
ÉÖçÖíàäÄ, 2008, ÚÓÏ 44, ‹ 10, Ò. 1410–1419

 

1410

 

ÄıËÚÂÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ (

 

LD

 

,

 

linkage

 

 

 

disequilibrium

 

) ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡ fl‚ÎflÂÚÒfl ‚
Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÔÂ‰ÏÂÚÓÏ ÓÊË‚ÎÂÌÌ˚ı ‰ËÒÍÛÒ-
ÒËÈ Ë ËÌÚÂÌÒË‚Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ [1–4]. êfl‰ ÌÂ‰‡‚ÌËı
‡·ÓÚ ÔÓÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ‚ „ÂÌÓÏÂ ÏÓÊÌÓ ‚˚‰ÂÎËÚ¸
·ÎÓÍË ÒˆÂÔÎÂÌÌ˚ı Ò‡ÈÚÓ‚, ÌÂ ‰ÂÏÓÌÒÚËÛ˛˘ËÂ
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÂÍÓÏ·ËÌ‡ˆËË ‚ ËÒÚÓ-
ËË ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl 

 

Homo

 

 

 

sapiens

 

, ÓÚ‰ÂÎflÂÏ˚Â Û˜‡ÒÚ-
Í‡ÏË Ò ·ÓÎÂÂ ËÌÚÂÌÒË‚Ì˚Ï ÚÂÏÔÓÏ ÂÍÓÏ·ËÌ‡ˆËË,
Ú‡Í Ì‡Á˚‚‡ÂÏ˚ÏË “„Ófl˜ËÏË ÚÓ˜Í‡ÏË” [2, 3, 5]. ï‡-
‡ÍÚÂ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ ÒÓ‚ÂÏÂÌÌ˚ı
ÔÓÔÛÎflˆËflı ̃ ÂÎÓ‚ÂÍ‡ – ̋ ÚÓ ÂÁÛÎ¸Ú‡Ú ÍÓÏÔÎÂÍÒÌÓ„Ó
˝‚ÓÎ˛ˆËÓÌÌÓ„Ó ÔÓˆÂÒÒ‡, ÍÓÚÓ˚È ‚ÍÎ˛˜‡ÂÚ Í‡Í
‰ÂÏÓ„‡ÙË˜ÂÒÍÛ˛ ËÒÚÓË˛ ÔÓÔÛÎflˆËÈ (ËÁÏÂÌÂÌËfl
˝ÙÙÂÍÚË‚ÌÓÈ ˜ËÒÎÂÌÌÓÒÚË, ı‡‡ÍÚÂ ÔÓ‰‡Á‰ÂÎÂÌ-
ÌÓÒÚË, ÏË„‡ˆËË), Ú‡Í Ë „ÂÌÓ-ÒÔÂˆËÙË˜ÂÒÍËÂ Ù‡ÍÚÓ-
˚, Ú‡ÍËÂ Í‡Í ÚÂÏÔ ÏÛÚËÓ‚‡ÌËfl Ë ÂÍÓÏ·ËÌ‡ˆËË,
‰‡‚ÎÂÌËÂ ÓÚ·Ó‡ [6–8]. é·Ì‡ÛÊÂÌËÂ ÒËÎ¸ÌÓ„Ó ÌÂ-
‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ÏÂÊ‰Û ÒÔÂˆËÙË˜ÂÒÍËÏË
ÏÛÚ‡ˆËflÏË „ÂÌ‡ Ë ÓÔÂ‰ÂÎÂÌÌ˚ÏË ‡ÎÎÂÎflÏË Ï‡-
ÍÂÌ˚ı ÎÓÍÛÒÓ‚ ËÏÂÂÚ ‚‡ÊÌÓÂ Ô‡ÍÚË˜ÂÒÍÓÂ ÁÌ‡˜Â-
ÌËÂ. ó‡ÒÚÓ Ì‡·Î˛‰‡ÂÚÒfl ÌÂ‡‚ÌÓ‚ÂÒËÂ ÔÓ ÒˆÂÔÎÂ-
ÌË˛ ÏÂÊ‰Û ÏÛÚ‡ÌÚÌ˚ÏË ‡ÎÎÂÎflÏË „ÂÌ‡ Ë Ó‰ÌÓ‚Â-
ÏÂÌÌÓ ÌÂÒÍÓÎ¸ÍËÏË Ï‡ÍÂÌ˚ÏË ÎÓÍÛÒ‡ÏË. Ç ˝ÚÓÏ
ÒÎÛ˜‡Â ‡Ì‡ÎËÁ Ï‡ÍÂÌ˚ı „‡ÔÎÓÚËÔÓ‚, Ú. Â. Ì‡·ÓÓ‚
‡ÎÎÂÎÂÈ ‡ÁÎË˜Ì˚ı ÎÓÍÛÒÓ‚, ÎÓÍ‡ÎËÁÓ‚‡ÌÌ˚ı ‚ Ó‰-
ÌÓÈ ıÓÏÓÒÓÏÂ, ‰‡ÂÚ ‚ÓÁÏÓÊÌÓÒÚ¸ Ò ‚˚ÒÓÍÓÈ ÒÚÂÔÂ-
Ì¸˛ ‚ÂÓflÚÌÓÒÚË ÓˆÂÌË‚‡Ú¸ ı‡‡ÍÚÂ ÏÛÚ‡ˆËÓÌÌÓ-

„Ó ÔÓ‚ÂÊ‰ÂÌËfl Ë ÔÓÒÎÂÊË‚‡Ú¸ Â„Ó ÓÒÓ·ÂÌÌÓÒÚË ‚
ÔÓÔÛÎflˆËÓÌÌ˚ı ‚˚·ÓÍ‡ı Ë „ÛÔÔ‡ı, ÓÚfl„Ó˘ÂÌÌ˚ı
Í‡ÍÓÈ-ÎË·Ó Ô‡ÚÓÎÓ„ËÂÈ. èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ı‡-
‡ÍÚÂËÒÚËÍ‡ 

 

LD

 

 Á‡ÈÏÂÚ ˆÂÌÚ‡Î¸ÌÓÂ ÏÂÒÚÓ ÔË
Í‡ÚËÓ‚‡ÌËË „ÂÌÓ‚ ÏÛÎ¸ÚËÙ‡ÍÚÓË‡Î¸Ì˚ı Á‡·ÓÎÂ-
‚‡ÌËÈ Ë ÔÓÁ‚ÓÎËÚ ÂÍÓÌÒÚÛËÓ‚‡Ú¸ ‰ÂÏÓ„‡ÙË˜Â-
ÒÍÛ˛ ËÒÚÓË˛ ÔÓÔÛÎflˆËÈ [2, 3]. 

é‰ÌÓÈ ËÁ ÓÒÌÓ‚Ì˚ı ÔË˜ËÌ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl 

 

LD

 

 ‚
ÔÓÔÛÎflˆËË fl‚ÎflÂÚÒfl ÚÂÒÌÓÂ ÒˆÂÔÎÂÌËÂ. ç‡ÔËÏÂ,
ÂÒÎË ‚ ÏÓÏÂÌÚ ‚ÓÁÌËÍÌÓ‚ÂÌËfl ÏÛÚ‡ˆËË, ‚˚Á˚‚‡˛-
˘ÂÈ Á‡·ÓÎÂ‚‡ÌËÂ, fl‰ÓÏ Ì‡ıÓ‰ËÎÒfl ÓÔÂ‰ÂÎÂÌÌ˚È
Ï‡ÍÂÌ˚È ‡ÎÎÂÎ¸, ÚÓ ‚ ÚÂ˜ÂÌËÂ ÏÌÓ„Ëı ÔÓÍÓÎÂÌËÈ
˝ÚÓÚ ‡ÎÎÂÎ¸ ·Û‰ÂÚ ÔÂÂ‰‡‚‡Ú¸Òfl ‚ÏÂÒÚÂ Ò ÏÛÚ‡ˆËÂÈ.
êÂÍÓÏ·ËÌ‡ˆËfl ÔÓÒÚÂÔÂÌÌÓ ‡ÁÛ¯‡ÂÚ ‡ÒÒÓˆË‡ˆË˛ Ë
ÔÓËÒıÓ‰ËÚ ˝ÚÓ ÚÂÏ ·˚ÒÚÂÂ, ˜ÂÏ ‰‡Î¸¯Â ‰Û„ ÓÚ
‰Û„‡ ‡ÒÔÓÎÓÊÂÌ˚ ÎÓÍÛÒ˚. ÑÎfl ÚÂÒÌÓ ÒˆÂÔÎÂÌÌ˚ı
(1–2 

 

cM

 

) ÎÓÍÛÒÓ‚ ÌÂ‡‚ÌÓ‚ÂÒËÂ ÔÓ ÒˆÂÔÎÂÌË˛ ÒÓı‡-
ÌflÂÚÒfl ‰ÂÒflÚÍË ÔÓÍÓÎÂÌËÈ [9]. í‡ÍËÏ Ó·‡ÁÓÏ, ÌÂ-
‡‚ÌÓ‚ÂÒËÂ ÔÓ ÒˆÂÔÎÂÌË˛ (

 

LD

 

) fl‚ÎflÂÚÒfl ÁÌ‡˜ËÏÓÈ
ÔÓÔÛÎflˆËÓÌÌÓÈ ı‡‡ÍÚÂËÒÚËÍÓÈ, ÔÓÁ‚ÓÎfl˛˘ÂÈ ÒÛ-
‰ËÚ¸ Ó ÔÓfl‰ÍÂ Ë ÔËÏÂÌÓÏ ‚ÂÏÂÌË ‚ÓÁÌËÍÌÓ‚Â-
ÌËfl ‡ÁÎË˜Ì˚ı ÏÛÚ‡ˆËÈ, ‡ Ú‡ÍÊÂ ÓˆÂÌË‚‡Ú¸ ‚ÓÁ-
ÏÓÊÌ˚Â ÏÂı‡ÌËÁÏ˚ Ëı ÔÓ‰‰ÂÊ‡ÌËfl ‚ ÔÓÔÛÎflˆËË.
êÂÁÛÎ¸Ú‡Ú˚, ÔÓÎÛ˜ÂÌÌ˚Â ÒÓÚÛ‰ÌËÍ‡ÏË ÛÌË‚ÂÒË-
ÚÂÚ‡ ‚ ñËÌˆËÌÌ‡ÚË (¯Ú. é„‡ÈÓ, ëòÄ), ‰ÂÏÓÌÒÚË-
Û˛Ú, ˜ÚÓ ‰‡ÊÂ ÔË ÓÚÒÛÚÒÚ‚ËË “„Ófl˜Ëı ÚÓ˜ÂÍ” Â-
ÍÓÏ·ËÌ‡ˆËË ‡ÒÔÂ‰ÂÎÂÌÌ˚Â ÒÎÛ˜‡ÈÌ˚Ï Ó·‡ÁÓÏ
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ëÓ‚ÂÏÂÌÌÓÂ Ë ËÌÚÂÌÒË‚ÌÓ ËÒÒÎÂ‰ÛÂÏÓÂ ÏÌÓ„ËÏË Û˜ÂÌ˚ÏË Ì‡Ô‡‚ÎÂÌËÂ ‚ Ó·Î‡ÒÚË ÏÓÎÂÍÛÎflÌÓÈ „ÂÌÂ-
ÚËÍË – ˝ÚÓ ËÁÛ˜ÂÌËÂ ·ÎÓ˜ÌÓÈ ‡ıËÚÂÍÚÛ˚ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡. Ç ÔÂ‰ÒÚ‡‚-
ÎÂÌÌÓÈ ‡·ÓÚÂ ËÒÒÎÂ‰Ó‚‡Ì˚ „ÂÌÂÚË˜ÂÒÍ‡fl ‰ËÙÙÂÂÌˆË‡ˆËfl Ë ÒÚÛÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚
„ÂÌÂ ÏÂÚËÎÂÌÚÂÚ‡„Ë‰ÓÙÓÎ‡ÚÂ‰ÛÍÚ‡Á˚ (

 

MTHFR

 

) ‚ ÔÓÔÛÎflˆËflı ÛÒÒÍËı, ÚÛ‚ËÌˆÂ‚, ÒÂ‚ÂÌ˚ı Ë ˛ÊÌ˚ı
ÍË„ËÁÓ‚. åÂÚËÎÂÌÚÂÚ‡„Ë‰ÓÙÓÎ‡ÚÂ‰ÛÍÚ‡Á‡ fl‚ÎflÂÚÒfl ÍÎ˛˜Â‚˚Ï ÙÂÏÂÌÚÓÏ ÙÓÎ‡ÚÌÓ„Ó ̂ ËÍÎ‡, ÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌ˚Ï Á‡ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ 5,10-ÏÂÚËÎÂÌÚÂÚ‡„Ë‰ÓÙÓÎ‡Ú‡ ‰Ó 5-ÏÂÚËÎÚÂÚ‡„Ë‰ÓÙÓÎ‡Ú‡. ëÌËÊÂÌËÂ
‡ÍÚË‚ÌÓÒÚË ‰‡ÌÌÓ„Ó ˝ÌÁËÏ‡, ˜‡ÒÚÓ Ó·ÛÒÎÓ‚ÎÂÌÌÓÂ Ì‡ÎË˜ËÂÏ ÓÔÂ‰ÂÎÂÌÌ˚ı ÒÓ˜ÂÚ‡ÌËÈ ‡ÎÎÂÎÂÈ „ÂÌ‡

 

MTHFR

 

, ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜ÂÌË˛ ÍÓÌˆÂÌÚ‡ˆËË „ÓÏÓˆËÒÚÂËÌ‡ ‚ ÍÓ‚Ë. Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ ÓÔÂ‰ÂÎÂÌ˚ ˜‡-
ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚ Ë ‡ÎÎÂÎÂÈ ÔflÚË ÔÓÎËÏÓÙËÁÏÓ‚ „ÂÌ‡ 

 

MTHFR

 

: 

 

rs

 

17037397

 

, 

 

rs

 

4846052

 

, 

 

rs

 

1801133

 

,

 

rs

 

1801131 

 

Ë 

 

rs

 

1537516

 

 ‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı „ÛÔÔ‡ı. é·Ì‡ÛÊÂÌ˚ ÁÌ‡˜ËÏ˚Â „ÂÌÂÚË˜ÂÒÍËÂ ‡ÁÎË˜Ëfl ÏÂÊ‰Û
ÔÓÔÛÎflˆËÂÈ ˛ÊÌ˚ı ÍË„ËÁÓ‚ Ë ÓÒÚ‡Î¸Ì˚ÏË ËÒÒÎÂ‰Ó‚‡ÌÌ˚ÏË „ÛÔÔ‡ÏË, ‡ Ú‡ÍÊÂ ÏÂÊ‰Û ÛÒÒÍËÏË Ë ÚÛ-
‚ËÌˆ‡ÏË. Ç ÔÓÔÛÎflˆËË ̨ ÊÌ˚ı ÍË„ËÁÓ‚ ‚ „ÂÌÂ 

 

MTHFR

 

 ‚˚fl‚ÎÂÌ Ó‰ËÌ ·ÎÓÍ, ‡ ‚ ÔÓÔÛÎflˆËflı ÛÒÒÍËı, ÚÛ‚ËÌ-
ˆÂ‚ Ë ÒÂ‚ÂÌ˚ı ÍË„ËÁÓ‚ Ì‡È‰ÂÌ˚ ‰‚‡ ·ÎÓÍ‡. í‡ÍËÏ Ó·‡ÁÓÏ, ÒÚÛÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÂ

 

MTHFR

 

 ÌÓÒËÚ ÔÓÔÛÎflˆËÓÌÌÓ-ÒÔÂˆËÙË˜ÂÒÍËÈ ı‡‡ÍÚÂ. 

 

ìÑä 575.22:599.9
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ÒÓ·˚ÚËfl ÂÍÓÏ·ËÌ‡ˆËË ÏÓ„ÛÚ Ú‡ÍÊÂ ÔË‚ÂÒÚË Í Ó·-
‡ÁÓ‚‡ÌË˛ ·ÎÓÍÓ‚ „‡ÔÎÓÚËÔÓ‚ Ë ˜ÚÓ ÔÓÔÛÎflˆËÓÌÌ˚Â
„ÂÌÂÚË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË, Ó·˙Â‰ËÌÂÌÌ˚Â ‰ÂÏÓ-
„‡ÙË˜ÂÒÍÓÈ ËÒÚÓËÂÈ, ‚ÎËfl˛Ú Ì‡ ·ÎÓ˜ÌÛ˛ ÒÚÛÍÚÛ-
Û. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÔÓÔÛÎflˆËË Ò ‡ÁÎË˜ÌÓÈ ‰ÂÏÓ„‡-
ÙË˜ÂÒÍÓÈ ËÒÚÓËÂÈ ·Û‰ÛÚ, ‚ÂÓflÚÌÓ, ËÏÂÚ¸ ‡ÁÎË˜-
Ì˚Â ·ÎÓ˜Ì˚Â ÒÚÛÍÚÛ˚. ùÚÓ Ó·ÒÚÓflÚÂÎ¸ÒÚ‚Ó
ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ˜ÚÓ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÒÚÛÍÚÛ˚ 

 

LD

 

ÔË Í‡ÚËÓ‚‡ÌËË ÏÛÎ¸ÚËÙ‡ÍÚÓË‡Î¸Ì˚ı Á‡·ÓÎÂ‚‡-
ÌËÈ Ó„‡ÌË˜ÂÌÓ ÔÓÔÛÎflˆËÓÌÌÓÈ ÒÔÂˆËÙË˜ÌÓÒÚ¸˛ [7].
á‡‰‡˜‡ ‰‡ÌÌÓÈ ‡·ÓÚ˚ – ËÁÛ˜ÂÌËÂ ı‡‡ÍÚÂ‡ ÌÂ‡‚-
ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ ÎÓÍÛÒÂ ÏÂÚËÎÂÌÚÂÚ‡„Ë‰Ó-
ÙÓÎ‡ÚÂ‰ÛÍÚ‡Á˚ ‚ ‡ÁÎË˜Ì˚ı ÔÓÔÛÎflˆËflı. 

åÂÚËÎÂÌÚÂÚ‡„Ë‰ÓÙÓÎ‡ÚÂ‰ÛÍÚ‡Á‡ – Í‡Ú‡ÎËÁ‡-
ÚÓ Â‰ËÌÒÚ‚ÂÌÌÓÈ ‚ÌÛÚËÍÎÂÚÓ˜ÌÓÈ Â‡ÍˆËË Ó·‡-
ÁÓ‚‡ÌËfl 5-ÏÂÚËÎÚÂÚ‡„Ë‰ÓÙÓÎ‡Ú‡, ÍÓÚÓ˚È ÌÂÓ·-
ıÓ‰ËÏ ‰Îfl ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl „ÓÏÓˆËÒÚÂËÌ‡ ‰Ó ÏÂÚËÓ-
ÌËÌ‡. ëÌËÊÂÌËÂ ‡ÍÚË‚ÌÓÒÚË ‰‡ÌÌÓ„Ó ˝ÌÁËÏ‡
ÔË‚Ó‰ËÚ Í Ì‡ÍÓÔÎÂÌË˛ „ÓÏÓˆËÒÚÂËÌ‡ Ë ‡Á‚ËÚË˛
ÛÏÂÂÌÌÓÈ „ËÔÂ„ÓÏÓˆËÒÚÂËÌÂÏËË. ÉÂÌ 

 

MTHFR

 

 Û
˜ÂÎÓ‚ÂÍ‡ ‡ÒÔÓÎÓÊÂÌ Ì‡ ÍÓÓÚÍÓÏ ÔÎÂ˜Â ÔÂ‚ÓÈ
ıÓÏÓÒÓÏ˚ (1

 

p

 

36.3). ÑÎËÌ‡ ‚ÒÂ„Ó ÍÓ‰ËÛ˛˘Â„Ó Â-
„ËÓÌ‡ ÒÓÒÚ‡‚ÎflÂÚ ÓÍÓÎÓ 20335 ÔÌ Ò ‡Ò˜ÂÚÌÓÈ ÏÓÎÂ-
ÍÛÎflÌÓÈ Ï‡ÒÒÓÈ ÔÓ‰ÛÍÚ‡ 74.6 ÍÑ‡ [10]. ÉÂÌ ÒÓÒÚÓ-
ËÚ ËÁ 12 ˝ÍÁÓÌÓ‚ ‰ÎËÌÓÈ ÓÚ 102 ‰Ó 432 ÔÌ, 10 ËÌÚÓ-
ÌÓ‚ ‰ÎËÌÓÈ ÓÚ 250 ‰Ó 1500 ÔÌ Ë Ó‰ÌÓ„Ó ËÌÚÓÌ‡
‰ÎËÌÓÈ 4200 ÔÌ [11]. ç‡ ‰‡ÌÌ˚È ÏÓÏÂÌÚ ‚ „ÂÌÂ 

 

MTHFR

 

ÓÔËÒ‡ÌÓ 109 Ó‰ÌÓÌÛÍÎÂÓÚË‰Ì˚ı Á‡ÏÂÌ (

 

SNP

 

, 

 

single
nucleotide

 

 

 

polymorphism

 

). ç‡Ë·ÓÎÂÂ ËÁÛ˜ÂÌÌ˚Ï ÔÓ-
ÎËÏÓÙËÁÏÓÏ „ÂÌ‡ 

 

MTHFR

 

 fl‚ÎflÂÚÒfl ‚‡Ë‡ÌÚ, ‚ ÍÓ-
ÚÓÓÏ ÌÛÍÎÂÓÚË‰ ̂ ËÚÓÁËÌ (

 

C

 

) ‚ ÔÓÁËˆËË 677, ÓÚÌÓÒfl-
˘ÂÈÒfl Í 5-ÏÛ ˝ÍÁÓÌÛ, Á‡ÏÂÌÂÌ Ì‡ ÚËÏË‰ËÌ (

 

T

 

), ˜ÚÓ
ÔË‚Ó‰ËÚ Í Á‡ÏÂÌÂ ‡ÏËÌÓÍËÒÎÓÚÌÓ„Ó ÓÒÚ‡ÚÍ‡ ‡Î‡ÌË-
Ì‡ Ì‡ ‚‡ÎËÌ ‚ Ó·Î‡ÒÚË Ò‚flÁ˚‚‡ÌËfl Ò ÍÓ-Ù‡ÍÚÓÓÏ

 

FAD

 

 (ÙÎ‡‚ËÌ-‡‰ÂÌËÌ-‰ËÌÛÍÎÂÓÚË‰). èË ËÁÏÂÌÂÌËË
ÒÚÛÍÚÛ˚ ˝ÚÓÈ Ó·Î‡ÒÚË ‰ËÒÒÓˆË‡ˆËfl ÙÂÏÂÌÚ‡ Ò
ÍÓ-Ù‡ÍÚÓÓÏ ÔÓËÒıÓ‰ËÚ ÒÎË¯ÍÓÏ ·˚ÒÚÓ ‰Îfl ÓÒÛ-
˘ÂÒÚ‚ÎÂÌËfl ÔÓÎÌÓˆÂÌÌÓÈ Í‡Ú‡ÎËÚË˜ÂÒÍÓÈ ÙÛÌÍ-
ˆËË. èÓÍ‡Á‡ÌÓ, ̃ ÚÓ Û „ÓÏÓÁË„ÓÚ ÔÓ ‡ÎÎÂÎ˛

 

 í

 

 Ì‡·Î˛-
‰‡ÂÚÒfl ÒÌËÊÂÌËÂ ‡ÍÚË‚ÌÓÒÚË 

 

MTHFR

 

 ‰Ó 30%, ‡ Û „Â-
ÚÂÓÁË„ÓÚ – ‰Ó 65% ÓÚ Ó·˚˜ÌÓ„Ó ÛÓ‚Ìfl. ç‡ÎË˜ËÂ

 

íí

 

-„ÂÌÓÚËÔ‡ ‚Â‰ÂÚ Í ÔÓ‚˚¯ÂÌË˛ ÛÓ‚Ìfl Éñ ÔË-
ÏÂÌÓ ‚ 2 ‡Á‡ ÔÓ Ò‡‚ÌÂÌË˛ Ò 

 

ëë

 

-ÒÛ·˙ÂÍÚ‡ÏË [12].
åÛÚ‡ÌÚÌ˚È ‡ÎÎÂÎ¸ 

 

í677

 

 „ÂÌ‡ 

 

MTHFR

 

 ‡ÒÔÂ‰ÂÎÂÌ ‚

ÔÓÔÛÎflˆËflı ÏË‡ Ò ‚˚ÒÓÍÓÈ „ÂÚÂÓ„ÂÌÌÓÒÚ¸˛. Ö„Ó
˜‡ÒÚÓÚ‡ Û Ì‡Ó‰ÓÌ‡ÒÂÎÂÌËfl Ì‡¯ÂÈ ÔÎ‡ÌÂÚ˚ ‚‡¸Ë-
ÛÂÚ ÓÚ ÔÓÎÌÓ„Ó ÓÚÒÛÚÒÚ‚Ëfl ‚ ÌÂÍÓÚÓ˚ı ‡ÙËÍ‡Ì-
ÒÍËı ÔÎÂÏÂÌ‡ı ‰Ó 0.55 Û ËÒÔ‡ÌˆÂ‚ [13]. 

ÑÛ„ËÏ ËÁ‚ÂÒÚÌ˚Ï ÔÓÎËÏÓÙÌ˚Ï ‚‡Ë‡ÌÚÓÏ „Â-
Ì‡ 

 

MTHFR

 

 fl‚ÎflÂÚÒfl ÚÓ˜ÍÓ‚‡fl Á‡ÏÂÌ‡ ÌÛÍÎÂÓÚË‰‡
‡‰ÂÌËÌ‡ (

 

A

 

) Ì‡ ̂ ËÚÓÁËÌ (

 

C

 

) ‚ ÔÓÁËˆËË 1298. ùÚÓ ÔË-
‚Ó‰ËÚ Í Á‡ÏÂÌÂ ÓÒÚ‡ÚÍ‡ „ÎÛÚ‡ÏËÌ‡ Ì‡ ÓÒÚ‡ÚÓÍ ‡Î‡ÌË-
Ì‡ ‚ Â„ÛÎflÚÓÌÓÏ ‰ÓÏÂÌÂ ÙÂÏÂÌÚ‡, ̃ ÚÓ ÒÓÔÓ‚ÓÊ-
‰‡ÂÚÒfl ÌÂ·ÓÎ¸¯ËÏ ÒÌËÊÂÌËÂÏ Â„Ó ‡ÍÚË‚ÌÓÒÚË. ì
ÎËˆ, „ÓÏÓÁË„ÓÚÌ˚ı ÔÓ ÏÛÚ‡ˆËË 

 

Ä1298

 

C

 

, ‡ÍÚË‚ÌÓÒÚ¸

 

MTHFR

 

 ÒÓÒÚ‡‚ÎflÂÚ ÔË·ÎËÁËÚÂÎ¸ÌÓ 60% ÓÚ ÌÓÏ˚.
èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ÒÌËÊÂÌËÂ ‡ÍÚË‚ÌÓÒÚË ‰‡ÌÌÓ„Ó
˝ÌÁËÏ‡ Ò‚flÁ‡ÌÓ Ò ËÁÏÂÌÂÌËÂÏ Â„Ó Â„ÛÎflˆËË ËÌ„Ë·Ë-
ÚÓÓÏ 

 

S

 

-‡‰ÂÌÓÁËÎÏÂÚËÓÌËÌÓÏ [14]. 

åÌÓ„ËÂ ‡‚ÚÓ˚ ‡ÒÒÏ‡ÚË‚‡˛Ú ÔÓÎËÏÓÙÌ˚Â
‚‡Ë‡ÌÚ˚ 

 

A

 

1298

 

C

 

 

 

Ë 

 

C

 

677

 

T

 

 „ÂÌ‡ 

 

MTHFR

 

 ‚ Í‡˜ÂÒÚ‚Â
„ÂÌÂÚË˜ÂÒÍËı Ï‡ÍÂÓ‚ ‡ÁÎË˜Ì˚ı ÏÛÎ¸ÚËÙ‡ÍÚÓ-
Ë‡Î¸Ì˚ı ÒÓÒÚÓflÌËÈ: ÒÂ‰Â˜ÌÓ-ÒÓÒÛ‰ËÒÚ˚ı Á‡·ÓÎÂ-
‚‡ÌËÈ, ‚ÂÌÓÁÌ˚ı ÚÓÏ·ÓÁÓ‚, ‰ÂÙÂÍÚ‡ ÌÂ‚ÌÓÈ ÚÛ·-
ÍË, ÏË„ÂÌË, ÔÂ˝ÍÎ‡ÏÔÒËË, Ò‡ı‡ÌÓ„Ó ‰Ë‡·ÂÚ‡ 2-„Ó
ÚËÔ‡, ÓÚÒÎÓÈÍË ÔÎ‡ˆÂÌÚ˚, ÔË‚˚˜ÌÓ„Ó ÌÂ‚˚Ì‡¯Ë-
‚‡ÌËfl ·ÂÂÏÂÌÌÓÒÚË, ¯ËÁÓÙÂÌËË, ·ÓÎÂÁÌË ÄÎ¸ˆ-
„ÂÈÏÂ‡, ËÌ‚‡ÁË‚ÌÓ„Ó ˆÂ‚ËÍ‡Î¸ÌÓ„Ó ‡Í‡, ÓÒÚÓ„Ó
ÎÂÈÍÓÁ‡ Ë ‰Û„Ëı [13, 15–19]. Ç ÔÂ‰ÒÚ‡‚ÎÂÌÌÓÈ ‡-
·ÓÚÂ ÔÓÍ‡Á‡Ì‡ ÒÚÛÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂ-
ÌË˛ ÏÂÊ‰Û ÔflÚ¸˛ 

 

SNPs

 

 (‚ÍÎ˛˜‡fl

 

 

 

C

 

677

 

T

 

 Ë 

 

A

 

1298

 

C

 

)
„ÂÌ‡ 

 

MTHFR

 

. Ñ‡ÌÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ÔÓ‰ÓÎÊ‡ÂÚ
ˆËÍÎ ‡·ÓÚ, ÔÓÒ‚fl˘ÂÌÌ˚ı ËÁÛ˜ÂÌË˛ „ÂÌÂÚË˜ÂÒÍÓ„Ó
‡ÁÌÓÓ·‡ÁËfl Ë ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ ÔÓÔÛ-
ÎflˆËflı ëÂ‚ÂÌÓÈ Ö‚‡ÁËË [20, 21].

 

åÄíÖêàÄãõ à åÖíéÑõ

 

Ç Í‡˜ÂÒÚ‚Â Ï‡ÍÂÓ‚ ‰Îfl ËÁÛ˜ÂÌËfl 

 

LD

 

 ·˚ÎË ‚˚-
·‡Ì˚ ÒÎÂ‰Û˛˘ËÂ ÔflÚ¸ 

 

SNPs

 

 „ÂÌ‡ 

 

MTHFR

 

:

 

rs

 

17037397

 

, 

 

rs

 

4846052, 

 

rs

 

1801133

 

 (

 

C

 

677

 

T

 

), 

 

rs

 

1801131

 

(

 

A

 

1298

 

C

 

) Ë 

 

rs

 

1537516

 

. Ñ‡ÌÌ˚Â 

 

SNPs

 

 ‡‚ÌÓÏÂÌÓ ‡Ò-
ÔÂ‰ÂÎÂÌ˚ ‚ ÍÓ‰ËÛ˛˘ÂÈ ̃ ‡ÒÚË „ÂÌ‡ 

 

MTHFR

 

 (ËÒ. 1),
˜‡ÒÚÓÚ‡ ÏËÌÓÌÓ„Ó ‡ÎÎÂÎfl ÒÓÒÚ‡‚ÎflÂÚ ÌÂ ÏÂÌÂÂ 5%
(ÔÓ ‰‡ÌÌ˚Ï ·‡Á˚ 

 

NSBI

 

). ë‡ÈÚ˚ 

 

C

 

677

 

T

 

 Ë 

 

A

 

1298

 

C

 

 ‡Ò-
ÔÓÎÓÊÂÌ˚ ‚ 5-Ï Ë 8-Ï ˝ÍÁÓÌ‡ı ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ,

 

rs

 

17037397

 

 Ë 

 

rs

 

4846052

 

 ÎÓÍ‡ÎËÁÓ‚‡Ì˚ ‚Ó 2-Ï Ë 4-Ï
ËÌÚÓÌ‡ı, ‡ 

 

rs

 

1537516

 

 – ‚ 3' 

 

UTR

 

-Ó·Î‡ÒÚË [11]. 

å‡ÚÂË‡Î ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÂ‰ÒÚ‡‚ÎÂÌ ‚˚-
·ÓÍ‡ÏË ËÁ ÔÓÔÛÎflˆËÈ, ÔÓÊË‚‡˛˘Ëı ‚ ‡ÁÎË˜-
Ì˚ı Â„ËÓÌ‡ı ëÂ‚ÂÌÓÈ Ö‚‡ÁËË: ÛÒÒÍËÂ
(„. íÓÏÒÍ), ÚÛ‚ËÌˆ˚ (ÔÓÒ. Å‡È-í‡È„‡, êÂÒÔÛ·ÎËÍ‡
í˚‚‡), ˛ÊÌ˚Â ÍË„ËÁ˚ („. é¯, äË„ËÁËfl) Ë ÒÂ-
‚ÂÌ˚Â ÍË„ËÁ˚ („. ÅË¯ÍÂÍ, äË„ËÁËfl). Ç ËÒÒÎÂ-
‰Ó‚‡ÌËÂ ‚ÍÎ˛˜‡ÎËÒ¸ ËÌ‰Ë‚Ë‰˚, ÌÂÏÂÚËÒËÓ‚‡Ì-
Ì˚Â ÔÓ Í‡ÈÌÂÈ ÏÂÂ ‚ ÚÂı ÔÓÍÓÎÂÌËflı. é·˘‡fl
˜ËÒÎÂÌÌÓÒÚ¸ ÒÛÏÏ‡ÌÓÈ ‚˚·ÓÍË ÒÓÒÚ‡‚ËÎ‡ 456
˜ÂÎÓ‚ÂÍ. ì Ó·ÒÎÂ‰Ó‚‡ÌÌ˚ı ËÌ‰Ë‚Ë‰Ó‚ ·˚Î‡ ‚˚‰Â-
ÎÂÌ‡ Ñçä, ÔÓ‡ÏÔÎËÙËˆËÓ‚‡Ì˚ ËÌÚÂÂÒÛ˛˘ËÂ
ÔÓÎËÏÓÙÌ˚Â ÎÓÍÛÒ˚ (ÏÂÚÓ‰ÓÏ èñê) Ò ÔÓÒÎÂ‰Û-
˛˘ËÏ ÂÒÚËÍˆËÓÌÌ˚Ï ‡Ì‡ÎËÁÓÏ ÒÔÂˆËÙË˜ÂÒÍË-
ÏË ˝Ì‰ÓÌÛÍÎÂ‡Á‡ÏË. ìÒÎÓ‚Ëfl ‡ÏÔÎËÙËÍ‡ˆËË Ë Â-

 

20.3 ÚÔÌ
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51

6

rs
18
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13

1

rs
18
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13

3
rs
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rs
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êËÒ. 1.

 

 ä‡Ú‡ „ÂÌ‡ 

 

MTHFR

 

 Ë ÎÓÍ‡ÎËÁ‡ˆËfl Ì‡ ÌÂÈ ÔflÚË

 

SNPs

 

. ùÍÁÓÌ˚ Ó·ÓÁÌ‡˜ÂÌ˚ ÔflÏÓÛ„ÓÎ¸ÌËÍ‡ÏË, ËÌ-
ÚÓÌ˚ ÔÓÍ‡Á‡Ì˚ ÎËÌËflÏË.
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íËÙÓÌÓ‚‡ 

 

Ë ‰

 

.

 

ÒÚËÍˆËË ‰Îfl ÎÓÍÛÒÓ‚ 

 

C

 

677

 

T

 

 Ë 

 

A

 

1298

 

C

 

 

 

MTHFR

 

ÓÔËÒ‡Ì˚ ‡ÌÂÂ [22, 23]. ÑÎfl ÚÂı 

 

SNPs

 

:

 

rs

 

17037397, rs4846052 Ë rs1537516 ·˚ÎË ÔÓ‰Ó·‡-
Ì˚ ÍÓÏÔÎÂÏÂÌÚ‡Ì˚Â Ô‡ÈÏÂ˚, ÒÔÂˆËÙË˜ÂÒÍËÂ
˝Ì‰ÓÌÛÍÎÂ‡Á˚, ÛÒÎÓ‚Ëfl èñê Ë ÂÒÚËÍˆËË (Ú‡·Î. 1). 

èÓ‰ÛÍÚ˚ ‡ÏÔÎËÙËÍ‡ˆËË Ë ÂÒÚËÍˆËË ‡Ì‡ÎË-
ÁËÓ‚‡ÎË Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍÚÓÙÓÂÁ‡ ‚ 2%-ÌÓÏ (‰Îfl
rs17037397, rs4846052 Ë rs1537516) ËÎË 3%-ÌÓÏ (‰Îfl
rs1801133 Ë rs1801131) ‡„‡ÓÁÌÓÏ „ÂÎÂ, ÓÍ‡¯ÂÌÌÓÏ
·ÓÏËÒÚ˚Ï ˝ÚË‰ËÂÏ. àÒÍÓÏ˚Â ·ÂÌ‰˚ ‚ËÁÛ‡ÎËÁËÓ-
‚‡ÎË ‚ ÛÎ¸Ú‡ÙËÓÎÂÚÓ‚ÓÏ Ú‡ÌÒËÎÎ˛ÏËÌ‡ÚÓÂ. 

ëÚ‡ÚËÒÚË˜ÂÒÍÛ˛ Ó·‡·ÓÚÍÛ ÂÁÛÎ¸Ú‡ÚÓ‚ ËÒÒÎÂ-
‰Ó‚‡ÌËfl ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ Ô‡ÍÂÚÓ‚ ÒÚ‡ÚËÒÚË˜Â-
ÒÍËı ÔÓ„‡ÏÏ ARLEQUIN Ë Haploview 4.0. ó‡ÒÚÓ-
Ú˚ „‡ÔÎÓÚËÔÓ‚ ÓÔÂ‰ÂÎflÎË Ò ÔÓÏÓ˘¸˛ EM-‡Î„Ó-
ËÚÏ‡. LD ÏÂÊ‰Û Ô‡‡ÏË SNP ÓˆÂÌË‚‡ÎÓÒ¸ Ò
ÔÓÏÓ˘¸˛ ÍÓ˝ÙÙËˆËÂÌÚ‡ D', ÔÂ‰ÎÓÊÂÌÌÓ„Ó ãÂ-
‚ÓÌÚËÌÓÏ, Ë ÍÓ˝ÙÙËˆËÂÌÚ‡ ÍÓÂÎflˆËË r2 èËÒÓ-
Ì‡. ÅÎÓ˜Ì‡fl ÒÚÛÍÚÛ‡ ÓÔÂ‰ÂÎflÎ‡Ò¸ ÔÓÒÂ‰ÒÚ‚ÓÏ
‡Î„ÓËÚÏ‡ “è‡‚ËÎÓ ˜ÂÚ˚Âı „‡ÏÂÚ” [7], ÔÂ‰Û-
ÒÏÓÚÂÌÌÓ„Ó ÔÓ„‡ÏÏÌ˚Ï Ó·ÂÒÔÂ˜ÂÌËÂÏ Haplo-
view 4.0. ÑÎfl Í‡Ê‰ÓÈ Ô‡˚ Ï‡ÍÂÓ‚ ‡ÒÒ˜ËÚ˚‚‡-
ÎË ˜‡ÒÚÓÚ˚ ‚ÒÂı ˜ÂÚ˚Âı ‚ÓÁÏÓÊÌ˚ı „‡ÔÎÓÚËÔÓ‚.
ç‡ÎË˜ËÂ ÂÍÓÏ·ËÌ‡ˆËË ‰ÓÔÛÒÍ‡ÎË, ÂÒÎË ‚ÒÂ ˜Â-
Ú˚Â ‚ÒÚÂ˜‡ÎËÒ¸ Ò ˜‡ÒÚÓÚÓÈ ·ÓÎÂÂ 0.02. ÉÛÔÔÛ
Ï‡ÍÂÓ‚, ‚ ÍÓÚÓ˚ı ‰Îfl Î˛·˚ı ‰‚Ûı ÒÓÒÂ‰ÌËı
SNP ‚ÒÚÂ˜‡ÎÓÒ¸ ÌÂ ·ÓÎÂÂ ÚÂı ÚËÔÓ‚ „‡ÏÂÚ, Ú‡Í-
ÚÓ‚‡ÎË Í‡Í ·ÎÓÍ LD. ìÓ‚ÂÌ¸ „ÂÌÂÚË˜ÂÒÍÓ„Ó ‡Á-
ÌÓÓ·‡ÁËfl Ë ÏÂÊÔÓÔÛÎflˆËÓÌÌÓÈ ‰ËÙÙÂÂÌˆË‡-
ˆËË ‚˚˜ËÒÎflÎË ÏÂÚÓ‰ÓÏ ‡Ì‡ÎËÁ‡ ÏÓÎÂÍÛÎflÌÓÈ
‚‡Ë‡·ÂÎ¸ÌÓÒÚË (AMOVA).

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

ÉÂÌÂÚË˜ÂÒÍÓÂ ‡ÁÌÓÓ·‡ÁËÂ ‚ ÎÓÍÛÒÂ MTHFR

ó‡ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚ Ë ‡ÎÎÂÎÂÈ, „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸
Ë ÛÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË ÒÓÓÚ‚ÂÚÒÚ‚Ëfl ‡‚ÌÓ‚ÂÒË˛ ï‡-
‰Ë–Ç‡ÈÌ·Â„‡ ÔÓ ÔflÚË ËÁÛ˜ÂÌÌ˚Ï SNP ÔÂ‰ÒÚ‡‚ÎÂÌ˚
‚ Ú‡·Î. 2. è‡ÍÚË˜ÂÒÍË ÔÓ ‚ÒÂÏ ÎÓÍÛÒ‡Ï ‚Ó ‚ÒÂı ÔÓÔÛ-
ÎflˆËflı ‡ÒÔÂ‰ÂÎÂÌËÂ ˜‡ÒÚÓÚ ‡ÎÎÂÎÂÈ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ
‡‚ÌÓ‚ÂÒË˛ ï‡‰Ë–Ç‡ÈÌ·Â„‡ (ËÒÍÎ˛˜ÂÌËÂ ÒÓÒÚ‡‚-
ÎflÂÚ ÎË¯¸ ÎÓÍÛÒ A1298C ‚ ÔÓÔÛÎflˆËÓÌÌÓÈ ‚˚·ÓÍÂ
ÚÛ‚ËÌˆÂ‚). Ç ·ÓÎ¸¯ËÌÒÚ‚Â ÒÎÛ˜‡Â‚ Ì‡·Î˛‰‡ÂÚÒfl ‚˚-
ÒÓÍ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸, ÍÓÏÂ rs17037397, ˜ÚÓ ÒÓ-
„Î‡ÒÛÂÚÒfl Ò ÏËÓ‚˚ÏË ‰‡ÌÌ˚ÏË.

Ç ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÔÓÔÛÎflˆËflı Ó·Ì‡ÛÊÂÌÓ 19 „‡-
ÔÎÓÚËÔÓ‚ ËÁ 32 ‚ÓÁÏÓÊÌ˚ı (Ú‡·Î. 3). Ç ÔÓÔÛÎflˆËÓÌ-
ÌÓÈ ‚˚·ÓÍÂ ÛÒÒÍËı ‚˚fl‚ÎÂÌÓ 16 „‡ÔÎÓÚËÔÓ‚, ÚÛ-
‚ËÌˆÂ‚ – 12, Û ˛ÊÌ˚ı Ë ÒÂ‚ÂÌ˚ı ÍË„ËÁÓ‚ – 10 Ë 11
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ÇÒÂ ËÒÒÎÂ‰Ó‚‡ÌÌ˚Â ÔÓÔÛÎflˆËË ı‡-
‡ÍÚÂËÁÛ˛ÚÒfl ‚˚ÒÓÍËÏ ÛÓ‚ÌÂÏ „‡ÔÎÓÚËÔË˜ÂÒÍÓ-
„Ó ‡ÁÌÓÓ·‡ÁËfl. àÁ‚ÂÒÚÌÓ, ˜ÚÓ Û‚ÂÎË˜ÂÌËÂ ˜ËÒÎ‡
„‡ÔÎÓÚËÔÓ‚ Ë „‡ÔÎÓÚËÔË˜ÂÒÍÓ„Ó ‡ÁÌÓÓ·‡ÁËfl ÛÍ‡-
Á˚‚‡ÂÚ Ì‡ ·ÓÎÂÂ ‰Â‚ÌËÈ ‚ÓÁ‡ÒÚ ÔÓÔÛÎflˆËË. É‡ÔÎÓ-
ÚËÔ˚, ‚ÒÚÂ˜‡˛˘ËÂÒfl Ò ˜‡ÒÚÓÚÓÈ ·ÓÎÂÂ 5%, Ó·ÓÁÌ‡-
˜ÂÌ˚ Í‡Í ÓÒÌÓ‚Ì˚Â „‡ÔÎÓÚËÔ˚. ÇÒÂ„Ó Ì‡È‰ÂÌÓ ‚Ó-
ÒÂÏ¸ ÓÒÌÓ‚Ì˚ı „‡ÔÎÓÚËÔÓ‚, ÚË ËÁ ÌËı (‹ 1, 9, Ë 12)
‚ÒÚÂ˜‡˛ÚÒfl Ò ˜‡ÒÚÓÚÓÈ ·ÓÎÂÂ 10% ‚Ó ‚ÒÂı ˜ÂÚ˚Âı
ÔÓÔÛÎflˆËflı Ë ‚ ÒÛÏÏÂ ÒÓÒÚ‡‚Îfl˛Ú ·ÓÎÂÂ 78% ıÓÏÓ-
ÒÓÏ Ó·˘ÂÈ ‚˚·ÓÍË. ç‡Ë·ÓÎ¸¯ÂÂ ˜ËÒÎÓ ÓÒÌÓ‚Ì˚ı
„‡ÔÎÓÚËÔÓ‚ (6) Ó·Ì‡ÛÊÂÌÓ Û ÒÂ‚ÂÌ˚ı ÍË„ËÁÓ‚, Û
ÛÒÒÍËı ˝ÚÓÚ ÔÓÍ‡Á‡ÚÂÎ¸ ÒÓÒÚ‡‚ÎflÂÚ 5, ‡ Û ÚÛ‚ËÌˆÂ‚
Ë ̨ ÊÌ˚ı ÍË„ËÁÓ‚ – 4. èÓÔÛÎflˆËË ̨ ÊÌ˚ı ÍË„ËÁÓ‚
Ë ÚÛ‚ËÌˆÂ‚ ËÏÂ˛Ú Ë‰ÂÌÚË˜Ì˚Â ÓÒÌÓ‚Ì˚Â „‡ÔÎÓÚË-
Ô˚ Ò ÔË·ÎËÁËÚÂÎ¸ÌÓ ‡‚Ì˚ÏË ˜‡ÒÚÓÚ‡ÏË. áÌ‡˜Ë-
ÚÂÎ¸ÌÓÂ „ÂÌÂÚË˜ÂÒÍÓÂ ‡ÁÌÓÓ·‡ÁËÂ ‚ ˝ÚËı ÔÓÔÛÎfl-
ˆËflı ‚˚fl‚ÎÂÌÓ Ë ÔÓ ‰Û„ËÏ „ÂÌÂÚË˜ÂÒÍËÏ Ï‡ÍÂ‡Ï,

í‡·ÎËˆ‡ 1.  ìÒÎÓ‚Ëfl ‡ÏÔÎËÙËÍ‡ˆËË Ë ÙÂÏÂÌÚ˚ ÂÒÚËÍˆËË ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı SNPs

àÒÒÎÂ‰ÛÂÏ˚È 
ÎÓÍÛÒ è‡ÈÏÂ˚ íÂÏÔÂ‡ÚÛ‡ ÓÚÊË„‡ îÂÏÂÌÚ ÂÒÚËÍˆËË

rs17037397 5': 5'-AGAACTTAGAACAGTGCCTGGTG-3' 
3': 5'-TAGGATTCCCCTAACTCTCAATCA-3'

59°ë Sse9I

rs4846052 5': 5'-GCAGTGGATGCTGAAGACAA-3' 
3': 5'-TTATCCCCCACTCCCTTACC-3'

60°ë BstF5I

rs1801133 5': 5'-TGAAGGAGAAGGTGTCTGCGGGA-3' 
3': 5'-AGGACGGTGCGGTGAGAGTG-3'

56°ë HinfI

rs1801131 5': 5'-ATGTGGGGGGAGGAGGTGAC-3' 
3': 5'-GTCTCCCAACTTACCCTTCTCCC-3'

60°ë MboII

rs1537516 5': 5'-GGACCCAGCTACTCTGTCCA-3' 
3': 5'-CTCCTTGGGACACGGTCTTA-3'

37°ë AspA2I
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í‡·ÎËˆ‡ 2.  ê‡ÒÔÂ‰ÂÎÂÌËÂ „ÂÌÓÚËÔÓ‚ Ë ‡ÎÎÂÎÂÈ ËÁÛ˜ÂÌÌ˚ı ÔÓÎËÏÓÙÌ˚ı ‚‡Ë‡ÌÚÓ‚ „ÂÌ‡ MTHFR ‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı
‚˚·ÓÍ‡ı

àÒÒÎÂ‰ÛÂÏ˚Â SNPs

àÒÒÎÂ‰ÛÂÏ˚Â ‚˚·ÓÍË

íÛ‚ËÌˆ˚ 
(N = 134)

êÛÒÒÍËÂ 
(N = 126)

ûÊÌ˚Â ÍË„ËÁ˚ 
(N = 111)

ëÂ‚ÂÌ˚Â ÍË„ËÁ˚ 
(N = 85)

rs
17

03
73

97

ó‡ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚

ëë 0.88 0.89 0.89 0.92

Äë 0.12 0.11 0.11 0.08

AA – – – –

ó‡ÒÚÓÚ‡ ‡ÎÎÂÎfl Ä 0.06 0.06 0.05 0.04

ç‡·Î˛‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.12 0.11 0.11 0.08

éÊË‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.25 0.11 0.29 0.11

ìÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË* 1.00 1.00 1.00 1.00

rs
48

46
05

2

ó‡ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚

ëë 0.46 0.30 0.55 0.40

ëí 0.41 0.53 0.42 0.52

íí 0.13 0.17 0.03 0.08

ó‡ÒÚÓÚ‡ ‡ÎÎÂÎfl í 0.54 0.43 0.24 0.34

ç‡·Î˛‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.41 0.53 0.42 0.52

éÊË‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.45 0.51 0.51 0.53

ìÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË 0.34 0.46 0.12 0.23

rs
18

01
13

3

ó‡ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚

ëë 0.67 0.50 0.53 0.54

ëí 0.28 0.37 0.37 0.44

íí 0.05 0.13 0.10 0.02

ó‡ÒÚÓÚ‡ ‡ÎÎÂÎfl í 0.19 0.32 0.28 0.24

ç‡·Î˛‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.28 0.37 0.37 0.44

éÊË‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.43 0.45 0.54 0.39

ìÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË 0.26 0.10 0.35 0.13

rs
18

01
13

1

ó‡ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚

ÄÄ 0.44 0.40 0.62 0.34

Äë 0.35 0.48 0.35 0.54

ëë 0.21 0.12 0.03 0.12

ó‡ÒÚÓÚ‡ ‡ÎÎÂÎfl ë 0.38 0.36 0.20 0.39

ç‡·Î˛‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.35 0.48 0.35 0.54

éÊË‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.48 0.48 0.48 0.56

ìÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË 0.01 0.70 0.55 0.25

rs
15

37
51

6

ó‡ÒÚÓÚ˚ „ÂÌÓÚËÔÓ‚

ëë 0.84 0.81 0.84 0.80

ëí 0.16 0.17 0.15 0.20

íí – 0.02 0.01 –

ó‡ÒÚÓÚ‡ ‡ÎÎÂÎfl í 0.08 0.10 0.08 0.10

ç‡·Î˛‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.16 0.17 0.14 0.20

éÊË‰‡ÂÏ‡fl „ÂÚÂÓÁË„ÓÚÌÓÒÚ¸ 0.28 0.18 0.33 0.18

ìÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË 1.00 0.34 0.52 1.00

èËÏÂ˜‡ÌËÂ. * – ÛÓ‚ÂÌ¸ ÁÌ‡˜ËÏÓÒÚË ÒÓÓÚ‚ÂÚÒÚ‚Ëfl ‡‚ÌÓ‚ÂÒË˛ ï‡‰Ë–Ç‡ÈÌ·Â„‡. N – ÍÓÎË˜ÂÒÚ‚Ó ËÌ‰Ë‚Ë‰ÛÛÏÓ‚ ‚ ‚˚·ÓÍÂ.
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í‡·ÎËˆ‡ 3.  ê‡ÒÔÂ‰ÂÎÂÌËÂ ˜‡ÒÚÓÚ „‡ÔÎÓÚËÔÓ‚ „ÂÌ‡ MTHFR ‚ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ‚˚·ÓÍ‡ı

‹ É‡ÔÎÓÚËÔ êÛÒÒÍËÂ
(N = 126)

íÛ‚ËÌˆ˚
(N = 134)

ûÊÌ˚Â ÍË„ËÁ˚
(N = 111)

ëÂ‚ÂÌ˚Â ÍË„ËÁ˚
(N = 85)

5 4 3 2 1*

1 CCCAC 0.314 0.439 0.483 0.328

2 ACCAC 0.015 – – 0.008

3 CCCAT 0.005 – 0.005 –

4 CTCAC 0.059 0.032 0.041 0.069

5 CTCAT 0.009 – – 0.009

6 CCCCC – 0.039 0.005 0.082

7 CCCCT 0.004 0.007 – –

8 ATCCC 0.011 – – 0.011

9 CTCCC 0.194 0.233 0.107 0.161

10 ATCCí 0.027 0.054 0.050 0.022

11 CTCCT 0.045 0.006 0.026 0.071

12 CCTAC 0.217 0.141 0.269 0.199

13 CTTAC 0.021 0.004 – –

14 CCTCC 0.010 0.034 – 0.042

15 ACTCT 0.003 – – –

16 CTTCC 0.061 – 0.011 –

17 CTTCT 0.006 0.006 – –

18 ATTCT – 0.006 – –

19 ATTCC – – 0.005 –

óËÒÎÓ „‡ÔÎÓÚËÔÓ‚ 16 12 10 11

É‡ÔÎÓÚËÔË˜ÂÒÍÓÂ ‡ÁÌÓÓ·‡ÁËÂ (H) 0.807 0.751 0.697 0.781

èËÏÂ˜‡ÌËÂ. * – ÌÛÏÂ‡ˆËfl SNPs: 1 – rs1537516, 2 – rs1801131, 3 – rs1801133, 4 – rs4846052, 5 – rs17037397; ÊËÌ˚Ï ¯ËÙÚÓÏ
Ë ÒÂ˚Ï ÙÓÌÓÏ Ó·ÓÁÌ‡˜ÂÌ˚ ÓÒÌÓ‚Ì˚Â „‡ÔÎÓÚËÔ˚.

‚ÍÎ˛˜‡fl „‡ÔÎÓÚËÔ˚ Y-ıÓÏÓÒÓÏ˚ Ë ÌÂÍÓÚÓ˚Â
‡ÛÚÓÒÓÏÌ˚Â Ï‡ÍÂ˚ [24]. 

ëÚÛÍÚÛ‡ LD ‚ „ÂÌÂ MTHFR

ç‡ ËÒ. 2 ÔÓÍ‡Á‡Ì‡ ÒÚÛÍÚÛ‡ LD ÏÂÊ‰Û ËÒÒÎÂ‰Ó-
‚‡ÌÌ˚ÏË ÎÓÍÛÒ‡ÏË ‚ ˜ÂÚ˚Âı ÔÓÔÛÎflˆËÓÌÌ˚ı ‚˚-
·ÓÍ‡ı. Ç ˆÂÎÓÏ Í‡ÚËÌ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂ-
ÌË˛ ‚ „ÂÌÂ MTHFR ËÏÂÂÚ ÔÓÔÛÎflˆËÓÌÌÓ-ÒÔÂˆËÙË˜Â-
ÒÍËÈ ı‡‡ÍÚÂ. Ç ÔÓÔÛÎflˆËflı ÚÛ‚ËÌˆÂ‚ Ë ÒÂ‚ÂÌ˚ı
ÍË„ËÁÓ‚ ÏÓÊÌÓ ‚˚‰ÂÎËÚ¸ ‰‚‡ ÒıÓ‰Ì˚ı ÔÓ Ò‚ÓÂÈ
ÒÚÛÍÚÛÂ ·ÎÓÍ‡ (1-È ·ÎÓÍ ‚ÍÎ˛˜‡ÂÚ ‚ ÒÂ·fl
rs1801131 Ë rs1537516; 2-È – rs17037397, rs4846052 Ë

rs1801133); Û ˛ÊÌ˚ı ÍË„ËÁÓ‚ ‚ÒÂ ËÒÒÎÂ‰Ó‚‡ÌÌ˚Â
SNPs Ì‡ıÓ‰flÚÒfl ‚ ÚÂÒÌÓÏ ÒˆÂÔÎÂÌËË Ë ‚ıÓ‰flÚ ‚ ÒÓ-
ÒÚ‡‚ Ó‰ÌÓ„Ó ·ÎÓÍ‡; ‚ ÔÓÔÛÎflˆËË ÛÒÒÍËı ‚˚fl‚ÎÂÌ˚
‰‚‡ ·ÎÓÍ‡ ËÁ ‰‚Ûı ·ÎËÁÍÓ ‡ÒÔÓÎÓÊÂÌÌ˚ı SNPs. É‡-
ÔÎÓÚËÔË˜ÂÒÍËÂ ·ÎÓÍË ‰ÎËÌÓÈ ÓÚ 4 ‰Ó 14 ÚÔÌ ÔÂ‰-
ÒÚ‡‚ÎÂÌ˚ ÌÂÒÍÓÎ¸ÍËÏË (3–6) ÓÒÌÓ‚Ì˚ÏË „‡ÔÎÓÚËÔ‡-
ÏË, ÍÓÚÓ˚Â ‚ ÒÛÏÏÂ ÒÓÒÚ‡‚Îfl˛Ú ·ÓÎÂÂ 90% Ì‡·Î˛-
‰‡ÂÏ˚ı „‡ÔÎÓÚËÔÓ‚ ‚ ‚˚·ÓÍÂ, ‚ÍÎ˛˜‡˛˘ÂÈ ‚ÒÂ
ËÒÒÎÂ‰Ó‚‡ÌÌ˚Â ÔÓÔÛÎflˆËË. èËÏÂ˜‡ÚÂÎ¸ÌÓ, ˜ÚÓ
ÙÛÌÍˆËÓÌ‡Î¸ÌÓ ÁÌ‡˜ËÏ˚Â ÔÓÎËÏÓÙËÁÏ˚ C677T Ë
A1298C ‚Ó ‚ÒÂı ÔÓÔÛÎflˆËflı, ÍÓÏÂ ˛ÊÌ˚ı ÍË„Ë-
ÁÓ‚, ÌÂ ÒˆÂÔÎÂÌ˚.
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6
1 2 3 4 5

77

64

413523

78

91

48

82 29

22 27

79

1 2 3 4 5

82

89

Block 1 Block 2
1
CA 0.628

2

CC 0.273
TC 0.088
TA 0.011

4
CC 0.549

5

TC 0.395
TA 0.037
CA 0.018

D′ = 0.83

êÛÒÒÍËÂ

Block 1 Block 2
1
CA 0.616

2

CC 0.306
TC 0.078

4
CCC 0.484

5

CTC 0.273
TCC 0.177
CTA 0.053

D′ = 0.73

3

ûÊÌ˚Â ÍË„ËÁ˚ ëÂ‚ÂÌ˚Â ÍË„ËÁ˚

Block 1
1
CACCC 0.483

2

CATCC 0.268
CCCTC 0.107
TCCTA 0.050
CACTC 0.041
TCCTC 0.026
CCTTC 0.011

3 4 5

D′ = 1

85

55

63

47

6486 47

Block 1 Block 2
1
CA 0.604

2

CC 0.296
TC 0.092

4
CCC 0.409

5

CTC 0.309
TCC 0.241
CTA 0.032

D′ = 0.53

3

íÛ‚ËÌˆ˚
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1
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6

1 2 3 4 51 2 3 4 5

Block 1 (14 kb)

Block 1 (6 kb) Block 2 (4 kb) Block 2 (5 kb)Block 1 (6 kb)

Block 2 (5 kb)Block 1 (6 kb)

90

91

9392

êËÒ. 2. ëÚÛÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÂ MTHFR ‚ ÔÓÔÛÎflˆËflı ëË·ËË Ë ëÂ‰ÌÂÈ ÄÁËË. çÛÏÂ‡ˆËfl ÒÓÓÚ-
‚ÂÚÒÚ‚ÛÂÚ ÒÎÂ‰Û˛˘ÂÏÛ ÔÓfl‰ÍÛ SNPs: 1 – rs1537516, 2 – rs1801131, 3 – rs1801133, 4 – rs4846052, 5 – rs17037397. èÓÍ‡Á‡-
Ì˚ „‡ÔÎÓÚËÔ˚ Í‡Ê‰Ó„Ó ·ÎÓÍ‡ Ë Ëı ̃ ‡ÒÚÓÚ˚, ÏÛÎ¸ÚË‡ÎÎÂÎ¸Ì˚È ÍÓ˝ÙÙËˆËÂÌÚ D' ïÂ‰ËÍ‡ (Hedrick’s multiallelic D'). íÓÎ-
ÒÚ˚ÏË Ë ÚÓÌÍËÏË ÎËÌËflÏË ËÁÓ·‡ÊÂÌ˚ ÒÓ˜ÂÚ‡ÌËfl „‡ÔÎÓÚËÔÓ‚ ‚ ÒÏÂÊÌ˚ı ·ÎÓÍ‡ı. Ç fl˜ÂÈÍ‡ı ÛÍ‡Á‡ÌÓ ÁÌ‡˜ÂÌËÂ ÍÓ˝Ù-
ÙËˆËÂÌÚ‡ ÒˆÂÔÎÂÌËfl D' ÔÓ ãÂ‚ÓÌÚËÌÛ × 0.01 (ÔÛÒÚ‡fl fl˜ÂÈÍ‡ Ó·ÓÁÌ‡˜‡ÂÚ D' = 1), ˆ‚ÂÚÓ‚‡fl „‡ÏÏ‡ ÓÚÓ·‡Ê‡ÂÚ ÒËÎÛ
ÒˆÂÔÎÂÌËfl ÏÂÊ‰Û SNPs: ÚÂÏÌÓ-ÒÂ˚È ˆ‚ÂÚ – ÒËÎ¸ÌÓÂ ÒˆÂÔÎÂÌËÂ (D' = 1, LOD > 2), ÒÂ˚È Ë Ò‚ÂÚÎÓ-ÒÂ˚È – ÁÌ‡˜ËÚÂÎ¸ÌÓÂ
ÒˆÂÔÎÂÌËÂ(D' < 1, LOD > 2), ·ÂÎ˚È – ÒÎ‡·ÓÂ ÒˆÂÔÎÂÌËÂ (D' < 1, LOD < 2). ü˜ÂÈÍ‡ Ò‚ÂÚÎÓ-ÒÂÓ„Ó ˆ‚ÂÚ‡ ·ÂÁ ÛÍ‡Á‡ÌÌÓ„Ó
ÁÌ‡˜ÂÌËfl D' Ó·ÓÁÌ‡˜‡ÂÚ ÌÂ‚ÓÁÏÓÊÌÓÒÚ¸ ‡Ò˜ÂÚ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ÒÎÂ‰ÒÚ‚ËÂ ÌËÁÍÓÈ ˜‡ÒÚÓÚ˚ ÏËÌÓÌÓ„Ó
‡ÎÎÂÎfl ÔÓÎËÏÓÙËÁÏ‡ (D' = 1, LOD < 2). 
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Ç ‰‡ÌÌÓÏ ËÒÒÎÂ‰Ó‚‡ÌËË ÒÚÛÍÚÛ‡ LD ÓÔÂ‰ÂÎfl-
Î‡Ò¸ Ò ÔÓÏÓ˘¸˛ ‡Î„ÓËÚÏ‡ “è‡‚ËÎÓ ˜ÂÚ˚Âı „‡-
ÏÂÚ”, Ò ˜‡ÒÚÓÚÓÈ 4-È „‡ÏÂÚ˚, ÌÂ ÔÂ‚˚¯‡˛˘ÂÈ
0.02. Ç ˆÂÎÓÏ „‡ÔÎÓÚËÔË˜ÂÒÍËÂ ·ÎÓÍË ÏÓ„ÛÚ ·˚Ú¸
ÓÔÂ‰ÂÎÂÌ˚ ÚÂÏfl ‡ÁÎË˜Ì˚ÏË ÔÛÚflÏË [25]. Ç
˜‡ÒÚÌÓÒÚË, Ó‰ÌËÏ ËÁ ÒÔÓÒÓ·Ó‚ ÓÔÂ‰ÂÎÂÌËfl ·ÎÓÍ‡
fl‚ÎflÂÚÒfl ‚ÍÎ˛˜ÂÌËÂ ‚ ÌÂ„Ó Ï‡ÍÂÓ‚, ÏÂÊ‰Û ÍÓÚÓ-
˚ÏË ÒÂ‰ÌÂÂ ÁÌ‡˜ÂÌËÂ D' (ÒÚ‡Ì‰‡ÚËÁÓ‚‡ÌÌ˚È ÍÓ-
˝ÙÙËˆËÂÌÚ LD) ·ÓÎ¸¯Â, ˜ÂÏ ÓÔÂ‰ÂÎÂÌÌ˚È ÔÓÓ„
[1, 3]. ÇÚÓÓÈ ÒÔÓÒÓ· ÓÒÌÓ‚‡Ì Ì‡ ÔÓÌflÚËË “ıÓÏÓ-
ÒÓÏÌÓ„Ó Óı‚‡Ú‡”, ·ÎÓÍ „‡ÔÎÓÚËÔÓ‚ ‰ÓÎÊÂÌ ÒÓ‰Â-
Ê‡Ú¸ ÏËÌËÏ‡Î¸ÌÓÂ ˜ËÒÎÓ SNPs, ÒÓÒÚ‡‚Îfl˛˘Ëı ·ÓÎ¸-
¯ËÌÒÚ‚Ó Ó·˘Ëı „‡ÔÎÓÚËÔÓ‚ ËÎË Ó·ÛÒÎÓ‚ÎË‚‡˛˘Ëı
ÒÌËÊÂÌÌ˚È ÛÓ‚ÂÌ¸ „‡ÔÎÓÚËÔË˜ÂÒÍÓ„Ó ‡ÁÌÓÓ·‡ÁËfl
[4]. Wang Ë ‰. [7] ÔÂ‰Î‡„‡ÂÚ ‡Î¸ÚÂÌ‡ÚË‚Ì˚È ÏÂ-
ÚÓ‰ ‰Îfl Ë‰ÂÌÚËÙËÍ‡ˆËË ·ÎÓÍÓ‚. Ñ‡ÌÌ˚È ÏÂÚÓ‰ ÓÒ-
ÌÓ‚‡Ì Ì‡ ˜‡ÒÚÓÚÂ „‡ÏÂÚ Ë ÌÂ ÚÂ·ÛÂÚ ÓÔÂ‰ÂÎÂÌËfl
Í‡ÍÓ„Ó-ÎË·Ó ÔÓÓ„‡ [7]. àÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‚˚¯ÂÓÔË-
Ò‡ÌÌ˚ı ‡Î„ÓËÚÏÓ‚ ÓÔÂ‰ÂÎÂÌËfl ÒÚÛÍÚÛ˚ LD,
ËÎË ËÁÏÂÌÂÌËÂ ÔÓÓ„‡ D' ‚ ‡ÏÍ‡ı Ó‰ÌÓ„Ó ËÒÒÎÂ‰Ó-
‚‡ÌËfl, ˜‡ÒÚÓ ÔË‚Ó‰ËÚ Í ‡ÁÎË˜ÌÓÈ Í‡ÚËÌÂ ‡ıË-
ÚÂÍÚÛ˚ LD ‚ Ó‰ÌÓÈ Ë ÚÓÈ ÊÂ ÔÓÔÛÎflˆËË. í‡ÍÊÂ Ó‰-
ÌÓÈ ËÁ ÔË˜ËÌ ÔÓÎÛ˜ÂÌËfl ÎÓÊÌÓÔÓÎÓÊËÚÂÎ¸Ì˚ı Â-
ÁÛÎ¸Ú‡ÚÓ‚ fl‚ÎflÂÚÒfl ÚÓ, ̃ ÚÓ ÚÂÒÌÓÂ ÒˆÂÔÎÂÌËÂ „ÂÌÓ‚ –
ÌÂ Â‰ËÌÒÚ‚ÂÌÌ‡fl ÔË˜ËÌ‡ ‚ÓÁÌËÍÌÓ‚ÂÌËfl ÌÂ‡‚ÌÓ-
‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛. éÌÓ ÏÓÊÂÚ ÔÓfl‚ËÚ¸Òfl ‚ ‚˚-
·ÓÍÂ ËÁ-Á‡ ÔÓ‰‡Á‰ÂÎÂÌÌÓÒÚË ÔÓÔÛÎflˆËË ËÎË ÍÎ‡-
ÒÚÂËÁ‡ˆËË ‰‡ÌÌ˚ı [26]. èÓÔÛÎflˆËË ˜ÂÎÓ‚ÂÍ‡,

ÒÚÓ„Ó „Ó‚Ófl, ÌÂ fl‚Îfl˛ÚÒfl Ô‡ÌÏËÍÒÌ˚ÏË. Ç ÌËı
‚ÒÂ„‰‡ ÔËÒÛÚÒÚ‚ÛÂÚ ÔÓ‰‡Á‰ÂÎÂÌÌÓÒÚ¸, ÓÒÌÓ‚‡ÌÌ‡fl
Ì‡ ˝ÚÌË˜ÂÒÍËı, ÂÎË„ËÓÁÌ˚ı, ÒÓˆË‡Î¸Ì˚ı, ÍÛÎ¸-
ÚÛÌ˚ı ÓÒÓ·ÂÌÌÓÒÚflı. äÎ‡ÒÚÂËÁ‡ˆËfl ‚˚‡Ê‡ÂÚÒfl
‚ ÚÓÏ, ˜ÚÓ ÔË Ì‡ÒÎÂ‰ÒÚ‚ÂÌÌÓÈ Ô‡ÚÓÎÓ„ËË ‚ „ÛÔÔÛ
·ÓÎ¸Ì˚ı ˜‡ÒÚÓ ÔÓÔ‡‰‡˛Ú ·ÎËÁÍËÂ Ó‰ÒÚ‚ÂÌÌËÍË.
[27]. ÑÛ„‡fl ÔË˜ËÌ‡ ‡ÁÛ¯ÂÌËfl ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ
ÒˆÂÔÎÂÌË˛ – ÏÛÚ‡ˆËË ‚ Ï‡ÍÂÌ˚ı ÎÓÍÛÒ‡ı. ä Ò˜‡-
ÒÚ¸˛, ÓÌË ‚ÓÁÌËÍ‡˛Ú ‰ÓÒÚ‡ÚÓ˜ÌÓ Â‰ÍÓ, ÓÒÓ·ÂÌÌÓ
ÂÒÎË ‚ Í‡˜ÂÒÚ‚Â Ï‡ÍÂÓ‚ ËÒÔÓÎ¸ÁÛ˛ÚÒfl SNPs [28].

èË ÒÚ‡ÚËÒÚË˜ÂÒÍÓÈ Ó·‡·ÓÚÍÂ ‰‡ÌÌ˚ı ÔÓÂÍÚ‡
HapMap Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ HapBlock [29, 30],
‡Á‡·ÓÚ‡ÌÌÓÈ Zang (‰‡ÌÌ˚È ‡Ì‡ÎËÁ ·˚Î ÔÓ‚Â‰ÂÌ
ÔÓÒÂ‰ÒÚ‚ÓÏ iHAP (integrated Haplotype Analysis Pipe-
line)), ÔÓÎÛ˜ÂÌ‡ ÒÎÂ‰Û˛˘‡fl ‡ıËÚÂÍÚÛ‡ ÌÂ‡‚ÌÓ‚Â-
ÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÂ MTHFR ‚ ÔÓÔÛÎflˆËflı flÔÓÌ-
ˆÂ‚ (íÓÍËÓ), ÍËÚ‡ÈˆÂ‚ (èÂÍËÌ) Ë ÊËÚÂÎÂÈ ûÚ˚ Ò
ÔÓËÒıÓÊ‰ÂÌËÂÏ ËÁ ëÂ‚ÂÌÓÈ Ë á‡Ô‡‰ÌÓÈ Ö‚ÓÔ˚.
Ç ÔÓÔÛÎflˆËË flÔÓÌˆÂ‚ ‚˚fl‚ÎÂÌÓ ‰‚‡ ·ÎÓÍ‡: ÌÂ·ÓÎ¸-
¯ÓÈ ·ÎÓÍ 0 Ë ÔÓÚflÊÂÌÌ˚È ·ÎÓÍ 1, Óı‚‡Ú˚‚‡˛˘ËÈ
Ô‡ÍÚË˜ÂÒÍË ‚Ò˛ ‰ÎËÌÛ „ÂÌ‡. ÄÌ‡ÎÓ„Ë˜Ì‡fl ÒÚÛÍÚÛ-
‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ Ì‡·Î˛‰‡ÂÚÒfl ‚ ÔÓÔÛ-
ÎflˆËË ÍËÚ‡ÈˆÂ‚ (ËÒ. 3). Ç Â‚ÓÔÂÈÒÍÓÈ ÔÓÔÛÎflˆËË
Ú‡ÍÊÂ Ì‡·Î˛‰‡ÂÚÒfl ‰‚‡ ·ÎÓÍ‡. ÅÎÓÍ 0 ÁÌ‡˜ËÚÂÎ¸ÌÓ
ÔÓÚflÊÂÌÌÂÂ, ‡ ·ÎÓÍ 1 ÍÓÓ˜Â ÔÓ‰Ó·Ì˚ı ·ÎÓÍÓ‚ Û
flÔÓÌˆÂ‚ Ë ÍËÚ‡ÈˆÂ‚ (ËÒ. 4).

ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 2, 3 Ë 4, ı‡‡ÍÚÂ LD ‚ ÎÓÍÛÒÂ
MTHFR ‚ ÔÓÔÛÎflˆËflı ÛÒÒÍËı, ÚÛ‚ËÌˆÂ‚ Ë ÒÂ‚ÂÌ˚ı
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êËÒ. 3. ëÚÛÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÂ MTHFR ‚ ÔÓÔÛÎflˆËflı flÔÓÌˆÂ‚ Ë ÍËÚ‡ÈˆÂ‚. èflÏÓÛ„ÓÎ¸ÌËÍ‡ÏË
Ó·ÓÁÌ‡˜ÂÌ˚ ˝ÍÁÓÌ˚, ÎËÌËflÏË ÔÓÍ‡Á‡Ì˚ ËÌÚÓÌ˚.
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êËÒ. 4. ëÚÛÍÚÛ‡ ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÂ MTHFR ‚ ÔÓÔÛÎflˆËË ÛÓÊÂÌˆÂ‚ ëÂ‚ÂÌÓÈ Ë á‡Ô‡‰ÌÓÈ Ö‚ÓÔ˚.
èflÏÓÛ„ÓÎ¸ÌËÍ‡ÏË Ó·ÓÁÌ‡˜ÂÌ˚ ˝ÍÁÓÌ˚, ÎËÌËflÏË ÔÓÍ‡Á‡Ì˚ ËÌÚÓÌ˚.
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ÍË„ËÁÓ‚ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ “Â‚ÓÔÂÈÒÍÓÏÛ” Ô‡ÚÚÂÌÛ
LD, ÔÓÎÛ˜ÂÌÌÓÏÛ ÔË ‡Ì‡ÎËÁÂ ‰‡ÌÌ˚ı HapMap
(rs17037397, rs4846052 Ë rs1801133 ‚ıÓ‰flÚ ‚ ÒÓÒÚ‡‚
Ó‰ÌÓ„Ó ·ÎÓÍ‡; rs1801131 Ë rs1537516 ‚ÍÎ˛˜ÂÌ˚ ‚
‰Û„ÓÈ). ëÚÛÍÚÛ‡ LD Û ˛ÊÌ˚ı ÍË„ËÁÓ‚ ·ÓÎ¸¯Â
Ì‡ÔÓÏËÌ‡ÂÚ “ÏÓÌ„ÓÎÓË‰Ì˚È” Ô‡ÚÚÂÌ (‚ÒÂ ËÒÒÎÂ‰Ó-
‚‡ÌÌ˚Â SNP, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ rs1537516, ÒÓÒÚÓflÚ ‚
Ó‰ÌÓÏ ·ÎÓÍÂ). ÇÓÁÏÓÊÌ˚ ‰‚‡ Ó·˙flÒÌÂÌËfl Ì‡·Î˛‰‡-
ÂÏÓÏÛ ÒÓı‡ÌÂÌË˛ ÒÚÛÍÚÛ˚ Ë ÔÓÚflÊÂÌÌÓÒÚË
·ÎÓÍ‡: ÌÂ‰‡‚ÌÂÂ ÔÓËÒıÓÊ‰ÂÌËÂ ÓÚ Ó·˘Ëı ÔÂ‰ÍÓ‚
ËÎË ÔÓÁËÚË‚Ì˚È ÓÚ·Ó, ÍÓÚÓ˚È ˜‡ÒÚÓ ÔË‚Ó‰ËÚ Í
Û‚ÂÎË˜ÂÌË˛ ‡ÁÏÂ‡ ·ÎÓÍ‡, ÒÓ‰ÂÊ‡˘Â„Ó ÔÓÎÂÁ-
Ì˚È ‡ÎÎÂÎ¸ [31]. èÓÒÍÓÎ¸ÍÛ Û ˛ÊÌ˚ı ÍË„ËÁÓ‚ ‚˚-
fl‚ÎÂÌÓ ÏËÌËÏ‡Î¸ÌÓÂ ˜ËÒÎÓ „‡ÔÎÓÚËÔÓ‚ ÒÂ‰Ë ‚ÒÂı
ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÔÓÔÛÎflˆËÈ, ÂÒÚ¸ ‚ÂÓflÚÌÓÒÚ¸, ˜ÚÓ ‚
‰‡ÌÌÓÏ ÒÎÛ˜‡Â ËÏÂÎ ÏÂÒÚÓ ˝ÙÙÂÍÚ ÓÒÌÓ‚‡ÚÂÎfl.

Ç˚fl‚ÎÂÌËÂ ÒÚÛÍÚÛ˚ LD ‚ÌÓÒËÚ ÁÌ‡˜ËÚÂÎ¸Ì˚È
‚ÍÎ‡‰ ‚ ËÁÛ˜ÂÌËÂ ˜ÂÎÓ‚Â˜ÂÒÍÓ„Ó „ÂÌÓÏ‡ Ë ˝‚ÓÎ˛-
ˆËË, ‡ Ú‡ÍÊÂ ÌÂÓ·ıÓ‰ËÏÓ ‰Îfl ‰ËÁ‡ÈÌ‡ ̋ ÙÙÂÍÚË‚Ì˚ı
‡ÒÒÓˆË‡ÚË‚Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ. ëÚÂÔÂÌ¸ „‡ÔÎÓÚËÔË-
˜ÂÒÍÓ„Ó ‡ÁÌÓÓ·‡ÁËfl Ë ÔÓÚflÊÂÌÌÓÒÚ¸ ·ÎÓÍÓ‚ ‚‡-
¸ËÛ˛Ú ‚ ‡ÁÌ˚ı ˜ÂÎÓ‚Â˜ÂÒÍËı ÔÓÔÛÎflˆËflı, ÓÚ‡-
Ê‡fl ‰ÂÏÓ„‡ÙË˜ÂÒÍÛ˛ ËÒÚÓË˛ Ì‡ÒÂÎÂÌËfl, ‰‡‚ÎÂ-
ÌËÂ ÂÒÚÂÒÚ‚ÂÌÌÓ„Ó ÓÚ·Ó‡, ÏÛÚ‡ˆËË Ë ÂÍÓÏ·ËÌ‡ˆËË
[24]. íÂÏ ÌÂ ÏÂÌÂÂ ÒÛ˘ÂÒÚ‚Û˛Ú Ò‚Â‰ÂÌËfl Ó ÒÓ„Î‡ÒÓ-
‚‡ÌÌÓÒÚË ‚ ÔÓÒÚ‡ÌÒÚ‚ÂÌÌÓÏ ‡ÁÏÂ˘ÂÌËË ÌÂÍÓÚÓ-
˚ı „‡ÔÎÓÚËÔË˜ÂÒÍËı ·ÎÓÍÓ‚ ‚ ‡ÁÎË˜Ì˚ı ÔÓÔÛÎfl-
ˆËflı, ÛÍ‡Á˚‚‡fl Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl Ó·-
˘Â„Ó ÏÂı‡ÌËÁÏ‡ Ó·‡ÁÓ‚‡ÌËfl ‰‡ÌÌ˚ı ·ÎÓÍÓ‚, ‚
Í‡˜ÂÒÚ‚Â ÍÓÚÓÓ„Ó ·ÓÎ¸¯ËÌÒÚ‚Ó ‡‚ÚÓÓ‚ ‡ÒÒÏ‡Ú-
Ë‚‡˛Ú ÂÍÓÏ·ËÌ‡ˆË˛ [32].

ÉÂÌÂÚË˜ÂÒÍ‡fl ‰ËÙÙÂÂÌˆË‡ˆËfl ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı 
ÔÓÔÛÎflˆËÈ

ìÓ‚ÂÌ¸ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÙÙÂÂÌˆË‡ˆËË ËÁÛ˜ÂÌ-
Ì˚ı ÔÓÔÛÎflˆËÈ ÔÓ ˜‡ÒÚÓÚ‡Ï ‡ÎÎÂÎÂÈ ÔflÚË ËÒÒÎÂ‰Ó-
‚‡ÌÌ˚ı SNPs „ÂÌ‡ MTHFR ÒÓÒÚ‡‚ËÎ 0.018, ‡ ÔÓ ˜‡-
ÒÚÓÚ‡Ï „‡ÔÎÓÚËÔÓ‚ 0.021. éˆÂÌÍ‡ ÔÓ‚Ó‰ËÎ‡Ò¸ Ò ÔÓ-
ÏÓ˘¸˛ ÍÓ˝ÙÙËˆËÂÌÚ‡ Fst. Ñ‡ÌÌ˚Â Ó ÒÚÂÔÂÌË
„ÂÌÌÓÈ ‰ËÙÙÂÂÌˆË‡ˆËË (Fst) ‚ ÚÓÚ‡Î¸ÌÓÈ ‚˚·ÓÍÂ
ÔÓ Í‡Ê‰ÓÏÛ ËÁ ‚˚·‡ÌÌ˚ı Ï‡ÍÂÓ‚ ÔÂ‰ÒÚ‡‚ÎÂÌ˚
Ì‡ ËÒ. 5. ÑËÙÙÂÂÌˆË‡ˆËfl ÔÓ ÎÓÍÛÒ‡Ï rs1537516 Ë
rs17037397 ÓÍ‡Á‡Î‡Ò¸ ÒÚ‡ÚËÒÚË˜ÂÒÍË ÌÂÁÌ‡˜ËÏÓÈ,
‚ÓÁÏÓÊÌÓ ̋ ÚÓ Ò‚flÁ‡ÌÓ Ò ÌËÁÍÓÈ ̃ ‡ÒÚÓÚÓÈ ÏËÌÓÌÓ„Ó
‡ÎÎÂÎfl. ÇÒÂ ÓÒÚ‡Î¸Ì˚Â ÔÓÎËÏÓÙÌ˚Â ‚‡Ë‡ÌÚ˚ ÔÓ-
Í‡Á‡ÎË ‰ÓÒÚÓ‚ÂÌÛ˛ ‰ËÙÙÂÂÌˆË‡ˆË˛. ÄÌ‡ÎËÁ
ÏÂÊÔÓÔÛÎflˆËÓÌÌÓÈ ‰ËÙÙÂÂÌˆË‡ˆËË ÔÓ ˜‡ÒÚÓÚ‡Ï
‡ÎÎÂÎÂÈ ÔÓÍ‡Á‡Î ÁÌ‡˜ËÏ˚Â „ÂÌÂÚË˜ÂÒÍËÂ ‡ÁÎË˜Ëfl
(p < 0.05) ÏÂÊ‰Û ÔÓÔÛÎflˆËÂÈ ˛ÊÌ˚ı ÍË„ËÁÓ‚ Ë
ÓÒÚ‡Î¸Ì˚ÏË ËÒÒÎÂ‰Ó‚‡ÌÌ˚ÏË ÔÓÔÛÎflˆËflÏË: ÛÒÒÍË-
ÏË (Fst = 0.036), ÚÛ‚ËÌˆ‡ÏË (Fst = 0.031) Ë ÒÂ‚ÂÌ˚ÏË
ÍË„ËÁ‡ÏË (Fst = 0.027), ‡ Ú‡ÍÊÂ ‚˚fl‚ËÎ ‰ÓÒÚÓ‚Â-
Ì˚Â ‡ÁÎË˜Ëfl ÏÂÊ‰Û ÛÒÒÍËÏË Ë ÚÛ‚ËÌˆ‡ÏË (Fst =
= 0.012). èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚, ÌÂÒÓÏÌÂÌÌÓ, ÛÍ‡-
Á˚‚‡˛Ú Ì‡ ÌÂÓ·ıÓ‰ËÏÓÒÚ¸ ‰‡Î¸ÌÂÈ¯Ëı ËÒÒÎÂ‰Ó‚‡-
ÌËÈ Ò ÔË‚ÎÂ˜ÂÌËÂÏ ·ÓÎ¸¯Â„Ó ÍÓÎË˜ÂÒÚ‚‡ ÔÓÔÛÎfl-
ˆËÈ Ë Ï‡ÍÂÓ‚.

Ç Á‡ÍÎ˛˜ÂÌËÂ ıÓÚÂÎÓÒ¸ ·˚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ˜‡ÒÚÓ-
Ú˚ ‡ÎÎÂÎÂÈ ‚ÒÂı ËÁÛ˜ÂÌÌ˚ı ÔÓÎËÏÓÙËÁÏÓ‚ Ì‡ıÓ-
‰ËÎËÒ¸ ‚ ‰Ë‡Ô‡ÁÓÌÂ ÏËÓ‚˚ı. èÓ ÚÂÏ ÎÓÍÛÒ‡Ï
(rs4846052, rs1801133 Ë rs1801131) Ó·Ì‡ÛÊÂÌ‡ ‰Ó-
ÒÚÓ‚ÂÌ‡fl „ÂÌÌ‡fl ‰ËÙÙÂÂÌˆË‡ˆËfl. ÇÒÂ ˜ÂÚ˚Â ÔÓ-
ÔÛÎflˆËË ı‡‡ÍÚÂËÁÓ‚‡ÎËÒ¸ ‰Ó‚ÓÎ¸ÌÓ ‚˚ÒÓÍËÏ
ÛÓ‚ÌÂÏ „‡ÔÎÓÚËÔË˜ÂÒÍÓ„Ó ‡ÁÌÓÓ·‡ÁËfl, ‡ ÚË „‡Ô-
ÎÓÚËÔ‡ ‚ÒÚÂ˜‡ÎËÒ¸ Ò ˜‡ÒÚÓÚÓÈ ·ÓÎÂÂ 10% ‚Ó ‚ÒÂı
ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÔÓÔÛÎflˆËflı. ì ÒÂ‚ÂÌ˚ı ÍË„ËÁÓ‚ Ë
ÚÛ‚ËÌˆÂ‚ ‚˚fl‚ÎÂÌ‡ ÒıÓ‰Ì‡fl ÒÚÛÍÚÛ‡ LD ‚ „ÂÌÂ
MTHFR, ‡ Ì‡Ë·ÓÎÂÂ ÒËÎ¸ÌÓÂ ÒˆÂÔÎÂÌËÂ ÓÚÏÂ˜‡ÎÓÒ¸
‚ ÔÓÔÛÎflˆËË ̨ ÊÌ˚ı ÍË„ËÁÓ‚. èÓÎÛ˜ÂÌÌ˚Â ‰‡ÌÌ˚Â
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÚÓÏ, ˜ÚÓ ‡ıËÚÂÍÚÛ‡ LD ‚ „ÂÌÓ-
ÏÂ ˜ÂÎÓ‚ÂÍ‡ ÌÓÒËÚ ÔÓÔÛÎflˆËÓÌÌÓ-ÒÔÂˆËÙË˜ÂÒÍËÈ
ı‡‡ÍÚÂ Ë ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË ÓÔÂ‰ÂÎflÂÚÒfl
˝‚ÓÎ˛ˆËÓÌÌÓÈ ËÒÚÓËÂÈ ÔÓÔÛÎflˆËË. Ñ‡Î¸ÌÂÈ¯ÂÂ
ËÁÛ˜ÂÌËÂ ı‡‡ÍÚÂ‡ „ÂÌÂÚË˜ÂÒÍÓ„Ó ‡ÁÌÓÓ·‡ÁËfl Ë
ÌÂ‡‚ÌÓ‚ÂÒËfl ÔÓ ÒˆÂÔÎÂÌË˛ ‚ „ÂÌÓÏÂ ‚ ÍÓÌÍÂÚÌ˚ı
„ÂÓ„‡ÙË˜ÂÒÍËı, ˝ÚÌË˜ÂÒÍËı ËÎË ÔÓÔÛÎflˆËÓÌÌ˚ı
„ÛÔÔ‡ı ÔÓÁ‚ÓÎËÚ ÂÍÓÌÒÚÛËÓ‚‡Ú¸ „ÂÌÂÚË˜ÂÒÍÛ˛
ËÒÚÓË˛ ÔÓÔÛÎflˆËË, ‚˚fl‚ËÚ¸ ÒÎÂ‰˚ ‰ÂÈÒÚ‚Ëfl ÂÒÚÂ-
ÒÚ‚ÂÌÌÓ„Ó ÓÚ·Ó‡, Ò‚flÁ‡ÌÌÓ„Ó Ò ‡‰‡ÔÚË‚ÌÓÈ ËÁÏÂÌ-
˜Ë‚ÓÒÚ¸˛, Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ ÙÛÌÍˆËÓÌ‡Î¸Ì˚Â ‚‡-
Ë‡ÌÚ˚, ÎÂÊ‡˘ËÂ ‚ ÓÒÌÓ‚Â ÔÂ‰‡ÒÔÓÎÓÊÂÌÌÓÒÚË Í
¯ËÓÍÓ ‡ÒÔÓÒÚ‡ÌÂÌÌ˚Ï ·ÓÎÂÁÌflÏ. 

Ñ‡ÌÌ‡fl ‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ̃ ‡ÒÚË˜ÌÓÈ ÙËÌ‡Ì-
ÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ „‡ÌÚ‡ êîîà (‹ 07-04-01629-‡).
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„‡ÔÎÓÚËÔÓ‚

êËÒ. 5. é·˘‡fl „ÂÌÂÚË˜ÂÒÍ‡fl ‰ËÙÙÂÂÌˆË‡ˆËfl ÚÓÚ‡Î¸-
ÌÓÈ ‚˚·ÓÍË ÔÓ ËÒÒÎÂ‰Ó‚‡ÌÌ˚Ï ÔÓÎËÏÓÙËÁÏ‡Ï „ÂÌ‡
MTHFR. á‡¯ÚËıÓ‚‡ÌÌ˚Â ÒÚÓÎ·ˆ˚ ÓÁÌ‡˜‡˛Ú ÁÌ‡˜Ë-
Ï˚Â ‡ÁÎË˜Ëfl ( < 0.05).
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Genetic Diversity and the Structure of Linkage Disequilibrium 

in the Methylenetetrahydrofolate Reductase Locus

E. A. Trifonova, M. G. Spiridonova, and V. A. Stepanov
Institute for Medical Genetics, Russian Academy of Medical Sciences, Tomsk, 634050 Russia;

e-mail: vadim.stepanov@medgenetics.ru

Investigation of linkage disequilibrium block architecture in human genome is modern, intensely investigated
field of molecular genetics. In the present study, genetic differentiation and linkage disequilibrium pattern in
the methylenetetrahydrofolate reductase (MTHFR) locus was examined in the populations of Russians, Tuvin-
ians, and Northern and Southern Kyrgyzes. Methylenetetrahydrofolate reductase is the key enzyme of folate
cycle, responsible for reduction of 5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate. Decreased en-
zymatic activity of this protein often caused by certain associations of MTHFR alleles results in the increased
plasma homocysteine levels. In the population groups examined, genotype and allele frequencies at five poly-
morphic MTHFR loci: rs17037397, rs4846052, rs1801133, rs1801131, and rs1537516 were evaluated. Statis-
tically significant genetic differences between the population group of Southern Kyrgyzes and the other groups,
as well as between Russians and Tuvinians, were demonstrated. In the MTHFR gene from the population of
Southern Kyrgyzes one block was revealed; in the populations of Russians, Tuvinians, and Northern Kyrgyzes
two blocks were detected. Thus, the structure of linkage disequilibrium in the MTHFR locus demonstrated pop-
ulation-specific pattern.
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