* TRy PRRE iMeta
BRI Meta
MFcl, EFUNL, X221, ERA2, A yiyle, gl 4

a2
2 [ R 2 B s A A S B AT ST R

Y ey e, ¥ A

: g SR ey

PR 5~ ¥ 1 Y S s ol B
s 7‘1)‘"'\ m.'!‘,a,"\-_f" rCQ "

- WiLEY "

Yang, Zi-Wen, Zheng- Han Lian, Lan Liu, Bao-Zhu Fang, Wen-Jun Li, and Jian-Yu Jiao. 2023. C

for prokaryotes from extreme environments. iMeta €123. https://doi.org/10.1002/im



https://doi.org/10.1002/imt2.3

® WAV e itk s MM EE . EWEm KK EmEA

. Cultivation-independent shotgun genomics ! = , Innovative methods for the isolation
Pre-genomic:era Targeted approaches for fnding new branches and cultivation of novel microorganisms

Next-generation sequencing \

Advanced analyses

ra
Large-scale assemblies of * K-mer < A
’ 2 ; + tRNA structure £ G %
= + Environmental nucleic sequence 7 N
S « Single cells lacking * Codon usage f P N S % ‘
< amplifable rRNA genes * Phylogeny i 4 g q g
XN o \ * Detection of non- b\ 1
gueae s canonical bases A &
e >
o / e % 4
; rRNA-based Shotgun  Single-cell Meta-  Single-molecule Single-molecule sequencing %, Ris ;«f«‘;\
Microscopy molecular taxonomy mats ; : : ; ‘ b % SN
stagenomics genomics transcriptomics sequencing of environmental nucleic acids e
MR e
) Future
Leeuwenhoek Woese A
Discovery of first bacterium  Discovery of first archaeon -
Imachi & Takai
e The first isolated Asgard archaeon \ -
1990 2015 ‘Candidatus Prometheoarchaeum syntrophicum’ A : ~
i amd model for eukaryogenesis o N In future
Woese Eukarya Spang & Ettema en e vog \
Three domains Bactera ‘Lokiarchaeota' as the bridge 2019 k- ek - g ., 2021 W
between prokaryotes and eukaryotes Williams & Embley Y TN : Liu & Li
a two-domains tree of life e e . Heimdallarchaeota-Wukongarchae

a branch more closer Euka

Edited based on the perspective paper published by Tanja and Edw



>IZIE IR R

(Tenericutes)

Bacteria

Parcubacteria

PVC

superphylum

Candidate
Phyla Radiation

Microgenomates

Major lineages with isolated representative: italics
Major lineage lacking isolated representative: ®

Archaea

Archoeoglobi

(Hug et al., Nature Microbiology, 2016)

Recovery of genomes from environmental samples

Total DNA

T~
S

DNA
extraction

=
5]
E
S
g
m

Environmental
samples

N 4

7]
5
®,
5
o
&
=
*

SSSELL/ Whole genome
@OO@

oD

Metagenomic
sequencing

and assembly

UOTORIXd VN

amplification

Draft genome*

AN

TN
S~

~——

Assembled scaffolds

f

ARPF AR E RS TR W) 285 F7 TR PR AE T T 34

Align to database

silvat

Marker genes*
psM —
mlF
mpmA =
pIE
psS -_—
others neane:

F
G

OTU Cll.lSte_I_'_

Sequence alignment

\I]DSM plF pmA plE  rpsS  others

Sequence alignment

D . G
Alignment |
. |y‘: u

sa30ds o],

o -

Concatenate

\rpsM mlF rpmA mplE rpsS others

Carbon metabolism

* Glycolysis
* TCA cycle

* Pyruvate oxidation
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Biofilms along the outflow of the alkaline spring Bison Pool in Yellowstone National Park

Phototrophic mat community
(5666 "C)

Transition community
(67 *C)

* Chloroflexi
* Cyanobacteria
= Protechacteria

* Deinecocouz-Thermuz
* Flanctomycetes

* Dominatad by rTCA eyele and rACF but
with increazsing CBB and 3-HP cycle

= Nitrogen fixation

« Sulfate redustion

® Lazz fTCA oyele and rACP
® Lezs nitrate and nitrite reduction

* Sulfide oxidation [Deinecoccus—Thermus)

Chemotrophic streamer
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* Crenarchasote
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Seils representing different states of thaw from the Alaske Peatland Experiment near Fairbanks, Alaska

Thermokarst bog Seasonally thawed active layer
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Proteins related to cold
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Salinity 13% Salinity 19% Salinity 33% Salinity 37%

- o - - - . - .
= Spiribacter = Spiribacter = Haloquadratum = Haloquadratum

= Oceanicola
= Roseovarius

= Oceanicola
= Salinlbacter

= Halorubrum

‘Salt-out’ strategy “m—

= Natronomonas

= Salinlbacter
= Nanosalina

ey ‘Salt-in’ strategy

Bacteriorhadopzin, sensary thodapsin end helarhedapsin

—
Proteorhodopsin
A —
Groundwaters from the Crystal Geyserin Utsh
Shallow groundwater Intermediate groundwater Deep groundwater

Diverse populstions (mestly CFR,
with a Gallionellacess mamber
/ | being st bundant)

Sulfurimonas spp.

= rTCA cycle (Sulfurimonas sp)
= Sulfhide oxidation
= Mitrogen fixation

« CBB cycle

« Nitrogen compound reduction
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and other deep-branching
erchaea, including DPANN
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* Sulfite reduction
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Acidophilic biofilms grown in lshorstory at different pH
High pH(145)

Leptospirillum group I, and low-abundance
Leptospirillum grougp I

* Amino acid and nucleotide metabolizm

* Call membrane/snvelope biogenesis (Leptospinllum
group I}

= Core metabolizm processes (Leptospirillum group I}

Low pH (0.85)

Leptospirillum group Il, and certain low-sbundance
archaza (for axample, G-plazma, Fermoplasma type 1)

» Carbohydrate transport and metabelizm
{Leptospirillum group 1}

= Ribesome biosynthesis, snergy conservation and
carbohydrete trensport (G-plasma)

= TCA cycle and purine biosynthesis (Fermoplosma type 1)

(Huang et al., 2022, Nature Review Microbiology)
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Nanoporous microscale
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A. Function guiding microorganisms cultivation
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B. Network guiding microorganisms cultivation
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