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Fig.1 Schematic illustration and sample stations

in the rice-crayfish integrated system(A)

and rice monoculture system(B)
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Fig.2 Venn diagram(A) and rarefaction curves(B)of water microbiome in the

rice-crayfish integrated system and rice monoculture system(on OTU level)
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Fig.3 Compositions of water microbiome in the rice-crayfish integrated system and rice monoculture system
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Fig.4 Cluster analysis tree(A)and NMDS analysis diagram(B) of water microbiome

in the rice-crayfish integrated system and rice monoculture system

25 2 MR MKEMEDIRE

43 A5 RC Al RM WK AR AR Wi dn 5 40
B EAERELEEW LA EHITIRIC., 455
27 (0 6) . RC MK (& S B W bn B Wy 3647 17 4
HBEL A T A ] L B EK #E E 4K (Synechococ-
cophycideae) \JE 2 W H o 1y ACK-M1 #} K& H
B A28 )@ L B B3R H (Synechococcales) | 3 Bk 3
Bl (Synechococcaceae) . B BR ¥ J& | B2 ok B4 40 ( Aci-
dimicrobiia) B2 {5 & H AL iy C111 BF K o
oK 73 2K )8 L o 2 JE 1 17 ( Alphaproteobacteria)
98 7 H (Rhizobiales) & H v iy oK 43 28 BLFI R 73

K@ 7 BT B B (Mycobacteriaceae) #1143 &% #1 #
J& (Mycobacterium) s RM 1 7K A8 3% A= ¥ 1) #s i
A 16 A KB, 43 B 8 A B (Microbacteri-
aceae) \HUFF I ] . # #F & H (Flavobacteriales) | #
T B 20 (Flavobacteriia) | Candidatus _Aquiluna . -
2 B H ( Betaproteobacteriales) ., £ ¥ FH H
(Rhodocyclales) 2L B B FIT H H 59 C39 J§ . £
AT B L B BR T B B} (Oxalobacteraceae) | Cryo-
morphaceae Fl H W /) Fluviicola . ¥ ¥ B Bt (Fla-
vobacteriaceae) . ¥ ¥ W J& ( Flavobacterium ) Fl
Candidatus Rhodoluna ,



146 o Rk R R %A%

A B C

D
=-1.479x+44.006 0.5 y=—1.205x+9.756 0.5 - -
odl Feomss  peooizs ORC 04 y70-556x +3.512 ;gf—o 779); P<0.001 0.4 722003661
! o o RM o3 R=0.7636  P<0.001 =0 <04 o R=09169  P<0.001
03 E ¥ s .-
02 ¢ : [ SN ®RC ®RC 0.2 A
— ol oaf RM BN @
= - @
E’ 0.0} 8 0.0F E a 0.0
= o s o S = o S ®RC
-0.2 -0.2F 0.2} b RM
-0.3 —0.3f -0.3
~0.4] -04f -0.4
L S S ' L S " . . . . ; =05 P S SR
2955 2965 29.75 2985 29.95 56 38 60 62 64 66 68 7.0 79 80 81 82 83 84 145 150 155 160 165 170 175 180
WT DO pH ™
E F ; G
0.5 0.5 050 oa <
o4 vy=21344x-2.440 o4l Y=ILT97x-1418 o ¥y=47370x-0.245
T R=06184  P<0.001 T re [ R=08136 P<0.001
s 0l RK=07753 P<0001 03
3 : 3
0.2} . 0.2k 1 0.2
0.1 _ oab _ ol
7 2 L A oc
8 0.0) g 3.0 g ()): p—
0.1, . ®RC =01 ®RC e RM
0.2 RM —0.2k RM -0.2
0. e y -0.3
—0.4 —0.4+ ~0.4
—0.5 1 1 1 1 1 1 1 3 =05 L 1 1 ! 1 1 0.5 1 1 1 1 n 1 n I
0095 0105 0.015 0.125 0.135 008 009 010 011 012 013 0.14 —0.002 0002 0006 0010 0014
TP NH,'-H NO,-H

P E R R AL S AT LAl o] U3 28 B 9 L 41 . Determination coefficient (R?) represents the proportion of variation explained by the

regression line.

B 5 KEREMBELSNSKEELER(A~-G)HBEXE

Fig.5 Correlation of water microbiome structure and water physi-chemical factors (A-G) in paddy fields
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Fig.6 Histogram(A)and cladogram(B) based on LEfSe analysis of water microbiome in paddy fields
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Table 2 Keystone taxa on water microbiome in paddy fields

OTU %% OTU ID '] Phylum 2 Class H Order Fl Family EEE Degree
0OTU2835 Chloroflexi Chloroflexi Roseiflexales Norank 205
0OTU3856 Bacteroidetes VC2_1 Bac22 Norank Norank 201
OTU1174 Proteobacteria Betaproteobacteria Burkholderiales Burkholderiaceae 199
0OTU4092 Proteobacteria Betaproteobacteria Burkholderiales Burkholderiaceae 197
OTU2511 Bacteroidetes Saprospirae Saprospirales Saprospiraceae 196
OTU6474 Proteobacteria Deltaproteobacteria Myxococcales Polyangiaceae 196

x3 KEHEMH KEGG HIFEERBEREE
Table 3 Abundance of metabolism pathways in KEGG database of water microbiome in paddy fields
AR5 % MIXFFEE Relative abundance
KEGG pathway of metabolism RC RM
| 2 R Metabolism 390 210.25 382 207.10
Pathway level 1

WK AL & #1%T Carbohydrate metabolism 41 882.40 40 693.75

R HEMR LU Amino acid metabolism 40 053.59 39 937.16

HE L Energy metabolism 24 475.68* * ¥ 22 783.99% " ¥

S R - AN 4 A= Z AR Metabolism of cofactors and vitamins 21 498.50 21 085.63

% AL Nucleotide metabolism 11 478.91 11 615.73

2 Ui Bk S VR W I ) A W [ gt AR Xenobiotics biodegradation and metabolism 11 716.74 10 872.98
Pathway fg 2R Lipid metabolism 11 489.32 10 739.7
level 2 HoAth & 2R 03 Metabolism of other amino acids 7 899.25 7 609.67
FoA R AR 7= W 1) A= ) & % Biosynthesis of other secondary metabolites 7 213.65 7 117.37

Z 24k A P ANE 254k & ¥ 188 Metabolism of terpenoids and polyketides 6 089.26 5 640.23

WA 4 08 AR Glycan biosynthesis and metabolism 5 531.05" 5 833.37"

AT R R CPM (count per million) 2 {H; [ A B HE G » BAR 2 HF B F (P <<0.05), * * *x F/RZHMEBEE(P<<0.001),

Notes:Relative abundance was given on average value of CPM(count per million) ;values followed by * in a row indicate significant differ-

ence (P<C0.05); * * * indicates extremely significant difference(P<C0.001).

Tl VR AR = W 19 A= 0 i L R 2 B 2 AR A W R
R AR F E T, L R E e
Bk B3 (P<<0.001) & T RM.,

3 it i
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— s AR B Clnk AR =80 Fn 2B ) B (R
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PR FIVHE 7% 4540 25 B 45 52 ) 8 > R 40 1 2B 7 RE A A
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WR AR AR T AR FH K AR AR P i B T A AL OF I
EHIE N T 2R R A A R, K, 2
HigZ W R, R IR L4 W 4 & 7 A I 4 g
Bl Pl 20 B L 2 AE Ak 20 R RD oy T YR X R e
Yachi Z5M7 3 1 B8 B8 IR U6 (insurance hypothesis)
N BRI A 2 FE R R IR AR B R R T fe
U NI AERFE S REWRUE . T, AWF50A

o RE AR SEARORAL TR A A S IR AR T B T
RE A R AR RE P . 2800 T e AR LA 52 i)
P KA Bk A ) 22 R PRIV 6 445 1 1% iP5 AT REAT LR
3w (1) 32 RSB HF i T8 v % A K B E o il
LA Rt 5 HlE 4y 12k A KPR 3R 85 DT 38 A KA 33
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T 25 W35 52 b e 5 K R 8 b i A B A e TR
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Abstract Rice-crayfish integrated system (RC) is a high-efficiency ecological agricultural system
which combines the rice planting and crayfish culturing.In order to explore the impact of RC on the mi-
crobiome of paddy water,the water microbial diversity and community structure of RC and rice monocul-
ture system (RM) were determined by using 16S rDNA amplicon high-throughput sequencing. The re-
sults showed that RC significantly improved the microbial diversity. The microbial community structure
of paddy water was significantly different between RC and RM, which could be attributed to water physi-
chemical factors,such as total nitrogen and nitrite nitrogen. The relative abundance of Actinobacteria and
Cyanobacteria in RC was significantly higher than that in RM, while the relative abundance of Proteobac-
teria and Bacteroidetes in RC was lower than that in RM.Actinomycetales, Rhizobiales,and Synechococ-
cales are the main biomarkers of water microbiome in RC, while Flavobacteriales,Betaproteobacteriales,
and Rhodocyclales are the main biomarkers in RM.Six keystone taxa were identified from the water mi-
crobiome in the paddy fields,which mainly belong to Burkholderiaceae, Saprospiraceae and Polyangiace-
ae.Furthermore, through functional prediction and relative abundance comparison, we found that the
metabolic capacity of water microbiome in RC was significantly higher than that in RM, especially the
relative abundance of energy metabolism pathway was significantly higher than that in RM.In conclu-
sion,RC formed a better water microbiome with high diversity,stable structure,and strong function and
improved the material circulation and energy utilization rate of paddy ecosystem.Those results provide a
basis for the utilization of microbial resource in rice-crayfish integrated system.
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