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ⱬכ◦♇◒
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▬ꜟⱵ♫ iSchool ï
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–↓╣⅛╠▬ꜟⱵ♫─ ╩כ◘fi◔כ◦ ↕╣╢ ↑⌐ ─ ™
╛⁸ ╩ ™ ╘√ ↑─ ─ⱳ▬fi♩⁸ ⅜ ⌂ ↑
─♩ꜝⱩꜟ◦ꜙכ♥▫fi◓─√╘─ⱡ►Ɫ►⌂≥⁸ ⌐ ∂√ ~

╕≢─ ≢⁸ ⌐ ≈ ♩כⱳ◘ה☻ⱦכ◘╩ ─☻Ɑ◦ꜗꜞ☻
♩⅜⅔ ⅎ™√⇔╕∆⁹ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ│⁸ꜚכ◙כ ⅜ ⌐≥─
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▬ꜟⱵ♫ iSchool ï►▼ⱦ♫כ

–◦☻♥ⱶ ⌐꞉כ◒ⱨ꜡כ╩ ⇔√™⁸ ⇔™ꜝⱲ☻♃♇ⱨ⌐♩
╩◓fi♬כ꜠ ↑≡╒⇔™≤™∫√↔ ⌐⅔ ⅎ∆╢√╘⁸○fi♦ⱴfi
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▬ꜟⱵ♫ iSchool ïꜝ Ⱳ♩꜠כ♬fi◓
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1 ∫≡⅔⅝√™NGS─
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1 NGS─ ≤꞉כ◒ⱨ꜡כ

2 NGS╩ ℮ ≢ ⌂ ─ ≤

1 ∫≡⅔⅝√™NGS─
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1 NGS─ ≤꞉כ◒ⱨ꜡כ

1. │≥כ◘fi◔כ◦

2. ─כ◘fi◔כ◦ ─⇔ↄ╖

1 ∫≡⅔⅝√™NGS─
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│≥כ◘fi◔כ◦ .1
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כ◘fi◔כ◦ NGS ─

1,000♪ꜟ≢
ⱥ♩◕ⱡⱶ

╩

1 ≢
ⱥ♩◕ⱡⱶ
╩

כ◘fi◔כ◦ NGS

ⱥ♩◕ⱡⱶ
ⱪ꜡☺▼◒♩

◘fi●כ◦כ◔fi◘כ CE

◘fi●כ◦כ◔fi◘כ─ ╩ ⇔√₈ כ◘fi◔כ◦₉─
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2006
◕ⱡⱶ

$2,000

2003
ⱥ♩◕ⱡⱶ
ⱪ꜡☺▼◒♩

$30

2007
כ◘fi◔כ◦

⌐╟╢◕ⱡⱶ

$200

2008
30X ◌Ᵽ꜠♇☺─
◕ⱡⱶ

$20

ⱥ♩◕ⱡⱶ ◖☻♩─



11

ⱥ♩◕ⱡⱶ ◖☻♩

$2,000 Ÿ $1,000

1/20,000

2014

$1,000
◕ⱡⱶ

2010

$10,000
◕ⱡⱶ

ⱥ♩◕ⱡⱶ ◖☻♩─

1,000♪ꜟ≢ⱥ♩◕ⱡⱶ ╩
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◘fi●כ◦כ◔fi◘כ≤ ─כ◘fi◔כ◦ ™

DNA ☻fi◔כ◦ ꜟfiⱪ◘♃כ♦

◘
fi
●
כ
◦
כ
◔
fi
◘
כ

◦
כ
◔
fi
◘
כ

כ♃☻ꜝ◒ ☻fi◔כ◦ כꜞꜝⱩ▬ꜝ♃כ♦
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◘fi●כ◦כ◔fi◘כ≤ ─כ◘fi◔כ◦ ™

◘fi●כ◦כ◔fi◘כ
כꜞꜝⱧꜗ◐/♪כꜞ1

כ◘fi◔כ◦
כ♃☻ꜝ◒/♪כꜞ1

♪כꜞ

♪כꜞ

♃כ♦

1,000 bp x1

96

96 Kb

150 bp x2

6,000,000,000

1.8 Tb

X                                            X X

II                                             II II

1 ≢ ╩♪כꜞ─
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ṇ ︢ ךּ צּוֹ

ṇ
ṇ

V2

–50 cycle
50bp 2x25 15M

• ṇ ṇ ṇ
(Small RNA )

•Library QC

V2

–300 cycle
300bp 2x150 15M

• Nextera XT ṇ

• PCR

• TruSeq Custom Amplicon

V2

–500 cycle
500bp 2x250 15M

• ṇ ṇ
• De novo ṇḭ

ṇ
ṇ

V3 

- 150 cycle
150bp 2x75 25M

• RNA-seq ( ṇ )

• Exomeḭ

V3

–600 cycle
600bp 2x300 25M

• ṇ ṇ
• de novo ṇ
• HLA ḭ
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│≥כ◘fi◔כ◦ .1

•◘fi●כ◦כ◔fi◘כ─ ╩ ⇔√
₈ כ◘fi◔כ◦₉─

•1 ≢ ╩♪כꜞ─

•1000♪ꜟ≢ⱥ♩◕ⱡⱶ ╩
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1 NGS─ ≤꞉כ◒ⱨ꜡כ

1. │≥כ◘fi◔כ◦

2. ─כ◘fi◔כ◦ ─⇔ↄ╖

1 ∫≡⅔⅝√™NGS─
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2. ─כ◘fi◔כ◦ ─⇔ↄ╖
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אל ךּ ︣ MiSeq ṇ
ṇ

DNA

Ẁ

ṇ

Ẁ

DNAּפ 8 *ḵ

* Nextera ḭ36bpx1

( )

ṇ
[ ]

08:00:00

Amplicons

Clones

gDNA
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MiSeq Sequencing Workflow

Data Analysis

Sequencing

Cluster Generation

Library Preparation
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DNA DNA

bp

◕ꜟ
┘PCR

ꜝ▬Ⱪꜝꜞכ ≤│⁸ ≢כ◘fi◔כ◦ ≢⅝╢ ↕⌐DNA╩ ⇔⁸
⌐☻fi◔כ◦ ⌂ ▪♄ⱪ♃כ ╩ ⇔√╙─╩ ╢↓≤
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ḭ צּ ךּ כֿ

Illumina פּ :

– TruSeq sample preparation kit ( [DNA]ḭ[RNA]ḭ[Small RNA], [ChIP-Seq]ḭ ) 

– TruSeq Custom Amplicon (TSCA) kit

– Nextera kit

– TruSight kit   

(ẁ פֿ )

– qPCR

– Qubit

– Picogreen

(ẁ פֿ )

– Bioanalyzer

–

Library Preparation

Flowcell

ṇ ṇ

ṇ אל DNA

Index ( ṇ ṇ Ṗ

ḭצּ ךּ
ṇ ṇ טּ Ḯ

:  TruSeq DNA HT (Dual Index) 
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index
Index

1
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MiSeq Sequencing Workflow

Data Analysis

Sequencing

Cluster Generation

Library Preparation
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ṇ ḭ ṇ DNA 

︣ לּ

ṇ ḭ ṇ אל ṇ DNA ּצ
אל טּ

ṇ אל DNA 

ṇ 5

1. Hybridize sample to flowcell

2. Amplify sample

3. Linearize fragments

4. Block fragments

5. Hybridize sequencing primer

Cluster Generation

1. ṇ DNA 2. PCR 3. ṇ

ṇ
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Flow Cell ?

ḭ

ḭ
אל ” צּ ” ךּ

ṇ צּ
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Flow Cell

Cluster Generation

Flowcell

ṇ ṇ צּ ’‘
טּ

￼ ṇ ṇ
︣
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3ô 

extension

￼ḭ צּ ṇ
︣

ḭ¢   ṇּפ
ṇ צּ

כֿ צּ
אל

Cluster Generation

Hybridize Fragment & Extend

1.   Hybridize sample to flowcell
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discard

צּאל אל

צּ ךּ
אל

אל DNA ḭ
ṇ פּ

Cluster Generation

Denature Double-stranded DNA

1.   Hybridize sample to flowcell
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צּ
ṇ ṇ
︡ ךּ Ḯ

Cluster Generation

Denature Double-stranded DNA

1.   Hybridize sample to flowcell
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צּ צּ ṇ ︡ ︣

︡ ṇ ṇ ︣

Cluster Generation

Bridge Amplification

2. Amplify sample
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צּ אל

Cluster Generation

Bridge Amplification

2. Amplify sample



32

צּ אל

: ṇ

︡

Cluster Generation

Bridge Amplification

2. Amplify sample
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צּ אל
צּ אל Ḯ

Cluster Generation

Bridge Amplification

2. Amplify sample
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dsDNA

צּ אל

צּ אל ḭ
ךּ אל

Linearization

Cluster Generation

3. Linearize fragments
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ṏ צּ
︡

אל

Linearization

Cluster Generation

3. Linearize fragments
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ṇ ṇ
צּ

︣
Sequencing 

primer

Primer Hybridization

Cluster Generation

4. Hybridize sequencing primer

ṇ
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MiSeq Sequencing Workflow

Data Analysis

Sequencing

Cluster Generation

Library Preparation
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Sequencing

MiSeq ṇ ṇ ṇ ︡ טּ Sequencing By 

Synthesis (SBS) ּך DNA ṇ ︣ :

Reversible Terminator Chemistry  

אל 1 נּ 4

( )

ṇ ךּ

O

PPP

HN

N

O

O

cleavage
site fluor

3ô
block

O

DNA

HN

N

O

O

3ô

O

5ô

free 3ô end

X

OH

SBS
ḭ

ḭ
Block ḭ
Fluor
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SBS ṇ ṇ

T

A

C

G

︡
ddNTPs DNA
ṇ

Ḯ
פּ

ḭ
ךּ אל Ḯ

ṇ ṇ

G

3’

T

C

...

G

G

GATGCTACG

G G

A

CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 CYCLE 7 CYCLE 8 CYCLE 9

BASE CALLING

Sample 

Preparation
Cluster 

Generation
Sequencing
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Add 4 Fl-NTPôs 

+ Polymerase

Incorporated FI-

NTP imaged

Terminator & fluorescent 

dye cleaved from FI-NTP

X 36 - 301

Sequencing by Synthesis (SBS) 
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1 2 3 7 8 94 5 6

T T T T T T T G T …

T G C T A C G A T …

ü 1 פֿ ṇ צּ Ḯ

ü ṇ ṇ פּ אל Ḯ

Sequencing
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ṇ & 
ṇ ︣

1

2

3

ṇ

Read 2 

Resynthesis

& 

ṇ
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Sequenced 

strand

► Index Ḳ
ṇ ṇ

► ︡
︣

► ṇ DNA
︡צּ פּ ḭIndex

צּ

Index Sequencing
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Sequenced 

strand
► ṇ DNA

Index Sequencing
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Sequenced 

strand
► Index

ṇ ṇ

Index 

Sequencing 

Primer

Index Sequencing
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Paired End Sequencing
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Sequenced 

strand
► ṇ ︣צּ

► ¢   ṇ 3’

︣

Sequenced 

strand

Blocked 

3ô-ends

Paired End Sequencing
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Bridge 

formation

3ô extension

► צּ ¢ ¢ ṇ ︡ ︣

► ¢  ṇ 3  פּ ︣

Paired End Sequencing
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Double 

stranded 

DNA

Paired End Sequencing

► ¢ ¢ ṇ 3  פּ DNA

ἲ DNA
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Original 

forward 

strand

Blocked 3ô-

ends

► צּ ( אל ( ḭ
אל

Paired End Sequencing
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Reverse 

strand

template

Blocked 

3ô-ends

Sequencing 

primer

► DNA תּ
¢   ṇ ṇ

צּ ’3 אל

► Read2 ṇ ṇּצ
︣

► ṇ Read1

Paired End Sequencing
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Dual Index ṇ ךּ
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Dual Index ṇ (i5 ḭi7 2
Ṗ

1 2 3

Paired End 

Turnaround

4

4 ṇ
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Region complementary to P5 grafting primer 

Index 2

P5 primer

DNA insert

P7 primer

Index 1

P7 grafting primer
P5 grafting primer

Flow cell surface

Dual Index Sequencing
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SBS Sequencing Primer Hybridization

1.  Read 1 ṇ

Dual Index Sequencing



56

Sequence (Cycle 1)

1. Read 1 ṇ
2. Read 1 ṇ

Dual Index Sequencing
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Sequence (Cycle 1)

1. Read 1 ṇ
2. Read 1 ṇ

Dual Index Sequencing
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Index 1 Seq Primer Hybridization

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ

Dual Index Sequencing
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Index 1 read –8 cycles

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

Dual Index Sequencing
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Unblock

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

Dual Index Sequencing
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P5 grafting primer

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

Dual Index Sequencing
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7 dark  cycles

P5 grafting primer

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

Dual Index Sequencing
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7 dark  cycles

Index 2 index read

8 cycles

P5 grafting primer

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

6. Index 2

Dual Index Sequencing
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7 dark  cycles

Index 2 index read

8 cycles

P5 grafting primer

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

6. Index 2

7. Read 2 וֹ

Dual Index Sequencing
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Original strand New strand

Linearization

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

6. Index 2

7. Read 2 וֹ

Dual Index Sequencing
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New strand

Cleavage of Original Template

Reblocked

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

6. Index 2

7. Read 2 וֹ

Dual Index Sequencing
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Read 2 primer 

Hybridization

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

6. Index 2

7. Read 2 וֹ
8. Read 2 ṇ

Dual Index Sequencing
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Sequence

1. Read 1 ṇ
2. Read 1 ṇ
3. Index 1 ṇ
4. Index 1

5. Index 2

6. Index 2

7. Read 2 וֹ
8. Read 2 ṇ
9. Read 2 ṇ

Dual Index Sequencing
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Technology Spotlight ▬ꜟⱵ♫◦כ◔fi☻♥◒ⱡ꜡☺כ

–Pub. No. 770-2013-J001 20MAR2013

–http://jp.illumina.com/content/dam/illumina-

marketing/apac/japan/documents/pdf/technote_illumina_sequencing_techno

logy-j.pdf

Technology Spotlight ▬ꜟⱵ♫2 SBS ◦כ◔fi☻♥◒ⱡ꜡☺כ

–Pub. No. 770-2013-J054 10APR2014

–http://jp.illumina.com/content/dam/illumina-

marketing/apac/japan/documents/pdf/technote_two-channel_sbs.pdf

☻fi◔כ◦ ╩ ⇔ↄ ┬⌐│

http://jp.illumina.com/content/dam/illumina-marketing/apac/japan/documents/pdf/technote_illumina_sequencing_technology-j.pdf
http://jp.illumina.com/content/dam/illumina-marketing/apac/japan/documents/pdf/technote_two-channel_sbs.pdf
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2. ─כ◘fi◔כ◦ ─⇔ↄ╖

• ⁸ ⁸▪fiⱪꜞ◖fi⌐╟∫≡ ╩ ⇔⁸
▪♄ⱪ♃כ╩ ⇔≡⁸ꜝ▬Ⱪꜝꜞכ╩

• ⌂◦◓♫ꜟ╩ ╢√╘⁸ꜝ▬Ⱪꜝꜞכ╩
ⱨ꜡כ☿ꜟ ≢ ╩כ♃☻ꜝ◒≡⇔

•1 ∏≈ ⇔≡⁸ ╩
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1 NGS─ ≤꞉כ◒ⱨ꜡כ

2 NGS╩ ℮ ≢ ⌂

1 ∫≡⅔⅝√™NGS─
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2 NGS╩ ℮ ≢ ⌂

1. ╩כ◘fi◔כ◦ ℮√╘─

2. ▪ⱪꜞ◔כ◦ꜛfi⌐ ⌂

1 ∫≡⅔⅝√™NGS─
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◦fi◓ꜟꜞכ♪/Ɑ
▪◄fi♪ ♪כꜞ

♩♇ⱪכꜟ☻ ♪כꜞ

♪כꜞ ◌Ᵽ꜠♇☺
ⱴ♇Ⱨfi◓/

▪ꜝ▬ⱷfi♩

Ᵽꜞ▪fi♩

ꜟכ◖
Q☻◖▪

♃כ♦כ◘fi◔כ◦ ─
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╩♪כꜞ√╣╠ ≤ ╠⇔ ╦∑╢↓≤≢ ╩ ∆╢↓≤

ⱴ♇Ⱨfi◓/▪ꜝ▬ⱷfi♩
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FKBP8 Gene Expression

RPS3 Gene Expression

Brain

UHRR

3,115 reads

31,109 reads

ⱴ♇Ⱨfi◓

─ ⅜ ⁸╠⅛♪כꜞ√╣↕ ╩ ╢↓≤
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─ ⅜ ⁸╠⅛♪כꜞ√╣↕ ╩ ∆╢↓≤

Ᵽꜞ▪fi♩◖כꜟ



77

DNA

DNA

2

kb DNA ( )
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∫√ ┼─▪ꜝ▬ⱷfi♩

de novo▪☿fiⱩꜞ─

™ꜝ▬Ⱪꜝꜞכ─

⌂

♃כ♦ ─

Ɑ▪◄fi♪◦כ◔fi☻─



79

¬DNA ṇ º

︡ ךּ ḭ

צּ ṇ ︣ כֿ ḭ לּ צּ קּ ︣

► שּ ךּ ṇ ṇ ḳ

Á Repeat sequences

Á Rearrangements

Á De novo assembly

Á Di-tag sequence cDNAs, ChIP, etc.

Á BAC-end sequencing

right wrong

ṇ ṇ
( )

ṇ ṇ
( )

Paired End Sequencing
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◦fi◓ꜟꜞכ♪─

♩♇ⱪכꜟ☻ ԇ ♪כꜞ x ◒ꜝ☻♃כ

♪כꜞ

כ♃☻ꜝ◒
♪כꜞ=

♩♇ⱪכꜟ☻

ⱪ♇♩≤│⁸כꜟ☻ ≢⅝╢ ♃כ♦
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Ɑ▪◄fi♪ꜞכ♪─

♩♇ⱪכꜟ☻ ԇ ♪כꜞ x ◒ꜝ☻♃כ

♪כꜞ

כ♃☻ꜝ◒ x 2

♪כꜞ=

♩♇ⱪכꜟ☻

ⱪ♇♩≤│⁸כꜟ☻ ≢⅝╢ ♃כ♦
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MiSeq─

MiSeq Reagenet Kit v3 150 600

♩♇ⱪכꜟ☻ 3.75 Gb 15 Gb

♪כꜞ 75bp x 2 300bp x 2

כ♃☻ꜝ◒ 25 M

♪כꜞ כ♃☻ꜝ◒≥ │≥─╟℮⌐ ┬─⅛

MiSeq Reagenet Kit v2 50 300 500

♩♇ⱪכꜟ☻ 750Mb 4.5Gb 7.5Gb

♪כꜞ 50bp x1 150bp x2 250bp x2

כ♃☻ꜝ◒ 15 M

♪כꜞ 50 300bp

◒
ꜝ
☻
♃
כ

1
5
M

 ╕
√
│

2
5

M
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♪כꜞ ╩ ∆╢

♪כꜞ™

25bp

50bp

100bp

150bp

250bp

300bp

10kb
(Synthetic)

♪כꜞ™

Small RNA

ChIP-Seq

mRNA

Exome

Whole Genome

De novo assembly

16S Metagenomics

Longer PCR products

▪ⱪꜞ◔כ◦ꜛfi
⌐ ╦∑≡

₃ ♃כ♦™⌂ ≢ ™
₃ ╩♪כꜞ⌂
₃ꜝfi ⅜ ™
×▪ꜝ▬ⱷfi♩─

─♪כꜞ₃ ⌡ ╖⅜
₃╟╡ ↄ─♦כ♃⅜ ╠╣╢
₃ ⌂▪ꜝ▬ⱷfi♩
─♪כꜞ ≢ ⅜
╟╡ ™ꜝfi
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This is really the best way to do sequencing

This is really the best way to do sequencing

This is really the best way to do sequencing

This is really the best way to do sequencing

This is really the best way to do sequencing

This is really the best way to do sequencing

This is really the best way to do sequencing(----100 characters-------)

Reference

Single-reads

é

é

é

é

Paired-reads

צּ Skip Overview

Paired End Sequencing
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◌Ᵽ꜠♇☺ ♦ⱪ☻ ≤│

♦ⱪ☻
Read depth

╕√│
◌Ᵽ꜠♇☺

Fold coverage

◌Ᵽ꜠♇☺
Coverage uniformity
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▪ⱪꜞ◔כ◦ꜛfi ⌐ ⌂╢ ⌂◌Ᵽ꜠♇☺

☻fi◔כ◦ ꜝ▬Ⱪꜝꜞ
◐♇♩

◌Ᵽ
꜠♇☺

Whole genome sequencing TruSeq PCR 

Free

30x

Whole genome sequencing Nextera XT 40x

de novo Assembly Nextera

MatePair

◕ⱡⱶ 60x

ⱥ♩ Whole genome sequencing TruSeq PCR 

Free

30x

Exome Sequencing Nextera Rapid 

Capture

100x

Amplicon Sequencing TruSeq Custom 

Amplicon 

30x

Amplicon Sequencing TruSeq Custom 

Amplicon (▪꜠ꜟ 5%)

500x

https://genohub.com/recommended-sequencing-coverage-by-application/
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╙℮ ≈─◌Ᵽ꜠♇☺ Coverage uniformity

◌
Ᵽ
꜠

☺

d
e

p
th

◌Ᵽ꜠♇☺ Coverage uniformity

⌂

⌂
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Human = 3.3Gb

Ecoli = 4.6Mb

Exome Capture = 37Mb

MiSeq 150bp x2 = 4.5Gb

NextSeq 150bp x2 = 120Gb

HiSeq 100bp x2 = 50Gb/lane

☻fi◔כ◦ ─ 1 ⌐ ≢⅝╢◘fiⱪꜟ

Miseq╩ ⇔≡⁸150bp x2≢⁸ 50◌Ᵽ꜠♇☺≤⌂╢╟℮⁸

E.coli─◕ⱡⱶ╩ ⇔√ ⁸ ◘fiⱪꜟ ≢⅝╢⅛

♩♇ⱪכꜟ☻ bp

☼▬◘♩♇◕כ♃ bp x     ◌Ᵽ꜠♇☺

◘fiⱪꜟ =

≥╣ↄ╠™─◘fiⱪꜟ╩
∆╢⅛

4,500,000,000 = 19 

4,600,000 x 50 

╩♪כꜞ↑∞╣≤
⌡╢⅛
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◦fi◓ꜟꜞכ♪/Ɑ
▪◄fi♪ ♪כꜞ

♩♇ⱪכꜟ☻ ♪כꜞ

♪כꜞ ◌Ᵽ꜠♇☺
ⱴ♇Ⱨfi◓/

▪ꜝ▬ⱷfi♩

Ᵽꜞ▪fi♩

ꜟכ◖
Q☻◖▪

♃כ♦כ◘fi◔כ◦ ─
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Q☻◖▪ Quality Score

= Phred scale 

╖ ╠╣√ ⅜ ™≢№╢

Q ☻◖▪

Q30

–1ꜝfi≢ ☻Q─♪כꜞ√╣╠
◖▪╩

–Q30 ─ ╩ ╢↓≤≢⁸
ꜝfi─ ╩
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NGS▬fi♩꜡♄◒◦ꜛfi

ü An Introduction to Next-Generation Sequencing Technology

http://www.illumina.com/content/dam/illumina-

marketing/documents/products/illumina_sequencing_introduction.pdf

ü Next-Generation Sequencing Systems

http://www.illumina.com/content/dam/illumina-

marketing/documents/products/brochures/ngs-buyers-guide.pdf

http://www.illumina.com/content/dam/illumina-marketing/documents/products/illumina_sequencing_introduction.pdf
http://www.illumina.com/content/dam/illumina-marketing/documents/products/brochures/ngs-buyers-guide.pdf

