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Introduction

The Hepatitis B viral genome is a partially
double-stranded DNA molecule,
approximately 3200 bases in length, packed
inside a nucleocapsid structure composed
of the viral core (C) protein (Figure 1).
This nucleocapsid is surrounded by the viral
envelope, comprising of a mixture of lipids
and viral structural proteins or surface
antigens (HBsAg, Pre-S1 and Pre-S2).  

Virus replication is carried out through
enzymatic activity of the viral polymerase
or P protein.

This multifunctional protein has domains
possessing DNA synthesis priming, reverse
transcriptase (RT)/DNA polymerase and
ribonuclease (RnaseH) activities1. Within the
RT region, the protein can be further
subdivided into several functional domains
(A – F), based on analogy with other viral
polymerases.  The organization of the HBV
genome is such that the same region that
codes for the viral P protein also codes for
the viral structural proteins, but in an
alternate translational reading frame2

(Figure 2).
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Figure 1. The Hepatitis B Virus.
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Antiviral Drug Development

The P protein and the reverse
transcriptase/DNA polymerase domain
are the major functional units for viral
replication, and as such have been targets
in HBV antiviral drug development.
A number of new therapeutic agents that
inhibit viral replication are currently
approved and in clinical trials.

Given the resistance issues identified with
lamivudine therapy and the beneficial
experience of using combinations of several
drugs in the HIV setting, it is likely that new
agents will be used in combination with
lamivudine to attempt to suppress the
development of resistance.

Resistance to lamivudine is a consequence
of the low fidelity of the viral polymerase,
the high viral load, high viral replicative
capacity and the long course of
therapy.10,11,12 The incidence of drug
resistance increases with length of therapy,
so that typically a significant number of
patients will have resistant virus after a
year, rising after three years.

Molecular Variants of HBV

Originally, there were  two different
numbering schemes for assigning
mutations within the reverse transcriptase
(RT) domain of HBV. These schemes are
known in the scientific literature as the
genotype-dependent numbering and the
genotype-independent numbering scheme.

The lack of a universally accepted
numbering convention led to
inconsistencies in the published scientific
literature. As a result, the genotype-
independent scheme has emerged as a
method to standardize the way in which
HBV mutations in the RT domain are
numbered.3

The TRUGENE HBV Module 2.0 has adopted
that widely accepted nomenclature. This
classification system is based on analysis of
the complete genomic sequence of the
virus. Eight discrete genotypes (A-H) have
been identified.4,5,6,7

It has been suggested that the viral
genotype may correlate with differences in
clinical features of HBV infection.8,9

The region of the genome that is used to
assign viral genotype is also the region that
is associated with the development of drug
resistance.   

TRUGENE® HBV Module 2.0.

Identify and Interrogate Hepatitis B
Viral Mutations
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Figure 2. The HBV Genome.

List is not  comprehensive. Any mutation that occurs within the primer region (Rt99-rt280 and
(s101-s237) will be identified and listed in one of the four Mutation Profile columns.

Reverse Transcriptase Mutations Identified by the
TRUGENE HBV Genotyping Assay

A181T

A181IV + M204I

A181V/T 

I169T + V173L + L180M + T184G + S202I + M204V

I169T + V173L + L180M + M204V + M250V

I169 T + V173L + L180M + M204V

L180M + M204V/I/S

L180M + A194T + M204V

L180M + M204V/I

L180V/I + M204I [non-A genotype]

M204I

N236T

Q215S + L180M + M204V

T184S + L180M+ M204V

V173L + L180M + M204V

V214A / Q215S

Various combinations of mutations at codons 184, 202 and 250
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TRUGENE HBV Genotyping Assay
– Two Tests in One Kit

The TRUGENE HBV Assay from Siemens
Healthcare Diagnostics allows researchers to
identify the HBV genotype and HBV
mutations at the same time using direct
sequence analysis. This improves workflow
efficiency and reduces overall costs
normally associated with seperate HBV
genotyping and mutational analysis. The
assay runs on Siemens’ OpenGene® DNA
Sequencing System, offering a sequence-
based solution for determination of:

• The genotype

• Viral mutations, highlighting those that
differ from a consensus sequence and that
current scientific literature has identified  

This Research Use Only assay amplifies the
viral genome directly from plasma or serum
samples and sequences the region coding
for the viral RT gene and the central portion
of HBsAg. Amplified material is then added
to a set of four CLIP™ sequencing reaction
tubes and labeled via the CLIP sequencing
reaction (Figure 3).

Plasma/
Serum

0hr 1hr 3.5hr

Filling and Polymerizing of MicroCelTM 500 Cassette.
Sample Loading and Beginning Run (10 min)

Sequence the pol region of HBV on
the OpenGene DNA Sequencing System
(70 minutes)

TRUGENE HBV
Genotyping
Report

Automatic Sequence Alignment, Base Calling,
Data Analysis and Reporting (10 min)

6hr 8hr

CLIPPCRDNA
Extraction

The OpenGene DNA Sequencing System.

Figure 3. Timeline for TRUGENE HBV genotyping.
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CLIP Sequencing

CLIP is a proprietary sequence chemistry
that produces bi-directional sequences
using two fluorescently-labeled DNA
primers which increases the overall
confidence of the base calls. The
sequencing reaction is initiated with the
addition of the sample and a thermostable
DNA polymerase. As the reaction mixture
proceeds through each thermal cycle,
primers hybridize to template DNA and are
extended, then terminated along the target
DNA sequence allowing bi-directional
sequence in the same tube. 

Analysis

The OpenGene DNA Sequencing System
acquires sequence data in real time, and
each pair of forward and reverse sequences
are combined and aligned with stored
reference sequences. The TRUGENE HBV
Genotyping Kit Includes reagents to PCR
amplify a portion of the HBsAg (s101-s237)
and overlapping polymerase protein
(rt99-rt280). Software assigns the viral
genotype and the mutations and
polymorphisms present in the sample.

The TRUGENE HBV software module
contains sequences that correspond to the
surface antigen and polymerase regions for
genotype A through H and a universal
mutation reporting reference sequence for
comparison.  

Reporting

The TRUGENE HBV Genotyping Report
shows the closest consensus sequence
allowing the determination of the viral
genotype and a mutation table showing the
published mutations from key scientific
journal articles.

Conclusion

The TRUGENE HBV Assay from Siemens
Healthcare Diagnostics runs on the
OpenGene DNA Sequencing System and
uses sequencing technology that overcomes
the traditional issues faced when
performing DNA sequencing.

The assay provides a determination of HBV
viral genotype and interrogates known
mutations – essentially providing two
answers from one test.

A fully integrated HBV Genotyping
Solution: Hardware, Chemistry,
Software and Report
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Traditional approaches to HBV genotyping have involved "home brew" sequence-based
phylogenetic analysis11, differential hybridization12, fragment length polymorphism13,
or subjective hybridization based assays. The TRUGENE HBV Genotyping Assay is a
standardized and validated kit allowing researchers to directly sequence and interrogate
the virus for a more comprehensive viral analysis. This provides the laboratory more
confidence in the data generated for HBV genotyping and mutational analysis.
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Our OpenGene DNA Sequencing System
runs a panel of TRUGENE Genotyping Assays
to facilitate semi-automated DNA
sequencing and/or genotyping. 

• Fully integrated, dynamic genotype
determination

• Accessible – allows research laboratories
to initiate DNA sequencing operations
with minimal equipment and a small
footprint

• Scalable – accommodates up to eight
Long-Read Towers per MAC OS®X unit for
easy scale-up

• Quality – CLIP sequencing chemistry is
optimized to improve workflow by
eliminating several steps associated with
other sequencing methodologies

• MAC OSX operating system and
OpenGene software provide enhanced
data management and easy networking

• Backward compatibility of data for easy
conversion from OpenStep (UNIX-based
system)

7

OpenGene DNA Sequencing System

TRUGENE HBV reporting.
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Siemens Healthcare Diagnostics, the leading
clinical diagnostics company, is committed 
to providing clinicians with the vital information
they need for the accurate diagnosis, treatment
and monitoring of patients. Our comprehensive
portfolio of performance-driven systems,
unmatched menu offering and IT solutions, 
in conjunction with highly responsive service, 
is designed to streamline workflow, enhance
operational efficiency and support improved
patient care. 

CLIP, MicroCel, OpenGene, TRUGENE and all
associated marks are trademarks of Siemens
Healthcare Diagnostics Inc. All other trademarks
and brands are the property of their respective
owners.

Product availability may vary from country 
to country and is subject to varying regulatory 
requirements. Please contact your local 
representative for availability.

Global Siemens 
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Siemens AG
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Germany
Telephone: +49 9131 84 - 0
www.siemens.com/healthcare
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