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Àêòóàëüíîñòü. Ïðè íåéðîôèáðîìàòîçå ïåðâîãî è âòîðîãî òèïà ïàòîãåííûå ìóòàöèè ðàñïðåäåëåíû âäîëü êîäèðóþùèõ îáëà-
ñòåé ãåíîâ NF1 è NF2 ðàâíîìåðíî, ïðè ýòîì áîëåå ÷åì â 50% ñëó÷àåâ çàáîëåâàíèå ÿâëÿåòñÿ ðåçóëüòàòîì ìóòàöèè de novo. Êàê
ñëåäñòâèå, ïîèñê ïàòîãåííîé ìóòàöèè ó ïàöèåíòà ÿâëÿåòñÿ îñîáåííî òðóäîåìêèì, è êàòàëîãè ïàòîãåííûõ è íåïàòîãåííûõ ãåíå-
òè÷åñêèõ âàðèàíòîâ ÿâëÿþòñÿ íåîáõîäèìûì âñïîìîãàòåëüíûì ìàòåðèàëîì â ðàáîòå âðà÷à-ãåíåòèêà. Öåëü. Îïðåäåëèòü ñïåêòðû
ãåíåòè÷åñêèõ íàðóøåíèé ó ðîññèéñêèõ áîëüíûõ íåéðîôèáðîìàòîçîì; îõàðàêòåðèçîâàòü ðàíåå íå îïèñàííûå ïàòîãåííûå ãåíå-
òè÷åñêèå âàðèàíòû è íåïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû ñ íèçêîé ïîïóëÿöèîííîé ÷àñòîòîé. Ìàòåðèàëû è ìåòîäû. Èññëåäî-
âàíèå ïðîâåäåíî íà ìàòåðèàëå ÄÍÊ ëèìôîöèòîâ ïåðèôåðè÷åñêîé êðîâè è/èëè îïóõîëåâîãî ìàòåðèàëà 617 ïàöèåíòîâ. Âûñîêî-
ïðîèçâîäèòåëüíîå ïàðàëëåëüíîå ñåêâåíèðîâàíèå (NGS) ïðîâîäèëè íà ïðèáîðàõ Ion Torrent PGM è Ion Torrent S5 ñ èñïîëüçîâà-
íèåì ïàíåëè ïðàéìåðîâ, îõâàòûâàþùåé ýêçîíû ãåíîâ NF1 è NF2, âêëþ÷àÿ íåòðàíñëèðóåìûå îáëàñòè, à òàêæå ïðèëåãàþùèå
ê ýêçîíàì ó÷àñòêè èíòðîíîâ (20—70 ï.í.). Âåðèôèêàöèþ ïàòîãåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ îñóùåñòâëÿëè ñåêâåíèðîâàíèåì ïî
Ñýíãåðó, ïîèñê ïðîòÿæåííûõ äåëåöèé ãåíîâ NF1 è NF2 — ìåòîäîì MLPA. Ðåçóëüòàòû. Ïðîâåäåíà êîìïëåêñíàÿ ìîëåêóëÿðíî-ãå-
íåòè÷åñêàÿ äèàãíîñòèêà íàðóøåíèé ãåíîâ NF1 è NF2 ó 617 ïàöèåíòîâ. Â 303 ñëó÷àÿõ âûÿâëåíû íàðóøåíèÿ â ãåíå NF1 è â 19 ñëó-
÷àÿõ — NF2. Âûâîäû. Îõàðàêòåðèçîâàíî 69 ðàíåå íåîïèñàííûõ ïàòîãåííûõ âàðèàíòîâ (68 — â ãåãå NF1, 1 — â ãåíå NF2), à òàêæå
68 ðåäêèõ íåïàòîãåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ ãåíîâ NF1 è NF2. Áîëüøèíñòâî íåïàòîãåííûõ ãåíåòè÷åñêèõ âàðèàíòîâ ïðåä-
ñòàâëåíî ñèíîíèìè÷íûìè îäíîíóêëåîòèäíûìè çàìåíàìè è íóêëåîòèäíûìè çàìåíàìè â íåòðàíñëèðóåìûõ ðåãèîíàõ, êîòîðûå
îñîáåííî ñëîæíû äëÿ èíòåðïðåòàöèè ïðè ïðîâåäåíèè ìåäèêî-ãåíåòè÷åñêîãî êîíñóëüòèðîâàíèÿ.
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Background. In cases of neurofibromatosis type 1 and type 2, pathogenic mutations are distributed evenly along the coding re-
gions of the NF1 and NF2 genes. Herewith, in more than 50% of cases, the disease is the result of a de novo mutation. Therefore, the
search for a causative mutation is particularly time-consuming and the catalogs of pathogenic and non-pathogenic genetic variants
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are an indispensable assistance handbook for geneticists in their work. Objective. To determine the spectrum of genetic alterations in
Russian neurofibromatosis patients and to characterize novel pathogenic mutations and rare non-pathogenic genetic variants in the
NF1 and NF2 genes. Material and methods. The study was carried out on the peripheral blood lymphocyte and/or tumor tissue DNA
samples from 617 patients. NGS was performed on the Ion Torrent PGM and Ion Torrent S5 sequencing machines using NF1 and NF2
AmpliSeq gene panel. Gene panel encompasses exons of the NF1 and NF2 genes, adjacent intron segments (20-70 bp), 3’UTRs, and
5’UTRs. Sanger sequencing was used to verify pathogenic genetic variants and the MLPA method was used to search for NF1 and
NF2 gross deletions. Result. Complex molecular genetic diagnostics of the NF1 and NF2 alterations was accomplished for 617 pa-
tients. The NF1 and NF2 mutations were detected in 303 and 19 cases, respectively. Conclusion. We have characterized 69 novel
pathogenic mutations, 68 in the NF1 gene, and 1 in the NF2 gene, as well as 68 rare non-pathogenic genetic variants. Most
non-pathogenic genetic variants are represented by synonymous SNPs and nucleotide substitutions in untranslated regions, which
are particularly difficult to interpret during medical-genetic counseling.

Key words: neurofibromatosis, neurofibromatosis type 1, neurofibromatosis type 2, NF1, NF2, NGS, MLPA.

Ââåäåíèå

Íåéðîôèáðîìàòîç — ãðóïïà íàñëåäñòâåííûõ çàáîëå-
âàíèé ðàçëè÷íîé ýòèîëîãèè ñ àóòîñîìíî-äîìèíàíòíûì
òèïîì íàñëåäîâàíèÿ, õàðàêòåðèçóþùèõñÿ ðàçâèòèåì
îïóõîëåé ýêòîäåðìàëüíîãî ïðîèñõîæäåíèÿ è ïîðàæåíè-
åì êîæíûõ ïîêðîâîâ.

Ðàçëè÷àþò íåéðîôèáðîìàòîç ïåðâîãî òèïà, íåéðî-
ôèáðîìàòîç âòîðîãî òèïà, øâàííîìàòîç è ôåíîòèïè÷å-
ñêè ñõîæèå ñ íèìè ñîñòîÿíèÿ [1]. Òðóäíîñòè äèôôåðåí-
öèàëüíîé äèàãíîñòèêè äàííûõ çàáîëåâàíèé îáóñëîâëå-
íû èõ âûðàæåííûì êëèíè÷åñêèì ïîëèìîðôèçìîì è çà-
âèñèìûì îò âîçðàñòà äåáþòîì ñèìïòîìîâ, ÷òî îïðåäå-
ëÿåò îñîáóþ âàæíîñòü ÄÍÊ-äèàãíîñòèêè â óñòàíîâëå-
íèè îêîí÷àòåëüíîãî äèàãíîçà [2].

Íåéðîôèáðîìàòîç ïåðâîãî òèïà (ÍÔ-1, OMIM
#162200) — âûñîêîïåíåòðàíòíîå çàáîëåâàíèå, ÿâëÿåòñÿ
îäíîé èç íàèáîëåå ðàñïðîñòðàíåííûõ ìîíîãåííûõ íà-
ñëåäñòâåííûõ ïàòîëîãèé, åãî ïîïóëÿöèîííàÿ ÷àñòîòà ñî-
ñòàâëÿåò 1:3000 íîâîðîæäåííûõ [3, 4]. Ê ôåíîòèïè÷å-
ñêèì ïðîÿâëåíèÿì ÍÔ-1 îòíîñÿò îïóõîëè (ïðåèìóùå-
ñòâåííî ýêòîäåðìàëüíîãî ïðîèñõîæäåíèÿ), êîãíèòèâ-
íûå íàðóøåíèÿ (çàäåðæêè ïñèõîìîòîðíîãî è ïñèõîðå-
÷åâîãî ðàçâèòèÿ), àíîìàëèè ðàçâèòèÿ êîñòíîãî ñêåëåòà,
ìàêðîöåôàëèþ, íàëè÷èå õàðàêòåðíûõ ïèãìåíòíûõ ïÿ-
òåí íà êîæå öâåòà «cafe-au-lait», ãàìàðòîìû ðàäóæíîé
îáîëî÷êè ãëàçà, à òàêæå ðÿä äðóãèõ êëèíè÷åñêèõ ïðè-
çíàêîâ [5]. Ýòèîëîãè÷åñêèì ôàêòîðîì ðàçâèòèÿ ÍÔ-1
ÿâëÿþòñÿ ñòðóêòóðíûå íàðóøåíèÿ â ãåíå-îíêîñóïðåññî-
ðå NF1, êîäèðóþùåì áåëîê íåéðîôèáðîìèí, âîâëå÷åí-
íûé â ðåãóëÿòîðíûé ïóòü Ras-MAPK [6, 7]. Áîëåå ÷åì
â 50% ñëó÷àåâ çàáîëåâàíèå îáóñëîâëåíî ìóòàöèåé de no-

vo [8].

Íåéðîôèáðîìàòîç âòîðîãî òèïà (ÍÔ-2, OMIM
#101000) âñòðå÷àåòñÿ ñ ÷àñòîòîé 1:25000 [9]. ÍÔ-2 õà-
ðàêòåðèçóåòñÿ ðàçâèòèåì ìíîæåñòâåííûõ îïóõîëåé
â ÖÍÑ è ïî õîäó ïåðèôåðè÷åñêèõ íåðâîâ, íàèáîëåå
õàðàêòåðíûì ñèìïòîìîì ïðè äàííîé ïàòîëîãèè ÿâëÿ-
åòñÿ íàëè÷èå äâóñòîðîííèõ âåñòèáóëÿðíûõ øâàííîì.
Âîçðàñò ìàíèôåñòàöèè 18—20 ëåò [10, 11]. Ðàçâèòèå
ÍÔ-2 îáóñëîâëåíî ìóòàöèåé â ãåíå-ñóïðåññîðå îïóõî-
ëåâîãî ðîñòà NF2. Ãåí NF2 êîäèðóåò áåëîê ìåðëèí,
â íîðìå ðåãóëèðóþùèé àêòèíîáóñëîâëåííîå äâèæåíèå

êëåòêè. Ïîòåðÿ ýêñïðåññèè ñ îáîèõ àëëåëåé ïðèâîäèò

ê íàðóøåíèþ êîíòàêòíîãî òîðìîæåíèÿ êëåòî÷íîãî

ðîñòà [12, 13].

Ñïåêòð ìóòàöèîííûõ ñîáûòèé, îïèñàííûõ â ãåíàõ

NF1 è NF2, ÷ðåçâû÷àéíî øèðîê è îõâàòûâàåò îäíîíóê-

ëåîòèäíûå çàìåíû, èíäåëû è ïðîòÿæåííûå äåëåöèè,

ðàñïðåäåëåííûå âäîëü ãåíîâ îòíîñèòåëüíî ðàâíîìåðíî

[14]. Êîìïëåêñíîå ìîëåêóëÿðíî-ãåíåòè÷åñêîå èññëåäî-

âàíèå áîëüøîé âûáîðêè ïàöèåíòîâ ñ êëèíè÷åñêèì äèà-

ãíîçîì íåéðîôèáðîìàòîç ïîçâîëÿåò îõâàòèòü ïîëíûé

ñïåêòð ãåíåòè÷åñêèõ íàðóøåíèé, õàðàêòåðíûõ äëÿ äàí-

íîé ïàòîëîãèè.

Ìàòåðèàëû è ìåòîäû

Èññëåäîâàíèå ïðîâåäåíî íà ìàòåðèàëå ÄÍÊ ëèìôî-

öèòîâ ïåðèôåðè÷åñêîé êðîâè è/èëè ôèêñèðîâàííûõ

ôîðìàëèíîì îïóõîëåâûõ îáðàçöîâ, ïîëó÷åííûõ îò

617 ïàöèåíòîâ ñ êëèíè÷åñêèì äèàãíîçîì íåéðîôèáðîìà-

òîç (ÍÔ-1, ÍÔ-2, íåóòî÷íåííûé íåéðîôèáðîìàòîç),

ïðåäîñòàâëåííûõ ÔÃÁÍÓ «ÌÃÍÖ».

Âûäåëåíèå ÄÍÊ èç áèîìàòåðèàëà, èçãîòîâëåíèå

áèáëèîòåê äëÿ NGS, âûñîêîïðîèçâîäèòåëüíîå ñåêâåíè-

ðîâàíèå íà ïðèáîðàõ Ion Torrent PGM è Ion S5 System

(Thermo Fisher Scientific, USA), ïîäòâåðæäåíèå âûÿâ-

ëåííûõ NGS âàðèàíòîâ ó ïðîáàíäà è ÷ëåíîâ ñåìüè ñåê-

âåíèðîâàíèåì ÄÍÊ ïî Ñýíãåðó, âûÿâëåíèå ïðîòÿæåí-

íûõ äåëåöèé ìåòîäîì MLPA, ôðàãìåíòíûé àíàëèç ïðî-

âîäèëè ñîãëàñíî îïèñàííîé ðàíåå ìåäèöèíñêîé òåõíî-

ëîãèè êîìïëåêñíîé ÄÍÊ-äèàãíîñòèêè íåéðîôèáðîìà-

òîçà [15].

Äëÿ îöåíêè êëèíè÷åñêîé çíà÷èìîñòè ãåíåòè÷åñêèõ

âàðèàíòîâ èñïîëüçîâàëè áàçû äàííûõ LOVD, HGMD,

CLINVAR. Àíàëèç ïàòîãåííîñòè âûÿâëåííûõ ãåíåòè÷å-

ñêèõ âàðèàíòîâ ñ ïîïóëÿöèîííîé ÷àñòîòîé íå áîëåå

0,5%, íå èìåþùèõ ïðåäñòàâëåíèÿ â óêàçàííûõ áàçàõ

äàííûõ, ïðîâîäèëè íà îñíîâàíèè ñåãðåãàöèîííîãî àíà-

ëèçà. Ïðè âûÿâëåíèè ó ïàöèåíòà ïàòîãåííîãî âàðèàíòà

ñ äîêàçàííîé êëèíè÷åñêîé çíà÷èìîñòüþ, âñå îñòàëüíûå

ãåíåòè÷åñêèå âàðèàíòû, âûÿâëåííûå ó ýòîãî ïàöèåíòà,

êëàññèôèöèðîâàëè êàê íåïàòîãåííûå.
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Ðåçóëüòàòû è îáñóæäåíèå

Ïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû

Â ðàìêàõ íàñòîÿùåãî èññëåäîâàíèÿ ïðîâåäåí ïîèñê
ñòðóêòóðíûõ íàðóøåíèé â ãåíàõ NF1 è NF2 ñ ïðèìåíå-
íèåì êîìïëåêñíîãî ïîäõîäà, âêëþ÷àþùåãî NGS è
MLPA, ó 617 ïàöèåíòîâ, ÷òî ïîçâîëèëî âûÿâèòü ïàòî-
ãåííûå ãåíåòè÷åñêèå âàðèàíòû â 52% ñëó÷àåâ (òàáë. 1).

Ó 303 ïàöèåíòîâ áûëè îáíàðóæåíû ïàòîãåííûå ãåíå-
òè÷åñêèå âàðèàíòû â ãåíå NF1. Ïî ïîëó÷åííûì äàííûì,
îñíîâíûì òèïîì ñòðóêòóðíûõ íàðóøåíèé ãåíà NF1,
ïðèâîäÿùèõ ê ðàçâèòèþ íåéðîôèáðîìàòîçà, ÿâëÿþòñÿ
íîíñåíñ-ìóòàöèè è ìóòàöèè ñî ñäâèãîì ðàìêè ñ÷èòûâà-
íèÿ (35,0% è 26,1% ïàòîãåííûõ âàðèàíòîâ, ñîîòâåòñò-
âåííî). Òàêæå áûëè îáíàðóæåíû ìèññåíñ-ìóòàöèè
(17,5%), ìóòàöèè â ñàéòàõ ñïëàéñèíãà (14,2%), èíäåëû
áåç ñäâèãà ðàìêè ñ÷èòûâàíèÿ (1,6%) è ïðîòÿæåííûå äå-
ëåöèè (5,6%). Äåòåêòèðîâàíû ïðîòÿæåííûå äåëåöèè
âñåãî ãåíà è ïðèëåæàùèõ ó÷àñòêîâ ãåíîìà — 10/17, íå-
ñêîëüêèõ ýêçîíîâ — 4/17 èëè åäèíè÷íûõ ýêçîíîâ —
3/17. Ïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû, äåòåêòèðî-
âàííûå â ãåíå NF1 è íå îïèñàííûå ðàíåå (68), ïðåäñòàâ-
ëåíû â òàáë. 2.

Ïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû â ãåíå NF2 áûëè
âûÿâëåíû ó 19 ïàöèåíòîâ. Ïðèìå÷àòåëüíî, ÷òî âñå ÷åòû-
ðå âûÿâëåííûå ìèññåíñ-ìóòàöèè ðàñïîëàãàþòñÿ â ýêçî-
íå 15 ãåíà NF2, îäíàêî ìàëûé ðàçìåð âûáîðêè íå ïîçâî-
ëÿåò ñäåëàòü âûâîä î ñòàòèñòè÷åñêîé çíà÷èìîñòè äàííî-
ãî ÿâëåíèÿ. Áûë äåòåêòèðîâàí ëèøü îäèí íå îïèñàííûé
ðàíåå ïàòîãåííûé ãåíåòè÷åñêèé âàðèàíò — äåëåöèÿ ñî
ñäâèãîì ðàìêè ñ÷èòûâàíèÿ c.33delC:p.F11fs.

Íåïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû

Ìû ïðåäïîëàãàåì, ÷òî íàëè÷èå ó ïàöèåíòà îäíîãî
ïàòîãåííîãî âàðèàíòà ñ äîêàçàííîé êëèíè÷åñêîé çíà÷è-
ìîñòüþ ïîçâîëÿåò ñ÷èòàòü âñå îñòàëüíûå âûÿâëåííûå
ó íåãî ãåíåòè÷åñêèå âàðèàíòû íåïàòîãåííûìè ñ îïðåäå-
ëåííîé äîëåé âåðîÿòíîñòè, ñîîòâåòñòâóþùåé ïîïóëÿöè-

îííîé ÷àñòîòå çàáîëåâàíèÿ (âåðîÿòíîñòü îøèáêè
3,3õ10-4 è 4õ10-5 äëÿ NF1 è NF2 ñîîòâåòñòâåííî). Â íà-
øåì èññëåäîâàíèè íåïàòîãåííûìè áûëè ïðèçíàíû
68 âàðèàíòîâ ñ ïîïóëÿöèîííûìè ÷àñòîòàìè, íå ïðåâû-
øàþùèìè 0,5% (òàáë. 3).

Ó 295 ïàöèåíòîâ (47,8%) íå óäàëîñü îáíàðóæèòü ìî-
ëåêóëÿðíî-ãåíåòè÷åñêîãî ïîäòâåðæäåíèÿ êëèíè÷åñêîãî
äèàãíîçà, ÷òî ìîæåò áûòü îáóñëîâëåíî:

1) îñîáåííîñòÿìè âûáîðêè: ó ÷àñòè ïàöèåíòîâ åäèí-
ñòâåííûì êëèíè÷åñêèì ñèìïòîìîì ÿâëÿåòñÿ åäèíè÷íîå
ïÿòíî «cafe-au-lait»;

2) ïðîáëåìàìè äèôôåðåíöèàëüíîé äèàãíîñòèêè:
íåëüçÿ èñêëþ÷èòü âêëþ÷åíèå â èññëåäóåìóþ âûáîðêó
ïàöèåíòîâ ñî øâàííîìàòîçîì èëè äðóãèìè êëèíè÷åñêè
ñõîæèìè çàáîëåâàíèÿìè.
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Òàáëèöà 1
Òèïû ïàòîãåííûõ âàðèàíòîâ â ãåíàõ NF1 è NF2

â âûáîðêå 617 ðîññèéñêèõ ïàöèåíòîâ ñ êëèíè÷åñêèì äèàãíîçîì «íåéðîôèáðîìàòîç»

Òèï ìóòàöèè Ãåí

NF1 NF2

Âñåãî Íîâûå Âñåãî Íîâûå

Íîíñåíñ-ìóòàöèè 106 10 7 0

Ìóòàöèè ñàéòà ñïëàéñèíãà 43 15 0 0

Èíäåëû ñî ñäâèãîì ðàìêè 79 29 6 1

Èíäåëû áåç ñäâèãà ðàìêè 5 3 0 0

Ìèññåíñ-ìóòàöèè 53 11 4 0

Ïðîòÿæåííûå äåëåöèè 17 2

Âñåãî 303 (94,1%) 73 19 (5,9%) 1
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Òàáëèöà 2
Ïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû â ãåíå NF1 (NM_000267), âïåðâûå âûÿâëåííûå â íàñòîÿùåì èññëåäîâàíèè

Ãåíåòè÷åñêèé âàðèàíò Êðèòåðèè ïàòîãåííîñòè*

Íîíñåíñ-ìóòàöèè

c.T240G:p.Y80X
c.C1174T:p.Q392X
c.C1191A:p.C397X
c.C1726T:p.Q576X
c.G1942T:p.E648X

c.C2560T:p.Q854X
c.G3100T:p.E1034X
c.A3847T:p.K1283X
c.A4900T:p.K1634X
c.C7446G:p.Y2482X

PVS1, PS2, PM2, PP4
(ïàòîãåííûé âàðèàíò)

Ìèññåíñ-ìóòàöèè

c.G5943C:p.Q1981H PS1, PS2, PM2, PP4
(ïàòîãåííûé âàðèàíò)

c.T2984G:p.L995R
c.G5442C:p.Q1814H
c.G5938C:p.G1980R
c.T3505C: p.Y1169H
c.T4859G:p.I1620S

PS2, PM2, PM5, PP4
(ïàòîãåííûé âàðèàíò)

c.505_506CT:p.E169L
c.C1423G:p.L475V
c.G1642C:p.A548P
c.T2681C:p.F894S
c.T3557A:p.I1186N

PS2, PM2, PP3, PP4
(âåðîÿòíî ïàòîãåííûé âàðèàíò)

Èíäåëû ñî ñäâèãîì ðàìêè ñ÷èòûâàíèÿ

c.384delC:p.N128fs
c.426delA:p.L142fs

c.495_498del:p.T165fs
c.650delA:p.E217fs
c.654delG:p.K218fs
c.691dupT:p.E230fs

c.705_711del:p.Y235fs
c.836dupA:p.E279fs

c.1017_1018del:p.N339fs
c.1131_1134del:p.I377fs

c.1164delT:p.388fs
c.1866dupT:p.C622fs

c.1325_1328del:p.M442fs
c.2208_2212del:pN736fs
c.2489_2490del:p.D830fs

c.2866dupA:p.D955fs
c.2996delT:p.V999fs

c.3044_3045del:p.L1015fs
c.3463_3464insCA:p.A1155fs
c.4025_4026insAA:p.M1342fs

c.4376dupT:p.L1459fs
c.4424delT:p.L1475fs
c.4533delA:p.G1511fs
c.5311delT:p.C1771fs
c.6149delA:p.Q2050fs

c.6787_6790del:p.T2263fs
c.7038delG:p.L2346fs

c.7266_7267insAA:p.L2422fs
c.7647_7648del:p.R2549fs

PVS1, PS2, PM2, PP4
(ïàòîãåííûé âàðèàíò)

Ìóòàöèè ñàéòà ñïëàéñèíãà

c.204+2T>A
c.288+2T>G

c.586+1->TTA
c.1063-3insA

c.1527+4_1527+7del4
c.2002-2A>C
c.2325+1G>T

c.2851-2T>C
c.3113+2T>G
c.3708+1G>A

c.4110+2_4110+5del4
c.4367+2dupT
c.6642-2A>G
c.7806+2T>C

PVS1, PS2, PM2, PP4
(ïàòîãåííûé âàðèàíò)

Èíäåëû áåç ñäâèãà ðàìêè ñ÷èòûâàíèÿ

c.2707_2713del:p.901_905
c.4307_4309del:p.1436_1437del
c.2702_2713del:p.901_905del

PS2, PM2, PM4, PP3, PP4
(ïàòîãåííûé âàðèàíò)

Ïðèìå÷àíèå. * Êðèòåðèè ïàòîãåííîñòè ãåíåòè÷åñêèõ âàðèàíòîâ îïðåäåëåíû ñîãëàñíî ðóêîâîäñòâó ïî èíòåðïðåòàöèè
äàííûõ, ïîëó÷åííûõ ìåòîäîì ìàññîâîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ (MPS) [16].
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Òàáëèöà 3
Íåïàòîãåííûå ãåíåòè÷åñêèå âàðèàíòû â NF1 (NM_000267) è NF2 (NM_000268)

Ãåí Ìèññåíñ Ñèíîíèìè÷íûå 3’UTR

NF1 c.A239C:p.Y80S
c.G862A:p.V288M

c.T5587C:p.F1863L
c.A6316G:p.I2106V
c.C3374T:p.A1125V
c.A436G:p.S146G

c.G654A:p.K218K
c.A3270G:p.G1090G
c.G5706A:p.T1902T
c.A5847G:p.R1949R
c.T6687C:p.V2229V
c.A7305G:p.K2435K
c.G8088A:p.P2696P

c.C435T:p.L145L
c.T8436C:p.N2812N

c.*49T>C
c.*64_*65insC

c.*65G>C
c.*196delT

c.*498_*503del
c.*584G>C
c.*807delT
c.*830A>T

c.*1479A>G
c.*1736C>A

c.*1899A>G
c.*1944C>T
c.*3030A>T

c.*3469A>C c.*3471T>C
c.*3473C>T
c.*2808G>C
c.*782T>A

c.*2551A>G
c.*3248G>A

5’UTR

c.-22G>C
c.-41G>T

c.-372C>G

NF2 c.C1882T:p.T480K
c.G1611T:p.E537D
c.T766C:p.F256L

c.G1522A:p.D508N

c.T1143C:p.A381A
c.C768T:p.F256F
c.C459T:p.Y153Y

c.G1749A:p.Q583Q
c.C651T:p.Y217Y

c.*277C>T
c.*336G>A
c.*841T>C
c.*1087C>T
c.*2365C>T
c.*2501C>T
c.*3133A>G
c.*3478delT
c.*3479delT
c.*3575G>A

c.*3692C>T
c.*839G>A
c.*3397T>C
c.*3164T>C
c.*675A>G
c.*876C>T
c.*691C>T
c.*929A>G
c.*477G>A

5’UTR

c.-90del
c.-361C>T


