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Workflows for extracting and analyzing

microbiomes from whole-genome data of
plant and animal species

Learn how to extract and analyze microbial sequences associated
with host organisms using the CLC Microbial Genomics Module of
QIAGEN® CLC Genomics Workbench Premium

Most plant and animal sequencing data also contain reads from microbiomes associated with

the sequenced organism. We describe how to extract and analyze the microbiome data from
publicly available datasets of host species. The first dataset used in this application note contains
whole-genome sequencing data for 30 orchid species from the Prague Botanical Garden (1).

The second dataset includes multiple samples of honeybees collected from various hives in different

geographic locations (2).

Prokaryotic metagenomes of 30 orchid species

Results

In our analysis, we extracted and analyzed the microbial portion of the orchid-leaf sequencing
data submitted to the Sequence Read Archive (SRA) of the National Center for Biotechnology
Information (NCBI). Twenty nine orchid species in this dataset are from the Pleurothallidinae subtribe
and one species, Isochilus aurantiacus, is from the Ponerinae subtribe (this species was used as an
outgroup in the orchid taxonomic research reported in reference 1). After prokaryotic taxonomic
analysis with the QIAGEN CLC Genomics Workbench Premium, we created a visualization plot of
the bacterial content in these 30 files (Figure 1). The outgroup species Isochilus aurantiacus (the
first column in Figure 1) shows a somewhat distinct bacterial metagenomic profile, with the largest
representation of Curtobacterium (41%), Sphingomonas (12%) and Frondihabitans (10%) (Figure 2).
Notably, Mangrovicoccus (the light green bars in Figure 1) is present in all species, but to different

extents in different species.
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Figure 2.

The most abundant bacterial genera in the sequencing data of Isochilus aurantiacus.

The heat map in Figure 3 shows the relative abundance of
each bacterial genus in each sample and demonstrates
that the orchid samples are clustered into five main
branches according to microbial composition. The micro-
biome counts may reflect the specificity of some bacterial
species to certain orchids. The geographical or ecological
origins of these orchid specimens might also influence
microbiome compositions. Because all orchid specimens
used in the study were greenhouse-grown, the varying
bacterial compositions suggest that orchid specimens
may preserve the associated microbiome after a change

in cultural conditions.

Figure 1.

o s Visualization of bacterial
! content in whole-genome
sequencing files of

30 orchid species.
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Figure 3.
Heat map with the 20 most represented bacterial species in the 30 orchid species analyzed;
green indicates most abundant. Red lines separate the five major clusters based on

microbiome composition.
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Workflow description

Sequencing reads and metadata used in this study were downloaded directly from NCBI using
a search for the project ID “PRINA692119" in the “SRA Search” dialog (Figure 4).

4Z sRA Search x |

Al Fields ~ | [PRINA692119 i x|
Rows: 30 Add search parameter |x [y start search x|
# Run Accession  Study Accession  Scientific Name Download... Paired Read Orientation ~ Average ...  Spots PubMed

1 SRR13442795 SRP301899 Stelis kefersteiniana 1,326 Yes Unknown 565 3,802,314

2 SRR13442794  SRP301899 Stelis pauciflora 1,433 Yes Unknown 550 4,114,883

3 SRR13442793  SRP301899 Scaphosepalum bicolor 1,057 Yes Unknown 597 2,769,121

4 SRR13442792  SRP301899 Scaphosepalum antenniferum 1,557 Yes Unknown 588 4,195,179

5 SRR13442791  SRP301899 Specklinia grobyi 1,315 Yes Unknown 568 3,694,878

6 SRR13442790  SRP301899 Platystele misasiana 1,219 Yes Unknown 602 3,189,883

7 SRR13442789  SRP301899 Muscarella megalops 1,762 Yes Unknown 602 4,675,756

8 SRR13442788  SRP301899 Andinia longiserpens 525 Yes Unknown 602 1,220,301

9 SRR13442787  SRP301899 Lepanthes clareae 1,405 Yes Unknown 558 3,952,698

10 SRR13442786  SRP301899 Lepanthes cloesii 1,694 Yes Unknown 580 4,232,533

11 SRR13442785 SRP301899 Lepanthes tachirensis 1,142 Yes Unknown 592 2,932,775

12 SRR13442784 SRP301899 Tubella arbuscula 1,676 Yes Unknown 602 4,505,603

13 SRR13442783 SRP301899 Pleurothallis matudana 991 Yes Unknown 596 2,530,951

14 SRR13442782 SRP301899 Anathallis sanchezii 510 Yes Unknown 602 1,183,289

15 SRR13442781  SRP301899 Zootrophion lappaceum 1,789 Yes Unknown 602 4,380,983

16 SRR13442780 SRP301899 Restrepia trichoglossa 1,138 Yes Unknown 594 2,974,695

17 SRR13442779  SRP301899 Myoxanthus uxorius 1,025 Yes Unknown 602 2,400,171

18 SRR13442778  SRP301899 Acianthera prolifera 1,246 Yes Unknown 602 3,232,597

19 SRR13442777  SRP301899 Octomeria juncifolia 1,286 Yes Unknown 602 3,279,863

20 SRR13442776  SRP301899 Brachionidium hirtzii 867 Yes Unknown 602 2,022,860

21 SRR13442775  SRP301899 Neocogniauxia monophylla 1,118 Yes Unknown 602 2,947,969

22 SRR13442774  SRP301899 Dilomilis montana 1,629 Yes Unknown 602 4,291,335

23 SRR13442773  SRP301899 Isochilus aurantiacus 1,306 Yes Unknown 602 3,357,956

24 SRR13442772  SRP301899 Pleurothallis sp. P011 806 Yes Unknown 596 2,091,107

25 SRR13442771  SRP301899 Pleurothallis lindenii 1,539 Yes Unknown 520 4,869,657

26 SRR13442770  SRP301899 Dracula astuta 1,425 Yes Unknown 588 3,521,827

27 SRR13442769  SRP301899 Dracula erythrochaete 1,428 Yes Unknown 555 3,952,029

28 SRR13442768  SRP301899 Dracula mendozae 1,409 Yes Unknown 556 3,938,987

29 SRR13442767  SRP301899 Porroglossum muscosum 1,677 Yes Unknown 602 4,525,959

30 SRR13442766  SRP301899 Phloeophila pelecaniceps 1,030 Yes Unknown 602 2,807,717

Figure 4.
Search for files at NCBI
?=-. Download Reads and Metadata Show Metadata for Selection Total number of experiments: 30 more... SRA

Before bacterial taxonomic profiling, we would ideally remove all orchid reads. Unfortunately,
full genome information was not available for any of the 30 orchid species. However, chloroplast

genomes from the subtribe Pleurothallidinae (Figure 5) were available. The chloroplast genome files

Q * NCBI search X ‘

q
Choose database: @® Nucleotide (O Protein (O EST
Al Fields v ‘Pleurothallidinae ‘ [
Sequence Length >= - ‘100000 ] B
Add search parameters t? Start search
[] Append wildcard (*) to search words
Hit Accession Description Modification Date  Length +

Myoxanthus exasperatus chloroplast, complete genome 2021/08/10
Stelis grandifiora chloroplast, complete genome 2021/08/10
Stelis montserratii chloroplast, complete genome 2021/08/12
Masdevallia coccinea chloroplast, complete genome 2015/11/19
Masdevallia coccinea chloroplast, complete genome 2015/03/27
Dryadella lilliputiana chloroplast, complete genome 2021/08/10
Masdevallia picturata chloroplast, complete genome 2015/04/08

Masdevallia picturata chloroplast, complete genome 2015/03/23
Anathallis obovata voucher UPCB:M.C. Santos 22 chloroplast, complete genome 2019/07/22

Anathallis obovata chloroplast, complete genome 2019/06/26
Octomeria grandiflora chloroplast, complete genome

Anathallis microphyta chloroplast, partial genome 4 Figure 5.
Pabstiella mirabilis chloroplast, complete genome

Acianthera recurva chloroplast, complete genome 2021/08/10 Downloadlng chloroplast

genomes from the subtribe

Pleurothallidinae using the
ﬁ Download and Open @ Download and Save Open at NCBI  Total number of hits: 14 More...
NCBI search tool.
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were combined into one file, which was then used to create the “Host Genome Index” with the

corresponding tool under the “Databases” folder in the CLC Microbial Genomics Module (Figure 6).

To identify the microbial reads in the orchid samples, it was necessary to download a taxonomic
database workbench. For bacterial taxonomic profiling, the QMI-PTDB TaxPro index was
downloaded using the “Download Curated Microbial Reference Database” tool (Figure 6).

In the next step, we used the prebuilt “Data QC and Taxonomic Profiling” workflow to map and
count bacterial reads in the data files (Figure 7). All 30 sequencing-read files were submitted at
once by selecting the “Batch” option. In the “Taxonomic Profiling” step, we selected the previously
downloaded bacterial reference index, along with the constructed Pleurothallidinae chloroplast

index (Figure 8).
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Figure 6.
Taxonomic analysis tools.
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4 Workflows for extracting and analyzing microbiomes from whole-genome data of plant and animal species 05/2023



The workflow generated 30 taxonomic profile tables, one for each orchid sample. The tables
contain the counts and the coverage of each detected bacterial species in the sample (Figure 9).
As shown in Figure 9, the counts can be visualized as stacked charts using various aggregation

options, such as genus (left chart) and taxonomic class (right chart).

1% SRR13442770 (trimmed pairs) (... X 1% SRR13442770 (trimmed pairs) (... X | [EE SRR13442770 (trimmed pairs) (... X |
4 )l
{ — | Rows: 113 Fit... Fiter
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Figure 9.

Bacterial taxonomic profiling table (right) for the microbiome of Dracula astuta. The left chart displays the aggregation by genus, and the second chart the
aggregation by taxonomic class.
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(Figure 10). The resulting merged table contains counts =-£@ Abundance Analysis
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30 orchid samples, we combined the taxonomic profile

tables using the “Merge Abundance Tables” tool

for all detected species in all samples. The merged datq,

shown in Figure 1, is analyzed using various tools under

the “Abundance Analysis” folder (Figure 10). Here we

clustered the samples using the “Create Heat Map for

Abundance Table” tool, generating the heat map in

Figure 3. Figure 10.
The abundance analysis tools, with the “Merge Abundance
Tables” tool selected.

The heat maps can be constructed using various distance
measures and cluster linkages. The map shown in Figure 3
was constructed by selecting the Euclidian distance and

complete linkage options.

The choice of analytical and visualization options is limited by the availability of metadata
associated with the dataset. For the orchid dataset, the only differentiating metadata information
available is the species name. We explore the analysis and visualization options using additional

metadata fields from the second dataset.

Workflows for extracting and analyzing microbiomes from whole-genome data of plant and animal species 05,/2023



Viral metagenomes of honeybee drones

Results

In this project, various honeybee next-generation (NGS) samples were analyzed for the presence
of virus reads. Twenty samples from five different origins (biomaterial providers) were imported
into QIAGEN CLC Genomics Workbench Premium and run through the taxonomic analysis. The
viral content in these 20 files is shown in Figure 10: samples are sorted by origin. Whereas all
samples from Royal Jelly France contained detectable amounts of Apis mellifera filamentous virus
(red bars), sample YC7 contained extremely high counts of this virus. All other samples contained
similar counts for white spot syndrome virus (purple) and an unknown species (orange). The
deformed wing virus counts (light blue) were elevated in the BR51 sample from the Ariége
Conservatory. The samples from China contained fewer counts for uncultured virus (green). The
unexpectedly high counts for camelpox virus (light green in Figure 10) called for additional analysis
using a repeat masked viral reference database (Figure 11). Camelpox virus is mostly specific to
camelids and is not expected to be present in bee samples. To eliminated the erroneous counts for
camelpox, a repeat masked viral reference database was created using the tools provided in the
CLC Microbial Genomics Module (Figure 12). Using the masked reference database also
reduced the number of viral species detected from 136 (Figure 11) to 73 (Figure 12). However,
the counts for the five most abundant viral species in the repeat masked data were similar to the
results with the unmasked database (Figure 11 and Figure 12). The visualization plot produced
with the repeat masked viral reference database is cleaner (Figure 13), but is still very similar to
the unmasked plot in Figure 10: most samples have the same four abundant species of viruses,

except YC7, for which the filamentous virus represents most of the viral load.
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Figure 11.

Visualization of viral content in whole-genome sequencing

files of 20 honeybee drones from various locations.

6 Workflows for extracting and analyzing microbiomes from whole-genome data of plant and animal species 05/2023



‘ [EH merged % \ [EE merged masked X
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Figure 13.
Figure 12.
Combined counts for the 10 most abundant viruses in 20 honeybee samples.
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Figure 14.

Visualization of viral content in whole-genome sequencing
files of 20 honeybee drones from various locations, using a
repeat masked viral reference database.

The sequencing reads and metadata were downloaded directly from NCBI using project ID
“PRINA311274" in the “SRA Search” dialog (Figure 14). There are 872 runs in this project, and we

loaded them all by repeatedly clicking the “more...” button. After selecting all runs, we opened

the metadata table by clicking the “Show Metadata for Selection” button.
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In the work described by Wragg et al, 2016 (2), sequencing involved honeybee drones from
multiple locations in Europe and China, with the focus on the honeybee populations managed by
the Royal Jelly company in France. Here we analyze only 20 samples from this large dataset for
the presence of viral reads. Four samples from five different locations (biomaterial providers) were

selected and imported into the CLC Genomics Workbench Premium.

The samples from each selected location were imported as individual batches along with the

associated metadata tables. Figure 15 shows the metadata table with four files from Royal Jelly

France.
&Z SRA Search X | [E5 * SRA MetadataTable X
=
Al Fields © [pRINA311274 i x| Rows:35/872  Metadata [Royal Jelly Filter E‘
Rows: 872 Add search parameter (9 start search Run Accession Isolate Isolation So... Geographic... Biomaterial Provider Col
. . . N o . SRR15173678 ITSAP3 Hive France GPGR, Royal Jelly France A
# Run Accession Experiment Accession Study Accession Scientific Name Download S... Estimated F... PubMed SRR15173675 ITSAP3L Hive e GPGR, Royal Jelly France
|SRx1568165 69814 Apis mellifera 3,6 SRR15173663 ITSAP46 Hive France GPGR, Royal Jelly France
|SRX1568166 Apis mellifera SRR15173658 ITSAP50 France GPGR, Royal Jelly France
|SRX1568135 Apis mellifera . 3 SRR15173653 ITSAP54 France GPGR, Royal Jelly France
SRX1568136 9 Apis mellifera 3 SRR15173648 ITSAP62 France GPGR, Royal Jelly France
[SRX1568137 Apis mellifera 937 SRR15173743 FL106 France GPGR, Royal Jelly France
lSRKISGSHs Apis mellifera SRR15173742 FL109 France GPGR, Royal Jelly France
|SRX1568147 9 s e 2 SRR15173741 FL17 France GPGR, Royal Jelly France
ESRxlSGSMS SRR15173740 FL1bis France GPGR, Royal Jelly France
|SRX1568149 SRR15173739 FL22 France GPGR, Royal Jelly France
|SRX1568150 SRR15173738 FL3bis France GPGR, Royal Jelly France
!st 1568151 SRR15173737 FL61 France GPGR, Royal Jelly France
|SRX1568152 SRR15173736 FL86 France GPGR, Royal Jelly France
|SRx1568153 69814 SRR15173735 FL87 France GPGR, Royal Jelly France
|SRX1568154 i 33 SRR15173734 FL9bis France GPGR, Royal Jelly France
SRX1568155 3 SRR15173701 ITSAP11 France GPGR, Royal Jelly France
ist 1568138 G 3 609 SRR15173492 YC2 France GPGR, Royal Jelly France
"SR X1568156 SRR15173491 YC3 France GPGR, Royal Jelly France
SRX1568139 SRR15173490 YC4 GPGR, Royal Jelly France
SRX1568140 SRR15173488 GPGR, Royal Jelly France
|sRx1568141 SRP069814 :ﬁz:im gig: E"Ya: ;e::y ;fa"ce
|sRx1568142 SRP069814 SR LI e
|srx1568143 SRPOG9814 SRR15173485 GPGR, Royal Jelly France
!snmsesmq N SRR15173484 GPGR, Royal Jelly France
|SRX1568145 SRP069814 Apis mellifera SRRIDIT9 (GECR Roylgclirece
el SRR15173493 YC10 GPGR, Royal Jelly France b
< >
f,—. Download Reads and Metadata Show Metadata for Selection Total number of experiments: 872 2 SetUp ... # Manage... @ Find As... B Associa... & Additio...
Figure 15. Figure 16.
Searching for files at NCBI SRA and selecting all entries for metadata retrieval. Searching the metadata table for Royal Jelly samples and identifying run

accession IDs for subsequent import using the “SRA Search” table.

All the names of the selected files in the metadata table started with “SRR1517348". A search
for “SRR1517348*" in the “SRA Search” table returned 10 files (Figure 16), from which we
downloaded the four desired files by clicking the “Download Reads and Metadata” button.
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In the same manner, we downloaded the remaining 16 samples and metadata
(Figure 17) from four other biomaterial providers (China, Boulanger, “Breeder,

France” and Ariége Conservatory).

&Z SRA search X |
==

Al Fields v [PRINA311274 i x|

Al Fields ~ [sRR1517348* i x|
Rows: 10 Add search parameter @ Start search
# Run Accession Experiment Accession Study Accession Scientific Name Download S... Estimated F... PubMed

1 SRR15173489 SRX11480743 SRP069814 Apis mellifera 2,076 7,885 27255426

2 SRR15173483 SRX11480749 SRP069814 Apis mellifera 1,422 5,903 27255426

3 SRR15173482 SRX11480750 SRP069814 Apis mellifera 2,661 10,321 27255426

4  SRR15173481 SRX11480751 SRP069814 Apis mellifera 1,842 7,066 27255426

5 SRR15173480 SRX11480752 SRP069814 Apis mellifera

6  SRR15173488 SRX11480744 SRP069814 Apis mellifera

SRX11480745
SRX11480746
SRX11480747
SRX11480748

|sRPO69814
|srRPO69814
[SRPO69814
|SRP069814

|Apis mellifera
| Apis mellifera

'iprs mellifera
|Apis mellifera

,‘5 Download Reads and Metadata Show Metadata for Selection Total number of experiments: 10 more...

Figure 17.
Search for run accession IDs in the SRA table.

Bee genome

It is preferable to filter out the host reads before mapping and counting the
metagenomic reads. The bee genome is available and was downloaded by
searching for the bee reference genome ID in the NCBI search tool, as shown in
Figure 18. Sixteen chromosome files and the mitochondrion file were selected
and imported into the CLC Genomics Workbench Premium as a single file.
The genome was converted to the genome index using the “Create
Taxonomic Profiling Index” tool under the “Databases” folder in the CLC
Microbial Genomics Module (Figure 6).

Q, * NCBI search X |

Choose database: @ Nucleotide (O Protein (O EST

Al Fields v }Apis mellifera Amel_HAv3.1 ' B8

| Add search parameters 0 & Start search

[[] Append wildcard (*) to search words

Hit Accession /

Description

Modification D... Length
2018/09/10 27754200 B
2018/09/10

2018/09/10

2018/09/10

Apis mellifera strain DH4 linkage group LG1, whole genorr tgun sequence
Apis mellifera strain DH4 linl group whole genom: tgun sequence
Apis mellifera strain DH4 linkage group whole genome shotgun sequence
Apis mellifera strain DH4 linkage group LG4, whole genom: tgun sequence
Apis mellifera strain DH4 linkage group LGS, whole genome shotgun sequence
Apis melli train DH4 linkage group whole genom tgun sequence
Apis mellifera strain DH4 linkage group LG7, whole genome shotgun sequence
Apis mellifera strain DH4 linkage group tgun sequence
0 Apis mellifera strain DH4 linkage group LG9, whole genome shotgun sequence

whole genom

0 Apis mellifera strain DH4 linkage group LG10, whole genome shotgun sequence
Apis mellifera strain DH4 linkage group LG
Apis mellifera strain DH4 linkage group LG
Apis mellifera strain DH4 linkage group LG
0 Apis mellifera strain DH4 linkage group LG14, whole genome shotgun sequence
Apis mellifera strain DH4 linkage group LG15, whole genome shotgun sequence
Apis mellifera strain DH4 linkage group LG16, whole genome shotgun sequence

whole genome shotgun sequence
whole genome shotgun sequence
whole genome shotgun nce

0 Apis mellifera strain DH4 mitochondrion, complete sequence, whole genome shotgun sequence
Apis mellifera strain DH4 linkage group LG1, Amel_HAv3.1, whole genome shotgun sequence
Apis mellifera strain DH4 linkage group LG2, Amel_HAv3.1, whole genome shotgun sequence

2018/09/19
2018/09/19
2018/09/19
2018/09/19

27754200
16089512
13619445
13404451

Apis mellifera strain DH4 linkage group LG3, Amel_HAv3.1, whole genome shotgun sequence
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Figure 19.
Downloading the bee reference genome using the NCBI search tool.
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Figure 18.
Whole-genome sequence
files with metadatq, as they
appear after importing into
QIAGEN CLC Genomic
Workbench Premium.



Viral reference database

The viral reference database was imported using the “Download Curated Microbial Reference
Database” tool under the “Databases” folder in the CLC Microbial Genomics Module. The

Clustered Reference Viral Database was downloaded as a taxonomic profiling index by checking
the corresponding box in the dialog window.

To create the repeat masked reference, we downloaded the database again as a sequence list
by checking “as Sequence List” in the dialog, as shown in Figure 19. We then masked the repeats
in the sequences using the “Mask Low-Complexity Regions” tool under the “Databases” folder
(Figure 20). The masked sequences were converted to taxonomic profiling index using the
corresponding tool under the “Taxonomic Analysis” folder (Figure 20).
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Figure 20.

Download of the viral reference database.
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Figure 21.

The tools for creating the masked reference database.
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Taxonomic profiling

To map and count the viral reads in the data files, we used the prebuilt “Data QC and Taxonomic
Profiling” workflow (Figure 22). The sequencing reads were submitted in batches of four files with
the corresponding metadata files. The viral reference indexes (standard or masked) along with
the bee genome index were selected in the “Taxonomic Profiling” step of the workflow (Figure 21).
This creates taxonomic profiling tables, which we combined using the “Merge Abundance Tables”
tool (Figure 10). The merged tables contain the counts for all detected viral species in all samples,
along with combined counts across all samples (Figure 11 and Figure 12). The counts can be
visualized in multiple ways using various phylogenetic, metadata and aggregation criteria.

Figure 22 shows how the results in Figure 10 and Figure 13 can be aggregated according to
biomaterial provider, applying settings to show just the five most abundant viruses and displaying

three taxonomic levels for each virus.
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Figure 22.
Selecting the reference viral database index and the host bee genome index.
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Figure 23.

Visualization of taxonomic data, aggregated by source (biomaterial provider).
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Conclusions

The tools available in QIAGEN CLC Genomics Workbench Premium and CLC Microbial
Genomics Module allow all-in-one analysis of NGS datasets. This application note demonstrates
how additional insights can be extracted using publicly available sequencing data. The whole-
genome files explored here were originally created to study the genomes of orchids and bees.
However, samples from most host organisms also contain a microbial species that leave their
signatures in NGS files. The workflows presented here can be used to identify microsymbionts and
pathogens and demonstrates how this information can be used applications, such as identification

of ecological footprints, sanitary analysis and forensics.
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