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ABSTRACT

Identification of Fusarium at the level of the species complex is difficuithvphenotypic
methods, so it is necessary to use molecular sequemethods. This study presents, for 33
isolates distributed among the four major speciemmexes, the performance of five
identification schemes involving ITS (internal tsanbed spacer), Ekl (translation
elongation factor 1 alpha), RPB1 (largest subuhiRBA polymerase) and RPB2 (second
largest subunit of RNA polymerase) genes and twaldses: GenBank af@isarium MLST
(MultiLocus Sequence Typing). In our practice, ithentification of the fungus from a culture
is performed with EFd and from a primary sample with ITS, using in bo#tses the specific

databasé&usarium MLST.
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INTRODUCTION

Fusarium species are molds that are widely distributechim énvironment, including water
and soil, and are significant plant pathogens If1)immunocompetent patients, the genus
Fusarium causes exclusively localized pathology; howeverimmunocompromised hosts,
principally burn and hematological patients, thieations are local or invasive (2). Clinical
presentations of invasive fusariosis are: fungecugneous infection, pulmonary disease or
other rare infections (endocarditis, osteomyeligs;.) (3-5). All drugs used in clinical
practice have shown poan vitro activity againstFusarium, which is why these pathologies
have a high mortality rate (6,7). The gerfussarium is divided into phylogenetic species
complexes. Those most frequently involved in hunmé@ctions arg-usarium solani species
complex (FSSC)FFusarium oxysporum species complex (FOSJusarium dimerum species
complex (FDSC)Gibberella fujikuroi species complex (GFSC), aRdsarium incarnatum -
Fusarium equiseti species complex (FIESC) (6). These different comgsenave macroscopic
and microscopic culture traits that are quite simimaking it difficult to identify species
complexes with phenotypic methods (8). As a reduls necessary to use molecular biology
methods for the identification of species complexé&urrently, the recommended
identification scheme is based on the sequencing génes: EFd (translation elongation
factor 1 alpha), RPB1 (largest subunit of RNA patyase) and RPB2 (second-largest subunit
of RNA polymerase) (9). In daily laboratory praeticdhis scheme can be cumbersome. In
current practice, the identification of species ptares can take place following isolation of
Fusarium in culture, and also directly on primary samplbifsies, for example) having

benefited from a pan-fungal PCR in the contextrofrevasive fungal infection.



In this study, we compared the performance in tevhidentification of four genes commonly
used for identification (ITS, Efl RPB1 and RPB2), as well as two databases (Gen&aghk
Fusarium MLST), in order to propose an optimal methodoldgyidentifying complexes of

Fusarium species on culture or primary sampling.

MATERIALSAND METHODS

| solates

Thirty-three clinical isolates of the genkigsarium from different locations (nails, corneas or
blood cultures) were studied, distributed amongftw main species complexes: 19 (58%)

FOSC; 10 (30%) FSSC; 3 (9%) GFSC and 1 (3%) FDSC.

Sequence analysis

After 5 days of culture on MALT medium, DNA extramrt was carried out from the
mycelium using the QIAamp DNA Mini Kit® (Qiagen) @arding to the manufacturer's

recommendations.

The ITS (internal transcribed spacer) gene wasesempd by primers ITS1 and ITS4 (10) and
the sequences obtained were analyzed with Blaste tBenBank database
(https://blast.ncbi.nim.nih.gov) and also with &&fic database of the genbssarium, CBS-
KNAW Fungal Biodiversity Centre’s  Fusarium MLST website

(http://www.westerdijkinstitute.nl/Fusarium). Theguences of the 3 genes, kFRPB1 and



RPB2, were carried out according to the O'Donnedint protocols and analyzed with a

specific database (9).

Performance indicators

In this work, 5 identification schemes were evaddati TS/GenBank; IT$usarium MLST;

EFla/Fusarium MLST; RPB1Fusarium MLST and RPBZusarium MLST.

For each of the isolates and each scheme usedttanfirst 20 occurrences or identification
responses were considered. Thus, several indicatere analyzed and compared: the
percentage of minimum, median and maximum simylarihe number of different total
responses (of the 20 occurrences) and the numbdiffefent responses of the first order
(namely, the highest percentage of sequence sityjlatdeally, the optimal identification
scheme should have high percentages of similaritkse to 100%, and the numbers of

different responses close to 1.

RESULTS

For the 33 isolates studied, the five schemes ibestidentified the same species complex

with varying performance.

For the four species complexes studied, the pedooms of each of the genes

studied/database pairs are shown in Table 1.

We observed that the identification performancél®, RPB1 and RPB2 genes depended on

the species complex to be identified. For examRRB2 analysis witlFusarium MLST was



indicative for FSSC, but much less so for FOSC &5G. In contrast, Eflwas the most
versatile gene; its performance was less varia@pending on the species complexes studied,
with an average number of responses for the fidsb&urrences between 1 and 1.67. The
numbers of different first order responses of th8 gene with the GenBank database was
high for the FSSC and GFSC complexes, respect®&§ and 4.33. In contrast, the numbers
of different first-order responses for all geneshwthe specificFusarium MLST base were
close to 1. The numbers of different responses gntlo@ 20 occurrences were low: i) with
EFlo, regardless of the species complex1(67); ii) with ITS and GenBank database for
FOSC (1.21); iii) with ITS and the specific dataddsr all the studied complexes (1.00 or
2.00) except FOSC (3.00). The numbers were elevimedll complexes with RPB1 and

RPB2 genes (up to 9.90) (except FSSC and RPB2).

DISCUSSION

The universal approach for identifying a fungushwé molecular method relies on the
sequencing of the ITS gene (11). However, using target and the GenBank database,
unambiguous identification cannot always be assuhedeed, several identifications of
species or species complexes can be proposed hdteame high percentage of similarity.
Also, partial identifications, such &asarium sp., are often reported. Finally, responses are
rarely presented according to the complexes desgtrilbhus, this scheme is not considered

optimal for the identification ofFusarium species complexes.

As a result, specific genes and a database deditatfe identification oFusarium species
complexes have been proposed (9). A multigene sisaimakes it possible to identify the

subtype within each complex. However, the analg$ia single gene leads to a complex.



RPB1 and RPB2 have a lower occurrence number fgit percentages, suggesting a less-
supplied database. EérIneets the expectations of our performance indisala addition,

the smaller size of Eklallows one-piece sequencing for laboratories witidest equipment.

It is important to note that the performance of fh® gene is improved when analyzing these

sequences with the specifitisarium MLST database.

This study establishes identification strategiescumrent practice that combine analytical
performance and technical efficiency (time and )o$hus, for the identification of the
species complex of &usarium fungus obtained in culture, it is necessary taycaut a
sequencing of the Eklgene and an analysis on the basis of the speatafebasd-usarium
MLST, as recommended by the O'Donnell team (9) tl@@nother hand, when the laboratory
carries out a pan-fungal PCR on primary samplingppdy of cutaneous necrosis or
ophthalmological sampling in the context of a kitisdt it is not necessary to resort to a
second sequencing; the analysis of the ITS sequeitbethe specific database will allow a

quality diagnosis of the species complex.
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FIGURES

Table 1: Comparison of the performances of the edifit identification schemes:
gene/database.

For each identification condition and each spedemplex, the average percentage of
similarity (maximum, median and minimum), the numbgdifferent responses from the first
order and the total number of different responsegaen.



Fusarium

. Fusarium solani Gibberella fujikuroi | Fusarium dimerum
oxysporum species N . .
species complex species complex species complex
complex (n=10) (n=3) (n=1)
(n=19)
Maximum similarity (%) 100 100 100 99
Median similarity (%) 100 99,6 99,67 99
ITs / Minimum similarity (%) 100 99,6 99,67 99
GenBank | Number ofdnfferentanswers of 121 2,80 433 1,00
the first order
Number of different responses 121 3,30 6,33 2,00
of the 20 occurrences
Maximum similarity (%) 99,99 99,98 99,77 99,62
Median similarity (%) 99,57 99,73 98,68 99,62
s/ Minimum similarity (%) 93,04 99,26 91,81 99,62
Fusarium :
Number of different answers of
MLST the first order 121 1,00 1,00 1,00
Number of different responses 3,00 1,00 2,00 1,00
of the 20 occurrences
Maximum similarity (%) 99,97 99,83 99,61 99,83
Median similarity (%) 99,33 98,71 93,27 99,83
EF1/ Minimum similarity (%) 99,21 97,91 92,80 99,83
Fusarium :
Number of different answers of
MLST the first order 1,00 1,00 1,00 1,00
Number of different responses 1,05 1,00 1,67 1,00
of the 20 occurrences
Maximum similarity (%) 99,56 97,63 99,35 99,73
Median similarity (%) 96,66 85,85 95,87 80,55
RPB1/ Minimum similarity (%) 95,04 84,41 94,79 79,93
Fusarium -
Number of different answers of
MLST the first order 1,00 1,00 1,00 1,00
Number of different responses 5,00 9,90 5,00 7,00
of the 20 occurrences
Maximum similarity (%) 99,73 99,86 98,75 100,00
Median similarity (%) 95,54 98,24 96,20 82,43
RPB2 / Minimum similarity (%) 95,14 96,93 95,32 82,13
Fusarium :
Number of different answers of
MLST the first order 1,00 1,00 1,00 1,00
Number of different responses 6,00 1,00 4,67 2,00

of the 20 occurrences






