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Eak' EAE' X ' OEXAE' MRA' T EY FTF'
(1. KREWFERSF ARSI KGRI RS LGE LT K 116023,
2. MRS S TR REAEZREJ M) TR T 511458)

HE KA 5 DR E b 7 s A 2 FE 2k I k| £ (Apostichopus japonicus) 7= 78 3 4 3 £, A F &
M T BRI R R S IR A TR A WA 16S rRNA 2B 7 &, AT HHuk . sk
MK SR AFENRDEREMRE, AEAY NI HENNERTREE T, £RETF, &
RAR S REAMBEN RO HAFEEMLFRERANEERT ALY, ARAVHERNEZ MR
(P<0.05), Fat RS REMBEA RO EHEHNEREERZ T, Fokil, stk 27 H
7707 & T B B W |1 (Firmicutes) . B #T # |1 (Acidobacteria)#1 2% & 1 | ] (Tenericutes), /2% 71 [& fir
Bk At EE RO ARE, E%F —R%HE 135 FE T L HHE |1 (Proteobacteria), 48t + & & T
49.04%; REHHE TN ZI W BF MR A, HA, HKkH LA E [T(Bacteroidetes), & 7k 1 £
Z & '] (Chloroflexi) 7 # %4 1 |1 (Actinobacteria), ft.uk i ¥ % % H |1(Planctomycetes), 1% H F5 &
BAXEMIRA, KRR SR AE TR E LM S TR EFEH B F AKX HEP<0.05), &
B.HE. REMEANRENRYEBENESIERF, AAXKE ISR MER D VEER
BEH IR AR

KBRS Al RS gEENT; EEEN

FESES S966.9 XEKFRIEEE A XEHS  2095-9869(2023)04-0121-14

7l 2 (Apostichopus japonicus) 2 A % & 1) 28 55 BT VK2 AL A — BORR IR I o R AT K2 ) Rk
{8, STk L7 B 1K FR 58 S Fl(Roggatz etal, {81 37 FE L 30 /K IR PR 855 phy o P4 1R 25528 7 45 73 kg b o 38
2018), BlE RIS IR AW &R, BASeEE BeRE, hits IR KA B BRERZ | 2
P B Ot 3R 3 0 B N I 2 0 3R A i R  (Yuan  FIVA R A0 )2 S 4 (Giliehinsky et al, 2002), 154 &
et al, 2007). 7, UKIZ Rl S B0 b 3 BR 2 25 5 RS i 3 IS R K B
i U 2 B 1 b s DX R ) A AR [ S 20 b B IR TR 2R K, T A T SR A (R R (R A

* [ 5 HARARHE R4 (31902395) . FE K H ST A1 RI(2018YFD0901604) . ki 4R BHE 22 B 3 H (2020RQ115) FlFg
TGRS TR RAE L= M)A BN 5] 38 KL I (GML2019ZD0402)3: [[ % B .
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4 2011). 1 HAES
UL B A F A 2 5 R G o 4 T Tab 1 Sampling information
WAL, TEAS RGOV OKBURAE | FRFEAE WU E B REEI R s
P 4 7 T 1 R 1R 5 AR A (Deng et al, 2009; Sampling period Sample information
F Kk Icebound period C-1, C-2, C-3

Michaud et al, 2009; Blancheton et al, 2013; L7 E,
2015; ZMESE, 2022), A SEQOISHHIFEERY], IR
S IR A 7/ B Sl - = S I N (s
(Halomonas) At it 35 FR A B% . 7 R0 % it 55 AL 21 358
M)A B7 1k PRRUS Y A s S v 7 | S 5 9 AR ) i
W, HEABEASS Y6, DIl S 355 it 5 T
R4y 549 3 1Y 45 4 T AR YQ-2 Fll DY-6 REAT 2K
451 580 299 Jit B —— b 2 9K & (Vibrio - splendidus) Fl
1% 2 s 5.}y 7 (Psedoalteromonas  nigrifaciens) (it 4:
ZIH(RABSE, 2017, E&MEE, 2018), SR, FRAGH
WA RGNS Z RN INSEA N FR N, 548
Bl CE SR U A SR A Y T i R Y R A PR TR
FP2EAN 3 B B9 BC2E (Bentzon-Tilia et al, 2016; #/\Af
SE,2021). BN, iR AR BEAR A A TN A B S
P RS HCEREAKT L A LYo, SRR
HEFRTH AR B A (ZE AR, 2010), KRB B B
FeUe e e R A AR R, F8 T K R i
MGG VR R R, 0 T 2% 57 58 R4 ) ST 70 BR RS
(FRUREE, 2013), pH /&A= Wy i3k i 48t 1y o1 B 42 1A
T, BB I A I B R X K PR R 4 R R
FHR AT B A8 AR 52 % (Lindstom et al, 2012), #k
5 B b P 5 DR 722 Ak T B0 ) R il A R R S £t R R
B S BRI IY , E DG T 5 5 St I R Rl B0 TR R 45 A
THD ) A 90 30 6 A 40

PRt AR DA Hh b B e B R ol 2 97
B L Ry XoE 52, R v 3 0 R A ST R A 2
T M DO R B S AR IE S O R, BN
2 FRE M RS 40 1045 B HE L AR .

1 #wREF=E
1.1 R&EHR

A5 5 [ b Dy R P TR ORI 2 R A
i3 (40°37'46"N; 122°8'59"E) X4, FIH R 45 5
SR A B K] | Ak RNk vk R — 2 52 5 i e R
2 3~5 em UURRWIRE AL, SRFEEE LR 1. HEAEA
TWEOE R, 80 CUKFER A, TR
DNA m#H, FraFesh R A A —h 5 IF s e 3
17, MWIEHRL N 0.07 km?, KIEZLH 4 m, filS5%
JEL N 5 Se/m?, SAFEARAE L P )

B Ehiyk® 1R RI-1. R1-2. R1-3
%Mk.’ﬁﬁ ) BhUKES 3 K R3-1. R3-2, R3-3
Melting period "

FhykE 5 KX R5-1. R5-2. R5-3
1ok i fhuks 7k R7-1. R7-2. R7-3
Ablation period  fLyk55 14 KX RI14-1, R14-2, R14-3

TE: BV IZRAME R 5 s R 48 0k 2
THR AL 22 VK2 58 A Rl A I s AL VKB R 48 UK )2 58 40
K B3

Note: Icebound period refer to the period when the ice
does not melt. Melting period refers to the period from the
beginning of melting to the complete melting of ice. Ablation
period refers to the period after the complete disappearance of
ice.

1.2 HFERFUE

kM HACH (HQd)ZK 5z 73 Hr i 48 (HACH A+,
FE), BINE IR K (IR B (T) . £ (S MR b
JE (pH), Ho A 316 2 55000 72 54K 8 rp Ao R A
CHEPETURRY) TR R ME(GB18668-2002) ) #E4T . TR
Y A ML (TOC) 4 5 R FH o 4% i 4 4 fb—348 i 2%
%, BA(TNR S mme A b, B (TP)RH
BB, EA(NH-NR YRR L Ak
T, SRR (NOS-N)R ISR 5L, T iR R (NO3-N)
FKHZEC R O, BEIRER (PO5-P) R H #5 4
WAL, BRALP R W F S e

1.3 DNA EEL, ¥ ig@fninF

1l OMEGA Soil DNA {71 &/(D5625) 2 BT FL
Y1 DNA ., $#2H# DNA i NanoDrop2000 43¢
TG e B2 A4, A % DNA JCFE i G754, DNA
W PE LR =50 ng/uL, 4% OD260 nm/ODasgo nm=1.8~2.05
FIFH 1% A E I FL UK ASHI DNA JFi i, DNA 457115
B LR R SE R T RIS, R T4 DNA B TS

I 16S rRNA £ [H V3~V4 | B 341F (5°-CCT
ACGGGNGGCWGCAG-3")H1 805R(5'-GACTACHVG
GGTATCTAATCC-3")/E AT #5447 PCR §73,
{#i FH77 barcode 4557514 , TaKaRa 23 &) 1Y Tks Gflex
DNA RAEETT PCR, Y BERCRFIMERIE .

¥ L3R PCR Y1 J5 345 B4 B 16S rRNA 3 [H 7=
WikAETAY TR RBEARAR, RH
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[lumina Miseq 2x300 bp )7 &5 247 /5 38 2 )7 o
1.4 HIELEESH

JH FASTP (JiiAs 0.18.0) (Guo et al, 2017)%f Illumina
-5 I R R BRI . RBRE AR
HHTRN)=10%HY reads; ZFR phred BiiE it <20
FIBEIE = 50% 1) reads; MHBR S8k 1Y reads. XML
i tag 13 JE 15 2 clean tag (Bokulich et al, 2013), =M
QIIME (Caporaso et al, 2010)/ tags Jii e 4% il i 2 o
fdi ] UCHIME %% (Edgar et al, 2011)i#£47 tag f % &
KA . g AR R B effective tag #E1T OTU
FREG I FHAL S 2250 B S EUFE B e 1Y tag JP 41
Y M > 452 4F 43 28 ¥R JT (operational  taxonomic units,
OTUs)A 51, R Usearch (8.1.1831)4k {4, F#%
HRPHUAHLIME R 97% M 1T OTUs 3, RH
Mothur (1.30. D)3RAEXTAE ST IIHETT o 28T
K RDP Classifier (2.12)8FXHEEM A #5751 0817
YIRh e, BMEEE N 0.8, (IR TIZBIEM432555

HRBINAN unclassified —25 . 1 H R iEF (A 2.5.3)
HEATEREE R AR SRS, LA B A4 R 3 0T R 2
B, PFAFAEIKE4 rank FFEMH. MIRHEERS
YiFhZ 18] Pearson AHCREUH T R 15 psych A(
7 1.8.4) 1 (Revelle et al, 2010). {411 SPSS19.0 #f4:
XPREAR HEAT B R 7 22 73T (one-way ANOVA),

2 R

2.1 RERFIEN

AT 5% XoF Hp [ b AR R R 2 T ORI 2 3R B
BT K L oK RN AE P DR A 85 A IR T A T
WEM(R 2). AR WoR, Bk LR FnEh B 2 80 b 5
T+ (P<0.05), TOC 7 Rl vk IS 1 Kk F] ik , TOC
eSS 3 RIFR W TR, 2 mhvkI ik 85K 5 (P<
0.05), Bh/EfR+FFE. TP, NOs-N Hl PO;-P & 1
VR A ) ST AR B AR UKS IR EE N Tk 3h
BN, RN AR AR

R2 FRBRNSFEMETRYAEECET
Tab.2 Environment factors of the sediment of ponds for culturing sea cucumber during ice-melting period
=K LSS ! ki
) WEHT Icebound period Melting period Ablation period
Environmental factor
C R1 R3 RS R7 R14
JIRJZ7K I T/°C 5.60+0.09° 7.50+0.40° 6.90£0.07"  8.30+0.21°  8.10+0.13° 8.00+0.10°
HES 28.80+2.11° 30.80+0.52% 33.80+0.62° 33.20+0.74*  31.30+0.26° 31.30+0.13%
WA DO/(mg/L) 12.75+0.11° 12.92+0.48°  12.87+0.25°  12.94+0.27°  13.30+£0.53°  10.62+0.62°
FR1E % pH 7.79+0.20% 7.79+0.15% 7.82+0.04% 7.85+0.11° 7.43+0.09% 7.74+0.03*

SA TN/(mg/kg)

S TP/(mg/kg)

A NH;-N/(mg/kg)

il B2 & NO3-N/(mg/kg)
WEEREL PO3 /(mg/kg)
ALY Sulfide/(mg/kg)
R HL#K TOC/(mg/kg)

A AL R HL L ORP/(mV)

1.650+0.131%
0.047+0.001°
0.046+0.010"
2.550+0.540°
1.927+0.012°
0.0080.000°
7.855+0.032°
—62+3°

1.732+0.032°
0.033+0.000°
0.0330.000°
0.353+0.012°
1.164+0.071°
0.020£0.012°
8.949+0.143°
—121+7°

1.195+0.053°
0.031+0.011°
0.036+0.001°
0.374+0.102°
1.080+0.034°
0.008+0.000"
3.37240.924°
—127+3"

1.427+0.242%
0.0030.000°
0.030+0.001°
0.139£0.193°
0.239+0.143°
0.0070.000°
4.487+0.571°
—93+1%

1.512+0.108*
0.036+0.012°
0.037+0.000"
0.501£0.232°
0.249+0.031°
4.637+1.376"
0.014+0.572°
—95+1%

1.244+0.241°
0.024+0.044
0.043+0.023°
0.293+0.171°
0.196+0.011°
5.269+0.835°
0.0050.000°
—-101£2%

T R R AR 22 5 AT AN [ 7 B 7R AN [m] i 400 1) 22 S 3k 31 2 25 7K1 (P<0.05)
Note: Data in the table are Mean+SD; Data with different superscripts in the same row are significantly different (P<0.05).

2.2

SEENFER

2.3 o ZEMESH

AR TR B Bt 18 ANRE S B4 IR LA I 51
h 45 106~79 040 2%, JRLAFAN L E S Ak
AR X B2 LBk J5, iR 20T 58 42 993~
76 635 5%(3 3),

I B R RHIAE A o ZFEPEFR B (B 1),
) 2 57 B o 398 5 il ) ) AR ) T R RN 2 A
SV B A Rl DK AN &2 25 3 (P<0.05),
i DI SOY TR R 22 ] TR, AR K2 58 4T O 1 AL Dk A
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Tab.3 High throughput sequencing results of bacteria in the sediment of ponds for culturing sea cucumber
T yals 2l i cczibhadl JEHE X751 AT AHRBUTH OTU % H
Sample Original sequence Quality control sequence Not target sequence Chimeric sequence Effective sequence OTU number

C-1 53771 53492 14 433 53 045 4042
C-2 54 122 53 851 8 452 53391 4289
C-3 47 742 47 502 17 664 46 821 3956
R1-1 66 119 65 745 17 282 65 446 3728
R1-2 52576 52337 35 756 51546 3200
RI1-3 59108 58 705 12 1327 57 366 4 068
R3-1 79 040 78 919 34 2250 76 635 5297
R3-2 64 976 64 942 28 674 64 240 4707
R3-3 47 306 47267 18 497 46 752 4399
R5-1 77 450 77 336 48 2 994 74 294 4 580
R5-2 47 175 47137 19 2252 44 866 3546
R5-3 68 082 67993 15 1883 66 095 4313
R7-1 57 329 57 247 25 5763 51459 3808
R7-2 46 641 46 596 30 3305 43 261 3323
R7-3 54 086 54 021 4262 49 755 3688
R14-1 45106 45077 2077 42 993 3751
R14-2 64018 63 988 19 2674 61295 4 430
R14-3 55559 55508 15 1623 53 870 3 866

P R R 2 RE P PR R
24 B SEMESH

1E OTU 7K-F- b, ARG NAL Unifrac B 254 [) %) d
UK Rk P AR AR 64T 2 e A (B 2).
Hrf, PCA1 (principal component analysis) ., PCA2
PCA3 WTTHR 530 94% . 2%H1 1%, G TTERH A
97%. UL FERRAEAE PCAL, W RELFHEY
S Ve L S (RIS o0 A R, 0 2 R TR 4
MIAFTE2E 5 o
2.5 HEBEEWSIESW

1K B (18 3a), AHXS F=BEHER R 5 AT 20501
HARIE ] (Proteobacteria) . #UFF A ] (Bacteroidetes) .
TR 1] (Actinobacteria) . 72 #£ k| ] (Planctomycetes) .
FRAF IR 1] (Acidobacteria). kil i 4] 2 37 4 i U AR
Y15 — RSB T 1Y AR TE B T T (R A 3 8 >49.04%)
ARSI TAETE R E 25, Hord, BRI E
T AUFT B T (X = BE>6.80%) , Al KU 34V i 1)
ML E ] (Chloroflexi) ML B 15 AL vkIH IR AL 4
B T B R R o ]

JEAKF (K 3b), Sk R 2R R T
e K i BK 7 (Halioglobus) . i 51 i J& (Sulfurovum) |
Desulfopila, Lutimonas. {4 1% J& (Thioprofundum) ;

AlKIE AR 2 ZE S8 T Sulfurovum, Thioprofundum,
Desulfopila; fL kL i £ 25 Jm T Sulfurovum,
Desulfopila, Thioprofundum, {E15 &2, 767K Rl
9 Ta) A I R 2 4% R S0 TR R 3 B B AT A
(Pseudoalteromonas) (A% 45 4 0.9%).

A 5 LEfSe 4301 2R (Bl 4), ARIHK
RS 244 AU RS BETE VR U AE 22 5 B vk
2 255 PR UURR ) 22 5 A 1T R 2R R TR RE AT T,
HAR e 15 & k£ IR SR B (Hal anaerobi um) 118 45 B
J& (Halocella), vk iR )22 52 1SR I8 T IR AT I
'], HARRMEZE R EEr5 0 GP7. GP17 #l GP26,
VKT RR Y 22 S T TSR 8 T-4KBE T [ ] (Tenericutes),
HACFRME 2= 7 & 4 Haloplasma.

2.6 COG IhEETRM 4 #r

RTF COG Bl (K 5), XfH 25 HIhfEE A,
2 M SE DU Y A RETE VR A AT 18 e
AR R B TR 2 57(P<0.05) SEFKIIALE, FlvkIIL
TR FEE— B DI RE Tl (general function prediction
only) [R], RAMCEW A= MG . 12 i F0 fire AC 5%
(secondary metabolites biosynthesis, transport, and
catabolism) [Q], HEEAYE 5 AL (coenzyme
transport and metabolism) [H], oK AL A 1 B3z B A
{1} (carbohydrate transport and metabolism) [G], %
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a Diversity index in sea cucumber culture pond during ice-melting period

S-R1. S-R3. S-R5 Ml Rl vkIIA9EE 1. 3. 5 K5 S-R7. S-R14 7359 fL vl e 7. 14 K.
S-R1, S-R3, and S-R5 indicate the first, third and fifth day of the melting period, respectively;
S-R7 and S-R14 indicate the 7th and 14th day of the ablation period.

PCA1(94%) VS PCA2(4%)

- A4 i
o . :
L] N

Lo & il
0’
a S—R :
‘ v S-R3
- o S-R5 !
£ = S—R7 .
¢ S—R14 :

020 -0.15 -0.10 —0.05 0
PCA1(94%)

-0.25

K2 255 ORI RE PCA 4047 K]

Fig.2 PCA analysis diagram in sea cucumber culture

pond during ice-melting period

i i 32 fi A1 A (nucleotide transport and metabolism)
[F1, AetEr=A:5%%1k(energy production and conversion)
[C], & il . L A& K (replication, recombination and
repair) [L], %% 3% (transcription) [K], Yeff ety KAk
77 i (chromatin structure and dynamics) [B], RNA
Jin T 5 &1 (RNA processing and modification) [A], 4f
M sh 25 #5 T E (extracellular structures) [W], 40J-E 42
(cytoskeleton) [Z], Bi#HIFL(defense mechanisms) [V],
& B S L (signal transduction mechanisms) [T], 4
MR . 4 RE | A AR ) & 2 (cell wall/membrane/
envelope biogenesis) [M], 2 A A4S . 40552
Yeft {43 X (cell cycle control, cell division, chromosome
partitioning) [D] 16 /N5 I 23 H &M #(P<0.05)
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vk, DI B TE e G B 450 AR Jr 0 CCA a5 R LK 6. il[l[gl 6 F)fﬂ?, UK 2 3750
(chromatin structure and dynamics) [B], RNA JIT.5 W IE TR A SR 2R S — 2, Rk A oK DI RR
& Hii(RNA processing and modification) [A], #/KILE VIR BRI R o — 2, *ETEK A 3k 5 5 4

Wyiyiz ki A8} (carbohydrate transport and metabohsm)

G, 40 b | i 288 | G fh gy X (cell cycle
control, cell division, chromosome partitioning) [D], 4
it #0235 ¥4 T BE (extracellular structures) [W], {5 B S
HLiil (signal transduction mechanisms) [T], —& T 5E T
Il (general function prediction only) [R], #% 5
, DRI EE & . 3z Ry
ﬁ#ﬁlﬁ(secondary metabohtes biosynthesis, transport,
and catabolism) [Q] 9 ZHINREH H h RN W E T
J(P<0.05).

27 HEHEMEREERFHEHXIES T
IRl AR 2 SR E DO R W S RN T

(transcription) [

(a) I"J7K3F At phylum level
100

(R BERT N, R 2 25 5 o S OB R AEHE 44 i 4 19
BN T BIOIREE . 2R TN Al TOC, Horf,
T E FNER B 5 B UK BT R Y R R S R 56, 5 kb
DU RE S IEAH G, TOC F TN 5 £k AR Y T
AR 32 B S IE A G

R B R S R A S B R TS R B
B FIRIAH ST aE SR W3R 4, Hop, SUFFEE T T 546
JE S0 2 07RO (P<0.001) , 2 ISR R ] 32 TR
R RES MR o SR T e RN B A I 3 I A
K(P<0.001), 5 TOC ¥ & ) i 2 11 AH & (P<0.001),
TR SR MR S N T R R B
FHOEME(P>0.05) 0 BER B 1] 5 36 B 52 0 8 38 1 A G
(P<0.01), 5 TOC & & S i 3 A1 5&(P<0.01),

°\\°
3
'g m Proteobacteria
5 60 m Bacteroidetes
o | Actinobacteria
g Planctomycetes
© ® unclassified
g 40 B Acidobacteria
H B Verrucomicrobia
= B Chloroflexi
Z 20 B Firmicutes
B Others
0
S-C S-R1 S-R3 S-RS5 S-R7 S-R14
£ Sample
(b) JB7KF At genus level
100 m Unclassified u Sulfurovum

FEXF=EE Relative abundance/%
IS o o
(=) (=) (==}

[\
(=]

S-R1

S-R3 S-R5
#£ 4% Sample

& 3

S-R7

\Desulf tla Thioprofundum
B Halio, u Desulfuromonas
B Desulfc osarcma m Gp23
B Lutimonas B Thiohalomonas

B Fulvivirga

W Blastopirellula
B Thermogutta

 Mangrovibacterium

Haliea Loktanella
= Sulfitobacter » Gp21l
B Desulfatitalea B [lumatobacter
W Latescibacteria W Rhodopirellula
B Robiginitalea B Pseudoruegeria
u Desulfobulbus Ignavibacterium
Winograds?ella Maribacter
Boseongicola Pelobacter
u Gpl0 m Litorilinea

B Desulfatiglans B Roseovarius

B Rubritalea B Methyloceanibacter

W Bacillus Pelolinea
Rhodoligotrophos ~ Gpl7

= Gimesia Eudoraea

B Thiogranum m Others

S-R14

UM RS AR = 2

Fig.3 Relative abundance of sediment bacterial community
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3.1

Halanaerobiaceae
Gemmatimonas
Gemmatimonadaceae
Gemmatimonadates
Gemmatimonadetes
Ignavibacterium
Ignavibacteriaceae
Ignavibacteriales

: Ignavibacteria

: Nitrospira

: Nitrospiraceae

: Nitrospirales

: Nitrospira

: Parcubateria_genera_incertae_sedis
: unclassified_Parcubacteria
: unclassified_Parcubacteria
: unclassified _Parcubacteria
: Aurantimonas

f0: Aurantimonas

fl: Rhodoligotrophos

f2: Rhodobiaceae

f3: Rhizobiales

f4: Rhizobiales

f5: Loktanella

f6: Rubribacterium

f7: Rhodobacteraceae

8: Rhodobacterales

9: Aestuariispira

g0: parasphingopyxis

E5I&GRER

d
ds
d:
ds
d
di
d

e0

== a: Gpl7

= b: unclassified Acidobacteria Gpl7
3 c: unclassified_Acidobacteria_Gpl7
= d: Acidobacteria_Gpl7

e: Gp23

f: unclassified_Acidobacteria_Gp23
g: unclassified_Acidobacteria_Gp23
h: Acidobacteria_Gp23

i: Gp26

j: unclassified_Acidobacteria_Gp26
k: unclassified Acidobacteria_Gp26
1: Acidobacteria_Gp26

m: Acidobacteria_Gp4

n: Gp7

o: unclassified_Acidobacteria_Gp7
p: unclassified_Acidobacteria_Gp7
q: Acidobacteria_Gp7

1: Aciditerrimonas

s: Acidimicrobineae_incertae_sedis
t: Aquihabitans

u: lamiaceae

v: acidimicrobiales

w: Nocardioides

x: Marinilabiliaceae

y: Sunxiuginia

z: Tangfeifania

a0: Bacteroidales

al: Bacteroidia

a2: Reichenbachiella

h3: Desulfobacula
h4: Desulfococcus
h5: Desulfocapsa
h6: Desulfofustis

i0: polyangiaceae

il: Myxococcales

i2: Syntrophaceae

i3: Syntrophobacteraceae
i4: Syntrophobacterales
i5: Sulfurimonas

16: Haliea

i7: Paraglaciecola

i8: Colwellia

i9: Colwelliaceae
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LEfSe analysis of the sediment bacterial community in sea cucumber culture pond during ice-melting period

LA R 2 55 5E it S AR W B B T AN SRR
Tl A WA O R BE T 0 A 25 R GE Y A o RO i

a3: Eudoraea

a4: Gilliasia

a5: Kordia

a6: Lutibacter

a7: Pricia

a8: Sediminibacter

a9: Winogradskyella

b0: phaeodactylibacter
bl: Leptolinea

b2: Longilinea

b3: Thermomarinilinea
b4: Nitrolancea

b5: Caldithrix

b6: Deferribacterales_incertae_sedls
b7: Deferribacterales

b8: Deferribacteres

b9: Halorubrum

c0: Halolactibacillus

cl: Sporolactobacillaceae_incertae_sedis
c2: Sporolactobacillaceae
c3: Bacillales

c4: bacilli

c5: Proteiniclasticum

c6: Eubacteriaceae

c7: Sporacetigenium

c8: Tepidibacter

¢9: Clostridlum_lll

dO: Halanaerobium

dl1: Halocella

gl: Burkholderia 10: Arenicellaceae
82: Burkholderiaceae j é ‘g) ec’;;?;’l‘l;;lgj
gi B u;;c.hola;rzales j3; Marinicella
g4: Gallionellaceae J4: Porticoccus
g5: Gallionellales 15: Methyloprofundus
g6: Methylophilaceae 16: Halomonas
g7: Methylophilales 17: Halomonadaceae
g8: Nitrosomonas 18: Marinobacterium
g9: Nitrosomonadaceae 19;. Acinetobacter
hO: Nitrosomonadales kOj Moraxellaceae
h1: Betaproteobacreria k1: Pseudomonas

: k2: Pseudomonadaceae
h2: Desulfobacter K3: Dasania

k4: Pseudomonadales_incertae_sedits
k5: Cycloclasticus

k6: Methylophaga

k7: Sinobacteraceae

h7: Haliangi k8: Haloplasma

hg' HZZ'ZZg;ZZneae k9: Haloplamataceae
. & i0: Haloplasmataceae

h9: Enhygromyxa il: Mollicutes

i2: Subdivision3_genera_incertae_sedis
i3: unclassified_Subdivision3

i4: unclassified Subdivision3

i5: Subdivision3

i6: Rubritalea

i7: Rubritaleaceae

(A8 A A o A U M (B R R 5%, 2010; Bell et al,
2013; 286455, 2014; Yang et al, 2015; Amabebe

et al, 2020). AHBFTERMT, FREYIRZ IR DU
W TR F BE M AP A S TR IR B, (B Rk S
B g . AT KN, TRBR)E M ERERIZ B

B, EESREY EA GRS R b R A
ZAEF(Langenheder et al, 2006; Adams et al, 2010;
GREE, 2017) WAEAR K BEHE I B8 SR T AR
SEASE TR TCHLER R ALY, JLRETE 4 BN A58 [+

L1 R 0 K 2 BR3P S A i ZU AR Ak (2 AR AR
2015), J LAY T i 0 B 2 S A M PRI T R A B
AE o P ffe Sz N7, 2 T 0 kA 2R 0 A3 (Tang et al,
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2014; Cardona et al, 2016), & A% vK 4] 30 B 1 = B &
ZREPE LR [RIA, ER EE AR A K 355 v Y B A
K2, A8 T KRG DB AR, S2ma iR i
W Z REPE (Jackson et al, 2009) ., 15 5245 (2019)%f A
/] £ % [C 78 F (Macrobrachium rosenbergii) 77 7 i
WA Won, AR A AR S 2 B S TR
EEEAH . FRER IR0 R IR O, BT kiR

VSR B AL, 5 DR VR Rl I A 0 = B A 2 R
BUEh, B HRIETE, FRIEITR R A 5
N, FRAEME AT N T AR R ks TR E

GiE N Lt B A N R S W E 2 P ekl R
% PUEYREE BRI RIBE R, A HLAR A
BT RRIR AR 2 — , BEME— & FEJE b S BRIR I
AWIFE . AR AE(2013) K] FRIE L R EVE A BRI AT

o)k

M]

Z

A AR BT

Cellulal processes and signaling

{5 B S5 4b 3
and processing

Information storage
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Rt
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Fig.5 Function abundances of sediment bacterial based on COG database

] — 4L L AR AN ) B 37 P F R ) 22 57 8835 (P<0.05), 4% 41 F b ) 7 B3R /R 401 10) 22 5 | 3 (P>0.05) .
In the same group, there is a significant difference between the mean values indicated by different superscripts (P<0.05), while
there is no significant difference between groups indicated by the same superscripts (P>0.05).
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CCA

TOC Groups
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T
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[

pH
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CCA1(45.82%)
K6 UUBRMIETES S T CCA /T IA]
Fig.6 CCA analysis of sediment bacterial community and
environmental factors

R BE AR TR, & ISR A i R /K AR
IRV X AN [R) 8 %) il DA AN TR R P R o v R
A BB 3 A A ) K AR AT S (Ram et al, 1982),
AHFFEH, KUY TOC & i W TR R
0.014 mg/kg). TOC & i IR T A ERK
B, o R T 0 R 2R, W RE RS
A AL VKA W 3 B B 2o e R R 1R A S AL

*x4a

32 FRHARNSHREMELRYEHEAFERE
FIMEER

AHIGE R, R bR 2 35 3 5 OB ) B 2 A
S E R, AR BT TR 2N VRl TR
WA —RBTE ] AR T BT TR Ry o 2 35 4 3 = e
EEBE(T B T4, 2019; (ERI4EEE, 2015; S04,
2016), FEEHEAEEZEY & FEYF KT
o WL P SE 19 (Gupta, 2000), Auguet 25(2009)HF
RKEW, o BEHNEL AR ARER, HTE
KARE . CO, fI N W E . IRAEKMT, —2y A
JE TR AT LRI R R IR B v i sh = e A e R, W 8
Hif) C. N IS fE IR %5 B2 4E HI(Olav et al, 1989;
Bakunina et al, 2000; Manzoni €t al, 2008),

AN, ANF B AR BEAEAE B e 22 5, HLAA
2SR S HA IR N - 2 0] S A G 1Bk A
QOIHIFFE R, MAYE AT R, 5H5EH
o o % VAR 56 AR B RR g e Forb, Bk =
FRE IS TR 2 5 R LA BEBR [ oM AR . JREE T ]
AT RGP e 25, HAa s f R e aE v, TR
RIS, JEERETR TR 3 BE B R CRIK ST 55, 2015, 5
B UKI A ICIR A AR AT o BRAT BT IV Ry il U e S
WA FER, 5 pH HEVIH ., Jones 4(2009)%dL
FRFE I 87 A IRE R KRBT KB, TRAT

MRYMABERSESHEEFHEIES T

Tab.4 Correlation analysis between dominant bacterial community and environment factors in sediment

s e 1% K ¥ Environment factors
Dominant bacterial community HEET BA TN IS SN TOC Bt Sulfide  FRBIE pH
HIFF ] Bacteroidetes -0.515" 0.375" —0.634"" 0.452" —0.120 0.341
42547 Chloroflexi 0.596""  -0.550"" 0.607"" —0.668""" 0.453" 0.241
IFE W] Planctomycetes ~0.040 0.221 0.845 0.062 -0.151 -0.251
T2 %177 Actinobacteria 0.425" -0.299 0.550"" —0.494" 0.194 -0.016

W RSP PRE R 22 TR R 35 (P<0.001); **FR 25 13 (P<0.01); *FR/RZER B E(0.01<P<0.05); Jorid: Ny

£ R E(P>0.05),

Note: In the same column, *** indicates extremely significant difference (P<0.001), ** indicates highly significant
difference (P<0.01), * indicates significant difference (0.01<P<0.05), and no marked indicates no significant difference (P>0.05).

F 9 GP7 Al GP17 A% £ 5 pH 2 W & 1IEA &
KFR GiAAER T, Sk s pH
FRAFAAAT o ALK IS 2 75 58 it TR A 22 5 1 DA 30
BTN, T H BT S T AREE T oE i B A
A8 o (AT A, R AU () 0 2 25 5 i 3 DT AR

W BRAS B BT B, AR 0.9%, X2
RIS I8 2 2R A AR R EEBUR I (R AE, 2013), K
BFET =0T 35 90%. L, R Al IR 78 A B 45 B 1

SrEE, UCE MK R BOROK B R AR, B kK R
AL o RIS T A 2 38 5 1 At 34 7 i 2 Bl S
BRI S PURRE S o

3.3 ARHARISHREMETRYER COG RN

WMEMZ S Z MY, SR &
B B A BROK AR MR fa A RE
ek 5 #5E . RNA N 5815068 A
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FH2%(Rungrassamee et al, 2016; Xiong et al, 2016), Jik
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Af A COG ThREEE H 1Y L HA — B M.
I TELAT B A E A AR 1 B R A F I T BE , 76 ARG
W AU L et R A EEEH, A
Pt = Wy BE DL R DU B , REASAM I 4325 2% [C BH P 1 &
FEDIRR(A AR, 2002; A, 2020; Bull et al,
2005) LR 1EF AR EER T+ E & C.
N. S S TCE AP ER L AR IR TR 25 5 35 (B SR
4, 2020), W CO, [#%E . CO. CHy. NOSEAL S 2F 4
RERD TR, X6 5ok A Y i iz i f
R fefe 4k 5L Re BB A OC . HA 7k
PR W A s R 40 i 2 e AL R AR, B RO
%5 BRI J1(Nett et al, 2006) . 33X 613 E B D) E &
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Composition of the Bacterial Community in the Sediment of
Ponds for Culturing Sea Cucumber (Apostichopus japonicus):
Influence of Environmental Factors During Ice-Melting Period

PEI Honglin', TAN Bamei', WANG Luo'”, XIA Xinglong',

HAO Zhenlin', DING Jun'?*, CHANG Yaqing'

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

Abstract The sea cucumber (Apostichopus japonicus) has high economic value and is one of the
important mariculture species in northern China. With the continuous development of aquaculture
industry, closed or semiclosed pond aquaculture has become the main sea cucumber culture method.
The ice-melting period is a special period when the ice on the pond surface melts due to the
temperature rise in early spring in northern China. During this period, the ice-melting layer gradually
changes the water environment of pond aquaculture from a closed state to external exchange state,
resulting in the formation of thermocline and halocline areas and dissolved oxygen stratification in
pond aquaculture waters. Some investigations have shown that the thermocline of pond water caused
by ice-melting will cause the deterioration of water quality at the bottom of the pond and the outbreak
of pathogenic bacteria, which will endanger the health of cultured organisms. Microorganisms are an
important part of the pond aquaculture ecosystem. They play an important role in the ecosystem’s
material circulation and energy flow and are significant to maintaining its balance. As an important
part of the pond aquaculture ecosystem, sediment bacteria not only play a great role in the material
circulation and energy flow processes but correlate with the growth, digestion, immunity, and
diseases of aquaculture organisms. However, external physical and chemical factors easily affect the
pond aquaculture ecosystem’s bacterial structure. Seasonal changes and nutrient input can modulate
the species and abundance of bacteria in the pond aquaculture environment, and indirectly affect the
growth and health of aquaculture organisms. In recent years, investigations have been carried out on
the bacterial community structure in ponds water and sediment. Nonetheless, only few reports
comprise the structure and function of the bacterial community during the ice-melting period.
Therefore, it is of great theoretical and practical significance to study the structural and functional
characteristics of the sea cucumber sediment bacterial community in the pond aquaculture during the
ice-melting period. Therefore, this study used the typical shore-based semi-open sea cucumber pond
culture in northern China as its research object. A 16S rRNA sequencing library was constructed
based on the sediment bacterial community during the icebound, melting, and ablation periods and
analyzed using high-throughput sequencing technology. These sequences were used to evaluate the
structural characteristics of these bacterial communities and identify the dominant environmental

factors affecting them. The results showed that the abundance and diversity of sediment bacterial
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communities showed an overall downward trend in the ice melting period, fluctuating significantly in
the early stage of ice-melting (P<0.05). Compared with the icebound period, the appearance of
thermocline and halocline caused drastic changes in the environmental factors of the bottom water
layer. The temperature increase provides a suitable habitat for more microorganisms, accelerating
enzymatic reactions and promoting microbial metabolism, which results in the up-regulation of
bacteria abundance and diversity in the early melting period. As an important environmental factor in
mariculture, salinity can interfere with the metabolism of microorganisms in the water and affect its
diversity in sediments. This investigation showed that the bacterial community abundance and
diversity in high-salinity conditions were significantly higher than those in low salinity. The
substantial changes in the environmental factors destroyed the original sediment bacterial structure
during the icebound period, resulting in microbial abundance and diversity fluctuation during the
ice-melting period. With the gradual disappearance of the thermocline and salt layers, the pond
aquaculture’s environmental factors and bacterial structure tended to be stable. In the ice-melting
period, there were significant differences in the structure of sediment bacteria. The differential
bacterial communities in the icebound, melting, and ablation periods were Firmicutes, Acidobacteria,
and Tenericutes, respectively. Although the relative abundance ratio of microorganisms in different
stages is distinct, the first dominant bacteria belong to Proteobacteria, and the relative abundance is
higher than 49.04%. The secondary dominant bacteria included Bacteroides in the icebound period,
Chloroflexi and Actinobacteria in the melting period, and Planctomycetes in the ablation period. The
environmental factors and bacterial community structure showed significant correlation in the sea
cucumber culture pond during the ice-melting period (P<0.05). Temperature, salinity, total nitrogen,
and total organic carbon were the dominant environmental factors affecting sediment bacteria. This
study will provide a theoretical basis for effectively managing sea cucumber pond aquaculture.
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