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1Φ ɳʽˋʰʴ˖ʴʺ 

 ɶ ζ̔h ˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ» ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰ˄ʰʵˎˈ˃ʶ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ 

ʻʶˊʰˉʶʾʰ ˁʰʽ ˍʹ˄ ˉˊˈ˂ʹ˕ʹ ʰˋʻʶ˄ʶʽ˗˄Σ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˄ʷʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˋˍʹ 

˒ˊˇ˄ˍʾʵʰ ˍ˖˄ h̀ʻʶ˄˗˄Φ ɳʾ ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ ʶˉʽˍʶˎ˃ʱˍ˖˄ ˍʹ ̩ ʲʽˇẖʿ ˊʽˁʺ ̩

ʶˉʽˋˍʺ˃ʹ ̩ˍ˖˄ ˍʶ˂ʶˎˍʰʾ˖˄ ʵʶˁʰʶˍʽ˗˄Φ ɳˉʽˍʶˏ˃ʰˍʰ ˉˇˎ ˅ʶˁʾ˄ʹˋʰ˄ ˍʹ ʵʶˁʰʶˍʾʰ ˍˇˎ 

Ωул ˃ʶ ˍʹ ˔ʰˊˍˇʴˊʱ˒ʹˋʹ ˍ˖˄ ˉˊ˗ˍ˖˄ ʴˇ˄ʽʵʾ˖˄ ˁʰʽ ˍʹ ˋˎˋ˔ʷˍʽˋʺ ˍˇˎˌ ˃ʶ ʰˋʻʷ˄ʶʽʶ̩, 

ˁʰʽ ˋˎ˄ʷ˔ʽˋʰ˄ ˃ʶ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ʰ˂˂ʹ˂ˇˏ˔ʽˋʹ ̩ˍˇˎ ʰ˄ʻˊ˗ˉʽ˄ˇˎ ʴˇ˄ʽʵʽ˗˃ʰˍˇˌ ˍˇ 

2003 ˁʰʽ ˍʹ˄ ʰ˂˂ʹ˂ˇˏ˔ʽˋʹ ˉˇ˂˂ʰˉ˂˗˄ ʰ˄ʻˊ˗ˉʽ˄˖˄ ʴˇ˄ʽʵʽ˖˃ʱˍ˖˄ ʰˉˈ ˃ʶʴʱ˂ʶˌ 

ˁˇʽ˄ˇˉˊʰ˅ʾʶˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ ˒ˇˊʷ˖˄ (ˈˉ˖ˌ ˉΦ˔Φ ˍˇ 1,000 Genome Project ˉˇˎ 

˅ʶˁʾ˄ʹˋʶ ˍˇ нллу)Φ ɮˎˍʱ ˍ h ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ʶˉʽˍʶˏ˃ʰˍʰ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ζ-ˇ˃ʽˁ˗˄η ˍʶ˔˂ˇ˂ˇʴʽ˗˄ όƎŜƴƻƳƛŎǎΣ proteomics, glycomics, lipidomics, 

metabolomics, ǇƘŀǊƳŀŎƻƎŜƴƻƳƛŎǎύ ˁʰʽ ˍ˖˄ ˃ʶʴʱ˂˖˄ ʲʽˇˍˊʰˉʶʸ˗˄Σ ˇʵʺʴʹˋʰ˄ ˍʹ˄ 

ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ˁˇʽ˄ˈˍʹˍʰ ˋˍ̌ ˋˎ˃ˉʷˊʰˋ˃ʰ ˈˍʽ, ˇʽ ʵʽʰ˒ˇˊʷˌ ˋˍʹ ʴʶ˄ʶˍʽˁʺ ˋˏˋˍʰˋʹ 

ˁʰʽ ˋˍˇ˄ ˍˊˈˉˇ ʸ˖ʺˌ ˍ˖˄ ʰˍˈ˃˖˄ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˁʰʻˇˊʽˋˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ 

ˁʰʽ ˉˊˈʴ˄˖ˋʹ ʰˋʻʶ˄ʶʽ˗˄Σ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʰ˄ˍʰˉˈˁˊʽˋʹ ˋʶ ʻʶˊʰˉʶʾʶˌΦ 

 ɳˉˇ˃ʷ˄˖ˌΣ ˋʺ˃ʶˊʰ, ʹ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ʻʶ˖ˊʶʾˍʰʽ ʴʽʰ ˉˇ˂˂ˇˏˌ ʹ ζ˒ˎˋʽˁʺ 

ʶ˅ʷ˂ʽ˅ʹη ˍʹˌ ʲʽˇʿʰˍˊʽˁʺˌ ʶˉʽˋˍʺ˃ʹˌ ˁʰʽ ʹ ˁʰˍʶˏʻˎ˄ˋʹ ˋˍʹ˄ ˇˉˇʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

ˁʽ˄ʹʻʶʾ ʹ ʷˊʶˎ˄ʰΦ ɷʵʹ ˃ʱ˂ʽˋˍʰΣ ˍˇ ˉʶʵʾˇ ˍʹˌ ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ ʷ˔ʶʽ ʶ˄ˋ˖˃ʰˍ˖ʻʶʾ 

ˋˍʽˌ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁʷˌ ˋˍˊʰˍʹʴʽˁʷˌ ˍ˖˄ ˒ʰˊ˃ʰˁʶˎˍʽˁ˗˄ ʶˍʰʽˊʶʽ˗˄ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ˋˍˇ˔ʶˎ˃ʷ˄˖˄ ʻʶˊʰˉʶʽ˗˄Φ 

 

мΦм ʁˊʽˋ˃ˇʾ 

 ʅˍˇ ʰˊ˔ʽˁˈ ʰˎˍˈ ˋʹ˃ʶʾˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ɴˁʻʶˋʹˌ ˁˊʾ˄ʶˍʰʽ ˋˁˈˉʽ˃ˇ ˄ʰ ʵˇʻˇˏ˄ 

ˇˊʽˋ˃ˇʾ ˁʰʽ ʶˉʶ˅ʹʴʺˋʶʽˌ ˈˊ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ -ˋˎ˔˄ʱ ʶ˄ʰ˂˂ʱ˅- ˋˍʹ 

ʲ̔ ʲ˂ʽˇʴˊʰ˒ʾʰΦ 

 ɶ ʷ˄˄ˇʽʰ ˍʹˌ «ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ» (precision medicine) ʰ˂˂ʹ˂ʶˉʽˁʰ˂ˏˉˍʶˍʰʽ 

ʺ ˋˎʴ˔ʷʶˍʰʽ ˋˎ˔˄ʱ ˃ʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ «ˉˊˇˋ˖ˉˇˉˇʽʹ˃ʷ˄ʹ ̩ʽʰˍˊʽˁʺ»̩ (personalized 

medicine)Φ ʍˋˍˈˋˇΣ ʹ ˉˊˇˋ˖ˉˇˉˇʽʹ˃ʷ˄ʹ ʽʰˍˊʽˁʺ ʻʶ˖ˊʶʾˍʰʽ ˉʰ˂ʰʽˈˍʶˊˇˌ ˈˊˇˌ, ˇ 

ˇˉˇʾˇˌ ˋˍʰʵʽʰˁʱ ʶʴˁʰˍʰ˂ʶʾˉʶˍʰʽ, ˁˎˊʾ˖ˌ, ʶˉʶʽʵʺ ˇʵʹʴʶʾ ˋˍʹ˄ ˉʰˊʰ˄ˈʹˋʹ ˈˍʽ 



  

ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ʻʶˊʰˉʶʾʶˌ ˃ˇ˄ʰʵʽˁʷˌ ˁʰʽ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʶˌ ʴʽʰ ˁʱʻʶ ʰˋʻʶ˄ʺ 

˔˖ˊʽˋˍʱ.1 

 ɶ ζ̔h ˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌη ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʹ ʴʶ˄ʶˍʽˁʺ ˋˏˋˍʰˋʹ ˍˇˎ ʰˍˈ˃ˇˎ 

όʴʶ˄ʶˍʽˁʺ ˉʰˊʰ˂˂ʰˁˍʽˁˈˍʹˍʰύΣ ˍˇˎˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ ˋˍˇˎˌ ˇˉˇʾˇˎˌ 

ʶˁˍʾʻʶˍʰʽ όˉΦ˔Φ ʶˉʰʴʴʶ˂˃ʰˍʽˁˇʾ ˁʾ˄ʵˎ˄ˇʽΣ ʲʽˇ˃ʹ˔ʰ˄ʽˁˇʾ ˁʰʽ ˇʽˁʽʰˁˇʾ ˊˏˉˇʽΣ ˉˇʽˈˍʹˍʰ 

˄ʶˊˇˏΣ ˁ˂ʾ˃ʰΣ ˎ˕ˈ˃ʶˍˊˇΣ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹύ ˁʰʽ ˍˇ˄ ˍˊˈˉˇ ʸ˖ʺˌ ˍˇ ˎ (ˉΦ˔Φ 

ʵʽʰˍˊˇ˒ʺΣ ˒ˎˋʽˁʺ ʱˋˁʹˋʹΣ ˔ˊʺˋʹ ˇˎˋʽ˗˄ύΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ʰˉˍˎ˔ʻˇˏ˄ ˍʶ˂ʽˁʱ 

ˋˍˇ˔ʶˎ˃ʷ˄ʶˌ ʻʶˊʰˉʶʾʶˌ ˉˇˎ ʶʾ˄ʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʶˌ ˁʰʽ ʰˋ˒ʰ˂ʷˋˍʶˊʶˌ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉ˂ʹʻˎˋ˃ʽʰˁʷˌ ˇ˃ʱʵʶˌ ˃ʶ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ 

ʁˎˋʽʰˋˍʽˁʱ, ʹ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ˉʶˊ̔˂ ʰ˃ʲʱ˄ʶʽ ˃ʽʰ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˍ˖˄ ʰˋʻʶ˄˗˄ 

ˋʶ ˉ˂ʹʻˎˋ˃ʽʰˁʷˌ ˇ˃ʱʵʶˌ, ˉˇˎ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˉΦ˔Φ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʶˌ 

ˉʽʻʰ˄ˈˍʹˍʶˌ ˄ʰ ˉˊˇˋʲ˂ʹʻˇˏ˄ ʰˉˈ ˃ʾʰ ʰˋʻʷ˄ʶʽʰΣ ʵʽʰ˒ˇˊʶˍʽˁʺ ˉˊˈʴ˄˖ˋʹΣ ˁʰ˂ˏˍʶˊʹ 

ʰ˄ˍʰˉˈˁˊʽˋʹ ˋʶ ˃ʽʰ ʻʶˊʰˉʶʾʰ  ̋ ʰˎ˅ʹ˃ʷ˄ʶˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ˄ʰ ˉʰˊˇˎˋʽʱˋˇˎ˄ 

ʰ˄ʶˉʽʻˏ˃ʹˍʶˌ ʶ˄ʷˊʴʶʽʶˌ ˋʶ ˃ʽʰ ʻʶˊʰˉʶʾʰ. 

 ɶ ζ˒h ˊ˃ʰˁˇʴˇ˄ʽʵʽ˖˃ʰˍʽˁʺ» (pharmacogenomics) ̋  ζ˒hˊ˃ʰˁˇʴʶ˄ʶˍʽˁʺ» 

(pharmacogenetics) h ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʰˉˈˁˊʽˋʹ ˍ˖˄ ʰˋʻʶ˄˗˄ ˋʶ ʻʶˊʰˉʶʾʶˌ 

ʲʱˋʶʽ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄ ˋˍʹ ʴʶ˄ʶˍʽˁʺ ˍˇˎˌ ˋˏˋˍʰˋʹΣ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʹ˄ ʷ˄˄ˇʽʰ 

ˍʹˌ ʽʰˍˊʽˁʺ ̩h ˁˊʽʲʶʾʰˌ. 

 ɳˉˇ˃ʷ˄˖ˌΣ ˇ ˈˊˇˌ ζʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌη ʶʾ˄ʰʽ ʴʶ˄ʽˁˈˍʶˊˇˌ ˁʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ 

ˉˊˇˍʽ˃ʱˍʰʽ ˉ˂ʷˇ˄Σ ʷ˄ʰ˄ˍʽ ˍ˖˄ ʱ˂˂˖˄ ˈˊ˖˄. 

 

мΦн ʃˊ˖ˍˇʲˇˎ˂ʾʶˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ 

 ɮ˅ʽˇˋʹ˃ʶʾ˖ˍʹ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ˋˍˇ˄ ʶ˂˂ʹ˄ʽˁˈ ˔˗ˊˇΣ 

ʶʾ˄ʰʽ ʹ ˉˊˈˋ˒ʰˍʹ ʾʵˊˎˋʹ όɾʱʽˇˌ нлмуύ ˍˇˎ ɳʻ˄ʽˁˇˏ ɲʽˁˍˏˇˎ ɹʰˍˊʽˁʺˌ ɮˁˊʽʲʶʾʰˌΣ 

ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ʹ ˉʰˊˇ˔ʺ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄˖˄ ʵʽʰʴ˄˖ˋˍʽˁ˗˄ ˎˉʹˊʶˋʽ˗˄ 

˃ʷˋ˖ ˍˇˎ ɳʻ˄ʽˁˇˏ ʅˎˋˍʺ˃ʰˍˇˌ ʇʴʶʾʰˌ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰ˅ʽˈˉʽˋˍʹΣ ʷʴˁʰʽˊʹ ʵʽʱʴ˄˖ˋʹ, 

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˁʰʽ ˋˍˇ˔ʶˎ˃ʷ˄ʹ ʻʶˊʰˉʶʾʰ ˁʰʻ˗ˌ ˁʰʽ ˃ˇˊʽʰˁʺ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˋʶ 

ʰˋʻʶ˄ʶʾˌ ˃ʶ ˁʰˊˁʾ˄ˇΣ ˉʰʽʵʽʱ ˁʰʽ ʶ˄ʺ˂ʽˁʶˌΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ʵʽˁˍˏˇˎΣ ˋˎ˄ʶˊʴʱʸˇ˄ˍʰʽ 

ʶˊʶˎ˄ʹˍʽˁˇʾ ˁʰʽ ʰˁʰʵʹ˃ʰʿˁˇʾ ˒ˇˊʶʾˌ ˁʰʽ ʰˉˈ ˍʹ ˋˎ˄ʶˊʴʰˋʾʰ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ 

ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶ ̩ ˃ˇ˄ʱʵʶ ̩ ʴˇ˄ʽʵʽʰˁʺˌ ˁʰʽ ˃ˇˊʽʰˁʺˌ ʰ˄ʱ˂ˎˋʹˌΣ ʵʽʰˉʽˋˍʶˎ˃ʷ˄ʶ ̩



  

ʲʽˇˍˊʱˉʶʸʶˌ ˁʰʽ ʶʽʵʽˁʺ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ˉ˂ʰˍ˒ˈˊ˃ʰ ˋˎ˂˂ˇʴʺˌ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 

˃ʶʴʱ˂˖˄ ʲʽˇʿʰˍˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˍʶ˂ʽˁˈ ˋˍˈ˔ˇ ˍʹ˄ ˉʰˊˇ˔ʺ ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ ˋʶ 

ˇʴˁˇ˂ˇʴʽˁˇˏˌ ʰˋʻʶ˄ʶʾˌΦ  

 

2. ɶ ˋʹ˃ʰˋʾʰ ˍʹˌ ɹʰˍˊʽˁʺˌ ɮˁˊʽʲʶʾʰˌ 

 ɶ ɻˎ˄ʹˍʽˁʺ ʰ˅ʾʰ ˍʹˌ ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ ˒ʰʾ˄ʶˍʰʽ ʷ˃˃ʶˋʰ ʰˉˈ ̱h  ˉˇˋʱ ˍ˖˄ 

ˁˇ˄ʵˎ˂ʾ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰˍʶʻʶʾ ˉˊˈˋ˒ʰˍʰ ʴʽʰ ʷˊʶˎ˄ʰ ˉˊˇˌ ʰˎˍʺ ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹΣ 

ˍˈˋˇ ˋˍʹ˄ ɳˎˊ˗ˉʹ ˈˋˇ ˁʰʽ ˋˍʹ˄ ɮ˃ʶˊʽˁʺΦ 

 ʆˇ нлмр ˍˇ ʅˎ˃ʲˇˏ˂ʽˇ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌ ʵʹ˃ˇˋʾʶˎˋʶ ˍʰ 

ˋˎ˃ˉʶˊʱˋ˃ʰˍʱ ˍˇˎ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʹ ʽʰˍˊʽˁʺ ʴʽʰ ˍˇˎˌ ʰˋʻʶ˄ʶʾˌ 

όнлмрκ/ пнмκлоύΣ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰˌ ˈˍʽ ˉˊˇˋ˒ʷˊʶʽ ˉˇ˂ˏˍʽ˃ʰ ˇ˒ʷ˂ʹ ˁʰʽ ˈˍʽ ʻʰ ˉˊʷˉʶʽ 

˄ʰ ʵʽʶˎˁˇ˂ˎ˄ʻʶʾ ʹ ʶ˄ˋ˖˃ʱˍ˖ˋʺ ˍʹˌ ˋˍʹ˄ ˁ˂ʽ˄ʽˁʺ ˉˊʰˁˍʽˁʺΦ2 ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ 

ʅˎ˃ʲˇˏ˂ʽˇ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌΣ ʹ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʹ ʽʰˍˊʽˁʺ ʴʾ˄ʶˍʰʽ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˋˍʹ˄ ɳˎˊ˗ˉʹΣ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ˋˍʺˊʽ˅ʹ ʰˉˈ ˍˇ ʷʲʵˇ˃ˇ 

ˉˊˈʴˊʰ˃˃ʰ-ˉ˂ʰʾˋʽˇ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ʷˊʶˎ˄ʰˌΣ ˍʶ˔˄ˇ˂ˇʴʽˁʺˌ ʰ˄ʱˉˍˎ˅ʹˌ ˁʰʽ 

ʶˉʾʵʶʽ˅ʹˌΣ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʵʽʰˍʷʻʹˁʶ ˉʱ˄˖ ʰˉˈ мϵ ʵʽˋʶˁʰˍˇ˃˃ˏˊʽˇ ʴʽʰ ˍʹ˄ 

ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ʶ˅ʰˍˇ˃ʽˁʶˎ˃ʷ˄ʹˌ ʽʰˍˊʽˁʺˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ нллт-2013,3 ˈˉ˖ˌ ˁʰʽ 

˃ʷˋʰ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ-ˉ˂ʰʾˋʽˇ ʴʽʰ ˍʹ˄ ʷˊʶˎ˄ʰ ˁʰʽ ˍʹ˄ ˁʰʽ˄ˇˍˇ˃ʾʰ ζʁˊʾʸˇ˄ˍʰˌ 

2020».4 

 ʃʰˊʱ˂˂ʹ˂ʰ ˍˇ нлмрΣ ˇ ˍˈˍʶ ʃˊˈʶʵˊˇˌ ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ ʃˇ˂ʽˍʶʽ˗˄ ɮ˃ʶˊʽˁʺˌ 

όɶʃɮύ ʰ˄ʰˁˇʾ˄˖ˋʶ ˈˍʽ ʹ ˁˎʲʷˊ˄ʹˋʹ ˍ˖˄ ɶʃɮ ʻʰ ˔ˊʹ˃ʰˍˇʵˇˍʺˋʶʽ ˃ʾʰ ˃ʶʴʱ˂ʹ 

ˉˊ˖ˍˇʲˇˎ˂ʾʰ ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ όtǊŜŎƛǎƛƻƴ aŜŘƛŎƛƴŜ LƴƛǘƛŀǘƛǾŜΣ taLύΦ ʆˇ ʶʴ˔ʶʾˊʹ˃ʰ 

ʰˎˍˈ ˃ʶ ˍʹ˄ ˇ˄ˇ˃ʰˋʾʰ ά!ƭƭ ƻŦ ¦{έΣ ˃ʶ ˍʹ ˋˍˊʰˍˇ˂ˈʴʹˋʹ Ҕм ʶˁʰˍˇ˃˃ˎˊʾˇˎ ʰˍˈ˃˖˄ 

ˉˇˎ ʻʰ ʵ˖ˊʺˋˇˎ˄ ˍʰ ʽʰˍˊʽˁʱ ˁʰʽ ʴʶ˄ʶˍʽˁʱ ˍˇˎˌ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ʶʽ ˖ˌ ˋˍˈ˔ˇ ˄ʰ ʲˊʶʽ ˉ˗ˌ 

ˇʽ ʵʽʰ˒ˇˊʷˌ ˋˍˇ˄ ˍˊˈˉˇ ʸ˖ʺˌΣ ˇʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍуʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌ ˁʰʽ ʹ ʲʽˇ˂ˇʴʽˁʺ-

ʴʶ˄ʶˍʽˁʺ ˋˏˋˍʰˋʹ ˍ˖˄ ʰ˄ʻˊ˗ˉ˖˄ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ˎʴʶʾʰ ˍˇˎˌΦ5 ɶ ˉˊ˖ˍˇʲˇˎ˂ʾʰ 

ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ ˅ʶˁʾ˄ʹˋʶ ˍˇ нлмс ˃ʶ ˍʹ ʵʽʱʻʶˋʹ ˃ʶʴʱ˂˖˄ ˉˇˋ˗˄ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ 

Ϸмол ˁʰʽ Ϸтл ʶˁʰˍˇ˃˃ˎˊʾ˖˄ ˋˍˇ National institutes of Health ˁ ʰʽ ˋˍˇ bŀǘƛƻƴŀƭ 

/ŀƴŎŜǊ LƴǎǘƛǘǳǘŜΣ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 



  

ɮ˄ʱ˂ˇʴʶˌ ˉˊ˖ˍˇʲˇˎ˂ʾʶˌ ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾh ˌ ̀ʁ  ʶʻ˄ʽˁˈ ʶˉʾˉʶʵˇ ʷ˔ˇˎ˄ ˂ʹ˒ʻʶʾ ˁʰʽ 

ˎ˂ˇˉˇʽʹʻʶʾ ˋˍˇ ɶ˄˖˃ʷ˄ˇ ɰʰˋʾ˂ʶʽˇ ˃ʶ ˍˇ ˂ʶʴˈ˃ʶ˄ˇ ζ100,000 Genomes ProjectηΣ ˍˇ 

ˉ˂ʰʾˋʽˇ ˍˇˎ ˇˉˇʾˇˎ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʰ˂˂ʹ˂ˇˏ˔ʽˋʹ мллΦллл ʴˇ˄ʽʵʽ˖˃ʱˍ˖˄Σ ˃ʶ 

ʰˉ˗ˍʶˊˇ ˋˍˈ˔ˇ ˍʹ ˋˍˇ˔ʶˎ˃ʷ˄ʹ ʽʰˍˊˇ˒ʰˊ˃ʰˁʶˎˍʽˁʺ ˒ˊˇ˄ˍʾʵʰ ˍ˖˄ ʰˋʻʶ˄˗˄ ˁˎˊʾ˖ˌ 

ˋˍʹ˄ ˇʴˁˇ˂ˇʴʾʰ ˁʰʽ ˋˍʽˌ ˋˉʱ˄ʽʶˌ ˉʰʻʺˋʶʽˌ.6 

 

нΦн ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˉˊˇˁ˂ʺˋʶʽˌ 

 ʆʰ ̄̔ ʻʰ˄ʱ ˇ˒ʷ˂ʹ ˉˇˎ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ ʰˉˈ ˍʹ˄ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ʶʾ˄ʰʽ 

ˉˇ˂ˎʱˊʽʻ˃ʰΦ ɶ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ʻʰ ˇʵʹʴʺˋʶʽΥ 

ʰύ ̱̀ ʹ˄ ˁh ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ʵʽʰ˒ˈˊ˖˄ ʰˋʻʶ˄ʶʽ˗˄ ˋˍˇ˄ 

ʱ˄ʻˊ˖ˉˇ,  

ʲύ ˋˍʹ˄ ˁh ˂ˏˍʶˊʹ ̄ ˊˈ˂ʹ˕ʹ ʴʶ˄ʶˍʽˁ˗˄ ʰˋʻʶ˄ʶʽ˗˄Σ 

ʴύ ̀ ˍʹ˄ ̫ ʴˁʰʽˊʹ ʵʽʱʴ˄˖ˋʹ ʴʶ˄ʶˍʽˁ˗˄ ʰˋʻʶ˄ʶʽ˗˄, 

ʵύ ˋˍʹ˄ ˁh ˂ˏˍʶˊʹ ˂ʺ˕ʹ ʽʰˍˊʽˁ˗˄ ʰˉˇ˒ʱˋʶ˖˄, 

ʶύ ̀ˍʹ ̱̀̌ ˔ʶˎ˃ʷ˄ʹ ʶˉʽ˂ˇʴʺ ʻʶˊʰˉʶʾʰˌ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ˋ ʁ

ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʶˌ ʻʶˊʰˉʶʾʶˌ ˁ ʰʽΣ 

ˋˍύ ˋˍʹ˄ ˃ʁ ʾ˖ˋʹ ˍ˖˄ ʵʰˉʰ˄˗˄ ʰˉˈ ˃ʹ ʰ˄ʰʴˁʰʾʶˌ ʵʽʰʴ˄˖ˋˍʽˁʷˌ ʶ˅ʶˍʱˋʶʽˌ ˁʰʽ 

ʰ˄ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ ʻʶˊʰˉʶʾʶˌ ˁʰ̔ ̀ˍʹ˄ ˃ʁ ʾ˖ˋʹ ˍʹˌ ʽʰˍˊˇ˒ʰˊ˃ʰˁʶˎˍʽˁʺˌ 

ʵʰˉʱ˄ʹˌ ɹ ʶ˄ʽˁˈˍʶˊʰΦ 

 ʍˋˍˈˋˇΣ ˉˇ˂˂ʷˌ ʶʾ˄ʰʽ ˁʰʽ ˇʽ ˉˊˇˁ˂ʺˋʶʽˌ ˉˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʽˋˍˇˏ˄ 

ˋˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ˁʰʽ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ʹ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ˋˍʹ˄ 

ˁ˂ʽ˄ʽˁʺ ˉˊʱ˅ʹΥ 

ʰύ ʰˊ˔ʽˁʱΣ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʹ ʰ˄ʱʴˁʹ ˃ʶʴʱ˂˖ ˄ʶ̄ ʶ˄ʵˏˋʶ˖ ˄ˋʶ ˎˉˇʵˇ˃ʷˌ ʴʽʰ ˍʹ 

ˋˎ˂˂ˇʴʺ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ όʽʰˍˊʽˁˇ ʾ

˒ʱˁʶ˂ˇ ̔ ˎʴʶʾʰˌΣ ʴʶ˄ʶˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ, ʵʹ˃ʽˇˎˊʴʾʰ ˃ʶʴʱ˂˖˄ ˋˎ˂˂ˇʴ˗˄ 

ʵʶʵˇ˃ʷ˄˖˄), 



  

ʲύ ˉʽʻʰ˄ˈ ʶʾ˄ʰʽ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˄ˇ˃ʽˁʱ ˁ˖˂ˏ˃ʰˍʰ ʶ˅ʰʽˍʾʰˌ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˈʴˁˇˎ 

ʴʶ˄ʶˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʻʰ ˋˎ˂˂ʶ˔ʻˇˏ˄ όˁʰʽ ˋˎ˄ʽˋˍˇˏ˄ ʶˎʰʾˋʻʹˍ h

ˉˊˇˋ˖ˉʽˁʱ ɻʁ ʵˇ˃ʷ˄)h, 

ʴύ ˃ʶʴʱ˂ʹ ˉˊˇˋˇ˔ʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ˋˍʰ ˃ʷˍˊʰ ˉˇˎ ʻʰ ˂ʹ˒ʻˇˏ˄ ʴʽʰ ˍʹ˄ 

ˉˊˇˋˍʰˋʾʰ ˍ˖˄ ʶˎʰʾˋʻʹˍ˖˄ ˉˊˇˋ˖ˉʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˍ˖˄ ʰˋʻʶ˄˗˄, 

ʵύ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ˋˎ˄ʷ˔ʽˋʹ ˍʹˌ ˔ˊʹ˃ʰˍˇʵˈˍʹˋʹˌ ˍʹˌ ʷˊʶˎ˄ʰˌ ˉˊˇˌ 

ˍʹ˄ ˁʰˍʶˏʻˎ˄ˋʹ ʰˎˍʺΣ 

ύʁ ˉˊʰˁˍʽˁʱ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ ˎˉʱˊ˔ʶʽ -˃̔ ʰ ʰˊ˔ʽˁʺ ˍˇˎ˂ʱ˔ʽˋˍˇ˄- ʵˎ ˋˁˇ˂ʾʰ ˋˍʹ˄ 

ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍʹˌ ʽʰˍˊʽˁʺˌ ʰˁˊʽʲʶʾʰˌ ˋˍʹ˄ ˁʰʻʹ˃ʶˊʽ˄ʺ ʽʰˍˊʽˁʺ ˉˊʱ˅ʹΣ  

ˋύ̱ ʻʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʰ˄ʱʴˁʹ ʶˁˉʰʾʵʶˎˋʹˌ ˍ˖˄ ʶˉʰʴʴʶ˂˃ʰˍʽ˗˄ ˎʴʶʾʰˌ -ˁˎˊʾ˖ˌ 

ˍˇˎ ʽʰˍˊʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏ- ˋ̱ ʹ ˃ˇˊʽʰˁʺ ʲʽˇ˂ˇʴʾʰ ˁʰʽ ˍʹ ʴʶ˄ʶˍʽˁʺΣ ˁʰʻ˗ˌ ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ˁʰˍʰ˄ˇˇˏ˄ ˉ˗ˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ˇʽ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʶˌ ʻʶˊʰˉʶʾʶˌ ˉˇˎ ʻʰ 

ˉˊˇˁˏ˕ˇˎ˄ ˁʰʽ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˍˇ ʶ˅ʹʴˇˏ˄ ʰˎˍˈ ˋˍˇˎˌ ʰˋʻʶ˄ʶʾˌ, 

ʸύ ˇʽ ˋˍˇ˔ʶˎ˃ʷ˄ʶˌ ʻʶˊʰˉʶʾʶˌ ˉˇˎ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ ˉʽʻʰ˄ˈ˄ ˄ʰ ʷ˔ˇˎ˄ ˋ˔ʶˍʽˁʱ 

˃ʶʴʱ˂ˇ ˁˈˋˍˇˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʾˋ˖ˌ ʵˎˋ˔ʶˊʱ˄ʶʽ ˍʹ˄ ˉˊˈˋʲʰˋʹ ˍ˖˄ ʰˋʻʶ˄˗˄ ˋʶ 

ʰˎˍʷˌΣ ˁʰʽ 

ʹύ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˍˇ ˎ˕ʹ˂ˈ ˁˈˋˍˇˌ ʰˎˍ˗˄ ˍ˖˄ ˄ʷ˖˄ ʻʶˊʰˉʶˎˍʽˁ˗˄ ˂ˏˋʶ˖˄ ˄ʰ 

ʶˉʽʲʰˊˏ˄ʶʽ ˍˇˎˌ ʵʹ˃ˈˋʽˇˎˌ ˉˊˇːˉˇ˂ˇʴʽˋ˃ˇˏˌ ʴʽʰ ˍʹ˄ ˎʴʶʾʰΦ 

 

3. ɳ˒ʰˊ˃ˇʴʷˌ ̀ ʶ ˁ˂ʽ˄ʽˁˈ ʶˉʾˉʶʵˇ 

 ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌΣ  ́ˉʰˊʰʵˇˋʽʰˁʺ ʽʰˍˊʽˁʺ ʶ˒ʺˊ˃ˇʸʶ ˍʹ 

˃ʷʻˇʵˇ ζone size fits all» όˋʶ ʶ˂ʶˏʻʶˊʹ ˃ʶˍʱ˒ˊʰˋʹ ζʷ˄ʰ ˃ʷʴʶʻˇˌ ˍʰʽˊʽʱʸʶʽ ˋʶ 

ˈ˂ˇˎˌηύΣ ˋˍʹ˄ ˇˉˇʾʰ ˈ˂ˇʽ ˇʽ ʰˋʻʶ˄ʶʾ ˌ ˃ʶ ˍʹ˄ ʾʵʽʰ ˄ˈˋˇ ˂ʱ˃ʲʰ˄ʰ˄ ˍʹ˄ ʾʵʽʰ ʻʶˊʰˉʶʾʰΦ 

ʃ˂ʷˇ˄Σ ˍʷˍˇʽˇˎ ʶʾʵˇˎˌ ˍʰˁˍʽˁʷˌ ʶʾ˄ʰʽ -ˋʶ ʰˊˁʶˍʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˋʻʶ˄ʶʽ˗˄- 

ʰˉˇʵʶʵʶʽʴ˃ʷ˄ʰ ʰ˄hˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌ. ɴˍˋʽΣ  ́ ʽʰˍˊʽˁʺ ʰˁˊʽʲʶʾʰˌ ʲˊʾˋˁʶʽ ʺʵʹ 

ʶ˒ʰˊ˃ˇʴʷˌ ˋʶ ˁ˂ʽ˄ʽˁˈ ʶˉʾˉʶʵˇΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˉʶʵʾˇ ʶˁˍʶ˄ˇˏˌ 

ʷˊʶˎ˄ʰˌ ʰʽ˔˃ʺˌ ˉʰʴˁˇˋ˃ʾ˖ˌΦ  


















