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̭̭̌о̶̛̌т̵̛̦̼̏ ̐е̵̦̦̼ ̭ете̜

̥.̦.̭. л̌̍. Ко̥п̽̀те̬̦о̜ п̬отео̛̥к̛ ˁ̜̌к Ол̽̐̌ ʦл̌д̛̛̥̬о̦̏̌



1) ˀеко̦̭т̬уќ̶̛ ̐е̵̦̦̼ ̭ете̜, о̭̦о̦̦̏̌̌́ ̦̌ ̥етод̵̌ ̌̏то̥̌т̸̛е̭ко̐о ̦̌̌л̛̌̚
тек̭то̏ (text-mining).

2) ˁ̛̭те̥̌ ANDSystem – к̌к п̛̬̥е̬ ̛̭̭те̥̼, ̛̭пол̽̚у̺̀е̜ ̌̏то̥̌т̸̛е̭к̛̜
̦̌̌л̛̚ тек̭то̏ дл́ ̬еко̦̭т̬ук̶̛̛ ̭̭̌о̶̛̌т̵̛̦̼̏ ̐е̵̦̦̼ ̭ете̜.

• Иɫɬɨɱɧɢɤɢ ɢɧɮɨɪɦɚɰɢɢ.
• Ɉɧɬɨɥɨɝɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ANDSystem.
• Ɇɨɞɭɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɬɟɤɫɬɨɜ ɜ ANDSystem.
• Ɍɨɱɧɨɫɬɶ ɢ ɩɨɥɧɨɬɚ ɢɧɮɨɪɦɚɰɢɢ, ɢɡɜɥɟɱɟɧɧɨɣ ɦɟɬɨɞɨɦ text-mining.
• Кɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɧɬɟɪɮɟɣɫɚ AndVisio, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜ ANDSystem – ɜɨɡɦɨɠɧɨɫɬɢ

ɩɨɢɫɤɚ ɢ ɮɢɥɶɬɪɚɰɢɢ ɞɚɧɧɵɯ.
• ɉɪɢɦɟɪɵ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɟɲɚɬɶ ɫ ɩɨɦɨɳɶɸ ANDSystem.

ϯ) ʦ̼́̏ле̛̦е ̭т̬укту̬̦о-̴у̦к̶̛о̦̌л̵̦̼̽ о̭о̍е̦̦о̭те̜ ̭̭̌о̶̛̌т̵̛̦̼̏ ̐е̵̦̦̼ 
̭ете̜. 
• ȼɵɹɜɥɟɧɢɟ ɤɥɚɫɬɟɪɨɜ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ. 
• ɉɨɢɫɤ ɪɟɝɭɥɹɬɨɪɧɵɯ ɤɨɧɬɭɪɨɜ. 
• Иɞɟɧɬɢɮɢɤɚɰɢɹ ɤɥɸɱɟɜɵɯ ɝɟɧɨɜ, ɯɚɛɨɜ. 
• ȼɵɹɜɥɟɧɢɟ ɰɟɧɬɪɚɥɶɧɵɯ ɜɟɪɲɢɧ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ, ɪɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɰɟɧɬɪɚɥɶɧɨɫɬɢ ɜɟɪɲɢɧ. 
• Ɉɩɪɟɞɟɥɟɧɢɟ ɫɜɟɪɯɩɪɟɞɫɬɚɜɥɟɧɧɵɯ Gene Ontology ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɪɟɫɭɪɫ DAVID). 
• ɉɪɢɨɪɢɬɟɡɚɰɢɹ ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ (ɪɟɫɭɪɫɵ Endeavour, ToppGene, DIR).

ϰ) ʿ̛̬̥е̬̼ ̛̭̭ледо̛̦̜̏̌, п̬о̏еде̵̦̦̼ ̭ ̛̭пол̽̚о̛̦̏̌е̥ ANDSystem

ǳȏȄȑ ȏȉȎȚȌȌ



ǤȕȕȒȚȌȄȖȌȆȑȟȉ ȇȉȑȑȟȉ ȕȉȖȌ
ǤȕȕȒȚȌȄȖȌȆȑȟȉ ȇȉȑȑȟȉ ȕȉȖȌ ́̏л́̀т̭́ ̭ло̛̙̦̼̥, ко̥плек̛̭̦̼̥ ̥олекул̬̦́о-

̐е̦ет̸̛е̭к̛̛̥ ̭ет̛̥́, ̭̭̌о̶̛̛̬о̛̦̦̼̥̏̌ ̭ к̌к̛̛̥ л̛̍о ̛̍оло̸̛̐е̭к̛̛̥ п̬о̶е̛̭̭̥̌,
̴е̦от̛п̸̛е̭к̛̛̥ п̛̬̦̌̚к̛̥̌ ̛л̛ ̌̍̚оле̛̛̦̥̏̌́. ˃̛п̼ ̍̌̚о̵̼̏ о̻̍екто̏, кото̛̬̼̥
опе̛̬̬у̀т ̭̭̌о̶̛̌т̛̦̼̏е ̐е̦̦̼е ̭ет̛, под̬̌̚дел́̀т̭́ ̦̌ ̦е̭кол̽ко кл̭̭̌о̏, ̭о̐л̭̦̌о ̵̛
п̛̬̬оде:

(1) ̥олекул̬̦́о-̐е̦ет̸̛е̭к̛е о̻̍ект̼. К ̾то̥у кл̭̭̌у от̦о̭́т̭́ т̌к̛е т̛п̼ о̻̍екто̏, к̌к
̐е̦̼, ˀʻК, ̍елк̛, ̥ет̌̍ол̛т̼, клето̸̦̼е ко̥по̦е̦т̼;

(2) ̛̍оло̸̛̐е̭к̛е п̬о̶е̭̭̼ ̛ ̛̭̭те̥̼ ;̥ет̌̍ол̸̛е̭к̛е пут̛, пут̛ пе̬ед̸̛̌ ̛̭̦̐̌ло̏,
т̬̦̭̌по̬т̦̼е пут̛ ̛ т.д.);

(3) ̴е̦от̛п̸̛е̭к̛е п̛̬̦̌̚к̛, по̏еде̸̦е̭к̛е ̵̬̌̌кте̛̬̭т̛к̛ ̛л̛ ̴у̦к̶̛о̦̌л̦̼̽е
̭о̭то̛̦́́ о̛̬̦̥̐̌̌̚ ̛л̛ ̐е̦ет̸̛е̭к̵̛ ̛̭̭те̥, ̏кл̸̀̌́ ̌̍̚оле̛̦̏̌́;

(4) ̦̏ут̬е̛̦̦е ̛ ̦̏е̛̹̦е ̴̌кто̬̼, ̏о̚де̜̭т̏у̛̺̀е ̦̌ ̛̭̭те̥у ;̥ут̶̛̛̌,
̾п̛̐е̦ет̸̛е̭к̛̜ ко̦т̬ол̽, те̥пе̬̌ту̬̌, д̌̏ле̛̦е, лек̬̭̌т̏̌ ̛ д̬у̛̐е ̵̸̛̛̥е̭к̛е ̭оед̛̦е̛̦́Ϳ.

˃̌к̛̥ о̬̍̌̚о̥, ̭̭̌о̶̛̌т̛̦̼̏е ̐е̦̦̼е ̭ет̛ ̭оде̬̙̌т ̭у̺е̭т̏е̦̦о ̛̬̭̹̬̌е̦̦̼̜ ̭о̭т̌̏
̍̌̚о̵̼̏ о̻̍екто̏ по ̭̬̦̌̏ѐ̛̦ ̭ ̐е̛̦̦̼̥ ̭ет̛̥́, опе̛̬̬у̛̛̺̥̀ тол̽ко ̭ ̥олекул̬̦́о-

̐е̦ет̸̛е̭к̛̛̥ о̻̍ект̛̥̌. ʦ̏еде̛̦е т̌ко̐о ̛̬̭̹̬̌е̦̦о̐о ̭о̭т̌̏̌ ̍̌̚о̵̼̏ о̻̍екто̏ по̏̚ол́ет
̭т̬о̛т̽ ̭ет̛, ̏ кото̵̬̼ ̏е̛̛̬̹̦̥̌ ̥о̐ут ̼̍т̽ л̼̀̍е о̻̍ект̼ ̛̚ пе̬е̸̛̭ле̵̦̦̼ кл̭̭̌о̏. ʿ̛̬
̾то̥, ̥олекул̬̦́о-̐е̦ет̸̛е̭к̛е о̻̍ект̼ ̥о̐ут ок̌̌̚т̭̽́ ̛̭̦̦̼̥̏́̌̚ ̭ ̴е̦от̛п̸̛е̭к̛̛̥
п̛̬̦̌̚к̛̥̌ ̛л̛ уп̬̌̏л̛̛̺̥́̀ ̴̌кто̛̬̥̌. ˃̌кое ̭̏о̜̭т̏о ̭̭̌о̶̛̌т̵̛̦̼̏ ̐е̵̦̦̼ ̭ете̜
по̏̚ол́ет п̬о̏од̛т̽ ̛̦те̶̛̬̐̌̀ ̬̬̌̚о̦̚е̵̦̦̼ лок̌л̵̦̼̽ ̐е̵̦̦̼ ̭ете̜, кото̬̼е ̦̌п̬̥́у̀ ̦е
пе̬е̭ек̌̀т̭́ ̥е̙ду ̭о̍о̜ по ̥олекул̬̦́о-̐е̦ет̸̛е̭к̛̥ о̻̍ект̥̌, ̦о ок̼̌̏̌̀̚т̭́
̛̭̦̦̼̥̏́̌̚ ̦̌ о̭̦о̛̛̦̏̌ ̴̛̦о̶̛̛̬̥̌ о ̵̛ ̛̭̏́̚ ̸е̬е̚ к̌ко̜ л̛̍о ̛̬̭̹̬̌е̦̦̼̜ о̻̍ект,
̦̌п̛̬̥е̬ ̴е̦от̛п̸̛е̭к̛̜ п̛̬̦̌̚к ̛л̛ ̌̍̚оле̛̦̏̌е.

ʤ̏то̥̌т̸̛е̭к̛̜ ̦̌̌л̛̚ тек̭то̏ по̏̚ол́ет ̾к̭т̛̬̬̌̐о̏̌т̽ подо̦̍у̀
̴̛̦о̶̛̬̥̌̀ ̛̚ ̦̌у̸̵̦̼ пу̍л̛к̶̛̜̌.



ИȕȖȒțȑȌȎȌ ȌȑȘȒȔȐȄȚȌȌ

• Ȼɚɡɵ ɞɚɧɧɵɯ. ȼ ɠɭɪɧɚɥɟ Nucleic Acids Research
(NAR) database issue (ɢɦɩɚɤɬ ɮɚɤɬɨɪ 8,65)
ɨɩɭɛɥɢɤɨɜɚɧɵ ɫɬɚɬɶɢ ɩɨ ɛɨɥɟɟ ɱɟɦ 1900
ɪɚɡɥɢɱɧɵɦ ɛɚɡɚɦ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɯ
ɢɧɮɨɪɦɚɰɢɸ ɩɨ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɬɟɦɚɬɢɤɟ.
Кɚɠɞɚя ɛɚɡɚ ɞɚɧɧɵɯ ɫɨɞɟɪɠɢɬ
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɭɸ ɢ ɮɨɪɦɚɥɢɡɨɜɚɧɧɭɸ
ɢɧɮɨɪɦɚɰɢɸ.

Ƚɥɚɜɧɚɹ ɫɬɪɚɧɢɰɚ ɫɢɫɬɟɦɵ PubMed

Ȼɚɡɵ ɞɚɧɧɵɯ ɩɨ ɭɱɚɫɬɧɢɤɚɦ ɝɟɧɧɵɯ ɫɟɬɟɣ

• ȼɚɠɧɟɣɲɢɦ ɢɫɬɨɱɧɢɤɨɦ ɢɧɮɨɪɦɚɰɢɢ
ɩɨ ɛɢɨɦɟɞɢɰɢɧɫɤɨɣ ɬɟɦɚɬɢɤɟ
яɜɥяɸɬɫя ɧɚɭɱɧɵɟ ɩɭɛɥɢɤɚɰɢɢ. ȼ
ɫɢɫɬɟɦɟ PubMed, ɤɨɬɨɪɚя яɜɥяɟɬɫя
ɤɪɭɩɧɟɣɲɟɣ ɛɚɡɨɣ ɞɚɧɧɵɯ ɧɚɭɱɧɵɯ
ɫɬɚɬɟɣ, ɞɨɫɬɭɩɧɵɯ ɱɟɪɟɡ ɢɧɬɟɪɧɟɬ,
ɫɨɛɪɚɧɨ ɛɨɥɟɟ 26 ɦɢɥɥɢɨɧɨɜ
ɩɭɛɥɢɤɚɰɢɣ. ȿɠɟɝɨɞɧɨ ɱɢɫɥɨ ɫɬɚɬɟɣ ɜ
ɫɢɫɬɟɦɟ PubMed ɭɜɟɥɢɱɢɜɚɟɬɫя,
ɩɪɢɦɟɪɧɨ, ɧɚ 1 ɦɢɥɥɢɨɧ.

ȿɠɟɝɨɞɧɵɣ ɪɨɫɬ ɱɢɫɥɚ ɩɭɛɥɢɤɚɰɢɣ ɡɚ 
ɩɨɫɥɟɞɧɢɟ 20 ɥɟɬ
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ʺед̶̛̛̦̭к̛е п̬ед̥ет̦̼е ̬у̛̬̍к̛ (Medical Subject Headings,

̭ок̬̺̌ё̦̦о MeSH) — ̭̏ео̻̍е̥л̛̺̜̀ ко̦т̬ол̛̬уе̥̼̜ ̭ло̬̏̌̽,
̛̦дек̛̭̬у̛̺̜̀ ̙у̬̦̌л̦̼̽е ̭т̌т̛̽ ̛ к̛̛̦̐ по е̭те̭т̏е̦̦̼̥
̦̌ук̥̌; ̥о̙ет т̌к̙е ̭лу̛̙т̽ ̏ к̸̌е̭т̏е те̌̚у̬у̭̌,
о̍ле̸̺̐̌̀е̐о по̛̭к ̴̛̦о̶̛̛̬̥̌. ˁо̚д̦̌ ̛ о̦̍о̏л́ет̭́
ʻ̶̛̌о̦̌л̦̽о̜ ̥ед̶̛̛̦̭ко̜ ̛̍̍л̛отеко̜ ˁˌʤ, ̛̭пол̽̚ует̭́ ̏
̵̍̌̌̚ ̭т̌те̜ Medline ̛ PubMed.

ʪе̭к̛̬пто̬̼ ;п̬ед̥ет̦̼е ̬у̛̬̍к̛Ϳ
̭̬̐упп̛̬о̦̼̏̌ ̏ ̛е̵̸̛̬̬̌е̭ко̥ по̬́дке. ʦ
PubMed к̙̌д̌́ ̙у̬̦̌л̦̽̌́ ̭т̌т̽́ ̛̦дек̛̭̬ует̭́
по 10-15 ̬у̛̬̍к̥̌ ̛л̛ под̬у̛̬̍к̥̌, од̛̦ ̛л̛
д̏̌ ̛̚ кото̵̬̼ о̍о̸̦̌̚е̦̼ к̌к «о̭̦о̦̼̏е» ̛
по̥е̸е̦̼ ̏̚ё̚до̸ко̜. ʿ̛̬ ̼̏пол̦е̛̛̦ по̛̭к̌
̸е̬е̚ PubMed, ̵̏од̛̺̜́ те̛̬̥̦ ̌̏то̥̌т̸̛е̭к̛
пе̬е̏од̛т̭́ ̦̌ ̭оот̏ет̭т̏у̛̺̜̀ де̭к̛̬пто̬.

ʿо̛̥̥о ̾то̐о, по у̥ол̸̛̦̌̀ ̏ по̛̭к ̍удут
̏кл̸̀е̦̼ ̭̏е де̭к̛̬пто̬̼, ̬̭̌поло̙е̦̦̼е ̛̦̙е
̦е̐о ̏ ̛е̵̛̛̬̬̌.

Ко̬̦е̼̏е к̌те̐о̛̛̬ ̏  MeSH:

 ʤ̦̌то̛̥́ [A]
 О̛̬̦̥̼̐̌̚ [B]
 ʥоле̛̦̚ [C]
 ˈ̸̛̛̥е̭к̛е ̏е̺е̭т̏̌ ̛ ̭̬ед̭т̏̌ [D]
 ʤ̦̌л̛т̸̛е̭к̛е, д̛̦̌̐о̭т̸̛е̭к̛е ̛ 

те̬̌пе̏т̸̛е̭к̛е ̥етод̼ ̛ о̍о̬удо̛̦̏̌е 
[E]

 ʿ̵̛̛̭̌т̛̬́ ̛ п̵̛̭оло̛̐́ [н]
 ʥ̛оло̸̛̐е̭к̛е ̦̌ук̛ [G]
 ˇ̸̛̛̚е̭к̛е ̦̌ук̛ [р]
 ʤ̦т̬ополо̛̐́, о̬̍̌̚о̛̦̏̌е, ̭о̶̛оло̛̐́ ̛ 

̭о̶̛̌л̦̼̽е ́̏ле̛̦́ [I]
 е˃̵̦оло̛̛̐, п̬одукт̼ п̛т̛̦̌́ ̛ ̦̌п̛тк̛ [щ]
 ʧу̛̥̦̌т̬̦̼̌е ̦̌ук̛ [ы]
 ʰ̴̦о̬̥̌т̛к̌ [э]
 ʿе̬̭о̦̌л̛̛ [M]
 ʯд̬̌̏оо̵̬̦̌е̛̦е [N]
 ˈ̬̌̌кте̛̬̭т̛к̛ пу̍л̛к̶̛̜̌ [V]
 ʧео̴̸̛̬̐̌е̭к̌́ лок̌л̶̛̛̌́̚ [)]

Medical Subject Headings (MeSH)



ǲȚȉȑȎȄ ȕȒ-ȆȕȖȔȉțȄȉȐȒȕȖȌ ȅȌȒȏȒȇȌțȉȕȎȌș ȖȉȔȐȌȑȒȆ Ȇ 
ȑȄȗțȑȟș ȖȉȎȕȖȄșн ǵȌȕȖȉȐȟ Meshops Ȍ Coremine.

Workflow ̛̭̭те̥̼ MeSHOP

ʻ̌ ̵̏од под̌ет̭́ ̦̌̍о̬ ̭т̌те̜, ̵̭̦̦̼̏́̌̚
̭ ̛̍оло̸̛̐е̭ко̜ ̭у̺̦о̭т̽̀, ̛̚ кото̵̬̼
̛̏̚лек̌̀т̭́ ̭̏е MeSH те̛̬̥̦̼.

О̶е̛̦̏̌ет̭́ ̸̭̌тот̌ ̭̏т̬е̸̌е̥о̭т̛
к̙̌до̐о MeSH те̛̬̥̦̌ по ̭̬̦̌̏ѐ̛̦ ̭
̸̭̌тото̜ ̭̏т̬е̸̌е̥о̭т̛ ̾то̐о те̛̬̥̦̌ ̏о
̭̏е̜ ̭о̏окуп̦о̭т̛ ̭т̌те̜. о˃̸̦̼̜
к̛̬те̛̬̜ ˇ̛̹е̬̌ п̛̬̥е̦́ет̭́ дл́
о̶е̦к̛ ̭т̌т̛̭т̸̛е̭ко̜ ̸̛̦̥̌̚о̭т̛
пе̬еп̬ед̭т̌̏ле̦̦о̭т̛ к̙̌до̐о MeSH

те̛̬̥̦̌ ̏ ̭т̌т̵̽́, ̵̭̦̦̼̏́̌̚ ̭ ̛̚у̸̌е̥о̜
̛̍оло̸̛̐е̭ко̜ ̭у̺̦о̭т̽̀.

ʤ̦̌л̛̚ п̬о̴̛ле̜ пе̬еп̬ед̭т̌̏ле̦̦о̭т̛ MeSH те̛̬̥̦о̏, отк̬̼̏̌ет ̛̹̬ок̛е
̏о̥̚о̙̦о̭т̛ дл́ о̍о̺̍е̛̦́ ̴̛̦о̶̛̛̬̥̌ по̭̺̏́е̦̦о̜ ̛̚у̸̌е̥о̥у ̛̍оло̸̛̐е̭ко̥у
о̻̍екту, кол̸̛е̭т̏е̦̦о̜ ̛де̦т̴̛̛к̶̛̛̌ ̥е̬̼ ̭̦̦̏́̌̚о̭т̛ ̭ ̛̦̥ д̬у̵̛̐
̛̍оло̸̛̐е̭к̵̛ те̛̬̥̦о̏ ̛ по̛̭к̌ ко̭̏е̵̦̦̼ ̭̭̌о̶̶̛̛̜̌.

ˁ̛̭те̥̼ Meshops (http://meshop.oicr.on.ca/meshop/index.html) ̛ Coremine

(https://www.coremine.com/medical/#search) ̛̭пол̽̚у̀т те̵̦оло̛̐̀ о̶е̦к̛
̭т̌т̛̭т̸̛е̭ко̜ ̸̛̦̥̌̚о̭т̛ ̭о-̭̏т̬е̸̌е̥о̭т̛ ̛̍оло̸̛̐е̭к̵̛ те̛̬̥̦о̏ ̏ ̦̌у̸̵̦̼
̭т̌т̵̽́ дл́ по̛̭к̌ ̭̏́̚е̜ ̥е̙ду ̛̍оло̸̛̐е̭к̛̛̥ о̻̍ект̛̥̌.

http://meshop.oicr.on.ca/meshop/index.html
https://www.coremine.com/medical/#search


ǵȌȕȖȉȐȄ MeSHOPs

Cheung, W. A., Ouellette, B. F., & Wasserman, W. W. (2012). Quantitative biomedical annotation using medical 

subject heading over-representation profiles (MeSHOPs). BMC bioinformatics, 13(1), 249.

ˁ̛̭те̥̌ MeSHOPs до̭туп̦̌ по ̌д̬е̭у 
http://meshop.oicr.on.ca/meshop/index.html.

ʪл́ к̙̌до̐о ̛̍оло̸̛̐е̭ко̐о те̛̬̥̦̌ 
̛̭пол̽̚ует̭́ то̸̦̼̜ к̛̬те̛̬̜ ˇ̛̹е̬̌ дл́ 
о̶е̦к̛ P-value ̭т̌т̛̭т̸̛е̭ко̜ ̸̛̦̥̌̚о̭т̛ ̭о-

̭̏т̬е̸̌е̥о̭т̛ ̛̍оло̸̛̐е̭к̵̛ те̛̬̥̦о̏ ̏ 
̦̌у̸̵̦̼ ̭т̌т̵̽́. ˁо̭т̌̏л́ет̭́ ̸ет̼̬е̵пол̦̽̌́ 
т̌̍л̶̛̌ ̭оп̬̙́е̦̦о̭т̛ 2 × 2: 

1) ˋ̭̌тот̌ ̭̏т̬е̸̌е̥о̭т̛ те̛̬̥̦̌ ti ̏о 
̥̦о̙е̭т̏е ̭т̌те̜ по ̌̚д̦̦̌о̜ те̥̌т̛ке; 

2) ʦ̭е ̥̦о̙е̭т̏о ̭т̌те̜ по ̌̚д̦̦̌о̜ 
те̥̌т̛ке ̌̚ ̛̭кл̸̀е̛̦е̥ ̭т̌те̜, 
̭оде̵̛̬̙̺̌ упо̛̛̥̦̦̌́ те̛̬̥̦̌ ti; 

3) ˋ̭̌тот̌ ̭̏т̬е̸̌е̥о̭т̛ те̛̬̥̦̌ ti ̏о 
̥̦о̙е̭т̏е ̭т̌те̜, ̦е ̌̚т̵̛̛̬̺̌̐̏̌̀ 
̌̚д̦̦̌у̀ те̥̌т̛ку;

4) О̭т̛̹̌̏е̭́ ̭т̌т̛̽ – ̏ кото̵̬̼ ̦е 
̭̏т̬е̸̌ет̭́ те̛̬̥̦̌ ti, ̛, кото̬̼е ̦е 
̌̚т̛̬̌̐̏̌̀т ̌̚д̦̦̌у̀ те̥̌т̛ку. 

ʦ̭е̐о ̏ ̦̌̌л̛̚е ̏ ̛̭̭те̥е MeSHOPs ̼̍ло 
̛̭пол̽̚о̦̏̌о ϭϴ ̥л̦. пу̍л̛к̶̛̜̌ ̭т̌те̜ ̛̚ 
̛̭̭те̥̼ MEDLINE.

http://meshop.oicr.on.ca/meshop/index.html


Jenssen, T. K., эægreid, A., Komorowski, J., & Hovig, E. (2001). A literature network of human 

genes for high-throughput analysis of gene expression. Nature genetics, 28(1), 21-28.

ǵȌȕȖȉȐȄ CoreMineл ȒȕȑȒȆȄȑȑȄȣ ȑȄ ȄȑȄȏȌȋȉ ȕȒ-ȆȕȖȔȉțȄȉȐȒȕȖȌ 
MESH Ȍ Gene Ontology (GO) ȖȉȔȐȌȑȒȆн 

О̶е̦к̌ до̭то̏е̬̦о̭т̛ 
̭о-̭̏т̬е̸̌е̥о̭т̛ д̏у̵ 
̛̍оло̸̛̐е̭к̵̛ 
те̛̬̥̦о̏ ̸е̬е̚ p-value

ˁ̛̭те̥̌ CoreMine до̭туп̦̌ по ̌д̬е̭у https://www.coremine.com/medical/#search.

ʤ̏то̬̼ п̬о̏ел̛ ̌̏то̥̌т̸̛е̭к̛̜ ̦̌̌л̛̚ отк̬̼т̵̼ тек̭то̏ 10 ̥л̦. ̦̌у̸̵̦̼
пу̍л̛к̶̛̜̌ ;̭̌̍т̬̌кто̏Ϳ ̛̚ MEDLINE дл́ ̭о̚д̛̦̌́ ̐ло̍̌л̦̽о̜ ̭ет̛ ̭о-̭̏т̬е̸̌е̥о̭т̛
13 712 ̐е̦о̏ ̸ело̏ек̌. ʧе̦̼ ̼̍л̛ ̦̦̌от̛̬о̦̼̏̌ путе̥ ̭̭̌о̶̶̛̛̛̌ ̭ те̛̛̬̥̦̥̌ ̛̚
MeSH ̛ ̐е̦̦о̜ о̦толо̛̛̐ (GO). ʿолу̸е̦̦̼е ̭ет̛ ̼̍л̛ подт̏е̬̙де̦̼
̾к̭пе̛̬̥е̦т̛̥̌ ̛ ̭ по̥о̺̽̀ ̦̌̌л̛̌̚ д̏у̵ о̺̍едо̭туп̵̦̼ ̦̌̍о̬о̏ д̵̦̦̼̌
̛̥к̬о̸̛по̏.

https://www.coremine.com/medical/#search


ɂɧɬɟɪɮɟɣɫ ɫɢɫɬɟɦɵ ANDSystem дл́ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɚɫɫɨɰɢɚɬɢɜɧɵɯ ɝɟɧɧɵɯ ɫɟɬɟɣ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɟ ANDVisio.

Ɇɟɬɨɞɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɬɟɤɫɬɨɜ (text-mining) ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ
ɛɵɫɬɪɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɢɯ ɨɛɴɟɦɨɜ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ
ȼ ИɐИȽ ɋɈ ɊȺɇ (ɇɨɜɨɫɢɛɢɪɫɤ) ȼ.Ⱥ. Иɜɚɧɢɫɟɧɤɨ ɢ ɉ.ɋ. Ⱦɟɦɟɧɤɨɜɵɦ ɫ
ɫɨɚɜɬɨɪɚɦɢ ɫ 2005 ɝɨɞɚ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫя ɫɢɫɬɟɦɚ ANDSystem ɞɥя
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɚɧɚɥɢɡɚ ɦɨɥɟɤɭɥяɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɫɟɬɟɣ,
ɨɩɢɫɵɜɚɸɳɢɯ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɤɚɤ ɜ ɧɨɪɦɟ, ɬɚɤ ɢ ɩɪɢ ɡɚɛɨɥɟɜɚɧɢяɯ.
ANDSystem ɞɨɫɬɭɩɧɚ ɩɨ ɚɞɪɟɫɭ http://www-bionet.sscc.ru/andvisio/

ǵȌȕȖȉȐȄ Ȉȏȣ ȄȆȖȒȐȄȖȌțȉȕȎȒȍ ȔȉȎȒȑȕȖȔȗȎȚȌȌ ȄȕȕȒȚȌȄȖȌȆȑȟș 
ȇȉȑȑȟș ȕȉȖȉȍ ANDSystemл ȒȕȑȒȆȄȑȑȄȣ ȑȄ ȖȉșȑȒȏȒȇȌȌ text-mining

ANDSystem ɜɤɥɸɱɚɟɬ:
• ɦɨɞɭɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɡɜɥɟɱɟɧɢя ɡɧɚɧɢɣ 

ɫ ɩɨɦɨɳɶɸ ɫɟɦɚɧɬɢɱɟɫɤɢɯ ɲɚɛɥɨɧɨɜ, 
• ɛɚɡɭ ɡɧɚɧɢɣ ANDCell,
• ɩɪɨɝɪɚɦɦɭ ANDVisio.

ANDVisio ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɭɩ ɤ ɛɚɡɟ ɡɧɚɧɢɣ, 
ɚɧɚɥɢɡ ɢ ɜɢɡɭɚɥɢɡɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɡɚɩɪɨɫɚ. 

ANDCell ɫɨɞɟɪɠɢɬ ɛɨɥɟɟ 4 ɦɥɧ ɮɚɤɬɨɜ ɨ 
ɦɨɥɟɤɭɥяɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢяɯ ɦɟɠɞɭ ɛɟɥɤɚɦɢ, ɝɟɧɚɦɢ, 
ɦɟɬɚɛɨɥɢɬɚɦɢ ɢ ɬ.ɞ., ɢɡɜɥɟɱɟɧɧɵɯ ɢɡ ɛɨɥɟɟ 20 
ɦɥɧ ɚɛɫɬɪɚɤɬɨɜ ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɛɚɡɟ ɞɚɧɧɵɯ PubMed.

http://www-bionet.sscc.ru/andvisio/


ǲȅȝȄȣ ȕșȉȐȄ ȕȌȕȖȉȐȟ ANDSystem

ʥ̛оло̸̛̐е̭к̛е ̼̍̌̚ д̵̦̦̼̌
Swissprot, Entrez, PharmGkb, etc

ˁло̛̬̏̌ ̛̦̦̜̌̏̌̚ о̻̍екто̏
Proteins, Genes, Metabolites, Pathways, Cell

components, MicroRNAs, Cells, Organisms, 

Diseases

Модул̽ Text-mining

Abstract 1: A regulates B

Abstract 2: B regulates C..

ʥ̼̌̚ д̵̦̦̼̌ по ̛̥̏̌̚оде̜̭т̛̥̏́ 
̛̍оло̸̛̐е̭к̵̛ о̻̍екто̏ (protein-

protein, protein-DNA, protein-substance)
IntAct, MINT, NCBI GENE, TRRD, KEGG, PIMRider, 

InterPro

Тек̭т̼ ̛̚ ̼̍̌̚ д̵̦̦̼̌ PubMed

A        B      C      D

Data-mining ̥одул̽
C binds D

ANDCell - ̍̌̌̚ ̛̦̦̜̌̚, 
̛̦те̛̬̬̐у̺̀̌́ ̴̛̦о̶̛̬̥̌̀, 

полу̸е̦̦у̀ ̥ етод̛̥̌ text-

mining ̛ data-mining

A regulates B regulates C binds D

Сер̏ер

Про̐ра̥̥а-

клие̦т 
ANDVisio

ʦ̛̚у̌л̶̛̛̌́̚ ̛ ̦̌̌л̛̚ ̭̭̌о̶̛̌т̵̛̦̼̏ 
̐е̵̦̦̼ ̭ ете̜ ̭ по̥о̺̽̀ ANDVisio



ИȕȖȒțȑȌȎȌ ȌȑȘȒȔȐȄȚȌȌн 

PubMed

Ф̌кто̴̸̛̬̐̌е̭к̛е ̼̍̌̚ д̵̦̦̼̌ по ̥олекул̬̦́о-

̐е̦ет̸̛е̭к̛̥ ̏ ̛̥̌̚оде̜̭т̛̥̏́ (protein-protein, 

protein-DNA, protein-substance)
IntAct, MINT, NCBI GENE, TRRD, KEGG, PIMRider, InterPro



Ф̛̛̚оло̸̛̐е̭к̛̜ у̬о̏е̦̽

Ɉɪɝɚɧɢɡɦɵ 21 982

Ʉɥɟɬɤɢ/ɬɤɚɧɢ 644 304

Фɟɧɨɬɢɩɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ

Ɂɚɛɨɥɟɜɚɧɢɹ 15 478

Фɟɧɨɬɢɩɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ 23 224

ɉɨɛɨɱɧɵɟ ɷɮɮɟɤɬɵ ɥɟɤɚɪɫɬɜ 5 226

Ɇɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ

Ƚɟɧɵ 7 946 479

Ȼɟɥɤɢ 550 657

Ɇɟɬɚɛɨɥɢɬɵ 42 594

ɆɢɤɪɨɊɇɄ 28 512

Ʌɟɤɚɪɫɬɜɚ 2 430

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 122 297

Ʉɥɟɬɨɱɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 3 680

ǲȑȖȒȏȒȇȌȌ Ȍ ȕȏȒȆȄȔȌ ȒȅȞȉȎȖȒȆл ȌȕȓȒȏȠȋȗȉȐȟȉ Ȇ ANDSystem.



ǲȑȖȒȏȒȇȌȣ ȐȒȏȉȎȗȏȣȔȑȒ-ȇȉȑȉȖȌțȉȕȎȌș ȆȋȄȌȐȒȈȉȍȕȖȆȌȍ ȕȌȕȖȉȐȟ ANDSystem

ʻ̌п̬̌̏ле̦̦̼е ̛̥̏̌̚оде̜̭т̛̏́

activity upregulation

expression upregulation

ʿод̌̏ле̛̦е ˀе̐ул̶̛́́ʤкт̶̛̛̏̌́

degradation upregulation

expression downregulation

activity downregulation

degradation downregulation

expression regulation

regulation

activity regulation

degradation regulation

association

ʻе ̦̌п̬̌̏ле̦̦̼е ̛̥̏̌̚оде̜̭т̛̏́

co-expression

treatment

interaction



ǰȉȊȈȗ ȒȅȞȉȎȖȄȐȌ ȔȄȕȕȐȄȖȔȌȆȄȢȖȕȣ ȕȏȉȈȗȢȝȌȉ ȖȌȓȟ ȆȋȄȌȐȒȒȖȑȒȜȉȑȌȍ:

• ̭̭̌о̶̶̛̛̛̌ ̥е̙ду о̻̍ект̛̥̌, т.е. ̭̏́̽̚ ̥е̙ду о̻̍ект̛̥̌ ̦е ̛̥еет 
̸етко оп̬еделе̦̦о̜ ̭е̥̦̌т̛к̛, ̌ ̌̚д̌ет поте̶̛̦̌л̦̽у̀ ̭̏́̽̚, ̭̥̼̭л 
кото̬о̜ ̥о̙ет ̼̍т̽ уто̸̦е̦ ̏ ̬е̚ул̽т̌те д̌л̦̽е̜̹е̐о ̦̌̌л̛̌̚;
• ̴̸̛̛̚е̭к̛е ̛̥̏̌̚оде̜̭т̛̏́ - о̬̍̌̚о̛̦̏̌е ко̬отко̛̙̏у̵̛̺ ̛ л̛ 
по̭то̵̦̦̼́ ̥олекул̵̬̦̼́ ко̥плек̭о̏. ˇ̸̛̛̚е̭к̛е ̛̥̏̌̚оде̜̭т̛̏́ 
̥о̐ут ̭̼̏́̏̌̚т̽ д̏̌ ̛л̛ ̍олее ̍елко̏, ̍ елок ̛ ̛̦̚ко̥олекул̬̦́ое 
̏е̺е̭т̏о – л̛̦̐̌д, ̍елок ̛ ̐е̦ ;̛̥̏̌̚оде̜̭т̛̏е т̬̦̭̌к̛̬п̶̛о̦̦о̐о 
̴̌кто̬̌ ̭ п̬о̥ото̬̦̼̥ ̬̜̌о̦о̥ ̐е̦̌Ϳ, ̍елок ̛ клето̸̦у̀ ко̥по̦е̦ту, 
д̏̌ ̛л̛ ̍олее ̛̦̚ко̥олекул̵̬̦̼́ ̏ е̺е̭т̏̌, д̏е ̛л̛ ̦е̭кол̽ко 
клето̸̵̦̼ ко̥по̦е̦т;
• ко̾к̭п̬е̛̭̭́, од̦о̬̏е̥е̦̦̌́ ̾к̭п̬е̛̭̭́ ̦е̭кол̽к̵̛ ̐е̦о̏, кото̬̌́ 
̼̍л̌ ̼̦̏̏̌̌̚ о̛̛̺̥̍ ̬е̐ул́то̛̬̦̼̥ ̥е̵̛̛̦̥̥̌̌̚, ̌кт̛̛̛̬̏̚у̛̛̺̥̀ 
̾к̭п̬ѐ̛̭̭ ̐е̦о̏ п̛̬ ̥е̵̛̦̺̭́̀́ у̭ло̵̛̏́ ̏ клетке;

• ле̸е̛̦е – п̛̬̥е̦е̛̦е ̥олекул̬̦́о̐о ̌̐е̦т̌ дл́ ле̸е̛̦́ 
оп̬еделе̦̦о̐о ̌̍̚оле̛̦̏̌́. ʦо ̛̥̏̌̚оде̜̭т̵̛̏́ ̾ то̐о т̛п̌ ̥о̐ут 
п̛̛̬̦̥̌т̽ у̸̭̌т̛е ̍елк̛ ̛ ̛̦̚ко̥олекул̬̦̼́е ̏е̺е̭т̏̌ – лек̬̭̌т̏̌;
• ̵̸̛̛̥е̭к̛е п̬е̬̺̏̌е̛̦́;

• ̬е̐ул́то̬̦̼е ̛̥̏̌̚оде̜̭т̛̏́ - ̏л̛̛̦́е од̦о̐о о̻̍ект̌ ̦̌ д̬у̐о̜;



К șȌȐȌțȉȕȎȌȐ ȆȋȄȌȐȒȈȉȍȕȖȆȌȣȐ ȒȖȑȒȕȣȖȕȣ:

• п̬е̬̺̏̌е̛̦́ од̵̛̦ ̥олекул ̏ д̬у̛̐е. ˃̌ко̜ т̛п 
п̛̬п̛̭̼̏̌ет̭́ ̬е̌к̶̛̛ ̏ то̥ ̭лу̸̌е е̭л̛ ̦е ук̦̌̌̚ ̴е̬̥е̦т, 
к̌т̌л̛̛̬̚у̛̺̜̀ ̬е̌к̶̛̀, ̌ т̌к̙е е̭л̛ ̬е̌ќ̶̛ п̬отек̌ет ̍е̚ 
у̸̭̌т̛́ к̌т̌л̛̌̚то̬̌. ʦ п̬е̬̺̏̌е̵̛̦́ у̸̭̌т̏у̀т тол̽ко 
̛̦̚ко̥олекул̬̦̼́е ̏е̺е̭т̏̌. К п̬е̬̺̏̌е̛̦̥́ от̦о̭́т̭́ 
т̌к̙е ̛̥̏̌̚оде̜̭т̛̏е ̥е̙ду ̸̦̌̌л̦̼̥̽ ̛ ко̦е̸̦̼̥ 
п̬одукто̥ ̥ет̌̍ол̸̛е̭ко̐о пут̛, ̭оде̬̙̺̌е̐о ̦е̭кол̽ко 
п̬о̥е̙уто̸̵̦̼ ̾т̌по̏, ̦е оп̵̛̭̦̦̼̌ ̏ тек̭те. 
• к̌т̌л̛т̸̛е̭к̛е ̬е̌к̶̛̛, ̏ кото̵̬̼ у̸̭̌т̏у̀т 
̛̦̚ко̥олекул̬̦̼́е ̏е̺е̭т̏̌ ̏ к̸̌е̭т̏е ̭у̭̍т̬̌то̏ ̛ 
п̬одукто̏, ̌ т̌к̙е ̍елок ̏ к̸̌е̭т̏е ̴е̬̥е̦т̌, 
о̭у̺е̭т̏л̺́̀е̐о к̌т̌л̛̚ ̾то̜ ̬е̌к̶̛̛. 
• ̬̭̺̌епле̛̦е од̦о̐о ̍елк̌ ;̭у̭̍т̬̌т̌Ϳ д̬у̛̥̐ ̍елко̥ 
;п̬отеол̛т̸̛е̭к̛̥ ̴е̬̥е̦то̥Ϳ. 



ǴȉȇȗȏȣȖȒȔȑȟȉ ȆȋȄȌȐȒȈȉȍȕȖȆȌȣ ȐȒȇȗȖ ȅȟȖȠ ȔȄȋȈȉȏȉȑȟ ȓȒ ȖȌȓȗ ȔȉȇȗȏȣȚȌȌ ȑȄ:

• ̬е̐ул̶̛́̀ ̾к̭п̬е̛̛̭̭ ̐ е̦о̏ т̬̦̭̌к̛̬п̶̛о̛̦̦̼̥ ̴̌кто̛̬̥̌, ̌ т̌к̙е ̵̛ л̛̦̐̌д̛̥̌. ʦ 
̾ту к̌те̐о̛̬̀ ̵̏од́т к̌к п̬̥̼́е ̬е̐ул́то̬̦̼е ̭о̼̍т̛́, то е̭т̽ ̬е̐ул̶̛́́ ̾к̭п̬е̛̛̭̭ 
̐е̦̌ т̬̦̭̌к̛̬п̶̛о̦̦̼̥ ̴̌кто̬о̥, ̴̸̛̛̚е̭к̛ ̛̥̏̌̚оде̜̭т̏у̛̺̥̀ ̭ п̬о̥ото̬о̥ ̾то̐о 
̐е̦̌, т̌к ̛ опо̭̬едо̦̦̼̏̌е ̬е̐ул́то̬̦̼е ̏л̛̛̦́́ л̛̦̐̌до̏ ̾т̵̛ ̴̌кто̬о̏, ̌ т̌к̙е 
̍елко̏, ̵̏од̵̛̺́ ̏ ̬е̐ул́то̬̦̼̜ пут̽, ̏кл̸̀̌́ ̬е̶епто̬ ̛ ̍елк̛ ̛̭̦̐̌л̦̽о̐о пут̛. 
• ̬е̐ул̶̛́̀ ̌кт̛̦̏о̭т̛ ̛л̛ ̴у̦к̶̛̛ ̍елк̌, ̐е̦̌, клето̸̦о̜ ко̥по̦е̦т̼ ̛л̛ 
̥олекул̬̦́о-̐е̦ет̸̛е̭ко̐о п̬о̶е̭̭̌. ʦ к̸̌е̭т̏е ̬е̐ул́то̬̌ ̥о̙ет ̼̭̏туп̌т̽ ̍елок, 
̛̦̚ко̥олекул̬̦́ое ̏е̺е̭т̏о, клето̸̦̌́ ко̥по̦е̦т̌. 
• ̬е̐ул̶̛́̀ т̬̦̭̌по̬т̌ ̍елко̏ ̛л̛ ̛̦̚ко̥олекул̵̬̦̼́ ̏е̺е̭т̏ ̥е̙ду 
ко̥п̬̌т̥е̦т̛̥̌ клетк̛, ̌ т̌к̙е ̭ек̬ѐ̶̛ ̾т̵̛ ̥олекул ̛̚ клетк̛. ʦ к̸̌е̭т̏е 
̬е̐ул́то̬о̏ т̬̦̭̌по̬т̌ ̥о̐ут ̼̭̏туп̌т̽ ̍елок, ̛̦̚ко̥олекул̬̦́ое ̏е̺е̭т̏о ̛л̛ 
клето̸̦̌́ ко̥по̦е̦т̌. 
• ̬е̐ул̶̛́̀ ̭т̛̌̍л̦̽о̭т̛ ̛л̛ де̬̐̌д̶̛̛̌ ̥ олекул̵̬̦̼́ о̻̍екто̏. О̻̍екто̥ 
̬е̐ул̶̛̛́ ̥о̐ут ̼̍т̽ ̥олекул̬̦̼́е ̭т̬укту̬̼ ̍елко̏, ̥̌т̸̛̬̦̼е ˀʻК, ̸̛̭т̼̏̌е̥̼е ̭ 
̐е̦о̏, клето̸̦̼е ко̥по̦е̦т̼ ̛ ̛̦̚ко̥олекул̬̦̼́е ̏е̺е̭т̏̌. ˀе̐ул́то̛̬̥̌, к̌к ̛ ̏ 
п̬ед̼ду̵̛̺ ̭лу̸̵̌́, ̥о̐ут ́̏л́т̭̽́ ̍елк̛, ̛̦̚ко̥олекул̬̦̼́е ̏е̺е̭т̏̌, клето̸̦̼е 
ко̥по̦е̦т̼ ̛ ̥олекул̬̦́о-̛̍оло̸̛̐е̭к̛е п̬о̶е̭̭̼. 
• ˀе̐ул̶̛́̀ ̥олекул̬̦́о-̛̍оло̸̛̐е̭к̵̛ п̬о̶е̭̭о̏ ̛ ̌̍̚оле̛̦̜̏̌. ʦ к̸̌е̭т̏е 
̬е̐ул́то̬о̏ ̥о̐ут ̼̭̏туп̌т̽ ̍елк̛, ̛̦̚ко̥олекул̬̦̼́е ̏е̺е̭т̏̌, ̐е̦̼, п̬о̶е̭̭̼ ̛ 
клето̸̦̼е ко̥по̦е̦т̼.

К̬о̥е то̐о, ̬е̐ул́то̬̦̼е ̭о̼̍т̛́ под̬̌̚дел́̀т̭́ по ̴̴̾екту, кото̬̼̜ од̛̦ о̻̍ект 
ок̼̌̏̌̚ет ̦̌ д̬у̐о̜, то е̭т̽ у̛̭ле̛̦е ̛л̛ о̭л̌̍ле̛̦е п̬о̶е̭̭̌.



association 7 767 711

involvement 4 217 997

interaction 625 594

expression regulation 559 599

expression upregulation 157 533

expression downregulation 129 273

pathway regulation 529 997

pathway upregulation 375 514

pathway downregulation 374 856

transport regulation 382 373

treatment 188 264

catalyze 518 114

activity regulation 80 576

activity downregulation 295 160

activity upregulation 227 483

degradation regulation 3 222

degradation downregulation 55 215

degradation upregulation 34 004

miRNA regulation 23 576

coexpression 6 617

cleavage 7 141

catalyze modification 3 089

conversion 27 078

ǵȖȄȖȌȕȖȌȎȄ ȐȒȏȉȎȗȏȣȔȑȒ-ȇȉȑȉȖȌțȉȕȎȌș ȆȋȄȌȐȒȈȉȍȕȖȆȌȍ 
ȕȌȕȖȉȐȟ ANDSystem



ǰȒȈȗȏȠ ȄȆȖȒȐȄȖȌțȉȕȎȒȇȒ ȄȑȄȏȌȋȄ ȖȉȎȕȖȄ зtext-mining) Ȇ 
ȕȌȕȖȉȐȉ ANDSystem.

Ⱦɨɤуɦеɧɬы

-----------------
-----------------
-----------------
-----------------
-----------------

ɉеɪеɜɨɞ ɜ 
ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧыɣ 

ɬеɤɫɬ

-----------------

-----------------
Рɚɡɛɢɜɤɚ ɬеɤɫɬɚ ɧɚ 

ɩɪеɞɥɨɠеɧɢя

-----------------

ɋɥɨɜɚɪɢ 
ɧɚɡɜɚɧɢɣ 
ɨɛɴеɤɬɨɜ

-----------------

-----------------

Рɚɫɩɨɡɧɚɜɚɧɢе 
ɨɛɴеɤɬɨɜ ɜ 

ɩɪеɞɥɨɠеɧɢяɯ
-----------------

Ʌɢɧɝɜɢɫɬɢ-
ɱеɫɤɢе 
ɲɚɛɥɨɧы

-----------------

Иɡɜɥеɱеɧɢе 
ɜɡɚɢɦɨɨɬɧɨɲеɧɢɣ 
ɦеɠɞу ɨɛɴеɤɬɚɦɢ

ɏɪɚɧеɧɢе ɢ 
ɜɢɡуɚɥɢɡɚɰɢя 
ɢɡɜɥеɱеɧɧыɯ 

ɜɡɚɢɦɨɨɬɧɨɲеɧɢɣ

Ȼɚɡɚ ɡɧɚɧɢɣ

Иɧɬɟɪɮɟɣɫ ɦɨɞɭɥя 
ɜɢɡɭɚɥɢɡɚɰɢɢ ANDVisio

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 23 
ɦɥɧ ɪɟɮɟɪɚɬɨɜ ɢɡ 
ɫɢɫɬɟɦɵ PubMed.

ȼɵɹɜɥɟɧɨ 39 740 237
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ



IL1B

SODM

POAG

TNFA

EDN1

ADM

A recent study identified single nucleotide

polymorphisms (SNPs) within the IL-1 gene cluster at

chromosomal locus 2q13 that were associated with

reduced risk for primary open-angle glaucoma (POAG)

in whites. [PubMed: 17460270]

Results: Using binary logistic regression in an

additive model, the rs2842980 SNP in SOD2 was

significantly associated with POAG diagnosis

(p<0.03) at a univariate level. [PubMed:

23638916]

However, when supplemented with 10% FCS, IL-1

decreased the activity of SOD after 24 and 72 h of

incubation. [PubMed: 10912627]

Analysis of aqueous humor from patients with primary

open-angle glaucoma (POAG) revealed marked

increases in the content of endothelin-1 (ET-1) and

transforming growth factor-beta (TGF-). [PubMed:

22736605]

Incubation with IL-1beta increased concentrations

of ET-1 and PPET-1 relative gene expression.

[PubMed: 18588356]

Recent studies suggested a role for tumour

necrosis factor-alpha (TNF-alpha) in the

pathogenesis of POAG. [PubMed: 16138112]

Similarly MnSOD specific activity was increased by

TNF (290% increase) and the amosite+TNF

combination (313% increase) but not by amosite

alone. [PubMed: 8817062]

Exogenous ET-1 (1 to 100 nM) more potently

stimulated the release of ADM from ET(A)/ET(B)

compared with ET(A) isolates. [PubMed: 11588009]

ǳȔȌȐȉȔ ȄȆȖȒȐȄȖȌțȉȕȎȒȍ ȔȉȎȒȑȕȖȔȗȎȚȌȌ 
ȇȉȑȑȒȍ ȕȉȖȌ ǳǲУǧ ȕȌȕȖȉȐȒȍ ANDSystem

Ʉɪɚɫɧɵɟ – ɧɚɡɜɚɧɢɹ ɨɛɴɟɤɬɨɜ
ɋɢɧɢɟ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ



Hepatitis C virus (HCV) NS5B protein is a membrane-associated phosphoprotein that
possesses an RNA-dependent RNA polymerase activity. We recently reported that NS5A
protein interacts with TRAF2 and modulates tumor necrosis factor alpha (TNF-alpha)-
induced NF-kappaB and Jun N-terminal protein kinase (JNK). Since NS5A and NS5B are
the essential components of the HCV replication complex, we examined whether NS5B
could modulate TNF-alpha-induced NF-kappaB and JNK activation. In this study, we
have demonstrated that TNF-alpha-induced NF-kappaB activation is inhibited by NS5B
protein in HEK293 and hepatic cells. Furthermore, NS5B protein inhibited both TRAF2-
and IKK-induced NF-kappaB activation. Using coimmunoprecipitation assays, we show
that NS5B interacts with IKKalpha. Most importantly, NS5B protein in HCV subgenomic
replicon cells interacted with endogenous IKKalpha, and then TNF-alpha-mediated
IKKalpha kinase activation was significantly decreased by NS5B. Using in vitro kinase
assay, we have further found that NS5B protein synergistically activated TNF-alpha-
mediated JNK activity in HEK293 and hepatic cells. These data suggest that NS5B
protein modulates TNF-alpha signaling pathways and may contribute to HCV
pathogenesis.

TRAF2

NS5A

NK-kB

JNK NS5B

IKKalphaTNF-alpha

Ʉɪɚɫɧɵɟ – ɧɚɡɜɚɧɢɹ ɨɛɴɟɤɬɨɜ
ɋɢɧɢɟ – ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 
Ɂɟɥɟɧɵɟ – ɨɪɝɚɧɢɡɦɵ
Ɋɨɡɨɜɵɟ –ɬɢɩɵ ɨɛɴɟɤɬɨɜ

ǳȔȌȐȉȔ ȄȆȖȒȐȄȖȌțȉȕȎȒȍ ȔȉȎȒȑȕȖȔȗȎȚȌȌ ȇȉȑȑȒȍ 
ȕȉȖȌ Ǧǧǵ-șȒȋȣȌȑ ȕȌȕȖȉȐȒȍ ANDSystem



Task 3.3.  ǲȚȉȑȎȄ ȖȒțȑȒȕȖȌ ȌȑȘȒȔȐȄȚȌȌ, ȕȒȈȉȔȊȄȝȉȍȕȣ Ȇ 
ȅȄȋȉ ȈȄȑȑȟș ANDCell

Precision = Ncorrect / Ntotal

Ncorrect – ɱɢɫɥɨ ɜɟɪɧɨ ɪɚɫɩɨɡɧɚɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ.

Ntotal – ɨɛɳɟɟ ɱɢɫɥɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɬɟɫɬɨɜɨɦ ɧɚɛɨɪɟ.

Ɍɨɱɧɨɫɬɶ 6 ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜɵяɜɥɟɧɧɵɯ ɫɢɫɬɟɦɨɣ ANDSystem.

ɉɨɥɧɨɬɚ ɫɨɫɬɚɜɢɥɚ ɨɤɨɥɨ 54% ɩɪɢ ɨɰɟɧɤɟ ɧɚ Ɂɨɥɨɬɨɦ ɫɬɚɧɞɚɪɬɟ, ɫɨɞɟɪɠɚɳɟɦ 
ɢɧɮɨɪɦɚɰɢɸ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ GeneNet, ɫɨɛɪɚɧɧɭɸ ɜɪɭɱɧɭɸ ɷɤɫɩɟɪɬɚɦɢ, ɨ ɪɚɡɥɢɱɧɵɯ 
ɬɢɩɚɯ ɦɨɥɟɤɭɥяɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ.

Ⱦɥя ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɬɢɩɚ
“ТЧtОrКМtТШЧ” ɧɚɛɥɸɞɚɥɚɫɶ 
ɦɚɤɫɢɦɚɥɶɧɚя ɬɨɱɧɨɫɬɶ (88.8%), 
ɦɢɧɢɦɚɥɶɧɚя -- ɞɥя ɬɢɩɚ
“КssШМТКtТШЧ” (68.6%). 

ȼ ɫɪɟɞɧɟɦ ɬɨɱɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ
76.5%.



Ⱦɥɹ ɢɧɬɟɪɚɤɬɢɜɧɨɣ 
ɜɢɡɭɚɥɢɡɚɰɢɢ ɚɫɫɨɰɢɚɬɢɜɧɵɯ 
ɝɟɧɧɵɯ ɫɟɬɟɣ ɛɵɥɚ 
ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ 
ANDVisio. ɉɪɨɝɪɚɦɦɚ 
ɹɜɥɹɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɦ 
ɢɧɬɟɪɮɟɣɫɨɦ ɤ ɛɚɡɟ ɞɚɧɧɵɯ 
ANDCell, ɜ ɤɨɬɨɪɨɣ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ 
ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹɯ ɦɟɠɞɭ 
ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ.

КȔȄȖȎȄȣ șȄȔȄȎȖȉȔȌȕȖȌȎȄ ȌȑȖȉȔȘȉȍȕȄ AndVisioл ȔȉȄȏȌȋȒȆȄȑȑȒȇȒ Ȇ 
ANDSystem – ȆȒȋȐȒȊȑȒȕȖȌ ȓȒȌȕȎȄ Ȍ ȘȌȏȠȖȔȄȚȌȌ ȈȄȑȑȟșн



ǳȔȒȇȔȄȐȐȄ Ȉȏȣ ȆȌȋȗȄȏȌȋȄȚȌȌ ȄȕȕȒȚȌȄȖȌȆȑȟș ȕȉȖȉȍ ANDVisio

ȓȔȉȈȑȄȋȑȄțȉȑȄ Ȉȏȣ ȆȟȓȒȏȑȉȑȌȣ ȕȏȉȈȗȢȝȌș ȒȕȑȒȆȑȟș ȘȗȑȎȚȌȍщ
 ɋɨɫɬɚɜɥɟɧɢɟ ɡɚɩɪɨɫɨɜ ɤ ɛɚɡɟ ɡɧɚɧɢɣ ɫ ɰɟɥɶɸ ɩɨɢɫɤɚ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɦɟɠɞɭ ɛɟɥɤɚɦɢ, ɝɟɧɚɦɢ, ɦɟɬɚɛɨɥɢɬɚɦɢ, ɦɢɤɪɨɊɇК, 

ɡɚɛɨɥɟɜɚɧɢɹɦɢ, ɦɟɬɚɛɨɥɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ ɤɥɟɬɨɱɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ 

 ɇɚɜɢɝɚɰɢɹ ɩɨ ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɫɟɬɢ, ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɞɨɫɬɭɩɚ ɤ ɩɟɪɜɢɱɧɵɦ 

ɢɫɬɨɱɧɢɤɚɦ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɟɬɢ.

 Ɋɚɫɤɥɚɞɤɚ ɨɛɴɟɤɬɨɜ ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɫɟɬɢ ɧɚ ɩɥɨɫɤɨɫɬɢ

 ɉɨɢɫɤ ɨɛɴɟɤɬɨɜ ɜ ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɫɟɬɢ ɩɨ ɫɢɧɨɧɢɦɭ

 Ɋɟɞɚɤɬɢɪɨɜɚɧɢɟ ɢ ɮɢɥɶɬɪɚɰɢɹ ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɫɟɬɢ, ɞɨɛɚɜɥɟɧɢɟ ɢ ɭɞɚɥɟɧɢɟ 

ɨɛɴɟɤɬɨɜ ɢɡ ɫɟɬɢ

 Ⱥɧɚɥɢɡ ɚɫɫɨɰɢɚɬɢɜɧɵɯ ɫɟɬɟɣ: ɩɨɢɫɤ ɩɭɬɟɣ ɢ ɡɚɦɤɧɭɬɵɯ ɰɢɤɥɨɜ ɜɧɭɬɪɢ ɫɟɬɟɣ

 ɋɨɯɪɚɧɟɧɢɟ ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɫɟɬɢ ɜ ɮɨɪɦɚɬɟ XML, SVG ɢ TSV



ǧȏȄȆȑȒȉ ȒȎȑȒ ȓȔȒȇȔȄȐȐȟ

Ɉɫɧɨɜɧɨɟ ɨɤɧɨ 
ɩɪɨɝɪɚɦɦɵ ɫɨɞɟɪɠɢɬ 
ɩɚɧɟɥɶ ɝɥɚɜɧɨɝɨ ɦɟɧɸ, 
ɞɜɟ ɩɚɧɟɥɢ ɫ ɤɧɨɩɤɚɦɢ 
ɞɥɹ ɛɵɫɬɪɨɝɨ ɞɨɫɬɭɩɚ ɤ 
ɨɫɧɨɜɧɵɦ ɮɭɧɤɰɢɹɦ, 
ɨɛɥɚɫɬɶ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɟɬɟɣ ɜ 
ɜɢɞɟ ɫɩɢɫɤɚ ɜɫɟɯ 
ɭɱɚɫɬɧɢɤɨɜ ɫɟɬɢ ɫ ɢɯ 
ɫɜɨɣɫɬɜɚɦɢ ɢ ɨɛɥɚɫɬɶ 
ɞɥɹ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɫɟɬɟɣ

Ɇɟɧɸ ɮɚɣɥ ɫɨɞɟɪɠɢɬ ɩɭɧɤɬɵ "ɋɨɟɞɢɧɟɧɢɟ", "Ɇɚɫɬɟɪ ɡɚɩɪɨɫɨɜ", "Ɉɬɤɪɵɬɶ ...", 
"ɋɨɯɪɚɧɢɬɶ ɤɚɤ ...", "ɋɨɯɪɚɧɢɬɶ ɤɚɤ ɢɡɨɛɪɚɠɟɧɢɟ ...", "ȼɵɯɨɞ". 
ɉɭɧɤɬ "ɋɨɟɞɢɧɟɧɢɟ" ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶ ɫɨɟɞɢɧɟɧɢɟ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ. ȼ ɫɥɭɱɚɟ 
ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ ɜɵɞɚёɬɫɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ ɢ ɛɥɨɤɢɪɭɸɬɫɹ 
ɜɫɟ ɮɭɧɤɰɢɢ ɪɚɛɨɬɵ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ.



ǲȎȑȒ «ǰȄȕȖȉȔȄ ȋȄȓȔȒȕȒȆ»
ɉɭɧɤɬ "Ɇɚɫɬɟɪ ɡɚɩɪɨɫɨɜ" ɨɬɤɪɵɜɚɟɬ ɮɨɪɦɭ ɞɥɹ ɧɚɫɬɪɨɣɤɢ
ɩɚɪɚɦɟɬɪɨɜ ɡɚɩɪɨɫɚ ɤ ɛɚɡɟ ɞɚɧɧɵɯ. Фɨɪɦɚ ɫɨɫɬɨɢɬ ɢɡ
ɧɟɫɤɨɥɶɤɢɯ ɜɤɥɚɞɨɤ: "ɋɢɧɨɧɢɦɵ", "ɋɫɵɥɤɢ ɧɚ ɛɚɡɵ
ɞɚɧɧɵɯ", «Ɉɪɝɚɧɢɡɦɵ», «Фɢɥɶɬɪ ɩɨ ɛɚɡɚɦ ɞɚɧɧɵɯ»,
«Фɢɥɶɬɪ ɩɨ ɬɢɩɚɦ ɨɛɴɟɤɬɨɜ», «Фɢɥɶɬɪ ɩɨ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ».
ɇɚ ɜɤɥɚɞɤɟ "ɋɢɧɨɧɢɦɵ" ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɮɨɪɦɵ
ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɜɟɫɬɢ ɲɚɛɥɨɧ ɧɚɡɜɚɧɢɹ ɨɛɴɟɤɬɚ ɢ
ɜɵɛɪɚɬɶ ɬɢɩ ɨɛɴɟɤɬɚ. ɉɨɫɥɟ ɧɚɠɚɬɢɹ ɤɧɨɩɤɢ "Дɨɛɚɜɢɬɶ"
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɢɫɤ ɨɛɴɟɤɬɨɜ ɜ ɛɚɡɟ ɞɚɧɧɵɯ, ɢɦɟɸɳɢɯ
ɫɨɜɩɚɞɚɸɳɢɟ ɫ ɭɤɚɡɚɧɧɵɦ ɲɚɛɥɨɧɨɦ ɧɚɡɜɚɧɢɹ. ȼ ɫɥɭɱɚɟ
ɟɫɥɢ ɨɛɧɚɪɭɠɟɧɨ ɛɨɥɟɟ 1 ɨɛɴɟɤɬɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ
ɭɫɥɨɜɢɹɦ, ɬɨ ɨɬɤɪɵɜɚɟɬɫɹ ɮɨɪɦɚ ɞɥɹ ɭɬɨɱɧɟɧɢɹ
ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɢɧɬɟɪɟɫɭɸɳɢɯ ɨɛɴɟɤɬɨɜ.

Фɨɪɦɚ «ȼɵɛɪɚɬɶ ɨɛɴɟɤɬɵ» ɪɚɡɞɟɥɟɧɚ ɧɚ 2 ɩɨɥɨɜɢɧɵ, ɧɚ ɥɟɜɨɣ 
ɩɚɧɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɨɫɬɭɩɧɵɟ ɨɛɴɟɤɬɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ 
ɤɪɢɬɟɪɢɸ, ɚ ɧɚ ɩɪɚɜɨɣ ɫɩɢɫɨɤ ɜɵɛɪɚɧɧɵɯ ɨɛɴɟɤɬɨɜ. Ⱦɥɹ 
ɭɞɨɛɫɬɜɚ ɜɵɛɨɪɚ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɢɧɬɟɪɟɫɭɸɳɢɯ ɨɛɴɟɤɬɨɜ, ɞɥɹ 
ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɩɪɢɜɟɞɟɧɵ ɜɫɟ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɛɚɡɟ, ɟɝɨ 
ɧɚɡɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɨɪɝɚɧɢɡɦɚɦ.
ɉɟɪɟɦɟɳɟɧɢɟ ɨɛɴɟɤɬɨɜ ɫ ɨɞɧɨɣ ɩɚɧɟɥɢ ɧɚ ɞɪɭɝɭɸ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ: ɞɨɫɬɭɩɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɟɯɚɧɢɡɦɚ Drag&Drop (ɨɛɴɟɤɬɵ ɦɨɠɧɨ ɩɟɪɟɬɚɫɤɢɜɚɬɶ ɦɵɲɤɨɣ), 
ɥɢɛɨ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɧɨɩɤɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ 
ɰɟɧɬɪɟ ɮɨɪɦɵ. Кɧɨɩɤɢ ɜɵɩɨɥɧɹɸɬ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: ">>>" 
ɢ "<<<" ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɧɟɫɬɢ ɜɫɟ ɨɛɴɟɤɬɵ ɫ ɨɞɧɨɣ ɩɚɧɟɥɢ ɧɚ 
ɞɪɭɝɭɸ, ɚ ">" ɢ "<" ɩɟɪɟɦɟɳɚɸɬ ɜɵɞɟɥɟɧɧɵɟ ɨɛɴɟɤɬɵ. 
ɉɨɫɥɟ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɫɩɢɫɤɚ ɜɵɛɪɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɨɧɢ 
ɡɚɧɨɫɹɬɫɹ ɜ ɫɩɢɫɨɤ ɜ ɮɨɪɦɟ "Ɇɚɫɬɟɪɚ ɡɚɩɪɨɫɨɜ".



ʻ̌ ̏кл̌дке "ˁ̭̼лк̛ ̦̌ ̼̍̌̚ д̵̦̦̼̌"
пол̽̚о̏̌тел̽ ̥о̙ет ук̌̌̚т̽ ̛̦те̬е̭у̛̺̀е
е̐о о̻̍ект̼ по ̵̛ ̛де̦т̴̛̛к̌то̬̥̌ ̏о
̦̏е̵̛̹̦ ̵̍̌̌̚ д̵̦̦̼̌. ʰде̦т̴̛̛к̌то̬̼
̥о̙̦о до̍̌̏л́т̽ ̏ ̭п̛̭ок к̌к по од̦о̥у,
т̌к ̛ ̭̬̌̚у ̦е̭кол̽ко. ʪл́ до̍̌̏ле̛̦́
од̦о̐о ̛де̦т̴̛̛к̌то̬̌ ̭ледует е̐о ̏̏е̭т̛
̏ поле "ID ̼̍̌̚ д̵̦̦̼̌". ʪл́ ̦̌̚е̭е̛̦́
̭̬̌̚у ̦е̭кол̽к̵̛ ̛де̦т̴̛̛к̌то̬о̏ ̭ледует
̵̛ ̭о̵̛̬̦̌т̽ ̏ тек̭то̼̜̏ ̴̜̌л ;к̙̌д̼̜
̛де̦т̴̛̛к̌то̬ дол̙е̦ ̼̍т̽ ̌̚п̛̭̦̌ ̏
отдел̦̽о̜ ̭т̬океͿ, ̌ ̌̚те̥ ̼̬̏̍̌т̽
̭о̚д̦̦̼̜̌ ̴̜̌л ̏ поле "̛̥́ ̴̜̌л̌". ʪ̌лее
̭ледует ук̌̌̚т̽ ̛̦̦̌̏̌̚е ̼̍̌̚ д̵̦̦̼̌
̛де̦т̴̛̛к̌то̬̼ кото̬о̜ ̼̍л̛ ук̦̼̌̌̚.

ǲȎȑȒ «ǰȄȕȖȉȔȄ ȋȄȓȔȒȕȒȆ» Ȉȏȣ ȈȒȅȄȆȏȉȑȌȣ ȒȅȞȉȎȖȒȆ ȓȒ ȌȈȉȑȖȌȘȌȎȄȖȒȔȄȐ ȅȄȋ ȈȄȑȑȟș

ʫ̭л̛ ̛̦̦̌̏̌̚е ̼̍̌̚ д̵̦̦̼̌ ̦е ̛̏̚е̭т̦о, то ̥о̙̦о поп̬о̍о̏̌т̽ по̛̭к̌т̽ ̾т̛ ̛де̦т̴̛̛к̌то̬̼ по 
̭̏е̥ до̭туп̦̼̥ ̥̍̌̌̚ д̵̦̦̼̌, ̦о ̛де̦т̴̛̛к̌то̬̼ ̥̦о̵̛̐ ̍̌̚ д̵̦̦̼̌ пе̬е̭ек̌̀т̭́ ̥е̙ду ̭о̍о̜ ̛ 
̭оот̏ет̭т̏у̀т ̭о̏е̬̹е̦̦о ̬̦̼̥̌̚ о̻̍ект̥̌. ʿо̭ле ̦̙̌̌т̛́ ̦̌ к̦опке "ʪо̛̍̌̏т̽" ̛де̦т̴̛̛к̌то̬̼ до̍̌̏́т̭́ 
̏ ̭п̛̭ок ̛̦те̬е̭у̵̛̺̀ о̻̍екто̏.

ʿод у̬о̦̏е̥ ̭ет̛ ̥̼ по̛̦̥̌е̥ ̥̌к̛̭̥̌л̦̽у̀ дл̛̦у пут̛ к̬̌т̸̜̹̌е̐о пут̛ от ̸̦̌̌л̦̽о̜ 
̏е̛̬̹̦̼ до ̭̏е̵ о̭т̌л̵̦̼̽. ˄̬о̏е̦̽ ̭ет̛ ̥о̙̦о ук̌̌̚т̽ к̌к пе̬ед до̍̌̏ле̛̦е̥ ̦о̵̼̏ о̻̍екто̏ ̏ ̭п̛̭ок, т̌к 
̛ по̭ле. ˄̬о̏е̦̽ ̥о̙ет ̼̍т̽ ̌̚д̦̌ дл́ к̙̌до̐о о̻̍ект̌ ̏ ̭п̛̭ке ̛̦д̛̛̏ду̌л̦̽о.

ʦкл̸̀е̛̦е пе̬екл̸̀̌тел́ " о˃л̽ко ̦епо̭̬ед̭т̏е̦̦̼е ̛̭̏́̚" ̛̭пол̽̚ует̭́ ̏ ̭лу̸̌е, е̭л̛ т̬е̍ует̭́ 
полу̸̛т̽ тол̽ко ̦епо̭̬ед̭т̏е̦̦о ̭̦̦̼̏́̌̚е о̻̍ект̼ ̛ п̛̬ ̾то̥ ̦е т̬е̍у̀т̭́ ̛̥̏̌̚о̛̭̏́̚ ̥е̙ду о̻̍ект̛̥̌ ϭ 
у̬о̦̏́.



ʻ̌ ̏кл̌дке "О̛̬̦̥̐̌̚" пол̽̚о̏̌тел̀ 
п̬едл̌̐̌ет̭́ ук̌̌̚т̽ ̭п̛̭ок ̛̦те̬е̭у̵̛̺̀ 
о̛̬̦̥̐̌̚о̏. ʦ ̛̦̙̦е̜ ̸̭̌т̛ ̏кл̌дк̛ ̏ поле 
"О̛̬̦̥̐̌̚" т̬е̍ует̭́ ̏̏е̭т̛ ̹̌̍ло̦ ̛̦̦̌̏̌́̚ 
о̛̬̦̥̐̌̌̚ ̛ ̦̙̌̌т̽ ̦̌ к̦опку "ʪо̛̍̌̏т̽". ʦ 
̭лу̸̌е е̭л̛ о̦̬̍̌у̙е̦о ̍олее ϭ ̛̦̦̌̏̌́̚ 
о̛̬̦̥̐̌̌̚, удо̏лет̏о̬̺́̀е̐о у̭ло̛̥̏́, то 
отк̬̼̏̌ет̭́ ̴о̬̥̌ дл́ уто̸̦е̛̦́ 
пол̽̚о̏̌теле̥ ̛̦те̬е̭у̵̛̺̀ о̛̬̦̥̐̌̚о̏.

ǲȎȑȒ «ǰȄȕȖȉȔȄ ȋȄȓȔȒȕȒȆ» Ȉȏȣ ȆȆȉȈȉȑȌȣ 
ȘȌȏȠȖȔȄ ȓȒ ȒȔȇȄȑȌȋȐȄȐ

ǲȎȑȒ «ǰȄȕȖȉȔȄ ȋȄȓȔȒȕȒȆ» Ȉȏȣ 
ȋȄȓȒȏȑȉȑȌȣ ȘȌȏȠȖȔȄ ȓȒ ȅȄȋȄȐ ȈȄȑȑȟș

ȼɤɥɚɞɤɚ "Фɢɥɶɬɪ ɩɨ ɛɚɡɚɦ 
ɞɚɧɧɵɯ" ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ ɛɚɡɵ 
ɞɚɧɧɵɯ ɢɡ ɤɨɬɨɪɵɯ ɛɭɞɭɬ 
ɜɵɛɢɪɚɬɶɫɹ ɫɜɹɡɢ ɦɟɠɞɭ 
ɨɛɴɟɤɬɚɦɢ. 



ɇɚ ɜɤɥɚɞɤɟ "Фɢɥɶɬɪ ɩɨ ɬɢɩɚɦ 
ɨɛɴɟɤɬɨɜ" ɭɤɚɡɵɜɚɸɬɫɹ ɬɢɩɵ 
ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɜ 
ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ ɫɟɬɢ.

ǲȎȑȒ «ǰȄȕȖȉȔȄ ȋȄȓȔȒȕȒȆ» Ȉȏȣ ȋȄȓȒȏȑȉȑȌȣ 
ȘȌȏȠȖȔȄ ȓȒ ȖȌȓȄȐ ȒȅȞȉȎȖȒȆ

ɇɚ ɜɤɥɚɞɤɟ "Фɢɥɶɬɪ ɩɨ ɬɢɩɚɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ" ɭɤɚɡɵɜɚɸɬɫɹ ɬɢɩɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 
ɛɵɬɶ ɜ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ ɫɟɬɢ 

ǲȎȑȒ «ǰȄȕȖȉȔȄ ȋȄȓȔȒȕȒȆ» Ȉȏȣ ȋȄȓȒȏȑȉȑȌȣ 
ȘȌȏȠȖȔȄ ȓȒ ȖȌȓȄȐ ȆȋȄȌȐȒȈȉȍȕȖȆȌȍ

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɡɚɩɨɥɧɟɧɢɹ ɮɨɪɦɵ 
"Ɇɚɫɬɟɪ ɡɚɩɪɨɫɨɜ" ɧɚɠɢɦɚɟɬɫɹ ɤɧɨɩɤɚ 
"OK". Ɋɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɡɚɩɪɨɫɚ ɧɚ 
ɫɟɪɜɟɪɟ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɩɪɨɝɪɚɦɦɭ 
ANDVisio.



ɉɭɧɤɬ ɦɟɧɸ ȼɢɞ -> ɉɨɤɚɡɵɜɚɬɶ ɧɚɡɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɨɬɨɛɪɚɠɟɧɢɟɦ ɩɨɞɩɢɫɟɣ ɤ 
ɨɛɴɟɤɬɚɦ.

Чɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɢɥɢ ɪɚɫɬɹɧɭɬɶ ɫɟɬɶ ɩɨ ɪɚɡɦɟɪɭ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɭɧɤɬ 
ɦɟɧɸ ȼɢɞ -> ȼɩɢɫɚɬɶ ɜ ɨɤɧɨ.

ɉɪɚɜɵɣ ɳɟɥɱɨɤ ɦɵɲɢ ɧɚ ɨɛɴɟɤɬɟ ɨɬɤɪɵɜɚɟɬ ɜɫɩɥɵɜɚɸɳɟɟ ɦɟɧɸ. ȼ ɧɟɦ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɩɭɧɤɬ 
ɋɜɨɣɫɬɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɞɪɨɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɜɨɣɫɬɜɚɯ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ.

ȼ ɥɟɜɨɦ ɨɤɧɟ ɩɪɨɝɪɚɦɦɵ ɜ ɜɢɞɟ
ɞɟɪɟɜɚ ɭɤɚɡɚɧɵ ɜɫɟ ɨɛɴɟɤɬɵ
ɚɫɫɨɰɢɚɬɢɜɧɨɣ ɫɟɬɢ,
ɫɝɪɭɩɩɢɪɨɜɚɧɧɵɟ ɩɨ ɬɢɩɚɦ. Ⱦɥɹ
ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɩɪɢɜɟɞɟɧɵ ɫɩɢɫɨɤ
ɫɢɧɨɧɢɦɨɜ ɟɝɨ ɧɚɡɜɚɧɢɣ ɢ ɨɪɝɚɧɢɡɦ.
Ⱦɜɨɣɧɨɣ ɳɟɥɱɨɤ ɧɚ ɨɛɴɟɤɬɟ ɜɵɞɟɥɢɬ
ɟɝɨ ɢ ɪɚɡɦɟɫɬɢɬ ɫɟɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ,
ɱɬɨɛɵ ɷɬɨɬ ɨɛɴɟɤɬ ɛɵɥ ɜ ɰɟɧɬɪɟ
ɨɤɧɚ. Ⱥ ɞɜɨɣɧɨɣ ɤɥɢɤ ɧɚ ɨɛɴɟɤɬɟ ɜ
ɫɟɬɢ ɩɪɨɢɡɜɟɞёɬ ɩɨɢɫɤ ɟɝɨ ɜ ɫɩɢɫɤɟ
ɧɚ ɥɟɜɨɣ ɩɚɧɟɥɢ.

ȼɡɚɢɦɨɫɜɹɡɢ ɧɚ ɥɟɜɨɣ ɩɚɧɟɥɢ
ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɩɨ ɢɯ ɬɢɩɚɦ. Ⱦɥɹ
ɤɚɠɞɨɣ ɜɡɚɢɦɨɫɜɹɡɢ ɩɪɢɜɨɞɹɬɫɹ ɜɫɟ
ɟё ɭɱɚɫɬɧɢɤɢ ɫ ɢɯ ɫɜɨɣɫɬɜɚɦɢ.

Щɟɥɱɨɤ ɥɟɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ ɧɚ
ɨɛɴɟɤɬɟ ɩɪɨɢɡɜɨɞɢɬ ɟɝɨ ɜɵɞɟɥɟɧɢɟ,
ɩɪɢ ɷɬɨɦ ɩɨɞɫɜɟɱɢɜɚɸɬɫɹ ɜɫɟ ɟɝɨ
ɫɜɹɡɢ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ.

Ƚɥɚɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ. ɉɨɫɬɪɨɟɧɚ ɫɟɬɶ ɩɟɪɜɨɝɨ 
ɭɪɨɜɧɹ ɞɥɹ ɛɟɥɤɚ PPARG



ǲȎȑȒ ȕȆȒȍȕȖȆ ȒȅȞȉȎȖȄ

ʦ ̏е̵̬̦е̥ поле ок̦̌ ̭̏о̜̭т̏ о̻̍екто̏ ук̦̼̌̌̚ 
̛̭̦о̛̦̥̼ д̦̦̌о̐о о̻̍ект̌, ̏ ̛̦̙̦е̥ поле --- ̭̭̼лк̛ 
̦̌ ̛де̦т̴̛̛к̌то̬̼ ̾то̐о о̻̍ект̌ ̏ ̬̌̚л̸̵̛̦̼ ̵̍̌̌̚ 
д̵̦̦̼̌. ˍел̸ок ̦̌ ̭̭̼лке по̏̚ол́ет ̸е̬е̚ web-

̬̍̌у̚е̬ полу̸̛т̽ до̭туп к к̬̌то̸ке ̛̦те̬е̭у̺̀е̐о 
о̻̍ект̌ ̏ ̼̬̦̦̏̍̌о̜ ̍̌̚е д̵̦̦̼̌. 

ǲȎȑȒ ȕȆȒȍȕȖȆ ȆȋȄȌȐȒȈȉȍȕȖȆȌȣ

ʦ ̏е̵̬̦е̥ поле ок̦̌ ̭̏о̜̭т̏ ̛̥̏̌̚оде̜̭т̛̜̏ ук̦̌̌̚ 
т̛п ̛̥̏̌̚оде̜̭т̛̏́ ̛ е̐о у̸̭̌т̛̦к̛ ;̛̦̦̌̏̌́̚, т̛п̼ 
о̻̍екто̏, ̬ол̛ о̻̍екто̏ ̏о ̛̥̏̌̚оде̜̭т̛̛̏Ϳ
ʦ ̛̦̙̦е̥ поле ук̦̼̌̌̚ ̛̦те̬̌кт̛̦̼̏е ̭̭̼лк̛ ̦̌ 
̍̌̚у д̵̦̦̼̌, кото̬̌́ ̼̍л̌ ̛̭то̸̛̦ко̥ ̴̛̦о̶̛̛̬̥̌ о 
̛̥̏̌̚оде̜̭т̛̛̏. 
ʦ то̥ ̭лу̸̌е, е̭л̛ ̴̛̦о̶̛̬̥̌́ о ̛̥̏̌̚оде̜̭т̛̛̏ 
̼̍л̌ ̛̏̚ле̸е̦̌ ̛̚ тек̭то̏ ̬е̴е̬̌то̏ PubMed ̭ 
по̥о̺̽̀ text-mining, ̏ ̭̬ед̦е̥ поле ок̦̌ ̭̏о̜̭т̏ 
̛̥̏̌̚оде̜̭т̛̜̏ ук̼̌̏̌̚ет̭́ п̬едло̙е̛̦е, ̛̚ 
кото̬о̐о ̛̏̚ле̸е̦̌ ̴̛̦о̶̛̬̥̌́ о ̛̥̏̌̚оде̜̭т̛̛̏, ̌ 
т̌к̙е ̭̭̼лк̌ ̦̌ ̬е̴е̬̌т PubMed, кото̬̼̜ ̭оде̛̬̙т 
̾то п̬едло̙е̛̦е.



ǴȄȕȎȏȄȈȎȄ ȕȉȖȌ ȑȄ ȡȎȔȄȑȉ ȐȒȑȌȖȒȔȄ
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɩɪɨɫɚ ɫɟɬɢ ɧɟɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɪɚɫɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɩɥɨɫɤɨɫɬɢ ɫ ɰɟɥɶɸ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨɣ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ 
ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɜɹɡɟɣ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɜɬɨɪɢɬɶ ɪɚɫɤɥɚɞɤɭ ɫɟɬɢ ɩɨɫɥɟ 
ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜɵɛɟɪɢɬɟ ɩɭɧɤɬ ɦɟɧɸ Ɋɚɫɤɥɚɞɤɚ ->  ɉɟɪɟɪɚɡɥɨɠɢɬɶ ɝɪɚɮ. 

ȼ ɩɪɨɝɪɚɦɦɟ ANDVisio ɞɨɫɬɭɩɧɵ ɞɜɚ ɬɢɩɚ ɪɚɫɤɥɚɞɤɢ. Ȼɵɫɬɪɚɹ ɪɚɫɤɥɚɞɤɚ 
(Ɋɚɫɤɥɚɞɤɚ -> ȼɵɛɨɪ ɬɢɩɚ ɪɚɫɤɥɚɞɤɢ -> Ȼɵɫɬɪɚɹ ɪɚɫɤɥɚɞɤɚ) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɱɟɪɧɨɜɨɣ ɪɚɫɤɥɚɞɤɢ ɛɨɥɶɲɢɯ ɝɪɚɮɨɜ. Ɇɟɞɥɟɧɧɚɹ ɪɚɫɤɥɚɞɤɚ (Ɋɚɫɤɥɚɞɤɚ -> ȼɵɛɨɪ 
ɬɢɩɚ ɪɚɫɤɥɚɞɤɢ -> Ɇɟɞɥɟɧɧɚɹ ɪɚɫɤɥɚɞɤɚ) ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɧɚ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɭɸ 
ɪɚɫɤɥɚɞɤɭ ɝɪɚɮɨɜ ɧɟɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɢɬɶ ɪɚɫɤɥɚɞɤɭ 
ɮɪɚɝɦɟɧɬɚ ɫɟɬɢ, ɜɵɞɟɥɢɬɟ ɨɛɴɟɤɬɵ, ɜɯɨɞɹɳɢɟ ɜ ɷɬɨɬ ɮɪɚɝɦɟɧɬ, ɢ ɜɵɛɟɪɢɬɟ ɩɭɧɤɬ 
ɦɟɧɸ Ɋɚɫɤɥɚɞɤɚ ->  ɉɟɪɟɪɚɡɥɨɠɢɬɶ ɜɵɞɟɥɟɧɧɵɟ.

ɋ ɩɨɦɨɳɶɸ ɩɭɧɤɬɚ ɦɟɧɸ Ɋɚɫɤɥɚɞɤɚ -> ɋɩɪɹɦɢɬɶ ɫɜɹɡɢ ɦɨɠɧɨ ɩɟɪɟɪɚɡɥɨɠɢɬɶ
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɧɟ ɢɡɦɟɧɹɹ ɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɭɞɭɬ ɧɚɯɨɞɢɬɶɫɹ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ, ɤɨɬɨɪɵɟ ɜ ɧɢɯ ɭɱɚɫɬɜɭɸɬ. 

ǳȒȌȕȎ ȒȅȞȉȎȖȒȆ Ȇ ȕȉȖȌ
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɣɬɢ ɨɛɴɟɤɬ ɜ ɫɟɬɢ ɩɨ ɫɢɧɨɧɢɦɭ, ɜɜɟɞɢɬɟ ɟɝɨ ɜ ɩɨɥɟ Search ɧɚɞ 

ɥɟɜɵɦ ɨɤɧɨɦ ɩɪɨɝɪɚɦɦɵ ɫ ɞɟɪɟɜɨɦ ɨɛɴɟɤɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɢɫɤɚ ɛɭɞɭɬ ɩɨɤɚɡɚɧɵ 
ɨɬɞɟɥɶɧɵɦ ɞɟɪɟɜɨɦ ɜɨ ɜɤɥɚɞɤɟ Search ɥɟɜɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ. Ⱦɥɹ ɜɨɡɜɪɚɬɚ ɤ 
ɩɨɥɧɨɦɭ ɞɟɪɟɜɭ ɨɛɴɟɤɬɨɜ ɩɟɪɟɣɞɢɬɟ ɜɨ ɜɤɥɚɞɤɭ ȼɟɫɶ ɝɪɚɮ ɥɟɜɨɝɨ ɨɤɧɚ ɩɪɨɝɪɚɦɦɵ.



ǴȉȈȄȎȖȌȔȒȆȄȑȌȉ ȕȉȖȌ
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɞɚɥɢɬɶ ɨɛɴɟɤɬ ɢɥɢ ɝɪɭɩɩɭ ɨɛɴɟɤɬɨɜ ɢɡ ɫɟɬɢ ɜɵɞɟɥɢɬɟ ɢɯ ɢ 

ɜɵɛɟɪɢɬɟ ɩɭɧɤɬ ɦɟɧɸ Ɋɟɞɚɤɬɢɪɨɜɚɬɶ -> ɋɤɪɵɬɶ ɜɵɞɟɥɟɧɧɵɟ ɢɥɢ ɧɚɠɦɢɬɟ Del. 
Чɬɨɛɵ ɩɪɢɦɟɧɢɬɶ ɮɢɥɶɬɪ ɤ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ ɫɟɬɢ, ɜɵɛɟɪɢɬɟ ɩɭɧɤɬ ɦɟɧɸ 

Ɋɟɞɚɤɬɢɪɨɜɚɬɶ -> Фɢɥɶɬɪ. ȼɵɛɟɪɢɬɟ ɫɜɨɣɫɬɜɚ ɮɢɥɶɬɪɚ.
Чɬɨɛɵ ɞɨɛɚɜɢɬɶ ɨɛɴɟɤɬ ɜ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɭɸ ɫɟɬɶ ɜɵɛɟɪɢɬɟ ɩɭɧɤɬ ɦɟɧɸ 

Ɋɟɞɚɤɬɢɪɨɜɚɬɶ -> Дɨɛɚɜɢɬɶ ɨɛɴɟɤɬɵ. ȼɵɛɟɪɢɬɟ ɨɛɴɟɤɬɵ ɢ ɭɤɚɠɢɬɟ ɫɜɨɣɫɬɜɚ 
ɮɢɥɶɬɪɨɜ ɤɚɤ ɨɩɢɫɚɧɨ ɜ ɪɚɡɞɟɥɟ (Сɨɫɬɚɜɥɟɧɢɟ ɡɚɩɪɨɫɨɜ ɤ ɛɚɡɟ ɞɚɧɧыɯ 
ɚɫɫɨɰɢɚɬɢɜɧыɯ ɫɟɬɟɣ).

Ɉɬɦɟɬɶɬɟ ɝɚɥɨɱɤɨɣ ɩɭɧɤɬ ɇɟ ɫɜɹɡɵɜɚɬɶ ɧɨɜɵɟ ɨɛɴɟɤɬɵ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɧɟ ɩɨɤɚɡɵɜɚɬɶ ɫɜɹɡɢ ɦɟɠɞɭ ɞɨɛɚɜɥɟɧɧɵɦɢ ɜ ɫɟɬɶ ɨɛɴɟɤɬɚɦɢ ɢ 
ɨɛɴɟɤɬɚɦɢ, ɪɚɧɟɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɫɟɬɢ. 

Чɬɨɛɵ ɪɚɫɲɢɪɢɬɶ ɫɟɬɶ ɧɨɜɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɨɞɧɢɦ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɦɢ ɨɛɴɟɤɬɚɦɢ ɢɡ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɣ ɫɟɬɢ, ɜɵɞɟɥɢɬɟ ɷɬɢ ɨɛɴɟɤɬɵ ɢ 
ɜɵɛɟɪɢɬɟ ɩɭɧɤɬ Ɋɚɫɲɢɪɢɬɶ ɜ ɤɨɧɬɟɤɫɬɧɨɦ ɦɟɧɸ, ɤɨɬɨɪɨɟ ɨɬɤɪɵɜɚɟɬɫɹ ɩɨ ɤɥɢɤɭ 
ɩɪɚɜɨɣ ɤɧɨɩɤɨɣ ɦɵɲɢ. ȼɵɛɟɪɢɬɟ ɨɛɴɟɤɬɵ ɢ ɭɤɚɠɢɬɟ ɫɜɨɣɫɬɜɚ ɮɢɥɶɬɪɨɜ ɤɚɤ 
ɨɩɢɫɚɧɨ ɜ ɪɚɡɞɟɥɟ (Сɨɫɬɚɜɥɟɧɢɟ ɡɚɩɪɨɫɨɜ ɤ ɛɚɡɟ ɞɚɧɧыɯ ɚɫɫɨɰɢɚɬɢɜɧыɯ ɫɟɬɟɣ). 
Ɉɬɦɟɬɶɬɟ ɝɚɥɨɱɤɨɣ ɩɭɧɤɬ «ɇɟ ɫɜɹɡɵɜɚɬɶ ɧɨɜɵɟ ɨɛɴɟɤɬɵ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ» ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɧɟ ɩɨɤɚɡɵɜɚɬɶ ɫɜɹɡɢ ɦɟɠɞɭ ɞɨɛɚɜɥɟɧɧɵɦɢ ɜ ɫɟɬɶ ɨɛɴɟɤɬɚɦɢ ɢ 
ɨɛɴɟɤɬɚɦɢ, ɪɚɧɟɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɫɟɬɢ. 



ǳȔȌȐȉȔȟ ȋȄȈȄț, ȎȒȖȒȔȟȉ ȐȒȊȑȒ ȔȉȜȄȖȠ ȕ
ȓȒȐȒȝȠȢ ȕȌȕȖȉȐȟ ANDSystem:
• Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɢ ɚɧɚɥɢɡ ɚɫɫɨɰɢɚɬɢɜɧɵɯ ɝɟɧɧɵɯ ɫɟɬɟɣ
• Иɧɬɟɪɩɪɟɬɚɰɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ
• Ⱥɧɚɥɢɡ ɦɟɠɨɪɝɚɧɢɡɦɟɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ

ɬɢɩɚ «ɩɚɬɨɝɟɧ-ɯɨɡɹɢɧ»
• ȼɵɹɜɥɟɧɢɟ ɤɨɦɨɪɛɢɞɧɵɯ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ

ɡɚɛɨɥɟɜɚɧɢɹɦɢ; ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɫɟɬɟɣ «ɡɚɛɨɥɟɜɚɧɢɟ-
ɡɚɛɨɥɟɜɚɧɢɟ»

• ȼɵɹɜɥɟɧɢɟ ɩɨɛɨɱɧɵɯ ɷɮɮɟɤɬɨɜ ɬɟɪɚɩɢɢ
• ɉɨɢɫɤ ɦɢɲɟɧɟɣ ɞɥɹ ɥɟɤɚɪɫɬɜ
• ȼɵɹɜɥɟɧɢɟ ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ ɞɥɹ ɝɟɧɨɬɢɩɢɪɨɜɚɧɢɹ
• ȼɵɹɜɥɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɩɚɬɨɝɟɧɟɡɚ ɡɚɛɨɥɟɜɚɧɢɣ
• ȼɵɹɜɥɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɞɟɣɫɬɜɢɹ ɥɟɤɚɪɫɬɜ
• ɉɨɢɫɤ ɥɟɤɚɪɫɬɜɨ-ɥɟɤɚɪɫɬɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ



ǳȔȌȐȉȔ ȄȕȕȒȚȌȄȖȌȆȑȒȍ ȇȉȑȑȒȍ ȕȉȖȌн ǵȉȖȠ ȅȉȏȎȒȆ Ȍ ȇȉȑȒȆ țȉȏȒȆȉȎȄл 
ȄȕȕȒȚȌȌȔȒȆȄȑȑȟș ȕ șȔȒȑȌțȉȕȎȒȍ ȌȑȘȉȎȚȌȉȍ ȇȉȓȄȖȌȖȒȐ ǵн

223 ɛɟɥɤɚ
172 ɝɟɧɚ



ǳȒȈȕȉȖȠ ȅȉȏȎȒȆ Ȍ ȇȉȑȒȆ țȉȏȒȆȉȎȄл ȄȕȕȒȚȌȌȔȒȆȄȑȑȟș ȕ șȔȒȑȌțȉȕȎȒȍ 
ȌȑȘȉȎȚȌȉȍ ȇȉȓȄȖȌȖȒȐ ǵл ȆȎȏȢțȄȢȝȄȣ ȖȒȏȠȎȒ ȔȉȇȗȏȣȖȒȔȑȟȉ ȕȆȣȋȌн



ǦȋȄȌȐȒȈȉȍȕȖȆȌȣ ȅȌȒȏȒȇȌțȉȕȎȌș ȓȔȒȚȉȕȕȒȆ țȉȏȒȆȉȎȄл 
ȄȕȕȒȚȌȌȔȒȆȄȑȑȟș ȕ ȆȒȋȈȉȍȕȖȆȌȉȐ ȅȉȏȎȒȆ ȆȌȔȗȕȄ ȇȉȓȄȖȌȖȄ ǵ

NS5A
Core protein

NS5B
NS3



Од̦о̜ ̛̚ пе̵̬̼̏ ̛̥к̬оˀʻК, дл́ кото̬о̜ ̼̍л̌ пок̦̌̌̌̚ ̴у̦ќ̶̛ ̏ п̌то̐е̦е̚е ̬̌к̌, ̭т̌л̌ 
miRNA21, ̭̦̦̏́̌̌́̚ ̭ ̐л̛о̍л̭̌то̜ ̛ ̭̌т̬о̶̛то̥о̜.

̛̥к̬оˀʻК, 

̭пе̶̴̸̛̛е̭к̛ 
̬е̐ул̛̬у̛̺̀е 
̐е̦̼/̍елк̛, 
̏о̏ле̸е̦̦̼е ̏ 
̌попто̚.

ǤȕȕȒȚȌȄȖȌȆȑȄȣ ȕȉȖȠл ȒȓȌȕȟȆȄȢȝȄȣ ȔȉȇȗȏȣȚȌȢ ȄȓȒȓȖȒȋȄ ȐȌȎȔȒǴǱК-21



ǵȉȖȠ ȕȆȣȋȉȍ ȋȄȅȒȏȉȆȄȑȌȍ ȕ șȔȒȑȌțȉȕȎȌȐ ȇȉȓȄȖȌȖȒȐ ǵ

125 ɡɚɛɨɥɟɜɚɧɢɣ



ʤ̭̭о̶̛о̥ ̴е̦от̛по̏, ̦̌̍л̀д̌е̵̥̼ п̛̬ ̐л̌уко̥е

ʻ̛̚к̛̜ п̛̬о̛̬тет.
ʧе̦̼-к̦̌д̛д̌т̼, 
̭̦̦̼̏́̌̚е тол̽ко ̭ 
ϭ ̐е̦о̏ ̐л̌уко̥̼.

ˁ̬ед̛̦̜ п̛̬о̛̬тет. 
ʧе̦̼-к̦̌д̛д̌т̼, 
̭̦̦̼̏́̌̚е ̭ Ϯ 
̐е̛̦̥̌ ̐л̌уко̥̼.

ʺ̌к̛̭̥̌л̦̼̜̽ 
п̛̬о̛̬тет. ʧе̦̼-

к̦̌д̛д̌т̼, ̭̦̦̼̏́̌̚е 
̭ ϯ ̐е̛̦̥̌ ̐л̌уко̥̼.

ʺ̌кул̬̦́̌́
де̐е̦е̶̛̬̌́

ˇ̬̥̌̐е̦т 
̭̭̌о̶̛̌т̛̦̏о̜ 
̐е̦̦о̜ ̭ет̛ 
̥̌кул̬̦́о̜
де̐е̦е̶̛̛̬̌

КȒȐȅȌȑȌȔȒȆȄȑȑȟȉ ȐȒȏȉȎȗȏȣȔȑȒ-ȇȉȑȉȖȌțȉȕȎȌȉ Ȍ 
ȘȌȋȌȒȏȒȇȌțȉȕȎȌȉ ȕȉȖȌ. ǳȒȌȕȎ ȇȉȑȒȆ-ȑȒȆȟș ȘȄȎȖȒȔȒȆ ȔȌȕȎȄ ȑȄ 
ȒȕȑȒȆȉ ȄȑȄȏȌȋȄ ȄȕȕȒȚȌȒȐȄ ȘȉȑȒȖȌȓȒȆ ȋȄȅȒȏȉȆȄȑȌȣ ȇȏȄȗȎȒȐȟн



ʤ̦̬ук̛̦̚у̥̌̍
̛̛̛̦̬̐̍ует BDNF

Флут̛к̌̚о̦
̛̛̛̦̬̐̍ует 
BDNF

IL13 

̛̦ду̶̛̬ует 
̾к̭п̬ѐ̛̭̭ 
̐е̦̌ BDNF

BDNн под̌̏л́ет 
̌попто̚ клеток

ʦо̭п̌ле̛̦е ̏ 
̏о̚ду̵о̦о̵̭̦̼ пут̵́ 
̭̦̏́̌̚о ̭ о ̛̭̦̙е̛̦е̥ 
̌попто̌̚ T-л̴̛̥о̶̛то̏ 
̛ ̾о̛̦̚о̴̛ло̏ (PMID: 

17460949)

ʥ̬о̵̛̦̌л̦̽̌́ ̭̌т̥̌ —
̵̬о̸̛̦е̭кое ̏о̭п̌л̛тел̦̽ое 
̌̍̚оле̛̦̏̌е д̵̼̌тел̵̦̼̽ 
путе̜ ̭ у̸̭̌т̛е̥ 
̬̦̌̚оо̵̬̦̼̍̌̚ клето̸̵̦̼ 
̾ле̥е̦то̏. 

ʦ п̛̬̭ут̭т̛̛̏ 
по̼̹̏е̦̦о̐о 
у̬о̦̏́ POMC 

у̬о̏е̦̽ BDNн
̛̭̦̙̌ет̭́ (PMID: 

26122290)

ʿо̼̹̏е̦̦̼̜ у̬о̏е̦̽ ̐л̀коко̬т̛ко̛д̦о̐о 
̬е̶епто̬̌ п̛̬̏од̛т к ̛̭̦̙ѐ̛̦ у̬о̦̏́ POMC 

(п̬ооп̛о̥ел̦̌око̬т̛̦̌) (PMID: 24064364)

ǳȔȌȐȉȔ ȔȉȎȒȑȕȖȔȗȎȚȌȌ ȐȒȏȉȎȗȏȣȔȑȟș ȐȉșȄȑȌȋȐȒȆ ȈȉȍȕȖȆȌȣ ȏȉȎȄȔȕȖȆн

ʺ̛̹е̦̽̀ лек̬̭̌т̏̌ 
̦̬̌ук̛̦̚у̥̌̍
́̏л́ет̭́ IL-13

ˁ̛̦тет̸̛е̭к̛̜ ̐л̀коко̬т̛ко̭те̬о̛д
̴лут̛к̌̚о̦ ̭̼̏́̏̌̚ет̭́ ̭ 
̐л̀коко̬т̛ко̭те̬о̛д̛̦̼̥ ̬е̶епто̛̬̥̌



Лек̬̭̌т̏̌ п̬от̛̏ ̭̌т̥̼

Лек̬̭̌т̏̌ 
п̬от̛̏ д̬у̵̛̐ 
̌̍̚оле̛̦̜̏̌

• ʿ̬̌ок̭ет̛̦ —
̦̌т̛деп̬е̭̭̦̌т ̭ ̛̭л̦̼̥̽ 
п̬от̛̏от̬е̏о̙̦̼̥
де̜̭т̛̏е̥, ̭елект̛̦̼̜̏ 
̛̛̛̦̐̍то̬ о̬̍̌т̦о̐о 
̵̌̏̌̚т̌ ̭е̬ото̛̦̦̌.

BDNF ȣȆȏȣȉȖȕȣ ȐȌȜȉȑȠȢ Ȉȏȣ ȚȉȏȒȇȒ ȔȣȈȄ ȏȉȎȄȔȕȖȆн ǱȉȎȒȖȒȔȟȉ Ȍȋ ȡȖȌș 
ȏȉȎȄȔȕȖȆ ȐȒȇȗȖ ȅȟȖȠ ȎȄȑȈȌȈȄȖȄȐȌ Ȉȏȣ ȏȉțȉȑȌȣ ȄȕȖȐȟн



Ц̛̥ет̛д̛̦ - п̬еп̬̌̌т, 
п̛̬̥е̦́е̥̼̜ п̛̬ те̬̌п̛̛ 
́̏̚е̦̦о̜ ̍оле̛̦̚.

Тео̴̛лл̛̦ - ̾то 
п̬еп̬̌̌т, 
п̛̬̥е̦́е̥̼̜ ̏ 
те̬̌п̛̛ 
̬е̭п̛̬̌то̵̬̦̼ 
̌̍̚оле̛̦̜̏̌, 
т̌к̵̛ к̌к ̭̌т̥̌.

ʧло̥е̬ул̬̦́̌́ ̴̛л̽т̶̛̬̌́

Эт̛ лек̬̭̌т̏̌ ̥о̐ут 
̛̥̏̌̚оде̜̭т̏о̏̌т̽ ̛ 
̼̼̏̏̌̚т̽ по̍о̸̦̼е ̴̴̾ект̼, 

т̌к̛е к̌к поте̬́ ̌ппет̛т̌, 
то̹̦от̌, ̬̏от̌, ̦е̬̏о̦̚о̭т̽, 
̏о̍̚у̙де̛̦е, ̐оло̦̏̌́ ̍ол̽, 
̦е̬е̐ул̬̦́ое ̭е̬д̶е̛̍е̛̦е 
̛л̛ ̭удо̬о̛̐.

Тео̴̛лл̛̦ у̛̭л̛̏̌ет 
от̏ет ̦̌ ̐о̬̥о̦̼ 

̬о̭т̌.

ʧо̬̥о̦̼ ̬о̭т̌ 
у̏ел̸̛̛̏̌̀т
̐ло̥е̬ул̬̦́у̀
̴̛л̽т̶̛̬̌̀.

ǳȔȌȐȉȔ ȄȑȄȏȌȋȄ ȏȉȎȄȔȕȖȆȒ-ȏȉȎȄȔȕȖȆȒ ȆȋȄȌȐȒȈȉȍȕȖȆȌȍ
ʥ̛оло̸̛̐е̭к̛е п̬о̶е̭̭̼ 
̸ело̏ек̌, кото̬̼е ̌̚т̛̬̌̐̏̌ет 
п̛̬е̥ лек̬̭̌т̏ ̶̛̥ет̛д̛̦ ̛ 
тео̴̛лл̛̦.



ʿо̍о̸̦̼е ̴̴̾ект̼ от п̛̬е̥̌ 
̴лут̛к̌̚о̦̌

ǴȉȎȒȑȕȖȔȗȎȚȌȣ ȐȒȏȉȎȗȏȣȔȑȟș ȐȉșȄȑȌȋȐȒȆл ȆȒȆȏȉțȉȑȑȟș Ȇ ȔȄȋȆȌȖȌȉ ȖȒȜȑȒȖȟ 
– ȓȒȅȒțȑȒȇȒ ȡȘȘȉȎȖȄ ȒȖ ȓȔȌȉȐȄ ȘȏȗȖȌȎȄȋȒȑȄ зȏȉȎȄȔȕȖȆȄ ȒȖ ȄȕȖȐȟи

о˃̹̦от̌

ˁет̽ ̥олекул̬̦́о-̐е̦ет̸̛е̭к̵̛ ̛̥̏̌̚оде̜̭т̛̜̏, 
̏о̏ле̸е̵̦̦̼ ̏ ̛̬̌̏̚т̛е то̹̦от̼ п̛̬ п̛̬е̥е ̴лут̛к̌̚о̦̌.



ǦȟȣȆȏȉȑȌȉ ȕȖȔȗȎȖȗȔȑȒ-ȘȗȑȎȚȌȒȑȄȏȠȑȟș 
ȒȕȒȅȉȑȑȒȕȖȉȍ ȄȕȕȒȚȌȄȖȌȆȑȟș ȇȉȑȑȟș ȕȉȖȉȍн 

• ȼɵɹɜɥɟɧɢɟ ɤɥɚɫɬɟɪɨɜ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ. 
• ɉɨɢɫɤ ɪɟɝɭɥɹɬɨɪɧɵɯ ɤɨɧɬɭɪɨɜ. 
• Иɞɟɧɬɢɮɢɤɚɰɢɹ ɤɥɸɱɟɜɵɯ ɝɟɧɨɜ, ɯɚɛɨɜ. 
• ȼɵɹɜɥɟɧɢɟ ɰɟɧɬɪɚɥɶɧɵɯ ɜɟɪɲɢɧ ɜ ɝɟɧɧɵɯ ɫɟɬɹɯ, ɪɚɫɱɟɬ 

ɩɨɤɚɡɚɬɟɥɟɣ ɰɟɧɬɪɚɥɶɧɨɫɬɢ ɜɟɪɲɢɧ. 
• Ɉɩɪɟɞɟɥɟɧɢɟ ɫɜɟɪɯɩɪɟɞɫɬɚɜɥɟɧɧɵɯ Gene Ontology

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɪɟɫɭɪɫ DAVID). 
• ɉɪɢɨɪɢɬɟɡɚɰɢɹ ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ (ɪɟɫɭɪɫɵ Endeavour, 

ToppGene, DIR).



ǦȟȣȆȏȉȑȌȉ ȎȏȄȕȖȉȔȒȆ Ȇ ȇȉȑȑȟș ȕȉȖȣșн КȏȄȕȖȉȔȌȋȄȚȌȣ ȇȉȑȑȒȍ 
ȄȕȕȒȚȌȄȖȌȆȑȒȍ ȕȉȖȌ ȕ ȓȒȐȒȝȠȢ ȓȏȄȇȌȑȒȆ Ȉȏȣ CytoScape.

ˁп̛̭ок пл̛̦̌̐о̏ CytoScape дл́ кл̭̌те̶̛̛̛̬̌̚ 
̭ете̜ до̭тупе̦ по ̌д̬е̭у: 
http://apps.cytoscape.org/apps/with_tag/clustering

ˁт̬укту̬̦̼̥ ̥одуле̥ ̛л̛ кл̭̌те̬о̥ 
̭̭̌о̶̛̌т̛̦̏о̜ ̐ е̦̦о̜ ̭ет̛ ̦̼̌̏̌̚ет̭́ 
под̴̬̐̌ ̭̭̌о̶̛̌т̛̦̏о̜ ̐ е̦̦о̜ ̭ет̛, 
о̍л̌д̛̺̜̌̀ ̭леду̛̛̺̥̀ ̭̏о̜̭т̛̥̏̌:
• ̾ле̥е̦т̼ под̴̬̐̌̌ ̛̭л̦̽о ̭̦̼̏́̌̚ ̥е̙ду 

̭о̍о̜ ̛ ̭л̌̍о ̭̦̼̏́̌̚ ̭ ̾ле̥е̦т̛̥̌ 
̭̭̌о̶̛̌т̛̦̏о̜ ̐ е̦̦о̜ ̭ет̛ ̦е ̵̏од̛̛̺̥́ ̏  
д̦̦̼̜̌ под̴̬̐̌;

• под̴̬̐̌ ̭̭̌о̶̛̌т̛̦̏о̜ ̐ е̦̦о̜ ̭ет̛ 
̼̏пол̦́ет ̛̍оло̸̛̐е̭к̛ 
̛̦те̬п̬ет̛̬уе̥у̀ ̴у̦к̶̛̀ ̏ ̬̥̌к̵̌ 
̴у̦к̶̛о̛̦̬о̛̦̏̌́ ̥ олекул̬̦́о-

̐е̦ет̸̛е̭ко̜ ̛̭̭те̥̼, оп̛̭̼̏̌е̥о̜ 
̭̭̌о̶̛̌т̛̦̏о̜ ̐ е̦̦о̜ ̭ет̽̀.

http://apps.cytoscape.org/apps/with_tag/clustering


ʤ̭̭о̶̛̌т̛̦̏̌́ ̐ е̦̦̌́ ̭ет̽, ̭̭̌о̶̛̛̬о̦̦̏̌̌́ ̭  
̐л̌уко̥о̜, ̬еко̦̭т̬у̛̬о̦̦̏̌̌́ ̛̭̭те̥о̜ ANDSystem.

Кл̭̌те̶̛̛̬̌́̚ ̭̭̌о̶̛̌т̛̦̏о̜ 
̐е̦̦о̜ ̭ет̛, ̭̭̌о̶̛̛̬о̦̦̏̌о̜ ̭ 
̐л̌уко̥о̜, ̭ по̥о̺̽̀ пл̛̦̌̐̌ 
ClusterViz дл́ CytoScape.

ϭͿ ʰ̥по̬т ̭ет̛ ̛̚ 
̛̭̭те̥̼ ANDSystem ̏ 
CytoScape ̸е̬е̚ File -> 

import -> network -> file

ϮͿ ʯ̌пу̭к ClusterViz

̸е̬е̚ Apps

ϯͿ ʦ̼̍о̬ опт̛̥̌л̵̦̼̽ 
̦̭̌т̬оек дл́ 
кл̭̌те̶̛̛̛̬̌̚ 
;̥̾п̸̛̛̬е̭к̛̥ путе̥Ϳ

Wang J, Zhong J, Chen G, Li M, Wu FX, and Pan Y. ClusterViz: a Cytoscape APP for Clustering Analysis of Biological Network, IEEE/ACM 

Transactions on Computational Biology and Bioinformatics, 2014, DOI 10.1109/TCBB.2014.2361348.



ǴȉȇȗȏȣȖȒȔȑȟȉ ȎȒȑȖȗȔȟ Ȇ ȇȉȑȑȟș ȕȉȖȣș
ʤ̏то̬е̐ул̶̛́́ ̐е̦̦о̜ ̭ет̛ о̭у̺е̭т̏л́ет̭́ ̍л̌̐од̬̌́ ̴у̦к̶̛о̛̦̬о̛̦̏̌̀ 

̬е̐ул́то̵̬̦̼ ко̦ту̬о̏ ̭ поло̛̙тел̛̦̼̥̽ ̛ от̶̛̬̌тел̛̦̼̥̽ о̬̍̌т̛̦̼̥ ̛̭̥̏́́̚, 

̛ о̍е̭пе̸̛̏̌ет подде̛̬̙̦̌е оп̬еделе̦̦о̐о, ̵̬̌̌кте̬̦о̐о дл́ к̙̌до̜ ̐е̦̦о̜ ̭ет̛ 
т̛п̌ д̛̛̦̥̌к̛.

ˈ̬̌̌кте̬̦̌́ о̭о̍е̦̦о̭т̽ ̐е̵̦̦̼ ̭ете̜, ко̦т̬ол̛̬у̵̛̺̀ д̴̴̛е̬е̶̛̦̬о̏ку 
клеток, ̥о̴̬о̐е̦е̚ тк̦̌е̜ ̛ о̬̦̐̌о̏ - ̦̌л̸̛̛е ̬е̐ул́то̵̬̦̼ ко̦ту̬о̏ ̭ 
поло̛̙тел̛̦̼̥̽ о̬̍̌т̛̦̼̥ ̛̭̥̏́́̚. Фу̦ќ̶̛ ко̦ту̬о̏ ̭ поло̛̙тел̦̽о̜ о̬̍̌т̦о̜ 
̭̏́̽̀̚ ̭о̭то̛т ̏ ̥̌к̛̭̥̌л̦̽о ̴̴̾ект̛̦̏о̥ откло̦е̛̛̦ ̏ел̸̛̛̦ ко̦т̬ол̛̬уе̵̥̼ 
п̬̥̌̌ет̬о̏ от ̵̛ ̵̛̭од̵̦̼ ̸̦̌̚е̛̦̜. ʿоло̛̙тел̦̼̽е о̬̍̌т̦̼е ̛̭̏́̚ о̍е̭пе̸̛̏̌̀т 
̼̭̍т̬у̀ ̌кт̶̛̛̏̌̀ ̾ле̥е̦то̏ ̦̾док̛̬̦̦о̜ ̛ ̦е̬̦̏о̜ ̛̭̭те̥ ;̸то ̙̦̏̌о, ̏ 
̸̭̌т̦о̭т̛, дл́ о̭у̺е̭т̏ле̛̦́ ̭т̬е̭̭о̵̼̏ от̏ето̏Ϳ, ̌ т̌к̙е ̛̬̐̌̀т кл̸̀е̏у̀ ̬ол̽ ̏ 
̬е̐ул̶̛̛́ п̬о̶е̭̭о̏ ̥о̴̬о̐е̦е̌̚, ̬о̭т̌ ̛ ̛̬̌̏̚т̛́ о̛̬̦̥̐̌̚о̏, по ̭̏ое̥у ̭̥̼̭лу 
п̬ед̭т̌̏л̵̛̺́̀ ̼̭̍т̬̼̜ у̵од от ̛̥ѐ̺е̐о̭́ ̸̦̌̌л̦̽о̐о ̭о̭то̛̦́́. ̍ ̬̌̌кте̬̦̼̥ 
п̛̬̥е̬о̥ т̌ко̐о т̛п̌ ̐е̵̦̦̼ ̭ете̜ ́̏л́ет̭́ ̐е̦̦̌́ ̭ет̽ ̭о̬̚е̛̦̏̌́ ̛ 
д̴̴̛е̬е̶̛̦̬о̏к̛ ̛̬̾т̬о̶̛то̏.

Ко̦ту̬̼ ̭ от̶̛̬̌тел̦̽о̜ о̬̍̌т̦о̜ ̭̏́̽̀̚ о̍е̭пе̸̛̏̌̀т 
̐о̥ео̭т̌т̛̬о̛̦̏̌е ̦̏ут̬е̦̦е̜ ̭̬ед̼ о̛̬̦̥̐̌̚о̏, то е̭т̽ подде̛̬̙̏̌̀т 
ко̦т̬ол̛̬уе̥̼е ̛̛̥ п̬̥̌̌ет̬̼ ̏̍л̛̛̚ ̏ел̸̛̛̦, опт̛̥̌л̵̦̼̽ дл́ д̵̦̦̼̌ ̭̬едо̵̼̏ 
у̭ло̛̜̏.



ǳȒȌȕȎ ȔȉȇȗȏȣȖȒȔȑȟș ȎȒȑȖȗȔȒȆ Ȇ ȄȕȕȒȚȌȄȖȌȆȑȟș ȇȉȑȑȟș ȕȉȖȣș 
ȕ ȓȒȐȒȝȠȢ ȘȗȑȎȚȌȌ Pathway Wizard ȕȌȕȖȉȐȟ ANDSystem. 

ˀ̬̌̌̍̚от̦̦̼̜̌ ̌л̐о̛̬т̥ Pathway Wizard

̛̭̭те̥̼ ANDSystem дл́ по̛̭к̌ путе̜ ̏
̴̵̬̐̌̌ ̭ете̜, от̏е̸̵̛̺̌̀ ̌̚д̦̦̼̥̌
̭̏о̜̭т̥̏̌, о̭̦о̦̏̌ ̦̌ пе̬е̍о̬е ̭
о̸̛̬̦̐̌е̛̛̦̥́, ̌̚д̌̏̌е̛̥̼̥ п̛̬̌̏л̛̥̌
̛л̛ ̹̌̍ло̦о̥. ʿуте̥ ́̏л́ет̭́ л̛̦е̜̦̌́
̶епо̸к̌ о̻̍екто̏ ̏ ̴̬̐̌е. ˌ̌̍ло̦
од̦о̸̦̦̌̚о ̌̚д̌ет ̸̦̌̌л̦̼̜̽ ̛ ко̦е̸̦̼̜
о̻̍ект̼ дл́ пут̛, ̌ т̌к̙е дл̛̦у пут̛ ̛л̛
кол̸̛е̭т̏о ̵̏од̵̛̺́ ̏ пут̽ о̻̍екто̏.

ʿ̬о̥е̙уто̸̦̼е о̻̍ект̼ ̥о̐ут ̌̚д̌̏̌т̭̽́
т̛по̥, л̛̍о ̥о̙ет ук̼̌̏̌̚т̭̽́ ко̦к̬ет̦ое
̛̥́ ̦екое̐о о̻̍ект̌. ˁ̛̏́̚ ̥е̙ду
о̻̍ект̛̥̌ ̥о̐ут ̌̚д̌̏̌т̭̽́
̴̛к̛̭̬о̦̦̏̌о̐о т̛п̌, л̛̍о ̦̌̍о̬о̥
̏о̥̚о̵̙̦̼ т̛по̏ по п̛̬̌̏лу ʰЛʰ.

2 3
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1. ʥелок IRF1 -> ̬е̐ул̶̛́́ ̾ к̭п̬е̛̛̭̭ -> ̐е̦ STAT1

Newly synthesized IRF-1 may in turn activate 

expression of STAT1, resulting in positive feedback 

regulation of IRF-1 expression (55). Pubmed:23420765.

Ϯ. ʧе̦ STAT1 -> ̾к̭п̬е̛̭̭́ -> ̍елок STAT1 

3. ʥелок STAT1 -> ̬е̐ул̶̛́́ ̾ к̭п̬е̛̛̭̭ -> ̐е̦ IRF1 

Further, STAT1 induces the expression of pro-

inflammatory genes such as IRF1...Pubmed:25414701

4. ʧе̦ IRF1 -> ̾к̭п̬е̛̭̭́ -> ̍елок IRF1



ˈ̼̌̍ – ̏е̛̬̹̦̼ ̭ ̥̌к̛̭̥̌л̦̼̥̽ кол̸̛е̭т̏о̥ 
ду̐ ̏ ̐е̵̦̦̼ ̭ет̵́. ˈ̼̌̍ о̸̼̦̍о ̭оот̏ет̭т̏у̀т
̍елк̥̌ – ̬е̐ул́то̬̦̼̥ ̥олекул̥̌.

ɉɨɞɤɨɥɨɞɧɚя, Ɉ. Ⱥ., ɉɨɞɤɨɥɨɞɧɚя, ɇ. ɇ., & ɉɨɞɤɨɥɨɞɧɵɣ, ɇ. Ʌ. (2014). ɐɢɪɤɚɞɧɵɟ ɱɚɫɵ ɦɥɟɤɨɩɢɬɚɸɳɢɯ: ɝɟɧɧɚя ɫɟɬɶ ɢ ɤɨɦɩɶɸɬɟɪɧɵɣ ɚɧɚɥɢɡ. Ваɜɢɥɨɜɫɤɢɣ ɠɭɪɧаɥ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤцɢɢ, 18(4-2), 928-938.

ʧе̦/̍елок-̵̌̍
ˋ̛̭ло ̭̭̌о̶̛̛̬о̵̦̦̼̏̌ 
̐е̦о̏/̍елко̏ ̏ ANDSystem

TP53 2051

TNF 1634

EGFR 1347

IL6 1282

NFKB1 1163

INS 1087

MAPK1 1061

TGFB1 897

ˉе̦т̬̌л̦̽о̭т̽ по ̭тепе̛̦ ;degree centrality, DˁͿ - ̾то от̦о̹е̛̦е кол̸̛е̭т̏̌ ̭̏́̚е̜ оп̬еделе̦̦о̐о у̚л̌ к о̺̍е̥у 
кол̸̛е̭т̏у д̬у̵̛̐ у̚ло̏ ̏ ̭ет̛. ˉе̦т̬̌л̦̽о̭т̽ по ̭тепе̛̦ те̥ ̼̹̏е, ̸е̥ ̍ол̹̽е ̸̛̭ло ̭̏́̚е̜ ̏е̛̬̹̦̼ ̭ д̬у̛̛̥̐ ̏е̛̛̬̹̦̥̌ ̏ 
̴̬̐̌е. ʪ̦̦̌̌́ ̥е̬̌ п̛̛̬̦̥̌ет ̸̦̌̚е̛̦е от Ϭ до ϭ ;̸е̥ ̍л̛̙е ̸̦̌̚е̛̦е к ед̶̛̛̦е, те̥ ̍ол̹̽е дол́ ̏е̛̬̹̦ ̏ ̭ет̛, ̭ кото̛̬̼̥ 
̦̌п̬̥́у̀ ̛̥̏̌̚оде̜̭т̏ует ̬̭̭̥̌̌т̛̏̌е̥̌́ ̏е̛̬̹̦̌Ϳ. ˄̚ел ̭ ̼̭̏ок̛̥ ̸̦̌̚е̛̦е̥ Dˁ ̛̥̏̌̚оде̜̭т̏ует ̭ ̍ол̛̹̥̽ ̸̛̭ло̥ 
д̬у̵̛̐ у̚ло̏ ̏ ̭ет̛ ̛, те̥ ̭̥̼̥̌, ̥о̙ет полу̸̛т̽ до̭туп к ̍ол̹̽о̥у ̸̛̭лу у̚ло̏ ̛ по̏л̛́т̽ ̦̌ ̵̛̦.

ʦ ̭лу̸̌е ̦̌п̬̌̏ле̦̦о̜ ̭ет̛ ̭у̺е̭т̏ует д̏е отдел̦̼̽е ̥е̬̼ Dˁ: ̵̏од̺́̌́ ;in-degreeͿ ̛ ̵̛̭од̺́̌́ ;out-degree). 

ʿе̬̏̌́ пок̼̌̏̌̚ет о̺̍ее ̸̛̭ло ̏е̛̬̹̦, ̭ кото̛̬̼̥ ̬̭̭̥̌̌т̛̬̏̌е̥̌́ ̏е̛̬̹̦̌ ̭̦̏́̌̌̚ ̵̏од̛̛̺̥́ ̏ ̾ту ̏е̛̬̹̦у ду̛̥̐̌ 
;̸̛̭ло̥ ̭̏́̚е̜, ̦̌п̬̌̏ле̵̦̦̼ к у̚луͿ; ̏то̬̌́ пок̼̌̏̌̚ет кол̸̛е̭т̏о ̏е̛̬̹̦, ̵̭̦̦̼̏́̌̚ ̭ ̬̭̭̥̌̌т̛̬̏̌е̥о̜ ̏е̛̬̹̦о̜ 
̵̛̭од̛̛̺̥́ ̛̚ ̦ее ду̛̥̐̌ ;̸̛̭ло̥ ̭̏́̚е̜, ̦̌п̬̌̏ле̵̦̦̼ от у̚л̌Ϳ. ʫ̭л̛ Dˁ = ϭ, ̾то ук̼̌̏̌̚ет ̦̌ то, ̸то оп̬еделё̦̦̼̜ у̚ел 
̭̦̏́̌̚ ̭о ̭̏е̛̥ о̭т̌л̛̦̼̥̽ у̚л̛̥̌ ̭ет̛, ̏ то ̬̏е̥́ к̌к Dˁ = Ϭ ук̼̌̏̌̚ет ̦̌ то, ̸то у̚ел ̛̚ол̛̬о̦̏̌.

ˁт̬укту̬̦̼̜ ̦̌̌л̛̚ ̭̭̌о̶̛̌т̵̛̦̼̏ ̛л̛ ̐е̵̦̦̼ ̭ете̜
̛̥еет п̬̥́ое п̬̌кт̸̛е̭кое п̛̬̥е̦е̛̦е, о̭о̍е̦̦о ̏
̴̬̥̌̌коло̛̛̐. ʻ̌ е̐о о̭̦о̏е п̬о̏од́т по̛̭к ̍елко̏-

̛̥̹е̦е̜ дл́ ̭о̚д̛̦̌́ ̦о̵̼̏ лек̬̭̌т̏е̵̦̦̼
п̬еп̬̌̌то̏. ʪл́ ̾то̐о ̦ео̵̍од̛̥о ̼̏́̏ле̛̦е
кл̸̀е̵̼̏ у̚ло̏ ̭ ̍ол̛̹̥̽ кол̸̛е̭т̏о̥ ̭̏́̚е̜ к̌к
поте̶̛̦̌л̵̦̼̽ ̛̥̹е̦е̜. ʤ̦̌л̛̚ ̛̭̏́̚ ̥е̙ду
̍елк̛̥̌, ко̥по̦е̦т̛̥̌ ̐е̦̦о̜ ̭ет̛ поле̚е̦ дл́
̛̚у̸е̛̦́ по̭лед̭т̛̜̏ ̛̛̛̦̬̐̍о̛̦̏̌́ ̛л̛, ̦̌п̬от̛̏,
̭̏е̵̬̾к̭п̬е̛̛̭̭ ̍елк̌-̛̥̹е̛̦, кото̬̼е ̥о̐ут
̭к̼̌̏̌̚т̭̽́ ̦̌ по̏еде̛̛̦ ̭̏е̜ ̛̭̭те̥̼ ̏ ̶ело̥.

ǦȟȣȆȏȉȑȌȉ ȚȉȑȖȔȄȏȠȑȟș ȆȉȔȜȌȑ Ȇ ȇȉȑȑȟș ȕȉȖȣș. 
ИȈȉȑȖȌȘȌȎȄȚȌȣ șȄȅȒȆ. 



Це̦т̬̌л̦̽о̭т̽ ̏е̛̬̹̦̼ ̴̬̐̌̌
по ̍л̛̚о̭т̛ (closeness centrality)

п̬опо̶̛̬о̦̌л̦̽̌ ̭у̥̥е
к̬̌т̸̵̛̜̹̌ ̬̭̭̌то̛̦̜́ от ̾то̜
̏е̛̬̹̦̼ до д̬у̵̛̐ ̏е̛̬̹̦ ̏
̴̬̐̌е. Этот пок̌̌̚тел̽
оп̬едел́ет ̙̦̏̌о̭т̽
ко̦к̬ет̦о̜ ̏е̛̬̹̦̼ ̴̬̐̌̌ дл́
̼̭̍т̬о̜ пе̬ед̸̛̌ ̴̛̦о̶̛̛̬̥̌ ̏
̴̬̐̌е. ˋе̥ ̍ол̹̽е пок̌̌̚тел̽
̶е̦т̬̌л̦̽о̭т̛ по ̍л̛̚о̭т̛, те̥
ко̬о̸е ̭̬ед̛̦̜ пут̽ до л̀̍о̜
̏е̛̬̹̦̼ ̴̬̐̌̌ ;̍л̛̙е у̚ел к
д̬у̛̥̐ ̏е̛̬̹̦̥̌Ϳ.

ɉɨɞɤɨɥɨɞɧɚя, Ɉ. Ⱥ., ɉɨɞɤɨɥɨɞɧɚя, ɇ. ɇ., & ɉɨɞɤɨɥɨɞɧɵɣ, ɇ. Ʌ. (2014). ɐɢɪɤɚɞɧɵɟ ɱɚɫɵ ɦɥɟɤɨɩɢɬɚɸɳɢɯ: ɝɟɧɧɚя ɫɟɬɶ ɢ ɤɨɦɩɶɸɬɟɪɧɵɣ ɚɧɚɥɢɡ. Ваɜɢɥɨɜɫɤɢɣ ɠɭɪɧаɥ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤцɢɢ, 18(4-2), 928-938.

ǴȄȕțȉȖ ȓȒȎȄȋȄȖȉȏȉȍ ȚȉȑȖȔȄȏȠȑȒȕȖȌ ȆȉȔȜȌȑ.
ǺȉȑȖȔȄȏȠȑȒȕȖȠ ȆȉȔȜȌȑȟ ȇȔȄȘȄ ȓȒ ȅȏȌȋȒȕȖȌн

d(y,x) – ̬̭̭̌то̛̦́е ̥е̙ду ̏е̛̛̬̹̦̥̌ y ̛ x.

H->A: 3

H->B: 3

H->C: 2

H->D: 3

H->E: 2

H->F: 2

H->G: 1

H->I: 1

H->J: 1

Total=18

Closeness centrality G: 1/14=0,071

Closeness centrality H: 1/18=0,055



ɉɨɞɤɨɥɨɞɧɚя, Ɉ. Ⱥ., ɉɨɞɤɨɥɨɞɧɚя, ɇ. ɇ., & ɉɨɞɤɨɥɨɞɧɵɣ, ɇ. Ʌ. (2014). ɐɢɪɤɚɞɧɵɟ ɱɚɫɵ ɦɥɟɤɨɩɢɬɚɸɳɢɯ: ɝɟɧɧɚя ɫɟɬɶ ɢ ɤɨɦɩɶɸɬɟɪɧɵɣ ɚɧɚɥɢɡ. Ваɜɢɥɨɜɫɤɢɣ ɠɭɪɧаɥ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤцɢɢ, 18(4-2), 928-938.

ǴȄȕțȉȖ ȓȒȎȄȋȄȖȉȏȉȍ ȚȉȑȖȔȄȏȠȑȒȕȖȌ ȆȉȔȜȌȑ.
ǺȉȑȖȔȄȏȠȑȒȕȖȠ ȆȉȔȜȌȑȟ ȓȒ ȓȒȕȔȉȈȑȌțȉȕȖȆȗн

2

ʿут̽: пок̌̌̚тел̽
1->5: 0,5

1->7: 0,5

1->6: 0,5

ˁу̥̥̌: ϭ,ϱ

3

ʿут̽: пок̌̌̚тел̽
1->4: 1

1->5: 0,5

1->6: 0,5

1->7: 0,5

4->5: 1

4->2: 1

4->7: 1

4->6: 1

ˁу̥̥̌: ϲ,5

ˉе̦т̬̌л̦̽о̭т̽ ̏е̛̬̹̦̼ 2 по по̭̬ед̸̛̦е̭т̏у: 1,5

ˉе̦т̬̌л̦̽о̭т̽ ̏е̛̬̹̦̼ 3 по по̭̬ед̸̛̦е̭т̏у: 6,5

ˉе̦т̬̌л̦̽о̭т̽ ̏е̛̬̹̦̼ 5 по по̭̬ед̸̛̦е̭т̏у: 9

ϭͿ ʪл́ ̏е̛̬̹̦̼ v ̦̌до 
̸̛̬̭̭̌т̌т̽ ̸̛̭ло 
̛̦̌к̬̌т̸̵̛̜̹̌ путе̜ ̥е̙ду 
̏е̛̛̬̹̦̥̌ i ̛ j, кото̬̼е 
п̬о̵од́т ̸е̬е̚ ̏е̛̬̹̦у v ̛ 
̬̌̚дел̛т̽ ̾то ̸̦̌̚е̛̦е ̦̌ 
̸̛̭ло ̭̏е̵ ̛̦̌к̬̌т̸̵̛̜̹̌ 
путе̜ ̥е̙ду ̏е̛̛̬̹̦̥̌ i ̛ j.
ϮͿ ʻу̙̦о ̭ло̛̙т̽ полу̸е̦̦̼е 
̸̦̌̚е̛̦́ дл́ ̭̏е̵ ̏е̛̬̹̦ i ̛ j. ˁ̛̛̦е ̏е̛̬̹̦̼ ̛̥ѐт ̥̌к̛̭̥̌л̦̼̜̽ 

пок̌̌̚тел̽ ̶е̦т̬̌л̦̽о̭т̛ по по̭̬ед̸̛̦е̭т̏у.

V- ̦̌̍о̬ ̏е̛̬̹̦;
– ̸̛̭ло ̛̦̌к̬̌т̸̵̛̜̹̌ путе̜ 

̥е̙ду s ̛ t;

- ̸̛̭ло ̛̦̌к̬̌т̸̵̛̜̹̌ путе̜ 
̥е̙ду s ̛ t, п̬о̵од̵̛̺́ ̸е̬е̚ 
̏е̛̬̹̦у e.

5

ʿут̽: пок̌̌̚тел̽
1->7: 1

1->6: 1

3->6: 1

3->7: 1

2->6: 1

2->7: 1

4->7: 1

4->6: 1

6->7: 1

ˁу̥̥̌: ϵ

Це̦т̬̌л̦̽о̭т̽ ̏е̛̬̹̦̼ по
по̭̬ед̸̛̦е̭т̏у
(betweenness centrality) –
̏̏̚е̹е̦̦̌́ ̭у̥̥̌ ̭̏е̵
к̬̌т̸̵̛̜̹̌ путе̜ ̥е̙ду
̏е̛̛̬̹̦̥̌ ̏ ̴̬̐̌е, п̬о̵од̵̛̺́
̸е̬е̚ д̦̦̌у̀ ̏е̛̬̹̦у. Этот
пок̌̌̚тел̽ оп̬едел́ет ̙̦̏̌о̭т̽
̏е̛̬̹̦̼ ̴̬̐̌̌ ̭ то̸к̛ ̬̚е̛̦́ ее
̏л̛̛̦́́ ̦̌ пут̛ пе̬ед̸̛̌
̴̛̦о̶̛̛̬̥̌ ̥е̙ду ̏е̛̛̬̹̦̥̌
̴̬̐̌̌.



ǲȑȖȒȏȒȇȌȣ ȇȉȑȒȆ Gene Ontology (GO)

Gene Ontology («Геɧɧɚя ɨɧɬɨɥɨɝɢя») —
ɛɢɨɢɧɮɨɪɦɚɬɢɱɟɫɤɢɣ ɪɟɫɭɪɫ, ɫɨɞɟɪɠɚɳɢɣ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɟ
ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɥɟɤɭɥяɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɢ
ɤɥɟɬɨɱɧɵɯ ɫɬɪɭɤɬɭɪ, ɜɵɩɨɥɧяɟɦɵɯ ɢɦɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ, ɚ
ɬɚɤɠɟ ɩɪɨɰɟɫɫɨɜ, ɜ ɤɨɬɨɪɵɟ ɜɨɜɥɟɱɟɧɵ ɷɬɢ ɫɬɪɭɤɬɭɪɵ. ɋ
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ GO ɨɧɬɨɥɨɝɢɢ ɛɵɥɢ ɩɪɨɚɧɚɬɢɪɨɜɚɧɵ ɝɟɧɵ
ɱɟɥɨɜɟɤɚ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɡɦɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥɚ ɫɨɡɞɚɧɚ ɛɚɡɚ
ɞɚɧɧɵɯ Gene Ontology Annotation (GOA). Ⱥɧɧɨɬɚɰɢя Gene Ontology
Annotation ɜɤɥɸɱɚɟɬ ɪɚɡɛɢɟɧɢɟ ɝɟɧɨɜ ɧɚ ɝɪɭɩɩɵ ɫɨɝɥɚɫɧɨ ɢɡ
ɜɨɜɥɟɱɟɧɧɨɫɬɢ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢɥɢ ɤɥɟɬɨɱɧɵɟ ɫɬɪɭɤɬɭɪɵ,
ɨɩɢɫɚɧɧɵɟ ɜ ɨɧɬɨɥɨɝɢɢ GO.
Ɉɧɬɨɥɨɝɢя ɞɨɫɬɭɩɧɚ ɩɨ ɫɫɵɥɤɟ http://geneontology.org/.

ɉɪɢɦɟɪ ɬɟɪɦɢɧɚ GO «ɪɚɡɜɢɬɢɟ 
ɬɪɚɛɟɤɭɥяɪɧɨɣ ɫɟɬɢ» (trabecular 
meshwork development) ɢ ɟɝɨ 
ɩɨɥɨɠɟɧɢɟ ɜ ɝɪɚɮɟ ɨɧɬɨɥɨɝɢɢ 

ʻ̌ ̛̬̭у̦ке п̛̬̏еде̦о ̴̸̛̬̐̌е̭кое п̬ед̭т̌̏ле̛̦е 
̴̬̥̌̐е̦т̌ о̦толо̛̛̐ GO, кото̬ое де̥о̦̭т̛̬̬ует 
̛е̵̸̛̬̬̌е̭ку̀ ̭т̬укту̬у о̦толо̛̛̐, ̐де ̦̌ ̛̦̙̦е̥ у̬о̦̏е 
̵̦̌од́т̭́ те̛̬̥̦̼, оп̛̛̭̼̺̏̌̀е ̛̦̌̍олее ̸̭̌т̦̼е 
̛̍оло̸̛̐е̭к̛е п̬о̶е̭̭̼ ;̦̌п̛̬̥е̬ те̛̬̥̦ «̛̬̌̏̚т̛е 
т̬̌̍екул̬̦́о̜ ̭ет̛»), ̌ ̦̌ ̏е̵̵̛̬̦ у̬о̵̦̏́ ̬̭̌поло̙е̦̼ 
те̛̬̥̦̼, оп̛̛̭̼̺̏̌̀е ̍олее ̐ло̍̌л̦̼̽е п̬о̶е̭̭̼ 
;̦̌п̛̬̥е̬ «̛̬̌̏̚т̛е ̐л̌̌̚», «̛̬̌̏̚т̛е о̬̦̐̌о̏ ̭е̦̭о̬̦о̐о 
̏о̭п̛̬́т̛́», «̛̬̌̏̚т̛е о̬̦̐̌о̏ ̛ ̛̭те̥» ̛ т.д.Ϳ.



ǲȓȔȉȈȉȏȉȑȌȉ ȕȆȉȔșȓȔȉȈȕȖȄȆȏȉȑȑȟș Gene Ontology
ȅȌȒȏȒȇȌțȉȕȎȌș ȓȔȒȚȉȕȕȒȆн 

ʦ̼́̏ле̛̦е ̭̏е̵̬п̬ед̭т̌̏ле̵̦̦̼ Gene Ontology ̛̍оло̸̛̐е̭к̵̛ п̬о̶е̭̭о̏ - ̾то ̥етод ̛̦те̬п̬ет̶̛̛̌ 
̦̌̍о̬о̏ ̐е̦о̏ ̭ ̛̭пол̽̚о̛̦̏̌е̥ ̐е̦̦о̜ о̦толо̛̛̐ ;Gene Ontology), ̏ кото̬о̜ ̐е̦̼ от̦о̭́т̭́ к 
̦̌̍о̬у Gene Ontology те̛̬̥̦о̏ ̏ ̛̛̭̥̌̏̚о̭т̛ от ̵̛ ̴у̦к̶̛о̦̌л̵̦̼̽ ̵ ̬̌̌кте̛̬̭т̛к.

ʧе̦̼ ̛̚ 
те̭т̛̬уе̥о̐о 

̦̌̍о̬̌

ʧе̦̼, от̦о̛̭̺́е̭́ к к̌ко̥у-то 
Gene Ontology те̛̬̥̦у 
;к̌те̐о̛̛̬Ϳ, ̦̌п̛̬̥е̬ к 

̛̍оло̸̛̐е̭ко̥у п̬о̶е̭̭у 
«̛̬̌̏̚т̛е т̬̌̍екул̬̦́о̜ ̭ет̛» 

(trabecular meshwork 

development) 
ˈ ˄ˈ∩˄

ʦ̭е ̥̦о̙е̭т̏о ̐е̦о̏

1. ʻ̌ пе̬̏о̥ ̹̌̐е ̼̏́̏л́̀т̭́ ̐е̦̼ ̛̚ те̭т̛̬уе̥о̐о ̦̌̍о̬̌, кото̬̼е от̦о̛̭̺́е̭́ к к̌ко̥у-то Gene Ontology

те̛̬̥̦у. 
2. ˁ по̥о̺̽̀ то̸̦о̐о те̭т̌ ˇ̛̹е̬̌, ̛̐пе̬̐ео̥ет̸̛̬е̭ко̐о ̬̭̌п̬еделе̛̦́ ̛л̛ д̬у̵̛̐ ̭т̌т̛̭т̸̛е̭к̵̛ ̥етодо̏ 

о̶е̛̦̏̌ет̭́ ̥о̐л̛ т̌кое ̙е ̛л̛ ̍ол̹̽ее ̸̛̭ло ̐е̦о̏ ̛̚ те̭то̏о̐о ̦̌̍о̬̌ ок̌̌̚т̭̽́ ̛̭̦̦̼̥̏́̌̚ ̭ 
̬̭̭̥̌̌т̛̬̏̌е̥̼̥ Gene Ontology те̛̬̥̦о̥ по ̭лу̸̜̦̼̥̌ п̸̛̛̬̦̥̌. ʻ̌ ̾то̥ ̹̌̐е ̸̛̬̭̭̌т̼̏̌ет̭́ p-value. 

ʿ̛̬ ̾то̥ у̸̛т̼̏̌̀т̭́ т̌к̛е ̏ел̸̛̛̦̼ к̌к ˈ∩ ,˄ ˈ, ˄ ̛ ̸̛̭ло ̭̏е̵ ̐е̦о̏.
3. ʿ̬о̶еду̬̌ ̛̚ пу̦кт̌ Ϯ по̏то̬́ет̭́ дл́ ̭̏е̵ Gene Ontology те̛̬̥̦о̏. ˃̌ к к̌к ̭̏е̐о Gene Ontology те̛̬̥̦о̏ 

̥̦о̐о ;по̬́дк̌ ϭϬ т̸̼̭́Ϳ, ̦ео̵̍од̛̥о дел̌т̽ поп̬̌̏ку ̦̌ ̥̦о̙е̭т̏е̦̦ое ̭̬̦̌̏е̛̦е п̛̬ ̸̬̭̌ете p-value. 

ˋ̭̌то ̛̭пол̽̚у̀т̭́ поп̬̌̏к̌ ʥо̴̦е̬̬о̛̦, ʥе̦д̛̛̙̥̦̌-ˈок̍е̬̐̌ ̛ FDR (False Discovery Rate).



ǲȓȔȉȈȉȏȉȑȌȉ ȕȆȉȔșȓȔȉȈȕȖȄȆȏȉȑȑȟș Gene Ontology
ȅȌȒȏȒȇȌțȉȕȎȌș ȓȔȒȚȉȕȕȒȆ зȔȉȕȗȔȕ DAVIDин 

ˀе̭у̬̭ DAVID (https://david-d.ncifcrf.gov/Ϳ п̬ед̸̦̦̌̌̚е̦ дл́ ̴у̦к̶̛о̦̌л̦̽о̜ 
̦̦̌от̶̛̛̌ ̦̌̍о̬о̏ ̐е̦о̏, ̏ то̥ ̸̛̭ле по̏̚ол́ет ̼̏́̏л́т̽ ̭̏е̵̬п̬ед̭т̌̏ле̦̦̼е
Gene Ontology к̌те̐о̛̛̬.

1. ʻ̌ ̐л̦̌̏о̜ ̭т̶̛̬̦̌е ̛̼̬̏̍̌е̥ 
«Functional Annotation». 

2. ʻ̌ по̛̹́̏̏е̜̭́ ̭т̶̛̬̦̌е ̛̼̬̏̍̌е̥ 
̏кл̌дку Upload ̛ ̬̌̐̚у̙̌е̥ 
̦̌̌л̛̛̬̚уе̥̼̜ ̭п̛̭ок ̐е̦о̏ ;̥о̙̦о 
̬̌̐̚у̙̌т̽ ̬̌̚л̸̛̦̼е ̛де̦т̴̛̛к̌то̬̼ 
̛̚ ̍̌̚ д̵̦̦̼̌Ϳ. 

3. ʦ̛̼̬̍̌е̥ т̛п ̬̌̐̚у̙е̵̦̦̼ 
̛де̦т̴̛̛к̌то̬о̏. ʻ̛̙̥̌̌е̥ «Gene 

List» ̛ «Submit List». 

4. ʻ̌ ̵̼̏оде полу̸̌е̥ т̌̍л̶̛у ̭ 
̭̏е̵̬п̬ед̭т̌̏ле̛̦̦̼̥ Gene Ontology

к̌те̐о̛̛̬̥́ ̭ ук̛̦̌̌̚е̥ p-value.

https://david-d.ncifcrf.gov/


ǦȟȣȆȏȉȑȌȉ ȇȔȗȓȓ ȇȉȑȒȆл ȕȖȄȖȌȕȖȌțȉȕȎȌ ȈȒȕȖȒȆȉȔȑȒ ȄȕȕȒȚȌȌȔȒȆȄȑȑȟș 
ȕ ȒȓȔȉȈȉȏёȑȑȟȐȌ ȅȌȒȏȒȇȌțȉȕȎȌȐȌ ȓȔȒȚȉȕȕȄȐȌ Ȍȋ ȒȑȖȒȏȒȇȌȌ ȇȉȑȒȆ 

Gene Ontology (GO)

ʿ̬о̬̥̥̐̌̌ DAVID

(https://david.ncifcrf.gov/home.jsp) -

од̛̦ ̛̚ о̭̦о̵̦̼̏ ̏е̍-̛̦̭т̬у̥е̦то̏ 
дл́ по̛̭к̌ ̭̏е̵̬п̬ед̭т̌̏ле̵̦̦̼ GO

̛̍оло̸̛̐е̭к̵̛ п̬о̶е̭̭о̏ дл́ ̦̌̍о̬̌ 
̐е̦о̏.

ʪо̥̹̦̌́́ ̭т̶̛̬̦̌̌ ̭е̛̬̭̏̌ DAVID

ɇɚɩɪɢɦɟɪ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫ ɩɨɦɨɳɶɸ ɫɟɪɜɢɫɚ DAVID ɛɵɥ ɜɵяɜɥɟɧ ɤɨɦɩɥɟɤɫ ɢɡ 7 
ɝɟɧɨɜ (TP53, TNF, IL6, IL1B, CDKN1A, CD40LG, CD79A), ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɚɫɫɨɰɢɢɪɨɜɚɧ ɫ 
ɉɈɍȽ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɢɦɦɭɧɧɨɣ ɫɢɫɬɟɦɵ (p < 0.02).

ʧе̦̼, ̭̭̌о̶̛̛̬о̦̦̼̏̌е ̭  ̐л̌уко̥о̜:
ADRB2, APOE, BDNF, CAV1, CAV2, CD40LG, CD44, CD79A, CDKN1A, 

CDKN2B, COL11A1, CYP1B1, EDN1, ESR2, FN1, GLC1B, GLC1C, GLC1D, 

GPX3, GSTM1, GSTT1, CFH, HGF, HK2, HSPA1A, HSPA1B, IL1B, IL6, 

KCNA5, KIF2A, KLK2, LMX1B, LOXL1, LTA, LTBP2, MMP2, MMP3, 

MMP9, MTHFR, MYOC, NOS2, NTF4, OPA1, SIX6, SERPINE1, PON1, 

SALL1, SRSF3, SIX1, SOD2, SPP1, TGFB2, TIMP1, TIMP2, TLR4, TNF, 

TP53, TTR, VAV2, VEGFC, NRP1, TCEAL1, ST18, MED12, OPTN, 

ANGPTL7, VAV3, TXNRD2, CYP46A1, PADI2, ZFPM2, OPTC, NSG1, 

HPGDS, HOOK2, LRP12, ISYNA1, SRBD1, ELOVL5, CNTNAP4, PCMTD1, 

WDR36, ASB10, PLEKHA7, NCKAP5, GLC1H, GLC1I, GLC1K, GLC1J, 

LOC730100, GLC1M, GLC1N, CDKN2B-AS1, GLC1P, LOC102724330, 

LOC105375094

О̦толо̛̐́ 
̐е̦о̏ Gene 

Ontology 

(GO)

̭е̛̬̭̏ 
DAVID

Гɪуɩɩɚ ɝеɧɨɜ

Gene ontology
ɛɢɨɥɨɝɢɱеɫɤɢе 
ɩɪɨɰеɫɫы p-value

TP53, TNF, IL6, IL1B, CDKN1A, CD40LG, CD79A
Иɦɦɭɧɧɵɟ 
ɩɪɨɰɟɫɫɵ 0.02

TP53, TNF, APOE, IL6, MMP9, IL1B, BDNF, TLR4,
CDKN1A, ADRB2, ESR2, CD44, SOD2, HGF, CD40LG,
LTA, HSPA1A, TGFB2, HSPA1B, VAV2, VAV3

Ɋɟɝɭɥяɰɢя 
ɤɥɟɬɨɱɧɨɣ ɫɦɟɪɬɢ 2.4E-8

TP53, APOE, IL1B, EDN1, CAV1, SOD2, KCNA5 Ƚɨɦɟɨɫɬɚɡ ɢɨɧɨɜ 0.004



ǳȔȌȒȔȌȖȉȋȄȚȌȣ ȇȉȑȒȆ
Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɩɪɢɱɢɧɧɨɣ ɫɜяɡɢ ɦɟɠɞɭ ɝɟɧɨɦ ɢ ɛɨɥɟɡɧɶɸ ɫ ɩɨɦɨɳɶɸ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɪɟɛɭɟɬ ɦɧɨɝɨ ɞɟɧɟɠɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ. ȼɫɟɫɬɨɪɨɧɧяя 
ɩɪɢɨɪɢɬɟɡɚɰɢя ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ ɞɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɫɧɢɠɚɟɬ 
ɫɜяɡɚɧɧɵɟ ɫ ɷɬɢɦ ɪɚɫɯɨɞɵ.

Tranchevent L. C. et al. A guide to web tools to prioritize candidate genes //Briefings in bioinformatics. – 2011. – Ɍ. 12. – №. 1. – ɋ. 22-32.
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Ɋɨɫɬ ɱɢɫɥɚ ɞɨɤɭɦɟɧɬɨɜ ɜ PuЛMОН ɩɨ ɡɚɩɪɨɫɭ 
«РОЧО prТШrТtТгКtТШЧ НТsОКsОs».



ǳȉȔȉțȉȑȠ ȑȉȎȒȖȒȔȟș ȌȑȕȖȔȗȐȉȑȖȒȆ ȓȔȌȒȔȌȖȉȋȄȚȌȌ ȇȉȑȒȆ

Иɫɬɨɱɧɢɤɢ ɞɚɧɧыɯ.
Ⱦɥя ɩɨɜɵɲɟɧɢя ɤɚɱɟɫɬɜɚ
ɩɪɢɨɪɢɬɟɡɚɰɢɢ ɝɟɧɨɜ ɜ ɧɚɫɬɨяɳɟɟ
ɜɪɟɦя ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫя
ɢɧɬɟɝɪɚɰɢя ɪɚɡɧɨɪɨɞɧɵɯ ɞɚɧɧɵɯ
ɢɡ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜ
ɬɨɦ ɱɢɫɥɟ ɞɚɧɧɵɟ ɩɨ ɷɤɫɩɪɟɫɫɢɢ,
ɝɨɦɨɥɨɝɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ,
ɩɨɥɢɦɨɪɮɢɡɦɚɦ, ɛɟɥɨɤ-ɛɟɥɤɨɜɵɦ
ɜɡɚɢɦɨɞɟɣɫɬɜɢяɦ, ɩɭɛɥɢɤɚɰɢяɦ ɢ
ɞɪ.

Tranchevent L. C. et al. A guide to web tools to prioritize candidate genes //Briefings in 

bioinformatics. – 2011. – Ɍ. 12. – №. 1. – ɋ. 22-32.



ǵȖȔȄȖȉȇȌȌ ȓȔȌȒȔȌȖȉȋȄȚȌȌ ȇȉȑȒȆ

Moreau Y., Tranchevent L. C. Computational tools for prioritizing candidate genes: boosting 
disease gene discovery //Nature Reviews Genetics. – 2012. – Ɍ. 13. – №. 8. – ɋ. 523-536.

Иɡɜɟɫɬɧɵɟ ɝɟɧɵ, ɜɨɜɥɟɱɟɧɧɵɟ ɜ 
ɢɡɭɱɚɟɦɵɣ ɩɪɨɰɟɫɫ

Ƚɟɧɵ-ɤɚɧɞɢɞɚɬɵ

Ɋɚɧɠɢɪɨɜɚɧɧɵɟ ɝɟɧɵ-ɤɚɧɞɢɞɚɬɵ

Ɏɢɥɶɬɪɚɰɢя ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɢɯ
ɫɨɨɬɜɟɬɫɬɜɢя ɪɚɡɥɢɱɧɵɦ ɤɪɢɬɟɪɢяɦ
(ɜɨɜɥɟɱɟɧɢɟ ɜ Gene Ontology ɩɪɨɰɟɫɫɵ,
ɭɩɨɦɢɧɚɧɢя ɜ GWAS ɢɫɫɥɟɞɨɜɚɧɢяɯ ɢ ɞɪ.).
Ɉɫɧɨɜɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ яɜɥяɟɬɫя ɬɨ, ɱɬɨ
ɫɬɪɨɝɢɣ ɩɪɨɰɟɫɫ ɮɢɥɶɬɪɚɰɢɢ ɧɟ ɩɨɡɜɨɥяɟɬ
ɩɪɨɜɨɞɢɬɶ ɬɨɧɤɢɣ ɚɧɚɥɢɡ ɧɚɛɨɪɚ ɝɟɧɨɜ-
ɤɚɧɞɢɞɚɬɨɜ. ȿɫɥɢ ɝɟɧ-ɤɚɧɞɢɞɚɬ ɧɟ ɨɬɜɟɱɚɟɬ
ɯɨɬя ɛɵ ɨɞɧɨɦɭ ɢɡ ɤɪɢɬɟɪɢɟɜ, ɨɧ
ɨɬɮɢɥɶɬɪɨɜɵɜɚɟɬɫя, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ
ɥɨɠɧɨ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ.

ɉɪɢ text-mining ɢɫɩɨɥɶɡɭɟɬɫя ɧɚɛɨɪ
ɤɥɸɱɟɜɵɯ ɫɥɨɜ ɞɥя ɩɨɢɫɤɚ ɞɨɤɭɦɟɧɬɨɜ,
ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɬɧɨɲɟɧɢɟ ɤ ɢɡɭɱɚɟɦɨɦɭ
ɩɪɨɰɟɫɫɭ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ
ɢɡɜɥɟɤɚɸɬɫя ɝɟɧɵ, ɜɫɬɪɟɱɚɸɳɢɟɫя ɜ ɷɬɢɯ
ɞɨɤɭɦɟɧɬɚɯ. ɉɪɨɜɨɞɢɬɫя ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ
ɚɧɚɥɢɡ ɢɡɜɥɟɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɞɥя
ɪɚɧɠɢɪɨɜɚɧɢя ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ.
ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ text-mining яɜɥяɟɬɫя ɬɨ,
ɱɬɨ ɩɥɨɯɨ ɢɡɭɱɟɧɧɵɟ ɝɟɧɵ, ɤɨɬɨɪɵɟ ɪɟɞɤɨ
ɭɩɨɦɢɧɚɸɬɫя ɜ ɩɭɛɥɢɤɚɰɢяɯ, ɜɵɩɚɞɚɸɬ ɢɡ
ɚɧɚɥɢɡɚ.

Ɇеɬɨɞы ɨɰеɧɤɢ ɫɯɨɞɫɬɜɚ ɪɚɡɥɢɱɧыɯ
ɛɢɨɥɨɝɢɱеɫɤɢɯ ɩɪɨɮɢɥеɣ ɨɩɪɟɞɟɥяɸɬ ɧɚɢɛɨɥɟɟ
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ
ɢɯ ɫɯɨɞɫɬɜɨɦ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɚɪɚɦɟɬɪɚɦ (Gene
Ontology, ɩɪɨɮɢɥɢ ɷɤɫɩɪɟɫɫɢɢ, ɫɯɨɞɫɬɜɨ
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɞɚɧɧɵɟ ɩɨ ɦɨɞɟɥɶɧɵɦ
ɨɪɝɚɧɢɡɦɚɦ ɢ ɞɪ.) ɫ ɭɠɟ ɢɡɜɟɫɬɧɵɦɢ ɝɟɧɚɦɢ,
ɜɨɜɥɟɱɟɧɧɵɦɢ ɜ ɢɡɭɱɚɟɦɵɣ ɩɪɨɰɟɫɫ.

Ⱥɧɚɥɢɡ ɛɢɨɥɨɝɢɱеɫɤɢɯ ɫеɬеɣ.
ȼ ɫɟɬɢ ɧɚɯɨɞяɬ ɢɡɜɟɫɬɧɵɟ ɝɟɧɵ,
ɫɜяɡɚɧɧɵɟ ɫ ɢɡɭɱɚɟɦɨɣ
ɨɛɥɚɫɬɶɸ (ɧɚɩɪɢɦɟɪ ɛɨɥɟɡɧɶ).
Ɂɚɬɟɦ ɧɚ ɨɫɧɨɜɟ ɜɵɛɢɪɚɸɬɫя
ɝɟɧɵ-ɤɚɧɞɢɞɚɬɵ ɧɚ ɨɫɧɨɜɟ ɢɡ
ɪɚɫɫɬɨяɧɢя ɨɬ ɢɡɜɟɫɬɧɵɯ ɝɟɧɨɜ.



Кɚɠɞɚя ɢɡ ɬɪɟɯ ɩɨɞɫɟɬɟɣ Ȼ, ȼ ɢ Г ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ, ɧɨ ɪɚɡɥɢɱɧɭɸ
ɤɨɧɮɢɝɭɪɚɰɢɸ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɤɚɡɚɬɟɥɶ ɛɥɢɡɨɫɬɢ ɝɟɧɨɜ X ɢ Y. ȼ ɩɨɞɫɟɬɢ Ȼ ɜɟɪɲɢɧɵ X ɢ Y
ɫɜяɡɚɧɵ ɱɟɪɟɡ ɯɚɛ, ɢɦɟɸɳɢɣ ɦɧɨɠɟɫɬɜɨ ɫɜяɡɟɣ ɫ ɞɪɭɝɢɦɢ ɜɟɪɲɢɧɚɦɢ, ɩɨɷɬɨɦɭ ɩɨɤɚɡɚɬɟɥɶ
ɛɥɢɡɨɫɬɢ Sxy ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ȼ, ɝɞɟ ɜɟɪɲɢɧɵ X ɢ Y ɫɜяɡɚɧɵ ɱɟɪɟɡ
ɜɟɪɲɢɧɭ, ɢɦɟɸɳɭɸ ɦɚɥɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜяɡɟɣ. ɇɚɢɛɨɥɶɲɢɣ ɩɨɤɚɡɚɬɟɥɶ ɛɥɢɡɨɫɬɢ ɢɦɟɟɬ ɩɨɞɫɟɬɶ Г,
ɝɞɟ ɜɟɪɲɢɧɵ X ɢ Y ɫɜяɡɚɧɵ ɫɪɚɡɭ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɜɟɪɲɢɧ. ȿɫɥɢ ɧɟ ɭɱɢɬɵɜɚɬɶ ɬɨɩɨɥɨɝɢɸ ɫɟɬɢ, ɬɨ
ɷɬɢ ɬɪɢ ɫɥɭɱɚя ɫɬɚɧɨɜяɬɫя ɧɟ ɪɚɡɥɢɱɢɦɵɦɢ, ɬɚɤ ɤɚɤ ɪɚɫɫɬɨяɧɢɟ ɦɟɠɞɭ X ɢ Y ɨɞɢɧɚɤɨɜɨ ɜɨ ɜɫɟɯ ɬɪɟɯ
ɫɥɭɱɚяɯ.

ǤȑȄȏȌȋ ȅȌȒȏȒȇȌțȉȕȎȌș ȕȉȖȉȍ ȓȔȌ ȓȔȌȒȔȌȖȉȋȄȚȌȌ ȇȉȑȒȆ

KöСХОr S. Оt КХ. АКХkТЧР tСО ТЧtОrКМtШЦО ПШr prТШrТtТгКtТШЧ ШП МКЧНТНКtО НТsОКsО РОЧОs //TСО AЦОrТМКЧ JШurЧКХ ШП HuЦКЧ GОЧОtТcs. – 2008. – Ɍ. 82. – №. 4. – ɋ. 949-958.

Кɚɪɬɢɪɨɜɚɧɢɟ ɝɟɧɨɜ-
ɤɚɧɞɢɞɚɬɨɜ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɭɸ 
ɫɟɬɶ (ɧɚɩɪɢɦɟɪ, ɫɟɬɶ ɛɟɥɨɤ-
ɛɟɥɤɨɜɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ).

Кɚɪɬɢɪɨɜɚɧɢɟ ɢɡɜɟɫɬɧɵɯ 
ɝɟɧɨɜ, ɜɨɜɥɟɱɟɧɧɵɯ ɜ 
ɢɡɭɱɚɟɦɵɣ ɩɪɨɰɟɫɫ, ɧɚ 
ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɫɟɬɶ.

Ɉɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥя 
ɛɥɢɡɨɫɬɢ ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ 
ɤɨ ɜɫɟɦ ɢɡɜɟɫɬɧɵɦ ɝɟɧɚɦ, 
ɜɨɜɥɟɱɟɧɧɵɦ ɜ ɢɡɭɱɚɟɦɵɣ 
ɩɪɨɰɟɫɫ.

Ɋɚɧɠɢɪɨɜɚɧɢɟ 
ɝɟɧɨɜ-ɤɚɧɞɢɞɚɬɨɜ 
ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɩɨɤɚɡɚɬɟɥя 
ɛɥɢɡɨɫɬɢ.

Ⱦɚɧɧɵɟ ɢɡ OMIM

Ɋɚɣɨɧ
ɯɪɨɦɨɫɨɦɵ,
ɧɟɫɭɳɢɣ ɝɟɧɵ-
ɤɚɧɞɢɞɚɬɵ

Ⱥ

Ȼ ȼ Ƚ



ǳȔȌȒȔȌȖȉȋȄȚȌȣ ȇȉȑȒȆ-ȎȄȑȈȌȈȄȖȒȆ зȔȉȕȗȔȕȟ Endeavour, ToppGene, DIR).

ToppGene
(https://toppgene.cchmc.org)
ɢɫɩɨɥɶɡɭɟɬɫя ɢɧɮɨɪɦɚɰɢя
ɨ ɮɟɧɨɬɢɩɚɯ ɦɵɲɢ ɢ
ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ
ɚɧɧɨɬɚɰɢя ɝɟɧɨɜ ɢɡ
ɥɢɬɟɪɚɬɭɪɵ.

Endeavour

(https://endeavour.esat.kuleuve

n.beͿ ̛̭пол̽̚у̀т̭́ о̛̹̬̦̼̍е 
̐е̦о̥̦̼е д̦̦̼̌е ̛̚ 
̬̌̚л̸̵̛̦̼ ̛̭то̸̛̦ко̏, ̌ т̌к̙е 
̴̛̦о̶̛̬̥̌́ о ̛̭̏́̚ ̐е̦о̏ ̛ 
̛̍оло̸̛̐е̭к̵̛ п̬о̶е̭̭о̏.

DIR 

(http://cbc.case.edu/dir/)

̛̭пол̽̚ует̭́ ̦̌̌л̛̚ 
̐е̵̦̦̼ ̭ете̜ ̛ ̭ете̜ ̐е̦-

̌̍̚оле̛̦̏̌е ̏ допол̦е̛̦е 
к ̐е̦о̥̦о̜ ̴̛̦о̶̛̛̬̥̌ 
̛̚ ̬̌̚л̸̵̛̦̼ ̛̭то̸̛̦ко̏.

Imformativity of the Disease Genes

Network
Informative
ness

ppi 0.922350

exp 0.092889

pwy 3.470162

The yellow rows indicate the the values 

above the threshold of: 3.876563

Rank Gene Score

1 68704.049330

2 28954.041079

3 56022.231536

4 66222.079720

5 6582.073226

6 55301.994358

7 66961.693941

8 54731.688436

9 47901.679600

10 86491.670543

ʦ̼д̸̌̌ ToppGene

ʻ̸̌̌л̦̽̌́ ̭т̶̛̬̦̌̌ ToppGene

ʻ̸̌̌л̦̽̌́ ̭т̶̛̬̦̌̌ Endeavour 

ʦ̼д̸̌̌ Endeavour 

ʦ̼д̸̌̌ DIR 

https://toppgene.cchmc.org/
https://endeavour.esat.kuleuven.be/
http://cbc.case.edu/dir/
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=6870&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=2895&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=5602&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=6622&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=658&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=5530&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=6696&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=5473&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=4790&retmode=ref&cmd=prlinks
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=gene&id=8649&retmode=ref&cmd=prlinks


EndeavourϭͿ ʦ̼̍о̬ о̛̬̦̥̐̌̌̚

2Ϳ ʯ̬̌̐у̚к̌ т̬е̛̦̬о̏о̸̦о̐о ̦̌̍о̬̌ ̐е̦о̏

ϯͿ ʦ̼̍о̬ ̛̭то̸̛̦ко̏ ̦̦̌от̶̛̛̌ ̐е̦о̏ дл́ п̛̬о̛̬те̶̛̛̌̚

4Ϳ ʯ̬̌̐у̚к̌ ̐е̦о̏-к̦̌д̛д̌то̏

5) ʿ̛̬о̛̬те̛̬̚о̦̦̼̜̏̌ ̭п̛̭ок 
̐е̦о̏-к̦̌д̛д̌то̏



ǦȟȣȆȏȉȑȌȉ ȐȗȖȄȚȌȍ Ȇ ȇȉȑȉ GCKR ȗ ȣȓȒȑȚȉȆл ȕȖȔȄȈȄȢȝȌș 
ȈȌȄȅȉȖȒȐ с ȖȌȓȄн

Tanaka D. et al. GCKR mutations in Japanese families with clustered type 2 diabetes //Molecular genetics and metabolism. – 2011. – Ɍ. 102. – №. 4. – ɋ. 453-460.

Ɋɨɞɨɫɥɨɜɧɵɟ 4 яɩɨɧɫɤɢɯ ɫɟɦɟɣ, 
ɫɬɪɚɞɚɸɳɢɯ ɫɚɯɚɪɧɵɦ ɞɢɚɛɟɬɨɦ.

ɏɪɨɦɨɫɨɦɚ 2

Ɋɚɣɨɧ ɯɪɨɦɨɫɨɦɵ 2p25-22, ɞɥя ɤɨɬɨɪɨɝɨ ɪɚɧɟɟ ɛɵɥɚ
ɩɨɤɚɡɚɧɚ ɫɜяɡɶ ɫ ɫɚɯɚɪɧɵɦ ɞɢɚɛɟɬɨɦ 2 ɬɢɩɚ (Mori et
al., 2002; Iwasaki et al., 2003; Nawata et al., 2004),
ɫɨɞɟɪɠɚɳɢɣ 106 ɝɟɧɨɜ.

ɉɪɢɨɪɢɬɟɡɚɰɢя 106 ɝɟɧɨɜ ɢɡ ɪɚɣɨɧɚ
2p25-22 ɫ ɩɨɦɨɳɶɸ ɫɟɪɜɢɫɚ Endeavour
ɧɚ ɧɚɛɨɪɟ ɨɛɭɱɚɸɳɢɯ ɝɟɧɨɜ (HNF4A,
GCK, HNF1A, PDX1, HNF1B, NEUROD1).

Ɍɨɩɨɜɵɟ ɝɟɧɵ-ɤɚɧɞɢɞɚɬɵ
Рɚɧɝ Геɧ Нɚɡɜɚɧɢе ɝеɧɚ

1 GCKR
2 NCOA1
3 FOSL2
4 APOB
5 MYCN
6 RBKS Ribokinase
7 XDH
8 KHK Ketohexokinase
9 NRBP1

10 CAD
11 RDH14

Glucokinase regulatory protein
Nuclear receptor coactivator 1
Fos-related antigen 2
Apolipoprotein B-100 precursor
N-myc proto-oncogene protein

Xanthine dehydrogenase/oxidase

Nuclear receptor-binding protein
Glutamine-dependent carbamoyl-phosphate synthase
Retinol dehydrogenase

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 
ɩɨɢɫɤ ɦɭɬɚɰɢɣ ɜ 
ɝɟɧɚɯ-ɤɚɧɞɢɞɚɬɚɯ

Ɇɭɬɚɰɢɢ g.-689G>A, g.-
299G>A ɢ g.6859C>G ɜ
ɝɟɧɟ GCKR ɫɬɚɬɢɫɬɢɱɟɫɤɢ
ɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɥɢɫɶ
ɭ ɱɥɟɧɨɜ ɫɟɦɟɣ,
ɫɬɪɚɞɚɸɳɢɯ ɞɢɚɛɟɬɨɦ 2
ɬɢɩɚ.

Ɋɨɞɨɫɥɨɜɧɚя 1 Ɋɨɞɨɫɥɨɜɧɚя 2

Ɋɨɞɨɫɥɨɜɧɚя 3

Ɋɨɞɨɫɥɨɜɧɚя 4

Ɇɭɠɱɢɧɵ

ɀɟɧɳɢɧɵ

Ȼɨɥɶɧɵɟ

ɉɨɤɨɣɧɵɟ

Ⱥɧɚɥɢɡ ȾɇК

Ⱥɧɚɥɢɡ ɫɰɟɩɥɟɧɢя ɝɟɧɨɜ

OHA
ɩɚɰɢɟɧɬɵ, ɢɫɩɨɥɶɡɨɜɚɜɲɢɟ 
ɩɟɪɨɪɚɥɶɧɵɟ ɫɚɯɚɪɨɫɧɢɠɚɸɳɢɟ 
ɩɪɟɩɚɪɚɬɵ

Insulin ɩɚɰɢɟɧɬɵ, ɩɨɥɭɱɚɜɲɢɟ 
ɢɧɴɟɤɰɢɢ ɢɧɫɭɥɢɧɚ



ǦȔȒȊȈȉȑȑȄȣ ȇȉȑȉȔȄȏȌȋȒȆȄȑȑȄȣ ȏȌȓȒȈȌȕȖȔȒȘȌȣ (CGL4), 
ȆȟȋȆȄȑȑȄȣ ȐȗȖȄȚȌȉȍ Ȇ ȇȉȑȉ PTRF-CAVIN.

ɉɚɰɢɟɧɬɵ, ɫɬɪɚɞɚɸɳɢɟ 
ɜɪɨɠɞɟɧɧɨɣ ɝɟɧɟɪɚɥɢɡɨɜɚɧɧɨɣ 

ɥɢɩɨɞɢɫɬɪɨɮɢɟɣ (CGL4).
ɏɪɨɦɨɫɨɦɚ 17

Ɋɚɣɨɧ ɯɪɨɦɨɫɨɦɵ, ɝɨɦɨɡɢɝɨɬɧɵɣ ɭ ɜɫɟɯ ɫɟɦɢ ɨɛɫɥɟɞɭɟɦɵɯ
ɩɚɰɢɟɧɬɨɜ ɫ ɜɪɨɠɞɟɧɧɨɣ ɝɟɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɥɢɩɨɞɢɫɬɪɨɮɢɟɣ
(CGL4) ɩɨ ɞɚɧɧɵɦ ɦɢɤɪɨɱɢɩɨɜɨɝɨ ɚɧɚɥɢɡɚ (Affymetrix GeneChip
SNP, HomozygosityMapper), ɫɨɞɟɪɠɚɳɢɣ 74 ɝɟɧɚ.

ɉɪɢɨɪɢɬɟɡɚɰɢя 74 ɝɟɧɨɜ ɫ ɩɨɦɨɳɶɸ ɫɟɪɜɢɫɚ
GeneDistiller ɩɨ ɷɤɫɩɪɟɫɫɢɢ ɜ ɚɞɢɩɨɰɢɬɚɯ,
ɝɥɚɞɤɢɯ ɢ ɫɟɪɞɟɱɧɵɯ ɦɵɲɰɚɯ.

Ƚɟɧ-ɤɚɧɞɢɞɚɬ PTRF-CAVIN

Ɇɭɬɚɰɢя c.160delG ɜ ɝɟɧɟ
PTRF-CAVIN, ɩɪɢɜɨɞяɳɚя ɤ
ɨɛɪɚɡɨɜɚɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ
ɫɬɨɩ-ɤɨɞɨɧɚ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɭ
ɜɫɟɯ 7 ɨɛɫɥɟɞɨɜɚɧɧɵɯ
ɩɚɰɢɟɧɬɨɜ.

ɋɟɤɜɟɧɢɪɨɜɚɧɢɟ 
ɝɟɧɚ PTRF-CAVIN ȼɟɫɬɟɪɧ-ɛɥɨɬ 

ɚɧɚɥɢɡ

Кɭɥɶɬɭɪɚ 
ɮɢɛɪɨɛɥɚɫɬɨɜ

Кɭɥɶɬɭɪɚ 
ɦɵɲɟɱɧɵɯ 

ɬɤɚɧɟɣ
Ⱦɢɤɢɣ ɬɢɩ Ⱦɢɤɢɣ ɬɢɩɆɭɬɚɧɬɧɵɣ Ɇɭɬɚɧɬɧɵɣ

anti-PTRF

Ⱦɢɤɢɣ ɬɢɩ

Ɇɭɬɚɧɬɧɵɣ ɬɢɩ

Эɥɟɤɬɪɨɧɧɵɟ 
ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ (ɯ 37.000) 
ɤɥɟɬɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɮɢɛɪɨɛɥɚɫɬɚ

Кɚɜɟɨɥɵ, ɜ 
ɨɛɪɚɡɨɜɚɧɢɢ ɤɨɬɨɪɵɯ 

ɭɱɚɫɬɜɭɟɬ ɩɪɨɞɭɤɬ 
ɝɟɧɚ PTRF-CAVIN.

Rajab A. et al. Fatal cardiac arrhythmia and long-QT syndrome in a new form of congenital generalized lipodystrophy with muscle 
rippling (CGL4) due to PTRF-CAVIN mutations //PLoS genetics. – 2010. – Ɍ. 6. – №. 3. – ɋ. О1000874.



ǳȔȌȐȉȔȟ ȌȕȕȏȉȈȒȆȄȑȌȍл ȓȔȒȆȉȈȉȑȑȟș ȕ ȌȕȓȒȏȠȋȒȆȄȑȌȉȐ ANDSystem

1. Olga V. Popik, Timofey V. Ivanisenko, Olga V. Saik, Evgeny D. Petrovskiy, Inna N. Lavrik, Vladimir A. Ivanisenko. NACE: A web-based 
tool for prediction of intercompartmental efficiency of human molecular genetic networks. VIRUS RESEARCH/DOI information: 
10.1016/j.virusres.2015.11.029

2. Olga V Saik, Natalia A Konovalova, Pavel S Demenkov, Timofey V Ivanisenko, Evgeny D Petrovskiy, Nikita V Ivanisenko, Dinara E 
Ivanoshchuk, Maria N Ponomareva, Olga S Konovalova, Inna N. Lavrik, Nikolay A Kolchanov, Vladimir A Ivanisenko. Molecular 
associations of Primary Open-Angle Glaucoma with potential comorbid diseases (POAG-associome). BТШtОМЧШХШРъК Aplicada
2016;33:3201-3206.

3. Saik O.V., Konovalova N.A., Demenkov P.S., Ivanisenko N.V., Ivanisenko T.V., Ivanoshchuk D.E., Konovalova O.S., Podkolodnaya
O.A., Lavrik I.N., Kolchanov N.A., Ivanisenko V.A. Molecular-genetic mechanisms of the interaction between processes of cell 
response to mechanical stress and neuronal apoptosis in primary open-angle glaucoma. Vavilovskii Zhurnal Genetiki i
Selektsii=Vavilov Journal of Genetics and Breeding. 2016;20(6):840-847. DOI 10.18699/VJ16.200

4. Ivanisenko V.A., Saik O.V., Ivanisenko N.V., Tiys E.S., Ivanisenko T.V., Demenkov P.S., Kolchanov N.A. ANDSystem: an Associative 
Network Discovery System for automated literature mining in the field of biology. BMC Systems Biology 2015, 9(Suppl 2):S2.

5. Andrey S Glotov, Evgeny S Tiys, Elena S Vashukova, Vladimir S Pakin, Pavel S Demenkov, Olga V Saik, Timofey V Ivanisenko, Olga 
N Arzhanova, Elena V Mozgovaya, Marina S Zainulina, Nikolay A Kolchanov, Vladislav S Baranov, Vladimir A Ivanisenko Molecular 
association of pathogenetic contributors to pre-eclampsia (pre-eclampsia associome). BMC Systems Biology 2015, 9(Suppl 2):S4.

6. Larina IM, Pastushkova LKh, Tiys ES, Kireev KS, Kononikhin AS, Starodubtseva NL, Popov IA, Custaud MA, Dobrokhotov IV, Nikolaev
EN, Kolchanov NA, Ivanisenko VA. Permanent proteins in the urine of healthy humans during the Mars-500 experiment. J Bioinform
Comput Biol. 2015 Feb;13(1):1540001. doi: 10.1142/S0219720015400016.

7. Popik O.V., Saik O.V., Petrovskiy E.D., Sommer B., HШПОstтНt R., Lavrik I.N., Ivanisenko V.A. Analysis of signaling networks distributed 
over intracellular compartments based on protein-protein interactions. BMC Genomics, 2014, 15(Suppl 12):S7 

8. Binder H., Wirth H., Arakelyan A., Lembcke K., Tiys E.S., Ivanishenko V.A., Kolchanov V.A., Kononikhin A., Popov I., Nikolaev E.N., 
Pastushkova L., Larina I.M.  Time-course human urine proteomics in space-flight simulation experiments–A high resolution and 
personalized machine learning analysis. BMC Genomics 2014, 15(Suppl 12):S2 

9. Larina IM, Ivanisenko VA, Nikolaev EN, Grigorev AI. The Proteome of a Healthy Human during Physical Activity under Extreme 
Conditions. Acta Naturae. 2014 Jul;6(3):66-75.

10. Bragina EY, Tiys ES, Freidin MB, Koneva LA, Demenkov PS, Ivanisenko VA, Kolchanov NA, Puzyrev VP. Insights into 
pathophysiology of dystropy through the analysis of gene networks: An example of bronchial asthma and tuberculosis. 
Immunogenetics. 2014;66(7-8):457-65.

11. Pastushkova LK, Kireev KS, Kononikhin AS, Tiys ES, Popov IA, Dobrokhotov IV, Custaud M-, Ivanisenko VA, Kolchanov NA, Nikolaev
EN, Pochuev VI, Larina IM. Permanent proteins in healthy human's urine in the experiment with 520-day isolation. Aviakosmicheskaya i
Ekologicheskaya Meditsina. 2014;48(1):48-54.

12. Pastushkova LKh, Kireev KS, Kononikhin AS, Tiys ES, Popov IA, Starodubtseva NL, Dobrokhotov IV, Ivanisenko VA, Larina IM, 
Kolchanov NA, Nikolaev EN. Detection of renal tissue and urinary tract proteins in the human urine after space flight. PLoS One. 2013 
Aug 13;8(8):e71652.



ǳȔȌȐȉȔȟ ȌȕȕȏȉȈȒȆȄȑȌȍл ȓȔȒȆȉȈȉȑȑȟș ȕ ȌȕȓȒȏȠȋȒȆȄȑȌȉȐ ANDSystem.
ǴȉȎȒȑȕȖȔȗȎȚȌȣ ȑȉȎȒȖȒȔȟș ȐȒȏȉȎȗȏȣȔȑȒ-ȇȉȑȉȖȌțȉȕȎȌș ȐȉșȄȑȌȋȐȒȆ ȓȄȖȒȇȉȑȉȋȄ ȓȉȔȆȌțȑȒȍ 

ȒȖȎȔȟȖȒ-ȗȇȒȏȠȑȒȍ ȇȏȄȗȎȒȐȟ зǳǲУǧи ȕ ȓȒȐȒȝȠȢ ȕȌȕȖȉȐȟ ANDSystem.



ʧл̌уко̥̌ —̬̐упп̌ ̐л̵̦̼̌̚ ̌̍̚оле̛̦̜̏̌,
̵̬̌̌кте̛̬̚у̺̭̀̌́́ по̭то̦̦̼̥́ ̛л̛ пе̛̬од̸̛е̭к̛̥
по̼̹̏е̛̦е̥ ̦̏ут̛̬̐л̦̌̚о̐о д̌̏ле̛̦́ ̭ по̭леду̛̺̥̀
̛̬̌̏̚т̛е̥ т̛п̸̵̛̦̼ де̴екто̏ пол́ ̬̚е̛̦́, ̛̭̦̙е̛̦е̥
о̭т̬от̼ ̬̚е̛̦́ ̛ ̌т̬о̴̛́ ̛̬̚тел̦̽о̐о ̦е̬̏̌.

ʿоте̬́ поле̜ ̬̚е̛̦́ п̛̬ ̐л̌уко̥е

Од̦о̜ ̛̚ о̭̦о̵̦̼̏ п̸̛̛̬̦ ̦ео̬̍̌т̛̥о̜ поте̛̬ ̬̚е̛̦́ 
́̏л́ет̭́ пе̸̛̬̦̏̌́ отк̬̼то-у̐ол̦̽̌́ ̐л̌уко̥̌ ;ʿО˄ʧͿ. 
ʧ̛ ̍ел̽ клеток ̛̬̚тел̦̽о̐о ̦е̬̏̌ ̥о̙ет п̬о̏о̶̛̬о̏̌т̭̽́ 
̥е̵̸̛̦̌е̭к̛̥ ̭т̬е̭̭о̥, ̼̦̦̼̥̏̏̌̚ по̼̹̏е̦̦̼̥ 
̦̏ут̛̬̐л̦̼̥̌̚ д̌̏ле̛̦е̥, ̦̌̍л̀д̛̺̥̭̌̀́ п̛̬ ʿО˄ʧ, 
̛̦ду̶̛̬у̛̺̥̀ ̦е̜̬о̦̌л̦̼̜̽ ̌попто̚. 

ˉел̽̀ ̬̌̍от̼ ̼̍л ̦̌̌л̛̚ ̭̭̌о̶̛̌т̵̛̦̼̏ ̭ете̜, 
оп̵̛̛̭̼̺̏̌̀ ̥олекул̬̦́о-̐е̦ет̸̛е̭к̛е ̛̥̏̌̚оде̜̭т̛̏́ 
̥е̙ду ̍елк̛̥̌ ̛ ̐е̛̦̥̌, ̏о̏ле̸е̛̦̦̼̥ ̏ п̌то̐е̦е̚ ʿО˄ʧ.

ʦ ̛̥̬е от ʿО˄ʧ ̭т̬̌д̌ет 
по̬́дк̌ ϰϰ ̥л̦. ̸ело̏ек 
(Tham, Cheng, 2016).

ʻо̬̥̌л̦̽ое ̬̚е̛̦е ˉе̦т̬̌л̦̽ое ̬̚е̛̦е

ǳȉȔȆȌțȑȄȣ ȒȖȎȔȟȖȒ-ȗȇȒȏȠȑȄȣ ȇȏȄȗȎȒȐȄ зǳǲУǧи 



1) ʿо̛̭к ̐е̦о̏, ̭̭̌о̶̛̛̬о̵̦̦̼̏̌ ̭ ʿО˄ʧ:
• ̏ ко̥п̽̀те̵̬̦̼ ̵̍̌̌̚ д̵̦̦̼̌ OMIM, ClinVar, SNPedia, GWAS catalog 

• ̍̌̚е ̛̦̦̜̌̚ ANDCell ̛̭̭те̥̼ ANDSystem

ϮͿ ʦ̼́̏ле̛̦е ̭̏е̵̬п̬ед̭т̌̏ле̵̦̦̼ Gene Ontology ̛̍оло̸̛̐е̭к̵̛ 
п̬о̶е̭̭о̏ ̏ ̦̌̍о̬е ̐е̦о̏, ̭̭̌о̶̛̛̬о̵̦̦̼̏̌ ̭ ʿО˄ʧ, ̼̏́̏ле̦̦̼е 
̛̭̭те̥о̜ DAVID.

3) ˀеко̦̭т̬уќ̶̛ ̭̭̌о̶̛̌т̛̦̏о̜ ̐е̦̦о̜ ̭ет̛  ʿО˄ʧ ̭ ̛̭пол̽̚о̛̦̏̌е̥ 
ANDSystem.

ϰͿ ʦ̼́̏ле̛̦е ̭т̬укту̬̦о-̴у̦к̶̛о̦̌л̵̦̼̽ о̭о̍е̦̦о̭те̜ ̭̭̌о̶̛̌т̛̦̏о̜ 
̐е̦̦о̜ ̭ет̛ ʿО˄ʧ: ̸̬̭̌ет пок̌̌̚тел́ ̶е̦т̬̌л̦̽о̭т̛ по по̭̬ед̸̛̦е̭т̏у 
(betweenness centrality) дл́ к̙̌до̜ ̏е̛̬̹̦̼ ̭̭̌о̶̛̌т̛̦̏о̜ ̐е̦̦о̜ ̭ет̛ 
ʿО˄ʧ.
5) ʿо̛̭к ̬е̐ул́то̵̬̦̼ путе̜ ̏ ̭̭̌о̶̛̌т̛̦̏о̜ ̐е̦̦о̜ ̭ет̛ ʿО˄ʧ ̭ 
по̥о̺̽̀ ̴у̦к̶̛̛ Pathway Wizard ̛̭̭те̥̼ ANDSystem.

ǳȏȄȑ ȌȕȕȏȉȈȒȆȄȑȌȣ



ǥȄȋȟ ȈȄȑȑȟșл ȕȒȈȉȔȊȄȝȌȉ ȌȑȘȒȔȐȄȚȌȢ Ȓ ȕȆȣȋȌ 
ȓȒȏȌȐȒȔȘȌȋȐȒȆ Ȇ ȇȉȑȄș ȕ ȇȏȄȗȎȒȐȒȍ

ɂɧɬɟɪɮɟɣɫ ɛɚɡɵ ɞɚɧɧɵɯ 
ClinVar

Ȼɚɡɚ ɞɚɧɧɵɯ OMIM (http://ааа.ШЦТЦ.ШrР/) ɪɚɡɪɚɛɚɬɵɜɚɟɬɫя ɦɟɞɢɰɢɧɫɤɢɦ 
ɭɧɢɜɟɪɫɢɬɟɬɨɦ Ⱦɠɨɧɫɚ ɏɨɩɤɢɧɫɚ (JHM, ɋɒȺ) ɟɳɟ ɫ 1960 ɝɨɞɨɜ. Иɡɧɚɱɚɥɶɧɨ ɛɚɡɚ 
ɜɤɥɸɱɚɥɚ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɭɬɚɰɢяɯ ɜ ɝɟɧɚɯ, ɨɩɪɟɞɟɥяɸɳɢɯ ɪɚɡɜɢɬɢɟ "Ɇɟɧɞɟɥɟɜɫɤɢɯ 
ɡɚɛɨɥɟɜɚɧɢɣ", ɬɨ ɟɫɬɶ яɜɥяɸɳɢɯɫя ɪɟɡɭɥɶɬɚɬɨɦ ɧɚɪɭɲɟɧɢя ɷɤɫɩɪɟɫɫɢɢ ɟɞɢɧɢɱɧɨɝɨ 
ɝɟɧɚ, ɤɨɬɨɪɵɟ ɧɚɫɥɟɞɭɸɬɫя ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɚɦ Ɇɟɧɞɟɥя. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜ ɛɚɡɟ 
ɞɚɧɧɵɯ ɫɨɞɟɪɠɢɬɫя ɢɧɮɨɪɦɚɰɢя ɨ 15013 ɝɟɧɚɯ ɢ 4544 ɮɟɧɨɬɢɩɚɯ.

Ȼɚɡɚ ɞɚɧɧɵɯ SNPedia (http://www.snpedia.com/) 
ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜяɡɢ 73661 ɦɭɬɚɰɢɣ ɜ 
1532 ɝɟɧɚɯ ɫ 344 ɡɚɛɨɥɟɜɚɧɢяɦɢ, ɢɡɜɥɟɱɟɧɧɭɸ ɢɡ 
ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɜ ɪɭɱɧɭɸ. 

ȼ ɧɚɫɬɨяɳɟɟ ɜɪɟɦя ɪɚɡɪɚɛɨɬɚɧ ɪяɞ ɛɚɡ ɞɚɧɧɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ OMIM, ClinVar, GWAS catalog, SNPedia, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɟɧɧɵɟ ɮɚɤɬɵ, ɤɚɫɚɸɳɢɟɫя ɫɜяɡɢ ɦɭɬɚɰɢɣ ɜ ɝɟɧɚɯ ɫ ɡɚɛɨɥɟɜɚɧɢяɦɢ.

Ⱦɨɦɚɲɧɹɹ ɫɬɪɚɧɢɰɚ ɛɚɡɵ 
ɞɚɧɧɵɯ OMIM

Ⱦɨɦɚɲɧɹɹ ɫɬɪɚɧɢɰɚ 
ɛɚɡɵ ɞɚɧɧɵɯ SNPedia

GWAS Catalog (https://www.genome.gov/26525384) 
ɪɚɡɪɚɛɚɬɵɜɚɟɬɫя ɇɚɰɢɨɧɚɥɶɧɵɦ ɇɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ Иɧɫɬɢɬɭɬɨɦ Ƚɟɧɨɦɚ  Чɟɥɨɜɟɤɚ (NHGRI) 
ɢ ȿɜɪɨɩɟɣɫɤɢɦ Иɧɫɬɢɬɭɬɨɦ Ȼɢɨɢɧɮɨɪɦɚɬɢɤɢ (EMBL-EBI) ɫ 
2008 ɝɨɞɚ. Кɚɬɚɥɨɝ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜяɡɢ ɦɭɬɚɰɢɣ 
ɜ ɝɟɧɚɯ ɫ ɮɟɧɨɬɢɩɚɦɢ ɱɟɥɨɜɟɤɚ, ɢɡɜɥɟɱɟɧɧɭɸ ɜɪɭɱɧɭɸ ɢɡ 
ɩɭɛɥɢɤɚɰɢɣ, ɩɨɫɜяɳɟɧɧɵɯ ɩɨɥɧɨɝɟɧɨɦɧɨɦɭ ɩɨɢɫɤɭ 
ɚɫɫɨɰɢɚɰɢɣ (GАAS).

ɂɧɬɟɪɮɟɣɫ GWAS catalog



ǳȒȌȕȎ ȇȉȑȒȆл ȄȕȕȒȚȌȌȔȒȆȄȑȑȟș ȕ ǳǲУǧ Ȇ ȎȒȐȓȠȢȖȉȔȑȟș ȅȄȋȄș ȈȄȑȑȟș OMIM, ClinVar, 
SNPedia, GWAS catalog Ȍ ȅȄȋȉ ȋȑȄȑȌȍ ANDCell ȕȌȕȖȉȐȟ ANDSystem. 

Геɧ Ɉɩɢɫɚɧɢе Геɧ Ɉɩɢɫɚɧɢе Геɧ Ɉɩɢɫɚɧɢе
ADRB2 adrenoceptor beta 2, surface GPX3 lysyl oxidase-like 1 NSG1 optineurin
ANGPTL7 apolipoprotein E GSTM1 lymphotoxin alpha NTF4 angiopoietin-like 7
APOE brain-derived neurotrophic factor GSTT1 latent transforming growth factor beta binding protein 2 OPA1 vav 3 guanine nucleotide exchange factor
ASB10 caveolin 1, caveolae protein, 22kDa HGF matrix metallopeptidase 2 OPTC thioredoxin reductase 2
BDNF caveolin 2 HK2 matrix metallopeptidase 3 OPTN cytochrome P450, family 46, subfamily A, polypeptide 1
CAV1 CD40 ligand HOOK2 matrix metallopeptidase 9 PADI2 peptidyl arginine deiminase, type II
CAV2 CD44 molecule (Indian blood group) HPGDS methylenetetrahydrofolate reductase (NAD(P)H) PCMTD1 zinc finger protein, FOG family member 2

CD40LG
CD79a molecule, immunoglobulin-associated
alpha HSPA1A

myocilin, trabecular meshwork inducible glucocorticoid
response PLEKHA7 opticin

CD44 cyclin-dependent kinase inhibitor 1A (p21, Cip1) HSPA1B nitric oxide synthase 2, inducible PON1 neuron specific gene family member 1

CD79A
cyclin-dependent kinase inhibitor 2B (p15, inhibits
CDK4) IL1B neurotrophin 4 SALL1 hematopoietic prostaglandin D synthase

CDKN1A collagen, type XI, alpha 1 IL6 optic atrophy 1 (autosomal dominant)
SERPINE
1 hook microtubule-tethering protein 2

CDKN2B
cytochrome P450, family 1, subfamily B,
polypeptide 1 ISYNA1 SIX homeobox 6 SIX1 low density lipoprotein receptor-related protein 12

CDKN2B-AS1 endothelin 1 KCNA5
serpin peptidase inhibitor, clade E (nexin, plasminogen
activator inhibitor type 1), member 1 SIX6 inositol-3-phosphate synthase 1

CFH estrogen receptor 2 (ER beta) KIF2A paraoxonase 1 SOD2 S1 RNA binding domain 1
CNTNAP4 fibronectin 1 KLK2 spalt-like transcription factor 1 SPP1 ELOVL fatty acid elongase 5
COL11A1 glaucoma 1, open angle, B (adult-onset) LMX1B serine/arginine-rich splicing factor 3 SRBD1 contactin associated protein-like 4

CYP1B1 glaucoma 1, open angle, C
LOC1027
24330 SIX homeobox 1 SRSF3

protein-L-isoaspartate (D-aspartate) O-methyltransferase
domain containing 1

CYP46A1 glaucoma 1, open angle, D (adult-onset)
LOC1053
75094 superoxide dismutase 2, mitochondrial ST18 WD repeat domain 36

EDN1 glutathione peroxidase 3
LOC7301
00 secreted phosphoprotein 1 TCEAL1 ankyrin repeat and SOCS box containing 10

ELOVL5 glutathione S-transferase mu 1 LOXL1 transforming growth factor, beta 2 TGFB2 pleckstrin homology domain containing, family A member 7
ESR2 glutathione S-transferase theta 1 LRP12 TIMP metallopeptidase inhibitor 1 TIMP1 NCK-associated protein 5
FN1 complement factor H LTA TIMP metallopeptidase inhibitor 2 TIMP2 glaucoma 1, open angle, H (adult-onset)

GLC1B
hepatocyte growth factor (hepapoietin A; scatter
factor) LTBP2 toll-like receptor 4 TLR4 glaucoma 1, open angle, I

GLC1C hexokinase 2 MED12 tumor necrosis factor TNF glaucoma 1, open angle, K (juvenile-onset)
GLC1D heat shock 70kDa protein 1A MMP2 tumor protein p53 TP53 glaucoma 1, open angle, J (juvenile-onset)
GLC1H heat shock 70kDa protein 1B MMP3 transthyretin TTR uncharacterized LOC730100
GLC1I interleukin 1, beta MMP9 vav 2 guanine nucleotide exchange factor TXNRD2 glaucoma 1, open angle, M (juvenile-onset)
GLC1J interleukin 6 MTHFR vascular endothelial growth factor C VAV2 glaucoma 1, open angle, N (juvenile-onset)

GLC1K
potassium channel, voltage gated shaker related
subfamily A, member 5 MYOC neuropilin 1 VAV3 CDKN2B antisense RNA 1

GLC1M kinesin heavy chain member 2A NCKAP5 transcription elongation factor A (SII)-like 1 VEGFC glaucoma 1, open angle, P
GLC1N kallikrein-related peptidase 2 NOS2 suppression of tumorigenicity 18, zinc finger WDR36 uncharacterized LOC102724330
GLC1P LIM homeobox transcription factor 1, beta NRP1 mediator complex subunit 12 ZFPM2 uncharacterized LOC105375094

ʦ̭е̐о ̏ ̦̌̌л̛̚е ̼̍ло ̦̜̌де̦о ϵϲ ̐е̦о̏, ̭̭̌о̶̛̛̬о̵̦̦̼̏̌ ̭ ʿО˄ʧ, по д̦̦̼̥̌ ̵̬̦̼̌̚ 
̛̭то̸̛̦ко̏ ̴̛̦о̶̛̛̬̥̌.



ɉɟɪɟɫɟɱɟɧɢɟ ɫɩɢɫɤɨɜ ɝɟɧɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɉɈɍȽ, ɫɨɫɬɚɜɥɟɧɧɵɯ
ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɧɮɨɪɦɚɰɢɢ ɛɚɡ ɞɚɧɧɵɯ, ɝɟɧɨɦɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ GWAS ɢ
ɫɢɫɬɟɦɵ ANDSystem.

ǱȄȌȅȒȏȉȉ ȓȒȏȑȟȐ ȌȕȖȒțȑȌȎȒȐ ȌȑȘȒȔȐȄȚȌȌ Ȉȏȣ ȓȔȒȆȉȈȉȑȑȒȇȒ ȄȑȄȏȌȋȄ 
ȒȎȄȋȄȏȄȕȠ ȅȄȋȄ ȋȑȄȑȌȍ ANDCell ȕȌȕȖȉȐȟ ANDSystem.

ȼ ANDCell ɛɵɥɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɨ 68 ɝɟɧɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɉɈɍȽ.
ȼ ɛɚɡɚɯ ɞɚɧɧɵɯ (OMIM, ClinVar, SNPedia) ɛɵɥɨ ɧɚɣɞɟɧɨ 28 ɝɟɧɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɉɈɍȽ.
GWAS catalog (genome-wide association study, ɫɨɞɟɪɠɚɳɟɦ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɧɨɝɟɧɨɦɧɨɝɨ ɚɧɚɥɢɡɚ  
ɩɨɥɢɦɨɪɮɢɡɦɨɜ ɱɟɥɨɜɟɤɚ) ɞɚɥɢ  ɢɧɮɨɪɦɚɰɢɸ ɨ 13 ɝɟɧɚɯ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɝɟɧ ɦɨɝ 
ɛɵɬɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧ ɜ  ɧɟɫɤɨɥɶɤɢɯ ɢɫɬɨɱɧɢɤɚɯ.

18 ɭɧɢɤɚɥɶɧɵɯ ɝɟɧɨɜ 
ɛɚɡɚɯ ɞɚɧɧɵɯ (OMIM, 
ClinVar, SNPedia)

6 ɭɧɢɤɚɥɶɧɵɯ ɝɟɧɨɜ 
ɢɡ GWAS

4 ɝɟɧɚ ɛɵɥɢ ɧɚɣɞɟɧɵ ɜ 
ɛɚɡɚɯ ɞɚɧɧɵɯ ɢ GWAS

3 ɝɟɧɚ ɛɵɥɢ ɧɚɣɞɟɧɵ ɜ 
GWAS ɢ ANDSystem

6 ɝɟɧɨɜ ɛɵɥɢ ɧɚɣɞɟɧɵ 
ANDSystem ɢ ɛɚɡɚɯ ɞɚɧɧɵɯ

59 ɭɧɢɤɚɥɶɧɵɯ ɝɟɧɨɜ 
ɢɡ ANDSystem



ǲȕȑȒȆȑȟȉ ȇȔȗȓȓȟ ȕȆȉȔșȓȔȉȈȕȖȄȆȏȉȑȑȟș Gene Ontology ȅȌȒȏȒȇȌțȉȕȎȌș ȓȔȒȚȉȕȕȒȆ 
Ȇ ȑȄȅȒȔȉ ȇȉȑȒȆл ȄȕȕȒȚȌȌȔȒȆȄȑȑȟș ȕ ǳǲУǧл ȆȟȣȆȏȉȑȑȟȉ ȕȌȕȖȉȐȒȍ DAVID.

Gene ontologв ɛɢɨɥɨɝɢɱеɫɤɢе ɩɪɨɰеɫɫы Геɧы p-value

ɋɟɧɫɨɪɧɨɟ ɜɨɫɩɪɢяɬɢɟ CYP1B1, OPA1, COL11A1, WDR36, SIX6 0.02
Ɋɟɝɭɥяɰɢя ɚɤɫɨɧɨɝɟɧɟɡɚ APOE, SPP1, NRP1 0.03
ȼɚɫɤɭɥяɪɧɵɟ ɩɪɨɰɟɫɫɵ APOE, ADRB2, EDN1, CAV1, SOD2, CAV2 1.3E-5
Ƚɟɦɨɫɬɚɡ IL6, SERPINE1, CD40LG 0.01
Ɇɨɪɮɨɝɟɧɟɡ ɬɪɭɛɱɚɬɵɯ ɫɬɪɭɤɬɭɪ CD44, EDN1, NRP1, SIX1 8.7E-6
Ɋɚɡɜɢɬɢɟ ɭɪɨɝɟɧɢɬɚɥɶɧɨɣ ɫɢɫɬɟɦɵ BDNF, CD44, SIX1, SALL1 0.02
Ɋɚɡɜɢɬɢɟ ɦɵɲɟɱɧɨɣ ɬɤɚɧɢ CAV1, TGFB2, SIX1, COL11A1, CAV2, ZFPM2 4.2E-4
Ɋɚɡɜɢɬɢɟ ɦɟɡɟɧɯɢɦɵ EDN1, HGF, TGFB2 0.03
Иɦɦɭɧɧɵɟ ɩɪɨɰɟɫɫɵ TP53, TNF, IL6, IL1B, CDKN1A, CD40LG, CD79A 0.02

Ɋɟɝɭɥяɰɢя ɤɥɟɬɨɱɧɨɣ ɫɦɟɪɬɢ
TP53, TNF, APOE, IL6, MMP9, IL1B, BDNF, TLR4, CDKN1A, ADRB2, ESR2, CD44, SOD2,
HGF, CD40LG, LTA, HSPA1A, TGFB2, HSPA1B, VAV2, VAV3 2.4E-8

Ɋɟɝɭɥяɰɢя ɦɢɬɨɡɚ TNF, IL1B, EDN1, LTA, CAV2 2.1E-4

Ɇɢɝɪɚɰɢя ɤɥɟɬɨɤ
TNF, IL6, MMP9, IL1B, ESR2, CD44, EDN1, FN1, VEGFC, TGFB2, NRP1, SIX1, CAV2,
LMX1B, VAV2, VAV3 0.001

ɉɪɨɰɟɫɫɵ ɦɟɬɚɛɨɥɢɡɦɚ ɤɨɥɥɚɝɟɧɚ MMP2, MMP3, MMP9 0.004
Ɋɟɝɭɥяɰɢя ɨɪɝɚɧɢɡɚɰɢɢ ɰɢɬɨɫɤɟɥɟɬɚ EDN1, CAV1, CAV2 0.02

Ɋɟɝɭɥяɰɢя ɚɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɤɪɢɩɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ TP53, TNF, IL6, IL1B, TLR4, ADRB2, ESR2, MED12, SIX1, LMX1B, ZFPM2, TCEAL1, ST18 0.05

Ɋɟɝɭɥяɰɢя ɮɨɫɮɨɪɢɥɢɪɨɜɚɧɢя
TNF, APOE, IL6, IL1B, TLR4, CDKN1A, ADRB2, EDN1, CAV1, HGF, VEGFC, CDKN2B,
TGFB2, HK2, CAV2, VAV2, VAV3 1.3E-7

Ɋɟɝɭɥяɰɢя ɬɪɚɧɫɩɨɪɬɚ ɛɟɥɤɨɜ TP53, TNF, IL6, IL1B, CD40LG, LTA, VEGFC, TGFB2, OPTN, LTBP2 3.1E-5
əɞɟɪɧɵɣ ɬɪɚɧɫɩɨɪɬ TP53, TNF, TGFB2 0.01
Ƚɨɦɟɨɫɬɚɡ ɢɨɧɨɜ TP53, APOE, IL1B, EDN1, CAV1, SOD2, KCNA5 0.004
Ɋɟɝɭɥяɰɢя ɚɤɬɢɜɧɨɫɬɢ ɤɢɧɚɡ APOE, IL1B, CDKN1A, CAV1 0.01
Ɋɟɝɭɥяɰɢя ɩɪɨɬɟɨɥɢɡɚ TNF, APOE, IL1B, TIMP1 0.002

Ɇɟɬɚɛɨɥɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɫ ɭɱɚɫɬɢɟɦ ɤɨɮɚɤɬɨɪɨɜ GSTT1, SOD2, GPX3 0.009
Ɇɟɬɚɛɨɥɢɡɦ ɠɢɪɧɵɯ ɤɢɫɥɨɬ EDN1, HPGDS, ELOVL5 0.06
ɋɛɨɪɤɚ ɛɟɥɤɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɜ ɤɥɟɬɤɟ ADRB2, CAV1, CAV2 0.02

ɇɟ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɧɵɟ

MTHFR, GSTM1, PON1, CFH, NOS2, TTR, TIMP2, MYOC, LOXL1, CDKN2B-AS1,
CYP46A1, KLK2, SRSF3, NTF4, PADI2, TXNRD2, KIF2A, OPTC, PLEKHA7, ANGPTL7,
ISYNA1, HOOK2, ASB10, CNTNAP4, NSG1, NCKAP5, LRP12, SRBD1, GLC1C, PCMTD1,
GLC1B, GLC1M, GLC1N, GLC1I, GLC1H, GLC1P, GLC1J, GLC1K, GLC1D, LOC730100,
LOC105375094, LOC102724330

Ɉɪɝɚɧɢɡɦɟɧɧɵɣ ɭɪɨɜɟɧɶ

Кɥɟɬɨɱɧɵɣ ɭɪɨɜɟɧɶ

Ɇɨɥɟɤɭɥяɪɧɵɣ ɭɪɨɜɟɧɶ



ʦ̙̦̌о̭т̽ ̐е̦о̏ дл́ ̴у̦к̶̛о̛̦̬о̛̦̏̌́ ̍ ̛оло̸̛̐е̭к̵̛ п̬о̶е̭̭о̏ ̥о̙ет ̼̍т̽ о̶е̦е̦̌ 
̵̛̭од́ ̛̚ ̏ел̸̛̛̦̼ ̵̛ ̶е̦т̬̌л̦̽о̭т̛ ̏ ̐е̵̦̦̼ ̭ет̵́, оп̵̛̛̭̼̺̏̌̀ д̦̦̼̌е п̬о̶е̭̭̼ 
(Yu et al., 2007; Özgür et al., ϮϬϬϴͿ. ʪл́ ̦̌̌л̛̌̚ ̶е̦т̬̌л̦̽о̭т̛ ̐е̦о̏, ̭̭̌о̶̛̛̬о̵̦̦̼̏̌ ̭ 
ʿО˄ʧ, ̭ ̛̭пол̽̚о̛̦̏̌е̥ ANDSystem (Ivanisenko et al., ϮϬϭϱͿ ̼̍л̌ ̬еко̦̭т̬у̛̬о̦̏̌̌ 
̭̭̌о̶̛̌т̛̦̏̌́ ̐ е̦̦̌́ ̭ет̽ ʿО˄ʧ.

ǴȉȎȒȑȕȖȔȗȎȚȌȣ ȄȕȕȒȚȌȄȖȌȆȑȒȍ ȇȉȑȑȒȍ ȕȉȖȌ  ǳǲУǧ ȕ ȌȕȓȒȏȠȋȒȆȄȑȌȉȐ ANDSystem. 

ˁет̽ ̭оде̬̙̌л̌ ϭϮϴϵ ̭̏́̚е̜ ϭϰ 
̵̬̦̼̌̚ т̛по̏, п̬ед̭т̌̏ле̵̦̦̼ ̏ 
̛̭̭те̥е ANDSystem, ̏кл̸̀̌́ 
̬е̐ул́то̬̦̼е ̛̭̏́̚, 
ко̾к̭п̬ѐ̛̭̭, ̍елок-̍елок 
̛̥̏̌̚оде̜̭т̛̏́ ̛ д̬. ʥол̹̽ое 
кол̸̛е̭т̏о ̭̏́̚е̜, 
п̛̬̭ут̭т̏у̵̛̺̀ ̏ ̐е̦̦о̜ ̭ет̛ 
ʿО˄ʧ, п̬ед̭т̌̏л́ет ̌̚т̬уд̦е̛̦е 
дл́ ее ̴̸̛̬̐̌е̭ко̐о 
п̬ед̭т̌̏ле̛̦́, по̾то̥у дл́ 
̛̏̚у̌л̶̛̛̛̌̚ ̭ ет̛ ̼̍л̌ 
по̭т̬ое̦̌ ;от̴̛л̽т̬о̦̏̌̌Ϳ 
под̭ет̽, ̏кл̸̺̀̌̀̌́ тол̽ко 
̬е̐ул́то̬̦̼е т̛п̼ ̭̏́̚е̜.

А˔˔ˑцˋ˃˕ˋ˅ː˃ˢ ˓ˈˆ˖ˎˢ˕ˑ˓ː˃ˢ ˔ˈ˕˟ ʞʝУГ. 



А˔˔ˑцˋ˃˕ˋ˅ː˃ˢ ˓ˈˆ˖ˎˢ˕ˑ˓ː˃ˢ ˔ˈ˕˟ ʞʝУГ. К˓˖˒ː˞ˏˋˋˍˑːˍ˃ˏˋ ˅˞ˇˈˎˈː˞ ˄ˈˎˍˋ ˋ ˆˈː˞, ˑ˄ˎ˃ˇ˃ˡ˜ˋˈ˅˞˔ˑˍˑˌ цˈː˕˓˃ˎ˟ːˑ˔˕˟ˡ (˅˞˛ˈ 450) ˅ ˒ˑˎːˑˌ ˔ˈ˕ˋʞʝУГ.  

ǴȄȕțȉȖ ȓȒȎȄȋȄȖȉȏȣ betweenness centrality Ȉȏȣ ȎȄȊȈȒȍ ȆȉȔȜȌȑȟ ȄȕȕȒȚȌȄȖȌȆȑȒȍ 
ȇȉȑȑȒȍ ȕȉȖȌ ǳǲУǧн

ʪл́ к̙̌до̜ ̛̚ ̏е̛̬̹̦ ̾то̜ ̭ет̛ ̼̍л ̸̛̬̭̭̌т̦̌ пок̌̌̚тел̽ betweenness centrality (BC). 

ˀ̸̭̌ет пок̌̌̚тел́ betweenness centrality дл́ к̙̌до̜ ̏е̛̬̹̦̼ ̦̌̌л̛̛̬̚уе̥о̜ 
̭̭̌о̶̛̌т̛̦̏о̜ ̐ е̦̦о̜ ̭ет̛ п̬о̏од̛л̭́ ̭ по̥о̺̽̀ п̌кет̌ igraph, ̬е̌л̛̚о̦̦̏̌о̐о ̦̌ 
̼́̚ке п̬о̛̬̥̥̬̐̌о̛̦̏̌́ R ;Csardi, Nepusz, 2006Ϳ. ˁ̬ед̦́́ ̶е̦т̬̌л̦̽о̭т̽ дл́ ̏е̛̬̹̦ 
̭о̭т̛̌̏л̌ BC=ϭϭϯ.ϰϲ. 
ʥелок p53 ̛̥еет ̛̦̌̍ол̛̹̜̽ 
пок̌̌̚тел̽ betweenness

centrality. ʰ̏̚е̭т̦о, ̸то pϱϯ 
́̏л́ет̭́ ̵̌̍о̥ ̛ ̛̬̐̌ет ̙̦̏̌у̀ 
̬ол̽ ̏о ̥̦о̵̛̐ ̛̍оло̸̛̐е̭к̵̛ 
п̬о̶е̵̭̭̌. ʻ̛̌̍олее те̭̦о 
̴у̦ќ̶̛  pϱϯ ̭̦̏́̌̌̚ ̭ 
̌попто̚о̥. К̬о̥е то̐о ̐е̦̼, 
̏о̏ле̸е̦̦̼е ̏ Gene Ontology

к̌те̐о̛̬̀ «apoptotic process», 
̛̥ѐт ̭т̌т̛̭т̸̛е̭к̛ ̸̛̦̥̌̚о 
̍олее ̼̭̏ок̛̜ ̭̬ед̛̦̜ 
пок̌̌̚тел̽ betweenness centrality

̬̦̼̜̌̏ ϭϳϰ.ϳϯ, ̸е̥ ̭̬ед̛̦̜ 
пок̌̌̚тел̽ ̭̏е̵ ̏е̛̬̹̦ ̭ет̛ 
̬̦̼̜̌̏ ϴϴ.ϴϰ ;p-value<10-4) . 



ǴȉȎȒȑȕȖȔȗȎȚȌȣ ȐȒȏȉȎȗȏȣȔȑȒ-ȇȉȑȉȖȌțȉȕȎȌș ȐȉșȄȑȌȋȐȒȆ ȆȋȄȌȐȒȈȉȍȕȖȆȌȣ ȓȔȒȚȉȕȕȒȆ ȒȖȆȉȖȄ 
ȎȏȉȖȎȌ ȑȄ ȐȉșȄȑȌțȉȕȎȌȍ ȕȖȔȉȕȕ зǲКǰǵи Ȍ ȑȉȍȔȒȑȄȏȠȑȒȇȒ ȄȓȒȓȖȒȋȄ ȓȔȌ ȓȉȔȆȌțȑȒȍ ȒȖȎȔȟȖȒ-

ȗȇȒȏȠȑȒȍ ȇȏȄȗȎȒȐȉ ȕ ȓȒȐȒȝȠȢ ȘȗȑȎȚȌȌ Pathway Wizard ȕȌȕȖȉȐȟ ANDSystem.

ʥелк̛/̐е̦̼, ̏о̏ле̸е̦̦̼е ̏ 
ОКʺˁ

ʥелк̛/̐е̦̼, ̏о̏ле̸е̦̦̼е 
̏ ̦е̜̬о̦̌л̦̼̜̽ ̌попто̚• ʰ̏̚е̭т̦о, ̸то ̛̦те̬ле̜к̛̦-ϭβ ;IэϭBͿ, кото̬̼̜ 

̏о̏ле̸е̦ ̏ ОКʺˁ, ̌кт̛̛̬̏ует ̭ек̬ѐ̶̛ ̍елк̌ 
рGн, ̭̭̌о̶̛̛̬о̦̦̏̌о̐о ̭ ʿО˄ʧ ;Baroni et al., 1998; 
Paduch et al., 2010). 

• ʪ̬у̐о̜ ̍елок, ̛̦ду̶̛̬уе̥̼̜ ̛̐пок̛̭е̜ ̴̌кто̬ 
ϭα ;рIнϭAͿ ̛ т̌к̙е у̸̭̌т̏у̛̺̜̀ ̏ ОКʺˁ, ̭по̭о̍е̦ 
по̼̹̏̌т̽ ̭т̛̌̍л̦̽о̭т̽ рGн ;Chu et al., 2009). 

• ʦ ̭̏о̀ о̸е̬ед̽ рGн ок̌̌̚л̭́ ̭̦̦̼̥̏́̌̚ ̭ д̏у̥́ 
̍елк̛̥̌ ̛ т̬е̥́ ̐е̛̦̥̌, ̭̭̌о̶̛̛̬о̛̦̦̼̥̏̌ ̭ 
̦е̜̬о̦̌л̦̼̥̽ ̌попто̚о̥. 

• ˁо̐л̭̦̌о д̦̦̼̥̌ ̬ ̌̍от ;Au et al., 2009; Lu et al., 
ϮϬϭϱͿ, рGн ̌кт̛̛̬̏ует ̾к̭п̬ѐ̛̭̭ ̐е̦о̏, 
код̛̬у̵̛̺̀ ̬е̶епто̬ Ϯ т̛п̌ ̦е̜̬от̬о̴̸̛е̭ко̜ 
т̛̬о̛̦̚к̛̦̼̌̚ ;NTRыϮͿ ̛ ̍елок Mclϭ. 

• Эк̭п̬е̛̭̭́ д̬у̐о̐о ̐е̦̌ ̭те̬о̛до̐е̦̦о̐о о̭т̬о̐о 
̬е̐ул́то̬̦о̐о ̍елк̌ ;STARͿ, ̏о̏ле̸е̦̦о̐о ̏ 
̦е̜̬о̦̌л̦̼̜̽ ̌попто̚, от̶̛̬̌тел̦̽о 
̬е̐ул̛̬ует̭́ рGн ;Taniguchi et al., 2004). 

• HGF т̌к̙е ̌̚де̜̭т̏о̦̏̌ ̏ ̬е̐ул̶̛̛́ ̌кт̛̦̏о̭т̛ 
̍елк̌ GϲPD ;Shao et al., ϭϵϵϲͿ ̛ т̬̦̭̌лок̶̛̛̌
̍елк̌ Bax (Nakagami et al., ϮϬϬϮͿ, у̸̭̌т̏у̵̛̺̀ ̏ 
̦е̜̬о̦̌л̦̽о̥ ̌попто̚е.

ʤ̭̭о̶̛̌т̛̦̏̌́ ̭ет̽, оп̛̭̼̺̏̌̀̌́ поте̶̛̦̌л̦̼̽е 
̛̥̏̌̚оде̜̭т̛̏́ ̥е̙ду ОКʺˁ ̛ ̦е̜̬о̦̌л̦̼̥̽
̌попто̚о̥ ̸е̬е̚ ̥олекул̬̦́о-̐е̦ет̸̛е̭к̛е 
̶епо̸к̛. ̌Ϳ О̺̍̌́ ̭ет̽, ̏кл̸̺̀̌̀̌́ Ϯϱ 
̐е̦о̏/̍елко̏-по̭̬ед̛̦ко̏, ̭̭̌о̶̛̛̬о̵̦̦̼̏̌ ̭ 
ʿО˄ʧ. ̍Ϳ ʿ̛̬̥е̬ ̶епо̸ек, п̬о̵од̵̛̺́ ̸е̬е̚ 
̴̌кто̬ ̬о̭т̌ ̐еп̌то̶̛то̏ ;рGнͿ, ̼̭̏туп̛̺̜̌̀ ̏ 
к̸̌е̭т̏е по̭̬ед̛̦к̌, ̭̭̌о̶̛̛̬о̦̦̏̌о̐о ̭ ʿО˄ʧ.



ǻȖȒ ȐȒȊȑȒ ȓȒȍȐȄȖȠ Ȇ ȇȉȑȑȟȉ ȕȉȖȌ?

Ɇɟɯɚɧɢɡɦɵ ɪɚɡɜɢɬɢя ɮɟɧɨɬɢɩɢɱɟɫɤɢɯ ɩɪɢɡɧɚɤɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ 
ɡɚɛɨɥɟɜɚɧɢɣ)
ɇɨɜɵɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ
ɇɨɜɵɟ ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɦɢɲɟɧɢ
Ɇɟɯɚɧɢɡɦɵ ɥɟɤɚɪɫɬɜɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢя
Ɍɨɤɫɢɱɧɨɫɬɶ ɥɟɤɚɪɫɬɜ
Ʌɟɤɚɪɫɬɜɟɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢя
ɇɨɜɵɟ ɦɢɲɟɧɢ ɢɡɜɟɫɬɧɵɯ ɥɟɤɚɪɫɬɜ
ɋɢɧɬɪɨɩɧɵɟ, ɞɢɫɬɪɨɩɧɵɟ ɡɚɛɨɥɟɜɚɧɢя

Иɧɬɟɪɩɪɟɬɚɰɢя ɞɚɧɧɵɯ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ

Иɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɟɧɧɵɯ 
ɫɟɬɟɣ
ȼɵяɜɥɟɧɢɟ ɯɚɛɧɵɯ ɛɟɥɤɨɜ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɨɞɭɥɟɣ, ɩɭɬɟɣ ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɚ

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ



ǵȓȄȕȌȅȒ ȋȄ ȆȑȌȐȄȑȌȉа


