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Fig. 1 Rarefaction curves of different samples

W, S10, S20, S30, and S40 represent the intestine of Acipenser
dabryanus that have not started feeding, the 10th day of feeding,
the 20th day of feeding, the 30th day of feeding, and the 40th
day of feeding, respectively. SL10, SL20, SL30 and SL40
represent the tubificidae of Acipenser dabryanus on the 10th
day of feeding, the 20th day of feeding, the 30th day of feeding,
and the 40th day of feeding, respectively.
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Fig.2 Relative abundance and composition of the intestinal
microbiota of Acipenser dabryanus and microbial community structure
of tubificidae at different breeding stages (at phylum level)

W, S10, S20, S30, and S40 respectively represent the intestine
of Acipenser dabryanus that have not started feeding, the 10th
day of feeding, the 20th day of feeding, the 30th day of feeding,
and the 40th day of feeding. SL10, SL20, SL30 and SL40
represent the Tubificidae fed Acipenser dabryanus on the 10th
day of feeding, the 20th day of feeding, the 30th day of feeding,
and the 40th day of feeding, respectively.

JEREG ] ARTE BT ) FI4ELFT R T ] (Bacteroidetes) A 32,
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Fig. 3 Relative abundance and composition of the intestinal
microbiota of Acipenser dabryanus and microbial community
structure of tubificidae at different breeding stages (at genus level)
W, S10, S20, S30, and S40 represent the intestine of Acipenser
dabryanus that have not started feeding, the 10th day of feeding,
the 20th day of feeding, the 30th day of feeding, and the 40th day
of feeding, respectively. SL10, SL20, SL30 and SL40 represent
the tubificidae fed Acipenser dabryanus on the 10th day of
W  SI0 S20 S30 S40 SL10 SL20 SL30 SL4o [eeding, the 20th day of fegding, the 30th day of feeding, and the

40th day of feeding, respectively.
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Fig. 4 Alpha diversity analysis of the intestinal microbiota of Acipenser dabryanus and microbial
community structure of tubificidae at different breeding stages
* indicates significant different (P<0.05); ** indicates extremely significant different (P<0.01); *** indicates extremely significant
different at 0.001 level (P<0.001).
a. Chao index of intestine of Acipenser dabryanus at OTU level. b. Chao index of the tubificidac at OTU level. ¢. Shannon index of
intestine of Acipenser dabryanus at OTU level. d. Shannon index of the tubificidae at OTU level. W, S10, S20, S30, and S40
respectively represent the intestine of Acipenser dabryanus that have not started feeding, the 10th day of feeding, the 20th day of
feeding, the 30th day of feeding, and the 40th day of feeding. SL10, SL20, SL30 and SL40 respectively represent the tubificidae of
Acipenser dabryanus on the 10th day of feeding, the 20th day of feeding, the 30th day of feeding, and the 40th day of feeding.
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Fig. 5 Beta diversity analysis of the intestinal microbiota of Acipenser dabryanus and microbial community structure of tubificidae

at different breeding stages

a. NMDS plot at genus level. b. Hierarchical clustering tree at genus level. W, S10, S20, S30, and S40 respectively represent the
intestine of Acipenser dabryanus that have not started feeding, the 10th day of feeding, the 20th day of feeding, the 30th day of
feeding, and the 40th day of feeding. SL10, SL20, SL30 and SL40 respectively represent the tubificidae of Acipenser dabryanus on
the 10th day of feeding, the 20th day of feeding, the 30th day of feeding, and the 40th day of feeding.
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Fig. 6 Procrustes analysis of the intestinal microbiota of Acipenser dabryanus and microbial
community structure of tubificidae at different breeding stages
a. S10 vs SL10; b. S20 vs SL20; c. S30 vs SL30; d. S40 vs SL40. S10, S20, S30, and S40 represent the intestine of Acipenser
dabryanus at the 10th day of feeding, the 20th day of feeding, the 30th day of feeding, and the 40th day of feeding, respectively. SL10,
SL20, SL30 and SL40 represent the tubificidae fed Acipenser dabryanus on the 10th day of feeding, the 20th day of feeding, the 30th

day of feeding, and the 40th day of feeding, respectively.
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Fig.7 The contribution of tubificidae at different
breeding stages for the bacteria
community in intestine of Acipenser dabryanus

a. S10 vs SL10; b. S20 vs SL20; c. S30 vs SL30; d. S40 vs
SL40. S10, S20, S30, and S40 represent the intestine of
Acipenser dabryanus on the 10th day of feeding, the 20th
day of feeding, the 30th day of feeding, and the 40th day of
feeding, respectively. SL10, SL20, SL30 and SL40 represent
the tubificidaefed Acipenser dabryanus on the 10th day of
feeding, the 20th day of feeding, the 30th day of feeding,
and the 40th day of feeding, respectively.
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Yy Rk K i 5] rh B BE TR ] o5 L 35.78%~73.37%,
M VT EFTF OB &5 M v Y JERE R 1] 2k
U8 F1H kL

E— g E, PR LML EE
(Achromobacter) . 7 i 5. fifl I% J& (Brevundimonas)
FE 22 0 18 i J2: U0 68 fi% (Trachinotus  ovatus) i

O R S AR R B A BB (Acin-
etobacter) . %5 ZF 1T J& (Brevibacillus) . ZF7FT
1 & (Bacillus) 45 J2 1/ [ - fiill (Sebastes  schiegelii)
. HE. ghfalipa b O R RE, Tl Kad
FErp 2 HUETHE R, 75 54 H R E i
i B w8 Y8 KT 8 (Psychrobacer) . % B il 7 &
(Pseudomonas) . EATHE . TLETRIE . A FLIK
T )& (Schlegelii) & H 7 8 fifi(Anguilla japonica))
BB M E P R P S RS e T R R
BB, AT R BURTF D E EIF DR 20
R 6] Jog 3 AR R —, W 2L E (7 LA X
P, b 88%., JF IR 30 K, K
AR Y7 BIENE ] £ e s = W VAL B I= R AR 8
B, EZARHEED I ERFTE)E . ZLEKEE |
LRIRA T e . AR . SR R A B A
G R, IR 40 K, FEMHAE R N
Fr R TR AT & . 5C 7R A0 IS J& . unclassified
o_Enterobacterales fI' ¥ I JE . AR5 % E
H P 10,28 i T TR R A S A N AR ], 30 28 2 S 1 i
R S5 R AR REME . MiEgH . K
A B P70 B & R &
P JE AR VLELR T OB I B 5 4 = S it
7, DN R B Sk 5 T 32 K N sl % 5 PR 5 BT HE e
MANEE, HAASRIEE T Z I — S5 e, JF 0
BRI 0~20 K), KT 738 5 —,
RHEPF GARIF OB BRI, BAREE T —B
) PR 7K e ], AR RS 10~20 KA 1A i 3 1
TEEEA T AR A A I 0 A, ATh SR AT o B T P
Bl VLA R B R R R R I, R
5 43 E DR 3 A0 28 A W S O R L A, ZE
BEH 30 RIAEERZS LT, FILEYF
R EAHAL, MR INFE, R R4
RO ERE . T DRSS 30 KUY KT R A &
W B 18 TR A G A s, M a8 TR R AR AT e 2R T
BekAr, X rlpe 56 H BN RE L BHXE
B, M iU AR A YR . SR A
HFHACEGTE 42 H IR B — g, MRS
Uifeit—L 58 . MAMR HITE T 12 HiRITF
RERE, JFOHRES 30 KHED 42 Hik, HipEwE it
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SR AL B) 55 T AL R G H R RS A & o

WEo R, AFHE T O — Bt el s, H
o 3B R ) F B 2R s W R, ARy
A ONRSE, 55 25 KO B9 7 b i ik o F
R R VURE PR, RS
PR RS A {0, 78 s 5 B2 L) 30 H i iR
AR R, ML 30 HIRF4 dudl i
Mo AWFFEREERYE A4S RN, KL
YRR B R 2R AR R 30 K (42 H i)
TR B AE , RN = A G ) SR R R BB AN —
R OHERMEARE KB AR, XNERY
T (AT A R I B AN R, AR R IR AR B A
10 HIdEE . MiESREAREEE, HEH 40 H
W/t HITE AR B R F e s R R
TRRME KR T MR E WK, i R
AW 2R e . AT B A
ZER R, FRE BB S AR R Y
A I REIE S5 mT o RS, PRI DR
FEIFOHEES 20 KR LEL 7 18 R L R R
AL, KGR 2 TFOHES 30~40 K5
AR R RESS R T AR, R oo 2, B
PR S TR RS A0 T O B X A0 TP o XS I 11 4
55 30 KA VLB 7 B R 2 CH ., R HYFF
B EN ZREVE A B L, TR R Y A 2 AR
TR 4T A5

1WA R S i T T A R R B
TR P2 4 2o 2442 5 (Acipenser baerii 9 x
Acipenser schrenckii )41 Ji7 38 B B 1) 52 W 57
Wk B, NI 4 B 2 T DLAR Ak £ 1A B T TR R Y
CEM A TS IRGE, AR AR AR R R
VSR 51 B B ke 6 1) iz B R LA — Y
PEATVER, T RAAE — 2 Y0 [ N 4 A 3 R AR 2R
PR =E B, B4 8 oA R 0 3 & B R 2 AR M Yin
SRR SE %k R, 7E K B £ (Larimichthys crocea)
W% B B BEREME RN 0.10%~0.20% (1) T R 14 1A
(Clostridium butyricum) ) 4 4k, AT LA 844 =
WM F B, BRI S EBOWR W 1 F B . At
2, 2 MR 2 A S o A O ok A
SourceTracker FAF 73 M1 1B Er A [F 4 M B B A< V16
Ji 18 T Pk R . SourceTracker 3114 J2 5

T UM, BR9E H AR AR AR (sink) H AR B0k
5 (source) 73 AT o # 4l source FEASHI sink AEA A ¥
TEEER A, RTIN sink AEASHOR IR F 4% source
FEARALR . 25 SRR, KVLE A BEE
TFOBEEY 10 KA 18.97%KIE T/K ik, JF 1
B 20 KRR 0.15%, JT R4 30 K BT
£ 51.22%, Mi7EFF HHEEEH 40 REik 97.55%.
XU 7E VLG R & & B B 8 R R VR 3
FLAZ B RV R AR E R E R, B
FRBFEENERRTIRERZEA, FERKER
FZAEH R T4 ELBEENEH, BARIEELH L
Tt — 5 .

4 £t
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Mechanism of intestinal remodeling during the early development stage
of Yangtze sturgeon, Acipenser dabryanus

TIAN Tian, ZHANG Jianming, ZHU Xin, ZHANG Dezhi, HU Yacheng

Institute of Chinese Sturgeon, China Three Gorges Corporation; Hubei Key Laboratory of Three Gorges Project for
Conservation of Fishes, Yichang 443100, China

Abstract: To explore the mechanism of intestinal remodeling during the early development of Yangtze sturgeon
(Acipenser dabryanus) under artificial breeding conditions, this study applied high-throughput sequencing
technology to study the structural characteristics and correlation between the intestinal microbiota and biological
feed, Tubificidae, in the early developmental stage of the fish. The results showed that Proteobacteria was the
dominant phylum in the intestine of A. dabryanus before feeding, and Proteobacteria and Firmicutes were the main
bacteria during the 10th to 40th day of feeding. At the genus level, during the period from not feeding to the 20th
day of feeding, the intestinal microbiota was relatively singular, with Pandoraea occupying an absolute dominant
position, accounting for more than 88%. On the 30th day of feeding, the intestinal microbiota of A. dabryanus
underwent reorganization, with species richness and diversity reaching their peak. The dominant genera became
Citrobacter, Lactococcus, Plesiomonas, Saphylococcus, Aeromonas, and Klebsiella. Procrustes analysis showed
that, on the 40th day of feeding, the intestinal microbiota of A. dabryanus tended to be consistent with the
microbial community composition of the biological feed, Tubificidae, showing a highly significant correlation
(P<0.01). SourceTracker analysis verified that 18.97% of the A. dabryanus intestinal community on the 10th day
of open feeding came from the biological feed, Tubificidae. On the 20th day of open feeding, it decreased to
0.15%, and on the 30th day of open feeding, it increased to 51.22%. On the 40th day of open feeding, it reached as
high as 97.55%. This study indicated that when feeding A. dabryanus the biological feed, Tubificidae, a turning
point in the early developmental stage of the intestinal microbiota occurs on the 30th day of feeding. At this time,
the characteristics of the intestinal microbiota changed from high conservatism to good plasticity. Continuing
feeding until the 40th day, the intestinal microbiota showed a high consistency with the biological feed microbial
community. The results provided a reference for the regulation of intestinal microbiota and healthy cultivation of A.
dabryanus in the early development.
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