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Foreword

Many laboratories use targeted DNA sequencing for bacterial (aerobic, anaerobic, and mycobacteria) and
fungal identification, particularly for isolates that are poorly characterized by growth-dependent or
matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) methods.
Although CLSI document MMO09? provides important contributions to this field, MM18 specifically
focuses on reporting and interpreting results for identifying microorganisms by broad-range targeted
DNA (eg, 16S ribosomal RNA, fungal internal transcribed spacer regions) sequencing. i
based method continues to evolve, this guideline provides recommendations for 1cally applying

always clear, a consensus guideline on targeted DNA sequencing provides
approach for consistently reporting standardized results across all medical labo

bacteria and fungi by broad-range DNA sequencing.
Overview of Changes

This guideline replaces the previous edition of t
Several changes were made in this edition, includi

e Reorganized to fit the CLSI quality m
o Revised all bacteriology tables (Tables

sequencing of the 16S rRNA gene’s V1-
species-level identification

Key Words

Bacterial identification, fungal identification, gene sequencing, internal transcribed spacer, matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry, nucleic acid amplification, primer,
16S rRNA
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Interpretive Criteria for Identification of Bacteria and Fungi by Targeted
DNA Sequencing

Chapter 1: Introduction

This chapter includes:
e Guideline’s scope and applicable exclusions
e Background information pertinent to the guideline’s content

e “Note on Terminology” that highlights particular use and/or variation in use
definitions

e Terms and definitions used in the guideline

e Abbreviations and acronyms used in the guidelin

1.1 Scope

and reporting results of Sanger-based
ange DNA targets for identifying pure

This guideline specifies recommendati
(dideoxynucleotide chain termination) se
isolates of bacteria, mycobacteria, and fu
sequencing with 16S ribosomal RNA (rRNA)
as internal transcribed spacer regions (i ITS-2) for fungal identification are covered,
including alternative DNA jate. ugh massively parallel (next-generation)
sequencing technologies are rap uideline’s scope is limited to Sanger-based targeted
DNA sequencing.

ences and databases
identification

y relevant reporting strategies for specific microorganism groups
ations of targeted DNA sequencing for microbial identification

and Sanger-based (dideoxynucleotide chain termination) sequencing of broad-range DNA targets for
identifying bacteria, mycobacteria, and fungi from cultured patient isolates.

This guideline does not:

e Include procedures for performing microbial sequencing.

e Include RNA targets for sequencing.

©Clinical and Laboratory Standards Institute. All rights reserved. 1
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e Provide guidance on definitive taxonomical criteria for microorganism classification or identification
methods for novel microorganisms.

e Cover alternative sequencing systems or specific molecular assays designed with these broad-range
DNA targets.

e Discuss typing strains for epidemiological purposes.
e Discuss virus or parasite identification.

e Discuss amplification and sequencing directly from patient specimens.
1.2 Background

As a consequence of gene and genome sequence availability, microbial taxonomy
revolution over the past few decades. Comparing gene sequen:

quantitative metric for recognizing microbial diversity and cla551fy1
also serve as the basis of molecular tools used for sensitivesan

the properties of their known relatives. Other gene sg i i tail (eg, for more
precise identification to species level or for identi

In contrast to precise identifications based ons, microorganisms traditionally have
been identified based on physiological i ‘
properties are often ambiguous, and slowl i It-to-culture microbes present additional
identiﬁcation barriers and expense. Mass methods have gained importance for
the microbiologist’s laborato
and monitor microbes, includi

1.3 Terminology

CLSI, as a global : ion, is firmly committed to achieving global harmonization
ocess of recognizing, understanding, and explaining differences
ve worldwide uniformity. CLSI recognizes that medical conventions in the
inity have evolved differently in different countries and regions and that
s, regional usage, and different consensus timelines are all important
ation process. CLSI recognizes its important role in these efforts, and its

sed in this guideline, commonly referred to as “IUB codes,” was developed by the
International Union of Pure and Applied Chemistry (IUPAC) and the International Union of Biochemistry
and Molecular Biology (IUBMB), who established the IUPAC-IUBMB Joint Commission on
Biochemical Nomenclature (JCBN) and the Nomenclature Committee of the International Union of
Biochemistry and Molecular Biology (NC-IUBMB) to facilitate the communication of biochemical
information.’

2
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Chapter 2: Approach to Targeted DNA Sequencing

This chapter includes:

Discussion of primer design
Information on controls for DNA preparation (extraction), amplification, and sequencing
Protocols and instrument requirements

An overview of sequence data

Recommendations for reference database selection
Guidance on comparing sequences for identification

2.1 Primer Design

ed sequencing, usua
ost laboratories us

A sufficient amount of target material is needed for nucleic acid—
DNA. Direct bacterial genomic DNA sequencing is diffic
amplification of the region to be sequenced. Generally, amplicons s
as possible, as well as diversity between species for easi i
should be at least 450 base pairs (bp) in length aa@ v i ent sequencing
biochemistries to provide good-quality sequences. Fg i nisms, it is useful

or necessary to amplify longer DNA fragments reactions to produce
contiguous, quality sequence data covering mo ons for higher diversity. Sequencing
primers can be designed to target a know 1 get amplicon or nontemplate sequences
generated by tagging the 5’ end of P .l primer selection, amplification parameter

optimization, and sequencing primer selecti itical T aining good results (see CLSI document
MMO09?).

2.1.1 Bacteria and Myco

hips could be inferred from comparing parts of a
bacterial identification has increased.”'® Primers

spectrum.
2.1.1.1 16S Riboso

es (5S, 168, and 23S) and intergenic regions are specific for prokaryotes and
pomic purposes.'’ These genes:

weakly affected by horizontal gene transfer
sequence stretches ranging from highly conserved to variable

cs make the 16S rRNA gene the most widely used region for bacterial taxonomy and
identification (see Figure 1).

©Clinical and Laboratory Standards Institute. All rights reserved. 7
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generic public database entries. If the focus is on using type-strain sequences as references for species
identification, specialized or commercial databases offering such content should be considered.

2.5.2.2 Sequence Quality

Databases should be curated to ensure that primarily high-quality sequences with correct annotations are
present with minimal ambiguous bases (N) and that the gene or regions used for identification are fully
covered. Sequences with full gene coverage (> 80%) should be preferred over partial seque
sequences with unusual insertions, deletions, or variations should be excluded. All entrie
compared regularly with newly published sequences for that species or strain or updated
recent taxonomy.

2.5.2.3 Sequence Redundancy

To reduce the chance of systematic errors in annotations, databases should include multiple e
same microorganism from different environments, hosts, and countriesgand be provided by
scientific communities or peer-reviewed articles. Using different sequ
chance of inherent errors and for bias in the aggregate.

Including multiple sequence entries for a given species,

appear in a match list (eg, BLAST).
2.5.2.4  Periodic Updates

To ensure accurate identification of
taxonomy, the reference database use
six months.

variants and to reflect changes in
ely updated, at least every three to

2.5.2.5 Nomenclature andgA
Public databases** share % 2 i eme in which a sequence’s annotation includes

the species for which the fanc taphylococcus aureus) (see Table 5). Examples are
publicly available. *'

Table 5.
Annotation

AC
AU
SO
LOCUS

Species OS

Sequence ORIGIN

Annotations are generated by the authors who have submitted the entry with its sequence, but there can be
errors if the submission has not been peer reviewed. Given the huge amount of sequence data currently
being added to the public domain, such detailed verification by human interaction is not possible. More
extensively curated and specific databases try to resolve the verification issue by reviewing annotations
for specific targets and organisms; however, this time-consuming process can reduce the frequency of
updates. Therefore, these databases may lag behind the general public databases. Potential errors in
curation may include:

22 ©Clinical and Laboratory Standards Institute. All rights reserved.
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Chapter 3: Targeted DNA Sequencing Interpretation and Reporting Process

This chapter includes:

Process overview for interpreting and reporting targeted DNA sequencing
Identity score interpretive criteria for bacteria

Interpretive criteria for fungal identification

Suggestions for result reporting

This guideline provides guidance for targeted DNA sequencing examin
activities. Figure 3 provides an overview of the process discussed in the followin

Start

Targeted DNA
Sequencing
Process’

Results are
interpreted

3.1 Identity Score Interpretive Criteria for Bacteria

This subchapter focuses on practically applying broad-range DNA sequencing, with special emphasis on
commonly encountered bacteria in a medical laboratory. Bacteria are clustered into related groups, with
each table reflecting the group’s association within a medical and classical microbiological context. The
groups do not necessarily reflect classifications based on strict taxonomical relationships, but current
taxonomy has been updated within each group. The most common broad-range DNA target to identify

©Clinical and Laboratory Standards Institute. All rights reserved. 25





