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˝́̎̎̆̆ ̑́̈̃̉̓̉̆ ̘̜̖̂̆̒̐̏̈̃̏̎̏̎Ȣ  ˡ̏̑̍̉̑̏̃́̎̉̆ 
̝̐̑̏̅̏̌̎̏̊ ̏̒̉ ̉ ̒̆̄̍̆̎̓̏̄̆̎̆̈.  

 

 

 



ˍ̃̄̔̒̓ ˏ̆̊̒̍́̎ (Friedrich Leopold 

August Weismann  1834-1914) 

}˽͙ͪͤͼ͙ͨ ͊ͪͦ͒͘·΄͔͍͚ͦ ͨ͊ͣ͘͡· (germline) 

ζ͙ͯͪ͟ͼ͊ Ήͭͦ ͫͨͦͫͦ͋ ͦͭͦͪ͟·͚ Ύ͚ͼͦ 
͙ͫͨͦ͡Έ͔ͯͭ͘ ;ͭͦ͋· ͙͍͔͙ͨͪͦͫͭ͘ ͒ͦ;͔͔͔ͪͤ 
Ύ͚ͼͦη 



ː̉̐̏̓̆̈́ ̘̍̏̈́̉̎̏̄̏ ̠̑́̈̃̉̓̉ ˏ̆̊̒̍́̎́ 

 



ˏ̝̝̉̌̄̆̌̍ ̋  ̔(Roux Wilhelm, 1850 ð1924)  
˛̜̜̐̓ ̎́ ̠̗̊̆ ̠̙̌̄̔̋̉  

 



 ː ́̎̒́ ˑ̙̑̉ (1867-1941) 
˛̜̜̐̓ ̎́ ̍̏̑̒̋̏̍ ̆̇̆ 

 



˛̜̜̐̓ ː́̎̒́ ˥̐̆̍́̎̎́ ̉  s̉ ̝̜̌̅ ̇ ̝́̎̄̏̌̅ 
(1924,˥̐̆̍́̎̏̃̒̋̉̊ ̏ ̑̄́̎́̊̈̆̑ȟ ˚̝̏̂̆̌ 1935) 

 



˝́̎̎̆̆ ̑́̈̃̉̓̉̆ ̜̅̑̏̈̏̉̌̕ 
ɉ̏̒̏̂̆̎̎̏̒̓̉Ɋ 

}ˢ͙͍ͭ͊͟ͼ͙Ύ ͒ͦ ͍͔͙ͦͨͦ͒ͦͭͦͪͤͤ͡Ύ 

}͙͍͙͔̅ͦͪͣͪͦ͊ͤ ͔͚ͦͫ ͒ͦ ͍͔͙ͨͦ͒ͦͭͪͦͪͤ͡Ύ 

}˥ͪͦͣ͊͒ͤ·͚ ͔͙ͫͨͪͣ͊ͭͦͦ͒͘Σ ͍ͭΎ͎͙͍͔͊ͭͫΎ ͼ͔͙ͦͣ͟͡ 
ό͍͔͔ͣͫͭ ͫ ͻ͍ͦͫͭͦͣύ 

}˽͍͔ͦͪͻ͔ͤͦͫͭͤͦ ͔͙͔͒ͪͦ͋ͤ͡Σ ͤ͊ ͙ͪ͊ͤͤͻ Ήͭ͊ͨ͊ͻ ͙ͫͤͼ͙͙͚ͭ 

}Mid-blastula transition ͤ ͊ мл ͼ͙͔͟͡ ͔͙͒ͪͦ͋ͤ͡Ύ ό͔ͨͦͫ͡ 
ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔ͭͦ͟͡;ͤ·ͻ ͔ͫͭͤͦ͟ 



ˡ̏̑̍̉̑̏̃́̎̉̆ ̐̆̑̆̅̎̆-̈́̅̎̆̊ ̏̒̉ 

}͙̅ͦͯ͟͡͡͡Ύͪͤ·͔ 
͔͙ͭ͟͟͡ ͨͪͦ͒ͯͼ͙ͪͯΌͭ 
ͣ˾˹˴ ͎͔ͤ͊ Torpedo 

ό͔ͪͼ͔ͨͭͦͪ ͒͡Ύ 
GurkenύΣ ͦͭͦͪ͊͟Ύ 
͙͔ͭͪ͊ͤͫͨͦͪͭͪͯͭͫΎ ͍ 
͔͙ͨͦͫͭͪ͊͡Έͤ·͚ ͔ͦͤ͟ͼ 
Ύ͚ͼ͊Φ 

}̒͒ͪͦ ͦͦͼ͙ͭ͊ 
Ή͔͙͔ͫͨͪͫͫͪͯͭ͟ ͣ˾˹˴ 
͎͔ͤ͊ Gurken 



˞̉̎̓̆̈ ˗̜̉̎́̈ ˍ ̐̑̉̃̏̅̉̓ ̋ ̠̗̐̏̌̑̉̈́̉̉ 
̘̍̉̋̑̏̓̑̔̂̏̆̋ȟ ̐̏ ̜̋̏̓̏̑̍ ̆̅̔̓ bicoid  ̉ oskar . 

 



˘̗̠̏̋́̌̉̈́̉ ̍˝˚˗ ̃ ̠̗̊̆ ̜̅̑̏̈̏̉̌̕ 
(Gilbert, 2010 ) 



ˬ̅̑̏ Ⱥ̆̅̆̓Ȼ ̐̏ ̘̍̉̋̑̏̓̑̔̂̏̋́̍ ̃̐̆̑̆̅ȟ 
̗̟̉̎̅̔̉̑̔  ̝̟̅̏̑̈́̌̎̔ ̒̓̏̑̏̎̔Ȣ 

 



˛̜̐̓ ̐̏ ̐̆̑̆̒́̅̋̆ ̠̜̖̏̌̌̉̋̔̌̑̎̕ ̋̌̆̓̏̋ 

 



ˡ̏̑̍̉̑̏̃́̎̉̆ ̅̏̑̈̏-̝̃̆̎̓̑́̌̎̏̊ ̏̒̉ 

}˿͙ͨͤ͊ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ ͔͙ͣ͊ͭͪͤͫͦͣ͟ ͎͔ͤͦͣ dorsal. 

} Dorsal ͪ ͍͔͊ͤͦͣͪͤͦ ͔͔͔ͪ͊ͫͨͪ͒ͤ͡ ͨͦ ͍͔ͫͣͯ ͦ͋Ά͔ͣͯ 
Ύ͚ͼ͊ 

}́ͪ͊ͤͫ͡Ύͼ͙Ύ ͤ͊;͙͔ͤ͊ͭͫΎ ;͔͔ͪ͘ 90 ͣ ͙ͤͯͭ ͔ͨͦͫ͡ 
͍͔͙ͦͨͦ͒ͦͭͦͪͤ͡Ύ 

}˴͊͟ΚΚΚΚ 

 



ˡ̏̑̍̉̑̏̃́̎̉̆ ̅̏̑̈̏-̝̃̆̎̓̑́̌̎̏̊ ̏̒̉ 

}Gurken ͙ ͙͍͙͔ͤ͊ͭͪͯͭ͟ 
͙͔ͫͤͭ͘ ͔͋͊͟͡ pipe ͍  
ͺ͙ͦͯ͟͡͡͡Ύͪͤ·ͻ ͔ͭ͊͟͟͡ͻ 

}ˤ ͍͔ͤͭͪ͊͡Έ͚ͤͦ ͔ͦͤ͘ 
Pipe ͫ ͙͔͙͔ͤͭͪͯͭͫ͘Ύ  ͙ 
;͔͔ͪ͘ ͼ͔ͨͦ;ͯ͟ 
͙͍͊ͭ͊͟ͼ͙͚ ͔͊ͨͯͫ͊ͭ͘͟ 
͙ͤ͊ͯ͘͟ Toll 



}Tube ˾ ͔ͼ͔ͨͭͦͪ 
͙͍͙͔͊ͭͪͯͭ͟ ͙ͤ͊ͯ͘͟  
PelleΣ ͦͭͦͪ͊͟Ύ 
ͺͦͫͺ͙͙͔ͦͪͪͯͭ͡ 
Cactus 

}ˢ͙͍͙͍ͭͪͦ͊ͤͤ͟·͚ 
Cactus 

͙͒ͫͫͦͼ͙͙͔ͪͯͭ ͫ 
Dorsal 

}Dorsal ͍ ͻ͙ͦ͒ͭ ͍ 
Ύ͒ͪͦ ͙ ͔͊ͨͯͫ͊ͭ͘͟ 
ͨͪͦͼ͔ͫͫ· 
ζ͍͔͙ͤͭͪ͊͊͘͡ͼ͙͙η 



 



˘̗̠̏̋́̌̉̈́̉ ̍˝˚˗ ̃ ̠̗̊̆ ̜̅̑̏̈̏̉̌̕ 
(Gilbert, 20 00) 



˜̖̑̏̉̒̏̇̅̆̎̉̆ ̘̜̖̍̎̏̄̏̋̌̆̓̏̎ ɀ ̂ ̜̒̓̑̏ 
̉̌̉ ̅́̃̎̏ȩ 

}˿ͯ͟;͔ͤͤͦͫͭΈ ͍͔͍͔͚ͭ ͍ 
͍͙͙ͦͫͤͦ͊ͤ 
ͺ͙͎͔͔͙ͦͤͭ͡;͔͎ͫͦͦ͟ 
͔͍͒ͪ͊ ͎͔ͣͤͦͦͭͦ͟͡;ͤ·ͻ 
ͣͦ͗ͤͦ ͦ͋ΆΎ͙ͫͤͭΈ 
͍͒ͯͣΎ ͙ͨͪ;͙͙ͤ͊ͣ ς 
ͤ͊ͫ·΅͔͙͔ͤͣ 
ͣͯͭ͊ͼ͙Ύ͙ͣ ͙͋ͦ͡ 
ζ͍ͪ͘·͍ͤ·ͣη 
ͺ͙͍͙͔ͦͪͣͪͦ͊ͤͣ 
͍ͦͫͤͦͤ·ͻ ͍ͭ͊ͫͦͤͦ͟Φ 

 



}˽ͦ рл ͔͋ͦ͟͡-
͙ͦ͒ͪͯ͟Ό΅͙ͣ ͎͔ͤ͊ͣ 
͍͙͙ͫͪ͊ͤ͡ ͺ͙͎͔͙ͦͤ͡Ό 
͎͔ͣͤͦͦͭͦ͟͡;ͤ·ͻ ͙ 
͎͙͍ͪ͋ͦΦ ˨͔ͦ͡ ͔ͤ ͍ 
ͤ͊ͫ·΅͔͙͙ͤ 
ͣͯͭ͊ͼ͙Ύ͙ͣΣ ͊ ͍ 
͋·ͫͭͪͦͣ 
ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ 
͍ͦͫͤͦͤ·ͻ ͍ͭ͊ͫͦͤͦ͟ 



ˤ̓̏ ̐̑̉̃̆̌̏ ̋ ̃̏̈̍̏̇̎̏̒̓̉ ̜̂̒̓̑̏̄̏ 
̠̏̑̍̉̑̏̃́̎̉̕ ɀ ̕ ̟̏̑̍̏̏̂̑́̈̔̉̆̚ ̜̄̆̎Ȧ 

 



˪̠̋̒̐̑̆̒̒̉ Gap-genes ̉ 
̏̑̍̉̑̏̃́̎̉̆̕  ̗̄̑́̎̉ ̒̆̄̍̆̎̓̏̃ 



˛̜̒̎̏̃̎̆ ̜̄̆̎ ̗̒̆̄̍̆̎̓́̉̉ ̖̍̔̉ 
(̉̈ Gilbert, 2000)  

 



 



 



 



˞̜̆̄̍̆̎̓ ̉ ̜̐́̑́̒̆̄̍̆̎̓ ̔ ̑́̋̏̃ 

 



˚ˍ ˞˘˒ˑˠ˫˦˒˖ ˘˒˗ˣ˕˕ȡ 
˪̟̗̠̃̏̌̉ ̜̖̄̏̍̆̏̈̉̒̎ ̄̆̎̏̃ ̃ ̋̏̎̓̆̋̒̓̆ 
̓́̋̒̏̎̏̍̉̉ ̘̜̖̂̆̒̐̏̈̃̏̎̏̎ ɉEvo-Devo) 



 


