
The genetics of aging 
˥͔͔͙ͤͭ͊͟ ͔͙ͫͭ͊ͪͤΎ 

ˤ͔͙͙ͤ͊ͣͤ ͙̅΄ͣ͊ͤΣ ˮ͙̇˥ ˿ ˻ ˾ˢ˹ 



̉ͭͦ ͤ͊͘;͙ͭ ζ͔͙͔ͫͭ͊ͪͤηΚ 

˿͔͙͔ͭ͊ͪͤ ς ͙ ͔͔͙ͣͤͤ͘ΎΣ ͤ͊͋͡Ό͒͊Ό΅͙͔ͫΎ ͍ ͔ͭ;͔͙͙ͤ ͙͙͗ͤ͘ 
͎͙ͦͪ͊ͤͣ͊͘ ό͔ͤ ͦ͋Ύ͔͊ͭ͘͡Έͤͦ ͔͎͙ͤ͋͊ͦͨͪ͡Ύͭͤ·͔ύ 
ˤ ͎͊ͤͦ͡Ύ͘·;͚ͤͦ ͙͔͔ͭͪ͊ͭͯͪ͡Υ 
Aging ς ͍ ͔ͫ ͙͔͔͙ͣͤͤ͘Ύ όͤͦͪͣ͊͡Έ͔ͤͦ ͔͙͔ͫͭ͊ͪͤύ 
Senescence  - ͤ ͔͎͙͋͊ͦͨͪ͡Ύͭͤ·͔ ό͎͙ͨ͊ͭͦͦ͡;͔͔ͫͦ͟ ͔͙͔ͫͭ͊ͪͤύ 



͔͙͙́ͦͪ ͔͙ͫͭ͊ͪͤΎ 

˿ͭͦͻ͙͊ͫͭ;͔͙͔ͫ͟ ˨͔͔͙͙͙͔ͭͪͣͤͫͭͫ͟ 



ˢ͙͙͍ͤͫͣͦΣ нллу 

˿ͭͦͻ͙͊ͫͭ;͔͙͔ͫ͟ ͔͙͙ͭͦͪ ͔͙ͫͭ͊ͪͤΎ 



˸͔ͦͯ͟͡͡Ύͪͤ·͔ ͔͙͙ͭͦͪ ͔͙ͫͭ͊ͪͤΎ 
͔͙́ͦͪΎ ͙ͫͦͣ͊ͭ;͔͙ͫ͟ͻ ͣͯͭ͊ͼ͙͚ 

http://www.nature.com/ng/journal/v45/n2/fig_tab/ng.2508_F1.html 



˨͔͔͙͙͙ͭͪͣͤͫͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ ͔͙ͫͭ͊ͪͤΎ ς 
͔ͫͭΈ ͙͡ ζ;͊ͫ·η ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͍ͦͪ͊ͫͭ͊͘Κ 

1,037 individuals 

9,000 NHANES individuals 



˨͔͔͙͙͙ͭͪͣͤͫͭ;͔͙͔ͫ͟ ͔͙ͣͦ͒͡ ͔͙ͫͭ͊ͪͤΎ ς 
͔ͫͭΈ ͙͡ ζ;͊ͫ·η ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͍ͦͪ͊ͫͭ͊͘Κ 

http://genomebiology.com/2013/14/10/r115 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͙͎͙͋ͦͦ͡;͔͎ͫͦͦ͟ ͍ͦͪ͊ͫͭ͊͘  
ͨͦ ͙͊ͤ͊ͯ͘͡ ͔͙͙͍͙ͣͭͪͦ͊ͤ͡Ύ осл CpG ͦ ͍͍ͫͭͪͦͦ͟ 



ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ 

͔͙͙́ͦͪ ͔͙ͫͭ͊ͪͤΎ 

http://dev.biologists.org/content/141/8/1627.full 

http://www.biomedcentral.com/1471-213X/7/69 

+ 



ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ 

͔͙͙́ͦͪ ͔͙ͫͭ͊ͪͤΎ 

ʇʦʯʝʤʫ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʵʢʩʧʨʝʩʩʠʠ FoxN1 ʠ ʜʝʛʨʘʜʘʮʠʷ ʪʠʤʫʩʘ? 



ʅʝʡʨʦʵʥʜʦʢʨʠʥʥʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ 

͔͙͙́ͦͪ ͔͙ͫͭ͊ͪͤΎ 



͔͙͙́ͦͪ ͔͙ͫͭ͊ͪͤΎ 

Å˿ ͯ΅͔͍ͫͭͯΌͭ ͫͭͦͻ͙͊ͫͭ;͔͙͔ͫ͟  ͙ ͔͔͙͙͙͔͒ͭͪͣͤͫͭͫ͟ ͔͙͙ͭͦͪ.  ʕ
ͫͭͦͻ͙͊ͫͭ;͔͙ͫ͟ͻ ;͊ͫͭͦ ͭͪͯ͒ͤͦ ͔͙͍͔ͨͪͦͫ͗͊ͭͫ͡Ύ ͙ͨͪ;͙ͤͤͦ-
͔͍͔ͫ͒ͫͭͤͤ͊͡Ύ ͍ͫΎ͘Έ ͫ ͔͙͔ͦͫͭ͊ͪͤͣ ό͔͙͔ͫͭ͊ͪͤ ς Ήͭͦ ͙ͨͪ;͙ͤ͊ ͙͙͡ 
͔͍͙͔ͫ͒ͫͭ͡ ͙͔͔͙͚ͣͤͤ͘ΚύΣ  ͍͔͔͙͙͙͒ͭͪͣͤͫͭͫ͟ͻ ͤ ͔ΎͫͤͦΣ ;ͭͦ Ύ͍͡Ύ͔ͭͫΎ 
ζ;͙͊ͫ͊ͣη. 



˿͔͙͔ͭ͊ͪͤ 

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· ̅͊ͭͦͪ͟· ͦͪͯ͗͊͟Ό΅͔͚ 
͔ͫͪ͒· 



www.gapminder.org/world 

̅͊ͭͦͪ͟· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· 

http://www.gapminder.org/world


̅͊ͭͦͪ͟· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· / ˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· 

˻͙͔͗͒͊ͣ͊Ύ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͙͙͗ͤ͘ ͍ ͙ͪ͊͘͡;ͤ·ͻ ͫͭͪ͊ͤ͊ͻ ͙ͣͪ͊ 

112  ˾ ͙ͦͫͫΎ 66,7 59,5 74,3 

ʉʧʠʩʦʢ ʧʦ ʜʘʥʥʳʤ ʆʆʅ (2005ð2011) 

ʉʧʠʩʦʢ ʧʦ ʜʘʥʥʳʤ ɺʆɿ 2012 

https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D1%8F
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ͣͯ͗;͙ͤ· 

͔͗ͤ΅͙ͤ· 

˻͙͔͗͒͊ͣ͊Ύ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͙͙͗ͤ͘ ͍ ˾̅ 

ˮͫͭͦ;͙ͤ͟ ς ˾ ˻˿˿́ˢ́ όƘǘǘǇΥκκǿǿǿΦƎƪǎΦǊǳκŘōǎŎǊƛǇǘǎκŎōǎŘκŘōƛƴŜǘΦŎƎƛύ 

̅͊ͭͦͪ͟· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒· / ˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· 



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· 
˸͙͊ͫͣͯͣ͟ ор҈ ͍͙͔͊ͪ͊͋͡Έ͙ͤͦͫͭ ͍ ͦ͋΅͔͚ ͔͙ͫͣͪͭͤͦͫͭ ͍͔ͦ͋ͯͫͦͤͦ͡͡ ͎͔͔͙ͤͭ;͔͙͙ͫͣ͟ 
ͺ͙͊ͭͦͪ͊ͣ͟Σ ͎ͭͦ͒͊ ͊͟͟ ͍͔ͫ ͦͫͭ͊͡Έͤ·͔ ͙ͪ͊͘͡;͙Ύ ͍ͫΎ͊ͤ͘· ͫ ͺ͙͊ͭͦͪ͊ͣ͟ ͦͪͯ͗͊͟Ό΅͔͚ 
͔ͫͪ͒·Φ 

Jeanne Calment, 122 ʛʦʜʘ, 5 ʤʝʩʷʮʝʚ ʠ 14 ʜʥʝʡ 
Å͍ ͔ͭ;͔͙͔ͤ фр ͔ͭ͡  ͟ ͙ͯͪ͊͡Σ ͙͍͋ͪͦͫ ͙͡΄Έ ͍ 117-͔͔ͭͤͣ͡ 
͍͔ͦͪ͊ͫͭ͘ ͔ͨͦͫ͡ ͔ͦͨͪ͊ͼ͙͙ 

ÅͫΆ͔͒͊͊͡ ͦͦͦ͟͡ м ͎͟ ΄ͦͦ͊͒͊͟͡ ͍ ͔͔ͤ͒͡Ό ͙ ͔͎ͪͯ͡Ύͪͤͦ 
͔ͯͨͦͭͪ͋͡Ύ͊͡ ͍͙ͤͦ 

Åζˬ͊ͤͤ͊ ͨͦͯ͡;͙͊͡ ͍ͦͣͦ͗ͤͦͫͭ͘Έ ͔ͤ ͪ͊͋ͦͭ͊ͭΈΦ ˤ ͍ͦͫͤͦͤͦͣ 
͔͖ ͙͗ͤ͘Έ ͍ͪ͊΅͊͊ͫ͡Έ ͍͎ͦͪͯ͟ ͔͙ͭͤͤͫ͊Σ ͔͒͘· ͤ͊ 
͍͔͙͔͔ͦͫͨ͒͡Σ ͍͙ͨ͊͊ͤ͡ΎΣ ͙͊ͭ͊ͤ͟Ύ ͤ͊ ͙ͪͦ͊͟͡ͻΣ ͙͎ͪ· ͤ͊ 
ͺ͔͙ͦͪͭͨ͊ͤͦ ͙ ͔ͨͦͫ΅͔͙ͤΎ ͔ͦͨͪη 

Å˿͔͙ͪ͒ су ͍͔͙͍ͪͦ͒ͫͭͤͤͦ͟ ˬ͊ͤͤ· ͎͙͔ͣͤͦ 
͙͙ͨͪͦ͗͡ ͋ͦ͡Έ΄͔ ͔͔͎ͫͪ͒ͤͦΣ ͻͦͭΎ ͙͡΄Έ ͦͤ͊ 
͙͎͒ͦͫͭ͊͡ млл-͔͔͎ͭͤͦ͡ ͍ͦͪ͊ͫͭ͊͘ 

Åˣͪ͊ͭ ˬ͊ͤͤ· ̅ͪ͊ͤͫͯ͊Σ ͦͭͦͪ͟·͚ ͋·͡ 
ͫͭ͊ͪ΄͔ ͔͖ ͤ͊ мл ͔ͭ͡Σ ͭ͊͟ ͔͗Σ ͊͟͟ ͙ 
ͣ͊͒͡΄͊Ύ ͔ͫͫͭͪ͊Σ ͦ͊͊ͫ͘͟͡Ύ ͎͙͔͔͒ͦͦ͗ͭͣ͡͡Φ 
ˣͪ͊ͭ ͔ͯͣͪ ͍ ͍͔ͦͪ͊ͫͭ͘ фт ͔ͭ͡ 



Maximum life span 
(years) 

Orangutan (Pongosp.) 58.7 

Gorilla (Gorilla sp.) 54 

Bonobo (P. paniscus) 50.0 

Chimpanzee (P. troglodytes) 53.4 

Modern human (H. sapiens) 85-122 

 

 
˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͺ͊ͭͦͪ͟· - ͋ ͔͔ͦ͡ фл҈ ͫͻ͍ͦ͒ͫͭ͊ ͎͔͍ͤͦͣͦ 

Hominin life history: reconstruction and evolution, Shannen L Robson1 and Bernard Wood2 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Robson SL[auth]
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robson SL[auth]
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robson SL[auth]
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wood B[auth]


˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· 
ͦͤͭͪͦ͟͡Ύ ͔͙ͫͭ͊ͪͤΎ 

ÅInsulin/IFG-1 pathway 



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦͤͭͪͦ͟͡Ύ 
͔͙ͫͭ͊ͪͤΎ 

ÅInsulin/IGF-1 pathway 

Genetics of lifespan in C. elegans: molecular diversity, physiological complexity, mechanistic simplicity 



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦͤͭͪͦ͟͡Ύ 
͔͙ͫͭ͊ͪͤΎ 

ÅInsulin/IGF-1 pathway 



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦͤͭͪͦ͟͡Ύ 
͔͙ͫͭ͊ͪͤΎ 

Tissue-Specific Activities of C. elegans DAF-16 in the Regulation of Lifespan 

ÅInsulin/IGF-1 pathway 

Overexpression 
of DAF2/DAF16 
in DAF16 
mutants  



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦͤͭͪͦ͟͡Ύ 
͔͙ͫͭ͊ͪͤΎ 

ÅInsulin/IGF-1 pathway 

 

 

͍̏ͦ͡Όͼ͙ͦͤͤ͊Ύ 
͔͍͙͍ͦͤͫͪ͊ͭͤͦͫͭ͟Έ 



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦͤͭͪͦ͟͡Ύ 
͔͙ͫͭ͊ͪͤΎ 

ÅInsulin/IGF-1 pathway 

 

 

˥͙͔ͨͦͭ͊͘ ς ͨ ͯͭΈ 
Insulin/IGF-1 -
͔ͫͤͫͦͪ ͙͙ͨͭ͊ͤΎ 

˽͍͔ͪͦͪ͊͟Υ 
1. ˻͎͙ͪ͊ͤ;͔͙͔ͤ ͙͙ͨͭ͊ͤΎ ͍͔͙ͯ͡;͙͍͔͊ͭ 
͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͙͙͗ͤ͘ 

2. ̏ͭͦ ͍͔͙ͯ͡;͔͙͔ͤ 
͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ 
͍͙͙͊ͫͭ͘ ͦ ͭ ͙ͨͯͭ Insulin/IGF-1 

3. ˹͊͋͡Ό͔͒͊ͭͫΎ ͫͻ͍ͦ͒ͫͭͦ ͍ 
Ή͔͙͙ͫͨͪͫͫ͟ ͎͔͍ͤͦ Insulin/IGF-1 ͙ͨͯͭ 
͙ͨͪ ͎͙ͦͪ͊ͤ;͔͙͙ͤ ͙͙ͨͭ͊ͤΎ 



˥͔͔͙ͤͭ;͔͙͔ͫ͟ ͔ͣͻ͙͊ͤͣ͘· ͦͤͭͪͦ͟͡Ύ 
͔͙ͫͭ͊ͪͤΎ 

ÅInsulin/IGF-1 pathway 

 

 

˾ͦ͡Έ ς ͫ ͔ͤͫͦͪ 
͙͙ͨͭ͊ͤΎ 

Signalling  through RHEB -1 mediates intermittent fasting - induced longevity in  C. elegans  


