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Ï ð è í ÿ ò û å ñ î ê ð à ù å í è ÿ: CNV — âàðèàöèÿ ÷èñëà êîïèé.

Äî íåäàâíåãî âðåìåíè ñ÷èòàëîñü, ÷òî îäíîíóêëåîòèä-
íûå çàìåíû (SNP) âíîñÿò ïîäàâëÿþùèé âêëàä â ãåíîì-
íóþ èçìåí÷èâîñòü. Ê 2001 ã. áûëî çàâåðøåíî ñåêâåíèðî-
âàíèå îñíîâíîé ÷àñòè ãåíîìà ÷åëîâåêà (Lander et al.,
2001). Ñðàâíåíèå íóêëåîòèäíûõ ïîñëåäîâàòåëüíîñòåé ãå-
íîìà ðàçíûõ ëþäåé ïîçâîëÿåò âûÿâëÿòü ðàçëè÷èÿ â åãî
ñòðîåíèè íà ñóáìèêðîñêîïè÷åñêîì óðîâíå. Â 2004 ã.
áûëè îïóáëèêîâàíû ðàáîòû, â êîòîðûõ âïåðâûå ïîñòóëè-
ðóåòñÿ åùå îäèí èñòî÷íèê èçìåí÷èâîñòè ãåíîìà — âàðèà-
öèÿ ÷èñëà êîïèé (copy number variation — CNV) (Iafrate et
al., 2004; Sebat et al., 2004). Ïîä CNV ïîíèìàþò ñåãìåíòû
ÄÍÊ ðàçìåðîì îò 1 êá äî íåñêîëüêèõ ìèëëèîíîâ ïàð íóê-
ëåîòèäîâ, ÷èñëî êîïèé êîòîðûõ â ãåíîìàõ ðàçíûõ ëþäåé
ðàçëè÷íî (çà èñêëþ÷åíèåì èíñåðöèé è äåëåöèé òðàíñïî-
çîíîâ). Âàðèàöèÿ ÷èñëà êîïèé íå ñïåöèôè÷íà äëÿ ÷åëîâå-
êà è áûëà îáíàðóæåíà ó äðóãèõ âèäîâ ìëåêîïèòàþùèõ:
øèìïàíçå (Perry et al., 2006), ìûøè (Graubert et al., 2007),
êðûñû (Guryev et al., 2008), ñâèíüè (Fadista et al., 2008) è
ñîáàêè (Chen et al., 2009).

Ïî ïîñëåäíèì îöåíêàì, 4131 ëîêóñ ðàçìåðîì áîëåå
1 êá ìîæåò áûòü ïðåäñòàâëåí â ãåíîìå ÷åëîâåêà ðàçëè÷-
íûì ÷èñëîì êîïèé. Ñóììàðíî ýòè ëîêóñû îõâàòûâàþò
613 Ìá (Cooper et al., 2007). Íà êàæäîãî ÷åëîâåêà ïðèõî-
äèòñÿ ïðèìåðíî 100 CNV äëèíîé áîëåå 50 êá (Deuk et al.,
2006). Áàçà äàííûõ Database of Genomic Variants, ñîäåð-
æàùàÿ èíôîðìàöèþ î ðàçëè÷íûõ ñòðóêòóðíûõ âàðèàíòàõ
ãåíîìà ÷åëîâåêà, â òîì ÷èñëå î CNV, äîñòóïíà íà ñåðâåðå
http://projects.tcag.ca.

Ðàñïðåäåëåíèå CNV â ãåíîìå íåñëó÷àéíîå. Â îñíîâ-
íîì îíè ñîñðåäîòî÷åíû â ñóáòåëîìåðíûõ è ïåðèöåíòðî-
ìåðíûõ îáëàñòÿõ. Êðîìå òîãî, èõ ðàñïðåäåëåíèå êîððåëè-
ðóåò ñ ðàñïðåäåëåíèÿìè ñåãìåíòíûõ äóïëèêàöèé, ýêçîíîâ
è Alu-ïîâòîðîâ (Nguyen et al., 2006; Redon et al., 2006; Co-
oper et al., 2007). Ïðåäïîëàãàþò, ÷òî ôîðìèðîâàíèå CNV,
àññîöèèðîâàííûõ ñ ñåãìåíòíûìè äóïëèêàöèÿìè, ïðîèñ-
õîäèò ïî ìåõàíèçìó íåàëëåëüíîé ãîìîëîãè÷íîé ðåêîìáè-
íàöèè (Freeman et al., 2006). Ëîêàëèçàöèÿ CNV â ãåíîìå
ìîæåò áûòü ñàìîé ðàçíîîáðàçíîé. Áîëåå ïîëîâèíû èçâå-

ñòíûõ CNV ïåðåêðûâàåòñÿ ïî÷òè ñ 3000 ãåíîâ. Ïðè äå-
ëåíèè ýòèõ ãåíîâ íà ôóíêöèîíàëüíûå êàòåãîðèè â
ñîîòâåòñòâèè ñ áàçîé äàííûõ Gene Ontology îáíàðóæèëè,
÷òî áîëüøèíñòâî èç íèõ ó÷àñòâóåò â ÿâëåíèè êëåòî÷íîé
àäãåçèè, â ïðîöåññå îáîíÿòåëüíîé ðåöåïöèè, â íåéðîôè-
çèîëîãè÷åñêèõ ïðîöåññàõ, à òàêæå â èììóííîé çàùèòå îð-
ãàíèçìà (Redon et al., 2006).

Èçìåíåíèå ÷èñëà êîïèé îïðåäåëåííîãî ëîêóñà ìîæåò
îêàçûâàòü âëèÿíèå íà ôåíîòèï. Ýòî ïðîèñõîäèò ïîñðåäñò-
âîì èçìåíåíèÿ êîëè÷åñòâà ïðîäóêòîâ äîçî÷óâñòâèòåëü-
íûõ ãåíîâ, âõîäÿùèõ â ñîñòàâ ëîêóñà, èëè èçìåíåíèÿ
ðåãóëÿöèè ýêñïðåññèè ãåíîâ, åñëè ëîêóñ ñîäåðæèò ðåãó-
ëÿòîðíûå ýëåìåíòû. Íåêîòîðûé âêëàä âíîñèò è ïîçèöèîí-
íûé ýôôåêò (Feuk et al., 2006). Íàïðèìåð, áîëåå 800 ãåíîâ
è ïñåâäîãåíîâ ÷åëîâåêà êîäèðóþò îáîíÿòåëüíûå ðåöåïòî-
ðû. ×óòü ìåíåå òðåòè èç íèõ âõîäÿò â ñîñòàâ CNV. Â êàæ-
äîì íåéðîíå îáîíÿòåëüíîãî ýïèòåëèÿ ýêñïðåññèðóåòñÿ
òîëüêî îäèí ãåí ðåöåïòîðà. Ïîëàãàþò, ÷òî íåîäèíàêîâûå
äîçû ãåíîâ ÿâëÿþòñÿ ïðè÷èíîé èíäèâèäóàëüíîñòè êàæäî-
ãî ÷åëîâåêà â âîñïðèÿòèè çàïàõîâ (Hasin et al., 2008). Ñó-
ùåñòâóåò çàâèñèìîñòü ìåæäó ÷èñëîì êîïèé ãåíà CCL3L1
è âîñïðèèì÷èâîñòüþ îðãàíèçìà ÷åëîâåêà ê âèðóñó èììó-
íîäåôèöèòà (Gonzalez et al., 2005). Îò ÷èñëà êîïèé ãåíà
FCGR3 çàâèñèò ðèñê ðàçâèòèÿ ãëîìåðóëîíåôðèòà ó áîëü-
íûõ ñèñòåìíîé êðàñíîé âîë÷àíêîé (Aitman et al., 2006).
Ïðè àíàëèçå ýêñïðåññèè îêîëî 14 000 ãåíîâ ñ ïîìîùüþ
ÄÍÊ-ìèêðî÷èïîâ îáíàðóæèëè, ÷òî åå óðîâåíü àññîöèèðî-
âàí ñ íàëè÷èåì CNV â äàííîì ëîêóñå â 17.7 % ñëó÷àåâ
(Stranger et al., 2007). Èññëåäîâàíèå 34 îáðàçöîâ òêàíåé ó
òðåõ ÷åëîâåê ïîêàçàëî, ÷òî ÷èñëî êîïèé îòäåëüíûõ ëîêó-
ñîâ ìîæåò áûòü ðàçëè÷íûì â ðàçíûõ òêàíÿõ (Piotrowski et
al., 2008). Êðîìå òîãî, ðàçëè÷èÿ â ÷èñëå êîïèé ìîãóò íà-
áëþäàòüñÿ ó ìîíîçèãîòíûõ áëèçíåöîâ (Bruder et al., 2008).
Ò. å. â îáîèõ ñëó÷àÿõ èìååò ìåñòî ÿâëåíèå ñîìàòè÷åñêîãî
ìîçàèöèçìà.

Òàêèì îáðàçîì, îòêðûòèå CNV ïîøàòíóëî ñóùåñò-
âîâàâøåå ðàíåå óáåæäåíèå, ÷òî ãåíîìû äâóõ íîðìàëü-
íûõ ëþäåé ðàçëè÷àþòñÿ íå áîëåå ÷åì íà äîëè ïðîöåíòà.
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Íà äàííîì ýòàïå èññëåäîâàíèé àêòóàëüíîé çàäà÷åé ÿâ-
ëÿåòñÿ îöåíêà âëèÿíèÿ îáíàðóæåííûõ CNV íà ôå-
íîòèï.
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COPY NUMBER VARIATION IS A NEW FORM OF GENOMIC DIVERSITY
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This is a short review of recently described copy number variation of some segments of DNA. The origin of
this phenomenon, the localization of these segments and their possible role in regulation of gene expression are
discussed. The copy number variation should be regarded as a new form of genomic diversity.
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