝ ʦʪʢʨʠʪʦ ʠ ʚ ʫʨʠʥʘʪʘ ʥʘ ʪʨʠʤʘ ʤʣʘʜʠ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ. 
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ʊʘʙʣʠʮʘ 4.54. ʈʝʟʫʣʪʘʪʠ ʟʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1. 

ʇʘʮʠʝʥʪʠ/ʂʦʥʪʨʦʣʠ 

(ʙʨʦʡ) 

 

ʄʝʪʠʣʠʨʘʥʠ  
(ʙʨʦʡ, %) 

 

ʅʝʤʝʪʠʣʠʨʘʥʠ  
(ʙʨʦʡ, %) 

ʄɸʄ 

(ʧ=20) 
3 (15%) 17 (85%) 

ʂʦʥʪʨʦʣʠ ʩ ɼʇʍ 

(ʧ=26) 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʧʦʜ 10 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʥʘʜ 10 

ʅʝʠʟʚʝʩʪʥʠ PSA ʥʠʚʘ 

17 (65.38%) 

 

9 ʦʪ 17 (52.94%) 

6 ʦʪ 17 (35.29%) 

1 ʦʪ 17 (5.88%) 

9 (34.62%) 

 

7 ʦʪ 9 (77.77%) 

1 ʦʪ 9 (11.11%) 

2 ʦʪ 9 (22.22%) 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ 

(ʧ=64) 

ʊ1 

ʊ2 

ʊ3 

ʊ3 

ʅʝʠʟʚʝʩʪʥʠ 

 

Gleason score 4-7 

Gleason score 8-10 

 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʧʦʜ 10 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʥʘʜ 10 

ʅʝʠʟʚʝʩʪʥʠ PSA ʥʠʚʘ 

45 (70.31%) 

 

6 ʦʪ 45 (13.33%) 

24 ʦʪ 45 (53.33%) 

13 ʦʪ 45 (28.89%) 

0 ʦʪ 45 (0%) 

2 ʦʪ 45 (4.44%) 

 

31 ʦʪ 45 (68.89%) 

14 ʦʪ 45 (31.11%) 

 

17 ʦʪ 45 (37.78%) 

26 ʦʪ 45 (57.78%) 

2 ʦʪ 45 (4.44%) 

19 (29.69%) 

 

3 ʦʪ 19 (15.79%) 

8 ʦʪ 19 (42.1%) 

5 ʦʪ 19 (26.32%) 

1 ʦʪ 19 (5.26%) 

2 ʦʪ 19 (10.53%) 

 

12 ʦʪ 19 (63.16%) 

7 ʦʪ 19 (36.84%) 

 

3 ʦʪ 19 (15.79%) 

14 ʦʪ 19 (73.68%) 

2 ʦʪ 19 (10.53%) 
 

 

 
ʌʠʛʫʨʘ 4.65. 

 

ɿʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘʜʝʞʥʦʩʪʪʘ, ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ GSTP1 ʚ ʫʨʠʥʘ (ʠʟʩʣʝʜʚʘʥʦ ʯʨʝʟ MS-HRMA) ʢʘʪʦ ʥʝʠʥʚʘʟʠʚʝʥ 

ʜʠʘʛʥʦʩʪʠʯʝʥ ʤʘʨʢʝʨ ʥʠʝ ʧʨʦʚʝʜʦʭʤʝ ʘʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʪʝ. ʂʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ ʧʦʢʘʟʚʘʪ 

ʚʠʩʦʢ ʧʨʦʮʝʥʪ ʤʝʪʠʣʠʨʘʥʝ (65.38%) ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ʪʝʩʪʘ ʟʘ ʥʘʣʠʯʠʝ 
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ʥʘ ʧʨʦʤʦʪʦʨʥʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʦʧʨʝʜʝʣʝʥʦ ʚ ʫʨʠʥʘ ʯʨʝʟ HRM ʘʥʘʣʠʟ ʝ ʥʠʩʢʘ- 0.35 (35%). 

ʊʲʡ ʢʘʪʦ ʦʪʢʨʠʚʘʤʝ ʚʠʩʦʢ ʧʨʦʮʝʥʪ ʤʝʪʠʣʠʨʘʥʝ ʠ ʩʨʝʜ ʧʘʮʠʝʥʪʠʪʝ (70.31%) 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʤʝʪʦʜʘ ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʚʠʩʦʢʘ- 0.7 (70%).  

ʂʦʛʘʪʦ ʚ ʘʥʘʣʠʟʘ ʥʘ ROC ʢʨʠʚʠʪʝ ʚʢʣʶʯʠʭʤʝ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ, ʪʦ ʥʝ 

ʧʦʣʫʯʠʭʤʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ ʠ ʧʣʦʱʪʘ ʥʘ ʢʨʠʚʘʪʘ (AUC) ʙʝ 0.525. 

ʉʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ PSA ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ ʛʨʫʧʘ ʦʪ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ʩ ʧʦ-ʛʦʣʷʤʘ ʪʦʯʥʦʩʪ 

ʨʘʟʛʨʘʥʠʯʘʚʘʪ ʜʚʝʪʝ ʛʨʫʧʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ GSTP1 ʚ ʫʨʠʥʘ, ʩ AUC 

0.745 (ʨ=0.001) ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ 73.3%, ʠ ʩʧʝʮʠʬʠʯʥʦʩʪ 60.9% ʧʨʠ ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ ʦʪ 9 

ng/ml. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʌʠʛʫʨʘ 4.66. Receiver operative curve (ROC) ʘʥʘʣʠʟ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ GSTP1 ʙʠʦʤʘʨʢʝʨʘ ʚ ʫʨʠʥʘ. ɸ) ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʥʘ 

ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ; ɹ) ʇʨʠ ʩʨʘʚʥʝʥʠʝ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʄɸʄ. ɿʝʣʝʥʘʪʘ ʣʠʥʠʷ- 

ʜʠʘʛʦʥʘʣʥʘ ʨʝʬʝʨʝʥʪʥʘ ʣʠʥʠʷ; ʩʠʥʷʪʘ ʣʠʥʠʷ- GSTP1 

 

 
ʌʠʛʫʨʘ 4.67. Receiver operative curve (ROC) ʘʥʘʣʠʟ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ PSA ʟʘ ʨʘʟʛʨʘʥʠʯʘʚʘʥʝ ʥʘ ʧʘʮʠʝʥʪʠʪʝ ʠ ʢʦʥʪʨʦʣʠʪʝ 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ ʨʘʟʣʠʢʘ ʚ ʤʝʪʠʣʠʨʘʥʝʪʦ ʠʤʘ ʤʝʞʜʫ ʧʘʮʠʝʥʪʠʪʝ ʠ ʤʣʘʜʠʪʝ 

ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ, ʢʦʛʘʪʦ ʚʢʣʶʯʠʭʤʝ ʚ ʘʥʘʣʠʟʘ ʥʘ ROC ʢʨʠʚʠʪʝ ʪʝʟʠ 

ɸ

) 

ɹ

) 
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ʜʚʝ ʛʨʫʧʠ, ʪʦ ʧʦʣʫʯʠʭʤʝ ʛʦʣʷʤʘ ʧʣʦʱ ʟʘ AUC: 0.777 ʠ ʨʝʟʫʣʪʘʪʲʪ ʙʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤ 

(p<0.05) ʩʲʩ ʩʧʝʮʠʬʠʯʥʦʩʪ 85% (95% CI: 62.08 % - 96.62 %) ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ 70.31% (95% 

CI: 57.58 % - 81.08 %).  

ɿʘ ʜʘ ʧʨʦʚʝʨʠʤ ʜʘʣʠ ʠ ʚ ʥʘʰʘʪʘ ʠʟʩʣʝʜʚʘʥʘ ʛʨʫʧʘ ʦʪ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ ɼʅʂ 

ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ GSTP1 ʝ ʚʲʟʨʘʩʪʦʚʦ ʟʘʚʠʩʠʤʦ, ʥʠʝ ʧʨʦʚʝʜʦʭʤʝ ʢʦʨʝʣʘʮʠʦʥʝʥ ʘʥʘʣʠʟ. ɿʘ 

ʢʦʝʬʠʮʠʝʥʪʘ r ʥʘ Pearson ʧʦʣʫʯʠʭʤʝ ʩʪʦʡʥʦʩʪʪʘ 0.225 ʠ ʨʝʟʫʣʪʘʪʲʪ ʙʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤ (ʨ=0.018, two tailed), ʢʦʝʪʦ ʧʦʢʘʟʚʘ ʯʝ ʚ ʥʘʰʝʪʦ ʧʨʦʫʯʚʘʥʝ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ 

GSTP1 ʢʦʨʝʣʠʨʘ ʩ ʚʲʟʨʘʩʪʪʘ.  

 

4.3.2. ʈʝʟʫʣʪʘʪʠ ʦʪ ʘʥʘʣʠʟ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ RASSF2 

ʠ HIST1H4K ʚ ʫʨʠʥʘ ʥʘ ʧʘʮʠʝʥʪʠ ʩ ʨʘʢ ʥʘ ʧʨʦʩʪʘʪʘʪʘ ʠ ʢʦʥʪʨʦʣʠ ʩ ʧʦʤʦʱʪʘ ʥʘ 

MethyLight ʤʝʪʦʜʘ 

 
ɿʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ ʛʝʥʠʪʝ HIST1H4K ʠ RASSF2 ʥʠʝ 

ʠʟʧʦʣʟʚʘʭʤʝ ʢʦʣʠʯʝʩʪʚʝʥ ɼʅʂ ʘʥʘʣʠʟ ʥʘ ʤʝʪʠʣʠʨʘʥʝʪʦ ʯʨʝʟ MethyLight ʤʝʪʦʜʘ.  

4.3.2.1. ʇʦʣʫʯʝʥʠ ʨʝʟʫʣʪʘʪʠ ʟʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K 
ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʣʫʯʝʥʠ ʟʘ HIST1H4K ʩʘ ʦʙʦʙʱʝʥʠ ʚ ʊʘʙʣʠʮʘ 4.55. 

 

ʊʘʙʣʠʮʘ 4.55. ʈʝʟʫʣʪʘʪʠ ʟʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K. 

ʇʘʮʠʝʥʪʠ/ʂʦʥʪʨʦʣʠ 

(ʙʨʦʡ) 
ʄʝʪʠʣʠʨʘʥʠ  
(ʙʨʦʡ, %) 

ʅʝʤʝʪʠʣʠʨʘʥʠ  
(ʙʨʦʡ, %) 

ʄɸʄ 

(ʧ=43) 
0 (0%) 43 (100%) 

ʂʦʥʪʨʦʣʠ ʩ ɼʇʍ 

(ʧ=29) 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʧʦʜ 10 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʥʘʜ 10 

16 (55.17%) 

 

8 ʦʪ 15 (53.33%) 

7 ʦʪ 15 (46,67%) 

13 (44.83%) 

 

9 ʦʪ 13 (69.23%) 

4 ʦʪ 13 (30.77%) 

ʇʘʮʠʝʥʪʠ ʩ ʈʇ 

(ʧ=57) 

ʊ1 

ʊ2 

ʊ3 

 

Gleason score 5-7 

Gleason score 8-10 

 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʧʦʜ 10 

ʉʝʨʫʤʥʠ PSA ʥʠʚʘ ʥʘʜ 10 

30 (52.63%) 

 

12 ʦʪ 29 (41.38%) 

12 ʦʪ 29 (41.38) 

5 ʦʪ 29 (17.24%) 

 

17 ʦʪ 29 (58.62%) 

12 ʦʪ 29 (41.38%) 

 

5 ʦʪ 26 (19.23%) 

21 ʦʪ 26 (80.77%) 

27 (47.37%) 

 

7 ʦʪ 26 (26.92%) 

11 ʦʪ 26 (42.31%) 

8 ʦʪ 26 (30.77%) 

 

19 ʦʪ 26 (73.08%) 

7 ʦʪ 26 (26.92%) 

 

5 ʦʪ 25 (20%) 

20 ʦʪ 25 (80%) 

 
ʅʠʚʦʪʦ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʥʝ ʧʦʢʘʟʘ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ (p=1, two tailed, Fisher exact test). ʄʝʪʠʣʠʨʘʥʝ ʙʝ 

ʥʘʙʣʶʜʘʚʘʥʦ ʚ 52.63% ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʠ 55.17% ʦʪ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ. ʅʝ ʦʪʨʠʭʤʝ 

ʤʝʪʠʣʠʨʘʥʝ ʚ ʫʨʠʥʘʪʘ ʥʘ ʤʣʘʜʠʪʝ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ ʠ ʧʨʠ ʩʨʘʚʥʝʥʠʝ ʩ ʧʘʮʠʝʥʪʠʪʝ ʩ 

ʈʇ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (p=5.63x 10-11 two tailed, Fisher exact 

test). ɼʚʘʥʘʜʝʩʝʪ ʦʪ ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason score ʧʦʢʘʟʘʭʘ ʤʝʪʠʣʠʨʘʥʝ, ʘ ʧʨʠ 7 ʦʪ ʪʷʭ ʥʝ 

ʩʝ ʦʪʢʨʠʚʘ ʪʘʢʦʚʘ. ʇʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʥʠʩʲʢ Gleason score ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʝ ʧʦʯʪʠ ʧʦ ʨʘʚʥʦ 

(17 ʤʝʪʠʣʠʨʘʥʠ ʠ 19 ʥʝʤʝʪʠʣʠʨʘʥʠ). ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦ-ʚʠʩʦʢ ʧʨʦʮʝʥʪ ʤʝʪʠʣʠʨʘʥʝ ʧʨʠ 
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ʧʘʮʠʝʥʪʠʪʝ ʩ ʚʠʩʦʢ Gleason score ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ ʩ ʥʠʩʲʢ, ʥʦ ʨʘʟʣʠʢʠʪʝ ʥʝ ʩʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ (p=0.2, OR=1.92 (95% CI-0.61-5.98)). ʇʨʦʤʦʪʦʨʥʦʪʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʝ ʧʦʢʘʟʘ ʢʦʨʝʣʘʮʠʷ ʩ ʪʫʤʦʨʥʠʷ ʩʪʘʜʠʡ, ʥʠʚʘʪʘ ʥʘ PSA ʠ Gleason score. 

ʅʝ ʙʝ ʚʲʟʤʦʞʥʦ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʢʦʨʝʣʘʮʠʦʥʝʥ ʘʥʘʣʠʟ ʟʘ ʘʩʦʮʠʘʮʠʷ ʥʘ ʤʝʪʠʣʠʨʘʥʝʪʦ ʩ 

ʥʘʣʠʯʠʝ ʥʘ ʤʝʪʘʩʪʘʟʠ ʪʲʡ ʢʘʪʦ ʩʘʤʦ ʝʜʠʥ ʧʘʮʠʝʥʪ ʩ ʤʝʪʘʩʪʘʟʠ ʙʝ ʚʢʣʶʯʝʥ ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ. 

 

ʇʨʠ ʩʨʘʚʥʝʥʠʝʪʦ ʥʘ ʩʪʘʪʫʩʘ ʥʘ ʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʧʨʠ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ 

ʤʣʘʜʠʪʝ ʘʩʠʤʧʪʦʤʘʪʠʯʥʠ ʤʲʞʝ ʩʝ ʧʦʣʫʯʠʭʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (ʨ=6.41x10-9).  

 

 
ʌʠʛʫʨʘ 4.68. 

 

 

 
 

. 

 
 

 

 

 

 

 

 

 

 

 

 

ʊʲʡ ʢʘʪʦ ʥʠʚʘʪʘ ʥʘ ʩʚʦʙʦʜʥʠʷ ʪʦʪʘʣʝʥ PSA ʰʠʨʦʢʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʧʨʝʜʩʢʘʟʚʘʥʝ ʥʘ 

ʜʠʘʛʥʦʟʘʪʘ ʧʨʠ ʙʠʦʧʩʠʷ [412], ʪʦ ʥʠʝ ʧʨʦʚʝʨʠʭʤʝ ʥʘʜʝʞʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʤʘʨʢʝʨ ʚ 

ʠʟʩʣʝʜʚʘʥʠʪʝ ʧʘʮʠʝʥʪʠ ʠ ʢʦʥʪʨʦʣʠ. ʋʩʪʘʥʦʚʠʭʤʝ, ʯʝ PSA (ʩ ʛʨʘʥʠʮʘ 4 ng/ml) ʠʤʘ 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʦʪ 98.04% ʠ ʥʠʩʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪ 14.29% ʟʘ ʈʇ (AUC=0.785, 95%CI: 0.679-

0.870, p<0.0001) ʧʨʠ ʥʘʰʠʪʝ ʧʘʮʠʝʥʪʠ (ʌʠʛʫʨʘ 4.71). ʉʪʘʪʠʩʪʠʯʝʩʢʠʷʪ ʘʥʘʣʠʟ ʧʦʢʘʟʘ, ʯʝ 

ʢʨʠʪʝʨʠʷʪ ʩʚʲʨʟʘʥ ʩ ʥʘʡ-ʚʠʩʦʢʠʷ ʠʥʜʝʢʩ ʥʘ Youden (ʤʘʢʩʠʤʘʣʥʘʪʘ ʧʦʪʝʥʮʠʘʣʥʘ 

ʌʠʛʫʨʘ 4.70. ʉʪʘʥʜʘʨʪʥʘ ʢʨʠʚʘ ʥʘ ALU-

C4 ʢʦʥʪʨʦʣʥʘʪʘ ʨʝʘʢʮʠ ̫ʧʦʣʫʯʝʥʘ ʧʨʠ 

MethyLight ʘʥʘʣʠʟʘ ʥʘ ʧʨʦʤʦʪʦʨʥʦʪʦ 

ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K. 

ʌʠʛʫʨʘ 4.69. ɸʤʧʣʠʬʠʢʘʮʠʦʥʝʥ ʧʣʦʪ 

ʧʦʣʫʯʝʥ ʩʣʝʜ ʧʨʦʪʠʯʘʥʝʪʦ ʥʘ PCR ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ 

ʧʨʦʤʦʪʦʨʥʦʪʦ ʭʠʧʝʨʤʝʪʠʣʠʨʘʥʝ ʥʘ 

HIST1H4K. 
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ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʙʠʦʤʘʨʢʝʨ) ʝ PSA ʩʪʦʡʥʦʩʪʪʘ ʦʪ 11.38 (ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʦʪ 74.51% ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪ ʦʪ 78.57%) (ʌʠʛʫʨʘ 4.72).  

 
ʌʠʛʫʨʘ 4.71. ɸʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ʩʝʨʫʤʥʠʪʝ ʥʠʚʘ ʥʘ PSA. ʅʝʧʨʝʢʲʩʥʘʪʘʪʘ ʣʠʥʠʷ- PSA, ʧʫʥʢʪʠʨʝʥʘʪʘ 

ʣʠʥʠʷ- ʜʠʘʛʦʥʘʣʥʘʪʘ ʨʝʬʝʨʝʥʪʥʘ ʣʠʥʠʷ 

 

 
 

ʌʠʛʫʨʘ 4.72. ʀʥʪʝʨʘʢʪʠʚʥʘ ʪʦʯʢʦʚʘ ʜʠʘʛʨʘʤʘ ʥʘ PSA ʩʪʦʡʥʦʩʪʠʪʝ, ʧʦʢʘʟʚʘʱʘ ʪʦʯʥʘʪʘ 

ʛʨʘʥʠʯʥʘ ʩʪʦʡʥʦʩʪ- 11.38 

 

ʇʨʦʚʝʜʦʭʤʝ ʘʥʘʣʠʟ ʥʘ ROC ʢʨʠʚʠʪʝ, ʟʘ ʜʘ ʦʮʝʥʠʤ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʠ 

ʩʧʝʮʠʬʠʯʥʦʩʪʪʘ ʥʘ ɼʅʂ ʤʝʪʠʣʠʨʘʥʝʪʦ ʥʘ HIST1H4K ʢʘʪʦ ʙʠʦʤʘʨʢʝʨ ʚ ʫʨʠʥʘ ʢʘʪʦ 

ʩʨʘʚʥʠʭʤʝ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʠ ʢʦʥʪʨʦʣʠʪʝ ʩ ɼʇʍ ʠ ʄɸʄ. 

ɸʥʘʣʠʟʲʪ ʥʘ ʩʪʘʪʫʩʘ ʥʘ ʤʝʪʠʣʠʨʘʥʝ ʚ ɼʅʂ ʦʪ ʫʨʠʥʘ ʫʩʧʝʰʥʦ ʜʠʘʛʥʦʩʪʠʮʠʨʘ 30 ʦʪ 57 

ʠʟʩʣʝʜʚʘʥʠ ʧʘʮʠʝʥʪʠ ʩ ʈʇ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʝ 0.526 (52.6%). ʆʪ 29 ʢʦʥʪʨʦʣʠ ʩ ɼʇʍ, ʙʝʟ 

ʥʘʣʠʯʠʝ ʥʘ ʈʇ, 13 ʧʦʢʘʟʚʘʪ ʤʝʪʠʣʠʨʘʥʝ ʥʘ HIST1H4K ʧʨʦʤʦʪʦʨʘ (ʩʧʝʮʠʬʠʯʥʦʩʪ 0.45). AUC 

ʝ 0.513 (95% CI, 0.402-0.622), ʥʦ ʨʝʟʫʣʪʘʪʠʪʝ ʥʝ ʩʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ (p= 0.83). ʂʦʛʘʪʦ 

ʦʙʘʯʝ ʚ ʘʥʘʣʠʟʘ ʥʘ ROC ʢʨʠʚʠʪʝ ʩʝ ʩʨʘʚʥʠ ʤʝʪʠʣʠʨʘʥʝʪʦ ʧʨʠ ʧʘʮʠʝʥʪʠʪʝ ʩ ʈʇ ʠ ʄɸʄ, ʩʝ 

ʧʦʣʫʯʘʚʘʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʠ ʨʝʟʫʣʪʘʪʠ (AUC=0.763, 95% CI: 0.672-0.839, p<0.0001). 

ɼʦʩʪʠʛʘʪ ʩʝ 100% ʩʧʝʮʠʬʠʯʥʦʩʪ ʠ 52.63% ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ.  












































































































































































































































































































