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(1. KBRS AR KSR ERLRE LT KiE  116023;
2. MRS S TR REAEZREJ M) TR T 511458)

WE W REI T B % F 74 S (Apostichopus japonicus) 7 & H R B E H A S i % £, &K
R AT BN T BOR A T AT R S 18 M SR IR W AR A A R o B AR AR, SFAT B R R B
REFBHFEEHERE, ERET, NEWEEARFEMLHEREZEE T HRAEAERP<0.05).
R 2 B3t BRI 78 KR £ BEAR W 1134 5 8 T 7% U1 '] (Proteobacteria) 71 9L A 1 | ] (Bacteroidetes), —
HFHEE BMIAEERT 0I%NEAZCH B, o, MEEBFLA MM, HrrER
7 ¥ E# B T 8B ¥ |'1(Firmicutes)fr £t Z ¥ | 1(Chloroflexi), DA% 747 # J& (Bacillus). L% 4T 1 &
(Lactobacillus). ¥ J& ¥ 2k ¥ & (Halioglobus). Lutimonas 71 Woeseia % X% . #F KEGG X #f & #%
BARFE, FEEBE] 300 4= FR A, b 146 £ HAEMEE £ F(P<0.001), R & EELR
REBEE FEXRAARB T T, BEEIANBAMEWH TR & a BB 8 e 2R3
HREN, ASMEEHMEEERBARREGEMRNYE, EANFEFEERERZR, AT XS
R AT R 5w EEREFEEE— BB KIE,

XA NS EEE; RENE; BEENF; WEEN

hESES S966.9 XHEIERIAEE A XEHS  2095-9869(2023)06-0190-13

1] 2 (Apostichopus japonicus)Je: & [ It 77 5 2 Y
WK IR A Z —, AR &S MAETMEFRNE
(Roggatz et al, 2018; ® 5%, 2020; Pi1:-[E, 2010).
FOBRAA TR I AU N &, e b b A 5
KEH, HZ T 70%00 B0 fEREE 590 EA %
(Zhou et al, 2009; B E Ik, 1997). 78 i B 5 15 324
FEAE KB A, FENUARIE LR (Wu et al, 2012;

* E R HRFIEIL4:(31902395), H G| SHU AR AR B IIE 4 .

B DTAESE, 2021) . B9 5 (Moran et al, 2005) %528
TIfE(Chi et al, 2014)55 )y T4 5 EEMIEH . #h2E
S5 (1989) WF 78 & B, I 2 Mg 3 b 9 R PR B
(Pseudomonas) %} 2 # 47 3L 4 i B ff R 1, AT DL
feftpe A K. BifRFQOIMIF A, HZh
T8 ) ZE AR 8 (Bacillus) B A [ i 2 11 5t R B A
MIRE ST, A B TS E T2 Y R0 A, ik
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f#REAR . EA%QOI8)R AL, HlZmiE il
FiR F Bk 16 )& (Pediococcus) fig % 7= A 22 Bk 2R 4t 1 16 P
VI, X 2SS M O R L PR .
B A (2013) BF 5E &k BL, M S Mg aE b Y 3L R
(Lactobacillus)BE1% 54 5 17 56 4 5 5 F1 2 0], [w] A3
A N AR, BRI TE N Y pH (B R4
IR S A, IS ST B A 0 o 8] 2 B %5(2010)
WFFEUESE , 302 W38 B #F i 3R 1R (Enterococcus sp.)
R = B R G ), JE TR S i SR KT

KF=sh Y ip i B 22 M BETE R EOk A T3
FAIR , IABE DRRE 5 30 DR 2 () A e 4 3 DI i e A
KRFRFELESE, 2005, 2204, 2019; EHRRSE, 2011,
BHGAE, 2023) FRYE WA I8 R LS AT REARAE S H 57
FAR S L5 A= R 22, [ B 38 A REAE LR AR Ko
EZAER, A BT F & WiE m Lo, R
T FRAE P A S TR AR, MR S 3R e Sk
@R, 24 M1k, KT ARRFREA T fil =8
TR R 25 AA 45 E R 56 0 T AT 98 T AR A ol il o 2 4
(2016)#: T PCR-DGGE AT T ith 3 7258 | 2
ENEY . B LR U b BT 45 R R R B A ¢
P, BEPREE(2017)%H 16S tDNA Il FEH AR #E4T 71t
I AR A 1 8 7 ) 2 g 3 R R 285 4 R AT 1 T
Fe T #eRAE55(2016)F1H 16S rDNA FARMGE T
A At I SRR I S i 1B TR 2SR RRAE . SR, H AT
T LR RS Foc I RS B ) RIS 5 /0 A i B v b
T 7 5 W) 23 W 18 T R AE K 5 5 B PR T R A 56
PE 7 T ARG A A =

Pt , A58 R HRR RBISAE RO S,
TR AR 75 58 37 FR A 2l 37 B8 K AR Bk 5 e off) =
J i RS A Y B 2, A fg T AL B SR
A 2 B 38 TR RS A AN D AR AR, HERIEERT R 2
T8 K HLFRFE IS B REAR S, LAY b i 2 i g6 fik
JE A A — o I B AR AR o

1 #wRERE
11 HmXRE

SCOR ARl 2 B LT K iE (39°9'28"N
121°33'5"E), $iA% Jg 25 g/3k IR B HEZ Jy 10 Sk /m?,
FEAH AN 150 do FEREAEE T, FIK TR 3 55 59
TS RE | BUE i, TG /K shie T BE 4140,
WRERNIHEEAS B T RRELCETE 5 Rz
JREREAIR N 1 ), s 4lbRich GDL-1, GDL-2,
GDL-3. GDL-4 fil GDL-5,

I B 55 R K 25 2R 45 il 2 557 50 I 35K R BE o

4L, %4022 pm TCHBSTRAAERIEEIE, HTH
P L DNA BYHEEC B 4 3 AR id o WDL-1, WDL-2 .
WDL-3., WDL-4 #1 WDL-5, FrA kML T-80 Tl
IR VKA HRARTE

1.2 DNA 12E

K HiPure Soil DNA i3 &, /34280l 2
ERIFRFK RN B DNAL i R U 6T
R DNA M B RIZEEE , Wl =50 ng/uL, 261 ODogo !/
ODago nn=1.8~2.0. FIH 1%I B b EE e FEL VKA DNA,
AR, AW RIoE R . JCR, KYIFTHE DNA st
A

1.3 PCR ¥ #E5NE

B LR Fr R B AR AR BLDNA, LI4ITE 16S rRNA
FHAV3I~VAF B P #E5]9)343F (5'-TACGGRAGGC
A GCAG-3')(5-CCTACGGGNGGCWGCAG-3") F1798R
(5'-AGGGTATCTAATCCT-3") k47 PCRY 1 . W54 18
7k B RK g W I A BR A F, 3 F Tllumina
Novaseqilll 7 5 FIPE250IM J7 5 - i 47 5 38 1 0 T

1.4 HiEALE

iz Trimmomatic (Version 0.35)4k1f, X G
FIHEAT G K2y, BB TR 20 750, 26k
KEE/NT 50 bp W74 {fiH] Flash (Version 1.2.11)
Bk, SHAARFIIE reads FEATHRE | sk, 1935
75, FIH QUME H1#Y Split (Version 1.8.0)#ff,
EBRHFEE R KT 8 5KEE/NT 200 bp HF51,
B4 J5 F UCHIME (Version 2.4.2)80FR 5, F5k %
AR NSRS . SR Usearch #4444 15 2]
14 4B R A AT B B SR R, BRIAAE 97%K - R ik
17 OTUs #AE5- 2RI RS ffi ] PICRUSE 34, i
2L AR A 2 TR T i

1.5 HES

i H VennDiagram #f}(Roux et al, 2016), 21l
Venn &, fifi ] Mothur #{}-£4(Schloss et al, 2009), 45
M@ A . FE T INAU Unifrac BEESHVEL, A
FEAS TR AR AL o 2R ] RDPclassifier #/:(Wang et al,
2007), GeitwAFAHXT R, BT T-test LTk, Ha
PR 22 7 i PR (P<0.05),
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RIS 2 B IR GG R 5 R 69 933~87 168 4%, @) x1 BEENFER
BIEAL Ay, K e R R AR, 55 Tab.1  Analysis of the high-throughput sequencing results
AT I R 62 391~78 243 4%, HABUTINA 41 b ARURSL HEOFIITNE BaRR OTUMH
HIEF T 80.66%LL [, L2 98.71%L) i 1, Sample Effective  Effective 0tag Goods \ OTU
S 4 ST D S R A [ tag percent/% coverage/% number
R - Hase WDL1 72 506 89.65 98.98 752
22 HEEIZHEMN WDL2 62391 89.22 99.14 630
221 Alpha $ FEbE A7 SR DL Chaol 1 WDL3 63 167 90.13 99.05 681
ACE #3Ck#FR, Z#1ME% L) Shannon F1 Simpson WDL4 72408 90.77 99.04 679
SEHORf R, IR 1R, BESR SE S e WP 79523 89.38 99.02 697
KR BEN T SR R B w e R O 700D 5504 P8.80 1476
(P<0.05)o ,EJZIK%IFHJﬁﬂ%%ﬁ%ﬁﬂﬂﬁ%ﬂ%#ﬁi@ GDL2 75 411 90.48 98.98 1 609
B KK R GDL3 78243 89.76 98.71 1591
40 434 M 28 (rank abundance) Fi] T 7] i B RE GDL4 78 131 91.38 99.05 1332
R AR A T, BRSO SR s _ODES 081D 80.66 912 9%
2050 @ . 22001 ) . s
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e ~
3 x 18001
n 1750+ T
g . = 1600}
[
£ 1500} . & ]
& . #1400} .
< e = —_—
1250 812000 .
O
1200 ) . 1000
k4% WDL %i& GDL 7K#& WDL J%3E GDL
FEM, Sample #£ i Sample
or ©) sk ’ 11 _(d)
r 1 ok
x 8 ° % l '
S | —
E 2 1o} .
g 7t g
[=9
E -
B 6 . g 09h .
£ |
= ; . Z 08
£, === £
3 . . 0.7 . s
7K{& WDL #iE GDL 7k4& WDL %38 GDL
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F1 FRAEKAAFI 2 gy 30 20 T v = T B R 2 Ak

Fig.l Richness and diversity of bacterial communities in the gut of A. japonicus and culture water

IR ZE WL (P<0.01); *FIR 225 1. (0.01<P<0.05); JChRIENI A .2 (P>0.05).
** indicates highly significant difference (P<0.01); * indicates significant difference (0.01<P<0.05);
no marks indicates no significant difference (P>0.05).
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T BE M SIFESE o Wyf i) ~F o R oy o 2 A L= #)
KM BCme, MZMTE, FnPmt i H s -E5; 9
ol 2L R 2 5 R JEE o R A T IR R B e, i £
H, FORYIFRAUR A SRR BB R . P 2 W,
2l BN 2R TR i, B 18 TP AE AR
JE U SRR A TR AR

100 |-

k441 WDL1
— 7K{A&2 WDL2
. — 7K{#3 WDL3
S 1op k{44 WDL4
8 k{45 WDL5
g — JiE1 GDLI
w5 — I5iE2 GDL2
il 1+ — %13 GDL3
LI — JGri4 GDL4
28 — JiES5 GDLS
2% o1l
© 8
b=
2.
£ 001+
0.001 -

1 1 1
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B2 ARl b A B 2 R 1 2 o A 2
Fig.2 Rank-abundance curves based on the OTU
species number in each sample

2.2.2 Beta %HME5H Beta ZAEPERT LA e ]
Z: Jify 3 MUK AREE & 7 [R] 4341 L 40 B R V% B9 AR AR

MZEFME, 78 OTU /Kb, FEF AL Unifrac B2 %}
10 MEARMAT =4k F A5 0 B7 o 18 1 —4E PCoA 73 #r
TE Al AR A 18] B T 465 R4 A LM () 3) o 5 — Ak
(PCoAD)HITTHRZE N 90.35%, 45— FAAR(PCoA2)H)
TUHRE N 6.39%, A it RTTHER N 96.74% . A[RIZH i
FEM AT RIRIRER, 0 2 ASFE 54110 15 LS b B
AR E 2R (P<0.05). AN KRZRELE—E,
R AU R e A M

2.2.3 R APl fe KRR B LM 4 OTUs
RIS, S P A RN OTUs, 2115 5]
FREEE 4), &2 I8 M 385K ARRE i 8] A 22
o SRR, WS il SRR RREA I 895 4
OTUs, HIZ: Wil 4 2299 /> OTUs, 15t /K ik
HREA 641 1~ OTUs. il 2 18 FFE 5 K ARRE i 41 T
R4 50 5 BN TE AP 2E Y 83.28%F1 40.05%, Mzt #l
FRIE KA S B R TR A RE A R 430 B 71.98%
U 41.73%, S5 T, 02 g 28 B A I 381 %) R R e
FKHEMER .

23 WSBESKEROERES T

A% O TR RE R SR 0 2 i 3 RN SR B 7K AR B A A
ARHRIEAT P TRIRE , AT A0 — AR AN B 10 TR )i A T 2
HEBR (Z U5, 2022) 0 25 0B, FHRTF R T 0.1%
I OREBEA 13 M BGER 2). X LEHIE 250
TEZFJE W ] (Proteobacteria), A — 484375 76 AT 1
I"J(Bacteroidetes) FlI i £k 7 | ] (Actinobacteria) .,

PCoA1(90.35%) vs PCoA2(6.39%)

0.06 | gDLl ® /i GpL
GDL3 ‘ JK4& WDL
0.04 L @]
GDL5
Q
0.02 -
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& ‘WDL4
«a . 3
% ok 'WDL
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K3 HIZMiE(GDL) X IR FE/K M (WDL) E B Unifrac PCoA 4]
Fig.3 Unifrac PCoA map of the bacterial community about the gut of A. japonicus (GDL) and culture water (WDL)
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WDL GDL  k#k wpL 2.4 RBEBEMISET
#%iE GDL
TETTKSE 1 (F 5a), 3112 0538 F 5 K A 5 —
P E T N AT, MR 5 AN
641 895 2299

K4 JZ i (GDL) K HFRFHK M (WDL) F# OTUs 5 B &
Fig.4 OTUs plot about bacterial community in the gut of
A. japonicus (GDL) and culture water (WDL)

47.91%F1 79.05%; WALHE T T RHATETT, AxF
JE b Hr B0 R 28.57%F1 12.09%, il 2 il o AE K 1
FIRAUAR B 1) S O S s, AR X 35 B8 2 FN sy 56
76.48%. MAN, KGN HJERER ] (Firmicutes) . %k
W] . # ¥ i ] (Cyanobacteria) . 2 H. 4l I ']

(Gemmatimonadetes)fll Epsilonbacteraeota 55 ,

£2 HEREEAT 0.1%HEEHKOEE

Tab.2 The core bacterial genera shared by all samples with relative abundance above 0.1%

I"] Phylum Al Family J& Genus Ki& WDL  J4i& GDL
AZIE T ] Proteobacteria Clade 1 Clade Ia 46.45% 1.59%
ARJE B ] Proteobacteria Ambiguous_taxa Ambiguous_taxa 5.87% 7.09%
ZIE B[] Proteobacteria uncultured uncultured 2.20% 7.52%
ZIE B[] Proteobacteria uncultured_bacterium uncultured_bacterium 1.20% 3.32%
AFJL ] Proteobacteria 21 FF# Bl Rhodobacteraceae WA B AT JE Sulfitobacter 0.86% 2.09%
AZIE T ] Proteobacteria £ FF B FF Rhodobacteraceae FEFFICHJE Loktanella 0.38% 1.86%
ZFIE ] Proteobacteria Clade I OM60(NORS) clade 0.44% 0.42%
T ] Bacteroidetes HUFF R} Bacteroidaceae U#T 1 & Bacteroides 0.13% 8.80%
AFIE T ] Proteobacteria 21 FF# B Rhodobacteraceae Planktomarina 7.57% 0.15%
ZIE B ] Proteobacteria Halieacese e Bk J8 Halioglobus 0.19% 4.89%
JHLETH ] Actinobacteria Unknown_Family Candidatus_Aquiluna 1.43% 0.19%
T ] Bacteroidetes AT B Flavobacteriaceae Ulvibacter 0.16% 0.22%
HUFF 1] Bacteroidetes #F 2Bl Flavobacteriaceae Fluviicola 0.19% 0.14%

TEJEKF (B 5b), AT I & (Bacteroides) Fil it
e 5 Bk 1 J& (Halioglobus) > | 2 g 18 1 32 2 AR
J& , HARXS R & H o 8.80% 1 4.89% IHKAh,
Lutimonas. Woeseia. M i iR FT 14 J& (Sulfitobacter ) il
i 1+ EC 1 & (Loktanel la) , AH X =F B2 o He 23 312K 3.57%
221% . 2.09%F1 1.86% . 77 FH /K M4 HL 3 5 & il L
Clade Ta , Planktomarina , NS3a marine_group .
NS5_marine_group . VA% B2 FT 5 & A0 fili P+ (G B & A 14
o, HARXTFRE & L5 46.45% . 7.57% . 4.05%.
2.26%. 0.86%7%1 0.38%.,

25 ZEREBEMEHE

2 18 M LSRR 22 S TRt s SR Al 6
B, VDKL, RIS e it py ke e 1) 3
TR JREER] . £ H ] (Chloroflexi) |
FRFT B 1] (Acidobacteria) . fi§ {42 /i€ % | ] (Nitrospirae)
NZFEBEE ] (Gemmatimonadetes); F7FH /K A4 1
WIFERETERET.

FEJEAKE L(E 6), HIZ 18 i Re 5k e 322

R ZEHIFT I JE (Bacillus) . FLERFT 7 J& (Lactobacillus) |
T TR & (Halioglobus) . Lutimonas, Woeseia i1
B PEER A & (Planococcus) 4 5 7 4 7K AR S 4 147 g U
FERJR T Clade_ I |
NS11_12-marine_group i

NS7_marine_group .
NS9 marine_group .
Planktomarina %,

26 EEINBEERSH

£T KEGG Ul 8 e, JLERR] 300 &%
S9AREHE R, 2 AREATEI T 146 5522 T AR K
FAAERR 35 22 57(P<0.001) X EEHEAA HT 30 9 =4
22 5 ARHE T AT (D7), Horh, IS Ry
A = AR i R I AR OK AL A T A R
(carbohydrate digestion and absorption). #& [ {4
(proteasome), RNA #%iz(RNA transport), £ M & H
AL WK (protein digestion and absorption) ., #8254t}
(sphingolipid metabolism)F1#7 2% JH {1 R 4= ¥ & A&
(primary bile acid biosynthesis)5 . 7 5H KA 1) 48 5+
P =g A g R R AR EY S W
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A WDL-1 . B Proteobacteria
7Kk4& WDL-2 | BT Bacteroidetes
TR Actinobacteria
ki WDL-3 N smen Firmicutes
7k4& WDL-4 . o] Cyanobacteria
m Epsilonbacteraeota  Epsilonbacteraeota
JK4& WDL-5 - m ZEHIEET] Gemmatimonadetes
%3t GDL-1 - WA Acidobacteria
AR Fusobacteria
JiE GDL-2 -l M Dependentiae Dependentiae
R T RERE ] Nitrospirae
B3 GDL-3 -‘ Patescibacteria Patescibacteria
%3t GDL-4 - Latescibacteria Latescibacteria
W RBER ] Tenericutes
38 GDL-5 n ] Chloroflexi
(I) 2[0 40 66 8]0 l(;O
FHX} 3B Relative abundance/%
(a) I'J7K3F Phylum level
KfF WDL-1 - I M Clade Ia Clade_Ia
7K4& WDL-2 - l BIFFEE Bacteroides
Planktomarina Planktomarina
ki WDL-3 - l W Halioglobus Halioglobus
7k4& WDL-4 . I M NS3a_marine_group NS3a_marine_group
B Lutimonas Lutimonas
7k# WDL-5 N | = TRRATER Sulfitobacter
[ GDL-1 M NS5_marine_group NS5_marine _group
W Loktanella Loktanella
f#iE GDL-2 B Woeseia Woeseia
#%iti GDL-3 Amylibacter Amylibacter
R T Marinomonas
Wi GDL-4 S$va0081_sediment group Sva0081_sediment_group
m Polaribacter 4 Polaribacter 4
i GDL-5 B Candidatus_Aquiluna  Candidatus_Aquiluna
0 2|() 4‘0 6‘() 8‘0 160
FEXtH=E ¥ Relative abundance/%
(b) J& 7K Genus level

K5 RIZJiE (GDL)MFRFE K M (WDL)E S RETE ] () R (0) 7K - L AR X 5 5
Fig.5 Relative abundance of the dominant bacterial in the gut of A. japonicus (GDL) and
culture water (WDL) at the phylum (a) and genus (b) levels

(tetracycline biosynthesis) . HT R IfiL 2 F1 £k g 19 4% 145
(ascorbate and aldarate metabolism) . ff Bt L B
(phosphatidylinositol signaling system) ., B JJLEEAt 5
(inositol phosphate metabolism) 1% VP8 RIEAEYH
¥(biosynthesis of ansamycins)% .

3 itig
31 RSHmEREFEKEMRBEER

A R A S R G Y T E i, HEgh
HHEBRGEYRIGIAMEER TS, X T ES RS

S i K S B A Wy £t B A5 5 DR 3+ o0 EE A A
(FHFE, 2012)0 TTRRIZ a8 B H IR G K A T A
FAIEIETE , AR L IR i e P 3 B i S 15 Jeif
PR —E YIRS, B T LI SR PR AR 2
PRI It —E Y S e AR A,

AWEFEH, HIZ 18 S TR FE KA ity RO R
JE 5 R 10 AL PEE AN AR IEA — 2, HAUS W
Ty EESRR TR BT IAUAT T i8R 5 B4R
A A A B JE SR 2 (B iR 5%, 2016) 1ty 9k 57 4 )
Z(TW T4, 2019 ERHETTH—2, RVARE
M IBRUAS ) SRR, AR BTV RBURT B T T35 4
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Fig.6 LEfSe analysis about the specific bacterial community of the A. japonicus gut (GDL) and culture water (WDL)

WU TR BEAEAE T 0 2 i 38 S SR K AR b AR TR BT IE
g AT R K AN B2 R A — AN R, AT R Y
I8 PR AR 2 R, AR WA 2 E Y G
PR AR (A SE, 2009; X ELSESE, 2002;
Gupta, 2000), [F]EFIS AT L= A 22 F0 T8 AL Bl o i 45 Fl
SRR ALY R, LIS Bh g B Y i el s
43 (Rimoldi et al, 2018; Morriso et al, 2009; 4734355,
2016) . FUUFF B I IAE R A RV v B R o 22 TG
PER, HAKMIER AL T BARE ST, nT s Bh g £ /%
fift KA G . B 1 ORI B A AR B DT Ak A
YRS, hrE BN R, R, Xt
AW R P i A f R T A HL A B AE F (Gibiino et al,
2018; Cottrell et al, 2000; O'Sullivan et al, 2002;
Sonnenburg et al, 2005)., AR B T AR B 1T IVE %
O HERER AT H S 8 M=K AR, X557
B P58 i A 2 - s R S HL A i L SR AR

32 REhmEHREER

ANFEASE A T T A AR TR A2 36 4508, DL K
SO R R AR A T 2 A T R PR R & S R S M B Y
FEA X S S B R S ) i R AR — R IR
(Zhou et al, 2022), AWF5EH, KIS bR T E
JEF 158 Fh, HEZHONIRAMTEERFIAE, LIZEAFF R
& FLIRATH R R ER B | Lutimonas il Woeseia
LM

PEHE , ZFFT# (Bacillus) @ 4 22 [C PR, &
AR B IR R D R A B, XA ML
HARSR A RERE S, v LA AR prdi vk i 284, ek
HTRIR 7 8 W 38 I AR, 38 i 3 BT

s, FEAERF S 8RR SE AR R AR K i B AR
FCEE NS, 2015), 1S IE LR OKAR g fin 25
FOFF R L], T S 2 s K™ Sl W R Ak ) )
B, UEEA KRR AR, S PUA BT E L RE

Mfepere )y, MkAFEAR, ek s
H# (Gullian et al, 2004; Ziaeinejad et al, 2006; Kennedy
etal, 1998; 5K T4, 2019), UL, ZFAIFFEREBLCAERN
fi A T AE K Bl vh A 310356 1 (Gomez-Gil et al,
2000; Hong et al, 2005; ZEMESF, 2022; FH{E4E, 2017),
FLIRAT 1 Ja8 X [ o AR B i A VR, AN AT LA
STIFLIR | ot EAL S AN R R AEPUE G, AR g
MBS B, M I Y 2 K (Xin et al, 2020), &
AT LA i T PN A9 D TR 4 R ) S BORG BRE , A
07 325 1) 490 )55 B2 71 A9 76 (Nikoskelainen et al, 2001),
Yan Z£(007)WF5E KB, FLERHAT R RECR I il b Ko 20
i, ERZEWEZLERFT I (Lactobacillus rhamnosus) 73 A%
2 PR p75 1 p40 Y RESN i 40 A X 1755 10 b B2 4
T, JF 5 K TNF-a 51 TR i .
BeAh, FLERFT A AT LA o i i L i i bR e D) g,
TR R G, I KA I B A A AR .
Martin 28 (2008)#F 58 & FX , Bl B FL T 1 (Lactobacillus
paracasel) Fll B 2= HEFLAT 7 (L. rhamnosus) A] LA™ A 45
Ji7 %65 B 240 L ) e L R R R, T A4 45 i L e A e
PR, SR IE R R REDIRE, AT FEE A
R I B AR ST, A BB LA FRUE Y E £
FIR YL . RIS 38 TP AR G 3 R e S R T iRt
B PIE S e ERE TR A, SR AR
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Characteristicsand Correlation Analysis of Bacterial
Community Structurein the Gut of Apostichopus japonicus and
Culture Water in Suspension Cages from North China

LIU Yanxia', ZHANG Jingjing', ZHOU Yeqing', WANG Luo'",
LIN Zhiping', DING Jun'?, CHANG Yagqing'

(1. Dalian Ocean University, Agriculture Department Key Laboratory of Mariculture & Sock Enhancement in
North China Sea, Dalian 116023, China; 2. Southern Marine Science and Engineering
Guangdong Laboratory (Guangzhou), Guangzhou 511458, China)

Abstract Owing to its high economic and nutritional value, Apostichopus japonicus is an
important mariculture species in North China. Because of the rapid development of its aquaculture
industry in recent years, the limitations of traditional aquaculture modes such as pond aquaculture,
cofferdam aquaculture, and beach aquaculture have become increasingly prominent. Therefore, the
high-efficiency and healthy northern suspension cage A. japonicus breeding model, with the best
comprehensive benefits and the least management problems, came into being. Microorganisms, as an
essential part of the aquaculture pond ecosystem, not only play an important role in the material
circulation and energy flow of the ecosystem, but also have great significance in maintaining
ecosystem balance. As a representative invertebrate, echinoderms such as A. japonicus have a simple
digestive structure. Bacteria account for a large proportion of the gut microbiome of A. japonicus,
providing more than 70% of their energy demand. The bacterial community is closely related to the
healthy growth of the host and plays an important role in digestion and metabolism, defense against
pathogens, and immune function. However, the complex bacterial community in the gut of
aquaculture species depends on the culture environment, and there is a close symbiotic relationship
between the environmental and gut bacterial community which affects the survival and growth of
organisms, disease occurrence, and material circulation. Previous studies have shown that the
complex bacterial community in the gut of A. japonicus primarily comes from their habitat and
maintains a relatively stable dynamic balance with the external environmental community. In order to
improve the growth capacity of A. japonicus and quality of the culture water, it is important to
understand the structural characteristics of the bacterial communities of A. japonicus and their culture
water to support the development of the A. japonicus aquaculture industry. This information will
provide a theoretical reference for the healthy aquaculture of A. japonicus and assist with disease
prevention and control. Clarifying the complex relationship between the structure and functional
characteristics of bacterial communities and the aquaculture environment, as well as the important
role of the bacterial community in growth, will support future research on the bacterial community
mechanisms, explore ways to improve the ecological regulation of breeding yield, and promote the
healthy development of the A. japonicus culture industry. To date, there have been limited studies on
the correlation between the gut bacterial community structure of A. japonicus and its culture
environment.

At present, most of the existing studies are based on the traditional pure culture or separation and
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enrichment culture methods, which cannot accurately reflect natural bacterial communities. In recent
years, high-throughput sequencing technology has introduced a new way to comprehensively analyze the
structural and functional characteristics of bacterial communities by combining several bioinformatics
methods. With the continuous development of molecular sequencing technology, 16S rRNA
high-throughput sequencing technology has become a valuable tool to study the structure of bacterial
communities. It has been widely used to study a variety of ecosystems and bacterial community diversity,
providing a novel means to study the species diversity and quantity of bacterial communities, and the
structural and functional characteristics of bacterial communities. Most of the relevant existing studies are
based on the structure and diversity of the bacterial community of A. japonicus cultured in the south,
whereas only a few studies have been conducted on the structure and functional characteristics of bacterial
communities of A. japonicus cultured in suspension cages in the north. Therefore, in order to investigate
the relationship between the bacterial community structure of A. japonicus and the culture water, this
study analyzed their structural and functional characteristics in cage-cultured A. japonicus in North China
using high-throughput sequencing technology, and preliminarily discussed the correlation between them.
The results showed that the diversity and richness of the A. japonicus gut bacterial community were
significantly higher than those of the culture water (P<0.05). The dominant bacteria in the gut of
A. japonicus and the culture water were Proteobacteria and Bacteroidetes. There were 13 common core
bacteria with a relative abundance greater than 0.1%. In addition, the bacterial communities showed some
independence; the specific phyla in the gut belonged to Firmicutes and Chloroflexi, represented by
Bacillus, Lactobacillus, Halioglobus, Lutimonas, and Wbeseia. Based on an analysis of the Kyoto
Encyclopedia of Genes and Genomes (KEGG) metabolic pathway database, a total of 300 tertiary
metabolic pathways was annotated, among which 146 tertiary metabolic pathways had highly significant
differences (P<0.001). The specific metabolic pathways in the gut of A. japonicus were mainly
carbohydrate digestion and absorption, protein digestion and absorption, and sphingolipid metabolism.
This study showed that the bacterial community in the gut of A. japonicus is similar to that of the culture
water, but there were significant differences in the relative community abundance. The results of this
study provide a theoretical basis for the healthy cultivation of northern A. japonicus in suspension cages.

Key words Apostichopus japonicus, Gut bacterial community; Suspension cage culture;

High-throughput sequencing; Community structure



