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R4 (Systematics)

1. 993 Classification —

2. #HiAk Description
— 9353 (Taxonomy)
3. #=£7E ldentification

4. #5232 Nomenclature —

5. IEREYMSHEE Comprehending biodiversity
- Evolutionary history

- Ecological adaptation

“The beginning of wisdom is calling things by their right names”

(BIESIIR)
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First edition of Bergey’s Manual of 1923
* Determinative Bacteriology

DNA:DNA hybridisation «}3¢1

11958 | First edition of the International Code of
' Nomenclature of Bacteria and Viruses (ICNB)

DNA G+C content 1965

1971 First edition of the International Code of Virus
Classification and Nomenclature (ICVCN)

Y First us NA and the 1977
11980 The ARproved Lists of Bacterial Names

1983

Pulsed F|eld Gel EIectrophores;s
acter|se 1985

1994 | Torm Candidatus proposed
1906 Biocode proposed

Multilocus sequence typing (MLST) «——= ggmrlglq IC;COfdtte prop Se;:lc — tes (ICNP)
o International Code of Prokaryotes
Beginning of Bergey's transitions from, 2001 _oNp requires Innn? axenic strains de;%s:ted in two
0

phenotype to 16S rRNA — culture collections [ocated in different countries

AAI and ANI used to determme raﬂks . 2005
Multilocus sequence analysis (MLSA)

Digital DNA:DNA hybridisation «2210

2016 , Gene sequences proposed to serve as type
" material

Gene sequences proposed to serve as type Hugenh0|tz et al
material rejected ! )
ISME J, 2021

Beginning of Bergey's transitions from 2019
* v 1SSgrRNA tg g{:‘nome sequences 2020
N

/
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S. anulatus
S. pratensis
S. praecox
S. setonii
S. caviscabies
S. fimicarius
S. flavofuscus
S. baarnensis
S. acrimycini
63 | S. erumpens
—| S. griseus subsp. griseus
‘S. ornatus’
S. cyaneofuscatus
S. cavourensis
S. alboviridis
S. fulvorobeus
S. griseus subsp. alpha
53| S. griseus subsp. crefosus
S. microflavus
— 8. luridiscabiei
S. parvus
S. griseinus
B | S. badius
S. albovinaceus
S. sindenensis
S. mediolani
63 S. puniceus
S. floridae
S. californicus
S. bacillaris

97

— S. finlayi

S. flavogriseus
S S. flavovirens
S. nitrosporeus
L S. griseolus

[ S. pulveraceus
P S. gelaticus

89

80  S. sanglieri
s L | E S. atratus
57 8. yanii

0.005

)\

N

v

Vi
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. odorifer

sampsonli

. griseus subsp. solvifaciens
. felleus

. canescens

w nnnnon

. vinaceus

-

' 95|'s. albidoflavus

ok
~

. globisporus subsp. caucasicus

. sioyaensis

L

77

. limosus

. galilaeus

O u O u u u

. coelicolor

| S. argenteolus
S. griseus subsp. griseus
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L59; S. caviscabies = - ~

S. fimicarius .

S. flavofuscus Ia rnCad

S. baarnensis

100 S. acrimycini
S. praecox

P S.panu!atus Ib trpB

D EA=EFE
‘S. ornatus’ 3

S. erumpens o S R ar 61 S. felleus
S. setonii @, -

100 S. griseus subsp. griseus -
78-S. griseinus =< rrnf
1001 5. albovinaceus Va

S. mediolani

871 S. puniceus < - S. canescens
100 [l s, californicus )| .

" 15 toriaae Y & s. albidoflavus
_I:S. badius Vb
) S. sindenensis

n T _ S. globisporus subsp. caucasicus

S. bacillaris i
1oor— S. griseobrunneus S. odorifer
53 100— S. cyaneofuscatus jm

S. coelicolor: - = |
A3(2), 8.67 Mb

77'S. limosus

gyrB A L "
S. sampsonii

N

100
*

S. coelicolor

S. alboviridis | — S. griseus subsp. solvifaciens
S. griseus subsp. alpha IV - .
S. microflavus K S. galilaeus
S. griseus subsp. cretosus i1 95 * )

S. fulvorobeus - x 93| S. vinaceus

100
E3

100~ S. flavovirens ~
S. flavogriseus T (A ] I It
S. griseolus K& .
S. nitrosporeus — S. champavatii
S. finlayi
1001 S. olivoviridis S. argenteolus
* L1 8, atroolivaceus VI . .
0_——— S. mutomycini S. griseus subsp. griseus
94 S. pratensis
« ———— S. pulveraceus -~ —
* S. yanii 0.001

08 » ——S3. gelaticus IX

100l g- ggsg;;ﬁ [JSEM, 2008, 2011
SAM, 2009, 2012
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ATCC 33331 \'\ ( S. caviscabies CGMCC 4.18367 \ .q. " .\F i . 3| 0.0% 16.7% 33.3% 50.0% 66.7% 833% 100%
Strain Cald 193 ) 3L s, fimicarius CGMCC 4.1629" S. olivoviridis CGMCC 4.17397
A Strain ch2 S. pratensis B o :s flavofuscus CGMCC 4.19387 Ii-1a S. mutomycini CGMCC 4.17477
stainw2s26  |phylogroup . baarnensis CGMCC 4.1607" S. atroolivaceus CGMCC 4.1405"
Strain ch24" S. acrimycini CGMCC 4.16737 y, S. ﬁm'ay.l' CGMCC 4.14367
CGMCC 4.1868 +| 100y §. anulatus CGMCC 4.14217 1-1b S. flavovirens CGMCC 4.5757
s : proecor f‘s":::ﬂ‘:::a:;as I toof | ‘; P":“"_{‘;::c‘: :11::_; J S. flavogriseus CGNMCC 4.1884
P caviscabies . * * | 5. setonii __
5. flavofuscus CGMCC 4.1938 \r 1001, griseus subsp. griseus NBRC 13350 | ) -2 S. sefonii CGMCC 4.13677
S. acrimycini CGMCC 4,1673" ' S. griseobr CGMCC 4.1838" S. griseolus CGMCC 4.18647
S. anulatus CGMCC 4.14217 1001 S. flavogriseus CGMCC 4.18847 h — 8. nitrosporeus CGMCC 4.19737
S. fimicarius CGMCC 4.16297 *] * s, flavovirens CGMCC 4.575" i B S. praecox CGMCC 4.17827
5. setonii CGMCC 4.1367" 5. griseolus CGMCC 4.18647 [} S. caviscabies CGMCC 4.18367
k I S griseus subsp. griseus NBRC 13350 J 57 Strain ch2 1 ‘E S. flavofuscus CGMCC 4.19387
S. baarnensis CGMCC 4.1607" ;‘ Strain ch247 S. acrimycini CGMCC 4.16737
b $. flavovirens CGMCC 4.575" i ”1” ; 1-3 S. anulatus CGMCC 4.14217
74| 1o flavogriseus CGMCC 4.1884 Il Straln Cald 193 | S. fimicarius CGMCC 4.16297
p ;' 5. nitrosporeus CGMCC 4.19737 ATCC 33331 S. " s COMCE ) .
S. griseolus CGMCC 4.1864" ) CGMCC 4.1868 y o — aarnensis CGNCC 4.1607
- 7215. olivoviridis CGMCC 4.17397 h S. mutomycini CGMCC 4.17477 . griseobrunneys 387
L 83 15, atroolivaceus CGMCC 4.1405" 3 « [ 5. atroolivaceus CGMCC 4.14057 Strain W25 26
- s, mutomycini CGMCC 4.17477 o * S. olivoviridis CGMCC 4.17397 I Strain Cald 193 0
m . finlayi CGMCC 4.14367 ) . finlayi CGMCC 4.14367 Strain ch2 DDH<70%
62 5. griseobrunneus CGMCC 4.18387 S. nitrosporeus CGMCC 4.19737 2 Strain ch247
. " — S. scabiei 87.22 _‘ES. uverm::ﬁ:‘is MA-46807 L ATCC 33331
————— 5. avermitilis MA-46807 \Y L * S. scabiei 87.22 IV _[
S. coelicolor A3(2) P, % S. coelicolor A3(2) Z CGMFC 4.186 .
+ [~ . griseoplanus NRRL B-3064" | ; + |S. griseoplanus NRRL B-3064" ) 4[ S. gr {seop.lanus NRRL B-3064
90 L——, griseoplanus NRRL_ISP 50097 10015, griseoplanus NRRL_I15P 50097 | ¥ S. griseoplanus NRRL_ISP 50097
J - J
0m 0.01
16S tree 5-gene MLSA tree 49-phenotype clustering

¢ MLSAREERGEIRBIEE S XFNDDHAYSTH

Syst Appl Microbiol, 2013
Method Microbiol, 2014
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L ‘ Different Species Transition Zone A True Species § N
100 + 8A A
y = 4,47257x — 357.914 A A :2‘
R? = 0.783227 ‘A
90 4 A A
Methanococcus maripaludis A
i; A A
80 - y
A ‘i A
‘4
70 5 *A‘L A
] /2 2 ) E. cali/
= \ ) Shigella spp.
60 - o, A T
lac‘
o,
s,
50 /gq\:qy
S‘J?\?]S
40
30
20 ¢ i
‘ &
104 Thermotoga spp. MSB8 vs RKU-1
0 ! T ' ' T * T * * * ! |
80.00 85.00 90.00 95.00 100.00
ANImM (%)

Shifting the genomic gold standard for the prokaryotic species

definition. PNAS, 2009.

2 EFABFTMATFRZEDNIHRE

4 Genome-based average nucleotide identity (ANI) 5SDDHEZ%¥1H>X, ANI=95-96%

A XD EAERSCHM; BAERSANI>96%AIEE16SIREIE>98.65%,

100.0- m Intraspecies

M [nterspecies
M [ntragenus

)

©
©
o

99.0-
98.5
98.0

97.51

16S rRNA gene sequence similarity (%

©
P
o

96.5-

L 97%

_ 95%] 96%

90 95 100

Towards a taxonomic coherence between ANI and

16S ... IJSEM, 2014.
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GTDB Browsers -~ - Downloads Statistics - Forum [7; Help All Fields w Advanced

*** GTDB Release 214.1 is now available 8 download files ***

€ The GTDB taxonomy is
based on genome trees

inferred using FastTree from BACTEREY S 22)

SPECIES 80,789 Australian
Centre for

an aligned concatenated set I T 5.1 52 Ecogenomics
H ORDER 1,624
of 120 single copy marker A
PHYLUM @ 161

proteins for Bacteria Welcome to GTDB
(bac120),

*** GTDB-Tk has been updated to use the R214 taxonomy from v2.3.0 ***

¢ and with |Q-TREE from a GENUME TAXUNUMY DATABASE

concatenated set of 53 or

402,709 genomes

122 marker proteins for )
Release 08-RS214 (28th April 2023)
Archaea. 20 @ PHYLUM
60 [ CLASS
148 [l ORDER
508 [ FAMILY

https://gtdb.ecogenomic.org/ % THE UNIVERSITY 1,586 I G\US
OF QUEENSLAND 4,416 I S CIES

AUSTRALIA ARCHAEA (7.777)

Nat Biotechnol, 2018



http://www.microbesonline.org/fasttree/
http://www.iqtree.org/
https://gtdb.ecogenomic.org/

BEF2BEEHFIINRZENRADRFES--TYGS

TYPE (STRAIN) - psmz DSMZ,.)

N
TYGS is the successor of N Mz )
the popular Genome-to- GENOME SERVER ~7 Digital Diversity ../

Genome Distance
Calculator

is a user-friendly high-
throughput web server
for genome-based

prokaryote taxonomy

is connected to a

large, continuously
growing database of
genomic, taxonomic and
nomenclatural information

is highly interconnected with
the LPSN database and
depends on its expert-
curated nomenclatural data

provides a multitude of
tailored results.

https://tygs.dsmz.de/

gound  FAQ |
= ‘\\

A »
Enhance speciesxd€Seriptions ™ #
Cusing TYGS, ™~

Gg;nome-bésed phylogenies with branch suppert,
(sub-)species delineation via digital DDH, differen{‘,es;lh
genomic G+C content and much more.

b

Submit your job }

Benefit from a comprehensive, conuR:ously growing
database of cur«r‘ggtlxgg_?ﬂl type strain genomes.

=

Nat Commun, 2019; Nucleic Acids Res, 2022


https://tygs.dsmz.de/

BEHFRIINREEDR R RES--TYGS

Interactive exploration
or download of results

Quick and easy upload
of genome sequence

Results can easily be
shared among
g orator
unique we

data or accession IDs

ok valdation et | Genome-
’ pand based r notification once
i taxonomy results are ready
of microbes

TYGS

The Type (Strain)
Genome Server

by Leibniz Institute DSMZ

Microbial taxonomy is increasingly influenced by
genome-based computational methods. Yet such
analyses can be complex and require expert know-
ledge. Here we introduce TYGS, the Type (Strain}
genome Server, a user-friendly high-throughput
web server for genome-based prokaryote taxono-
my, connected to a large, continuously growing
database of genomic, taxonomic and nomencla-
tural information.

=== e=e

Example of E. coli dataset

Subspecies cluster

'Escherichia coli 1AI39' (CU928164)

'Escherichia coli SMS-3-5' (CPO00970)

*Escherichia coli MS 21-1' (ADTR0O1000001-ADTR01000540)
'Escherichia coli H299' (ADBC01000001-ADBC01000229)
'Escherichia coli 588" (CU928161)

Escherichia coli DSM 30083

- 'Escherichia coli str. 'clone D i14" (CP002212)

'Escherichia coli str. 'clone D i2" (CP002211)

- 'Escherichia coli MS 200-1" (ADUC01000001-ADUC01000445)
Shigella sonnei ATCC 29930

Shigella flexneri ATCC 29903

Shigella boydii ATCC 8700

'Escherichia coli str. K-12 substr. W3110' (AP009048)

- 'Escherichia coli O157:H7 str. EC4501' (ABHT01000001-ABHT01000250)
'Escherichia coli 0157:H7 str. Sakai' (BA000007)

'Shigella dysenteriae Sd197" (CPO00034)

- Shigella dysenteriae ATCC 13313

‘Escherichia sp. TW09308' (AEME00000000)

Escherichia marmotae HT073016

‘Escherichia albertii TW07627" (ABKX01000001-ABKX01000064)

Escherichia albertii NBRC 107761

'Escherichia fergusonii ATCC 35469 (CU928158)
- Escherichia fergusonii ATCC 35469

‘Escherichia fergusonii ECD227' (CM001142)
Salmonella bongori NCTC 12419

Salmonella typhimurium JCM 1652

Salmonella typhimurium ATCC 13311

Citation: Meier-Kolthoff JP, Goker M. TYGS is an
automated high-throughput platform for state-of-the-
art genome-based taxonomy. Nat Commun. 2019 (in
press); DOL 10.1038/541467-019-10210-3

https://tygs.dsmz.de

- Salmonella enterica LT2

- Salmenella choleraesuis DSM 14846
Salmonella typhi NCTC 8385

Salmenella enterica subsp. arizonae NCTC 8297
- Citrobacter diversus NCTC 10849

- Levinea malonatica NCTC 10810

.
[
=
wv
=
o
w1
@
o
3
o
%]
rrrrrrrrrrrrr 'Escherichia coli UMNO026' (CU928163)
'Escherichia coli MS 198-1' (ADTJ01000001-ADTJ01000564)
- 'Escherichia coli TA143' (ADAY01000001-ADAY01000168)
'Escherichia coli MS 69-1' (ADTP01000001-ADTP01000425)

- Citrobacter koseri NCTC 10786
Citrobacter amalonaticus NCTC 10805

| 'Shimwellia blattae DSM 4481 = NBRC 105725 (CP001560)

1001 Shimwellia blattae DSM 4481
--- Cronobacter sakazakii NBRC 102416
100 --- Cronobacter malonaticus LMG 23826
9 ---- Cronobacter muytjensii ATCC 51329

100 -- Cronobacter condimenti 1330

- Enterobacter cloacae ATCC 13047

,,,,,,, Pseud faecalis DSM 27453 I

- 'Atlantibacter hermannii NBRC 105704’ (BAFF01000001-BAFF01000044)

- -+ Skermanella stibiiresistens SB22
- Kosakonia oryzendophytica REICA_082

- Kosakonia sacchari SP1

Escherichia hermannii NCTC 12129

Percent G+C

[ delta statistics

EEEEN

Genome size (in bp)

Protein count
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Dependencies between the TYGS and LPSN databases

a0 n® e n® e
6 Ol G T Ol ch T Ol
Ipsn.dsmz.de tygs.dsmz.de ggdc.dsmz.de

LPS

TYGS
replaces
GGDC!

Note: GGDC recommended
only for legacy use!

LPSN

.dsmz.de

Single-gene

phylogeny
server

Databases

data sharing

I

I

I

I

I

I

I

I

| LPSN |
| database

| J
I

I

I

]

trigger -

|
|
|
|
|
|
|
|
|
|
|
4
|
|
I
T h—— job - \

LPSN database

names of genera and higher
taxa

names of taxa without genome
sequence

TYGS database

J |

A
homotypic synonyms

taxon names genome sequences

proteins

16S rRNA gene sequences

strain deposits

taxonomy across all categories

shared references genome-based GBDP distances

etymologies

| shared | proteome-based GBDP distances
heterotypic synonyms | content |

I for genome- ! ;

I I 165 rRNA gene GBDP distances
references for all taxon names | sequenced | g

i strains and : . I

I - ies ! enome-scale, proteome-scale
emendations and references L(_SBP_)_SEEELEEJ gnd 16S rRNA gpene sequence

phylogenies

taxonomic notes

dDDH values
INSDC accession numbers

type-based (sub-)species

original 16S rRNA genes from clusters

species descriptions
(downloadable)

Mash distances

strain- or genus-specific outward
links to other databases (e.g.
TYGS, BacDive)

temporarily stored job
related data




B AR RRZENRR(LPSN)

.dsm§de Search taxonomy Q
€ The List of Prokaryotic . ) .
names with Standing in Species Bacillus amylo[yt[cus aparent «siblings» childrenv
Nomenclature (L PSN) Browse by rank ® Name: Bacillus amylolyticus (ex Choukévitch 1911) Nakamura 1984
provides comprehensive ® Category: Species
i i Advanced search
information on Subscribe @ Proposed as: sp. nov., nom. rev.
the nomenclature of o o .
Main ® Etymology: amy.loly’ ti.cus. Gr. neut. n. amylen, starch; Gr. masc. adj. /ytikgs, dissolving; N.L. masc. adj.
prokaryotes and much amylelyticus, dissolving starch
Navigation
maore. Nomenclature ® Gender: masculine
€® LPSN is afree to use Etymology ® Type strain: ATCC 9995; DSM 11730; DSM 11747, DSM 15211; DSM 3034; NRRL B-377; NRRL NRS-290
service founded by Jean Collections ® See detailed strain information at BacDive
Copyright

P. Euzéby in 1997 and o ® Conduct genome-based taxonomy at JINALES

later on maintained by - ® 16S rRNA gene: D85396 Analyse-[  FASTAh  SA%ENA  SNCBI
Aidan C. Parte.

Contact ® Valid publication: Nakamura LK. Bacillus amylolyticus sp. nov., nom. rev., Bacillus /autus sp. nov., nom. rev.,
Statistics Bacillus pabulisp. nov., nom. rev., and Bacillus validus sp. nov., nom. rev. Int. J. Syst. Bacteriol. 1984; 34:224-
https://lpsn.dsmz.de/ Downloads 226. §

® Nomenclatural status: validly published under the ICNP

/£
L5
@ Taxonomic status: synonym

Correct name: | Paenibacillus amylolyticus (Nakamura 1984 ex Choukévitch 1911) Ash et a/. 1994

International Committee on
Systematics of Prokaryotes

@ Risk group: 1



https://lpsn.dsmz.de/
https://lpsn.dsmz.de/text/introduction
https://lpsn.dsmz.de/text/nomenclature
https://lpsn.dsmz.de/text/acknowledgements

B AR RRZENRR(LPSN)

| LPSN Search taxonomy Q

.dsmz.de

Phylum "Actinobacteria’ aparent «siblings»  childreny

Browse by rank ® Name: "Actinobacteria" Goodfellow 2012

® Category: Phylum

Advanced search
@ Proposed as: phyl. nov.

Subscribe

Mai ® Etymology: Ac.ti.no.bac.te’ ri.a. Gr. fem. n. gktis.(gen..aktinos), a ray, beam; N.L. neut. n. bacterium, a rod; N.L. neut. pl.
n. bacterig, plural of bacterium; N.L. neut. pl. n. Actinobacteria, actinomycete bacteria with diverse morphologies

Navigation

Nomenclature @ Gender: neuter

Etymology ® Type order: | Actinomycetales Buchanan 1917 (Approved Lists 1980)

Collec.tlons @ Original publication: Goodfellow M. Phylum XXVI. Actinobacteria phyl. nov. /n: Goodfellow M, Kampfer P, H.-J. B,
Copyright Trujillo ME, Suzuki K, Ludwig W, Whitman WB (eds), Bergey's Manual of Systematic Bacteriology, second edition, vol. 5,
FAQ Springer, New York, 2012, p. 33-34. d

Submit ® Nomenclatural status: not validly published

Contact

® Taxonomic status: synonym (and no standing)
Statistics

Downloads Correct name: | Actinomycetota Goodfellow 2021




TAXONOMIC NOTE
Oren and Garrity, Int. J. Syst. Evol. Microbiol. 20271:71:005056

',‘ MICROBIOLOGY
s SOCIETY

DOl 10.1099/ijsem.0.005056

Valid publication of the names of forty-two phyla of prokaryotes

Aharon Oren'* and George M. Garrity?*

Abstract

After the International Committee on Systematics of Prokaryotes (ICSP) had voted to include the rank of phylum in the rules
of the International Code of Nomenclature of Prokaryotes (ICNP), and following publication of the decision in the [JSEM, we
here present names and formal descriptions of 42 phyla to effect valid publication of their names, based on genera as the

nomenclatural types.

'The rules of the current version of the International Code of
Nomenclature of Prokaryotes (ICNP) (2008 Revision) [1] do
not include the rank of phylum. Following the publication of
proposals to include the rank of phylum in the rules of the
ICNP [2, 3], the members of the International Committee
on Systematics of Prokaryotes (ICSP) have voted on these
proposals in February 2021 [4]. The majority of the voting
members were in favour of including the rank of phylum
under the rules of the ICNP, using the ending -ota for phy-
lum names that must be based on the name of a genus as its
nomenclatural type. The Judicial Commission of the ICSP
can make exceptions and conserve extensively used names

Type genus: Acidobacterium Kishimoto et al. 1991.

ACTINOMYCETOTA CORRIG. PHYL. NOV.
(Ac.ti.no.my.ce.to'ta. N.L. masc. n. Actinomyces, type genus of
the phylum; -ota, ending to denote a phylum; N.L. pl. neut. n.
Actinomycetota, the Actinomyces phylum)

The properties of the taxon are as described by Goodfellow
2012 [7]. Correction of the effectively published synonym:
Actinobacteria (sic) Goodfellow 2012.

Type genus: Actinomyces Harz 1877 (Approved Lists 1980).



COMMENT

'.) Check for updates

Science depends on homenclature,
but nomenclature is not science

Karen G. Lloyd

The International Committee on Systematics of Prokaryotes (ICSP) has recently altered
long-standing phylum names and given no guidance for taxonomy of uncultured or imperfectly
cultured archaea and bacteria, disrupting progress towards a universal system of microbial
taxonomy. Inclusion of new members into ICSP may help it to keep up to date.
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ICSP response to ‘Science depends
on nomenclature, but nomenclature

IS not science’

lain C. Sutcliffe

The Executive Board of the International
Committee on Systematics of Prokaryotes
(ICSP) read with much interest the recent
comment by Lloyd and Tahon (Science
depends on nomenclature, but nomencla-
ture is not science. Nat. Rev. Microbiol. 20,
123-124 (2022))". The authors raise various
criticisms of recent ICSP activities to which we
respond here.

. David R. Arahal, Markus Goker and Aharon Oren

to adopt, although experience suggests that
the scientific community will rapidly adjust.
Similarly, how names are listed in databases is
a matter of choice for their curators (although
ICSP naturally encourages the use of correct
names, as defined in the ICNP?).

In addition, Lloyd and Tahon' take issue
with the ICSP decision in 2020 (by 17 votes
to 6) to reject proposals to accept DNA

Nat Rev Microbiol, 2022, 20,249-250
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@ Biological Species Concept (BSC): a species concept based on
restricted gene flow.
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- Mutation

- Genetic drift

- Gene flow (Migration) iﬁﬁ 1

- Natural selection
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Effects of horizontal gene transfer and subsequent fates of prokaryotic populations
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@ PopCOGenT

Populations as clusters of
gene transfer

https://github.com/philarevalo/PopCOGenT

(* Microbiology Graduate Program, MIT)

Cell 2019

A Reverse Ecology Approach Based on a Biological
Definition of Microbial Populations
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In Brief

Defining bacterial populations by
examining recent horizontal gene transfer
events illuminates ecologically
meaningful interspecies relationships in
the environment and in the human
microbiome.


https://github.com/philarevalo/PopCOGenT

PopCOGenT Amount of gene exchange should be reflected
In fraction of identical genome windows
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Null model of mutation distribution: identical regions
between genomes should be exponentially distributed
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Fraction genome alignment (%)

100

80

60

40

20

Method accurately identifies gene flow

o

) 10
=== Clonal ® Clonal
—— Recombinogenic 104 I Recombinogenic

\\ === Null expectation

Length bias, B

10
10"
0 10 20 30 40 0 1 2 3 4 5
Normalized identical Genome size, G (Mbp)
region size (divergence * length)
B Buchnera aphidicola B Salmonella enterica (recombinogenic)
I Francisella tularensis B Sulfolobus islandicus
B Corynebacterium pseudotuberculosis Vibrio cyclitrophicus

B Salmonella enterica (clonal)

Clonal bacteria conform to the null model and sum squared
difference between curves can estimate gene flow

Cell, 2019



S EYMERHAFTMEH

MERESE B ESE
(Streptomyces albidoflavus) (Streptomyces olivaceus)
o FFEEER. VT EBRSTHIE  F=4Tetroazolemycis.
L EYIIR ; Lobophorin, Bafilomycin AZ;
- EHRRREE—"ERIIZRERE - [FRRETHEE. RS
BEEEH--CRFIMESEMEE. . 3783, ANI >96.93%

- 41%@E, ANI >98.15%

ERDER:
I&®E &F BER
S MIR




e

ESEBREER TR BHMREEE

- " NBRC 13083
A D62 B CR13
NBRC 13083 i 100 NBRC 12790
CGMCC 4.1677 100 CGMCC 4.1677
C ¢ e Accessory- 2 _
ore-genome tree e | et
11074 | genome tree :
CGMCC 4.1681 ; NBRC 100770
DSM 404557 B L — DsM404557 ()
Hataae NBRC 100770 oo FXJ8.011 y
S. wadayamensis' A23 7 lod FXJ8.008 o -~
FXJB.011 . CGMCC 4.1681
L FxJg.008 L— Jo74 IE
+104/-84 CR13 — 5. wadayamensis' A23
r.288 LaPpAH-202 _ o CR16 () 9
CR19 o CR15 R —
CNY228 ol Ma1
Ma24 wo—— CR10
+20/-600 FXJe.189 CR47 5. wadayamensis’ A23
1048028 16,597) CGMCC 4.1615 100 CR33 [
ir.176) FXJ8.031 L CR2Z5 F
— CR46 w Ma24 ¢
s4 =2 o LaPpAH-202
Ma1 L s CR19
CR16 w CNY228
CR15 o CGMCC 4.1615
— 421283 CR25 i 10 wo | 9 FXJB.031
(8,935 CR33 CR46
CR4T FXJ6.189
CR10 s4
SCAZ-2 SCA2-2 w2} — 2
p—— T L a g & ERRRAI="0EE:
Tree scale: D.01 H PVA 94-07 GBA 94-10
UIS [)1.4 'I}I.2 UIU
C . 1, Il
I 1] ° °
1.00 —
Structure plot L = - NP .
o B - . & HRAER
_— L]
0.60
= Free-living
0.20
o0 I . L Insect-associated
(w) m m m z 2 =2 - ) m m
R EEEEE R E R x X
= = ME=Egee JA DA = = S > o
O 0 2 Br oo 00 0R OR LB
oo 2R 28= D hoe O 8«
=2 cg 7 S3dg3 2 ”
> o - -4 o W % > . . . .
S ° 2 & Li et al. Appl Environ Microbiol, 2019
2
P



MEHESE

HIEIREEZEBINE

©p/6: mean, 3.36; median, 2.42

CNY228
aPpAH
FXJ6.189
FXJ8.031
FXJ8.011 CGMCC 4.1615
FXJ8.008
DSM 40233
DSM 404557 D62
NBRC 100770
NBRC 13083
CGMCC 4.1681
J1074  FXJ2.339 ceMmce 4.1677
NBRC 12790

‘S. wadayamensis' A23

Phylogenetic network

Clade |
56,528 8,707
86,308 6,443
11,721
Clade Il . Clade Il
8,605

Diagram of interclade recombination



Rl
i
i
=
e
K
o
HIR
.
IS
M
2
=
O

LR SN

i
TEBG AN
LEES AN
0200 _IsEnD
G205 IS
BZEG AN

e | |
AEOE_IEEnD

L300 IHAND

o
=
>

Free-l

CGMCC 4 1581
Do 40455
NBERC 100770

¢ 226 N 5EIRH

RHIFIIEE

P 84407

5
k-
3
o
@
=4
T
<
p=i
g
=
o
&
=
i
=

I sialic acid catabolism

Arabinoxylan hydrolysis

donate catabolism

L-i

B Gas vesicle biosynthesis

Clade 1
53
‘

Clade Il
All habitat-associated OGs

0525 _=ErD
£ETY_MEND
AwlgT e
gBES_EnD
Arlg_S=nD
2609 SN
20050

GEEG_ssnd
Lgpg s
HZ29_MEnD

LZRETANEND

ol
CrEg_AEnD
ZZEY MEND
2NN
LZLT_ SN
9E55_SI=n)
GEGG MEnD
GG e

2
LSEg MEnd
EEOSTEND
BEGS_SWEnD
e ]
LBS9_MiEn]

ogeg_=y=ri
1555 A
GGHE_ SN
0085 Eng
ZZES_ANEND

%

Ean] |
] |
LBEG_ SN
a0pa_aiEn]
s |
Q5EE e
2

2
LZRGT N
HZES_ S0
SZLg_sNsng
PEED MEND
GEEEANSN]
SEGS SEnD
PEES_ SN

0

Z2ES_ENID
126NN
2025 A
A00S_ ST
sris =End

Entomic

[ROLE

PWA 94-07

Transcriptional regulator

[ ] E;Et‘g dacid desaturase asso- [l Aminc acid metabolism Ml Griseobactin biosynthesis [l Cobalt transport system

Carbohydrate transport and

u me‘tahorism



FIEEXMEERmRERTEENIIEE

A W R R > R AR

FeAan liviiin A~ . hb‘—A A_A_A Ad AA‘A A‘ “
Free-living Entomic 100051AU
I Exs2339 comcc4.1677! | Mat CR10 CR15 ! 1 Ferrioxamine B

1% N-acetylneuraminic acid

Entomic Free-living

CR10 CR25 I DSM 40233 FXJ2.339| Blank

3
Rl e

No carbon source

—

Absorbance/mAU
o
s

00 50 100 150 200  'mn
Retention time/ min

Desferrioxamine B #9481

griseobactin biosynthetic gene cluster Cobalt transport system

(1 Kby
I NRPS/NRPS related [l DHBA biosynthesis [l Siderophore export [l Siderophore uptake/utilization
Cobalt transporter Hypothetical protein [ Unrelated and conserved

Li et al. Appl Environ Microbiol, 2019



FIRHEHKRAISNPSIZAERAS . ST EHTH

€ SSNPs: 169,594 ; 415K SNPs: 6,511 (3.8%)
¢ 5NEESIERXE: gene-specific sweeps

Region 4:
9 4.0+ gvpYZJF
¥ Region 2: /
o . g
Z Region 1: Peptidase family M48 +
w Polyketide cylcase/dehydrase
5304 \
9
©
O -
o Region 3:
? kefB Region 5:
P 20- \ }/IFS transporter
©
O
L +
o
o) i
o
2 104
o i
Pany
= -
(]C) Il hH’A h‘i h !“ ﬂn, ﬂll”n*q 1 ; | lh.lll.\l | A AT T :h Ll”u.‘ “ il Ll | ANV
Q 0 0 Ll i Ll W 1'|.'l‘ ‘ LA "T ’ ' \J 1. 1\1II " |"’ ‘ Illﬂ!r \ f LM n |l' |m'?FH in f
I L] I L) I L] I L] l L] I L] I 1 I 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Position (Mb)

Li et al. Appl Environ Microbiol, 2019



MERESEC TR

¢ —HINSBEHEFNERS
BENIE, SEERED,

¢ ERH— P EE 7 EARSENMESN,

¢ M IIEEHANTEHE, B3R5k, 27X Il AJREEH DL
I EIEN B RESHIFTIM,

RREEXNEETMR, BRER

:' """"""""""""
I . ]
1.00 1
[
[
0.80
SC8
SC7 [}'6(}
ray Zone SC6 —
(1 vs. 2 species, D 4& I
/I: SC3 0.20
Streptomyces v
. SC1
0.00
albidoflavus T EEEEEET Y a— !
O @ 0D 0w X X X 2 DD @ e Z > X 1
= = MEEZI/ Ee O AAD sz < 5 & i
O 0 nhmbmhnﬁﬁfﬂlﬁf\l : i
+ ) [l ] M = O
O O SRERE882 283210 3 2 i
L o o © S N o als 1
o w ~ 0w @ S R I
- = = -~ O w 3ITH




BN ESENRARE SRS

¢ FERFA MRS, AR THGER, SERIMIEEERERTRIN,

w~ Oy
A w §,§" &
ibuting genomes -n 3 el S -
A " % T ({'\' e
CCessory genome T oRwe XoWwy
7358 genes A-\-f_t e _‘Lﬁf
He%e5/
359 t/;‘o = wm‘
A bl
F, TN\ e
kd‘s-'o_g \r
«h;?_\q P,
FXa7.129 3
\h‘ ?;;f;mm ' ;_f"' > T e ee -
genes h ¢
j}  Free-living @ Insect-associated
R8
:]} MM1-13 o7 ; ke
FXJS.‘lD"Mﬁ 1
2000 o
Singleton gene clusters FY‘J W‘h 3‘6‘0 *
o
: 1 - @
1] | 4
lul!,'lulil [ | p ol I =
ATl M [ | +20 o f =
T ‘F§FfT O Bg °
gy ¥ S 2 - CR27
2 3 .
- o g 3
%
Cgeq
Tree scale: 0.001 +— or-'g, A

Core genome
5591 genes

LR F LTI FLPPLLP PSP NI PP PP R P PR LGP
& @*@\"‘N PR K R IR S SR S St R R R R RO T o B e LR
PO T O EE LT OO E TN
NS



fHin Bt SRR FIRRT

A
MM1-7, MM1-13, FXJ2.409, Clade FL Clade |A
| FXJ8.012, FXJ8.101
CGMCC
CR?, 413697
Xian20 CR12 o
FXJ2.420 1,073,249 ‘93
(233 o
[
il b3
-
CR24 CR18
+: CR22’ 13,902 (24)
@,) )
- 2,977 (6)
[/ CGMCC 4.13697 i CR27 ’
FXJ2.411,
FXJ2.410
FxJ2.417, CR3
FXJ2.418 O \ 220
CR8 128,501 (5)
’ 944 3,133
. . . 93 T :
Eﬁﬁggé Eﬁjégg? N Isolation source 2 4) (10}
MM5-2, FXJ8.063, FXJ8.008, ,
FXJ7.023,FXJ7.105, FXJ6.020 Insect-associated
A. contemporary recombination pattern identified by PopCOGenT

B. Diagram of recombination identified by fastGEAR

> BRAEREEKFHEERETERE, BRXSHEHEMAMELENY,
> IBREEEFEERMERS.

Wang et al. mBio, 2022



i BT S R

RYEEET

Signal transduction histidine kinase

Phosphatase
g ~u

OEEH
RIS

.|L|I| .H;. i \.“ |

A [kl il
VPR TR [n L VT TN T

A A I| J | e, Mg | .Lhu Al fyl hh N lJA |I|‘. | Lﬁﬂ
LA L T R TV L RNl | T R UL LR K

O Dimorphic SNP @
counts

W FL

ABC transporter (ferric hydroxamate transport system) T1PKS- NRPS/SapB BGC HA

-<=Thiopeptide BGC

N
o

Habitat specific
genes counts

-
o

a-L-Rhamnosidase
«~nan cluster

i Lo L

DFOB BGC Pullulanase

——l i e el _n

m B

L L

* M MG RIBIE~4

J._J__ 1

Position in S. olivaceus KLBMP 5084 core genome (Mp)

B

2

0
PC1 (56.97%)

3

5

TRMB81-6

CGMCC 4.13697
FXJ2.420

xian7

xian20

FXJ2.418

F—}( I/ 4 7 1.00

FXJS q 2
FX.
FXJ2 d(]‘-]

EFEBS W

DIREEEFNMIE
ERRISH

Wang et al. mBio, 2022



IR RN ESRE X = E B3 RIS

0.008

0.006

0.004

Phylogenetic distance

0.002

0.000

¢ BREEEKR:. EAKBIEEIITEIEEZBALEEBXE , BREMIR
RERI SAZIRS!;

¢ TEEN: RRARBIEBESEIRRBEREHRX( =0.935, P<0.001), M
SRR EIITTR.

0.0201

0.020 L
FL isolates only All isolates . ;Zm:rl.ajjdz:
2= -0. R2=0.47 . °
§=0045?g;187 s P< 323.9165 i - 2°s - Within clade IA
i ! .
% s =2 s
o °4 0013 J 0 00157 o o
I}
» 0] %
P - % 2
g * ool . Z 0010 o
o L = 0.0101 r=-0.02749, P = 0.5809
d (1] L ° o
g o)
o g ()] o,
= 0.005 L IR
o .I:
T 0.005] S.J.. PR
...ﬂ a W
L]
0.000
e ® » SeEESe © 0 - 0.000] esrcmm e " 3
5.0 55 6.0 65 70 5.0 55 6.0 6.5 7.0 0 20 40 60 80
log(geographic distance (m)) Difference of latitude (°)

log(geographic distance (m))



B B/ ERSRAVTIREER (%)

IR oo A CisY

A ﬂa‘f‘e ﬂ“\,\ 'a“s \"'L?' ABC transpor’ter v [_] Conserved protein
FL < L r><::< <:I_<::H )|:>| ):>I ,X‘ r [] Regulator

g A _(1 ' k}il >(,1 ] [ sialic acid catabolism
g ST RS S —
‘o B ABC transporterl 6956 685P‘ 6656 6350 deg\} Il Desferrioxamine B biosynthesis
= T e e SPZC o e e & e e S e G L L
L N N : 1 pululanase
8 1A J\::H:D-I:}II rl rl '3'| r)‘c:H )‘ 4 ‘<::H::>'|::]_|x_|)‘|_l)'|_l} y '::]:}:w:} [[] Thiopeptide biosynthesis
—
8 N ABC transporter ABC transporter [ Lanthipeptide biosynthesis
193] L 2 i i
& c g %‘_Eﬁ&j(,f ’lﬁé"w.] B&%ﬁz P\‘ao Mal ABC transnorte = a\?‘ [[T] T1PKS-NRPS biosynthesis

fL ' Twin-arginine translocation signal //// L__1 T1PKS-NRPS biosynthesis (not clade-specific)
: :i: :‘,domain-containing protein : : :: : : : : :
A A A
A X K — e | 3 E:)(;k (= I-(:ZICZK::HZ}

)
a-L-Rhamnosidase Glycosyl hydrolase Puy -4 Gy,
YOS oMY l3se f“"ana gt ’6‘89 “cosm

5 kbp

D Thiopeptide
FLAHIE ) S e e ) e —— o
A ) - WRAK. EZBE-BK. FEFMRENSH

T1PKS-NRPS

L N L N Y 0 e . 0 S N 1) O 1 0 N O o S N | G G (O
A ) ) (- e H

Lanthipeptide (SapB) Wang et al. mBio, 2022

Secondary Metabolism
m



FIRERBEERRED

¢ FEHREZRIFHT, BERIERIBHETEREEESHESE (fitness)

* AMEREAREE THESERBEZXS], MmEREFIFERMNATLURGTX
PRMER, FEDHELEREER

B3 FL
*p < 0.05; **p < 0.01; ***p < 0.001 E3 Tropic
1A E3 Subtropical
*
0.100 4 - 0.8392 [— 0.2764
1 0.06255 0.4354
U — g ' 01004 91475 0.6674 [ 1 |
= T —_ ————1 f
f | gl é |
£ E
©0.0754 5
3 T 2 0.0754
< J_ >
()]
9 T 0.1169 1 L Q 0.0582
<  — = —
o S *okk £ 'm‘ 0.0541 -
+0.050 0.145 — 8 0.050 —
< E
ES 3]
: ; A : = =
; - & e
0.025+ T i ,
= J 0.000 T T T T T T
Glucose Glucose Glucose Glucose Sialic acid Glycogen Amylopectin
0.000 +e—o—. 28°C 28°C 16°C 35°C 28°C 28°C 28°C

. Glucose ' Glucose I Glucose I Glucose I Sialic acid | Glycogen | Amylopectin DIP (200 pM)
28°C 28°C 16°C 35°C 28°C 28°C 28°C
DIP (200 pM) | Y J _
Wang et al. mBio, 2022



Hii B S E E 7okl

ITHRRIYDRRFIZ Y
o EEENMIRE, MIEAREIOERE

HRE, o T EEKRREYIRIRE
SRZAEHIEEDS L,
& MEFToAE AL

=i 8f0EiE, MMmEE T ellZEE
ST IR ;

| TLL

1L 34—
g % Tree scale —
I {2, b S /\ o * Y - :if
BB R EIET M LR WS
‘ *ﬁ&7m Lﬂ. \FIEI o Q%‘.%:a%» ,;%9% - 3 :jj 5 4 & Q,{}";‘ {\@
% i =
qg%,;%_?’% “oa, ’25),\ =3 = %:k (\,,b@ ‘«}9’
%%“’%, ’%‘Q J"":}» A u\*"@ ot o
T i
Bl - ST «
&%W% J _a“’ ’“gﬂnsls\'\"w
C 1545 5. koY
Cwmm
5 RC 15399 i ( ﬂ-’-B)
Aotaceorubidus NRRL B-16381"
sce ardesiacus N 15402" | . uncialis DCAZE4
‘ sz.p,mm 5620
S. olivaceus  oyzom 5NN IN v,
s. 2 species) Fr Q) A& m‘*i’.;)
U 5-5.00\6‘ : ‘b%
“\560'&—9 cp"ipk . . > %5%9 Shy
“\9%\ ‘Qﬁ(\é p 45%)’ -"i’e‘ve C00g
P 7 S 5, %%:)’@% -
M i:”@ eq;\ § 2 %%b‘i )
= 2
X 6
¥ T e
Wang et al. mBio, 2022




DR PR E

& I RRYSERREY
TAE M ZHIE BRSNS MM R EERERIRIEHRHK

Diversity Space

- - Species boundaries
' Species population

® Individuals
A | aan | HGT event leading to
N Vo3e®, formation of chlmeras

Palmer et al. Syst Appl Microbiol, 2019



NSFC



	原核生物系统学与物种形成
	        系统学 (Systematics)
	原核生物分类命名百年历程
	16S rRNA基因对一些原核物种的分辨率不足
	多位点序列分析(MLSA)有效区分原核物种
	多位点序列分析(MLSA)有效区分原核物种
	链霉菌的同源重组和网状进化
	全基因组序列应用于原核生物物种界定
	基于全基因组序列的原核生物系统分类平台--GTDB
	基于全基因组序列的原核生物系统分类平台--TYGS
	基于全基因组序列的原核生物系统分类平台--TYGS
	基于全基因组序列的原核生物系统分类平台--TYGS
	具有命名法地位的原核生物名录(LPSN)
	具有命名法地位的原核生物名录(LPSN)
	原核生物名称的有效发表
	幻灯片编号 16
	原核生物分类命名百年历程
	物种是什么？
	微生物微进化
	基因交流的结果
	什么决定了物种的多样性？
	原核生物物种形成的阶段
	群体遗传学与群体基因组学
	研究群体基因组学的工具
	幻灯片编号 25
	幻灯片编号 26
	链霉菌物种形成研究材料
	微黄白链霉菌基因组系统发育和种群结构
	微黄白链霉菌的同源重组较频繁
	GWAS揭示生境相关的附属基因
	生境相关附属基因带来差异性适应功能
	生境相关的SNPs形成基因组岛：生态分歧进行中
	微黄白链霉菌处于物种形成后期
	橄榄色链霉菌的系统发育与种群结构
	橄榄色链霉菌的基因交流模式
	橄榄色链霉菌的基因组分化
	地理隔离和生态隔离对基因组分化的贡献
	谱系/生境特异的功能基因(簇)
	生境相关的生理特征分化
	橄榄色链霉菌已完成近期的物种形成
	微生物物种形成模型
	幻灯片编号 42

