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Network Science
Basics



What is a network?



From omics to networks?



Examples





From Prof I. Antoniou



Complexity





Less is more



More Is Different  



Large Language Models 
Diffusion models 

Deep Neural Networks



ChatGPT 
AlphaFold 

EVO







Types of Networks



Unipartite



Bipartite

Newman 2018



Hypergraph

Newman 2018



Newman 2018



Newman 2018



Summary of 21/05/2025





28/05/2025



Rmarkdown - Network Basics 

15 minutes Break 
 

Soil Metagenome - From sequences to microbe co-occurrences



• Take a look at Metagenomics course by Dr Lagkouvardos







• TREC https://www.embl.org/about/info/trec/


• Salamina https://www.youtube.com/watch?v=FcYOZWyTmms


• Psatha https://www.youtube.com/watch?v=BQ2hJBeSBwQ

https://www.youtube.com/watch?v=FcYOZWyTmms
https://www.youtube.com/watch?v=BQ2hJBeSBwQ




















1. Current Challenges and Pitfalls in Soil Metagenomics 
2. Pitfalls in the statistical analysis of microbiome amplicon sequencing data 

3. Insight into biases and sequencing errors for amplicon sequencing with the Illumina MiSeq platform 
4. The choice of the DNA extraction method may influence the outcome of the soil microbial community structure analysis

5. Biases in Prokaryotic Community Amplicon Sequencing Affected by DNA Extraction Methods in Both Saline and Non-saline Soil 
6. Examining Sources of Error in PCR by Single-Molecule Sequencing, Reducing the Effects of PCR Amplification and Sequencing Artifacts on 16S 

rRNA-Based Studies

7. Reducing the Effects of PCR Amplification and Sequencing Artifacts on 16S rRNA-Based Studies

8. Groundtruthing Next-Gen Sequencing for Microbial Ecology–Biases and Errors in Community Structure Estimates from PCR Amplicon 

Pyrosequencing  
9. Examining Sources of Error in PCR by Single- Molecule Sequencing 

10.Reducing the Effects of PCR Amplification and Sequencing Artifacts on 16S rRNA-Based Studies

11.Batch effects removal for microbiome data via conditional quantile regression 

12.Parsing ecological signal from noise in next generation amplicon sequencing

13.Comparison of Oxford Nanopore Technologies and Illumina MiSeq sequencing with mock communities and agricultural soil

14.Insight into biases and sequencing errors for amplicon sequencing with the Illumina MiSeq platform

15.Ten quick tips for effective dimensionality reduction 
16.Double indexing overcomes inaccuracies in multiplex sequencing on the Illumina platform 
17.Handling of targeted amplicon sequencing data focusing on index hopping and demultiplexing using a nested metabarcoding approach in 

ecology 

18.Normalization and microbial differential abundance strategies depend upon data characteristics

19.Analysis of microbial compositions/ a review of normalization and differential abundance analysis

20.Simple statistical identification and removal of contaminant sequences in marker-gene and metagenomics data

21.Applications and Comparison of Dimensionality Reduction Methods for Microbiome Data

22.Broadscale Ecological Patterns Are Robust to Use of Exact Sequence Variants versus Operational Taxonomic Units

23.Ranking the biases: The choice of OTUs vs. ASVs in 16S rRNA amplicon data analysis has stronger effects on diversity measures than 

rarefaction and OTU identity threshold 
24.Uniform Manifold Approximation and Projection (UMAP) Reveals Composite Patterns and Resolves Visualization Artifacts in Microbiome Data

25.Blocking Factors and Hypothesis Tests in Ecology: Is Your Statistics Text Wrong? 
26.Contamination in Low Microbial Biomass Microbiome Studies: Issues and Recommendations 
27.Parsing ecological signal from noise in next generation amplicon sequencing 
28.Batch effects removal for microbiome data via conditional quantile regression 
29.Exact sequence variants should replace operational taxonomic units in marker-gene data analysis

30.Amplicon Sequence Variants Artificially Split Bacterial Genomes into Separate Clusters 

31.A field guide for the compositional analysis of any-omics data 
32.A family of interaction-adjusted indices of community similarity

33.Analysis of compositions of microbiomes with bias correction

34.Rapid Inference of Direct Interactions in Large-Scale Ecological Networks from Heterogeneous Microbial Sequencing Data

35.Microbiome Datasets Are Compositional: And This Is Not Optional 
36.Microbiome differential abundance methods produce different results across 38 datasets

37.Normalization and microbial differential abundance strategies depend upon data characteristics

38.Improved normalization of species count data in ecology by scaling with ranked subsampling (SRS)/ application to microbial communities

39.From hairballs to hypotheses–biological insights from microbial networks 
40.Inferring microbial co-occurrence networks from amplicon data: a systematic evaluation

41.Rapid Inference of Direct Interactions in Large-Scale Ecological Networks from Heterogeneous Microbial Sequencing Data

42.Phylogenies of the 16S rRNA gene and its hypervariable regions lack concordance with core genome phylogenies

16s amplicon workflow 

Or How I Learned to 
Stop Worrying and 

Love the Errors



Slide from  
Prof I. Antoniou



1 day

72 sites


26 participants

2 locations/site 


10 routes 

3 cores/location


2400 km

432 soil cores



Island Sampling Day 2016
One Day, One Island - 15th June 2016, Crete - GSC18

16s rRNA amplicon study 
26 participants, 10 teams/routes 

72 predefined locations across the island of Crete 
Second time point in 2022, same locations





Sampling
Topsoil cores


72 sites (2 sub-sites in each)

Each sub-site 3 replicates

DNA - Chemistry - HCMR


Designed for Citizen science by experts 
Single day event to avoid seasonality


Capture as much ecosystem diversity as 
possible



Sequences
• Open data with immediate release 

• Available at ENA project 
PRJEB21776


• 140 samples available (Illumina 
HiSeq 2500) using Amplicon 16s 
rRNA V3V4 regions


• 3 Samples NOT sequenced


• Dr Lynn Schriml, University of 
Maryland

Reads 60.6 x 106

Ns 76.000

Filtered 50.1 x 106

denoisedF 45.9 x 106

denoisedR 48.5 x 106

merged 35.0 x 106

nonchim 33.3 x 106



Metadata
Onsite measurements


GPS coordinates 
nearest plant


Etc


total nitrogen

water content


total organic carbon

pH


Dr Stephanie A Yarwood, University of 
Meryland


FAIR Data by Design - Findable - Accessible 
- Interoperable - Reusable 



ISD Crete - Reproducible analysis



Taxonomic assignment
• DADA2 

• Taxonomy - Silva 138


• ASVs = 239000


• Taxa = 3102


• PEMA (VSEARCH) 

• Taxonomy - Silva 132


• OTUS 6890


• Taxa = 1057

Classification 
depth 

DADA2 PEMA
ASVs Taxa OTUs Taxa

Kingdom 1974 2 284 2
Phylum 4034 33 121 15
Order 38517 193 1224 135
Class 24157 83 978 62
Family 71355 287 2319 218
Genus 90137 1166 1920 582
Species 9120 1338 44 43

Total ~ 239000 3102 6890 1057



Specialists - Generalists



Networks

• Network analysis (FlashWeave v0.19.2)


• Focus on Richtis gorge




