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Abstract: We studied Penicillium species isolated from forest soil and aimed to be
detected with morphologically, colonial-molecular methods and species diversity. Soil
sample was taken Edirne Ségutlik Forest in October, 2015 and 10 cm deep under aseptic
conditions and Waksman'’s ‘Soil Dilution Method’ was used for the isolation of Penicillium
species; some books and articles have been used for morphological and colonial
identification. The service was purchased for the molecular diagnosis of fungi and the
company used the Bio-Speedy ™ Fungal DNA Isolation Kit for isolation. As PCR Kit, Bio-
Speedy™, yeast and mould real-time PCR rapid detection kit was used. The obtained
sequences were subjected to BLAST analysis similar sequences using the gene bank and
to draw phylogenetic tree, used Mega 7 software. Twelve species belonging to the genus
Penicillium were identified; these are: P. chrysogenum, P. citrinum, P. commune, P.
manginii (current name: Penicillium atrosanguineum), P. ubiquetum (New record for
Turkey), P. camemberti, P. sanguifluum, P. janczewskii, P. canescens, P. roseopurpureum,
P. steckii (current name: Penicillium citrinum), P. hordei.
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Edirne ili (Tiirkiye) So6giitliilk Ormani topragindan izole edilen
Penicillium turlerinin biyogesitliligi

Oz: Calismamizda orman topragindan izole edilen Penicillium turlerinin, morfolojik,
koloniyal ve molekiler yontemlerle tespiti amacglanmis ve Penicillium tir cesitliligi
incelenmigtir. Toprak érnekleri, Edirne Ségutlik Ormani’ndan 2015 yili Ekim ayinda, 10 cm
derinden aseptik sartlarda alinmis olup, Penicillium tirlerinin izolasyonu i¢in Waksman'in
‘Toprag! Sulandirma Yontemi’ kullaniimis; morfolojik ve koloniyal tanimlamasi i¢in gesitli
eserler kullaniimigtir. Molekuler tani amaciyla izolasyon islemi icin Bio-Speedy™ fungal
DNA izolasyonu kiti kullanilmistir. PCR kiti olarak ise Bio-Speedy™ Maya ve Kiif Real-
Time PCR Hizh Tespit Kiti kullaniimistir. Elde edilen sekanslar gen bankasi kullanilarak
benzer sekanslarla BLAST analizi yapilmis ve Mega 7 yazilimi kullanilarak filogenetik agag
¢izilmistir. Penicillium cinsine ait 12 tir tanimlanmigtir, bunlar: P. chrysogenum, P. citrinum,
P. commune, P. manginii (gecerli isim: Penicillium atrosanguineum), P. ubiquetum (Ttrkiye
icin yeni kayit), P. camemberti, P. sanguifluum, P. janczewskii, P. canescens, P.
roseopurpureum, P. steckii (gecerli isim: Penicillium citrinum), P. hordei’ dir.

Anahtar kelimeler: Toprak, Fungus, Penicillium, Sanger dizileme, ITS, Edirne.
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Introduction

Penicillium genus is common in different
environments such as soil, plant, air and food products.
Some species can use in cheese production, also some
of them are pathogens for human; in addition, some
species can use for antibiotics production. Besides,
Penicillium is important genus because of commercial
and industrial such as using production anti-tumoral,
anti-fungal and anti-viral compounds, and using
production of extra cellular enzymes. There are over 250
species of Penicillium genus (Visagie et al.,, 2014,
Abastabar, 2016).

One of the first study on soil fungi of Turkey was
performed by Oner (1970). Many studies performed after
mentioned study indicated that the soils of Turkey has
rich  fungal biodiversity. Hasenekoglu et al.
(Hasenekoglu, 1982; Hasenekoglu and Azaz, 1991;
Hasenekoglu and Sulin, 1991) on soil fungi especially in
North-East of Anatolia. In Izmir and environs (Ekmekgi,
1975; Oner, 1974) and the other cities (ilhan and Asan,
2001; Asan and Ekmekgi, 2002; Azaz, 2003) for
example.

The purpose of our study is isolation of Penicillium
species from Edirne Ségutlik Forest soil and description
of species by morphological, colonial and molecular
methods.

Materials and Methods

Soil samples were obtained 10 cm depth in aseptic
conditions from Edirne Sogutlik forest in October 03,
2015, to put sterile plastic bags and returned to
laboratory. Soil samples are weighed 10 gr and put petri
plates that tared. Petri plates were put to oven in 105°C
during 24 h and weighed again so, we obtained air-dry-
soil. After considering the moisture content, we
calculated amount of moistured soil that equaled to 25 gr
oven dried soil. The soil corresponding to 25 g of soil was
placed into erlenmeyer flask (500 ml capacity) and a 9 %
NaCl solution was added (10 dilution). This suspension
was agitated in the shaking machine for 25 minutes for
homogenization. After shaking, 10 ml of the soil particles
from the 102 suspension were taken to the bottom, and
90 ml of NaCl solution was added there for to obtain a
102 dilution. Then, 10 and 10°¢ dilution series were
prepared. 1 ml samples from all dilutions, starting from
101 dilution series to 10 dilution series, were
transferred to Petri dishes containing PDA (without any
antibiotic) medium was poured on them and the samples
incubated at 25°C for 5-7 days. PDA culture includes
carbohydrate and potato. These components support the
development of yeast and mould, while low pH
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suppresses bacterial growth. Molds develop in this
medium by showing typical morphologies. Pure culture
was isolated from the growing fungal samples and the
isolates were transferred to the PDA medium (Marshall,
1992; Vanderzant and Splittstoesser, 1992; Waksman,
1922).

Morphological Identification of Fungi

Species obtained from PDA medium were
produced by three-point seeding on DG18 medium, from
which glycerol stock solutions of molds were prepared.
Czapek Yeast Extract Agar, Malt Extract Agar, 25 %
Glycerol Nitrate Agar, Neutral Creatine Sucrose Agar
and Yeast Extract Sucrose Agar media were prepared
for the morphological and colonial identification of
Penicillium species. Pitt (1979 and 2000), Samson et al.
(2010) and Houbraken et al. (2010 and 2011) are used
for identification of Penicillium species.

Molecular Identification of Fungi

Bio-Speedy™, Fungal DNA Isolation Kit is used
for isolation of fungi. As the PCR kit
( https://www.bioeksen.com.tr/fungal-dna-isolation-kit/),
Bio-Speedy™, Fungal DNA isolation Kit and Universal
ITS primers (White et. al., 1990) were used for this
purpose. In adition, to draw the phylogenetic tree, the
evolutionary history was inferred by using the Maximum
Likelihood method based on the Tamura-Nei model. The
tree with the highest log likelihood (-2044.9430) is
shown. Initial tree(s) for the heuristic search were
obtained automatically by applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood
(MCL) approach, and then selecting the topology with
superior log likelihood value. The tree is drawn to scale,
with branch lengths measured in the number of
substitutions per site. Evolutionary analyses were
conducted in MEGA?7.

Results

Eleven species of Penicillium genus have been
identified in soil samples taken from Sogutlik Forest of
Edirne City. These species are; P. chrysogenum, P.
citrinum, P. commune, P. manginii (current name:
Penicillium atrosanguineum), P. ubiquetum (New record
for Turkey), P. camemberti, P. sanguifluum, P.
janczewskii, P. canescens, P. steckii (current name:
Penicillium citrinum), P. hordei’ (Table 1 and Figure 2-
13). The obtained sequences were not submitted to the
genbank since the most similar ITS hit of the blast search
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was 100 % similar to the query nucleotide for all of the

isolates.

Table 1. Comparative list of fungi identified by molecular and morphological.
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Isolate | Nucleotide | Morphological Matching Nucleotide
Code Acession | Characterization Organism Accession identity Cover
06 MK179257 Penicillium P. chrysogenum | KC009774.1 | 100% 100%
chrysogenum (585/585)
K31 MK179258 Penicillium P. citrinum KX674625.1 | 100% 100%
citrinum (565/565)
K19 MK179259 Penicillium P. commune KC009828.1 | 100% 100%
commune (584/584)
K9 MK179262 Penicillium P. manginii JN 617662.1 | 100% 100%
manginii (604/604)
05 MK179266 Penicillium P. ubiguetum NR121514.1 | 100% 100%
ubiquetum (612/612)
K15 MK179255 Penicillium P. camemberti KF285997.1 | 100% 100%
camemberti (557/557)
K24 MK179264 Penicillium P. sanguifluum JN 617681.1 | 100% 100%
sanguifluum (584/584)
K29 MK179261 *Penicillium P. murcianum NR138358.1 | 100% 100%
janczewskii P. janczewskii KP016839.1 | (599/599)
P. canescens HQ607858.1 | 100%
(599/599)
100%
(599/599)
G4 MK179256 *Penicillium P. janczewskii MH865548.1 | 100% 100%
canescens P. murcianum NR138358.1 | (599/599)
P. canescens HQ607858.1 | 100%
(599/599)
100%
(599/599)
K23 MK179265 | Penicillium steckii P. steckii KP942904.1 | 100% 100%
(592/592)
G5 MK179260 *Penicillium P. hordei (most | JN942853.1 | 100% 100%
hirsutum suitable molecular | AJ004817.1 | (549/549)
matching for ITS) 100%
P.hirsutum (547/549)
09 MK179263 *Penicillium P.sanguifluum KJ191428.1 | 100% 100%
roseopurpureum (according to (610/611)
phylogenetic tree) 100%
P.roseopurpureum | GU566236.1 | (610/611)

*Nucleotide blast search for the isolate resulted in the same query cover and maximum identity.
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K9
Penicillium manginii NR_111489
05
Penicillium ubiquetum NR_121514
K23
Penicillium steckii NR_111488
— Penicillium citrinum NR_121224
K31
09
K24

Penicillium sanguifluum MH858377
K15
Penicillium camemberti HG793136
K19

Penicillium commune NR_111143

Penicillium chrysogenum NR_077145
06

Penicillium murcianum NR138358

K29

L Penicillium canescens NR_121256
G4
Penicillium janczewskii NR_111132

Penicillium roseopurpureum NR_111494
Penicillium hirsutum MH856088

G5

Penicillium hordei MK226540

Gliocladium cibotii NR_156203

——
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Figure 1. Molecular Phylogenetic analysis by Maximum Likelihood Method.
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Figure 2. P. chrysogenum A. CYA medium, at 25°C, colonial morphology for seven days. B. CYA medium,
25°C, revers colonial morphology, C. MEA medium, 25°C, colonial morphology for seven days. D. G25N
medium, 25°C, colonial morphology for seven days, E. CSN medium, 25°C, colonial morphology for seven
days, F. Microscopic image of P. chrysogenum.

Identification of P. citrinum (Thom 1910) was performed according to the Pitt (2000), Houbraken et al. (2010, 2011).
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Figure 3. P. citrinum A. CYA medium, 25°C, colonial morphology for seven days. B. CYA medium, 25°C,
revers colonial morphology. C. MEA medium, 25°C, colonial morphology for seven days. D. G25N medium,
25°C, colonial morphology for seven days, E. CSN medium, 25°C, colonial morphology for seven days. F.

Microscopic image of P. citrinum.

Identification of P. commune (Thom 1910) was made by Pitt (2000).
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Figure 4. P. commune A. CYA medium, 25°C, colonial morphology for seven days. B. CYA medium, 25°C,
revers colonial morphology for seven days. C. MEA medium, 25°C, colonial morphology for seven days. D.
MEA medium, 25°C, revers colonial morphology for seven days. E. CSN medium, 25°C, colonial morphology
for seven days. F. G25N medium, 25°C, colonial morphology for seven days.

Identification of P. manginii was made by Houbraken et al. (2011).

TR e |

Figure 5. P.manginii A. CYA medium, 25°C, colonial morphology for seven days. B. MEA medium, 25°C,
revers colonial morphology for seven days. C. G25N medium, 25°C, colonial morphology for seven days. D.
CSN medium, 25°C, colonial morphology for seven days. E. YES medium, 25°C, colonial morphology for seven
days. F. Microscopic image of P. manginii.

Identification of P. ubiqguetum was made by Houbraken et al. (2011).
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Figure 6. P. ubiquetum A. CYA medium, 25°C, colonial morphology for seven days. B. CYA medium, 25°C,
revers colonial morphology for seven days. C. MEA medium, 25°C, colonial morphology for seven days. D.
MEA medium, 25°C, revers colonial morphology for seven days. E. G25N medium, 25°C, colonial
morphology for seven days. F. CSN medium, 25°C, colonial morphology for seven days.

Identification of P.camemberti was a_de by Houbraken et al. (2011) and Samson et al. (200). -
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Figure 7. P. camembertii A. CYA medium, 25°C, colonial morphology for seven days. B. MEA medium, 25°C,
revers colonial morphology for seven days. C. G25N medium, 25°C, colonial morphology for seven days. D.
CSN medium, 25°C, colonial morphology for seven days. E. YES medium, 25°C, revers colonial morphology
for seven days. F. Microscopic image of P. camembertii.
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Figure 8. P. sanguifluum A. CYA medium, 25°C, colonial morphology for seven days. B. MEA medium, 25°C,
revers colonial morphology for seven days. C. G25N medium, 25°C, colonial morphology for seven days. D.
CSN medium, 25°C, colonial morphology for seven days. E. YES medium, 25°C, revers colonial morphology
for seven days. F. Microscobic image of P. sanguifluum.

Identification of Penicillium janczewskii was made by Pitt (2000).
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Figure 9. P. janczewskii. CYA medium, 25°C, clonial morphology for seven days. B. MEA medium, 25°C,
revers colonial morphology for seven days. C. G25N medium, 25°C, colonial morphology for seven days. D.
CSN medium, 25°C, colonial morphology for seven days. E. YES medium, 25°C, revers colonial morphology

for seven days. F. Microscopic image of P. janczewski.
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Identification of P. canescens was made by Pitt (2000).
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Figure 10. Penicillium canescens A. CYA medium, 25°C, colonial morphology for seven days. B.
25°C, revers colonial morphology for seven days. C. MEA medium, 25°C, colonial morphology for seven days.
D. G25N medium, 25°C, colonial morphology for seven days. E. CSN medium, 25°C, revers colonial
morphology for seven days. F. Microscobic image of P. canescens.

Identification of P. steckii wa a by Houbraken et al. (2010 and 2011).

Figure 11. Penicillium steckii A. CYA medium, 25°C, colonial morphology for seven days. B. CYA medium,
25°C, revers colonial morphology for seven days. C. MEA medium, 25°C, colonial morphology for seven days.
D. G25N medium, 25°C, colonial morphology for seven days. E. CSN medium, 25°C, revers colonial
morphology for seven days. F. Microscobic image of P. steckii.
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Identification of P. hordei was made by Pitt (2000).
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Figure 12. Penicillium hordei A. CYA medium, 25°C, colonial morphology for seven days. B. CYA medium,
25°C, revers colonial morphology for seven days. C. MEA medium, 25°C, colonial morphology for seven days.
D. G25N medium, 25°C, colonial morphology for seven days. E. CSN medium, 25°C, ters colonial morphology
for seven days. F. Microscobic image of P. hirsutum.

Identification of P. roseopurpureum was made by Houbraken et al. (2011).

Figure 13. Penicillium roseopurpureum A. CYA medium, 25°C, colonial morphology for seven days. B. CYA
medium, 25°C, revers colonial morphology for seven days. C. MEA medium, 25°C, colonial morphology for
seven days. D. G25N medium, 25°C, colonial morphology for seven days. E. CSN medium, 25°C, revers
colonial morphology for seven days. F. Microcobic image of P. roseopurpureum.
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Discussion

Soil is a complex environment containing various
microorganisms; the number and diversity of fungi in this
habitat varies depending to the environmental conditions.
Many research has been performed about soil fungi in the
world and in Turkey. For example, Kara and Asan (2007)
reported that the number of fungi in the soil profile is
continuously decreasing from top to bottom in all research
stations.

There are some the other fungal studies in the soil
of Thrace Region of Turkey such as Asan and Ekmekgi
(1994), Asan (1997a, 1997b) and Asan et al. (2010). Asan

and Ekmekgi (1994) obtained soil samples for study of
fungi from seven different habitats in Edirne City and one
of these habitats is the Edirne S6gutliik Forest. Thirteen
Penicillium species were found in mentioned habitat, but
only two of them (P. camembertii and P. canescens) were
also isolated in our study. There are 21 years between the
two studies and there are various reasons for the different
outcomes. First of all, the Meric river is overflowing every
2-3 years in the region where it is obtaining intense
alluvium from river (Tdrkmenoglu, 2012; and Zal, 2006)
(Figure 14 and 15).

Figure 14. Overflowing of Meri¢ and Tunca Rivers in March 14, 2006 (Photo by Ahmet Asan).

Another important case is the methodology used in
the two studies. Only morphological and colonial methods
were used in 1994, whereas molecular methods were
used in this study additively. Also there are intensive
human activities (backpacking, walking, etc.) in the area
studied. Therefore, it was thought that it would be useful
to study only one fungal genus (Penicillium) in the same
region and different results were seen.

ITS region is widely used for fungi and its universal
primers. However, for Penicillum and many other
Ascomycetes, ITS is not sufficiently to distinguish all
species for identication at species level [Visagie et al.,
2014]. Skouboe et al. (1999) indicated that the ITS1 and
ITS2 regions contains information can be used to support
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taxonomical, ecological and physiological data of
Penicillium species of common food sources, but the level
of ITS region variability is low to the separation of closely
related species. Additional sequences data from other
fungal genes may provide sufficient character to establish
phylogenetic  relationships between Tervertisillate
Penicillium. Because of the ITS-related limitations in
Penicillium, a secondary gene region is usually required
to identifying isolates for species level. This gene region
should be useful for phylogenetic investigations. The
second identification marker for the genus Penicillium is
B-tubulin; however, there are also problems with this
region. Therefore, in addition to ITS, B tubulin is useful;
also ITS, B tubulin, Cam and RPB2 regions are
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recommended for the identification of new species
[Visagie et al. 2014].

R e

Ozdil et al. (2017) indicated that the phylogenetic
studies used protein-encoding genes and these genes
contained highly variable intron regions. The most
commonly used genes are elangation factor 1,
calmodulin, B tubulin, actin and histone genes. These
genes are more variable among species than the ITS
region and are therefore more useful in identification of
Penicillium species.

In our study, Penicillium chrysogenum, P. citrinum,
P. commune, P. manginii, P. camemberti, P. ubiquetum
and P. sanguifluum species were identified by ITS region
and the identification was also supported by
morphological colonial studies. The ITS gene sequences
of the G4, G5, K29 and 09 isolates were matching with
more than one species. However, the ITS sequence of
the G5 isolate showed the optimal matching with P. hordei
(Table 1) which the position in the phylogenetic tree
(drawn using their related type strains) also supports this
(Figure 1). Although the ITS sequence of O9 isolate
shows 100% matching with two different species (Table

Figure 15. ormal state of Meri¢ River in August 15, 2008 (Photo by Ahmet Asan).
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1), the phylogenetic tree (Figure 1) indicates P.
sanguifluum.

The ITS data set and phylogenetic tree results of
K29 and G4 isolates indicate Penicillium canescens, P.
murcianum and P. janczewski species within the same
query cover and identity. Morphological data have also
been used for identification of these isolates. In
conclusion, our study showed that, in addition to the ITS
region for the identification of Penicillium species, the
examinations of other alternative gene regions may be
useful for identification of these species.
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