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åÂÊ‚Ë‰Ó‚‡fl „Ë·Ë‰ËÁ‡ˆËfl Ë ÔÓÎËÔÎÓË‰Ëfl Ò˜Ë-
Ú‡˛ÚÒfl Ù‡ÍÚÓ‡ÏË, ÎÂÊ‡˘ËÏË ‚ ÓÒÌÓ‚Â ̋ ‚ÓÎ˛ˆËË
‡ÒÚÂÌËÈ. ÑÎfl ÔÓÌËÏ‡ÌËfl ÔÓˆÂÒÒÓ‚ ‚Ë‰ÓÓ·‡ÁÓ‚‡-
ÌËfl, ÓÔÂ‰ÂÎÂÌËfl ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó Ó‰ÒÚ‚‡ ÏÂÊ-
‰Û Ú‡ÍÒÓÌÓÏË˜ÂÒÍËÏË „ÛÔÔ‡ÏË ‡ÒÚÂÌËÈ, ÓÒÓ·ÂÌÌÓ
‡ÎÎÓÔÓÎËÔÎÓË‰‡ÏË, ÓÒÓ·ÓÂ ÁÌ‡˜ÂÌËÂ ÔËÓ·ÂÚ‡ÂÚ
Ò‡‚ÌÂÌËÂ Ëı „ÂÌÓÏÓ‚ Ò „ÂÌÓÏ‡ÏË ÔÂ‰ÔÓÎ‡„‡ÂÏ˚ı
ÔÂ‰ÍÓ‚. é‰ÌËÏ ËÁ Ò‡Ï˚ı ËÁ‚ÂÒÚÌ˚ı Ë ÁÌ‡˜ËÏ˚ı ‡Î-
ÎÓÔÓÎËÔÎÓË‰Ó‚ fl‚ÎflÂÚÒfl Ô¯ÂÌËˆ‡, ÍÓÚÓ‡fl ÓÚÌÓÒËÚ-
Òfl Í Ì‡Ë·ÓÎÂÂ ‰Â‚ÌËÏ ‚Ë‰‡Ï ÍÛÎ¸ÚÛÌ˚ı ‡ÒÚÂÌËÈ,
‚ÓÁ‰ÂÎ˚‚‡ÂÏ˚ı ˜ÂÎÓ‚ÂÍÓÏ ÛÊÂ ·ÓÎÂÂ 10 Ú˚Ò. ÎÂÚ.
èÂ‰ÔÓÎ‡„‡˛Ú, ˜ÚÓ ÚÂÚ‡ÔÎÓË‰Ì˚Â ‚Ë‰˚ Ô¯ÂÌËˆ˚
Ó·‡ÁÓ‚‡ÎËÒ¸ ÓÍÓÎÓ 500 Ú˚Ò. ÎÂÚ Ì‡Á‡‰, ÚÓ„‰‡ Í‡Í
„ÂÍÒ‡ÔÎÓË‰Ì˚Â ÙÓÏ˚ ‰Ë‚Â„ËÓ‚‡ÎË Ò‡‚ÌËÚÂÎ¸-
ÌÓ ÌÂ‰‡‚ÌÓ: Ëı ‚ÓÁ‡ÒÚ ÓˆÂÌË‚‡ÂÚÒfl ÔË·ÎËÁËÚÂÎ¸ÌÓ
‚ 8–10 Ú˚Ò. ÎÂÚ (Feldman, 2001). í‚Â‰‡fl Ë Ïfl„Í‡fl
Ô¯ÂÌËˆ‡ fl‚Îfl˛ÚÒfl ÒÎÓÊÌ˚ÏË ‡ÎÎÓÔÓÎËÔÎÓË‰‡ÏË,
Ó·‡ÁÓ‚‡‚¯ËÏËÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ÂÒÚÂÒÚ‚ÂÌÌÓÈ „Ë·Ë-
‰ËÁ‡ˆËË Ò ÔÓÒÎÂ‰Û˛˘ËÏ Û‰‚ÓÂÌËÂÏ ̃ ËÒÎ‡ ıÓÏÓÒÓÏ. 

ë ÔÓÏÓ˘¸˛ „ÂÌÓÏÌÓ„Ó ‡Ì‡ÎËÁ‡ ·˚ÎÓ ‚˚flÒÌÂ-
ÌÓ, ˜ÚÓ Ó‰ËÌ „ÂÌÓÏ (Ä) fl‚ÎflÂÚÒfl Ó·˘ËÏ ‰Îfl ‚ÒÂı
‚Ë‰Ó‚ Ô¯ÂÌËˆ; Û Ú‚Â‰ÓÈ Ë Ïfl„ÍÓÈ Ô¯ÂÌËˆ˚ – ‰‚‡
Ó·˘Ëı „ÂÌÓÏ‡ (Ä Ë Ç) Ë, Ì‡ÍÓÌÂˆ, Û Ïfl„ÍÓÈ ÔË-
ÒÛÚÒÚ‚ÛÂÚ Â˘Â „ÂÌÓÏ D. í‡ÍËÏ Ó·‡ÁÓÏ, „ÂÌÓÏÌ‡fl
ÙÓÏÛÎ‡ ‰ËÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ ‚˚„Îfl‰ËÚ ÒÎÂ‰Û˛-
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ê‡·ÓÚ‡ ÔÓ‰‰ÂÊ‡Ì‡ êÓÒÒËÈÒÍËÏ ÙÓÌ‰ÓÏ ÙÛÌ‰‡ÏÂÌÚ‡Î¸Ì˚ı
ËÒÒÎÂ‰Ó‚‡ÌËÈ (ÔÓÂÍÚ˚ ‹ 08-04-00302-‡, 08-08-00391-a).

 

˘ËÏ Ó·‡ÁÓÏ: Û Ó‰ÌÓÁÂÌflÌÍË – ÄÄ, Û Ú‚Â‰ÓÈ –
ÇÇÄÄ, Û Ïfl„ÍÓÈ – BBAADD (Kihara, 1975). èÂ‰-
ÍÓÏ Ä-„ÂÌÓÏ‡ ÔÓÎËÔÎÓË‰Ì˚ı Ô¯ÂÌËˆ ÔÓÒÎÛÊËÎ
‰ËÍÓ‡ÒÚÛ˘ËÈ ‰ËÔÎÓË‰Ì˚È ‚Ë‰ 

 

Triticum urartu

 

(äÓÌ‡Â‚ Ë ‰., 1974; Dvorak et al., 1988). íÓ˜Ì˚È
‰ÓÌÓ Ç-„ÂÌÓÏ‡ Ô¯ÂÌËˆ˚ ‰Ó ÒËı ÔÓ ÌÂ Ì‡È‰ÂÌ,
Ó‰Ì‡ÍÓ Ò˜ËÚ‡ÂÚÒfl, ˜ÚÓ ËÁ Ì˚ÌÂ ÒÛ˘ÂÒÚ‚Û˛˘Ëı ‚Ë-
‰Ó‚ ÁÎ‡ÍÓ‚ Ì‡Ë·ÓÎÂÂ ·ÎËÁÍËÏ Í ÔÂ‰ÔÓÎ‡„‡ÂÏÓÏÛ
ÔÂ‰ÍÛ ÔÓÎËÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ fl‚ÎflÂÚÒfl 

 

Aegilops
speltoides

 

 (Å‡‰‡Â‚‡, 2001; Sarkar, Stebbins, 1956).
ïÓÓ¯Ó ËÁ‚ÂÒÚÌÓ, ˜ÚÓ D-„ÂÌÓÏ Ïfl„ÍÓÈ Ô¯ÂÌËˆ˚
·˚Î ÛÌ‡ÒÎÂ‰Ó‚‡Ì ÓÚ ‰ËÍÓ‡ÒÚÛ˘Â„Ó ‚Ë‰‡ 

 

Aegilops
tauschii

 

 (McFadden, Sears, 1946; Kihara, 1975;
Dvorak et al., 1998). 

ëÎÓÊÌÓÒÚË ÚÓ˜ÌÓÈ Ë‰ÂÌÚËÙËÍ‡ˆËË ‰ÓÌÓÓ‚
„ÂÌÓÏÓ‚ ÚÂÚ‡ÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ Ó·ÛÒÎÓ‚ÎÂÌ˚
ÚÂÏ, ˜ÚÓ Ó·˙Â‰ËÌÂÌËÂ ‰‚Ûı ÌÂÓ‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓ-
ÏÓ‚ ‚ Ó‰ÌÓÏ fl‰Â ‚ ÔÓˆÂÒÒÂ ÔÓÎËÔÎÓË‰ËÁ‡ˆËË
ÔË‚ÂÎÓ Í Ëı ÁÌ‡˜ËÚÂÎ¸Ì˚Ï ËÁÏÂÌÂÌËflÏ ÓÚÌÓÒË-
ÚÂÎ¸ÌÓ ËÒıÓ‰Ì˚ı. í‡Í, ÔÓfl‚ÎÂÌËÂ ÚÂÚ‡ÔÎÓË‰ÌÓÈ
Ô¯ÂÌËˆ˚ ÒÓÔÓ‚ÓÊ‰‡ÎÓÒ¸ ÍÓÏÔÎÂÍÒÌÓÈ Ú‡ÌÒÎÓ-
Í‡ˆËÂÈ 4Ä-5Ä-7Ç Ë ÔÂËˆÂÌÚË˜ÂÒÍÓÈ ËÌ‚ÂÒËÂÈ
ıÓÏÓÒÓÏ˚ 4Ä (Naranjo et al., 1987; Jiang, Gill,
1994; Devos et al., 1995). èÓÏËÏÓ ıÓÏÓÒÓÏÌ˚ı
‡·Â‡ˆËÈ „Ë·Ë‰ËÁ‡ˆËfl ÏÓÊÂÚ ‚˚Á˚‚‡Ú¸ ÂÓ-
„‡ÌËÁ‡ˆË˛ ‡ÁÎË˜Ì˚ı ÚËÔÓ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚÂÈ Ñçä ‚ „ÂÌÓÏÂ ÔÓÎËÔÎÓË‰‡. ç‡ ÔËÏÂÂ ËÒ-
ÍÛÒÒÚ‚ÂÌÌÓ ÒËÌÚÂÁËÓ‚‡ÌÌ˚ı ‡ÎÎÓÔÓÎËÔÎÓË‰Ó‚
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èÂ‰ÎÓÊÂÌ‡ ÛÒÓ‚Â¯ÂÌÒÚ‚Ó‚‡ÌÌ‡fl ÏÓ‰ËÙËÍ‡ˆËfl ÏÂÚÓ‰‡ „ÂÌÓÏÌÓÈ „Ë·Ë‰ËÁ‡ˆËË 

 

in situ

 

 (GISH), ÔÓÁ-
‚ÓÎfl˛˘‡fl ÔÓÎÛ˜ËÚ¸ ̃ ÂÚÍÓÂ Ë ‚ÓÒÔÓËÁ‚Ó‰ËÏÓÂ ‡Á‰ÂÎÂÌËÂ ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏÓ‚ Í‡Í ÚÂÚ‡Ô-
ÎÓË‰Ì˚ı, Ú‡Í Ë „ÂÍÒ‡ÔÎÓË‰Ì˚ı ‚Ë‰Ó‚ Ô¯ÂÌËˆ˚, ÓÒÌÓ‚‡ÌÌ‡fl Ì‡ ËÒÔÓÎ¸ÁÓ‚‡ÌËË ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó ÓÚ-
ÊË„‡ ÏÂ˜ÂÌ˚ı Ñçä-ÔÓ· Ë ÔÂ‰„Ë·Ë‰ËÁ‡ˆËË ıÓÏÓÒÓÏÌ˚ı ÔÂÔ‡‡ÚÓ‚ Ò ·ÎÓÍËÛ˛˘ÂÈ Ñçä ‰Îfl
ÛÎÛ˜¯ÂÌËfl ‰ËÙÙÂÂÌˆË‡ˆËË „ÂÌÓÏÓ‚. åÂÚÓ‰ ·˚Î ËÒÔÓÎ¸ÁÓ‚‡Ì ‰Îfl ‡Ì‡ÎËÁ‡ ÏÂÊ„ÂÌÓÏÌ˚ı Ú‡ÌÒÎÓ-
Í‡ˆËÈ 6Ä:6Ç Ë 1Ä:6Ç, ‚˚fl‚ÎÂÌÌ˚ı Û Ó·‡ÁˆÓ‚ ÚÂÚ‡ÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ IG46147 Ë IG116188 

 

Triticum
dicoccoides

 

 Ò ÔÓÏÓ˘¸˛ ë-·˝Ì‰ËÌ„‡. Å˚ÎË ÛÚÓ˜ÌÂÌ˚ ÒÚÛÍÚÛ˚ ÔÂÂÒÚÓÂÌÌ˚ı ıÓÏÓÒÓÏ ‚ ‰‚Ûı ‚‡-
Ë‡ÌÚ‡ı Ú‡ÌÒÎÓÍ‡ˆËÈ Ë ÓÔÂ‰ÂÎÂÌ˚ ÚÓ˜ÍË ‡Á˚‚Ó‚ Ì‡ ıÓÏÓÒÓÏÌ˚ı ÔÎÂ˜‡ı. é·ÒÛÊ‰‡ÂÚÒfl ‚ÓÁ-
ÏÓÊÌÓÒÚ¸ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ‡Á‡·ÓÚ‡ÌÌÓ„Ó ‚‡Ë‡ÌÚ‡ ÏÂÚÓ‰‡ GISH ‰Îfl ËÁÛ˜ÂÌËfl ÂÓ„‡ÌËÁ‡ˆËË „ÂÌÓ-
ÏÓ‚ ÔË ‚Ë‰ÓÓ·‡ÁÓ‚‡ÌËË ‡ÎÎÓÔÓÎËÔÎÓË‰Ì˚ı ‚Ë‰Ó‚ ‡ÒÚÂÌËÈ ‚ ÔÓˆÂÒÒÂ ˝‚ÓÎ˛ˆËË.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡:

 

 „ÂÌÓÏÌ‡fl „Ë·Ë‰ËÁ‡ˆËfl 

 

in situ

 

, ‡Á‰ÂÎÂÌËÂ ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏÓ‚ Ô¯ÂÌËˆ˚,
ÏÂÊ„ÂÌÓÏÌ˚Â Ú‡ÌÒÎÓÍ‡ˆËË.

 

ìÑä 575.222.7:575.853'3:576.316.7
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Triticum

 

 – 

 

Aegilops

 

 ·˚ÎÓ ÔÓ‰ÂÏÓÌÒÚËÓ‚‡ÌÓ, ̃ ÚÓ
ÛÊÂ ‚ ÔÂ‚˚ı ÔÓÍÓÎÂÌËflı „Ë·Ë‰Ó‚ ÔÓËÒıÓ‰ËÚ
ÌÂÒÎÛ˜‡ÈÌ‡fl ˝ÎËÏËÌ‡ˆËfl ËÎË ‡ÏÔÎËÙËÍ‡ˆËfl ÓÔÂ-
‰ÂÎÂÌÌ˚ı ÍÎ‡ÒÒÓ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ËÁ Ó‰Ë-
ÚÂÎ¸ÒÍËı „ÂÌÓÏÓ‚ (Feldman et al., 1997; Liu et al., 1998;
Ozkan et al., 2001; Shaked et al., 2001; Kashkush et al.,
2002). ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ‰ÎËÚÂÎ¸Ì‡fl ÒÓ‚ÏÂÒÚÌ‡fl
˝‚ÓÎ˛ˆËfl ÔË‚ÂÎ‡ Í Ò·ÎËÊÂÌË˛ Ä- Ë Ç-„ÂÌÓÏÓ‚ Á‡
Ò˜ÂÚ Ó·ÏÂÌ‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflÏË Ë ÔÓfl‚ÎÂÌËfl ÌÓ-
‚˚ı Ó·˘Ëı ÚËÔÓ‚ ÔÓ‚ÚÓÓ‚. 

ÉÂÌÓÏÌ‡fl „Ë·Ë‰ËÁ‡ˆËfl 

 

in situ

 

 (GISH) – ‚‡Ë-
‡ÌÚ ÏÂÚÓ‰‡ „Ë·Ë‰ËÁ‡ˆËË 

 

in situ

 

, ‡Á‡·ÓÚ‡ÌÌ˚È ‚
Ì‡˜‡ÎÂ 1990-ı „„. ‰Îfl ËÁÛ˜ÂÌËfl ÔÓÎËÔÎÓË‰Ì˚ı ‚Ë-
‰Ó‚ ‡ÒÚÂÌËÈ (Anamthawat-Jonsson et al., 1990;
Heslop-Harrison, Schwarzacher, 1996). Ç Í‡˜ÂÒÚ‚Â
ÁÓÌ‰‡ ‚ GISH ËÒÔÓÎ¸ÁÛ˛Ú „ÂÌÓÏÌÛ˛ Ñçä Ó‰ÌÓ„Ó
ËÎË ‰‚Ûı (‚ ÒÎÛ˜‡Â „ÂÍÒ‡ÔÎÓË‰Ó‚) Ó‰ËÚÂÎ¸ÒÍËı
‚Ë‰Ó‚. åÂÚÓ‰ ¯ËÓÍÓ ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ‡Á‰ÂÎÂ-
ÌËfl ıÓÏÓÒÓÏ ‡ÁÌ˚ı „ÂÌÓÏÓ‚ Û ÔÓÎËÔÎÓË‰Ì˚ı
‚Ë‰Ó‚, ‡ Ú‡ÍÊÂ ÔË ‡Ì‡ÎËÁÂ ÏÂÊ„ÂÌÓÏÌ˚ı Á‡ÏÂ-
˘ÂÌËÈ ËÎË Ú‡ÌÒÎÓÍ‡ˆËÈ. éÌ ÓÍ‡Á˚‚‡ÂÚÒfl ÓÒÓ·Ó
ËÌÙÓÏ‡ÚË‚Ì˚Ï Ë ‚ ÚÓÏ ÒÎÛ˜‡Â, ÍÓ„‰‡ ıÓÏÓÒÓÏ-
Ì˚Â ÔÂÂÒÚÓÈÍË ÌÂ Û‰‡ÂÚÒfl ‚˚fl‚ËÚ¸ ÏÂÚÓ‰‡ÏË
‰ËÙÙÂÂÌˆË‡Î¸ÌÓ„Ó ÓÍ‡¯Ë‚‡ÌËfl ËÎË ÙÎÛÓÂÒ-
ˆÂÌÚÌÓÈ „Ë·Ë‰ËÁ‡ˆËË 

 

in situ

 

.

GISH ÛÒÔÂ¯ÌÓ ËÒÔÓÎ¸ÁÛÂÚÒfl ÔË ‡Ì‡ÎËÁÂ „Ë-
·Ë‰Ó‚, ÒÓ‰ÂÊ‡˘Ëı ÌÂÓ‰ÒÚ‚ÂÌÌ˚Â „ÂÌÓÏ˚, Ì‡-
ÔËÏÂ, ÊË Ë Ô¯ÂÌËˆ˚ (Murata et al., 1992;
S

 

á

 

nchez-Mor

 

á

 

n et al., 1999), fl˜ÏÂÌfl Ë Ô¯ÂÌËˆ˚
(Moln

 

á

 

r-L

 

á

 

ng et al., 2000), Ô¯ÂÌËˆ˚ Ë ˝„ËÎÓÔÒ‡
(Iqbal et al., 2000b). éÔÛ·ÎËÍÓ‚‡Ì˚ Ò‚Â‰ÂÌËfl Ë Ó·
ÛÒÔÂ¯ÌÓÏ ‡Á‰ÂÎÂÌËË „ÂÌÓÏÓ‚ ÚÂÚ‡ÔÎÓË‰ÌÓÈ
(Jiang, Gill, 1993) Ë „ÂÍÒ‡ÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ (Mu-
kai, Nakahara, 1993). íÂÏ ÌÂ ÏÂÌÂÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎË
‰Ó ÒËı ÔÓ ÒÚ‡ÎÍË‚‡˛ÚÒfl ÒÓ ÁÌ‡˜ËÚÂÎ¸Ì˚ÏË ÚÛ‰-
ÌÓÒÚflÏË ÔË ‡Á‰ÂÎÂÌËË „ÂÌÓÏÓ‚, ˜ÚÓ Ó·ÛÒÎÓ‚ÎÂ-
ÌÓ Ì‡ÎË˜ËÂÏ ‚ ÌËı Ó·˘Ëı ÔÓ‚ÚÓfl˛˘ËıÒfl ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ñçä, ÔÓfl‚Ë‚¯ËıÒfl ‚ ÔÓˆÂÒÒÂ
‰ÎËÚÂÎ¸ÌÓÈ ÒÓ‚ÏÂÒÚÌÓÈ ˝‚ÓÎ˛ˆËË „ÂÌÓÏÓ‚ Ô¯Â-
ÌËˆ˚ ‚ Ó‰ÌÓÏ fl‰Â (Iqbal et al., 2000a; Schwarzach-
er, Heslop-Harrison, 2000). Ç ÚÓ ÊÂ ‚ÂÏfl ÔË ËÒ-
ÒÎÂ‰Ó‚‡ÌËË Ó·¯ËÌÓÈ ÍÓÎÎÂÍˆËË Ó·‡ÁˆÓ‚ ‰ËÍÓ-
‡ÒÚÛ˘ÂÈ ÚÂÚ‡ÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ 

 

Triticum
dicoccoides

 

 ÏÂÚÓ‰ÓÏ ë-·˝Ì‰ËÌ„‡ ·˚ÎÓ ‚˚fl‚ÎÂÌÓ
ÏÌÓÊÂÒÚ‚Ó ‚‡Ë‡ÌÚÓ‚ ÏÂÊ„ÂÌÓÏÌ˚ı Ú‡ÌÒÎÓÍ‡ˆËÈ
ıÓÏÓÒÓÏ, ÎÓÍ‡ÎËÁ‡ˆË˛ ÚÓ˜ÂÍ ‡Á˚‚Ó‚ ÍÓÚÓ˚ı
ÓÍ‡Á‡ÎÓÒ¸ ÒÎÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÔÓ ËÒÛÌÍ‡Ï ‰ËÙÙÂ-
ÂÌˆË‡Î¸ÌÓ„Ó ÓÍ‡¯Ë‚‡ÌËfl (Å‡‰‡Â‚‡, 2000). 

ñÂÎ¸ Ì‡¯ÂÈ ‡·ÓÚ˚ – ‡Á‡·ÓÚÍ‡ Ú‡ÍÓÈ ÏÓ‰Ë-
ÙËÍ‡ˆËË ÏÂÚÓ‰‡ GISH, ÍÓÚÓ‡fl ÔÓÁ‚ÓÎËÎ‡ ·˚
˜ÂÚÍÓ ‡Á‰ÂÎËÚ¸ ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚Â A-, B- Ë
D-„ÂÌÓÏ˚ Ô¯ÂÌËˆ˚ ‰Îfl ‚˚fl‚ÎÂÌËfl ÏÂÊ„ÂÌÓÏÌ˚ı
ıÓÏÓÒÓÏÌ˚ı ÔÂÂÒÚÓÂÍ. 

 

åÄíÖêàÄã à åÖíéÑàäÄ

 

å‡ÚÂË‡ÎÓÏ ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÒÎÛÊËÎË Ó·‡Á-
ˆ˚ ÚÂÚ‡ÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ 

 

T. dicoccoides

 

IG46147 Ë IG116188, ÒÓ‰ÂÊ‡˘ËÂ Ú‡ÌÒÎÓÍ‡ˆËË
6Ä:6Ç Ë 1Ä:6Ç, Ë Ó·‡ÁÂˆ Í-152 „ÂÍÒ‡ÔÎÓË‰ÌÓÈ
Ô¯ÂÌËˆ˚ 

 

Triticum aestivum

 

. é·‡Áˆ˚ ÔÓÎÛ˜ÂÌ˚ ËÁ
ÇÒÂÓÒÒËÈÒÍÓ„Ó Ì‡Û˜ÌÓ-ËÒÒÎÂ‰Ó‚‡ÚÂÎ¸ÒÍÓ„Ó ËÌÒÚË-
ÚÛÚ‡ ‡ÒÚÂÌËÂ‚Ó‰ÒÚ‚‡ ËÏ. ç.à. Ç‡‚ËÎÓ‚‡ (Çàê,
ëè·.), ‡ Ú‡ÍÊÂ ËÁ ÍÓÎÎÂÍˆËË åÂÊ‰ÛÌ‡Ó‰ÌÓ„Ó
ˆÂÌÚ‡ ÒÂÎ¸ÒÍÓıÓÁflÈÒÚ‚ÂÌÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚ Á‡-
ÒÛ¯ÎË‚˚ı ‡ÈÓÌ‡ı (International Center for Agricul-
tural Research in the Dry Areas, ICARDA, ëËËfl).

èË„ÓÚÓ‚ÎÂÌËÂ Ë ë-ÓÍ‡ÒÍÛ ıÓÏÓÒÓÏÌ˚ı ÔÂ-
Ô‡‡ÚÓ‚ ÔÓ‚Ó‰ËÎË ÔÓ ÓÔËÒ‡ÌÌÓÈ ‡ÌÂÂ ÏÂÚÓ‰ËÍÂ
(Badaeva et al., 1994) Ò ÌÂ·ÓÎ¸¯ËÏË ÏÓ‰ËÙËÍ‡ˆËflÏË.

ïÓÏÓÒÓÏ˚ Ô¯ÂÌËˆ˚ ÍÎ‡ÒÒËÙËˆËÓ‚‡ÎË ‚ ÒÓ-
ÓÚ‚ÂÚÒÚ‚ËË ÒÓ ÒÚ‡Ì‰‡ÚÌÓÈ „ÂÌÂÚË˜ÂÒÍÓÈ ÌÓÏÂÌ-
ÍÎ‡ÚÛÓÈ (Badaeva et al., 1990; Gill, 1991).

 

ÉË·Ë‰ËÁ‡ˆËfl in situ.

 

 ÑÎfl „ÂÌÓÏÌÓÈ „Ë·Ë‰ËÁ‡-
ˆËË 

 

in situ

 

 ‡Á‡·ÓÚ‡Ì‡ ÒÎÂ‰Û˛˘‡fl ÏÓ‰ËÙËÍ‡ˆËfl
ÏÂÚÓ‰‡ GISH, ÔÓÁ‚ÓÎfl˛˘‡fl ÔÓÎÛ˜ËÚ¸ ˜ÂÚÍÓÂ ‡Á-
‰ÂÎÂÌËÂ ıÓÏÓÒÓÏ ‡ÁÌ˚ı „ÂÌÓÏÓ‚. ÉÂÌÓÏÌÛ˛
Ñçä ‚˚‰ÂÎflÎË ëíÄÇ-ÏÂÚÓ‰ÓÏ (å‡ÌË‡ÚËÒ Ë ‰.,
1984) ËÁ ÁÂÎÂÌ˚ı ÎËÒÚ¸Â‚ Ë ÒÚÂ·ÎÂÈ ÔÂ‰ÔÓÎ‡„‡Â-
Ï˚ı Ó‰ËÚÂÎ¸ÒÍËı ‚Ë‰Ó‚ (‰ÓÌÓÓ‚ A-, B- Ë D-„ÂÌÓ-
ÏÓ‚) Ú‚Â‰ÓÈ Ë Ïfl„ÍÓÈ Ô¯ÂÌËˆ˚, Ú. Â. ‰ËÔÎÓË‰ÌÓÈ
Ô¯ÂÌËˆ˚-Ó‰ÌÓÁÂÌflÌÍË 

 

Triticum boeoticum

 

, ÒÓ‰Â-
Ê‡˘ÂÈ Ä-„ÂÌÓÏ, Ë ˝„ËÎÓÔÒÓ‚ 

 

Ae. speltoides

 

 (B-„Â-
ÌÓÏ) Ë 

 

Ae. tauschii 

 

(D-„ÂÌÓÏ). Ñçä 

 

T. boeoticum

 

 ÏÂ-
ÚËÎË ·ËÓÚËÌÓÏ, ‡ Ñçä 

 

Ae. tauschii 

 

– ‰Ë„ÓÍÒË„ÂÌË-
ÌÓÏ Ò ÔÓÏÓ˘¸˛ ÌËÍ-Ú‡ÌÒÎflˆËË ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò
ÔÓÚÓÍÓÎÓÏ ÙËÏ˚-ÔÓËÁ‚Ó‰ËÚÂÎfl (“Roche”,
ÉÂÏ‡ÌËfl). Ñçä 

 

Ae. speltoides

 

, Ó·‡·ÓÚ‡ÌÌÛ˛ Ò
ÔÓÏÓ˘¸˛ ÛÎ¸Ú‡Á‚ÛÍ‡ ‰Ó ÔÓÎÛ˜ÂÌËfl Ù‡„ÏÂÌÚÓ‚
‡ÁÏÂÓÏ ÓÍÓÎÓ 500 Ì.Ô., ËÒÔÓÎ¸ÁÓ‚‡ÎË ‰Îfl ·ÎÓ-
ÍËÓ‚‡ÌËfl ÍÓÒÒ-„Ë·Ë‰ËÁ‡ˆËË. ê‡ÁÏÂ Ù‡„ÏÂÌ-
ÚÓ‚ ÍÓÌÚÓÎËÓ‚‡ÎË Ò ÔÓÏÓ˘¸˛ ˝ÎÂÍÚÓÙÓÂÁ‡ ‚
1%-ÌÓÏ ‡„‡ÓÁÌÓÏ „ÂÎÂ. 

 

èË„ÓÚÓ‚ÎÂÌËÂ ÔÓ·.

 

 åÂ˜ÂÌÛ˛ „ÂÌÓÏÌÛ˛
Ñçä (30–40 Ì„) ÒÏÂ¯Ë‚‡ÎË Ò ‡‚Ì˚Ï ÍÓÎË˜Â-
ÒÚ‚ÓÏ ·ÎÓÍËÛ˛˘ÂÈ Ñçä Ë ‡ÒÚ‚ÓflÎË ‚ 15 ÏÍÎ
„Ë·Ë‰ËÁ‡ˆËÓÌÌÓÈ ÒÏÂÒË (10%-Ì˚È ‰ÂÍÒÚ‡Ì
ÒÛÎ¸Ù‡Ú, 50%-Ì˚È ÙÓÏ‡ÏË‰, 1%-Ì˚È íween,
2xSSC). èÓÎÛ˜ÂÌÌÛ˛ ÒÏÂÒ¸ ‰ÂÌ‡ÚÛËÓ‚‡ÎË ÔË
85°C ‚ ÚÂ˜ÂÌËÂ 5 ÏËÌ, ·˚ÒÚÓ ÓıÎ‡Ê‰‡ÎË Ì‡ Î¸‰Û
Ë ÔÓÏÂ˘‡ÎË ‚ ÚÂÏÓÒÚ‡Ú Ì‡ 2 ˜ ÔË ÚÂÏÔÂ‡ÚÛÂ
37°C ‰Îfl ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó ÓÚÊË„‡.

 

ÉË·Ë‰ËÁ‡ˆËfl ÔÓ· Ì‡ ÔÂÔ‡‡Ú‡ı

 

. ïÓÏÓ-
ÒÓÏÌ˚Â ÔÂÔ‡‡Ú˚ ‰ÂÌ‡ÚÛËÓ‚‡ÎË ‚ 70%-ÌÓÏ
‡ÒÚ‚ÓÂ ÙÓÏ‡ÏË‰‡ (2xSSC) ÔË 74°C ‚ ÚÂ˜ÂÌËÂ
3 ÏËÌ, ÔÓ‚Ó‰ËÎË ˜ÂÂÁ ÒÂË˛ ıÓÎÓ‰Ì˚ı ÒÔËÚÓ‚,
‡ Á‡ÚÂÏ ‚˚ÒÛ¯Ë‚‡ÎË Ì‡ ‚ÓÁ‰ÛıÂ.

ÑÎfl ÔÓÎÛ˜ÂÌËfl ·ÓÎÂÂ ˜ÂÚÍÓ„Ó ‡Á‰ÂÎÂÌËfl „Â-
ÌÓÏÓ‚ ÔË GISH ÔÓ‚Ó‰ËÎË ÔÂ‰„Ë·Ë‰ËÁ‡ˆË˛
ÔÂÔ‡‡ÚÓ‚ Ò ·ÎÓÍËÛ˛˘ÂÈ Ñçä, ‰Îfl ˜Â„Ó ÔÓ-
ÒÎÂ‰Ì˛˛ (30–40 Ì„) ‡ÒÚ‚ÓflÎË ‚ „Ë·Ë‰ËÁ‡ˆËÓÌ-
ÌÓÈ ÒÏÂÒË ‚ Ó·˘ÂÏ Ó·˙ÂÏÂ 15 ÏÍÎ, ‰ÂÌ‡ÚÛËÓ‚‡-
ÎË ÔË 85°C 5 ÏËÌ, ‡ Á‡ÚÂÏ ·˚ÒÚÓ ÓıÎ‡Ê‰‡ÎË Ì‡
Î¸‰Û. èÓÎÛ˜ÂÌÌÛ˛ ÒÏÂÒ¸ Ì‡ÌÓÒËÎË Ì‡ ÔÂÔ‡‡Ú,
Ì‡Í˚‚‡ÎË ÔÓÍÓ‚Ì˚Ï ÒÚÂÍÎÓÏ Ë ÔÓÏÂ˘‡ÎË ‚Ó
‚Î‡ÊÌÓÈ Í‡ÏÂÂ ‚ ÚÂÏÓÒÚ‡Ú Ì‡ 2 ˜ ÔË 37°C.
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ÄÏÓÒÓ‚‡ 

 

Ë ‰

 

.

 

ë ÔÂÔ‡‡ÚÓ‚ Û‰‡ÎflÎË ÔÓÍÓ‚ÌÓÂ ÒÚÂÍÎÓ Ë ÔË
37°C ÔÓ‚Ó‰ËÎË „Ë·Ë‰ËÁ‡ˆË˛ Ò ÔÓ·ÓÈ Ñçä,
ÔÓ¯Â‰¯ÂÈ ÔÂ‰‚‡ËÚÂÎ¸Ì˚È ÓÚÊË„. óÂÂÁ 16–
18 ˜ ÔÂÔ‡‡Ú˚ ‰‚‡Ê‰˚ ÓÚÏ˚‚‡ÎË ÔË 44°C ‚ ‡Ò-
Ú‚Ó‡ı 0.1xSSC Ë 2xSSC (ÔÓ 10 ÏËÌ ‚ Í‡Ê‰ÓÏ), Á‡-
ÚÂÏ 5 ÏËÌ ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ ‚ 2xSSC, ÔÓ-
ÒÎÂ ˜Â„Ó ÔÂÔ‡‡Ú˚ ÔÓÏÂ˘‡ÎË ‚ ‡ÒÚ‚Ó 4ıSSC, ÒÓ-
‰ÂÊ‡˘ËÈ 0.5%-Ì˚È íween (4ıSSCT). èÓÒÎÂ ˝ÚÓ„Ó
ÔÂÔ‡‡Ú˚ Ó·‡·‡Ú˚‚‡ÎË ‡ÒÚ‚ÓÓÏ 4ıSSCTM
(0.05%-ÌÓÂ Ó·ÂÁÊËÂÌÌÓÂ ÒÛıÓÂ ÏÓÎÓÍÓ, ‡ÒÚ‚ÓÂÌ-
ÌÓÂ ‚ 4ıSSCT) ÔË 37°C ‚ ÚÂ˜ÂÌËÂ 20 ÏËÌ. 

ë‡ÈÚ˚ „Ë·Ë‰ËÁ‡ˆËË Û ÚÂÚ‡ÔÎÓË‰Ì˚ı ‚Ë‰Ó‚
Ô¯ÂÌËˆ˚ ‚˚fl‚ÎflÎË ÔË 37°C Ò ÔÓÏÓ˘¸˛ ÒËÒÚÂÏ˚
‰Îfl ‚˚fl‚ÎÂÌËfl ·ËÓÚËÌ‡ (“Vector lab.”, ÇÂÎËÍÓ·Ë-
Ú‡ÌËfl): 1) ÙÎÛÓÂÒˆÂËÌ ÍÓÌ˙˛„ËÓ‚‡ÌÌÓ„Ó ‡‚Ë-
‰ËÌ‡, 2) ·ËÓÚËÌËÎËÓ‚‡ÌÌÓ„Ó ‡ÌÚË‡‚Ë‰ËÌ‡ Ë 3)
ÙÎÛÓÂÒˆÂËÌ ÍÓÌ˙˛„ËÓ‚‡ÌÌÓ„Ó ‡‚Ë‰ËÌ‡. 

ë‡ÈÚ˚ „Ë·Ë‰ËÁ‡ˆËË Û „ÂÍÒ‡ÔÎÓË‰Ì˚ı ‚Ë‰Ó‚
Ô¯ÂÌËˆ˚ ‚˚fl‚ÎflÎË Ú‡ÍÊÂ ÔË 37°C Ò ÔÓÏÓ˘¸˛
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÒËÒÚÂÏ˚ ‰Îfl ‚˚fl‚ÎÂÌËfl ·ËÓÚË-
Ì‡ Ë ‰Ë„ÓÍÒË„ÂÌËÌ‡: 1) ÙÎÛÓÂÒˆÂËÌ ÍÓÌ˙˛„ËÓ-
‚‡ÌÌÓ„Ó ‡ÌÚË‰Ë„ÓÍÒË„ÂÌËÌ‡ (“Roche”, ÉÂÏ‡ÌËfl)
Ë íÂı‡ÒÒÍÓ„Ó Í‡ÒÌÓ„Ó (“Vector lab.”, ÇÂÎËÍÓ·Ë-
Ú‡ÌËfl), Á‡ÚÂÏ 2) ÍÓÎË˜¸Â„Ó ‡ÌÚËÙÎÛÓÂÒˆÂËÌ‡
(“DAKO”, Ñ‡ÌËfl) Ë ·ËÓÚËÌËÎËÓ‚‡ÌÌÓ„Ó ‡ÌÚË‡‚Ë-
‰ËÌ‡ (“Vector lab.”, ÇÂÎËÍÓ·ËÚ‡ÌËfl), ‡ ÔÓÒÎÂ ˝ÚÓ-
„Ó 3) ÙÎÛÓÂÒˆÂËÌ ÍÓÌ˙˛„ËÓ‚‡ÌÌ˚ı Ò‚ËÌ˚ı ‡Ì-
ÚËÍÓÎË˜¸Ëı ‡ÌÚËÚÂÎ (“DAKO”, Ñ‡ÌËfl) Ë íÂı‡Ò-
ÒÍÓ„Ó Í‡ÒÌÓ„Ó. ä‡Ê‰Û˛ ÔÓˆÂ‰ÛÛ ÔÓ‚Ó‰ËÎË ‚
ÚÂ˜ÂÌËÂ 30 ÏËÌ ÔÓÒÎÂ ÚÂıÍ‡ÚÌÓÈ ÓÚÏ˚‚ÍË ‚ ‡Ò-
Ú‚ÓÂ 4xSSCT. 

ïÓÏÓÒÓÏÌ˚Â ÔÂÔ‡‡Ú˚ Ó·ÂÁ‚ÓÊË‚‡ÎË, ÔÓ-
‚Ó‰fl ˜ÂÂÁ ÒÂË˛ ıÓÎÓ‰Ì˚ı ÒÔËÚÓ‚, ‚˚ÒÛ¯Ë‚‡ÎË
Ì‡ ‚ÓÁ‰ÛıÂ Ë Á‡ÍÎ˛˜‡ÎË ‚ Í‡ÒËÚÂÎ¸ DAPI (4',6-di-
amidino-2-phenylindole), (“Serva”, ÉÂÏ‡ÌËfl), ‡Ò-
Ú‚ÓÂÌÌ˚È ‚ ÍÓÌˆÂÌÚ‡ˆËË 2 ÏÍ„/ÏÎ ‚ ÒÂ‰Â
Vectashield (“Vector lab.”, ÇÂÎËÍÓ·ËÚ‡ÌËfl). èÂ-
Ô‡‡Ú˚ ‡Ì‡ÎËÁËÓ‚‡ÎË Ì‡ ÏËÍÓÒÍÓÔÂ Olympus
BX61Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ CCD-Í‡ÏÂ˚ (“Cool
Snap”, ëòÄ). àÁÓ·‡ÊÂÌËfl ıÓÏÓÒÓÏ Ó·‡·‡Ú˚-
‚‡ÎË Ò ÔÓÏÓ˘¸˛ ÒÚ‡Ì‰‡ÚÌ˚ı ÍÓÏÔ¸˛ÚÂÌ˚ı ÏÂ-
ÚÓ‰ËÍ ÛÎÛ˜¯ÂÌËfl ËÁÓ·‡ÊÂÌËfl. 

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

èÂ‰ÎÓÊÂÌÌ‡fl ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÏÓ‰ËÙËÍ‡-
ˆËfl ÏÂÚÓ‰‡ „ÂÌÓÏÌÓÈ „Ë·Ë‰ËÁ‡ˆËË 

 

in situ 

 

(GISH)
ÔÓÁ‚ÓÎËÎ‡ ÔÓÎÛ˜ËÚ¸ ˜ÂÚÍÓÂ Ë ‚ÓÒÔÓËÁ‚Ó‰ËÏÓÂ
‡Á‰ÂÎÂÌËÂ ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏÓ‚ Í‡Í ‚
ÚÂÚ‡ÔÎÓË‰Ì˚ı, Ú‡Í Ë ‚ „ÂÍÒ‡ÔÎÓË‰Ì˚ı ‚Ë‰‡ı
Ô¯ÂÌËˆ˚ (ËÒ. 1, 2). ùÚÓ ÒÚ‡ÎÓ ‚ÓÁÏÓÊÌ˚Ï ·Î‡„Ó-
‰‡fl ËÒÔÓÎ¸ÁÓ‚‡ÌË˛ ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó ÓÚÊË„‡
ÏÂ˜ÂÌ˚ı ÔÓ· Ñçä Ë ÔÓ‚Â‰ÂÌË˛ ÔÂ‰„Ë·Ë‰Ë-
Á‡ˆËË ıÓÏÓÒÓÏÌ˚ı ÔÂÔ‡‡ÚÓ‚ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌË-
ÂÏ ‰ÓÌÓ‡ Ñçä Ó‰ÌÓ„Ó ËÁ „ÂÌÓÏÓ‚ Ô¯ÂÌËˆ˚ ‚ Í‡-
˜ÂÒÚ‚Â ·ÎÓÍËÛ˛˘ÂÈ ÌÂÏÂ˜ÂÌÓÈ Ñçä. Ç Ì‡¯ÂÏ
ÒÎÛ˜‡Â ËÒÔÓÎ¸ÁÓ‚‡ÎË Ñçä 

 

Ae. speltoides 

 

Í‡Í ÔÂ‰-
ÔÓÎ‡„‡ÂÏÓ„Ó ‰ÓÌÓ‡ B-„ÂÌÓÏ‡ Ô¯ÂÌËˆ˚, ÔÓÒÍÓÎ¸-

ÍÛ ËÏÂÌÌÓ Ú‡Í‡fl ÍÓÏ·ËÌ‡ˆËfl ÏÂ˜ÂÌ˚ı ÔÓ· Ñçä
(„Ë·Ë‰ËÁÛ˛˘ËıÒfl Ò A- Ë D-„ÂÌÓÏ‡ÏË) Ë ·ÎÓÍËÛ-
˛˘ÂÈ Ñçä ‰‡‚‡Î‡ Ì‡Ë·ÓÎÂÂ ÍÓÌÚ‡ÒÚÌÓÂ ‡Á‰Â-
ÎÂÌËÂ ıÓÏÓÒÓÏ. àÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÔÂ‰‚‡ËÚÂÎ¸ÌÓ-
„Ó ÓÚÊË„‡ ÔÓ· Ë ÔÂ‰„Ë·Ë‰ËÁ‡ˆËË ÔÂÔ‡‡ÚÓ‚
ÔÓÁ‚ÓÎËÎË Ï‡ÍÒËÏ‡Î¸ÌÓ ÒÌËÁËÚ¸ Á‡ÚÛ‰Ìfl˛˘ÂÂ
‰ËÙÙÂÂÌˆË‡ˆË˛ „ÂÌÓÏÓ‚ ‚ÎËflÌËÂ ‚˚ÒÓÍÓÔÓ‚ÚÓ-
fl˛˘ËıÒfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ñçä, ÍÓÚÓ˚Â ‚
·ÓÎ¸¯ÓÏ ÍÓÎË˜ÂÒÚ‚Â ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ „ÂÌÓÏÂ ‡Ò-
ÚÂÌËÈ, Ë ÒÔÓÒÓ·ÒÚ‚Ó‚‡ÎË ÔÓ‰‡‚ÎÂÌË˛ ÍÓÒÒ-„Ë-
·Ë‰ËÁ‡ˆËË.

èÓÒÍÓÎ¸ÍÛ ÍÓÒÒ-„Ë·Ë‰ËÁ‡ˆËfl „ÂÌÓÏÌ˚ı
ÔÓ· Ñçä Û ·ÎËÁÍÓÓ‰ÒÚ‚ÂÌÌ˚ı ‚Ë‰Ó‚ („ÂÌÓÏÓ‚)
ÔÓfl‚ÎflÂÚÒfl ‚ ‚˚ÒÓÍÓÈ ÒÚÂÔÂÌË (Heslop-Harrison,
Schwarzacher, 1996; Schwarzacher, Heslop-Harrison,
2000) Ë fl‚ÎflÂÚÒfl Ó‰ÌÓÈ ËÁ „Î‡‚Ì˚ı ÔÓ·ÎÂÏ ÔË
‡Á‰ÂÎÂÌËË „ÂÌÓÏÓ‚, ÛÍ‡Á‡ÌÌ˚Â ÔÓˆÂ‰Û˚ ÓÍ‡-
Á‡ÎËÒ¸ Ó˜ÂÌ¸ ÔÓÎÂÁÌ˚ÏË.

äÓÌˆÂÌÚ‡ˆËfl ·ÎÓÍËÛ˛˘ÂÈ Ñçä ÔË ÔÓ‚Â-
‰ÂÌËË ÔÂ‰„Ë·Ë‰ËÁ‡ˆËË Ë ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó ÓÚ-
ÊË„‡ ÔÓ·˚ ·˚Î‡ Ó‰ÌËÏ ËÁ Ô‡‡ÏÂÚÓ‚, ‚ÎËfl˛-
˘Ëı Ì‡ ˜ÂÚÍÓÒÚ¸ ‡Á‰ÂÎÂÌËfl „ÂÌÓÏÓ‚ Ô¯ÂÌËˆ˚. Ç
Ì‡¯ÂÈ ÏÓ‰ËÙËÍ‡ˆËË ‰ËÙÙÂÂÌˆË‡ˆËfl „ÂÌÓÏÓ‚
ÔÓËÒıÓ‰ËÎ‡ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ÏÂ˜ÂÌÓÈ ÔÓ·˚ Ë
·ÎÓÍËÛ˛˘ÂÈ Ñçä ‚ ‡‚Ì˚ı ÍÓÎË˜ÂÒÚ‚‡ı. ì‚Â-
ÎË˜Ë‚‡fl ÍÓÌˆÂÌÚ‡ˆË˛ ·ÎÓÍËÛ˛˘ÂÈ Ñçä ‚ ‰‚‡-
ÚË ‡Á‡, ÏÓÊÌÓ ÔË ÌÂÓ·ıÓ‰ËÏÓÒÚË ‚‡¸ËÓ‚‡Ú¸
flÍÓÒÚ¸ ÙÎÛÓÂÒˆÂÌÚÌÓ„Ó ÏÂ˜ÂÌËfl ıÓÏÓÒÓÏ ‰Îfl
·ÓÎÂÂ ˜ÂÚÍÓ„Ó ‡Á‰ÂÎÂÌËfl „ÂÌÓÏÓ‚.

ç‡ ÔÂÒÔÂÍÚË‚ÌÓÒÚ¸ ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ÔÂ‰‚‡Ë-
ÚÂÎ¸ÌÓ„Ó ÓÚÊË„‡ ÔÓ· Ñçä ÔË GISH ‰Îfl ÛÎÛ˜¯Â-
ÌËfl „ÂÌÓÏÌÓÈ ‰ËÙÙÂÂÌˆË‡ˆËË ÛÍ‡Á˚‚‡ÎË Ú‡ÍÊÂ Ë
‰Û„ËÂ ‡‚ÚÓ˚ (Anamthawat-Jonsson, Reader, 1995).
èÓÁ‰ÌÂÂ àÍ·‡Î Ò ÒÓ‡‚ÚÓ‡ÏË (Iqbal et al., 2000b,
2002) ËÒÔÓÎ¸ÁÓ‚‡ÎË ÍÓÏ·ËÌ‡ˆË˛ ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó
ÓÚÊË„‡ ÔÓ·˚ Ë ÔÂ‰„Ë·Ë‰ËÁ‡ˆËÓÌÌÓ„Ó ·ÎÓÍËÓ-
‚‡ÌËfl ‰Îfl ‰ÂÚÂÍˆËË ıÓÏÓÒÓÏ N-„ÂÌÓÏ‡ ˝„ËÎÓÔÒ‡ ‚
Ô¯ÂÌË˜ÌÓ-˝„ËÎÓÔÒÌ˚ı Ú‡ÌÒÎÓÍ‡ˆËÓÌÌ˚ı ÎËÌËflı.

Ç Ì‡¯ÂÈ ÏÓ‰ËÙËÍ‡ˆËË ÏÂÚÓ‰‡ GISH ËÒÔÓÎ¸ÁÓ-
‚‡ÌËÂ 50%-ÌÓ„Ó ÙÓÏ‡ÏË‰‡ ÔË ÔË„ÓÚÓ‚ÎÂÌËË
ÔÓ·˚ ‚ Í‡˜ÂÒÚ‚Â Ó‰ÌÓ„Ó ËÁ ÍÓÏÔÓÌÂÌÚÓ‚ „Ë·Ë-
‰ËÁ‡ˆËÓÌÌÓÈ ÒÏÂÒË ÔÓÁ‚ÓÎËÎÓ ÒÌËÁËÚ¸ ÚÂÏÔÂ‡ÚÛ-
Û ÔÓ‚Â‰ÂÌËfl ÔÂ‰„Ë·Ë‰ËÁ‡ˆËË Ë „Ë·Ë‰ËÁ‡ˆËË
Ì‡ 39 Ë 37°C ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ÔÓ Ò‡‚ÌÂÌË˛ Ò ÛÍ‡-
Á‡ÌÌÓÈ ÏÂÚÓ‰ËÍÓÈ (Iqbal et al., 2000b, 2002). äÓÏÂ
ÚÓ„Ó, ˝ÚË ‡‚ÚÓ˚ ‚˚ÌÛÊ‰ÂÌ˚ ·˚ÎË ËÒÔÓÎ¸ÁÓ‚‡Ú¸
·ÓÎÂÂ ‚˚ÒÓÍËÂ ÍÓÌˆÂÌÚ‡ˆËË ·ÎÓÍËÛ˛˘ÂÈ Ñçä
ÔË ÔÂ‰„Ë·Ë‰ËÁ‡ˆËË Ë ÔÓ‚Ó‰ËÚ¸ ‰ÂÌ‡ÚÛ‡ˆË˛
ÔÓ·˚ ÔË ·ÓÎÂÂ ‚˚ÒÓÍÓÈ ÚÂÏÔÂ‡ÚÛÂ. í‡ÍËÏ
Ó·‡ÁÓÏ, ·ÓÎÂÂ Ïfl„ÍËÂ ÛÒÎÓ‚Ëfl „Ë·Ë‰ËÁ‡ˆËË ÔÓÁ-
‚ÓÎËÎË Ì‡Ï ÌÂ ÚÓÎ¸ÍÓ ÔÓÎÛ˜ËÚ¸ ˜ÂÚÍÓÂ ‡Á‰ÂÎÂ-
ÌËÂ ‚ÒÂı „ÂÌÓÏÓ‚ Ô¯ÂÌËˆ˚, ÌÓ Ë ÒÓı‡ÌËÚ¸ ‚˚ÒÓ-
ÍÓÂ Í‡˜ÂÒÚ‚Ó ıÓÏÓÒÓÏÌ˚ı ÔÎ‡ÒÚËÌÓÍ.

ê‡Á‡·ÓÚ‡ÌÌ˚È ÏÂÚÓ‰ ·˚Î ËÒÔÓÎ¸ÁÓ‚‡Ì ‰Îfl
‡Ì‡ÎËÁ‡ ÏÂÊ„ÂÌÓÏÌ˚ı Ú‡ÌÒÎÓÍ‡ˆËÈ 6Ä:6Ç Ë
1Ä:6Ç, ‚˚fl‚ÎÂÌÌ˚ı Û Ó·‡ÁˆÓ‚ IG46147 Ë
IG116188 

 

T. dicoccoides

 

 Ò ÔÓÏÓ˘¸˛ ë-·˝Ì‰ËÌ„‡
(ËÒ. 1, 

 

‡

 

, 

 

·

 

). GISH ÔÓÍ‡Á‡Î, ˜ÚÓ Ó·Â Ú‡ÌÒÎÓÍ‡ˆËË
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fl‚Îfl˛ÚÒfl ÂˆËÔÓÍÌ˚ÏË. Ç ÒÎÛ˜‡Â Ú‡ÌÒÎÓÍ‡ˆËË
í6Ä:6Ç ÚÓ˜ÍË ‡Á˚‚Ó‚ ‡ÒÔÓÎ‡„‡ÎËÒ¸ ‚ ÒÂÂ‰Ë-
ÌÂ ‰ÎËÌÌÓ„Ó ÔÎÂ˜‡ ıÓÏÓÒÓÏ˚ 6Ä Ë ‚ ÍÓÓÚÍÓÏ
ÔÎÂ˜Â ıÓÏÓÒÓÏ˚ 6Ç ‚·ÎËÁË ‡ÈÓÌ‡ ‚ÚÓË˜ÌÓÈ
ÔÂÂÚflÊÍË (ËÒ. 1, 

 

‚

 

). ÑËÒÚ‡Î¸Ì‡fl ˜‡ÒÚ¸ ÍÓÓÚÍÓ-
„Ó ÔÎÂ˜‡, ‚ÍÎ˛˜‡fl ÒÔÛÚÌËÍ, ·˚Î‡ ÔÂÂÌÂÒÂÌ‡ ‚
‰ÎËÌÌÓÂ ÔÎÂ˜Ó ıÓÏÓÒÓÏ˚ 6Ä, ‡ ‰ËÒÚ‡Î¸Ì‡fl ÔÓÎÓ-
‚ËÌ‡ ‰ÎËÌÌÓ„Ó ÔÎÂ˜‡ 6Ä – ‚ ÍÓÓÚÍÓÂ ÔÎÂ˜Ó ıÓ-
ÏÓÒÓÏ˚ 6Ç. 

èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ë-·˝Ì‰ËÌ„‡ ·˚ÎÓ ÌÂ‚ÓÁÏÓÊÌÓ
ÛÒÚ‡ÌÓ‚ËÚ¸, fl‚ÎflÂÚÒfl ÎË Ú‡ÌÒÎÓÍ‡ˆËfl 1Ä:6Ç Â-
ˆËÔÓÍÌÓÈ ËÎË ÊÂ ÔÓËÁÓ¯ÂÎ Ó‰ÌÓÌ‡Ô‡‚ÎÂÌÌ˚È
ÔÂÂÌÓÒ Ù‡„ÏÂÌÚ‡ ‰ÎËÌÌÓ„Ó ÔÎÂ˜‡ 6Ç ‚ ÍÓÓÚ-
ÍÓÂ ÔÎÂ˜Ó ıÓÏÓÒÓÏ˚ 1Ä. ë ÔÓÏÓ˘¸˛ „ÂÌÓÏÌÓÈ
„Ë·Ë‰ËÁ‡ˆËË 

 

in situ 

 

·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ Ó·ÏÂÌ
Û˜‡ÒÚÍ‡ÏË ıÓÏÓÒÓÏ ·˚Î ‚Á‡ËÏÌ˚Ï, Ó‰Ì‡ÍÓ ‚
‰ÎËÌÌÓÂ ÔÎÂ˜Ó 6Ç ·˚Î ÔÂÂÌÂÒÂÌ ÎË¯¸ ÌÂ·ÓÎ¸-
¯ÓÈ Û˜‡ÒÚÓÍ ıÓÏÓÒÓÏ˚ 1Ä, ÚÓ„‰‡ Í‡Í Ú‡ÌÒÎÓ-
ˆËÓ‚‡ÌÌ˚È Ù‡„ÏÂÌÚ ‚ ıÓÏÓÒÓÏÂ 1Ä ÒÓÒÚ‡‚ÎflÎ
Ò‚˚¯Â 2/3 ‰ÎËÌ˚ ÔÎÂ˜‡ (ËÒ. 1, 

 

„

 

). ìÒÓ‚Â¯ÂÌ-
ÒÚ‚Ó‚‡ÌÌ˚È Ì‡ÏË ‚‡Ë‡ÌÚ ÏÂÚÓ‰‡ GISH ÔÓÁ‚ÓÎËÎ
ÛÚÓ˜ÌËÚ¸ ÒÚÛÍÚÛ˚ ÔÂÂÒÚÓÂÌÌ˚ı ıÓÏÓÒÓÏ ‚

‰‚Ûı ‚‡Ë‡ÌÚ‡ı Ú‡ÌÒÎÓÍ‡ˆËÈ Ë ÓÔÂ‰ÂÎËÚ¸ ÚÓ˜ÍË
‡Á˚‚Ó‚ Ì‡ ıÓÏÓÒÓÏÌ˚ı ÔÎÂ˜‡ı. 

Ç‡Ë‡ÌÚ ÏÂÚÓ‰‡ GISç, ‡Á‡·ÓÚ‡ÌÌ˚È ‰Îfl ËÁÛ-
˜ÂÌËfl ÚÂÚ‡ÔÎÓË‰Ì˚ı ‚Ë‰Ó‚ Ô¯ÂÌËˆ˚, ·˚Î Ú‡ÍÊÂ
ËÒÔÓÎ¸ÁÓ‚‡Ì ‰Îfl ‡Ì‡ÎËÁ‡ ÒÚÛÍÚÛ˚ „ÂÌÓÏ‡ „ÂÍÒ‡-
ÔÎÓË‰ÌÓÈ Ô¯ÂÌËˆ˚ 

 

T. aestivum

 

 (ËÒ. 2). ÉÂÌÓÏÌ˚Â
Ñçä 

 

T. boeoticum

 

 Ë 

 

Ae. tauschii

 

 ÏÂÚËÎË ·ËÓÚËÌÓÏ Ë
‰Ë„ÓÍÒË„ÂÌËÌÓÏ ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ÉÂÌÓÏÌÛ˛ Ñçä

 

Ae. speltoides 

 

ËÒÔÓÎ¸ÁÓ‚‡ÎË Í‡Í ·ÎÓÍËÛ˛˘Û˛ ÌÂÏÂ-
˜ÂÌÛ˛ Ñçä. Å˚ÎÓ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ ‰‡ÌÌ˚È Ó·‡-
ÁÂˆ ÒÓ‰ÂÊËÚ ‚Ë‰ÓÒÔÂˆËÙË˜ÌÛ˛ Ú‡ÌÒÎÓÍ‡ˆË˛
4Ä

 

−

 

7Ç (4Ä – Ì‡ ËÒ. 2), ı‡‡ÍÚÂÌÛ˛ ‰Îfl ‚ÒÂı ‚Ë‰Ó‚
Ô¯ÂÌËˆ˚ „ÛÔÔ˚ ˝ÏÏÂ, ÌÓ ÌËÍ‡ÍËı ‰ÓÔÓÎÌËÚÂÎ¸-
Ì˚ı ÔÂÂÒÚÓÂÍ ‚˚fl‚ÎÂÌÓ ÌÂ ·˚ÎÓ. ëÎÂ‰ÛÂÚ ÓÚÏÂ-
ÚËÚ¸, ̃ ÚÓ ÔÂ‰Î‡„‡ÂÏ˚È Ì‡ÏË ‚‡Ë‡ÌÚ ÏÂÚÓ‰‡ ÔÓÁ‚Ó-
ÎËÎ ÔÓÎÛ˜ËÚ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ˜ÂÚÍÓÂ ‡Á‰ÂÎÂÌËÂ ıÓÏÓ-
ÒÓÏ A-, B-, D-„ÂÌÓÏÓ‚ Ô¯ÂÌËˆ˚ (ËÒ. 2, 

 

‡

 

–

 

‚

 

). 
í‡ÍËÏ Ó·‡ÁÓÏ, Ì‡¯‡ ÏÓ‰ËÙËÍ‡ˆËfl ÏÂÚÓ‰‡

ÏÓÊÂÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ‰Îfl ‡Á‰ÂÎÂÌËfl ·ÎËÁ-
ÍÓÓ‰ÒÚ‚ÂÌÌ˚ı „ÂÌÓÏÓ‚ Û ÔÓÎËÔÎÓË‰Ó‚, ‡ Ú‡ÍÊÂ
‰Îfl ‚˚fl‚ÎÂÌËfl Ë ÚÓ˜ÌÓÈ ÎÓÍ‡ÎËÁ‡ˆËË ÚÓ˜ÂÍ ‡Á-
˚‚Ó‚ ıÓÏÓÒÓÏ ‚ ÏÂÊ„ÂÌÓÏÌ˚ı ÔÂÂÒÚÓÈÍ‡ı.
ùÚÓ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÁÌ‡˜ËÚÂÎ¸Ì˚È ËÌÚÂÂÒ ÌÂ ÚÓÎ¸-

 

‚

 

T6AS.6AL-6BS

T6BL.6BS-6AL
4A

4A

T6AS.6AL-6BS

T6BL.6BS-6AL

T1AL.1AS-6BL

4A

4A

T1AL.1AS-6BL

T6BS.6BL-1AS

T6BS.6BL-1AS

T1AL.1AS-6BL

T1AL.1AS-6BL

T6BS.6BL-1AS

T6BL.6BS-6AL

T6BL.6BS-6AL

T6AS.6AL-6BS

T6AS.6AL-6BS

 

„

a ·

 

êËÒ. 1. 

 

åÂÊ„ÂÌÓÏÌ‡fl Ú‡ÌÒÎÓÍ‡ˆËfl 6Ä:6Ç, ‚˚fl‚ÎÂÌÌ‡fl Û Ó·‡Áˆ‡ IG46147 

 

T. dicoccoides

 

 Ò ÔÓÏÓ˘¸˛ ë-·˝Ì‰ËÌ„‡ (

 

‡

 

) Ë
GISH (

 

·

 

), ‡ Ú‡ÍÊÂ ÏÂÊ„ÂÌÓÏÌ‡fl Ú‡ÌÒÎÓÍ‡ˆËfl 1Ä:6Ç, ‚˚fl‚ÎÂÌÌ‡fl Û Ó·‡Áˆ‡ IG116188 

 

T. dicoccoides

 

 Ò ÔÓÏÓ˘¸˛ ë-·˝Ì-
‰ËÌ„‡ (

 

‚

 

) Ë GISH (

 

„

 

) (  ). ÇË‰Ì˚ Ò‚ÂÚÎ˚Â ıÓÏÓÒÏ˚ A-„ÂÌÓÏ‡ (

 

·

 

, 

 

„

 

), ÏÂ˜ÂÌÌ˚Â ·ËÓÚËÌÓÏ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ‚ Í‡˜ÂÒÚ‚Â
ÔÓ·˚ „ÂÌÓÏÌÓÈ Ñçä 

 

T. boeoticum

 

. GISH ÛÚÓ˜ÌflÂÚ ÒÚÛÍÚÛÛ ÔÂÂÒÚÓÂÌÌ˚ı ıÓÏÓÒÓÏ ‚ Ú‡ÌÒÎÓÍ‡ˆËflı Ë ÓÔÂ‰ÂÎflÂÚ
ÚÓ˜ÍË ‡Á˚‚Ó‚ Ì‡ ıÓÏÓÒÓÏÌ˚ı ÔÎÂ˜‡ı. ç‡·Î˛‰‡ÂÚÒfl ‚Ë‰ÓÒÔÂˆËÙË˜Ì‡fl Ú‡ÌÒÎÓÍ‡ˆËfl 4A-7B (Ó·ÓÁÌ‡˜ÂÌ‡ Í‡Í 4Ä).
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ÄÏÓÒÓ‚‡ 

 

Ë ‰

 

.

 

ÍÓ ‰Îfl Ô¯ÂÌËˆ˚, ÌÓ Ë ‰Îfl ‰Û„Ëı ‚Ë‰Ó‚ ÍÛÎ¸ÚÛ-
Ì˚ı Ë ‰ËÍÓ‡ÒÚÛ˘Ëı ‡ÒÚÂÌËÈ ‡ÎÎÓÔÓÎËÔÎÓË‰ÌÓ-
„Ó ÔÓËÒıÓÊ‰ÂÌËfl. ê‡Á‡·ÓÚ‡ÌÌ˚È ‚‡Ë‡ÌÚ ÏÂÚÓ-
‰‡ GISH fl‚ÎflÂÚÒfl Ì‡„Îfl‰Ì˚Ï Ë ÚÓ˜Ì˚Ï ÒÔÓÒÓ·ÓÏ
ËÁÛ˜ÂÌËfl ÂÓ„‡ÌËÁ‡ˆËË „ÂÌÓÏÓ‚ ÔË ‚Ë‰ÓÓ·‡-
ÁÓ‚‡ÌËË ‡ÎÎÓÔÓÎËÔÎÓË‰Ì˚ı ‚Ë‰Ó‚ ‡ÒÚÂÌËÈ ‚
ÔÓˆÂÒÒÂ ˝‚ÓÎ˛ˆËË. èÂ‰ÒÚ‡‚ÎflÂÚÒfl ÔÂÒÔÂÍÚË‚-
Ì˚Ï ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ˝ÚÓ„Ó ÏÂÚÓ‰‡ ‰Îfl ËÁÛ˜ÂÌËfl
ıÓÏÓÒÓÏÌ˚ı ÔÂÂÒÚÓÂÍ, ‚ÓÁÌËÍ‡˛˘Ëı ‚ Í‡ÎÎÛ-
ÒÌ˚ı ÍÛÎ¸ÚÛ‡ı.
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T. aestivum

 

 (Ó·‡ÁÂˆ Í-152) Ò ÔÓÏÓ˘¸˛ GISH:

 

a
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‚
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Ae. speltoides
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„

 

 – ‚ÒÂ ıÓÏÓÒÓÏ˚, ÓÍ‡¯ÂÌÌ˚Â DAPI.
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An Improved Method of Genomic in situ Hybridization (GISH) for Distinguishing 

Closely Related Genomes of Tetraploid and Hexaploid Wheat Species

    A. V. Amosova, E. D. Badaeva, O. V. Muravenko, and A. V. Zelenin

Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, ul. Vavilova 32, Moscow, 119991 Russia
      e-mail: chrom@eimb.ru

Abstract—An improved modification of genomic in situ hybridization (GISH) was proposed. It allows clear
and reproducible discrimination between closely related genomes of both tetraploid and hexaploid wheat spe-
cies due to preannealing of labeled DNA probes and prehybridization of chromosomal samples with blocking
DNA. The method was applied to analyze intergenomic translocations 6A:6B and 1A:6B identified in the
IG46147 and IG116188 samples of tetraploid wheat Triticum dicoccoides by C-banding. The structure of the
rearranged chromosomes was defined for two translocation variants, and the breakpoints were identified on the
chromosome arms. Possible application of the developed GISH variant to study genome reorganizations during
speciation of allopolyploid plants in evolution is discussed.

Key words: genomic in situ hybridization, discrimination of closely related wheat genomes, intergenomic trans-
locations.
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