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RNA Quality?

http://cartoon-yeah.blogspot.com/2011/03/ren-and-stimpy-picture-4.html

• RIN: RNA Integrity Number



Ratio of 28S to18S 
ribosomal RNA

http://dx.doi.org/10.1186/1471-2199-7-3

• Ratio of 28S:18S ribosomal RNA

http://dx.doi.org/10.1186/1471-2199-7-3


Electropherogram

https://upload.wikimedia.org/wikipedia/commons/a/a2/Sample_RNA_electropherogram.png

• Ratio of 28S:18S ribosomal RNA

https://upload.wikimedia.org/wikipedia/commons/a/a2/Sample_RNA_electropherogram.png


http://dx.doi.org/10.1186/1471-2199-7-3

http://dx.doi.org/10.1186/1471-2199-7-3


RNA Library Size 
Distribution

47

E7420 & PURIFIED mRNA OR RIBOSOME DEPLETED RNA

Figure 3.1: Example of RNA library size distribution on a Bioanalyzer.

NEBNext® UltraTM Directional RNA Library Prep Kit for Illumina®Instruction Manual, Revision 7.0



• Advanced Analytical: Fragment Analyzer 

• PerkinElmer: LabChip GX Touch 

• Agilent: Bioanalyzer 

• Agilent: TapeStation

Assessment of RNA/DNA 
Quantity and Quality



Barcode Combinations

• Excitation Frequency 

• Red: A and C 

• Green: G and T 

• Need both frequencies in each cycle for image 
registration



Barcode Combinations

NEBNext® Multiplex Oligos for Illumina® (96 Index Primers) Instruction Manual NEB #E6609S/L11

PLEX INDEX PRIMER

4 P1-A1, P2-A2, P3-A3, and P4-A4

P5-A5, P6-A6, P8-A8, and P10-A10

P13-B1, P14-B2, P15-B3, and P16-B4

P17-B5, P18-B6, P19-B7, and P20-B8

P25-C1, P26-C2, P27-C3, and P30-C6

P28-C4, P29-C5, P32-C8, and P35-C11

P37-D1, P38-D2, P39-D3, and P40-D4

P45-D9, P46-D10, P47-D11, and P48-D12

P49-E1, P50-E2, P51-E3, and P52-E4

P56-E8, P58-E10, P59-E11, and P60-E12

P61-F1, P62-F2, P63-F3, and P69-F9

P64-F4, P65-F5, P66-F6, and P67-F7

P73-G1, P74-G2, P75-G3, and P76-G4

P80-G8, P82-G10, P83-G11, and P84-G12

P85-H1, P86-H2, P87-H3, and P89-H5

P91-H7, P94-H10, P95-H11, and P96-H12

Table 2.2 lists each index sequence color coded to correspond to the red/green 
channel. For combinations of valid indices, ensure that you will have signal in 
both the red and green channels in each cycle. See examples below:

E6609 INDEX POOLING GUIDELINES

GOOD

PRIMER INDEX SEQUENCE PRIMER INDEX SEQUENCE

P1-A1 T T A C C G A C P41-D5 G A C G T C A T
P2-A2 A G T G A C C T P42-D6 C T T A C A G C
P3-A3 T C G G A T T C P43-D7 T C C A T T G C
P4-A4 C A A G G T A C P44-D8 A G C G A G A T

✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔

BAD

PRIMER INDEX SEQUENCE PRIMER INDEX SEQUENCE

P9-A9 C G C A A C T A P56-E8 T A T G G C A C
P10-A10 C G T A T C T C P57-E9 C T C G A A C A
P11-A11 G T A C A C C T P58-E10 C A A C T C C A
P12-A12 C G G C A T T A P59-E11 G T C A T C G T

✔ ✖ ✔ ✖ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✖ ✔ ✔

Table 2.1 (continued)



MiSeq NextSeq HiSeq 4000 NovaSeq 6000

Maximum 
Output 15 Gb 120 Gb 750 Gb 3000 Gb

Maximum 
Reads per 

Run
25 million 400 million 2.5 billion 10 billion

Maximum 
Read Length 2 × 300 bp 2 x 150 bp 2 × 150 bp 2 × 150 bp

Run Time 4-56 hours 15-29 hours < 1–3.5 days 13-45 hours

Cost* $1,787 $4,695 $19,206 $35,538

Cost/Mbp* $0.119 $0.039 $0.026 $0.012

MiSeq, NextSeq, and 
More Seqs

* Duke Sequencing and Genomic Technologies Shared Resource, July 2018



Patterned Flow Cells

• ExAmp

• Machines

• HiSeq X

• HiSeq 3000/4000 

• NovaSeq 6000

https://assets.illumina.com/content/dam/illumina-marketing/images/science/v2/web-graphic/nano-well-technology-web-graphic.jpg
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Four-Channel SBS Chemistry

In four-channel SBS, bases are identified using four different

fluorescent dyes for each base and four images per sequencing

cycle (Figure 2A). The sequencing cycle begins with a chemistry step

where all four differentially labeled bases are added to the flow cell.

Following nucleotide incorporation, the imaging cycle begins and

includes the capture of four distinct images using four different

wavelength bands. The images are processed with image analysis

software to determine which nucleotides were incorporated at each

cluster position across the flow cell. Therefore, with four-channel

sequencing, every sequencing cycle requires four dyes and four

images to determine the DNA sequence. The MiSeq™ and HiSeq™

Series Systems currently use four-channel SBS.

Two-Channel SBS Chemistry

Rather than using a separate dye for each base, two-channel SBS

simplifies nucleotide detection by using two fluorescent dyes and two

images to determine all four base calls (Figure 2B). Images are taken

using red and green filter bands. Thymines are labeled with a green

fluorophore, cytosines are labeled with a red fluorophore, and

adenines are labeled with both red and green fluorophores. Guanines

are permanently dark. The MiniSeq™, NextSeq™, and NovaSeq™

Systems use two-channel chemistry.

One-Channel SBS Chemistry

The iSeq 100 System combines proven Illumina SBS chemistry with

CMOS technology to deliver one-channel sequencing chemistry. The

system uses a patterned flow cell with nanowells fabricated over a

CMOS chip (Figure 3). Clustering and sequencing occur in the

nanowells with direct alignment of single clusters over each

photodiode (pixel). Using a CMOS sensor embedded in the

consumable is a simple and fast detection method.

Unlike four-channel SBS chemistry, where sequencers use a

different dye for each nucleotide, the iSeq 100 System uses one dye,

two chemistry steps, and two imaging steps per sequencing cycle. In

one-channel chemistry, adenine has a removable label and is labeled

in the first image only. Cytosine has a linker group that can bind a label

and is labeled in the second image only. Thymine has a permanent

fluorescent label and is therefore labeled in both images, and guanine

is permanently dark. Nucleotides are identified by analysis of the

different emission patterns for each base across the two images

(Figure 2C).

Figure 3: Illumina CMOS FlowCell—A sequencing library is loaded into the iSeq
100 reagent cartridge, which contains a patterned flow cell fabricated over a
CMOS chip. Each well in the flow cell is aligned over a CMOS photodiode. During
cluster generation, proprietary ExAmp chemistry ensures that each well in the
flow cell generates a single, clonal cluster. During each imaging step, light
emissions are detected by the CMOS photodiodes.

Figure 2: Four-, Two-, and One-Channel Chemistry—Four-channel chemistry uses a mixture of nucleotides labeledwith four different fluorescent dyes. Two-channel
chemistry uses two different fluorescent dyes, and one-channel chemistry uses only one dye. The images are processed by image analysis software to determine
nucleotide identity.

For Research Use Only. Not for use in diagnostic procedures. 770-2013-054-B |  2

4-Channel Chemistry

https://www.illumina.com/content/dam/illumina-marketing/documents/products/techspotlights/cmos-tech-note-770-2013-054.pdf



Prepare Library  |  Sequence  |  Analyze Data  |  Support

Four-Channel SBS Chemistry

In four-channel SBS, bases are identified using four different

fluorescent dyes for each base and four images per sequencing

cycle (Figure 2A). The sequencing cycle begins with a chemistry step

where all four differentially labeled bases are added to the flow cell.

Following nucleotide incorporation, the imaging cycle begins and

includes the capture of four distinct images using four different

wavelength bands. The images are processed with image analysis

software to determine which nucleotides were incorporated at each

cluster position across the flow cell. Therefore, with four-channel

sequencing, every sequencing cycle requires four dyes and four

images to determine the DNA sequence. The MiSeq™ and HiSeq™

Series Systems currently use four-channel SBS.

Two-Channel SBS Chemistry

Rather than using a separate dye for each base, two-channel SBS

simplifies nucleotide detection by using two fluorescent dyes and two

images to determine all four base calls (Figure 2B). Images are taken

using red and green filter bands. Thymines are labeled with a green

fluorophore, cytosines are labeled with a red fluorophore, and

adenines are labeled with both red and green fluorophores. Guanines

are permanently dark. The MiniSeq™, NextSeq™, and NovaSeq™

Systems use two-channel chemistry.

One-Channel SBS Chemistry

The iSeq 100 System combines proven Illumina SBS chemistry with

CMOS technology to deliver one-channel sequencing chemistry. The

system uses a patterned flow cell with nanowells fabricated over a

CMOS chip (Figure 3). Clustering and sequencing occur in the

nanowells with direct alignment of single clusters over each

photodiode (pixel). Using a CMOS sensor embedded in the

consumable is a simple and fast detection method.

Unlike four-channel SBS chemistry, where sequencers use a

different dye for each nucleotide, the iSeq 100 System uses one dye,

two chemistry steps, and two imaging steps per sequencing cycle. In

one-channel chemistry, adenine has a removable label and is labeled

in the first image only. Cytosine has a linker group that can bind a label

and is labeled in the second image only. Thymine has a permanent

fluorescent label and is therefore labeled in both images, and guanine

is permanently dark. Nucleotides are identified by analysis of the

different emission patterns for each base across the two images

(Figure 2C).

Figure 3: Illumina CMOS FlowCell—A sequencing library is loaded into the iSeq
100 reagent cartridge, which contains a patterned flow cell fabricated over a
CMOS chip. Each well in the flow cell is aligned over a CMOS photodiode. During
cluster generation, proprietary ExAmp chemistry ensures that each well in the
flow cell generates a single, clonal cluster. During each imaging step, light
emissions are detected by the CMOS photodiodes.

Figure 2: Four-, Two-, and One-Channel Chemistry—Four-channel chemistry uses a mixture of nucleotides labeledwith four different fluorescent dyes. Two-channel
chemistry uses two different fluorescent dyes, and one-channel chemistry uses only one dye. The images are processed by image analysis software to determine
nucleotide identity.

For Research Use Only. Not for use in diagnostic procedures. 770-2013-054-B |  2

2-Channel Chemistry

https://www.illumina.com/content/dam/illumina-marketing/documents/products/techspotlights/cmos-tech-note-770-2013-054.pdf



Uracil DNA glycosylase 
and 

DNA lyase



Uracil DNA glycosylase: 
What

• Remove Uracil base from DNA



Uracil DNA glycosylase: 
What

5’-CTGATCUGACTGATG-3'
3’-GACTAGACTGACTAC-5’

5’-CTGATC-GACTGATG-3’
3’-GACTAGACTGACTAC-5’



Uracil DNA glycosylase: 
What

http://www.frontiersin.org/files/Articles/98174/fgene-05-00232-r2/image_m/fgene-05-00232-g001.jpg

http://www.frontiersin.org/files/Articles/98174/fgene-05-00232-r2/image_m/fgene-05-00232-g001.jpg


• Cleave DNA backbone at abasic site 

DNA Lyase: What



DNA Lyase: What

5’-CTGATC-GACTGATG-3’
3’-GACTAGACTGACTAC-5’

5’-CTGATC GACTGATG-3’
3’-GACTAGACTGACTAC-5’



Method Read 
length

Accu
racy

Reads 
per 
run

Max
Output

Cost 
($/Mb) Pros Cons

Sanger 400-900 bp 99.9% 1 900 bp $2400 Longer reads.
Expensive.
Low Output

Illumina 600 bp 
(300bp PE) 99.9% 20x109 6000 Gb $0.01

High yield
per base cost

Equipment expense.
Short reads

PacBio >10kb ave.
>40kb max 99% 5x105 10 Gb $0.08 Very long reads

Homopolymer errors.
Moderate Output. 
Equipment expense.

Nanopore >100 kb N50 
>1Mb Max 92% 1x106 5 Gb $0.10

Very long reads
Portable 
Cheap Equipment

Homopolymer errors.
Moderate Output.

Comparing Technologies

https://en.wikipedia.org/wiki/DNA_sequencing
https://blog.genohub.com/2017/06/16/pacbio-vs-oxford-nanopore-sequencing/

https://en.wikipedia.org/wiki/DNA_sequencing


Why Long Reads?

• Structural Variation

• Large Insertions or Deletions

• Duplications

• Translocations

• De Novo Genome Assembly

• Phasing



Short Reads
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“Genome” Reference

?



Reference Based Mapping

We the People of the United States, in Order to form a more perfect Union, establish Justice, insur
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De Novo Assembly



Overlapping Random Fragments
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More Reads
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Longer Reads
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Problem Sequences
• Repeats 

• Transposons 

• Centromeres 

• Homologs 

• Duplications



De novo “Reference”

ed, under various disguises of Art, through the portraits of every Drinking Age.  "You are a little

— A Tale of Two Cities



Single Molecule
Technologies



1st Generation 2nd Generation 3rd Generation

Chemical
(Maxim-Gilbert)

Pyrosequencing 
(454)

Single molecule real time 
(PacBio)

Chain Termination 
(Sanger)

Chain Termination  
(Illumina)

Nanopore sequencing 
(Oxford Nanopore)

Pyrosequencing
Sequencing by ligation 
(SOLiD sequencing)

Ion semiconductor
(Ion Torrent)

DNA Sequencing 
Technologies (Abridged)



1st Generation 2nd Generation 3rd Generation

Chemical
(Maxim-Gilbert)
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(454)

Single molecule real time 
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Chain Termination 
(Sanger)

Chain Termination  
(Illumina)

Nanopore sequencing 
(Oxford Nanopore)

Pyrosequencing
Sequencing by ligation 
(SOLiD sequencing)

Ion semiconductor
(Ion Torrent)

Sequencing by
Synthesis
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Pacific Biosciences

Reuter, et al 2015

https://doi.org/10.1016/j.molcel.2015.05.004


1st Generation 2nd Generation 3rd Generation

Chemical
(Maxim-Gilbert)

Pyrosequencing 
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Single molecule real time 
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Chain Termination 
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Chain Termination  
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Oxford Nanopore

Reuter, et al 2015

https://doi.org/10.1016/j.molcel.2015.05.004


https://www2.nanoporetech.com/images/product-page/MinIOn-Banner.jpg
http://www.gatc-biotech.com/en/gatc/sequencing-technologies/pacbio-rs-ii.html

http://www.dnavision.com/illumina.php

Sequencers

https://www2.nanoporetech.com/images/product-page/MinIOn-Banner.jpg
http://www.gatc-biotech.com/en/gatc/sequencing-technologies/pacbio-rs-ii.html
http://www.dnavision.com/illumina.php


DNA-Seq

1. Purify DNA

2. Fragment

3. Size Select

4. Adapter Ligation

RNA-Seq

1. Purify RNA

2. Fragment

3. Size Select

4. Make DNA From RNA

5. Adapter Ligation


