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Graphical abstract



Highlights

From Transport Limitations to Spatial Niche Design: Reframing spatial heterogeneity 

in high-solids fermentation to enable ecological niche engineering through 

microenvironmental and resource management.

From Fragmented Omics Data to Reusable Fermentation Knowledge: Integrating 

multi-omics, process metadata, and phenotypic information across studies to support 

knowledge reuse, cross-system comparison, and predictive fermentation design.

From General-Purpose LLMs to Domain-Specific Tool Orchestration: Leveraging LLMs 

to orchestrate specialized AI models, analytical tools, and computational workflows 

for intelligent biomanufacturing.



Characteristic features of different fermentation systems

Figure 1A. Features of industrial liquid fermentation Figure 1B. Characteristics and challenges of high-

solids fermentation

VS



Community assembly and spatial niche design

Figure 1C. Microecological regulation driven by community assembly and spatial niche construction



Cross-system omics integration and knowledge discovery

Figure 2A. From fragmented omics data to reusable fermentation knowledge



AI for fermentation microbiome research

Figure 2B. A hierarchical AI framework integrating large language models and domain-specific models



Summary

 Spatial heterogeneity is a defining feature of high-solids fermentation and a major barrier to process 

optimization and scale-up, requiring a shift from transport-oriented thinking toward spatial niche design.

 Integrating multi-omics, process metadata, and phenotypic information across studies and fermentation 

systems will transform fragmented datasets into reusable knowledge for cross-system learning and 

predictive discovery.

 Multi-layer AI frameworks centered on large language models and domain-specific models will accelerate 

causal understanding, predictive design, and intelligent biomanufacturing of fermentation microbiomes.

Dongze Niu, Huili Pang, Xuekai Wang, Liang Song, Jing Zhang, Ansah Terry, Junfeng Li, et al. 2026. Beyond omics: From 

descriptive profiling to causal and scalable design of fermentation microbiomes. iMeta 5: e70161. 

https://doi.org/10.1002/imt2.70161 

https://doi.org/10.1002/imt2.70161


“iMeta” – a comprehensive biology/medical journal founded by Macro Science and positioned as a counterpart to Cell. It is indexed in SCIE and PubMed,impact factor (IF) 44.4, 

ranking top 47/22643 in the world.It is classified as a Top-1 journal in the Biology category of the CAS journal ranking. The journal offers an average external review time of 21 

days and a median time from submission to publication of 87 days – three times faster than journals of similar standing. We welcome submissions of high-impact research 

articles, methods, and reviews. Manuscripts that have undergone external review at Cell, Nature, or Science can be transferred to iMeta along with reviewers' comments and the 

authors' responses.

“iMetaOmics” – positioned as a comprehensive biology/medical journal with a target IF above 15, comparable to Nature Communications and Science Advances. It has 

already been indexed in ESCI, PubMed, Google Scholar.

“iMetaMed” – a comprehensive medical journal with a target IF above 15. Submissions are welcome!

iMeta: Biology and Medicine in Info and Meta Era

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://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

