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RESISTANCE CRISIS

By 2050, antimicrobial resistance could be responsible for 1.91 million deaths per year. Mortality is projected
to rise by around 70% among people aged 70 and older, but will continue to fall in young children and babies.

Neonatal Postneonatal M 1-4 years M 5-14 years 15-49 years

50-69 years M =70 years

7 —

Deaths (millions)

1
1990 2000 2010 2020

RETTN, 2050FMEEmE
SH 191 HATEL.

(Naddaf M. Nature. 2024.)

2030 2040 2050

[EEEEIEEHE

E? Wiﬁ%ﬁﬁ‘i_ﬂ EfliinE=htER
(ARGs) RIETEREE

5Kb aad,lsf4 E%uln partlal Cﬂa/pp FLO tetAG) LysR mulitcopper oxidase domain-containing protein

3:939

Pseudomonas aeruginosa ~"——. —— " n . . — 1 . , 23977
(260677483)  'Inti tetR Rer3 transpososase t Rer3 transpososase™ 1
qacEdeltat aminoglycoside nucleotidyltransferase€” GroEL/Int Fusion
Cfla/PP-FLO _te!
. 37 A 'Lﬂ”-?-ama'_ A.L_L;ﬁ 3%867,359
Acinetobacter baumannii L : — 5
(169147133) Intl1 tetR Rer3 transpososase GroEL/Int Fusion
qacEdelta1
ol drfA1U"k"°W"_sul1 partal Cfla/pP-FLO._LelA(G z.L g 15,442
Salmonella enterica sv. Emek : : - 25 !
(239842527) Intl1 tetR Rer3 transpososase GroEL/Int Fusion
qaci i '3 Cfla/PP-FLO HS_
aadA2 sul1_partial 7 te Pse1
Salmonella enterica sv. Typhimurium 26,33 R w— o — _‘-L . . 38839
(12719011) Intl1 tetR Rer3 transpososase GroEL/Int Fusion
qafﬁew Cfla/PP- FLO _L'- s
aadAZ sul1 Eamal a tel ‘ ) Pse1
Salmonella typhimurium DT104 802 BN S—— ; = | — 12,802
(4063850) Intl1 qacEdeIta1 » tetR GroEL/Int Fusion
; * sul1_partial i R ;
GroEL/Int Fus?lon aadB ‘sul1 2 ‘Cﬂa/Pl,D F'LO tetR tetlA‘G! |£ GroEL/Int Fusion Pse1
AB95_GE 3 AB95 CH_13 AB95_TE 2 AB95_PI_68

TIEMEDRIA AR S InFERS ISR R ERNETREZ —,

(Forsberg., et al. Science. 2012.)

S ARGSHI A XK IEEIANE R AT, HINSerratia

liquefariens, Yersinia enterorolztirass,

(Mogrovejo-Arias, D.C., et al. Environmental Earth Sciences, 2020. Dancer, S.J., et al. Journal of
Applied Microbiology, 1997.)



Arctic

Antarctic

§45

l

Global Warming

- BFUN, BHTEIXETE, 8F4984.0 x
102! MDA B M KR P AR B 3K

ﬁ Release

Melting Glaciers
2

(Edwards, A., Frontiers in Earth Science, 2015.)

2016 F BB HI S/RIBRRIER, HIEA
BB SF T E S AFER AR H
BTN EAT o BHAERER.

(Timofeev, V., et al., Plos One, 2019.)

REAFINR A AR B E R EET

=P

ZMELEY (WMSEE. KASE. UK
=R EYE) BEEMAEANITIEER.

(Mindlin SZ., et al., Russian Journal of Genetics, 2008.)



PRk TiER g HEN R E RN ERE

B1

I Tetracycline No data
Rifampin
Polypeptide

| Oxazolidinone
| Macrolide

Fluoroquinolone Susceptibl

Beta-lactam =T
Inhibitive

l Aminoglycoside Resistant

B4

Yuan, K., et al., Ecotoxicology and Environmental Safety, 2019.

3=
B

bR LIER eSS AERnE R iR R

Aminoglycoside

Beta-lactam

Fluoroquinolone

Lincosamides
Macrolides
Multidrug
Oxazolidinone
Polypeptide

Rifampin
Tetracycline

Amikacin
Gentamicin
Piperacillin/Tazobactam
Ampicillin
Penicillin
Ticarcillin
Cefotaxime
Ceftazidime
Ceftriaxone
Cefepime
Ertapenem
Imipenem
Cefoxitin
Cefazolin
Ciprofloxacin
Levofloxacin
Moxifloxacin
Clindamycin
Erythromycin

|

Linezolid
Teicoplanin
Vancomycin
Rifampin
Tetracycline

Xie, X., et al., Journal of Hazardous Materials, 2024.

MERMHREFNBERA—E

Trimethoprim/Sulfamethoxazole

Susceptible

Inhibitive

Resistant

No data

tRIEIA IR Al GE T E R R R E SRR M E 2 A




e A E R AT A

WA

MEEMZEIHIE

7 25 2B 3 FE A
RS ) FapE L%
Vector S Positive clone
Host
DNAJZ 1R / e ® PCR

ARGs
DNA extraction A2 BB @ — e . | - 4
1‘- - = B s
Ligation & Transformation A KB -® -

Antibiotic screening

— AR5

The next generation sequencing

78 %}% Assemble into contigs: i$ J& Filtration:

o 5 T overlapH i Vil R/ JB. 45 ) B A

Based on overlap algorithm Remove low-quality reads R

P : e aw reads

o & T de Bruijn - % ofd I 7L

Based on de Bruijn algorithm Remove host genome reads

TUERES
/3@ it A B 72 4 9R FIARGs N -
ARGs identification by gene annotation: N %’J T“fﬁ' 'E_]ARGS

T FF 2R 32 AR
Open Reading Frames (ORFs)
predication

Novel ARGs identification

o NCBI & & 2035 & rb 3
BlastX against NCBI protein database

o BT & 5 7| APk B 6 B A% B i AF

Based on sequence similarity alignment

o Bk T 4 Ay IR M)

\ Based on domain alignment /




MR &R

(A) [ Cefotaxime (B) (C) p<0.05
B I Ceftriaxone _ 1
100 I Penicillin G - - 10

2 B icareilin 300 B Arctic [l Antarctic X

3 I I Clindamycin ™~ 8

O 804 Il D-cycloserine = X go-

e ! I Nitrofurantoin 3 270 <

) | [ ] Trimethoprim 8 2

S = S [ ]Cefotaxime
S 404 ! L € 604 [ | Ceftriaxone
® | o ks Penicillin G
O | @) @ [ ] Ticarcillin

EE( I S 60 o [ ]Clindamycin
< 40+ ] : 5 -g 40 - [ ] D-cycloserine
> I Qo @ Nitrofurantoin
o ! g % [ ] Trimethoprim
5 Z 304 o

5 20 1 | o 204

8 2

% | 6 :

=z | 0 1 _- &J 0

0 L <50 59-50 69-60 79-70 90-80 ' e
Arctic Antarctic Arctic Antarctic

Percentage identity to NCBI (%)

AREMERHEXBIFBARGHSE FBIARGSE 'ggl\; C?IEEIEFFEEI RIIbIRFABL ARG SHOERILH R
BUE
> ERdbiR IR BRI 3427132955 FBIARG:S ;

> HAp, £970.0%RIFABIARGsYIp -AERIREB/MME, EIXREMHERSHIPER (~14.2%) . DB
AL (~6.4%) . HEKIF (~4.9%) HI=MEE (~4.8%) ;

> £920.0%B9RIFIEARGs S ERIFIRRINCBIEFRIAVEI E< 80.0%;

> IRIEMIERE, TtRSEIRZBFBARGHAREFEEREER (p<0.05) ,




R R——3 TR P T B ARGs R K 2 a1

(A) (B)

n = 3633 B> Identity

Beta-lactams

10 -
n=130 I Known ARGs

I Novel ARGSs

. . k149_8113_1
Clindamycin

n=4

D-cycloserine 43

Number of plasmid vectors (Counts)

- k149_957_1 k149_8894_1 k149_7801_1
k149_13756_1
- 1=
14
n =

—— R

rrmethoprim

P n=295 01

>

[ Number of plasmid vectors

>

n=4 k149_1392_2[
Nitrofurantoin 33_ 1352
k149_4103_2 i
T T T T ] Penicillin G TlcarC|II|n Clindamycin
0 20 40 60 80 100 Beta-lactams Lincosamide
Percentages of ARGs carried by plasmids (%) Antarctic Arctic

RAETHRVFBEFI EHMARGS
LS ARGSHIRSLE

%ﬁ%ﬁﬂARGsHﬂlﬁﬂﬁW& n
EZHENSEHMARGSAIAELE

- 100

- 80

- 60

40

- 20

Identity (%)

Number of pathogen hosts (Counts)

-
o
1

o
o

e
o

> 81 75.0%AEHs-AEE. KipZEFRR TR MERERERA LR,
> RRAHEHARIEFTBIARGS(N GFBIARGs B EI89£91.0%, EHAibiR3EMeiathass;
> fRiClassA 4 -REIZESHIC AN A RGSTERAL ERIHISR R ESFIMFIEIARGs (p <0.05)

|:| Novel Class A beta-lactamase
- Known Class A beta-lactamase

n=26 n=51
D ©
o]
—&ES—
T T
Novel Known

5Class A § -AERRETERAIFR
BN S ENARGsHIRRIE S



CHIRGR

(A) (B)

= 3633
Beta-lactams :
n = 468

k149_957_1
- I Known ARGs
D-cycloserine == Novel ARGs
n =43 k149_8113_1
Ant Penicillin G
Clindamycin N30 k149 13756 _1
Niroturanto T - ¢
n=33
Trimethoprim h k149_7801_1
n=95
T T T T
0 20 40 60 80
Percentages of ARGs carried by pathogens (%) Locations Resistance types Novel ARGs

HEEETERARGSHEARGSHAXY B 2LL

> ARNBEBEESHEHARG A HBHARGs 2 E78925.0%,

R F B ARGs A K BUR &E & F A P IS H 1B 5L

Klebsiella pneumoniae subsp.
pneumoniae HS11286

Shigella dysenteriae strain
SWHEFF_49

Proteus penneri strain
S178-2

Escherichia fergusonii strain
FDAARGOS_1499

Providencia stuartii strain
CAVP490

Shigella boydii strain

Pathogens

TR BRI ARGSHIBUBEE X

> 5 FIMEFBIARGs EAXHBEERARLM, (NOFHEHIARGSSEAY0.75%,

> ANEEUBEIEHIIRMEIIEARGER BRI ERAL_ LS.



LR — R B ARGSTE &£ FEA1R AV 9 16

(A) (D)
15 - I Cefotaxime (B) (C) . S3: 51 @ T
- Ceftriaxone NS‘: ® 13
8 4- Penicillin G 10° - 0.4 ; ?2. N2
- [ Ticarcillin 104 1 el e M2
g:: 3 I clindamycin * . . N1 TICEXCIHI&S.Z
= I % 3 I D-cycloserine D 102 * — < C;a_fltna);(r)]n : .p3 P1
() ° I Nitrofurantoin - n=18 n=18 o)} rimethoprimy .
S | > ; X O _ _ » ~ i i8> Cefotaxime
8 10 g I Trimethoprim EE n=9 n=9 E:D % N0 E%gjvamycm‘j./vD—cycloserine
o N YT T F"3‘ ‘é “““ ST TS
2 _ ~—" 1
ks 8 ‘G 10" ° L 10 ~ 8e¢ D1
o 8 ) ° s} < Penicillin G
Q 3 e o o 8 . D3 V.V3 i Nitrofurantoin
@© < _g o % @ F2 ! ® =2
Q 54 g 1079 S -0.4 H1 !
S 3 =
a < 31 , P e
< < ! [ )
10 p<0.05 : M1 M3
08 @ Relatively pristine environments
_ 102 2 | ® Human-impacted environinents
S1S2 S3N1N2N3T1 T2 T3 D1D2D3 P1 P2 P3M1M2M3W1W2W3F1 F2 F3 H1H2 H3 T T 10 T T ;
Novel Known Novel Known -1 1

Antarctic soils Arctic soils % EEEEE ry sediments ? EEEEE ry SPMs WWTP sludges * Human feces
Tibetan plateau soils Estuary water

Bullfrog sediments PCA1 (401 20/0)

SFEREEARGEE  ENEBGEAKEMORERS  RERERRARG R
FEIFRFRRERARGtks  TEXIEIAD RAKEN O iR PCABRESIR

> EIRARIAMERIGE 138FMRIEFIBIARGs, LAs-PIEREREFIRAR FIEHHXIIARGS HE,

> B RNTIERLIN T oFMRIEFBIARGs , TTETNZARSIMIAERUSNE 2954,

> BPANIRPIREFIBEARGSHFERE ST EHIBIARGS (p < 0.05) , TIARKIRARRUER.
> BAKIRS AR MIARFERPEFEARGHERIFIEEREE (0 <0.05),




B

~H

QAR AERAFTE R T ERRIN T EENIGEKRINER
UM BT E R, BT R IE S E E R EYARGSEE,

Q 5EMEXARGsHEL, HMFHEARGSE B M EFTE EER
MBS TR B HF &

QA B ARGs o] UIEA B ERIFRICY), BRX 0 XA EE
MR =LA,

X

A3

an

Xiugin Xie, Weibin Cheng, Zhaohong Li, Rong He, Ke Yuan, Qinghua Zhang, Ruiqiang Yang, et al. 2025. Functional
Metagenomics Reveals Novel Antibiotic Resistomes in Polar Soils. iMeta 4: €70069. https://doi.org/10.1002/imt2.70069



https://doi.org/10.1002/imt2.70069

¥ iMetaWwi

1SSN: 2996-9506
elSSN: 2996-9514
Ly e (] @ (]
T At At Y ' E v‘%\\
" ’ m cs 2 (s
— 1 *
| -,
i i ‘ [ A g R,
/ Volume 1+ Issue 1+ 2024 olume 1+ Issue T ’v
¥4 4 oo

!
===
Nt
R ,
|

cience

Wi “ Q}V =B \Wiley
iMeta(Z)ATI SR ARTF . TREARZRMEZIEHR, SiRCellyEH)/RFREZGHT], TR
IHMEFERE, WlSZWAONMR. TENGRER, EaXTEYRAR. REEMAFZFIIERZX
F8, E#SCIE. PubMedZFlitx, &#ilF 33.2, (5| £IKSCIHFIESM(FITn<z=), FEZESL,
EMFMRELEIRE—, FRFEDZERIXTop, HPEFN21K, RI/WELXRPAEETK,
T TliMetaOmics (R4%). iMetaMed (RE&EF)EAMIF>10F15EY) . EFLZEHT], RBKR!

F T1: http://www.imeta.science @ office@imeta.science

H ER4t: https://wileyonlinelibrary.com/journal/imeta imetaomics@imeta.science

iMeta: https://wiley.atyponrex.com/journal/IMT2
&H-"*'A:'_' iMetaOmics: https://wiley.atyponrex.com/journal/IMO?2 .9 = ¢ i
XA : https://wiley.atyponrex.com/ g 25K ¥ iMeta

iMetaMed: https://wiley.atyponrex.com/journal/IMM?3



https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2023
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://onlinelibrary.wiley.com/journal/29969514
https://onlinelibrary.wiley.com/journal/3066988x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
https://wiley.atyponrex.com/journal/IMM3
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://www.bilibili.com/video/BV1K4iUYjErS/
https://mp.weixin.qq.com/s/6V6HJG12tNDdphcIWXW4QA

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11

