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WE. NI EFNT ( Cherax quadricarinatus ) 5 N FEFEA [ AL K B B BRI EL T B9 240 7 B 75 BRI, AR BF
FELAT 2R 18 B T R X T B AR 28 PN SR A R A R 1 (XMP) s 2 B AR ( BCPC) 3t Bt BF ( CPP) 3t 1 1 A
(CPP)th 2 T& K BT A K A RSx4 3 ik Hlumina MiSeq i 38 10 J 736 437 1 /K04 o 240 T I8 450 2 B I
LK LI TR 25 Ko pH KR (WT) 21 5 5 TE A (P<0. 05) , BBEIE ( TH) 5 ki |
pH Z[H] R i 3 R DG (P<0. 05) o KA A0 B REVE D3V 1 R 78 I BT UL B T DRI i 2 D55 D3 i s &2
#%FF 5 )8 norank_Rhizobiales_Incertae_Sedis .novank_Chloroplast Fl hgel_clade %5, i3 J7 /K b ( Pearson ) AH 5443 #r
K, ANFE R 2R S5 3 B Z WASIRIE A (NO,-N) St i E 788 /K L A =F BERT 20 s 4 5
KA SR TR 59 397 1 IR 22 ( Spearman ) AHOGHE 53t & B, K44 pH EVEEBE 208 A (NHG-N) & i RS RRER A &
A (TN) & BRI 75 A X A B R 450 B W5 5, A TaxdFun2 HEATJE R D RE TGN , 45 R F W] 240
AR Ry R S HEE E ok b A W A R s SRR A A . RS 0T R IAE 4 A 4 B B Y 41 DA R 9 T e 2
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Analysis of the bacterial community structure and diversity in water suitable
for indoor aquaculture of Cherax quadricarinatus at different growth stages
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b

Abstract: To investigate the bacterial community characteristics in water environments suitable for indoor Cherax
quadricarinatus culture at different growth stages, this study focused on the water quality of the shrimp seedling (XMP) pool ,
semi-finished shrimp (BCPC) pool, finished shrimp (CPP) pool 1, and finished shrimp ( CPP) pool 2 at a breeding base in

W 18020241029 Jieyang, Guangdong. Using [llumina MiSeq high-throughput

E£WA  Wima ARPFEIL - AT AT H (2022)150247) ; K i

sequencing, we analyzed the bacterial community structure,

i LRI 3E 2071 H (ke2208137) diversity, and their association with physicochemical factors
BN F(1999-) 4 WIHEACH A i858 2 L B 5E ) in water samples. The results showed that pH was signifi-
A EPEFIF . (E-mail ) 285984550@ qq.com cantly positively correlated with water temperature ( WT')

BIREE B, (E-mail) yhj@ hunau.edu.cn (P<0.05), while total hardness (TH) was significantly
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negatively correlated with WT and pH (P<0.05). The dominant bacterial phyla in the water samples were Proteobacteria,

Bacteroidota, and Patescibacteria, while dominant genera included Polynucleobacter, norank _Rhizobiales _Incertae _Sedis,

norank_Chloroplast, and hgcl _clade. Pearson correlation analysis revealed that bacterial community diversity and richness

were significantly influenced by nitrite-nitrogen (NO;-N) concentration. At the genus level, Spearman correlation analysis of

the top 20 genera showed that pH, TH, ammonia nitrogen ( NH;-N) concentration, NO,-N concentration, total nitrogen

(TN) concentration, and chemical oxygen demand significantly impacted the bacterial community structure. Gene function

prediction using Tax4Fun indicated that the main functional pathways included global and overview maps, carbohydrate me-

tabolism, and amino acid metabolism. Clustering analysis demonstrated that the functional genes of bacterial communities at

adjacent growth stages were more similar, and the functional genes in finished shrimp pool samples were also more stable. FA-

PROTAX annotation revealed that the relative abundance of functional groups involved in the nitrogen-metabolism cycle signif-

icantly increased during the growth stage of finished shrimp. The research results indicate that, in indoor aquaculture of Ch-

erax quadricarinatus, the bacterial community structure in water becomes more evenly distributed as the growth stage progres-

ses. The relevant bacteria play a crucial role in maintaining the water quality of the aquaculture environment.
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SR, 7K 7= FRFEAE R vh 25 7 A R K AR %K
NG I b PR LR AMHE AN 23 B IR TR 31 IX SR A
A VAT I SRR 7K 7 it )t S A i S AT
B RMERR ) i 5 4 2 DU A LT BE B UF ( Cherax
quadricarinatus ) N FUEESET] O S FRME &, R 2
WIS B 3 R LD BS B AR IR GE L 1 3R R
BARR T WM AT (B 4 T3R5y
T — SRR, 2T BB AR AL SE 2 fh 5%
BEIK AR 2 T Y (O AL BRI R o T il Dl 4T B K
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BRI FRAE > ST AR A2 K S &
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FRFE K IREE S BRI, ol 8 PR 35 98 4l A K
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JoAE Oy TR OGS A s A R B K A R
Py e AR, T OCA U IR R A S S R )
ZREMES ) NGBS R E R 4T BB MR SR A K AR A
YA ) BRI, A0 B R HE ) S A ik
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(R BT, R 2 & AU, M4 v K A A i A7
TR ARIE R A a R oL SR, H R R AT
AN A K B Bl BRI 4 BRI TR 45 0
LRSS, AL, AR AT AR A B TR X
21 BEFE NN RE L 25 P SR FE AR 1 (XMP ) L 2f 5
HF(BCPC) 85 R (CPP) W 1 K R (CPP)
T 2 3 EK S KA SR I 56 G, R e 3
AR IR B AR R R A K B BEE BK H 5
YNE ZRETENEIT , 25 22 20 B RS MR IR A K AR 40 v BV
S50 5 KR BEAL PR 19 DI, DA Sy 21 BB
PN SR BE KA R AR i 4 A R AR i

1 ARSIk

1.1 ERNFEEMERL

SRAER KRR G T AR 44 48 BH 1T R X 2L B B U
TR FE M (116.493 080 0°F,23. 137 634 0°N)
IR R R 2 KR 1. 0 my, BEAK b AR YT, —A4>
W— KM, M AR 0. 067 hm? | LA e 55 132 5
B, 5 TR, 00 A A2 i), - T2 55
WETCIREL , JCi B SCA B T4 i 4 2 DRI M 57
FEKAAR AR RE | T EL T BRI P 25 SR s S B
AT REEAR AR A2 A R 2L 2 BT AR S, AR 4L
BRI A3 P 75 77 8 iR — o B AR
&= iFE i 8~10 )2 PP MBI K5I« I 4%
PR S A, 55 0. 8 m, %% 0. 2 m, #ATHES, FiHEZ
[EIFAEIEE R 0.5 m, AEHEERE RSB A6 I F 25 .0
FEERE, TR E N 1 hm* 7.5%10%~9.0x10* &,
[ Ff, Mt PN 22 2 4 AU R U RR 0, i o T R R 2 22 2
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1AL SR R 3, RSB 4% 27 I A =)y,
AT RAEFRTE 5 mg/LAEA, B K40 g 2 ik
M B SR E N 5% ~ 8% , HirP i | iy G
2RKIT0% ~80% ., TEHF 1 By B B A AR H K, 2
B AR B i A AR AR ERL , J5 A SR ORIk v
B, B IR B B ERURCAR R,
1.2 KERESELIERNE

2023 4510 H 14 H EF 1100 SREKFE, 75
S HEREE (XMP) i (MR 2~ 3 em, 5RALERT ) 2k
FlIR(BCPC) M (MR K4 ~5 em) 85 HF (CPP) b 1
(IMKT7~8 em) SRR (CPP) W 2 (MR K 10~12 em,
WA o R FSEURE L ] 5 L A PLBEER K
TR N FRAM K R 50 em b AYZKAR | B4 5 4%
KR 150 mL K, Fe 4RSS PR B 500 mL, 3¢ A TG
IRHI R A 3 WK, A VK&, FRFE KR TR
BE(WT) .pH FIVE i 4 (DO) 75 4tk FH 75 i DZB712
i 5 X ZSBOK BT AL ( EIE R R A R
YA BRA |7 i) B0 8 ; A A (NHL-N) & it
i P2 [0 4306 BE 15 (HI 535-2009 ) T 5
THPRER A (NOL-N) 7 2 fi FH 43 WO 43 D' 06 B2 12
(GB 7493-1987) il & ; A8 B ( TH) & JH EDTA %
FE(GB 7477-1987 ) Ml 5E 5 EVA& (TN ) 75 it i 716
PR B R B TH A 22 40 3 O BV (GB 11894-1989)
D7 5 Bl (TP ) 75 2 {1 FH 40 R 8% 43 Y6 E B 1k (GB
11893-1989) % ; {275 S it (COD,., ) ffi HH K R
b (HJ 828-2017) M5E .
1.3 k¥ DNA REURSEENF

TRFERAR 52 B 7 P 52 56 %=, {1 A BioVac630B
R B ZS ISR (151 Wiggens 2 R P25 ) HEATIME ,
FHI S-Pak JEE (& [E Millipore 23 7 7= i ) (FLIE N
0.22 pum, ELAE 47 mm , 85 & F550 FIOK PR 14
Jo PR TC K e K AEAE 50 105 S BRI B ke A
2 mL RS, AW AR T DNA $211, 4%
HUY DNA 26 24 TAY) TAE (i) A PR R R T
J¥, 1§/ E.Z.N.A™ Mag-Bind Soil DNA Kit i&X#| &%
HUA TR S ZH DNA L fH Qubit ® 4.0 DNA £l
R BR LA 2] DNA A58 5 )5, 5 PCR U
HIAK) DNA &, DLEE S DNA AR, SR F 514 No-
bar-341F/Nobar-505R %} £l 18] [ 16S rRNA K& [ V3~
Va @78 X 7 Ba T8, 519751 Nobar-341F (5'-
CCTACGGGNGGCWGCAG-3') 5 Nobar-505R ( 5'-
GACTACHVGGGTATCTAATCC-3") . PCR JZ i ¥ 3%

IR TASPE(95 °C,3 min) ,AEPE(94 °C,20 s) iRk
(52 °C,20 s) ,ZEfH1(72 °C,30 s) , B Jm ZEH (72 °C,5
min) , 3% 5 MG, PCR ¥ 1 7= W 2% B e A o6 i
P IR EA RGN 68 38 F 19 Tllumina 38 BC &8 AR5 4
ASCE  Horp Mumina 18 B8 T 3% 3% H A5 DNA K
By wisty , R SCPE Fr BERERSZE I T 5 L AT 3
R 5 225 100 X AS [ RE AR 18 SCE A TAR e, A
ML EAEAIRGIY . A& el s Y TARTE 1-
lumina MiSeq 5155 L 5¢ A,
1.4 FUBRLEBRSH

FIH SPSS 26. 0 8 AAXF /K BEBRAL 71017 J2 IR
ih (Pearson ) FH OGS HT . fHH QUIME F 44 X 4
I3 ISHTT(OTUs) S Rl A7 22 A% AT , A2 A [R) 43
K1 &) By Rl =E B g Fpor A &, LA
OTU J3fr | IR Mothur T84 7KL Iy 4 BE VR
ZREEFRE, AKFEBAL R T 5 A0 R BTS2 FE AT
B IR AN A A3, % KRR BRAL T 5 @ KT 20
BEIE VAT 7 B2 /R 2 (Spearman ) A e ME M7, i HH
Tax4Fun 1 FAPROTAX XJ 4l 1 £ 17 1) fig 70 434,
WP ERY 16 S rRNA R 5503 5 2 At
eI 15 2 56 D AL B0 00 AT He A, T 4 A
IRAEAN B RIS DR . SR Origin 2022 B FHIE

2GR

21 ABBENEANFEAREKHEEEKRK
{RIBL4RAE

N 1 AT AN A K B BT BB SR B K AR A
IR M 19. 0~22. 0 °C |, ¥yhb 21 BB iR 550
I EKHR (15~30 °C) JEREIN ; pH (AL G A
7.13~7. 50 40 F ol K B br i) (GB11607 -1989)
pH (B0 B il (6. 5<pH<8.5) o /KK M4 &
TS RN, 4. T3~4.95 mg/L, kb T IE 555
IR i S o LB LN . BB (D) CaCoO, i)
112~ 134 mg/L, NHj-N Ji & ¥ & 2 F 8N, N
0.322~0. 493 mg/L, NO,-NJFiH ¥ & 40.004~0. 174
mg/ L, BCPC jt7K HAYNO; -N i H e 2 W & i T oAt
FRhEM . M A EON2. 535~6. 986 mg/L,CPP i 1 Al
CPP Ml 2 7K S & & i W T BCPC JthFl XMP
W, ki E e 22 ~58 mg/L, CPP it 1 1 CPP b
2 KPR A A2 TR S W B R T BCPC R XMP it

AN A B B RE B AR B 1) B2 IR S AH e 43
Mreg i (3 2) o KRB L g frd pH 5 WT A i
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FIEA K (P<0.05) ,TH 5 WT pH iy it 2 i A 3¢

(P<0.05

R1 FREERM R B IR E N 77 5801E B K R A K R IR L HHE

Table 1 Physicochemical characteristics of water suitable for indoor aquaculture of Cherax quadricarinatus at different growth stages

)O

AR BB
pi S AR
HRE (XMP) A AT (BCPC) AR 1(CPPL) AR 2( CPP2)
FKIE(C) 22.0 20.0 19.0 19.0
pH 7.50+0.09 7.22+0.22 7.13£0.18 7.20£0.05
WA i (mg/L) 4.88+0.15 4.95+0.02 4.73£0.11 4.95+0.08
S (mg/L) 112+4.23 130+7.51 133+3.84 134+6.12
NH -NJJ & B (mg/L) 0.322+0.020 0.345+0.070 0.493+0.010 0.367+0.060
NO3-NJF iV i (mg/L) 0.075+0.030 0.174+0.012 0.005+0.001 0.004+0.002
BASE(mg/L) 2.958+0.800 2.53520.400 6.986=1.500 5.358+0.600
{25 A (mg/L) 22+1.5 30+3.3 56+2.4 58+3.2
PR EIME bR 2

F2 FAREKMBRAEETEANFREERKREWLIEIR Pearson 1HX RE

Table 2 Pearson correlation coefficients of physicochemical parameters of water suitable for indoor aquaculture of Cherax quadricarinatus at

different growth stages

IRAE SR bR wT pH DO Fi TH NH;-N%&&  NO;-N&& TN & i CoDy,
wT 1.000
pH 0.969 * 1.000
DO Fi 0.182 0.247 1.000
TH -0.983" -0.977"* -0.062 1.000
NHj-NF -0.666 -0.708 -0.853 0.571 1.000
NO;-NFr i 0.416 0.244 0.495 -0.247 -0.565 1.000
TN F i -0.724 -0.650 -0.692 0.590 0.892 -0.856 1.000
COD,, -0.906 -0.797 -0.322 0.818 0.708 -0.760 0.899 1.000

WT. /K ;DO & i A A S i TH, S TN B BVAUR i 5COD g, M5, ¥ FonFatnii) B & H5C (P<0.05)

22 OEENEANFEBEKBRKERAESEGE
3 3o v O A5 B B A 80T 81 5 NCBI Y
BLAST %&£ 17 Eb X, >R H RDP classifier D13t
BRI R T 97% 1 OTU AR F k743252
IR, 4 KBRS 20T 511538 048 2%, 345 %]
6 1671 OTU , P34 RAIK HEARAF A 80T 511134 51245
11 6574 OTU, & 1 ol 50,4 P/kEESEA 154 4
OTU, H:H XMP #f . BCPC b .CPP i 1.CPP 1 2 /K
P LA R A A 9 OTU 463 4,167 4,553
A 7924, A FRFE M KRR BB 55 5 ( Coverage ) Y
147799.70% (3£ 3) , F A P45 R S W T REAR B 5K
T, Sobs $8 KU H > R AF 3L PR OTU, M FE 3 A %1,
Sobs 8 8IE Il }1535~2 561, Chaol $5%UH1 Ace 5%k
FORBEE T L PR BB R A R R
FE 3 AT, 2T BB AN TR A K B BOKBE & B 454X
1 K F) /NI S CPP 3t 2> CPP L 1>XMP i>BCPC
i, Simpson F8E A1 Shannon $§ Bk #f V% Z ¥ 1E+E
#4, Shannon FEXUHK  Simpson $8E0BU/ N, UIATEE 2

FEMEEGE, N3 3 AT, 7K A Shannon 5 %5 i K F) /)N
JIFE A CPP 3t 2>CPP 32 1>XMP >BCPC i, Simp-
son & % i /)N B K T Ry CPP i 2< CPP 3 1<
XMP {l1<BCPC i, CPP it 2 f#yfh =5 BEFNZ HEE
Byfscrsy , AR A 212 B R 7 B AR K i i, 75 22
TE R K B AR SR AR R KR 20 T 7
L RS E , Z A R, BCPC MBI Rl 5
JERZFEPERIRAR , BAHIAE BCPC /K A A5 (A=
Y Z IR

23 AEEBENENFEEHRKRKERAER
& EEM R R BN,

BT T IR GEAN R AR K B Be 2L 2 B R IR R K
PRPP AT TS S50 S R (18 2) o AAIET 2 AT, 4 A4
AR B BOK AR L5 E B 10 AT T (KFE R 2R
i H/NT 1% BRI A R < HAB™ ) | 43 02 AR TR T 1]
( Proteobacteria) fLLFT i [ ] ( Bacteroidota ) . 8% 4 &
["]( Patescibacteria ) |, ¥ 4l &4 | '] ( Cyanobacteria ) | it £&
B 11 ( Actinobacteriota ) 7% %% B4 | ] ( Planctomycetota ) |
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PEIMAE 1] ( Verrucomicrobiota) FRFT B[] ( Acidobacte-
riota) ZKZ5 T[] ( Chloroflexi) \SAR324_clade ( Marine_
group_B) M4 i, Herb AT pO AR BT 1T 9 A8 TR T 1)
XMP i /K 4 o I 35 B 11 o A2 B 11D RN E AR T T
BCPC /KR ARASTE BT G i s % AL iz, CPP 3t
1 KRR 5 CPP 3t 2 KR Th 40 B R 25 B AR
PEBAET A BT BT AU TR B 4
T SLESEEAR IR KA b AR TR VR AL 3T T
XMP KR P R A TE 1] K 1% 7224 BCPC
WK ARIE R, #5222 CPP 3t 1 KAy
5 CPP 3t 2 AR AL BRI T ] IR BT ] AT T
FEE A AT, U0 B 21 2 R SR A A R I 4
71 0 N RS B o R Rl W i TR L1
BI5) MR B TRUE .

CPPith (5ot 1)  CPPit2(n i 7ti2)

XMPitt 553 792 BCRCib
(R ) b)Y
914
75 44
463 398 68 167
154
168 21
23 11

47

E1 AEEKMBEIEENRZEAFTEEEKRHKERAE
BETRAER

Fig.1 Bacterial community composition in water suitable for

indoor aquaculture of Cherax quadricarinatus at differ-

ent growth stages

RI TREKMRABEERZNFBEEEKRAEPARSHEEEEE

Table 3 Bacterial diversity and richness in water suitable for indoor aquaculture of Cherax quadricarinatus at different growth stages

ZHAETE R

o A —_—_
Sobs 54K Chaol 5% Ace F55L Simpson $5%% Shannon 5§ %% (%)

XMP KA 1339 1 420.093 426 1 473.904 474 0.077 857 3.868 695 99.73
BCPC itk H 535 536.473 684 536.370 112 0.188 973 2.948 253 99.99
CPP i 1 KA 2 194 2 236.652 174 2 229.863 560 0.009 249 5.787 783 99.94
CPP 3t 2 KK 2 561 2 623.313 559 2 632.117 592 0.009 048 5.941 497 99.90

XMP NHRE, BCPC 2 BUT AR, CPP S BT

100 - gamm

x
(=}

(=)
S

IS
=

FIACE EREE R (%)

[y}
(=]

XMP BCPC CPP1 CPP2
AR B
A TE I")(Proteobacteria); L] UK B ] (Bacteroidota);

HEE AN ER | ] (Patescibacteria); B #54HE# [ ](Cyanobacteria);

IR | J(Actinobacteriota); B 7%/ | ](Planctomycetota);
eby “J(Verrucomicrobiota); FAMZFT | ](Acidobacteriota);

B 415 1R [ ](Chloroflexi); BSAR324 clade(Marine group B);
B A2 F (unclassified_Bacteria); M H A
XMP BCPC .CPP WL 3 ¥,
B2 AEEKMBOEENRZEAFESEKRNKEFHAE
17k R H K
Fig.2 Phylum-level bacterial community composition in water
suitable for indoor aquaculture of Cherax quadricarina-

tus at different growth stages

M 3 AL AR R K b 4 A AR B BoK (b 3
YSER 55 ADJE AR TR S AP T R 20
R AR A R B BoK A T S TR T S5 A7 A 2 R
Sk, Horh ZA%FF # & (Polynucleobacter ) T |
norank_Chloroplast 41 .norank _Rhizobiales_Incertae_Se-
dis AN \hgel_clade 4HEE A532E17) Comamonadaceae Uil
IR 8 ( Limnohabitans ) 0T A1 C39 40T R £1. %%
BRI TP RS . XMP kAR
PHE N norank _Chloroplast T, norank _Rhizobiales _
Incertae_Sedis AW Fl Ralstonia 2SS, BCPC b7k A&
DEEIHE T ZA%HT I E AR AT C39 4<%, CPP b 1
TR AT S ZEBE N hgel _clade 40 T8 A1 K 432589 Co-
mamonadaceae 55, CPP 1t 2 7KAA {2 8E h i
Wi J& 4f T8 . norank _ Saccharimonadales 4 B8 #11 hgel _
clade %%,

24 BUEFHOEENREANFEEZEKRKE
FP 2 B B T SE R B T

AN AEA B BOK A T AN R ER 0 - 6 B 2R

SR 1Y R EAR DG 7 BTl R AN 4 s oK
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FER A
3.0
I I
L KR & (Polynucleobacter)
norank Chloroplast
norank Rhizobiales Incertae_Sedis
IR o clade
C39
B IR HnIE R & (Ralstonia) 25
TR 2T 1 8 (Novosphingobium)
norank SAR324 clade(Marine group B)
INBYE TR & (Pirellula)
MR (Alsobacter)
TR E (Terrimicrobium)
BT R (Ottowia)
D& (Mycobacterium) 2.0
Fluviicola
norank Isosphaeraceae
BRAS A & (Sphaerotilus)
JGI_0001001-HO3
norank Candidatus _Magasanikbacteria
Tepidisphaera
norank_Gemmataceae
norank WD2101_soil gruop
WS 8 (Hydrogenophaga)
norank Candidatus_Moranbacteria
norank Candidatus_Nomurabacteria
B B & (Flavobacterium)
Dechloromonas 1.0
norank Saprospiraceae
norank Clade III
Candidatus_Competibacter
Ferruginibacter
unclassified_Holosporaceae
Limnobacter
YA 1R B (Ideonella)
21K 1 & (Leptothrix)
unclassified_Alphaproteobacteria
norank Kapabacteriales
Phreatobacter
Luteolibacter
FEPN 1B (Legionella)
norank Pirellulaceae
2141 1R J& (Rhodobacter)
unclassified_Actinobacteria
norank Comamonadaceae
norank Absconditabacteriales (SR1)
norank NS9 marine group
ZEREAT R JE (Gemmobacter)
norank Bacteroidetes vadinHA17
CL500-29_marine_group
unclassified Bacteria
220 )& (Hyphomicrobium)
norank_Steroidobacteraceae
norank SC-I-84

li--- unclassified_Comamonadaceae

F=

1.5

I 1055 (Limnohabitans)
norank Saccharimonadales
BCPC XMP CPP1 CPP2

ARl B
XMP BCPC ,CPP L3 3 7E,
B3 AEEKMEOEETRENFEERKRKEFRBRKEAREEZNRERE
Fig.3 Cluster heatmap of genus-level bacterial communities in water suitable for indoor aquaculture of Cherax quadricarinatus at different

growth stages
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FEHFINO, -NF it 5 OTU  Chaol 841 Ace $8%% . Shan-
non 5505 B 2 A G (P<0.05) , 55 Simpson 845
P EPEIERISE (P<0.01) o X BLHINO,-NF & A1
I FBEOR AR B 5 BRI ZAE 1 Shan-
non 850 T [, 1M ZHEPE Simpson #8488 T,

TEJR KV FXP AR 2R 20 1YJ& 5 BRAL K i
Frin fe 7R &M O 4 B, a5 SR A Bl 4 B, Horby
NO,-N& & 5038 Z AT TH 8 500 % e A5G
(P<0.01) , 5 norank _Saccharimonadales &% i 35 1%
FUAIZE (P<0. 01) ;pH 548#JE norank_Chloroplast &
W2 i 25 M T A 5 (P<0.01) ; NH}-N & & 55 norank _
Chloroplast S db 25 P 7 AH 5C (P<0.01) ; TH, COD,
55 norank_Rhizobiales_Inceriae_Sedis 5= b 1 AH %
(P<0.01); TN % i 5 norank _Saprospiraceae . hgel _
clade S & 3 1EHH 5¢ (P<0.01) , TN % 55 hgel _
clade Z [R5 Ruprecht 26 fiORFFT 25 - —3L

F4 ABEENEZARESEKRKEELEFEREYSFEN
R R EAE K M 53

Table 4 Pearson correlation analysis of physicochemical factors

and microbial diversity in water suitable for indoor aqua-

culture of Cherax quadricarinatus

US4 OTU Chaol Ace Shannon  Simpson
Bzt AL AL AL Bz
WT -0.540  -0.514  -0.489  -0.641  0.382
pH -0.351  -0.322  -0.294  -0.480  0.209
DO & -0.340  -0.338  -0.333  -0.437  0.499
TH 0.391 0.363 0.336 0.495 -0.211
NH;-N&#  0.513 0.497 0.480 0.644 -0.550

NOZ-N&#  -0.976* -0.979* -0.981* -0.964*  0.999 **
TN &t 0.844 0.833 0.821 0.920 -0.842
coD, 0.844 0.827 0.811 0.905 -0.735

OTU . #E5r 255050, WT . DO & it TH TN & & . COD, W& 2 . *
FIRTHZ MW FEAMIE(P<0.05) , ™ Fom & Z IR @ F A (P<
0.01),

- LT J& (Rhodobacter) TR REL
_d SUE 88 (Ottowia) 100
norank SAR324 clade(Marine group B) 0.60
. e norank_Candidatus_Magasanikbacteria
[ P ¥ R (Terrimicrobium) 0-20
s I norank_Saprospiraceae -0.20
T R (Alsobacter) ~0.60
_— P EE A T B (Novosphingobium) 1.00
IETE I T B Dechloromonas) .
& B & (Flavobacterium)
_ INRYIE TR & (Pirellula)
_ BRI R B (Ralstonia)
_ _ *k _ _ norank Saccharimonadales
. €39
I I WG] J8 (Limnohabitans)
unclassified_Comamonadaceae
I T I hgel_clade
_ H norank Chloroplast
ok _ Hk _ norank Rhizobiales Incertae Sedis
_- L T B & (Polynucleobacter)
COD, TN¥H NO-N NH-N TH DO&H  pH wr

WT.DO &t TH TN &ft COD, W 2 7E, = FR_HZRBEHIC(P<0.05) , = FR_H Z A EEHIE(P<0.01),

4 KEHRABHESEAMETFHMEXME

Fig.4 Correlation between dominant bacterial genera and physical and chemical factors in water samples

25 AEBENEARBEERKRKEFHAEE
ThEET

2N BT Vi Y T RE X DR £ B B PR AR R I3
MR ENER Z R E R, AT 16S rRNA
1L TaxdFun2 AF5E T 2028 E IR AN [A) A2 K B B
FRAAML K AP AR A AHSC DI RE , 1351 KEGG @2 3
AN DT RERE R AR 42 52 . —Z0a B 5 2K (A

FRERI DL AT REIEDN  FieAFX=F B v BMIITPAR Uk
T AR (75.72% ~ 78.74%) . B B A5 A Ak 3
(7.49%~9.33%) AIMIIHE(4.01% ~6.28%) \istfe
SHAEFE(3.91% ~4.99% )  NFEPEIR (3.12% ~ 3. 40% )
FAHLRGE(1.43% ~1.53%) . — Gl LA 2K {4
HAH B AHOCTIREFE A 44 > (8] 5) , A 3= B2 HE 44 if
10 [537) Ry 43K 554 Y6 151 (37.08% ~ 40. 83% ) Tk 7K
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AP (8.64%~9. 11%) & IEBRANH (7.72% ~
8.00% ) JEHHLHI(4.42% ~4. TT%) f5 55 Fki%
(3.05%~4.59%) fig it ACi (3.55% ~4.56% ) A0t
TE-JEA%LE Y (2.64% ~ 4. 41%) i B A1 5 44 248
W(3.25% ~4. 18%) Mg B (2.56% ~ 3. 99% ) Fi 5
AL A A YRR S AR (2.85% ~ 4. 00%) . R
FArHT I CPP 3 1 /KARFN CPP it 2 KPR 41 B
EE TR —2, KRG XMP MK IR 7S S
CPP Ml 1 KR B A CPP Jth 2 KA Hp 0 B
I —A KB 32, el BCPC fth /K44 Hh 41 B

7555 A T K AR AR R ETE SR E— i,
K FAPROTAX X 7K A& i 48 AR Je A= 5 e
HEA TR, JEA5 5] 49 FPANEAIETADIRE 26 5 AR 2
HEATT 20 /9 FAPROTAX 4 Hl D) s , 4554 s b2
SIS U IR K B BOX B
XMP St KR 20 A S A (0 A 3 B e e, %
BHFRFE KR SZ G A E I B A, ok A9 &
PR LT B EE MR IR0 A I A B HEE , CPP 3 1 /KA
55 CPP 2 KPR RS RRER I B UV IR AR R ER PP R
FRAFDRT = BE B
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Fig.5 Heatmap of gene functional prediction for secondary KEGG pathways using Tax4Fun2
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%*5 %ETF FAPROTAX HELEEFMN
Table 5 Bacterial functional prediction based on FAPROTAX

XMP itz BCPC st CPP it 1 v CPP b 2 1
FAPROTAX HPETIRE  AHINTURE AHEATIRE  ZHRATIRE
Rg T PR MXTEE O AEREE MREE

(%) (%) (%) (%)
2 ERT7 12.77 7.26 10.22 12.36
IR 5 7.31 6.45 8.88 11.48
EE N 12.93 0.82 0.04 0.19
TSR R S5 0.61 1.21 2.96 3.90
T 0.50 0.75 2.34 3.27
fiE§ R AR Pk 0.50 0.75 2.34 3.27
AN 2R 0.88 1.08 0.61 0.56
FEBAE YR 5.25 0.67 0.33 0.26
PRZ Sy fift 5.45 0.06 0.11 0.11
SIS A 5.19 0.05 0.22 0.21
SRR 0.21 0.67 1.37 2.25
I IE AT 5.18 0 0 0.05
A fEM 0.96 0.26 1.36 0.57
=¥ 0.05 0.17 0.18 1.84
a5 FR 0.91 0.05 1.20 0.51
K 0.18 0.50 1.14 0.73
HhAAE 0.05 0.30 0.13 0.02
YA A A 0.16 0.70 0.35 0.23
NZEHR S A 0.15 0.69 0.32 0.21
L 5 0.22 0.31 0.31 0.16

XMP SR H7, BCPC ;2 it IF , CPP . it I

3 3 .
3.1 AEEKMEFAEMKEELEF

IKAR AL R T 5 Wi K 7= 0 ) e
A3 S AT R R 2 TR A AR DG PR AL AR IR IR S48
PHAEW  AWFIT L0 BT hy 2 N SR8, A R T 45
KR VA pH (EAE R R, DT RRAIK 7™ 75 5
PRI A B A, 4R 1R R 0 A BTG SR A K D
HAWFSESE SRR B 20 B B R R A K K3 . pH
RRIFTET ~ 8 KIRAE20~30 °C  IE A & i i e
5.0 mg/LUL |, $hE1E0.2~14.0 o/L, BASA S
i F 0.5 mg/L,NO;-N&F &#ALTF 0.3 mg/L, LLAF &
KTF 50 mg/L> 72 ARFFGE A XMP /K& pH (H
7.5, 1 & BCPC b .CPP jth 1 Al CPP 1 2 33
B KA, 32 PR R N T B R /N ER B AT A
YEFIEAE T XMP /KK CO, 53X pH {H T =i Jir

P 4K BoK BB B R ENEER R
CPP jtb 2>CPP it 1>BCPC #i>XMP 1, X & i F4L
BEAE ARG EL P10~ 13 We, K
Jei B9, K A P R D 2 P A il MR e R
JIT AR LT BT A K 5 WK R SRR B s>, AR
RIS [] £ K B B 21 8 B Wt R A K AR AL A
T Z[AIHEAT K IR AH DG 43 A & 30, JKFE pH 57K
T (WT) Ky i 5 EAHSE (P<0.05) , 3% J& K WT |-
FHE KA TR BN A Al TR A VR R4
I AVER R TP AR KR Y CO,, T3 2L
pH A 7, TH 5 WT, pH & & 3 7 M & (P<
0.05) ,iXJ&: A TR pH (B A1 WT T8 2 5 50
TR R R A 1) ik AT, DA T A7 7K A A A A,
BEZ BEAR L U WT AR fb 25 M 7K A4 pH (B A
SR RE | SR LR R )R R MR ) R )
WEIM AR WT  pH A TH B 5 21 2B MR A 1 e 5
HIKBRIFT
3.2 RREAEAKH B 7k i 40 3 B % S5 MM
ARWF5EE i Mumina MiSeq 15 38 = 0 e X
AR A A B B 2T S BT S 5 K AR A 7 240 TR 2 A 1
30T, S5 I CPP it 1 Rl CPP L 2 W AR TS
B ZREME R B & T XMP A1 BCPC i, X 7] fig
ST LB B R I R B e T R R B W Y AR
S R S ) ] R g A T S R R R
AR AR DRI, i T R O A K s 3 )
HE KR AR AR YA S R AR
Fto X5 Feng 45 X F#AH IR B2 i A W F 55 1 14
A IR Z IR 56 2R DA B o o 5 A0 ok st 3 SR A
RIS /INET B B W B e ) 22 PR 9 1 45
—3, {HJ& BCPC /KA P A= Wy Bt I 1) Z2 P AN
F B EAR, Simpson F8 8K, ZET] JE K oy
B &8 BCPC /K AR HASTE BT 84.85% , Z 14T
W& 17 51.55% , Al REAS 1 L iR AL T 3R A TR B, 4%
WL P B DR 1 30 18 oA o 4 Ay R, JHL 2 2 Wi 4
FRFA B AR I 2 T AR TS, X5 Lu 2517 Y
JCH B I R IR SRR 1 AR e 2 R BOK IR T 41
R RV 45 R L Bt 25 AR Ak B 25 R — 3, CPP 3 1 A
CPP ith 2 7KK AU R EVR 2 FEE R EOR 3 5 B 5 4K
15, 2 PR A R T R AR MR AR T R A HE
Y, KRR A A T R B SRR, AR AR
W5E & CPP1 Ml CPP2 &)1 T A E KM, I K1
PREEA RS 1R KIAEE I R AR IR S RS
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2025 4F 5 41 & 5 7 W)

G THRE 4R VR 5 i o R e . X R EL
PR S PEDRH RIS [F] A= 430 45 PR 22 AR AT g X 41
g LISk NG R T R S AN E A =2 R E oYy sy
IS IR R Sl = AR S
5 B DA S AR R WK BB A B T4 e 7K A v 241 R
HEE M Z R 5 B

FEAN R A= A B B 21 2 BT R FE A A b R AL
W1, R O IR T T AUFT
Wil BB @], XMP BCPC,.CPP1 f1 CPP2 4 4~
FREH B Bk A TR AR IR B T BE 43 1 A 50. 20%
84.85% 38. 11% .33. 45% , A5 & 1 | 178 5% 5 /K AR
IS HAT 5 Moschos 25128 12 p5 [ 52 f BIF 5
-, S 5 AR, SRR AL,
SR WU T A R TCHLYD , £ oA AL 9 i
fift >0 AHIFSE KB XMP R AR AR B B 1T R AR
T TIMNEF EH ], WS I m AR
FHAEY) , et R RS Re CHL B AL A HLA ot
KRS ARG T EEARERORIED, CPP
1 A CPP L 2 AR LS T IBR AR TE BT 5h ik
BT AUFT TR ] e 4R BRI ], B 20 2 B 0T
AR R KA B RE TS o A s 4 ) i T
PR, TEIRAKCE L3l i RIS iS5 XMP it K (A
T BRI 5 BCPC it 7K 1A v 40 787 B v 2R o — 2K
A RE R AR KRBT AR T a7 50 AR R D AL
S, DRG0 R % ) 2 RE PR R B AR, CPP
W1 KRR AR RETS S CPP b 2 KR A RETS
RA—E AIREE R B A A T 24K,
KIEPERZ AN RS R, R T2 &%
FEMAN TR, P T R I KR 2 4 n A PR )
P 5R T F7 5 K AR ZR G0 0 PR AR AR 1 35 N RE T
Bifi 5 A A I R HEE | hgel _clade 20T | 504 75 & 20
| E AT # & ( Flavobacterium ) 21 & F1 i &0 5 it
( Dechloromonas ) J& 4 7 AH X = B B @ 34 I, hgel _
clade 2B Z 5 /KIRAEER , BA S AL A A Y fig
F3U G T TR AN A B S K 7 95 A B Y B AT 2
A, SRR B A 90 A 7 3 i % 3] o 7 i SR K P 1Y
KRB AT R 0 A SR B B Ol S A
ALARTA , AT DABG SR I3 58 AR R A AN S A AL RE 7, AT
R MR S B A W B Y (B A R T 45
FeW] | FELC AT TR A 4 I o f 2 IR A RE RS S i f
BB B Jk 95 78 IR BE SR Bk i 05 s Y, B
A UL P A A1 Ja8 200 B o 21 B B MR s 1o D 49 3 1Y)

RiE
33 AREEKHEKEENEFIEEEENZN
A HE 7 A ASZ BN ) A A B B SR AR A
LIFE KRB PRt 78 R 5 3 A WU 7 44
FJRE 7 T E OGS AE T, £8 2 R FR A K AR A= 25 2R
GrimieE M LA RER O, KR TE KA AR R
SRR Y BRI A BR PR 2 O E A, X
IR BB A B AE R B e
X AN ) A A B B 2128 B0 i S AR ) 5 7K AR AR TR
FZIRIMER ) 20 T X 25 K M i ik )
BERIIRTY . ARG R KR BAL R FNO, -N 7 it
SR AE K B BT BB MR K AR 4 TR RV 1 Chaol
FEE Ace 15 %, Shannon #5852 B F A KE KR
R X IRIH B W) ARG KA A ) B TR
e 2 FELL BB AR IR AR R T R R EEORE T
FRAHFNHREY) | F5 58 0 A v id o B UG A A T 3R
BELZKAAR F i A 2 T R SV i £ 4 T ) A= A T 5
T AL A PRI SR A6 A P 2E 3R AR AR B A
WFFE I, NOS-N 5 i 55 AL AT 1 e 20 1 S A0 Wl 3
TEAHE , 5 norank _Saccharimonadales 2 T 5 42 ii 3
A ; pH S5HULHJE norank_Chloroplast 41 P& % .
ZEAH G NH, -N 75 1 55 norank _Chloroplast 21 T &
W 2. 3% A 5% ; TH, COD ., 5 norank _Rhizobiales _In-
certae_Sedis T 5 . 3 1 *H?é; ™ &85 hgel _
clade 41 S A 35 IR ARG, D0 I 3 28 AL DA 5 XK
VR I REA 250 B W e, VR AR
Xif H AR G B SRR K AR OB 98 % B, WT  pH . DO Al
TH X 7K A b A0 GRS AL AT 35 5000
3.4 AEEAKK B E S I se T
THREIE N TE R DR VS P AP G 2 b
E T AR RE ) A A T g S H 5 AR R A
HAER ., @1t TaxdFun2 BRSSP F0 A& 0, — 48
FEAT B [F] AR R B B IR AR KA b A B R 1 DL A2
RESEPA F= AR A, LU RS . Ay
BRI & 2R T R 5 PR 2 [H) 49 R 6 546 )
EERL AR FEIRA KR R B R AR i 2
Z: 5EFRY) BN A D5 BE Y A L
By HERE 1304 T DASE 3o 38 R AR5 3l 43
FEFKIR A I, IR I L . —SGE %
T3 BAN ) A A B B R AR K A rp = 2 B LA R S 1A
B R ek S HEYE ] K AL AR =R A
B ALE 55 S iE i  ie AU 55, X LE Ty fig
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