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  Easy to use web frontend, no installation required 
  High-quality visualizations, figures can directly be used in 

publications 
  Focus on data-mining, statistics and data visualization 
  bioinfo.qimr.edu.au/calypso 

Calypso – User-Friendly Software for Analyzing 
Multiple and Large 16S rDNA Samples 

QIIME, MG-Rast, Mothur … Calypso 

Taxonomic 
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Clustering 
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  Aims: Invest correlation between intestinal microbiota of elderly people 
with environment, diet, and health 

  Fecal samples from: 178 elderly (64 – 102y), non antibiotics treated, Irish 
Caucasian 

  Recruited from two hospitals in Cork city 
  13 young adults (mean age 36) 

Residence setting:  
1)  Community-dwelling  
2)  Out-patient day hospital 
3)  Short-term rehabilitation hospital care (<6 weeks), 
4)  Long-term institutionalized hospital care 

Example Data 
Set 
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Dietary Information Diet group 
1-4 

Complex and simple carbohydrates, meat, 
fish, fat, fruits, vegetables,…  

MNA Mini nutritional assessment 
Health Measurements GDT Geriatric depression test 

MMSE Mini-mental state exam 
CCI Charlson Comorbidity 

Index, predictor of survival 
CRP Chronic Cardiac Failure 

Barthel Index of activities of daily living 
FMI Functional independence 

Inflammation markers IL6 
IL8 
TNF-alpha 
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Input File: Read Counts 
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Input File: Sample Annotation  
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Basic Descriptive Statistics 
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Phylum 

Genus 

OTU 
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Phylum 

Genus 

OTU Human intestinal microbiota 
similar on high taxonomic rank, 
but highly diverse and individual 

specific on low rank 
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Are Communities Different On Global, 
Whole-Community Level? 
Type1 Unsupervised:           Type 2 (Distance based): 
(PCA, DCA, NMDS, …) 

Type1 Supervised: 
(LDA,  RDA, …) 

Distance Matrix 

Hierarchical clustering, PCoA, 
Heatmaps, … 
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Does Residence Location Effect Community 
Structure on Global Level? 
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Does Residence Location Effect Community 
Structure on Global Level? 

P-values for grouping: 
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Detecting Differently Abundant Taxa in 
Calypso 

Parametric tests 
  Ttest, Anova 

Non parametric tests 
  Wilcoxon rank test 
  Kruskal Wallis 

Correction for multiple testing 
  Bonferroni, FDR 

Visualization 
  Barcharts, boxplots,  
  qq-plots, histograms 



© Queensland Institute of Medical Research   |   16 

Differentially Abundant Bacterial Groups 
Elderly Study 

Differentially 
abundant 
groups with 
FDR < 0.05: 

  14 families  
  28 genera 
  220 OTUs 
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Overall Microbial Diversity (Shannon 
Index) 

Available indexes: Shannon, richness, evenness, Simpson, Fisher’s alpha, … 
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Associations Between Microbiota and 
Environmental Variables 

  Overlay on PCA 
  Correlation 
  Hierarchical clustering 
  CCA, RDA 
  Regression 

Examples: age, 
gender, BMI, diet; ph, 
temperature, season, 
… 
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Associations Between Microbiota and 
Environmental Variables 

  Overlay on PCA 
  Correlation 
  Hierarchical clustering 
  CCA, RDA 
  Regression 
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FIM  Functional independence 
Barthel  Activities of daily living 
MMSE  Mini-mental state exam 
CCI  Charlson Comorbidity 
CRP Chronic Cardiac Failure 



© Queensland Institute of Medical Research   |   21 

Associations Between Microbiota and 
Environmental Variables 

  Overlay on PCA 
  Correlation 
  Hierarchical clustering 
  CCA, RDA 
  Regression 
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CCA and RDA 
Aim: Identify clinical/environmental parameters explaining variance 

in abundance of bacterial groups 

CCI: Charlson Comorbidity 
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Regression Analysis: Motivation 
  AIM: Identify complex associations between microbiota and environmental 

parameters 
Artificial example: 
  Assume: age effects abundance of Firmicutes by:  Firmicutes = 10 + 0.5 * age + e 
  Assume BMI depends on age: BMI = 25 + 0.3 * age + e 
  Simple statistics: Firmicutes sign. correlate with both BMI and age 
  Fit regression model:  Firmicutes = c1 * age + c2 * bmi + c 
  Firmicutes sign. associated with age (p=10-16) but not bmi (p=0.98) 

P=10-16 P=10-16 
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Regression Analysis in Calypso 

AIM: Identify complex associations between microbiota and clinical/
environmental parameters 

1)  Identify parameters effecting global community composition: 
 Pairwise distance = age-diff + sex-diff + diet-diff + residential 
setting diff + … + c 

2)  Identify single taxa/OTUs effected by environmental/clinical 
parameters:  

      OTU abundance = age + sex + diet + residential status + … + c 

3)  Community diversity: 
 Diversity = age + sex + diet + residential status + … + c 
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Regression Analysis: Global Composition 

AIM: Identify complex 
associations between 
microbiota and 
clinical/environmental 
parameters 

1)  Identify 
parameters 
effecting global 
community 
composition: 
 Pairwise distance = 
age-diff + sex-diff + 
diet-diff + residential 
res. diff + … 

Inflammation 

Nutrition 

General health 

FIM  Functional independence 
Barthel  Activities of daily living 
MMSE  Mini-mental state exam 
CCI  Charlson Comorbidity 
CRP Chronic Cardiac Failure 
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Gut microbiota 
& obesity: 
Genus With 
Strongest 
Association 
With BMI: 
Ruminococcus 
(p=0.001) TNF-alpha 

p=0.014 
Controlled 
TNF-alpha 
p=0.069 

BMI p=0 Controlled 
BMI p=0.001 

BMI 
p=0 

Controlled 
BMI p=0.001 
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Analysis of Paired Samples 

 Example: drug treatment, change of 
environmental parameters over time 

 Tests: Paired t-test, paired Wilcoxon rank test, … 
 Regression analysis 
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Species Correlation 
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Longitudinal Data 

Linear mixed effect model: 
Abundance of taxa = time point + pair, 
Where time point is a fixed effect and pair is a random 
effect 


