EDKFERRE 2025 £ 3 B, 32(3): 372-386

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.12264/JFSC2024-0322

KEFRBESBRERRESTEAREEMEMENSHIEER

/EEJE/IZ’ Jr §1,2 £ﬁ§13 ﬁﬂﬂg/{?@l,z

1. VE R IR e, B E A Y 2Rt 5 A SR P E W B S L%, P Hip® 850000;
2. VUGBS, T 22 iR e ZE IR A A8 R G VU, TR X B AR AR 5T 0k, PR AR 852000,
3. PERE B IR K AR BB B K =R AR5 T, TRk hipE 850000

WE: B2 fa(Schizothorax macropogon)s& E R — At shy, BABEAESMEMETNE, BT
ZAETTRIFERE . MRS RBRSL =5, AW EHEDNFRK D, AR SRR T SEKER
AR 1 B RN 0 0 8 N A, it s s R T B ERUE Y OTU £ | I FEZH AL . £ 8 M2 Alpha
ZREE, IFTNILTIAE . £ Alpha AR AT A5, {@REA E A 0 0 I 1 A Wi Vs = 8 EE F A T AR
4H; 2 PCoA AT RIS, f@ R4l F 4 B T3 0 B i E Y Z M B A W22 5, @ WAtk B w1, @
R4 55 R A B AR 0 A R A I A B A AR, (AR R =R RIIE T 7 LR
W7, f3E# ¥ 1T(Cyanobacteriia) . 28/ i [ ] (Proteobacteria) MM AT 7 | ] (Fusobacteriota)%; S{#EZHAH L, BIKHH
G 8 N BT 7 I8 (Bacterodies) 85 11 5 /N4 i & (Proteocatella) 4, B AL 5 MNMUREITT, EI5FRE]
(Ascomycota), H-F &[] (Basidionmycata)Fl1 % 2% & | ] (Rozellomycota)Z5; {# 4 1454 J8 J Ceratorhiza; HG4LAY
¥#4 J& 4 Boeremia il Tausonia, 4 LDA 5| EI G T, fi R 20 Fi i 4 1 200 2408 10 1 18 22 [RIAFAE 38 ANl B b s
YRl 45 D E bR BN BTG 10 g TE A 0 ) T I £ ELAT e g ) T M RN 1 AR T B LI 43 B

TR 20 55 £ s 2 15 20 2R £ 1 g 1 200 VT D00 B DR RE AT A B 3 25 5 (P<<0.05),  HLAR R ZH n AR X = B v T AR A o AR5
a5 7R T B0 0 i 8 U W 0B IE AR Z AR AL, WP AR T B AR £ i B S A T A ) 2 AT
KFR, VUL X R R 2 T A R R A T R A T SR SR

K TR, BT M; s, AR Dhagmin
RESES: S917 XEIREED: A XEHS: 1005-8737—(2025)03-0372—15

RKEBRGE NN R SR T EREEW
T i AR 55 )cﬁm@%/}?%%ﬂ}\%’é?ﬁﬁm@?ﬂﬁﬁ‘
W, A=) 2 REPE I I 22 Al g 0 28 R IR OK AR 2S
R Y iy A R AT, ﬁﬁ@%’éﬁﬁb?Tﬁ’i%ﬂ
PRI A ZAEPED S 55 S SRR A A A R A
MR PR EE 22 T AMURR Y R SR AR,k s 2R T
R R A S R R R AR e B O E R . B
%4 i £ (Schizothorax macropogon) £ J& T #f7 H
(Cypriniformes) . Z4/i 13V £} (Schizothoracinae)

Yim HER: 2024-10-17; 1&iTHHE: 2025-01-17.
HLWmAB:

ﬁ”ﬂﬁﬁl J& (Schizothorax)™), 322 43 4 T4 8 &5 5t

C AL, 2V E A AT R
—, FEHEG AT KA E S RE L*ﬁﬁ&gﬁﬁix&
i%ﬂﬁmﬁ’]ﬁiﬁﬂ Je EUA T B 1 B Al
LAk, IR E 2= X T B SR fa (A iFoT £ B4R
h7E BN, RE R AR E e R
M. KT B L £ 18 T8 YR T 45 A8 AN
ZHEE RS A R AED

7K 8% 94 (saprolegniasis)tH MY Bk 5 5 5 1 B 5,

P 9 1A KRR R B S ER I H (XZ2023012Y0006G, XZ2025011D0016); s 1 i B 3+ %) = S #F & 9 H (NQKU-

2023-15); 1 e BoF I 37 415 1 1 A T VG R b RV b T H ([2023]1 5, [2024]1 5.

EERIN: HEF(1998-), %, WL A, BFoE 5 In) R i 5 i B A AR 5% . E-mail: yyWang0@126.com
WEEE: WISER, JHIE, DF5E07 10 o i s I 2R 42 A8 2%, E-mail: pxcao@utibet.edu.cn



%3 TEELH S5 IR 5 MRS T B #0738 Gl A= ) 2 Rk 22 57 373

il

JEIR KK = FRFE I A AR B H R R B, 2
) 5200 2R I A A R B ) T R R, B T
1l A R A0 20 2 T R R T2 1 B TR R
Mo KEE B A TIRKESRE, LUt
I Y B, WK R S B R A 1k
Pk, ETRIMAEIRAR L IE R 6 ks 20k
T, Z IR RPN 2 5 7 B . K
GBI A ME R AR, SRR A FR B AT Ok BRI 4
TR, AN AL A SRR, HE
H AT 7K 5 1 B I AT 58 2 PRI b fr — RO R
B BAF s R W, K% H (Saprolegnia) 23 & L fi
A0 101 B AT A SRR AR AL DO S g A
e, LK T B 2L I LR o
1889 ML A A2 R ERIK, Hrp 1414 AR H L
P, 475 DEET I ik R BK R IR T D e 2
L A0 40 f T 2 2R LR AR L K
7 110 S 2 M 0 SR £ 1) 1 Tl . AR
HAL R G RIHE R Ge 55, fif B 2028 100 Sz )
TR FATSNE R PR Y R 2, ARSI TR
2021 4F 11 H DA [ R0 i) 250 240 £ ol it
FEXF4, iid 16S rRNA P38 T F, B R E 4
S 10 Ji7 T Tl A 0 0 45 R REAE BV A T RE T R T
58, 4B Fe A B 520 S 0 £ i 1 B R 2 T
(22 S, b I fa i 4 0 FK B2 B BT 1A
5%

AN T o A=Y B B T AR KRR b
I X ALY M IE . T L T R sh
T 2 AR A W 2 180 3 A 56 R G Ak
LB 5T AR N L 3h W RE HE S R G i 3 £
A RE i R a2 Ak R G R AR A
Z 5GP s Y ik
I 508 R RS AT AR, X 32 A0 R E.
AEREE S s e AR I T PR
A, X E 2 R R L, HAEANRY
6 ERAFFE 22 5, X2 ROl REZ IR . 4RI
AFRIRI . REER R, R miE MY
S A R B R . AR . S R G
T ST AEYRE!T A Al fE L a2k
AL E R R i ok w e R
Z Rl R, FNE f EEE A K PR

WS AR AE R, e akde . K E:
o A 2 S EUR T A A, TSR I 2 S5 AL
RGN . — S ia W E Y BA VIR RIS, B
A B (AR U B e e IR
B R . fEdEE IR W AT . RS PURRER
M MSCRI S 17 A8 | HRTT AR 25 5 ThT HAT 22
B BT, ST E G R R
ST HIRAE TR, X5 ik R R A R
Bl PR PR R 0 25 R0 gt e 4 W /K R
e 5 HOIR AT EL VR 10 Jl B R W) 2 e 22
S, AT DASE AT MG T 20 R £ 3 TR R 2H K
LHARARK K E PR ZAE, X T8 A £ e ¢
BRI S A H 2R B

1 #MHERE

11 HARE

AR REA R TAET 2021 4E 11 AfE
PO 9 ¥ DX AR Bt 65k AT VL 1 A 7K 5 57 4 25 b
HEAT o AR A A B W, B AR T 15 4%
EZE f, 3K)E, ks e A i A TC i H
B IS EIFEROE 20 CRYZE 30K, LU
PREFFEA BB B R . MBS I, XX sepEA
PEAT TR, R I T B REA (& 1), i
WEEFNAY 2, B Horb 10 S5 B 240 fa kb T e
RES, WA S M B KB B, KX L
EREARMBATE S 95% IR 27, IR HAT
AE—20 CIVKFE T LIRS JR 80 0. JJa, XX
15 ANFEARDESAT T DNA M T AR,
1.2 DNA HJREUFN 7B R E Y & H RN E

P B 45 240 £ 17 38 40 B RN L 54 DNA, fifi
JH 338F (5'-ACTCCTACGGGAGGCAGCA-3")Fl
806R (5-GGACTACHVGGGTWTCTAAT-3")/E K
A5 P% DNA BEA 1) 16S rRNA FE[H V3~V4
X647 PCR 1518 R F] ITS1F (5-CTTGGTC-
ATTTAGAGGAAGTAA-3")Fll ITS2R (5'-GCTGC-
GTTCTTCATCGATGC-3)3|¥), XFEH B ITSI~
ITS2 Xk PCR §" 411 PCR WS £ A 18 ]
20 uL PCR JZ WA Z(10xBufferrv 2 pL; 2.5 mmol/L
dNTPs 2 pL; 1IEX5#)(5 pmol/L)4% 0.8 uL; rTaq
KA 0.2 uL; 4 IIE H 1 0.2 pL; 10 ng DNA



374 K 7 R

%324

4 - ™ R
puy 4 ‘?.."’ ; ‘ﬂilurfwf—qﬁ”mmwueﬁ — N

e
Jj4-2-8-4-5-6-7-8 9MI1 234 56 7 8 9§

K1 B bR AR 5 i Ak 2R R
a. BEABEMIRAE; b, BINESRIEMIIE; . @HRE AL OIE.
Fig. 1 Diagram of Schizothorax macropogon with gut treatment
a. Diagram of an individual S. macropogon; b. Gut of sick S. macropogon; c. Gut of healthy S. macropogon.
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Fig. 3  Alpha diversity indices
a—e. Alpha diversity indices of bacteria at OTU level; f—j. Alpha diversity indices at OTU level
for fungus. ns: no significant difference.
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Fig. 5 Gut bacterial community structure of Schizothorax macropogon in sick group and healthy group
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Fig. 6 LEfSe analyses of intestinal bacteria in healthy group and sick group of Schizothorax macropogon
Circles indicate phylogenetic levels from phylum to genus, with their diameters proportional to corresponding taxa abundance, and
the yellow circles represent bacterial taxa whose abundance did not differ significantly among the groups.
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Fig.7 LEfSe analyses of gut fungi in healthy group and sick group of Schizothorax macropogon
Circles indicate phylogenetic levels from phylum to genus, with their diameters proportional to corresponding taxa abundance, and
the yellow circles represent fungal taxa whose abundance did not differ significantly among the groups.
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Fig. 8 Gut microbial co-occurrence network analysis of Schizothorax macrobarbatus at phylum level

R 1 HI MR HRINE R

Tab.1 Features of thetopology of the co-occurrence network

253 M FEFR network topology metrics 0B bacteria H fungus
T 5% number of nodes 98.00 94.00
1%L number of edges 1619.00 1003.00
FH P average degree 33.04 21.34
S IALUE  average weighted degree 33.04 21.34
M4 4% network diameter 6.00 6.00
K% & graph density 0.34 0.23
HEHALFE %0 modularity index 0.17 0.23
R connected components 2.00 2.00
PRI RH average clustering coefficient 0.73 0.63
SRR ¥ average path length 2.11 2.32
IEAHIE LB positive correlation ratio 72.82% 94.32%
A LB negative correlation ratio 27.18% 5.68%
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Fig. 9 Analysis of predicted differences in the component function of the gut bacterial of Schizothorax macrobarbatus
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Tab.2 Therelative abundance of predicted phenotypes of intestinal microbesin Schizothorax macrobarbatus
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i 5z stress tolerance
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36.02 22.66
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Differencesin gut microbial diversity between Schizothorax macropogon
with saprolegniasis and good health
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Abstract: Schizothorax macropogon is a second-grade protected animal with high ecological and economic value.
Currently, most of the related research has focused on resource investigation, individual biology, and population
genetics. However, to date, there have been relatively few studies on gut microorganisms. In this study, we
extracted the intestinal contents of S macropogon with saprolegniasis and healthy states, respectively. We
analyzed the number of OTUs, colony composition, abundance, and Alpha diversity of intestinal microorganisms,
and predicted their functions by high-throughput sequencing. Alpha diversity analysis showed that the richness
and diversity of the gut microbial community in the healthy group was higher than that in the sick group. PCoA
analysis showed that there was a significant difference between the gut microbes in the healthy and sick group of S.
macropogon. The histogram of species distribution showed that the gut microorganisms in the healthy group and
sick group of S. macropogon were similar in the composition of community structure but differed in relative
abundance. Bacteria acquired a total of seven dominant phyla, including Cyanobacteria, Proteobacteria, and
Fusobacteriota. The endemic genera in the diseased group were Bacteroides, and Proteocatella. Five dominant
phyla of fungus were obtained, including Ascomycota, Basidobolomycota, and Rozellomycota. The endemic genus
in the healthy group was Cererhiza, and the endemic genera in the sick group were Boeremia and Tausonia The
discriminant plot statistics showed that the healthy group had the highest number of fungi in the healthy group.
The discriminant plot showed that there were 38 bacterial marker species and 45 fungal marker species between
the healthy group and sick group in the gut of S. macropogon. The co-occurrence network of microorganisms in
the intestine of S. macropogon had high connectivity and coherence. According to the functional prediction
analysis, there was a significant difference in the functional flora of intestinal bacteria between the healthy group
and the sick group (P<0.05). The relative abundance of the healthy group was higher than that of the sick group.
The present study revealed the community composition and diversity of the gut microorganisms of S. macropogon,
preliminarily analyzed the relationship between the health status of S. macropogon, and its gut microorganisms,
and provided a database for the study of the intestinal flora of endemic fishes in the Qinghai—Xizang Plateau.

Key words. Qinghai-Xizang Plateau; Schizothorax macropogon; gut microbiology; dominant flora; functional
prediction
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