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Summary
Species of 788 Penicillium strains from grape bunches af-
fected by blue mold in German wine growing regions were 
identified by PCR based molecular methods. P. expansum 
was the most common species (n = 733) on the grapes and 
could be identified by species specific PCR of the polygalac-
turonase gene certainly (Marek et al., 2003). Eleven further 
species, P. minoluteum, P. crustosum, P. commune, P. pur-
purogenum, P. solitum, P. spinulosum, P. brevicompactum, P. 
chrysogenum (on flower residues only), P. aurantiogriseum, P. 
thomii/P. purpurescens, and P. janthinellum/P. griseovulvum, 
could be identified by different molecular methods. However, 
the identification of these species and the discrimination of 
closely related species by ITS sequencing was time consuming 
and not possible in each case. Therefore, a new molecular 
method based on an amplification of a cytochrome oxidase 
gene (cox1) sequence by PCR followed by a single restriction 
with HpyF3I or triple digestion with HpyF3I, BspT1, and BsmI 
was established. This method allows a fast and reliable dis-
tinction of the most common Penicillium species occurring on 
affected grape bunches in German wine growing regions, and 
allowed a discrimination of closely related species such as P. 
crustosum and P. commune, respectively.
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1 �Introduction
An increased occurrence of blue mold on grapes was ob-
served in German vineyards since the end of the 1990s. This 
fruit disease is caused by species of the genus Penicillium. 
Among them, Penicillium expansum is the major causal agent 
of this type of decay on grapes in German vine growing re-
gions (Walter, 2008). This pathogen requires wounds in the 
epidermal layer of grapes, e.g. caused by rain, hail, and even 
wind, as well as by biotic factors such as insect damage to 

enter fruit tissues and to initiate infection. Even cracks and 
microcracks that appear during berry ripening and Botrytis in-
fections (Becker et al., 2011) can be colonized by Penicillium. 
Main consequence of soft rot caused by P. expansum is the 
reduction of wine quality due to the production of toxic com-
pounds and also volatiles, in particular geosmin, 2-methyli-
soborneol (2-MIB), and 2- isopropyl-3-methoxypyrazine 
(IPMP), which are aromatic compounds leading to persistent 
off-flavours in wine (La Guerche, 2004; La Guerche et al., 
2003). Thus, blue mold severely affects the quality properties 
of infected bunches making them unmarketable and, there-
fore, leading to considerable economic losses. Similar to oth-
er Penicillium species, P. expansum is also of public health in-
terest, since the fungus is able to colonise different hosts and 
to produce the mycotoxins patulin and citrinin as well as oth-
er secondary metabolites that are toxic to humans and ani-
mals (Abramson, 1997; Andersen et al., 2004). Furthermore, 
strains isolated from grapes seem to be the most aggressive 
and strongest patulin producers compared to P. expansum 
strains originating from other hosts (Sanzani et al., 2013). 
Patulin has not only been reported in grapes but also in pro-
cessed grape juice (Scott et al., 1977) and fermenting wine 
(Majerus et al., 2008). However, patulin could not be detect-
ed in ripened wine since it is degraded when sulphur dioxide 
is added (Trucksess and Tang, 2001; Altmayer et al., 1985), or 
decomposed to non-toxic E-aslcadiol by S. cerevisiae (Moss 
and Long, 2002). Contamination with other mycotoxins has 
also been observed depending on the spectrum of Penicillium 
and also Aspergillus species that affect grape bunches.

In most years, grapes are mainly affected by grey mold (Bot-
rytis cinerea) due to low night temperatures during autumn 
or late summer. However, warmer weather periods in recent 
years and also climate change may favour the growth of P. 
expansum which is more adapted to higher temperatures, 
dry environmental conditions, and low water activity com-
pared to B. cinerea (Judet-Correia et al., 2010). Further-
more, Penicillium species with higher incidences in warmer 
vine growing areas may be stimulated such that grapes be-
come infested with different potential mycotoxin producers. 
An increased infestation with underrepresented but puta-
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tively mycotoxin-producing Penicillium species will have an 
impact on quality of juice, must, and wine and may also 
raise health issues. Therefore, the monitoring of Penicillium 
species requires fast and easy methods for species identifi-
cation and to reveal alterations in species composition over 
time and regions.

The reliable discrimination of Penicillium species on grape 
bunches based on morphological features such as shape and 
size of conidia or stipes and metulae (Samson et al., 2010; 
Samson and Frisvad, 2004) is difficult and time consuming 
due to high morphological similarities and thus requires pro-
found knowledge and practical experience. Species identi-
fication in general is also possible by using selective media, 
on which growth and degradation of different carbon sourc-
es is analysed. However, a systematic analysis of metabolic 
profiles, as it can be achieved by Fourier transform infrared 
(FTIR) spectroscopy, may also be expensive and many Peni-
cillium isolates on grapes cannot be identified precisely due 
to isolate-specific differences within one single species and 
also unknown environmental factors. Even though FTIR was 
successfully used in fungal taxonomy, many reference strains 
reliably identified by other appropriate (molecular) methods 
are needed to overcome large intraspecific variability in phe-
notypic traits (Wenning and Scherer, 2013).

In many cases well established molecular methods such as 
an analysis of sequences within the ITS region or the ß-tubu-
lin gene are used for the identification of different fungi in-
cluding Penicillium species (Samson et al., 2004; White et al., 
1990). Unfortunately, closely related species such as P. crusto-
sum and P. commune cannot be discriminated with this meth-
od, since the nucleotide sequences of the PCR products are 
nearly identical/very similar (Frisvad and Samson, 2004, Wal-
ter, 2008). Recently Ollinger et al., 2020 reported about DNA 
barcoding, targeting specific DNA regions of mold species oc-
curring in bakery plants, including some Penicillium species. 
Other laboratories/working groups focus on biochemical 
methods for species identification and discrimination (Reeve 
et al., 2019). Even MALDI-TOF MS based identification of fun-
gal isolates to the species level is used in many laboratories 
(Quéro et al., 2019). However, the methods are addressed to 
selected species or require suitable equipment.

Since the identification of Penicillium species on grape bunch-
es was either time consuming, or expensive and not success-
ful in case of closely related species, the aim of the presented 
work was to develop a fast and easy molecular method that 
allows the identification and discrimination of closely related 
Penicillium species. For this purpose, cytochrome C oxidase 
gene (cox1) sequences were selected and analysed to reveal 
differences even at a single nucleotide level. Even though 
cox1 sequences were used for fungal identification using bar-
code oligonucleotide arrays (Seifert et al., 2007; Chen et al., 
2009), they did not allow a discrimination of closely related 
species. Therefore, in a new approach a gene-specific PCR of 
cox1 sequence was followed by a restriction analysis, thus 
providing a simple method for discrimination of the most im-
portant pathogenic species on grapes in German viticultural 
regions.

2 �Material and Methods

2.1 �Penicillium isolates and reference strains
A total of 788 Penicillium isolates were collected from 10 dif-
ferent viticultural regions in Germany (Table 2). These isolates 
were collected from grape berries showing typical green mold 
disease symptoms at bunches of about 70 different grape vari-
eties. For isolation, Penicillium spores and mycelia were trans-
ferred to malt extract agar plates (2 %) with a fine needle.

To ensure purity and homogeneity dilutions of spore suspen-
sions were plated on agar plates and single colonies were se-
lected by stereo microscope. All cultivation was done at 21 °C.

Reference strains from the Centraalbureau of Schimmelcul-
tures (CBS) and Deutsche Sammlung für Mikroorganismen 
und Zellkulturen (DSMZ) were included in the investigations 
to ensure the results in species identification and differenti-
ation. The collection included P. expansum (DSM 62841), P. 
crustosum (CBS 313.48), P. crustosum (CBS 548.77), P. crus-
tosum (CBS 747.74), P. commune (CBS 216.30) P. commune 
(CBS 184.89), P. minioluteum (CBS 138.84), P. minioluteum 
(CBS 996.72), P. purpurogenum (DSM 62866), P. brevicompac-
tum (DSM 3825), P. spinulosum (DSM 62870), P. solitum (CBS 
147.86), and P. chrysogenum (DSM 62858).

2.2 �DNA extraction
For DNA extraction, single spore cultivates were grown in 2 
mL glass vials with liquid malt extract (2 %) for 14 days. For 
DNA extraction, 2 mL glass vials with liquid malt extract (2 %) 
were inoculated with material of single spore cultures. 14 
days after inoculation fungal material was transferred into 1.5 
mL Eppendorf® tubes and cooled down with liquid nitrogen. 
Frozen material was crushed with three steel beads (diam-
eter 3 mm) in a Retsch® CryoMill MM 400 (45 sec., 18 Hz). 
DNA was extracted by adding 500 μL extraction buffer (200 
mM Tris HCl pH 8.5; 25 mM NaCl; 25 mM EDTA; 0.5 % SDS; 
0.1 mL/100mL 2-mercaptoethanol). After incubation at 65 °C 
for 30 min, samples were allowed to cool down to room tem-
perature, followed by an addition of 500 μL of a mixture of 
chloroform and isoamyl alcohol (24:1), and a centrifugation 
step at 20,000 rcf at room temperature for 10 min. The super-
natant was transferred into a new Eppendorf® tube and 10 μL 
RNAse (10 mg·mL-1) were added. After incubation at 37 °C for 
60 min, proteins were precipitated with 0.5 volume of 7.5 M 
ammonium acetate (pH 6,5) followed by centrifugation at 
20,000 rcf for 10 min. The upper phase was transferred to a 
new Eppendorf® tube and the DNA was precipitated with 1/9 
volume of 3 M sodium acetate (pH 6) and 0.5 volume isopro-
pyl alcohol. After incubation for 10 minutes on ice, samples 
were centrifuged for 20 min at 20,000 rcf and the superna-
tant was discarded. The pellet was dried at room tempera-
ture, dissolved in 50 μL TE buffer (10 mM Tris-HCl (pH 8.0), 0.1 
mM EDTA) and stored at 4 °C until use.

2.3 �Species specific PCR (Penicillium expansum)
Since P. expansum is the main causal agent of blue mold on 
grapes in German viticultural regions, each strain was first 
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analysed with the aid of a species-specific PCR by using the 
primer pair PEF and PER as described by Marek et al. (2003). 
This primer pair can be used to amplify a 404 bp sequence of 
the polygalacturonase gene. With this method, P. expansum 
could be easily identified and clearly separated from other 
Penicillium species.

In brief, primers PEF and PER (Table 1) were added to com-
mercial PCR beads in 200 μL PCR tubes (illustraTM PuRe TaqTM 
Ready-To-GoTM PCR beads, GE Healthcare) that were used 
for all amplifications. For each PCR, 50 ng DNA, primers (25 
pmol), and bidistilled sterile water were added to a final vol-
ume of 25 μL. Amplifications were carried out in a thermal 
cycler (Eppendorf Mastercycler® gradient) by an initial dena-
turation step at 92 °C for 5 min, followed by 30 cycles at 92 °C 
for 1 min, 60 °C for 45 sec, 72 °C for 45 sec, and a final exten-
sion step at 72 °C for 7 min. An aliquot of 5 μL of each reaction 
was analysed by gel electrophoresis (0.8 % agarose, Merck).

2.4 �PCR of the ITS region and sequencing

Primers ITS4 and ITS5 (Table  1) were added to commercial 
PCR beads in 200 μL PCR tubes (illustraTM PuRe TaqTM Ready-
To-GoTM PCR beads, GE Healthcare) that were used for all am-
plifications. For each PCR, 50 ng DNA, primers (25 pmol), and 
bidistilled sterile water were added to a final volume of 25 
μL. Amplifications were carried out in thermal cycler (Eppen-
dorf Mastercycler® gradient) by an initial denaturation step at 
94 °C for 2 min, followed by 35 cycles at 94 °C for 40 sec, 54 °C 
for 1 min, 72 °C for 2 min., and a final extension step at 72 °C 
for 10 min. An aliquot of 5 μL of each reaction was analysed 
by gel electrophoresis (0.8 % agarose, Merck).

2.5 �Gene specific PCR (cytochrome oxidase cox1)

The Cox1 gene was amplified with the primer pair PenF1 and 
AspR1 (Table 1). PCR was set up with PCR beads (illustraTM PuRe 
TaqTM Ready-To-GoTM PCR beads, GE Healthcare) as described 
above. DNA (50 ng), the primer pair (10 pmol), and sterile wa-
ter were added to a final volume of 25 μL. Amplifications were 
carried out in a thermal cycler (Eppendorf Mastercycler® gradi-
ent) according to Chen et al. (2009) with the following modifi-
cations: The initial denaturation at 95 °C for 3 min was followed 
by 40 cycles of 95 °C for 1 min., 56 °C for 45 sec., 72 °C for 90 
sec., and a final extension step at 72 °C for 10 min. The expect-
ed PCR product is about 600 bp. An aliquot of 5 μL volume of 
each PCR product was analysed by gel electrophoresis (0.8 % 
agarose, Merck, in TAE buffer (Roth), 20 min. at 100 V).

2.6 �Restriction analysis of cox1 PCR product

To obtain species-specific banding patterns, PCR products 
obtained after amplification of cox1 sequences of Penicillium 
isolates were digested with the restriction enzymes HpyF3I, 
BspT1 and/or BsmI (Fermentas, Germany). In each case, 10 μL 
of the PCR product were mixed with 1 μL of each enzyme (10 
units/μL), 4 μL 10 × tango buffer, and 10 μL bidistilled water to 
a final volume of 27 μL. Samples were incubated overnight at 
37 °C. Fragments were separated by gel electrophoresis (3 % 
agarose 1000, Merck, in TAE buffer (Roth), 30 min at 100 V).

3 �Results

3.1 �Identified Penicillium species

Molecular methods used in this study allowed the identifi-
cation and/or discrimination of at least 12 different Penicil-
lium species that cause blue mold on grapes in German viti-
cultural regions (Table 2). 733 isolates (93 %) were identified 
as P. expansum, so this specie was the most common spe-
cies found to be pathogenic on the grapes. In addition to P. 
expansum, P. minioluteum (n  =  25), P. crustosum (n  =  9), P. 
commune (n = 6), P. purpurogenum (n = 5), P. solitum (n = 3), 
P. spinulosum (n = 3), P. brevicompactum (n = 3), P. chrysoge-
num (on flower residues only), P. aurantiogriseum (n = 1), P. 
thomii/P. purpurescens (n = 1), and P. janthinellum/P. griseo-
vulvum (n = 1) could be identified. Since P. aurantiogriseum, 
P. thomii/P. purpurescens and P. janthinellum/P. griseovulvum 
were only identified once by ITS sequencing, and are even not 
common species on grapes in other countries, no further in-
vestigations were set on the discrimination or restriction pro-
filing of these species. Within this first step, differentiation of 
P. crustosum and P. commune by ITS sequencing was still not 
possible. However, both species were discriminated success-
fully by distinct digestion of cox1 gene (see chapter 3.5).

3.2 �PCR with P. expansum-specific primers

PCR with the P. expansum specific primer pair PEF and PER 
(Table  1) was successfully applied for the identification of P. 
expansum, the most frequent species on symptomatic grapes 
(93 % of all collected isolates). Amplification of DNA isolated 
from reliably identified P. expansum and reference isolates re-
sulted in a single PCR product of 404 bp. No amplification prod-
uct was obtained with the primers when DNA of other species 

Table 1: List of used primers, sequences, and references

Primer Sequence Reference

PEF 
PER

5´ATC GGC TGC GGA TTG AAA G 3´ 
5´AGT CAC GGG TTT GGA GGG A 3´

Marek et al., 2003

ITS4 
ITS5

5´TCC TCC GCT TAT TGA TAT GC 3´ 
5´GGA AGT AAA AGT CGT ACC AAG G 3´

White et al. 1990

PenF1 
AspR1

5`-GAC AAG AAA GGT GAT TTT TAT CTT C-3` 
5`- GGT AAT GAT AAT AAT AAT AAT ACA GCT G-3`

Seifert et al., 2007
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Table 2: Species identification of Penicillium isolates from grape berries with typical blue mold symptoms in German viticultural regions. 
Species, number of isolates, origins, year and used identification method.

Penicillium spec. Number of isolates Origin Year Used method*

P. expansum Total: 733

4 Palatinate 2003 1, 2
13 Palatinate 2004 1, 2
54 Palatinate 2004 1
374 Palatinate 2005 1
35 Palatinate 2006 1
40 Palatinate 2010 1
15 Palatinate 2011 1
55 Palatinate 2012 1
24 Baden 2004 1
4 Baden 2005 1
1 Baden 2006 1
6 Francs 2004 1
9 Francs 2005 1
12 Moselle 2004 1
1 Moselle 2005 1
6 Moselle 2006 1
3 Moselle 2010 1
2 Nahe 2004 1
3 Nahe 2005 1
6 Rheingau 2004 1
11 Rhine-Hesse 2004 1
21 Rhine-Hesse 2005 1
2 Rhine-Hesse 2006 1
27 Württemberg 2005 1
3 Württemberg 2004 1
1 Middle Rhine 2004 1
1 Ahr 2004 1

P. minioluteum Total: 25

10 Palatinate 2003 2
12 Palatinate 2004 2
1 Palatinate 2004 2, 3
2 Palatinate 2005 2, 3

P. crustosum Total: 9

1 Baden 2005 2, 3
5 Palatinate 2005 2, 3
2 Palatinate 2005 2, 3
1 Palatinate 2006 2, 3
2 Palatinate 2012 2, 3

P. commune 6

2 Palatinate 2005 2, 3
2 Palatinate 2011 2, 3
1 Palatinate 2012 2, 3
1 Rhine-Hesse 2005 2, 3

P. purpurogenum 5 Palatinate

1 Palatinate 2007 2, 3
4 Palatinate 2010 2, 3
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was used (see chapter 2.1). In this case, the species-specific 
PCR failed to produce a fragment of the expected size (Fig. 1).

3.3 �Gene-specific PCR (cytochrome oxidase, cox1) 
and restriction analysis with HpyF3I, BspT1, 
and BsmI

Since species-specific PCR failed in case for Penicillium spe-
cies other than P. expansum, a partial sequence of the cy-
tochrome oxidase gene (cox1) was amplified with the primer 
pair PenF1 and Asp R1 (Table 1) resulting in a PCR product of 
about 600 bp (Fig. 2).

3.4 �Triple digestion of the cox1 sequence with 
HpyF3I, BspT1, and BsmI

The triple digestion of PCR products of the cox1 sequence with 
HpyF3I, BspT1, and BsmI revealed species specific fragmenta-

tion in the case of seven species (P. crustosum, P. commune, P. 
solitum, P. spinulosum, P. brevicompactum, P. chrysogenum, 
and P. purpurogenum) as shown in Fig.  3. P. minioluteum 
showed a fragmentation pattern that was identical with that 
obtained for P. commune (data not shown). However, these 
two species are not closely related and could be differentiat-
ed easily by ITS sequencing as well as culture morphology and 
coloration on malt extract agar (Fig. 4).

3.5 �Discrimination of P. crustosum and P. com-
mune

If only the closely related P. crustosum and P. commune 
should be discriminated, a single restriction of cox1 gene 
PCR product with only HpyF31 was also sufficient. The re-

Penicillium spec. Number of isolates Origin Year Used method*

P. solitum Total: 3

1 Palatinate 2005 2, 3
1 Palatinate 2011 2
1 Palatinate 2011 2, 3

P. spinulosum Total: 3

1 Palatinate 2005 2
1 Palatinate 2010 2
1 Rhine-Hesse 2005 2, 3

P. brevicompactum 3 Palatinate 2011 2
P. chrysogenum 1 Palatinate (flower residues) 2005 2
P. aurantiogriseum 1 Palatinate 2005 2
P. thomii/P. purpurescens 1 Palatinate 2005 2
P. janthinellum/P. griseovulvum 1 Palatinate 2005 2

* Method no.1: PCR with primers PEF and PER (see chapters 2.3 and 3.1)
* Method no.2: PCR with primers ITS4 and ITS 5, followed by sequencing and alignment (see chapter 2.4)
* Method no.3: Amplification and restriction of partial cox1 sequence (see chapters 2.5, 2.6, 3.3, 3.4)

Table 2:Continued

Fig.  1: Electrophoresis of PCR products obtained from DNA of 
pathogenic Penicillium samples isolated from affected grapes in 
the field and P. expansum specific primers PEF and PER (Marek et 
al., 2003). 1 = 100 bp DNA marker (Roth); 2 = P. expansum (DSM 
62841); 3-6, 8-11, 13-20 = P. expansum; 7 = P. aurantiogriseum 
(identification method see chapter 2.4); 12 = P. brevicompactum 
(identification method see chapter 2.4).

Fig. 2: Electrophoresis of cox1 gene products obtained after PCR 
with the primer pair PenF1 and AspR1 and DNA of relevant Pen-
icillium species. 1 = 100 bp DNA marker (Roth); 2 = P. crustosum 
(DSM 313.48); 3 = P. commune (CBS 216.30); 4 = P. solitum (CBS 
147.86); 5 = P. spinulosum (DSM 62870); 6 = P. brevicompactum 
(DSM 3825); 7 = P. chrysogenum (DSM 62858); 8 = P. purpuroge-
num (DSM 62866).
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striction resulted in species-specific fragmentation where 
three fragments appeared in case for P. crustosum and two 
fragments if DNA of P. commune was amplified and digested 
(Fig. 5).

4 �Discussion
Cox1 gene analysis revealed distinct variations in the nucleo-
tide sequence of the Penicillium species investigated. These 
gene sequences show promise for the molecular differenti-
ation of Penicillium species growing on berries. Moreover, 
the established method allows a distinction of even closely 
related species such as P. crustosum and P. commune. The 
triple digestion of the cox1 gene sequence with HpyF3I, 
BsmI and BspT1 was a useful tool for a quick and reliable 
identification of all Penicillium species responsible for blue 
mold on grapes in German vineyards. However, species not 
common in German viticultural regions, such as P. chrysoge-
num, but also included in the experiment because of their 
high frequency in other countries (Felšöciová et al., 2013; 
Sage et al., 2002), could also be successfully discriminated 
from other species. An adaption of the established method 
should allow the identification of further species that may 
occur on grapes.

In most countries P. expansum, P. chrysogenum, P. crusto-
sum, P. commune, P. spinulosum, P. minioluteum, P. brevicom-
pactum, P. solitum, P. glabrum, and P. funiculosum, are the 
species occurring on grape berries (Felšöciová et al., 2013; 
Sage et al., 2002; Borgo et al., 2005; Battilani et al., 2003; 
Doaré-Lebrun, 2005; Magnoli et al., 2003; Da Rocha Rosa et 
al., 2002). Based on a bunch rot survey that was regularly 
conducted since 2003, most of these species are also found 
in Germany (Walter, 2008). Among them, P. expansum is the 
predominant species and responsible for more than 90  % 
of all infestations analysed so far. This is in contrast to the 
frequency of occurrence in other grapevine growing regions 
where P. spinulosum, and P. minioluteum are the most abun-
dant species (Diguta et al., 2011).

With regard to the spectrum of species found in other viti-
cultural regions, mainly located in the Mediterranean area, a 
predicted climate change might not reveal new and unknown 
species in Germany but rather alter the frequency of occur-
rence within the spectrum of Penicillium spp. As a result of 
an altered species spectrum on grapes, contaminations of 
berries with different types of mycotoxins are possible. P. 
chrysogenum, for instance, was found in Germany only on 
flower residues and at very low rates but is capable of pro-
ducing PR-toxin and Penicillins (Frisvad et al., 2004), and was 
the most common species in Slovakia (Felšöciová et al., 2013) 
and Argentina (Magnoli et al., 2003).

Since Penicillium species are able to produce different kinds 
of mycotoxins and occur worldwide, the species spectrum on 
grape berries is of interest in all grape growing regions. Species 
composition may not only be modified by abiotic conditions 
but may also be influenced by biotic factors. Thus, other fungal 
organisms that colonise the same substrate may induce or re-
duce the production of secondary metabolites as described for 
geosmin and patulin (La Guerche, 2004; Morales et al., 2013) 
and should be included in monitoring strategies.

Several sensitive and highly sophisticated analytical methods 
have evolved during recent years and were successfully used 

Fig. 5: Profiles obtained after restriction of the cox1 PCR product 
obtained with DNA of different strains of P. crustosum and P. com-
mune with the enzyme HpyF3I. 1 0 100 bp DNA marker (Roth); 2 
= P. crustosum (CBS 313.48); 3 = P. crustosum (CBS 548.77); 4 = P. 
crustosum (CBS 747.74); 5 = P. commune (CBS 216.30); 6 = P. com-
mune (CBS 184.89).

a b

Fig. 4: Culture morphology and coloration of (a) P. commune (CBS 
216.30) and (b) P. minioluteum (CBS 138.84) on malt extract agar 7 
days after inoculation and incubation at 21 °C.

Fig. 3: Profiles obtained after restriction of the cox1 PCR product 
obtained with DNA of different Penicillium species with the en-
zymes HpyF3I, BspT1 und BsmI. 1 = 100 bp DNA marker (Roth), 2 
= P. crustosum (CBS 313.48): 3 = P. commune (CBS 216.30); 4 = P. 
solitum (CBS 147.86); 5 = P. spinulosum (DSM 62870), 6 = P. brev-
icompactum (DSM 3825); 7 = P. chrysogenum (DSM 62858); 8 = P. 
purpurogenum (DSM 62866).
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for detection of mitosporic mycotoxin producers in different 
substrates. Capillary isoelectric focusing (Horká et al., 2011), 
electronic noses (Pallottino et al., 2012), E-probe diagnostic 
nucleic acid analysis (Stobbe et al., 2013), loop-mediated 
isothermal amplification assays (Luo et al., 2012), and MAL-
DI TOF MS analysis (Reeve et al., 2019). However, some of 
these methods require suitable equipment. Therefore, oth-
er convenient tools are developed in addition. Elhariry et al. 
(2011) reported a successful genotypic identification of P. ex-
pansum in apple juice by using RAPD PCR, whereas Prat et al. 
(2009) used PCR-denaturing gradient gel electrophoresis for 
the detection of P. glabrum in corks or as an alternative DNA 
barcoding for mold species identification occurring in bakery 
plants, including some Penicillium species, as published by 
Ollinger and co-workers (Ollinger et al., 2020).

One disadvantage of several publications treating the occur-
rence of Penicillium species on grape berries is that despite 
a comprehensive investigation of the mycoflora information 
about pathogenicity is missing. In these cases, and since 
berry surfaces exhibit a large flora of bacteria, yeasts, and 
other fungi, information about microbial interactions is not 
available and a comparison of the spectrum of those species 
pathogenic to grapevine is difficult. Furthermore, the fungal 
composition seems to be altered by cultivation techniques. 
Walter (2008) demonstrated that the number of spores on 
berry surfaces in the grape zone increases and that conidia of 
Penicillium species were dispersed from soil into air when till-
ing is adopted. Conidia of these species may just be attached 
to the berry surfaces, without provoking decay due to a lack 
of pathogenicity on grapes. In vivo experiments using grape 
berries of ‘Riesling’ revealed that at moderate temperatures 
P. expansum was the most aggressive pathogen, followed by 
P. crustosum and P. purpurogenum. Other species such as P. 
citrinum, usually found on citrus fruits, were not able to infect 
berries and to cause symptoms at all, suggesting host speci-
ficity. Moreover, pathogenicity may also differ depending on 
the grape variety, as demonstrated for P. solitum, P. expan-
sum, P. bialowiezense, P. echinulatum, and even P. citrinum by 
Kim et al. (2007).

As mycotoxin contaminations are a critical issue not only in 
grapes and wine but also in fruit and food production world-
wide, fast and easy methods for the detection and identifica-
tion of fungal organisms, such as Aspergillus and Penicillium 
species, are very useful especially for those institutions just 
equipped with basic molecular tools. A molecular analysis of 
the cox1 sequence of Penicillium species responsible for blue 
mold in German vineyards by PCR followed by an enzymatic 
digestion offers such a suitable technique allowing the detec-
tion of minor differences in nucleotide sequences even at a 
single nucleotide level that might not be revealed in case for 
ITS sequences.

5 �Conclusion
For mycotoxin risk assessment, the identification of food-
borne Penicillium species is essential. Thus, several research 
groups focused on the development of reliable methods for 
species identification. However, up to now biochemical or 
molecular methods are still limited since Penicillium species 

are very closely related. Beside the availability of the respec-
tive equipment, the choice of a suitable identification meth-
od, or the combination of methods, might depend on the 
expected species profile, source, quality, and quantity of the 
fungi. However, the amplification of the cox1 sequence fol-
lowed by specific restriction digestion is a further useful tool 
for the molecular mold species identification, especially for 
detecting Penicillium species profile on grapes.
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