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Goals

* Collect all accessible 16S rRNA marker gene datasets on the
gut microbiome of an industrially relevant insect

*« Merge + analyse datasets using a standardized workflow
* Reduce/address batch effects

* Ensure reproducible documentation



Why?
* Interdisciplinary studies at the intersection between ecology,

engineering, waste management, and animal science

» Studies often published in journals without microbiology focus
* Availability of data not mandatory
* No specific author guidelines for microbiome data

« Reviewers from other scientific fields
 Sequence data analysed/interpreted by non-experts

 Lacking awareness about best-practice approaches?
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What is a healthy larval microbiome?
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Saarsmﬂg for consensus In
black soldier fly microbiggnesg

A cross-study analysis of published datasets

High-performance computing lifts the
understanding of insect-based
gut microbiomes

Klammsteiner, T.", Murovec, B.%, Insam, H., Stres, B.>** ief

approaches In terms of sequencing
platforms, protocols, depth, and
targeted variable regions on the 16S

Fig. 1. Overview on the origin of the gathered data. A. During thew short lifespan, adults by dutches of up to 600 eggs from which neonate
larvae hatch after appeox. 3 days, B, To study the gut micrabiome, the lrval gut is in generally dissected before DNA extraction. €. The V4 region
on the 165 rRNA gene is the mast freguently covered region in the collected studies, D, (MetalData collected from public archives and publications
s categorized 10 CONStruct tables contaning environmmental and spatial information, which later serve to interpret functional and taxonomic data

The larvae of the industrially relevant black soldier fly naturally live in direct
contact with decomposing organic matter, which they can degrade efficiently.

165 rRNA marker gene datasets generated over the
past decade adding up to more than 1000 samples of

;’;':‘I:bmge";- es:e'f&’::w ades?gi?\g B ssion The high microbial load in their environment and the larvae's remarkable the gut and diet microbiome of black soldier fly larvae
including  sample  size, reaning . 1. un L i digestive abilities point out the great importance of microorganisms for the were collected. The workflow presented in Fig. 3 was

conditions, and composition of fed vales of the listed parameters highlight the high  Sinking costs with simultaneously increasing insect’s thriving, followed to prepare and analyze the data.
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Thomas Klammsteiner?, Heribert Insam?, Bostjan Murovec®, Blaz Stres“9® § Poster: PS18.555 Why the black soldier fly?
N #Department of Microbiology, University of Innsbruck, Innsbruck, Austria ‘: § — Converts decaying organics into own biomass.
ical Engineering, University of Ljubljana, Ljubljana, Sl &q Bi » " vl High in nutrients (>40% protein, >30% fat)
te DIOCOs,,, . a B P "
o ‘ Animal Science, University of Lubljana, Liubljana, & insect-pased W Version o s Chitin-rich residues as organic fertilizer
CInstitute of Sanitar 1g, University NS r ) Ani | feed . ) )
(V] CFaculty ne, University Q Organic nimal fee Relevance of its gut microbiome {;
Q waste ‘ \ Broad digestion capabilities of the larvae /
Bﬂckm]nd ot Larva's protection against pathogens
m Q Fel’tll 1zer Improve waste conversion process
As the flagship species of an emerging insect biotechnology with .
.E the goal to convert organic wastes into a source of insect-based (B Conclusion
protein and fat, the black soldier fly (BSF; Hermetia illucens) has h 5 . has b il ibl d icall
i awaken popular interest in science and industry. Research : €quencing nas becorne an easily accessible and economically =
Q showetl‘l, a o%mplex network of microbial gut communities N feasible method also for disciplines outside of microbiology, = 51
strongly contributes to waste degradation processes and shapes q i Fl . il - mn -
Q thit s EineenE [F D1 However (the Ik af & bast however, special attention should pe_pmd to reproduclbllll?r and 5 o
practice approach in preparing and analyzing raw sequence data ~ standardization. Despite these variations, our meta-analysis 3]
E ::edsa";:;geﬂ:a:\;eevag: aa?dsr:l;r'cdugzxm !Lemh';ez;;tuldiesa- | pointed out that high bioburden diets may lead to an intestinal
us, ensive re-analysi: pul wing e . it
standardized protocol In the context of a meta-analysis could d)"_bb'osf's in black SOIdlerlﬂy larvae. A diet '_ndeF‘endent core
U drastically improve comparability and enable robust conclusions 00 microbiome, however, might help to sustain larval health and
across studies (Fig. 1.). The volume of sequencing data and the support digestion.
m 16S rRNA iterative  preprocessing  optimization require for  high —
V3 i ’equmdng computational effort, creating the need for parallelization of Instrument model; B8 458 65 FLGCTanum B thmina HSeq 2000 B ihmina Miseq B umica Novases 5000 B
I VI-VA . analysis tools on high-performance computing (HPC) platforms. m T v e [ ovs] 2 Larvae fed with...
1 H Be+05,
V4-V5 § i E -] - I: Animal products
H
c V4 E— = $ oot [©] manwre
18tost fr ntly shared region | b ° =
S S D Data collection, curation, [ ‘e ® % & (%] £ 2005 Organic waste
and anﬂl”’i’ 9 ° || = -4
.E Resuils & ) N s EE’EE" * o £ pesan lEI S'a"da"?
In total, we collected and curated 32 S ENA S R i v o Vegetable
w studies carried out in the past 10 Shne NUliNcD STn NCBI mieminn o EAE
years, comprising more than a 01 A1
> thousand samples from primarily Abundance data Functional data Environmental data Spatial data 0 2 4  CCA1(35.2%)
o larvae, substrates, and residues (Tab. S OTU1 ... OTun S FUN1 ... FUNn S ENV1 ... ENVn S SPA1 .. SPAn Fig 2. CCA with "feed type” as constraining variable.
1.). As indicated by the available S1 x St x 51 x 51
— metadata, the study collection showed
m a high diversity for sequencing sn sn sn sn Background Study design
1
o
o
7

diets was  observed. variation betwaen the published studies. sequencing depths are consequences of
Consequently, binning and processing Parameter Value continuously Iimproving sequencing However, little is known about how diet influences larval health or how their gut  pMain findi ngs
datasets  with  similar  sequence NOEE O s 2 technologies, condensing in the data presented microbiota may be modulated to enhance digestion and increase insect o )
ﬁ:?ﬁe:a;oﬁ:e%w;orhgo\ﬁ'\sﬁgfmn Number of samples 1008 by microbiome studies. In cross-study meta biomass production, With this meta-analysis, we aimed to reveal overarching Close ta 20% of studies did not make their sequence
Analyses, as it had been covered by & Studieswith unavailable data 6 x‘:"""es'aIi‘mngl’;e"ag"‘lﬁn"easd g‘:"‘b;;r ?:" patterns in the larval gut microbiome and increase comparability acrass studies, 93t@ publicly available after publication and meta-data
96% of all suitable studies. After 3 Samples/study (mean £5d) 28+ 27 damsegu Elsy dpall the ;mstlgcein ase in g:ﬂg accompanying the sequence data was in multiple cases
isolating the most frequently targeted = Countries of origin 20 | % mpe |y ing th e f the d incomplete or inaccurate,
L a volume while exploring the nature of the data ) o _

gene segment, the preprocessed s Types of . constitute  costly  and time-consuming Collect Check data  ovaitabie, Download Compile and However, despite the large variation in experimental
?atasets were merged and prepared Rearing temperature range  20-33°C computational obstacles. As many sequence publications availability B > data curate metadata set-ups (Fig. 1), groups such as Enterococcus,
or taxonomic and functional analysis ion kit analysis tools lack appropriate HPC compatibilit . e ’

2 Types of DNA extraction kits 15 Y: PR P u Providencia, Morganella, and Actinobacteria were found
using GUMPP [3]. b Sequencing platforms a and struggle with parallelization, further efforts Statistics & i " & o R N

H Targeted genetic regions 6 are needed to increase efficiency and isuglizati Couct'l"!:'act Exclude datasets not in high abundances in the majority of samples. Diets
C lusi % Reads/sample {mean £ sd)_9x10%s 1x10?  COMPensate for study-related deficiencies. puslizaton authers fitting requirements: carrying a presumably higher bicburden led to an

onclusion

Microbiome meta-studies as means to summarize past studies by applying reproducible
and well- establushed protocols have the potential to point out informative cross—study

patterns. | ; inc

and sequence data
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Fig 3. Workflow from data collection to analysis.

increased diversification of the microbiome compared
to standard diets such as wheat bran (Fig. 2).

Project website BEEE
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Benefits

* Collaboration with thesis supervisor

* Finish up work for the completion of PhD

* Dissemination: Opportunities to present own work

« Skill development. New methods & approaches

* Personal development: Lockdowns, COVID, comfort zone, etc.

* Broader perspective: escape the daily grind



Learnings

» Advocate for open data and FAIR principles
* Highlight importance of reproducibility wherever possible

e Be fast ©
iz bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

Meta-analysis of the black soldier fly (Hermetia illucens) microbiota based on 16S
rRNA gene amplicon sequencing

Freek |Jdema, Jercen De Smet, Sam Crauwels, Bart Lievens, Leen Van Campenhout

doi: https://doi.org/10.1101/2022.01.17.476578



Acknowledgements

Collaborators
* Blaz Stres ,\'1, e
* Bostjan Murovec ' Mu :

 Heribert Insam MICROBIOME ¢

B Univerza v Ljubljani

STSM coordinator Biotebhniska fakulteta

 Tatjana Loncar-Turucalo

11



	Folie 1: COST STSM Gut microbiome of black soldier fly larvae – a meta-analysis of marker gene datasets
	Folie 2: STSM
	Folie 3: Goals
	Folie 4: Why?
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9: Benefits
	Folie 10: Learnings
	Folie 11: Acknowledgements

