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È.À. ÇÓÁÀÐÅÂÀ1, Å.Í. ÃÎËÎÂÅØÊÈÍÀ1, Ñ.Â. ÂÈÍÎÃÐÀÄÎÂÀ1,  
Ò.Í. ÃÐÈÁÎÂÀ1, Ñ.Ã. ÌÎÍÀÕÎÑ2, À.Í. ÈÃÍÀÒÎÂ1 

Èíòåðåñ ê ðàïñó îáóñëîâëåí åãî èñïîëüçîâàíèåì äëÿ ïîëó÷åíèÿ áèîòîïëèâà, ïîòðåáíî-
ñòüþ â ðàñòèòåëüíûõ ìàñëàõ è âûñîêîáåëêîâûõ êîðìàõ. Îäíàêî ïðè ýòîì íå ðåøåíà ïðîáëåìà 
óñòîé÷èâîñòè êóëüòóðû ê âèðóñó ìîçàèêè òóðíåïñà (Turnip mosaic virus — TuMV), âûçûâàþùåìó 
áîëüøèå ïîòåðè. Ïîëó÷åíèå óñòîé÷èâûõ ôîðì — åäèíñòâåííûé è ýêîëîãè÷åñêè áåçîïàñíûé 
ñïîñîá áîðüáû ñ ýòèì âèðóñîì. Ìû èçó÷èëè óñòîé÷èâîñòü ðàñòåíèé ê øåñòè ãåíåòè÷åñêè ïîëè-
ìîðôíûì èçîëÿòàì âèðóñà ìîçàèêè òóðíåïñà TuMV â êîëëåêöèè èç 64 îáðàçöîâ õîçÿéñòâåííî 
öåííûõ è äèêèõ ïðåäñòàâèòåëåé ðîäà Brassica — ðàñòåíèé âèäîâ B. napus, B. rapa, B. oleracea 
è B. juncea. Ïî ðåçóëüòàòàì âèçóàëüíîé îöåíêè ðàçâèòèÿ ñèìïòîìîâ ìîçàèêè è êîëè÷åñòâåííîãî 
èììóíîôåðìåíòíîãî àíàëèçà âûÿâëåíî 24 íàèáîëåå ïåðñïåêòèâíûõ îáðàçöà, îáëàäàþùèõ óñòîé-
÷èâîñòüþ êî âñåì èçîëÿòàì TuMV (13 îáðàçöîâ) è ê 5 èç 6 èçîëÿòîâ (11 îáðàçöîâ). Ïîñëå ýòîãî 
÷åðåç êóëüòóðó ìèêðîñïîð îò óñòîé÷èâûõ ôîðì ïîëó÷àëè ãàïëîèäíûå ðàñòåíèÿ. Äëÿ 12 óñòîé÷è-
âûõ îáðàçöîâ ïîäîáðàíû óñëîâèÿ òåïëîâîé îáðàáîòêè äëÿ ñòèìóëÿöèè ýìáðèîãåíåçà è ïîëó÷åíû 
óäâîåííûå ãàïëîèäíûå ëèíèè — äîíîðû óñòîé÷èâîñòè ê TuMV. 

Êëþ÷åâûå ñëîâà: Turnip mosaic virus, êóëüòóðà ìèêðîñïîð, óäâîåííûå ãàïëîèäû, Brassica 
napus L. 

Ìàñëè÷íûé ðàïñ (Brassica napus L.) — âàæíåéøàÿ òåõíè÷åñêàÿ êóëü-
òóðà. Â Ðîññèè ïîâûøåííûé èíòåðåñ ê ðàïñó â ïîñëåäíèå ãîäû îáóñëîâëåí 
åãî èñïîëüçîâàíèåì äëÿ ïîëó÷åíèÿ áèîòîïëèâà, ïîòðåáíîñòüþ â ðàñòèòåëü-
íûõ ìàñëàõ, âûñîêîáåëêîâûõ êîðìàõ è ïîääåðæèâàåòñÿ âûñîêîé ïðîäóê-
òèâíîñòüþ ñîâðåìåííûõ ñîðòîâ è ãèáðèäîâ ïðè èñïîëüçîâàíèè ïðîãðåñ-
ñèâíîé òåõíîëîãèè âîçäåëûâàíèÿ (1). Íåêîòîðûå èç íèõ ðåçèñòåíòíû ê îï-
ðåäåëåííûì ôèòîïàòîãåíàì, îäíàêî ïðîáëåìà óñòîé÷èâîñòè ê âèðóñó ìî-
çàèêè òóðíåïñà (Turnip mosaic virus — TuMV) îñòàåòñÿ àêòóàëüíîé (2, 3). Â 
ðîäå Ðîtyvirus òîëüêî TuMV ïîðàæàåò ðàñòåíèÿ ñåìåéñòâà Brassicaceae, ïðè-
âîäÿ ê áîëüøèì ýêîíîìè÷åñêèì ïîòåðÿì (4, 5). Îáåñïå÷åíèå åñòåñòâåííîé 
ðåçèñòåíòíîñòè ðàñòåíèé — åäèíñòâåííûé è ýêîëîãè÷åñêè áåçîïàñíûé ñïî-
ñîá áîðüáû ñ âèðóñîì. 

Ïîëó÷åíèå ãàïëîèäîâ è äèãàïëîèäîâ ÷åðåç êóëüòóðó ïûëüíèêîâ è 
ìèêðîñïîð â íàñòîÿùåå âðåìÿ ñòàëî îáùåïðèçíàííûì ìåòîäîì â ñåëåêöèè 
óñòîé÷èâûõ ê ïàòîãåíàì ãîìîçèãîòíûõ ëèíèé ðàñòåíèé äëÿ ñîçäàíèÿ íî-
âûõ ñîðòîâ è ãèáðèäîâ (6). Èçîëèðîâàííûå ìèêðîñïîðû ïðè îïòèìàëüíîì 
ñî÷åòàíèè óñëîâèé êóëüòèâèðîâàíèÿ è ñòðåññîâ ìîãóò ïåðåéòè îò íîðìàëü-
íîãî ãàìåòîôèòíîãî ïóòè ðàçâèòèÿ ê ñïîðîôèòíîìó, à çàòåì ïðîèçâîäèòü 
ýìáðèîèäû è ãàïëîèäíûå èëè óäâîåííûå ãàïëîèäíûå ðàñòåíèÿ (7). Âûðà-
ùèâàíèå ðàñòåíèé èç ìèêðîñïîð ÷àñòî èñïîëüçóþò â ñåëåêöèè è ôóíäà-
ìåíòàëüíûõ èññëåäîâàíèÿõ. 

Íàøà öåëü çàêëþ÷àëàñü â îöåíêå êîëëåêöèè èç ðàçëè÷íûõ ïðåäñòà-
âèòåëåé ðîäà Brassica íà óñòîé÷èâîñòü ê TuMV è ïîëó÷åíèè äèãàïëîèäíûõ 
ëèíèé ìàñëè÷íîãî ðàïñà — äîíîðîâ óñòîé÷èâîñòè ê âèðóñó. 

Ìåòîäèêà. Áûëè èñïîëüçîâàíû ðàñòåíèÿ ñåìåéñòâà Brassicaceae, ïî-
ëó÷åííûå èç êîëëåêöèé Âñåðîññèéñêîãî ÍÈÈ ðàñòåíèåâîäñòâà (ã. Ñàíêò-
Ïåòåðáóðã), Âñåðîññèéñêîãî íàó÷íî-èññëåäîâàòåëüñêîãî è ïðîåêòíî-òåõíî-

* Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðà-
öèè â ðàìêàõ ÃÊ ¹ 14.518.11.7042 è ÐÔÔÈ 12-04-32084-ìîë_à.
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ëîãè÷åñêîãî èíñòèòóòà ðàïñà (ã. Ëèïåöê) è Öåíòðà «Áèîèíæåíåðèÿ» ÐÀÍ 
(âñåãî 64 îáðàçöà õîçÿéñòâåííî öåííûõ è äèêèõ âèäîâ B. napus, B. nigra, 
B. rapa, B. oleracea è B. juncea). 

Âñå èññëåäóåìûå îáðàçöû â 4-êðàòíîé ïîâòîðíîñòè ìåõàíè÷åñêè 
èíîêóëèðîâàëè (8) 6 èçîëÿòàìè TuMV, âûäåëåííûìè èç ïîðàæåííûõ ðàñ-
òåíèè B. oleracea (èçîëÿò I2), B. rapa subsp. rapa (I3a), B. napus (I3b), âûðà-
ùåííûõ â çàùèùåííîì ãðóíòå, è èç ïîëåâîé êóëüòóðû B. rapa subsp. 
chinensis (I7, I8, I10). Äëÿ îïòèìàëüíîãî èíôèöèðîâàíèÿ è ðàçâèòèÿ (ðàñ-
ïðîñòðàíåíèÿ) âèðóñíîé èíôåêöèè â ðàñòåíèÿõ â ýêñïåðèìåíòàëüíîé óñòà-
íîâêå èñêóññòâåííîãî êëèìàòà ïîääåðæèâàëè òåìïåðàòóðó 23-25 °Ñ.  

Ñèìïòîìû çàáîëåâàíèÿ îöåíèâàëè âèçóàëüíî ïî äâóì 10-áàëëüíûì  
øêàëàì êàæäûå 7 ñóò â òå÷åíèå 4 íåä ïîñëå èíîêóëÿöèè, çàòåì â ðàñòåíè-
ÿõ îïðåäåëÿëè ñîäåðæàíèå TuMV ñ ïîìîùüþ èììóíîôåðìåíòíîãî àíàëèçà 
(ÈÔÀ) â ìîäèôèêàöèè Double antibody sandwich ELISA (DAS-ELISA) ñ 
èñïîëüçîâàíèåì ïîëèêëîíàëüíûõ àíòèòåë ê TuMV (òåñò-ñèñòåìà «Neogen 
Corporation», ÑØÀ) ñîãëàñíî ïðîòîêîëó ïðîèçâîäèòåëÿ. 

Äëÿ èçîëÿöèè ìèêðîñïîð èç ïûëüíèêîâ è ïîëó÷åíèÿ æèäêîé êóëü-
òóðû ïðèìåíÿëè ïèòàòåëüíóþ ñðåäó NLN-13 (9) ñ äîáàâëåíèåì L-ñåðèíà 
(0,1 ã/ë), L-ãëþòàìèíà (0,8 ã/ë), ãëþòàòèîíà (0,03 ã/ë) è 13 % ñàõàðîçû 
(ðÍ 6,1). Áóòîíû ðàçìåðîì 2,5-3,5 ìì îáåççàðàæèâàëè â 70 % ýòèëîâîì 
ñïèðòå â òå÷åíèå 3 ìèí, òðèæäû îòìûâàëè â ñòåðèëüíîé äèñòèëëèðîâàí-
íîé âîäå (ïî 5 ìèí), ãîìîãåíèçèðîâàëè äî îäíîðîäíîé ìàññû è ôèëüòðî-
âàëè ÷åðåç íåéëîíîâóþ ìåìáðàíó ñ äèàìåòðîì ïîð 0,4 ìêì. NLN-ñðåäîé 
äîâîäèëè îáúåì ñìåñè èç ðàñ÷åòà 1 ìë ñðåäû íà 1 áóòîí è öåíòðèôóãèðî-
âàëè ïðè 2000 îá/ìèí â òå÷åíèå 3 ìèí. Íàäîñàäî÷íóþ æèäêîñòü ñëèâàëè è 
ïðîöåäóðó ïîâòîðÿëè åùå äâàæäû (10). Ñóñïåíçèîííóþ êóëüòóðó ðàçëèâà-
ëè ïî 5-6 ìë â ÷àøêè Ïåòðè (d = 10 ñì). Äëÿ èíäóêöèè ýìáðèîãåíåçà èçî-
ëèðîâàííóþ êóëüòóðó ìèêðîñïîð ïîäâåðãàëè òåïëîâîìó øîêó ïðè 32, 33 
è 35 °Ñ â òå÷åíèå 24, 48 è 72 ÷. Äàëåå ìèêðîñïîðû êóëüòèâèðîâàëè ïðè 
25 °Ñ. ×åðåç 21 ñóò îáðàçîâàâøèåñÿ ýìáðèîèäû ïåðåíîñèëè íà ïëîòíóþ 
ïèòàòåëüíóþ ñðåäó MS (11), íà êîòîðîé ïðîõîäèëî ôîðìèðîâàíèå ñåìÿ-
äîëüíûõ ëèñòüåâ è êîðíåâîé ñèñòåìû. ×åðåç 3 íåä êóëüòèâèðîâàíèÿ íà 
ïëîòíîé ñðåäå õîðîøî ðàçâèòûå ïðîðîñòêè àäàïòèðîâàëè ê ïî÷âåííûì óñ-
ëîâèÿì è âûðàùèâàëè äî ñòàäèè ôîðìèðîâàíèÿ 3-4 íàñòîÿùèõ ëèñòüåâ. 
Ïîñëå ïîäñ÷åòà ÷èñëà õëîðîïëàñòîâ â çàìûêàþùèõ êëåòêàõ óñòüèö äëÿ 
ïðîâåðêè ïëîèäíîñòè ðàñòåíèé (12) âî âñå ïàçóøíûå ïî÷êè èíúåöèðîâàëè 
0,2 % ðàñòâîð êîëõèöèíà ñ öåëüþ óäâîåíèÿ ÷èñëà õðîìîñîì (13). 

Ðåçóëüòàòû. Ïðè îöåíêå óñòîé÷èâîñòè â êîëëåêöèè ðàñòåíèé ðîäà 
Brassica áûëè îáíàðóæåíû ðàçëè÷èÿ â ÷óâñòâèòåëüíîñòè îáðàçöîâ ê èçîëÿ-
òàì TuMV (òàáë.) è â ïðîÿâëÿåìûõ ñèìïòîìàõ çàáîëåâàíèÿ. Ïðè çàðàæå-
íèè èçîëÿòîì I2 íàáëþäàëè õëîðîòè÷íóþ ïÿòíèñòîñòü (0-8 áàëëîâ), ìîð-
ùèíèñòîñòü ëèñòüåâ (îò 0 äî 4 áàëëîâ), óãíåòåíèå ðîñòà è ðàçâèòèÿ ðàñ-
òåíèé; èçîëÿòîì I3a — õëîðîòè÷íóþ ïÿòíèñòîñòü (0-6 áàëëîâ), ìîðùèíè-
ñòîñòü ëèñòüåâ (0-3 áàëëà); I3b — õëîðîòè÷íóþ ïÿòíèñòîñòü (0-9 áàëëîâ), 
ìîðùèíèñòîñòü ëèñòüåâ (0-5 áàëëîâ), óãíåòåíèå ðîñòà è ðàçâèòèÿ. Èçîëÿòû 
I7, I8 è I10 âûçûâàëè õëîðîç ëèñòüåâ (4-7 áàëëîâ). ÈÔÀ ïîäòâåðäèë ðåçóëü-
òàòû âèçóàëüíîé îöåíêè è âûÿâèë äîïîëíèòåëüíî òðè òîëåðàíòíûõ (áåñ-
ñèìïòîìíûõ) ïàðû âèðóñ—ðàñòåíèå (èçîëÿò I2 c îáðàçöàìè B. nigra ¹ 12, 
Ñobra linc 1.8 è STS Ê0). 

Âñåãî áûëî îòîáðàíî 13 îáðàçöîâ (¹ 444, Öåíòð-1, ¹ 1, ¹ 417, 
Jp-8, Õàííà, Jp-4, Öåíòð-2.1, Ãðèôôèí, Ãàëàíò, Ëóãîâñêîé, Cobra SR è 
ISA454.1 B. oleracea) ñ óñòîé÷èâîñòüþ êî âñåì 6 èçîëÿòàì TuMV è åùå 11 
(Îðî, Jp-2, Cobra Winter, Öåíòð-2.2, ¹ 417.1.1, Jp-1, Ãðèôôèí DR, Ãðèô-
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ôèí CR, FH1 B. oleracea, ISA454.1.36 B. oleracea, B. nigra ¹ 12) ñ ðåçè-
ñòåíòíîñòüþ ê 5 èçîëÿòàì (I2, I3a, I7, I8 è I10). Óñòîé÷èâûå êî âñåì èçó-
÷àåìûì èçîëÿòàì îáðàçöû â äàëüíåéøåì èñïîëüçîâàëè äëÿ ïîëó÷åíèÿ óä-
âîåííûõ ãàïëîèäíûõ ëèíèé — äîíîðîâ óñòîé÷èâîñòè ê TuMV ÷åðåç êóëü-
òóðó ìèêðîñïîð. 

Óñòîé÷èâîñòü èçó÷åííûõ îáðàçöîâ Brassica ê èçîëÿòàì âèðóñà ìîçàèêè òóðíåïñà 
TuMV ïðè èñêóññòâåííîì çàðàæåíèè 

Èçîëÿò âèðóñà 
Ãðóïïà îáðàçöîâ 

I2 I3à I3b I7 I8 I10
¹ 444, ¹ 4171; Õàííà, Ãàëàíò, Ëóãîâñêîé2, Öåíòð-1; Jp-8, ¹ 1, Jp-4, 
Öåíòð-2.1, Ãðèôôèí, Cobra SR, ISA454.1 B. oleracea3 R R R R R R 

¹ 417.1.11; Îðî, Jp-2, Cobra Winter, Öåíòð-2.2, Jp-1, Ãðèôôèí DR, 
Ãðèôôèí CR, FH1 B. oleracea, ISA454.1.36 B. oleracea3 R R S R R R 

B. nigra ¹ 123 T R S R R R 
Ñobra line 1.8, STS Ê0

3 T R R R R R 
¹ 425, ¹ 417.1, ¹ 4231; Cobra Spring, Ãàëàêñè, Ðàòíèê2; STS I2, STS I0, 
RñBn, CB-1, STS II0, STS Ê2, ãîð÷èöà ñàðåïòñêàÿ B. juncea ñîðò Êðàñíî-
ëèñòíàÿ, CrGC3.1, B. oleracea, FH3.5 B. oleracea3 

S R S R R R 

Ìåñòíûé óêðàèíñêèé, Îòðàäíåíñêèé, Ñòàðãåéò2; BM8, BL3, Ñòàãåéò, 
Cobra Selting, ¹ 442, F1(Cms Poliva ½ CB-1), CB4.7.2, Jp-13 R S S R R R 

STS K1
3 S R R R R S 

Aomory1; F1(3177 ½ 9006), Ê-53 B. rapa 2 ; CrGC5, RcBn CrGC5.1, DH99 
(Siloga ½ Homei), STS II1, STS II2, Aomory-1, Ëàäà B. juncea, FBLÌ B. 
juncea, B. carinata ¹ 78, Cobra S3 

S S S R R R 

Aomory2 R S S S R R 
Ï ð è ì å ÷ à í è å. R — óñòîé÷èâîñòü (âîçìîæåí èììóíèòåò), S — âîñïðèèì÷èâîñòü (ïðîÿâëåíèå ñèìïòî-
ìîâ), T — òîëåðàíòíîñòü (áåññèìïòîìíàÿ èíôåêöèÿ); 1 — îáðàçöû èç êîëëåêöèè Âñåðîññèéñêîãî íàó÷íî-
èññëåäîâàòåëüñêîãî è ïðîåêòíî-òåõíîëîãè÷åñêîãî èíñòèòóòà ðàïñà (ã. Ëèïåöê); 2 — îáðàçöû èç êîëëåêöèè 
Âñåðîññèéñêîãî ÍÈÈ ðàñòåíèåâîäñòâà èì. Í.È. Âàâèëîâà (ã. Ñàíêò-Ïåòåðáóðã); 3 — îáðàçöû  èç êîëëåê-
öèè Öåíòðà «Áèîèíæåíåðèÿ» ÐÀÍ. 

Äëÿ êàæäîãî îáðàçöà áûëè ïîäîáðàíû óñëîâèÿ òåïëîâîé ñòèìóëÿ-
öèè. Òàê, ïðè âîçäåéñòâèè òåìïåðàòóðîé 32 îÑ â òå÷åíèå 72 ÷ ïîëó÷èëè 
ýìáðèîèäû ÷åòûðåõ îáðàçöîâ B. napus — ¹ 444, Jp-8, Õàííà è Jp-4; â âà-
ðèàíòå 33 îÑ/72 ÷ — ¹ 1, ¹ 417, Ëóãîâñêîé è Ãðèôôèí; 35 °Ñ/24 ÷ — 
Cobra SR, Öåíòð-1 è Öåíòð-2.1, 32 °Ñ/48 ÷ — ISA454.1 B. oleracea.  

Ïîñëå ïåðåíîñà ñôîðìèðîâàííûõ ýìáðèîèäîâ íà ïëîòíóþ ïèòà-
òåëüíóþ ñðåäó, àäàïòàöèè è îáðàáîòêè êîëõèöèíîì îòîáðàëè 12 äèãàïëî-
èäíûõ ôîðì (÷èñòûå ëèíèè), êîòîðûå ìîãóò èñïîëüçîâàòüñÿ êàê äîíîðû 
óñòîé÷èâîñòè ê 6 èçó÷åííûì èçîëÿòàì TuMV.  

Òàêèì îáðàçîì, íà îñíîâå èññëåäîâàíèÿ óñòîé÷èâîñòè êîëëåêöè-
îííûõ îáðàçöîâ Brassica ê ðàçëè÷íûì èçîëÿòàì âèðóñà ìîçàèêè òóðíåïñà 
TuMV ÷åðåç êóëüòóðó ìèêðîñïîð ïîëó÷åíû ãàïëîèäíûå ëèíèè, à ïîñëå èõ 
îáðàáîòêè êîëõèöèíîì — óäâîåííûå ãàïëîèäíûå ëèíèè äëÿ èñïîëüçîâà-
íèÿ â ñåëåêöèè â êà÷åñòâå äîíîðîâ óñòîé÷èâîñòè ê TuMV.  
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A b s t r a c t  

Oilseed rape is a valuable crop used for biodiesel, vegetable oil and high-protein animal 
feed. However, there is a need for cultivars resistant to turnip mosaic virus (TuMV), which causes a 
great losses. Resistant plants are the only efficient and environmentally safe way to control this virus. 
We have studied the resistance in collection of 64 accessions of cultivated and wild brassicas (Bras-
sica napus, B. rapa, B. oleracea and B. juncea to six genetically different isolates of TuMV. 
Assess-ment of visual mosaic symptoms and quantitative ELISA test identified 24 most promising 
accessions that were resistant to all isolates of TuMV (13 accessions) and 5 of 6 isolates (11 
accessions). Then, the haploid resistant plants were obtained using microspore culture. An optimal 
condition of high temperature treatment to induce embryogenesis were found for 12 accessions, 
and doubled haploid lines, the donors of resistance to TuMV, were propagated. 

Keywords: Turnip mosaic virus, microspore culture, double haploids, Brassica napus L. 

R E F E R E N C E S  

1. Tarasov V.I. Promyshlennik Rossii, 2008, 9: 28-36.
2. Walsh J.A., Jenner C.E. Turnip mosaic virus and the quest for durable resistance. Mol. Plant

Pathol., 2002, 3(5): 289-300.
3. Walsh J.A., Jenner C.E. Resistance to Turnip mosaic virus in the Brassicaceae. In: Natural

Resistance Mechanisms of Plants to Viruses /G. Loebenstein, J.P. Carr (eds.). Springer,
Netherlands, 2006.

4. Shattuck V.I. The biology, epidemiology, and control of Turnip mosaic virus. Plant Breed. Rev.,
1992, 14: 199-238.

5. Lesmann D.-Å., Vetten H.J. The occurrence of tobacco rattle and Òurnip mosaic virus in
Orchis spp. and of an unidentified Ðotyvirus in Cypripedium calceolus. ISHS Acta Horticulturae,
1985, 164: 45-54.

6. Thomas W.T.B., Gertson B., Forster B.P. Doubled haploids in breeding. In: Doubled haploid
production in crop plants: a manual /M. Maluszynski, K.J. Kasha (eds.). KAB, Netherlands,
2003.

7. Touraev A.M., Forster B.P., Jain S.M. Advances in haploid production in higher plants. Springer
Science + Business Media B.V., 2009.

8. Jenner C.E., Wang X., Tomimura K., Ohshima K. The dual role of the potyvirus P3 protein of
Turnip mosaic virus as a symptom and avirulence determinant in Brassicas. Mol. Plant Microbe
Interact., 2003, 16(9): 777-784.

9. Nitsch C., Nitsch J. The induction of flowering in vitro in stem segments of Plumbago indica L.
I. The production of vegetative buds. Planta, 1967, 72: 355-370.

10. Coventry J., Kott L., Beversdorf W. Manual for microspore culture technique for Brassica napus.
Guelph, Ont. Canada, 1988.

11. Murashige T., Skoog F. A revised medium for rapid growth and bioassays with tobacco tissue
cultures. Physiol. Plant., 1962, 15: 473-496.

12. Pukhal'skii V.A., Solov'ev A.A., Badaeva E.D., Yurtsev V.N. Praktikum po tsitologii i genetike
rastenii [Plant Cytology and Cytogenetics (Practical Course)]. Moscow, 2007.

13. Guo Y.-D., Pulli S. High-frequency embryogenesis in Brassica campestris microspore culture.
Plant Cell, 1996, 46: 219-225.




