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Эɧɟɪɝɟɬɢɱɟɫɤɢɣ ɝɨɦɟɨɫɬɚɡ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ:
• Ʉɨɥɢɱɟɫɬɜɨɦ ɩɨɬɪɟɛɥɟɧɢɹ ɩɢɳɢ (ɩɢɳɟɜɵɦ 

ɩɨɜɟɞɟɧɢɟɦ: ɚɧɨɪɟɤɫɢɹ, ɛɭɥɟɦɢɹ);

• Эɮɮɟɤɬɢɜɧɨɫɬɶɸ ɭɫɜɨɟɧɢɹ ɩɢɬɚɬɟɥɶɧɵɯ 
ɜɟɳɟɫɬɜ (ɮɟɪɦɟɧɬɚɬɢɜɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 
ɀɄɌ, ɤɢɲɟɱɧɚɹ ɦɢɤɪɨɛɢɨɬɚ);

• Ɏɢɡɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ;
• Ɍɟɩɥɨɨɛɦɟɧɨɦ (ɫɨɤɪɚɬɢɬɟɥɶɧɵɣ 

ɬɟɪɦɨɝɟɧɟɡ);

• Ⱥɤɬɢɜɧɨɫɬɶɸ ɷɧɞɨɤɪɢɧɧɵɯ ɠɟɥɟɡ 
(ɬɢɪɟɨɢɞɧɵɟ ɝɨɪɦɨɧɵ, ɢɧɫɭɥɢɧ, 
ɝɥɸɤɨɤɨɪɬɢɤɨɢɞɵ)

• …

Ɉɠɢɪɟɧɢɟ – ɯɪɨɧɢɱɟɫɤɨɟ ɦɭɥɶɬɢɮɚɤɬɨɪɧɨɟ
ɡɚɛɨɥɟɜɚɧɢɟ, ɩɪɨɹɜɥɹɸɳɟɟɫɹ ɜ ɢɡɛɵɬɨɱɧɨɦ 
ɭɜɟɥɢɱɟɧɢɢ ɦɚɫɫɵ ɠɢɪɨɜɨɣ ɬɤɚɧɢ.

Ɏɢɡɢɨɥɨɝɢɹ ɪɚɡɜɢɬɢɹ ɨɠɢɪɟɧɢɹ. Ʉɪɚɫɧɵɦ ɧɚ ɪɢɫɭɧɤɟ ɨɬɦɟɱɟɧɵ 

ɩɪɢɱɢɧɵ ɪɚɡɜɢɬɢɹ ɨɠɢɪɟɧɢɹ, ɚ ɫɢɧɢɦ – ɩɨɫɥɟɞɫɬɜɢɹ.

О̛̙̬е̛̦е
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Pigeyre M. et al. Recent progress in genetics, epigenetics and metagenomics unveils 

the pathophysiology of human obesity. Clinical Science. 2016; 130, 943–986.



Ф̛̛̚оло̸̛̐е̭к̛е о̭̦о̼̏ ̬е̐ул̶̛̛́ 
п̛̺е̏о̐о по̏еде̛̦́

• ɇɟɣɪɨɧɵ ɚɪɤɭɚɬɧɨɝɨ ɹɞɪɚ 
ɝɢɩɨɬɚɥɚɦɭɫɚ (ARC), ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ 
ɩɢɳɟɜɨɟ ɩɨɜɟɞɟɧɢɟ:

1. Ɉɪɟɤɫɢɝɟɧɧɵɟ – ɫɬɢɦɭɥɢɪɭɸɬ ɚɩɩɟɬɢɬ, 
ɜɵɪɚɛɚɬɵɜɚɹ ɢ ɜɵɫɜɨɛɨɠɞɚɹ NɊВ, 
AgRP ɢ GABA.

2. Ⱥɧɨɪɟɤɫɢɝɟɧɧɵɟ – ɩɨɞɚɜɥɹɸɬ ɚɩɩɟɬɢɬ, 
ɜɵɪɚɛɚɬɵɜɚɹ POMC.

• Ƚɨɪɦɨɧɵ, ɩɨɞɚɜɥɹɸɳɢɟ ɚɩɩɟɬɢɬ:
1. Ʌɟɩɬɢɧ (LEP);
2. ɂɧɫɭɥɢɧ (INS);
3. ɏɨɥɟɰɢɫɬɨɤɢɧɢɧ;
4. PPY3-36.
Ƚɨɪɦɨɧɵ, ɫɬɢɦɭɥɢɪɭɸɳɢɟ ɚɩɩɟɬɢɬ:
1. Ⱥɞɢɩɨɧɟɤɬɢɧ;
2. Ƚɪɟɥɢɧ.

ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɫɧɨɜɧɵɯ ɨɪɝɚɧɨɜ ɢ ɫɬɪɭɤɬɭɪ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɪɟɝɭɥɹɰɢɢ ɩɢɳɟɜɨɝɨ ɩɨɜɟɞɟɧɢɹ. ɇɟɥɶɫɨɧ Ⱦ., Ʉɨɤɫ Ɇ. Ɉɫɧɨɜɵ ɛɢɨɯɢɦɢɢ Ʌɟɧɢɧɞɠɟɪɚ. Ɍɨɦ 2. , 2014.
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П̬̌̌̏е̦т̛̬куля̬̦ое
яд̬о

А̬ку̌т̦ое
яд̬о



Х̬о̥о̭о̥̦̼е 
пе̬е̭т̬о̜к̛

;̭и̦д̬о̥ 
П̬аде̬а-ʦилли, 
WAGR ̭и̦д̬о̥

и д̬.Ϳ

Пле̜от̬оп̛я
;̭и̦д̬о̥ы 

ʥа̬де-ʥидля, 
Ма̬ти̦а-

ʥелл, Коэ̦а и 
д̬.Ϳ

Мо̦о̐е̦̦ое 
о̛̙̬е̛̦е 

(POMC, NPY, LEP, 

LEPR, MC3R, 

MC4R, FTO, PC1, 

̬ецепто̬ 
г̬ели̦а и д̬.)

Пол̛̐е̦̦ое 
о̛̙̬е̛̦е 

(UCP1, UCP2, 

UCP3, ADRB1, 

ADRB2, ADRB3, 

SLC6A14 и д̬.Ϳ

ʧе̦ет̛к̌ 
о̛̙̬е̛̦́

Singh R.K., Kumar P., Mahalingam K. Molecular genetics of human obesity: A comprehensive review. C.R. Biologies. 2017; 
340(2):87-108.

ʧе̦ет̸̛е̭к̛е ̴̌кто̬̼ ̛̬̌̏̚т̛́ о̛̙̬е̛̦́

ˁ̛̦д̬о̥̌л̦̼̽е 
фо̬̥̼

Ⱦɢɚɝɪɚɦɦɚ ȼɟɧɧɚ, ɨɬɨɛɪɚɠɚɸɳɚɹ 
ɩɟɪɟɫɟɱɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɝɪɭɩɩ ɝɟɧɨɜ, 
ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɚɡɜɢɬɢɢ ɨɠɢɪɟɧɢɹ.

ʻе̛̭̦д̬о̥̌л̦̼̽е 
фо̬̥̼
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Pigeyre M. et al. Recent progress in genetics, epigenetics and 
metagenomics unveils the pathophysiology of human obesity.
Clinical Science. 2016; 130, 943–986.



Цел̛ ̛ ̌̚д̸̛̌ ̬̌̍от̼
• Цɟɥɶ: ɩɨɫɬɪɨɟɧɢɟ ɢ ɚɧɚɥɢɡ ɫɟɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɛɟɥɤɚɦɢ ɱɟɥɨɜɟɤɚ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɦɢ 

ɦɚɫɫɭ ɬɟɥɚ, ɢ ɚɧɚɥɢɡ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɪɟɝɭɥɹɬɨɪɧɵɯ ɷɮɮɟɤɬɨɜ SNP, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ 
ɨɠɢɪɟɧɢɟɦ.

• Зɚɞɚɱɢ:

1. Эɤɫɬɪɚɤɰɢɹ ɢɡ ɪɚɡɥɢɱɧɵɯ ɛɚɡ ɞɚɧɧɵɯ ɫɜɟɞɟɧɢɣ ɨ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɦɟɠɞɭ 
ɛɟɥɤɨɜɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɝɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɚɡɜɢɬɢɢ ɨɠɢɪɟɧɢɹ ɭ ɱɟɥɨɜɟɤɚ, ɢ ɢɯ ɢɧɬɟɝɪɚɰɢɹ.

2. Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɫɟɬɟɣ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɛɟɥɤɚɦɢ, ɤɨɞɢɪɭɟɦɵɦɢ ɜɫɟɦɢ 
ɝɟɧɚɦɢ, ɭɱɚɫɬɜɭɸɳɢɦɢ ɜ ɪɟɝɭɥɹɰɢɢ ɦɚɫɫɵ ɬɟɥɚ, ɢ ɝɟɧɚɦɢ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦɢɫɹ ɜ ɚɞɢɩɨɰɢɬɚɯ
ɢ ɤɥɟɬɤɚɯ ɦɨɡɝɚ.

3. ȼɵɹɜɥɟɧɢɟ ɩɟɪɟɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɬɟɪɦɢɧɨɜ ɦɨɥɟɤɭɥɹɪɧɵɯ ɮɭɧɤɰɢɣ (GO ɚɧɚɥɢɡ), ɤɨɬɨɪɵɦɢ 
ɚɧɧɨɬɢɪɨɜɚɧɵ ɛɟɥɤɢ ɢɡ ɫɟɬɟɣ (ɨɛɳɟɣ ɢ ɫɩɟɰɢɮɢɱɧɵɯ ɞɥɹ ɚɞɢɩɨɰɢɬɨɜ ɢ ɤɥɟɬɨɤ ɦɨɡɝɚ), ɢ 
ɫɪɚɜɧɟɧɢɟ ɧɚɛɨɪɨɜ ɜɵɹɜɥɟɧɧɵɯ ɬɟɪɦɢɧɨɜ.

4. Ⱥɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɪɲɢɧ ɫɟɬɟɣ ɢ ɜɵɹɜɥɟɧɢɟ ɛɟɥɤɨɜ, ɡɚɧɢɦɚɸɳɢɯ ɤɥɸɱɟɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 
ɫɟɬɹɯ.

5. Ⱥɧɚɥɢɡ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɩɨɥɢɦɨɪɮɢɡɦɨɜ (SNP), ɜɵɹɜɥɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ GWAS, 
ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɫɚɣɬɨɜ ɫɜɹɡɵɜɚɧɢɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɪɟɝɭɥɹɬɨɪɧɵɯ 
ɪɚɣɨɧɚɯ ɝɟɧɨɜ, ɤɨɞɢɪɭɸɳɢɯ ɛɟɥɤɢ ɨɛɳɟɣ ɫɟɬɢ.

6. ȼɵɹɜɥɟɧɢɟ ɫɜɹɡɟɣ ɞɥɹ ɛɟɥɤɨɜ, ɨ ɤɨɬɨɪɵɯ ɧɟɬ ɞɚɧɧɵɯ ɨ ɦɟɯɚɧɢɡɦɚɯ ɭɱɚɫɬɢɹ ɜ ɪɟɝɭɥɹɰɢɢ 
ɦɚɫɫɵ ɬɟɥɚ, ɢ ɩɨɫɬɪɨɟɧɢɟ ɝɢɩɨɬɟɬɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɢɯ ɭɱɚɫɬɢɹ.
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ʿо̛̭к, ̾к̭т̬̌ќ̶̛ ̛ ̛̦те̶̛̬̐̌́ ̴̛̦о̶̛̛̬̥̌ о ̍елок-

̍елко̵̼̏ ̛̥̏̌̚оде̜̭т̵̛̏́ ̍елко̏, код̛̬уе̵̥̼ ̐е̛̦̥̌ ̛̚ 
ко̥пе̦д̛у̥̌

Ignatieva E.V., Afonnikov D.A., Saik O.V., Rogaev E.I., Kolchanov N.A. A 
compendium of human genes regulating feeding behavior and body weight, 
its functional characterization and identification of GWAS genes involved in 
brain-specific PPI network. BMC Genet. 2016; 17(Suppl 3): 158.

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɟɧɞɢɭɦɚ ɝɟɧɨɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ 
ɩɢɳɟɜɨɟ ɩɨɜɟɞɟɧɢɟ ɢ ɦɚɫɫɭ ɬɟɥɚ.

Score > 0.4

ɂɧɬɟɝɪɚɰɢɹ ɞɚɧɧɵɯ

578 ɝɟɧɨɜ ɢɡ 
ɤɨɦɩɟɧɞɢɭɦɚ
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8.3 % ɭɧɢɤɚɥɶɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ

2.6 % ɭɧɢɤɚɥɶɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ

13.8 % ɭɧɢɤɚɥɶɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ



ˀеко̦̭т̬уќ̶̛ о̺̍е̜ ̭ет̛ ̍елок-̍елко̵̼̏ 
̛̥̏̌̚оде̜̭т̛̜̏ ;̭ет̽ ОͿ
Ɉɛɳɢɣ ɫɩɢɫɨɤ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ

ȼ ɫɟɬɶ Ɉ ɜɨɲɥɢ:
- 384 ɛɟɥɤɚ
- 888 ɫɜɹɡɟɣ
ȼɟɪɲɢɧɵ ɫ ɧɚɢɛɨɥɶɲɢɦ
ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ:
• ESR1 (50 ɫɜɹɡɟɣ)
• CREBBP (31)
• STAT3 (31)
• SIRT1 (31)
• AR (30)
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ϱϳϴ ̐е̦о̏ ̛̚ пол̦о̐о ̭п̛̭к̌

1ϵϰ ̍елк̌, код̛̬уе̥̼е 
̐е̛̦̥̌ ̛̚ ̭п̛̭к̌ ̛ ̦е 

̏о̹ед̛̹е ̏ ̭ет̽ О

ϯϴϰ ̍елк̌, 
код̛̬уе̥̼е 

̐е̛̦̥̌ ̛̚ ̭п̛̭к̌ 
̛ ̦е ̏о̹ед̛̹е ̏ 

̭ет̽ О



ˀеко̦̭т̬уќ̶̛ ̭ет̛, ̭пе̶̴̸̛̛̦о̜ дл́ 
̌д̛по̶̛то̏ (̭ет̽ АͿ
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Ɏɢɥɶɬɪɚɰɢɹ ɫɟɬɢ Ɉ ɫ ɩɨɦɨɳɶɸ Cytoscape ɧɚ 
ɝɪɭɩɩɵ ɛɟɥɤɨɜ, ɤɨɞɢɪɭɟɦɵɯ ɝɟɧɚɦɢ, 

ɷɫɤɩɪɟɫɫɢɪɭɸɳɢɦɢɫɹ ɢ ɧɟ ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦɢɫɹ
ɜ ɠɢɪɨɜɨɣ ɬɤɚɧɢ ɩɨ ɞɚɧɧɵɦ ɛɚɡɵ Bgee

Ⱦɚɧɧɵɟ ɩɨ 
ɷɤɫɩɪɟɫɫɢɢ 

ɝɟɧɨɜ ɜ 
ɚɞɢɩɨɰɢɬɚɯ

«suЛМutКnОous 
adipose 
tТssuО», 

«СumКn КНuХt 
stКРО» 

(58853 ɝɟɧɨɜ)
[ɛɚɡɚ Bgee]

ȼ ɫɟɬɶ ɜɨɲɥɢ:
- 356 ɛɟɥɤɨɜ
- 837 ɫɜɹɡɟɣ

ȼɟɪɲɢɧɵ ɫ ɧɚɢɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ:
• ESR1 (49 ɫɜ.)
• STAT3 (31 ɫɜ.)
• CREBBP (31 ɫɜ.)
• SIRT1 (30 ɫɜ.)
• AR (29 ɫɜ.)

ɋɟɬɶ Ⱥ



ˀеко̦̭т̬уќ̶̛ ̭ет̛, ̭пе̶̴̸̛̛̦о̜ дл́ 
клеток ̥о̐̌̚ ;̭ет̽ ʦͿ
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ȼɟɪɲɢɧɵ ɫ 
ɧɚɢɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ:
• ESR1 (48 ɫɜ.)
• SIRT1 (31 ɫɜ.)
• STAT3 (28 ɫɜ.)
• CREBBP (28 ɫɜ.)
• AR (28 ɫɜ.)

ȼ ɫɟɬɶ ɜɨɲɥɢ:
- 329 ɛɟɥɤɨɜ
- 761 ɫɜɹɡɶ

Ⱦɚɧɧɵɟ ɩɨ 
ɷɤɫɩɪɟɫɫɢɢ ɝɟɧɨɜ 
ɜ ɚɪɤɭɚɬɧɨɦ ɹɞɪɟ 
ɝɢɩɨɬɚɥɚɦɭɫɚ –

ɧɟɣɪɨɧɚɯ, 
ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯ

POMC ɢ AgRP
(35267 ɝɟɧɨɜ)

Henry F.E. et al. Cell type-
specific transcriptomics of 
hypothalamic energy-sensing 
neuron responses to weight-
loss. Elife. 2015. Ɏɢɥɶɬɪɚɰɢɹ ɫɟɬɢ Ɉ ɫ ɩɨɦɨɳɶɸ Cytoscape

ɧɚ ɝɪɭɩɩɵ ɛɟɥɤɨɜ, ɤɨɞɢɪɭɟɦɵɯ ɝɟɧɚɦɢ, 
ɷɫɤɩɪɟɫɫɢɪɭɸɳɢɦɢɫɹ ɢ ɧɟ 

ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɦɫɹ ɜ ɧɟɣɪɨɧɚɯ

ɋɟɬɶ ȼ



FDR < 0.05, Fold Enrichment > 6

ʿе̬еп̬ед̭т̌̏ле̦̦̼е те̛̬̥̦̼ 
̥олекул̵̬̦̼́ ̴у̦к̶̛̜ ;МФͿ, 
̼̏́̏ле̦̦̼е ̭ по̥о̺̽̀ GO 

̦̌̌л̛̌̚

10



Лок̌л̶̛̛̌́̚ ̬е̐ул́то̬о̏ т̬̦̭̌к̛̬п̶̛̛ ̛ 
т̬̦̭̥̌е̵̥̬̦̦̼̍̌ ̬е̶епто̬о̏ ̏ о̺̍е̜ ̭ет̛ ;̭ет̽ ОͿ

Ɋɟɝɭɥɹɬɨɪɵ ɬɪɚɧɫɤɪɢɩɰɢɢ ɜ ɝɥɚɜɧɨɦ 
ɩɨɞɦɧɨɠɟɫɬɜɟ ɨɛɳɟɣ ɫɟɬɢ (ɨɬɦɟɱɟɧɵ ɤɪɚɫɧɵɦ)

Ɍɪɚɧɫɦɟɦɛɪɚɧɧɵɟ ɪɟɰɟɩɬɨɪɵ ɜ ɝɥɚɜɧɨɦ 
ɩɨɞɦɧɨɠɟɫɬɜɟ ɨɛɳɟɣ ɫɟɬɢ (ɨɬɦɟɱɟɧɵ ɠёɥɬɵɦ)

*Ɋɟɝɭɥɹɬɨɪɵ ɬɪɚɧɫɤɪɢɩɰɢɢ = ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɟ ɮɚɤɬɨɪɵ + 
ɤɨɚɤɬɢɜɚɬɨɪɵ ɢ ɤɨɪɟɩɪɟɫɫɨɪɵ + ɛɟɥɤɢ, ɦɨɞɢɮɢɰɢɪɭɸɳɢɟ 
ɯɪɨɦɚɬɢɧ.
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А̦̌л̛̚ ̭тепе̛̦ ̛ ̶е̦т̬̌л̦̽о̭т̛ ̏е̛̬̹̦ ̭ете̜
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О̭̦о̦̼̏е ̾т̌п̼ ̦̌̌л̛̌̚ поте̶̛̦̌л̦̽о̐о ̏л̛̛̦́́ SNP ̦̌ 
ˁˁТФ ̏ ̬е̐ул́то̵̬̦̼ ̬̜̌о̵̦̌ ̐е̦о̏

163 SNP, ɜɵɹɜɥɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ GWAS
[BMC Genet. 2016; 17(Suppl 3): 158]

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɡɢɰɢɢ SNP ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɧɚ
(ɩɪɨɝɪɚɦɦɚ UCSC Variant Annotation Integrator)

32 SNP ɜ 5’-ɮɥɚɧɤɢɪɭɸɳɢɯ ɪɚɣɨɧɚɯ ɝɟɧɨɜ

Зɚɩɪɨɫ ɤ ɛɚɡɟ ɞɚɧɧɵɯ dbSNP

ɉɪɟɞɫɤɚɡɚɧɢɟ ɋɋɌФ ɜ ɪɚɣɨɧɟ ɥɨɤɚɥɢɡɚɰɢɢ SNP 
(ɩɪɨɝɪɚɦɦɚ PERFECTOS-APE)

32 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȾɇɄ, ɜɤɥɸɱɚɸɳɢɟ SNP

28 ɫɚɣɬɨɜ ɫɜɹɡɵɜɚɧɢɹ ɞɥɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɭɱɚɫɬɜɭɸɬ ɜ 
ɨɛɳɟɣ ɫɟɬɢ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ (ɫɟɬɢ Ɉ)

13

638 ɋɋɌɎ, ɧɚ ɫɜɹɡɵɜɚɧɢɟ ɤɨɬɨɪɵɯ ɫ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ 
ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɭɤɥɟɨɬɢɞɧɵɟ ɡɚɦɟɧɵ ɜ ɪɚɣɨɧɟ ɥɨɤɚɥɢɡɚɰɢɢ SNP



ˁˁТФ, ̭̬од̭т̏о кото̵̬̼ к ТФ ̥о̐ло 
̛̥̚е̛̦т̭̽́ ̏ ̬е̚ул̽т̌те 
̦уклеот̛д̦о̜ ̥̌̚е̦̼ ̏ ̬̜̌о̦е 
лок̌л̶̛̛̛̌̚ SNP

ɉɪɟɞɫɤɚɡɚɧɧɵɟ 28 ɋɋɌɎ ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ 
ɪɟɝɭɥɹɬɨɪɧɵɯ ɪɚɣɨɧɚɯ 13 ɝɟɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɪɟɝɭɥɹɰɢɢ ɦɚɫɫɵ ɬɟɥɚ.

№

ɇɚɡɜɚɧɢɟ ɝɟɧɚ ɂɞɟɧɬɢɮɢɤɚɬɨɪ 
ɩɨɥɢɦɨɪɮɢɡɦɚ

ɇɚɡɜɚɧɢɟ ɫɚɣɬɚ 
ɫɜɹɡɵɜɚɧɢɹ, 

ɤɨɬɨɪɵɣ 
ɧɚɪɭɲɢɥɫɹ ɢɥɢ 

ɩɨɹɜɢɥɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ 

ɡɚɦɟɧɵ

ɋɬɟɩɟɧɶ 
ɜɟɪɲɢɧɵ ɌɎ ɜ 

ɨɛɳɟɣ ɫɟɬɢ

Fold change
(P-value 1/P-

value 2)

1 BDNF rs11030104 ANDR 30 4.2
2 BDNF rs11030104 GCR 23 5.5
3 ATP2A1 rs3888190 SPI1 10 4.1
4 ATP2A1 rs3888190 STAT3 31 0.1
5 ATP2A1 rs3888190 ZF64A 1 0.1
6 AMPD2 rs17024393 NFKB1 19 4.9
7 AMPD2 rs17024393 TWST1 5 20.0
8 MTIF3 rs4771122 NR1D1 2 5.2
9 NLRC3 rs758747 KLF5 8 0.1
10 NLRC3 rs758747 ESR2 12 10.5
11 NLRC3 rs758747 ERR1 14 14.8
12 NLRC3 rs758747 THB 8 20.6
13 NLRC3 rs758747 PPARA 8 27.3
14 NLRC3 rs758747 ESR1 50 29.9
15 NLRC3 rs758747 RARB 5 51.1
16 TRIM66 rs4256980 PROX1 5 0.2
17 TRIM66 rs4256980 NFKB1 19 27.1
18 MTCH2 rs3817334 GATA3 7 13.5
19 MTCH2 rs3817334 FUBP1 4 0.02
20 HOXB6 rs9299 TF7L2 5 0.1
21 HOXB6 rs9299 FUBP1 4 24.9
22 HOXB6 rs9299 ANDR 30 28.9
23 ETV5 rs1516725 ANDR 30 6.6
24 ETV5 rs1516725 GCR 23 7.7
25 DMXL2 rs3736485 GATA2 6 0.2
26 NEGR1 rs3101336 GCR 23 0.2
27 POC5 rs2112347 SPI1 10 5.8
28 FRRS1L rs6477694 ZF64A 1 0.1

ɉɨɬɟɧɰɢɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɜɥɢɹɧɢɹ SNP ɧɚ ɫɚɣɬɵ
ɫɜɹɡɵɜɚɧɢɹ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɜ 

ɪɟɝɭɥɹɬɨɪɧɨɦ ɪɚɣɨɧɟ ɝɟɧɚ BDNF
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ʦ̼́̏ле̛̦е ̭̏́̚е̜ ̍елко̏ ̍е̚ 
̛̍оло̸̛̐е̭ко̜ ̛̦те̬п̬ет̶̛̛̌

Ɏɢɥɶɬɪɚɰɢɹ ɫɟɬɢ Ⱥ ɫ ɩɨɦɨɳɶɸ Cytoscape ɧɚ ɝɪɭɩɩɵ 
ɛɟɥɤɨɜ, ɤɨɞɢɪɭɟɦɵɯ ɝɟɧɚɦɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɦɟɯɚɧɢɡɦɵ 
ɭɱɚɫɬɢɹ ɜ ɪɟɝɭɥɹɰɢɢ ɩɢɳɟɜɨɝɨ ɩɨɜɟɞɟɧɢɹ ɨɩɢɫɚɧɵ ɜ 

ɩɭɛɥɢɤɚɰɢɹɯ ɢ, ɢ ɝɟɧɚɦɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɬɚɤɢɯ ɞɚɧɧɵɯ ɧɟɬ.

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɟɧɞɢɭɦɚ ɝɟɧɨɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ 
ɩɢɳɟɜɨɟ ɩɨɜɟɞɟɧɢɟ ɢ ɦɚɫɫɭ ɬɟɥɚ.

Ignatieva E.V. et al., BMC Genetics 2016 
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ˁ̛̏́̚, ̏кл̸̛̺̀̌̀е ̍елк̛ ̍е̚ ̛̍оло̸̛̐е̭ко̜ 
̛̦те̬п̬ет̶̛̛̌

INO80E
• INO80 complex subunit E

AMPK
• Protein kinase AMP-activated catalytic 

subunit alpha 1

NPY2R
• Neuropeptide Y receptor Y2

ɂɧɬɟɪɚɤɬɚɧɬ 1: Ȼɟɥɨɤ ɛɟɡ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ (ɜ 

ɤɨɧɬɟɤɫɬɟ ɪɚɡɜɢɬɢɹ ɨɠɢɪɟɧɢɹ)

ɂɧɬɟɪɚɤɬɚɧɬ 2: Ȼɟɥɨɤ ɫ ɛɢɨɥɨɝɢɱɟɫɤɨɣ 
ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ (ɜ ɤɨɧɬɟɤɫɬɟ ɪɚɡɜɢɬɢɹ 

ɨɠɢɪɟɧɢɹ)

Rolland T. et al. A 
proteome-scale map 
of the human 
interactome network. 
Cell. 2014; 
159(5):1212-1226.

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɫɜɹɡɢ

Ɇɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ 
ɚɧɚɥɢɡ ɚɮɮɢɧɧɨ-

ɨɱɢɳɟɧɧɵɯ ɛɟɥɤɨɜɵɯ 
ɤɨɦɩɥɟɤɫɨɜ 

Huttlin E.L. et al. 
Architecture of the 
human interactome
defines protein 
communities and 
disease networks. 
Nature. 2017; 
545(7655):505-509.

ɋɫɵɥɤɚ ɧɚ ɫɬɚɬɶɸ, 
ɨɩɢɫɵɜɚɸɳɭɸ 
ɫɜɹɡɶ ɛɟɥɤɨɜ

16

DMXL2
• Dmx like 2

GP2
• Glycoprotein 2

GLP1R
• Glucagon like peptide 1 receptor

TAOK2
• TAO kinase 2

NMUR2
• Neuromedin U receptor 2

Ɇɟɦɛɪɚɧɧɵɣ 
ɞɪɨɠɠɟɜɨɣ 

ɞɜɭɝɢɛɪɢɞɧɵɣ ɚɧɚɥɢɡ 
ɜ ɫɩɥɢɬ-

ɭɛɢɤɜɢɬɢɧɨɜɨɣ
ɫɢɫɬɟɦɟ 

Dai F.F. et al. A Novel GLP1 
Receptor Interacting Protein 
ATP6ap2 Regulates Insulin 
Secretion in Pancreatic Beta 
Cells. J. Biol. Chem. 2015; 
41(290):25045–61.

Ⱦɜɭɝɢɛɪɢɞɧɵɣ ɚɧɚɥɢɡ ɛɟɥɨɤ-
ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 
ɦɥɟɤɨɩɢɬɚɸɳɢɯ (MAPPIT), 

ɬɟɫɬ ɛɟɥɤɨɜɨɣ ɤɨɦɩɥɟɦɟɧɬɚɰɢɢ
(PCA), ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ 

ɛɟɥɤɨɜɵɣ ɦɚɬɪɢɤɫ 
ɧɭɤɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ (NAPPA)



ʧ̛потет̸̛е̭к̛е ̥е̵̛̦̥̼̌̚ у̸̭̌т̛́ ̍елко̏ 
INO80E, GP2 ̛ DMXL2 ̏ ̬е̐ул̶̛̛́ ̥̭̭̼̌ тел̌

17

ɂɧɬɟɪɚɤɬɚɧɬ 1: INO80E (INO80 complex subunit
E) - ɫɭɛɴɟɞɢɧɢɰɚ E ɯɪɨɦɚɬɢɧ-
ɪɟɦɨɞɟɥɢɪɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ INO80.
ɂɧɬɟɪɚɤɬɚɧɬ 2: AMPK (Protein kinase AMP-
activated catalytic subunit alpha 1) - ɪɟɝɭɥɢɪɭɟɬ
ɚɤɬɢɜɧɨɫɬɶ ɪɹɞɚ ɤɥɸɱɟɜɵɯ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ
ɮɟɪɦɟɧɬɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢɹ.

ȼɥɢɹɧɢɟ ɛɟɥɤɚ AMPK ɧɚ ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
(ɮɪɚɝɦɟɧɬ ɫɯɟɦɵ “AMPK sТРnКХТnР pКtСаКв” ɢɡ ɛɚɡɵ 

KEGG PATHWAY)

Ɏɪɚɝɦɟɧɬ ɫɯɟɦɵ, ɨɬɪɚɠɚɸɳɟɣ ɦɟɯɚɧɢɡɦ 
ɞɟɣɫɬɜɢɹ GP2 ɜ ɠɢɪɨɜɨɣ ɬɤɚɧɢ, ɢɡ ɫɬɚɬɶɢ
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ɂɧɬɟɪɚɤɬɚɧɬ 1: GP2 (Glycoprotein 2) -
ɢɧɬɟɝɪɚɥɶɧɵɣ ɦɟɦɛɪɚɧɧɵɣ ɛɟɥɨɤ.
ɂɧɬɟɪɚɤɬɚɧɬ 2: GLP1R (Glucagon like
peptide 1 receptor) - ɪɟɰɟɩɬɨɪ GLP1,
ɤɨɬɨɪɵɣ ɜɥɢɹɟɬ ɧɚ ɧɚɪɚɛɨɬɤɭ
ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ ɰɢɬɨɤɢɧɚ TNF-α,
ɥɢɩɨɥɢɡ ɢ ɚɞɢɩɨɝɟɧɟɡ.

ɂɧɬɟɪɚɤɬɚɧɬ 1: DMXL2 (Dmx like 2) -
ɫɨɞɟɪɠɢɬ 12 WD ɞɨɦɟɧɨɜ ɢ ɦɨɠɟɬ
ɜɵɩɨɥɧɹɬɶ ɤɚɪɤɚɫɧɭɸ ɮɭɧɤɰɢɸ.
ɂɧɬɟɪɚɤɬɚɧɬ 2: NPY2R (neuropeptide
Y receptor Y2) - ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɣ
ɪɟɰɟɩɬɨɪ ɧɟɣɪɨɩɟɩɬɢɞɚ Y,
ɢɧɞɭɰɢɪɭɸɳɟɝɨ ɚɞɢɩɨɝɟɧɟɡ.

Ɏɪɚɝɦɟɧɬ ɫɯɟɦɵ, ɨɬɪɚɠɚɸɳɟɣ 
ɦɟɯɚɧɢɡɦ ɞɟɣɫɬɜɢɹ NPY ɜ ɠɢɪɨɜɨɣ 

ɬɤɚɧɢ, ɢɡ ɫɬɚɬɶɢ
Shin M.K., Choi B., Kim E.Y., Front Immunol 2018



ʦ̼̏од̼
1. ɉɨɫɬɪɨɟɧɵ ɫɟɬɢ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɛɟɥɤɚɦɢ, ɤɨɞɢɪɭɟɦɵɦɢ ɝɟɧɚɦɢ, 

ɤɨɬɨɪɵɟ ɤɨɧɬɪɨɥɢɪɭɸɬ ɦɚɫɫɭ ɬɟɥɚ ɢ ɩɢɳɟɜɨɟ ɩɨɜɟɞɟɧɢɟ, ɞɥɹ ɨɛɳɟɝɨ ɫɩɢɫɤɚ ɝɟɧɨɜ (384 
ɝɟɧɚ) ɢ ɝɟɧɨɜ, ɷɤɫɩɪɟɫɫɢɪɭɸɳɢɯɫɹ ɜ ɚɞɢɩɨɰɢɬɚɯ (356 ɝɟɧɨɜ) ɢ ɤɥɟɬɤɚɯ ɦɨɡɝɚ (329 ɝɟɧɨɜ).

2. GO ɚɧɚɥɢɡ ɫɩɢɫɤɨɜ ɛɟɥɤɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɫɟɬɹɯ, ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɢ ɨɛɨɝɚɳɟɧɵ ɛɟɥɤɚɦɢ, 
ɭɱɚɫɬɜɭɸɳɢɦɢ ɜ ɪɟɝɭɥɹɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɢ, ɚ ɬɚɤɠɟ ɢɦɟɸɳɢɦɢ ɪɟɰɟɩɬɨɪɧɭɸ ɚɤɬɢɜɧɨɫɬɶ 
ɥɢɛɨ ɨɩɨɫɪɟɞɭɸɳɢɦɢ ɝɨɪɦɨɧɚɥɶɧɭɸ ɪɟɝɭɥɹɰɢɸ.

3. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɥɨɤɚɥɢɡɚɰɢɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɢ ɬɪɚɧɫɦɟɦɛɪɚɧɧɵɯ
ɪɟɰɟɩɬɨɪɨɜ ɜ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ ɧɚɦɢ ɫɟɬɹɯ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ
ɪɚɡɥɢɱɧɵ. ȼɨ ɜɫɟɯ ɬɪɟɯ ɫɟɬɹɯ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦ ɪɟɝɭɥɹɬɨɪɚɦ ɞɨɫɬɨɜɟɪɧɨ ɱɚɳɟ
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɟɪɲɢɧɵ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ ɢ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ
ɰɟɧɬɪɚɥɶɧɨɫɬɢ ɢ ɪɚɞɢɚɥɶɧɨɫɬɢ. Ɍɪɚɧɫɦɟɦɛɪɚɧɧɵɦ ɪɟɰɟɩɬɨɪɚɦ, ɧɚɩɪɨɬɢɜ, ɱɚɳɟ
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɟɪɲɢɧɵ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ ɢ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ
ɰɟɧɬɪɚɥɶɧɨɫɬɢ ɢ ɪɚɞɢɚɥɶɧɨɫɬɢ.

4. ȼ ɪɟɝɭɥɹɬɨɪɧɵɯ ɪɚɣɨɧɚɯ ɝɟɧɨɜ, ɤɨɧɬɪɨɥɢɪɭɸɳɢɯ ɦɚɫɫɭ ɬɟɥɚ ɢ ɜɵɹɜɥɟɧɧɵɯ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ GАAS, ɩɪɟɞɫɤɚɡɚɧɨ 638 ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɫɚɣɬɨɜ, ɧɚ ɫɜɹɡɵɜɚɧɢɟ ɤɨɬɨɪɵɯ ɫ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ ɧɭɤɥɟɨɬɢɞɧɵɟ ɡɚɦɟɧɵ ɜ ɪɚɣɨɧɟ 
ɥɨɤɚɥɢɡɚɰɢɢ SNP. ɂɡ ɧɢɯ 28 ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɫɚɣɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɦɢɲɟɧɹɦɢ 
ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɨɛɳɟɣ ɫɟɬɢ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ.

5. Ⱦɥɹ ɛɟɥɤɨɜ INO80E, GP2, DMXL2 ɢ TAOK2 ɜɵɹɜɥɟɧɵ ɛɟɥɨɤ-ɛɟɥɤɨɜɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɫɬɪɨɢɬɶ ɝɢɩɨɬɟɬɢɱɟɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɢɯ ɭɱɚɫɬɢɹ ɜ ɪɟɝɭɥɹɰɢɢ ɦɚɫɫɵ ɬɟɥɚ.
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ˁп̛̭̌̍о ̌̚ ̛̛̦̥̦̏̌е!


