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Table 1.

Archaeal candidate phyla with one or more members having partial or complete MAGs or SAGs

Candidate phylum Genomic datasets

First description in reference

Aenigmarchaeota (DSEG) SAG
Aigarchaeota (pSL4; HWCG-I) MAG, SAG
Bathyarchaeota (MCG) MAG

Diapherotrites (pMC2A384) SAG

Geoarchaeota MAG
Heimdallarchaeota MAG
Korarchaeota MAG
Lokiarchaeota MAG
Nanoarchaeota MAG
Nanohaloarchaeota MAG, SAG
Odinarchaeota MAG
Pacearchaeota MAG
Parvarchaeota (ARMAN) MAG, SAG
Thorarchaeota MAG
UAP1-3 MAG
Verstraetearchaeota MAG
Woesearchaeota MAG

Geothermal water stream from a subsurface mine in Japa

Submarine hot vent

Ponds of Bras del Port salterns, Spain

Homestake Mine!®

n [6,43]

Marine sediment!™

Homestake Minel®

Acidic iron mats in Yellowstone National Park[™®
Marine sediments (Loki’s Castle and Aarhus Bay)"”
Obsidian Pool, Yellowstone National Park!™®

Avrctic Mid-Ocean Ridge!™

[80]

[81]

Hot spring metagenomes (Yellowstone National Park and Radiata
Pool)!"™

Aquifer adjacent to the Colorado River (USA)®2

A drift of the Richmond Mine, Northern Californial®®!

Sulfate-methane transition zone in the White Oak River estuary
sediments(®¥

Assembled from public metagenomes™
Cellulose-degrading anaerobic digesters(®

Aquifer adjacent to the Colorado River (USA)2

actamicro@im.ac.cn
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Table 2. Bacterial candidate phyla with one or more members having partial or complete MAGs or SAGs

Candidate phylum

Genomic datasets

First description in reference

Acetothermia (OP1/KB1 group)
Aerophobetes (CD12)
Aminicenantes (OP8)
Atribacteria (OP9/JS1)

BD1-5

Berkelbacteria (ACD58)
BRC1

Calescamantes (EM19)
Cloacimonetes (WWEL1)

CPR (RIF1-46 and SM2F11)
EM3 (former OP2)
Fervidibacteria (OctSpA1-106)

Gracilibacteria (GN02)

Hydrogenogenetes
(BRC1/NKB19)

Kryptonia

KSB3

Latescibacteria (WS3)
Marinimicrobia (SAR406)
Melainabacteria
Microgenomates (OP11)
NC10

Omnitrophica (OP3)
Parcobacteria (OD1)
PER

Poribacteria
Saccharibacteria (TM7)
SBR1093

SR1

Tectomicrobia

TM6

UBP1-17

WS1

WWE3

MAG, SAG
SAG
SAG
MAG, SAG
MAG
MAG
SAG
SAG
MAG, SAG
MAG
SAG
SAG
MAG, SAG

MAG, SAG

MAG
MAG
SAG
MAG, SAG
MAG
MAG, SAG
MAG
MAG, SAG
MAG, SAG
MAG, SAG
SAG
MAG, SAG
MAG
MAG, SAG
MAG, SAG
SAG
MAG
SAG
MAG

Obsidian Pool, Yellowstone National Park!®"®!
Sakinaw Lakel®

Obsidian Pool, Yellowstone National Park!®7®!
Obsidian Pool, Yellowstone National Park®=278l
Groundwater samples!®®

Aquifer adjacent to the Colorado River (USA)®"!
Etoliko Lagoon and Sakinaw Lake!®

Great Boiling Spring and Gongxiaoshe hot spring!®
Municipal Anaerobic Sludge Digester[®!
Aquifer sediments and groundwater, USAZ!
Obsidian Pool, Yellowstone National Park!®78!
Octopus Spring sediment®

Guerrero Negro hypersaline microbial mat[®®®!
Bulk soil and rice roots!®

High-temperature pH-neutral geothermal springst®®
Anaerobic wastewater treatment bioreactor®
Waurtsmith Air Force Base, Michigan(®®
Subsurface of Atlantic and Pacific oceans'®
Human gut and groundwater®
Obsidian Pool, Yellowstone National Park!"85¢!
Aquatic microbial formations in flooded caves!®?
Obsidian Pool, Yellowstone National Park!’®
Obsidian Pool, Yellowstone National Park!®2¢]
Groundwater samplest®®

Marine sponge-associated®®

Peat bog (TM means Torf, Mittlere schicht)?®

Activated sludge from wastewater treatment system®®®!

Hydrocarbon-contaminated aquifer (SR, “Sulfur River”)®®!

Marine spongel®”!

Peat bog (TM means Torf, Mittlere schicht)®®%*!
Assembled from public metagenomes®*
Waurtsmith Air Force Base, Michigan(®®

Anaerobic sludge digestert®”
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Uncultivated microorganisms study: methods, opportunities
and challenges

Enmin Zhou, Wenjun Li~

State Key Laboratory of Pest Control and Resource Utilization, School of Life Sciences, Sun Yat-Sen University, Guangzhou
510275, Guangdong Province, China

Abstract: The majority of microbial species in the environment remains uncultivated, called uncultivated
microorganisms or microbial “dark matter”. Unraveling the mysteries of these microbial “dark matter” is
especially important to understand the diversity of microbes and their metabolic characteristics. These data can
provide insights into the microbes involved in ecological processes, and insights into the early diversification of
microbial lineages and the evolution of Bacteria and Archaea. DNA genome sequences of microbial “dark
matter” could be recovered from the environment samples by population binning of metagenomics and
single-cell genomics, independently or combined synergistically. The metabolic potential could be predicted
based on bioinformatics analysis. In this mini-review, we briefly introduce the methods and challenges in this
area, summarize the main groups of microbial “dark matter” that has been explored, and indicate the future
research opportunities.
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