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Abstract: [Objective] To reveal the microbiota structure and diversity in different parts of
Herzensteinia microcephalus and predict the functions of the microbiota. [Methods]
High-throughput sequencing of 16S rRNA gene was performed to reveal the microbiota
structure. Tax4Fun was employed to predict the functions of the microbiota. [Results] The
microbiota in skin mucosa had the highest alpha diversity, with the Shannon index higher than
that of the microbiota in intestinal mucosa (P<0.05) and intestinal content (P<0.001).
Moreover, the microbiota in skin mucosa can be significantly distinguished from that in
intestinal mucosa and intestinal content by principal co-ordinates analysis. Actinobacteria,
Proteobacteria, Firmicutes, Chloroflexi, and Cyanobacteria were the top 5 phyla accounting
for more than 75% of the total microbiota. Among them, Actinobacteria in intestinal content
had higher relative abundance (46.53%) than that in intestinal mucosa (29.23%, P<0.05) and
skin mucosa (25.83%, P<0.01). The relative abundance of Proteobacteria in intestinal mucosa
(40.33%) was higher than in intestinal content (26.10%, P<0.05). The top 10 families and
genera in each part were further analyzed, which showed that skin mucosa and intestinal

P4 actamicro@im.ac.cn, 7 010-64807516



RS | WEY R, 2023, 63(1) 235

content had more different microorganisms, including 6 families (e.g., Microbacteriaceae,
Burkholderiaceae, and JG30-KF-CM45) and 9 different genera (e.g., Cryobacterium,
Carnobacterium, and Arthrobacter). The genera with higher abundance in skin mucosa were
associated with organic material degradation and bacterial inhibition. The microbiota in the
three parts showed different functional characteristics on pathway level 3 as predicted by
Tax4Fun. Specifically, the microbiota in skin mucosa were mainly involved in ABC
transporters and histidine metabolism pathway, that in intestinal mucosa in a two-component
system and glycerophospholipid metabolism pathway, and that in intestinal content in fatty acid
biosynthesis and terpenoid backbone biosynthesis pathway. [Conclusion] The microbiota
structures in different parts of H. microcephalus were related to the environment. The skin
mucosa had the highest microbial diversity among the three parts, and the intestinal mucosa
and intestinal content had similar microbial diversity. In addition, the microorganisms related
to the environment, those associated with the host’s physiological characteristics, immunity,
and digestion were identified. Revealing the characteristics of microbial distribution in
different parts will provide basic data and a scientific basis for the protection and the living
environment improvement of fish in the plateau regions.

Keywords: Herzensteinia microcephalus; high-throughput sequencing; skin microorganisms;

intestinal microorganisms
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Figure 1

Venn diagram in genus level (A) and alpha diversity difference test between index groups (B, C)

of skin mucosa (SM), intestinal mucosa (IM) and intestinal contents (IC) of Herzensteinia microcephalus. *:

P<0.05; **: P<0.01; ***: P<0.001.
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Figure 2 Beta diversity (A, B) and species difference (C) of bacteria at skin mucus (SM), gut mucus (IM)
and intestinal contents (IC). A: X-axis and Y-axis represent the two selected spindles, and percentage
represents the value of the explanation degree of the spindles to the difference in the composition of bacteria
in different parts. The scale of X axis and Y axis is relative distance, which has no practical significance.
Each point represents a sample, and points of the same color and shape come from the same group. B: The
length between branches represents the distance between samples, and different colors represent different
parts. C: The LDA discriminant histogram statistics the microbial groups with significant effects in multiple
groups. The LDA score obtained through LDA analysis (linear regression analysis), the larger the LDA score,
the greater the impact of species abundance on the difference effect (LDA score>3.2).
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Figure 3 The dominant species of bacteria in skin mucus (SM), gut mucus (IM) and intestinal contents (IC) at
phylum (A) level and Kruskal-Wallis test of bacteria with significant difference (B, C). *: P<0.05; **P<0.01.
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Figure 5 The family level of skin mucosa (SM), intestinal mucosa (IM) and intestinal contents (IC) were

significantly different in the dominant species. A: Skin mucosa and intestinal mucosa were significantly

different dominant species. B: Skin mucosa and intestinal contents were significantly different dominant

species. C: Intestinal mucosa and intestinal contents were significantly different dominant species. *: P<0.05;

**: P<0.01.
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Figure 6 The genus level of skin mucosa (SM), intestinal mucosa (IM) and intestinal contents (IC) were
significantly different in the dominant species. A: Skin mucosa and intestinal mucosa were significantly

different dominant species. B: Skin mucosa and intestinal contents were significantly different dominant

species. C: Intestinal mucosa and intestinal contents were significantly different dominant species. *: P<0.05;

*%: P<0.01.
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Figure 7 Annotation results of functional genes of skin mucosa (SM), intestinal mucosa (IM) and intestinal
contents (IC) in the second layer of KEGG.
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Table 1 Functional analysis of dominant bacteria from three parts of Herzensteinia microcephalus

Groups Genus

Functional description

SM, IC Arthrobacter

SM, IM Ralstonia

IM, IC Cryobacterium

IM, IC Rhodococcus

IM, IC Carnobacterium

IM, IC Pseudomonas

IM, IC Clostridium_sensu_stricto_13
IC Nocardioides

IC Actinoplanes

IM Pseudorhodobacter

IM Acinetobacter

SM Rubellimicrobium

SM Sphingomonas

SM Methylobacterium

SM Kocuria

SM Clostridium_sensu_stricto 1
SM Planomicrobium

With strong environmental adaptability and stress resistance, it is widely
distributed in various environments, especially in soil and water. It can effectively
degrade some organic compounds by metabolizing some pollutants in the
environment as its energy sourcel'’"'%1,

Strains of this genus are well adapted to low nutrient environments, can cause
infection under certain conditions, and can effectively degrade toxic organic
compounds, as well as adsorb heavy metals?%-21,

Strains of this genus are glacial cryogenic bacteria, mostly derived from soil,
glacier, or base environment. Due to the complexity of its living environment, its
physiological characteristics also show rich diversity!??.

The strain can effectively degrade petroleum, polycyclic aromatic hydrocarbons,
and other environmental pollutants, and some strains showed a good degradation
effect at low temperatures?®*!.

This genus is found in the intestines of hairtail and has obvious bacteriostasis'**.

Has the degradation effect, can prevent disease and promote growth, in the
protection of the intestinal tract also plays a certain role!?>-%,

Fermentation-related bacterial’l.

Strains of this genus were found in plants from the Qinghai-Tibet Plateau, which
possess genes related to low-temperature adaptation, radiation tolerance, and the
synthesis of secondary metabolites with physiological functions!®®.

The strain of this genus was found to be involved in the biosynthesis of acarbose
deoxyaminosaccharide units, which can be used in the treatment of type ii
diabetes®3,

This strain can degrade lignin and produce gambochlotin with broad-spectrum
antibacterial activity, which can inhibit the growth of pathogenic bacteria®'-%.

It has metabolic diversity and can degrade caprolactam, herbicides,
organophosphorus pesticides, and a variety of petroleum hydrocarbon
components, and other pathogenic bacteria™.

The genus can decompose cellulose, lignin, polycyclic aromatic hydrocarbons,
and other macromolecular organic matter™*].

The strain of this genus has a significant degradation effect on some
environmental pollutants and has the characteristics of high efficiency, fast
propagation, and no pollution*,

It can grow with single carbon or non-C-C bond low carbon compounds (such as
methane, methanol, formaldehyde, etc.) as substrates, and can produce a variety
of metabolites**7],

Most of them are aerobic bacteria, widely distributed in the natural environment,
there is a certain degree of infection on human skin, because of its radiation
resistance and strong stability in different environmental conditions?>%),

It is related to the content of flavonoids™*".

The strains can produce protease, which acts as metabolism and hydrolysis™*").

3 WibE4£&#®

MO, H5 2Bt (05 bl A= 3P e ik
SMNZ T B AN ANTR], R B AN R A T

e RM, MEWEARSA R AR M, FTUWER, A 2mey, %
MRS FIIIRE, MERUEY EZ5AYN S5 RTIRE S M E R AR AR
PEPRRRIEAOCH, RRBREBUE Y BB S NSRBI 3 ASHOAL A A M R R AT 2
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