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Ìåòîä äèäåçîêñèíóêëåîòèäîâ (Íîáåëåâñêàÿ ïðåìèÿ 1980)
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Ñåêâåíèðîâàíèå ïî Ñàíãåðó
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Suggested Reading
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Ìàññîâîå ñåêâåíèðîâàíèå êî-

ðîòêèõ ôðàãìåíòîâ



Ñåêâåíèðîâàíèå êîðîòêèõ ðèäîâ

• Àìïëèôèêàöèÿ øàáëîíà : öåëü � ïîëó÷èòü ìíîãî òûñÿ÷ èäåíòè÷íûõ ìîëåêóë

ÄÍÊ â îäíîé ìèêðîîáëàñòè ïðîñòðàíñòâà äëÿ òîãî, ÷òîáû ìîæíî áûëî

ðåãèñòðèðîâàòü ñèãíàë è îòëè÷àòü åãî îò øóìàe

• Ýìóëüñèîííàÿ ÏÖÐ

• Òâåðäîôàçíàÿ ãåíåðàöèÿ êëàñòåðîâ

• Ãåíåðàöèÿ êëàñòåðîâ â ðàñòâîðå

• Ñåêâåíèðîâàíèå : ëîêàëüíîå ñåêâåíèðîâàíèå àìïëèôèöèðîâàííûõ øàáëîíîâ

• Ñåêâåíèðîâàíèå ÷åðåç ëèãèðîâàíèå (SBL)

• Ñåêâåíèðîâàíèå ÷åðåç ñèíòåç (SBS)

• Öèêëè÷åñêàÿ îáðàòèìàÿ òåðìèíàöèÿ (CRT)

• Îäíîíóêëåîòèäíîå ïðèðàùåíèå (SNA)
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Ýìóëüñèîííàÿ ÏÖÐ

• Ê ÄÍÊ ïðèøèâàåòñÿ àäàïòåð

• Ê íàíî÷àñòèöàì ïðèøèâàþòñÿ îëèãîíóêëåîòèäû, êîìïëåìåíòàðíûé àäàïòåðó

• Ñ êàæäîé íàíî÷àñòèöåé ñâÿçûâàåòñÿ òîëüêî îäíà ìîëåêóëà ÄÍÊ

• Ðàñòâîð, ñîäåðæàùèé ðåàãåíòû ÏÖÐ, ïðåâðàùàåòñÿ â îáðàùåííóþ ýìóëüñèþ

òàê, ÷òî êàæäàÿ íàíî÷àñòèöà ïîïàäàåò â îäíó ìèöåëëó

• Â ïðîöåññå ÏÖÐ íà íàíî÷àñòèöå îáðàçóåòñÿ êîëîíèÿ èäåíòè÷íûõ ìîëåêóë

• Ýìóëüñèÿ îáðàùàåòñÿ, ÷àñòèöû îñàæäàþòñÿ
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Òâåðäîôàçíàÿ ãåíåðàöèÿ êëàñòåðîâ
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ÄÍÊ íàíîøàðû (Ïåêèíñêèé Èíñòèòóò Áèîèíôîðìàòèêè)

• Ê ÄÍÊ ïðèøèâàåòñÿ àäàïòåð è ìîëåêóëà çàêîëüöîâûâàåòñÿ

• Çàòåì ÄÍÊ ðàçðåçàåòñÿ â äðóãîì ìåñòå è ïðîöåññ ïîâòîðÿåòñÿ íåñêîëüêî ðàç

• Â ïðîöåññå àìïëèôèêàöèè êàòÿùåãîñÿ êîëüöà îáðàçóþòñÿ äëèííûå

êîíêàòàìåðû
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Ñåêâåíèðîâàíèå ÷åðåç ëèãèðîâàíèå (SOLiD)
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Ñåêâåíèðîâàíèå ÷åðåç ëèãèðîâàíèå (Complete Genomics)

11



Ñåêâåíèðîâàíèå ÷åðåç ñèíòåç CRT (Illumina)

12



Ñåêâåíèðîâàíèå ÷åðåç ñèíòåç SNA (Roche 454)
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Ñåêâåíèðîâàíèå ÷åðåç ñèíòåç SNA (Ion Torrent)

• êîìïëåìåíòàðíûé ìåòàëëî-îêñèäíûé ïîëóïðîâîäíèê (CMOS)

• èîí-÷óâñòâèòåëüíûé ïîëåâîé òðàíçèñòîð (ISFET)
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Ñåêâåíèðîâàíèå îäèíî÷íûõ

äëèííûõ ÄÍÊ



Ñåêâåíèðîâàíèå îäèíî÷íûõ äëèííûõ ÄÍÊ (PacBio)

• Äëèííàÿ ÄÍÊ ëèãèðóåòñÿ ê

çàêîëüöîâàííûì àäàïòåðàì

• Ìîäèôèöèðîâàííàÿ

ïîëèìåðàçà ïðèêðåïëÿåòñÿ ê

äíó ìèêðî-êîëîäöà ZMT

(zero-mode waveguide)

• Ïîëèìåðàçà îòðåçàåò

ôëóîðîôîð ïîñëå

âêëþ÷åíèÿ íóêëåîòèäà

• Êàæäàÿ ìîëåêóëà

ïðî÷èòûâàåòñÿ ìíîãîêðàòíî

áëàãîäàðÿ êîëüöåâîé

ñòðóêòóðå
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Ñåêâåíèðîâàíèå îäèíî÷íûõ äëèííûõ ÄÍÊ (Oxford

Nanopore)

• Èçìåíåíèå â

ïðîâîäèìîñòè

èîííîãî êàíàëà

çàâèñÿò îò òîãî,

êàêàÿ

ïîñëåäîâàòåëüíîñòü

íàõîäèòñÿ â ïîðå,

÷òî ìîæíî

èíòåðïðåòèðîâàòü

êàê k-ìåð
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Ñèíòåòè÷åñêèå äëèííûå ðèäû (Illumina Moleculo)

• ÄÍÊ ôðàãìåíòèðóåòñÿ äî

8�10 êèëîáàç è ïåðåíîñÿòñÿ

íà ïîäëîæêó ñ

ìèêðîêîëîäöàìè

• Êàæäûé ôðàãìåíò

ðàçðåçàåòñÿ äî ∼350 íò è ê

íåìó ïðèøèâàåòñÿ

øòðèõêîä, â êàæäîì

êîëîäöå ñâîé

• ÄÍÊ ñ øòðèõêîäàìè

îáúåäèíÿþòñÿ è

ñåêâåíèðóþòñÿ ïî îáû÷íîìó

ïðîòîêîëó
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Ñèíòåòè÷åñêèå äëèííûå ðèäû 10X Genomics

• Ôðàãìåíòû ÄÍÊ ∼100
êèëîáàç ïîìåùàþòñÿ â

ìèöåëëû, êàæäàÿ

ìèöåëëà ñîäåðæèò

àäàïòåð è óíèêàëüíûé

øòðèõêîä

• Â êàæäîé ìèöåëëå

êîðîòêèå ôðàãìåíòû

ÄÍÊ

àìïëèôèöèðóþòñÿ è

ïîìå÷àþòñÿ

øòðèõêîäàìè, êàæäûé

èç êîòîðûõ

ñîîòâåòñòâóåò

äëèííîìó ôðàãìåíòó
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Ïðèëîæåíèÿ



Pull-down ýêñïåðèìåíòû : èììóíîïðåöèïèòàöèÿ

Èììóíîïðåöèïèòàöèÿ (IP) � òåõíèêà îñàæäåíèÿ àíòèãåíà ïóòåì

ñïåöèôè÷åñêãîãî ñâÿçûâàíèÿ ñ àíòèòåëîì

1 Èììóíîïðåöèïèòàöèÿ îòäåëüíûõ áåëêîâ (IP)

2 Èììóíîïðåöèïèòàöèÿ áåëêîâûõ êîìïëåêñîâ (Co-IP)

3 Èììóíîïðåöèïèòàöèÿ õðîìàòèíà (ChIP)

4 Èììóíîïðåöèïèòàöèÿ ðèáîïðîòåèíîâûõ êîìïëåêñîâ (RIP, eCLIP)

5 Ðèáîñîìíûé ïðîôàéëèíã

6 Áðîìîóðèäèíîâûé ïðîôàéëèíã (Bru-seq)

7 Áðîìîóðèäèíîâûé ïóëüñîâûé ïðîôàéëèíã
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Èììóíîïðåöèïèòàöèÿ (ChIP)
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Èììóíîïðåöèïèòàöèÿ (ChIP)
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Ïðèìåð
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Further applications

• Ýêñïåðèìåíòû îáîãàùåíèÿ/äåïëåöèè

• ÐÍÊàçà R äëÿ îïðåäåëåíèÿ êîëüöåâûõ ÐÍÊ

• Ïîëèàäåíèëèðîâàííûå ÐÍÊ

• Äåïëåöèÿ ðÐÍÊ

• Îïðåäåëåíèå äîñòóïíîñòè

• Ñàéòû ãèïåð÷óâñòâèòåëüíîñòè ÄÍÊàçû

• ATAC-seq

• Îïðåäåëåíèå ïðîñòðàíñòâåííîé áëèçîñòè

• Îïðåäåëåíèå êîíôîðìàöèè õðîìîñîìû (3C)

• Îïðåäåëåíèå ÐÍÊ äóïëåêñîâ (PARIS)
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Ïðèìåð
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ENCODE consortium (encodeproject.org)
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RNA-seq
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Ïàðíûå ïðî÷òåíèÿ è öåïü-ñïåöèôèöåñêèå ïðî÷òåíèÿ

• Åñëè ñåêâåíèðóåì îäíîöåïî÷å÷íóþ ÐÍÊ

• Ñíà÷àëà ñèíòåçèðóåì êîìïëåìåíòàðíóþ öåïü (RT)

• Ïëþñ-öåïü ñèíòåçèðóåì, íî äîáàâëÿåì ìîäèôèöèðîâàííûé íóêëåîòèä

(òèîóðèäèí)

• Äâóõöåïî÷å÷íûé äóïëåêñ ëèãèðóåì ñ àäàïòåðîì

• Ðàñùåïëÿåì òèîóðèäèí
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Data Analysis

• Êàðòèðîâàíèå : èìååòñÿ áîëüøîå ÷èñëî êîðîòêèõ ïðî÷òåíèé (108) è

ðåôåðåíñíûé ãåíîì

• Âûñîêàÿ ñêîðîñòü

• Íåáîëüøîå ÷èñëî îøèáîê

• Íåîäíîçíà÷íûå êàðòèðîâàíèÿ

• Ðàçðûâíûå/íåëèíåéíûå êàðòèðîâàíèÿ

• Êâàíòèôèêàöèÿ : êîëè÷åñòâåííàÿ îöåíêà ïðåäñòàâëåííîñòè êàæäîãî ãåíîìíîãî

ó÷àñòêà

• Peak Calling : ëîêàëèçîâàííûé êîëè÷åñòâåííûé ñèãíàë

• Äåêîíâîëþöèÿ : íóæíî âîññòàíîâèòü ïðåäñòàâëåííîñòè è ñòðóêòóðó

ïåðåêðûâàþùèõñÿ òðàíñêðèïòîâ, îñíîâûâàÿñü íà ëîêàëüíîé èíôîðìàöèè î

êîðîòêèõ ðèäàõ
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Äåêîíâîëþöèÿ∗

• Äëÿ äàííîé ìîäåëè òðàíñêðèïòà, êàêîâà âåðîÿòíîñòü ïîëó÷èòü íàáëþäàåìîå

ðàñïðåäåëåíèå ðèäîâ?

• Èìåÿ íàáëþäàåìîå ðàñïðåäåëåíèå ðèäîâ, êàêàÿ ñòðóêòóðà òðàíñêðèïòîâ

ìàêñèìèçèðóåò ïîñòåðèîðíóþ âåðîÿòíîñòü âèäåòü òî, ÷òî ìû âèäèì?

• Êàêàÿ ñòðóêòóðà òðàíñêðèïòîâ ìàêñèìèçèðóåò ôóíêöèþ ïîòîêà â ãðàôå?
∗Huang et al, JCB 2013
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Íåðàâíîìåðíîå ðàñïðåäåëåíèå ðèäîâ∗

• 3'-ñìåùåíèå èç-çà ïðàéìèíãà îáðàòíîé òðàíñêðèïöèè

• ÃÖ ñìåùåíèå � ðèäû ñ âûñîêèì ÃÖ-ñîñòàâîì îêàçûâàþòñÿ ïåðåïðåäñòàâëåíû

• Ýôôåêò ëàáîðàòîðèè

• Àðòåôàêòû øòðèõêîäîâ â íîâûõ òåõíîëîãèÿõ Èëþìèíû
∗Huang et al, JCB 2013
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Êîëè÷åñòâåííûå îöåíêè ñïëàéñèíãà
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Ãðàô ñïëàéñèíãà
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Ψ is a binomial (multinomial) variable de�ned for a group of vertex-independent
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Ïàéïëàéí IPSA

BAM file

reads with
one split

reads with
no splits

reads with 2
or more splits

1. aggregate

2. annotate

3. choose strand

4. npIDR

5. filter

1. aggregate

2. match to SJ

3. npIDR

4. filter

1. aggregate

2. match to SJ

3. extract exons

4. filter

Splice JunctionsSplice Sites Mini-exons
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O�set

O�set is the position of the split within

the read sequence

offset
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GTEx: splicing QTLs

Ψ = b0 + b1 ∗ genotype, 0≤Ψ≤1, 0≤genotype≤1

∆Ψ = 0.1⇔ b1 = 0.1

t = (|b1| − 0.1)/SE(b1)

Challenge: �nd sQTLs in unballanced design

37



Ñïàñèáî çà âíèìàíèå
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