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TG HE T 5, 2018), SR, Bl S 3528 7=l )
R R, FRIEKAR TS e ) 8 H 25 5, Xt FRgE A
Wi T —EfaE.

TR M AR HE DR TE , AN KR S
RE PGP AT B, i ELXT 37 5 A W 1 fee A
TE B o R i (E 2285, 2019). IR ABFIE KA
T a4 S T i, AT LT fi s A= ek F 58 A5
(s, AR R LA 2R 0 1 A I RN T 6 el 3 7K
A, HAET, AT KRG P e i bl Xtk dis
YW | A T B S5 — R A A W A By
oA, BB 2 fAn] AR R B 4%, 2019).

FISHE G EAY, KRB AR A K 3
BGPTSR 20 I TR R TR Y 32 R R (R AT,
2019). TAEA, T IS SR 5 1t 5 7K AR B I B F 5
TAEBORMEAZ BT # GE . Gao 55 (2010)7EAF 78 4
2 F% FH it S K MR TR BE S5 M BE kB, AR B R T
(Proteobacteria) . JZE# '] (Actinobacteria) . LT &
I'T(Bacteroidetes) 55 i th P /K A4 i FEZLAR TR, A X
FHEN 69.01%~97.21%. FEHFEHQ016)% 22 )5 | JE
T R MTAS i) b DX 2 55 b 39 7K R TR R 235 A R T
FEAER R, TR KUK R BT 1 Y N AR TE T 1)
FHUFF ], T4 (2010)%) 1L T8 22 5 m iR &=y
S F 5 K AR B B SEARAE O BP9 2 IH, 6~9 H 7K ik
B AW BT, HARS W R 2R )E TR .

HAT, O MIFE R 2 23 T IR A MR J 4l ks
FREAL G T (B R K, 2008; EAESE, 2010; 2t
%,2010), BB —EMJRRYE, ASHEME 4 1 b 5
FRFH I A RV S5 A B LS O IR AR,
AR G ARG B, T
SER) NI RERFETF 7 Bk A2 (LSS IR AE, 2016; X1 JF#E
452017, HILEL, 2019; RSFHISE, 2020),

AR BIF 5 8 BOIT 7 4K 0 0 2 5 B Tt BB AR SR F 5T
S, PR PR AR, BT AS R 257 00 2 55
KRB B4 5 T REARAE , LA N ) 2 35 5 th 3K
PR A S TR AR A — e A B ARl

1 M5
11 HREE

SR A 36 IR ) 2 35 5 b IR AN R B 2 B — L
H ARG A SRR . AL 0.1 km?,
IKIRN 2~3 m, JKUER [ TR, AR % ok 1)
22K FHEK o 4350 F 2019 4E 3 H(#&EZ). 6 H(E
). 9 HEKE)M 12 H(%7F), FIHBERK S RE
1T R HE(39°16'42"N, 122°36'5"E) ] — i 2 57 5 1th I

FJE(BKI 30 em ) FTFE(ERBIK 30 cm Zb)KAE
% 4L, RIS R Se 2% KA 0.8 pm TR
SRR RIS, ME K BTHEbR; FHER 0.22 um BEAR £ 4
FUBEANDE, MR T 40 TR A DNA B2,

1.2 IREEFHME

K HACH(HQA)K R 43 i , B 5 4R BE(S)
TREE(T) . FRUASE (pH () . Wi#4E(DO) . AL 5L AL
(ORP), HZ(TN). MBE(TP). ZANH-N). flifeih
(NOs-N). WAHFEE(NO:-N) . BEFAEE(POI-P)SFEEfL
SO0 EH IR GB17378-2007 M M RISEHEA T

1.3 DNA 2

7%l OMEGA Soil DNA 2] &4 BUfI 2 355 s 3t
JKAHRE 2 DNA, 81} NanoDrop 2000 #0543 66
JFETHRT 1% B B e F, KRG i 2 L DNA B3 58
4l g

1.4 PCR¥MEEFEENFF

A 16S rRNA P ViV, BP9 851900
341F (5'-CCTACGGGNGGCWGCAG-3")H1 806R (5'-G
GACTACHVGGGTATCTAAT-3"), i Illumina MiSeq
I FPF- 15 58 U 10

1.5 H#ESH

K H Usearch %, LI 97%8 {HJF & OTUs
(Operational taxonomic units)#fE /2T R R H
RDPclassifier ZXFLABI{E 0.8 #ET9 R0 4358, 1K
Tz BRE 53225 R R Unclassified —28, FJH
Mothur #1722 TR RE5 R,
HENFEAR K E4 Rank BIERE(E, KA STAMP
At A Bl ] 32 B 22 5, T BE 45 4l P<0.05,

2 HRE5HW

21 IMEEFEN

AL K T 00 2 5% 5 b 3 AS TR) 24 A R PR BR B TR
T L5 R L 1, ARYE AR N RILFE KoK 5
FRUE(GB 3097-1997) ), T A R AE SR BT 755 B 4K |
JEUFARbRE . R 1L TTLIE W, BT WK BRFE AR 5
M EME T 2258 K, KR EHEESMA S
B, EREMMERMK. NEFRL S, KIKERA.
SAPLR(TOC) . pH. ik Fifb 75 A i (COD)¥
FHH R TR R, TN, NO-N ., PO; -P
H1 TN FRELH Rk s, AL A/(ORP), TP,
NH;-N Hil NO3-N M| 5 e Tt i Je B A a3



TR\ MG AN [ 219 2 3R B I K MR TR R 454 5 D RE R TE BT 5T 79

x1 ARFTRSFEMBEKEREEF

NH;-N(mg/L)
NO5;-N(mg/L)
NO3z-N(mg/L)
PO3-P(mg/L)

0.012:0.000°
0.030+0.007°
0.013+0.003*
0.007+0.000°

0.006+0.002°
0.000£0.000°
0.000+0.000"
0.000£0.000¢

0.013+0.002°
0.084+0.010"
0.013+0.005"
0.003%0.000°
0.0020.000°
0.270+0.03°

9.47+0.05b°

Tab.l Environmental factors of water in A. japonicus culture pond in different seasons
B [ T 275 Season
Environmental factors %2 Spring K Z5 Summer k2 Autumn A2 Winter
IR T(C) 16.83+0.06° 23.90+0.10° 16.40+0.00° 0.70+0.20¢
EL ¥ Salinity 30.80+0.00* 28.40+0.00° 26.90+0.00° 30.70+0.00%
pH 8.02+0.01% 7.96+0.06° 8.22+0.02° 8.610.20°
DO(mg/L) 9.80+0.08° 7.19+0.03° 10.36+0.08° 16.43+0.99°
TN(mg/L) 2.39+0.03" 2.15+0.08" 1.19+0.01¢ 1.43£0.01°
TP(mg/L) 0.040.00° 0.00+£0.00° 0.08+0.01* 0.05+0.01°

0.005+0.000°
0.002+0.002°
0.000+0.000°
0.002+0.000°
0.004+0.001°
0.300+0.02°
61.82+1.31%

Sulfide(mg/L) 0.007+0.000° 0.000£0.000%
COD(mg/L) 1.420+0.02° 0.120+0.02¢
TOC(mg/L) 7.8100.19° 6.860+0.11°
ORP(mV) 101.00+1.00° 150.00+7.00°

126.00+7.00° 68.00+15.00¢

W RN PR 22 57 1 3 (P<0.05)

22 HEENFER

UNEESS B 37 RiiE ¥ QUN SN2y ol FE XA
1751 40540~71190 45, Horf 1340751 33663~67711
2%, BT 372~835 4 OTUs, N F7H 5 %N 95.94%~
99.66%, 7¢I FP 2% S BL S S BRE AR B (3 2),

23 HESHME

231 o BHKE LT RIEBRSIREMIE KRR

Note: Different letters indicate significant difference (P<0.05)

HEEMZHEEN R P ENRTEERE 2). B
AR Chao $840F1 ACE $8%4 0T 1, B 22K AR TR B B
e, RRAKIRHERE R, BEMEAENTEE
FRkZ=2Z 0], #R¥E Shannon il Simpson 8% %1, B
B IRR B Z M, FREERKIR R 2R AR,
KM TR

232 PBHAHM fE OTU /K- I, & FhAY Unifrac
PE BT A AEAS AT = e AR bR AT, AR LR 1, oy,

*2 SREVNFER
Tab.2 High throughput sequencing results

B OTUMH  JIARFSl  HRU¥H  FRIEEL  ACESEMC  Chaol J8HC  FIFARIEN
Sample OTU num Seq_num Filtered num Shannon index ACE index Chaol index Simpson index
Spr-W-CH1 517 54683 49271 2.64 539 534 0.17
Spr-W-CH2 527 46658 41594 2.49 533 481 0.21
Spr-W-CH3 533 41542 36519 3.32 687 658 0.10
Sum-W-CH1 835 49227 41927 3.70 2203 1554 0.06
Sum-W-CH2 737 44965 39028 3.64 2009 1391 0.08
Sum-W-CH3 766 40931 33663 3.70 1944 1484 0.06
Aut-W-CHI1 432 40540 40199 3.15 1964 1422 0.11
Aut-W-CH2 372 69927 67711 2.90 2287 1595 0.13
Aut-W-CH3 480 71190 67415 2.90 1393 1138 0.13
Win-W-CH1 796 60308 40351 2.89 1597 1052 0.13
Win-W-CH2 765 70511 44015 2.97 1589 1117 0.12
Win-W-CH3 659 62177 45506 2.77 1389 1048 0.15
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Fig.1 Unifrac PCoA of water bacterial
community in different seasons

24 RBEEEHRE

AN 25755 00 2 35 G b /K A TR 25 A R G ] 2
U NP & Gl o = NI R ER B 7 Rie v AN N
PR F SRR TR TFFET], 3
JE e m Tk 90%L b Horh, IR T I E 244 25
P — A 1T, M 2 KR TR Y
49.66%~70.02%. FLFF BT 42 A A1) 215 i) AL 34 AT
I, . HE . MR AX F A0 27.35% .
26.66% . 23.33%#1 19.98%:,

WIEK- EF& , RS F55H 5K A 2
I )& & Planktomarina, Sulfitobacter . Litoreibacter
Loktanella, Amylibacter , Candidatus_Pelagibacter .
Phaeocystidibacter . Olleya il Polaribacter . & 27k i) %
PR )R T Planktomarina, Roseovarius, Litoreibacter
Candidatus Pelagibacter . Vibrio . Halioglobus .
Phaeocystidibacter . Algibacter I Pseudofulvibacter , Fk
ZERK AR E R EEFRIE T Pseudoalteromomas
Psychrobacter . Shewanella. Plaribacter , Olleya #0
Bizonia, &Z/KIRMFENLHTEIER)E T Planktomarina.

Sulfitobacter . Candidatus Pelagibacter . Amylibacter
F1 Polaribacter . L3 i@ 4L A7 7E W& e 22 5%
(P<0.05),

25 EREREMEHE

J&ACET B AR B REAR UM S A 45 SRR W, AN [)
e B AL T T 2 5 B K R TR A A S
25, H, FkEHHAEHLL, G R
B, AREBAR(E 3),

LEfSe Zriidi i n (B 4), . HHAFKIE
RSB 153 B A PERLEE ] (Verrucomicrobia) . ik
P RS BE T | ] (Firmicutes), BKZ AR IR, &
RV R FEHRE T Planktomarina., Amylibacter
Ml Roseibacillus; X EFESMHWE LR E T
Owenweeksia, Phaeocystidibacter 1 Euzebya; FkZE4;
Sk & )8 T Winogradskyella. Cryomorphaceae.,
Bizionia #il Psychrobacter; 4745w E FEF/E
F Candidatus_Pelagibacter 1 Qulfitobacter,

2.6 HRFINBEHFE

AN TR 25715 30 2 75 B 3l 3 7K (A T o ) 8 0 42
UL 5. X COGs $i#ia/FE 25 FhohfedEm, KRR
HErh 24 ) e 8 F AR 7E 2 P 25 R (P<0.05),

B AZ K R T E DI AR B 5w AR DL, 3R
M B e 4 A% [C,E,F,G,H,LQ,P,M,N,0,T,U,V,G,J,M] ¥
17 FhOh e 1 % F i (P<0.05), Horr, S0
M)A TIRE Y o, HARRIAE[CRE A = 5 %
e, [B1R LM A5 MACH, [FIR T RS 50,
[GIis/K Ak & Wi i AnAC I, [H5HEE Y2 5 A,
[1IIE % iz 50, [QIRAMRWY A G . 8
AR, [PIRHLE Figf S0 m . e
Mot B 555 S 71, R DIRE R3S R A B AE [M]
2 R RS B R AR W A, INTAH LR RE ST, [O]1#H
PIREM . EAERAEHEBER, [THE 5% 3L
Hil, [UI4BAE P s . b s i, (VIR AL
TEf5 BAFM S AL, [K)Fe s SLIE . B
1B AT RE TR 5 1

H5HFM, B RKEHE BRI [GI M)
e M % T 1E(P<0.05), BAREI N [GIk/KIL G
EHEACETIRE, DI, AL, M4k
A TIRE . AN HERE /B A B A WA SE T RE Y T B

PR AKR T BT e 4w [D,Q,Z,WIHY L RE 2 1 2
A2 5 (P<0.05), MRS ES m, £
BN D14 A IR . A2 Bk, (2]
YN E AL RER R RE, LA WA SN 25 A A S Th i
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Wig

AR AR S S BRI 30 A 25 2R 8 O B B2 R
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ZOCTE MR (AR, 2013) ABFSERI e 1
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JF - AR 38 1o o i) 2 55 B i K AR A= 40 16S rRNA 3
I Vi~V i BEEATY 60, 4 1 28 22 K AR Bl A= 4 il
FEHFAE , TRASRAT ARG A MR B, LA 575
KR BRI B R 8 2 0 ) 2 75 B 0 B TR BRI — 5 1
RIS IERY

31 AEFETHRISFEMIBKEREE BT
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Fig.2 Relative abundance of water bacterial community in different seasons
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Fig.3 Network diagram of water bacterial community in genus

FoBE 2 PR i A 3k 90% LA I, 145 B 524 #1655 (2014)
MRS IRIEAAVI & o TR BEVE S — LT ], 2
SR AR R AR ) o T HE 2 oy ISk R A 4 25
i 7 4%t L (Gupta, 2000), FUAFEE T 11E AR L3
BT, SRR AN B 0 A G A, H B e
77 A A K A R A A A KAy (LT B Bl
V(i 554, 2017), [FEE, AP R e K BERR
IKAL B B0 TR I A R 23 A £ A 200 B BE Y 22, 5
JI R 1 B S5 A LA B AR G 40 O, T S8 B
ST IR AARRRAE P 1) L2 LR, A R A b LA
HLE(Chen et al, 2018).

32 ARFELRSHREMIBKEEREBHE

PO AN ) 2519 B 3L 7 R 9 A0 2 5 B b 308 K 1k 22
SR IFATRAE . AR ER, . EMAEAA R
P22 S BT T 200 SR Jm TR T1(16.01%) . TR

I T(11.67%) FIERE I 11(2.01%) ; FRZAH L T HAl 215
WA 03 IR SR TR o AN [R) 25779 o S R 19 R X
FRE SRR BAL IR 7 B A S A o, BRI
St ) AR T K AR BRI 1) A R o A 3 LA — R 1)
SR, WFAE B, KL R 0 ok 9 A KR
I RRRALTCHLE R AL S B S 0, BRE S5 R SRR
A 7 FL T A BRI o B Ak PR TR RE 1 2 i) (i T 8 4
2012; Nishiyama et al, 2018). FERLE 15 B
CATET KBRS RG T, 784 Y Bk 0 &G 2 ok
% T ZAFE H (Bergen et al, 2014; Sharp et al, 2014; Shen
et al, 2017), AHFFE TGRS IR0 w5 R[5 22y
IR iAW PR IR 7 B, R Z KR R R S e DY
ZEfl . WIS RGN IR R E N, FEKIE
PE R B 11 AR X = BE A 388 e i R AR UG 3 o R R
KEEZVEM . BA U RAE T RN E 2
2B, TEFRFE M E K AR b B e . ]
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(a) LEfSe analysis histogram of water bacterial community in different seasons
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(b) Annular tree diagram of LEfSe analysis of water bacterial community in different seasons
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B b4: Psychrobacter

B b5: Vibrio

B b6: Vibrionaceae

B b7: Vibrionales

B b8: Gammaproteobacteria
B b9: Roseibacillus

B c0: Verrucomicrobiaceae
B cl: Verrucomicrobiales
B c2: Verrucomicrobiae

Fig.4 LEfSe analysis of water bacterial community in different seasons
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The Seasonal Structural and Functional Characteristics of Bacterial
Community in Apostichopus japonicus Culture Pond Water

TAN Bamei, WANG Lu0®, PEI Honglin, XIA Xinglong, DING Jun, CHANG Yaqing, HAO Zhenlin

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

Abstract To investigate the structure and function of the bacterial community in Apostichopus
japonicus (sea cucumber) culture ponds in Changhai, North China, the bacterial community composition
and diversity were seasonally analyzed by high-throughput sequencing and bioinformatics analysis. The
results showed that the bacterial richness and diversity were the highest in the summer and the lowest in
the autumn. In all seasons, the predominant phylum was Proteobacteria, followed by Bacteroidetes, but
higher levels of other bacterial phyla were observed in the spring (Verrucomicrobia), summer
(Actinobacteria), and winter (Firmicutes). There were no significant differences in the phyla of autumn
with that of other seasons. Predictive functional profiling based on the Clusters of Orthologous Groups of
proteins (COGs) database (functional codes denoted by [X]) showed significant differences (P<0.05) in
24 aquatic bacterial community proteins. In spring and winter, the proteins for energy production and
conversion; nucleotide transport and metabolism; carbohydrate transport and metabolism; secondary
metabolite biosynthesis, transport, and catabolism; cell wall/membrane/envelope biogenesis; cell motility;
transcription; and replication, recombination, and repair were significantly upregulated. Proteins
regulating carbohydrate transport and metabolism; translation, ribosomal structure, and biogenesis; and
cell wall/membrane/envelope biogenesis were significantly downregulated in summer. In autumn, the
proteins regulating cell cycle control, cell division, and chromosome partitioning; cytoskeleton; and
secondary metabolite biosynthesis, transport, and catabolism were significantly downregulated, and the
proteins for extracellular structures were upregulated. These results indicate that the richness and diversity
of the bacterial community in the sea cucumber culture pond are the lowest in autumn and that seasonal
changes in the community structure depend on the function. This study provides a theoretical basis for
water microecology regulation and the prevention and control of A. japonicus diseases.

Key words Apostichopus japonicus; Culture pond water; Bacterial community; High-throughput
sequencing
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