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formes) . f1 1 i B} ( Sciaenidae) . # i J& ( Larimich- WMV, HoKBRHETFN 262.01 km?, (U AE AR B 7 01 —
thys), IR PR EE AL, BN B e S0, REMEFe D, 0 FARAL 3 km, 2 TR E R 7 SR Y T
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£ 20 th22 70 4R AT, K& @B AE IR E R, B
B AR, 3R AR R B 20 12 % 10° 19,
WG, T I B B, R A S A R I R O, A
T fEY A, 1 20 {22 80 AR AR, R E K
FERMEE N A RN T F B AR IS T 5
J&, S T R MFREATI R K . 5 LRI, ik
SR H AW A TR, RO TR T B A O T AR,
ATy Ak, AR R B B A BRI AR B T — S i K
52,2021 AR AR EF AR K E A 797 ¢ 245 WAl Bl i
1 1, DX R 10 BT A SR B R AR — B AT ML DG VE Y
PSR, — 7T, A K B B R TR S R
B B PRI 11 0, LA A T L R B K g L £
FJLAEAMFN, 5 —Jr i, T IR kR R A &
Az, FEVPAR K S A B YR R I, R o 0 S 3R
HR AR, DL UE PP AL 25 SR i v s 1 o A H E, B4R
FNFE G RER Y X 2 R EARBIL A BRI, B — &
00 L Al AR T B T S AR R PP AL TR, iR
TE & — PRl X o0 B A IR B R 9 7 3

Sy T e 2 506 R 2 R AR BT RE,
FE A BRI M ER AT, 51 B
FREYI-s a2 AR R BE R A AR G IR
R B, 5 ORI T 8 BBl K . I R RS2 K B0 1
B P 0s)s AR T 2 i A K R B W B 32 SRS R e R
Az AR R E T AL RGN AR, T4 R
IS EHE®E. NN, B, T E RS, Hd, ]
B RO R — AT, HAE B s S A
HERALAE 16 A5 Ai/INE A, HEP A IR, R o
o FEIE AL AR b, W) A B B S 0 T AL 1Y
TER, BV R EEEARTTE R, 1A, mI]
B PR A A SR B 05 R B R R R ) AR B i
TE VR T, X AN S W A g A R B — S A B 1 1
FHEO, BRI, FRATTHE I A B A ) A 2 R
EBH 2 A, TR R A RO B B R B B
A VR, ELA EA T B A A OO Ak S 26 IR B ) AN
B TR A (AL T FRBE IR BT ) U5 X 20 1 ¥ 77

A58 2 lumina /=538 2707 B A, XF =08
Ku PP A B (42 ) FNFR T BE AR (42 BB ) i B 42
THAE Y 16S IRNA V3~ V4 X AT, Fod 2B v
ANBEPA R T S TR eV S5 K, TR ARG R i 1B
AR T R, eI IERE 1, A BEHL A AR (Random
Forest, RF) 5.7k , #4 2 — Fi il o W ] 5 2 1 2 ) B
T 28 R =0 T R M A R 7 B AR R X 1

2 BRIk

2.1 KIGERKIFERAE

SRAE b A F AR T L, A
K038 o B W 3K (26.672 1°N, 119.770 1°E;
26.658 9°N, 119.806 6°E; 26.655 3°N, 119.844 3°E), it
42 J&; FRPE K A0k A HE LRI N4 (26.635 3°N,
119.706 8°E; 26.616 6°N, 119.725 9°E; 26.634 4°N,
119.708 6°E), 3t 42 &, v, By Az K B f (R F oy
(527.95+37.16) g, K A (32.64 + 1.83) cm; FRFHFEIA
I fA R E A (533.85+£22.56) g, KK K(29.77£0.37) em.

B AE S0 e 5 AT o A S0 S I i
AR R g AT, 10 SRR A I AR YR
;o i 0 B8 AR R A TR, R TR 8 i ) B AN
BT IR AT A, /N0 MBS KB A (R A 1), B L
3~4 FHEARMAL (L 3 ecm), BATHE R 1.5 mL 2
LA™, BT -80°C kA T IR A& H . B e — 2
e, ¥ BY 1RV FH R 4l K Uk, JRAET RS KT B b AT
KW o FRFERRE T E RREA G5 R YZ R BF
AR T E R A S R YS R
2.2 AR DNA B, PCR # 1 & lllumina &5 1@

ENF

WA 1] 4T W) M DNA $2 BUR 7 ) QIA-
GEN /A 7] i QlAamp Fast DNA Stool Mini Kit i 7] &
HEAT SR . B & 48 4 4 Ot )6 JE 1T NanoDrop-
2000 M 5 DNA V& FE, 1% Bt JIg B 5 S FL UK K I DNA
g a8

K PCR AR, DL B 3L R 41 4 DNA b £
B, 44 16S rRNA V3~ V4 =48 X 751, 384 E 5]
Y . 341F( 5-CCTACGGGNGGCWGCAG-3"), F il 5l
¥ . 805R( 5-GACTACHVGGGTATCTAATCC-3') .
PCR LW & % (25 pL): 12.5 uL 2 x Taq PCR mix, 5|4
(10 mmol/L) 4 1 pL, < 1 ug DNA i #z, ddH,0 #b &
% 25 pL, PCRY™HAFE ¥ . WA ¥ 95°C 3min; 28 4
94°C 30's, iR & 56°C 30 s, ZEfH 72°C 1 min, 35 MG
72°C FEA# 10 min & 1F K o

PCR ¥ 3 7= ¥ 5% FH 2% Bt JIg W 866 M 14 A7 F ik A
%, ff FH QIAGEN A 7 QIAquick Gel Extraction Kit iz
& Xt B A& AT At i, R A Qubit 2.0 DNA
A6 I 71 2 68 91 i Y DNA #E 4745 10 o8 1, B FE b
DNA & B 10 ng, #£47 Illumina NovaSeq PE250 XU ¥
W (Z2FEAE v R BOR R A A R ¥ 58 ).
23 HIERESSH

0 5 5008 T A 38 . R 4G Barcode A5 9735, M
BLEHE v 47 53 Hh 25 AR A DU &8s, i FLASHE!
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(V1.2.7, http://ccb.jhu.edu/ software /FLASH/) X} 4 4~ #f
A 1 P s D I A0 E AT B4, A5 3 58y 85 R
Qiime™( V1.9.1, http://qiime.org/scripts/split_libraries fas
tq.html) K S5 46 7 51 HE AT )RS B o R Ak BRAS B
& 3 B UCHIMERY( V4.2, http://www.drive5.
com/usearch/manual/uchime_algo.html) #& 1l i#% A& 14 7 51,
ERERBEIA BT

F| A Uparse?(v7.01001, http://www.drive5.com/up-
arse/) XF JIt A FE A 19 A RF 9 34T R 28, BN L
97% FHBL S 5 1 5 258 1k #4753 26 5158 ( Operation-
al Taxonomic Unit, OTU), F:1EH OTU Ryt R 741, B
OTU i Hj B9 £ fee w5 19 B2 51 o F 1] RDP Classifier™
( V2.2, http://rdp.cme.msu.edu/classifier/classifier.jsp) X
OTU R IFIHA TR R 0T, BE BI(E R 0.8,
SR A [ PRI R B AN [ SR Y 1R 22, A58 % OTU
TP S FEA YRS S AT I — AR AL B, DIAEA T B
/DB bR UE AT — R Ab 3 . 5 2L 1Y Alpha 24
TEFN Beta 22 FE%E 73 A 41 02 5 T 1) — Ak A P ) 540

AW BB KR T RE F (V. 4.2.1)
56 1, Venn B H T 411+ P 40 8] 224 F ke A 19 OTU;
o Z HE A ] Qiime 1A ( Version 1.7.0) 354 Chaol
ACE, Shannon } Simpson $8 £, FF 4= A AH B A9 46 2k
L, T IEAl 1 E A W i 2 ks R R AE AL
Unifrac( Unweighted Unifrac) i 25 5. 72 11 3515 2] 21 (1]
5 B, Kf 3 A8 A% 43 M ( Principal Co-ordinates Analysis,
PCoA) AT R 4EIF W ML AL, T 43 #r 0 28 A R 45 440 1Y)
22 55 WA A X5 = BE AR &1 A GraphPad Prism 8 K
4 52 1 ; LEfSe 43 #7 [ B 9 20 v i) 25 5 18 B 5 ok H
Spearman B AH K3 HT, Lhr > 0.6, p < 0.05 AR 1fE 7 %%
Bds, 1 F gephi B2 P25 18] . T-test A6 96 H1 T 9
2H R B A Jlgy 1 TR W 22 S A BT
24 FEARHIERGE

Rifi L AR MK (RF) B0 02 LIRS A Oy S5 43 25 4%, Jl
it Bagging J7 5 M B 5 43 S R 2, RF Y G 2 A1)
R i 5 A 7Y randomForest £, 5¢ A, H A4 £ 32 2L 7E
TURR 1 A 18, SR Bagging 5 ¥ 47 TR SEA I
GRFEAFN DI AS (00 41 50 FAT 0 1 1 I 000 4R
IR 45 2 24> Bootstrap, i H] caret £ 4 4% 45 fiF 4
PR AT BRI 25, B A R 500, 14 2 RF BCAL,
DA 8 5 %o A Sl P A TR 4 0 320

3 Z5iR50r
31 FES5ER

KAERY 84 AW REA T )5 , 1 1 P, JLRAS
6 687 548 £ 741, 43k B4 A5 2 5 554 636 254 AL

B, B A RORIA 80.81%. L 97% i) —EL ik
HI 2 N OTU, #:45 2 13 560 4~ OTU, Horpr, Xf fF
A FEARA BT 5 BEAT I — Ak b B BR UE Dy 32 226
%o ¥ ARTF) OTU ¥ %I 7E RDP Classifier 048 2 i 47
YR ERE, T 225017 -
32 XEAWMITEEMEY OTU 5376 Venn B

Venn & B RER T = U0 8 K ¥ £ 5 A R0 5% B 1
PRI AU B OTU Hoe (] 1) BF A= AR5 BE K
] e TR Y 36 B OTU %y 2 995, M H T
HY AR AR, FRTHAF IR D WA T B ZERUE WA B TR 2 1
A OTU,

YS YZ

Bl 1 =B REE B AR B (YS) RIFRFE A (YZ)
BT E A YA Venn B

Fig. 1 Venn diagram of the pyloric caecum microbiota of the
wild population (YS) and farmed population (YZ) of
Larimichthys crocea in Sansha Bay

AFBEARA RAREA, B H 8728 OTU

Different colors indicate different groups, and the numbers within cycles

indicate the number of OTU

33 KEHWMITEEMEY Alpha ZREMIEB O

VD R 0 B AR RSB R AT AR
i) Alpha Z ¥ #£ (£24% Shannon 5 ¥ . Simpson 5 %1 .
Chaol $840 }% ACE #8400 4 Hr &5 Bl 2 s . #7258
H# 141 Shannon $5 £ Fl1 Simpson 45 % 55 B A= FE K JC ik
FVE2ZEF (p > 0.05), BLHIF S HEA A ] H % & HE Y
Z P AKOF #2305 {A 5% 58 #F R 1) Chaol 48 2R ACE
P8R 35 T A B (p < 0.05), Ud B IR 58 AR 1Y
HAT 1B ZEE D R I Rh o B R T EF AR IR
34 XEEHMITEERMEVMERESN

BRI S LSBT N RESE 3G
(4 AL 3BT (PCoA) S5 R W IA] 3 iT7R . Hirhr, PCoAl
A PCoA2 72 IS T AR L3, 73 5K T 16.07% Al
8.83% ML 5 . WFAERFIRFEAR RSB A AR &
WU 43 R B, U ] = v R B £ B A RN R A R AR
IHA ) B DRI S5 A R 22 7, A AR
PRI A B i) T H
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Fig. 2 Alpha diversity of the pyloric caecum microbiota of the wild population (YS) and farmed population
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35 REEWMNEEMEYABEHBENEELER

S

RN R LSRR B RN IR 3 G
FE 11K P AH X 2 B2 HE 90 i+ 09 T 3 45 2R an &) 4
7N o AR JE 1 '] (Proteobacteria) A1 J& B 1 | ] ( Firmicutes)
TE B A A FRFEAEAR P S AR He ] Hoh, R TR
AL T) T S A R0 S R A v B A X 2 B2 43 301 82.01%
1 64.84%; 55 Z FH I I, JEBE T 178 BF 25 R SR G 1
A A 2 BE 43500 9.37% A1 22.68%, AE I T 1A
JEERE T 11 A PSR A v () ARDRT 2 B 1 1A B 35 M 2
5 (p <005, LA ] ( Bacteroidota) . i & & 1]
( Actinobacteria) Fl1 /& AT 1 '] ( Acidobacteria) £ B 4 #f
AR IR B 43 510 1.85%. 4.22% F110.07%, HAE

FRFLREVR R B REOE B 235010 5.84%. 0.79% il 0.24%.
o, SFF T T TR R AT DA T 16 %GR A v (4 A X o
B35 T A BEAR (p < 0.05); T 0k T 1) 7 7 4 B
P rb R X = B 2 v T IR BE A AR (p < 0.05)

UV R W0 B AR RN SR AR ) R AR
TE J& 7K~ AH 6 3= B2 HE 0 /T Y RS SR an 1 5
TN B i & (Ralstonia) . 1B 5. % J& ( Pseudomonas)
37 AR JE (Mycoplasma) 76 Wi A BER A (0 A X =F B
FEREMNZR (p<0.05). Hri, FHHE)E MR
DA a8 E 35 BE A TP ) ARG S B B3 R T B AR B
A 5 B TR T A B AR AR A AR S B TR
FER . H AT B (Methylobacterium) Fl & Y6 AT H &
(Photobacterium) 1 B A F1 % 58 B A4 b 2945 AHXT &1 1)
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Fig. 3 PCoA analysis of the pyloric caecum microbiota of the
wild population (Y'S) and farmed population (YZ) of
Larimichthys crocea in Sansha Bay
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Each point represents a sample, and different colors indicate

different groups
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Fig. 4 Relative abundance of the dominant bacterial phyla of
the pyloric caecum microbiota in the wild population (YS) and
farmed population (YZ) of Larimichthys crocea

in Sansha Bay
R W E 25 (p <0.05)
* Indicates significant difference (p < 0.05)

7 b, (AR AN 22 8] JE 2% 25 57 (p > 0.05).
iE—2D Y, LEfSe 70 Hr &5 SR W&l 6 fir s . =101
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Fig. 5 Relative abundance of dominant bacterial genera in the
wild (YS) and farmed (YZ) of Larimichthys crocea
in Sansha Bay
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Fig. 6 LEfSe analysis of the pyloric caecum microbiota of the

|

wild population (YS) and farmed population
(YZ) of Larimichthys crocea in Sansha Bay

(Bacteroidales) 55 7E P Y 6 /1> T #F 5 1M 75 B A= #E AR
1B 2 ) 5 )8 ( Pseudomonas) . R & B+ ( Vibrionaceae) .
% ¥ # H ( Enterobacterales) . & Y& #T & J& ( Photobac-
terium ), JL £k B 99 ( Actinobacteria) % 7 %5 BR 1 J& (Sta-
phylococcus) 55 18 A~ T i = B & 4 o
3.6 REEWMITERREYRESH

I SR TR A 2 A] B A O, FRATT A0 SR =0
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R B A0 M A R BE AR OGP B 3 (p < 0.05, > 0.6)
P T AL R 2% . DA RE ) A A ELAE ] AR R A
A3 JE B 1] ( Proteobacteria) . J& £ 1 |'] ( Firmicutes) .
#F 7 '] ( Bacteroidetes) . Jil £k [# '] ( Actinobacteriota) |
P2 HT B8 '] (Fusobacteria) 55 22 [i] (18] 7), 4k b A HAE
FEAGE 1) F D0 IR0 FH B A R 5 R AR ) D) 4% 3 2 4
S350 1561 Rl 12 309, 5 53 A0 5 o 163 1 306,

XA RE A5 g 5.423 1 52.118( 36 1), 13 B 35 5l e 44 9
2P Rl T R L W) RN AE B S M B T A R
A s B AR A £ 3% R A0S O % BRI L3R (0.023) K
FIRFEAEAR (0.015), B 55 SR 50 A 1L, W5 A= #F 1A
AT B UE Y Z MR T SR A 38 4 P 2R LR
B REAA 1) IO 288 BBEHL 1 43331 A 0.695 i1 0.292, 156 B BT A=
FEUR R B 1) 3 B2 4 22, BB IR M B ol %

YS ¢ o o
L4 1 ] a ( 2 L ]
? e ' o ¢ 4 4 ®
° - ®
& L ] '\"\ w . e § E%%]‘j
\ LNE e 8 TS0
s o e O e e AT
e -0 9 s 1 ® @ L Vi | P
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) ® o - "9 % e LRy |
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o JE N e . \® b " BRI
o m o Y =aqyy d RCP2-54
e at] o p reELT T . BB 1]
® 4 ® ° ® @ [ % 2 4 y @ %%ﬁ%l‘]
* ° s oo . o
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7 SUNMRE BRI (YS) FIFRALREIR (YZ) T TR R RUE I 4 5 R
Fig. 7 The co-occurrence networks of the pyloric caecum microbiota of the wild population (Y'S) and

farmed population (YZ) of Larimichthys crocea in Sansha Bay

P A B AR ) B G AR AN TR 1T, B /NSRS T2 3 30329 S G B 22 205 4% i 22 (W) AR 32 2 PR ML A0 38 70 DG Ak 2R B4 W (B Py A/

(p<0.05,r>0.6)

Different colors of nodes indicate different bacterial phyla, and the size of nodes indicates the number of connected edges; the thickness of the connecting line

between each point indicates the absolute value of correlation coefficient (p < 0.05, > 0.6)

Tl =ENEREEITARE (YS) FOFEME (YZ) t

H Bagging J7 7%, BEMLEEL 84 S REAR H 1Y 58 PMEEAR

ITERBRUEMH M & EFIESH
Table 1 Characteristic parameters of network diagram of the
pyloric caecum microbiota of the wild population (YS) and

farmed population (YZ) of Larimichthys crocea in Sansha Bay

69 2% PV FRAE S5 YS YZ
TR 163 306
B 1561 12 309

EEEHA 1525 12125
IR 21 36 184
AL 0.023 0.015
S 5.423 52.118
SRR 0.461 0.631
et 0.695 0.292

37 ETHEVGRARE XSRS
BATRTIHRAN =S KMl 15 EMEY
Hd, 1 randomForest i ¥4 2 T BEHL AR MRA AL, F)

YER NGRS, SEATRIRIYILER, 55 A 26 S FEAAE Rl
WA, T UHER BV e . 25 WoR, Tk 2 i B AL A%
AR A (1) 4% 48 15 ( Out-of-Bag, OOB) 1% 2% 4 15.25%,
R 3 T Bl B A PR A 37 1Y 3 SR AR I GE A 3 AT Gk
84.75%, I 7 43 S A AL T (ORG oE B AL, T AT AU
LB

1 & 8 WAL MY R T 300 B, IRZEFR D BT
SRR, AT DAAR G AR K B A R SR A BRI T FRATIA
{14 i B R PRASE D 19 ME 1 % (ACC)., U (Sensitivity,
SE) Fll4s 5 1 ( Speeificity, Sp) 73 51 92.31%. 92.86%
F1 91.67%; Kappa 7 £~ 0.845 2; ROC 1 £k T 1 £
0.952 4( 3 2), Ut BIZ BRI B L 5, T A3 R B 2R
FFRFEIEAR

T o 0 K K i o R — 25 D0 A 1 B B AR MR 7Y
HEAT Y6 E, 308 2 TR 8 TR A R o A 5 ) T i AR 1 35 531
R 7o JTAE) S 10 B AT A ARASE 78 U0 B A R R
) Y B R 43 01 R 91.67% A1 92.86%( 3 3), It 4% 5 ik
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Fig. 8 The relationship between random forest size and
error rate
Pl Hh PR | ZL 2R R A AR T A A . 35 BEL R (A R A R A
I 5 22
Black line, red line and green line indicate the error rate of all individuals,

farmed population and wild population, respectively

*2 MIRMRESY

Table 2 The parameters of the random forest model

BRI SR HfE
RS 92.31%
KappaZ £ 0.8452
U 92.86%
T 91.67%
AE T E 92.86%
FHME 91.67%
TR R 92.26%
ROC £k Tl 0.9524

— 2 U B A3 S A A RS T P Ry, A SR R
LS

#3 WHAEPENFABUERLSLKER
Table 3 Classification results of the test set using the random

forest prediction model

JebRay
DT g v
YS YZ
YS 11 1 91.67
YZ 1 13 92.86
4 i

AWFFEH, it 16S tRNA WP 434 R, =101
R £ B A MR BT R M )R 9 TP 0 A W v 2
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Comparison of the pyloric caecum microbiota community structure between
the wild and farmed Larimichthys crocea in Sansha Bay
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(1. College of Geography and Oceanography, Minjiang University, Fuzhou 350108, China; 2. Fujian Fisheries Resources Monitoring Cen-
ter, Fuzhou 350003, China; 3. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China)

Abstract: The semienclosed pyloric caecum of Larimichthys crocea is an ideal organ to perform the host source
tracking, as it containes several local bacteria colonized during early development. The alpha diversity, relative
abundance of core bacteria and network relationship of the pyloric caecum microbiota in L. crocea from Sansha
Bay were analyzed using the Illumina high-throughput sequencing. Furthermore, the random forest model was used
to predict the population source (the wild population or the farmed population). The results showed that the farmed
fish had more unique OUT and higher alpha diversity than the wild one. The wild and farmed fish significantly
differed in the relative abundance of dominant bacteria (Proteobacteria, Firmicutes, Bacteroidota, Actinobacteria
and Acidobacteria) (p < 0.05). The result of network analysis showed that the wild fish had higher ratio of negative

to positive edges and modularity, but fewer nodes and edges than the farmed fish. Furthermore, a random forest
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classification prediction model with the accuracy of 92.31%, the Kappa coefficient of 0.845 2, and an area under the
ROC curve of 0.952 4 was constructed. Using this prediction model, the accuracy of source identification for the
wild and farmed fish was 91.67% and 92.86%, respectively. Overall, the structure of microbial communities in the
pyloric caecum of L. crocea was different between the wild and farmed populations, making it a potential marker

for host source tracking. Our findings provide new insights into distinguishing wild and farmed L. crocea.

Key words: Larimichthys crocea; pyloric caecum microbiota; high throughput sequencing; random forest; reverse tracking
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