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WE AR UITTAHE O H X H S (Apostichopus japonicus) =78 3y A Xt &, FlAHEE
M FHA, A2 B 230 e 7 FE U A A 16S rRNA JE F I JF SO, AR AT R 5 3R 70 o 3B UL
R EAHNETEERMEE, WU HARYFHFHNRNERTREE T, £RET, THHER
SREMFENRDEHNEEASHEEUNEFTRE, ERAZ, £FRK, FRFTHSREASE
NP EREHRELERFTESFMLEP05), P, 2FZZREHFTEFETUAEN
(Bacteroides), 5 Z % 7 W # = B 3§ )& T B 4T % | 1(Acidobacteria) . &% & |1 (Verrucomicrobia)f1 7% &
# I1(Planctomycetes), fk 2= % 7+ W # £ % 5% )& T B2 & |1(Firmicutes), A5 = 3 WA F EHE T
% W I'l(Actinobacteria), REFEZEN MR AT A > LGOI FE, BE KB EHNHEXETEHE
I"l(Proteobacteria)(18 Xt F & >43.19%). P E F 5, %ol 5 RE MR HHFN £ FIOEEF
HRE . BRANK., REFpH, AARXK N M SR MBEMESHAERBEELSE,

KHEA A5 KM, NARY; SEBNF; HEEH

RESES S9674 XEARIREE A XEHS  2095-9869(2021)03-0089-11

12 (Apostichopus  japonicus) A H A7 4= & 1Y 57 SR YE DT R B E A R AE S R B2
MZGRMAE, W2 NG TN BEERSFRE ARG, AUE AR Y G & R sl e b &
AW R, WhIEREC R RIS REMEZ X B KVEA (Bentzon-Tilia et al, 2016), X HIEG A
(W5, 2006), EEAMFFEATRE D, FRELFE AR HE. BI% . PRSI (Becker
FEA P FEAE Y HERR ) S R R BAL , X SRR S RS et al, 2004; Wang et al, 2005; =H3ESE, 2010), WFoE
fat B A7 AE VR 0 15 3 (FEBUBK, 2015; F142, 2016). B, W 407 (Cyanobacteria)BEHF 14 it A HLERFE 1Ll B
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SRR LB, DI 58 b e 4 5 At AE (A AR AR 4
2007); 1B 5 s (Pseudomonas) i #iF BE A1 FH I Al 4k
VR FTRE A R R 348 IR (M i SE, 2009); % I
J& (Streptomyces) . ZF BT I & (Bacillus) . 15 1T &
(Arthrobacter ) H 3 &6 T Fofr Xof A5 AIL W 1 TG HIL 15 114 53 ik
HA W8 AEM L, 2006) 5 JBEA G FF R
(Thiobacillus denitrificans) . /& fi§ b % fi 42 1%
(Thiomicrospira denitrificans) . £ ¢ & #F &
(Thiobacillusd versutus) % B 7if BE M 2 F ik R 25 TG ML
T A LR e, AR, A SR R Ak =8O i R £
P HE A< (Pokomna et al, 2015); 5747 G & (Gallionella)
VBT 1 )& (Mariprofundus) . Sideroxydans figf5#; Fe**
AL Fe’, i Fe™ T LIRS BTS2 AR A7 g i AR
M 5E L AE IR (Edwards et al, 2003; Emerson et al,
2004), DRI, A A5O3 SE i A 4 g AR 3 ) RE R IR
FEFRTH M IE A 78 R G R TR AT, X B v Tt 0 R
IBE AL DL S AR 1 57 5 A e AR K HLA B
(EFERSE, 2019), SR, FRIEMGEERRE RIS
T o 52 BIAMR IR B AL K 7 i s, R385 |
T Jo B A S AR A 38 AT i Tt 5 R PR A TR A 2
FEBE RO ) 4 52 ) % BB A W0 1 A A St R
(Sunde et al, 2001; Suzuki et al, 2019),

R PR WA (] 25 74 3l 2 55 B 0 34 T FR 00 1 T 45 4
ST 2, ARG T4 5 X 2 555
WYE AR S, FT sl PR, #RAFEZE
5 2 57 FE it E DR B S5 A 1Y 2 T 2 S R
P, A W52 e ) 2 55 58 1 IR DURR ) TR 45 4G 1Y) 32 S 3R
BT, DUHA R o 2 55 0 0 A A R A RN e fe B
TP AL — 2 P SR

1 #wREFE
1.1 HRXE

PEHIL T 11(40°37'46” N;  122°8'59" E)Hi| £33
FEMIE NBF SR 4, T 2019 4E 1 H(& %), 4 A(F
%), 8 H(E %), 10 H® ), FHHERRRS, 75
[Fi) — ) 2 75 50 b 3 6T 1 2 AN 52 1.5 m S GE )ik
FAERIZG em)TURRPIFES , A TR B0, 80T
RRARAT o B BEUCRAE R 5 AN TR AR Sh 25 5IR 2%
ki, BT 3 IRER .

KR IE ST S B — R, SRR S H Y
H 8~10 3k/m?, HIZHMEZIH 100 g2k, WIETY
0.1 km?, K 2~3 m, JREZIR, KIFEXR H I
T3, RN ok 1 22 K FHEK o R AN
Tk R gR AR T, PRIER S AR

1.2 REBRERFUE

FREE PR W0 7 [l DTAR ) SR A A, B RAE R
ME ABEFe bR 61T 3 IRE R . K HACH(HQd)7/K
JEABTAES , TEFRFE IS B0 R R . R pH,
TURY) A AL (TOC) By I 22 SR H 5% PR 1 4 fb—i8
SRS, SA(TN)R B R A A Ak, Bk (TP)
FABBII I, F A (NH-N)R KR B3R
AL, THRREL(NOS-NR Mt ik, WA IR £h
(NO,-N)R I ZE 2 — A0 WO v, W RER (POS -P)
K WA EE 70O EE v, SR HIE F 3 43001
FEVL S 5 AN SR R o B R 1
1.3 DNA $2E

1 OMEGA Soil DNA 5 & U 2 %5 th
FEFREEAE AL . DNA, A} DNA JoREffICTE 4y,
DNA TR =50 ng/ul, ODasgonse=1.8~2.0, F|
1%BUIEHEEE I L IR AT DNA, ST o2 2% . JCitE
B, A

1.4 PCR¥EEFHEENFF

A 16S rRNA P ViV, H B #5190
341F(5'-CCTACGGGNGGCWGCAG-3") 1 805R(5'-G
ACTACHVGGGTATCTAATCC-3"), JwifH Illumina MiSeq
Wy 15 58 U 51

L5 RS

K H Usearch 344, L4 97% 3 {5 &8 OTU(Optical
Transform Unit) # 1E 43 2% ¥ 7T 2 25 (Blaxter et al,
2005). 1] RDP classifier £ {f:(Wang et al, 2007)i£17
Yoy e, BERER 0.8, KT ZBIEM 325
ZERYAIAH Unclassified —28, FIH Qiime 4 fF
(Caporaso et al, 2010)i# 47 Z M0 Hr. T OTU &
RKMHEHFE B, FIFH R 155 M Vegan package
(Oksanen et al, 2010)#E 17 ¥ 858 K 741 S 0T, Tl
IR ABUSR AL AR, ARE P 4325 45 A5 B[R]
JKF- 4% Rank BYFPEAH, RH] STAMP (WA 2.1.3),
WA Z M F 225, P<0.05 HEFRFE, ik
AZH B 2 25 5

2 HBRE5HW

2.1 RERTFH

IL T8 T 2 55 0 0 3 AS ] 22 45 U RR W 2R 855 [
TR HE N2 1 s o MR A A N R IR E E bR
HE CHFPEDTR Y 0 & (GB 18668-2002) ), FTA KL
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P R 1 TR YIbR e . BT il 0 3R 55 A 1~ B4k 1
bR, WEBFEHTIEZER Hd, BR. AR,
Mdh . BB & R TR ; TOC &

Cl

etk R, FER.
22 BRENFER

A [5) 25 71 3 2 5% 5 b I AR W il o e o 0
BERWAR 2, MR 2 WTRIAE M, A3 R P 5

37690~87024 45, AARUT S 41562~79288 4k, RAKE T
36980~3913 4~ OTUs, #5755 %N 95.9%~
99.6%, FEBHIN 25T LA B S0 R MREAR G B . TRk
i Zeka TF- 30, 3ROl e Eioai TR BE 2 8 S Rt i i 2

23 o BHEMES
Chaol I Ace F5%UH M T M PR E

®1 AREFTRESHFEBERRYAERF

Tab.1 Environmental factors of sediment in Apostichopus japonicus culture pond in different seasons

BRI AT Z=17 Season
Environmental factor # 7% Spring X 75 Summer =z Autumn 478 Winter

JE.E Temperature(‘C) 13.50+0.19° 26.57+0.20° 14.57+0.47° 1.300.00°
b Salinity 30.40+0.00° 28.30+0.00° 27.70+0.00° 27.30+0.00°
FR B pH 7.95+0.03° 7.76+0.04° 7.17+0.04¢ 7.43+0.04°
M TN (mg/kg) 0.214£0.02° 0.29+0.03° 0.03+0.00° 0.05+0.00°
BB TP (mg/kg) 0.16+0.00° 0.43+0.04% 0.0240.00° 0.03+0.00°
%A NH,-N (mg/kg) 9.45+0.20° 19.96+1.44° 4.2940.15° 18.86+1.48°
iR 2 NO5-N (mg/kg) 5.53+1.68° 7.93£0.21° 5.64+0.14° 0.00+0.00°
AR % NO2-N (mg/kg) 0.77+0.41* 0.17+0.00° 0.13+0.00° 0.16+0.00°
B2k PO, -P (mg/kg) 0.42+0.04° 0.60+0.04* 0.42+0.02° 0.11+0.03°
WALY Sulfide (mg/kg) 1.07+0.03¢ 13.62+1.16° 4.94+0.29° 3.06:0.06°
BA WK TOC (mg/kg) 0.44+0.02¢ 4.00+0.06° 7.34+0.28° 5.23+0.62°
A AR HL 7 ORP (mV) —18243° —22244° ~133+1¢ ~168+5°

TE: R R P I EER 2 s R FEUES A R 7R s 22 53 .35

Note: Data are Mean+SD; Values followed by different letters within the same column are significantly different at 5% level

x2 REENFER
Tab.2 Results of high-throughput sequencing

R J5 R 741 [ 5 )5 P 5 R X 551 A RT3 AHRUFH

Sample Original sequence  Quality control sequence Not target sequence Chimeric sequence Effective sequence
Spr-YK1 51618 51584 31 5928 41562
Spr-YK2 56702 56674 20 1722 51488
Spr-YK3 41725 41677 13 620 41044
Sum-YK1 39161 38889 26 1081 37782
Sum-YK2 37690 37558 12 566 36980
Sum-YK3 47161 46974 8 633 46333
Aut-YK1 79478 79431 56 1937 77438
Aut-YK2 87024 86978 67 7623 79288
Aut-YK3 79852 79794 54 1123 69617
Win-YK1 40346 40300 94 338 39868
Win-YK2 42720 42694 8 484 42202
Win-YK3 44896 44836 11 355 44470

T YRAUGRE DUURIIEER, ATRSCH G liUER . 2. &2, TH

Note: YK stands for sediment samples of Yingkou. The prefix abbreviation stands for spring, summer, autumn and winter,

respectively. The same as below
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Fig.2 PCoA three-dimensional analysis

2.5 BREGEHNHE
3T GraPhlAn R F ARG kK B 5 Bl ALK

Alpha diversity index

(F 3)FATLAAE Y, AR =000 2 52 5 i S DU o —
BE A 1] 34 S 28 T2 1 1] (Proteobacteria)(FH X 3= & >
43.19%), WILHHIIFEREES . H, S5 5H
I"T(Chloroflexi) (A%} 5 BE>7%) M FE TR W5 U
FF 1 1] (Bacteroidetes)(H X} 3 B >8.13%) h B Z= Wk 1
T, JEREE ] (Firmicutes)(FI X 32 5 >17.96%) K
Bk AFERIMAET,

HWEAET, LR R R 2L B EFE T EER
(P<0.05), Hrh, HRUHEFZRET ulfurovum,
Thioprofundum. [ i £ Jfd 7 J& (Desul furomonas) .
Desulfosarcina #1 Desulfopila. B Z{# i g 32 55k
J& T Sulfurovum,Halioglobus, Haliea, Thioprofundum,
Desulfuromonas, Desulfopila il Desulfobulbus, FkZ
¥ # £ 35 )& T Sulfurovum. Desulfuromonas.
Desulfuromusa. Desulfosarcina. Desulfopila Fli AT #
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Fig.3 Relative abundance of sediment bacterial community in different seasons

PR R 100 DMIFREYBEA T SERE, TFREEBERT 20 DR ITX B T IHE AR B @ RR T, P R/ MR F RN
SMECARIIE, AN —AREA, RN N6, BEGEREEY R R
The top 100 species were classified into taxonomic trees, and the top 20 phyla were marked with different colors,
and the size of the circle represented the abundance. Each ring is a sample, and each sample
corresponds to a color. The color depth varies with species richness

J&(Marinobacter)., 4Z={L#v i £ 2R AR @ %

(Citrobacter) . I i1 /& (Pseudomonas) . Desulfuromonas.,
Pelobacter . Desulfosarcina. Desulfopila. Desulfobulbus,
ANEHT T R (Acinetobacter ) Fil Exiguobacterium, 2. & .

B &4 FPURP LS R e\ &

Desulfosarcina. Desulfuromonas F1 Desulfopila,

LEfSe (LDA Effect Size)Z= 5 4r#rah f won
(& 4y, A AR 7K1 98 I RERTE 4 D5
TR RE S K, IR TTE 4 SF 1P
FAEZE R ERE, WA EE . AShirE e | e
MR e 2 SRR T R R 2 R MR LR E
(Ectothiorhodospiraceae) . 32 & FLfif & H (Alteromonadales)
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 a4: Bacillaceac 1 BB d4: Betaproteobacteria

B ds: Myxosoccales

ificd_family mm a5:
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Fig.4 LEfSe analysis of sediment bacterial community in different seasons

AR Z=T YU I LEfSe 704

PR AR B E AR AR 232, RIS AS [ B019  27s TI B0 ( 0F 107 7 4] v e 38 A T 0 el A e
B0 SRR AR B AR RO 2R . B h 3SR RS B R 4 BT A O 18 9] TR AT R R
Different colors represent different groups, and different color nodes in the tree represent the microbial groups
that play an important role in the corresponding color groups. The Yellow nodes indicate microbial groups that do
not play an important role. The species names in English letters are shown in the legend on the right
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Fig.5 RDA analysis of sediment bacterial
community and environmental factors

T IE A E(P<0.01), JERER ]S TN 24K %
FAHR(P<0.01), 5 TOC F & S i 3% IEAH5E(P<0.01).
BT TS pH Al TOC & I 3 HH 6 :(P<0.05).

x3 MRYEBEHSEISHERFEXESF

Tab.3 Correlation analysis between dominant bacterial community and environment factors in sediment

A 5K ¥ Environment factors
Dominant bacterial community IR Temperature M TN pH HANLEE TOC

AT ] Bacteroidetes 0.652% 0.331 0.189 —0.940%*
B2 AT ] Acidobacteria —0.762%* 0.962%* 0.934%* —0.818%*
YEWTE ] Verrucomicrobia 0.748** 0.967** 0.746 -0.566
F# W] Planctomycetes 0.723%x* 0.904%** 0.782 —0.630%*
JEBER ] Firmicutes —0.809%* —0.971%** -0.861 0.710%*
JXZETE ] Actinobacteria —0.745%* 0.284 0.577 -0.606%*

T [FIZ AP AR 378 22 5 35 (P<0.01); * 378 22 573 135 (0.01<P<0.05); Jobs i W4 A 1.3 (P>0.05)
Note: Data in the same column marked with ** indicates extremely significant difference (P<0.01), * indicates significant
difference (0.01<P<0.05), no mark indicates no significant difference (P>0.05)
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Environmental Factors Influence the Seasonal Characteristics of Bacterial
Community in the Sediment of Apostichopus japonicus Culture Ponds

PEI Honglin, WANG Luo(D, TAN Bamei, LI Weijia, ZHEN Hao, DING Jun, CHANG Yaqing

(Dalian Ocean University, Agriculture Department Key Laboratory of Mariculture and
Sock Enhancement in North China Sea, Dalian  116023)

Abstract Microbial communities are an important part of aquaculture pond ecosystems and play an
important role in the processes of nutrient cycling and energy flow. It is, thus, of great importance to
explore the seasonal succession characteristics of bacterial communities and factors influencing them for
the precise management of sea cucumber ponds. In this study, the bacterial community composition in the
sediment of Apostichopus japonicus culture ponds in different seasons were analyzed by high-throughput
sequencing and bioinformatics analysis, and the factors influencing the bacterial community were
identified. The results showed that the abundance and diversity of the bacteria community in the sediment
of sea cucumber culture ponds in Yingkou were highest in summer, followed by spring, autumn, and
winter seasons. Significant seasonal differences were observed in the specific bacterial communities of the
sediment in different seasons. Among these, Bacteroides phylum was specifically associated with spring,
Acidobacteria, Verrucomicrobia, and Planctomycetes were specific phyla observed in summer, Firmicutes
was the specific phylum noted in autumn, and Actinobacteria was the specific phylum in winter. Although
the proportion of the sediment bacterial community differed across seasons, the predominant phylum in
the sediment was the Proteobacteria (relative abundance > 43.19%). The dominant environmental factors
affecting the sediment bacterial community were temperature, total organic carbon, total nitrogen, and pH.
These findings provide a theoretical reference for microecology regulation in sea cucumber culture ponds.
Key words Apostichopus japonicus, Culture pond; Sediment; High-throughput sequencing; Bacterial
community
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