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Abstract 

The intestinal bacteria of aquatic animals are closely related to their health and 
growth status. Penaeus monodon has become an important aquaculture species 
in the world because of its high nutritional value and market to demand. 
However, knowledge of bacterial communities on the growth phenotype of P. 
monodon is still limited. In this research, the bacterial community were 
comprehensively analyzed by using Miseq sequencing technology and 
bioinformatics. The results indicated that 29 phyla and 468 genera were 
identified by the taxonomic sequence. The data showed that the composition of 
microbial community was statistically different to fast-growing shrimps and 
slow-growing shrimps. There were significant differences in intestinal bacteria 
at the genus level. Lactococcus, Limnothrix, and Arthrospira had more 
abundance in the gut of fast-growing shrimps, which may promote the growth 
of P. monodon by affecting enzyme activities and improving immune response. 
Nautella, Shimia, Pseudoalteromonas, Aliiroseovarius, Albimonas, 
Tessaracoccus had more abundance in the gut of slow-growing shrimps. 
Nautella had the ability to express virulence by stimulated by environmental 
factors, thereby increasing the susceptibility to infection, which may have a 
negative impact on healthy growth of shrimps. Pseudoalteromonas, 
Aliiroseovarius and Shimia were related to the pathogenicity of shrimp, which 
may be an important factor affecting the growth of shrimp. Overall, this study 
demonstrates that the bacterial community associated with P. monodon was 
variation on different growth performance. These results can provide 
information on microbiome characteristics involved in the asynchronous growth 
of shrimp. 
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Introduction 

With the increase in shrimp consumption demand, the decline in wild production forced 
artificial culture to become the main source of shrimp production (Lebel et al. 2010). Due 
to its high market price and market to demand, the intensive culture of P. monodon is 
expanding year by year. However, in recent years, the industry has faced some major 
challenges, such as the lack of stable water quality control and disease management 
(Rungrassamee et al. 2014); In addition, there is still lack of research on P. monodon 
especially on the aspect of microbiology including intestinal bacteria, and most previous 
research focused on the field of population biology, breeding, and genetic diversity 
(Nahavandi et al. 2013).  

It has been recognized that intestinal bacteria is closely related to the growth and 
health of the host, intestinal bacteria can improve intestinal digestion and absorption 
function, promote intestinal nutrition balance, which is beneficial to the health of the host. 
Normal intestinal bacteria metabolites are conducive to killing pathogenic bacteria and 
inhibiting the growth of pathogens. In addition, intestinal bacteria also maintain the 
stability of intestinal barrier and stimulate the immune system (Xiong et al. 2017). Previous 
researches have indicated that shrimp bacterial community may also have some beneficial 
effects on shrimp (Chaiyapechara et al. 2012). Therefore, taxonomic study and functional 
analysis of bacterial communities are essential for the discovery of potential pathogenic, 
probiotics and other microbes that have a profound impact on health and overall host 
physiological function (Wu et al. 2010). 

In recent years, various researches have been carried out on intestinal bacteria in 
aquaculture animals, such as Eriocheir Sinensis, grass carp, and Holothuria scabra (Wang 
et al. 2019). The intestinal bacteria of Litopenaeus vannamei and P. monodon have been 
well studied (Rungrassamee et al. 2013; Zeng et al. 2017), and most of the reports on P. 
monodon focus on the impact of nutritional diets and diseases on intestinal bacteria 
(Rungrassamee et al. 2014). However, the study of bacterial community related to the 
growth of P. monodon is still limited. Therefore, a systematic comparison of the 
characteristics of intestinal bacteria between FG shrimps and SG shrimps is essential for 
screening probiotics, which will facilitate our understanding of the relationship between 
intestinal bacteria and growth performance.  
 Hence, we used high-throughput sequence to study intestinal bacteria between fast-
growing and slow-growing individuals. Our main goal were to reveal the composition and 
function of the intestinal bacteria between fast-growing and slow-growing individuals of P. 
monondon, and then to explore the relationship between shrimp growth and intestinal 
bacteria. To our knowledge, this study was the first high-throughput sequencing study on 
the relationship between intestinal bacteria and growth of P. monodon with the same 
genetic background. 
  

Materials and Methods 
Sample collection 
The study was approved by the Animal Care and Use Committee of SCSFRI, Chinese 
Academy of Fishery Sciences (SCSFRI96-253). Healthy shrimps was obtained from the 
SCSFRI (South China Sea Fisheries Research Institute) in Shenzhen (Guangdong, China). 
By artificial insemination, we obtained shrimp larvae from the same pair of parents, this 
batch of shrimp was cultured in the same pond. Therefore, in this study, this batch of 
samples had the same genetic background and were grown in the same environment. The 
shrimps were maintained at pool containing aerated filtered seawater (salinity, 30~31‰; 
pH, 7.9~8.2; temperature, 27 ~31°C), and the shrimps were fed with commercial diets.  

After 90 days cultured, we fished shrimps from ponds and weighed, selecting 
individuals who were larger in size and those who were smaller. Finally, 24 shrimp were 
used for sampling (12 large, 12 small) to obtain intestinal tissue separately, and each 
intestine sample is mixed with 3 healthy shrimps' intestine. The shrimps' surface was 
sterilized with 75% ethanol and the intestine was aseptically dissected. The samples were 
immediately frozen in liquid nitrogen, and stored at - 80 °C until DNA extraction was 
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required. FG stands for the fast-growing group and SG stands for the slow-growing group. 
The body length and body weight of FG respectively were 13.83 ± 0.66 cm, 36.86 ± 5.83 
g, and the body length and body weight of SG respectively were 9.61 ± 0.60 cm, 12.24 ± 
2.16 g (Figure. 1). 

 
Figure 1 The comparison of growth phenotypes of Penaeus monodon comes from fast-growing group 
(FG) and slow-growing group (SG). 

 
DNA extraction and Illumina sequencing. 
In this study, a total of eight sequence libraries were constructed, including four libraries 
from the FG (F1, F2, F3, F4) and four other libraries from the SG (S1, S2, S3, S4). All DNA-
seq programs were performed in the Majorbio Company (Shanghai, China). Illumina 
truseqtm RNA sample preparation kit (Illumina, USA) was used to construct library, and 
checked in Agilent 2100 biological analyzer (Agilent, 2100). The total DNA content was 
determined by 1% agarose gel electrophoresis and used for subsequent microbial 
community analysis, the concentration and the purity were determined by Nanodrop ND 
2000 spectrophotometer (SEM Fisher technology, Waltham, Massachusetts). 

The V3-V4 hypervariable regions of 16S rRNA genes were amplified by PCR for 29 
cycles, finally, primers 338F (ACTCCTACGGGAGGCAGCAG) and 806R    
(GGACTACHVGGGTWTCTAAT) with different barcodes were used to extend at 72 °C for 10 
min. The PCR products were detected by agarose gel containing 2% ethidium bromide and 
purified by using AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, California), 
quantified using QuantiFluor™-ST (Promega, USA). The purified amplicons were combined 
equimolar and sequenced on Illumina-miseq platform (2×300 bp) according to the 
standard procedure. 
Sequence analysis processing 
The original fastq sequence files were demultiplexed and filtered, and then merged by fastp 
and flash, which met the criterion listed below: (i) the reading segments were truncated 
at any site with an average quality score less than 20 on the 50 bp sliding window; (ii) the 
sequences of overlapping length more than 10 bp were merged according to the overlapped 
sequences; (iii) the primers were accurately matched, two nucleotide mismatches were 
allowed, and the reading segments containing ambiguous bases were deleted. 

Using uparse (version 7.0 http://drive5.com/uparse/), the similarity in operational 
taxonomic units (OTUs) was up to 97%, and the chimeric sequences were identified and 
removed by uchime. Based on the 70% confidence threshold of Silva (ssu115) 16S rRNA 
database, the RDP classification algorithm (version 2.2 
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http://sourceforge.net/projects/rdp-classifier/) was used to analyze the classification of 
each 16S rRNA gene sequence in Silva 16S rRNA database (Amato et al. 2013). 
Statistical analysis 
The reflectance curve of each sample was plotted to determine the community number and 
sequence data onto each sample (Amato et al., 2013). The monthly software were used to 
calculate community diversity parameters including Shannon, Simpson and Shannon 
Wiener curve, community richness parameters (including Chao and ACE) and good's 
coverage index. (Schloss et al. 2011). Beta diversity measurements were calculated 
according to the method described (Jiang et al., 2013), and the Venn chart was determined 
based on the OTU level. 

The differences between the two groups were analyzed by using Wilcoxon rank-sum 
test or Mann-Whitney U test. The results of P < 0.05 between the two groups were 
considered to be statistically significant. The differences of abundance were analyzed by 
using Non-parametric factorial Kruskal-Wallis sum-rank test. The results of LDA < 2 
between groups were considered to be statistically significant. All the results were the 
average of four samples’ result (mean ± SD). 

 
Results 

Miseq sequencing and microbiome analysis 
In order to breed intestinal bacteria between FG and SG, the V3-V4 region of 16S rRNA 
gene was sequenced by using Illumina Miseq platform. A total of 410,081 high-quality 
sequence readings were obtained, with an average of 51,260 readings ranging from 38,230 
to 62,430 (Table 1). These sequences were aggregated into 816 OTUs with 97% sequence 
identity, and each library contained different OTUs ranging from 123 to 461.Table 1 showed 
statistical estimates of readings, number of OTUs, coverage and species diversity and 
richness indices for each sample at a genetic distance of 3%.  

Diversity and richness indices were calculated for all FG and SG samples to show the 
complexity of each sample (Table 1). The Shannon index and Simpson index were in 
direct proportion to the community diversity index, ranging from 0.372135 to 2.640287 
and 0.169225 to 0.899601, respectively. The Chao index and ACE index represent the 
community richness, ranging from 188.15 to 466.24, 184.35 to 469.28, respectively. The 
estimated good's coverage of each sample of sequence integrity was > 99.86% (from 
0.998683 to 0.999915), which indicated that the coverage rate of bacteria in the samples 
was high and the sequence depth was reasonable, which met the needs of bacterial 
diversity analysis in samples. 

 
Table 1 Richness and diversity indexes relative to each sample. OTUs were defined at the 
     97% similarity level. 
Sample 
ID 

Read 
numbers 

Coverage Number 
of OUTs 

Alpha diversity 
Shannon Simpson ACE Chao 

F1 40956 0.998732 127 0.624313 0.796093 224.3374 194.56 
F2 46477 0.999107 153 1.254975 0.553914 184.3575 188.15 
F3 60009 0.999915 246 1.784047 0.465129 247.3076 246.90 
F4 57072 0.998769 321 2.333637 0.237917 373.7325 374.625 
S1 53351 0.999186 160 1.802334 0.354169 195.2689 190.27 
S2 38230 0.998745 123 0.372135 0.899601 207.8508 192.16 
S3 51556 0.998683 319 2.423746 0.257548 360.9835 362.17 
S4 62430 0.999528 461 2.640287 0.169225 469.2892 466.24 

 
Compositions and structure of intestinal bacteria 
Intestinal bacteria from all samples were studied and a Veen diagram was constructed to 
identify the dominant OTUs in both groups (Figure 2A). 312 OTUs (n = 4) are shared 
between F and s, representing 38.23% of the total reads. FG owns 183 OTUs, representing 
22.43% of the total number of reading. SG owns 321 OTUs, representing 39.34% of the 
total number of reading. According to the 16S rRNA gene sequence, 29 prokaryotes phyla 
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were identified. Sequences that cannot be categorized are also specified as others. The 
relatively abundant phyla in the two groups were Proteobacteria (69.19%), Firmicutes 
(15.00%), Patescibacteria (6.47%), Cyanobacteria (3.08%), Bacteroidetes (2.63%), 
Actinobacteria (1.88%), Tenericutes (1.19%) and others (0.56%) (Figure 2). 
 

 
 
Figure 2 Comparison of OTUs in the two groups by Venn diagram (A) and the microbiota composition 
at phylum level (B, C, D). The bacterial community in all samples at phylum level (B). Microbiota 
composition of bacterial taxa at phylum level respectively in SG (C) and FG (D).  
 

The dominant phyla in the two groups were Proteobacteria, Firmicutes, Patescibacteria, 
Cyanobacteria. There was no significant difference in the composition of dominant species 
between the FG and the SG. The dominant genera were Photobacterium, Staphylococcus, 
Nautella, Vibrio, Ruegeria. The dominant genera of the FG and the SG were significantly 
different (Figure 3). The dominant phyla were Proteobacteria (F = 57.05 ± 36.27%, S = 
88.19 ± 9.18%, P = 0.31), Firmicutes (F = 20.46 ± 33.2%, S = 5.16 ± 9.23%, P = 0.31), 
Patescibacteria (F = 11.27 ± 22.51%, S = 0.04 ± 0.03%, P = 0.88), Cyanobacteria (F = 
4.89 ± 5.59%, S = 0.89 ± 0.84%, P = 0.31) (Figure 2). The dominant genera were 
Photobacterium (F=41.93 ±48.26%, S = 52.33 ± 35.47%, P = 0.66), Staphylococcus 
(F=16.88 ± 33.76%, S = 0.01 ± 0.01%, P = 0.77), Nautella (F=0.04 ± 0.05%, S = 12.06 
± 14.84%, P = 0.03),Vibrio (F=1.42 ±1.86%, S = 5.81 ± 9.17%, P = 0.66), Ruegeria 
(F=0.19 ± 0.21%, S = 5.15 ± 8.68%, P = 0.06). 
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Figure 3 The microbiota composition at genus level. 

 
Using Wilcoxon rank-sum test or Mann-Whitney U test, Illumina miseq sequencing data 

showed that there was no significant difference in the relative abundance of intestinal 
bacteria between the FG and SG at the phylum level, but there was a significant difference 
between the FG and SG at the genus level (Figure 4). In the observed 468 identified 
genera, there were six genera (Nautella, Shimia, Pseudoalteromonas, 
Aliiroseovarius,Tessaracoccus, Albimonas) were identified as significantly different in the 
FG and SG. 
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Figure 4 Comparison of bacterial abundances in fast-growing shrimp and slow-growing 
shrimp at the genus level. Wilcoxon rank-sum test bar plot on Genus level for intestinal 
bacterial. * stands for P ≤ 0.05. 

 
Using non-parametric factorial Kruskal-Wallis sum-rank test, sequencing data 

demonstrated that Limnotrichales, Nostocales had more abundance in the intestine of FG 
shrimp at the order level, Rhodobacterales, Propionibacteriales, Kineosporiales had more 
abundance in the gut of SG shrimp (Figure 5). At the family level, Limnotrichaceae, 
Cyanobacteriaceae, Phormidiaceae, Simkaniaceae had higher abundance in the gut of FG 
shrimp, Pseudoalteromonadaceae, Rhodobacteraceae, Methyloligellaceae, 
Kineosporiaceae, Rubritaleaceae had higher abundance in the shrimp gut of SG than FG. 
At the genus level, Lactococcus, Limnothrix, Arthrospira, unclassified_f__Oligoflexaceae, 
Cyanobacterium_CLg1 had more abundance in the gut of FG, Pseudoalteromonas, 
Alteromonas, Nautella, unclassified_f__Rhodobacteraceae, Shimia, Ruegeria, 
Aliiroseovarius, Sulfitobacter, Albimonas, norank_f__Methyloligellaceae, Sphingobium, 
Halobacteriovorax, Ulvibacter, Tessaracoccus, Quadrisphaera had more abundance in the 
gut of SG (Figure 5). 
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Figure 5 Comparison of intestinal bacterial abundance between fast-growing shrimp (F) 
and slow-growing shrimp (S) from the phylum level to the genus level .Different color 
nodes indicate microbial groups that are significantly enriched in the corresponding group 
and have a significant impact on the differences between groups; light yellow nodes 
indicate microbes that are not significantly different in different groups or have no 
significant impact on the differences between groups Taxa. 
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Functional prediction of the intestinal bacteria 
The putative functions of intestinal bacteria in FG and SG were illustrated by PICRUSt. By 
comparing the predicted genes with the eggnog databases, the genes were classified 
(Figure 6). The functional profiles of all groups are more similar than taxonomic profiles. 
The results of these COG functional classifications showed that the intestinal bacteria of 
shrimp maintained similar biological functions of those in the gut of both the FG and the 
SG. 
 

 
 
Figure 6 The COG function classification of the fast-growing group (FG) and slow-growing 
group (SG). 
 

Discussion 
Intestinal bacteria can regulate the intestinal environment and promote the balance of 
intestinal bacteria, and play a key role in the healthy growth of host (Li et al. 2013). 
Research had indicated that intestinal bacteria were vital host digestion and absorption, 
resistance to pathogens and immune regulation. However, the function of intestinal 
bacteria in P. monodon is still limited. High-throughput sequencing technology can 
accurately reflect the intestinal bacteria related to shrimp growth (Gao et al., 2019). In 
this research, we revealed the structure and function of intestinal bacteria of P. monodon 
by Miseq sequencing technology and bioinformatics. Simultaneously, we revealed that 
intestinal bacteria of FG shrimps differed SG shrimps. 

As biomaterials, the gut contents of fish and shrimp had been widely used for bacterial 
analysis (Zeng et al. 2017). Note that gut contents reflect the combination of bacteria and 
resident in the gut, which may be different from gut samples or feces. However, whether 
there is such a difference in shrimp is worth further study. 

Previous researches had indicated that Proteobacteria, Firmicutes, Bacteroidetes and 
Unclassified Bacteria, Planctomycetes and Actinobacteria were the main phyla in P. 
monodon, their relative abundance between shrimp gut at different developmental stages 
and living environment were different significantly (Rungrassamee et al. 2013; Angthong 
et al., 2020). In this research, Proteobacteria and Firmicutes were dominated phyla in P. 
monodon, which was consistent with previous researches (Chaiyapechara et al. 2012; 
Rungrassamee et al. 2014). It is worthy to note that the diversity of intestinal bacterial in 
SG is lower than that in FG at genus level, which can be explained by the relative 
abundance change of some bacteria. 
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We found that Photobacterium was the most abundant genus in both groups. While we 
were interested in Nautella, which exhibited statistically significant differences between FG 
and SG. Nautella in gut was sensitive to environmental stresses such as salinity, ammonia, 
and nitrite stress (Zhang et al., 2016; Duan et al., 2018). When these factors change 
significantly, Nautella may cause diseases by expressing virulence, Zheng et al. (2017) 
shown that excessive accumulation of Nautella may change the health status of shrimp. 
Thus, the abundance of Nautella should be carefully monitored during shrimp culture, 
especially in the middle and late stages of shrimp farming, so as to avoid potential danger. 
In this study, we found that Nautella tends to be accumulated in the gut of SG, which was 
much higher than that in the FG. Therefore, the increase in Nautella in this study indicates 
that the intestinal bacteria of the SG may become disordered, and the shrimp may be in 
an unhealthy condition, leading to its slow growth. 

Amoah et al. (2020) shown that Shimia were more abundant in the untreated group 
which grow slowly than in the probiotic-treated groups which grow faster. It is reported 
that Aliiroseovarius crassostreae was the pathogen of Roseovarius oyster disease (Duan et 
al. 2020) had shown that Pseudoalteromonas is an opportunistic pathogen, which might 
exacerbate spoilage by hydrolysing amino acids and proteins and decomposing lipids 
(Broekaert et al., 2013), it can cause high mortality in Portunus pelagicus (Duan et al., 
2019). In present research, the abundances of Pseudoalteromonas, Aliiroseovarius and 
Shimia were significantly larger in the SG than another group, they may have adverse 
effects on the health of P. monodon, thereby retarding the growth of P. monodon.  

Previous researches had shown that Lactococcus has been studied an important in 
activating the innate immune system to stimulate cytokine production, which regulates the 
immune response (Sun et al., 2018). It has been reported that depression of Lactococcus 
might result in the occurrence of white feces syndrome (Hou et al., 2018). We found that 
Lactococcus tends to be accumulated in the gut of FG, which can have a positive effect on 
digestive enzyme activities, growth performance and disease resistance in L. vannamei 
(Hou et al., 2018). Arthrospira had several positive effect on the physiological health of L. 
vannamei, such as immunomodulatory, antioxidant, anticancer, antimicrobial and antiviral 
activities (Macias-Sancho et al., 2014; Pilotto et al., 2019). In this study, Arthrospira tends 
to be accumulated in the gut of FG shrimps, it is likely that Arthrospira improve the immune 
response by reducing apoptosis and increasing the number of granular hemocytes, thereby 
affecting shrimp growth performance. So, we speculate that Lactococcus and Arthrospira 
can be used as a potential probiotic for the culture of P. monodon. 

The intestinal bacterial communities were significantly different from FG and SG. Our 
study demonstrated that the growth performance of SG shrimps might be associated with 
decreased diversity of the intestinal bacterial community. Lactococcus, Limnothrix, 
Arthrospira, Cyanobacterium may promote the growth of P. monodon. Nautella, Shimia, 
Pseudoalteromonas, Aliiroseovarius, Tessaracoccus, Albimonas may retard the growth of 
P. monodon. These above results may be useful for the use of microbial community 
characteristics to guide the culture of P. monodon.  

In conclusion, the microbiota relationship between the FG and SG in the same cultured 
environment was established. This study showed that although the profiles of microbial 
community in shrimp intestine was different, there was a closely relationship between the 
shrimp growth and their microbial communities. Moreover, this research indicated that the 
physiology of shrimp is closely related to the changes of bacteria in shrimp intestines. At 
the genus level, Lactococcus, Arthrospira, Limnothrix, Cyanobacterium had more 
abundance in the gut of FG shrimps. Lactococcus and Arthrospira may promote the growth 
of P. monodon respectively by the effect on the enzyme activities and immune response. 
Nautella, Shimia, Pseudoalteromonas, Aliiroseovarius, Albimonas, Tessaracoccus had more 
abundance in the gut of SG shrimps. Nautella had the ability to express virulence by 
stimulated by environmental factors, thereby increasing the susceptibility to infection, 
which may have a negative impact on healthy growth of shrimps. Pseudoalteromonas, 
Aliiroseovarius and Shimia were related to the pathogenicity of shrimp, which may be an 
important factor affecting the growth of shrimp. This research may provide valuable 
information on understanding the characteristics of intestinal bacteria in shrimp. These 
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intestinal bacteria identified to provide important resources for further understanding the 
relationship between shrimp growth and intestinal bacterial. Together, these findings 
greatly enhance our understanding of the role of the intestinal bacteria in unsynchronized 
growth of shrimp.  
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