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The structural and functional characteristics of the gut microbiota
of Marsupenaeus japonicus as revealed by 16S rRNA gene
amplicon sequencing
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Abstract: [Background] Gut microbiota plays a pivotal role in the physiological activities of prawns. The
Kuruma prawn (Marsupenaeus japonicus) is one of the most important seawater prawn species for
aquaculture in China. However, until now, little is known about the structure and function of gut
microbiota in M. japonicus. [Objective] To explore the bacterial structure and function in the intestines of
M. japonicus and to investigate the impact of external (water and feed) microbes on the structure of
M. japonicus gut microbiota by using high-throughput sequencing technology. [Methods] After 60 days of
culture period, the M. japonicus intestines (n=3), pond water (n=3), and prawn feed (n=3) samples were
collected respectively, and then total genome DNA was extracted from each sample for 16S rRNA gene
amplicon sequencing. The comparative analysis of bacterial composition of all samples was based on
bioinformatics methods, and PICRUSt software was performed to predict the functional profiles of
M. japonicus gut microbiota. [Results] A total of 822 713 valid reads were obtained from the sequencing
data, resulting in 3 416 OTUs after data rarefying, and there were 28.49%, 59.30% of OTUs observed in
prawn gut samples could also be found in water and diet samples, respectively. The predominant phyla
observed in prawn gut samples were Proteobacteria, Bacteroidetes, Firmicutes, and Fusobacteria, which
were different from those present in water and diet samples, expect for Proteobacteria and Bacteroidetes.
The major genera identified in prawn gut samples were Vibrio, Aliivibrio, Pseudoalteromonas,
Pseudofulvibacter, Colwellia, Fusibacter, Photobacterium, Desulfovibrio, Psychrobacter, and Arcobacter.
Moreover, culture-associated environmental microbes were distinct from those present in prawn intestines,
and included Marivita (the most abundant genus in water samples) and Pseudomonas (the most abundant
genus in diet samples). PICRUSt analysis revealed that the core functional profile of gut bacterial
community in M. japonicus was metabolism, including amino acid metabolism, carbohydrate metabolism,
energy metabolism, and etc. [Conclusion] There existed some similarities in gut microbiota structure
between M. japonicus and other pawn species. The structure of M. japonicus gut microbiota, which played
a certain role in daily metabolic activities of the host, was partly influenced by the external microbes.

Keywords: Marsupenaeus japonicus, 16S rRNA gene amplicon sequencing, Gut microbiota, Functional
prediction
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bacteria, 19.01%). UFFEE1(13.49%)FIPEHL R ]
(Verrucomicrobia, 2.24%); JD H AR TR
AIE R 1(45.14%) . WA 1(19.13%) . JERER ]
(10.09%) . LHEHET 1 (Chloroflexi, 5.99%). T
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Table 1 The number of valid reads, rarefying OTUs and alpha diversity indices observed in different sample groups

Group  Valid reads OTUs Chaol index ACE index Shannon Simpson Coverage (%)
index index

IG 115 892+14 739 601+414 809.91+493.99 855.21+£501.98 3.31£0.36  0.08+0.02 99.56+0.29

Iw 70 191422 277 468+64 568.45+81.82 563.99+89.09 3.81+0.35 0.05+0.02 99.77+0.04

ID 62 403+26 833 12734443  1339.55+452.77 1 314.04+438.42 4.51+1.31 0.03+0.02 99.77+0.02

T RIPEAE A TFEARUER ; IG: KMHZH; TW: KIKZH; ID: k.
Note: Data in the table are the X + SD; JG: Prawn gut group; JW: Water group; JD: Diet group.
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Figure 1 Venn diagram (A) and bar chart (B) of OTUs Figure 2 3D principal coordinates analysis of each
number observed from different sample groups sample based on weighted UniFrac distance
TE: JG: WAL TW: JKIR4L; TD: Gkl TE: JG: UFA IW: JKIRZL; ID: ki
Note: JG: Prawn gut group; JW: Water group; JD: Diet group. Note: JG: Prawn gut group; JW: Water group; JD: Diet group.

Bacterial taxa

Proteobacteria
Cyanobacteria
@ Bacteroidetes
@ Actinobacteria
Firmicutes
Chloroflexi
Acidobacteria
JG3 . .
@ Verrucomicrobia
Fusobacteria
Planctomycetes
® Gemmatimonadetes

Others

B3 KFLERHEmPEELEFRENFEEMAREN

Figure 3 Relative abundance and composition of bacterial taxa observed from different samples at the level of phylum
e JG: WA ; TW: JKIKZH; TD: [AEHH. Others: FiA (154 2H N HE 3RS 32 B 45 <1%) B 4325 3t (57 AN I 14 A R 2

Note: JG: Prawn gut group; JW: Water group; JD: Diet group. Others: Genera with an observed mean relative abundance less than 1%
and unclassified bacteria in all groups.
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WP ) 2 LR A8 (amino acid metabolism, 12.54%).
iK1 (carbohydrate metabolism, 10.91%)
e i (energy metabolism, 6.63%). 4TI
Y Z AL (metabolism of cofactors and vitamins,
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100

Others

M Arcobacter

W Rhodobium

M Bacillus

M Desulfovibrio
Photobacterium
Pontimonas

W Escherichia

M Flavobacterium
Psychrobacter
Ralstonia
Halomonas
Fusibacter
Thauera

B || Colwellia

[ Azoarcus
Pseudofulvibacter

W Pseudomonas
Pseudoalteromonas
Synechococcus

W Marivita
Aliivibrio

W Vibrio

JG1 JG2 JG3 JWI1 JW2 JW3
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JD1 JD2 JD3

Figure 4 Relative abundance and composition of bacterial taxa observed from different samples at the level of genus
TE: IG: HFAd; W KIA4L; ID: k4. Others: Fify (TEA2H N TR AH XS 3= B 14 <19%) B 32 A3 AN W A0 40 T S

Note: JG: Prawn gut group; JW: Water group; JD: Diet group. Others: Genera with an observed mean relative abundance less than 1%

and unclassified bacteria in all groups.
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Vibrio B
Aliivibrio } Vibrionaceae
Photobacterium
Marivita - Rhodobacteraceae
Pseudoalteromonas - Pseudoalteromonadaceae
Pseudomonas - Pseudomonadaceae
?v;oarcus :| Rhodocyclaceae
auera . Proteobacteria
Colwellia - Colwelliaceae
Halomonas - Halomonadaceae
Ralstonia - Burkholderiaceae
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Rhodobium - Rhodobiaceae
Arcobacter - Campylobacteraceae -
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Fi usi‘bacter - Clogtridiales family XII ] Firmicutes
Bacillus - Bacillaceae
Pontimonas - Microbacteriaceae - Actinobacteria
Others - Others - Others

Figure 5 Hierarchical cluster heatmap of bacterlal taxa observed from different samples at the level of genus

e IG: MR ; TW. KR4 ; D

: KL, Others: i (TE25 41N AYF IR T B3 <1%) B or 202 A I O AR G 26 . i

M TR BB Ry, A ) BN T R, R RIS EE T MAL UniFrac BEE.
Note: JG: Prawn gut group; JW: Water group; JD: Diet group. Others: Genera with an observed mean relative abundance less than 1%
and unclassified bacteria in all groups. The closer to light pink, the higher of their relative abundance, while the closer to lake blue, the
lower of their relative abundance. Hierarchical cluster tree was based on weighted UniFrac distance.
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Predicted KEGG functional pathway annotation

KEGG pathway (level 1)
A: Metabolism (54.74%)

M B: Genetic information processing (20.61%)

M C: Environmental information processing (16.24%)
D: Cellular processes (5.75%)

E. Nthawr frinctional mathaave
L. oulll 1uiiCiiliial pauiways (4.

KEGG pathway (level 2)
a: Amino acid metabolism (12.54%)
b: Carbohydrate metabolism (10.91%)
c: Energy metabolism (6.63%)
d: Metabolism of cofactors and vitamins (5.35%)
e: Nucleotide metabolism (4.25%)
f: Lipid metabolism (3.98%)
g: Xenobiotics biodegradation and metabolism (3.13%)

he (Hlyoan hingunthagia and matahalicm () £6£0/)
1. UiyTadii 0105y 1iuilsis aiiG ifiClaoi1isiii \«.0570)

i: Metabolism of terpenoids and polyketides (2.28%)
j: Metabolism of other amino acids (2.13%)
M k: Replication and repair (8.81%)
M |: Translation (5.59%)
M m: Folding, sorting and degradation (3.13%)
M n: Transcription (3.08%)
M o: Membrane transport (12.86%)
M p: Signal transduction (2.6%)
q: Cell motility (4.80%)
r: Other functional pathways (4.75%)

B 6 H 7 3TN IE B AF T P B Th 88 2 5l B T 3948 3 FE AR B

Figure 6 Mean relative abundance and composition of predicted functional categories of M. japonicus gut flora

7. Other functional pathways: /5 T EEM FECEIIAIT F E<1%).

Note: Other functional pathways: Functional pathways with an observed mean relative abundance less than 1%.
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