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Reducing group size in 

studies by consideration of 

the gut microbiota



The smaller the difference
The more animals we need

The higher the variation
The more animals we need



1 mouse + 1000 different germs

3

1014 microbes
23.000 
genes

>1.000.000 
genes



16S sequencing

Sample

Purification

PCR

Sequencing

Bioinformatics

Metagenomic sequencing



The atopic dermatitis hapten model

Sensitation with a Th2 inducing hapten

Oxazolone
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Laigaard et al 2016



Correlation between start gut microbiota and final ear cytokines

IFN-γ IL-1β IL-8 IL-10 IL-12 TNF-α

r2 0.93 0.83 0.88 0.86 0.71 0.87

P < 0.001 0.01 0.01 0.01 0.05 0.01
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The reproducibility crisis

Enhedens navn



Tools to increase power and reduce group sizes

• Standardization

• Standardization

• Standardization

But is there an alternative ?

Yes, new ‘omics technology gives us a new opportunity



An alternative to standardization
Describe the variation

<Udfyld sidefod-oplysninger her>

Uncontrolled Controlled

Genomics
Microbiomics





The mouse passport project

Group size ?

HbA1c close to significant

HbA1c rarely significant
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Clusters of early life microbiomics for B6 mice
Time 2
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Jackknifing of clusters

Calculate pooled s.d. and weighted means

Calculate group size for a full factorial design



Standard comparisons (One-way ANOVA)

***



Comparison with passport (Multi-factorial ANOVA)

Test group Control group

***

***

***

***



ΔOGTT AUC% 

Δ Body 

weight %

Primary 

readout 

ΔHbA1c%*

Insulin 

pg/ml Leptin pg/ml*

Fasting blood 

glucose mmol/l

Group size in study  None-way 23 23 23 23 23 23

Liraglutide (Mean±s.d.) -1.47±22.25 -10.52±4.05 -4.27±18.56 1769±2247 12865±11078 4.82±0.70

Control (Mean±s.d.) -16.51±19.90 3.48±5.21 -2.93±12.02 3731±3265 43131±24610 6.00±1.35

One-way ANOVA

Effect -15.05 -14.00 -1.34 -1962 -30266 -1.18

Pooled s.d. 21.11 4.67 15.64 2803 19083 1.08

Significance for difference between treatments p 0.020 0.000 0.772 0.022 0.000# 0.001

Power µ 0.66 1.00 0.06 0.64 1.00# 0.95

Group size needed for p< 0.05 and power>0.9 43 4 2864 44 7* 19

Two-way ANOVA

Microbiome time 1

Efficient group size 15 15 15 15 15 15

Weighted effect -17.85 -13.38 -1.99 -1762.99 -24451.45 -1.36

Pooled s.d. 20.11 4.80 16.11 3241.32 18567.93 1.26

Significance for difference between treatments p 0.034 0.000 0.681 0.194 0.000# 0.007

Significance for difference between clusters p 0.968 0.415 0.435 0.547 0.143# 0.881

Power µ 0.87 1.00 0.07 0.44 1.00# 0.97

Group size needed for p< 0.05 and power>0.9 17 3 830 44 6# 12

Microbiome time 2

Efficient group size 12 12 12 12 12 12

Weighted effect -27.30 -14.67 -0.97 -2248.36 -31657.00 -1.18

Pooled s.d. 17.46 4.84 13.68 3481.48 19561.78 1.37

Significance for difference between treatments p 0.004 0.000 0.805# 0.169 0.000# 0.042

Significance for difference between clusters p 0.970 0.337 0.155# 0.697 0.274# 0.948

Power µ 0.99 1.00 0.14# 0.49 1.00# 0.68

Group size needed for p< 0.05 and power>0.9 7 2 126# 30 6# 20

# Tested on ranked data due failure in normality and/or equal variances 

Group size 31-40 21-30 10-20 <10

Taconic mice Janvier mice

ΔOGTT 

AUC% 

Δ Body 

weight %

Primary readout 

ΔHbA1c% Insulin pg/ml Leptin pg/ml*

Fasting 

glucose 

mmol/l

Group size in study N 16 16 16 16 16 16

Liraglutide (Mean±s.d.) -40.32±13.71 -11.94±4.12 -11.60±16.29 1235±780 7490±5304 5.81±0.93

Control ((Mean±s.d.) -14.41±18.77 0.09±3.55 0.09±16.27 1568±967 23688±12103 7.09±1.25

One-way ANOVA

Effect -25.91 -12.03 -11.69 -335 -35737 -1.28

Pooled s.d. 16.44 3.84 16.28 878 9344 1.1

Significance for difference between treatments p 0.000 0.000 0.051 0.292 0.000# 0.003

Power 0.99 0.97 0.50 0.18 1.00# 0.97

Group size needed for p< 0.05 and power>0.9 

None-way 10 4 42 146 8# 17

Two-way ANOVA

Microbiome time 1

Efficient group size 16 16 16 16 16 16

Weighted effect -26.66 -12.28 -13.00 -457 -16472 -1.23

Pooled s.d. 16.69 3.92 16.49 803 9422 1.10

Significance for difference between treatments p 0.000 0.000 0.033 0.133 0.000# 0.001

Significance for difference between clusters p 0.747 0.307 0.164 0.040 0.230# 0.270

Power at  None-way animals 1.00 1.00 0.80 0.50 1.00# 0.98

Group size needed for p< 0.05 and power>0.9 6 3 21 40 5# 11

Microbiome time 2

Efficient group size 15 15 15 15 15 15

Weighted effect -28.54 -12.48 -17.20 -407 -16610 -1.35

Pooled s.d. 17.23 3.71 15.95 863 10038 1.12

Significance for difference between treatments p 0.000 0.000 0.038 0.154 0.000# 0.013

Significance for difference between clusters p 0.361 0.905 0.376 0.217 0.926# 0.614

Power 0.99 1.00 0.96 0.34 1.00# 0.98

Group size needed for p< 0.05 and power>0.9 6 2 12 58 4# 10

# Tested on ranked data due failure in  unequal variances

Group size 31-40 21-30 10-20 <10



Perspectives
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BacteriaOther 
‘omics

Genomics

Metabolomics



The genome (The simple version)

Coding 
region

Non-
Coding 
region

GeneA lot of RNA



Standard tandem repeats STPs

• STR Short tandem repeats

• Multiple repeats of a double nucleotide

• Often in non-coding regions

• May show inter-individuel variation between inbred mice of the same strain

STR

Taconic
Janvier

High genomic variabilityLow genomic variability



ΔOGTT AUC% 

Δ Body 

weight %

Primary readout 

ΔHbA1c%*

Insulin 

pg/ml Leptin pg/ml*

Fasting 

glucose 

mmol/l

Group sizey 16 16 16 16 16 16

Liraglutide (Mean±s.d.) -40.32±13.71 -11.94±4.12 -11.60±16.29 1235±780 7490±5304 5.81±0.93

Control (Mean±s.d.) -14.41±18.77 0.09±3.55 0.09±16.27 1568±967 23688±12103 7.09±1.25

One-way ANOVA

Effect -25.91 -12.03 -11.69 -335 -16198 -1.28

Pooled s.d. 16.44 3.84 16.28 878.44 6.84 1.1

Significance for difference between treatments p 0.000 0.000 0.051 0.292 0.000 0.003

Power µ 0.99 1.00 0.50 0.18 1.00 0.89

Group size needed for p< 0.05 and power>0.9 10 4 42 146 8 17

Two-way ANOVA Genome (STRs with most even gene frequencies)

D9S218

Weighted effect -22.78 -11.72 -5.83 -433 -14507 -1.27

Pooled s.d. 17.24 3.68 14.58 823.69 9599.22 1.08

Significance for difference between treatments p 0.001 0.000 0.254 0.129 0.000 0.002

Significance for difference alleles p 0.877 0.232 0.013 0.044 0.482 0.267

Power 0.99 1.00 0.27 0.44 0.99 0.99

Group size needed for p< 0.05 and power>0.9 8 2 80 47 6 10

# Tested on ranked data due failure in equal variances 

Taconic Mice
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BacteriaOther 
‘omics

Genomics

Metabolomics

Phages
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Perspectives
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BacteriaOther 
‘omics

Genomics

Metabolomics

Phages

Viruses
Other 

microbes
Parasites
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Take home messages

• Variation can be described
• included in group size/power calculations 

• by characterization of the microbiota

• This will for some - but not all - models
• decrease group sizes 

• or increase power

• More knowledge on the microbiota background from each study
• is likely to increase reproducibility in the long run

• This may also be extended to other types of ‘omics

Sted og dato Dias 26Department of Vet. Anim. Sci.
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