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Metagenomics research on microbial dark matter in biological
wastewater treatment system

YANG Yang'?, XING Defeng'*?

(1. School of Environment, Harbin Institute of Technology, Harbin 150090, China; 2. State Key Laboratory of
Urban Water Resources and Environment ( Harbin Institute of Technology) , Harbin 150090, China)

Abstract; The activated sludge or microbial biofilm are the main habitats of microbial consortia in processes of
biological wastewater treatment. The transformation and degradation of pollutants in wastewater can be realized
through different metabolic pathways of microorganisms. The microbial community structure directly affects the rate
of biotransformation of pollutants and the types of end products, while a comprehensive understanding of the
microbial community structure and function can provide a microbiological basis for directional regulation of
biological wastewater treatment. Since most of microorganisms are still uncultivable, it becomes a major challenge
to reveal microbial dark matter in biological treatment systems. The rapid development of nucleic acid sequencing
technique and bioinformatics has promoted the study of environmental microbiology and microbial ecology. In recent
years, various meta-omics techniques based on high-throughput sequencing have served as an important tool for
studying uncultured microorganisms and unknown genetic resources. Metagenomics and metatranscriptomics can
systematically investigate the physiological and metabolic characteristics of microorganisms in specific environments,
and provide a better understanding of microbial response and metabolic regulation to environmental variations.
Currently, the meta-omics research on microbial dark matter has obtained some novel mechanisms in circulation of
substances that break through the traditional understanding. This paper reviews the development of nucleic acid
sequencing technique and discusses the recent advances in microbiological researches of biological nitrogen
removal, enhanced biological phosphorus removal, and microbial electrochemical techniques based on
metagenomics and metatranscriptomics. Finally, we provide an outlook on the prospective development and major
challenge for meta-omics researches on biological wastewater treatment.

Keywords: biological wastewater treatment; metagenomics; metatranscriptomics; biological nitrogen removal;

enhanced biological phosphorus removal ; microbial electrochemical system; microbial dark matter
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Fig.1 Publication statistics of metagenomics and metatranscriptomics in recent twenty years
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Fig.2 Process of meta-omic analysis for environmental samples
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Tab.1 Applications of meta-omics in investigation on microbial community of biological wastewater treatment systems
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il 5 K A B G S TR . PRIE T 5 T5 7K i A W e 45 4 B A AH DG D e 2k (X [2]
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16S rRNA JE K TF B 2 5 DAL 2R 00 3 P 0 75 TR AR AR i AOB i AOA 195 i, IR R
W i I]»ZA I\Ii VMY 36
SN £ FNE KA BE T35 15 T L4 ey e [36]
B 16S rRNA F:[H § N
EGSB ifitti5% . ROV AR T AR A 2 FEPE RO T R IO R R g F e [37]
FEERA
o 16S rRNA H:[H K IER T3 REATE T SR A T 1 A 4 2 B T TE 3R 106 e 2 i Ak R IR
EGSB {& 152 . [38]
v 5Kl F RN
PR N 28R 75 e T FH T Candidatus Jettenia asiatica [IY) Anammox X &% [39]
2PN R Y hdieS N rpfF HES W 2 BB B Anammox B g
Anammox-SBR 441 o % Aiﬂﬂhﬂ’l 1S F rpfF HE3h T SN A% 5 80y BE Anammox [ B P ) [40]
fR BCi
Anammox TR I Z 475 U8 FIEF N TETRIGRAT T 23 AN LR R R, AT D Re i Y A 3o i [41]
Wi T A Anammox F535E W R S8 & T I HEE: &, % TS &
Anammox At ORI U8 236141 j;l;‘ I Aoy SRR FRNGERR 2 52 TIORRLC ),
16S rRNA £:[H i N N
Anammox JZ )W #5845 RIT Candidatus Brocadia J& ) Fh , I35 78 A C i & [43]
FHERA
TR B TS = AR ) i kB PR T DA SRR X T L R A A T
15 KA BT 75 e 31
K Pt kst LT K14 4 B ) T S
R A s e e e - - o
Anammox JZ )V #§ 4= ¥ i - M T RS Ve A= W TR Hh IR AR U SR A TR RN S5 75 TR A AR AR [44]
/N 2K ZE
A 165 rRNA J£[H A A , ,
A0 U b A 114 £ A — IR ZEPTREMR SEUR N AS  : T T AR AN BB T R /KT [45]
/N 2Kz
SBR 2 {40 FRLI5 2 FIEFH K Ca. Accumulibscter AN[A] 4332 LR 4 2 M AETE ARl 22 55 [4]
SBR A5 FHER A Ay B SR TR R 10 A B 2 RN A S ER AL T s A SL [50]
) 44T Ca. Accumulibacter phosphatis & K £ %% & | i i 224 A0 it
SBR {51 T B Y 47
i A 8, R SRR ALY T S ]
V57K AL B i M5 R e S E R T GAO BB CIHER hELR T Pit BRI 2 HE A [52]
SBR A= J5i T KB T Hr R HETE Propionivibrio [53]
V57K AL BRI M5 8 TR PRI T R EBPR RGEMUE YR B R £h O S T RE L [54]
B 168 rRNA A A s
SBR {ifitEi5 8 . K IRAR A Ak R 8 TR 0T TR AR RS A T S BB A9 A0 2B [55]
FHEEH A
16S rRNA %:pH
SBR {5 FHER A 878 T EBPR ZEANI A & 4544 T AHSCT REIL I I R XK 24 7 [56]
TR
SBR A i TR R IUAE EBPR JEFR oy, S S ELHERE I T PAO A4 5 IR [57]
16S rRNA F:[A
EBPR [ v #5315 U8 FHER A KIAERHF S R HAT EBPR WA R G S £ PAO A GAO L7 [59]
PR
MFC FHAR A= Py B AN EE R ) FHER A WA T AEYNEREE P B EET 36 R X H D RE 3L A [62]
16S rRNA FE[H [Ny SR i1 PR T MFC [HAR A P B 45 F8 FIAH DG T
MFC b 16 1:31$ W) B 2 2R R i i i W #* [63]
TR A RESEA ) F i
. 16S rRNA B:[H K PLBARL A W B ) Geobacter psychrophilus W 5 Ho A i3 4= ¥y ¥ 47 H. 3%
3R MFC [H Y 64
LRINEC b ot I e -
16S rRNA FE K N
MFC FHAR A B4 A= Py HEWMRETE T Sporomusa Fl Geobacter T AEAR T FF 4k > B BE [65]
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MFC BHH% A= P s —— 7R T B AE YN B EET 1E PR T RETAE W AT RE L K [32]
o TR A . NN . . . -
MES [ Fli —— Ry Y 1A O H G ISR 9 N DI 3 A A A0 30 B o A [66]
MES A4 ¢ IR TE ot RS ARAG ELA T A B A AT A 2R PR 2 [67]
MFC [T A Py i LA PRIT T AW IR Hh ) EET F1 CO, [ 2 ML [68]
FEHH
MFC B — HH# T Candidatus Tenderia electrophaga (13 K26, #E & ] LA K B (6]
HAERE Bt T CO,
16S rRNA HE[H
MFC BRI A 9 . KT AR RE B 3R Candidatus Tenderia electrophaga [70]
FHHH
PRI £ A YRR A 2%, I8 98 A [8) B BE Ao A= 4 18] i) .
MFC FE A 7; B E%.Tﬁﬁ’f&ﬁ(ﬁi%[ﬁﬁﬂﬂﬁ’]ﬁbﬁﬂm % R A TR T BE s A= Wy ) 7 (711
PRI fERFR
MFC [T A Py it R K INEL F S RS B IR R A s T & A AR Ak [73]

VE  F P 45 TR X W Anammox ; anaerobic ammonium oxidation; A20:anaerobic/anoxic/oxic; EBPR:enhanced biological phosphorus removal ;

EGSB:expanded granular sludge bed; GAO:glycogen accumulating organisms; MFC :microbial fuel cell; MES: microbial electrochemical system; PAO.

polyphosphate accumulating organisms; SBR :sequencing batch reactor
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Genome binning 345 17 AN PR 48 28 A0 7 A 57 R 1
F18) i DR 2 e PRI b, 25 Dh RE TR A A5 B
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A2 R 2 Wi I U A ) T R A PR R AR R e 3B K
1 B FAAHIC Y amoA FI hao IR 3k & i 35 [
5T nir B0 nos 45 PR 3R 00 S A6 1% 1 ik 254
NP EHT, 2240 2 50T B 2R 2 W I AU 5T 45
W EETRZ —, BEERIRAG R E 20
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H I, 75 7K A B A i 3 2 [ 25 S B U (R T
a8 1k A4 ¥ B% B ( enhanced biological phosphorus
removal, EBPR) K8 5F | A3 R0 DL 34 AT ] 1w 1) 2%
BRAn . S EBPR B R E BT TR EIRA T
il 22 N 0 E D RE A ) S ARSI DL B, 1 22 A
T 2 0 F 5T B T — 2 g e R
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AT EZAMNARARZNRENR

( polyphosphate accumulating organisms, PAOs) , 3 F
TN e A E S Ca
phosphatis 175 U8 FE 5 Hh R4S T %A i T 52 2
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PR 23 3 Herp AN o 3 A B LR T4y
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LD A B[ AT DL H AN [R) BRAE T 110 SR Wl A 1) ik PR 21
%, 7E Ca. Accumulibacter i /X 1 4 3 Bk
EBPR {{51AH 3¢ 19 Dy B 5L PR A W i 22 S, (H 2 T
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Accumulibacter
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