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Abstract

Contamination control and removal are very important technical aspects of microbiological
research. Bacterial contamination is very common in fungal cultures. Currently, the com-
monly used approach for inhibiting bacteria is antibiotic treatment; however, there are draw-
backs to using antibiotics, including incomplete removal, limited antibacterial spectra,
tendency toward recontamination, effects to fungal strains, and potential risks to the envi-
ronment. Therefore, in the present work, we developed a new method for bacterial removal
from fungi cultured on solid medium, the Cabin-Sequestering (CS) method, based on the dif-
ferent culture characteristics between fungi and bacteria. First, 3-5 mm round or square
holes (the “cabin”) are excavated on a solid medium plate. The fungal strain containing pos-
sible bacterial contamination is inoculated into the cabin. The cabin is then covered with a
sterilized coverslip, followed by incubation at the appropriate temperature. After 7-10 days
of culturing, fungal hyphae grow out along the edge of the coverslip; however, the contami-
nating bacteria cannot pass through the space formed between the medium and the cover-
slip and, thus, remain in the cabin. The newly grown fungal hyphae around the coverslip are
re-inoculated into fresh culture plates, where they form bacteria-free fungal colonies. The
CS method is easy handling, with a short experimental cycle and rare recontamination.
When necessary, it can also be used in combination with antibiotics in bacterial removal
operations.

1. Introduction

Contamination is a widely occurring phenomenon and a prominent problem in microbiolog-
ical research and microbial production. Various kinds of microbial contamination can occur
during the cultivation of fungal species, whither they are edible fungi, beneficial fungi and
pathogenic fungi. The contaminated fungal strain must be purified [1, 2]. Microorganisms
that contaminate fungal cultures mainly include bacteria and other fungi. Most of fungi such
as molds usually grow rapidly on culture media, thus, the fungal strains contaminated by
another fungus are easily found and also can be easily purified based on their colony
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morphology. However, contaminated bacteria often require a longer time, usually several gen-
erations of cultures, to form visible colonies on fungal cultures. Therefore, the bacterial con-
taminations is often more troublesome.

On solid fungal culture media, bacterial contamination usually appears as white or light-
yellow mucoid colonies. Based on the location of the bacterial contaminations, they are
divided into surface-bacterial contaminations and endogenous-bacterial contaminations. Sur-
face bacterial contaminations are often noticeable 1 to 2 days after inoculation [3, 4]. The con-
taminations caused by endogenous bacteria are not apparent at the beginning of inoculation.
Along the rounds of subcultures, the bacteria accumulate gradually and become visible on the
medium [3]. Fungi contaminated with bacteria tend to form colonies in different morphology
from that of the normal ones; e.g., the colonies are maybe thinner or with lighter colors, fewer
aerial hyphae, slower growth rates or reduced sporulation (Fig 1).

The common method for eliminating bacterial contamination is to supplement antibiotics
into the medium. However, the antibiotics generally have their unique antibacterial spectra
and no single antibiotic is effective against all bacteria. In practice, two or more antibiotics
were often used simultaneously, however, even so, the outcomes are not always satisfied [5]. In
addition, antibiotics are generally unstable and repeated use of a same antibiotic to control a
bacterium tends to induce antibiotic resistance in the bacterium [6, 7]. Therefore, using antibi-
otics is not always a best approach to prevent bacterial contaminations [8]. Some reports sug-
gest that the presence of organic materials in the medium is a reason for contamination [9],
thus removing the organic materials from the medium is capable of reducing the chance of
contamination. The method to inhibit bacteria by reducing organic materials in the medium is
commonly used in plant tissue culture, but is not preferred for fungal culture, as fungi are not
adapted for autotrophic reproduction like plants [10].

Cultured on solid media, fungi and bacteria exhibit their own characteristics distinctive to
each other. The hyphae of most filamentous fungi spread rapidly on the surface of the medium
or inside the medium and easily form visible colonies. The fungal species such as Neurospora
crassia, Penicillium and Magnaporthe oryzae, can form colonies with a diameter of approxi-
mately 10 cm for only 4-10 days cultured on solid media [11, 12, 13]. Contrarily, bacteria
expand in much slower speeds on solid media than that of fungi and they often only form colo-
nies scattered or in lines along the inoculated sites. Some anaerobic bacteria and flagellated
bacteria can also grow and expand inside solid media, however, much slower than fungi.
Based on these differences cultural characteristics between fungi and bacteria, several special
operations or utensils to remove bacteria were established. Machacek [14] introduced a
method by placing the contaminated agar culture into molten cooled agar and meanwhile put-
ting a coverslip on top to seal and prevent the bacterial contaminant, then harvesting the
uncontaminated subsurface hypha. This method requires transfer at the right moment of agar
cooling, is thus difficult to process with a uniform procedure on different culture media and
also not suitable for thermolabile fungi. Ko et al. [15] described two methods for the removal
of bacteria from contaminated cultures of Phytophthora, Pythium and Botryosphaeria by scrap-
ing the agar on the bottom of the contaminated cultures in both glass and plastic Petri dishes.
For the cultures in plastic Petri dishes, a heated blade was used to pierce the bottom of the
Petri dishes. For those in glass Petri dishes, the whole cultures were firstly overturned using a
sterile scraper. These two methods require well-developed skills and easily introduce new con-
tamination during operation. Cother and Priest [16] described a method by putting a small
amount of contaminated agar culture in a Petri dish and covering a large piece of fresh agar,
then placing a second small, fresh agar plug on top of the large agar. Once the mycelium has
emerged in the second plug, transfer it onto a new agar plate. However, to handle a lager agar
is also a difficult operation which easily brings new contaminations.
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Fig 1. Fungal culture plates with bacterial contaminations. Some common bacterial contaminations during culturing Magnaporthe oryzae Guy-11 strains on
complete medium plates.

https://doi.org/10.1371/journal.pone.0224635.9001
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Thus, to develop new strategies to eliminate bacterial contamination is still required for the
research and production of fungi. In the present work, we established a new simple, efficient
and stable method, assigned as Cabin-Sequestering (CS), for removing bacterial contamina-
tion on solid fungal culture.

2. Materials and methods
2.1. Fungal strains and culture conditions

Guy-11, 2539, 70-15, and TH3 are commonly used M.oryzae strains. The strains were cultured
in a complete medium (CM) according to routine procedures [13]. Long-term preservation
was performed as the method described [17].

Fusarium graminearum was isolated from wheat Fusarium head blight samples in Ninghai,
Zhejiang province in China (29.03 N, 121.42 E); Colletotrichum gloeosporioides was isolated
from grape anthracnose samples in Yuyao, Zhejiang province in China (30.04 N, 121.16 E);
Rhizoctonia solani was isolated from rice sheath blight samples in Taizhou, Zhejiang province
in China (28.36 N, 121.36 E); Botryosphaeria rhodina was isolated from grapevine cankers
samples in Yuyao, Zhejiang province in China. These strains were cultured and preserved in
our laboratory using traditional methods, and the media used were either CM or potato dex-
trose agar (PDA).

2.2. Operational procedures

The CS method consists of the following steps (Fig 2), and all steps are performed on a clean
bench:

1. The appropriate solid media are prepared, autoclaved, and plated (with or without antibiot-
ics as needed), and the cover slips and inoculation needles should also be sterilized.

2. A sterile inoculation needle or hole puncher is used to introduce a (or more) square or cir-
cular hole (the “cabin”) of approximately 3-5 mm in the appropriate solid medium;

3. A fungal hypha or colony containing potential bacterial contamination is picked with a
sterile inoculation needle and inoculated into the cabin.

4. A sterilized coverslip is picked up using sterile forceps and carefully placed over the inocu-
lated cabin. The coverslip is then gently pressed to ensure close contact with the medium
with no air bubbles in between.

5. The culture plate is then covered and incubated for 7-10 days at the temperature appropri-
ate for fungal growth; the number of days of growth can be reduced or increased depending
on the growth rate of the fungal strain.

6. The development of fungal strains is checked regularly. Once the fungal hyphae grow out of
the edge of the coverslip, they are picked and re-inoculated onto new culture plates. The
new plates are then incubated under suitable conditions.

7. The new formed fungal colonies are checked for whether the bacterial contamination is
removed based on their morphology and confirmed by polymerase chain reaction (PCR)
detecting the bacterial DNA.

8. If necessary (the fungal strain still contains bacterial contamination), the above steps are
repeated 2-3 times.
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Fig 2. Experimental procedure of CS method.
https://doi.org/10.1371/journal.pone.0224635.9002

To evaluate effectiveness of the CS method, we selected four M. oryzae strains (Guy-11,
2539, 70-15, TH3) and four important plant pathogenic fungi as the tested fungal strains.
Appropriate amounts of E. coli or Agrobacterium tumefaciens were manually added into the
strains. To compare the effectiveness of the CS method with that of antibiotic treatment, we set
four treatment groups: CS without antibiotics; CS with antibiotics; antibiotic treatment alone;
and sub-culturing without CS or antibiotics. For antibiotic treatments, a combination of strep-
tomycin sulfate (0.20 mg/ml) and potassium penicillin (0.20 mg/ml) were used. After the
above treatments, each fungal sample was transferred into 30 progeny cultures. The capability
of bacterial removal of the treatments was evaluated based on the morphology of the progeny
colonies and the PCR test. The efficiency (E) of the bacterial removal was calculated basing on
the PCR results as the equation E = N/Tx100% (N represents the number of the progeny colo-
nies without bacteria, and T represents the total progeny colonies). All of the experiments
were repeated 3 times.

2.3. DNA extraction and PCR analysis

To test whether the bacteria were truly removed, PCR was used to detect the bacterial DNA
fragments in the newly formed progeny fungal colonies. Fungal hyphae cultured in liquid CM
for 3 days were harvested for genomic DNA extraction using the cetyltrimethylammonium
bromide (CTAB) method [13]. The primers pairs EcChkl (5’ = CCGTTCCGCATTCGTGTTA
TTGAG -3')/EcChk2 (5’ - ATCGGCACCATCGCATCTTTCTTG -3’)and AtChkl (5’ -G
GTGCTGGCAARAACCACCGCACTC -3")/AtChk2 (5’ - TCACCAATTGCTCGATGGCTTCTC
-37) were designed basing on the genome sequences of E. coli and A. tumefaciens respectively.
The DNAs from pure bacteria cultures were used as the positive controls, and the sterilized
water (dd H,O) as the negative control. PCR and electrophoresis were performed as standard
procedures. More than 30 progeny colonies for each treatment were detected and the experi-
ments were repeated three times. The bacterial removal efficiencies of the treatments were cal-
culated by the percentages of colonies without bacterial DNA, and statistically compared.

3. Results and analysis
3.1. Assessment of the effectiveness of CS methods

To evaluate the CS method, we set up 4 treatments (see the Methods section) to compare the
CS method with the antibiotic method. The efficiencies of the treatments were assessed based
on morphology of the progeny fungal colonies. In CS treatments, M. oryzae hyphae mixed
with E. coli or A. tumefaciens were inoculated the cabins. The M. oryzae hyphae can penetrate
into the surrounding medium and bypass the coverslip to grow and form new colonies around
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it. In contrast, the bacteria are restricted by the solid medium and the coverslip, and, thus, they
are retained in the cabins under the coverslip. The fungal hyphae around the coverslip are re-
inoculated onto new CM plates. An entire round of the CS method takes approximately 10
days. Using the CS method, the contaminating bacteria were largely removed, and the progeny
fungal colonies exhibited a much better morphology than the original contaminated strains
(Fig 3A). The CS treatments with and without antibiotics gave equivalent results, without obvi-
ous difference. However, only a few bacteria-free progeny fungal cultures were produced in
the group with only antibiotic treatment after the two rounds of sub-culturing. In the blank
control treatment, in which no antibiotics were used and only hyphae that appeared to be free
of bacterial contamination were picked, most of the progeny cultures were still contaminated
after second round of subculturing. The treatments carried out with the four M. oryzae strains
(Guy-11, 2539, 70-15, and TH3) gave the similar results (Fig 3B), indicating that the CS
method is superior to antibiotics-based approaches for removing bacterial contaminations.
Interestingly, we found that the morphological characteristics of the progeny fungal colonies
after CS treatments were significantly improved, and, in some cases, they even appeared
healthier than their uncontaminated parental strains (S1 Fig). These facts suggest that the CS
approach may be also capable of improving the development characteristics of the fungal
strains.

3.2. Molecular confirmation of bacterial removal

PCR amplifications were performed to detect whether the bacterial DNAs were still present in
fungal colonies after the removal treatments (Fig 4). The results showed that for the CS method
with or without antibiotics, the bacterial removal efficiencies in the progeny fungal strains
were 95+3% and 97+3%, respectively; however, the difference was not statistically significant
ata P = 0.05 level. With antibiotic treatment, the efficiency of bacterial removal in the progeny
cultures (produced after the second round of subculturing) was only 15%. The treatment with-
out antibiotics and relying only on subculturing of seemingly contamination-free colonies
resulted in removal efficiencies less than 5% after the second rounds of subculturing. The PCR
amplification test results were consistent with the morphological observations of the progeny
colonies. The data indicates that the CS method is a better approach for clearing bacterial con-
tamination relative to antibiotic inhibition.

3.3. Application of CS method in other fungal strains

To further verify the efficacy of the CS method for other fungal species, the naturally contami-
nated strains of four major plant pathogenic fungi, F. graminearum, C. gloeosporioides, R.
solani, and B. rhodina were processed with the same four treatments. The results indicated
that, similar to the results with M. oryzae strains, the 4 fungal species were effectively decon-
taminated using the CS method with or without antibiotics. The status of the fungal colonies
was also notably improved (Fig 5).

4. Discussion

Fungi cover divers of economically important microorganisms [18, 19]. Bacterial contamina-
tion is a broad problem that must be overcome in fungal production and research. In this
paper, we have established the CS method for removing bacterial contamination from fungal
colonies. From the results of the four sets of experiments, the effectiveness of the CS method
appears to be superior to that of the antibiotic-based approaches in all of the tested fungal
strains. Compared with the methods previously described [14, 15, 16], the CS procedure avoid
transferring the medium at such a strict time like the first method [14] and doesn’t need high-
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70-15, and TH3 strains mixed with A. tumefaciens. T1, CS treatment without antibiotics; T2, CS treatment in
combination with antibiotics; T3, antibiotics only; T4, subculture on antibiotic-free media.

https://doi.org/10.1371/journal.pone.0224635.9003

developed skills as the second method [15]. In addition, the CS method can perform on differ-
ent culture media and suit to different types of fungi. Furthermore, in CS method, we do not
need handle a lager agar like that in the second and the third method, thus rarely bring new
contaminations during operation. The CS method is easy to repeat and economical by not
requiring antibiotics and it doesn’t take long to complete the entire process.

In our experiments, the bacteria were intentionally added to the fungal strains, in a much
higher quantities than that of the majority of natural bacterial contaminations. Therefore, the
efficiency of CS method was better in most of the actual practice in our lab. We have used the
CS method to remove at least 300 bacterial contaminations from different fungal species
involving different bacterial strains. In some cases, even bacteria that are extremely difficult to
be distinguished from fungal colonies and hard to remove with conventional antibiotic treat-
ments were successfully cleared by using CS method. Most of the bacteria in contaminated
fungi can be removed by just one cycle of the CS procedure. In some minor cases, we require a
second or third CS round to achieve the desired decontamination results. The morphological
characteristics of fungal strains can be restored back to normal after removal of the bacteria,
and some fungal strains even appeared healthier than the original uncontaminated strains.

A
Guy-11/E. coli Guy-11/A. tumefaciens
MK O1 T1 T2 T3 T4 Ec CK MK 02 T1 T2 T3 T4 At CK
<«~1.2kb
0.8 kb —
B

2539/A. tumefaciens 70-15/A. tumefaciens TH3/A. tumefaciens

MK O3 T1 T2 T3 T4 At CK MK 04 T1 T2 T3 T4 At CK MK O5 T1 T2 T3 T4 At CK

1.2kb — <«—1.2kb

Fig 4. PCR detection of bacterial DNA in progeny fungal colonies after the treatments. PCR were performed using E. coli or A. tumefaciens specific primers and
fungal DNA samples from M. oryzae Guy-11 strains contaminated with E. coli or A. tumefaciens (A) and M. oryzae 2539, 70-15, and TH3 strains contaminated with A.
tumefaciens (B), as templates. O1-O5, the original contaminated strains before treatments; T1, CS treatment without antibiotics; T2, CS treatment in combination with
antibiotics; T3, antibiotics only; T4, subculture on antibiotic-free media. The pure E. coli cultures (Ec) and A. tumefaciens (At) cultures were used as the positive
controls, and the sterilized water (CK) as the negative controls. Mk, DNA Marker III (Tiangen Biotech Co.,Ltd, Beijing, China), a DNA ladder with bands in 4500, 3000,
2000, 1200, 800, 500 and 200 bp.

https://doi.org/10.1371/journal.pone.0224635.9004
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Fig 5. CS treatments and antibiotics inhibition for removing bacteria from different fungal strains. The naturally bacteria
contaminated fungal strains of F. graminearum, C. gloeosporioides, R. solani, and B. rhodina were treated using the 4 different
procedures; T1, CS treatment without antibiotics; T2, CS treatment in combination with antibiotics; T3, antibiotics only; T4,
subculture on antibiotic-free media.

https://doi.org/10.1371/journal.pone.0224635.9005

A troublesome problem in culturing plant pathogenic fungi, such as M. oryzae, is strain
degeneration over culture time and during subculturing, leading to weakened viability,
reduced sporulation or decreased pathogenicity [20]. The reasons for these problems are not
fully clear yet, but they are thought to be related to molecular processes, such as gene expres-
sion and posttranslational modification in the strains. Therefore, we have to preserve the origi-
nal fungal strain over long periods, minimize the numbers of subcultures or frequently
rejuvenating the fungal strains. Routinely, the fungal strain rejuvenation is performed by re-
inoculating the strains into their hosts, which is a long and complicated process. We have
found that after CS treatment, aside from the removal of the contaminating bacteria, the fungal
characteristics, including sporulation, melanin production and pathogenicity, were also
improved, while antibiotic treatment rarely produced such effects. The reason for this phe-
nomenon may be that the fungus growing in the cabins has to break through the restrictions
imposed by the coverslip and culture medium to grow out, which likely represents an auto-
matic screen for fungal cells in better health and higher vitality. That is to say, the CS treatment
not only removes the bacteria contamination, it also simultaneously allows the fungus to
undergo an auto-activation or rejuvenation, and undoubtedly, the CS method is much easier
than re-inoculating the fungal strains back into its host and subsequent re-isolating them.

Because they have different respiration patterns and motility, the bacteria vary in abilities to
grow and migrate on or inside solid media. Theoretically, anaerobic and flagellated bacteria
are better at growing and expanding inside media. E. coli is an anaerobe, whereas Agrobacter-
ium is aerobic, and both species have flagella. In our experiments, using the CS method, E. coli
and A. tumefaciens were both efficiently removed from different fungal strains, indicating that,
the motility of the bacteria likely does not change the effectiveness of the CS method. This
point was also confirmed by our practices using the CS method to treat various bacterial con-
taminations in multiple fungal strains. However, it cannot be completely ruled out that some
bacteria may be able to go through the culture medium and grow out of the small cabin
together with the fungal hyphae. Therefore, we prefer to pick the newly generated hyphae
around the coverslip as soon as possible and to only pick the hyphal tips. Furthermore, for bac-
teria that are extremely difficult to remove, the CS procedure can be repeated multiple times
or used in conjunction with antibiotics to achieve the optimal results. In summary, we estab-
lished an easy-to-handle and highly effective bacterial contamination removal approach, the
CS method, for fungal culture.

Supporting information

S1 Fig. Colonial morphology and conidiation of a fungal strain before and after CS. An
Magnaporthe oryzae Guy-11 strain degenerated during repeat subculturing were treated by
CS. After CS treatment, the colonial morphology and conidiation of the strains were improved
were improved obviously.

(TIF)

Author Contributions

Conceptualization: Jiao-yu Wang.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224635 November 6, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224635.s001
https://doi.org/10.1371/journal.pone.0224635.g005
https://doi.org/10.1371/journal.pone.0224635

@ PLOS|ONE

Remove bacteria from fungal culture

Data curation: Zhen Zhang.

Formal analysis: Zhen Zhang.

Investigation: Xiao-Xiao Shi, Hai-Ping Qiu.
Methodology: Hai-Ping Qiu, Jiao-yu Wang.

Project administration: Yan-Li Wang, Guo-Chang Sun.
Resources: Yan-Li Wang.

Supervision: Jiao-yu Wang, Guo-Chang Sun.
Validation: Xiao-Xiao Shi.

Writing - original draft: Jiao-yu Wang.

Writing - review & editing: Jiao-yu Wang.

References

1. Zhou MY, Yong Q, Xu L. Cell culture aseptic technique and effective measures to control pollution. Exp
Lab Med. 2016; 34(4): 477-479.

2. Reed BM, Buckley PM., Dewilde TN. Detection and eradication of endophytic bacteria from micropropa-
gated mint plants. In Vitro Cell Dev-Pl. 1995; 31: 53-57.

3. Kiritzinger EM, Vuuren RJ, Woodward B, Rong IH, Spreeth MH, Slabbert MM. Elimination of external
and internal contaminants inrhizomes of Zantedeschia aethiopica with commercial fungicides and anti-
biotics. Plant Cell. 1998; 52(2): 61-65.

4. YangX, Xia TQ, Liu CL, Hang HP, Xing WH, Zhang LQ, et al. Analysis and Control of Pollution Problem
in Process of Wheat Anther Culture. Hortic Seed. 2013; 06:1-3+29.

5. Zhang XM, Jin SJ, Xiang JH. Sea squirt blood cell culture and bacterial contamination control. Mar Sci.
2009; 11:26-33.

6. Leifert C, Camotta H, Waites WM. Effect of combinations of antibiotics on micropropagated Clematics,
Delphinium, Hosta, Iris and Photinia. Plant Cell. 1992; 29: 153—-160.

7. Deng XM, Xi RC, Fu SG, Cai ZG. Advances in research on pollution phenomena in plant tissue culture.
Jiangxi Forestry Sci Tech. 2004; 6: 33-36.

8. Wang LB, Li XY. Application of antibiotics to control pollution in plant tissue culture. Liaoning Agric Sci.
2007; 3:69-70.

9. CaiXH,LiJ, Zhang XS, Zhang HY, Wang XY. Control of pollution in plant tissue culture. Chin J Trop
Agric. 2003; 23(6): 40—43.

10. Xiao YL. The techniques of sugar-free micropropagation production. 1sted. Kunming: Yunnan Sci-
ence and Technology Press; 2003.

11. Davis RH, de Serres FJ. Genetic and microbiological research techniques for Neurospora crassa.
Method Enzymol. 1970; 17A: 79-143.

12. Robson GD, Bell SD, Kuhn PJ, Trinci AP. Glucose and penicillin concentrations in agar medium below
fungal colonies. J Gen Microbiol. 1987; 133(2): 361-7. https://doi.org/10.1099/00221287-133-2-361
PMID: 3116159

13. Talbot NJ, Ebbole DJ, Hamer JE. Identification and characterization of MPG1, a gene involved in patho-
genicity from the rice blast fungus Magnaporthe grisea. Plant Cell. 1993; 5(11): 1575-90. https://doi.
org/10.1105/tpc.5.11.1575 PMID: 8312740

14. Machacek JE. A simple method of obtaining Pythium cultures free from bacteria. Phytopathology. 1934;
24:301-3083.

15. Ko SS, Kunimoto RK, Ko WH. A simple technique for purifying fungal cultures contaminated with bacte-
ria and mites. J Phytopathol. 2001; 149: 509-510.

16. Cother NJ,Priest MJ. A simple and effective method for the elimination of bacteria from fungal cultures.
Australas Plant Path. 2009; 38:132-134.

17. Ryan MJ, Smith D. Fungal genetic resource centers and the genomic challenge. Mycol Res. 2004; 108
(12): 1351-1362.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224635 November 6, 2019 11/12


https://doi.org/10.1099/00221287-133-2-361
http://www.ncbi.nlm.nih.gov/pubmed/3116159
https://doi.org/10.1105/tpc.5.11.1575
https://doi.org/10.1105/tpc.5.11.1575
http://www.ncbi.nlm.nih.gov/pubmed/8312740
https://doi.org/10.1371/journal.pone.0224635

@ PLOS | O N E Remove bacteria from fungal culture

18. Mora C, Tittensor DP, Adl S, Simpson AGB, Worm B. How many species are there on Earth and in the
ocean. PLOS Biol. 2011; 9: e1001127. https://doi.org/10.1371/journal.pbio.1001127 PMID: 21886479

19. Jones MDM, Forn |, Gadelha C, Gadelha C, Egan MJ, Bass D, et al. Discovery of novel intermediate
forms redefines the fungal tree of life. Nature. 2011; 474: 200-203. https://doi.org/10.1038/
nature09984 PMID: 21562490

20. Tang XQ, Fan MZ, Li ZZ. Study on the colony phenomenon and environmental factors in the subculture
of Beauveria bassiana. Acta Mycol Sin. 1996; 15(3): 188—243.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224635 November 6, 2019 12/12


https://doi.org/10.1371/journal.pbio.1001127
http://www.ncbi.nlm.nih.gov/pubmed/21886479
https://doi.org/10.1038/nature09984
https://doi.org/10.1038/nature09984
http://www.ncbi.nlm.nih.gov/pubmed/21562490
https://doi.org/10.1371/journal.pone.0224635

