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Fig. 1 The growth of water spinach in different ponds
a. BTERKAEEF LSNP O B SEIEETBIE, b. BT TR AR XK Ll TR K YR M 5 B i SR s

a. aquaponics pond in Xinjiang aquatic wildlife rescue center; b. aquaponics pond in aquaculture base of Changshanzi Town, Midong

District, Urumqi)
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Tab. 1 Sampling information

TR 3 Aquafarm

i3I A I K B Water

samples of aquaponics pond

TR F I
Water samples of water
spinach roots

Xof BB IE KA

Control group

B 9E K A B AR B o 0 Xinjiang Uygur Autonomous
Region Aquatic Wildlife Rescue Center

L EARFFHTK AR X & L F /K IR H 37 58 2 Hh Aquaculture
base of Changshanzi Town, Midong District, Urumqi

JHKX JH.R JH.C

MD.KX MD.R MD.C
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PBSZE##(0.15 mol/L NaCl, 0.1 mol/L Na,EDTA,
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AGEY. LRI E T 20CHSF. R
CTABYE" 0} 7K B 35 P L DN A BEAT BB, % 4h 4396
I VA I DN A2 FE ROV B, I BUE & I DNAFE
o T O R, EEAKRBEZE ng/uL& .
1.4 PCR¥ &K F=4[EUL

DARR B i 1) 5 R L DN AR, 15 40 7 16S
RNAV3—VAXUA] A [X 35K, 15 FH Ay Barcode 45 5+
1 #338F/806RIFEATH 14, 5147 %1 338F(5'-
ACTCCTACGGGAGGCAGCA-3")HI806R(5'-
GGACTACHVGGGTWTCTAAT-3"). ffi fINew
England Biolabs /A & (f/Phusion” High-Fidelity PCR
Master Mixwith GC Bufferfll & {7 B B & B3k 4T
PCR. 50 pL PCR/X M.AK & H: 2xPhusion GC buf-
fer 25 uL, IE M 51 #%2.5 uL(10 umol/L), 4R
DNA 15 ng, IN%& S FKELAEFIES50 uL. PCRIX
N2 A 95°C T4 1 3min; 95°C A8 14:30s, 55°CiB
k30s, 72°C #EAH45s, 30N G IR ; & 572 C %E fif
10min. {5 IR FE SR 2% 14 35 A A 5k JI X PCR ™ )
HEAT VKA I, A H QIA gen A 7] FIQIAquick Gel
Extraction Kitid | &%) H & A7 [k, HfiE s
B VG R A A R A PR A =] I E
15 XEHERSBEENF

181} TruSeq” DNA PCR-Free Sample Prepara-
tion Kt 2 i G HEAT SCPERL 2, HA) AT R SO &
IFQubitMQ-PCRIE &, & #% J5 14 llumina Hiseq
2500 PE250%l F7-~F- & 12E47 v 18 &l 7
1.6 MEFHES

fE# Z:Barcode M5 )7 41l 5, {1 FHFLASH1.2.11
A AN RE S 1 reads#EAT P4, Qiimel.7.0%K
P B R (Raw Tags)HEAT 3 S8 AL 2045 3]
{51 )i & [ Tags % #i5 (CleanTags). f# FHUCHIME 4.1
3 T-Gold database B i LT J5 2 B ikt p 4117,
Uparse7.0.1001 8" T B 445 208048 (Effective
Tags)BEAT 2, K AHE R TF97%1 7 5 52 N
OTUs (Operational Taxonomic Units). §iiiEOTUs
Hh TR = 1T FIAE AR 3R, SR Mothur 7714
HSILVA" ff1SSUrRN AR "t A7 F v 4
(% E BRI 90.8—1.0).

R FIMUSCLE3.8.31 51 % OTUsHEAT 7 71
EEXt, Qiimel.7.0%8 {4 v+ & UnifracE B F-#4 @ UP-
GMAZRZEWN, H RN 15 Chaol45%%. Shannon#g

. Simpson{g ZUFIPD whole treeZF £ FEES 4.
BT RIE T BALHIRE SRR M 26, JFUE1T Alpha%
FEVE 45 B0 21 18] 22 53 70 W A0 TS 2 8 2 4 b 8 TR
(Non-Metric Multi-Dimensional Scaling, NMDS)&t 11

2 4R

21 #HRNFRERERE ST

6/ i 15 B 1 J5UUR 7 51 5644455, T i
OTUZr K15 B ¥t IR RS B 117 Htags 3L
(Taxon Tags)A53421%, A A H1£F)94.64% .
TEFLEE K T97%HI7KF AL B OTUF 3440
945 (K 2).

i B i 28 (Rarefaction Curve) e & L HH T 1
I ZH Y RE 2 BRI TR R, T B S Rl A
(A R, I M1 S WLRE b A ) = B AR . X
FE it BENLIAE, DU R I a5 60 B B 0 b
B AR 2t ] 3T, B ATL A AR
K T-300005% 0, 48 ) ~F3H, B0 2o &
kA B, B 2 A B0 R PR O TU A b o ik
I/ o T 2SI A A RIS, A B A S OTU R &
F I NIJH KX>JH.C>MD.C>JH.R>MD.R>MD.KX,
RWITH KX G A 4= B2 B & 1 HAf A i . Rank
Abundance i1 2z (& 4) B B T FE s R
FB/ MBS E . AEKPT7 I B Zps FEROK, &
B Rh B = 8 R e TR EE LT () bl i R
FEA /N, 2R BRI K ity s AR 1R 350 SR8 BE AR AR
2.2 YHEREDEERERK

FRIE PRy R 45 2R, 08 B AN AE 25 43 20K
VB R FE AR BT 1000, A AE N = B2
FERE, AT T(Phylum) 8 7K~ A 461 22 i) 40 el oAH X6 3=
FEFRIR B 8] SR, 53 A ZR IR 1] (Tenericutes)
BE e /A 1 ] (Saccharibacteria). A2 4T B4 [ J(Fusobac-
teria)s £E B [ J(Chlorobi). 4 [](Cyanobacteria)+
PEU R | T(Verrucomicrobia) Ji 4k 1% | 1(Actinobac-
teria). VAT # [](Bacteroidetes). JEEER | ](Firmi-
cutes). A JEH ['1(Proteobacteria) fl A 73 25 B ##
(Others). A I3 287K T 20 B AR X =F AR AL i 3
K&, BRMD.R (23.86%) LASE, FLARFE i ks 2 (1
P35 TR B = WA T 1 [ ] (Proteobacteria), FIT 4 b
B 57E49% L |, FAJH.REIA85.84% . M (]
(Tenericutes)7EJH.C. MD.RHAIMD.KX 1 3 A4
B, SZEGHIK A B A Y B V& (JH. KX ATMD.KX)
AT B 1] (Bacteroidetes) i & [ ](Cyanobacteria)
FIRR KT B4 1] (Fusobacteria) A X 3 B 15 i T 4% EH X
HEZH(JH.CFIMD.C), T HER B [ 1(Verrucomicrobia)
(R REIRT 3= 52 357 B R AR T N HEL 2 7 S0 20 23 03
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MRV BEVE (THRAIMD.R) Y, TH RV #EVE
HARTE B ] (Proteobacteria) A % 3 B J5 35 {51, T
MD .R#UAT 1 [](Bacteroidetes) Al 5 BE [ [ ] (Firmi-
cutes) 5 XL HA, LU 43 51 2929.60%F135.79%

M OLFEKBENKRE, ZERFIKERXK
LUy 7K Y 7 B S £ S A T 0 0 S K
B, L HAR RIKFE(MD.R)IE 2 ith 55 7K #
(MD.KX)H, JEBE [ ](Firmicutes ) 2 7 | J(Ac-
tinobacteria) 4t B 7 bt & T 55 /K A2 B AR B R
Pl S AR . EPR AL TE A O s AE K
o ST 1] (Bacteroidetes )41 B o5 H AR T Fi
O E . PERE [T (Verrucomicrobia) 4l B 7 b
o v TP 2 0 SR

XFRRAN T LB R o SRA5 R, IR A% R 0l O E 1Y)
VIR (BRI I B d5 KA 3= FE AT 101 J@ ) iEAT ¥ Fh 43
KM Gt(E 6) . BRI MRS
TE1Z5r 28 EARXT = EI L), & 7 e Ros i o
HAEZI R ERPP M L 5 %, Ji & Rom
FB IR E A 532, JaE o G TR A B | o
. MWHBIKI ERE, MD.RFE G 5L A7
FI AU B 1] (Bacteroidetes)  $8LAT I 4X (Bacteroi-
dia) I FF B H (Bacteroidales)fl /& EE 1% | ] (Firmi-
cutes) R 4(Clostridia) ) #R # H (Clostridiales);

JH.RAEA A K Al 2138 % B 1] (Proteobacteria) «
A T # 49 (Alphaproteobacteria) ) #R 8 % H (Rhizo-
biales) A1 #H ig ¥ jU B H (Sphingomonadales) PA [z y-4%
J # 24 (Gammaproteobacteria) 1< 5.} i H (Ae-
romonadales) 1B 5. i & H (Pseudomonadales) )2
B, MD.KXHJE#A B K B T 8 1% '] (Cyanobac-
teria/Chloroplast); ZL#2 5§ H (Rhodospirillales) 1
FEIR T H (Oceanospirillales)4H & fEJTH.CH (5L # .

RIEOTUTE I3t &5 AN T F5 3K, 9 a4
KT-5IF, XA FE S e AT 35— A AL B, 23 B AN [RIRE
i B FREA OTU 22 HilfE I (B 7). A
Kl AT LB AN [FAE i O TU % H 2H B A8
PERCEBAE DL, 6 M ILA OTUHH M165, A
[EAE S PR OTUR B NTH. K X i i (137), JH.R
fi(30), MMD.RFITH.CH AR, #5485
23 HmEFESHR

AlphaZ Mot AlphaZ FEPE R B 0E
JR A 55 BRE B A (Within-community ) B f302E W7
VE 2 RETE, S T REAS 1 2 R )M T DL R
i A B VDR B0 =5 & FE A 22 e, 1T PR Al 5
i AR PR B M B 2 R 2
JF AL R T-97% 11 L T vl K —ANO0TU,
NN IE B[Rl — M (Species boundary). F)

80000 = Total tags (avg: 56444) == Taxon tags (avg: 53421) 1500
1 Unique tags (avg: 3019) == Unclassified tags (avge: 4)
3 == OTUs (avg: 945)
N —
cY §
e = 1 1250
— N 8 — § e
60000 | S o — E » 2 (S
g 2 S & it
R NS A R
M2 AR SRR B N 4 1000
w 2 v A g
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12 d < { i -2
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= . S
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g z g 2 e :
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0 7 ~P = - © Y
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Fig.2 OTUs clustering and annotation statistics of each sample

The petals represent different samples, and the numbers on the petals represent the unique OUT numbers. The core number represents the

total OTU unmber shared by all samples
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Fig. 3 Rarefaction curve of water samples
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Fig. 4 Rank Abundance curve of water samples
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Fig. 5 Relative abundance histogram of species on Phylum level

R 2, BAFE 81 e/ (R i 7 B B 4, 40 00l
AT 10 AL 5, 15 (1) Alpha 2 FEMEHE 20T
PUEWZR 2R MR W, B BURE s 2 A1
Wy 45 B Coverage s 15 T99%, KB 45 78 o
By H B A Bom vl S B, e g AR AR 1) LS 1
Mo Shannonf§ FA1Simpsonts e K L FI &
RN 5 FE 2 B S, HAR B SR BANMAR 7
BOHS 5] BEVE 2 REvEBR R, AR 2RI LA H, 64
JKFF B4 7% ¥) Shannon 2 FEPE F5 2 A1 Simpson 2 A 1
e HHE 2 B NTH.KX>MD.C>JH.C>MD.KX>
MD.R>JH.RFIJH.KX>MD.C>MD.KX>JH.C>JH.R>
MD.R, &5 R & Y703 AR RKFHE(MD.RMIH.R)H
90 B Tl AE VD RE TR 2 FE ARG UK . Chaol 45 AN
ACEFRHUR LA T AR AW Fh T B 1
485, AR Tt = F KR SRR — 5, R
BUNTHKXEHA . MDKXEAK, RWETE H&5H
MOTUH H i %, BN MR B E w2 . BRI
J5E AR B v, T R A

TEEZHREET TCJE & 2 4ebr e
1% (Non-Metric Multi-Dimensional Scaling, NMDS)
Gt A — Pt 22 Y A5 A FE A T 4k B 4E 2 (R AT
B 3 I 715, BERE AR G M I i AR 2 S e 1 3R
Lk g5k 7 NMDS G4 DL i 2R R e
TEZ Y23 ) b, 250 A ) I BE B AR 1% ik 22 7 A
B, PR BRI AR AR LB Bk =y . B T OTUK P
NMDSHEF 45 R LK 8, M H A LLE HEHEF 1
58 R E(Stress, S)/NT-0.001 (1 HL T, JTHKX
JH.CZ R &/, JHRFIMD.RAL T 55 — R [, MD.
KXHIMD.C73 Az 158 — N DU R IR .
24 RBRAESH

R T AR BIAS [RIRE )3 0 S5 00 22 7, )
OTUREAT £ 7 #1| Lt X JF 2 T Weighted Unifrac#i &
P ) R DDA Y- 35 3R 254 (Unweighted Pair-
group Method with Arithmetic Mean, UPGMA), Jf
PR R () 5 B FE S AE T T7KF B AR %
FE MRS R, 45 R E 9FR, JHKX
HIH.CAHLEE & =, 5 NMDS 7 #7254 .
MD.R 5 FHAhAE & 8] #E 2 Bz, A ik
3 Wig
3.1 HERHEGEMSH

LR DR 53 S 0] UR Y, THEE A H
AL I 4H T 32 BEOR H A8 B [ (Proteobacteria),
HAkH T20XM A ARIH.RR R H H
(Rhizobiales). #H/I5 ¥l ;5 H (Sphingomonadales).
R} B H (Pseudomonadales). < ¥ B H (Aero-
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monadales)F1 %2 % F U i H (Alteromonadales) /7 It
o RAEER KAGEAE. B .
i A RAHACEIE R, 25 oL R FR Bl ae ™
PR R R B B AR R A K R
P2 A R G M2 0 AR, KA DUORERH 7
S DA R A ) A A A K B R A T AR
T2 B BAE AR RS AL, b 15 [ U 35 10

R IR R TR

R 5 ERMEMR R ILE, T RHRE

B, FEARO A = R 5 AR S R R it A L B )
fEA™Y. %8 JordanfE 19844 iR I (A7 KRG
T T o Sebnite, F e e B R4 A A
B, 43 A4 184 MR H FH(Bradyrhizobiaceae) . 4
22§ B Bl (Hyphomicrobiaceae)« ' #F % £H(Phyllo-
bacteriaceae) FI KL% [ H(Rhizobiaceae)™ . G W
R, M TR N AE S RHE IR A, S )
AR T, O K A FE Y, aK R AR K

FF 52 2 R E IR 1 2 KA PR A
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Firmicutes Clostridia Clostridiales Peptostreptococcaceae @ Trachydiscus_minutus
2.629%, 9.44% 2.629%, 9.44% 2.629%, 9.44% 2.629%, 9.44% 0.016%, 0.06%
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Tab. 2 Diversity indices of different microbial communities

ErEZan EREFIE WA
RE L 2R Community diversity Community richness Sequencing depth
Sample name  Shannonf§%¥{Shannon Simpsonf&#(Simpson Chaol#§%4Chaol ACE$8$IACE 78 1 /% Goods
diversity index diversity index diversity index diversity index coverage (%)
JH.R 5.368 0.925 941.897 937.193 0.997
JHKX 7.894 0.987 1197.070 1214.754 0.997
JH.C 6.999 0.973 1047.548 1052.832 0.997
MD.R 5.382 0.910 823.364 818.967 0.997
MD.KX 6.844 0.977 707.188 712.967 0.999
MD.C 7.120 0.984 941.765 941.645 0.997
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BACTERIAL COMMUNITY STRUCTURE IN AQUAPONICS POND AND
COMMON POND BASED ON HIGH-THROUGHPUT SEQUENCING
TECHNOLOGY

YANG Tian—Yanl, MENG Weiz, GAO Panz, HU J ian-Yongz, LIN Hong-Xi3 and GAO Tian-Xiang1

(1. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China; 2. Xinjiang Fisheries Research Institute, Urumqi
830000, China; 3. Baihui Yusheng Fishery Science and Technology Co., Ltd., Urumqi 830026, China)

Abstract: Aquaponics, a new type of sustainable, cyclic and zero-emission composite farming system, has become an
effective method to solve the agricultural ecological crisis because of its good ecological environment effect and food
safety guarantee. The 16S rRNA gene (V3-V5 region) of microorganisms in aquaculture environment and roots was se-
quenced by using [llumina high-throughput sequencing platform under the typical aquaculture pond mode in Northwest
China. The comparison of microbial community structure and diversity showed that the total effective sequence of bac-
teria was 56444, and the average number of annotated OTU was 945. The dominant bacteria were phyla Proteobacteria,
Bacteroidete, Firmicutes and Cyanobacteria. The dominant bacteria in MD.R and JH.R were phyla Bacteroidetes and
Proteobacteria, respectively. There were 165 OTUs in the six samples with the highest OTU in JH.KX (137), the low-
est one in JH.R (30), and the same OTU (85) in MD.R and JH.C. Rhizobia, fish pathogenic bacteria, cold-resistant bac-
teria and bacteria that decompose organism and reduce heavy metals and toxins were detected by annotating the OTUs.
This study revealed the microbial community structure and its ecological regulation mechanism under the aquaponics
model.

Key words: Northwest region; Aquaponics; Bacterial diversity; High throughput sequencing technology
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