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Abstract: The intestinal microorganisms in Hexagrammos otakii at different growth stages are
analyzed. [Objective] We investigated the changes of intestinal microorganisms in H. otakii
and the relationship with the nutrition via metagenomics. [Methods] HiSeq sequencing of the
intestinal microbial samples from larvae, juveniles, and young fishes was carried out to analyze
the changes in community composition, compare the diversity of microbial community, and
explore the interactions between microorganisms and functional relationship in the growth.
[Results] The abundance of the dominant Proteobacteria in the intestine of fish decreased,
while that of the dominant Firmcutes increased. The dominant genus was Vibrio at larval stage
(37.8%), Photobacterium at juvenile stage (77.8%), and Lactococcus at young fish stage
(42.5%), suggesting the significant variation of community composition in the growth period.
Moreover, the microbial diversity was high at the larval stage and the richness was high at the
juvenile stage. Species difference was correlated with the growth. Specifically, at the young
fish stage, the differential taxa were Firmcutes, Bacilli, Streptococcaceae, Lactobacillales,
Lactococcus and Lactococcus lactis. As for the juvenile stage, the biomarkers were
Photobacterium and Photobacterium toroni. At the larval stage, the biomarkers were
Phaeobacter inhibens, Colwellia aestuarii, C. polaris, etc. The microbes were mainly involved
in the Kyoto encyclopedia of genes and genomes (KEGG) pathway of metabolism and the
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abundance of this function rose with the growth. To be specific, the intestinal microbiota
played an important role in carbohydrate metabolism, amino acid metabolism, nucleoside acid
metabolism, energy metabolism, co-factor and vitamin metabolism. Similar results were also
presented in terms of protein annotation, which showed that carbohydrate metabolism (3 350)
and amino acid metabolism (2 424) dominated the metabolic pathways. The analysis of
functional differences demonstrated that microbial functions gradually adapted to the needs of
the fish body and environment during the growth. The differential functions were energy
metabolism and glucose degradation at the juvenile stage, and the cell growth, death, and
apoptosis at the larval stage (mainly in photosynthesis). As for the young fish stage, the major
differential function was the biosynthesis of secondary metabolites, followed by carbohydrate
metabolism such as glycolysis and gluconeogenesis. [Conclusion] The intestinal microbial
structure of H. otakii was significantly different among the larvae, juveniles and young fishes.
The functions of the intestinal microbiota changed with the growth and development of the
fish. The nutrients for the growth of the fish can be determined based on the differential species
and differential functions. This study is expected to improve the breeding efficiency of this fish
and lay a theoretical basis for ecological breeding.

Keywords: metagenomics; Hexagrammos otakii; intestinal microorganisms; species difference;
function difference
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Table 1 Summary of sequencing data quality

3 e IKF B, ZRBENEILETHT
) 94.3%FIHEM Y 85.9%, FEREMLEIZ A
39.1%, JEREG T AT 1 2.9% SN HEIY 9.9%,
B ETHREI G 59.0%; HUZRRLHET]
(Actinobacterium), MEW SR, FREIA
2.8%, MAAMEEN 1.6%; FELFFF]
(Bacteroidetes), F B RFEMNGEH, HAiFHaM
2. 1%FIHERY 0.9%, FFRIZH T 0.2%. J&KF- L,
fHe R B AR IR & (Vibrio, 37.8%) .
W& VAT B (Colwellia, 20.4%) . 558 %5 5L b I
(Pseudoalteromonas, 18.1%) . #i b W J&
(Sulfitobacter, 14.8%) Hl k& St J&
(Photobacterium, 6.6%), H.W& ¥ T 17 FI S8 5 HL
e R e A A T R A P A E— e . 5
FreadiisiLl, HEaBIEAMIETE AR, HEA N A
YT & (77.8%) . WMHEKTE & (Enterococcus, 8.4%)
- B8 W o & (Providencia, 6.3%); TE4) £
B, WiE RO 1 S IR R (32.3%)
7L R I J& (Lactococcus, 42.5%)F1 2 #0 4T o &
(Bacillus, 13.8%).

Samples Reads count Total count (bp) N (%) GC (%) Q20 (%) Q30 (%)
O1_1 76 716 274 11 507 441 100 0.000 65 44.22 95.27 89.70
012 73 130 532 10 969 579 800 0.000 65 43.98 95.91 90.71
01_3 75 362 600 11 304 390 000 0.000 62 43.69 95.85 90.61
021 68 471 698 10 270 754 700 0.000 65 44.67 96.57 92.06
022 84 487 220 12 673 083 000 0.000 64 44.21 95.43 89.83
023 78 135 880 11 720 382 000 0.000 60 44.45 96.20 91.36
031 79 211 776 11 881 766 400 0.000 64 43.82 95.00 89.17
03_2 67 897 400 10 184 610 000 0.000 65 43.97 96.03 91.13
03_3 67 104 102 10 065 615 300 0.000 65 44.01 95.39 89.88

N (%) was the percentage of fuzzy bases; GC (%) was the percentage of GC, that was the percentage of G base and C base;
Q20 (%) and Q30 (%) were the percentage of the base with determination accuracy of more than 99% and 99.9% in the total
base, respectively. O1 1, O1 2, O1_3 represented three parallel samples at larval stage; O2 1, O2 2, O2 3 represented three
parallel samples at juvenile stage; O3 1, O3 2, O3 3 represented three parallel samples at young stage. The same below.
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Table 2 Relative abundance of phylum in different intestinal samples of Hexagrammos otakii

Phylum taxonomy Samples

o1 1 012 013 02 1 02 2 02 3 03_1 032 03_3
Proteobacteria 92.9 96.2 93.8 82.4 89.5 85.9 39.1 48.5 35.6
Firmcutes 5.1 1.4 2.2 15.8 6.6 7.2 45.2 72.2 53.6
Actinobacterium 0.1 0.2 0.4 0.9 2.5 5.1 0.8 0.4 3.7
Bacteroidetes 1.9 2.2 2.2 0.6 1.2 0.8 0.1 0.2 0.2

x3 RKiEkAR&aFEMEY 3 MERBKENIFEFE
Table 3 Relative abundance of genus in different intestinal samples of Hexagrammos otakii
Genus taxonomy Samples

011 0l2 013 02_1 022 023 031 032 033

Vibrio 28.2 43.9 413 0.9 1.0 33 323 25.3 39.2
Photobacterium 6.6 5.2 8.0 82.1 81.8 69.5 3.0 8.1 5.6
Lactococcus 0.0 0.5 0.1 0.1 0.1 0.0 42.1 55.2 30.3
Sulfitobacter 17.6 13.8 12.9 0.0 0.0 0.0 0.0 0.0 0.0
Pseudoalteromonas 23.6 17.7 13.1 0.2 0.1 0.0 0.0 0.0 0.0
Coiwellia 243 18.7 18.3 0.0 0.0 0.0 0.0 0.0 0.0
Enterococcus 0.0 0.0 0.0 7.3 11.0 7.0 0.1 0.3 0.1
Providencia 0.0 0.0 0.0 9.9 6.7 2.2 0.0 0.0 0.0
Bacillus 0.0 0.0 0.0 0.1 0.2 0.2 17.6 13.8 10.1
222 o B R4 KNEARKEGEREDHER o SEESH

T[] F 38 B0 45 5 5 BE 2 R B S OR Table 4 Alpha diversity of different intestinal
samples in Hexagrammos otakii

Iﬁ] ° ﬁn%% 4 BN ’ 1ZIKI)'EE$5|5'%’J§‘E/‘] Chaol ?E‘ Samples Diversity index

%(Chaol richness estimator)'m./~, Kik/NZkfh Chaol Simpson Shannon

B R R R K e, 4 O 100 0.67 2.05
N } N 012 38.0 0.82 3.33

WIS B, 5 49.0, Shannon ZREIEEL o 4 21.0 0.79 2.85

(shannon diversity index)Zi & 2% & T w6 HE ) 3 02_1 22.0 0.27 1.07

RERSIE . AT TR LR A R 022 o o o

SR, Shannon fREUEM M, RMWHEZHE o5 , 37.0 0.32 0.86

PEBE . Simpson ZHE 145 X (Simpson diversity 032 58.0 0.67 2.32

index) W B IREZ ARV 3 AR B0z — 0k 922 >0 04 069

Y5 5) B B R A A P AW Bl R AU, Simpson 223 P BN

TRBUE G, RET 2P . 25 R R, ok F A FR 4 Bt PCoA  (principal

R 2 e s, HYOEh sl coordinates analysis) X #£ A Bl &5 5 [ 47 [ 4
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Figure 1 Beta diversity of different intestinal
samples in Hexagrammos otakii. A: PCoA. B: UPGMA.
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Figure 2 Venn analysis of different intestinal

samples in Hexagrammos otakii. O1: Larval stage;
02: Juvenile stage; O3: Young stage.
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Figure 4 LEfSe analysis different intestinal samples in Hexagrammos otakii. O1: Larval stage; O2: Juvenile

stage; O3: Young stage.
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Table 5 Protein annotation statistics based on KO data
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Pathway Function Aboundance  Pathway Function Aboundance
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Figure 6 Beta diversity on function of different intestinal samples in Hexagrammos otakii. A: PCoA; B:

UPGMA.
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intestinal samples in Hexagrammos otakii. O1:
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Table 6 LEfSe analysis on difference function of different intestinal samples in Hexagrammos otakii

Taxa Abundace Group LDA score P value
Metabolism. Lipid metabolism. Glycerolipid metabolism 3.68 03 3.35 0.05
Metabolism. Energy metabolism. Methane metabolism 3.90 02 3.54 0.04
Metabolism. Biosynthesis_of other secondary metabolites 4.36 03 4.00 0.04
Environmental Information Processing. Membrane transport. 4.17 03 3.84 0.04
Phosphotransferase system PTS

Metabolism. Metabolism_of terpenoids_and polyketides. 3.40 03 3.36 0.03
Nonribosomal peptide_structures

Metabolism. Carbohydrate metabolism. 4.23 03 3.92 0.03
Glycolysis  Gluconeogenesis

Cellular_Processes. Cell_growth and_death. Apoptosis 3.36 o1 3.15 0.03
Metabolism. Glycan_biosynthesis_and_metabolism. 4.27 02 4.00 0.03
Other glycan degradation

Organismal Systems. Environmental adaptation 3.91 Ol 3.53 0.03
Metabolism.Amino_acid_metabolism. 3.91 Ol 3.48 0.03

Arginine _and_proline_metabolism

O1: Larval stage; O2: Juvenile stage; O3: Young stage.
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