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éÅãÄëíÖâ Ç ÉÖçéåÄï

 

é‰ÌÓÈ ËÁ ‚‡ÊÌÂÈ¯Ëı ˆÂÎÂÈ ÒÂÍ‚ÂÌËÓ‚‡ÌËfl
„ÂÌÓÏÓ‚ fl‚ÎflÂÚÒfl ÓÔÂ‰ÂÎÂÌËÂ Ì‡·Ó‡ „ÂÌÓ‚ „ÂÌÓ-
Ï‡. ê‡ÒÔÓÁÌ‡‚‡ÌËÂ ·ÂÎÓÍÍÓ‰ËÛ˛˘Ëı Ó·Î‡ÒÚÂÈ ‚
ÔÓÍ‡ËÓÚË˜ÂÒÍËı „ÂÌÓÏ‡ı – Á‡‰‡˜‡ ‰‡‚ÌÓ ËÁ‚ÂÒÚ-
Ì‡fl Ë, ‚ Ó·˘ÂÏ, Â¯ÂÌÌ‡fl, ıÓÚfl Ë Ú‡Ï ÓÒÚ‡˛ÚÒfl
ÔÓ·ÎÂÏ˚ (Ì‡ÔËÏÂ, ÚÓ˜ÌÓÂ Í‡ÚËÓ‚‡ÌËÂ ÒÚ‡-
ÚÓ‚ „ÂÌÓ‚). èÓËÒÍ ÊÂ ÍÓ‰ËÛ˛˘Ëı Ó·Î‡ÒÚÂÈ ‚
˝ÛÍ‡ËÓÚË˜ÂÒÍËı „ÂÌ‡ı – Á‡‰‡˜‡ ÍÛ‰‡ ·ÓÎÂÂ ÒÎÓÊ-
Ì‡fl, ÔÓÒÍÓÎ¸ÍÛ ‚ ˝ÚËı Ó„‡ÌËÁÏ‡ı ÍÓ‰ËÛ˛˘ËÂ
Ó·Î‡ÒÚË ‡ÁÓ‚‡Ì˚ “·ÂÒÒÏ˚ÒÎÂÌÌ˚ÏË” ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚflÏË – ËÌÚÓÌ‡ÏË, ‰ÎËÌ‡ ÍÓÚÓ˚ı ˜‡Ò-
ÚÓ ‚ ‰ÂÒflÚÍË ‡Á ÔÂ‚ÓÒıÓ‰ËÚ “ÓÒÏ˚ÒÎÂÌÌ˚Â” –
˝ÍÁÓÌ˚. èÓ˝ÚÓÏÛ ÔÂ‰ÒÍ‡Á‡ÌËÂ ÍÓ‰ËÛ˛˘Ëı Ó·-
Î‡ÒÚÂÈ – ˝ÚÓ, ÔÂÊ‰Â ‚ÒÂ„Ó, Á‡‰‡˜‡ ÔÂ‰ÒÍ‡Á‡ÌËfl
˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚. éÒÌÓ‚Ì˚Â ÏÂÚÓ‰˚
ÔÂ‰ÒÍ‡Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚ ÔÂ‰-
ÒÚ‡‚ÎÂÌ˚ ‚ ‡·ÓÚ‡ı [1–3]. ëÎÂ‰Ûfl Ú‡‰ËˆËË, ‚
‰‡Î¸ÌÂÈ¯ÂÏ ‰Îfl Í‡ÚÍÓÒÚË ËÁÎÓÊÂÌËfl ·Û‰ÂÏ Ì‡-
Á˚‚‡Ú¸ ˝ÍÁÓÌ‡ÏË ÚÓÎ¸ÍÓ ÍÓ‰ËÛ˛˘Û˛ ˜‡ÒÚ¸ „Â-
ÌÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. 

é·˚˜ÌÓ ÒËÒÚÂÏ‡ ÔÂ‰ÒÍ‡Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌ-
ÌÓÈ ÒÚÛÍÚÛ˚ ·‡ÁËÛÂÚÒfl Ì‡ ÒÎÂ‰Û˛˘Ëı ÒÓÓ·‡-
ÊÂÌËflı. ÇÓ-ÔÂ‚˚ı, ‚ ÔÓ‰‡‚Îfl˛˘ÂÏ ·ÓÎ¸¯ËÌÒÚ‚Â
ÒÎÛ˜‡Â‚ ËÌÚÓÌ˚ Ì‡˜ËÌ‡˛ÚÒfl Ë Á‡Í‡Ì˜Ë‚‡˛ÚÒfl
ÍÓÌÒÂ‚‡ÚË‚Ì˚ÏË ‰ËÌÛÍÎÂÓÚË‰‡ÏË: GT – ‚ Ì‡˜‡ÎÂ
ËÌÚÓÌ‡ Ë AG – ‚ Â„Ó ÍÓÌˆÂ. ÇÓ-‚ÚÓ˚ı, ‚ Ó·Î‡Ò-
Úflı, ÔËÎÂ„‡˛˘Ëı Í ˝ÍÁÓÌ-ËÌÚÓÌÌ˚Ï „‡ÌËˆ‡Ï,
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ÂÒÚ¸ ÓÔÂ‰ÂÎÂÌÌÓÂ ÔÂ‰ÔÓ˜ÚÂÌËÂ ÌÛÍÎÂÓÚË‰Ó‚ ‚
‰Û„Ëı ÔÓÁËˆËflı, ˜ÚÓ ÔÓÁ‚ÓÎflÂÚ ÒÚÓËÚ¸ ‡ÁÌÓ„Ó
Ó‰‡ ÔÓÙËÎË (‚ÂÒÓ‚˚Â Ï‡ÚËˆ˚) ‰Îfl ‡ÒÔÓÁÌ‡‚‡-
ÌËfl „‡ÌËˆ. é‰Ì‡ÍÓ ÔÓÒÚÓÂÌÌ˚Â Ú‡ÍËÏ Ó·‡ÁÓÏ
‡ÒÔÓÁÌ‡˛˘ËÂ Ô‡‚ËÎ‡ ‚ÒÂ Â˘Â ‰ÓÒÚ‡ÚÓ˜ÌÓ ÒÎ‡-
·˚. Ç-ÚÂÚ¸Ëı, ÂÒÎË Ì‡Ò ËÌÚÂÂÒÛÂÚ ÚÓÎ¸ÍÓ ÍÓ‰Ë-
Û˛˘‡fl ˜‡ÒÚ¸ „ÂÌ‡, ÚÓ ‰Îfl ·ÓÎÂÂ ˜ÂÚÍÓ„Ó ‚˚·Ó‡
Ò‡ÈÚÓ‚ ÒÔÎ‡ÈÒËÌ„‡ ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÒÓÓ·‡-
ÊÂÌËÂ, ˜ÚÓ Ì‡ ÚÓÏ, ˜ÚÓ ÔÓÎÛ˜ËÚÒfl ÔÓÒÎÂ ‚˚ÂÁ‡-
ÌËfl ËÌÚÓÌÓ‚, ÌÂ ‰ÓÎÊÌÓ ·˚Ú¸ ÒÚÓÔ-ÍÓ‰ÓÌÓ‚.
çÓ

 

 

 

Ë ̋ ÚÓ ÌÂ ÔÓÁ‚ÓÎflÂÚ Ì‡‰ÂÊÌÓ ÓÔÂ‰ÂÎflÚ¸ ÒÚÛÍ-
ÚÛÛ „ÂÌÓ‚. åÓÊÌÓ ÔËÏÂÌËÚ¸ ÒÚ‡ÚËÒÚËÍÛ ÍÓ‰Ó-
ÌÓ‚ Ë ÚÂÏ Ò‡Ï˚Ï ÁÌ‡˜ËÚÂÎ¸ÌÓ ÛÎÛ˜¯ËÚ¸ Í‡˜ÂÒÚ‚Ó
ÔÂ‰ÒÍ‡Á‡ÌËfl (‰Ó 70%). àÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÒÚ‡ÚËÒÚËÍ
‰ËÍÓ‰ÓÌÓ‚, ÒÚ‡ÚËÒÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚ ËÌÚÓÌÓ‚ Ë
ÒÎ‡·˚ı ÍÓÂÎflˆËÈ ÌÛÍÎÂÓÚË‰Ó‚ ‚ Ò‡ÈÚ‡ı ÒÔÎ‡È-
ÒËÌ„‡ ÔÓÁ‚ÓÎflÂÚ Â˘Â Û‚ÂÎË˜ËÚ¸ Í‡˜ÂÒÚ‚Ó ÔÂ‰ÒÍ‡-
Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌÌ˚ı ÒÚÛÍÚÛ „ÂÌÓ‚ (‰Ó 85%).
ÇÔÂ‚˚Â ÍÓÏÔÎÂÍÒÌ˚È ÒÚ‡ÚËÒÚË˜ÂÒÍËÈ ÔÓ‰ıÓ‰,
Û˜ËÚ˚‚‡˛˘ËÈ ÎÓÍ‡Î¸Ì˚Â (Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡) Ë
„ÎÓ·‡Î¸Ì˚Â (ÒÚ‡ÚËÒÚËÍ‡ ·ÂÎÓÍÍÓ‰ËÛ˛˘Ëı Ó·Î‡Ò-
ÚÂÈ) Ò‚ÓÈÒÚ‚‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÔÂ‰ÎÓÊÂÌ ‚
‡·ÓÚÂ [4]. Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl Ì‡Ë·ÓÎÂÂ ÔÓÔÛÎfl-
Ì‡fl ÚÂıÌËÍ‡ Â¯ÂÌËfl Á‡‰‡˜Ë ÔÓËÒÍ‡ ·ÂÎÓÍÍÓ‰ËÛ-
˛˘Ëı Ó·Î‡ÒÚÂÈ ÓÒÌÓ‚‡Ì‡ Ì‡ ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÒÍ˚-
Ú˚ı å‡ÍÓ‚ÒÍËı ˆÂÔÂÈ [5], Û˜ËÚ˚‚‡˛˘Ëı ‚ÒÂ ÔÂ-
Â˜ËÒÎÂÌÌ˚Â ÒÓÓ·‡ÊÂÌËfl.

íÂÏ ÌÂ ÏÂÌÂÂ, ÔËÏÂÌÂÌËÂ ÒÚ‡ÚËÒÚË˜ÂÒÍËı ÏÂ-
ÚÓ‰Ó‚ ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ˚ „ÂÌÓ‚ ÔË ‡Ì‡ÎËÁÂ
·ÓÎ¸¯Ëı „ÂÌÓÏÌ˚ı Ù‡„ÏÂÌÚÓ‚ ËÏÂÂÚ ÌÂÒÍÓÎ¸ÍÓ
ÚÛ‰ÌÓ ÔÂÓ‰ÓÎËÏ˚ı ÌÂ‰ÓÒÚ‡ÚÍÓ‚. ÇÓ-ÔÂ‚˚ı,
ÌÂÚ ‚ÓÁÏÓÊÌÓÒÚË ÎÓÍ‡ÎËÁÓ‚‡Ú¸ „‡ÌËˆ˚ „ÂÌÓ‚ Ë
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èÂ‰ÒÚ‡‚ÎÂÌ Ó·ÁÓ ‡·ÓÚ ‡‚ÚÓÓ‚ ÔÓ ÍÓÏÔ¸˛ÚÂÌÓÏÛ ‡Ì‡ÎËÁÛ „ÂÌÓÏ‡ ˜ÂÎÓ‚ÂÍ‡. ê‡·ÓÚ‡ ÒÓÒÚÓËÚ ËÁ
‰‚Ûı ˜‡ÒÚÂÈ – Ó‰Ì‡ ÔÓÒ‚fl˘ÂÌ‡ ‡Á‡·ÓÚÍÂ ÏÂÚÓ‰Ó‚ ÔÂ‰ÒÍ‡Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚ „ÂÌÓ‚,
‡ ‚ÚÓ‡fl – ËÒÒÎÂ‰Ó‚‡ÌË˛ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡. Ç ÔÂ‚ÓÈ ˜‡ÒÚË ‡·ÓÚ˚ ÓÔËÒ‡Ì˚ Ë‰ÂË ÏÂÚÓ-
‰Ó‚ ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ˚ „ÂÌÓ‚ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ËÌÙÓÏ‡ˆËË Ó „ÓÏÓÎÓ„ËË ÔÓ‰ÛÍÚ‡ „ÂÌ‡ Ò ËÁ-
‚ÂÒÚÌ˚Ï ·ÂÎÍÓÏ, ËÎË „ÂÌÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ò ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸˛ „ÓÏÓÎÓ„Ë˜ÌÓ„Ó „ÂÌ‡ ËÁ
‰Û„Ó„Ó Ó„‡ÌËÁÏ‡. íÂÒÚËÓ‚‡ÌËÂ ÔÂ‰ÎÓÊÂÌÌ˚ı ÏÂÚÓ‰Ó‚ ÔÓÍ‡Á‡ÎÓ Ëı ‚˚ÒÓÍÛ˛ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸.
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ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‡Á‡·ÓÚ‡ÌÌ˚ı ÏÂÚÓ‰Ó‚ Ë ·‡Á ‰‡ÌÌ˚ı EST ·˚Î ÔÓ‚Â‰ÂÌ ‡Ì‡ÎËÁ ÒÔÎ‡ÈÒËÌ„‡ „ÂÌÓ‚
˜ÂÎÓ‚ÂÍ‡. ç‡ÏË ·˚ÎÓ ‚ÔÂ‚˚Â ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÍÓÎË˜ÂÒÚ‚Ó ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚ı „ÂÌÓ‚ ÒÓ-
ÒÚ‡‚ÎflÂÚ ÌÂ ÏÂÌÂÂ 35% ÓÚ Ó·˘Â„Ó ˜ËÒÎ‡ „ÂÌÓ‚. Ñ‡ÎÂÂ, ÔÓ‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡È-
ÒËÌ„‡ ‚ „ÂÌÓÏ‡ı ˜ÂÎÓ‚ÂÍ‡ Ë Ï˚¯Ë. Å˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ 50% ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚ı „ÂÌÓ‚
(25% ÓÚ Ó·˘Â„Ó ˜ËÒÎ‡ „ÂÌÓ‚) ËÏÂ˛Ú ÒÔÂˆËÙË˜ÂÒÍËÂ ËÁÓÙÓÏ˚, ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Â ‚ Ó‰ÌÓÏ Ó„‡ÌËÁÏÂ
Ë ÌÂ ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Â ‚ ‰Û„ÓÏ.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: ˝ÍÁÓÌ-ËÌÚÓÌÌ‡fl ÒÚÛÍÚÛ‡ „ÂÌÓ‚, ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„.
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ÔÂ‰ÒÍ‡Á‡ÌËfl ˜‡ÒÚÓ Ó·˙Â‰ËÌfl˛Ú ÌÂÒÍÓÎ¸ÍÓ „Â-
ÌÓ‚, Á‡ÍÓ‰ËÓ‚‡ÌÌ˚ı ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ‚
Ó‰ËÌ Ó˜ÂÌ¸ ·ÓÎ¸¯ÓÈ „ÂÌ, ËÎË, Ì‡ÔÓÚË‚, ‡Ò˘ÂÔ-
Îfl˛Ú „ÂÌ˚ Ì‡ ‰‚‡ Ë ·ÓÎÂÂ. ÇÓ-‚ÚÓ˚ı, ÔËÏÂÌÂ-
ÌËÂ ˝ÚËı ÏÂÚÓ‰Ó‚ Á‡ÚÛ‰ÌËÚÂÎ¸ÌÓ ÔË Ì‡ÎË˜ËË
Ó¯Ë·ÓÍ ‚ „ÂÌÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. éÒÓ·ÂÌ-
ÌÓ ÓÌË ˜Û‚ÒÚ‚ËÚÂÎ¸Ì˚ Í Ò‰‚Ë„Û ‡ÏÍË. ç‡ÍÓÌÂˆ,
‚-ÚÂÚ¸Ëı, ˝ÚË ÏÂÚÓ‰˚ ÔÓÁ‚ÓÎfl˛Ú ÔÂ‰ÒÍ‡Á˚‚‡Ú¸
ÚÓÎ¸ÍÓ Ó‰ÌÛ ËÁÓÙÓÏÛ, Ë„ÌÓËÛfl ‡Î¸ÚÂÌ‡ÚË‚-
Ì˚È ÒÔÎ‡ÈÒËÌ„. 

ë 1994 „. ËÒÔÓÎ¸ÁÛ˛Ú Ë‰ÂË Ó ÔËÏÂÌÂÌËË „ÓÏÓ-
ÎÓ„ËÈ ‰Îfl ÓÔÂ‰ÂÎÂÌËfl ÒÚÛÍÚÛ˚ „ÂÌÓ‚ [6–8]. í‡-
ÍÓÈ ÔÓ‰ıÓ‰ ÌÂ ‚ÒÂ„‰‡ ÔËÏÂÌËÏ, ÔÓÒÍÓÎ¸ÍÛ ÌÂ ‚ÒÂ-
„‰‡ ÏÓÊÌÓ Ì‡ÈÚË ‰ÓÒÚ‡ÚÓ˜ÌÓ Ì‡‰ÂÊÌÓ„Ó „ÓÏÓÎÓ-
„‡, ÌÓ ‚ ÚÂı ÒÎÛ˜‡flı, ÍÓ„‰‡ ˝ÚÓ ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸
(~70% ÒÎÛ˜‡Â‚), Ì‡‰ÂÊÌÓÒÚ¸ ÔÂ‰ÒÍ‡Á‡ÌËfl ÏÓÊÌÓ
ÒÛ˘ÂÒÚ‚ÂÌÌÓ Û‚ÂÎË˜ËÚ¸, ˜‡ÒÚÓ ‰Ó 100%. èÛÒÚ¸
Ì‡Ï ‰‡Ì‡ „ÂÌÓÏÌ‡fl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸, ‰Îfl ÔÓ-
ÒÚÓÚ˚, ÒÓ‰ÂÊ‡˘‡fl Ó‰ËÌ „ÂÌ. èËÏÂÌË‚ ÔÓ„‡Ï-
ÏÛ BLAST [9], Ï˚ ÏÓÊÂÏ Ì‡ÈÚË ‚ ·‡ÌÍÂ ‰‡ÌÌ˚ı
(Ì‡ÔËÏÂ, ‚ GenBank) ·ÂÎÍË, ÍÓÚÓ˚Â „ÓÏÓÎÓ-
„Ë˜Ì˚ ·ÂÎÍÛ, Á‡ÍÓ‰ËÓ‚‡ÌÌÓÏÛ ‚ ‰‡ÌÌÓÈ ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚË. àÒÔÓÎ¸ÁÛfl Ì‡Ë‚Ì˚È ÔÓ‰ıÓ‰, Ï˚ ÏÓ-
ÊÂÏ ÔÓÒÚÓ ‡ÁÎÓÊËÚ¸ ÔÓÎÛ˜ÂÌÌ˚È ÒÔËÒÓÍ ‚˚-
‡‚ÌË‚‡ÌËÈ Ì‡ „ÂÌÓÏÌÛ˛ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ Ë
Ó·˙fl‚ËÚ¸ Ëı ˝ÍÁÓÌ‡ÏË. é‰Ì‡ÍÓ Ô‡ÍÚËÍ‡ ÔÓÍ‡Á˚-
‚‡ÂÚ, ˜ÚÓ Ú‡ÍÓÈ ÔÓ‰ıÓ‰ ‰‡ÂÚ Í‡˜ÂÒÚ‚Ó ÔÂ‰ÒÍ‡Á‡-
ÌËfl, Ò‡‚ÌËÏÓÂ Òo ÒÚ‡ÚËÒÚË˜ÂÒÍËÏ ÔÂ‰ÒÍ‡Á‡ÌËÂÏ
ÒÚÛÍÚÛ˚ „ÂÌ‡ 

 

ab initio

 

 – ÔËÏÂÌÓ 85% . èÓ·ÎÂ-
Ï‡ ‚ ÚÓÏ, ˜ÚÓ ‚˚‡‚ÌË‚‡ÌËfl, ÔÂ‰˙fl‚ÎÂÌÌ˚Â ÔÓ-
„‡ÏÏÓÈ BLAST, Á‡˜‡ÒÚÛ˛ ÌÂ ÒÓ„Î‡ÒÓ‚‡Ì˚ Ò Ò‡ÈÚ‡-
ÏË ÒÔÎ‡ÈÒËÌ„‡. äÓÏÂ ÚÓ„Ó, ˝ÚÓÚ ÔÓ‰ıÓ‰ Á‡‚Â‰ÓÏÓ
ÚÂflÂÚ Ò‡‚ÌËÚÂÎ¸ÌÓ ÍÓÓÚÍËÂ ˝ÍÁÓÌ˚. èÓ˝ÚÓÏÛ
Ì‡ÏË ·˚Î ÔÂ‰ÎÓÊÂÌ ÌÓ‚˚È ÔÓ‰ıÓ‰ – ÒÔÎ‡ÈÒËÓ-
‚‡ÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ. åÓÊÌÓ ÔÓÒÚ‡‚ËÚ¸ ÌÂÒÍÓÎ¸-
ÍÓ ‡ÁÌ˚ı, Ò Ï‡ÚÂÏ‡ÚË˜ÂÒÍÓÈ ÚÓ˜ÍË ÁÂÌËfl, Á‡‰‡˜,
Ò‚flÁ‡ÌÌ˚ı Ò ÔÂ‰ÒÍ‡Á‡ÌËÂÏ ÒÚÛÍÚÛ˚ „ÂÌÓ‚ Ì‡
ÓÒÌÓ‚Â ÒıÓ‰ÒÚ‚‡.

 

ë‡ÈÚÓ‚‡fl Á‡‰‡˜‡.

 

 èÛÒÚ¸ Ì‡Ï ËÁ‚ÂÒÚÌ˚ ÔÓÚÂÌ-
ˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡ Ë ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚ¸ „ÓÏÓÎÓ„Ë˜ÌÓ„Ó ·ÂÎÍ‡ ËÎË ÍÑçä. ç‡‰Ó Ì‡È-
ÚË Ú‡ÍÛ˛ ˝ÍÁÓÌ-ËÌÚÓÌÌÛ˛ ÒÚÛÍÚÛÛ, ÍÓÚÓ‡fl
Ó·ÂÒÔÂ˜ËÚ Ì‡ËÎÛ˜¯ÂÂ ‚˚‡‚ÌË‚‡ÌËÂ ÒÔÎ‡ÈÒËÓ-
‚‡ÌÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ò ˆÂÎÂ‚˚Ï ·ÂÎÍÓÏ
ËÎË ÍÑçä. í‡ÍÓÈ ÔÓ‰ıÓ‰ ÚÂ·ÛÂÚ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚-
ÒÓÍÓÈ „ÓÏÓÎÓ„ËË „ÂÌ‡ Ë ˆÂÎÂ‚Ó„Ó ·ÂÎÍ‡ Ë ÌÂ ÔÓÁ-
‚ÓÎflÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Ú‡ÍÓÂ ÏÓ˘ÌÓÂ ÒÂ‰ÒÚ‚Ó, Í‡Í
ÒÚ‡ÚËÒÚËÍ‡ ÍÓ‰ÓÌÓ‚. ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ˝ÚÓÚ ÔÓ‰-
ıÓ‰ ÏÓÊÂÚ ·˚Ú¸ ÔËÏÂÌÂÌ ‚ ÒÎÛ˜‡Â, ÍÓ„‰‡ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÂÌ‡ ÔÓ˜ËÚ‡Ì‡ ÌÂ ‰ÓÒÚ‡ÚÓ˜ÌÓ ˜ËÒ-
ÚÓ Ë ÒÓ‰ÂÊËÚ ‚ ÒÂ·Â Ó¯Ë·ÍË. ùÚ‡ Á‡‰‡˜‡ Â¯‡ÂÚ-
Òfl Ò ÔÓÏÓ˘¸˛ ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÔÓ„‡ÏÏËÓ‚‡ÌËfl
Ì‡ÔÓ‰Ó·ËÂ ÏÂÚÓ‰‡ ëÏËÚ‡-Ç‡ÚÂÏ‡Ì‡ [10], ÌÓ Ò ‰Ó-
·‡‚ÎÂÌÌ˚ÏË ‰ÂÎÂˆËflÏË ÒÔÂˆË‡Î¸ÌÓ„Ó ‚Ë‰‡ (ËÌ-
ÚÓÌ‡ÏË) [11].

 

ÅÎÓ˜Ì‡fl Á‡‰‡˜‡.

 

 ùÚ‡ Á‡‰‡˜‡ ‚ÓÁÌËÍ‡ÂÚ ÚÓ„‰‡,
ÍÓ„‰‡ Ì‡Ï ËÁ‚ÂÒÚÌ˚ ÌÂ ÚÓÎ¸ÍÓ Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡,
ÌÓ Ú‡ÍÊÂ Ë ÔÓÚÂÌˆË‡Î¸Ì˚Â ˝ÍÁÓÌ˚, ÍÓÚÓ˚ı ÏÓ-

ÊÂÚ ·˚Ú¸ Ó˜ÂÌ¸ ÏÌÓ„Ó. èÓÚÂÌˆË‡Î¸Ì˚Â ˝ÍÁÓÌ˚
ÏÓ„ÛÚ ·˚Ú¸ ÔÂ‰ÒÍ‡Á‡Ì˚ Ò ÔÓÏÓ˘¸˛, Ì‡ÔËÏÂ,
ÒÚ‡ÚËÒÚËÍË ÍÓ‰ÓÌÓ‚ Ë Ò‡ÈÚÓ‚ ÒÔÎ‡ÈÒËÌ„‡. ùÚÓÚ
ÏÂÚÓ‰ ÔÓÁ‚ÓÎflÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ „Ó‡Á‰Ó ·ÓÎÂÂ Û‰‡-
ÎÂÌÌ˚Â „ÓÏÓÎÓ„Ë.

 

ÉÂÌÓÏÌ‡fl Á‡‰‡˜‡.

 

 ëÛ˘ÂÒÚ‚ÛÂÚ Ú‡ÍÊÂ ÚÂÚ¸fl Á‡-
‰‡˜‡, ÍÓ„‰‡ Ì‡Ï ËÁ‚ÂÒÚÌ˚ ‰‚Â „ÓÏÓÎÓ„Ë˜Ì˚Â (‚
ÒÏ˚ÒÎÂ ÍÓ‰ËÛÂÏÓ„Ó ·ÂÎÍ‡) „ÂÌÓÏÌ˚Â ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚË ËÁ ‡ÁÌ˚ı Ó„‡ÌËÁÏÓ‚. Ç ˝ÚÓÏ ÒÎÛ˜‡Â
ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÒÚÛÍÚÛÛ „ÂÌ‡, ÓÔË‡flÒ¸ Ì‡ ÚÓ,
˜ÚÓ ˝ÍÁÓÌ˚ ÍÓ‰ËÛ˛Ú ·ÂÎÓÍ Ë ÔÓ˝ÚÓÏÛ Ì‡ıÓ‰flÚÒfl
ÔÓ‰ ·ÓÎÂÂ ÒÚÓ„ËÏ ‰‡‚ÎÂÌËÂÏ ÓÚ·Ó‡, ‚ ÚÓ ‚ÂÏfl
Í‡Í ËÌÚÓÌ˚ „Ó‡Á‰Ó ÏÂÌÂÂ ÍÓÌÒÂ‚‡ÚË‚Ì˚. 

 

ÄãÉéêàíåõ èêÖÑëäÄáÄçàü
ùäáéç-àçíêéççéâ ëíêìäíìêõ ÉÖçéÇ

 

àÒÚÓË˜ÂÒÍË ÒÌ‡˜‡Î‡ Ï˚ ‡Á‡·ÓÚ‡ÎË ‡Î„Ó-
ËÚÏ ‰Îfl Â¯ÂÌËfl ·ÓÎÂÂ ÒÎÓÊÌÓÈ ·ÎÓ˜ÌÓÈ Á‡‰‡-
˜Ë. Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ˝ÚÓÚ ÔÓ‰ıÓ‰ ËÁ‚ÂÒÚÂÌ ÔÓ‰
Ì‡Á‚‡ÌËÂÏ ‡Î„ÓËÚÏ èÓÍÛÒÚ (Procrustes, [1]).
èÛÒÚ¸ Ì‡Ï ËÁ‚ÂÒÚÌ˚ „ÂÌÓÏÌ‡fl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚ¸, ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ „ÓÏÓÎÓ„Ë˜ÌÓ„Ó ·ÂÎÍ‡
Ë Ì‡·Ó ÔÓÚÂÌˆË‡Î¸Ì˚ı ̋ ÍÁÓÌÓ‚. èË ̋ ÚÓÏ ÔÓÚÂÌ-
ˆË‡Î¸Ì˚ı ̋ ÍÁÓÌÓ‚ ÏÓÊÂÚ ·˚Ú¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÏÌÓ„Ó,
Ë ÓÌË ÏÓ„ÛÚ ÔÂÂÍ˚‚‡Ú¸Òfl ‰Û„ Ò ‰Û„ÓÏ. á‡‰‡˜‡
Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÚÓÏ, ˜ÚÓ·˚ ÔÓÒÚÓËÚ¸ ˆÂÔÓ˜ÍÛ ˝Í-
ÁÓÌÓ‚, ÍÓÚÓ‡fl Ì‡ËÎÛ˜¯ËÏ ÒÔÓÒÓ·ÓÏ ‚˚‡‚ÌË‚‡-
ÂÚÒfl Ò ‰‡ÌÌ˚Ï ·ÂÎÍÓÏ. ç‡Ë‚Ì˚È ‡Î„ÓËÚÏ ÔÓËÒÍ‡
Ú‡ÍÓÈ ˆÂÔÓ˜ÍË ÔÂ‰ÔÓÎ‡„‡ÂÚ ÌÂÁ‡‚ËÒËÏÓÂ ‚˚‡‚-
ÌË‚‡ÌËÂ Í‡Ê‰Ó„Ó ËÁ ÔÓÚÂÌˆË‡Î¸Ì˚ı ˝ÍÁÓÌÓ‚ Ò
·ÂÎÍÓÏ Ë Á‡ÚÂÏ ÔÓÒÚÓÂÌËÂ ÓÔÚËÏ‡Î¸ÌÓÈ ˆÂÔÓ˜-
ÍË. çÂÚÛ‰ÌÓ ÓˆÂÌËÚ¸ ÓÊË‰‡ÂÏÓÂ ÍÓÎË˜ÂÒÚ‚Ó
ÓÔÂ‡ˆËÈ ‰Îfl ˝ÚÓÈ Á‡‰‡˜Ë. éÌÓ ·Û‰ÂÚ ÔËÏÂÌÓ
‡‚ÌÓ 

 

O

 

(

 

Σ

 

l

 

exn

 

 

 

∗

 

 

 

l

 

prot

 

), „‰Â 

 

Σ

 

l

 

exn

 

 – ÒÛÏÏ‡Ì‡fl ‰ÎËÌ‡
‚ÒÂı ÔÓÚÂÌˆË‡Î¸Ì˚ı ˝ÍÁÓÌÓ‚, 

 

l

 

prot

 

 – ‰ÎËÌ‡ ‡ÏËÌÓ-
ÍËÒÎÓÚÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. é‰Ì‡ÍÓ ÔÓÚÂÌˆË-
‡Î¸Ì˚Â ˝ÍÁÓÌ˚ ÏÓ„ÛÚ ÔÂÂÍ˚‚‡Ú¸Òfl. Ç ˝ÚÓÏ ÒÎÛ-
˜‡Â ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ÎË¯ÌËÏ ÏÌÓ„Ó ‡Á ÔÓËÁ‚Ó-
‰ËÚ¸ ‚˚‡‚ÌË‚‡ÌËÂ Ó‰ÌÓ„Ó Ë ÚÓ„Ó ÊÂ Û˜‡ÒÚÍ‡
„ÂÌÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË (ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÈ ‚
‡ÁÌ˚ı ̋ ÍÁÓÌ‡ı) Ò ‡ÏËÌÓÍËÒÎÓÚÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚ¸˛. èÓ˝ÚÓÏÛ ÔÂ‰ÎÓÊÂÌ‡ ÛÒÓ‚Â¯ÂÌÒÚ‚Ó‚‡Ì-
Ì‡fl ÒıÂÏ‡, ÔË ÍÓÚÓÓÈ Í‡Ê‰˚È Û˜‡ÒÚÓÍ „ÂÌÓÏÌÓÈ
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ËÎË ÔÓÒÏ‡ÚË‚‡ÂÚÒfl Ó‰ËÌ
‡Á, ÂÒÎË ÓÌ ÔÓÍ˚Ú ıÓÚ¸ Ó‰ÌËÏ ÔÓÚÂÌˆË‡Î¸Ì˚Ï
˝ÍÁÓÌÓÏ, ËÎË ÌË ‡ÁÛ, ÂÒÎË ÓÌ ÌÂ ÔÓÍ˚Ú ÌË Ó‰ÌËÏ
ÔÓÚÂÌˆË‡Î¸Ì˚Ï ̋ ÍÁÓÌÓÏ. Ç ̋ ÚÓÏ ÒÎÛ˜‡Â ‚ÂÏfl ‡-
·ÓÚ˚ ‡Î„ÓËÚÏ‡ ÓˆÂÌË‚‡ÂÚÒfl Í‡Í 

 

O

 

(

 

κ

 

l

 

gene

 

 

 

∗

 

 

 

l

 

prot

 

),
„‰Â 

 

κ

 

 – ÔÓÍ˚ÚËÂ „ÂÌÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË
ÔÓÚÂÌˆË‡Î¸Ì˚ÏË ˝ÍÁÓÌ‡ÏË, 

 

l

 

gene

 

 – ‰ÎËÌ‡ „ÂÌÓÏÌÓÈ
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. ç‡‰Ó ÓÚÏÂÚËÚ¸, ˜ÚÓ ‡Î„Ó-
ËÚÏ èÓÍÛÒÚ ·˚Î ÌÂ ÚÓÎ¸ÍÓ ÔÂ‚˚Ï ‡Î„ÓËÚ-
ÏÓÏ ÔÂ‰ÒÍ‡Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚
„ÂÌÓ‚ Ì‡ ÓÒÌÓ‚Â ÒıÓ‰ÒÚ‚‡, ÌÓ Ú‡ÍÊÂ Ë ÔÂ‚˚Ï ÔÓ‰-
ıÓ‰ÓÏ, ÔÓÁ‚ÓÎË‚¯ËÏ ÍÓÏ·ËÌËÓ‚‡Ú¸ „ÓÏÓÎÓ„Ë˛
Ë ÒÚ‡ÚËÒÚË˜ÂÒÍÓÂ ÔÂ‰ÒÍ‡Á‡ÌËÂ ÒÚÛÍÚÛ˚ „ÂÌÓ‚.
àÒÒÎÂ‰Ó‚‡ÌËÂ Ò‚ÓÈÒÚ‚ ‡Î„ÓËÚÏ‡ èÓÍÛÒÚ [12]
ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ Í‡˜ÂÒÚ‚Ó ÔÂ‰ÒÍ‡Á‡ÌËfl Á‡‚ËÒËÚ ÓÚ
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Í‡˜ÂÒÚ‚‡ ÔÓÎÛ˜ÂÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl Ë ÔË ÒıÓ‰-
ÒÚ‚Â, ÔÂ‚˚¯‡˛˘ÂÏ 35%, ÔÂ‰ÒÍ‡Á‡ÌËfl ÏÓÊÌÓ
Ò˜ËÚ‡Ú¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ Ì‡‰ÂÊÌ˚ÏË. Ç ˜‡ÒÚÌÓÒÚË, ‚
fl‰Â ÒÎÛ˜‡Â‚ ‰Îfl ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ˚ „ÂÌÓ‚
˜ÂÎÓ‚ÂÍ‡ ÏÓÊÌÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‰‡ÊÂ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚË ÔÓÍ‡ËÓÚË˜ÂÒÍËı ·ÂÎÍÓ‚. 

èË ÓÔÂ‰ÂÎÂÌËË ÌÛÍÎÂÓÚË‰Ì˚ı ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚÂÈ ÌÂËÁ·ÂÊÌÓ ‚ÓÁÌËÍ‡˛Ú Ó¯Ë·ÍË, ‚ ÚÓÏ
˜ËÒÎÂ Ó¯Ë·ÍË ÚËÔ‡ Ò·Ófl ‡ÏÍË Ë Ó¯Ë·ÍË ‚ Ò‡ÈÚ‡ı
ÒÔÎ‡ÈÒËÌ„‡. ìÓ‚ÂÌ¸ Ó¯Ë·ÓÍ ÓÒÓ·ÂÌÌÓ ‚˚ÒÓÍ Ì‡
ÔÂ‚˚ı ˝Ú‡Ô‡ı ÒÂÍ‚ÂÌËÓ‚‡ÌËfl. ç‡ÔËÏÂ, ÂÒÎË
ÛÓ‚ÂÌ¸ Ó¯Ë·ÓÍ ‡‚ÂÌ 1% (˜ÚÓ ı‡‡ÍÚÂÌÓ ‰Îfl
Ó‰ÌÓÍ‡ÚÌÓ„Ó ÔÓ˜ÚÂÌËfl), ÚÓ 2% Ò‡ÈÚÓ‚ ÒÔÎ‡È-
ÒËÌ„‡ ·Û‰ÛÚ ÒÓ‰ÂÊ‡Ú¸ ÍËÚË˜ÂÒÍËÂ Ó¯Ë·ÍË Ë 4%
˝ÍÁÓÌÓ‚ ·Û‰ÂÚ ÓÔÂ‰ÂÎÂÌÓ ÌÂÔ‡‚ËÎ¸ÌÓ. äÓÏÂ
ÚÓ„Ó, ‚ ˝ÍÁÓÌ‡ı Ò Á‡ÏÂÚÌÓÈ ˜‡ÒÚÓÚÓÈ ·Û‰ÛÚ ÔÓfl‚-
ÎflÚ¸Òfl Ô‡‡ÁËÚÌ˚Â ÒÚÓÔ-ÍÓ‰ÓÌ˚, ÌÂ „Ó‚Ófl ÛÊÂ Ó
‚ÓÁÏÓÊÌ˚ı Ò‰‚Ë„‡ı ‡ÏÍË. Ç Ú‡ÍËı ÛÒÎÓ‚Ëflı ÌË-
Í‡ÍÓÈ ‡Î„ÓËÚÏ, ÓÒÌÓ‚‡ÌÌ˚È Ì‡ ÒÚ‡ÚËÒÚËÍÂ ÍÓ‰Ó-
ÌÓ‚ Ë Ò‡ÈÚÓ‚ ÒÔÎ‡ÈÒËÌ„‡, ÌÂ ÒÏÓÊÂÚ ‰‡Ú¸ ‡ÁÛÏÌÓÂ
ÔÂ‰ÒÍ‡Á‡ÌËÂ. ç‡ÏË ·˚Î ‡Á‡·ÓÚ‡Ì ÏÂÚÓ‰ Pro-
frame ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ˚ „ÂÌÓ‚, ÍÓÚÓ˚È ‰‡-
ÊÂ ‚ Ú‡ÍËı ÚflÊÂÎ˚ı ÒÎÛ˜‡flı ÏÓÊÂÚ ‰‡‚‡Ú¸ ıÓÓ-
¯ËÂ ÔÂ‰ÒÍ‡Á‡ÌËfl [13]. ùÚÓ ÏÂÚÓ‰ ÓÒÌÓ‚‡Ì Ì‡ ÚÓÈ
ÊÂ Ë‰ÂÂ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÒıÓ‰ÒÚ‚‡ Ò „ÓÏÓÎÓ„Ë˜Ì˚Ï
·ÂÎÍÓÏ. Ç ˝ÚÓÏ ÒÎÛ˜‡Â ËÒÔÓÎ¸ÁÛÂÚÒfl Ò‡ÈÚÓ‚‡fl Á‡-
‰‡˜‡, ‡ ‡Î„ÓËÚÏ ÓÒÌÓ‚‡Ì Ì‡ ‰ËÌ‡ÏË˜ÂÒÍÓÏ ÔÓ-
„‡ÏÏËÓ‚‡ÌËË ÚËÔ‡ ëÏËÚ‡-Ç‡ÚÂÏ‡Ì‡, ‚ ÍÓÚÓ-
˚È ‰Ó·‡‚ÎÂÌ˚ ÔÂÂıÓ‰˚, Ò‚flÁ‡ÌÌ˚Â Ò ËÌÚÓÌ‡ÏË
Ë Ò‰‚Ë„‡ÏË ‡ÏÍË. 

éÔËÒ‡ÌÌ˚Â ‚˚¯Â ÏÂÚÓ‰˚ ÔÓÍ‡Á‡ÎË ‚˚ÒÓÍÛ˛
˝ÙÙÂÍÚË‚ÌÓÒÚ¸, Ó‰Ì‡ÍÓ ÓÌË ÌÂ ‰‡˛Ú ‚ÓÁÏÓÊÌÓÒÚË
Ì‡ıÓ‰ËÚ¸ „ÂÌ˚, ‰Îfl ÔÓ‰ÛÍÚÓ‚ ÍÓÚÓ˚ı ÌÂÚ ËÁ‚Â-
ÒÚÌ˚ı „ÓÏÓÎÓ„Ó‚. íÓ, ˜ÚÓ ·ÂÎÓÍÍÓ‰ËÛ˛˘ËÂ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ˝‚ÓÎ˛ˆËÓÌËÛ˛Ú Ò „Ó‡Á‰Ó
ÏÂÌ¸¯ÂÈ ÒÍÓÓÒÚ¸˛, ˜ÂÏ ÌÂÍÓ‰ËÛ˛˘ËÂ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË (ÏÂÊ„ÂÌÌ˚Â Û˜‡ÒÚÍË Ë ËÌÚÓÌ˚),
ÔÓÁ‚ÓÎflÂÚ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Ò‡‚ÌÂÌËÂ „ÂÌÓÏÌ˚ı ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ‰Îfl ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ˚
„ÂÌÓ‚. èË Ú‡ÍÓÏ Ò‡‚ÌÂÌËË ÌÛÍÎÂÓÚË‰Ì˚ı ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ‰‚Ûı Ó‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓ‚ ·ÂÎÓÍ-
ÍÓ‰ËÛ˛˘ËÂ ˝ÍÁÓÌ˚ ‚˚„Îfl‰flÚ Í‡Í Û˜‡ÒÚÍË Ò ‚˚-
ÒÓÍÓÈ ÎÓÍ‡Î¸ÌÓÈ „ÓÏÓÎÓ„ËÂÈ Ì‡ ÙÓÌÂ ÒËÎ¸ÌÓ ‰Ë-
‚Â„ËÓ‚‡‚¯Ëı ËÎË ‚ÓÓ·˘Â ÌÂ „ÓÏÓÎÓ„Ë˜Ì˚ı ÌÂ-
ÍÓ‰ËÛ˛˘Ëı Ó·Î‡ÒÚÂÈ. àÒÔÓÎ¸ÁÓ‚‡ÌË˛ „ÂÌÓÏ-
Ì˚ı Ò‡‚ÌÂÌËÈ ‰Îfl ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ˚ „ÂÌÓ‚
ÒÔÓÒÓ·ÒÚ‚ÛÂÚ Ï‡ÒÒÓ‚ÓÂ ÒÂÍ‚ÂÌËÓ‚‡ÌËÂ „ÂÌÓÏÓ‚
˝ÛÍ‡ËÓÚ Ë, ‚ ÓÒÓ·ÂÌÌÓÒÚË, ÒËÌÚÂÌÌ˚ı ‡ÈÓÌÓ‚.
Ç

 

 

 

ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ˝ÚÓÚ ÔÓ‰ıÓ‰ ·˚Î Ò ÛÒÔÂıÓÏ
ÔËÏÂÌÂÌ ‰Îfl ‡Ì‡ÎËÁ‡ ÍÎ‡ÒÚÂ‡ „ÂÌÓ‚ Ì‡ ıÓÏÓÒÓ-
ÏÂ 12p13 ˜ÂÎÓ‚ÂÍ‡ Ë ‚ ÒËÌÚÂÌÌÓÈ Ó·Î‡ÒÚË Ì‡ ıÓ-
ÏÓÒÓÏÂ 6 Ï˚¯Ë [14] Ë ‰Îfl ÔÂ‰ÒÍ‡Á‡ÌËfl „ÂÌÓ‚ ‚
ÎÓÍÛÒÂ 
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 ÌÂÏ‡ÚÓ‰ 

 

Caenorhabditis elegans
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C.

 

 

 

briggsae

 

 [15]. Ç ˝ÚËı ‡·ÓÚ‡ı ËÒÔÓÎ¸ÁÓ‚‡ÎË
ÒıÓ‰ÒÚ‚Ó ÌÛÍÎÂÓÚË‰Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ,
‡Ì‡ÎËÁËÛÂÏÓÂ Ò ÔÓÏÓ˘¸˛ ÔÓÒÚÓÂÌËfl ÚÓ˜Â˜Ì˚ı
Ï‡ÚËˆ ÒıÓ‰ÒÚ‚‡ [15] ËÎË ÔÓËÒÍ‡ ÎÓÍ‡Î¸Ì˚ı „ÓÏÓ-
ÎÓ„ËÈ [14]. Ç ÚÓ ÊÂ ‚ÂÏfl ËÁ‚ÂÒÚÌÓ, ˜ÚÓ ‡Ì‡ÎËÁ
·ÂÎÍÓ‚˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ „Ó‡Á‰Ó ·ÓÎÂÂ

˜Û‚ÒÚ‚ËÚÂÎÂÌ Í Ì‡ÎË˜Ë˛ ÓÚ‰‡ÎÂÌÌÓ„Ó ÒıÓ‰ÒÚ‚‡,
˜ÂÏ ‡Ì‡ÎËÁ ÌÛÍÎÂÓÚË‰Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ.
äÓÏÂ ÚÓ„Ó, Ú‡ÍÓÈ ‡Ì‡ÎËÁ ÔÓÁ‚ÓÎflÂÚ ÓÚÎË˜ËÚ¸ „Ó-
ÏÓÎÓ„Ë˛ ·ÂÎÓÍÍÓ‰ËÛ˛˘Ëı ˝ÍÁÓÌÓ‚ ÓÚ ÒıÓ‰ÒÚ‚‡
ÌÂÍÓ‰ËÛ˛˘Ëı, Ì‡ÔËÏÂ, Â„ÛÎflÚÓÌ˚ı Ó·Î‡Ò-
ÚÂÈ [16, 17].

ç‡ÏË ‡Á‡·ÓÚ‡Ì ‚‡Ë‡ÌÚ ÒÔÎ‡ÈÒËÓ‚‡ÌÌÓ„Ó
‚˚‡‚ÌË‚‡ÌËfl (Pro-Gen [18]), ÔÓÁ‚ÓÎfl˛˘ËÈ ÔÓ-
ËÁ‚Ó‰ËÚ¸ ÔÓÔ‡ÌÓÂ Ò‡‚ÌÂÌËÂ „ÂÌÓÏÌ˚ı ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ì‡ ÛÓ‚ÌÂ ·ÂÎÍÓ‚ Ë ÔÂ‰ÒÍ‡Á˚‚‡Ú¸
˝ÍÁÓÌ-ËÌÚÓÌÌÛ˛ ÒÚÛÍÚÛÛ „ÂÌÓ‚ ‚˚Ò¯Ëı ˝ÛÍ‡-
ËÓÚ. èË ˝ÚÓÏ ‚ ÓÚÎË˜ËÂ ÓÚ ÔÂ‰˚‰Û˘Ëı ‡·ÓÚ
ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚ ÌÂ
ÔÂ‰ÔÓÎ‡„‡Î‡Ò¸. ùÚÓÚ ‚‡Ë‡ÌÚ ‡Î„ÓËÚÏ‡ ÒÔÎ‡È-
ÒËÓ‚‡ÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl ËÒÔÓÎ¸ÁÛÂÚ Ò‡ÈÚÓ‚˚È
ÔÓ‰ıÓ‰, Ú.Â. ÒÚÓËÚÒfl ÌÂ ÔÂ‰‚‡ËÚÂÎ¸Ì˚È ÒÔËÒÓÍ
ÔÓÚÂÌˆË‡Î¸Ì˚ı ˝ÍÁÓÌÓ‚, ‡ ÔÓÎÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ
Ò Û˜ÂÚÓÏ ‚ÓÁÏÓÊÌ˚ı ËÌÚÓÌÓ‚. ÄÎ„ÓËÚÏ ÒÚÓËÚ
ÒÚ‡Ì‰‡ÚÌÛ˛ Ï‡ÚËˆÛ ‚˚‡‚ÌË‚‡ÌËfl. á‰ÂÒ¸ ‚ÓÁ-
ÌËÍ‡ÂÚ ÚÛ‰ÌÓÒÚ¸, Ò‚flÁ‡ÌÌ‡fl Ò ÚÂÏ, ˜ÚÓ ‡ÁÏÂ Ï‡-
ÚËˆ˚ ‚˚‡‚ÌË‚‡ÌËfl ‡‚ÂÌ ÔÓËÁ‚Â‰ÂÌË˛ ‰ÎËÌ
ËÒıÓ‰Ì˚ı „ÂÌÓÏÌ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ˜ÚÓ
ÔË ÒÂ‰ÌÂÏ ‡ÁÏÂÂ „ÂÌ‡ 30 Ú.Ô.Ì. ÔË‚Ó‰ËÚ Í ÌÂ-
Ó·ıÓ‰ËÏÓÒÚË ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÓÍÓÎÓ 100 å·‡ÈÚ ÓÔÂ-
‡ÚË‚ÌÓÈ Ô‡ÏflÚË, ‡ ‰Îfl ·ÓÎÂÂ ‰ÎËÌÌ˚ı „ÂÌÓ‚ Ë ÚÓ-
„Ó ·ÓÎ¸¯Â. èÓ˝ÚÓÏÛ ‚ ÔÓ„‡ÏÏÌÓÈ Â‡ÎËÁ‡ˆËË
Á‡ÔÓÏËÌ‡ÎËÒ¸ ÚÓÎ¸ÍÓ ÔÂÂıÓ‰˚ Ì‡ Ò‡ÈÚ‡ı ÒÔÎ‡È-
ÒËÌ„‡. 

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÏÂÚÓ‰˚ ÒÔÎ‡ÈÒËÓ‚‡Ì-
ÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl ‡·ÓÚ‡˛Ú ÔÎÓıÓ: ÂÒÎË ÌÂ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ú¸ Ó„‡ÌË˜ÂÌËÈ ÒÌËÁÛ Ì‡ ‡ÁÏÂ˚ ̋ ÍÁÓÌÓ‚
Ë ËÌÚÓÌÓ‚ – ‡Î„ÓËÚÏ ÔÂ‰ÒÍ‡Á˚‚‡ÂÚ ·ÓÎ¸¯ÓÂ ÍÓ-
ÎË˜ÂÒÚ‚Ó Ó˜ÂÌ¸ ÍÓÓÚÍËı ˝ÍÁÓÌÓ‚. ùÚÓ ÌÂÛ‰Ë‚Ë-
ÚÂÎ¸ÌÓ, ÓÒÓ·ÂÌÌÓ ÔË ËÒÒÎÂ‰Ó‚‡ÌËË „ÂÌÓÏÓ‚ ‚˚Ò-
¯Ëı ˝ÛÍ‡ËÓÚ, ËÏÂ˛˘Ëı „Ë„‡ÌÚÒÍËÂ ËÌÚÓÌ˚.
ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, ÔÓ ˜ËÒÚÓ ÒÎÛ˜‡ÈÌ˚Ï ÔË˜ËÌ‡Ï
ÏÓÊÌÓ Ì‡ÈÚË ÍÓÓÚÍËÈ Ù‡„ÏÂÌÚ (1–5 ‡ÏËÌÓÍËÒ-
ÎÓÚÌ˚ı ÓÒÚ‡ÚÍÓ‚), „ÓÏÓÎÓ„Ë˜Ì˚È ˆÂÎÂ‚ÓÏÛ ·ÂÎ-
ÍÛ. ÑÎfl ·Ó¸·˚ Ò ˝ÚËÏ “ÏÓÁ‡Ë˜Ì˚Ï” ˝ÙÙÂÍÚÓÏ
ÔËıÓ‰ËÚÒfl ‚‚Ó‰ËÚ¸ Ó„‡ÌË˜ÂÌËfl Ì‡ ‡ÁÏÂ˚ ËÌ-
ÚÓÌÓ‚ Ë ˝ÍÁÓÌÓ‚, ‡ Ú‡ÍÊÂ ‚‚Ó‰ËÚ¸ ÒÔÂˆË‡Î¸Ì˚Â
¯Ú‡Ù˚ Ì‡ ËÌËˆË‡ˆË˛ ËÌÚÓÌ‡. 

ÇÒÂ ÏÂÚÓ‰˚ ÒÔÎ‡ÈÒËÓ‚‡ÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl
ÔÓÒÏ‡ÚË‚‡˛Ú ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯Û˛ Ï‡ÚËˆÛ, Ë
‚ÂÏfl ‡·ÓÚ˚ ‡Î„ÓËÚÏ‡ ÔÓÔÓˆËÓÌ‡Î¸ÌÓ ÔÓ-
ËÁ‚Â‰ÂÌË˛ ‰ÎËÌ Ò‡‚ÌË‚‡ÂÏ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚÂÈ. ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ‰Îfl ÔÓËÒÍ‡ Í‡Ì‰Ë‰‡ÚÓ‚
‰Îfl Ò‡‚ÌÂÌËfl ËÒÔÓÎ¸ÁÛ˛ÚÒfl ·˚ÒÚ˚Â ‡Î„ÓËÚÏ˚
ÚËÔ‡ BLAST. èÂ‰ÒÚ‡‚ÎflÂÚÒfl ˆÂÎÂÒÓÓ·‡ÁÌ˚Ï
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‚˚‡‚ÌË‚‡ÌËfl, ÔÓÎÛ˜ÂÌÌ˚Â Ò ÔÓÏÓ-
˘¸˛ ÔÓ„‡ÏÏ˚ BLAST ÔË ÔÓÒÚÓÂÌËË ÒÔÎ‡ÈÒË-
Ó‚‡ÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ, Í‡Ê‰ÓÂ
ÎÓÍ‡Î¸ÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ ‡Á·Ë‚‡ÂÚ ‚Ò˛ Ï‡ÚËˆÛ
‚˚‡‚ÌË‚‡ÌËfl Ì‡ Í‚‡‰‡ÌÚ˚ Ë ‰ÂÎ‡ÂÚ ÌÂÌÛÊÌ˚Ï
ÔÓÒÏÓÚ ÓÍÓÎÓ ÔÓÎÓ‚ËÌ˚ ÔÓÎÌÓÈ Ï‡ÚËˆ˚. èÓ-
ÒÎÂ‰ÌËÂ ‚ÂÒËË ÔÓ„‡ÏÏ ÒÔÎ‡ÈÒËÓ‚‡ÌÌÓ„Ó ‚˚-
‡‚ÌË‚‡ÌËfl ËÒÔÓÎ¸ÁÛ˛Ú ˝ÚÓ ÒÓÓ·‡ÊÂÌËÂ Ë ‡·Ó-
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Ú‡˛Ú ‰ÓÒÚ‡ÚÓ˜ÌÓ ·˚ÒÚÓ – ÚËÔË˜ÌÓÂ Ò‡‚ÌÂÌËÂ
ÚÂ·ÛÂÚ ‚ÂÏÂÌË ÔÓfl‰Í‡ 1Ò.

ÄÎ„ÓËÚÏ „ÂÌÓÏÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl ÓÍ‡Á‡ÎÒfl
ÔÓÎÂÁÌ˚Ï Ú‡ÍÊÂ Ë ‰Îfl ‡Ì‡ÎËÁ‡ ÔÓÍ‡ËÓÚË˜ÂÒÍËı
„ÂÌÓÏÓ‚. á‡‰‡˜‡ ÔÓËÒÍ‡ „ÂÌÓ‚ ‚ ·‡ÍÚÂËflı ÌÂ
ÔÂ‰ÒÚ‡‚ÎflÂÚ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ·ÓÎ¸¯Ëı ÚÛ‰ÌÓ-
ÒÚÂÈ, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ ÒÚ‡ÚÓ‚ „ÂÌÓ‚, ÍÓÚÓ˚Â
ÔÂ‰ÒÍ‡Á˚‚‡˛ÚÒfl ÌÂ ‰ÓÒÚ‡ÚÓ˜ÌÓ Ì‡‰ÂÊÌÓ. äÓÏÂ
ÚÓ„Ó, ‚ÓÁÏÓÊÌ˚Â Ò‰‚Ë„Ë ‡ÏÓÍ Ú‡ÍÊÂ ÒÌËÊ‡˛Ú
ÚÓ˜ÌÓÒÚ¸ ÔÂ‰ÒÍ‡Á‡ÌËfl „ÂÌÓ‚. ç‡ÏË ÔÂ‰ÎÓÊÂÌ
ÏÂÚÓ‰ ËÒÔ‡‚ÎÂÌËfl ‡ÌÌÓÚ‡ˆËÈ „ÂÌÓ‚, ÓÒÌÓ‚‡ÌÌ˚È
Ì‡ Ò‡‚ÌËÚÂÎ¸ÌÓÏ ‡Ì‡ÎËÁÂ ÔÂ‰ÒÍ‡Á‡ÌËÈ ‚ Ó‰ÒÚ-
‚ÂÌÌ˚ı „ÂÌÓÏ‡ı. àÒÔÓÎ¸ÁÛÂÚÒfl ‡Î„ÓËÚÏ ‚˚‡‚-
ÌË‚‡ÌËfl Ú‡ÌÒÎËÓ‚‡ÌÌ˚ı „ÂÌÓÏÌ˚ı ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚÂÈ Ò Û˜ÂÚÓÏ Ò·Ófl ‡ÏÍË. èË ̋ ÚÓÏ ‚˚‡‚-
ÌË‚‡ÌËÂ ÏÓÊÂÚ Ì‡˜ËÌ‡Ú¸Òfl ÚÓÎ¸ÍÓ Ì‡ ‚ÓÁÏÓÊÌ˚ı
ÒÚ‡ÚÓ‚˚ı ÍÓ‰ÓÌ‡ı. èÓÒÍÓÎ¸ÍÛ ‰‡‚ÎÂÌËÂ ÓÚ·Ó‡
Ì‡ ÌÂÍÓ‰ËÛ˛˘ËÂ Ó·Î‡ÒÚË ÏÂÌ¸¯Â Ë ËÏÂÂÚ ‰Û-
„ÓÈ ı‡‡ÍÚÂ, ˜ÂÏ ‚ ÍÓ‰ËÛ˛˘Ëı Ó·Î‡ÒÚflı, Ú‡ÍÓÈ
ÔÓ‰ıÓ‰ ÔÓÁ‚ÓÎflÂÚ Ò ·ÓÎ¸¯ÓÈ ÚÓ˜ÌÓÒÚ¸˛ Ì‡ıÓ‰ËÚ¸
ÒÚ‡Ú˚ „ÂÌÓ‚ Ë Ò·ÓË ‡ÏÓÍ. Ç ˜‡ÒÚÌÓÒÚË, Ì‡Ï Û‰‡-
ÎÓÒ¸ ÛÚÓ˜ÌËÚ¸ ÔÓÎÓÊÂÌËfl ÓÍÓÎÓ 200 „ÂÌÓ‚ ‰‡ÊÂ ‚
Ú‡ÍÓÏ ıÓÓ¯Ó Óı‡‡ÍÚÂËÁÓ‚‡ÌÌÓÏ „ÂÌÓÏÂ, Í‡Í

 

E. coli

 

. ëÓÔÓÒÚ‡‚ÎÂÌËÂ Ì‡¯Ëı ËÒÔ‡‚ÎÂÌËÈ Ò ˝ÍÒ-
ÔÂËÏÂÌÚ‡Î¸ÌÓ Í‡ÚËÓ‚‡ÌÌ˚ÏË ÒÚ‡Ú‡ÏË „ÂÌÓ‚
ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ‚ 95% ÒÎÛ˜‡Â‚ Ì‡¯Ë ÔÂ‰ÒÍ‡Á‡ÌËfl
ÚÓ˜ÌÓ ÒÓ‚Ô‡‰‡˛Ú Ò ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ÒÚ‡Ú‡-
ÏË [19]. 
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ëÂÍ‚ÂÌËÓ‚‡ÌËÂ „ÂÌÓÏÓ‚ ˜‡ÒÚÓ ÒÓÔÓ‚ÓÊ‰‡ÂÚ-
Òfl ÒÂÍ‚ÂÌËÓ‚‡ÌËÂÏ ·ÓÎ¸¯Ó„Ó ÍÓÎË˜ÂÒÚ‚‡ Ù‡„-
ÏÂÌÚÓ‚ Ú‡ÌÒÍË·ËÓ‚‡ÌÌ˚ı Ë ÒÔÎ‡ÈÒËÓ‚‡ÌÌ˚ı
êçä (EST), ‡ Ú‡ÍÊÂ ÔÓÎÌÓ‡ÁÏÂÌ˚ı êçä.
ÑÎfl

 

 

 

Í‡ÚËÓ‚‡ÌËfl „ÂÌÓÏ‡ ˜ÂÎÓ‚ÂÍ‡ ·˚ÎÓ Ì‡ÍÓÔ-
ÎÂÌÓ ·ÓÎÂÂ 4 ÏÎÌ. ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ EST (ex-
pression sequence tags). EST – ˝ÚÓ ÍÓÓÚÍËÂ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ÔÓ˜ËÚ‡ÌÌ˚Â Ò ÚÓÚ‡Î¸ÌÓÈ Ïêçä
ÍÎÂÚÍË Ò Ó‰ÌÓ„Ó ÔÓıÓ‰‡, Í‡Í Ô‡‚ËÎÓ, ÒÓ ÒÎÛ˜‡È-
Ì˚ı ËÎË Ò ÔÓÎË-í Ô‡ÈÏÂÓ‚. èÓÒÍÓÎ¸ÍÛ ˝ÚÓ ÔÓ-
˜ÚÂÌËÂ Ò Ó‰ÌÓ„Ó ÔÓıÓ‰‡, ÚÓ Í‡˜ÂÒÚ‚Ó ˝ÚËı ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÌËÁÍÓÂ. ë ÔÓÏÓ˘¸˛ Ò‡‚ÌÂÌËfl
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË EST ÏÓÊÌÓ ÍÎ‡ÒÚÂËÁÓ‚‡Ú¸ Ë
ÒÓ·Ë‡Ú¸ ‚ ÍÓÌÚË„Ë, ÍÓÚÓ˚Â ‚ ÂÁÛÎ¸Ú‡ÚÂ ÏÓ„ÛÚ
‰‡Ú¸ ·ÓÎÂÂ ËÎË ÏÂÌÂÂ ÔÓÎÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË
Ï‡ÚË˜Ì˚ı êçä, ˝ÍÒÔÂÒÒËÛÂÏ˚ı ‚ ‰‡ÌÌÓÈ
ÍÎÂÚÍÂ [20, 21]. 

ÅÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ÒÂÍ‚ÂÌËÓ‚‡ÌÌ˚ı ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ EST Ë EST-ÍÓÌÚË„Ó‚ ÔÓÁ‚ÓÎflÂÚ
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ̋ ÚË ‰‡ÌÌ˚Â ‰Îfl ÔÂ‰ÒÍ‡Á‡ÌËfl ̋ ÍÁÓÌ-
ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚. èÓÒÍÓÎ¸ÍÛ ·‡Á‡ ‰‡ÌÌ˚ı
EST ÒÓ‰ÂÊËÚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ÔÓÎÛ˜ÂÌÌ˚Â
ËÁ ‡ÁÌ˚ı ÚÍ‡ÌÂÈ Ë Ì‡ ‡ÁÌÓÈ ÒÚ‡‰ËË ‡Á‚ËÚËfl, ÚÓ
˝ÚË ‰‡ÌÌ˚Â fl‚Îfl˛ÚÒfl ÔÓ‰ıÓ‰fl˘ËÏ ËÌÒÚÛÏÂÌÚÓÏ
‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡.
èË ËÒÒÎÂ‰Ó‚‡ÌËË ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡
ËÒÔÓÎ¸ÁÛ˛Ú ‰‚Â ÒÚ‡ÚÂ„ËË. é‰Ì‡ – ÍÎ‡ÒÚÂËÁ‡ˆËfl

EST, Ëı ÏÌÓÊÂÒÚ‚ÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ Ë ‡Ì‡ÎËÁ
Ì‡Û¯ÂÌËÈ Ô‡‚ËÎ¸ÌÓÈ ÒÚÛÍÚÛ˚ ‚˚‡‚ÌË‚‡ÌËÈ
[22]. ÑÛ„ÓÈ ÔÓ‰ıÓ‰ ÓÒÌÓ‚‡Ì Ì‡ Í‡ÚËÓ‚‡ÌËË EST
Ì‡ „ÂÌÓÏÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ë ÓÔÂ‰ÂÎÂÌËÂ
˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚ „ÂÌÓ‚ Ë ‚ÒÂı Ëı ‚‡Ë-
‡ÌÚÓ‚. ÑÎfl Í‡ÚËÓ‚‡ÌËfl EST Ì‡ „ÂÌÓÏÌ˚Â ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÏÓÊÌÓ Ú‡ÍÊÂ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‡Î„Ó-
ËÚÏ˚ ÒÔÎ‡ÈÒËÓ‚‡ÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl. ç‡ÏË
‡Á‡·ÓÚ‡Ì‡ ˝ÙÙÂÍÚË‚Ì‡fl ÔÓ„‡ÏÏ‡ Í‡ÚËÓ‚‡-
ÌËfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ EST Ì‡ „ÂÌÓÏÌ˚Â ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË (Pro-EST), ÍÓÚÓ‡fl Ò ÛÒÔÂıÓÏ
ËÒÔÓÎ¸ÁÓ‚‡Î‡Ò¸ ‚ Ì‡¯Ëı ËÒÒÎÂ‰Ó‚‡ÌËflı.

á‡‰‡˜‡ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl EST ‰Îfl „ÂÌÓÏÌÓÈ ‡ÌÌÓ-
Ú‡ˆËË Ë ÔÂ‰ÒÍ‡Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ-
˚ ÌÂ ÒÚÓÎ¸ ÚË‚Ë‡Î¸Ì‡, Í‡Í ÏÓÊÂÚ ÔÓÍ‡Á‡Ú¸Òfl Ì‡
ÔÂ‚˚È ‚Á„Îfl‰. ùÚÓ ËÒÒÎÂ‰Ó‚‡ÎÓÒ¸ ÌÂÒÍÓÎ¸ÍËÏË
„ÛÔÔ‡ÏË, ‚ ˜‡ÒÚÌÓÒÚË GRAIL [23]. é‰ÌÓÈ ËÁ ÓÒ-
ÌÓ‚Ì˚ı ÚÛ‰ÌÓÒÚÂÈ ·˚ÎÓ ÚÓ, ˜ÚÓ ÁÌ‡˜ËÚÂÎ¸ÌÓÂ
˜ËÒÎÓ EST Í‡ÚËÛÂÚÒfl ‚ ÏÂÊ„ÂÌÌ˚Â Ë ËÌÚÓÌÌ˚Â
Ó·Î‡ÒÚË, ËÎË fl‚ÎflÂÚÒfl ÔÓ‰ÛÍÚÓÏ ÌÂÔ‡‚ËÎ¸ÌÓ„Ó
ËÎË ÌÂÔÓÎÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡. èÓ-‚Ë‰ËÏÓÏÛ, ‰Ó 20%
EST, ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ı ‚ ·‡Á‡ı ‰‡ÌÌ˚ı, – ‡ÚÂ-
Ù‡ÍÚ˚ [24]. èÓ˝ÚÓÏÛ Ì‡Ë·ÓÎÂÂ ËÌÙÓÏ‡ÚË‚Ì˚
EST ËÎË EST-ÍÓÌÚË„Ë, ÍÓÚÓ˚Â ÔÓÍ˚‚‡˛Ú ·ÓÎÂÂ
Ó‰ÌÓ„Ó ˝ÍÁÓÌ‡. àÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÔÓ„‡ÏÏ ÔÓËÒÍ‡
ÎÓÍ‡Î¸Ì˚ı „ÓÏÓÎÓ„ËÈ ÚËÔ‡ BLAST ÌÂ ‰ÓÒÚ‡ÚÓ˜-
ÌÓ, Ú‡Í Í‡Í ÓÌË ÌÂ ÔÓÁ‚ÓÎfl˛Ú ÚÓ˜ÌÓ ÎÓÍ‡ÎËÁÓ‚‡Ú¸
˝ÍÁÓÌ-ËÌÚÓÌÌ˚Â „‡ÌËˆ˚.

Ç ‡·ÓÚÂ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ‡Á‡·ÓÚ‡ÌÌ‡fl Ì‡ÏË
ÔÓ„‡ÏÏ‡ ÔÂ‰ÒÍ‡Á‡ÌËfl ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍ-
ÚÛ˚ ÔÓ ‰‡ÌÌ˚Ï EST (Pro-EST), ÓÒÌÓ‚‡ÌÌ‡fl Ì‡ ‡Î-
„ÓËÚÏÂ ÒÔÎ‡ÈÒËÓ‚‡ÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl [1], Ë
·‡Á‡ ‰‡ÌÌ˚ı EST-ÍÓÌÚË„Ó‚ TIGR [25]. ëÓÒÚ‡‚ÎÂÌ‡
‚˚·ÓÍ‡ ËÁ 400 ‡ÌÌÓÚËÓ‚‡ÌÌ˚ı „ÂÌÓ‚ ˜ÂÎÓ‚ÂÍ‡.
èÓ‚ÚÓ˚ ÓÚÙËÎ¸ÚÓ‚‡Ì˚ ÔÓ„‡ÏÏÓÈ Repeat-
Masker [26]. EST-ÍÓÌÚË„Ë, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÓÚÓ-
·‡ÌÌ˚Ï „ÂÌ‡Ï, ‚˚·‡Ì˚ ËÁ TIGR Human Gene In-
dex Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓ„‡ÏÏ˚ BLASTN. 

 

èÓˆÂ‰Û‡ ÔÓËÒÍ‡ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡

 

ùÍÁÓÌ-ËÌÚÓÌÌÛ˛ ÒÚÛÍÚÛÛ ÓÔÂ‰ÂÎflÎË Ò ÔÓ-
ÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ Pro-EST. ùÚ‡ ÔÓ„‡ÏÏ‡ ËÒÍ‡-
Î‡ Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡ Ò Ó˜ÂÌ¸ ÌËÁÍËÏ ÔÓÓ„ÓÏ, Á‡-
ÚÂÏ ËÒÍ‡Î‡ ˆÂÔÓ˜ÍÛ ˝ÍÁÓÌÓ‚, Ó·ÂÒÔÂ˜Ë‚‡˛˘Û˛
Ì‡ËÎÛ˜¯ÂÂ ‚˚‡‚ÌË‚‡ÌËÂ Ò ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸˛
Ò‡‚ÌÂÌËfl (EST-ÍÓÌÚË„ÓÏ). ÑÎfl ˝ÚÓ„Ó ËÒÔÓÎ¸ÁÓ-
‚‡ÎË ‡Î„ÓËÚÏ ÒÔÎ‡ÈÒËÓ‚‡ÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl.
äËÚÂËÂÏ Í‡˜ÂÒÚ‚‡ ‚˚‡‚ÌË‚‡ÌËfl Ò˜ËÚ‡ÎË ÌÓ-
ÏËÓ‚‡ÌÌ˚È ‚ÂÒ ‚˚‡‚ÌË‚‡ÌËfl – ÓÚÌÓ¯ÂÌËÂ ‚ÂÒ‡
‚˚‡‚ÌË‚‡ÌËfl Í ‚ÂÒÛ ÚË‚Ë‡Î¸ÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ò‡‚ÌÂÌËfl Ò ÒÓ·ÓÈ [12]. í‡-
ÍËÏ Ó·‡ÁÓÏ, ‰Îfl Í‡Ê‰Ó„Ó „ÂÌ‡ ·˚Î ÔÓÎÛ˜ÂÌ fl‰
ÔÂ‰ÒÍ‡Á‡ÌËÈ, ËÌ‰ÛˆËÓ‚‡ÌÌ˚ı ‡ÁÌ˚ÏË ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚflÏË Ò‡‚ÌÂÌËfl. Ñ‡ÎÂÂ ÔËÏÂÌflÎË
ÔÓÒÚÓ·‡·ÓÚÍÛ ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÂ‰ÒÍ‡Á‡ÌËfl – ÔÂ‰-
ÒÍ‡Á‡ÌÌ˚Â ÒÚÛÍÚÛ˚ Ó·˙Â‰ËÌflÎË ‚ 

 

Í‡ÚÛ

 

, ËÎË

 

ÒÛÔÂÒÚÛÍÚÛÛ

 

, ÂÒÎË ÔÂ‰ÒÍ‡Á‡ÌËfl ÔÂÂÒÂÍ‡-
ÎËÒ¸ ·ÂÁ ÔÓÚË‚ÓÂ˜ËÈ. ùÚÓ Ó·˙Â‰ËÌÂÌËÂ ÔÓ‚Ó-
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åËÓÌÓ‚, ÉÂÎ¸Ù‡Ì‰

 

‰ËÎË ÔÓ ÒÎÂ‰Û˛˘ÂÏÛ ‡Î„ÓËÚÏÛ. ê‡ÒÒÏ‡ÚË‚‡ÎË
‚ÒÂ ˝ÎÂÏÂÌÚ˚ ÒÚÛÍÚÛ˚ ‚Ë‰‡ ËÌÚÓÌ-˝ÍÁÓÌ-ËÌ-
ÚÓÌ (

 

e-ÚËÔÎÂÚ

 

). Ñ‚‡ Ú‡ÍËı ˝ÎÂÏÂÌÚ‡ Ó·˙Â‰ËÌfl-
ÎË, ÂÒÎË Ô‡‚˚È ËÌÚÓÌ ÔÂ‚Ó„Ó 

 

e

 

-ÚËÔÎÂÚ‡ ÒÓ‚-
Ô‡‰‡Î Ò ÎÂ‚˚Ï ËÌÚÓÌÓÏ ‚ÚÓÓ„Ó 

 

e

 

-ÚËÔÎÂÚ‡. í‡-
ÍËÏ Ó·‡ÁÓÏ, ÔË Ó·˙Â‰ËÌÂÌËË ‰ÓÔÛÒÍ‡ÎÓÒ¸ ‰‡ÊÂ
ÒÎ‡·ÓÂ ÔÂÂÍ˚ÚËÂ ˝ÍÁÓÌÓ‚, ÂÒÎË ÓÌÓ ÔÓ‰Ú‚ÂÊ-
‰‡ÎÓÒ¸ ÔÓÎÓÊÂÌËÂÏ ËÌÚÓÌ‡. ë ‰Û„ÓÈ ÒÚÓÓÌ˚,
‰‡ÊÂ ‰ÎËÌÌ˚È Û˜‡ÒÚÓÍ ÒÓ‚Ô‡‰ÂÌËfl ˝ÍÁÓÌÓ‚ ÌÂ
ÒÎÛÊËÎ ÓÒÌÓ‚‡ÌËÂÏ ‰Îfl Ó·˙Â‰ËÌÂÌËfl, ÂÒÎË ÒÚÛÍ-
ÚÛ˚ ËÏÂÎË ‡ÁÎË˜Ì˚Â ÔÂ‰ÒÍ‡Á‡ÌÌ˚Â ËÌÚÓÌ˚.
í‡ÍÓÂ, ‚ ˜‡ÒÚÌÓÒÚË, ÏÓ„ÎÓ ·˚Ú¸ ÔÓÎÛ˜ÂÌÓ ÓÚ
‚ÍÎ˛˜ÂÌËfl ‚ ‚˚·ÓÍÛ ÌÂ ÔÓÎÌÓÒÚ¸˛ ÒÔÎ‡ÈÒËÓ-
‚‡ÌÌÓÈ êçä.

èÓˆÂ‰ÛÛ ÔÓ‰ÓÎÊ‡ÎË ‰Ó ÚÂı ÔÓ, ÔÓÍ‡ Í
ÒÚÛÍÚÛÂ ÌÂÎ¸Áfl ·˚ÎÓ ‰Ó·‡‚ËÚ¸ ÌË Ó‰ÌÓ„Ó ÌÓ‚Ó-
„Ó 

 

e

 

-ÚËÔÎÂÚ‡. í‡Í ·˚ÎË ÒÍÓÌÒÚÛËÓ‚‡Ì˚ ‚ÒÂ
‚ÓÁÏÓÊÌ˚Â ÒÚÛÍÚÛ˚. á‡ÏÂÚËÏ, ˜ÚÓ ˝Ú‡ ÔÓˆÂ-
‰Û‡ ÔÂ‰ÔÓÎ‡„‡ÂÚ ÓÚÒÛÚÒÚ‚ËÂ ÍÓÂÎflˆËË ÏÂÊ‰Û
ÒÔÎ‡ÈÒËÌ„ÓÏ ‡ÁÌ˚ı ËÌÚÓÌÓ‚, ÔÓ˝ÚÓÏÛ ‚ÓÁÏÓÊÌÓ
‚ÓÁÌËÍÌÓ‚ÂÌËÂ ıËÏÂÌ˚ı ÒÚÛÍÚÛ, ÔÓÚË‚ÓÂ˜‡-
˘Ëı ‚ÒÂÏ ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚Ï EST-ÍÓÌÚË„‡Ï. é‰Ì‡ÍÓ
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ Ò‡‚ÌÂÌËfl Ò ÍÓÓÚÍËÏË EST ÌÂ fl‚-
ÎflÂÚÒfl ÔÓ‰ıÓ‰fl˘ËÏ ÏÂÚÓ‰ÓÏ ‰Îfl ‡Ì‡ÎËÁ‡ Ú‡ÍÓ„Ó
Ó‰‡ ÍÓÂÎflˆËÈ. ÑÎfl ˝ÚÓ„Ó ÌÂÓ·ıÓ‰ËÏ ‡Ì‡ÎËÁ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÔÓÎÌÓ‡ÁÏÂÌ˚ı ÍÑçä.

äÓÌÚË„Ë ËÎË ÒÛÔÂÒÚÛÍÚÛ˚, ÌÂ ËÏÂ˛˘ËÂ Ó·-
˘Ëı ˝ÍÁÓÌÓ‚ ËÎË ËÌÚÓÌÓ‚ Ò ‰Û„ËÏË ÒÛÔÂÒÚÛÍ-
ÚÛ‡ÏË ËÎË ‡ÌÌÓÚËÓ‚‡ÌÌ˚ÏË CDS, ËÒÍÎ˛˜‡ÎË ËÁ
‰‡Î¸ÌÂÈ¯Â„Ó ‡ÒÒÏÓÚÂÌËfl. ÖÒÚ¸ ‰‚‡ ÚËÔ‡ ÒÛÔÂÒÚ-
ÛÍÚÛ Ú‡ÍÓ„Ó Ó‰‡. ÇÓ-ÔÂ‚˚ı, ÓÌË ÏÓ„ÛÚ ÓÍ‡Á‡Ú¸-
Òfl ˆÂÎËÍÓÏ Á‡ ÔÂ‰ÂÎ‡ÏË ÍÓ‰ËÛ˛˘ÂÈ Ó·Î‡ÒÚË ËÎË
·˚Ú¸ ÔÓÓÊ‰ÂÌ˚ ÒÓÒÂ‰ÌËÏË ÌÂ ‡ÌÌÓÚËÓ‚‡ÌÌ˚ÏË
„ÂÌ‡ÏË. ÇÓ-‚ÚÓ˚ı, Ú‡ÍËÂ ÒÛÔÂÒÚÛÍÚÛ˚ ÒÓ‰Â-

Ê‡Ú ÚÓÎ¸ÍÓ Ó‰ËÌ ˝ÍÁÓÌ Ë ÔÓ˝ÚÓÏÛ ÌË˜Â„Ó ÌÂ „Ó‚Ó-
flÚ Ó ÒÚÛÍÚÛÂ „ÂÌ‡, ‚ ˜‡ÒÚÌÓÒÚË, ÓÌË ÏÓ„ÎË ÔÓ-
fl‚ËÚ¸Òfl ÓÚ ÌÂÒÔÎ‡ÈÒËÓ‚‡ÌÌÓÈ êçä.

 

EST-ÍÓÌÚË„Ë Ë ÒÛÔÂÒÚÛÍÚÛ˚ 

 

àÒÔÓÎ¸ÁÓ‚‡ÌËÂ „ÂÌÓÏÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ‚
Í‡˜ÂÒÚ‚Â flÍÓfl fl‚ÎflÂÚÒfl ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Ï ËÌÒÚÛ-
ÏÂÌÚÓÏ ‰Îfl ÍÎ‡ÒÚÂËÁ‡ˆËË EST. í‡·ÎËˆ‡ 1 ÔÓÍ‡Á˚-
‚‡ÂÚ ‡ÒÔÂ‰ÂÎÂÌËÂ ˜ËÒÎ‡ EST-ÍÓÌÚË„Ó‚, ÍÓÚÓ˚Â
ÏÓÊÌÓ ÍÎ‡ÒÚÂËÁÓ‚‡Ú¸ Ò ÔÓÏÓ˘¸˛ „ÂÌÓÏÌÓÈ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. í‡Í‡fl ‰ÓÔÓÎÌËÚÂÎ¸Ì‡fl ÍÎ‡ÒÚÂËÁ‡-
ˆËfl ‚ÓÁÏÓÊÌ‡ ÔÓ˜ÚË ‚ 50% ÒÎÛ˜‡Â‚. ïËÏÂÌ˚Â ÒÛ-
ÔÂÒÚÛÍÚÛ˚, ÌÂ ÔÓ‰‰ÂÊ‡ÌÌ˚Â ÓÚ‰ÂÎ¸Ì˚ÏË
ÍÓÌÚË„‡ÏË, ÒÓÒÚ‡‚Îfl˛Ú 10% ‚ÒÂı ÒÛÔÂÒÚÛÍÚÛ.
éÒÚ‡‚¯ËÂÒfl 40% Í‡Ú ÒÙÓÏËÓ‚‡Ì˚ ·ÓÎÂÂ ˜ÂÏ
Ó‰ÌËÏ ÍÓÌÚË„ÓÏ. 

èÂ‰ÒÚ‡‚ËÚÂÎ¸ÌÓÒÚ¸ ËÌ‰Ë‚Ë‰Û‡Î¸Ì˚ı EST-
ÍÓÌÚË„Ó‚ ‚ ÒÛÔÂÒÚÛÍÚÛ‡ı ÓÔËÒ‡Ì‡ ‚ Ú‡·Î. 2. ÅÓ-
ÎÂÂ ÔÓÎÓ‚ËÌ˚ ÍÓÌÚË„Ó‚ (55%) ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ Ó‰-
ÌÓÈ ÒÛÔÂÒÚÛÍÚÛÂ Ë ÌÂÏÌÓ„Ó ·ÓÎÂÂ ˜ÂÚ‚ÂÚË
(27%) – Ó‰ËÌÓ˜Ì˚Â ÍÓÌÚË„Ë. èËÏÂÌÓ 3% ÍÓÌÚË-
„Ó‚ Û˜‡ÒÚ‚Û˛Ú ‚ ‰ÂÈÒÚ‚ËÚÂÎ¸ÌÓ ÒÎÓÊÌ˚ı ÒÓ·˚ÚË-
flı ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡.

Ç Ú‡·Î. 3 ÔÂ‰ÒÚ‡‚ÎÂÌÓ ˜ËÒÎÓ ÔÂ‰ÒÍ‡Á‡ÌÌ˚ı
‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ˝ÍÁÓÌ-ËÌÚÓÌÌ˚ı ÒÚÛÍÚÛ Ì‡
Ó‰ËÌ „ÂÌ. ÅÓÎÂÂ ÚÂÚË „ÂÌÓ‚ ËÏÂ˛Ú, Í‡Í ÏËÌËÏÛÏ,
‰‚‡ ‚‡Ë‡ÌÚ‡ ˝ÍÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚. ÄÎ¸-
ÚÂÌ‡ÚË‚Ì˚Â ÒÚÛÍÚÛ˚ ·˚ÎË ÍÎ‡ÒÒËÙËˆËÓ‚‡-
Ì˚ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔÓÁËˆËflÏË Ì‡ Ïêçä. í‡Í,
ÏÓÊÌÓ ‡ÁÎË˜‡Ú¸ ‡Î¸ÚÂÌ‡ÚË‚˚ Ì‡ 5'-ÍÓÌˆÂ
(5'-‚ËÎÍ‡), ‡Î¸ÚÂÌ‡ÚË‚˚ Ì‡ 3'-ÍÓÌˆÂ (3'-‚ËÎÍ‡) Ë
‚ÌÛÚÂÌÌËÂ ‡Î¸ÚÂÌ‡ÚË‚˚ (ÔÂÚÎË, ‚ÍÎ˛˜‡fl ‚˚Ôfl-
˜Ë‚‡ÌËfl). 5'-‚ËÎÍË Ó·Ì‡ÛÊÂÌ˚ ‚ 73 „ÂÌ‡ı (54%

 

í‡·ÎËˆ‡ 1.  

 

óËÒÎÓ EST-ÍÓÌÚË„Ó‚, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Ó‰ÌÓÈ ÒÛÔÂÒÚÛÍÚÛÂ

óËÒÎÓ ÍÓÌÚË„Ó‚ 0 1 2 3 4 5 6 7 8

% ÒÛÔÂÒÚÛÍÚÛ 10.6 48.3 19.3 10.8 6.6 1.8 1.4 0.8 0.4

 

èËÏÂ˜‡ÌËÂ. ëÚÓÎ·Âˆ 0 ÔÂ‰ÒÚ‡‚ÎflÂÚ ˜ËÒÎÓ ıËÏÂÌ˚ı ÒÚÛÍÚÛ.

 

í‡·ÎËˆ‡ 2.  

 

óËÒÎÓ ÒÛÔÂÒÚÛÍÚÛ, ‚ ÍÓÚÓ˚ı ÔÂ‰ÒÚ‡‚ÎÂÌ Ó‰ËÌ EST-ÍÓÌÚË„

óËÒÎÓ
ÒÛÔÂÒÚÛÍÚÛ 0 1 2 3 4 5 6 >6

% ÍÓÌÚË„Ó‚ 27.1 55.5 12.2 2.0 1.6 0.2 0.7 0.7

 

èËÏÂ˜‡ÌËÂ. ëÚÓÎ·Âˆ 0 ÔÓÍ‡Á˚‚‡ÂÚ ÍÓÎË˜ÂÒÚ‚Ó Ó‰ËÌÓ˜Ì˚ı ÌÂ ÔÓ‰Ú‚ÂÊ‰ÂÌÌ˚ı ÍÓÌÚË„Ó‚.

 

 

 

í‡·ÎËˆ‡ 3.  

 

ê‡ÒÔÂ‰ÂÎÂÌËÂ ˜ËÒÎ‡ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛ˛˘ËıÒfl „ÂÌÓ‚

óËÒÎÓ
ÒÛÔÂÒÚÛÍÚÛ 1 2 3 4 5 6 7 8 >9

% „ÂÌÓ‚ 65.6 18.6 4.6 5.4 1.3 1.5 0.5 1.0 1.5

 

èËÏÂ˜‡ÌËÂ. ëÚÓÎ·Âˆ 1 ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ „ÂÌ‡Ï, ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ ‰Îfl ÍÓÚÓ˚ı ÌÂ Ó·Ì‡ÛÊÂÌ.
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‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛ˛˘ËıÒfl „ÂÌÓ‚), ÔÂÚÎË –
‚ 41 „ÂÌÂ (30%), 3'-‚ËÎÍË – ‚ 64 „ÂÌ‡ı (47%).

èÓ‡Ì‡ÎËÁËÓ‚‡ÌÓ ‡ÒÔÂ‰ÂÎÂÌËÂ ˜‡ÒÚÌ˚ı ‚‡-
Ë‡ÌÚÓ‚ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡. ìÒÚ‡ÌÓ‚ÎÂ-
ÌÓ, ˜ÚÓ 23% ÔÂÚÂÎ¸ Ó·‡ÁÓ‚‡Ì˚ ‡Î¸ÚÂÌ‡ÚË‚Ì˚Ï
‡ÍˆÂÔÚÓÌ˚Ï Ò‡ÈÚÓÏ, 16% ËÏÂ˛Ú ‡Î¸ÚÂÌ‡ÚË‚-
Ì˚È ‰ÓÌÓÌ˚È Ò‡ÈÚ, ‚ 27% „ÂÌÓ‚ ˝ÍÁÓÌ fl‚ÎflÂÚÒfl
Í‡ÒÒÂÚÌ˚Ï, Ú.Â. ÔËÒÛÚÒÚ‚ÛÂÚ ‚ Ó‰ÌÓÏ ËÁ ‚‡Ë‡Ì-
ÚÓ‚ Ë ÓÚÒÛÚÒÚ‚ÛÂÚ ‚ ‰Û„ÓÏ. Å˚ÎÓ ‚ÒÂ„Ó ÌÂÒÍÓÎ¸ÍÓ
ÒÎÛ˜‡Â‚, ÍÓ„‰‡ ‚ ÒÚÛÍÚÛÂ ËÒ˜ÂÁ‡Î ËÌÚÓÌ, ÒÛ˘Â-
ÒÚ‚Û˛˘ËÈ ‚ ‡Î¸ÚÂÌ‡ÚË‚Â. 25% ÒÎÛ˜‡Â‚ ÌÂ ÔÓ‰‰‡-
˛ÚÒfl ÔÓÒÚÓÈ ÍÎ‡ÒÒËÙËÍ‡ˆËË Ë ÒÓ‰ÂÊ‡Ú ÍÓÏ·Ë-
Ì‡ˆË˛ ËÁ ÓÔËÒ‡ÌÌ˚ı ‚˚¯Â ÒÚÛÍÚÛ. Ñ‡ÎÂÂ, ‚ 22%
5'-‚ËÎÓÍ ÔËÒÛÚÒÚ‚ÛÂÚ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È 5'-ÍÓÌˆÂ-
‚ÓÈ ˝ÍÁÓÌ, 18% ËÏÂ˛Ú ‡ÁÌ˚Â ÒÚ‡Ú˚ Ú‡ÌÒÍËÔ-
ˆËË Ë ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ËÌÚÓÌ. ç‡ÍÓÌÂˆ, 11%
3'-‚ËÎÓÍ ËÏÂ˛Ú ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÚÂÏËÌ‡Î¸Ì˚È
˝ÍÁÓÌ, 35% ËÏÂ˛Ú ‡ÁÌ˚Â ÚÓ˜ÍË ÓÍÓÌ˜‡ÌËfl (Ò‡È-
Ú˚ ÔÓÎË‡‰ÂÌËÎËÓ‚‡ÌËfl) Ë ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ËÌ-
ÚÓÌ ‚ Ó‰ÌÓÏ ‚‡Ë‡ÌÚÂ. éÒÚ‡Î¸Ì˚Â ÒÎÛ˜‡Ë ÍÎ‡ÒÒË-
ÙËˆËÓ‚‡Ì˚ Í‡Í ÒÎÓÊÌ˚Â.

äÎ‡ÒÒËÙËˆËÛfl ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ Ò
ÙÛÌÍˆËÓÌ‡Î¸ÌÓÈ ÚÓ˜ÍË ÁÂÌËfl, Ï˚ Ó·Ì‡ÛÊËÎË,
˜ÚÓ 80% ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛ˛˘ËıÒfl „ÂÌÓ‚
ËÏÂ˛Ú ‡Î¸ÚÂÌ‡ÚË‚˚ ‚ 5'-ÌÂÚ‡ÌÒÎËÛÂÏÓÈ Ó·Î‡-
ÒÚË, 20% ËÏÂ˛Ú ‡Î¸ÚÂÌ‡ÚË‚˚ ‚ ÍÓ‰ËÛ˛˘ÂÈ Ó·-
Î‡ÒÚË Ë 19% – ‚ 3'-ÌÂÚ‡ÌÒÎËÛÂÏÓÈ Ó·Î‡ÒÚË (ÒÛÏ-
Ï‡ ÔÂ‚˚¯‡ÂÚ 100%, ÔÓÒÍÓÎ¸ÍÛ ÏÌÓ„ËÂ „ÂÌ˚ ËÏÂ-
˛Ú ÔÓ ÌÂÒÍÓÎ¸ÍÓ ÚËÔÓ‚ ‡Î¸ÚÂÌ‡ÚË‚).

 

àÒÚËÌÌ˚Â ‡Î¸ÚÂÌ‡ÚË‚˚ 
ËÎË Ó¯Ë·ÍË ÒÔÎ‡ÈÒËÌ„‡? 

 

óÚÓ·˚ ÓÚÎË˜ËÚ¸ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ ÓÚ
‡·Â‡ÌÚÌÓ„Ó, ÔÓ‡Ì‡ÎËÁËÓ‚‡Ì˚ ÒÎÛ˜‡Ë, ÍÓ„‰‡
Ì‡Û¯‡Î‡Ò¸ ‡ÏÍ‡ Ò˜ËÚ˚‚‡ÌËfl. Ç 161 ÒÎÛ˜‡Â ‡Î¸-
ÚÂÌ‡ÚË‚Ì˚Â ‡ÈÓÌ˚ ˆÂÎËÍÓÏ ÒÓ‰ÂÊ‡ÎËÒ¸ ‚ ‡Ì-
ÌÓÚËÓ‚‡ÌÌÓÈ ÍÓ‰ËÛ˛˘ÂÈ Ó·Î‡ÒÚË. Ç

 

 

 

95 ÒÎÛ˜‡flı
(59%) ‡Î¸ÚÂÌ‡ÚË‚˚ ÓÚÎË˜‡ÎËÒ¸ Ì‡ ̂ ÂÎÓÂ ÍÓÎË˜Â-
ÒÚ‚Ó ÍÓ‰ÓÌÓ‚, 23 ÒÎÛ˜‡fl ‚ÍÎ˛˜‡ÎË ÌÂÒÍÓÎ¸ÍÓ
(Ó·˚˜ÌÓ ‰‚‡) ˝ÍÁÓÌÓ‚, ÍÓÚÓ˚Â ‚ÓÒÒÚ‡Ì‡‚ÎË‚‡ÎË
‡ÏÍÛ Ò˜ËÚ˚‚‡ÌËfl. ë‰‚Ë„‡˛˘ËÂ ‡ÏÍË ‡Î¸ÚÂÌ‡-
ÚË‚˚, Ò‚flÁ‡ÌÌ˚Â Ò ÔÓÚÂÂÈ/‚ÒÚ‡‚ÍÓÈ ˝ÍÁÓÌ‡, Ì‡-
·Î˛‰‡ÎË ‚ 40 ÒÎÛ˜‡flı. ÄÎ¸ÚÂÌ‡ÚË‚˚, Ò‚flÁ‡ÌÌ˚Â
Ò ‚˚·ÓÓÏ Ò‡ÈÚ‡ ÒÔÎ‡ÈÒËÌ„‡, Ó·Ì‡ÛÊÂÌ˚ ‚ 74 ÒÎÛ-
˜‡flı, Ë ÚÓÎ¸ÍÓ ‚ 4 ÒÎÛ˜‡flı ÒÓı‡ÌflÎÒfl ËÌÚÓÌ.

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ÓÁÏÓÊÌÓÒÚ¸ ÒÓı‡ÌÂÌËfl ËÌ-
ÚÓÌ‡ ÏÓÊÌÓ ËÒÍÎ˛˜ËÚ¸ ‚ ÔÓ‰‡‚Îfl˛˘ÂÏ ·ÓÎ¸-
¯ËÌÒÚ‚Â ÒÎÛ˜‡Â‚. ÑÎfl ·ÓÎÂÂ Ì‡‰ÂÊÌÓ„Ó ÓÚÎË˜Ëfl
‡·Â‡ÌÚÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡ ÓÚ Â‡Î¸ÌÓ„Ó ‡Î¸ÚÂÌ‡-
ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡ ÚÂ·ÛÂÚÒfl ‰ÂÚ‡Î¸Ì˚È ‡Ì‡ÎËÁ
Í‡Ê‰Ó„Ó ÒÎÛ˜‡fl Ë ·ÓÎ¸¯ÓÈ Ó·˙ÂÏ ˝ÍÒÔÂËÏÂÌ-
Ú‡Î¸ÌÓÈ ‡·ÓÚ˚. èÂ‰‚‡ËÚÂÎ¸ÌÓÂ Ì‡·Î˛‰ÂÌËÂ
Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÚÓÏ, ˜ÚÓ ÌÂÍÓÏÔÂÌÒËÓ‚‡ÌÌ˚È
Ò·ÓÈ ‡ÏÍË ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ Ì‡·Î˛‰‡ÂÚÒfl ‚ ÓÍ-
ÂÒÚÌÓÒÚË 3'-ÍÓÌˆ‡ ÍÓ‰ËÛ˛˘ÂÈ Ó·Î‡ÒÚË Ë ÔÓ˝ÚÓ-
ÏÛ Á‡Ú‡„Ë‚‡ÂÚ ë-ÍÓÌÂˆ ·ÂÎÍ‡. äÓÏÂ ÚÓ„Ó, ·ÓÎÂÂ

ÚÂÚË Ò·ÓÂ‚ ‡ÏÍË ÏÓÊÂÚ ·˚Ú¸ Ó·˙flÒÌÂÌÓ, ÂÒÎË
‰ÓÔÛÒÚËÚ¸ ÒÔÎ‡ÈÒËÌ„ ÔÓ ÌÂÍ‡ÌÓÌË˜ÂÒÍËÏ Ò‡ÈÚ‡Ï.

ç‡ ÏÓÏÂÌÚ ‚˚ÔÓÎÌÂÌËfl ˝ÚÓÈ ‡·ÓÚ˚ ÒÛ˘ÂÒÚ-
‚Ó‚‡Î‡ ÓˆÂÌÍ‡ ˜‡ÒÚÓÚ˚ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡È-
ÒËÌ„‡ ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡ ÓÍÓÎÓ 6%. Ç Ì‡ÒÚÓfl˘ÂÂ
‚ÂÏfl ˝Ú‡ ÓˆÂÌÍ‡ ÔÂ‚˚¯‡ÂÚ Ì‡¯Û Ë ÒÓÒÚ‡‚ÎflÂÚ
ÓÍÓÎÓ 50% [27, 28]. ÄÌ‡ÎËÁ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ
EST ÔÓÁ‚ÓÎËÎ ÒÓÁ‰‡Ú¸ fl‰ ·‡Á ‰‡ÌÌ˚ı ÔÓ ‡Î¸ÚÂ-
Ì‡ÚË‚ÌÓÏÛ ÒÔÎ‡ÈÒËÌ„Û [29, 30]. 

 

ÇÎËflÌËÂ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡ 
Ì‡ ÒÚÛÍÚÛÛ ·ÂÎÍÓ‚ 

 

Ç Ì‡˜‡ÎÂ ÔÓÂÍÚ‡ “ÉÂÌÓÏ ̃ ÂÎÓ‚ÂÍ‡” ÍÓÎË˜ÂÒÚ‚Ó
„ÂÌÓ‚ ˜ÂÎÓ‚ÂÍ‡ ÓˆÂÌË‚‡ÎË Í‡Í 80–120

 

 

 

Ú˚Ò. „ÂÌÓ‚.
é‰Ì‡ÍÓ ÓÔÂ‰ÂÎÂÌËÂ Ë ‡Ì‡ÎËÁ ÒÚÛÍÚÛ˚ „ÂÌÓÏ‡
˜ÂÎÓ‚ÂÍ‡ ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ÓÌ ÒÓ‰ÂÊËÚ ÓÍÓÎÓ 35 Ú˚Ò.
„ÂÌÓ‚ [27, 28]. ê‡ÁÌÓÓ·‡ÁËÂ ÊÂ ·ÂÎÍÓ‚ ‚ ÁÌ‡˜Ë-
ÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË ÓÔÂ‰ÂÎflÂÚÒfl ‡Î¸ÚÂÌ‡ÚË‚Ì˚Ï
ÒÔÎ‡ÈÒËÌ„ÓÏ. ÇÓÁÌËÍ‡ÂÚ ÂÒÚÂÒÚ‚ÂÌÌ˚È ‚ÓÔÓÒ:
Í‡Í ÓÚÎË˜‡˛ÚÒfl ‰ÓÏÂÌÌ˚Â ÒÚÛÍÚÛ˚ ‡ÁÎË˜Ì˚ı
ËÁÓÙÓÏ? 

ë ˝ÚÓÈ ˆÂÎ¸˛ Ò‰ÂÎ‡Ì‡ ‚˚·ÓÍ‡ ·ÂÎÍÓ‚ ËÁ ÔÓÎ-
ÌÓÒÚ¸˛ ÒÂÍ‚ÂÌËÓ‚‡ÌÌ˚ı ‚˚Ò¯Ëı ˝ÛÍ‡ËÓÚ ËÁ
Swiss-Prot, ‰Îfl ÍÓÚÓ˚ı Óı‡‡ÍÚÂËÁÓ‚‡Ì ‡Î¸ÚÂ-
Ì‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ (1780 ·ÂÎÍÓ‚, 4804 ËÁÓÙÓÏ)
[31]. á‡ÚÂÏ, Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ InterProScan [32, 33]
‰Îfl ˝ÚËı ·ÂÎÍÓ‚ ÓÔÂ‰ÂÎÂÌ‡ ‰ÓÏÂÌÌ‡fl Ó„‡ÌËÁ‡-
ˆËfl. Ñ‡ÎÂÂ ÎÓÍ‡ÎËÁÓ‚‡Ì˚ ‡Î¸ÚÂÌ‡ÚË‚Ì˚Â Û˜‡ÒÚÍË
‡ÏËÌÓÍËÒÎÓÚÌÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÓÚÌÓÒËÚÂÎ¸-
ÌÓ ‰ÓÏÂÌÌÓÈ ÒÚÛÍÚÛ˚ ·ÂÎÍÓ‚. ÄÌ‡ÎËÁ ÔÓÎÛ˜ÂÌ-
Ì˚ı ÔÓÁËˆËÈ ÔÓÍ‡Á‡Î, ˜ÚÓ „‡ÌËˆ˚ ‡Î¸ÚÂÌ‡ÚË‚-
Ì˚ı Û˜‡ÒÚÍÓ‚, Í‡Í Ô‡‚ËÎÓ, Ì‡ıÓ‰flÚÒfl ‚ÌÂ ‰ÓÏÂ-
ÌÓ‚ Ë ‰Û„Ëı ÒÚÛÍÚÛÌ˚ı ËÎË ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı
˝ÎÂÏÂÌÚÓ‚. éˆÂÌÍ‡ ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ ÁÌ‡˜ËÏÓÒÚË
Ú‡ÍÓ„Ó ÔÂ‰ÔÓ˜ÚÂÌËfl ÒÓÒÚ‡‚ÎflÂÚ ‚ÂÎË˜ËÌÛ ÓÚ 10

 

–5

 

‰Ó 10

 

–48

 

. ùÚÓ ÓÁÌ‡˜‡ÂÚ, ˜ÚÓ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È
ÒÔÎ‡ÈÒËÌ„ ÒÛ˘ÂÒÚ‚ÂÌÌÓ ˜‡˘Â ‚ÍÎ˛˜‡ÂÚ ËÎË ‚˚-
ÍÎ˛˜‡ÂÚ ˆÂÎ˚Â ‰ÓÏÂÌ˚ ËÎË ‰Û„ËÂ ÒÚÛÍÚÛÌÓ-
ÙÛÌÍˆËÓÌ‡Î¸Ì˚Â ˝ÎÂÏÂÌÚ˚, ÎË·Ó ÏÂÌflÂÚ ÔÂÚÎÂ-
‚˚Â Û˜‡ÒÚÍË, ˜ÂÏ ÏÓÊÌÓ ·˚ÎÓ ÓÊË‰‡Ú¸ ÔË ÒÎÛ-
˜‡ÈÌÓÏ ‡ÒÔÂ‰ÂÎÂÌËË ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÓ-
‚‡ÌÌ˚ı Û˜‡ÒÚÍÓ‚ Ë ·ÂÎÍÓ‚˚ı ‰ÓÏÂÌÓ‚. é‰Ì‡ÍÓ ‚
28% ÒÎÛ˜‡Â‚ Û˜‡ÒÚÓÍ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡
Ì‡ıÓ‰ËÚÒfl ‚ÌÛÚË ‰ÓÏÂÌÓ‚. ÑÎfl 48 ·ÂÎÍÓ‚ ËÁ Ì‡-
¯ÂÈ ‚˚·ÓÍË ËÁ‚ÂÒÚÌ˚ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌ˚Â ÒÚÛÍ-
ÚÛ˚. Ç

 

 

 

43 ËÁ 71 ‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ‚‡Ë‡ÌÚÓ‚
(60.5%) ÔÓËÒıÓ‰ËÚ Û‰‡ÎÂÌËÂ (‰Ó·‡‚ÎÂÌËÂ) ÒÛ˘Â-
ÒÚ‚ÂÌÌÓÈ ˜‡ÒÚË „Ë‰ÓÙÓ·ÌÓ„Ó fl‰‡ ·ÂÎÍ‡, ‚ Â-
ÁÛÎ¸Ú‡ÚÂ ˜Â„Ó ·ÂÎÓÍ ÚÂflÂÚ (ÔËÓ·ÂÚ‡ÂÚ) ÙÛÌÍ-
ˆËÓÌ‡Î¸ÌÓÒÚ¸ Ó‰ÌÓ„Ó ËÁ ‰ÓÏÂÌÓ‚. éÒÚ‡Î¸Ì˚Â
28

 

 

 

‚‡Ë‡ÌÚÓ‚ ÌÂ ‚ÎËfl˛Ú Ì‡ ÒÚÛÍÚÛÛ ‰ÓÏÂÌÓ‚ Ë
ÎÓÍ‡ÎËÁÓ‚‡Ì˚ ‚ÌÂ „Ë‰ÓÙÓ·ÌÓ„Ó fl‰‡ Ë ‚ 10 ÒÎÛ-
˜‡flı Á‡ÏÂÌfl˛Ú ÍÓÓÚÍËÈ Ù‡„ÏÂÌÚ ·ÂÎÍ‡, ‡ ‚ 18 –
Û‰‡Îfl˛Ú (‰Ó·‡‚Îfl˛Ú) ÍÓÓÚÍËÂ Ù‡„ÏÂÌÚ˚. 

ÑÎfl ·ÓÎÂÂ ‰ÂÚ‡Î¸ÌÓ„Ó ‡Ì‡ÎËÁ‡ ‚˚‰ÂÎÂÌ˚ ÒÎÛ-
˜‡Ë, ÍÓ„‰‡ ‡Î¸ÚÂÌ‡ÚË‚Ì˚Â ‚‡Ë‡ÌÚ˚ ÔÂÂÍ˚‚‡-
˛Ú ÌÂ ·ÓÎÂÂ 50 ÓÒÚ‡ÚÍÓ‚ ‰ÓÏÂÌ‡. ÑÎfl ˝ÚËı ÒÎÛ˜‡-
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åËÓÌÓ‚, ÉÂÎ¸Ù‡Ì‰

 

Â‚, Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Swiss-Prot [36] Ë ProSite [35],
ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ ˜‡˘Â
(ÒÚ‡ÚËÒÚË˜ÂÒÍ‡fl ÁÌ‡˜ËÏÓÒÚ¸ 10

 

–14

 

) ÏÂÌflÂÚ ÙÛÌÍ-
ˆËÓÌ‡Î¸ÌÓ-ÁÌ‡˜ËÏ˚Â ÓÒÚ‡ÚÍË, ̃ ÂÏ ÔË ÒÎÛ˜‡ÈÌÓÏ
‡ÒÔÓÎÓÊÂÌËË. í‡ÍËÏ Ó·‡ÁÓÏ, ÏÓÊÌÓ ÔÂ‰ÔÓÎÓ-
ÊËÚ¸, ˜ÚÓ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ ÔÓÁ‚ÓÎflÂÚ
‚‡¸ËÓ‚‡Ú¸ ÙÛÌÍˆË˛ ·ÂÎÍÓ‚, ÌÂ ËÁÏÂÌflfl ÒÍÂÎÂÚ
Â„Ó ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÈ ÒÚÛÍÚÛ˚.

 

àÒÒÎÂ‰Ó‚‡ÌËÂ ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚË 
‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡ 

 

Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÛÊÂ Ó˜Â‚Ë‰ÌÓ, ˜ÚÓ ‡Î¸ÚÂ-
Ì‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ fl‚ÎflÂÚÒfl ÒÛ˘ÂÒÚ‚ÂÌÌ˚Ï ËÒ-
ÚÓ˜ÌËÍÓÏ ‡ÁÌÓÓ·‡ÁËfl ·ÂÎÍÓ‚ ‚ ˝ÛÍ‡ËÓÚË˜ÂÒ-
ÍÓÈ ÍÎÂÚÍÂ. ëÂÍ‚ÂÌËÓ‚‡ÌËÂ „ÂÌÓÏ‡ Ï˚¯Ë [36]
ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ ÚÓÎ¸ÍÓ Ó‰ËÌ ÔÓˆÂÌÚ „ÂÌÓ‚ Ï˚¯Ë
ÌÂ ËÏÂÂÚ „ÓÏÓÎÓ„Ó‚ ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡ Ë Ì‡Ó·Ó-
ÓÚ Ó‰ËÌ ÔÓˆÂÌÚ „ÂÌÓ‚ ˜ÂÎÓ‚ÂÍ‡ ÌÂ ËÏÂÂÚ „ÓÏÓ-
ÎÓ„Ó‚ ‚ „ÂÌÓÏÂ Ï˚¯Ë. ëÂ‰Ìflfl ÒÚÂÔÂÌ¸ ÒıÓ‰ÒÚ‚‡
·ÂÎÍÓ‚ Ï˚¯Ë Ë ˜ÂÎÓ‚ÂÍ‡ ÒÓÒÚ‡‚ÎflÂÚ ÓÍÓÎÓ 80%.
éÍÓÎÓ 40% ÌÂÍÓ‰ËÛ˛˘Ëı Ó·Î‡ÒÚÂÈ ÏÓ„ÛÚ ·˚Ú¸
‚˚Ó‚ÌÂÌ˚ Ì‡ ÌÛÍÎÂÓÚË‰ÌÓÏ ÛÓ‚ÌÂ. éÒÌÓ‚Ì‡fl
ÒÚÛÍÚÛ‡ ÓÚÓÎÓ„Ë˜Ì˚ı „ÂÌÓ‚ Ú‡ÍÊÂ ÒÓ‚Ô‡‰‡ÂÚ.
ÇÓÁÌËÍ‡ÂÚ ÂÒÚÂÒÚ‚ÂÌÌ˚È ‚ÓÔÓÒ: Ì‡ÒÍÓÎ¸ÍÓ ‡Á-
ÎË˜‡ÂÚÒfl ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„ ‚ ˝ÚËı „ÂÌÓ-
Ï‡ı? ç‡Ë‚Ì˚È ÔÓ‰ıÓ‰ Í Â¯ÂÌË˛ ˝ÚÓ„Ó ‚ÓÔÓÒ‡

Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÒÎÂ‰Û˛˘ÂÏ – Ì‡È‰ÂÏ ‚ÒÂ ‡Î¸ÚÂÌ‡-
ÚË‚˚ ÓÚÓÎÓ„Ë˜Ì˚ı „ÂÌÓ‚ Ï˚¯Ë Ë ˜ÂÎÓ‚ÂÍ‡ Ë
Ò‡‚ÌËÏ Ëı. ä‡Í ÓÚÏÂ˜‡ÎÓÒ¸ ‚˚¯Â, ÓÒÌÓ‚Ì˚Ï ËÒ-
ÚÓ˜ÌËÍÓÏ ËÌÙÓÏ‡ˆËË Ó· ‡Î¸ÚÂÌ‡ÚË‚ÌÓÏ ÒÔÎ‡È-
ÒËÌ„Â ÒÎÛÊ‡Ú ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË EST. èÓ˝ÚÓÏÛ
Ì‡·Î˛‰‡ÂÏ˚Â ‡ÁÎË˜Ëfl ‚ ËÁÓÙÓÏ‡ı ÏÓ„ÛÚ ·˚Ú¸
Ó·˙flÒÌÂÌ˚ ÔÓÒÚÓ ÓÚÒÛÚÒÚ‚ËÂÏ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ EST ‚ ·‡Á‡ı ‰‡ÌÌ˚ı, ‡ ÌÂ
ÔËÓ‰Ì˚Ï ‡ÁÎË˜ËÂÏ ‚ ‡Î¸ÚÂÌ‡ÚË‚ÌÓÏ ÒÔÎ‡È-
ÒËÌ„Â. 

ç‡¯Â ËÒÒÎÂ‰Ó‚‡ÌËÂ ÓÒÌÓ‚‡ÌÓ Ì‡ ‰Û„ÓÏ ÔÓ‰ıÓ-
‰Â [37, 38]. ê‡ÒÒÏ‡ÚË‚‡ÂÏ ‚ÒÂ ‰ÓÒÚÛÔÌ˚Â ‡Î¸ÚÂ-
Ì‡ÚË‚˚ ‰Îfl „ÂÌ‡ Ó‰ÌÓ„Ó ËÁ Ó„‡ÌËÁÏÓ‚. á‡ÚÂÏ ‰Îfl
Í‡Ê‰ÓÈ ËÁ ËÁÓÙÓÏ Ì‡ıÓ‰ËÏ ‡ÏËÌÓÍËÒÎÓÚÌÛ˛ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ Ë ÔÓ ̋ ÚÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ò
ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ ProFrame [13] Ì‡ıÓ‰ËÏ ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛˘Û˛ ËÁÓÙÓÏÛ ‚ ‰Û„ÓÏ Ó„‡ÌËÁÏÂ.
ÖÒÎË ÌÂÍÓÚÓ˚Â ÒÂ„ÏÂÌÚ˚ ‡ÏËÌÓÍËÒÎÓÚÌÓÈ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÌÂ ‚˚‡‚ÌË‚‡˛ÚÒfl Ò „ÂÌÓÏÌÓÈ
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸˛ ‰Û„Ó„Ó Ó„‡ÌËÁÏ‡, ÚÓ
ÏÓÊÌÓ Ò Û‚ÂÂÌÌÓÒÚ¸˛ Á‡fl‚ÎflÚ¸, ̃ ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚Û-
˛˘ËÈ ˝ÍÁÓÌ, ËÎË Â„Ó ˜‡ÒÚ¸, ÌÂ ÔÂ‰ÒÚ‡‚ÎÂÌ ‚ ‰Û-
„ÓÏ Ó„‡ÌËÁÏÂ, Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Ï˚ Ì‡·Î˛‰‡ÂÏ
ÌÂÍÓÌÒÂ‚‡ÚË‚Ì˚È ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„.

àÒÒÎÂ‰Ó‚‡ÌËÂ ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚË ÒÔÎ‡ÈÒËÌ„‡
ÔÓÚÂ·Ó‚‡ÎÓ ÔÓ‰„ÓÚÓ‚ÍË ‚˚·ÓÍË Ô‡ ÓÚÓÎÓ„Ë˜-
Ì˚ı ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚ı „ÂÌÓ‚ ˜ÂÎÓ‚Â-
Í‡ Ë Ï˚¯Ë. àÒÔÓÎ¸ÁÓ‚‡Ì‡ ·‡Á‡ ‰‡ÌÌ˚ı ÔÓ ‡Î¸ÚÂ-
Ì‡ÚË‚ÌÓÏÛ ÒÔÎ‡ÈÒËÌ„Û ÏÎÂÍÓÔËÚ‡˛˘Ëı AsMam
DB [29]. ÑÎfl Í‡Ê‰Ó„Ó „ÂÌ‡ Ï˚¯Ë, ÔÂ‰ÒÚ‡‚ÎÂÌÌÓ-
„Ó ‚ ˝ÚÓÈ ·‡ÁÂ ‰‡ÌÌ˚ı, Ì‡ıÓ‰ËÎÒfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ËÈ „ÂÌ ˜ÂÎÓ‚ÂÍ‡ Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ BLAST.
ÄÌ‡ÎÓ„Ë˜ÌÓ, ‚ ·‡ÁÂ ‰‡ÌÌ˚ı ÔÓ ‡Î¸ÚÂÌ‡ÚË‚ÌÓÏÛ
ÒÔÎ‡ÈÒËÌ„Û ˜ÂÎÓ‚ÂÍ‡ HAS DB [30] ÓÚÓ·‡Ì˚ ‡Î¸-
ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚Â „ÂÌ˚ ˜ÂÎÓ‚ÂÍ‡, Ë ‰Îfl
ÌËı Ì‡È‰ÂÌ˚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ „ÂÌ˚ Ï˚¯Ë. Ç Â-
ÁÛÎ¸Ú‡ÚÂ ÔÓÎÛ˜ÂÌ‡ ‚˚·ÓÍ‡ ËÁ 161 Ô‡˚ „ÂÌÓ‚.
ëÚÛÍÚÛ‡ ‚˚·ÓÍË ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ‚ Ú‡·Î. 4. éÚÎË-
˜ËÂ ÍÓÎË˜ÂÒÚ‚‡ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚ı „Â-
ÌÓ‚ ‚ Ú‡·ÎËˆÂ ÓÚ ‡ÁÏÂ‡ ‚˚·ÓÍË Ó·˙flÒÌflÂÚÒfl
ÚÂÏ, ˜ÚÓ ‚ ÌÂÍÓÚÓ˚ı Ô‡‡ı ‚ Ó‰ÌÓÏ Ó„‡ÌËÁÏÂ ËÁ-
‚ÂÒÚÂÌ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡ÈÒËÌ„, ‡ ‚ ‰Û„ÓÏ –

 

í‡·ÎËˆ‡ 4.  

 

Ç˚·ÓÍ‡ Ô‡ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚ı
ÓÚÓÎÓ„Ë˜Ì˚ı „ÂÌÓ‚ Ï˚¯Ë Ë ˜ÂÎÓ‚ÂÍ‡

Ç˚·ÓÍ‡ óÂÎÓ‚ÂÍ å˚¯¸

ÄÎ¸ÚÂÌ‡ÚË‚ÌÓ ÒÔÎ‡ÈÒËÛÂÏ˚Â 
„ÂÌ˚

126 124

ä‡ÒÒÂÚÌ˚Â ˝ÍÁÓÌ˚ 177 123

ÄÎ¸ÚÂÌ‡ÚË‚Ì˚È ‡ÍˆÂÔÚÓÌ˚È 
Ò‡ÈÚ

51 46

ÄÎ¸ÚÂÌ‡ÚË‚Ì˚È ‰ÓÌÓÌ˚È Ò‡ÈÚ 52 53

ëÓı‡ÌÂÌÌ˚È ËÌÚÓÌ 12 29

ÇÒÂ„Ó ‡Î¸ÚÂÌ‡ÚË‚ 285 252

 

í‡·ÎËˆ‡ 5.  

 

äÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡ 

Ç˚·ÓÍ‡
óÂÎÓ‚ÂÍ å˚¯¸

ÍÓÌÒÂ‚‡ÚË‚Ì˚ ÌÂ ÍÓÌÒÂ‚‡ÚË‚Ì˚ ÍÓÌÒÂ‚‡ÚË‚Ì˚ ÌÂ ÍÓÌÒÂ‚‡ÚË‚Ì˚

ä‡ÒÒÂÚÌ˚Â ˝ÍÁÓÌ˚ 74 26 39 9

ÄÎ¸ÚÂÌ‡ÚË‚Ì˚È ‡ÍˆÂÔÚÓÌ˚È Ò‡ÈÚ 16 10 17 6

ÄÎ¸ÚÂÌ‡ÚË‚Ì˚È ‰ÓÌÓÌ˚È Ò‡ÈÚ 19 15 16 9

ëÓı‡ÌÂÌÌ˚È ËÌÚÓÌ 5 0 10 4

ÇÒÂ„Ó ‡Î¸ÚÂÌ‡ÚË‚ 114 51 82 28

69% 31% 75% 25%

ÇÒÂ„Ó „ÂÌÓ‚ 41 44 30 26

48% 52% 54% 46%



 

åéãÖäìãüêçÄü ÅàéãéÉàü      ÚÓÏ 38      ‹ 1       2004

 

èêÖÑëäÄáÄçàÖ à äéåèúûíÖêçõâ ÄçÄãàá

 

89

 

ÌÂÚ. Ç ÂÁÛÎ¸Ú‡ÚÂ ÔËÏÂÌÂÌËfl ÓÔËÒ‡ÌÌÓÈ ÔÓˆÂ-
‰Û˚ Ó·Ì‡ÛÊÂÌ˚ ÌÂÍÓÌÒÂ‚‡ÚË‚Ì˚Â ËÁÓÙÓÏ˚,
ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚Â ‚ Ú‡·Î. 5. 

Ñ‡ÌÌ˚Â Ú‡·ÎËˆ˚ 5 ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ÔÓ˜ÚË ÔÓ-
ÎÓ‚ËÌ‡ ËÁ ‡ÒÒÏÓÚÂÌÌ˚ı „ÂÌÓ‚ ËÏÂÂÚ ËÁÓÙÓÏ˚,
ÒÔÂˆËÙË˜ÂÒÍËÂ ‰Îfl ˜ÂÎÓ‚ÂÍ‡ Ë ‰Îfl Ï˚¯Ë. èÓÎÛ-
˜ÂÌÌ˚È ÂÁÛÎ¸Ú‡Ú ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ Á‡„flÁÌÂÌÌÓ-
ÒÚ¸˛ ·‡Á˚ ‰‡ÌÌ˚ı EST. èÓ˝ÚÓÏÛ ÔÓ‚Â‰ÂÌ ÍÓÌ-
ÚÓÎ¸Ì˚È ˝ÍÒÔÂËÏÂÌÚ, ‚ ÍÓÚÓÓÏ ËÒÔÓÎ¸ÁÓ‚‡Ì˚
ÚÓÎ¸ÍÓ ÚÂ ‡Î¸ÚÂÌ‡ÚË‚˚, ÍÓÚÓ˚Â ÔÓ‰Ú‚ÂÊ‰ÂÌ˚
ÔÓÎÌÓ‡ÁÏÂÌ˚Ï ÒÂÍ‚ÂÌËÓ‚‡ÌËÂÏ ÍÑçä. êÂ-
ÁÛÎ¸Ú‡Ú˚ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 6. ÇË‰ÌÓ, ̃ ÚÓ ÍÓÎË˜Â-
ÒÚ‚Ó ÌÂÍÓÌÒÂ‚‡ÚË‚Ì˚ı ËÁÓÙÓÏ Ë „ÂÌÓ‚, ËÏÂ˛-
˘Ëı ÌÂÍÓÌÒÂ‚‡ÚË‚Ì˚Â ËÁÓÙÓÏ˚, ÌÂÒÍÓÎ¸ÍÓ ÒÓ-
Í‡ÚËÎÓÒ¸, ÌÓ Í‡˜ÂÒÚ‚ÂÌÌÓ ÂÁÛÎ¸Ú‡Ú ÓÒÚ‡ÎÒfl
ÔÂÊÌËÏ. èË ‡Ì‡ÎËÁÂ ˝ÚÓÈ Ú‡·ÎËˆ˚ Ì‡‰Ó ËÏÂÚ¸
‚ ‚Ë‰Û, ˜ÚÓ ÌÂ·ÓÎ¸¯ÓÈ ‡ÁÏÂ ‚˚·ÓÍË ÌÂ ÏÓÊÂÚ
‰‡Ú¸ ıÓÓ¯Û˛ ÍÓÎË˜ÂÒÚ‚ÂÌÌÛ˛ ÓˆÂÌÍÛ, ‡ ÚÓÎ¸ÍÓ
Í‡˜ÂÒÚ‚ÂÌÌÛ˛. íÂÏ ÌÂ ÏÂÌÂÂ, ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl Û‰Ë-
‚ËÚÂÎ¸Ì˚Ï, ˜ÚÓ ÔË ‚ÒÂÈ ·ËÓÎÓ„Ë˜ÂÒÍÓÈ ÒıÓÊÂÒ-
ÚË ˜ÂÎÓ‚ÂÍ‡ Ë Ï˚¯Ë Ú‡ÍÓÂ ·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó
„ÂÌÓ‚ ËÏÂÂÚ ÒÔÂˆËÙË˜ÂÒÍËÂ ËÁÓÙÓÏ˚, Ë, ÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓ, ÒÔÂˆËÙË˜ÂÒÍËÂ ·ÂÎÍË. ÑÎfl ˆÂÎÓ„Ó fl‰‡
„ÂÌÓ‚ ÔÓ‚Â‰ÂÌ ÒÔÂˆË‡Î¸Ì˚È ‡Ì‡ÎËÁ ÎËÚÂ‡ÚÛ˚
Ë Ì‡È‰ÂÌ˚ ÔÓ‰Ú‚ÂÊ‰ÂÌËfl Ì‡¯Â„Ó Ì‡·Î˛‰ÂÌËfl, ‡
ËÏÂÌÌÓ: ‚ ˝ÚËı ‡·ÓÚ‡ı ÓÔËÒ‡Ì˚ Ë ÒÔÂˆË‡Î¸ÌÓ ËÒ-
ÒÎÂ‰Ó‚‡Ì˚ ËÁÓÙÓÏ˚, ÍÓÚÓ˚Â, ÔÓ Ì‡¯ËÏ ‰‡Ì-
Ì˚Ï, fl‚Îfl˛ÚÒfl ÒÔÂˆËÙË˜ÂÒÍËÏË ‰Îfl Ó‰ÌÓ„Ó ËÎË
‰Û„Ó„Ó Ó„‡ÌËÁÏ‡. äÓÏÂ ÚÓ„Ó, Ì‡‰Ó ÓÚÏÂÚËÚ¸,
˜ÚÓ Ì‡¯Ë ÓˆÂÌÍË ÔÓ ÔÓÒÚÓÂÌË˛ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÊÂ-
ÒÚÍË: ‚ÔÓÎÌÂ ‚ÓÁÏÓÊÌÓ, ˜ÚÓ fl‰ ËÁÓÙÓÏ, ÍÓÚÓ-
˚Â, ÔÓ Ì‡¯ËÏ Ì‡·Î˛‰ÂÌËflÏ, ÒÎÂ‰ÛÂÚ ÓÚÌÂÒÚË Í
ÍÓÌÒÂ‚‡ÚË‚Ì˚Ï, Ì‡ Ò‡ÏÓÏ ‰ÂÎÂ Ú‡ÍÓ‚˚ÏË ÌÂ fl‚-
Îfl˛ÚÒfl. 

ë‰ÂÎ‡ÌÌ˚Â Ì‡ÏË Ì‡·Î˛‰ÂÌËfl ÔÓ‰Ú‚ÂÊ‰‡˛Ú,
˜ÚÓ ËÒÒÎÂ‰Ó‚‡ÌËÂ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡ –
Ó‰Ì‡ ËÁ ‚‡ÊÌÂÈ¯Ëı Á‡‰‡˜ ‡Ì‡ÎËÁ‡ „ÂÌÓÏ‡ ˜ÂÎÓ‚Â-
Í‡. èÓ‚Â‰ÂÌÌ˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl Ë ÔÓÎÛ˜ÂÌÌ˚Â Â-
ÁÛÎ¸Ú‡Ú˚ ÒÚ‡‚flÚ ˆÂÎ˚È fl‰ ÌÓ‚˚ı ÔÓ·ÎÂÏ. ç‡Ï

ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚‡ÊÌ˚Ï ËÒÒÎÂ‰Ó‚‡Ú¸ ÚÍ‡ÌÂ‚Û˛
ÒÔÂˆËÙË˜ÌÓÒÚ¸ ËÁÓÙÓÏ, ‚ ÚÓÏ ˜ËÒÎÂ Ë ÌÂÍÓÌÒÂ-
‚‡ÚË‚Ì˚ı. èÂ‰ÒÚ‡‚ÎÂÌÌÓÒÚ¸ Ú‡ÌÒÍËÔÚÓ‚ ‚ ·‡-
Á‡ı ‰‡ÌÌ˚ı EST Ò‚flÁ˚‚‡˛Ú Ò ÛÓ‚ÌÂÏ Ú‡ÌÒÍËÔ-
ˆËË [39]. Å˚ÎÓ ·˚ ËÌÚÂÂÒÌÓ ÓˆÂÌËÚ¸ Ú‡ÍËÏ Ó·‡-
ÁÓÏ ÛÓ‚ÂÌ¸ Ú‡ÌÒÍËÔˆËË ‡ÁÌ˚ı ËÁÓÙÓÏ. Ö˘Â
Ó‰Ì‡ Á‡‰‡˜‡ Ò‚flÁ‡Ì‡ Ò ‡Ì‡ÎËÁÓÏ Ó‰ÌÓÌÛÍÎÂÓÚË‰Ó„Ó
ÔÓÎËÏÓÙËÁÏ‡. ëÚÛÍÚÛÛ „ÂÌÓ‚ ÏÓÊÌÓ ÔÂ‰ÒÚ‡-
‚ËÚ¸ Í‡Í ÏÓÁ‡ËÍÛ ÍÓÌÒÚ‡ÌÚÌ˚ı ̋ ÍÁÓÌÓ‚ (Ù‡„ÏÂÌ-
ÚÓ‚, ÍÓÚÓ˚Â ÔËÒÛÚÒÚ‚Û˛Ú ‚Ó ‚ÒÂı ËÁÓÙÓÏ‡ı),
‡Î¸ÚÂÌ‡ÚË‚Ì˚ı ˝ÍÁÓÌÓ‚ (Ù‡„ÏÂÌÚÓ‚, ÍÓÚÓ˚Â ‚
ÌÂÍÓÚÓ˚ı ËÁÓÙÓÏ‡ı ÓÚÒÛÚÒÚ‚Û˛Ú), ÌÂÍÓÌÒÂ‚‡-
ÚË‚Ì˚ı ̋ ÍÁÓÌÓ‚ (Ù‡„ÏÂÌÚÓ‚, ÍÓÚÓ˚Â ÓÚÒÛÚÒÚ‚Û-
˛Ú ‚ ÁÂÎ˚ı Ïêçä Ï˚¯Ë). á‡‰‡˜‡ Á‡ÍÎ˛˜‡ÂÚÒfl ‚
ÓˆÂÌÍÂ ˜‡ÒÚÓÚ˚ Ë Í‡˜ÂÒÚ‚‡ ÔÓÎËÏÓÙËÁÏÓ‚ ‚
˝ÚËı ‡ÈÓÌ‡ı. äÓÏÂ ÚÓ„Ó, ÏÓÊÌÓ ÓˆÂÌËÚ¸ ÒÚÂ-
ÔÂÌ¸ ÏÂÊ‚Ë‰Ó‚ÓÈ ÍÓÌÒÂ‚‡ÚË‚ÌÓÒÚË ‚ ˝ÚËı ‡ÈÓ-
Ì‡ı. é˜ÂÌ¸ ‚‡ÊÌ˚ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ËÒÒÎÂ‰Ó‚‡-
ÌËfl ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡. çÂ ÒÂÍÂÚ, ˜ÚÓ
Ï‡ÒÒÓ‚˚Â ‰‡ÌÌ˚Â ÔÓ EST ÒÓ‰ÂÊ‡Ú ÁÌ‡˜ËÚÂÎ¸Ì˚È
ÛÓ‚ÂÌ¸ ¯ÛÏ‡. ÑÂÚ‡Î¸Ì˚Â ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl ‡ÁÌ˚ı ËÁÓÙÓÏ Ïêçä Ë ·ÂÎÍÓ‚ ‰Îfl
ÍÓÌÍÂÚÌ˚ı „ÂÌÓ‚ ÏÓ„ÎË ·˚ ÔÓÎËÚ¸ ‰ÓÔÓÎÌË-
ÚÂÎ¸Ì˚È Ò‚ÂÚ Ì‡ ÓÎ¸ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ-
„‡ ‚ ÙÛÌÍˆËÓÌËÓ‚‡ÌËË „ÂÌÓÏ‡.

Ç Á‡ÍÎ˛˜ÂÌËÂ ıÓÚÂÎÓÒ¸ ·˚ Á‡ÏÂÚËÚ¸, ˜ÚÓ ‚ Ì‡-
˜‡ÎÂ ‡·ÓÚ Ì‡‰ ÔÓ„‡ÏÏÓÈ “ÉÂÌÓÏ ˜ÂÎÓ‚ÂÍ‡”
ÍÓÏÔ¸˛ÚÂÌ˚Â ÏÂÚÓ‰˚ ‡Ì‡ÎËÁ‡ „ÂÌÓÏÓ‚ Ë„‡ÎË ‚
ÓÒÌÓ‚ÌÓÏ ‚ÒÔÓÏÓ„‡ÚÂÎ¸ÌÛ˛ ÓÎ¸. Ç Ì‡ÒÚÓfl˘ÂÂ
ÊÂ ‚ÂÏfl ÁÌ‡˜ËÚÂÎ¸Ì‡fl ˜‡ÒÚ¸ ·ËÓÎÓ„Ë˜ÂÒÍË ‚‡Ê-
Ì˚ı ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÓÎÛ˜‡ÂÚÒfl ·Î‡„Ó‰‡fl ËÏÂÌÌÓ
ÍÓÏÔ¸˛ÚÂÌÓÏÛ ‡Ì‡ÎËÁÛ „ÂÌÓÏÓ‚. ùÚ‡ ˝‚ÓÎ˛ˆËfl
ıÓÓ¯Ó ‚Ë‰Ì‡ Ë ‚ ÓÔËÒ‡ÌÌ˚ı ‡·ÓÚ‡ı, ÍÓÚÓ˚Â
Ì‡˜‡ÎËÒ¸ Ò ‡Á‡·ÓÚÍË ÏÂÚÓ‰Ó‚ ÔÂ‰ÒÍ‡Á‡ÌËfl ˝Í-
ÁÓÌ-ËÌÚÓÌÌÓÈ ÒÚÛÍÚÛ˚ „ÂÌÓ‚, ‡ ÔÓ‰ÓÎÊËÎËÒ¸
‡Ì‡ÎËÁÓÏ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡. 

ùÚË ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ‰‰ÂÊ‡Ì˚ „‡ÌÚ‡ÏË êÓÒ-
ÒËÈÒÍÓ„Ó ÙÓÌ‰‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ,

 



 

ÓÒÒËÈÒÍÓÈ Ì‡ˆËÓÌ‡Î¸ÌÓÈ ÔÓ„‡ÏÏ˚ “ÉÂÌÓÏ ˜Â-

 

í‡·ÎËˆ‡ 6.  

 

äÓÌÒÂ‚‡ÚË‚ÌÓÒÚ¸ ‡Î¸ÚÂÌ‡ÚË‚ÌÓ„Ó ÒÔÎ‡ÈÒËÌ„‡: ÂÁÛÎ¸Ú‡Ú˚ ‡Ì‡ÎËÁ‡ ·‡Á ‰‡ÌÌ˚ı ÔÓ ‡Î¸ÚÂÌ‡ÚË‚ÌÓÏÛ
ÒÔÎ‡ÈÒËÌ„Û Ë ÔÓÎÌÓ‡ÁÏÂÌ˚ı ÍÑçä

Ç˚·ÓÍ‡

óÂÎÓ‚ÂÍ å˚¯¸

ÍÓÌÒÂ‚‡ÚË‚Ì˚ ÌÂ ÍÓÌÒÂ‚‡ÚË‚Ì˚ ÍÓÌÒÂ‚‡ÚË‚Ì˚ ÌÂ ÍÓÌÒÂ‚‡ÚË‚Ì˚

‚ÒÂ„Ó ÍÑçä ‚ÒÂ„Ó ÍÑçä ‚ÒÂ„Ó ÍÑçä ‚ÒÂ„Ó ÍÑçä

ä‡ÒÒÂÚÌ˚Â ˝ÍÁÓÌ˚ 74 56 26 25 70 39 9 5

ÄÎ¸ÚÂÌ‡ÚË‚Ì˚È ‡ÍˆÂÔÚÓÌ˚È Ò‡ÈÚ 16 18 10 7 24 17 6 6

ÄÎ¸ÚÂÌ‡ÚË‚Ì˚È ‰ÓÌÓÌ˚È Ò‡ÈÚ 19 13 15 5 15 16 9 6

ëÓı‡ÌÂÌÌ˚È ËÌÚÓÌ 5 4 0 3 8 10 4 7

ÇÒÂ„Ó ‡Î¸ÚÂÌ‡ÚË‚ 114 96 51 30 117 82 28 24

69% 76% 31% 24% 83% 75% 25% 17%

ÇÒÂ„Ó „ÂÌÓ‚ 41 45 44 28 68 30 26 22

48% 62% 52% 38% 76% 54% 46% 24%
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åËÓÌÓ‚, ÉÂÎ¸Ù‡Ì‰

 

ÎÓ‚ÂÍ‡”, åÂÊ‰ÛÌ‡Ó‰ÌÓ„Ó ÙÓÌ‰‡ ëÓÓÒ‡, àçíÄë,
åÂ‰ËˆËÌÒÍÓ„Ó àÌÒÚËÚÛÚ‡ ïÓ‚‡‰‡ ï¸˛Á‡ Ë ã˛-
‰‚Ë„Ó‚ÒÍÓ„Ó ËÌÒÚËÚÛÚ‡ ‡ÍÓ‚˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ. 

ç‡‰Ó ÓÚÏÂÚËÚ¸, ˜ÚÓ ÄÎÂÍÒ‡Ì‰ ÄÎÂÍÒ‡Ì‰Ó‚Ë˜
Å‡Â‚ Ò Ò‡ÏÓ„Ó Ì‡˜‡Î‡ 

 

Ì

 

‡ˆËÓÌ‡Î¸ÌÓ„Ó ÔÓÂÍÚ‡
“ÉÂÌÓÏ ˜ÂÎÓ‚ÂÍ‡” Û‰ÂÎflÎ ·ÓÎ¸¯ÓÂ ‚ÌËÏ‡ÌËÂ ‡Á-
‚ËÚË˛ ÏÂÚÓ‰Ó‚ ÍÓÏÔ¸˛ÚÂÌÓ„Ó ‡Ì‡ÎËÁ‡ „ÂÌÓÏÓ‚.

 

ëèàëéä ãàíÖêÄíìêõ 

 

1. Gelfand M.S., Mironov A.A., Pevzner P.A. 1996. Gene
recognition via spliced sequence alignment. 

 

Proc. Natl.
Acad. Sci. USA

 

. 

 

93

 

, 9061–9066.

2. Fickett J.W. 1996. The gene identification problem: An
overview for developers. 

 

Comput. Chem

 

. 

 

20

 

, 103–118.

3. Fickett J.W. 1996.Finding genes by computer: the state
of the art. 

 

Trends Genet

 

. 

 

12

 

, 316–320.

4. Gelfand M.S. 1990. Computer prediction of the exon-in-
tron structure of mammalian pre-mRNAs.

 

 Nucleic Acids
Res.

 

 

 

18

 

, 5865–5869.

5. Burge C., Karlin S. 1997. Prediction of complete gene
structures in human genomic DNA.

 

 J. Mol. Biol.

 

 

 

268

 

,
78–94.

6. Snyder E.E., Stormo G.D. 1995. Identification of protein
coding regions in genomic DNA. 

 

J. Mol. Biol

 

. 

 

248

 

, 1–18.

7. Gelfand M.S., Mironov A.A., Pevzner P.A. 1994. 

 

Gene
recognition via spliced sequence alignment. Technical
report

 

. PennState Univ. 

8. Rogozin I.B., Milanesi L., Kolchanov N.A. 1996. Gene
structure prediction using information on homologous
protein sequence. 

 

Comput. Appl. Biosci

 

. 

 

12

 

, 161–170.

9. Altschul S.F., Gish W., Miller W., Myers E.W., Lip-
man D.J. 1990. Basic local alignment search tool.

 

J.

 

 

 

Mol. Biol

 

. 

 

215

 

, 403–410.

10. Waterman M.S. 1984. Efficient sequence alignment al-
gorithms. 

 

J. Theor. Biol

 

. 

 

108

 

, 333–337.

11. Birney E., Thompson J.D., Gibson T.J. 1996. PairWise
and SearchWise: finding the optimal alignment in a simul-
taneous comparison of a protein profile against all DNA
translation frames. 

 

Nucleic Acids Res

 

. 

 

24

 

, 2730–2739.

12. Mironov A.A., Roytberg M.A., Pevzner P.A., Gel-
fand M.S. 1998. Performance-guarantee gene predic-
tions via spliced alignment. 

 

Genomics

 

. 

 

51

 

, 332–339.

13. Mironov A.A., Novichkov P.S., Gelfand M.S. 2001. Pro-
Frame: similarity-based gene recognition in eukaryotic
DNA sequences with errors. 

 

Bioinformatics

 

. 

 

17

 

, 13–15.

14. Ansari-Lari M.A., Oeltjen J.C., Schwartz S., Zhang Z.,
Muzny D.M., Lu J., Gorrell J.H., Chinault A.C., Bel-
mont J.W., Miller W., Gibbs R.A. 1998. Comparative
sequence analysis of a gene-rich cluster at human chro-
mosome 12p13 and its syntenic region in mouse chro-
mosome 6. 

 

Genome Res

 

. 

 

8

 

, 29–40.

15. Thacker C., Marra M.A., Jones A., Baillie D.L.,
Rose AM. 1999. Functional genomics in Caenorhabditis
elegans: An approach involving comparisons of sequenc-
es from related nematodes. 

 

Genome Res

 

. 

 

9

 

, 348–359.

16. Lipman D.J. 1997. Making (anti)sense of non-coding se-
quence conservation. Nucleic Acids Res. 25, 3580–3583.

17. Duret L., Bucher P. 1997. Searching for regulatory ele-
ments in human noncoding sequences. Curr. Opin.
Struct. Biol. 7, 399–406.

18. Novichkov P.S., Gelfand M.S., Mironov A.A. 2001.
Gene recognition in eukaryotic DNA by comparison of
genomic sequences. Bioinformatics. 17, 1011–1018.

19. Baytaluk M.V., Gelfand M.S., Mironov A.A. 2002. Ex-
act mapping of prokaryotic gene starts. Brief Bioinform.
3, 181–194.

20. Mironov A.A., Gelfand M.S. 1998. Gene recognition us-
ing EST data: Unexpectedly frequent alternative splicing
of human genes. Proc. of the first international confer-
ence on bioinformatics. 2, 249–250. 

21. Mironov A.A., Fickett J.W., Gelfand M.S. 1999. Fre-
quent alternative splicing of human genes. Genome Res.
9, 1288–1293.

22. Hanke J., Brett D., Zastrow I., Aydin A., Delbruck S.,
Lehmann G., Luft F., Reich J., Bork P. 1999. Alternative
splicing of human genes: more the rule than the excep-
tion? Trends Genet. 15(10), 389–390. 

23. Xu Y., Uberbacher E.C. 1997. Automated gene identifi-
cation in large-scale genomic sequences. J. Comput. Bi-
ol. 4, 325–338.

24. Wolfsberg T.G., Landsman D. 1997. A comparison of
expressed sequence tags (ESTs) to human genomic se-
quences. Nucleic Acids Res. 25, 1626–1632.

25. Adams M.D., Kerlavage A.R., Fleischmann R.D., Fuld-
ner R.A., Bult C.J., Lee N.H., Kirkness E.F., Wein-
stock K.G., Gocayne J.D., White O., et al. 1995. Initial
assessment of human gene diversity and expression pat-
terns based upon 83 million nucleotides of cDNA se-
quence. Nature. 377(6547 Suppl), 3–174.

26. http://www.genome.washington.edu/UWGC/analysis-
tools/repeatmask.htm.

27. International Human Genome Sequencing Consortium.
2001. Initial sequencing and analysis of the human ge-
nome. Nature. 409(6822). 860–921. 

28. Venter J.C., et al. 2001. The sequence of the human ge-
nome. Science. 291(5507), 1304–1351.

29. Ji H., Zhou Q., Wen F., Xia H., Lu X., Li Y. 2001. As-
MamDB: an alternative splice database of mammals.
Nucleic Acids Res. 29, 260–263.

30. Modrek B., Resch A., Grasso C., Lee C. 2001. Genome-
wide detection of alternative splicing in expressed sequenc-
es of human genes. Nucleic Acids Res. 29, 2850–2859.

31. Kriventseva E.V., Koch I., Apweiler R., Vingron M.,
Bork P., Gelfand M.S., Sunyaev S. 2003. Increase of
functional diversity by alternative splicing. Trends Gen-
et. 19(3), 124–128. Review.

32. Zdobnov E.M., Apweiler R. 2001. InterProScan–an inte-
gration platform for the signature-recognition methods
in InterPro. Bioinformatics. 17, 847–848.

33. Pruess M., Fleischmann W., Kanapin A., Karavidopou-
lou Y., Kersey P., Kriventseva E., Mittard V., Mulder N.,
Phan I., Servant F., Apweiler R. 2003. The Proteome
Analysis database: a tool for the in silico analysis of
whole proteomes. Nucleic Acids Res. 31, 414–417.

34. Boeckmann B., Bairoch A., Apweiler R., Blatter M.C.,
Estreicher A., Gasteiger E., Martin M.J., Michoud K.,
O’Donovan C., Phan I., Pilbout S., Schneider M. 2003.



åéãÖäìãüêçÄü ÅàéãéÉàü      ÚÓÏ 38      ‹ 1       2004

èêÖÑëäÄáÄçàÖ à äéåèúûíÖêçõâ ÄçÄãàá 91

The SWISS-PROT protein knowledgebase and its supple-
ment TrEMBL in 2003. Nucleic Acids Res. 31, 365–370.

35. Falquet L., Pagni M., Bucher P., Hulo N., Sigrist C.J.,
Hofmann K., Bairoch A. 2002. The PROSITE database,
its status in 2002. Nucleic Acids Res. 30, 235–238.

36. International Mouse Genome Sequencing Consortium.
2002. Initial sequencing and comparative analysis of the
mouse genome. Nature. 420(6915), 520–562.

37. çÛÚ‰ËÌÓ‚ ê.ç., åËÓÌÓ‚ Ä.Ä., ÉÂÎ¸Ù‡Ì‰ å.C.
2002. äÓÌÒÂ‚‡ÚË‚ÂÌ ÎË ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÒÔÎ‡È-

ÒËÌ„ „ÂÌÓ‚ ÏÎÂÍÓÔËÚ‡˛˘Ëı? ÅËÓÙËÁËÍ‡. 47(4),
197–203.

38. Nurtdinov R.N., Artamonova I.I., Mironov A.A., Gel-
fand M.S. 2003. Low conservation of alternative splic-
ing patterns in the human and mouse genomes. Hum.
Mol. Genet. 12, 1313–1320.

39. Baranova A.V., Lobashev A.V., Ivanov D.V., Kruk-
ovskaya L.L., Yankovsky N.K., Kozlov A.P. 2001. In
silico screening for tumour-specific expressed sequenc-
es in human genome. FEBS Lett. 200, 143–148.

Prediction and Computer Analysis of the Exon–Intron Structure of Human Genes
  A. A. Mironov and M. S. Gelfand

State Research Center GosNIIgenetika, Moscow, 113545 Russia 
e-mail: aa_mironov@pochtamt.ru

Abstract—This review of the original works on computer analysis of the human genome considers the devel-
opment of methods to predict the exon–intron structure of genes and analysis of alternative splicing. Prediction
of the gene structure is based on homology between the gene product and a known protein or between the ge-
nomic sequences of the gene and its homolog from another organism. The methods were tested and proved
highly efficient. Human gene splicing was analyzed with original methods and EST databases. Genes with al-
ternative splicing were for the first time shown to account for no less than 35% total genes. Alternative splicing
was compared for the human and mouse genomes. Species-specific isoforms were demonstrated for 50% alter-
natively spliced genes (25% total genes).


