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Abstract: [Objective] To elucidate and compare the diversity, structure, and functional
characteristics of gut microbiota in sympatric fish species from a perspective of microbial ecology
and explore the role of gut microbiota in feeding habit and ecological niche differentiation.
[Methods] Foregut, midgut, and hindgut samples from Gymnocypris eckloni and Schizopygopsis
pyvlzovi, along with their aquatic environmental samples, were collected from the upper Yellow
River. The gut microbiota and potential functions were compared by 16S rRNA gene high-
throughput sequencing and multiple bioinformatics approaches. [Results] Microbial alpha diversity
followed the trend of aquatic environment>S. pylzovi>G. eckloni (P<0.05). In G. eckloni, alpha
diversity was highest in the foregut, whereas in S. pylzovi, it decreased progressively from the
foregut to the midgut and then to the hindgut. Beta diversity analysis based on clustering and
CPCoA demonstrated that microbial communities derived from different gut segments of the same
species were more similar to each other than those derived from the same gut segment of different
species, indicating that the differences attributable to species were greater than those attributable to
gut segments (P<0.001). Pseudomonadota accounted for over 50.00% of the gut microbiota in all
sample types, while Bacillota comprised more than 25.00% in the guts of both fish species, which
was significantly higher than that (3.80%) observed in the aquatic environment. Fusobacteriota and
Cetobacterium were nearly absent in water and S. pylzovi but showed high abundance in the midgut
and hindgut of G. eckloni. Enterococcus was specifically enriched in the hindgut of G. eckloni,
while Lactococcus were predominantly found in the hindgut of S. pylzovi. PICRUS2 functional
prediction revealed that gut microbiota of both species primarily enriched amino acid and
carbohydrate metabolism pathways. The enriched metabolic pathways varied significantly across
different gut segments of S. pylzovi, while significant differences in signaling molecules and
interaction, cardiovascular diseases, and metabolism of terpenoids and polyketides were noted for
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the same gut segments between the two species. [Conclusion] There were significant differences in
the microbiota composition and diversity in the gut between the two fish species and their aquatic
environments, with distinct gut microbiota functions for each species. This study establishes a
micrological foundation for research on the feeding habit and ecological niche differentiation of
fish and provides theoretical support for exploitation of gut microbial resources and conservation

and resource management of plateau fish species.

Keywords: Gymnocypris eckloni; Schizopygopsis pylzovi; sympatric distribution; gut microbiota
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Figure 1

Rarefaction curves (A), accumulation curves (B) and flower plot (C) of Gymnocypris eckloni,

Schizopygopsis pylzovi, and the aquatic environment. The rarefaction curves were constructed based on sample
richness. GE_FIC, GE_MIC, and GE_HIC represent the foregut, midgut, and hindgut of Gymnocypris eckloni,
respectively; SP_FIC, SP_MIC, and SP_HIC represent the foregut, midgut, and hindgut of Schizopygopsis

pylzovi, respectively; Water represents the aquatic environmental samples.
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Flgure 2 The alpha and beta diversity of gut microbiota in Gymnocypris eckloni and Schizopygopsis pylzovi,
and their aquatic environmental microbes. A—F: Shannon, Simpson, and Chao indices of microbial communities
in the entire intestinal tracts or different intestinal segments of two fish species and their aquatic environment,
analyzed using one-way ANOVA; G-I: Both the cluster and CPCoA analysis were constructed based on the Bray-
Curtis distance. GE and SP represent the Gymnocypris eckloni and Schizopygopsis pylzovi, respectively. Different
lowercase letters indicate statistically significant differences between groups (P<0.05).
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Figure 3  Composition of the gut microbiota in Gymnocypris eckloni and Schizopygopsis pylzovi, and their
aquatic environmental microbial communities. A—C: Microbial community compositions of the top five phyla in
total abundance, respectively, in the intestines of two fish species and the aquatic environment, in the intestines of
two fish species, and in the aquatic environment; D-F: The composition of the top five abundance at the phylum
level and top fifteen abundance at the genus level in different intestinal segments of two fish species and their
aquatic environment.
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*1 AMEXTRREREEKMEMEMFERISHEREERER

Table 1 The top fifteen major differential bacterial genera in the microbial abundance of different intestinal
segments of two fish species and their water environment
Genus GE FIC GE MIC GE HIC SP FIC SP MIC SP HIC  Water P value
(%) (%) (%) (%) (%) (%) (%)
Aeromonas 0.54 6.43 13.03 18.99 10.92 17.84 0.02 0.022%*
Pseudomonas 20.39 5.41 4.46 6.28 6.09 6.94 0.58 0.204
Hafnia-Obesumbacterium 2.68 1.24 1.57 0.11 1.30 4.05 0.00 0.007%*
ZOR0006 4.67 1.54 0.24 10.26 13.00 7.85 0.01 0.001%**
Weissella 10.98 15.48 2.48 0.06 0.29 2.17 0.00 0.061
Carnobacterium 0.00 0.58 0.60 0.15 597 10.12 0.00 0.004%**
Lactococcus 0.17 0.27 5.26 0.10 3.17 597 0.01 0.008%*%*
Staphylococcus 4.49 0.14 10.67 0.04 0.01 0.00 0.00 0.303
Planktothrix NIVA-CYA 15 5.54 2.14 0.58 8.63 8.60 2.34 0.02 0.004%**
Cetobacterium 0.01 7.64 6.18 0.09 0.08 0.15 0.00 0.362

PIHATRIE T Kruskal-Wallisk 5 41 BEVERER, *: P<0.05; **: P<0.01; ***: P<0.001.
Pvalues represent the inter-group significance probability based on the Kruskal-Wallis test. *: P<0.05; **: P<0.01; ***: P<0.001.

W 20 7 B (Cyanobiaceae) . 1 5 8 /K 8 [C & FF
(Burkholderiaceae). Limnohabitans. A ST e
(Acinetobacter) . % WE AT 1 J& (Sphingorhabdus)
M Sporichthyaceae 55 ; B H Zf Ft
(Leuconostocaceae) TEALBERRER iz v I 25 5 4
W Bk W Bl (Enterococcaceae). W BR W )&
(Enterococcus) M Escherichia-Shigella £ 1% J& #
GRS b R A WA ] W AN A
(Cyanobacteriia) FIARJE B H (Rhizobiales) Tt 1]
WA R ZEEE; FHFE2RHA
(Erysipelotrichales). W54EE H(Cyanobacteriales),
7 2 W Bl (Erysipelotrichaceae). Jif ¥ Fl
(Phormidiaceae). ZOR0006 HlI  Planktothrix_
NIVA_CYA_15 e im AR A DL g h B 2 &
A ¥ W H (Lactobacillales), 32 Ji & %l
(Mycoplasmataceae). HS/RIRICHEH Yersiniaceae).
N T 14 J& (Carnobacterium) M FLER 17 J& 25 78 ¥ ]
WRAPUE I 2w R
24 TRAWMRARKAREHERE
MINEEST#R

X A6 BRERR SR v T R SR £ i E TR T Y

>4 actamicro@im.ac.cn, 7 010-64807516

TTETNREET T PICRUSE2 TIREHIN , b4 KEGG
T AR B2 . IR SA R, 2 ik
1) W 18 A W T Be AR T R BRSO
(metabolism); 7F KEGG pathway 2 H', 7 iH &4
o e & 2 E % T & A MK (amino acid
metabolism) Fl i 7K ft & % 4K i (carbohydrate
Fl H Kruskal-Wallis ;% %
pathway 2 #4722 5 /0 M KB, Wi R R S fg
TEAE TR A [ I Bz R e vk 2= 5%, (BT
mMHRA M EPTFEZINREER
(P<0.05) iX S K = LA W A L i iz
WA, A4 4 BR 5 A A & (global and
overview maps)” “#r & . 41 ik 5 B i (folding,
sorting and degradation)” “ZJi] fifi 4= K 5 5L T (cell
growth and death)” Fl“Z FERR s [FIE, B
BRZL G A1 v g 1 i 3 R B AR TR 9 0 AR A
(cancers: overview)” I & 3 £ (Kl 5B). 74k,
i i Wilcoxon BRI 73 M 2 Ff 8 28 [F]— I B
PRI KB, “AfF T o A AH BAE

metabolism),



TAEHD % | AR, 2025, 65(11) 4987

A
B GE MIC [ ]GE HIC [ SP FIC ISP MIC [ SP HIC [ Water

o__ Burkholderiales

f Comamonadaceae

¢ Alphaproteobacteria
g_ Limnohabitans

o__ Sphingomonadales

f Sphingomonadaceae
f Moraxellaceae
f_Cyanobiaceae

o_ Synechococcales

(U<}
Q

K
S
S
s
5
S
-
Q
o)
2
S
N

g Sphingorhabdus

g Acinetobacter

g Polynucleobacter

f Burkholderiaceae

g Sporichthyaceae

f Rhodobacteraceae
0__ Rhodobacterales
p__Bacteroidota

g Hydrogenophaga

¢ Bacteroidia

g uncultured Beijerinckiaceae
o__Erysipelotrichales
f Erysipelotrichaceae

S
N
&)
=
S
S
S
(=N

o_ Cyanobacteriales

f Phormidiaceae

g Planktothrix NIVA CYA 15
o__Lactobacillales

g Carnobacterium

f Carnobacteriaceae

g Lactococcus

f _Streptococcaceae

f Hafniaceae

g Hafnia Obesumbacterium

g Leuconostoc

f Mycoplasmataceae

0 Mycoplasmatales

g uncultured Mycoplasmataceae
f Yersiniaceae

¢ Cyanobacteriia

p__ Cyanobacteriota
0__Rhizobiales

f Leuconostocaceae

g uncultured Enterobacteriaceae
g Enterococcus |

f  Enterococcaceae |

g Escherichia_Shigella | g o ¢ d

3
LDA score (lgx)

o -
—_
[\
=
L
(o)}

http://journals.im.ac.cn/actamicrocn



4988

WANG Xinyu et al. | Acta Microbiologica Sinica, 2025, 65(11)

B Cladogram

3 y: f  Mycoplasmataceae

3 z: o Mycoplasmatales
[ a0: g uncultured Beijerinckiaceae
I al: o Rhizobiales

I a2: f  Rhodobacteraceae
I a3: o Rhodobacterales
[ a4: g Sphingorhabdus
I a5: £ Sphingomonadaceae
[ a6: o Sphingomonadales
I a7: ¢ Alphaproteobacteria
[ a8: g Polynucleobacter
B a9: £ Burkholderiaceae

[ a: g Sporichthyaceae

[ b: ¢ Bacteroidia

[ c: p__Bacteroidota

= d: g Planktothrix NIVA CYA 15
mme: £ Phormidiaceae

== f: o Cyanobacteriales

Em g g Cyanobium PCC 6307
B h: £ Cyanobiaceae

I i: 0 Synechococcales

I j: ¢ Cyanobacteriia

B k: p__ Cyanobacteriota
==l g ZOR0006

3 m: £ Erysipelotrichaceae
I n: o Erysipelotrichales

3 o: g Carnobacterium

p: £ Carnobacteriaceae
C1q: g Enterococcus

Cr: f Enterococcaceae

s: g Leuconostoc

Em t: f  Leuconostocaceae

X u: g Lactococcus

ER v: f Streptococcaceae

= w: o Lactobacillales

3 x: g uncultured Mycoplasmataceae

I b0: g Hydrogenophaga

EE bl: g Limnohabitans

B b2: f  Comamonadaceae

[ b3: o Burkholderiales

[ b4: g Escherichia Shigella
1 b5: g uncultured Enterobacteriaceae
@ b6: g Hafnia Obesumbacterium
@ b7:t  Hafniaceae

@ b8: f  Yersiniaceae

I b9: g Acinetobacter

B c0: f  Moraxellaceae

El4 TR ENFTREABBEMEYREKIFEREYEENARES . A: LEfSefZtE 51T
TR, LDAB{E N4; B: LEfSefy Wi 7K.

Figure 4 Compositional differences of intestinal microbiota between Gymnocypris eckloni and Schizopygopsis

pylzovi, as well as their aquatic environmental microbial communities. A: Histogram of linear discriminant

analysis (LDA) score distribution, with an LDA threshold of 4; B: Cladogram analysis of multi-level species by

LEfSe.
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Figure 5 PICRUSt2 functional prediction analysis of gut microbiota in Gymnocypris eckloni and
Schizopygopsis pylzovi. A: Bubble plot of microbial functional abundance predicted by PICRUSt2; B: KEGG
pathway 2 functional difference analysis across different intestinal segments of Schizopygopsis pylzovi, based on
Kruskal-Wallis test; C: Functional difference analysis of KEGG pathway 2 in each intestinal segment between

two fish species based on the Wilcoxon rank-sum test. **: Indicating highly significant differences (P<0.01);

*: Indicating significant differences (P<0.05).
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