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 åÌÓ„ÓÓ·‡ÁËÂ 
„ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚

 

çÂÏÌÓ„ËÏ ·ÓÎÂÂ ‰‚‡‰ˆ‡ÚË ÎÂÚ ÚÓÏÛ Ì‡Á‡‰ èË-
ÚÂ ïÓÎÎ‡Ì‰ ÓÍÓÌ˜ËÎ éÍÒÙÓ‰ÒÍËÈ ÛÌË‚ÂÒËÚÂÚ
Ò ‰ËÔÎÓÏÓÏ ÁÓÓÎÓ„‡. ê‡·ÓÚÛ Ì‡‰ ‰ÓÍÚÓÒÍÓÈ ‰ËÒ-
ÒÂÚ‡ˆËÂÈ ÓÌ Ì‡˜‡Î ÔÓ‰ ÛÍÓ‚Ó‰ÒÚ‚ÓÏ ÅË‰ÊË‰
ïÓ„‡Ì ‚ ç‡ˆËÓÌ‡Î¸ÌÓÏ ËÌÒÚËÚÛÚÂ ÏÂ‰ËˆËÌÒÍËı
ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚ ãÓÌ‰ÓÌÂ. ùÚÓ ·˚ÎÓ ‚ÓÎÌÛ˛˘ÂÂ
‚ÂÏfl ‚ „ÂÌÂÚËÍÂ ‡Á‚ËÚËfl. Ç ˝ÚÓÏ ÊÂ „Ó‰Û ÔË
Ò‡‚ÌÂÌËË „ÓÏÂÓÁËÒÌ˚ı „ÂÌÓ‚ ‰ÓÁÓÙËÎ˚ ·˚Î
Ë‰ÂÌÚËÙËˆËÓ‚‡Ì „ÓÏÂÓ·ÓÍÒ (

 

McGinnis

 

 

 

et

 

 

 

al

 

.,
1984

 

b

 

; 

 

Scott

 

, 

 

Weiner

 

, 1984) Ë ‚ÒÍÓÂ Ó·Ì‡ÛÊËÎÓÒ¸,
˜ÚÓ „ÂÌ˚, ÒÓ‰ÂÊ‡˘ËÂ „ÓÏÂÓ·ÓÍÒ˚, ÂÒÚ¸ ‚ „ÂÌÓÏ‡ı
‰Û„Ëı ÊË‚ÓÚÌ˚ı, ‚ÍÎ˛˜‡fl Ï˚¯¸ (

 

Carrasco

 

 

 

et

 

 

 

al

 

.,
1984; 

 

McGinnis

 

 

 

et

 

 

 

al

 

., 1984

 

a

 

). èËÚÂ Ì‡˜‡Î ËÒÒÎÂ‰Ó-
‚‡ÌËÂ ˝ÍÒÔÂÒÒËË „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ ‚
ıÓ‰Â ˝Ï·ËÓÌ‡Î¸ÌÓ„Ó ‡Á‚ËÚËfl Ï˚¯Ë (

 

Krumlauf
et al

 

., 1987; 

 

Holland

 

, 

 

Hogan

 

, 1988

 

a

 

,

 

b

 

) Ë, ‚ ˜‡ÒÚÌÓÒÚË,
Ó·Ó„‡ÚËÎ ÏÂÚÓ‰Ë˜ÂÒÍËÂ ÔÓ‰ıÓ‰˚ Í ËÒÒÎÂ‰Ó‚‡ÌË˛
‡Á‚ËÚËfl Ï˚¯Ë, ÔËÏÂÌË‚ ÏÂÚÓ‰ ÏÓÎÂÍÛÎflÌÓÈ
„Ë·Ë‰ËÁ‡ˆËË 

 

in

 

 

 

situ

 

, ‡ÌÂÂ ËÒÔÓÎ¸ÁÓ‚‡‚¯ËÈÒfl ‰Îfl
ËÁÛ˜ÂÌËfl ˝ÍÒÔÂÒÒËË „ÂÌÓ‚ Û ‰ÓÁÓÙËÎ˚ (

 

Holland
et

 

 

 

al

 

., 1987). Ñ‡ÊÂ Ì‡ ˝ÚÓÏ ‡ÌÌÂÏ ˝Ú‡ÔÂ Í‡¸Â˚
ÔÓfl‚ËÎ‡Ò¸ Â„Ó ÒÍÎÓÌÌÓÒÚ¸ Í ËÁÛ˜ÂÌË˛ ˝‚ÓÎ˛-
ˆËË. éÌ Ó·‡ÚËÎ ‚ÌËÏ‡ÌËÂ Ì‡ ÔÓ·ÎÂÏÛ ‡ÒÔÓ-
ÒÚ‡ÌÂÌËfl „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ Û ÊË‚ÓÚ-
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èÂÂ‚Ó‰ Ò ‡Ì„Î. Ä.ä. ÑÓÌ‰Û‡.

 

Ì˚ı Ë Ì‡˜‡Î Á‡ÌËÏ‡Ú¸Òfl ˝ÚËÏ ‚ÓÔÓÒÓÏ, ËÒÒÎÂ‰Ûfl
Ñçä Ò ÔÓÏÓ˘¸˛ ë‡ÛÁÂÌ-·ÎÓÚÓ‚ Û Ò‡Ï˚ı ‡ÁÌ˚ı
ÊË‚ÓÚÌ˚ı, ‚ÍÎ˛˜‡fl Ë„ÎÓÍÓÊËı, ÏÓÎÎ˛ÒÍÓ‚, ÎÂÌ-
ÚÓ˜Ì˚ı ˜Â‚ÂÈ, ·‡ıËÓÔÓ‰ Ë ÔÎÓÒÍËı ˜Â‚ÂÈ (

 

Hol-
land

 

, 

 

Hogan

 

, 1986). êÂÁÛÎ¸Ú‡Ú˚ ˝ÚËı ËÒÒÎÂ‰Ó‚‡ÌËÈ
ÔÓÍ‡Á‡ÎË ¯ËÓÍÓÂ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‡ÒÔÓ-
ÒÚ‡ÌÂÌËÂ „ÂÌÓ‚, ÒÓ‰ÂÊ‡˘Ëı „ÓÏÂÓ·ÓÍÒ˚, ÔÓ-
˝ÚÓÏÛ ÌÂÛ‰Ë‚ËÚÂÎ¸ÌÓ, ˜ÚÓ ‚ ÔÓÒÎÂ‰Û˛˘ËÂ ·ÓÎÂÂ
˜ÂÏ ‰‚‡ ‰ÂÒflÚËÎÂÚËfl ˆÂÌÚ‡Î¸ÌÓÂ ÏÂÒÚÓ ‚ ËÒÒÎÂ-
‰Ó‚‡ÌËflı èËÚÂ‡ Á‡ÌflÎ‡ ˝‚ÓÎ˛ˆËfl ˝ÚÓ„Ó „ÂÌÂÚË-
˜ÂÒÍÓ„Ó Ë Ò‚flÁ‡ÌÌÓ„Ó Ò ÌËÏ ÏÓÙÓÎÓ„Ë˜ÂÒÍÓ„Ó
‡ÁÌÓÓ·‡ÁËfl.

 

ÑÛÔÎËÍ‡ˆËfl „ÂÌÓ‚
Ë ˝‚ÓÎ˛ˆËfl ıÓ‰Ó‚˚ı 

 

Ç 1987 „. èËÚÂ ·˚Î ÔËÌflÚ Ì‡ ‰ÓÎÊÌÓÒÚ¸ ‰Â-
ÏÓÌÒÚ‡ÚÓ‡ ‚ éÚ‰ÂÎ ÁÓÓÎÓ„ËË éÍÒÙÓ‰ÒÍÓ„Ó
ÛÌË‚ÂÒËÚÂÚ‡, „‰Â ÓÌ Ì‡˜‡Î ÙÓÏËÓ‚‡Ú¸ Ò‚Ó˛
ÒÓ·ÒÚ‚ÂÌÌÛ˛ ËÒÒÎÂ‰Ó‚‡ÚÂÎ¸ÒÍÛ˛ „ÛÔÔÛ. Ç ˝ÚÓ
‚ÂÏfl ·˚Î‡ ‡Á‡·ÓÚ‡Ì‡ ÏÂÚÓ‰ËÍ‡ ÔÓÎËÏÂ‡ÁÌÓÈ
ˆÂÔÌÓÈ Â‡ÍˆËË (èñê), Ë èËÚÂ Ì‡˜‡Î ËÒÔÓÎ¸ÁÓ-
‚‡Ú¸ ÂÂ ‰Îfl ËÁÛ˜ÂÌËfl ‰‚Ûı ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı ‚Ó-
ÔÓÒÓ‚. èÂ‚˚È Í‡Ò‡ÎÒfl ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËı ÓÚÌÓ-
¯ÂÌËÈ ÏÂÊ‰Û ÚËÔ‡ÏË ÊË‚ÓÚÌ˚ı. èÓÌËÏ‡ÌËÂ Ëı
fl‚ÎflÂÚÒfl Í‡‰ËÌ‡Î¸Ì˚Ï ‰Îfl ˝‚ÓÎ˛ˆËÓÌÌÓÈ ·ËÓ-
ÎÓ„ËË, Ë ÏÓÎÂÍÛÎflÌ˚Â ‰‡ÌÌ˚Â ‚ ‰ÓÔÓÎÌÂÌËÂ Í
ÏÓÙÓÎÓ„ËË ‰‡‚‡ÎË ÌÓ‚˚È ËÒÚÓ˜ÌËÍ ËÌÙÓÏ‡-

 

ïêéçàäÄ

 

èàíÖê ïéããÄçÑ, ÉéåÖéÅéäëëéÑÖêÜÄôàÖ ÉÖçõ

à ùåÅêàéãéÉàóÖëäÄü éëçéÇÄ êÄáçééÅêÄáàü ÜàÇéíçõï

 

1

 

© 2008 „.   ë. å. òËÏÂÎ‰

 

éÚ‰ÂÎ ÁÓÓÎÓ„ËË éÍÒÙÓ‰ÒÍÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡
(

 

Department

 

 

 

of

 

 

 

Zoology

 

, 

 

University

 

 

 

of

 

 

 

Oxford

 

, 

 

South

 

 

 

Parks

 

 

 

Road

 

, 

 

Oxford

 

, 

 

OX

 

1 3

 

PS

 

, 

 

UK

 

)

 

E

 

-

 

mail

 

: 

 

sebastian

 

.

 

shimeld

 

@

 

zoo

 

.

 

ox

 

.

 

ac

 

.

 

uk

 

èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 29.05.07 „.

 

Ç 1867 „. ÄÎÂÍÒ‡Ì‰ äÓ‚‡ÎÂ‚ÒÍËÈ ÓÔÛ·ÎËÍÓ‚‡Î ÒÓÓ·˘ÂÌËÂ Ó ‡Á‚ËÚËË 

 

Amphioxus

 

 

 

lanceolatus

 

 (

 

Cepha-
lochordata

 

), Ì‡Á˚‚‡ÂÏÓ„Ó ÚÂÔÂ¸ 

 

Branchiostoma

 

 

 

lanceolatum

 

 

 

(

 

Kowalevsky

 

, 1867). ÇÏÂÒÚÂ Ò Â„Ó ÊÂ ËÒÒÎÂ-
‰Ó‚‡ÌËÂÏ ‡Á‚ËÚËfl ÔÂ‚Ë˜ÌÓıÓ‰Ó‚˚ı (

 

Kowalevsky

 

, 1866, 1871) ˝Ú‡ ‡·ÓÚ‡ ÔÓÁ‚ÓÎËÎ‡ ÔÓ-ÌÓ‚ÓÏÛ ÔÓ-
‰ÓÈÚË Í ÔÓÌËÏ‡ÌË˛ Ò‚flÁÂÈ ÏÂÊ‰Û ˝‚ÓÎ˛ˆËÂÈ Ë ‡Á‚ËÚËÂÏ ÊË‚ÓÚÌ˚ı Ë ÒÓÁ‰‡Î‡ ÓÒÌÓ‚Û ‡ÌÌËı ÚÂÓ-
ËÈ ˝‚ÓÎ˛ˆËÓÌÌÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl ÔÓÁ‚ÓÌÓ˜Ì˚ı. èËÏÂÌÓ 150 ÎÂÚ ÒÔÛÒÚfl „ÓÎÓ‚ÓıÓ‰Ó‚˚Â Ë
ÔÂ‚Ë˜ÌÓıÓ‰Ó‚˚Â ÒÌÓ‚‡ ÓÍ‡Á‡ÎËÒ¸ ‚ ˆÂÌÚÂ ‚ÌËÏ‡ÌËfl ˝‚ÓÎ˛ˆËÓÌËÒÚÓ‚, Ú‡Í Í‡Í ‰ÓÒÚËÊÂÌËfl ÏÓÎÂ-
ÍÛÎflÌÓÈ ·ËÓÎÓ„ËË Ë ‚ÓÁÏÓÊÌÓÒÚ¸ ÒÂÍ‚ÂÌËÓ‚‡ÌËfl „ÂÌÓÏ‡ ÔÓÁ‚ÓÎfl˛Ú Ì‡‰ÂflÚ¸Òfl Ì‡ ‰‡Î¸ÌÂÈ¯ÂÂ ‡Ò-
Í˚ÚËÂ Ú‡ÈÌ ÔÓËÒıÓÊ‰ÂÌËfl ÔÓÁ‚ÓÌÓ˜Ì˚ı. àÒÒÎÂ‰Ó‚‡ÌËfl èËÚÂ‡ ïÓÎÎ‡Ì‰‡ (ËÒ. 1), Î‡ÛÂ‡Ú‡ ÏÂ‰‡-
ÎË äÓ‚‡ÎÂ‚ÒÍÓ„Ó ë‡ÌÍÚ-èÂÚÂ·Û„ÒÍÓ„Ó Ó·˘ÂÒÚ‚‡ ÂÒÚÂÒÚ‚ÓËÒÔ˚Ú‡ÚÂÎÂÈ 2006 „., ÌÂÏ‡ÎÓ ÒÔÓÒÓ·-
ÒÚ‚Ó‚‡ÎË ÔË‚ÎÂ˜ÂÌË˛ ‚ÌËÏ‡ÌËfl Í ˝ÚÓÈ ÔÓ·ÎÂÏÂ (‰Îfl ·ÓÎÂÂ ‰ÂÚ‡Î¸ÌÓ„Ó ÓÁÌ‡ÍÓÏÎÂÌËfl Ò ËÒÚÓËÂÈ
ÏÂ‰‡ÎË äÓ‚‡ÎÂ‚ÒÍÓ„Ó ÒÏ.: 

 

Mikhailov

 

, 

 

Gilbert

 

, 2002). Ç ˝ÚÓÈ ÒÚ‡Ú¸Â ‰‡Ì Í‡ÚÍËÈ Ó˜ÂÍ Ú‚Ó˜ÂÒÚ‚‡ èË-
ÚÂ‡ ïÓÎÎ‡Ì‰‡ Ë Â„Ó ‚ÍÎ‡‰‡ ‚ ‚ÓÁÓÊ‰ÂÌËÂ ˝‚ÓÎ˛ˆËÓÌÌÓÈ ·ËÓÎÓ„ËË ‡Á‚ËÚËfl ‚ ˆÂÎÓÏ, ‡ Ú‡ÍÊÂ ‚ ËÒ-
ÒÎÂ‰Ó‚‡ÌËÂ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ ‚ ÔÓËÒıÓÊ‰ÂÌËË ÔÓÁ‚ÓÌÓ˜Ì˚ı ‚ ˜‡ÒÚÌÓÒÚË.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: ˝‚ÓÎ˛ˆËfl, 

 

Hox

 

-„ÂÌ˚, Î‡ÌˆÂÚÌËÍ, ËÒÚÓËfl Ì‡ÛÍË.

 

ìÑä 591
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òËÏÂÎ‰

 

ˆËË, ÌÂÓ·ıÓ‰ËÏ˚È ‰Îfl ÔÓÒÚÓÂÌËfl ÙËÎÓ„ÂÌËË.
àÒÔÓÎ¸ÁÛfl èñê, å‡ÍÒ íÂÎÙÓ‰, ÚÓ„‰‡ ‡ÒÔË‡ÌÚ
Î‡·Ó‡ÚÓËË èËÚÂ‡, ‡ÏÔÎËÙËˆËÓ‚‡Î Ù‡„ÏÂÌ-
Ú˚ „ÂÌÓ‚ Ë·ÓÒÓÏÌÓÈ êçä, ˜ÚÓ·˚ ÔÓflÒÌËÚ¸ ˝ÚË
ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ÓÚÌÓ¯ÂÌËfl. ÇÌËÏ‡ÌËÂ ̋ ÚËı ËÒ-
ÒÎÂ‰Ó‚‡ÚÂÎÂÈ ·˚ÎÓ ÒÓÒÂ‰ÓÚÓ˜ÂÌÓ Ì‡ ˘ÂÚËÌÍÓ˜Â-
Î˛ÒÚÌ˚ı - Á‡„‡‰Ó˜ÌÓÏ ÚËÔÂ ÔÎ‡ÌÍÚÓÌÌ˚ı ˜Â‚ÂÈ,
ÍÓÚÓ˚ı ‚ ÚÓ ‚ÂÏfl ÓÚÌÓÒËÎË ÍÓ ‚ÚÓË˜ÌÓÓÚ˚Ï Ë
Ú‡ÍËÏ Ó·‡ÁÓÏ Ò·ÎËÊ‡ÎË Ò ıÓ‰Ó‚˚ÏË. é‰Ì‡ÍÓ ÔÓ-
ÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó‚‡ÎË Ó ÚÓÏ, ̃ ÚÓ
˝ÚË ˜Â‚Ë ‚ ‰ÂÈÒÚ‚ËÚÂÎ¸ÌÓÒÚË ‚ÒÂ ÊÂ fl‚Îfl˛ÚÒfl ÔÂ-
‚Ë˜ÌÓÓÚ˚ÏË Ë, ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÎË¯¸ ÓÚ‰‡ÎÂÌÌÓ
Ó‰ÒÚ‚ÂÌÌ˚ ıÓ‰Ó‚˚ÏË. ùÚÓÚ ‚˚‚Ó‰ ·˚Î ÔÓÁ‰ÌÂÂ
ÔÓ‰Ú‚ÂÊ‰ÂÌ ·ÓÎÂÂ ¯ËÓÍËÏ ÍÛ„ÓÏ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚
(

 

Telford

 

, 

 

Holland

 

, 1993, 1997; 

 

Matus

 

 

 

et

 

 

 

al

 

., 2006). 

îËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ÓÚÌÓ¯ÂÌËfl ÔÓ‰ÓÎÊ‡˛Ú
ËÌÚÂÂÒÓ‚‡Ú¸ èËÚÂ‡ ‰Ó ÒËı ÔÓ, Ó ̃ ÂÏ Ò‚Ë‰ÂÚÂÎ¸-
ÒÚ‚Û˛Ú Â„Ó ÌÂ‰‡‚ÌËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl, ÔÓÒ‚fl˘ÂÌ-
Ì˚Â Ú‡ÍËÏ Á‡„‡‰Ó˜Ì˚Ï Ë ÔÎÓıÓ ËÁÛ˜ÂÌÌ˚Ï Ú‡Í-
ÒÓÌ‡Ï, Í‡Í 

 

Strepsiptera

 

, 

 

Hemichordata

 

 Ë 

 

Cho-
anoflagellata

 

 (

 

Rokas

 

 

 

et

 

 

 

al

 

., 1999; 

 

Furlong

 

, 

 

Holland

 

,
2002; 

 

Philippe

 

 

 

et al

 

., 2004).

é‰Ì‡ÍÓ „Î‡‚Ì˚Ï ‚ÓÔÓÒÓÏ ËÒÒÎÂ‰Ó‚‡ÌËÈ èË-
ÚÂ‡ ÚÓ„Ó ÔÂËÓ‰‡ ·˚ÎÓ ÛÒÚ‡ÌÓ‚ÎÂÌËÂ ‚ÂÏÂÌË Ë
ÓÎË ‰ÛÔÎËÍ‡ˆËË „ÂÌÓ‚ ‚ ̋ ‚ÓÎ˛ˆËË ıÓ‰Ó‚˚ı. ëÓ-
ÔÓÒÚ‡‚ÎÂÌËÂ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ ‰ÓÁÓ-
ÙËÎ˚ Ë ÔÓÁ‚ÓÌÓ˜Ì˚ı Ó·Ì‡ÛÊËÎÓ, ˜ÚÓ ‚ ÓÚÎË˜ËÂ
ÓÚ ‰ÓÁÓÙËÎ˚, Û ÍÓÚÓÓÈ ÏÌÓ„ËÂ ÒÂÏÂÈÒÚ‚‡ „ÓÏÂ-
Ó·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚, Ú‡ÍËÂ Í‡Í 

 

Msx

 

 

 

Ë 

 

Engrailed

 

,
ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ó‰ÌËÏ „ÂÌÓÏ, Û ÔÓÁ‚ÓÌÓ˜Ì˚ı ÓÌË

 

êËÒ. 1.

 

 èËÚÂ ïÓÎÎ‡Ì‰ Ò ‰ËÔÎÓÏÓÏ Ó Ì‡„‡Ê‰ÂÌËË ÏÂ‰‡Î¸˛ äÓ‚‡ÎÂ‚ÒÍÓ„Ó ‚ 2007 „. 
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ËÏÂ˛Ú Ó·˚˜ÌÓ ‰‚Â ËÎË ·ÓÎÂÂ ÍÓÔËÈ. èËÏÂÌÓ Á‡
‰‚‡‰ˆ‡Ú¸ ÎÂÚ ‰Ó ̋ ÚÓ„Ó ëÛÒÛÏË éÌÓ ‚˚ÒÍ‡Á‡Î ÔÂ‰-
ÔÓÎÓÊÂÌËÂ Ó ÚÓÏ, ̃ ÚÓ ÔË ‰Ë‚ÂÒËÙËÍ‡ˆËË ÔÓÁ‚Ó-
ÌÓ˜Ì˚ı ˝ÙÙÂÍÚË‚ÌÛ˛ ÓÎ¸ Ò˚„‡Î‡ ÚÂÚ‡ÔÎÓË-
‰ËÁ‡ˆËfl (

 

Ohno

 

, 1970). Ç ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ˝ÚÓÈ „ËÔÓ-
ÚÂÁÓÈ Ó‰ÌËÏ ËÁ ÔÓÒÎÂ‰ÒÚ‚ËÈ ÚÂÚ‡ÔÎÓË‰ËÁ‡ˆËË Û
ÔÓÁ‚ÓÌÓ˜Ì˚ı ‰ÓÎÊÌÓ ·˚Ú¸ ·ÓÎ¸¯ÂÂ ˜ËÒÎÓ ÍÓÔËÈ
‚ ·ÓÎ¸¯ËÌÒÚ‚Â ÒÂÏÂÈÒÚ‚ „ÂÌÓ‚ ÔÓ Ò‡‚ÌÂÌË˛ Ò
·ÂÒÔÓÁ‚ÓÌÓ˜Ì˚ÏË. èËÚÂ Ë Â„Ó „ÛÔÔ‡ Ì‡˜‡ÎË ËÒ-
ÒÎÂ‰Ó‚‡Ú¸ ˝ÚÛ ÔÓ·ÎÂÏÛ, ËÒÔÓÎ¸ÁÛfl ‰Îfl ‚˚fl‚ÎÂ-
ÌËfl ÏÌÓ„ÓÓ·‡ÁËfl ÍÎ˛˜Â‚˚ı ÒÂÏÂÈÒÚ‚ „ÓÏÂÓ-
·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ ‚ „ÂÌÓÏ‡ı ‡ÁÎË˜Ì˚ı ·ÂÒ-
ÔÓÁ‚ÓÌÓ˜Ì˚ı èñê (

 

Holland

 

, 

 

Williams

 

, 1990; 

 

Hol-
land

 

, 1991). éÌË ÒÓÒÂ‰ÓÚÓ˜ËÎË ‚ÌËÏ‡ÌËÂ Ì‡ Ú‡Í-
ÒÓÌ‡ı ·ÂÒÔÓÁ‚ÓÌÓ˜Ì˚ı, ÍÓÚÓ˚Â Ì‡Ë·ÓÎÂÂ ·ÎËÁÍË
ÔÓÁ‚ÓÌÓ˜Ì˚Ï, ‡ ËÏÂÌÌÓ Ì‡ „ÓÎÓ‚ÓıÓ‰Ó‚˚ı Ë ÔÂ-
‚Ë˜ÌÓıÓ‰Ó‚˚ı. èÓ ÏÂÂ Û‚ÂÎË˜ÂÌËfl ̃ ËÒÎ‡ ËÒÒÎÂ-
‰Ó‚‡ÌÌ˚ı ÒÂÏÂÈÒÚ‚ „ÂÌÓ‚ ÒÚ‡ÌÓ‚ËÎÓÒ¸ Ó˜Â‚Ë‰-
Ì˚Ï, ˜ÚÓ ‚ ÓÚÎË˜ËÂ ÓÚ ÔÓÁ‚ÓÌÓ˜Ì˚ı, ÍÓÚÓ˚Â
Ó·˚˜ÌÓ ËÏÂ˛Ú ÏÌÓÊÂÒÚ‚ÂÌÌ˚Â ÙÓÏ˚ ‚ Í‡Ê‰ÓÏ
ÒÂÏÂÈÒÚ‚Â „ÂÌÓ‚, „ÓÎÓ‚ÓıÓ‰Ó‚˚Â Ë ÔÂ‚Ë˜ÌÓıÓ-
‰Ó‚˚Â ‚ÒÂ„‰‡ ËÏÂ˛Ú ÎË¯¸ Ó‰ÌÛ ÙÓÏÛ. ùÚÓ ÔË‚Â-
ÎÓ èËÚÂ‡ Í ÔÂ‰ÔÓÎÓÊÂÌË˛ Ó ÚÓÏ, ̃ ÚÓ ÔÓËÒıÓÊ-
‰ÂÌËÂ ÔÓÁ‚ÓÌÓ˜Ì˚ı ÒÓ‚Ô‡ÎÓ Ò ̄ ËÓÍÓÈ ‰ÛÔÎËÍ‡ˆË-
ÂÈ „ÂÌÓ‚ Ë ˜ÚÓ ‚ÂÓflÚÌ˚Ï ÔÛÚÂÏ ÔÓfl‚ÎÂÌËfl
‰Ó·‡‚Ó˜Ì˚ı „ÂÌÓ‚ ·˚ÎË ‰‚‡ ‡ÛÌ‰‡ ÚÂÚ‡ÔÎÓË‰ËÁ‡-
ˆËË (

 

Holland

 

 

 

et

 

 

 

al

 

., 1994). 

ùÚ‡ „ËÔÓÚÂÁ‡ ËÏÂÂÚ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚Â ÔÓÒÎÂ‰-
ÒÚ‚Ëfl ‰Îfl ÔÓÌËÏ‡ÌËfl ˝‚ÓÎ˛ˆËË ÔÓÁ‚ÓÌÓ˜Ì˚ı Ë
˜ÂÎÓ‚ÂÍ‡, ÔÓÒÍÓÎ¸ÍÛ ÓÌ‡ ÔÓÒÚÛÎËÛÂÚ, ˜ÚÓ „ÂÌÓÏ
˜ÂÎÓ‚ÂÍ‡ ‚ÓÁÌËÍ ·Î‡„Ó‰‡fl ‡ÌˆÂÒÚ‡Î¸ÌÓÈ ÔÓÎËÔ-
ÎÓË‰ËË Ë ‰ÓÎÊÂÌ ÌÂÒÚË ÂÂ ÒÎÂ‰˚ ‚ ‚Ë‰Â Ó·¯ËÌ˚ı
Ó·Î‡ÒÚÂÈ Ô‡‡ÎÓ„ËÈ. ùÚ‡ ÚÂÓËfl ‰‡ÂÚ Ú‡ÍÊÂ ˜ÂÚ-
ÍÓÂ Ó·˙flÒÌÂÌËÂ ËÁ·˚ÚÓ˜ÌÓÒÚË ˜ÎÂÌÓ‚ ÒÂÏÂÈÒÚ‚
„ÂÌÓ‚, ÍÓÚÓ‡fl ÌÂÂ‰ÍÓ Ó·Ì‡ÛÊË‚‡ÂÚÒfl ÔË ËÒ-
ÒÎÂ‰Ó‚‡ÌËË „ÂÌÌÓ„Ó ÌÓÍ‡ÛÚ‡ Ï˚¯ÂÈ (˜‡ÒÚÓ ËÁ-Á‡
ÓÚÒÛÚÒÚ‚Ëfl ËÎË ÒÏfl„˜ÂÌËfl ÓÊË‰‡ÂÏÓ„Ó ÌÂ„‡ÚË‚ÌÓ-
„Ó ‰ÂÈÒÚ‚Ëfl ÏÛÚ‡ˆËË). ÉÓfl˜Ó Ó·ÒÛÊ‰‡‚¯‡flÒfl ‚
ÚÂ˜ÂÌËÂ ÏÌÓ„Ëı ÎÂÚ, ˝Ú‡ „ËÔÓÚÂÁ‡ ‚ Ì‡ÒÚÓfl˘ÂÂ
‚ÂÏfl ÔÓÎÛ˜ËÎ‡ ÔÓ‰Ú‚ÂÊ‰ÂÌËÂ ·Î‡„Ó‰‡fl Ò‡‚-
ÌÂÌË˛ „ÂÌÓÏÓ‚ ÔÓÁ‚ÓÌÓ˜Ì˚ı Ë ‡ÒˆË‰ËË 

 

Ciona

 

 

 

in-
testinalis

 

 (

 

Dehal

 

, 

 

Boore

 

, 2005) Ë ÚÂÔÂ¸ ÒÎÛÊËÚ ÍÎ˛-
˜Â‚ÓÈ ÔË Ó·˙flÒÌÂÌËË ÌÂÍÓÚÓ˚ı Ó·˘Ëı ‚ÓÔÓ-
ÒÓ‚ Ó„‡ÌËÁ‡ˆËË „ÂÌÓÏ‡ Ë ˜ËÒÎ‡ „ÂÌÓ‚ Û ÔÓÁ‚Ó-
ÌÓ˜Ì˚ı. 

Ç ̋ ÚÓÚ ÊÂ ÔÂËÓ‰ èËÚÂ Ì‡˜‡Î, ÍÓÏÂ ÚÓ„Ó, ·Ó-
ÎÂÂ ‰ÂÚ‡Î¸Ì˚È ‡Ì‡ÎËÁ 

 

çÓı

 

-„ÂÌÓ‚ Û Î‡ÌˆÂÚÌËÍ‡

 

Branchiostoma

 

 

 

floridae

 

. Ç ÒÓÚÛ‰ÌË˜ÂÒÚ‚Â Ò çËÍÓ-
Î‡ÒÓÏ Ë ãËÌ‰ÓÈ ïÓÎÎ‡Ì‰ ËÁ éÍÂ‡ÌÓ„‡ÙË˜ÂÒÍÓ„Ó
ËÌÒÚËÚÛÚ‡ ëÍËÔÔÒ‡, ÍÓÚÓ˚Â Ú‡ÍÊÂ ÔÓfl‚ËÎË
ËÌÚÂÂÒ Í ‡Á‚ËÚË˛ Î‡ÌˆÂÚÌËÍ‡, ·˚Î‡ ÔÂ‰ÔËÌfl-
Ú‡ ÒÂËfl ̋ ÍÒÔÂ‰ËˆËÈ Ì‡ í‡ÏÔ‡-·ÂÈ (îÎÓË‰‡) Ò ̂ Â-
Î¸˛ Ò·Ó‡ Á‡Ó‰˚¯ÂÈ Î‡ÌˆÂÚÌËÍ‡ ‰Îfl ËÁÛ˜ÂÌËfl
˝ÍÒÔÂÒÒËË „ÂÌÓ‚. Ç 1992 „. ÓÌË ÓÔÛ·ÎËÍÓ‚‡ÎË Â-
ÁÛÎ¸Ú‡Ú˚ ÔÂ‚Ó„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl 

 

çÓı

 

-„ÂÌÓ‚ Î‡Ì-
ˆÂÚÌËÍ‡, ‚˚ÔÓÎÌÂÌÌÓ„Ó Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡ „Ë·Ë-
‰ËÁ‡ˆËË 

 

in

 

 

 

situ

 

, „‰Â ÔÓÍ‡Á‡ÎË ÎÓÍ‡ÎËÁÓ‚‡ÌÌÛ˛ ˝ÍÒ-

ÔÂÒÒË˛ ˝ÚËı „ÂÌÓ‚ ‚‰ÓÎ¸ ÔÂÂ‰ÌÂÁ‡‰ÌÂÈ ÓÒË
(

 

Holland

 

 

 

et

 

 

 

al

 

., 1992).

Ç 1993 „. ‚ ˝ÚÛ ‡·ÓÚÛ ‚ÍÎ˛˜ËÎÒfl ÑÊÓ‰Ë É‡-
ÒË‡-îÂÌ‡Ì‰ÂÒ, ÍÓÚÓ˚È Ì‡˜‡Î ‰ÎËÚÂÎ¸Ì˚È ÔÓ-
ÂÍÚ “ÔÓ„ÛÎÍË” ÔÓ 

 

çÓı

 

-ÍÎ‡ÒÚÂÛ Î‡ÌˆÂÚÌËÍ‡ Ò
ÍÎÓÌËÓ‚‡ÌËÂÏ ‚ÒÂı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ ‡ÒÔÓÎÓ-
ÊÂÌÌ˚ı „ÂÌÓ‚. Ç 1994 „. ËÒÒÎÂ‰Ó‚‡ÌËÂ ·˚ÎÓ Á‡-
‚Â¯ÂÌÓ, ‡ ‚ ÒÚ‡Ú¸Â, ÍÓÚÓ‡fl ˜‡ÒÚÓ ˆËÚËÛÂÚÒfl Ë
ÔÓ ÒÂÈ ‰ÂÌ¸ (

 

Garcia

 

-

 

Fernandez

 

, 

 

Holland

 

, 1994), ÓÔÛ·-
ÎËÍÓ‚‡Ì‡ ÒıÂÏ‡ ‡ÒÔÓÎÓÊÂÌËfl ÔÂÂ‰ÌËı ‰ÂÒflÚË

 

Hox

 

-„ÂÌÓ‚ Î‡ÌˆÂÚÌËÍ‡. ì·Â‰ËÚÂÎ¸Ì‡fl ‰ÂÏÓÌÒÚ‡-
ˆËfl ÛÌËÍ‡Î¸ÌÓÒÚË ÍÎ‡ÒÚÂ‡ Hox-„ÂÌÓ‚ ‰‡Î‡ Â¯‡-
˛˘ÂÂ ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚Ó ‰Â‚ÌÓÒÚË ÍÎ‡ÒÚÂÌÓÈ ÔË-
Ó‰˚ ˝ÚËx „ÂÌÓ‚ Ë flÒÌÓ ÔÓÍ‡Á‡Î‡, ˜ÚÓ ÏÌÓÊÂ-
ÒÚ‚ÂÌÌ˚Â çÓı-ÍÎ‡ÒÚÂ˚, Ó·Ì‡ÛÊÂÌÌ˚Â ‚ „ÂÌÓ-
Ï‡ı ÔÓÁ‚ÓÌÓ˜Ì˚ı, fl‚Îfl˛ÚÒfl ı‡‡ÍÚÂÌ˚ÏË ‰Îfl
ÔÓÁ‚ÓÌÓ˜Ì˚ı. ç‡ ˝ÚÓÚ ÔÂËÓ‰ ÔË¯ÎÓÒ¸ Ú‡ÍÊÂ Ë
Ì‡˜‡ÎÓ ËÒÒÎÂ‰Ó‚‡ÌËÈ ˝ÍÒÔÂÒÒËË ‰Û„Ëı „ÂÌÓ‚
Î‡ÌˆÂÚÌËÍ‡, ËÌËˆËËÓ‚‡‚¯Ëı ‡Á‡·ÓÚÍÛ ‰ÂÚ‡Î¸-
ÌÓÈ ÏÓÎÂÍÛÎflÌÓÈ ‡Ì‡ÚÓÏËË Â„Ó ‡Á‚ËÚËfl Ë ÔÓ-
ÒÎÂ‰Û˛˘ÂÂ ÔÂÂÓÒÏ˚ÒÎÂÌËÂ „ÓÏÓÎÓ„ËÈ ÏÂÊ‰Û
Î‡ÌˆÂÚÌËÍÓÏ Ë ÔÓÁ‚ÓÌÓ˜Ì˚ÏË. èÓÊ‡ÎÛÈ, Ì‡Ë·Ó-
ÎÂÂ flÍËÏ ÔËÏÂÓÏ ˝ÚÓ„Ó fl‚ÎflÂÚÒfl ËÁÛ˜ÂÌËÂ „Â-
Ì‡ Otx Î‡ÌˆÂÚÌËÍ‡, ÍÓÚÓÓÂ ÔÓÏÓ„ÎÓ ÛÒÚ‡ÌÓ‚ËÚ¸
„ÓÏÓÎÓ„Ë˛ ÏÂÊ‰Û „ÓÎÓ‚Ì˚Ï ÏÓÁ„ÓÏ ÔÓÁ‚ÓÌÓ˜-
Ì˚ı Ë ÔÂÂ‰ÌÂÈ Ó·Î‡ÒÚ¸˛ ˆÂÌÚ‡Î¸ÌÓÈ ÌÂ‚ÌÓÈ
ÒËÒÚÂÏ˚ Î‡ÌˆÂÚÌËÍ‡ (Williams, Holland, 1988). 

ÇÂÒÌÓÈ 1994 „. èËÚÂ ÒÓ‚ÏÂÒÚÌÓ Ò å‡ÈÍÎÓÏ
ùÈÍÂÏÓÏ, îËÎËÔÔÓÏ àÌ„ı˝ÏÓÏ Ë ÉÂ„ÓË ÇÂÂÏ
‡Á‡·ÓÚ‡Î Ì‡Û˜ÌÛ˛ ÔÓ„‡ÏÏÛ äÓÌÙÂÂÌˆËË
ÅËÚ‡ÌÒÍÓ„Ó Ó·˘ÂÒÚ‚‡ ·ËÓÎÓ„ËË ‡Á‚ËÚËfl Ì‡ ÚÂ-
ÏÛ “ù‚ÓÎ˛ˆËfl ÏÂı‡ÌËÁÏÓ‚ ‡Á‚ËÚËfl”. ùÚÓ ·˚Î‡
ıÓÓ¯Ó Ó„‡ÌËÁÓ‚‡ÌÌ‡fl Ë ‚ÔÂ˜‡ÚÎfl˛˘‡fl ÍÓÌÙÂ-
ÂÌˆËfl, ÍÓÚÓ‡fl ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÒÚÂÔÂÌË Ó·ÓÁÌ‡-
˜ËÎ‡ ‚ÓÁ‚‡˘ÂÌËÂ ˝‚ÓÎ˛ˆËÓÌÌÓÈ ·ËÓÎÓ„ËË ‡Á-
‚ËÚËfl ‚ ÓÒÌÓ‚ÌÓÂ ÛÒÎÓ Ì‡Û˜Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚
ëÓÂ‰ËÌÂÌÌÓÏ äÓÓÎÂ‚ÒÚ‚Â. ÖÂ ÂÁÛÎ¸Ú‡ÚÓÏ ·˚ÎÓ
ËÁ‰‡ÌËÂ ÔËÎÓÊÂÌËfl Í ÊÛÌ‡ÎÛ Development, ÍÓ-
ÚÓÓÂ ÔÓÎ¸ÁÓ‚‡ÎÓÒ¸ ¯ËÓÍÓÈ ÔÓÔÛÎflÌÓÒÚ¸˛
(Akam et al., 1994) Ë ÔË‚ÎÂÍÎÓ ÏÌÓ„Ëı ÒÚÛ‰ÂÌÚÓ‚
Ë ÏÓÎÓ‰˚ı ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ ‚ ˝ÚÛ ·˚ÒÚÓ ‡ÒÚÛ-
˘Û˛ Ó·Î‡ÒÚ¸ ËÒÒÎÂ‰Ó‚‡ÌËÈ.

ë‡‚ÌËÚÂÎ¸Ì‡fl „ÂÌÓÏËÍ‡: 
Î‡ÌˆÂÚÌËÍ Í‡Í ÏÓ‰ÂÎ¸

Ç 1995 „. èËÚÂ ·˚Î Ì‡ÁÌ‡˜ÂÌ ÔÓÙÂÒÒÓÓÏ
ÁÓÓÎÓ„ËË ‚ ìÌË‚ÂÒËÚÂÚ êË‰ËÌ„‡, „‰Â ÔÓ‰ÓÎÊËÎ
Ò‚ÓË ËÒÒÎÂ‰Ó‚‡ÌËfl ˝‚ÓÎ˛ˆËË ÍÎ‡ÒÚÂÓ‚ Hox-„Â-
ÌÓ‚ Û ‰Û„Ëı ÚËÔÓ‚ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚.
Ç 1998 „. Â„Ó Î‡·Ó‡ÚÓËfl ÒÓÓ·˘ËÎ‡ Ó· Ë‰ÂÌÚËÙË-
Í‡ˆËË ÍÎ‡ÒÚÂ‡ ParaHox-„ÂÌÓ‚ Û Î‡ÌˆÂÚÌËÍ‡
(Brooke et al., 1998). ùÚÓÚ Á‡„‡‰Ó˜Ì˚È ÍÎ‡ÒÚÂ „Â-
ÌÓ‚ fl‚ÎflÂÚÒfl ÒÂÒÚËÌÒÍËÏ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í çÓı;
Ó·‡ ÓÌË ÔÓËÁÓ¯ÎË ÓÚ ‡ÌˆÂÒÚ‡Î¸ÌÓ„Ó “Proto-
Hox”-ÍÎ‡ÒÚÂ‡ ·ËÎ‡ÚÂ‡Î¸Ì˚ı ÊË‚ÓÚÌ˚ı ÔÛÚÂÏ
‰ÛÔÎËÍ‡ˆËË ‚ ‡ÌÌÂÏ ÔÂËÓ‰Â ˝‚ÓÎ˛ˆËË, ‰Ó ‡Ò-
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òËÏÂÎ‰

ÔÓÒÚ‡ÌÂÌËfl çÓı-ÍÎ‡ÒÚÂ‡ Û ·ËÎ‡ÚÂ‡Î¸Ì˚ı
(ËÒ. 2, ‡).

ä‡ÚËÓ‚‡ÌËÂ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚
Nkx Î‡ÌˆÂÚÌËÍ‡ Ë ˜ÂÎÓ‚ÂÍ‡ Ú‡ÍÊÂ ÔÓ‰Ú‚Â‰ËÎÓ
‰Â‚ÌÂÂ ÔÓËÒıÓÊ‰ÂÌËÂ ÍÎ‡ÒÚÂËÁ‡ˆËË „ÂÌ‡ Nkx
(Luke et al., 2003). Ç ‰‡Î¸ÌÂÈ¯ÂÏ, ÍÓ„‰‡ ‚ ÂÁÛÎ¸-
Ú‡ÚÂ ÛÒÔÂıÓ‚ ËÒÒÎÂ‰Ó‚‡ÌËfl „ÂÌÓÏÓ‚ ˜ÂÎÓ‚ÂÍ‡ Ë
ÊË‚ÓÚÌ˚ı ÒÚ‡ÎÓ ‚ÓÁÏÓÊÌ˚Ï Ô‡Ì„ÂÌÓÏÌÓÂ Í‡ÚË-
Ó‚‡ÌËÂ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ ÔÓÁ‚ÓÌÓ˜-

Ì˚ı, ÔÓÎÛ˜ÂÌÌ˚Â ‰‡ÌÌ˚Â ·˚ÎË ÛÚÓ˜ÌÂÌ˚. ÄÌ‡ÎËÁ
˝ÚËı „ÂÌÓ‚ ÓÍ‡Á‡ÎÒfl ÔÎÓ‰ÓÚ‚ÓÌ˚Ï. ÅÓÎ¸¯ËÌ-
ÒÚ‚Ó „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ ‚ ÔÂ‚ÓÏ ÔË-
·ÎËÊÂÌËË ÏÓÊÌÓ ‡Á‰ÂÎËÚ¸ Ì‡ ‰‚‡ ·ÓÎ¸¯Ëı ÍÎ‡Ò-
Ò‡: Antennapedia, ËÎË ANTP, ÍÓÚÓ˚È ‚ÍÎ˛˜‡ÂÚ
Hox, ParaHox, Nkx Ë ‰Û„ËÂ, Ë Paired, ËÎË PRD. Ç
ÓÚÎË˜ËÂ ÓÚ „ÂÌÓ‚ ÍÎ‡ÒÒ‡ PRD, ÍÓÚÓ˚Â, ÔÓ-‚Ë‰Ë-
ÏÓÏÛ, “‡Á·ÓÒ‡Ì˚” ÔÓ ‚ÒÂÏÛ „ÂÌÓÏÛ, ·ÓÎ¸¯ËÌ-
ÒÚ‚Ó „ÂÌÓ‚ ÍÎ‡ÒÒ‡ ANTP Û ÓÚ‰‡ÎÂÌÌÓ„Ó ÔÂ‰Í‡ ÔÓ-

èËÏËÚË‚Ì˚È
ÍÎ‡ÒÚÂ
Hox

ÉÂÌ
ProtoHox

ProtoHox

ParaHox

Hox1 Hox2 Hox3 Hox4 Hox5 Hox6-8 Hox9-13
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Hox
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Cdx

Cdx
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a 

· 

êËÒ. 2. åÓ‰ÂÎË ˝‚ÓÎ˛ˆËË ÍÎ‡ÒÚÂ‡ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ Û Metazoa.
‡ – ÏÓ‰ÂÎ¸ ˝‚ÓÎ˛ˆËË ÍÎ‡ÒÚÂÓ‚ „ÂÌÓ‚ Hox Ë ParaHox (Brooke et al., 1998). èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ Â‰ËÌÒÚ‚ÂÌÌ˚È „ÂÌ Pro-
toHox ‰ÛÔÎËˆËÓ‚‡ÎÒfl ‚ Ú‡Ì‰ÂÏÂ, Ó·‡ÁÓ‚‡‚ ˜ÂÚ˚Âı„ÂÌÌ˚È ÍÎ‡ÒÚÂ ProtoHox. ùÚÓÚ ÍÎ‡ÒÚÂ Á‡ÚÂÏ ‰ÛÔÎËˆËÓ‚‡ÎÒfl Ò
Ó·‡ÁÓ‚‡ÌËÂÏ ÔËÏËÚË‚Ì˚ı ÍÎ‡ÒÚÂÓ‚ Hox Ë ParaHox. Ñ‡Î¸ÌÂÈ¯ËÂ ÏÓ‰ËÙËÍ‡ˆËË Ò‚flÁ‡Ì˚ Ò ÔÓÚÂÂÈ „ÂÌ‡ Ô‡‡ÎÓ„Ë˜-
ÌÓÈ „ÛÔÔ˚ PG3 ËÁ ÍÎ‡ÒÚÂ‡ ParaHox, ÔÓËÒıÓÊ‰ÂÌËÂÏ ̂ ÂÌÚ‡Î¸ÌÓ„Ó „ÂÌ‡ Hox ‚ÌÛÚË ÍÎ‡ÒÚÂ‡ Hox Ë ÔÓ‰ÓÎÊ‡˛˘ÂÈ-
Òfl ̋ ÍÒÔ‡ÌÒËË ÔÓÒÂ‰ÒÚ‚ÓÏ Ú‡Ì‰ÂÏÌÓÈ ‰ÛÔÎËÍ‡ˆËË ÍÎ‡ÒÚÂ‡ Hox (Ferrier, Holland, 2001). Ç‡Ë‡ˆËË ̋ ÚÓÈ ÓÒÌÓ‚ÌÓÈ ÏÓ‰ÂÎË
Ú‡ÍÊÂ ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ËÏÂ˛˘ËÏËÒfl ‰‡ÌÌ˚ÏË (ÒÏ., Ì‡ÔËÏÂ: Garcia-Fernandez, 2005).
· – ˝ÍÒÔ‡ÌÒËfl ÏÓ‰ÂÎË (‡), ‚ÍÎ˛˜‡˛˘‡fl ‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡¯ËÂ „ÂÌ˚ ÍÎ‡ÒÒ‡ ANTP, ÍÓÚÓ˚Â ÔÂ‰ÔÓ-
ÎÓÊËÚÂÎ¸ÌÓ Ó‰ÒÚ‚ÂÌÌÓ Ò‚flÁ‡Ì˚ Ò „ÂÌ‡ÏË Hox Í‡Í ˜‡ÒÚ¸ ÏÂ„‡ÍÎ‡ÒÚÂ‡ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ (Pollard, Holland,
2000). Ö‰ËÌÒÚ‚ÂÌÌ˚È „ÂÌ ProtoHox Ú‡Ì‰ÂÏÌÓ ‰ÛÔÎËˆËÓ‚‡ÎÒfl, ‰‡‚ Ì‡˜‡ÎÓ ÔÂ‰Í‡Ï ÍÎ‡ÒÚÂÓ‚ EHGbox, Hox/ParaHox Ë
Nkx. îÓÏËÓ‚‡ÌËÂ Í‡Ê‰Ó„Ó ÍÎ‡ÒÚÂ‡ Ò‚flÁ‡ÌÓ Ò ‰‡Î¸ÌÂÈ¯ËÏË Ú‡Ì‰ÂÏÌ˚ÏË ‰ÛÔÎËÍ‡ˆËflÏË, ‡ ÍÎ‡ÒÚÂ˚ ParaHox Ë Hox
‡Á‰ÂÎfl˛ÚÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ ‰ÛÔÎËÍ‡ˆËË. ëÓÒÚ‡‚ ÍÎ‡ÒÚÂÓ‚ EHGbox Ë Nkx ÔÓÍ‡Á‡Ì ÌËÊÂ: ÏÓÊÌÓ ‚Ë‰ÂÚ¸
‚‡Ë‡ˆËË ÔÓfl‰Í‡ „ÂÌÓ‚ Ë ÒÓÒÚ‡‚‡ ÍÎ‡ÒÚÂÓ‚ Û ‡ÁÌ˚ı ‚Ë‰Ó‚.
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Á‚ÓÌÓ˜Ì˚ı Ì‡ıÓ‰ËÎËÒ¸ ‚ Ó‰ÌÓÈ Ó·Î‡ÒÚË. èËÚÂ Ë
Â„Ó ÍÓÎÎÂ„Ë Ì‡Á‚‡ÎË ˝ÚÛ Ó·Î‡ÒÚ¸ ÍÎ‡ÒÚÂÓÏ
“Mega-homeobox” (ËÒ. 2, ·; Pollard, Holland, 2000).
éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ·oÎ¸¯‡fl ˜‡ÒÚ¸ „ÓÏÂÓ·ÓÍÒÒÓ‰Â-
Ê‡˘Ëı „ÂÌÓ‚ ANTP-ÍÎ‡ÒÒ‡ ËÁÌ‡˜‡Î¸ÌÓ ‚ÓÁÌËÍÎ‡
ËÁ Â‰ËÌÒÚ‚ÂÌÌÓ„Ó ÔÂ‰ÍÓ‚Ó„Ó „ÂÌ‡ ˝ÚÓ„Ó ÍÎ‡ÒÒ‡ ‚
ÂÁÛÎ¸Ú‡ÚÂ Ú‡Ì‰ÂÏÌÓÈ ‰ÛÔÎËÍ‡ˆËË. ùÚÓ Í‡Ò‡ÂÚÒfl
ÔÓËÒıÓÊ‰ÂÌËfl Ë „ÂÌÓÏÌÓÈ Ó„‡ÌËÁ‡ˆËË „ÓÏÂÓ-
·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ Û ÊË‚ÓÚÌ˚ı ‚ÒÂı ÚËÔÓ‚. Ç
ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÔËÒÛ˘ÂÈ èËÚÂÛ ÒÔÓÒÓ·ÌÓÒÚ¸˛
ÔËÏÂÌflÚ¸ ÏÓÎÂÍÛÎflÌ˚Â ÏÂÚÓ‰ËÍË ‰Îfl Â¯ÂÌËfl
˝‚ÓÎ˛ˆËÓÌÌ˚ı Á‡‰‡˜, ÓÌ Â¯ËÎ ÔÓ‚ÂËÚ¸ ̋ ÚÛ „Ë-
ÔÓÚÂÁÛ, ËÒÔÓÎ¸ÁÓ‚‡‚ ÙÎÛÓÂÒˆÂÌÚÌÛ˛ „Ë·Ë‰ËÁ‡-
ˆË˛ in situ Ì‡ ıÓÏÓÒÓÏ‡ı Î‡ÌˆÂÚÌËÍ‡ – ÔÓ‰ıÓ‰,
ÍÓÚÓ˚È ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ¯ËÓÍÓ ËÒÔÓÎ¸ÁÛÂÚ-
Òfl ‚ ˝‚ÓÎ˛ˆËÓÌÌÓÈ „ÂÌÓÏËÍÂ ÌÂÏÓ‰ÂÎ¸Ì˚ı Ó„‡-
ÌËÁÏÓ‚ (Castro, Holland, 2003).

ëÌÓ‚‡ éÍÒÙÓ‰: ÏÌÓ„ÓÓ·‡ÁËÂ, 
‰Ë‚Â„ÂÌˆËfl Ë ‡ÒÒÂË‚‡ÌËÂ 

„ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚ 

Ç ÓÍÚfl·Â 2002 „. èËÚÂ ‚ÓÁ‚‡ÚËÎÒfl ‚ éÍÒ-
ÙÓ‰ÒÍËÈ ÛÌË‚ÂÒËÚÂÚ ‚ Í‡˜ÂÒÚ‚Â ãËÌ‡ÍÒÍÓ„Ó
ÔÓÙÂÒÒÓ‡ ÁÓÓÎÓ„ËË – ÔÓÒÚ, ÍÓÚÓ˚È ‡ÌÂÂ Á‡ÌË-
Ï‡ÎË, ‚ ˜‡ÒÚÌÓÒÚË, ù.ê. ã‡ÌÍÂÒÚÂ Ë ù.ë. ÉÛ‰Ë˜,
ËÒÒÎÂ‰Ó‚‡ÌËfl Î‡ÌˆÂÚÌËÍ‡ ÍÓÚÓ˚ı ‚ÌÂÒÎË Á‡ÏÂÚ-
Ì˚È ‚ÍÎ‡‰ ‚ Ì‡¯Â ÔÓÌËÏ‡ÌËÂ ̋ ‚ÓÎ˛ˆËË ÔÓÁ‚ÓÌÓ˜-
Ì˚ı (ÒÏ., Ì‡ÔËÏÂ: Lankester, 1889; Goodrich,
1930). í‡ÍËÂ ‰ÓÎ„ÓÒÓ˜Ì˚Â ÚÂÏ˚ ËÒÒÎÂ‰Ó‚‡ÌËÈ,
Í‡Í ‰ÛÔÎËÍ‡ˆËfl Ë ‰Ë‚Â„ÂÌˆËfl „ÂÌÓ‚, ‰ÛÔÎËÍ‡ˆËfl
„ÂÌÓÏ‡ Ë „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „ÂÌÓ‚, ÔÓ‰ÓÎ-
Ê‡˛Ú ÓÒÚ‡‚‡Ú¸Òfl ‚ ˆÂÌÚÂ ‚ÌËÏ‡ÌËfl ïÓÎÎ‡Ì‰‡ Ë ‚
Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl. èÓÒÚÓflÌÌÓ ‡Ò¯Ëfl˛˘ËÈÒfl ÔÂ-
Â˜ÂÌ¸ ÒÂÍ‚ÂÌËÓ‚‡ÌÌ˚ı „ÂÌÓÏÓ‚ ÊË‚ÓÚÌ˚ı
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ·Ó„‡Ú˚È ËÒÚÓ˜ÌËÍ ËÌÙÓÏ‡-
ˆËË, „ÓÚÓ‚˚È Í ÛÔÓÚÂ·ÎÂÌË˛. éÍÓÌ˜‡ÌËÂ ÔÓÂÍ-
Ú‡ ÔÓ ËÁÛ˜ÂÌË˛ „ÂÌÓÏ‡ ˜ÂÎÓ‚ÂÍ‡ ÔÓÁ‚ÓÎËÎÓ ‚ ÓÒ-
ÌÓ‚ÌÓÏ Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ Ë ÍÎ‡ÒÒËÙËˆËÓ‚‡Ú¸
‚ÒÂ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘ËÂ „ÂÌ˚ ˜ÂÎÓ‚ÂÍ‡, Ë èË-
ÚÂ ‚ÏÂÒÚÂ Ò ÒÓÚÛ‰ÌËÍ‡ÏË ‚ÓÁ„Î‡‚ÎflÂÏÓÈ ËÏ Î‡-
·Ó‡ÚÓËË ˝ÙÙÂÍÚË‚ÌÓ Û˜‡ÒÚ‚Ó‚‡ÎË ‚ ˝ÚÓÏ ÔÓ-
ˆÂÒÒÂ (Booth, Holland, 2004, 2007). á‡‚Â¯ÂÌËÂ ‡-
·ÓÚ ÔÓ ËÁÛ˜ÂÌË˛ „ÂÌÓÏ‡ ÌÂÍÓÚÓ˚ı ÔÓÁ‚Ó-
ÌÓ˜Ì˚ı, ‚ÍÎ˛˜‡fl ÚË ‚Ë‰‡ ÎÛ˜ÂÔÂ˚ı ˚·, ÔÓÁ‚Ó-
ÎËÎÓ ‰ÂÚ‡Î¸ÌÓ ËÒÒÎÂ‰Ó‚‡Ú¸ ·ÓÎÂÂ ÒÎÓÊÌ˚Â ‚ÓÔÓ-
Ò˚ ‰ÛÔÎËÍ‡ˆËË, ‡ÒÒÂflÌËfl Ë ‰Ë‚Â„ÂÌˆËË „ÂÌÓ‚.
ÅÓÎ¸¯‡fl ˜‡ÒÚ¸ ÎÛ˜ÂÔÂ˚ı ˚·, ÔÓ-‚Ë‰ËÏÓÏÛ, ÔÓ-
ËÁÓ¯Î‡ ÓÚ ÚÂÚ‡ÔÎÓË‰ÌÓ„Ó ÔÂ‰Í‡, ‚ÓÁÌËÍ¯Â„Ó ‚
ÂÁÛÎ¸Ú‡ÚÂ Â˘Â Ó‰ÌÓÈ, ‰ÓÔÓÎÌËÚÂÎ¸ÌÓ Í ÔÓËÒ¯Â‰-
¯ÂÈ ‚ ‡ÌÌËÈ ÔÂËÓ‰ ˝‚ÓÎ˛ˆËË ÔÓÁ‚ÓÌÓ˜Ì˚ı, ‰Û-
ÔÎËÍ‡ˆËË „ÂÌÓÏ‡. ä‡ÚËÓ‚‡ÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚ Ú‡-
ÍËı ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı Û‰‚ÓÂÌËÈ ÔÓÍ‡Á˚‚‡ÂÚ, Í‡Í ‰Û-
ÔÎËÍ‡ˆËfl „ÂÌÓÏ‡ ÏÓÊÂÚ ‡ÁÓ‚‡Ú¸ ‰Â‚ÌËÂ ÍÎ‡Ò-
ÚÂ˚ „ÂÌÓ‚, Ë ‰ÂÏÓÌÒÚËÛÂÚ ÌÂÍÓÚÓ˚Â ÏÂı‡ÌËÁ-
Ï˚ ÙÓÏËÓ‚‡ÌËfl ‡ıËÚÂÍÚÛ˚ „ÂÌÓÏ‡ Ì˚ÌÂ ÊË-
‚Û˘Ëı ‚Ë‰Ó‚ (Mulley et al., 2006).

ñÂÌÚ‡Î¸Ì‡fl ÚÂÏ‡: 
„ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘ËÂ „ÂÌ˚
Ë ÏÌÓ„ÓÓ·‡ÁËÂ ÊË‚ÓÚÌ˚ı 

Ç ÚÂ˜ÂÌËÂ ‚ÒÂÈ Ò‚ÓÂÈ Ì‡Û˜ÌÓÈ Í‡¸Â˚ èËÚÂ
ÓÒÚ‡‚‡ÎÒfl ‡ÍÚË‚Ì˚Ï Û˜ËÚÂÎÂÏ Ë ‚ÓÒÔËÚ‡ÚÂÎÂÏ
ÏÓÎÓ‰˚ı Û˜ÂÌ˚ı. Ç Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl ÓÌ Û˜‡ÒÚ‚Û-
ÂÚ ‚ Ó·Û˜ÂÌËË ÒÚÛ‰ÂÌÚÓ‚ ‚ÒÂı ÚÂı ÍÛÒÓ‚ ·ËÓÎÓ-
„Ë˜ÂÒÍÓ„Ó ÓÚ‰ÂÎÂÌËfl éÍÒÙÓ‰ÒÍÓ„Ó ÛÌË‚ÂÒËÚÂ-
Ú‡. ëÂ‰Ë ÒÚÛ‰ÂÌÚÓ‚, ‡ÒÔË‡ÌÚÓ‚ Ë ÏÓÎÓ‰˚ı ËÒ-
ÒÎÂ‰Ó‚‡ÚÂÎÂÈ, ÔÓÎÛ˜Ë‚¯Ëı ‰ÓÍÚÓÒÍÛ˛ ÒÚÂÔÂÌ¸,
ÍÓÚÓ˚Â ‚ ÚÓ ËÎË ËÌÓÂ ‚ÂÏfl Á‡ÌËÏ‡ÎËÒ¸ ‚ Â„Ó Î‡-
·Ó‡ÚÓËË, ÏÌÓ„ËÂ ÚÂÔÂ¸ ‚ÓÁ„Î‡‚Îfl˛Ú Ò‚ÓË ÒÓ·-
ÒÚ‚ÂÌÌ˚Â ÍÓÎÎÂÍÚË‚˚, ‡·ÓÚ‡˛˘ËÂ ‚ Ó·Î‡ÒÚË
˝‚ÓÎ˛ˆËÓÌÌÓÈ ·ËÓÎÓ„ËË ‡Á‚ËÚËfl. ùÚÓ ‚ ÚÓÏ ˜ËÒ-
ÎÂ ÑÊÓ‰Ë É‡ÒË‡-îÂÌ‡Ì‰ÂÒ, å‡ÍÒ íÂÎÙÓ‰,
ïËÓ¯Ë Ç‡‰‡, å‡ÚËÌ äÓÌ, Ñ˝‚Ë‰ îÂ¸Â, íÓÍË-
ı‡‡ í‡Í‡ı‡¯Ë Ë ‡‚ÚÓ ˝ÚËı ÒÚÓÓÍ.

ÑÎfl èËÚÂ‡ ˆÂÌÚ‡Î¸ÌÓÈ ÔÓ·ÎÂÏÓÈ ‚ÒÂ„‰‡
ÓÒÚ‡‚‡ÎÓÒ¸ ËÁÛ˜ÂÌËÂ „ÓÏÂÓ·ÓÍÒÒÓ‰ÂÊ‡˘Ëı „Â-
ÌÓ‚, ‡ Â„Ó „Î‡‚Ì˚Ï ÒÚÂÏÎÂÌËÂÏ ·˚ÎÓ ÊÂÎ‡ÌËÂ
ÔÓÌflÚ¸ ̋ ‚ÓÎ˛ˆËÓÌÌÓÂ ÔÓËÒıÓÊ‰ÂÌËÂ ‡ÁÌÓÓ·‡-
ÁËfl ÊË‚ÓÚÌ˚ı, ÓÒÓ·ÂÌÌÓ ÒÂ‰Ë ıÓ‰Ó‚˚ı. Ç Â„Ó
ÒÂ‰ˆÂ ÊË‚ÂÚ Ì‡ÒÚÓfl˘‡fl ÒÚ‡ÒÚ¸ ÁÓÓÎÓ„‡, ÔÓÌËÏ‡-
˛˘Â„Ó ËÒÚÓË˛ Ó·˙ÂÍÚ‡ Ë ÊÂÎ‡˛˘Â„Ó ÒÓÂ‰ËÌËÚ¸
ÒÚ‡˚Â ‚ÓÔÓÒ˚ Ë ÌÓ‚˚Â Ë‰ÂË Ò ‚˚ÒÓÍÓ‡ÁÂ¯‡-
˛˘ËÏ ÔÓÚÂÌˆË‡ÎÓÏ ÌÓ‚˚ı ÏÂÚÓ‰ËÍ. ëÓ‚ÒÂÏ ÌÂ-
‰‡‚ÌÓ èËÚÂ Ò˚„‡Î „Î‡‚ÌÛ˛ ÓÎ¸ ‚ ÓÒÛ˘ÂÒÚ‚ÎÂ-
ÌËË ÔÓÂÍÚ‡ ÔÓ „ÂÌÓÏÛ Î‡ÌˆÂÚÌËÍ‡, ÔÂ‰ÔËÌflÚÓ-
„Ó é·˙Â‰ËÌÂÌÌ˚Ï àÌÒÚËÚÛÚÓÏ „ÂÌÓÏ‡ Ë ÌÂ‰‡‚ÌÓ
ÓÚÍ˚ÚÓ„Ó ‰Îfl ‚ÒÂÓ·˘Â„Ó ‰ÓÒÚÛÔ‡ (http://ge-
nome.jgi-psf.org/Brafl1/Brafl1.home.html). ùÚÓ ‰Ó-
ÒÚËÊÂÌËÂ Ó·Â˘‡ÂÚ ÔÓÎÌÓÒÚ¸˛ ÔÂÂÌÂÒÚË ·ËÓÎÓ-
„Ë˛ Î‡ÌˆÂÚÌËÍ‡ ‚ „ÂÌÓÏÌÛ˛ ˝Û. åÌÂ Í‡ÊÂÚÒfl,
˜ÚÓ ÄÎÂÍÒ‡Ì‰ äÓ‚‡ÎÂ‚ÒÍËÈ Ó‰Ó·ËÎ ·˚ ̋ ÚÓ “‚ÓÒ-
ÒÚ‡ÌÓ‚ÎÂÌËÂ” Î‡ÌˆÂÚÌËÍ‡ Ë ‡ÒˆË‰ËÈ ‚ Í‡˜ÂÒÚ‚Â ÓÒ-
ÌÓ‚Ì˚ı Ó·˙ÂÍÚÓ‚ ËÒÒÎÂ‰Ó‚‡ÌËÈ Ì‡ÛÍË. èÓÊ‡ÎÛÈ,
ÒÔ‡‚Â‰ÎË‚Ó, ˜ÚÓ ‚ 2006 „. ÏÂ‰‡Î¸ äÓ‚‡ÎÂ‚ÒÍÓ„Ó
ë‡ÌÍÚ-èÂÚÂ·Û„ÒÍÓ„Ó Ó·˘ÂÒÚ‚‡ ÂÒÚÂÒÚ‚ÓËÒÔ˚-
Ú‡ÚÂÎÂÈ ·˚Î‡ ÔËÒÛÊ‰ÂÌ‡ Û˜ÂÌÓÏÛ, ÍÓÚÓ˚È ÏÌÓ-
„ËÂ „Ó‰˚ ÔÓÒ‚flÚËÎ Ó„‡ÌËÁÏ‡Ï, ËÁÛ˜ÂÌËÂ ÍÓÚÓ˚ı
‰‡ÎÓ ÏÂÊ‰ÛÌ‡Ó‰ÌÓÂ ÔËÁÌ‡ÌËÂ Ò‡ÏÓÏÛ äÓ‚‡ÎÂ‚-
ÒÍÓÏÛ. 

ïÓÚÂÎÓÒ¸ ·˚ ‚˚‡ÁËÚ¸ ·Î‡„Ó‰‡ÌÓÒÚ¸ ÒÓ-
ÚÛ‰ÌËÍ‡Ï ÏÓÂÈ Î‡·Ó‡ÚÓËË, ‡ Ú‡ÍÊÂ Ñ˝‚Ë‰Û
îÂ¸Â Á‡ Ó·ÒÛÊ‰ÂÌËÂ ÛÍÓÔËÒË. ê‡·ÓÚ‡ Î‡·Ó‡-
ÚÓËË ÔÓ‰‰ÂÊË‚‡ÂÚÒfl BBSRC Ë äÓÓÎÂ‚ÒÍËÏ
é·˘ÂÒÚ‚ÓÏ.

ëèàëéä ãàíÖêÄíìêõ
Akam M., Holland P.W., Ingham P., Wray G. The evolution
of developmental mechanisms // Development. Suppl. 1994.

Booth H.A., Holland P.W. Eleven daughters of NANOG //
Genomics. 2004. V. 84. P. 229–238.

Booth H.A., Holland P.W. Annotation, nomenclature and
evolution of four novel homeobox genes expressed in the hu-
man germ line // Gene. 2007. V. 387. P. 7–14.



236

éçíéÉÖçÖá      ÚÓÏ 39      ‹ 3      2008

òËÏÂÎ‰

Brooke N.M., Garcia-Fernandez J., Holland P.W. The Para-
Hox gene cluster is an evolutionary sister of the Hox gene
cluster // Nature.1998. V. 392. P. 920–922.

Carrasco A.E., McGinnis W., Gehring W.J., DeRober-
tis E.M. Cloning of a X. laevis gene expressed during early
embryogenesis coding for a peptide region homologous to
Drosophila homeotic genes // Cell. 1984. V. 37. P. 409–414.

Castro L.F., Holland P.W. Chromosomal mapping of ANTP
class homeobox genes in amphioxus: piecing together ances-
tral genomes // Evol. Devel. 2003. V. 5. P. 459–465.

Dehal P., Boore J.L. Two rounds of whole genome duplica-
tion in the ancestral vertebrate // PLoS Biol. 2005. V. 3.
P. 314.

Ferrier D.E. , Holland P.W. Ancient origin of the Hox gene
cluster // Nat. Rev. Genet. 2001. V. 2. P. 33–38.

Furlong R.F., Holland P.W. Bayesian phylogenetic analysis
supports monophyly of ambulacraria and of cyclostomes //
Zool. Sci. 2002. V. 19. P. 593–599.

Garcia-Fernandez J. Hox, ParaHox, ProtoHox: facts and
guesses // Heredity. 2005. V. 94. P. 145–152.

Garcia-Fernandez J., Holland P.W. Archetypal organization
of the amphioxus Hox gene cluster // Nature. 1994. V. 370.
P. 563–566.

Goodrich E.S. The development of the Club-shaped Gland in
amphioxus // Q. J. Microsc. Sci . 1930. V. 74. P. 155–164.

Holland P.W. Cloning and evolutionary analysis of msh-like
homeobox genes from mouse, zebrafish and ascidian //
Gene. 1991. V. 98. P. 253–257.

Holland P.W.H., Hogan B.L. Phylogenetic distribution of
Antennapedia-like homeoboxes // Nature. 1986. V. 321.
P. 251–253.

Holland P.W., Hogan B.L. Expression of homeobox genes
during mouse development: a review // Genes Devel. 1988a.
V. 2. P. 773–782.

Holland P.W., Hogan B.L. Spatially restricted patterns of ex-
pression of the homeobox-containing gene Hox 2.1. during
mouse embryogenesis // Development. 1988b. V. 102.
P. 159–174.

Holland P.W., Williams N.A. Conservation of engrailed-like
homeobox sequences during vertebrate evolution // FEBS
Lett. 1990. V. 277. P. 250–252.

Holland P.W., Harper S.J., McVey J.H., Hogan B.L. In vivo
expression of mRNA for the Ca++-binding protein SPARC
(osteonectin) revealed by in situ hybridization // J. Cell. Biol.
1987. V. 105. P. 473–482.

Holland P.W., Holland L.Z., Williams N.A., Holland N.D. An
amphioxus homeobox gene: sequence conservation, spatial
expression during development and insights into vertebrate
evolution // Development. 1992. V. 116. P. 653–661.

Holland P.W., Garcia-Fernandez J., Williams N.A., Sidow A.
Gene duplications and the origins of vertebrate develop-
ment // Ibid. Suppl. 1994. P. 125–133.

Kowalevsky A. Entwicklungsgeschichte der einfachen Asci-
dien // Mem. l’Acad. St. Petersbourg. Ser. 7. 1866. Bd. 10.
S. 1–19.

Kowalevsky A.O. Die entwickelungsgeschichte des Am-
phioxus lanceolatus // Ibid. 1867. Bd. 11. S. 1–17.

Kowalevsky A.O. Weitere studien über die Entwicklung der
einfachen Ascidien // Arch. Micr. Anat. 1871. Bd. 7. S. 101–
130.

Krumlauf R., Holland P.W., McVey J.H., Hogan B.L. De-
velopmental and spatial patterns of expression of the mouse
homeobox gene, Hox 2. 1 // Development. 1987. V. 99.
P. 603–617.

Lankester E.R. Contributions to the knowledge of Amphiox-
us lanceolatus Yarrell // Q. J. Micros. Sci. 1889. V. 29.
P. 365–408.

Luke G.N., Castro L.F., McLay K. et al. Dispersal of NK ho-
meobox gene clusters in amphioxus and humans // Proc.
Natl. Acad. Sci. USA. 2003. V. 100. P. 5292–5295.

Matus D.Q., Copley R.R., Dunn C.W. et al. Broad taxon and
gene sampling indicate that chaetognaths are protostomes //
Curr. Biol. 2006. V. 16. P. R575–576.

McGinnis W., Garber R.L., Wirz J. et al. A homologous pro-
tein-coding sequence in Drosophila homeotic genes and its
conservation in other metazoans // Cell. 1984a. V. 37.
P. 403–408.

McGinnis W., Levine M.S., Hafen E. et al. A conserved DNA
sequence in homeotic genes of the Drosophila Antennapedia
and bithorax complexes // Nature. 1984b. V. 308. P. 428–
433.

Mikhailov A.T., Gilbert S.F. From development to evolution:
the re-establishment of the “Alexander Kowalevsky Me-
dal” // Int. J. Devel. Biol. 2002. V. 46. P. 693–698.

Mulley J.F., Chiu C.H., Holland P.W. Breakup of a ho-
meobox cluster after genome duplication in teleosts // Proc.
Natl. Acad. Sci. USA. 2006. V. 103. P. 10369–10372.

Ohno S. Evolution by gene duplication. N.Y.: Springer-Ver-
lag, 1970.

Philippe H., Snell E.A., Bapteste E. et al. Phylogenomics of
eukaryotes: impact of missing data on large alignments //
Mol. Biol. Evol. 2004. V. 21. P. 1740–1752.

Pollard S.L., Hollan P.W. Evidence for 14 homeobox gene
clusters in human genome ancestry// Curr. Biol. 2000. V. 10.
P. 1059–1062.

Rokas A., Kathirithamby J., Holland P.W. Intron insertion as
a phylogenetic character: the engrailed homeobox of Strep-
siptera does not indicate affinity with Diptera // Insect. Mol.
Biol. 1999. V. 8. P. 527–530.

Scott M., Weiner A.J. Structural relationships among genes
that control development: sequence homology between the
Antennapedia, Ultrabithorax, and fushi-tarazu loci of Droso-
phila // PNAS. 1984. V. 81. P. 4115–4119.

Telford M.J., Holland P.W. The phylogenetic affinities of the
chaetognaths: a molecular analysis // Mol. Biol. Evol. 1993.
V. 10. P. 660–676.

Telford M.J., Holland P.W. Evolution of 28S ribosomal
DNA in chaetognaths: duplicate genes and molecular phy-
logeny // J. Mol. Evol. 1997. V. 44. P. 135–144.

Williams N.A., Holland P.W.H. Old head on young shoul-
ders // Nature. 1988. V. 383. P. 490.



éçíéÉÖçÖá      ÚÓÏ 39      ‹ 3      2008

èàíÖê ïéããÄçÑ, ÉéåÖéÅéäëëéÑÖêÜÄôàÖ ÉÖçõ 237

Peter Holland, Homeobox Genes, and the Developmental Basis

of Animal Diversity 

      S. M. Shimeld
      Department of Zoology, University of Oxford, South Parks Road, Oxford, OX1 3PS United Kingdom
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Abstract—In 1867 Alexander Kowalevsky published an account of the development of the cephalochordate
Amphioxus lanceolatus (now known as Branchiostoma lanceolatum) (Kowalevsky, 1867). Together with his
study of the development of urochordates (Kowalevsky, 1866; 1871), this introduced a new way of thinking
about the relationship between the evolution and development of animals, and established the basis for long-
standing theories of the evolutionary origin of vertebrates. Some one hundred and fifty years later, cephalochor-
dates and urochordates are again in the spotlight, as molecular biology and genome sequencing promise further
revelations about the origin of vertebrates. The work of the 2006 Kowalevsky Medal winner, Peter Holland
(Fig. 1), has played a central role in their reinstatement (see Mikhailov and Gilbert (2002) for more details of
the history of the Kowalevsky Medal). Here, I profile Peter Holland’s contribution to the rebirth of Evolution-
ary Developmental Biology in general and the study of homeobox genes and vertebrate origins in particular. 

Key words: evolution, Hox genes, lancelet, history od science.
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