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Полногеномные ассоциативные исследования экономически 
важных признаков радужной форели (Oncorhynchus mykiss)  
Аннотация. 

Цель: обобщение результатов научных публикаций по использованию полногеномных ассоциативных 
исследований экономически важных признаков у радужной форели (Oncorhynchus mykiss). 

Материалы и методы. Наукометрическая база данных PubMed (https://pubmed.ncbi.nlm.nih.gov/), Sci-
ence Direct (https://www.sciencedirect.com/), научная электронная библиотека eLIBRARY 
(https://elibrary.ru/). 

Результаты. Важным шагом в совершенствовании программ разведения радужной форели (On-
corhynchus mykiss) является использование знаний о генетической архитектуре, лежащей в основе из-
менчивости хозяйственно-полезных признаков. В 2014 году была опубликована первая версия эталонной 
сборки генома, которая послужила основой для идентификации однонуклеотидных полиморфизмов и 
разработки ДНК-чипа средней плотности, что, в свою очередь, дало возможность проводить полногеном-
ные ассоциативные исследования (GWAS). GWAS позволяет выявлять SNP с большим эффектом, ответ-
ственные за фенотипические варианты, которым можно отдать приоритет при геномной селекции, что 
сделает возможным осуществлять дальнейший внутрисемейный отбор по наиболее экономически важным 
признакам. Применению полногеномных ассоциативных исследований в форелеводстве посвящено мно-
жество научных работ. В обзоре показана актуальность и перспективы использования метода GWAS в ак-
вакультурном разведении радужной форели как инструмента для выявления генов-кандидатов, влияющих 
на показатели роста, качества мяса и устойчивость к болезням. Проанализировав зарубежный опыт ис-
пользования GWAS, хочется отметить его актуальность и перспективность, ведь большинство хозяйственно 
полезных признаков имеют полигенную природу. 
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Ç‚Â‰ÂÌËÂ. ÄÍ‚‡ÍÛÎ¸ÚÛ‡ ÔÓËÁ‚Ó‰ËÚ ‚˚ÒÓÍÓ-
Í‡˜ÂÒÚ‚ÂÌÌ˚È ÊË‚ÓÚÌ˚È ·ÂÎÓÍ Ò ÌËÁÍËÏ ÒÓ‰Â-
Ê‡ÌËÂÏ Ì‡Ò˚˘ÂÌÌ˚ı ÊËÓ‚, ˜ÚÓ Ë‰Â‡Î¸ÌÓ ÔÓ‰-
ıÓ‰ËÚ ‰Îfl Û‰Ó‚ÎÂÚ‚ÓÂÌËfl ‡ÒÚÛ˘Â„Ó ÏËÓ‚Ó„Ó 
ÒÔÓÒ‡. é‰ÌËÏ ËÁ „Î‡‚Ì˚ı ÔËÓËÚÂÚÓ‚ ÓÚ‡ÒÎË 
‡Í‚‡ÍÛÎ¸ÚÛ˚ fl‚ÎflÂÚÒfl „ÂÌÂÚË˜ÂÒÍÓÂ ÛÎÛ˜¯ÂÌËÂ 
˝ÍÓÌÓÏË˜ÂÒÍË ‚‡ÊÌ˚ı ÔÓÍ‡Á‡ÚÂÎÂÈ, Ò‚flÁ‡ÌÌ˚ı Ò 
Ó·˙ÂÏÓÏ Ë Í‡˜ÂÒÚ‚ÓÏ ÔÓÎÛ˜ÂÌÌÓ„Ó Ò˚¸fl [1]. èÓ-
ÒÎÂ‰ÌËÂ ‰ÓÒÚËÊÂÌËfl ‚ Ó·Î‡ÒÚË „ÂÌÓÏÌ˚ı ÚÂıÌÓ-
ÎÓ„ËÈ ÔË‚ÂÎË Í ÓÚÍ˚ÚË˛ Ë ÔËÏÂÌÂÌË˛ Ñçä-
Ï‡ÍÂÓ‚ (Ó‰ÌÓÌÛÍÎÂÓÚË‰Ì˚Â ÔÓÎËÏÓÙËÁÏ˚, 
ÏËÍÓÒ‡ÚÂÎÎËÚ˚ ËÎË RAPD) ‰Îfl „ÂÌÂÚË˜ÂÒÍÓ„Ó 
ÛÎÛ˜¯ÂÌËfl ‚Ë‰Ó‚ ‡Í‚‡ÍÛÎ¸ÚÛ˚ [2]. é‰ÌÓÌÛÍ-
ÎÂÓÚË‰Ì˚Â ÔÓÎËÏÓÙËÁÏ˚ (SNP) ÔÂ‰ÒÚ‡‚Îfl˛Ú 
ÒÓ·ÓÈ ¯ËÓÍÓ ‡ÒÔÓÒÚ‡ÌÂÌÌ˚Â Ï‡ÍÂ˚, ÍÓÚÓ-
˚Â ‡‚ÌÓÏÂÌÓ ‡ÒÔÂ‰ÂÎÂÌ˚ ÔÓ „ÂÌÓÏÛ, ÏÓ„ÛÚ 
·˚Ú¸ ÙÛÌÍˆËÓÌ‡Î¸ÌÓ ÁÌ‡˜ËÏ˚ÏË Ë fl‚Îfl˛ÚÒfl

ÔÓ‰ıÓ‰fl˘ËÏË Ï‡ÍÂ‡ÏË ‰Îfl ÚÓ˜ÌÓ„Ó Í‡ÚËÓ‚‡-
ÌËfl „ÂÌÓ‚ Ë ËÒÒÎÂ‰Ó‚‡ÌËÈ ‡ÒÒÓˆË‡ˆËÈ „ÂÌÓ‚-Í‡Ì-
‰Ë‰‡ÚÓ‚, Ì‡Ô‡‚ÎÂÌÌ˚ı Ì‡ ‚˚fl‚ÎÂÌËÂ ‡ÎÎÂÎÂÈ, 
ÔÓÚÂÌˆË‡Î¸ÌÓ ‚ÎËfl˛˘Ëı Ì‡ ‚‡ÊÌ˚Â ÔËÁÌ‡ÍË 
[3]. à‰ÂÌÚËÙËÍ‡ˆËfl ÍÓÌÍÂÚÌ˚ı „ÂÌÓÏÌ˚ı Â-
„ËÓÌÓ‚, Ò‚flÁ‡ÌÌ˚ı Ò ˝ÍÓÌÓÏË˜ÂÒÍË ‚‡ÊÌ˚ÏË 
ÔËÁÌ‡Í‡ÏË, Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓÎÌÓ„ÂÌÓÏÌ˚ı 
‡ÒÒÓˆË‡ÚË‚Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ (GWAS), ÔÓÁ‚ÓÎË-
Î‡ Ó·Ì‡ÛÊËÚ¸ Ï‡ÍÂ˚, Ò‚flÁ‡ÌÌ˚Â Ò ÎÓÍÛÒ‡ÏË 
ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı ÔËÁÌ‡ÍÓ‚ (QTL), Ë ‚ÍÎ˛˜ËÚ¸ 
ÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚ ÔÓ„‡ÏÏ˚ ÒÂÎÂÍˆËË 
ˆÂÌÌ˚ı ‡Í‚‡ÍÛÎ¸ÚÛÌ˚ı ‚Ë‰Ó‚ ˚· [4]. 

ê‡‰ÛÊÌ‡fl ÙÓÂÎ¸ (Oncorhynchus mykiss) fl‚-
ÎflÂÚÒfl Ó‰ÌËÏ ËÁ Ì‡Ë·ÓÎÂÂ ‡ÒÔÓÒÚ‡ÌÂÌÌ˚ı Ë 
ˆÂÌÌ˚ı ‚Ë‰Ó‚ ˚· ‚ ÚÓ‚‡ÌÓÈ ‡Í‚‡ÍÛÎ¸ÚÛÂ ‚Ó 
‚ÒÂÏ ÏËÂ [5], ‚ Ò‚flÁË Ò ˜ÂÏ ÓÌ‡ ÒÚ‡Î‡ ‚‡ÊÌ˚Ï 
Ó·˙ÂÍÚÓÏ „ÂÌÂÚË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ. Ç 2014 ·˚-

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÔÓ‰‰ÂÊÍÂ åËÌËÒÚÂÒÚ‚‡ Ì‡ÛÍË Ë ‚˚Ò¯Â„Ó Ó·‡ÁÓ‚‡ÌËfl 
êÓÒÒËÈÒÍÓÈ îÂ‰Â‡ˆËË. ÉÓÒÛ‰‡ÒÚ‚ÂÌÌÓÂ Á‡‰‡ÌËÂ ‹ FGGN-2022-0007.



Î‡ ÓÔÛ·ÎËÍÓ‚‡Ì‡ ÔÂ‚‡fl ‚ÂÒËfl ˝Ú‡ÎÓÌÌÓÈ Ò·Ó-
ÍË „ÂÌÓÏ‡, ÓÒÌÓ‚‡ÌÌÓÈ Ì‡ ‰‡ÌÌ˚ı ÒÂÍ‚ÂÌËÓ‚‡-
ÌËfl ÒÎÂ‰Û˛˘Â„Ó ÔÓÍÓÎÂÌËfl [6]. ÄÌ‡ÎËÁ ÂÁÛÎ¸-
Ú‡ÚÓ‚ ÒÂÍ‚ÂÌËÓ‚‡ÌËfl „ÂÌÓÏ‡ Ë Ú‡ÌÒÍËÔÚÓÏ‡ 
‡‰ÛÊÌÓÈ ÙÓÂÎË ÔÓÁ‚ÓÎËÎ Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ 
ÏÌÓÊÂÒÚ‚Ó SNP [7–9], ÍÓÚÓ˚Â ÔÓÒÎÛÊËÎË ÓÒÌÓ-
‚ÓÈ ‰Îfl ‡Á‡·ÓÚÍË Ú‡ÌÒÍË·ËÓ‚‡ÌÌÓ„Ó „ÂÌÌÓ-
„Ó SNP-˜ËÔ‡ 50K [10] Ë ÍÓÏÏÂ˜ÂÒÍÓ„Ó Ñçä-˜Ë-
Ô‡ ÒÂ‰ÌÂÈ ÔÎÓÚÌÓÒÚË 57ä [11], ÍÓÚÓ˚È 
ËÒÔÓÎ¸ÁÓ‚‡ÎÒfl ‚Ó ÏÌÓ„Ëı ÔÓÔÛÎflˆËÓÌÌÓ-„ÂÌÂÚË-
˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËflı [12–14]. é‰Ì‡ÍÓ ËÁ 57501 
SNP, ‚ÍÎ˛˜ÂÌÌ˚ı ‚ ˝ÚÓÚ ˜ËÔ, ÔÓ˜ÚË 20000 ÓÍ‡-
Á‡ÎËÒ¸ ÔÓ‰Û·ÎËÓ‚‡Ì˚ ËÁ-Á‡ ÒÓ·˚ÚËÈ ‰ÛÔÎËÍ‡-
ˆËË „ÂÌÓÏ‡ Û ÔÂ‰ÍÓ‚ ÎË·Ó ‰ÂÏÓÌÒÚËÓ‚‡ÎË ÔÓ-
ÎËÏÓÙËÁÏ Ô‡ÈÏÂÓ‚, ‚ ÂÁÛÎ¸Ú‡ÚÂ ˜Â„Ó ÓÌË 
·˚ÎË ËÒÍÎ˛˜ÂÌ˚ ËÁ ËÒÒÎÂ‰Ó‚‡ÌËÈ [13]. óÚÓ·˚ 
ÔÂÓ‰ÓÎÂÚ¸ ˝ÚË Ó„‡ÌË˜ÂÌËfl, ‡ Ú‡ÍÊÂ ÔÓÎÛ˜ËÚ¸ 
‰ÓÒÚÛÔ Í ·ÓÎÂÂ ÏÓ˘ÌÓÏÛ ËÌÒÚÛÏÂÌÚÛ ‰Îfl ÔÓ‚Â-
‰ÂÌËfl GWAS ·˚Î ‡Á‡·ÓÚ‡Ì Ï‡ÒÒË‚ SNP ‚˚ÒÓ-
ÍÓÈ ÔÎÓÚÌÓÒÚË 665K ‰Îfl Ó·˘Â„ÂÌÓÏÌÓ„Ó „ÂÌÓÚË-
ÔËÓ‚‡ÌËfl ‡‰ÛÊÌÓÈ ÙÓÂÎË [15], ÍÓÚÓ˚È 
Ú‡ÍÊÂ Ì‡˜‡Î ÔËÏÂÌflÚ¸Òfl Ì‡ Ô‡ÍÚËÍÂ [16]. 

ñÂÎ¸ ËÒÒÎÂ‰Ó‚‡ÌËÈ – ÔÓ‚Â‰ÂÌËÂ Ó·Ó·˘ÂÌËfl 
Ë ‡Ì‡ÎËÁ ÂÁÛÎ¸Ú‡ÚÓ‚ Ì‡Û˜Ì˚ı ÔÛ·ÎËÍ‡ˆËÈ ÔÓ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌË˛ ÔÓÎÌÓ„ÂÌÓÏÌ˚ı ‡ÒÒÓˆË‡ÚË‚Ì˚ı ËÒ-
ÒÎÂ‰Ó‚‡ÌËÈ ˝ÍÓÌÓÏË˜ÂÒÍË ‚‡ÊÌ˚ı ÔËÁÌ‡ÍÓ‚ Û 
‡‰ÛÊÌÓÈ ÙÓÂÎË (Oncorhynchus mykiss). 

å‡ÚÂË‡Î˚ Ë ÏÂÚÓ‰˚. ç‡ÛÍÓÏÂÚË˜ÂÒÍ‡fl ·‡-
Á‡ ‰‡ÌÌ˚ı PubMed 
(https://pubmed.ncbi.nlm.nih.gov/), Science 
Direct (https://www.sciencedirect.com/), Ì‡-
Û˜Ì‡fl ˝ÎÂÍÚÓÌÌ‡fl ·Ë·ÎËÓÚÂÍ‡ eLIBRARY 
(https://elibrary.ru/). 

êÂÁÛÎ¸Ú‡Ú˚ Ë Ó·ÒÛÊ‰ÂÌËÂ. ë ÔÓfl‚ÎÂÌËÂÏ Ô‡-
ÌÂÎÂÈ SNP-˜ËÔÓ‚ ÒÂ‰ÌÂÈ Ë ‚˚ÒÓÍÓÈ ÔÎÓÚÌÓÒÚË 
„ÂÌÂÚË˜ÂÒÍ‡fl ‡ıËÚÂÍÚÛ‡ ÍÓÎË˜ÂÒÚ‚ÂÌÌ˚ı ÔË-
ÁÌ‡ÍÓ‚ Ë ÎÓÍÛÒÓ‚, ÍÓÌÚÓÎËÛ˛˘Ëı Ëı Û ‡‰ÛÊ-
ÌÓÈ ÙÓÂÎË, ÒÚ‡Î‡ ËÁÛ˜‡Ú¸Òfl Ò ·ÓÎÂÂ ‚˚ÒÓÍËÏ 
ÛÓ‚ÌÂÏ ‡ÁÂ¯ÂÌËfl Ò ÔÓÏÓ˘¸˛ ÔÓÎÌÓ„ÂÌÓÏÌ˚ı 
‡ÒÒÓˆË‡ÚË‚Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ. ùÚÓÚ ÔÓ‰ıÓ‰ ËÒ-
ÔÓÎ¸ÁÛÂÚ ÌÂ‡‚ÌÓ‚ÂÒËÂ ÔÓ ÒˆÂÔÎÂÌË˛ ÔÓÔÛÎflˆËÈ 
(LD) ‰Îfl ‚˚fl‚ÎÂÌËfl Ò‚flÁË ÏÂÊ‰Û ÍÓÌÍÂÚÌ˚ÏË 
„ÂÌÂÚË˜ÂÒÍËÏË ‚‡Ë‡ÌÚ‡ÏË Ë ÙÂÌÓÚËÔË˜ÂÒÍËÏË 
‚‡Ë‡ˆËflÏË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÔËÁÌ‡ÍÓ‚ [17]. 
ÑÎfl „ÂÌÓÏÌÓ„Ó ÔÓ„ÌÓÁËÓ‚‡ÌËfl Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ SNP-˜ËÔÓ‚ ‚˚ÒÓÍÓÈ ÔÎÓÚÌÓÒÚË ‰ÓÒÚÛÔÌ˚ ÏÂ-
ÚÓ‰˚ Ó‰ÌÓ¯‡„Ó‚Ó„Ó „ÂÌÓÏÌÓ„Ó Ì‡ËÎÛ˜¯Â„Ó ÎËÌÂÈ-
ÌÓ„Ó ÌÂÒÏÂ˘ÂÌÌÓ„Ó ÔÓ„ÌÓÁËÓ‚‡ÌËfl (ssGBLUP) 
Ë ·‡ÈÂÒÓ‚ÒÍËı ÔÂÂÏÂÌÌ˚ı. åÂÚÓ‰ ssGBLUP ÒÓ-
‚ÏÂÒÚÌÓ ‚ÍÎ˛˜‡ÂÚ ‚ÒÂ ‰ÓÒÚÛÔÌ˚Â „ÂÌÓÚËÔË˜ÂÒÍËÂ, 
ÙÂÌÓÚËÔË˜ÂÒÍËÂ Ë Ó‰ÓÒÎÓ‚Ì˚Â ‰‡ÌÌ˚Â ‚ „ÂÌÓÏ-
Ì˚ı ÔÓ„ÌÓÁ‡ı, ÌÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ ÏÂÚÓ‰‡ Ó ·ÂÒ-
ÍÓÌÂ˜ÌÓ Ï‡ÎÓÈ ÏÓ‰ÂÎË Ì‡Û¯‡ÂÚÒfl ‰Îfl ÔËÁÌ‡-
ÍÓ‚, Ì‡ ÍÓÚÓ˚Â ‚ÎËfl˛Ú ÓÒÌÓ‚Ì˚Â „ÂÌ˚ [18, 19]. 
ç‡ÔÓÚË‚, ÏÂÚÓ‰˚ ÓÚ·Ó‡ ·‡ÈÂÒÓ‚ÒÍËı ÔÂÂÏÂÌ-
Ì˚ı ÔÂ‰ÔÓÎ‡„‡˛Ú ‡ÔËÓÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ‰ËÒ-

ÔÂÒËË, Ò‚flÁ‡ÌÌÓÈ Ò Í‡Ê‰˚Ï ÎÓÍÛÒÓÏ, ÌÓ 
Ó„‡ÌË˜ÂÌ˚ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‚ ‡Ì‡ÎËÁÂ ‰‡ÌÌ˚ı 
ÚÓÎ¸ÍÓ ÓÚ „ÂÌÓÚËÔËÓ‚‡ÌÌ˚ı ÊË‚ÓÚÌ˚ı [20]. çÂ-
ÒÏÓÚfl Ì‡ Ó„‡ÌË˜ÂÌËfl ‰‡ÌÌ˚ı, ÏÂÚÓ‰ ‚˚·Ó‡ ·‡-
ÈÂÒÓ‚ÒÍËı ÔÂÂÏÂÌÌ˚ı ËÏÂÂÚ ·ÓÎ¸¯Û˛ ÚÓ˜ÌÓÒÚ¸ 
ÔÓ„ÌÓÁËÛÂÏÓÈ „ÂÌÂÚË˜ÂÒÍÓÈ ˆÂÌÌÓÒÚË ÔÓ 
Ò‡‚ÌÂÌË˛ Ò ssGBLUP ‰Îfl ÔËÁÌ‡ÍÓ‚, Ó ÍÓÚÓ˚ı 
ËÁ‚ÂÒÚÌÓ, ˜ÚÓ ÒÂ„Â„‡ˆËfl QTL ËÏÂÂÚ ÛÏÂÂÌÌ˚È 
ËÎË ·ÓÎ¸¯ÓÈ ˝ÙÙÂÍÚ, Ì‡ÔËÏÂ, ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ Í 
·‡ÍÚÂË‡Î¸ÌÓÈ ıÓÎÓ‰ÌÓ‚Ó‰ÌÓÈ ·ÓÎÂÁÌË (BCWD) 
Û ‡‰ÛÊÌÓÈ ÙÓÂÎË [21]. åÂÚÓ‰ ssGBLUP ·˚Î 
‡Ò¯ËÂÌ ‰Ó ‚Á‚Â¯ÂÌÌÓ„Ó ssGBLUP (wssG-
BLUP), ÍÓÚÓ˚È ËÏËÚËÛÂÚ ÏÂÚÓ‰ ‚˚·Ó‡ ·‡ÈÂ-
ÒÓ‚ÒÍËı ÔÂÂÏÂÌÌ˚ı, ‰ÓÔÛÒÍ‡fl ÌÂ‡‚Ì˚Â ‰ËÒÔÂ-
ÒËË ÔÓ ÎÓÍÛÒ‡Ï [22]. Ç êÓÒÒËË ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ 
‡Ì‡ÎËÁ‡ GWAS ÛÒÔÂ¯ÌÓ ÔÓ‚Ó‰ËÚÒfl ‚ ÒÍÓÚÓ‚Ó‰-
ÒÚ‚Â, Ò‚ËÌÓ‚Ó‰ÒÚ‚Â Ë ÔÚËˆÂ‚Ó‰ÒÚ‚Â [23–25], Ó‰Ì‡-
ÍÓ ‚ ÙÓÂÎÂ‚Ó‰ÒÚ‚Â ÔÓ‰Ó·Ì˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl Â˘Â 
ÌÂ ÔÓ‚Ó‰ËÎËÒ¸, ‚ ÚÓ ‚ÂÏfl, Í‡Í Á‡Û·ÂÊÌ˚È 
ÓÔ˚Ú ÔÓÍ‡Á˚‚‡ÂÚ Ëı ÔÂÒÔÂÍÚË‚ÌÓÒÚ¸, ÔÓÒÍÓÎ¸ÍÛ 
·ÓÎ¸¯ËÌÒÚ‚Ó ıÓÁflÈÒÚ‚ÂÌÌÓ ÔÓÎÂÁÌ˚ı ÔËÁÌ‡ÍÓ‚ 
ËÏÂ˛Ú ÔÓÎË„ÂÌÌÛ˛ ÔËÓ‰Û. 

èÓÍ‡Á‡ÚÂÎË ÔÓ‰ÛÍÚË‚ÌÓÒÚË. èÓÍ‡Á‡ÚÂ-
ÎË ÓÒÚ‡ ÓÚÌÓÒflÚÒfl Í ‚‡ÊÌ˚Ï ÔËÁÌ‡Í‡Ï, ‚ÎËfl˛-
˘ËÏ Ì‡ ˝ÍÓÌÓÏË˜ÂÒÍÛ˛ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ÓÚ‡ÒÎË 
‡Í‚‡ÍÛÎ¸ÚÛ˚, ÔÓ˝ÚÓÏÛ fl‚Îfl˛ÚÒfl ÓÒÌÓ‚ÌÓÈ ˆÂ-
Î¸˛ ÒÂÎÂÍˆËË ‚Ó ÏÌÓ„Ëı ÔÓ„‡ÏÏ‡ı ‡Á‚Â‰ÂÌËfl 
˚·˚ [26, 27]. ÑÎfl ÔÂÂ‡·ÓÚ˜ËÍÓ‚ Í ÓÒÌÓ‚Ì˚Ï 
ı‡‡ÍÚÂËÒÚËÍ‡Ï, ÔÂ‰ÒÚ‡‚Îfl˛˘ËÏ ËÌÚÂÂÒ, Ú‡Í-
ÊÂ ÓÚÌÓÒflÚÒfl ‚˚ıÓ‰ ÚÛ¯Ë, ‚˚ıÓ‰ ÙËÎÂ, ̂ ‚ÂÚ ÙË-
ÎÂ, ÒÓ‰ÂÊ‡ÌËÂ ÎËÔË‰Ó‚ Ë ‡ÒÔÂ‰ÂÎÂÌËÂ ÎËÔË-
‰Ó‚ ‚ ÙËÎÂ. èÓÚÂ·ËÚÂÎÂÈ ‚ ÓÒÌÓ‚ÌÓÏ ‚ÓÎÌÛÂÚ 
Í‡˜ÂÒÚ‚Ó ÙËÎÂ, ÒÓ‰ÂÊ‡ÌËÂ ÊË‡, ̂ ‚ÂÚ, ÚÂÍÒÚÛ‡ 
Ë ‚ÍÛÒ [28]. èÓ˝ÚÓÏÛ Ë‰ÂÌÚËÙËÍ‡ˆËfl „ÂÌÓÏÌ˚ı 
Ó·Î‡ÒÚÂÈ Ë „ÂÌÓ‚, ÎÂÊ‡˘Ëı ‚ ÓÒÌÓ‚Â „ÂÌÂÚË˜Â-
ÒÍÓÈ ËÁÏÂÌ˜Ë‚ÓÒÚË ̋ ÚËı ÔËÁÌ‡ÍÓ‚, ÔÂ‰ÒÚ‡‚ÎflÂÚ 
ÓÒÓ·˚È ËÌÚÂÂÒ ‰Îfl ˆÂÌÌ˚ı ‡Í‚‡ÍÛÎ¸ÚÛÌ˚ı ‚Ë-
‰Ó‚ ˚·, ‚ÍÎ˛˜‡fl ‡‰ÛÊÌÛ˛ ÙÓÂÎ¸ [29]. 

Ç Ú‡·ÎËˆÂ 1 ÔË‚Â‰ÂÌ˚ Ì‡Á‚‡ÌËfl „ÂÌÓ‚, ‚˚-
fl‚ÎÂÌÌ˚Â Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓÎÌÓ„ÂÌÓÏÌÓ„Ó ‡Ò-
ÒÓˆË‡ÚË‚ÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ ‡ÁÎË˜Ì˚ı ÔÓÔÛÎfl-
ˆËflı ‡‰ÛÊÌÓÈ ÙÓÂÎË, Ó·˙flÒÌfl˛˘ËÂ 
Ì‡Ë·ÓÎ¸¯Û˛ ‰ÓÎ˛ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË ‰Îfl 
ÔÓÍ‡Á‡ÚÂÎÂÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚË. 

Ç ËÒÒÎÂ‰Ó‚‡ÌËË Ali c ÒÓ‡‚Ú. [30] ÛÒÚ‡ÌÓ‚ÎÂÌÓ, 
˜ÚÓ Ó·Î‡ÒÚË „ÂÌÓÏ‡, ÒÓ‰ÂÊ‡˘ËÂ SNP, ‚ÎËfl˛˘ËÂ 
Ì‡ Ï‡ÒÒÛ ÚÂÎ‡ ÙÓÂÎË, ·˚ÎË Ò„ÛÔÔËÓ‚‡Ì˚ Ì‡ 7 
ıÓÏÓÒÓÏ‡ı (2, 4, 8, 9, 13, 14, Ë 18). ïÓÏÓÒÓÏ‡ 
14 ËÏÂÎ‡ Ì‡Ë·ÓÎÂÂ ÁÌ‡˜ËÚÂÎ¸Ì˚Â ÔËÍË, Ò‚flÁ‡ÌÌ˚Â 
Ò Û‚ÂÎË˜ÂÌËÂÏ Ï‡ÒÒ˚ ÚÂÎ‡ (‰Ó 6,37 % – „ÂÌ 
OCRL-1), Ë Ì‡Ë·ÓÎ¸¯ÂÂ ÍÓÎË˜ÂÒÚ‚Ó SNP. îÛÌÍ-
ˆËÓÌ‡Î¸Ì˚È ‡Ì‡ÎËÁ ÔÓÍ‡Á‡Î, ˜ÚÓ „ÂÌ˚, ÒÓ‰ÂÊ‡-
˘ËÂ SNP, Û˜‡ÒÚ‚Û˛Ú ‚ ÓÒÚÂ ÍÎÂÚÓÍ, ÍÎÂÚÓ˜ÌÓÏ 
ˆËÍÎÂ, ÍÎÂÚÓ˜ÌÓÈ ÔÓÎËÙÂ‡ˆËË, ÏÂÚ‡·ÓÎËÁÏÂ 
ÎËÔË‰Ó‚, ÔÓÚÂÓÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË, ÔÓˆÂÒ-
Ò‡ı ‡Á‚ËÚËfl Ë ÏÓ‰ËÙËÍ‡ˆËË ıÓÏ‡ÚËÌ‡. Ç ‡·Ó-
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ÚÂ Salem Ò ÒÓ‡‚ÚÓ‡ÏË [31] ‚˚fl‚ÎÂÌÌ˚Â SNP-Ï‡-
ÍÂ˚, Ó·˙flÒÌfl˛˘ËÂ Ì‡Ë·ÓÎ¸¯Û˛ ‰ÓÎ˛ „ÂÌÂÚË˜Â-
ÒÍÓÈ ‰ËÒÔÂÒËË ‰Îfl ‚˚ıÓ‰‡ ÙËÎÂ, ·˚ÎË Ò„ÛÔÔË-
Ó‚‡Ì˚ Ì‡ 14, 16, 9 Ë 17 ıÓÏÓÒÓÏ‡ı. ïÓÏÓÒÓÏ˚ 
14 Ë 16 ÔÓÍ‡Á‡ÎË Ò‡Ï˚Â ‚˚ÒÓÍËÂ ÔËÍË Ò „ÂÌÓÏÌ˚-
ÏË ÎÓÍÛÒ‡ÏË, Ó·˙flÒÌfl˛˘ËÏË ‰Ó 12,71 % Ë 10,49 
% „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. åÌÓ-
„ËÂ ËÁ ‡ÌÌÓÚËÓ‚‡ÌÌ˚ı „ÂÌÓ‚ ‚ Â„ËÓÌ‡ı QTL fl‚-
Îfl˛ÚÒfl ‚‡ÊÌ˚ÏË Â„ÛÎflÚÓ‡ÏË ‡Á‚ËÚËfl Ï˚¯ˆ Ë 
ÔÂÂ‰‡˜Ë ÒË„Ì‡ÎÓ‚ ‚ ÍÎÂÚÍ‡ı. ïÓ˜ÂÚÒfl ÓÚÏÂÚËÚ¸, 
˜ÚÓ Ì‡·Î˛‰‡ÂÚÒfl ˜‡ÒÚË˜ÌÓÂ ÔÓ‰Ú‚ÂÊ‰ÂÌËÂ Â-
ÁÛÎ¸Ú‡ÚÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı Salem ‚ ËÒÒÎÂ‰Ó‚‡ÌËflı 
Ali: 14 ıÓÏÓÒÓÏ‡ ÔÓÍ‡Á‡Î‡ Ì‡Ë·ÓÎ¸¯ËÂ ÔËÍË Ò 
„ÂÌÓÏÌ˚ÏË ÎÓÍÛÒ‡ÏË, Ó·˙flÒÌfl˛˘ËÏË Ò‡Ï˚È ‚˚-

ÒÓÍËÈ ÔÓˆÂÌÚ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË, Ú‡ÍÊÂ ÔÓ-
‚ÚÓfl˛ÚÒfl ÌÂÍÓÚÓ˚Â „ÂÌ˚ – OCRL-1, PROM1, 
FGFBP1, LAMP2, MCTS1, SEPT6. 

Reis Neto Ò ÒÓ‡‚Ú. Ó·Ì‡ÛÊËÎË, ˜ÚÓ Ì‡Ë·ÓÎÂÂ 
‚‡ÊÌ˚Â „ÂÌÓÏÌ˚Â Ó·Î‡ÒÚË ‰Îfl Ï‡ÒÒ˚ ÚÂÎ‡ ·˚ÎË 
‡ÒÔÓÎÓÊÂÌ˚ Ì‡ ıÓÏÓÒÓÏ‡ı 15 Ë 24 Ë Ó·˙flÒÌfl-
ÎË 2,14 % Ë 3,02 % „ÂÌÂÚË˜ÂÒÍÓÈ ‚‡Ë‡·ÂÎ¸ÌÓÒÚË 
‰Îfl Í‡Ê‰Ó„Ó ÔËÁÌ‡Í‡ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ÉÂÌ˚-Í‡Ì-
‰Ë‰‡Ú˚ ‚ÍÎ˛˜‡ÎË ÌÂÒÍÓÎ¸ÍÓ Ù‡ÍÚÓÓ‚ ÓÒÚ‡, „Â-
Ì˚, Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ‡Á‚ËÚËË ÒÍÂÎÂÚÌ˚ı Ï˚¯ˆ Ë 
ÍÓÒÚÌÓÈ ÚÍ‡ÌË, ‡ Ú‡ÍÊÂ ÏÂÚ‡·ÓÎËÁÏÂ ÔËÚ‡ÚÂÎ¸-
Ì˚ı ‚Â˘ÂÒÚ‚ [32]. Gonzalez-Pena Ò ÒÓ‡‚Ú. ‚˚fl‚Ë-
ÎË, ˜ÚÓ ÎË¯¸ ÌÂÏÌÓ„ËÂ ÓÍÌ‡ ÒÏÓ„ÎË Ó·˙flÒÌËÚ¸ 
·ÓÎÂÂ 1 % „ÂÌÂÚË˜ÂÒÍÓÈ ËÁÏÂÌ˜Ë‚ÓÒÚË ÔÓ ÔÓÍ‡Á‡-
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ïÓÏÓÒÓÏ‡ èÓÍ‡Á‡ÚÂÎ¸ ç‡Á‚‡ÌËÂ „ÂÌ‡ åÂÚÓ‰/ 
Ô‡ÌÂÎ¸ SNP Ä‚ÚÓ

2, 4, 8, 9, 13, 
14, 18

å‡ÒÒ‡ ÚÂÎ‡

CAV-1, TES, EIF4G2, SLC6A15, KIF21A, 
AP-1, PRRC2C, MYOC, PROM1, FGFBP1, 
MCTS1, SEPT6, RPL36A, PRDX6, PRKAA2, 
PECR, ACSS2, ETFDH, PRKAG1, LAMP2, 
GLA PRDX6, OCRL-1, THBS1.

WssGBLUP/ 
57 ä

[30]

9, 14, 16, 17 Ç˚ıÓ‰ ÙËÎÂ
FGFBP1, OCRL-1, PROM1, FNTA, MCTS1, 
cyclin-A2, GSTP1, ETFDH, PPID, CLIC2, 
LAMP2, UPF3B, SEPT6, Slc26a9, CS 

WssGBLUP/ 
50ä

[31]

9, 15, 18, 21, 
24

å‡ÒÒ‡ ÚÂÎ‡
FAM60A, WNT16, ING3, SOCS1, CDK5R1, 
CTGF, TNF, E2F3, EIF4A1, CYLD, BMP2, 
DOCK1, PHLDB2, SLC51A, ACTN2, CAPN1

wssGBLUP / 
57 ä

[32]

9, 17, 27
Ç˚ıÓ‰ ÙËÎÂ, Ï‡ÒÒ‡ 

ÙËÎÂ, Ï‡ÒÒ‡ ÚÂÎ‡, ‚ÂÒ 
ÚÛ¯Ë ·ÂÁ „ÓÎÓ‚˚

Calsyntenin-1-like isoform x2, Properdin, 
Transmem-brane protein 201-like, Sox2, 
Trim33, Fxr1, Capn1, Capn2, Pim1, Ksr1

wssGBLUP/  
57 ä

[33] 

1, 7, 12, 20, 
27

å‡ÒÒ‡ ÚÂÎ‡, ÒÂ‰ÌÂÒÛ-
ÚÓ˜Ì˚È ÔËÓÒÚ, ‰ÎËÌ‡ 

ÚÂÎ‡

STAT5B, STAT3, PRKAR2A, POLR1G, 
IRF2BP2, SLC17A9, CISH, DNTT, MYOF

WssGBLUP/ 
50K

[34]

6,8,13 17, 2

å‡ÒÒ‡ ÚÂÎ‡, ÍÓ˝Ù. ÛÔË-
Ú‡ÌÌÓÒÚË, ÒÓ‰Â. ÊË‡, 
‚˚ıÓ‰ Ó·ÂÁ„Î. ÔÓÚÓ¯. 

ÚÛ¯Ë, ˆ‚ÂÚ ÙËÎÂ

htr1b, htr1e, bach2, map3k7, gnpat, ephx1, 
bcmo1, cyp2x, dkk3, bola3

BayesCπ/  
57 ä

[1]

4, 6, 7, 8, 9 ñ‚ÂÚ ÙËÎÂ, 
Bcmo1, retinol dehydrogenase, ATP5F1B, 
klh41b, COL28A1, CTSK, SOD2, sestrin-1, 
USP10, CYB5, ABCB11

wssGBLUP/  
50K

[35]

1, 4, 7, 8, 10, 
13, 28

ìÔÛ„ÓÒÚ¸ ÙËÎÂ, ÒÓ‰Â-
Ê‡ÌËÂ ·ÂÎÍ‡

RYR3, MyBP-C, PACSIN 3, MYL2, PLS3, 
Gal-9, MEF2

wssGBLUP/  
50K

[36] 

1, 5, 14, 19, 
25, 29

ëÓ‰ÂÊ‡ÌËÂ ÊË‡ Ë 
‚Î‡„Ë

Cathepsin B, TMX1, GNG2, FUCA2, 
CRMP5, HADHA, ZFP36L1, PTGR2, SPTB, 
MEF2C, ITSN2, MAPRE3, THAP1, CCNI, 
MID1IP1, PAR1(2), TXNL1, UBE2D2, 
NFKB1

wssGBLUP/  
50K

[37] 

1, 7, 10, 12, 
21, 22

ëÓÓÚÌÓ¯ÂÌËÂ ÊËÌ˚ı 
ÍËÒÎÓÚ

mrps9, mogat3b, TBC1D4, acsl3, onmy-cd8a, 
butyrophilin A1, apmap, acss1, abhd12, 
TBC1D4

BayesCπ / 
57 ä

[38]

í‡·ÎËˆ‡ 1. SNP-Ï‡ÍÂ˚, Ó·˙flÒÌfl˛˘ËÂ Ì‡Ë·ÓÎ¸¯Û˛ ‰ÓÎ˛ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË  
‰Îfl ÔÓÍ‡Á‡ÚÂÎÂÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚË ‡‰ÛÊÌÓÈ ÙÓÂÎË



ÚÂÎflÏ ‚˚ıÓ‰ ÙËÎÂ, Ï‡ÒÒ‡ ÙËÎÂ, Ï‡ÒÒ‡ ÚÂÎ‡, ‚ÂÒ 
ÚÛ¯Ë ·ÂÁ „ÓÎÓ‚˚, ÚÂÏ Ò‡Ï˚Ï ÔÓ‰Ú‚ÂÊ‰‡fl ÔÓÎË-
„ÂÌÌÛ˛ ÔËÓ‰Û ˝ÚËı ÔËÁÌ‡ÍÓ‚. ëÂÚÂ‚‡fl ‚ËÁÛ‡-
ÎËÁ‡ˆËfl ÔÂ‰ÔÓÎ‡„‡ÂÏ˚ı „ÂÌÓ‚, Û˜‡ÒÚ‚Û˛˘Ëı ‚ 
‡Ì‡ÎËÁÂ GWAS, ÔÓÍ‡Á‡Î‡, ˜ÚÓ ‡ÁÎË˜Ëfl ‚ ÒÔÓ-
ÒÓ·ÌÓÒÚË ˚· ÔÓ‰‰ÂÊË‚‡Ú¸ ÔÓÎËÙÂ‡ÚË‚ÌÛ˛ Ë 
‚ÓÁÓ·ÌÓ‚ÎflÂÏÛ˛ ÔÓÔÛÎflˆË˛ ÏËÓ„ÂÌÌ˚ı ÍÎÂÚÓÍ-
ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍÓ‚ ÏÓ„ÛÚ ‚ÎËflÚ¸ Ì‡ Ì‡·Î˛‰‡ÂÏÛ˛ 
ÙÂÌÓÚËÔË˜ÂÒÍÛ˛ Ë „ÂÌÂÚË˜ÂÒÍÛ˛ ‚‡Ë‡ÚË‚ÌÓÒÚ¸ 
ÒÍÓÓÒÚË ÓÒÚ‡ Ë ‚˚ıÓ‰‡ ÙËÎÂ Û ‡‰ÛÊÌÓÈ ÙÓ-
ÂÎË [33]. Yoshida c ÒÓ‡‚ÚÓ‡ÏË, ËÁÛ˜‡fl ÔÓÍ‡Á‡-
ÚÂÎË ÓÒÚ‡ ‚ ÛÒÎÓ‚Ëflı ıÓÌË˜ÂÒÍÓ„Ó ÚÂÔÎÓ‚Ó„Ó 
ÒÚÂÒÒ‡, ÛÒÚ‡ÌÓ‚ËÎË, ˜ÚÓ ÔflÚ¸ ÎÛ˜¯Ëı SNP ‚ ÒÓ-
‚ÓÍÛÔÌÓÒÚË Ó·˙flÒÌfl˛Ú Ï‡ÍÒËÏÛÏ 0,94 %, 0,86 % 
Ë 0,51 % „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË ‰Îfl Ï‡ÒÒ˚ ÚÂÎ‡, 
‰ÎËÌ˚ ÚÂÎ‡ Ë ÒÂ‰ÌÂÒÛÚÓ˜ÌÓ„Ó ÔËÓÒÚ‡ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ÂÌÌÓ. ëÂ‰Ë Ì‡Ë·ÓÎÂÂ ‚‡ÊÌ˚ı SNP ·˚ÎË Ó·-
Ì‡ÛÊÂÌ˚ ÌÂÍÓÚÓ˚Â ‚‡ÊÌ˚Â ÙÛÌÍˆËÓÌ‡Î¸Ì˚Â 
„ÂÌ˚-Í‡Ì‰Ë‰‡Ú˚, ‡ÒÒÓˆËËÓ‚‡ÌÌ˚Â Ò ÔËÁÌ‡Í‡-
ÏË, Ò‚flÁ‡ÌÌ˚ÏË Ò ÓÒÚÓÏ, ‚ÍÎ˛˜‡fl ÒË„Ì‡Î¸Ì˚È 
ÔÂÓ·‡ÁÓ‚‡ÚÂÎ¸ Ë ‡ÍÚË‚‡ÚÓ Ú‡ÌÒÍËÔˆËË 5B Ë 
3 (STAT5B Ë STAT3), ‡ Ú‡ÍÊÂ ËÌ‰ÛˆËÛÂÏ˚È 
ˆËÚÓÍËÌ‡ÏË SH2-ÒÓ‰ÂÊ‡˘ËÈ ·ÂÎÓÍ (CISH) 
[34]. ç‡·Î˛‰‡ÂÏ‡fl ÌÂÓ‰ÌÓÓ‰ÌÓÒÚ¸ ÏÂÊ‰Û ËÒÒÎÂ-
‰Ó‚‡ÌËflÏË Ó·ÛÒÎÓ‚ÎÂÌ‡ ÏÌÓ„ËÏË Ù‡ÍÚÓ‡ÏË, ‚ 
ÚÓÏ ˜ËÒÎÂ ÔÓÎË„ÂÌÌÓÈ Â„ÛÎflˆËÂÈ ÓÒÚ‡ Ë ÔË-
ÁÌ‡ÍÓ‚, Ò‚flÁ‡ÌÌ˚ı Ò ÓÒÚÓÏ; ÔÓËÒıÓÊ‰ÂÌËÂÏ ËÒ-
ÒÎÂ‰ÛÂÏ˚ı „ÛÔÔ, ÛÒÎÓ‚ËflÏË ÒÓ‰ÂÊ‡ÌËfl Ë 
ÍÓÏÎÂÌËfl, ‡ÁÎË˜Ì˚ÏË ÒÚ‡ÚËÒÚË˜ÂÒÍËÏË ÏÂÚÓ-
‰‡ÏË, ËÒÔÓÎ¸ÁÛÂÏ˚Â ÔË ‡Ì‡ÎËÁÂ Ì‡ ‚˚fl‚ÎÂÌËÂ 
QTL, ‡ÁÌËˆÂÈ ‚ ‡ÁÏÂÂ ‚˚·ÓÍË.  

Blay Ò ÒÓ‡‚ÚÓ‡ÏË ÛÒÚ‡ÌÓ‚ËÎË, ˜ÚÓ Â„ËÓÌ Ì‡ 
ıÓÏÓÒÓÏÂ 8 ÓÍ‡Á˚‚‡ÂÚ ÓÒÓ·ÂÌÌÓ ÒËÎ¸ÌÓÂ ‚ÎËfl-
ÌËÂ Ì‡ ÍÓ˝ÙÙËˆËÂÌÚ ÛÔËÚ‡ÌÌÓÒÚË, ÒÓ‰ÂÊ‡ÌËÂ 
ÊË‡ Ë ‚˚ıÓ‰ Ó·ÂÁ„Î‡‚ÎÂÌÌ˚ı ÔÓÚÓ¯ÂÌ˚ı ÚÛ¯. 
Ä‚ÚÓ‡ÏË ·˚ÎÓ Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÓ ÌÂÒÍÓÎ¸ÍÓ „Â-
ÌÓ‚ (htr1, gnpat, ephx1, bcmo1 Ë cyp2x), Û˜‡-
ÒÚ‚Û˛˘Ëı ‚ ‡‰ËÔÓ„ÂÌÂÁÂ, ÏÂÚ‡·ÓÎËÁÏÂ Í‡ÓÚË-
ÌÓË‰Ó‚. ùÚË „ÂÌ˚ ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ 
‰ÓÒÚÓ‚ÂÌ˚ı Í‡Ì‰Ë‰‡ÚÓ‚ ‰Îfl ‰‡Î¸ÌÂÈ¯ÂÈ ÙÛÌÍ-
ˆËÓÌ‡Î¸ÌÓÈ ÔÓ‚ÂÍË Ò ˆÂÎ¸˛ ‚˚fl‚ÎÂÌËfl ·ËÓÎÓ-
„Ë˜ÂÒÍËı ÏÂı‡ÌËÁÏÓ‚, ÎÂÊ‡˘Ëı ‚ ÓÒÌÓ‚Â ËÁÏÂÌÂ-
ÌËÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚË Ë Í‡˜ÂÒÚ‚‡ ÏflÒ‡ ‡‰ÛÊÌÓÈ 
ÙÓÂÎË [1]. à‰ÂÌÚËÙËÍ‡ˆËfl „ÂÌÂÚË˜ÂÒÍËı Ï‡-
ÍÂÓ‚ ÓÍ‡ÒÍË ÙËÎÂ fl‚ÎflÂÚÒfl ÊÂÎ‡ÚÂÎ¸ÌÓÈ, ÌÓ 
ÒÎÓÊÌÓÈ Á‡‰‡˜ÂÈ ‰Îfl ÒÂÎÂÍˆËÓÌÌÓÈ ‡·ÓÚ˚ Ò ‡-
‰ÛÊÌÓÈ ÙÓÂÎ¸˛. Ahmed Ò ÒÓ‡‚ÚÓ‡ÏË ÓÔÂ‰Â-
ÎËÎË ÌÂÒÍÓÎ¸ÍÓ ÓÍÓÌ SNP, Ó·˙flÒÌfl˛˘Ëı ‰Ó 3,5 
%, 2,5 % Ë 1,6 % ‡‰‰ËÚË‚ÌÓÈ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒ-
ÔÂÒËË Í‡ÒÌÓÚ˚, ÊÂÎÚËÁÌ˚ Ë ·ÂÎËÁÌ˚ ÙËÎÂ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. êÂÁÛÎ¸Ú‡Ú˚ ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ ˆ‚ÂÚ 
ÙËÎÂ fl‚ÎflÂÚÒfl ÒÎÓÊÌ˚Ï ÔËÁÌ‡ÍÓÏ, Â„ÛÎËÛÂ-
Ï˚Ï ÏÌÓ„ËÏË „ÂÌ‡ÏË, Û˜‡ÒÚ‚Û˛˘ËÏË ‚ ÏÂÚ‡·Ó-
ÎËÁÏÂ Í‡ÓÚËÌÓË‰Ó‚, „ÓÏÂÓÒÚ‡ÁÂ ÏËÓ„ÎÓ·ËÌ‡, Á‡-
˘ËÚÂ ÓÚ ÓÍËÒÎÂÌËfl ÎËÔË‰Ó‚ Ë ÔÓ‰‰ÂÊ‡ÌËË 
ÒÚÛÍÚÛÌÓÈ ˆÂÎÓÒÚÌÓÒÚË Ï˚¯ˆ [35]. Ç ËÒÒÎÂ‰Ó-

‚‡ÌËflı ‡‚ÚÓÓ‚ Ahmed Ë Blay ‚ÒÚÂ˜‡ÂÚÒfl „ÂÌ bc-
mo1, Ò‚flÁ‡ÌÌ˚È Ò ̂ ‚ÂÚÓÏ ÙËÎÂ. ìÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ 
ÙÂÏÂÌÚ β, ·ÂÚ‡Í‡ÓÚËÌ-15,15-‰ËÓÍÒË„ÂÌ‡Á‡ Û˜‡-
ÒÚ‚ÛÂÚ ‚ ÏÂÚ‡·ÓÎËÁÏÂ Í‡ÓÚËÌÓË‰Ó‚ [39, 40]. ê‡-
‰ÛÊÌ‡fl ÙÓÂÎ¸ Ë ‡ÚÎ‡ÌÚË˜ÂÒÍËÈ ÎÓÒÓÒ¸ Ì‡Í‡ÔÎË-
‚‡˛Ú ‚ Ï˚¯ˆ‡ı Í‡ÓÚËÌÓË‰˚, ÍÓÚÓ˚Â ÔË‰‡˛Ú 
ÙËÎÂ Í‡ÒÌÓ‚‡Ú˚È ÓÚÚÂÌÓÍ [41]. 

èÓÏËÏÓ ˆ‚ÂÚ‡ ÙËÎÂ Ì‡ ÓÚÌÓ¯ÂÌËÂ ÔÓÚÂ·ËÚÂ-
ÎÂÈ Í ˚·Â ‚ÎËfl˛Ú ÂÂ ÔË˘Â‚˚Â Ë ÒÂÌÒÓÌ˚Â ı‡-
‡ÍÚÂËÒÚËÍË, ‚ ÚÓÏ ˜ËÒÎÂ ÛÔÛ„ÓÒÚ¸ ÙËÎÂ [42]. 
Ali Ò ÒÓ‡‚ÚÓ‡ÏË, ÔÓ‚Ó‰fl ÔÓÎÌÓ„ÂÌÓÏÌÓÂ ‡ÒÒÓ-
ˆË‡ÚË‚ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ, ÛÒÚ‡ÌÓ‚ËÎË, ̃ ÚÓ Ì‡ ÛÔÛ-
„ÓÒÚ¸ ÙËÎÂ Ë ÒÓ‰ÂÊ‡ÌËÂ ·ÂÎÍ‡ ‚ÎËfl˛Ú „ÂÌ˚, Û˜‡-
ÒÚ‚Û˛˘ËÂ ‚ „ÓÏÂÓÒÚ‡ÁÂ Í‡Î¸ˆËfl, 
ÔÓÚÂÓÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË, Â„ÛÎflˆËË Ú‡ÌÒ-
ÍËÔˆËË, ÂÏÓ‰ÂÎËÓ‚‡ÌËË ıÓÏ‡ÚËÌ‡ Ë ÔÓˆÂÒ-
Ò‡ı ‡ÔÓÔÚÓÁ‡ [36]. Ç ‰Û„ÓÈ ‡·ÓÚÂ ·˚ÎË Ë‰ÂÌÚË-
ÙËˆËÓ‚‡Ì˚ ÌÓ‚˚Â „ÂÌÓÏÌ˚Â Ó·Î‡ÒÚË, Ò‚flÁ‡ÌÌ˚Â 
Ò ‡‰‰ËÚË‚ÌÓÈ „ÂÌÂÚË˜ÂÒÍÓÈ ËÁÏÂÌ˜Ë‚ÓÒÚ¸˛ ÒÓ‰Â-
Ê‡ÌËfl ‚ÌÛÚËÏ˚¯Â˜ÌÓ„Ó ÊË‡ Ë ‚Î‡„Ë Û ‡‰ÛÊ-
ÌÓÈ ÙÓÂÎË. ÉÂÌ˚, ÒÓ‰ÂÊ‡˘ËÂ SNP, ÍÓ‰ËÛ˛Ú 
·ÂÎÍË, Û˜‡ÒÚ‚Û˛˘ËÂ ‚ ÏÂÚ‡·ÓÎËÁÏÂ ÎËÔË‰Ó‚, Â-
ÏÓ‰ÂÎËÓ‚‡ÌËË ‡ÍÚËÌÓ‚Ó„Ó ˆËÚÓÒÍÂÎÂÚ‡ Ë ÒËÌÚÂ-
ÁÂ/‰Â„‡‰‡ˆËË ·ÂÎÍÓ‚ [37]. Blay c ÒÓ‡‚ÚÓ‡ÏË 
[38] Ë‰ÂÌÚËÙËˆËÓ‚‡ÎË ÌÂÒÍÓÎ¸ÍÓ QTL, ÒÓ‰ÂÊ‡-
˘Ëı ÏÌÓÊÂÒÚ‚Ó „ÂÌÓ‚-Í‡Ì‰Ë‰‡ÚÓ‚, ÍÓÒ‚ÂÌÌÓ Ò‚fl-
Á‡ÌÌ˚ı Ò ÏÂÚ‡·ÓÎËÁÏÓÏ ÊËÌ˚ı ÍËÒÎÓÚ. Ç ˜‡ÒÚ-
ÌÓÒÚË, ÎÓÍÛÒ Ì‡ 1 ıÓÏÓÒÓÏÂ ·˚Î Ò‚flÁ‡Ì Ò n-6 
ÔÓÎËÌÂÌ‡Ò˚˘ÂÌÌ˚ÏË, ÏÓÌÓÌÂÌ‡Ò˚˘ÂÌÌ˚ÏË ÊË-
Ì˚ÏË ÍËÒÎÓÚ‡ÏË (èçÜä Ë åçÜä), ÎËÌÓÎÂ‚ÓÈ 
Ë ˝ÈÍÓÁ‡ÔÂÌÚ‡ÂÌÓ‚ÓÈ ÍËÒÎÓÚ‡ÏË, QTL Ì‡ Omy7 
Ú‡ÍÊÂ ÓÍ‡Á˚‚‡Î ‚ÎËflÌËÂ Ì‡ n-6 èçÜä, ˝ÈÍÓÁ‡-
ÔÂÌÚ‡ÂÌÓ‚Û˛ Ë ÎËÌÓÎÂ‚Û˛ ÍËÒÎÓÚ˚. ìÒÚ‡ÌÓ‚ÎÂÌÓ, 
˜ÚÓ ÒÓÓÚÌÓ¯ÂÌËÂ ÊËÌ˚ı ÍËÒÎÓÚ fl‚ÎflÂÚÒfl ÔÓÎË-
„ÂÌÌ˚Ï ÔËÁÌ‡ÍÓÏ, Ò ÌËÁÍÓÈ Ì‡ÒÎÂ‰ÛÂÏÓÒÚ¸˛ (h2 
‚‡¸ËÛÂÚ ÓÚ 0,02 ± 0,03 ‰Ó 0,24 ± 0,05). 

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í ·ÓÎÂÁÌflÏ. ìÒÚÓÈ˜Ë‚ÓÒÚ¸ 
Í ·ÓÎÂÁÌflÏ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÔÓÒÓ·ÌÓÒÚ¸ Ó„‡-
ÌËÁÏ‡-ıÓÁflËÌ‡ ÓÒÛ˘ÂÒÚ‚ÎflÚ¸ ÓÔÂ‰ÂÎÂÌÌ˚È ÍÓÌÚ-
ÓÎ¸ Ì‡‰ ÊËÁÌÂÌÌ˚Ï ˆËÍÎÓÏ Ô‡ÚÓ„ÂÌ‡ [43]. ë 
ÚÓ˜ÍË ÁÂÌËfl ÍÓÎË˜ÂÒÚ‚ÂÌÌÓÈ „ÂÌÂÚËÍË ÛÒÚÓÈ˜Ë-
‚ÓÒÚ¸ ˚· Í ·ÓÎÂÁÌflÏ ÏÓÊÌÓ ËÁÏÂËÚ¸, ËÒÔÓÎ¸ÁÛfl 
‰‡ÌÌ˚Â Ó ‚˚ÊË‚‡ÂÏÓÒÚË, ÔÓÎÛ˜ÂÌÌ˚Â ‚ ıÓ‰Â ÔÓ-
ÎÂ‚˚ı ËÒÔ˚Ú‡ÌËÈ ËÎË ÍÓÌÚÓÎËÛÂÏ˚ı ˝ÍÒÔÂË-
ÏÂÌÚÓ‚ [44, 45]. Ç ÙÓÂÎÂ‚Ó‰ÒÚ‚Â ÔÓÚÂË ÓÚ ·Ó-
ÎÂÁÌÂÈ Ì‡ÌÓÒflÚ ÒÂ¸ÂÁÌ˚È ̋ ÍÓÌÓÏË˜ÂÒÍËÈ Û˘Â·, 
ÔÓ˝ÚÓÏÛ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ GWAS ÔÓÁ‚ÓÎflÂÚ Ë‰ÂÌÚË-
ÙËˆËÓ‚‡Ú¸ Ó·Î‡ÒÚË „ÂÌÓÏ‡, Ò‚flÁ‡ÌÌ˚Â Ò ÛÒÚÓÈ-
˜Ë‚ÓÒÚ¸˛ Í ·ÓÎÂÁÌflÏ, Ë ‚ÌÂ‰flÚ¸ ÔÓÎÛ˜ÂÌÌÛ˛ ËÌ-
ÙÓÏ‡ˆË˛ ‚ ÔÓ„‡ÏÏ˚ ‡Á‚Â‰ÂÌËfl [46, 47]. 

Ç Ú‡·ÎËˆÂ 2 ÔÓÍ‡Á‡Ì˚ Ì‡Á‚‡ÌËfl „ÂÌÓ‚, ‚˚-
fl‚ÎÂÌÌ˚Â Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÔÓÎÌÓ„ÂÌÓÏÌÓ„Ó ‡Ò-
ÒÓˆË‡ÚË‚ÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ ‡ÁÎË˜Ì˚ı ÔÓÔÛÎfl-
ˆËflı ‡‰ÛÊÌÓÈ ÙÓÂÎË, Ó·˙flÒÌfl˛˘ËÂ 
Ì‡Ë·ÓÎ¸¯Û˛ ‰ÓÎ˛ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË ‰Îfl 
ÛÒÚÓÈ˜Ë‚ÓÒÚË Í ·ÓÎÂÁÌflÏ. 
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Barria Ò ÒÓ‡‚ÚÓ‡ÏË [47] ·˚ÎË Ë‰ÂÌÚËÙËˆËÓ-
‚‡Ì˚ ˜ÂÚ˚Â Ó·Î‡ÒÚË „ÂÌÓÏ‡, Ó·˙flÒÌfl˛˘ËÂ ·ÓÎÂÂ 
1 % „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË ‰Îfl ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡-
‰ÛÊÌÓÈ ÙÓÂÎË Í P. salmonis. é·Ì‡ÛÊÂÌÓ, ˜ÚÓ 
Ó‰Ì‡ Ë Ú‡ ÊÂ Ó·Î‡ÒÚ¸ „ÂÌÓÏ‡, ‡ÒÔÓÎÓÊÂÌÌ‡fl Ì‡ 
Omy27, Ó·˙flÒÌflÂÚ Ò‡ÏÛ˛ ‚˚ÒÓÍÛ˛ ‰ÓÎ˛ „ÂÌÂÚË˜Â-
ÒÍÓÈ ‰ËÒÔÂÒËË ‰Îfl Ó·ÓËı ÔËÁÌ‡ÍÓ‚ (2,4 ‰Îfl ‚Â-
ÏÂÌË ‰Ó ÒÏÂÚË Ë 1,5 % ‰Îfl ·ËÌ‡ÌÓÈ ‚˚ÊË‚‡ÂÏÓ-
ÒÚË). à‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚È SNP ‚ ˝ÚÓÈ Ó·Î‡ÒÚË 
‡ÒÔÓÎÓÊÂÌ ‚ ˝ÍÁÓÌÂ „ÂÌ‡, Ò‚flÁ‡ÌÌÓ„Ó Ò Ó„‡ÌËÁ‡-
ˆËÂÈ ‡ÍÚËÌÓ‚Ó„Ó ̂ ËÚÓÒÍÂÎÂÚ‡. ÑÛ„ËÂ ‚˚fl‚ÎÂÌÌ˚Â 
‚‡ÊÌ˚Â „ÂÌ˚-Í‡Ì‰Ë‰‡Ú˚ Ò‚flÁ‡Ì˚ Ò ‚ÓÊ‰ÂÌÌ˚Ï 
ËÏÏÛÌÌ˚Ï ÓÚ‚ÂÚÓÏ Ë ÓÍËÒÎËÚÂÎ¸Ì˚Ï ÒÚÂÒÒÓÏ. 
ìÏÂÂÌÌ˚Â ÔÓÍ‡Á‡ÚÂÎË Ì‡ÒÎÂ‰ÛÂÏÓÒÚË (0,48±0,04 
Ë 0,34±0,04, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ) ÔÓÍ‡Á˚‚‡˛Ú, ˜ÚÓ 
ÏÓÊÌÓ ÔÓ‚˚ÒËÚ¸ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ Í P. salmonis ÔÛÚÂÏ 
ËÒÍÛÒÒÚ‚ÂÌÌÓ„Ó ÓÚ·Ó‡ ‚ ÔÓÔÛÎflˆËË ‡‰ÛÊÌÓÈ ÙÓ-
ÂÎË, ËÁÛ˜‡ÂÏÓÈ ‚ ‰‡ÌÌÓÏ ËÒÒÎÂ‰Ó‚‡ÌËË. 

ìÒÚ‡ÌÓ‚ÎÂÌÓ, ̃ ÚÓ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ‡‰ÛÊÌÓÈ ÙÓ-
ÂÎË Í ·‡ÍÚÂË‡Î¸ÌÓÈ ıÓÎÓ‰ÌÓ‚Ó‰ÌÓÈ ·ÓÎÂÁÌË 
(BCWD) ÏÓÊÌÓ ÔÓ‚˚ÒËÚ¸ Ò ÔÓÏÓ˘¸˛ Ú‡‰Ë-
ˆËÓÌÌÓ„Ó ÒÂÏÂÈÌÓ„Ó ÓÚ·Ó‡, ÌÓ ÔÓ„ÂÒÒ 

Ó„‡ÌË˜Ë‚‡ÂÚÒfl ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÚÓÎ¸ÍÓ „ÂÌÂÚË˜Â-
ÒÍËı ‚‡Ë‡ˆËÈ ÏÂÊ‰Û ÒÂÏ¸flÏË. ÉÂÌÓÏÌ‡fl ÒÂÎÂÍ-
ˆËfl (GS) — ˝ÚÓ ÌÓ‚‡fl ‡Î¸ÚÂÌ‡ÚË‚‡, ÔÓÁ‚ÓÎfl˛-
˘‡fl ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‚ÌÛÚËÒÂÏÂÈÌ˚Â „ÂÌÂÚË˜ÂÒÍËÂ 
‚‡Ë‡ˆËË ‰Îfl ÔÓ‚˚¯ÂÌËfl ÚÓ˜ÌÓÒÚË ÓÚ·Ó‡ Ë ‚˚-
fl‚ÎÂÌËfl „ÂÌÂÚË˜ÂÒÍËı ÔÂËÏÛ˘ÂÒÚ‚ [53]. Ç ËÒ-
ÒÎÂ‰Ó‚‡ÌËflı Vallejo c ÒÓ‡‚Ú. ·˚ÎÓ Ë‰ÂÌÚËÙËˆË-
Ó‚‡ÌÓ 14 QTL Ò ÛÏÂÂÌÌ˚Ï Ë ·ÓÎ¸¯ËÏ 
˝ÙÙÂÍÚÓÏ, ÍÓÚÓ˚Â Ó·˙flÒÌflÎË ‰Ó 60,8 % „ÂÌÂÚË-
˜ÂÒÍÓÈ ‚‡Ë‡·ÂÎ¸ÌÓÒÚË ‚ Ó‰ÌÓÈ Ë 27,7 % ‚ ‰Û„ÓÈ 
ÔÓÔÛÎflˆËflı ‡‰ÛÊÌÓÈ ÙÓÂÎË. óÂÚ˚Â ËÁ ˝ÚËı 
QTL ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ‚ Ó·ÂËı ÔÓÔÛÎflˆËflı, ˜ÚÓ 
Ó·˙flÒÌflÂÚ ÁÌ‡˜ËÚÂÎ¸ÌÛ˛ ˜‡ÒÚ¸ ‰ËÒÔÂÒËË, ıÓÚfl 
ÏÂÊ‰Û ‰‚ÛÏfl ÔÓÔÛÎflˆËflÏË Ú‡ÍÊÂ ·˚ÎË Ì‡È‰ÂÌ˚ 
ÒÂ¸ÂÁÌ˚Â ‡ÁÎË˜Ëfl [21]. Liu Ò ÒÓ‡‚ÚÓ‡ÏË [3], Ò 
ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ GWAS Ë ÔÓ‰ıÓ‰Ó‚ Í Í‡ÚËÓ‚‡-
ÌË˛ QTL Ì‡ ÓÒÌÓ‚Â ÒˆÂÔÎÂÌËfl, ÔÓ‚Â‰ÂÌ‡ Ë‰ÂÌ-
ÚËÙËÍ‡ˆËfl SNP, Ò‚flÁ‡ÌÌ˚ı Ò ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛ Í 
BCWD ‚ ‰‚Ûı ÒÂÏ¸flı ÔÓÎÛÒË·ÒÓ‚ ‡‰ÛÊÌÓÈ ÙÓ-
ÂÎË. à‰ÂÌÚËÙËˆËÓ‚‡ÌÓ 18 SNP Ì‡ ıÓÏÓÒÓÏ‡ı 
19, 8, 2, 15, 22, 26, 28. QTL, Ò‚flÁ‡ÌÌ˚Â Ò ÛÒÚÓÈ-
˜Ë‚ÓÒÚ¸˛ Í BCWD, Ú‡ÍÊÂ ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ‚ 
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ïÓÏÓÒÓÏ‡ èÓÍ‡Á‡ÚÂÎ¸ ç‡Á‚‡ÌËÂ „ÂÌ‡ åÂÚÓ‰/Ô‡-
ÌÂÎ¸ SNP Ä‚ÚÓ

3, 4, 24, 27, 
29

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í Piscirick-
ettsia salmonis

usp2, nlrc3, tap, pitpna, stl2, aicda, il11, 
gstk1, tlr4, tax1bp1, satb1, a2m, pou2af1, 
nfkbiz, faslg, prdx6, plpp6

wssGBLUP/ 
57ä

[47] 

2, 8, 15, 19, 
26, 28

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í BCWD çÂ ÛÍ‡Á‡Ì˚
Grammar-

Gamma/ 5ä
[3] 

6, 7, 11, 12, 
14, 25

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í BCWD
SOCS 6, jak1, transcription factor jun-b-like, 
interleukin enhancer-binding factor 3, TLR 
13-like, neutrophil cytosol factor 2-like, btk

Grammar-
Gamma/ 5ä

[48] 

3, 5, 10, 13, 
15, 25

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í BCWD çÂ ÛÍ‡Á‡Ì˚
wssGBLUP-
BayesB / 

57ä
[21] 

1, 7, 11, 13, 
21, 23, 29

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í IHNV shfl, notch3, il15ra, SOCS2, ikzf1
wssGBLUP, 

BMR-
BayesB/ 57ä

[49] 

5, 8, 9, 13, 21, 
23

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í IHNV

SENP5, secretory phospholipase A2 receptor-
like protein, irf4, signalosome complex sub-
unit 5-like, NF-kB, IL-8, integrin beta 1, 
HUWE1, apoptosis-stimulating of p53 protein 
2-like

Bayes C/ 
57ä

[50] 

2, 4, 6, 17, 21, 
25

ìÒÚÓÈ˜Ë‚ÓÒÚ¸ Í IHNV çÂ ÛÍ‡Á‡Ì˚
wssGBLUP, 
ssBMR/ 57ä

[51] 

8, 9, 11, 17, 
21

îÎÂÍÒË·‡ÍÚÂËÓÁ

semaphorin-3F-like, caM kinase-like vesicle-
associated protein, ADP-ribosylation factor-
like protein 8B-A, leucine-rich repeat neuronal 
protein 1-like

wssGBLUP/ 
57ä 

[52] 

í‡·ÎËˆ‡ 2. SNP Ï‡ÍÂ˚, Ó·˙flÒÌfl˛˘ËÂ Ì‡Ë·ÓÎ¸¯Û˛ ‰ÓÎ˛ „ÂÌÂÚË˜ÂÒÍÓÈ ‰ËÒÔÂÒËË  
‰Îfl ÛÒÚÓÈ˜Ë‚ÓÒÚË Í ·ÓÎÂÁÌflÏ Û ‡‰ÛÊÌÓÈ ÙÓÂÎË



ËÒÒÎÂ‰Ó‚‡ÌËË Palti, ÔÓ‚Â‰ÂÌÌÓÏ Ì‡ ‰‚Ûı ÒÂÏ¸flı 
[48]. Vallejo ·˚ÎÓ ÔÓ‚Â‰ÂÌÓ Ò‡‚ÌÂÌËÂ Ò ËÒÔÓÎ¸-
ÁÓ‚‡ÌËÂÏ Ô‡ÌÂÎÂÈ ËÁ 35K, 10K, 3K, 1K, 500, 300 
Ë 200 SNP, ‡ Ú‡ÍÊÂ Ô‡ÌÂÎË ËÁ 70 ÎÓÍÛÒÓ‚ ÍÓÎË-
˜ÂÒÚ‚ÂÌÌ˚ı ÔËÁÌ‡ÍÓ‚, ÙÎ‡ÌÍËÛ˛˘Ëı SNP. 
íÓ˜Ì˚Â „ÂÌÓÏÌ˚Â ÔÓ„ÌÓÁ˚ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡‰ÛÊ-
ÌÓÈ ÙÓÂÎË Í BCWD ÓˆÂÌË‚‡ÎËÒ¸ Ò ËÒÔÓÎ¸ÁÓ‚‡-
ÌËÂÏ ·‡ÈÂÒÓ‚ÒÍÓ„Ó ÏÂÚÓ‰‡ BayesB, Ó‰ÌÓÒÚÛÔÂÌ˜‡-
ÚÓ„Ó GBLUP (ssGBLUP) Ë ‚Á‚Â¯ÂÌÌÓ„Ó 
ssGBLUP (wssGBLUP). íÓ˜ÌÓÒÚ¸ ÔÓ„ÌÓÁÓ‚ 
ÓÒÚ‡‚‡Î‡Ò¸ ‚˚ÒÓÍÓÈ, ÌÂÒÏÓÚfl Ì‡ ÂÁÍÓÂ ÒÌËÊÂ-
ÌËÂ ÔÎÓÚÌÓÒÚË SNP, Ë ‰‡ÊÂ ÔË 500 SNP ÚÓ˜-
ÌÓÒÚ¸ ·˚Î‡ ‚˚¯Â, ˜ÂÏ ÔË ÔÓ„ÌÓÁËÓ‚‡ÌËË Ì‡ 
ÓÒÌÓ‚Â Ó‰ÓÒÎÓ‚ÌÓÈ (0,50-0,56 ÔÓÚË‚ 0,36) [54]. 

èË ‡Ì‡ÎËÁÂ „ÂÌÂÚË˜ÂÒÍÓÈ Ó·ÛÒÎÓ‚ÎÂÌÌÓÒÚË 
ÛÒÚÓÈ˜Ë‚ÓÒÚË Í ËÌÙÂÍˆËÓÌÌÓÏÛ ÌÂÍÓÁÛ „ÂÏÓÔÓ˝-
ÚË˜ÂÒÍÓÈ ÚÍ‡ÌË (IHNV) ‚˚fl‚ÎÂÌÓ 17 QTL Ò Á‡-
ÏÂÚÌ˚Ï ˝ÙÙÂÍÚÓÏ (≥1,9 % ‡‰‰ËÚË‚ÌÓÈ „ÂÌÂÚË˜Â-
ÒÍÓÈ ‰ËÒÔÂÒËË). Ä‚ÚÓ‡ÏË ·˚ÎÓ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, 
˜ÚÓ „ÂÌÂÚË˜ÂÒÍ‡fl ‡ıËÚÂÍÚÛ‡ ÛÒÚÓÈ˜Ë‚ÓÒÚË Í IH-
NV Û ‰‚Ûı ÍÓÏÏÂ˜ÂÒÍËı ÎËÌËÈ ‡Í‚‡ÍÛÎ¸ÚÛ˚ 
‡‰ÛÊÌÓÈ ÙÓÂÎË fl‚ÎflÂÚÒfl ÓÎË„Ó„ÂÌÌÓÈ. çË 
Ó‰ËÌ ËÁ Ó·Ì‡ÛÊÂÌÌ˚ı QTL ÌÂ ÓÍ‡Á‡Î ‰ÓÒÚ‡ÚÓ˜-
ÌÓ ·ÓÎ¸¯Ó„Ó ‚ÎËflÌËfl Ì‡ „ÂÌÂÚË˜ÂÒÍÛ˛ ËÁÏÂÌ˜Ë-
‚ÓÒÚ¸ ‚˚¯ÂÛÔÓÏflÌÛÚÓ„Ó ÔËÁÌ‡Í‡ [49]. ä ÔÓıÓ-
ÊÂÏÛ ‚˚‚Ó‰Û ÔË¯ÎË RodrÌguez Ò ÒÓ‡‚ÚÓ‡ÏË, 
ÓÚÏÂ˜‡fl, ˜ÚÓ QTL, Ò‚flÁ‡ÌÌ˚Â Ò ÂÁËÒÚÂÌÚÌÓÒÚ¸˛ 
Í IPNV, ‚ÌÓÒflÚ ÛÏÂÂÌÌÓ-ÌËÁÍËÈ ‚ÍÎ‡‰ ‚ ‰ËÒ-
ÔÂÒË˛ [50]. Ç ËÒÒÎÂ‰Ó‚‡ÌËflı Vallejo Ò ÒÓ‡‚Ú. 
[51] ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ ‰ÂÒflÚ¸ QTL Ò ÛÏÂÂÌÌ˚Ï 
˝ÙÙÂÍÚÓÏ, Ò‚flÁ‡ÌÌ˚ı Ò ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛ Í IHNV, 
ÍÓÚÓ˚Â ÒÓ‚ÏÂÒÚÌÓ Ó·˙flÒÌflÎË ‰Ó 42 % ‡‰‰ËÚË‚-
ÌÓÈ „ÂÌÂÚË˜ÂÒÍÓÈ ‚‡Ë‡ÚË‚ÌÓÒÚË. ìÒÚ‡ÌÓ‚ÎÂÌÓ, 
˜ÚÓ ·ÓÎÂÁÌ¸ ÙÎÂÍÒË·‡ÍÚÂËÓÁ (ÍÓÎÛÏÌ‡ËÓÒ) Û 
‡‰ÛÊÌÓÈ ÙÓÂÎË ËÏÂÂÚ ÒÎÓÊÌÛ˛ ÔÓÎË„ÂÌÌÛ˛ 
ÒÚÛÍÚÛÛ Ì‡ÒÎÂ‰Ó‚‡ÌËfl, ÔÓÒÍÓÎ¸ÍÛ ÓÌ‡ ÍÓÌÚÓ-
ÎËÛÂÚÒfl ÌÂÒÍÓÎ¸ÍËÏË Û˜‡ÒÚÍ‡ÏË „ÂÌÓÏ‡, ˜ÚÓ 
Ó·˙flÒÌflÂÚ ÁÌ‡˜ËÚÂÎ¸ÌÛ˛ „ÂÌÂÚË˜ÂÒÍÛ˛ ‰ËÒÔÂ-
ÒË˛ (> 1 %), ÔÓ˝ÚÓÏÛ „ÂÌÓÏÌ˚È ÓÚ·Ó Ì‡ ÛÒÚÓÈ-
˜Ë‚ÓÒÚ¸ Í ÙÎÂÍÒË·‡ÍÚÂËÓÁÛ ËÏÂÂÚ ·ÓÎ¸¯ËÈ ÔÓ-
ÚÂÌˆË‡Î, ˜ÂÏ ÓÚ·Ó ÔÓ ÓÚ‰ÂÎ¸Ì˚Ï QTL [52]. 
í‡ÍËÏ Ó·‡ÁÓÏ, ÔËÏÂÌÂÌËÂ GWAS ÏÓÊÂÚ ÔÓ‚˚-
ÒËÚ¸ ÚÓ˜ÌÓÒÚ¸ Ú‡‰ËˆËÓÌÌÓ„Ó ÓÚ·Ó‡ Ë ÛÒÍÓËÚ¸ 
„ÂÌÂÚË˜ÂÒÍËÈ ÔÓ„ÂÒÒ Í‡Í ‚ ÓÚÌÓ¯ÂÌËË ÔÓÍ‡Á‡-

ÚÂÎÂÈ ÓÒÚ‡, Ú‡Í Ë ‚ ÓÚÌÓ¯ÂÌËË ÔËÁÌ‡ÍÓ‚, ÍÓÚÓ-
˚Â ÌÂ ÏÓ„ÛÚ ·˚Ú¸ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ËÁÏÂÂÌ˚ 
ÔËÊËÁÌÂÌÌÓ Û Í‡Ì‰Ë‰‡ÚÓ‚ Ì‡ ÓÚ·Ó (Ì‡ÔËÏÂ, 
Í‡˜ÂÒÚ‚Ó ÚÛ¯Ë Ë ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ Í ·ÓÎÂÁÌflÏ). 

á‡ÍÎ˛˜ÂÌËÂ. èËÏÂÌÂÌËÂ „ÂÌÓÏÌ˚ı ËÌÒÚÛ-
ÏÂÌÚÓ‚ ‰Îfl ·ÓÎÂÂ ˝ÙÙÂÍÚË‚ÌÓ„Ó ËÒÔÓÎ¸ÁÓ‚‡ÌËfl 
„ÂÌÂÚË˜ÂÒÍËı ‚‡Ë‡ˆËÈ ˝ÍÓÌÓÏË˜ÂÒÍË ‚‡ÊÌ˚ı 
ÔËÁÌ‡ÍÓ‚ ÔÓÒÂ‰ÒÚ‚ÓÏ ÔÓ„‡ÏÏ ÛÒÚÓÈ˜Ë‚ÓÈ ÒÂ-
ÎÂÍˆËË ËÏÂÂÚ ÔÂ‚ÓÒÚÂÔÂÌÌÓÂ ÁÌ‡˜ÂÌËÂ ‰Îfl ‰‡Î¸-
ÌÂÈ¯Â„Ó ÛÒÔÂ¯ÌÓ„Ó ‡Á‚ËÚËfl ÓÚ‡ÒÎË ‡Í‚‡ÍÛÎ¸-
ÚÛ˚. èÓÎÌÓ„ÂÌÓÏÌ˚È ‡ÒÒÓˆË‡ÚË‚Ì˚È ‡Ì‡ÎËÁ 
ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÂÁÂÌ ‰Îfl ÎÛ˜¯Â„Ó ÔÓÌËÏ‡ÌËfl „Â-
ÌÂÚËÍË, ÎÂÊ‡˘ÂÈ ‚ ÓÒÌÓ‚Â ÒÎÓÊÌ˚ı ÔËÁÌ‡ÍÓ‚, 
‡ Â„Ó ÂÁÛÎ¸Ú‡Ú˚ ÏÓ„ÛÚ ÔËÏÂÌflÚ¸Òfl ‚ ÔÓ„‡Ï-
Ï‡ı ‡Á‚Â‰ÂÌËfl ‡‰ÛÊÌÓÈ ÙÓÂÎË. èÓ‡Ì‡ÎËÁË-
Ó‚‡‚ Á‡Û·ÂÊÌ˚È ÓÔ˚Ú ËÒÔÓÎ¸ÁÓ‚‡ÌËfl GWAS, 
ıÓ˜ÂÚÒfl ÓÚÏÂÚËÚ¸ Â„Ó ‡ÍÚÛ‡Î¸ÌÓÒÚ¸ Ë ÔÂÒÔÂÍÚË‚-
ÌÓÒÚ¸, ‚Â‰¸ ·ÓÎ¸¯ËÌÒÚ‚Ó ıÓÁflÈÒÚ‚ÂÌÌÓ ÔÓÎÂÁÌ˚ı 
ÔËÁÌ‡ÍÓ‚ ËÏÂ˛Ú ÔÓÎË„ÂÌÌÛ˛ ÔËÓ‰Û. Ç‚Ë‰Û 
ÚÓ„Ó, ̃ ÚÓ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÓÚÒÛÚÒÚ‚ÛÂÚ ‚ÓÁÏÓÊ-
ÌÓÒÚ¸ ÔËÓ·ÂÚÂÌËfl Ñçä-˜ËÔÓ‚ ÒÂ‰ÌÂÈ Ë ‚˚ÒÓ-
ÍÓÈ ÔÎÓÚÌÓÒÚË ‰Îfl „ÂÌÓÚËÔËÓ‚‡ÌËfl ÔÓÔÛÎflˆËÈ 
‡‰ÛÊÌÓÈ ÙÓÂÎË, ‡Î¸ÚÂÌ‡ÚË‚ÓÈ ˝ÚÓÏÛ ÏÓÊÂÚ 
·˚Ú¸ ÔÓ‚Â‰ÂÌËÂ ÔÓÎÌÓ„ÂÌÓÏÌÓ„Ó ÒÂÍ‚ÂÌËÓ‚‡-
ÌËfl. é‰Ì‡ÍÓ ÌÂÓ·ıÓ‰ËÏÓ Ú˘‡ÚÂÎ¸ÌÓ ÔÓ‰ıÓ‰ËÚ¸ Í 
ÓÚ·ÓÛ ÓÒÓ·ÂÈ, ˝ÙÙÂÍÚË‚ÌÓÏÛ ‡ÁÏÂÛ ÔÓÔÛÎfl-
ˆËË, ‡ Ú‡ÍÊÂ Û˜ËÚ˚‚‡Ú¸ ÔËÌ‡‰ÎÂÊÌÓÒÚ¸ Í ÔÓÓ-
‰Â ËÎË ÎËÌËË. óÚÓ·˚ ÔÓÎÛ˜ËÚ¸ Í‡Í ÏÓÊÌÓ ·ÓÎ¸-
¯Â ËÌÙÓÏ‡ˆËË, ÌÂÓ·ıÓ‰ËÏÓ ÔÓ‚Ó‰ËÚ¸ ÓÚ·Ó 
‚ÁÓÒÎ˚ı ÓÒÓ·ÂÈ ËÁ ÂÏÓÌÚÌÓ-Ï‡ÚÓ˜Ì˚ı ÒÚ‡‰, 
ËÏÂ˛˘Ëı ̃ ËÔ˚ ‰Îfl Ë‰ÂÌÚËÙËÍ‡ˆËË Ë ‰‡ÌÌ˚Â ·Ó-
ÌËÚËÓ‚ÓÍ ÔÓ ıÓÁflÈÒÚ‚ÂÌÌÓ-ÔÓÎÂÁÌ˚Ï ÔËÁÌ‡-
Í‡Ï, Ú‡ÍÊÂ ÌÂÓ·ıÓ‰ËÏÓ ÔÓ‰·Ë‡Ú¸ ÍÓÌÚ‡ÒÚÌ˚Â 
ÔÓ ÙÂÌÓÚËÔÛ „ÛÔÔ˚. ÑÎfl ÛÒÔÂ¯ÌÓ„Ó ‚ÌÂ‰ÂÌËfl 
„ÂÌÂÚË˜ÂÒÍËı ÚÂıÌÓÎÓ„ËÈ ÌÂÓ·ıÓ‰ËÏÓ ÒÓÁ‰‡‚‡Ú¸ 
Ì‡ˆËÓÌ‡Î¸Ì˚Â ÒÂÎÂÍˆËÓÌÌ˚Â ˆÂÌÚ˚, Ó·˙Â‰Ë-
Ìfl˛˘ËÂ ‡Í‚‡ÍÛÎ¸ÚÛÌ˚Â ıÓÁflÈÒÚ‚‡ Ë Ì‡Û˜Ì˚Â 
ËÌÒÚËÚÛÚ˚, ÍÓÚÓ˚Â ·Û‰ÛÚ ËÏÂÚ¸ „ÓÒÛ‰‡ÒÚ‚ÂÌ-
ÌÛ˛ ÔÓ‰‰ÂÊÍÛ Ë ÔÓ‚Ó‰ËÚ¸ ÍÓÏÔÎÂÍÒÌ˚Â ËÒÒÎÂ-
‰Ó‚‡ÌËfl Ì‡ ‰ÓÎ„ÓÒÓ˜ÌÓÈ ÓÒÌÓ‚Â. ùÚÓ ÔÓÁ‚ÓÎËÚ 
ÔÂÂ‚ÂÒÚË ÒÂÎÂÍˆËÓÌÌÛ˛ ‡·ÓÚÛ ‚ ÙÓÂÎÂ‚Ó‰ÒÚ‚Â 
Ì‡ ÌÓ‚˚È ÛÓ‚ÂÌ¸, ‡ Ú‡ÍÊÂ ÒÔÓÒÓ·ÒÚ‚Ó‚‡Ú¸ ÒÌË-
ÊÂÌË˛ Á‡‚ËÒËÏÓÒÚË ÓÚ ËÏÔÓÚÌÓ„Ó ÔÓÒ‡‰Ó˜ÌÓ„Ó 
Ï‡ÚÂË‡Î‡. 
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Pysarenko N. 

Genome-wide association studies of economically important fea-
tures of rainbow trout (Oncorhynchus mykiss) 

Abstract.  

Purpose: to summarize the results of scientific publications on the use of genome-wide associative studies 
of economically important traits in rainbow trout (Oncorhynchus mykiss). 

Materials and methods. PubMed Scientometric Database (https://pubmed.ncbi.nlm.nih.gov /), Science Direct 
(https://www.sciencedirect.com /), scientific electronic library eLibrary (https://elibrary.ru /). 

Results. An important step in improving breeding programs for rainbow trout (Oncorhynchus mykiss) is the 
use of knowledge about the genetic architecture underlying the variability of economically useful traits. In 2014, 
the first version of the reference genome assembly was published, which served as the basis for the identifi-
cation of single-nucleotide polymorphisms and the development of a medium-density DNA chip, which, in turn, 
made it possible to conduct genome-wide association studies (GWAS). GWAS makes it possible to identify SNPs 
with great effect responsible for phenotypic variants that can be given priority in genomic selection, which will 
make it possible to carry out further intra-family selection based on the most economically important charac-
teristics. Many scientific papers have been devoted to the use of genome-wide associative research in trout 
farming. The review shows the relevance and prospects of using the GWAS method in aquaculture breeding of 
rainbow trout as a tool for identifying candidate genes that affect growth, meat quality and disease resistance. 
Having analyzed the foreign experience of using GWAS, I would like to note its relevance and prospects, because 
most of the economically useful features are polygenic in nature. 
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