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¥ EEM kiR Bk SR
(RKSM B IR B 264209)
WE #0440 #(Haliotis discus hannai) 7 B W 9 B Z B, AR 454 16S IDNA &
HEN FRE)ERFEA, TSSO R(T0), ¥ 0 /5% 4 X(T4), % 10 X(T10), % 35
R(T35)Fe % 40 R(T40)y fpid WA SE A LA 1. B R B om, WU # T35 M T40 o 78 B # %

HEMART TO f T4, E KA 49 H(PCA)E T, TO~T4, T35~T40 i HA LM ER, TI0 BT
HORpEEBEELE TN E N L, #E o B imE NE$HE T8 & B HE |1 (Proteobacteria) . AT
H I'l(Bacteroidetes) 1 )& & B | 1 (Firmicutes); M H H B E#H D WA RN E ENH L L b, 25 HE
#i# T4 . Lentilitoribacter & TO 1 T4 B £ R % HJE; 2| 7 T10, T 1 JE (Arcobacter)fn 7l 1
JE (Mibrio) ty 46 % & & # #in, Lentilitoribacter /> ; 7 # 0 5 #(T35 #1 T40), & & Formosa Il
b4 3T fE . LEfSe AT HRAE 59 MNEWATE N, SANAWEWARE DG 2 B0y 08 A A 2t
Blo HRAENGEEERE R, T35 MBW LR RR A, Y500 4 W a2 8 X R E
o $EAT & A TR . TaxdFun 34 8 BN 2 R, %%%Uﬁ;ﬂﬁﬁz\ﬁ MM EARENER S
ERBA K KR ERUMENF A BB T T 5% 0 B9 SUE o xR i BLALH], F et 4

MR RFAE T T B A,

KA G, Ol MEEE; SN T
hESES S917.1  CEERIEEE A

2019 AFFRIE A 6556 77 5 ik 18.03 1 t, (i
FHEFRIE R 90%Z b (R AR A FR v v B P )
4, 2020), HARTR E M FRGE N R, FRIE AL
RN I, R 27 11 SO0 E 6 1) 1 B0 1 25 2 PRI I 60 5
v RSz — 2T Ml e At R AT R kR

FEAR =B, B 110148 Sl B 40 44 B Bt e 4%
T A A W P 32 I A Sy o A HR N TS A e R
AR, KSR R E B R B (ER A,
2016; Zhao et al, 2020). #fL[4% 13RS FE AR A K 3]
—EHIEIE (4~5 mm A7), HIHALERE B A F

XEHS 2095-9869(2023)01-0156-13

S, R A AR A S A B N TS DR A s A
(Fleming et al, 1996; Johnston et al, 2005; Nel et al,
2018), VEA f4 e AR A1 A1 5 0w 7K 7 2l 1) A BRI AE Ak
e P FE 45, 2020), Zhao Z£(2020)0F58 KB, K1
M fifi (Micropterus salmoides) (1 {7 HE f2 76 % 11 1 1 1k,
REJIREAR, IR ACISRE /1756 1 W32 . Hamza
Z(2007)HFFE KB, R (Sander lucioperca)fEF% 112
i R O T R 0 R, e T AT AT A e

I1 o TR EE AR BRFE R K S ) i R BDIRAS AN, HA%
7| A B T A P RS T TE TR A SR s T T
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RN, X R EYIEAM O AR A g
S 4 I (PR T 44, 2021; Wu et al, 2012;
Nicholson et al, 2012; Sampson et al, 2016). /KF=5h4)
5 U RZ e T 7B ik W VR S5 R A A R
LK AERKET, Wk H R 65(Zhao et al,
2020). Fif(Paralichthys olivaceus) (X414, 2017)F1
i ff (Ctenopharyngodon idellus) (#2445, 2008). X
e, WRAWFFEK = 3 W e 130 04 B 38 o AE W R A
Ak, X T - b A K 7 B ) A B AR AL R el i 1
PRy B B R T

HAET, A 8% 118 0% I 38 S A Y0 0T 58 FH X 38
/b Tanaka 55 (2003)WF 58 & B, % 1 )5 40 20 4 iy
(Haliotis discus hannai) i [z 1 1 % o B A & i
T BEPRER BB T I R o Nel 55(2018)8F 58 &,
i FHAS [R) A9 7 1 AR W R A BfL(H. midae), FEMI)
B RS MR RA B EER . WNHELSE
T 1 ik S 0 B S DR e 4 I )3 AL TR, O 2530 20
WRIE R E Y SHEME DS TR R, ADF
FEi It 16S rDNA (il &l 7 A Y115 B2k, 4
T 4B 30 Sk o A e 11 AN () o B3 M 8 T R 25 g Yl R L A
MM, A8 M e 57 A SR AL PR SE A

1 #MRERF=E
1.1 SKewr#t

A T FH 4 S0 A 0 60 1L AR 4 T K i
PERMEL B A PR 71(122.57°N, 37.16°E)flt, &
AT 2020 4E 3 H 20 HtfT, BT MERIY AR IRE
W, kA R—HEF . B 40 d 5, FHiE
R R0 A K B — E FLMS (2 4 mm)Jm A TR0 B . HERE
()R B AR R 5 T B T4, B T B AE A 7K
W R T IR, FRAH KR R (18.0+0.5)°C, FRIH
Pl e 5000 ind./m* 245 o ASHIFE 0 F 4 o £ il
Tk S02BY [FZ A Ay . T | A (Laminaria
japonica)# FIFR 4 32 (Undaria pinnatifida)#y 45, Hl&
F 25 0 = 30% A A HE B %) 5 T AR, 485 M o Sy .
REE 5%, & HEERERNE, K H IR RIEERIE . 2%
fEFIZET ) £

12 #HmRE

Fr A SC B AE SRS I R — 3R AE g T
Fo BT, HEMR IR RESE ) £, SYRIER
FE HAET- AN, AEMESRLRBIHT 2 d (TO)REE 8 A,
SN TR G, HEH B Mk s A N aE AT
B & ikl , JET-F ETHE 60%725 47 o M3 4 HE 1 it 541 5

BFiE], 23 7EH B 5 28 4 K (T4). 55 10 K(T10). 2
35 R(T3S)HIEE 40 K(T40) AT REACR S, FUCRE
8 MEEA, TG TR /K nh Pkl D12 A R L,
I 7B 2H 2, A 1.5 mL BHEELE N, —80°C
AR VK AE N DR AF R

1.3 DNA BJiEE. PCR ¥ tfnsEENF

K CTAB 382 U i B i A= M) ) &2 DNA, 1%
TR BRI FL TR A I DNA (45 Fk )i, i a PCR
P18 16S rDNA 1) V3~V4 0[5 X3, 385191535 R
341F  (5-CCTAYGGGRBGCASCAG-3') Hl  806R
(5'-GGACTACNNGGGTATCTAAT-3"), PCR § Kk &
“Jy 30 L, f44% Phusion® High-Fidelity PCR Master Mix
(New England Biolabs) 15 uL, 1E | JZ[a]5[#)4% 2 umol/L,
FEH DNA 10 ng, PCR ¥ 34 55/4: 98 CHiZE 1 min;
98°CAEM: 10s, 50°CiEk 30s, 72°CLEH 30, 30 4
PEIR 5 72°CIEM S min, {8 2%3h0 i B8 e R PR Rz
PCR F=¥))5, M A DG & (Qiagen, 7 ) ATk
7/

{8 1] TruSeq®™ DNA PCR-Free 21 7] & (Illumina,
LN T SO, ] Qubit™ 2.0 Fluorometer (Thermo
Scientific) X #4) 2 & (1) SC 2 #E 47 T & ¥E AL, IF Al H
[llumina NovaSeq6000 #E47 EHLINIT o FBR 5 LA 5
i) Barcode F15I4¥)F5, JH{iH FLASH (V1.2.7)
(Mago¢ et al, 201 )7 HF4%; Z )5 , i —22AH ] Qiime
(V1.9.1) (Caporaso et al, 2010)%) PF% 5 B9 R B IEAE
WEBRZY ; H )5, 3 UCHIME #/4 5 SILVA132 B
FEHA TR G AR S0 % LA 36 07 K BR, 18 200 B
A FFEE 40 (Edgar et al, 2011; Haas et al, 2011),

1.4 #HIRAIEFSHT

FIH Uparse #AE(V7.0.1001)% 4 MREA (1945 %L
BT IR, DL 97% M — B 7 51 R 28 N A o
25 Myt (operational taxonomic units, OTUs), ik i
OTUs H i B 55 5 /=1 19 )7 9104 A 16 3% )7 9] (Edgar
etal, 2013), ffi ] Mothur % 5 SILVA132 %4 B xf
OTUs J¥HI 4T ¥R FE R /3 T (Quast et al, 2013), fiff
FH MUSCLE {4V 3.8. 3Dt A7 Z 5 Xt ¥, 3K
5 OTUs RRFEFHIM R G k4 K& (Bdgar et al,
2004), fJE, MEAREHEATY AR B,

FIFH QIIME #{Fi1%8 Alpha ZFE1EFE %1 (Chaol
8H. ACE $5%L . Shannon-Wiener 5% . Simpson §
FORMI P EREE) . A R RV 2.153) T 8ds g it
530t M Beta ZAEMESMHT, (1] aded 1 ggplot2 £ {F:
25 R E(PCA), 5T Tax4Fun S ¢F ALk
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TTREARTE A DI e 0N . (] LEfSe 3 Fik1T
LEfSe 737, LDA Score [ i £ {1 & h 4.0, HRIEY
Fl=ERE  THRARXT E LT 100 A945 18 @ =2 0] /Y B2 JR 7%
A ZBL, THEAE R E>0.6 Hi<-0.6, H.#(P<0.05)
(TR T, DATR IS A1 a5, A S R B, ] Gephi
AV 0.9.2) 2l 2 % A= 4 K]

2 #£BR

21 MEERNT I

A S Bt A 11 3N (W) B B 1) i 3 A I e O
ek PR L BRSSO R
A, TO, T4, T10, T35 Fll T40 1A AR B
AR 8. 7. 5. 8 Fl 8. MIFILARAT 2 220 598 S
HARTH, & 97%M—B RIS 2] 3609 4
OTU., #%: D1 I FEBE Y 45 20 FE 5 2 8] (0 38 TR A
OTU %irifid Venn FE/R(E 1), 5 A LA
BER 792 Fh, b, T4 AREA EREFIERZ, It
419 fh, TO ZHYkZ, 3359 Fh, i T10. T35 Fl T40
P REAT TR RE P AR Rk D o R B Bt 25 e 1 M AR A
HE SR 8 U P R R R A/, H /N
AR )RS 4 K.

22 HOMBUEANGEREDNEEEHSHEGE

A S T AR B2 Alpha ZREMETR B
UL 103 1T, A4 55 R AR T 99.50%,
FEUIN VR BT A P H O 2 B A S5 R S A 1
', Chaol Fl ACE F8%k 1 % T 4R J5 B 22 R B 9
Hrp, TO F T4 #Hf% Chaol 1 ACE $8%0#8 03 5 T
T35 F1 T40 ZH(P<0.05), 15t BAHES 7 38 G Py BETE 1)
FEEEE ORI RS 4 R\ TR OGS 35 K
F1%5 40 K. Shannon-Wiener Fll Simpson 5 H(7EHE
O RS LIS R, Hed, Tio 48

TO

T4

T35
T10

Bl 1 4878 B B OTU Venn [&]
Fig.1 OTU Venn diagram of the intestinal
microflora of H. discus hannai

2 MEBEUE SR, T35 BAUERAR, H &K TH0
3 HEESR(P<0.05), UiHH T35 dpy¥fh 2 B Fnt4 5]
JERAL, BY T35 AW Fh ZHEPESRAR . T40 48R
T35 dimgA | FH{H R & 3% (P>0.05), Shannon-
Wiener $8801/5 . % KT T10 41(P<0.05), Simpson 5%
75 AR T T4 F1 T10 2 (P<0.05). 2% 45 b4 4 b Alpha
ZREVESE R, WS REE 1555 35 KA 40 KAV
R RS T DR A S5 4 K.

Wi Beta Z2REME M, XFE 113145 20 1A] 0 FfE
Jo 3B T A IR S5 40 22 RE R T 25 57 LA . ARAIF SR
3T OTU K- £ 453 3 BT (PCA) K A I 5 15
SN T S o b =F A S Tk L AL R
F|FE S5 PC1 A PC2, ‘BT TR 2 5HE 12.62%
M1 7.33%, WK 2 A7 W, TO 5 T4 BYRE 54 A BE B 45

# 1 Alpha Z#HE

Tab.1 Statistics of alpha diversity index
Alpha Z - HF8 5L 2 5 Group
Alpha diversity index TO T4 T10 T35 T40
Chaol $§%X Chaol index 1 060.796 958.1° 819.983% 550.479° 681.743°
Ace 8% Ace index 1091.341° 989.25° 851.928™ 561.979° 667.935"
Tt H5 %0 Shannon index 5.501% 6.039° 6.096 4.124° 4.751%
¥ PR 4540 Simpson index 0.91° 0.938° 0.948° 0.832% 0.882%
T Good's coverage 99.5%* 99.6%" 99.6%* 99.8%* 99.7%"

T [F— AT B A AR 7R R R 2257 W3 (P<0.05)

Note: Different letters in the same row indicate significant difference (P<0.05).
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i, T35 5 T40 MMM AN BERE KT, M T10 4T
TO F1 T4 $EHE5 T35 F1 T40 £EREARXT i) it o7 5, B
T10 J& T FU BRI 2 AR A i ok B Bt o AR AE
FE—H IR AE 8 ANFRAS, {H bR T 5 1 0 B 3R A5 Y
BB REA A WO, SR MR, W
Bt > PRGBS ARSI AR

81

PCA Plot

PC2 (7.33%)

PC1 (12.62%)

K2 Slac s Bl 1 AR A 8003 23 B (PCA)
Fig.2 Principal component analysis (PCA) of the
intestinal microflora of H. discus hannai

23 FHOMBYEMNGERENREENR

k5RO AT D R, R 3562 4%
(98.70%) OTU REMEPLIERE . TEPTA A SFEA p L
Rl 34 ANTI2E, 32RE 47 4L 106 ~H . 2124
FLHR1 516 D&

TENIKF b, 25 2HRE S B S5 AR 2 AR ARL . AT
FE>1%0 T 1G] (Proteobacteria) . fUFF
1 1(Bacteroidetes) FlJEBE # ] (Firmicutes) , A%} =
A7 Ik E] 88.25%., M AR SCRE BRI 1191 1 & A RAE I
[ GO, G ASIE W T AR 32 BB % 1 034 T
A TR, (HARZR e XTSRRI FUFF IR T 7R 5%
FURT A Aoy & Lu ), (BAESE D55 35 KM
5540 RILPURING o JREETE TR AHRT 32 EE AR AR,
TERE TR RYES 35 KR iR/IME,

TEJE KV (B 3), 45 LA o 1) T A 2L B RRE X
FEESVE . DR, M IE A FEE>1%
PEEILA 9 A, HAaoxXTF R = w8 7 5l h
Lentilitoribacter (14.18%). Dinoroseobacter (9.90%)
F1 Neptuniibacter (9.86%). 7E A4 4 K, MHXTE
E>1%m0E B3 11 4>, Lentilitoribacter (19.70%)

MR Sy e 3o (0 38 o1 Ja EL ARG 32 B T 7, TS 2 FiEE 3
e TR R ) 1 52 2 B i TR )& (Pseudoalteromonas)
(9.86%) F11 5 JEFT 1 )& (Arcobacter) (5.52%) 8%, # 1 )5
5010 K, MHXFEE>1%MEEE S Az,
151~ Lentilitoribacter FAHXT F T FEE 6.95%, =
FEAT 1 JE (8.15%) A3 B & (Vibrio) (7.50%) 0] T+ A
1R 2 LH R . SR, R O ESE 35 KA 40
K, AR EE>1% 0 B @ AR T 3 44 B s/

I35k 5 A6 4>, Formosa FIHI i & 1 S 24 % A
()

Others M Roseobacter M Psychrilyobacter

unidentified_Cyanobacteria [l Neptuniibacter
Dinoroseobacter Il Pseudoalteromonas Arcobacter

I Lentilitoribacter Formosa W Vibrio
1.00 -

g 0.75
5 .
2
[
2
8 050
E — —
m‘ ] L
A EE =
ﬂ, I
-% 025+ l .
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TO T4 T10 T35 T40
444 Group name

P03 ST 7K 1 40 S 4% g 1 A T 2 5

Fig.3 Relative abundance of microflora communities
of H. discus hannai at genus level

B LA L& AL LA s E , D Fh oA 2 B e pir gl SR
BB, AU 5 41 B (Unidentified Cyanobacteria) &
FAEYAE TO, T4 F1 T10, HA T10 4 AMIX F A
P E . T E B & (Roseobacter ) iy AH X o BE 52
SEID IS BN S, AE T10 AX =B e
(4.27%), 7F T35 Fl T40 #J<1%. Psychrilyobacter {X
TE T35 F T40 PAHXT B> 1%, 28 BTk, S8k if
) B A A R A e b R R AR TR
=y
2.4 LEfSe4#7

FIFH LEfSe 4r#Hr a8 6k 13 AR 6] By Be A7 78
Gt F22 R NEYREY, A3 59 AN EY
Fri&W, TO 2| T40 W EWREWECH 5308 9. 11,
17, 9 #1113 (Bl 4), MK EF, TO Fil T4 4M9E
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g_Vibrio

f Vibrionaceae

o_Vibrionales
s_Vibrio_comitans

f Rhodobacteraceae
o_Rhodobacterales
s_Tamlana_agarivorans
g_Tamlana

f Fusobacteriaceae
¢_Fusobacteriia
p_Fusobacteria
o_Fusobacteriales
g_Psychrilyobacter
o_Rhizobiales
g_Lentilitoribacter

f Rhizobiaceae
o_Alteromonadales
f_Pseudoalteromonadaceae
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f Sphingomonadaceae
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o_unidentified Gammaproteobacteria
¢_Bacteroidia
p_Bacteroidetes
o_Flavobacteriales

f Flavobacteriaceae

s _Formosa_haliotis

g Formosa

o_Cytophagales

f Cyclobacteriaceae

s_ Vibrio_ halioticoli

p_ unidentified Bacteria
c_unidentified Bacteria
f_unidentified_Campylobacterales
g_Arcobacter
o_Campylobacterales
s_Arcobacter_lekithochrous
g_unidentified Cyanobacteria
f unidentified_Cyanobacteria
o_unidentified_Cyanobacteria
c_unidentified Cyanobacteria
p_Cyanobacteria
s_Phaseolus_vulgaris
g_Roseobacter

g_Ahrensia

g_Sulfitobacter

g_Loktanella

f Colwelliaceae
c_Alphaproteobacteria
p_Proteobacteria
o_Rickettsiales

f unidentified_Oceanospirillales
g_Neptuniibacter
o_Oceanospirillales
g_Dinoroseobacter

f unidentified Rhizobiales
g_Anderseniella

EENTO EENTIO HEENT3S CTOT4 HEEET40

1 2 3 4
LDA SCORE (log 10)

4 LEfSe /3#7 LDA 431 B 7 Kl
Fig.4 LDA histogram of LEfSe analysis
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YIbREY EEONEIRETT, T10 HFEZ AN EME]
(Cyanobacteria)fil unidentified bacteria, T35 F 5 Nl
FFEETT, T40 FEZENRFFHT ] (Fusobacteria) Ml AR P B
7. MWEKFEEH, To 44 E% 4 Dinoroseobacter
Neptuniibacter 1 Andersenidla; T4 2H 3% Lentilitoribacter .
542 % P T J A Sphingorhabdus; T10 %4 5 1
J& .M TEECHLE JE . Bk 2% [ JE (Ahrensia) |
Qulfitobacter F13% 7 [G 14 (Loktanella); T35 % & 4L
IR JE A Formosa; T40 FEZNiNEJE . Tamlana Fi
Psychrilyobacter . LEfSe Z5R 7, ARSCELH11) 7 E AL
PR REREE T DU T A AR A, IR B e
MG 35 KGR 40 KA FZAYREY

A-TO

C-T35

25 HEEMEESH

AR EE T TO, T4, T35 Fl T40 iy 4 Nk
RAEM(E 5), DIHRE DR B Bt oo i
ERUEY Z W R E A BAE R, I 48 4R M RRE
DA AR A Wy s 0] 52 2% 1) SRR (R 2) AR
FANRFIE 2 SR, 4 AFEAR I TUE P LR A 1
E5, T35 Wi, FHEMBRRBE K, R ixE;
FTIBY B 1 W B A= W M4 i Z RN AE B %, )
KR IREI, TO, T4 Hl T40 RUBLHIER>0.4, i
WX 3 AT BT AL 254 , MR T T35 M 28 T
JnAEE o

B-T4

’\
£\ W
I
2\Y

n XN \
YRR

T

Nyj,
i

N
5
e

A

_ Firmicutes

[N Proteobacteria [ Bacteroidetes
B /ctinobacteria [ Unidentified Bacteria I Gracilibacteria
[ Cyanobacteria Acidobacteria Fusobacteria

Bl s e 0 S A SO Bl T TR AR W ) 3 R A R 2 S R A

Fig.5 Co-network of the intestinal microflora of H. discus hannai in weaning period
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Tab.2 Key topological features of microbial networks

W02 31 NRFIE S8 4] Group

Network topology

characteristics index TO T4 T35 T40
& Nodes 99 98 92 98
i1 Edges 701 354 1042 651
FHIF Average degree  7.081  3.612 11.326 6.643
%ﬁ/%ﬁ . 0.307 0.235 0.347 0.282
Clustering coefficient
MNZ A A K e
R R 3.796  2.190 2.869 3.513
Average path length
M Modularity 0.420 0.584 0.277 0.449

TEM 28, RS RE, AN
N T JE AR BRI T (2068 IR A G,
e MD)W R R B Z R AR R . H
W, T4 WS E RS R i 5 (33.80%), T35 M
28I A OE O 2R o LR AR (2.40%) o B 80 25 B0 1) i 1
PR AR SN T R P AR B 1) L 40U 181 11 RS
BEE T BCE e 2, M EBRRET], B2
R . 7E TO A1 T4 BrBt, KREHZEEHEI]
SRR MFEEMCCR, S REZHERERE T N7
MFKEZR, WE T T35 A T40 BB, =FHZRENZL
SHIEAHIEOC R o ARSI iz 3 TR R 22 TR Y DG R Bl
BTV IEAT A W I R AR 3B i T R R 2 AL AR AE
EEBNAGIESES XA, B HEMYAERLR .
THAARI S e S5 T e 7= A 5
2.6 Tax4Fun IhEeFainl

AWFFEFIF TaxdFun X T4 FEAS 4 FE 6617 18 73
AT DI RE TN A3 AT o FE— I REETE [, 25 2 A
S A ) FE 0 i 1B A W i B ) A S AR
(metabolism) . 1% 1% 15 B 4b P (genetic information
processing) . 35 {5 B AL P (environmental information
processing) . ZHd /il T.(cellular processes). unclassified .
A 2 ¥ (human  diseases) Fl = ¥ & 4t (organismal
systems)35 . 7E _HIJREJZ M |, X F=EEHEA HT 35 1
UyRe L G B T i B, 2508 LI 6, TO 410
N 43I 9 9% (endocrine and metabolic diseases) . 4
Bh 7 Fn 4k A4 & AR 8 (metabolism of cofactors and
vitamins) AR (cancers) H FEINEE; T4 4, AfiLiz
3 1 (cell motility) (7 45 XF 4 #, {5 5 f& 2 (signal
transduction) F1 i1z 4 (membrane transport)5:/X 2 ; T10
v, EIHREE R (amino acid metabolism) (5 4 X fL e,

HIK 22 2G5 (nervous system) . Sl BIIKF FgeA: ZAL
W HAZEFERR R (metabolism of other amino acids)
Gy T35 v, WSR2 2 ) A (metabolism  of
terpenoids and polyketides) 7 48 Xf O #« , AL 5
(metabolism) . #ltZ $#1E(poorly characterized)FIi 5 i
(enzyme families)% VK2 ; T40 2 L) E}i¥(translation) . P
4 W Z 45 (endocrine  system) Fl & /K 1k & #) A% i
(carbohydrate metabolism)%5 i FHIEE, H4k, @I
SERAKAY A KB, TO, T4 F1 T10 gk i,
RA—3L, Wi T35 Rl T40 Ao, —3, FHi 3 4l
Uihe2E ik, UL R A 7 T ET T, AR i)
TE DA I RS R A 0 e, 2 T D RE SRR Y
Kk,

3 i

WA R Sh iy 55 SNl TEfE
FAERK AT SR BAEZE/EH(Gao et al, 2019),
RERE S iz 38 A S M AR I R AR £, il , 1
BRI . B SE L R SRR RN TE Y AR R AR A
(Nayak, 2010; Wang et al, 2020), 7EiX 46 Z v, HHk
Tt 28 X o 38 1k A 0 1) 5 i A R B 3 (Wang et al,
2018). AR G FUH &A= T B 0 () R L A, Bl B
1R Rk S A R B N TR A AR, e H g
e =W A I N 0 S S P BT o1 D5 25 2 NI )
TR AT R, A 0 i 1 SR W 25 A AR 2
FEPE AR NS L . PCA S5 R B/R, e LT AL 158
4 RN BERELE A 555 DR 55 35 TOMES 40 KB AR,
FW A 11 09 2o R oA T g R Y A A AR
ST R N T A5 Ak 8 B 0k f s L BRI LA S
WRYEE, SRR 0 B ALY 22 AR K, FR K T
1 T W RIS RS, SR A B S SRR R 2
AR

W AEYE BN, RIMASIEEETT . BT
IR RE B |17 45 2EURE S v ARG = BE > 1%, B e
TR OO BT AR TR BT 100 & 45 4L ARE
d P A R, (B DR 5 35 RAIEE 40 KA & kb
AFTTE . SUFFI T REREMRAE ) 20, (R hs . s
T RN & BT Z (8] A9 AH B %% 5 (Tran et al, 2018;
Michaud et al, 2009). BL&MEHEFRFEE, HRMT
—SE MRSy, PREUFE B T 1R B, A — s
JE b e R 1R 35 R C A iRl R EA R
AL RE T o JEERE DA ] SRR 2 2 1) Z2 W 53 R(Gao
etal,2019), FEBM%E: C AR v oA 2 A A i A AR Ak
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Succession of the Intestinal Microflora Structure of
Haliotis discus hannai During the Weaning Period
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Abstract

Pacific abalone Haliotis discus hannai is an economically important aquaculture species in

China, whose production accounts for approximately 93% of world abalone aquaculture production. Its

weaning phase is a vulnerable life stage associated with high mortality, which has seriously impeded the

sustainable development of Chinese abalone aquaculture. Previous research has shown that the intestinal

microflora in farmed abalone is affected by numerous abiotic and biotic factors. The weaning

post-settlement of diatom-fed abalone on artificial feed may alter the natural succession of microflora in

their guts. To study the succession of the intestinal microbiota in the weaning of Pacific abalone, we
collected Pacific abalone at the weaning period days 0 (TO0), 4 (T4), 10 (T10), 35 (T35), and 40 (T40) by
16S rRNA high-throughput sequencing. Results showed no significant differences in alpha diversity
(Shannon, Simpson, ACE, and Chaol) between T0, T4, and T10 and between T35 and T40. The ACE and
Chaol indices tended to decrease with sampling time. Both Good’s coverage values exceeded 99.50%,

indicating that the sequence libraries covered most of the microbial community in these samples. A total

of 3609 OTUs were identified across all samples after pre-processing, and the unique OTUs tended to
decline in the weaning phase, varying from 419 OTUs in T4 to 169 OTUs in T40. The beta diversity of
intestinal microbiota showed that the T0/T4 and T35/T40 samples were clustered separately in principal

coordinate analysis, with overlaps between TO and T4, T35 and T40; T10 was in the transitional stage of

intestinal microflora succession during the weaning period. In terms of the composition and structure at

the phylum level, the dominant bacterial groups in diatom-fed abalone and weaning abalone were
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relatively consistent, including Proteobacteria, Bacteroidetes, and Firmicutes. The ratio of Proteobacteria
decreased, while that of Bacteroidetes increased with the time of weaning. The composition of the
dominant genera during the diatom feeding and weaning stages differed significantly at the genus level.
The dominant genera of the diatom-feeding stage (TO) included Lentilitoribacter (14.18%),
Dinoroseobacter (9.90%), and Neptuniibacter (9.86%). During the weaning stage, Lentilitoribacter
(19.70%), Pseudoalteromonas (9.86%), and Arcobacter (5.52%) were the dominant genera in the T4
group; Lentilitoribacter (6.95%), Arcobacter (8.15%), and Vibrio (7.50%) were the dominant genera in
the T10 group; and Formosa and Mbrio were the most dominant genera in the T35 and T40 groups. To
study the impact of diet change on the microbial communities of the weaning abalone, linear discriminant
analysis (LDA) was used to analyze differences in taxon composition among the five sampling groups. A
total of 59 biomarkers were identified (LDA>4.0, P<0.05). From TO to T40, 9, 11, 17, 9, and 13
biomarkers were found, revealing that the dominant species of the intestinal microflora varied
significantly over time. The intestinal microflora co-occurrence networks based on robust and significant
correlations were constructed to explore synergetic relationships in the samples from TO, T4, T35, and
T40. The values of the network topological characteristics, including node, edge, average degree,
clustering coefficient, average path length, and modularity, were distinct at different sampling stages. The
values at TO and T35, except modularity, were higher than those in the other groups, indicating that
microbial interaction may be more intensive in the TO and T35 groups. The co-occurrence (positive) and
co-exclusion (negative) patterns of microbial genera were distinct between these four groups, especially
between TO and T35/T40. Tax4Fun function predictions showed that the genes encoded by the intestinal
microflora of TO and T4 were mostly related to diseases and cell processing, while T10, T35, and T40
were mostly related to metabolic functions, indicating that the intestinal microbes were involved in
various molecular metabolisms, assisting juvenile abalone in adapting to the nutrient-rich artificial feed.
This study revealed the adaptation mechanism of H. discus hannai to diet change during the weaning
stage from a microbiology perspective for the first time, laying a theoretical foundation for healthy
abalone breeding.

Keywords  Haliotis discus hannai; Weaning period; Intestinal microflora; Diversity; Function prediction



