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ɌɁȭȠȤɆȤɉǵ ̱ǵ̸їǲ Қ  

 

 

ǀ ǵɛȢɱɆǁ 

ƨCRISPR-Cas9ȵȷɄɞșѫ ǞǦȰɌɞ ǲȏȑƲȤɉǲǑǘȒ ҧ ǱȰɌ

ɞ ș ǞȅǞǦƳ 

ƨ ֻ ǲ ʦǠȒɛɨȯȿɇֻ șȱɶɇǠȒ Pks1 ̟ἧșɌɁȭȠȤɆ

ǞƲǚȓș ὙКǵ ṑǮ ǠȒǚǯǲȏȑƲȠɩɑɌ Ḍș ǠɌɁȭȠ

ȤɆȤɉǵ ̱ǵ̸їǲ ҚǞȅǞǦƳ 

 

ǀ ǁ 

ⅎῬẎἶẎἶ ֻ ᴁ ἶ  ᴁ ἶɕɫȮɧɞǵ᷇ ᾟ р ǯ

ֿẎἶẎἶ ӵṲ ♥ ἶ ғẎ Ȑǵ ȮɩɶɕǶƲCRISPR-Cas9ȵȷɄɞ

ș ǋǦȰɌɞ ǲȏȑƲɌɁȭȠȤɆȤɉǵ ̱ǵ̸їǲ ҚǞȅǞǦƳ 

ɎɓɱȤɉ Hemicentrotus pulcherrimus ᶫ ǶƲ ǲⅎǖѝ⁹Ǟǭǋ

ȒȤɉǮǉȑƲ ἶǵ ǲǑǋǭȉ ǋȐȓȒҲ ǮǠƳ ǮǶƲɎɓ

ɱȤɉǵ℗ ǵ ֻ ǲ Ǳɛɨȯȿɇֻ șȱɶɇǠȒ Pks1 ̟ἧș

ǯǞƲCRISPR-Cas9ȵȷɄɞ ᶫ ǲȏȒ ̟ἧɌɁȭȠȤɆ ș ǋ

ȅǞǦƳǤǵ ƲẀ ᾚЊҧ 100%ǵ ҧ ǱẀ ᾚЊǲ ҚǞƲǠȀǭǵɌɁ

ȭȠȤɆ Ǔ șȉǦǱǋȠɩɑɌ Ḍș Ǡɕ



ȅǦƲ ̟ἧɌɁȭȾȤɱ ǵ ȉ ǜȓǭǋȒǚǯǒȐƲ ᷀Ǯȉѧ

șǫǒǜǰȒ ̟ἧș ǠȒǦȈǵὕ Ҳ ǯǞǭ̓ȖȓǭǋȅǠƳ Ƶǵ

ȮɩɶɕǶƲ ᶮКǮǶ ǯǞǭ ȐȓƲ ǯǞǭȉȏǖ̓ȖȓȒɎɓ

ɱȤɉ Hemicentrotus pulcherrimus ș ǋǭƲѧ ǵѝἧ ǵ ș

ǪǭǔȅǞǦƳ 

Ȥɉǵ ǮǶƲ16 ǵẎҊ ǲ ǠȒ ǒȐ Ǔ◐ ǜȓƲ

ǶɕɩɄȤȷ℗ ǵ ῁ǲǉȒẆ ǲḛȈ ȅȓȅǠƳǤǵǦȈɕɩɄȤȷ

℗ ǮǶƲ ǋ șȉǫ Ǔ ῁ǲ όǜȓȅǠ ᶫ Ƴʝ ƲɕɩɄȤ

ȷ℗ ǵ̱КǲǶʝᾍǵ̱ ǵǍǓ̸ȐȓȅǠǓƲ‼ζǵ̱ ǵǍǵȆǓ ̱ԍḨ

ȤɉԍḨ ǯǱȑƲẀ ș ǭ ̱ǵȤɉǲǱȑȅǠ ᶫ Ƴ 

Ȥɉǵ ǲ ȖȒ ̟ἧǵ ș ǍǦȈǲǶƲɠɩɓȧɨɌȠɱȿȹɱȷ

ȨɨȲ MASO ș ǋǦ ̟ἧɌɁȭȾȤɱǓ ȖȓǭǔȅǞǦ ƳǞǒǞƲ

MASOǵҧ Ƕ ǮǔǡƲȅǦȤɉ ș ̱ȅǮ ǠȒǵǶ ǞǋǦȈƲ

♥ ǒȐẀ ♥ǵ ̱ȅǮǵ ̟ἧǵ ǲǶѫ ǮǔȅǢȚǮǞǦƳ 

₴ǵȰɌɞ ǵ ᾽ǲȏȑƲǜȅǝȅǱ Ǯǵ ̟ἧ֯ẀǓ֯ ǯǱȑ

ȅǞǦƳȰɌɞ ǮǶƲ ̬ DNA ў ș ǲᾚЊǞƲ ǵ

̟ἧ↔ǲᾚЊǜȓǦ DNA ˘ ў ǓʹⱥǜȓȒ ǮƲǤǵ ̬ǵṊḨ ѦǓ

ẀǜȓȅǠƳǚȓȅǮǲƲ Zinc-Finger Nucleasr (ZFN)ȋ Transcription 

Activator-Like Effector Nuclease (TALEN)ƲCRISPR-Cas9ǯǋǪǦ ̬

DNAў Ǔ ǜȓǭǔȅǞǦƳ 

ȤɉǮȉƲZinc Finger Nuclease (ZFN)ȋ Transcription Activator Like 

Effector (TALEN)ǲȏȒ ̟ἧ ẀǓ֯ ǱǚǯǓɎɓɱȤɉș ǋǦ ǲǑǋ

ǭ ǜȓǭǋȅǞǦƳȅǦƲCRISPR-Cas9



ǠǓƲǚȓȐȉ Pks1 ̟ἧǲ Ẁ șȉǪǭǋȒ֯ Ǔר ǏȐȓȅǠƳ 

ǲǑǋǭǶƲẀ ♥ǵ Ȥɉǵ Ǔ Ǳ ǯǱȑȅǞǦƳ ƵǶǜ

ȅǝȅǱ ǵ Ʋ ὙКǮ ǵ ǵ Ǯ̂ șḧ ǠȒ ș

ǞƲǚȓșȦȳǯǠȒǚǯǮƲ ǒȐ ǖ ȓǦⅎῬẎἶ ⅎῬȫɡɱɏȷǮȉȤ

ɉș ̱ȅǮ ǭȒǚǯǓ֯ ǯǱȑȅǞǦƳ 

2018₴ 7 ǵ ὡǲȏȑⅎῬ ǵ Ὶ Ǯȉẉǖǵ ὡǓїǭǑȑƲ

ǵЊ Ǔʝ ᶩ ǯǱȑȅǞǦǓƲǚǵɌɁȭȠȤɆȤɉǶ ˗ǲ ǠȒǚǯ

ǓǮǔȅǞǦƳ 

 

ǀ˹♥ǵ᾽ ǁ 

CRISPR-Cas9ȵȷɄɞșѫ ǞǦ ҧ ǱȰɌɞ ǲȏȑƲ ̟ἧɌɁȭȠȤ

ɆǜȓǦ ̱Ȥɉǵ ǲѧȈǭ ҚǞȅǞǦƳ˹♥Ʋǚǵ CRISPR-Cas9 ȵȷɄ

ɞș̓ǪǭƲȤɉǵ♥ ̱ȅǮǵ◐Ǭǖȑǵɟȩɉȸɞș ǞǭǋǔǦǋ

ǯדǋȅǠƳȅǦƲ ǲǑǘȒᴜ ǲȉὦ ǲѫ ǮǔȒȏǍƲȰɌɞ

ǵǜȐǱȒҧ ӓș ǞǦǋǯדǋȅǠƳ 

 

ǀ֓ ǁ 

 
ᶫ  ɎɓɱȤɉ 

ɎɓɱȤɉ Hemicentrotus pulcherrimus ǶƲ ǲⅎǖѝ⁹ǞǭǑȑƲᶮКǲ

ǑǘȒ ἶǵ ǯǞǭȉ̓ȖȓȅǠƳ 

 

 



 

ᶫ  CRISPR-Cas9ȵȷɄɞǲȏȒȰɌɞ  

CRISPR-Cas9 ȵȷɄɞǮǶƲȪȢɇ RNA (sgRNA)ǯ Cas9 ɊȭɪȠɶȺș

ǲᾚЊǠȒǯƲsgRNA Ǔ Cas9 ɊȭɪȠɶȺș ǱṊḨ Ѧșȉǫ ̬ǿ

ǯϼᾚǞƲCas9 ɊȭɪȠɶȺǓ ̬ǲ DNA ˘ ў șᾚЊǞȅǠƳǚǵў

̬ǓʹⱥǜȓȒ ǮƲ ẕ ЊǱǰǵẀ ǓᾚЊǜȓȅǠƳ 

 

 

 

 

ᶫ  Ȥɉǵѧ  

Ȥɉǵ Ƕ ǫǵ ǮǉȒ֞ ԂǒȐȷȽɶɆǞȅǠƳ16 ǲǶʴҊ ɵ

ẎҊ ɵᾛҊ ǵ ῁ǵҊ Ǔ◐ ǜȓƲẎҊ ǲ ǠȒ ѝ Ȩɪɱȶ Ǔ˘

Ϲ SMC ǯǱȑƲSMCǲ ǠȒ ǓɕɩɄȤȷ℗ ǵẆ

ǲḛȈ ȅȓƲ ǋ șֻ ǞȅǠƳ 

 

 

 

 

ᶫ  Ȥɉǵ♥  

ɕɩɄȤȷ℗ ǵԍ ϼ ǲʝᾍǵ̱ ǵǍǓ̸ȐȓȅǠƳ ɕɩɄȤȷ℗

ǲǶƲ‼ζǵ̱ ǵǍǒȐ ̱ԍḨ ȤɉԍḨ Ǔ◐ ǜȓƲǚȓǓ Ǟǭ ̱ǵ

ȤɉǓ◐̸ȐȓǭǋǔȅǠƳǤǞǭẀ ș ǭƲ‼ֳ ǱɕɩɄȤȷ℗ ǶƲ˜

ᾑ Ǳ ̱ǵȤɉǲǱȑȅǠƳ 

 

 

 



 

ᶫ  Pks1ɌɁȭȠȤɆ ̱Ȥɉ 

Cas9ɊȭɪȠɶȺǵȆșᾚЊǜȓǦȤɉ ‼ ǯƲCas9ɊȭɪȠɶȺǯ sgRNA#2

șВᾚЊǜȓǦȤɉ ֳ Ƴ֞ ♥ ɴ ǵШ ǮƲȷȯɶɩɎɶǶ 2 mmș Ǟǭ

ǋȒƳ 

 

 

ǀ ǁ 

 

̟ἧɌɁȭȠȤɆ 

̟ἧ DNA ǵṊḨ Ѧș ẀǞƲ ̟ἧǤǵȉǵș ṥǠȒ Ƴ 

 

̟ἧɌɁȭȾȤɱ 

̟ἧ DNA ǵṊḨ ѦșẀӓǜǢȒǚǯǱǖƲ ὑǵ ̟ἧǵ ș ѰǠȒ

Ƴ 

 

ɠɩɓȧɨɌȠɱȿȹɱȷȨɨȲ MASO  

DNA ȋ RNA ǯǋǪǦ ǯ ̧ǞǦ șȉǫӓֻ ǮǉȑƲѝἧǵ Ǔ

ǍȉǵǵƲ ǯֿ ǲṊḨșȉǫǚǯǓǮǔȅǠƳ ̟ἧǵ mRNA ǯ ǲ

ֻǠȒ MASO șȤɉ ǲᾚЊǠȒǚǯǲȏǪǭƲ ǵ ̟ἧǵ ș ǲ

ὡǠȒǚǯǓǮǔȅǠƳ 

 

 
ǀǑᵂǋֻȖǢϼǁ 

Ẏἶ ֻ ᴁ ἶ  ᴁ ἶɕɫȮɧɞ 
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