
ȰɚɓɚɎɌɫ ɖɚɘɛɑəɝɌɢɔɫ 

ɟ ɛɗɌɢɑəɞɌɜəɧɡ 

ɘɗɑɖɚɛɔɞɌɪɥɔɡ



Ȼɚɗ ɘɗɑɖɚɛɔɞɌɪɥɔɡ ɐɑɞɑɜɘɔəɔɜɟɑɞɝɫ  ɏɑɞɑɜɚɘɚɜɠəɧɘɔ 

ɛɚɗɚɎɧɘɔ ɡɜɚɘɚɝɚɘɌɘɔ ðX ɔ Y

> 1000 ɉɋɓɔɈ 

< 100 ɉɋɓɔɈ 

2Ȧ: XX ïɔɗɔɇɎ Ɍɋɓɗɐɔɉɔ ɕɔɑɆ 

2A: XY ïɔɗɔɇɎ ɒəɌɗɐɔɉɔ ɕɔɑɆ 
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ʀʥʘʢʪʠʚʘʮʠʷʍ-ʭʨʦʤʦʩʦʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʠʥʘʢʦʚʳʡ 

ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʍ-ʩʮʝʧʣʝʥʥʳʭ ʛʝʥʦʚ ʫ ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ
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ȯɑəɧ ɌɖɞɔɎəɚɕ  Ɂ-ɡɜɚɘɚɝɚɘɧ ɔɘɑɪɞ ɟɐɎɚɑəəɧɕ ɟɜɚɎɑəɨ ɩɖɝɛɜɑɝɝɔɔ, 

ɜɌɎəɧɕ ɟɜɚɎəɪ ɍɔɌɗɗɑɗɨəɚɕɩɖɝɛɜɑɝɝɔɔ ɏɑəɚɎ Ɍɟɞɚɝɚɘ

Xi Xa



Ƚɜɑɐəɔɕ ɟɜɚɎɑəɨ ɩɖɝɛɜɑɝɝɔɔ ɏɑəɚɎ Ɂ-ɡɜɚɘɚɝɚɘ ɔ Ɍɟɞɚɝɚɘɛɜɔɍɗɔɓɔɞɑɗɨəɚ 

ɚɐɔəɌɖɚɎ ɟ ɚɝɚɍɑɕ ɚɍɚɔɡ   ɛɚɗɚɎ. Ƚɚɚɞəɚɤɑəɔɑ X : A å1, ɣɞɚ ɝɎɔɐɑɞɑɗɨɝɞɎɟɑɞ 

ɚɍ ɟɐɎɚɑəəɚɕ ɩɖɝɛɜɑɝɝɔɔ ɏɑəɚɎ ɌɖɞɔɎəɚɕ X-ɡɜɚɘɚɝɚɘɧ 

ȽɎɑɜɡɌɖɞɔɎɌɢɔɫ(Upregulation) 

ɚɍəɌɜɟɒɑəɌ Ɏ ɜɌɓɗɔɣəɧɡ ɝɚɘɌɞɔɣɑɝɖɔɡ 

ɖɗɑɞɖɌɡ ɔ ɞɖɌəɫɡ ɟ ɘɧɤɔ, ɖɜɧɝɧ ɔ 

ɣɑɗɚɎɑɖɌ
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ȴəɌɖɞɔɎɌɢɔɫɔ ɝɎɑɜɡɌɖɞɔɎɌɢɔɫ(Upregulation ) ðɐɎɌ ɘɑɡɌəɔɓɘɌ 

ɐɚɓɚɎɚɕ ɖɚɘɛɑəɝɌɢɔɔ ɟ ɘɗɑɖɚɛɔɞɌɪɥɔɡ

ȴəɌɖɞɔɎɌɢɔɫɚɍɑɝɛɑɣɔɎɌɑɞ ɜɌɎɑəɝɞɎɚ 

ɩɖɝɛɜɑɝɝɔɔ ɏɑəɚɎ Ɂ-ɡɜɚɘɚɝɚɘɧ ɟ 

ɝɌɘɚɖ ɔ ɝɌɘɢɚɎ

ȽɎɑɜɡɌɖɞɔɎɌɢɔɫɎɧɜɌɎəɔɎɌɑɞ 

ɩɖɝɛɜɑɝɝɔɪ ɏɑəɚɎ Ɂ-ɡɜɚɘɚɝɚɘɧ 

ɚɞəɚɝɔɞɑɗɨəɚ Ɍɟɞɚɝɚɘ

ȺɍɌɛɜɚɢɑɝɝɌ ɓɌɛɟɝɖɌɪɞɝɫ Ɏ ɜɌəəɑɘ ɜɌɓɎɔɞɔɔ, ɛɚɐɐɑɜɒɔɎɌɪɞɝɫ Ɏ 

ɝɚɘɌɞɔɣɑɝɖɔɡ ɖɗɑɞɖɌɡ ɔ ɟɞɜɌɣɔɎɌɪɞɝɫ ɛɜɔ ɏɌɘɑɞɚɏɑəɑɓɑ 
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ȹɌ ɌɖɞɔɎəɚɕ Ɂ-ɡɜɚɘɚɝɚɘɑ ɘɚɏɟɞ ɍɧɞɨ ɜɑɛɜɑɝɝɔɜɚɎɌəɧ ɐɚ 50% 

ɞɖɌəɑɝɛɑɢɔɠɔɣəɧɡɏɑəɚɎ



ȸɑɡɌəɔɓɘɧ ɟɐɎɚɑəɔɫ ɟɜɚɎəɫ ɩɖɝɛɜɑɝɝɔɔ Ɂ-ɡɜɚɘɚɝɚɘɧ

Ȱɗɫ ɞɜɌəɝɖɜɔɛɢɔɔ ɏɑəɚɎ ɌɖɞɔɎəɚɕ 

Ɂ-ɡɜɚɘɚɝɚɘɧ ɔɝɛɚɗɨɓɟɑɞɝɫ 

ɠɚɝɠɚɜɔɗɔɜɚɎɌəəɌɫ(ɍɚɗɑɑ ɌɖɞɔɎəɌɫ) 

ɠɚɜɘɌ ȼȹȶ-ɛɚɗɔɘɑɜɌɓɧ II

ȯɑəɌɘ ɌɖɞɔɎəɚɕ Ɂ-ɡɜɚɘɚɝɚɘɧ 

ɝɎɚɕɝɞɎɑəəɚ MOF-ɓɌɎɔɝɔɘɚɑ 

ɌɢɑɞɔɗɔɜɚɎɌəɔɑɏɔɝɞɚəɌ H4 ɛɚ ɗɔɓɔəɟ K16

ȾɜɌəɝɖɜɔɛɞɧɌɖɞɔɎəɚɕ Ɂ-ɡɜɚɘɚɝɚɘɧ 

ɍɚɗɑɑ ɝɞɌɍɔɗɨəɧ ɔ ɔɘɑɪɞ ɍɚɗɨɤɔɕ 

ɛɑɜɔɚɐ ɛɚɗɟɜɌɝɛɌɐɌ, ɣɑɘ ɞɜɌəɝɖɜɔɛɞɧ

Ɍɟɞɚɝɚɘ

ȿɝɔɗɑəɔɑ ɞɜɌəɝɖɜɔɛɢɔɔ ɔ ɟɎɑɗɔɣɑəɔɑ ɝɞɌɍɔɗɨəɚɝɞɔ ɘȼȹȶɫɎɗɫɪɞɝɫ 

əɑɓɌɎɔɝɔɘɧɘɔ ɘɑɡɌəɔɓɘɌɘɔ ɝɎɑɜɡɌɖɞɔɎɌɢɔɔɁ-ɡɜɚɘɚɝɚɘɧ

ʄʆF-ʟʘʚʠʩʠʤʦʝ 

H4K16ac
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ʈʅʂ ʛʝʥʘ Xist

1) ʈʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʥʘ ʠʥʘʢʪʠʚʠʨʫʝʤʦʡ ʍ-ʭʨʦʤʦʩʦʤʝ

2) ɿʘʧʫʩʢʘʝʪ  ʧʦʜʘʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʦʚ 

3) ʆʙʝʩʧʝʯʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʝʘʢʪʠʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʭʨʦʤʘʪʠʥʘ

4) ʆʪʚʝʯʘʝʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʨʦʤʦʩʦʤʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝʘʢʪʠʚʥʦʡ ʍ-ʭʨʦʤʦʩʦʤʳ

ʉʚʦʠ ʬʫʥʢʮʠʠ ʈʅʂ ʛʝʥʘ Xistʚʳʧʦʣʥʷʝʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʘʤʠ 

ʀʥʘʢʪʠʚʘʮʠʶʍ-ʭʨʦʤʦʩʦʤʳ ʟʘʧʫʩʢʘʝʪ ʈʅʂ ʛʝʥʘ Xist
Xist
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ʈʅʂ Xistʬʫʥʢʮʠʦʥʠʨʫʝʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʣʢʘʤʠ

ˣ͔͙͟͡ ͔͔ͦ͋ͫͨ;͙͍͊Όͭ ͍ͫΎ͘·͍͙͔͊ͤ Xist˾˹˴ c ˨ ˹˴ 
-̆ͻͪͦͣͦͫͦͣ·͙ Ύ͔͚͒ͪͤͦ ͔͚ͣͣ͋ͪ͊ͤͦ

˨͡Ύ ͙͙͍ͤ͊ͭ͊͟ͼ͙͙͙ͭͪ͊ͤͫͪͨ͟ͼ͙͙  Xist˾˹˴ 
͍͙͔͚͍͔͊ͣͦ͒ͫͭͯͭ͘ ͫ ͔͒͊ͼ͔͙͚͎͙͍ͭ͊ͦͫͭͦͤͦ͘͡ HDAC3 ͙  

˾˹-˴͔͙ͣͭͭͪ͊ͤͫ͡͡ͺ͔͚ͪ͊ͦ͘RBM15

͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͺ͊ͯ͟͡Έ͙͍͎ͭ͊ͭͤͦͦ ͎͔͔ͭͪͦͻ͙ͪͦͣ͊ͭͤ͊
͙ͨͪͦͫͻ͙ͦ͒ͭ ͊͘ ͫ;͔ͭ ͍͙͔͚͍͙͊ͣͦ͒ͫͭ͘Ύ XistRNA ͙  ͔͍͋ͦ͟͡Σ 

͙ͣͦ͒ͺ͙ͼ͙ͪͯΌ΅͙ͻ ͎͙ͫͭͦͤ·  
( PRC1͙  PRC2 )

Balaton et al. 2018

Human Molecular Genetics
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Unstable and incomplete iXCI
~85% of genes are silent

X : A < 1 · Υ ! Ғ мΦр · Υ ! Ғ м· Υ ! Ғ м· Υ ! Ғ мX : A  > 1 X : A  > 1 

· Υ ! Ғ м

iXCI relaxation
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ȸɖɔɚɔɣɐɘɔɊɋɒɆ
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Stable  for~97% 

of genes
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upregulation (?)

Xm

Y

Upregulation
· Υ ! Ғ лΦр· Υ ! Ғ м· Υ ! Ғ м· Υ ! Ғ м· Υ ! Ғ м· Υ ! Ғ м· Υ ! Ғ м

ʀʥʘʢʪʠʚʘʮʠʷʠ ʩʚʝʭʘʢʪʠʚʘʮʠʷʍ-ʭʨʦʤʦʩʦʤ ʚ ʦʥʪʦʛʝʥʝʟʝ ʤʳʰʠ



ȸɑɡɌəɔɓɘɧ ɛɚɐɝɣɑɞɌ ɔ ɎɧɍɚɜɌ Ɂ-ɡɜɚɘɚɝɚɘɧ ɐɗɫ ɔəɌɖɞɔɎɌɢɔɔɎ 

ɉȽ-ɖɗɑɞɖɌɡ ɘɧɤɔ ɓɌɎɔɝɫɞ ɚɞ ɟɝɗɚɎɔɕ ɖɟɗɨɞɔɎɔɜɚɎɌəɔɫ

XY

XX

XY

XX

ȽɞɌɞɟɝ X-ɡɜɚɘɚɝɚɘɧ

ȭɗɌɝɞɚɢɔɝɞɌ

ȾɜɚɠɚɩɖɞɚɐɑɜɘɌ

ȽɧɎɚɜɚɞɖɌ + LIF
primed ɉȽȶ

naµve ɉȽȶ
2i +LIF

Ȯȶȸ

Ȼɚ Sousa et al. 2017 

Nature Communication

Ȼɚɐɝɣɬɞ 

Ȯɧɍɚɜ

Ȼɚɐɝɣɬɞ 

Ȯɧɍɚɜ
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ʕʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʍ-ʭʨʦʤʦʩʦʤ ʚ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʢʣʝʪʢʘʭ 

ʯʝʣʦʚʝʢʘ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ

Plath et al. 2017

Trends in Cell Biology
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ʘʢʪʠʚʥʘʷ X ʩʚʝʨʭʘʢʪʠʚʠʨʦʚʘʥʥʘʷX ʥʝʘʢʪʠʚʥʘʷX

ʋʪʨʘʪʘ ʥʝʘʢʪʠʚʥʦʛʦ ʠ ʩʚʝʨʭʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦʩʦʩʪʦʷʥʠʷ ʥʘ ʍ-

ʭʨʦʤʦʩʦʤʘʭ ʚ ʧʨʦʮʝʩʩʝ ʛʘʤʝʪʦʛʝʥʝʟʘ

Mʝʡʦʪʠʯʝʩʢʘʷʠʥʘʢʪʠʚʘʮʠʷ

X-ʠ Y-ʭʨʦʤʦʩʦʤ

ʇʦ Sangrithi et al., 2017

Developmental Cell
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ʅʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʥʘʢʪʠʚʘʮʠʠʚ ʨʘʥʥʝʤ ʨʘʟʚʠʪʠʠ ʧʨʠʚʦʜʷʪ 

ʢ ʛʠʙʝʣʠ ʵʤʙʨʠʦʥʘ 

Borensztein et al., 2017

Nature structural & molecular biology

ʆʪʩʫʪʩʪʚʠʝ ʵʢʩʧʨʝʩʩʠʠ Xistʧʨʠʠʤʧʨʠʥʪʠʨʦʚʘʥʥʦʡ

ʠʥʘʢʪʠʚʘʮʠʠʍ-ʭʨʦʤʦʩʦʤʳ  ʫ ʤʳʰʠ ʧʨʠʚʦʜʠʪ ʢ 

ʛʣʦʙʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʪʨʘʥʩʢʨʠʧʪʦʤʘ:

�‰ʘʥʦʤʘʣʴʥʦʡ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʠʛʝʥʦʚ 

ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʙʣʘʩʪʦʤʝʨʳ ʚ ʤʘʣʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ;

�‰ʘʙʝʨʨʘʥʪʥʦʡ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʚʥʝʟʘʨʦʜʳʰʝʚʳʭ ʦʨʛʘʥʦʚ.


