
ʄʘʨʠʷ ʃʦʛʘʯʝʚʘ, 

ʉʢʦʣʢʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʘʫʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, Genomics core facility

ʃʝʢʮʠʷ ʧʨʦʯʠʪʘʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ Genschool.ru

˥͔͔͙ͤͭ;͔͙͔ͫ͟ ΄ͦ͟͡·
genschool.ru



ʊʝʭʥʦʣʦʛʠʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ

Sanger sequencing

º 2-ʝ ʧʦʢʦʣʝʥʠʝ 

º 3-ʝ ʧʦʢʦʣʝʥʠʝ 

º 1-͔ ͔͙͔ͨͦͦͤ͟͡

N

G

S



ʆʙʱʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ NGS: ʦʪ ʠʩʭʦʜʥʦʡ 

ɼʅʂ ʜʦ çʙʫʢʚè ʥʘ ʵʢʨʘʥʝ

ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʙʠʙʣʠʦʪʝʢʠ 

(ʜʨʦʙʣʝʥʠʝ ɼʅʂ ʠ 

ʣʠʛʠʨʦʚʘʥʠʝ ʘʜʘʧʪʝʨʦʚ)

ʘʤʧʣʠʬʠʢʘʮʠʷ

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʠ ʦʪʞʠʛ 

ʧʨʘʡʤʝʨʦʚ

ʩʠʥʪʝʟ ʮʝʧʠ, 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʡ 

ʩʝʢʚʝʥʠʨʫʝʤʦʤʫ ʬʨʘʛʤʝʥʪʫ

ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʛʥʘʣʘ

ʠʥʪʝʛʨʘʮʠʷ ʩʠʛʥʘʣʘ, 

ʧʝʨʝʚʦʜ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɼʅʂ 

(basecalling)



ʊʝʭʥʦʣʦʛʠʠ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ2 ʧʦʢʦʣʝʥʠʷ: 454
ʉʘʤʘʷ ʧʝʨʚʘʷ ʠʟ ʪʝʭʥʦʣʦʛʠʡ NGS (Margulies et al. Nature 2005; 441.7089)

ʇʨʝʠʤʫʱʝʩʪʚʘ:

Åʙʦʣʴʰʘʷ ʜʣʠʥʘ ʯʪʝʥʠʷ (ʩʨʘʚʥʠʤʦ ʩ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʧʦ ʉʵʥʛʝʨʫ)

Åʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ

Åʥʘʠʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ GC-ʩʦʩʪʘʚʫ

ʅʝʜʦʩʪʘʪʢʠ

Åʥʝʪʦʯʥʦʩʪʴ ʧʨʦʯʪʝʥʠʷ ʛʦʤʦʧʦʣʠʤʝʨʥʳʭ ʫʯʘʩʪʢʦʚ

Åʚʳʩʦʢʘʷ ʮʝʥʘ ʚ ʨʘʩʯʝʪʝ ʥʘ ʥʫʢʣʝʦʪʠʜ

Åʚ 2016 ʛʦʜʫ ʧʨʝʢʨʘʪʠʣʘʩʴ ʧʦʜʜʝʨʞʢʘ



Illumina ïʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʩ 

ʦʙʨʘʪʠʤʳʤ ʪʝʨʤʠʥʠʨʦʚʘʥʠʝʤ

ʉʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʠʟ NGS-ʪʝʭʥʦʣʦʛʠʡ (~ 85% ʜʘʥʥʳʭ)

ʇʨʝʠʤʫʱʝʩʪʚʘ:

Åʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ (ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ 0.1-0.5%)

Åʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ

Åʜʦʩʪʫʧʥʦʩʪʴ ʇʆ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ

Åʥʘʠʤʝʥʴʰʘʷ ʮʝʥʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ (ʚ ʨʘʩʯʝʪʝ ʥʘ ʥʫʢʣʝʦʪʠʜ)

ʅʝʜʦʩʪʘʪʢʠ

Åʚʳʩʦʢʘʷ ʮʝʥʘ ʨʝʘʛʝʥʪʦʚ

Åʧʨʦʙʣʝʤʳ ʩ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʤʘʪʨʠʮ ʩ ʥʠʟʢʦʡ ʩʣʦʞʥʦʩʪʴʶ

Åʙʦʣʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʦʥʘ (ʥʝ ʜʣʷ ʚʩʝʭ ʧʨʠʙʦʨʦʚ)

Åʦʰʠʙʢʠ ʚ GC-ʙʦʛʘʪʳʭ ʫʯʘʩʪʢʘʭ

Åʘʨʪʝʬʘʢʪʳ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʩʦʦʪʥʝʩʝʥʠʷ ʯʪʝʥʠʡ



ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ Illumina - ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ

2. ɹʠʙʣʠʦʪʝʢʫʧʨʦʧʫʩʢʘʶʪʯʝʨʝʟʢʘʥʘʣʳ

ʷʯʝʡʢʠ,ʧʦʢʨʳʪʳʝʧʨʘʡʤʝʨʘʤʠ,

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠʢʦʥʮʘʤʘʜʘʧʪʝʨʦʚ

3. ʏʝʨʝʟ ʷʯʝʡʢʫ ʧʨʦʧʫʩʢʘʶʪ 

ʨʝʘʛʝʥʪʳ ʜʣʷ ʜʦʩʪʨʘʠʚʘʥʠʷ 

ʚʪʦʨʦʡ ʮʝʧʠ ɼʅʂ

4. ɼʚʫʭʮʝʧʦʯʝʯʥʳʝʬʨʘʛʤʝʥʪʳ

ʜʝʥʘʪʫʨʠʨʫʶʪ

ʉʪʘʜʠʠ 3-4 

ʧʦʚʪʦʨʷʶʪʩʷ 

30-35 ʨʘʟ

6. ʂʘʞʜʳʡ ʬʨʘʛʤʝʥʪ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʢʨʫʞʝʥ 

ʛʨʫʧʧʦʡ ʠʜʝʥʪʠʯʥʳʭ 

ʤʦʣʝʢʫʣ (çʢʣʘʩʪʝʨʳè).

1.ʇʦʜʛʦʪʦʚʢʘʙʠʙʣʠʦʪʝʢʠ



ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ Illumina - ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ

7. ʉʠʥʪʝʟ
8. ʉʢʘʥʠʨʦʚʘʥʠʝ

9. ɼʝʙʣʦʢʠʨʦʚʘʥʠʝ ʠ ʦʪʤʳʚʢʘ

10. ʇʦʚʪʦʨʝʥʠʝ 7-9 

ʥʫʞʥʦʝ ʯʠʩʣʦ ʨʘʟ (50-

300). ʏʠʩʣʦ ʮʠʢʣʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ 

ʯʪʝʥʠʷ



Illumina: ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ

ʋʧʦʨʷʜʦʯʝʥʥʳʝ (patterned) ʷʯʝʡʢʠ
ʇʨʝʠʤʫʱʝʩʪʚʘ: ʤʝʥʴʰʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʣʦʪʥʦʩʪʠ 

ʢʣʘʩʪʝʨʦʚ, ʦʪʩʫʪʩʪʚʠʝ 

ʘʨʪʝʬʘʢʪʦʚ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 

ʩʦʦʪʥʝʩʝʥʠʷ ʯʪʝʥʠʡ

ʅʝʜʦʩʪʘʪʢʠ: ʙʦʣʝʝ ʩʪʨʦʛʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʣʠʥʝ ʙʠʙʣʠʦʪʝʢ, 

ʘʨʪʝʬʘʢʪʳ ʛʝʥʝʨʘʮʠʠ 

ʢʣʘʩʪʝʨʦʚ

ʆʙʣʘʩʪʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ, 

ʟʘʥʠʤʘʶʪ ʥʝ ʚʩʶ ʷʯʝʡʢʫ, ʘ ʨʘʩʧʦʣʦʞʝʥʳ ʫʧʦʨʷʜʦʯʝʥʥʦ.

ʀʩʢʣʶʯʘʶʱʘʷ ʘʤʧʣʠʬʠʢʘʮʠʷ 

(exclusion amplification)

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʤʝʥʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʣʦʪʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ, ʙʦʣʴʰʘʷ ʜʦʣʷ 

ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ

ʅʝʜʦʩʪʘʪʢʠ: ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʣʠʥʝ ʙʠʙʣʠʦʪʝʢ, ʘʨʪʝʬʘʢʪʳ ʛʝʥʝʨʘʮʠʠ 

ʢʣʘʩʪʝʨʦʚ

ʆʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʡ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʤʧʣʠʬʠʢʘʮʠʠ.



Illumina: ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ

ɼʚʫʭʮʚʝʪʥʦʝʩʢʘʥʠʨʦʚʘʥʠʝ

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ 

ʬʣʫʦʨʦʬʦʨʦʚ.

ʉ ʠ ʊ ʠʤʝʶʪ ʤʝʪʢʠ ʢʘʞʜʦʛʦ ʠʟ 

ʪʠʧʦʚ, ɸ ïʦʙʝ ʤʝʪʢʠ, G ïʙʝʟ 

ʤʝʪʢʠ

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʩʢʦʨʦʩʪʴ

ʅʝʜʦʩʪʘʪʢʠ: ʙʦʣʴʰʘʷ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʧʣʦʪʥʦʩʪʠ 

ʢʣʘʩʪʝʨʦʚ, ʤʝʥʴʰʘʷ ʪʦʯʥʦʩʪʴ

ʇʨʠʙʦʨʳ:

Å MiniSeqïʜʚʫʭʮʚʝʪʥʳʡʘʥʘʣʦʛMiSeq

Å NextSeqïʩʨʝʜʥʷʷʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ,ʦʪ120ʜʦ400ʄʯʪʝʥʠʡ,ʜʣʠʥʘʦʪ75

ʜʦ150+150ʧʥ

Å NovaSeqïʜʚʫʭʮʚʝʪʥʳʡʘʥʘʣʦʛHiSeq



Illumina : ʣʠʥʝʡʢʘ ʧʨʠʙʦʨʦʚ

MiSeq 4-ʮʚʝʪʥʳʡ

MiniSeq ï2-ʮʚʝʪʥʳʡ

15-25 ʤʣʥʯʪʝʥʠʡ

ʜʣʠʥʘ ʯʪʝʥʠʷ ʜʦ 300+300 (MiSeq)

ʠʣʠ 150+150 (MiniSeq)

NextSeq ï2-ʮʚʝʪʥʳʡ

120-400 ʤʣʥ ʯʪʝʥʠʡ

ʜʣʠʥʘ ʯʪʝʥʠʷ ʜʦ 150+150 

HiSeq2000/2500

ʜʦ 1.6 ʤʣʨʜ ʯʪʝʥʠʡ, 

ʜʣʠʥʘ ʯʪʝʥʠʷ ʜʦ 250+250

HiSeq4000

ʜʦ 2.5 ʤʣʨʜ ʯʪʝʥʠʡ

ʜʣʠʥʘ ʯʪʝʥʠʷ ʜʦ 150+150

HiSeqX10

NovaSeq ï2-

ʮʚʝʪʥʳʡ, ʜʦ 3 

ʤʣʨʜ ʯʪʝʥʠʡ

ʜʣʠʥʘ ʯʪʝʥʠʷ ʜʦ 

150+150



ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ

ʇʨʠʥʮʠʧ ʩʭʦʜʝʥ ʩ 454, ʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʝ ʩʚʝʪ, ʘ pH

ʉʘʤʘʷ ʥʦʚʘʷ ʠʟ ʪʝʭʥʦʣʦʛʠʡ cʝʢʚʝʥʠʨʦʚʘʥʠʷ 2 ʧʦʢʦʣʝʥʠʷ

ʇʨʝʠʤʫʱʝʩʪʚʘ:

Åʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʮʝʥʘ ʟʘ ʟʘʧʫʩʢ

Åʙʳʩʪʨʦʪʘ 

Åʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʜʣʠʥʘ ʯʪʝʥʠʷ ï200-600 ʧʥ

ʅʝʜʦʩʪʘʪʢʠ

Åʥʝʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʯʪʝʥʠʷ ʛʦʤʦʧʦʣʠʤʝʨʥʳʭ ʫʯʘʩʪʢʦʚ

Åʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ

Å ʨʝʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʥʝʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʛʝʥʦʚ (ʧʘʥʝʣʝʡ) ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʢʨʠʥʠʥʛʘ

Å ʧʨʠʣʦʞʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ (ʧʨʝʥʘʪʘʣʴʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ, ʢʦʥʪʨʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʪʦʛʝʥʦʚ)

Å ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʜʝ ʥʦʚʦ ʥʝʙʦʣʴʰʠʭ ʛʝʥʦʤʦʚ

Å çʧʦʣʝʚʳʝè ʠʩʩʣʝʜʦʚʘʥʠʷ



ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ: ʧʨʠʙʦʨʳ

Ion PGM

Å 4-5 ʤʠʣʣʠʦʥʦʚ ʯʪʝʥʠʡ

Å ʚʨʝʤʷ ʨʘʙʦʪʳ 4-7 ʯʘʩʦʚ

Å ʜʣʠʥʘ ʯʪʝʥʠʷ 200-400 ʧʥ

Ion Proton

Å 60-80 ʤʠʣʣʠʦʥʦʚ ʯʪʝʥʠʡ

Å ʚʨʝʤʷ ʨʘʙʦʪʳ 2-4 ʯʘʩʘ

Å ʜʣʠʥʘ ʯʪʝʥʠʷ ʜʦ 200 ʧʥ

Ion S5 ïʩʦʯʝʪʘʝʪ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ PGM ʠ Proton. ɼʣʠʥʘ 

ʯʪʝʥʠʷ ʜʦ 600 ʧʥ.



ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʫʪʝʤ ʣʠʛʠʨʦʚʘʥʠʷ (SOLiD)

ʇʨʝʠʤʫʱʝʩʪʚʘ:

Åʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ

Åʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʴ ʜʦʨʦʞʝʢ ʥʘ ʷʯʝʡʢʝ

ʅʝʜʦʩʪʘʪʢʠ

Åʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʯʪʝʥʠʷ

Åʜʣʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ

Åʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʇʆ



ʆʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 2 ʧʦʢʦʣʝʥʠʷ

ʄʘʣʘʷ ʜʣʠʥʘ ʧʨʦʯʪʝʥʠʷ (ʤʝʥʝʝ 1000 bp)

ɼʦʨʦʛʦʚʠʟʥʘ ʧʨʠʙʦʨʦʚ ʠ ʨʝʘʛʝʥʪʦʚ

ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʝʢʮʠʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʫʢʣʝʦʪʠʜʦʚ

ʇʎʈ ïʠʩʪʦʯʥʠʢ ʦʰʠʙʦʢ ʠ ʘʨʪʝʬʘʢʪʦʚ



ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʝʜʠʥʠʯʥʳʭ ʤʦʣʝʢʫʣ

Åʧʨʦʩʪʘʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʘ(ɼʅʂ 

ʬʨʘʛʤʝʥʪʠʨʫʝʪʩʷ, ʘʜʝʥʠʣʠʨʫʝʪʩʷ 

ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʷʯʝʡʢʝ ʩ ʦʣʠʛʦ-

dT ʘʜʘʧʪʝʨʘʤʠ)

Åʧʨʠʥʮʠʧ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ 

ʩʭʦʜʝʥ ʩ Illumina(ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʤʝʯʝʥʳʝ ʦʙʨʘʪʠʤʦ 

ʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʥʫʢʣʝʦʪʠʜʳ)

Åʥʝʙʦʣʴʰʘʷ ʜʣʠʥʘ ʯʪʝʥʠʷ (ʜʦ 50 

ʧʥ) 

Åʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ

(3-5%)

Å~ 35 ɻʙ ʟʘ ʦʜʠʥ ʟʘʧʫʩʢ

Åʚʨʝʤʷ ʨʘʙʦʪʳ 8 ʜʥʝʡ

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ï

ʚʳʩʦʢʦʪʦʯʥʳʡ ʘʥʘʣʠʟ 

ʵʢʩʧʨʝʩʩʠʠ, ʦʮʝʥʢʘ ʢʦʧʠʡʥʦʩʪʠ 

ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ

Helicos



ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʝʜʠʥʠʯʥʳʭ ʤʦʣʝʢʫʣ

SMRT sequencing (Pacific Biosciences)

ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʤʝʨʘʟʘ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʘʷ ʚ 100-ʥʤ ʣʫʥʢʘʭ, ʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʝ dNTP. ɺʦʟʤʦʞʥʳ ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʯʪʝʥʠʷ (> 

10 000), ʥʦ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ (ʜʦ 10%). ɺʦʟʤʦʞʥʦ ʧʨʷʤʦʝ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʥʦʡ ɼʅʂ, ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʥʘʜ 

ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʷʤʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʈʅʂ. 



PacBio: ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ

ʉʙʦʨʢʘ ʛʝʥʦʤʦʚ de novo
ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚʉʝʢʚʝʥʠʨʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʫʯʘʩʪʢʦʚ ʛʝʥʦʤʘ


