


03.00.30 - x ͙͎͙ͦͦ͡Ύ ͪ ͍͙͙͊ͭ͘ΎΣ Ή͙͎͙ͣ͋ͪͦͦ͡Ύ 
 

˻͋΅͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ͨͪͦͼ͔ͫͫ͊ ͔͙͒ͪͦ͋ͤ͡Ύ. ˻͔͙ͫͦ͋ͤͤͦͫͭ ͔͔͙͒ͤ͡Ύ ͔ͭͦ͟͟͡  ͍ ͔͙ͨͪͦ͒ ͔͙͒ͪͦ͋ͤ͡Ύ ό͍͙͔ͦͭͫͯͭͫͭ ͪͦͫͭ͊ ͔ͭͦ͟͟͡Σ 
͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͣ ͙͙ͭͦͭ;͔͎ͫͦͦ͟ ͼ͙͊͟͡ύ. ˽ ͍͙ͪ͊͊͡ ͟ ͔ͭͦ͡;͎ͤͦͦ ͒ ͔͔͙ͤ͡Ύ ˥ ͔͍͙͎ͪͭ͊-˿͊ͫ͊͟. 
͙́ͨ· ͔͙͒ͪͦ͋ͤ͡Ύ, ͙ͻ ͍͙͙͊ͫͣͦͫͭ͘Έ ͦ  ͭ͟ ͙ͦ͡;͔͍ͫͭ͊ ͔͗ͭ͊͟͡  ͙͔͎ͦ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ  ͍ͼ͙͔ͭͦͨ͊ͣ͘͡ ό͔ͨͦͤͦ͡ ͍͔͔ͪ͊ͤͦͣͪͤͦ  ͙͔͍͔͔ͤͪ͊ͤͦͣͪͤͦΣ ;͙͊ͫͭ;͔ͤͦΣ 
͙͙͒ͫͦ͒͊͟͡Έ͔ͤͦΣ ͍͔ͨͦͪͻ͔ͤͦͫͭͤͦύ  ͙ͦ ͍͚͍ͭͫͦͫͭ ͼ͙ͭͦͨ͊ͣ͘͡· ό͙ͪ͊͒͊͡Έ͔ͤͦΣ ͙ͫͨͪ͊͡Έ͔ͤͦΣ ͍͙͔͙͒ͯͫͣͣͭͪ;͔ͤͦύ. ˭͍͙͙͊ͫͣͦͫͭΈ ͙͍ͭͨͦ ͔͙͒ͪͦ͋ͤ͡Ύ ͦ ͭ
͍͚͍ͫͦͫͭ ͼ͙ͭͦͨ͊ͣ͘͡·  ͙͔ͭͦ͟͡;ͤ·ͻ ͍ͦͤͭ͊ͭͦ͟͟. ˸͙͙ͭͦͭ;͔͙͚ͫ͟ ͊ͨͨ͊ͪ͊ͭ. ˾ͦ͡Έ ͼ͔͙͔͚ͤͭͪͦ͡Σ ͙ͣͪͦ͟ͺ͙͔͍͊ͣͤͭͦ͡  ͙͙ͣͪͦͭͪͯ͋ͦ͟;͔͟  ͍͙͔͙͔ͤͭ͟͟ ͙͊ͪͦ͟- 
 ͙ͼ͙͙͙ͭͦͭͦͣ. ˽ ͙͔ͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͟ ͔ͭͦ͡;͎ͤͦͦ ͼ͙͊͟͡ ͍  ͨ ͔͙ͪͦ͒ ͫ ͙ͤͻͪͦͤͤ·ͻ ͒ ͔͔͙͚ͤ͡ ͒ ͔͙ͪͦ͋ͤ͡Ύ.  
˿͔͙͔ͭͪͦͤ ͋͊ͫͭͯ͡͡·  ͯ ͙͍͗ͦͭͤ·ͻ  ͫ ͪ͊ͤ͘·ͣ ͙ͭͨͦͣ ͔͙͒ͪͦ͋ͤ͡Ύ. ˻͔͙ͫͦ͋ͤͤͦͫͭ ͍͔͙ͦͨͦ͒ͦͭͦͪͤ͡ΎΣ ͔͙͒ͪͦ͋ͤ͡Ύ  ͙ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘Ύ ͋͊ͫͭͯ͡͡·  ͯ
͔͙ͣͦͨͭ͊͟͡Ό΅͙ͻ. ˽ ͦͯ͡;͔͙͔ͤ ͊ ͦ͡͡ͺ͔ͤͤ·ͻ ͗ ͙͍ͦͭͤ·ͻ: ͫ ͙͡Ύ͙͔ͤ ͣ ͦͪͯ͡Σ ͙ ͤΆ͔͟ͼ͙͙ ͍  ͋ ͊ͫͭͦ͡ͼ͙ͫͭͯ. ˻ ͨ·ͭ· ͫ  ͭ ͔ͪ͊ͭͦ͊ͪ͟ͼ͙͚ͤͦͣͦ. 
˾ͦ ͡Έ ͣ ͔͙͎͊ͭͪͤͫͦͦ͟ ͙  ͘ ͊ͪͦ͒·΄͔͍͎ͦͦ ͎ ͔ͤͦͣ͊ ͍  ͨ ͪͦͼ͔ͫͫ͊ͻ ͒ ͔͙ͪͦ͋ͤ͡Ύ. ˿ ͭͪͯͭͯͪ͊͟ ͟ ͔ͭͦ͡;͎ͤͦͦ ͼ͙͊͟͡ ͍  ͨ ͔͙ͪͦ͒ ͫ ͙ͤͻͪͦͤͤ·ͻ ͒ ͔͔͙͚ͤ͡ ͒ ͔͙ͪͦ͋ͤ͡Ύ ͙  
͔͙͒ͫͤͻ͙ͪͦͤ͊͘ͼ͙Ύ. ˿͙͔ͤͭ͘ ˨˹˴Σ ˾˹˴  ͙͔͍͋ͦ͟͡  ͍͔͙ͨͪͦ͒ ͙ͪ͊ͤͤͻ ͙͚ͫͭ͊͒ Ή͙͎͔͔ͣ͋ͪͦͤ͊͘. ˾ͦ͡Έ ͔͙͎ͣ͊ͭͪͤͫͦͦ͟ ͎͔ͤͦͣ͊  ͍͍͙͙͙ͪ͊ͭ͘  ͙͍͟͡Ό;͔͙͔ͤ ͎͔͍ͤͦ 
͊ͪͦ͒͘·΄͊. ˸ ͯͭ͊ͼ͙͙ ͫ  ͣ ͔͙͙͊ͭͪͤͫͣ͟ Ήͺͺ͔ͭͦͣ͟. 
˸͙ͦ͊͘;ͤ·͔ ͙  ͪ ͔͎ͯ͡Ύͼ͙ͦͤͤ·͔ Ύ͚ͼ͊Σ ͦ ͙͔ͭͤͦͫͭ͡ΈͤͦͫͭΈ Ή͚ͭͦ ͟ ͙͊ͫͫ͡ͺ͙͊͟ͼ͙͙. ˻ ͨ·ͭ· ͨ  ͦͪ ͔͔͙͊͒ͤ͘͡Ό ͙  ͫ ͙͡Ύ͙ͤΌ ͋ ͔͍͊ͫͭͦͣͪͦ͡. ʕ ͙͍͔͙͔ͦͤͤͦͤ͘͟ 
ͪ͊ͤͦ͊͘͟;͔͍͔͙ͫͭͤͤͦͫͭ ͔͍͋͊ͫͭͦͣͪͦ͡  ͯͪ͊ͤ͘·ͻ ͎ͪͯͨͨ ͙͍͗ͦͭͤ·ͻ. ͍͙͔̏ͨͦͭͤ͟ͼ͙͊͡ΈͤͦͫͭΈ Ύ͔͒ͪ. ˻ͨ·ͭ· ͨ ͔͔ͦͨͪͫ͊͒͊ͣ͟  ͙͔͙͍͒͊ͭ͊͘͟ͼ͙͙ Ύ͔͒ͪ ͤ ͊
ͪ͊ͤ͘·ͻ ͫ ͙ͭ͊͒Ύͻ ͪ ͍͙͙͊ͭ͘Ύ. ʕ ͙͍͔͙͔ͦͤͤͦͤ͘͟ ͪ ͊ͤͦ͘- ͙  ͦ ͒ͤͦΎ͚ͼ͔͍·ͻ ͋ ͙͔ͤ͘͡ͼ͍ͦ. ˩ ͔͍͔ͫͭͫͭͤͤ͊Ύ ͨ ͙ͦ͡Ή͙͙ͣ͋ͪͦͤΎ. 

03.03.04 - ʂʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ, ʮʠʪʦʣʦʛʠʷ, ʛʠʩʪʦʣʦʛʠʷ 
ɹʠʣʝʪ ˉ 16 

1. ʊʢʘʥʠ ʢʘʢ ʩʠʩʪʝʤʳ ʢʣʝʪʦʢ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʅʝʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ - ʩʠʤʧʣʘʩʪʳ ʠ ʤʝʞʢʣʝʪʦʯʥʦʝ ʚʝʱʝʩʪʚʦ ʩʠʥʮʠʪʠʠ. ʇʦʥʷʪʠʝ ʦ 

ʢʣʝʪʦʯʥʳʝ ʧʦʧʫʣʷʮʠʷʭ. 

ɹʠʣʝʪ ˉ 25 

1. ɿʠʛʦʪʘ ς ʦʜʥʦʢʣʝʪʦʯʥʳʡ ʟʘʨʦʜʳʰ, ʝʝ ʛʝʥʦʤ, ʘʢʪʠʚʘʮʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ  

ʧʨʦʮʝʩʩʦʚ. ɼʨʦʙʣʝʥʠʝ. ɿʘʢʣʘʜʢʘ ʟʘʨʦʜʳʰʝʚʳʭ ʣʠʩʪʢʦʚ. 

03.02.07 - ɻʝʥʝʪʠʢʘ 
ˣ͙͔ͭ͡ Ѕ 2 
3. ʆʥʪʦʛʝʥʝʟ ʢʘʢ ʨʝʘʣʠʟʘʮʠʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ. 
ˣ͙͔ͭ͡ Ѕ 3 
3. ɼʝʡʩʪʚʠʝ ʛʝʥʦʚ ʚ ʨʘʥʥʝʤ ʵʤʙʨʠʦʛʝʥʝʟʝ. ʇʦʟʠʮʠʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʤʦʨʬʦʛʝʥʳ. 
ˣ͙͔ͭ͡ Ѕ 17 
3. ʍʠʤʝʨʥʳʝ (ʘʣʣʦʬʝʥʥʳʝ) ʞʠʚʦʪʥʳʝ.  

03.01.09 - ɹʠʦʠʥʬʦʨʤʘʪʠʢʘ 
ɹʠʣʝʪ ˉ6 

Åʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʦʚ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʢʣʝʪʦʢ. ɹʠʦʛʝʥʝʪʠʯʝʩʢʠʡ ʟʘʢʦʥ. 
 



Å ˤ ;͖ͣ ͙͎͙͋ͦͦ͡;͔͙͚ͫ͟ ͫͣ·ͫ͡ ͔͙͒ͪͦ͋ͤ͡ΎΚ 

 

Å ˴͊͟  ͙ͯ͘;͊Όͭ ͔͙͔͒ͪͦ͋ͤ͡Κ  ˴͍͊ͦ͟ ͍͚ͦͫͤͦͤͦ  Ή͙͙ͣͨͪ;͔͙͚ͫ͟ ͙ ͔͔͙ͭͦͪͭ;͔͙͚ͫ͟  
͙͔͙͚ͤͫͭͪͯͣͤͭ͊ͪ  ͯ ͙͔͍͔ͫͫ͒ͦ͊ͭ͡͡ΎΣ ͦͭͦͪ͟·͚ ͙͔͊ͤͣ͊ͭͫ͘Ύ ͙ͪ͊ͤͤͣ ͍͙͙͔ͪ͊ͭͣ͘Κ 

 

Å ̉ͭͦ ͙ͨͪͦͫͻ͙ͦ͒ͭ ͫ Ύ͚ͼͦͣ ͙ Ή͙ͣ͋ͪͦͤͦͣ ͯ ͔͙ͣͦͨͭ͊͟͡Ό΅͙ͻΚ  

       ̉ ͭͦ ͔͍ͨͪ͒ͫͭ͊͡ΎΌͭ ͚ͫͦ͋ͦ ͔ͦͭ͒͡Έͤ·͔ ͨͪͦͼ͔ͫͫ· ͙ ͔ͣͻ͙͊ͤͣ͘·Σ  

       ͘ ͔͚͍͍͊͒ͫͭͦ͊ͤͤ·͔ ͍ ͔͙͙͒ͪͦ͋ͤ͡  ͔͙ͣͦͨͭ͊͟͡Ό΅͙ͻΚ ˴͊͟ ͙ͦͤ ͔͎͙ͪͯͪͯ͡ΌͭͫΎΚ 

 

Å ˤ ͙͊͟͟ͻ ͙͎͙͋ͦͦ͡;͔͙ͫ͟ͻ ͙͒ͫͼ͙͙ͨͤ͊͡ͻ ͙͔ͤ͊ͤ͘ ͦ ͔͙͙͒ͪͦ͋ͤ͡ ͔ͣͦ͗ͭ ͋·ͭΈ 
͙͙͍͊ͭͯ͊ͪͦ͊ͤͦ͘͟͡Σ ͙͊ͣ͟͟ ͦ͋ͪ͊ͦͣ͘ ͙ ͒͡Ύ ͔ͪ΄͔͙ͤΎ ͙͊͟͟ͻ ͤ͊ͯ;ͤ·ͻ ͊͒͊͘;Κ      

Å ˴͊͟ ͙͔ͤ͊ͤ͘ ͦ ͔͙͙͒ͪͦ͋ͤ͡ ͔ͣͦ͗ͭ ͋·ͭΈ ͙͙ͯͭͭ͊ͪͤͦ͡ ͙ͫͨͦ͡Έ͍ͦ͊ͤͦ͘Κ  

       ̉ ͭͦ ͊͘ ͨͦ͡Έ͊͘ ͦͭ ͔͎ͤͦ ;͔͍͔ͦ͡;͔͍ͫͭͯ ͍ ͼ͔ͦͣ͡Κ  



ɺ ʯʸʤ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʨʦʙʣʝʥʠʷ? 

ɺ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ  

ʠʟ ʦʜʥʦʢʣʝʪʦʯʥʦʡ ʟʠʛʦʪʳ  

ʚʦʟʥʠʢʘʝʪ ʤʥʦʛʦʢʣʝʪʦʯʥʳʡ ʦʙʲʝʢʪ ï  

ʵʤʙʨʠʦʥ  

ɼʨʦʙʣʝʥʠʝ ï ʩʝʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʭ,  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʳʭ  

ʜʝʣʝʥʠʡ ʙʣʘʩʪʦʤʝʨʦʚ. 

  

ɼʝʣʝʥʠʷ ʜʨʦʙʣʝʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ  

ʦʙʲʸʤʘ ʙʣʘʩʪʦʤʝʨʦʚ ʠ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʸʤʘ ʵʤʙʨʠʦʥʘ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʨʦʙʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʙʣʘʩʪʫʣʘ.  

 



͍͙͍͔͙͔ͦͤͤͦͤ͘͟ ʤͤ ͎͔ͦͦͭͦ͟͡;͙ͤͦͫͭ 

ɻʘʩʪʨʝʷ  

(ʧʦ ɻʝʢʢʝʣʶ) 

ʌʘʛʦʮʠʪʝʣʣʘ/  

ʧʘʨʝʥʭʠʤʝʣʣʘ 

(ʧʦ ʄʝʯʥʠʢʦʚʫ 

ʠ ʀʚʘʥʦʚʫ)  

ʕʚʦʣʶʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦ ʚʨʝʤʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ 

(ʧʦ ɿʘʭʚʘʪʢʠʥʫ, ʀʚʘʥʦʚʫ ʠ ɸʣʸʰʠʥʫ) 



͍͙͍͔͙͔ͦͤͤͦͤ͘͟ ͎͔ͣͤͦͦͭͦ͟͡;͙ͤͦͫͭ 

ʆʜʥʘ ʠʟ ʤʦʜʝʣʝʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ (ʧʦ ʄʘʨʢʦʚʫ, 2010) 

1.    ʀʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ: 

 

- Protozoon, ʵʫʢʘʨʠʦʪ, 2n 

- ʧʦʣʷʨʥʦʩʪʴ: çʛʣʘʟʦʢè ----  ʚ-ʚʦ ʍ 

- [X]=1, ʧʦʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ çʛʣʘʟʢʘè 

- [X]<4, ʤʝʡʦʟ, ʠʟʦʛʘʤʠʷ 

- [X]=10, [X] >5, ʤʠʪʦʟ 

- ʨʘʟʥʳʝ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʍ 

- ʤʫʪʘʛʝʥʝʟ 

- ʘʜʛʝʟʠʷ ʢʣʝʪʦʢ 

- ʨʘʩʭʦʞʜʝʥʠʝ ʜʦʯʝʨʥʠʭ ʢʣʝʪʦʢ 

    ʠ ʪ.ʜ. 

 

 

 

 

1 
2 

2. ʇʦʷʚʣʝʥʠʝ ʩʦʤʘʪʠʯʝʩʢʦʛʦ ʠ  

ʛʝʨʤʠʥʘʣʴʥʦʛʦ ʢʦʤʧʘʨʪʤʝʥʪʘ,  

ʘ ʪʘʢʞʝ çʥʘʤʸʢʘè ʥʘ ʦʥʪʦʛʝʥʝʟ 

3 

3. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʣʝʪʦʢ  

4 

4. ʇʦʷʚʣʷʝʪʩʷ ʝʱʸ ʦʜʥʘ 

ʦʨʛʘʥʠʟʫʶʱʘʷ ʦʩʴ,  

çʦʥʪʦʛʝʥʝʟè ʫʩʣʦʞʥʷʝʪʩʷ 

5 

5. ʋʞʝ ʝʩʪʴ ʫʩʪʦʡʯʠʚʳʝ ʦʩʠ, ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʡ çʦʥʪʦʛʝʥʝʟè ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ʩʦʤʘʪʠʯʝʩʢʦʛʦ  ʢʦʤʧʘʨʪʤʝʥʪʘ 



Volvox carteri Chlamydomonas reinhardtii 

Simon E. Prochnik et al.,  Genomic Analysis of Organismal Complexity in the Multicellular Green Alga Volvox carteri //   
Science 9 July 2010:  Vol. 329 no. 5988 pp. 223-226.  

14.516  

ʛʝʥʦʚ  

14.566  

ʛʝʥʦʚ  vs 

ʨʘʟʥʠʮʘ ʚ 200 ʤʣʥ ʣʝʪ 

ʩʠʢʚʝʥʩ 138 ʤʣʥ ʧʘʨ  

ʦʩʥʦʚʘʥʠʡ ʛʝʥʦʤʘ Volvox 

1. ʋ ʚʦʣʴʚʦʢʩʘ ʫʚʝʣʠʯʠʣʦʩʴ ʨʘʟʥʦʦʙʨʘʟʠʝ 

- ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʜʚʘ ʛʣʘʚʥʳʭ ʩʝʤʝʡʩʪʚʘ ʙʝʣʢʦʚ  

ʵʢʩʪʨʘʮʝʣʣʶʣʷʨʥʦʛʦ ʤʘʪʨʠʢʩʘ ï ʬʝʨʦʬʦʨʠʥʦʚ (pherophorin) ʠ VMPs. 

- ʯʠʩʣʦ ʙʝʣʢʦʚ ʮʠʢʣʠʥʦʚ D-ʪʠʧʘ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʢʣʝʪʦʯʥʦʝ ʜʝʣʝʥʠʝ 

 

2. ɺʦʣʴʚʦʢʩ  ʘʜʘʧʪʠʨʦʚʘʣ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʚʦʠʭ ʛʝʥʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʡ. 

ʅʘʧʨʠʤʝʨ, ʙʝʣʢʠ ʩʝʤʝʡʩʪʚʘ ʬʝʨʦʬʦʨʠʥʦʚ  ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʠ  ʚ ʪʨʠʛʛʝʨʳ ʛʘʤʝʪʦʛʝʥʝʟʘ. 

 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʩʪʠ 



ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʩʪʠ 

ʄʥʦʛʦʪʢʘʥʝʚʦʩʪʴ ʠʣʠ 

ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ 

? 1,5-1,7  

ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ 

ʉʠʥʮʠʪʠʠ ʠ ʩʠʤʧʣʘʩʪʳ 

 

ʂʦʣʦʥʠʘʣʴʥʳʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ  

ʬʦʨʤʳ ʩ ʧʨʠʟʥʘʢʘʤʠ ʩʣʘʙʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ  

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

 

ʊʘʣʣʦʤʥʳʝ ʬʦʨʤʳ  

(ʥʠʟʰʠʝ ʚʦʜʦʨʦʩʣʠ, ʣʠʰʘʡʥʠʢʠ) 

 

ʄʠʢʨʦ- ʠ ʤʘʢʨʦʤʠʮʝʪʳ 



ˤ͔ͤ͒ͫ͊͟Ύ ͺ͊ͯͤ͊  
(650-ртл ͣͤ͡ύ 
͔ͦ͋ͤ͊ͪͯ͗ͤ͊ ͍ ˢ͍͙͙ͫͭͪ͊͡ 
ό͚ͪ͊ͦͤ ͙̏͒͊͊ͪ͟·ύΣ  
͍ ˾͙͙ͦͫͫ ό˴ͦ͡Έ͙͚ͫ͟ ͨ-͍ͦΣ 
ˢͪͻ͎͔͊ͤ͡Έͫ͟Σ ͙̒ͯͭ͟Ύύ   
͙ ͍ ˴͙͔ͭ͊ ό˨ͦͯ΄͊ͤΈͭͦʫ) 

˽͔͎͙͊ͦͤͭͦͦ͡͡;͔ͫ͊͟Ύ ͔͙ͭͦͨͫ͡Έ ͍͙͔͔ͫ͒ͭ͡Έ͍͔ͫͭͯͭ  ͦͭͦͣΣ ;ͭͦ ͎͔ͣͤͦͦͭͦ͟͡;ͤ·͔ ͎͙ͦͪ͊ͤͣ͘· ͍͙͙ͦͤ͊͘͟͡  ͍
ͻ͔ͦ͒ Ή͍ͦ͡Όͼ͙͙ ͦ ͔ͭͦ͒ͤͦͭͦ͟͡;ͤ·ͻ Ή͙ͯ͊ͪͦͭ͟ ͔͍͙͙ͤ͊ͫͣͦ͘ ͤ ͔͔͔͔ͣͤ 17 ͪ͊͘. ˮ ͤ͘·͔ͤ ͫͯ΅͔͍ͫͭͯΌ΅͙ͻ 
͎͔ͣͤͦͦͭͦ͟͡;ͤ·ͻ ͙͍͗ͦͭͤ·ͻ ͎͙ͯ͋͟ ͍͔͒ͯͭ ͍ͫͦΌ ͍ͪͦ͒ͦͫͦͤͯ͡Ό ͦ ͎ͭͦ͒ͤͦͦ ͔ͨͪ͒͊͟Σ ͎ͭͦ͒͊ ͊͟͟ ͍͔ͫ ͎͙͔͒ͪͯ 
ͺͦͪͣ· τ ͦ ͎ͭ͊ͦͦ͟͟-ͭ ͎͎ͦ͒ͪͯͦͦ.  ʕͨͪͦͼ͔͔ͫͫ ͙͙ͫͭͦͪ;͔͎ͫͦͦ͟ ͍͙͙ͪ͊ͭ͘Ύ ͤ ͔͔͊ͨ͊ͤͭ͡ ͍͙ͦͤͦ͘͟͡ ͤ ͔͔͔͔ͣͤ 35 
͙͍ͭͨͦ ͎͔ͣͤͦͦͭͦ͟͡;ͤ·ͻ ͎͙͍ͦͪ͊ͤͣͦ͘. ˮ ͙ͤ͘ͻ ͒ ͙ͦͫͻ ͨͦͪ ͫͯ΅͔͍͔ͫͭͯͭ 26, ͦͭͦͪ͟·͔ ͔͍͔ͨͪ͒ͫͭ͊ͤ͡· ͔͔͋ͦ͡ 
;͔ͣ 2 ͣ ͤ͡. ͍ ͙͍͒ͦ. 

ɻʠʧʦʪʝʟʘ  çʢʠʩʣʦʨʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷè 

ɻʠʧʦʪʝʟʘ çʣʝʜʷʥʦʡ ʢʫʧʝʣʠè 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʩʪʠ 



ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʩʪʠ 

ɼʦʫʰʘʥʴʪʦʫ 

ʦʢʦʣʦ 580 ʤʣʥ ʣʝʪ ʥʘʟʘʜ 

? 
ʵʤʙʨʠʦʥʳ 

ʠʣʠ 

ʩʝʨʦʙʘʢʪʝʨʠʠ 

Huldtgren  et al., 2011 

Science. Vol. 334. P. 

1696ï1699. 

 Chen et al. PNAS. 

2009. V. 106. ˉ 45. 

P. 19056ï19060 



ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʦʢʣʝʪʦʯʥʦʩʪʠ 

Trichoplax adhaerens 

Placozoa 

Dellaporta et al., 2006  Mitochondrial genome of Trichoplax adhaerens 

supports  Placozoa as the basal lower metazoan phylum // PNAS. 2006.  

Srivastava et al. 2008 The Trichoplax genome and the nature of placozoans 

// Nature. V. 454. P. 955ï960 



 

Åʈʘʟʜʝʣʝʥʠʝ ʦʜʥʦʨʦʜʥʦʡ ʛʨʫʧʧʳ ʢʣʝʪʦʢ 

ʥʘ ʩʦʤʘʪʠʯʝʩʢʠʡ ʠ ʛʝʥʝʨʘʪʠʚʥʳʡ 

ʢʦʤʧʘʨʪʤʝʥʪʳ 

 

Åʄʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ  ʩʦʤʘʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʘʨʪʤʝʥʪʘ 

 

Å ʂʣʝʪʦʯʥʳʝ ʘʥʩʘʤʙʣʠ ï ʫʩʪʦʡʯʠʚʳʝ  

ʩʢʦʧʣʝʥʠʷ ʢʣʝʪʦʢ ʚ ʚʠʜʝ ʧʘʨʝʥʭʠʤʳ 

ʠ/ʠʣʠ ʥʘʧʨʷʞʸʥʥʦʛʦ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ 

ʧʣʘʩʪʘ 

 

Åʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠ 

ʟʘʢʨʝʧʣʝʥʠʝ ʢʣʝʪʦʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʷʨʥʦʩʪʠ ʠ ʦʩʝʡ 

 

Åɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʤʤʝʪʨʠʠ  

ʠʣʠ ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ,  ʠʣʠ 

ʧʦʥʠʞʝʥʠʝ ʨʦʜʘ ʩʠʤʤʝʪʨʠʠ   

(ʰʘʨ ï ʪʦʨ ï ʜʚʦʡʥʦʡ ʪʦʨ - é )  

    1. ʇʝʨʝʭʦʜ ʦʪ 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʢʦ 

ʤʥʦʛʦʢʣʝʪʦʯʥʳʤ 

ʦʨʛʘʥʠʟʤʘʤ, ʚʦʟʤʦʞʥʦ, 

ʥʝ ʧʦʪʨʝʙʦʚʘʣ ʪʘʢʦʛʦ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʥʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʘʢ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

ʨʘʥʝʝ. 

2. ʇʨʦʩʪʘʷ ʞʠʚʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʚ ʩʘʤʦʡ  ʩʝʙʝ 

çʩʢʨʳʪʳʝè ʚʦʟʤʦʞʥʦʩʪʠ  

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ 

ʄʥʦʛʦʢʣʝʪʦʯʥʦʩʪʴ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʠ ʥʝ ʩʪʦʣʴʢʦ  ʪʨʠʚʠʘʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʢʣʝʪʦʢ ʠ ʯʠʩʣʘ ʪʠʧʦʚ ʢʣʝʪʦʢ, ʩʣʘʛʘʶʱʠʭ 

ʦʨʛʘʥʠʟʤ.  



ɺ ʯʸʤ ʟʘʢʣʶʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ? 

ɺʝʩʴ ʧʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ï ʵʪʦ ʥʝʯʪʦ ʦʩʦʙʝʥʥʦʝ 
ʇʨʘʚʠʣʦ ʇʬʣʶʛʝʨʘ: ʚʝʨʝʪʝʥʦ ʚʩʝʛʜʘ ʪʷʥʝʪʩʷ  

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ                               

ʥʝʘʢʪʫʘʣʴʥʦ     

 

ʇʨʘʚʠʣʦ ʉʘʢʩʘ: ʙʣʘʩʪʦʤʝʨʳ ʦʙʳʯʥʦ ʜʝʣʷʪʩʷ ʥʘ ʨʘʚʥʳʝ ʯʘʩʪʠ,  

ʠ ʧʣʦʩʢʦʩʪʴ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʜʝʣʝʥʠʷ ʧʝʨʝʩʝʢʘʝʪ ʧʣʦʩʢʦʩʪʴ  

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʜʝʣʝʥʠʷ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ                        ʚ ʩʘʤʦʤ 

ʥʘʯʘʣʝ  

 

ʇʨʘʚʠʣʦ ɻʝʨʪʚʠʛʘ: ʷʜʨʦ ʠ ʚʝʨʝʪʝʥʦ ʜʝʣʝʥʠʷ ʦʙʳʯʥʦ  

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʮʠʪʦʧʣʘʟʤʳ                                                           

ʜʘ  

 

ʇʨʘʚʠʣʦ ɹʘʣʴʬʫʨʘ: ʩʢʦʨʦʩʪʴ ʛʦʣʦʙʣʘʩʪʠʯʝʩʢʦʛʦ ʜʨʦʙʣʝʥʠʷ  

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʣʠʯʝʩʪʚʫ ʞʝʣʪʢʘ                                           

ʥʝʪ 

 

ʇʨʘʚʠʣʦ ʫʚʝʣʠʯʝʥʠʷ  

ʷʜʝʨʥʦ-ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʦʪʥʦʰʝʥʠʷ                                                   

ʥʝʪ                

 



ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

ʉʪʘʜʠʷ ʧʝʨʚʠʯʥʦʡ  

ʵʧʠʪʝʣʠʟʘʮʠʠ ʙʣʘʩʪʦʤʝʨʦʚ 



ɼʨʦʙʣʝʥʠʝ ʥʘʨʫʰʝʥʦ, ʨʘʟʚʠʪʠʝ ʥʝʚʦʟʤʦʞʥʦ 

1n 3n 4n 

2n 4n 
ʈʘʟʚʠʪʠʝ ʚʦʟʤʦʞʥʦ 

2n - ʧʘʨʪʝʥʦʛʝʥʦʪʳ 

2n - ʘʥʜʨʦʛʝʥʦʪʳ 

2n - ʛʠʥʦʛʝʥʦʪʳ 

ʩʙʦʡ ʩʠʩʪʝʤʳ ʝʩʪʝʩʪʚʝʥʥʦʡ  

ʙʣʦʢʘʜʳ ʧʦʣʠʩʧʝʨʤʠʠ ʧʨʠ ʕʂʆ 

ʵʢʩʧʝʨʠʤʝʥʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 



ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

Gasperovich, Natale 2011 



ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

çʈʘʟʚʠʪʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʚʳʩʦʢʦ-ʨʝʛʫʣʷʪʠʚʥʦè 

                             ʊʘʢ ʣʠ ʵʪʦ? 

ʉʢʦʨʝʝ çʜʘè 

 

1.ʈʘʥʥʷʷ ʠ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ 

ʧʣʶʨʠʧʦʪʝʥʪʥʦʩʪʠ ʫ ʦʪʜʝʣʴʥʳʭ 

ʙʣʘʩʪʦʤʝʨʦʚ  

 

2.   ɻʨʫʧʧʳ ʙʣʘʩʪʦʤʝʨʦʚ  

     (ʜʠʘʜʳ, ʪʨʠʘʜʳ ʠ ʪʝʪʨʘʜʳ)  

     ʥʝ ʨʘʟʚʠʚʘʶʪʩʷ  

 

3.ʈʘʥʥʝʝ ʠ ʙʳʩʪʨʦʝ ʦʪʜʝʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʡ 

 

4.  ʄʦʨʫʣʘ ʠ ʙʣʘʩʪʦʮʠʩʪʘ, 

ʨʘʟʜʝʣʸʥʥʳʝ ʧʦʧʦʣʘʤ,  ʯʘʱʝ 

ʚʩʝʛʦ ʥʝ ʨʘʟʚʠʚʘʶʪʩʷ 

 

ʆʦʧʣʘʟʤʘʪʠʯʝʩʢʘʷ ʩʝʛʨʝʛʘʮʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ (?) 

 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʝʛʨʝʛʘʮʠʷ 

ʙʣʘʩʪʦʤʝʨʦʚ  ʦʪʩʫʪʩʪʚʫʝʪ (?) 

 

ʄʦʥʦʟʠʛʦʪʠʯʝʩʢʠʝ ʙʣʠʟʥʝʮʳ 

 

ʍʠʤʝʨʳ 

 

ʊʝʨʘʪʦʛʝʥʝʟ 

ʉʢʦʨʝʝ çʥʝʪè 



ʉʪʘʥʦʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

Bruce, Zernichka-Goetz 2010 



ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 



http://php.med.unsw.edu.au/embryology/index.php?title=Mov

ie_-_Model_Embryo_to_128_Cell_Stage 

ʕʪʦ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʤʫʣʷʮʠʷ ʜʨʦʙʣʝʥʠʷ ʫ ʤʳʰʠ 

ʄʦʜʝʣʴ  

 

Simulation includes trophectoderm formation in ñposition-basedò model,  

blastocoel growth and endoderm (primitive endoderm) formation by differential 

 adhesion and directional signal mechanisms. 



ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 


