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Introduction

Objective

Objective: Understand the roles of fungi on biogeochemical cycling in high pH crustal fluids of the 
Mariana forearc serpentinite mud volcanoes utilizing culture-dependent methods

Taxonomic Identification
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Study Site

Methods

Next Steps
• Ecophysiological testing of isolates
• Metatranscriptome sequencing of in situ 

borehole fluids

• Bioinformatic analysis of whole genome 
sequences

• 13% of fungal enrichment vials had measurable growth; while all controls were uncontaminated
• ITS from 7 potential fungal isolates were screened for taxonomic novelty and carbon degradation
• Three isolates with putative carbon degrading capability were selected for whole genome 

sequencing and ecophysiological testing
• Maximum Likelihood analysis used to create phylogenetic trees in MEGAX. 
• Bootstraps shown next to branches and branch lengths measured in the number of substitutions/site. 

Figure 1. A) Map of IODP Expedition 366 four serpentinite mud volcanoes on the Mariana Forearc. 
From Fryer et al. 20181. B) Schematic of the Mariana Forearc system depicting geology of the 
subducting plate, distance to the trench and water.

Figure 2. Workflow of sample analysis. 

Results

Figure 3. Microscope images of fungal isolates taken at 40X magnification. The blue scale bar in each 
photo is 20.00µm. A-B) MARF2, C-D) MARF3, and E-F) MARF5

The Mariana forearc, along the Izu-Bonin-Marianas arc-trench system is characterized by mud 
volcanoes undergoing active serpentinization at depth. The serpentinite mud volcanoes are defined by 
elevated hydrogen, methane, and carbonate and hydroxyl alkalinity leading to ultra-high pH (>10) 
fluid discharge. 
 The worldwide fungal biomass budget is estimated at 12 gigatons of carbon; however, the 
diversity and role of fungi in deep subsurface subduction zones remains elusive. Fungi are 
saprotrophic, meaning they can break down recalcitrant carbon (lignin, cellulose, melanin, carboxylic 
acids, etc.) extracellularly for energy and return this back to the total carbon pool in more labile 
forms. Additionally, fungi can influence carbon cycling through biomineralization or carbonate 
minerals and contribute to the total labile carbon pool through necromass. Understanding microbial 
eukaryotes within the Mariana forearc borehole fluids will expand our current understanding of how 
fungi in the deep subsurface influence global biogeochemical cycles through biomineralization, and 
the degradation of recalcitrant carbon.

Figure 4. Phylogenetic 
analysis of Stomiopeltis sp. in 
relationship to isolate  
MARF2 (88.8% similarity) 
isolated from borehole fluids 
at Yinazao Seamount. 

Figure 6. Phylogenetic 
analysis of Gnomoniopsis sp. 
in relationship to isolate 
MARF5 (95.6% similarity) 
from borehole fluids at Asùt 
Tesoru. 

Figure 5. Phylogenetic 
analysis of Cladosporium sp. 
in relationship to isolate  
MARF3 (97.8% similarity) 
from borehole fluids at 
Fantangisña Seamount. 

Summary
• The short-read ITS sequences alone are not sufficient to wholly identify these isolates. Whole 

genome sequencing can provide more accurate identification, and the annotation of genes related to 
carbon degradation.

• Carbon degradation:
• Stomiopeltis sp. (most closely related to MARF2) have been found as a saprobe on 

Harpephyllum sp. in China, and Phyllanthus emblica in Thailand, but a lack of genetic 
sequencing shadows the specific enzymes that these organisms utilize for carbon degradation3

• Cladosporium sp. (most closely related to MARF3) putatively produces glycoside hydrolases4 to 
degrade cellulose and chitin 

• Gnomoniopsis sp. (most closely related to MARF5) putatively produces xylanases5 to break 
down polysaccharides, and utilize polyaromatic hydrocarbons as a sole source of carbon6

References
1. Fryer, P. et al. (2018). Expedition 366 summary. Proceedings of the International Ocean Discovery Program 366, 1–23. doi: 10.14379/iodp.proc.366.101.2018 
2. Kumar S. et al. (2018). MEGA X: Molecular Evolutionary Genetics Analysis across computing platforms. Molecular Biology and Evolution 35:1547-1549.
3. Jayasiri, S. C. et al. (2019). Diversity, morphology and molecular phylogeny of Dothideomycetes on decaying wild seed pods and fruits. Mycosphere 10 (1), 1-186. doi: 

10.5943/mycosphere/10/1/1 
4. Turco, S. et al. (2023). Hybrid de novo genome assembly and comparative genomics of three different isolates of Gnomoniopsis castaneae. Sci Reports 13, 3356. doi: 10.1038/s41598-023-

30496-0.
5. Guan, G.-Q. et al. (2016). Production and partial characterization of an alkaline xylanase from a novel fungus Cladosporium oxysporum. BioMed Research International. 4575024. doi: 

10.1155/2016/4575024
6. Nieves-Rivera, A. M. et al. (2006). Characterization of Cladosporium oxysporum and C. sphaerospermum using polyaromatic hydrocarbons (PAHs) as their sole carbon source in tropical 

coastal seawater. 483-487. Editor: Antonio Mendez-Vilas. Modern Multidisciplinary Applied Microbiology. Wiley. ISBN: 978-3-527-31611-3


	Slide Number 1

