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Ðàíåå ìåòîäàìè ïîëíîýêçîìíîãî ñåêâåíèðîâàíèÿ (WES) â ßêóòèè áûëà âûÿâëåíà îñíîâíàÿ ãåíåòè÷åñêàÿ ïðè÷èíà âðîæäåí-
íîé àóòîñîìíî-ðåöåññèâíîé êàòàðàêòû — íîíñåíñ-ìóòàöèÿ c.1621C>T (p.Gln541*) â ãåíå FYCO1. Â íàñòîÿùåé ðàáîòå ïðèâîäÿò-
ñÿ ðåçóëüòàòû àíàëèçà ÷àñòîòû ãåòåðîçèãîòíîãî íîñèòåëüñòâà ìóòàöèè c.1621C>T (p.Gln541*) ó 424 âçðîñëûõ èíäèâèäîâ áåç
ïðèçíàêîâ íàðóøåíèÿ çðåíèÿ èç 7 ïîïóëÿöèé Âîñòî÷íîé Ñèáèðè (ðóññêèå, ÿêóòû, ýâåíêè, ýâåíû, äîëãàíû, þêàãèðû è ÷óê÷è).
Íàèáîëüøàÿ ÷àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ìóòàöèè c.1621C>T (p.Gln541*) áûëà îáíàðóæåíà â ïîïóëÿöèè ÿêóòîâ
(7.9%), íàèìåíüøàÿ — ó ýâåíîâ (2.0%), ýâåíêîâ (1,7%). Ìóòàöèÿ c.1621C>T (p.Gln541*) îòñóòñòâîâàëà ó ðóññêèõ, þêàãèðîâ, äîë-
ãàí è ÷óê÷åé. Ïðîâåäåí àíàëèç ãàïëîòèïîâ, ïîëó÷åííûõ â ðåçóëüòàòå ãåíîòèïèðîâàíèÿ 6 STR-ìàðêåðîâ, ôëàíêèðóþùèõ ãåí
FYCO1, ó 25 ïàöèåíòîâ, ãîìîçèãîòíûõ ïî ìóòàöèè c.1621C>T (p.Gln541*), è 114 ÷åëîâåê áåç äàííîé ìóòàöèè. Îáùíîñòü ãàïëîòè-
ïîâ, íåñóùèõ c.1621C>T (p.Gln541*), ñâèäåòåëüñòâóåò îá ýôôåêòå îñíîâàòåëÿ â ðàñïðîñòðàíåíèè ýòîé ìóòàöèè â ßêóòèè. Íàè-
áîëüøèé óðîâåíü ðàçíîîáðàçèÿ c.1621C>T-ãàïëîòèïîâ âûÿâëåí â ýòíîòåððèòîðèàëüíîé ãðóïïå öåíòðàëüíûõ ÿêóòîâ, íàñåëÿþ-
ùèõ Ëåíî-Àìãèíñêîå ìåæäóðå÷üå. Ìóòàíòíûå ãàïëîòèïû âèëþéñêèõ è ñåâåðíûõ ãðóïï ÿêóòîâ, âåðîÿòíî, ÿâëÿþòñÿ ïðîèçâîäíû-
ìè îò c.1621C>T-ãàïëîòèïîâ, îáíàðóæåííûõ ó öåíòðàëüíûõ ÿêóòîâ. Â öåëîì, ðåêîíñòðóêöèÿ ìóòàíòíûõ ãàïëîòèïîâ, ïðîâåäåí-
íàÿ ïî 6 STR-ìàðêåðàì, ñâèäåòåëüñòâóåò î òîì, ÷òî ýêñïàíñèÿ íîñèòåëåé c.1621C>T (p.Gln541*) íà òåððèòîðèè ßêóòèè ïðîè-
çîøëà â ðåçóëüòàòå ýôôåêòà îñíîâàòåëÿ îêîëî 260 ± 65 ëåò íàçàä (10,4 ± 2,6 ïîêîëåíèé) � â ñåðåäèíå XVIII â.

Êëþ÷åâûå ñëîâà: âðîæäåííàÿ àóòîñîìíî-ðåöåññèâíàÿ êàòàðàêòà, CTRCT18, c.1621C>T (p.Gln541*), ãåí FYCO1, ÿêóòû, ïî-
ïóëÿöèîííûé èçîëÿò, ýôôåêò îñíîâàòåëÿ, Âîñòî÷íàÿ Ñèáèðü.

Áëàãîäàðíîñòè. Àâòîðû âûðàæàþò èñêðåííþþ ïðèçíàòåëüíîñòü ñåìüÿì, ïðèíÿâøèì ó÷àñòèå â èññëåäîâàíèè, à òàêæå ñî-
òðóäíèêàì Ðåñïóáëèêàíñêîé øêîëû-èíòåðíàòà äëÿ ñëàáîâèäÿùèõ è ñëåïûõ äåòåé çà ïîìîùü â ñáîðå ìàòåðèàëà.

Ðàáîòà âûïîëíåíà â ðàìêàõ Ãîñóäàðñòâåííîãî çàäàíèÿ Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè ÐÔ ¹6.1766.2017 Ï×, ïðîåêòà
ÑÂÔÓ èì. Ì.Ê. Àììîñîâà: «Ãåíåòè÷åñêèå îñîáåííîñòè íàñåëåíèÿ ßêóòèè: ñòðóêòóðà ãåíîôîíäà, àäàïòàöèÿ ê õîëîäó, ïñèõîãå-
íåòè÷åñêèå õàðàêòåðèñòèêè, ðàñïðîñòðàíåííîñòü íåêîòîðûõ íàñëåäñòâåííûõ è èíôåêöèîííûõ çàáîëåâàíèé» è ïðîãðàììû
ðàçâèòèÿ áèîðåñóðñíûõ êîëëåêöèé ÔÀÍÎ Ðîññèè «ÓÍÓ Ãåíîì ßêóòèè» ßÍÖ ÊÌÏ (ÁÐÊ: 0556-2017-0003).
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Previously, by using whole exome sequencing (WES), the nonsense mutation c.1621C>T (p.Gln541*) in the FYCO1 gene was re-
vealed as the main genetic cause of congenital autosomal recessive cataract causing of in the Sakha Republic. In this paper we present
the results of the c.1621C>T (p.Gln541*) carrier frequency analysis in 424 adult individuals without of visual impairments from 7 popula-
tions of Eastern Siberia (Russians, Yakuts, Evenks, Evens, Dolgans, Yukaghirs, and Chukchi). The highest carrier frequency of mutation
c.1621C>T (p.Gln541*) was found in Yakut population (7.9%), the lowest — in Evenks (1.7%) and Evens (2.0%), and c.1621C>T
(p.Gln541*) was absent in Russians, Yukaghirs, Dolgans and Chukchi. The analysis of haplotypes obtained as a result of genotyping of 6
STR markers flanking the FYCO1 gene was carried out in 25 patients homozygous for mutation c.1621C>T (p.Gln541*) and in 114 pa-
tients without this mutation. Common haplotypes bearing c.1621C>T (p.Gln541*) indicate the role of founder effect in the spread of this
mutation in Yakutia. The highest diversity of the c.1621C>T-haplotypes was revealed in ethno-territorial group of Central Yakuts inhabit-
ing the Leno-Amginsky interfluve. The mutant haplotypes of the Vilyui and Northern Yakut groups are probably derived from the
c.1621C>T-haplotypes found in the Central Yakuts. Our results suggest that the novel mutation c.1621C>T (p.Gln541*) in the FYCO1
gene causing of autosomal recessive cataract (CTRCT18) spread among Yakut isolate population in Eastern Siberia (Russia) as a result
of founder effect about 260 ± 65 years ago (10.4 ± 2.6 generations) i.e. in the middle of the XVIII century.

Key words: congenital autosomal recessive cataract, CTRCT18, c.1621C>T (p.Gln541*), FYCO1, Yakuts, population isolate,
founder effect, Eastern Siberia.

Ââåäåíèå

Âñëåäñòâèå ðàçëè÷íûõ ôàêòîðîâ ïîïóëÿöèîííîé äè-
íàìèêè â ìàëî÷èñëåííûõ èçîëèðîâàííûõ ïîïóëÿöèÿõ
÷åëîâåêà ìîæåò ïðîèñõîäèòü íàêîïëåíèå êàêîãî-ëèáî
ðåäêîãî äëÿ áîëüøèíñòâà ìèðîâûõ ïîïóëÿöèé ãåíåòè÷å-
ñêîãî çàáîëåâàíèÿ. Â ñâÿçè ñ ýòèì áîëüøàÿ ÷àñòü ãåíîâ,
àññîöèèðîâàííûõ ñ òåì èëè èíûì îðôàííûì çàáîëåâà-
íèåì, âïåðâûå áûëà èäåíòèôèöèðîâàíà â áîëüøèõ ðàç-
âåòâëåííûõ ðîäîñëîâíûõ ñ ìíîãî÷èñëåííûìè ïîðàæåí-
íûìè èíäèâèäàìè, êîòîðûå ïðîæèâàëè â ýíäîãàìíûõ
èçîëèðîâàííûõ ãðóïïàõ [1, 2]. Â òàêèõ ïîïóëÿöèÿõ ïîâû-
øåíà âåðîÿòíîñòü âûÿâëåíèÿ íîâûõ ãåíåòè÷åñêèõ ôàêòî-
ðîâ â ýòèîëîãèè ìîíîãåííûõ çàáîëåâàíèé. Îò èçâåñòíûõ
â ìèðå ãåíåòè÷åñêèõ èçîëÿòîâ ïîïóëÿöèþ ÿêóòîâ îòëè÷à-
åò òî, ÷òî, ñ îäíîé ñòîðîíû, ýòà ïîïóëÿöèÿ îáëàäàåò óíè-
êàëüíûì ãîìîãåííûì ãåíîôîíäîì (íåáîëüøîå ãåíåòè÷å-
ñêîå ðàçíîîáðàçèå, âûðàæåííûé ýôôåêò îñíîâàòåëÿ ïî
îòöîâñêîé ëèíèè — îêîëî 80% âñåõ ëèíèé Y-õðîìîñîìû
ÿêóòîâ ïðèíàäëåæèò îäíîé ãàïëîãðóïïå — N3) [3—5] è
ñ äðóãîé ñòîðîíû, îíà äîñòàòî÷íî ìíîãî÷èñëåííà (ïî
äàííûì Âñåðîññèéñêîé ïåðåïèñè íàñåëåíèÿ 2010 ã. ÷èñ-
ëåííîñòü ÿêóòîâ â Ðåñïóáëèêå Ñàõà (ßêóòèÿ) ñîñòàâèëà
466 492 ÷åëîâåê), ÷òî ïîçâîëÿåò ôîðìèðîâàòü ðåïðåçåíòà-
òèâíûå ïî êà÷åñòâó è êîëè÷åñòâó âûáîðêè.

Â íàñòîÿùåå âðåìÿ â ïîïóëÿöèè ÿêóòîâ îïèñàíî îêîëî
10 îðôàííûõ çàáîëåâàíèé ñ èçâåñòíûì ãåíåòè÷åñêèì äå-
ôåêòîì [6—10]. Ïðè ýòîì ïîêàçàíî, ÷òî îñíîâíûì ìåõà-
íèçìîì íàêîïëåíèÿ ãðóçà íàñëåäñòâåííîé ïàòîëîãèè â ïî-
ïóëÿöèè ÿêóòîâ ÿâëÿåòñÿ ýôôåêò îñíîâàòåëÿ. Äëÿ áîëü-
øèíñòâà ýòèõ çàáîëåâàíèé îïðåäåëåí ïðèáëèçèòåëüíûé
âîçðàñò íà÷àëà ýêñïàíñèè ïðåäêîâûõ ãàïëîòèïîâ, íåñó-
ùèõ ìóòàöèè [8, 9, 11—17]. Âðîæäåííàÿ êàòàðàêòà ñ àóòî-
ñîìíî-ðåöåññèâíûì òèïîì íàñëåäîâàíèÿ ÿâëÿåòñÿ îäíèì
èç íàèáîëåå ÷àñòûõ îðôàííûõ çàáîëåâàíèé, ðàñïðîñòðà-
íåííûõ ïðåèìóùåñòâåííî â ïîïóëÿöèè ÿêóòîâ (1 íà 8257
÷åëîâåê) [18]. Ðàíåå, ñ ïðèìåíåíèåì âûñîêîïðîèçâîäèòå-
ëüíûõ ìåòîäîâ ñåêâåíèðîâàíèÿ ÄÍÊ (ïîëíîýêçîìíîå
ñåêâåíèðîâàíèå, WES), áûëà âûÿâëåíà îñíîâíàÿ ãåíåòè-
÷åñêàÿ ïðè÷èíà âðîæäåííîé (þâåíèëüíîé) àóòîñîìíî-ðå-

öåññèâíîé êàòàðàêòû — íîíñåíñ-ìóòàöèÿ c.1621C>T
(p.Gln541*) ãåíà FYCO1. Âêëàä ãîìîçèãîòíîé òðàíçèöèè
ñ.1621C>T (p.Gln541*) â ýòèîëîãèþ âðîæäåííîé êàòàðàê-
òû â ßêóòèè ñîñòàâèë 87,5% [10]. Ðàñïðîñòðàíåííîñòü
àóòîñîìíî-ðåöåññèâíîé êàòàðàêòû, âûçâàííîé äàííîé
ìóòàöèåé â ãîìîçèãîòíîì ñîñòîÿíèè, ñîñòàâèëà â ñðåäíåì
1 íà 34 233 ÷åë., ñ ëîêàëüíûìè î÷àãàìè íàêîïëåíèÿ â Íà-
ìñêîì (1 íà 7732), ×óðàï÷èíñêîì (1 íà 5096) è Óñòü-Àë-
äàíñêîì (1 íà 5538) óëóñàõ (ðàéîíàõ) Ðåñïóáëèêè Ñàõà
(ßêóòèÿ) [10]. Ó÷èòûâàÿ âåñîìûé âêëàä äàííîé ìóòàöèè
â ýòèîëîãèþ âðîæäåííîé êàòàðàêòû â ßêóòèè, à òàêæå
îñíîâûâàÿñü íà äàííûõ ïî äðóãèì îðôàííûì çàáîëåâàíè-
ÿì, õàðàêòåðíûì äëÿ ïîïóëÿöèè ÿêóòîâ, ìîæíî ïðåäïîëî-
æèòü, ÷òî îáíàðóæåííàÿ ìóòàöèÿ ñ.1621C>T (p.Gln541*)
ãåíà FYCO1 ìîãëà ðàñïðîñòðàíèòüñÿ íà òåððèòîðèè Âîñ-
òî÷íîé Ñèáèðè â ðåçóëüòàòå ýôôåêòà îñíîâàòåëÿ.

Â ñâÿçè ñ ýòèì öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ðå-
êîíñòðóêöèÿ ãàïëîòèïà-îñíîâàòåëÿ è îöåíêà ÷àñòîòû ãå-
òåðîçèãîòíîãî íîñèòåëüñòâà ìóòàöèè c.1621C>T
(p.Gln541*) ãåíà FYCO1, ïðèâîäÿùåé ê àóòîñîìíî-ðåöåñ-
ñèâíîé êàòàðàêòå (CTRCT18) â ïîïóëÿöèÿõ ßêóòèè.

Ìàòåðèàëû è ìåòîäû

Ïîïóëÿöèîííàÿ âûáîðêà

Ìàòåðèàëîì äëÿ àíàëèçà ÷àñòîòû ãåòåðîçèãîòíîãî
íîñèòåëüñòâà âûÿâëåííîãî âàðèàíòà ñ.1621C>T
(p.Gln541*) â ãåíå FYCO1 ïîñëóæèëè îáðàçöû ÄÍÊ
(n = 424) âçðîñëûõ èíäèâèäîâ áåç ïðèçíàêîâ íàðóøåíèÿ
çðåíèÿ èç áèîêîëëåêöèè îáðàçöîâ ÄÍÊ ÷åëîâåêà ÓÍÓ
«Ãåíîì ßêóòèè» (ßÍÖ ÊÌÏ), ñîáðàííûõ â õîäå ýêñïå-
äèöèîííûõ âûåçäîâ â óëóñû (ðàéîíû) Ðåñïóáëèêè Ñàõà
(ßêóòèÿ) â 2001—2015 ãã. Ïîïóëÿöèîííàÿ âûáîðêà áûëà
ïîäðàçäåëåíà íà 7 ãðóïï â ñîîòâåòñòâèè ñ ýòíè÷åñêîé
ïðèíàäëåæíîñòüþ èíäèâèäîâ: ÿêóòû (n = 126), ðóññêèå
(n = 101), ýâåíû (n = 50), ýâåíêè (n = 58), äîëãàíû
(n = 35), þêàãèðû (n = 36) è ÷óê÷è (n = 18). Ýòíè÷åñêàÿ
ïðèíàäëåæíîñòü ïî îòöîâñêèì è ìàòåðèíñêèì ëèíèÿì
ó÷èòûâàëàñü ïðåèìóùåñòâåííî äî 3-ãî ïîêîëåíèÿ.
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Âûáîðêà äëÿ ãàïëîòèïè÷åñêîãî àíàëèçà

Ìàòåðèàëîì äëÿ ãàïëîòèïè÷åñêîãî àíàëèçà è îöåíêè
«âîçðàñòà» òðàíçèöèè ñ.1621C>T ïîñëóæèëè îáðàçöû
ÄÍÊ 25 íåðîäñòâåííûõ ïàöèåíòîâ ÿêóòîâ ñ âðîæäåííîé
êàòàðàêòîé, ó êîòîðûõ çàìåíà ñ.1621C>T áûëà èäåíòè-
ôèöèðîâàíà â ãîìîçèãîòíîì ñîñòîÿíèè. Â êîíòðîëüíóþ
ãðóïïó âêëþ÷åíû 114 çäîðîâûõ íåðîäñòâåííûõ èíäèâè-
äîâ èç òðåõ ýòíîãåîãðàôè÷åñêèõ ãðóïï ÿêóòîâ, ó êîòîðûõ
âàðèàíò ñ.1621C>T íå áûë âûÿâëåí.

Ãåíîòèïèðîâàíèå STR-ìàðêåðîâ

Äëÿ ðåêîíñòðóêöèè ãàïëîòèïîâ áûëè èñïîëüçîâàíû
6 STR-ìàðêåðîâ, ñîäåðæàùèõ ÑÀ-ïîâòîðû — D3S3512,
D3S3685, D3S3582, D3S3561, D3S1289 è D3S3698 (õðî-
ìîñîìà 3). Ãåíîòèïèðîâàíèå STR-ìàðêåðîâ ïðîâîäèëè
ìåòîäîì ÏÖÐ íà ïðîãðàììèðóåìîì òåðìîöèêëåðå
(«Bio-Rad») ñ èñïîëüçîâàíèåì èçâåñòíîé ïîñëåäîâàòåëü-
íîñòè îëèãîíóêëåîòèäíûõ ïðàéìåðîâ (UniSTS, NCBI).
Ðàçäåëåíèå ïðîäóêòîâ ÏÖÐ ïðîâîäèëè â âåðòèêàëüíûõ
ýëåêòðîôîðåçíûõ êàìåðàõ ñ ðàçìåðîì ñòåêîë 20õ20
(«Helicon») â 10% ïîëèàêðèëàìèäíîì ãåëå ñ 5% ãëèöå-
ðèíîì. Âèçóàëèçàöèÿ ýëåêòðîôîðåãðàìì îñóùåñòâëÿ-
ëàñü ïóòåì îêðàøèâàíèÿ ãåëåé èîíàìè ñåðåáðà.

Ãàïëîòèïè÷åñêèé è ôèëîãåíåòè÷åñêèé àíàëèç

Íåðàâíîâåñèå ïî ñöåïëåíèþ ìåæäó àëëåëÿìè
STR-ìàðêåðîâ ðàññ÷èòûâàëè ïî ôîðìóëå

� = (Pd - Pn)/(1 - Pn),

ãäå � — ìåðà íåðàâíîâåñèÿ ïî ñöåïëåíèþ, Pd — ÷àñòîòà
àññîöèèðîâàííîãî àëëåëÿ ñðåäè õðîìîñîì ñ ìóòàöèåé
c.1621C>T, Pn — ÷àñòîòà ýòîãî æå àëëåëÿ ñðåäè õðîìî-
ñîì áåç c.1621C>T [19]. Ñòàòèñòè÷åñêàÿ îöåíêà äîñòî-
âåðíîñòè ðàçëè÷èé ÷àñòîòû àëëåëåé èññëåäîâàííûõ
ìàðêåðîâ íà 50 õðîìîñîìàõ, ñîäåðæàùèõ âàðèàíò
c.1621C>T, è 228 õðîìîñîìàõ áåç c.1621C>T îñóùåñòâ-

ëÿëàñü ñ èñïîëüçîâàíèåì ñòàíäàðòíîãî êðèòåðèÿ �2 (ïà-
êåò ïðèëîæåíèé ïðîãðàìì MedStat). Ôèëîãåíåòè÷åñêàÿ
ñåòü ãàïëîòèïà-îñíîâàòåëÿ, íåñóùåãî ñ.1621C>T
(p.Gln541*) ãåíà FYCO1, âíóòðè ýòíîòåððèòîðèàëüíûõ
ãðóïï ÿêóòîâ (öåíòðàëüíûå, âèëþéñêèå è ñåâåðíûå) ïî-
ñòðîåíà ïî äàííûì òðåõ STR-ìàðêåðîâ D3S3685,
D3S3582, D3S3561 ñ ïîìîùüþ Network 5.0.

Äàòèðîâêà «âîçðàñòà» ìóòàöèè c.1621C>T (p.Gln541*)

ãåíà FYCO1

Äëÿ îöåíêè «âîçðàñòà» ýêñïàíñèè ãàïëîòèïà-îñíîâà-
òåëÿ ñ âàðèàíòîì c.1621C>T ãåíà FYCO1 áûë èñïîëüçî-
âàí ïîäõîä «ãåíåòè÷åñêèõ ÷àñîâ». «Âîçðàñò» ýêñïàíñèè
ãàïëîòèïà-îñíîâàòåëÿ ñ c.1621C>T ðàññ÷èòûâàëè ïî ôîð-

ìóëå: q = loq[1 - Q/(1 - Pn)]/loq(1 - �), ãäå q — ÷èñëî ïî-
êîëåíèé ñ ìîìåíòà ïîÿâëåíèÿ c.1621C>T â ïîïóëÿöèè; Q
— äîëÿ ìóòàíòíûõ õðîìîñîì áåç àëëåëÿ ãàïëîòèïà-îñíî-
âàòåëÿ; Pn — ÷àñòîòà àëëåëÿ ãàïëîòèïà-îñíîâàòåëÿ â ïî-

ïóëÿöèè; � — ðåêîìáèíàöèîííàÿ ôðàêöèÿ [19]. Çíà÷å-

íèå � ðàññ÷èòàíî ïî ôèçè÷åñêîìó ðàññòîÿíèþ èññëåäî-

âàííûõ ìàðêåðîâ îò ìåñòîïîëîæåíèÿ çàìåíû, èñõîäÿ èç
ñîîòíîøåíèÿ — 1 ñÌ = 1000 kb. Ïðîäîëæèòåëüíîñòü îä-
íîãî ïîêîëåíèÿ ñ÷èòàëè ðàâíîé 25 ãîäàì.

Ýòè÷åñêèé êîíòðîëü

Îáñëåäîâàíèÿ, ïðåäóñìîòðåííûå ðàìêàìè äàííîé
íàó÷íî-èññëåäîâàòåëüñêîé ðàáîòû, ïðîâîäèëèñü ïîñëå
èíôîðìèðîâàííîãî ïèñüìåííîãî ñîãëàñèÿ ó÷àñòíèêîâ
èëè èõ ðîäèòåëåé. Íàó÷íî-èññëåäîâàòåëüñêàÿ ðàáîòà
îäîáðåíà ëîêàëüíûì êîìèòåòîì ïî áèîìåäèöèíñêîé
ýòèêå ïðè ßÍÖ ÊÌÏ (ã. ßêóòñê, ïðîòîêîë ¹16 îò
16 àïðåëÿ 2015 ã.).

Ðåçóëüòàòû

×àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà

c.1621C>T (p.Gln541*) ãåíà FYCO1

Àíàëèç ÷àñòîòû ãåòåðîçèãîòíîãî íîñèòåëüñòâà
c.1621C>T (p.Gln541*) ñðåäè 424 çäîðîâûõ èíäèâèäîâ èç
7 ýòíè÷åñêèõ ïîïóëÿöèé Âîñòî÷íîé Ñèáèðè ïîêàçàë,
÷òî ñ íàèáîëüøåé ÷àñòîòîé äàííàÿ ìóòàöèÿ îáíàðóæè-
âàåòñÿ â ïîïóëÿöèè ÿêóòîâ (7,9%), ñ íàèìåíüøåé —
ó ýâåíîâ (2,0%) è ýâåíêîâ (1,7%) è îòñóòñòâóåò ó ðóñ-
ñêèõ, þêàãèðîâ, äîëãàí è ÷óê÷åé (òàáë. 1).

Ïðè ðàñïðåäåëåíèè âûáîðêè ÿêóòîâ ïî ýòíîòåððèòî-
ðèàëüíûì ãðóïïàì (öåíòðàëüíûå, âèëþéñêèå è ñåâåð-
íûå ÿêóòû) ìàêñèìàëüíàÿ ÷àñòîòà ãåòåðîçèãîòíîãî íî-
ñèòåëüñòâà âàðèàíòà ñ.1621C>T áûëà âûÿâëåíà ó öåíò-
ðàëüíûõ ÿêóòîâ (11,1%). Ó âèëþéñêèõ ÿêóòîâ ÷àñòîòà ãå-
òåðîçèãîòíîãî íîñèòåëüñòâà ýòîé ìóòàöèè áûëà ïî÷òè
â 2 ðàçà íèæå (6,4%), à ó ñåâåðíîé ãðóïïû ÿêóòîâ äàííàÿ
ìóòàöèÿ íå áûëà îáíàðóæåíà (òàáë. 2).

Àíàëèç ãàïëîòèïîâ

Ãàïëîòèïè÷åñêèé àíàëèç 6 STR-ìàðêåðîâ áûë ïðî-
âåäåí ó 25 ïàöèåíòîâ ñ âðîæäåííîé êàòàðàêòîé, ó êîòî-
ðûõ ìóòàöèÿ c.1621C>T áûëà èäåíòèôèöèðîâàíà â ãî-
ìîçèãîòíîì ñîñòîÿíèè (ãðóïïà 1) è 114 çäîðîâûõ íåðîä-
ñòâåííûõ èíäèâèäîâ, ó êîòîðûõ c.1621C>T íå áûëà âû-
ÿâëåíà (ãðóïïà 2). Äëÿ èäåíòèôèöèðîâàííûõ àëëåëåé
5 ìàðêåðîâ (D3S3512, D3S3685, D3S3582, D3S3561,
D3S1289) áûëî âûÿâëåíî ñòàòèñòè÷åñêè çíà÷èìîå íå-
ðàâíîâåñèå ïî ñöåïëåíèþ (ðèñ. 1). Îòñóòñòâèå ñöåïëå-
íèÿ ñ èññëåäîâàííûì õðîìîñîìíûì ðåãèîíîì îòìå÷åíî
äëÿ íàèáîëåå óäàëåííîãî ìàðêåðà D3S3698 (ðèñ. 1).

Ìîæíî ïðåäïîëîæèòü, ÷òî â ìîìåíò ïîÿâëåíèÿ
ñ.1621C>T (p.Gln541*) â ïîïóëÿöèè ÿêóòîâ íåðàâíîâå-
ñèå ïî ñöåïëåíèþ ñ îïðåäåëåííûìè àëëåëÿìè 5
STR-ìàðêåðîâ áûëî ïîëíîå — îíè ñîñòàâëÿëè ïðåäêî-

âûé ãàïëîòèï. Èñõîäÿ èç çíà÷åíèé ïàðàìåòðà �2 è ïàðà-
ìåòðà íåðàâíîâåñèÿ ïî ñöåïëåíèþ, ïðåäêîâûé ãàïëîòèï
ïðåäñòàâëÿåòñÿ ñîñòîÿùèì èç àëëåëåé
D3S3512(6)-D3S3685(4)-D3S3582(3)-D3S3561(4)-D3S12
89(3). Ñóùåñòâåííàÿ ÷àñòü õðîìîñîì, íåñóùèõ ìóòàöèþ
ñ.1621C>T (p.Gln541*), âêëþ÷àåò â ñåáÿ ãàïëîòèïû, ïðî-
èçâîäíûå îò ýòîãî ïðåäêîâîãî ãàïëîòèïà:
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D3S3685(4)-D3S3582(3)-D3S3561(4)-D3S1289(3) è

D3S3512(6)-D3S3685(4)-D3S3582(3) (ðèñ. 1). Ñðåäè õðî-

ìîñîì áåç ìóòàöèè ñ.1621C>T (p.Gln541*) äàííûå ãàï-

ëîòèïû íå áûëè îáíàðóæåíû. Ñòðóêòóðà èäåíòèôèöè-

ðîâàííûõ ãàïëîòèïîâ óêàçûâàåò íà åäèíñòâî ïðîèñõîæ-

äåíèÿ âñåõ èññëåäîâàííûõ ìóòàíòíûõ õðîìîñîì îò õðî-

ìîñîìûîñíîâàòåëÿ.

Ôèëîãåíåòè÷åñêèé àíàëèç ãàïëîòèïà-îñíîâàòåëÿ

Ôèëîãåíåòè÷åñêàÿ ñåòü ãàïëîòèïà-îñíîâàòåëÿ

ñ ñ.1621C>T (p.Gln541*) ãåíà FYCO1, ïîñòðîåííàÿ ïî

äàííûì òðåõ STR-ìàðêåðîâ D3S3685, D3S3582,

D3S3561, ïðåäñòàâëåíà íà ðèñ. 2. Ôèëîãåíåòè÷åñêèé

àíàëèç ìóòàíòíûõ ãàïëîòèïîâ ñâèäåòåëüñòâóåò î íàè-

áîëüøåì ðàçíîîáðàçèè ñ.1621C>T-ãàïëîòèïîâ â öåíò-

ðàëüíîé ýòíîòåððèòîðèàëüíîé ãðóïïå ÿêóòîâ. Ìóòàíò-

íûå ãàïëîòèïû âèëþéñêîé è ñåâåðíîé ãðóïï ÿêóòîâ, âå-

ðîÿòíî, ÿâëÿþòñÿ ïðîèçâîäíûìè îò ãàïëîòèïîâ, îáíà-

ðóæåííûõ â öåíòðàëüíîé ßêóòèè (ðèñ. 2).

«Âîçðàñò» ìóòàöèè ñ.1621C>T (p.Gln541*)

Äàòèðîâêà âðåìåíè (q) íà÷àëà ðàñïðîñòðàíåíèÿ ãàï-
ëîòèïà îñíîâàòåëÿ äëÿ ñ.1621T>C â ïîïóëÿöèè ÿêóòîâ
ïî äàííûì òðåõ STR-ìàðêåðîâ (D3S3685, D3S3582 è

D3S3561) ñîñòàâèëà �7,4, 12,7 è 11,1 ïîêîëåíèé (ðèñ. 1).
Âðåìÿ, çà êîòîðîå ïðîèçîøëà ýêñïàíñèÿ õðîìîñîì, íå-
ñóùèõ ñ.1621C>T (p.Gln541*), íàõîäèòñÿ â èíòåðâàëå îò
185 äî 317 ëåò (ñ ó÷åòîì ïðîäîëæèòåëüíîñòè îäíîãî ïî-
êîëåíèÿ â 25 ëåò). Òàêèì îáðàçîì, ñðåäíèé «âîçðàñò»
ãàïëîòèïà-îñíîâàòåëÿ ñ ìóòàöèåé ñ.1621C>T
(p.Gln541*) â ïîïóëÿöèè ÿêóòîâ ñîñòàâëÿåò

�10,4 ± 2,6 ïîêîëåíèé (260 ± 65,0 ëåò).

Îáñóæäåíèå

Ñðåäè èññëåäîâàííûõ ñåìè ïîïóëÿöèé Âîñòî÷íîé
Ñèáèðè (ðóññêèå, ÿêóòû, ýâåíêè, ýâåíû, äîëãàíû,
þêàãèðû è ÷óê÷è) íàèáîëüøàÿ ÷àñòîòà ãåòåðîçèãîò-
íîãî íîñèòåëüñòâà ìóòàöèè c.1621C>T ãåíà FYCO1
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Òàáëèöà 1
×àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ìóòàöèè ñ.1621C>T (p.Gln541*) ãåíà FYCO1

â ñåìè ïîïóëÿöèÿõ Âîñòî÷íîé Ñèáèðè

Ïîïóëÿöèÿ Ëèíãâèñòè÷åñêàÿ ïðèíàä-
ëåæíîñòü (ñåìüÿ/ãðóïïà)

Àíòðîïîëîãè÷åñêàÿ ïðèíàäëåæ-
íîñòü (ðàñà/äîìèíèðóþùèé àíò-

ðîïîëîãè÷åñêèé òèï)

×èñëåííîñòü â
ßêóòèè

(2010 ã.)

×èñëî ãåòåðî-
çèãîò/âûáîðêà

×àñòîòà ãåòå-
ðîçèãîòíîãî
íîñèòåëüñòâà

ßêóòû Àëòàéñêàÿ/Òþðêñêàÿ Ìîíãîëîèäíàÿ/
Öåíòðàëüíîàçèàòñêèé

466 492 10/126 7,9%

Ðóññêèå Èíäîåâðîïåéñêàÿ/
Ñëàâÿíñêàÿ

Åâðîïåîèäíàÿ/
Âîñòî÷íîåâðîïåéñêèé

353 649 0/101 —

Ýâåíêè Àëòàéñêàÿ/
Òóíãóñî-ìàíü÷æóðñêàÿ

Ìîíãîëîèäíàÿ/Áàéêàëüñêèé 21 008 1/58 1,7%

Ýâåíû Àëòàéñêàÿ/
Òóíãóñî-ìàíü÷æóðñêàÿ

Ìîíãîëîèäíàÿ/Áàéêàëüñêèé 15 071 1/50 2,0%

Äîëãàíû Àëòàéñêàÿ/Òþðêñêàÿ Ìîíãîëîèäíàÿ/íå îïðåäåëåí 1906 0/35 —

Þêàãèðû Óðàëüñêàÿ/Þêàãèðñêàÿ Ìîíãîëîèäíàÿ/Áàéêàëüñêèé 1281 0/36 —

×óê÷è Ïàëåîàçèàòñêàÿ/
×óêîòñêî-êàì÷àòñêàÿ

Ìîíãîëîèäíàÿ/Àðêòè÷åñêèé 670 0/18 —

Ïðèìå÷àíèå. Íàñåëåííûå ïóíêòû â Ðåñïóáëèêå Ñàõà (ßêóòèÿ), ãäå áûë ïðîâåäåí çàáîð áèîìàòåðèàëà: ÿêóòû — âûáîðêà
ÿêóòîâ èç ðàçëè÷íûõ ðàéîíîâ ßêóòèè, ðóññêèå — ã. ßêóòñê, ýâåíêè — ñ. Èåíãðà (Íåðþíãðèíñêèé óëóñ) è ñ.Õàòûñòûð (Àë-
äàíñêèé óëóñ), ýâåíû — ñ.Áåðåçîâêà (Ñðåäíåêîëûìñêèé óëóñ), ïîñ. Çûðÿíêà (Âåðõíåêîëûìñêèé óëóñ) è ñ.Àðûëàõ (Âè-
ëþéñêèé óëóñ), äîëãàíû — Àíàáàðñêèé íàöèîíàëüíûé äîëãàíî-ýâåíêèéñêèé óëóñ, þêàãèðû — ñ.Àíäðþøêèíî (Âåðõíåêî-
ëûìñêèé) è ñ. Íåëåìíîå (Íèæíåêîëûìñêèé óëóñ), ÷óê÷è — ñ.Êîëûìñêîå (Íèæíåêîëûìñêèé óëóñ).

Òàáëèöà 2
×àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà ñ.1621C>T (p.Gln541*) ãåíà FYCO1

â ýòíîòåððèòîðèàëüíûõ ãðóïïàõ ÿêóòîâ

Ïîïóëÿöèÿ Ýòíîòåððèòîðèàëüíàÿ ãðóïïà ×èñëî ãåòåðîçèãîò/âûáîðêà ×àñòîòà ãåòåðîçèãîòíîãî íîñèòåëüñòâà

ßêóòû Öåíòðàëüíûå 8/72 11,1%

Âèëþéñêèå 2/31 6,4%

Ñåâåðíûå 0/18 —

Íåîïðåäåëåííàÿ* 0/5 —

Ïðèìå÷àíèå. * — óðîæåíöû þæíûõ è þãî-çàïàäíûõ ðàéîíîâ ßêóòèè, ãäå òðàäèöèîííî ïðîæèâàëè ýâåíêè.



áûëà îáíàðóæåíà â ïîïóëÿöèè ÿêóòîâ (7,9%)

(òàáë. 1). Èñõîäÿ èç ýòèõ äàííûõ, òåîðåòè÷åñêè îæè-

äàåìîå ÷èñëî c.1621C>T-ãîìîçèãîò â ïîïóëÿöèè ÿêó-

òîâ, ÷èñëåííîñòüþ 466 492 ÷åë., äîëæíî ñîñòàâèòü

îêîëî 730 ÷åë. (ðàñïðîñòðàíåííîñòü 1 íà 640 ÷åë.),

÷òî ñóùåñòâåííî ïðåâûøàåò äàííûå ýïèäåìèîëîãè-

÷åñêîãî (1 íà 8257 ÷åë.) [18] è ìîëåêóëÿðíî-ýïèäåìè-

îëîãè÷åñêîãî èññëåäîâàíèé: 1 íà 34 233 ÷åë., ñ ëîêà-

ëüíûìè î÷àãàìè íàêîïëåíèÿ â ×óðàï÷èíñêîì (1 íà

5095), Óñòü-Àëäàíñêîì (1 íà 5538) è Íàìñêîì ðàéî-

íàõ (1 íà 7732) [10]. Ñóùåñòâåííîå ðàñõîæäåíèå ìåæ-

äó îæèäàåìûìè è íàáëþäàåìûìè ÷àñòîòàìè îïðåäå-

ëåííûõ ãåíîòèïîâ õàðàêòåðíî äëÿ èçîëèðîâàííûõ è

ïîäðàçäåëåííûõ ïîïóëÿöèé, êàêîé ÿâëÿåòñÿ ïîïóëÿ-

öèÿ ÿêóòîâ [5, 6]. Âûÿñíåíèå ðîëè äðóãèõ ïîòåíöè-

àëüíûõ ôàêòîðîâ — âëèÿíèå îòáîðà ïðîòèâ

c.1621C>T-ãîìîçèãîò, âîçìîæíîå ñåëåêòèâíîå ïðåè-

ìóùåñòâî ãåòåðîçèãîòíûõ íîñèòåëåé c.1621C>T, âà-

ðèàöèÿ êëèíè÷åñêèõ ïðèçíàêîâ (ðàçëè÷íàÿ ïåíåò-

ðàíòíîñòü), òðåáóåò äàëüíåéøåãî èçó÷åíèÿ.
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Ðèñ. 1. Àíàëèç ãàïëîòèïîâ õðîìîñîì ñ ìóòàöèåé ñ.1621C>T (p.Gln541*) ãåíà FYCO1 ().
À — Ôèçè÷åñêîå ðàññòîÿíèå STR-ìàðêåðà îò ñ.1621C>T (p.Gln541*). Á — STR-ãåíîòèïû ãîìîçèãîò ïî ñ.1621C>T (p.Gln541*). Çåëåíûì öâåòîì
âûäåëåíà ïðåäïîëàãàåìàÿ îáëàñòü ãàïëîòèïà-îñíîâàòåëÿ. Ãðóïïà 1 — ÷àñòîòà àëëåëÿ ó ïàöèåíòîâ ñ ìóòàöèåé ñ.1621C>T â ãîìîçèãîòíîì ñî-
ñòîÿíèè (n = 50 õðîìîñîì), ãðóïïà 2 — ÷àñòîòà àëëåëÿ â ïîïóëÿöèîííîé âûáîðêå ÿêóòîâ áåç ñ.1621C>T (n = 228 õðîìîñîì); àíàëèç íåðàâíî-
âåñèÿ ïî ñöåïëåíèþ âûïîëíåí äëÿ ìàæîðíûõ àëëåëåé STR-ìàðêåðîâ (ÌÀ); (+) — íàëè÷èå ñ.1621C>T íà õðîìîñîìàõ, (-) — îòñóòñòâèå

ñ.1621C>T. �2 — çíà÷åíèå íåðàâíîâåñèÿ ïî ñöåïëåíèþ, p — çíà÷èìîñòü îòëè÷èé, q — ÷èñëî ïîêîëåíèé ñ ìîìåíòà ïîÿâëåíèÿ ìóòàöèè
ñ.1621C>T (p.Gln541*).



Ïîñêîëüêó â ðàíåå ïðîâåäåííîì èññëåäîâàíèè ìóòà-

öèÿ ñ.1621Ñ>T (p.Gln541*) ãåíà FYCO1 áûëà îáíàðóæå-

íà â ãîìîçèãîòíîì ñîñòîÿíèè ó 87,5% ïàöèåíòîâ ñ âðîæ-

äåííîé êàòàðàêòîé â ßêóòèè [10], à èç ñåìè èññëåäîâàí-

íûõ ïîïóëÿöèé ÷àñòîòà åå ãåòåðîçèãîòíîãî íîñèòåëüñòâà

îêàçàëàñü ìàêñèìàëüíîé â ïîïóëÿöèîííîé âûáîðêå ÿêó-

òîâ (7.9%), òî, âåðîÿòíåå âñåãî, íà òåððèòîðèè Âîñòî÷-

íîé Ñèáèðè ýòà ìóòàöèÿ ìîãëà ðàñïðîñòðàíèòüñÿ â ðåçó-

ëüòàòå ýôôåêòà îñíîâàòåëÿ. Äëÿ ïîäòâåðæäåíèÿ äàííîé

ãèïîòåçû íàìè áûë ïðîâåäåí ãàïëîòèïè÷åñêèé àíàëèç

ïî 6 STR-ìàðêåðàì, êîòîðûé ïîçâîëèë ðåêîíñòðóèðî-

âàòü ãàïëîòèïû íà 50 õðîìîñîìàõ, íåñóùèõ c.1621C>T

(p.Gln541*). Ïðîâåäåííûé àíàëèç óêàçûâàåò íà åäèíñò-

âî ïðîèñõîæäåíèÿ âñåõ èññëåäîâàííûõ õðîìîñîì

ñ c.1621C>T (p.Gln541*), èäåíòèôèöèðîâàííûõ íà òåð-

ðèòîðèè ßêóòèè, ÷òî ïîäòâåðæäàåò ïðåäïîëîæåíèå î

ðàñïðîñòðàíåíèè ýòîé ìóòàöèè â ðåçóëüòàòå ýôôåêòà

îñíîâàòåëÿ (Ðèñ.1). Ðåçóëüòàòû, ïîëó÷åííûå â ìîëåêó-

ëÿðíî-ýïèäåìèîëîãè÷åñêîì èññëåäîâàíèè (î÷àãè íà-

êîïëåíèÿ âûÿâëåíû â öåíòðàëüíûõ ðàéîíàõ ßêóòèè)

[10], è îöåíêà ÷àñòîòû ãåòåðîçèãîòíîãî íîñèòåëüñòâà

ìóòàöèè c.1621C>T (p.Gln541*) â ýòíîòåððèòîðèàëüíûõ

ãðóïïàõ ÿêóòîâ (ìàêñèìàëüíàÿ ÷àñòîòà c.1621C>T âûÿâ-

ëåíà â ýòíîãåîãðàôè÷åñêîé ãðóïïå öåíòðàëüíûõ ÿêóòîâ),

ñîãëàñóþòñÿ ñ äàííûìè ãàïëîòèïè÷åñêîãî àíàëèçà. Òàê,

ôèëîãåíåòè÷åñêèé àíàëèç ìóòàíòíûõ c.1621C>T-ãàïëî-

òèïîâ â òðåõ ýòíîòåððèòîðèàëüíûõ ãðóïïàõ ÿêóòîâ (öåí-

òðàëüíûå, âèëþéñêèå è ñåâåðíûå) ïîêàçàë áîëåå âûñî-

êîå ãàïëîòèïè÷åñêîå ðàçíîîáðàçèå öåíòðàëüíûõ ÿêóòîâ,

íàñåëÿþùèõ òåððèòîðèþ Ëåíî-Àìãèíñêîãî ìåæäóðå÷üÿ.

Îñòàëüíûå c.1621C>T-ãàïëîòèïû, îáíàðóæåííûå ó âè-

ëþéñêèõ è ñåâåðíûõ ÿêóòîâ, âåðîÿòíî, ÿâëÿþòñÿ ïðîèç-

âîäíûìè îò ìóòàíòíûõ ãàïëîòèïîâ öåíòðàëüíûõ ÿêóòîâ

(ðèñ. 2), ÷òî ñâèäåòåëüñòâóåò î òîì, ÷òî íà òåððèòîðèè

áàññåéíà ðåêè Âèëþé è â ñåâåðíûõ ðàéîíàõ ßêóòèè ìó-

òàöèÿ c.1621C>T (p.Gln541*) ïîÿâèëàñü îòíîñèòåëüíî

íåäàâíî: îò 185 äî 317 ëåò íàçàä (â ñðåäíåì

�260 ± 65,0 ãîäà, èëè 10,4 ± 2,6 ïîêîëåíèé). Ýòà äàòè-

ðîâêà íå ñîâïàäàåò ñî âðåìåíåì ðàñïðîñòðàíåíèÿ òàêèõ

áîëåçíåé, êàê îêóëîôàðèíãåàëüíàÿ ìûøå÷íàÿ äèñòðî-

ôèÿ è ìèîòîíè÷åñêàÿ äèñòðîôèÿ 1 òèïà, ýêñïàíñèÿ êî-

òîðûõ, âåðîÿòíî, íà÷àëàñü áîëåå òðåõ òûñÿ÷ ëåò íàçàä

(ïåðèîä ïîçäíåãî íåîëèòà è áðîíçîâîãî âåêà ßêóòèè),
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Ðèñ. 2. Ôèëîãåíåòè÷åñêàÿ ñåòü ãàïëîòèïà-îñíîâàòåëÿ ñ ñ.1621C>T
(p.Gln541*) ãåíà FYCO1, ïîñòðîåííàÿ ïî äàííûì òðåõ STR-ìàðêåðîâ
D3S3685, D3S3582, D3S3561 (Network 5.0). Ïðèìå÷àíèå. Êðóãàìè
îáîçíà÷åíû ìèêðîñàòåëëèòíûå ãàïëîòèïû, ïëîùàäü êðóãà è ñåêòî-
ðîâ âíóòðè êðóãà ïðîïîðöèîíàëüíà ÷àñòîòå ãàïëîòèïà. Ýòíîòåððè-
òîðèàëüíûå ãðóïïû ÿêóòîâ îáîçíà÷åíû öâåòîì: êðàñíûì — öåíò-
ðàëüíûå, çåëåíûì — âèëþéñêèå, ñèíèì — ñåâåðíûå ÿêóòû.

Òàáëèöà 3
Äàòèðîâêà ýêñïàíñèè ïðåäêîâûõ ãàïëîòèïîâ, àññîöèèðîâàííûõ ñ ìóòàöèÿìè, âûçûâàþùèìè íåêîòîðûå

îðôàííûå çàáîëåâàíèÿ, â ßêóòèè

¹ Çàáîëåâàíèå (OMIM) Òèï íàñëå-
äîâàíèÿ

Ãåí Ìóòàöèÿ "Âîçðàñò" ìóòà-
öèè

Ëèòåðàòóðà

1 Îêóëîôàðèíãåàëüíàÿ ìûøå÷íàÿ
äèñòðîôèÿ (164300)

ÀÄ PABPN1 Ýêñïàíñèÿ
GCG-ïîâòîðîâ

3783 ± 1254 ëåò [15]

2 Ìèîòîíè÷åñêàÿ äèñòðîôèÿ 1 òèïà
(160900)

ÀÄ DMPK Ýêñïàíñèÿ CTG-
ïîâòîðîâ

3179 ± 704,84 ëåò [14]

3 SOPH-ñèíäðîì (none) ÀÐ NAG c.5741G>A
(p.Arg1914His)

944 ± 640,25 ëåò [17]

4 Ñïèíîöåðåáåëëÿðíàÿ àòàêñèÿ 1 òè-
ïà (164400)

ÀÄ ATXN1 Ýêñïàíñèÿ
CAG-ïîâòîðîâ

915-198 ëåò [11, 12]

5 Àóòîñîìíî-ðåöåññèâíàÿ ãëóõîòà 1
À òèïà (220290)

ÀÐ GJB2 IVS1+1G>A
(ñ.-23+1G>A)

800 ëåò [9]

6 3-Ì ñèíäðîì (273750) ÀÐ CUL7 c.4582insT 343 ± 248,25 ëåò [16]

7 Ýíçèìîïåíè÷åñêàÿ ìåòãåìîãëîáè-
íåìèÿ (250800)

ÀÐ DIA1 c.806C>T
(p.Pro269Leu)

285 ± 135 ëåò [13]

8 Âðîæäåííàÿ êàòàðàêòà (610019) ÀÐ FYCO1 c.1621C>T
(p.Gln541*)

260 ± 65 ëåò [Äàííàÿ ðàáîòà]

Ïðèìå÷àíèå. ÀÄ — àóòîñîìíî-äîìèíàíòíûé òèï íàñëåäîâàíèÿ, ÀÐ — àóòîñîìíî-ðåöåññèâíûé òèï íàñëåäîâàíèÿ, ñåðûì
öâåòîì âûäåëåíû çàáîëåâàíèÿ, ñîâïàäàþùèå ñ äàòèðîâêîé ýêñïàíñèè ãàïëîòèïîâ-îñíîâàòåëåé â ïîïóëÿöèè ÿêóòîâ
ñ ïåðèîäîì êîëîíèçàöèè Âîñòî÷íîé Ñèáèðè ðóññêèìè çåìëåïðîõîäöàìè.



åùå äî ôîðìèðîâàíèÿ ÿêóòñêîãî ýòíîñà (òàáë. 3). «Âîç-
ðàñò» ìóòàöèè ñ.1621T>C (p.Gln541*) ïðè âðîæäåííîé
êàòàðàêòå òàêæå íå ñîîòâåòñòâóåò ïåðèîäó êóëóí-àòàõ-
ñêîé àðõåîëîãè÷åñêîé êóëüòóðû (XIII—XIV ââ.) [20],
ñ êîòîðûì ñâÿçûâàþò ïîÿâëåíèå òþðêîÿçû÷íûõ ïðåäêîâ
ÿêóòîâ â áàññåéíå Ñðåäíåé Ëåíû è ðàñïðîñòðàíåíèå ìà-
æîðíûõ ìóòàöèé, âûçûâàþùèõ àóòîñîìíî-ðåöåññèâíóþ
ãëóõîòó (XII—XVIII ââ.), SOPH-ñèíäðîì (XI â.) è ñïè-
íîöåðåáåëëÿðíóþ àòàêñèþ 1 òèïà (X—XI ââ.) [9, 11, 12,
17] (òàáë. 3). Âðåìÿ íà÷àëà ðàñïðîñòðàíåíèÿ ãàïëîòè-
ïà-îñíîâàòåëÿ c ñ.1621T>C (p.Gln541*) ïðè âðîæäåííîé
êàòàðàêòå â ïîïóëÿöèè ÿêóòîâ ñîâïàäàåò ñî âðåìåíåì
îñâîåíèÿ òåððèòîðèè Âîñòî÷íîé Ñèáèðè ðóññêèìè çåì-
ëåïðîõîäöàìè (íà÷èíàÿ ñ XVII â.) [21] è ñîîòâåòñòâóåò
«âîçðàñòó» ðàñïðîñòðàíåíèÿ ñðåäè ÿêóòîâ òàêèõ çàáîëå-
âàíèé, êàê 3-Ì ñèíäðîì (ñåðåäèíà XVII â.) [16] è ýíçè-
ìîïåíè÷åñêàÿ ìåòãåìîãëîáèíåìèÿ (ñåðåäèíà XVIII â.)
[13] (òàáë. 3).

Âûâîäû

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò î òîì, ÷òî
ìóòàöèÿ ñ.1621C>T (p.Gln541*) ãåíà FYCO1, êîòîðàÿ
ïðèâîäèò ê âðîæäåííîé àóòîñîìíî-ðåöåññèâíîé êàòà-
ðàêòå (CTRCT18), ðàñïðîñòðàíèëàñü â ßêóòèè â ðåçóëü-
òàòå ýôôåêòà îñíîâàòåëÿ, ïðåèìóùåñòâåííî ñðåäè öåíò-
ðàëüíûõ ÿêóòîâ Ëåíî-Àìãèíñêîãî ìåæäóðå÷üÿ, ïðèáëè-
çèòåëüíî â ñåðåäèíå XVIII â.
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