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Some definitions

• Microbes : microorganisms (either unicellular or 
multicellar) like bacteria, virus, fungi…

• Microbiota : all the microbes living a specific environment
(soil, water, human body…)

• Microbiome : collection of all the genomes of the 
microorganisms of a specific environment

• Metagenomics : study of all microorganism genomes
present in a sample
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Introduction to pathogens and microbiome in 
human disease
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Introduction to pathogens and microbiome in 
human disease

• Pathogens (bacteria and virus) 
cause infectious diseases

• Human microbiome is linked to a 
wide array of diseases among which

– Cancers

– Diabetes

– Obesity

– Inflammatory bowel disease

• Growing interest in understanding
microbiome dysregulation and 
impact on disease
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Main methodologies for pathogen/microbiome 
analysis

Main research methods for pathogens and microbiome analysis

• PCR / qPCR

– 16S rRNA gene amplification

– Antibiotic resistance genes (ARGs)

• NGS

– 16S rRNA sequencing

– Metagenomics by whole genome sequencing (shotgun sequencing)

– metatranscriptomics

Conserved regions

Variable regions

V3-V4 PCR primers
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Application examples

– Taxonomic studies by 16S rRNA

– Metagenomics by shotgun sequencing

– High throughput antibiotic resistance genes by qPCR

– Host/pathogen interaction analysis by single-cell RNA-seq

– Viral genome sequencing for public health management 
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Taxonomic analysis:16S rRNA amplification 

and sequencing
Conserved regions

Variable regions

V3-V4 PCR primers

Extraction, amplification of bacterial genomic DNA and 16S rRNA

PCR was performed with 10 ng template, 0.3 μl ExTaq Polymerase (TaKaRa

Bio, Japan), 2 μl 10 × Extaq Buffer, 0.8 μl Forward Frimer (5 μM), 0.8 μl 

Reverse Primer (5 μM)
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Taxonomic analysis:16S rRNA amplification 
and sequencing

• Ex Taq DNA Polymerase is a blend of enzymes: TaKaRa Taq polymerase and

proof reader.

• Ex Taq DNA Polymerase combines the proven performance of Takara Taq

polymerase with the proofreading activity, for high-sensitivity, high-efficiency PCR

reactions.

• Features

• 5’-3’ exonuclease activity: can be used for qPCR

• 3’-5’ exonuclease activity (proofreading) : higher fidelity

• Longer amplification than regular Taq (20kb gDNA, 30 kb plasmid)

• Dedicated mainly to PCR with difficult templates & high yield

• Generates T/A overhangs

• To date > 6100 published papers using Ex Tag for 16S rRNA amplification in

various research fields including human disease



Taxonomic analysis:16S rRNA amplification 
and sequencing
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16S rRNA sequencing workflow

Conserved regions

Variable regions

V3-V4 PCR primers

Targeted 16S rRNA

PCR Ex Taq DNA 

Polymerase

Targeted 16S rRNA

amplicons

®Amplicons

dsDNA

Purify

Quantify

Pool
Illumina NGS

NGS library preparation with

ThruPLEX DNA-seq
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Application examples

– Taxonomic studies by 16S rRNA

– Metagenomics by shotgun sequencing

– High throughput antibiotic resistance genes by qPCR

– Host/pathogen interaction analysis by single-cell RNA-seq

– Viral genome sequencing for public health management 



Metagenomics by shotgun sequencing
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ThruPLEX DNA-seq workflow: 1 tube, 2 hours, 3 steps

For shotgun metagenomics

DNA library preparation and sequencing. DNA was quantified using the Qubit 

dsDNA HS Assay Kit (Thermo Fisher Scientific). 250 ng DNA was sheared in the 

Covaris® S2 instrument (Covaris, Inc.) to an insert size of approximately 650 bp. 

Fifty nanograms of sheared DNA was used for preparation of sequencing libraries 

with the ThruPLEX® DNA-seq Kit

Microbial diversity analysis of gut

microbiota by shotgun sequencing



Taxonomic analysis:16S rRNA amplification 
and sequencing
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®Amplicons

dsDNA

Purify

Quantify

Pool
Illumina NGS

• Fast—15 minutes of hands-on time

• Simple—3 easy steps in the same PCR tube or well; no intermediate 

sample purification or sample transfer steps

• Benefits—reduces sample loss and risk of contamination, preserves 

library diversity, and ensures positive sample identification

ThruPLEX DNA-seq workflow: 1 tube, 2 hours, 3 steps



Taxonomic analysis:16S rRNA amplification 
and sequencing
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Step 1: Repair

Fragmented double-stranded DNA is 

repaired in a highly efficient process.

Step 2: Ligate

Background is reduced using double-

stranded adaptors with no single-

stranded tails. Blunt end ligation 

occurs with high-efficiency. Blocked 

5’ends reduce adaptor-adaptor 

ligation. 

Step 3: Extend, Cleave, and 

Amplify

Background is further reduced by 

destroying unused adaptors after 

ligation.

ThruPLEX DNA-Seq: 1 tube, 2 hours, 3 steps
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Application examples

– Taxonomic studies by 16S rRNA

– Metagenomics by shotgun sequencing

– High throughput antibiotic resistance genes by qPCR

– Host/pathogen interaction analysis by single-cell RNA-seq

– Viral genome sequencing for public health management 



High throughput antibiotic resistance genes

by qPCR
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• Antibiotics widely used: reduction in 
human morbidity and mortality

• One emerging problem with antibiotics is 
the development of antibiotic-resistant 
bacteria

• Bacteria can acquire antibiotic resistance 
genes (ARGs) over time due to selective 
pressure

• antibiotic use in agriculture can also 
contribute to bacteria developing ARGs 

-> to transmit antibiotic-resistant strains

• currently nearly 400 types of ARGs that 
have been identified



High throughput antibiotic resistance genes

by qPCR
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• 400 ARGs identified

• Need to perform high-throughput real-time PCR screens: 
many targets, many samples

• Flexibility required to add new targets to the screens

SmartChip Real-Time PCR System



High throughput antibiotic resistance genes

by qPCR
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• >200 reactions benefits from a high-
throughput method to simplify and lower costs 
for your workflow

• The SmartChip™ Real-Time qPCR System 
enables high-throughput qPCR that:

– Saves time : 5,184 reactions in <4 hours

– Saves money :100 nl reactions -> 200X 

reduction in reaction volumes and cost

– Provides flexibility (14 different sample/gene 

combinations)

•SmartChip MultiSample NanoDispenser

• High-precision, nanoliter-volume 

liquid handler

• Dispenses 5,184 reactions in 40 

minutes

• Enclosed humidified environment

ensures reproducibility

•SmartChip Real-Time PCR Cycler

• Fast real-time analysis—2 hours

from sample to data

• Supports probe- or dye-based

assays

• Filters for FAM, VIC, ROX, and 

SYBR dyes

• Integrated analysis software

https://www.takarabio.com/learning-centers/automation-

systems/smartchip-real-time-pcr-system-introduction

https://www.takarabio.com/learning-centers/automation-systems/smartchip-real-time-pcr-system-introduction


High throughput antibiotic resistance genes

by qPCR
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qPCR array

The qPCR array contained 384 

primer sets…

The qPCR array uses a microfluidic

SmartChip Multisample

Nanodispenser (Takara)

We maintain a list of key 

publications on antibiotic 

resistance research enabled by 

the SmartChip Real-Time PCR 

system

https://www.takarabio.com/smartchip-real-

time-pcr-system-applications/antibiotic-

resistance-genes

https://www.takarabio.com/smartchip-real-time-pcr-system-applications/antibiotic-resistance-genes
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Application examples

– Taxonomic studies by 16S rRNA

– Metagenomics by shotgun sequencing

– High throughput antibiotic resistance genes by qPCR

– Host/pathogen interaction analysis by single-cell RNA-seq

– Viral genome sequencing for public health management 
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Host/pathogen interaction analysis by single-
cell RNA-seq

• New WNV-inclusive single-cell RNA sequencing (scRNA-seq) approach for 

studying WNV infection at the single-cell level

• Variation in antiviral gene expression and viral abundance across cells

• Demonstrated the feasibility and utility of WNV-inclusive scRNA-seq as a 

high-throughput technique for single-cell transcriptomics and WNV RNA 

detection
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Host/pathogen interaction analysis by single-
cell RNA-seq

Single-cell RNA sequencing (scRNA-seq). SMART-Seq v4 Ultra Low Input 

RNA Kit (Takara) was used for cDNA preparation.



Host/pathogen interaction analysis by single-
cell RNA-seq: SMART technology

• Can work directly with cells (1-1000) 

or total RNA (10pg-10ng)

• Oligo dT-primed. No rRNA removal, 

no DNAse treatment required

• Single tube workflow.

• Generates full-length cDNA 

compatible with Ion Torrent or 

Illumina® library preparation

SMART-Seq v4 Ultra™ Low 

Input RNA Kit for Sequencing 

Switching Mechanism At 5’ end of RNA 

Template
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v4 HT

Cells 1-1,000 1-100

Total RNA 10 pg – 10 ng 10 pg – 1 ng

Host/pathogen interaction analysis by single-
cell RNA-seq: SMART-Seq v4-SMART-Seq HT

• SMART-Seq HT as a streamlined version of 
SMART-Seq v4:

– Optimized to work downstream of FACS

– Has similar performance to SMART-Seq v4 

– More price competitive

– Requires less hands on time

• Requires only ¼ volume Nextera XT 
reagents

• Generate ds full-length cDNA using oligo-dT 
priming from intact cells or high quality RNA

© Takara Bio Europe 2019
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Application examples

– Taxonomic studies by 16S rRNA

– Metagenomics by shotgun sequencing

– High throughput antibiotic resistance genes by qPCR

– Host/pathogen interaction analysis by single-cell RNA-seq

– Viral genome sequencing for public health management 



© Takara Bio Europe 2019

Viral genome sequencing for public health
management - HIV

Read depth coverage across the HIV genome

(PopART) trial’s goals are to estimate:

- Proportion of transmissions that occur during early and acute HIV infection

- Proportion of transmission events that occur from individuals living within or outside of 

the trial communities
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Viral genome sequencing for public health
management - HIV

2.3. Laboratory methods

Libraries retaining directionality were prepared using the SMARTer Stranded 

Total RNASeq Kit v2 — Pico Input Mammalian (Clontech, Takara Bio) …

… A total of 500 ng of pooled libraries was hybridized to a mixture of custom 

HIV-specific biotinylated 120-mer oligonucleotides

The cost of the assay — approximately 45 USD per sample — compares 

favourably with existing VL and HIV genotyping tests, and provides the 

additional value of viral load quantification and inference of drug resistance with 

a single test.



Viral genome sequencing for public health
management - HIV

• Input 250 pg–10 ng of 

mammalian total RNA

• Removal of rRNA in the 

form of ribosomal cDNA 

using a novel proprietary 

technology

• RNA of any quality 

(RIN 2-10)

• Ligation-free addition of 

Illumina adapters 

• From total RNA to 

Illumina libraries ready 

to sequence in 5 hours

• Strand information

SMARTer Stranded Total RNA-Seq Kit - Pico Input Mammalian v2

 Go to Product Page

 Go to Tech Note
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http://www.clontech.com/GB/Products/cDNA_Synthesis_and_Library_Construction/Next_Gen_Sequencing_Kits/Total_RNA-Seq/High_Input_Total_RNA_Seq_Illumina?sitex=10030:22372:US
http://www.clontech.com/GB/Products/cDNA_Synthesis_and_Library_Construction/NGS_Learning_Resources/Technical_Notes/High_Input_Total_RNA_Seq_Illumina?sitex=10030:22372:US


ARGs 
analysis by 
HT RT-PCR

16S rRNA 
amplification/
sequencing

• Ex Taq / ThruPLEX DNA-

seq

• ThruPLEX DNA-seq

• SmartChip Real-Time PCR 

System

• SMART-Seq v4 / SMART-

Seq HT

• SMARTer Stranded Pico v2

Shotgun 
metagenomics

Viromics in 
global health 
settings

Solutions for disease diagnostics caused by 
pathogens and the human microbiome

Host/pathogen by
scRNA-seq



Ressources
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https://www.takarabio.com/

https://www.takarabio.com/



