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(1. N BERFR AW VLA K PREE 5 (R XU P Y U SE s WiVl i 325035)
(2. WrmKFHABETERE  WITL IR 325035)
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B E: (5% RTAARRREA F T OMEN TR, KRR EZHAER G £211 52
—, RAOMANETRASZARNEMIRTLELEZMERN. [B ] BN THRAY
W T AR Z R IR YE TR B AR T AL T 0 4 AT AR A RAE L, BT 4 A R R 3R
TR TTRERZRRBBNE G RO RAEN B RN, (k] BT RERLE R
FAPRR T BB A RATE RF, KA HEBENF ARSI AR Z AR FEA
S HH N4 RYE £, E T 2RH LB H T HH 1 (Proteobacteria)f= 44T # '] (Bacteroidetes).
4 NS TRRBEAME 3 ANE, 5 A4 AL E & (Nitrosomonas) . T2 AH4L3E H B,
(Nitrosospira). A4k # & (Nitrosococcus), # & R A EH 1 4~E A Nitrososphaera, L+ Ak
A o= vA Nitrosomonas 4 £. REAR'S & 50 R AAHA #) 7T #4F 5~ & % 7T (Operational
taxonomic unit, OTU)ZE A /23 & £ 7, HAPH KA MM 64 78K AR DA2 B4 R & 69 &
fAbmE OTU B EAA0rt F &, f A2 % B4R T Je 09 FTE R RAE & DA4 BLA 3 & 0 B AL
8 OTU &2 Aodaxt 4, ATl @AKIK, R ARSI KIKG) 'S K45 DA2. DA4 AA
E S REMMAEY OTU e Atast F 4. (48] MR T 4F RF IR TIRT FTRKEALR
WG BRI ENBERL LM SN, R T §RERIEORBLER, HREMEY
BARGRFREET A, LAWMT TRK T REAE Bt —F 6 5105 B A 28 4 S44E
IR R RAET FHFARIE.
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Microbial community structure of ammonia-oxidizing enrichments

from urban river sedimentsin Wenzhou City

GAOYi-Ning CHEN Kai-Xin* YU Shi-Yi* PANYi-Xiu'® TAO Jun-Yang'
WANG Ting*? CAI Xian-Lei*?*

(1. Key Laboratory of Watershed Science and Health of Zhejiang Province, Wenzhou Medical University, Wenzhou,
Zhegjiang 325035, China)
(2. Southern Zhejiang Water Research Institute, WWenzhou, Zhejiang 325035, China)

Abstract: [Background] Urban river sediments are rich in microbial resources, and the surface
sediment is a major site for nitrification. Microorganisms in surface sediment play an important role in
nitrogen transformations of river ecosystems. [Objective] To compare and analyze the microbial
communities of ammonia-oxidizing microorganism enrichments from sediments under different
environmental conditions, sediment samples were collected at four sampling sites at the Shunao and
Hengjiang Rivers, which are tributaries of the Wen-Rui Tang River located in Wenzhou. [M ethods]
Ammonia-oxidizing microorganism enrichments were obtained through field sampling and laboratory
cultivation. The microbial composition, abundance and diversity of ammonia-oxidizing microorganism
enrichments were studied by high-throughput sequencing. [Results] Proteobacteria and Bacteroidetes
were the two dominant phyla in enrichments. The microbial communities in four samples contained
three genera of ammonia-oxidizing bacteria (Nitrosomonas, Nitrosospira and Nitrosococcus) and one
genus of ammonia-oxidizing archaea (Nitrososphaera), of which the genus Nitrosomonas was
dominant in each sample. There were marked differences in the composition of ammonia-oxidizing
microorganism OTUs (operationa taxonomic units) among different enrichments. The number and
relative abundance of ammonia-oxidizing bacteria OTUs were highest in the sample DA2 from the site
that has many aguatic plants, while those of ammonia-oxidizing archaea OTUs were highest in the
sample DA4 from the site where untreated municipal wastes are often dumped there. The number and
relative abundance of ammonia-oxidizing microorganism OTUs were higher in the enrichment samples
DA2 and DA4 from lotic-dominated sites compared to those from lentic-dominated sites. [Conclusion]
The results revealed microbia diversity in enrichments from urban river sediments under four different
environments, and described the dominant phyla in enrichments. Such data provides a reference for
selecting the culture source of ammonia-oxidizing microorganism, and provides fundamental
knowledge for isolation and further study of ammonia-oxidizing microorganism in urban river
sediments.

Keywords: Ammonia oxidation, Microorganism, Enrichment culture, Community structure, High
throughput sequencing
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FROAPE, WIRKIRBTEIORY) . AL oS5 AR
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JiEUeh a S Ak AT BT RS ek, BRI,
T Xof 388 i YT 30 VS 6 Hh S SR AR AR W R s AL
FEAIRF AL A FE A A X, i H
FESR AT A AIAHL . IR A Ve 1
WriE. HEA R —LFsE R, R RRHE B ERT
FREMET 5 AR ALE T HA R AR,
PRI, XS ) ER B I T T 3 EC 8 Hh A U S A B
(s SERE I AR IETE , ASUAT ASRASA 1 FAHA
RS AL R B, i LA R B
TR P AR AL, BRI B R
AT AR PR AR R B VE R

TSR MO A R PSRV
M. SRV EG TR, dRR N TR 4
IR AT K R . 20 4 80 AR LISk, &Fh
AR TSGR TV KA Wi AT, S 3508 it 37 1]
KR MG YA R, 2 90 AR, K
T B KA A S V IOK, FEImMiE L E %
B, BRI T IRM 2 & BN JiT,
SR R R PR S S Us Ye ™ T dn ey
s il B 2 B 3 K A b ) 2 U XY L — A R A A
PRI, 3ok, STV K e g . AR
1EFPIRES, FEEEIRIGI K RN T2 M
FARTRSE BT, 3R — eSS I 1 T R 4 it
T RAFIEFANEE . I, AT BLLLR B N
e 4, W EPANRAE R ENRE TR, XHIRIRH &
AACTIRERIE T E AE s AR, 456 s P IS
[F) PR B 45 2R 3T ¥ 0 G 11 Hp ) 2 SR Ak T i TR R
IREVE S50 S 22 5, DUSIUE B3 T Il A [l 2R 55
A TRV B AR B h E A A B R R
W5 25 SR ANAXRT Ry 2 S A A A B 2 R I e R 4
22 dnl Rk R e Hh A A A B —
8 73 18 M HLAE B A AR BT SR LR A A
1 RS
11 EHFE

ALY B R SR (GIL) : (NH,),S0,
2.00, K,HPO, 0.75, NaH,PO, 0.25, MgSO, 7H,O

0.03, CaC0O;5.00, MnSO44H,00.01, i pH Z 7.2,
12 FERFIFOMEE

DNA 2HGXH] £, Omega A l; BERERESIE
[, Millipore ~F]. AR RJesy, &I E LA
WRARATF] KRR, R R A R
25 H]; NanoDrop 70636 . Qubit 2.0 2 &
{%, Thermo Scientific A H].
13 Hm¥EE

FREX I (N27°55", E120°42') i T- Wi i
TR EGETA5 11 B A ] AR YT, oAk R Bk
RAAFNAE X T, AT T AR 5 B JE s, i
TE 4 ZRIBE VR RAE S, SrBlbRic DAL, DA2,
DA3 fil DA4 (& 1). H#, DAL F1 DA3 435l F
WIS E i BL, DAL JE A A X RIS [ 5 1
DA3 JEli1 2 b i/ Nz A A R AT X, 32 3R
T YHES B4 ™ B . DA2 F DA4 AL TRV
b, DA2 i TR X fia shIX 2], J& i
AR EHEKEYI e, HARSOWAE; DA4
JA R AT, Ab TR ARG X, WA
KAEHE, BY5 DA2 AbFRl—4%&N I, HIfkEE
SRR JRURRAERTA] A 2015 4F 6 /1 20 H, FH
WAFFER AR ERZIRIEAE N, ETEEEXE

Bl XHEmfIrEE
Figurel Location of sampling sites
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(R ER A4S, FH AR TR V2 JRCHS 101 5 56 25 MU Ak
B[RRI SR KSR EERIZAKFE, KRS I
CONAEE S FRACTRE TG ) PO e, RAY H
7K BRI 1.
14 BEEEF

FREGHT BT 1 g, BT 150 mL & R KK
SEEATAE Y SRR, TE 25 °C KRR Tk
TG RETR Ak R ORER 40 FC IR ) Eb vk U
AT, MR I FE 80%IH A, &
TRFREL 109 B4R bR & SRR AR & e s 3R b
TR R, S TR R R 5 IR
1.5 DNA 1ZEl. PCR ¥R =BENF 2

SR 0.2 pm FLAR 1 3R Bk 192 15K U8 A8 43 1) %t
100 mL 1 & S KT IR MG TR 08, DAL 3RS AS
W ULR Y & SR B R FESL ) DNA $RBUK . ) A
DNA 2GR &, 2 B850 S 60 A0 W H2 BURE A
H A DNA, Fif NanoDrop 4366 6 11 DNA
FEA 1Y% %5 J&F (Optical density, OD){H, Qubit 2.0
PG RUKM DNA FEAMREE , AR A Ik
1T 16S rRNA £ V3-VA X 31 (5 ]9 F: 5'-CCTAC
GGGNGGCWGCAG-3'; R: 5-GACTACHVGGGT
ATCTAATCC-3), ZAT BRI A BR S
H] ) Nlumina HiSeq 2500 7547 258 fE . it
Barcode X/ArFENHFA, FEXTEAEA IR 4
il BRI S0 St A A . 7E 97%IAH
IR, BT A] #8443 25 .50 (Operational

R1 KEERMRKRRERR

taxonomic unit, OTU)®RZ K454 OTU B¥FI 7
RIEE, TR S BEA S5 SR
AEXT B 22 5T

2 HBR54h
21 AMKREEEEFYMENEEN o ZHM
AR T 3 5 1) SR AR Tl ) ) BRI A A R )
225, (HCRBERFRIAL T 24 1o (4 7FT,  BIr LUK SR Bk
Z B 22 FIFAK, SR K 1T LA KL 3 DA3 . DA4
MO IR S VLML T DAL, DA2 gifii, {HZ
RUE A S5 T DAL, DA2 i, K G hR
i DA3. DA4 A7 AEAR o 8 () AR TR AR KI5 e,
SV SR AEAERC I B o TR B 3X 4 FiASIH]
WEERRIRREGL, Sl BB E, HiERyy
JEHIFEAE DL ILER 2. 4 FhCURFEM & ERFRYR
PEALTE B2 5h : DALFES, 48 410 4%, DA2 f
il 97 205 2%, DA3 b 73 478 %, DAAFE i
55419 %%, M DA2 AT = m)v sk, AFF51
TE 7% AL W LRI T HFh 251 OTU,
BRES AT HARIHRY OTU %0k : DAL 1 673, DA2
3259, DA32684, DA48808, &H+ENL OTU %k
AR RS, Hirh DA4 BAAf &1 OTU $kt,
it Ace il Chaol F5 8T UM T & SERE S I REYS =F
Ji, i#3) Shannon 1 Simpson #5400 AT IG5 4
AEIRER ZREME, N 2 AT, MRS, 44
JRCUE & SRR i DRV AR FLRCHHAT , TR F
T AEEARX S 2

Tablel Differencesin thephysical and chemical parametersat different sampling sites

Parameters DAl site DA2 site DAS3 site DAA4 site
Water temperature (°C) 26.84 26.61 26.73 26.69
Conductivity (mS/cm) 0.337 0.314 0.335 0.328
Dissolved oxygen (mg/L) 2.70 247 1.80 1.23
Total nitrogen (mg/L) 6.60 6.58 6.51 8.22
Ammonia nitrogen (mg/L) 351 325 414 4.25
Nitrite nitrogen (mg/L) 0.08 0.07 0.11 0.08
Total phosphorus (mg/L) 0.83 0.87 0.92 0.78
Orthophosphate (mg/L) 0.12 0.05 0.11 0.06
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Table2 Sequence statisticsand diversity index of the different sediment enrichment samples

Sample Reads OTUs Shannon Ace Chaol Simpson
DA1 48 410 1673 354 29 306 10950.8 0.070
DA2 97 205 3259 3.59 59117 20861.7 0.080
DA3 73478 2684 3.93 57153 19 409.5 0.061
DA4 55419 8808 4.53 262 717 95217.1 0.076

22 AERKREEEHRIBIEHEBF LR

K R 57 S A AR W0 R A 355 3R S X AN [
RIEIRIERE I T E 48 5E, BITET B4
H R e i A e Y . AR AR R
I, ABSEFTRAR MR R YMR IR A TR, T2
A A Y R R e B LSRR, S T
TR A A AE R E RSO, R T AR
JRCUE & R FE S A P A A 100

AN & AR RE S T S IR 9 B 314
66 1~40 1 003 )&, FHAHAHEAL OTU HH
Unclassified, JiH 27 DAL #E4 7 Unclassified
R 5 AR 5.17%. 4 FE A LI 1K (R
F BT 1% ) B RFALBUE L LI 2, dr & 2 BT,
A5JE 1 | ] (Proteobacteria) A4l + [ | ] (Bacteroidetes)
H AN EEREFRY PRI, Hd, IR
F i AT R, DAL RS TR BT AR F

Relative abundance (%)

i 70%, 4 LG DAA BYZARTE T AR XS 35 R B
RAE BT 50%; £ HE i U BT TA N S
AIE T AT T s AR 2 A R i, 4 4
FefiHt DAL BB TR XS R AR, T DA4
PUFF T A F B f o BRULLASN, 4 DNIRIRE
EERE A WD O A AR LA 1K bt AR AR A
KES, LU T ] (Actinobacteria) it AH X =F &
M DALl #| DA4 Z ¥ Ftim, T2 B
(Gemmatimonadetes) £ DA4 H HA HH X 452 g A A X6
FHE, T DA2 HAEXT FELT 1%, Jidh, JERE
I"T(Firmicutes) £ DA4 H HAT fi s AR E B i
7£ DAL AN E LT 1%, i id IR LL T i
FedhZ A Fph A i OTU $cH, W RAHE W
& BUAFERES Z [ 7E OTU % H 4 by
STENEOL, AR T T AR S Z A R
SEMy 25K 3), i 3 AT LRI, &R Bk

I Proteobacteria
I Bacteroidetes
I Unclassified
[_—JActinobacteria
I Parcubacteria
I Gemmatimonadetes
I Chloroflexi
[ Firmicutes

I Planctomycetes
I Spirochaetes
[ Verrucomicrobia
mm Others

B2 AREREEEFMIIKTHRMEDEZER

100
80}
60}
401
20}
0 .
DAI DA2 DA3 DA4

Figure2 Thecomposition of different sediment enrichment samples at phylum
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DA3 DA4

3 AEKREEHMOTU HHXKE
Figure 3 Venn diagram of OTUs from different sediment
enrichment samples

A1) OTU B %, DAL FisiAa i OTU (5L
By 76.3%, DA2 N 85.3%, DA3 N 79.2%, DA4
h 94.1%, FEIR[FEFE S Z RIFHE 4SS,
Ml X A OTU #1754 LIABL, DAL 5
DA2 #£4 OTU %k 264, 5 DA3 4 OTU %k
252, 5 DA4 it45 OTU ¥k 216; DA2 5 DA3
A5 OTU %k 295, 5 DA4 145 OTU %k 275;
DA3 5 DA4 4 OTU %°h 368, DA3 55 DA4 #
[FAY OTU ¥ e, DALl 5 DA4 Ay OTU
Hoit fefik,

®3 TRKREEHARIENINERIFAERIFR

23 KEESEHAPREUIERREIN

FESEI R B AR A A P B SR IR A T
BRI S A AR A YR TS 4540
IR, X2 A AL T RE R A ARG LA T T RERIOC
o N THINRA T 4 RS E SRR 5 b
DIRERAE R BCIEB , X2 SE AL AR XS F2 52 . OTU
BORSFUEAT T 00T, 2553 3 R, 4 M FERL R
K6 HE I Al Ak B B 8 (Niitrosomonas) . A AL A2 i
(Nitrosospira) . I fi 1k Bk 1 J& (Nitrosococcus) .
Nitrososphaera 4 A~ J& (2 AL ThRE R, Hr
Nitrososphaera J& Tt 45 i 4[] (Thaumarchaeota) ;
171 IV ¥ A B 7 Je& (Nitrosomonas) | - IE i £ 2 14 J
(Nitrosospira) & F725 & 1 ] (Proteobacteria) B-ZEJE 14
4 (Betaproteobacteria); W firi{LEK & (Nitrosococcus)
J& F 72 J& @i ] (Proteobacteria) y- 7% T H 4
(Gammaproteobacteria), il 3 [, AlEETRE
EEAE b b U S Ak T BE 2 B 4 LA A Ak B i B
(Nitrosomonas) i &, {HAN[RIAE S HAHXT . OTU
BomAERR 2 5, v DAL (%) Nitrosomonas #H
XN 6.82%, fTlERY OTU ik 74, 1fii DA2
i) Nitrosomonas AHXTFREE0 21.71%, FijgR OTU
BoE ik 402, 351, ARFERVEE SAE S rh EARARXT
FREAE, (B4 T Nitrososphaera A6, i
ZEA1E DA4 KL, JIT Nitrososphaera i OTU %t
ik 121,

Table3 Thecomposition of ammonia-oxidizing microor ganisms from different sediment enrichment samples

DAl DA2 DA3 DA4
Genera
OTUs Abundance(%) OTUs Abundance(%) OTUs  Abundance (%) OTUs Abundance (%)
Nitrosomonas 74 6.8200 402 21.7100 121 7.8600 180 13.560 0
Nitrosococcus = = = = = = 1 0.001 8
Nitrosospira = = = = = = 4 0.007 2
Nitrososphaera 1 0.004 1 3 0.004 1 2 0.006 8 121 0.5700
Total 75 6.8200 405 21.7200 123 7.8700 306 14.1400
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JEETRAE R K AR T AL B4y, A B ARy
EWE R, MUSHNEYRE ., GO . &
Wy, WS R AT A T FEAR S
HFRATTXE 443k AR [RIPREE (4 3 T it JiS Ufe i A s
FEYIEA T EE RIS, Sun 2P RO R
YR B SEN A N2 %4 16S rRNA JE R i) 24t
PE, HRDIEDR P SRR AR 2 SO A% E
WA A . AR TR RS, R4
X 16SrRNA [ V3-V4 X474 18 5 , 76 97%
FUE KR 1 BEA T30, 516 Sun S8 iF g 45 SR |
e B GAZ AE BALAS JE DR AL P 22 R X AR TR S
B AL A ) Z AR A 1 = A T 5%, 52
HBR, FERATA TSI A 5 AR BB 5 b S5 e
AP TR ARG . TERIFSE H Zened v B
RIL A A RIS 3 TS e & R R TR
WA 3145] 66 14 1 003 4N E, FFELEAR
/> OTU I3k Unclassified (& 2), £
3T RIS e rP AR £ & A A el . —
P S AN [ G TR AR S A T AR 3R, SRk
IRA BRI T 12800 . AUl g,
FATH LI LE R IR 4 IR & AR S AR =
It 1% P KRR 104, B —
32—, FEPHIRE R AEIY R[] (Proteobacteria)
AT ] (Bacteroidetes), Hirp, ARTE T AT =
FE ik 76.6%. A, STANECUR & AR A BE
FEAUBAATRI G, W] DL B B A R PR B ISR &
ERFUTEWEY) OTU ¥ . BEEFE . BkZ
FEPESEFE bR (3R QP E B 225, RN, il e
QAT LA B & 30, AN TR & S BE = Y4 OTU
W FAFFERR R 225, HaE I OTU i 5 HuAl
MR, Bl DAL FE 5 7 Hu ik 3] 76.3% (& 3),
VLA 4 IR & S IR W R A A AR R
25, BARII TR F SRR R 0w SR R
(AR RHE ARFMMIE, JF HAT R 4 40
EENIREAAER RZS, DA3 Il DA4 ity

HEATRERGYYINICA, 1 DA2 Fil DAL J& 1%
BAETRERYICA, B DA2 A KEK
HOKAPITAE, T DAL AE WIS, ABEAN
BRI IRV K IR I e 2 2% A
PIREIA, XTPREE AR SR R i e By, 257
LS R A BT INA oS S AV | A TRCIBTED |
AN 22 R, ARSI AR I 3
BARMZES, SEORFEE MRS AR F K
TR IR L A TR 2% T SRAE B ) Ak TR
FEFER AR S K A K RGP RE, MIfiA ]
REPPRIIC YRR, HEIMTTARLIC IR M A AR S
&R, HAFEDRIE R RTE R Z A YA BT E
AIRE, PIFRATTETUN R NC Ve & A5 55 i 45 R
ORI AVAE YL R B SR 25 5, SR RE UL
UNGELS R SRR N S PR iEA E A
Gh, XFHORFRE G Z AL OTU iz, w]
PUE B BA AT B I 3 WHE AR DA3 FI DA4
RS, HILER) OTU $itEdmeminy, M fe i
AEARL D J] 300 45 A Al 2 RS VR AR it v EL AT A AL
AT IR T

A5 R F B 77 2 A AR 0 1 Y A s o i
PATE RS, HITE T S S R e iy &
AACTRUZEY) . Wil EERESRIFAS G R T, &
A [F) S8 w2 15 - 40 vp S 46t 1 U ST A TR
AN TR, HEIIRERTE 4 RS R AR XS
FEHB . 4 NIRTHFE S B I e E A A Tl
34NE, 4R A Ak SR B s (Nitrosomonas) . IF
il 4k #2 % J& (Nitrosospira) . W fili 1k Bk @ )&
(Nitrosococcus) , ¥ & 2 A b & — 4~ @ h
Nitrososphaera, i 4 N JEJRFE 5L LU fild 2
Jits 1 J& (Nitrosomonas) i 3, F3 &4 & E Akt il
Nitrososphaera J& ) OTU. Gao %X 10 /75 K4k
PR GETE PRV U vh U AE A TR R A e ) T R e
FEMERIEIE B, 10 M5 KB R G 8 5 4
AL AN A A R T, H A A R T
(Nitrosomonas)J&: 10 75 7K 4b P 2 45 Hh 2 A Ak 4l
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[ R L - AN = W= W el <l D 7 N
Nitrososphaera, 3 #MIF5E Hhid & IR 22 A Ak Al R Rt
FO B HA B (G 2 RS AR R R B A
AT WA ZH A 5 2 45 A B2, X AT R A
SR BT 2 08 3T T 3 32 B8 w8 1 ML RN LTS
Pz, SECDKIABDIRGL 515 K0 R G0 L
BAEARL, DT H AL i) 28 S Ak T Ak P A e 4
o ok, it dE—xt 4 AR e A AR
PIFPER) OTU Bit . A1RUIE Bl AN F 5 (3R 3),

AT LAR A [RIRE i Z (A AERR I 25 57 o SR L
AT K B 32 B A 0 A K0TS Y s Y T S IS TR
DA3. DA4 E&EEFY P EMAEY OTU %1
o SORE S B B TG AR T AR AR TS Y ) BRI AT A
JEURFESE DAL i, H DA4FES P S AR A
AT OTU B AAHXT % . Racz 45l it
amoA TR . T-RFLP 234 A & FISH S256 1
SR ARG (RN L, 52 244 BRI (B
L) 2 S ECE M 2Rk i 2 AL S5 Hou
SEXTAGH . USRS SRR s A A B Az AL
TR ORI R, BRI
AN TR | SR A 5 B A
BTG YL BT AR L, 32 B AR TR AR TR Yl iy 1 H
KRR EEFRMBRE ST, I HSZREFIES
AHLIRTE Y, K] RE R BRI T BT YA
SN ) DA3, DA4 FESL S DAL KRS A L B
A ZEAHEY OTU BrudMFRE R E . A
Gb, SHAAE ARG, FeFh A K AR T R
VerE il DA2 HA o 2 S LAY OTU %
FARXT R, X0l BE 5K AEA PR R A A —
E I CHR . TIMG G 5T T /K A AR Bk 2 % IS e 44
FALA BRI RE RS2, 45 R IDK AP PR
AL AN B %5 B = T OO R 2R,

I H & BB [ A AR s 2 4 A 4 T 32 2D 2k
XA, HEEARE T TG R R
(Nitrosomonas), FF A KK A AR B B AL IR 5 A
FIF e s A E R R AR, AR BRIMOR IR X 2 S

AL AR B HAT — R (B AR X AT R AE AR5
SRR AR G, DA2 RES T BEs  a SA Ak 4
R OTU Htit KA R 55— A5, ibsk, DAL
Y5 DA LS AL FEHMHITIE, S AT - AT ;
HAIZ, DA2 il DA4 AbTHCEATE b, 2% A
AT, X s s . P A, Wl
DL BER BRI Sl K AR 9 '8 SEAE i DA2. DA4
HLA T 5 0 2 E A B A 9 OTU s RAR G =
XA RE & KON K R AfETE E Z W s #%, 1l
FLRE S HE MR T Ry Z REAL Y & T T 5
3] 3K 2 G U AR R A P 2 AR A W A
SR TERIEZ RS e, mT UK B A b 57
JIT SR FHC U6 ) SR IR R 55 5 4 5 35 I 45 SR A7 AE G
o X BB 45 S AT Sk S S AR AR P B SR R A
B %

g5 b, AW EERERY], SRR e A
FEEY YRR, a0l E e RS R
25 BE N A8 B B 1] (Proteobacteria) #1 #8 #T i 1]
(Bacteroidetes), v, ASJER AR 3= B f i ik
76.6%. 4 MU B HERE L RIS A E AL AN 34
J& ., 433 A Ak HU T (Nitrosomonas) . SR T 82
7B (Nitrosospira) . MEAH{LER R & (Nitrosococeus), 4
K@ AT R 9 — 1 J& 4 Nitrososphaera, H:rh
AN TRYEHE b 4 LA Ak 511 4 e (Nitrosomonas)
¥, [EAFIRREEERY H 2 A EY OTU
YURAFAE 225, ARFIA 7K A HE 0 0 Tl 3 S TR
DA2 HAT i i Y 2 AL A T8 OTU K FIAR X F 2,
A AR TG R TS Y BTGB DA HA I
F AT T OTU Bt MAHXS F 525 AT
BRI, R BAIRHAR S/KAA Y & E4E 5 DA2, DA4
HAH S 2 S A OTU B AT £
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