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Figure 1 Schematic diagram of the multi-omics research strategy of the microbiome (created with Biorender)
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Table 1 Advantages and limitations of omics strategies for assessing microbial communities
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HARWHE R B0, HUE MR R A S SO0
P LU i ML 2H %5 (de novo assembly) =42 52 % (1) 4l
AR, {HF]FIMaxBin2, MetaBAT2, CONCOCT
S T HE AR T 40 ) 25 B ¥ (Contigs) A H BR 4 A%
TR 7 9508 A0 3 L ) 7 5 [T 21 20 2% 2[R 4 (meetagen-
ome-assembled genomes, MAG), H Tl YI#E &R
A AT J0, SRR R: 7% i85 R UAE M AE A
A5 T TS Y e A .
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ROui5 R Pu i SRR B o Ay, Ep
B BTG RV RERT R A R 2R AR UTURR A 2 2 TR 2 5
PERGHOAEAS 1) 2 B AT LU, R =FH R &5
R AN I 2R A, HEA
LI RE AT 2 (M SRS et R DY DU 20
M=R OIHEFY I T EGTZ R, TR
F K I DehalococcoidesTEIRAT AN R A LLAliRE 77
ARAS Ha] DU & ot B A L Ak, i ik R 20
W53 BT =G L5 AR AR D 22 (R P b 2 R AN Ty e
M, N5 Dehalococcoidestl %1 T E BIIE
P J i il PR ] it S s T RE T AE D). NicolasBF 5t
B SV Tk G b A ol EE A 7 £ R A A R ek
WA NFEARRITMAGE R, B TMAGHE R T KE
S R P BIAR 23 15 05 7 e (RO H 28) BLREAH %
HIFEfRIER, R INDethiosulfatibacterF Cloacimona-
detes & 1% NG W VE S5 W AR VDA 22 BLI 32 S 3UE A,
T [FAE & R SR R AR s B R = #E T
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TR P HE 22 N AN [F) sk A 0 1) ) AR AR AR R AR S
&5 575 Y i 0 OSBRI 5T 07 1), AR 1AT R AH
HAEA, nrCLR MRS HAN, & 1SR, G
BRI IR RS E AR, — U =8 Dehalo-
coccoides W AENNTE R AT I F A LRI, f#
M T BAE YDA R P R =1 B 8 (Acetogens/ Fermenters,
Methanogenic Archaea, 0-Proteobacteria) Tt I k4
T HARMYERF AL TT 4 B Dehalococcoides
K AL S T R AR, ke
PR I (terephthalate, TA)& SRV FZ (R AL R
K B BB 5 G ), TABR AT YIRE R I A 75 2
K I ] (200~300 K ) 3 HME LAy, T2 3 R 41
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PR EEREAR A YT 73 B RNEE 3R, AT M AR RE 1
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WRAE PR DNAREAT i BeAk, FDNA B B 226 Ak
TR Bk T N T AA) 2 i) 25 ek
FHER ST . AR R I BUEAR 15 ST b, LA 7%
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RIZH SCE AT RIE, BT a6 20 2 1 PR A 4
SE BTN BE IO JE R B R A%, I AR 4™,

IR T e 2 22 DR 20 2 ] DATE 8 S 38 iR ) 17 4
TRV RN . 2 BRI AR SR AR U 3
BE. LewinfIF 7 11 DA O3 1 K J AT 18 2 37 49 ol ki 42
I bR ) 7 R TR 4L DN A ff fosmid 70 [ SC e, BRI T
—FHAE90C AT R R E PR 4 B T B i 52 1
BT TG RE. XT05 F IR A VIR AR FE N, Suenagafiff
FE P BTV T Ak T R AR P Ve ) 2 i A S B
i 5r B 434N b RO A B3 R R LI H 254 8
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o [N g R R 7 ) 5 0 1 A LA B R R A 1 i
PR RIE RIRFER, BT SLIIER TS
RS, i YR R 2 S IS N R A 1R 1
AR THRAMEEDY. §i# 3 B 3 K I DNA R
WOTEM R R A B AR, Ja3 T A2 A 3
AU Agrobacterium tumefaciens, Pseudomonas pu-
tida, Burkholderia graminis)”" k38 m V52255 i
S

13 REERA T

T e S AL S A T BT U E RN A AT I
FEHITTi%, REWS € Bl B AE A R A5 2% A R mRNA 7y
T RIS AN FE R 4L RUBE AN [R] 35 [R] () 3k 5 B2 7
Sb, XA PR B IS R AR S AR IR BT T g A A
BTG SN R F00 T A i sh ™ st
20 27 B 38 i cDINA B B A% T TR o 47 i R o
SKF L0 B R AT IR Y, i B T
A% A e SR A R ST SR A DN AEAT 7 432,

PSR A H RIS P 32 B ANIRTS R
e N, P 0 DR AT E 2 i SR R AR A
M= AR sk BRI, R e A 2l i e AN A
BN e AR BEAT ZE R BT I . ThRei ke, =7
R & nE, W T RS RS )
RERIICRE AR VR DhREIE ISRk, SCh
BVRIZIR T, #5251 A LR RS Y A i
HEORE i, TR SR A P AL A N 2% . LEfSes)
AT FH B AL AR AR 2 A5 55 3 HT K I Catenulisporaceae,
Frankiaceae, Mycobacteriaceae\Thermomonospora-
ceae R T] HE & T AL WU RE 2 o 10 R R ofe o figf % B i A
Y, TR ICER B N2 e B3t Xanthomonadaceae i) &
AR S I AR RE R TR B Bt . ARUTE A2 A
Wi, Falkif 7o AT AL IR T5 08 . 2 QU5 4
FHR KT TR AL, 15 MR RE R
ZAEVEAIAC DY AR B B IR ), FFHETN-IE
JiL B PE I BE . RERE O AR e oA R
1K 72 i A 3 0 JEURH R G 26 F T B A TR RS AT 0
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BWAR. ThEe R4 98 /7T, Mukherjee 1B\ M 5 45 )@
15 G IR RO B B AL A MIcDNAS ), HET &
& B (AR B UK B B R i SR v B, D29
REi 52 s iR FE A I L% B I Sl . 5 2 BE R A AR B,
T AR oy M AR DA A b IR R B R Bl
BR,  SEA I T FC G A W 3R R A G (1) 5 i i1 38
Sy EE IR

AN EE R F R ERNAK R EMZ,
W, HAEYIIRNATG 4L, SR E L 1M
V2 IR R R (UREAR R . AR S, B IR
2 B IRNASE IR, a0 e AR A 1 L 38 ks
S E PN L E R R IR SRR T, BT
R IE T AN E ) 37 5 5 S5 % 5% R I 2 MIRNA
FEMOT (N TrizoliZi . A hFek. e e i A 4
ARVFBRHEAL B B R AL RN AR 4l i 5 7= 50,

14 REHARAEDI

% E AL R AE R E N 1R S A I E YD RE R T
EAREACY, BT ONMCEDRERF A
B R AR SRR B e S L RS S )
Al BT 3 A R 97 34 % B o A ol 2 1 0

HEBRAKBE A LUy el B g b
PRSNGSR MO A R
Ji 7y B A (1) B BBOR, SRS AKHE F5
TR BT e R TR 0 SR A e O Mg g 1 HL VK (s
dium dodecyl sulfate polyacrylamide gel electrophoresis,
SDS-PAGE). &8 F 5 {55 f s 7 T R kAT 70
(14 R[] 5 TR s T v 4 J2 HEL 9K (two-dimenssional - polya-
crylamide gel electrophoresis, 2D-PAGE) A F 5 44
BEHPRIC S HE 1 7E 8 1K X1A) 2 't 22 57t S HL K (two-
dimensional fluorescence difference gel electrophoresis,
2D-DIGE); (ii) ®ikp@E@HoR, il sk A flk
(high performance liquid chromatography, HPLC). &
AHHPLC. 2 4E#iAH 13l (multi-dimensional chromato-
graphy, MDLC)% X F ik 4l 73 85, 5 8238 it i
(mass spectrometry, MS)EE AR 153 15 BT 1% (MS/MS). 1Y
T AT IS 8] B B i 1 (quadrupole time-of-flight mass
spectrometry, Q-TOF-MS)F13 i 4 Bt b L B %
AT I 18] 5T 1 (matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry, MALDI-TOF-MS)i#t
ITERASE. “ENERLE R LSS K & A TR
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BT S 2 T A I A ST BdE N B T A
ITHLE, BEHEEMS R HE TR T 71 (O 75 204 ) F1
DGV PR R B A8 R (77 O ). BRI R AR
JRBCAT LIKRIE T A — M )RR S, n] DU AN [
VIR DI REHE B IR ST S5 M (INABCE.IZ B2 ), $idm
TIRB i S, | R R S, 4B al
105 8 R G Y0 B S AT R i, 107
VAT DLOR B 58 BE 1K) — R W F T SRR TR 1 J5 B2 00 1T
HEy FEEAREHEFFATRR, BRI
RABENIWIR, FHOX RIS AL S IR 5
22 B PR )0,

W e . EVIER AR R R4S R B2
2 4h € 4 Wl (extracellular polymeric substances, EPS)
Y E SRy, H A S B A A5 R 2k, BT
AR TR BRI T B 15 G B 5 P e A 2 14 47 )5
i B A0 o B 1 R AL TS 7K A ) 4T A
HEAREE SR T E L H . BRI 6T 7t 4]
BNVt Xty A A B )R FIBR S (R BB ITF4E) T
IR T EE A AT, RILRETTIRFE & 140 i
AR I AH B Gk U 4748075 Ve R il AT 58 22 IO TS
(/KR It BB S BU5 TR 2R E5 1 72 .
F i E U T T o A SR AT G B A ) < S AR
Yo, DHRERE R AL AE, fHerbstHF 78 FIBA 4 PC
FRICIIZE IR 2 2375 i Y L) KE, @l
Sh6 AR A RS R R IR AR, R
Burkholderiales, ActinomycetalesFRhizobiales & JZ AL
15 GV BE R E D B T BON TR BRI UAE, ek
Burkholderialess& W 37K |7 W 25 B AR I S BT
Benndorf# I\ *1762,4- — SR AL 2. /R(2,4-D)i5 Yt
BERE R IN2,4-DXUINAA B AN AN I R IR R05, SR
15 AL HIH R KA A T R ILAR 2R 1, 2- XU A 2 5
5 4R Ferrertlf 78 1 BA I3 T PU EF 2 3655 Ked5
PRER XA AEYIRE RN B AR AT, HE TR
TR AR W) RE Zorh ZEAE AN [R) A AR A T ) <Al e B
X 25,

L I S AE IR S Yt 5 AU R mT LAAZ U
TEREE 15 R B AR R B, BT OGRS e b A
B RIHREFI EAEMLER, &R A SR RAL 2 AR (22
BRH) SRR EZE TH. MEEA
JoT 2H 1) N FH ke 455 2 2% 1 1 o 2 000 P 1) S B A
R, ToIE% G e Bl Rk EATY,

S2 0 A O P IO AS R 3 2 B B 1 o 4 e
SRR E SR AT B AR R
Iy BE PP 51 RT e 5 22 FhAS [R) B 5 #0 AT DG G (G =A%
AL AN B RO, JF AT RE 2 M AR A TP AN
TE V5 1 o s it Ok B R iR . B R K
R B3 T A e i

L5 AR A

AR 2H 57 2 B 0 R S R A T 4l I NI Ay 1 & AR
WY RIBIE T, AR A A A R A% 1 o ) A B e 2%
PR, EATTIIR FE K P 23 BT 18 A% R 3R 22 S A A5 [
B (s B FBUR AR EN, B R T A
S DRI 45 B 358 22 8) (K A EL AR R, AL 2 2 ()
e R U TR A 1 AR A AL AL AR (nuclear mag-
netic resonance, NMR)FiAR. 3 # AT DLLE By &
FR S K B AR A7 45 ) 6 RO FE U . I
JoR U 4 AL HE M i AT I [E] T 1 (gas - chromato-
graphy time-of-flight mass spectrometry, GC-TOF-
MS). 1= R AH 3% )T 3% (liquid chromatography mass
spectrometry, LC-MS)=E A HLIK 5t 1% (capillary
electrophoresis-mass spectrometry, CE-MS){{Z§5. 1%
WHAH AT GO T8 (<1000  Da)HJA HLAGE
P, Y PR AT SR AR A 4 A A
) AR 2H 7. AR SR m) ACT A 2% 32 SR TR VT e o 22
iy ST B AN T A A A R SR SR BE, T LAY
TR sty PR KRS WU 81 2T A A AR O 0 4 S 82401
HA IR A i U, S0 A 4 22 3 AT LA
TR e AU A 1 2 56 0 VR R AT R i o £ R 43 A 7
R, 5B PR I AR A ) BAR
AT

N 915 B RS 5 B W S R AL AR MR
i s, AT 8 B TPk TS R (I e
U REAYAED R A BB S 5w, Y
fEEERTE ge il F it s s 2 5. A VLR
(AN EFRFIAT R IR) 2 B TR B IR (2 e H K 554
J5F R 2% B/ 7 42 B E5 0. BoothdE T 98 e 5
MU (Pseudomonas fluorescens){EHi & 1 HiriE T HIZEY)
JEEAE A A AN S A AR A A A, R B 2
A1 A7 AE H AR 7 51 R B 2 AR N R B (R 5
SR Fre AR ). 72 A W0 15 20 i R W 5 21 SR ABL I A A
LIS R, T A EH A 22 BEAE SCA 4 7, R
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G2 W85y WA B TR ) A W 2 Pseudomonas fluores-
censTRIE 4 JRIT Y B RF HLET". KeumF 72 B
VP4 Sinorhizobivm A FE J9 T 5 A5 18 Tk I (R 29 B
PR . LB) W AESE m A L 2R, % IR SE B g A
5 H Al B YA AL 3 5oy 20 B TP AR AE B R 22
BIETCATEH . WERERACHE . HER T4 & A AR 7
FREH AL, Tt AT AE P mT REAE SO P e AL A
PREEVEI, 2o RV R A AN 72 TR G ARk
AT BEARACT R B S BURI IS 1) 2 AR, X B
ATt [ 95 AR A 7R DR AR R A R AT AR
WAL T, RIUAH EEAN RS RIS T B R &5
A, EFRI TS B A (AR | BEE L JE
i B A5 A2 R DR AR AL T R R R B BR AN
YrE ) EEIRR . AR AN A YT DUl
B A 338 SE TS G AR, [RIFR Gl Pt mT B
308 T 0 43 A A2 (A NP 2 1 22 S IR P T ) S B0 A A
7 5 i B,

5B L g T TN GO A S A
HAB AN AL R B EZ MR I AN, AQA
1 3 SR 2 AR Y B2 Tz, R A LR
BE . WA BOKMERBRAE RAEMITAER. FY
ST AR A ER I 5 A R B AL I R
MR AFAEZE R, IINMRAA LB BRI 75 2 24 10
FE b il 212, H R R AN ) 78 o Y0 AN o i 4
AR MRS EA T GC-MSIEH TH# KA, LC-
MSIE T AR R A DL R . AR A7 ) B A P
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Multi-omics strategies and applications for the degradation of
pollutants by microbiome

HUANG YiQun, WEN LingYu & TANG HongZhi

State Key Laboratory of Microbial Metabolism, School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China

The wide distribution and metabolic flexibility of microorganisms in nature endow them with the capacity to degrade large amounts
of xenobiotic substances. Human production activities release a variety of xenobiotic pollutants into the soil, water and atmosphere
causing serious environmental pollution problems. Xenobiotic contaminants are partially or completely mineralized by the
combination of metabolic collaboration among microbiome and environmental factors. Traditional pollutant degradation studies are
based on isolation and culture of microorganisms, while high-throughput strategies such as metagenome, metatranscriptome,
metaproteome and metabolome provide technical support to investigate pollutant degradation and ecological remediation by
microbiome. This article mainly introduces the applications of different omics in exploring the microbiome in pollutant degradation
and ecological restoration.
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