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33

34 ABSTRACT
35 Background: The genus Blastobotrys consists of at least 20 species.  Disease in humans has been 

36 reported with B. adeninivorans, B. raffinosifermentans, B. proliferans, and B. serpentis, mostly in 

37 immunocompromised patients and those with cystic fibrosis. 

38 Objective: We report a lung infection secondary to B. raffinosifermentans in a cystic fibrosis patient 

39 successfully treated with isavuconazole and review the literature of invasive infections caused this 

40 genus.  We also evaluated clinical isolates in our laboratory for species identification and antifungal 

41 susceptibility.

42 Methods: Phylogenetic analysis was performed on a collection of 22 Blastobotrys isolates in our 

43 reference laboratory, and antifungal susceptibility patterns were determined for nine clinically 

44 available antifungals against 19 of these isolates.  

45 Results: By phylogenetic analysis 21 of the 22 isolates in our collection were identified as B. 

46 raffinosifermentans and only 1 as B. adeninivorans. Most were cultured from the respiratory tract, 

47 although others were recovered from other sources, including CSF and blood.  Isavuconazole, 

48 caspofungin, and micafungin demonstrated the most potent in vitro activity, followed by amphotericin 

49 B.  In contrast, fluconazole demonstrated poor activity.  The patient in this case responded to 

50 isavuconazole treatment for breakthrough infection due to B. raffinosifermentans that was cultured 

51 from pleural fluid while on posaconazole prophylaxis post bi-lateral lung transplantation for cystic 

52 fibrosis. 

53 Conclusions: Blastobotrys species are rare causes of infections in humans and primarily occur in 

54 immunocompromised hosts.  In our collection the majority of isolates were identified as B. 

55 raffinosifermentans.  To our knowledge this is the first report of successful treatment of such an 

56 infection with isavuconazole. 

57

58

59

60 INTRODUCTION
61       The genus Blastobotrys has attracted attention due to interesting biochemical, physiological, and 

62 genetic properties that make some members attractive species for the production of biofuels, 
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63 specifically Blastobotrys (formerly Arxula) adeninivorans and B. raffinosifermentans.1,2 These yeast-

64 like species, as well as other members of the genus, have other properties, including osmo-, halo-, 

65 and/or thermotolerance, which allow them to be isolated from various environments and uncommon 

66 habitats, including cave soil (B. persicus), bee honey (B. meliponae), and silk worm larvae (B. 

67 bombycis), for example.3-5 These properties may also be predisposing factors for human infections, 

68 as members of this genus have also been reported as lung colonizers and potential etiologic agents 

69 of invasive disease in cystic fibrosis patients.6,7  Species that have been reported as capable of 

70 causing disease in immunocompromised hosts include B. proliferans, B. serpentis, B. adeninivorans, 

71 and B. raffinosifermentans.6-9  More than 20 species within the genus Blastobotrys that have 

72 described, and at least 12 are capable of growth at human body temperature (i.e., 37C).10

73 There are sparse clinical reports of infections caused by Blastobotrys within the literature.  

74 This may be due to several reasons, including the fact that yeast isolates cultured from pulmonary 

75 sites are not routinely identified by clinical laboratories.6,7  Furthermore, clinically available assays for 

76 species identification, including those by biochemical means and those by proteomic analysis (i.e., 

77 matrix assisted laser desorption ionization time-of-flight mass spectrometry [MALDI-TOF MS]) have 

78 been reported to misidentify Blastobotrys species.  For example, the Vitek 2 system has been 

79 reported to misidentify Blastobotrys as Stephanoascus ciferrii (Candida ciferrii),6,8 while in another 

80 report MALDI-TOF MS failed to identify two isolates of this genus that were cultured from patients 

81 with infections.11  Thus, the true incidence of disease and/or colonization caused by this anamorphic 

82 yeast is unknown.  In addition, there is a paucity of information regarding antifungal susceptibility and 

83 appropriate treatment when invasive disease is suspected by a Blastobotrys species.  Here, we 

84 report a case of Blastobotrys lung infection in a cystic fibrosis patient successfully treated with 

85 isavuconazole.  Moreover, the sites of collection, species distribution, and antifungal susceptibility 

86 profiles of a collection of Blastobotrys isolates sent to our reference laboratory are also discussed.

87 CASE PRESENTATION
88     A 27-year-old female with a history of cystic fibrosis, recurrent multi-drug resistant 

89 Pseudomonas aeruginosa pneumonia, and oropharyngeal colonization with Candida glabrata 

90 presented for bilateral lung transplantation. She received basiliximab and methylprednisone for 

91 immunosuppression induction, then she was placed on triple immunosuppressive medications 

92 (tacrolimus, mycophenolate mofetil, and prednisone). Post-transplantation Epstein-Barr virus status 

93 was donor and recipient serology positive, and cytomegalovirus status of donor positive and recipient 

94 negative. Fungal cultures from explanted lung tissue grew yeast-like organisms that did not resemble 
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95 Candida albicans; therefore, micafungin (100 mg/day IV) was added empirically for post-

96 transplantation prophylaxis against C. glabrata, because of patient’s known history of C. glabrata 

97 colonization and the risk of an azole-resistant Candida strain. The patient was also started on 

98 valganciclovir 900 mg oral daily for cytomegalovirus (CMV) prophylaxis, trimethoprim-

99 sulfamethoxazole for Pneumocystis jirovecii pneumonia prophylaxis, and posaconazole 300 mg oral 

100 daily with nebulized amphotericin B for post-transplant invasive fungal prophylaxis, while micafungin 

101 was continued, in accordance with the center’s post-transplantation antimicrobial prophylaxis. She 

102 also received meropenem for post lung transplantation antimicrobial prophylaxis targeting 

103 Pseudomonas aeruginosa isolated from explanted lung. After two weeks of hospitalization, the 

104 patient showed recovery from lung transplantation procedure, micafungin was discontinued, and she 

105 was discharged home with continued rest of post-transplantation prophylactic medications, including 

106 posaconazole. On the 20th day post-transplantation, the patient presented with worsening of slowly 

107 progressing dyspnea and found to have right pleural effusion on plain chest X-ray (Figure 1A).  On 

108 the 24th-day post-transplantation, the posaconazole level was 1.46 μg/mL.

109 Laboratory results showed a normal complete metabolic panel, and the complete blood count 

110 showed WBC 9.3 K/cc (Neutrophils 83.3%, Lymphocytes 6.6%, Eosinophils 3.8%), hemoglobin 10.5 

111 g/dl, platelets of 493 K/cc. Right pleural thoracentesis was performed and post-procedure chest X-

112 ray showed improvement of right pleural effusion (Figure 1B). Pleural fluid had cloudy and blood-

113 tinged color on gross examination, with 2,625 /cc of white blood cells (16% neutrophil, 62% 

114 lymphocytes) and 24,853 /cc red blood cells. Pleural fluid was sent for aerobic culture, which yielded 

115 yeast-like growth.  The isolated organisms from pleural fluid and prior lung tissue failed to be 

116 identified by using Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight mass spectrometry 

117 (MALDI-TOF; VITEK MS, bioMerieux) using a database cleared by the FDA for clinical diagnostic 

118 testing. Both yeast isolates were sent to the Fungus Testing Laboratory at the University of Texas 

119 Health in San Antonio for the identification and antifungal susceptibility testing.  The isolated yeasts 

120 were both identified as Blastobotrys raffinosifermentans by DNA sequence analysis of the internal 

121 transcribed spacer region (ITS rDNA) and the nuclear ribosomal large subunit gene (nucLSU) as 

122 previously described,12 with sequence similarities of 100% by both loci to the type strain CBS 6800 

123 (GenBank Accession Nos. KY101759 and KY106711, respectively).  Antifungal susceptibilities were 

124 performed per the CLSI broth microdilution M27 standard,13 and the minimum inhibitory 

125 concentrations (MIC) were reported as 0.5 μg/mL for amphotericin B, 2 μg/mL for anidulafungin, 0.25 

126 μg/mL for caspofungin, 0.25 μg/mL /ml for micafungin, >64 μg/mL for fluconazole, 1 μg/mL for 
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127 itraconazole, 1 μg/mL for posaconazole, 1 μg/mL for voriconazole, and 0.125 μg/mL for 

128 isavuconazole against the lung tissue isolate.  The susceptibility profile against the isolate cultured 

129 from the pleural fluid was similar with MIC values the same or within 1 dilution of those against the 

130 isolate cultured from the tissue, and the isavuconazole MIC was 0.25 μg/mL.  While the patient 

131 developed a recurrence of right pleural effusion post-thoracentesis (Figure 1C), the decision was 

132 made to switch antifungal therapy to isavuconazole (372 mg of isavuconazonium sulfate per day 

133 orally) based on the provided antifungal susceptibilities despite this antifungal not being approved by 

134 the FDA for the treatment of yeast infections. Isavuconazole was continued with repeat chest x-ray 

135 showing resolution of pleural effusion (Figure 1D) and improvement of patient’s dyspnea. Seventy-

136 eight days after transplantation the repeated chest X-ray showed resolution of pleural fluid and the 

137 patient remained asymptomatic.

138 MATERIALS AND METHODS 
139 Fungal strains. A panel of 22 clinical isolates of Blastobotrys species, comprising 14 human 

140 and 8 animal isolates from different geographical regions of the U.S., received by the Fungus Testing 

141 Laboratory at the University of Texas Health Science Center at San Antonio were included (Table 1).  

142 The two isolates from the lung and pleural fluid, UTHSCSA DI19-111 and UTHSCSA DI19-112, 

143 respectively, cultured from the CF patient described above were also included.  The isolates were 

144 subcultured from frozen stocks on Sabouraud dextrose agar (SDA) and incubated at 30°C for 48 to 

145 72 hours. The authors confirm that the ethical policies of the journal, as noted on the journal’s author 

146 guidelines page, have been adhered to. No ethical approval was required as the research in this 

147 article related to micro-organisms.

148 Morphology & Phylogenetic Assessment.  The isolates received from this patient from the 

149 lung and pleural fluid (DI19-111 and DI19-112, respectively) were subcultured on Sabouraud 

150 dextrose agar for 4 days at 30°C, and the colony and microscopic morphologies were observed.  

151 Genomic DNA from the all isolates were amplified and subjected to DNA sequencing of the internal 

152 transcribed spacer region (ITS rDNA), and the nuclear ribosomal large subunit (nucLSU) gene under 

153 the conditions as previously described.12 Newly generated sequences of ITS rDNA and nucLSU were 

154 subjected to a BLASTn search of the NCBI databases. Based on BLASTn search results, the 

155 species identities of the isolates from the Fungus Testing Laboratory were confirmed by maximum 

156 likelihood analysis of the nucLSU sequences together with representative type species in the genus 

157 Blastobotrys. The best scoring maximum likelihood tree was constructed with IQ-TREE v.1.6.12 

158 using the substitution model TIM3+I+G.14,15 Bootstrap support (BS) values were obtained from 1000 
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159 bootstrap resampling and bootstrap values equal or greater than 75% were considered significant.16 

160 ITS rDNA and nucLSU sequences of the isolates were deposited in GenBank (Table 1).

161 In vitro Antifungal Susceptibility.  Minimum inhibitory concentrations (MICs) were 

162 determined by broth microdilution according to Clinical and Laboratory Standards Institute (CLSI) 

163 M27 as briefly described below.13  Antifungal powders (fluconazole, amphotericin B, itraconazole, 

164 posaconazole, voriconazole, caspofungin, and anidulafungin from Sigma Aldrich, St. Louis, MO; 

165 isavuconazole and micafungin, Astellas Pharma, Northbrook, IL) were obtained as standard powders 

166 and were dissolved in dimethyl sulfoxide (DMSO). Further dilutions were prepared in RPMI 1640 

167 medium with L-glutamine and without bicarbonate (Sigma, St Louis, MO, USA) buffered with 0.165M 

168 solution of MOPS (Sigma, St Louis, MO, USA) at pH 7.0. Concentrations tested ranged from 0.125 to 

169 64 μg/mL for fluconazole, 0.03 to 16 μg/mL for amphotericin B, itraconazole, isavuconazole, 

170 posaconazole, and voriconazole, and 0.015 - 8 μg/mL for micafungin, caspofungin, and 

171 anidulafungin.   MIC values were determined visually as the concentration at which there was 50% 

172 inhibition of growth compared to the growth controls after 24 hours of incubation at 35°C for all 

173 antifungals other than amphotericin B, for which the MIC was determined at 100% inhibition of 

174 growth. Quality control isolates comprising, Candida parapsilosis (ATCC 22019) and Candida krusei 

175 (ATCC 6058) were included on each day of testing.  

176 Susceptibility Data Analysis.  High off-scale MICs were raised to the next log2 dilution, 

177 while low off-scale MICs were left unchanged. The MIC range, modal MIC, MIC values at which 50% 

178 and 90% of the isolates were inhibited (MIC50 and MIC90, respectively), and geometric mean (GM) 

179 MIC values were determined. The differences in GM MIC values were assessed for significance by a 

180 paired t test. P values of <0.05 were considered significant.

181 RESULTS
182 Species Distribution. Table 1 summarizes the distribution of Blastobotrys isolates according 

183 to the source of culture and geographic location.  These isolates came from a variety of geographic 

184 locations throughout the US and were cultured from both humans and animals.  Although most 

185 isolates were cultured from pulmonary specimens, including several from CF patients, others were 

186 isolated from different specimen types, including bone, blood, uterine tissue, and cerebral spinal fluid 

187 (CSF). Some isolates that were in the phylogenetic tree were not included in the susceptibility testing 

188 because they were non-viable.   

189 Morphology & Phylogenetic Analysis.  After 4 days of growth at 30°C, creamy white 

190 colonies were observed with a smooth to wrinkled texture and slightly lobate edges (Figure 2a and 
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191 b).  Microscopic examination revealed blastoconidia (Figure 2c), pseudohyphae, including those that 

192 were denticulate (Figure 2d and e), and a few true hyphae (Figure 2f).  BLASTn analysis with ITS 

193 rDNA sequences showed 99-100% similarity to the type strain of Blastobotrys raffinosifermentans 

194 (NRRL Y-27150T, CBS 6800) and 99-99.26% similarity to the type strain of B. adeninivorans (NRRL 

195 Y-17692T, CBS 8244), while nucLSU gave 99.66% and 98.08% similarities to the type strains of B. 

196 raffinosifermentans and B. adeninivorans, respectively. The best scoring maximum likelihood tree 

197 (Figure 3) showed 21 (n=22) isolates grouping with B. raffinosifermentans (BS=98%) and 1 (n-22) 

198 isolate with B. adeninivorans (BS= 100%). 

199 Antifungal Susceptibility.  Table 2 shows the in vitro susceptibility results against 18 B. 

200 raffinosifermentans isolates and one B. adeninivorans isolate.  As measured by GM MICs and MIC90 

201 values, isavuconazole, caspofungin, and micafungin exhibited the most potent in vitro activity against 

202 all Blastobotrys isolates followed by amphotericin B. This was followed by voriconazole, itraconazole, 

203 posaconazole, and anidulafungin.  In contrast, all tested Blastobotrys isolates demonstrated high 

204 MICs to fluconazole (MIC range 16 - >64 μg/mL, GM MIC 55.3 μg/mL). Based on the GM MICs, 

205 isavuconazole was significantly more active than other triazoles (p < 0.001 for all comparisons). In 

206 addition, the MIC50 and MIC90 values of isavuconazole were 2 log2 dilution steps lower than that of 

207 posaconazole, itraconazole and voriconazole. Interestingly, anidulafungin demonstrated reduced in 

208 vitro potency (GM MIC 0.928 μg/mL) compared to that observed with micafungin (0.240 μg/mL) and 

209 caspofungin (0.207 μg/mL) (p < 0.001 for each comparison).

210 DISCUSSION
211 Fungi are associated in the respiratory deterioration and decline in forced expiratory volume 

212 in one second (FEV1) in CF patients, which leads to a lower quality of life and increased mortality. 

213 Candida species are frequently isolated from the airways of cystic fibrosis patients, as are 

214 Aspergillus, Scedosporium, Exophiala species and members of the Rasamsonia argillacea species 

215 complex, either as colonizers or true causes of infection.17-19  In addition, Blastobotrys species have 

216 been reported to be cultured from respiratory samples in CF patients and chronic bronchitis, and 

217 from peritoneal fluid in patients undergoing continuous ambulatory peritoneal dialysis.7-9,11  However, 

218 many clinical microbiology laboratories do not routinely identify yeasts cultured from respiratory 

219 specimens. Biochemical and proteomic assays used in clinical laboratories may misidentify members 

220 of this genus.6,8,11  Identification to the species level using DNA sequencing may be challenging due 

221 to low nucleotide variation.  Of the 22 Blastobotrys isolates included in this study, many of which 

222 were previously identified as B. adeninivorans, majority had a high percentage similarity with both B. 
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223 adeninivorans and B. raffinosifermentans by BLASTn searches of the ITS rDNA sequence.  

224 Therefore, the true prevalence and epidemiology of these fungi are unknown and may be 

225 underestimated.

226 Although data are limited, individual case reports and case series have begun to shed light on 

227 the challenges associated with Blastobotrys infections, namely misidentification of the causative 

228 organisms and reduced susceptibility to various antifungals.  Quirin et al., reported a case of 

229 peritonitis caused by B. proliferans in a 46-year-old male undergoing peritoneal dialysis.9  Initially, the 

230 patient had been treated with oral fluconazole.  However, treatment was switched to amphotericin B 

231 (3 mg/kg/day) once the results of antifungal susceptibility testing demonstrated reduced susceptibility 

232 to fluconazole (MIC 64 μg/mL), voriconazole (2 μg/mL), posaconazole (0.5 μg/mL), and caspofungin 

233 (>8 μg/mL).  In another report, Kumar et al., described two cases of invasive fungal infections in 

234 pediatric patients caused by B. serpentis and B. proliferans.8  Initially, both isolates had been 

235 misidentified by VITEK2 as Stephanoascus ciferrii.  Both isolates demonstrated reduced 

236 susceptibility to fluconazole and caspofungin, and the B. serpentis isolates also had an elevated 

237 amphotericin B MIC.  

238 Case reports of infections due to B. raffinosifermentans have also been published.  Jahn et 

239 al., described two cases of Blastobotrys infections in CF patients.11  Uncommon yeast colonies were 

240 cultured from the sputum and could not be identified initially by conventional methods, but were 

241 identified as B. raffinosifermentans by DNA sequence analysis.  Interestingly, although both isolates 

242 had elevated fluconazole MICs (16 and 64 μg/mL), and one isolate also had markedly elevated 

243 itraconazole (16 μg/mL), and posaconazole (8 μg/mL) MICs, both patients were reported to have 

244 significant clinical improvement with voriconazole treatment (MICs of 2 and 0.5 μg/mL), although B. 

245 raffinosifermentans was still detected within the sputum months after the start of voriconazole in one 

246 patient.  Finally, Wong et al., reported on the successful treatment B. raffinosifermentans infection in 

247 a pediatric CF patient who was the recipient of a bilateral lung transplant.7  Prior to transplant, B. 

248 raffinosifermentans was the only fungal organisms recovered from 36 serial respiratory specimens 

249 (cultured from 20 of 36 specimens) and was associated with clinical deterioration and eventual 

250 respiratory failure.  This species was also cultured twice post-transplant, once from tissue and once 

251 from bronchoalveolar lavage fluid.  Treatment consisted of prolonged courses of intravenous 

252 liposomal amphotericin B, nebulized liposomal amphotericin B, intravenous caspofungin, and oral 

253 voriconazole.
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254 The case described in the current report involved a 27-year-old female with a history of CF 

255 who had undergone bilateral lung transplant.  Numerous microbes, including B. raffinosifermentans, 

256 were sequentially isolated from multiple sources, including sputum and pleural effusions.  Initially, the 

257 patient was treated with micafungin followed by posaconazole.  However, the patient’s condition 

258 worsened with this regimen.  Based on the results of antifungal susceptibility testing, the treatment 

259 was switched to isavuconazole with a successful outcome.  To our knowledge, this is the first 

260 description of successful treatment of a Blastobotrys infection with this triazole and emphasizes the 

261 importance of accurate identification of the colonizing yeasts in respiratory samples in patients 

262 undergoing lung transplantation.  Although the switch in antifungal therapy was based in part on the 

263 results of antifungal susceptibility testing that demonstrated a low isavuconazole MIC against the 

264 infecting isolate, it should be remembered that in vitro susceptibility alone does not predict clinical 

265 outcome.  Many other factors, including pharmacokinetic characteristics (i.e., drug exposures 

266 achieved at the site of infection), and host factors (i.e, immune status), may play a more important 

267 role in determining clinical outcomes.  Although isavuconazole also showed the most potent in vitro 

268 activity against all of the other isolates included in this study, more data are needed before this agent 

269 can be recommended as first line therapy against infections caused by Blastobotrys species.

270
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Table 1.  Summary of source, origin and identification of strains tested. *Sequentially isolated from one patient; **Non-viable for 

susceptibility testing; DNA sequences available for phylogenetic analysis. CF - Cystic Fibrosis; CSF - Cerebral Spinal Fluid.

GenBank Accession NumberFTL Acc. 
Number

Species ID

ITS rDNA LSU

Source Origin State

DI19-143** B.  raffinosifermentans - - Right temporal 

bone

Human Colorado

DI19-144 B.  raffinosifermentans - - Sputum Human Ohio

DI19-150 B.  raffinosifermentans MN421803 MN421828 Pulmonary Human California

DI19-156 B.  raffinosifermentans - - Pulmonary Animal Florida

DI19-157** B.  raffinosifermentans - - Pulmonary Animal Unknown

DI19-158 B.  raffinosifermentans - - Pulmonary Animal Unknown

DI19-159 B.  raffinosifermentans MN421804 MN421830 Sputum, CF Human Kansas

DI19-163 B.  raffinosifermentans MN421806 MN421832 Pulmonary Animal California

DI19-164* B.  raffinosifermentans MN421807 MN421833 Pulmonary Human California
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DI19-165* B.  raffinosifermentans MN421808 MN421834 Blood Human California

DI19-166* B.  raffinosifermentans MN421809 MN421835 Pleural Fluid Human California

DI19-167 B.  raffinosifermentans MN421810 MN421836 Uterine Culture Human Arizona

DI19-168 B.  raffinosifermentans MN421811 MN421837 Sputum, CF Human Kentucky

DI19-172 B. adeninivorans MN421813 MN421825 Blood Human Louisiana

DI19-173 B. raffinosifermentans MN421814 MN421839 Pulmonary Animal California

DI19-174 B. raffinosifermentans MN421815 MN421840 Sputum Human Missouri

DI19-176 B. raffinosifermentans MN421817 MN421842 Pulmonary Animal California

DI19-177 B. raffinosifermentans MN421818 MN421843 Pulmonary Animal Arizona

DI19-111* B. raffinosifermentans MN231640 MN231716 Lung, CF Human Arizona
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DI19-112* B. raffinosifermentans MN231718 MN239511 Pleural fluid, CF Human Arizona

DI19-178 B. raffinosifermentans MN421819 MN421844 Pulmonary Animal California

DI19-179 B. raffinosifermentans MN421820 MN421845 CSF Human New York

Table 2. In vitro antifungal susceptibility profiles against 19 Blastobotry isolates, including 18 B. raffinosifermentans and 1 B. 

adeninivorans isolates, by the CLSI M27 broth microdilution method. MIC range, geometric mean (GM) MIC values, mode MICs, and 

MIC50 and MIC90 values are expressed in μg/mL.

MIC 

Parameter

Amphotericin Fluconazole Itraconazole Isavuconazole Posaconazole Voriconazole Micafungin Caspofungin Anidulafungin
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MIC 

Range

0.25 - 1 16 - >64 0.25 - 4 0.06 - 8 0.25 - 2 0.25 - 4 0.015 - 0.5 0.03 – 0.5 <0.015 – 2

MIC50 0.5 64 1 0.25 1 1 0.25 0.25 2

MIC90 0.5 64 2 0.5 2 4 0.5 0.5 2

Mode 0.5 >64 1 0.5 1 1 0.5 0.25 2

GM MIC 0.465 55.3 0.896 0.310 1.00 0.964 0.240 0.207 0.928
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Figure 1. Chest X-rays demonstrating course of pleural effusions. A.) day 20 post-transplantation; 

B.) improvement in right pleural effusion immediately following right pleural thoracentesis with fluid 

remaining in left pleural space; C.) recurrence of pleural effusion post-thoracentesis; D.) resolution of 

pleural effusion following initiation of isavuconazole.

Figure 2. Blastobotrys raffinosifermentans. (a-b) Growth on Sabouraud dextrose agar, 4 days at 

30°C: (a) UTHSCSA DI19-111 (b) UTHSCSA DI19-112; (c-d) UTHSCSA DI19-111 (c) budding cells 

(d) denticulate hyphae; (e-f) UTHSCSA DI19-112, (e) pseudophyphae (f) true hyphae. Magnification 

= 1000x; Bar = 25μm

Figure 3. Maximum likelihood tree based on the nucLSU sequences showing the relationship of the 

Blastobotrys isolates included in this study with other species in the genus Blastobotrys. Type 

species are indicated with a superscript T. Bootstrap support values > 75 % are shown on the nodes. 

Schizosaccharomyces pombe NRRL Y-12796T was used as outgroup. 
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