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5 H #5 .2023-09-15 FHAABEHI:2024-01-29

WE ., 4k, IR A (norfloxacin, NOR)FE/K PR il ) iz Kt o SR 5E NOR X i R 8l 19 B M 3800, 356 BBURI 2 (Apos-
tichopus japonicus) HWHFE x4 K H AT T 0 mg-L™' [ 1.5x10™" mg-L ™ Hl 150 mg- L™ i B it ilvb 2 56 d, 5% NOR & £& f
2 1 3 VR S5 H T RE R R, 255 7 2 S A% 0 TRTIE D 28 O T4 1] (Proteobacteria) FIYT i 14 ] (Verrucomicrobia) . 5
X RRZHAH LY, Bl 2 R85 NOR 2 5 v (38, 0 2 3 o8 3 220 S 9 % K B3 [ B (Ralstonia) U, 150 mg+ L™ NOR Ab#iZH
B R Wi QAR XS 5B 7 LR IR 79.82% , I H I T AF R — LIRS . SE T RUAR I P 5 5L K 41 A 42 45 (Kyoto Encyclope-
dia of Genes and Genomes, KEGG)ﬁiQTiE%ﬁTE@E*%,NOR TR 7 RE mRNA B A RE RS B E  ZE
R ARG 2 3 B R(P<0.05), T iz i B8 R A R i F 2 1 35 R (P<0.05), £ BT 41, /K M4 NOR 52 T il 2
BRSNS IIRE . ATTFSE B AR SUAE AR U PPAG R A — 2 i 3R AR

KGR WHEV R NS HIEER ; S ia sy
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Effects of Norfloxacin on Structure and Function of Gut Bacterial Com-
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Abstract; In recent years, norfloxacin (NOR) has been widely detected in the aquatic environment. In order to in-
vestigate the toxic effects of NOR on echinoderm, the Apostichopus japonicus was selected as the research object
and exposed to 0 mg-L™", 1.5x10™" mg-L™" and 150 mg-L™" concentrations of NOR for 56 days. The effects of
NOR exposure on the structure and function of the gut bacterial community of A. japonicus were investigated. The
results showed that the core gut bacterial community of A. japonicus were Proteobacteria and Verrucomicrobia.
Compared with the control group, with the increase of NOR exposure concentration in the environment, the gut

bacterial community of A. japonicus was gradually replaced by Ralstonia, and the relative abundance of Ralsfonia
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in the 150 mg - L™' NOR-treated group accounted for as high as 79.82%, which showed the phenomenon of

homogenization of the gut bacterial community. Based on the KEGG (Kyoto Encyclopedia of Genes and Genomes)

metabolic pathway database annotation, the abundance of mRNA translation, protein replication synthesis and repair,

polysaccharide synthesis and metabolic pathways was significantly up-regulated in thegut bacterial community of the

NOR-exposed group (P<0.05), whereas the abundance of membrane transport and amino acid metabolic pathways

was significantly down-regulated (P<0.05). In conclusion, NOR in the water affected the structure and function of

the gut bacterial community of A. japonicus. This study aims to provide some theoretical basis for the ecological

risk assessment of antibiotics in water.

Keywords: norfloxacin; Apostichopus japonicus, gut bacterial community; high-throughput sequencing

WP B (norfloxacin, NOR)YE Jhy 28 = 18 s 145 i
259, A ISP M B S A Z R 2 1
TCAE UM 257k B4R )32 I H T 7K 7 A 1 1y 98
TR 567 . HoaE VR FH T 40 8 DNA 825 iy
B A SIEERA  J0 ] DNA A R AT il 15 2020 TR
FET T AR A R R % B 545 540 Ik
Tl 4G 32 A2 L E N AR DGR H 1915 5 1% 38, il 42
TG e AL L 2 M P, 35 B9 61 20 B T AR SR 1 1
HE® i T AR K= s R N 0 A= ) e 4, vl
i YRR R A TS R AR R 250 TR,
2015 kTR R L B3 A K = SR A AR T 24 P
NOR 7E 7K F 58 Al X B2 8, AN 5 B e, 3 4F ok,
NOR TE/RAEE gl iz il . CAMFREREN,
T FEIVF R Sk (A 7% B8 NOR ¥k B 35 i 7.63%107°
~593x107" mg-L™" ™ SR, ZE K BRI o R 5% P
NOR FJ¥ B /K AR (ng - L™ 5 pg - L"), Al EHEXT
IKAEA P A BN, AL AR T UK AR DD R I TH AR D)
BERRAS e DIRe Z A iE R AL |

J 38 R REAE R AL AS AT Bl i i 28 B 4, S 5
SHEPBACH B IR TR I A R G AR
PG Bl AEA IR A K R 5 T B B R S, PR
XPPREE He 7 B v 1 38 1 g ) A2 BT Ok
HEPTY D BEAEMR ABL,NOR Al LIS KA s i
BRI S D Be N, ilan, NOR % 1 2 7
I AR T K £ (Larimichthys crocea) %)) 718 1
TEEE S 2R I T A5 40 M B i A 8 5
FEAMY ", KW E i NOR i n S B £
(Cyprinus carpio Linnaeus) %] i1 i 18 17 fif f2 A 9% 47
1%, i St I b FL At G 2 Dy R A2 40, 2 TN 52 el £ 25 1Y
B AR LN TR X} HF ( Litopenaeus vannamer) %%
T NOR Hbi | HziE o3 *A MU B (Aeromonas)
S AEAL =08 (Alcaligenes denitrificans) M FE ZE A AT
W (Bacillus cereus) % ¥T 1 ( Enterobacter) %5 1+ J& AH

X B W BRI, B T A R AT G, B2
RAGHHAIHSE  NOR TE—EFLE FAneE LA
W G U (Mytilus coruscus) %% #% T NOR H1,
g8 AR =F 5 B R 2 1 A2 ) R, B
AR FRAES AR F AR e 3] T
EEERZ I Y SR, NOR X5 K7 51 4 s i v A
149 5% M At DU RE X A7

Ji1Z: (Apostichopus japonicus) & — Fh B 5 5
2R VR BN 2 AN (B M P R A A ), 2 LT
Py s 6 | Zh AR ) B AR A A LR T
B I R G A R, TTIH AR, iE R
YA K E 3R o W B S A B, g A PN A TR
A=A Z A E A S B e R0 A ROSCE SR
TS 43 240 TR P A A AR A 5 200 L | T R 4 e AL A Y
R SR REERE JT . LU, W [ A 4 TR 34 mT 3 o
o7 2 AT TR BRI BB B2, DA 38 381 B 2
S KA B0 T I RCR ™ SRR A TR AR
S > M (1 H i 38 TR T S A7 A B R Y
M B MR RN PR BRE T RESAK
THAL S P e e T g oh 9 i 2 A8 4k, 5 4N, Diaz-
Diaz FFPIPAL T K BT AR 26 7 XS A K
FMEERR Y sZ ), 25 5% 2 B DU 34 28 RN 241 55 R X211
AR DL R R D5 T | B A e TR 1 T A AT P
HIVHEIER . 53508, A RRFE L S RIS
BURAR, R WIPTAE R A0 AT GEHI 55 11 210 s
B AR G, W TP (1.2 107 mg - L) 52 7% 35
d, AT HOR 2 7 18 41 2038 4 A A K R B, ke
JY B TR AS 1, 035 1 0 S5 R B0 TRREDN 2 B, T4
15 AR =R oK a W REhER & i iE
TELE R AR XU T B85 o oo v vk B 1 R Je %
(1.0x107" mg- L™ )& T 40 2 W i I A7 -1, AR
WU TR LS B2 B ARG AR W 3% M 0 5 194 3 D i
2 HET AT RS2 M 2l 2 A TH AR, IS S K
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52 PR A SCHE FRIZAE M xS 4, R e
N FFHAR, IF R NOR e xof Mo fi i v 1 45 1 K
HRERIFZMA W SE, 1§ 0 NOR A= 25 UG Ak 2 4k —
SE B BB o

1 #5757 5% (Materials and methods)
1.1 SEEpPR S Se s it

WD B, CAS 54 70458-96-7, 4L F =98% ,
W b a2 ERHE A BRA |, 8 T KR
NOR ¥ fift it i) B fif £ ¥ (600 mg - mL™"), i 17 7£ 4
CUKAT , AT RIS NS5 E A R EF 1R
SR SRR TR (4.15+0.09) g, LI TR BLHE LT
YAEFEFEKAE (80 cmx55 ecmx60 cm) AT, SLH KK
Jp240 L, BRABEE 3 AEE, FEHLIESE 270 H (&
30 FOPR AT A KRS R A B9 4024590
A NOR ¥ JF }0 mg-L™'(DZ).1.5%10"" mg-L™'(NN)
1150 mg- L™ (NLC)¥M#EZK A Jiia b 3 56 d,
1.2 BEAIEE Kb B

FETCH S5 5 1 JC K sk il Sk 3%, H
JC B A 5 Pl ATV e iR T, G Sk T A
W IBCAR F, FHS  B80h 75% 11 L BE ik i 18 35
i, BUZERES A 1.5 mL EP A Ol & T
AL, B T80 C VKA -AEHRI
1.3 B SRR 1 KR e

SR FR 45 21 VIR 5 2, BOH S B E AR )
KT E(W), 25256 d J5, e FR i KR a2
MR, UL EAE N e 2R T (W), fdE
ISR 4 R LU R A 2T G R (WGR) R
EHEK R (SGR)

WGR(% )=(W, - W,)/ W;x100

SGR=100x(In W,~In W,)/t
K s ¢ FORFRFEIT ().,
1.4 SR E

NOR %% 56 d J& , W41 HEHLI S k42
T FE IS A EP MRS IS TR AR
Ui, —80 CUKFEVRAT . i FH 20 21 20 i 10 5% (Buller
Blender, Tissulyser-24 , 3¢ % Next Advance 2 7)K%
ZHAURE D A 0.28% A AR FRER K R, 4 C B0 10
min(3 000 r-min™"), B[R BRI A1 B 450
7€ 8 4 fE ¥ B AE B (superoxide dismutase,
SOD) . i %A b & i (catalase, CAT) % 4 if# (lysozyme,
LZM) & i i (lipase, LIP)F1VE 43 fiff (amylase, AMY)
BE 1 . B B ok A Bradford 3527900 %, LA
L3 AR A bR o B, SE 6 B 0 R B s A

Synergy H4(Biotek, VT, USA), fifi I md 5t # il AE 4 T
FEBIFFE i (rb ) A g ot ) A T 20 AT
1.5 {ZHUCDNA

& OMEG &5 £(E.Z.N.A bacterial Mag-Bind
Soil DNA Kit OMEGA )& IR 2 iz 18 B RF A i
DNA , NanoDrop 2000 # i &= 43 ) Ot & it (B =
NanoDropOne, Thermo , USA )l % # iy H 42 B 1)
DNA &t 4 Bt 70 %0 1% W BIE R (AR TAE )
AR B A BR 2 R v ) B IR R AT HL vk
ERAELIRE I DNA SE 8 11, 2E 4% DNA & & W&
151 SE R PR 1 Al AT
1.6 PCR ¥4 5 i B /7

LAAHTA 16S rRNA K V3 ~ V4 FBe iy 4 355
% N 341F (5’ -CCTACGGGNGGCWGCAG-3 ") #1
805R(5’ -GACTACHVGGGTATCTAAT-3 " YE M ¥ 1
¥4 PCR 91, {di {14 Barcode 45575147,
New England Biolabs /A 7] ) Phusion® High-Fidelity
PCR Master Mix with GC Buffer , Fl & &4 o {7 L Bl F
17 PCR, B R4 M S8 FEmf M

i H TruSeq® DNA PCR-Free Sample Prepara-
tion Kit A R G AT SO L, M BB 1 SO 22
id Qubit 1 Q-PCR & it , JEGH )5 , {# ] NovaSeq
6000 HEAT EHLIIT
1.7 HdEobr

FH FASTP(RAS v0.23 2)%} Ilumina 5 (4 LA %L
PEdAT A U AR AT BB S A R HIR(N) =
10% [ reads ; 22 phred Jii i 143 <20 HRIE =50%
(1) reads ; MIBR 7% 42k 1Y reads, XTIt tag 2 1875
# clean tag, =8 QIIME [ tags i #5 hiliAe, ff
il UCHIME 5353617 tag AL A RKG A, iU &
G133 effective tag #E1T OTU =B G0 i1 A1 H A
JREGIHT . VM BE B R Y tag S SR AN RAE S
2 H0(operational taxonomic units, OTUs)f CE 751,

K H Usearch %, Lk 97% BI{E T OTU #24E
MHHILRZE, K RDPclassifier #4517 9 43
FEPRNE, TR BB 1B K 0.8, KA T B A 1Y 53 28
B EEHAI Ak Unclassified —2%, % Mothur %
EX5 1 38 T RE AR O 9 AT 2 R A, R
Student” s T 46 3 %) iz 18 G A= W) B Hle AT 22 S 40
Br, KN P<0.05,

2 452 (Results)
2.1 NOR ZbBEX] I Z: A KA RE AT R
77 56 d J5 , SXTHR AL AI L, NN 441 NLC 41
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FIZ ARG B0 B M 25 5 (1), NN 4Ll
SRR B TR T 11.13% (P<0.05), 3 6 R [ 3%
TRET 51.26% (P<0.05), e WK R B E TR T
40.54% (P<0.05), NLC Hfi| SR i & R T
17.39% (P<0.05), 3 H R & T FE T 62.69% (P<
0.05), FrE KR 2 TR T 58.11% (P<0.05), Itk
Ah,5 NN A, NLC 4R 3 R T 7.05%
(P<0.05), M ERWE T T 23.36% (P<0.05), Ff
R SR B E R T 29.55% (P<0.05),
2.2 NOR KX 2 iy 18 Pl 7% 1 1) 52

WiEk 2 fron, 55X AH LG, NN 240 H1 NLC 41
MIBT AL TE P 2 B P 22 5 0 b NN 4
SOD JEPEFT CAT {4 437l 2 42 55 1 24.20% (P<

0.05)F1 13.85% (P<0.05), Ifii 1% B B (LZM) 36 75 b 3%
TRET 16.69% (P<0.05); NLC 4 %) SOD i 4 Fil
CAT 3 M 70 9l 2 & 3 5 T 60.22% (P<0.05) Fll
47.69% (P<0.05),LZM i 14 & 2 TR T 36.28% (P<
0.05), 5%t BELLAH EL , NN 25 A9 714 fk Bl 35 1 2 o 1
PR 2 22 5 1T NLC 21 A T A B 1 o 20 8 3
I, Hoh B I (PPS) T 14 | BB 7 1l (LIP ) I 4 3
FIBEF(AMY)iE M7 51 i 2 TR T 65.82% (P<0.05).,
24.26% (P<0.05)F1 22 35% (P<0.05),
2.3 Rl TR

AN[A]HR BE NOR e T 3l 2 7 18 F- 34 R A il
15 62 132 7% tags, 348 o1 o 4 il °F- 15 B 2 A A5 B
58 191 FA3 R0C8 A , Forh A 808 1 55 195 bp,

x1 EFRDELEIRSEKERENZE

Table 1 Effects of norfloxacin exposure on growth performance of Apostichopus japonicus
EfL AN Xt B4 iR B b Hi e I BE Ak PR
Index Control group Low-concentration group High-concentration group
SIGHRR(W)e 4.08+0.08° 426+0.137 4.12+0.09°
Initial weight (W,)/g Ho=U ~00- Ao
IR B (W,)/g
_ 5.75+0.18° 5.110.03° 4.75+0.56°
End weight (W,)/g
ELRWORY% 4093+2.07* 19.95+1.07° 15.29+3.55°¢
93+2 95+14 29+3.
Weight gain rate (WGR)/%
R A2 1 KR (SGR)/d ™! , . i
0.74£0.03* 044+0.02 031+0.03¢

Specific growth rates (SGR)/d™!

AT A AR FNG FRER R 4 ) 2% 5 # (P<0.05)

Note: Different lowercase letters in the same line indicate significant differences between groups (P<0.05).

®2 EFLELEX RS E R E R RN

Table 2  Effect of norfloxacin treatment on gut enzyme activities of Apostichopus japonicus

e e Ak H 41

Low-concentration group

o5 I L AL PR ZH

High-concentration group

izt Xof BE A
Index Control group
B AL AL BE(SOD)/(U - mL™") ‘
5128+0.77¢
Superoxide dismutase (SOD)/(U-mL™")
i AL A (CAT)/(U-mL™) ‘
0.65+0.03°
Catalase (CAT)/(U-mL™")
VAI(LZM)/(U -mL™)
3536+0.74%
Lysozyme (LZM)/(U-mL™")
H K M FE(PPS)/(U-mg ™!
" (PPS)(U-mg”™) 325+0.12°
Pepsin (PPS)/(U-mg™")
At (LIP)AU - mg ™!
ARTRHLIPY(U-mg” ) 1475£0.61°
Lipase (LIP)/(U-mg™")
FEMERAMY)/(U-mg™!
JEBTRHAMY)(U - mg ™) 1.04£0.02°

Amylase (AMY)/(U-mg™")

63.69+132° 82.76£0.25°
0.74+0.02° 0.96+0.04°
2946+022° 2253+0.68¢
342+0.17° 1.96+0.23°
15.58+0.65° 11.87+0.82°
1.07+0.03° 0.85+0.04°

T AT RO G ARG PR R L) 22 53 B3 (P<0.05).,

Note: Different lowercase letters in the same line indicate significant differences between groups (P<0.05).
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J A AT BRI 93.66% (35 3).
2.4 o ZHMESHT

Chao 1 I ACE 5% HIR I AL & v B e
JE ARG, IR B R B 3 22 e D]
NOR AbFEXT 5 2 i 38 TR = B A 7 A= Wl 35 1R 52
(P>0.05), Shannon #1 Simpson 8§ %% # F K - A

=3

mnHEBE Z M, ARWFSE T NLC 40 Shannon Fl
Simpson $8 % I # Ik T DZ 44 F1 NN 4, £ 8 150
mg- L™ NOR &b Afi i 15 P i 22 e B B MR I (P
<0.05)( 1),
2.5 BZHAEIHY

1E OTU /K- | BT INAX Unifrac B 85%F A [H]

FRLERETRHSHERHSRENFER

Table 3 High-throughput sequencing results of gut bacterial community of Apostichopus

Jjaponicus treated with norfloxacin

Xf B
Control group

kN
Index

9 e B A TR

High-concentration group

ek FE AL PR ZH

Low-concentration group

OTU #{H OTU number 972+44
JEA 75 Original sequence
% )5 7751 Quality control sequence

HHFH Effective sequence

68 614+5 965
64 900+5 669
61 972+6 265

J

1 480+616 857+244
80 705+13 681
47 9366 558

44 792+5 448

77 030+16 720
57 967+8 457
54 427+8 280

2500
2000
1500
1 000]

500

(a)

-t-—* **—

—_

.

Index size

TR

——

=

Sooo -
S NDONRCON N 0O

Q‘\) é% &C Qﬂ» é%e& Q‘\» é% @’G Q(\’ é% @)O
FUARIEE BHRIEEC Chao 1488 ACEF&EL
Simpson Shannon Chao 1 ACE

) 1200}

1065

1000}

800 -

600+

LHERN

Intersection size

4001

200+

0

NLC | []

DZ J'
NN

mmDZ
NN
E=INLC

(b)

DZ

NLC

]
]
]
2000 15001000 500 0
BN
Setting size

E1 #E&SE(NOR)RETHSHERE o« SHEMESR
# :(a) NOR 23 N IS W4 T A o ZREMEFE %A ; (b) NOR b3 T IS4 I Venn [&];
(c) NOR 4B Rl 2 %3l B #E Venn HIE & ;DZ NN NLC 4351183 0 mg-L™' Xt ##4H 1.5%107" mg-L™' SE4641 150 mg-L™' SE504

Fig. 1

a diversity in gut bacterial community of Apostichopus japonicus treated with norfloxacin (NOR)

Note: (a) a diversity index in gut bacterial community of Apostichopus japonicus treated with NOR; (b) Venn petal diagram in gut bacterial community
of Apostichopus japonicus treated with NOR; (c) Venn histogram in gut bacterial community of Apostichopus japonicus treated with NOR; DZ, NN and
NLC respectively represent the control group with 0 mg-L™", the experimental group with 15x10™! mg-L™ and the experimental group with 150 mg-L™".
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WP AL PR i 1 TR R AS 2R 4T 3 14343 BT (principal
component analysis, PCA), HH, %% 1 F 4R (PCI)
FI TR R A 78.89% , 45 2 AR (PC2) Y BTk
13.52% , — & 2Ttk 92.41% (8 2), [F]—¥k
JEADPRRE SRR — i, WoR B AR e E
e, AR #1150 mg- L™ NOR R#E4 5
HAbH B B RS B R E 5

2.6 ALHHRFASHRHIE

IR F L fil 2282 T 1.5x107" mg- L™ 1 150
mg-L™" NOR 1, H 7 55 — PR 3 17135 R A2 1A
I'] (Proteobacteria ), # % &= BE & b i 43.91% ~
8627% o WKALFE 17143 53 A PE A A 1] (Verrucomi-
crobia) LU #T B [ ] (Bacteroidetes ) Fl J& 5% B | ] (Firmi-
cutes) A A X = B & A A 21.14% ~21.69%
393% ~16.14% H14.85% ~6.97% (18 3),

JE K- AN TR) A 32 ) 2 i T TR R A A
e, Horh, DZ gUAR X 3= B 4 T 3 0 1 O 3
T 8 390 R Eh 4T 25 B 8 (Haloferula) (47.14%) & %
& [ @ (Sedimentitalea)(7.57% ) F&R AT 1 J& (Luti-
bacter)(4 28% ); NN £ AH X =F & 5 Ui 3 47 A0 iR
M Persicirhabdus(26.40% ) B T 1 J& (19.31% ) Al it
T 1 )8 ( Desulfotalea)(14.43% ) ; NLC 20 AH %} = 5 5
LLAg 3 7 /9 & S P R B i G R (Ralstonia)

(a)
——DZ3 — )7
— NN
== NLC
EDZ]
DZ2
NN1 <
Ao
| NN2 @&
gl
,:%H ~
NN3 iRy
]~
NLC3 ®
— NLCI
L NLC2
0 0.1 02 03 04 05
Distance

(79.82%) . Wi #1 i J& (1.80%) F1 9K & J& ( Vibrio)
(1.70%), 5 DZ UM EL NN 43 A1 45 )m N
J& \FLBR R J& (Lactobacillus)S5 A% = B2 1 25 F [ (H
WA & U R | Persicirhabdus 55 T J& AHXT F &
i ZE TR . NLC 4l 2 /R W3 [ b A X 3= 3 i 2%
Ths, e a1 B — (8] 3) Wi R P A
X B2 7 LT 30 A3 1Y 8 8 #4740 B, DZ 2R i 2
e Y 13 MRPUA R BURE 8 4 e AT 4 s FL
PR DA & oI TR | P v B e A TG R | B A R
(Pseudomonas) . ¥ I [X 7 J& (Shimia) |, f& /R BE U &
(Formosa) V.G FR ¥T 5 ( Sulfitobacter) . AL A 1% v [C A
(Halocynthiibacter) % A1 X i (Romboutsia) 1% ¥ 45
¥ FT 5 (Luteolibacter) . Jindonia . W 3 AT 1 J& (Methy -
obacterium) ;7 MRPUA T 25 1R J& 43l 2 % /R i £
\Persicirhabdus Fi T &  Bibi il E . = AT B s
(Arcobacter) , £L#T 1# J& | £ I T W £h W T 0 I 7R
(Halobacteriovorax); NN 20 K i JL 0 25t 4 Rk bk
RURE B e AT R e LR IR E |
TR G R, 10 ARPUAE Rt 25 T 8 43 9l )2 Per-
sicirhabdus WiAT R )8 AL E | 5 IEATE 8  L0AT
VA JE BN g R e PR o0 | 853K TR & (Streprococ-
cus) FHR4E /R Q1 (Colwellia) . Pseudoruegeria V0 T5

[ I8 J& (Serratia) ; NLC 2 #5300 1 2 skt R

F G HT
(b) PCA plot
100 - n DZ
. o NN
¢+ NLC
50
\\5. NN.
Ol ]
DZ3 NLC2
e
N DzZ2 \_1‘(:‘ NLC3
-40 1 1
0 40 80

A — F AR AR (78.89%)
PC1 (78.89%)

2 NOR RETRSHERR B S
¥ :(a) NOR b3 T il 2} 1l i fF UPGMA RIS 70 H7 ] 5 (b) NOR Ab 38 02 W 8 B ¥ Unifrac PCA ],
Fig. 2 Analysis of B-diversity in gut bacterial community of Apostichopus japonicus treated with NOR

Note:(a) The UPGMA in gut bacterial community of Apostichopus japonicus treated with NOR; (b) The Unifrac PCA

diagram in gut bacterial community of Apostichopus japonicus treated with NOR.
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(@) DZ NN NLC | /% (b) DZ NN NLC | /%
Taxonomy Taxonomy
100} o= wm wm - == 1.00 Tl
FHNTATA: TIE
LA &
0.75 M Chiorrex v 0.75 - Lo
g ' | %ﬁgﬁ&gnadetes % . u zactol?[a?illus
%ﬁg L jéﬁZz;:fllo?sgwteria %i E n W Rubritalea
;—g 0.50 A/jigfﬁljzll(gteria = 5 0.50 5 PEFT IR
= s ENET) == dr cgbag@r
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© B TERTET] o] - Feﬁ;{fg talea
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P! i'lf#g:%rr
Verrucomicrobia wm A TR A
] gﬂﬂ;%ﬂi . B I I Haloferula
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Fig. 3 Structure abundance map of gut bacterial community of Apostichopus japonicus treated with NOR

Note: (a) At the phylum level; (b) At the genus level.
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