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Microbial diversity in gastrointestinal tract of wild
Grammoplites scaber collected from the Pearl River Estuary
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Abstract: [Background] Wild Grammoplites scaber is nutritious, but the microorganisms in its
gastrointestinal tract (GI) are rarely studied. [Objective] To study the microbial community in GI of G.
scaber, reveal the potential probiotics and pathogens, and thus to provide a reference for the regulation of
beneficial microbes. [Methods] We collected the GI samples of G. scaber from the Pearl River Estuary
and investigated them with the culture-independent method and pure culture method. [Results] Through
high-throughput sequencing of V3 regions of 16S rRNA genes, a total of 456 operational taxonomic units
(OTUs) were identified. At the phylum level, Proteobacteria and Firmicutes dominated the microbes in
the GI. At the genus level, Clostridium was prevalent in the samples, accounting for 57.11%. The 16S
rRNA gene-based phenotypic and functional prediction suggested that the GI of G. scaber harbored both
probiotics and pathogens, and they tended to restrict each other. A total of 99 strains were screened out
with 12 different selective media, and they belong to 13 genera, 10 families, 10 orders, 4 classes, and
3 phyla (Proteobacteria, Firmicutes, and Actinobacteria). The dominant group was Proteobacteria
(50.51%), and Psychrobacter was the predominant genus. [Conclusion] This study reveals the microbial
composition and diversity in the GI of wild G. scaber, laying a basis for the research on the core intestinal
microflora of teleost. In addition, the probiotics and pathogens identified in this study can serve as a
reference for the safety of food made with G. scaber and for the development of marine fishery.

Keywords: Grammoplites scaber; intestinal microbiota; high-throughput sequencing; microbial diversity;
pure culture
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SORB TR R E I RUAE Y S BUEY) . H R
A LG R il A oy BoA 7 AR S ey
w AU P e SR RE T, R A TR
MSE PR g Al o BN, oA e ad e A 41 4
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B, FRATTR 2 Gl A 0 2H 235 ) N S B A DR
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HHESI W IE R 2R, Wiy, xia2s
[ TE WA A T S A T H AR
PIRRE PG AR IE I, — 0 it R
FIE EHCHBAEDREIES, W, iE N
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HA YL MIIREN Bacillus F1 Brochothrix
SEJRAN, N AR LN IR B B A L
WA e R LAY B . MR Tl K f 2
1) B AR D VR, TEIR K )l B AR AT TR T
(Fusobacteria) S HAL#H . W Lai SF0F58 & L,
TEFRAE T 0 TR K I IROK Wb v, 2455
B HE K AR BE AR 50% /5 ¥ B 7 38 th AR AT IR 1)
f 3 B B B, LA X g IR i AR AR
SR S EL S I E U E AR T S,
TE TR PR I Rk 5 A WD AR PR A Wi I B AH
L, FERIEELE & S B b
E-N=piellacEs & NIV -3 N (PO E Y 7B TR
YRS EAN R A BRSS9 R b A T 34
T T A, e i 2R Ml TR W v 1 4
SRR H R @R E Al
J i oy XUV SCBR I B 5T, B4 R AR
i 3 R R AT T A 0 3 1 = B f BREOIR S
i 2% i (Grammoplites scaber) X Fy 1 w Jilt
LAERA, KM BEERFR, e, &
MR 4 Z5 B4 (0 58 RS0, BRE i oy il P H 2F
Fe R i & i —Fh T A 2R, WEE T R
VhURNE B, WEah e, DU/MERIF A,
U T A TN | R R Jrh R
b [ & IS, R T IR E S
AR B B A S E R ME N RS, EEES
TR R R R, R B AR S BN
Fe N AT AR 6 A 5 g
dife = 0 H g 18 AR ) 2R A T 5 R G
o JTARARIL AT IO TURY) T )R
if, MBS, IRJZMHXRRE, EEBRIA T
e R T RO, T LR AR 6 43 A (1 B
SO AR SO e 0y AN A s Al R
Fo AR A 5T B A 4k i 1 8 T ) 2
O, BRI E W E A YRR A s, DUBTE
RIUH I AE TR T R S A R O
HAT R, Bl HASSHE . BeE L5

PR 45 7 T 4 B RE Al K58

1 MRE %

1.1 ##
1.1.1 HmEE

IS T P AR R 1 2020 4F 4 ATET AR
PRIT 7 ILEVEHO7(113°48'25"E, 21°59'40"N;
113°51'13"E, 22°0'33""N)LAE R 1R 7 K 3k45 .
£ 2R A R K T AU PR i A ) ) L3 R R
AT, FHIEIE 2224 m RBE I EHR 1 h, #i
W3 B P i 7E 3—4 Ko AR ZRE0E 3155
RFEX AR RN A 3 B UM G . T
SIS R R B LA K . AE REARGE LT
TEOLHEIN . R b B, B AR RETE T
—20 °C BB HIZ M SLIe s, BE)E, 7EsK
B3 TOR AT A TR o A S RS T JC T 7808
KRR A AR SR TE AR S5 5 L 75%
g AR, R T BT ) | B Al
FRA L KRS, e & i T,
PRBERE 5 AN 32 SME A P75 e o ST T FH 2 fi
FIA A5 B ANk 1 rid .
1.1.2 FERTNE

YT 16S rRNA FERY 5@ H 519 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")#l 1492R
(5'-TACGGCTACCTTGTTACGACTT-3"), 4 T.
AW TR () B A B wl At o 4 X a2k
Y ARABR A 7] . 27F (5-AGAGTTTGATCCTG
GCTCAG-3")F1 533R (5-TTACCGCGGCTGCT
GGCAC-3"), higRFH EYELRHE AR ;
HiPure Stool DNA Kit 4 Z&fHFE i 5 DNA 421
A, M SEREAEYRHCA R A A 5 Chelex
100 Resin, Bio-Rad /~rl; Tag DNA &
TransStart FastPfu DNA RE&0, Jtmae4e4
Y ARB IR T ; AxyPrepDNA #E1E [EI i
&, AXYGEN A#], PCR 1Y, Eppendorf /A #];
BE % 255, Bio-Rad A w]; /NS S
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Table 1 Sample information of wild Grammoplites scaber

FE G ESS SRFEV 5, S WEE N+

Sample No. Length (cm) Station Experimental method Environmental factors

pH Salinity (%) Temperature (°C)

DC2 J1 22.5 113°4825"E QRS 8.26 32.1 24.8
21°59'40""N Uncultured method

DCs_J2 18.6 113°51'13"E QRS 8.28 31.1 24.7
22°0'33"N Uncultured method

DC5 J1 16.5 113°51'13"E  4fi}i g 828  31.1 24.7
22°0'33"N Cultured method

DC5 J3 16.5 113°51'13"E g e 8.28 31.1 24.7
22°0'33"N Cultured method

OHLATERAE , 28 &R A BR/A 5 NanoDrop
2000 MR KM LT, TEER A A,
1.1.3 EHHE

YIM171 AR 35 522 SCRR[17]RC ] 5 10%
R2A [EARRE IR 3 th R2A W97 LB 10 1518
F; 5% 2216E [{AK53%3E . | 2216E K535
FR 20 50 50% AIA 53838, 1 AIA 5555
FEFRRE 2 M5 TCBS BiEH: R (g/L): B
REE R 5.0, ZMEH 10.0, NaCl10.0, #74
fR4N 10.0, BACHIEREN 10.0, HARER 3.0, 4-HH
HH 5.0, FEHE 20.0, FPEERRER 1.0, IREFAELE)
1% 0.04, BEFEIINE 0.04, 355 15, pH 8.6+0.2;
VRBD #5555 (g/L): Wetbky 3.0, &K 7.0,
NaCl 10.0, #Zi k¥ 10.0, JHEL 1.5, 45 548 0.002,
thPEZT 0.003, pH H 7.3+£0.2 (Eih, ILismlE
KF); HAH E53R3E(g/L): faky 3.5, disodium
EDTA 0.005 6, Na,CO; 0.010 4, vitamin By, 0.001,
cyano trace metal solution 1x107° [Z. 2 6.25, T
BERR 4% 6.0, MnCl,-4H,0 1.4, Na,MoO,-2H,0
0.39, Co(NO3), 6H,0 0.025, ZnSO;-7H,0 0.222],
FAKERE 0.05, BiIEH 15.00, 7K 500 mL, 7%
W7k 500 mL, pH 7.0-7.6; JUhSAb AN 4 858555
FUS BTB Rk ffahii Rk KNO, il
NaNO; 43 5J#%5 N 3.0 g, HAH ¥ IR 7 o)
Bl s EehisgR i, (NH,),S04 8% °h 3.0 g/L,

Hoa i BUFRC 7 L BIRC s SN BRIl

1.2 A&
1.2.1 BipErEmAE

RGN, IR L 2% vl (phosphate-
buffered saline, PBS)Zz Py K B W78 FMeE 1Y
I A TS5 JoT vhigk ™ >k S ik i 78 G T 3% 7 1L
H, e BT B, B NEYE . A
TIHGER R NS RN BERE A2 B R, IR N A
Py T RE AT S 2 BT IR ), TR
DNA FIfUAE ) 53 B 52 5 o
1.2.2  Mlumina M F 58 BEEF LS4

{#i ] HiPure Stool DNA Kit sl 2 AL N,
& DNA G &, 42 B0 I 45 4R IR A i 2k
fifi DC2 _J1 1 DC5_J2 i)' I35 5 DNA,
{8 1 NanoDrop 2000 7 il Ho4fi 5 Fie fg il 7y
M e AR AR A R A wl e il il H]
JERZAY 16S rRNA L VI-V3 Xid 514
27F il 533R K AH L 4 4P, # TransStart
FastPfu DNA RAMIVEH T AT 1,
PCR WK% : 5xFastPfu Buffer 4 uL, dNTPs
(2.5 mmol/L) 2 uL, 1E. Sl 51#(5 umol/L)4%
0.8 uL, FastPfu AT 0.4 uL, BSA 0.2 pL, &
H DNA (BGE# DNA $#2U#FEE 10 ng/ul)
1 uL, XWFE/K 10.8 pL. PCR &4 95 °C
5min; 95°C30s, 52°C30s, 72°C30s, 30}
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¥R ; 72 °C 10 min; 4 °C fRA7. N T I SLE
WE, BAEBEFEANT 3 AER, HKE—
FEAH) PCR T WINRA G 2%Bht N Wi I L Uk
A6 0 K B RNk B L PCR P2 4y 4 Ak {1 AxyPrep
DNA i [0 & ) i Bl PCRIEG 74,
Tris-HCI 22 mfif e (2105 H AR DNA R Bz Wiy
-5 4 NovaSeq PE250, Il 5 i A XK %
pair-end 7%, W75 fastp A% JE 45 77 41
PEAT R PR AL, AR 97%AY AR BE HEA T4 AT 2>
5 ¥t (operational taxonomic unit, OTU)®EZE,
% RDP classifier Ul 33801 X 97%AH LK F
i) OTU fREFHITE Silva 16S rRNA FHi
(VI3 AT Rl oy B8, JRFET TRE K F
AT G T R D R R A s
. &% SAR #dli EHh, WIAE Sequence Read
Archive (https://www.ncbi.nlm. nih.gov/sra/) - K
&R, B35 N SRR17720661 il SRR17720662.,
123 BRHEMEVNIBELE

R UL B B AL, il A R
[ BE R R A P HE 0.3 ¢ /247, FI PBS %%
RS 6 mL T4l 35 AR TR A o 431 5K
I TR G R 20 1.1.3 firik .

FAEE SRR IR AT 2 P, BIE T 28 °C
fEIRIETR 2 J8, BRBUITA 1Y ST v DL TR R 26
AE 2216E [EARRE R FE(MA) E k7 alifh . FIH
Chelex-100 ¥ HRE 410G B0 DNA, 3%
FHANBE 54 27F A1 1492R #E47 16S rRNA
L PCR 74, PCR W 45F: 95 °C 5 min;
95°C30s,72°C 305,35 ME¥;72 °C 10 min;
4 °C 4%, PCR W) M R — 7 2 Al
e, P2 R A SeqMan5.0 B4 E1 T HF %
Jf: 7 EzBioCloud Mk (https: //www.ezbiocloud.
net/identify) 17754k BLAST HoX, HE 4% S
HE 98.65%E Ky X 43Rl (b bs i 2 S 2 Ji5 B4 TR
PRI 30% (5T B AARFR 43850 Hh 4 B T°-80 °C vk

R R o

2 BEREAW

2.1 BRELERBMIEMEY 16S rRNA £H
=@ ENF
2.1.1 oBHMEDH

ABFFEST N DC2 Fl DC5 A s Fr 3545
B R £k i 15 B AE G BT Tlumina HiSeq ¥,
ILRAT 97 026 KT, X LEEJFHIAJE R 457 1
OTU, Hrf DC5_J2 #£5H 3k 96 4~ OTU,
DC2 J1 FERL P3RS T 437 4~ OTU, VA 76 1
OTU A3 i B R i I 26 (B 1) BEAR
I RNVE S YR T 99% (55 2), FHIA I
JP A5 RIEA TR T HEA th (U E MRV 1 L 521
o BT F & Chaol 8% 437.54 (DC2_J1)
1 153.27 (DC5_J2), MHLZ T, DC2 J1 £
FIBEEEE R & T DC5_J2 K, AT e
YrFhoa AR FE % Shannon Fll Simpson, U1 2
iR, —F3ERIFI DC2_J1 BEA HA % DC5_12
FEART & YR ZREME . ST Rh Z R 1
— AR Z A R EURANTE 16S rRNA HEH £
PEUU LG 3000, R 2 el B 0 Y 2 R B A
WA OTU KRR B TR
TR KPR, AR SCE AT ISR & DL 2
. I HE SN e, DR m AR
Bm Rl

DC2 J1
DC5 )2

DC2 J1 361 76 20
(78.99%) (16.63%) (4.38%)

DC5_J2

1 RS ER B Bt A E 1949 Venn
Figure 1 Venn diagram for common or unique
species in two intestinal samples of Grammoplites
scaber.
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Table 2 Sequence data and diversity estimates of intestinal tract microbes in Grammoplites scaber

Sample ID Number of Number of Shannon Simpson Chaol Phylogenetic Good’s
Seq OTU index index index diversity coverage

DC2 J1 48 513 437 3.001 426 0.12749  437.535714 62.259 11 0.999 876

DC5_J2 48 513 96 1.663 717 0.266 89 153.272 727 15.847 48 0.999 431

2.1.2 TEYER R Z MY

Wi 7 BT AR A OTU -4 7 HLXTF 4347 , 15 21 ok
S B gy TE A o T A AT 7 S 2 LA R 2 BT D o
] 2 43 BRI PR AR B 0.01%LA BT TR
JBYUKFo2. mE 2 AT, 7R P 2EKE B
JERETE | ] (Firmicutes) M ZE X ] (Proteobacteria)
S A R A A P B A BT R
TE DC2_J1 #EA T 438 40.31% Fl
22.18%,1E DC5_J2 HEACH 1 5 o331 81.17%
1 18.16%, A, T 1 (Actinobacteria) . %
LA 1(Chloroflexi)FIIF 45 1/ | ] (Planctomycetes) .
FFAET 2 e AEA P (DC2_I1 i b 43 5
7.16% . 1.23%F1 1.38%; DC5 J2 w435k
0.44% . 0.01%F1 0.11%), BIREANTAAIXT 32 5
AR KERER T TFAS TR W T &, (HE17E
PEATR B AA A, Bk, JERERTT. IR
T ORTETT . SRS T VRNV R e ]I A P A
TRZR B 5 W TE A PR DL AR R 2SR, R
R DA RIS TR DA 1T o 4 0] P 34

EASE A, 76 DC2_T1 TRER SR 15 i 14
BE BT R B 2R (norank Chloroplast)
P, IR 25.11%, ESRTE DCS_J2 Hhfy
KB, B HAE 0.07%, W DL n] GE 17
FEAE MRS Ol . FRATT AN R0 38 e )3 45 SR b
B, W TR A S A A S R (2
At 12.38%), HERANAAHE, WEIC
HIIT B IR Z 1 N R IKBE(Synechococcus) o
EBRiEAE DC5_J2 H b 2l 0.014%, ££ DC2_J1
i H R 0.210%, ZRA K DCS5_J2 # DC2_J1
R, RERBEAEERETTPR LR 1.02%, &

0

B TR AEAEXT K s B W ROR . iEBERE
FEAGU R A 2R s R E T Rk
Ve RS sl e FH T K = g v, LAGS S
T S A s PR e 1 5 1. (HE B 2
BHTEEYIENZREY R R, Xt AMshY)
HA G F IR R

TEJRG IR b, LB 201 DR
RE, M ATE 146 DBHN . PIGYFE i b & B 2
A JE A W T8 (Clostridium) . 21K 1A &
(Rhodococcus) . & /R K J& (Ralstonia) . & 75K
W & (Ruegeria) . K IGCHTF 1 J& (Photobacterium),
DA Rz — S8R 3 S (AR T B B RN ZLAT B R A AH G
JERERE . W B TE P AR T A T AR
45N 33.07% (DC2_J1)H1 81.15% (DC5_J2).
BLEE WA A R EERE, RITEMN
R A Ik 99.81%. BF A= L6 15 18 N B9 A2 T
JEATHZET T Wi, IR Z R i 4
HAME H 2 R PRAA KB 2 [KH A
W, PECHBEURTE . TEE, REEA AR
B ORI HRE B GEBE  a EE R iR, JOF B R il
PEALRR RS FE AR R 0 AN, MR R
PR AT B A £ 4E 2 HLUH TR K B B0 2R 1 i 1B
o S O S BT BRI, A R R
HATH I E B YRR 0 Al RedE .

AMFFEAE T AR R ER 0 B i 18 PR R A M 4
B EEAL b, BT R F SR, s S
T I T DC2 T1 F1 DC5_J2 3% 2 PMREA
WAE R TP A B FE RSN, R
P IROR A I AT R R T S A 21 3,
BARE 3 JEBLH R R Z R 3R

k¥
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B Firmicutes
[ Proteobacteria
W Cyanobacteria & Chloroplast
Actinobacteria
W Planctomycetes
W Chloroflexi
A I Others B

1.0 r—
.

1.0 —
W Clostridium sensu stricto 1

Norank Chloroplast
1 Shewanella
B Romboutsia
Rhodococcus
[ Unclassified Caulobacteraceae
Albimonas
M Unclassified Rhodobacteraceae
0 Ralstonia
Unclassified Clostridiaceae
Ruegeria
0.4 [ Norank Propionibacteriaceae
Photobacterium
[ Pseudahrensia
Others

0.8 0.8

0.6

110

0.6

0.4

0.2 0.2

Percent of community abundance on phylum level
Percent of community abundance on genus level

DC2 J1 DC5_J2 DC2 J1 DC5_J2

B2 B&EHBHEMRRFEEVKFEQAFRBKEBBIEMFR
Figure 2 Bacterial composition at the levels of phylum (A) and genus (B) in intestinal samples of G.
scaber.

95% confidence intervals

|
Clostridium sp. Marseille-P2434 r ® ***<le—15

Unclassified Clostridium P @ *** <Je—15 = DCS5_J2

I
I
I
: =DC2 J1
Eimeria praecox g ® I ¥k le—15
I
Shewanella corallii F | ® *Ex 1e—15
| 2
Unclassified Rhodococeus g 'y #rrcle-15 S
Uncultured Albimonas u ® i *rE Je—15 =
Unclassified Caulobacteraceaeh °, *kE Je—15
I
Unclassified Rhodobacteraceae 0 o *kx Je—15
I
Ralstonia insidiosa h o *%k%< Je—15
Uncultured Romboutsia h .i ¥k 1e—15
0 10 20 30 40 50 -25 -15 -5 5 15 25

Proportions (%) Difference between proportions (%)

3 MEFARFERTHIMERLER

Figure 3 Comparison for the top ten abundant species in two samples.
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BRI F T A 22 SRR w8 B2
AT DC5_J2 HeAH , HRk, IS EEMA AT
HG3 2 09 W) Fh 43 01 Sk 391 A BU T TR (Shewanella
corallif)y G % /KWl [CE (Ralstonia insidiosa).
S. corallii T4 8 A MBI, JEAER K P
AR, HEAZMPiERER MRS SES
T AV 255 R, insidiosa &3R4 W)
B AT, AR S YA oG, HAT7E
e R B SA YR, AR BUR S
VIR 255 5 S Boms TR S IR dr v i A B, W T
1 RS 2 R R R HEAE FREO, SR 22 5 40
SRR, X 2 ANIEEMA YR S EUE T
FHE R I RRTE DC2_T1 FEA i) s
2.1.3 RAiERE Y FRE R I EE UM

i F§ BugBase (https://bugbase.cs.umn.edu/)
FETF 16S rRNA JE[H 741 OTU X il £k fiff 15 7 1
AP ARG 0 . 2% PGB PR | W AE S0
YE. AIREShooE . A ORI S2 VR4 9 3k
R R P KA 2 18 L EA T T 0 (3% 3), 45 2R
WoR, TERFE 2R DC2_T1 Lk H
Wil N, T AR R DR AR B B, T AE 2R
PEARAHY DCS_J2 MREER 1) S i WA & B 20
PR, HAEE AL 94.24% ., RAME Y 1Eth
KipiENFEREMZREAERK, wHERAES
i EHAE R MR MA YT 2 A AL
FAFUE T ENERIBENEIT SR, 20
FhafErhial . Wik, K7 S st
YifEE T, RERE G REFZELZ TIHAREP,
A, FRATHED, DC5_J2 (R T FE S i) T2 ok
2R 15 Ji7 3 P R TR o A TIO  ELVE E S0 T
FIAE K 35 %R, DC2 1 S HR 7.82%,
DC5 12 (5N 0.37%, DC2 J1 FEARHIELER
DC5_J2 & s SR bk, R, =25
R A A B He A i T DCS T2 (DC2 J1 R
52.19%, DC5 12 K 5.21%). 1EMEY 518+

R3 BREWEBMEREYIUNREMERFEE
Table 3 Relative abundance of phenotype
prediction by intestinal microorganisms in
Grammoplites scaber (%)

Phenotypes DC2 J1 DCS5 J2
Aerobic 44.82 4.96
Anaerobic 44.61 94.24
Contains mobile elements 10.86 0.75
Facultatively anaerobic 5.68 0.22
Forms biofilms 52.19 5.21
Gram negative 41.48 27.73
Gram positive 58.52 72.27
Potentially pathogenic 7.82 0.37
Stress tolerant 8.79 0.50

MEAEFAT, Arisnr LA P4 a0k bt 1
FRFE NS, L, AR B 7R
WO R E AR DY GG RTCh TR
JEH T Rp A AT I R B T R A M AR R,
insidiosa WIAEAE, 1 HIHAE DC2 J1 H itk
3.047%, 7£ DC5_J2 H1 i [t 0.139%, iX— &
5 RATINZE R WA G, BB DC2_J1
TE A A A 258 v U 081) 9 T A7 800 P T R

H AR UR S 56 BT FH o £k 6 B 2 7R BR YT
FURH5 00 AR B AR A0 2, X LT A A R A it
ZER, LR TN A B 3 2 A T S I 2
Z: 5 BB W) RS A B0 T A AH GG o, FR
MTRIAEHEDN , DCS_J2 FEA 1 3 A W 20 B R
72 W AR AR B M 1 A ) R R O AL T
#, DC2_J1 FRER S ] GEAL FHEE A ARIRE,
D DCS_J2 (4 FRZAS AR HE DC2_J1 %2 5 f B
— B
fdi i1 FAPROTAX (http://www.ehbio.com/
ImageGP/index.php/Home/Index/FAPROTA X.html),
FEF 16S rRNA FE Rl 2k i 15 i 1 9 B ik
PRV AT DI RE TN , A3 A 3 T )8 2K
S b VERAE SO PR TR A 25 TR DL(FR 4). IR
TR Z5 KT, B 0 S 7 18 0 45 AR 2 )
REPEE bR L F AR, A X S bR 2l %,
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Table 4 Relative abundance of potential pathogenic and beneficial bacteria

&% FEAh T T R L RE s B 1k JE& AR F2

Genus name Strains in sample Function or pathogenicity Abundance (%)

£ %5 1 J& Beneficial bacteria

FEREAT B A. faecalis WAl LR A AR, SAEALAER 0.012
Alcaligenes Arsenate oxidation detoxification, denitrification

FTCH )R Bosea B. massiliensis Wik AL Sulfide oxidation 0.052
2R N8 RIS TRk itk E AL Sulfide oxidation 0.010
Thiothrix Unclassified

i B P S. paucimobilis AR (PAR)RESR, s R mReEsE RS 0.007
Sphingomonas S. koreensis Degradation of PAH, degradation of microalgae toxin

WESUR AR Potential pathogen

AR A. baumannii BE RN, LR 0.152
Acinetobacter Invasion of epithelial cells leading to apoptosis

T B U5 07 e P. retigeri 5 2R M o A i ¢ 1) 0.028
Providencia Related to sepsis and meningitis

R 8 C. perfringens PR LR R, Bl AHLRIERY 57.178
Clostridiu Related to tissue necrosis

] e 307 G ¢ R FEHR FER Q #ukt 0.058
Coxiell Unclassified Related to Q fever

TEIR TR RIPEHK SMEBOR, R MEARD 0.016
Stenotrophomonas Unclassified Related to meningitis

% IR R R. insidiosa SR R A R ) 1.593
Ralstonia Biofilm-producing bacteria

TE - RS 2 B2 A B 2 5 T P AR R 0 18 7l PN TR A A v T S AR R

Note: The relative abundance data were obtained from the total abundance of two gastrointestinal samples of G. scaber.

AR E L B W BT R I Tk FEff A S 4F
WEF s R, HA R A ote o 2% 1 45 S B0
JEAEN A G PR A B, 100 BH BT A R G 1) 1
0 T TR AR A 2R T A (g B A T T A AE A
ISR RS BILAR] o A, e Rk i i h R
TR Z T O TR R R, R R
AL OCRERE R AT R A, T AS SRS ey o
G B R BT s, (H ATV A B0R
PRI RE, R UREE 1 (Clostridium
sensu stricto 1), FEEAIIK 57.178%., HRH B
AR At A H B RZE . AGE il
R FARAFAY 16S rRNA JE[H ) OTU i AN
HRETOM 45 2R 70 M A B, Rk i 75 i 3 N R
R R Z AR R R, HhA FERE

PR JERERR [ (Clostridium perfringens), A
XFEEEL N 0.099%. 7 TIEERR 1 R 77 A 2 A
ShEER, XA AA FBUENE, TEEA
[ RE A ZHEURAE , ™ i ] i R RS PE I 2%
SMESRIED, AN, 7E DC2_J1 BEAS HR RGN 2145
TR FEW) KR (Clostridium  oceanicum), 1428
BRI Sy B 08 H LY, R S
URRENR K I RE R DA L i H AT R BB
PEAVE DS, i RN 7 B 1 P9 A A AT R 2 B Bl 1
FIHAARIVER
22 BREWEBMEMEVAES
221 WIEFREDZEFN

AR A 12 PP FREEXT DC5_J1 A
DC5_J3 (15 B A i AT S8 g % s %, kTS
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99 FRANTE . 16S rRNA HE[H FE 51 /0 Hr 48 2 45 R
B, EN2ET 3 AT 44049 10 ~H 10 4
B 13 AME. Hb, BREITE 50.51%, Lk
BT 31.31%, JEEER A 18.18% (&l 4), 3£
WA I 2 W8 R EE R EE
(Psychrobacter), $£53 B35 6 NI, ditbh
35.35%, HiZ &5 Psychrobacter cibariu
FHUELE 99.72%-99.93% Y Iikk . FEVAHF i Jm i
BRI T AEMEE I T 5 b, T
Yyt A Al 35 e B IR A LA
A AN RE FL LS AN AR (i £ EY, e
ATTAE i 3 P9 AT DA B b 3 B8 i = 3 R i
SEEY . IS, 5 W)E (Streptomyces) &
PAFLEIE R 2 WP, (S 27.27%,

BRPRIET YIM171 85370 47 2455015 3 0 5
E % i’}] 5 Streptomyces cacaoi % E #H M
(99.71%-100%) , & Al 77 A G S 2R ik
£, XEEA YRS R

PN T 355 5% 56 4K 45 TR BE 1 1 LR &
YIM171 B35 300 B A5 20 0 B Ak i 20 1 3
—, A ERE] 27 #k, (B¥R Streptomyces.
SN REFR AT B B Rk AR M dc iy, o ik
1516 BRI, 7R T 6 &, HIE 10% R2A #5
FEE, BBV T 4 N BPSRRE . AR,
B B SR RS 5 T A RO AR T Al B FR K
AR ZHEE . SRMEAR AR FR e, 3K
ITEMM VRBD iR ih & UL sl i iE
VIR R A DL TE R K (B 5).

Niallia 1.01%

Ocg,

Streptomyces 27.2

Brevundimonas 1.01%

Bl 4 BREEHE BB mAE S R E YA R

robacter 33.33%

\Pseudomonas 1.01%

Microbulbifer 10.10%

Psychrobacter 2.02%
Paracoccus 3.03%

Figure 4 The pure cultured microbial diversity of G. scaber.
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W Kocuria
B Microbulbifer
W Streptomyces

W Psychrobacter
W Micromonospora
30~ W Alkalihalobacillus
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Cytobacillus

B Agrococcus

| I
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B Niallia

B Paracoccus W Brevundimonas

Bacillus

Pseudomonas

| I I
0 = | .

R I T SO R N T -
o N gl A% Q& & SES S &
y 3 3! S g & <

S g 9 L S N
¥ &
S

5 TEEFESSBINEKEE
Figure 5

i 16S rRNA FERAHBIE 98.65% My Fh
b, ARG FRSCE TP B AR 2 MRIBTERTY
M, SHEAMHIERERM Pseudomonas hunanensis F
Agrococcus baldri 1) 16S rRNA F K A LLEE 43 51
o 98.24%7M1 98.48% o AR Al 7 SL K AT Y BT
AU IR E LR E L 5 A 22 MR, 1K 6
N 22 YRS AT WM R R LT H
W R E N 5 A, TR T A, y RIE R
N8, aBILHHN 21
222 AEIEFFLEEETNRETON 4347

K PICRUSE2 BT EERE IR RARISHE 8 28
A= A E B R T DD RE TN (K 7), &5 R BN,
2l B 7 T R B0 T HE I S S D RE AR B A
A, FREAR 32.35% ., 38.06%, 4likiFRak
EEA A B oK AL S W AR =k
PR A . A 2 Al B R Al R g 2R A e
e, R — 5 A IR s MR S 4 &
W, DL A ANE A SR ANERIRE Ty, B

Strain number picked from different isolation media.

A BhE EHATIHR TS RE, ok o B ks
FRLIR AR T AR S K
23 HAEREZWMBEMENMEYNAEERME
RSN ER S

Y A S 2 i 1 R T A A e R R BN ANy
Bras R a] DU Hali s 72 e i e ik — e 48 =
N AR BN AR B Sy RS g M 3 n7 AN B2
S ) B AR R i S A E U AR, IR EOR T
JEREGTT. TR, R SRR
755 DA ) B A R A 75 M 18 PN 353 A 1 2
A, Hor DS RER AR T B 1) R B A
LA B LRI . SRl IRas
AR, FRATTRIA 12 BSR4 B B R e 4L
B B S T o B AR T AR TR T 1(50.50%)
JERERR1(18.18%) FITHER A [1(31.31%)iX 3 ]
R, HAh DB h EE ISR,
HYGE AR, MEETET 4 DA
JRIERE . BRI R (Streptomyces) . /N AL &
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| SCSIO 71365 (OK583860)
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S
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100! Kocuria palustris DSM 119257 (Y 16263)

00 SCSIO 72897 (OM184291)

acoccus stylophorae KTW-16" (GQ281379)

CSIO 71512 (OK583862)

coccus aeridis JIC501T (LT799401)
2894 (OM321547)

100L Brevundimonas naejangsanensis DSM 23858" (ATXN01000003)

SCSIO 71383 (OK583867)
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88 Psychrobacter maritimus Pi2-20"7 (AJ609272)
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ooL—— Microbulbifer variabilis Ni-2088" (AB167354)

0.020
6
R BCTFAC TR 1000 YRS BT — AR

RAMEEMZAEIEFRYIFE 16S rRNA EFRG L EH

PRI 0.020 fRRFFFI 2 (E; 7332
55 R F S A PR GenBank % 5% %5

Figure 6 Neighbor-joining phylogenetic tree reconstructed based on 16S rRNA gene sequences of cultural

species and their neighbors. The value of 0.020 repres

ents the sequence deviation value; The number at the

node means the percentage of occurrence in 1 000 boot-strapped trees; The serial number in brackets is the

GenBank login number of the strain.
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Protein families: signaling and cellular processes -
Protein families: metabolism -
Protein families: genetic information processing

Protein
families

Transport and catabolism
Cellular community-prokaryotes
Cell motility |

Cell growth and death

Cellular
processes

Environmental
information
processing

Signaling molecules and interaction -
Signal transduction -
Membrane transport -

Translation
Transcription -
Replication and repair -
Folding

Sorting and degradation

Genetic
information
processing

Substance dependence -
Neurodegenerative disease
Infectious disease: viral
Infectious disease: parasitic
Infectious disease: bacterial
Immune disease -

Endocrine and metabolic disease
Drug resistance: antineoplastic A
Drug resistance: antimicrobial -
Cardiovascular disease
Cancer: specific types

Cancer: overview -

Human
diseases

KEGG pathway

Xenobiotics biodegradation and metabolism
Nucleotide metabolism

Not included in regular maps

Metabolism of terpenoids and polyketides
Metabolism of other amino acids
Metabolism of cofactors and vitamins -

Lipid metabolism -

Glycan biosynthesis and metabolism -
Energy metabolism -

Carbohydrate metabolism

Biosynthesis of other secondary metabolites
Amino acid metabolism

Metabolism

Nervous system

Immune system

Excretory system
Environmental adaptation
Endocrine system |

Digestive system -
Development and regeneration -
Circulatory system -

Aging A

Organismal
systems

Unclassified: signaling and cellular processes
Unclassified: metabolism -

Unclassified: genetic information processing -
Poorly characterized -

Unclassified

5 10
Relative abundance (%)

=

7 HEFEBEET KEGG TN FEEE
Figure 7 KEGG function prediction abundance of pure culture microbiota.
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(Micromonospora) . Ji 5 I8 J& (Kocuria) Fl T3 5k
W& (Agrococcus), Hh DR EREEZ, Hlk
H27.27%, WAERTE TR TR ; mhEE
HWEEZKA YIMITL Hiaake, HBlX—%5R7
Y A AT R TE S R SR AR e A G, (H2 Al
B % S RN A 3 R A SR A SR R BN T AR TR TR
TE BT A AR i B i 1 9 A DL S kA

AL, g DA A s 32 B s AR5 19 OTU F &
KA hRe B ey, R T HA e E R B
FPEHRAT 7 (Alcaligenes faecalis)WAF7E . EHI
FAEACAE 2 B R A TP AOC R IE I —
WA, KA Y SO A AR TR AT A ROES Bl oK
VB R R, FRATI e Al 5 SL 0
DL 5 SRR 25 5 i, SR T 2 Fh R T S
A2 T A B 35 IR R [ A AL 2 s 1% 52 2 (DM) |
B R B IR AR IR SR B AR AL A . ARGl G SRSk
55 v IR AT T 1 7 BT R (A lcaligenes)
AR IR B T HIE A A KR T

Clostridium sensu stricto 1
Shewanella

Romboutsia

Albiumonas

Ralstonia

Ruegeria

Photobacterium
Pseudahrensia

unlassified

Uncultured survey

W& (Psychrobacter), It R15 BARTE S Al Ak 4H
B AT AR A, (HERR Rk
BRI 5 i — 20 T U I

WA KR FRN OTU FEBEXT Halidh 77 50 30 45
B, ERPCKEE L, AiERLRIRE T 134
AR EHSERE, HPOUR 5 ME SRR
R—2, A 8 A& AL Hy 4l 1 5 52 50 K45 (& 8).
[, el IRai R RN T 18 N AR R &
FIAN R R S HE, HEH 20.52% AR 20 )R
PR AGFRER S TR 22 S v ] e
By IR BOOR AT DL 2R 48 b e 7S A i 1 T AR W 21
B, B AFEARRRRIN B M 2RAFE X, KL,
o IR M Al B 75 T BOM 456 A RE 3 N2 Wit 2
B PR T AR ) AR ) AR O

3 W54 #®

PR R N BRI YR IR, HE
il 22 4 AR FE AR 2 () A6 2 G TE . Kokou 453
WA R 2 B B WA PR R AL, 2t — 25

Alkalihalobacillus
Agrococcus Cytobacillus
Bacillus Kocuria
Brevundimonas ~ Microbulbifer
Pseudomonas Micromonospora
Psychrobacter Niallia

Paracoccus

Streptomyces

Cultured method

8 HEFMBEAAERGHREFEMEMEVERKT LHNERK

Figure 8 Comparison at genus-level of microbes obtained from cultured and uncultured methods from G.

scaber gastrointestinal tract environments.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BEMRTT A BRUL O B AE R b B i e 2 e

4581

UESE TR0 8 B RE S 518 32 5 AR T R
PRIEAR R L, IR R 25 S
TE RO, AR T K SR EE R N AE W)
TSI} £ A TR R 12 i 7R A 0 2 110 A FR AR BRE . SR
1M, AREEE SO L T — I+ 0 XRE Y A
PRI BT N B AR SO R OB i,
FIRA . RAKRTE  FFANERE @GR E
F M\ 2004 4F Rawls S8y T IO BE S Y
B A0, R T A0 2R 45 T TS B 1 T AR
KEgnlfett, fEMIERE E, AMTSIIIESE g iE
A IR 2 A K R B R HEAE T R
HAT, X2 8 e W R i 9T LR i A
BEL a1 LA 0 OV 6 £ PO R U A
DA K48 6T (Paralichythys olivaceus)” . #11
i1 (Siganus fuscescens)®! | K P4 ¥ i £ (Salmo
salar)® | Wit (Dicentrarchus labrax)®* 456
FMNE & RGBT . SR X LB 58 8 A 1 DA
ATH T il £ 28 1 T TR AR 1) 4 RN B [ Ak
B, T LA W TR v T S ) A A K A AR )
HAL R G iy FE A &2 By T BRI EE [
RAILEFE WY angE AR H A A
MEREED . 15 £ B il i P BLAL 2# AR PO
ABEZEAT AR fE E AR TS AR
PERTAE SRR S HOR R R 22 R K.
T AR T A L, R
B AR IR AR KRR BT . AR gty . AR K E
AR E S & T AN ERS, XIRAT§E
AV pE w R EERY, Fk, AP R
() g 1 TR PR AT A S 18 E AR AR R LT
BE, RSy Wi T A ARG IE
TR A, S A O TR AR SRR U
AHIEFE X Ve B A IX 35 A Y A LR i S
T TR W RV 2 AR AT A, RBLAE
TRk i 15 i 1 PN 800 P TR R 2 o1 ATE A7
IF 38 32 38 AN [R] f8) 855 55 ok 3a i H: 15 i 1 v

P RSO, AT 1S E 18 TR 0 2
—FHdE . RIS R RN, BRER.
IBHTT . T SRS W R ERE N
Y A R i S i A e R sl A T B AN TR 2R
i, H, BRI Z 4 X L3
WARE . JERER 1 2 0 Al D™ A 2R 0 B AT Pt
PERYZERE, ISR PT BB B B IE I M 18 N A R
FIPREE, M ELRE A 7 AE i A1 i A b B 18 Y
HALER . ZRIEFF R Z A e AT iE 5 28 B
W R E Y T ok . REUR Z AL 2E
B o, Ak, SREIRRARE TR RS 4
M), FRATTRT B A= R i () 8 B > A 1 g
AV I 4, B4R DC2_J1 AEAAH L DCS_J2
ARG E S mEMAEYRR 2R, |
JELE G RERTIIM G, FATHEN DC5_J2
A (R A SO R JoS SR o) B A B 6 1 Y T
YR EFE A, DC2_J1 FEATT gEAL T W4 &
ANKPRAE . T3k, EE R B H AR
KEVRIH IR R BN E,
DLk s i sh s s &, oS8 E miE
PO B TR R R BB IR S S
RIEMARNEE, mIhaem &8 7 HA R
ik TWOHEBE 2R D RE I 2 B TR AP AE RS
DIZ Mo R 0% . A, RS
TE PRI 2 i SR BREE AR 7 AR AT . UL TSP
Yy, AT TE R R B R B,
X — 30 G 0 10 B MY A R G 1) B A 1 N Y TR R
ZIABA —E IR 2y, DIok4ER: H
¥ 1 P05 () T A 2 A

SN a= ek izmI 7/ I oA (R i vl T
FHER 1 2215 )E (Clostridium sensu stricto 1), %
KR LA A eF dE /il , 5k e iR Ry
IKAERE YT HE R AL RE J1 3 DA, A Ar
KUFFEHGE, BT EEaRmEN L
o R A A A, T HR 0 A 4 R R
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B, Gigr DC2IL I PR EI 1
FERIRFEB) AT 6 FLAS B £
PEPCHIO T A, 3% 15 F SRR % 69 B o
LS4 SR ] A FR 3B
TS BEAEI T B 0T A
o I EE T B AR 3 b £ i
e 5 PR, R B 1 AATFE T
TR BRI £ K

S AR A R T R B
HRFIEM RN, TRITAN T8 g
BRI bR . SO | MR 5
RAVEK, DEOER, TiADEs R
g b R R AU TR AT, KT AR
SHOR B RUE RSN . B,
WS B Y 2 R A 5 BRI A A
BT R VLR A A
MBI A AR AT AT T B S
3RS BB T B IR R
REEREE, #4770 1 BFAE MR UL Y 2
R BOAT QAT B BUEIZERE, AT B T
AT F1 SR KRS T R A 4
Bk SRR o 5 2 R R
S W R RO BT BB S . ST,
AR RE RIS A e LAY, R
HEIEROR . BEOLERE  FEASREED | MR
By, Bt FEOMHTE R R,
IELRE 0 0K S i SR S L e
G e, ACSCHERY R BEA R 6 1 B
Wi R OTIN , (LRE VBB TE LI
S R I S TR
TR, ShAT 10t . ATy i 146
ISR 4 OB R HEA T 300 T 43
B T FARTREE T HOEE 2 M A Bd R
AT REBEL TS 35 2 5 ) — SR, A,
WA S K B I BT AT R %

FIs 2EEAN, T AR RR, 52
SN AR GE A F1 R R AT A% O T AR A A E AN BE
S A R A S i N A g R R R
AME AT B BT B K™ b i R SR A
e B, P R AR TR B A K™ a1
I 2T B AR 53] 3 T I 8 A A N I B0 Bl AR
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