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Fig. 1 Process flow chart of recirculating aquaculture system

1. aquaculture box; 2. bag filter; 3. sewage tank; 4. micro-screen filter; 5. protein skimmer; 6. ozone generator; 7. biological filter;
8. clean water tank; 9. oxygen making machine; 10. oxygen increasing machine; 11. thermostat unit; 12. controller; 13. aeration pump.
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0.22 pm FRALIERE T g, HAKIRRLA: )5 DNA
PR G PR A Y 7 A U B A5 R BOK AR
JLH 4] DNA. 15E, RA CTAB JrikdtFEAR#E17
DNA $2H, A J5 38 1k 5 5 i DAS: T T 2 IX ) A AR
DNA 2l Ak B, 2 J5 BGE & A4S DNA i B
% 1 ng/pL, DIFREIS HHERI4] DNA fdi,
P BRI P X3k, (R Barcode M4 5S514,
New England Biolabs /3] # Phusion®High-Fidelity
PCR Master Mix with GC Buffer Fl =54 = H
#E4T PCR 71, WAIRY G RCRFMERTE, Rk
FH NS 6 ™9 o FH 53 I )T (single-end)
), /N B BSC PR SR AT B o U )F . 16S
rRNA =38 5 0 7 TAE i b 50 R BOERH Ry
AR F 58 o

1.2.3 MFEHIELAE [ Cutadapt X} reads
AT AR5 8510, FARYE Barcode MAHE|fY
reads H 70 th &AL A, #2 Barcode 1514
FE W20 B A 2 5 1 B (raw reads) 284t DA 1
PRS- 3] 1) Reads J¥ 5@ ] RDP Classifier
At GreenGene Bl FEFEATHIMIERE, KFRH
H A AR T A, A5 B B 48 A RUCEUHE (clean
reads),

124 OTU BRESHEER  FIH Uparse FfF
XF BT A R i 1) 458 Clean Reads #E47 5825, DL 97%
) — B 7 5 R 2L OTUs (operational
taxonomic units), [FIAFEESE OTUs H ) BUITE i
= B FAIME AR T 5 o ok H Mothur 775 SSU
rRNA B8 3790 Fh OTUs J7 8 B, 345
SRFGBIF RIS AR IE AN .
MUSCLE #k 4 #E 47 P 22 15 51 Lo x), 45 3 i A
OTUs FIIM ARG KRR, Ta UFE £
/D B AR T A — R A B

1.2.5 ZHMURIBEEHIN  MHRiE OTU 5k
A FE S AN B, (A Qiime R4
Alpha ZFEPEFREL, -2 WA Bt 4 o 38 1 i Ae
X = B 0 = B SR ST 43 B 45 B il 1 2 BT R 7 45
), KM EF UPGMA BEAERAIFFT A R
S Z [ A9 AR U, SR FH Spearman AH S 1 $4 & Al
TUAR AT (RD A TG I8 7K A v B 26 0 e 7 K
RATHFZ MR,
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2.1 fEIRFRE KA IR E M R

FRIH KB TR]—HE K 2R 55 Pk i K, i g
JEBATEIHR K IRI R G h . O BRI S )S,
AR BE T MBI IR0 R G K K RS Ean 3R 1.
KA TN Sl 122, Hkoh 26, t18 dlifik, 7
KN 26 CERGH TP S & e, HK HRELE
22 CHSMT, AN 18 CHE, /KFEH TP & i
9 10.173 mg/L, A i A FE S A,

F1 ARIEREKEKRSH

Tab.1 Water quality parameters of different temperatures

mg/L
PR NH{-N NO,-N NO;-N POj-P TP ™
sample

t18 0.100  0.022 9.81 1.009  10.173 55.641
t22 0.022  0.069 27.556 2.773  30.671 78.537
t26 0.067  0.124 12.838 9.532 54965 71.179
t30 0.041  0.157 44534 438 24.345  67.667
t32 0.095  0.037 23936 1.808 18.777 56.965

22 AEABREBRKFEASARFEZSHN
ST

BRE A ST IR TE 46000 L), TEHK
JE 4 430 bp, Hip t18, 22, t26. 30 Fl t32 FEfh
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Fig. 2 The rarefaction curves of high-throughput
sequencing results
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Goods_coverage F5%3 WK e 38 20 7 %
JEHRRTE 99% LA L, 2 BHIK A i i A= 4y 5 18] e U
HIERAR . 122 4KHETD OTU BH®&Z, M
556 4, t18 i/, A 370 N3 2), ACE Vil
22 CHI 26 CHFWRG TR YFECH B
T 18 °C. 30 C. 32 CAAMF, observed-species
WENUE TS5 R0 R4 . Shannon F5%4HT LI
AR i FE NI A B, EBOR RR %A i A
Vs, SIS, 26 AT
Shannon 8 8(#% 5, 454 observed-species, Chaol
F1 ACE $8%4nT 11 22 CF RS B Fh 4=
W ERAE, HYYREMT 26 CHRMAT.
Simpson W /R7E 26 CINEMFRIE R G, A
HEVE Z e, HUOR 22 CRRYZKEE, 18 CHY
IKIEEH A I RE VR ZRE M AR

F2 FEKKME 16S rRNA F5I K % H RS

Tab. 2 Bacterial 16S rRNA sequence and diversity
index in aquaculture water

B LiRlllEL S

. Goods_
sample obserYed- Shannon Simpson Chaol ACE coverage
species
t18 370 3.244  0.734 461.737 442.042 0.998
22 556 4706  0.864 586.09 590.124 0.999

126 443 6.063 0.937 504.091 512.574 0.999

t30 381 3.831 0.782 446.029 448.145 0.999

t32 412 3910  0.775 454.059 459.875 0.999

2.3 AEBEFMMKFERGEHEEEEAHRDH
AR BE S5 AT IO 5 FE K AR S A P B 7 5 4
20 AR ARL, 8 B R A W T o LA — Y 2
5o HEARTGRA MR AED 125K Ly 43 dn
3 PR, HERTPMAY FERET 10457, 42
JE T ] (Proteobacteria) 7E I ¥4 77 i K A& b 5 A fx
KEFEE, FHHIR 86.84%., HALEE 155N
AT ] (Bacteroidetes, 2.40%~15.96%) . kA
I"J(Actinobacteria, 0.35%~3.92%). %% | ](Pla-
nctomycetes, 0.12%~2.2%) . T & ] (Fusobacteria,
0.01%~0.68%) . J& ¥ [ ] (Firmicutes, 0.33%-~
3.26%) . i1 J(Cyanobacteria, 0.10%~0.66%) . fili

AL i€ B 1] (Nitrospira, 0.01%~0.51%). PERE]
(Verrucomicrobia, 0.03%~0.64%) VL K /b & 4325
BF B 100 200 B 250, LA o0 A7 1 L 5 1 ARG 45
SOV . 4 KRR AR TR B 1T RO AR =
BN 30>t32>t18>122>126, I 7] HIHE A F
EEAR N 26>t22>t32>t18>t30, L | I AHXT
FEE RN 122>t18>132 >t30>t26, JERER [ 1A AH
YTEFEEHN 122>126>t18>t30>132, {12 e
FTRIARS E R RN 126>t32>t18>t22>t30, 2k
YIRS TR], HoAR K B R B 7 R A TR,
FENG AR FRFE KA, A TR] 11 TR T8 e AN [ 386 114 i)
o7 R R[]

*3 TRIBETHREHELE OTU FF & tLfi
Tab.3 The proportion of OTU of dominant bacterial
groups at different temperatures
%

T Fh strain t18 22 26 t30 t32

L H ] Proteobacteria  92.80 82.17 72.48 93.46 93.29
A1 ] Bacteroidetes 264 7.57 1596 240 3.05
LR #T] Actinobacteria ~ 0.94  3.92 035  0.38  0.53

JEEETA ] Firmicutes 0.67 326 3.09 0.9 0.33
V7% # 1] Planctomycetes  0.45 0.59 2.2 0.12 0.41
AT B 1] Fusobacteria 0.0l 0.2 0.68 0.03 0.01
#E ¥ 1] Cyanobacteria 0.61 0.14 0.1 0.66  0.42

PE ] Verrucomicrobia 0.03  0.64 031  0.04 0.04
AL IZHER 1] Nitrospirae  0.06  0.02  0.51  0.01  0.09
unidentified bacteria 0.50 041 224 025 0.06

K= IR AR, 575 S 2 HE R 2 R
W ABEY T, SRR KA, WU R 5
VIR A, A s R T, DL R
B IR K HR I U T R R 0 ) 2 BRFE AL SRR A IR
B K AL PR EE A5 . PRI IRAE R G B AR EE LA
I A A A 0 A it R A K b () U TS e, IRt
AT A WA T T R R B TUE B AR A, X T
i R B X UL T BRI A K SR R e A TR 4
Fa () -4 B 2L

Xof A P S B K AR AR ST T AT g1 4 i
RIAEKFER) 40 FhOLE B JE b A B A PR 5 Th
REMITEI A 7 FhGR 4). T A A A B AR R
4 & (Sphingomonas) Al 77 i Bk 4 B J& (Sphaer otil us)
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Tab. 4 Characteristics of dominant and functional bacteria in the samples

%

Fr 5 Ee il relative percentage

T FEEH

. . . Aul,

strain main function t18 02 26 30 32 =03
total
¥ N5 H T8 Sphingomonas Ay FIE B R G REE R 6.11 3958 0.02 9.15 11.85 66.70
I ER A8 Sphaerotilus WA B 0.11 065 0.00 010 0.03 0.88

i 7 )& Pseudomonas IR A SRS TE D R A T s T 0.1 25 65 035 A5 15
1 260 14 )& Pseud S IR AL AU AR T 22, ST A B il 24! 2 02 0.6 3 0 2
# K H 8 Shewanella Z 5 R 0.03  0.03 0.63 0.12 0.0l 082
BT J® Acinetobacter SRR, A EBES 017 002 1.90  0.05 012 226
#FF & Flavobacterium TS S A A T 2 2 0.60 029 333 027 038 4.86
A 2 P T )8 Pseudoalteromonas  J i fk 2" 0.00 0.02 075 0.00 0.01 0.78
Rk )® Paracoccus SEFR A A R A AR T 0.03 001 093 0.01 001 098
L3 BT Stenotrophomonas A R R 7 56.12  0.49 1.50 65.10 54.06 177.27

FETE, B 0E BRI B B 44 2 AR B R G kR
FE MR, FRIFERAC R & A LASCA HLAL, FRAIG
KRR AT . A ARKAREEA A7 1) 52 55
fild £k — 4 48 2 s Ak TR A B B JE (Pseudomo-
nas) . A &l ¥F & J& (Acinetobacter) fil &l £k & J&
(Paracoccus), i W11 5 5258 & 48 H A7 76 B 4F R
KA R, FEAFE A N I EZ Y& NLO,
W AT HG R S P AR . 1R
06 B 35 5 7K 44 v g UL B S i Ak TR A T B R
(Flavobacterium) . {22 %% £ ifd 7 J& (Pseudoal ter o-
monas), iX 2K & A & B A AE I, w LUK R
(NO3-N)H A & (N it — ZR 91 ] 7 ) (NO2-N
NO . N,O)IEJF R Ny, A 3 AT LA JE Al R 5 1) 55
% B Jif1 7 (Stenotrophomonas) . 24 2 45 & Sk
AR RIAE B0 1Y) TR 32 A I 1 TR AN A B TG TR
J& (Shewanella), 47K iy 26 “CHY, AU SR B A
Yoy L B S TR 4 4, X AT RE S LR
T AR P R R BRI R G h AR B i
A K.

VEMUREALRE Pl 35 N8, A Fh FIEEAS 1
AR MHEAT RIS, ME T YR R R E (A 3),
8 T R AN [) 1 A A [R] 3k B A ot rh ) SR AE AR
JEo XF S NIRRT WD e s 3 B B A T
ST B, AR REHEA T 35 B ARJE T2 A
I'T(Actinobacteria) . AT 1 '] (Bacteroidetes) .
#:17](Cyanobacteria) . JERE[H [ ](Firmicutes) . 12 1F

# '] (Fusobacteria) . Z8JE [ ](Proteobacteria) )l &
unidentified Bacteria X 7 ], 7EIRJE N 22 CHI %
F, FLIRAF 1 (Lactobacillus) . 4 I B il B )
(Sphingomonas) . 17 1iFBRA< 14 J& (Sphaerotilus) . &
[ )& (Ralstonia) . AR I J& (Morganella) . B FT
IR 7 & (Parabacteroides) 1 21 Bk 4 J& (Rhodococcus)
T8 ANEAEXT FEEECE . Y IRIHIE IR KR R
26 CHY, JB /KPR 85 im0y A B PR M T
(Pseudomonas) . i 3¢ 5. Jitd 1% J& (Pseudoaltero-
monas) . ‘<, A Jifd 15 J& (Aeromonas) . 7y L K
(Shewanella) . A~ gl #T 5 J& (Acinetobacter) . 585 7k
¥T 1% J& (Altererythrobacter) . &l ER 1 J& (Par acoccus)
4522 ANJE Y TRE R 30 TR, I R (Bre-
vundimonas) . % 7% . ifd 7 (Stenotrophomonas) i
unidentified cyanobacteria J& 3 ~J@ % 2 B =,
U AN [R] P T S X A [ 3 B g e 7 7 P A (]
24 AEBEBFKFHERSHEEEZMHELME
S

TR0 B b R AN R SRR, TR R
FRIEKAEFE SR OTU % H 4L AR R S B &
THoL, KHMERE RIEXNT OTUs RS54 R
TR (B 4). TEMEMR KSR RS, 18 CH
22 CHYZAM T A1 OTU Sy 146, 22 CH 26 C
MR E N AR OTU 2 151, 26 'C 5 30 C YR
THEA R OUT $h 79, 30 CH 32 CTRILAR
OUT %k 162, 7E 18 'C, 22 °C. 26 C. 30 ‘CHI
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Fig. 3 Heatmap of the dominant bacteria in water samples

32 °C. 5 MRJETHILA OTU Jy 38, (& OTU
B 2.62%, UEBAAS [ B A% 1 T O SR FE K AR
H TR R Vi 5 R AR LA, T E A B
FRIH KR U IRV Z e e, (HR
T AR A R AR A 75 R SO A P
T 2R R A R i — RS

R T HE—A X5 AN EERR B R B RSB K
IR A R 5 AR R #EAT 40 #, LA weighted uni-
frac BEEHEFEM UPGMA RIS/, 1 R2Lh
RS EREARTE UK LR AR £ A, 4

RWE 5 Fin, ERUCEBIEHKFRE RS T,
18 ‘CHI 32 “C YK AR b A W e V% 5 He AL B fe
B, 18 °C . 30 CHI 32 CIRITHLE PyRETE 45 A
FERLE, 22 °C L 26 ‘CHHA 3 AR YRR 45
FARARL EE AR, 156 BH A6 4807 8 1) A A2 R Y [l
P, KR 7K PR 5T R Bl A 0 AR U 45 R 1 LA )
BN, AT BB T2 B g (R R R A
PORZS, i BP0l A BRI AN IR H, T
oK BRSO S5 R, Bk e
VIRE T 2540 55 1 0 B T B A MR A
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Fig. 4 Petal diagram of OTUs cluster analysis
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Fig. 5 Cluster analysis of microbial communities

2.5 FEAGHEEESHERFHHEXESHT

KR BE 8 52 e K rh U 0 vk i e AR TE BB
A, P DAS MR AR 5 7K A U S P TR =2 ] 5%
Z B RDA 44T &l 6 s, t18 41, t30 4141 32
M5 NH-N 2B FHEMHX, 22 415 NO,-N,
NO;-N, TN 2B #FFMHE, ©26 45 TP, PO; -P
BRI, R FRFE KA B SRR IR R
SR ST A O AT, R BURE A A 2 B SRR
WL 152 i KB/ MR TN PO; -P.
NO;-N., NH;-N. TP LUK NO»-N, il F#5 K 4k
R S AR R S KR AR G B, IR
fE B TR A IR R AR K i A T 25

HE—NES RGP A RS SRS 4
YRR E BAEE, WRAREEHETHIEEYWHER

<
<
)
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Ll ;- 126
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Fig. 6 RDA analysis of physical and chemical factors of water

BTy, WIEILEER, P BASRENES
Ao T RSB IR R R T SR PR K AR
i E Y 22 R A SC R, BEBOKAE 3
i 35 /NE B HIAE Spearman AHICHEIA, 4550
K7 Fin. BIREE . WIERREE S TP W%
TEARSG, B VST R (Francisella) A s AT S .
H [CFT &8 (Shinella) . BFFHE S TP 12 Al
X, EHEES NO;-N 2B ERML, X5EM
BB B A I EU AL DI REAH LS8 E . Ay FU IR 8
T2 5FMEAG T L5, HILRMVRE TP
(R REEARR T T 5 o LA A SR Ak A A I Bk TR
TR A SIAT I R, 57K 4 NHL-N [k 2
IEAESE, {fH5 TN, NO5-N. NO,-N FH R A ¢,
X 0] B K A R A S R, R AL R R
R ASWIIREEN, HEBESREL IS
7Y, LT NOs-N, NO;-N =44 %,
3 itig
30 BEXMERFEKEMEDEEZSHEMEN
=0

S FH T R AR 5 AN AR
INFRT A ARRE S HEA T Y, HE77 A 1450 4% OTU,
PAREAF IR A RIS 31 1], 43 4. 94 H .
185 Bl 351 &, Flelh &t T2, it
U P A5 2 T FEAS s A o i S s e e,
S5 T UAG R0 S I 5 K HR A B R 2K,
B 5 80 ACE 7B fLARFE S OTUs A8 fLRHE
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Fig. 7 Spearman correlation heatmap
*: P<0.05; **: P<0.01.

A, FEHE 2R E0h ) Shannon F1 Simpson
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Influence of temperature on microbial community structure in a
Scylla paramamosain recirculating aquaculture system
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Abstract: This study aimed to explore the effect of temperature on the microbial community in recirculating
aquaculture water used to raise Scylla paramamosain, as well as to understand the relationship between environ-
mental factors and the microbial community in the aquaculture water. The breeding experiment of Scylla pa-
ramamosain was carried out in a recirculating aquaculture system at water temperatures of 18 ‘C, 22 C, 26 C,
30 'C, and 32 C. The microbial community composition in the water was analyzed with 16STRNA gene high-
throughput sequencing technology. The results showed that, (1) the diversity index of the bacterial community in
the five groups of water samples was t26>t22>t30>t32>t18, and the species abundance was t22>t26>t32>t30>t18.
Temperature can significantly influence the diversity of microbial communities in aquaculture water, but no direct
correlation was found between the two. (2) 31 phyla, 43 classes, 94 orders, 185 families and 351 genera of bacte-
rial communities were obtained from the aquaculture system at five different temperatures. Proteobacteria was by
far the dominant phyla in the aquaculture water. When the water temperature of the aquaculture system was 26 C,
the content of nitrogen and phosphorus pollutants in the water was relatively high, and the relative abundance of
nitrogen and phosphorus removal by bacteria in the water was significantly higher than at the other four tempera-
tures tested. (3) Similarity analysis using petaline graphs and UPGMA cluster analysis showed that the aquaculture
water’s microbial community responded well to the temperature change. The overall similarity of the bacterial
community structure was low among the five groups of water samples, and the bacterial community structures at
the highest temperature of 32 ‘C and the lowest temperature of 18 C were the most similar. (4) The correlation
analysis of microbial community structure and environmental factors in the water showed that total phosphorous
(TP) and NO5-N have significant effects on the characteristics of the microbial communities, with temperature
being the main reason for the differentiation of nitrogen and phosphorus in the water. The above research results
preliminarily explain the effect of temperature on the microbial community in Scylla paramamosain recirculating
aquaculture systems, and provide a reference for further study on the relationship between environmental changes
and microbial diversity in Scylla paramamosain recirculating aquaculture systems.

Key words: temperature; recirculating aquaculture system; Scylla paramamosain; bacterial community; high-
throughput sequencing
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