
 

 

Illumina and MGA FastQC analysis indicated high-quality reads with red scores 
predominantly above Q30 across read positions, balanced GC content, and no significant 
adapter contamination, confirming suitability for downstream genomic analyses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Illumina 

ANI : 98.09% Bacillus cereus F NZ CM001787 

BLASTn for Illumina: 

 

 

 

 

 

 

MGA  

ANI : 98.44% Bacillus pacificus 

BLASTn for MGA: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MGA sequencing workflow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MGA Genome assembly workflow 
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Table 1: Phylogenies

Publication-ready versions of both the genome-scale GBDP tree and the 16S rRNA gene sequence tree can
be customized and exported either in SVG (vector graphic) or PNG format from within the phylogeny viewers
in your TYGS result page. For publications the SVG format is recommended because it is lossless, always
keeps its high resolution and can also be easily converted to other popular formats such as PDF or EPS.
Please follow the link provided above!

Table 2: Identification

The below list contains the result of the TYGS species identification routine. 

Explanation of remarks that might occur in the below table: 

remark [R1]: The TYGS type strain database is automatically updated on an almost daily basis. However, if a
particular type strain genome is not available in the TYGS database, this can have several reasons which are
detailed in the FAQ. You can request an extended 16S rRNA gene analysis via the 16S tree viewer found in
your result page to detect not yet genome-sequenced type strains relevant for your study. 

remark [R2]: > 70% dDDH value (formula d4) and (almost) minimal dDDH values for gene-content formulae d0

and d6 indicate a potentially unreliable identification result and should thus be checked via the 16S rRNA gene
sequence similarity. Such strong deviations can, in principle, be caused by sequence contamination. 

remark [R3]: G+C content difference of > 1 % indicates a potentially unreliable identification result because
within species G+C content varies no more than 1 %, if computed from genome sequences (PMID:
24505073).

Strain Conclusion Identification result Remark

'HSFI-5_MGI' belongs to known species Bacillus pacificus

'HSFI-5_Illumina' belongs to known species Bacillus pacificus

https://tygs.dsmz.de/user_results/show?guid=8d66544f-3c83-4c37-9463-96165a56c1b8


Table 3: Pairwise comparisons of user genomes vs. type-strain genomes

The following table contains the pairwise dDDH values between your user genomes and the selected type-
strain genomes. The dDDH values are provided along with their confidence intervals (C.I.) for the three
different GBDP formulas: 

• formula d0 (a.k.a. GGDC formula 1): length of all HSPs divided by total genome length 
• formula d4 (a.k.a. GGDC formula 2): sum of all identities found in HSPs divided by overall HSP length 
• formula d6 (a.k.a. GGDC formula 3): sum of all identities found in HSPs divided by total genome length 

Note: Formula d4 is independent of genome length and is thus robust against the use of incomplete draft
genomes. For other reasons for preferring formula d4, see the FAQ.

Query Subject d0 C.I. d0 d4 C.I. d4 d6 C.I. d6 Diff. G+C
Percent

'HSFI-5_MGI.fasta' 'HSFI-5_Illumina.fasta' 100.0 [99.9 -
100.0]

99.9 [99.8 -
99.9]

100.0 [100.0 -
100.0]

0.07

'HSFI-5_Illumina.fasta' Bacillus pacificus MCCC
1A06182

85.3 [81.6 -
88.4]

85.5 [82.8 -
87.9]

88.3 [85.3 -
90.7]

0.13

'HSFI-5_MGI.fasta' Bacillus pacificus MCCC
1A06182

85.1 [81.3 -
88.1]

85.5 [82.9 -
87.9]

88.0 [85.1 -
90.5]

0.2

'HSFI-5_MGI.fasta' Bacillus paranthracis
MCCC 1A00395

71.0 [67.0 -
74.6]

66.1 [63.2 -
69.0]

72.4 [68.9 -
75.6]

0.22

'HSFI-5_Illumina.fasta' Bacillus paranthracis
MCCC 1A00395

71.2 [67.3 -
74.9]

66.1 [63.2 -
69.0]

72.6 [69.1 -
75.8]

0.15

'HSFI-5_Illumina.fasta' Streptomyces
microflavus JCM 4496

12.5 [9.9 -
15.8]

65.9 [63.0 -
68.8]

12.9 [10.6 -
15.7]

35.9

'HSFI-5_MGI.fasta' Streptomyces
microflavus JCM 4496

12.5 [9.9 -
15.8]

65.9 [63.0 -
68.8]

12.9 [10.6 -
15.7]

35.83

'HSFI-5_Illumina.fasta' Bacillus tropicus N24 69.3 [65.4 -
73.0]

60.0 [57.2 -
62.8]

69.5 [66.1 -
72.8]

0.13

'HSFI-5_MGI.fasta' Bacillus tropicus N24 69.0 [65.1 -
72.7]

60.0 [57.2 -
62.8]

69.3 [65.9 -
72.6]

0.2

'HSFI-5_MGI.fasta' Bacillus anthracis ATCC
14578

67.5 [63.6 -
71.2]

55.9 [53.2 -
58.7]

67.0 [63.6 -
70.2]

0.16

'HSFI-5_Illumina.fasta' Bacillus anthracis ATCC
14578

67.8 [63.9 -
71.4]

55.9 [53.2 -
58.6]

67.2 [63.8 -
70.4]

0.09

'HSFI-5_MGI.fasta' Bacillus dicomae
MHSD28T

65.7 [61.9 -
69.3]

53.6 [50.9 -
56.3]

64.8 [61.4 -
68.0]

0.2

'HSFI-5_Illumina.fasta' Bacillus dicomae
MHSD28T

65.9 [62.1 -
69.5]

53.6 [50.9 -
56.3]

65.0 [61.6 -
68.2]

0.13

'HSFI-5_MGI.fasta' Bacillus fungorum 17-
SMS-01

59.2 [55.6 -
62.8]

53.0 [50.3 -
55.7]

59.0 [55.8 -
62.2]

0.43

'HSFI-5_Illumina.fasta' Bacillus fungorum 17-
SMS-01

59.4 [55.8 -
63.0]

53.0 [50.3 -
55.7]

59.2 [55.9 -
62.3]

0.36

'HSFI-5_Illumina.fasta' Bacillus basilensis
403507-21

61.5 [57.8 -
65.1]

52.7 [50.0 -
55.3]

60.9 [57.6 -
64.1]

0.14

'HSFI-5_MGI.fasta' Bacillus basilensis
403507-21

61.3 [57.6 -
64.9]

52.6 [50.0 -
55.3]

60.7 [57.4 -
63.9]

0.21

'HSFI-5_MGI.fasta' Bacillus albus N35-10-2 62.7 [58.9 -
66.3]

52.5 [49.8 -
55.1]

61.9 [58.6 -
65.1]

0.47

'HSFI-5_Illumina.fasta' Bacillus albus N35-10-2 62.9 [59.1 -
66.5]

52.5 [49.8 -
55.1]

62.0 [58.7 -
65.2]

0.4

'HSFI-5_Illumina.fasta' Bacillus wiedmannii FSL
W8-0169

67.9 [64.0 -
71.5]

51.3 [48.6 -
53.9]

66.0 [62.6 -
69.2]

0.14

'HSFI-5_MGI.fasta' Bacillus wiedmannii FSL
W8-0169

67.7 [63.8 -
71.3]

51.3 [48.6 -
53.9]

65.8 [62.4 -
69.0]

0.21

'HSFI-5_MGI.fasta' Bacillus pretiosus
SAICEU11T

69.0 [65.1 -
72.6]

51.1 [48.4 -
53.7]

66.8 [63.4 -
70.1]

0.11

http://mccc.org.cn/detailRecord3.asp?bcbh=1A06182
http://mccc.org.cn/detailRecord3.asp?bcbh=1A06182
http://mccc.org.cn/detailRecord3.asp?bcbh=1A06182
http://mccc.org.cn/detailRecord3.asp?bcbh=1A06182
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00395
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00395
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_number?JCM=4496
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_number?JCM=4496
https://www.atcc.org/products/14578
https://www.atcc.org/products/14578
https://www.atcc.org/products/14578
https://www.atcc.org/products/14578


Query Subject d0 C.I. d0 d4 C.I. d4 d6 C.I. d6 Diff. G+C
Percent

'HSFI-5_Illumina.fasta' Bacillus pretiosus
SAICEU11T

69.2 [65.3 -
72.9]

51.1 [48.4 -
53.7]

67.0 [63.6 -
70.3]

0.04

'HSFI-5_Illumina.fasta' Bacillus mobilis MCCC
1A05942

70.2 [66.3 -
73.8]

51.1 [48.5 -
53.8]

67.9 [64.5 -
71.1]

0.06

'HSFI-5_MGI.fasta' Bacillus mobilis MCCC
1A05942

70.0 [66.0 -
73.6]

51.1 [48.5 -
53.8]

67.7 [64.3 -
70.9]

0.12

'HSFI-5_MGI.fasta' Bacillus luti MCCC
1A00359

64.7 [60.9 -
68.3]

44.5 [42.0 -
47.1]

61.2 [57.9 -
64.3]

0.04

'HSFI-5_Illumina.fasta' Bacillus luti MCCC
1A00359

64.9 [61.1 -
68.6]

44.5 [42.0 -
47.1]

61.4 [58.1 -
64.5]

0.11

'HSFI-5_MGI.fasta' Bacillus paramycoides
NH24A2

51.3 [47.8 -
54.7]

36.7 [34.3 -
39.2]

47.7 [44.7 -
50.8]

0.21

'HSFI-5_Illumina.fasta' Bacillus paramycoides
NH24A2

51.5 [48.0 -
54.9]

36.7 [34.3 -
39.2]

47.8 [44.8 -
50.9]

0.14

'HSFI-5_Illumina.fasta' Bacillus arachidis -SY8 27.6 [24.2 -
31.2]

26.6 [24.2 -
29.1]

26.2 [23.3 -
29.3]

0.0

'HSFI-5_MGI.fasta' Bacillus arachidis -SY8 27.6 [24.2 -
31.2]

26.6 [24.2 -
29.1]

26.2 [23.3 -
29.3]

0.07

http://mccc.org.cn/detailRecord3.asp?bcbh=1A05942
http://mccc.org.cn/detailRecord3.asp?bcbh=1A05942
http://mccc.org.cn/detailRecord3.asp?bcbh=1A05942
http://mccc.org.cn/detailRecord3.asp?bcbh=1A05942
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00359
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00359
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00359
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00359


Table 4: Strains in your dataset

Joint dataset of automatically determined closest type strains (if this mode was chosen), manually selected type strains (if selected accordingly) and the provided
user strains, if provided (marked in yellow).

Strain Authority Other
deposits

Synonyms Base
pairs

Percent
G+C

No.
proteins

Goldstamp Bioproject
accession

Biosample
accession

Assembly
accession

IMG OID

Bacillus
paranthracis
MCCC 1A00395

Liu et al. 2017 KCTC
33714;
LMG
28873;
Mn5

Bacillus
paranthracis

5506
804

35.2 5598 PRJNA224116 SAMN05231549 GCF_001883995

Bacillus luti
MCCC 1A00359

Liu et al. 2017 KCTC
33716;
LMG
28872;
TD41

Bacillus luti 5086
523

35.4 5160 PRJNA224116 SAMN05231662 GCF_001884105

Bacillus
anthracis ATCC
14578

Cohn 1872 CIP 66.17;
NCTC
10340

Bacillus
anthracis

5506
524

35.2 5747 PRJNA224116 SAMN18241461 GCF_022221345

Bacillus
pretiosus
SAICEU11T

Robas Mora et
al. 2023

CECT
30674;
DSM
114702

Bacillus
pretiosus

5376
151

35.3 5307 PRJNA850797 SAMN29203362 GCA_025916425

Bacillus
fungorum 17-
SMS-01

Liu et al. 2020 MCCC
1K03483;
KCTC
33949

Bacillus
fungorum

5638
545

35.0 5644 PRJNA408208 SAMN07680345 GCA_002746455

Bacillus
wiedmannii FSL
W8-0169

Miller et al. 2016 DSM
102050;
LMG
29269

Bacillus
wiedmannii

5337
981

35.2 5255 Gp0145452 PRJNA224116 SAMN03800026 GCF_001583695

Bacillus
pacificus MCCC
1A06182

Liu et al. 2017 KCTC
33858;
EB422

Bacillus
pacificus

5402
566

35.2 5494 PRJNA224116 SAMN05231547 GCF_001884025

Bacillus mobilis
MCCC 1A05942

Liu et al. 2017 0711P9-1;
KCTC
33717;
LMG
28877

Bacillus mobilis 5629
975

35.3 5644 PRJNA224116 SAMN05231544 GCF_001884045

Bacillus albus
N35-10-2

Liu et al. 2017 MCCC
1A02146;
KCTC
33710;
LMG
28875

Bacillus albus 5788
872

34.9 5583 PRJNA326285 SAMN05231551 GCA_001884185

http://mccc.org.cn/detailRecord3.asp?bcbh=1A00395
http://doi.org/10.1099/ijsem.0.001821
https://kctc.kribb.re.kr/en/collection/view?sn=33714
https://kctc.kribb.re.kr/en/collection/view?sn=33714
http://mccc.org.cn/detailRecord3.asp?bcbh=1A00359
http://doi.org/10.1099/ijsem.0.001821
https://kctc.kribb.re.kr/en/collection/view?sn=33716
https://kctc.kribb.re.kr/en/collection/view?sn=33716
https://www.atcc.org/products/14578
https://www.atcc.org/products/14578
https://catalogue-crbip.pasteur.fr/fiche_catalogue.xhtml?crbip=CIP%2066.17
https://www.phe-culturecollections.org.uk/products/bacteria/detail.jsp?collection=nctc&refId=NCTC+10340
https://www.phe-culturecollections.org.uk/products/bacteria/detail.jsp?collection=nctc&refId=NCTC+10340
http://doi.org/10.3389/fmicb.2022.1046201
http://doi.org/10.3389/fmicb.2022.1046201
https://www.cect.org/vstrn.php?lan=en&cect=30674
https://www.cect.org/vstrn.php?lan=en&cect=30674
https://www.dsmz.de/collection/catalogue/details/culture/DSM-114702
https://www.dsmz.de/collection/catalogue/details/culture/DSM-114702
http://doi.org/10.1099/ijsem.0.003673
http://mccc.org.cn/detailRecord3.asp?bcbh=1K03483
http://mccc.org.cn/detailRecord3.asp?bcbh=1K03483
https://kctc.kribb.re.kr/en/collection/view?sn=33949
https://kctc.kribb.re.kr/en/collection/view?sn=33949
http://doi.org/10.1099/ijsem.0.001421
https://www.dsmz.de/collection/catalogue/details/culture/DSM-102050
https://www.dsmz.de/collection/catalogue/details/culture/DSM-102050
http://mccc.org.cn/detailRecord3.asp?bcbh=1A06182
http://mccc.org.cn/detailRecord3.asp?bcbh=1A06182
http://doi.org/10.1099/ijsem.0.001821
https://kctc.kribb.re.kr/en/collection/view?sn=33858
https://kctc.kribb.re.kr/en/collection/view?sn=33858
http://mccc.org.cn/detailRecord3.asp?bcbh=1A05942
http://doi.org/10.1099/ijsem.0.001821
https://kctc.kribb.re.kr/en/collection/view?sn=33717
https://kctc.kribb.re.kr/en/collection/view?sn=33717
http://doi.org/10.1099/ijsem.0.001821
http://mccc.org.cn/detailRecord3.asp?bcbh=1A02146
http://mccc.org.cn/detailRecord3.asp?bcbh=1A02146
https://kctc.kribb.re.kr/en/collection/view?sn=33710
https://kctc.kribb.re.kr/en/collection/view?sn=33710


Strain Authority Other
deposits

Synonyms Base
pairs

Percent
G+C

No.
proteins

Goldstamp Bioproject
accession

Biosample
accession

Assembly
accession

IMG OID

Bacillus
paramycoides
NH24A2

Liu et al. 2017 MCCC
1A04098;
KCTC
33709;
LMG
28876

Bacillus
paramycoides

5430
522

35.2 5482 PRJNA224116 SAMN05231634 GCF_001884235

Streptomyces
microflavus JCM
4496

(Krainsky 1914)
Waksman and
Henrici 1948
emend. Komaki
and Tamura
2020

BCRC
12084;
CCRC
12084; AS
4.1428;
CGMCC
4.1428;
NRRL B-
2156;
NRRL B-
2888;
NRRL ISP-
5331; CBS
124.18;
CBS 124;
CBS
884.69;
ATCC
13231;
ATCC
25474;
DSM
40331;
JCM 4496;
IFO 13062;
NBRC
13062;
VKM Ac-
971;
HAMBI
1019; LMG
19327; RIA
1254

Actinomyces
microflavus;
Streptomyces
microflavus

8504
236

71.2 7705 PRJDB10510 SAMD00245460 GCA_014650075

Bacillus tropicus
N24

Liu et al. 2017 MCCC
1A01406;
KCTC
33711;
LMG
28874

Bacillus tropicus 5203
012

35.2 5218 PRJNA325891 SAMN05231550 GCA_001884035

Bacillus
basilensis
403507-21

Muigg et al.
2024

CCUG
75930;
DSM
113537

Bacillus
basilensis

5785
762

35.2 5755 PRJEB48754 SAMEA10812769 GCA_921008455

http://doi.org/10.1099/ijsem.0.001821
http://mccc.org.cn/detailRecord3.asp?bcbh=1A04098
http://mccc.org.cn/detailRecord3.asp?bcbh=1A04098
https://kctc.kribb.re.kr/en/collection/view?sn=33709
https://kctc.kribb.re.kr/en/collection/view?sn=33709
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_number?JCM=4496
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_number?JCM=4496
http://doi.org/10.1099/ijsem.0.004382
http://doi.org/10.1099/ijsem.0.004382
http://doi.org/10.1099/ijsem.0.004382
https://catalog.bcrc.firdi.org.tw/BcrcContent?bid=12084
https://catalog.bcrc.firdi.org.tw/BcrcContent?bid=12084
https://catalog.bcrc.firdi.org.tw/BcrcContent?bid=12084
https://catalog.bcrc.firdi.org.tw/BcrcContent?bid=12084
https://cgmcc.net/english/search?stn=4.1428
https://cgmcc.net/english/search?stn=4.1428
https://cgmcc.net/english/search?stn=4.1428
https://cgmcc.net/english/search?stn=4.1428
https://nrrl.ncaur.usda.gov/cgi-bin/usda/prokaryote/report.html?nrrlcodes=B-2156
https://nrrl.ncaur.usda.gov/cgi-bin/usda/prokaryote/report.html?nrrlcodes=B-2156
https://nrrl.ncaur.usda.gov/cgi-bin/usda/prokaryote/report.html?nrrlcodes=B-2888
https://nrrl.ncaur.usda.gov/cgi-bin/usda/prokaryote/report.html?nrrlcodes=B-2888
https://nrrl.ncaur.usda.gov/cgi-bin/usda/prokaryote/report.html?nrrlcodes=ISP-5331
https://nrrl.ncaur.usda.gov/cgi-bin/usda/prokaryote/report.html?nrrlcodes=ISP-5331
https://wi.knaw.nl/NCCB/CBS%20124.18
https://wi.knaw.nl/NCCB/CBS%20124.18
https://wi.knaw.nl/NCCB/CBS%20124
https://wi.knaw.nl/NCCB/CBS%20884.69
https://wi.knaw.nl/NCCB/CBS%20884.69
https://www.atcc.org/products/13231
https://www.atcc.org/products/13231
https://www.atcc.org/products/25474
https://www.atcc.org/products/25474
https://www.dsmz.de/collection/catalogue/details/culture/DSM-40331
https://www.dsmz.de/collection/catalogue/details/culture/DSM-40331
https://www.jcm.riken.jp/cgi-bin/jcm/jcm_number?JCM=4496
https://www.nite.go.jp/nbrc/catalogue/NBRCCatalogueDetailServlet?ID=IFO&CAT=00013062
https://www.nite.go.jp/nbrc/catalogue/NBRCCatalogueDetailServlet?ID=NBRC&CAT=00013062
https://www.nite.go.jp/nbrc/catalogue/NBRCCatalogueDetailServlet?ID=NBRC&CAT=00013062
http://www.vkm.ru/strains.php?vkm=Ac-971
http://www.vkm.ru/strains.php?vkm=Ac-971
http://doi.org/10.1099/ijsem.0.001821
http://mccc.org.cn/detailRecord3.asp?bcbh=1A01406
http://mccc.org.cn/detailRecord3.asp?bcbh=1A01406
https://kctc.kribb.re.kr/en/collection/view?sn=33711
https://kctc.kribb.re.kr/en/collection/view?sn=33711
http://doi.org/10.1016/j.nmni.2022.101040
http://doi.org/10.1016/j.nmni.2022.101040
https://www.ccug.se/strain?id=75930
https://www.ccug.se/strain?id=75930
https://www.dsmz.de/collection/catalogue/details/culture/DSM-113537
https://www.dsmz.de/collection/catalogue/details/culture/DSM-113537


Strain Authority Other
deposits

Synonyms Base
pairs

Percent
G+C

No.
proteins

Goldstamp Bioproject
accession

Biosample
accession

Assembly
accession

IMG OID

Bacillus
arachidis -SY8

Chen et al. 2023 CCTCC AB
2021100;
LMG
32409;
SY8(2021)

Bacillus
arachidis

5170
086

35.3 4999 PRJNA714700 SAMN18316468 GCA_017498775

Bacillus dicomae
MHSD28T

Makuwa et al.
2023

CECT
30671; BD
2262; LMG
32287

Bacillus dicomae 5558
409

35.2 5509 PRJNA549839 SAMN12098152 GCA_006494425

HSFI-
5_MGI.fasta

5517
814

35.4 5608

HSFI-
5_Illumina.fasta

5501
373

35.3 5610

http://doi.org/10.1007/s00284-022-02925-2
http://doi.org/10.1099/ijsem.0.006112
http://doi.org/10.1099/ijsem.0.006112
https://www.cect.org/vstrn.php?lan=en&cect=30671
https://www.cect.org/vstrn.php?lan=en&cect=30671


Methods, Results and References

The genome sequence data were uploaded to the Type (Strain) Genome Server (TYGS), a free bioinformatics
platform available under https://tygs.dsmz.de, for a whole genome-based taxonomic analysis [1]. The
analysis also made use of recently introduced methodological updates and features [2]. Information on
nomenclature, synonymy and associated taxonomic literature was provided by TYGS's sister database, the
List of Prokaryotic names with Standing in Nomenclature (LPSN, available at https://lpsn.dsmz.de) [2]. The
results were provided by the TYGS on 2025-01-30. The TYGS analysis was subdivided into the following
steps: 

Determination of closely related type strains 

Determination of closest type strain genomes was done in two complementary ways: First, all user genomes
were compared against all type strain genomes available in the TYGS database via the MASH algorithm, a
fast approximation of intergenomic relatedness [3], and, the ten type strains with the smallest MASH
distances chosen per user genome. Second, an additional set of ten closely related type strains was
determined via the 16S rDNA gene sequences. These were extracted from the user genomes using
RNAmmer [4] and each sequence was subsequently BLASTed [5] against the 16S rDNA gene sequence of
each of the currently 22389 type strains available in the TYGS database. This was used as a proxy to find the
best 50 matching type strains (according to the bitscore) for each user genome and to subsequently
calculate precise distances using the Genome BLAST Distance Phylogeny approach (GBDP) under the
algorithm 'coverage' and distance formula d5 [6]. These distances were finally used to determine the 10
closest type strain genomes for each of the user genomes. 

Pairwise comparison of genome sequences 

For the phylogenomic inference, all pairwise comparisons among the set of genomes were conducted using
GBDP and accurate intergenomic distances inferred under the algorithm 'trimming' and distance formula d5

[6]. 100 distance replicates were calculated each. Digital DDH values and confidence intervals were
calculated using the recommended settings of the GGDC 4.0 [2,6]. 

Phylogenetic inference 

The resulting intergenomic distances were used to infer a balanced minimum evolution tree with branch
support via FASTME 2.1.6.1 including SPR postprocessing [7]. Branch support was inferred from 100 pseudo-
bootstrap replicates each. The trees were rooted at the midpoint [8] and visualized with PhyD3 [9]. 

Type-based species and subspecies clustering 

The type-based species clustering using a 70% dDDH radius around each of the 15 type strains was done as
previously described [1]. The resulting groups are shown in Table 1 and 4. Subspecies clustering was done
using a 79% dDDH threshold as previously introduced [10]. 

Results 

Type-based species and subspecies clustering 

The resulting species and subspecies clusters are listed in Table 4, whereas the taxonomic identification of
the query strains is found in Table 1. Briefly, the clustering yielded 14 species clusters and the provided query
strains were assigned to 1 of these. Moreover, user strains were located in 1 of 13 subspecies clusters. 

Figure caption SSU tree 

Figure 1. Tree inferred with FastME 2.1.6.1 [7] from GBDP distances calculated from 16S rDNA gene
sequences. The branch lengths are scaled in terms of GBDP distance formula d5. The numbers above
branches are GBDP pseudo-bootstrap support values > 60 % from 100 replications, with an average branch
support of 44.1 %. The tree was rooted at the midpoint [8]. 

Figure caption genome tree 

Figure 2. Tree inferred with FastME 2.1.6.1 [7] from GBDP distances calculated from genome sequences. The
branch lengths are scaled in terms of GBDP distance formula d5. The numbers above branches are GBDP
pseudo-bootstrap support values > 60 % from 100 replications, with an average branch support of 38.2 %.
The tree was rooted at the midpoint [8].
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Query 
strain

Subject strain dDDH 
(d0, in 

%)

C.I. (d0, 
in %)

dDDH 
(d4, in 

%)

C.I. 
(d4, in 

%)

dDDH 
(d6, in 

%)

C.I. (d6, 
in %)

G+C content 
difference (in 

%)
'HSFI-5 
MGI'

'HSFI-5 Illumina' 100.0 [99.9 - 
100.0]

99.9 [99.8 - 
99.9]

100.0 [100.0 - 
100.0]

0.07

'HSFI-5 
Illumina'

Bacillus pacificus 
MCCC 1A06182

85.3 [81.6 - 
88.4]

85.5 [82.8 - 
87.9]

88.3 [85.3 - 
90.7]

0.13

'HSFI-5 
MGI'

Bacillus pacificus 
MCCC 1A06182

85.1 [81.3 - 
88.1]

85.5 [82.9 - 
87.9]

88.0 [85.1 - 
90.5]

0.2

'HSFI-5 
MGI'

Bacillus 
paranthracis MCCC 
1A00395

71.0 [67.0 - 
74.6]

66.1 [63.2 - 
69.0]

72.4 [68.9 - 
75.6]

0.22

'HSFI-5 
Illumina'

Bacillus 
paranthracis MCCC 
1A00395

71.2 [67.3 - 
74.9]

66.1 [63.2 - 
69.0]

72.6 [69.1 - 
75.8]

0.15

'HSFI-5 
Illumina'

Streptomyces 
microflavus JCM 
4496

12.5 [9.9 - 
15.8]

65.9 [63.0 - 
68.8]

12.9 [10.6 - 
15.7]

35.9

'HSFI-5 
MGI'

Streptomyces 
microflavus JCM 
4496

12.5 [9.9 - 
15.8]

65.9 [63.0 - 
68.8]

12.9 [10.6 - 
15.7]

35.83

'HSFI-5 
Illumina'

Bacillus tropicus 
N24

69.3 [65.4 - 
73.0]

60.0 [57.2 - 
62.8]

69.5 [66.1 - 
72.8]

0.13

'HSFI-5 
MGI'

Bacillus tropicus 
N24

69.0 [65.1 - 
72.7]

60.0 [57.2 - 
62.8]

69.3 [65.9 - 
72.6]

0.2

'HSFI-5 
MGI'

Bacillus anthracis 
ATCC 14578

67.5 [63.6 - 
71.2]

55.9 [53.2 - 
58.7]

67.0 [63.6 - 
70.2]

0.16

'HSFI-5 
Illumina'

Bacillus anthracis 
ATCC 14578

67.8 [63.9 - 
71.4]

55.9 [53.2 - 
58.6]

67.2 [63.8 - 
70.4]

0.09

'HSFI-5 
MGI'

Bacillus dicomae 
MHSD28T

65.7 [61.9 - 
69.3]

53.6 [50.9 - 
56.3]

64.8 [61.4 - 
68.0]

0.2

'HSFI-5 
Illumina'

Bacillus dicomae 
MHSD28T

65.9 [62.1 - 
69.5]

53.6 [50.9 - 
56.3]

65.0 [61.6 - 
68.2]

0.13

'HSFI-5 
MGI'

Bacillus fungorum 
17-SMS-01

59.2 [55.6 - 
62.8]

53.0 [50.3 - 
55.7]

59.0 [55.8 - 
62.2]

0.43

'HSFI-5 
Illumina'

Bacillus fungorum 
17-SMS-01

59.4 [55.8 - 
63.0]

53.0 [50.3 - 
55.7]

59.2 [55.9 - 
62.3]

0.36

'HSFI-5 
Illumina'

Bacillus basilensis 
403507-21

61.5 [57.8 - 
65.1]

52.7 [50.0 - 
55.3]

60.9 [57.6 - 
64.1]

0.14

'HSFI-5 
MGI'

Bacillus basilensis 
403507-21

61.3 [57.6 - 
64.9]

52.6 [50.0 - 
55.3]

60.7 [57.4 - 
63.9]

0.21

'HSFI-5 
MGI'

Bacillus albus 
N35-10-2

62.7 [58.9 - 
66.3]

52.5 [49.8 - 
55.1]

61.9 [58.6 - 
65.1]

0.47

'HSFI-5 
Illumina'

Bacillus albus 
N35-10-2

62.9 [59.1 - 
66.5]

52.5 [49.8 - 
55.1]

62.0 [58.7 - 
65.2]

0.4

'HSFI-5 
Illumina'

Bacillus wiedmannii 
FSL W8-0169

67.9 [64.0 - 
71.5]

51.3 [48.6 - 
53.9]

66.0 [62.6 - 
69.2]

0.14

'HSFI-5 
MGI'

Bacillus wiedmannii 
FSL W8-0169

67.7 [63.8 - 
71.3]

51.3 [48.6 - 
53.9]

65.8 [62.4 - 
69.0]

0.21

'HSFI-5 
MGI'

Bacillus pretiosus 
SAICEU11T

69.0 [65.1 - 
72.6]

51.1 [48.4 - 
53.7]

66.8 [63.4 - 
70.1]

0.11

'HSFI-5 
Illumina'

Bacillus pretiosus 
SAICEU11T

69.2 [65.3 - 
72.9]

51.1 [48.4 - 
53.7]

67.0 [63.6 - 
70.3]

0.04



Query 
strain

Subject strain dDDH 
(d0, in 

%)

C.I. (d0, 
in %)

dDDH 
(d4, in 

%)

C.I. 
(d4, in 

%)

dDDH 
(d6, in 

%)

C.I. (d6, 
in %)

G+C content 
difference (in 

%)
'HSFI-5 
Illumina'

Bacillus mobilis 
MCCC 1A05942

70.2 [66.3 - 
73.8]

51.1 [48.5 - 
53.8]

67.9 [64.5 - 
71.1]

0.06

'HSFI-5 
MGI'

Bacillus mobilis 
MCCC 1A05942

70.0 [66.0 - 
73.6]

51.1 [48.5 - 
53.8]

67.7 [64.3 - 
70.9]

0.12

'HSFI-5 
MGI'

Bacillus luti MCCC 
1A00359

64.7 [60.9 - 
68.3]

44.5 [42.0 - 
47.1]

61.2 [57.9 - 
64.3]

0.04

'HSFI-5 
Illumina'

Bacillus luti MCCC 
1A00359

64.9 [61.1 - 
68.6]

44.5 [42.0 - 
47.1]

61.4 [58.1 - 
64.5]

0.11

'HSFI-5 
MGI'

Bacillus 
paramycoides 
NH24A2

51.3 [47.8 - 
54.7]

36.7 [34.3 - 
39.2]

47.7 [44.7 - 
50.8]

0.21

'HSFI-5 
Illumina'

Bacillus 
paramycoides 
NH24A2

51.5 [48.0 - 
54.9]

36.7 [34.3 - 
39.2]

47.8 [44.8 - 
50.9]

0.14

'HSFI-5 
Illumina'

Bacillus arachidis -
SY8

27.6 [24.2 - 
31.2]

26.6 [24.2 - 
29.1]

26.2 [23.3 - 
29.3]

0.0

'HSFI-5 
MGI'

Bacillus arachidis -
SY8

27.6 [24.2 - 
31.2]

26.6 [24.2 - 
29.1]

26.2 [23.3 - 
29.3]

0.07


