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ɄŮɟɑɚɖɣɖ  

H ˊŬɟɞɨůŬ ŭɘŭŬəŰɞɟɘəɐ ŭɘŬŰɟɘɓɐ ŮɜŰɎůůŮŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ˊŮɟɘɞɢɩɜ Űɖɠ 

ȸɘɞˊɚɖɟɞűɞɟɘəɐɠ əŬɘ Űɖɠ ȷɜɎɚɡůɖɠ ɀŮɔɎɚɤɜ ȹŮŭɞɛɏɜɤɜ ɛŮ ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ. 

ɄɟɤŰŬɟɢɘəɧ ůŰɧɢɞ ŬˊɞŰŮɚŮɑ ɖ ŬɜɎˊŰɡɝɖ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɘəŬɜɩɜ ɜŬ ŮɝɎɔɞɡɜ 

ɢɟɐůɘɛŮɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ɓɘɞɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ˊɞɡ ɗŬ ɞŭɖɔɐůɞɡɜ ůŰɖ 

ŭɘŮɨɟɡɜůɖ Űɖɠ ɔɜɩůɖɠ ůŮ ŬɜɞɘɢŰɎ ɓɘɞɚɞɔɘəɎ ɕɖŰɐɛŬŰŬ. ȼ ɏɟŮɡɜŬ ŮůŰɘɎɕŮɘ ůŮ ŭɨɞ 

ɓɘɞɚɞɔɘəɞɨɠ ůŰɧɢɞɡɠ, ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ  ɛɘəɟɩɜ ŬɜɞɘəŰɩɜ ˊŬɟŬɗɨɟɤɜ ŬɜɎɔɜɤůɖɠ (sORFs) 

ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ əŬɘ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ ɏəűɟŬůɖɠ əɤŭɘəɩɜ əŬɘ ɛɖ əɤŭɘəɩɜ 

ɔɞɜɘŭɑɤɜ. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ ŬɜŬɔɜɤɟɘůŰŮɑ ɛɘŬ ŬɡɝŬɜɧɛŮɜɖ ˊɞɘəɘɚɑŬ ˊŮˊŰɘŭɑɤɜ ɛɘəɟɧŰŮɟɤɜ Űɤɜ 

100 əɤŭɘəɞɜɑɤɜ ůŮ ŭɘɎűɞɟɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ, Ŭˊɧ ɓŬəŰɐɟɘŬ ɏɤɠ Ŭɜɗɟɩˊɞɡɠ, ŰŬ ɞˊɞɑŬ ŭɟɞɡɜ 

ɤɠ ɟɡɗɛɘůŰɏɠ ˊɞɚɚɩɜ əɟɑůɘɛɤɜ ŭɘŬŭɘəŬůɘɩɜ ɧˊɤɠ ɞ ɛŮŰŬɓɞɚɘůɛɧɠ, ɖ ŬɜɎˊŰɡɝɖ, əŬɘ ɞ 

əɡŰŰŬɟɘəɧɠ ɗɎɜŬŰɞɠ. ȺˊɘˊɟɧůɗŮŰŬ ɛŮ Űɘɠ ŬɚɚɖɚɞɡɢɑŮɠ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ɛŮɔɎɚŮɠ 

ˊɟɤŰŮȶɜŮɠ, ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ ɛɘəɟɎ ŬɜɞɘɢŰɎ ˊɚŬɑůɘŬ ŬɜɎɔɜɤůɖɠ ˊɞɡ ŮˊŮɝŮɟɔɎɕɞɜŰŬɘ Ŭˊɧ Űɞɜ 

ɛŮŰŬűɟŬůŰɘəɧ ɛɖɢŬɜɘůɛɧ Űɤɜ əɡŰŰɎɟɤɜ ˊŬɟɎɔɞɜŰŬɠ ɛɘəɟɎ ˊŮˊŰɑŭɘŬ. Ƀɘ ɛɘəɟɏɠ ˊŮˊŰɑŭɘəɏɠ 

ŬɚɡůɑŭŮɠ ůɡɜɐɗɤɠ ŭŮɜ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɞɡɠ ůɢɞɚɘŬůɛɞɨɠ ˊɟɤŰŮɞɛɘəɐɠ əŬɗɩɠ ɚɧɔɤ Űɞɡ 

ɛɘəɟɞɨ Űɞɡɠ ɛŮɔɏɗɞɡɠ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ůɡɛɓŬɑɜɞɡɜ ŰɡɢŬɑŬ əŬɘ ŬˊɞŰɡɔɢɎɜɞɡɜ ɜŬ ˊŮŰɨɢɞɡɜ 

ɡɣɖɚɏɠ ɓŬɗɛɞɚɞɔɑŮɠ ůŮ ŭŮɑəŰŮɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ůɡɜŰɐɟɖůɖ.  

ɇɞ ŬɜɞɘɢŰɧ ɕɐŰɖɛŬ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ əɤŭɘəɞˊɞɑɖůɖɠ ˊŮˊŰɘŭɑɤɜ Ŭˊɧ ɛɘəɟɎ ŬɜɞɘɢŰɎ ˊɚŬɑůɘŬ 

ŬɜɎɔɜɤůɖɠ ˊɟɞůŮɔɔɑůŰɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ D-sORF, Ůɜɧɠ 

Ŭɚɔɞɟɑɗɛɞɡ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ˊɞɡ ˊɟɞɓɚɏˊŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ sORFs ɜŬ əɤŭɘəɞˊɞɘɞɨɜ 

ˊɟɤŰŮȶɜŮɠ, ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɜɞɡəɚŮɞŰɘŭɘəɐɠ ŬɚɚɖɚɞɡɢɑŬɠ əŬɘ 

ˊɚɖɟɞűɞɟɑŮɠ ɛɞŰɑɓɞɡ ɔɨɟɤ Ŭˊɧ Űɞ əɤŭɘəɧɜɘɞ ɛŮŰŬɔɟŬűɘəɐɠ ɏɜŬɟɝɖɠ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ 

ɓŬɗɛɞɚɞɔŮɑ Űɘɠ ŬɚɚɖɚɞɡɢɑŮɠ Ůɘůɧŭɞɡ ɛŮ Űɟɧˊɞ ŬɜɎɚɞɔɞ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ˊɞɡ ŬˊɞŭɑŭŮɘ Űɞ 

ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ ůŰɖɜ əɤŭɘəɞˊɞɑɖůɖ ˊŮˊŰɘŭɑɤɜ Ŭˊɧ ˊɟŬɔɛŬŰɘəɎ əɤŭɘəɞˊɞɘɖŰɘəɎ ORFs. 

ɉɟɖůɘɛɞˊɞɘŮɑ ŬˊɞəɚŮɘůŰɘəɎ Űɖɜ ɡˊɞəŮɑɛŮɜɖ ɔɞɜɘŭɘɤɛŬŰɘəɐ ŬɚɚɖɚɞɡɢɑŬ, ŬˊɞűŮɨɔɞɜŰŬɠ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ ɖ ůɡɜŰɐɟɖůɖ (conservation), ɖ ɞˊɞɑŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

sORFs ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůŮɘ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

ɇɞ ŮˊɧɛŮɜɞ ɓɘɞɚɞɔɘəɧ ɕɐŰɖɛŬ ˊɞɡ ŬˊŬůɢɧɚɖůŮ Űɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬˊɞŰŮɚŮɑ ɞ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ɡˊɞəɘɜɖŰɩɜ əɤŭɘəɩɜ əŬɘ ɛɖ əɤŭɘəɩɜ RNAs. ɇɞ ˊɟɤŰɧəɞɚɚɞ CAGE 
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ɏɢŮɘ ŬɜŬŭŮɘɢɗŮɑ ɤɠ ɛɑŬ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŭɞŰɘəɐ ˊŮɘɟŬɛŬŰɘəɐ ŰŮɢɜɘəɐ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ ɗɏůŮɤɜ 

ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɤɜ ɡˊɞəɘɜɖŰɩɜ. ɄŬɟɎ Űɖɜ ŬɡɝŬɜɧɛŮɜɖ 

ŭɖɛɞŰɘəɧŰɖŰɎ Űɞɡ ɤɠ ˊŮɘɟŬɛŬŰɘəɧ ˊɟɤŰɧəɞɚɚɞ ŬɜŬɔɜɩɟɘůɖɠ ɡˊɞəɘɜɖŰɩɜ, ɖ ŮɝŮɘŭɑəŮɡůɖ 

Űɞɡ CAGE ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ůɡɛɓɎɜŰɤɜ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ ůŰɞ ɔɞɜɘŭɑɤɛŬ ɏɢŮɘ 

ŬɟəŮŰɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ. ɈˊɎɟɢɞɡɜ ɘůɢɡɟɏɠ ŮɜŭŮɑɝŮɘɠ ɧŰɘ ŮəŰɧɠ Ŭˊɧ Űɘɠ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ, 

Űɞ CAGE ŬɜŬɔɜɤɟɑɕŮɘ ɗɏůŮɘɠ ˊɟɞůɗɐəɖɠ əŬɚɨˊŰɟŬɠ (capping sites) ůŮ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ 

ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɡˊɞˊɟɞɥɧɜŰŬ ɛŬŰɑůɛŬŰɞɠ (splicing byproducts) əŬɘ ŮɜŬɚɚŬəŰɘəɏɠ ɘůɞɛɞɟűɏɠ 

(alternative isoforms), ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɡɜɞɣɘůŰɞɨɜ ɤɠ ɛŮŰŬɔɟŬűɘəɧɠ ɗɧɟɡɓɞɠ. ɋɠ 

ŬˊɞŰɏɚŮůɛŬ, ɛɧɜɞ ɏɜŬ ɡˊɞůɨɜɞɚɞ Űɤɜ ŮɛˊɚɞɡŰɘůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ůŮ ůɐɛŬ CAGE ɓɟɏɗɖəŮ 

ɜŬ ŬɚɚɖɚŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ Űɖɜ ˊŮɟɘɓɎɚɚɞɡůŬ ˊŮɟɘɞɢɐ ůɢɞɚɘŬůɛɏɜɤɜ TSS. ȷɡŰɧ ŬˊɞŰŮɚŮɑ 

ůɖɛŬɜŰɘəɧ Ůɛˊɧŭɘɞ ůŰɘɠ ŮɟŮɡɜɖŰɘəɏɠ ɛŮɚɏŰŮɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɞɜ ŮɛˊɚɞɡŰɘůɛɧ Űɤɜ 

ɓɘɞɚɞɔɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ ɛŮ Űɘɠ ɟɡɗɛɘůŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɔɞɜɘŭɑɤɜ.  

ɆŰɞɢŮɨɞɜŰŬɠ ůŰɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ ˊɟŬɔɛŬŰɘəɩɜ ɔŮɔɞɜɧŰɤɜ ɛŮŰŬɔɟŬűɐɠ, ŬɜŬˊŰɨɢɗɖəŮ Űɞ 

ADAPT-CAGE, ɏɜŬ Ŭɚɔɞɟɘɗɛɘəɧ ́ ɚŬɑůɘɞ ɛŮ ɡɣɖɚɐ ŭɘŬəɟɘŰɘəɐ ɘəŬɜɧŰɖŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ 

ɏɜŬ ˊɞɚɨ-ŮˊɑˊŮŭɞ ɛɞɜŰɏɚɞ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ. ȺəɛŮŰŬɚɚŮɨŮŰŬɘ ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ŬəɞɚɞɡɗɑŬɠ DNA, ɛɞŰɑɓŬ ˊɟɧůŭŮůɖɠ Űɖɠ POL II  əŬɘ Űɖɜ ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ, ɔɘŬ Űɖɜ 

Ŭˊɧŭɞůɖ ɓŬɗɛɞɚɞɔɑŬɠ ůŰɖɜ əɎɗŮ ɛɑŬ əɞɟɡűɐ CAGE. ɄɏɟŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɛɖɢŬɜɘəɐɠ 

ɛɎɗɖůɖɠ ŬɜŬˊŰɨɢɗɖəŮ əŬɘ ɏɜŬ ˊɞɚɡŭɘɎůŰŬŰɞ ˊɚŬɑůɘɞ Ŭɝɘɞɚɧɔɖůɖɠ, ɓŬůɘůɛɏɜɞ Űɧůɞ ůŮ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ɧůɞ əŬɘ ɡˊɞɚɞɔɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ȼ ůɨɔəɟɘůɖ ɛŮ ŬɜŰɑůŰɞɘɢɞɡɠ 

Ŭɚɔɧɟɘɗɛɞɡɠ ŮˊŮɝŮɟɔŬůɑŬɠ CAGE ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ TSS ůɏ ɧɚŮɠ Űɘɠ 

Ůˊɘɛɏɟɞɡɠ ŬɝɘɞɚɞɔɐůŮɘɠ ŬɜɏŭŮɘɝŮ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ.  

ɆŰɖ ůɡɜɏɢŮɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ADAPT CAGE ŮűŬɟɛɧůŰɖəŮ ůŮ ɛŮɔɎɚɞ ˊɚɐɗɞɠ 

ŭŮɘɔɛɎŰɤɜ Ŭˊɧ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ, ˊɟɤŰɞɔŮɜɐ əɨŰŰŬɟŬ əŬɘ ɘůŰɞɨɠ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ 

ɡˊɞəɘɜɖŰɩɜ Űɤɜ miRNA. ȼ ŬɜŬɔɜɩɟɘůɖ ɡˊɞəɘɜɖŰɩɜ Űɤɜ miRNA ŮɑɜŬɘ ɛɘŬ ɗŮɛŮɚɘɩŭɖɠ 

ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ əŬɘ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ɡˊɞəŮɑɛŮɜɤɜ ɛɖɢŬɜɘůɛɩɜ Űɧůɞ 

Űɤɜ űɡůɘɞɚɞɔɘəɩɜ ɧůɞ əŬɘ Űɤɜ ˊŬɗɞɚɞɔɘəɩɜ əŬŰŬůŰɎůŮɤɜ. Ƀ ŬɜŬɚɡŰɘəɧɠ ůɢɞɚɘŬůɛɧɠ Űɤɜ 

ɗɏůŮɤɜ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ əŬɘ Űɤɜ ɡˊɞəɘɜɖŰɩɜ ůɡɜŭɡɎůŰɖəŮ ɛŮ ˊŮɘɟŬɛŬŰɘəɎ ŬɚɚɎ 

əŬɘ ɡˊɞɚɞɔɘůŰɘəɎ ŰŬɡŰɞˊɞɘɖɛɏɜŮɠ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɔɘŬ əɎɗŮ 

ŭŮɑɔɛŬ, ŰɟɞűɞŭɞŰɩɜŰŬɠ ɏɜŬ ŬˊɞɗŮŰɐɟɘɞ ŭŮŭɞɛɏɜɤɜ ɟɨɗɛɘůɖɠ Űɤɜ miRNAs. ɇɞ ŬˊɞɗŮŰɐɟɘɞ 

miRGen v4 ŮɑɜŬɘ ŭɖɛɞůɑɤɠ ˊɟɞůɓɎůɘɛɞ Ŭˊɧ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ əɞɘɜɧŰɖŰŬ.  

ɆɡɜɏɢŮɘŬ Űɖɠ ɏɟŮɡɜŬɠ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŬɜɑɢɜŮɡůɖɠ Űɤɜ əɞɟɡűɩɜ Űɞɡ ůɐɛŬŰɞɠ CAGE ˊɞɡ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ˊɟŬɔɛŬŰɘəɎ ɔŮɔɞɜɧŰŬ ɛŮŰŬɔɟŬűɐɠ ŬˊɞŰɏɚŮůŮ ɞ Dis-TSS Ŭɚɔɧɟɘɗɛɞɠ. ɆŮ ŬɡŰɐ 

Űɖɜ ɏɟŮɡɜŬ ůɡɔəŮɟɎůŰɖəŬɜ ŰŮɢɜɘəɏɠ ŮˊŮɝŮɟɔŬůɑŬɠ ůɐɛŬŰɞɠ ɛŮ ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ. 
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ɉŬɟŬəŰɖɟɘůŰɘəɎ Ŭˊɧ ŰŬ ˊŮŭɑŬ Űɞɡ ɢɩɟɞɡ əŬɘ Űɤɜ ůɡɢɜɞŰɐŰɤɜ ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɘɠ əɞɟɡűɏɠ 

CAGE. ȼ ůɖɛŬůɑŬ əɎɗŮ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ŮəŰɘɛɐɗɖəŮ əŬɘ ŭɘŬŰɖɟɐɗɖəŬɜ ɛɧɜɞ ŮəŮɑɜŬ ˊɞɡ 

ŮɛűɎɜɘɕŬɜ ɡɣɖɚɐ ˊɟɞɔɜɤůŰɘəɐ ɘəŬɜɧŰɖŰŬ ɆŰɖ ůɡɜɏɢŮɘŬ ŬˊɞŰɏɚŮůŬɜ Űɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ˊɞɡ ŭɘŬɢɤɟɑɕŮɘ ŰŬ ɔŮɔɞɜɧŰŬ ɏɜŬɟɝɖɠ Űɖɠ 

ɛŮŰŬɔɟŬűɐɠ Ŭˊɧ Űɞɜ ɗɧɟɡɓɞ.  

ȼ ŬɜɎˊŰɡɝɖ ŬɝɘɧˊɘůŰɤɜ Ŭɚɔɞɟɑɗɛɤɜ əŬɘ ŬˊɞɗŮŰɖɟɑɤɜ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ 

ɛˊɞɟŮɑ ɜŬ ŭɘŬŭɟŬɛŬŰɑůɞɡɜ ɗŮɛŮɚɘɩŭɖ ɟɧɚɞ ůŰɖɜ ŬˊɞəɎɚɡɣɖ ɓɘɞɚɞɔɘəɩɜ ůɡɛˊŮɟŬůɛɎŰɤɜ, 

ɤɗɩɜŰŬɠ Űɞɜ ɞɟɑɕɞɜŰŬ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ ɔɜɩůɖɠ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ. 
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Abstract 

This doctoral dissertation is part of the research areas of Bioinformatics and Big Data 

Analysis with Machine Learning. The primary goal is to develop computer models capable 

of extracting useful information from the processing of biological data, which will lead to 

the expansion of knowledge on open biological issues. The research focuses on two 

biological objectives, the functional characterization of small open reading frames (sORFs) 

and the regulation of coding and non-coding gene expression. 

Recently, an increasing variety of peptides of less than 100 codons have been identified in 

various organisms, from bacteria to humans, which act as regulators of many critical 

processes such as metabolism, growth, and cell death. In addition to the sequences encoding 

large proteins, there are many small open reading frames that are processed by the cell 

translation mechanism to produce small peptides. 

Small peptide chains are usually not recorded in proteomic annotations as due to their small 

size they are considered to occur randomly and fail to achieve high scores on functionality 

indicators such as conservation. 

The open issue of the possibility that small open reading frames encoding peptides, was 

approached in the present dissertation with the development of D-sORF, a machine learning 

Framework that integrates statistical nucleotide context and motif information around the 

start codon to find exact solutions of coding sORFs. The algorithm scores for coding identity 

directly similar to established protein coding ORFs by only requiring the underlying 

genomic sequence, without incorporating parameters like conservation that in the case of 

sORFs may increase dispersion of scores.  

The next biological issue in this dissertation is the characterization of promoters of coding 

and non-coding RNAs. CAGE protocol has emerged as a highly efficient experimental 

technique in identifying transcription start sites and consequently promoters. Despite its 

increasing popularity as an experimental promoter recognition protocol, CAGE 

specialization in identifying transcription initiation events in the genome has several 

limitations. There is strong evidence that in addition to promoter regions, CAGE recognizes 

capping sites along various locations of transcribed loci such as different splicing products, 

isoforms and capped molecules that can be summed up as transcriptional noise. As a result, 

only a subset of the CAGE-enriched regions was found to overlap with the surrounding area 
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of annotated TSS. This is a major obstacle in studies aimed to integrate regulatory regions 

into the framework of biological pathways. 

Aiming to distinguish the actual transcription events we developed ADAPT-CAGE, a high-

resolution algorithmic framework that use a multilevel Machine Learning model. It utilizes 

structural features of the DNA sequence, POL II binding motifs and gene expression for 

scoring at each CAGE peak. In addition to the machine learning model, a multifaceted 

evaluation framework based on both experimental data and computational methods was 

developed. Comparison with corresponding CAGE data processing algorithms for TSS 

identification in all individual evaluations showed quality of the ADAPT-CAGE results. 

The ADAPT CAGE algorithm was then applied to a multitude of samples from cell lines, 

primary cells and tissues to identify miRNA promoters. The identification of miRNA 

promoters is a fundamental effort to understand and characterize the underlying mechanisms 

of both physiological and pathological conditions. Detailed annotation of transcription start 

sites -TSS and consequently promoters, combined with experimentally and computationally 

identified transcription factor binding sites for each sample, entered a repository of miRNAs 

regulation data. The repository is called miRGen v4 and is publicly available to the scientific 

community. 

The Dis-TSS algorithm was a continuation of the research in the field of detecting real TSS 

events from CAGE signals. In this effort signal processing techniques were combined with 

Machine Learning. Features from the spatial and frequency domain were extracted from the 

CAGE peaks and trained a machine learning system to separate transcription initiation 

events from noise. The significance of each feature was assessed and only those with high 

prognostic capability were retained. 

The development of reliable algorithms and repositories in the present dissertation could 

play a fundamental role in revealing biological conclusions by pushing the horizon of 

scientific knowledge even further. 

 

  



 

6 

 

ȺɡɢŬɟɘůŰɑŮɠ 

4 ɢɟɧɜɘŬ ˊɟɘɜ. ɇɧŰŮ ɝŮəɑɜɖůŮ ŬɡŰɧ Űɞ ŰŬɝɑŭɘ. ɇɧŰŮ ɞɘ ŮɡɢŬɟɘůŰɑŮɠ űɎɜŰŬɕŬɜ ˊɞɚɨ ɛŬəɟɘɜɏɠ.  

ȿɑɔɞ ˊɘɞ ˊŮɟɑˊɚɞəɖ ɖ əŬŰɎůŰŬůɖ ɛɞɡ Ŭˊɧ Űɞɡ əɚŬůɘəɞɨ ɡˊɞɣɐűɘɞɡ ŭɘŭɎəŰɞɟŬ. 

ȺɟɔŬɕɧɛŮɜɞɠ, ŮɡɗɨɜŮɠ ůŰɖɜ ŮɟɔŬůɑŬ, ŮɡɗɨɜŮɠ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ, ŰɟŮɘɠ əɧɟŮɠ, ɛɘŬ ůɨɕɡɔɞɠ. 

ȾŬɘ ɧɢɘ 22  ɐ 25 ŮŰɩɜ (ŰɧŰŮ ŮɑɢŬ ɝŮəɘɜɐůŮɘ ɛɑŬ Ɏɚɚɖ -ŬŰɡɢɐɠ- ˊɟɞůˊɎɗŮɘŬ ɔɘŬ ŭɘŭŬəŰɞɟɘəɧ) 

ŬɚɚɎ 42 . ɇɧŰŮ ůŰŬ 25 ŮɑɢŬɜ əŮɟŭɑůŮɘ ɖ ŮɟɔŬůɑŬ, ɖ ůɨɕɡɔɞɠ, ɞɘ ɛŮɚɚɞɜŰɘəɏɠ əɧɟŮɠ. ɇɩɟŬ 

ɧɚɞɘ ɛŬɕɑ ɔɑɜŬɛŮ ůŬɜ ɞɛɎŭŬ Űɞ ˊŬɚɏɣŬɛŮ. 

 ȾɎɗŮ ŰŬɝɑŭɘ ɗɏɚŮɘ əŬɘ ɏɜŬ ŮɘůɘŰɐɟɘɞ. ɇɞ ŭɘəɧ ɛɞɡ ŮɘůɘŰɐɟɘɞ ɐŰŬɜ ɖ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ 

ɏŭŮɘɝŮ ɖ əŬɗɖɔɐŰɟɘŬ ȯɟŰŮɛɘɠ ɉŬŰɕɖɔŮɤɟɔɑɞɡ. ɇɖɜ ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ, ɧɢɘ ɛɧɜɞ ɔɘŬ Űɞ 

ŮɘůɘŰɐɟɘɞ ŬɚɚɎ ɔɘŬŰɑ ɐŰŬɜ ŭɑˊɚŬ ɛɞɡ ůŮ ɧɚɞ Űɞ ŰŬɝɑŭɘ. ũɜɩůŮɘɠ, əŬɗɞŭɐɔɖůɖ, ɡˊɞɛɞɜɐ əŬɘ 

ŮɡɔɏɜŮɘŬ. ȾŬɘ ůɡɜŮɢɑɕŮɘ ɜŬ ŮɑɜŬɘ. 

 ɀŮŰŬɝɨ ŭɨɞ ůŰŬɗɛɩɜ Űɞɡ ŰŬɝɘŭɘɞɨ, ɛŮ ŭɨůəɞɚɞ əŬɘɟɧ, ůɡɜŰŬɝɘŭɏɣŬɛŮ ɛŮ Űɞɜ ȷɜŰɩɜɖ 

ȾɞɜɜŬɟɐ. ɇɞɜ ŮɡɢŬɟɘůŰɩ ɘŭɘŬɑŰŮɟŬ ˊɞɡ ɛɞɘɟɎůŰɖəŮ Űɞ ɧɜŮɘɟɞ ɛɞɡ.  

ȹŮɜ ɗŬ ɛˊɞɟɞɨůŬ ɜŬ ɝŮɢɎůɤ Űɞɜ ŭɎůəŬɚɞ ɛɞɡ, Űɞɜ ɞɛɧŰɘɛɞ əŬɗɖɔɖŰɐ ɄŬɜŬɔɘɩŰɖ 

ũŮɤɟɔɘɎŭɖ. ȷˊɧ Űɞ 1997 ɏɤɠ əŬɘ ůɐɛŮɟŬ ŭɑˊɚŬ ɛɞɡ, əɎɜɞɜŰŬɠ ˊɟɧɓɚɖɛŬ Űɞɡ Űɞ ˊɟɧɓɚɖɛŬ 

ɛɞɡ,  ɢŬɟɎ Űɞɡ Űɖ ɢŬɟɎ ɛɞɡ. ȷɜ ˊɐɟŬ Űɞ ɗɎɟɟɞɠ ɜŬ Űɞɚɛɐůɤ ŬɡŰɧ Űɞ ŰŬɝɑŭɘ, ůŮ ɛŮɔɎɚɞ 

ɓŬɗɛɧ Űɞɡ Űɞ ɢɟɤůŰɎɤ.  

ɆŮ ɧɚɞ Űɞ ŰŬɝɑŭɘ ɛŮ Űɖɜ ɞɛɎŭŬ Űɞɡ Diana-Lab ůɡɕɖŰɞɨůŬɛŮ, ŭɘŬɓɎɕŬɛŮ , ɛŮɚŮŰɞɨůŬɛŮ, 

ŮɟŮɡɜɐůɞɡɛŮ, ɔɟɎűŬɛŮ. ɀŮ Űɞɜ ũɘɎɜɜɖ ȾŬɓŬəɘɩŰɖ, Űɞɜ ȹɖɛɐŰɟɖ ũɟɖɔɞɟɘɎŭɖ, Űɞɜ 

ȹɖɛɐŰɟɖ Ȼɐůɖ, Űɞɜ ũɘɩɟɔɞ Ɇəɞɨűɞ, Űɖ ȹɐɛɖŰɟŬ ȾŬɟŬɔəɞɨɜɖ, Űɞɜ Ɇˊɨɟɞ ɇŬůŰůɧɔɚɞɡ Űɞɜ 

ũɘɎɜɜɖ ȸɚŬɢɞ, Űɖɜ ɀŬɟɑŬ ɄŬɟŬůəŮɡɞˊɞɨɚɞɡ Űɞɜ ȷɜŰɩɜɖ ũɘŬɜɜŬəɎəɖ, Űɞɜ ȷɜŰɩɜɖ 

ȾɞɡůɞɡɜɎŭɖ. ȷɚɚɎ əɡɟɑɤɠ ɛŮ Űɞɜ űɑɚɞ ũɘɩɟɔɞ ũŮɤɟɔŬəɑɚŬ. ɀŮ Űɞɜ ũɘɩɟɔɞ ɔɟɎűŬɛŮ, 

ŭɖɛɞůɘŮɨŬɛŮ, ɔɟɎűŬɛŮ, ŭɖɛɞůɘŮɨŬɛŮ. Ȳůɤɠ ɓɞɐɗɖůŮ ɖ Ɏɣɞɔɖ ůɡɜŮɟɔŬůɑŬ ˊɞɡ ŮɑɢŬɛŮ. Ȳůɤɠ 

Űɞ ɧŰɘ ŬɓɑŬůŰŬ əŬɘ ŬɜɘŭɘɞŰŮɚɩɠ ɛɞɡ ˊɟɧůűŮɟŮ Űɘɠ ɔɜɩůŮɘɠ əŬɘ Űɖ ŮɛˊŮɘɟɑŬ Űɞɡ ˊɞɡ ɛŮ Űɧůɞ 

əɧˊɞ ŬɡŰɧɠ ŮɑɢŮ ŬˊɞəŰɐůŮɘ. ũɘɩɟɔɞ, ŮɡɢŬɟɘůŰɩ.  

ȾŬɘ ůŮ ŬɡŰɧ Űɞ  ŰŬɝɑŭɘ ŭɑˊɚŬ ɛɞɡ, ɧˊɤɠ əŬɘ ůŮ ɧɚŬ ŰŬ ɎɚɚŬ Űɖɠ ɕɤɐɠ ɛɞɡ əŬɘ ŭŮɜ ŮɑɜŬɘ ɚɑɔŬ, 

ŭɡɞ Ɏɜɗɟɤˊɞɘ ɞɘ ɔɞɜŮɑɠ ɛɞɡ. ɆŬɠ ŮɡɢŬɟɘůŰɩ ˊɞɡ ɛŮ ɛɎɗŬŰŮ ɜŬ əɡɜɖɔɎɤ Űɞ ɧɜŮɘɟɞ. ȺɨɢɞɛŬɘ 

ɜŬ ŮɛˊɜŮɨůɤ Űɞ ɑŭɘɞ ɛŮ ŮůɎɠ, Űɘɠ əɧɟŮɠ ɛɞɡ. ɇɖ ūɤŰŮɘɜɐ , ɇɖ ȸŬůɘɚɘəɐ əŬɘ Tɖ Ȼɤɐ. 12, 10 

əŬɘ 6 ůɐɛŮɟŬ. ȾɞɟɑŰůɘŬ, ůŬɠ ɏəɚŮɣŬ ɚɑɔɞ  ɢɟɧɜɞ Űɞɜ ɛˊŬɛˊɎ ůŬɠ. ɇɞ ɝɏɟɤ. ɄɟɞůˊɎɗɖůŬ 

ɜŬ ŮɑɜŬɘ ɧŰŬɜ əɞɘɛɧůŬůŰŬɜ. ȷɚɚɎ ŭŮɜ ŬɟəɞɨůŮ ˊɎɜŰŬ. ɉɟŮɘŬɕɧŰŬɜ əŬɘ ɚɑɔɖ ɛɏɟŬ ŮɜɑɞŰŮ. 

ȾɎˊɞɘŮɠ űɞɟɏɠ ɛˊɞɟŮɑ ɜŬ ůŬɠ ŮɑˊŬ ñűɨɔŮ ɏɢɤ ŭɞɡɚŮɘɎò. Ɇɡɔɔɜɩɛɖ. ūɡůɘəɎ ɐŰŬɜ ŮəŮɑ ɖ 

ũɘɎɜɜŬ, ɖ ɛŬɛɎ ůŬɠ ɜŬ əŬɚɨˊŰŮɘ Űɞ ˊɘɗŬɜɧ əŮɜɧ. ȺɡɢŬɟɘůŰɩ əŬɘ ɔɘŬ Űɞ ɧŰɘ ŮɑůŬɘ ˊŮɟɐűŬɜɖ 

ɔɘŬ ɛɏɜŬ. ɄŮɟɐűŬɜɞɠ ɔɘŬ ůɏɜŬ.  
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ȼ ŬŭŮɟűɐ ɛɞɡ ȾŬŰŮɟɑɜŬ, ɞɘ ˊŬɘŭɘəɞɑ ɛɞɡ űɑɚɞɘ ȾɩůŰŬɠ ũɘɩɟɔɞɠ ɄɎɜɞɠ ɞɘ ɜŮɧŰŮɟɞɘ 

ȹɘɞɜɨůɖɠ əŬɘ ɀɘɢɎɚɖɠ  ɐŰŬɜ ŮəŮɑ ŭɑˊɚŬ ɛɞɡ. ɀŮ ŮɜɗɎɟɟɡɜŬɜ. ɇɞɡɠ ŮɡɢŬɟɘůŰɩ.  

ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɞűŮɑɚɤ Ůˊɑůɖɠ ůŰɞɜ ȾŬɗɖɔɖŰɐ ũŮɩɟɔɘɞ ɆŰŬɛɞɨɚɖ əŬɘ 

Űɖɜ  ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ ɄŬɜŬɔɘɩŰŬ ɇůɞɛˊŬɜɞˊɞɨɚɞɡ ɛɏɚɖ Űɖɠ  ůɡɛɓɞɡɚŮɡŰɘəɐɠ 

ŮˊɘŰɟɞˊɐɠ ŬɚɚɎ əŬɘ Űɞɡɠ ȾŬɗɖɔɖŰɐ  ɄŬɜŰŮɚɐ ɀˊɎɔəɞ, ȾŬɗɖɔɖŰɐ 

ȾɩůŰŬ  ȸŬůɘɚɎəɖ  ȾŬɗɖɔɖŰɐ ũɘɩɟɔɞ ȿɏˊɞɡɟŬ əŬɘ Ⱥˊɑəɞɡɟɞ ȾŬɗɖɔɖŰɐ ȷɜŰɩɜɖ 

ũɘŬɜɜŬəɎəɖ, ɛɏɚɖ Űɖɠ ŮˊŰŬɛŮɚɞɨɠ ŮɝŮŰŬůŰɘəɐɠ ŮˊɘŰɟɞˊɐɠ   ɔɘŬ Űɖɜ Űɘɛɐ ˊɞɡ ɛɞɡ ɏəŬɜŬɜ ɜŬ 

ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ əɟɑůɖ Űɖɠ ˊŬɟɞɨůŬɠ.  

ȹŮɜ ɛˊɞɟɩ ɜŬ Ŭɔɜɞɐůɤ ɧŰɘ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ŬˊɞɚɎɛɓŬɜŬ Űɧůɞ Űɞɡɠ ɢɩɟɞɡɠ Űɘɠ 

ɡˊɞŭɞɛɏɠ əŬɘ Űɞɡɠ Ŭɜɗɟɩˊɞɡɠ Űɞɡ ȽɜůŰɘŰɞɨŰɞɡ ɄŬůŰɏɟ  ɧůɞ əŬɘ Űɞɡ ɇɛɐɛŬŰɞɠ 

Ʉɚɖɟɞűɞɟɘəɐɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ, ɢɩɟɞɡɠ ˊɞɡ ɖ  ɏɟŮɡɜŬ əŬɘ ɖ əɟɘŰɘəɐ ůəɏɣɖ 

ˊɟɞŰɎůůɞɜŰŬɘ əŬɘ ŮˊɘɓɟŬɓŮɨɞɜŰŬɘ. 
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ɆɢɐɛŬ 29. MRNA ůŰɧɢɞɘ Űɤɜ miRNA. ȰɜŬ miRNA ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɑɕŮɘ ˊɚɐɗɞɠ mRNA əŬɘ 
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ɆŰɖɜ ŮɜɧŰɖŰŬ çȺˊɘɚɞɔɐ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Ŭɚɔɞɟɑɗɛɤɜ MLè ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ əŬɘ 

Ůˊɘɚɞɔɐ ɛŮŰŬɝɨ ɔɜɤůŰɩɜ Ŭɚɔɞɟɑɗɛɤɜ ML. C) Ƀ ŰŬɝɘɜɞɛɖŰɐɠ D-sORF əŬŰɎɚɚɖɚɞɡ 

ˊŬɟŬɗɨɟɞɡ (55,99,180) ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ŰŬ sORFs ɔɘŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ . (ɇɞ ůɢɐɛŬ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab initio 

classification of experimentally detected sORFs associated to the translational machinery])
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ɆɢɐɛŬ 32. Ʌɞɐ ŮɟɔŬůɑŬɠ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ D-sORF. ɇɞ ˊŮˊŰɑŭɘɞ ůɐɛŬŰɞɠ (signal peptide) ŭŮɜ 

ŬˊɞəɚŮɑŮŰŬɘ Ůɝ ɞɟɘůɛɞɨ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ CC (ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ ŬɡŰɐɜ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ). ɇɞ əɤŭɘəɧɜɘɞ Ůəəɑɜɖůɖɠ ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ TIS. ȾŬɘ ɞɘ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ TIS əŬɘ CC ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ 

sORFs ŮɝɎɔɞɜŰŬɘ Ŭˊɧ ˊŬɟɎɗɡɟŬ əŬŰɎɚɚɖɚɞɡ ɛɐəɞɡɠ . ɆŰɖɜ Ůɑůɞŭɞ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ ŭɑɜɞɜŰŬɘ 

ɖ ŬəɞɚɞɡɗɑŬ sORF ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛɘŬ ˊŮɟɘɞɢɐ ŬɜɞŭɘəɎ Űɖɠ ɏɜŬɟɝɖɠ ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ 

ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ TIS. Ƀɘ ŬəɞɚɞɡɗɑŮɠ TIS ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ŭɘŬɜɨůɛŬŰŬ 36 ŭɘŬůŰɎůŮɤɜ 

ȷɡŰɧ ŬˊɞŰŮɚŮɑ Űɞ ˊɟɩŰɞ ŰɛɐɛŬ Űɞɡ ŰŮɚɘəɞɨ ŭɘŬɜɨůɛŬŰɞɠ 100 ŭɘŬůŰɎůŮɤɜ Ůɜɩ Űɞ ŭɘɎɜɡůɛŬ 

64 ŭɘŬůŰɎůŮɤɜ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ CC ŬˊɞŰŮɚŮɑ Űɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ. ɇɞ ŰŮɚɘəɧ 

ŭɘɎɜɡůɛŬ ˊɟɞɤɗŮɑŰŬɘ ůŰɞ ɓɏɚŰɘůŰɞ ɛɞɜŰɏɚɞ ML (54, 99, 180 nts) ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɞɚɞəɚɖɟɤɗŮɑ ɖ ˊɟɧɓɚŮɣɖ.( ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ 

ɛŮɚɏŰɖ [D-sORF: Accurate ab initio classification of experimentally detected sORFs 

associated to the translational machinery]) .......................................................................... 72 

ɆɢɐɛŬ 33. Ʌɞɐ ŮɟɔŬůɘɩɜ ŭɖɛɘɞɡɟɔɑŬɠ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ŮəɛɎɗɖůɖɠ əŬɘ Ůˊɘəɨɟɤůɖɠ. ȷ) 

ȳɚŬ ŰŬ ɗŮŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɟɞɐɚɗŬɜ Ŭˊɧ ŬɚɚɖɚɞɡɢɑŮɠ əɤŭɘəɞˊɞɑɖůɖɠ ˊɟɤŰŮɥɜɩɜ 

ˊɞɡ ɏɢɞɡɜ ŮˊɘɛŮɚɖɗŮɑ Ŭˊɧ Űɖ UniPtoyKB/Swiss-Prot. ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ 

ɢɤɟɑůŰɖəŮ ŰɡɢŬɑŬ ůŮ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŮəɛɎɗɖůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ 
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ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəɛɎɗɖůɖɠ ɢɤɟɑůŰɖəŮ ůŮ ɡˊɞůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ. 

ȺˊɘɚɏɢɗɖəŮ ɛɧɜɞ ɛɑŬ ɘůɞɛɞɟűɐ (ɖ ɛŮɔŬɚɨŰŮɟɖ) ŬɜɎ ɔɞɜɑŭɘɞ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɗŮŰɘəɞɨ 

ůɡɜɧɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ Ůˊɘəɨɟɤůɖ. ȸ) ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ 

ŬɟɜɖŰɘəɩɜ ůɡɜɧɚɤɜ ŮˊɘɚɏɢɗɖəŬɜ ŭɘŬɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ, ɛɖ ŬɚɚɖɚɞŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɛŮ 

əɤŭɘəɞˊɞɘɖŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȹɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŬɟɜɖŰɘəɐɠ 

Ůˊɘəɨɟɤůɖɠ. ȰɜŬ ɘůɞɟɟɞˊɖɛɏɜɞ (N = 10.000) əŬɘ ɏɜŬ ɛɖ ɘůɞɟɟɞˊɖɛɏɜɞ (N = 200.000) ůŮ 

ůɨɔəɟɘůɖ ɛŮ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ (N = 10.000). C) ɇɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ sORFs 

ɛŮŰŬűɞɟŰɩɗɖəŮ Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ orfs.org, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰɟɐůŮɘɠ 

(PhyloP, PhastCon, ORFscore, FLOSS) (ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɧ ɡˊɞɓɞɚɐ 

ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab initio classification of experimentally 

detected sORFs associated to the translational machinery]) ............................................... 74 

ɆɢɐɛŬ 34. ȹɘŬɔɟɎɛɛŬŰŬ ȺɡŬɘůɗɖůɑŬ ɏɜŬɜŰɘ ŮɘŭɘəɧŰɖŰŬɠ. ȷ) ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ 

ˊɟɞůɞɛɞɑɤůɖɠ. ȸ) ɀɖ ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ˊɟɞůɞɛɞɑɤůɖɠ. ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ɞˊŰɘəɞˊɞɘɞɨɜŰŬɘ ɞɘ ŭɘŬűɞɟɏɠ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ ˊŬɟŬɗɨɟɤɜ ŭɘŬűɞɟŮŰɘəɞɨ ɛɐəɞɡɠ əŬɗɩɠ 

əŬɘ Űɖɠ ŭɘŬűɞɟɎɠ Ŭˊɧ Űɖɜ ŮɜůɤɛɎŰɤůɖ ɐ ɛɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ TIS. (ɇɞ ůɢɐɛŬ 

ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab initio 

classification of experimentally detected sORFs associated to the translational machinery])
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ɆɢɐɛŬ 35. ȺűŬɟɛɞɔɐ Űɞɡ D-sORF ɔɘŬ ŰŬɝɘɜɧɛɖůɖ ˊŮɘɟŬɛŬŰɘəɎ ŮˊɘɓŮɓŬɘɤɛɏɜɤɜ sORFs 

ůɡůɢŮŰɘůɛɏɜŬ ɛŮ ɟɘɓɞůɩɛŬŰŬ. A)ɄɘɗŬɜɐ ɔɞɜɘŭɘɤɛŬŰɘəɐ ɗɏůɖ sORFs B)Ƀ ˊɑɜŬəŬɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ sORFs ɛ>19ȷȷ Ŭˊɧ Űɖɜ ɓɎůɖ sorfs.org ˊɞɡ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɤɠ ɗŮŰɘəɎ Ŭˊɧ Űɘɠ 

Ůˊɘɛɏɟɞɡɠ ɛŮŰɟɘəɏɠ. ȼ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŬəɞɚɞɡɗŮɑ Űɖ ŬɜŰɑůŰɞɘɢɖ Űɖɠ ɓɎůɖɠ sorfs.org. ɇɞ 

ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab 

initio classification of experimentally detected sORFs associated to the translational 

machinery] ........................................................................................................................... 79 

ɆɢɐɛŬ 36. Venn ŭɘŬɔɟɎɛɛŬŰŬ əɞɘɜɩɜ ˊɟɞɓɚɏɣŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɘəɩɜ (ȷ ũɘŬ ŰŬ sORFs ́ ɞɡ 

Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ SORF (ɗŮŰɘəɧ ůɨɜɞɚɞ) əŬɘ (B) ɇɤɜ sORFs ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

Ůɜŭɞɜɘəɏɠ (Intronic) ˊŮɟɘɞɢɏɠ (ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ). ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ůɡɛɛŮŰɏɢɞɡɜ ŰŬ sORF ɔɘŬ 

ŰŬ ɞˊɞɑŬ ŮɑɢŬɜ ɡˊɞɚɞɔɘůŰŮɑ Űɘɛɏɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɛŮŰɟɘəɏɠ Űɖɠ ŬɜɎɚɡůɖɠ. (ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ 

Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab initio classification of 

experimentally detected sORFs associated to the translational machinery]) ..................... 81 

ɆɢɐɛŬ 37. Ⱥˊɘůəɧˊɖůɖ Űɞɡ ADAPT-CAGE əŬɘ Űɖɠ ŮəˊŬɘŭŮɡŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. ȷ) Ƀɘ 

ůɡůŰɎŭŮɠ CAGE ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ˊɟɞɐɚɗŬɜ Ŭˊɧ 
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ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɛűɎɜɘɕŬɜ ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ ɛŮ əɞɟɡűɏɠ ůɐɛŬŰɞɠ 

H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖɠ II. ɇɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ˊɟɞɐɚɗŮ Ŭˊɧ Ůɜŭɞɜɘəɏɠ, 

Ůɝɞɜɘəɏɠ əŬɘ ŭɘŬɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ŭŮɜ ˊŬɟɞɡůɑŬɕŬɜ ŮˊɘəɎɚɡɣɖ ɛŮ Űɘɠ əɞɟɡűɏɠ 

H3K4me3 ɐ ɄɞɚɡɛŮɟɎůɖɠ II. ȸ) ȼ ɛɞɜɎŭŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ ůɡůůɤɛŬŰɩɜŮɘ Űɘɠ ůɡůŰɎŭŮɠ 

CAGE əŬɘ ɓɟɑůəŮɘ Űɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ɜɞɡəɚŮɞŰɑŭɘɞ. ȷˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ 

Űɞɡɠ ŬɜŰɘˊɟɞůɩˊɞɡɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ŭɞɛɘəɎ əŬɗɩɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɚɡɛŮɟɎůɖɠ 

II ŰŬ ɞˊɞɑŬ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ əŬŰɎɚɚɖɚŬ ŭɘŬɜɨůɛŬŰŬ əŬɘ ˊɟɞɤɗɞɨɜŰŬɘ ůŮ ɛɞɜŰŮɚŬ SGB əŬɘ 

SVM. ɇɞ ŰŮɚŮɡŰŬɑɞ ŮˊɑˊŮŭɞ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚŬɘůɑɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ɏɜŬ ɛɞɜŰɏɚɞ SGB 

ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ Ůɝɧŭɞɡɠ ɛŮ Űɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ Űɤɜ ɡˊɞɣɖűɑɤɜ TSS ɩůŰŮ 

ɜŬ ˊŬɟɎɔŮɘ Űɖɜ ŰŮɚɘəɐ ɏɝɞŭɞ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ (Georgakilas, 

Perdikopanis and Hatzigeorgiou, 2020) ............................................................................... 86 

ɆɢɐɛŬ 38. Ⱥˊɘůəɧˊɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮəˊŬɑŭŮɡůɖɠ ADAPT-CAGE ɛŮ ɓɎůɖ ŭŮɑɔɛŬŰŬ 

CAGE Ŭˊɧ əɨŰŰŬɟŬ H1. Ƀɘ ůɡůŰɎŭŮɠ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ Űɘɠ əɞɟɡűɏɠ Ŭˊɧ H3K4me3 əŬɘ Űɖɠ 

ɄɞɚɡɛŮɟɎůɖɠ ȽȽ əŬɘ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ůɢɞɚɘŬůɛɏɜɞɡɠ ɡˊɞəɘɜɖŰɏɠ ŬˊɞŰŮɚɞɨɜ Űɞ ɗŮŰɘəɧ 

ůɨɜɞɚɞ. Ƀɘ ůɡůŰɎŭŮɠ ŮŰɘəŮŰɩɜ ˊɞɡ ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Ůɜŭɞɜɘəɏɠ əŬɘ Ůɝɞɜɘəɏɠ 

ˊŮɟɘɞɢɏɠ ɐ ɓɟɑůəɞɜŰŬɘ ůŮ ŭɘŬɔɞɜɘŭɘŬəɧ ɢɩɟɞ, ŬɚɚɎ ŭŮɜ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ əɞɟɡűɏɠ H3K4me3 

ɐ ɄɞɚɡɛŮɟɎůɖ II, ŬˊɞŰŮɚɞɨůŬɜ Űɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ. ũɘŬ əɎɗŮ ŭɞɛɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ŮəˊŬɘŭŮɨŰɖəŮ ɏɜŬ ɘŭɘŬɑŰŮɟɞ ɛɞɜŰɏɚɞ SVM, Ůɜɩ ɧɚŬ ŰŬ ɛɞŰɑɓŬ Űɞɡ ɡˊɞəɘɜɖŰɐ ůɡɜŭɡɎůŰɖəŬɜ 

ůŮ ɏɜŬ ɛɞɜŰɏɚɞ SGB ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 1ɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. ɇɞ ŭŮɨŰŮɟɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ SGB ˊɞɡ ůɡɔəŮɜŰɟɩɜŮɘ Űɘɠ Ůɝɧŭɞɡɠ 

Űɤɜ SVM ɛɞɜŰɏɚɤɜ SVM Űɤɜ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ DNA, Ůɜɩ Űɞ ŰɟɑŰɞ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ SGB ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɘɠ ŭɞɛɘəɏɠ 

ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɞŰɑɓɞɡ ɡˊɞəɘɜɖŰɐ ɛŮ Űɖɜ ɚɞɔŬɟɘɗɛɘəɐ Űɘɛɐ Űɖɠ 

ɏəűɟŬůɖɠ log10 (TPM) Űɤɜ ůɡůŰɎŭɤɜ CAGE. ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ (Georgakilas, 

Perdikopanis and Hatzigeorgiou, 2020) ............................................................................... 88 

ɆɢɐɛŬ 39 ȷɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɢɟɐůɖ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

ůŰɖɜ əɡŰŰŬɟɘəɐ ůŮɘɟɎ ȼ9. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŬɚɚɖɚɞŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɘɠ 

ˊŬɟŬɔɧɛŮɜŮɠ (Ŭˊɧ Űɞɜ ChromHMM) əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ɛŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ 15 

əŬŰŬůŰɎůŮɤɜ ůŮ əɨŰŰŬɟŬ H9. Ƀɘ əŬŰŬůŰɎůŮɘɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɢɤɟɑůŰɖəŬɜ ůŮ ŭɨɞ ɞɛɎŭŮɠ 

ůɨɛűɤɜŬ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ɢɟɤɛŬŰɑɜɖɠ / ɛŮŰŬɔɟŬűɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, ůŰɘɠ ɞɛɎŭŮɠ ŮɜŮɟɔɐɠ 

(A) əŬɘ ŬůɗŮɜɐɠ ɐ ŬˊɞɡůɑŬɠ(B) ɛŮŰŬɔɟŬűɐɠ. ũ) ȿɧɔɞɠ ŬɜŬɚɞɔɘɩɜ (odds ratio) ůŮ 

ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ůŰɘɠ ŭɨɞ ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ 

ŮɜŮɟɔɐɠ (TssA)-ŬɜŮɜŮɟɔɐɠ (Quies) ɛŮŰŬɔɟŬűɐɠ əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ 

Ŭˊɧ ChromHMM. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ 
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ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ ɛŮŰŬɔɟŬűɘəɧ ˊŬɟɎɔɞɜŰŬ (D) əŬɘ əɞɟɡűɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ChIP-Seq ɏɜŬɜŰɘ H3K4me3 (E). ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ (Georgakilas, 

Perdikopanis and Hatzigeorgiou, 2020) ............................................................................... 95 

ɆɢɐɛŬ 40. ȷɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ůŮ əɨŰŰŬɟŬ H9 ɛŮ ɓɎůɖ Űɞɜ 

ůɡɜŭɡŬůɛɧ ůɢɞɚɘŬůɛɞɨ Ŭɜɗɟɩˊɘɜɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ əŬɘ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ChIP-Seq 

ɏɜŬɜŰɘ H3K4me3. (ȷ). ȼ ɗŮŰɘəɐ ɕɩɜɖ ɞɟɑůŰɖəŮ ůŮ ˊŬɟɎɗɡɟŬ +/- 500bp ɛŮ ŮˊɑəŮɜŰɟɞ ŰŬ 

ůɢɞɚɘŬůɛɏɜŬ TSS.. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘɞɢŮɠ ŮəŰɧɠ ŬɡŰɩɜ Űɤɜ ɕɤɜɩɜ əŬɘ ɏɤɠ əŬɘ +/- 50kb 

ɛŬəɟɘɎ Ŭˊɧ TSS (ŬɟɜɖŰɘəɐ ɕɩɜɖ), ɧɚŮɠ ɞɘ ˊɟɞɓɚɏɣŮɘɠ ɗŮɤɟɐɗɖəŬɜ ŬɟɜɖŰɘəɏɠ, ŮəŰɧɠ Ŭˊɧ 

Űɘɠ ˊɟɞɓɚɏɣŮɘɠ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɜ ɛŮ əɞɟɡűɏɠ H3K4me3 ChIP-Seq ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɐɗɖəŬɜ 

ɗŮŰɘəɏɠ. ROC əŬɛˊɨɚŮɠ ɔɘŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɛŮɔɏɗɖ ɗŮŰɘəɩɜ ɕɤɜɩɜ, +/- 500bp (B) əŬɘ +/- 

1kb (C). ȹɘɎɔɟŬɛɛŬ Ŭɟɘɗɛɞɨ Ŭɚɖɗɩɠ ɗŮŰɘəɩɜ ɏɜŬɜŰɘ ɣŮɡŭɩɠ ɗŮŰɘəɩɜ ɛŮ ɓɎůɖ Űɖ ɗŮŰɘəɐ 

ɕɩɜɖ +/- 500bp (D) əŬɘ ɛŮ ɓɎůɖ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ ɔɞɜɑŭɘŬ (E). ɆŰɞ 

(E), ɏɜŬ ɔɞɜɑŭɘɞ ˊɞɡ ɏɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ˊɟɧɓɚŮɣɖ ůŰɖ ɗŮŰɘəɐ ɕɩɜɖ (+/- 500bp ɔɨɟɤ Ŭˊɧ 

Űɞ TSS Űɞɡ) əŬŰŬɛŮŰɟɎŰŬɘ ɤɠ Ŭɚɖɗɩɠ ɗŮŰɘəɧ Ůɜɩ ɧŰŬɜ ŭŮɜ ɏɢŮɘ əŬɛɑŬ ˊɟɧɓɚŮɣɖ ůŰɖɜ ɗŮŰɘəɐ 

ɕɩɜɖ ŬɚɚɎ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ůŰɖɜ ŬɟɜɖŰɘəɐ ˊɟɞůɛŮŰɟɎŰŬɘ ůŰŬ ɣŮɡŭɩɠ ɗŮŰɘəɎ.ɆɢɐɛŬ Ŭˊɧ Űɞ 

Ɏɟɗɟɞ (Georgakilas, Perdikopanis and Hatzigeorgiou, 2020) ........................................... 100 

ɆɢɐɛŬ 41. Ɇɨɔəɟɘůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɓɎůɖ Űɖɜ əŬŰɎŰɛɖůɖ Űɤɜ 

ɔɞɜɘŭɘŬəɩɜ ˊŮɟɘɞɢɩɜ. ȷ) ȾŬŰɎŰɛɖůɖ Űɤɜ ɔɞɜɘŭɘŬəɩɜ Űɧˊɤɜ ůŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ, 

ɘɜŰɟɞɜɑɤɜ, Ůɝɞɜɑɤɜ əŬɘ ɗɏůŮɤɜ ɛŬŰɑůɛŬŰɞɠ Ůɝɞɜɑɤɜ / ɘɜŰɟɞɜɑɤɜ. ɄɞůɞůŰɎ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ ɡˊɞəɘɜɖŰɏɠ (B) əŬɘ Ɏɚɚɞɡɠ Űɨˊɞɡɠ ˊŮɟɘɞɢɩɜ (C).ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ 

(Georgakilas, Perdikopanis and Hatzigeorgiou, 2020) ...................................................... 103 

ɆɢɐɛŬ 42. Ⱥˊɘůəɧˊɖůɖ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚŬɘůɑɞɡ DiS-TSS. A) Ʉɟɞɓɞɚɐ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ˊŮɟɘɐɔɖůɖɠ Genome Browser (IGV) Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ůɐɛŬŰɞɠ CAGE. ȸ) ȷɟɢɘəɧ ɓɐɛŬ 

ůɡůŰŬŭɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ CAGE ůŮ ɞɛɎŭŮɠ / əɞɟɡűɏɠ. ũ) ȺɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ 

ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɘŭɘɧŰɖŰŮɠ Űɤɜ əɞɟɡűɩɜ. ȹ)ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŮ 

əŬŰɎɚɚɖɚŬ ŭɘŬɜɡůɛɎŰɤɜ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ DiS-TSS ML (SVM) ˊɞɡ 

ˊŬɟɎɔŮɘ Űɖɜ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ ɔɘŬ əɎɗŮ əɞɟɡűɐ. ............................................................ 106 

ɆɢɐɛŬ 43 Ʉɟɞɓɞɚɐ ůŰɞ ˊɟɧɔɟŬɛɛŬ ˊŮɟɘɐɔɖůɖɠ IGV Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜɎɗŮůɖɠ əɞɟɡűɩɜ 

CAGE ůŰɞ ɗŮŰɘəɧ əŬɘ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. ȼ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɡɜɧɚɤɜ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ Űɤɜ əɞɟɡűɩɜ H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖɠ II ChIP-

Seq ůɐɛŬŰɞɠ. Ƀɘ əɞɟɡűɏɠ CAGE ˊɞɡ ŮˊɘəŬɚɡˊŰɞɜŰŬɘ əŬɘ Ŭˊɧ ŰŬ ŭɨɞ ŮɜŮɟɔɎ ůɐɛŬŰŬ 

ɛŮŰŬɔɟŬűɐɠ ŬɜŬŰɏɗɖəŬɜ ůŰɞ ɗŮŰɘəɧ ůɨɜɞɚɞ, ɞɘ əɞɟɡűɏɠ ˊɞɡ ŭŮɜ ŮɛűɎɜɘůŬɜ əɎɚɡɣɖ ɛŮ 

əŬɜɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ůɐɛŬŰŬ ŮəɢɤɟɐɗɖəŬɜ ůŰɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ, Ůɜɩ ɞɘ əɞɟɡűɏɠ ˊɞɡ 
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ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ Űɞ H3K4me3 ŮɑŰŮ Ŭˊɧ Űɖɜ ɄɞɚɡɛŮɟɎůɖ II ŭŮɜ ŮɝŮŰɎůŰɖəŬɜ ɔɘŬ 

ŮəˊŬɑŭŮɡůɖ ɐ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŭŮŭɞɛɏɜɤɜ. .................................................................. 107 

ɆɢɐɛŬ 44 ɄŮɘɟŬɛŬŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ŭŮŭɞɛɏɜŬ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ChIP-Seq 

ɏɜŬɜŰɘ H3K4me3, ɄɞɚɡɛŮɟɎůɖɠ II əŬɘ TF ůŮ əɨŰŰŬɟŬ K562. ɄɞůɞůŰɎ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ 

əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ˊɞɡ ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ əɞɟɡűɏɠ A) H3K4me3 B) ɄɞɚɡɛŮɟɎůɖɠ II 

əŬɗɩɠ əŬɘ C) ŰɞɡɚɎɢɘůŰɞɜ ɛɘŬ ɗɏůɖ ˊɟɧůŭŮůɖɠ TF. D) ɄɞůɞůŰɧ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ɓɟɏɗɖəŬɜ 

ůŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ (+/- 1kb ɔɨɟɤ Ŭˊɧ ůɢɞɚɘŬůɛɏɜŮɠ ɗɏůŮɘɠ TSS, Ŭɚɖɗɩɠ ɗŮŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ) əŬɘ Ⱥ) əŬɘ ŮəŰɧɠ Űɤɜ ɡˊɞəɘɜɖŰɩɜ (ˊŮɟɘɞɢɏɠ ˊɚŮɡɟɘəɏɠ Űɤɜ ɗŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ əŬɘ 

ɏɤɠ +/- 50kb Ŭˊɧ ŰŬ TSS, ɣŮɡŭɩɠ ɗŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ). ....................................................... 110 

ɆɢɐɛŬ 45. ɃˊŰɘəɞˊɞɑɖůɖ ŭɘŮˊŬűɐɠ ȽůŰɞɨ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ miRNA 

(A) ɄŮŭɑŬ ŬɜŬɕɐŰɖůɖɠ ɔɘŬ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ miRNA əŬɘ / ɐ TF. ȼ ɡˊɞəŮɑɛŮɜɖ 

ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ miRNA ɓŬůɑɕŮŰŬɘ ůŰŬ ˊɟɧŰɡˊŬ ɞɜɞɛŬůɑŬɠ Űɖɠ miRBase. ɇŬ ɞɜɧɛŬŰŬ 

TFs ˊɟɞɐɚɗŬɜ Ŭˊɧ Űɖɜ JASPAR 2018. (B) Ⱥˊɘɚɞɔɏɠ űɘɚŰɟŬɟɑůɛŬŰɞɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ 

ɓɎůɖ ŰŬ ɡˊɞůŰɖɟɘɕɧɛŮɜŬ Ůɑŭɖ, Űɞɜ Űɨˊɞ ŭŮɑɔɛŬŰɞɠ (ɘůŰɧɠ, əɡŰŰŬɟɘəɐ ůŮɘɟɎ əŬɘ ˊɟɤŰɞɔŮɜɐ 

əɨŰŰŬɟŬ), Űɖɜ əŬŰɎůŰŬůɖ ɡɔɘɞɨɠ / ŬůɗŮɜɞɨɠ əŬɗɩɠ əŬɘ Ůˊɘɚɞɔɐ ŮɛűɎɜɘůɖɠ ɧɚɤɜ Űɤɜ TSS ɐ 

ɛɧɜɞ Űɤɜ əɞɜŰɘɜɧŰŮɟɤɜ ůŰŬ pre-miRNAs. (C) Ⱥˊɘɚɞɔɐ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ Űɟɧˊɤɜ ɚŮɘŰɞɡɟɔɑŬɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŰɖɗɞɨɜ ŮˊɘɚɏɔɞɜŰŬɠ Űɞ əɞɡɛˊɑ çȺəŰɏɚŮůɖ ŬɜŬɕɐŰɖůɖɠè. 

(D) Ⱦɨɟɘɞ ˊɎɜŮɚ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɞ pre-miRNA əŬɘ ůɨɜŭŮůɛɞɘ 

ɛŮ Ɏɚɚɞɡɠ ˊɧɟɞɡɠ Űɖɠ ůɞɡɑŰŬɠ DIANA. (Ⱥ) Ɉˊɞ-ˊɑɜŬəŮɠ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ 

ůɨɛˊɚŮɔɛŬ TSS. (F) ɄɑɜŬəŬɠ ɛŮŰŬŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ TFs ˊɞɡ ɓɟɏɗɖəŬɜ ɜŬ 

ˊɟɞůŭɏɜɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ůɨɛˊɚŮɔɛŬ TSS. Ƀ Ŭɟɘɗɛɧɠ ŭɑˊɚŬ 

ůŰɞ ɧɜɞɛŬ Űɞɡ TF ŭŮɑɢɜŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬɜŬɔɜɤɟɘůɛɏɜɤɜ ɗɏůŮɤɜ ˊɟɧůŭŮůɖɠ. ɇɞ 

ɚɞɔɧŰɡˊɞ Űɞɡ ɛɞŰɑɓɞɡ Űɖɠ ˊɟɞŰɑɛɖůɖɠ ŭɏůɛŮɡůɖɠ TF, Űɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ əŬɘ ɞɘ 

ůɨɜŭŮůɛɞɘ ˊɟɞɠ Űɖ Ensembl ˊɟɞɓɎɚɚɞɜŰŬɘ Ŭəɟɘɓɩɠ əɎŰɤ Ŭˊɧ Űɞ ŭŮɡŰŮɟŮɨɞɜ ˊɚŬɑůɘɞ. (G) 

ȿŮˊŰɞɛŮɟŮɑɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ əɎɗŮ ɗɏůɖ ˊɟɧůŭŮůɖ TF, ɧˊɤɠ ŬˊɧɚɡŰŮɠ əŬɘ 

ůɢŮŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ůɨɛˊɚŮɔɛŬ əŬɘ Űɞ ŮˊɑˊŮŭɞ ɡˊɞůŰɐɟɘɝɖɠ (ChIP-Seq, 

ŬˊɞŰɡˊɩɛŬŰŬ DNase-Seq ɐ ŬɜŬɕɐŰɖůɖ ɛɞŰɑɓɞɡ ). ........................................................... 122 

ɆɢɐɛŬ 46 ɃˊŰɘəɞˊɞɑɖůɖ ŭɘŮˊŬűɐɠ ȽůŰɞɨ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ ŭŮɑɔɛŬŰŬ 

(samples). (ȷ) ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚɖɗɞɨɜ ɛŮŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ űɑɚŰɟɞɡ 

ósample oriented modeô əŬɘ ˊŬŰɩɜŰŬɠ Űɞ əɞɡɛˊɑ óExecute Searchô. ȷɜŬŰɟɏɝŰŮ ůŰɞ ɆɢɐɛŬ 

45 ɔɘŬ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ miRNAs, TF, Űɨˊɤɜ əɡŰŰɎɟɤɜ əŬɘ 

əŬŰɎůŰŬůɖ ɡɔŮɑŬɠ / ŬůɗɏɜŮɘŬɠ. (ȸ) Ⱦɨɟɘɞ ˊɎɜŮɚ ŬˊɞŰŮɚŮůɛɎŰɤɜ (ɏɜŬ ŬɜɎ miRNA) ɛŮ 

ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ pre-miRNA, Űɞɜ Űɨˊɞ əŬɘ Űɞɜ ɘůŰɧ ˊɟɞɏɚŮɡůɖɠ, əŬɗɩɠ 
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əŬɘ Űɖɜ əŬŰɎůŰŬůɖ (ɡɔɘŮɑɠ / ŬůɗŮɜŮɑɠ) Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ TSS ˊɞɡ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ 150 kb ˊɟɘɜ (upstream) Ŭˊɧ to miRNA əŬɘ 

ůɨɜŭŮůɛɞɘ ŮˊɘəɞɘɜɤɜɑŬɠ ɛŮ Ɏɚɚɞɡɠ ˊɧɟɞɡɠ DIANA . (C) ȺˊŮəŰɎůɘɛŬ ŭŮɡŰŮɟŮɨɞɜŰŬ ˊɚŬɑůɘŬ 

ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ pre-miRNA əɎɗŮ ŭŮɑɔɛŬŰɞɠ, ˊɞɡ ɛɞɘɟɎɕɞɜŰŬɘ Űɞ ɑŭɘɞ TSS əŬɘ 

ůɨɜŭŮůɛɞ ɔɘŬ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ˊŮɟɘɐɔɖůɖɠ ɔɞɜɘŭɘɩɛŬŰɞɠ 

UCSC. (D) ȾŬŰɎ Űɖɜ ŮˊɏəŰŬůɖ Űɞɡ ɡˊɞ-ˊɚŬɘůɑɞɡ Űɞɡ əɎɗŮ ŭŮɑɔɛŬŰɞɠ, ɛˊɞɟŮɑ ɜŬ 

ˊɟɞůˊŮɚŬůŰɞɨɜ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ŰŬ TSS, ɧˊɤɠ Űɘɠ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, 

ŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ əŬɘ ŰŬ ɔɞɜɑŭɘɞ host ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŮ ŮɜŭɞɔŮɜɐ pre-

miRNAs. ȼ ŮˊɏəŰŬůɖ əɎɗŮ ˊɑɜŬəŬ TSS ɞŭɖɔŮɑ ůŮ ŭɨɞ əŬɟŰɏɚŮɠ. (E, F) H ́ ɟɩŰɖ (ŬɟɘůŰŮɟɐ) 

ˊɚɖɟɞűɞɟŮɑ Űɞɡɠ ɢɟɐůŰŮɠ ɔɘŬ ɎɚɚŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ Ůˊɑůɖɠ ɏɜŬ ůɡɛɓɎɜ ɏɜŬɟɝɖɠ 

ɛŮŰŬɔɟŬűɐɠ əɞɜŰɎ ůŰɞ ŮəŰŮŰŬɛɏɜɞ TSS. (G-I) ȼ ŭŮɨŰŮɟɖ əŬɟŰɏɚŬ (ŭŮɝɘɎ), ˊŬɟɧɛɞɘŬ ɛŮ Űɞ 

ɆɢɐɛŬ 45F, G, ˊŬɟɏɢŮɘ ˊɟɧůɓŬůɖ ůŮ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ TF ůŮ ɛɘŬ əŬɗɞɟɘůɛɏɜɞɡ ɛɐəɞɡɠ 

Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ˊŮɟɘɞɢɐ ɔɨɟɤ Ŭˊɧ Űɞ ŭɘŮɡɟɡɛɏɜɞ TSS, ɛŮ ɓɎůɖ Űɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ TF 

əŬɘ Űɖɠ Űɘɛɐɠ P-value Űɞɡ FIMO. ....................................................................................... 124 

 

ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 1. ȷɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɢɟɐůɖ 

ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ əɡŰŰŬɟɘəɐ ůŮɘɟɎ Ⱦ562. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ 

ŬɚɚɖɚɞŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɘɠ ˊŬɟŬɔɧɛŮɜŮɠ (Ŭˊɧ Űɞɜ ChromHMM) əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ 

ɛŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ 15 əŬŰŬůŰɎůŮɤɜ ůŮ əɨŰŰŬɟŬ Ⱦ562. Ƀɘ əŬŰŬůŰɎůŮɘɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ 

ɢɤɟɑůŰɖəŬɜ ůŮ ŭɨɞ ɞɛɎŭŮɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ɢɟɤɛŬŰɑɜɖɠ / ɛŮŰŬɔɟŬűɘəɐɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, ůŰɘɠ ɞɛɎŭŮɠ ŮɜŮɟɔɞɨɠ (A) əŬɘ ŬůɗŮɜɞɨɠ ɐ ŬˊɞɡůɑŬɠ(B) ɛŮŰŬɔɟŬűɐɠ. ũ) ȿɧɔɞɠ 

ŬɜŬɚɞɔɘɩɜ (odds ratio) ůŮ ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ůŰɘɠ ŭɨɞ 

ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŮɜŮɟɔɞɨɠ (TssA)-ŬɜŮɜŮɟɔɞɨɠ (Quies) ɛŮŰŬɔɟŬűɐɠ əŬŰŬůŰɎůŮɘɠ 

ɢɟɤɛŬŰɑɜɖɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ChromHMM. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ 
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ȾŬŰɎɚɞɔɞɠ ɄɘɜɎəɤɜ 
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ŮˊɘɚɏɔŮŰŬɘ Űɞ ˊɟɩŰɞ ŬɜŰɑɔɟŬűɞ (replicate) əɎɗŮ ˊŮɘɟɎɛŬŰɞɠ. ɆŰɞɜ ADAPT-CAGE 

ŬɜŬűɏɟɞɜŰŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ əŬŰɤűɚɑɞɡ. ũɘŬ ɧɚɞɡɠ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ ɔɘŬ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ (ɓɚ. ˊɑɜŬəŬ  6 ɔɘŬ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ 

Űɘɛɏɠ). Ƀɘ ŰŮɚŮɡŰŬɑŮɠ 6 ůŰɐɚŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ ɛɐəɞɠ Űɤɜ 

ůɡůŰɎŭɤɜ TSS ůŮ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ. ..................................................................................... 90 

ɄɑɜŬəŬɠ 3. ȿɑůŰŬ əŬŰŬůŰɎůŮɤɜ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɧˊɤɠ ɞɟɑɕŮŰŬɘ ůŰɞ Ȱɟɔɞ ñHuman 

Epigenome Roadmap Projectò. Ƀɘ ŮɜŮɟɔɏɠ əŬŰŬůŰɎůŮɘɠ ɛŮŰŬɔɟŬűɐɠ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ɛŮ 

ˊɟɎůɘɜɞ ɢɟɩɛŬ əŬɘ ŬɡŰɏɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŬŭɨɜŬɛɖ / əŬɗɧɚɞɡ ɛŮŰŬɔɟŬűɐ ɛŮ 

ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ. ȼ ɞɛŬŭɞˊɞɑɖůɖ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɘŮɟŬɟɢɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɑŭɘɞ 

ɏɟɔɞ. ..................................................................................................................................... 91 
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Ŭɚɔɧɟɘɗɛɞ. ȷɡŰɞɑ ɞɘ Ŭɟɘɗɛɞɑ ŮɑɜŬɘ ˊŬɜɞɛɞɘɧŰɡˊɞɘ ɛŮ Űɞɜ ɄɑɜŬəŬ 2. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ůŰɐɚŮɠ 

(Ŭˊɧ c ɏɤɠ f) ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ˊɚɐɗɖ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ 

ŭŮŭɞɛɏɜɤɜ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ. ȼ Ɏɗɟɞɘůɖ Űɤɜ ůŰɖɚɩɜ E əŬɘ G ɔɘŬ H9 əŬɘ F əŬɘ H ɔɘŬ K562 

ŭŮɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ Űɘɛɏɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɘɠ C ɔɘŬ H9 əŬɘ D ɔɘŬ K562 ŮˊŮɘŭɐ ɞɟɘůɛɏɜŮɠ 
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1)ȺȽɆȷũɋũȼ -ȸȷɆȽȾȺɆ ũɁɋɆȺȽɆ 

1.1 ɀɖɢŬɜɘəɐ ɀɎɗɖůɖ 

1.1.1 ȽůŰɞɟɘəɐ ȷɜŬŭɟɞɛɐ 

ɇɞ ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ˊɟɞəɎɚŮůŮ ůŰɞɜ Ɏɜɗɟɤˊɞ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛɎɗɖůɖɠ ůŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ 

Űɖɠ ɘůŰɞɟɑŬɠ Űɞɡ, ŮɝŮɚɑɢɗɖəŮ Űɞɡɠ ŰŮɚŮɡŰŬɑɞɡɠ ŬɘɩɜŮɠ ůŮ ɛɘŬ ŰŮɟɎůŰɘŬ ˊŮɟɘɞɢɐ ɏɟŮɡɜŬɠ. ɆŮ 

ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŬˊɞŭɩůŮɘ Űɞɜ ɛɖɢŬɜɘůŰɘəɧ ɞɟɘůɛɧ Űɖɠ ɛɎɗɖůɖɠ ɞ Simon Űɖɜ ˊŮɟɘɏɔɟŬɣŮ 

ɤɠ ñŰɘɠ ŬɚɚŬɔɏɠ ůŮ ɏɜŬ ůɨůŰɖɛŬ, ɞɘ ɞˊɞɑŮɠ ŮˊɘŰɟɏˊɞɡɜ ɜŬ ŮəŰŮɚŮɑŰŬɘ ɖ ɑŭɘŬ ŮɟɔŬůɑŬ ˊɘɞ 

ŬˊɞŰŮɚŮůɛŬŰɘəɎ əŬɘ ŬˊɞŭɞŰɘəɎ ñ(Simon, 1983), Ůɜɩ ɞ Michalski ɤɠ ñŰɖɜ ŬɚɚŬɔɐ Űɖɠ 

ŬɜŬ́ŬɟɎůŰŬůɖɠ Űɤɜ ŮɛˊŮɘɟɘɩɜò (Michalski, 1986). ɆŰɖ ůɨɔɢɟɞɜɖ Ůˊɞɢɐ, ˊɞɡ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ˊŬɟŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ ɏɢŮɘ ŬɡɝɖɗŮɑ ŮəɗŮŰɘəɎ, ŰŮɟɎůŰɘɞɠ ɧɔəɞɠ ˊɚɖɟɞűɞɟɘɩɜ ůɡůůɤɟŮɨŮŰŬɘ 

əŬɗɖɛŮɟɘɜɎ Ůɜɩ ŰŬɡŰɧɢɟɞɜŬ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ŭɘŬŭɘəŰɨɞɡ ɏɢɞɡɜ ŬˊɚɞˊɞɘɐůŮɘ ŮɝŬɘɟŮŰɘəɎ 

Űɖɜ ˊɟɧůɓŬůɖ. Ƀɘ ˊŮɟɘɞɟɘůɛɞɑ ˊɞɡ ɗɏŰŮɘ ɞ Ŭɜɗɟɩˊɘɜɞɠ ŮɔəɏűŬɚɞɠ ůŰɖɜ ŬɜɎɚɡůɖ ůɨɜɗŮŰɤɜ 

ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɖɠ ŮɝŬɔɤɔɐ ˊɞɚɨˊɚɞəɤɜ ůɡůɢŮŰɑůŮɤɜ Ŭˊɧ Űɖ 

ŭɞɛɐ Űɞɡɠ, ŮˊɘŰɎůůŮɘ Űɖɜ ŬɜɎɔəɖ ŮɨɟŮůɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɩɜ əŬɘ ɔɟɐɔɞɟɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ɗŬ 

ɓɞɖɗɐůɞɡɜ Űɞɜ Ɏɜɗɟɤˊɞ ɜŬ ŬɜŬɚɨůŮɘ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ əŬŰŬɜɞɐůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ 

əŬɘ ɜŬ ŬˊɞəŬɚɨɣŮɘ Űɖɜ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ˊɘɗŬɜɧɜ ŬˊɞəɟɨˊŰɞɡɜ. 

ȼ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɚŬɑůɘɞ ɡˊɞɚɞɔɘůŰɘəɩɜ ŰŮɢɜɘəɩɜ əŬɘ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ 

ŮˊɘɢŮɘɟŮɑ ɜŬ ŮɝɖɔɐůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ɛɏůɤ Űɖɠ ŬɜŬɔɜɩɟɘůɖɠ ɛɞŰɑɓɤɜ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ůɡɜɗɏŰŮɘ 

Űɞɜ ˊɡɟɐɜŬ Űɤɜ ůɡůŰɐɛŬŰŬ ŬɜɎɚɡůɖɠ ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ, ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ 

ůŰɖɜ ŮɝŬɔɤɔɐ ɔɜɩůɖɠ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ Arthur Samuel (1959)(Samuel, 1959) ɀɖɢŬɜɘəɐ 

ɀɎɗɖůɖ (MM) ŮɑɜŬɘ Űɞ ˊŮŭɑɞ ɛŮɚɏŰɖɠ ˊɞɡ ŭɑɜŮɘ ůŰŬ ɡˊɞɚɞɔɘůŰɘəɎ ůɡůŰɐɛŬŰŬ əŬɘ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŬɗŬɑɜɞɡɜ ɢɤɟɑɠ ɜŬ ŮɑɜŬɘ ɟɖŰɎ (explicitly) ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŬ. Ƀ Carbonell 

(1987) ˊŮɟɘɔɟɎűŮɘ ɤɠ ɀɀ Űɖ ɛŮɚɏŰɖ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛŮɗɧŭɤɜ ɔɘŬ Űɖɜ ŬˊɧəŰɖůɖ ɜɏŬɠ 

ɔɜɩůɖɠ əŬɘ ɜɏɤɜ Űɟɧˊɤɜ ɞɟɔɎɜɤůɖɠ Űɖɠ ˊŬɟɞɨůŬɠ ɔɜɩůɖɠ. ȷɟɔɧŰŮɟŬ Űɞ 1998 ɞ Tom 

Mitchell ŰɞˊɞɗŮŰŮɑŰŬɘ ɚɏɔɞɜŰŬɠ ɧŰɘ ɏɜŬɠ Ŭɚɔɧɟɘɗɛɞ ɛŬɗŬɑɜŮɘ Ŭˊɧ Űɖɜ ŮɛˊŮɘɟɑŬ Ⱥ ůŮ ůɢɏůɖ 

ɛŮ əɎˊɞɘŬ ŮɟɔŬůɑŬ ɇ əŬɘ əɎˊɞɘɞ ɛŮŰɟɘəɐ Ŭˊɧŭɞůɖɠ ȷ Ŭɜ ɖ ŮɟɔŬůɑŬ ɇ ɛŮŰɎ Űɖɜ ŮɛˊŮɘɟɑŬ Ⱥ 

ɓŮɚŰɘɩɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɛŮŰɟɘəɐ ȷ (Mitchell, 1997). ȺɑɜŬɘ ůŬűɏɠ ɚɞɘˊɧɜ ɧŰɘ ŭɞɛɘəɞɨɠ 

ɚɑɗɞɡɠ Űɖɠ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖɠ ŬˊɞŰŮɚɞɨɜ ɖ ŮɛˊŮɘɟɑŬ ˊɞɡ ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ŭŮŭɞɛɏɜŬ 

ŮəˊŬɑŭŮɡůɖɠ, ɖ ŮɟɔŬůɑŬ ́ɞɡ ŬˊɞŰŮɚŮɑ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ˊɟɧɓɚŮɣɖɠ əŬɗɩɠ əŬɘ ɖ ɛŮŰɟɘəɐ 

Ŭˊɧŭɞůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ ůɡɜŬɟŰɐůŮɘɠ əɧůŰɞɡɠ. ɇɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ, ˊɚɖɗɩɟŬ 

Ŭɚɔɞɟɑɗɛɤɜ ɀɀ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɛŮ ŮˊɘŰɡɢɑŬ ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ, ˊŬɚɘɜŭɟɧɛɖůɖɠ, 

https://paperpile.com/c/cb6zYQ/pnjl
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ůɡůŰŬŭɞˊɞɑɖůɖɠ, ŮəŰɑɛɖůɖɠ Űɖɠ əŬŰŬɜɞɛɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɛŮɑɤůɖɠ ŭɘŬůŰɎůŮɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛŬɗɖɛŬŰɘəɏɠ əŬɘ ůŰŬŰɘůŰɘəɏɠ ɛŮɗɧŭɞɡɠ. ɆŰɞɜ ŰɞɛɏŬ Űɖɠ ŬɜɎɚɡůɖɠ 

ɛŮɔɎɚɤɜ ŭŮŭɞɛɏɜɤɜ ɖ ɀɀ ůŰɞɢŮɨŮɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɛɞɜŰɏɚɤɜ ŰŬ ɞˊɞɑŬ ɓŬůɘůɛɏɜŬ ůŮ 

ɘůŰɞɟɘəɎ ůŰɞɘɢŮɑŬ ɗŬ ŮˊɘŰɟɏɣɞɡɜ ůŰɞɡɠ ŮɟŮɡɜɖŰɏɠ əŬɘ ŬɜŬɚɡŰɏɠ ɜŬ ŬɜŬŭŮɑɝɞɡɜ 

ŬɚɚɖɚɞůɡůɢŮŰɑůŮɘɠ əŬɘ ŮɝŬɟŰɐůŮɘɠ ůŮ ɜɏŬ ŭŮŭɞɛɏɜŬ. 

1.1.2 ɆɢŮŭɘŬůɛɧɠ ůɡůŰɖɛɎŰɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ 

ȼ əŬŰŬɜɧɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ɞ ɞɟɘůɛɧɠ Űɤɜ ŭɘŬəɟɘŰɩɜ ŮɟɤŰɖɛɎŰɤɜ ́ ɞɡ ɗŬ 

ŮˊɘɢŮɘɟɖɗŮɑ ɜŬ ŬˊŬɜŰɖɗɞɨɜ, ŬˊɞŰŮɚŮɑ Űɞɜ Ŭɟɢɘəɧ əŬɘ əŬɗɞɟɘůŰɘəɧ ɓɐɛŬ ůŰɞɜ ůɢŮŭɘŬůɛɧ Ůɜɧɠ 

ŮˊɘŰɡɢɞɨɠ ůɡůŰɐɛŬŰɞɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ. ȼ ɚŮˊŰɞɛŮɟɐɠ ŬɜɎɚɡůɖ Űɞɡ ɢɩɟɞɡ ŮɟɔŬůɑŬɠ 

ɗŬ ɓɞɖɗɐůŮɘ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ (Ůə Űɤɜ ɞˊɞɑɤɜ 

ɗŬ ˊŬɟŬɢɗɞɨɜ ŰŬ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ) ŬɚɚɎ əŬɘ ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ Ůɝɧŭɞɡ 

Űɞɡ ɛɞɜŰɏɚɞɡ. ȼ ˊɟɞŮˊŮɝŮɟɔŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ˊɞɘɞŰɘəɧ ɏɚŮɔɢɞ Űɤɜ 

ˊɟɤŰɞɔŮɜɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɞɡɠ ůŰɖɜ əŬŰɎɚɚɖɚɖ ŭɞɛɐ ɩůŰŮ ɜŬ 

ŰɟɞűɞŭɞŰɐůɞɡɜ Űɞ ŮˊɧɛŮɜɞ ɓɐɛŬ Űɞɡ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ 

ɡˊɞəŮɑɛŮɜɞɡ ɛɞɜŰɏɚɞɡ ɀɀ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɞ ˊɞɘɞŰɘəɧɠ ɏɚŮɔɢɞɠ ůŮ ŬɡŰɧ Űɞ ˊɟɤŰŬɟɢɘəɧ 

ůŰɎŭɘɞ, ŮˊɖɟŮɎɕŮɘ ɘůɢɡɟɎ Űɖɜ ůɡɜɞɚɘəɐ Ŭˊɧŭɞůɖ Űɞɡ ŰŮɚɘəɞɨ ɛɞɜŰɏɚɞɡ ɀɀ.  

ȺɝŬɔɤɔɐ/ Ůˊɘɚɞɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ.  

ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭŮɜ ŰŬɡŰɑɕŮŰŬɘ əŬŰɎ əŬɜɧɜŬ ɛŮ Űɖ 

ɢɟɖůŰɘəɧŰɖŰŬ Űɞɡɠ, ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɨˊŬɟɝɖ ŭɘŬŭɘəŬůɑŬɠ Ůˊɘɚɞɔɐɠ ɐ ŮɝŬɔɤɔɐɠ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ŮɜŭɘŬűɏɟɞɡɜ Űɞ ˊɟɧɓɚɖɛŬ. ȷɜ əŬɘ ůŮ ŬˊɚɎ ˊɟɞɓɚɐɛŬŰŬ ɛŮ ɚɑɔŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɖ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ůɢɏůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŰɟɞűɞŭɞůɑŬɠ əŬɘ 

ˊɚɖɟɞűɞɟɘɩɜ Ůɝɧŭɞɡ ŮɑɜŬɘ ŮɨəɞɚŬ ˊɟŬɔɛŬŰɞˊɞɘɐůɘɛɖ, ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɖ 

ɧŰŬɜ Űɞ ˊɚɐɗɞɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɡɝɖɗŮɑ. Ʉɞɚɨ ůɡɢɜɎ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ ɎůɢŮŰŬ (irrelevant) ɐ əŬɘ ůɡɔɔɟŬɛɛɘəɎ (collinear) ɛŮŰŬɝɨ Űɞɡɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ůɡɜŰŮɚɞɨɜ ůŰɖɜ ɛŮɑɤůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ. Ⱥˊɘˊɚɏɞɜ ɖ əŬŰɎɟŬ Űɤɜ ɛŮɔɎɚɤɜ ŭɘŬůŰɎůŮɤɜ (curse of dimensionality) 

(Bellman, 1966) ɗɏŰŮɘ ɧɟɘŬ ůŰɖɜ ŭɘɎůŰŬůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɖɜ ŮəɗŮŰɘəɐ 

ŮɝɎɟŰɖůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ ɛŮ Űɞ ŬˊŬɘŰɞɨɛŮɜɞ ˊɚɐɗɞɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

Ůɘůɧŭɞɡ əŬɘ Űɖɜ ˊɟɧŭɖɚɖ ɛŮɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟŬɓɑŬůɖɠ 

Űɖɠ. 

Ƀɘ ŰŮɢɜɘəɏɠ ɛŮɑɤůɖɠ ŭɘŬůŰŬŰɘəɧŰɖŰŬɠ (dimensionality reduction) ŮˊɘŰɟɏˊɞɡɜ Űɖɜ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ ɢɩɟɞɡɠ ɢŬɛɖɚɧŰŮɟɖɠ ŭɘɎůŰŬůɖɠ ŮəɛŮŰŬɚɚŮɡɧɛŮɜŮɠ Űɖɜ 

https://paperpile.com/c/cb6zYQ/EKG8
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ɘŭɘŬɑŰŮɟɖ əŬŰŬůəŮɡŬůŰɘəɐ ŭɞɛɐ Űɞɡɠ. ȹɘŬəɟɑɜɞɜŰŬɘ ůŮ ɛŮɗɧŭɞɡɠ Ůˊɘɚɞɔɐɠ (feature 

selection) əŬɘ ŮɝŬɔɤɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (feature extraction) (ɆɢɐɛŬ 1).  

 

 

ɆɢɐɛŬ 1. ɇŮɢɜɘəɏɠ ɛŮɑɤůɖɠ Űɖɠ ŭɘɎůŰŬůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȷ) Ⱥˊɘɚɞɔɐ ɉŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ ȸ) 

ȺɝŬɔɤɔɐ ɛŮ ŭɖɛɘɞɡɟɔɑŬ ɜɏɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

Ⱥˊɘɚɞɔɐ ɉŬɟŬəŰɖɟɘůŰɘəɩɜ 

Ƀɘ ɛɏɗɞŭɞɘ Ůˊɘɚɞɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ɆɢɐɛŬ 1A, ɆɢɖɛŬ 2) ɛˊɞɟŮɑ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗɞɨɜ 

ůŮ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ (wrappers), űɘɚŰɟŬɟɑůɛŬŰɞɠ (filters) əŬɘ ŮɜůɤɛŬŰɤɛɏɜŮɠ (embedded).  

ɆŰɖ ɛɏɗɞŭɞ űɘɚŰɟŬɟɑůɛŬŰɞɠ (ɆɢɐɛŬ 2ȷ) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɓŬɗɛɧɠ ůɡůɢɏŰɘůɖɠ (correlation) 

Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮ Űɖɜ ɏɝɞŭɞ, ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ˊ ɢ reliefF (Kursa, 

Jankowski and Rudnicki, 2010; Durgabai and Y, 2014)). ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ɛɑŬ ůŮɘɟɎ Ŭˊɧ ɛŮŰɟɘəɏɠ ɧˊɤɠ ɞɘ Pearsonôs, chi-square əŬɘ 

LDA. ȼ ŬɜŮɝŬɟŰɖůɑŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ ɞŭɖɔŮɑ ůŮ ɛɘəɟɞɨɠ 

ɢɟɧɜɞɡɠ ɞɚɞəɚɐɟɤůɖɠ. ɆɖɛŬɜŰɘəɧ ɛŮɘɞɜɏəŰɖɛŬ ŬˊɞŰŮɚŮɑ ɖ ŭɡůəɞɚɑŬ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɖɠ 

ůɡɔɟŬɛɛɘəɧŰɖŰŬɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ.  

ɆŰɖ ɛɏɗɞŭɞ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ ˊɢ boruta (Kursa, Jankowski and Rudnicki, 2010) ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɝɘɞɚɞɔɞɨɜŰŬɘ əŬɘ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ŮˊŬɜŬɚɖˊŰɘəɎ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ 

ɏɝɞŭɞ Űɞɡ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ (ɆɢɐɛŬ 2ȸ). ɆŰɖɜ əŬŰɎ ɓɐɛŬ ɛɏɗɞŭɞɠ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ , ůŮ 

əɎɗŮ ŮˊŬɜɎɚɖɣɖ ŮˊɘɚɏɔŮŰŬɘ Űɞ əŬɚɨŰŮɟɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ (forward selection) ɐ ŬűŬɘɟŮɑŰŬɘ 

Űɞ ɢŮɘɟɧŰŮɟɞ ( backward selection). ȼ ˊɞɘɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮŰɟɘɎɕŮŰŬɘ Ŭˊɧ Űɞɜ 

ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɞ ɢɟɧɜɞ ŮəŰɏɚŮůɖɠ, ŮɘŭɘəɎ ůŮ ɢɩɟɞɡɠ ɡɣɖɚɩɜ ŭɘŬůŰɎůŮɤɜ. 

https://paperpile.com/c/cb6zYQ/h0X4+dzb7
https://paperpile.com/c/cb6zYQ/h0X4+dzb7
https://paperpile.com/c/cb6zYQ/h0X4
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ɆŰɘɠ ŮɜůɤɛŬŰɤɛɏɜŮɠ ɛŮɗɧŭɞɡɠ (ɆɢɐɛŬ 2ũ), ɖ Ůˊɘɚɞɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬˊɞŰŮɚŮɑ 

ɚŮɘŰɞɡɟɔɘəɧ ŰɛɐɛŬ Űɖɠ ŰŮɚɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŬˊɞŰŮɚɞɨɜ ŰŬ ɛɞɜŰɏɚŬ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ Lasso (Tibshirani, 1996) əŬɘ Ridge (Hoerl and Kennard, 1970) ŰŬ ɞˊɞɑŬ 

ŮɜůɤɛŬŰɩɜɞɡɜ ůŰɖɜ ůɡɜɎɟŰɖůɖ əɧůŰɞɡɠ Űɖ ˊɞɘɜɘəɞˊɞɑɖůɖ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ ˊɞɡ ŰŮɑɜɞɡɜ 

ɜŬ ɚŬɛɓɎɜɞɡɜ ɛŮɔɎɚŮɠ Űɘɛɏɠ. 

 

ɆɢɐɛŬ 2. ɀɏɗɞŭɞɘ Ůˊɘɚɞɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ: ȷ) ȼ ɛɏɗɞŭɞɠ űɘɚŰɟŬɟɑůɛŬŰɞɠ ŮˊɘɚɏɔŮɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɢɤɟɑɠ Űɖɜ ɛŮůɞɚɎɓɖůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ŰŬɝɘɜɧɛɖůɖɠ, ȸ) ȼ ɛɏɗɞŭɞɠ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ ɛɏŰɟɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ ɐ Űɞɜ ŬˊɞəɚŮɘůɛɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ũ) ɆŰɖ ɛɏɗɞŭɞɠ ŮɜůɤɛɎŰɤůɖɠ ɖ ŭɘŬŭɘəŬůɑŬ Ůˊɘɚɞɔɐɠ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜɖ ůŰɞ 

ɛɞɜŰɏɚɞ ŰŬɝɘɜɧɛɖůɖɠ. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȺɝŬɔɤɔɐ ɉŬɟŬəŰɖɟɘůŰɘəɩɜ 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ŰŮɢɜɘəɏɠ Ůˊɘɚɞɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɧˊɞɡ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɜɏɜŬɠ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ, ɖ ŮɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (ɆɢɐɛŬ 1B) ˊɟɞɓɎɚŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŮ 

ɢɩɟɞɡɠ ɢŬɛɖɚɧŰŮɟɖɠ ŭɘɎůŰŬůɖɠ. ɀŮŰŬɝɨ Űɤɜ ŭɖɛɞűɘɚɏůŰŮɟɤɜ ɛŮɗɧŭɤɜ ɓɟɑůəɞɜŰŬɘ ɖ 

ŬɜɎɚɡůɖ əɡɟɑɤɜ ůɡɜɘůŰɤůɩɜ (principal component analysis - PCA) əŬɘ ɖ ũɟŬɛɛɘəɐ 

ȹɘŬəɟɘŰɘəɐ ȷɜɎɚɡůɖ (Linear discriminant analysis - LDA), ɞɘ ɞˊɞɑŮɠ ɡˊɞɗɏŰɞɡɜ ɔɟŬɛɛɘəɏɠ 

ůɢɏůŮɘɠ ůŰŬ ŭŮŭɞɛɏɜŬ, Ůɜɩ ɚɨůŮɘɠ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ əŬɘ ɔɘŬ ɛɖ ɔɟŬɛɛɘəɏɠ ůɢɏůŮɘɠ ( ˊɢ t-

distributed stochastic neighbor embedding - t-SNE).  

ȾŬŰɎ Űɖɜ ŬɜɎɚɡůɖ PCA (ɆɢɐɛŬ 3) ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞɟɗɞɔɩɜɘɞɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ůŰɘɠ əɨɟɘŮɠ ůɡɜɘůŰɩůŮɠ. ȼ əŮɜŰɟɘəɐ ɘŭɏŬ ŮɑɜŬɘ ɜŬ ɛŮɘɤɗɞɨɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ 

ˊŮɟɘůůɧŰŮɟɞ ɞɘ ŭɘŬůŰɎůŮɘɠ, ŭɘŬŰɖɟɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ Űɖ ŭɘŬůˊɞɟɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɇŬ 

https://paperpile.com/c/cb6zYQ/C5J7
https://paperpile.com/c/cb6zYQ/fesX
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ŭŮŭɞɛɏɜŬ ɛŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɘ ɔɟŬɛɛɘəɎ ůŮ ɜɏɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɧˊɞɡ ɞɘ 

əŬŰŮɡɗɨɜůŮɘɠ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŭɘŬůˊɞɟɎ ɔɑɜɞɜŰŬɘ ɞɘ ɜɏɞɘ əɨɟɘɞ ɎɝɞɜŮɠ (first principal 

second principal ə.ɞ.ə). ȼ ɛŬɗɖɛŬŰɘəɐ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɏɔəŮɘŰŬɘ ůŰɖɜ 

ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜŭɘŬůˊɞɟɎɠ. ȼ ˊŬɟŬɔɤɔɐ Űɞɡ ɜɏɞɡ ůɡůŰɐɛŬŰɞɠ Ŭɝɧɜɤɜ ŬˊŬɘŰŮɑ Űɞɜ 

ɡɞ́ɚɞɔɘůɛɧ Űɤɜ ɘŭɘɞŰɘɛɩɜ əŬɘ Űɤɜ ɘŭɘɞŭɘŬɜɡůɛɎŰɤɜ Űɞɡ ˊɑɜŬəŬ ůɡɜŭɘŬůˊɞɟɎɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ. 

 

ɆɢɐɛŬ 3. ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ŭŮŭɞɛɏɜɤɜ ɛŮ ȷɜɎɚɡůɖ ɄɟɤŰŮɨɞɡůɤɜ ɆɡɜɘůŰɤůɩɜ - PCA. ɇŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ (ɛŮŰŬɓɚɖŰɏɠ) ȷ əŬɘ ȸ, ɛŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰɞ ɜɏɞ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ PC1,PC2. 

(ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ PCA ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ ˊɞɡ ˊɘɗŬɜɧɜ ŭŮɜ 

ŮˊɘŰɟɏˊɞɜŰŬɘ ůŮ ɛɘŬ ɞɛɎŭŬ ˊɟɞɓɚɖɛɎŰɤɜ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ůŰɘɠ ŮɘəɧɜŮɠ ŭŮɜ ɏɢŮɘ ɜɧɖɛŬ ɖ 

ŬɟɜɖŰɘəɐ Űɘɛɐ ůŰɖ ŭɘŬɓɎɗɛɘůɖ Űɞɡ ɢɟɤɛŬŰɘəɞɨ Űɧɜɞɡ). ȼ ˊŬɟŬɔɞɜŰɞˊɞɑɖůɖ ɛɖ-ŬɟɜɖŰɘəɩɜ 

ˊɘɜɎəɤɜ - (non negative matrix factorization - NMF) ŮɑɜŬɘ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ 

ŮˊɘůŰɟɏűŮɘ ˊɎɜŰŬ ɛɖ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ 

ˊɟɞɓɚɐɛŬŰŬ.  

ȼ ũɟŬɛɛɘəɐ ȹɘŬəɟɘŰɘəɐ ȷɜɎɚɡůɖ (LDA) ŮɑɜŬɘ ɛɑŬ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ ŰŮɢɜɘəɐ 

ɛŮɑɤůɖɠ ŭɘŬůŰɎůŮɤɜ. ɄɏɟŬ Űɖɠ ŬɜŬɕɐŰɖůɖɠ Űɤɜ ůɡɜɘůŰɤůɩɜ ˊɞɡ ɛŮɔɘůŰɞˊɞɘɞɨɜ Űɖɜ 

ŭɘŬəɨɛŬɜůɖ ůŰŬ ŭŮŭɞɛɏɜŬ ɗɏŰŮɘ ɏɜŬɜ Ůˊɘˊɚɏɞɜ ůŰɧɢɞ, Űɖɜ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɖɠ 

ŭɘŬɢɤɟɘůɘɛɧŰɖŰŬɠ Űɤɜ əɚɎůŮɤɜ, Űɖ ŭɘŬŰɐɟɖůɖ ŭɖɚŬŭɐ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɤɜ əɚɎůŮɤɜ 

ˊɟɞɏɚŮɡůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 



 

28 

 

 

Ⱥˊɘɚɞɔɐ Ŭɚɔɞɟɑɗɛɞɡ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ.  

ȼ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ ɛɞɜŰɏɚɞɡ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ ɖ ɟɨɗɛɘůɖ Űɤɜ 

ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ ɚŮɘŰɞɡɟɔɑŬɠ, ŬˊɞŰŮɚŮɑ əɞɛɓɘəɐ ŭɘŬŭɘəŬůɑŬ ůŰɞɜ ůɡɜɞɚɘəɧ ůɢŮŭɘŬůɛɧ. ɆŰɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŮɜŬɚɚŬəŰɘəɩɜ Ůˊɘɚɞɔɩɜ ɞŭɖɔŮɑ ůŰɖɜ 

ŮˊɘůŰɟɎŰŮɡůɖ ɛŮɗɞŭɞɚɞɔɘɩɜ əŬɘ ɛŮŰɟɘəɩɜ ůɨɔəɟɘůɖɠ Űɖɠ ˊɟɞɓɚŮˊŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ əɎɗŮ 

ɛɞɜŰɏɚɞɡ əŬɘ Űɖɠ ŬˊɞŰɨˊɤůɖɠ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ɚɎɗɞɡɠ ŮəŰɑɛɖůɖɠ (true error rate).  

ɆŰɖ ɛŮɗɞŭɞɚɞɔɑŬ ŭɘɎůˊŬůɖɠ (holdout), ŰŬ ŭŮŭɞɛɏɜŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ůɨɜɞɚŬ ŮəɛɎɗɖůɖɠ 

əŬɘ Ůˊɘəɨɟɤůɖɠ. ŰŬ ůɡɔəɟɘɜɧɛŮɜŬ ɛɞɜŰɏɚŬ ŮəˊŬɘŭŮɨɞɜŰŬɘ ɛŮ ŰŬ əɞɘɜɎ ůɨɜɞɚŬ ŮəɛɎɗɖůɖɠ 

(ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ůˊɘəɨɟɤůɖɠ) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɏɜŬ əɞɘɜɧ ůɨɜɞɚɞ Ůɚɏɔɢɞɡ (test set) 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ůŰŬŰɘůŰɘəɩɜ ɛŮŰɟɘəɩɜ ɧˊɤɠ ɖ ɞɟɗɧŰɖŰŬ(accuracy) əŬɘ ɖ 

ŬəɟɑɓŮɘŬ (precision) ɓɎůŮɘ Űɤɜ ɞˊɞɑɤɜ ɗŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ŰŬ ɛɞɜŰɏɚŬ.  

ȺɜŬɚɚŬəŰɘəɐ ŰŮɢɜɘəɐ ŬˊɞŰŮɚŮɑ ɖ ŭɘŬůŰŬɡɟɞɨɛŮɜɖ Ůˊɘəɨɟɤůɖ Ɂ ŰɛɖɛɎŰɤɜ (Ɂ fold cross 

validation) əŬŰɎ Űɖɜ ɞˊɞɑŬ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ Ŭɟɢɘəɩɠ ɢɤɟɑɕŮŰŬɘ ůŮ Ɂ ŰɛɐɛŬŰŬ. ɆŮ əɎɗŮ 

ŮˊŬɜɎɚɖɣɖ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ɏɜŬ ŰɛɐɛŬ ŮˊɘɚɏɔŮŰŬɘ Ůə ˊŮɟɘŰɟɞˊɐɠ ɤɠ Űɞ ůɨɜɞɚɞ Ůˊɘəɨɟɤůɖɠ 

əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ɗŬ ŬˊɞŰŮɚɏůɞɡɜ Űɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ ůɡɜɎɔŮŰŬɘ 

Ŭˊɧ Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ ŮˊŬɜŬɚɐɣŮɤɜ. ȼ ɛɏɗɞŭɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ ɛɘəɟɐ ɛŮɟɞɚɖɣɑŬ 

(bias) ŬɚɚɎ əŬɘ ɡɣɖɚɐ ŭɘŬəɨɛŬɜůɖ (variance) Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

ȼ ɛɏɗɞŭɞɠ ŮˊŬɜŬɚɖˊŰɘəɐɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ bootstrap (Efron, 1979) ŭɖɛɘɞɡɟɔŮɑ ŰŬ ůɨɜɞɚŬ 

Ůˊɘəɨɟɤůɖɠ əŬɘ ŮəˊŬɑŭŮɡůɖɠ Ŭˊɧ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭŮɘɔɛŬŰɞɚɖɣɑŬ 

ɛŮ ŮˊŬɜŬŰɞˊɞɗɏŰɖůɖ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ˊɞɚɚŬˊɚɏɠ ŮɛűŬɜɑůŮɘɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ůɡɜɧɚɞɡ 

ŭŮŭɞɛɏɜɤɜ. ŪŮɤɟŮɑŰŬɘ ɛɑŬ ɛɏɗɞŭɞɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɐ ŭɘŬəɨɛŬɜůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ. 

ȷɝɘɞɚɧɔɖůɖ ɛɞɜŰɏɚɞɡ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ.  

ȼ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ ɀɀ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ůɡɜɧɚɤɜ 

ŮˊŬɚɐɗŮɡůɖɠ. ȼ ůɨɔəɟɘůɖ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ɛŮ ŰŬ ŬɜŬɛŮɜɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘŰɟɏˊŮɘ 

Űɖɜ əŬŰŬɔɟŬűɐ ɛŮŰɟɘəɩɜ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɡɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ŬˊɞŰɘɛɞɨɜ Űɖɜ ˊɞɘɧŰɖŰŬ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ɀɀ. ɇŬ ˊɚɏɞɜ ŭɖɛɞűɘɚɐ ɛŮɔɏɗɖ ˊɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬˊɞŰŮɚɞɨɜ ɖ ŬəɟɑɓŮɘŬ 

(precision), ɖ ŮɡŬɘůɗɖůɑŬ (sensitivity ɐ recall) əŬɘ ɖ ŮɝŮɘŭɑəŮɡůɖ (specificity). Ʉɘɞ 

ˊŮɟɘɔɟŬűɘəɏɠ ɛŮŰɟɘəɏɠ ŬˊɞŰŮɚɞɨɜ ɖ əŬɛˊɨɚɖ AUC ( Area Under the Curve) (ɆɢɐɛŬ 4) ɐ 

ŭɘŬűɞɟŮŰɘəɎ ROC (Receiver Operating Characteristics) əŬɘ ɖ ɓŬɗɛɞɚɞɔɑŬ F1 (F1 score).  

https://paperpile.com/c/cb6zYQ/f4pB
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ɆɢɐɛŬ 4. ɄŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ AUC. ȱ ˊŮɟɘɞɢɐ ˊɞɡ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ Űɖ əŬɛˊɨɚɖ ROC əŬɘ 

Űɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ (1-ŮɝŮɘŭɑəŮɡůɖ) ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ.(ɇɞ ůɢɐɛŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȼ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖɜ əŬɛˊɨɚɖ (Area Under The Curve - AUG) ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɗɏŰɞɜŰŬɠ 

ɤɠ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ Űɖɜ ˊɞůɧŰɖŰŬ 1 - ȺɝŮɘŭɑəŮɡůɖ (1- specificity) əŬɘ ůŰɞɜ əɎɗŮŰɞ ɎɝɞɜŬ 

Űɖɜ ŮɡŬɘůɗɖůɑŬ(sensitivity). ȳůɞ ɛŮɔŬɚɨŰŮɟɞ ŮɛɓŬŭɧɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ 

Űɖɜ ůɢɖɛŬŰɘɕɧɛŮɜɖ əŬɛˊɨɚɖ Űɧůɞ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ŮɛűŬɜɑɕŮɘ Űɞ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ.  

ɇɞ F1 ůəɞɟ ŬˊɞŭɑŭŮɘ Űɞɜ Ŭɟɛɞɜɘəɧ ɛɏůɞ ɧɟɞ ŬəɟɑɓŮɘŬɠ əŬɘ ŮɡŬɘůɗɖůɑŬɠ əŬɘ ŬˊɞŭɑŭŮɘ 

əŬɚɨŰŮɟŬ Űɖɜ ɘůɞɟɟɞˊɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɛŮŰɟɘəɩɜ əɡɟɑɤɠ ɧŰŬɜ ŰŬ ŭŮŭɞɛɏɜŬ 

ŮɑɜŬɘ ŬɜɘůɞəŬŰŬɜŮɛɖɛɏɜŬ (unbalanced datasets).  

F1 = (2*
ʚᶻ ʚ  

ʚ  ʚ  
)  

1.1.3 ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŮűŬɟɛɞɔɩɜ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ɚɨůŮɘɠ, ŬˊŬɘŰŮɑŰŬɘ ɖ ŮűŬɟɛɞɔɐ ůɡɔəŮəɟɘɛɏɜɤɜ ˊɟɎɝŮɤɜ 

ɧˊɤɠ ɖ ŰŬɝɘɜɧɛɖůɖ, ɖ ˊŬɚɘɜŭɟɧɛɖůɖ əŬɘ ɖ ůɡůŰŬŭɞˊɞɑɖůɖɠ .  

ȼ ŰŬɝɘɜɧɛɖůɖ (classification) ŬűɞɟɎ ůŰɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŮ 

əɚɎůŮɘɠ/əŬŰɖɔɞɟɑŮɠ. ȼ ŭɘŬŭɘəŬůɑŬ ŮəˊŬɑŭŮɡůɖɠ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŰŬɝɘɜɞɛɖŰɩɜ 

(classifiers) - ɛɞɜŰɏɚɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɘəŬɜɩɜ ɜŬ ŬɜŬɔɜɤɟɑɕɞɡɜ ɛŮ ŮˊɘŰɡɢɑŬ Űɖɜ əɚɎůɖ 
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ˊɟɞɏɚŮɡůɖɠ ɝɏɜɤɜ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ ŭŮŭɞɛɏɜŬ. Ʉɚɐɗɞɠ Ŭɚɔɞɟɑɗɛɤɜ ŮˊɘɓɚŮˊɧɛŮɜɖɠ 

ɛɎɗɖůɖɠ (ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ), ˊɟɞůŮɔɔɑɕɞɡɜ ˊɞɚɨˊɚŮɡɟŬ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŰŬɝɘɜɧɛɖůɖɠ 

ˊɟɞŰŮɑɜɞɜŰŬɠ ɚɨůŮɘɠ ɓŬůɘůɛɏɜŮɠ ůŮ ˊɘɗŬɜɞŰɘəɎ ɛɞɜŰɏɚŬ (statistical probabilistic). 

ȼ ŬɜɎɚɡůɖ ˊŬɚɘɜŭɟɧɛɖůɖɠ (regression) ŮɑɜŬɘ ɛɑŬ ůŰŬŰɘůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɧˊɞɡ ŮəŰɘɛɎŰŬɘ ɖ 

ůɢɏůɖ ŬɜɎɛŮůŬ ůŮ ɛɑŬ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ əŬɘ ɛɑŬ ůŮɘɟɎ Ɏɚɚɤɜ ŬɜŮɝɎɟŰɖŰɤɜ 

ɛŮŰŬɓɚɖŰɩɜ, ůəɞˊŮɨɞɜŰŬɠ ůŰɖɜ ŮəŰɑɛɖůɖ Űɖɠ Űɘɛɐɠ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ. Ƀ ɧɟɞɠ 

ˊŬɚɘɜŭɟɧɛɖůɖ ŬˊɞŭɧɗɖəŮ Ŭˊɧ Űɞɜ Francis Gelton Űɞɜ 19ɞ ŬɘɩɜŬ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

Űɖɜ ŬɜɎɚɡůɖ ɔɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ůűɎɚɛŬŰɞɠ Űɖɜ ɘŭɏŬ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ 

ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ˊɟɩŰɖ űɞɟɎ ŬɟəŮŰɎ ˊŬɚŬɘɧŰŮɟŬ, ůŰɘɠ ŭɖɛɞůɘŮɨůŮɘɠ Űɤɜ Legendre 

(1805) əŬɘ Gauss (1809).  

ȼ ůɡůŰŬŭɞˊɞɑɖůɖ (clustering) (ɆɢɐɛŬ 5) ŬˊɞŰŮɚŮɑ ɛɑŬ ŭɘŬŭɘəŬůɑŬ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŰŬ 

ŭŮŭɞɛɏɜŬ ŭɘŬɛŮɟɑɕɞɜŰŬɘ ůŮ ɡˊɞůɨɜɞɚŬ ɛŮ Űɟɧˊɞ ɩůŰŮ ŰŬ ŮɜŰɧɠ Űɤɜ ɡˊɞůɡɜɧɚɤɜ 

ŬɜŰɘəŮɑɛŮɜŬ ɜŬ ŮɑɜŬɘ ˊɘɞ ůŰŮɜɎ ůɡůɢŮŰɘɕɧɛŮɜŬ ɛŮŰŬɝɨ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ Űɤɜ 

Ɏɚɚɤɜ ɡˊɞůɡɜɧɚɤɜ (Rosa, 2010).  

 

ɆɢɐɛŬ 5. ɆɡůŰŬŭɞˊɞɑɖůɖ. ɇŬ ŭŮŭɞɛɏɜŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ɞɛɎŭŮɠ ůɨɛűɤɜŬ ɛŮ əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ Űɞɜ ŭɘŬɛɞɘɟŬůɛɧ.(ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȹɘŬűɞɟŮŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ ɞŭɐɔɖůŬɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ɛɘŬɠ ůŮɘɟɎɠ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ɘŮɟŬɟɢɘəɞɨɠ (hierarchical ) əŬɘ ŭɘŬɛŮɟɘůŰɘəɞɨɠ (Partitional). Ƀɘ ɘŮɟŬɟɢɘəɞɑ 

Ŭɚɔɧɟɘɗɛɞɘ əŬŰŬůəŮɡɎɕɞɡɜ ůŮ əɎɗŮ ɓɐɛŬ Űɘɠ ɜɏŮɠ ůɡůŰɎŭŮɠ Ŭˊɧ Űɘɠ ɐŭɖ əŬɗɘŮɟɤɛɏɜŮɠ, ůŮ 

ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ ŮˊɘɛŮɟɘůŰɘəɞɨɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜ ɧɚŮɠ Űɘɠ ůɡůŰɎŭŮɠ ŰŬɡŰɧɢɟɞɜŬ. Ƀ 
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Ŭɟɘɗɛɧɠ Űɤɜ ůɡůŰɎŭɤɜ ŮɑɜŬɘ ůɡɜɐɗɤɠ Ůə Űɤɜ ˊɟɞŰɏɟɤɜ ɔɜɤůŰɧɠ. ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɧ 

Ŭɚɔɧɟɘɗɛɞ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŬˊɞŰŮɚŮɑ ɞ k-means. 

1.1.4 ȾŬŰɖɔɞɟɘɞˊɞɑɖůɖ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ɛŮ ɓɎůɖ Űɞ Ůɑŭɞɠ 

ŮˊɑɓɚŮɣɖɠ 

O ɓŬɗɛɧɠ əŬɘ Űɞ Ůɑŭɞɠ Űɖɠ ŮˊɑɓɚŮɣɖɠ ́ ɞɡ ŬˊŬɘŰŮɑŰŬɘ ůŰɞ ůŰɎŭɘɞ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ ŭɘŬɢɤɟɑɕŮɘ 

Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ ŰɏůůŮɟɘɠ əŬŰɖɔɞɟɑŮɠ: ɛŮ ŮˊɑɓɚŮɣɖ (supervised 

learning), ɢɤɟɑɠ ŮˊɑɓɚŮɣɖ (unsupervised learning) , ɖɛɑ ŮˊɘŰɖɟɞɨɛŮɜɖɠ ɛɎɗɖůɖɠ (semi 

supervised) əŬɘ ŮɜɘůɢɡŰɘəɐɠ ɛɎɗɖůɖɠ (reinforcement learning) (Sutton and Barto, 1998).  

ɆŰɖ ɛɎɗɖůɖ ɛŮ ŮˊɑɓɚŮɣɖ, ɐ ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ, ɏɜŬ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ɛŮ 

ŮŰɘəɏŰŮɠ (ŬɜŬɛŮɜɧɛŮɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ůɡɜŬɔɤɔɐ Űɖɠ ˊɟɞɔɜɤůŰɘəɐɠ 

ůɢɏůɖɠ ɛŮŰŬɝɨ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ 

ůŰɧɢɤɜ/ŮŰɘəŮŰɩɜ (labels) ŮűŬɟɛɧɕɞɜŰŬɠ ůŰɖ ůɡɜɏɢŮɘŬ Űɖ ůɢɏůɖ ůŮ ɜɏŬ ŭŮŭɞɛɏɜŬ. ȼ ɛɎɗɖůɖ 

ɛŮ ŮˊɑɓɚŮɣɖ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɧůɞ ůŮ ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ (classification) ɧˊɞɡ ŰŬ 

ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ŬɜŰɘůŰɞɘɢɑɕɞɜŰŬɘ ůŮ ɏɜŬ ůɨɜɞɚɞ ŭɘŬəɟɘŰɩɜ əɚɎůŮɤɜ, ɧůɞ əŬɘ ůŮ ɗɏɛŬŰŬ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ (regression) ɧˊɞɡ ɖ ˊɟɧɓɚŮɣɖ ŬűɞɟɎ ůŮ ůɡɜŮɢŮɑɠ ŬɟɘɗɛɖŰɘəɏɠ Űɘɛɏɠ. ȼ 

űɨůɖ əŬɘ ɖ ˊɞɘɧŰɖŰŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ ŬˊɞŰŮɚŮɑ Űɖ əɨɟɘŬ ůɡɜɘůŰɩůŬ ůŰɖɜ 

ɘəŬɜɧŰɖŰŬ ůɤůŰɐɠ ŮəŰɑɛɖůɖɠ.  

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ ůŰɖɜ ɛɖ-ŮˊɘɓɚŮˊɧɛŮɜɖ ŭŮɜ ɡˊɎɟɢŮɘ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ɔɜɩůɖ ɔɘŬ Űɞɡɠ ůŰɧɢɞɡɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ. Ƀɘ ɛɏɗɞŭɞɘ ŬɡŰɐɠ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ ˊɟɞůŭɞəɞɨɜ ůŰɖɜ ŮɝŬɔɤɔɐ ˊɟɞŰɨˊɤɜ (ɞɛɎŭŮɠ clusters, əŬɜɧɜŮɠ ůɡůɢɏŰɘůɖɠ -

association rules ) ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. ȼ ɛɖ ŮˊɘŰɖɟɞɨɛŮɜɖ ɛɎɗɖůɖ 

ɓɟɑůəŮɘ ŮűŬɟɛɞɔɐ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŮ ˊɟɞɓɚɐɛŬŰŬ ɞɛŬŭɞˊɞɑɖůɖɠ ɐ ůɡůŰŬŭɞˊɞɑɖůɖɠ 

(clustering) ɓɎůŮɘ ɞɛɞɘɞŰɐŰɤɜ.  

ɆŰɖɜ ɖɛɘ-ŮˊɘŰɖɟɞɨɛŮɜɖ ɛɎɗɖůɖ ɏɜŬ ɛɘəɟɧ ɡˊɞůɨɜɞɚɞ Űɤɜ ŭŮŭɞɛɏɜɤɜ ŭɘŬɗɏŰŮɘ 

ŮŰɘəɏŰŮɠ(labels) Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ ůɡɜŰŮɚɞɨɜ ůŰɖ ɓŮɚŰɑɤůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ, 

ŮűŬɟɛɧɕɞɜŰŬɠ ŰŮɢɜɘəɏɠ ůɡůŰŬŭɞˊɞɑɖůɖɠ ůŮ ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ.  

ɇɏɚɞɠ ůŰɖɜ ŮɜɘůɢɡŰɘəɐ ɛɎɗɖůɖ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮəˊŬɘŭŮɨŮŰŬɘ ůŰɖɜ ɚɐɣɖ ŬˊɞűɎůŮɤɜ ˊɞɡ 

ɞŭɖɔɞɨɜ ůŰɖɜ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɟɢɘəɎ ŭɟɩɜŰŬɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬˊɞŰɘɛɩɜŰŬɠ Űɞ 

ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭɟɎůɖɠ Űɞɡ.  

https://paperpile.com/c/cb6zYQ/PlHQ
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1.1.5 ȷɚɔɧɟɘɗɛɞɘ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ˊɚɏɞɜ ŭɖɛɞűɘɚŮɑɠ Ŭɚɔɧɟɘɗɛɞɘ ɀɀ ˊɞɚɚɞɑ Ůə Űɤɜ ɞˊɞɑɤɜ 

ŮˊɘůŰɟŬŰŮɨɗɖəŬɜ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɤɜ ɛɞɜŰɏɚɤɜ ɀɀ ˊɞɡ ˊɟɞŰɎɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ 

ŭɘŬŰɟɘɓɐ. 

ɀɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ  

Ƀɘ ɛɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ ( Support Vector Machines - SVMs) ŬˊɞŰŮɚɞɨɜ 

ɛɞɜŰɏɚŬ ŮˊɘɓɚŮˊɧɛŮɜɖɠ (supervised) ɛɎɗɖůɖɠ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ 

(classification) əŬɘ Űɖɜ ˊŬɚɘɜŭɟɧɛɖůɖ (regression). ɄɟɤŰɞŮɛűŬɜɑůŰɖəŬɜ ůŰɖ ɛŮɚɏŰɖ Űɤɜ 

Vapnik əŬɘ Chervonenkis Űɞ 1963. ȼ ɓŬůɘəɐ ɘŭɏŬ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ ɖ ŮɨɟŮůɖ Űɞɡ 

ɡˊŮɟŮˊɘˊɏŭɞɡ ˊɞɡ ɢɤɟɑɕŮɘ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ůŮ ŭɨɞ əɚɎůŮɘɠ (ɆɢɐɛŬ 6). 

 

ɆɢɐɛŬ 6. ɀɖɢŬɜɏɠ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ. ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘŬɢɤɟɘůŰɘəɐɠ ɔɟŬɛɛɐɠ əŬɘ 

Űɤɜ ŬɜŰɑůŰɞɘɢɤɜ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ) 

ɇŬ əɞɜŰɘɜɧŰŮɟŬ ŭŮɑɔɛŬŰŬ ůŰɞ ɡˊŮɟŮˊɑˊŮŭɞ ŬˊɞŰŮɚɞɨɜ ŰŬ ŭɘŬɜɨůɛŬŰŬ ɡˊɞůŰɐɟɘɝɖɠ. ɆŮ 

ˊŮɟɘˊŰɩůŮɘɠ ɛɖ ɔɟŬɛɛɘəɩɠ ŭɘŬɢɤɟɑůɘɛɤɜ ŭŮŭɞɛɏɜɤɜ ˊɟŬɔɛŬŰɞ́ɞɘŮɑŰŬɘ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ 

ůŮ ɢɩɟɞ ɛŮɔŬɚɨŰŮɟɖɠ ŭɘɎůŰŬůɖɠ ůŮ ɛɑŬ ˊɟɞůˊɎɗŮɘŬ ŭɘŬɢɤɟɘůɛɞɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȸŬůɘəɧɠ 

əŬɜɧɜŬɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɛɖɢŬɜɩɜ SVM ŮɑɜŬɘ ɖ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɞɡ ˊŮɟɘɗɤɟɑɞɡ ɛŮŰŬɝɨ Űɤɜ 

əɚɎůŮɤɜ ŭɘŬŰɖɟɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ɢŬɛɖɚɧ ůűɎɚɛŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ. ȷɡɝɖɛɏɜɞ 

ˊŮɟɘɗɩɟɘɞ ɞŭɖɔŮɑ ůŮ ɛɘəɟɧŰŮɟɞ ůűɎɚɛŬ ɔŮɜɑəŮɡůɖɠ.  
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ȼ ŮűŬɟɛɞɔɐ Űɖɠ ůŰŬŰɘůŰɘəɐɠ Űɞɜ ɛɖɢŬɜɩɜ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛŮ 

ŮˊɘŰɡɢɑŬ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ ɞɛŬŭɞˊɞɑɖůɖɠ ɛŮ ŭɘŬɜɨůɛŬŰŬ ɡˊɞůŰɐɟɘɝɖɠ ( support vector 

clustering) Ŭˊɧ Űɞɡɠ Vapnik əŬɘ Siegelmann ɤɠ ɛɑŬ ɛɏɗɞŭɞɠ əŬŰɖɔɞɟɘɞˊɞɑɖůɖɠ ɢɤɟɑɠ 

ŮˊɑɓɚŮɣɖ. 

Bayesian ŰŬɝɘɜɞɛɖŰɏɠ 

H ɛɎɗɖůɖ əŬŰɎ Bayes ŮűŬɟɛɧɕŮɘ Űɞ ɗŮɩɟɖɛŬ Bayes ɔɘŬ ɜŬ ŮəŰɘɛɐůŮɘ Űɖɜ ŭŮůɛŮɡɛɏɜɖ 

ˊɘɗŬɜɧŰɖŰŬ (conditional probability) Űɖɠ ɡˊɧɗŮůɖɠ, ŭɞɗɏɜŰɞɠ Ůɜɧɠ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞ ɗŮɩɟɖɛŬ, ɖ ˊɘɗŬɜɧŰɖŰŬ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ ɉ=(x1, x2, é,xn ). ɜŬ ŬɜɐəŮɘ ůŰɖɜ 

əɚɎůɖ Cɘ ɛŮŰŬɝɨ Űɤɜ əɚɎůŮɤɜ C1,C2.. Cn ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ 

 ὖὅὭȿὢ
ȿ ᶻ

.  

 Ƀ ŰŬɝɘɜɞɛɖŰɐɠ ɡˊɞɚɞɔɑɕŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɔɘŬ əɎɗŮ əɚɎůɖ əŬɘ ŮəɢɤɟŮɑ Űɖɜ ˊŬɟŬŰɐɟɖůɖ 

ůŰɖɜ əɚɎůɖ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ P(X|Ci) ŮɑɜŬɘ 

ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɞɠ ɧŰŬɜ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Ůɘůɧŭɞɡ ŮɑɜŬɘ ůɡůɢŮŰɘůɛɏɜŮɠ.  

ɀɘŬ ŬˊɚɞɨůŰŮɟɖ Ůəŭɞɢɐ Űɖɠ Bayesian ɛɎɗɖůɖɠ, ɞ Ŭˊɚɧɠ / ŬűŮɚɐɠ ŰŬɝɘɜɞɛɖŰɐɠ Bayes 

(Naive Bayes) ɡˊɞɚɞɔɑɕŮɘ Űɖ Ůə Űɤɜ ɡůŰɏɟɤɜ ˊɘɗŬɜɧŰɖŰŬ ɛɑŬ ˊŬɟŬŰɐɟɖůɖ ɜŬ ŬɜɐəŮɘ ůŮ ɛɑŬ 

əɚɎůɖ, ɡˊɞɗɏŰɞɜŰŬɠ Űɖɜ ɡˊɧ ůɡɜɗɐəɖ ŬɜŮɝŬɟŰɖůɑŬ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Ůɘůɧŭɞɡ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ ŭŮůɛŮɡɛɏɜɖ ˊɘɗŬɜɧŰɖŰŬ ŬˊɚɞˊɞɘŮɑŰŬɘ əŬɘ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

 ὖὢȿὅ  Б  ὖὼȿὅ  

Ƀ ŬűŮɚɐɠ ŰŬɝɘɜɞɛɖŰɐɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 60 ɤɠ ɛɑŬ ɛɏɗɞŭɞɠ 

ŬɜɎəŰɖůɖɠ əŮɘɛɏɜɞɡ (text Retrieval). Ȱɢɞɡɜ ɡɚɞˊɞɘɖɗŮɑ ŭɘɎűɞɟŮɠ ˊŬɟŬɚɚŬɔɏɠ Űɞɡ 

ŰŬɝɘɜɞɛɖŰɐ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Űɤɜ ˊŬɟŬŰɖɟɐůŮɤɜ 

(ɔəŬɞɡůɘŬɜɐ, Bernoulli, ˊɞɚɡɤɜɡɛɘəɐ). 

ȷɚɔɧɟɘɗɛɞɠ ə əɞɜŰɘɜɧŰŮɟɤɜ ɔŮɘŰɧɜɤɜ  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ə əɞɜŰɘɜɧŰŮɟɤɜ ɔŮɘŰɧɜɤɜ (k-nearest neighbours - ȾɁɁ) (Cover and Hart, 

1967) ɓŬůɑɕŮŰŬɘ ůŰɖ ɗŮɩɟɖůɖ Űɖɠ ŮɔɔɨŰɖŰŬɠ Űɤɜ ɧɛɞɘɤɜ ˊɟɞŰɨˊɤɜ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ 

k əɞɜŰɘɜɧŰŮɟŬ ŭŮɑɔɛŬŰŬ Űɞɡ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ ɔɘŬ ɜŬ ŬˊɞŭɞɗŮɑ ɖ Űɘɛɐ (ɛɏůɖ Űɘɛɐ 

ɔŮɘŰɧɜɤɜ) ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɐ Űɖɠ əɚɎůɖɠ (ˊɞɚɡˊɚɖɗɏůŰŮɟɖ əɚɎůɖ 

ɔŮɘŰɧɜɤɜ) ůŮ ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ (ɆɢɐɛŬ 7). 

https://paperpile.com/c/cb6zYQ/eGxn
https://paperpile.com/c/cb6zYQ/eGxn
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ɆɢɐɛŬ 7. ȷɚɔɧɟɘɗɛɞɠ əɞɜŰɘɜɧŰŮɟɤɜ ɔŮɘŰɧɜɤɜ ȾɁɁ. ȼ ˊŬɟɎɛŮŰɟɞɠ Ⱦ=3. ɆŰɞ ɡˊɧ ŰŬɝɘɜɧɛɖůɖ ůŰɞɘɢŮɑɞ 

(ɛɞɓ) ŬˊɞŭɑŭŮŰŬɘ ɖ əɚɎůɖ Űɖɠ ˊɚŮɘɞɣɖűɑŬɠ Űɤɜ ɔŮɘŰɧɜɤɜ Űɞɡ (ŮɜŰɞɠ Űɞɡ əɨəɚɞɡ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ 

ɔŮɘŰɧɜɤɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɛɏɟɞɠ ůŰɖɜ ɣɖűɞűɞɟɑŬ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɎɛŮŰɟɞ Ⱦ. ( ɇɞ ůɢɐɛŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ 

ȷɜ əŬɘ ɖ ŮɡəɚŮɑŭŮɘŬ ŬˊɧůŰŬůɖ ŬˊɞŰŮɚŮɑ ůɡɜɐɗɤɠ Űɖ ɛŮŰɟɘəɐ ŬˊɧůŰŬůɖɠ/ɞɛɞɘɧŰɖŰŬɠ ůŮ 

ŬɟɘɗɛɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɚɐɗɞɠ Ɏɚɚɤɜ ɛŮŰɟɘəɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɞɨ 

Űɨˊɞɡ ˊɟɧŰɡˊŬ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ɞɛɞɘɧŰɖŰŬ ůɡɜɖɛɑŰɞɜɤɜ (cosine similarity) ɔɘŬ 

əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ŮɔɔɟɎűɤɜ əŬɘ ɖ chi-square ɔɘŬ ɛɘəŰɞɨ Űɨˊɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

(əŬŰɖɔɞɟɖɛŬŰɘəɎ əŬɘ ŬɟɘɗɛɖŰɘəɎ). ȼ Űɘɛɐ K ŬˊɞŰŮɚŮɑ ɡˊŮɟˊŬɟɎɛŮŰɟɞ Űɖɠ ɛŮɗɧŭɞɡ əŬɘ 

ŮˊɖɟŮɎɕŮɘ ɘůɢɡɟɎ Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ɡˊɧ 

əŬɘ ɡˊŮɟ-ˊɟɞůŬɟɛɞɔɐɠ.  

ũɟŬɛɛɘəɐ ɄŬɚɘɜŭɟɧɛɖůɖ 

 ȼ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ (linear regression) ŬˊɞůəɞˊŮɑ ůŰɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ůɜɧɠ 

ɛŬɗɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ɔɘŬ Űɖɜ ˊɟɧɓɚŮɣɖ Űɖɠ Űɘɛɐɠ ɛɘŬɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ Ŭˊɧ ɛɑŬ 

(Ŭˊɚɐ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ) ɐ ˊŮɟɘůůɧŰŮɟŮɠ (ˊɞɚɚŬˊɚɐ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ) 

ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ (ɆɢɐɛŬ 8). ȼ ůɡɜɎɟŰɖůɖ ɏɢŮɘ Űɖ ɛɞɟűɐ  

Y=b0 +b1X1 +...bnXn  

ɧˊɞɡ bo, b1.. bn ɞɘ ůɡɜŰŮɚŮůŰɏɠ əŬɘ X1.. Xn ɞɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ 
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əŬɘ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ bo,b1..bn. ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɛɑŬ ůŮɘɟɎ Ŭˊɧ 

ɛŮɗɧŭɞɡɠ ŮəŰɑɛɖůɖɠ ɧˊɤɠ Űɤɜ ŮɚŬɢɑůŰɤɜ ŰŮŰɟŬɔɩɜɤɜ əŬɘ Űɖɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ. 

 

 

ɆɢɐɛŬ 8. ũɟŬɛɛɘəɐ ɄŬɚɘɜŭɟɧɛɖůɖ. ȼ ɔɟŬɛɛɘəɐ ůɡɜɎɟŰɖůɖ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŬˊŮɘəɧɜɘůɖ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ ŭɞɗŮɑůɖɠ ɛɘŬɠ ŬɜŮɝɎɟŰɖŰɖɠ ɛŮŰŬɓɚɖŰɐɠ (ɇɞ ůɢɐɛŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

Ⱥɘŭɘəɐ ˊŮɟɑˊŰɤůɖ ɔɟŬɛɛɘəɐɠ ˊŬɚɘɜŭɟɧɛɖůɖɠ ŬˊɞŰŮɚɞɨɜ ŰŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ 

ůɡɜŬɟŰɐůŮɤɜ ɓɎůɖɠ (linear basis function models) ɧˊɞɡ ɖ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ 

ˊɟɞůŮɔɔɑɕŮŰŬɘ Ŭˊɧ ɏɜŬɜ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ ɛɖ ɔɟŬɛɛɘəɩɜ ůɡɜŬɟŰɐůŮɤɜ Űɤɜ 

ŮɝŬɟŰɖɛɏɜɤɜ ɛŮŰŬɓɚɖŰɩɜ. ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ɓɎůɖɠ ŬˊɞŰŮɚɞɨɜ ɖ 

ˊɞɚɡɤɜɡɛɘəɐ, ɖ ůɘɔɛɞŮɘŭɐɠ əŬɘ ɖ ɔəŬɞɡůɘŬɜɐ (ɆɢɐɛŬ 9) .  
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ɆɢɐɛŬ 9. ũɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ůɡɜŬɟŰɐůŮɤɜ ɓɎůɖɠ. H ůɡɜɎɟŰɖůɖ (ůɡɜŮɢɐɠ ɔɟŬɛɛɐ) ˊɟɞůŮɔɔɑɕŮŰŬɘ Ŭˊɧ 

Űɞ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ ɛɘŬɠ ůŮɘɟɎ ɔəŬɞɡůɘŬɜɩɜ ůɡɜŬɟŰɐůŮɤɜ (ŭɘŬəŮəɞɛɛɏɜɖ ɔɟŬɛɛɐ). (ɇɞ ůɢɐɛŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ɀɖ ɔɟŬɛɛɘəɏɠ ůɡůɢŮŰɑůŮɘɠ ɛŮŰŬɝɨ ŮɝŬɟŰɖɛɏɜɖɠ əŬɘ ŬɜŮɝɎɟŰɖŰɤɜ ɛŮŰŬɓɚɖŰɩɜ ŬŭɡɜŬŰɞɨɜ 

ɜŬ ˊŮɟɘɔɟŬűɞɨɜ Ŭˊɧ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ. ɆŰɖ ɛɖ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ɞɘ ŮəŰɘɛɐůŮɘɠ 

ɛɞɜŰŮɚɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɛɖ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ 

ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɔɟŬűŮɑ Ŭˊɧ ɛɑŬ ůɢɏůɖ Űɞɡ Űɨˊɞɡ: 

Y~f(X,B)  

ɧˊɞɡ X ɞɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ əŬɘ B ɞɘ ˊŬɟɎɛŮŰɟɞɘ Űɞɡ ɛɞɜŰɏɚɞɡ  

ȼ ŬˊɩɚŮɘŬ Űɖɠ ɔɟŬɛɛɘəɧŰɖŰŬɠ ŭɖɛɘɞɡɟɔŮɑ ˊɟɞɓɚɐɛŬŰŬ əŬɘ ŬˊŬɘŰŮɑ ˊɞɚɨˊɚɞəŮɠ ɛŮɗɧŭɞɡɠ 

Ůˊɑɚɡůɖɠ ˊɞɚɨ ŭɘŬűɞɟŮŰɘəɏɠ Ŭˊɧ Űɘɠ ˊɟɞŰŮɘɜɧɛŮɜŮɠ ůŰŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ.  

ũŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ  

ɇŬ ɔŮɜɘəŮɡɛɏɜŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ (Generalized Linear Model - GLM) ŬˊɞŰŮɚɞɨɜ 

ɔŮɜɑəŮɡůɖ Űɤɜ əɚŬůɘəɩɜ ɔɟŬɛɛɘəɩɜ ɛɞɜŰɏɚɤɜ (ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ Űɖɜ ɔɟŬɛɛɘəɐ 

ˊŬɚɘɜŭɟɧɛɖůɖ) əŬŰɎ Űɖɜ ɞˊɞɑŬ ŭŮɜ ɘůɢɨŮɘ ɖ ɡˊɧɗŮůɖ Űɖɠ əŬɜɞɜɘəɧŰɖŰŬɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ 

ŭɖɚŬŭɐ ůŰɖɜ ɏɝɞŭɞ ɜŬ ŬəɞɚɞɡɗŮɑ əŬŰŬɜɞɛɐ ŮəɗŮŰɘəɐɠ ɛɞɟűɐɠ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɖɜ 

əŬɜɞɜɘəɐ. ɄɟɞŰɎɗɖəŬɜ Ŭˊɧ Űɞɡɠ J.Nelder əŬɘ R. Wedderburn Űɞ 1972 (Cover and Hart, 

https://paperpile.com/c/cb6zYQ/eGxn+oQlw
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1967; Nelder and Wedderburn, 1972) ɤɠ ɛɑŬ ɛɏɗɞŭɞɠ Ůɜɞˊɞɑɖůɖɠ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ əŬɜɞɜɘəɐ (normal), Űɖ ŭɘɤɜɡɛɘəɐ (binomial), Űɖ ɄɞɡŬůɧɜ (Poisson) əŬɘ 

Űɖ ɔɎɛɛŬ (gamma) əŬŰŬɜɞɛɐ ůŮ ɛɑŬ əŬɘ ɛɧɜɞ ŭɘŬŭɘəŬůɑŬ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɔɘŬ Űɖɜ 

ŮəŰɑɛɖůɖ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɛɏɔɘůŰɖɠ ˊɘɗŬɜɞűɎɜŮɘŬɠ (likelihood). ɆŰŬ 

ɔŮɜɘəŮɡɛɏɜŬ ɛɞɜŰɏɚŬ ɖ ɔɟŬɛɛɘəɐ ůɢɏůɖ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ ɛŮŰŬɓɚɖŰɩɜ Ůɘůɧŭɞɡ 

ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŰɖɜ Űɘɛɐ Ůɝɧŭɞɡ ɛɏůɤ Űɖɠ ůɡɜɎɟŰɖůɖɠ ůɨɜŭŮůɖɠ (link function). ȼ 

ůɡɜɎɟŰɖůɖ ůɨɜŭŮůɖɠ ůɡůɢŮŰɑɕŮɘ Űɞ ɔɟŬɛɛɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ Ůɘůɧŭɞɡ ɛŮ Űɖɜ 

ŮəŰɑɛɖůɖ yɘ Űɞɡ ɛɞɜŰɏɚɞɡ, ŭɖɚŬŭɐ ɖ ůɢɏůɖ  

yɘ ¬ xi
TBi ɧˊɞɡ xi

TBi=ɓ0+ɓ1ɉ1,i+ɓ2ɉ2,i+ɓnɉn,i  

ˊɞɡ ɘůɢɨŮɘ ůŰŬ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ŬɜŰɘəŬɗɑůŰŬŰŬɘ Ŭˊɧ Űɖɜ  

g (yɘ) ¬ g-1(xi
TBi) ɧˊɞɡ g ɖ ůɡɜɎɟŰɖůɖ ůɨɜŭŮůɖɠ  

ɆŰŬ ŬˊɚɎ ɔɟŬɛɛɘəɎ ɛɞɜŰɏɚŬ ɛˊɞɟɞɨɛŮ ɜŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɖ ůɡɜɎɟŰɖůɖ ůɨɜŭŮůɖɠ ŮɑɜŬɘ ɖ 

ŰŬɡŰɞŰɘəɐ. ȹɘŬűɞɟŮŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ůɨɜŭŮůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ ɜŬ ɡˊɞŭɖɚɩůɞɡɜ 

ŭɘŬűɞɟŮŰɘəɐ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ɔɟŬɛɛɘəɞɨ ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ əŬɘ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ 

Ůɝɧŭɞɡ.  

ȿɞɔɘůŰɘəɐ ɄŬɚɘɜŭɟɧɛɖůɖ  

ȼ ɚɞɔɘůŰɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ (logistic regression) ŬˊɞŰŮɚŮɑ ɏɜŬ ɔŮɜɘəŮɡɛɏɜɞ ɔɟŬɛɛɘəɧ 

ɛɞɜŰɏɚɞ ˊŬɚɘɜŭɟɧɛɖůɖɠ ɧˊɞɡ ɖ ůɡɜɎɟŰɖůɖ logit ŬˊɞŰŮɚŮɑ Űɖ ůɡɜɎɟŰɖůɖ ůɨɜŭŮůɖɠ.  

logit(a)=log(a/(1-a)) 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ ˊŮɟɘˊŰɩůŮɤɜ ɧˊɞɡ ɖ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ ŮɑɜŬɘ 

əŬŰɖɔɞɟɘəɐ (əŬɘ ɧɢɘ ˊɞůɞŰɘəɐ ɧˊɤɠ ůŰɖɜ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ) əŬɘ ůɡɜɐɗɤɠ ŭɑŰɘɛɖ 

(binary) Ůɜɩ ɞɘ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ ŭɨɜŬŰŬɘ ɜŬ ɚŬɛɓɎɜɞɡɜ ůɡɜŮɢŮɑɠ ɐ ŭɘŬəɟɘŰɏɠ Űɘɛɏɠ 

(ɆɢɐɛŬ 10). H ɚɞɔɘůŰɘəɐ ůɡɜɎɟŰɖůɖ ŬɜŬˊŰɨɢɗɖəŮ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 30 Ŭˊɧ Űɞɜ Pierre 

François Verhulst ɤɠ ɏɜŬ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ Űɖɠ Ŭɨɝɖůɖɠ Űɞɡ ˊɚɖɗɡůɛɞɨ. ȷɜ əŬɘ Űɞ ɧɜɞɛŬ 

Űɖɠ ŬɜŬűɏɟŮŰŬɘ ůŮ ˊŬɚɘɜŭɟɧɛɖůɖ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɡ ŬűɞɟɎ ŬɡůŰɖɟɎ ůŮ 

ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ.  

ȷɜɎɚɞɔŬ ɛŮ Űɖɜ ɘŭɘŬɑŰŮɟɖ űɨůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ Ůɝɧŭɞɡ ˊɏɟŬ Űɖɠ ŭɑŰɘɛɖɠ ɚɞɔɘůŰɘəɐɠ 

ˊŬɚɘɜŭɟɧɛɖůɖɠ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɖ ˊɞɚɡɤɜɡɛɘəɐ (multinomial) ɧˊɞɡ ɖ 

ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ ŮɑɜŬɘ əŬŰɖɔɞɟɖɛŬŰɘəɐ əŬɘ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ˊɎɜɤ Ŭˊɧ ŭɨɞ ˊɘɗŬɜɏɠ 

əŬŰɖɔɞɟɑŮɠ əŬɘ ɖ ŰŬəŰɘəɐ (ordinal) ɧˊɞɡ ɞɘ əŬŰɖɔɞɟɑŮɠ ŮɑɜŬɘ Ůˊɘˊɚɏɞɜ ŰŬɝɘɜɞɛɖɛɏɜŮɠ. 

https://paperpile.com/c/cb6zYQ/eGxn+oQlw
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ɆɢɐɛŬ 10. ȹɑŰɘɛɖ ɚɞɔɘůŰɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ. ȷ)ȷŭɡɜŬɛɑŬ ŰŬɝɘɜɧɛɖůɖɠ ɛŮ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ȸ) 

ȿɞɔɘůŰɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ɛŮ ůɘɔɛɞŮɘŭɐ ůɡɜɎɟŰɖůɖ. ȼ ŬɜŮɝɎɟŰɖŰɖ ɛŮŰŬɓɚɖŰɐ x ɚŬɛɓɎɜŮɘ ŭɘŬəɟɘŰɏɠ Űɘɛɏɠ 

Ůɜɩ ɖ ŮɝŬɟŰɖɛɏɜɖ Y ŮɑɜŬɘ ŭɡŬŭɘəɐ (0, 1) (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ).  

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ɔɟŬɛɛɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ˊɞɨ ˊɟɞůˊŬɗŮɑ ɜŬ ˊɟɞůŮɔɔɑůŮɘ ŰŬ ŭŮŭɞɛɏɜŬ ůŮ 

ɛɑŬ ŮɡɗŮɑŬ ɔɟŬɛɛɐ ůŰɖɜ ɚɞɔɘůŰɘəɐ ˊŬɚɘɜŭɟɧɛɖůɖ ŬɜŬɕɖŰɞɨɛŮ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɖɠ 

ůɘɔɛɞŮɘŭɞɨɠ ůɡɜɎɟŰɖůɖ ˊɞɡ ŰŬɘɟɘɎɕŮɘ əŬɚɨŰŮɟŬ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. ȼ ůɘɔɛɞŮɘŭɐɠ 

ůɡɜɎɟŰɖůɖ ŮˊɘɓɎɚŮɘ ůŰɖɜ ŮɝŬɟŰɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ Ůɝɧŭɞɡ ɜŬ ɚɎɓŮɘ Űɘɛɏɠ ůŰɞ ŭɘɎůŰɖɛŬ [0,1]. 

ŬˊɞŭɑŭɞɜŰŬɠ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɖ ɜɏŬ ɛŮŰŬɓɚɖŰɐ ɜŬ ŬɜɐəŮɘ ůŰɖɜ əɎɗŮ əŬŰɖɔɞɟɑŬ.  

ȹɏɜŰɟŬ ŬˊɧűŬůɖɠ 

ɇŬ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ (decision trees) ŬˊɞŰŮɚɞɨɜ Űɞ ŭɖɛɞűɘɚɏůŰŮɟɞ Ŭɚɔɧɟɘɗɛɞ 

ŮˊɘɓɚŮˊɧɛŮɜɖɠ ŮˊŬɔɤɔɘəɐɠ (inductive) ɛɎɗɖůɖɠ. ȸɟɑůəŮɘ ŮűŬɟɛɞɔɐ ůŮ ˊɟɞɓɚɐɛŬŰŬ 

ŰŬɝɘɜɧɛɖůɖɠ əŬɘ ˊŬɚɘɜŭɟɧɛɖůɖɠ. ɇŬ ŭɏɜŰɟŬ ŬɜŬˊŬɟɘůŰɞɨɜ ɎɛŮůŬ Űɞɡɠ ŮɜŬɔɧɛŮɜɞɡɠ 

əŬɜɧɜŮɠ, ɞŭɖɔɩɜŰŬɠ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ ŭŮɜŭɟɞŮɘŭɞɨɠ ŭɞɛɐɠ ɧˊɞɡ əɎɗŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

ˊɟɞəŬɚŮɑ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɜɏɞɡ əɧɛɓɞɡ Ůɜɩ ŰŬ űɨɚɚŬ ŬˊɞŰŮɚɞɨɜ ŮɑŰŮ Űɘɠ əɚɎůŮɘɠ 

(ŰŬɝɘɜɧɛɖůɖ) ŮɑŰŮ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŮɝŬɟŰɖɛɏɜɖɠ ɛŮŰŬɓɚɖŰɐɠ( ˊŬɚɘɜŭɟɧɛɖůɖɠ) (ɆɢɐɛŬ 11). 

ȼ Ŭɨɝɖůɖ Űɞɡ ɓɎɗɞɡɠ Űɤɜ ŭɏɜŰɟɤɜ ɞŭɖɔŮɑ ůŮ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ (overfit) Űɞɡ ɛɞɜŰɏɚɞɡ. 
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ɆɢɐɛŬ 11. ȹɏɜŰɟŬ ŬˊɧűŬůɖɠ. ȾɎɗŮ ŭɘŬəɟɘŰɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŭɖɛɘɞɡɟɔŮɑ ɏɜŬɜ ɜɏɞ əɧɛɓɞ ůŰɞ ŭɏɜŰɟɞ. 

ɆŰɞ ŰŮɚŮɡŰŬɑɞ ŮˊɑˊŮŭɞ ɓɟɑůəɞɜŰŬɘ ɞɘ əɚɎůŮɘɠ ɐ ŰŬ ŭɘŬůŰɐɛŬŰŬ ŮəŰɑɛɖůɖɠ (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ 

Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

Ƀɘ ˊɘɞ ŭɖɛɞűɘɚŮɑɠ Ŭɚɔɧɟɘɗɛɞɘ ˊɞɡ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ 

ŮɑɜŬɘ ɞɘ ID3(iterative dichotomiser 3) əŬɘ ɞ CART (classification and regression tree) . 

Ƀ ID3 (Quinlan, 1986) ŬəɞɚɞɡɗɩɜŰŬɠ ɛɘŬ Ŭˊɧ ŮˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ (top down) ˊɟɞůɏɔɔɘůɖ 

ŮˊɘɚɏɔŮɘ ɔɘŬ əɎɗŮ əɧɛɓɞ Űɞ əŬɚɨŰŮɟɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɧůɞɜ ŬűɞɟɎ ůŰɞɜ ŭɘŬɢɤɟɘůɛɧ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɛɏŰɟɞ Űɖɜ ŮɜŰɟɞˊɑŬ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮ Űɖɜ ɞˊɞɑŬ 

ŮəŰɘɛɎ Űɖɜ ɞɛɞɘɞɔɏɜŮɘŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ȿŮɘŰɞɡɟɔŮɑ ŮˊŬɜŬɚɖˊŰɘəɎ ɏɤɠ ɧŰɞɡ ŰŬ ɡˊɞ-ŭɏɜŰɟŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɞɛɞɔŮɜɐ ŭŮŭɞɛɏɜŬ. ȿŮɘŰɞɡɟɔŮɑ ɛɧɜɞ ɔɘŬ ŭɘŬəɟɘŰɎ ŭŮŭɞɛɏɜŬ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ CART (Moore, 1987) ŭɖɛɘɞɡɟɔŮɑ ŭɡŬŭɘəɎ ŭɏɜŰɟŬ əŬɘ ɚŮɘŰɞɡɟɔŮɑ Űɧůɞ ůŮ 

ŭɘŬəɟɘŰɎ ɧůɞ əŬɘ ůŮ ůɡɜŮɢɐ ŭŮŭɞɛɏɜŬ ůɡɜŭɡɎɕɞɜŰŬɠ Űɞ əɟɘŰɐɟɘɞ Űɖɠ əŬɗŬɟɧŰɖŰŬɠ Űɤɜ 

əɧɛɓɤɜ (impurity) ɛŮ Űɖɜ ŮɝŬɜŰɚɖŰɘəɐ ŬɜŬɕɐŰɖůɖ ɔɘŬ Űɖɜ ŮɨɟŮůɖ əŬɚɨŰŮɟɤɜ ŭɘŬůˊɎůŮɤɜ. 

ȼ əŬɗŬɟɧŰɖŰŬ Ůɜɧɠ əɧɛɓɞɡ ŬűɞɟɎ ůŰɞ ˊɧůɞ ɞɛɞɘɞɔŮɜɐ (ɑŭɘŬ əɚɎůɖ) ŭŮŭɞɛɏɜŬ ˊŮɟɘɏɢɞɡɜ 

ŰŬ ůɨɜɞɚŬ ˊɞɡ ˊŬɟɎɔŮɘ ɛŮ Űɞ əɟɘŰɐɟɘɞ ŭɘɢɞŰɧɛɖůɖɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ. 

https://paperpile.com/c/cb6zYQ/bB0r
https://paperpile.com/c/cb6zYQ/HK3q
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K-means 

ȷˊɞŰŮɚŮɑ ɏɜŬɜ ŮˊŬɜŬɚɖˊŰɘəɧ Ŭɚɔɧɟɘɗɛɞ ůŮ əɎɗŮ ɓɐɛŬ Űɞɡ ɞˊɞɑɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ ɛɏůɞɠ 

ɧɟɞɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ əɎɗŮ ůɡůŰɎŭŬɠ ɧˊɤɠ ɏɢŮɘ ŭɘŬɛɞɟűɤɗŮɑ ɛɏɢɟɘ ŰɧŰŮ. Ƀ ɛɏůɞɠ ɧɟɞɠ 

ŬˊɞŰŮɚŮɑ Űɞ ɜɏɞ əɏɜŰɟɞ (əŮɜŰɟɞŮɘŭɏɠ) Űɖɠ ůɡůŰɎŭŬɠ ůŰɖɜ ŮˊɧɛŮɜɖ ŮˊŬɜɎɚɖɣɖ (ɆɢɐɛŬ 12). 

ȼ ɓŬůɘəɐ ŬŭɡɜŬɛɑŬ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɏɔəŮɘŰŬɘ ůŰɖɜ Ŭɟɢɘəɞˊɞɑɖůɖ Űɤɜ əɏɜŰɟɤɜ Űɤɜ 

ůɡůŰɎŭɤɜ ɚɧɔɤ Űɖɠ ɘůɢɡɟɐɠ ŮɝɎɟŰɖůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮ Űɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ 

ůɡůŰŬŭɞˊɞɑɖůɖɠ.  

 

 

ɆɢɐɛŬ 12. ȾŮɜŰɟɞŮɘŭɐ Ŭɚɔɞɟɑɗɛɞɡ K-means. Ƀɘ ɔɟŬɛɛɏɠ ŬˊŮɘəɞɜɑɕɞɡɜ Űɘɠ əŬŰŬŰɛɐůŮɘɠ ˊɞɡ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ k-means ůŰŬ ŭŮŭɞɛɏɜŬ.Ta ˊɞɚɨɔɤɜŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ŰŬ 

əŮɜŰɟɞŮɘŭɐ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɘɠ əɚɎůŮɘɠ. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ) 

ȷɚɔɧɟɘɗɛɞɘ ůɡɜŭɡŬůŰɘəɐɠ ɛɎɗɖůɖɠ  

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ůɡɜŭɡŬůŰɘəɐɠ ɛɎɗɖůɖɠ (ensemble learning algorithms) ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ 

ŮəŰɑɛɖůɖ ɧŰɘ ɞɘ ůɡɜŭɡŬůɛɏɜŮɠ ˊɟɞɓɚɏɣŮɘɠ ŮɛűŬɜɑɕɞɡɜ ɓŮɚŰɘɤɛɏɜɖ Ŭˊɧŭɞůɖ ůŮ ůɢɏůɖ ɛŮ 

Űɘɠ ɛŮɛɞɜɤɛɏɜŮɠ (Schapire, 1990). Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ Űɖɠ əŬŰɖɔɞɟɑŬɠ ůɡɜŭɡɎɕɞɡɜ ŬŭɨɜŬɛɞɡɠ 

ŮəŰɘɛɖŰɏɠ/ŰŬɝɘɜɞɛɖŰɏɠ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɘůɢɡɟɩɜ ˊɟɞɔɜɤůŰɘəɩɜ ɛɞɜŰɏɚɤɜ. Ƀɘ ŭɘɎűɞɟŮɠ 

https://paperpile.com/c/cb6zYQ/jWvJ
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ůŰɖ ɛɏɗɞŭɞ Ůˊɘɚɞɔɐɠ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ, ůŰɖ ůŰɟŬŰɖɔɘəɐ ŮəˊŬɑŭŮɡůɖɠ Űɤɜ ŬůɗŮɜɩɜ 

ɛɞɜŰɏɚɤɜ əŬɘ ůŰɖ ɛŮɗɧŭɞɡ ůɨɜɗŮůɖɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŬˊɞəɟɑůŮɤɜ Űɤɜ 

ŰŬɝɘɜɞɛɖŰɩɜ/ŮəŰɘɛɖŰɩɜ ůɡɜŰŮɚɞɨɜ ůŰɖɜ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ůɡɜŭɡŬůŰɘəɐɠ 

ɛɎɗɖůɖ ůŮ ůŬəɞɡɚɘɎůɛŬŰɞɠ ɐ ůɡůůɤɛɎŰɤůɖ ɛŮ ŭŮɘɔɛŬŰɞɗɏŰɖůɖ (bagging ɐ Bootstrap 

AGGregation) (Breiman, 1996), ˊɟɞɩɗɖůɖɠ (boosting) (Schapire et al., 1998), 

ˊɟɞůŬɟɛɞůŰɘəɐɠ ˊɟɞɩɗɖůɖɠ(Adaptive Boosting ɐ AdaBoost)(Freund and Schapire, 1995), 

ůɡůůɤɟŮɡɛɏɜɖɠ ɔŮɜɑəŮɡůɖɠ (stacked generalization) (Wolpert, 1992) əŬɘ ɛɑɔɛŬŰɞɠ 

ŮɛˊŮɘɟɞɔɜɤɛɧɜɤɜ Mixtures of Experts (Jacobs et al., 1991) 

ɆŰɖ ɛɏɗɞŭɞ ůɡůůɤɛɎŰɤůɖɠ ɛŮ ŭŮɘɔɛŬŰɞɗɏŰɖůɖ (bagging) (ɆɢɐɛŬ 13) ŮűŬɟɛɧɕŮŰŬɘ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɛŮ ŮˊŬɜŬŰɞˊɞɗɏŰɖůɖ ůŰɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ 

ŭɘŬűɞɟŮŰɘəɩɜ ɡˊɞůɡɜɧɚɤɜ ŮəˊŬɑŭŮɡůɖɠ. Ⱥɜ ůɡɜŮɢŮɑŬ ŰŬ ɡˊɞůɨɜɞɚŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

Űɖɜ ŮəˊŬɑŭŮɡůɖ ˊɚɐɗɞɡɠ ɧɛɞɘɤɜ ŰŬɝɘɜɞɛɖŰɩɜ. Ƀɘ ŬˊɞəɟɑůŮɘɠ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ 

ŰŬɝɘɜɞɛɖŰɩɜ ůŰɖɜ ůɡɜɏɢŮɘŬ ůɡɜŭɡɎɕɞɜŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ ɣɖűɞűɞɟɑŬɠ ɧˊɞɡ ɖ ŰŮɚɘəɐ 

ŬˊɧűŬůɖ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɚŮɘɞɣɖűɑŬ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ Űɤɜ ŰɡɢŬɑɤɜ ŭŬůɩɜ (random forest) 

ŬˊɞŰŮɚŮɑ ɛɘŬ Ůəŭɞɢɐ Űɖɠ ůɡůůɤɛɎŰɤůɖɠ ɛŮ ŭŮɘɔɛŬŰɞɗɏŰɖůɖ ɧˊɞɡ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ 

ɛɘŬɠ ŮəŰɑɛɖůɖɠ ůɡɜŭɡɎɕɞɜŰŬɘ ˊɞɚɚɎ ŬůɡůɢɏŰɘůŰŬ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ (decision tree).  

https://paperpile.com/c/cb6zYQ/lbxC
https://paperpile.com/c/cb6zYQ/0bkm
https://paperpile.com/c/cb6zYQ/0bkm
https://paperpile.com/c/cb6zYQ/0bkm
https://paperpile.com/c/cb6zYQ/Xgvb
https://paperpile.com/c/cb6zYQ/yp27
https://paperpile.com/c/cb6zYQ/RfxY
https://paperpile.com/c/cb6zYQ/RfxY
https://paperpile.com/c/cb6zYQ/RfxY
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ɆɢɐɛŬ 13. ɆɡůůɤɛɎŰɤůɖ ɛŮ ŭŮɘɔɛŬŰɞɗɏŰɖůɖ (Bagging). ȼ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŰŬɝɘɜɞɛɖŰɩɜ (ɣɖűɞűɞɟɑŬ) 

ɞɟɑɕŮɘ Űɖɜ ŰŮɚɘəɐ ŬˊɧűŬůɖ (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȼ ɛɏɗɞŭɞɠ Űɖɠ ˊɟɞɩɗɖůɖɠ (boosting) ŮˊɘŰɡɔɢɎɜŮɘ Űɞɜ ůɡɜŭɡŬůɛɧ ɛɑŬɠ ɞɛɎŭŬɠ ŬůɗŮɜɩɜ 

ŰŬɝɘɜɞɛɖŰɩɜ (week classifier) ůŮ ɏɜŬɜ ɘůɢɡɟɧ ŰŬɝɘɜɞɛɖŰɐ ŮűŬɟɛɧɕɞɜŰŬɠ əŬŰɎ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ ɛɑŬ ŬəɞɚɞɡɗɘŬəɐ (sequential) ŭɘŬŭɘəŬůɑŬ ɧˊɞɡ ůŮ əɎɗŮ ɓɐɛŬ ŬˊɞəŰɞɨɜ 

ɛŮɔŬɚɨŰŮɟɞ ɓɎɟɞɠ ɞɘ ɚŬɜɗŬůɛɏɜŬ ŰŬɝɘɜɞɛɖɛɏɜŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ 

ɓɐɛŬŰɞɠ. ɀˊɞɟɞɨɜ ɜŬ ŬɜŬɔɜɤɟɘůŰɞɨɜ ŭɨɞ əŬŰɖɔɞɟɑŮɠ Ŭɚɔɞɟɑɗɛɤɜ, ɞɘ ˊɟɞůŬɟɛɞůŰɘəɐɠ 

(adaptive) əŬɘ ɞɘ ɓŬɗɛɤŰɐɠ (gradient) ˊɟɞɩɗɖůɖɠ.  

ɇɖɜ ˊɟɩŰɖ əŬŰɖɔɞɟɑŬ ŮəˊɟɞůɤˊŮɑ ɞ Adaboost (Freund and Schapire, 1995) (Gobel 

Prize2003). ȹɖɛɘɞɡɟɔŮɑ ŬəɞɚɞɡɗɘŬəɎ ɛɑŬ ůŮɘɟɎ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ ɧˊɞɡ ůŰɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ əɎɗŮ ŭɏɜŰɟɞɡ ɏɢɞɡɜ Ŭɡɝɖɛɏɜɞ ɓɎɟɞɠ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ əŬŰɖɔɞɟɘɞˊɞɘɐɗɖəŬɜ 

ɚɎɗɞɠ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ŭɏɜŰɟɞ.  

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ɓŬɗɛɤŰɐɠ ˊɟɞɩɗɖůɖɠ (gradient boosting) (ɆɢɐɛŬ 14) ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ Űɖ 

ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɞɡ ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ ɤɠ ɛɑŬ ůŮɘɟɎ Ŭˊɧ ɓɐɛŬŰŬ ˊɞɨ ɞŭɖɔɞɨɜ 

ůŰɖ ɓɏɚŰɘůŰɖ ɚɨůɖ ˊɟɞůɗɏŰɞɜŰŬɠ Űɖɜ ɏɜɜɞɘŬ Űɞɡ ůűɎɚɛŬŰɞɠ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ɓɐɛŬŰɞɠ 

https://paperpile.com/c/cb6zYQ/Xgvb
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ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ Űɞɡ Ůˊɞɛɏɜɞɡ. ɇɖɜ ŰŮɚɘəɐ ˊɟɧɓɚŮɣɖ ŬˊɞŰŮɚŮɑ Űɞ ůɨɜɞɚɞ Űɖɠ 

Ŭɟɢɘəɐɠ ˊɟɧɓɚŮɣɖɠ əŬɗɩɠ əŬɘ ɧɚɤɜ Űɤɜ ŭɘŬűɞɟɩɜ ˊɞɡ əŬŰŬɔɟɎűɖəŬɜ. ũɘŬ Űɖɜ 

ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ əɧůŰɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ɓŬɗɛɤŰɐɠ əŬɗɧŭɞɡ 

(descent).  

 

ɆɢɐɛŬ 14. ɆɡɜŭɡŬůɛɧɠ ɛɞɜŰɏɚɤɜ ɀɀ ɛŮ ˊɟɞɩɗɖůɖ (Boosting). ȼ ɏɝɞŭɞɠ əɎɗŮ Ůˊɘˊɏŭɞɡ ŬˊɞŰŮɚŮɑ Űɖ 

Ůɑůɞŭɞ ůŰɞ ŮˊɧɛŮɜɞ. Ʉɟɘɜ Ŭˊɧ əɎɗŮ ɓɐɛŬ ŮűŬɟɛɧɕɞɜŰŬɘ ɓɎɟɖ ůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ Ůɡɜɞɞɨɜ ŰŬ ɚɎɗɞɠ 

əŬŰɖɔɞɟɘɞˊɞɘɖɛɏɜŬ ŭŮɑɔɛŬŰŬ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ɓɐɛŬŰɞɠ (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ 

Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

H ŰŮɢɜɘəɐ Űɖɠ ůɡůůɤɟŮɡɛɏɜɖɠ ɔŮɜɑəŮɡůɖɠ (stacked generalization) (ɆɢɐɛŬ 15) ŬűɞɟɎ əŬŰɎ 

əɨɟɘɞ ɚɧɔɞ ůŰɞɜ ůɡɜŭɡŬůɛɧ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ ɀɀ ɞɘ ŬˊɞəɟɑůŮɘɠ Űɤɜ ɞˊɞɑɤɜ 

ŰɟɞűɞŭɞŰɞɨɜ ɏɜŬ ɛŮŰŬ-ŰŬɝɘɜɞɛɖŰɐ ůŮ ɏɜŬ ŭŮɨŰŮɟɞ ŮˊɑˊŮŭɞ ɀɀ. Ƀɘ ŬˊɞəɟɑůŮɘɠ Űɤɜ 

ŰŬɝɘɜɞɛɖŰɩɜ Űɞɡ ˊɟɩŰɞɡ Ůˊɘˊɏŭɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛŮŰŬ-

ŰŬɝɘɜɞɛɖŰɐ. 
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ɆɢɐɛŬ 15. ɀɞɜŰɏɚɞ ɆɡůůɤɟŮɡɛɏɜɖɠ ɔŮɜɑəŮɡůɖɠ (stacked generalization). ȼ ŰŮɚɘəɐ ŬˊɧűŬůɖ ŮɝɎɔŮŰŬɘ 

Ŭˊɧ Űɞɜ ɛŮŰŬ-ŰŬɝɘɜɞɛɖŰɐ Űɞɡ ŭŮɨŰŮɟɞɡ Ůˊɘˊɏŭɞɡ ˊɞɡ ɏɢŮɘ ŮəˊŬɘŭŮɡŰŮɑ ɛŮ Űɘɠ ŬˊɞəɟɑůŮɘɠ Űɤɜ 

ŰŬɝɘɜɞɛɖŰɩɜ Űɞɡ ˊɟɩŰɞɡ Ůˊɘˊɏŭɞɡ(ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȹɘŬűɞɟŮŰɘəɐ ˊɟɞůɏɔɔɘůɖ ŬəɞɚɞɡɗŮɑ ɖ ŰŮɢɜɘəɐ ɛɑɔɛŬŰɞɠ ŮɛˊŮɘɟɞɔɜɤɛɧɜɤɜ (mixture of 

experts) (ɆɢɐɛŬ 16) ɖ ɞˊɞɑŬ ŮűŬɟɛɧɕɞɜŰŬɠ Űɖɜ Ŭɟɢɐ ŭɘŬɑɟŮ əŬɘ ɓŬůɑɚŮɡŮ, ɞ ɢɩɟɞɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ ŭɘŬɛŮɟɑɕŮŰŬɘ ůŮ ɡˊɞ-ˊɟɞɓɚɐɛŬŰŬ əŬɗɏɜŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŬɜŬŰɑɗŮŰŬɘ ůŮ ɏɜŬɜ 

Ůɘŭɘəɧ. ȼ ŬɟɢɘŰŮəŰɞɜɘəɐ ŬˊŬɘŰŮɑ ɏɜŬ ůɨɜɞɚɞ ŮɛˊŮɘɟɞɔɜɤɛɧɜɤɜ (ɛɞɜŰɏɚŬ ɀɀ) ˊɞɡ ɛˊɞɟŮɑ 

ɜŬ ŮɑɜŬɘ ŮəŰɘɛɖŰɏɠ ɐ ŰŬɝɘɜɞɛɖŰɏɠ əŬɘ ɛɑŬ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ˊɨɚŮɠ (gate) ˊɞɡ ŭɘŬɢɤɟɑɕɞɡɜ ŰŬ 

ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ. Ƀɘ ˊɨɚŮɠ ŭɖɛɘɞɡɟɔɞɨɜ ɏɜŬ ŭɑəŰɡɞ əŬŰŬɜɞɛɐɠ űɧɟŰɞɡ(gating network) 

ŮűŬɟɛɧɕɞɜŰŬɠ ůŰɖɜ ɏɝɞŭɞ Űɞɡ əɎɗŮ Ůɘŭɘəɞɨ ɏɜŬ ɓɎɟɞɠ ˊɞɡ əŬɗɞɟɑɕŮɘ Űɞɜ ɓŬɗɛɧ ůɡɛɛŮŰɞɢɐɠ 

Űɞɡ Ůɘŭɘəɞɨ ůŰɖ ůɡɜɞɚɘəɐ ɏɝɞŭɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɇŬ ɓɎɟɖ ŰɟɞˊɞˊɞɘɞɨɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ 

Ŭˊɧŭɞůɖ Űɞɡ əɎɗŮ Ůɘŭɘəɞɨ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧŰɡˊɞ Ůɘůɧŭɞɡ. ɇɏɚɞɠ ɏɜŬ ˊɘɗŬɜɞəɟŬŰɘəɧ 

ɛɞɜŰɏɚɞ ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɘɠ ŬˊɞəɟɑůŮɘɠ Űɤɜ Ůɘŭɘəɩɜ.  
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ɆɢɐɛŬ 16. ɀɑɔɛŬ ŮɛˊŮɘɟɞɔɜɤɛɧɜɤɜ (Mixture of Experts). ȼ ˊɨɚɖ ˊɟɞůŭɘɞɟɑɕŮɘ Űɞ ɓɎɟɞɠ ˊɞɡ ɗŬ 

ŮűŬɟɛɧɕŮɘ ůŰɖɜ Ŭˊɧəɟɘůɖ Űɞɡ əɎɗŮ ŮɛˊŮɘɟɞɔɜɩɛɞɜŬ ɛŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ˊɞɡ ɚŬɛɓɎɜŮɘ(ɇɞ ůɢɐɛŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ɇɡɢŬɑŬ ŭɎůɖ (Random Forest) 

ɇŬ ŰɡɢŬɑŬ ŭɎůɖ ŬˊɞŰŮɚɞɨɜ ɏɜŬɜ ůɡɜŭɡŬůŰɘəɧ Ŭɚɔɧɟɘɗɛɞ ɛŮ ŮűŬɟɛɞɔɏɠ əɡɟɑɤɠ ůŰɖɜ 

ŰŬɝɘɜɧɛɖůɖ ŬɚɚɎ əŬɘ Űɖɜ ˊŬɚɘɜŭɟɧɛɖůɖ. ɇŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ Űɞɡɠ ŮɑɜŬɘ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ. 

ȼ ɘŭɏŬ ɓŬůɑɕŮŰŬɘ ůŮ ɛɑŬ ŮˊɏəŰŬůɖ Űɖɠ ŮɟɔŬůɑŬɠ Űɞɡ Tin Kam Ho (Ho, no date) Ŭˊɧ Űɞɜ Leo 

Breiman Űɞ 2001 (Breiman, 2001). 

ȷˊɞŰŮɚɞɨɜ ɛɑŬ ˊɟɧŰŬůɖ ɓŮɚŰɑɤůɖɠ Űɤɜ ŭɏɜŰɟɤɜ ŬˊɧűŬůɖɠ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ əŬŰŬůŰɎůŮɤɜ 

ɡˊɏɟ ˊɟɞůŬɟɛɞɔɐɠ ŭɘŬŰɖɟɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ɢŬɛɖɚɧ Űɞ ɚɎɗɞɠ ɛŮɟɞɚɖɣɑŬɠ (bias). ɉɩɟɞ 

ŮɟɔŬůɑŬɠ əɎɗŮ ŭɏɜŰɟɞɡ ŬˊɧűŬůɖɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ŰɡɢŬɑɞ ɡˊɞůɨɜɞɚɞ Űɤɜ Ŭɟɢɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ. ɆŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊŬɚɘɜŭɟɧɛɖůɖɠ Űɖɜ ŰŮɚɘəɐ ˊɟɧɓɚŮɣɖ ŬˊɞŰŮɚŮɑ ɞ ɛɏůɞɠ 

ɧɟɞɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ˊɟɞɓɚɏɣŮɤɜ Ůɜɩ ůŰɖɜ ŰŬɝɘɜɧɛɖůɖ ɖ Ůˊɘɚɞɔɐ Űɖɠ əɚɎůɖɠ ɔɑɜŮŰŬɘ ɛŮ 

ɣɖűɞűɞɟɑŬ (voting) (ɆɢɐɛŬ 17). Ƀ ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ŮˊɘŰɟŮˊɧɛŮɜɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɜɎ 

ŭɏɜŰɟɞ ŬˊɞŰŮɚŮɑ ɛɑŬ ůɖɛŬɜŰɘəɐ ɡˊŮɟˊŬɟɎɛŮŰɟɞ Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ ŮˊɘŭɟɎ əŬɗɞɟɘůŰɘəɎ ůŰɖɜ 

ɘůɞɟɟɞˊɑŬ ɛŮŰŬɝɨ ɞɟɗɧŰɖŰŬɠ (accuracy) əŬɘ ɢɟɧɜɞɡ ŮəŰɏɚŮůɖɠ (run time). 

https://paperpile.com/c/cb6zYQ/m8Iz
https://paperpile.com/c/cb6zYQ/daUe
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ɆɢɐɛŬ 17. ɇɡɢŬɑŬ ȹɎůɖ. ȼ ŰŮɚɘəɐ ˊɟɧɓɚŮɣɖ ŮɝɎɔŮŰŬɘ ɛŮ ɣɖűɞűɞɟɑŬ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŭɏɜŰɟɤɜ. ȾɎɗŮ 

ŭɏɜŰɟɞ ŬˊɞűŬůɑɕŮɘ ɔɘŬ ɏɜŬ ɡˊɞůɨɜɞɚɞ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ (ɇɞ ůɢɐɛŬ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ɀɖɢŬɜɏɠ ɓŬɗɛɤŰɐɠ ˊɟɞɩɗɖůɖɠ 

ȼ ŰŮɢɜɘəɐ ɓŬɗɛɤŰɐɠ ˊɟɞɩɗɖůɖɠ (Gradient boosting Machines - GBM ɐ gradient boosted 

model) ŮˊɘŰɡɔɢɎɜŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɘůɢɡɟɞɨ ɛɞɜŰɏɚɞɡ ˊɟɧɓɚŮɣɖɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ 

ŰŮɢɜɘəɐ Űɖɠ ˊɟɞɩɗɖůɖɠ (boosting) ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ ˊɞɚɚŬˊɚɩɜ ŬůɗŮɜɩɜ ŮəŰɘɛɖŰɩɜ 

(ɆɢɐɛŬ 18). Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŭɟŬ ŮˊŬɜŬɚɖˊŰɘəɎ ŮəˊŬɘŭŮɨɞɜŰŬɠ əŬɘ ɓŮɚŰɘɩɜɞɜŰŬɠ Űɞɜ ŮəŰɘɛɖŰɐ 

əɎɗŮ ɓɐɛŬŰɞɠ. ȳˊɤɠ ɡˊɞŭɖɚɩɜŮɘ əŬɘ ɖ ɞɜɞɛŬůɑŬ, ɖ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

əɧůŰɞɡɠ ɡɚɞˊɞɘŮɑŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞɠ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɓŬɗɛɤŰɐɠ əŬɗɧŭɞɡ (gradient descent) 

.  

 

ɆɢɐɛŬ 18. ɀɖɢŬɜɏɠ ȸŬɗɛɤŰɐɠ ˊɟɞɩɗɖůɖɠ. ɆŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ Űɞ ɛɞɜŰɏɚɞ ŮəˊŬɘŭŮɨŮŰŬɘ ɛŮ ŰŬ 

ɡˊɧɚɞɘˊŬ/ ɚɎɗɞɠ ŮəŰɘɛɐůŮɘɠ (əɧəəɘɜɞ) Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ɓɐɛŬŰɞɠ. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ 

ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 
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Ƀɘ ˊɚɏɞɜ ŭɖɛɞűɘɚŮɑɠ ŬůɗŮɜŮɑɠ ŮəŰɘɛɖŰɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɑɜŬɘ ŰŬ ŭɏɜŰɟŬ ŬˊɧűŬůɖɠ 

(gradient boosting decision trees)ɇŬ ˊŬɟŬɔɧɛŮɜŬ ŭɏɜŰɟŬ ŮɑɜŬɘ ɛɘəɟɞɨ ɓɎɗɞɡɠ ůŮ 

ŬɜŰɘŭɘŬůŰɞɚɐ ɛŮ ŰŬ ɣɖɚɎ ŭɏɜŰɟŬ Űɤɜ ŰɡɢŬɑɤɜ ŭŬůɩɜ.  

ȸŬůɘəɎ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ ŬˊɞŰŮɚɞɨɜ ɖ ˊɘɗŬɜɐ ŬŭɡɜŬɛɑŬ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ɞɚɘəɞɨ 

ŮɚŬɢɑůŰɞɡ Űɖɠ ůɡɜɎɟŰɖůɖɠ əɧůŰɞɡɠ ɚɧɔɤ Űɞɡ Ůɔəɚɤɓɘůɛɞɨ ůŮ Űɞˊɘəɧ ŮɚɎɢɘůŰɞ (local 

minimum) əŬɘ ɞ ɛŮɔɎɚɞɠ ɢɟɧɜɞɠ ŮəŰɏɚŮůɖɠ ŮɘŭɘəɎ ɔɘŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŭŮŭɞɛɏɜɤɜ.  

ȼ ɛɏɗɞŭɞɠ ŰɡɢŬɑŬɠ ɓŬɗɛɤŰɐɠ əŬɗɧŭɞɡ (stochastic gradient boosting- SGB) (Friedman, 

2002) ŬˊɞŰŮɚŮɑ ɛɑŬ Űɟɞˊɞˊɞɑɖůɖ ˊɞɡ ŭŬɜŮɑɕŮŰŬɘ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɖ ɛɏɗɞŭɞ ůɡůůɤɛɎŰɤůɖɠ ɛŮ 

ŭŮɘɔɛŬŰɞɗɏŰɖůɖ (bagging), əŬŰɎ Űɖɜ ɞˊɞɑŬ ůŮ əɎɗŮ ŮˊŬɜɎɚɖɣɖ ɔɑɜŮŰŬɘ ˊɟɞůŬɟɛɞɔɐ (fit) əŬɘ 

Ůɜɖɛɏɟɤůɖ (update) Űɞɡ ɛɞɜŰɏɚɞɡ, ŮˊɘɚɏɔɞɜŰŬɠ ɏɜŬ ŰɡɢŬɑɞ ɡˊɞůɨɜɞɚɞ Űɞɡ ůɡɜɧɚɞɡ 

ŮəˊŬɑŭŮɡůɖɠ ɛŮ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɢɤɟɑɠ ŮˊŬɜŬŰɞˊɞɗɏŰɖůɖ. ȼ ɛŮɔɎɚɖ ŭɘŬəɨɛŬɜůɖ Űɤɜ 

ŮɜɖɛŮɟɩůŮɤɜ ɚɧɔɤ Űɖɠ ŰɡɢŬɘɧŰɖŰŬɠ Űɤɜ ɡˊɞůɡɜɧɚɤɜ ŮəˊŬɑŭŮɡůɖɠ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ 

Ŭɚɔɧɟɘɗɛɞ ɜŬ ɛŮŰŬŰɞˊɑɕŮŰŬɘ ˊɟɞɠ ɜɏŬ ŮɚɎɢɘůŰŬ ˊɟɞůŮɔɔɑɕɞɜŰŬɠ Űɞ ɞɚɘəɧ ŮɚɎɢɘůŰɞ Ůɜɩ 

ŰŬɡŰɧɢɟɞɜŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ɓŮɚŰɑɤůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ ŬɜɎɚɞɔɖɠ Űɞɡ ŮˊɘɛŮɟɘůɛɞɨ Űɤɜ 

ɡˊɞůɡɜɧɚɤɜ ŮəˊŬɑŭŮɡůɖɠ. 

ɇŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ 

ɇŬ ŰŮɢɜɖŰɎ ɜŮɡɟɤɜɘəɎ ŭɑəŰɡŬ (Artificial  neural networks - ȷɁɁ) ŬˊɞŰŮɚɞɨɜ ɛɑŬ ɛɏɗɞŭɞ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ůɡůŰɖɛɎŰɤɜ ˊɟɧɓɚŮɣɖɠ ŮɛˊɜŮɡůɛɏɜɖ Ŭˊɧ Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ 

ɓɘɞɚɞɔɘəɩɜ ɜŮɡɟɘəɩɜ ůɡůŰɖɛɎŰɤɜ əŬɘ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ŮəŰŮɚɞɨɜ ɡˊɞɚɞɔɘůɛɞɨɠ (Hopfield and 

Tank, 1985). ȼ ɘŭɏŬ ŮɑɜŬɘ ŬɟəŮŰɎ ˊŬɚɘɎ ɏɢɞɜŰŬɠ Űɘɠ ɟɑɕŮɠ Űɖɠ ůŰɞ 1943 ɛŮ Űɖɜ ˊŬɟɞɡůɑŬůɖ 

Űɞɡ ˊɟɩŰɞɡ ɛɞɜŰɏɚɞɡ ɜŮɡɟɤɜɘəɞɨ ŭɘəŰɨɞɡ Űɤɜ McCullock & Pitts(Fitch, 1944). ɀŮɔɎɚɖ 

ɩɗɖůɖ ůŰɖɜ ɛɏɗɞŭɞ ŭɧɗɖəŮ Űɖ ŭŮəŬŮŰɑŬ Űɞɡ 80 ɛŮ ŰŬ ŭɑəŰɡŬ Hopfied (Bemley, no date) əŬɘ 

Űɖɜ ˊŬɟɞɡůɑŬůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ɞˊɘůɗɞŭɟɧɛɖůɖɠ (back propagation) Ŭˊɧ Űɞɡɠ Rumelhart, 

Hinton əŬɘ Williams (Rumelhart, Hinton and Williams, 1986).  

https://paperpile.com/c/cb6zYQ/eVmK
https://paperpile.com/c/cb6zYQ/eVmK
https://paperpile.com/c/cb6zYQ/b2PQ
https://paperpile.com/c/cb6zYQ/b2PQ
https://paperpile.com/c/cb6zYQ/0GW3
https://paperpile.com/c/cb6zYQ/BjJC
https://paperpile.com/c/cb6zYQ/Ofla
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ɆɢɐɛŬ 19. ɄɞɚɡŮˊɑˊŮŭɞ ŰŮɢɜɖŰɧ ɜŮɡɟɤɜɘəɧ ŭɑəŰɡɞ. ɇɞ ɛŮůŬɑɞ ŮˊɑˊŮŭɞ ŬˊɞəɟɨˊŰŮŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. 

ɇŬ wi,j ŰŬ ŮɑɜŬɘ ŰŬ ůɡɜŬˊŰɘəɎ ɓɎɟɖ Űɞɡ ŭɘəŰɨɞɡ. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȰɜŬ ȷɁɁ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əɧɛɓɞɡɠ, Űɞɡɠ ŰŮɢɜɖŰɞɨɠ ɜŮɡɟɩɜŮɠ (neurons) əŬɘ ůɡɜŭɏůŮɘɠ, Űɘɠ 

ůɡɜɎɣŮɘɠ (synapses). Ƀɘ əɧɛɓɞɘ ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ŮˊɑˊŮŭŬ 

(layers)(ɆɢɐɛŬ 19) Ůə Űɤɜ ɞˊɞɑɤɜ ɞɟŬŰɎ ůŰɞɜ ɢɟɐůŰɖ ŮɑɜŬɘ ɛɧɜɞ Űɞ ˊɟɩŰɞ əŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ. 

ȷɜŬɚɧɔɤɠ Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ Űɞɡ ŭɘəŰɨɞɡ əŬɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɖ 

ŮəˊŬɑŭŮɡůɖ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮˊɘɓɚŮˊɧɛŮɜɖ (ˊɟɞɓɚɐɛŬŰŬ ŰŬɝɘɜɧɛɖůɖɠ, ˊŬɚɘɜŭɟɧɛɖůɖɠ) ɐ ɛɖ 

(ˊɟɞɓɚɐɛŬŰŬ ůɡůŰŬŭɞˊɞɑɖůɖɠ).  

 ɆŰŬ ȷɁɁ ɛŮ ŮˊɘɓɚŮˊɧɛŮɜɖ ɛɎɗɖůɖ ŬəɞɚɞɡɗŮɑŰŬɘ ɛɑŬ ŮˊŬɜŬɚɖˊŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɟɨɗɛɘůɖɠ 

Űɤɜ Űɘɛɩɜ Űɤɜ ůɡɜŬˊŰɘəɩɜ ɓŬɟɩɜ ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ ɚɎɗɞɡɠ 

ˊɟɧɓɚŮɣɖɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ ůŰɖ ɓŮɚŰɑɤůɖ Űɞɡ ɛɞɜŰɏɚɞɡ. ɇŬ ANN ɢɤɟɑɠ ŮˊɘɓɚŮˊɧɛŮɜɖ 

ɛɎɗɖůɖ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŮ ˊɟɞɓɚɐɛŬŰŬ ŬɜŬɔɜɩɟɘůɖɠ ˊɟɞŰɨˊɤɜ Ůˊɑ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

Ůɘůɧŭɞɡ.   
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1.2 ɀŮɔɎɚŬ ɓɘɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ 

ȼ ɟŬɔŭŬɑŬ Ůɝɏɚɘɝɖ ůŰɘɠ ŰŮɢɜɞɚɞɔɑŮɠ Ŭɚɚɖɚɞɨɢɘůɖɠ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ŮˊɏŰɟŮɣŮ Űɖɜ 

ˊŬɟŬɔɤɔɐ ŰŮɟɎůŰɘɤɜ ɓɘɞɚɞɔɘəɩɜ əŬɘ əɚɘɜɘəɩɜ ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ ɔŮɜɤɛɘəɐɠ (genomics) 

ˊɟɤŰŮɞɛɘəɐɠ (proteomics) əŬɘ ɛŮŰŬɓɞɚɞɛɘəɐɠ (metabolomics) ˊɟɞɏɚŮɡůɖɠ (Altman, 2004). 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮűŬɟɛɧɕɞɜŰŬɘ ŰŮɢɜɘəɏɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŮ ɛŮɔɎɚŮɠ ůɡɚɚɞɔɏɠ 

ɓɘɞɚɞɔɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ˊɟɞɓɚɏɣŮɤɜ əŬɘ ůɡůɢŮŰɑůŮɤɜ ˊɞɡ ůɡɜŰŮɚɞɨɜ ůŰɖɜ 

ŬˊɧəŰɖůɖ ɔɜɩůɖɠ Ůˊɑ ɛŮɔɎɚɤɜ ɓɘɞɚɞɔɘəɩɜ ˊɟɞɓɚɖɛɎŰɤɜ ˊɞɡ ŬˊŬůɢɞɚɞɨɜ Űɖɜ ŮɟŮɡɜɖŰɘəɐ 

əɞɘɜɧŰɖŰŬ.  

1.2.1 ɇŮɢɜɞɚɞɔɑŮɠ ȷɚɚɖɚɞɨɢɘůɖɠ ȺˊɧɛŮɜɖɠ ũŮɜɘɎɠ - NGS 

ȼ ŭɖɛɞůɑŮɡůɖ Űɖɠ ŭɘˊɚɐɠ ɏɚɘəŬɠ Űɖɠ ŰɟɘŰɞŰŬɔɞɨɠ ŭɞɛɐɠ Űɞɡ DNA Űɤɜ Watson əŬɘ Crick 

(Watson and Crick, 1953) Űɞ 1953 ɓŬůɘůɛɏɜɖ ůŰŬ əɟɡůŰŬɚɚɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ Űɤɜ 

Rosalind Franklin əŬɘ Maurice Wilkins (Zallen, 2003), ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ Űɞɜ ɞɟɘůɛɧ Űɞɡ 

əŮɜŰɟɘəɞɨ ŭɧɔɛŬŰɞɠ (Crick, 1970) Űɞ 1958, ŬˊɞŰŮɚɞɨɜ ŰŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ɞɟɧůɖɛŬ ůŰɖɜ 

ɘůŰɞɟɑŬ Űɖɠ ɛɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ, 

ȿɑɔŬ ɢɟɧɜɘŬ ŬɟɔɧŰŮɟŬ, Űɞ 1972 (Jou et al., 1972) ɞ Walter Fiers ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ 

ŰŮɢɜɘəɐ ŭɘůŭɘɎůŰŬŰɖɠ ŰɛɖɛŬŰɞˊɞɑɖůɖɠ ŬɜŬˊŰɡɔɛɏɜɖ Ŭˊɧ Űɞɜ Fred Sanger (Sanger, 

Brownlee and Barrell, 1965) ˊɏŰɡɢŮ Űɖɜ ˊɟɩŰɖ ŬɜɎɔɜɤůɖ ɞɚɧəɚɖɟɞɡ ɔɞɜɘŭɑɞɡ, Űɞɡ 

ɓŬəŰɖɟɘɞűɎɔɞɡ MS2. ɇɞ 1976 ŬəɞɚɞɨɗɖůŮ ɖ Ŭɚɚɖɚɞɨɢɘůɖ ɞɚɧəɚɖɟɞɡ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ 

Űɞɡ ɓŬəŰɖɟɘɞűɎɔɞɡ, ɛɐəɞɡɠ ˊŮɟɑˊɞɡ 5kbp (Fiers et al., 1976). ɇɞ 1977 ɖ ŬɜɎˊŰɡɝɖ Űɖɠ 

ŰŮɢɜɘəɐɠ ŰŮɟɛŬŰɘůɛɞɨ ŬɚɡůɑŭŬɠ (chain-termination ɐ dideoxy technique) Ŭˊɧ Űɞɜ Sanger 

(Sanger, Nicklen and Coulson, 1977) (Maxam and Gilbert, 1977) Űɞɡ ɞˊɞɑɞɡ əŬɘ ˊɐɟŮ Űɞ 

ɧɜɞɛŬ (Sanger technique), ŬˊɞŰɏɚŮůŮ ŰŮɟɎůŰɘɞ ŮˊɑŰŮɡɔɛŬ ůŰɖɜ ɘůŰɞɟɑŬ Űɖɠ Ŭɚɚɖɚɞɨɢɘůɖɠ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ŰŮɢɜɘəɐ ɛŮɔɎɚɖɠ ŬəɟɑɓŮɘŬɠ ŬɚɚɎ əŬɘ ŮɡəɞɚɑŬɠ ɡɚɞˊɞɑɖůɖɠ. ȼ ɛŮŰɏˊŮɘŰŬ 

Ůɝɏɚɘɝɖ Űɖɠ ŰŮɢɜɘəɐɠ ŮˊɏŰɟŮɣŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɤɜ ɛŮɗɧŭɤɜ Ŭɚɚɖɚɞɨɢɘůɖɠ 

(Smith et al., 1985) (Ansorge et al., 1987) əŬɘ ůŰɖ ůɡɜŮɢŮɑŬ Űɤɜ ˊɟɩŰɤɜ ɛɖɢŬɜɩɜ 

ŬɡŰɧɛŬŰɖɠ Ŭɚɚɖɚɞɨɢɘůɖɠ, ɘəŬɜɩɜ ɜŬ ŬɜŬɚɨůɞɡɜ ɔɞɜɘŭɘɩɛŬŰŬ ɞɚɧəɚɖɟɤɜ ɞɟɔŬɜɘůɛɩɜ. Ƀɘ 

ɛɖɢŬɜɏɠ Ŭɚɚɖɚɞɨɢɘůɖɠ ɓŬůɘůɛɏɜŮɠ ůŰɖɜ ɛɏɗɞŭɞ Sanger əŬɘ ˊŬɟŬɚɚŬɔɏɠ ŬɡŰɐɠ ɧɟɘůŬɜ Űɖɜ 

ɄɟɩŰɖ ɔŮɜɘɎ ɛɖɢŬɜɩɜ Ŭɚɚɖɚɞɨɢɘůɖɠ (First Generation Sequencing) əŬɘ ɗŮɤɟɞɨɜŰŬɜ 

ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ (High Throughput). ȼ ŰŮɢɜɘəɐ Sanger ŮűŬɟɛɧůŰɖəŮ ɛŮ ŮˊɘŰɡɢɑŬ ůŰɞ 

ɛŮɔŬɚɨŰŮɟɞ ɏɟɔɞ ůŰɖɜ ɘůŰɞɟɑŬ Űɖɠ ɛɞɟɘŬəɐɠ ȸɘɞɚɞɔɑŬɠ, Űɖɜ Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ (International Human Genome Sequencing Consortium, 2004).  

https://paperpile.com/c/cb6zYQ/w3fs
https://paperpile.com/c/cb6zYQ/EX90
https://paperpile.com/c/cb6zYQ/Iypv
https://paperpile.com/c/cb6zYQ/ZOr3
https://paperpile.com/c/cb6zYQ/wMx7
https://paperpile.com/c/cb6zYQ/wMx7
https://paperpile.com/c/cb6zYQ/wMx7
https://paperpile.com/c/cb6zYQ/3RIR
https://paperpile.com/c/cb6zYQ/3RIR
https://paperpile.com/c/cb6zYQ/kzzv
https://paperpile.com/c/cb6zYQ/kzzv
https://paperpile.com/c/cb6zYQ/kzzv
https://paperpile.com/c/cb6zYQ/XXAw
https://paperpile.com/c/cb6zYQ/BS3v
https://paperpile.com/c/cb6zYQ/LqiQ
https://paperpile.com/c/cb6zYQ/LqiQ
https://paperpile.com/c/cb6zYQ/LqiQ
https://paperpile.com/c/cb6zYQ/e9Ii
https://paperpile.com/c/cb6zYQ/e9Ii
https://paperpile.com/c/cb6zYQ/e9Ii
https://paperpile.com/c/cb6zYQ/53d9
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ȸŬůɘəɧɠ ůŰɧɢɞɠ Űɤɜ ɇŮɢɜɞɚɞɔɘɩɜ ȺˊɧɛŮɜɖɠ ũŮɜɘɎɠ (Next Generation Sequencing-NGS) ɐ 

ȹŮɨŰŮɟɖɠ ũŮɜɘɎɠ (Second Generation Sequence) ˊɞɡ ŭɘŬŭɏɢɗɖəŬɜ Űɘɠ ŰŮɢɜɞɚɞɔɑŮɠ Sanger 

ŬˊɞŰɏɚŮůŬɜ ɖ ŮɚɎŰŰɤůɖ Űɞɡ əɧůŰɞɡɠ əŬɘ ɖ ɓŮɚŰɑɤůɖ Űɖɠ Ŭˊɧŭɞůɖɠ. Ⱥɜɩ ɖ ɛɏɗɞŭɞ Sanger 

ŬɚɚɖɚɞɡɢɞɨůŮ ɏɜŬ ŰɛɐɛŬ DNA Űɖ űɞɟɎ, ɖ ŰŮɢɜɞɚɞɔɑŬ NGS ŮˊɏŰɟŮɣŮ Űɖɜ ɛŬɕɘəɐ 

ˊŬɟɎɚɚɖɚɖ Ŭɚɚɖɚɞɨɢɘůɖ ŮəŬŰɞɛɛɡɟɑɤɜ ŰɛɖɛɎŰɤɜ. ȼ ŰŮɢɜɞɚɞɔɑŬ NGS ɛŮɘɩɜɞɜŰŬɠ 

ŭɟŬɛŬŰɘəɎ Űɞ əɧůŰɞɠ Ŭɚɚɖɚɞɨɢɘůɖɠ, ˊɟɞəɎɚŮůŮ ŮˊŬɜɎůŰŬůɖ ůŰɞɜ ŰɞɛɏŬ Űɖɠ 

ɔɞɜɘŭɘɤɛŬŰɘəɐɠ, ŮˊɘűɏɟɞɜŰŬɠ ŭɘˊɚŬůɘŬůɛɧ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Ŭɚɚɖɚɞɨɢɘůɖɠ əɎɗŮ ˊɏɜŰŮ ɛɐɜŮɠ 

(Stein, 2010). ȼ ɡɚɞˊɞɑɖůɖ ɏɟɔɤɜ Ŭɚɚɖɚɞɨɢɘůɖɠ ɢɘɚɘɎŭɤɜ ɔɞɜɘŭɘɤɛɎŰɤɜ ɧˊɤɠ Űɞ HapMap 

(Consortium and ÀThe International HapMap Consortium, 2003) əŬɘ 1000 genome project 

ŮˊɏŰɟŮɣŮ Űɖɜ ɛŮɚɏŰɖ ɔŮɜŮŰɘəɩɜ ˊŬɗɐůŮɤɜ ɛɏůɤ ŬɜŰɘůŰɞɑɢɘůɖɠ ɔŮɜŮŰɘəɩɜ ɛŮŰŬɚɚɎɝŮɤɜ əŬɘ 

űŬɘɜɞŰɨˊɤɜ. ȼ ɔɟɐɔɞɟɖ Ůɝɏɚɘɝɖ Űɤɜ NGS əŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎˊŰɡɝɖ ɓɘɞˊɚɖɟɞűɞɟɘəɩɜ 

ŮɟɔŬɚŮɑɤɜ ɓɞɐɗɖůŮ ůŰɖɜ Ůə ɜɏɞɡ (de novo) Ŭɚɚɖɚɞɨɢɘůɖ ɢɘɚɘɎŭɤɜ ɞɟɔŬɜɘůɛɩɜ.  

Ƀɘ ŰŮɢɜɞɚɞɔɑŮɠ NGS ́ ɏɟŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ ůŰɖɜ Ŭɚɚɖɚɞɨɢɘůɖ ɔɞɜɘŭɘɩɛŬŰɞɠ (whole-

genome sequencing -WGS) (Lam et al., 2012) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ ɔɘŬ Űɖɜ 

Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡ ɛŮŰŬɔɟŬűɩɛŬŰɞɠ (transcriptome shotgun sequencing- WTSS) ɔɜɤůŰɞɨ 

əŬɘ ɤɠ RNA-seq. To RNA-seq ˊɟɤŰɞŮɛűŬɜɑůŰɖəŮ Űɞ 2009 (Ozsolak and Milos, 2011) əŬɘ 

ɏəŰɞŰŮ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬˊɞŰɨˊɤůɖ Űɖɠ ɛŮŰŬɔɟŬűɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, 

əŬŰŬɔɟɎűɞɜŰŬɠ ɛŮ ŬəɟɑɓŮɘŬ Űɖɜ ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ (Wang, Gerstein and Snyder, 2009) 

(Mortazavi et al., 2008).Ⱥˊɑůɖɠ ůɡɜɏɓŬɚŮ ůŰɖɜ ŬɜŬəɎɚɡɣɖ ɜɏɤɜ ɛŮŰŬɔɟŬűɧɛŮɜɤɜ 

Ŭɚɚɖɚɞɡɢɘɩɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ (Trapnell et al., 2010) ŬɚɚɎ əŬɘ ɛɖ 

əɤŭɘəɞˊɞɘɖŰɘəɩɜ RNA ɧˊɤɠ ŰŬ miRNA əŬɘ ŰŬ lncRNA (Graveley et al., 2011) (Guttman et 

al., 2009).  

ȯɚɚŮɠ ŰŮɢɜɞɚɞɔɑŮɠ NGS ůŰɞɢŮɨɞɡɜ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ DNA-

ˊɟɤŰŮɥɜɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŬɜɞůɞəŬŰŬəɟɐɛɜɘůɖɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ 

(chromatin immunoprecipitation) ChIP-seq (Johnson et al., 2007). ȺˊŮəŰɎůŮɘɠ Űɖɠ ɛŮɗɧŭɞɡ 

ChIP-seq ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɖɠ ŭɞɛɐ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 

Űɖɠ ŬɜɑɢɜŮɡůɖɠ ˊŮɟɘɞɢɩɜ ŬɜɞɘəŰɐɠ ɢɟɤɛŬŰɑɜɖɠ ɐ DNAse seq(Song and Crawford, 2010). 

ȰɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ NGS ŮɑɜŬɘ ɖ Ůɜɑůɢɡůɖ Űɞɡ DNA ˊɟɘɜ Űɖɜ 

Ŭɚɚɖɚɞɨɢɘůɖ. ȼ ŬɜɎˊŰɡɝɖ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ ŬɜŬɘɟɞɨɜ Űɖɜ ŬˊŬɑŰɖůɖ ŬɡŰɐ ɢŬɟŬəŰɐɟɘůŮ Űɖɜ 

ɇɟɑŰɖ ũŮɜɘɎ ȷɚɚɖɚɞɨɢɘůɖɠ. (Third Generation Sequencing). ȼ ɜɏŬ ŬɡŰɐ ɔŮɜɘɎ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ŰŮɢɜɘəɏɠ ɧˊɤɠ ɖ Ŭɚɚɖɚɞɨɢɘůɖ Ůɜɧɠ ɛɞɟɑɞɡ (single molecule sequencing- SMS), ɖ 

Ŭɚɚɖɚɞɨɢɘůɖ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ (single molecule real time SMRT) əŬɘ ɖ Ŭɚɚɖɚɞɨɢɘůɖ 

ɜŬɜɞˊɧɟɞɡ (nanopore sequencing).  

https://paperpile.com/c/cb6zYQ/gkxs
https://paperpile.com/c/cb6zYQ/pBFW
https://paperpile.com/c/cb6zYQ/MI3y
https://paperpile.com/c/cb6zYQ/MI3y
https://paperpile.com/c/cb6zYQ/MI3y
https://paperpile.com/c/cb6zYQ/tHic
https://paperpile.com/c/cb6zYQ/WAlk
https://paperpile.com/c/cb6zYQ/zw3s
https://paperpile.com/c/cb6zYQ/zw3s
https://paperpile.com/c/cb6zYQ/zw3s
https://paperpile.com/c/cb6zYQ/bUj7
https://paperpile.com/c/cb6zYQ/bUj7
https://paperpile.com/c/cb6zYQ/bUj7
https://paperpile.com/c/cb6zYQ/yPda
https://paperpile.com/c/cb6zYQ/yPda
https://paperpile.com/c/cb6zYQ/yPda
https://paperpile.com/c/cb6zYQ/DTA6
https://paperpile.com/c/cb6zYQ/DTA6
https://paperpile.com/c/cb6zYQ/DTA6
https://paperpile.com/c/cb6zYQ/DTA6
https://paperpile.com/c/cb6zYQ/eMxF
https://paperpile.com/c/cb6zYQ/eMxF
https://paperpile.com/c/cb6zYQ/eMxF
https://paperpile.com/c/cb6zYQ/XXLI


 

51 

 

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ɛɏɗɞŭɞɘ NGS ŭŮŭɞɛɏɜŬ Űɤɜ ɞˊɞɑɤɜ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ. 

1.2.2 RNA-seq 

 ȼ Ŭɚɚɖɚɞɨɢɘůɖ RNA (RNA sequencing RNA-seq) ˊŬɟɏɢŮɘ ɡɣɖɚɐɠ ŬɜɎɚɡůɖɠ ˊɚɖɟɞűɞɟɑŮɠ 

ɔɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮŰŬɔɟɎűɤɜ Űɤɜ əɡŰŰɎɟɤɜ (ɛŮŰŬɔɟɎűɖɛŬ- transcriptome). ȼ əŬŰŬɔɟŬűɐ 

Űɞɡ ɛŮŰŬɔɟŬűɐɛŬŰɞɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ŰɛɖɛɎŰɤɜ Űɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ əŬɘ Űɖɜ ŬˊɞəɎɚɡɣɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ ŭɘɏˊɞɡɜ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ Űɖɜ 

űɡůɘɞɚɞɔɘəɐ ɐ ˊŬɗɞɚɞɔɘəɐ əŬŰɎůŰŬůɖ (Ozsolak and Milos, 2011). ȼ ŰŮɢɜɞɚɞɔɑŬ RNA-Seq 

ˊɏɟŬ Ŭˊɧ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ ŬɜŬəɎɚɡɣɖ 

ɜɏɤɜ ɛŮŰŬɔɟɎűɤɜ, ˊɞɘəɑɚɤɜ Űɨˊɤɜ ɧˊɤɠ Űɤɜ ɛɖ əɤŭɘəɞˊɞɘɖŰɘəɩɜ miRNA (non coding 

RNA).  

ɆŰɞ ˊɟɩŰɞ ɓɐɛŬ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ ɔɑɜŮŰŬɘ ŮɝŬɔɤɔɐ Űɞɡ ɓɘɞɚɞɔɘəɞɨ ɡɚɘəɞɨ Ŭˊɧ əɨŰŰŬɟŬ, 

ɘůŰɞɨɠ ə.Ŭ əŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ RNA ɛɞɟɑɤɜ (ɆɢɐɛŬ 20). Ɇəɞˊɧɠ Űɖɠ Ŭˊɞɛɧɜɤůɖɠ 

ɛɞɟɑɤɜ ŮɑɜŬɘ ɖ ŬˊɞɛɎəɟɡɜůɖ ůɡůŰŬŰɘəɩɜ ɛŮɟɩɜ Űɞɡ əɡŰɎɟɞɡ ˊɞɡ ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

Ŭɚɚɖɚɞɡɢɖɗɞɨɜ. ȼ Ŭˊɞɛɧɜɤůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŮɝŮɘŭɘəŮɡɛɏɜŬ ˊɟɤŰɧəɞɚɚŬ ɧˊɤɠ 

Ůˊɘɚɞɔɐ ˊɞɚɡ-ȷ ɞɡɟɎɠ (polyA tail) ɧˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ ˊɞɚɨ-ŬŭŮɜɡɚɘɤɛɏɜŬ ɛɧɟɘŬ ɐ Űɖɠ 

ŮɝɎɜŰɚɖůɖɠ ɟɘɓɞůɤɛɎŰɤɜ (ribo depletion) ɧˊɞɡ ŬűŬɘɟŮɑŰŬɘ Űɞ ɟɘɓɞůɤɛɘəɧ RNA. 

ȷəɞɚɞɡɗŮɑ ɖ ůɨɜɗŮůɖ Űɞɡ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨ DNA (complementary RNA- cDNA) ɛŮ 

ŬɜŰɑůŰɟɞűɖ ɛŮŰŬɔɟŬűɐ (reverse transcription) Űɞɡ RNA əŬɘ ɖ ˊɟɞůɗɐəɖ Ůɘŭɘəɩɜ ɛɘəɟɞ-

Ŭəɞɚɞɡɗɘɩɜ, Űɤɜ ˊɟɞůŬɟɛɞɔɏɤɜ (adapters), ůŰŬ ɎəɟŬ Űɤɜ ɗɟŬɡůɛɎŰɤɜ cDNA. ɆŰɞ 

ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ŰŬ ɗɟŬɨůɛŬŰŬ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɘ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŬɚɡůɘŭɤŰɐɠ 

ŬɜŰɑŭɟŬůɖɠ ˊɞɚɡɛŮɟɎůɖɠ (polymerase chain reaction - PCR). ȷəɞɚɞɡɗŮɑ ɖ Ŭɚɚɖɚɞɨɢɘůɖ əŬɘ 

ɖ ŮɝŬɔɤɔɐ Űɤɜ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɤɜ Ŭˊɧ Űɖɜ ŭɘɎŰŬɝɖ Ŭɚɚɖɚɞɨɢɘůɖɠ (sequencer). 

https://paperpile.com/c/cb6zYQ/tHic
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ɆɢɐɛŬ 20. Ⱥˊɘůəɧˊɖůɖ ˊɟɤŰɞəɧɚɚɞɡ ŭɖɛɘɞɡɟɔɑŬɠ ɓɘɓɚɘɞɗɖəɩɜ RNA-seq. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ 

ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

1.2.3 ChIP-seq 

ȼ Ŭɚɚɖɚɞɨɢɘůɖ ChIP-Seq ůɡɜŭɡɎɕŮɘ Űɖɜ ŰŮɢɜɘəɐ ŬɜɞůɞəŬŰŬəɟɐɛɜɘůɖɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ 

ChIP (Chromatin ImmunoPrecipitation) əŬɘ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Ŭɚɚɖɚɞɨɢɘůɖɠ ŮˊɧɛŮɜɖɠ ɔŮɜɘɎɠ 

NGS, ɛŮ ůəɞˊɧ ɜŬ ŬɜɘɢɜŮɨůŮɘ Űɘɠ űɡůɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ ˊɟɤŰŮɥɜɩɜ əŬɘ DNA. ȼ 

ˊŮɘɟŬɛŬŰɘəɐ ɛɏɗɞŭɞɠ ChIP ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ Ŭəɟɘɓɐɠ ɛɏɗɞŭɞ ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ 

Ŭɚɚɖɚɞɡɢɘɩɜ DNA ˊɎɜɤ ůŰɘɠ ɞˊɞɑŮɠ ˊɟɞůŭɏɜŮɘ ɛɑŬ ŮˊɘɚŮɔɛɏɜɖ ˊɟɤŰŮȶɜɖ. Ƀɘ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ˊɟɤŰŮɥɜɩɜ-DNA (ˊɢ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ ɡˊɞəɘɜɖŰɩɜ 

ɔɞɜɘŭɑɤɜ) ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ əŬɘ Űɖɠ 

ɛŮŰŬɔɟŬűɘəɐɠ ɟɨɗɛɘůɖɠ.  

ɇɞ ˊɟɤŰɧəɞɚɚɞ ChIP-seq ɞɚɞəɚɖɟɩɜŮŰŬɘ ůŮ ŭɨɞ űɎůŮɘɠ (ɆɢɐɛŬ 21). ȾŬŰɎ Űɖɜ ɏɜŬɟɝɖ Űɞɡ 

ˊɟɩŰɞɡ ůəɏɚɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ űɞɟɛŬɚŭŮɒŭɖ ɔɘŬ Űɖ ŭɘŬůɨɜŭŮůɖ (cross-linking) Űɞɡ DNA 

əŬɘ Űɤɜ ˊɟɤŰŮɥɜɩɜ. Ƀɘ ŭŮůɛɞɑ ŭŮɜ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŮˊɘɚŮəŰɘəɎ ɛɧɜɞ ɔɘŬ Űɖɜ ˊɟɤŰŮȶɜɖ 
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ŮɜŭɘŬűɏɟɞɜŰɞɠ ŬɚɚɎ ɔɘŬ ɧɚŮɠ Űɘɠ ˊɟɤŰŮȶɜŮɠ ˊɞɡ ŬɚɚɖɚɞŮˊɘŭɟɞɨɜ ɛŮ Űɞ DNA əŬɘ Űɞ RNA. 

ɆŰɞ ŮˊɧɛŮɜɞ ɓɐɛŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ əŬŰŬəŮɟɛŬŰɘůɛɧɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɩůŰŮ ɜŬ ɚɖűɗɞɨɜ 

ŰŬ ɗɟŬɨůɛŬŰŬ DNA ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ. ȷəɞɚɞɡɗŮɑ ɖ 

ŬɜɞůɞəŬŰŬəɟɐɛɜɘůɖ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ, ɧˊɞɡ ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ŬɜŰɘůɤɛɎŰɤɜ əŬŰɎ 

Űɖɠ ˊɟɤŰŮȶɜɖɠ ŮɜɘůɢɨŮŰŬɘ ɛɧɜɞ Űɞ ɡˊɞůɨɜɞɚɞ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ŰɛɖɛɎŰɤɜ DNA ɛŮ Űɖɜ 

ˊɟɤŰŮȶɜɖ ůŰɧɢɞ. ɆŰɞ ŰŮɚŮɡŰŬɑɞ ɓɐɛŬ Űɞɡ ˊɟɩŰɞɡ ůəɏɚɞɡɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɔɑɜŮŰŬɘ 

ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ Ŭˊɧ Űɞ DNA əŬɘ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ əŬŰŬɚɞɑˊɤɜ. ɇɞ ŮˊɧɛŮɜɞ 

ůəɏɚɞɠ ŬűɞɟɎ ůŰɖɜ Ŭɚɚɖɚɞɨɢɘůɖ (sequencing ) Űɞɡ DNA ɧˊɞɡ ɞɘ ŮɝŬɔɧɛŮɜŮɠ ŬɚɚɖɚɞɡɢɑŮɠ 

Ŭűɞɟɞɨɜ ůŰŬ ŰɛɐɛŬŰŬ Űɞɡ DNA ɧˊɞɡ ɓɟɏɗɖəŮ ˊɟɞůŭŮɛɏɜɖ ɖ ˊɟɤŰŮȶɜɖ ŬɜŬűɞɟɎɠ. 

 

 

ɆɢɐɛŬ 21. Ⱥˊɘůəɧˊɖůɖ ˊŮɘɟɎɛŬŰɞɠ ChIP-seq (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ) 
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1.2.4 CAGE 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŰŮɚŮɡŰŬɑŬɠ ŭŮəŬŮŰɑŬɠ, Űɞ CAGE (CAP Analysis of Gene Expression 

ɏɢŮɘ əŬɗɘŮɟɤɗŮɑ ɤɠ ɏɜŬ ˊɟɤŰɧəɞɚɚɞ ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ 

( transcription Stat Site - TSS) əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɤɜ ɡˊɞəɘɜɖŰɩɜ Űɤɜ ɔɞɜɘŭɑɤɜ. ɇɞ 

ˊɟɤŰɧəɞɚɚɞ CAGE Ůɘůɐɢɗɖ ŬɟɢɘəɎ Űɞ 2003 (Shiraki et al., 2003) ɤɠ ɛɘŬ ɜɏŬ ɛɏɗɞŭɞɠ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ ŮɘŭɘəɎ ɔɘŬ ɜŬ ŬɜɘɢɜŮɨůŮɘ əŬɘ ɜŬ ˊɞůɞŰɘəɞˊɞɘɐůŮɘ ŰŬ 5 'ɎəɟŬ Űɤɜ əŬɚɡɛɛɏɜɤɜ 

(capped) RNA.  

ɆŰɞ ˊɟɩŰɞ ɓɐɛŬ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ ɔɑɜŮŰŬɘ ůɨɜɗŮůɖ ůɡɛˊɚɖɟɤɛŬŰɘəɞɨ əɚɩɜɞɡ cDNA Ŭˊɧ 

Űɞ ůɡɜɞɚɘəɧ RNA ˊɞɡ ŮɝɎɔŮŰŬɘ Ŭˊɧ Űɞ ŭŮɑɔɛŬ (ŰŬ əɨŰŰŬɟŬ, ɘůŰɞɨɠ ə.Ŭ.) (ɆɢɐɛŬ 22). ɇŬ 5ȭ 

ŰɛɐɛŬŰŬ Űɤɜ ɗɟŬɡůɛɎŰɤɜ cDNA ŮˊɘɚɏɔɞɜŰŬɘ ɛŮ Űɖ ɢɟɐůɖ ɛŮɗɧŭɤɜ ŭɏůɛŮɡůɖɠ əŬɚɨˊŰɟŬɠ 

(cap trapping) əŬɘ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɏɜŬɜ ɓɘɞŰɘɜɡɚɘɤɛɏɜɞ ůɡɜŭɏŰɖ ˊɟɘɜ Űɖɜ Ŭˊɞŭɧɛɖůɖ Űɞɡ 

əɚɩɜɞɡ RNA ɛŮ ɢɟɐůɖ RNɎůɖɠ. ȷəɞɚɞɡɗŮɑ ɖ ůɨɜɗŮůɖ ŭŮɨŰŮɟɞɡ əɚɩɜɞɡ cDNA. ɇɛɐɛŬ 

ɛɐəɞɡɠ 20 ɏɤɠ 27 ɜɞɡəɚŮɞŰɘŭɑɤɜ ŬɜɞŭɘəɎ Ŭˊɧ Űɞ 5ȭ Ɏəɟɞ ŬˊɞəɧˊŰŮŰŬɘ, ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ɏɜɕɡɛɞ ˊŮɟɘɞɟɘůɛɞɨ (MmeI ɐ EcoP15I) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. ȷəɞɚɞɡɗŮɑ Ůɜɑůɢɡůɖ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɖɠ ŬɚɡůɘŭɤŰɐɠ ŬɜŰɑŭɟŬůɖɠ ˊɞɚɡɛŮɟɎůɖɠ (polymerase chain 

reaction PCR) əŬɘ Űɏɚɞɠ ɖ ŮɝŬɔɤɔɐ Űɤɜ Ŭəɞɚɞɡɗɘɩɜ Ŭɚɚɖɚɞɨɢɘůɖɠ. 

https://paperpile.com/c/cb6zYQ/ook5
https://paperpile.com/c/cb6zYQ/ook5
https://paperpile.com/c/cb6zYQ/ook5
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ɆɢɐɛŬ 22 Ⱥˊɘůəɧˊɖůɖ ɄɟɤŰɞəɧɚɚɞɡ CAGE. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ) 

ɄŬɟɎ Űɖ ŭɖɛɞŰɘəɧŰɖŰŬ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ ɡˊɎɟɢɞɡɜ ɘůɢɡɟɏɠ ŮɜŭŮɑɝŮɘɠ (Carninci, 2010) 

(Takahashi et al., 2012) (Project and Affymetrix/Cold Spring Harbor Laboratory ENCODE 

Transcriptome Project, 2009) ɧŰɘ ŮəŰɧɠ Ŭˊɧ Űɘɠ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ, Űɞ CAGE ŬɜŬɔɜɤɟɑɕŮɘ 

ɗɏůŮɘɠ ˊɟɞůɗɐəɖɠ əŬɚɨˊŰɟŬɠ (capping sites) ůŮ ŭɘɎűɞɟŮɠ ɎɚɚŮɠ ˊŮɟɘɞɢɏɠ ɧˊɤɠ ɡˊɞˊɟɞɥɧɜŰŬ 

ɛŬŰɑůɛŬŰɞɠ (splicing byproducts) ŮɜŬɚɚŬəŰɘəɏɠ ɘůɞɛɞɟűɏɠ (alternative isoforms) əŬɘ ɛɧɟɘŬ 

ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ ɘɜŰɟɧɜɘŬ əŬɘ ŮɝɧɜɘŬ.ɃɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ɛˊɞɟɞɨɜ ɜŬ ůɡɜɞɣɘůŰɞɨɜ ɤɠ 

ɛŮŰŬɔɟŬűɘəɧɠ ɗɧɟɡɓɞɠ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɛɧɜɞ ɏɜŬ ɡˊɞůɨɜɞɚɞ Űɤɜ ŮɛˊɚɞɡŰɘůɛɏɜɤɜ 

ˊŮɟɘɞɢɩɜ ůŮ ůɐɛŬ CAGE ŬűɞɟɎ ůŮ ˊŮɟɘɞɢɏɠ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ.  

1.2.5 DNase-seq 

H ɛɏɗɞŭɞɠ DNase-seq (Song and Crawford, 2010) ɖ ŭɘŬűɞɟŮŰɘəɎ DHS (DNase I 

Hypersensitive sites) ŬɜŬɔɜɤɟɑɕŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ŮɑɜŬɘ ŮɡŬɑůɗɖŰŮɠ ůŰɖɜ 

https://paperpile.com/c/cb6zYQ/m1ct
https://paperpile.com/c/cb6zYQ/XYzl
https://paperpile.com/c/cb6zYQ/XYzl
https://paperpile.com/c/cb6zYQ/XYzl
https://paperpile.com/c/cb6zYQ/5Kty
https://paperpile.com/c/cb6zYQ/5Kty
https://paperpile.com/c/cb6zYQ/XXLI
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ŭŮɞɝɡɟɘɓɞɜɞɡəɚŮɎůɖ (DNase I) (Wu et al., 1979) ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŬɜɑɢɜŮɡůɖ ŮɜŮɟɔɩɜ 

ɟɡɗɛɘůŰɘəɩɜ ˊŮɟɘɞɢɩɜ (ɡˊɞəɘɜɖŰɏɠ, ŮɜɘůɢɡŰɏɠ ə.Ŭ.) Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ. ȾŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ 

Űɖɠ ɛŮɗɧŭɞɡ (ɆɢɐɛŬ 23) ɔɑɜŮŰŬɘ ˊɏɣɖ ɛŮ DNase I ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ˊŮɟɘɞɢɩɜ ɛŮ 

ɢŬɚŬɟɐɠ ŭɞɛɐɠ ɢɟɤɛŬŰɑɜɖɠɛ ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ŰɡɚɘɔɛɏɜŮɠ ůŮ ɜɞɡəɚŮɞůɩɛŬŰŬ ˊŮɟɘɞɢɏɠ 

əŬɗɩɠ əŬɘ ɞɘ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ ˊɟɤŰŮɥɜɩɜ ˊɟɞűɡɚɎůɞɜŰŬɘ (ɆɢɐɛŬ 23). Ƀɘ ˊŮɟɘɞɢɏɠ 

ŬɜɞɘəŰɐɠ əŬɘ ˊɟɞůɓɎůɘɛɖɠ ɢɟɤɛŬŰɑɜɖɠ ˊɏˊŰɞɜŰŬɘ ůŮ ɛɘəɟɎ ɛɧɟɘŬ ŰŬ ɞˊɞɑŬ ŬɚɚɖɚɞɡɢɞɨɜŰŬɘ 

əŬɘ ůŰɞɘɢɑɕɞɜŰŬɘ ůŰɞ ɔɞɜɘŭɑɤɛŬ ˊɟɞɏɚŮɡůɖɠ.  

 

ɆɢɐɛŬ 23 Ⱥˊɘůəɧˊɖůɖ ˊɟɤŰɞəɧɚɚɞɡ DNase. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ) 

1.2.6 Ribo-seq ȺɝŬɔɤɔɐ Ʌɘɓɞůɤɛɘəɞɨ ˊɟɞűɑɚ  

 

ȼ ɛɏɗɞŭɞɠ Ŭɚɚɖɚɞɨɢɘůɖɠ ɟɘɓɞůɤɛɘəɞɨ ˊɟɞűɑɚ (Ribo-seq) ɓɞɖɗɎ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɞɡ 

ɛŮŰŬűɟŬůŰɘəɞɨ ˊɟɞűɑɚ ɛŮ ŬəɟɑɓŮɘŬ əɤŭɘəɧɜɘɞ. ȼ ɛɏɗɞŭɞɠ əŬŰŬɔɟɎűŮɘ ŰŬ ɟɘɓɞůɤɛɘəɎ 

ŬˊɞŰɡˊɩɛŬŰŬ (footprints), ŭɖɚŬŭɐ ŰŬ ˊɟɞůŰŬŰŮɡɛɏɜŬ Ŭˊɧ ŰŬ ɟɘɓɞůɩɛŬŰŬ ŰɛɐɛŬŰŬ mRNA. 

ȼ ɛɏɗɧŭɞɠ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɠ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰɡˊɤɛɎŰɤɜ, Űɖ ɛŮŰŬŰɟɞˊɐ Űɞɡɠ ůŮ 

https://paperpile.com/c/cb6zYQ/fFLY
https://paperpile.com/c/cb6zYQ/fFLY
https://paperpile.com/c/cb6zYQ/fFLY
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ɓɘɓɚɘɞɗɐəɖ DNA əŬɘ Űɖɜ Ŭɚɚɖɚɞɨɢɘůɖ Űɞɡɠ, əŬɘ Űɏɚɞɠ Űɖɜ ůŰɞɑɢɘůɖ Űɤɜ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɤɜ 

ůŰɞ ɔɞɜɘŭɑɤɛŬ. ȷɟɢɘəɎ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɚɨůɖ Űɤɜ əɡŰŰɎɟɤɜ ɐ Űɤɜ ɘůŰɩɜ əŬɘ Ŭˊɞɛɧɜɤůɖ 

Űɤɜ mRNA ɛɞɟɑɤɜ ˊɞɡ ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ ůŮ ɟɘɓɞůɩɛŬŰŬ. ɇŬ ɛɧɟɘŬ ŬəɘɜɖŰɞˊɞɘɞɨɜŰŬɘ ɛŮ 

ůəɞˊɧ Űɖ ŭɘŬəɞˊɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Űɖɠ ɛŮŰɎűɟŬůɖɠ ɛŮ ŮűŬɟɛɞɔɐ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ɖ ɣɨɝɖɠ. 

ɀŮ ɢɟɐůɖ ɟɘɓɞɜɞɡəɚŮɎůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɏɣɖ Űɤɜ mRNA ˊɞɡ ŭŮɜ ˊɟɞůŰŬŰŮɨɞɜŰŬɘ 

Ŭˊɧ ɟɘɓɞůɩɛŬŰŬ. ɀŮŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ ˊɟɞůŰŬŰŮɡɛɏɜɤɜ ɗɟŬɡůɛɎŰɤɜ ɛŬɕɑ ɛŮ ŰŬ 

ɟɘɓɞůɩɛŬŰŬ ˊɞɡ ŰŬ əŬɚɨˊŰɞɡɜ, ɖ ɢɟɐůɖ ˊɟɤŰŮɎůɖɠ ˊɏˊŰŮɘ ŰŬ ɟɘɓɞůɩɛŬŰŬ 

ŬˊŮɚŮɡɗŮɟɩɜɞɜŰŬɠ ŰŬ ɗɟŬɨůɛŬŰŬ mRNA. ȷəɞɚɞɡɗŮɑ ɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ 

DNA ŮűŬɟɛɧɕɞɜŰŬɠ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɏɢŮɘ ŬɜŬűŮɟɗŮɑ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ 

(ŬɜŰɑůŰɟɞűɖ ɛŮŰŬɔɟŬűɐ cDNA,ˊɟɞůɗɐəɖ adapters, Ůɜɑůɢɡůɖ PCR əŰɚ.). ɇɏɚɞɠ, ɞɘ ɛɘəɟɞ-

ŬɜŬɔɜɩůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Ŭɚɚɖɚɞɨɢɘůɖ, ůŰɞɘɢɑɕɞɜŰŬɘ ůŰɞ ɔɞɜɘŭɑɤɛŬ ˊɟɞɏɚŮɡůɖɠ 

ɩůŰŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɞ ɛŮŰŬɔɟŬűɘəɧ ˊɟɞűɑɚ. 

 

ɆɢɐɛŬ 24. Ⱥˊɘůəɧˊɖůɖ ˊɟɤŰɞəɧɚɚɞɡ ŮɝŬɔɤɔɐɠ ˊɟɞűɑɚ ɅɘɓɞůɤɛɎŰɤɜ. ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ 

Ŭɚɚɖɚɞɨɢɘůɖɠ ɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ˊɞɡ ŮˊŮɝŮɟɔɎɕɞɜŰŬɜ Ŭˊɧ ŰŬ ɟɘɓɞůɩɛŬŰŬ Űɖ 

ůŰɘɔɛɐ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. 
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1.3 ȷɜŬɔɜɩɟɘůɖ ɚŮɘŰɞɡɟɔɘəɩɜ ɛɘəɟɩɜ ŬɜɞɘəŰɩɜ ˊɚŬɘůɑɤɜ 

ŬɜɎɔɜɤůɖɠ. 

1.3.1 ũŮɜŮŰɘəɧɠ ȾɩŭɘəŬɠ əŬɘ ŬɜɞɘɢŰɎ ˊɚŬɑůɘŬ ŬɜɎɔɜɤůɖɠ. 

Ƀ ũŮɜŮŰɘəɧɠ ȾɩŭɘəŬɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ŬəɞɚɞɡɗɑŮɠ ɜɞɡəɚŮɞŰɘŭɘəɩɜ ɓɎůŮɤɜ ˊɞɡ 

əɤŭɘəɞˊɞɘɞɨɜ Űɘɠ Ŭɛɘɜɞɝɘəɏɠ ŬɚɡůɑŭŮɠ Űɤɜ ˊɟɤŰŮɥɜɩɜ. Ƀɘ ŰɏůůŮɟɘɠ ɓɎůŮɘɠ Űɞɡ DNA 

ȷŭŮɜɑɜɖ (adenine - A), ȾɡŰɞůɑɜɖ (cytosine- C), ũɞɡŬɜɑɜɖ (guanine- G), əŬɘ Ūɡɛɑɜɖ 

(thymine-T) ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ŰɟɘɎŭŮɠ ŬɟɗɟɩɜɞɜŰŬɠ ŰŬ əɤŭɘəɧɜɘŬ, əŬɗɏɜŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɏɜŬ Ŭɛɘɜɞɝɨ (ɆɢɐɛŬ 25).  

 

ɆɢɐɛŬ 25 ũŮɜŮŰɘəɧɠ ȾɩŭɘəŬɠ. ȷˊɧ Űɞ 5ô ˊɟɞɠ Űɞ 3ô ɞɘ ŰɟɘɎŭŮɠ Űɤɜ ɓɎůŮɤɜ ŭɖɛɘɞɡɟɔɞɨɜ ŰŬ əɤŭɘəɧɜɘŬ 

ˊɞɡ ɛŮŰŬűɟɎɕɞɜŰŬɘ ůŮ ŬɛɘɜɞɝɏŬ (ŮɝɤŰŮɟɘəɐ ůŰɞɘɓɎŭŬ). (Ʉɖɔɐ ůɢɐɛŬŰɞɠ phys.org) 

 

ɇŬ ɟɘɓɞůɩɛŬŰŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜ Űɖ ɛŮŰŬűɟŬůŰɘəɐ ɛɖɢŬɜɐ Űɞɡ əɡŰŰɎɟɞɡ, ɛŮŰŬəɘɜɞɨɜŰŬɘ əŬŰɎ 

ɛɐəɞɠ Űɞɡ mRNA ŭɘŬɓɎɕɞɜŰŬɠ ŰŬ əɤŭɘəɧɜɘŬ ŰŬ ɞˊɞɑŬ Ůɜ ůɡɜŮɢŮɑŬ ɛŮŰŬűɟɎɕɞɡɜ ůŮ 
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ŬɛɘɜɞɝɏŬ ůɡɜɗɏŰɞɜŰŬɠ Űɖɜ Ŭɛɘɜɞɝɘəɐ ŬɚɡůɑŭŬ. ɆŰɞɜ ɔŮɜŮŰɘəɧ əɩŭɘəŬ əɎɗŮ ŰɟɘˊɚɏŰŬ 

ɜɞɡəɚŮɞŰɘŭɑɤɜ ŬɜŰɘůŰɞɘɢɑɕŮŰŬɘ ůŮ ɏɜŬ Ŭɛɘɜɞɝɨ. ɀŮŰŬɝɨ Űɤɜ əɤŭɘəɞɜɑɤɜ ɝŮɢɤɟɑɕɞɡɜ Űɞ 

əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ (AUG) əŬɘ ŰŬ əɤŭɘəɧɜɘŬ ŰŮɟɛŬŰɘůɛɞɨ (TAA,TAG,TGA) ŰŬ ɞˊɞɑŬ 

ɚ́ɖɟɞűɞɟɞɨɜ ŰŬ ɟɘɓɞůɩɛŬŰŬ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ əŬɘ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɛŮŰɎűɟŬůɖɠ. Ƀɘ 

ŬɚɚɖɚɞɡɢɑŮɠ DNA ˊɞɡ ɝŮəɘɜɞɨɜ Ŭˊɧ ɏɜŬ əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ, ůɡɜŮɢɑɕɞɡɜ ɛŮ ˊɚɐɗɞɠ Ɏɚɚɤɜ 

əɤŭɘəɞɜɑɤɜ əŬɘ ŰŮɟɛŬŰɑɕɞɡɜ ɛŮ ɏɜŬ əɤŭɘəɧɜɘɞ ŰŮɟɛŬŰɘůɛɞɨ ɞɜɞɛɎɕɞɜŰŬɘ ȷɜɞɘɢŰɎ ˊɚŬɑůɘŬ 

ȷɜɎɔɜɤůɖɠ (Open Reading Frames - ORFs) (ɆɢɐɛŬ 26). ɆɡɛɓŬŰɘəɎ, ŰŬ ŬɜɞɘɢŰɎ ˊɚŬɑůɘŬ 

ŬɜɎɔɜɤůɖɠ ɛŮ ɛɐəɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 300 nts ɞɜɞɛɎɕɞɜŰŬɘ ɛɘəɟɎ ŬɜɞɘɢŰɎ ˊɚŬɑůɘŬ ŬɜɎɔɜɤůɖɠ 

(small open reading frames - sORF)  

 

ɆɢɐɛŬ 26. ȷɜɞɘəŰɧ ˊɚŬɑůɘɞ ŬɜɎɔɜɤůɖɠ. (Ʉɖɔɐ ůɢɐɛŬŰɞɠ genome.gov) 

1.3.2 ȸɘɞɚɞɔɘəɐ ůɖɛŬůɑŬ Űɤɜ ɀɘəɟɩɜ ŬɜɞɘəŰɩɜ ˊɚŬɘůɑɤɜ ŬɜɎɔɜɤůɖɠ 

ũɘŬ ˊɞɚɚɎ ɢɟɧɜɘŬ, ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ əɤŭɘəɞˊɞɑɖůɖ ˊɟɤŰŮɥɜɩɜ ɗŮɤɟɞɨɜŰŬɘ ɛɧɜɞ ŰŬ ŬɜɞɘɢŰɎ 

ˊɚŬɑůɘŬ ŬɜɎɔɜɤůɖɠ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ. Ƀɘ ŬɚɚɖɚɞɡɢɑŮɠ ɛɐəɞɡɠ ɛɘəɟɧŰŮɟɞɡ Űɤɜ 300 nts 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɜ ɤɠ ɛɖ ɚŮɘŰɞɡɟɔɘəɎ. ɆŮ ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ɏɢŮɘ ŬɜŬɔɜɤɟɘůŰŮɑ ɛɘŬ 

ŬɡɝŬɜɧɛŮɜɖ ˊɞɘəɘɚɑŬ ˊŮˊŰɘŭɑɤɜ ɛŮ ɛɐəɞɠ ɛɘəɟɧŰŮɟɞ Űɤɜ 100 əɤŭɘəɞɜɑɤɜ ůŮ ŭɘɎűɞɟɞɡɠ 

ɞɟɔŬɜɘůɛɞɨɠ, Ŭˊɧ ɓŬəŰɐɟɘŬ ɏɤɠ Ŭɜɗɟɩˊɞɡɠ(Wadler and Vanderpool, 2007)(Dong et al., 

2013) (Kastenmayer, 2006) (Kondo et al., 2007) (Galindo et al., 2007) (Hashimoto et al., 

2001) (Lee et al., 2015) (Pauli et al., 2014) (Chanut-Delalande et al., 2014) (Magny et al., 

2013) (Tonkin and Rosenthal, 2015) (Andrews and Rothnagel, 2014). Ƀɘ ɛŮɚɏŰŮɠ ɏŭŮɘɝŬɜ 

ɧŰɘ ŰŬ ˊŮˊŰɑŭɘŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ sORFs ŭɟɞɡɜ ɤɠ ůɖɛŬɜŰɘəɞɑ ɟɡɗɛɘůŰɏɠ ˊɞɚɚɩɜ əɟɑůɘɛɤɜ 

ŭɘŬŭɘəŬůɘɩɜ, ɧˊɤɠ ɞ ɛŮŰŬɓɞɚɘůɛɧɠ (Dong et al., 2013), (Lee et al., 2015), ɖ ŮɜŭɞəɡŰŰɎɟɤůɖ 

(Yosten et al., 2016), ɖ Ŭɜɞůɞɚɞɔɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ (Schwab et al., 2003), (Wang et al., 

1996), ɖ ŬɜɎˊŰɡɝɖ (Kondo et al., 2007) , (Pauli et al., 2014) əŬɘ ɞ əɡŰŰŬɟɘəɧɠ ɗɎɜŬŰɞɠ 

(Hashimoto et al., 2001). ɀɘəɟɎ ŬɜɞɘɢŰɎ ˊɚŬɑůɘŬ ŬɜɎɔɜɤůɖɠ (sORFs,< 100 AAs) ŮɑɜŬɘ 

https://paperpile.com/c/cb6zYQ/63AN
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/LiLb
https://paperpile.com/c/cb6zYQ/q8Rj
https://paperpile.com/c/cb6zYQ/q8Rj
https://paperpile.com/c/cb6zYQ/q8Rj
https://paperpile.com/c/cb6zYQ/7WyP
https://paperpile.com/c/cb6zYQ/7WyP
https://paperpile.com/c/cb6zYQ/7WyP
https://paperpile.com/c/cb6zYQ/sc46
https://paperpile.com/c/cb6zYQ/sc46
https://paperpile.com/c/cb6zYQ/sc46
https://paperpile.com/c/cb6zYQ/sc46
https://paperpile.com/c/cb6zYQ/KiL5
https://paperpile.com/c/cb6zYQ/KiL5
https://paperpile.com/c/cb6zYQ/KiL5
https://paperpile.com/c/cb6zYQ/HB5i
https://paperpile.com/c/cb6zYQ/HB5i
https://paperpile.com/c/cb6zYQ/HB5i
https://paperpile.com/c/cb6zYQ/WLKR
https://paperpile.com/c/cb6zYQ/WLKR
https://paperpile.com/c/cb6zYQ/WLKR
https://paperpile.com/c/cb6zYQ/gC3a
https://paperpile.com/c/cb6zYQ/gC3a
https://paperpile.com/c/cb6zYQ/gC3a
https://paperpile.com/c/cb6zYQ/gC3a
https://paperpile.com/c/cb6zYQ/iB3c
https://paperpile.com/c/cb6zYQ/glQP
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/wiJc
https://paperpile.com/c/cb6zYQ/KiL5
https://paperpile.com/c/cb6zYQ/KiL5
https://paperpile.com/c/cb6zYQ/KiL5
https://paperpile.com/c/cb6zYQ/kvnP
https://paperpile.com/c/cb6zYQ/kvnP
https://paperpile.com/c/cb6zYQ/kvnP
https://paperpile.com/c/cb6zYQ/CsOw
https://paperpile.com/c/cb6zYQ/CsOw
https://paperpile.com/c/cb6zYQ/CsOw
https://paperpile.com/c/cb6zYQ/2M6C
https://paperpile.com/c/cb6zYQ/2M6C
https://paperpile.com/c/cb6zYQ/2M6C
https://paperpile.com/c/cb6zYQ/2M6C
https://paperpile.com/c/cb6zYQ/q8Rj
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Ůɡɟɏɤɠ ŭɘŬŭŮŭɞɛɏɜŬ ůŮ ɧɚŬ ŰŬ ɔɞɜɘŭɘɩɛŬŰŬ, ŬɚɚɎ ɘůŰɞɟɘəɎ ŭŮɜ əŬŰŬɔɟɎűɞɜŰŬɘ ůŰɞɡɠ 

ůɢɞɚɘŬůɛɞɨɠ ɔɞɜɘŭɑɤɜ (gene annotations), əŬɗɩɠ ɚɧɔɤ Űɞɡ ɛɘəɟɞɨ Űɞɡɠ ɛŮɔɏɗɞɡɠ ɗŮɤɟŮɑŰŬɘ 

ɧŰɘ ůɡɛɓŬɑɜɞɡɜ ŰɡɢŬɑŬ əŬɘ ŬˊɞŰɡɔɢɎɜɞɡɜ ɜŬ ˊŮŰɨɢɞɡɜ ɡɣɖɚɏɠ ɓŬɗɛɞɚɞɔɑŮɠ ůŮ ŭŮɑəŰŮɠ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ůɡɜŰɐɟɖůɖ (conservation) (Ladoukakis et al., 

2011). ȿŮɘŰɞɡɟɔɘəɎ sORFs ɏɢɞɡɜ ɓɟŮɗŮɑ ůŮ ɛŮŰɎɔɟŬűŬ - ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ˊɞɘəɑɚŮɠ 

ɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ - ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ɛɖ ɛŮŰŬűɟɎůɘɛɤɜ ˊŮɟɘɞɢɩɜ Űɤɜ mRNA (5 

'əŬɘ 3' UTRs), lncRNAs əŬɘ miRNA (Andrews and Rothnagel, 2014) (Couso and Patraquim, 

2017) 

ȷɜ əŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ŰŬ sORFs ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ Űɞɜ ɚŮɔɧɛŮɜɞ çɛŮŰŬűɟŬůŰɘəɧ ɗɧɟɡɓɞè 

(ñtranslational noiseò), ůŮ ˊɞɚɚɏɠ ɛŮɚɏŰŮɠ ůɡůɢŮŰɑůŰɖəŬɜ ɛŮ ɟɘɓɞůɩɛŬŰŬ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɟɡɗɛɑůɞɡɜ Űɖ ɛŮŰɎűɟŬůɖ Ɏɚɚɤɜ ɔɞɜɘŭɑɤɜ (Pircher, Gebetsberger and Polacek, 2014).  

ɆŰɖɜ ŬɜɑɢɜŮɡůɖ ɚŮɘŰɞɡɟɔɘəɩɜ sORFs ɏɢɞɡɜ ŮˊɘůŰɟŬŰŮɡŰŮɑ Ůˊɑůɖɠ, ɜŮɧŰŮɟŮɠ ŰŮɢɜɘəɏɠ ɧˊɤɠ ɖ 

ŬɜɎɚɡůɖɠ ˊɟɞűɑɚ ɟɘɓɞůɤɛɎŰɤɜ (RIBO-sequencing) (Ingolia et al. 2009) əŬɘ ɞɘ ůɢŮŰɘɕɧɛŮɜŮɠ 

ɛŮ Űɖɜ ɛɏɗɞŭɞ ɛŮŰɟɘəɏɠ ORF əŬɘ FLOSS (Bazzini et al., 2014), (Olexiouk et al., 2016) 

,(Olexiouk, Van Criekinge and Menschaert, 2018) əŬɗɩɠ əŬɘ ɖ ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ 

űŬůɛŬŰɞůəɞˊɑŬɠ ɛɎɕŬɠ (mass spectroscopy) (Slavoff et al., 2012). 

ɆŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ůɤůŰɐɠ ŰŬɝɘɜɧɛɖůɖɠ Űɤɜ sORFs ŬɚɚɎ əŬɘ ŬɜŬəɎɚɡɣɖɠ ɜɏɤɜ ɛɘəɟɞ-

ˊŮˊŰɘŭɑɤɜ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ŭɖɛɧůɘŬ ŬˊɞɗŮŰɐɟɘŬ, ɧˊɤɠ ɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

www.sorfs.org (Olexiouk et al., 2016),(Olexiouk, Van Criekinge and Menschaert, 2018) 

ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŮəŰŮɜɩɠ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ. 

1.4 ȷɜŬɔɜɩɟɘůɖ ɡˊɞəɘɜɖŰɩɜ əɤŭɘəɩɜ əŬɘ ɛɖ əɤŭɘəɩɜ RNA 

Ƀɘ ɡˊɞəɘɜɖŰɏɠ ŬˊɞŰŮɚɞɨɜ ˊŮɟɘɞɢɏɠ Űɞɡ DNA ŬɜɞŭɘəɎ ɐ əŬɘ əŬɗɞŭɘəɎ Űɖɠ Ŭɟɢɐɠ Űɤɜ 

ɔɞɜɘŭɑɤɜ ˊɞɡ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ˊɟɤŰŬɟɢɘəɧ ɟɧɚɞ ůŰɖ ɔɞɜɘŭɘŬəɐ ɛŮŰŬɔɟŬűɐ (Smale and 

Kadonaga, 2003). Ɇɡɜɐɗɤɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ůɡɔəŮəɟɘɛɏɜŬ ɛɞŰɑɓŬ Ŭəɞɚɞɡɗɘɩɜ 

ůɨɜŭŮůɖɠ ɟɡɗɛɘůŰɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ, əɤŭɘəɞˊɞɘɩɜŰŬɠ Űɖɜ ˊɚɖɟɞűɞɟɑŬ Űɞɡ ɢɟɧɜɞɡ əŬɘ Űɖɠ 

ɗɏůɖɠ Ůəəɑɜɖůɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐ. ȼ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɡˊɞəɘɜɖŰɩɜ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ Űɞ 

ɗŮɛŮɚɘɩŭŮɠ ˊɟɧɓɚɖɛŬ ůŰɖɜ ŮɨɟŮůɖ ɜɏɤɜ ɔɞɜɘŭɑɤɜ əŬɘ ůŰɖɜ ŬˊɞůŬűɐɜɘůɖ Űɖɠ ɟɨɗɛɘůɖɠ Űɖɠ 

ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ. ɆŮ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ ɛɖ əɤŭɘəɩɜ ɔɞɜɘŭɑɤɜ ɖ ɘŭɘŬɑŰŮɟɖ ŭɘŬŭɘəŬůɑŬ 

ɓɘɞɔɏɜŮůɖɠ ɛˊɞɟŮɑ ɜŬ ŮˊɘűɏɟŮɘ Ůˊɘˊɚɏɞɜ ŭɡůəɞɚɑŬ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɡˊɞəɘɜɖŰɩɜ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ůŰŬ miRNA, ɖ ɩɟɘɛɖ ɛɞɟűɐ ůŰɖɜ ɞˊɞɑŬ ůɡɜŬɜŰɩɜŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ, 

ŮɛˊɞŭɑɕŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ ˊɚɖɟɞűɞɟɘɩɜ ɔɘŬ Űɖɜ ɛɞɟűɐ Űɞɡ Ŭɟɢɘəɞɨ ɛŮŰɎɔɟŬűɞɡ əŬɘ ɤɠ Ůə 

https://paperpile.com/c/cb6zYQ/glQP
https://paperpile.com/c/cb6zYQ/o01e
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ŰɞɨŰɞɡ Űɤɜ ɟɡɗɛɘůŰɘəɩɜ ůŰɞɘɢŮɑɤɜ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ůŰɖɜ ɛŮŰŬɔɟŬűɐ əŬɘ ɟɡɗɛɑɕɞɡɜ ŰŬ 

ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ Űɞɡɠ.  

ȼ ŬɜŬɔɜɩɟɘůɖ ɡˊɞəɘɜɖŰɩɜ Űɤɜ miRNA ůŮ ˊɚɐɗɞɠ ŭɘŬűɞɟŮŰɘəɩɜ əɡŰŰŬɟɘəɩɜ Űɨˊɤɜ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘŬŰɟɘɓɐ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɖɛŬɜŰɘəɐ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ Űɖɜ 

əŬŰŬɜɧɖůɖ əŬɘ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ɡˊɞəŮɑɛŮɜɤɜ ɛɖɢŬɜɘůɛɩɜ ɟɨɗɛɘůɖɠ Űɤɜ miRNA 

Űɧůɞ ůŰɘɠ űɡůɘɞɚɞɔɘəɏɠ ɧůɞ əŬɘ ůŰɘɠ ˊŬɗɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ. 

1.4.1 microRNAs 

ɇŬ microRNAs (miRNAs), ŬˊɞŰŮɚɞɨɜ ɛɑŬ ŰɎɝɖ ɛɖ əɤŭɘəɩɜ ɛɞɜɧəɚɤɜɤɜ ɛɞɟɑɤɜ RNA ɛŮ 

ɛɐəɞɠ 20 ɏɤɠ 24 ɜɞɡəɚŮɞŰɑŭɘŬ ˊɞɡ ɟɡɗɛɑɕɞɡɜ ůŮ ɛŮŰŬ-ɛŮŰŬɔɟŬűɘəɧ ŮˊɑˊŮŭɞ Űɖɜ ɔɞɜɘŭɘŬəɐ 

ɏəűɟŬůɖ, ŬɚɚɖɚŮˊɘŭɟɩɜŰŬɠ ɛŮ Ůɘŭɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ 3ô ŬɛŮŰɎűɟŬůŰɖɠ ˊŮɟɘɞɢɐɠ (3ô UTR) 

Űɤɜ ɛŮŰŬɔɟɎűɤɜ, ˊɟɞəŬɚɩɜŰŬɠ ŮɑŰŮ Űɖɜ əŬŰŬůŰɞɚɐ Űɖɠ ɏəűɟŬůɖɠ ŮɑŰŮ Űɖɜ Ŭˊɞŭɧɛɖůɖ Űɞɡɠ. 

ɄɟɩŰɖ űɞɟɎ ˊŮɟɘɔɟɎűɖəŬɜ Ŭˊɧ Űɞɜ Lee (Lee, Feinbaum and Ambros, 1993) Űɞ 1993 Ůɜɩ 

Űɞ ɧɜɞɛɎ Űɞɡɠ ŮŭɟŬɘɩɗɖəŮ ŬɟəŮŰɎ ŬɟɔɧŰŮɟŬ Űɞ 2001 (Lee, Feinbaum and Ambros, 1993) 

(Lee and Ambros, 2001) (Bartel, 2004). ȷˊɧ ŰɧŰŮ ɞ Ŭɟɘɗɛɧɠ Űɤɜ əŬŰŬɢɤɟɖɛɏɜɤɜ miRNA 

ɏɢŮɘ ŬɡɝɖɗŮɑ ůɖɛŬɜŰɘəɎ (ɆɢɐɛŬ 33). ȹɟɞɡɜ ůŮ ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ Űɤɜ əɡŰŰŬɟɘəɩɜ 

ɚŮɘŰɞɡɟɔɘɩɜ ɧˊɤɠ ůŰɖɜ ŬˊɧˊŰɤůɖ (Geng et al., 2019) əŬɘ Űɞɜ ˊɞɚɚŬˊɚŬůɘŬůɛɧ (Chen et al., 

2010), ŬɚɚɎ ŮɛˊɚɏəɞɜŰŬɘ əŬɘ ůŮ ůŮɘɟɎ ˊŬɗɞɔŮɜŮɘɩɜ ɧˊɤɠ ɞ əŬɟəɑɜɞɠ ůŰɞɜ ɞˊɞɑɞ ŭɟɞɡɜ ŮɑŰŮ 

ɤɠ ɞɔəɞ-ŬɜŬůŰŬɚŰɘəɎ ɛɧɟɘŬ ŮɑŰŮ ɤɠ ɞɔəɞɔɞɜɑŭɘŬ , ŬɜŬůŰɏɚɚɞɜŰŬɠ ɖ ˊɟɞəŬɚɩɜŰŬɠ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɞɡ ɧɔəɞɡ (Chen et al., 2010; Wang et al., 2013; Perdas et al., 2016).  

ŪŮɤɟŮɑŰŬɘ ɧŰɘ ŰŬ miRNA ɏɢɞɡɜ ɟɡɗɛɘůŰɘəɧ ɟɧɚɞ ɔɘŬ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɞ ɏɜŬ ŰɟɑŰɞ Űɤɜ 

ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ (Mallanna and Rizzino, 2010). ɇɞ Ůɨɟɞɠ Űɤɜ 

ɓɘɞɚɞɔɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ əŬɘ Űɤɜ ˊŬɗɞɔŮɜŮɘɩɜ ˊɞɡ ŮɛˊɚɏəɞɜŰŬɘ ŬɜŬŭŮɘəɜɨŮɘ Űɖɜ 

ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ əŬŰŬɜɧɖůɖɠ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ˊɞɡ Ůɚɏɔɢɞɡɜ Űɖɜ ɓɘɞɔɏɜŮůɖ əŬɘ Űɖɜ 

ɚŮɘŰɞɡɟɔɑŬ Űɤɜ miRNA. 

https://paperpile.com/c/cb6zYQ/HQwy
https://paperpile.com/c/cb6zYQ/HQwy
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https://paperpile.com/c/cb6zYQ/4A2n
https://paperpile.com/c/cb6zYQ/0Uma
https://paperpile.com/c/cb6zYQ/0Uma
https://paperpile.com/c/cb6zYQ/0Uma
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https://paperpile.com/c/cb6zYQ/P6QU
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https://paperpile.com/c/cb6zYQ/cCmW
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ɆɢɐɛŬ 27. Ʉɚɐɗɞɠ ɩɟɘɛɤɜ miRNA əŬŰŬɢɤɟɖɛɏɜɤɜ ůŰɖɜ mirBase R22.1 (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ 

ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȸɘɞɔɏɜŮůɖ Űɤɜ miRNA 

ɆŰŬ ɗɖɚŬůŰɘəɎ ɖ ɤɟɑɛŬɜůɖ Űɤɜ miRNA ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůŮ ŭɨɞ ůŰɎŭɘŬ, ůŰɞɜ ˊɡɟɐɜŬ əŬɘ Űɞ 

əɡŰŰŬɟɧˊɚŬůɛŬ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ miRNA ɛŮŰŬɔɟɎűɞɜŰŬɘ ůŰɖɜ ˊɟɤŰɞɔŮɜɐ ɛɞɟűɐ Űɞɡɠ (primary, 

pri-miRNA) Ŭˊɧ Űɖɜ ˊɞɚɡɛŮɟɎůɖ ȽȽ (RNA polymerase II , Pol II ) (Cai, Hagedorn and Cullen, 2004) 

Ůɜɩ ŮɚɎɢɘůŰŬ Ŭˊɧ Űɖɜ ˊɞɚɡɛŮɟɎůɖ ȽȽȽ ((RNA polymerase IIȽ - Pol IIȽ)(Borchert, Lanier and 

Davidson, 2006). ɇŬ ɛɘůɎ Ŭˊɧ ŰŬ əŬŰŬɔŮɔɟŬɛɛɏɜŬ miRNA ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ 

ˊŮɟɘɞɢɏɠ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ (He et al., 2012) Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ Ŭˊɧ Űɞɜ 

ŭɘŬɔɞɜɘŭɘŬəɧ ɢɩɟɞ. ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɛˊɞɟŮɑ ɜŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɜŰɧɠ Ůɝɞɜɑɤɜ ɞˊɧŰŮ əŬɘ 

ɛŮŰŬɔɟɎűɞɜŰŬɘ ɛŬɕɑ ɛŮ Űɞ əɤŭɘəɞˊɞɘɖŰɘəɧ ɔɞɜɑŭɘɞ, ɐ ůŮ ɘɜŰɟɧɜɘŬ ɧˊɞɡ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ŰŬ miRNAs ɜŬ 

ɟɡɗɛɑɕɞɜŰŬɘ Ŭˊɧ ŬɜŮɝɎɟŰɖŰɞ ɡˊɞəɘɜɖŰɐ. ɇŬ miRNAs ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ ůŮ ŭɘŬɔɞɜɘŭɘŬəɏɠ 

ˊŮɟɘɞɢɏɠ ɞŭɖɔɞɨɜŰŬɘ Ŭˊɧ ŬɜŮɝɎɟŰɖŰɞɡɠ ɡˊɞəɘɜɖŰɏɠ, Ůɜɩ ůɡɢɜɧ ŮɑɜŬɘ Űɞ űŬɘɜɧɛŮɜɞ miRNA ˊɞɡ 

əɤŭɘəɞˊɞɘɞɨɜŰŬɘ ůŮ əɞɜŰɘɜɏɠ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ɜŬ ɛŮŰŬɔɟɎűɞɜŰŬɘ ɤɠ ˊɞɚɡůɘůŰɟɞɜɘəɎ 

ɛŮŰɎɔɟŬűŬ (Lee et al., 2002) . 

ȼ ɓɘɞɔɏɜŮůɖ Űɤɜ mi\RNA ŮɑɜŬɘ ɛɘŬ ˊɞɚɨˊɚɞəɖ ŭɘŬŭɘəŬůɑŬ (ɆɢɐɛŬ 34). ɇŬ ɛɐəɖ Űɤɜ ˊɟɤŰɞɔŮɜɩɜ 

ɛŮŰŬɔɟɎűɤɜ miRNA ŮəŰŮɑɜɞɜŰŬɘ Ŭˊɧ ɛŮɟɘəɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɏɤɠ əŬɘ ŬɟəŮŰɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɢɘɚɘɎŭŮɠ 

ɓɎůŮɘɠ. ȼ Drosha ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ ˊɟɤŰŮȶɜɖ DGCR8 (DiGeorge syndrome crucial region of 

gene 8, DGCR8) ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ˊɡɟɖɜɘəɧ ůɨɛˊɚɞəɞ ɛɘəɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ (Denli et al., 2004) 

(Landthaler, Yalcin and Tuschl, 2004) Űɞ ɞˊɞɑɞ ŬɜŬɔɜɤɟɑɕŮɘ Űɖɜ ɛɞɟűɐ ɛɑůɢɞɡ űɞɡɟəɏŰŬɠ (hairpin 

structure) ˊɞɡ ŭɘˊɚɩɜɞɡɜ ŰŬ ˊɟɤŰɞɔŮɜɐ ɛŮŰɎɔɟŬűŬ ůŰɖɜ ŭŮɡŰŮɟɞŰŬɔɐ ŭɞɛɐ Űɞɡɠ, ŬˊɞəɧˊŰɞɜŰŬɠ Űɞɜ 

ɛɑůɢɞ ůŰŬ 3ôəŬɘ 5ô ɎəɟŬ. ȼ ɜɏŬ ŭɞɛɐ ɛɑůɢɞɡ-ɗɖɚɘɎɠ ˊɞɡ ůɢɖɛŬŰɑɕŮɘ Űɞ miRNA ŮɑɜŬɘ ɛɐəɞɡɠ 60-70 

ɜɞɡəɚŮɞŰɘŭɑɤɜ əŬɘ ɞɜɞɛɎɕŮŰŬɘ ˊɟɧŭɟɞɛɞ miRNA (premature, pre-miRNA). H ŮɝˊɞɟŰɑɜɖ-5 (XPO5) 

https://paperpile.com/c/cb6zYQ/EOPt
https://paperpile.com/c/cb6zYQ/i6KN
https://paperpile.com/c/cb6zYQ/i6KN
https://paperpile.com/c/cb6zYQ/OnUS
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https://paperpile.com/c/cb6zYQ/OnUS
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(Agarwal et al., 2015) ůɡɜŮɟɔɎɕŮŰŬɘ ɛŮ Űɖ ˊɡɟɖɜɘəɐ RanGTP ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ pre-miRNA ůŰɞ 

əɡŰŰŬɟɧˊɚŬůɛŬ. ȺəŮɑ ɖ RNɎůɖ Dicer ŭɟŬ ůŰɞ ˊɟɧŭɟɞɛɞ miRNA ŬˊɞəɧˊŰɞɜŰŬɠ Ŭˊɧ Űɞ ɛɑůɢɞ Űɞɡ 

ˊɟɧŭɟɞɛɞɡ (Han et al., 2009) ɏɜŬ ŭɑəɚɤɜɞ ɛŮŰɎɔɟŬűɞ ɛɐəɞɡɠ 19-22 ɜɞɡəɚŮɞŰɘŭɑɤɜ (Garcia et al., 

2011). ȷɜ əŬɘ ɞɘ ŭɨɞ əɚɩɜɞɘ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ůɜ ŭɡɜɎɛŮɘ ɚŮɘŰɞɡɟɔɘəɞɑ (Hannon, 2003), ůɡɜɐɗɤɠ ɞ 

ɏɜŬ əɚɩɜɞɠ Űɞɡ miRNA ŮɑɜŬɘ ŮɜŮɟɔɧɠ (guide strand) əŬɘ ɗŬ ŬˊɞŰŮɚɏůŮɘ Űɞ ɩɟɘɛɞ miRNA (mature 

miRNA).  

 

ɆɢɐɛŬ 28. ȸɘɞɔɏɜŮůɖ miRNA.(ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ȿŮɘŰɞɡɟɔɑŬ Űɤɜ miRNAs 

ɇŬ miRNA ɗŮɤɟɞɨɜŰŬɘ ɓŬůɘəɞɑ ɟɡɗɛɘůŰɏɠ Űɖɠ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ. ɇŬ ɩɟɘɛŬ miRNA 

ŮɜůɤɛŬŰɤɛɏɜŬ ůŰɞ ˊɟɤŰŮɥɜɘəɧ ůɨɛˊɚɞəɞ RISC ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ ˊɟɧŰɡˊŬ ŬɜŬɔɜɩɟɘůɖɠ ɔɘŬ Űɖɜ 

ˊɟɧůŭŮůɖ ůŰɖɜ ůɡɛˊɚɖɟɤɛŬŰɘəɐ ŬəɞɚɞɡɗɑŬ (miRNA recognition elements MRE) Űɞɡ ɔɞɜɘŭɑɞɡ 

ůŰɧɢɞɡ. ɇɞ ŰŬɑɟɘŬůɛŬ Űɤɜ ŭɨɞ Ŭəɞɚɞɡɗɘɩɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞɚɘəɧ ɐ ɛŮɟɘəɧ (Brennecke et al., 2005). 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ŬˊŬɘŰɞɨɜŰŬɘ 6-8 ɕŮɨɔɖ, ɖ ɞɜɞɛŬɕɧɛŮɜɖ ˊŮɟɘɞɢɐ ŮəɓɚɎůŰɖůɖɠ (seed region) 

(Bartel, 2009) əɞɜŰɎ ůŰɞ Űɏɚɞɠ Űɞɡ 5ô Űɞɡ miRNA ɔɘŬ Űɖɜ ŮˊɘŰɡɢɐ ˊɟɧůŭŮůɖ Űɤɜ ŭɨɞ Ŭəɞɚɞɡɗɘɩɜ. 

ɆŰŬ mRNA ɞɘ ˊŮɟɘɞɢɏɠ ůɨɜŭŮůɖɠ ůɡɜɐɗɤɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɘɠ 3ôUTR ŬɛŮŰɎűɟŬůŰŮɠ ˊŮɟɘɞɢɏɠ Űɤɜ 

mRNA (Friedman et al., 2008) Ŭɜ əŬɘ ůŮ ŬɟəŮŰɏɠ ɛŮɚɏŰŮɠ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ miRNA 

ɛŮ 5ôUTR (Hafner et al., 2010). Ƀ ɓŬɗɛɧɠ ŰŬɘɟɘɎůɛŬŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮəɓɚɎůŰɖůɖɠ ɛŮ Űɖɜ 

ůɡɛˊɚɖɟɤɛŬŰɘəɐ ŬəɞɚɞɡɗɑŬ mRNA ŭɘŬŭɟŬɛŬŰɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ Űɖɠ 

ůɨɜŭŮůɖɠ. ȷɜ əŬɘ ɖ əŬŰŬůŰɞɚɐ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɔɞɜɘŭɑɤɜ ůŰɧɢɤɜ ŬˊɞŰŮɚŮɑ Űɖɜ əɨɟɘŬ ŭɟɎůɖ Űɤɜ 

miRNA, ůɡɢɜɎ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ Ŭˊɞŭɧɛɖůɖɠ Űɤɜ mRNA ˊɞɡ ůɡɢɜɎ ɞűŮɑɚŮŰŬɘ ůŰɖɜ 

ŮˊɏəŰŬůɖ Űɖɠ ůɡɛˊɚɖɟɤɛŬŰɘəɧŰɖŰŬɠ Űɤɜ Ŭəɞɚɞɡɗɘɩɜ ˊɏɟŬ Ŭˊɧ Űɖ ɓŬůɘəɐ ˊŮɟɘɞɢɐ ŮəɓɚɎůŰɖůɖɠ 

(Pasquinelli, 2010). Ʉɚɐɗɞɠ mRNA ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜ ůŰɧɢɞɡɠ Űɞɡ ɑŭɘɞɡ miRNA əŬɘ ŬɜŰɑůŰɞɘɢŬ 

ɏɜŬ mRNA ɛˊɞɟŮɑ ɜŬ ůŰɞɢŮɨŮŰŬɘ Ŭˊɧ ˊɞɚɚɎ miRNA (ɆɢɐɛŬ 35). 

https://paperpile.com/c/cb6zYQ/Deag
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ɆɢɐɛŬ 29. MRNA ůŰɧɢɞɘ Űɤɜ miRNA. ȰɜŬ miRNA ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɑɕŮɘ ˊɚɐɗɞɠ mRNA əŬɘ ɏɜŬ mRNA 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚŮɑ ůŰɧɢɞ ˊɞɚɚŬˊɚɩɜ miRNA.(ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ˊŬɟɞɨůŬɠ 

ŭɘŬŰɟɘɓɐɠ) 

Ʌɨɗɛɘůɖ ɏəűɟŬůɖɠ Űɤɜ miRNA ɔɞɜɘŭɑɤɜ. 

ȼ ɏəűɟŬůɖ Űɤɜ miRNA ɟɡɗɛɑɕŮŰŬɘ ůŮ ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ (ɆɢɐɛŬ 36). ɆŮ ɛŮŰŬɔɟŬűɘəɧ 

ŮˊɑˊŮŭɞ, ɖ ɏəűɟŬůɖ Űɤɜ miRNA ɛˊɞɟŮɑ ɜŬ ŰɟɞˊɞˊɞɘŮɑŰŬɘ ůɨɔɢɟɞɜŬ ɛŮ Űɖɜ ɏəűɟŬůɖ Űɤɜ 

əɤŭɘəɞˊɞɘɖŰɘəɩɜ ɔɞɜɘŭɑɤɜ ɝŮɜɘůŰɩɜ (host genes) ɐ ŬɜŮɝɎɟŰɖŰŬ. ɄŮɟɑˊɞɡ Űɞ 60% Űɤɜ 

miRNA ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ŭɘŬɔɞɜɘŭɘŬəɩɜ ŬɚɚɎ əŬɘ əɎˊɞɘɤɜ ˊŮɟɘˊŰɩůŮɤɜ 

ŮɜŭɞɔɞɜɘŭɘŬəɩɜ Ůɜŭɞɜɘəɩɜ (intragenic intronic) miRNA, ŭɘŬɗɏŰɞɡɜ ŬɜŮɝɎɟŰɖŰɞɡɠ 

ɡˊɞəɘɜɖŰɏɠ (Marsico et al., 2013), ůŰɞɡɠ ɞˊɞɑɞɡɠ ˊɟɞůŭɏɜɞɡɜ ɞɘ ŬˊŬɟŬɑŰɖŰɞɘ ɛŮŰŬɔɟŬűɘəɞɑ 

ˊŬɟɎɔɞɜŰŮɠ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɖɠ ɛŮŰŬɔɟŬűɐɠ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ɖ ɛŮɗɡɚɑɤůɖ Űɤɜ 

ɡˊɞəɘɜɖŰɩɜ əŬɘ ˊɘɗŬɜɏɠ ɛŮŰŬɚɚɎɝŮɘɠ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɏəűɟŬůɖ Űɤɜ miRNA əŬɘ Űɖɜ 

űɡůɘɞɚɞɔɘəɐ əŬŰɎůŰŬůɖ ɐ ˊŬɗɞɔɏɜŮɘŬ (Langevin et al., 2011; Daniunaite et al., 2017).  

ɆŮ ɛɏŰŬ-ɛŮŰŬɔɟŬűɘəɧ ŮˊɑˊŮŭɞ, ŰɟɞˊɞˊɞɘɐůŮɘɠ ůŰɖɜ ŭɟɎůɖ Űɤɜ əŬɗɞɟɘůŰɘəɩɜ Ůɜɕɨɛɤɜ Dicer 

əŬɘ Drosha ɛˊɞɟŮɑ ɜŬ ɛŮɘɩůɞɡɜ Űɖɜ ɏəűɟŬůɖ Űɤɜ miRNA (Yan et al., 2012)(Dedes et al., 

2011).  
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ɆɢɐɛŬ 30. Ʌɨɗɛɘůɖ Űɤɜ miRNA ůŮ ɛŮŰŬɔɟŬűɘəɧ ŮˊɑˊŮŭɞ. ȼ ůɨɜŭŮůɖ Űɤɜ TFs əŬɘ ɖ ɛŮɗɡɚɑɤůɖ Űɖɠ 

ˊŮɟɘɞɢɐɠ ɡˊɞəɘɜɖŰɐ ŮˊɖɟŮɎɕŮɘ Űɖ ɏəűɟŬůɖ Űɤɜ miRNA. (ɇɞ ůɢɐɛŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ) 

ɀŮŰŬɔɟŬűɘəɐ ɟɨɗɛɘůɖ Űɤɜ miRNA.  

ɈˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ əɡŰŰŬɟɘəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ Űɤɜ ˊɞɚɡəɨŰŰŬɟɤɜ ɞɟɔŬɜɘůɛɩɜ ɗŮɤɟŮɑŰŬɘ ɖ 

ˊŬɟɞɡůɑŬ ˊɚɐɗɞɡɠ ŭɘŬűɞɟŮŰɘəɩɜ ˊɟɞŰɨˊɤɜ ɔɞɜɘŭɘŬəɐɠ ɏəűɟŬůɖɠ. ȼ ŬˊɞəɎɚɡɣɖ Űɤɜ 

ɛɖɢŬɜɘůɛɩɜ Űɖɠ ɛŮŰŬɔɟŬűɘəɐɠ əŬɘ ɛŮŰŬ-ɛŮŰŬɔɟŬűɘəɐɠ ɟɨɗɛɘůɖɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

ɔɞɜɘŭɘŬəɐ ɏəűɟŬůɖ ŬˊɞŰŮɚŮɑ ɏɜŬ ɗŮɛŮɚɘɩŭŮɠ ɓɐɛŬ ˊɟɞɠ Űɖɜ əŬŰŬɜɧɖůɖ Űɤɜ əŬɜɧɜɤɜ Űɤɜ 

ɓɘɞɚɞɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ɧŰŬɜ ŭɘŬŰŬɟɎůůɞɜŰŬɘ, ŮɛűŬɜɑɕɞɜŰŬɘ ˊŬɗɞɔɏɜŮɘŮɠ. ɄŬɟɞɛɞɑɤɠ 

ɛŮ ŰŬ əɤŭɘəɎ ɔɞɜɑŭɘŬ, ɞ ɛɖɢŬɜɘůɛɧɠ ɛŮŰŬɔɟŬűɐɠ Űɤɜ miRNA ŭŮɜ ɏɢŮɘ ˊɚɐɟɤɠ ŭɘŮɟŮɡɜɖɗŮɑ. 

ɆŰɖɜ əŬŰŮɨɗɡɜůɖ ŬɡŰɐ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ əŬŰô Ŭɟɢɐɜ, ɖ Ŭəɟɘɓɐɠ əŬŰŬɔɟŬűɐ Űɤɜ ɗɏůŮɤɜ 

ɏɜŬɟɝɖɠ Űɖ ɛŮŰŬɔɟŬűɐɠ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɤɜ ɡˊɞəɘɜɖŰɩɜ-ˊŮɟɘɞɢɩɜ ˊɟɧůŭŮůɖɠ Űɤɜ 

ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ. ȼ ɓɘɞɔɏɜŮůɖ Űɤɜ miRNA ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮŰŮɟɞɔɏɜŮɘŬ 

Űɤɜ ɔɞɜɘŭɘɤɛŬŰɘəɤɜ ˊŮɟɘɞɢɩɜ ˊɟɞɏɚŮɡůɖɠ Űɞɡɠ əŬɗɘůŰɎ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ 

Űɖ ɛŮŰŬɔɟŬűɐɠ (Transcription start site - TSS) ŬɟəŮŰɎ ŭɨůəɞɚɖ ŭɘŬŭɘəŬůɑŬ. 

Ƀɘ ˊɟɩŰŮɠ ˊɟɞůˊɎɗŮɘŮɠ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ ɡˊɞəɘɜɖŰɩɜ Űɤɜ miRNAs ŮűɎɟɛɞůŬɜ ɛŮɗɧŭɞɡɠ 

ŰŬɘɟɘɎůɛŬŰɞɠ Ŭəɞɚɞɡɗɘɩɜ EST (expressed sequence tags-ESTs) ɔɘŬ Űɖɜ əŬŰŬɔɟŬűɐ Űɤɜ 

ˊɟɤŰɞɔŮɜɩɜ ɛɞɟűɩɜ ŬɟəŮŰɩɜ miRNA (Gu et al., 2006). ȼ ɛŮŰɏˊŮɘŰŬ ůɡůɢɏŰɘůɖ Űɤɜ 

ɡˊɞəɘɜɖŰɩɜ əɤŭɘəɩɜ ɔɞɜɘŭɑɤɜ əŬɘ miRNA əŬɘ Űɖɠ ŮˊɘɓŮɓŬɑɤůɖɠ ɧŰɘ ɞ ɛŮŰŬɔɟŬűɘəɧɠ 

ɛɖɢŬɜɘůɛɧɠ Űɖɠ POL II  ŮűŬɟɛɧɕŮŰŬɘ əŬɘ ůŰŬ miRNA (Gu et al., 2006; Zhou et al., 2007) 

(Lund, 2004) (Rodriguez et al., 2004) ɞŭɐɔɖůŮ ůŮ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ɛɞŰɑɓŬ 

POL ȽȽ Űɖɠ ŬəɞɚɞɡɗɑŬɠ DNA (Wang, Yu and Zhang, 2005) (Wang and Zhang, 2006) ɔɘŬ Űɖɜ 

ˊɟɧɓɚŮɣɖɠ ɡˊɞəɘɜɖŰɩɜ miRNA (Zhou et al., 2007). ȯɚɚŮɠ ɛŮɚɏŰŮɠ ůɡɜŭɨŬůŬɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬəɞɚɞɡɗɑŬɠ ɓŬůɘůɛɏɜŬ ůŮ CpG ɜɖůɑŭŮɠ ɛŮ ə-ɛŮɟɐ ŬɜŬˊŰɨůůɞɜŰŬɠ ˊɘɞ 

ůɨɜɗŮŰɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ (Bhattacharyya et al., 2012) (Marsico et al., 

2013). Ƀ ɡɣɖɚɧɠ ɟɡɗɛɧɠ ɣŮɡŭɩɜ ɗŮŰɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ˊŬɟɞɡůɑŬɕŬɜ ɞɘ ŬɜɤŰɏɟɤ 

ˊɟɞůŮɔɔɑůŮɘɠ ˊŮɟɘɧɟɘůŬɜ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ. 
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ȼ ɔɟɐɔɞɟɖ ŬɜɎˊŰɡɝɖ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ Ŭɚɚɖɚɞɨɢɘůɖɠ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ NGS, ɞŭɐɔɖůŬɜ 

ůŰɖɜ ŬɜɎˊŰɡɝɖ ɛɘŬɠ ŭŮɨŰŮɟɖɠ ɞɛɎŭŬɠ Ŭɚɔɞɟɑɗɛɤɜ ŬɜŬɔɜɩɟɘůɖɠ ɡˊɞəɘɜɖŰɩɜ miRNA ˊɞɡ 

ŮəɛŮŰŬɚɚŮɨŰɖəŬɜ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ əŬŰŬɔɟŬűɐɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ 

ˊɟɤŰŮɥɜɩɜ::DNA, ɧˊɤɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ ɘůŰɞɜɩɜ ůɡůɢŮŰɘůɛɏɜɤɜ ɛŮ ɡˊɞəɘɜɖŰɏɠ (Marson et 

al., 2008)(Wang et al., 2009), ˊŮɟɘɞɢɩɜ ŮɚŮɨɗŮɟɤɜ Ŭˊɧ ɜɞɡəɚŮɞůɩɛŬŰŬ (-nucleosome-free 

regions)(Ozsolak et al., 2008) əŬɘ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ POLII (Corcoran et al., 2009), (G. 

Wang et al., 2010),(Zhao, Zhang and Li , 2013). ȷɜ əŬɘ ɖ ŬəɟɑɓŮɘŬ ˊɟɧɓɚŮɣɖɠ ɓŮɚŰɘɩɗɖəŮ, 

ɞɘ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ ɐŰŬɜ ɢŬɛɖɚɐɠ ŬɜɎɚɡůɖɠ ˊŮɟɘɔɟɎűɞɜŰŬɠ ˊŮɟɘɞɢɏɠ ˊɞɚɨ 

ŮəŰŮɜɏůŰŮɟŮɠ Ŭˊɧ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ. 

ȼ ŰŮɚŮɡŰŬɑŬ ɔŮɜɘɎ Ŭɚɔɞɟɑɗɛɤɜ ŮɜůɤɛɎŰɤůŮ ɛɘŬ ůŮɘɟɎ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ 

ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ɧˊɤɠ RNA-seq, CAGE əŬɘ CHIP-seq ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬəɞɚɞɡɗɑŬɠ 

ˊɟɤŰɞŰŬɔɞɨɠ ɖ ŭŮɡŰŮɟɞŰŬɔɞɨɠ ŭɞɛɐɠ. ɆŮ ɛɑŬ ɛŮɚɏŰɖ, ŭŮŭɞɛɏɜŬ RNA-seq ůɡɜŭɡɎůŰɖəŬɜ ɛŮ 

əɞɟɡűɏɠ POL II , H3K4me3 əŬɘ ŬˊɞŰɡˊɩɛŬŰŬ Ŭˊɧ DNase-seq (DNase-seq footprints) ɔɘŬ 

Űɖɜ ŮəˊŬɑŭŮɡůɖ Ůɜɧɠ ɛɞɜŰɏɚɞɡ ɀɀ (Georgakilas et al., 2014) ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɏɜŬɜ 

Ŭɚɔɧɟɘɗɛɞ ɛŮ ˊɞɚɨ əŬɚɐ Ŭˊɧŭɞůɖ. 
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https://paperpile.com/c/cb6zYQ/oVld
https://paperpile.com/c/cb6zYQ/oVld


 

67 

 

1.4.2 ȷɚɔɧɟɘɗɛɞɘ ŬɜŬɔɜɩɟɘůɖɠ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ ɓŬůɘůɛɏɜɞɘ ůŮ 

CAGE 

ȾŬŰɎ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŭŮəŬŮŰɑŬ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ŬɟəŮŰɏɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ɛŮɗɞŭɞɚɞɔɑŮɠ (in 

silico) ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ ŭŮŭɞɛɏɜɤɜ CAGE əŬɘ Űɖɜ ŬɜŬɔɜɩɟɘůɖɠ Űɤɜ əɞɟɡűɩɜ (peaks) Űɞɡ 

ůɐɛŬŰɞɠ. Ƀ əɞɘɜɧɠ ˊŬɟɞɜɞɛŬůŰɐɠ ɛŮŰŬɝɨ Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ Ŭɚɔɞɟɑɗɛɤɜ (PARACLU, 

RECLU, CAGER) ŮɑɜŬɘ ɧŰɘ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ŬˊŮɡɗŮɑŬɠ ůŮ ůŰɞɘɢɘůɛɏɜŮɠ 

ŬɜŬɔɜɩůŮɘɠ CAGE əŬɘ ŭŮɜ ŬˊŬɘŰɞɨɜ ˊɟɧůɗŮŰɖ Ůɑůɞŭɞ ɧˊɤɠ ŬɚɚɖɚɞɡɢɑŬ DNA ɐ ɎɚɚŬ 

ɡˊɞɚɞɔɘůŰɘəɎ ɐ ˊŮɘɟŬɛŬŰɘəɎ ˊŬɟŬɔɧɛŮɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ.  

ɄŬɟɎ Űɘɠ ůɖɛŬɜŰɘəɏɠ ŮɝŮɚɑɝŮɘɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ Ŭɚɔɞɟɘɗɛɘəɩɜ ˊɚŬɘůɑɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ CAGE 

ŭŮŭɞɛɏɜɤɜ, ɞɘ ɡˊɎɟɢɞɡůŮɠ ɡɚɞˊɞɘɐůŮɘɠ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɡɣɖɚɧ Ŭɟɘɗɛɧ 

ɣŮɡŭɩɠ ɗŮŰɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ TSS.  

2) ȷɁȷũɁɋɅȽɆȼ ɀȽȾɅɋɁ ũɃɁȽȹȽɋɁ ɄɃɈ 

ȾɋȹȽȾɃɄɃȽɃɈɁ ɄɅɋɇȺȽɁȼ 

2.1 ɈűɘůŰɎɛŮɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ ŮɜŰɞˊɘůɛɞɨ əɤŭɘəɞˊɞɘɖŰɘəɩɜ 

ɛɘəɟɩɜ ORFs 

ɇɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŬɜɑɢɜŮɡůɖɠ ɚŮɘŰɞɡɟɔɘəɩɜ sORFs ŬɟɢɘəɎ ˊɟɞůŮɔɔɑůŰɖəŮ ɛŮ ɛŮɗɧŭɞɡɠ 

ɓŬůɘůɛɏɜŮɠ ɛɧɜɞ ůŮ ˊɚɖɟɞűɞɟɑŮɠ ŬɚɚɖɚɞɡɢɑŬɠ (Hurst, 2002). ȷəɞɚɞɨɗɖůŬɜ ɛŮɚɏŰŮɠ ˊɞɡ 

ůɡɜŭɨŬůŬɜ Űɖɜ ŬɜɎɚɡůɖ ůɡɜŰɐɟɖůɖɠ ŭɘŬůŰŬɡɟɞɨɛŮɜɤɜ Ůɘŭɩɜ (cross-species conservation) 

ɛŮ űɡɚɞɔŮɜŮŰɘəɏɠ ɛŮɚɏŰŮɠ ɛŮŰŬɚɚɎɝŮɤɜ (Crappé et al., 2013) , (Hurst, 2002), (Pollard et al., 

2010) əŬɘ Űɖ ůɡɢɜɧŰɖŰŬ ŮɝŬɛŮɟɩɜ ɛŮŰŬɝɨ əɤŭɘəɞˊɞɘɖŰɘəɩɜ əŬɘ ɛɖ əɤŭɘəɞˊɞɘɖŰɘəɩɜ 

Ŭɚɚɖɚɞɡɢɘɩɜ (Hanada et al., 2007) ɛŮ Űɖɜ űɡɚɞɔŮɜŮŰɘəɐ ŮəŰɑɛɖůɖ Űɤɜ ŬɜŰɘəŬŰŬůŰɎůŮɤɜ 

ůŰɘɠ ɡˊɞəŮɑɛŮɜŮɠ ŬəɞɚɞɡɗɑŮɠ (Hanada et al., 2010). ɇɏɚɞɠ ɛɑŬ ɛŮɔɎɚɖ ɞɛɎŭŬ Ŭɚɔɞɟɑɗɛɤɜ 

ˊɞɡ ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ əɤŭɘəɞˊɞɘɖŰɘəɩɜ ORFs ɚɧɔɤ Űɖɠ ŮɝɎɟŰɖůɖɠ 

Űɞɡɠ Ŭˊɧ Űɞ ɛɐəɞɠ əŬɘ Űɖ ůɡɜŰɐɟɖůɖ Űɖɠ Űɖɠ Ŭɛɘɜɞɝɘəɐɠ ŬɚɡůɑŭŬɠ (Cohen, 2014) 

ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɛɖɚɐ Ŭˊɧŭɞůɖ ůŰɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɛɘəɟɩɜ ORFs.  

  

https://paperpile.com/c/cb6zYQ/FPIk
https://paperpile.com/c/cb6zYQ/mxAj
https://paperpile.com/c/cb6zYQ/mxAj
https://paperpile.com/c/cb6zYQ/mxAj
https://paperpile.com/c/cb6zYQ/FPIk
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/dDHq
https://paperpile.com/c/cb6zYQ/dDHq
https://paperpile.com/c/cb6zYQ/dDHq
https://paperpile.com/c/cb6zYQ/cIZv
https://paperpile.com/c/cb6zYQ/cIZv
https://paperpile.com/c/cb6zYQ/cIZv
https://paperpile.com/c/cb6zYQ/OBo7
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2.2 D-sORF: ȷɜŬɔɜɩɟɘůɖ sORFs ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ 

ɛɖɢŬɜɘůɛɧ ɛŮŰɎűɟŬůɖɠ. 

Tɞ D-sORF, ŬˊɞŰŮɚŮɑ ɏɜŬ ɄɚŬɑůɘɞ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ ˊɞɡ ŮəŰɘɛɎ Űɞ ŭɡɜŬɛɘəɧ 

əɤŭɘəɞˊɞɑɖůɖɠ Űɤɜ sORFs, ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ůŰŬŰɘůŰɘəɎ ůŰɞɘɢŮɑŬ ɜɞɡəɚŮɞŰɘŭɑɤɜ əŬɘ 

ˊɚɖɟɞűɞɟɑŮɠ ɛɞŰɑɓɞɡ ɔɨɟɤ Ŭˊɧ Űɞ əɤŭɘəɧɜɘɞ ɛŮŰŬɔɟŬűɘəɐɠ ɏɜŬɟɝɖɠ (TIS) (Kozak, 1987). 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɓŬɗɛɞɚɞɔŮɑ (score) Űɘɠ ŬəɞɚɞɡɗɑŮɠ Ůɘůɧŭɞɡ ɛŮ Űɟɧˊɞ ŬɜɎɚɞɔɞ Űɖɠ 

ˊɘɗŬɜɧŰɖŰŬɠ ˊɞɡ ŬˊɞŭɑŭŮɘ Űɞ ɛɞɜŰɏɚɞ ˊɟɧɓɚŮɣɖɠ ůŰɖɜ əɤŭɘəɞˊɞɑɖůɖ ˊŮˊŰɘŭɑɤɜ Ŭˊɧ 

ˊɟŬɔɛŬŰɘəɎ əɤŭɘəɞˊɞɘɖŰɘəɎ ORFs. ɉɟɖůɘɛɞˊɞɘŮɑ ŬˊɞəɚŮɘůŰɘəɎ Űɖɜ ɡˊɞəŮɑɛŮɜɖ 

ɔɞɜɘŭɘɤɛŬŰɘəɐ ŬɚɚɖɚɞɡɢɑŬ, ŬˊɞűŮɨɔɞɜŰŬɠ Űɖɜ ŮɜůɤɛɎŰɤůɖ ˊŬɟŬɛɏŰɟɤɜ ɧˊɤɠ ɖ 

ůɡɜŰɐɟɖůɖ (conservation) ˊɞɡ ůŰɖɜ ́ ŮɟɑˊŰɤůɖ Űɤɜ sORFs ɛˊɞɟŮɑ ɜŬ ŮˊɖɟŮɎůɞɡɜ ŬɟɜɖŰɘəɎ 

Űɖɜ ˊɞɘɧŰɖŰŬ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

2.2.1 ɄɚŬɑůɘɞ D-sORF 

ɇɞ ˊɚŬɑůɘɞ D-sORF ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɟŮɘɠ ŭɘŬŭɞɢɘəɏɠ ɚŮɘŰɞɡɟɔɘəɏɠ ŮɜɧŰɖŰŮɠ, (Ŭ) ˊɟɞ- 

ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ŭŮŭɞɛɏɜɤɜ, (ɓ) Ůˊɘɚɞɔɐɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ Űɞɡ 

Ŭɚɔɞɟɑɗɛɞɡ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ (ɔ) Űɞɜ Ŭɚɔɧɟɘɗɛɞ ˊɟɧɓɚŮɣɖɠ sORFs ́ ɞɡ əɤŭɘəɞˊɞɘɞɨɜ 

ˊŮˊŰɑŭɘŬ (ɆɢɐɛŬ 27). 

 

https://paperpile.com/c/cb6zYQ/X2UW
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ɆɢɐɛŬ 31. Ʌɞɐ ŮɟɔŬůɑŬɠ Űɞɡ ˊɚŬɘůɑɞɡ D-sORF. ȷ) ɆŰɖɜ ŮɜɧŰɖŰŬ "ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ əŬɘ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ", ŰŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŬəɞɚɞɡɗɑŬɠ Ůɘůɧŭɞɡ əŬɗŬɟɑɕɞɜŰŬɘ Ŭˊɧ ɢŬɛɖɚɐɠ ˊɞɘɧŰɖŰŬɠ 

ŬəɞɚɞɡɗɑŮɠ əŬɘ ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ ˊŬɟɎɗɡɟŬ ŬɚɚɖɚɞɡɢɑŬɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ TIS əŬɘ CC 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɩůŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ. ȸ) ɆŰɖɜ ŮɜɧŰɖŰŬ 

çȺˊɘɚɞɔɐ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Ŭɚɔɞɟɑɗɛɤɜ MLè ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ əŬɘ Ůˊɘɚɞɔɐ ɛŮŰŬɝɨ ɔɜɤůŰɩɜ 

Ŭɚɔɞɟɑɗɛɤɜ ML. C) Ƀ ŰŬɝɘɜɞɛɖŰɐɠ D-sORF əŬŰɎɚɚɖɚɞɡ ˊŬɟŬɗɨɟɞɡ (55,99,180) ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ŰŬ 

sORFs ɔɘŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ . (ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-

sORF: Accurate ab initio classification of experimentally detected sORFs associated to the 

translational machinery]) 

Ʉɟɞ-ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŭŮŭɞɛɏɜɤɜ 

ȼ ɛɞɜɎŭŬ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɚŬɛɓɎɜŮɘ ŰŬ ɗŮŰɘəɎ əŬɘ ŬɟɜɖŰɘəɎ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ ůŮ Űɡˊɘəɐ ɛɞɟűɐ FASTA (ɆɢɐɛŬ 27ȷ). TŬ ŬɜŮˊŮɝɏɟɔŬůŰŬ ŭŮŭɞɛɏɜŬ 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŰɘɠ əŬŰɎɚɚɖɚŮɠ ŮůɤŰŮɟɘəɏɠ ŭɞɛɏɠ Ůɜɩ ŮəŰŮɚŮɑŰŬɘ ɞ ŬˊŬɟŬɑŰɖŰɞɠ ˊɞɘɞŰɘəɧɠ 

ɏɚŮɔɢɞɠ ɔɘŬ ɜŬ ŬˊɞəɚŮɘůŰɞɨɜ ŬɚɚɖɚɞɡɢɑŮɠ ɛŮ ŬůɎűŮɘŮɠ (ŮˊɘŰɟɏˊɞɜŰŬɘ ɛɧɜɞ ŰŬ A, C, T, G). 

ȷəɞɚɞɡɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ŮɝŬɔɤɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůɢŮŰɘɕɧɛŮɜɤɜ ɛŮ Űɖ ɗɏůɖ ȰɜŬɟɝɖɠ 

ɀŮŰɎűɟŬůɖɠ (TIS) əŬɘ Űɖɜ əɤŭɘəɞˊɞɘɖŰɘəɐ ɘəŬɜɧŰɖŰŬ ůɨɜɗŮůɖ ˊŮˊŰɘŭɑɤɜ (Coding 

Composition - CC) Ŭˊɧ ŭɨɞ ˊŬɟɎɗɡɟŬ Űɖɠ ɡˊɞəŮɑɛŮɜɖɠ ɔɞɜɘŭɘɤɛŬŰɘəɐɠ ŬɚɚɖɚɞɡɢɑŬɠ 

(ɆɢɐɛŬ 28, ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ůɢɐɛŬ 2).  
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ɇɞ ˊŬɟɎɗɡɟɞ TIS ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ɜɞɡəɚŮɞŰɑŭɘŬ ɛŮŰŬɝɨ Űɤɜ ɗɏůŮɤɜ -7 ɏɤɠ +5 ɛŮŰɟɩɜŰŬɠ 

Ŭˊɧ Űɞ əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ Űɖɠ ŬɚɚɖɚɞɡɢɑŬɠ sORF əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ɛɞŰɑɓɞ ɗɏůɖɠ 

ɏɜŬɟɝɖɠ ɛŮŰɎűɟŬůɖɠ (TIS). ɆŰɖ ůɡɜɏɢŮɘŬ, əɎɗŮ ˊŬɟɎɗɡɟɞ ɜɞɡəɚŮɞŰɘŭɑɤɜ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ 

ůŮ ŭɡŬŭɘəɐ ŬəɞɚɞɡɗɑŬ A = 0001 C = 0010 T = 0100 G = 1000 (ŭɡŬŭɘəɏɠ ŬəɞɚɞɡɗɑŮɠ ɛŮ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ ŬˊɧůŰŬůɖ Hamming) ɞŭɖɔɩɜŰŬɠ ůŮ ɏɜŬ ŭɘɎɜɡůɛŬ 36 ůŰɞɘɢŮɑɤɜ. 

 ũɘŬ Űɖ ˊŮɟɘɔɟŬűɐ Űɖɠ əɤŭɘəɞˊɞɘɖŰɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ůɨɜɗŮůɖɠ (CC) Ůɜɧɠ sORF, ŮɝɎɔɞɜŰŬɘ 

ŰɟɑŬ ŭɘŬűɞɟŮŰɘəɎ ˊŬɟɎɗɡɟŬ Űɖɠ ŬɚɚɖɚɞɡɢɑŬɠ ( CC) ɛɐəɞɡɠ 54nts, 99nts əŬɘ 180nts 

əŬɗɞŭɘəɎ (downstream) Űɞɡ TIS, ˊɟɞůˊŮɟɜɩɜŰŬɠ ɛɑŬ ˊŮɟɘɞɢɐ ɛɐəɞɡɠ 90nts ɖ ɞˊɞɑŬ ŬűɞɟɎ 

ůŰɖɜ ˊŮˊŰɘŭɘəɐ ŬɚɚɖɚɞɡɢɑŬ ůɖɛŬŰɞŭɧŰɖůɖɠ (signal peptides) (McGeoch, 1985). ȼ 

ˊŮˊŰɘŭɘəɐ ŬɚɚɖɚɞɡɢɑŬ ůɖɛŬŰɞŭɧŰɖůɖɠ ɏɢŮɘ ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜɖ ůɨɜɗŮůɖ Ŭɛɘɜɞɝɏɤɜ əŬɘ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɛŮɑɤůɖ Űɖɠ ɛŮɟɞɚɖɣɑŬɠ (bias) Űɞɡ ŰŬɝɘɜɞɛɖŰɐ. ȳɚŬ ŰŬ ˊŬɟɎɗɡɟŬ 

ŮɝɐɢɗɖůŬɜ ůŮ ɓɐɛŬŰŬ Űɤɜ 3 ɜɞɡəɚŮɞŰɘŭɑɤɜ ɩůŰŮ ɜŬ ˊŬɟŬɛŮɑɜɞɡɜ ŮɜŰɧɠ ˊɚŬɘůɑɞɡ (in frame) 

əŬɘ ŰɟɞűɞŭɧŰɖůŬɜ ɏɜŬ ŭɘŬɜɨůɛŬŰɞɠ 64 ůŰɞɘɢŮɑɤɜ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ əŬɗŮɜɧɠ Ŭˊɧ ŰŬ 64-

ŭɘŬűɞɟŮŰɘəɎ ŰɟɘɛŮɟɐ (3-mers). ɆŰɞ ŰŮɚɘəɧ ɓɐɛŬ ŰŬ ŭɨɞ ŭɘŬɜɨůɛŬŰŬ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ŰŬ TIS əŬɘ CC ůɡɜŮɜɩɗɖəŬɜ ůŮ ɏɜŬ ŭɘɎɜɡůɛŬ ɛɐəɞɡɠ 100 ŭɘŬůŰɎůŮɤɜ. 

Ⱥˊɘɚɞɔɐ əŬɘ Ŭɝɘɞɚɧɔɖůɖ Ŭɚɔɞɟɑɗɛɤɜ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ.  

ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ, ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ 16200 ˊŬɟŬŭŮɑɔɛŬŰŬ (8.100 ɗŮŰɘəɎ əŬɘ 

8.100 ŬɟɜɖŰɘəɎ), ɢɤɟɑůŰɖəŮ ŰɡɢŬɑŬ ůŮ ŰɟɑŬ ɛɏɟɖ, Űɞ ɡˊɞůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ(9,720 - 60%), 

Ůˊɘəɨɟɤůɖɠ (3.240 - 20%) əŬɘ ŭɞəɘɛɐɠ (3.240 - 20%). ŭɘŬŰɖɟɩɜŰŬɠ Űɞɜ ɚɧɔɞ ɗŮŰɘəɩɜ-

ŬɟɜɖŰɘəɩɜ. ɆŰɖɜ ŭɘŬŭɘəŬůɑŬ Ůˊɘɚɞɔɐɠ Ŭɚɔɞɟɑɗɛɞɡ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ, ůɡɛɛŮŰŮɑɢŬɜ ɞɘ 

ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛɎŰɤɜ ɈˊɞůŰɐɟɘɝɖɠ (support vector machines SVM) , ɞ Ŭɚɔɧɟɘɗɛɞɠ k-

ˊɚɖůɘɏůŰŮɟɤɜ ɔŮɘŰɧɜɤɜ (k-nearest neighbors k-NN) əŬɘ ŰŬ ɇɡɢŬɑŬ ȹɎůɖ (random forest- 

RF). 

ũɘŬ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɖ ŬɛŮɟɧɚɖˊŰɖ Ůˊɘɚɞɔɐ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ ɓɎůɖ Űɖɜ Ŭˊɧŭɞůɖ, ɞɘ 

Ŭɚɔɧɟɘɗɛɞɘ ŭɞəɘɛɎůŰɖəŬɜ ɔɘŬ ˊɚɐɗɞɠ ůɡɜŭɡŬůɛɩɜ Űɤɜ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ Űɞɡɠ. Ƀɘ 

ɡˊŮɟˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɓŮɚŰɘůŰɞˊɞɘɐɗɖəŬɜ ůŰɘɠ ɀɖɢŬɜɏɠ ȹɘŬɜɡůɛŬŰɘəɐɠ ɈˊɞůŰɐɟɘɝɖɠ - SVM 

ɐŰŬɜ: Ŭ) ɞ Űɨˊɞɠ ˊɡɟɐɜŬ ( kernel type ) ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ, ɓ) ɞ 

ůɡɜŰŮɚŮůŰɐɠ ˊɡɟɐɜŬ ɔɎɛɛŬ (gamma) əŬɘ ɔ) ɖ ˊŬɟɎɛŮŰɟɞɠ ˊɞɘɜɐɠ C (penalty parameter C). 

ɆŰɞɜ k-NN ɛŮɚŮŰɐɗɖəŬɜ Ŭ) ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɔŮɘŰɧɜɤɜ, ɓ) ɖ ůɡɜɎɟŰɖůɖ ɓɎɟɞɡɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊɟɧɓɚŮɣɖ əŬɘ ɔ) ɞ Ŭɚɔɧɟɘɗɛɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ 

ɔŮɑŰɞɜŬ. ɇɏɚɞɠ, ɔɘŬ ŰŬ ŰɡɢŬɑŬ ŭɎůɖ (RF) Űɘɠ ɡˊŮɟˊŬɟŬɛɏŰɟɞɡɠ ˊɞɡ ŭɞəɘɛɎůŰɖəŬɜ 

ŬˊɞŰɏɚŮůŬɜ Ŭ) ɞ Ŭɟɘɗɛɧɠ Űɤɜ ŭɏɜŰɟɤɜ ɓ) ɖ ɛɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ Űɖɠ ˊɞɘɧŰɖŰŬɠ ŭɘŬɢɤɟɘůɛɞɨ 

https://paperpile.com/c/cb6zYQ/sXt6
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əŬɘ ɔ) ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ůŰɖɜ ŬɜŬɕɐŰɖůɖ Űɞɡ 

əŬɚɨŰŮɟɞɡ ŭɘŬɢɤɟɘůɛɞɨ. 

ȼ ŬɜŬɕɐŰɖůɖ ůŰɞɜ ɢɩɟɞ Űɤɜ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŭɘŮɝɞŭɘəɎ ɚŬɛɓɎɜɞɜŰŬɠ 

ɡˊɧɣɖ ɧɚɞɡɠ Űɞɡɠ ŭɡɜŬŰɞɨɠ ůɡɜŭɡŬůɛɞɨɠ əŬɘ ŮűŬɟɛɧɕɞɜŰŬɠ 10ˊɚɐ ŭɘŬůŰŬɡɟɞɨɛŮɜɖ 

Ůˊɘəɨɟɤůɖ. Ƀɘ ŬɝɘɞɚɞɔɞɨɛŮɜɞɘ Ŭɚɔɧɟɘɗɛɞɘ (SVM, k-NN, RF) ɟɡɗɛɑůŰɖəŬɜ ɛŮ Űɘɠ ɓɏɚŰɘůŰŮɠ 

Űɘɛɏɠ ɡˊŮɟˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŬɜ əŬɘ ˊŬɟɐɔŬɔŬɜ ɜɏŬ ɛɞɜŰɏɚŬ ɀɀ ŮűŬɟɛɧɕɞɜŰŬɠ 

ŰŬ ɑŭɘŬ ŭŮŭɞɛɏɜŬ ŮəˊŬɑŭŮɡůɖɠ. ȼ ŰŮɚɘəɐ ŬəɟɑɓŮɘŬ əɎɗŮ ɛɞɜŰɏɚɞɡ ɛŮŰɟɐɗɖəŮ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭɞəɘɛɩɜ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ SVM ˊɏŰɡɢŮ Űɖɜ əŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ (ACC = 98,2%), ŬəɞɚɞɡɗɞɨɛŮɜɞɠ Ŭˊɧ Űɞɜ RF (ACC = 97,8%) əŬɘ Űɞɜ k-NN (ACC 

= 93,5%). ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ŬɜɎɚɡůɖ ˊɟɞɢɩɟɖůŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ SVM. 

ɇŬɝɘɜɞɛɖŰɐɠ ɛɘəɟɩɜ ȷɜɞɘəŰɩɜ ɄɚŬɘůɑɤɜ ȷɜɎɔɜɤůɖɠ sORF  

To ˊɚŬɑůɘɞ D-sORF ůɡɛˊɚɖɟɩɜŮɘ ɞ ŬɜŮɝɎɟŰɖŰɞɠ Ŭɚɔɧɟɘɗɛɞɠ ɀɖɢŬɜɘəɐɠ ɀɎɗɖůɖɠ sORF 

Predictor (ůɢɐɛŬ 27C) ɞ ɞˊɞɑɞɠ ŬɝɘɞɚɞɔŮɑ Űɞ ŭɡɜŬɛɘəɧ əɤŭɘəɞˊɞɑɖůɖɠ Űɞɡ ɡˊɞɣɐűɘɞɡ 

sORF. ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŮɑɜŬɘ ˊŬɟɧɛɞɘŬ ɛŮ Űɖɜ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ˊɞɡ 

ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ŮɜɧŰɖŰŬ ñŮəˊŬɑŭŮɡůɖ əŬɘ Ŭɝɘɞɚɧɔɖůɖò, ɛŮ Űɖɜ Ůˊɘɚɞɔɐ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ 

ˊŬɟŬɗɨɟɤɜ (ŮɝŬɔɤɔɐɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ TIS əŬɘ CC) (ɆɢɐɛŬ 28). ɇɞ ˊŬɟɎɗɡɟɞ CC ŭɨɜŬŰŬɘ 

ɜŬ ɏɢŮɘ ɛɐəɞɠ 54, 99 ɐ 180nts ŬɜɎɚɞɔŬ ɛŮ Űɞ ɡˊɞəŮɑɛŮɜɞ sORF. ɆŰɖɜ ˊɟɞŮˊɘɚŮɔɛɏɜɖ 

ɟɨɗɛɘůɖ ɚŮɘŰɞɡɟɔɑŬɠ ɞ Ŭɚɔɧɟɘɗɛɞɠ ŮˊɘɚɏɔŮɘ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ŭɡɜŬŰɎ ˊŬɟɎɗɡɟŬ ɔɘŬ ŮɝŬɔɤɔɐ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, (ŮˊɘŰɟɏˊŮɘ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ Ůˊɘɚɞɔɐɠ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ) ŰŬ ɞˊɞɑŬ 

ɛŮŰɎ Ŭˊɧ əŬŰɎɚɚɖɚɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ ůɡɜŮɜɩɜɞɜŰŬɘ ůŮ ɏɜŬ ŭɘɎɜɡůɛŬ 100 ŭɘŬůŰɎůŮɤɜ Űɞ 

ɞˊɞɑɞ ŬɝɘɞɚɞɔŮɑŰŬɘ Ŭˊɧ Űɞɜ əŬŰɎɚɚɖɚɞ ŰŬɝɘɜɞɛɖŰɐ (54nts, 99nts ɐ 180nts), ŮˊɘůŰɟɏűɞɜŰŬɠ 

ɓŬɗɛɞɚɞɔɑŬ Ŭˊɧ 0 ɏɤɠ 1. 
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ɆɢɐɛŬ 32. Ʌɞɐ ŮɟɔŬůɑŬɠ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ D-sORF. ɇɞ ˊŮˊŰɑŭɘɞ ůɐɛŬŰɞɠ (signal peptide) ŭŮɜ 

ŬˊɞəɚŮɑŮŰŬɘ Ůɝ ɞɟɘůɛɞɨ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ CC (ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ ŬɡŰɐɜ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ). ɇɞ əɤŭɘəɧɜɘɞ Ůəəɑɜɖůɖɠ ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ TIS. ȾŬɘ ɞɘ ŭɨɞ əŬŰɖɔɞɟɑŮɠ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ TIS əŬɘ CC ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ sORFs ŮɝɎɔɞɜŰŬɘ Ŭˊɧ 

ˊŬɟɎɗɡɟŬ əŬŰɎɚɚɖɚɞɡ ɛɐəɞɡɠ . ɆŰɖɜ Ůɑůɞŭɞ Űɞɡ ŰŬɝɘɜɞɛɖŰɐ ŭɑɜɞɜŰŬɘ ɖ ŬəɞɚɞɡɗɑŬ sORF ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ ɛɘŬ ˊŮɟɘɞɢɐ ŬɜɞŭɘəɎ Űɖɠ ɏɜŬɟɝɖɠ ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ TIS. Ƀɘ ŬəɞɚɞɡɗɑŮɠ TIS 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ŭɘŬɜɨůɛŬŰŬ 36 ŭɘŬůŰɎůŮɤɜ ȷɡŰɧ ŬˊɞŰŮɚŮɑ Űɞ ˊɟɩŰɞ ŰɛɐɛŬ Űɞɡ ŰŮɚɘəɞɨ ŭɘŬɜɨůɛŬŰɞɠ 

100 ŭɘŬůŰɎůŮɤɜ Ůɜɩ Űɞ ŭɘɎɜɡůɛŬ 64 ŭɘŬůŰɎůŮɤɜ ˊɟɞŮɟɢɧɛŮɜɞ Ŭˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ CC ŬˊɞŰŮɚŮɑ Űɞ 

ŭŮɨŰŮɟɞ ɛɏɟɞɠ. ɇɞ ŰŮɚɘəɧ ŭɘɎɜɡůɛŬ ˊɟɞɤɗŮɑŰŬɘ ůŰɞ ɓɏɚŰɘůŰɞ ɛɞɜŰɏɚɞ ML (54, 99, 180 nts) ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɞɚɞəɚɖɟɤɗŮɑ ɖ ˊɟɧɓɚŮɣɖ.( ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ́ ɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-

sORF: Accurate ab initio classification of experimentally detected sORFs associated to the 

translational machinery]) 

2.2.2 ȺɝŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ 

ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ D-sORF. ȼ ɘŭɏŬ ɐŰŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

əɤŭɘəɞˊɞɘɖŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ əŬɘ 

ŮɜŭɞɔɞɜɘŭɘŬəɏɠ ɕɩɜŮɠ ɛɖ ŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɛŮ ɚŮɘŰɞɡɟɔɘəɏɠ ˊŮɟɘɞɢɏɠ ɔɘŬ ŰŬ ŬɟɜɖŰɘəɎ 

ůɨɜɞɚŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűŮŰŬɘ ŬɜŬɚɡŰɘəɎ Űɞ ˊɟɤŰɧəɞɚɚɞ ˊɞɡ ŮűŬɟɛɧůŰɖəŮ. 

ŪŮŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ  

ɇŬ ɗŮŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɟɞɏɟɢɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ 

əɤŭɘəɞˊɞɑɖůɖɠ ˊɟɤŰŮɥɜɩɜ (ůɢɐɛŬ 29ȷ). ȷɟɢɘəɎ, ŮɜŰɞˊɑůŰɖəŬɜ əŬɘ ŬɜŬəŰɐɗɖəŬɜ Ŭˊɧ Űɞ 

ŭɖɛɧůɘɞ ŬˊɞɗŮŰɐɟɘɞ Űɖɠ Ensembl, 43.084 ŬəɞɚɞɡɗɑŮɠ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ 
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19.115 ŭɘŬűɞɟŮŰɘəɎ ɔɞɜɑŭɘŬ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɜŬ ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ŮˊɘɚɏɢɗɖəŬɜ ɞɘ ŬəɞɚɞɡɗɑŮɠ 

ůŰɘɠ ɞˊɞɑŮɠ ɏɢŮɘ ŬɜŰɘůŰɞɘɢɖɗŮɑ Uniprot / SwissProt ID. ɀɘŬ ɛɘəɟɐ ˊŮɟɘɞɢɐ ɛɐəɞɡɠ 100 

ɜɞɡəɚŮɞŰɘŭɑɤɜ ŬɜɞŭɘəɎ (upstream) Űɖɠ əɎɗŮ ŬəɞɚɞɡɗɑŬɠ ŬɜŬəŰɐɗɖəŮ Ůˊɑůɖɠ, ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ŮɝŬɢɗɞɨɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɔɨɟɤ Ŭˊɧ Űɞ əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ. 

Ɇɨɜɞɚɞ ŮəɛɎɗɖůɖɠ ŰŬɝɘɜɞɛɖŰɐ  

ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ɗŮŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɢɤɟɑůŰɖəŮ ůŮ ŭɨɞ ŰɛɐɛŬŰŬ. ɇɞ ˊɟɩŰɞ ɛɏɟɞɠ 

ŬˊɞŰŮɚɞɨŰŬɜ Ŭˊɧ Űɘɠ 8.144 əɤŭɘəɞˊɞɘɖŰɘəɏɠ ŬəɞɚɞɡɗɑŮɠ ˊɞɡ ŭɘɏɗŮŰŬɜ ɛɧɜɞ ɛɑŬ ɘůɞɛɞɟűɐ 

ůŰɖ SwissProt (ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ˊŮɟɘŰŰɐ ˊɞɚɡˊɚɞəɧŰɖŰŬ ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 

ŮɜŬɚɚŬəŰɘəɏɠ ŰɞˊɞɗŮůɑŮɠ Ůəəɑɜɖůɖɠ). ɇɞ ˊɟɩŰɞ ɛɏɟɞɠ ŬˊɞŰɏɚŮůŮ Űɞ ůɨɜɞɚɞ ŮəɛɎɗɖůɖɠ Űɞɡ 

ɛɞɜŰɏɚɞɡ ɀɀ əŬɘ ɢɤɟɑůŰɖəŮ ˊŮɟŬɘŰɏɟɤ ůŮ ŭɨɞ ɝŮɢɤɟɘůŰɎ ŰɛɐɛŬŰŬ ŰŬ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ 

əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ (ɓɚ. ȺɜɧŰɖŰŬ Ŭɚɔɧɟɘɗɛɞɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖ ML).  

Ɇɨɜɞɚɞ ˊɟɞůɞɛɞɑɤůɖɠ sORF 

ɇɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ Ŭɟɢɘəɞɨ ɗŮŰɘəɞɨ ůɡɜɧɚɞɡ ŭŮŭɞɛɏɜɤɜ, ( ɞɘ ɡˊɧɚɞɘˊŮɠ 34.940 

ŬɚɚɖɚɞɡɢɑŮɠ) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ŮɜŬɚɚŬəŰɘəɏɠ ɘůɞɛɞɟűɏɠ 10.997 ŭɘŬűɞɟŮŰɘəɩɜ ɔɞɜɘŭɑɤɜ 

əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɗŮŰɘəɞɨ ůɡɜɧɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ sORF. ũɘŬ 

ɚɧɔɞɡɠ ŬˊɚɧŰɖŰŬɠ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ əɎɗŮ ɔɞɜɑŭɘɞ, ɖ ɛŮɔŬɚɨŰŮɟɖ ůŮ ɛɐəɞɠ ɘůɞɛɞɟűɐ. 
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ɆɢɐɛŬ 33. Ʌɞɐ ŮɟɔŬůɘɩɜ ŭɖɛɘɞɡɟɔɑŬɠ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ ŮəɛɎɗɖůɖɠ əŬɘ Ůˊɘəɨɟɤůɖɠ. ȷ) ȳɚŬ ŰŬ 

ɗŮŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɟɞɐɚɗŬɜ Ŭˊɧ ŬɚɚɖɚɞɡɢɑŮɠ əɤŭɘəɞˊɞɑɖůɖɠ ˊɟɤŰŮɥɜɩɜ ˊɞɡ ɏɢɞɡɜ 

ŮˊɘɛŮɚɖɗŮɑ Ŭˊɧ Űɖ UniPtoyKB/Swiss-Prot. ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɢɤɟɑůŰɖəŮ ŰɡɢŬɑŬ ůŮ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ ŮəɛɎɗɖůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ŮəɛɎɗɖůɖɠ ɢɤɟɑůŰɖəŮ 

ůŮ ɡˊɞůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ. ȺˊɘɚɏɢɗɖəŮ ɛɧɜɞ ɛɑŬ ɘůɞɛɞɟűɐ (ɖ ɛŮɔŬɚɨŰŮɟɖ) ŬɜɎ 

ɔɞɜɑŭɘɞ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɗŮŰɘəɞɨ ůɡɜɧɚɞɡ ˊɟɞůɞɛɞɑɤůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ Ůˊɘəɨɟɤůɖ. 

ȸ) ũɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ŬɟɜɖŰɘəɩɜ ůɡɜɧɚɤɜ ŮˊɘɚɏɢɗɖəŬɜ ŭɘŬɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ, ɛɖ 

ŬɚɚɖɚɞŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɛŮ əɤŭɘəɞˊɞɘɖŰɘəɏɠ ˊŮɟɘɞɢɏɠ. ȹɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ůɨɜɞɚŬ 

ŭŮŭɞɛɏɜɤɜ ŬɟɜɖŰɘəɐɠ Ůˊɘəɨɟɤůɖɠ. ȰɜŬ ɘůɞɟɟɞˊɖɛɏɜɞ (N = 10.000) əŬɘ ɏɜŬ ɛɖ ɘůɞɟɟɞˊɖɛɏɜɞ (N = 

200.000) ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ (N = 10.000). C) ɇɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ sORFs 

ɛŮŰŬűɞɟŰɩɗɖəŮ Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ orfs.org, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰɟɐůŮɘɠ (PhyloP, 

PhastCon, ORFscore, FLOSS) (ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɧ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ 

ɛŮɚɏŰɖ [D-sORF: Accurate ab initio classification of experimentally detected sORFs associated to 

the translational machinery])  

ȷɟɜɖŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ  

ɆŰɖɜ əŬŰŬůəŮɡɐ Űɤɜ ŬɟɜɖŰɘəɩɜ ůɡɜɧɚɤɜ (ůɢɐɛŬ 29ȸ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ˊŮɟɘɞɢɏɠ Űɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ ˊɞɡ ɛŮůɞɚŬɓɞɨɜ Űɤɜ ɔɞɜɘŭɑɤɜ (intergenic space). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬˊɞűŮɡɢɗŮɑ ɖ ůɡɛˊŮɟɑɚɖɣɖ Ŭɚɚɖɚɞɡɢɘɩɜ ˊɚɞɨůɘɤɜ ůŮ ɚŮɘŰɞɡɟɔɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ (ŭɖɚ. 

ɡˊɞəɘɜɖŰɏɠ) ŬˊɞɟɟɑűɗɖəŬɜ ɞɘ ˊɟɩŰŮɠ 2Ⱦ ɓɎůŮɘɠ ŬɜɞŭɘəɎ əɎɗŮ ɔɞɜɘŭɑɞɡ. ɇŬ ŬɟɜɖŰɘəɎ 

ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɞɜ ɡˊɞɚŮɘˊɧɛŮɜɞ ŭɘŬɔɞɜɘŭɘŬəɧ ɢɩɟɞ.  
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Ɇɨɜɞɚɞ ŮəɛɎɗɖůɖɠ ŰŬɝɘɜɞɛɖŰɐ 

ũɘŬ Űɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɘŬɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ ɛɐəɞɡɠ 

20k ɏɤɠ 50k. ũɘŬ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɧŰɘ Űɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ŮɝɘůɞɟɟɞˊŮɑŰŬɘ ůŮ 

ɛɏɔŮɗɞɠ ɛŮ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ, ŮɝɐɢɗɖůŬɜ ůɡɜɞɚɘəɎ 8.100 ɛɖ ůɢɞɚɘŬůɛɏɜŮɠ / ɛɖ ɚŮɘŰɞɡɟɔɘəɏɠ 

ˊŮɟɘɞɢɏɠ ˊɞɡ ɝŮəɘɜɞɨɜ ɛŮ ATG (əɤŭɘəɧɜɘɞ ɏɜŬɟɝɖɠ ɛŮŰɎűɟŬůɖɠ) əŬɘ ɏɢɞɡɜ ɛɏůɞ ɛɐəɞɠ 210 

ɓɎůŮɤɜ.  

ɆɨɜɞɚŬ ˊɟɞůɞɛɞɑɤůɖɠ sORF 

ɇŬ ŬɟɜɖŰɘəɎ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ˊɟɞůɞɛɞɑɤůɖɠ ˊɟɞɐɚɗŬɜ Ŭˊɧ ŭɘŬɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ 

ɛɐəɞɡɠ ɛŮɔŬɚɨŰŮɟɞɡ Ŭˊɧ 50k (ɛɖ ŬɚɚɖɚŮˊɘəŬɚɡˊŰɧɛŮɜŮɠ ɛŮ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ) 

ȹɖɛɘɞɡɟɔɐɗɖəŬɜ ŭɨɞ ůɨɜɞɚŬ 10.000 (ɘůɞɟɟɞˊɖɛɏɜɞɘ ɛŮ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ 

ˊɟɞůɞɛɞɑɤůɖɠ) əŬɘ 200.000 (ɛɖ ɘůɞɟɟɞˊɖɛɏɜɞ). ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ 

ɚŮɘŰɞɡɟɔɘəɩɜ sORF ŬˊɞŰŮɚŮɑ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ ŬůɨɛɛŮŰɟɖ ŮɟɔŬůɑŬ, Űɞ ŭŮɨŰŮɟɞ ŬɟɜɖŰɘəɧ 

ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɟɞůɞɛɞɑɤůɖɠ sORF ɏɢŮɘ ɛɏɔŮɗɞɠ Ůɑəɞůɘ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ Űɞ 

ɗŮŰɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ˊɟɞůɞɛɞɑɤůɖɠ sORF ( 10.000 ŬəɞɚɞɡɗɑŮɠ). 

2.2.3 ɆɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ sORFs ŮˊŬɚɖɗŮɡɛɏɜɤɜ ɛŮ ŰŮɢɜɘəɏɠ ɟɘɓɞůɤɛɘəɞɨ 

ŬˊɞŰɡˊɩɛŬŰɞɠ . 

ɇɞ sorf.org ŬˊɞŰŮɚŮɑ ɏɜŬ ŭɖɛɧůɘɞ ŬˊɞɗŮŰɐɟɘɞ əŬŰŬɢɩɟɖůɖɠ sORFs ˊɞɡ ŬɜɘɢɜŮɨɗɖəŬɜ ɛŮ 

ŰŮɢɜɘəɏɠ Ŭˊɞɛɧɜɤůɖɠ Ŭəɞɚɞɡɗɘɩɜ ŮɜŰɞˊɘůɛɏɜɤɜ ůŮ ɟɘɓɞůɩɛŬŰŬ (ribosome footprint 

sequencing). Ƀ Ŭɚɔɧɟɘɗɛɞɠ D-sORF ŮűŬɟɛɧůŰɖəŮ ůŮ 1.349.319 ŬɜɗɟɩˊɘɜŬ SORF ˊɞɡ 

ɛŮŰŬűɞɟŰɩɗɖəŬɜ Ŭˊɧ Űɞ sorf.org ɛŮ ɛɐəɞɠ 18 ɏɤɠ 100 ŬɛɘɜɞɝɏŬ (amino acid - AA). ɀŮŰŬɝɨ 

Űɤɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ˊŬɟɏɢɞɜŰŬɘ Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ ɔɘŬ əɎɗŮ sORF, ůɡɔəŬŰŬɚɏɔŮŰŬɘ ɖ 

ɔɞɜɘŭɘɤɛŬŰɘəɐ ɗɏůɖ, ɖ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ sORF ůŮ ŮɝɞɜɘəɎ 

(ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɞ Ůɝɧɜɘɞ Ůɜɧɠ ɔɞɜɘŭɑɞɡ), ŮɜŭɞɜɘəɎ ( ůŮ ɘɜŰɟɧɜɘɞ Ůɜɧɠ ɔɞɜɘŭɑɞɡ), ŭɘŬɔɞɜɘŭɘŬəɎ 

(ŮɜŰɞˊɘůɛɏɜɤɜ sORFs ɛŮŰŬɝɨ ɔɞɜɘŭɑɤɜ), ncRNA (sORF ůŮ ɛɖ əɤŭɘəɞˊɞɘɖŰɘəɧ RNA), 3'-

UTR (sORFs ůŰɞ 3'-UTR), 5'-UTR (sORFs ůŰɞ 5'-UTR), sORFs (sORFs ˊɞɡ ɏɢŮɘ 

ɢŬɟŬəŰɖɟɘůŰŮɑ Ŭˊɧ Űɖɜ Ensembl ɤɠ ORF ɛɘəɟɧŰŮɟɞ ɐ ɑůɞ ɛŮ 100 AAs ˊɞɡ əɤŭɘəɞˊɞɘŮɑ 

ˊɟɤŰŮȶɜɖ). ȼ ŰŮɚŮɡŰŬɑŬ ɡˊɞɞɛɎŭŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ɓɘɞɚɞɔɘəɧ ɗŮŰɘəɧ ůɨɜɞɚɞ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ˊɟŬɔɛŬŰɘəɎ əɤŭɘəɞˊɞɘɖŰɘəɎ SORFs.  
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2.2.4 ȷɝɘɞɚɧɔɖůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ D-sORF 

H Ŭɝɘɞɚɧɔɖůɖ Űɞɡ D-sORF ŬəɞɚɞɨɗɖůŮ ŭɨɞ əɨɟɘɞɡɠ ɎɝɞɜŮɠ. ȼ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ 

ɓŬůɑůŰɖəŮ ůŮ ŭŮŭɞɛɏɜŬ ˊɟɞůɞɛɞɑɤůɖɠ sorfs ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ 

ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ( ŮɜɧŰɖŰŬ ȺɝŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ ŮəˊŬɑŭŮɡůɖɠ əŬɘ ˊɟɞůɞɛɞɑɤůɖɠ). ɆŰɖɜ 

ŭŮɨŰŮɟɖ, ŬɝɘɞɚɞɔɐɗɖəŮ ɖ ɓɘɞɚɞɔɘəɐ ůɖɛŬůɑŬ Űɞɡ D-sORF ŬɜŬɚɨɞɜŰŬɠ ɛŮɔɎɚɞ ˊɚɐɗɞɠ 

ˊŮɘɟŬɛŬŰɘəɎ Ůˊɘəɡɟɤɛɏɜɤɜ sORF əŬɘ ůŰɖ ůɡɜŮɢŮɑŬ ůɡɔəɟɑɜɞɜŰŬɠ Űɖɜ Ŭˊɧŭɞůɖɠ Űɞɡ D-

sORF ɛŮ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ɛŮŰɟɘəɏɠ (ɓŬɗɛɞɚɞɔɑŬ FLOSS (Ingolia et al., 2014), ORFscore 

(Bazzini et al., 2014), PhyloP (Pollard et al., 2010), PhastCon (Siepel et al., 2005) ˊɞɡ 

Ŭűɞɟɞɨɜ ůŰɞ ŭɡɜŬɛɘəɧ əɤŭɘəɞˊɞɑɖůɖɠ. ɇɞ ɡˊɞůɨɜɞɚɞ Űɤɜ sORFs ˊɞɡ ŭɘŬɗɏŰɞɡɜ ŮŰɘəɏŰŬ 

Ensembl-ID əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ɛɘəɟɏɠ ˊɟɤŰŮȶɜŮɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ Űɞ ˊɘɞ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ɓɘɞɚɞɔɘəɧ ɗŮŰɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ, Ůɜɩ ŰŬ sORFs ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ 

ůŮ ɘɜŰɟɧɜɘŬ ŮˊɘɚɏɢɗɖəŬɜ ɤɠ ɓɘɞɚɞɔɘəɧ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. 

ȷɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ŭŮŭɞɛɏɜŬ ˊɟɞůɞɛɞɑɤůɖɠ  

ɆŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůɡɛɛŮŰŮɑɢŬɜ ŭɘŬəɟɘŰɎ ɛɞɜŰɏɚŬ ˊɟɧɓɚŮɣɖɠ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɢŬɟŬəŰɖɟɘůŰɘəɎ TIS , CC əŬɘ 

ůɡɜŭɡŬůɛɧɠ Űɞɡɠ. ɆɡɜɞɚɘəɎ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŮˊŰɎ ɛɞɜŰɏɚŬ ˊɟɧɓɚŮɣɖɠ, ŰɟɑŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ 

ŰŬ CC ɢŬɟŬəŰɖɟɘůŰɘəɎ (ɏɜŬ ɔɘŬ əɎɗŮ ˊŬɟɎɗɡɟɞ ŭɘŬűɞɟŮŰɘəɞɨ ɛɐəɞɡɠ (54, 99, 180 nts), ŰɟɑŬ 

ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ CC əŬɘ TIS ůŮ əɎɗŮ ˊŬɟɎɗɡɟɞ əŬɘ Űɏɚɞɠ ɏɜŬ Ŭˊɧ ŰŬ TIS ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ɖ ŬɜŬɚɞɔɑŬ ɛŮŰŬɝɨ ɚŮɘŰɞɡɟɔɘəɩɜ əŬɘ ɛɖ ɚŮɘŰɞɡɟɔɘəɩɜ sORF ŮɑɜŬɘ 

ŮɝŬɘɟŮŰɘəɎ ɛɖ ɘůɞɟɟɞˊɖɛɏɜɖ, ɛŮ ŰŬ ɛɖ ɚŮɘŰɞɡɟɔɘəɎ ɜŬ ɡˊŮɟ-ŮəˊɟɞůɤˊɞɨɜŰŬɘ. ũɘŬ ɜŬ 

ɛɞɜŰŮɚɞˊɞɘɖɗŮɑ Ůɜ ɛɏɟŮɘ ŬɡŰɐ ɖ ŬɜɘůɞɟɟɞˊɑŬ ůŰɖ ŭɘŬŭɘəŬůɑŬ Ŭɝɘɞɚɧɔɖůɐɠ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɕŮɨɔɖ ůɡɜɧɚɤɜ ŭŮŭɞɛɏɜɤɜ Ůˊɘəɨɟɤůɖɠ. ɇɞ ́ ɟɩŰɞ ɕŮɨɔɞɠ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ 

ɏɜŬɜ ůɡɜŭɡŬůɛɧ 10.000 ɗŮŰɘəɩɜ əŬɘ 10.000 ŬɟɜɖŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ (ɘůɞɟɟɞˊɖɛɏɜɞ ɕŮɨɔɞɠ 

Ůˊɘəɨɟɤůɖɠ), Ůɜɩ ůŰɞ ŭŮɨŰŮɟɞ ɕŮɨɔɞɠ Űɞ ůɨɜɞɚɞ Űɤɜ ŬɟɜɖŰɘəɩɜ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ 200.000 

ůŰɞɘɢŮɑŬ, ŭɖɚŬŭɐ Ůɑəɞůɘ űɞɟɏɠ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ. ȼ Ŭɝɘɞɚɧɔɖůɖ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ ɔɘŬ ŰŬ ŭɨɞ ɕŮɨɔɖ ŭŮŭɞɛɏɜɤɜ Ůˊɘəɨɟɤůɖɠ. 

ɆŰɖɜ Ŭɝɘɞɚɧɔɖůɖ ůɡɔəɟɑɗɖəŬɜ ŰŬ ŮˊŰɎ ɛɞɜŰɏɚŬ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ (TIS, 

CC54, CC99, CC180, CC54 + TIS, CC99 + TIS, CC180 + TIS). ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɞɘ 

ŰŬɝɘɜɞɛɖŰɏɠ ɛŮ ŰŬ ůɡɜŭɡŬůɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɛűɎɜɘůŬɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ůŮ 

ůɨɔəɟɘůɖ ɛŮ ŰŬ ɛŮɛɞɜɤɛɏɜŬ ɛɞɜŰɏɚŬ CC əŬɘ TIS. ɆŰɞ ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ, ɖ 

ŰŬɝɘɜɧɛɖůɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ Űɞ CC54, ˊŮŰɡɢŬɑɜŮɘ 0,87 ŬəɟɑɓŮɘŬ, 0,83 ŮɡŬɘůɗɖůɑŬ, 0,85 

ɞɟɗɧŰɖŰŬ əŬɘ 0,88 ŮɘŭɘəɧŰɖŰŬ ŬˊɞŰŮɚŮůɛɎŰɤɜ (ɄɑɜŬəŬɠ 1). ȳŰŬɜ ɞ Ŭɚɔɧɟɘɗɛɞɠ 

https://paperpile.com/c/cb6zYQ/JNZp
https://paperpile.com/c/cb6zYQ/JNZp
https://paperpile.com/c/cb6zYQ/JNZp
https://paperpile.com/c/cb6zYQ/lLmi
https://paperpile.com/c/cb6zYQ/lLmi
https://paperpile.com/c/cb6zYQ/lLmi
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/z63V
https://paperpile.com/c/cb6zYQ/bbTr
https://paperpile.com/c/cb6zYQ/bbTr
https://paperpile.com/c/cb6zYQ/bbTr
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ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ TIS (ŭɖɚ. CC54 + TIS), ɖ ŬəɟɑɓŮɘŬ, ɖ ŮɡŬɘůɗɖůɑŬ, ɖ 

ɞɟɗɧŰɖŰŬ əŬɘ ɖ ŮɘŭɘəɧŰɖŰŬ Űɞɡ D-sORF ŬɚɚɎɕŮɘ ůŮ 0,89 əŬɘ 0,82, 0,86 əŬɘ 0,90 ŬɜŰɑůŰɞɘɢŬ.  

 
ɄɑɜŬəŬɠ 1. ȷɝɘɞɚɧɔɖůɖ ɛɞɜŰɏɚɤɜ CC, TIS, CC+TIS ɔɘŬ ŭɘɎűɞɟŬ ɛŮɔɏɗɖ ˊŬɟŬɗɨɟɤɜ. 

ɇŬ ŮˊɧɛŮɜŬ ŭɨɞ ɛɞɜŰɏɚŬ CC99 əŬɘ CC180 ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟɧɛɞɘŮɠ ɓŮɚŰɘɩůŮɘɠ ɧŰŬɜ 

ůɡɜŭɡɎɕɞɡɜ ŰŬ CC ɛŮ ŰŬ TIS ɢŬɟŬəŰɖɟɘůŰɘəɎ (ɄɑɜŬəŬɠ 1). Ƀ ůɡɜŭɡŬůɛɧɠ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ CC əŬɘ TIS ɞɜɞɛɎůŰɖəŮ ŭɡɜŬɛɘəɧ əɤŭɘəɞˊɞɑɖůɖɠ CP (Coding Potential 

) əŬɘ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Ůɜɞˊɞɘɖɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬɠ əɤŭɘəɞˊɞɑɖůɖɠ ɛɑŬɠ ŬəɞɚɞɡɗɑŬɠ. 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɏŭŮɘɝŮ Űɖɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ, ɛˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ əŬɘ ŰŬ ŭɨɞ 

ůɨɜɞɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (TIS əŬɘ CC) ɏɢɞɡɜ ˊɟɞůŰɘɗɏɛŮɜɖ ŬɝɑŬ ɧŰŬɜ ůɡɜŭɡɎɕɞɜŰŬɘ 

ŰɞɜɑɕɞɜŰŬɠ Űɞɜ ˊɘɗŬɜɧ ɟɧɚɞ Űɤɜ TIS ůŰɖɜ ɘəŬɜɧŰɖŰŬ əɤŭɘəɞˊɞɑɖůɖɠ sORFs ( 

ůɡɛˊɚɖɟɤɛŬŰɘəɧ ůɢɐɛŬ 3). ȼ ŬɜŰɘůŰɎɗɛɘůɖ ŮɡŬɘůɗɖůɑŬɠ əŬɘ ŮɘŭɘəɧŰɖŰŬɠ ɔɘŬ ŰŬ ŭɘɎűɞɟŬ 

ɛɞɜŰɏɚŬ CC əŬɘ CP ɛŮɚŮŰɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘŬɔɟɎɛɛŬŰŬ ROC (ɆɢɐɛŬ 30). 
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ɆɢɐɛŬ 34. ȹɘŬɔɟɎɛɛŬŰŬ ȺɡŬɘůɗɖůɑŬ ɏɜŬɜŰɘ ŮɘŭɘəɧŰɖŰŬɠ. ȷ) ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ˊɟɞůɞɛɞɑɤůɖɠ. ȸ) 

ɀɖ ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ˊɟɞůɞɛɞɑɤůɖɠ. ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɞˊŰɘəɞˊɞɘɞɨɜŰŬɘ ɞɘ ŭɘŬűɞɟɏɠ Ŭˊɧ Űɖɜ 

ŮűŬɟɛɞɔɐ ˊŬɟŬɗɨɟɤɜ ŭɘŬűɞɟŮŰɘəɞɨ ɛɐəɞɡɠ əŬɗɩɠ əŬɘ Űɖɠ ŭɘŬűɞɟɎɠ Ŭˊɧ Űɖɜ ŮɜůɤɛɎŰɤůɖ ɐ ɛɖ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ TIS. (ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: 

Accurate ab initio classification of experimentally detected sORFs associated to the translational 

machinery]) 

ɄŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ˊŬɟŬŰɖɟɐɗɖəŮ əŬɘ əŬŰɎ Űɖ ɢɟɐůɖ Űɞɡ ɛɖ ɘůɞɟɟɞˊɖɛɏɜɞɡ ůɡɜɧɚɞɡ 

ŭŮŭɞɛɏɜɤɜ. ɇɞ Ůɜɞˊɞɘɖɛɏɜɞ ɛɞɜŰɏɚɞ CP ˊɞɡ ůɡɜŭɡɎɕŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ TIS əŬɘ CC 

ˊŬɟɞɡůɑŬůŮ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ɛŮɛɞɜɤɛɏɜŬ ɛɞɜŰɏɚŬ TIS əŬɘ CC. Ƀ 

ůɡɜŭɡŬůɛɧɠ CC180 + TIS ́ ɏŰɡɢŮ ŬəɟɑɓŮɘŬ ŮɡŬɘůɗɖůɑŬɠ ŬəɟɘɓŮɑŬɠ əŬɘ ŮɘŭɘəɧŰɖŰŬ 0,68, 0,96 

0,98 əŬɘ 0,98 (0,61, 0,96, 0,96, 0,97 ɔɘŬ CC180) Ůɜɩ ɞ CC99 + TIS 0,47, 0,89, 0,95, 0,95 

(0,40, 0,92 0,93 əŬɘ 0,93 ɔɘŬ CC99). Ƀɘ ɑŭɘŮɠ ɛŮŰɟɘəɏɠ ůŰɞ ɛɞɜŰɏɚɞ CC54 + TIS ɐŰŬɜ 

ɢŬɛɖɚɧŰŮɟŮɠ, 0,31, 0,82, 0,90 əŬɘ 0,91 (0,27, 0,82, 0,89 əŬɘ 0,89 ɔɘŬ Űɞ CC54). ȸŬůɘɕɧɛŮɜɞɘ 

ůŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ɧŰɘ Ŭɜ əŬɘ Űɞ D-sORF ŭɘŬŰɐɟɖůŮ 

əŬɚɏɠ ɓŬɗɛɞɚɞɔɑŮɠ ɔɘŬ ŮɡŬɘůɗɖůɑŬ əŬɘ ŮɘŭɘəɧŰɖŰŬ ɔɘŬ ɧɚŬ ŰŬ ɛŮɔɏɗɖ ˊŬɟŬɗɨɟɤɜ ɧůɞ 

ɛŮɔŬɚɨŰŮɟɞ Űɞ ˊŬɟɎɗɡɟɞ CC ŭɨɜŬŰŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, Űɧůɞ əŬɚɨŰŮɟɖ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ŮɑɜŬɘ ɖ Ŭˊɧŭɞůɖ. 

ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞ Ŭɚɔɧɟɘɗɛɞɠ D-sORF ŮˊɘŰɟɏˊŮɘ Űɖɜ Ůˊɘɚɞɔɐ əŬŰɤűɚɑɞɡ 

ŰŬɝɘɜɧɛɖůɖɠ ɩůŰŮ ɞɘ ɢɟɐůŰŮɠ ɜŬ ˊɟɞůŬɟɛɧɕɞɡɜ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ůɨɛűɤɜŬ 

ɛŮ Űɘɠ ŬɜɎɔəŮɠ. Ƀɘ ɛŮŰɟɐůŮɘɠ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ ŮɚɐűɗɖůŬɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɛɐ əŬŰɤűɚɑɞɡ 

0,5 (ɓŬɗɛɞɚɞɔɑŬ ɛŮɔŬɚɨŰŮɟɖɠ Űɞɡ 0,5 ŰŬɝɘɜɞɛŮɑ Űɞ sORF ɤɠ ɘəŬɜɧ ɜŬ əɤŭɘəɞˊɞɘŮɑ 

ˊɟɤŰŮȶɜŮɠ ). ȼ Ůˊɘɚɞɔɐ Űɘɛɐɠ əŬŰɤűɚɑɞɡ 0.9 ŮˊɘŰɡɔɢɎɜŮɘ Ůɝɘůɞɟɟɧˊɖůɖ Űɖɠ ŮɡŬɘůɗɖůɑŬɠ ɛŮ 

Űɖɜ ŮɝŮɘŭɑəŮɡůɖ əŬɘ Ůˊɘˊɚɏɞɜ ŮˊɘűɏɟŮɘ ɛŮɔɎɚɖ Ŭɨɝɖůɖ Űɖɠ ŬəɟɑɓŮɘŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ 

ŬəɟɑɓŮɘŬ ůŰɞ ɛɖ ɘůɞɟɟɞˊɖɛɏɜɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ ɚŬɛɓɎɜŮɘ Űɖɜ Űɘɛɐ 0,68 Ŭˊɧ 0,31 ɔɘŬ Űɞ 

CC54+TIS (supplementary table 9). 
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ȷɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ sORFs, ŮˊŬɚɖɗŮɡɛɏɜŬ ɛŮ ŰŮɢɜɘəɏɠ ŬˊɞŰɡˊɩɛŬŰɞɠ 

ɟɘɓɞůɩɛŬŰɞɠ (ri bosome footprinting ). 

ȼ Ŭˊɧŭɞůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ŭɞəɘɛɎůŰɖəŮ ůŮ sORFs Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ sorfs.org, Űɤɜ 

ɞˊɞɑɤɜ ɖ ůɡůɢɏŰɘůɖ ɛŮ ɟɘɓɞůɩɛŬŰŬ ɏɢŮɘ ˊŮɘɟŬɛŬŰɘəɎ ŮˊɘəɡɟɤɗŮɑ. Ƀɘ ŮəŰɘɛɐůŮɘɠ Űɞɡ D-

sORF ůɡɔəɟɑɗɖəŬɜ ɛŮ ɧɚŮɠ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ɛŮŰɟɘəɏɠ ŰŬɝɘɜɧɛɖůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ 

ɓɎůɖ ŭŮŭɞɛɏɜɤɜ sorfs.org ɔɘŬ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ əɤŭɘəɞˊɞɑɖůɖɠ Űɤɜ sORFs ( 

FLOSS, ORFscore, PhyloP, PhastCon).  

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ D-sORF ʁ ˒ʰˊ˃ˈˋˍʹˁʶ ˋʶ ʰ˄ʻˊ˗ˉʽ˄ʰ sORFs όҗ му AAύ ˁʰˍʹʴˇˊʽˇˉˇʽʹ˃ʷ˄ʰ ˃ʶ 

ʲʱˋʹ ˍʹ˄ ʴˇ˄ʽʵʽ˖˃ʰˍʽˁʺ ʻʷˋʹ ˍˇˎˌ όe.g. 3ô-UTR, 5ô-UTR, exonic and intronic, intergenic, 

lncRNAs)(ɆɢɐɛŬ 31 ȷ). 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˋˎʴˁˊʽʻʶʾ ˍˇ D-sORF ˃ʶ ˍʽˌ ˃ʶˍˊʽˁʷˌ ˉˇˎ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍʹ sorfs.org 

ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˖ˌ ʻʶˍʽˁˈ ˋˏ˄ˇ˂ˇ ˍʰ sORFs ό˃ʶʴʷʻˇˎˌ Җмлл AAύ ˉˇˎ ʷ˔ˇˎ˄ ˋ˔ˇ˂ʽʰˋˍʶʾ ʰˉˈ 

ˍʹ˄ Ensembl ˖ˌ ˉˊ˖ˍʶˀ˄ʶˌ ό N = 766) (Olexiouk, Van Criekinge and Menschaert, 2018) 

(ɆɢɐɛŬ 31ȸ). 

 

ɆɢɐɛŬ 35. ȺűŬɟɛɞɔɐ Űɞɡ D-sORF ɔɘŬ ŰŬɝɘɜɧɛɖůɖ ˊŮɘɟŬɛŬŰɘəɎ ŮˊɘɓŮɓŬɘɤɛɏɜɤɜ sORFs ůɡůɢŮŰɘůɛɏɜŬ 

ɛŮ ɟɘɓɞůɩɛŬŰŬ. A)ɄɘɗŬɜɐ ɔɞɜɘŭɘɤɛŬŰɘəɐ ɗɏůɖ sORFs B)Ƀ ˊɑɜŬəŬɠ ˊŮɟɘɚŬɛɓɎɜŮɘ sORFs ɛ>19ȷȷ 

Ŭˊɧ Űɖɜ ɓɎůɖ sorfs.org ˊɞɡ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ɤɠ ɗŮŰɘəɎ Ŭˊɧ Űɘɠ Ůˊɘɛɏɟɞɡɠ ɛŮŰɟɘəɏɠ. ȼ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ 

ŬəɞɚɞɡɗŮɑ Űɖ ŬɜŰɑůŰɞɘɢɖ Űɖɠ ɓɎůɖɠ sorfs.org. ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ 

Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab initio classification of experimentally detected sORFs 

associated to the translational machinery]  

https://paperpile.com/c/cb6zYQ/4gkB


 

80 

 

ɇɞ D-sORF ŰŬɡŰɞˊɞɑɖůŮ ɤɠ ɗŮŰɘəɎ Űɞ 96% (732 Ŭˊɧ ŰŬ 766) Űɞɡ ůɡɜɧɚɞɡ Ensembl sORFs, 

ŬˊɞŭŮɘəɜɨɞɜŰŬɠ Űɖ ɓɘɞɚɞɔɘəɐ Űɞɡ ůɖɛŬůɑŬ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ ˊɟŬɔɛŬŰɘəɩɜ 

əɤŭɘəɞˊɞɘɖŰɘəɩɜ ˊŮˊŰɘŭɑɤɜ sORFs. ȼ ŮɘŭɘəɧŰɖŰŬ (specificity) Űɞɡ D-sORF ɝŮˊɏɟŬůŮ Űɖ 

ɓŬɗɛɞɚɞɔɑŬ PhyloP, PhastCon, ORFscore əŬɘ FLOSS, ůŰɖɜ ɞɛɎŭŬ Űɤɜ Ensembl sORF. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɞɘ ɓŬɗɛɞɚɞɔɑŮɠ PhyloP əŬɘ PhastCon ɓŬůɑɕɞɜŰŬɘ ůŮ űɡɚɞɔŮɜŮŰɘəɐ 

ˊɚɖɟɞűɞɟɑŬ, Ůɜɩ ɞɘ ɓŬɗɛɞɚɞɔɑŮɠ ORFscore əŬɘ FLOSS ŬɜŬɚɨɞɡɜ ɡˊɞɚɞɔɘůŰɘəɎ 

ˊŬɟŬɛɏŰɟɞɡɠ əŬŰŬɜɞɛɐɠ ůŮ ˊŮɘɟɎɛŬŰŬ ɟɘɓɞůɤɛɘəɞɨ ŬˊɞŰɡˊɩɛŬŰɞɠ (ribosome 

footprinting). ũɘŬ Űɘɠ ɛŮŰɟɘəɏɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ sorf.org ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ Űɘɛɏɠ 

Ŭ́ ɞəɞˊɐɠ ˊɞɡ ˊɟɞŰɎɗɖəŬɜ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛŮɚɏŰŮɠ ŬɜŬűɞɟɎɠ (Olexiouk et al., 2016), 

(Olexiouk, Van Criekinge and Menschaert, 2018). 

ȼ ůɨɔəɟɘůɖ ůɡɜŮɢɑůŰɖəŮ ɛŮ Űɖ ɛŮɚɏŰɖ Űɤɜ sORFs Ůɜŭɞɜɘəɩɜ ˊŮɟɘɞɢɩɜ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

Ensembl sORFs. ȼ ŮˊɘəɎɚɡɣɖ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ Űɞɡ D-sORF ɏɜŬɜŰɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ 

ɛŮŰɟɘəɩɜ ůŮ 766 Ensembl sORFs (ɗŮŰɘəɧ ůŮŰ) əŬɘ 2404 intron sORFs (ŬɟɜɖŰɘəɧ ůŮŰ) 

ˊŮɟɘɔɟɎűɖəŮ ɛŮ Űɖ ɢɟɐůɖ Venn ŭɘŬɔɟŬɛɛɎŰɤɜ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ Űɖɠ Ensembl, 

ˊŬɟŬŰɖɟɐɗɖəŮ ůɖɛŬɜŰɘəɐ ŮˊɘəɎɚɡɣɖ əɞɘɜɩɜ ɗŮŰɘəɩɜ sORFs (438/766 ~ 57%) (ɆɢɐɛŬ 32ȷ) 

Ůɜɩ ůŰɖɜ əŬŰɖɔɞɟɑŬ intron, ˊŬɟŬŰɖɟɐɗɖəŮ ɛɘəɟɐ ŮˊɘəɎɚɡɣɖ əɞɘɜɩɜ ɗŮŰɘəɩɜ sORF (52 / 

2.404 ~ 2%) (ɆɢɐɛŬ 32ȸ), ŬɜŬŭŮɘəɜɨɞɜŰŬɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ D-sORF ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ɛɧɜɞ Űɞɡ ɐ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɘəɏɠ ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ SORFs Űɤɜ ɞˊɞɑɤɜ 

ɖ əɤŭɘəɞˊɞɑɖůɖ ˊɟɤŰŮȶɜɖɠ ɗŬ ŮˊɘəɡɟɤɗŮɑ ˊŮɘɟŬɛŬŰɘəɎ.  

https://paperpile.com/c/cb6zYQ/31c9
https://paperpile.com/c/cb6zYQ/31c9
https://paperpile.com/c/cb6zYQ/31c9
https://paperpile.com/c/cb6zYQ/4gkB
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ɆɢɐɛŬ 36. Venn ŭɘŬɔɟɎɛɛŬŰŬ əɞɘɜɩɜ ˊɟɞɓɚɏɣŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɛŮŰɟɘəɩɜ (ȷ ũɘŬ ŰŬ sORFs ́ ɞɡ 

Ŭɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ SORF (ɗŮŰɘəɧ ůɨɜɞɚɞ) əŬɘ (B) ɇɤɜ sORFs ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

Ůɜŭɞɜɘəɏɠ (Intronic) ˊŮɟɘɞɢɏɠ (ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ). ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ůɡɛɛŮŰɏɢɞɡɜ ŰŬ sORF ɔɘŬ 

ŰŬ ɞˊɞɑŬ ŮɑɢŬɜ ɡˊɞɚɞɔɘůŰŮɑ Űɘɛɏɠ ɔɘŬ ɧɚŮɠ Űɘɠ ɛŮŰɟɘəɏɠ Űɖɠ ŬɜɎɚɡůɖɠ. (ɇɞ ůɢɐɛŬ ˊɟɞɏɟɢŮŰŬɘ 

Ŭˊɧ Űɖɜ ˊɟɞɠ ɡˊɞɓɞɚɐ ɔɘŬ Ŭɝɘɞɚɧɔɖůɖ ɛŮɚɏŰɖ [D-sORF: Accurate ab initio classification of 

experimentally detected sORFs associated to the translational machinery]) 
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3) ȷɁȷũɁɋɅȽɆȼ ŪȺɆȼɆ ȺɁȷɅɂȼɆ ɀȺɇȷũɅȷūȼɆ 

ȾɋȹȽȾɋɁ ȾȷȽ ɀȼ ȾɋȹȽȾɋɁ ũɃɁȽȹȽɋɁ 

3.1 ɈűɘůŰɎɛŮɜɞɘ ȷɚɔɧɟɘɗɛɞɘ ȷɜŬɔɜɩɟɘůɖɠ TSS 

ȷəɞɚɞɡɗŮɑ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ɡűɘůŰɎɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ CAGE 

ŭŮŭɞɛɏɜɤɜ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ TSS. 

3.1.1 PARCLU 

ɇɞ PARACLU (Frith et al., 2007) ŬɜŬɔɜɤɟɑɕŮɘ ůɡůŰɎŭŮɠ ŮŰɘəŮŰɩɜ ɢŬɛɖɚɐɠ ɐ ɡɣɖɚɐɠ 

ˊɡəɜɧŰɖŰŬɠ əŬɘ ɛŮɔɏɗɞɡɠ. ȺəŰŮɚŮɑ ůɡůŰŬŭɞˊɞɑɖůɖ (clustering) ŮŰɘəŮŰɩɜ (tag) CAGE ůŮ 

ŮɡɟɨŰŮɟŮɠ ˊŮɟɘɞɢɏɠ ɛŮ ɓɎůɖ ɛɘŬ ˊŬɟɎɛŮŰɟɞ ˊɡəɜɧŰɖŰŬɠ d ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ 

ŬɜŰɘůŰɎɗɛɘůɖ ɛŮŰŬɝɨ Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŬɚɚɖɚŮˊɘəŬɚɡˊŰɧɛŮɜɤɜ ɛɘəɟɞ-

ŬɜŬɔɜɩůŮɤɜ (reads). ɉɟɖůɘɛɞˊɞɘŮɑ Űɞ ɛɏɔŮɗɞɠ d*(ɛɐəɞɠ Űɖɠ ůɡůŰɎŭŬɠ ůŮ ɜɞɡəɚŮɞŰɑŭɘŬ) ɔɘŬ 

ɜŬ ŮɡɜɞɐůŮɘ Űɘɠ ˊŮɟɘɞɢɏɠ ɛŮ ɡɣɖɚɧ ˊɚɐɗɞɠ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɤɜ ˊɞɘɜɘəɞˊɞɘɩɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ 

Űɘɠ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ ˊŮɟɘɞɢɏɠ. 

3.1.2 RECLU 

ɇɞ RECLU (Ohmiya et al., 2014) ŬˊɞŰŮɚŮɑ ɛɘŬ ŮˊɏəŰŬůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ PARACLU ˊɞɡ 

ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɢŮɘɟɘůŰŮɑ ɓɘɞɚɞɔɘəɎ ŬɜŰɑɔɟŬűŬ (replicates) ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ 

(IDR) (Li  et al., 2011) əŬɘ ŮɚŬűɟɩɠ ŰɟɞˊɞˊɞɘɖɛɏɜŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɞ űɘɚŰɟɎɟɘůɛŬ Űɤɜ 

ŰŮɚɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ.  

3.1.3 CAGER 

ɇɞ CAGER (Haberle et al., 2015) ŬˊɞŰŮɚŮɑ ɏɜŬ ˊɘɞ ˊɟɧůűŬŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚŬɑůɘɞ ɔɘŬ 

ŬɜɎɚɡůɖ CAGE əŬɘ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ɗɏůŮɤɜ TSS. Ƀ Ŭɚɔɧɟɘɗɛɞɠ ŮűŬɟɛɧɕŮɘ ɏɚŮɔɢɞ əŬɘ 

űɘɚŰɟɎɟɘůɛŬ ˊɞɘɧŰɖŰŬɠ ůŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ əŬɘ ŬűŬɘɟŮɑ Űɞ ɜɞɡəɚŮɞŰɑŭɘɞ G Ŭˊɧ Űɞ Ɏəɟɞ 

5 ǋ ɧˊɞɡ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ (protocol bias). ȷəɞɚɞɨɗɤɠ, ɞɛŬŭɞˊɞɘŮɑ Űɘɠ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɘɠ 

(reads) ůŮ ůɡůŰɎŭŮɠ. ȺɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŮɝɎɔŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŭɘŬűɞɟɘəɐ ɢɟɐůɖ TSS 

ɛŮŰŬɝɨ ŭɘŬűɞɟŮŰɘəɩɜ ŭŮɘɔɛɎŰɤɜ əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ˊŬɟɞɡůɑŬ ɔŮɔɞɜɧŰɤɜ ɞɚɑůɗɖůɖɠ ɗɏůŮɤɜ 

ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ (TSS shifting), ŬɜŬɚɨɞɜŰŬɠ ˊɞɚɚŬˊɚɎ ˊŮɘɟɎɛŬŰŬ CAGE.  

https://paperpile.com/c/cb6zYQ/jNnf
https://paperpile.com/c/cb6zYQ/jNnf
https://paperpile.com/c/cb6zYQ/jNnf
https://paperpile.com/c/cb6zYQ/cLug
https://paperpile.com/c/cb6zYQ/cLug
https://paperpile.com/c/cb6zYQ/cLug
https://paperpile.com/c/cb6zYQ/3RnB
https://paperpile.com/c/cb6zYQ/3RnB
https://paperpile.com/c/cb6zYQ/3RnB
https://paperpile.com/c/cb6zYQ/jc33
https://paperpile.com/c/cb6zYQ/jc33
https://paperpile.com/c/cb6zYQ/jc33
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3.1.4 TSS classifier 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ TSS classifier (FANTOM Consortium and the RIKEN PMI and CLST (DGT) 

et al., 2014) ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɖɜ ůɞɡɑŰŬ TOMETOOLS, ŮəˊŬɘŭŮɨŰɖəŮ ɔɘŬ ɜŬ ŭɘŬəɟɑɜŮɘ 

ɛŮŰŬɝɨ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ůɐɛŬŰɞɠ CAGE əŬɘ Űɞɡ ɛɖ ůɢŮŰɘɕɧɛŮɜɞɡ ɛŮ TSS, 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ůɢɞɚɘŬůɛɧ əɤŭɘəɩɜ ɔɞɜɘŭɑɤɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ůɡɜɧɚɤɜ ŮəˊŬɑŭŮɡůɖɠ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɓŬůɑɕŮŰŬɘ ůŮ ɛɘəŰɎ ɛɞɜŰɏɚŬ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ( Gaussian mixture əŬɘ 

ŭɏɜŰɟŬ ŬˊɞűɎůŮɤɜ) ůŰɖɜ ŮəˊŬɑŭŮɡůɖ Űɤɜ ɞˊɞɑɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 4-ɛŮɟɐ ˊɞɡ 

ŮɜŰɞˊɑůŰɖəŬɜ ůŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ.  

  

https://paperpile.com/c/cb6zYQ/eHqe
https://paperpile.com/c/cb6zYQ/eHqe
https://paperpile.com/c/cb6zYQ/eHqe
https://paperpile.com/c/cb6zYQ/eHqe
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3.2 ADAPT CAGE -ȺűŬɟɛɞɔɐ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ DNA 

əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɚɚɖɚɞɡɢɑŬɠ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ 

ɡˊɞəɘɜɖŰɩɜ əɤŭɘəɩɜ əŬɘ ɛɖ əɤŭɘəɩɜ RNA. 

ȳˊɤɠ ŬɜŬűɏɟɗɖəŮ əŬɘ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ (ɀŮɔɎɚŬ ɓɘɞɚɞɔɘəɎ ŭŮŭɞɛɏɜŬ- CAGE) ɖ 

ŮɝŮɘŭɑəŮɡůɖ (specificity) Űɞɡ CAGE ůɢŮŰɘəɎ ɛŮ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ůɡɛɓɎɜŰɤɜ ɏɜŬɟɝɖɠ 

ɛŮŰŬɔɟŬűɐɠ ůŰɞ ɔɞɜɘŭɑɤɛŬ ɏɢŮɘ ŬɟəŮŰɞɨɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɚɧɔɤ Űɞɡ ɗɞɟɨɓɞɡ ˊɞɡ ˊŮɟɘɏɢŮɘ. 

ȷɡŰɧ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɧ Ůɛˊɧŭɘɞ ůŰɘɠ ŮɟŮɡɜɖŰɘəɏɠ ɛŮɚɏŰŮɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɞɜ 

ŮɛˊɚɞɡŰɘůɛɧ Űɤɜ ɓɘɞɚɞɔɘəɩɜ ɛɞɜɞˊŬŰɘɩɜ ɛŮ Űɘɠ ɟɡɗɛɘůŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɔɞɜɘŭɑɤɜ. ɇɞ 

Ŭɚɔɞɟɘɗɛɘəɧ ˊɚŬɑůɘɞ ADAPT-CAGE (Georgakilas, Perdikopanis and Hatzigeorgiou, 2020) 

ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ŬˊɞŰŮɚŮɑ ɛɑŬ ˊɟɧŰŬůɖ ˊɞɡ 

ŭɘŬɢɤɟɑɕŮɘ ɛŮ ŮˊɘŰɡɢɑŬ ŰŬ ˊɟŬɔɛŬŰɘəɎ ɔŮɔɞɜɧŰŬ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ Ŭˊɧ Űɞɜ ɓɘɞɚɞɔɘəɧ 

ɐ əŬɘ ŰŮɢɜɘəɧ ɗɧɟɡɓɞ. ɆɡɜŭɡɎɕŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɚɚɖɚɞɡɢɑŬɠ DNA (ɛɞŰɑɓŬ ˊɞɚɡɛŮɟɎůɖɠ 

ȽȽ) əŬɘ ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭŮɡŰŮɟɞŰŬɔɞɨɠ ŭɞɛɐɠ Űɞɡ DNA ůŮ ɏɜŬ ˊɞɚɡ-ŮˊɑˊŮŭɞ 

ɛɞɜŰɏɚɞ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ. 

3.2.1 ȹɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ DNA ůŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ 

ɆŮ ˊŬɚŬɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ, ˊŮɟɘɔɟɎűɖəŮ ɖ ůɡůɢɏŰɘůɖ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ (structural 

features) Űɞɡ DNA ɛŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ (Fukue et al., 2004) (Kanhere and Bansal, 2005), 

(Abeel et al., 2008). ɆŮ ɛɘŬ ˊɘɞ ˊɟɧůűŬŰɖ ɛŮɚɏŰɖ (Gan, Guan and Zhou, 2012) 

ŭɘŮɟŮɡɜɐɗɖəŬɜ ɞɘ ŭɞɛɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ DNA ůŰɘɠ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

13 ŭɘŬűɞɟŮŰɘəɎ ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɞɡ DNA, (duplex disrupt energy, duplex free 

energy, bending stiffness, denaturation, stacking energy, bendability, propeller twist, z-

DNA, A-philicity, nucleosome positioning, protein deformation, B-DNA twist and protein-

DNA twist.). ȼ ŮűŬɟɛɞɔɐ ŭɞɛɘəɩɜ ɛɞɜŰɏɚɤɜ ˊɟɞŮɟɢɧɛŮɜɤɜ Ŭˊɧ ɛɘŬ ˊɚɖɗɩɟŬ ɓɘɞɢɖɛɘəɩɜ 

ˊŮɘɟŬɛɎŰɤɜ, ůŮ ŬɚɚɖɚɞɡɢɑŮɠ ɔɨɟɤ Ŭˊɧ Űɘɠ ˊŮɟɘɞɢɏɠ TSS əɤŭɘəɩɜ ɔɞɜɘŭɑɤɜ ŬɜɏŭŮɘɝŮ ɧŰɘ 

ɡˊɎɟɢɞɡɜ ɘŭɘŬɑŰŮɟŬ ɛɞŰɑɓŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɓɞɖɗɐůɞɡɜ ůŰɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ɡˊɞəɘɜɖŰɩɜ 

ɛŮŰŬɝɨ ɔɞɜɘŭɘɤɛŬŰɘəɩɜ ˊŮɟɘɞɢɩɜ.  

3.2.2 ɀɞŰɑɓŬ ɄɞɚɡɛŮɟɎůɖɠ ȽȽ 

Ⱥˊɘˊɚɏɞɜ Űɤɜ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɛŮɚŮŰɐɗɖəŮ Űɞ ˊɟɞűɑɚ ŭŮəŬŰɟɘɩɜ ɛɞŰɑɓɤɜ 

ůɢŮŰɘɕɧɛŮɜɤɜ ɛŮ Űɖɜ ɄɞɚɡɛŮɟɎůɖ II, ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ JASPAR (Khan 

et al., 2018). ɇŬ ŭŮəŬŰɟɘŬ ɛɞŰɑɓŬ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ůŰɞɘɢŮɑŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɡɠ 

https://paperpile.com/c/cb6zYQ/wwi0
https://paperpile.com/c/cb6zYQ/7ejq
https://paperpile.com/c/cb6zYQ/7ejq
https://paperpile.com/c/cb6zYQ/7ejq
https://paperpile.com/c/cb6zYQ/Koh9
https://paperpile.com/c/cb6zYQ/LKAK
https://paperpile.com/c/cb6zYQ/LKAK
https://paperpile.com/c/cb6zYQ/LKAK
https://paperpile.com/c/cb6zYQ/pGjV
https://paperpile.com/c/cb6zYQ/vhfB
https://paperpile.com/c/cb6zYQ/vhfB
https://paperpile.com/c/cb6zYQ/vhfB
https://paperpile.com/c/cb6zYQ/vhfB
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ɡˊɞəɘɜɖŰɏɠ (core promoter elements) ɧˊɤɠ Inr, TATA-box, MTE, GC-Box, CCAAT-Box, 

DPE, BREu, BREd, DCE-SI, DCE-S-II , DCE-S-III , XCPE1 əŬɘ MED1. ɇŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ˊɟɞŰɘɛɖŰɏŮɠ ŬəɞɚɞɡɗɑŮɠ ůɨɜŭŮůɖɠ (consensus sequences) ɖ ˊŬɟɞɡůɑŬ Űɤɜ 

ɞˊɞɑɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɡˊɞəɘɜɖŰɐ ˊɟɞɎɔŮɘ Űɖ ɛŮŰŬɔɟŬűɐ Űɞɡ ɔɞɜɘŭɑɞɡ ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

ȾŬɘ ůŮ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ˊŬɟŬŰɖɟɐɗɖəŬɜ Ůˊɑůɖɠ ŮɜŰɡˊɤůɘŬəɏɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ 

ˊŮɟɘɞɢɩɜ ɡˊɞəɘɜɖŰɩɜ əŬɘ ŰɡɢŬɑɤɜ ˊŮɟɘɞɢɩɜ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ. 

3.2.3 ɄŮɟɘɔɟŬűɐ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚŬɘůɑɞɡ ADAPT-CAGE. 

To ADAPT-CAGE ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɡɏɚɘəŰɞ ɡˊɞɚɞɔɘůŰɘəɧ ˊɚŬɑůɘɞ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ 

ŭŮŭɞɛɏɜɤɜ CAGE, ɘəŬɜɧ ɜŬ ŬɜŬɔɜɤɟɑɕŮɘ ɛŮ ŮɝŬɘɟŮŰɘəɐ ŬəɟɑɓŮɘŬ ɗɏůŮɘɠ TSS ůŮ ɞɚɧəɚɖɟɞ 

Űɞ ɔɞɜɘŭɑɤɛŬ. Ƀ Ŭɚɔɧɟɘɗɛɞɠ (ɆɢɐɛŬ 37) ŮɘůɎɔŮɘ ɛɘŬ ɜɏŬ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ ŭɘɎəɟɘůɖ Űɤɜ 

ůɡůŰɎŭɤɜ CAGE ˊɞɡ ŬɜŰɘˊɟɞůɤˊŮɨɞɡɜ ˊɟŬɔɛŬŰɘəɎ ůɡɛɓɎɜŰŬ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ Ŭˊɧ 

ůɡůŰɎŭŮɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɗɧɟɡɓɞ ɛŮŰŬɔɟŬűɐɠ ɐ/əŬɘ Ŭɚɚɖɚɞɨɢɘůɖɠ.  

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɘŭɘɧŰɖŰŮɠ Űɖɠ ŭɞɛɐɠ əŬɘ Űɖɠ ŬɚɚɖɚɞɡɢɑŬɠ Űɞɡ DNA ˊɞɡ ɏɢɞɡɜ 

ˊɟɞɖɔɞɡɛɏɜɤɠ ůɡůɢŮŰɘůŰŮɑ ɛŮ ŰŬ ůɡɛɓɎɜŰŬ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɛɞŰɑɓŬ Űɤɜ ɗɏůŮɤɜ ˊɟɧůŭŮůɖɠ Űɖɠ ɄɞɚɡɛŮɟɎůɖɠ II ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɤɜ ɡˊɞəɘɜɖŰɩɜ.  

ɆŰɖɜ ˊɟɞ-ŮˊŮɝŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ űɘɚŰɟɎɟɘůɛŬ ɛŮ ɓɎůɖ Űɖɜ ˊɞɘɧŰɖŰŬ ŬɜŰɘůŰɞɑɢɘůɖɠ (mapping 

quality), ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ 5 ô Ɏəɟɤɜ əŬɘ ŮɝŬɔɤɔɐ Űɖɠ ɗɏůɖɠ ɛŮ Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŮˊɘəɎɚɡɣɖ 

ůŮ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɘɠ ɤɠ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ (representative) ɔɘŬ əɎɗŮ ůɡůŰɎŭŬ CAGE. ɀŮ 

ɓɎůɖ Űɖɜ ŬəɞɚɞɡɗɑŬ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ əɎɗŮ ɗɏůɖ TSS Űɞ ADAPT-CAGE ŮɝɎɔŮɘ ŬɚɚɖɚɞɡɢɑŮɠ 

əŬɘ ŭɞɛɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ DNA ŰŬ ɞˊɞɑŬ ůŰɖ ůɡɜɏɢŮɘŬ ˊɟɞɤɗɞɨɜŰŬɘ ůŮ ɏɜŬ ˊɞɚɡ-ŮˊɑˊŮŭɞ 

ůɨůŰɖɛŬ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ. ɄɞɚɚŬˊɚɎ ɛɞɜŰɏɚŬ ɛɖɢŬɜɩɜ ŭɘŬɜɡůɛɎŰɤɜ ɡˊɞůŰɐɟɘɝɖɠ 

(Support Vector Machines- SVM) əŬɘ ˊɟɞɩɗɖůɖɠ ŰɡɢŬɑŬɠ əŬɗɧŭɞɡ (Stochastic Gradient 

Boosting -SGB) ŮəˊŬɘŭŮɨɞɜŰŬɘ ɝŮɢɤɟɘůŰɎ ɔɘŬ əɎɗŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ DNA əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ůɡɜŭɡɎɕɞɜŰŬɘ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏɜŬɜ ɘůɢɡɟɧ ŰŬɝɘɜɞɛɖŰɐ. 
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ɆɢɐɛŬ 37. Ⱥˊɘůəɧˊɖůɖ Űɞɡ ADAPT-CAGE əŬɘ Űɖɠ ŮəˊŬɘŭŮɡŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. ȷ) Ƀɘ ůɡůŰɎŭŮɠ CAGE 

ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ˊɟɞɐɚɗŬɜ Ŭˊɧ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ Ůɜɩ 

ˊŬɟɎɚɚɖɚŬ ŮɛűɎɜɘɕŬɜ ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ ɛŮ əɞɟɡűɏɠ ůɐɛŬŰɞɠ H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖɠ II. ɇɞ 

ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ˊɟɞɐɚɗŮ Ŭˊɧ Ůɜŭɞɜɘəɏɠ, Ůɝɞɜɘəɏɠ əŬɘ ŭɘŬɔɞɜɘŭɘŬəɏɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ŭŮɜ 

ˊŬɟɞɡůɑŬɕŬɜ ŮˊɘəɎɚɡɣɖ ɛŮ Űɘɠ əɞɟɡűɏɠ H3K4me3 ɐ ɄɞɚɡɛŮɟɎůɖɠ II. ȸ) ȼ ɛɞɜɎŭŬ ˊɟɞŮˊŮɝŮɟɔŬůɑŬɠ 

ůɡůůɤɛŬŰɩɜŮɘ Űɘɠ ůɡůŰɎŭŮɠ CAGE əŬɘ ɓɟɑůəŮɘ Űɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ɜɞɡəɚŮɞŰɑŭɘɞ. ȷˊɧ Űɖɜ ŬəɞɚɞɡɗɑŬ 

ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ Űɞɡɠ ŬɜŰɘˊɟɞůɩˊɞɡɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ ŭɞɛɘəɎ əŬɗɩɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ˊɞɚɡɛŮɟɎůɖɠ II  ŰŬ ɞˊɞɑŬ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ əŬŰɎɚɚɖɚŬ ŭɘŬɜɨůɛŬŰŬ əŬɘ ˊɟɞɤɗɞɨɜŰŬɘ ůŮ ɛɞɜŰŮɚŬ SGB 

əŬɘ SVM. ɇɞ ŰŮɚŮɡŰŬɑɞ ŮˊɑˊŮŭɞ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚŬɘůɑɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ɏɜŬ ɛɞɜŰɏɚɞ SGB ˊɞɡ 

ůɡɜŭɡɎɕŮɘ Űɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ Ůɝɧŭɞɡɠ ɛŮ Űɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ Űɤɜ ɡˊɞɣɖűɑɤɜ TSS ɩůŰŮ ɜŬ ˊŬɟɎɔŮɘ 

Űɖɜ ŰŮɚɘəɐ ɏɝɞŭɞ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ. ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ (Georgakilas, Perdikopanis and 

Hatzigeorgiou, 2020) 

3.2.4 ȺɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůɡɜɧɚɞɡ ŮəˊŬɑŭŮɡůɖɠ 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɞɘ ŬəɞɚɞɡɗɑŮɠ ɔɨɟɤ Ŭˊɧ Űɞɡɠ 

ŬɜŰɘˊɟɞůɩˊɞɡɠ Űɤɜ ůɡůŰɎŭɤɜ CAGE ɛŮŰŬŰɟɎˊɖəŬɜ ůŮ ŬɟɘɗɛɖŰɘəɎ ˊɟɞűɑɚ (ɆɢɐɛŬ 38). ɆŮ 

əɎɗŮ ŭɘ- ɐ Űɟɘ-ɜɞɡəɚŮɞŰɑŭɘɞ ŬˊɞŭɧɗɖəŮ ɛɘŬ Űɘɛɐ ˊɞɡ ˊɟɞɐɚɗŮ Ŭˊɧ ŮəŰŮŰŬɛɏɜŮɠ ɓɘɞɢɖɛɘəɏɠ 
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ɛŮɚɏŰŮɠ (Florquin et al., 2005). ɆŰɖ ůɡɜɏɢŮɘŬ ŮűŬɟɛɧůŰɖəŮ ɏɜŬ əɡɚɘɧɛŮɜɞ ˊŬɟɎɗɡɟɞ ɔɘŬ Űɖɜ 

ŮɝɞɛɎɚɡɜůɖ Űɤɜ ˊɟɞűɑɚ.  

Ⱥˊɘˊɚɏɞɜ Űɤɜ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŬɜŬɚɨɗɖəŮ Űɞ ˊɟɞűɑɚ ŭŮəŬŰɟɘɩɜ ɛɞŰɑɓɤɜ Űɖɠ 

ɄɞɚɡɛŮɟɎůɖ II ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɡɠ ɡˊɞəɘɜɖŰɏɠ ȾŬɘ ůŮ ŬɡŰɎ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

ˊŬɟŬŰɖɟɐɗɖəŬɜ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡ ɗŮŰɘəɞɨ əŬɘ Űɞɡ ŬɟɜɖŰɘəɞɨ ůɡɜɧɚɞɡ. ȼ ŮəŰɑɛɖůɖ Űɖɠ 

ůɖɛŬɜŰɘəɧŰɖŰŬɠ Űɞɡ əɎɗŮ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ˊŬəɏŰɞ ɚɞɔɘůɛɘəɞɨ 

Boruta (Khan et al., 2018). 

3.2.5 ȺəˊŬɑŭŮɡůɖ Űɞɡ ADAPT-CAGE  

ɇŬ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ ˊɟɞɐɚɗŬɜ Ŭˊɧ Űɖɜ H1 əɡŰŰŬɟɘəɐ ůŮɘɟɎ Ůɛɓɟɡɥəɩɜ 

ɓɚŬůŰɘəɩɜ əɡŰŰɎɟɤɜ. ɀŮŰɎ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɤɜ CAGE, ɛŮ ˊɞɘɧŰɖŰŬ 

ɢŬɟŰɞɔɟɎűɖůɖɠ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 10, ɞɘ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɘɠ ˊɞɡ ɓɟɏɗɖəŬɜ ůŮ ŬˊɧůŰŬůɖ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ 50bp ůɡɔɢɤɜŮɨŰɖəŬɜ ůŮ ůɡůŰɎŭŮɠ. ȷˊɧ Űɞ Ŭɟɢɘəɩɠ ŭɖɛɘɞɡɟɔɞɨɛŮɜɞ ůɨɜɞɚɞ 

ůɡůŰɎŭɤɜ ɛɧɜɞ ŮəŮɑɜŮɠ ˊɞɡ ˊŬɟɞɡůɑŬůŬɜ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ Ɏɜɤ Űɤɜ 0,5 tpm ŭɘŬŰɖɟɐɗɖəŬɜ 

ɔɘŬ ˊŮɟŮŰŬɑɟɤ ŬɜɎɚɡůɖ (ɆɢɐɛŬ 38). Ƀɘ ůɡůŰɎŭŮɠ CAGE ́ ɞɡ ɓɟɏɗɖəŬɜ ŮɔɔɨŰŮɟŬ Űɤɜ 500bp 

ůŮ ůɢɞɚɘŬůɛɏɜŬ TSS əŬɘ ŮɛűɎɜɘɕŬɜ ŮˊɘəɎɚɡɣɖ ɛŮ əɞɟɡűɏɠ ChIP-Seq ɏɜŬɜŰɘ H3K4me3 əŬɘ 

ɄɞɚɡɛŮɟɎůɖɠ ȽȽ ŬˊɞŰɏɚŮůŬɜ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ. Ƀɘ ůɡůŰɎŭŮɠ ŮŰɘəŮŰɩɜ ˊɞɡ 

ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɜ ɛŮ Ůɜŭɞɜɘəɏɠ (intronic) əŬɘ Ůɝɞɜɘəɏɠ (exonic) ˊŮɟɘɞɢɏɠ ɐ əŮɑŰɞɜŰŬɜ 

ůŰɞɜ ŭɘŬɔɞɜɘŭɘŬəɧ ɢɩɟɞ (intergenic) ɢɤɟɑɠ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ŮˊɘəɎɚɡɣɖ ɛŮ əɞɟɡűɏɠ 

H3K4me3 ɐ ɄɞɚɡɛŮɟɎůɖɠ ȽȽ, ŬˊɞŰɏɚŮůŬɜ Űɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ. ɇɞ Ŭɟɢɘəɧ ůɨɜɞɚɞ 16.573 

(7.614 ɗŮŰɘəɩɜ əŬɘ 8.959 ŬɟɜɖŰɘəɩɜ) ůɡůŰɎŭɤɜ CAGE ˊɞɡ ˊɟɞɏəɡɣŮ, ɢɤɟɑůŰɖəŮ ůŮ 

ŰɏůůŮɟŬ ɛɖ ŮˊɘəŬɚɡˊŰɧɛŮɜŬ ɡˊɞůɨɜɞɚŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ŰŬ ŰɟɑŬ ŬˊɞŰɏɚŮůŬɜ ůɨɜɞɚŬ 

ŮəˊŬɑŭŮɡůɖɠ (train sets) ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŭɘŬűɞɟŮŰɘəɩɜ ɡˊɞ-ɛɞɜŰɏɚɤɜ Űɞɡ ADAPT-

CAGE əŬɘ Űɞ ɏɜŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ůɨɜɞɚɞ ŭɞəɘɛɩɜ (test set). ɇɞ ˊɟɩŰɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ (3.807 ɗŮŰɘəɎ əŬɘ 4.480 ŬɟɜɖŰɘəɎ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ 

ŭŮəŬŰɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ɛɞɜŰɏɚɤɜ SVM, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɓɘɓɚɘɞɗɐəɖ libsvm25, ɏɜŬ ɔɘŬ 

əɎɗŮ ŭɞɛɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ DNA, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ SGB ɔɘŬ 

ŰŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɄɞɚɡɛŮɟɎůɖ II ɛɞŰɑɓŬ. ȺˊɘɚɏɢɗɖəŮ ɖ ŬɜŬɚɞɔɑŬ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ 

ŭŮɘɔɛɎŰɤɜ ůŰɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ɏɜŬɜŰɘ Űɖɠ ŭɘɎůŰŬůɖɠ (Ŭɟɘɗɛɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ) ɜŬ 

ŮɑɜŬɘ ˊŮɟɑˊɞɡ 6:1 ɩůŰŮ ɜŬ ŬˊɞűŮɡɢɗŮɑ ŮɜŭŮɢɧɛŮɜɖ ɡˊŮɟˊɟɞůŬɟɛɞɔɐ (overfit). Ⱥˊɘˊɚɏɞɜ, 

əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮəˊŬɑŭŮɡůɖɠ ŮűŬɟɛɧůŰɖəŮ 10ˊɚɐ ŭɘŬůŰŬɡɟɞɨɛŮɜɖ Ůˊɘəɨɟɤůɖ (10-

fold cross validation-CV) ɔɘŬ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ ɔŮɜɑəŮɡůɖɠ Űɤɜ ɛɞɜŰɏɚɤɜ 

ˊɟɧɓɚŮɣɖɠ. ɇɞ ŭŮɨŰŮɟɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ ((1.524 ɗŮŰɘəɎ əŬɘ 1.793 ŬɟɜɖŰɘəɎ) ŬˊɞŰɏɚŮůŮ 

Űɖ ɓɎůɖ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ SGB ˊɞɡ ůɡɜŭɡɎɕŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

https://paperpile.com/c/cb6zYQ/yE1P
https://paperpile.com/c/cb6zYQ/yE1P
https://paperpile.com/c/cb6zYQ/yE1P
https://paperpile.com/c/cb6zYQ/vhfB
https://paperpile.com/c/cb6zYQ/vhfB
https://paperpile.com/c/cb6zYQ/vhfB
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ɛŮɛɞɜɤɛɏɜɤɜ ɛɞɜŰɏɚɤɜ SVM ŰŬ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɞɛɘəɩɜ DNA. 

ɇɞ ŰɟɑŰɞ ůɨɜɞɚɞ (1.143 ɗŮŰɘəɎ əŬɘ 1.344 ŬɟɜɖŰɘəɎ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ 

Űɞɡ ŰŮɚɘəɞɨ ɛɞɜŰɏɚɞɡ SGB ́ ɞɡ ůɡɜŭɡɎɕŮɘ Űɖɜ ɏɝɞŭɞ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ Ůˊɘˊɏŭɞɡ Űɤɜ ɛɞɜŰɏɚɤɜ 

SGB ɛŮ Űɞ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ ůŮ ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ (log10). ɇɞ 

ŰŮɚŮɡŰŬɑɞ ůɨɜɞɚɞ (1.140 ɗŮŰɘəɎ əŬɘ 1.342 ŬɟɜɖŰɘəɎ) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ Űɤɜ ɛɞɜŰɏɚɤɜ. ɇɞ ɆɢɐɛŬ 38 ŬˊŮɘəɞɜɑɕŮɘ ŰŬ ŭɘŬűɞɟŮŰɘəɎ ůɨɜɞɚŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ əŬɘ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛɞɜŰɏɚɤɜ Űɞɡ ADAPT-

CAGE. 

 

ɆɢɐɛŬ 38. Ⱥˊɘůəɧˊɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮəˊŬɑŭŮɡůɖɠ ADAPT-CAGE ɛŮ ɓɎůɖ ŭŮɑɔɛŬŰŬ CAGE Ŭˊɧ 

əɨŰŰŬɟŬ H1. Ƀɘ ůɡůŰɎŭŮɠ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ Űɘɠ əɞɟɡűɏɠ Ŭˊɧ H3K4me3 əŬɘ Űɖɠ ɄɞɚɡɛŮɟɎůɖɠ ȽȽ əŬɘ 

ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ůɢɞɚɘŬůɛɏɜɞɡɠ ɡˊɞəɘɜɖŰɏɠ ŬˊɞŰŮɚɞɨɜ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ. Ƀɘ ůɡůŰɎŭŮɠ ŮŰɘəŮŰɩɜ ˊɞɡ 

ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Ůɜŭɞɜɘəɏɠ əŬɘ Ůɝɞɜɘəɏɠ ˊŮɟɘɞɢɏɠ ɐ ɓɟɑůəɞɜŰŬɘ ůŮ ŭɘŬɔɞɜɘŭɘŬəɧ ɢɩɟɞ, ŬɚɚɎ ŭŮɜ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ əɞɟɡűɏɠ H3K4me3 ɐ ɄɞɚɡɛŮɟɎůɖ II, ŬˊɞŰŮɚɞɨůŬɜ Űɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ. ũɘŬ əɎɗŮ 

ŭɞɛɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŮəˊŬɘŭŮɨŰɖəŮ ɏɜŬ ɘŭɘŬɑŰŮɟɞ ɛɞɜŰɏɚɞ SVM, Ůɜɩ ɧɚŬ ŰŬ ɛɞŰɑɓŬ Űɞɡ ɡˊɞəɘɜɖŰɐ 
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ůɡɜŭɡɎůŰɖəŬɜ ůŮ ɏɜŬ ɛɞɜŰɏɚɞ SGB ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ 1ɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. ɇɞ ŭŮɨŰŮɟɞ ůɨɜɞɚɞ 

ŮəˊŬɑŭŮɡůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ SGB ˊɞɡ ůɡɔəŮɜŰɟɩɜŮɘ Űɘɠ Ůɝɧŭɞɡɠ Űɤɜ SVM 

ɛɞɜŰɏɚɤɜ SVM Űɤɜ ŭɞɛɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ DNA, Ůɜɩ Űɞ ŰɟɑŰɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ Űɞɡ ɛɞɜŰɏɚɞɡ SGB ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɘɠ ŭɞɛɘəɏɠ ŭɡɜŬŰɧŰɖŰŮɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛɞŰɑɓɞɡ 

ɡˊɞəɘɜɖŰɐ ɛŮ Űɖɜ ɚɞɔŬɟɘɗɛɘəɐ Űɘɛɐ Űɖɠ ɏəűɟŬůɖɠ log10 (TPM) Űɤɜ ůɡůŰɎŭɤɜ CAGE. ɆɢɐɛŬ Ŭˊɧ Űɞ 

Ɏɟɗɟɞ (Georgakilas, Perdikopanis and Hatzigeorgiou, 2020) 

3.2.6 ȹŮŭɞɛɏɜŬ Ŭˊɧ ŮɝɤŰŮɟɘəɏɠ ˊɖɔɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ 

ŬɜɎɚɡůɖ. 

ũɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ŮəˊŬɑŭŮɡůɖɠ əŬɘ Ŭɝɘɞɚɧɔɖůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮɑɔɛŬŰŬ Ŭˊɧ 

ˊŮɘɟɎɛŬŰŬ CAGE ˊɞɡ ɛŮŰŬűɞɟŰɩɗɖəŬɜ Ŭˊɧ Űɖɜ FANTOM. ȼ əɡŰŰŬɟɘəɐ ůŮɘɟɎ H1 ɛŮ 

əɤŭɘəɞɨɠ ŬɜŬɔɜɩɟɘůɖɠ FANTOM CNhs14067, CNhs14068 əŬɘ CNhs13964 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡ ADAPT-CAGE. ũɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Ŭɝɘɞɚɧɔɖůɖɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮɑɔɛŬŰŬ CAGE Ŭˊɧ əɨŰŰŬɟŬ H9 əŬɘ K562 ɛŮ əɤŭɘəɞɨɠ ŬɜŬɔɜɩɟɘůɖɠ 

FANTOM CNhs11917, CNhs12824, CNhs12824, CNhs12458, CNhs12684 əŬɘ 

CNhs127862. O ůɢɞɚɘŬůɛɧɠ ŬɜŬűɞɟɎɠ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ (coding) əŬɘ 

ɛɖ əɤŭɘəɩɜ ɔɞɜɘŭɑɤɜ (non coding), ɚɐűɗɖəŮ Ŭˊɧ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ NCBI RefSeq 

(OôLeary et al., 2016). ɆŰɖɜ Ŭɝɘɞɚɧɔɖůɖ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰɘɠ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ 

ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (TFBS), ɞɘ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɤɜ ɗɏůŮɤɜ 

ˊɟɧůŭŮůɖɠ ɚɐűɗɖəŬɜ Ŭˊɧ Űɞ əŬɜɎɚɘ ŭŮŭɞɛɏɜɤɜ çTxn Factorè Űɖɠ ENCODE. ɇɞ əŬɜɎɚɘ 

ŮɜůɤɛŬŰɩɜŮɘ ɏɜŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ɗɏůŮɤɜ ˊɟɧůŭŮůɖɠ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (TFBS) 

ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ChIP-Seq ˊŮɘɟɎɛŬŰŬ əŬɘ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ 161 ɛŮŰŬɔɟŬűɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ (TF) əŬɘ 91 ŭɘŬűɞɟŮŰɘəɞɨɠ əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ. ũɘŬ Űɖɜ ůŰɞɢŮɡɛɏɜɖ ůŰŬ 

ŮˊɘɔŮɜŮŰɘəɎ ŭŮŭɞɛɏɜŬ Ŭɝɘɞɚɧɔɖůɖ, ŮɜůɤɛŬŰɩɗɖəŮ ɞ ůɢɞɚɘŬůɛɧɠ Űɤɜ 15-əŬŰŬůŰɎůŮɤɜ 

ɢɟɤɛŬŰɑɜɖɠ Űɞɡ ChromHMM (ɄɑɜŬəŬɠ 1) ˊɞɡ ɛŮŰŬűɞɟŰɩɗɖəŮ Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ Human 

Epigenomics (Roadmap Epigenomics Consortium et al., 2015). Ⱥˊɘˊɚɏɞɜ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭŮŭɞɛɏɜŬ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ChIP-Seq ɏɜŬɜŰɘ H3K4me3 ɛŮ əɤŭɘəɞɨɠ 

ŬɜŬɔɜɩɟɘůɖɠ ŭŮɑɔɛŬŰɞɠ ENCSR716ZJH əŬɘ ENCSR000EWA ɔɘŬ əɨŰŰŬɟŬ H9 əŬɘ K562 ŰŬ 

ɞˊɞɑŬ ŮɚɐűɗɖůŬɜ Ŭˊɧ Űɖɜ ENCODE. 

3.2.7 ȷɝɘɞɚɧɔɖůɖ ȷɚɔɧɟɘɗɛɞɡ ADAPT-CAGE 

ɆŰɘɠ ŮˊɧɛŮɜŮɠ ŮɜɧŰɖŰŮɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɗɧŭɤɜ Ŭɝɘɞɚɧɔɖůɖɠ Űɞɡ 

ADAPT-CAGE, ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ Űɞɜ ůɢɞɚɘŬůɛɧ Űɞɡ 

Ŭɜɗɟɩˊɘɜɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ůɡɜɞɚɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 2. ɆŰɘɠ ůɡɔəɟɘŰɘəɏɠ ŬɝɘɞɚɞɔɐůŮɘɠ Űɞɡ ADAPT-CAGE 

https://paperpile.com/c/cb6zYQ/uPPe
https://paperpile.com/c/cb6zYQ/uPPe
https://paperpile.com/c/cb6zYQ/uPPe
https://paperpile.com/c/cb6zYQ/QM8I
https://paperpile.com/c/cb6zYQ/QM8I
https://paperpile.com/c/cb6zYQ/QM8I
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ŮűŬɟɛɧůŰɖəŮ əŬŰɩűɚɘ ɓŬɗɛɞɚɞɔɑŬɠ 0.9, ˊɞɡ ŬɜŰɘəŬŰɞˊŰɟɑɕŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɘůɞɟɟɞˊɑŬ 

ɛŮŰŬɝɨ ŬəɟɑɓŮɘŬɠ əŬɘ ŮɡŬɘůɗɖůɑŬɠ. 

 

algorithm 

predictions 

H9 cells K562 cells 

Number of CTSS 1.249.782 833.483 

FANTOM clusters 65.141 47.377 

ADAPT-CAGE (0.5) 41.511 31.177 

ADAPT-CAGE  (0.9) 32.268 25.741 

CAGER 14.876 14465 

RECLU 14.749 11558 

PARACLU 12.948 9453 

TOMETOOLS 41558 30689 

ɄɑɜŬəŬɠ 2. Ɇɡɜɞɚɘəɧɠ Ŭɟɘɗɛɧɠ ˊɟɞɓɚɏɣŮɤɜ ɔɘŬ əɎɗŮ əɡŰŰŬɟɘəɐ ůŮɘɟɎ. ũɘŬ Űɖɜ ŬɜɎɚɡůɖ ŮˊɘɚɏɔŮŰŬɘ Űɞ 

ˊɟɩŰɞ ŬɜŰɑɔɟŬűɞ (replicate) əɎɗŮ ˊŮɘɟɎɛŬŰɞɠ. ɆŰɞɜ ADAPT-CAGE ŬɜŬűɏɟɞɜŰŬɘ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

Űɘɛɏɠ əŬŰɤűɚɑɞɡ. ũɘŬ ɧɚɞɡɠ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ ɔɘŬ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ 

ˊŬɟŬɛɏŰɟɞɡɠ (ɓɚ. ˊɑɜŬəŬ  6 ɔɘŬ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ). Ƀɘ ŰŮɚŮɡŰŬɑŮɠ 6 ůŰɐɚŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůŰŬŰɘůŰɘəɎ 

ůŰɞɘɢŮɑŬ ɔɘŬ Űɞ ɛɐəɞɠ Űɤɜ ůɡůŰɎŭɤɜ TSS ůŮ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ. 

 

ȷɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ 

Ƀɘ ŰɟŮɘɠ ˊɟɩŰŮɠ ŰŮɢɜɘəɏɠ Ŭɝɘɞɚɧɔɖůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. ȼ ˊɟɩŰɖ 

ɓŬůɑɕŮŰŬɘ ůŮ ɏɜŬɜ ɢɎɟŰɖ əŬŰɎŰɛɖůɖɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ɛŮ ɓɎůɖ Űɘɠ ŮˊɘɔŮɜŮŰɘəɏɠ 

ŰɟɞˊɞˊɞɘɐůŮɘɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ əɎɗŮ ˊŮɟɘɞɢɐ. ȼ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞɠ ŬűɞɟɎ ůŰɘɠ ɗɏůŮɘɠ 

ˊɟɧůŭŮůɖɠ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ əŬɘ ɖ ŰŮɚŮɡŰŬɑŬ ɢɟɖůɘɛɞˊɞɘŮɑ Űɘɠ ˊɚɞɨůɘŮɠ ůŮ 
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H3K4me3 ˊŮɟɘɞɢɏɠ, ɛɘŬ ɘůŰɞɜɘəɐ Űɟɞˊɞˊɞɑɖůɖ ˊɞɡ ɢŬɟŬəŰɖɟɑɕŮɘ Űɘɠ ŮɜŮɟɔɏɠ ˊŮɟɘɞɢɏɠ 

ɡˊɞəɘɜɖŰɩɜ. 

ChromHMM-əŬɗɞŭɖɔɞɨɛŮɜɖ ůɨɔəɟɘůɖ ADAPT-CAGE əŬɘ ɡűɘůŰɎɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ 

ɆŰŬ ŬˊɞɗŮŰɐɟɘŬ Űɤɜ ɏɟɔɤɜ Roadmap Epigenomics (Roadmap Epigenomics Consortium et 

al., 2015) əŬɘ ENCODE (ENCODE Project Consortium, 2012) ŭɘŬŰɖɟɞɨɜŰŬɘ ŭŮŭɞɛɏɜŬ 

ɛŮŰŬɔɟŬűɐɠ əŬɘ ŮˊɘɔŮɜŮŰɘəɩɜ ŰɟɞˊɞˊɞɘɐůŮɤɜ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ŮəŬŰɞɜŰɎŭŮɠ ŭŮɑɔɛŬŰŬ 

ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɘůŰɩɜ əŬɘ əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ. ȷɡŰɧɠ ɞ ˊɚɞɨŰɞɠ ˊɚɖɟɞűɞɟɘɩɜ ŮˊɏŰɟŮɣŮ 

Űɖɜ ŬɜɎˊŰɡɝɖ ˊɞɚɡɎɟɘɗɛɤɜ ɡˊɞɚɞɔɘůŰɘəɩɜ ɛŮɗɧŭɤɜ, ɛŮŰŬɝɨ Űɤɜ ɞˊɞɑɤɜ əŬɘ Űɞ 

ChromHMM (Ernst and Kellis, 2012) ɛɘŬ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ɗŮɤɟŮɑŰŬɘ ɖ ˊɟɧŰɡˊɖ ɛɏɗɞŭɞɠ 

(golden standard) ůɢɞɚɘŬůɛɞɨ Űɞɡ ŮˊɘɔɞɜɘŭɘɩɛŬŰɞɠ (epigenome) ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ 

əŬŰŬůŰɎůŮɘɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ. 

State No MNEMONIC  DESCRIPTION  

1 TssA Active TSS 

2 TssAFlnk Flanking Active TSS 

3 TxFlnk  Transcr. at gene 5' and 3' 

4 Tx StronTssAg transcription 

5 TxWk  Weak transcription  

6 EnhG Genic enhancers 

7 Enh Enhancers 

8 ZNF/Rpts ZNF genes & repeats 

9 Het Heterochromatin 

10 TssBiv Bivalent/Poised TSS 

11 BivFlnk  Flanking Bivalent TSS/Enh 

12 EnhBiv Bivalent Enhancer 

13 ReprPC Repressed PolyComb 

14 ReprPCWk Weak Repressed PolyComb 

15 Quies Quiescent/Low 

ɄɑɜŬəŬɠ 3. ȿɑůŰŬ əŬŰŬůŰɎůŮɤɜ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɧˊɤɠ ɞɟɑɕŮŰŬɘ ůŰɞ Ȱɟɔɞ ñHuman Epigenome 

Roadmap Projectò. Ƀɘ ŮɜŮɟɔɏɠ əŬŰŬůŰɎůŮɘɠ ɛŮŰŬɔɟŬűɐɠ ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ɛŮ ˊɟɎůɘɜɞ ɢɟɩɛŬ əŬɘ ŬɡŰɏɠ 

ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŬŭɨɜŬɛɖ / əŬɗɧɚɞɡ ɛŮŰŬɔɟŬűɐ ɛŮ ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ. ȼ ɞɛŬŭɞˊɞɑɖůɖ 

ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɘŮɟŬɟɢɑŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɑŭɘɞ ɏɟɔɞ. 

ũɘŬ ɜŬ ŭɘŮɟŮɡɜɐůɞɡɛŮ Űɖɜ Ŭˊɧŭɞůɖ Űɞɡ ADAPT-CAGE əŬɘ ɜŬ Űɞ ůɡɔəɟɑɜɞɡɛŮ ɛŮ Űɞɡɠ 

ɡˊɧɚɞɘˊɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ, ŬɜŬˊŰɨɝŬɛŮ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɘɠ 15 ɓŬůɘəɏɠ 

əŬŰŬůŰɎůŮɘɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɧˊɤɠ ŬɡŰɏɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞn ChromHMM (ɄɑɜŬəŬɠ 3).ȼ 

ŬɜɎɚɡůɖ ɏɔɘɜŮ ůŮ ŮɛɓɟɡɘəɎ ɓɚŬůŰɘəɎ əɨŰŰŬɟŬ H9 (human embryonic stem cell) əŬɘ əɨŰŰŬɟŬ 

K562 ɛɡŮɚɞɔŮɜɞɨɠ ɚŮɡɢŬɘɛɑŬɠ (myelogenous leukemia).  

https://paperpile.com/c/cb6zYQ/QM8I
https://paperpile.com/c/cb6zYQ/QM8I
https://paperpile.com/c/cb6zYQ/htZt
https://paperpile.com/c/cb6zYQ/rl4H
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ȷɟɢɘəɎ, ɔɘŬ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ ɡˊɞɚɞɔɑůŰɖəŮ Űɞ ˊɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɖɜ əɎɗŮ əŬŰɎůŰŬůɖ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ (ɆɢɐɛŬ 39ȷ, 39ȸ, 

ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 40ȷ, 40ȸ əŬɘ ɄɑɜŬəŬ 4). ȳŰŬɜ ɛɘŬ ˊɟɧɓɚŮɣɖ ɓɟɏɗɖəŮ ɜŬ 

ŮˊɘəŬɚɨˊŰŮɘ ŰŬɡŰɧɢɟɞɜɞ ˊɞɚɚŬˊɚɏɠ əŬŰŬůŰɎůŮɘɠ, ŬɜŰɘůŰɞɘɢɐɗɖəŮ ůŰɖɜ əŬŰɎůŰŬůɖ ɛŮ Űɖɜ 

ɡɣɖɚɧŰŮɟɖ ŮˊɘəɎɚɡɣɖ. Ƀɘ 15 ŭɘŬűɞɟŮŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ůɡůůɤɛŬŰɩɗɖəŬɜ ůŮ 

ŭɨɞ ɞɛɎŭŮɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ŮɜŮɟɔɐ ɐ əŬŰŮůŰŬɚɛɏɜɖ ɢɟɤɛŬŰɑɜɖ.  

 

ɆŰɖɜ ɞɛɎŭŬ ŮɜŮɟɔɐɠ ɢɟɤɛŬŰɑɜɖɠ (TssA, TssAFlnk, TxFlnk), ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ ˊɏŰɡɢŮ ɞ 

ADAPT-CAGE (94,85%) ŬəɞɚɞɡɗɞɨɛŮɜɞɠ Ŭˊɧ Űɞɡɠ PARACLU (90,5%), TOMETOOLS 

(86,98%), RECLU (85,22%) əŬɘ CAGER (84,66%) ). Ƀ ADAPT-CAGE ŮɛűɎɜɘůŮ Ůˊɑůɖɠ 

Űɞ ɢŬɛɖɚɧŰŮɟɞ ˊɞůɞůŰɧ ůŰɖɜ ɞɛɎŭŬ əŬŰŬˊɘŮůɛɏɜɖɠ ɢɟɤɛŬŰɑɜɖɠ (5,12%), ŬəɞɚɞɡɗɞɨɛŮɜɞɠ 

Ŭˊɧ Űɞɡɠ PARACLU (9,36%), TOMETOOLS (12,96%), RECLU (14,59%) əŬɘ CAGER 

(15,12%). ɇŬ ˊɞůɞůŰɎ Ŭˊɧ Űɘɠ ŭɨɞ əŬŰɖɔɞɟɑŮɠ əŬŰŬůŰɎůŮɤɜ ɢɟɤɛŬŰɑɜɖɠ ŭŮɜ Ŭɗɟɞɑɕɞɡɜ ůŰɞ 

100%, ɧˊɤɠ ɗŬ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, ŮˊŮɘŭɐ ɛŮɟɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ əŮɑŰɞɜŰŬɘ ůŮ ˊŮɟɘɞɢɏɠ Űɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ůɢɞɚɘŬůɛɏɜŮɠ Ŭˊɧ Űɞɜ Ŭɚɔɧɟɘɗɛɞ ChromHMM. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɖ ůɨɔəɟɘůɖ ůŮ əɨŰŰŬɟŬ K562 űŬɑɜɞɜŰŬɘ ůŰɞ ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 

40ȷ, 40ȸ əŬɘ ŰŬ ŬɜŬɚɡŰɘəɎ ŭŮŭɞɛɏɜŬ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4. 
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algorithm 

(a) 
Cluster Of TSS 

(predictions) 

(b) 

Overlapping with 

Histone marks Active 

transcription  

 

 

TssA, TssAFlnk, 

TxFlnk 

(c) 

Histone marks weak 

transcription  

TxWk ReprPCWk, Quies, 

Tx, Het, ZNF/Rpts, EnhG, 

En, TssBiv, BivFlnk, 

EnhBiv, ReprPC 

(d) 

TFBS 

(e) 

H3K4me3 

(f) 

H9 

cells 

K562 

cells 
H9 K562 H9 K562 H9 K562 H9 K562 

ADAPT (0.9) 32268 25741 30609 25103 1654 628 30918 25412 29520 23775 

CAGER 14876 14465 12595 12195 2250 2215 13234 12681 12417 11732 

PARACLU 12948 9453 11719 8868 1212 565 12067 9005 11587 8702 

RECLU 14749 11558 12570 10773 2152 767 13076 10902 12315 10397 

TOMETOOLS 41558 30689 36151 28395 5387 2272 38195 29296 36139 27044 

ɄɑɜŬəŬɠ 4. ɄɑɜŬəŬɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ ɓŬůɘůɛɏɜŮɠ ůŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ŬɝɘɞɚɞɔɐůŮɘɠ. Ƀɘ ůŰɐɚŮɠ 

(b) ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ɔɘŬ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ. ȷɡŰɞɑ ɞɘ Ŭɟɘɗɛɞɑ ŮɑɜŬɘ 

ˊŬɜɞɛɞɘɧŰɡˊɞɘ ɛŮ Űɞɜ ɄɑɜŬəŬ 2. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ůŰɐɚŮɠ (Ŭˊɧ c ɏɤɠ f) ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ˊɚɐɗɖ Űɤɜ 

ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ ŭɘɎűɞɟŮɠ ˊŮɟɘɞɢɏɠ ŭŮŭɞɛɏɜɤɜ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ. ȼ Ɏɗɟɞɘůɖ Űɤɜ 

ůŰɖɚɩɜ E əŬɘ G ɔɘŬ H9 əŬɘ F əŬɘ H ɔɘŬ K562 ŭŮɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɘɠ Űɘɛɏɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɘɠ C ɔɘŬ H9 

əŬɘ D ɔɘŬ K562 ŮˊŮɘŭɐ ɞɟɘůɛɏɜŮɠ ˊɟɞɓɚɏɣŮɘɠ ŭŮɜ ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ əŬɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬɔɧɛŮɜŮɠ 

Ŭˊɧ Űɞɜ ChromHMM ˊŮɟɘɞɢɏɠ. 

ũɘŬ ɜŬ ůɡɔəɟɘɗŮɑ ɖ Ŭˊɧŭɞůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɏɜŬɜ ˊɘɞ ŬɛŮɟɧɚɖˊŰɞ Űɟɧˊɞ ˊɞɡ ŬɛɓɚɨɜŮɘ 

Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ŭɘŬűɞɟɎɠ Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ɛŮŰŬɝɨ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ 

ɡˊɞɚɞɔɑůŰɖəŮ ɞ ɚɧɔɞɠ ŬɜŬɚɞɔɘɩɜ (odds ratio - OR) Űɤɜ ɗŮŰɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ ŬɜɎ 

əŬŰɎůŰŬůɖ ɢɟɤɛŬŰɑɜɖɠ. ȼ ˊɟɞɓɞɚɐ ɏɔɘɜŮ ůŮ ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ (ɆɢɐɛŬ 39C). 

ȺˊɘɚɏɢɗɖəŬɜ ɞɘ ŭɨɞ ˊɘɞ ɞɟɗɞɔɩɜɘŮɠ ɤɠ ˊɟɞɠ Űɖɜ ŭɟŬůŰɖɟɘɧŰɖŰŬ əŬŰŬůŰɎůŮɘɠ. ȼ əŬŰɎůŰŬůɖ 

TssA ɢŬɟŬəŰɖɟɑɕŮɘ ŮɜŮɟɔɞɨɠ TSS-ɡˊɞəɘɜɖŰɏɠ əŬɘ ɖ əŬŰɎůŰŬůɖ Quies ˊŮɟɘɔɟɎűŮɘ ˊŮɟɘɞɢɏɠ 

ɛŮ ŬˊɞɡůɑŬ ɛŮŰŬɔɟŬűɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ Űɞ ADAPT-CAGE 
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ɝŮˊɏɟŬůŮ ɧɚɞɡɠ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ. ȼ ůɨɔəɟɘůɖ ŮˊŬɜŬɚɐűɗɖəŮ ůŮ Ⱦ562 əɨŰŰŬɟŬ 

əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 40C. 

TFBS - əŬɗɞŭɖɔɞɨɛŮɜɖ ůɨɔəɟɘůɖ 

ũɘŬ ɜŬ ŭɘŮɟŮɡɜɖɗŮɑ ˊŮɟŬɘŰɏɟɤ ɖ Ŭˊɧŭɞůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ, ɚɐűɗɖəŬɜ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ɗɏůŮɘɠ 

ˊɟɧůŭŮůɖɠ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ( Transcription factor binding sites - TFBS) Ŭˊɧ Űɞ 

əŬɜɎɚɘ ŭŮŭɞɛɏɜɤɜ ENCODE Txn ˊɞɡ ŮɜůɤɛŬŰɩɜŮɘ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ ˊɟɞŮɟɢɧɛŮɜŮɠ Ŭˊɧ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ChIP-Seq ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ 160 ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ. 

ɈˊɞɚɞɔɑůŰɖəŮ ɖ ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ Űɞɡ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ 

ɏɜŬ TFBS ůŰɖɜ H9 əɡŰŰŬɟɘəɐ ůŮɘɟɎ (ɆɢɐɛŬ 39D). Ƀ ADAPT-CAGE ˊɏŰɡɢŮ Űɖɜ əŬɚɨŰŮɟɖ 

Ŭˊɧŭɞůɖ (95,81%) ŬəɞɚɞɡɗɞɨɛŮɜɞɠ Ŭˊɧ ŰŬ PARACLU (93,19%), TOMETOOLS (91,9%), 

CAGER (88,96%) əŬɘ RECLU (88,65%). ɄŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ 

ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 1D ɧˊɞɡ ɖ ɑŭɘŬ ůɨɔəɟɘůɖ ŮˊŬɜŬɚɐűɗɖəŮ ɔɘŬ Űɖɜ K562 əɡŰŰŬɟɘəɐ 

ůŮɘɟɎ (ɄɑɜŬəŬɠ 4). 

H3K4me3- əŬɗɞŭɖɔɞɨɛŮɜɖ ůɨɔəɟɘůɖ 

ȼ ŰŮɚŮɡŰŬɑŬ ɛɏɗɞŭɞɠ Űɤɜ ˊŮɘɟŬɛŬŰɘəɎ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɤɜ ůɡɔəɟɑůŮɤɜ ɓŬůɑůŰɖəŮ ůŮ 

əɞɟɡűɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɜ Ŭˊɧ ŭŮŭɞɛɏɜŬ ChIP-Seq ɏɜŬɜŰɘ Űɖɠ H3K4me3, ɛɘŬɠ Űɟɞˊɞˊɞɑɖůɖ 

ɘůŰɧɜɖɠ ˊɞɡ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůɡɢɜɐ ůŮ ŮɜŮɟɔɞɨɠ ɡˊɞəɘɜɖŰɏɠ (ɆɢɐɛŬ 39Ⱥ). Ƀɘ ˊŮɟɘɞɢɏɠ 

ŮɛˊɚɞɡŰɘůɛɏɜŮɠ ɛŮ CAGE ˊɞɡ ɓŬɗɛɞɚɞɔɐɗɖəŬɜ ɗŮŰɘəɎ Ŭˊɧ Űɞ ADAPT-CAGE ŭŮɑɢɜɞɡɜ 

Űɖɜ ɡɣɖɚɧŰŮɟɖ ŮˊɘəɎɚɡɣɖ ɛŮ əɞɟɡűɏɠ H3K4me3 (91,48%), ŬəɞɚɞɡɗɞɨɛŮɜŮɠ Ŭˊɧ ŰŬ 

PARACLU (89,48%), TOMETOOLS (86,96%), RECLU (83,49%) əŬɘ CAGER (83,47%). 

ɆŮ ŬɜŰɑůŰɞɘɢŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɞŭɐɔɖůŮ ɐ ŭɘŬŭɘəŬůɑŬ ɧŰŬɜ ŮˊŬɜŬɚɐűɗɖəŮ ůŰɖɜ K562 

əɡŰŰŬɟɘəɐ ůŮɘɟɎ (ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 1Ⱥ əŬɘ ɄɑɜŬəŬ 4). 
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ɆɢɐɛŬ 39 ȷɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɢɟɐůɖ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ůŰɖɜ 

əɡŰŰŬɟɘəɐ ůŮɘɟɎ ȼ9. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŬɚɚɖɚɞŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɘɠ ˊŬɟŬɔɧɛŮɜŮɠ (Ŭˊɧ 

Űɞɜ ChromHMM) əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ɛŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ 15 əŬŰŬůŰɎůŮɤɜ ůŮ əɨŰŰŬɟŬ H9. Ƀɘ 

əŬŰŬůŰɎůŮɘɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɢɤɟɑůŰɖəŬɜ ůŮ ŭɨɞ ɞɛɎŭŮɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŮˊɑˊŮŭŬ ɢɟɤɛŬŰɑɜɖɠ / 

ɛŮŰŬɔɟŬűɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, ůŰɘɠ ɞɛɎŭŮɠ ŮɜŮɟɔɐɠ (A) əŬɘ ŬůɗŮɜɐɠ ɐ ŬˊɞɡůɑŬɠ(B) ɛŮŰŬɔɟŬűɐɠ. ũ) 

ȿɧɔɞɠ ŬɜŬɚɞɔɘɩɜ (odds ratio) ůŮ ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ůŰɘɠ ŭɨɞ 

ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŮɜŮɟɔɐɠ (TssA)-ŬɜŮɜŮɟɔɐɠ (Quies) ɛŮŰŬɔɟŬűɐɠ əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ChromHMM. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ 

ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ ɛŮŰŬɔɟŬűɘəɧ ˊŬɟɎɔɞɜŰŬ (D) əŬɘ əɞɟɡűɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɎ 

ŭŮŭɞɛɏɜŬ ChIP-Seq ɏɜŬɜŰɘ H3K4me3 (E). ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ (Georgakilas, Perdikopanis and 

Hatzigeorgiou, 2020) 
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Ɉɓɟɘŭɘəɐ ɛɏɗɞŭɞɠ ůɨɔəɟɘůɖɠ ADAPT-CAGE əŬɘ ɡűɘůŰɎɛŮɜɤɜ Ŭɚɔɞɟɑɗɛɤɜ 

ɆŰɖɜ ɡɓɟɘŭɘəɐ ɛɏɗɞŭɞ ůɡɜŭɡɎůŰɖəŬɜ ɡˊɞɚɞɔɘůŰɘəɏɠ ɛɏɗɞŭɞɘ ɛŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ 

ŮˊɘŭɘɩəɞɜŰŬɠ Űɖɜ ɡɚɞˊɞɑɖůɖ ɛɘŬɠ ůɡůŰɖɛŬŰɘəɐɠ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ 

ɓŬůɑɕŮŰŬɘ ůŰɞɜ ůɢɞɚɘŬůɛɧ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ əŬɘ ůŰɖɜ Űɟɞˊɞˊɞɑɖůɖ 

H3K4me3. ȼ ŮűŬɟɛɞɔɐ ɏɔɘɜŮ ůŮ H9 əɨŰŰŬɟŬ. 

Ƀɘ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŮɟɘɓɎɚɚɞɡɜ ŰŬ ůɢɞɚɘŬůɛɏɜŬ TSS (+/- 50kb) əɤŭɘəɩɜ 

ɔɞɜɘŭɑɤɜ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ ɜŬ ůɢɖɛŬŰɑůɞɡɜ Űɞ ůɨɜɞɚɞ ˊŮɟɘɞɢɩɜ ŬɜŬűɞɟɎɠ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ. 

ȷɟɢɘəɎ, ɧɚŮɠ ɞɘ əɞɟɡűɏɠ CAGE ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ +/- 500bp ɔɨɟɤ Ŭˊɧ TSSs ɗŮɤɟɐɗɖəŬɜ 

ɗŮŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ, Ůɜɩ ŬɡŰɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɜ ŮəŰɧɠ Űɖɠ ůŰŮɜɐɠ ŬɡŰɐɠ ˊŮɟɘɞɢɐɠ 

ɗŮɤɟɐɗɖəŬɜ ŬɟɜɖŰɘəɏɠ (ɆɢɐɛŬ 40ȷ). ɆŮ ɛɘŬ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ, ɖ ɗŮŰɘəɐ ɕɩɜɖ 

ŮˊŮəŰɎɗɖəŮ ůŮ +/- 1kb. Ƀɘ əɞɟɡűɏɠ CAGE ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ůŰɘɠ ŬɟɜɖŰɘəɏɠ ɕɩɜŮɠ ŬɚɚɎ 

ŮɛűɎɜɘɕŬɜ ŮˊɘəɎɚɡɣɖ ɛŮ H3K4me3 ůɐɛŬ ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ ɤɠ ɗŮŰɘəɏɠ ŬɜŰɑ ɔɘŬ ŬɟɜɖŰɘəɏɠ.  

Ƀ ɞɟɘůɛɧɠ ɗŮŰɘəɩɜ əŬɘ ŬɟɜɖŰɘəɩɜ ɕɤɜɩɜ ŮˊɏŰɟŮɣŮ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ůɖɛŬɜŰɘəɩɜ ɛŮŰɟɘəɩɜ 

Ŭˊɧŭɞůɖɠ, ɧˊɤɠ ɖ ŮɘŭɘəɧŰɖŰŬ (specificity) əŬɘ ɖ ŮɡŬɘůɗɖůɑŬ (sensitivity). ȼ əɡŰŰŬɟɘəɐ ůŮɘɟɎ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ ɖ H9. ȼ ˊŮɟɘɔɟŬűɧɛŮɜɖ ɡɓɟɘŭɘəɐ ůŰɟŬŰɖɔɘəɐ ɓɞɐɗɖůŮ ůŰɖɜ 

ŮɝɎɚŮɘɣɖ ɞɟɘůɛɏɜɤɜ Ůɛˊɞŭɑɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞɏəɡˊŰŬɜ Ŭɜ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ 

ŬˊŬůɢɞɚɞɨůŬɜ ɛɧɜɞ ɞɘ ůɢɞɚɘŬůɛɏɜŮɠ ɗɏůŮɘɠ TSS. ɇɞ ůɖɛŬɜŰɘəɧŰŮɟɞ ˊɟɧɓɚɖɛŬ ɗŬ 

ˊɟɞŮɟɢɧŰŬɜ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ ŮɜŬɚɚŬəŰɘəɩɜ ɡˊɞəɘɜɖŰɩɜ ɏɝɤ Ŭˊɧ Űɘɠ ůŰŮɜɏɠ ɕɩɜŮɠ Űɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ ˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ ɤɠ ɗŮŰɘəɏɠ ɕɩɜŮɠ, ŮˊɖɟŮɎɕɞɜŰŬɠ ůɞɓŬɟɎ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ůɨɔəɟɘůɖɠ. ȼ ŮɜůɤɛɎŰɤůɖ Űɤɜ H3K4me3 əɞɟɡűɩɜ ůŰɖ ŭɘŬŭɘəŬůɑŬ ŭɖɛɘɞɡɟɔɑŬɠ Űɤɜ 

ɗŮŰɘəɩɜ ɛŮŰɟɑŬůŮ ŰɏŰɞɘŮɠ ŮˊɘŭɟɎůŮɘɠ. 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ɛŮɗɧŭɞɡɠ, ɞɘ ADAPT-CAGE əŬɘ TOMETOOLS ŮɑɜŬɘ ɞɘ ɛɧɜŮɠ 

ˊɞɡ ˊŬɟɏɢɞɡɜ ɓŬɗɛɞɚɞɔɑŬ (score) ɔɘŬ əɎɗŮ ŮˊŮɝŮɟɔŬůɛɏɜɖ əɞɟɡűɐ. ɋɠ Ůə ŰɞɨŰɞɡ, 

əŬŰŬɔɟɎűɞɜŰŬɠ Űɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ɔɘŬ ˊɚɐɗɞɠ əŬŰɤűɚɑɤɜ ŬɝɘɞɚɞɔɐɗɖəŮ ɖ Ŭˊɧŭɞůɖ Űɤɜ 

ADAPT-CAGE əŬɘ TOMETOOLS ůŮ əɎɗŮ ɏɜŬ əŬŰɩűɚɘ. ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɘŬ 

ˊŬɟɧɛɞɘŬ Ŭɝɘɞɚɧɔɖůɖ ůŰɞɡɠ ɡˊɧɚɞɘˊɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ, ɏɔɘɜŮ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ ɚŮɘŰɞɡɟɔɑŬɠ ůŮ əɎɗŮ ŮəŰɏɚŮůɖ (ɄɑɜŬəŬɠ 5), ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɏŰůɘ ɏɜŬ ůɨɜɞɚɞ 

ŭɘŬűɞɟŮŰɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ (Ŭˊɧ ɢŬɚŬɟɎ ɏɤɠ ŬɡůŰɖɟɧŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ).  
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Algorithm  Default values Range of tested parameter and score cutoff values 

ADAPT-CAGE Score threshold=0.9 
0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.91, 0.92, 0.93, 0.94, 0.95, 

0.96, 0.97, 0.98, 0.99, 0.995, 0.996 

PARACLU  

Number of reads=30 

density=2 

Num of reads (30) 

Density (2,32,320,1000) 

RECLU  

tpm=0.1 

idr=0.1 

all pairs Tpm (0.1,0.5, 1, 5, 10, 30 ) for idr 0.1 

all pairs idr (0.001, 0.05, 0.1, 0.5, 1 ) for tpm 0.1 

CAGER 

threshold = 0.5 (tpm filter) 

Method=PARACLU 

Max distance=20 

all pairs threshold (0.1, 0.5, 1, 10, 50) for maxDist 20 

all pair maxDist (1, 10) for tpm 1.0 

TOMETOOLS  Score threshold=0.228 score threshold 0.15, 0.228, 0.25, 0.30, 0.40, 0.50 

ɄɑɜŬəŬɠ 5. ȿɑůŰŮɠ Űɘɛɩɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ əŬŰɤűɚɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ. Ƀɘ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ (default) Űɘɛɏɠ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ɓɟɑůəɞɜŰŬɘ ŮɜŰɧɠ Űɤɜ 

ŭɞəɘɛŬůɛɏɜɤɜ Űɘɛɩɜ. ũɘŬ Űɖɜ ɡɓɟɘŭɘəɐ ˊɟɞůɏɔɔɘůɖ Ŭɝɘɞɚɧɔɖůɖɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɧɚŮɠ ɞɘ Űɘɛɏɠ 

ŮɜŰɧɠ Űɤɜ ɚɘůŰɩɜ. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ůŰɟŬŰɖɔɘəɏɠ Ŭɝɘɞɚɧɔɖůɖɠ, ŮˊɘɚɏɢɗɖəŬɜ ɞɘ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ. 

Ƀ ADAPT-CAGE ɝŮˊɏɟŬůŮ ɧɚɞɡɠ Űɞɡɠ Ɏɚɚɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ Űɧůɞ əŬŰɎ Űɖɜ Ůˊɘɚɞɔɐ ɗŮŰɘəɐɠ 

ɕɩɜɖɠ +/- 500bp (ɆɢɐɛŬ 40ȸ) ɧůɞ əŬɘ +/- 1.000bp (ɆɢɐɛŬ 40C) (ɆɡɛˊɚɖɟɤɛŬŰɘəɧɠ 

ɄɑɜŬəŬɠ 6).  
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Algorithm params 

TP length =500b  TP length =1kb 

TP FN FP TN 

specif

icity 

sensit

ivity  

preci

sion  TP FN FP TN 

speci

ficity  

sensiti

vity 

precisi

on 

ADAPT-CAGE 

(score) 0.9 7776 2713 147 4551 0.969 0.741 0.981  8283 3131 120 4105 0.972 0.726 0.986 

ADAPT-CAGE 0.5 9502 987 228 3711 0.942 0.906 0.977  10257 1157 195 3530 0.948 0.899 0.981 

ADAPT-CAGE 0.99 4346 6143 61 5514 0.989 0.414 0.986  4568 6846 46 4761 0.990 0.400 0.990 

ADAPT-CAGE 0.996 2724 7765 37 5837 0.994 0.260 0.987  2861 8553 29 4982 0.994 0.251 0.990 

ADAPT-CAGE 0.2 9902 587 324 3370 0.912 0.944 0.968  10720 694 289 3260 0.919 0.939 0.974 

ADAPT-CAGE 0.3 9807 682 284 3497 0.925 0.935 0.972  10599 815 251 3360 0.930 0.929 0.977 

ADAPT-CAGE 0.4 9660 829 250 3596 0.935 0.921 0.975  10439 975 217 3442 0.941 0.915 0.980 

ADAPT-CAGE 0.6 9308 1181 206 3860 0.949 0.887 0.978  10025 1389 176 3642 0.954 0.878 0.983 

ADAPT-CAGE 0.7 9099 1390 191 3980 0.954 0.867 0.979  9780 1634 162 3720 0.958 0.857 0.984 

ADAPT-CAGE 0.8 8669 1820 170 4211 0.961 0.826 0.981  9287 2127 141 3885 0.965 0.814 0.985 

ADAPT-CAGE 0.91 7594 2895 141 4609 0.970 0.724 0.982  8081 3333 117 4142 0.973 0.708 0.986 

ADAPT-CAGE 0.92 7346 3143 133 4692 0.972 0.700 0.982  7807 3607 112 4198 0.974 0.684 0.986 

ADAPT-CAGE 0.93 7207 3282 124 4754 0.975 0.687 0.983  7652 3762 104 4241 0.976 0.670 0.987 

ADAPT-CAGE 0.94 7037 3452 118 4804 0.976 0.671 0.984  7464 3950 99 4273 0.977 0.654 0.987 

ADAPT-CAGE 0.95 6905 3584 116 4853 0.977 0.658 0.983  7319 4095 97 4308 0.978 0.641 0.987 

ADAPT-CAGE 0.96 6567 3922 109 4965 0.979 0.626 0.984  6947 4467 91 4383 0.980 0.609 0.987 

ADAPT-CAGE 0.97 6081 4408 89 5109 0.983 0.580 0.986  6423 4991 73 4487 0.984 0.563 0.989 

ADAPT-CAGE 0.98 5531 4958 79 5243 0.985 0.527 0.986  5833 5581 63 4581 0.986 0.511 0.989 

ADAPT-CAGE 0.995 3262 7227 44 5754 0.992 0.311 0.987  3423 7991 35 4928 0.993 0.300 0.990 

PARACLU  

(reads,density) 30, 2 5768 4721 183 5291 0.967 0.550 0.969  5957 5457 174 4494 0.963 0.522 0.972 

PARACLU_30_32 30, 32 3460 7029 101 5746 0.983 0.330 0.972  3535 7879 98 4822 0.980 0.310 0.973 

PARACLU_30_32
0 30, 320 1617 8872 53 6056 0.991 0.154 0.968  1640 9774 51 5077 0.990 0.144 0.970 

PARACLU_30_10

00 30, 1000 919 9570 32 6170 0.995 0.088 0.966  924 10490 31 5169 0.994 0.081 0.968 

CAGER 

(num of replicates, 

tpm,max distance) 1, 0.5, 20 6292 4197 351 4962 0.934 0.600 0.947  6552 4862 336 4243 0.927 0.574 0.951 

CAGER 1, 0.1, 20 10103 386 2384 1169 0.329 0.963 0.809  10919 495 2344 1055 0.310 0.957 0.823 

CAGER 1, 1, 1 4123 6366 133 5561 0.977 0.393 0.969  4261 7153 128 4705 0.974 0.373 0.971 

CAGER 1, 1, 10 4123 6366 133 5561 0.977 0.393 0.969  4261 7153 128 4705 0.974 0.373 0.971 

CAGER 1, 1, 20 4123 6366 133 5561 0.977 0.393 0.969  4261 7153 128 4705 0.974 0.373 0.971 

CAGER 1, 5, 20 1444 9045 31 6068 0.995 0.138 0.979  1477 9937 30 5097 0.994 0.129 0.980 

CAGER 1, 10, 2 4123 6366 133 5561 0.977 0.393 0.969  4261 7153 128 4705 0.974 0.373 0.971 

CAGER 1, 50, 20 1444 9045 31 6068 0.995 0.138 0.979  1477 9937 30 5097 0.994 0.129 0.980 

CAGER 1, 0.1, 20 9293 1196 1711 2387 0.582 0.886 0.845  9908 1506 1682 2056 0.550 0.868 0.855 

CAGER 2, 0.5, 20 5402 5087 248 5202 0.954 0.515 0.956  5621 5793 237 4435 0.949 0.492 0.960 

CAGER 2, 1, 1 3832 6657 128 5614 0.978 0.365 0.968  3971 7443 125 4758 0.974 0.348 0.969 

CAGER 2, 1, 10 3832 6657 128 5614 0.978 0.365 0.968  3971 7443 125 4758 0.974 0.348 0.969 

CAGER 2, 1, 20 3832 6657 128 5614 0.978 0.365 0.968  3971 7443 125 4758 0.974 0.348 0.969 

CAGER 2, 5, 20 1332 9157 27 6072 0.996 0.127 0.980  1365 10049 26 5100 0.995 0.120 0.981 

CAGER 2, 10, 2 3832 6657 128 5614 0.978 0.365 0.968  3971 7443 125 4758 0.974 0.348 0.969 

CAGER 2, 50, 20 1332 9157 27 6072 0.996 0.127 0.980  1365 10049 26 5100 0.995 0.120 0.981 

RECLU 

(tpm, idr)  0.1, 0.1 5716 4773 285 5124 0.947 0.545 0.953  5933 5481 275 4356 0.941 0.520 0.956 

RECLU 0.5, 0.1 4026 6463 139 5627 0.976 0.384 0.967  4143 7271 132 4747 0.973 0.363 0.969 

RECLU 1, 0.1 3172 7317 110 5798 0.981 0.302 0.966  3245 8169 105 4869 0.979 0.284 0.969 

RECLU 5, 0.1 1221 9268 48 6087 0.992 0.116 0.962  1245 10169 46 5104 0.991 0.109 0.964 

RECLU 10, 0.1 687 9802 26 6160 0.996 0.065 0.964  700 10714 25 5163 0.995 0.061 0.966 
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RECLU 30, 0.1 250 10239 8 6217 0.999 0.024 0.969  251 11163 8 5207 0.998 0.022 0.969 

RECLU 0.1, 0.5 5912 4577 342 5028 0.936 0.564 0.945  6140 5274 332 4272 0.928 0.538 0.949 

RECLU 0.1, 1 6029 4460 358 4975 0.933 0.575 0.944  6269 5145 347 4232 0.924 0.549 0.948 

RECLU 0.1, 0.001 9622 867 2154 1615 0.428 0.917 0.817  10375 1039 2119 1431 0.403 0.909 0.830 

RECLU 0.1, 0.05 9622 867 2154 1615 0.428 0.917 0.817  10375 1039 2119 1431 0.403 0.909 0.830 

TOMETOOLS 

(score) 0.1 10172 317 1449 1916 0.569 0.970 0.875  11074 340 1408 1894 0.574 0.970 0.887 

TOMETOOLS 0.15 10036 453 779 2913 0.789 0.957 0.928  10862 552 740 2814 0.792 0.952 0.936 

TOMETOOLS  0.228 9354 1135 463 3980 0.896 0.892 0.953  9908 1506 437 3592 0.892 0.868 0.958 

TOMETOOLS 0.25 9048 1441 414 4236 0.911 0.863 0.956  9518 1896 394 3760 0.905 0.834 0.960 

TOMETOOLS 0.3 8240 2249 332 4636 0.933 0.786 0.961  8603 2811 318 4034 0.927 0.754 0.964 

TOMETOOLS 0.4 6001 4488 200 5186 0.963 0.572 0.968  6257 5157 191 4448 0.959 0.548 0.970 

TOMETOOLS 0.5 2994 7495 96 5738 0.984 0.285 0.969  3124 8290 92 4866 0.981 0.274 0.971 

ɄɑɜŬəŬɠ 6. ɀŮŰɟɐůŮɘɠ Ŭˊɧŭɞůɖɠ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ ɛŮŰɎ Űɖɜ ŮűŬɟɛɞɔɐ ˊɞɚɚŬˊɚɩɜ 

əŬŰɤűɚɑɤɜ əŬɘ ůɡɜŭɡŬůɛɩɜ ˊŬɟŬɛɏŰɟɤɜ. Ƀ ˊɑɜŬəŬɠ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ɡɓɟɘŭɘəɐ Ŭɝɘɞɚɧɔɖůɖ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4ȸ-ȹ ůŮ əɨŰŰŬɟŬ ȼ9. 

 

ɆŰɞ ɆɢɐɛŬ 40D ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɓɎůŮɘ Űɖɠ ɗŮŰɘəɐɠ ɕɩɜɖɠ +/- 500bp ůŮ 

ŬˊɧɚɡŰɞɡɠ Ŭɟɘɗɛɞɨɠ ˊɟŬɔɛŬŰɘəɩɜ ɗŮŰɘəɩɜ (TPs) əŬɘ ɣŮɡŭɩɜ ɗŮŰɘəɩɜ (FPs). 
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ɆɢɐɛŬ 40. ȷɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ůŮ əɨŰŰŬɟŬ H9 ɛŮ ɓɎůɖ Űɞɜ ůɡɜŭɡŬůɛɧ 

ůɢɞɚɘŬůɛɞɨ Ŭɜɗɟɩˊɘɜɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ əŬɘ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ChIP-Seq ɏɜŬɜŰɘ H3K4me3. (ȷ). 

ȼ ɗŮŰɘəɐ ɕɩɜɖ ɞɟɑůŰɖəŮ ůŮ ˊŬɟɎɗɡɟŬ +/- 500bp ɛŮ ŮˊɑəŮɜŰɟɞ ŰŬ ůɢɞɚɘŬůɛɏɜŬ TSS.. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ 

ˊŮɟɘɞɢŮɠ ŮəŰɧɠ ŬɡŰɩɜ Űɤɜ ɕɤɜɩɜ əŬɘ ɏɤɠ əŬɘ +/- 50kb ɛŬəɟɘɎ Ŭˊɧ TSS (ŬɟɜɖŰɘəɐ ɕɩɜɖ), ɧɚŮɠ ɞɘ 

ˊɟɞɓɚɏɣŮɘɠ ɗŮɤɟɐɗɖəŬɜ ŬɟɜɖŰɘəɏɠ, ŮəŰɧɠ Ŭˊɧ Űɘɠ ˊɟɞɓɚɏɣŮɘɠ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɜ ɛŮ əɞɟɡűɏɠ 

H3K4me3 ChIP-Seq ɞɘ ɞˊɞɑŮɠ ɗŮɤɟɐɗɖəŬɜ ɗŮŰɘəɏɠ. ROC əŬɛˊɨɚŮɠ ɔɘŬ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɛŮɔɏɗɖ 

ɗŮŰɘəɩɜ ɕɤɜɩɜ, +/- 500bp (B) əŬɘ +/- 1kb (C). ȹɘɎɔɟŬɛɛŬ Ŭɟɘɗɛɞɨ Ŭɚɖɗɩɠ ɗŮŰɘəɩɜ ɏɜŬɜŰɘ ɣŮɡŭɩɠ 

ɗŮŰɘəɩɜ ɛŮ ɓɎůɖ Űɖ ɗŮŰɘəɐ ɕɩɜɖ +/- 500bp (D) əŬɘ ɛŮ ɓɎůɖ ɛɘŬ ůŰɟŬŰɖɔɘəɐ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ 

ɔɞɜɑŭɘŬ (E). ɆŰɞ (E), ɏɜŬ ɔɞɜɑŭɘɞ ˊɞɡ ɏɢŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ˊɟɧɓɚŮɣɖ ůŰɖ ɗŮŰɘəɐ ɕɩɜɖ (+/- 500bp ɔɨɟɤ 

Ŭˊɧ Űɞ TSS Űɞɡ) əŬŰŬɛŮŰɟɎŰŬɘ ɤɠ Ŭɚɖɗɩɠ ɗŮŰɘəɧ Ůɜɩ ɧŰŬɜ ŭŮɜ ɏɢŮɘ əŬɛɑŬ ˊɟɧɓɚŮɣɖ ůŰɖɜ ɗŮŰɘəɐ ɕɩɜɖ 

ŬɚɚɎ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ůŰɖɜ ŬɟɜɖŰɘəɐ ˊɟɞůɛŮŰɟɎŰŬɘ ůŰŬ ɣŮɡŭɩɠ ɗŮŰɘəɎ.ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ 

(Georgakilas, Perdikopanis and Hatzigeorgiou, 2020) 

ȼ ˊɟɞɖɔɞɨɛŮɜɖ ůɨɔəɟɘůɖ ɐŰŬɜ ŮˊɘəŮɜŰɟɤɛɏɜɖ ůŰɘɠ ŭɘŬəɟɘŰɏɠ əɞɟɡűɏɠ Űɞɡ ůɐɛŬŰɞɠ CAGE. 

ũɘŬ Űɖɜ ŮˊɧɛŮɜɖ ůɨɔəɟɘůɖ ɡɘɞɗŮŰɐɗɖəŮ ɛɘŬ ŮɚŬűɟɩɠ ŭɘŬűɞɟŮŰɘəɐ ůŰɟŬŰɖɔɘəɐ ˊɞɡ ŮɑɜŬɘ 
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ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ ɔɞɜɑŭɘŬ. ɀɘŬ ɗŮŰɘəɐ ˊɟɧɓɚŮɣɖ ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɏɜŬ ɔɞɜɑŭɘɞ ˊɞɡ ɏɢŮɘ 

ŰɞɡɚɎɢɘůŰɞɜ ɛɘŬ ɗŮŰɘəɐ ˊɟɧɓɚŮɣɖ ůŰɖɜ ˊŮɟɘɞɢɐ +/- 500bp ɔɨɟɤ Ŭˊɧ Űɞ TSS Űɞɡ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 40Ⱥ ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ ɧŰɘ ɞ ADAPT-CAGE 

ɝŮˊŮɟɜɎ ɧɚɞɡɠ Űɞɡɠ ɡˊɎɟɢɞɜŰŮɠ Ŭɚɔɧɟɘɗɛɞɡɠ (ɄɑɜŬəŬɠ 7). 

Gene oriented set of predictions positive zone size: 1,000b and negative zone size: 100kb 

Default 

values 

used Algorithm params TP FP 

default ADAPT-CAGE (score) 0.9 3828 117 

 ADAPT-CAGE 0.5 4150 166 

 ADAPT-CAGE 0.99 2957 61 

 ADAPT-CAGE 0.996 2197 42 

 ADAPT-CAGE 0.2 4266 279 

 ADAPT-CAGE 0.3 4206 203 

 ADAPT-CAGE 0.4 4180 184 

 ADAPT-CAGE 0.6 4108 157 

 ADAPT-CAGE 0.7 4069 147 

 ADAPT-CAGE 0.8 3972 130 

 ADAPT-CAGE 0.91 3799 113 

 ADAPT-CAGE 0.92 3735 109 

 ADAPT-CAGE 0.93 3705 102 

 ADAPT-CAGE 0.94 3676 98 

 ADAPT-CAGE 0.95 3642 96 

 ADAPT-CAGE 0.96 3567 89 

 ADAPT-CAGE 0.97 3442 78 

 ADAPT-CAGE 0.98 3319 72 

 ADAPT-CAGE 0.995 2463 46 

default  

PARACLU  

(reads,density) 30, 2 3064 136 

 PARACLU_30_32 30, 32 2578 98 

 PARACLU_30_320 30, 320 1573 57 

 PARACLU_30_1000 30, 1000 973 35 

default CAGER (num of replicates, tpm,max distance) 1, 0.5, 20 3307 248 

 CAGER 1, 0.1, 20 4291 1206 

 CAGER 1, 1, 1 2671 105 

 CAGER 1, 1, 10 2671 105 

 CAGER 1, 1, 20 2671 105 

 CAGER 1, 5, 20 1415 35 

 CAGER 1, 10, 2 2671 105 

 CAGER 1, 50, 20 1415 35 

 CAGER 1, 0.1, 20 4069 905 

 CAGER 2, 0.5, 20 3137 175 
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 CAGER 2, 1, 1 2605 107 

 CAGER 2, 1, 10 2605 107 

 CAGER 2, 1, 20 2605 107 

 CAGER 2, 5, 20 1339 31 

 CAGER 2, 10, 2 2605 107 

 CAGER 2, 50, 20 1339 31 

default RECLU (tpm, idr)  0.1, 0.1 3094 216 

 RECLU 0.5, 0.1 2436 122 

 RECLU 1, 0.1 2096 103 

 RECLU 5, 0.1 1051 54 

 RECLU 10, 0.1 655 28 

 RECLU 30, 0.1 269 9 

 RECLU 0.1, 0.5 3189 246 

 RECLU 0.1, 1 3246 257 

 RECLU 0.1, 0.001 4227 1162 

 RECLU 0.1, 0.05 4227 1162 

default TOMETOOLS (score) 0.228 4202 336 

default TOMETOOLS 0.1 4433 942 

 TOMETOOLS 0.15 4395 531 

 TOMETOOLS 0.25 4081 303 

 TOMETOOLS 0.3 3733 236 

 TOMETOOLS 0.4 2837 149 

 TOMETOOLS 0.5 1706 78 

ɄɑɜŬəŬɠ 7. ɀŮŰɟɐůŮɘɠ Ŭˊɧŭɞůɖɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŮ ˊɞɚɚŬˊɚɎ əŬŰɩűɚɘŬ Ŭˊɞəɞˊɐɠ əŬɘ ůɡɜŭɡŬůɛɞɨɠ 

ˊŬɟŬɛɏŰɟɤɜ. ȷűɞɟɞɨɜ ůŰɖɜ ɓŬůɘůɛɏɜɖ ůŰɞɜ ůɢɞɚɘŬůɛɧ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ 

Ŭɝɘɞɚɧɔɖůɖ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 40Ⱥ ůŮ əɨŰŰŬɟŬ ȼ9. 

ȷɝɘɞɚɧɔɖůɖ ɓɎůŮɘ ɔɞɜɘŭɘɤɛŬŰɘəɐɠ ɗɏůɖɠ 

ɆŰɖɜ ŰŮɚŮɡŰŬɑŬ ůɨɔəɟɘůɖ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ, ɛŮ ɓɎůɖ Űɖ ɔɞɜɘŭɘɤɛŬŰɘəɐ ɗɏůɖ, ŮɝŮŰɎůŰɖəŮ ɖ 

ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ ɛŮ ŰɛɐɛŬŰŬ Űɤɜ ɔɞɜɘŭɘŬəɩɜ ɡˊɞ-

ˊŮɟɘɞɢɩɜ (ɘɜŰɟɧɜɘŬ, ŮɝɧɜɘŬ əŬɘ ˊŮɟɘɞɢɏɠ ɛŬŰɑůɛŬŰɞɠ) əŬɗɩɠ əŬɘ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ 

(ɆɢɐɛŬ 41ȷ). ɇɞ ůɡɜɞɚɘəɧ ˊɚɐɗɞɠ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ, ůŮ ŬɡŰɐɜ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ, ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ Űɘɠ 

ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ əŬŰɖɔɞɟɑŮɠ, Ůɜɩ ɞɘ ˊɟɞɓɚɏɣŮɘɠ ˊɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ůŮ ɎɚɚŬ ɛɏɟɖ Űɞɡ 

ɔɞɜɘŭɘɩɛŬŰɞɠ ŬˊɞɟɟɑűɗɖəŬɜ. ȿɧɔɤ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ˊɞɚɚɏɠ ˊɟɞɓɚɏɣŮɘɠ ŭɨɜŬŰŬɘ ɜŬ 

ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ ɛɑŬ ˊŮɟɘɞɢɐ, ɞɟɑůŰɖəŮ ɛɘŬ ɘŮɟŬɟɢɑŬ ŬɜŬɗɏůŮɤɜ 

ˊŮɟɘɞɢɐɠ:ˊɟɧɓɚŮɣɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛɘŬ ˊɟɧɓɚŮɣɖ ˊɞɡ ɓɟɑůəŮŰŬɘ 100bp əŬɗɞŭɘəŬ 

(downstream) Űɞɡ TSS ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮˊɘəŬɚɨˊŰŮŰŬɘ ɛŮ Űɞɜ ɡˊɞəɘɜɖŰɐ əŬɘ Űɞ ˊɟɩŰɞ 

Ůɝɧɜɘɞ. ȰɜŬ Ɏɚɚɞ ˊŬɟɎŭŮɘɔɛŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ɧŰɘ ɞɘ ɡˊɞɣɐűɘŮɠ ˊɟɞɓɚɏɣŮɘɠ TSS 

ŮɜŭɏɢŮŰŬɘ ɜŬ ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Ůɜŭɞɜɘəɏɠ (intronic) / Ůɝɞɜɘəɏɠ (exonic) ˊŮɟɘɞɢɏɠ ɚɧɔɤ 
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Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛŬŰɑůɛŬŰɞɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɞɟɑůŰɖəŮ ɖ Ŭəɧɚɞɡɗɖ ůŰɟŬŰɖɔɘəɐ ŬɜɎɗŮůɖɠ 

ˊɟɧɓɚŮɣɖɠ (Ŭəɧɛɖ əŬɘ Ŭɜ Űɞ ˊɚɎŰɞɠ Űɖɠ ŮˊɘəŬɚɡˊŰɧɛŮɜɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ɏɜŬ ɕŮɨɔɞɠ 

ɓɎůŮɤɜ). Ƀɘ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɐ (1.000bp ŬɜɤŭɘəɎ əŬɘ 500bp əŬɗɞŭɘəɎ Űɞɡ TSS) ŮɑɢŬɜ Űɖɜ 

ɡɣɖɚɧŰŮɟɖ ˊɟɞŰŮɟŬɘɧŰɖŰŬ, ŬəɞɚɞɡɗɞɨɛŮɜŮɠ Ŭˊɧ ɗɏůŮɘɠ ɛŬŰɑůɛŬŰɞɠ Ůɝɞɜɑɞɡ / ɘɜŰɟɞɜɑɞɡ (+/- 

50bp ɔɨɟɤ Ŭˊɧ ůɢɞɚɘŬůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ ɛŬŰɑůɛŬŰɞɠ). ɇɏɚɞɠ, ůŰŬ ŮɝɧɜɘŬ əŬɘ ŰŬ ɘɜŰɟɧɜɘŬ 

ŬˊɞŭɧɗɖəŮ ɖ ɢŬɛɖɚɧŰŮɟɖ ˊɟɞŰŮɟŬɘɧŰɖŰŬ. 

ɆŰɞɡɠ ɡˊɞəɘɜɖŰɏɠ, Űɞ ADAPT-CAGE ŮɛűŬɜɑɕŮɘ Űɖɜ ɡɣɖɚɧŰŮɟɖ ŮˊɘəɎɚɡɣɖ (92,73%), 

ŬəɞɚɞɡɗɞɨɛŮɜɞ Ŭˊɧ ŰŬ PARACLU (88,35%), TOMETOOLS (85,74%), RECLU (83,12%) 

əŬɘ CAGER (82,47%) ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 41ȸ əŬɘ ůŰɞɜ ɄɑɜŬəŬ 8. ȺˊɘˊɟɧůɗŮŰŬ, Űɞ 

ADAPT-CAGE ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɢŬɛɖɚɧŰŮɟɖ ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ ɛŮ Űɘɠ ɎɚɚŮɠ ɡˊɞˊŮɟɘɞɢɏɠ, 

ŮəŰɧɠ Űɤɜ ɘɜŰɟɞɜɑɤɜ ( ɆɢɐɛŬ 41C). 

 

 

ɆɢɐɛŬ 41. Ɇɨɔəɟɘůɖ Űɤɜ ŮˊɘŭɧůŮɤɜ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɓɎůɖ Űɖɜ əŬŰɎŰɛɖůɖ Űɤɜ ɔɞɜɘŭɘŬəɩɜ 

ˊŮɟɘɞɢɩɜ. ȷ) ȾŬŰɎŰɛɖůɖ Űɤɜ ɔɞɜɘŭɘŬəɩɜ Űɧˊɤɜ ůŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ, ɘɜŰɟɞɜɑɤɜ, Ůɝɞɜɑɤɜ əŬɘ 

ɗɏůŮɤɜ ɛŬŰɑůɛŬŰɞɠ Ůɝɞɜɑɤɜ / ɘɜŰɟɞɜɑɤɜ. ɄɞůɞůŰɎ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ ɡˊɞəɘɜɖŰɏɠ (B) 

əŬɘ Ɏɚɚɞɡɠ Űɨˊɞɡɠ ˊŮɟɘɞɢɩɜ (C).ɆɢɐɛŬ Ŭˊɧ Űɞ Ɏɟɗɟɞ (Georgakilas, Perdikopanis and Hatzigeorgiou, 

2020) 
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 promoter junction intron exon 

Number of regions per sub-genic 

category 
22030 287773 181643 130599 

ADAPT-CAGE 26755 403 991 701 

RECLU 11273 874 547 868 

PARACLU 10806 470 398 556 

CAGER 11218 720 700 964 

TOMETOOLS 32711 1657 1667 2116 

ɄɑɜŬəŬɠ 8. ȷɟɘɗɛɧɠ ˊɟɞɓɚɏɣŮɤɜ ŬɜɎ Ŭɚɔɧɟɘɗɛɞ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ ɔɞɜɘŭɘŬəɏɠ 

ɡˊɞˊŮɟɘɞɢɏɠ ( ɡˊɞəɘɜɖŰɏɠ, ɘɜŰɟɧɜɘŬ, ŮɝɧɜɘŬ əŬɘ ɗɏůŮɘɠ ůɡɟɟŬűɐɠ ɘɜŰɟɞɜɑɤɜ / Ůɝɞɜɑɤɜ). 

3.2.8 ɅɡɗɛɑůŮɘɠ ɡűɘůŰɎɛŮɜɤɜ ɡɚɞˊɞɘɐůŮɤɜ əŬŰɎ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ 

ɀɑŬ Ŭˊɧ Űɘɠ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɞɡ ADAPT-CAGE əŬɘ Űɤɜ ɡˊɞɚɞɑˊɤɜ ŮűŬɟɛɞɔɩɜ, ŮəŰɧɠ 

Űɞɡ TOMETOOLS, ŮɑɜŬɘ ɧŰɘ ŮəɢɤɟŮɑ ɛɘŬ ˊɘɗŬɜɞŰɘəɐ ɓŬɗɛɞɚɞɔɑŬ ůŮ əɎɗŮ CAGE əɞɟɡűɐ. 

Ⱥˊɞɛɏɜɤɠ, ŮűŬɟɛɧɕɞɜŰŬɠ ˊɞɚɚŬˊɚɎ əŬŰɩűɚɘŬ Ŭˊɞəɞˊɐɠ (ɄɑɜŬəŬɠ 5), ŮˊɘŰŮɨɢɗɖəŮ ɖ 

ŭɘŮɟŮɨɜɖůɖ Űɞɡ ˊɚɐɟɞɡɠ űɎůɛŬŰɞɠ Űɤɜ ŮˊɘŭɧůŮɤɜ Űɤɜ ADAPT-CAGE əŬɘ TOMETOOLS. 

ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɜŰɑůŰɞɘɢɞɠ Űɟɧˊɞ Ŭɝɘɞɚɧɔɖůɖɠ ɔɘŬ Űɞɡɠ PARACLU, RECLU əŬɘ 

CAGER, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ˊɚɐɗɞɠ ŭɘŬűɞɟŮŰɘəɩɜ ůɡɜɧɚɤɜ ˊŬɟŬɛɏŰɟɤɜ ŮəŰɏɚŮůɖɠ 

(ɄɑɜŬəŬɠ 5), ŭɖɛɘɞɡɟɔɩɜŰŬɠ ˊɞɚɚŬˊɚɎ ůɨɜɞɚŬ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ 

ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ ŬɡůŰɖɟɧŰɖŰŬɠ. 

ɆŰɞ PARACLU ŮűŬɟɛɧůŰɖəŬɜ Űɘɛɏɠ ˊŬɟŬɛɏŰɟɤɜ "num of reads" 30, 50, 60 əŬɘ 90 əŬɘ Űɘɛɏɠ 

"density" 2, 4, 8, 16, 32, 320 əŬɘ 1000. ɇɞ RECLU ŮűŬɟɛɧůŰɖəŮ ɛŮ Űɘɛɏɠ "tpm" 0,1, 0,5, 1, 

5, 10 əŬɘ 30 əŬɘ "IDR" 0,001, 0,05, 0,1, 0,5 əŬɘ 1. ɇɞ CAGER ŭɞəɘɛɎůŰɖəŮ ɛŮ Űɘɛɏɠ 

ˊŬɟŬɛɏŰɟɤɜ "tpm" 0,1, 0,5, 1, 10 əŬɘ 50, "method" PARACLU, DISTCLU əŬɘ "maxDist" 

1, 10 əŬɘ 20. 

ȾɎɗŮ ˊɘɗŬɜɧɠ ůɡɜŭɡŬůɛɧɠ ˊŬɟŬɛɏŰɟɤɜ ŮűŬɟɛɧůŰɖəŮ ůŮ ɧɚɞɡɠ Űɞɡɠ Ŭɚɔɞɟɑɗɛɞɡɠ. ɆŰɞɜ 

ɄɑɜŬəŬ 6 ŭɑɜɞɜŰŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɧɜɞ ɔɘŬ ɏɜŬ ɡˊɞůɨɜɞɚɞ ůɡɜŭɡŬůɛɩɜ ɔɘŬ Űɞɡɠ ɞˊɞɑɞɡɠ 

ůɖɛŮɘɩɗɖəŬɜ ŭɘŬűɞɟɏɠ ůŰɖɜ ɏɝɞŭɞ. ũɘŬ Űɞ PARACLU, Űɞ "num of reads" ŭɘŬŰɖɟɐɗɖəŮ ůŰŬ 

30 əŬɘ ɞɘ Űɘɛɏɠ Űɞɡ "density" ɐŰŬɜ 2, 32, 320 əŬɘ 1000. ȳůɞɜ ŬűɞɟɎ Űɞ RECLU, ɔɘŬ "IDR" 

0,1 ŮˊɘɚɏɝŬɛŮ Űɘɛɏɠ "tpm" 0,1, 0,5, 1, 5, 10 əŬɘ 30 əŬɘ ɔɘŬ "tpm" 0,1 ŮˊɘɚɏɝŬɛŮ Űɘɠ Űɘɛɏɠ 

"IDR" 0,001, 0,05, 0,1, 0,5 əŬɘ 1. ɆŰɞ CAGER, ɖ "method" ɐŰŬɜ PARACLU əŬɘ Űɞ 

"maxDist" ɞɟɑůŰɖəŮ 20 Ůɜɩ ŮˊɘɚɏɢɗɖəŮ "tpm" 0,1, 0,5, 1, 10 əŬɘ 50. ũɘŬ "tpm" 1 ŮˊɘɚɏɢɗɖəŮ 

"maxDist" 1 əŬɘ 10. Ƀɘ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ ŬɡŰɩɜ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɛŮ 

ůɡɔəŮəɟɘɛɏɜŬ ůɢɐɛŬŰŬ (Űɟɑɔɤɜɞ, ŰŮŰɟɎɔɤɜɞ ə.ɚˊ.) ůŰɞ ɆɢɐɛŬ 40. ũɘŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 
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ůɡɔəɟɑůŮɤɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ɡˊɧɚɞɘˊŬ ůɢɐɛŬŰŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ɏɝɞŭɞɘ Űɤɜ 

Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ Űɘɛɏɠ ˊŬɟŬɛɏŰɟɤɜ. 

 

ũɘŬ ŰŬ TOMETOOLS, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɚɐɣɖ Űɞɡ ŬɟɢŮɑɞɡ TSS_human ɛɞɟűɞˊɞɑɖůɖɠ 

bed (ɏəŭɞůɖ ɔɞɜɘŭɘɩɛŬŰɞɠ hg19) Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ 

http://fantom.gsc.riken.jp/5/datafiles/phase1.3/extra/TSS_classifier. ȷɡŰɧ Űɞ ŬɟɢŮɑɞ 

ˊŮɟɘɏɢŮɘ 1.048.124 ŮɛˊɚɞɡŰɘůɛɏɜŮɠ ůŮ CAGE ˊŮɟɘɞɢɏɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɧɚɞɡɠ Űɞɡɠ 

əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ ˊɞɡ ɏɢŮɘ ŮˊŮɝŮɟɔŬůŰŮɑ ɖ FANTOM əŬɘ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ ɏɢŮɘ ŬˊɞŭɩůŮɘ 

ɓŬɗɛɞɚɞɔɑŬ ɞ ŰŬɝɘɜɞɛɖŰɐɠ TOMETOOLS classifier. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɛŮŰŬŰɟɎˊɖəŬɜ ůŰɖɜ 

ɏəŭɞůɖ hg38 Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ɚɞɔɘůɛɘəɧ li ftover Ŭˊɧ Űɞ 

UCSC. ɇɞ ŬɟɢŮɑɞ TSS_human, ŭŮɜ ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞɘŮɠ əɞɟɡűɏɠ 

CAGE ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ H9 ɐ K562. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ŮɚɏɔɢɗɖəŮ ɖ 

ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ Űɤɜ ˊŮɟɘɞɢɩɜ Űɞɡ TSS_human ɛŮ ŰŬ ŭɨɞ ŬɟɢŮɑŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɘɠ 

əɞɟɡűɏɠ H9 (N = 65.141) əŬɘ K562 (N = 47.377). ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ɔɘŬ Űɞɜ TOMETOOLS ŬɟɢŮɑŬ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ H9 əŬɘ 

K562. 

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɗŮŰɘəɩɜ əŬɘ ŬɟɜɖŰɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ ůŰɞɜ TOMETOOLS ŮˊɘɚɏɢɗɖəŮ Űɞ 

ŬɡůŰɖɟɧ əŬŰɩűɚɘ Ŭˊɞəɞˊɐɠ ɞɟɑɕŮŰŬɘ ůŰɖɜ Űɘɛɐ 0,228 ůɨɛűɤɜŬ ɛŮ Űɞ ŮɔɢŮɘɟɑŭɘɞ 

ɚŮɘŰɞɡɟɔɑŬɠ. ȺˊɘɚɏɢɗɖəŮ Űɞ ŬɡůŰɖɟɧ əŬŰɩűɚɘ ɏɜŬɜŰɘ Űɞɡ ɢŬɚŬɟɞɨ ɧˊɤɠ Ŭəɟɘɓɩɠ ɏɔɘɜŮ ɖ 

Ůˊɘɚɞɔɐ Űɞɡ əŬŰɤűɚɑɞɡ əŬɘ ɔɘŬ Űɞ ADAPT-CAGE. ũɘŬ Űɘɠ ůɡɔəɟɑůŮɘɠ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ 

ˊɞɚɚŬˊɚɏɠ ŮűŬɟɛɞɔɏɠ ůŮ ŭɘŬűɞɟŮŰɘəɎ əŬŰɩűɚɘŬ Ŭˊɞəɞˊɐɠ, Űɞ Ůɨɟɞɠ Űɤɜ ŮűŬɟɛɞůɛɏɜɤɜ 

ɞɟɑɤɜ ɏɢŮɘ əŬŰŬɔɟŬűŮɑ ůŰɞɜ ɄɑɜŬəŬ 5. 
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3.3 DiS-TSS ȺűŬɟɛɞɔɐ ɛŮɗɧŭɤɜ ŮˊŮɝŮɟɔŬůɑŬɠ ůɐɛŬŰɞɠ əŬɘ 

ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ůŰɖɜ ȷɜŬɔɜɩɟɘůɖ TSS  

ɆŮ ɛɘŬ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ŬɜŬɔɜɩɟɘůɖɠ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ Űɖɠ 

ɛŮŰŬɔɟŬűɐɠ, ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ ůɡɛɛŮŰŮɑɢŬ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ DIANA  

Signal-TSS (DiS-TSS) , Ůɜɧɠ ɡˊɞɚɞɔɘůŰɘəɞɨ ́ ɚŬɘůɑɞɡ, ˊɞɡ ŮűŬɟɛɧɕŮɘ ɛŮɗɧŭɞɡɠ əŬɘ ŰŮɢɜɘəɏɠ 

ŮɛˊɜŮɡůɛɏɜŮɠ Ŭˊɧ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬɠ ɣɖűɘŬəɞɨ ůɐɛŬŰɞɠ, ˊɟɞůŬɟɛɞůɛɏɜŮɠ ůŰɘɠ 

ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ CAGE. ɆɡɜŭɡɎɕŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭˊɧ Űɞ ˊŮŭɑɞ Űɞɡ ɢɩɟɞɡ 

əŬɘ Űɤɜ ůɡɢɜɞŰɐŰɤɜ ůɡɜŭɡɎɕɞɜŰŬɘ ůŮ ɏɜŬ ɛɞɜŰɏɚɞ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ ́ ɞɡ ɏɢŮɘ ŮəˊŬɘŭŮɡŰŮɑ 

ůŮ ůɐɛŬ CAGE ɘəŬɜɧ ɜŬ ŭɘŬəɟɑɜŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɘɠ əɞɟɡűɏɠ CAGE ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

ˊɟŬɔɛŬŰɘəɎ ɔŮɔɞɜɧŰŬ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ Ŭˊɧ Űɞɜ ɓɘɞɚɞɔɘəɧ ɐ Űɞɜ ɗɧɟɡɓɞ ˊɞɡ 

ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɞ ˊɟɤŰɧəɞɚɚɞ. ɇɞ Dis-TSS ůɢŮŭɘɎůŰɖəŮ ɜŬ ŮɝɎɔŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ Ŭˊɧ 

Űɖ ɛɞɟűɞɚɞɔɑŬ Űɞɡ ůɐɛŬŰɞɠ CAGE ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞɜ ɆɢɐɛŬ 42. 

 

ɆɢɐɛŬ 42. Ⱥˊɘůəɧˊɖůɖ Űɞɡ ɡˊɞɚɞɔɘůŰɘəɞɨ ˊɚŬɘůɑɞɡ DiS-TSS. A) Ʉɟɞɓɞɚɐ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊŮɟɘɐɔɖůɖɠ 

Genome Browser (IGV) Űɞɡ ˊɟɤŰɞɔŮɜɞɨɠ ůɐɛŬŰɞɠ CAGE. ȸ) ȷɟɢɘəɧ ɓɐɛŬ ůɡůŰŬŭɞˊɞɑɖůɖɠ 

ŭŮŭɞɛɏɜɤɜ CAGE ůŮ ɞɛɎŭŮɠ / əɞɟɡűɏɠ. ũ) ȺɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɘŭɘɧŰɖŰŮɠ 

Űɤɜ əɞɟɡűɩɜ. ȹ)ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŮ əŬŰɎɚɚɖɚŬ ŭɘŬɜɡůɛɎŰɤɜ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ 

Űɞɡ ɛɞɜŰɏɚɞɡ DiS-TSS ML (SVM) ˊɞɡ ˊŬɟɎɔŮɘ Űɖɜ ŰŮɚɘəɐ ɓŬɗɛɞɚɞɔɑŬ ɔɘŬ əɎɗŮ əɞɟɡűɐ. 
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ɄɏɟŬɜ Űɖɠ ůɡɛɛŮŰɞɢɐɠ ɛɞɡ ůŰɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛɖɢŬɜɘəɐɠ ɛɎɗɖůɖɠ əŬɘ Űɖɠ 

ˊŬɟŬɔɤɔɐɠ Űɤɜ ůɡɜɧɚɤɜ ŮəˊŬɑŭŮɡůɖɠ, ŮűɎɟɛɞůŬ ɛɘŬ ůŮɘɟɎ Ŭˊɧ ɛŮɗɧŭɞɡɠ Ŭɝɘɞɚɧɔɖůɖɠ 

Űɧůɞ Űɞɡ ɑŭɘɞɡ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ ɧůɞ əŬɘ ůŮ ůɨɔəɟɘůɖ ɛŮ ɡűɘůŰɎɛŮɜɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ 

ŮˊŮɝŮɟɔŬůɑŬɠ CAGE ŭŮŭɞɛɏɜɤɜ. 

3.3.1 ȺəˊŬɑŭŮɡůɖ Űɞɡ DiS-TSS. 

Ƀɘ əɞɟɡűɏɠ (Ɂ = 38.439) ŮɝɐɢɗɖůŬɜ Ŭˊɧ Űɞ ŭŮɑɔɛŬ CAGE Űɖɠ əɡŰŰŬɟɘəɐɠ ůŮɘɟɎɠ H9, ɧˊɤɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ ñȺˊɘůəɧˊɖůɖ Űɞɡ DiS-TSSò, əŬɘ ŬˊɞŰɏɚŮůŬɜ Űɖ ɓɎůɖ ɔɘŬ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ (ɆɢɐɛŬ 43). Ƀɘ əɞɟɡűɏɠ CAGE ́ ɞɡ ŮɜŰɞˊɑůŰɖəŬɜ ůŮ ŬˊɧůŰŬůɖ 

ɛɘəɟɧŰŮɟɖ Űɞɡ 1kb Ŭˊɧ ůɢɞɚɘŬůɛɏɜŬ TSS ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ TSS əŬɘ 

ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ əɞɟɡűɏɠ Űɖɠ Űɟɞˊɞˊɞɘɖɛɏɜɖɠ ɘůŰɧɜɖɠ H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖɠ II 

(Ŭˊɞ ChIP-Seq ˊŮɘɟɎɛŬŰŬ), ůɢɖɛɎŰɘůŬɜ Űɞ ɗŮŰɘəɧ ůɨɜɞɚɞ (N = 11,304). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬˊɞűŮɡɢɗŮɑ ɖ ůɡɛˊŮɟɑɚɖɣɖ ˊŮɟɘɞɢɩɜ ɡˊɞəɘɜɖŰɐ ˊɞɡ ŮɑɜŬɘ ˊɚɞɨůɘŮɠ ůŮ ɚŮɘŰɞɡɟɔɘəɏɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɞɘ əɞɟɡűɏɠ CAGE ˊɞɡ ɓɟɏɗɖəŬɜ ůŮ ŬˊɧůŰŬůɖ ɛɘəɟɧŰŮɟɖ Űɤɜ (9kb ůŮ əɎɗŮ 

əŬŰŮɨɗɡɜůɖ Ŭˊɧ Űɞ ˊŬɟɎɗɡɟɞ 1kb ́ ɞɡ ŬɜŬűɏɟɗɖəŮ ˊŬɟŬˊɎɜɤ) ŬűŬɘɟɏɗɖəŬɜ Ůɝ ɞɚɞəɚɐɟɞɡ 

Ŭˊɧ Űɞ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɞɘ ŭɘŬɔɞɜɘŭɘŬəɏɠ əɞɟɡűɏɠ ˊɞɡ ŭŮɜ 

ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɜ ɛŮ ŮɛˊɚɞɡŰɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖ II 

ŬˊɞŰɏɚŮůŬɜ Űɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ (N = 11.579).  

 

ɆɢɐɛŬ 43 Ʉɟɞɓɞɚɐ ůŰɞ ˊɟɧɔɟŬɛɛŬ ˊŮɟɘɐɔɖůɖɠ IGV Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜɎɗŮůɖɠ əɞɟɡűɩɜ CAGE ůŰɞ 

ɗŮŰɘəɧ əŬɘ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ. ȼ ŭɘɎəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɡɜɧɚɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ 

ŬɚɚɖɚɞŮˊɘəɎɚɡɣɖ Űɤɜ əɞɟɡűɩɜ H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖɠ II ChIP-Seq ůɐɛŬŰɞɠ. Ƀɘ əɞɟɡűɏɠ CAGE 

ˊɞɡ ŮˊɘəŬɚɡˊŰɞɜŰŬɘ əŬɘ Ŭˊɧ ŰŬ ŭɨɞ ŮɜŮɟɔɎ ůɐɛŬŰŬ ɛŮŰŬɔɟŬűɐɠ ŬɜŬŰɏɗɖəŬɜ ůŰɞ ɗŮŰɘəɧ ůɨɜɞɚɞ, ɞɘ 

əɞɟɡűɏɠ ˊɞɡ ŭŮɜ ŮɛűɎɜɘůŬɜ əɎɚɡɣɖ ɛŮ əŬɜɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ůɐɛŬŰŬ ŮəɢɤɟɐɗɖəŬɜ ůŰɞ ŬɟɜɖŰɘəɧ ůɨɜɞɚɞ, 

Ůɜɩ ɞɘ əɞɟɡűɏɠ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ŮɑŰŮ Ŭˊɧ Űɞ H3K4me3 ŮɑŰŮ Ŭˊɧ Űɖɜ ɄɞɚɡɛŮɟɎůɖ II  ŭŮɜ ŮɝŮŰɎůŰɖəŬɜ 

ɔɘŬ ŮəˊŬɑŭŮɡůɖ ɐ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ ŭŮŭɞɛɏɜɤɜ. 

ȷɜɎɚɞɔɖ ŭɘŬŭɘəŬůɑŬ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡɜɧɚɞɡ ůɡɔəɟɘŰɘəɐɠ 

Ŭɝɘɞɚɧɔɖůɖɠ 75.127 əɞɟɡűɩɜ CAGE (32.310 ɗŮŰɘəɎ əŬɘ 42.817 ŬɟɜɖŰɘəɎ) ůŮ əɡŰŰŬɟɘəɐ 
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ůŮɘɟɎ K562. ɇɞ ůɨɜɞɚɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ůɨɔəɟɘůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɞɡ DiS-TSS ɛŮ 

ɡűɘůŰɎɛŮɜɞɡɠ Ŭɚɔɧɟɘɗɛɞɡɠ ŬɜŬɔɜɩɟɘůɖɠ TSS Ŭˊɧ CAGE. 

ɄɞɚɚŬˊɚɎ ɘůɞɟɟɞˊɖɛɏɜŬ (1: 1 ŬɜŬɚɞɔɑŬ ɗŮŰɘəɩɜ ˊɟɞɠ ŬɟɜɖŰɘəɎ) əŬɘ ŰɡɢŬɑŬ ŮˊɘɚŮɔɛɏɜŬ 

ɡˊɞůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ / ŭɞəɘɛɐɠ ɛŮ ŭɘŬűɞɟŮŰɘəɎ ˊɚɐɗɖ ůŰɞɘɢŮɑɤɜ ŭɞəɘɛɎůŰɖəŬɜ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɡˊɞɣɖűɑɤɜ ɛɞɜŰɏɚɤɜ. ɇɞ ˊɚɐɗɞɠ Űɤɜ ůɡɜɧɚɤɜ əɡɛɎɜɗɖəŮ Ŭˊɧ 2.000 ɏɤɠ 

12.000 əɞɟɡűɏɠ ɛŮ ɓɐɛŬ 2.000, ŭɘŬŰɖɟɩɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɖɜ ŬɜŬɚɞɔɑŬ ŮəˊŬɑŭŮɡůɖɠ / 

ŭɞəɘɛɐɠ ůŰŬɗŮɟɐ ůŮ 3 / 1. ɇɖɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ ˊŬɟɞɡůɑŬůŮ Űɞ ůɨɜɞɚɞ ŮəˊŬɑŭŮɡůɖɠ 

(Ɂ=3000) ɛŮ ůɨɜɞɚɞ ŭɞəɘɛɐɠ (Ɂ=1.000). 

3.3.2 ȷɝɘɞɚɧɔɖůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ 

Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ CAGER RECLU əŬɘ PARACLU ˊŮɟɘɔɟɎűɖəŬɜ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ 

ŬˊɞŰŮɚɞɨɜ ŰŬ ɓŬůɘəɎ ˊɚŬɑůɘŬ ŬɜŬɔɜɩɟɘůɖ TSS Ŭˊɧ ŭŮŭɞɛɏɜŬ CAGE ŰŬ ɞˊɞɑŬ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɞ TSRchitect (Raborn and Brendel, 2019) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɞɡ Ŭɚɔɧɟɘɗɛɞɡ. ɇɞ TSRchitect ŮɑɜŬɘ ɛɘŬ ˊɘɞ ŮɡɏɚɘəŰɖ ŮűŬɟɛɞɔɐ ˊɞɡ ŮɑɜŬɘ ůŮ 

ɗɏůɖ ɜŬ ŬɜŬɚɨŮɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɏɜŬ űɎůɛŬ ŭɘŬűɞɟŮŰɘəɩɜ ŰŮɢɜɘəɩɜ əŬŰŬɔɟŬűɐɠ 

ɛŮŰŬɔɟŬűɘəɞɨ ˊɟɞűɑɚ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ CAGE, RAMPAGE, PEAT əŬɘ 

STRIPE-Seq. Ƀɘ Ŭɚɔɧɟɘɗɛɞɘ ŭɞəɘɛɎůŰɖəŬɜ ɛŮ Űɘɠ ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ ɟɡɗɛɑůŮɘɠ. ɆŰɞ 

TSRchitect ŮűŬɟɛɧůŰɖəŮ "tagCountThreshold = 25 əŬɘ clustDist = 20", ůŰɞ RECLU 

"number_of_reads = 30 əŬɘ density = 2" ,ůŰɞ CAGER "threshold = 0.5 method = paraclu 

əŬɘ max_distance = 20" əŬɘ əŬŰɩűɚɘ 0.5 ɔɘŬ Űɞɜ DiS-TSS . 

ɉɟɖůɘɛɞˊɞɘɐůŬɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ůŰɟŬŰɖɔɘəɏɠ ɔɘŬ Űɖ ůɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ˊɟɧɓɚŮɣɖɠ TSS ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɤɜ ůŮ CAGE. ȼ ˊɟɩŰɖ 

ůŰɟŬŰɖɔɘəɐ ŮɑɜŬɘ əŬɗŬɟɎ ˊŮɘɟŬɛŬŰɘəɐ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑ ŭŮŭɞɛɏɜŬ Ŭˊɧ ChIP-Seq ɏɜŬɜŰɘ 

H3K4me3, ɄɞɚɡɛŮɟɎůɖɠ II əŬɘ TFs. ȼ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ Ŭɝɘɞɚɧɔɖůɖɠ ɓŬůɑɕŮŰŬɘ ɛɧɜɞ 

ůŮ ůɢɞɚɘŬůɛɞɨɠ ɔɞɜɘŭɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ əŬŰɎŰɛɖůɖ Űɞɡ ɔɞɜɘŭɘɩɛŬŰɞɠ ůŮ 

ɗŮŰɘəɏɠ əŬɘ ŬɟɜɖŰɘəɏɠ ɕɩɜŮɠ ɧůɞɜ ŬűɞɟɎ Űɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɤɜ ɡˊɞəɘɜɖŰɩɜ. ȾŬɘ ɞɘ ŭɨɞ 

ŭɘŬŭɘəŬůɑŮɠ Ŭɝɘɞɚɧɔɖůɖɠ ŮűŬɟɛɧůŰɖəŬɜ ůŮ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ K562 əɨŰŰŬɟŬ ɔɘŬ ɜŬ 

ŭɘŮɟŮɡɜɖɗŮɑ ɖ ɘəŬɜɧŰɖŰŬ ɔŮɜɑəŮɡůɖɠ Űɞɡ Ŭɚɔɞɟɑɗɛɞɡ DiS-TSS ́ ɏɟŬɜ Űɤɜ əɡŰŰŬɟɘəɩɜ Űɨˊɤɜ 

ˊɞɡ ŬˊɞŰɏɚŮůŬɜ Űɖɜ ɓɎůɖ ɔɘŬ ŰŬ ůɨɜɞɚŬ ŮəˊŬɑŭŮɡůɖɠ. Ƀ ɄɑɜŬəŬɠ 9 ůɡɜɞɣɑɕŮɘ ɧɚŬ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ Ŭɝɘɞɚɧɔɖůɖɠ. 

https://paperpile.com/c/cb6zYQ/hMZA
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Algorithm Total 

positive 

prediction

s 

Number of predictions overlapping with: 

TFBS (%) H3K4me3 

(%) 

Polymerase II 

(%) 

TP zone (%) 

DiS-TSS 10,937 10,125 (92.57) 9,619 (87.94) 9,574 (87.53) 8,915 (81.51) 

CAGER 14,465 12,681 (87.66) 11,732 (81.1) 12,076 (83.48) 10,819 (74.79) 

RECLU 12,282 10,646 (86.67) 9,958 (81.07) 9,763 (79.49) 9,420 (76.69) 

TSRchitect 7,281 4,705 (64.62) 4,161 (57.14) 4,222 (57.98) 4,128 (56.69) 

ɄɑɜŬəŬɠ 9. ɆɡɜɞˊŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭɝɘɞɚɧɔɖůɖɠ ůŮ əɨŰŰŬɟŬ K562, ɓɎůŮɘ ˊŮɘɟŬɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ 

əŬɘ ůɢɞɚɘŬůɛɏɜɤɜ ɗɏůŮɤɜ TSS ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ. ȷˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ, 

əɎɗŮ ůŰɐɚɖ ŭŮɑɢɜŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ əɞɟɡűɐ ɗɏůɖɠ 

ˊɟɧůŭŮůɖɠ TF, H3K4me3 əŬɘ ɄɞɚɡɛŮɟɎůɖɠ II, ůŰɘɠ Ŭɚɖɗɩɠ ɗŮŰɘəɏɠ əŬɘ ɣŮɡŭɩɠ ɗŮŰɘəɏɠ ɕɩɜŮɠ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɞɜ DiS-TSS ɓŬůɑɕɞɜŰŬɘ ůŮ əŬŰɩűɚɘ Ůˊɘɚɞɔɐɠ 0,5. 

ɄŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ əŬɘ ůɢɞɚɘŬůɛɞɑ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ 

ɇŬ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ CAGE ɚɐűɗɖəŬɜ ůŮ ɛɞɟűɐ BAM Ŭˊɧ Űɞ ŭɖɛɧůɘɞ ŬˊɞɗŮŰɐɟɘɞ Űɖɠ 

FANTOM (FANTOM Consortium and the RIKEN PMI and CLST (DGT) et al., 2014). Ƀɘ 

əɡŰŰŬɟɘəɞɑ Űɨˊɞɘ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɐŰŬɜ H9 (əɤŭɘəɧɠ ŬɜŬɔɜɩɟɘůɖɠ CNhs11917) əŬɘ K562 

(CNhs12334). ȹŮŭɞɛɏɜŬ Ŭˊɧ ŰŬ ˊŮɘɟɎɛŬŰŬ ChIP-Seq ɏɜŬɜŰɘ ɄɞɚɡɛŮɟɎůɖɠ II 

(ENCSR000BMR) əŬɘ H3K4me3 (ENCSR000EWA) (narrowpeak format) ɚɐűɗɖəŬɜ ůŮ 

ɛɞɟűɐ BED Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ Űɖɠ ENCODE (ENCODE Project Consortium, 2012). Ƀɘ 

ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ɔɘŬ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ TFs ɚɐűɗɖəŬɜ Ŭˊɧ Űɞ əŬɜɎɚɘ Űɖɠ 

ENCODE «Txn Factorè. Űɞɡ ɞˊɞɑɞɡ ɏɢŮɘ ɔɑɜŮɘ ŮəŰŮɜɐɠ ˊŮɟɘɔɟŬűɐ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ. 

ȷɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ  

ɆŰɖɜ Ŭɝɘɞɚɧɔɖůɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůɨɜɞɚŬ ŭŮŭɞɛɏɜɤɜ ChIP-Seq ɏɜŬɜŰɘ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

ŰɟɞˊɞˊɞɘɐůŮɤɜ Űɤɜ ɘůŰɞɜɩɜ ˊɞɡ ɡˊɞŭɖɚɩɜɞɡɜ ŮɜŮɟɔɐ ɛŮŰŬɔɟŬűɐ, ɧˊɤɠ ɖ H3K4me3 

(Bernstein et al., 2002) , (Santos-Rosa et al., 2002) , (Guenther et al., 2007) əŬɘ ɖ 

ˊɞɚɡɛŮɟɎůɖ II ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ əɡŰŰŬɟɘəɞɨɠ Űɨˊɞɡɠ, H9 əŬɘ K562. ɈˊɞɚɞɔɑůŰɖəŮ ɖ 

ŮˊɘəɎɚɡɣɖ ɗŮŰɘəɩɜ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ɛŮ Űɘɠ əɞɟɡűɏɠ H3K4me3 əŬɘ POLL II. ɇɞ 87,95% 

(9,616 Ŭˊɧ 10,937) Űɤɜ ɗŮŰɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ Űɞɡ DiS-TSS ɓɟɏɗɖəŬɜ ŮɛˊɚɞɡŰɘůɛɏɜŮɠ ůŮ 

H3K4me3 (ɆɢɐɛŬ 44ȷ) əŬɘ 87,53% (9,574) ůŮ ůɐɛŬ POLL II  (ɆɢɐɛŬ 44ȸ), ŰŬ 81,1% əŬɘ 

83,48% Űɤɜ ɗŮŰɘəɩɜ ˊɟɞɓɚɏɣŮɤɜ Űɞɡ CAGER, ŰŬ 81,07% əŬɘ 79,49% ɔɘŬ Űɞ RECLU əŬɘ 

ŰŬ 57,14% əŬɘ 57,98% ɔɘŬ Űɞɜ TSRchitect ŬɜŰɑůŰɞɘɢŬ. 

https://paperpile.com/c/cb6zYQ/eHqe
https://paperpile.com/c/cb6zYQ/eHqe
https://paperpile.com/c/cb6zYQ/eHqe
https://paperpile.com/c/cb6zYQ/htZt
https://paperpile.com/c/cb6zYQ/0yDR
https://paperpile.com/c/cb6zYQ/0yDR
https://paperpile.com/c/cb6zYQ/0yDR
https://paperpile.com/c/cb6zYQ/Glp4
https://paperpile.com/c/cb6zYQ/Glp4
https://paperpile.com/c/cb6zYQ/Glp4
https://paperpile.com/c/cb6zYQ/OU5N
https://paperpile.com/c/cb6zYQ/OU5N
https://paperpile.com/c/cb6zYQ/OU5N
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ɀɘŬ ˊɟɧůɗŮŰɖ ˊɟɞůɏɔɔɘůɖ Ŭɝɘɞɚɧɔɖůɖɠ, ɓŬůɑůŰɖəŮ ůŮ ɏɜŬɜ ɢɎɟŰɖ ɗɏůŮɤɜ ˊɟɧůŭŮůɖɠ 

ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (TFBS) ˊɞɡ ˊŬɟɏɢŮŰŬɘ Ŭˊɧ Űɖɜ ENCODE (Txn Factor track). 

ɈˊɞɚɞɔɑůŰɖəŮ ɞ Ŭɟɘɗɛɧ Űɤɜ TFBS ˊɞɡ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɘɠ ɗŮŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ əɎɗŮ 

Ŭɚɔɞɟɑɗɛɞɡ ůŮ əɨŰŰŬɟŬ K562 (ɆɢɐɛŬ 44C). ɇɞ 92,57% (10.125 Ŭˊɧ 10.937) Űɤɜ 

ˊɟɞɓɚɏɣŮɤɜ DiS-TSS ɓɟɏɗɖəŮ ɜŬ ŮˊɘəŬɚɨˊŰŮɘ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ TFBS ɡˊŮɟŰŮɟɩɜŰŬɠ Űɤɜ, 

87,66%, Űɞ 86,67% əŬɘ Űɞ 64,16% ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɘɠ ˊɟɞɓɚɏɣŮɘɠ Űɤɜ CAGER, RECLU 

əŬɘ TSRchitect ŬɜŰɑůŰɞɘɢŬ. 

ȷɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ůɢɞɚɘŬůɛɞɨɠ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ ˊɟɤŰŮȶɜŮɠ  

ũɘŬ ˊŮɟŬɘŰɏɟɤ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ŬɜŬɔɜɩɟɘůɖɠ TSS, ɡɘɞɗŮŰɐɗɖəŮ 

ɛɘŬ ˊɟɞůɏɔɔɘůɖ ɓŬůɑůŰɖəŮ ŬˊɞəɚŮɘůŰɘəɎ ůŮ ůɢɞɚɘŬůɛɞɨɠ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ 

ˊɟɤŰŮȶɜŮɠ. ȼ ˊŮɟɘɞɢɐ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ əɎɗŮ ɗɏůɖ ɏɜŬɟɝɖ ɛŮŰŬɔɟŬűɐɠ (+/- 1kb) ɗŮɤɟɐɗɖəŮ 

ɤɠ ɖ ɗŮŰɘəɐ ɕɩɜɖ əŬɘ ɖ ŮˊɏəŰŬůɖ ɏɤɠ əŬɘ 50kb əŬɘ ůŰɘɠ ŭɨɞ əŬŰŮɡɗɨɜůŮɘɠ, ɤɠ ŬɟɜɖŰɘəɐ 

ɕɩɜɖ. ũɘŬ əɎɗŮ Ŭɚɔɧɟɘɗɛɞ, ɞɘ ɗŮŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ ŮɜŰɧɠ Űɖɠ ɗŮŰɘəɐɠ ɕɩɜɖɠ ɗŮɤɟɐɗɖəŬɜ 

Ŭɚɖɗɩɠ ɗŮŰɘəɎ (TP), Ůɜɩ ŮəŮɑɜŮɠ ˊɞɡ ɓɟɏɗɖəŬɜ ůŰɖɜ ŬɟɜɖŰɘəɐ ɕɩɜɖ ŮˊɘůɖɛɎɜɗɖəŬɜ ɤɠ 

ɣŮɡŭɩɠ ɗŮŰɘəɎ (FP). ɇɞ DiS-TSS ˊɏŰɡɢŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ (ɆɢɐɛŬ 44D, 44Ⱥ) ɛŮ 

81,51% TP (8,915 Ŭˊɧ 10,937), ŬəɞɚɞɡɗɞɨɛŮɜɞ Ŭˊɧ Űɞ RECLU ɛŮ 76,69% (9,420 Ŭˊɧ 

12,282), Űɞ CAGER ɛŮ 74,79% (7,479 Ŭˊɧ 14,465) əŬɘ Űɞ TSRschitect ɛŮ 56,69% (4.128 

Ŭˊɧ 7.281). 

 

 

ɆɢɐɛŬ 44 ɄŮɘɟŬɛŬŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ɓŬůɘůɛɏɜɖ ůŮ ŭŮŭɞɛɏɜŬ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ChIP-Seq ɏɜŬɜŰɘ 

H3K4me3, ɄɞɚɡɛŮɟɎůɖɠ II əŬɘ TF ůŮ əɨŰŰŬɟŬ K562. ɄɞůɞůŰɎ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ Ŭɚɔɞɟɑɗɛɞɡ 

ˊɞɡ ŬɚɚɖɚŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ əɞɟɡűɏɠ A) H3K4me3 B) ɄɞɚɡɛŮɟɎůɖɠ II  əŬɗɩɠ əŬɘ C) ŰɞɡɚɎɢɘůŰɞɜ ɛɘŬ 

ɗɏůɖ ˊɟɧůŭŮůɖɠ TF. D) ɄɞůɞůŰɧ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ɓɟɏɗɖəŬɜ ůŮ ˊŮɟɘɞɢɏɠ ɡˊɞəɘɜɖŰɩɜ (+/- 1kb ɔɨɟɤ 
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Ŭˊɧ ůɢɞɚɘŬůɛɏɜŮɠ ɗɏůŮɘɠ TSS, Ŭɚɖɗɩɠ ɗŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ) əŬɘ Ⱥ) əŬɘ ŮəŰɧɠ Űɤɜ ɡˊɞəɘɜɖŰɩɜ (ˊŮɟɘɞɢɏɠ 

ˊɚŮɡɟɘəɏɠ Űɤɜ ɗŮŰɘəɩɜ ˊŮɟɘɞɢɩɜ əŬɘ ɏɤɠ +/- 50kb Ŭˊɧ ŰŬ TSS, ɣŮɡŭɩɠ ɗŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ). 
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4) ȸȷɆȺȽɆ ȹȺȹɃɀȺɁɋɁ ɈɄɃȾȽɁȼɇɋɁ ȾȷȽ 

ɅɈŪɀȽɆɇȽȾɋɁ ɄȷɅȷũɃɁɇɋɁ. 

4.1 ɈűɘůŰɎɛŮɜŮɠ ɡˊɞŭɞɛɏɠ ŭŮŭɞɛɏɜɤɜ ɟɨɗɛɘůɖɠ ɛŮŰŬɔɟŬűɐɠ əŬɘ 

ɡˊɞəɘɜɖŰɩɜ ɔɞɜɘŭɑɤɜ miRNA 

ɆɐɛŮɟŬ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ ŬɟəŮŰɏɠ ŭɖɛɧůɘŮɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ɧˊɤɠ ɞɘ ChIPBase (Yang 

et al., 2013) , CircuitsDB (Friard et al., 2010) TFmiR (Hamed et al., 2015) ,TMREC(Wang 

et al., 2015) TransmiR (J. Wang et al., 2010) (Tong et al., 2019) əŬɘ TSmiR (Guo et al., 

2014) ˊɞɡ ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɖ ɟɨɗɛɘůɖ Űɖɠ ɛŮŰŬɔɟŬűɐɠ miRNA 

ɔɞɜɘŭɑɤɜ. Ⱥɜ ůɡɜŰɞɛɑŬ, ɞɘ ˊŬɟŬˊɎɜɤ ɓɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ ɔɘŬ Űɖ 

ůɡɚɚɞɔɐ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ miRNA. ȼ ˊɘɞ ůɡɢɜɐ ůŰɟŬŰɖɔɘəɐ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ 

ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ˊɟɧŭɟɞɛɤɜ pre-miRNAs ɛŮ ɓɎůɖ Űɖɜ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ ůŮ 

ɛŮŰŬɔɟŬűɘəɏɠ ɛɞɜɎŭŮɠ əŬɘ Űɖɜ Ŭˊɞŭɞɢɐ Űɞɡ 5 'Ɏəɟɞ ŬɡŰɩɜ Űɤɜ ɛɞɜɎŭɤɜ ɤɠ TSS Űɖɠ 

ɞɛɎŭŬɠ. ɋůŰɧůɞ ɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ɛŮ ŰŬ pri-miRNAs ɜŬ ŮɛűŬɜɑɕɞɡɜ ɏɜŬ 

ˊɞɚɨ ɛŮŰŬɓɚɖŰɧ ɛɏɔŮɗɞɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɑɜŮŰŬɘ ůŮ ŬɟəŮŰɏɠ ŮəŬŰɞɜŰɎŭŮɠ ɏɤɠ ɢɘɚɘɎŭŮɠ 

ɜɞɡəɚŮɞŰɑŭɘŬ. Ⱥˊɘˊɚɏɞɜ, ůŰɘɠ ɡˊɎɟɢɞɡůŮɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ ɖ əŬŰŬɔɟŬűɐ Űɤɜ 

ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ TF: miRNA ɓŬůɑɕŮŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ůŰɖɜ ŬɜŬɕɐŰɖůɖ ɛɞŰɑɓɤɜ 

ˊɟɧůŭŮůɖɠ TP ŮɜŰɧɠ Űɤɜ ɡˊɞəɘɜɖŰɩɜ əŬɘ Űɖɜ Ůɝɧɟɡɝɖɠ əŮɘɛɏɜɞɡ Ŭˊɧ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ əŬɘ 

ɚɘɔɧŰŮɟɞ ůɡɢɜɎ ůŰɞ ChIP-Seq.ȷəɞɚɞɡɗŮɑ ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ɓɎůŮɤɜ. ȷəɞɚɞɡɗŮɑ 

ŬɜŬɚɡŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ɡűɘůŰɎɛŮɜɤɜ ŬˊɞɗŮŰɖɟɑɤɜ. 

4.1.1 ChIPBase 

ɇɞ ŬˊɞɗŮŰɐɟɘɞ ChIPBase (Yang et al., 2013) ɞɛŬŭɞˊɞɘŮɑ ŰŬ ˊɟɧŭɟɞɛŬ pre-miRNA ɞ́ɡ 

ɏɢɞɡɜ əŬŰŬɢɤɟɖɗŮɑ ůŰɞ ŬˊɞɗŮŰɐɟɘɞ miRBase (Kozomara and Griffiths-Jones, 2004) ůŮ 

ɛŮŰŬɔɟŬűɘəɏɠ ŮɜɧŰɖŰŮɠ ŭɖɚŬŭɐ ɞɛɎŭŮɠ miRNA ˊɞɡ ɡˊɞɗɏŰŮɘ ɧŰɘ ɛŮŰŬɔɟɎűɞɜŰŬɘ ɛŬɕɑ, əŬɘ 

ɗŮɤɟŮɑ Űɞ 5 'Ɏəɟɞ Űɞɡ ˊɟɩŰɞɡ ɛɏɚɞɡɠ Űɖɠ əɎɗŮ ŮɜɧŰɖŰŬɠ ɤɠ Űɞ TSS ɧɚɤɜ Űɤɜ ɛŮɚɩɜ. 

ɄŬɟɏɢŮɘ ůɡůɢŮŰɑůŮɘɠ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɛŮ ɛɖ əɤŭɘəɎ RNA (lncRNA) əŬɗɩɠ əŬɘ 

ɢɎɟŰŮɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ TF əŬɘ miRNA ɔɘŬ ˊɚɐɗɞɠ ɘůŰɩɜ əŬɘ əɡŰŰŬɟɘəɩɜ ůŮɘɟɩɜ. 

ɇŬ ŭŮŭɞɛɏɜŬ ɔɘŬ Űɞɡɠ TF ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ChipSeq əŬŰŬɢɤɟɖɛɏɜŬ 

ůŰɖɜ ENCODE. ȺˊɘˊɟɞůɗɏŰɤɠ ɖ ɓɎůɖ ɏɢŮɘ ŮɜůɤɛŬŰɩůŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɛŮŰŬ-ɛŮŰŬɔɟŬűɘəɐɠ 

ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Ŭˊɧ Űɖ starBase (Yang et al., 2011). 

https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/o7QO
https://paperpile.com/c/cb6zYQ/o7QO
https://paperpile.com/c/cb6zYQ/o7QO
https://paperpile.com/c/cb6zYQ/M2kp
https://paperpile.com/c/cb6zYQ/M2kp
https://paperpile.com/c/cb6zYQ/M2kp
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/dReL
https://paperpile.com/c/cb6zYQ/dReL
https://paperpile.com/c/cb6zYQ/dReL
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/S0j4
https://paperpile.com/c/cb6zYQ/S0j4
https://paperpile.com/c/cb6zYQ/S0j4
https://paperpile.com/c/cb6zYQ/S0j4
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/frte
https://paperpile.com/c/cb6zYQ/3FIe
https://paperpile.com/c/cb6zYQ/3FIe
https://paperpile.com/c/cb6zYQ/3FIe
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4.1.2 CircuitsDB 

ȼ CircuitsDB (Friard et al., 2010) ɞɛŬŭɞˊɞɘŮɑ pre-miRNA Ŭˊɞ Űɖɜ miRBase v9.2 (Griffiths-

Jones et al., 2006) ůŮ ŮɜɧŰɖŰŮɠ əŬɘ ɗŮɤɟŮɑ ɤɠ TSS Űɖ ɗɏůɖ Űɞɡ 5ǋ Ɏəɟɞɡ Űɖɠ əɎɗŮ ŮɜɧŰɖŰŬɠ. 

Ƀɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ TF: miRNA əŬɘ TF : ɔɞɜɘŭɑɤɜ ŮɜŰɞˊɑɕɞɜŰŬɘ ɡˊɞɚɞɔɘůŰɘəɎ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɞŰɑɓŬ ˊɟɧůŭŮůɖɠ TF ůŰɘɠ ˊŮɟɘɞɢɏɠ ˊɞɡ ˊŮɟɘɓɎɚɚɞɡɜ (1 kb) Űɘɠ ɗɏůŮɘɠ 

TSS Űɤɜ əɤŭɘəɞˊɞɘɩɜ ɔɞɜɘŭɑɤɜ ɐ Űɤɜ ŮɜɞŰɐŰɤɜ miRNA. Ƀɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ 

miRNA:ɔɞɜɘŭɑɤɜ əŬŰŬɔɟɎűɞɜŰŬɘ Ŭˊɧ Ŭɚɔɧɟɘɗɛɞɡɠ ˊɟɧɓɚŮɣɖɠ ůŰɧɢɤɜ ɧˊɤɠ ɞ TargetScan 

(Grimson et al., 2007) əŬɘ ɞ TargetMiner (Bandyopadhyay and Mitra, 2009). 

4.1.3 TFmiR 

ȼ TFmiR (Hamed et al., 2015) ŮɑɜŬɘ ɛɘŬ ŮűŬɟɛɞɔɐ ŭɘŬŭɘəŰɨɞɡ ˊɞɡ ŮɜůɤɛŬŰɩɜŮɘ 

ˊɚɖɟɞűɞɟɑŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ Űɤɜ miRNA Ŭˊɧ ɎɚɚŬ ŬˊɞɗŮŰɐɟɘŬ əŬɘ Űɖɜ ɓɘɓɚɘɞɔɟŬűɑŬ. 

Ƀɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɔɞɜɘŭɑɤɜ:TF ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɘɠ ɓɎůŮɘɠ ŭŮŭɞɛɏɜɤɜ TRANSFAC 

(Matys et al., 2003) , OregAnno (Griffith  et al., 2008) əŬɘ TRED (Liberzon et al., 2015). Ƀɘ 

ůɢɏůŮɘɠ TF:miRNA ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ Űɘɠ TransmiR (Tong et al., 2019) əŬɘ ChIPBase (Yang 

et al., 2013). Ƀɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ miRNA-ɔɞɜɘŭɑɤɜ ɏɢɞɡɜ ŮɜůɤɛŬŰɤɗŮɑ Ŭˊɧ Űɘɠ 

miRTarBase(Hsu et al., 2011), TarBase (Karagkouni et al., 2018), miRecords (28ɛ3)(Xiao 

et al., 2009) əŬɘ starBase (15ɛ3) (Yang et al., 2011), Ůɜɩ ɞɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ miRNA-

miRNA ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞ PmmR (29ɛ3) (Sengupta and Bandyopadhyay, 2011). 

4.1.4 TMREC  

ɇɞ TMREC .(Wang et al., 2015) ɢɟɖůɘɛɞˊɞɘŮɑ ŰŮɢɜɞɚɞɔɑŮɠ Ůɝɧɟɡɝɖɠ əŮɘɛɏɜɞɡ Ŭˊɧ 

ŮˊɘůŰɖɛɞɜɘəɏɠ ŭɖɛɞůɘŮɨůŮɘɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜɘɢɜŮɨůŮɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ miRNA:TF ůŮ 

ɡɔɘŮɑɠ əŬɘ ˊŬɗɞɚɞɔɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɔɘŬ ˊɚɐɗɞɠ ɞɟɔŬɜɘůɛɩɜ.  

4.1.5 TransmiR  

ȼ TransmiR (J. Wang et al., 2010) (Tong et al., 2019) ɢɟɖůɘɛɞˊɞɘŮɑ ŬɜŰɑůŰɞɘɢŮɠ ɛŮɗɧŭɞɡɠ 

ɛŮ Űɖɜ TMREC ŬɚɚɎ ŮɜůɤɛŬŰɩɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ Ŭˊɧ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ Ŭɟɘɗɛɧ 

ŭɖɛɞůɘŮɨůŮɤɜ. 

https://paperpile.com/c/cb6zYQ/o7QO
https://paperpile.com/c/cb6zYQ/o7QO
https://paperpile.com/c/cb6zYQ/o7QO
https://paperpile.com/c/cb6zYQ/Wa9b
https://paperpile.com/c/cb6zYQ/Wa9b
https://paperpile.com/c/cb6zYQ/Wa9b
https://paperpile.com/c/cb6zYQ/Wa9b
https://paperpile.com/c/cb6zYQ/tWaC
https://paperpile.com/c/cb6zYQ/tWaC
https://paperpile.com/c/cb6zYQ/tWaC
https://paperpile.com/c/cb6zYQ/eHZK
https://paperpile.com/c/cb6zYQ/M2kp
https://paperpile.com/c/cb6zYQ/M2kp
https://paperpile.com/c/cb6zYQ/M2kp
https://paperpile.com/c/cb6zYQ/xLGe
https://paperpile.com/c/cb6zYQ/xLGe
https://paperpile.com/c/cb6zYQ/xLGe
https://paperpile.com/c/cb6zYQ/21VI
https://paperpile.com/c/cb6zYQ/21VI
https://paperpile.com/c/cb6zYQ/21VI
https://paperpile.com/c/cb6zYQ/rkq1
https://paperpile.com/c/cb6zYQ/rkq1
https://paperpile.com/c/cb6zYQ/rkq1
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/E3gA
https://paperpile.com/c/cb6zYQ/vvSL
https://paperpile.com/c/cb6zYQ/vvSL
https://paperpile.com/c/cb6zYQ/vvSL
https://paperpile.com/c/cb6zYQ/igXw
https://paperpile.com/c/cb6zYQ/igXw
https://paperpile.com/c/cb6zYQ/igXw
https://paperpile.com/c/cb6zYQ/QWmh
https://paperpile.com/c/cb6zYQ/QWmh
https://paperpile.com/c/cb6zYQ/QWmh
https://paperpile.com/c/cb6zYQ/QWmh
https://paperpile.com/c/cb6zYQ/3FIe
https://paperpile.com/c/cb6zYQ/3FIe
https://paperpile.com/c/cb6zYQ/3FIe
https://paperpile.com/c/cb6zYQ/hOZs
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/1yz5
https://paperpile.com/c/cb6zYQ/dReL
https://paperpile.com/c/cb6zYQ/dReL
https://paperpile.com/c/cb6zYQ/dReL
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/XrXx
https://paperpile.com/c/cb6zYQ/XrXx
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4.1.6 TSmiR 

ɇɞ TSmiR(Guo et al., 2014) ˊŮɟɘɏɢŮɘ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ ɛŮŰŬɝɨ TP, miRNAs əŬɗɩɠ əŬɘ Űɤɜ 

ɔɞɜɘŭɑɤɜ ůŰɧɢɤɜ Űɤɜ miRNA Ŭˊɧ ˊɚɐɗɞɠ ɘůŰɩɜ Űɞɡ Ŭɜɗɟɩˊɞɡ. Ƀɘ ɗɏůŮɘɠ TSS ́ ɟɞɏɟɢɞɜŰŬɘ 

Ŭ́ ɧ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ(Wang et al., 2015) (Chien et al., 2011). Ƀɘ ŪɏůŮɘɠ ŭɏůɛŮɡůɖɠ Űɤɜ 

ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ ɏɢɞɡɜ ŮɝŬɢɗŮɑ Ŭˊɧ ŭŮŭɞɛɏɜŬ ˊŮɘɟŬɛɎŰɤɜ ChIP-Seq ˊɞɡ 

ɚɐűɗɖəŬɜ Ŭˊɧ Űɖɜ ENCODE ɔɘŬ əŬɗɏɜŬ Ŭˊɧ Űɞɡɠ ɘůŰɞɨɠ Űɖɠ ɛŮɚɏŰɖɠ. ɇɏɚɞɠ ŮɜůɤɛŬŰɩɜŮɘ 

ˊŮɘɟŬɛŬŰɘəɎ ŮˊŬɚɖɗŮɡɛɏɜŮɠ ůɢɏůŮɘɠ miRNA:ɔɞɜɘŭɑɤɜ Ŭˊɧ Űɘɠ ɓɎůŮɘɠ miRTarBase (Hsu et 

al., 2011) əŬɘ miRecords (Xiao et al., 2009) əŬɘ ɡˊɞɚɞɔɘůŰɘəɏɠ ˊɟɞɓɚɏɣŮɘɠ Ŭˊɧ Űɖ 

TargetScan (Grimson et al., 2007).  

https://paperpile.com/c/cb6zYQ/S0j4
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4.2 MiRGen V.4 ȷˊɞɗŮŰɐɟɘɞ ɡˊɞəɘɜɖŰɩɜ əŬɘ ɟɡɗɛɘůŰɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ. 

ɇɞ DIANA -miRGen v4 (www.microrna.gr/mirgenv4) ŮɜůɤɛŬŰɩɜŮɘ ɗɏůŮɘɠ ɏɜŬɟɝɖɠ 

ɛŮŰŬɔɟŬűɐɠ miRNA ˊɞɡ ŰŬɡŰɞˊɞɘɐɗɖəŬɜ ŬɜŬɚɨɞɜŰŬɠ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 1.000 ŭŮɑɔɛŬŰŬ 

CAGE ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ 133 ɘůŰɞɨɠ (tissues), əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ (cell lines) əŬɘ ˊɟɤŰɞɔŮɜɐ 

əɨŰŰŬɟŬ (primary cells). ɇŬ ŭŮɑɔɛŬŰŬ ŬɜŰɚɐɗɖəŬɜ Ŭˊɧ Űɞ ŭɖɛɧůɘɞ ŬˊɞɗŮŰɐɟɘɞ Űɖɠ 

FANTOM. Ƀɘ ɗɏůŮɘɠ TSS Űɤɜ MiRNA ůɡůɢŮŰɑůŰɖəŬɜ ɛŮ ůɢɞɚɘŬůɛɞɨɠ ɗɏůŮɤɜ ˊɟɧůŭŮůɖɠ 

ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (transcription factor binding sites-TFBS), ɔɘŬ ˊŮɟɘůůɧŰŮɟɞɡɠ 

Ŭˊɧ 280 ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ, ˊɟɞŮɟɢɧɛŮɜɞɡɠ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ˊɚŮɘɞɜɧŰɖŰŬɠ 

Űɤɜ ŭɘŬɗɏůɘɛɤɜ ůŰɞ ŬˊɞɗŮŰɐɟɘɞ Űɖɠ ENCODE ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ChIP-Seq. ũɘŬ 

ˊɟɩŰɖ űɞɟɎ ɞɘ əɡŰŰŬɟɘəɞɑ Űɨˊɞɘ ˊɞɡ ɛɞɘɟɎɕɞɜŰŬɘ əɞɘɜɏɠ ɗɏůŮɘɠ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ (TSS) 

Űɤɜ miRNA ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ ůŮ ůɡůŰɎŭŮɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛɏůɤ ɛɘŬɠ űɘɚɘəɐɠ ˊɟɞɠ Űɞ 

ɢɟɐůŰɖ ŭɘŮˊŬűɐɠ ɛŮ ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ ˊɟɞůŬɟɛɞɔɐɠ. ɇɞ DIANA -miRGen v4 ŮˊɘəɞɡɟŮɑ 

ůŰɖɜ əŬŰŬɜɧɖůɐ ůɢŮŰɘəɎ ɛŮ Űɖ ɟɨɗɛɘůɖ Űɖɠ ɓɘɞɔɏɜŮůɖɠ Űɤɜ miRNA ůŮ ŮˊɑˊŮŭɞ ɛŮŰŬɔɟŬűɐɠ, 

ŮɜůɤɛŬŰɩɜɞɜŰŬɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞɡɠ ɡˊɞəɘɜɖŰɏɠ miRNAs ŮəŬŰɞɜŰɎŭɤɜ əɡŰŰŬɟɘəɩɜ 

Űɨˊɤɜ əŬɘ ůɡůɢŮŰɑůŮɘɠ ɛŮ ˊŮɘɟŬɛŬŰɘəɎ ŮˊɘɓŮɓŬɘɤɛɏɜŮɠ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ ɛŮŰŬɔɟŬűɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ (TFBS). 

ɇɞ Ŭɚɔɞɟɘɗɛɘəɧ ˊɚŬɑůɘɞ ADAPT-CAGE (Georgakilas, Perdikopanis and Hatzigeorgiou, 

2020) ŮűŬɟɛɧůŰɖəŮ ůŮ 1.027 ŭŮɑɔɛŬŰŬ CAGE ŰŬɡŰɞˊɞɘɩɜŰŬɠ TSSs ɔɘŬ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ 

1.500 miRNAs. Ƀɘ ůɢɏůŮɘɠ TF: miRNA, ɡˊɞůŰɖɟɑɢɗɖəŬɜ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ˊŮɘɟŬɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ 368 ŭŮɘɔɛɎŰɤɜ ChIP-Seq ɔɘŬ 94 TFs əŬɘ 61 DNase-Seq ˊɞɡ ŬɜŬəŰɐɗɖəŬɜ Ŭˊɧ 

Űɞ ŬˊɞɗŮŰɐɟɘɞ ENCODE (ENCODE Project Consortium, 2012). H ɛŮɗɞŭɞɚɞɔɑŬ 

ŬˊɞŰɨˊɤůɖɠ ɑɢɜɞɡɠ ( footprinting) ŮűŬɟɛɧůŰɖəŮ ůŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ DNase-Seq 

əŬɘ ůŰɘɠ ŮˊɘɚŮɢɗŮɑůŮɠ ́ Ůɟɘɞɢɏɠ ɏɔɘɜŮ ŬɜŬɔɜɩɟɘůɖ ɛɞŰɑɓɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɑɜŬəŮɠ ɓɎɟɞɡɠ 

ɗɏůɖɠ (position weight matrix - PWMs) Ŭˊɧ Űɖ JASPAR (Khan et al., 2018) . 

ȼ ˊɟɧůɓŬůɖ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ ɛɘŬɠ ɓŬɗɛɤŰɐɠ əŬɘ ŬɟəŮŰɎ űɘɚɘəɐɠ 

ŭɘŮˊŬűɐ ɘůŰɞɨ. ȼ ɓɎůɖ ɏɢŮɘ ŮɛˊɚɞɡŰɘůŰŮɑ ɛŮ ɛŮŰŬŭŮŭɞɛɏɜŬ, ɧˊɤɠ ůŰɞɘɢŮɑŬ ɔɘŬ ŰŬ ˊŮɘɟɎɛŬŰŬ 

Űɖɠ FANTOM, ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ TFs (ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŰŬ ŭŮŭɞɛɏɜŬ CAGE), ɛɏɗɞŭɞ 

ůɡůɢɏŰɘůɖɠ TF:miRNA ( ChIP-Seq, DNase-Seq ɐ Ŭˊɚɐ ŬɜŬɕɐŰɖůɖ ɛɞŰɑɓɞɡ), ˊɚɖɟɞűɞɟɑŮɠ 

ˊɞɡ ůɡůɢŮŰɑɕɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ miRNA əŬɘ TFs ɛŮ űɡůɘɞɚɞɔɘəɏɠ əŬɘ ˊŬɗɞɚɞɔɘəɏɠ 

əŬŰŬůŰɎůŮɘɠ əŬɘ ůɡɜŭɏůŮɘɠ ɛŮ ˊɚɖɗɩɟŬ ŮɟɔŬɚŮɑɤɜ Űɖɠ ůɞɡɑŰŬɠ DIANA  (Paraskevopoulou 

et al., 2013), (Karagkouni et al., 2018), (Vlachos et al., 2015). ũɘŬ Űɖɜ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ 
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ŬˊɞŰŮɚŮůɛɎŰɤɜ ɏɢŮɘ ŭɖɛɘɞɡɟɔɖɗŮɑ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɞɡ DIANA -miRGen əŬɘ Űɞɡ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ˊŮɟɘɐɔɖůɖɠ ɔɞɜɘŭɘɩɛŬŰɞɠ (UCSE genome browser) (Kent et al., 2002).  

4.2.1 ȾŬŰŬɔɟŬűɐ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ Űɤɜ miRNA  

1.027 ŭŮɑɔɛŬŰŬ CAGE ůŰɞɘɢɘůɛɏɜŬ ůŰɞ hg38, ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ 306 əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ, 

178 ɘůŰɞɨɠ əŬɘ 543 ˊɟɤŰɞɔŮɜɐ ŭŮɑɔɛŬŰŬ əɡŰŰɎɟɤɜ, ɛŮŰŬűɞɟŰɩɗɖəŬɜ Ŭˊɧ Űɞ ŭɖɛɧůɘɞ 

ŬˊɞɗŮŰɐɟɘɞ FANTOM (Lizio et al., 2015). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŭŮɘɔɛɎŰɤɜ ɢɟɞɜɘəɐɠ ˊɞɟŮɑŬɠ 

(time course), ɚɐűɗɖəŬɜ ɛɧɜɞ ŰŬ ŬɟɢŮɑŬ 0 ɤɟɩɜ. ȾɎɗŮ ŬɟɢŮɑɞ ŮɛˊɚɞɡŰɑůŰɖəŮ ɛŮ ŭɘɎűɞɟɞɡɠ 

Űɨˊɞɡɠ ɛŮŰŬ-ŭŮŭɞɛɏɜɤɜ, ɧˊɤɠ Űɞɜ əɤŭɘəɧ ŬɜŬɔɜɩɟɘůɖɠ ŭŮɑɔɛŬŰɞɠ Űɖɠ FANTOM, Űɖɜ 

əŬŰɖɔɞɟɑŬ (ɘůŰɧɠ, ˊɟɤŰɞɔŮɜɐ əɨŰŰŬɟŬ ɐ əɡŰŰŬɟɘəɐ ůŮɘɟɎ), Űɖɜ əŬŰɎůŰŬůɖ (űɡůɘɞɚɞɔɘəɐ ɐ 

ˊŬɗɞɚɞɔɘəɐ) əŬɘ Űɖɜ ˊɟɞɏɚŮɡůɖ (ŭɖɚ. ȷɑɛŬ,ɐˊŬɟ ə.ɚˊ.). Ƀɘ ˊɚɖɟɞűɞɟɑŮɠ ŬɡŰɏɠ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɔɘŬ Űɖɜ ɢŮɘɟɞəɑɜɖŰɖ ŭɘŬŭɘəŬůɑŬ ŬɜŰɘůŰɞɑɢɘůɖɠ ɛŮŰŬɝɨ CAGE əŬɘ 

ChIP-Seq ˊŮɘɟŬɛɎŰɤɜ. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ ADAPT-CAGE (Georgakilas, Perdikopanis and Hatzigeorgiou, 2020) 

ŮűŬɟɛɧůŰɖəŮ ůŮ əɎɗŮ ůɨɜɞɚɞ ŭŮŭɞɛɏɜɤɜ CAGE ˊɞɡ ɚɐűɗɖəŬɜ Ŭˊɧ Űɞ ŬˊɞɗŮŰɐɟɘɞ Űɖɠ 

FANTOM. ɆŰɞɜ ADAPT-CAGE, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬŰɩűɚɘ Ŭˊɞəɞˊɐɠ 0,5 ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ 

Űɤɜ ŰŮɚɘəɩɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊɞɡ ůɡɜɞɣɑɕɞɜŰŬɘ ůŮ 29.806.351 ɗɏůŮɘɠ TSS ɔɘŬ ŰŬ 1.027 

ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ. Ƀɘ ůɡůŰɎŭŮɠ CAGE ɧˊɞɡ ɖ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ ɓɟɏɗɖəŮ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ 300bp ůɡɔɢɤɜŮɨŰɖəŬɜ ůŮ ɏɜŬ ɛɞɜŬŭɘəɧ ůɡɛɓɎɜ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ 

(ůɡůŰɎŭŬ TSS). Ƀɘ ɘŭɘŬɑŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ əɎɗŮ TSS-ɛɏɚɞɠ Űɤɜ ůɡůŰɎŭɤɜ TSS 

ŭɘŬŰɖɟɐɗɖəŮ əŬɘ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɖ ɛɏůɤ Űɖɠ ŭɘŮˊŬűɐɠ ɘůŰɞɨ. 

ũɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ TSSs ůŮ miRNA, ɚɐűɗɖəŬɜ ɧɚŬ ŰŬ pre-miRNAs Űɞɡ Ŭɜɗɟɩˊɞɡ 

Ŭˊɧ Űɖ miRBase v22.1 (Kozomara and Griffiths-Jones, 2004). ɆŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɛŮɚɏŰŮɠ ɏɢŮɘ 

ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ ɞɘ ŰŬ ɛŮŰɎɔɟŬűŬ pri-miRNA ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɐəɞɠ Ɏɜɤ Űɤɜ 

100kb (Georgakilas et al., 2014). ȼ ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ɞŭɐɔɖůŮ ůŰɖɜ ŬˊɧűŬůɖ Űɞ DIANA -

miRGen v4, ɜŬ ůɡɛˊŮɟɘɚɎɓŮɘ ɧɚŬ ŰŬ ˊɘɗŬɜɎ TSSs ɔɞɜɘŭɑɞɡ miRNA ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

CAGE ůŮ ɛɑŬ ˊŮɟɘɞɢɐ ˊɞɡ ɝŮəɘɜɎ Ŭˊɧ Űɖ ɗɏůɖ əɎɗŮ pre-miRNA əŬɘ əŬŰŬɚɐɔŮɘ 150kb 

ŬɜɞŭɘəɎ (upstream) Űɖɠ ɗɏůɖɠ. ȳɚŮɠ ɞɘ ůɡůŰɞɘɢɑŮɠ CAGE ˊɞɡ ɝŮˊŮɟɜɞɨɜ Űɞ əŬŰɩűɚɘ 

ɓŬɗɛɞɚɞɔɑŬɠ Űɞɡ ADAPT-CAGE əŬɘ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɘɞɢɐ ŬɜŬɕɐŰɖůɖɠ 

ŮˊɘůɖɛŬɑɜɞɜŰŬɘ ɤɠ ˊɘɗŬɜɎ TSSs Űɞɡ miRNA ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. ȷɜ əŬɘ ɖ ˊɚɖůɘɏůŰŮɟɖ 

ůŮ əɎɗŮ miRNA ůɡůŰɎŭŬ CAGE ɞɟɑɕŮŰŬɘ ɤɠ ɖ ɗɏůɖ TSS Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ miRNA ɖ 

ůŰɟŬŰɖɔɘəɐ ɛŬɠ ɔɘŬ Űɖɜ ŬɜŬűɞɟɎ ɧɚɤɜ Űɤɜ ůɡůŰɎŭɤɜ CAGE ŮɜŰɧɠ Űɞɡ ɢɩɟɞɡ ŬɜŬɕɐŰɖůɖɠ 

Űɤɜ 150kb ŭɘŮɡəɞɚɨɜŮɘ ɛŮɚɏŰŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŮɜŬɚɚŬəŰɘəɐ ɗɏůɖ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ 
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https://paperpile.com/c/cb6zYQ/wwi0
https://paperpile.com/c/cb6zYQ/frte
https://paperpile.com/c/cb6zYQ/oVld
https://paperpile.com/c/cb6zYQ/oVld
https://paperpile.com/c/cb6zYQ/oVld
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ɐ / əŬɘ Űɖ Ůˊɘɚɞɔɐ ŮɜŬɚɚŬəŰɘəɞɨ ɡˊɞəɘɜɖŰɐ (alternative promoter) ůŮ ůɡɔəŮəɟɘɛɏɜɞɡɠ ɘůŰɞɨɠ 

(tissue specific). ɇŬ pre-miRNA ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŮ ɘɜŰɟɧɜɘŬ ɔɞɜɘŭɑɤɜ ˊɞɡ əɤŭɘəɞˊɞɘɞɨɜ 

ˊɟɤŰŮȶɜŮɠ ɛˊɞɟŮɑ ɜŬ ɛɞɘɟɎɕɞɜŰŬɘ Űɞɜ ɑŭɘɞ ɡˊɞəɘɜɖŰɐ ɛŮ Űɞ ɔɞɜɑŭɘɞ ɝŮɜɘůŰɐ ɐ ɜŬ ɏɢɞɡɜ ŭɘəɧ 

Űɞɡɠ ɡˊɞəɘɜɖŰɐ ɛɏůŬ ůŰɞ ɑŭɘɞ ɘɜŰɟɧɜɘɞ. ȼ ˊɟɞŬɜŬűŮɟɗŮɑůŬ ůŰɟŬŰɖɔɘəɐ ˊɞɡ ɞɟɑɕŮɘ Űɞ ɛɐəɞɠ 

Űɖɜ ˊŮɟɘɞɢɐɠ ŬɜŬɕɐŰɖůɖɠ ůŮ 150kb ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ Űɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ.  

4.2.2 ȾŬŰŬɔɟŬűɐ ůɡůɢŮŰɑůŮɤɜ TF-miRNA  

ȼ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɎŰɚŬɜŰŬ ůɡůɢŮŰɑůŮɤɜ TF: miRNA ́ ɞɡ űɘɚɞɝŮɜŮɑŰŬɘ ůŰɞ DIANA-miRGen 

v4 ɓŬůɑůŰɖəŮ ůŮ ɛɘŬ ůŰɟŬŰɖɔɘəɐ Űɟɘɩɜ ɓɖɛɎŰɤɜ. ȷɟɢɘəɎ, ɚɐűɗɖəŬɜ ŭŮŭɞɛɏɜɤɜ ChIP-Seq 

ɔɘŬ 94 TFs (ɄɑɜŬəŬɠ 10) Ŭˊɧ Űɞ ŭɖɛɧůɘɞ ŬˊɞɗŮŰɐɟɘɞ ENCODE (ENCODE Project 

Consortium, 2012).  

miRGen v4 supplementary material  

ATF4 GATA2 NFATC1 SREBF2 

BHLHE40 GATA3 NFE2 SRF 

CEBPB HNF1A NFIC STAT1 

CLOCK HNF4G NFYA STAT3 

CREB1 HSF1 NFYB TBP 

CREB3L1 IRF2 NR2C2 TBX21 

CTCF IRF4 NR2F1 TCF3 

CTCFL IRF5 NR3C1 TCF7L2 

CUX1 JUN NRF1 TEAD4 

E2F1 JUNB PAX5 TFAP4 

E2F4 JUND PBX3 THAP1 

E2F6 KLF16 POU2F2 USF1 

E2F7 KLF5 PRDM1 USF2 

EBF1 LEF1 RELB YY1 

EGR1 MAFF REST ZBTB33 

ELF1 MAFK RFX1 ZBTB7B 

ELF4 MAX RFX5 ZEB1 

ELK1 MEF2A RUNX1 ZNF143 

ELK4 MEF2C RUNX3 ZNF282 

ETS1 MEIS2 SOX13  

ETV4 MGA SP1  

FOS MITF SP2  

https://paperpile.com/c/cb6zYQ/htZt
https://paperpile.com/c/cb6zYQ/htZt
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FOSL1 MYB SP4  

FOSL2 MYC SPI1  

FOXA1 NEUROD1 SREBF1  

ɄɑɜŬəŬɠ 10. ɀŮŰŬɔɟŬűɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮɜůɤɛŬŰɩɗɖəŬɜ ůŰɞ miRGen v4 TFs ɛŮ ˊŮɘɟŬɛŬŰɘəɎ 

ŮˊɘɓŮɓŬɘɤɛɏɜŮɠ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ChIP-seq. 

Ƀ Ŭɚɔɧɟɘɗɛɞɠ Macs2 (Feng et al., 2012) (ˊɟɞŮˊɘɚŮɔɛɏɜŮɠ ɟɡɗɛɑůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ) 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ ˊŮɟɘɞɢɩɜ ŮɛˊɚɞɡŰɘůɛɏɜɤɜ ůŮ ůɐɛŬ ChIP-Seq ɧˊɞɡ 

ŬɡŰɧ ŭŮɜ ŮɑɢŮ ɔɑɜŮɘ ɐŭɖ Ŭˊɧ Űɖɜ ENCODE. 

ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ˊŬɟɧɚɞ ɞ Ŭɟɘɗɛɧɠ Űɤɜ TF ůŰɖɜ ENCODE ŮɑɜŬɘ ɡɣɖɚɧɠ, ɖ ˊɞɘəɘɚɑŬ Űɤɜ 

ŭɘŬűɞɟŮŰɘəɩɜ ɘůŰɩɜ ŬɜɎ TF ŮɑɜŬɘ ɢŬɛɖɚɐ. ũɘŬ ɜŬ ɡˊŮɟəŮɟɎůɞɡɛŮ ŬɡŰɧɜ Űɞɜ ˊŮɟɘɞɟɘůɛɧ əŬɘ 

ɜŬ ŮɜůɤɛŬŰɩůɞɡɛŮ ˊŮɟɘůůɧŰŮɟŮɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ TF: miRNA, ŬɜŬɚɨůŬɛŮ Ůˊɑůɖɠ 

ŭŮŭɞɛɏɜŬ ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ DNase-Seq. ɄɟŬɔɛŬŰɞˊɞɘɐůŬɛŮ ɚɐɣɖ 61 ŭŮɘɔɛɎŰɤɜ 

DNase-seq Ŭˊɧ Űɖɜ ENCODE (ENCODE Project Consortium, 2012) ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ 

25 ɘůŰɞɨɠ, 14 əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ əŬɘ 22 Űɨˊɞɡɠ ˊɟɤŰɞɔŮɜɩɜ əɡŰŰɎɟɤɜ (ɄɑɜŬəŬɠ 11). Ƀ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ ɔɞɜɘŭɘɤɛŬŰɘəɩɜ ˊŮɟɘɞɢɩɜ ŮɛˊɚɞɡŰɘůɛɏɜɤɜ ůŮ ůɐɛŬ DNase-Seq ɏɔɘɜŮ 

ɛŮ Űɞ ɚɞɔɘůɛɘəɧ Homer (Heinz et al., 2010). ɆŰɖ ůɡɜɏɢŮɘŬ, ɞɘ ŬɜɤŰɏɟɤ ˊɟɞůɓɎůɘɛŮɠ 

ˊŮɟɘɞɢɏɠ əŬɘ Űɞ ŬəŬŰɏɟɔŬůŰɞ ůɐɛŬ DNase-Seq ˊɟɞɤɗɐɗɖəŬɜ ůŰɞɜ Ŭɚɔɧɟɘɗɛɞ Wellington 

(Piper et al., 2014) ɔɘŬ Űɖɜ ŬɜŬɔɜɩɟɘůɖ ŬˊɞŰɡˊɤɛɎŰɤɜ (footprints ) Űɞɡ ůɐɛŬŰɞɠ DNase. ȼ 

ŬɜŰɘůŰɞɑɢɘůɖ Űɤɜ ŬˊɞŰɡˊɤɛɎŰɤɜ ůŮ ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ footprint:TF ŮˊɘŰŮɨɢɗɖəŮ 

ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ Ŭɚɔɧɟɘɗɛɞ MEME FIMO (Bailey et al., 2015) əŬɘ ŰŬ ɛɞŰɑɓŬ 

ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ Ŭˊɧ Űɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ JASPAR ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɤɜ 

ŬˊɞŰɡˊɤɛɎŰɤɜ. 

ũɘŬ ɏɜŬ ɛŮɔɎɚɞ ɛɏɟɞɠ (N = 863) Űɤɜ ŭŮɘɔɛɎŰɤɜ (Ɂ=1027) ŭŮɜ ɓɟɏɗɖəŬɜ ŭŮŭɞɛɏɜŬ ChIP ɐ 

DNase-Seq ůŰɖɜ ENCODE ɛŮ ŬɜŰɑůŰɞɘɢɞ əɡŰŰŬɟɘəɧ Űɨˊɞ. ũɘŬ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ 

ůɡɜŭɏůŮɘɠ TF: miRNA əŬɘ ɔɘŬ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, (ɔɘŬ Űɖɜ ˊɚɖɟɧŰɖŰŬ Űɖɠ ɓɎůɖɠ 

ŭŮŭɞɛɏɜɤɜ),/ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ Ŭɚɔɧɟɘɗɛɞɠ FIMO əŬɘ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ɛɞŰɑɓŬ Űɖɠ 

JASPAR ɔɘŬ ɜŬ ůŬɟɤɗŮɑ ɛɘŬ ˊɟɞəŬɗɞɟɘůɛɏɜɖ ˊŮɟɘɞɢɐ 3kb (+/-1.5kb) ɔɨɟɤ Ŭˊɧ Űɘɠ 

ˊɟɞɓɚɏɣŮɘɠ TSS ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɞɜ ŬɜɎɚɡůɖ ɛŮ Űɞ ADAPT-CAGE. 

 

https://paperpile.com/c/cb6zYQ/wTWb
https://paperpile.com/c/cb6zYQ/wTWb
https://paperpile.com/c/cb6zYQ/wTWb
https://paperpile.com/c/cb6zYQ/htZt
https://paperpile.com/c/cb6zYQ/jkH6
https://paperpile.com/c/cb6zYQ/jkH6
https://paperpile.com/c/cb6zYQ/jkH6
https://paperpile.com/c/cb6zYQ/rcPy
https://paperpile.com/c/cb6zYQ/rcPy
https://paperpile.com/c/cb6zYQ/rcPy
https://paperpile.com/c/cb6zYQ/BFMu
https://paperpile.com/c/cb6zYQ/BFMu
https://paperpile.com/c/cb6zYQ/BFMu
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tissue Primary Cell line 

adrenal gland amniotic epithelial cell A172 

brain bronchial epithelial cell Caco-2 

cerebellum cardiac fibroblast GM12878 

eye ciliary epithelial cell H1 

globus pallidus endothelial cell of umbilical vein HelaS3 

heart epithelial cell of prostate HepG2 

heart left 

ventricle fibroblast of dermis HL60 

kidney fibroblast of gingiva HT-1080 

lung fibroblast of lung K562 

medulla 

oblongata fibroblast of pulmonary artery MCF7 

ovary fibroblast of the aortic adventitia NCI-H226 

pancreas fibroblast of the conjunctiva NCI-H460 

placenta fibroblast of villous mesenchyme PC-3 

pons hepatic stellate SK-N-MC 

putamen hepatocyte  

retina iris pigment epithelial cell  

small intestine keratinocyte  

spinal cord natural killer cell  

spleen osteoblast  

stomach renal cortical epithelial cell  

testis retinal pigment epithelial cell  

thymus smooth muscle cell of the brain vasculature  

tongue   

uterus   

vagina   

ɄɑɜŬəŬɠ 11. ɇɨˊɞɘ ŭŮɘɔɛɎŰɤɜ DNase-seq. 
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4.2.3 ȾŬŰŬɔɟŬűɐ ɏəűɟŬůɖɠ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ 

ũɘŬ Űɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ɏəűɟŬůɖɠ Űɤɜ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (TFs) 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞ əŬɜɞɜɘəɞˊɞɘɖɛɏɜɞɠ Ŭɟɘɗɛɧɠ TPM Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ɛɘəɟɞ-ŬɜŬɔɜɩůŮɤɜ 

CAGE ˊɞɡ ɓɟɏɗɖəŬɜ ɜŬ ŬɚɚɖɚɞŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɘɠ ˊŮɟɘɞɢɏɠ ɔɨɟɤ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ TSS 

Űɤɜ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (Kawaji et al., 2014). ɇɞ ˊɟɞűɑɚ ɏəűɟŬůɖɠ Űɤɜ TF ůŮ əɎɗŮ 

əɡŰŰŬɟɘəɐ ůŮɘɟɎ, ɘůŰɧ ɐ ˊɟɤŰɞɔŮɜɏɠ əɨŰŰŬɟɞ ŮɑɜŬɘ ɏɜŬ əɟɑůɘɛɞ ůŰɞɘɢŮɑɞ Űɖɠ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ Űɞɡ DIANA-miRGen v4, ɚɧɔɤ Űɖɠ ŮɝɎɟŰɖůɖɠ Űɤɜ ůɡůɢŮŰɑůŮɤɜ 

TF:miRNA Ŭˊɧ ŬɡŰɧ. Ⱥˊɘˊɚɏɞɜ ɏɢŮɘ ŭɞɗŮɑ ůŰɞɡɠ ɢɟɐůŰŮɠ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ űɘɚŰɟɎɟɞɡɜ ŰŬ 

ŮɟɤŰɐɛŬŰŬ ɓɎůŮɘ Űɞɡ ŮˊɘɗɡɛɖŰɞɨ Ůˊɘˊɏŭɞɡ ɏəűɟŬůɖɠ TF. 

4.2.4 ȹɘŬŰɨˊɤůɖ ŮɟɤŰɖɛɎŰɤɜ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ 

ȼ ˊɚɖɗɩɟŬ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ űɘɚɞɝŮɜɞɨɜŰŬɘ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ, 

ɛŮŰŬŭŮŭɞɛɏɜŬ miRNA ůɢŮŰɘəɎ ɛŮ Űɘɠ ŮˊɘˊŰɩůŮɘɠ ůŮ űɡůɘɞɚɞɔɘəɏɠ əŬɘ ˊŬɗɞɚɞɔɘəɏɠ 

əŬŰŬůŰɎůŮɘɠ Ŭˊɧ Űɖ ɓɘɓɚɘɞɔɟŬűɑŬ, Űɖɜ ɔɞɜɘŭɘɤɛŬŰɘəɐ ɗɏůɖ (localization) Űɤɜ miRNA, Űɘɠ 

ɗɏůŮɘɠ ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ (TSS) Űɤɜ ɔɞɜɘŭɑɤɜ miRNA, Űɘɠ ˊŮɘɟŬɛŬŰɘəɎ ɐ ɡˊɞɚɞɔɘůŰɘəɎ 

ŮˊɘɓŮɓŬɘɤɛɏɜŮɠ ɗɏůŮɘɠ TFBS ůŰɞɡɠ ɡˊɞəɘɜɖŰɏɠ Űɤɜ miRNA əŬɗɩɠ əŬɘ ŰŬ ŮˊɑˊŮŭŬ 

ɏəűɟŬůɖɠ Űɤɜ ŮɛˊɚŮəɞɛɏɜɤɜ ɛŮŰŬɔɟŬűɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (TF). 

ȼ ŬɜŬɕɐŰɖůɖ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ űɘɚɞɝŮɜɞɨɜŰŬɘ ůŰɖ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ ŭɨɜŬŰŬɘ ɜŬ ɔɑɜŮɘ ɛŮ 

ŭɨɞ Űɟɧˊɞɡɠ (ɆɢɐɛŬŰŬ 46 əŬɘ 47).  

ȼ ˊɟɩŰɖ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ miRNA əŬɘ / ɐ ůŰɞɡɠ TFs (miRNA 

oriented) (ɆɢɐɛŬ 45). Ƀɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ŭɖɚɩůɞɡɜ ŰŬ miRNA ɐ / əŬɘ Űɞɡɠ 

ɛŮŰŬɔɟŬűɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ŮɜŭɘŬűɏɟɞɜŰɞɠ (ɆɢɐɛŬ 45ȷ) əŬɘ ɜŬ ŮűŬɟɛɧůɞɡɜ ŭɘɎűɞɟŬ 

űɑɚŰɟŬ, ɧˊɤɠ Ůˊɘɚɞɔɐ ɔɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭɜɗɟɩˊɞɡ ɐ ˊɞɜŰɘəɘɞɨ, ˊŬɗɞɚɞɔɘəɎ ɐ ɡɔɘɐ 

ŭŮɑɔɛŬŰŬ, ŬɜɎəŰɖůɖ ɧɚɤɜ ɐ ɛɧɜɞ Űɞɡ ˊɚɖůɘɏůŰŮɟɞɡ TSS (ɆɢɐɛŬ 45ȸ). ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ɛɞ́ɟɞɨɜ ɜŬ ɡˊɞɓɚɖɗɞɨɜ ůŮ ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ ɛŮ ɓɎůɖ ŰɟɑŬ 

Ůˊɘˊɚɏɞɜ űɑɚŰɟŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ Űɨˊɞ ŭŮɑɔɛŬŰɞɠ (əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ, ˊɟɤŰɞɔŮɜɐ 

əɨŰŰŬɟŬ əŬɘ ɘůŰɞɨɠ), Űɖɜ ŮɘŭɘəɧŰɖŰŬ Űɞɡ ɘůŰɞɨ əŬɘ Űɞɜ Ŭɟɘɗɛɧ ŬɜŬɔɜɩɟɘůɖɠ ŭŮɑɔɛŬŰɞɠ 

(ɆɢɐɛŬ 45ȸ). ȼ ɘŭɏŬ ˊɑůɤ Ŭˊɧ ŬɡŰɐɜ Űɖɜ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɧŰɘ ŰŬ TSS Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ 

ŭŮɘɔɛɎŰɤɜ ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ ɛŮ ɓɎůɖ Űɖɜ ŮɜŭɘɎɛŮůɖ ŬˊɧůŰŬůɖ Űɞɡɠ ɔɘŬ ɜŬ ŬɜŬŭŮɘɢɗɞɨɜ 

ˊɘɗŬɜɏɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɜŬɚɚŬəŰɘəɐɠ ɢɟɐůɖ ɡˊɞəɘɜɖŰɩɜ miRNA. Ƀɘ Ůˊɘɛɏɟɞɡɠ ˊɚɖɟɞűɞɟɑŮɠ 

Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊɞɡ ůɡɛɛŮŰŮɑɢŬɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ůɡɛˊɚŮɔɛɎŰɤɜ TSS ŭɘŬŰɖɟɞɨɜŰŬɘ əŬɘ 

ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ ˊɟɞůˊŮɚŬůŰɞɨɜ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ɛɏůɤ Űɖɠ ŭɘŮˊŬűɐɠ ɩůŰŮ ɜŬ 

Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜɎɚɡůɖ. 

https://paperpile.com/c/cb6zYQ/NN0F
https://paperpile.com/c/cb6zYQ/NN0F
https://paperpile.com/c/cb6zYQ/NN0F
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ȼ ŭŮɨŰŮɟɖ ˊɟɞůɏɔɔɘůɖ ŮɟɤŰɖɛɎŰɤɜ ŮɑɜŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰɞ ŭŮɑɔɛŬ (sample oriented ) 

(ɆɢɐɛŬ 46). Ƀɘ ɑŭɘɞɘ ɧɟɞɘ ŮɘůŬɔɤɔɐɠ əŬɘ Ůˊɘɚɞɔɏɠ űɘɚŰɟŬɟɑůɛŬŰɞɠ, ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ 

ˊŬɟŬˊɎɜɤ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ˊɟɘɜ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ Űɖɠ ŬɜŬɕɐŰɖůɖɠ. ɋůŰɧůɞ, 

ůŮ ŬɡŰɐɜ Űɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ɗɏůŮɤɜ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ TSS 

ŮˊɘůŰɟɏűɞɜŰŬɘ ŬɜŮɝɎɟŰɖŰŬ ɔɘŬ əɎɗŮ ɏɜŬ ŮˊɘɚŮɔɛɏɜɞ ŭŮɑɔɛŬ əŬɘ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛŮɠ Ŭˊɧ Űɖ 

ŭɘŮˊŬűɐ ɘůŰɞɨ (ɆɢɐɛŬ 46ȷ-ũ). ȹɑɜŮŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ůŰɞɡɠ ɢɟɐůŰŮɠ, ɖ ŭɡɜŬŰɧŰɖŰŬ 

ˊɟɧůɓŬůɖɠ ůŰɖɜ ˊɚɖɟɞűɞɟɑŬ ɞɛŬŭɞˊɞɑɖůɖɠ (ůŮ ˊɞɘɞ ůɨɛˊɚŮɔɛŬ TSS ŬɜɐəŮɘ Űɞ əɎɗŮ 

ɝŮɢɤɟɘůŰɧ TSS) ɧˊɤɠ ŬɡŰɐ ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ˊɟɩŰɖ ůŰɟŬŰɖɔɘəɐ. ɃɡůɘŬůŰɘəɎ, ɞɘ ɢɟɐůŰŮɠ 

ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ ˊɟɧůɓŬůɖ ůŮ ɧɚŮɠ Űɘɠ űɘɚɞɝŮɜɞɨɛŮɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ 

ŮˊɘɚŮɔɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ ŬɜŬɕɐŰɖůɖɠ. ɋůŰɧůɞ, əɎɗŮ ɚŮɘŰɞɡɟɔɑŬ ˊŬɟɏɢŮɘ ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ 

ŭɘŬŭɟɞɛɐ ˊɚɞɐɔɖůɖɠ ˊɞɡ ŬˊŬɜŰɎ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɓɘɞɚɞɔɘəɏɠ ŮɟɤŰɐůŮɘɠ, ŭɘŮɟŮɡɜɩɜŰŬɠ ŰŬ 

ɑŭɘŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɞˊŰɘəɏɠ ɔɤɜɑŮɠ. 
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ɆɢɐɛŬ 45. ɃˊŰɘəɞˊɞɑɖůɖ ŭɘŮˊŬűɐɠ ȽůŰɞɨ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ miRNA (A) ɄŮŭɑŬ 

ŬɜŬɕɐŰɖůɖɠ ɔɘŬ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ miRNA əŬɘ / ɐ TF. ȼ ɡˊɞəŮɑɛŮɜɖ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ miRNA 

ɓŬůɑɕŮŰŬɘ ůŰŬ ˊɟɧŰɡˊŬ ɞɜɞɛŬůɑŬɠ Űɖɠ miRBase. ɇŬ ɞɜɧɛŬŰŬ TFs ˊɟɞɐɚɗŬɜ Ŭˊɧ Űɖɜ JASPAR 2018. 

(B) Ⱥˊɘɚɞɔɏɠ űɘɚŰɟŬɟɑůɛŬŰɞɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ɓɎůɖ ŰŬ ɡˊɞůŰɖɟɘɕɧɛŮɜŬ Ůɑŭɖ, Űɞɜ Űɨˊɞ ŭŮɑɔɛŬŰɞɠ 

(ɘůŰɧɠ, əɡŰŰŬɟɘəɐ ůŮɘɟɎ əŬɘ ˊɟɤŰɞɔŮɜɐ əɨŰŰŬɟŬ), Űɖɜ əŬŰɎůŰŬůɖ ɡɔɘɞɨɠ / ŬůɗŮɜɞɨɠ əŬɗɩɠ əŬɘ Ůˊɘɚɞɔɐ 

ŮɛűɎɜɘůɖɠ ɧɚɤɜ Űɤɜ TSS ɐ ɛɧɜɞ Űɤɜ əɞɜŰɘɜɧŰŮɟɤɜ ůŰŬ pre-miRNAs. (C) Ⱥˊɘɚɞɔɐ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 

Űɟɧˊɤɜ ɚŮɘŰɞɡɟɔɑŬɠ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬəŰɖɗɞɨɜ ŮˊɘɚɏɔɞɜŰŬɠ Űɞ əɞɡɛˊɑ çȺəŰɏɚŮůɖ 

ŬɜŬɕɐŰɖůɖɠè. (D) Ⱦɨɟɘɞ ˊɎɜŮɚ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ Űɞ pre-miRNA əŬɘ 

ůɨɜŭŮůɛɞɘ ɛŮ Ɏɚɚɞɡɠ ˊɧɟɞɡɠ Űɖɠ ůɞɡɑŰŬɠ DIANA. (Ⱥ) Ɉˊɞ-ˊɑɜŬəŮɠ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞ 

ůɨɛˊɚŮɔɛŬ TSS. (F) ɄɑɜŬəŬɠ ɛŮŰŬŭŮŭɞɛɏɜɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ TFs ˊɞɡ ɓɟɏɗɖəŬɜ ɜŬ ˊɟɞůŭɏɜɞɡɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ˊŮɟɘɓɎɚɚŮɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ůɨɛˊɚŮɔɛŬ TSS. Ƀ Ŭɟɘɗɛɧɠ ŭɑˊɚŬ ůŰɞ ɧɜɞɛŬ Űɞɡ TF ŭŮɑɢɜŮɘ 

Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŬɜŬɔɜɤɟɘůɛɏɜɤɜ ɗɏůŮɤɜ ˊɟɧůŭŮůɖɠ. ɇɞ ɚɞɔɧŰɡˊɞ Űɞɡ ɛɞŰɑɓɞɡ Űɖɠ ˊɟɞŰɑɛɖůɖɠ 

ŭɏůɛŮɡůɖɠ TF, Űɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ əŬɘ ɞɘ ůɨɜŭŮůɛɞɘ ˊɟɞɠ Űɖ Ensembl ˊɟɞɓɎɚɚɞɜŰŬɘ Ŭəɟɘɓɩɠ əɎŰɤ 

Ŭˊɧ Űɞ ŭŮɡŰŮɟŮɨɞɜ ˊɚŬɑůɘɞ. (G) ȿŮˊŰɞɛŮɟŮɑɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ əɎɗŮ ɗɏůɖ ˊɟɧůŭŮůɖ TF, 
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ɧˊɤɠ ŬˊɧɚɡŰŮɠ əŬɘ ůɢŮŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ ůŰɞ ůɨɛˊɚŮɔɛŬ əŬɘ Űɞ ŮˊɑˊŮŭɞ ɡˊɞůŰɐɟɘɝɖɠ (ChIP-Seq, 

ŬˊɞŰɡˊɩɛŬŰŬ DNase-Seq ɐ ŬɜŬɕɐŰɖůɖ ɛɞŰɑɓɞɡ ). 

4.2.5 ȷˊɞŰŮɚɏůɛŬŰŬ ŮɟɤŰɖɛɎŰɤɜ əŬɘ ŭɘŬɗɏůɘɛŮɠ Ůˊɘɚɞɔɏɠ 

ɆŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ, ˊŬɟɞɡůɘɎůŰɖəŬɜ ɞɘ ŭɨɞ Űɟɧˊɞɘ ɚŮɘŰɞɡɟɔɑŬɠ, ŮˊɘůɖɛŬɑɜɞɜŰŬɠ 

Űɞɡɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɞɨɠ ɛɖɢŬɜɘůɛɞɨɠ ŬɜŬɕɐŰɖůɖɠ. ȷɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ŮˊɘɚŮɔɛɏɜɖ 

ɚŮɘŰɞɡɟɔɑŬ, ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ əŬɘ ɞˊŰɘəɞˊɞɘɞɨɜŰŬɘ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ. ɆŰɖɜ 

əɞɟɡűɐ Űɖɠ ɘŮɟŬɟɢɑŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɓɟɑůəɞɜŰŬɘ ŰŬ pre-miRNAs, ůŰɞ əŬɗɏɜŬ Ŭˊɧ ŰŬ 

ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ ɞ ŭɘəɧɠ Űɞɡ ɛɞɜŬŭɘəɧɠ ˊɑɜŬəŬɠ (əɨɟɘɞ ˊɚŬɑůɘɞ ŬˊɞŰŮɚŮůɛɎŰɤɜ) ɛŮ 

ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɏɠ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ (ɧɜɞɛŬ, Űɘɠ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

ə.Ŭ) (ɆɢɐɛŬ 45D). ɆŰɖɜ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰɞ ŭŮɑɔɛŬ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ (sample 

oriented), ɞ əɨɟɘɞɠ ˊɑɜŬəŬɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ űɘɚɞɝŮɜŮɑ Ůˊɑůɖɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ Űɞɜ Űɨˊɞ ŭŮɑɔɛŬŰɞɠ, Űɞ ɧɜɞɛŬ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ (ˊŬɗɞɚɞɔɘəɐ, ɡɔɘɐɠ) Űɞɡ ɘůŰɞɨ (ɆɢɐɛŬ 

46ȸ). 

ɆŰɖ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ miRNAs əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɞɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ŮˊŮəŰŮɑɜɞɡɜ Űɞɜ əɨɟɘɞ ˊɑɜŬəŬ ɔɘŬ əɎɗŮ miRNA ɔɘŬ ɜŬ ŭɘŮɟŮɡɜɐůɞɡɜ ˊŮɟŬɘŰɏɟɤ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ũɘŬ əɎɗŮ ůɨɛˊɚŮɔɛŬ TSS ɡˊɎɟɢŮɘ ɏɜŬ ŭɘŬűɞɟŮŰɘəɧ ŭŮɡŰŮɟŮɨɞɜ ˊɚŬɑůɘɞ ˊɞɡ 

űɘɚɞɝŮɜŮɑ Űɞ ɧɜɞɛŬ əŬɘ Űɘɠ ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůɡɛˊɚɏɔɛŬŰɞɠ (ɆɢɐɛŬ 45Ⱥ). 

ɀŮ Űɖ ůŮɘɟɎ Űɞɡɠ ŰŬ ŭŮɡŰŮɟŮɨɞɜŰŬ ˊɚŬɑůɘŬ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŮˊŮəŰŬɗɞɨɜ ˊŬɟɏɢɞɜŰŬɠ 

ˊɟɧůɓŬůɖ ůŮ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ůɡɜɏɓŬɚŬɜ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ 

Űɞɡ ůɡɛˊɚɏɔɛŬŰɞɠ, əŬɗɩɠ əŬɘ Űɤɜ TFs ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɔɨɟɤ Ŭˊɧ ŰŬ TSS 

(ɆɢɐɛŬ 45F, 45G). ɇɞ ɛɐəɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. Ƀɘ ɗɏůŮɘɠ 

ˊɟɧůŭŮůɖɠ TFs ɛˊɞɟɞɨɜ ɜŬ űɘɚŰɟŬɟɘůŰɞɨɜ ɛŮ ɓɎůɖ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡɠ Ŭˊɧ Űɞ TSS, Űɞ 

ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ Űɞɡ ɔɞɜɘŭɑɞɡ əŬɘ Űɖ ůŰŬŰɘůŰɘəɐ ůɖɛŬůɑŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬˊɞŰɨˊɤůɖɠ 

ɑɢɜɞɡɠ (footprinting) ɐ / əŬɘ ůɎɟɤůɖɠ ɛɞŰɑɓɞɡ (motif scanning). 

ɆŰɖɜ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰɞ ŭŮɑɔɛŬ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɞɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ŮˊŮəŰŮɑɜɞɡɜ Űɞɜ əɨɟɘɞ ˊɑɜŬəŬ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬˊɎɜɤ ɔɘŬ ɜŬ ŮɝŮɟŮɡɜɐůɞɡɜ əɎɗŮ TSS 

ɔɘŬ əɎɗŮ ɘůŰɧ ɐ əɡŰŰŬɟɘəɐ ůŮɘɟɎ ɝŮɢɤɟɘůŰɎ (ɆɢɐɛŬ 46D). ȼ Ůˊɘɚɞɔɐ Ůɜɧɠ ŭŮɑɔɛŬŰɞɠ ɞŭɖɔŮɑ 

ůŰɖɜ ŮɛűɎɜɘůɖ ɛɘŬɠ ůŮɘɟɎɠ ɡˊɞ-ˊɘɜɎəɤɜ, Ůɜɧɠ ɔɘŬ əɎɗŮ ŬɜŬɔɜɤɟɘůɛɏɜɞ TSS ŭŮɑɢɜɞɜŰŬɠ Űɘɠ 

ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡɠ, Űɞ ɧɜɞɛŬ Űɞɡ ɔɞɜɘŭɑɞɡ ɝŮɜɘůŰɐ əŬɘ Űɞ ŬɜŬɔɜɤɟɘůŰɘəɧ 

Ensembl id ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŮɜŭɞɔŮɜɩɜ (exonic) pre-miRNAs əŬɗɩɠ əŬɘ ŰŬ ŭŮɑɔɛŬŰŬ ŰŬ 

ɞˊɞɑŬ ɏɢɞɡɜ TSS ůŮ əɞɘɜɧ ůɨɛˊɚŮɔɛŬ TSS ɛŮ Űɞ ŮˊɘɚŮɔɛɏɜɞ ŭŮɑɔɛŬ (ɆɢɐɛŬ 46Ⱥ-46Ƚ). 
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ɆɢɐɛŬ 46 ɃˊŰɘəɞˊɞɑɖůɖ ŭɘŮˊŬűɐɠ ȽůŰɞɨ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ůŰŬ ŭŮɑɔɛŬŰŬ (samples). 

(ȷ) ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞɓɚɖɗɞɨɜ ɛŮŰɎ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ űɑɚŰɟɞɡ ósample oriented modeô 

əŬɘ ˊŬŰɩɜŰŬɠ Űɞ əɞɡɛˊɑ óExecute Searchô. ȷɜŬŰɟɏɝŰŮ ůŰɞ ɆɢɐɛŬ 45 ɔɘŬ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ Űɖɜ Ůˊɘɚɞɔɐ miRNAs, TF, Űɨˊɤɜ əɡŰŰɎɟɤɜ əŬɘ əŬŰɎůŰŬůɖ ɡɔŮɑŬɠ / ŬůɗɏɜŮɘŬɠ. (ȸ) Ⱦɨɟɘɞ ˊɎɜŮɚ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ (ɏɜŬ ŬɜɎ miRNA) ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ pre-miRNA, Űɞɜ Űɨˊɞ əŬɘ Űɞɜ 

ɘůŰɧ ˊɟɞɏɚŮɡůɖɠ, əŬɗɩɠ əŬɘ Űɖɜ əŬŰɎůŰŬůɖ (ɡɔɘŮɑɠ / ŬůɗŮɜŮɑɠ) Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬ TSS 

ˊɞɡ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰɞɜ ɢɩɟɞ ŬɜŬɕɐŰɖůɖɠ 150 kb ˊɟɘɜ (upstream) Ŭˊɧ to miRNA əŬɘ ůɨɜŭŮůɛɞɘ 

ŮˊɘəɞɘɜɤɜɑŬɠ ɛŮ Ɏɚɚɞɡɠ ˊɧɟɞɡɠ DIANA. (C) ȺˊŮəŰɎůɘɛŬ ŭŮɡŰŮɟŮɨɞɜŰŬ ˊɚŬɑůɘŬ ɛŮ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ 

pre-miRNA əɎɗŮ ŭŮɑɔɛŬŰɞɠ, ˊɞɡ ɛɞɘɟɎɕɞɜŰŬɘ Űɞ ɑŭɘɞ TSS əŬɘ ůɨɜŭŮůɛɞ ɔɘŬ ɞˊŰɘəɞˊɞɑɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ ˊŮɟɘɐɔɖůɖɠ ɔɞɜɘŭɘɩɛŬŰɞɠ UCSC. (D) ȾŬŰɎ Űɖɜ ŮˊɏəŰŬůɖ Űɞɡ ɡˊɞ-

ˊɚŬɘůɑɞɡ Űɞɡ əɎɗŮ ŭŮɑɔɛŬŰɞɠ, ɛˊɞɟŮɑ ɜŬ ˊɟɞůˊŮɚŬůŰɞɨɜ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ŰŬ TSS, ɧˊɤɠ Űɘɠ 

ɔɞɜɘŭɘɤɛŬŰɘəɏɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ, ŰŬ ŮˊɑˊŮŭŬ ɏəűɟŬůɖɠ əŬɘ ŰŬ ɔɞɜɑŭɘɞ host ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ 

Ŭűɞɟɞɨɜ ůŮ ŮɜŭɞɔŮɜɐ pre-miRNAs. ȼ ŮˊɏəŰŬůɖ əɎɗŮ ˊɑɜŬəŬ TSS ɞŭɖɔŮɑ ůŮ ŭɨɞ əŬɟŰɏɚŮɠ. (E, F) H 

ˊɟɩŰɖ (ŬɟɘůŰŮɟɐ) ˊɚɖɟɞűɞɟŮɑ Űɞɡɠ ɢɟɐůŰŮɠ ɔɘŬ ɎɚɚŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ Ůˊɑůɖɠ ɏɜŬ ůɡɛɓɎɜ 

ɏɜŬɟɝɖɠ ɛŮŰŬɔɟŬűɐɠ əɞɜŰɎ ůŰɞ ŮəŰŮŰŬɛɏɜɞ TSS. (G-I) ȼ ŭŮɨŰŮɟɖ əŬɟŰɏɚŬ (ŭŮɝɘɎ), ˊŬɟɧɛɞɘŬ ɛŮ Űɞ 

ɆɢɐɛŬ 45F, G, ˊŬɟɏɢŮɘ ˊɟɧůɓŬůɖ ůŮ ɗɏůŮɘɠ ˊɟɧůŭŮůɖɠ TF ůŮ ɛɘŬ əŬɗɞɟɘůɛɏɜɞɡ ɛɐəɞɡɠ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ ˊŮɟɘɞɢɐ ɔɨɟɤ Ŭˊɧ Űɞ ŭɘŮɡɟɡɛɏɜɞ TSS, ɛŮ ɓɎůɖ Űɞ ŮˊɑˊŮŭɞ ɏəűɟŬůɖɠ TF əŬɘ Űɖɠ Űɘɛɐɠ P-value 

Űɞɡ FIMO. 
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5) ȹȼɀɃɆȽȺɈɆȺȽɆ 

ȾŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŭŬəŰɞɟɘəɐɠ ŭɘŬŰɟɘɓɐɠ ɛɞɡ ůɡɛɛŮŰŮɑɢŬ ůŰɖɜ Ůəˊɧɜɖůɖ 5 

ŮˊɘůŰɖɛɞɜɘəɩɜ ŭɖɛɞůɘŮɨůŮɤɜ ɞɘ ɞˊɞɑŮɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜɎ əŬŰɖɔɞɟɑŬ əŬɘ 

ɢɟɞɜɞɚɞɔɘəɐ ůŮɘɟɎ. 

ȷɜŬɔɜɩɟɘůɖ ŪɏůŮɤɜ ɏɜŬɟɝɖɠ Űɖɠ ɛŮŰŬɔɟŬűɐɠ TSS 
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D.À, Perdikopanis NÀ., Georgakilas G.K., Hatzigeorgiou A. (2020)Bioinformatics and 

Biomedical Engineering. IWBBIO 2020. https://doi.org/10.1007/978-3-030-45385-5_55  
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Bioinformatics 

2. Solving the transcription start site identification problem with ADAPT-CAGE: a 

Machine Learning algorithm for the analysis of CAGE data. Georgakilas, G.KÀ., 

Perdikopanis, N.À & Hatzigeorgiou, A.. Sci Rep 10, 877 (2020). 

https://doi.org/10.1038/s41598-020-57811-3  

ÀThese authors contributed equally: G.K. Georgakilas and N. Perdikopanis. 
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1. DIANA-miRGen v4: Indexing promoters and regulators for more than 1,500 

microRNAs. Nikos PerdikopanisÀ, Georgios K GeorgakilasÀ, Dimitris Grigoriadis, 

Vasilis Pierros, Ioannis Kavakiotis, Panagiotis Alexiou and Artemis Hatzigeorgiou ( 

Accepted Nucleic Acids Research October 2020 ) 

https://doi.org/10.1093/nar/gkaa1060  
 ÀThese authors contributed equally: Nikos Perdikopanis and Georgios K. Georgakilas  

ɇŬɝɘɜɧɛɖůɖ ɛɘəɟɩɜ ŬɜɞɘəŰɩɜ ˊɚŬɘůɑɤɜ ɛŮ ɚŮɘŰɞɡɟɔɘəɧ ɢŬɟŬəŰɐɟŬ 

1. D-sORF: Accurate ab initio classification of experimentally detected sORFs 

associated to the translational machinery. Nikos Perdikopanis, Antonis Giannakakis, 

Ioannis Kavakiotis and Artemis Hatzigeorgiou (ɡˊɞ ɡˊɞɓɞɚɐ, ȽŬɜɞɡɎɟɘɞɠ 2021) 

ɆɡɔɔɟŬűɐ əŮűŬɚŬɑɤɜ ɓɘɓɚɑɤɜ 

1. Identifying Pri -miRNA Transcription Start Sites. Georgakilas G., Perdikopanis N., 

Hatzigeorgiou A.G. (2018) In: miRNA Biogenesis. Methods in Molecular Biology, vol 

1823. Springer, New York, NY. https://doi.org/10.1007/978-1-4939-8624-8_2  

https://doi.org/10.1007/978-3-030-45385-5_55
https://doi.org/10.1007/978-3-030-45385-5_55
https://doi.org/10.1038/s41598-020-57811-3
https://doi.org/10.1038/s41598-020-57811-3
https://doi.org/10.1038/s41598-020-57811-3
https://doi.org/10.1007/978-1-4939-8624-8_2
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7) ɄȷɅȷɅɇȼɀȷ 

 

ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 1. ȷɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Űɤɜ Ŭɚɔɞɟɑɗɛɤɜ ɛŮ ɢɟɐůɖ ˊŮɘɟŬɛŬŰɘəɩɜ 

ŭŮŭɞɛɏɜɤɜ ůŰɖɜ əɡŰŰŬɟɘəɐ ůŮɘɟɎ Ⱦ562. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ ˊɞɡ ŬɚɚɖɚɞŮˊɘəŬɚɨˊŰɞɜŰŬɘ ɛŮ Űɘɠ 

ˊŬɟŬɔɧɛŮɜŮɠ (Ŭˊɧ Űɞɜ ChromHMM) əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ɛŮ ɓɎůɖ Űɞ ɛɞɜŰɏɚɞ 15 əŬŰŬůŰɎůŮɤɜ ůŮ 

əɨŰŰŬɟŬ Ⱦ562. Ƀɘ əŬŰŬůŰɎůŮɘɠ Űɖɠ ɢɟɤɛŬŰɑɜɖɠ ɢɤɟɑůŰɖəŬɜ ůŮ ŭɨɞ ɞɛɎŭŮɠ ůɨɛűɤɜŬ ɛŮ ŰŬ ŮˊɑˊŮŭŬ 

ɢɟɤɛŬŰɑɜɖɠ / ɛŮŰŬɔɟŬűɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ, ůŰɘɠ ɞɛɎŭŮɠ ŮɜŮɟɔɞɨɠ (A) əŬɘ ŬůɗŮɜɞɨɠ ɐ ŬˊɞɡůɑŬɠ(B) 

ɛŮŰŬɔɟŬűɐɠ. ũ) ȿɧɔɞɠ ŬɜŬɚɞɔɘɩɜ (odds ratio) ůŮ ɚɞɔŬɟɘɗɛɘəɐ əɚɑɛŬəŬ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ 

Ŭɚɔɞɟɑɗɛɞɡ ůŰɘɠ ŭɨɞ ˊɘɞ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ ŮɜŮɟɔɞɨɠ (TssA)-ŬɜŮɜŮɟɔɞɨɠ (Quies) ɛŮŰŬɔɟŬűɐɠ 

əŬŰŬůŰɎůŮɘɠ ɢɟɤɛŬŰɑɜɖɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ChromHMM. ɄɞůɞůŰɧ Űɤɜ ˊɟɞɓɚɏɣŮɤɜ əɎɗŮ 

Ŭɚɔɞɟɑɗɛɞɡ ˊɞɡ ŮˊɘəŬɚɨˊŰɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɜ ɛŮŰŬɔɟŬűɘəɧ ˊŬɟɎɔɞɜŰŬ (D) əŬɘ əɞɟɡűɏɠ ˊɞɡ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ChIP-Seq ɏɜŬɜŰɘ H3K4me3 (E) 
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ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 2. ȺɝŬɔɤɔɐ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ D-sORF 
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specificity 

 
 

ɆɡɛˊɚɖɟɤɛŬŰɘəɧ ɆɢɐɛŬ 3. ȹɘŬɔɟɎɛɛŬŰŬ Ŭɝɘɞɚɧɔɖůɖɠ ɓŬůɘůɛɏɜɖ ůŮ ŭŮŭɞɛɏɜŬ ˊɟɞůɞɛɞɑɤůɖɠ sORFSs 

 


