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AR RA RO AE VBT A RERE, [F5 ] F A LA R EARMMLE S0 7 X3k A
RIITNTARESE MEARAETT L. [£R] @idaf 16S rRNA A FH V3 X & 24 30
R, 4133|456 /~$1E 4 £ % U (operational taxonomic units, OTU). 474 R 2w, £TTKF L,
BREX A F BB N 69 £ B4R B X B T M H 1] (Proteobacteria) A= & A # 17 (Firmicutes). & & B K-F
£, ## B(Clostridium) £ 4R & 47 B M #H & b Lo A, 246 b A 57.11%. T 16SrRNA %
RAH#ATEA Fe e M9 R AN, REAMEMENA ZA B ERARA R A ELA G4 L
B LA, R EHRRA 124 RE) YRR BATHRFN B, ERFERFAR 9K, BX
F 3 A~ (Proteobacteria. Firmicutes #= Actinobacteria) 4 A~4% 10 A~ B 10 A4t 13 AN &, H 04
KAAHEHEA (L 50.51%), KILLLIZIRR % 4 B R KB A 5 54T H & (Psychrobacter). [444 ]
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Microbial diversity in gastrointestinal tract of wild
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Abstract: [Background] Wild Grammoplites scaber is nutritious, but the microorganisms in its
gastrointestinal tract (Gl) are rarely studied. [Objective] To study the microbial community in Gl of G.
scaber, reveal the potential probiotics and pathogens, and thus to provide a reference for the regulation of
beneficial microbes. [M ethods] We collected the Gl 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 Gl 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 Gl 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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s A USRI RE T, R D fE TR
FhSCBRER s AL o AN, AP ad e A 2 4
R Mo il — 2848 FELLH ALY,
1Mk 1 AR ALRE R AN, WA TR R,
i ERVFZ B RO . A B et A
PR S A S R A L H

AT, FRATNT 5 i T8 A 0 2 235 4 R ) RE A R
Ay AR H XL S oY, a2 g T
BRSO — 2 B Z AR Pk, xbak
Jo 3 A ) 2 R A 5 R P A H 25 E

Wl BRBE AR AR A B, — 3040 TR DR AR o
FiE EM K RE YRS, FR, BN
O DR RVt 2 W 5 A o IR 0 AR Ak T AR O
FRaER, fin, MK P (Atlantic salmon)!”
FK PUVEE £6 (Atlantic cod)® iz 18 P 43 51145 85 1
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HA =21 4 M PIRERY Bacillus Fl Brochothrix
SEJEFN, HEM ©ATHE DL/ A R B A LA |
WA REER B R LYY E B Y . MR TIEK 2k
(1 1 T A VR, TEIRK g B TP AT R T
(Fusobacteria) B 2L # . 4 Lai SEAF58 AL,
TEFR T W T /K iR oK Wik fe v, 5%
B g K AR BEREAIG 50%)5 T 8 A iz 18 H AR AT A )
DRSS Y VRoR st 3 AL I
SR S AL I B AE AR T, a2k
T T A PRI R A 55 A AR BRI W B 9% B A
L, EERNLEATLH TR A B, b
Fen B P EOR B A RE, AR 2 8
YR TEAE AN [ AR BRAS ARbA T B e
TATE 1 ff AR il R0 £ 2 i 1l T2 W VR 1 4
A AR A K N (Rt AR st
J it 4y X VSN A SC BRI 5T, A R AR
I 3 TR AR A T AR 3 i T ) f R

i £k il (Grammoplites scaber) X F £ 45 i
Lt KA SARE RER, KA, F
M 4 S5 BOF0 RS, BRE R lE H 28
AR E N —Fh A AaZE, R TR
Ve RS, WGtk 2E, D/ R SESE
M T AT | MRS Lb E R
Hh [ 5 T U S S, B TG I IS 2
R b B A SR R ME R RS &, (RS
e R FR R A, Ay B AR S A
HA R PEOATH R 00 0 5 g
fife = 56 H 1 W 18 A P 2H R T 2 i 5 R
o TTARBHRLO T GRS TR Y B R
I, HWOIERSE, IRIZMMNRRE, SEEHmA T
R W PR, T LR R A 43 Y R
BEVEER AR SO e 3 I R S 0 R Al R
o AR5 B A R S i 1 A ) 2
o, WAL IR S AR, LUTE
RIHE BRI . 1 A B S A 0 MR O S
HAMERR, BEHAESHE .. g A

2SR A5 T T £ PRk 5Bl

1 ARETE

1.1 #MH
111 HREE

WEFE BT P AR R B T 2020 4 4 AAET AR
PRIT. O IR0 (113°48'25'E,  21°59'407N ;
113°51'13"E, 22°0'33"N)LLH M VE L 75 R 345 .
A A PR K T BV i AR P ) LAl R A
A%, AWK 22-24 m RE RGN 1 h, #
Do 3 5 45 1 AE 3-4 Kno ARl B 13k 5
KA XY R R Y VI G . T
SCUR AR SR A AR . KE R R AT
T OLHEIN ) R B, B AE MR REFE T
—20 °CAR Atz I =, ¥Els, 7E%X
9 2 JCTA S T HEA T i A S PG TR 2808
KA A A SR T LI S5 15 s 75%
CBEERARSRTE , fFER BT | B A )
A KA SIS, i fE s S N T,
PRBEAE S AN SZ SN YT G o S50 i FH R4k B
AR B AR 1 Frk
1.1.2 FERFIFNEE

7 16S rRNA LY 158 514 27F
(5-AGAGTTTGATCCTGGCTCAG-3)#l 1492R
(5-TACGGCTACCTTGTTACGACTT-3), 4T
A TR (1) e A BR 2 wl At 2 X4 2k
Y RAFRS 7] . 27F (5-AGAGTTTGATCCTG
GCTCAG-3)#I 533R (5-TTACCGCGGCTGCT
GGCAC-3), LifFEHEAEMELRHLARAF
HiPure Stool DNA Kit a4 {# £ 5 &L DNA $#2Ht
WA, M EREAEYRH AR AE; Chelex
100 Resin, Bio-Rad A +l; Tag DNA A1
TransStart FastPfu DNA R4, Jbai4e4e4
Y ARG R T s AxyPrepDNA 552 [B1ICE F
&, AXYGEN 4+, PCR{Y, Eppendorf 237l ;
KRR 255, Bio-Rad A5 /INUEREHEE

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



4570

(DGEXVES ik

Microbiol. China

*1 SRHF@RFEREENER

Tablel Sampleinformation of wild Grammoplites scaber

FE it i = ERIS RAF UL R SER T BN T
Sample No. Length (cm) Station Experimental method Environmental factors
pH Salinity (%) Temperature (°C)

DC2_J1 225 113°48'25"E R 8.26 321 24.8
21°59'40"N Uncultured method

DC5_J2 18.6 113°51'13"E UaRses 8.28 311 24.7
22°0'33"N Uncultured method

DC5 21 16.5 113°51'13"E gk 8.28 311 24.7
22°0'33"N Cultured method

DC5_J3 16.5 113°51'13"E gl F 8.28 311 24.7
22°0'33"N Cultured method

CHLATERAE , 228 E R A PR A ] ; NanoDrop
2000 A i AN BB T, FEBRC A
113 EHHE

Y IM 171 [ AR B #2552 SCHR[17) Be il ; 10%
R2A [ AR FE 5L . 1 R2A 5535 K77 FF 10 £
F; 5% 2216E [W{ARE IR 5L . B 2216E 3557 S
B 20 515 50% AIA 530k i AIA 5555
KRR 2 f5 ] ; TCBS BiigE 3R (g/L): B
BEK 5.0, ZMEFA 10.0, NaCl 10.0, #74
FR%H 10.0, HRACHIERAN 10.0, AHERE: 3.0, FfH
7H# 5.0, FEME 20.0, FrEERRER 1.0, TR H
W 0.04, BRI 0.04, 35 15, pH 8.6+0.2;
VRBD K4t (g/lL): BEEhky 3.0, &AM 7.0,
NaCl 10.0, #Z5## 10.0, fHE: 1.5, 45 5448 0.002,
HipE£] 0.003, pH {E 7.3+0.2 (W, THEHE
Ki); HAH ¥i3R3E(g/L): fak; 3.5, disodium
EDTA 0.005 6, Na,CO; 0.010 4, vitamin By, 0.001,
cyano trace metal solution 1x10°° [Z, 2 6.25, 7
BER k4% 6.0, MnCl,-4H,0 1.4, Nap;M0O,-2H,0
0.39, Co(NOs), 6H,0 0.025, ZnSO;-7H,0 0.227],
FKRER 0.05, Bifs#; 15.00, /K 500 mL, 7&
18Kk 500 mL, pH 7.0-7.6; SASfLANE 4> g5t
LU BTB Rt MR F M. KNOs A
NaNO, 73l % 3.0 g, HAx Y di B st fc Jr L 3]
figthil; EebiiFRaEtd . (NH,)SO, ¥ 3.091L,

A Hg 5 RS L BRG] 5 SN 3592560
12 7k
121 BRAEHEMLE

AN, R RS vl i (phosphate-
buffered saline, PBS)ZE Pk s & i ShBE |1
MY R 0 55300 o p o DA S i TG PR B 5 M1
H, e BT B, ST NEYE, R4l
TIHe 5% BRI A0 R D RE R BN 0 R T, ISR N2
PR P R R A SR BT RRIR A) L TR
DNA FIfAY) 73 25 525
1.2.2  lllumina M FF 54 BB E B S A1

fdi 1] HiPure Stool DNA Kit #h4)&fEke b
A DNA SR G, 42 R BH 45 42 IR A= ik 2k
fiff DC2_J1 1 DC5_J2 ) B i A 355 5. DNA,
{4 F§ NanoDrop 2000 #6; /I H-4fi & Fiyfk i . 7
i 38 AR W B RO IR R S8 .
JEAZA: 9 16S rRNA L[ V1-V3 X519
27F 1 533R MMM 4 1FPY, fE TransStart
FastPfu DNA A RFr/EH T IE T 41,
PCR JZJii{A& % : 5xFastPfu Buffer 4 uL, dNTPs
(25 mmol/L) 2 uL, 1E. K 5[4#(5 pmol/L)4%
0.8 uL, FastPfu B4 0.4 uL, BSA 0.2 uL, #
HZ DNA (& DNA B REZE 10 ng/uL)
1uL, WZE/K 10.8 uL. PCR M &f4: 95 °C
5min; 95°C30s, 52°C30s, 72°C30s, 304
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fE¥R; 72°C10min; 4°CORAF. N T /DS
W, BALFEAIELT 3 AER, HHE—
FEATY PCR F=WRA 5 29%55 I W e 15 H vk
6 K B Rk B L PCR P i i Ak ] AxyPrep
DNA it [r1 50 77 & DI [l PCRIE A =40
Tris-HCI 22 npig pe i M1 H #n DNA R Bt )7
F- £ NovaSeq PE250, il JF 5 vy RUK 3
pair-end ¥, )5 A fastp A4%F IR 4R 41
PEAT R AL, 4R 979%MI AR DL HEA T4
2% B¢ (operational taxonomic unit, OTU)&,
K JHl RDP classifier DU #5832 % 97%4H L /K F
i) OTU fURFHI7E Silva 16S rRNA %idi 5
(V138) AT W Fh oy 2 B, FEAET T FIJR K F
AT A G T . R D R R e
. BfZ %= SAR i, WI#E Sequence Read
Archive (https://www.ncbi.nlm. nih.gov/sra/)H #;
%, B35 SRR17720661 il SRR17720662.
123 BRHEMEVYNSIELE

RS BUE B I AT, B N s
i BEFE IR A H I 7E 0.3 g &£47, Fl PBS %
PR E 6 mL T Al IR AR A o 43 8 5K
B0 R R B SR N 1.1.3 Frik .

TR IR IR 2 AP, BIE T 28 °C
fEIREEFE 2 J8, PRIOTTAT B P v LA R 2k
WAE 2216E [EAREE FEFL(MA) Bk fr4lifk . I
Chelex-100 ;P B 4lifb J5 B 4078 DNA, 3%
FHANE @ 59 27F A1 1492R 3E4T 16S rRNA
FH PCRY 1, PCR W Z5fF: 95°C 5 min;
95°C30s,72°C 30s, 35 1Mi#F; 72 °C 10 min;
4 °C {47, PCR W) R — Wil 77 2 )
e, WP EE AR A SeqMans.0 #4F T D4
FH-7E EzBioCloud ¥ ¥k (https: //www.ezbiocloud.
net/identify)#E 7T 7EZE BLAST Fe X, k45 544
1% 98.659%1F 4y X 43y Fh A AR Y . % IR A B
PRI 30% (5T AR FR 43 450 H i 45 # T80 °C vk

Hisf R
2 R

2.1 FREEBIAEMEY 16S rRNA EH
=EENF
211 oZHEMSH

AHWFFEXR N DC2 Fil DC5 >3 5 i 3515
() R 2 B 5 R 1B RE S B4 T 1Tumina HiSeq )7,
AT 97 026 Z5)7 51, X LTSI IHJE Ky 457 4
OTU, HH DC5_J2 ¥ 5 3k4s 96 4~ OTU,
DC2_J1 ¥4 k49 T 437 4 OTU, VA 76 4>
OTU Nl (A R i o I (B 1) BEAR
H RS S5 R T 99% (35 2), EHIA
P25 RBEAER T HEA U W IV 1 L SE 1
o FETEF & E Chaol 5%k 437.54 (DC2_J1)
1 153.27 (DC5_J2), L=z T, DC2_JL #fh
RS E & BT DC5_J2 kEfh . Al ot
Yo ZREE 1938 % Shannon il Simpson, 413 2
Fis, 3 4Lm K DC2_J1 FEA HAT#: DC5_J2
FEAT S iR Ze0E . X T Rh Z Ry T
— ARAT 2R [ EUR AR 16S rRNA JE K £
VB DUIE G 800, R R il Y S R B0E A
B AR E OTU KE M REER o TR
IR, AR SCE SIS R &L 2R
B, I HESEMANE Be, DHRE AN
€Iy =L

e DC2 J1
DC5 12

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

DC5_J2

1 PERREKEES BRI ASEEIM Venn
Figure 1 Venn diagram for common or unique
species in two intestina samples of Grammoplites
scaber.
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Table2 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 oTuU index index index diversity coverage
DC2 1 48 513 437 3.001 426 0.12749 437535714 62.259 11 0.999 876
DC5 J2 48 513 96 1.663 717 0.26689  153.272 727 15.847 48 0.999 431
212 WMEMERE SN BETRAEAER K = S B RO . % RE

P PE A 0 OTU i 47 F X 20 B, 15 21
S8 0 i T A i T A TR T 432 A, R B L
Bl 2 53 BN AR AR B 0.01%LL 114 T4
JBHAE5r2E, mE 2078, 7RIk B
JELRE B ] (Firmicutes) F1 48 JE B[] (Proteobacteria)
W A AR A P D B A R B TR
£ DC2_J1 #EA A 5 L4l A 40.31% Fl
22.18%,7E DC5_J2 FEASHH Y o b 73 51l 81.17%
F118.16%. 1Ah, ftZw# | 1 (Actinobacteria) . 4%
LA 1 (Chloroflexi) A% 8 14 ] (Planctomycetes)
HAET 2 A (DC2_IL i He 433
7.16% . 1.23%#1 1.38%; DC5 J2 4%k
0.44%. 0.01%71 0.11%). HSREAMTAIAINT 32 B2
A SR RER T TRASTE T T &, HEATE
FEAR T8 A7 e, R, JERERET] . ARTE
1. BT, S B T TRV A A 1 ok B A
TRE G 8 AR SR LR AR 2SR, R
REDE T TRARTE AT o 9 24 X P 4

AT 20, 76 DC2_J1 L i W5 7 v
TR BT R e i 24k (norank Chloroplast)
FEH, ditbik 25.11%, EARTE DC5_J2 sy
BRI, H5HAUE 0.07%, nf WLk b n] fE 17
FERE B R Ol FRATTAA & il e ) 25 SR b &
P, EBET T A 8 AR B (2
A itk 12.38%), HEZNARSALRE, WEC
R i 2 1 S K (Synechococcus) .
REREEAE DC5_J2 H Hky 0.014%, 7 DC2_J1
H i oA 0.210%, 254 A &b DC5_J2 fil DC2_J1
RI, RERBEEERETPH LR 1.02%, #

7 B B R T4 22 R e Ak D02,
YRR DR IS T K F g, LAIA 2
7K™ Sl i PR I H Y . (RS 2l
BoEEDENBREYEER, WXt Afshy
HA G HF NIRRT R

TER P HKF b, R BE 201 M@ 9k
#E, S AiAE 146 RN O AL rh & B 3t
)8 H A K JE (Clostridium) . 21 BR T8 &
(Rhodococcus) . /K [ )& (Ralstonia) . & 7KK
J& (Ruegeria) . & Jt:#T 17 J& (Photobacterium),
DA S — S8R 328 A AT TR B R LT AT TR R ) A 56
JE R . MR TR e A A 1 T B
43914 33.07% (DC2_J1)#1 81.15% (DC5_J2).
BEEEWMFERNITAEREERE, KEN
WA Ik 99.81%. B A= BRLL i 15 7 18 N A2 T4
JEATIHZET [ W, ZEHF R ZReIE R4,
HAMEE H 2 8 R E A K522 RS A
W, DBONEURE . iE, REEA AR
AR A R BB BE  a EE Rs iR , IF BoR e
PROERRRE R A BE R ALY eAh, WRTEHJE A
PR AT R ik 21 4 2 HL R TETROK f B B 28 1) i 1B
b SR P YR I, A R
AT B W) 48 2 AR ] BB

AWFIEAE T ff WL i 5 R 18 PRI A M A
B EEAL b, BT REARER RS, a5
HEFJF I T DC2_J1 #l DC5_J2 3% 2 M FEA
WA TP AA B FEEROWR, R
e /KRG R S A TR A 36 J5 1R B K 3.
BIRE 3 I WA R 2 RS
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B2 BE&HEMEMREEEITKFEA)FEKEB)WAKER
Figure 2 Bacterial composition at the levels of phylum (A) and genus (B) in intestinal samples of G.
scaber.

3 MEATFERTHYIMERIE

Figure3 Comparison for the top ten abundant species in two samples.
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BRI HET D 22 R YRR e B2
Ai T DC5_R A4, HR, [FAA A A P2
HIAr 2 W W b 43 0 S S5 Ay U EG AT (Shewanella
corallii) FIfE R % /K i [G T (Ral stonia. insidiosa) .
S. corallii fc#) 4 #5 [ P8, ) A i Hh A
AR, HEAZMPiERERMARESER
AR 25 LN P R insidiosa R A=Y
AT, A IRIERE S YA oG, HAl7E
JEE R _FIE AR, PR HEBUR TR S R
WYy B2 5 31 o 3o w32 HE ORI MR B8 W T
IR PR PR 7 & P R A IO SR T 22 7 A b
G TR, X 2 DIEAAHAE Y YR S EowE
FHEA TR MR TE DC2_ I REA T 8
2.1.3 BERMEYREMIIEETUN

{4 i} BugBase (https://bugbase.cs.umn.eduy)
HT 16SrRNA L[ 751 OTU X fili £k fif 5 1 8
TUEI R AU O . 2 B PEREME: | WE AR S0
PE. AIRSIOCIE . AEYIBOE N 52 PE S 9 3R
R A WKV w5 fE DL T T 0 (3R 3), 45
BoR, HERBEZFER AR DC2_J1 Lk H
WiE N, 5 SR R R AR B A, T 24
PE(RAY DC5_J2 BEtir) BB N A EF LR
PRAEH , HAERE ATk 94.24%, R4 AEWAE
KipiENFEREMNpEEALK, HERALY
15 EHAECR MR MA YT 2 A AT
FMFUE T ENMERIBNEITE R, 20
FhardiE . Hik, K™Y E miE M E
WRETE R, DA o R AR £ A
Mo, FRATHEN, DC5_J2 Ff B e B0 ] T2k
2 B 5 17 1 PN T T o 7 T L A B
IR 35 % W, DC2_JL 4 H ok 7.82%,
DC5 J2 5 0.37%, DC2_J1 FEA hfE7E4s
DC5_J2 i t Bl v e SO i bk, [, 25
BSR4 i A 4 B Al e v F DC5_J2 (DC2_J1 Ky
52.19%, DC5 J2 }y 5.21%). TEfEY 516 %

*3 MEWEBHEMEYTUNRE B FE

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

Phenotypes DC2 J1 DC5 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

MEAEFT, AYBEnT Lok A Y3 4t ik bk 1
FREMEE NS, I, A YBEE B 7E R
A=W BOR R A A g Ao
JERT TR o BT R BT SR AE M A R
insidiosa MYf77E, 1 HHE DC2_J1 /5t
3.047%, £ DC5_J2 (i [l 0.139%, iX— &3
5RO EE R WA Y4, B8] DC2_J1
FEAS A6 558 1 B 18] P Y A 580005 12 TR R

F AR WK S 56 BT P O 4k A R R R R YL
F 37 0 SR B A 26, o L i 0 A R R A i
ZEL, LA AT B g 18 A TR T AR O
2 55 A A ) T B0 B R A SR E oL, R
10125 DN, DC5_J2 FEA i 3 A= 1 2 1 5 e
R 2 B A R AR T i A A P R B A T
L, DC2_JL Bk i il GEAb FHE & A AMPIRES,

I DC5_J2 iy 4 BUR A5 4 Hb DC2_J1 %2 58 fekt g
—ik
fif 1 FAPROTAX (http://www.ehbio.com/
ImageGP/index.php/Home/Index/FAPROTA X.html),
FET 16S rRNA JE DR 0Lk fiff 15 iz 38 N B sl A
YIRE VR SEAT INRE TN, B BB TR S o 2K
- b VR O R TR A g5 T DL (R 4). MITRE
P Z5 R T | TR b S 1B A 2 R AR 2 2
REME R AR H A AR, A X SRR i R 5%
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Table4 Relative abundance of potential pathogenic and beneficial bacteria

=P it o B TR R TR o T JE& GRAH X
Genus name Strainsin sample Function or pathogenicity Abundance (%)

H 15 i )& Beneficia bacteria

7 AT A A. faecalis AR ER AR R, AR ] 0.012
Alcaligenes Arsenate oxidation detoxification, denitrification

TG E R Bosea B. massiliensis Ttk 1k Sulfide oxidation 0.052
2215 TR ) RIFH TR Tk 4E AL Sulfide oxidation 0.010
Thiothrix Unclassified

iYLy k) S. paucimobilis I TF I (PAH) RS, 8 i o A 1 el g 2 9 0.007
Sphingomonas S. koreensis Degradation of PAH, degradation of microalgae toxin
TEEURTHE)E Potential pathogen

AR A. baumannii 2 RN, K A T 0.152
Acinetobacter Invasion of epithelial cellsleading to apoptosis

5 e P. rettgeri 51 2 Vit A o i e ¢ 1= 0.028
Providencia Related to sepsis and meningitis

R C. perfringens FEZREER, 5L HLURERY 57.178
Clostridiu Related to tissue necrosis

A 5 307 FRAA RO HIR R Q K 0.058
Coxiell Unclassified Related to Q fever

SEIF T RIPLE R SAEOG . 5 R Ii i 48 137) 0.016
Senotrophomonas Unclassified Related to meningitis

R Wi R. insidiosa SR ) 7 A R 1.593
Ralstonia Biofilm-producing bacteria

RS A B 2 T AR R 0 S 3 N U WA TS ) B AR

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

W ERrE LAY EOT R M Tk B A# A 54
LT s[RI, LA o i e 5 2% % 8 P B L T
JERAE R RE S Pl R B, 0 B A Rk G
13 AR A 243 1 2 A M R e A AR A
LR I XML o BN, Lk i B b B
TR 2 W I O R R R, T M T R
AT RO R A TR, T AR SCY e
SR B R T B, (HEA BN
PER R bR, FLEP UK E)E 1 (Clostridium
sensu stricto 1), FE AL 57.178%. 1R J&E
A R R A EFRW R, AGEEREE
T 3158 16S rRNA KK 1 OTU = i
DIRE T 25 5B A B, Bk i B Wi oM A
WERKZRARSENREE, HhaEREN

PR LR T (Clostridium perfringens), & AH
XFFBEZ 0.099%. UMK 18 AT )7 A 2 A
ShEEER, AR EA FBUEE, AIgLEAR
[F) P2 B2 Y ZHZUIRAE , 7™ o 1 AT 75 e IR AEVE I 4%
SNEREPY, Ak, 78 DC2_ I FEAS a4 5145
T2 B8 A KRR i (Clostridium oceanicum), %2
FERPIR 5T B R B UURY), 2 B A &M
GRBERE K D RE A R4 B, T H B A B bl
A RO, T Al B 1 N A K R R B B B g
FIHER
2.2 MREEHB MEME DS
221 HEFMEDSHEMN

ARG RA 12 Fpl IR DC5 J1 M
DC5_J3 1 15 A i AT S B & s 9%, kAR
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99 PRAHH . 16S rRNA KL [ FF 51 43 Hr % 8 45
R, ENaET 34071444 10 1~H 10 4
B 13 AN, o, AR ERTTE 50.51%, Lk
BT 31.31%, JERER T 47 18.18% (&l 4). 5K
AR R 2R BB EE
(Psychrobacter), dL7r#545.321 6 Ny, HHh
35.35%, H.HiRZ 1 &5 Psychrobacter cibariu
FHLUEEAE 99.72%-99.93% 1 i bk . WV T2 & i
W ORI A & N T 5 rh ) R GO TR
Yyt A g g kB R BERCH AE E
7 M A S R EL AR AN AR R = B
ATTAE R 28 P9 B m T LB G i B A T AR Rk
PR . A, 4% E R (Sreptomyces) &
PAFLERE R 2 B PERE, (H I 27.27%,

4 FREEHE BRI F M EER

BEEIET YIML71 8555 5L 40 B35 515 2 0 5k
% W ¥ 5 Sreptomyces cacaoi = JE AH L)
(99.71%-100%) , %A AJ 7 A= G B b 2R i Ak
#, O ELEAT B B A A A

AN 7] 85 57 56 9815 TR bR 0N R &
YIM171 355E 5800 245 2 M TR bk i 20 1+ 4 R
—, 1R E] 27 tk, {H¥YR Sreptomyces.
SN 5550 B B RIAR AT, Rk
4 16 BRI, 2rJET 61V m; HIUKE 10% R2A 5
TR, FEIERSAT T AN EPERE . AT,
TERTE B IR S I 35 77 5 T A RO 4 T 2 3 7 3R
RERE 2R . RMTEASIR AR SR e, 3K
IR VRBD $53% 50 WL sh 1 18 1 A
PR FRHHNAR W 75 B K (# 5).

Figure4 The pure cultured microbial diversity of G. scaber.
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Figure5 Strain number picked from different isolation media.

HKHE 16S rRNA JLE FHALLE 98.65%I1) ) Fif
P, liEFRSc b Aoy B 5] 2 tRIETEHY)
Fl, HEAHIEFER Pseudomonas hunanensis #il
Agrococcus baldri ] 16S rRNA J K A8 73 5]
“h 98.24%7FN 98.48% . AS IR Al % 5% 5L I AR A5 Y
AU Rk BB E R R 22 M F, Bl 6
k22 PR S AR WA R R B
H, RN 54, FIRFFEN 74>, v BB
M8, a BN 21
222 HhIEFFABETNRETUN 4

K PICRUSH2 3R F x4l I3 R RS A 8 2%
A= AR G B EA T I RE TN (] 7), S5 R EUR,
Sl 15 SR R PR 1) T2 3 I A 5 ) g B 11 B A
K, FEAIK 32.35%., 38.06%. il
T ELAA A A T B oK Ab S R A3
FR AR . e 2f 25 4 B R 1R S g 2R ARt i
B, R B LA — T R R s 5 S S
Wi, DR A AN E s A RE T, B

A VrEIE F AT TS RE o o
FRLIERAL T —E M 4
23 BHHEBREWEEMEREMAERME
EREHEMERTT

B L A B T W T T A ) B B R B AN
Mg Jen] DLy Hali s 32 e i Je ik — e i 48 o
B S R S SR kg TR IR TR A
Sl 1) P A AR B S R B U E AL, R T
JEREGH T, ATEWITT. BT, SRR
VAR TR ] Oh B A Lk i 1 W T PN 3 3R A7 T 1 4
GEZEHE, Horh DS REG AR TE 1] R B A
A B W B XL TR . SRR,
AR, FRATRIA 12 FICAS R 43 2 55 IR 50
BB S T4 B AR T AR IE R 1](50.50%) |
JERETA1(18.18%) Fljik 4k 1771 1(31.31%)iX 3 1]
TR, b DIASTE T BB ISR,
HRBEBEE . MEWT5)ET 4 AP
B RE . BRI R (Sreptomyces) . /N

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



4578

(DGEXVES ik

Microbiol. China

49

99

98

100

88

100

100

1001 SCSIO 73047 (OM184290)
L Niallia taxi MSHDSG1-17 (MK355518)

SCSIO 71516 (OK583858)

100I Priestia aryabhattai BSW22" (EF114313)

SCSIO 71367 (OK583859)

100" Cytobacillus kochii WCC 4582 (FN995265)

SCSIO 71518 (OK583857)

100[ Bacillus altitudinis 41KF2b" (ASIC01000029)

00, SCSIO 72951 (OM184287)

o
]00[ Bacillus alcaliphilum 14B" (LT617054)

Alkalihalobacillus rhizosphaerae SC-NO12T (FJ233848)
SCSIO 71523 (MO184286)

SCSIO 73052 (OM184289)
Micromonospora schwarzwaldensis HK10641TKC517406

98

100

SCSIO 72829 (OM184288)
100l Micromonospora fluminis A38" (LR130241)
100y Streptomyces cacaoi NRRL B-1220" (MUBL01000215)

37|

1'SCSIO 71520 (OK583868)
100 —— SCSIO 71534 (OK642675)

84

L— Agrococcus baldri 1AM 151477 (FOZN01000001)
| SCSIO 71365 (OK583860)

4‘L
100

99

IOOI—

100

100! Kocuria palustris DSM 119257 (Y 16263)

00 SCSIO 72897 (OM184291)
Paracoccus stylophorae KTW-16" (GQ281379)
SCSIO 71512 (OK583862)
Paracoccus aeridis JC501T (LT799401)
| SCSIO 72894 (OM321547)
100L Brevundimonas naejangsanensis DSM 238587 (ATXN01000003)

SCSIO 71383 (OK583867)
Psychrobacter pulmonis CECT 59897 (AJ437696)
SCSIO 71372 (OK583866)
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59 SCSIO 72949 (OM184293)

100
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100

99

52 Psychrobacter cryohalolentis K5" (CP000323)
SCSIO 71368 (OK583864)
8L Psychrobacter fozii NF23T (AJ430827)
1~ SCSIO 71382 (OK583865)
Psychrobacter glacincola DSM 121947 (AJ312213)
84| . SCSIO 71357 (OK583863)

100! Psychrobacter cibarius JG-219T (AY639871)

100 SCSIO 72950 (OM184292)
L Pseudomonas hunanensis LVT (JX545210)
| SCSIO 71513 (OK583861)

00— Microbulbifer variabilis Ni-2088™ (AB167354)

0.020
6

KA SMIEEMZAIEFT M 16S rRNA EE RS L HHY

PR 0.020 UR P HIMm 218 s 7352

HOERECFAERTTER 1000 R RS — B 55 RIF 5 M EKA GenBank 55

Figure 6 Neighbor-joining phylogenetic tree reconstructed based on 16S rRNA gene sequences of cultural
species and their neighbors. The value of 0.020 represents 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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Figure 7 KEGG function prediction abundance of pure culture microbiota.
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(Micromonospora) . J% v [ J& (Kocuria) Fl 1+ 332 BR
W@ (Agrococcus), HHDIEHRHIERE L, St
H27.27%, WERTE T IAE TR L TiEE
HHIBLZKE YIMI7TL B, Bilx—%5
() Ji D5 AT g IE 5 s SR BRI e A G . (B2 Al
B0 S0 RN G s R A R A S [RBIA T AR T R
T8 A A B 1 i 18 N B A S b Ao

WAL, i DL A ks IR B 4645 1 OTU £ i
R rohge I ey, kI T HA RAEER R
ZE P AT T (Al caligenes faecalis) I 7E7E. 40
SAEAAE LR B R AR P ROCR TG — P H
WA, AR Y SR Ak A T B RS B i DK
IR B I R T RS A (IR ER AN IR L Al
VBB I R, FRATEE AR 5 S
DA 35 IR A0 I 285 SR AR, SR T Z2F00R] T S A
& NP = Rk R = A (3] V)N
PR R IR SRR IR ER S SR AL A  BUAR AR IR AL
56 v I AR AT T 04 7 BT T JE (Al caligenes)
AFEXSERE IR AL EIR B T IS S A K I IE R AT

Clostridium sensu stricto 1
Shewanella

Romboutsia

Albiumonas

Ralstonia

Ruegeria

Photobacterium
Pseudahrensia

unlassified

[# J& (Psychrobacter) , It 3845 B bR 7E S fiFf 16 2 o
SRR PR O, (HEAR R S ik
RO T 1 — 25 B e A 5

MR IEFR I OTU FEEXT Healidh 77 S 2
W TEIRGERE b, At iiis T 134
AFWERERE, Hp{Uh 5 MM S hkEsid
R—F, MA 84N & 4l 77 5L 50 4545 (# 8).
[, Sadh IR 4 R BRI R T i WAFAE K
AN R R HERE, BZYH 20.52% 0 K 732511 )8
JKHE . ARG FRAIR G RN 2 it i
R5 F% AR O] DUAS 2R G0 M R R RR S R W 4
A, BN BERIN S 2R X, I,
B3 TR Al 55 T BOM S5 6 A 7E N2 U b iz
B A AR ) U ) 2 R L

3 5 E&#

VPR A N EAETEE YRR, Ha
i A SR AR A () £ 52 K iF . Kokou 45
9T AN [R] 25 1 I A W RETE AR A, E—2

Alkalihalobacillus
Cytobacillus
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Bacillus Kocuria

Brevundimonas ~ Microbulbifer

Pseudomonas Micromonospora

Psychrobacter Niallia
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8 HIEFMEEFRAERGHREHEMENEVERKFE EHNERILE

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

scaber gastrointestinal tract environments.
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WESE T A0 W B R AR B 5 e 3 B AR AT
PRI TR KL, IE A R EEE 2SS
EAZ A, A F T KSR I R R o AR A B
VS IR £ A= TR A 4 v SR A 0 2 1 A PR L AR
T, AR SO TR — T AR ) TAEE,
KA BEE N A S R R G i, Tt
FIRAN . RRKE R AMEAEE ISR E
FI M\ 2004 4 Rawls S5 il h 7 1 JC B BE E Y
B A NP A 254 ) T ST B T T
KEGFTREM:, FEULIEAN b, AATACEhESE g il
i MR a2 A K R B R HEE . =
FIRT, Xt 28 18 WU M i i o 5 4 vh o
BE 40 198 4 £ VOV i (5O S AR
L)} 4 F #T.(Paralichythys olivaceus)” . #315+
ffi (Sganus fuscescens)™ |k 1Y ¥ fif: 1 (Salmo
salar)® | [k fifita (Dicentrarchus labrax)!®3 4 £
MR T 2s . SRTTIX LE 5T i A 2 DA
SETAT T AR TR £ I 7 3 TR R 1) L B N ] s A
B, i LA A e T sl A oK A A
THAL R G iy FE A A 52 B 37 118 BRI
FRYSLFFE Y s EEEA R A AR
A BER DY 15 3 B I A AL 2 AR AR O
A B ZE AT AR AR | A R AT s Ak
PRI SRR S HOR R A R 22 A K.
T BRI T A E AW, SR
M AEAE IR AR K T . AR bR g b . AR R
MR EE ST T AW ES, XREEES
Y B R L EAY . P, SRR
[ B 18 TR A AR A BRI s A0 A AR L
T, BBy . AWM R A AR iE
AR, R O TR R BB 2 i

AN T A 3 DX 3k P Y A i i
T PR A v 2 BRI s R T o, R
LR B 5 8 P B0 M R £ R IRAE
FF3 12 18 FHAS 7] (4 355 % 2ok 30 i HE 15 i 18 T

A BCTEDL, A5 Tz S B E Y 2R
—FHE . TR R BN, R
ICHIT] . BRET] . SRRV RN
S A 2 i R P O A Y 4 TR 2
fE, Horb, ERERTIRVZIRET TRAEXTILH]
WAEHE . JERER 12 AT LA A 2R A B i
PERIZERE, ISR V] RE B RE 1A IV 18 N AR R 1
IS, T H RS ™ A= M AP A R B e £
HAVER . ZIBFFE T Z fE7E R AT R 528 TE
B TR PR K. RERZHANE
BEAT R AL, SRl IR Al R A R A
MG, AT HF A Ak i ) 45 12 ST VR T G I
fiE RO 4N, ARk DC2_J1 FEAH b DC5_J2
FEAS ELAT B = 1 1 i B A i Vs 2R, (B
LA RERBWI 5, FRATHEN DC5_J2 #
AT Al A ) ) S A ) B A Rk i i 1 T
AR E TR, DC2_ I REAS T B Ab TR
ANARPIRZS . Jioh, WE R m . Ko H R L
KEWIH BRI S RN &, e
DI Sl sh s e v g, oSS miE
P B AR RO A S SR A
RIEARARNFLE, mMIBemm &M 7~ HAT R
i T P T R ) RE A 2 B R TR A A, IR ]
DI R E . 1A, 7 i 8
TE PRI 3 A SR R BB S AR I T . PRI
Wy, ] Ry AR R PR R B
X — PG 150 I S A AR B 11 S B A PN 1 R R
Z I HA —E R 2k, DIk gERy 8
% 1 A A A AT

B T TR, A TR BRI ) 1
TR 1 254278 (Clostridium sensu stricto 1), %
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KPRHE, BB EEAaERIEN S
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