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The identification and delimitation of fungal species are often challer
using traditional methods, either because of the lack of distinct morpholo
and biochemical characters or ethabsence of sexual reproductio
Conventional fungal identification methods using culture and microsc
analyses are often insensitive, slowi@/days) and heavily dependent on tl
level of mycological expertise. Further morphological and biochemadal

are subjective, error prone and frequently result in misidentifications
addition, the fact that numerous fungal species cannot grow under labor:
conditions precludes their identification. Phenotypic traits also fall
differentiate closelyalated species or species complexes with +idamtical

morphological characteristics but distinguishable genetic traits, such a
the members of the generausarium, Aspergillend Scedosporiur(Balajee
et al. 2005; Gilgado et al. 2005; O'Donnell®@00
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Dual DNA barcoding using the primary (ITS1/2 region) and the secondary fungal DNA
barcode (translational elongation factor 1a (TEF1a)) - the basis of fast and accurate
identification of mycotic agents

PROF WIELAND MEYER, DR LASZLO IRINYI, MINH THUY VI HIANG, PROF TANIA C SORRELL, A/PROF SHARON CHEN

Early and accurate identification ifsr eees”s emettihaold si nc acpla
directly from biological specimens are needed. Sequbased identification methods have proven to be more accurate 1
conventional methods in diagnostic clinical mycology (Balajee et al. 2007; Ciardo et al. 2006). Among the applied
techniques DNA barcoding is one of the most promising and efficient methods, as it enables rapid identification of spe
recognition of cryptic species across all kingdoms of eukaryatic life. Barcodes are standardized, easily amplifiegdhortiv
DNA sgquences (50800 bp), which exhibit a high divergence at species level and allow rapid identification by comparis
a reference sequence collection of accuratdntified species. Ideally, barcodes must be unique to a single species, anc
within each species to ensure consistency of identification (Hebert et al. 2003a). Additionally, interspecies variatic
exceed the intraspecies variation, generating a “gbrge
(Meyer and Paulay 2005).

Numerous genetic loci have been evaluated as a barcode for fungi, with varying succeBsaqemary fungal barcodéhe

internal transcribed spacer (ITS) region is comprised of three units, twoodorg, variable, ITS1 alidS2 regions, separate
by the highly conserved 5.8S gene, which is located between the 18S (small subunit (SSU)) and 28S (LSU) genes

repeat unit (White et al. 1990). There are many universal primers available to bind to DNA of most gfaihtexanwith the
most commonly used being the ITS1, ITS1F, ITS2, ITS3, ITS4 and ITS5 (Gardes and Bruns 1993; White et al. 1998).
reactivity with plant or animal DNA, funeggecific primers were designed, such as SR6R and LR1 (Vilgalgstand 990),
VID, V9G and LS266 (Gerrits van den Ende and de Hoog 1999), IT2 (Beguin et al. 2012), ITS1F (Gardes and Bruns 1
(O'Donnell 1993) (Figure 1). The ITS region was proposed as a standard fungal DNA barcode in 2012 (Schdchlehgtide
the development of a validated reference librahe ISHAMITS database for human and animal pathogenic fungi, establi
in 2015 (Irinyi et al. 2015). Currently (as per 21.09.2018) this database is in global use and contains 4,200l& sagjetnces
representing 645 fungal species. The ITS locus proved to be sufficient for correct identification of most medicalfymngiav
species (Irinyi et al. 2015). For the remaining taxa, it is essential to consider alternative genetidareditaie superior
resolution power and separation. This is particularly relevant to species complexes and sibling species delineation.

The secondary fungal barcodiespite the advantages of the ITS locus, such as robust PCR amplification and anigtict:
coverage, it can only accurately identify around 75% of all medically relevant fungal species usiffgoh @815% sequence
identity (Irinyi et al. 2015). To enhance the selectivity of fungal DNA barcoding and enable the correct identifadbfiomgaf
species, the most pragmatic solution was to establish a secondary fungal barcode, recognising that it would be didfitityt
only one DNA region that fulfilled all requirements of a barcode (Stielow et al. 2015). Whole genome se(i&8)nigas
recently made it possible to carry out full genome comparisons of evolutionarily distinct fungi in order to identifylp
secondary barcode markers and design universal primers for robust PCR amplification (Robert et al. 2011). Fadiatteer
universal primer pairs targeting eight genetic markers were tested across more than 1500 species (1931 strains or s
to select the most optimal secondary barcode marker (Stielow et al. 2015). As a result of this stuélyGbere provedo be

the most promising candidate, and as such was proposed as the universal secondary fungal DNA barcode, based on
taxon applicability and the availability of universal primers, such adOEBE (AI33F)/EF620R (AI33R) or EEQO2F
(AIZAF)/EF11688R (AI34R) (Figure-{Page 3)
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Primer name Sequences References
ITS1: (5 TCCGTAGGTGAACCTGCGG 3) (White et al., 1990)
ITS2: (5" GCTGCGTTCTTCATCGATGC 3) (White et al., 1990)
ITS3: (5" GCATCGATGAAGAACGCAGC 3’) (White et al., 1990)
ITS4: (5" TCCTCCGCTTATTGATATGC 3’) (White et al., 1990)
ITS5: (5" GGAAGTAAAAGTCGTAACAAGG 3)) (White et al., 1990)
ITS1F: (5 CTTGGTCATTTAGAGGAAGTAA 3’) (Gardes and Bruns, 1993)
IT2: (5" CCTCCGCTTATTGATATGCTTAGG 3’) (Beguin et al., 2012)
SR6R: (5’ AAGTATAAGTCGTAACAAGG 3’) (Vilgalys and Hester, 1990)
LR1: (5 GGTTGGTTTCTTTCCT3) (Vilgalys and Hester, 1990)
VID: (5" TTAAGTCCCTGCCCTTTGTA 3') (Gerrits van den Ende and de Hoog, 1999)
VIG: (5" TACGTCCCTGCCCTTTGTA 3’) (Gerrits van den Ende and de Hoog, 1999)
LS266: (5" GCATTCCCAAACAACTCGACTC 3’) (Gerrits van den Ende and de Hoog, 1999)
NL4b: (5" GGATTCTCACCCTCTATGAC 3’) (O'Donnell, 1993)
EF1-1018F
B 83%er1-1002F
—

Primer name
EF1-1018F (AI33F):
EF1-1620R (AI33R):
EF1-1002F (AI34F):
EF1-1688R (AI34R):
EF1-983F:
EF1-1567R:

Figure 1{ OKSYI G A O
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EF1-1567REF1-1620R EF1-1688R

Sequences References

(5" GAYTTCATCAAGAACATGAT 3) (Stielow et al., 2015)

(5 GACGTTGAADCCRACRTTGTC 3’) (Stielow et al., 2015)

(5 TTCATCAAGAACATGAT 3’) (Stielow et al., 2015)

(5" GCTATCATCACAATGGACGTTCTTGGAG 3’) (Stielow etal., 2015)

(5' GCYCCYGGHCAYCGTGAYTTYAT 3') (Rehner and Buckley, 2005)
(5' ACHGTRCCRATACCACCRATCTT 3') (Rehner and Buckley, 2005)

A0 NHZOGdzNB 2F GKS LINAYEFENB 6L¢{0 YR

their amplification. Highlighted primers are most fungal specific.
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Establishment of the secondary fungal barcode databast the TEFL locus being selected as secondary barcode
dedicated qualitycontrolled database covering all medically relevant fungal species was established to complement the
ITS database ing only qualitycontrolled TEFL sequences obtained from taxonomically verified fungal cultures. The r
established database contains 908 quatiiptrolled TEFY sequences, representing 186 pathogenic fungal species, anc
launched at the recent'7International DNA barcoding conference at the Kruger National Park in South Afide# (
November 2017). Sequences from the gen€emdida Cryptococcusnd Scedosporiunare most abundant in the nev
database. 143 species are represented by three staitess. The length of the parfi@F1 sequences in the database rang
from 550900 bp. In a few cases, shorter amplification products oT Efell were obtained (e.gfor Trichosporospp.).

Comparison of the nucleotide diversity (m) and numb
strains per species in the new secondary fungal DNA barcode database (Figure 2), showed Hf theus is less divers
than thelTS locus for most of the species, with the intraspecies variation being below 1.5 %, confirming the seconu
barcode locusTEFY) as a more discriminatory marker.

4.5% u|TS mTEF1a

4.0% 1

3.5% 1

3.0% 1

2.5% 1

2.0% 1

1.5%

1.0% 1

Figure 2Intraspeciewariation for species, which are represented by more than three strains, in the primary (ITS) (blue bard

o ND?2 O2YLI NBR 6AGK GKS GNIyatliarzy St2y3abiaz




-~ — ' - PAGES
S e  Ne s e

Dual DNA barcoding using the primary (ITS1/2 region) and the secondary fungal DNA
barcode (translational elongation factor 1a (TEF1a)) - the basis of fast and accurate
identification of mycotic agents

BY PROF WIELAND MEYER, DR LASZLO IRINYI, MINH THUY VI HIANG, PROF TANIA C SORRELL, A/PROF SHARON CHEN

New fungal DNA barcode databa3ée ITS and thEeEFh d at abases have now been co
BARCODI NG DATABASE”, whi ch cTEFlrsequencesy The dataldase is available2llife al
following websiteshttp://its .mycologylab.orgdr the ISHAM websitéitp://isham.org. This new database allows single lot
or polyphasic identification of human and animal pathogenic fungi based on sequence alignments of either theTEEbr
|l ocus sequences, or both, against the reference seq:

Value of the dual barcoding system for fungal identificatiorsummary, most medically relevant fungal species cal
identified from their ITS seqoee, confirming its status as a primary universal fungal DNA barcode. However, some spe¢
not be distinguishable using the ITS region, due to the fact that either the taxa are not adequately represented irethe
or the ITS region is unabledistinguish between biologically consistent groups. Under these circumstances, the applici
a dual DNA barcoding system that incorporates a secondary baieE®&, supported by a qualitgontrolled reference
database, increases the ability to aataridentification of all clinically important fungal pathogens. Figure 3 show:
suggested workflow within a routine clinical diagnostic laboratory.

Acknowledgements: The authors thank all members ofSHAM barcoding of pathogenic fungi working grfarpthe
contribution of strains and barcodes. The work was conducted with support of the NH&MRC to W. Meyer anc
(APP1031952 and APP1121936).

For more information on this article, please contact: wieland.meyer@sydney.edu.au

Traditional fungal ID (slow and unreliable)

Biochemical and [
morphological identification

New dual DNA barcoding approach
(fast and reliable)

Step 2

Step 1 v

Amplification of primary
DNA Barcode: ITS1/2

A 4

\
Amplification of
secondary DNA Barcode:
TEFla

Figure 3Proposed workflow for the identification of mycotic agents in the routine clinical diagnostic laborg
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The Centenary of the 1918 Pandemic: Advances in Diagnosis and Cc
Influenza and Respiratory Viruses Symposgiamcehosted byCIDMPH,
MBI and NSW Health Pathology ICPMR at Westmead Hospital"o
September 2018. The symposium wériallyopened by Dr Kerry Chan
Chief Health Officer, Population and Publgalth, Ministry of Health
followed bylocal and nationdteyspeakersThe symposium also feature i
an exhibition of memorabilia fr /™

Professor Dominic Dwyer, Professor Tania
Sorrell, Dr Kerry Chant and Professor Vitali

Congratulations

O
New Funding ’ ‘

As a result of thed dzOOS & a T dz CNIF yatrkidAaz2yl f wS&asI NOK
improved public health outcomes: Prospectesaluation of the effectiveness of genome sequenfgugjed
Ay@SadaaAaalr aazy PbdfessodNitaliNBitcherkd) PréfeSder Jondredell and GBMtaff at
Westmead, NSW Health haveitiated continued funding for the statewide public healthpathogen
genomics services at NSWHP ICPMR, Westmead

NATA Accreditation

The CIDMPH team has played a key role in the development and implementation of standard ope
procedures and laboratory protocols for bacterial genome sequencing and stafhtyairhich enabled the
accreditation of NSWHP ICPMR for microbial genomics surveillance and drug resistance testing.
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CONTACT US

CIDM-PH ADDRESS

Centre for Infectious Diseases and Microbiolt
—Public Health (CIDIAH)

Mailing Address: PO BB6R3
Wentworthville NSW 2145

PHONE:

(612) 8890 9870
WEBSITE:
www.wslhd.health.nsw.gov.au/CIDRH
E-MAIL:

WSLHBCIDMPH@health.nsw.gov.au

MBI ADDRESS

Marie Bashir Institute for Infectious Diseases
Biosecurity (MBI)

Mailing Address: Westmead Institute for
Medical Research, Level 4,
176 Hawkesbury Road
Westmead NSW 2145

PHONE:
(612) 8627 3402
WEBSITE:
www.sydney.edu.au/mbi
E-MAIL:

mbi@sydney.edu.au

UPCOMING EVENTS

Sydney Summer School in Pathogen
Genomics and Global Health

University of Sydney, Camperdown

Medical Entomology & Health Symposium

‘Meeting the challenges of emerging
mosquito-borne disease threats’

Westmead Education & Conference
Centre, Westmead Hospital

CIDM-PH Colloquium

Westmead Hospital, Sydney

Event Enquiries:
WSLHD-CIDM-PH®@health.nsw.gov.au
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