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Library Prep is 

Dependent on 

Sample Type & 

Desired Sequencing 

Method



Sample Type- Pure Culture/Isolate

 High Concentration of DNA

 Suitable for protocols that require high input amounts (>mg)

 High Quality DNA

 Suitable for long sequencing read protocols (ONT & PacBio)

 Isolation Protocols May Need to Consider Hard to Lyse Bacteria

 Bead-bashing/stringent lysis buffers



Shotgun 

Sequencing



Pure Population of Bacteria Bioinformatic Assembly of 
Bacteria

Shotgun Whole Genome Sequencing

Cultured Isolate
Genome of ~4.9 Mbp



Illumina- DNA Prep

Nextera DNA Flex 
products are now called 

Illumina DNA Prep



Illumina- DNA Prep
Can sequence up to 

384 samples 
together. 

Mix Set A, B, C, D



Illumina- DNA Prep

DNA Insert ~350bp



Illumina- DNA Prep

Illumina Library Prep 
Checklists are Often 

Easier to Follow





Illumina- Paired End Sequencing

Read 1- 150bp Read 2- 150bp

Reference

Genome

DNA Insert ~350bp

~50bp

Read 1- 100bp Read 2- 100bp

DNA Insert ~350bp

~150bp

Read Length Impacts 
Portion of DNA 

Insert not 
Sequenced



ONT- Ligation Sequencing Kit

https://nanoporetech.com/products/kits

Ligation Sequencing Kit Rapid /Field Sequencing Kit Ultra-Long DNA Sequencing Kit PCR Sequencing Kit Rapid PCR Sequencing Kit

Preparation time 60 min 10 min 610 min 60 min + PCR 15 min + PCR

Input requirement 1,000 ng HMW gDNA 400 ng HMW gDNA

Tissue culture cells: 6 million
Gram-positive and -negative bacteria: 

~2 ml of OD1 culture
Blood: 1–2 ml

100 ng 10 ng

Fragmentation Optional Transposase based Transposase based N/A Transposase based

Read length Equal to fragment length
Random distribution, 

dependent on input fragment 
length

50–100+ kb N50 (R9.4.1 flow cells) Equal to fragment length post-
PCR ~2-5 kb

Multiplexing options Yes Yes In development Yes This kit offers barcoding for up 
to twelve samples

Native Barcoding Kit 24 (SQK-NBD112.24)
Native Barcoding Kit 96 (SQK-NBD112.96)

Can sequence up to 
96 samples together. 



ONT- Ligation Sequencing Kit



ONT- Ligation Sequencing Kit



ONT- Ligation Sequencing Kit



ONT- Ligation Sequencing 

Recommendations





ONT- Single End Sequencing

Reference

Genome



Sample Type- Mixed Samples

 Mixed Sample

 Includes human cells (DNA/RNA), host microbial flora, 

pathogen, environmental organisms

 Clinical

 Nasal/Oral Swab, Stool, Blood, Puss, CSF, Urine, Sputum

 Environmental

 Swabs, Soil or water

 Food

 Wastewater 

 Variable Amounts of Pathogen



5 Dark Blue
4 Purple
3 Red
2 Green

Mixed Population of Bacteria Bioinformatic Assembly of 
Each Bacteria

Shotgun Metagenomic Sequencing

Environmental Swab
Clinical Swab



Mixed Samples- Metagenomic

 Same DNA library prep methods as 
purified genomic DNA can be used

 Will require significantly more sequence 
depth

 May require longer read lengths to 
differentiate between organisms or 
determine strains

 16S rRNA sequencing can be used to 
identify bacterial communities present



16S rRNA 

(Microbiome) 

Sequencing



Nature Reviews Immunology, Marsland and Gollwitzer 2014

Viral, bacterial and fungal microbiota



Nature Reviews Genetics 15, 577–584, 2014.Science 29 May 2009: Vol. 324 no. 5931 pp. 1190-1192. 



16S rRNA Gene

 Small subunit of prokaryotic ribosomes

 Sequencing DNA gene sequence of a 

functional rRNA

 Compare 16S sequence to database 

of known sequences



16S rRNA

Nature Reviews Microbiology 
12, 635–645, (2014).

 Used for reconstructing phylogenies, 

due to slow rate of evolution

 PCR with primers in conserved regions 

to amplify variable regions (V)

 Sequence 16S rRNA PCR amplicon



V3-V4

16S rRNA Gene

V1-V9

Illumina MiSeq

ONT Rapid 16S



Illumina 16S rRNA Sequencing

https://support.illumina.com/documents/documentation/chemistry_do

cumentation/16s/16s-metagenomic-library-prep-guide-15044223-b.pdf



Illumina 16S rRNA
Isolate DNA

V3-V4
PCR

V3-V4-Nextera Primers

30 cycles

Pool 96-384 samples
Sequence

MiSeq

2x300bp

Clean up

PCR

Illumina Nextera

Set A,B,C,D Index Primers

PCR- 8 cycles

PCR

QC- Qubit

Bioanalyzer

Clean up

Can sequence 
up to 384 
samples 
together 



Illumina 16S rRNA Sequencing



Illumina 16S rRNA Primers

 16S Amplicon PCR Forward Primer = 5' 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG

 16S Amplicon PCR Reverse Primer = 5' 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC

 Illumina Adapter Overhang- 16S rRNA Primer



ONT 16S Barcoding Kit 1-24

Can sequence 
up to 24 
samples 
together 



ONT 16S Barcoding Kit 1-24



ONT 16S Barcoding

DNA
Full length 16S 

rRNA + Barcode

Sequence 50-100 

fmoles of pool

Add 16S 

rRNA-

Barcode 

Primers

AmpPure

Bead Clean-

up

95°C for 1 min
25 cycles of: 

95°C for 20 seconds 
55°C for 30 seconds
65°C for 2 minutes
65°C for 5 minutes 

Hold at 4°C

10 ng DNA

LongAMP Hot Start
Pool Samples

For 16S amplicons of 
~1500 bp, 50-100 

fmoles equates to 
~50-100 ng. 

1 μl of RAP

5 minutes

Room Temp



Fastq

sequencing 

reads

16S Metagenomic

Pipeline

Identify Bacteria and 

Archaea Present (OTU) 

Compare Within and 

Across Individuals

Assess Diversity 

of Microbiome
Assess # and %

of Genera/Species Identified

16S Metagenomics App
Kraken Metagenomics App

Example 16S rRNA Pipeline



Nasopharyngeal Microbiome in Asthmatics
Asthma Controls



RNA Sequencing

(metatranscriptomic)



RNA Library Prep

 Total RNA

 Ribosomal Depletion

 Stranded RNA 

 Differentiate between - & + sense RNA 

strand (-ssRNA virus: genomic vs 

mRNA)

 mRNA/Poly-A Selected RNA

 Eukaryotic organisms only; 



Overview of RNA Sequencing



ONT Direct RNA Sequencing

RNA

50 ng Poly-A RNA
500 ng total RNA

Ligate RT 

Adapter

3.0 µl NEBNext Quick Ligation

9.0 µl RNA

0.5 µl RNA CS (RCS) 110 nM

1.0 µl RT Adapter (RTA) 

1.5 µl T4 DNA Ligase

10  minutes room temp

Reverse 

Transcription 

Master Mix

Cleanup 

Agencourt

RNAClean XP

9.0 µl Nuclease-free water 

2.0 µl 10 mM dNTPs

8.0 µl 5x first-strand buffer 

4.0 µl 0.1 M DTT

2 µl of SuperScript III

50°C for 50 min, 
70°C for 10 min, 

bring to 4°C



ONT Direct RNA Sequencing

RNA Cleanup

The reverse-transcribed 
and adapted RNA is 

now ready for loading 
into the flow cell.

16 µl RNAClean XP beads

150 μl of the Wash Buffer 

(WSB)

20.0 µl Reverse-transcribed RNA 

8.0 µl NEBNext Quick Ligation 

Reaction Buffer 

6.0 µl RNA Adapter (RMX) 

3.0 µl Nuclease-free water 

3.0 µl T4 DNA Ligase

10 minutes room temp

Ligate RNA 

Adapter





Influenza Virus ONT Direct RNA 

Sequencing

 (A) Influenza A viruses contain highly conserved 
12 and 13 nt sequences at the 3′ and 5′ termini. 

 (B) The key component of Oxford Nanopore 
direct RNA sequencing is a Reverse Transcriptase 
Adapter (RTA) which targets poly(A) mRNA and is 
ligated to the 3′ end of the mRNA. A sequencing 
adapter is then ligated to the RTA which directs 
the RNA strand into the pore for sequencing. 

 (C) The RTA was modified to target the 3′ 
conserved 12 nt of the influenza A virus genome. 

 (D) The modified RTA hybridizes and is ligated to 
vRNA in the first step of direct RNA sequencing.



Questions?


