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Аннотация.  

Мастит является одним из самых распространенных заболеваний молочного скота, наносящим колос-
сальные убытки фермам по всему миру. Разработанные на данный момент средства лечения и профи-
лактики не гарантируют надежную защиту животных от заболевания, учитывая полиэтиологичную природу 
мастита. Важным методом борьбы с этой проблемой может стать селекция, направленная на повышение 
невосприимчивости скота к воспалению молочной железы. 

Целью статьи являлся поиск и систематизирование информации о генах, ассоциированных с устойчи-
востью молочного скота к развитию клинического мастита и SCS в молоке, преимущественно среди гол-
штинской породы. Также, в публикации представлены данные о геномной оценке быка Лидер 395, полу-
ченного на базе Санкт-Петербургского Университета Ветеринарной Медицины, по показателям, связанным 
с устойчивостью потомства к маститу.  

Обозначена взаимосвязь между маркерами высокой молочной продуктивности и низкой устойчивостью 
к маститу, белковым составом молока и частотой возникновения воспалительных процессов вымени. Про-
иллюстрированы общие механизмы формирования иммунитета, неспецифической резистентности и устой-
чивости к маститу. Указана корреляция между аллельными вариантами генов, регулирующих клеточный 
цикл или модулирующих аутоиммунные процессы, и уровнем SCS в молоке. При проведении геномной оцен-
ки бычка Лидер 395 был выявлен его потенциал как улучшателя таких показателей, как SCS, мастито-
устойчивость, форма вымени, жирность молока у дочерей.  
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ùÍÓÌÓÏË˜ÂÒÍËÈ Û˘Â· ÔË Ï‡ÒÚËÚ‡ı Û Î‡ÍÚË-
Û˛˘Ëı ÍÓÓ‚ ÒÍÎ‡‰˚‚‡ÂÚÒfl ËÁ ÒÌËÊÂÌËfl ÏÓÎÓ˜-
ÌÓÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚË, ÔÂÊ‰Â‚ÂÏÂÌÌÓÈ ‚˚·‡-
ÍÓ‚ÍË, Á‡Ú‡Ú Ì‡ ÎÂ˜ÂÌËÂ ÊË‚ÓÚÌ˚ı. åÓÎÓÍÓ ÓÚ 
·ÓÎ¸Ì˚ı ÍÓÓ‚ ÌÂÔË„Ó‰ÌÓ ‰Îfl ÛÔÓÚÂ·ÎÂÌËfl, 
Ó·Î‡‰‡ÂÚ ÌÂÛ‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸Ì˚ÏË Ó„‡ÌÓÎÂÔÚË˜Â-
ÒÍËÏË Ò‚ÓÈÒÚ‚‡ÏË Ë ·‡ÍÚÂËÓÎÓ„Ë˜ÂÒÍËÏË ÔÓÍ‡Á‡-
ÚÂÎflÏË. ëÓ„Î‡ÒÌÓ Wenjuan He, Ò‚flÁ‡ÌÌ˚Â Ò Ï‡ÒÚË-
ÚÓÏ ̋ ÍÓÌÓÏË˜ÂÒÍËÂ ÔÓÚÂË Ì‡ ÍÛÔÌ˚ı ÍËÚ‡ÈÒÍËı 
ÙÂÏ‡ı ÏÓ„ÛÚ ‰ÓÒÚË„‡Ú¸ 76,000 USD ‚ ÏÂÒflˆ [1]. 
é‰ËÌ ÒÎÛ˜‡È ÍÎËÌË˜ÂÒÍÓ„Ó ÔÓfl‚ÎÂÌËfl ·ÓÎÂÁÌË 
Û ‚˚ÒÓÍÓÔÓ‰ÛÍÚË‚ÌÓ„Ó ÊË‚ÓÚÌÓ„Ó ÒÔÓÒÓ·ÂÌ ÔË-
ÌÂÒÚË ÔÂ‰ÔËflÚË˛ Û·˚ÚÓÍ ‡ÁÏÂÓÏ ‰Ó €428 [2]. 

Ç‡ÊÌÓÈ Á‡‰‡˜ÂÈ ÒÓ‚ÂÏÂÌÌÓ„Ó ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚‡ 
fl‚ÎflÂÚÒfl ÔÓ‚˚¯ÂÌËÂ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÏÓÎÓ˜ÌÓ„Ó ÒÍÓ-
Ú‡ Í Ï‡ÒÚËÚÛ ÔÛÚÂÏ ÓÚ·Ó‡ ÊË‚ÓÚÌ˚ı Ò Ì‡ËÎÛ˜¯ÂÈ 
ÒÔÓÒÓ·ÌÓÒÚ¸˛ ÔÓÚË‚ÓÒÚÓflÚ¸ ‚ÓÁÌËÍÌÓ‚ÂÌË˛ ·Ó-
ÎÂÁÌË. ç‡ ‰‡ÌÌ˚È ÏÓÏÂÌÚ, Ì‡Ë·ÓÎÂÂ ÔÓ„ÂÒÒË‚-
ÌÓÈ ÏÂÚÓ‰ËÍÓÈ ÓÚ·Ó‡ fl‚ÎflÂÚÒfl „ÂÌÓÏÌ‡fl ÒÂÎÂÍ-
ˆËfl, ÔÓÁ‚ÓÎfl˛˘‡fl Ò ‚˚ÒÓÍÓÈ ÚÓ˜ÌÓÒÚ¸˛ ÓˆÂÌËÚ¸ 

ÔÓÚÂÌˆË‡Î ÊË‚ÓÚÌÓ„Ó ÓÚÌÓÒËÚÂÎ¸ÌÓ ıÓÁflÈÒÚ‚ÂÌÌÓ 
ÔÓÎÂÁÌ˚ı ̃ ÂÚ Ì‡ ÓÒÌÓ‚‡ÌËË ‡‚ÌÓÏÂÌÓ ‡ÒÔÂ-
‰ÂÎÂÌÌ˚ı ÔÓ „ÂÌÓÏÛ Ï‡ÍÂÓ‚ [3]. éÒÓ·Û˛ ‡ÍÚÛ-
‡Î¸ÌÓÒÚ¸ ‰Îfl Ì‡¯ÂÈ ÒÚ‡Ì˚ „ÂÌÓÏÌ‡fl ÒÂÎÂÍˆËfl 
ÔËÓ·ÂÚ‡ÂÚ ‚ Ò‚ÂÚÂ ÚÓ„Ó, ̃ ÚÓ ‰Îfl ËÌÚÂÌÒËÙËÍ‡ˆËË 
ÓÒÒËÈÒÍÓ„Ó ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚‡, ‚Ó ÏÌÓ„ÓÏ Á‡‚ËÒfl-
˘Â„Ó ÓÚ ËÏÔÓÚ‡ ·ËÓÎÓ„Ë˜ÂÒÍÓ„Ó Ï‡ÚÂË‡Î‡, ‚Òfi 
·ÓÎÂÂ ÁÌ‡˜ËÏ˚Ï ÒÚ‡ÌÓ‚ËÚÒfl ÛÎÛ˜¯ÂÌËÂ Í‡˜ÂÒÚ‚‡ 
ÒÓ·ÒÚ‚ÂÌÌÓÈ ÔÎÂÏÂÌÌÓÈ ‡·ÓÚ˚ [4].  

ç‡ ‰‡ÌÌ˚È ÏÓÏÂÌÚ ÏÓÎÂÍÛÎflÌ˚ÏË ·ËÓÎÓ„‡ÏË 
Ë ·ËÓËÌÙÓÏ‡ÚËÍ‡ÏË ‚ÒÂ„Ó ÏË‡ ÔÓ‰ÓÎÊ‡ÂÚÒfl 
‡·ÓÚ‡ ÔÓ ÔÓËÒÍÛ QTL, ÒÚ‡ÚËÒÚË˜ÂÒÍË Ò‚flÁ‡ÌÌ˚ı 
Ò ÙÂÌÓÚËÔË˜ÂÒÍËÏË ÔÓfl‚ÎÂÌËflÏË ‚ÓÒÔËËÏ˜Ë-
‚ÓÒÚË ÊË‚ÓÚÌÓ„Ó Í Ï‡ÒÚËÚÛ: ÍÓÎË˜ÂÒÚ‚ÓÏ ÒÓÏ‡ÚË-
˜ÂÒÍËı ÍÎÂÚÓÍ ‚ ÏÓÎÓÍÂ (SCS) Ë ÍÎËÌË˜ÂÒÍËÏË 
ÒÎÛ˜‡flÏË Ï‡ÒÚËÚ‡ (CM) ‚ ‡Ì‡ÏÌÂÁÂ [5]. ë‡Ï˚È 
·ÓÎ¸¯ÓÈ Ó·˙ÂÏ ËÌÙÓÏ‡ˆËË ÒÓ·‡Ì Ó „ÂÌÓÏÂ „ÓÎ-
¯ÚËÌÒÍÓÈ ÔÓÓ‰˚ ÒÍÓÚ‡. éÚ˜‡ÒÚË ̋ ÚÓ Ó·˙flÒÌflÂÚÒfl 
ÚÂÏ, ˜ÚÓ ‰Îfl ‡Á‡·ÓÚÍË Ñçä-˜ËÔÓ‚ Û˜ÂÌ˚ÏË ËÁ 
ëòÄ ·˚ÎË ÔÓ‡Ì‡ÎËÁËÓ‚‡Ì˚ „ÂÌÓÏ˚ Ô‡ÍÚË˜Â-



ÒÍË ‚ÒÂı ·˚ÍÓ‚-ÔÓËÁ‚Ó‰ËÚÂÎÂÈ, ÔÓÒÚÛÔ‡˛˘Ëı 
‚ ÏÂÒÚÌ˚Â ̂ ÂÌÚ˚ ÔÓ ËÒÍÛÒÒÚ‚ÂÌÌÓÏÛ ÓÒÂÏÂÌÂÌË˛, 
ÓÚ˜‡ÒÚË — ÍÓÎÓÒÒ‡Î¸ÌÓÈ ÓÎ¸˛ ‰‡ÌÌÓÈ ÔÓÓ‰˚ 
‚ ÏÓÎÓ˜ÌÓÏ ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚Â ÔÓ ‚ÒÂÏÛ ÏËÛ [3]. 
ÅÎ‡„Ó‰‡fl ÔÓÎÛ˜ÂÌÌ˚Ï ‰‡ÌÌ˚Ï ÒÚ‡ÌÓ‚ËÚÒfl ‚ÓÁ-
ÏÓÊÌ˚Ï ÔÓ‡Ì‡ÎËÁËÓ‚‡Ú¸ ÛÊÂ Ó·Ì‡ÛÊÂÌÌ˚Â 
QTL Ë Ì‡ıÓ‰fl˘ËÂÒfl Ì‡ ÌËı „ÂÌ˚-Í‡Ì‰Ë‰‡Ú˚ ÛÒÚÓÈ-
˜Ë‚ÓÒÚË ÏÓÎÓ˜ÌÓ„Ó ÒÍÓÚ‡ Í Ï‡ÒÚËÚÛ. 

BTA 6 (Bos Taurus autosome 6) ‰‡‚ÌÓ ÔË‚ÎÂ-
Í‡ÂÚ ‚ÌËÏ‡ÌËÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ ÚÂÏ, ̃ ÚÓ ÒÓ‰ÂÊËÚ 
ÏÌÓÊÂÒÚ‚Ó ÎÓÍÛÒÓ‚, Ò‚flÁ‡ÌÌ˚ı Ò ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛ 
ÒÍÓÚ‡ Í ‡Á‚ËÚË˛ Ï‡ÒÚËÚ‡. Ç ÒÔËÒÓÍ ‚˚‰ÂÎÂÌÌ˚ı 
Ò ÔÓÏÓ˘¸˛ ÔÓÎÌÓ„ÂÌÓÏÌ˚ı ‡ÒÒÓˆË‡ÚË‚Ì˚ı ËÒÒÎÂ-
‰Ó‚‡ÌËÈ (GWAS) „ÂÌÓ‚-Í‡Ì‰Ë‰‡ÚÓ‚ Ì‡ ‰‡ÌÌÓÈ 
ıÓÏÓÒÓÏÂ ‚ ÔÂ‚Û˛ Ó˜ÂÂ‰¸ ‚ıÓ‰flÚ: DCK (de-
oxycytidine kinase) [6], IGJ (immunoglobulin  
J chain) Ë DBP (vitamin D-binding protein) [7]. 
DCK Û˜‡ÒÚ‚ÛÂÚ ‚ ÏÂÚ‡·ÓÎËÁÏÂ ÌÛÍÎÂÓÁË‰Ó‚ Ë ‚ÎË-
flÂÚ Ì‡ ‚ÓÒÔËËÏ˜Ë‚ÓÒÚ¸ Í ÎÂÍ‡ÒÚ‚ÂÌÌÓÈ ÚÂ‡ÔËË 
[8]. IGJ Â„ÛÎËÛÂÚ ÔÓÎËÏÂÌÛ˛ ÒÚÛÍÚÛÛ IgM, 
ÒÂÍÂÚËÛÂÏ˚ı B-ÎËÏÙÓˆËÚ‡ÏË, ‡ Ú‡ÍÊÂ ÔÓÏÓ„‡ÂÚ 
Ò‚flÁ˚‚‡ÌË˛ ËÏÏÛÌÓ„ÎÓ·ÛÎËÌÓ‚ Ò ÒÂÍÂÚÓÌ˚ÏË 
ÍÓÏÔÓÌÂÌÚ‡ÏË [9]. ÅÂÎÓÍ DBP ËÏÂÂÚ ÌÂÒÍÓÎ¸ÍÓ 
ÙÛÌÍˆËÈ. Ç ̃ ‡ÒÚÌÓÒÚË, ÓÌ Ò‚flÁ˚‚‡ÂÚÒfl Ò ËÏÏÛÌÓ„-
ÎÓ·ÛÎËÌÓÏ Ì‡ ÔÓ‚ÂıÌÓÒÚË B-ÎËÏÙÓˆËÚÓ‚, ‡ Ú‡Í-
ÊÂ Ò IgG Ì‡ ÏÂÏ·‡Ì‡ı T-ÎËÏÙÓˆËÚÓ‚ [10]. Ç ‰Û-
„Ëı ËÒÒÎÂ‰Ó‚‡ÌËflı, ÔÓÒ‚fl˘ÂÌÌ˚ı ÔÓËÒÍÛ QTL, 
Ò‚flÁ‡ÌÌ˚ı Ò ‚˚ÒÓÍÓÈ ÏÓÎÓ˜ÌÓÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸˛, 
·˚ÎÓ ÓÚÏÂ˜ÂÌÓ, ˜ÚÓ ÌÂÍÓÚÓ˚Â SNP (Ó‰ÌÓÌÛÍÎÂÓ-
ÚË‰Ì˚Â ÔÓÎËÏÓÙËÁÏ˚), Ó·Ì‡ÛÊÂÌÌ˚Â Ì‡ ̄ ÂÒÚÓÈ 
ıÓÏÓÒÓÏÂ „‡ÔÎÓÚËÔÓ‚ ÍÓÓ‚ Ò ‚˚ÒÓÍËÏË Û‰ÓflÏË, 
Ú‡ÍÊÂ ‡ÒÒÓˆËËÛ˛ÚÒfl Ò ÔÓ‚˚¯ÂÌÌÓÈ ÔÂ‰‡ÒÔÓ-
ÎÓÊÂÌÌÓÒÚ¸˛ Í Ï‡ÒÚËÚÛ. ëÂ‰Ë Ú‡ÍËı SNP ·˚ÎË 
‡ÎÎÂÎ¸Ì˚Â ‚‡Ë‡ˆËË „ÂÌ‡ NPFF, ÍÓ‰ËÛ˛˘Â„Ó 
ÂˆÂÔÚÓ-2 ÌÂÈÓÔÂÔÚË‰‡ FF (Â„ÛÎËÛ˛˘ËÈ,  
‚ ˜‡ÒÚÌÓÒÚË, ÍÎÂÚÓ˜Ì˚È ÓÚ‚ÂÚ Ì‡ „ÓÏÓÌ‡Î¸Ì˚È 
ÒÚËÏÛÎ). ÇÁ‡ËÏÓÒ‚flÁ¸ ·˚Î‡ Ó·Ì‡ÛÊÂÌ‡ Ò ÔÓÏÓ-
˘¸˛ ÔÓÎÌÓ„ÂÌÓÏÌÓ„Ó ‡ÒÒÓˆË‡ÚË‚ÌÓ„Ó ËÒÒÎÂ‰Ó‚‡-
ÌËfl [11]. í‡ÍËÏ Ó·‡ÁÓÏ, ÒÛ˘ÂÒÚ‚ÛÂÚ Ó·‡ÚÌ‡fl 
‚Á‡ËÏÓÒ‚flÁ¸ ÏÂÊ‰Û ÔÓ‚˚¯ÂÌÌÓÈ ÏÓÎÓ˜ÌÓÈ ÔÓ-
‰ÛÍÚË‚ÌÓÒÚ¸˛ Ë ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛ ÊË‚ÓÚÌÓ„Ó Í Ï‡-
ÒÚËÚÛ, ÔÂ‰ÒÚ‡‚Îfl˛˘‡fl Á‡ÚÛ‰ÌÂÌËÂ ‰Îfl ‡Á‚Ë-
ÚËfl ÏÓÎÓ˜ÌÓ„Ó ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚‡. í‡ÍÊÂ, ‚ ıÓ‰Â 
GWAS Û „ÓÎ¯ÚËÌÒÍÓ„Ó ÒÍÓÚ‡ Ì‡ BTA6 ·˚Î Ó·Ì‡-
ÛÊÂÌ Ò‚flÁ‡ÌÌ˚È Ò ÛÒÚÓÈ˜Ë‚ÓÒÚ¸˛ QTL, ÒÓ‰Â-
Ê‡˘ËÈ ÍÎ‡ÒÚÂ Í‡ÁÂËÌÓ‚˚ı „ÂÌÓ‚, ÍÓ‰ËÛ˛˘Ëı 
ÔËÏÂÌÓ 80% ‚ÒÂı ·ÂÎÍÓ‚, ‚ıÓ‰fl˘ËÈ ‚ ÒÓÒÚ‡‚ 
ÍÓÓ‚¸Â„Ó ÏÓÎÓÍ‡ [12]. à ÂÒÎË Ò‚flÁ¸ Ï‡ÒÚËÚ‡ Ò ‡Í-
ÚË‚ÌÓÒÚ¸˛ „ÂÌÓ‚ ËÏÏÛÌËÚÂÚ‡ Í‡ÊÂÚÒfl Á‡ÍÓÌÓÏÂ-
ÌÓÈ, ÓÚÌÓ¯ÂÌËÂ ÔÓ‰‚ÂÊÂÌÌÓÒÚË ‚ÓÒÔ‡ÎÂÌË˛ Ë Í‡-
˜ÂÒÚ‚ÂÌÌÓ„Ó ÒÓÒÚ‡‚‡ ·ÂÎÍÓ‚ ÏÓÎÓÍ‡ ÚÂ·ÛÂÚ ‰‡Î¸- 
ÌÂÈ¯Â„Ó ËÁÛ˜ÂÌËfl. ÑÛ„ÓÈ QTL Ì‡ BTA6 Û ˝ÚÓÈ 
ÔÓÓ‰˚ ‚ÍÎ˛˜‡ÂÚ „ÂÌ-Í‡Ì‰Ë‰‡Ú DAPP1, Ú‡ÍÊÂ 
ËÁ‚ÂÒÚÌ˚È Í‡Í Bam32 [13]. ÉÂÌ ˝ÍÒÔÂÒÒËÛÂÚÒfl 
‚ B-ÎËÏÙÓˆËÚ‡ı Ë ‚Ó‚ÎÂ˜ÂÌ ‚ ÙÓÏËÓ‚‡ÌËÂ B-ÍÎÂ-
ÚÓ˜ÌÓ„Ó ÂˆÂÔÚÓ‡ (BCR) [14]. èË ÔÓÒÎÂ‰Û˛-

˘ÂÏ ‡ÒÒÓˆË‡ÚË‚ÌÓÏ ËÒÒÎÂ‰Ó‚‡ÌËË „ÓÎ¯ÚËÌÓ-ÙËÁ-
ÒÍËı ·˚ÍÓ‚ Ë Ëı ‰Ó˜ÂÂÈ (ÓˆÂÌÍ‡ ‰Ó˜ÂÂÈ ·˚Î‡ 
ÔÓ‚Â‰ÂÌ‡ Irish Cattle Breeding Federation) Ì‡ 
BRA6 ·˚Î ‚˚fl‚ÎÂÌ QTL, Ò‚flÁ‡ÌÌ˚È Ò SCS, ÌÂ 
ÒÓ‰ÂÊ‡˘ËÈ Í‡ÍËı-ÎË·Ó ËÁ‚ÂÒÚÌ˚ı „ÂÌÓ‚. íÂÏ ÌÂ 
ÏÂÌÂÂ, Ensembl Genome Browser ÔÂ‰ÒÍ‡Á‡Î Ì‡-
ÎË˜ËÂ Ì‡ ̋ ÚÓÏ ÎÓÍÛÒÂ Ï‡ÎÓÈ ÌÂÍÓ‰ËÛ˛˘ÂÈ êçä 
(Y RNA „ÂÌ‡). ùÚ‡ êçä ÔÓ˜ÚË ÔÓÎÌÓÒÚ¸˛ Ë‰ÂÌ-
ÚË˜Ì‡ ̃ ÂÎÓ‚Â˜ÂÒÍÓÈ RNY4, Ò‚flÁ‡ÌÌÓÈ Ò ‡Á‚ËÚË-
ÂÏ ‡ÛÚÓËÏÏÛÌÌ˚ı Á‡·ÓÎÂ‚‡ÌËÈ [15].  

ç‡ BTA10 Û „ÓÎ¯ÚËÌÓ‚ Ó·Ì‡ÛÊÂÌ QTL, ÔÂ-
ÂÍ˚‚‡˛˘ËÈ „ÂÌ-Í‡Ì‰Ë‰‡Ú RASGRP1, ÔÓ‰ÛÍÚ 
Ú‡ÌÒÍËÔˆËË ÍÓÚÓÓ„Ó ‚Ó‚ÎÂ˜ÂÌ ‚ Â„ÛÎflˆË˛ ‡Á-
‚ËÚËfl ÎËÏÙÓˆËÚÓ‚, Ëı ‡ÍÚË‚‡ˆË˛ Ë ÒË„Ì‡ÎËÌ„. 
Ç ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ÔË ÔÓÎÌÓ„ÂÌÓÏÌÓÏ ÔÓËÒÍÂ ‡Ò-
ÒÓˆË‡ˆËÈ ÔËÏÂÌflÎ‡Ò¸ ÒÏÂ¯‡ÌÌ‡fl ÎËÌÂÈÌ‡fl ÏÓ-
‰ÂÎ¸ [16].  

ç‡ BTA13 ·˚Î Ó·Ì‡ÛÊÂÌ QTL, ÍÓÚÓ˚È, ÔÓ 
ÏÌÂÌË˛ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ, ÏÓÊÂÚ ·˚Ú¸ Ò‚flÁ‡Ì Ò „Â-
ÌÓÏ-Í‡Ì‰Ë‰‡ÚÓÏ EDN3, ÍÓ‰ËÛ˛˘ËÏ ˝Ì‰ÓÚÂÎËÌ 
3 [17]. Ñ‡ÌÌ˚È ÔÂÔÚË‰ Ó·Î‡‰‡ÂÚ ÒÓÒÛ‰ÓÒÛÊË‚‡˛-
˘ËÏ ̋ ÙÙÂÍÚÓÏ, ‡ Ú‡ÍÊÂ ‡ÍÚË‚ËÛ˛Ú ÌÂÈÚÓÙËÎ˚ 
[18]. ÑÛ„ÓÈ „ÂÌ-Í‡Ì‰Ë‰‡Ú ‚ ‰‡ÌÌÓÏ Â„ËÓÌÂ — 
Phactr3 (phosphatase and actin regulator 3), ÍÓ-
ÚÓ˚È ÒÚËÏÛÎËÛÂÚ ÍÎÂÚÓ˜ÌÛ˛ ÏË„‡ˆË˛ ˜ÂÂÁ 
ÔflÏÓÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÂ Ò ‡ÍÚËÌÓ‚˚Ï ˆËÚÓÒÍÂÎÂ-
ÚÓÏ [17]. ç‡ ˝ÚÓÈ ÊÂ ıÓÏÓÒÓÏÂ ‡ÒÔÓÎ‡„‡ÂÚÒfl 
QTL, Ò‚flÁ‡ÌÌ˚È Ò SCS. ùÚÓÚ QTL ÔÂÂÍ˚‚‡ÂÚ 
Â„ËÓÌ, ÒÓ‰ÂÊ‡˘ËÈ ÍÎ‡ÒÚÂ „ÂÌÓ‚, ÍÓ‰ËÛ˛˘Ëı 
β-‰ÂÙÂÌÁËÌ˚ [15]. ÑÂÙÂÌÁËÌ˚ — Á‡˘ËÚÌ˚Â ÔÂÔ-
ÚË‰˚, fl‚Îfl˛˘ËÂÒfl Ì‡Ë·ÓÎÂÂ ‰Â‚ÌÂÈ ÒËÒÚÂÏÓÈ 
ÔÓÚË‚ÓËÌÙÂÍˆËÓÌÌÓÈ Á‡˘ËÚ˚ [14].  

ì ÌÂÏÂˆÍÓÈ ÔÓÔÛÎflˆËË „ÓÎ¯ÚËÌÓ‚ Ì‡ BTA14 
Â„ËÓÌ ÔÓ·ÎËÁÓÒÚË ÓÚ CYP11B1 (ˆËÚÓıÓÏ P450, 
ÒÂÏÂÈÒÚ‚Ó 11, ÒÛ·ÒÂÏÂÈÒÚ‚Ó B, ÔÓÎËÔÂÔÚË‰ 1) „Â-
Ì‡ ÌÂÒÂÚ QTL, Ò‚flÁ‡ÌÌ˚È Ò SCS. Ç ‰‡ÌÌÓÏ ÎÓÍÛ-
ÒÂ ‡ÒÔÓÎÓÊÂÌÓ ÌÂÒÍÓÎ¸ÍÓ „ÂÌÓ‚, ‚ ÚÓÏ ̃ ËÒÎÂ „ÂÌ 
DGAT1, ÍÓÚÓ˚È ËÏÂÂÚ ·ÓÎ¸¯ÓÂ ‚ÎËflÌËÂ Ì‡ ÊË-
ÌÓÒÚ¸ ÏÓÎÓÍ‡. Ç ‰‡ÌÌÓÏ Ì‡·Î˛‰ÂÌËË ÏÓÊÂÚ ÔÓ-
ÒÎÂÊË‚‡Ú¸Òfl ÛÊÂ ÓÔËÒ‡ÌÌ‡fl ‡ÌÂÂ ‚Á‡ËÏÓÒ‚flÁ¸ 
ÏÂÊ‰Û ‚˚ÒÓÍÓÈ ÏÓÎÓ˜ÌÓÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸˛ Ë ÛflÁ- 
‚ËÏÓÒÚ¸˛ ÔÂÂ‰ Ï‡ÒÚËÚÓÏ [18].  

Ç ‰Û„ÓÏ ËÒÒÎÂ‰Ó‚‡ÌËË ÛÍ‡Á˚‚‡Î‡Ò¸ Ò‚flÁ¸ „Â-
Ì‡ BRCA1 (bovine breast cancer 1) (BTA19) Ò SCS 
[19]. èÓ‰ÛÍÚ ̋ ÍÒÔÂÒÒËË ‰‡ÌÌÓ„Ó „ÂÌ‡ ÔËÌËÏ‡-
ÂÚ Û˜‡ÒÚËÂ ‚ ÂÔ‡‡ˆËË Ñçä, Â„ÛÎflˆËË ÍÎÂÚÓ˜-
ÌÓ„Ó ˆËÍÎ‡, Ú‡ÌÒÍËÔˆËË, Ó·‡ÁÓ‚‡ÌËË ÓÔÛıÓ-
ÎÂÈ Ë ÔÓ‰‰ÂÊ‡ÌËË ÒÚ‡·ËÎ¸ÌÓÒÚË „ÂÌÓÏ‡. ÑÛ„ÓÈ 
QTL Ì‡ıÓ‰ËÚÒfl ‚ Ó·Î‡ÒÚË mTORC1 „ÂÌ‡, ÍÓ‰Ë-
Û˛˘Â„Ó Â„ÛÎflÚÓÌ˚È ·ÂÎÓÍ ÏË¯ÂÌË ‡Ô‡ÏËˆË-
Ì‡ ÏÎÂÍÓÔËÚ‡˛˘Ëı. ÉÂÌ mTORC1 ‚Ó‚ÎÂ˜ÂÌ ‚ Â-
„ÛÎflˆË˛ í-ÍÎÂÚÓ˜ÌÓÈ ‡ÍÚË‚ÌÓÒÚË, ‡ Â„Ó ‰ÂÎÂˆËfl 
Û Î‡·Ó‡ÚÓÌ˚ı Ï˚¯ÂÈ ÔË‚Ó‰ËÚ Í ÚflÊÂÎÓÏÛ ÚÂ˜Â-
ÌË˛ ‚ÓÒÔ‡ÎËÚÂÎ¸Ì˚ı Á‡·ÓÎÂ‚‡ÌËÈ [13]. ÇÒÂ ÓÔË-
Ò‡ÌÌ˚Â ÎÓÍÛÒ˚ ·˚ÎË Ó·Ì‡ÛÊÂÌ˚ Ò ÔÓÏÓ˘¸˛ 
GWAS. 
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ç‡ BTA20 Ì‡È‰ÂÌ Ò‚flÁ‡ÌÌ˚È Ò ÔÂ‰‡ÒÔÓÎÓ-
ÊÂÌÌÓÒÚ¸˛ Í Ï‡ÒÚËÚÛ QTL, ÒÓ‰ÂÊ‡˘ËÈ „ÂÌ C9, 
ÍÓ‰ËÛ˛˘ËÈ ÍÓÏÔÓÌÂÌÚ ÍÓÏÔÎÂÏÂÌÚ‡, ÓÚ‚ÂÚÒÚ‚ÂÌ-
Ì˚È Á‡ ÙÓÏËÓ‚‡ÌËÂ ÏÂÏ·‡ÌÌÓ-‡Ú‡ÍÛ˛˘Â„Ó 
ÍÓÏÔÎÂÍÒ‡ [20]. í‡ÍÊÂ, BTA20 ÒÓ‰ÂÊ‡Î‡ QTL, 
Ò‚flÁ‡ÌÌ˚È Ò SCS, Í ÍÓÚÓÓÏÛ ÔËÌ‡‰ÎÂÊ‡Î SNP 
Ì‡ „ÂÌÂ IL31Rα, ÍÓ‰ËÛ˛˘ËÈ ÂˆÂÔÚÓ ËÌÚÂ-
ÎÂÈÍËÌ‡-31 Ä [15]. ëÛ‰fl ÔÓ ‚ÒÂÏÛ, IL-31 Ë„‡ÂÚ 
‚‡ÊÌÛ˛ ÓÎ¸ ‚ Ô‡ÚÓ„ÂÌÂÁÂ ‡ÚÓÔË˜ÂÒÍÓ„Ó ‰ÂÏ‡-
ÚËÚ‡, Ú‡Í Í‡Í ÏÓÌÓÍÎÓÌ‡Î¸Ì˚Â ‡ÌÚËÚÂÎ‡ ÔÓÚË‚ 
˝ÚÓ„Ó ÏÂ‰Ë‡ÚÓ‡ ÔËÏÂÌfl˛ÚÒfl ‰Îfl ÎÂ˜ÂÌËfl Á‡·Ó-
ÎÂ‚‡ÌËfl Û ÒÓ·‡Í [21]. ÇÍÎ‡‰ ‰‡ÌÌÓ„Ó ËÌÚÂÎÂÈ-
ÍËÌ‡ ‚ ‡Á‚ËÚËÂ ‡ÚÓÔË˜ÂÒÍÓ„Ó ‰ÂÏ‡ÚËÚ‡ „Ó‚ÓËÚ 
Ó Â„Ó ‚‡ÊÌÓÈ ÓÎË ‚ Â„ÛÎflˆËË ÍÎÂÚÓ˜ÌÓ„Ó ̂ ËÍÎ‡.  

ç‡ ˝ÚÓÈ ÊÂ ıÓÏÓÒÓÏÂ ·˚Î Ó·Ì‡ÛÊÂÌ ÎÓÍÛÒ, 
‡ÒÔÓÎÓÊÂÌÌ˚È ‚ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓÈ ·ÎËÁÓÒÚË ÓÚ 
„ÂÌ‡ LIFR, ÍÓ‰ËÛ˛˘Â„Ó α ÒÛ·˙Â‰ËÌËˆÛ ÂˆÂÔ-
ÚÓ‡ Ù‡ÍÚÓ‡ ËÌ„Ë·ËÓ‚‡ÌËfl ÎÂÈÍÂÏËË [22]. êÂ-
ÁÛÎ¸Ú‡Ú˚ ÔÓÎÛ˜ÂÌ˚ Ò ÔÓÏÓ˘¸˛ GWAS ÔË ÔË-
ÏÂÌÂÌËË SNP-˜ËÔÓ‚ ‚˚ÒÓÍÓÈ ÔÎÓÚÌÓÒÚË. î‡ÍÚÓ 
ËÌ„Ë·ËÓ‚‡ÌËfl ÎÂÈÍÂÏËË — ÏÌÓ„ÓÙÛÌÍˆËÓÌ‡Î¸-
Ì˚È ˆËÚÓÍËÌ, ‚ÎËfl˛˘ËÈ Ì‡ ‰ËÙÙÂÂÌˆËÓ‚ÍÛ 
Ë ÔÓÎËÙÂ‡ˆË˛ ¯ËÓÍÓ„Ó ÒÔÂÍÚ‡ ÍÎÂÚÓÍ Ó„‡-
ÌËÁÏ‡, ‚ ÚÓÏ ̃ ËÒÎÂ „ÂÏÓÔÓ˝ÚË˜ÂÒÍËı ÍÎÂÚÓÍ ÒÂÎÂ-
ÁÂÌÍË Ë ÍÓÒÚÌÓ„Ó ÏÓÁ„‡ [23]. 

àÒÒÎÂ‰Ó‚‡ÌËÂ, ÔÓ‚Â‰ÂÌÌÓÂ Ì‡ „ÓÎ¯ÚËÌÒÍÓÏ 
ÒÍÓÚÂ ÍËÚ‡ÈÒÍÓÈ ÔÓÔÛÎflˆËË, ÔÓÍ‡Á‡ÎÓ ÁÌ‡˜ËÚÂÎ¸-
ÌÛ˛ ‚Á‡ËÏÓÒ‚flÁ¸ „ÂÌÓ‚ STAT5A Ë JAK2 Ò SCS 
[24]. ÑÎfl ÔÓ‚Â‰ÂÌËfl ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ÁflÎË Ó·‡Á-
ˆ˚ ÍÓ‚Ë 268 ÊË‚ÓÚÌ˚ı, ‚˚‰ÂÎÂÌÌÛ˛ ËÁ ÒÛ·ÒÚ‡-
Ú‡ Ñçä ‡ÏÔÎËÙËˆËÓ‚‡ÎË, ‡ Á‡ÚÂÏ ËÒÒÎÂ‰Ó‚‡ÎË 
Ò ÔÓÏÓ˘¸˛ SNaPshot ÏÂÚÓ‰‡. JAK-STAT — ÒË„-
Ì‡Î¸Ì˚È ÔÛÚ¸, Â„ÛÎËÛ˛˘ËÈ Ú‡ÍËÂ ÔÓˆÂÒÒ˚, Í‡Í 
ËÏÏÛÌËÚÂÚ, ‰ÂÎÂÌËÂ ÍÎÂÚÓÍ, Ëı „Ë·ÂÎ¸ Ë Ó·‡ÁÓ-
‚‡ÌËÂ ÓÔÛıÓÎÂÈ. äÓÏÂ ÚÓ„Ó, ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ 
‰‡ÌÌ˚È ÔÛÚ¸ Ú‡ÍÊÂ ‚ÎËflÂÚ Ì‡ ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸ ÊË-
‚ÓÚÌ˚ı. ç‡ÔËÏÂ, ‚ ËÒÒÎÂ‰Ó‚‡ÌËflı Ì‡ Éå-Ï˚-
¯‡ı Ò ‚˚ÍÎ˛˜ÂÌÌ˚Ï STAT5 ‚˚fl‚ËÎË, ˜ÚÓ Ú‡ÍËÂ 
ÊË‚ÓÚÌ˚Â ËÏÂÎË ÏÂÌ¸¯Û˛ Ï‡ÒÒÛ ÚÂÎ‡, ‡ Ú‡ÍÊÂ ÌÂ 
Î‡ÍÚËÓ‚‡ÎË, ̃ ÚÓ, ÔÓ ‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, ÔÓËÒıÓ‰ËÎÓ 
ËÁ-Á‡ Ì‡Û¯ÂÌËfl ‚ÓÒÔËflÚËfl „ÓÏÓÌ‡ ÓÒÚ‡ Ë ÔÓ-
Î‡ÍÚËÌ‡ [25]. 

í‡ ÊÂ „ÛÔÔ‡ Û˜fiÌ˚ı Ó·Ì‡ÛÊËÎ‡ ̃ ÂÚÍÛ˛ ‚Á‡-
ËÏÓÒ‚flÁ¸ ÏÂÊ‰Û ‡ÎÎÂÎ¸Ì˚ÏË ‚‡Ë‡ÌÚ‡ÏË „ÂÌ‡ 
TRAPPC9 Ë SCS ÏÓÎÓÍ‡. êÂÁÛÎ¸Ú‡Ú˚ ·˚ÎË ÔÓ-
ÎÛ˜ÂÌ˚ ‚ ıÓ‰Â ÔÓÎÌÓ„ÂÌÓÏÌÓ„Ó ‡ÒÒÓˆË‡ÚË‚ÌÓ„Ó 
ËÒÒÎÂ‰Ó‚‡ÌËfl. ÄÄ ‚‡Ë‡ÌÚ SNP (ARS-BFGL-NGS- 
100480) „ÂÌ‡ ·˚Î Ò‚flÁ‡Ì Ò Á‡ÏÂÚÌÓ ·ÓÎÂÂ ‚˚ÒÓÍËÏ 
ÍÓÎË˜ÂÒÚ‚ÓÏ ÒÓÏ‡ÚË˜ÂÒÍËı ÍÎÂÚÓÍ ‚ ÏÓÎÓÍÂ, ˜ÂÏ 
‰‚‡ ‰Û„Ëı „ÂÌÓÚËÔ‡ [20].  

èÓ‰Ó·ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ „ÂÌÓÏ‡, ‚˚fl‚ÎÂÌËÂ ÌÓ-
‚˚ı ÁÌ‡˜ËÏ˚ı ÎÓÍÛÒÓ‚ ÛÒÚÓÈ˜Ë‚ÓÒÚË Í Ï‡ÒÚËÚÛ, 
‡ Ú‡ÍÊÂ QTL, ‚ÌÓÒfl˘Ëı ‚ÍÎ‡‰ ‚ ÔÓfl‚ÎÂÌËÂ ÔÓ-
ÎÂÁÌ˚ı ÔËÁÌ‡ÍÓ‚, Ò‚flÁ‡ÌÌ˚ı, Ì‡ÔËÏÂ, Ò Í‡˜Â-
ÒÚ‚ÓÏ ÏÓÎÓÍ‡ Ë ˝ÍÒÚÂ¸Â‡, ‰ÂÎ‡ÂÚ ÓˆÂÌÍÛ „ÂÌÂ-

ÚË˜ÂÒÍÓ„Ó ÔÓÚÂÌˆË‡Î‡ ÊË‚ÓÚÌ˚ı ·ÓÎÂÂ ‰ÓÒÚÓ‚Â-
ÌÓÈ, ÔÓÁ‚ÓÎflfl ÔÓ„ÌÓÁËÓ‚‡Ú¸ ÂÁÛÎ¸Ú‡Ú ÔÓ‰·Ó‡ 
Ó‰ËÚÂÎ¸ÒÍËı Ô‡. í‡ÍËÏ Ó·‡ÁÓÏ, ÒÚ‡ÌÓ‚ËÚÒfl ‚ÓÁ-
ÏÓÊÌ˚Ï „‡‡ÌÚËÓ‚‡ÌÌÓÂ ÔÓÎÛ˜ÂÌËÂ ÔÓ‰ÛÍÚË‚-
ÌÓ„Ó ÔÓÚÓÏÒÚ‚‡. é‰ÌËÏ ËÁ ÔËÏÂÓ‚ ÛÒÔÂı‡ ÓÚÂ-
˜ÂÒÚ‚ÂÌÌÓÈ ÒÂÎÂÍˆËÓÌÌÓÈ ‡·ÓÚ˚ fl‚ÎflÂÚÒfl ·˚Í 
ãË‰Â 395, ÔÓÎÛ˜ÂÌÌ˚È Ì‡ ·‡ÁÂ ë‡ÌÍÚ-èÂÚÂ·Û„-
ÒÍÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡ ‚ÂÚÂËÌ‡ÌÓÈ ÏÂ‰ËˆËÌ˚. ÑÎfl 
ÔÓ‰·Ó‡ ÓÔÚËÏ‡Î¸Ì˚ı „ÂÌÂÚË˜ÂÒÍËı ÒÓ˜ÂÚ‡ÌËÈ 
·˚ÎÓ ‚˚ÔÓÎÌÂÌÓ ÔÂ‰‚‡ËÚÂÎ¸ÌÓÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ 
ˆÂÌÌÓÒÚË ÊË‚ÓÚÌ˚ı ‚ ÎÛ˜¯Ëı ÔÎÂÏÂÌÌ˚ı ıÓÁflÈ-
ÒÚ‚‡ı ãÂÌËÌ„‡‰ÒÍÓÈ Ó·Î‡ÒÚË, ‚ ÂÁÛÎ¸Ú‡ÚÂ ÍÓÚÓÓ-
„Ó ÓÚÓ·‡ÎË ÌÂÒÍÓÎ¸ÍÓ ÚÂÎÓÍ. ÜË‚ÓÚÌ˚ı ÓÒÂÏÂÌË-
ÎË ÒÔÂÏÓÈ ‚˚ÒÓÍÓˆÂÌÌ˚ı ·˚ÍÓ‚-ÔÓËÁ‚Ó‰ËÚÂÎÂÈ. 
ãË‰Â 395 — ·˚Í, ÔÓÎÛ˜ÂÌÌ˚È ÓÚ ÚÂÎÍË éÏ‡‡, 
‰Ó˜ÂË ·˚Í‡ — Duke 3125201993, ÓˆÂÌÂÌÌÓ„Ó  
‚ ëòÄ ÔÓ 7242 ‰Ó˜ÂflÏ, Ë ·˚Í‡ Richmond-fd el 
bombero-et, ÓˆÂÌÂÌÌÓ„Ó ÔÓ 8625 ‰Ó˜ÂflÏ ‚ 2888 
ÒÚ‡‰‡ı. ëÓ„Î‡ÒÌÓ ‡Ì‡ÎËÁÛ, ÔÓ‚Â‰ÂÌÌÓÈ Holstein 
Association USA, ÔÓÎÛ˜ÂÌÌ˚È ·˚˜ÓÍ ËÏÂÂÚ ‚˚ÒÓ-
ÍËÈ ÔÓÚÂÌˆË‡Î ÓÚÌÓÒËÚÂÎ¸ÌÓ ıÓÁflÈÒÚ‚ÂÌÌÓ ÔÓÎÂÁ-
Ì˚ı ˜ÂÚ, Ú‡ÍËı Í‡Í ÊËÌÓÒÚ¸ ÏÓÎÓÍ‡ Û ‰Ó˜ÂÂÈ 
(+24 Í„), ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸ ÔÓ‰ÛÍÚË‚ÌÓÈ ÊËÁ-
ÌË ‚ ÒÚ‡‰Â (+2,4 ÏÂÒflˆ‡), ÎÂ„ÍÓÒÚ¸ ÓÚfiÎ‡ (1,9 ‰Îfl 
ÚÂÎflÚ ÊÂÌÒÍÓ„Ó Ë 2,2 ÚÂÎflÚ ÏÛÊÒÍÓ„Ó ÔÓÎ‡). äÓ-
ÏÂ ÚÓ„Ó, ‰Îfl Â„Ó ‰Ó˜ÂÂÈ ·Û‰ÂÚ ı‡‡ÍÚÂÂÌ ÔÓÎÓÊË-
ÚÂÎ¸Ì˚È ËÌ‰ÂÍÒ Ï‡ÒÚËÚÓÛÒÚÓÈ˜Ë‚ÓÒÚË (1,2) Ë ÊÂ-
Î‡ÚÂÎ¸Ì˚È ·‡ÎÎ ÔÓ SCS (2,71). èÓÎÓÊËÚÂÎ¸ÌÓÂ 
‚ÎËflÌËÂ ·˚Í ·Û‰ÂÚ ÓÍ‡Á˚‚‡Ú¸ Ì‡ ÙÓÏÛ ‚˚ÏÂÌË 
ÔÓÚÓÏÒÚ‚‡ (1,66). àÌ‰ÂÍÒ Ó·˘ÂÈ ̂ ÂÌÌÓÒÚË ÊË‚ÓÚ-
ÌÓ„Ó (TPI) ‰ÓÒÚË„‡ÂÚ ‚˚ÒÓÍÓÈ ÓÚÏÂÚÍË ‚ 2408 ·‡Î-
ÎÓ‚, ˜ÚÓ Ì‡ 133 ·‡ÎÎ‡ ÔÂ‚˚¯‡ÂÚ Ú‡ÍÓ‚ÓÈ Û Â„Ó 
Ï‡ÚÂË. í‡ÍËÏ Ó·‡ÁÓÏ, ‰‡ÌÌ˚È ÔÓËÁ‚Ó‰ËÚÂÎ¸ ÔÓ 
Ò‚ÓËÏ ı‡‡ÍÚÂËÒÚËÍ‡Ï ·ÎËÁÓÍ Í ÚÓÔ-100 ·˚ÍÓ‚ 
Holstein Association USA Ë ÔË„Ó‰ÂÌ ‰Îfl ËÒÔÓÎ¸-
ÁÓ‚‡ÌËfl Ì‡ ÔÎÂÏÂÌÌ˚ı ÒÚ‡ÌˆËflı ‚ ÓÎË ÛÎÛ˜¯‡-
ÚÂÎfl, ÛÊÂ ÒÂÈ˜‡Ò ÓÌ ÔÓÎ¸ÁÛÂÚÒfl ÒÔÓÒÓÏ ÒÂ‰Ë 
ËÌ‰ÛÒÚË‡Î¸Ì˚ı Ô‡ÚÌÂÓ‚ ÛÌË‚ÂÒËÚÂÚ‡ ‚ÂÚÂË-
Ì‡ÌÓÈ ÏÂ‰ËˆËÌ˚.  

àÁ ÔË‚Â‰ÂÌÌ˚ı ‚˚¯Â ‰‡ÌÌ˚ı ÏÓÊÌÓ Á‡Í- 
Î˛˜ËÚ¸, ˜ÚÓ ·ÓÎ¸¯‡fl ˜‡ÒÚ¸ „ÂÌÓ‚, Ú‡ÍËÂ Í‡Í 
TMPRSS11D, IGJ, RASGRP1, mTORC1 Ë Ú.‰., 
Ò‚flÁ‡ÌÌ˚ı Ò ˜‡ÒÚÓÚÓÈ ÔÓfl‚ÎÂÌËfl ÍÎËÌË˜ÂÒÍÓ„Ó 
Ï‡ÒÚËÚ‡, ÓÒÛ˘ÂÒÚ‚ÎflÂÚ Á‡˘ËÚÌÛ˛ ÙÛÌÍˆË˛, ÏÓ-
‰ÛÎËÛfl ËÏÏÛÌËÚÂÚ ËÎË ÌÂÒÔÂˆËÙË˜ÂÒÍÛ˛ ÂÁË-
ÒÚÂÌÚÌÓÒÚ¸. èÓ‰Ó·Ì‡fl ‚Á‡ËÏÓÒ‚flÁ¸ ‚˚„Îfl‰ËÚ Á‡ÍÓ-
ÌÓÏÂÌÓÈ Ë ÔË ̋ ÚÓÏ ÔÓ‰ÌËÏ‡ÂÚ ‚ÓÔÓÒ, Í‡ÍËÂ Â˘Â 
„ÂÌ˚ ËÏÏÛÌÌÓÈ ÒËÒÚÂÏ˚ ‚ÌÓÒflÚ ·ÓÎ¸¯ÓÈ ‚ÍÎ‡‰ 
‚ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ ÒÍÓÚ‡ Í Ï‡ÒÚËÚÛ? çÂÍÓÚÓ˚Â ËÁ „Â-
ÌÓ‚, ÍÓÂÎËÛ˛˘ËÂ Ò SCS ‚ ÏÓÎÓÍÂ, ÒÂ‰Ë ÌËı 
BRCA1 Ë Y RNA, IL31Rα, ÍÓÌÚÓÎËÛ˛Ú ÍÎÂÚÓ˜-
Ì˚È ˆËÍÎ ËÎË ÏÓ‰ÛÎËÛ˛Ú ‡ÛÚÓËÏÏÛÌÌ˚Â ÔÓ-
ˆÂÒÒ˚, ̃ ÚÓ Á‡ÒÚ‡‚ÎflÂÚ Á‡‰ÛÏ‡Ú¸Òfl, fl‚ÎflÂÚÒfl ÎË SCS 
‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â ‰ÓÒÚÓ‚ÂÌ˚Ï Ï‡ÍÂÓÏ ÂÁË-
ÒÚÂÌÚÌÓÒÚË ËÎË ÔÓ‚˚¯ÂÌËÂ ‰‡ÌÌÓ„Ó ÔÓÍ‡Á‡ÚÂÎfl 
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Ò‚flÁ‡ÌÓ Ò ÔÓÒÚÓÓÌÌËÏË ÔÓˆÂÒÒ‡ÏË. Ç ÌÂÍÓÚÓ-
˚ı ÒÎÛ˜‡flı Ì‡·Î˛‰‡ÂÚÒfl ÔÂÂÒÂ˜ÂÌËÂ Ï‡ÍÂÓ‚ 
‚˚ÒÓÍÓÈ ÏÓÎÓ˜ÌÓÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚË Ò ‡ÎÎÂÎflÏË ÌËÁ-
ÍÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË Í Ï‡ÒÚËÚÛ, Ì‡ÔËÏÂ, ‰Îfl GC, 
NPFF Ë DGAT1, ÔË˜ÂÏ ˝ÙÙÂÍÚ „ÂÌÂÚË˜ÂÒÍËı 
‚‡Ë‡ÌÚÓ‚ fl‚ÎflÂÚÒfl ‡ÁÌÓÌ‡Ô‡‚ÎÂÌÌ˚Ï. ì˜ËÚ˚-
‚‡fl ‚ÓÁÏÓÊÌÓÒÚ¸ ÎÂ˜ÂÌËfl Ë ÔÓÙËÎ‡ÍÚËÍË Ï‡ÒÚËÚ‡, 
ÏÓÎÓ˜Ì‡fl ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸ ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â fl‚-
ÎflÂÚÒfl ·ÓÎ¸¯ËÏ ÔËÓËÚÂÚÓÏ, ÔÓ˝ÚÓÏÛ ‚ Í‡˜ÂÒÚ‚Â 
Ó‰ÌÓ„Ó ËÁ ÔÛÚÂÈ ÔÂÓ‰ÓÎÂÌËfl ‰‡ÌÌÓÈ ÔÓ·ÎÂÏ˚ 
ÏÓÊÌÓ ÔÂ‰ÎÓÊËÚ¸ Û‡‚ÌÓ‚Â¯Ë‚‡ÌËÂ ÌÂ‚˚„Ó‰-
Ì˚ı ‰Îfl ÛÒÚÓÈ˜Ë‚ÓÒÚË ‡ÎÎÂÎÂÈ, Ò‚flÁ‡ÌÌ˚ı Ò ‚˚-
ÒÓÍÓÈ ÔÓ‰ÛÍÚË‚ÌÓÒÚ¸˛, «ÒËÎ¸Ì˚ÏË» ‡ÎÎÂÎflÏË 
„ÂÌÓ‚, ÓÚ‚Â˜‡˛˘Ëı ËÒÍÎ˛˜ËÚÂÎ¸ÌÓ Á‡ ËÏÏÛÌÌÛ˛ 
ÙÛÌÍˆË˛. Ñ‡Î¸ÌÂÈ¯Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ÚÂ·ÛÂÚ ‚Á‡-

ËÏÓÒ‚flÁ¸ ·ÂÎÍÓ‚Ó„Ó ÒÓÒÚ‡‚‡ ÏÓÎÓÍ‡ Ò ÛÒÚÓÈ˜Ë-
‚ÓÒÚ¸˛ Í ‚ÓÒÔ‡ÎËÚÂÎ¸Ì˚Ï Á‡·ÓÎÂ‚‡ÌËflÏ ‚˚ÏÂÌË.  

èÓÏÓ˘¸ ‚ Â¯ÂÌËË ‚ÓÔÓÒ‡ ÔÓ‚˚¯ÂÌËfl ÛÒÚÓÈ-
˜Ë‚ÓÒÚË ÒÚ‡‰ Í Ï‡ÒÚËÚÛ ÏÓ„ÎÓ ·˚ ÓÍ‡Á‡Ú¸ ËÁÛ˜Â-
ÌËÂ „ÂÌÓÙÓÌ‰‡ ËÌ˚ı ÏÓÎÓ˜Ì˚ı ÔÓÓ‰ ÍÛÔÌÓ„Ó 
Ó„‡ÚÓ„Ó ÒÍÓÚ‡. èÓËÒÍ ÌÓ‚˚ı „ÂÌÂÚË˜ÂÒÍËı ‚‡Ë-
‡ÌÚÓ‚ ‚ÓÁÏÓÊÂÌ Û ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ̃ ÂÌÓ-ÔÂÒÚÓÈ, 
ÒËÏÏÂÌÚ‡Î¸ÒÍÓÈ, ıÓÎÏÓ„ÓÒÍ‡fl, Í‡ÒÌÓÈ ÒÚÂÔÌÓÈ, 
Í‡ÒÌÓ-ÔÂÒÚÓÈ, ‡È¯ËÒÍÓÈ, flÓÒÎ‡‚ÒÍÓÈ ÔÓÓ‰. 
çÂÓ·ıÓ‰ËÏÓ Ì‡ıÓ‰ËÚ¸ Ë ‡ÒÒÏ‡ÚË‚‡Ú¸ Ì‡Ë·ÓÎÂÂ 
ÛÒÚÓÈ˜Ë‚˚Â ‚ÌÛÚËÔÓÓ‰Ì˚Â ÎËÌËË.  

Ç ̂ ÂÎÓÏ, ‡·ÓÚ‡ ÔÓ ÔÓËÒÍÛ „ÂÌÂÚË˜ÂÒÍËı ÓÒÌÓ‚ 
ÛÒÚÓÈ˜Ë‚ÓÒÚË ÏÓÎÓ˜ÌÓ„Ó ÒÍÓÚ‡ Í Ï‡ÒÚËÚÛ ÌÂ Á‡‚Â-
¯ÂÌ‡ Ë ‰Ó ÒËı ÔÓ fl‚ÎflÂÚÒfl ÔÂÒÔÂÍÚË‚Ì˚Ï Ì‡-
Ô‡‚ÎÂÌËÂÏ ‰Îfl ÒÂÎÂÍˆËË. 

ГЕНЕТИКА И РАЗВЕДЕНИЕ ЖИВОТНЫХ 1/2022

50 А. О. Беликова   ©

Литература 

1. He W. Prevalence, etiology, and economic impact of clinical mastitis on large dairy farms in China / 
W. He, S. Ma, L. Lei, J. He, X. Li, J. Tao …C. Wu // Veterinary Microbiology. — 2019; 108570. 
doi:10.1016/j.vetmic.2019.108570.  

2. Raboisson D. The use of meta-analysis for the measurement of animal disease burden: losses due to clinical 
mastitis as an example / D. Raboisson, A. Ferchiou, B. Pinior, T. Gautier, P. Sans, G. Lhermie // 
Frontiers in Veterinary Science. — 2020. — ‹ 7. doi:10.3389/fvets.2020.00149.  

3. Misztal I. Emerging issues in genomic selection / I. Misztal, I. Aguilar, D. Lourenco, L. Ma, J. P. Steibel, 
M. Toro // Journal of Animal Science. — 2021. — ‹ 99(6). doi:10.1093/jas/skab092.  

4. èÎÂÏfl¯Ó‚ ä. ÉÂÌÓÏÌ‡fl ÒÂÎÂÍˆËfl — ·Û‰Û˘ÂÂ ÊË‚ÓÚÌÓ‚Ó‰ÒÚ‚‡ / ä. èÎÂÏfl¯Ó‚ // ÜË‚ÓÚÌÓ‚Ó‰ÒÚ‚Ó 
êÓÒÒËË. — 2014. — ‹ 5. — ë. 2–4.  

5. Martin P. Symposium review: Novel strategies to genetically improve mastitis resistance in dairy cattle / 
P. Martin, H. W. Barkema, L. F. Brito, S. G. Narayana, F. Miglior // Journal of Dairy Science. — 
2018. — ‹101(3). — ê. 2724–2736. doi:10.3168/jds.2017-13554. 

6. Moretti R. Identification of SNPs Associated with Somatic Cell Score in Candidate Genes in Italian 
Holstein Friesian Bulls / R. Moretti, D. Soglia, S. Chessa, S. Sartore, R. Finocchiaro, R. Rasero,  
P. Sacchi // Animals. — 2021. — ‹ 11(2). — ê. 366. doi: 10.3390/ani11020366.  

7. Abdel-Shafy H. Short communication: Validation of somatic cell score–associated loci identified in a genome-
wide association study in German Holstein cattle / H. Abdel-Shafy, R. H. Bortfeldt, M. Reissmann, 
G. A. Brockmann // Journal of Dairy Science. — 2014. — ‹97(4). — ê. 2481–2486. doi: 10.3168/ 
jds.2013-7149.  

8. Wu X. Association analysis for udder health based on SNP-panel and sequence data in Danish Holsteins / 
X. Wu, M. S. Lund, G. Sahana, B. Guldbrandtsen, D. Sun, Q. Zhang, G. Su // Genetics Selection 
Evolution. — 2015. — ‹ 47(1). doi: 10.1186/s12711-015-0129-1. 

9. Byron, M. J. Immunoglobulin J chain as a non-invasive indicator of pregnancy in the cheetah (Acinonyx 
Jubatus) / M. J. Byron, D. C. Koester, K. L. Edwards, P. E. Mozdziak, C. E. Farin, A. E. Crosier // 
PLOS ONE. — 2020. — ‹ 15(2). — e0225354. doi:10.1371/journal.pone.0225354. 

10. Abdel-Shafy H. Single nucleotide polymorphism and haplotype effects associated with somatic cell score 
in German Holstein cattle / H. Abdel-Shafy, R. H. Bortfeldt, J. Tetens, G. A. Brockmann // Genetics 
Selection Evolution. — 2014. — ‹ 46(1). — ê. 35. doi: 10.1186/1297-9686-46-35.  

11. Jiang, J. Large-Scale Genome-Wide Association Study in U.S. Holstein Cattle / J. Jiang, L. Ma, D. Prakapen-
ka, P. M. VanRaden, J. B. Cole, Y. A. Da // Frontiers in Genetics. — 2019. — ‹ 10. — doi: 
10.3389/fgene.2019.00412.  

12. Cai Z. Distinguishing pleiotropy from linked QTL between milk production traits and mastitis resistance 
in Nordic Holstein cattle / Z. Cai, M. Dusza, B. Guldbrandtsen, M. L. Sand¯, G. Sahana // Genet 
Sel Evol. — 2020. — ‹ 52. — ê. 19. doi: 10.1186/s12711-020-00538-6.  



Рубрика: Молекулярная генетика

51Генетические основы устойчивости молочного скота к маститу

13. Sahana G. Genome-wide association study using high-density single nucleotide polymorphism arrays and 
whole-genome sequences for clinical mastitis traits in dairy cattle / G. Sahana, B. Guldbrandtsen,  
B. Thomsen, L. E. Holm, F. Panitz, R. F. Brondum et al. // J. Dairy Sci. — 2014. — ‹ 97. — ê. 7258– 
7275. doi: 10.3168/jds.2014-8141. 

14. Kim J. Human β-defensin 2 is involved in CCR2-mediated Nod2 signal transduction, leading to activation 
of the innate immune response in macrophages / J. Kim, Y. L. Yang, Y.-S. Jang // Immunobiology. — 
2019. doi:10.1016/j.imbio.2019.05.004.  

15. Meredith B. K. A genome-wide association study for somatic cell score using the Illumina high-density 
bovine beadchip identifies several novel QTL potentially related to mastitis susceptibility / B. K. Mered-
ith, D. P. Berry, F. Kearney, E. K. Finlay, A. G. Fahey, D. G. Bradley, D. J. Lynn. — Frontiers in 
Genetics. — 2013. — ‹ 46. — ê. 1–10. doi: 10.3389/fgene.2013.00229.  

16. Kurz J. P. A genome-wide association study for mastitis resistance in phenotypically well-characterized 
Holstein dairy cattle using a selective genotyping approach / J. P. Kurz, Z. Yang, R. B. Weiss, D. J. Wil-
son, K. A. Rood, G. E. Liu, Z. Wang // Immunogenetics. — 2018. doi:10.1007/s00251-018-1088-9.  

17. Sahana G. Genome-wide association study using high-density single nucleotide polymorphism arrays and 
whole-genome sequences for clinical mastitis traits in dairy cattle1 / G. Sahana, B. Guldbrandtsen,  
B. Thomsen, L.-E. Holm, F. Panitz, R. F. Br¯ndum… M. S. Lund // Journal of Dairy Science. — 
2014. — ‹ 97(11). — 7258–7275. doi:10.3168/jds.2014-8141.  

18. Darwish H. Y. A. Molecular cloning and characterization of the endothelin 3 gene in black bone sheep / 
H. Y. A. Darwish, Y. Zhang, K. Cui, Z. Yang, D. Han, X. Dong, … X. Deng // Journal of Animal Sci-
ence and Biotechnology. — 2018. — ‹ 9(1). doi: 10.1186/s40104-018-0272-y.  

19. Yuan, Z. BRCA1: a new candidate gene for bovine mastitis and its association analysis between single 
nucleotide polymorphisms and milk somatic cell score / Z. Yuan, G. Chu, Y. Dan, J. Li, L. Zhang, 
X. Gao, … Z. Liu // Molecular Biology Reports. — 2012. — ‹ 39(6). — ê. 6625–6631. doi: 
10.1007/s11033-012-1467-5. 

20. Wang X. Genome-wide association study in Chinese Holstein cows reveal two candidate genes for somatic 
cell score as an indicator for mastitis susceptibility / X. Wang, P. Ma, J. Liu, Q. Zhang, Y. Zhang, 
X. Ding,… Y. Yu // BMC Genetics. — 2015. — ‹ 16(1). doi: 10.1186/s12863-015-0263-3.  

21. Moyaert H. A blinded, randomized clinical trial evaluating the efficacy and safety of lokivetmab compared 
to ciclosporin in client-owned dogs with atopic dermatitis / H. Moyaert, L. Van Brussel, S. Borowski, 
M. Escalada, S. P. Mahabir, R. R. Walters, M. R. Stegemann // Veterinary Dermatology. — 2017. — 
‹ 28(6). — ê. 593–606. doi:10.1111/vde.12478.  

22. Wu B. Deoxycytidine Kinase (DCK) Mutations in Human Acute Myeloid Leukemia Resistant to Cy-
tarabine / B. Wu, Z. J. Mao, Z. Wang, P. Wu, H. Huang, W. Zhao,… B. Yin, // Acta Haematologica. — 
2021. — ‹ 144(5). — ê. 534–541. doi:10.1159/000513696. 

23. Vaziri N. Leukemia inhibitory factor: A main controller of breast cancer / N. Vaziri, L. Shariati, S. H. Ja-
vanmard // Journal of Biosciences. — 2020. — ‹ 45(1). doi: 10.1007/s12038-020-00115-5.  

24. Khan, M. Z. Significant genetic effects of JAK2 and DGAT1 mutations on milk fat content and mastitis 
resistance in Holsteins / M. Z. Khan, D. Wang, L. Liu, T. Usman, H. Wen, R. Zhang, … Y. Yu // 
Journal of Dairy Research. — 2019. — ‹ 1–6. doi: 10.1017/s0022029919000682.  

25. Usman T. Genetic effects of single nucleotide polymorphisms in JAK2 and STAT5A genes on suscepti-
bility of Chinese Holsteins to mastitis / T. Usman, Y. Yu, C. Liu, X. Wang, Q. Zhang, Y. Wang // 
Molecular Biology Reports. — 2014. — ‹ 41(12). — ê. 8293–8301. doi: 10.1007/s11033-014-3730-4. 

Belikova A. 

Genetics of mastitis resistance in dairy cattle 
 
Abstract.  

Mastitis is one of the most common diseases of dairy cattle that appreciates the enormous losses of farm 
worldwide. Current treatment and prevention developed at the moment does not guarantee the reliable protection 
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of animals from the disease, given the polyethological nature of mastitis. An important method of combating 
this problem may be a selection aimed at improving the immunity of livestock to the inflammation of the breast. 

The purpose of the article was to search and systematize information on genes associated with the sus-
tainability of dairy cattle towards the development of clinical mastitis and SCS in milk, mainly among the Holstein 
breed. Also, the publication presents data on the genomic assessment of the bull leader 395, obtained on the 
basis of St. Petersburg University of Veterinary Medicine, in terms of indicators related to the sustainability of 
the offspring to the Master. 

The relationship between the markers of high milk productivity and is low-resistant to the mastel, the protein 
composition of milk and the frequency of the inflammatory processes of udder. The general mechanisms for 
the formation of immunity, nonspecific resistance and stability to the mastel are illustrated. A correlation is in-
dicated between allele variants of genes regulating cell cycle or modulating autoimmune processes, and the 
SCS level in milk. When implementing a genomic estimate of the bull, the leader 395 was identified by its po-
tential as an improved indicators such as SCS, mastotustability, the form of udder, the fatness of milk in daughters. 

Keywords: breeding; mastitis; resistance; QTL; SCS; GWAS; Lider 395. 
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