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Analysis of bacterial community and diversity in gill tissues of bony
fishes in adjacent South China Sea
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Abstract: Focusing on the abundant fishery resources in the South China Sea, we analyzed the distribution characteristics of
the microbial community in the gill tissue of bony fishes in the adjacent South China Sea by using 16S amplicon sequencing
technology. In addition, we discussed the differences in the bacterial community structure at different sites. The results show that
the sequencing obtained a total of 2 952 366 effective spliced fragments (Clean tags) with an average of 56 776 in each library.

The dominant taxa were analyzed at phylum and genus levels. Proteobacteria was the highest (71.3%) at phylum level, and
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Acinetobacter was the highest at genus level (17.2%). The alpha diversity of different sites was significantly different, and the 19

and H8 sites had the highest species richness (Chaol index), and the D3 site had the highest diversity (Shannon index). The beta

diversity of samples from different sites was significantly different (P<0.05), but there was no significant difference between the

host classification (Order level) groups (P>0.05). The composition of bacterial communities in the gill tissues of bony fishes in

the South China Sea was abundant. Compared with the classification of the host, the sampling station has more important influ-

ence on the community of the bacterial in the gill tissues, and may play an active role in assisting the host's nutrient transport

and metabolism.

Keywords: Bony fish gill; 16S rDNA amplicon; Bacterial diversity; South China Sea

P TR PR R TP b E v, SRR =K
ki, PiA F & IR, W, miE
U3 S 4 e Sl O W | ES PR iy S P
B “FE 87, BAEENAS. @ MBUARE
Mo fH 20 g 80 ARk, FEig MY IR AZ M
T YL At BE A 5 1 RO R AN TR P I A
1999 45, R B T 45 % R v DXl ot A A0 o 25
AT, R A S5, IR RS i 5
VRITE SRR, PRyl PR U5 .

ORI T RS, R E
TG A B, HEENASL A 4
U SRR S I i e e 2 e e 2
MR RRZ, BRI ESRENFZEYM, 6
SRR RN F BT E, bR T HA T
fEH, B BAMWE . BERMT . pH AR
AHEMAETRES . R, SRR IR A
ANTE ERAPE —BEXR, X8 ERAERRCE YR
& A HEEEER . IR Sa A 20 P R E Y
KRR EER R, R BRI
B TEie IR R S — B B4k . fF9E B, fafshi
AU B A TR 5 T e B AT B A A G,
Toenshoff ZE7 il i3 Xf K VG4 (Salmon salar) BEZH
LU TEWF T I T —Fh i B Y B-proteobacterial 2%
SRS FOAK RN, Bk, XTEEHE -
R AR DR I A TR, R B G R i v 5
YIHEE PR TR AiE VR . LSRR AR S5
R F AR B A S X TR, A
KIMEMBITER Z R A ST 2RI ImIE AL,
HAAE S5 (Lateolabrax japonicus)'™ | KP§ S
(Gadus morhua)® | KPR IEHTE (Scoph-
thalmus maximus)!"") MK #E 4 (Larimichthys
crocea)? SEL T IEYIRN, T ISR LU Y £
FEME R HIIREMII R R = . E/NERMFsRAE™) i)
BT 4 PPEg S ER Al 2R A W RE VR 2 MR

Pratte 45 X I AEAS [ £ S BELH SV E RS £
FEPEDERT T HGE . (A TR 2 R a2
IR, SEHSRE YR SRS =

16S rDNA (&, 16S rRNA) HE DK 1 g 40 B A {4~
FHIEF YR TR RS L T oI5 iR 2 2
PRIUST 2 v 3 e D P AR P AR 1 7 (Amp-
licon) F RN HEE5E3, 16S rDNA ¥ 30 Z Wl
Tt 2 REERE ST IR . AR T
16S 9 WETFHAR , XF DA 13300 R V3 7 A3 R 4R
() 45 Al A v 4 A ) 1 L2 2R f R A T T 4
PRV AT, DASDIR T it st it sh ) i 4l 2
WIRER I LN E . IR 5 E
WA BARAE G R 2t S

I BPR

1.1 HRRESHA

2019 43 H, £E 7 DUl IRAET 52 a2
BRAHZRE S (P KWK 1), 48T 11 H 33 F 40
JE ) 45 FhRE-E NI, 7 Dl E WL 1,
Hr D3, D8, F3. F8. H3. H8 Fl 19 v} LB iff
FERIEE RS 2r 9k 60, 215, 10, 175, 20, 130 Fl
165 km o R B 1 ff 15 A% I U T IO A B4R
i, F-80 C B fr. biE)a HICH ffs T e
BR8Pl A PG, BT -80 C Kl
PRAF o ARSI ] — 3 A R AR 1 [ o £ I 1 i 2
21, RPRERN, AT 1~3 BIIRAMAE R —
ANFEA,  DAORIESCPEAS S AN £ 1 BT

A3 AR BECRAE S . 18 ERIE TR 52 R
TR e, Moo 7 4, iRkTE
FHKFER 03 A, Hoh e BN REZ (19
), #EH 16 4>, HAvNESG % —41 (17 1),
1.2 ZHE DNA $REL, T EM il

i Ffl HiPure Bacterial DNA kit (Magen, J i)
Rl &, SHULH BT DNA 280, FIH
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Table1 Taxonomy information of samples

By RS H P
Sampling station Sample ID Order Species
D3 D3.1S e H 58U Terapon theraps
D3 D3.28 e H H A 44k i Nemipterus japonicus
D3 D3C.28 e H Y758 Pelates quadrilineatus
F3 F3.2S e H REBEER Leiognathus ruconius
F3 F3.4S 3] AE| /D BEEE Pseudorhombus oligodon
F3 F3.58 e H Wi Trichiurus lepturus
D8 D8.1S e H W62 Decapterus maruadsi
D8 D8.3S i3 H MRS EE Gymnothorax reticularis
D$ D8.58 fizifl H SRAEHE Lophiomus setigerus
D8 D8.6S gt H RGN Pterois lunulata
D$ D8.8S e H WRIK 44 i Nemipterus bathybius
D$ D8.12S gt H TRIGLTIR 1 Lepidotrigla abyssalis
F8 F8.1S gt H RGN Pterois lunulata
F8 F8.4S gt H PARAN 5 Daicocus peterseni
F8 F8.8S e H Z I Parargyrops edita
F8 F8.11S izl H Wi Halieutaea stellata
F8 F8.16S gt H H AL IR f Lepidotrigla japonice
F8 F8.17S gt H ULl Parapterois heterurus
F8 F8.18S Y RERE KR4 . Fistularia petimba
H3 H3.3S e H LR Lepidotrigla alata
H3 H3.4S e H th 42 ] Uranoscopus chinensis
H3 H3.5S ikl H KB iy Sebastapistes megalepis
H3 H3.7S izl H Te#% IRl Minous inermis
HS HS.1S gt H KBRS Engyprosopon grandisquama
HS HS.2S e H KR4 . Fistularia petimba
H8 HS.3S LS| %R Bothus myriaster
HS HS.7S gt H FLEER 4 Trypauchen vagina
H8 HS.10S LS| B Konosirus punctatus
HS H8.128 e H Fe [CIY I 1 Johnius belangerii
HS HS.15S fzlie H S VIE§ Leiognathus brevirostris
HS8 H8.24S gt H Fk S b Trachinocephalus myops
HS8 H8.25S gt H Fk S b Trachinocephalus myops
19 19.18 Ty RERE KAk By Sebastapistes megalepis
19 19.58 gt H WL BT Parapercis xanthozona
19 19.78 e H 774 Banjos banjos
19 19.85 LS| FRBETEMI il Amblyrhynchotes rufopunctatus
19 19.9S gt H PARAN 5 0 Daicocus peterseni
19 19.108 3] AE| FAEREH Monocentris japonica
19 19.11S Y RERE B il Neosebastes entaxis
19 19.128 #IZH Z I Parargyrops edita
19 19.138 e H B NE BT Scolopsis inermis
19 19.148 #HE H #3Etl Ebosia bleekeri
19 19.15S8 e H SEBE Samaris cristatus
19 19.16S e H X BRI Synodus macrops
19 19.178 EyANE] K REH Calliurichthys japonicus
19 19.18S gt H %ty [C LT85 6 Satyrichthys rieffeli
19 19.20S LS| ii-fity Erisphex pottii
19 19.218 gt H 21 4ifi Bembras japonicus
19 19.228 e H N Parapercis sexfasciata
19 19.238 e H WEEHUET Parapercis xanthozona
19 19.24S e H R85 Synagrops japonicus

19 19.25S LIS KB Argentina kagoshimae
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Fig. 1 Diagram of sampling stations in Guangdong

coastal waters in South China Sea

Thermo NanoDrop One (Thermo Fisher Scientific
Inc., i) Kl DNA B2 AR . 41X 168
rDNA SE[H (Y V4 XPEAT B XYM, I bar-
code 45559 . TaKaRa Premix Taq® Version 2.0
(TaKaRa Biotechnology Co., Ki%) #47 PCR § 44,
fiH—4%51498 27F (5-AGAGTTTGATCCTGGCT
CAG-3") 1 1492R (5'-TACGGYTACCTTGTTAY
GACTT-3"), —#%51¥H4 515F (5'-GTGCCA
GCMGCCGCGGTAA-3") i1 806R (5'-GGACT
ACHVGGGTWTCTAAT-3'), "4 XIS K H 310 bp.
—% PCR R WK &R K (20 uL): Premix Taq™ (Ex
Taq™ Version 2.0 plus dye)/Mix 10 pL, L Fii514)
(10 pmol-L™") 4% 0.4 uL, #iklt DNA (40~60 ng) 4%
1 uL, Nuclease-free water 8 uL, % PCR 1K &
(50 uL) 4: Premix Taq™ (Ex Taq"™ Version 2.0 plus
dye)/Mix 25 puL, R4 (10 pmol-L7") 4% 1 uL,
iz DNA (40~60 ng) 1 uL, Nuclease-free water 22 uL.
PCR JZ Wi 2514 94 °C 5 min; 94 °C 305, 53 °C 30,
72 °C 30's, 30 MEFF; 72 °C 8 min, DNA i,
SCPERE A R Y TAE AT AR AR SR AT BR A
Al T,
1.3 SEENFREES

K H] llumina Nova 6000 F- & X F 2 AP 3 1
SCPEJEAT PE250 PP (7 AR SEAS HE DI RHE AT BR A ],
J7INY, DN 5 R A B R AR B S LB . X
I F %1 (Paired-end Raw Reads), #|f fastp!’”! (An

ultra-fast all-in-one FASTQ preprocessor, V 0.14.1,
https://github.com/OpenGene/fastp) 43Il X P iy 1) Jirt
WP FI AT IR A (sliding window) iRy #L, [R]AT
MR8 791 & R I 1) 5 1 Y5 B A cutadapt #07F
(https://github.com/marcelm/cutadapt/) ZFR549,
A4 30 o 45 A U8 S R i Y AU 4K 3 (Clean
Reads), X TRUmMLALIT 5], HRAE reads Z A1
overlap X%, FIH usearch-fastq_mergepairs (V10,
http://www.drive5.com/usearch/ T S50 75 iz /)N
overlap KJER'E N 16 bp, PHEFIIRY overlap [X o
VFRY R ORAR LS bp 55) i IEAFT G 1Y Tags, FR1FR
IR HIPFE TS (Raw Tags), FIH fastp XF PiE 51
O AT N T BT AR, A5 2L PR T 8
(Clean Tags). FFUPARSE"® J5ikiits OTU &
2. FIH usearch-sintax ¥4 & OTU ML EF
5 SILVA (16S). RDP (16S). Greengenes (16S) Zi#it
PEHEAT XTSRRI RAE R, LLRE Tl ¥
FIPIFPRIRR H Y, R H] SILVA (16S) % TE
B2 OTUZ R AT I 2240 -
14 HEEESHN

fo I U8 J5 ARAS I B2 OTU F kit — b it
TTYIFIREIS LM . Alpha ZFEME 0T . Beta £
AT, Alpha Z R IR & B sl 5 B
RFAE, Hr Chaol™ . ACE ll Observed spe-
cies TREUH T RER YA £ 5 ™, 177 Shannon™
F1 Simpson R EUH T BRI A 2464 . Beta £
FEEE I AR R 2 4 R 70T (Nonmetric Multidi-
mensional Scaling, NMDS) Jk#fE, NMDS ] /3
THEAb G R B IE B AR BT LUARE AR Z R Y 25 57
15 HEBHEIREHN

{#i Fl PICRUSt k{1 #ill OTU RYThEE, B
JEHBR 16S marker gene 7EY)F 5L K 20 i (9 45 D1 4%
5, ARG AR OTU FrXf I Y greengene
id, Z3 o 2 AR R B I A A R4 45 (Kyoto
Encyclopedia of Genes and Genomes, KEGG) AR
F1 COG (Clusters of Orthologous Groups) %4} ¢,
RAFTIRETME S, R OTU F A A TREk
AERE, iR RIS AEARTEAN R 73 25K 1 D) he
FHEEE,

PR A YA 53 71 5 MicrobiomeAna-
lyst (https://www.microbiomeanalyst.ca) #4TiHE )
Hodl i ZREE RN RE AT
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2.1 R R
XF 52 16S tDNA SCEHEATINT , gkt
PHEITEH 2 952 366 25, XA 56 776 455

7=k 10 617 > OTU, Bl 2 RIS AT BE M 22
Wi 2 00 P R B S e ks T 2%, Ir A AR SRk
FF-E 1, RIS IR R, kR
LML E AT AL, 19 uh s S Y OTU £ia A XA
1, D8 Ul R AL,
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Fig.2 Rarefaction curve of each sample
22 SERAFEEFEAN SR RE G FEANR], HASShAT 8 LR T A
221 NAFLAR PR E . TR (26.5%) FIHHE 0 HL i

Xof AN ] s it ) 200 BT T 17K SF- 0SS 2 AR
FEEOHEAT T4t (B 3) TERAKTE L, T
FHXS = 19% RPLH @ T MR 22 IE ®iT] (Pro-
teobacteria, 71.3%) . JEEER ] (Firmicutes, 10.3%)
TP pE | ] (Planctomycetes, 8.3%) . JZE W] (Actin-
obacteria, 3.4%) . #UFFIE ] (Bacteroidetes, 2.1%) I
W54 (Cyanobacteria, 1%) . AS[R]v 5 AL FER ]
FREARF], (HASTE B 14 0 B il i rb =5 B B i i
Mo emt, Hoh DL B3 FN ES 3 S, D3 b
i JEERERH T 2504+ D3, D8, 19w, Miif
HHEIEEAAT D3, H8. 19wk, HAbITER
[Fi) 3 5 ) = B2 LU B AT 25 50 53 5h, F3 I B8 il i
AN BRI/, I HS 19 3 A5 i B R A

POEEN
222 BRFLRR

2D TR AT 0T £5 3l s i 1 93 2 A BRI
A FRE AT G b o ZERTA ulh s, AR
& =2% HIIEA R BRI AT RS (Acinetobac-
ter, 17.2%) . HHiE & (Ralstonia, 7.5%) . WX
J& (Psychrobacter, 7.5%) . 5% B IEA (Sphin-
gomonas, 3.5%) . BD1_7_clade (3.3%) # Clostridi-
um_sensu_stricto_1 (3%, & 4), A[FHEEEARE

J& (20.5%) 46T F3 i, BD1_7_clade 1%
F8 Ui s o e de = (20.3%), W& Ve FF 18 s 7E H3
(20.7%) A1 19 ¥4 5 (17.9%) FEHRE . BHRE,
D8, H8. I9 ¥l 114 B 7EJ& 7K T iy ZAE X H:
LA S SR 2, 454 ol AT 3B JE AR = BE A
ZEKR,

19 |
§ H8 [ m
=
i H3 - m
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Fig. 3 Relative abundance of taxonomy composition of bac-
teria in fish gill at phylum level



54y

SRIMAFEE: R IR R f

LA LA T 49

9 +
=}
S H8 -
=
g m|
Eg
Y L
rein= i &
AR =
g D8
s F3 -
w
D3
I L L L L
0 0.25 0.50 0.75 1.00
AR =2
Relative abundance
V1 BD1_7_clade Clostridioides Subgroup_10
BERF TR T AT R Clostridium _sensu 75 L B
Lysinibacillr Acinetob _stricto_1 Shewanella
BIRAT R N R Fefth Blastopirellula
Romboutsia Exiguobacterium Others
Pir4_lineage RICHF IR BRI T B R
Photobacterium Ruegeria Ralstonia
LN Synechococcus _CC9902 WV HF IR
Enhydrobacter Psychrobacter
Endozoicomonas A HUAT ) SRR R
Bacillus Sphingomonas
SUPO5_cluster Rhodopirellula SR R ESE
, Uneul
Rubripirellula R Y T Bosea
Brevundimonas

K4 EEAN R 7KVl 2 A X 2

Fig. 4 Relative abundance of taxonomy composition of bac-
teria in fish gill at genus level

2.3 Alpha ZHEMSHT

Alpha ZFEPEFEECRT HI T B A f NS GAE )
BEVE AR B Sy ZREVE . ANBFSEI A T 4% 3l 4
HAERIY Alpha ZFREHEAEEL (B 5). 45REH], H3.
H8 #1119 i il (W Fh & )%, £14% Chaol (& 5-a) .
ACE (€] 5-b) Fl1 Observed species 8% (& 5-c) ¥4k
BEET D3, D8, F3 fl F8 vl (P<0.01), JuL)k HS
19 fefmi o Sl S 2, A4 Simpson
(Kl 5-d) #1 Shannon 5%k (& 5-e), MR T
FES (P<0.05), Hi D3 b s, F3 ol
o SR, T 3 HAKFR - HS R B, A
YiFp o d1iE) i Alpha F85034 0 B 2 22 5% (P>0.05,
Kl 5-f, Lk Chaol $8ECHHI) . iRE5REH, KR
il S BB VR 2 R R AR RO R D A
5, M E B HAKE W 4L 2Z R R 5%
FZ5to
2.4 Beta ZEMESHT

Beta ZFEE AT HI TR R RIFEA A YIRS 2
[E RPN 25 52 . FRATIIE TR R 4 45 AR
#E4T NMDS 5347 (Bl 6) . & MRub /- H 45 R W
N, B EFEAHY) Beta ZREVEE AN BE LR
(P<0.001), HA[JSSFEAS IR EAE—E (K] 6-a),
BAKRE, 5o ZEMSER—2, B H3, HS.
19 34455 D3, D8, F3. F8 i W] A M4 15
ZBE, Hrh D3 FI B3, D8 FlI F8 ufi i AL A HE B B
T, H3. H8 F 19 30 10 MEARREE —R,

19 3l g — W 7P FEAR Bl 3 B (18] 6-a: 19-2)
SR, FETHEA KR AR L W/, A
[F 4 H 23 20 RN FAAE 35 22 57 (P>0.05, [ 6-b).
FHOHCRT D, 3 5 o st f B 2H 2N 2B T g
HA TN, M e R AT e Z 50
H ERAN TRV o A AR
2.5 fAEMESEIhRETUN

FT KEGG HXHERG 8 >—RIZ A 41
“HIRPINRE K, SHEARTE—PINREZ RN
M 2E A CBARARRER), o HdR e 4y LA
SRR A T HE (Metabolism, 50%), HK &z
L5 B AL (Genetic information processing, 16%) .
HI5 15 B4 FE (Environmental information pro-
cessing, 13%). &l 7 i KEGG ¥ 2 Fb X2/ 22 4~
FEXTFE RS (>1%) I R Uae) 2R . Bk
KB, “HINRE)ZH P2 (Membrane trans-
port) DIREF B (11.02%), HUCON & FERR T
(Amino acid metabolism, 10.5%)., {HASEZIREFEA
FIREA 2 R, BiiE (14%) . okies
Y (Carbohydrate metabolism, 10%) . ZIEARIT
W (9%) . EHFEE (Replication and repair, 9%)
FE19.11S FR R, 76 D8.6S HikZ . FEAR
R A RPN TR D RE R 4341 B B S il e R
WRSCECHE. Si4h, T COG Bl R4 R 5
KEGG I —ZINRELR M, (Bl AER), SHEA
DR AL LU SR 22 51N R

PAFP D REECE TN 45 SR ], B2 TR R
KAREF S5 T 18 EEFY iz M AR A OC

PR,
3 PhHe

3.0 EFAEREALNRBE AR

AHFFE IR, A R AN BRI P
W TEFERIBETT . JERER] . Raml ], ke
FT SUAFRR T I AR A T, 35 HA 2 3 R P
BRI AFE S 1T 4 BT T A 25 SR — B, R R i &g )
X 3 43 B S RE Y 577 R AN AT 2R
Mr, BREAET 102K Borfi e 2 R I T,
HREWFFFETT . LR TTAERER ]
L1 SR v 3 0y A AT T T VR T I B
WA pE FRE, 30 peg v P PV Sl e 4 P R P A2k
FENIEEETT . BT TR T], RS RE R
YR N . oA T TR AN . T TR A RT BT TR



50 2R S = 818 4%
(a)  P=6.6229x107'5 [ANOVA] (b) P=1.596x10""% [ANOVA] (0) P=1.034 9x10"'% [ANOVA]
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Fig. 6 NMDS analysis based on different grouping modes [Nonparametric multivariate analysis of variance (PerMANOVA)]
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