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J& W5 QUIME #E 47 B4 ™, T #9751
USEARC ZE R &1, H“pick open reference
otus.py i 2 FHARLIPE K T 99% HIF 511 [F]—A4~
3 P4 FA T (operational taxonomic units, OTU).
¥ 2 OTU AR £ ¥ 51 5 Silval32 $dis 7 He Xt L3k
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Shannon F8 % S 415] BE 5 %4 (Pielou evenness index),
fdi FH Bray-Curtis JEARAUPE T3 5 S FEA LA W
I B ZREVERR L
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V5 BAF 3 47 A8 L PE 43 1 (analysis of similarity,
ANOSIM), Kz 35 FL 44 ¥ Xof 8 g 38 T7 0 201 (1) 1 2
WEER 225 . F RiE S “pheatmap” # {4 U 24
il B 7K S 2H S 5 A SPSS 13.0 B Y £ ]
#7250 (One-Way ANOVA) XiF ] 1 40 7K - 1)
A 2 BESE AT 00, £ Duncan R B0 #E1T £
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SR EER

FIF 20 BB V% 1 ) AP £ & B . Shannon $5 %K
R IR S B BCRAIE M VR 1Y o Z2HEME . 45
SRR, FWP I HP FR AT 7Y 1008 20 8 v
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Fig. 1 a-diversity indexes (a-c) of intestinal bacterial community of L. vannamei in different culture patterns,

PCoA cluster analysis of intestinal bacterial community structure (d)

1. Freshwater shrimp pond (FWP), 2. seawater pond (SP), 3. biofloc technology pond (BFP), 4. high-intensive pond (HP);

- represents the abnormal

value, * represents the median; different letters indicate a significant difference at P< 0.05; the same below

e

£F Bray-Curtis 35 5 #7 ANOSIM #810L 1% 53 47

Tab.1 Analysis of similarity (ANOSIM) based on Bray-Curtis distance

FWP Sp BFP
ANOSIM
R P R P R P
SP 1 0.008
BFP 0.992 0.002 0.976 0.002
HP 0.976 0.008 0.976 0.008 0.904 0.002

e RIAEEEEL, RMAWZERBATHANZESR, P<0.058RGiHAARENE

Notes: R value close to 1 indicates that the difference between groups is greater than that within the group. P < 0.05 indicates statistical significance
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Fig. 2 Relative abundance of dominant phyla/Proteobacteria classes (> 2%) in the guts of

L. vannamei in different culture patterns
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Fig.3 One-Way ANOVA of the average relative abundance of dominant phyla/Proteobacteria classes (>1%) of
L. vannamei intestinal bacteria in different culture patterns

Different letters indicate significance levels P < 0.05
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Fig. 4 Relative abundance of the dominant families (> 1%) in intestinal bacterial community of
L. vannamei in different culture patterns
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Fig. 5 Core microbial analysis of intestinal microbiota for L. vannamei in four culture patterns

(a)Venn diagram of OTU numbers in intestinal bacterial community; (b) abundance of shared OTUs in four culture patterns, the outer circle represents

the dominant taxa at the phylum level, the inner circle indicates the dominant taxa at family level; (c) relative abundances of shared OTUs in four culture

patterns are showed on the left, and the corresponding genera are showed on the right
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plasma VL e J& T v-78 Y #2409 9K & J& (Vibrio) .
v FLIC B AP I B B} (Aeromonadaceae);
BFP FRGH BT 1Y S A AT T 10 B
J& (Muricauda) P16 # J& (Maribacter), %75 H 1)
1Y JG30_KF_CM45 FFAT 14 ¥ (Thermomicrobia) .
FCER T 3T & (Microbacterium) . o-% I
2X Amaricoccus. #§ I ¥ ifl F F} (Sphingomon-
adaceae) F1ZL/NELTE [ J& (Rhodopirellula); HP 3%
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o WER R Humatobacter Emb6: 7% 1F H Planctomycetales

B b: G0 HF Acidimicrobiaceae mmmb7: AT FE Phyllobacteriaceae

- F2 A H Acidimicrobiales [ b8: Phizobiales

m d: YRR B JE Tetrasphaera mm b9: F/KIEERE JE Amaricoccus

e RAVERE Rl Intrasporangiaceae W b8: Marivita

T R Microbacterium m cl: @ERE R Paracoccus

g BT R Microbacteriaceae . c2: 2L R Rhodobacter

B h: f0RE H Micrococcales w3 BURZGH T Roseovarius
:PeMI15 W c4: AR KR Ruegeria

= j: NEZ TR Propionibacteriaceae o5 ZLAH1H A Rhodobacteraceae

B k: A% T H Propionibacteriales mm c6: ZLA11E H Rhodobacterales

BT RE H Solirubrobacterales BEE ¢7: S50 I IGfK H Rickettsiales

. A TR Algoriphagus mmm c8: Parasphingopyxis

B o AT EEF Cyclobacteriaceae  c9: HiffF P B Sphingomonadaceae

= o: K FFIHF Flammeovirgaceae mmm d0: #ifl§ /3 F Sphingomonadales

mm p: "ELT4ERT H Cytophagales B d1: (150 FCF H Burkholderiales

= q: R Maribacter A R EE deromonas

- BREE Muricauda B d3: Ui B Aeromonadaceae

B s: Spongiimonas B d4: R E H - Aeromonadales

¢ SRR Flavobacteriaceae W d5: 7 I ICH R Shewanella

= u: SO Flavobacteriales . d6: 75 IU KB Shewanellaceae

v AL Caldilineaceae A7 2 R - Alteromonadales

w5 Caldilineales A8 #E Haliea

mm x:JG30_KF_CM45 B d9: OM60_NORS_clade

= y: BHREJE Synechococcus B c0: AR Halicaceae

B z: Familyl I c1: Cellvibrionales

20 Subsection] mmm ¢2: GammaproteobacterialncertacSedis

Emmal: Familyl w3 FISE i RJR Coxiella

ma2: Subsectionl] . cd: RIS A6 Coxicllaceae

a3 2 A HBacillales N e5: F[HH Legionellales

B a4 HR I FH Clostridiaceael W c6: JOCHEE Photobacterium

B a5 R H Clostridiales mm o7 SRR Vibrio

B a6: 2 TR Erysipelotrichaceae B e8: LR A Vibrionaceae

B o7 fHEE 22 Erysipelotrichales B c9: 0 F Vibrionales

a8 4T 1} Fusobacteriaceae B 0: 2 HIE H Xanthomonadales

mmm a9: AT H Fusobacteriales B f1: Candidatus bacilloplasma

W b0: 5NN R Blastopirellula WA £2: SZJSAFL Mycoplasmataceae

W b1 Pirdlineage m f3: 5k H Mycoplasmatales

b2 MR EE Pirellula W TR Haloferula

B b3: R Planctomyces B f5: YRl Verrucomicrobiaceae

W b4: 20N BT 8 Rhodopirellula B {6 JERTE H Verrucomicrobiales

W b5: V75 A Planctomycetaceae

B 7 JFLYIE X HNAA 8 4 B B R B e M H B o 4R
Z RV R REARIE AL BT A (O, AL G R R A L0 B 2H ) e B AR R R, AR R S SRR
Fig. 7 Linear discriminant analysis of L. vannamei bacterial communities

Different species are colored according to the group, the red nodes indicate the microbial groups that play an important role in the red group, the other

circle colors have similar meanings

K P2 % 2 32 /) sponsored by China Society of Fisheries https://www.china-fishery.cn


https://www.china-fishery.cn

228 KoOoE ¥ 45 4

4 Fof % 5 A S A AR PRk th 129 AN 48R R HE
(87~ {H>80, P<0.01), FWP FRHIH K 145 77m 2K
B2k A TINBRFF R AL . Chthoniobacterales i
TERE WAL, SPAMAX ISR KM F LR T
FARRE . SRR Ay BUIREEF s BFP F75H
B HE R Bk A T 8 #F W L (Flavobacteri-
aceae) AT ZEHE AL ; HP 77 70 51 1) 45 78 FEHF
ok A T4 4% FF (Rhodobacteraceae) . 1% %% & £ Al
1 H A F) (Halieaceae) 55 (£ 8).

24 T RIFERKT KGR X R 78 & #
HIRN

4 BhFRFERE T ML I X B A Gl T A 3L B
BN IR] (B 9), HP FREEARE R FLAY IS UR 7 18
R E S N TR o G U R IR SR
FWP F7 5 45 2 3R 26 2 BORI-F 2 e A2 4 L R g
THA 3 FIRAAE I R 2T LIAE I, 1E BFP
FRIERT , BR T BLHAE R B FWP Al SP 3751
B, HAUH I 2B N R AR FWP JRFH

HM778514.1. 14220

New.ReferenceOTU100@ 100 N
JN032808.1.1434 @
New ReferenceOTUSS @ — 100 4
o ceOTU1246@ 2y % |
New.Referen “(y‘.u‘rﬂz. N
New.Referen® et ® “ .

R A S R0 25 FR I R 2 AL S R VTR N 4%
o 1AM 4% B R A S RARRH R E AT R R
5 IR R . IR R A Family 1 (8 T 85 ¥ 17)5
B OTUs; 5 1 M4 E 8 A&k A TP 8
R, PeM15 (J& THZET]). LD29 (J& F it
F 1) 3 MBI OTUs, BEAh, SZJRIRRRFE i M 2%
o 5 HAL R I R oy Y], R b £
BERPE, 7 SP AKX LI M, kBT
A A A, LD29, Family I (& TWE# ) fLr
YR B OTUs tHE X REY], B8 14 M 4,
BFP 77 i 4% 2 A 2L 0 26 v Jag - 9IS 0 21 40
FHI OTU H AR d o LB R E V). LAk,
LA RHA 5 A R A SR A A B . HP
I B AR ) T R S B A R A e M, LR
A% 0 BB FE O SRR Ea R I
BERIL AL . BFP 2 A AR I o B A 21 20 B
B OL AT 5 SR AARHE FWP BT SP AR X
HHORE S B e B SR (1 9)

® FWP @ BFP @ SP @ HP
A: Mycoplasmataceae

: Fusobacteriales
Propionibacteriaceae
Intrasporangiaceae
Actinobacteria
Planctomycetaceae
Flavobacteriaceae
Chthoniobacterales
Verrucomicrobiaceae
Cyanobacteria
Shewanellaceae
Aeromonadales
Vibrionales
Halieaceae
Gammaproteobacteria
Rhodobacteraceae

n
Q31987 5151

o' . Mcmccmu\

@oNev- neeOTU9)

BOZZATETEOTmUO®D

fow. Refer

T ::i:«“:;fcrcncc(ﬂ’U‘;V

® New ReferenceOTU66
“ 87— @KU644134.1.1516
Mo O KF569814.1.15]2
@ KUs24756, 1 151

8 TEFERATHERLR ARG H UK

Fig. 8 Phylogenetic trees of indicator taxa for different culture patterns
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Fig. 9 Co-occurrence relationship of intestinal bacterial communities for L. vannamei in different culture patterns

(a) Freshwater shrimp pond (FWP), (b) represents seawater pond (SP), (c) biofloc technology pond (BFP), (d) high-intensive pond (HP); the size of each

node is proportional to the number of connections; each node is defined at the family level, and the same color represents same family
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Tab.2 Topological parameters of co-occurrence network for different culture patterns

FRIHRE RED=S bul BgUb R4 REARH 4% B4R TR S
culture patterns nodes edges modularity clustering coefficient network diameter average path length average degree
FWP 137 981 0.828 0.833 10 4.707 14.321
SP 137 855 0.757 0.734 12 4.057 12.482
BFP 106 632 0.834 0.727 10 3.525 11.925
HP 140 1223 1.024 0.760 12 3.965 17.471
3 Wi X W P8 i 28 A W BE R S5 AT X ERSRAE AR AR R
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Effects of different culture patterns on the intestinal microbiota of
Litopenaeus vannamei

ZHAO Yueji, GUO Haipeng, ZHANG Demin
(School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: To explore the differences of intestinal microbiota for Lifopenaeus vannamei in different culture pat-
terns, bacterial diversity and bacterial community composition of L. vannamei from different culture patterns
including freshwater pond (FWP), seawater pond (SP), high-intensive pond (HP) and biofloc technology pond
(BFP) were studied by using the 16S rRNA gene amplicon sequencing technology in this study. The results showed
that the a-diversity indexes of FWP and HP were significantly higher than those of SP and BFP. The relative
abundances of intestinal microbiota compositions were significantly different among the four culture patterns. Pro-
teobacteria had the maximal abundance in SP, BFP and HP culture patterns and contributed to the biggest differ-
ences for the four culture patterns. The abundance of Cyanobacteria in FWP culture pattern was far higher than that
in other culture patterns. Vibrionaceae (Proteobacteria) and Mycoplasmataceae (Tenericutes) were the top two
abundant families of core microbiota among the four culture patterns. In addition, the indicators of different cul-
ture patterns were different. The indicator group of intestinal bacteria in FWP culture pattern was Propionibacteri-
aceae, and it was Flavobacteriaceae in BFP culture pattern. Co-occurrence network analysis found that the interac-
tions of intestinal microbiota in the HP culture pattern were higher than that in other three culture patterns, and the

co-occurrence network of FWP was the most stable.
Key words: Litopenaeus vannamei; culture patterns; intestinal microbiota; core microbiota; co-occurrence network
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