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ʠ˃˘˃˓ː˞ˌ ˇˋ˃˄ˈ˕

• С˃х˃˓ныˌ ˇˋ˃˄ˈт ͙ тˋ˒˃ –
ȋˋː˔˖ˎˋːˑˊ˃˅ˋ˔ˋˏ˞ˌ ˇˋ˃˄ˈ˕Ȍ 
ˑ˄˞˚ːˑ ˓˃ˊ˅ˋ˅˃ˈ˕˔ˢ ˅ ˇˈ˕˔ˍˑˏ 
˅ˑˊ˓˃˔˕ˈ, ˅ ˓ˈˊ˖ˎ ˕˟˃˕ˈ 
˓˃ˊ˓˖˛ˈːˋˢ Ⱦ-ˍˎˈ˕ˑˍ 
˒ˑˇˉˈˎ˖ˇˑ˚ːˑˌ ˉˈˎˈˊ˞.

• С˃х˃˓ныˌ ˇˋ˃˄ˈт ͚ тˋ˒˃ -
˓˃ˊ˅ˋ˅˃ˈ˕˔ˢ ˅ ˓ˈˊ˖ˎ ˕˟˃˕ˈ 
ː˃˓˖˛ˈːˋˢ ˅ˊ˃ˋˏˑˇˈˌ˔˕˅ˋˢ 
ˋː˔˖ˎˋː˃ ˔ ˍˎˈ˕ˍ˃ˏˋ ˕ˍ˃ːˈˌ. 

https://www.who.int/diabetes/global-report/ru/
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ʓˋ˃˄ˈ˕ 2 ˕ˋ˒˃: ˑ˔ːˑ˅ː˞ˈ ˏˑˎˈˍ˖ˎˢ˓ː˞ˈ ˏˈ˘˃ːˋˊˏ˞

https://www.genome.jp/pathway/map04930
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PAI – ʣˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˋˌ ˋːˇˈˍ˔ ˆˈː˃, ˓˃˔˔˚ˋ˕˞˅˃ˈ˕˔ˢ ˍ˃ˍ
˒ˑ˓ˢˇˍˑ˅˞ˌ ːˑˏˈ˓ ː˃ˋ˄ˑˎˈˈ ˖ˇ˃ˎˈːːˑˆˑ ȋˑ˕ ˍˑ˓ːˢ
˗ˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˑˆˑ ˇˈ˓ˈ˅˃) ˕˃ˍ˔ˑː˃, ː˃ ˍˑ˕ˑ˓ˑˏ ː˃˚ˋː˃ˡ˕˔ˢ
˓˃˔˘ˑˉˇˈːˋˢ ˗ˋˎˑˆˈːˈ˕ˋ˚ˈ˔ˍˋ˘ ˓ˢˇˑ˅ ˆˈː˃ ˋ ː˃ˌˇˈːː˞˘ ˈˆˑ
ˑ˓˕ˑˎˑˆˑ˅.

PAI ʡ˃ˍ˔ˑː

0 Cellular Organisms

1 Eukaryota

2 Metazoa

3 Chordata

4 Craniata

5 Vertebrata

6 Euteleostomi

7 Mammalia

8 Eutheria

9 Euarchontoglires

10 Primates 

11 Haplorrhini 

12 Catarrhini 

13 Hominidae

14 Homo

15 H. sapiens

• hsa:1029 – ˋːˆˋ˄ˋ˕ˑ˓ ˙ˋˍˎˋːˊ˃˅ˋ˔ˋˏˑˌ ˍˋː˃ˊ˞ 2ʏ. 
• ʬ˅ˑˎˡ˙ˋˑːːˑ ˏˑˎˑˇˑˌ ˆˈː
• PAI = 13

• ʝ˄˜ˋˌ ˖ˊˈˎ ˇˎˢ H. sapiens ˋ P. paniscus - Hominidae

• hsa:1030 – ˋːˆˋ˄ˋ˕ˑ˓ ˙ˋˍˎˋːˊ˃˅ˋ˔ˋˏˑˌ ˍˋː˃ˊ˞ 2B
• ʬ˅ˑˎˡ˙ˋˑːːˑ ˇ˓ˈ˅ːˋˌ ˆˈː
• PAI = 7
• ʝ˄˜ˋˌ ˖ˊˈˎ ˇˎˢ H. sapiens ˋ M. domestica - Mammalia

…

Cellular 
Organism

Hominidae

H. sapiens P. Paniscus

…

…

Cellular 
Organism

Mammalia

M. DomesticaH. sapiens

… …

…

ʣˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˋˌ ˃ː˃ˎˋˊ

Mustafin Z. S., Lashin S. A., Matushkin Y. G. Phylostratigraphic analysis of gene networks of human diseases // 

Vavilov J. Genet. Breed. 2021. .˃ Ϯ5. № ϭ. С. 46–56.
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ʣˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˋˌ 
˃ː˃ˎˋˊ ˆˈːˑ˅ 
˃˔˔ˑ˙ˋˋ˓ˑ˅˃ːː˞˘ ˔ ˓˃ˍˑˏ 
˒ˑˍ˃ˊ˞˅˃ˈ˕ ˔˅ˢˊ˟ ˔ 
˅ˑˊːˋˍːˑ˅ˈːˋˈˏ 
ˏːˑˆˑˍˎˈ˕ˑ˚ːˑ˔˕ˋ ˖ Metazoa

Domazet-LВšВ, T., Tautz, D. Phylostratigraphic tracking of cancer genes 
suggests a link to the emergence of multicellularity in metazoa. BMC 
Biol 8, 66 (2010). https://doi.org/10.1186/1741-7007-8-66
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ʣˋˎˑ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏː˞ˌ ˃ː˃ˎˋˊ

• ���� =  �=1� ����� �=1� �� - ˋːˇˈˍ˔ 

˅ˑˊ˓˃˔˕˃ ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏ˃
• ��� - ˗ˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˋˌ 

ˋːˇˈˍ˔
• ��- ˖˓ˑ˅ˈː˟ ˠˍ˔˒˓ˈ˔˔ˋˋ ˆˈː˃

Quint, M., Drost, HG., Gabel, A. et al. A transcriptomic hourglass in plant embryogenesis. 

Nature 490, 98-101 (2012). https://doi.org/10.1038/nature11394

• ���� = �=1� ���� �� �=1� �� - ˋːˇˈˍ˔ 

ˇˋ˅ˈ˓ˆˈː˙ˋˋ ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏ˃

• ���� - ˋːˇˈˍ˔ ˇˋ˅ˈ˓ˆˈː˙ˋˋ ˆˈːˑ˅

• �� - ˚ˋ˔ˎˑ ːˈ˔ˋːˑːˋˏˋ˚ː˞˘
ˊ˃ˏˈː
• �� - ˚ˋ˔ˎˑ ˔ˋːˑːˋˏˋ˚ː˞˘ ˊ˃ˏˈː
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ʟˈˊ˖ˎ˟˕˃˕ ˗ˋˎˑ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏːˑˆˑ ˃ː˃ˎˋˊ˃ -
˒˃˕˕ˈ˓ː ǲ˒ˈ˔ˑ˚ː˞˘ ˚˃˔ˑ˅ǳ ˅ ˠˏ˄˓ˋˑˆˈːˈˊˈ 
˓˃˔˕ˈːˋˌ

Quint, M., Drost, HG., Gabel, A. et al. A transcriptomic 

hourglass in plant embryogenesis. Nature 490, 98-101 

(2012). https://doi.org/10.1038/nature11394
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ʥˈˎ˟ – ˒˓ˑ˅ˈ˔˕ˋ ˗ˋˎˑ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏː˞ˌ ˃ː˃ˎˋˊ ˇˎˢ ˆˈːː˞˘ 
˔ˈ˕ˈˌ ˔˃˘˃˓ːˑˆˑ ˇˋ˃˄ˈ˕˃ ͚ ˕ˋ˒˃
ʖ˃ˇ˃˚ˋ:
1. ʠ˗ˑ˓ˏˋ˓ˑ˅˃˕˟ ˅˞˄ˑ˓ˍ˖ ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏː˞˘ ˇ˃ːː˞˘, ˑ˕ːˑ˔ˢ˜ˋ˘˔ˢ ˍ 

˓˃ˊː˞ˏ ˕ˍ˃ːˢˏ ˇˎˢ ˄ˑˎ˟ː˞˘ ˋ ˊˇˑ˓ˑ˅˞˘ ˎˡˇˈˌ

2. ʞ˓ˑ˅ˈ˔˕ˋ ˗ˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˋˌ ˋ ˗ˋˎˑ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏː˞ˌ ˃ː˃ˎˋˊ˞ 
ˆˈːˑ˅, ˃ ˕˃ˍˉˈ ˅˞ˢ˅ˋ˕˟ ˑ˔ˑ˄ˈːːˑ˔˕ˋ ˓˃˔˒˓ˈˇˈˎˈːˋˢ 
˗ˋˎˑ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏˑ˅, ˅ ˊ˃˅ˋ˔ˋˏˑ˔˕ˋ ˑ˕ ˕ˍ˃ːˈˌ

3. ʞ˓ˑ˅ˈ˔˕ˋ ˃ː˃ˎˋˊ ˆˈːː˞˘ ˔ˈ˕ˈˌ ˔˃˘˃˓ːˑˆˑ ˇˋ˃˄ˈ˕˃ ͚ ˕ˋ˒˃

8



GEO DataSets NCBI

Microarray
• Ⱦ-ˍˎˈ˕ˍˋ ˒ˑˇˉˈˎ˖ˇˑ˚ːˑˌ 

ˉˈˎˈˊ˞ ȋGSE20966)

• ʙˎˈ˕ˍˋ ˉˋ˓ˑ˅ˑˌ ˕ˍ˃ːˋ 
(GSE27949) 

• ʙˎˈ˕ˍˋ ˔ˈ˓ˇˈ˚ːˑ-˔ˑ˔˖ˇˋ˔˕ˑˌ 
˔ˋ˔˕ˈˏ˞  ȋGSM346560) 

• ʙˎˈ˕ˍˋ ˒ˈ˚ˈːˋ ȋGSE15653)

• ʙˎˈ˕ˍˋ ˔ˍˈˎˈ˕ːˑˌ ˏ˖˔ˍ˖ˎ˃˕˖˓˞ 
(GSE25462)

RNA-seq

• ʚˈ˚ˈːˋˈ ˄ˑˎ˟ː˞˘ ˔˃˘˃˓ː˞ˏ 
ˇˋ˃˄ˈ˕ˑˏ ˒˓ˈ˒˃˓˃˕ˑˏ 
ˏˈ˕˗ˑ˓ˏˋː ȋGSE153792)

Эˍ˔˒˓ˈ˔˔ˋˑːː˞ˈ ˇ˃ːː˞ˈ:

https://www.ncbi.nlm.nih.gov/gds 9



ʗ˔˒ˑˎ˟ˊˑ˅˃ːː˞ˈ ˔˓ˈˇ˔˕˅˃

1. Cytoscape:
•Orthoscape 

• KEGG parser

2. STRING

ʜ˃˒ˋ˔˃ːː˞ˈ ˒˓ˑˆ˓˃ˏˏ˞ 
ː˃ ˢˊ˞ˍˈ Python:
• Pandas

• Biopython

• ʠ˕˃ːˇ˃˓˕ː˞ˈ 
˄ˋ˄ˎˋˑ˕ˈˍˋ

Mustafin Z.S. et al. Orthoscape: a cytoscape application for grouping and 
visualization KEGG based gene networks by taxonomy and homology principles 
// BMC Bioinformatics. BioMed Central Ltd., 2017. Vol. 18, № S1. P. 1–9. 10



Аː˃ˎˋˊ ˒ˑˎːˑˆˈːˑˏː˞˘ ˇ˃ːː˞˘ ˋˊ ˓˃ˊː˞˘ ˕ˍ˃ːˈˌ

TAI TDI

Зˇˑ˓ˑ˅˞ˈ ʐˑˎ˟ː˞ˈ Зˇˑ˓ˑ˅˞ˈ ʐˑˎ˟ː˞ˈ

ʙˎˈ˕ˍˋ ˉˋ˓ˑ˅ˑˌ ˕ˍ˃ːˋ 2.47 2.48 0.311 0.311

Ⱦ-ˍˎˈ˕ˍˋ 
˒ˑˇˉˈˎ˖ˇˑ˚ːˑˌ ˉˈˎˈˊ˞

2.36 2.37 0.299 0.300

ʙˎˈ˕ˍˋ ˔ˍˈˎˈ˕ːˑˌ 
ˏ˖˔ˍ˖ˎ˃˕˖˓˞

2.46 2.45 0.313 0.313

ʙˎˈ˕ˍˋ ˔ˈ˓ˇˈ˚ːˑ-

˔ˑ˔˖ˇˋ˔˕ˑˌ ˔ˋ˔˕ˈˏ˞
2.40 2.39 0.307 0.307

ʙˎˈ˕ˍˋ ˒ˈ˚ˈːˋ 2.46 2.46 0.309 0.308
11



0.00 1.55

Зː˃˚ˈːˋˈ DI

ʗːˇˈˍ˔ ˇˋ˅ˈ˓ˆˈː˙ˋˋ ȋDIȌ ˇˎˢ 
ˆˈːˑ˅ ˃˔˔ˑ˙ˋˋ˓ˑ˅˃ːː˞˘ ˔ 
˔˃˘˃˓ː˞ˏ ˇˋ˃˄ˈ˕ˑˏ 2 ˕ˋ˒˃
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ʥ˅ˈ˕ PAI

0 ʙˎˈ˕ˑ˚ː˞ˈ ˑ˓ˆ˃ːˋˊˏ˞ Cellular organizm

1 Э˖ˍ˃˓ˋˑ˕˞ Eukaryota

2 ʛːˑˆˑˍˎˈ˕ˑ˚ː˞ˈ ˑ˓ˆ˃ːˋˊˏ˞ Metazoa

3 ʤˑ˓ˇˑ˅˞ˈ Chordata

4 ʞˎˈ˚ˈːˑˆˋˈ Craniata

5 ʞˑˊ˅ˑːˑ˚ː˞ˈ Vertebrata

6 ʦˈˎˡ˔˕ːˑ˓ˑ˕˞ˈ Euteleostomi

7 ʛˎˈˍˑ˒ˋ˕˃ˡщˋˈ Mammalia

8 ʞˎ˃˙ˈː˕˃˓ː˞ˈ Eutheria

9 ʒ˓˞ˊ˖ːˑˑ˄˓˃ˊː˞ˈ+ˠ˖˓ˑ˘ˑː˕˞ Euarchontoglires

10 ʞ˓ˋˏ˃˕˞ Primates

11 ʝ˄ˈˊ˟ˢː˞ Haplorrhini

12 ʢˊˍˑːˑ˔˞ˈ ˑ˄ˈˊ˟ˢː˞ Catarrhini

13 ʒˑˏˋːˋˇ˞ Hominidae

14 ʚˡˇˋ Homo

15 ʦˈˎˑ˅ˈˍ ˓˃ˊ˖ˏː˞ˌ Homo sapiens

ʡ˃ˍ˔ˑː˞

PAI ˇˎˢ ˃˔˔ˑ˙ˋˋ˓ˑ˅˃ːː˞˘ ˔ ˔˃˘˃˓ː˞ˏ ˇˋ˃˄ˈ˕ˑˏ ͚ ˕ˋ˒˃ ˆˈːˑ˅

TAI TDI

ʙˎˈ˕ˍˋ ˉˋ˓ˑ˅ˑˌ ˕ˍ˃ːˋ 1.64 0.291

β-ˍˎˈ˕ˍˋ ˒ˑˇˉˈˎ˖ˇˑ˚ːˑˌ ˉˈˎˈˊ˞ 1.52 0.274

ʙˎˈ˕ˍˋ ˔ˍˈˎˈ˕ːˑˌ ˏ˖˔ˍ˖ˎ˃˕˖˓˞ 1.64 0.287

ʙˎˈ˕ˍˋ ˔ˈ˓ˇˈ˚ːˑ-˔ˑ˔˖ˇˋ˔˕ˑˌ 
˔ˋ˔˕ˈˏ˞ 1.61 0.282

ʙˎˈ˕ˍˋ ˒ˈ˚ˈːˋ 1.58 0.284 13

543316 5 51



ʥ˅ˈ˕ PAI

0 ʙˎˈ˕ˑ˚ː˞ˈ ˑ˓ˆ˃ːˋˊˏ˞ Cellular organizm

1 Э˖ˍ˃˓ˋˑ˕˞ Eukaryota

2 ʛːˑˆˑˍˎˈ˕ˑ˚ː˞ˈ ˑ˓ˆ˃ːˋˊˏ˞ Metazoa

3 ʤˑ˓ˇˑ˅˞ˈ Chordata

4 ʞˎˈ˚ˈːˑˆˋˈ Craniata

5 ʞˑˊ˅ˑːˑ˚ː˞ˈ Vertebrata

6 ʦˈˎˡ˔˕ːˑ˓ˑ˕˞ˈ Euteleostomi

7 ʛˎˈˍˑ˒ˋ˕˃ˡщˋˈ Mammalia

8 ʞˎ˃˙ˈː˕˃˓ː˞ˈ Eutheria

9 ʒ˓˞ˊ˖ːˑˑ˄˓˃ˊː˞ˈ+ˠ˖˓ˑ˘ˑː˕˞ Euarchontoglires

10 ʞ˓ˋˏ˃˕˞ Primates

11 ʝ˄ˈˊ˟ˢː˞ Haplorrhini

12 ʢˊˍˑːˑ˔˞ˈ ˑ˄ˈˊ˟ˢː˞ Catarrhini

13 ʒˑˏˋːˋˇ˞ Hominidae

14 ʚˡˇˋ Homo

15 ʦˈˎˑ˅ˈˍ ˓˃ˊ˖ˏː˞ˌ Homo sapiens

ʡ˃ˍ˔ˑː˞

ʖː˃˚ˈːˋˢ PAI ˇˎˢ ˆˈːˑ˅ 

ˋˊ ˏˈ˕˃˄ˑˎˋ˚ˈ˔ˍˑˌ ˔ˈ˕ˋ
IRS-1

Kir6.2
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0.0

0

1.5

5
Kir6 2 ʯ̸̦̌е̛̦е DI

ʖː˃˚ˈːˋˢ DI ˇˎˢ ˆˈːˑ˅ ˋˊ ˏˈ˕˃˄ˑˎˋ˚ˈ˔ˍˑˌ ˔ˈ˕ˋ
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˃к̦̌̽ ˄̬ове̦̽ ̾к̭п̬е̛̛̭̭ ̛̦̙е у 
̍ол̵̦̼̽ л̀де̜ 

˄̬ове̦̽ ̾к̭п̬е̛̛̭̭ в̼̹е у 
̍ол̵̦̼̽ л̀де̜

Клетк̛ ̛̙̬ово̜ тк̛̦̌ TNFα   (-0.12) PKCζ (0.014)

β-клетк̛ под̙елудо̸̦о̜ 
̙еле̼̚

GLUT2 (-0.23)

JNK      (-0.06)

PDX-1 (0.05)

ABCC8  (0.08)

Клетк̛ ̭келет̦о̜ 
̥у̭кул̌ту̬̼

ADIPO (-0.09)

GLUT4 (-0.07)

PKCζ (0.08)

PKCɷ/ɸ (0.06)

Клетк̛ ̭е̬де̸̦о-̭о̭уд̛̭то̜ 
̛̭̭те̥̼ IRS1     (-0.11)

ADIPO (0.43)

PKLR     (0.08)

Клетк̛ пе̸е̛̦ ADIPO (-0.07)
mTOR (0.07)

IKK (0.12)
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Аː˃ˎˋˊ ˇ˃ːː˞˘ ˑ˕ ˎˡˇˈˌ ː˃ ˓˃ˊː˞˘ ˔˕˃ˇˋˢ˘ 
ˎˈ˚ˈːˋˢ

TAI TDI

ʓˑ ˎˈ˚ˈːˋˢ 2.37 0.296

ʞˑ˔ˎˈ 3 ˏˈ˔ˢ˙ˈ˅ ˎˈ˚ˈːˋˢ 2.37 0.296
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До ле̸е̛̦́ По̭ле 3 ̥е̶̭́ев 
ле̸е̛̦́

TAI TDI TAI TDI

1.300 0.276 1.297 0.276
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ʑ˞˅ˑˇ˞
1. ʐ˞ˎˋ ː˃ˌˇˈː˞ ˇ˃ːː˞ˈ ˒ˑ ˠˍ˔˒˓ˈ˔˔ˋˋ ˆˈːˑ˅ ˋˊ 5 ˓˃ˊˎˋ˚ː˞˘ ˕ˍ˃ːˈˌ 

ˎˡˇˈˌ ˄ˑˎ˟ː˞˘ ˔˃˘˃˓ː˞ˏ ˇˋ˃˄ˈ˕ˑˏ 2 ˕ˋ˒˃ ˋ ˇ˃ːː˞ˈ ˒ˑ ˠˍ˔˒˓ˈ˔˔ˋˋ 
ˆˈːˑ˅ ˖ ˎˡˇˈˌ, ˄ˑˎ˟ː˞˘ ˔˃˘˃˓ː˞ˏ ˇˋ˃˄ˈ˕ˑˏ 2 ˕ˋ˒˃, ˒˓ˑ˘ˑˇˢ˜ˋ˘ 
ˎˈ˚ˈːˋˈ.

2. ʓˎˢ ː˃ˌˇˈːː˞˘ ˇ˃ːː˞˘ ˒˓ˑ˅ˈˇˈː ˗ˋˎˑ˔˕˓˃˕ˋˆ˓˃˗ˋ˚ˈ˔ˍˋˌ ˋ 
˗ˋˎˑ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏː˞ˌ ˃ː˃ˎˋˊ˞, ˒ˑ ˓ˈˊ˖ˎ ˕˟˃˕˃ˏ ˍˑ˕ˑ˓˞˘ ˅˞ˢ˅ˎˈːˑ, 
˚˕ˑ ˅˔ˈ ˕ˍ˃ːˋ ˋˏˈˡ˕ ˠ˅ˑˎˡ˙ˋˑːːˑ ˍˑː˔ˈ˓˅˃˕ˋ˅ː˞ˌ ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏ ˋ 
˒˓ˈˑ˄ˎ˃ˇ˃ˈ˕ ˠˍ˔˒˓ˈ˔˔ˋˢ ˇ˓ˈ˅ːˋ˘ ˆˈːˑ˅. 

3. ʑ Ⱦ - ˍˎˈ˕ˍ˃˘ ˒ˑˇˉˈˎ˖ˇˑ˚ːˑˌ ˉˈˎˈˊ˞ ˠˍ˔˒˓ˈ˔˔ˋ˓˖ˡ˕˔ˢ ˄ˑˎˈˈ 
ˇ˓ˈ˅ːˋˈ ˋ ˠ˅ˑˎˡ˙ˋˑːːˑ ˍˑː˔ˈ˓˅˃˕ˋ˅ː˞ˈ ˆˈː˞, ˒ˑ ˔˓˃˅ːˈːˋˡ ˔ 
ˍˎˈ˕ˍ˃ˏˋ ˋˊ ˇ˓˖ˆˋ˘ ˕ˍ˃ːˈˌ.
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ʑ˞˅ˑˇ˞
4. ʓˎˢ ˆˈːˑ˅, ˒˓ˈˇ˔˕˃˅ˎˈːː˞˘ ˅ ˏˈ˕˃˄ˑˎˋ˚ˈ˔ˍˑˌ ˔ˈ˕ˋ, ˅ˊˢ˕ˑˌ ˋˊ ˄˃ˊ˞ 

ˇ˃ːː˞˘ KEGG PATHWAY, ˖˓ˑ˅ˈː˟ ˠˍ˔˒˓ˈ˔˔ˋˋ ˅ ˓˃ˊː˞˘ ˕ˍ˃ːˢ˘ ˇˎˢ 
ˇ˃ːː˞˘ ˑ˕ ˄ˑˎ˟ː˞˘ ˋ ˊˇˑ˓ˑ˅˞˘ ˎˡˇˈˌ ˑ˕ˎˋ˚˃ˈ˕˔ˢ ˇˎˢ ˆˈːˑ˅ TNFȽ, 
ADIPO, mTOR, GLUT2, GLUT4, IRS, INSR, INS, SOCS, PKCζ, PDX-1 ˋ 
SUR1.

5. ʟˈˊ˖ˎ˟˕˃˕˞ ˃ː˃ˎˋˊ˃ ˇ˃ːː˞˘ ˇˎˢ ˎˡˇˈˌ, ˒˓ˑ˘ˑˇˢ˜ˋ˘ ˎˈ˚ˈːˋˈ, ˇˑ ˋ 
˒ˑ˔ˎˈ ͛ ˏˈ˔ˢ˙ˈ˅ ˎˈ˚ˈːˋˢ ːˈ ˒ˑˍ˃ˊ˃ˎˋ ˑ˕ˎˋ˚ˋˌ ˅ˑˊ˓˃˔˕˃ ˕˓˃ː˔ˍ˓ˋ˒˕ˑˏ˃ 
ˋ ˔˕ˈ˒ˈːˋ ˇ˃˅ˎˈːˋˢ ˑ˕˄ˑ˓˃ ː˃ ˆˈː˞.

6. ʓˎˢ ˆˈːˑ˅, ˒˓ˈˇ˔˕˃˅ˎˈːː˞˘ ˅ ˏˈ˕˃˄ˑˎˋ˚ˈ˔ˍˑˌ ˔ˈ˕ˋ, ˅ˊˢ˕ˑˌ ˋˊ ˄˃ˊ˞ 
ˇ˃ːː˞˘ KEGG PAT(WAY, ˔˓˃˅ːˈːˋˈ ˇ˃ːː˞˘ ˒ˑ ˖˓ˑ˅ːˡ ˠˍ˔˒˓ˈ˔˔ˋˋ 
ˆˈːˑ˅ ˖ ˎˡˇˈˌ ˇˑ ˎˈ˚ˈːˋˢ ˒˓ˈ˒˃˓˃˕ˑˏ ˏˈ˕˗ˑ˓ˏˋː ˋ ˒ˑ˔ˎˈ ˕˓ˈ˘ 
ˏˈ˔ˢ˙ˈ˅ ˎˈ˚ˈːˋˢ ˅˞ˢ˅ˋˎˑ ˒ˑ˅˞˛ˈːˋˈ ˖˓ˑ˅ːˢ ˠˍ˔˒˓ˈ˔˔ˋˋ ˆˈːˑ˅ SUR1, 

GLUT4 ˋ ˒ˑːˋˉˈːˋˈ ˖˓ˑ˅ːˢ ˠˍ˔˒˓ˈ˔˔ˋˋ ˆˈː˃ PYK.
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