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1. Introduction

Trichosporon asahii, a basidiomycete yeast, is widely 
distributed in a variety of environments including soil 
and plants (1,2). Moreover, T. asahii is part of the 
normal microflora of the human skin, digestive tract, 
and respiratory system (3-6). In immunocompromised 
individuals, including neutropenic patients, T. asahii 
causes severe deep-seated fungal infections (7-9). The 
mortality rate of deep-seated mycosis caused by T. asahii 
is approximately 80% (10,11). T. asahii is resistant 
to echinocandin antifungals, and infectious diseases 
caused by T. asahii often occur in patients treated with 
micafungin (12,13). Moreover, T. asahii strains resistant 
to antifungals such as amphotericin B and fluconazole 
have been isolated from patients (14,15). Therefore, 
gaining insight into the infection mechanisms and 

drug-resistant systems of T. asahii is crucial. T. asahii 
JCM2466 (type strain CBS2479, Riken BioResource 
Research Center) is widely used in research (16,17). The 
genome information of T. asahii JCM2466 (CBS2479) 
has been published (18). In T. asahii MPU129, a clinical 
isolate that exhibits high virulence in a silkworm 
infection model, several genetic approaches, including a 
gene-knockdown method, were developed (19).
	 Repair mechanisms for DNA double-strand 
breaks affect gene-targeting efficiency by introducing 
h o m o l o g o u s  D N A f r a g m e n t s .  H o m o l o g o u s 
recombination (HR) and non-homologous end 
joining (NHEJ) repair are double-strand break repair 
mechanisms (20). HR is required to introduce mutations 
into a gene-targeting system using homologous DNA 
fragments (20,21), whereas NHEJ repair mediates the 
insertion of introduced homologous DNA fragments 
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SUMMARY: Trichosporon asahii is a pathogenic fungus that causes severe deep-seated fungal infections in 
neutropenic patients. Ku70, a key component of the non-homologous end-joining (NHEJ) pathway involved in 
the repair of DNA double-strand breaks, influences gene-targeting efficiency in T. asahii MPU129 strain using 
electroporation, a gene transfer method. Although phenotypic traits such as morphology and biofilm formation vary 
among T. asahii strains, the impact of different gene transfer methods on gene-targeting efficiency remains poorly 
characterized. In this study, we compared the gene-targeting efficiency of Agrobacterium tumefaciens-mediated 
transformation (ATMT) and electroporation. In T. asahii JCM2466 (CBS2479), a strain with high hyphal-forming 
ability, the ku70 gene-deficient mutant exhibited a higher gene-targeting efficiency via ATMT than the wild-type 
strain when generating a cnb1 gene-deficient mutant. The cnb1 gene encodes the β-subunit of calcineurin. In contrast, 
in the ku70 gene-deficient background of T. asahii JCM2466, cnb1-deficient mutants could not be generated by 
electroporation. The gene-targeting efficiencies of ATMT and electroporation in the ku70 gene-deficient mutant of 
T. asahii JCM2466 were 18% and 0%, respectively. The cnb1 gene-deficient mutants exhibited sensitivity to high 
temperature and several stress-inducing compounds. These results suggest that ATMT is a suitable gene transfer method 
for generating gene-deficient mutants in the ku70-deficient T. asahii JCM2466 background. Therefore, the choice of 
gene transfer method should be carefully tailored to the genetic background and phenotypic characteristics of each T. 
asahii strain.
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into genome sites that differ from the target region (20). 
Therefore, NHEJ repair leads to a decrease in the gene-
targeting efficiency by HR (20,22). Ku70 and Ku80 
heterodimers play essential roles in NHEJ repair (23). In 
several fungi, the lack of these proteins leads to increased 
gene-targeting efficiency for generating gene-deficient 
mutants (22,24,25). In T. asahii MPU129, the ku70 
gene is involved in the gene-targeting efficiency (19). 
Therefore, the ku70 gene-deficient mutant of T. asahii 
JCM2466 may be a useful parental strain for generating 
gene-deficient mutants by HR.
	 Agrobacterium tumefaciens-mediated gene 
transformation (ATMT) is an advantageous method 
for gene recombination in several fungi (26,27) and a 
more efficient method than electroporation for obtaining 
gene-deficient mutants (28,29). In 2020, ATMT was 
used to generate a transgenic T. asahii JCM2466 strain 
expressing enhanced green fluorescent protein (eGFP) 
(30). On the other hand, a transgenic T. asahii JCM2466 
wild-type strain expressing eGFP was not generated by 
electroporation. In the ku70 gene-deficient mutant of 
T. asahii MPU129, electroporation was used as a gene 
transfer method to generate the gene-deficient mutants 
(19,31,32) . However, efficiency to generate gene-
deficient mutants in the ku70 gene-deficient mutant T. 
asahii JCM2466 regarding gene transfer methods was 
not yet compared.
	 Calcineurin is a calcium-calmodulin-activated 
phosphatase consisting of a heterodimer with the 
catalytic and regulatory subunits Cna1 and Cnb1 (33). 
The calcineurin complex with calmodulin controls 
the expression of several genes by dephosphorylating 
the transcriptional regulator Crz1 (34,35). The cnb1 
gene-deficient T. asahii MPU129 mutants exhibited 
sensitivities to high temperature, cell membrane stress, 
cell wall stress, and endoplasmic reticulum (ER) stress 
(19). Moreover, the cnb1 gene was used to evaluate 
gene-targeting efficacy in T. asahii (36).
	 In the present study, we found that ATMT was more 
efficient method to generate the cnb1 gene-deficient 
mutants than electroporation in the ku70 gene-deficient 
mutant of T. asahii JCM2466. In the ku70 gene-deficient 
mutant of T. asahii JCM2466, the cnb1 gene-deficient 
mutant was not obtained by electroporation. Our findings 
suggest that ATMT is an efficient method for generating 
gene-deficient mutants of T. asahii JCM2466. Therefore, 
we assumed that gene transfer method should be selected 
appropriately in generating T. asahii gene-deficient 
mutants for each strain.

2. Materials and Methods

2.1. Reagents

Cefotaxime, sodium dodecyl sulfate (SDS), and 
dithiothreitol (DTT), were purchased from Wako Pure 
Chemical Industries (Osaka, Japan). Nourseothricin and 
G418 were purchased from Jena Bioscience (Dortmund, 
Germany) and Enzo Life Science, Inc. (Farmingdale, 
NY, USA), respectively.

2.2. Culture of T. asahii

The T. asahii JCM2466 strain used in this study 
is a standard type strain available from the Riken 
BioResource Research Center (https://web.brc.riken.jp/
ja/). Table 1 provides information on the strains used in 
this study. The T. asahii JCM2466 ku70 gene-deficient 
mutant was grown on Sabouraud dextrose agar (SDA) 
containing G418 (50 μg/mL) and incubated at 27°C for 2 
days. The T. asahii JCM2466 cnb1 gene-deficient mutant 
was grown on SDA containing nourseothricin (100 μg/
mL) and incubated at 27°C for 2 days.

2.3. Construction of gene-deficient T. asahii mutants

The plasmid for gene-deficient T. asahii strains was 
constructed according to a previous report (19). To 
generate the ku70 gene-deficient mutant and the cnb1 
gene-deficient mutant, pAg1-5'-UTRku70-nptII-3'-
UTRku70 and pAg1-5'-UTRcnb1-NAT1-3'-UTRcnb1 
were used, respectively (19). The pAg1-5'-UTRku70-
nptII-3'-UTRku70 plasmid was introduced into T. asahii 
JCM2466 using the previously described ATMT method 
(30). Gene transfer using electroporation was performed 
according to a previous report (36) . The 5'-UTR (cnb1) 
-NAT1-3'-UTR (cnb1) fragments were amplified by 
PCR with the primers shown in Table 2. The T. asahii 
competent cells (40 µL) with the DNA fragments (100 
ng) were added to a 0.2-cm gap cuvette (Bio-Rad 
Laboratories, Inc.) and electroporated (Time constant 
protocol: 1,800 V, 5 ms) using a Gene Pulser Xcell (Bio-
Rad Laboratories, Inc.). The cells were suspended by 
yeast peptone dextrose containing 0.6 M sorbitol and 
incubated at 27°C for 3 h. After incubation, the cells 
were applied to SDA containing nourseothricin (300 µg/
mL) and incubated at 27°C for 3 days.

2.4. Genotyping PCR

(338)

Table 1. T. asahii strains used in this study

T. asahii strains

JCM2466 (Wild-type)
∆ku70 (Parent strain)
∆cnb1

Background

JCM2466
JCM2466 ∆ku70

Relevant genotype

ku70::nptII
ku70::nptII, cnb1::NAT1

Reference

Riken BioResource Research Center
This study
This study
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days. A630 value was measured using a microplate reader 
(iMark™ microplate reader; Bio-Rad Laboratories Inc., 
Hercules, CA, USA).

2.6. Drug sensitivity test

A drug sensitivity test was performed according to the 
previous report (31). The T. asahii strains were grown 
on SDA and incubated at 27°C for 2 days. T. asahii cells 
were suspended in physiologic saline solution (0.9% w/v 
NaCl) and filtered through a 40-μm cell strainer (Corning 
Inc.). The A630 value of the T. asahii cell suspension was 
adjusted to 1. A series of 10-fold dilutions of the fungal 
suspension were prepared using saline. Cell suspensions 
(5 µL each) were spotted on the SDA containing SDS 
(0.01%), Congo red (300 µg/mL), tunicamycin (1 µg/
mL), or DTT (12 mM). Each agar plate was incubated at 
37°C for 24 h, and photographs were obtained.

3. Results

3.1. Generating the ku70 gene-deficient mutant in T. 
asahii JCM2466 by ATMT

A. tumefaciens harboring the targeting plasmid, pAg1- 
5'-UTRku70-nptII-3'-UTRku70, was used to generate a 
ku70 gene-deficient mutant of T. asahii JCM2466 (Figure 
1A). Because pAg1-5'-UTRku70-nptII-3'-UTRku70 
contains the nptII gene that leads to resistance against the 
aminoglycoside G418, the ku70 gene-deficient T. asahii 
mutant shows G418 resistance by recombination (Figure 
1A). Through ATMT, the 192nd colony was selected by 
colony PCR as a candidate ku70 gene-deficient mutant 

Genotyping PCR was performed according to a 
previous report (19,36). To generate the ku70 gene-
deficient mutant, the transformants were grown on SDA 
containing G418 (300 µg/mL). To generate the cnb1 
gene-deficient mutant, the transformants were grown on 
SDA containing nourseothricin (300 µg/mL). Colony 
PCR for ku70 genotyping and cnb1 genotyping was 
performed using primers (Table 2). The mutation in the 
genome of the transformants was confirmed using the 
extracted genome by PCR using the primers shown in 
Table 2.

2.5. Temperature sensitivity test

A temperature sensitivity test was performed according to 
the previous report (31). The T. asahii strains were grown 
on SDA and incubated at 27°C for 2 days. T. asahii cells 
were suspended in a physiologic saline solution (0.9% 
w/v NaCl) and filtered through a 40-μm cell strainer 
(Corning Inc., Corning, NY, USA). Absorbance of the 
T. asahii cell suspension at 630 nm was adjusted to 1. A 
series of 10-fold dilutions of the fungal suspension was 
prepared using saline. Cell suspensions (5 µL each) were 
spotted on the SDA. The agar plates were incubated at 
27℃, 37℃, or 40℃ for 24 h, and photographs were 
obtained.
	 For growth on liquid medium, Sabouraud liquid 
medium (1% hipolypepton, 4% dextrose) was used in 
this study. Suspensions of the T. asahii parent strain 
(Parent) and three cnb1 gene-deficient mutants (∆cnb1 
#1, #2, and #3) were prepared with Sabouraud medium 
and adjusted to 0.005 absorbance at 630 nm (A630). The T. 
asahii cells were incubated at 27℃, 37℃, or 40℃ for 4 

Table 2. Primers used in this study

Primers

[Genotyping]
Primers-1 for ku70 genotyping
F ku70 gene locus
R ku70 gene locus

Primers-2 for ku70 genotyping
F ku70 gene ORF
R ku70 gene ORF

Primers-1 for cnb1 genotyping
F cnb1 gene locus
R cnb1 gene locus

Primers-2 for cnb1 genotyping
F cnb1 gene ORF
R cnb1 gene ORF

Primers-3 for cnb1 genotyping
F cnb1 gene outside
R cnb1 gene outside

[Amplification of cnb1 cassette for electroporation]
F cnb1-cassette
R cnb1-cassette

Nucleic acid sequence

TCGAGGTCGCGACTTTGTTATTGCCAGGTCCTGA
AGAGCTGCGATCGTGGGCTGATCCGTCC

TTTCAGCAACTCCGTCAGATCAGCGCCGAAGACA
ATCTGCGAAAGAGCGGCCGGGCC

GGAGTGAAGAAGGGCAGAGAGCAACAACAGCGGT
CCGTGATCGCATGGGGCGTGCACAAAGTG

CGGCTCGGGTACGGTAGACTTCCAGGAGTTTGTCG
AACAGGTCCTCGAGCGTCATCTGCTTGACGATGT

GGACGGCGAGCAGGCGCTCTACATGAGC
CTGAGTCCCATCGGCCCTTGCCTTCAAGCTACC

CCGTGATCTGCTGCACGTTCGGGTCCG
CTGTTCACCTCTGGCTACGACCCCCTCCTC
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(Figure 1B). The transformant grew on SDA containing 
G418 (Figure 1C). DNA fragments of the predicted size 
were amplified by PCR with the genome as a template 
(Figures 1D and 1E). The results suggest that the 
ku70 gene-deficient mutant in T. asahii JCM2466 was 
generated by ATMT.

3.2. ku70 gene deficiency on the growth of T. asahii 
JCM2466

We investigated the effect of ku70 deficiency in T. asahii 

JCM2466 on the growth. The ku70 gene-deficient mutant 
was similar growth to the wild-type at either 27°C, 
37°C, or 40°C (Figure 2). These results suggest that the 
growth of T. asahii JCM2466 did not alter by ku70 gene 
deficiency.

3.3. Gene-targeting efficiency in a ku70 gene-deficient T. 
asahii mutant for gene transfer methods such as ATMT 
and electroporation

There are phenotypic differences between T. asahii 

Figure 1. Establishment of the ku70 gene-deficient mutant of T. asahii JCM2466. (A) Illustration of replacement of the ku70 gene in T. asahii 
JCM2466 by recombination. The predicted genome structure of the ku70 gene-deficient mutant is shown. (B) Experimental scheme for obtaining 
candidate ku70 gene-deficient mutants of T. asahii JCM2466 by the ATMT system. (C) The wild-type (WT) and ku70 gene-deficient (∆ku70) 
candidate strains were spread on SDA with or without G418 (50 µg/ml) and incubated at 27°C for 2 days. (D) Location of the primers for confirming 
the genome structure of the ku70 gene-deficient candidate by PCR. (E) Confirmation of the ku70 gene-deficiency of the ku70 gene-deficient 
candidate by PCR using extracted genome DNA.

Figure 2. Growth of the ku70 gene-deficient mutant in T. asahii JCM2466. The wild-type (WT) and ku70 gene-deficient mutant (∆ku70) 
strains were inoculated in Sabouraud liquid medium and incubated at 27°C, 37°C, or 40°C. Absorbance of the culture at 630 nm was monitored.
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JCM2466 and MPU129. JCM2466 exhibits stronger 
hyphal formation ability compared with MPU129 (37). 
We examined the usefulness of ATMT for gene targeting 
in a JCM2466 ku70 gene-deficient mutant. The gene-
targeting efficiency was determined by calculating 
the ratio of the strain lacking the cnb1 gene, which 
encodes the β-subunit of calcineurin (36). The cnb1 
gene was deleted by ATMT using pAg1-5'-UTRcnb1-
NAT1-3'-UTRcnb1 plasmid (Figure 3A). The cnb1 
gene deficiency of nourseothricin-resistant strains was 
confirmed by colony PCR (Figures 3B and 3C). Of the 
50 nourseothricin-resistant colonies obtained from the 
ku70 gene-deficient mutant by ATMT, 9 were deficient 
for the cnb1 gene (Figure 3D). On the other hand, none 
of the 50 nourseothricin-resistant colonies obtained from 
the wild-type by ATMT was deficient for the cnb1 gene 
(Figure 3D). In the T. asahii MPU129 strain, ku70 gene 
deficiency increased the gene-targeting efficiency by 
electroporation (19). Next, we examined the usefulness 
of electroporation for gene targeting in a JCM2466 ku70 
gene-deficient mutant. Nourseothricin-resistant colonies 

were obtained from the T. asahii JCM2466 and the 
JCM2466 ku70 gene-deficient mutant (Figure 4). In all 
nourseothricin-resistant colonies, the inner region of cnb1 
gene was amplified by colony PCR (Figure 4). These 
results suggest that ATMT is efficient for gene targeting 
in a JCM2466 ku70 gene-deficient mutant compared to 
electroporation.

3.4. Phenotypes of the cnb1 gene-deficient mutants in T. 
asahii JCM2466

We examined whether cnb1 gene deficiency affects 
the stress resistance of T. asahii JCM2466. In this 
experiment, the ku70 gene-deficient T. asahii JCM2466 
mutant was used as the parent strain. Moreover, three 
clones (Δcnb1-#1, #2, and #3), which were selected 
at random from the candidates of cnb1 gene-deficient 
mutants obtained from the T. asahii JCM2466 ku70 gene-
deficient mutant by ATMT, were confirmed to have null 
mutation of the cnb1 gene by PCR with the primers-1, 
2, and 3, and nourseothricin susceptibility assay (Figure 
5). Growth of the cnb1 gene-deficient mutants at 40°C 
was slower than that of the parent strain (Figure 6). 
SDS and Congo red damage the cell membrane and cell 
wall, respectively (19). Growth was delayed in the cnb1 
gene-deficient mutants treated with SDS and Congo 
red (Figure 7). DTT and tunicamycin induce ER stress 
(19). Growth of the cnb1 gene-deficient mutants was 
delayed by treatment with DTT and tunicamycin (Figure 
7). These results suggest that cellular responses to high 
temperature, cell membrane damage, cell wall damage, 
and ER stress, were altered by cnb1 gene deficiency in 
the T. asahii JCM2466 ku70 gene-deficient mutant.

Figure 3. Increase in the ratio to obtain the gene-deficient mutant 
of T. asahii JCM2466 by ku70 gene deficiency. (A) Illustration of 
replacement of the cnb1 gene in T. asahii JCM2466 by recombination. 
The predicted genome structure of the cnb1 gene-deficient mutant is 
shown. (B) Experimental scheme for obtaining candidate cnb1 gene-
deficient T. asahii JCM2466 mutants by the ATMT system. (C) Colony 
PCR was performed on colonies obtained from the wild-type (WT) 
or the ku70 gene-deficient mutant (∆ku70) grown on SDA containing 
nourseothricin (300 µg/mL). (D) Efficacy of homologous replacement 
in the cnb1 gene region. Efficiency (%) was calculated as the ratio of 
cnb1 gene-deficient mutants (∆cnb1) per total transformants.

Figure 4. The ratio to obtain cnb1 gene-deficient T. asahii mutant 
by electroporation. (A) Experimental scheme for obtaining candidate 
cnb1 gene-deficient T. asahii JCM2466 mutants by the electroporation. 
(B) Colony PCR was performed on colonies obtained from the 
wild-type (WT) or the ku70 gene-deficient mutant (∆ku70) grown 
on SDA containing nourseothricin (300 µg/mL). (C) Efficacy of 
homologous replacement in the cnb1 gene region. Efficiency (%) was 
calculated as the ratio of cnb1 gene-deficient mutants (∆cnb1) per total 
transformants.
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Figure 5. Confirmation of cnb1 gene-deficient mutants in T. asahii JCM2466. (A) The ku70 gene-deficient mutant was used as the parent strain 
in this experiment. The T. asahii parent strain (Parent) and 3 cnb1 gene-deficient candidates (∆cnb1 #1, #2, and #3) were spread on SDA with or 
without nourseothricin (300 µg/mL) and incubated at 27°C for 2 days. (B) Location of the primers for confirming the genome structure of the cnb1 
gene-deficient candidates by PCR. (C) Confirmation of the cnb1 gene-deficiency of the cnb1 gene-deficient candidates by PCR using extracted 
genome DNA.

Figure 6. Temperature sensitivity of the cnb1 gene-deficient mutants in T. asahii JCM2466. (A) The ku70 gene-deficient mutant was used as the 
parent strain in this experiment. The T. asahii parent strain (Parent) and 3 cnb1 gene-deficient mutants (∆cnb1 #1, #2, and #3) were grown on SDA 
and incubated at 27°C for 2 days. T. asahii cells were suspended in a physiologic saline solution and filtered through a 40-μm cell strainer. A series 
of 10-fold dilutions of the fungal suspension were prepared using saline. Cell suspensions (5 µL each) were spotted on the SDA. Agar plates were 
incubated at 27°C, 37°C, or 40°C for 24 h. (B) The T. asahii parent strain (Parent) and 3 cnb1 gene-deficient mutants (∆cnb1 #1, #2, and #3) were 
inoculated in Sabouraud liquid medium and incubated at 27°C, 37°C, or 40°C. The absorbance of the culture at 630 nm was monitored.

Figure 7. Sensitivities of cnb1 gene-deficient T. asahii JCM2466 mutants to stress inducers. The ku70 gene-deficient mutant was used as the 
parent strain in this experiment. The T. asahii parent strain (Parent) and 3 cnb1 gene-deficient mutants (∆cnb1 #1, #2, and #3) were grown on SDA 
and incubated at 27°C for 2 days. T. asahii cells were suspended in a physiologic saline solution and filtered through a 40-μm cell strainer. A series of 
10-fold dilutions of the fungal suspension were prepared using saline. Cell suspensions (5 µL each) were spotted on SDA containing SDS (0.01%), 
Congo red (300 µg/mL), tunicamycin (1 µg/mL), or DTT (12 mM). Each agar plate was incubated at 37°C for 24 h.
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4. Discussion

In this study, we obtained a ku70 gene-deficient mutant 
of T. asahii JCM2466 by ATMT. The ku70 gene-
deficient T. asahii JCM2466 mutant generated cnb1 
gene-deficient mutants at a high frequency in ATMT, but 
not in electroporation. These results suggest that ATMT 
is an appropriate gene transfer method for generating 
the gene-deficient mutants in the ku70 gene-deficient T. 
asahii JCM2466 mutant.
	 The ku70 gene-deficient T. asahii JCM2466 mutant 
serves as a valuable parental strain for genetic studies. 
Deletion of the ku70 gene did not affect the growth of 
T. asahii JCM2466. Moreover, ku70 gene deficiency 
increased gene-targeting efficiency in ATMT. The 
frequency of obtaining cnb1 gene-deficient mutants 
from the ku70 gene-deficient T. asahii JCM2466 mutant 
by ATMT was 18%. In contrast, cnb1 gene-deficient 
mutants could not be obtained from the ku70 gene-
deficient T. asahii JCM2466 mutant by electroporation. 
These finding suggest that the combination of the ku70 
gene-deficient T. asahii JCM2466 mutant and ATMT 
is required for efficient gene targeting. In the T. asahii 
MPU129, however, electroporation proved effective for 
generating the cnb1 gene-deficient mutants from the 
ku70 gene-deficient mutant (Table 3) (19). Therefore, the 
choice of an appropriate gene transfer method should be 
tailored to each T. asahii strain. The underlying reasons 
for these strain-dependent differences will be addressed 
in future studies.
	 In Neurospora crassa, a filamentous fungus 
belonging to Ascomycota, deletion of the ku70 or ku80 
genes increases the generating efficiency of gene-
deficient mutants to 90-100% (22). In Aspergillus 
fumigatus, a filamentous fungus also belonging to 
Ascomycota, deletion of the ku80 gene increases the 
efficiency of obtaining a gene-deficient strain from 
3% to 80% (38). On the other hand, in C. neoformans, 
which belongs to the same Basidiomycota as T. asahii, 
deletion of the ku80 gene increased the efficiency of 
obtaining gene-deficient mutants, but only by 5-6% (29). 
Therefore, HR tends to be less efficient in Basidiomycota 
than in Ascomycota under the condition of dysfunction 
of NHEJ repair.
	 The genome information for T. asahii JCM2466 
(CBS2479) is published and the correct primers can be 
ordered; therefore, we assumed that an efficient gene-

targeting system in T. asahii JCM2466 was established 
in this study. On the other hand, it is not clear at this time 
whether targeting efficiencies comparable to that of the 
cnb1 locus can be obtained for many other gene loci. 
Further gene-targeting experiments should be performed 
in the future. T. asahii JCM2466 exhibited a higher 
hyphal formation ability than MPU129 (37). Hyphae 
possess a larger surface area per cell than yeast. T. asahii 
JCM2466 may offer a greater surface area accessible to 
Agrobacterium tumefacies than MPU129, potentially 
leading to higher gene transfer efficiency via the ATMT 
system.
	 Phenotypic analyses of gene-deficient mutants of 
T. asahii JCM2466 can be performed using the gene-
targeting method. The cnb1 gene-deficient mutants 
exhibited phenotypes such as sensitivities to high 
temperature, cell membrane stress, cell wall stress, and 
ER stress inducers. These phenotypic characteristics 
were also recognized in the same type of mutants which 
had been generated from T. asahii MPU129 (19,31). 
These findings suggest that the cnb1 gene is responsible 
for the stress responses of both T. asahii JCM2466 and 
MPU129. Therefore, the combined use of the ku70 gene-
deficient T. asahii JCM2466 mutant and ATMT is useful 
for phenotypic analyses of gene-deficient mutants.
	 In conclusion, we established an efficient gene-
targeting system for standard type strain JCM2466 of T. 
asahii using the ku70 gene-deficient mutant with ATMT. 
In electroporation, the gene targeting efficiencies of the 
ku70 gene-deficient T. asahii JCM2466 mutant and the 
ku70 gene-deficient T. asahii MPU129 mutant were 0% 
and 19%, respectively (Table 3). These findings suggest 
that optimization of the gene transfer method may be 
necessary to establish an efficient gene-targeting system 
for each T. asahii strain.
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Table 3. Efficiency of homologous replacement in cnb1 gene region by electroporation
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(∆cnb1/total transformants)
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  0%
  0%
19%

aData are cited from Matsumoto et al. (19).
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