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Àêòóàëüíîñòü: Ñðàâíèòåëüíûé àíàëèç ìîëåêóëÿðíûõ êàðèîòèïîâ âíåêëåòî÷íîé ÄÍÊ èç âíóòðèïîëîñòíîé æèäêîñòè, âíóò-
ðåííåé êëåòî÷íîé ìàññû è òðîôýêòîäåðìû áëàñòîöèñòû ïîçâîëÿåò çàðåãèñòðèðîâàòü ôåíîìåí ðåöèïðîêíûõ àíåóïëîèäèé.
Ýòî äàåò âîçìîæíîñòü îïðåäåëèòü èñòî÷íèê ïðîèñõîæäåíèÿ ÷èñëîâûõ õðîìîñîìíûõ íàðóøåíèé, à òàêæå ïðåäïîëîæèòü ìåõà-
íèçìû èõ âîçíèêíîâåíèÿ, ñâÿçàííûå ñ ïîñòçèãîòè÷åñêèìè îøèáêàìè ñåãðåãàöèè õðîìîñîì. Öåëü: Îöåíêà ÷àñòîòû ðåöèïðîê-
íûõ àíåóïëîèäèé ó ýìáðèîíîâ ÷åëîâåêà íà ñòàäèè áëàñòîöèñòû. Ìàòåðèàëû è ìåòîäû: CGH-àíàëèç 14 ýìáðèîíîâ ÷åëîâåêà
íà 5 äåíü ðàçâèòèÿ ñ ðàçäåëåíèåì íà âíóòðåííþþ êëåòî÷íóþ ìàññó, òðîôýêòîäåðìó è âíóòðèïîëîñòíóþ æèäêîñòü. Ðåçóëüòà-
òû: Ïðè ñðàâíåíèè ìîëåêóëÿðíûõ êàðèîòèïîâ ÄÍÊ èç âíóòðèïîëîñòíîé æèäêîñòè, âíóòðåííåé êëåòî÷íîé ìàññû è òðîôýêòî-
äåðìû îáíàðóæåíî, ÷òî ó 64% ýìáðèîíîâ èìåëèñü îò 1 äî 3 ðåöèïðîêíûõ àíåóïëîèäèé (9/14). Â ôîðìèðîâàíèå ðåöèïðîêíûõ
àíîìàëèé áûëè âîâëå÷åíû õðîìîñîìû 19 (33%), 16 (27%), 17, 21, 22 (ïî 13%). ×àñòîòà ðåöèïðîêíûõ àíåóïëîèäèé â ðàñ÷åòå
íà ïàðó ãîìîëîãè÷íûõ õðîìîñîì, ïîëó÷åííàÿ íà îñíîâå ñðàâíèòåëüíîãî àíàëèçà ìîëåêóëÿðíûõ êàðèîòèïîâ âíåêëåòî÷íîé
ÄÍÊ, âíóòðåííåé êëåòî÷íîé ìàññû è òðîôýêòîäåðìû, ñîñòàâèëà 24% (16/67); ïðè ñðàâíåíèè âíåêëåòî÷íîé ÄÍÊ è âíóòðåííåé
êëåòî÷íîé ìàññû — 21% (14/67), âíåêëåòî÷íîé ÄÍÊ è òðîôýêòîäåðìû — 3% (2/67), à ïðè ñðàâíåíèè âíóòðåííåé êëåòî÷íîé
ìàññû è òðîôýêòîäåðìû — 10% (7/67). Âûâîäû: Èñïîëüçîâàíèå âíåêëåòî÷íîé ÄÍÊ èç ïîëîñòè áëàñòîöèñòû â êà÷åñòâå èñòî÷-
íèêà äîïîëíèòåëüíîé èíôîðìàöèè î õðîìîñîìíîé êîíñòèòóöèè ýìáðèîíà ïîçâîëÿåò íà 56% ïîâûñèòü âåðîÿòíîñòü âûÿâëå-
íèÿ ðåöèïðîêíûõ àíåóïëîèäèé, îòðàæàþùèõ èíòåíñèâíîñòü ïîñòçèãîòè÷åñêèõ ìèòîòè÷åñêèõ îøèáîê ñåãðåãàöèè õðîìîñîì.
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Actuality: A comparative analysis of the molecular karyotypes of extracellular DNA in intracavitary fluid, inner cell mass and
trophectoderm allows registering the phenomenon of reciprocal aneuploidies. This makes it possible to determine the origin of nu-
merical chromosome abnormalities and suggest mechanisms of their occurrence related to post-zygotic chromosome segregation
errors. Objective: Evaluation of the frequency of reciprocal aneuploidy in human embryos at the blastocyst stage. Materials and
Methods: CGH-analysis of 14 human embryos (day 5) with separation to inner cell mass, trophectoderm and intracavitary fluid. Re-
sults: By comparing the molecular karyotypes of DNA from blastocoel fluid, inner cell mass and trophectoderm was found that 64% of
embryos had from 1 to 3 reciprocal aneuploidies (9/14). Reciprocal anomalies were formed involving chromosomes 19 (33%), 16
(27%), 17, 21 and 22 (13%). The frequency of reciprocal aneuploidies based on a pair of homologous chromosomes, obtained on the
basis of comparative analysis of the molecular karyotype of extracellular DNA, the inner cell mass and trophectoderm was 24%
(16/67). The frequency of reciprocal aneuploidies in a comparative analysis of extracellular DNA and the inner cell mass was 21%
(14/67), extracellular DNA and trophectoderm — 3% (2/67), inner cell mass and trophectoderm — 10% (7/67). Conclusions: Using of
extracellular DNA from the cavity of the blastocyst as a source of additional information about the chromosomal constitution of em-
bryo can increase the probability of detecting of reciprocal aneuploidy by 56%. These anomalies reflect an intensity of mitotic chro-
mosome segregation errors.
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Ââåäåíèå

Â 2013 ãîäó áûëî ïîêàçàíî íàëè÷èå âíåêëåòî÷íîé
ÄÍÊ (âíÄÍÊ) âî âíóòðèïîëîñòíîé æèäêîñòè áëàñòîöè-
ñòû [1]. Ïîñêîëüêó îíà ôîðìèðóåòñÿ èç ÄÍÊ êëåòîê ýì-
áðèîíà, ïîäâåðãøèõñÿ àïîïòîçó â ïðîöåññå ðàçâèòèÿ,
àíàëèç âíóòðèïîëîñòíîé æèäêîñòè äàåò óíèêàëüíóþ
âîçìîæíîñòü îöåíèòü ÷àñòîòó è ðàçíîîáðàçèå àíåóïëîè-
äèé â ïîãèáøèõ êëåòêàõ. Ñîïîñòàâëåíèå ðåçóëüòàòîâ ìî-
ëåêóëÿðíîãî êàðèîòèïèðîâàíèÿ èç âíóòðèïîëîñòíîé
æèäêîñòè è òêàíåé áëàñòîöèñòû ïîçâîëÿåò ïðîñëåäèòü
èñòî÷íèê ïðîèñõîæäåíèÿ àíîìàëèè, ïðåäïîëîæèòü ìå-
õàíèçìû åå âîçíèêíîâåíèÿ çà ñ÷åò ðåãèñòðàöèè ôåíîìå-
íà ðåöèïðîêíûõ àíåóïëîèäèé (ñî÷åòàíèÿ òðèñîìèè è
ìîíîñîìèè ïî îäíîé è òîé æå ïàðå ãîìîëîãè÷íûõ õðî-
ìîñîì), ìàðêèðóþùèõ ïîñòçèãîòè÷åñêîå ñîáûòèå íå-
ðàñõîæäåíèÿ õðîìîñîì â êëåòêàõ ñ íîðìàëüíûì êàðèî-
òèïîì. Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ ñòàëà õàðàêòå-
ðèñòèêà ôåíîìåíà ðåöèïðîêíûõ àíîìàëèé ó ýìáðèîíîâ
íà ñòàäèè áëàñòîöèñòû.

Ìàòåðèàë è ìåòîäèêà

Ïðîàíàëèçèðîâàíî 14 áëàñòîöèñò, èìåþùèõ õîðî-
øèå ìîðôîëîãè÷åñêèå õàðàêòåðèñòèêè (3ÀÀ-3ÂÂ). Âñå
áëàñòîöèñòû äëÿ íàó÷íîãî èññëåäîâàíèÿ áûëè ïîëó÷å-
íû ñ äîáðîâîëüíîãî èíôîðìèðîâàííîãî ñîãëàñèÿ ïà-
öèåíòîâ ïîñëå ïðîâåäåíèÿ öèêëîâ ÝÊÎ è ïî æåëàíèþ
ïàöèåíòîâ íå ïîäëåæàëè äàëüíåéøåé êðèîêîíñåðâà-
öèè. Íà 5-é äåíü ðàçâèòèÿ ïðîèçâîäèëè áëàñòîöåíòåç
êàæäîé áëàñòîöèñòû, à òàêæå ðàçäåëåíèå è çàáîð âíóò-
ðåííåé êëåòî÷íîé ìàññû (ÂÊÌ) è òðîôýêòîäåðìû
(ÒÝ). Ïîëó÷åííûå îáðàçöû ïîìåùàëè â ñòåðèëüíûå
ìèêðîïðîáèðêè ñ 1,5 ìêë ðàñòâîðà PBS (Qiagen, ÑØÀ)
è çàìîðàæèâàëè ïðè �20°Ñ. Äëÿ ñðàâíèòåëüíîé ãåíîì-
íîé ãèáðèäèçàöèè (CGH) â êà÷åñòâå êîíòðîëüíîãî îá-
ðàçöà èñïîëüçîâàëè ÄÍÊ èíäèâèäà ìóæñêîãî ïîëà
ñ íîðìàëüíûì êàðèîòèïîì (#5190-4240, Agilent Tech-
nologies, ÑØÀ). Ëèçèñ êëåòîê è ïîëíîãåíîìíóþ àìï-
ëèôèêàöèþ ÄÍÊ (ÏÃÀ) èññëåäóåìûõ è êîíòðîëüíûõ
îáðàçöîâ ïðîâîäèëè ñ ïîìîùüþ íàáîðà REPLI-g Mini-
Kit (#150023, Qiagen, ÑØÀ) ñ ìîäèôèêàöèÿìè. Îáðàç-
öû ÄÍÊ ìåòèëè ôëþîðåñöåíòíûìè êðàñèòåëÿìè (Flu-
orescein, TAMRA) â õîäå íèê-òðàíñëÿöèè. Ïðåïàðàòû
ìåòàôàçíûõ õðîìîñîì áûëè ïîëó÷åíû èç ëèìôîöèòîâ
ïåðèôåðè÷åñêîé êðîâè èíäèâèäà ìóæñêîãî ïîëà ñ íîð-
ìàëüíûì êàðèîòèïîì. Ãèáðèäèçàöèþ ÄÍÊ-áèáëèîòåê
íà ìåòàôàçíûå ïëàñòèíêè ïðîâîäèëè â ãèáðèäèçàöèîí-
íîé êàìåðå «ThermoBrite» (Abbott Molecular, ÑØÀ)
â òå÷åíèå 72 ÷àñîâ ïðè 37Ñ ñ 50x èçáûòêîì C0t-1 ÄÍÊ
(#5190-3393, Agilent Technologies, ÑØÀ). Ïðåïàðàòû
ìåòàôàçíûõ õðîìîñîì îêðàøèâàëè DAPI. Äåòåêöèþ
ãèáðèäèçàöèîííûõ ñèãíàëîâ ïðîâîäèëè íà ëþìèíåñ-
öåíòíîì ìèêðîñêîïå «AxioImager.Z2» (Ñarl Zeiss, Ãåð-
ìàíèÿ). Äëÿ àíàëèçà ðåçóëüòàòîâ CGH èñïîëüçîâàëè
ïðîãðàììíûé ïðîäóêò «Isis — CGH Software» (Metasys-
tems, Ãåðìàíèÿ).

Ðåçóëüòàòû

Î íàëè÷èè ó ýìáðèîíà íà ïðåèìïëàíòàöèîííîì ýòà-
ïå ðàçâèòèÿ ðåöèïðîêíûõ àíåóïëîèäèé ìîæíî ãîâîðèòü
â ñëó÷àå, êîãäà ïðèñóòñòâóþò êëåòî÷íûå êëîíû ñ òðèñî-
ìèåé è ñ ìîíîñîìèåé ïî îäíîé è òîé æå ïàðå ãîìîëî-
ãè÷íûõ õðîìîñîì [2]. Ïðè ñðàâíåíèè ìîëåêóëÿðíûõ êà-
ðèîòèïîâ âíóòðèïîëîñòíîé æèäêîñòè, ÂÊÌ è ÒÝ áûëî
îáíàðóæåíî, ÷òî ó 64% (9/14) ýìáðèîíîâ èìååòñÿ îò 1 äî
3 ðåöèïðîêíûõ àáåððàöèé. Â ôîðìèðîâàíèå ðåöèïðîê-
íûõ àíîìàëèé áûëè âîâëå÷åíû õðîìîñîìû 19 (33%), 16
(27%), 17, 21 è 22 (ïî 13%). Èçâåñòíî, ÷òî àíåóïëîèäèè
õðîìîñîì 16 è 21 ó ñïîíòàííûõ àáîðòóñîâ â ïåðâîì òðè-
ìåñòðå áåðåìåííîñòè âñòðå÷àþòñÿ ÷àùå (25,3% è 11,6%
ñîîòâåòñòâåííî), ÷åì íà ñòàäèè áëàñòîöèñòû (9,76% è
7,28% ñîîòâåòñòâåííî). Â ñâîþ î÷åðåäü, ÷àñòîòà ÷èñëî-
âûõ àíîìàëèé õðîìîñîì 17, 19 è 22, íàïðîòèâ, ó àáîðòó-
ñîâ (0,2%, 0%, 7,3% ñîîòâåòñòâåííî), ïî ñðàâíåíèþ ñî
ñòàäèåé áëàñòîöèñòû, ñóùåñòâåííî ñíèæàåòñÿ (3,23%,
3,77%, 11,57% ñîîòâåòñòâåííî) [3, 4]. Âåðîÿòíî, ýòî îáó-
ñëîâëåíî òåì, ÷òî äàííûå àíåóïëîèäèè ïðèâîäÿò ê ñåðü-
åçíûì íàðóøåíèÿì ðàííåãî ýìáðèîãåíåçà, íàïðèìåð,
ê îøèáêàì èìïëàíòàöèè.

Ïîñêîëüêó ðàñõîæäåíèå ïàðû õðîìîñîì â ïðîöåññå
ìèòîçà ïðîèñõîäèò íåçàâèñèìî îò äðóãèõ õðîìîñîì,
â äàííîé ðàáîòå áûë ïðîâåäåí àíàëèç òèïîâ ðàñïðåäåëå-
íèÿ êëåòîê ñ àíåóïëîèäèåé ïî îòäåëüíûì õðîìîñîìàì
ìåæäó ÂÊÌ, ÒÝ è âíóòðèïîëîñòíîé æèäêîñòüþ áëàñòî-
öèñò (òàáëèöà). Èç äàëüíåéøåãî àíàëèçà áûëè èñêëþ÷å-
íû òå ñëó÷àè, â êîòîðûõ íå áûëî ïîëó÷åíî ïðîäóêòà
ÏÃÀ. Áûëî âûÿâëåíî 4 èç 6 òåîðåòè÷åñêè âîçìîæíûõ
êîìáèíàöèé ðàñïðåäåëåíèÿ ðåöèïðîêíûõ àíåóïëîèäèé
ìåæäó äâóìÿ ýìáðèîíàëüíûìè òêàíÿìè (ÂÊÌ è ÒÝ) è
âíóòðèïîëîñòíîé æèäêîñòüþ. ×àñòîòà ðåöèïðîêíûõ
àíîìàëèé, îïðåäåëåííàÿ íà îñíîâå àíàëèçà âñåõ òðåõ îá-
ðàçöîâ, ñîñòàâèëà 24% (16/67). Ïðè ñðàâíèòåëüíîì àíà-
ëèçå òîëüêî âíÄÍÊ è ÂÊÌ äàííûé ïîêàçàòåëü ñîñòàâèë
21% (14/67), ïðè àíàëèçå âíÄÍÊ è ÒÝ — 3% (2/67), à
ïðè ñðàâíåíèè ÂÊÌ è ÒÝ — 10% (7/67). Òàêèì îáðàçîì,
èñïîëüçîâàíèå âíÄÍÊ â êà÷åñòâå èñòî÷íèêà äîïîëíè-
òåëüíîé èíôîðìàöèè î õðîìîñîìíîé êîíñòèòóöèè ýìá-
ðèîíà ïîçâîëèëî íà 56% (9/16) ïîâûñèòü âåðîÿòíîñòü
âûÿâëåíèÿ ðåöèïðîêíûõ àíåóïëîèäèé.

Áûëî îòìå÷åíî, ÷òî ÷àñòîòà âûÿâëåíèÿ ðåöèïðîêíûõ
àíåóïëîèäèé ïðè ñðàâíåíèè ìîëåêóëÿðíûõ êàðèîòèïîâ
ÂÊÌ è âíÄÍÊ (21%) îêàçàëàñü çíà÷èòåëüíî âûøå, ÷åì
ïðè ñîïîñòàâëåíèè ÒÝ è âíÄÍÊ (3%). Ýòî ìîæåò óêàçû-
âàòü íà òî, ÷òî íàèáîëåå ÷àñòî àïîïòîçó ïîäâåðãàþòñÿ,
ïî âñåé âèäèìîñòè, ìîíîñîìíûå êëåòî÷íûå êëîíû èç
ÂÊÌ. Áîëåå òîãî, â 64% (9/14) îáðàçöîâ âíÄÍÊ âñòðå-
÷àëèñü èìåííî ìîíîñîìèè.

Îáñóæäåíèå

Ó÷èòûâàÿ, ÷òî ïðè êîððåêöèè òðèñîìíîé çèãîòû
îòñòàâàíèå õðîìîñîì ïðèâîäèò ê ôîðìèðîâàíèþ äâóõ
êëåòî÷íûõ êëîíîâ — òðèñîìíîãî è ñ íîðìàëüíîé õðî-
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ìîñîìíîé êîíñòèòóöèåé, à íåðàñõîæäåíèå — ê ôîð-

ìèðîâàíèþ äèïëîèäíîãî è òåòðàñîìíîãî êëîíîâ [5],

ñòàíîâèòñÿ áîëåå âåðîÿòíûì, ÷òî ðåöèïðîêíûå àáåð-

ðàöèè ìîãóò ñôîðìèðîâàòüñÿ â õîäå îäíîãî ñîáûòèÿ

íåðàñõîæäåíèÿ õðîìîñîì â êëåòêå ñ èçíà÷àëüíî íîð-

ìàëüíûì êàðèîòèïîì íà ñòàäèè äðîáëåíèÿ. Òàêèì îá-

ðàçîì, îöåíêà óðîâíÿ ðåöèïðîêíûõ àíåóïëîèäèé îò-

ðàæàåò èíòåíñèâíîñòü ïîñòçèãîòè÷åñêèõ îøèáîê ñåã-

ðåãàöèè õðîìîñîì, ëåæàùèõ, â òîì ÷èñëå, â îñíîâå

âîçíèêíîâåíèÿ õðîìîñîìíîãî ìîçàèöèçìà. Â ñâÿçè

ñ ýòèì, 33% (36/110) õðîìîñîìíûõ àíåóïëîèäèé, îá-

íàðóæåííûõ â áëàñòîöèñòàõ â íàñòîÿùåé ðàáîòå, ñêî-

ðåå âñåãî, èìåþò ïîñòçèãîòè÷åñêîå ìèòîòè÷åñêîå ïðî-

èñõîæäåíèå.

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ìîæíî îòìåòèòü,

÷òî èìåííî ñðàâíèòåëüíûé àíàëèç ÂÊÌ è âíÄÍÊ ïî-

çâîëÿåò ñ íàèáîëüøåé âåðîÿòíîñòüþ âûÿâëÿòü ðåöèï-

ðîêíûå àáåððàöèè. Âåðîÿòíî, èìåííî ïîýòîìó â äðóãîì

èññëåäîâàíèè, ãäå ïðîâîäèëñÿ ñðàâíèòåëüíûé àíàëèç

òîëüêî âíÄÍÊ è ÒÝ, ðåöèïðîêíûõ àíåóïëîèäèé âûÿâ-

ëåíî íå áûëî [6].

Â íàøåì èññëåäîâàíèè òàêàÿ ïàðà ñðàâíåíèé òàê-

æå ïðîäåìîíñòðèðîâàëà ìèíèìàëüíóþ ÷àñòîòó ðåãè-

ñòðàöèè ðåöèïðîêíûõ ÷èñëîâûõ íàðóøåíèé õðîìî-

ñîì. Åùå â îäíîé ðàáîòå ðåöèïðîêíûå àíîìàëèè ñî-

ñòàâèëè âñåãî 10% (8/77) îò âñåõ âûÿâëåííûõ àíåóï-

ëîèäèé [7]. Ñðàâíèòåëüíî íèçêèé ïðîöåíò ìîæíî

îáúÿñíèòü òåì, ÷òî â ðàáîòå Tobler K.J. ñ ñîàâòîðàìè

íå ïðîâîäèëîñü ðàçäåëåíèå òêàíåé áëàñòîöèñò íà

ÂÊÌ è ÒÝ äëÿ äàëüíåéøåãî aCGH-àíàëèçà. Ïîýòîìó

÷àñòü àíåóïëîèäèé ìîãëà áûòü íå âûÿâëåíà ïî ìåòî-

äè÷åñêèì ïðè÷èíàì.
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Òàáëèöà
Âàðèàíòû ðàñïðåäåëåíèÿ êëåòîê ñ íîðìàëüíûì êàðèîòèïîì è àíåóïëîèäèåé ïî îòäåëüíûì õðîìîñîìàì

ìåæäó âíóòðåííåé êëåòî÷íîé ìàññîé, òðîôýêòîäåðìîé è âíóòðèïîëîñòíîé æèäêîñòüþ áëàñòîöèñò

âíÄÍÊ ÂÊÌ ÒÝ ×èñëî ñëó÷àåâ

Âàðèàíòû ðàñïðåäåëåíèÿ íå ðåöèïðîêíûõ àíåóïëîèäèé

Âàðèàíò 1 N N N 0

Âàðèàíò 2 òðèñîìèÿ N N 5

ìîíîñîìèÿ N N 5

Âàðèàíò 3 N òðèñîìèÿ N 14

N ìîíîñîìèÿ N 6

Âàðèàíò 4 N N òðèñîìèÿ 10

N N ìîíîñîìèÿ 7

Âàðèàíò 5 N ìîíîñîìèÿ ìîíîñîìèÿ 4

N òðèñîìèÿ òðèñîìèÿ 0

Âàðèàíò 6 òðèñîìèÿ òðèñîìèÿ òðèñîìèÿ 0

ìîíîñîìèÿ ìîíîñîìèÿ ìîíîñîìèÿ 0

Âàðèàíòû ðàñïðåäåëåíèÿ ðåöèïðîêíûõ àíåóïëîèäèé

Âàðèàíò 7 òðèñîìèÿ ìîíîñîìèÿ òðèñîìèÿ 2

ìîíîñîìèÿ òðèñîìèÿ ìîíîñîìèÿ 3

Âàðèàíò 8 òðèñîìèÿ ìîíîñîìèÿ ìîíîñîìèÿ 2

ìîíîñîìèÿ òðèñîìèÿ òðèñîìèÿ 0

Âàðèàíò 9 òðèñîìèÿ òðèñîìèÿ ìîíîñîìèÿ 0

ìîíîñîìèÿ ìîíîñîìèÿ òðèñîìèÿ 0

Âàðèàíò 10 ìîíîñîìèÿ òðèñîìèÿ N 4

òðèñîìèÿ ìîíîñîìèÿ N 3

Âàðèàíò 11 òðèñîìèÿ N ìîíîñîìèÿ 0

ìîíîñîìèÿ N òðèñîìèÿ 0

Âàðèàíò 12 N òðèñîìèÿ ìîíîñîìèÿ 1

N ìîíîñîìèÿ òðèñîìèÿ 1

Âñåãî 67

Ïðèìå÷àíèå. Ïîä îäíèì "Âàðèàíòîì" ïîíèìàåòñÿ íàëè÷èå èëè òðèñîìèè, èëè ìîíîñîìèè, êàê ðåöèïðîêíûõ ôîðì àíå-
óïëîèäèè ïî îäíîé è òîé æå õðîìîñîìå; N — ñáàëàíñèðîâàííûé õðîìîñîìíûé íàáîð ïî ðåçóëüòàòàì CGH.



Âûâîäû

Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî íàè-
áîëåå âåðîÿòíûì èñòî÷íèêîì âíÄÍÊ ÿâëÿþòñÿ êëåòêè
ÂÊÌ. Èñïîëüçîâàíèå âíÄÍÊ èç âíóòðèïîëîñòíîé æèä-
êîñòè áëàñòîöèñòû çàìåòíî ïîâûøàåò âåðîÿòíîñòü âû-
ÿâëåíèÿ ðåöèïðîêíûõ àíåóïëîèäèé. Â ñâîþ î÷åðåäü, ðå-
ãèñòðàöèÿ ïîäîáíîãî ôåíîìåíà ïîçâîëÿåò îöåíèòü
âêëàä ìèòîòè÷åñêèõ de novo îøèáîê ñåãðåãàöèè õðîìî-
ñîì â ãåíåðàöèþ õðîìîñîìíîãî ìîçàèöèçìà íà ïðåèìï-
ëàíòàöèîííûõ ýòàïàõ ðàçâèòèÿ.

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.

Èññëåäîâàíèå âûïîëíåíî ïðè ïîääåðæêå ãðàíòà ÐÔÔÈ

¹ 15-04-08265 è â ðàìêàõ Ïðîãðàììû «Íàó÷íûé ôîíä

èì. Ä.È. Ìåíäåëååâà Òîìñêîãî ãîñóäàðñòâåííîãî óíèâåðñè-

òåòà» â 2015 ã.
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