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Background

➢ Extreme environments are defined by one or more harsh 

physicochemical parameters—such as extreme temperature, 

pressure, salinity, or pH. Typical habitats include hot springs, 

polar glaciers and permafrost, salt lakes, acid mine drainage, 

and the deep sea.

➢ Extreme environments host unique extremophiles 

distinguished by high novelty and diversity.

➢ The genetic diversity of extremophiles represents a rich 

resource for bioprospecting, e.g.,  Taq DNA polymerase 

and deep-sea PETases.
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Background

01 Data fragmentation and lack of 
standardization

Fragmentation impedes integration

Metagenomic data are scattered across global 

repositories without unified indexing or retrieval, 

making cross-repository integration laborious and 

hindering large-scale mining.

Inconsistent metadata standards

Inconsistent sample annotations and environmental 

metadata, coupled with missing or ambiguous 

information, hinder cross-environment and cross-

study comparisons and data mining.

02 Database breadth-depth 
imbalance

MGnify offers broad coverage but limited depth in extreme 

environments, whereas databases such as 4GDB focus on 

specific habitats (e.g., glaciers). 

03 Sequence-centric resources limits 
dark-matter exploration

Existing resources focus on nucleic acid sequences but lack 

complementary protein structural information, hindering 

the annotation of microbial “dark matter” and the 

discovery of novel functional enzymes and biomolecules.

Current challenges



Highlights

➢ ExMODE integrates 3,518 samples into a unified resource containing 1.35 billion genes, 5.25 million protein 

structures, 67,026 MAGs, and 164,132 BGCs.

➢ ExMODE enables integrated sequence-, structure-, and genome-based exploration across five extreme 

environments to uncover microbial dark matter.

➢ Cross-habitat mining of microviridins demonstrates ExMODE’s potential for discovering novel BGCs and 

valuable natural products.



Analysis workflow
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ExMODE's Extremophile Resource Display

Fig 1. Comprehensive analysis of ExMODE’s 

extremophile resources

➢ Large-scale resource integration: 3,518 

samples yielding 1.35 billion genes, 5.25 

million protein structures, 67,026 MAGs, and 

164,132 BGCs.

➢ Rich functional dark matter: Most genes lack 

database annotations, harboring substantial 

potential for novel functions.

➢ Structure-enabled functional mining: 5.25 

million representative protein structures support 

structure-guided exploration of uncharacterized 

proteins.

➢ Broad microbial diversity: Many MAGs 

remain unclassified at the species level, 

revealing potentially novel microbial resources.

➢ Diverse biosynthetic potential: 164,132 BGCs 

span five extreme environments, exhibiting 

distinct biosynthetic profiles.



ExMODE's platform interface and functional modules
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Case study: Cross-habitat mining of microviridin BGCs

Fig 2. Cross-habitat distribution and phylogenetic analysis of microviridin

➢ Microviridins belong to the graspetide family and feature a tricyclic 

cage structure formed by ω-ester and ω-amide bonds.

➢ ExMODE identified 51 non-redundant microviridin BGCs across four 

extreme environments: hyperbaric (22), thermal (18), cryogenic (8), 

and saline (5). Most hyperbaric BGCs did not cluster with known 

reference sequences, highlighting the deep sea as a rich source of 

uncharacterized BGCs.

➢ Hyperbaric Myxococcota carried additional copies of ATP-grasp 

ligases, potentially linked to pressure adaptation. Thermal 

Chryseobacterium contained multiple precursor-peptide genes, 

whereas cryogenic Archangium and saline Hormoscilla BGCs 

retained more typical biosynthetic architectures.



Summary

❑ ExMODE integrates microbiome data from five extreme environments, providing 

multidimensional resources spanning genes, protein structures, MAGs, and BGCs.

❑ The database enables interactive searches of gene/protein sequences, protein 

structures, genomes, and BGCs, supporting cross-environment comparisons and 

functional mining.

❑ A cross-environment mining of microviridin BGCs demonstrates ExMODE’s 

potential for natural product discovery.

❑ Website: https://db.genomics.cn/exmode/
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iMeta: Biology and Medicine in Info and Meta Era

“iMeta” launched in 2022 by iMeta Science Society, impact factor (IF) 44.4, ranking top 47/22643 in the world. It aims to publish 

innovative and high-quality papers with broad and diverse audiences. Its scope is similar to Cell, Nature and Science. Its unique 

features include video abstract, bilingual publication, and social media with 800,000 followers. Indexed by SCIE/ESI, PubMed, 

Google Scholar etc.

“iMetaOmics” launched in 2024, indexed by ESCI, PubMed, Google Scholar, with a target IF>15, and its scope is similar to 

Nature Communications, Science Advances, Advanced Science, Nucleic Acids Research, etc. 

“iMetaMed” launched in 2025, with a target IF>15, similar to Med, Cell Reports Medicine, eBioMedicine, eClinicalMedicine etc.

Society: http://www.imeta.science  
Publisher: https://wileyonlinelibrary.com/journal/imeta 

iMeta: https://wiley.atyponrex.com/journal/IMT2 
Submission: iMetaOmics: https://wiley.atyponrex.com/journal/IMO2 
                     iMetaMed: https://wiley.atyponrex.com/journal/IMM3  

office@imeta.science
imetaomics@imeta.science 

Promotion Video

iMetaScience

iMetaScience
Update
2026/6/17

https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2024
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://scholar.google.com/citations?user=u181x38AAAAJ
https://onlinelibrary.wiley.com/journal/29969514
https://mp.weixin.qq.com/s/ug6SjwHbxqCUDLQjaADC6g
https://pmc.ncbi.nlm.nih.gov/journals/?term=%22iMetaOmics%22
https://scholar.google.com/citations?user=lr2U-zsAAAAJ
https://scholar.google.com/citations?user=lr2U-zsAAAAJ
https://onlinelibrary.wiley.com/journal/3066988x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
https://wiley.atyponrex.com/journal/IMM3
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://youtu.be/e8qLEQHorV4
https://x.com/iMetaScience
https://www.facebook.com/iMetaScience

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10

