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* éÌÍÓ‡ÌÚË„ÂÌ˚, ËÎË C/T-‡ÌÚË„ÂÌ˚ (Cancer/Testis-
antigens), ‚˚Á˚‚‡˛Ú ËÏÏÛÌÌ˚È ÓÚ‚ÂÚ ‚ ÁÎÓÍ‡˜Â-
ÒÚ‚ÂÌÌ˚ı ÓÔÛıÓÎflı, ·Û‰Û˜Ë ÔË ˝ÚÓÏ ˝Ì‰Ó„ÂÌÌ˚ÏË
·ÂÎÍ‡ÏË Ó„‡ÌËÁÏ‡ [1]. Ç ÌÓÏÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ
„ÂÌ˚ ˝ÍÒÔÂÒÒËÛ˛ÚÒfl ÚÓÎ¸ÍÓ ‚ ÍÎÂÚÍ‡ı Á‡Ó‰˚¯Â-
‚Ó„Ó ÔÛÚË Ë ‚ ÔÎ‡ˆÂÌÚÂ, Ë Ëı ÔÓ‰ÛÍÚ˚ ÏÓ„ÛÚ ·˚Ú¸
ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‚ Í‡˜ÂÒÚ‚Â Ï‡ÍÂÓ‚ ÔË ‡Á‡·ÓÚÍÂ
ÔÓÚË‚ÓÓÔÛıÓÎÂ‚ÓÈ ÚÂ‡ÔËË.

é‰ÌËÏ ËÁ ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ÒÂÏÂÈÒÚ‚ ÓÌÍÓ‡ÌÚË„Â-
ÌÓ‚ fl‚ÎflÂÚÒfl ÒÂÏÂÈÒÚ‚Ó SSX (Synovial Sarcoma X
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breakpoint). ÉÂÌ˚ ˝ÚËı ·ÂÎÍÓ‚ ˝ÍÒÔÂÒÒËÛ˛ÚÒfl ÔË
ÒËÌÓ‚Ë‡Î¸ÌÓÈ Ò‡ÍÓÏÂ [2, 3]. ÑÓ ÒËı ÔÓ ÌÂËÁ‚ÂÒÚÌ‡
Ëı ÓÎ¸ ‚ ‡Á‚ËÚËË ‰‡ÌÌÓÈ ÓÔÛıÓÎË. èÓÁ‰ÌÂÂ, ˝ÍÒ-
ÔÂÒÒËfl „ÂÌÓ‚ ̋ ÚÓ„Ó ÒÂÏÂÈÒÚ‚‡ ·˚Î‡ ÔÓÍ‡Á‡Ì‡ Ú‡ÍÊÂ
‚ ÍÎÂÚÍ‡ı ÁÎÓÍ‡˜ÂÒÚ‚ÂÌÌ˚ı ÓÔÛıÓÎÂÈ ‰Û„Ëı ÚËÔÓ‚,
‡ ËÏÂÌÌÓ, ÔË ÏÌÓÊÂÒÚ‚ÂÌÌ˚ı ÏËÂÎÓÏ‡ı [4, 5], ÙË·-
ÓÁÌ˚ı „ËÒÚËÓˆËÚÓÏ‡ı [6], „ÂÔ‡ÚÓÍÎÂÚÓ˜Ì˚ı Í‡ˆË-
ÌÓÏ‡ı [7], ‚ÌÛÚËÔÂ˜ÂÌÓ˜Ì˚ı ıÓÎ‡Ì„ËÓÍ‡ˆËÓÌÓÏ‡ı
[8], ÏÂÎ‡ÌÓÏ‡ı [9–11], ÎËÏÙÓÏ‡ı [10], ÌÂÈÓ·Î‡ÒÚÓ-
Ï‡ı [12], ÏÂÌËÌ„ËÓÏ‡ı Ë ‰Û„Ëı ÓÔÛıÓÎflı „ÓÎÓ‚ÌÓ„Ó
ÏÓÁ„‡ [13], ‡ Ú‡ÍÊÂ ÔË „ÂÏÓ·Î‡ÒÚÓÁ‡ı [14], ‡ÍÂ flË˜-
ÌËÍÓ‚ [10, 15, 16], ÍÓÒÚÂÈ Ë Ïfl„ÍËı ÚÍ‡ÌÂÈ [17], ˝Ì‰Ó-

ÉÂÌÓÏËÍ‡. í‡ÌÒÍËÔÚÓÏËÍ‡. èÓÚÂÓÏËÍ‡

ùÇéãûñàéççÄü àëíéêàü SSX-ëÖåÖâëíÇÄ

éçäéÄçíàÉÖçéÇ óÖãéÇÖäÄ

© 2009 „.   Ö. ç. òÛÒÚÓ‚‡1, à. à. ÄÚ‡ÏÓÌÓ‚‡2, 3*
1î‡ÍÛÎ¸ÚÂÚ ·ËÓËÌÊÂÌÂËË Ë ·ËÓËÌÙÓÏ‡ÚËÍË åÓÒÍÓ‚ÒÍÓ„Ó „ÓÒÛ‰‡ÒÚ‚ÂÌÌÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡

ËÏ. å.Ç. ãÓÏÓÌÓÒÓ‚‡, åÓÒÍ‚‡, 119992
2àÌÒÚËÚÛÚ Ó·˘ÂÈ „ÂÌÂÚËÍË ËÏ. ç.à. Ç‡‚ËÎÓ‚‡ êÓÒÒËÈÒÍÓÈ ‡Í‡‰ÂÏËË Ì‡ÛÍ, åÓÒÍ‚‡, 119991

3àÌÒÚËÚÛÚ ÔÓ·ÎÂÏ ÔÂÂ‰‡˜Ë ËÌÙÓÏ‡ˆËË ËÏ. Ä.Ä. ï‡ÍÂ‚Ë˜‡ êÓÒÒËÈÒÍÓÈ ‡Í‡‰ÂÏËË Ì‡ÛÍ, åÓÒÍ‚‡, 127994
èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ Ë ÔËÌflÚ‡ Í ÔÂ˜‡ÚË 25.02.2009 „.

èÂ‰ÒÚ‡‚ÎÂÌ‡ Í ÔÛ·ÎËÍ‡ˆËË å.ë. ÉÂÎ¸Ù‡Ì‰ÓÏ

éÌÍÓ‡ÌÚË„ÂÌ˚ (C/T-‡ÌÚË„ÂÌ˚) – ̋ ÚÓ ̋ Ì‰Ó„ÂÌÌ˚Â ·ÂÎÍË Ó„‡ÌËÁÏ‡, ÍÓÚÓ˚Â ÒËÌÚÂÁËÛ˛ÚÒfl ÔË ÌÓÏ‡Î¸-
ÌÓÏ ‡Á‚ËÚËË ÍÎÂÚÓÍ Á‡Ó‰˚¯Â‚Ó„Ó ÔÛÚË Ë ÔÎ‡ˆÂÌÚ˚, ‡ Ú‡ÍÊÂ ÔË ‡Á‚ËÚËË ÌÂÍÓÚÓ˚ı ‡ÍÓ‚˚ı ÓÔÛıÓ-
ÎÂÈ. éÌË ÏÓ„ÛÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‚ Í‡˜ÂÒÚ‚Â ÏË¯ÂÌÂÈ ÔË ‡Á‡·ÓÚÍÂ ÔÓÚË‚ÓÓÔÛıÓÎÂ‚ÓÈ ÚÂ‡ÔËË. ëÂ-
ÏÂÈÒÚ‚Ó SSX – Ó‰ÌÓ ËÁ ÒÂÏÂÈÒÚ‚ ÓÌÍÓ‡ÌÚË„ÂÌÓ‚. å˚ ËÒÒÎÂ‰Ó‚‡ÎË ˝‚ÓÎ˛ˆË˛ „ÂÌÓ‚ ˝ÚÓ„Ó ÒÂÏÂÈÒÚ‚‡ Ò ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÏÂÚÓ‰Ó‚ Ò‡‚ÌËÚÂÎ¸ÌÓÈ „ÂÌÓÏËÍË. ãÓÍÛÒ ÒÂÏÂÈÒÚ‚‡ ‚ „ÂÌÓÏÂ ̃ ÂÎÓ‚ÂÍ‡ ÒÓÒÚÓËÚ ËÁ 11 „ÂÌÓ‚,
‡ÒÔÓÎÓÊÂÌÌ˚ı Ì‡ ï-ıÓÏÓÒÓÏÂ ‚ ‰‚Ûı ÓÚ‰ÂÎ¸Ì˚ı Â„ËÓÌ‡ı Ì‡ ‡ÒÒÚÓflÌËË 4 ÏÎÌ. Ô. Ì. ‰Û„ ÓÚ ‰Û„‡. ÄÌ‡-
ÎËÁ ‰‡ÌÌ˚ı ÔÓ ̋ ÍÒÔÂÒÒËË ̋ ÚËı „ÂÌÓ‚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÚÓÏ, ̃ ÚÓ ‰‚‡ ËÁ ÌËı fl‚Îfl˛ÚÒfl ÔÒÂ‚‰Ó„ÂÌ‡ÏË. ë‡‚-
ÌÂÌËÂ ÎÓÍÛÒÓ‚ ÒÂÏÂÈÒÚ‚‡ SSX ‚ „ÂÌÓÏ‡ı ˜ÂÎÓ‚ÂÍ‡, ¯ËÏÔ‡ÌÁÂ Ë Ï˚¯Ë ÔÓÁ‚ÓÎËÎÓ ÓÔËÒ‡Ú¸ Ó·˘Û˛ ÙËÎÓ„Â-
ÌË˛ ÒÂÏÂÈÒÚ‚‡ Ë ‚ÓÒÒÚ‡ÌÓ‚ËÚ¸ ̋ ‚ÓÎ˛ˆËÓÌÌÛ˛ ËÒÚÓË˛ ‚ÒÂ„Ó ÎÓÍÛÒ‡ ‚ ÚÂÏËÌ‡ı ̋ ÎÂÏÂÌÚ‡Ì˚ı „ÂÌÓÏÌ˚ı
ÔÂÂÒÚÓÂÍ.

äÎ˛˜Â‚˚Â ÒÎÓ‚‡: ÓÌÍÓ‡ÌÚË„ÂÌ˚, C/T-‡ÌÚË„ÂÌ˚, „ÂÌÌÓÂ ÒÂÏÂÈÒÚ‚Ó, ˝‚ÓÎ˛ˆËfl, Ò‡‚ÌËÚÂÎ¸Ì‡fl „ÂÌÓ-
ÏËÍ‡, ıÓÏÓÒÓÏÌ˚Â ÔÂÂÒÚÓÈÍË.

EVOLUTIONARY HISTORY OF THE SSX FAMILY OF HUMAN C/T-ANTIGENS by E. N. Shustrova1,
I. I. Artamonova2, 3* (1Department of Bioengineering and Bioinformatics, Moscow State University, Moscow,
119992 Russia; 2Vavilov Institute of General Genetics, Russian Academy of Science, Moscow, 119991 Russia;
3Kharkevich Institute for Information Transmission Problems, Russian Academy of Science, Moscow, 127994
Russia, *e-mail: irenart@gmail.com). C/T-antigens are endogenous proteins expressed in normal testis, ovary
and placenta, or in a variety of tumors. Such expression pattern sets the C/T antigens as promising targets for
cancer vaccines. The SSX family comprises several C/T antigens. Here we applied comparative genomics tech-
niques to study the evolution of the SSX genes. The human genomic locus includes 11 genes localized on the
X chromosome in two separate regions 4 Mb apart. The recent pseudogenization of two SSX genes was dem-
onstrated using the available expression data. The comparative analysis of the human, chimpanzee and mouse
genomic loci allowed us to describe the phylogeny of the family and to reconstruct the evolutionary history of
the locus in terms of elementary events.

Key words: C/T-antigens, gene family, gene and genome evolution, comparative genomics, chromosome
translocations.
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òÛÒÚÓ‚‡, ÄÚ‡ÏÓÌÓ‚‡

ÏÂÚËfl Ë ¯ÂÈÍË Ï‡ÚÍË [16], ‡ÍÂ „ÓÎÓ‚˚ Ë ¯ÂË, ÍË-
¯Â˜ÌËÍ‡ Ë ÏÓÎÓ˜ÌÓÈ ÊÂÎÂÁ˚ [10]. ùÚÓ ÓÔÂ‰ÂÎflÂÚ ËÌ-
ÚÂÂÒ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ Í ÛÍ‡Á‡ÌÌÓÏÛ ÒÂÏÂÈÒÚ‚Û „ÂÌÓ‚.

èÂ‚˚Ï ÔÂ‰ÒÚ‡‚ËÚÂÎÂÏ ÒÂÏÂÈÒÚ‚‡ SSX ÒÚ‡Î
„ÂÌ SSX2, Ë‰ÂÌÚËÙËˆËÓ‚‡ÌÌ˚È Í‡Í Ó‰ËÌ Ëı ‰‚Ûı „Â-
ÌÓ‚, ÍÓÚÓ˚Â Û˜‡ÒÚ‚Û˛Ú ‚ ıÓÏÓÒÓÏÌÓÈ ÔÂÂÒÚÓÈ-
ÍÂ t(X;18)(p11.2;q11.2), ÒÓÔÓ‚ÓÊ‰‡˛˘ÂÈ ‚ 70% ÒÎÛ-
˜‡Â‚ ‡Á‚ËÚËÂ ÒËÌÓ‚Ë‡Î¸ÌÓÈ Ò‡ÍÓÏ˚ [18]. Ö„Ó
Ô‡ÚÌÂ Ì‡ ıÓÏÓÒÓÏÂ 18 – „ÂÌ SYT, ÍÓÚÓ˚È ÍÓ‰Ë-
ÛÂÚ ‡ÍÚË‚‡ÚÓ Ú‡ÌÒÍËÔˆËË. ÇÏÂÒÚÂ ÓÌË Ó·‡ÁÛ-
˛Ú „Ë·Ë‰Ì˚È ·ÂÎÓÍ SYT-SSX2. Ñ‡ÎÂÂ, ÔË ËÁÛ˜Â-
ÌËË ıÓÏÓÒÓÏÌ˚ı Ú‡ÌÒÎÓÍ‡ˆËÈ Ó·Ì‡ÛÊËÎË „ÂÌ
SSX1, ÍÓÚÓ˚È ‚ÏÂÒÚÂ Ò ÚÂÏ ÊÂ Ô‡ÚÌÂÓÏ Ó·‡ÁÛÂÚ
„Ë·Ë‰Ì˚È ·ÂÎÓÍ SYT-SSX1 [19]. èÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚË ÓÒÚ‡Î¸Ì˚ı ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ÒÂÏÂÈÒÚ‚‡ –
„ÂÌÓ‚ SSX3, SSX4, SSX5, SSX6, SSX7, SSX8 Ë SSX9 –
·˚ÎË ÓÔÂ‰ÂÎÂÌ˚ ËÎË ÔË ÒÂÍ‚ÂÌËÓ‚‡ÌËË ·Ë·ÎËÓ-
ÚÂÍ „ÂÌÓ‚, ËÎË ‚ ÂÁÛÎ¸Ú‡ÚÂ ÔÓËÒÍ‡ ÔÓ ·‡Á‡Ï ‰‡ÌÌ˚ı
„ÂÌÌÓÈ ˝ÍÒÔÂÒÒËË [11, 20–22]. ä‡Í ÓÍ‡Á‡ÎÓÒ¸, „ÂÌ
SSX4 Ú‡ÍÊÂ ‚Ó‚ÎÂ˜ÂÌ ‚ ıÓÏÓÒÓÏÌÛ˛ ÔÂÂÒÚÓÈÍÛ
t(X;18)(p11.2;q11.2) [23]. èÓÏËÏÓ ˝ÚËı ‰Â‚flÚË „ÂÌÓ‚,
Ì‡È‰ÂÌÓ ‰ÂÒflÚ¸ ÔÒÂ‚‰Ó„ÂÌÓ‚ ÒÂÏÂÈÒÚ‚‡. ÇÒÂ ÓÌË, Á‡
ËÒÍÎ˛˜ÂÌËÂÏ ÔÒÂ‚‰Ó„ÂÌ‡ ΨSSX10, ‡ÒÔÓÎÓÊÂÌ˚ Ì‡
ıÓÏÓÒÓÏÂ ï [21].

ëÓ„Î‡ÒÌÓ ˝ÍÒÔÂÒÒËÓÌÌÓÏÛ ‡Ì‡ÎËÁÛ „ÂÌÓ‚ ÒÂÏÂÈ-
ÒÚ‚‡ SSX, „ÂÌ˚ ·ÂÎÍÓ‚ SSX1, SSX2, SSX3, SSX4,
SSX5 Ë SSX7 ‚ ÌÓÏÂ ̋ ÍÒÔÂÒÒËÛ˛ÚÒfl ÚÓÎ¸ÍÓ ‚ ÚÍ‡-
Ìflı ÒÂÏÂÌÌËÍÓ‚. Ç ÚÍ‡Ìflı ÊÂ ÔÓ˜ÂÍ, ÎÂ„ÍËı, ÍË¯Â˜-
ÌËÍ‡, ÔÂ˜ÂÌË, Ï‡ÚÍË, ÏÓÁ„‡, ÔÓ‰ÊÂÎÛ‰Ó˜ÌÓÈ ÊÂÎÂÁ˚
˝ÍÒÔÂÒÒËË ÌÂ Ó·Ì‡ÛÊÂÌÓ. Ç ÍÎÂÚÓ˜Ì˚ı ÎËÌËflı
˝ÍÒÔÂÒÒËÛ˛ÚÒfl „ÂÌ˚ ·ÂÎÍÓ‚ SSX1, SSX2, SSX4,
SSX5, SSX6 Ë SSX7; ˝ÍÒÔÂÒÒËË ÊÂ „ÂÌÓ‚ SSX8 Ë
SSX9 ÌÂ Ó·Ì‡ÛÊÂÌÓ ÌË ‚ Ó‰ÌÓÈ ËÁ ËÒÒÎÂ‰ÛÂÏ˚ı ÚÍ‡-
ÌÂÈ ËÎË ÍÎÂÚÓ˜Ì˚ı ÎËÌËÈ [10, 11, 21, 24].

ç‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ‡fl ÙÛÌÍˆËfl ·ÂÎÍÓ‚˚ı ÔÓ‰ÛÍ-
ÚÓ‚ „ÂÌÓ‚ ̋ ÚÓ„Ó ÒÂÏÂÈÒÚ‚‡ – ÂÔÂÒÒËfl Ú‡ÌÒÍËÔˆËË
[24]; ÓÌ‡ Ò‚flÁ‡Ì‡ Ò Ì‡ÎË˜ËÂÏ ‚ ˝ÚËı „ÂÌ‡ı ‰‚Ûı ÙÛÌÍ-
ˆËÓÌ‡Î¸Ì˚ı ‰ÓÏÂÌÓ‚ – KRAB Ë SSXRD [25–28].

Ç ‰‡ÌÌÓÈ ‡·ÓÚÂ Ï˚ ËÒÒÎÂ‰Ó‚‡ÎË ˝‚ÓÎ˛ˆË˛ ÒÂ-
ÏÂÈÒÚ‚‡ ÓÌÍÓ‡ÌÚË„ÂÌÓ‚ SSX, ÓÔÂ‰ÂÎË‚ ˝ÍÁÓÌ-ËÌ-
ÚÓÌÌÛ˛ ÒÚÛÍÚÛÛ „ÂÌÓ‚ ˜ÂÎÓ‚ÂÍ‡ Ë Ò‡‚ÌË‚ ÎÓÍÛ-
Ò˚ ÒÂÏÂÈÒÚ‚‡ SSX ‚ „ÂÌÓÏ‡ı ˜ÂÎÓ‚ÂÍ‡, ¯ËÏÔ‡ÌÁÂ,
Ó‡Ì„ÛÚ‡Ì‡, Ï‡Í‡ÍË Ë Ï˚¯Ë. Ç ÂÁÛÎ¸Ú‡ÚÂ, Ï˚ ÓÔË-
Ò‡ÎË Ó·˘Û˛ ÙËÎÓ„ÂÌË˛ ÒÂÏÂÈÒÚ‚‡ Ë ‚ÓÒÒÚ‡ÌÓ‚ËÎË
˝‚ÓÎ˛ˆËÓÌÌÛ˛ ËÒÚÓË˛ Í‡Ê‰Ó„Ó „ÂÌ‡ ‚ ÓÚ‰ÂÎ¸ÌÓ-
ÒÚË Ë ‚ÒÂ„Ó ıÓÏÓÒÓÏÌÓ„Ó ÎÓÍÛÒ‡ ‚ ÚÂÏËÌ‡ı ̋ ÎÂÏÂÌ-
Ú‡Ì˚ı „ÂÌÓÏÌ˚ı ÔÂÂÒÚÓÂÍ.

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

çÛÍÎÂÓÚË‰Ì˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË „ÂÌÓ‚ Ë ‡ÏË-
ÌÓÍËÒÎÓÚÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ëı ÔÓ‰ÛÍÚÓ‚, ‡
Ú‡ÍÊÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı Ïêçä
Ë EST (Expressed Sequence Tags) ‡Ì‡ÎËÁËÓ‚‡ÎË, ËÒ-
ÔÓÎ¸ÁÛfl ÒÂ‚ËÒ UCSC Genome Browser, ‰ÓÒÚÛÔÌ˚È Ì‡
Ò‡ÈÚÂ http://genome.ucsc.edu [29]. èÓËÒÍ ÔÓ ·‡Á‡Ï ‰‡Ì-
Ì˚ı, ‰ÓÒÚÛÔÌ˚ı ˜ÂÂÁ ˝ÚÓÚ ÒÂ‚ËÒ, ‡ Ú‡ÍÊÂ ÔÂ‚Ë˜-
Ì˚Â ‚˚‡‚ÌË‚‡ÌËfl Ì‡È‰ÂÌÌ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ

ÔÓËÁ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ BLAT Ì‡ ÚÓÏ
ÊÂ ÒÂ‚ÂÂ [30]. ÑÎfl ÔÓËÒÍ‡ ‰‡ÎÂÍËı „ÓÏÓÎÓ„Ó‚ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË ÔÓ„‡ÏÏÛ blastp Ô‡ÍÂÚ‡ ÔÓ„‡ÏÏ
BLAST (www.ncbi.nlm.nih.gov/BLAST/) [31]. åÌÓÊÂ-
ÒÚ‚ÂÌÌ˚Â ‚˚‡‚ÌË‚‡ÌËfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÓÒÛ-
˘ÂÒÚ‚ÎflÎË Ò ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ CLUSTAL W [32] Ë
T-COFFEE [33]. îËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ÒÚÓËÎË,
ÔËÏÂÌflfl ÔÓ„‡ÏÏÛ MEGA4 [34].

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

ùÍÁÓÌ-ËÌÚÓÌÌ‡fl ÒÚÛÍÚÛ‡ „ÂÌÓ‚ ÒÂÏÂÈÒÚ‚‡ 
SSX ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡

ëÂÏÂÈÒÚ‚Ó SSX ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡ ÒÓÒÚÓËÚ ËÁ
11 „ÂÌÓ‚, ‡ÒÔÓÎÓÊÂÌÌ˚ı Ì‡ ï-ıÓÏÓÒÓÏÂ. Ç ÌÂ„Ó
‚ÍÎ˛˜‡˛Ú Ú‡ÍÊÂ 10 ÔÒÂ‚‰Ó„ÂÌÓ‚, Ó‰Ì‡ÍÓ ‚ ˝ÚÓÈ ‡-
·ÓÚÂ Ï˚ ÒÓÒÂ‰ÓÚÓ˜ËÎË Ò‚ÓÂ ‚ÌËÏ‡ÌËÂ Ì‡ ÔÓÚÂÌˆË-
‡Î¸ÌÓ ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı „ÂÌ‡ı. ÇÒÂ „ÂÌ˚ ÒÂÏÂÈÒÚ‚‡
ËÏÂ˛Ú ÒıÓ‰ÌÛ˛ ˝ÍÁÓÌ-ËÌÚÓÌÌÛ˛ ÒÚÛÍÚÛÛ, ÒıÂÏ‡-
ÚË˜ÂÒÍË ÔÂ‰ÒÚ‡‚ÎÂÌÌÛ˛ Ì‡ ËÒ. 1. éÚÏÂ˜ÂÌ˚ ÎË¯¸
ÌÂÁÌ‡˜ËÚÂÎ¸Ì‡fl ‚‡Ë‡·ÂÎ¸ÌÓÒÚ¸, Ì‡ÔËÏÂ, ‚ ÒÚ‡-
ÚÓ‚˚ı ˝ÍÁÓÌ‡ı. äÓÏÂ ÚÓ„Ó, ËÏÂ˛ÚÒfl ‡Î¸ÚÂÌ‡ÚË‚-
Ì˚Â ËÁÓÙÓÏ˚ „ÂÌÓ‚ SSX2, SSX4 Ë SSX5, ÓÚÎË˜‡˛-
˘ËÂÒfl ÔÓ ‚ÍÎ˛˜ÂÌË˛ Í‡ÒÒÂÚÌ˚ı ˝ÍÁÓÌÓ‚. ì „Â-
Ì‡ SSX3 Ú‡ÍÊÂ Ì‡È‰ÂÌ‡ ËÁÓÙÓÏ‡, ‰‚‡ ÔÓÒÎÂ‰ÌËı
˝ÍÁÓÌ‡ ÍÓÚÓÓÈ (6-7a Ë 6-7b) ‡Î¸ÚÂÌ‡ÚË‚Ì˚ ‰‚ÛÏ ÔÓ-
ÒÎÂ‰ÌËÏ ˝ÍÁÓÌ‡Ï ÓÒÌÓ‚ÌÓÈ ËÁÓÙÓÏ˚ (7 Ë 8). ì „ÂÌ‡
SSX6 ‚˚fl‚ÎÂÌ˚ ÌÂÍ‡ÌÓÌË˜ÂÒÍËÂ ‰ÓÌÓÌ˚Â Ò‡ÈÚ˚
ÒÔÎ‡ÈÒËÌ„‡ ‚ ÔÂ‚ÓÏ (1a) Ë ÒÂ‰¸ÏÓÏ (7) ̋ ÍÁÓÌ‡ı. Ç Â-
ÁÛÎ¸Ú‡ÚÂ ˝ÚÓ„Ó Â„Ó ËÁÓÙÓÏ‡, ËÒÔÓÎ¸ÁÛ˛˘‡fl ‡Î¸-
ÚÂÌ‡ÚË‚Ì˚È ÒÚ‡ÚÓ‚˚È ˝ÍÁÓÌ (1b) Ë ‡Î¸ÚÂÌ‡ÚË‚-
Ì˚È ‰ÓÌÓÌ˚È Ò‡ÈÚ ÒÔÎ‡ÈÒËÌ„‡ ‚ ÒÂ‰¸ÏÓÏ ˝ÍÁÓÌÂ
(7a), fl‚ÎflÂÚÒfl, ÔÓ-‚Ë‰ËÏÓÏÛ, Â‰ËÌÒÚ‚ÂÌÌÓ ÙÛÌÍˆËÓ-
ÌËÛ˛˘ÂÈ. äÓ‰ËÛ˛˘‡fl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ ‚Ó
‚ÒÂı „ÂÌ‡ı Ì‡˜ËÌ‡ÂÚÒfl ÒÓ ‚ÚÓÓ„Ó ˝ÍÁÓÌ‡ Ë Á‡Í‡Ì˜Ë-
‚‡ÂÚÒfl ‚ ÔÂ‰ÔÓÒÎÂ‰ÌÂÏ.

ç‡Ë·ÓÎÂÂ ÔÓ‰Ó·ÌÓÏÛ ‡Ì‡ÎËÁÛ ÔÓ‰‚Â„ÎËÒ¸ „ÂÌ˚
SSX8 Ë SSX9, ˝ÍÒÔÂÒÒËË ÍÓÚÓ˚ı ÌÂ Ì‡·Î˛‰‡ÎË ÌË ‚
Ó‰ÌÓÈ ËÁ ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÌÓÏ‡Î¸Ì˚ı ÚÍ‡ÌÂÈ ËÎË
ÓÔÛıÓÎÂÈ [21]. ÉÂÌ SSX9 ÔÂ‰ÒÚ‡‚ÎÂÌ Â‰ËÌÒÚ‚ÂÌÌ˚Ï
‚‡Ë‡ÌÚÓÏ (NM_174962 ‚ ·‡ÁÂ ‰‡ÌÌ˚ı RefSeq) Ë
‚ÍÎ˛˜‡ÂÚ ‚ÒÂ ‚ÓÒÂÏ¸ ̋ ÍÁÓÌÓ‚, Ó·˘Ëı ‰Îfl SSX-ÒÂÏÂÈ-
ÒÚ‚‡ (ËÒ. 1). èÂ‚˚Â ÔflÚ¸ ˝ÍÁÓÌÓ‚ ˝ÚÓÈ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚË ÔÓ‰Ú‚ÂÊ‰ÂÌ˚ Ì‡ÎË˜ËÂÏ EST DB029485
ËÁ ·Ë·ÎËÓÚÂÍË ÍÑçä flË˜ÂÍ, ‡ ˝ÍÁÓÌ˚ ÒÓ ‚ÚÓÓ„Ó ÔÓ
ÒÂ‰¸ÏÓÈ ÔÓ‰Ú‚ÂÊ‰ÂÌ˚ Ïêçä BC160077, ‡ÌÌÓÚËÓ-
‚‡ÌÌÓÈ Í‡Í “ÒËÌÚÂÚË˜ÂÒÍ‡fl ÍÓÌÒÚÛÍˆËfl”. í‡ÍËÏ Ó·-
‡ÁÓÏ, ‚ ·‡Á‡ı ‰‡ÌÌ˚ı ÌÂ Ó·Ì‡ÛÊÂÌÓ ÌË Ó‰ÌÓ„Ó
Ú‡ÌÒÍËÔÚ‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÔÓÎÌÓÏÛ „ÂÌÛ. äÓ-
ÏÂ ÚÓ„Ó, ¯ÂÒÚÓÈ ˝ÍÁÓÌ „ÂÌ‡ ËÏÂÂÚ ÌÂÍ‡ÌÓÌË˜ÂÒÍËÈ
‰ÓÌÓÌ˚È Ò‡ÈÚ ÒÔÎ‡ÈÒËÌ„‡, ‚ÍÎ˛˜‡˛˘ËÈ ‰ËÌÛÍÎÂÓ-
ÚË‰ AT Ì‡ 5'-„‡ÌËˆÂ ËÌÚÓÌ‡. ëÔÎ‡ÈÒËÌ„ Ú‡ÍÓ„Ó ËÌ-
ÚÓÌ‡ ÌÂ ÛÔÓÏËÌ‡ÂÚÒfl ‚ ÎËÚÂ‡ÚÛÂ [35] Ë, ÔÓ-‚Ë‰Ë-
ÏÓÏÛ, ÌÂ‚ÓÁÏÓÊÂÌ, ‡ Ò‡Ï „ÂÌ – ÌÂÙÛÌÍˆËÓÌ‡ÎÂÌ.

ä Ì‡˜‡ÎÛ ‰‡ÌÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ ·‡Á‡ı ‰‡ÌÌ˚ı ÔÓ
˝ÍÒÔÂÒÒËË „ÂÌÓ‚ ̃ ÂÎÓ‚ÂÍ‡ ËÏÂÎÓÒ¸ ‰‚Â Ïêçä, ‡ÌÌÓ-
ÚËÓ‚‡ÌÌ˚Â Í‡Í SSX8. ùÚÓ Ïêçä NM_174961 ·‡Á˚
‰‡ÌÌ˚ı RefSeq Ë Ïêçä AK302291 ·‡Á˚ ‰‡ÌÌ˚ı Gen-
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Bank. èÂ‚‡fl ËÁ ÌËı ‚ÍÎ˛˜‡ÂÚ ‚ÒÂ ‚ÓÒÂÏ¸ ÓÒÌÓ‚Ì˚ı
˝ÍÁÓÌÓ‚ „ÂÌ‡ SSX8, ‡ ‚ÚÓ‡fl ÚÓÎ¸ÍÓ ÔÂ‚˚Â ¯ÂÒÚ¸ Ë
‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ˝ÍÁÓÌ 5–6, ‡ÒÔÓÎÓÊÂÌÌ˚È ÏÂÊ‰Û
ÔflÚ˚Ï Ë ¯ÂÒÚ˚Ï ÓÒÌÓ‚Ì˚ÏË ˝ÍÁÓÌ‡ÏË. ÇÓÁÏÓÊ-
ÌÓÒÚ¸ ˝ÍÒÔÂÒÒËË ÚÓÎ¸ÍÓ ÔÂ‚˚ı (Ó·˘Ëı) ˜ÂÚ˚Âı
˝ÍÁÓÌÓ‚ „ÂÌ‡ ÔÓ‰Ú‚ÂÊ‰ÂÌ‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflÏË
EST. òÂÒÚÓÈ ̋ ÍÁÓÌ „ÂÌ‡ SSX8 ÒÓ‰ÂÊËÚ Ó‰ÌÓÌÛÍÎÂÓ-
ÚË‰ÌÛ˛ ‚ÒÚ‡‚ÍÛ, ÍÓÚÓ‡fl ÔË‚Ó‰ËÚ Í Ò‰‚Ë„Û ‡ÏÍË Ë
ÔÓfl‚ÎÂÌË˛ ÒÚÓÔ-ÍÓ‰ÓÌ‡ ‚ Ò‡ÏÓÏ ÍÓÌˆÂ ˝ÍÁÓÌ‡ ˝ÚÓÈ
Ïêçä. í‡Í Í‡Í ‰‡ÌÌ‡fl Ïêçä ‚ÍÎ˛˜‡ÂÚ Ú‡ÍÊÂ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÒÂ‰¸ÏÓ„Ó Ë ‚ÓÒ¸ÏÓ„Ó ˝ÍÁÓÌÓ‚, ÓÌ‡
fl‚ÎflÂÚÒfl ÔÓÚÂÌˆË‡Î¸ÌÓÈ ÏË¯ÂÌ¸˛ ‰Îfl NMD-‰Â„‡-
‰‡ˆËË [36] (Ë ·˚Î‡ Û‰‡ÎÂÌ‡, ÔÓ ̋ ÚÓÈ ÔË˜ËÌÂ, ËÁ ·‡Á˚
‰‡ÌÌ˚ı ‚Ó ‚ÂÏfl ÔÓ‚Â‰ÂÌËfl ‰‡ÌÌÓ„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl).
ÇÚÓ‡fl Ïêçä „ÂÌ‡ SSX8 – AK302291 – ÒÓ‰ÂÊËÚ
ÒÚÓÔ-ÍÓ‰ÓÌ ‚ ‡ÏÍÂ Ò˜ËÚ˚‚‡ÌËfl ‚ ÒÂÂ‰ËÌÂ ÔÂ‰ÔÓ-
ÒÎÂ‰ÌÂ„Ó ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ„Ó ˝ÍÁÓÌ‡ 5–6, ‡ÒÒÚÓflÌËÂ
ÓÚ ÍÓÚÓÓ„Ó ‰Ó 3'-„‡ÌËˆ˚ ˝ÍÁÓÌ‡ ÒÓÒÚ‡‚ÎflÂÚ 152 Ì.
(>55 n) Ë, Ú‡ÍËÏ Ó·‡ÁÓÏ, Ú‡ÍÊÂ fl‚ÎflÂÚÒfl ÔÓÚÂÌˆË-
‡Î¸ÌÓÈ ÏË¯ÂÌ¸˛ ‰Îfl NMD-‰Â„‡‰‡ˆËË. é·Â Ïêçä
„ÂÌ‡ SSX8, ÔÓ-‚Ë‰ËÏÓÏÛ, ÌÂ Ú‡ÌÒÎËÛ˛ÚÒfl.

èË‚Â‰ÂÌÌ˚Â ‰‡ÌÌ˚Â Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó ÚÓÏ,
˜ÚÓ „ÂÌ˚ SSX8 Ë SSX9 ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ·ÓÈ ÔÒÂ‚‰Ó„Â-
Ì˚, Ë ˝Ú‡ “ÔÒÂ‚‰Ó„ÂÌËÁ‡ˆËfl”, ‚Ë‰ËÏÓ, ÔÓËÁÓ¯Î‡ ÒÓ-
‚ÒÂÏ ÌÂ‰‡‚ÌÓ, Ú‡Í Í‡Í ·˚‚¯ËÂ ÍÓ‰ËÛ˛˘ËÂ ÒÂ„ÏÂÌ-

Ú˚ ˝ÚËı „ÂÌÓ‚ Â˘Â “ÌÂ ÛÒÔÂÎË” ÔËÓ·ÂÒÚË ‰ÓÔÓÎÌË-
ÚÂÎ¸Ì˚ı ÔÂÊ‰Â‚ÂÏÂÌÌ˚ı ÒÚÓÔ-ÍÓ‰ÓÌÓ‚.

ù‚ÓÎ˛ˆËfl ‡Î¸ÚÂÌ‡ÚË‚Ì˚ı Ò‡ÈÚÓ‚ ÒÔÎ‡ÈÒËÌ„‡ 
SSX-„ÂÌÓ‚

CÂÏÂÈÒÚ‚‡ Ô‡‡ÎÓ„Ë˜Ì˚ı „ÂÌÓ‚, ÔÓfl‚Ë‚¯ËÂÒfl ‚
ÂÁÛÎ¸Ú‡ÚÂ ÌÂ‰‡‚ÌËı ‰ÛÔÎËÍ‡ˆËÈ, ÔÂ‰ÒÚ‡‚Îfl˛Ú ÒÓ-
·ÓÈ ÛÌËÍ‡Î¸Ì˚È Ó·˙ÂÍÚ ‰Îfl ‡Ì‡ÎËÁ‡ ˝‚ÓÎ˛ˆËË Ò‡È-
ÚÓ‚ ÒÔÎ‡ÈÒËÌ„‡, ËÎÎ˛ÒÚËÛfl Ó‰ÌÓ‚ÂÏÂÌÌÓ ÌÂ-
ÒÍÓÎ¸ÍÓ ÔÛÚÂÈ ‡Á‚ËÚËfl Ó‰ÌËı Ë ÚÂı ÊÂ Û˜‡ÒÚÍÓ‚
Ñçä, ˜‡ÒÚÓ – Ò ‡ÁÎË˜Ì˚ÏË ËÒıÓ‰‡ÏË. å˚ ÔÓ‡Ì‡-
ÎËÁËÓ‚‡ÎË ‚ÒÂ ‡Î¸ÚÂÌ‡ÚË‚Ì˚Â Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡
„ÂÌÓ‚ ÒÂÏÂÈÒÚ‚‡ SSX. èÓÚÂÌˆË‡Î¸Ì˚È Ò‡ÈÚ, ÍÓÚÓ˚È
ÓÚÎË˜‡ÂÚÒfl ÓÚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÍÓÌÒÂÌÒÛÒ‡ Ò‡ÈÚÓ‚
ÒÔÎ‡ÈÒËÌ„‡ ıÓÚfl ·˚ Ì‡ Ó‰ÌÛ ÁÌ‡˜ËÏÛ˛ ÔÓÁËˆË˛
·ÓÎ¸¯Â, ˜ÂÏ ÙÛÌÍˆËÓÌ‡Î¸Ì˚È Ò‡ÈÚ, ‡ÒÒÏ‡ÚË‚‡ÎÒfl
Í‡Í ‡ÁÛ¯ÂÌÌ˚È. å˚ Ò˜ËÚ‡ÎË ÁÌ‡˜ËÏ˚ÏË ÔÓÁËˆËË
[–3; +6] ‰Îfl ‰ÓÌÓÌÓ„Ó Ò‡ÈÚ‡ Ë ÔÓÁËˆËË [–15; +3] ‰Îfl
‡ÍˆÂÔÚÓÌÓ„Ó Ò‡ÈÚ‡ ÒÔÎ‡ÈÒËÌ„‡. ë‡ÈÚ ÒÔÎ‡ÈÒËÌ„‡
Ò˜ËÚ‡ÎË ÙÛÌÍˆËÓÌ‡Î¸Ì˚Ï, ÂÒÎË ËÏÂÂÚÒfl ËÁÓÙÓÏ‡,
ËÒÔÓÎ¸ÁÛ˛˘‡fl ̋ ÚÓÚ Ò‡ÈÚ, Ú‡ÌÍËÔˆËfl ÍÓÚÓÓÈ ÔÓ‰-
Ú‚ÂÊ‰ÂÌ‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ÏË ‰‡ÌÌ˚ÏË. ÇÒÂ ÒÓ-
ı‡ÌË‚¯ËÂÒfl ÔÓÚÂÌˆË‡Î¸Ì˚Â Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡ ÓÚ-
ÏÂ˜ÂÌ˚ Ì‡ ËÒ. 1. á‰ÂÒ¸ Ï˚ Ó·ÒÛ‰ËÏ ÚÓÎ¸ÍÓ Ì‡Ë·Ó-
ÎÂÂ flÍËÂ ÏÓÏÂÌÚ˚.

SSX1

SSX2

SSX3

SSX4

SSX5

SSX6

SSX7

SSX8

SSX9

1b 1c 1d 1-2 2 2-3 3 4 5 5-6 6 6-7a 6-7b 7 7a 8

?

?

?

êËÒ. 1. ëıÂÏ‡ ‡ÒÔÓÎÓÊÂÌËfl ˝ÍÁÓÌÓ‚ ‚ „ÂÌ‡ı ÒÂÏÂÈÒÚ‚‡ SSX. ÉÓÏÓÎÓ„Ë˜Ì˚Â ˝ÍÁÓÌ˚ ‡ÒÔÓÎÓÊÂÌ˚ ‰Û„ ÔÓ‰ ‰Û„ÓÏ.
ëÚ‡ÚÓ‚˚Â Ë ÚÂÏËÌ‡Î¸Ì˚Â ˝ÍÁÓÌ˚ ÔÓÍ‡Á‡Ì˚ ÒÂ˚Ï, Í‡ÒÒÂÚÌ˚Â ˝ÍÁÓÌ˚ – ˜ÂÌ˚Ï, ‚ÌÛÚÂÌÌËÂ ÍÓÌÒÚËÚÛÚË‚Ì˚Â ˝ÍÁÓ-
Ì˚ – ·ÂÎ˚Ï. ÇÒÂ ̋ ÍÁÓÌ˚ ÔÓÌÛÏÂÓ‚‡Ì˚ ‚ ‚ÂıÌÂÈ ̃ ‡ÒÚË ËÒÛÌÍ‡. Ç ÓÍÂÒÚÌÓÒÚflı Í‡ÒÒÂÚÌ˚ı ̋ ÍÁÓÌÓ‚ ÔÛÚË ÒÔÎ‡ÈÒËÌ„‡,
ÔÓ‰Ú‚ÂÊ‰ÂÌÌ˚Â Ú‡ÌÒÍËÔÚ‡ÏË, Ó·ÓÁÌ‡˜ÂÌ˚ ÒÔÎÓ¯Ì˚ÏË ÎËÌËflÏË. èÛÌÍÚËÌ˚ÏË ÎËÌËflÏË ‚ ÔflÏÓÛ„ÓÎ¸ÌËÍ‡ı ÔÓÍ‡-
Á‡Ì˚ ÌÂÍ‡ÌÓÌË˜ÂÒÍËÂ (ÔÓ-‚Ë‰ËÏÓÏÛ, ÌÂÙÛÌÍˆËÓÌ‡Î¸Ì˚Â) Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ËÏ ÔÛÚË ÒÔÎ‡ÈÒËÌ„‡
Ú‡ÍÊÂ ÔÓÍ‡Á‡Ì˚ ÔÛÌÍÚËÓÏ Ë ÓÚÏÂ˜ÂÌ˚ ‚ÓÔÓÒËÚÂÎ¸Ì˚ÏË ÁÌ‡Í‡ÏË, Í‡Í, ‚ÓÁÏÓÊÌÓ, ‡ÚÂÙ‡ÍÚÌ˚Â. äÓÌÒÂ‚‡ÚË‚Ì˚Â
Ò‡ÈÚ˚ ÒÔÎ‡ÈÒËÌ„‡ ÔÓÍ‡Á‡Ì˚ ‚ÂÚËÍ‡Î¸Ì˚ÏË ̃ ÂÚÓ˜Í‡ÏË, ‡ „ÓÏÓÎÓ„Ë˜Ì˚Â ‰Û„ ‰Û„Û ÒÓÂ‰ËÌÂÌ˚ ‚ÂÚËÍ‡Î¸Ì˚ÏË ÔÛÌÍ-
ÚËÌ˚ÏË ÎËÌËflÏË. ëÚÓÔ-ÍÓ‰ÓÌ ‚ 5–6 ˝ÍÁÓÌÂ ‡ÌÌÓÚËÓ‚‡ÌÌÓÈ ËÁÓÙÓÏ˚ „ÂÌ‡ SSX8 ÔÓÍ‡Á‡Ì ˜ÂÌÓÈ ÒÚÂÎÍÓÈ.

5*
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òÛÒÚÓ‚‡, ÄÚ‡ÏÓÌÓ‚‡

ÑÓÌÓÌ˚È Ò‡ÈÚ Ì‡Ë·ÓÎÂÂ ‡ÒÔÓÒÚ‡ÌÂÌÌÓ„Ó
ÒÚ‡ÚÓ‚Ó„Ó ˝ÍÁÓÌ‡ 1d ÒËÎ¸ÌÂÂ (Ú.Â. ·ÎËÊÂ Í ÍÓÌÒÂÌ-
ÒÛÒÛ), ˜ÂÏ ‰ÓÌÓÌ˚È Ò‡ÈÚ ‚‡Ë‡ÌÚ‡ ÔÂ‚Ó„Ó ˝ÍÁÓ-
Ì‡ 1Ò. ê‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ˝ÚËÏË Ò‡ÈÚ‡ÏË 44 Ì. çÂ-
ÒÏÓÚfl Ì‡ ÚÓ, ˜ÚÓ Ó·‡ Ò‡ÈÚ‡ ËÏÂ˛ÚÒfl ‚Ó ‚ÒÂı ‰‡ÎÂÂ
ÛÔÓÏflÌÛÚ˚ı „ÂÌ‡ı, ‚ „ÂÌ‡ı SSX2, SSX3, SSX4, SSX5 Ë
SSX9 “‚˚·Ë‡ÂÚÒfl” ·ÓÎÂÂ ÒËÎ¸Ì˚È 3'-Ò‡ÈÚ, Ë ÎË¯¸ ‚
„ÂÌÂ SSX7 ‡ÍÚË‚ÂÌ 5'-‚‡Ë‡ÌÚ.

àÁ ÚÂı „ÂÌÓ‚ – SSX1, SSX6 Ë SSX8 – ÚÓÎ¸ÍÓ ‚ „ÂÌÂ
SSX1 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ó·‡ Ò‡ÈÚ‡ Í‡ÒÒÂÚÌÓ„Ó ˝ÍÁÓÌ‡
1–2: ‚ „ÂÌÂ SSï1 ÔÂ‰ÒÚ‡‚ÎÂÌ ÚÓÎ¸ÍÓ ‡ÍˆÂÔÚÓÌ˚È,
‡ ‚ „ÂÌÂ SSX8 – ÚÓÎ¸ÍÓ ‰ÓÌÓÌ˚È Ò‡ÈÚ˚. ùÚÓ Â‰ËÌ-
ÒÚ‚ÂÌÌ˚È Í‡ÒÒÂÚÌ˚È ˝ÍÁÓÌ, ‚ ÍÓÚÓÓÏ ÓÚÒÛÚÒÚ‚ËÂ
˝ÍÒÔÂÒÒËË ÔÓÎÌÓÒÚ¸˛ ÓÔÂ‰ÂÎflÂÚÒfl ÒÓı‡ÌÌÓÒÚ¸˛
Ò‡ÈÚÓ‚ (ËÒ. 1). ÇÒÂ ÓÒÚ‡Î¸Ì˚Â ˝ÍÁÓÌ˚, ÒÎÛÊ‡˘ËÂ
Í‡ÒÒÂÚÌ˚ÏË ‰Îfl Ó‰ÌÓ„Ó ËÁ „ÂÌÓ‚ ÒÂÏÂÈÒÚ‚‡, ÒÓı‡Ìfl-
˛Ú Ó·‡ Ò‡ÈÚ‡, Í‡Í ÏËÌËÏÛÏ, Â˘Â ‚ Ó‰ÌÓÏ „ÂÌÂ
(ËÒ. 1). ëÍÓÎ¸ÍÓ-ÌË·Û‰¸ ÒÛ˘ÂÒÚ‚ÂÌÌÓÈ ˝ÍÒÔÂÒÒËË
‚ ̋ ÚËı ÒÎÛ˜‡flı ÌÂ Ì‡·Î˛‰‡ÂÚÒfl; ‚ÓÁÏÓÊÌÓ, ̋ ÚÓ ÓÔÂ-
‰ÂÎflÂÚÒfl ÎË¯¸ ÚÂÏ, ˜ÚÓ ‰‡ÌÌ˚ı ÔÓ ˝ÚÓÏÛ, Ó˜ÂÌ¸ ÛÁ-
ÍÓÏÛ ÒÔÂÍÚÛ Ú‡ÌÒÍËÔˆËË ËÒÒÎÂ‰ÛÂÏ˚ı „ÂÌÓ‚, ÔÓ-
Í‡ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ.

Ö‰ËÌÒÚ‚ÂÌÌ‡fl „ÂÌ-ÒÔÂˆËÙË˜Ì‡fl Á‡ÏÂÌ‡ A Ì‡ G ‚
ÔÓÁËˆËË (–6) ‡ÍˆÂÔÚÓÌÓ„Ó Ò‡ÈÚ‡ ¯ÂÒÚÓ„Ó ˝ÍÁÓÌ‡ ‚
„ÂÌÂ SSX4 ÌÂ Û‰‡ÎflÂÚ ˝ÚÓÚ Ò‡ÈÚ ÓÚ ÍÓÌÒÂÌÒÛÒ‡ (ÒÓ-
„Î‡ÒÌÓ ÍÓÌÒÂÌÒÛÒÛ, ÔÓÁËˆËfl (–6) ‰ÓÎÊÌ‡ ÒÓ‰ÂÊ‡Ú¸
ÔËËÏË‰ËÌ). èÓ˝ÚÓÏÛ ˝Ú‡ Á‡ÏÂÌ‡ ÌÂ ÏÓÊÂÚ Ó·˙flÒ-
ÌËÚ¸ ÚÓ„Ó, ˜ÚÓ ‚ „ÂÌÂ SSX4 ¯ÂÒÚÓÈ ˝ÍÁÓÌ fl‚ÎflÂÚÒfl
Í‡ÒÒÂÚÌ˚Ï, ‚ ÚÓ ‚ÂÏfl Í‡Í ‚Ó ‚ÒÂı ÓÒÚ‡Î¸Ì˚ı „ÂÌ‡ı
Â„Ó ˝ÍÒÔÂÒÒËfl ÍÓÌÒÚËÚÛÚË‚Ì‡ (ËÒ. 1).

ëÚÛÍÚÛ‡ ÎÓÍÛÒ‡ ‚ „ÂÌÓÏ‡ı ˜ÂÎÓ‚ÂÍ‡
Ë ¯ËÏÔ‡ÌÁÂ

ãÓÍÛÒ „ÂÌÓÏ‡ ˜ÂÎÓ‚ÂÍ‡, ÒÓ‰ÂÊ‡˘ËÈ „ÂÌ˚ ÒÂ-
ÏÂÈÒÚ‚‡ SSX, Óı‚‡Ú˚‚‡ÂÚ ÔÓ˜ÚË 5 ÏÎÌ. Ô.Ì. ï-ıÓÏÓ-
ÒÓÏ˚. éÌ ÎÂÊËÚ Ì‡ Û˜‡ÒÚÍÂ Ò ÍÓÓ‰ËÌ‡Ú‡ÏË
47852032–52807342. àÏÂ˛ÚÒfl ‰‚Â ÒÓ‚ÒÂÏ ÌÂ‰‡‚ÌËÂ
‰ÛÔÎËÍ‡ˆËË „ÂÌÓ‚ SSX2 Ë SSX4 Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ
ËÏ ÍÓÔËË „ÂÌÓ‚ Ô‡ÍÚË˜ÂÒÍË ÌÂ‡ÁÎË˜ËÏ˚. Ç „ÂÌÓ-
ÏÂ ̄ ËÏÔ‡ÌÁÂ ÒÂÏÂÈÒÚ‚Ó SSX ÒÓÒÚÓËÚ ËÁ ̄ ÂÒÚË „ÂÌÓ‚,
‡ÒÔÓÎÓÊÂÌÌ˚ı Ì‡ ï-ıÓÏÓÒÓÏÂ ‚ ËÌÚÂ‚‡ÎÂ Ò ÍÓ-
Ó‰ËÌ‡Ú‡ÏË 48431413–53122221. èÓfl‰ÓÍ „ÂÌÓ‚ Ë
Ëı ÔËÌ‡‰ÎÂÊÌÓÒÚ¸ Í ÔflÏÓÈ ËÎË Ó·‡ÚÌÓÈ ˆÂÔË ‚
Ó·ÓËı ÎÓÍÛÒ‡ı ÔÓÍ‡Á‡Ì˚ Ì‡ ËÒ. 2.

ùÍÒÔ‡ÌÒËfl ÒÂÏÂÈÒÚ‚‡ SSX ÔÓËÒıÓ‰ËÎ‡, ‚ÂÓflÚ-
ÌÓ, Ó‰ÌÓ‚ÂÏÂÌÌÓ Ò ‡ÒıÓÊ‰ÂÌËÂÏ ̄ ËÏÔ‡ÌÁÂ Ë ̃ ÂÎÓ-
‚ÂÍ‡. éÒÌÓ‚Ì˚Â ÔÂ‰ÒÚ‡‚ËÚÂÎË ÒÂÏÂÈÒÚ‚‡ ÛÊÂ ÔË-
ÒÛÚÒÚ‚Û˛Ú ‚ „ÂÌÓÏÂ ¯ËÏÔ‡ÌÁÂ Í‡Í ÓÚ‰ÂÎ¸Ì˚Â „ÂÌ˚.
èËÌ‡‰ÎÂÊÌÓÒÚ¸ ‚ÒÂı „ÂÌÓ‚ Í ÔflÏÓÈ ËÎË Ó·‡ÚÌÓÈ
ˆÂÔË ÒÓ‚Ô‡‰‡ÂÚ, Í‡Í Ë ÔÓfl‰ÓÍ, ‚ ÍÓÚÓÓÏ ÓÌË ‡ÒÔÓ-
Î‡„‡˛ÚÒfl Ì‡ ıÓÏÓÒÓÏÂ (Á‡ ËÒÍÎ˛˜ÂÌËÂÏ „ÂÌÓ‚ SSX1
Ë SSX5: ‚ „ÂÌÓÏÂ ¯ËÏÔ‡ÌÁÂ ÓÌË ÏÂÌfl˛ÚÒfl ÏÂÒÚ‡ÏË).
èÓÏËÏÓ ˝ÚÓ„Ó, ‚ Ó·ÓËı ÎÓÍÛÒ‡ı ÒÓı‡ÌflÂÚÒfl ËÌÚÂ-
‚‡Î ‰ÎËÌÓÈ 4 ÏÎÌ. Ô.Ì.

Ç ÚÓ ÊÂ ‚ÂÏfl, ÌÂ Û‰‡ÂÚÒfl Ó·Ì‡ÛÊËÚ¸ ÍÓÔË˛ „Â-
Ì‡ SSX6 ‚ „ÂÌÓÏÂ ¯ËÏÔ‡ÌÁÂ, ‡ Ô‡˚ „ÂÌÓ‚ SSX7 Ë
SSX9 Ë Ú‡ÍÊÂ SSX2 Ë SSX3 ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Â‰ËÌË˜Ì˚-
ÏË „ÂÌ‡ÏË. èÓÔ‡ÌÓÂ Ò‡‚ÌÂÌËÂ ̋ ÚËı „ÂÌÓ‚ ̄ ËÏÔ‡Ì-
ÁÂ Ò Í‡Ê‰˚Ï ËÁ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ‰‚Ûı ·ÎËÊ‡È¯Ëı
„ÂÌÓ‚ ˜ÂÎÓ‚ÂÍ‡ Ë ÔÓ‰Ó·Ì˚È ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËÈ
‡Ì‡ÎËÁ „ÂÌÓÏÌ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÔÓÍ‡Á‡ÎË,
˜ÚÓ ˝ÚÓ ÓÚÓÎÓ„Ë SSX9 Ë SSX3 (ËÒ. 3). éÚÓÎÓ„Ë „Â-
ÌÓ‚ SSX7 Ë SSX2, ÔÓ-‚Ë‰ËÏÓÏÛ, ·˚ÎË ÛÚÂflÌ˚ ‚ ÔÓ-
ˆÂÒÒÂ ˝‚ÓÎ˛ˆËË ¯ËÏÔ‡ÌÁÂ.

Ç „ÂÌÓÏÂ Ï˚¯Ë ÒÂÏÂÈÒÚ‚Ó SSX Ú‡ÍÊÂ ÔÂ‰ÒÚ‡‚ÎÂ-
ÌÓ ÌÂÒÍÓÎ¸ÍËÏË „ÂÌ‡ÏË. îËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‰ÂÂ‚Ó
‚ÒÂı „ÂÌÓ‚ ÔËÏ‡ÚÓ‚ Ë Ï˚¯Ë ‡ÒÔ‡‰‡ÂÚÒfl ÒÚÓ„Ó Ì‡
‰‚Â Ú‡ÍÒÓÌ-ÒÔÂˆËÙË˜Ì˚Â ‚ÂÚ‚Ë (‰‡ÌÌ˚Â ÌÂ ÔÂ‰ÒÚ‡‚-
ÎÂÌ˚). åÓÊÌÓ Ò‰ÂÎ‡Ú¸ ‚˚‚Ó‰, ˜ÚÓ ‰‡ÌÌÓÂ ÒÂÏÂÈÒÚ‚Ó
‡ÒÔÓÒÚ‡ÌflÎÓÒ¸ ÌÂÁ‡‚ËÒËÏÓ ‚ ÓÚfl‰‡ı „˚ÁÛÌÓ‚ Ë
ÔËÏ‡ÚÓ‚. ÇË‰ËÏÓ, Û ÔÓÒÎÂ‰ÌÂ„Ó Ó·˘Â„Ó ÔÂ‰Í‡ ÔË-
Ï‡ÚÓ‚ Ë „˚ÁÛÌÓ‚ ÒÂÏÂÈÒÚ‚Ó SSX ·˚ÎÓ ÔÂ‰ÒÚ‡‚ÎÂÌÓ
ÚÓÎ¸ÍÓ Ó‰ÌËÏ „ÂÌÓÏ. ÄÌ‡ÎÓ„Ë˜Ì˚È ÔËÏÂ ÌÂÁ‡‚Ë-
ÒËÏÓ„Ó ‡ÒÔÓÒÚ‡ÌÂÌËfl ‚ ÓÚfl‰‡ı ÔËÏ‡ÚÓ‚ Ë „˚-
ÁÛÌÓ‚ ·˚Î ‡ÌÂÂ ÓÔËÒ‡Ì ÔË ËÁÛ˜ÂÌËË ‰Û„Ó„Ó ÒÂÏÂÈ-
ÒÚ‚‡ ÓÌÍÓ‡ÌÚË„ÂÌÓ‚, MAGE-A [37].

SSX6 SPACA5 SSX5

Ssx1 Ssx9 Ssx3 Ssx4

SSX8 SSX7
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...4Mb...

...4Mb...

SSX2 SSX2SSX4SSX9 SSX3 SSX4SSX1
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êËÒ. 2. ä‡Ú˚ ÎÓÍÛÒÓ‚ ÒÂÏÂÈÒÚ‚‡ „ÂÌÓ‚ SSX ‚ „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡ Ë ‚ „ÂÌÓÏÂ ¯ËÏÔ‡ÌÁÂ.

chimp Ssx2

167

463

73 94

163

91

154

359

SSX2

chimp Ssx3 SSX3

SSX9
SSX7

chimp Ssx9
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êËÒ. 3. îËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ÔÓÎÌ˚ı ÌÛÍÎÂÓÚË‰-
Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ. a – ÉÂÌ˚ ˜ÂÎÓ‚ÂÍ‡ SSX2 Ë
SSX3 Ë ¯ËÏÔ‡ÌÁÂ Ssx2 Ë Ssx3. · – ÉÂÌ˚ ˜ÂÎÓ‚ÂÍ‡ SSX7
Ë SSX9 Ë ¯ËÏÔ‡ÌÁÂ Ssx9. ëÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ ˜ËÒÎÓ Á‡-
ÏÂÌ ÓÚÏÂ˜ÂÌÓ Ì‡ ‚ÂÚ‚flı ‰ÂÂ‚¸Â‚.
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ù‚ÓÎ˛ˆËÓÌÌ‡fl ËÒÚÓËfl ÎÓÍÛÒ‡ ÒÂÏÂÈÒÚ‚‡ SSX
‚ ÚÂÏËÌ‡ı ˝ÎÂÏÂÌÚ‡Ì˚ı ÔÂÂÒÚÓÂÍ

å˚ ÒÏÓ‰ÂÎËÓ‚‡ÎË ˝‚ÓÎ˛ˆËÓÌÌÛ˛ ËÒÚÓË˛ ÎÓ-
ÍÛÒ‡ ÒÂÏÂÈÒÚ‚‡ SSX ‚ ÚÂÏËÌ‡ı ˝ÎÂÏÂÌÚ‡Ì˚ı ıÓ-
ÏÓÒÓÏÌ˚ı ÔÂÂÒÚÓÂÍ, ËÒıÓ‰fl ËÁ ÒÚÛÍÚÛ˚ ÎÓÍÛÒ‡ ‚
„ÂÌÓÏ‡ı ̃ ÂÎÓ‚ÂÍ‡ Ë ̄ ËÏÔ‡ÌÁÂ (ËÒ. 2), ‡ Ú‡ÍÊÂ Ì‡ ÓÒ-
ÌÓ‚Â ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó ‰ÂÂ‚‡, ÔÓÒÚÓÂÌÌÓ„Ó ÔÓ
ÌÛÍÎÂÓÚË‰Ì˚Ï ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflÏ „ÂÌÓ‚ ˜ÂÎÓ‚Â-
Í‡ (ËÒ. 4). èË ˝ÚÓÏ Ï˚ ÔÓÎ‡„‡ÎË, ˜ÚÓ Ô‡‡ÎÎÂÎ¸-

Ì˚Â ÔÛÚË ‚ ˝‚ÓÎ˛ˆËË ÁÌ‡˜ËÚÂÎ¸ÌÓ ÏÂÌÂÂ ‚ÂÓflÚÌ˚,
˜ÂÏ ıÓÏÓÒÓÏÌ˚Â ‰ÛÔÎËÍ‡ˆËË Ë ÔÓÚÂË. å˚ ËÒıÓ‰Ë-
ÎË Ú‡ÍÊÂ ËÁ ÚÓ„Ó, ˜ÚÓ Ú‡Ì‰ÂÏÌ˚Â ‰ÛÔÎËÍ‡ˆËË ·ÓÎÂÂ
‚ÂÓflÚÌ˚, ˜ÂÏ ‰ÛÔÎËÍ‡ˆËË Ò ÔÂÂÏÂ˘ÂÌËÂÏ ‚ ÒÓÒÂ‰-
ÌËÈ ÎÓÍÛÒ. ÇÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ÒÓ·˚ÚËÈ Ë‰ÂÚ ÓÚ Ì‡ÒÚÓfl-
˘Â„Ó Í ÔÓ¯ÎÓÏÛ, ‚ ÚÓÏ ÊÂ Ì‡Ô‡‚ÎÂÌËË ·Û‰ÂÏ Ëı Ë
ËÁÎ‡„‡Ú¸. é·˘‡fl ÒıÂÏ‡ ÓÔËÒ‡ÌÌ˚ı ÌËÊÂ ÒÓ·˚ÚËÈ
ÔÂ‰ÒÚ‡‚ÎÂÌ‡ Ì‡ ËÒ. 5.

äÓÔËË „ÂÌÓ‚ SSX2 Ë SSX4 Ì‡ÒÚÓÎ¸ÍÓ ·ÎËÁÍË, ˜ÚÓ
ÌÂ‚ÓÁÏÓÊÌÓ ‡ÁÎË˜ËÚ¸ Ú‡ÌÒÍËÔˆËÓÌÌ˚Â ÔÓ‰ÛÍ-
Ú˚ ˝ÚËı „ÂÌÓ‚. é˜Â‚Ë‰ÌÓ, ˜ÚÓ ˝ÚË ÍÓÔËË – ÂÁÛÎ¸Ú‡Ú
ÒÓ‚ÒÂÏ ÌÂ‰‡‚ÌËı ‰ÛÔÎËÍ‡ˆËÈ. ê‡ÁÎË˜Ëfl ‚ÌÛÚË Í‡Ê-
‰ÓÈ ËÁ ̋ ÚËı Ô‡ „ÂÌÓ‚ Á‡ÍÎ˛˜‡˛ÚÒfl ÎË¯¸ ‚ ̃ ËÒÎÂ ÔÓ-
‚ÚÓÓ‚ ‚ ÔÓÎË(Äë)- Ë ÔÓÎË(Ä)-ÚÂÍ‡ı. èÓ ËÏÂ˛-
˘ËÏÒfl ‰‡ÌÌ˚Ï ÌÂ‚ÓÁÏÓÊÌÓ ÛÒÚ‡ÌÓ‚ËÚ¸, Í‡ÍÓÈ „ÂÌ
‰ÛÔÎËˆËÓ‚‡ÎÒfl ‡Ì¸¯Â, ‡ Í‡ÍÓÈ – ÔÓÁÊÂ. é·Â ˝ÚË
Ô‡˚ ÍÓÔËÈ – ÂÁÛÎ¸Ú‡Ú Ú‡Ì‰ÂÏÌ˚ı ËÌ‚ÂÚËÓ‚‡Ì-
Ì˚ı ‰ÛÔÎËÍ‡ˆËÈ. ùÚË ÍÓÔËË, ‚Ó-ÔÂ‚˚ı, ÒÎË¯ÍÓÏ
·ÎËÁÍË, ‡, ‚Ó-‚ÚÓ˚ı, Ëı ÌÂÚ ‚ „ÂÌÓÏÂ ̄ ËÏÔ‡ÌÁÂ. èÓ-
˝ÚÓÏÛ ‚ÂÏfl ÔÓËÒıÓÊ‰ÂÌËfl Ó·ÂËı ˝ÚËı ‰ÛÔÎËÍ‡ˆËÈ
Á‡‚Â‰ÓÏÓ ÏÂÌ¸¯Â ‚ÂÏÂÌË ‡ÒıÓÊ‰ÂÌËfl ‚Ë‰Ó‚ Homo
sapiens Ë Pan troglodytes, Ú.Â. 5–6 ÏÎÌ. ÎÂÚ. 

ÅÎËÊ‡È¯ËÏË ÔÓÔ‡Ì˚ÏË Ó‰ÒÚ‚ÂÌÌËÍ‡ÏË ‡Á-
ÎË˜Ì˚ı „ÂÌÓ‚ fl‚Îfl˛ÚÒfl Ô‡˚ „ÂÌÓ‚ SSX1 Ë SSX8,
SSX9 Ë SSX7, SSX3 Ë SSX2 (ËÒ. 4). ÄÌ‡ÎËÁ Ëı ‡ÒÔÓÎÓ-
ÊÂÌËfl ‚ „ÂÌÓÏÂ, ‡ Ú‡ÍÊÂ ÚÓÚ Ù‡ÍÚ, ˜ÚÓ ‰ÎËÌ‡ ‚ÂÚ‚ÂÈ
Ì‡ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËı ‰ÂÂ‚¸flı ÒÓÔÓÒÚ‡‚ËÏ‡, ÔË‚Ó-
‰flÚ Í ‚˚‚Ó‰Û, ˜ÚÓ ˝ÚË Ô‡˚ – ÂÁÛÎ¸Ú‡Ú ‰ÛÔÎËÍ‡ˆËË
ˆÂÎÓ„Ó ÒÂ„ÏÂÌÚ‡, ‚ÍÎ˛˜‡˛˘Â„Ó ÚË „ÂÌ‡. ùÚ‡ ‰ÛÔÎË-
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êËÒ. 4. îËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‰ÂÂ‚Ó ÔÓÎÌ˚ı ÌÛÍÎÂÓÚË‰-
Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ „ÂÌÓ‚ ÒÂÏÂÈÒÚ‚‡ SSX ˜ÂÎÓ-
‚ÂÍ‡. óËÒÎ‡ÏË ÔÓÍ‡Á‡Ì‡ ·ÛÚÒÚÂÔ-ÔÓ‰‰ÂÊÍ‡ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Â„Ó ÛÁÎ‡.
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6

6

5

5 1

1, 8

1, 8

9 3

4

4

4

4

4 4

7, 9

2, 3, 5, 7, 9

8 7 2 2
...4 ÏÎÌ. Ô.Ì. ...

1, 6, 8

êËÒ. 5. ëıÂÏ‡ ˝‚ÓÎ˛ˆËÓÌÌ˚ı ÒÓ·˚ÚËÈ, ÔÓËÒıÓ‰Ë‚¯Ëı ‚ ÎÓÍÛÒÂ ÒÂÏÂÈÒÚ‚‡ SSX „ÂÌÓÏ‡ ˜ÂÎÓ‚ÂÍ‡.
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òÛÒÚÓ‚‡, ÄÚ‡ÏÓÌÓ‚‡

Í‡ˆËfl ÔË‚ÂÎ‡ Í ‚ÒÚ‡Ë‚‡ÌË˛ ÌÓ‚Ó„Ó ÒÂ„ÏÂÌÚ‡ Ì‡
‡ÒÒÚÓflÌËË ~4 ÏÎÌ. Ô.Ì. ÓÚ ÓÒÌÓ‚ÌÓ„Ó ÎÓÍÛÒ‡ ÒÂÏÂÈ-
ÒÚ‚‡. ë‚Ë‰ÂÚÂÎ¸ÒÚ‚‡ Ó· ˝ÚÓÈ ‰ÛÔÎËÍ‡ˆËË ÂÒÚ¸ Ë ‚ „Â-
ÌÓÏÂ ¯ËÏÔ‡ÌÁÂ, ÔË˜ÂÏ ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ‡ÒÒÚÓflÌËÂ
ÏÂÊ‰Û ÎÓÍÛÒ‡ÏË Ú‡ÍÓÂ ÊÂ. ÇÌÓ‚¸ ‚ÒÚÓÂÌÌ˚È ÒÂ„-
ÏÂÌÚ Û Ó·ÂÁ¸flÌ˚ ÔÂ‰ÒÚ‡‚ÎÂÌ ÚÓÎ¸ÍÓ „ÂÌÓÏ SSX2,
˜ÚÓ ÏÓÊÂÚ ·˚Ú¸ ÂÁÛÎ¸Ú‡ÚÓÏ ÔÓÒÎÂ‰Û˛˘ÂÈ ÔÓÚÂË
ÔÓ‰ÒÂ„ÏÂÌÚ‡, ÒÓ‰ÂÊ‡˘Â„Ó „ÂÌ˚ SSX8 Ë SSX7. ëÚ‡-
‡fl ÊÂ ÍÓÔËfl ÒÂ„ÏÂÌÚ‡ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ „ÂÌ‡ÏË SSX3 Ë
SSX9, ‡ „ÂÌ SSX1 ÓÚ‰ÂÎÂÌ ÓÚ ÌËı „ÂÌÓÏ SSX5. äÓÏÂ
ÔÓÒÎÂ‰Û˛˘Ëı ÔÓÚÂ¸ Ë „ÂÌÓÏÌÓÈ ÔÂÂÒÚ‡ÌÓ‚ÍË, ÓÚ-
ÒÛÚÒÚ‚ËÂ „ÂÌÓ‚, ‡ Ú‡ÍÊÂ ÔÓfl‰ÓÍ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı
„ÂÌÓ‚ ‚ „ÂÌÓÏÂ ¯ËÏÔ‡ÌÁÂ ÏÓ„ÛÚ Ó·˙flÒÌflÚ¸Òfl ÌÂÚÓ˜-
ÌÓÒÚflÏË ‚ ÔÓˆÂÒÒÂ ÒÂÍ‚ÂÌËÓ‚‡ÌËfl ËÎË ÔË ÔÓÒÎÂ-
‰Û˛˘ÂÈ Ò·ÓÍÂ ÍÓÌÚË„Ó‚, Ú‡Í Í‡Í ÓÔËÒ˚‚‡ÂÏ˚È Â-
„ËÓÌ ÒÓ‰ÂÊËÚ ÏÌÓÊÂÒÚ‚Ó ÌÂÒÂÍ‚ÂÌËÓ‚‡ÌÌ˚ı
Û˜‡ÒÚÍÓ‚ ‡ÁÌÓ„Ó ‡ÁÏÂ‡.

ëÂ„ÏÂÌÚ, ÒÓ‰ÂÊ‡˘ËÈ ÓÒÌÓ‚Ì˚Â „ÂÌ˚ ÒÂÏÂÈ-
ÒÚ‚‡ SSX, ‰ÛÔÎËˆËÓ‚‡Ì Ú‡ÍÊÂ ‚ „ÂÌÓÏÂ Ó‡Ì„ÛÚ‡Ì‡
Ò ÒÓı‡ÌÂÌËÂÏ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‡ÒÒÚÓflÌËfl (‰‡ÌÌ˚Â
ÌÂ ÔË‚Â‰ÂÌ˚), ÌÓ ÌÂ ‚ „ÂÌÓÏÂ Ï‡Í‡Í‡. í‡ÍËÏ Ó·‡-
ÁÓÏ, ‚ÓÁ‡ÒÚ ‰‡ÌÌÓÈ ‰ÛÔÎËÍ‡ˆËË Ó„‡ÌË˜ÂÌ ËÌÚÂ‚‡-
ÎÓÏ ÓÚ 13 ‰Ó 25 ÏÎÌ. ÎÂÚ.

ÑÓ ÓÔËÒ‡ÌÌÓÈ ‰ÛÔÎËÍ‡ˆËË ÒÂ„ÏÂÌÚ‡ ‚ÒÂ ÒÓ·˚ÚËfl
ÔÓËÒıÓ‰ËÎË ‚ÌÛÚË ÌÂ·ÓÎ¸¯Ó„Ó ıÓÏÓÒÓÏÌÓ„Ó ÎÓ-
ÍÛÒ‡. ÉÂÌ-ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ „ÂÌÓ‚ SSX2, SSX3 Ë SSX5
‰ÛÔÎËˆËÓ‚‡ÎÒfl ‚ ÔflÏÓÏ Ì‡Ô‡‚ÎÂÌËË ÒÓ ‚ÒÚ‡Ë‚‡-
ÌËÂÏ ÌÓ‚Ó„Ó ÒÂ„ÏÂÌÚ‡ ˜ÂÂÁ ‰‚‡ „ÂÌ‡ ÓÚ ÒÚ‡ÓÈ ÍÓ-
ÔËË, Ó·‡ÁÓ‚‡‚ ÒÓ‚ÂÏÂÌÌ˚È „ÂÌ SSX5 Ë „ÂÌ-ÔÂ‰¯Â-
ÒÚ‚ÂÌÌËÍ „ÂÌÓ‚ SSX2 Ë SSX3. ÉÂÌ-ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ „Â-
ÌÓ‚ SSX2, SSX3, SSX5, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, ÔÓfl‚ËÎÒfl ‚
ÂÁÛÎ¸Ú‡ÚÂ ÔÂ‰˚‰Û˘ÂÈ ÔflÏÓÈ Ú‡Ì‰ÂÏÌÓÈ ‰ÛÔÎËÍ‡-
ˆËË, ‚ÚÓ˚Ï ÂÁÛÎ¸Ú‡ÚÓÏ ÍÓÚÓÓÈ ÒÚ‡ÎÓ ÔÓfl‚ÎÂÌËÂ
„ÂÌ‡-ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ‡ „ÂÌÓ‚ SSX7 Ë SSX9. èÂ‰˚‰Û-
˘ËÏ ÒÓ·˚ÚËÂÏ, ÔÓ-‚Ë‰ËÏÓÏÛ, ·˚Î‡ ÔflÏ‡fl ‰ÛÔÎËÍ‡-
ˆËfl „ÂÌ‡-ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ‡ „ÂÌÓ‚ SSX1, SSX6 Ë SSX8 Ò
Ó·‡ÁÓ‚‡ÌËÂÏ „ÂÌ‡ SSX6. å˚ ÛÚ‚ÂÊ‰‡ÂÏ, ˜ÚÓ ˝Ú‡
‰ÛÔÎËÍ‡ˆËfl ·˚Î‡ Ú‡Ì‰ÂÏÌÓÈ, ÌÂÒÏÓÚfl Ì‡ ÚÓ, ̃ ÚÓ ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ „ÂÌ˚ ÒÂÈ˜‡Ò ‡Á‰ÂÎfl˛ÚÒfl „ÂÌÓÏ
SPACA5. Ç „ÂÌÓÏÂ ˜ÂÎÓ‚ÂÍ‡ ˝ÚÓÚ „ÂÌ ÔÂ‰ÒÚ‡‚ÎÂÌ
‰‚ÛÏfl ÍÓÔËflÏË, ‚ ÚÓ ‚ÂÏfl Í‡Í ‚ ÓÒÚ‡Î¸Ì˚ı, ËÁ ËÁ-
‚ÂÒÚÌ˚ı, „ÂÌÓÏ‡ı ÔËÏ‡ÚÓ‚ – ÚÓÎ¸ÍÓ Ó‰ÌÓÈ. ëÛ‰fl ÔÓ
„ÂÌÓÏÌÓÏÛ ÓÍÛÊÂÌË˛, ÔÂ‰ÍÓ‚ÓÈ fl‚ÎflÂÚÒfl ÍÓÔËfl
„ÂÌ‡ SPACA5, ÌÂ ‚ıÓ‰fl˘‡fl ‚ SSX-ÎÓÍÛÒ, ‡ ÍÓÔËfl, ‡Á-
‰ÂÎfl˛˘‡fl ÒÂÈ˜‡Ò „ÂÌ˚ SSX6 Ë SSX5, ‚ÌÂ‰ËÎ‡Ò¸ ‚
ÓÔËÒ˚‚‡ÂÏ˚È ÎÓÍÛÒ ÔÓÒÎÂ ‡ÒıÓÊ‰ÂÌËfl ‚Ë‰Ó‚ Homo
sapiens Ë Pan troglodytes, Ú.Â. ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÓÁÊÂ, ˜ÂÏ
Ó·ÒÛÊ‰‡ÂÏ‡fl ‰ÛÔÎËÍ‡ˆËfl.

èÂ‰˚‰Û˘ÂÈ ÏÓ„Î‡ ·˚Ú¸ ËÌ‚ÂÚËÓ‚‡ÌÌ‡fl Ú‡Ì-
‰ÂÏÌ‡fl ‰ÛÔÎËÍ‡ˆËfl „ÂÌ‡-ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ‡ „ÂÌÓ‚
SSX2, SSX3, SSX4, SSX5, SSX7 Ë SSX9 Ò ÓÚ‰ÂÎÂÌËÂÏ „Â-
Ì‡ SSX4. ç‡ÍÓÌÂˆ, Ò‡Ï˚Ï ÔÂ‚˚Ï ÒÓ·˚ÚËÂÏ, ÔÓÎÓ-
ÊË‚¯ËÏ Ì‡˜‡ÎÓ ‡ÒÔÓÒÚ‡ÌÂÌË˛ SSX-ÒÂÏÂÈÒÚ‚‡ ‚
„ÂÌÓÏÂ ÔËÏ‡ÚÓ‚, ÔÓ ËÏÂ˛˘ËÏÒfl ‰‡ÌÌ˚Ï, ·˚Î‡ Ú‡Ì-
‰ÂÏÌ‡fl ‰ÛÔÎËÍ‡ˆËfl, ‡Á‰ÂÎË‚¯‡fl „ÂÌ˚-ÔÂ‰¯Â-
ÒÚ‚ÂÌÌËÍË „ÂÌÓ‚ SSX1, SSX6 Ë SSX8 Ë ‚ÒÂı ÓÒÚ‡Î¸Ì˚ı
„ÂÌÓ‚ ÒÂÏÂÈÒÚ‚‡. Å˚Î‡ ÎË ˝Ú‡ ‰ÛÔÎËÍ‡ˆËfl ÔflÏÓÈ
ËÎË Ó·‡ÚÌÓÈ, ÒÂÈ˜‡Ò ÌÂ‚ÓÁÏÓÊÌÓ ÛÒÚ‡ÌÓ‚ËÚ¸, Ú‡Í

Í‡Í ÌÂËÁ‚ÂÒÚÌÓ Ì‡Ô‡‚ÎÂÌËÂ „ÂÌ‡-ÔÂ‰¯ÂÒÚ‚ÂÌÌËÍ‡
„ÂÌÓ‚ SSX2, SSX3, SSX4, SSX5, SSX7 Ë SSX9. í‡Í Í‡Í
Ï˚ ÔÓÎ‡„‡ÂÏ, ˜ÚÓ Û ÔÓÒÎÂ‰ÌÂ„Ó Ó·˘Â„Ó ÔÂ‰Í‡ ÔË-
Ï‡ÚÓ‚ Ë „˚ÁÛÌÓ‚ ÒÂÏÂÈÒÚ‚Ó ·˚ÎÓ ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ó‰-
ÌËÏ „ÂÌÓÏ, ÏÓÊÌÓ ÛÚ‚ÂÊ‰‡Ú¸, ˜ÚÓ ˝Ú‡ ‰ÛÔÎËÍ‡ˆËfl
ÒÎÛ˜ËÎ‡Ò¸ ÏÂÌÂÂ 70 ÏÎÌ. ÎÂÚ Ì‡Á‡‰.

í‡ÍËÏ Ó·‡ÁÓÏ, Ï˚ ÔÓÔ˚Ú‡ÎËÒ¸ ‚ÓÒÒÚ‡ÌÓ‚ËÚ¸
˝‚ÓÎ˛ˆËÓÌÌÛ˛ ËÒÚÓË˛ ıÓÏÓÒÓÏÌÓ„Ó ÎÓÍÛÒ‡ ÒÂ-
ÏÂÈÒÚ‚‡ SSX Ì‡ ÓÒÌÓ‚Â ‡Ì‡ÎËÁ‡ ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ̋ ÚÓ„Ó
ÒÂÏÂÈÒÚ‚‡ ‚ „ÂÌÓÏ‡ı ÔËÏ‡ÚÓ‚ Ë Ï˚¯Ë. ùÚÓ ÔÓÁ‚ÓÎfl-
ÂÚ ÔÂ‰ÒÚ‡‚ËÚ¸ Í‡ÚËÌÛ ÙÓÏËÓ‚‡ÌËfl ÏÛÎ¸ÚË„ÂÌ-
ÌÓ„Ó ÒÂÏÂÈÒÚ‚‡ ËÁ Â‰ËÌÒÚ‚ÂÌÌÓ„Ó „ÂÌ‡ ‚ ÚÂ˜ÂÌËÂ ÏÂ-
ÌÂÂ ˜ÂÏ 70 ÏÎÌ. ÎÂÚ. àÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ‰Ó·ÌÓ„Ó Ó‰‡
ÔÓÁ‚ÓÎfl˛Ú ÔÓÎËÚ¸ Ò‚ÂÚ Ì‡ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â ÏÂı‡-
ÌËÁÏ˚ ÔÓfl‚ÎÂÌËfl Ë ÙËÍÒ‡ˆËË „ÂÌÓÏÌ˚ı ‰ÛÔÎËÍ‡ˆËÈ
‚ ÔÓˆÂÒÒÂ ˝‚ÓÎ˛ˆËË.

Ä‚ÚÓ˚ ‚˚‡Ê‡˛Ú ·Î‡„Ó‰‡ÌÓÒÚ¸ å.É. ÉÂÎ¸-
Ù‡Ì‰Û, É.Ä. Å‡Á˚ÍËÌÛ Ë Ä.û. è‡Ì˜ËÌÛ Á‡ ÔÎÓ‰Ó-
Ú‚ÓÌ˚Â Ó·ÒÛÊ‰ÂÌËfl ‚ ıÓ‰Â ‡·ÓÚ˚.

ê‡·ÓÚ‡ ÔÓÎÛ˜ËÎ‡ ÙËÌ‡ÌÒÓ‚Û˛ ÔÓ‰‰ÂÊÍÛ èÂÁË-
‰ËÛÏ‡ êÄç ÔÓ ÔÓ„‡ÏÏ‡Ï “åÓÎÂÍÛÎflÌ‡fl Ë ÍÎÂ-
ÚÓ˜Ì‡fl ·ËÓÎÓ„Ëfl”, “ÅËÓÎÓ„Ë˜ÂÒÍÓÂ ‡ÁÌÓÓ·‡ÁËÂ” Ë
“îÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â Ì‡ÛÍË – ÏÂ‰ËˆËÌÂ”. ê‡·ÓÚ‡
˜‡ÒÚË˜ÌÓ ÔÓ‰‰ÂÊ‡Ì‡ „ÓÒÛ‰‡ÒÚ‚ÂÌÌ˚Ï ÍÓÌÚ‡ÍÚÓÏ
‹ è 1376.
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ñ



åéãÖäìãüêçÄü ÅàéãéÉàü      ÚÓÏ 43      ‹ 6      2009

ùÇéãûñàéççÄü àëíéêàü SSX-ëÖåÖâëíÇÄ éçäéÄçíàÉÖçéÇ óÖãéÇÖäÄ 1031

carcinoma and its correlation with clinical parameters.
2005. Cancer Lett. 219, 223–232.

8. Utsunomiya T., Inoue H., Tanaka F., Yamaguchi H., Oh-
ta M., Okamoto M., Mimori K., Mori M. 2004. Expres-
sion of cancer-testis antigen (CTA) genes in intrahepatic
cholangiocarcinoma. Ann. Surg. Oncol. 11, 934–940.

9. dos Santos N.R., Torensma R., de Vries T.J., Schreurs M.W.,
de Bruijn D.R., Kater-Baats E., Ruiter D.J., Adema G.J.,
van Muijen G.N., van Kessel A.G. 2000. Heterogeneous
expression of the SSX cancer/testis antigens in human
melanoma lesions and cell lines. Cancer Res. 60, 1654–
1662.

10. Türeci O., Chen Y.T., Sahin U., Güre A.O., Zwick C.,
Villena C., Tsang S., Seitz G., Old L.J., Pfreundschuh
M. 1998. Expression of SSX genes in human tumors. Int.
J. Cancer. 77, 19–23.

11. Gure A.O., Türeci O., Sahin U., Tsang S., Scanlan M.J.,
Jäger E., Knuth A., Pfreundschuh M., Old L.J., Chen Y.T.
1997. SSX: a multigene family with several members tran-
scribed in normal testis and human cancer. Int. J. Cancer.
72, 965–971.

12. Chi S.N., Cheung N.K., Cheung I.Y. 2002. Expression
of SSX-2 and SSX-4 genes in neuroblastoma. Int. J. Bi-
ol. Markers. 17, 219–223.

13. Lee M.H., Son E.I., Kim E., Kim I.S., Yim M.B., Kim S.P.
2008. Expression of cancer-testis genes in brain tumors.
J. Korean. Neurosurg. Soc. 43, 190–193. 

14. Fradet Y., Picard V., Bergeron A., LaRue H. 2005. Can-
cer-testis antigen expression in bladder cancer. Prog.
Urol. 15, 1303–1313.

15. Valmori D., Qian F., Ayyoub M., Renner C., Merlo A.,
Gnjatic S., Stockert E., Driscoll D., Lele S., Old L.J.,
Odunsi K. 2006. Expression of synovial sarcoma X
(SSX) antigens in epithelial ovarian cancer and identifi-
cation of SSX-4 epitopes recognized by CD4 + T cells.
Clin. Cancer. Res. 12, 398–404.

16. Hasegawa K., Koizumi F., Noguchi Y., Hongo A., Mi-
zutani Y., Kodama J., Hiramatsu Y., Nakayama E. 2004.
SSX expression in gynecological cancers and antibody
response in patients. Cancer Immun. 4, 16.

17. Naka N., Joyama S., Tsukamoto Y., et al. 2005. Quanti-
fication of SSX mRNA expression in human bone and
soft tissue tumors using nucleic acid sequence-based
amplification. J. Mol. Diagn. 7, 187–197.

18. Clark J., Rocques P.J., Crew A.J., Gill S., Shipley J.,
Chan A.M., Gusterson B.A., Cooper C.S. 1994. Identifi-
cation of novel genes, SYT and SSX, involved in the
t(X;18)(p11.2;q11.2) translocation found in human syn-
ovial sarcoma. Nature Genet. 7, 502– 508.

19. Crew A.J., Clark J., Fisher C., Gill S., Grimer R., Chand A.,
Shipley J., Gusterson B.A., Cooper C.S. 1995. Fusion of
SYT to two genes, SSX1 and SSX2, encoding proteins
with homology to the Kruppel-associated box in human
synovial sarcoma. EMBO J. 14, 2333–2340.

20. de Leeuw B., Balemans M., van Kessel A.G. 1996. A
novel Krüppel-associated box containing the SSX gene
(SSX3) on the human X chromosome is not implicated
in t(X;18)-positive synovial sarcomas. Cytogenet. Cell
Gene. 73, 179–183.

21. Güre A.O., Wei I.J., Old L.J., Chen Y.T. 2002. The SSX
gene family: characterization of 9 complete genes. Int. J.
Cancer. 101, 448–453.

22. dos Santos N.R., de Bruijn D.R., van Kessel A.G. 2001.
Molecular mechanisms underlying human synovial sarco-
ma development. Genes Chromosomes Cancer. 30, 1–14.

23. Skytting B., Nilsson G., Brodin B., Xie Y., Lundeberg J.,
Uhlen M., Larsson O. 1999. A novel fusion gene, SYT-
SSX4, in synovial sarcoma. J. Natl. Cancer Inst. 91,
974–975.

24. Naka N., Araki N., Nakanishi H., Itoh K., Mano M., Ish-
iguro S., de Bruijn D.R., Myoui A., Ueda T., Yoshikawa H.
2002. Expression of SSX genes in human osteosarco-
mas. Int. J. Cancer. 98, 640–642.

25. Lim F.L., Soulez M., Koczan D., Thiesen H.J., Knight J.C.
1998. A KRAB-related domain and a novel transcription
repression domain in proteins encoded by SSX genes
that are disrupted in human sarcomas. Oncogene. 17,
2013–2018.

26. Margolin J.F., Friedman J.R., Meyer W.K., Vissing H.,
Thiesen H.J., Rauscher F.J. 3rd. 1994. Krüppel-associat-
ed boxes are potent transcriptional repression domains.
Proc. Natl. Acad. Sci. USA. 91, 4509–4513.

27. Pengue G., Calabró V., Bartoli P.C., Pagliuca A., Lania L.
1994. Repression of transcriptional activity at a distance
by the evolutionarily conserved KRAB domain present
in a subfamily of zinc finger proteins. Nucleic Acids Res.
22, 2908–2914.

28. Witzgall R., O’Leary E., Leaf A., Onaldi D., Bonventre J.V.
1994. The Kruppel-associated box-A (KRAB-A) do-
main of zinc finger proteins mediates transcriptional re-
pression. Proc. Natl. Acad. Sci. USA. 91, 4514–4518.

29. Karolchik D., Baertsch R., Diekhans M., et al. 2003. The
UCSC Genome Browser Database. Nucleic Acids Res.
31, 51–54.

30. Kent W.J. 2002. BLAT – The BLAST-like alignment
tool. Genome Res. 12, 656–664.

31. Altschul S.F., Madden T.L., Schäffer A.A., Zhang J.,
Zhang Z., Miller W., Lipman D.J. 1997. Gapped BLAST
and PSI-BLAST: a new generation of protein database
search programs. Nucleic Acids Res. 25, 3389–3402.

32. Larkin M.A., Blackshields G., Brown N.P., et al. 2007.
Clustal W and Clustal X version 2.0. Bioinformatics. 23,
2947–2948.

33. Notredame C., Higgins D.G., Heringa J. 2000. T-Coffee:
A novel method for fast and accurate multiple sequence
alignment. J. Mol. Biol. 302, 205–217.

34. Tamura K., Dudley J., Nei M., Kumar S. 2007. MEGA4:
Molecular Evolutionary Genetics Analysis (MEGA)
software version 4.0. Mol. Biol. Evol. 24, 1596–1599.

35. Burset M., Seledtsov I.A., Solovyev V.V. 2000. Analy-
sis of canonical and non-canonical splice sites in mam-
malian genomes. Nucleic Acids Res. 28, 4364–4375.

36. Weischenfeldt J., Lykke-Andersen J., Porse B. 2005.
Messenger RNA surveillance: neutralizing natural non-
sense. Curr. Biol. 15, R559–562.

37. Artamonova I.I., Gelfand M.S. Evolution of the exon-in-
tron structure and alternative splicing of the MAGE-A
family of cancer/testis antigens. 2004. J. Mol. Evol. 59,
620–631.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


