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due to prevalent genetic strain variation11, which would increase
noise. First, we benchmarked PTR using a closed reference
genome, and then the same genome fragmented into 100kb
fragments and reshuffled to mimic a draft genome for GRiD and
iRep measurements. Reads mapping to S. epidermidis were
subsampled to 0.4× and 0.2× coverage and subsequently used for
GRiD and iRep estimates. iRep performed similarly to the PTR
benchmark, but GRiD had a much lower percentage of error in
comparison to iRep at both 0.4× and 0.2× coverage (Fig. 1c). To
highlight the importance of accounting for ambiguous reads
during growth estimation, reads mapping to S. epidermidis were

re-mapped to S. capitis, S. aureus, and Propionibacterium acnes
genomes to determine the proportion of multiple-mapping reads.
Samples with increasing numbers of multi-mapped, ambiguous
reads were significantly correlated with our metric of increasing
species heterogeneity (Fig. 1d), which can increase uncertainty in
growth rate estimation. For quality control, we found that a
combination of dnaA coverage, dif coverage, and species
heterogeneity can be used to ascertain the accuracy of growth
predictions. Our findings suggest that growth rates are most
accurate when dnaA/ori and ter/dif coverage ratios approach one,
and species heterogeneity is low (<0.3, Supplementary Fig. 2A).
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Fig. 1 In situ growth estimate from ultra-low coverage bacteria. a The GRiD approach. Contigs are re-ordered to produce a pattern whereby low coverage
contigs potentially containing ter are located near the mid-region of the genome, while high-coverage contigs potentially harboring ori are located at either
extremes of the genome. GRiD values correspond to the ratio of coverage at the peak (ori) and trough (ter) regions. b Growth rate reproducibility between
GRiD and iRep using reads obtained from pure cultures of Staphylococcus epidermidis and Corynebacterium simulans. The boxplot shows the difference (delta)
in growth estimates before and after reads were subsampled to lower coverage. To avoid bias, only unrefined GRiD values (see methods) were used for
comparison with iRep. c Error rate comparison between GRiD and iRep from a skin metagenomic dataset using S. epidermidis reference genome. PTR was
calculated using a closed circular reference genome while GRiD and iRep were calculated using the same reference genome, but fragmented into 100kb
fragments and reshuffled. For samples with genome coverage > 0.2 (n= 588), mapped reads were subsampled to ultra-low coverage prior to GRiD and
iRep estimations. Here, Percent error ¼ ðmaxðpredicted;realÞÞ$ðminðpredicted;realÞÞ

ðmaxðpredicted;realÞÞ ´ 100, where “predicted” represent GRiD or iRep scores, and “real” is the PTR score.
Unrefined GRiD values were used for comparison with iRep. The figure on the right shows Pearson correlation plots of GRiD and iRep with PTR. ***= p <
0.001. d Reads from a skin metagenomic dataset mapping to S. epidermidis were remapped to the respective genomes. Re-mapped reads are considered as
ambiguous reads. The scatter plot shows the correlation (Spearman) between ambiguous reads and species heterogeneity (1−r/u), where r= refined
GRiD and u= unrefined GRiD (see Methods). ***= p < 0.001. e iRep and GRiD measurement for CPR genomes. The scatter plots below show Pearson
correlation plots of GRiD and iRep estimates before and after subsampling to ultra-low coverage. ***= p < 0.001. Center lines in boxplots represent the
median and the edges represent the first and third quartiles. Source data are provided as a Source Data file
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Today

3

• Why metatranscriptomics?
• Challenges in metatranscriptomics
• Workflows for metatranscriptomics



Metaomics
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functional omics:
activity of
community A

activity of
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activity of populations within 
communities

structure of
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rRNA amplicon studies: metagenomics:

potential of
community B

potential of
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Metaomics
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Heintz-Buschart & Wilmes 2018 Trends in Microbiol 26: 563-574.

§ metatranscriptomic profiles are much more variable

metagenomics 
(textbook cohort)

metagenomics 
(our cohort)

metatranscriptomics
(our cohort)



Sample to data
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Sample to data
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Taxonomic profiles?

Milanese, A., Mende, D.R., Paoli, L. et al. Microbial abundance, activity and 
population genomic profiling with mOTUs2. Nat Commun 10, 1014 (2019). 
https://doi.org/10.1038/s41467-019-08844-4 10
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• taxonomic profiles at metagenomic and 
metatranscriptomic levels are very similar
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Heintz-Buschart et al., Nature Microbiology, 2017

MetaT vs metaG – taxonomic profiles

11



metaG

metaT

• metatranscriptomics-based taxonomic profiles 
show similar results to metagenomics

• metatranscriptomics have similar power to 
metagenomics

taxonomic profiles:

Heintz-Buschart et al., Nature Microbiology, 2017

Patterns

Heintz-Buschart & Wilmes, Trends in Microbiology, 2018 12
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• improved data usage
• better contiguity
• more ORFs
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c e

o overall similar origins, but larger 
organisms are more represented

o often more host!

Heintz-Buschart et al., Nature Microbiology, 2017 19

MetaT vs metaG – what do we detect?
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MetaT vs metaG – functional profiles
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Heintz-Buschart et al., Nature Microbiology, 2017
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MetaT vs metaP – functional profiles
metaP vs metaG: metaP vs metaT:
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Coding and non-coding transcripts

¡ some highly expressed transcripts are non-coding

• non-coding elements
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o found in Firmicutes 
o ~ 600 nt length

Example - OLE (ornate, large, extremophilic) RNA

RFAM

Firmicutes mOTU:

Clostridia mOTU:

Heintz-Buschart et al., unpublished
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Expression per genome

Heintz-Buschart et al., Nature Microbiology, 2017



example: protein with cellulose-binding domain
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Example –
who expresses a gene of interest?

Heintz-Buschart et al., Nature Microbiology, 2017
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Expression per and across genomes
mOTU genes: non-house-keeping genes:



Example – non-coding elements in a 
Parabacteroides distasonis genome 
o 4.7 Mbp 
o ~4,600 ORFs

Ø ~3,600 expressed 
Ø 16 proteins detected

o 2,949 UTRs
o 84 annotated non-coding 

regions (+ 4 5S rRNAs and 
55 tRNAs)

o 46 CRISPR repeats
o 1 bacterial nc RNA 

(Bacteroidales-1)
o 12 riboswitches
o other potential regulatory 

elements

Clostridia mOTU:
CRISPR repeat 

annotation

sRNA
coverage

total RNA 
coverage

CRISPR region:

Heintz-Buschart et al., unpublished



Example – non-coding elements in a 
Parabacteroides distasonis genome 
o 4.7 Mbp 
o ~4,600 ORFs

Ø ~3,600 expressed 
Ø 16 proteins detected

o 2,949 UTRs
o 84 annotated non-coding 

regions (+ 4 5S rRNAs and 
55 tRNAs)

o 46 CRISPR repeats
o 1 bacterial nc RNA 

(Bacteroidales-1)
o 12 riboswitches
o other potential regulatory 

elements

Heintz-Buschart et al., unpublished

cobalamin riboswitches and gene function:

genes of unknown functions

cobalamin biosynthesis genes



Thanks for your attention!

a.u.s.heintzbuschart@uva.nl github.com/a-h-b                                           twitter.com/_a_h_b_

SP C2.205
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