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WE  HETLREEEIRAST F L4 (Acipenser sinensis) ik ik 257 & A B A 4 ik 2= 7, KT R
R TREMEEETEGEREFEREHNBERENER, Rt AHREEN S PEFAERAN
txM, AFRFERES T EPEFNERERRBEARE, AAGRENFHEA T L E#
Gy, BREV, TREAMENSHEUREFEERER THELP<0.05), FF WA EW,
AT AR, F5 R A7 K& B0 Jd A 3% 1E 4 25 2 J0 (operational taxonomic unit, OTU), F 5 K& #y
#£4 OTU #E H vp 43 4 SR LT & £ E e ARIBAE A S 25040, R4 288 E K
ﬁ?iLﬁﬁﬁiT&%ﬁ% rPEAR, HARNBEAEMSEBRD. £THEATT, PEEERE
AR KEBEE A AR B E =R, KEFHREEITH LW H I (Proteobacteria) (31.84%)70
B B I (Firmicutes) (24.37%); (& 4148 % W 18 & % H 17(55.23%) F2 AT H |1 (Bacteroidetes)
(21.00%); I 4 & 41 09 % T W 171(40.23%) & b AR B T4 B4 A BT T 1%, BB AT # ] (Acidobacteria)
(18.29%) . * # i ¥ |1 (Gemmatimonadetes) (10.08%) . # % ¥ |1 (Actinobacteria) . # f# & 17
(Verrucomicrobia) # kb, 7] 34 7 7 [ 42 & e 3 Ao, KGR 40 3 B B 4 300 K 4 H B (Sphaerochaeta)
(10.56%)F1 T~ 7k 18 1 J& (Cloacibacillus) (7.95%). # & 41 By tf % 286,35 2 /R 8 K & (Ralstonia)
(19.83%) 70 £5 3% AT H J& (Mucilaginibacter) (8.11%). T FA WM HH EHEMNMR THEALET R
1, EF ¥ A B % B (Shingomonas) (16.71%)7# WPS-1_genera_incertae_sedis (5.05%)41 % .
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hESES S917.1 THERERIRED A

rh A (Acipenser sinensis) & H E 45 A (19 VLA PE
Wk, ZERE | RE SRR A, 95k
TS B AR ORI B B3 A ) 21 (3,44 Sk (IUCN  red list
of threatened species) " [ #z /&4 F (CR) Fl i /G B 4=
SIAE Y Fh E PR 52 5 N 29 (CITES) M 5% 1T AR 5 4 b
TE 2015 AFEARFRED & (  AeBd bR R T3040 (2015—
2023 4F) ) By, Gl B S RS . E ST
MR AR R N T IG5 MU . PRI AL o8 IR A1
it e PR A2 AR BRI, IS R ) H R
T, 2 T30 77 9 0 R 52 SR FIAE U Y B 2 — 3R

TP SR T 12 AT K B3R ARG A1 6 ) ol PR R AR
S BILAAR 453 473 17 1 AR Y £ 3 XURS: (Ferndndez-Alacid
etal, 2018), iR FFW R WKL S —E B
c5 N B - 10 N 2 B SR T e e /I S
ShrRE . MO, RS AYIEAR. BEOM. BE
fifg 1 EE 42 R G F Ay, X iR B EE A
YE il (Dash et al, 2018), 25 Bz ik o A9 25 7 AS 17 b
W BEE 0T B AR W, AR Wl o B 4 A R) BB R
¥ Ji (Balcazar et al, 2006) . 7= 354116 & ¥ (Boutin
etal, 2012; Lowrey et al, 2015)5 15 3 9% R 5 M
B AR R AR 9 R AR 09 Az, e B AR T
FEAH o

KRRUE R S5 32 Z R0 I RS2, W3R 2%
. A BRCIR B0 A A 32 388 1% % (van Cise etal, 2020;
Xavier et al, 2020), 355 & ) 23 R EUR R EHE 021,
2 BV AE 250 B 1Y 25 (Sylvain et al, 2016), FREL S
s £ 28 A PR O A T8 2T o R , X Fp A IR
R 77 ] B 23 (A AR 3R B b PR A TR Rl 2 1
Ji B 2 T8) ) S R S K AR ™ H R AT (Gomez et al,
2008). HAG, kAR @EE"E, Wik, A&
X PG4 ) 3045 (Acipenser  baerii)#EAT 1 BB i S
R IR AR ST A R I R VR A R B Sk D, IR 1
R, WEBIR TR R,
5 7 9 R TR B8 i (Vibrionimonas . Mesorhizobium 1
Phyllobacterium) , %5 4= & i 20 (Bradyrhizobium il
Methylovirgula) (Yang et al, 2022). 1 3 WA= Y REf 2k
W5 RS PR 2 A AE AR O, A R D)
it BLAb, JERYLHE T B ILAE #5 7% (spring viremia of
carp, SVC) 1 ##(Cyprinus carpio) ¢ Ik B iK )2 o, 28
P I'] (Proteobacteria) %) F B W] i F+ = (Meng et al,
2021) ., JE% YL A 4E FC IR B (Mibrio  harveyi) 6 JR I &

wAed, EFRA; FR; MAEWYA; FIEAK
XEHS  2095-9869(2024)02-0150-12

(Dicentrarchus labrax) 4 3% 25 i #E 8, R YL 4l
H Rubritalea J& 2B # HE L EE , S22 A YIbR
&Y (Camara-Ruiz et al, 2021), ZWiEYtrE®a] LA
VE R 95 I R 38 A5 , I ELAT LATE K 7 F% 58 37 95 9 T
B PO AR 7 A HE G AR

AR T vl PR, 25 A AR R AR T
PURFET 2, WK | i e 5 0 At e v e 6 g ik 2
WA I S5 Z R, DI T A a) AR 3
RS P AR ELRR B E D ) 2B B0, TR 5524
SR E AT LR IR A o i) 28 5, Ol rh AR s
F18) it B 5 54 R AR HERL 22 AR

1 #MRE5FE
1.1 EIEXFHR

S Ay b T K AR B AR Sh A P R AP A L
TAFRE) =10 W1 F—fR e, FRFIE R 15 m, 58
K 15m, TR 2m, RAEAKIIERSG, Fmebaioh
BB 1 =40%; IR =12%). REERT, 756
KR 23 °C, HEfEA N 8.58 mg/L, Z AN 0.13 mg/L,
TASIRER A 0.07 mg/L, pH Jy 8.3, filtJ3E 57 filt 5z
I 0 FEACR S T IR — IR AR BT o, (B AT R Ky
(183.08+15.43) cm, V1A 4 (68.63+11.91) kg;
IV f B £ S B R K H(172.2549.43) em, “EIA T
H(61.90+8.42) kg, f@FErhAEHARITH A, 8
W, WS ), WA T AR A AR — e R ) B AR
T RIHE I 41 4

1.2 kgt

121 FBFAHAGRE TEFRFA M EE 3 S
£, FIFRAGBAERD S MOKE T 1 mAbRAE 1L
MFRFEKIR, RIGHBRIARE R 1 L RO,
JoRAE 3 LAKIR, BRI —KERE R 47 mm. fL
4 0.22 pm MRS BETRAS L2724 R DAt g, Ll
FH 3 ANUEME, Zy%ich ST, S2 F1 S3. it uksEmllE .
U I E B AL R AE, T80 Ck4E, T
Je S P B SE

1.2.2 FRAHARE  REFHEET, & s
HEFRRA , Sk HRIR BAE K R UE TE B I, 75038
TR KA, i FH G B A B K 3 R HORE X Sk B Bk, 3
VESERUG , i R B R R TS S Rk - e A



152 ook B

545 %

I R R B VR RN 2R . BEH 12 Sk M p ARSI T
FEACRAE , 1 3 FR il B A6 I B0 4 = — N IARAT
grh, Rif@REAI: 4 AR, 08 INLL IN2, JN3
FTIN4G, 7 Ag R AR S BCRR BC D, TR 4 4500 f
e rR AR A T A R A A RE AR B, B SRR
AEE, L AAER, IChN YNL, YN2, YN3 il YN4,
FEWSCEE I BB B T it A7 280 C Uk, HIF
T W 4L i 5E o

123 KAKFEALA KGN Z i/l WTW Multi
3510 Z2ZH0K Bl A (Xylem, fEE)I&EAKR . &
i S8 A pH {8 187 ] Nova 60 FIECEIRF) £ (Merck, 7
B R AR

1.2.4 DNA #RL5 PCR ¥ 3% il EZN.A™
Mag-Bind Soil DNA Kit (OMEGA, HE)Xf 11 MFEA
HEAT DNA $2H, $e HR i 1 75 1 08 BH 5 847 o Qubit
4.0 (Thermo, FE[E)HE DNA R, LIFHFARECT L85
SR TSR A] DNA, SRH 2 Floi 4IPS 16S TRNA
FEPI T PCR 51¥)(PAGE 4lifk): ##1- PCR 5]
¥ (CCTACGGGNGGCWGCAG) #1 F i 5l #
(GACTACHVGGGTATCTAATCC), #E4T 2 #4184, fdiFH
Hieff NGSTM DNA Selection Beads (Yeasen,
10105ES03, H E)XH 34+ 7=y v i 25 5 | A s [ 4
T RRYFh T4k, 38 Tllumina i Bt 25 AR 51
SO, P Z 0T, I 2% R I Ak (R ik
X DYY-6C, JbutTi 7S — ] ORI SO KN, il
Qubit® 4.0 Green M HE DNA 43 #1 1% (Q33288 ,
ThermoFisher)Il| & %1~ PCR /¥ i) DNA ¥ J& , JH{f
FHA 53 Br A (Agilent 2100, 3 ) AT & 1246
AR IR A YT 3G MR 4l R B DL EE R IR A
(WP TR 5 #% GL-88B, V[T H AR DL /R A A5 il 15 A B
AH]). f# ] [llumina Mi Seq &% (Illumina Mi Seq,
FENHATINF

125 %% 5 H M 5E B, i PEAR %K1
(version 0.9.8)%F 2 I~ Illumina % I overlap 3
TiPrE, JEXT fastq SCHHEATAREE, AR AR fasta
F1 qual SCOF, BR 5 FAR HE 647 4387 o ff FH] Usearch
A (version 11.0.667 )Rt A ZUbR 2 5 26 1L = 97% A0 2
B9 EEAE /28 550 (operational taxonomic unit, OTU),
ERRIA S — OTUs (HiE—1), FAFES
A% OTUs HEF B AFE S o ERN RN B
e PR P IIE MR TS, B AR OTU
755371 5 RDP %545 2 il UNITE FLIA ITS %04
FESEAT XS, #E T 2SIt

126 %t a7 iz FH R 2 07 2253 BT (one-way
ANOVA)K B AN [ 411 o Z A8 EU(ACE . Chao 1,

Shannon Fll Simpson $8%0)2% 7 0 &M . WF )5, 4
T Z A F3E R OTU B M4 41 OTU &
B XREARTAEY T B £ T 5 52
il o X 25 L HEAT AR LU 23 BT (ANOSIM) LA TA 53 2H 114
G, B ARV AR S R RUE A ) 25 e, AU
EABRIIHT(PCoA) . I IT 0BT (PCA) R AE Iy 12,
HRAEAEAS (] B 2 2 1l B B AR RO 3R 26 . WP Bl 5 2
AR DI BE BT A 0 275 FE D 2 B8 R R A 7 Eex, S
XTGP RE A T . F AR AE = °F 5 (https://ngs.
sangon.com/)i# 4T AT WAL S HT o

2 #R

21 FIMSEITHH

ffi ] Nlumina Mi Seq V& % i & B 54 1 16S
rRNA SR HEATINT, S AT Al 5 R 0 fgke Bfe rp A B3 A e
BB S A 3 AR B B T 4 A o 800 B A I A
HWEE, B REASLIRAS 383 963 S T it T4,
HETRPITERA M E IS, D 550 0l a4 b
R, Gt T AR OTU $(H, DK
o ZREMEFE B 1), ACE $5%UR Chao 1 T8 50H & kE
S Fh 3 E BE, Shannon Al Simpson 48 50 {1k 9
ZRENE . LIEARETE 3% B i g R
(P<0.05)FATIC S . AR P EE R IMAEDAT o
2 FEVE 8 BN e T LR B KR DA R e B v AR 83 4 26k
WFEAAEAE 35 2% 5(P<0.05), Simpson 5 5U7Efd 5
Hh A B 1 66 TRORE A TP 5 R B K AR A A 3 25 S (P<
0.05); ACE. Chaol I Shannon $&%U7E gt B rh 4863 1
FHRREAS 5 FR KR TG .35 25 5+ (P>0.05) (K 1),

2.2 HEMHBEEAR

221 BALEH OTU 54 E2RRTHHAZ
[ A7 R AT OTU B 19 45 JAL IR DA B 45 4 A7 I s
R OTU SA. KIAILSETHE] 808 4~ OTU, W)
AT OTU SECHEA—E, 70510 1321 A 1319,

KRS RER A Y IR OTU /b, 15 g
FRAMILA OTU &£, MK TKIE, YA T
H OTU £t H nl ik /KIKE 2 5424 S50 EM, £Y)
55 T AR AR B TR R 1Y) 38 - e 2 DR A R IR
AT 2 o R A

222 WMAMBELEH it 2 1 B L X )
PR fe, X FER&EMITRAG R ET
(Proteobacteria) . fIAT [ ] (Bacteroidetes), JERER ]
(Firmicutes) , & #T B '] (Acidobacteria) . Ji{l £& i ']
(Actinobacteria) . ZFH I | ] (Gemmatimonadetes) .
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Tab.1 Richness and diversity indices

PR dh 23 = Read numbers Coverage Number of o ZHHE a Diversity

Sample ID OTUs ACE Chao 1 Shannon Simpson
S1 35340 0.993 848 1111.565 1 103.303 4.269 0.046
S2 29 801 0.991 818 1 109.958 1 108.694 3.937 0.059
S3 27 969 0.991 779 1 064.385 1054.219 4.291 0.043
IN1 56 359 1.000 708 710.609 710.129 3.736 0.108
IN2 45 481 1.000 373 379.629 379.500 3.620 0.101
JN3 44 827 1.000 448 453.257 456.143 3.368 0.115
IN4 35944 1.000 674 677.798 678.121 4.237 0.066
YNI 27914 0.990 1211 1 448.809 1 453.609 5.484 0.019
YN2 27 070 0.989 1 264 1 503.107 1 563.041 5.521 0.021
YN3 28 696 0.990 1 294 1518.658 1 552.300 5.536 0.019
YN4 24 562 0.989 1 196 1 395.147 1 424.842 5.426 0.029

T 7E 97%MUPEACE I3 AR/ JE B I8(0TUs), S1. S2 Fil S3 ARGR P AREGFRAKAA, INT, IN2, JN3 il IN4 f{
Ft P AEEIAREE M, YNL, YN2. YN3 Hl YN4 {020 {5 AR (R R B
Note: Operational taxonomic units (OTUs) were defined at the 97% similarity level. S1, S2, and S3 represent sturgeon
culture water samples, JN1, JN2, JN3, and JN4 represent healthy sturgeon mucus, and YN1, YN2, YN3, and YN4 represent

sub-healthy sturgeon mucus.
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The upper and lower boxes are 75, 50 (median) and 25th quartiles, respectively, and the axial whisker lines are not longer
than 1.5 X box range at the longest. S represents sturgeon culture water samples, JN represents healthy sturgeon mucus, and YN
represents sub-healthy sturgeon mucus, the same below.

*:0.01<P=0.05; **: 0.001<P=<0.01; ***: P<0.001.
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Fig.2 Venn diagram of OTUs for all groups

A~C NEAZEMWHIRTH, D AIFA LR OTU BEEiT.

A~C shows the comparison between groups, and D shows the total number of OTUs counted for all groups.

H W 1(Synergistetes) . #2JEA&[](Spirochaetes) . #
HITA '] (Thermotogae) . PEFH A [ ](Verrucomicrobia) |
candidate_division WPS-1, V% #[ ] (Planctomycetes) .
Candidatus Saccharibacteria. #2 ¥ [ ] (Fusobacteria)
(K 3)e FEAKMRH, FEEEENNBIEHET] . JBERER
FIFEFRE T, Sk 31.84% . 24.37% il
11.36% . f LIS TE R T ] TR T TR ZE 1],
diHR 55.23%. 21.00%F1 2.85%. W fdERE4H A AETE
BT BRAFETIMZF R, 5 40.23%.
18.29%71 10.08%. | FIH A J7 22 70 A % 4 2H 19 1
PRSI T2 T, BERWE 4 PR . KR ERE
T, BEFRPETT . AP T T RS IE AR T 5 b 2
TR (P<0.05), A EMHEMWHEI A ZILET]
FEUFFRTT, WAL & Z A B SwRE, S
ZEMIE ], candidate division WPS-1, FRFFIE[T .
PEMA ] . Candidatus Saccharibacteria, JZREE [ ]l
TR 155

FEF BB E5 5, AR A HEZ SE T A0 L 2
RIS BRIE & 22 14 )& (Sphaerochaeta) . F 7K 14 )&
(Cloacibacillus) . Ji* gt J& (Lutispora) . AR E AT
T4 J& (Sporanaerobacter) %, /i Lkl 10.56% .
7.95% . 5.06%H1 4.13%. {2 HEZH R ERFALAE /R
il [C & (Ralstonia) . 26T 14 J& (Mucilaginibacter) |
I JL T B & (Chitinophaga) il 2 52 /N i &
(Phenylobacterium)&%, b4 19.83%. 8.11%. 6.55%
1 4.05% o IV fi 52 20 1) A0 54 DRTRE DU AR 65 T fg B 4 % 2B
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[ ] p__Acidobacteria p__Candidatus Saccharibacteria
@ p__Actinobacteria
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B3 A LK R 2 B AR (A

Fig.3 Histogram of relative abundance at the
phylum level for all groups

AXTFEE/NTF 1% 532K EFFE “others”,
Classifications with a relative abundance of less than
1% were merged into "others".

p__unclassified

T, FEEE 2 B O T )R (Sphingomonas) .
WPS-1_genera_incertae_sedis. Gp6. Gp3 41, &



552 IRER- A AT A AR A vh AR SR R 3 W15 A B I A W A A 22 e o 155

Heo 16.71%. 5.05%. 4.19%71 3.86%% (& 5). I JAURAIEJE . /NG A E (Advenella) . BRIE & 221 )&
R 2P AR K RA R EZFOAEY  FIERHE S THARLP<0.05), MRS, #R
PRV IERT 253 BT (K 6). KR R /KIEH A | FFwE R MT R . PR ATE R | LT i

J5 2438 Analysis of variance
p__Spirochaetes **0.009 @S
p__Planctomycetes **0.007 - JYNN
p__Thermotogae **0.005
p__Actinobacteria **0.002
p__Fusobacteria **%0.001
p__Candidatus Saccharibacteria **%0.001 P
p__Verrucomicrobia *** 6.64x1074 E
p__Proteobacteria *** 6.24x107 38':“1
p__Bacteroidetes *** 5.97x10
p__Synergistetes *kk 1.79%10°¢
p__Acidobacteria *kk 4.16x107
p__Firmicutes *hk 1.29x107
p__candidate division WPS-1 *kk D.63x107°
p__Gemmatimonadetes *ik D.60x10710
0 10 210 310 4]0 510 610

-4 451 Mean proportions/%

K4 AR 2E 5 o b
Fig.4 Analysis of species differences at the phylum level for all groups
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Fig.5 Histogram of relative abundance at genus level for all groups

AHXS N T 3% 53265 IF 2 “others”, B IF R PRI

Classifications with relative abundance less than 3% were merged to "others", and unclassified classifications were merged.
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Fr 25T Analysis of variance
g Pseudomonas |, 0.190 s
g Sporanaerobacter 0.139 N
g Aminobacteriym [ 0.065 - YN
g Sphaerochaeta [® *0.014
g Advenellq [ ** (0.005
g Flavisolibacter | ** 0,002
—
g Lutispora [me— **0.002
g Acinetobacter I. *¥% (0,001 g
g Chitinophaga I_ *kk 6,09%107 Zg
g Ralstonia **% ) 53x1074 :lg
¢ Gpl *% 2 11310
g Phenylobacterium k1 46x107
g Mucilaginibacter **x 7 83x10°°

g_Gpb
g_Gp3

g Cloacibacillys [——

g_ Sphingomonas \_

*4%2.14x10°6
*E*1.12x10°6
*4%2.20x10°8
*E%2.67x107°

g WPS-1_genera_incertae_sedis |
 ——

*4*2.63x107°

0 3 6

9 12 15 18 21

SEy LAl Mean proportions/%
K6 Jrf s KT omh 2 5 o b

Fig.6  Analysis of species differences at the genus level for all groups

W& . AZhFTFH & (Acinetobacter) (1 =F i HA W E 1
#(P<0.05), FEWfERRA S, HIMZFERATHIT TR0
PAHE, 401 Gpl. Gp3. Gpb6 %5, MLAMET (O 4 A
J& (Flavisolibacter)fll WPS-1_genera_incertae sedis L
3w T H AR (P<0.05).

23 BFARUESERSH

2.3.1 AAfUHE AT T AMAR OTU KF- 1
() Bray-Curtis BFEFEATHEATE B 704, PIPIAEAS ]
PR B /NIRRT 5 THAAR ) R=~1.000 0, TiEH4H (1]
ZFMRTHNESR . BREARIETT 999 K&, 15
P=0.001 0, JE AL HAT #2522 50 2 FiebRm
IERMARZER R THANES, ARG G
(B 7A).

232 B ZAEMSH Ry ik — 2 R AN [R] 21 22 (]
PARR B, TR B ZREMEIFEAT L5431 (PCA)
FIEARBRIHT(PCoA) . J5 25 4 fif IF it AT — e v WAL 5
3] F RS AT E(PCAYE 7B), ERST 15 FE 5
2 [ BTEREE 430 R 49.45%1 22.55% . J&F OTU /KF
) Unweighted Unifrac #2517 A F5 5341 (PCoA)
(1 7C), 1§ 3= A b5 22 S5l B BE 1 1 43 B 43310 R 29.29%
F119.29%, EAR PERKHHEATE OTU 732K F
FEIREES, (HIGIEE PCA )& PCoA K, &%

AR AR Sk 7 s W Sk 1 20 3 8 DA B (R A A Y 4R
H, —ERRE BRI Z AR 225, HANFEARM
IR, B, 7E 2R AT Ak B A AR S5 A X
FEETR/IN, MR FIRFE RIS, R
A Z [0 PR B e T i R B AR A, IR AR AR AR Y
H AT R Mr(E TD), E IR, 454
JREZH PN A5 AR A (] B8 AR A T LA A T /)N AR K A
SRR MRS B AR B e, (HA e
WS R T AR 2l . FEZ ), e B4 5 /K IR REAS 1y
BB AR A TAd R A W, A W AN 2 () ) B s A
i

2.4 PICRUS IhREF

TP WP A R E OTU, DL KO el
1 KEGG I fig i B (K1 8) G it F B HE A 1 25 R I RE
ZR I REAE (@R AR A T B F R FEARIR,
KR IE RS . BiEMER SRYESGEHSFEA
B R B LS FEfRBRAIFEA T, B B F R
PRI HEA RNA BB sigma-70 K1, 28 5 ME
A WA Z B A | Lacl K06 LR
HF . A BEH IR S-FERERBGAT , 1Mk LL Ty B 7E . {gt Fe 41
HEREYA TR, R R FEMTIEE N RNA
AN sigma-70,



B2 IRER- A AT A AR A vh AR SR R 3 W15 A B I A W A A 22 e o 157

60 0.4
R=1.000 0, P=0.001 0 B | R=0.176 7, P=0.165
£50 03r ! o JSN
s S ' .
‘E 40 o O ! ®YN
T 8 o1 \ i
- 30 N
2 & Of---omoee - & ——————————
o 20 X |
g ﬁ—o.l - ? i
% 10 = % 02} :
|
0 L 1 L ] _0'3 1 | 1 L
Between S IN YN -04 -02 0 0.2 0.4 0.6
205 Groups F4 PC1 (49.45%)
1.2 D | : |
o5 C oS Fra =1 —— oS

o o
w o
T .
-
1

F4kR PCoA2 (19.29%)
(=)

| |
S L
o W
T

oJN e —
YN I
_____________ b
| | I
e :

-0.9 R E— —
12 09 06 03 0 03 06 09 BN DD DD BN O
FEA4R PCoAL (29.29%) MR G RGN

Bl 7 AAREARNALMES B 2R T E

Fig.7 The similarity and beta diversity analysis of each group and sample
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A represents the similarity analysis between multiple groups (ANOSIM), B and C represent
the principal component analysis (PCA) and principal co-ordinate analysis (PCoA) plots
of multiple samples, and D represents the distance heatmap between each sample.
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K06147 ABCB-BAC; ATP-binding cassette, subfamily B, bacterial
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K00799 GST, gst; glutathione S-transferase [EC:2.5.1.18]
K03704 cspA; cold shock protein (beta-ribbon, CspA family)
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K07107 ybgC; acyl-CoA thioester hydrolase [EC:3.1.2.-]
K03496 parA, soj; chromosome partitioning protein
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K02034 ABC.PE.P1; peptide/nickel transport system permease protein
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Fig.8 Heatmap of KEGG functional prediction for all samples, with functional correspondence annotated on the right
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Abstract

To reveal the differences in the microbial composition of skin mucus and the habitat of

Chinese sturgeon (Acipenser sinensis) in different physiological states, we compared the community

structure of the skin mucus flora of healthy and sub-healthy Chinese sturgeons and explored the

correlation between the structure of the bacterial community and physiological state of Chinese sturgeons.

Skin mucus and aquaculture water of healthy and sub-healthy Chinese sturgeons were collected, and the

bacterial flora composition was analyzed using high-throughput sequencing technology. The results

showed that microbial diversity and richness were significantly higher in the sub-healthy group than in the

healthy group (P<0.05). Statistical analysis of the sequences showed that many unique operational
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taxonomic units (OTUs) were present in the mucus samples compared with the aquaculture water, and the

number of shared OTUs with the aquaculture water changed according to the health status. The principal

component and principal coordinate analyses between different groups showed a strong separation

tendency, and the relative distance between samples within groups was small. There were significant

differences in the composition and dominant species of skin mucus and aquaculture water communities of
Chinese sturgeons at the phylum and genus levels. The dominant phyla in the water were Proteobacteria

(31.84%) and Firmicutes (24.37%); the dominant phyla in the healthy group were Proteobacteria (55.23%)
and Bacteroidetes (21.00%); and the percentage of Proteobacteria (40.23%) in the sub-healthy group, but

the proportion of Acidobacteria (18.29%), Gemmatimonadetes (10.08%), Actinobacteria, and

Verrucomicrobia increased. The dominant flora in water samples were Sphaerochaeta (10.56%) and

Cloacibacillus (7.95%). The dominant flora in the healthy group were Ralstonia (19.83%) and

Mucilaginibacter (8.11%). The dominant flora in the sub-healthy group, compared to the healthy group,

consisted mainly of Sphingomonas (16.71%) and WPS-1_genera_incertae sedis (5.05%). Functional

prediction revealed that the functional abundance of flora in the sub-healthy group showed a decreasing

trend compared with that in the healthy group, including environmental adaptation, biological metabolism,
and signal transduction. Similarity and difference analysis of the mucus microbiome of Chinese sturgeons

in different physiological states and aquaculture water showed that it changed with the physiological state,

and the genus Sphingomonas was the dominant genus of mucus flora in the sub-healthy group, which can

be used as a health marker. By comparing the microbial communities in the skin mucus of healthy and

sub-healthy Chinese sturgeons, different microbial community structures were observed in different health

states, which provides a new perspective for their healthy culture and monitoring.

Key words Chinese sturgeon; Physiological states; Mucus; Microbiome; Aquacultural water



