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Information Engineering
..defined as the generation, distribution, 
analysis and use of information in systems. This 
later definition involves the usage of machine 
learning, data mining and other computational 
methods to enhance the presentation and 
understanding of the high-throughput data that 
is generated by different systems. An example is 
bioinformatics applying information 
engineering to biological data.
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Flow cytometry: 
Immunophenotyping

Whole genome shotgun metagenomics

Amplicons (16S/18S rRNA/ITS)

Metabolomics (2D GC x GC)

Metaproteomics
Metatranscriptomics

Plants: Population genomics (including RADseq)

Environmental’Omics Lab (2012-present)
NERC Omics Fellowship: Microbial Ecology

Integrated’OMICs

Host associated

Hardware devices 



Get text files of DNA 
sequences/sample

Bioinformatics analysis to give 
easy to use spreadsheets/data 
tables (Dr Ijaz Lab: Orion Cluster @ 
UoG has 560 cores and 1 PB disk 
space; 500+ software)

USEARCH

VSEARCH
Sample data table contains additional 
data, demographics, any other 
parameters that you record.

Flow cytometry
(Dr Vignola)

Acquire additional data

Metabolomics/Gas 
Chromatography
(Dr Gauchotte-
Lindsay)



Recent Developments
• Omics approaches

• Amplicons/Metagenomics, Metabolomics (2D GCxGC), Flow Cytometry, 
Metatranscriptomics, single-cell RNASeq, Population Genomics

• Bioinformatics
• Benchmarking studies (Library preparations/Protocols/Platforms)
• Workflow development
• Text mining strategies

• Multivariate statistical analyses
• Statistical packages (standalone/run on mobile phones)



Benchmarking Studies

Software strategies
to decrease error
rates



Solution: Concatamerization



1.6KB amplicons with ~99.5%  accuracy for mixed communities using 
nanopore 



A Java-based statistical framework for integration of shotgun 
metagenomics with other omics technologies (Orges Koci; PhD 
student)
https://github.com/KociOrges/cviewer



Want to publish review articles? Eh?
How about you sit and relax and let the pipeline do systematic reviews for you?







Engineering 
Applications/Products
• Exploiting and harnessing microbial communities in both Natural and Engineered

systems
• Can we emulate natural processes through bioreactors? (artificial intestine)?
• Can we improve drinking/waste water treatment systems?

• Better filter design
• Harvesting additional heat from households (Decentralised Water 

Technologies; EPSRC Programme Grant)
• Can we come up with a dietary intervention that can modulate gut microbiome

against IBDs?
• Can we utilize microfluidics to select for those microbes that play a particular 

function?





Raman-Activated Cell Sorting System 
(NERC NE/P003826/1 )





Integrated Omics
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Rohart et al. PLoS computational biology, 13(11), e1005752, 2017.

Beauty of the method (enforces components of loading vector to go to zero)

Offers tradeoff between
Discrmination and 
correlation 

microbiome metabolomeNanoplasmonic









• Particularly important in view of 
Waste Water treatment systems

• Can we come up with simple proxies 
to judge stability in both abundance
and function of microbial 
communities

• Local Contribution to Betadiversity
(LCBD) as a measure of ‘dysbiosis’

With Asha Ram (PhD 
student)
Pharyngeal Microbiome

Temporal Profile

Stability Analysis in Microbial 
Communities
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𝑝𝑝𝑖𝑖 = 𝑎𝑎𝑖𝑖 × 𝑚𝑚𝑖𝑖
𝑑𝑑𝑖𝑖

Create perturbations

𝑚𝑚𝑖𝑖∀ 𝑖𝑖 ∈ 1,2, … ,𝑁𝑁, are sampled from a uniform distribution 
over the interval 0,𝑀𝑀 , 𝑀𝑀being the maximum perturbation 
magnitude

perturbation directions 𝑑𝑑𝑖𝑖 ∈ −1,1 ∀ 𝑖𝑖 ∈ 1,2, … ,𝑁𝑁, with an 
equal chance of either directions

Weighted Unifrac Distance

Given an original community and perturbed community 
with 𝑁𝑁 unique pathways with average copy number 
𝑎𝑎𝑗𝑗∀ 𝑗𝑗 ∈ 1,2, … ,𝑁𝑁 and 𝑏𝑏𝑗𝑗∀ 𝑗𝑗 ∈ 1,2, … ,𝑁𝑁, respectively, the 
cosine dissimilarity between two functional profiles is

1 −
∑𝑗𝑗𝑁𝑁 𝑎𝑎𝑗𝑗𝑏𝑏𝑗𝑗

∑𝑗𝑗𝑁𝑁 𝑎𝑎𝑗𝑗2 ∑𝑗𝑗𝑁𝑁 𝑏𝑏𝑗𝑗2

Fit a function 𝑓𝑓 = 1
𝑒𝑒𝑎𝑎
𝑡𝑡𝑏𝑏 where 𝑎𝑎 is attenuation coefficient, and 

𝑏𝑏 is the  buffering coefficient, 𝑡𝑡 denotes the magnitude of the 
taxonomic perturbation. 

Attenuation 𝑎𝑎 describes the expected rate at which increases in the taxonomic perturbation magnitude are expected to increase 
functional shifts
Buffering 𝑏𝑏 indicates how large a perturbation must be before a functional profile shift becomes noticeable and approaches the 
expect shift magnitude defined by attenuation

Functional Robustness/Stability Parameters: 
attenuation/buffering

Eng and Borenstein, Microbiome (2018) 6:45

Microbes



Biogenic Surfactant Treatment
Synthetic Surfactant Treatment

Attenuation Values



Microbiome Community Assembly 
Mechanisms
• Finding ecological phenomena underpinning microbial community assembly
• Main question: Stochasticity vs Determinism or Neutral vs Niche
• Procedure: Null modeling

• Record an observed original metric and then apply randomization(999) 
(abundance table/phylogenetic tree) whilst preserving a certain property 
(typically alpha diversity)

• Deviation of observed original metric from the average of null models has the 
power to predict ecological processes

• e.g., NRI/NTI  alpha diversity measure to differentiate between 
“environmental filtering” and “competitive exclusion”

• e.g., QPE framework  beta diversity measure to differentiate between 
”homogeneous selection”, “heterogeneous selection”, “drift limitation”, and 
“homogeneous drift”







Meta-analysis (Amplicons)
• Collation Strategy (How to 

combine several V-regions 
together
• Read loss (86% of 

abundance lies in 3% of the 
ASVs)

• Taxonomic Assignment 
Strategy
• Naïve Bayesian Classifier 

(QIIME2)
• Bayesian Common 

Ancestor Algorithm
• Phylogenetic tree generation



Network Inference
• Constructing networks of 

relationships
• Causality vs Association
• Static vs Dynamic

• Subcommunity detection 
(Modularity)

• Network-wide statistical 
measures
• Keystone nodes/modules

• Co-occurrence networks 
(Correlation;microbiomeSeq)

• Sparse-inverse covariance 
estimation (spiecEasi)

• Boolean Networks Golovko, G et al. Microbiome 8, 131 (2020). 
https://doi.org/10.1186/s40168-020-00853-6

Co-presence One-way Co-exclusion

type 1 co-exclusion

type 2 co-exclusion

pattern when the presence of 
organism X1 changed patterns 
between X2 and X3 from co-
presence to co-exclusion

case where three organisms can be 
present only all together on one-by-
one



Bray-Curtis
Weighted UniFrac

Traditional approaches to capture beta diversity

Our Proposal: Minimum Curvilinearity



Die Score



• Understanding microbial communities is somewhat convoluted and 
hard

• Several challenges (computational/technical) to capture the diversity 
accurately

• Applying methods from Machine Learning and Numerical Ecology 
literature to home down to patterns of interests that may have 
biological relevance.

• Building devices that harness and exploit microbes, and make it easier 
to understand such complex systems.

• Wider applications in Water/Waste Water Treatment, Agriculture, 
Aquaculture, Environment and Climate Change, and Health and Diet

Conclusions
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