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Regulation of circulating hemocytes proliferation in crustacean

Hao Li', Yuehong Zhao!, Hui Zhao!, Weiwei Li"#, Qun Wang!#
1. Laboratory of Invertebrate Immunological Defense and Reproductive Biology, School of Life Sciences,
East China Normal University, Shanghai 200241

Abstract: Hemocytes, are invertebrate immune cells that are similar to blood cells in vertebrates and play a
crucial role in innate immunity. Previous work has found that mature circulating hemocytes lack the ability
to proliferate. However, recent scRNA-Seq studies in arthropod have challenged this view. In the present
study, we demonstrated the phenomenon of circulating hemocytes proliferation in Chinese mitten crab
(Eriocheir sinensis), and uncovered the function of membrane-bound Dscam, IL-16/Integrin f1 axis and
CSNS5 on hemocytes proliferation. Dscam generates tens of thousands of isoforms by alternative splicing,
thereby providing crucial functions during immune responses. Bacterial infection induced ADAMI10
binding with the ectodomain of Dscam and mediated its shedding, then g-secretase cleavage the
intracellular domains (ICDs) of Dscam, the released ICDs carrying specific alternatively spliced exons
could directly interact with IPOS5 to facilitate nuclear translocation. Nuclear imported ICDs thus promoted
hemocyte proliferation and protect the host from bacterial infection. Interleukins (ILs) are cytokines with
crucial functions in innate and adaptive immunity. Furthermore, we found the mature IL-16 that generated
by the cleavage of caspase-3 could binding with the cell-membrane receptor Integrin 1, and the
IL-16/Integrin Bl axis significantly promoted the crab hemocytes proliferation. The constitutively
photomorphogenic 9 (COP9) signalosome (CSN) is a conserved protein complex found throughout the
animal kingdom, and typically consists of eight subunits designated CSN1-CSNS8. Here we found the
expression of CSN5 in hemocyte was rapidly down-regulated post bacterial infection, which eliminate its
ability to ubiquitinate and degrade Cyclin E protein. This rapidly initiates transition of the cell cycle from
early to late G1 phase, activating the proliferation of crab hemocytes, and exerting antibacterial immune
effects. Collective data demonstrated the preliminary network for hemocytes proliferation in crab, and
indicated the complicated positive and negative regulation role of proliferation.
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Epidemiology and pathogenic mechanism of covert mortality nodavirus

Shuang Liu'?, Jitao Xia', Yuan Tian', Liang Yao', TingTing Xu'?, Xupeng Li', Xiaoping Li'?, Wei Wang!,
Jie Kong'?2, Qingli Zhang'?*

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of
Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs; Qingdao Key
Laboratory of Maricultural Epidemiology and Biosecurity, Qingdao 266071, P.R. China

2. Laboratory for Marine Fisheries Science and Food Production Processes, National Laboratory for Marine
Science and Technology, 266071, PR China

Abstract:Covert mortality nodavirus (CMNV), the pathogen of viral covert mortality disease (VCMD), has
caused serious economic losses of shrimp aquaculture in Southeast Asian countries and China in past
decade. CMNV is proved to be capable of naturally crossing the species barrier and infecting both
vertebrates and invertebrates in the investigation of past years. In outdoor pond, VCMD causes the affected
shrimp die at a lower ratio every day, but the daily death of the diseased individuals will occur continuously
throughout the culture period; so VCMD was initially called as “running mortality syndrome (RMS)”. The
challenge test showed that a low CMNYV infectious dose caused cumulative mortality of 66.7% + 6.7% and
33.3% =+ 3.6% of shrimp in the 31-day outdoor and indoor farming trials, respectively. The shrimp in the
infection group grew slower than those in the control group; and the percentage of soft-shell individuals in
the infection group (42.9%) was much higher than that of control group (17.1%). The histopathological and
ISH examinations of individuals artificially infected with CMNV revealed that severe cellar damage,
including vacuolation, karyopyknosis, and structural failure, occurred not only in the cells of the refraction
part of the ommatidiums, but also in the cells of the nerve enrichment and hormone secretion zones. And
the pathological damages were severe in the nerve cells of both the ventral nerve cord and segmental nerve
of the pleopods. TEM examination revealed the ultrastructural pathological changes and vast amounts of
CMNV-like particles in the above-mentioned tissues. The differential transcriptome analysis showed that
the CMNYV infection resulted in the significant down-regulated expression of genes of photo-transduction,
digestion, absorption, and growth hormones, which might be the reason for the slow growth of shrimp
infected by CMNV. In summary, the investigations revealed the CMNV's epidemiology characteristics and
pathogenic mechanism, and also reminded that it needed to pay close attention to the high risk of CMNV

spread or epidemic among cultured marine animals.
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covert mortality disease (VCMD); running mortality syndrome (RMS)
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Exosomes regulated the intestinal cell proliferation to resist the invasion of
pathogens through Wnt pathway

Ming Zhang, Ying Song, Yifan Lei, Ngoc Tuan Tran, Yi Gong, Yueling Zhang, Shengkang Li*
Guangdong Provincial Key Laboratory of Marine Biology, Shantou University, Shantou 515063, China

Abstract: Mud crab (Scylla paramamosain) is an important economic crab on the southeast coast of China.
However, the diseases caused by bacterial infection seriously affects the sustainable development of crab
farming. The preliminary studies reported that Vibrio parahaemolyticus (Vp) was one of the most
important pathogens causing disease outbreaks in mud crabs. Exosome, as a new object of concern, has
been found to play important roles in regulation of the innate immunity in maricultures recently. Therefore,
it is of great significance to further study the molecular mechanism of the innate immune defense of V.
parahaemolyticus infection in mud crabs through the exosomal pathway. In this study, the intestinal cells of
S. paramamosain were isolated and cultured in vitro, and the intestinal cell-derived exosomes were
extracted, purified and identified. Further study showed that intestinal cell-derived exosomes could regulate
the proliferation and migration of intestinal cells through Wnt signaling pathway. Oral infection
experiments in mud crab showed exosomes played anti-inflammatory functions upon the V.
parahaemolyticus infection, as well as improving the survival rate of mud crabs after the pathogen
infection, in vivo. This study theoretically obtained a new understanding of the mechanism of intestinal
exosomes regulating innate immunity in mud crab, providing a better knowledge for further investigations

for exosomal function in innate immunity in invertebrates.
Keywords: Scylla paramamosain, Intestinal exosomes, Cell proliferation, Wnt signal pathway
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The microbial composition of penaeid shrimps’ hepatopancreas is
modulated by hemocyanin

Zhihong Zheng ', Jude Juventus Aweya '>*, Shiyuan Bao ', Defu Yao 2, Shengkang Li !, Tran Ngoc
Tuan '2, Yueling Zhang !2*

1. Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
Shantou University, Shantou 515063, China

2. STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou 515063, China

Abstract: Aquatic environments are inundated with numerous microorganisms some of which gain access
into organisms. Thus, most have had to produce proteins or factors that help maintain stable relationship
with microbiota. Relatively few of these host factors have been characterized in aquatic invertebrates such
as penaeid shrimps. We showed that the respiratory glycoprotein hemocyanin is a crucial host factor that
modulates shrimp hepatopancreas microbiota. Diseased penaeid shrimps (Penaeus vannamei) expressed
low hemocyanin, had empty gastrointestinal tract (GIT) with atrophied hepatopancreas, and high total
bacterial abundance, with Vibrio as dominant opportunistic bacteria. Hemocyanin-depleted shrimps
displayed similar features as diseased shrimp, coupled with mitochondrial depolarization, increased
reactive oxygen species (ROS) production, and dysregulation of several genes involved in glucose and fatty
acid metabolism (energy metabolism). Treatment with N-acetylcysteine (ROS scavenger) after hemocyanin
silencing improved bacterial diversity and decreased Vibrio dominance in shrimp hepatopancreas. Fecal
microbiota transplantation after hemocyanin depletion could not restored the microbial dysbiosis in
hepatopancreas. This work reveals that hemocyanin is pivotal in the modulation of shrimp hepatopancreas
microbial composition, via its effect on energy metabolism and ROS production in shrimp hepatopancreas.
Our current work provides new insight into the pleiotropic functions of hemocyanin in penaeid shrimps,

especially its role in metabolic-immune regulation.

Keywords: penaeid shrimp; microbial composition; hemocyanin; hepatopancreas; energy metabolism;
reactive oxygen species (ROS); fecal microbiota transplantation (FMT)
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Dephosphorylation of T517 on hemocyanin is required for antibacterial

activity in Penaeus vannamei
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Zheng!, En-Min Li*", Yue-Ling Zhang'*

1. Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
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College, Shantou University, Shantou 515041, China

3. College of Ocean Food and Biological Engineering, Fujian Provincial Key Laboratory of Food

Microbiology and Enzyme Engineering, Jimei University, Xiamen 361021, Fujian, China

Abstract: Post-translational modifications expand the functions of immune-related proteins, especially
during infections. The respiratory glycoprotein, hemocyanin, has been implicated in many other functions,
but the role of phosphorylation modification in its functional diversity is not fully understood. Here, we
show that Penaeus vannamei hemocyanin (PvHMC) undergoes phosphorylation modification during
bacteria infection. Dephosphorylation of PvHMC mediated by P. vannamei protein phosphatase 2A
catalytic (PvPP2AC) increases its in vitro antibacterial activity, whereas phosphorylation by P. vannamei
casein-kinase-2 catalytic subunit a (PvCK2a) decreases its oxygen-carrying capacity and attenuate its in
vitro antibacterial activity. Mechanistically, we show that Thr-517 is a critical phosphorylation
modification site on PvHMC to modulate its functions, which when mutated attenuates the action of
PvCK2a and PvPP2AC to abolish the antibacterial activity of PvHMC. Our results reveal that the
phosphorylation modification of PvHMC modulates its antimicrobial-related functions in penaeid shrimp.

Keywords: dephosphorylation; antibacterial activity; hemocyanin; Penaeus vannamei; CK20/PP2AC
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ey B AR B D M e i ) 38 TR, TRIR, o mT DA Job 5 0 iz 1 A 0 A RO 3 — 0 PR
AR AN e B8y, B 2% BTE IR BET

KRB FIROEER, PR ERNM TR, EMAEY); B RA

F—1E&: HIHEW997-), %, Ema .
BRE#: FKE, E-mail: mlzzcld@aliyun.com

15


mailto:mlzzcld@aliyun.com

&

YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

TR BIRF A RPA Al RPA-LFD AG#ll 5% R 3L KN

B B, !, FERE T
1. B RUMYE R AHEE RN 5 TR, LI st 210023
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R o X =Fb g2 [QRA MR B . =R =S IQPH P . BB 3t 7 B 1 14E4T RPA. RPA-LFD F§ 5 A%
. it RPA. RPA-LFD. PCR =Fa il 77 i) REEXS e, IRt RPA. RPA-LFD Sz fiu il fR
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SR ARG KU 5 51 K B G e W B ATL B GE R AR . R, AHE 7T i@ i 7 i i 4 i 1
o 7R 4 €0 5% S 2 19 5 DR 1) B 41 6 0 Bk pCT7-CHISP6H-EGFP (Kan®) 5 N BV M g, i J&
AT AR, WL SR VA I 1 B 7E Hh AR A K IR N I B 7 A N2 5 G e i BN B8 . 2R
) FH 2 S5 200 5 A A H A 1 DR ) 17 ) A I B SRR 1R o T R AL, 3 — 2B R AN AT
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Transcriptome Analysis and Characterization of Innate Immune System
Pathways from Hepatopancreas in Portunus trituberculatus Infected with
Vibrio natriegens

Suyue Qiu 2, Qingguo Meng', Wen Wang !, Wei Gu !, Keran Bi>”*

1. Jiangsu Key Laboratory for Aquatic Crustacean Diseases, School of Marine Science and
Engineering, Nanjing Normal University, No.2 of Xuelin Road, Nanjing, 210023, Jiangsu, China
2. School of Animal Husbandry and Veterinary Medicine, Jiangsu Vocational College of
Agriculture and Forestry, No.19 of Wenchang East Road, Jurong, 212400, Jiangsu, China

Abstract: The swimming crab, Portunus trituberculatus, is an economically important marine culture
species in Asia-Pacific countries. Vibriosis disease caused by Vibrio spp. have become a major issue,
resulting in economic losses for crab culture. However, little information is available on the mechanisms
involved in the immune response of this species to vibrio infection. In this study, we analyzed the
transcriptome and comparative expression profiles of the hepatopancreas from this swimming crab infected
with Vibrio natriegens. A total of 35,259,994 raw reads were obtained from the control group, and
37,049,004 reads from the Vibrio-infected group. Via de novo assembly by Trinity assembler, 71,291
control unigenes and 72,825 Vibrio-infected group unigenes were obtained. By clustering unigenes from
both libraries, a total of 81,552 standard unigenes were produced. The standard unigenes were annotated
against the NCBI non-redundant, Swiss-Prot, Orthologous Groups of Proteins (COG) databases and Kyoto
Encyclopaedia of Genes and Genome pathway(KEGG), with 34,030(41.73%), 27,994(34.33%),
13,886(17.03%) and 25,191(30.89%)hits respectively, giving a final total of 41,396 significant hits(50.76%
of all unigenes). A Gene Ontology (GO) analysis search using the Blast2GO program resulted in 10,422
unigenes(12.79%) being categorized into 56 functional groups. A differential gene expression analysis
produced a total of 23,950 unigenes aberrantly expressed, with 10,402 unigenes significantly up-regulated
and 13,548 unigenes significantly down-regulated. The differentially expressed immune genes fall under
various processes of the animal immune system. The present results haveprovided an insight into the
antibacterial mechanism in P. trituberculatus and the role of differentially expressed immune genes in
response to V. natriegens infection. Furthermore, this study has generated an abundant list of transcript

from P. trituberculatus which will provide a fundamental basis for future genomics research in this field.

Keywords: Portunus trituberculatus; Vibrio natriegens; Innate Immune System Pathways; Transcriptome
Analysis
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Expression profile analysis of toll-like receptors in Pacific white shrimp
(Litopenaeus vannamei) responds to fungal (Fusarium solani) infection

Yusuf Jibril Habib'?, Hui Ge 3#, Chengjie Yao?, Haifu Wan?, Jiaming Lin?, Yilei Wang?®, Ziping Zhang'*
1. College of Marine Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China
2. Department of Medical Analysis, Faculty of Applied Science, Tishk International University, Erbil,
Kurdistan Region, Iraq.

3. College of Fisheries, Jimei University, Xiamen, Fujian 361021, China.

4. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province,
Fisheries Research Institute of Fujian, Xiamen, 361012, China.

Abstract: Aquaculture farming generally faces many challenges; most notably, an infection caused
by Fusarium solani, in particular, were reported to cause high mortality to shrimp after exposure.
Understanding the response of TLR genes concerning fungal pathogens is required for rising approaches to
checking disease eruption in cultured shrimp production systems. This study evaluates the response of the
11 TLR genes to fungal infection and predicts their transcription factors. The TLR genes are expressed
differently in the three immune organs after infection with F. solani at particular time points. Moreover, the
TLR downstream genes (MyD8S8, IL1, and TNF-alpha) were significantly up-regulated after fungal
infection. Notably, expression of IL-1 and TNFa was detected from 12 to 96 h, whereas MyD88 was
expressed higher from 24 to 96 h post-infection with F. solani. The promoter analyses of the 11 TLR genes
contained 320 recognized transcription factors (TFs). Though ten TFs, including WT-1, C/EBP, GATA,
Oct, TBP, Sox, RAP1, SRF, NF-1, and Spl, were the most frequent in the eleven TLR genes analyzed,
assuming that they might be complicated in modulating the expression of those genes. Together, we
proposed that the excessive expression of TLR genes in the three immune tissues can take part in the
immune reaction in case of fungal infection in L. vannamei. These findings form the basis for further
research to discover the molecular mechanisms and how the predicated TFs control the expression of the 11
TLR genes, which will perhaps accord to aquaculture's sustenance.

Keywords: Fungal infection; Toll-like receptor; Immunity; Expression gene; Transcription factors.
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Deacetylation of K481 and K484 on penaeid shrimp hemocyanin is critical
for antibacterial activity

Junjie Nie'?2, Jude Juventus Aweya'?, Zhixue Yu!, Hui Zhou', Fan Wang!?, Defu Yao!?, Zhihong Zheng'?,
Shengkang Li'?, Hongyu Ma'?, Yueling Zhang'~>"*

1. Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
Shantou University, Shantou 515063, China

2. STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou 515063, China

3. College of Ocean Food and Biological Engineering, Fujian Provincial Key Laboratory of Food

Microbiology and Enzyme Engineering, Jimei University, Xiamen, 361021, Fujian, China

Abstract: Although invertebrates’ innate immunity relies on several immune-like molecules, the diversity
of these molecules and their immune response mechanisms is not well understood. Here, we show that
Penaeus vannamei hemocyanin (PvHMC) undergoes specific deacetylation under Vibrio parahaemolyticus
and lipopolysaccharide (LPS) challenge. /n vitro deacetylation of PvHMC increases its binding capacity
with LPS and antibacterial activity against Gram-negative bacteria. Lysine residues K481 and K484 on the
Ig-like domain of PvHMC are the main acetylation sites modulated by the acetyltransferase TIP60 and
deacetylase HDAC3. Deacetylation of PvHMC on K481 and K484 allows PYHMC to form a positively
charged binding pocket that interacts directly with LPS, while acetylation abrogates the positive charge to
decrease PvHMC-LPS attraction. Besides, V. parahaemolyticus and LPS challenge increases the expression
of Pvhdac3 to induce PvHMC deacetylation. This work indicates that during bacterial infections,

deacetylation of hemocyanin is crucial for binding with LPS to clear Gram-negative bacteria in crustaceans.
Keywords: deacetylation; penaeid shrimp; hemocyanin; Gram-negative bacteria; antibacterial activity
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Litopenaeus vannamei Notch interacts with COP9 signalosome complex
subunit 1 (CSN1) to negatively regulate the NF-kB pathway

Weiling Zhao!?, Zhihong Zheng'?, Jude Juventus Aweya'?, Fan Wang'2, Defu Yao'?*, Yueling Zhang'- 2*
1. Department of Biology and Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou
University, Shantou 515063, China

2. STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou 515063, China

Abstract: Notch signaling pathway is a highly evolutionary conserved signaling pathway, which modulates
many biological processes such as cell differentiation, tissue development and immune response. Our
previous study revealed that Litopenaeus vannamei Notch (LvNotch) was involved in immune response by
regulating reactive oxygen species (ROS) production in hemocytes. However, the immune regulatory
networks mediated by LvNotch remain unclear in shrimp. In this study, 21 proteins that potentially interact
with LvNotch were identified by GST pull-down and liquid chromatography tandem mass spectrometry
(LC-MS/MS) analyses. Among these proteins, COP9 signalosome complex subunit 1 (CSN1) was chosen
for further studies due to its putative role in immune response. The interaction between LvNotch and
LvCSN1 was confirmed by Far-Western blot and GST pull-down analyses. /n vivo knockdown of LvNotch
resulted in an increase in LVCSNI1 expression in hemocytes, which suggest that the COP9 signalosome
complex might be negatively regulated by LvNotch. In addition, in vivo silencing of LvNotch upregulated
the expression of LvDorsal, LvTNFSF and LvCrustin2 (NF-kB pathway related-genes), while their
expression decreased after LvCSN1 depletion. Collectively, the current results indicate that LvNotch

negatively regulates the NF-kB pathway by modulating LvCSN1 in shrimp.
Keywords: Litopenaeus vannamei; LvNotch; LvCSN1; NF-kB pathway; Cross-talk
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Eriocheir sinensis vesicle-associated membrane protein can enhance host
cell phagocytosis to resist Spiroplasma eriocheiris infection

GuoYing !, Wen Wang !, Wei Gu !, Qingguo Meng -~
1. Jiangsu Key Laboratory for Aquatic Crustacean Diseases, College of Marine Science and Engineering,

Nanjing Normal University, 2 Xuelin Road, Nanjing 210023, China

Abstract: Vesicle-associated membrane protein (VAMP) belongs to the receptor protein on the membrane
of the secretory transport vesicle and involves in host immune function. The intracellular pathogen
Spiroplasma eriocheiris could cause Eriocheir sinensis tremor disease. In a previous study, it was found F.
sinensis VAMP (EsVAMP) was differently expressed in S. eriocheiris infection by proteomics analysis.
This study mainly aims at the function of ESVAMP in the process of the S. eriocheiris infection. The length
of EsVAMP gene was 1681 bp, which contained a 395 bp open reading frame, 90 bp 5’ -non-coding region
(UTR) and 1277 bp 3" -UTR. The results of qPCR showed that ESVAMP was expressed highly in
hemocytes and nerves, followed by gills, intestines and hepatopancreas, and lowly expressed in heart and
muscles. EsVAMP in hemocytes was up-regulated after S. eriocheiris infection. After EsVAMP
over-expression and S. eriocheiris infection, the RAW264.7 cell morphology and cell viability of the
experiment group were significantly better than the control group. Meanwhile, the copy number of S.
eriocheiris in the experiment group was significantly lower than that in the control group. After EsSVAMP
and pCMV-CremCherry were ligated and transfected into RAW264.7 cells, it was found that EsSVAMP and
lysosome colocalized. Meanwhile, the phagocytosed inactivated S. eriocheiris number and phagocytosed
efficiency in RAW264.7 cells were increased significantly. The interference experiment was carried out by
synthesizing ESVAMP dsRNA to verify that the EsSVAMP transcriptions were successfully suppressed. The
S. eriocheiris copy number and the mortality of crab increased significantly after ESVAMP RNAi and S.
eriocheiris infection. Meanwhile, the phagocytosed inactivated S. eriocheiris number and phagocytosed
efficiency in hemocytes decreased significantly after ESVAMP RNAIi and S. eriocheiris infection. These
results showed that VAMP was involved in the cell phagocytosis to resist pathogen infection.

Keywords: Eriocheir sinensis; Vesicle-associated membrane protein; Spiroplasma eriocheiris; RNA

interference; Phagocytosis
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The Eriocheir sinensis calcium/calmodulin-dependent protein kinase I1
activates apoptosis to resist Spiroplasma eriocheiris infection

Chen Huang !, Wen Wang !, Wei Gu !, Qingguo Meng -~
1. Jiangsu Key Laboratory for Aquatic Crustacean Diseases, College of Marine Science and Engineering,

Nanjing Normal University, 2 Xuelin Road, Nanjing 210023, China

Abstract: Calcium/calmodulin-dependent protein kinase II is a downstream mediator of calcium signalling
and participates in the regulation of various cellular physiological functions. In previous studies, the
expression of Eriocheir sinensis CaMKII (EsCaMKII) was significantly decreased in the thoracic ganglion
after Spiroplasma eriocheiris infection, as shown using TMT-based quantitative proteomic analysis;
however, the specific functions of EsCaMKII are still unclear. In this study, the full-length cDNA of
EsCaMKII was 3,314 bp long, consisting of a 1,605 bp open reading frame encoding a protein of 535
amino acids, including a 258 aa serine/threonine protein kinase catalytic domain (EsCaMKII-CD).
EsCaMKII is highly transcribed in haemocytes, nerves (thoracic ganglion), gills, and muscles, but lowly
transcribed in the hepatopancreas, heart, and intestines. The transcription levels of EsCaMKII were altered
in E. sinensis haemocytes after S. eriocheiris infection. After the over-expression of EsCaMKII-CD in
RAW264.7 cells, the apoptosis rate of RAW264.7 cells was significantly increased. After the
over-expression of EsCaMKII-CD, the morphology of RAW264.7 cells became worse after being infected
with S. eriocheiris. Meanwhile, the copy number of S. eriocheiris in RAW264.7 cells was significantly
decreased. From 48 h to 96 h after EsCaMKII RNA interference, the transcription levels of EsCaMKII
decreased significantly. The transcription of apoptosis genes and cell apoptosis were also inhibited in
haemocytes after EsCaMKIl RNAi. The knockdown of EsCaMKII by RNAi resulted in significant
increases in the copy number of S. eriocheiris and in the mortality of crabs during S. eriocheiris infection.
These results indicate that EsCaMKII could promote the apoptosis of E. sinensis and enhance its ability to

resist S. eriocheiris infection.

Keywords: Eriocheir sinensis; Calcium/Calmodulin-dependent protein kinase II; Spiroplasma eriocheiris;
RNA interference
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Fucosyltransferase 2 exerts immune-related functions by modulating
antimicrobial peptides’ expression in Penaeus vannamei
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Yiqi Liu'?*, Mingming Jiang
Zhang'**

1. Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
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2. STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou, 515063, China

3. College of Ocean Food and Biological Engineering, Fujian Provincial Key Laboratory of Food

Microbiology and Enzyme Engineering, Jimei University, Xiamen, 361021, China

Abstract: In mammals fucosyltransferase 2 (FUT2) plays an important regulatory role in inflammation,
bacterial or viral infection, and tumor metastasis. However, the specific role of FUT2 in invertebrate
immunity has not been reported. Here, the FUT2 homolog of Penaeus vannamei (designated as PvFUT2)
was cloned and found to have a full-length cDNA of 1104 bp with an open reading frame (ORF) encoding
316 amino acids. PvFUT?2 is constitutively expressed in all shrimp tissues tested with the highest found in
intestines. Moreover, PvFUT2 was induced in the main immune organs (hemocytes and hepatopancreas) of
shrimp by Gram-positive (Vibrio parahaemolyticus), Gram-negative (Streptococcus iniae) bacteria and
virus (White Spot Syndrome Virus, WSSV), indicating the involvement of PvFUT?2 in shrimp antimicrobial
response. Intriguingly, PvFUT2 knockdown with or without pathogen challenge reduced the expression of
PvpB-catenin and antimicrobial peptides genes, particularly anti lipopolysaccharide factor and lysozyme.
Further analysis revealed that knockdown of PvFUT2 increased Vibrio abundance in hemolymph and
resulted in an increase in shrimp cumulative mortality rate. Thus, during pathogen challenge, the expression
of PYFUT?2 is induced to regulate B-catenin and subsequently antimicrobial peptides expression to augment
shrimp antimicrobial immune response.
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The shrimp C-type lectins modulate intestinal microbiota homeostasis in
Microsporidia infection

Yanlan Huang ', Wen Wang !, Wei Gu !, Qingguo Meng !
1. Jiangsu Key Laboratory for Aquatic Crustacean Diseases, College of Marine Science and Engineering,
Nanjing Normal University, 2 Xuelin Road, Nanjing 210023, China

Abstract: Enterocytozoon hepatopenaei (EHP) is abundant in the shrimp hepatopancreas and intestines
and can be transmitted through the digestive system. But the relationship between EHP and intestines or gut
microbiota is still unclear. In this study, the microbiome and proteome of shrimp Penaeus vannamei
intestine were used to analyze the changes of the gut microbiome and the immune protein after EHP
infection. We found that EHP infection led to a significant increase in the proportion of pathogenic bacteria,
such as Shigella, Aeromonas, Faecalibacterium, and Streptococcus. Proteome results showed that
down-regulated proteins were mainly concentrated in immune-related domains such as C-type lectins
(CTLs), immunoglobulin, hemoglobin, and glutathione transferase, suggesting that EHP infection would
lead to the increasing of pathogenic bacteria and the weakening of innate immunity of shrimp. In shrimp,
CTLs can involve in innate immunity by regulating the expression of antimicrobial peptides, and directly
participate in the inhibition of bacteria through binding and agglutination. On this basis, after successfully
cloned and recombination expressed, three down-regulated CTLs (perlucin, mannose receptor 1 and c-type
lectin domain family 17 with typical CTL domains) were proved to have binding and agglutinin ability
against four pathogenic bacteria (Enterococcus faecalis, Shigella castellani, Salmonella enteritidis,
Aeromonas hydrophila). These results suggested that EHP infection led to decrease the expression of three
CTLs and increase secondary infection caused by pathogenic bacteria. And CTLs played important roles in

maintaining the balance of shrimp gut microbiome in microsporidia infection.
Keywords: Microsporidia; Shrimp; Proteomics; Microbiome; C-type lectin
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A member of the immunoglobulin superfamily /rig-1 is involved in the
immune priming of Scylla paramamosain in response to the infection and
re-infection by Vibrio parahaemolyticus
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Abstract: Recently, it has been well documented that "Immune priming" is a crucial part of the immune
system and widely exist in invertebrates, protecting the host from recurrent infections by pathogens, such as
bacterium, virus and fungus, while the knowledge about relevant genes and mechanisms involved in
"Immune priming" remain incompletely understood. In the present study, a member of the immunoglobulin
superfamily designated as /rig-1 (leucine-rich repeats and immunoglobulin-like domains protein 1) encoded
1109 amino acids protein with characteristic IGc2 domain was identified from transcriptome data of Scylla
paramamosain. LRIG-1 contained a signal peptide, a leucine-rich repeat N-terminal domain (LRR_NT),
Nine leucine-rich repeats (LRR), three LRR_TYP, a leucine-rich repeat C-terminal domain (LRR_CT),
three immunoglobulin C-2 type (IGc2), a transmembrane region, and a C-terminal cytoplasmic tail. The
transcript of [rig-1 was widely expressed in all tested tissues of mud crab and was responsive to first and
second Vibrio parahaemolyticus infection in hemocytes. The knockdown of /rig-1 mediated by RNAi
significantly repressed the expression of several antimicrobial peptides. Meanwhile, its orthologues in the
other 19 crustacean species were identified with the same method and showed high conservation with S.
paramamosain. These results suggested that [rig-/ played a vital role in mud crabs against V.
parahaemolyticus infection through activating antibacterial immune signaling pathways. The results
obtained in the present study confirmed the immune priming roles of the immunoglobulin superfamily in
invertebrates.

Keywords: Immune priming; immunoglobulin superfamily; lrig-1; Vibrio parahaemolyticus; Scylla
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Cloning, identification and functional characterization of a novel
prophenoloxidases (SiproPO) from the freshwater crab Sinopotamon
henanense in response to cadmium exposure and Aeromonas hydrophila

infection

Yue Liang', Min Nan Bao', Lang Lang?, Zhi Wen Sang', Hai Chao Fan', Lan Wang!*
1. School of Life Sciences, Shanxi University, Taiyuan 030006
2. School of Life Sciences, Shenzhen University of Technology, Shenzhen 518000

Abstract: Prophenoloxidase (proPO) is essential in the prophenoloxidase-activating system which is
important for defense against foreign infection in crustaceans. However, only few studies have focused on
its expression in response to the presence of environmental pollutants and pathogenic bacteria, such as
cadmium and Aeromonas hydrophila. Our study aimed to investigate the proPO in the freshwater crab
Sinopotamon henanense and its expression changes by Cd and infection of 4. hydrophila. The results show
that the full-length cDNA of ShproPO was 2620 bp, with an ORF of 2037 bp. The ShproPO protein could
be found in both of the granular and the semi-granular haemocytes. The ShproPO mRNA was also found to
be abundantly expressed in haemocytes and the expression could be influenced by 4. hydrophila infection.
Low concentrations of Cd could promote its expression after infection with A. hydrophila. Thus, it is
reasonable to postulate that Cd may change the crab’s susceptibility to 4. hydrophila infection. In addition,
in vivo knockdown of ShproPO in crab’s haemocytes could significantly reduce PO activity even in the

presence of 4. hydrophila infection.
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Functional characterization of arginine metabolic pathway enzymes in
penaeid shrimp antibacterial immune response

Zishu Huang'?, Yueling Zhang'>3, Xiaoyu Zheng!?, Zhuoyan Liu'?, Defu Yao'?, Jude Juventus Aweya!->*
1. Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
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Abstract: Arginine, its metabolism pathway enzymes, and metabolic products are important modulators of
several physiological processes in animals, including immune response. Although some components of the
arginine metabolic pathway in penaeid shrimps have been reported, no systematic study has explored all
the key pathway enzymes involved in shrimp antimicrobial response. Here, we explored the role of the
three key arginine metabolism enzymes (nitric-oxide synthase (NOS), arginase (ARG), agmatinase (AGM))
in Penaeus vannamei antimicrobial immunity. First, P. vannamei homologs of ARG and AGM (PvARG
and PvAGM) were cloned and found to be evolutionally conserved, with close relationship with
invertebrate counterparts. Transcript levels of PvARG, PvAGM, and PYNOS were ubiquitously expressed
healthy shrimp tissues and induced in hemocytes and hepatopancreas upon challenge with Gram-negative
(Vibrio parahaemolyticus) and Gram-positive (Streptoccocus iniae) bacteria, suggesting their involvement
in shrimp antimicrobial immune response. Besides, RNA interference knockdown and enzyme activity
assay revealed an antagonistic relationship between PvARG/PvAGM and PvNOS, while this relationship
was broken upon pathogen stimulation, i.e., increased transcript levels and enzyme activity. Interestingly,
knockdown of PvNOS increased Vibrio abundance in shrimp hemolymph, whereas depletion of PvAGR
transcript levels reduced Vibrio abundance. Taken together, our present data reveals how the key arginine
metabolism pathway enzymes homologs (PvARG, PvAGM, and PvNOS) in penaeid shrimp systematically

modulate antibacterial immune response.
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Immune responses of Shcrusin from the freshwater crab Sinopotamon
henanense to cadmium exposure and Aeromonas hydrophila infection

Minnan Bao', Yue Liang', Zhiwen Sang1, Haichao Fan, Lan Wang'*
1. School of Life Science, Shanxi University, Taiyuan 030006

Abstract: Antimicrobial peptides are essential to the innate immune system and are important in
invertebrates' defense against bacterial, fungal and viral infections. Although several crustin genes have
been identified in crustaceans, they have not been found in freshwater crabs. In this study, we cloned a
crustin gene (Shcrustin) from Sinopotamon henanense. The full length cDNA of the Shcrustin gene is 691
bp, which encoded a protein of 170 amino acids, with a signal peptide sequence located at the N-terminus,
and a WAP domain located at C-terminus. The WAP domain of ShCrustin contains four disulfide bonds
composed of eight characteristic cysteine residues. Based on domain and phylogenetic analysis, ShCrustin
is a type II Crustin antimicrobial peptide due to its glycine and cysteine rich regions. Tissue distribution
results showed that Shcrustin was widely expressed in different tissues, with the highest expression in gills.
The expression of Shcrustin in gills and hemolymph was significantly upregulated when A4. hydrophila was
challenged alone. However, the expression of Shcrustin was significantly reduced under the combined
stress of cadmium and 4. hydrophila.
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Interaction of Penaeus vannamei hemocyanin and a2-macroglobulin
modulates the phenoloxidase activity
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Abstract: Prophenoloxidase (proPO)-activating system is a critical innate immune defense in invertebrates.
However, the mechanisms involved in regulating the phenoloxidase (PO) activity in shrimp hemolymph
remain ill-defined. Our previous studies showed that Penaeus vannamei hemocyanin (HMC) and
a2-macroglobulin (a2M), two key regulators of proPO-activating system in plasma, might interact with
each other, indicating that this interaction could be implicated in controlling PO activity. Herein, we further
confirmed that HMC specifically bind to a2M using Pull down and Far-Western blot analyses. Further
studies demonstrated that HMC could directly interact with the receptor binding domain of a2M. In
addition, HMC and o2M followed similar expression pattern upon Vibrio parahaemolyticus infection,
suggesting the interaction of HMC and a2M might have a role in immune response. Finally, we found that
02M, as a broad-spectrum proteinase inhibitor, suppressed the serum PO activity in vitro, while
hemocyanin could partially restore this inhibitory effect. In sum, the present data indicate that HMC
interacts with 02M and therefore modulates the PO activity. This finding contributes to better
understanding of stable state maintenance of PO activity in shrimp.
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KIF2A upregulates PI3K/AKT signaling through polo-like kinase 1 (PLK1)
then inhibits apoptosis and induces cell proliferation during Eriocheir
sinensis spermatogenesis

Yanshuang Zhao!, Wanxi Yang', *
1. College of Life Sciences, Zhejiang University, Hangzhou 310030

Abstract: Motor proteins, including kinesin family members, play an important role in many processes in
cell growth and development. The study of kinesin-13 KIF2A mainly focused on the cell division, while
the relationship between KIF2A and signaling pathways, like PI3K/AKT, is rarely understood. In this paper,
we knocked down KIF2A through injecting dsRNA in Eriocheir sinensis, and overexpressed KIF2A in
HEK293 cell line in vitro. Then we detected the changes of PI3K/AKT pathway related proteins, apoptosis
proteins and cell proliferation proteins, respectively. In addition, TUNEL Staining, Edu Staining, Flow
Cytometry and HE Staining were also used to detect the changes of apoptosis and proliferation levels. We
observed that, after KIF2A knockdown, the apoptosis of spermatogenic cells increased and proliferation
decreased, while the opposite after KIF2A overexpression. To further explore how KIF2A affects
PI3K/AKT, we introduced a KIF2A interacting protein, polo-like kinase 1 (PLK1), which has been shown
in a cancer article to be involved in the PI3K/AKT pathway. And we found that both PLK1 knockdown and
overexpression had the same phenomena as KIF2A, however, KIF2A knockdown decreased the expression
of PLK1 while PLK1 knockdown didn’t change the expression of KIF2A, indicating PLK1 may be a
downstream protein of KIF2A. In conclusion, these results show that KIF2A regulates the PI3K/AKT

signaling pathway by influencing the expression of PLK1 during spermatogenesis in Eriocheir sinensis.
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KLF13 induces apoptotic cell clearance in Penaeus vannamei as an essential
part of shrimp innate immune response
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Abstract: Although, in mammals, the Kriippel-like transcription factor 13 (KLF13) plays an essential role
in cell proliferation, survival, differentiation, apoptosis, tumorigenesis, immune regulation, and
inflammation, its role in penaeid shrimp is unclear. In the current study, we characterized a KLF13
homolog in Penaeus vannamei (PvKLF13), with full-length cDNA of 1677 bp and 1068 bp open reading
frame (ORF) encoding a putative protein of 355 amino acids, which contains three ZnF_C2H2 domains.
Sequence and phylogenetic analysis revealed that PvKLF13 shares a close evolutionary relationship with
KLF13 from invertebrates. Transcript levels of PvKLF13 were ubiquitously expressed in shrimp and
induced in hemocytes upon challenge with Vibrio parahaemolyticus, Streptococcus iniae, and white spot
syndrome virus (WSSV), suggesting the involvement of PvKLF13 in shrimp immune response. Besides,
knockdown of PvKLF13 decreased hemocytes apoptosis in terms of increased expression of pro-survival
PvBcl-2, but decreased expression of pro-apoptotic PvBax and PvCytochrome C, coupled with high
PvCaspase3/7 activity, especially upon V. parahaemolyticus challenge. The findings here indicate the
involvement of PvKLF13 in apoptotic cell clearance as an essential part of shrimp innate immune response
to pathogens.

Keywords: Penaeid shrimp, Kriippel-like transcription factor 13, hemocytes apoptosis, innate immune

response

First author: Shiyuan Bao, female, doctoral candidate, mainly engaged in the study of shrimp
immunobiology, Tel: 15013904764, E-mail: 19sybao@stu.edu.cn.

Corresponding author: Yueling Zhang, male, professor, mainly engaged in the study of shrimp
immunobiology, Tel: 13592865628, E-mail: zhangyl@stu.edu.cn.

Funding: This work was sponsored by National Natural Science Foundation of China (Nos. 31872596 &
32073008), 2020 Li Ka Shing Foundation Cross-Disciplinary Research Grant (No.2020LKSFGO1E) and
Key Special Project for Introduced Talents Team of Southern Marine Science and Engineering Guangdong
Laboratory (Guangzhou) (No. GML2019ZD0606).

46



YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

LvHemB]1, a novel cationic antimicrobial peptide derived from the
hemocyanin of Litopenaeus vannamei, induces cancer cell death by
targeting mitochondrial voltage-dependent anion channel 1
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Abstract: Current cancer treatment regimens such as chemotherapy and traditional chemical drugs have
adverse side effects including the appearance of drug-resistant tumor cells. For these reasons, it is
imperative to find novel therapeutic agents that overcome these factors. To this end, we explored a cationic
antimicrobial peptide derived from Litopenaeus vannamei hemocyanin (designated LvHemB1) that induces
cancer cell death, but sparing normal cells. LvHemB]1 inhibits the proliferation of human cervical (HeLa),
esophageal (EC109), hepatocellular (HepG2), and bladder (EJ) cancer cell lines, but had no significant
effect on normal liver cell lines (T-antigen-immortalized human liver epithelial (THLE-3) cells). In
addition to its antiproliferative effects, LvHemB1 induced apoptosis, by permeating cells and targeting
mitochondrial voltage-dependent anion channel 1 (VDACI1). Colocalization studies revealed the
localization of LvHemB1 in mitochondria, while molecular docking and pull-down analyses confirmed
LvHemB1-VDACI interaction. Moreover, LvHemB1 causes loss in mitochondrial membrane potential and
increases levels of reactive oxygen species (ROS) and apoptotic proteins (caspase-9, caspase-3, and Bax
(Bcl-2-associated X)), which results in mitochondrial-mediated apoptosis. Thus, peptide LvHemB]1 has the
potential of being used as an anticancer agent due to its antiproliferation effect and targeting to VDACI to
cause mitochondrial dysfunction in cancer cells, as well as its ability to induce apoptosis by increasing ROS

levels, and the expression of proapoptotic proteins.
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PtP38 may increase the immune ability of Portunus trituberculatus
stimulated by LPS imitating a gram-negative bacterial infection
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Abstract: The P38 mitogen-activated protein kinase (MAPK) signal transduction pathway is widespread in
organisms and plays important roles in immune activities. The infection mechanism of environmental
gram-negative bacteria on crustaceans is an important scientific problem. In this study, the cDNA
full-length sequence of Portunus trituberculatus P38 (PtP38) was cloned and its structure was analyzed by
bioinformatics methods. To study the function of the PtP38 gene after a Gram-negative bacterial infection,
we injected P. trituberculatus with LPS to activate the immune response instead of directly infecting with
Gram-negative bacteria. With LPS stimulation, the expression of the PtP38 gene in different tissues
increased significantly. At the same time, the expression of immune-related genes (ALF and crustin) in the
hepatopancreas, activities of antioxidant enzymes [superoxide dismutase (SOD), catalase (CAT), and
inducible nitric oxide synthase (iNOS) enzymes], and expression of apoptosis-related genes (caspase2 and
caspase3) were increased significantly. To further conform the function of PtP38 in the immune response,
we injected P. trituberculatus with P38 inhibitor and subsequently injected with LPS. The results showed
that the expression of immune-related genes was inhibited, the activity of antioxidant enzymes was
decreased, and the expression of apoptosis-related genes were inhibited. Thus, we speculated that PtP38
may increase the immune ability by improving the expression of antimicrobial peptides, increasing the
activity of oxidative stress-related enzymes, and promoting cell apoptosis in infected P. trituberculatus.
This study also laid the foundation for further study of the P38 MAPK signaling pathway and immune
mechanism of P. trituberculatus.
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The involvement of hypoxia inducible factor-1a on the proportion of three
types of haemocytes in Chinese mitten crab under hypoxia stress
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Abstract: Hypoxia triggers diverse cell physiological processes, and the hypoxia inducible factors (HIFs)
are a family of heterodimeric transcription factors that function as master regulators to respond to hypoxia
in different cells. However, the knowledge about the hypoxic responses especially cell alteration mediated
by HIFs under hypoxia stress is still limited in crustaceans. In the present study, a hypoxia-inducible
factor-la (HIF-1a)) gene was identified (designed as EsHIF-1a). The relative mRNA expression level of
EsHIF-10 was highest in hyalinocytes and lowest in granulocytes among three types of haemocytes in
crabs. Hypoxia could significantly increase the EsHIF-lo protein expression level in haemocytes.
Meanwhile, the proportion of hyalinocytes began to increase from 3 h post hypoxia treatment, and reached
the highest level at 24 h. However, the opposite variation in proportion of granulocytes was observed under
hypoxia stress. Further investigation showed that the inhibition of EsHIF-1a induced by KC7F2 (HIF-1a
inhibitor) could lead to the significant decrease in the proportion of hyalinocytes under hypoxia stress, and
also resulted in a increase of granulocytes proportion. While, after EsHIF-1o was activated by 10X4
(HIF-1a activator), the proportion of hyalinocytes was significantly up-regulated and the proportion of
granulocytes was significantly down-regulated under post hypoxia treatment. These results collectively
suggested that EsHIF-1a was involved in the regulation of proportion of three types of haemocytes induced
by hypoxia stress, which provided vital insight into the understanding of the crosstalk between hypoxia and

cell development in invertebrates.
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Identification of GnRH-like peptide and its potential signaling pathway
involved in the oocyte meiotic maturation in the Chinese mitten crab,

Eriocheir sinensis

Xiang Fang', Biyun Luo', Chengzhi Wang', Zhen Li', Xueying He', Gaofeng Qiu'*
1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean
University, Shanghai 201306

Abstract: Gonadotropin-releasing hormone (GnRH) plays a pivotal role in reproductive regulation. GnRH
works by binding with its receptor (GnRHR) to activate the downstream signaling cascades for inducing
the synthesis and secretion of pituitary gonadotropins in vertebrates. However, the GnRH peptide was
rarely isolated and its function remains poorly characterized in invertebrates. In this study, we isolated and
identified two GnRH-like peptides with 11 amino acids from the brain tissues of the Chinese mitten crab
Eriocheir sinensis. Immunolocalization showed that the presence of EsGnRH-like peptide in brain, ovary
and hepatopancreas. Synthetic EsGnRH-like peptides can induce germinal vesicle breakdown (GVBD) of
oocyte during meiotic maturation. Similar in vertebrates, ovarian transcriptomic analysis revealed a GnRH
signaling pathway in the crab, in which most genes exhibited dramatically high expression at GVBD. RNAi
knockdown of EsGnRHR suppressed most of genes expression in the pathway. Co-transfection of the
expression plasmid pcDNA3.1-EsGnRHR with reporter plasmid CRE-luc or SRE-luc into 293T cells
showed that EsGnRHR transduces its signal via cAMP-PKA and Ca?>*/DAG-PKC signaling transduction
cascades. In vitro incubation of the crab oocyte with EsGnRH-like peptide confirmed the cAMP-PKA
cascade but lack of a Ca?>’/DAG-PKC cascade in the oocytes. Our data present the first direct evidence of
the existence of GnRH-like peptides in the crab and demonstrated its conserved role in the oocyte meiotic

maturation as a neurohormone.
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The function of dynein light chain Pt-km23 in transport signaling pathway
protein Pt-Smad2 during spermatogenesis in Portunus trituberculatus

Qiu-Meng Xiang', Jun-Quan Zhu', Cong-Cong Hou': *
1. Key Laboratory of Aquacultural Biotechnology, Ministry of Education, School of Marine Sciences,
Ningbo University, Ningbo, (315822)

Abstract: The dynamic mechanism of sperm morphogenesis in crab is one of the hot topics in crustacean
reproductive biology. The molecular mechanism of dynein involvement in crab spermatogenesis is poorly
understood until today. Cytoplasmic dynein is a protein complex composed of multiple subunits,studies
have shown that the activation of dynein light chain km23 affects its function. Meanwhile, the function of
km23 may be related to TGF-f/Smad signaling pathway. However, the function of Pt-km23 and Pt-Smad2
in the spermatogenesis of crustaceans has not been reported. We cloned the complete cDNA sequences of
Pt-km23 and Pt-smad2 of Portunus trituberculatus and bioinformatics analysis was carried out on them.
Through bioinformatics analysis, we found that Pt-km23 and Pt-smad?2 are very conservative in evolution;
Semi-quantitative analysis showed that the mRNA of Pt-km23 and Pt-smad2 were highly expressed in
testis, indicating that they are vital to testis development and spermatogenesis. Then we detected the
colocolization of Pt-km23 with Pt-Smad2 . Pt-DHC and o-Tubulin proteins in spermatogenesis by
immunofluorescence. Pt-km23 with Pt-DHC or o-Tubulin signals were highly colocalized during
spermatogenesis, indicating that Pt-km23 assisted dynein in transporting cargo along microtubules.
Pt-km23 and Pt-Smad2 were also high colocalization in spermatogensis, suggesting that Pt-km23 may be
related to cell division, acrosome formation and nuclear deformation during spermatogenesis. In order to
further verify its function, we further designed in vivo interference experiment, and the study showed that
the expression and distribution of Pt-Smad2 were disordered after Pt-km23 silencing, and the morphology
of spermatocytes was changed. This study indicates that Pt-km23 mediates cytoplasmic dynein to
participate in the transport of Pt-Smad2 during spermatogenesis.
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Ammonia stress changes the molecular structure and modifies penaeid
shrimp (Penaeus vannamei) hemocyanin to modulate its functions

Mingming Zhao'?, Jude Juventus Aweya ', Defu Yao'?, Zhiheng Zheng'?, Yueling Zhang'2?*

nstitute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
Shantou University, Shantou 515063, China

2STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou 515063, China

Abstract: Anthropogenic factors and climate change have a serious effect on aquatic ecosystems, and
therefore aquaculture. Among the environmental factors that has great impact on aquaculture organisms
such as penaeid shrimp is ammonia. In this study, the effects of ammonia stress (0, 50, 100, and 150 mg/L)
on the molecular structure and functions of the multifunctional respiratory protein hemocyanin (HMC) in
Penaeus vannamei was investigated. Using several techniques and methods including RNA interference, in
vitro kinase assay, dynamic light scattering, in vitro bacteria binding assays, etc., we revealed that under
ammonia stress conditions, penaeid shrimp HMC (PvHMC) undergoes phosphorylation and glycosylation
modifications to modulate its functions. Ammonia stress induced the expression of HMC, trypsin, and
PP2A but decreased that of CK2 in shrimp hemocytes. On the other hand, in plasma, oxygenated HMC
(OxyHMC) and phosphorylated HMC levels decreased, whereas glycosylated HCM levels were elevated,
due to changes in the molecular structure of HMC, which enhances the degradation of the modified HMC
by trypsin into fragments. Moreover, under moderate ammonia stress conditions, the modified HMC and its
degraded fragments, have enhanced antibacterial activity, especially, against Gram-negative bacteria
(Vibrio parahaemolyticus) compared with Gram-positive bacteria (Staphylococcus aureus), although
HMC’s ability to bind oxygen was attenuated. These results indicate that penaeid shrimp hemocyanin
undergoes adaptive molecular modifications under ammonia stress to enable shrimp survive and counteract

the consequences of the stress.

Keywords: ammonia stress; penaeid shrimp; hemocyanin; oxygen carriage; post-translational modification;
antibacterial activity.

First author: Mingming Zhao, male, postdoctor, mainly engaged in the study of shrimp immunobiology,
Tel: 13592804195, E-mail: mmzhao@stu.edu.cn.

Corresponding author: Yueling Zhang, male, Professor, doctoral supervisor, mainly engaged in the study
of shrimp immunobiology, Tel: 0754-86502580 13592865628, E-mail: zhangyl@stu.edu.cn

Funding: This work was sponsored by National Natural Science Foundation of China (Nos. 31872596 &
32073008) and 2020 Li Ka Shing Foundation Cross-Disciplinary Research Grant (No. 2020LKSFGO1E).

60



YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

Transcriptome and proteome reveal abnormal spermatozoa in precocious
Chinese mitten crab, Eriocheir sinensis

Huan Liu"-2, Lei Guo'-2, Weiwei Zhang*, Jiahui Peng' 2, Qinna Chen', Fang Cao!, Zhaohui Zhang?,
Mingshen Guo'-2, Han Zhang' 2, Shumei Mu'-?#, Xianjiang Kang' % 3#

1. College of Life Science, Hebei University, Baoding 071002

2. Institute of Life Sciences and Green Development, Hebei University, Baoding 071002

3. Hebei Innovation Center for Bioengineering and Biotechnology, Hebei University, Baoding 071002
4. School of Basic Medical Sciences, Hebei University, Baoding 071002

5. Department of Reproductive Medicine, Baoding First Central Hospital, Baoding 071002

Abstract: In juvenile Chinese mitten crabs, Eriocheir sinensis, the occurrence of sexual gland maturation
in the first year is known as precocity and significantly affects culture productivity and profitability. The
miniaturization of individuals is a key characteristic of precocious crabs. Most related studies focus on the
underlying causes, nutritional quality, biochemical components and differentially expressed mRNAs of
precocious crab individuals and tissues. The reproductive performance of precocious crabs is evaluated
based on offspring quality. However, the status of precocious parental gametes (especially spermatozoa)
directly related to the offspring has not been reported. To clarify the differences in spermatozoa between
precocious and normal mature crabs, spermatozoal transcriptome and proteome data were obtained via
high-throughput sequencing technology. The results revealed a total of 856 differentially expressed genes
and 150 differentially expressed proteins in spermatozoa. Functional analysis showed that these genes and
proteins identified in the spermatozoa of precocious E. sinensis were significantly enriched in the
categories of substance and energy metabolism. And more, the miniaturization of spermatogenic cells was
also identified in precocious crabs. This indicates that metabolic disorders might be the main reason for the
miniaturization of spermatogenic cells in precocious E. sinensis males. The molecular defects in precocious
sperm were closely related to the imbalances in essential substance and energy metabolism. These findings
provide foundational information and insights into hidden biological irregularities associated with
precocious phenotypes and will contribute to the further study of precocious E. sinensis males and even
other crustaceans.
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mTORC1/C2 regulate spermatogenesis in Eriocheir sinensis via alterations
in the actin filament network and cell junctions

Zhen-Fang Li', Shuang-Li Hao™ !, Lan-Min Wang', Hong-Yu Qi', Jia-Ming Wang', Fu-Qing Tan?, Wan-Xi
Yang”

1. The Sperm Laboratory, College of Life Sciences, Zhejiang University, Hangzhou 310058, China

2. The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, 310003, China.

Abstract: Spermatogenesis is a finely regulated process of germ cell proliferation and differentiation that
leads to the production of sperm in seminiferous tubules. Although the mammalian target of rapamycin
(mTOR) signaling pathway is crucial for spermatogenesis in mammals, its functions and molecular
mechanisms in spermatogenesis remain largely unknown in nonmammalian species, particularly in
Crustacea. In this study, we first identified es-Raptor (the core component of mTOR complex 1) and
es-Rictor (the core component of mTOR complex 2) from the testis of Eriocheir sinemsis. Dynamic
localization of es-Raptor and es-Rictor implied that these proteins were indispensable for the
spermatogenesis of E. sinensis. Furthermore, es-Raptor and es-Rictor knockdown results showed that the
mature sperm failed to be released, causing almost empty lumens in the testis. We investigated the reasons
for these effects and found that the actin-based cytoskeleton was disrupted in the knockdown groups. In
addition, the integrity of the testis barrier (similar to the blood-testis barrier in mammals) was impaired and
affected the expression of cell junction proteins. Further study revealed that es-Raptor and es-Rictor may
regulate spermatogenesis via both mTORCI1- and mTORC2-dependent mechanisms that involve es-rpS6
and es-Akt/es-PKC, respectively. Moreover, to explore the testis barrier in E. sinensis, we established a
cadmium chloride (CdClz)-induced testis barrier damage model as a positive control. Morphological and
immunofluorescence results were similar to those of the es-Raptor and es-Rictor knockdown groups.
Altogether, es-Raptor and es-Rictor were important for spermatogenesis through maintenance of the actin
filament network and cell junctions in E. sinensis.

Keywords: mTORC1/C2; Spermatogenesis; cell junctions; microfilament; Eriocheir sinensis
First author: Zhen-Fang Li, Ph.D, Candidate at College of Life Sciences, Zhejiang University, China.

Corresponding author: Wan-Xi Yang
Funding: National Natural Science Foundation of China (No. 32072954 and No. 32102786)

62



YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

Biological function of crustacyanin genes (NdCRCNs) from Neocaridina
denticulata sinensis: Based on bioinformatics, RNAi, and RNA-seq analysis

Dandan Feng', Yuying Sun', Jiquan Zhang"-*
1. School of Life Sciences, Hebei University, Baoding 071002, China

Abstract: Neocaridina denticulata sinensis is a small freshwater crustacean, and it is suggested as an
excellent laboratory model within Decapoda. Lipocalin is a large and complex family of proteins that
transport small hydrophobic molecules, and members of the lipocalin protein family contain crustacyanin
(CRCN), apolipoprotein D, retinol-binding protein, and others. CRCN can combine with astaxanthin -- a
chromophore to form a multimeric protein complex which causes a bathochromic shift in the emission
spectrum of astaxanthin from red to blue. Some studies have reported that there are only a few CRCN
subunits in a species, but a dozen of CRCN subunit genes concatenating in the same chromosome were
found in N. denticulata sinensis. Although CRCN was researched over body color and its structure,
knowledge gaps remain in how CRCN works biological function on other aspects. Currently, we use a
decapod shrimp model based on bioinformatics, RNA interference (RNAi), and RNA sequencing
(RNA-Seq) to investigate NdCRCN biological function. Moreover, a semi-quantitative PCR method was
performed to validate the accuracy of transcriptome sequencing and analyze the expression pattern of
candidate differentially expressed genes (DEGs). Our transcriptomic data revealed DEGs associated with
the biological function of antioxidant function, pigmentation, and molting. In summary, these results
provide new insights into the relationship between the expression level of NdCRCN and body color
variation, and the biological function of NdCRCN will be elucidated by comparative analysis of the

transcriptome between the experiment and control groups.
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A new alternative splice variant of ecdysteroid receptor (EcR) transcript
differentially expressed during embryogenesis in the oriental river prawn
Macrobrachium nipponense

Kun Xie!, Ying Chen!, Zheng-Hua Zhang!, Gao-Feng Qiu'*
1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean
University, Shanghai, P. R. China

Abstract: Ecdysteroids are well known as a class of steroid hormones, which not only mediate moulting in
insects and crustaceans but also are involved in the reproduction and embryogenesis as well. To
characterize the role of ecdysteroid receptor (EcR) in embryo genesis, a novel alternative splicing of EcR
(MnEcR) was identified from the oriental river prawn Macrobrachium nipponense, and its spatio-temporal
expression profile was examined during embryogenesis. The MnEcR cDNA is 2246 bp in length and
encodes a protein with 487 amino acids. Quantitative real-time PCR analysis revealed that the relative
amount of MnEcR transcripts was low at cleavage stage, gradually increased from blastula stage, and
reached at a peak at the metanauplius when the Y-organ appeared and, thereafter, dramatically decreased at
the protozoea and back to a low level at the zoea. Such a dynamic expression profile of MnEcR mRNA is
paralleled by fluctuation of ecdysteroids during morphogenesis in the prawn M. rosenbergii and Palaemon
serratus. Hybridization in situ demonstrated MnEcR transcripts were localized to the epidermis of
appendage rudiments in metanauplius and the cuticle membrane of the thoracic legs and telson in zoeas,
suggesting a role for MnEcR in the development of appendages. These results indicated that MnEcR

associated with ecdysteroids might be essential for morphogenesis during embryogenesis in the prawn.
Keywords: alternative splicing; ecdysteroid receptor; embryogenesis; macrobrachium nipponense
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Effects of high salinity on the expression of aquaporin and ion transport
related genes in Fenneropenaeus chinensis with different specifications

Zhitong Deng', Zhongkai Wang!, Zhihao Zhang', Yuquan Li"*
1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109

Abstract: Salinity is one of the most common environmental stress factors, which has a substantial
influence on crustacean growth, metabolism, physiology, and distribution, while ion transporters and
aquaporins are considered to play important roles in response to salinity stress. Fenneropenaeus chinensis
is an important shrimp species cultured in northern China and salinity conditions influence its commercial
farming significantly. To investigate the function of ion transporters and aquaporins under high salinity,
genes of ion transporters (Na*/K*-ATPase (FcNKA), carbonic anhydrase (FcCA), and V-type H'-ATPase
(FcVHA) and aquaporins (FcAQP3 and FcAQP4) were first characterized and identified from
transcriptomic data of F.chinensis. The tissue distribution analysis revealed the predominant expression of
these genes in the gills. Then, this study examined the expression of the genes in the post-larvae and in the
gills of adult shrimp in response to hyperosmotic challenges with two gradients (40%o, 45%0) as the
experimental salinity and 30%o as the control salinity. The results showed that the relative expression levels
of these genes were significantly decreased (p < 0.05) in post-larvae shrimp at 40%o and 45%o at 1 h and 3 h.
As the stress continued, the expression levels of aquaporins genes recovered or exceeded the initial levels
with the steadily reduced expression of ion transporter genes after 12 h of salinity stress, except that those
of FcNKA and FcVHA could return to the initial levels only under 45%o treatment. On the other hand, these
genes were also significantly down-regulated (p < 0.05) and continuously decreased up to 12 h in the gills
of adult shrimp under high salinity stress. The only exception was the expression of FcVHA at 45%o, which
returned to the control level at 12 h. In general, FcAQP3, FcAQP4, FcNKA, FcVHA, and FcCA were
down-regulated under raised salinities, whereas their expression patterns differed according to the
developmental stages of shrimp. The results indicate that the above genes may play a key role in adaption
to variable environmental salinity conditions in shrimp and provide basic data for revealing the

osmoregulation mechanisms of F. chinensis in response to high salinity stress.
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Two short repeats in the 5° untranslated region of insulin-like androgenic
gland factor in Procambarus clarkii (PcIAG) that regulate PcIAG expression

Sigi Yang, Rong Sun, Qishuai Wang, Yanhe Li"

College of Fisheries, Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural
Affair/Engineering Research Center of Green Development for Conventional Aquatic Biological Industry
in the Yangtze River Economic Belt, Ministry of Education, Huazhong Agricultural University, Wuhan
430070, China

Abstract: Insulin-like androgenic gland factor (/AG) plays an important role in sex manipulation in
decapods. Understanding the molecular regulation mechanism of /4G in Procambarus clarkii (PcIAG) is
important for realizing its sex control. Here, the promoter and gene structure of Pc/AG, mRNA, and
miRNA expression profiles after interfering with two siRNAs synthesized according to the two short
repeats in the 5’ untranslated regions (5'UTR) of PcIAG were analyzed, and miRNAs of exosomes were
investigated to explore the role of the repeated sequences with tandem two short repeats located in the
5'UTR of PcIAG isolated from the androgenic gland (AG) in the regulation of /4G expression. The results
showed that the repeated sequences of 5'UTR only occurred completely in the cDNA from AG. After
interfering with siRNA, the differentially expressed genes and the target genes of differentially expressed
miRNAs were enriched in sex-related pathways such as the Wnt signaling pathway, Oocyte meiosis,
Estrogen signaling pathway, and GnRH signaling pathway, indicating the importance of /4G in sex
regulation. The differentially expressed genes were enriched in sex-related GO terms after the GsiRNA and
YsiRNA interference, while were not enriched in sex-related GO terms after WsiRNA (as a nontarget one)
interference. It indicated that the two repeats might be related to the regulation of Pc/AG expression in AG
tissue. The difference in the GO enrichment results of differentially expressed genes and the target genes of
differentially expressed miRNAs of the two siRNA groups indicated that although the two repeats differ by
only one base, they were different in regulating the expression of Pc/4G. And the difference in regulation
appears to be related to the Wnt signaling pathway. Furthermore, we found that six miRNAs including
miR-133, miR-193, miR-34, miR-1, miR-100, and let-7 might be involved in the regulation of the
expression of PcIAG, wherein miR-133 might directly be related with the repeated sequences of S'UTR.
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Aquatic hypoxia disturbs oriental river prawn (Macrobrachium nipponense)
testicular development: A cross-generational study

Yinxiang Chen, Ran Hu, Shengming Sun*
Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai, 201306, China

Abstract: The present study aimed to investigate hypoxia’s toxic effects on the testicular function of
oriental river prawns (Macrobrachium nipponense) and offspring development. Hypoxia disrupted
testicular germ cells quality, caused sex hormone imbalance (testosterone and estradiol), and delayed
testicular development. The F1 generation derived from male prawns exposed to hypoxia showed retarded
embryonic development, and reduced hatching success and larval development, despite not being exposed
to hypoxia. Analysis of the transcriptome the FO generation (exposed to hypoxia) showed that the impaired
testicular functions were associated with changes to mitochondrial oxidative phosphorylation, apoptosis,
and steroid biosynthesis. Interestingly, quantitative real-time PCR confirmed that hypoxia could
significantly suppress the expression of antioxidant and gonad development-related genes in the testis of
the F1 generations, with and without continued hypoxia exposures. In addition, paternal exposure to
hypoxia could result in a higher production of reactive oxygen species in offspring testis tissue compared
with those without hypoxia exposure. The cross-generational effects of testicular function implied that the

sustainability of natural freshwater prawn populations would be threatened by chronic hypoxia
Keywords: Hypoxia, Macrobrachium nipponense, Transcriptomics, Testis
First author: Yinxiang Chen

Corresponding author: Shengming Sun, E-mail address: sunshengming621416@163.com
Funding: National Natural Science Foundation of China (31672633)

69


mailto:sunshengming621416@163.com

YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

R R R M 0 LN o i A 2 R T S B

SREFLT, AR, R,
1. W KRR RS 1 570228

B ARSI B AE LU VTG T B A M s R R M g8 0 PLANTEE R IR f1 AE K e g BE 7K R S o

SIS T 9 Rl KRB A RN IR T (5%) HISREZERETRl: Con CRE KALMEE) . CRA
( Caulerpa racemosa) ~ CLA ( Caulerpa lentillifera) . CSS ( Caulerpa sertularioides ) ~ CLM
(Chaetomorpha linum) « ULA (Ulva lactuca) « GBE (Gracilaria bailiniae) « ASA (Acanthophora
spicifera) « SVC (Sargassymilicifolium var. conduplicatum) F1 BGE (Betaphycus gelatinae) . %53
R, BB R 25 SIS A HR A PR RE R B 2 T AL (P < 0.05) , Ho ASA 411 CSS
AW ER (WG  FFEEKE (SGR) MLHE (CF) &3 m T4l (P<0.05) , A
FHZEPAAER (SR ML (HD WA REZER (P>0.05) ; 515k, SR ER AR %
SEIG RTINS L RE S B = T X HR AL (P<0.05) , H AR MEEL RN Acanthophora spicifera 1
XU BB aE ) (AR E . BRGS0, PR . proPO RGE T AE S ML BEARVE T . T BT
Py BUREYE) RIPUEALEE /) (SOD. CAT. GPx. MDA) ¥R TH B EA (P<0.05 , [
N G985 RN A A O 2 (Rl R IA K B 25 T FU B 4 (P<0.05) o T ARG £ s 7 fa
RENAERANERE T HEAKT IR, ARG P 7 FT 025 i e 1R T R A AP BE AT 4 e KT 1
IhHEFN: ASA > CRA > BGE > CLA > SVC > GBE > ULA > CSS > CLM > Con. 48 #-1iAE H# 45
BRI o i IR, R T FLGNE T R A A B /K T f i & IR it K BLHE 84 Acanthophoa spiciferas

R PRI LIRS ks P

B—EH: skeE N, B, WiLEERA, HFROT A SRS A S R R 4

BIRSER: BB, 55, BIBER, MLARI, WEEKARANA, W7 AR s P A B
RS, 2, 5, MR, MEASI, WEEMENA, BT RKE S I A L
R .

. | WA EAIRTRIE, ZDYF2021XDNY 182, At k70 g 358 Y5 xf iR T A LRl ek v in 71 57
RE N

2. W RE G I K FRFE B R B S S S TF GRR, TMTOF2021, #4556 R Th e 4 kL R 7
REMNH

3. R AR AR R UR A, Qyhys2021-211, #RHT K FR VA7 388 56 R Th GETRDRL ) B2 B RCR VR

70



YEAEFRNBLR/FPENMTRTenh T2 T RFAFTHEE

X HROFR R BRI Z K VeR £ 7R AT T 6

Bk
RERBCR

WE: (8

71



YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

T EBSURMF (Panulirus homarus) 1R IR 2K H EHE % e Hoor i
EH

WRpE, ZRPENL, ZE

TR KA 2EBE, W 570228

FEE: R 0 2 WA Th REAE R e W IRt 2 o AR ORI e 55 B B2 A B R R Py T 5 DR B FH o ST
X2 BB A FRIEE: 71 B K3 SOR BN (Panulirus homarus)Kit, 845 BIF 50573 F AR RR 19 7 W4 T
Ao ARWFICRH & KERABARIFE G5 5 M0 4 A AL i i R 1) 70 i i B, IR AE L 4y
WU T BTS2 25 1 A BRI R 1) B B0 WA DI o AT 8 AU SO FFF R e ) AL 345
9163 /> unigene, HFIJK N 3148.45 bp, N50 4y 3559 bp, N90 4 2040 bp. NR. GO. KEGG-
eggNOG F1 Swiss-Prot 7 HliF R 7 7838, 6432, 5072. 6787. 7643 17021 4> unigene, 1 EREMI%
Pl 15 4= unigene 1] 89 %. KEGG — 4l B%yERE 2 unigene £7 & IR S AL Dh e ik, GFEE S
fE3. N RG. RERG. ARG RN ZERAUAEE S 0 w00, sk,
KEGG il BRI R B (1 73 WA o LA & TH BRI 7 W i S B Tl e, B0315 S48 %L (55701 SILAH
HAEH. ARG, RIERG. WHWRS. oKWEARE. TR 28046 S R0
MG 1 544 =00 KEGG & &£ 8 2 40 b B A il g A&, BA 35 MEsAAILT
Ji G R RZ BB T SRR 35 NSRRI RGURAE I, P SCI IR I 3 i 1) LT A 3 28,
TE £ RARTE AR AT A LMD R BRI ARG, 1A 21 MR, TR I K704 6
AN, N 3 LT BRI T A R, FP A A R AL T R IR T A JE 2 4y
JUH 350 MEIERZ G . AW R R A B R L S TR, R SO 5 T
FUR LRI R . BUAh, AT TORAS SRR b Sl N B s L b, e sl B i 7e
RIBIRMESTH, P 53 0 2H 50T T R AT (R AT 7 L A 702

R WSURER: BB, ERERHA: 2bEA

F—EE: WRE, B, WL, BI#EER, WS, EENERFOK S E IR SRR A,
E-mail: chenhu777vip@icloud.com
WIEE: 28, B, ML, BiRa, ML, FENEKTFEYE AR, AR

fEE R 2 A Ay e K AR S R B 2E T AL, E-mail: ecli@bio.ecnu.edu.cn
BE: FE H IR G Hh B R SO I AR KR R 7 LB

72



YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

Roles of insulin-like androgenic gland hormone in sexual differentiation in
the peppermint shrimp, Lysmata vittata

Fang Liu!, Haihui Ye!*
1. Fisheries College of Jimei University, Xiamen 361021, People's Republic of China

Abstract: Insulin-like androgenic gland hormone (IAG) plays a pivotal role in male sexual differentiation
of dioecious crustaceans. However, until now the knowledge concerning its functions in hermaphroditic
species is scanty. Herein, we expounded functions of Lvit-IAG1 and Lvit-IAG2 in the peppermint shrimp
Lysmata vittata, a species characterized by a rare reproductive system of protandric simultaneous
hermaphroditism (PSH). Both Lvit-IAG1 and Lvit-IAG2 gene were exclusively expressed in the androgenic
gland (AG) and their expression levels were significantly higher at the male phase than the
euhermaphrodite phase during the life cycle of the PSH species. Results of long-term silencing experiments
revealed that Lvit-IAG2 and Lvit-IAG1 coordinatively functioned to modulate male sexual differentiation
in L. vittata. Lvit-IAG1 was suggested to be closely related to the normal development of both appendix
masculina (AM) and male gonopores, and participates in primary-to-secondary spermatocyte transition.
However, Lvit-IAG2 was suggested to predominantly act on the normal development of AM, and
participated in spermatocyte-to-spermatid transition. Notably, knockdown of Lvit-IAG1 as well as
Lvit-IAG2 impeded the ovarian development. Lvit-IAG1 was suggested to regulate the ovarian development
by inhibiting gonad-inhibiting hormone (Lvit-GIH) expression in the eyestalk ganglion; while Lvit-IAG2
might contribute to ovarian development via promoting the individual growth in L. vittata. Moreover,
knockdown of these two Lvit-IAGs induced changes in gene expression of neuropeptides in the eyestalk
ganglion, indicating that AG might have negative feedback on eyestalk ganglion of this PSH species.

Keywords: sexual differentiation; IAG; PSH; reproductive endocrine; crustaceans
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Rab2 and Rabé6 are implicated in acrosome formation during
spermatogenensis in Eriocheir sinensis

Chao Li', Jiao Chen', Shumei Mu!, Xianjiang Kang""*
1. School of Life Sciences, Hebei University, Baoding 071002

Abstract: Rab2 and Rab6 belong to the Ras protein family and these GTP-dependent proteins are involved
in vesicle transport, localization, and fusion. Rab2 is settled in the cis-Golgi apparatus while Rab6 is the
most abundant Golgi-associated Rab protein. In mammals, vesicles inducted by Rab proteins are involved
in spermatogenesis and acrosome formation. However few studies have investigated Rab proteins in
Decapoda reproduction. The acrosome is the most major organelle in the sperm of Eriocheir sinensis
making that species an ideal experimental model for studying acrosome formation. In this study, Rab2 and
Rab6 poly-clonal antibodies of E.sinensis were prepared. The characteristics of Rab2 and Rab6 were
declared during spermatogenesis using immunofluorescence. We further verify the presence of the Golgi
apparatus in the spermatocytes using transmission electron microscopy (TEM). The results suggest that
Rab2 and Rab6 are involved in acrosome formation in FE.sinensis. Our findings provide a better
understanding of the roles of Rab proteins in reproduction and help us to recognize the potential functions
of the Golgi apparatus in spermatogenesis in this crab.

Key words: Eriocheir sinensis; Rab2; Rab6; Golgi apparatus; spermatogenesis;
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The juvenile hormone epoxide hydrolase homolog in Penaeus vannamei
plays immune-related functions

Zhuoyan Liu'?, Zishu Huang'?, Xiaoyu Zheng'?, Zhihong Zheng'?, Defu Yao'?, Yueling Zhang'?, Jude
Juventus Aweya!->3*

1. Institute of Marine Sciences and Guangdong Provincial Key Laboratory of Marine Biotechnology,
Shantou University, Shantou 515063, China

2. STU-UMT Joint Shellfish Research Laboratory, Shantou University, Shantou 515063, China

3. College of Ocean Food and Biological Engineering, Fujian Provincial Key Laboratory of Food

Microbiology and Enzyme Engineering, Jimei University, Xiamen 361021, Fujian, China

Abstract: Juvenile hormone epoxide hydrolase (JHEH) participates in the degradation of juvenile hormone
and also involved in the development and molting process in insects. Here, the JHEH homolog in Pennaus
vannamei was cloned and found to consist of a full-length cDNA of 2543 bp and an open reading frame
(ORF) of 1386 bp. Transcripts of PvJHEH1 were expressed in most tissues of healthy shrimp with the
highest found in the hepatopancreas and lowest in hemocytes. Both Gram-negative (Vibrio
parahaemolyticus) and Gram-positive (Streptococcus iniae) bacteria induced PvJHEH1 expression in
shrimp hemocytes and hepatopancreas, suggesting the involvement of PYJHEH]1 in P. vannamei immune
responses. Moreover, the mRNA levels of ecdysone inducible nuclear transcription factor PvE75 and
crustacean hyperglycemic hormone (PvCHH), two endocrine-related genes with roles in shrimp innate
immune response, decreased significantly in shrimp hemocytes after PvJHEH1 knockdown. Shrimp
survival was also affected after PvJHEH1 knockdown followed by V. parahaemolyticus challenge,
indicating that JHEH1 plays an essential role in shrimp survival during bacterial infection.

Keywords: Juvenile hormone epoxide hydrolase; Penaeus vannamei; Shrimp immunity; Bacterial

infection; Endocrine-related genes
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Identification of sex-specific markers and ZW-chromosome DNA clones
from the genomic BAC library of the Chinese mitten crab Eriocheir sinensis

Bihai Liu!, Yanqing Zhang', Keyi Ma!, Xugan Wu!, Gaofeng Qiu'-*

1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture; National
Demonstration Center for Experimental Fisheries Science Education; Shanghai Engineering Research
Center of Aquaculture, Shanghai Ocean University, 999 Hucheng Ring Road, Shanghai, 201306

Abstract: In this study, we successfully identified a sex-specific marker from sex-linked markers in the
genetic map and verified in different wild populations of Eriocheir sinensis. To further identify ZW
chromosome DNA, we constructed a highly redundant genomic bacterial artificial chromosome (BAC)
library for the Chinese mitten crab. By using sex specific markers, PCR-based screening was performed to
identify ZW-derived BAC clones. Three W and Z-derived BAC clones were isolated, respectively. One of
W-derived (P282E18) BAC clones was sequenced and assembled into a 43 kb contig without any gap. The
W-derived BAC inserts can be mapped to an assembled contig of E. sinensis genome with 95% similarity
in the aligned region, demonstrating that the BAC library is a valuable resource for discriminating Z and W
chromosome contigs in the assembled haploid genome. The sex-specific marker provides a powerful tool
not only for distinguishing the gender of larval or early juvenile E. sinensis without sexual dimorphism and
sex-reversed individuals in monosex crab breeding, but also for identification of ZW-derived BAC clones

used in the assembly of Z and W chromosomes in E. sinensis.
Keywords: Eriocheir sinensis; BAC library; Sex chromosome; Female-specific marker
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An insight into genetic potential for growth and survival of the Pacific white
shrimp (Litopenaeus vannamei) in the context of low-protein and
low-fishmeal diet use

Ping Dai!, Sheng Luan', Juan Sui', Xianhong Meng!, Jie Kong"*
1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: This study assessed genetic parameters including genotype by diet interactions in growth and
survival of Pacific white shrimp (Litopenaeus vannamei) fed with a low-protein and low-fishmeal diet
(protein: 35%, fishmeal: 9%) and a general commercial diet (protein: 42%, fishmeal: 25%). A total of 2774
shrimp from 38 families were divided into two groups for a feeding trial, an experimental group fed with
the low-protein and low-fishmeal diet and a control one fed with the commercial diet. The variance
components of body weight (BW) and survival were estimated using bivariate analysis, whether diet
treatments were considered separately or combined. A 6.92% increase in BW and a 5.19% increase in
survival rate of shrimp fed the control diet over the experimental diet were observed after 75 days of trial,
implying that the current low protein and fishmeal content did not have any major devastating effect on
shrimp growth and survival. The heritability estimate of BW on the experimental diet (0.671+0.112) was
higher than that on the control diet (0.585%0.108), but not significantly (P > 0.05), and the estimate of
survival on the experimental diet (0.199+0.047) was significantly higher than that on the control diet
(0.050+£0.019; P < 0.01). Genetic correlation between BW recorded on the two diets was very strong
(0.928+0.042), indicating an insignificant genotype by diet interaction effect for this trait. Relatively,
genetic correlation for survival was moderate (0.361+0.236), indicative of severe genotype by diet
interaction effect. Our results indicate that 35% protein and 9% fishmeal in diets with high level of
plant-based protein are feasible in inducing acceptable growth and survival of L. vannamei. This study
confirms that the current low-protein and low-fishmeal diet is an appropriate environment for evaluating
and selecting genotypes for improved growth of L. vannamei.

Keywords: genetic correlation; genotype by diet interaction; Litopenaeus vannamei, low-protein and
low-fishmeal diet
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Characterization of the B-type allatostatin signalling in the mud crab and
its roles in ovarian development and ecdysteroid biosynthesis

An Liu', Guizhong Wang?, Haihui Ye'*
1. College of Fisheries, Jimei University, Xiamen 361021, China
2. College of Ocean and Earth Sciences, Xiamen University, Xiamen 361102, China

Abstract: B-type allatostatins (AST-Bs) are a family of structurally related peptides that have potent
inhibitory effect on juvenile hormone synthesis in insects. Recently studies have confirmed that AST-Bs
have pleiotropic functions in insects, whereas in crustaceans the roles of AST-Bs in crustaceans is still
unclear. To obtain new insights into the physiological roles of AST-Bs in crustaceans, here we have
characterized the AST-B signaling system in the mud crab, Scylla paramamosain. RT-PCR suggested that
SpAST-B was confined to the ovary and the nervous tissues whereas SpAST-BR was extensively expressed
in the detected tissues except heart, indicating that SpAST-B might have a variety of physiological roles in
mud crab. The expression patterns of both SpAST-B and SpAST-BR in the ovary were negatively correlated
to vitellogensis. Subsequently, the in vitro and in vivo experiments demonstrated that SpAST-B had an
inhibitory role in ovarian development of S. paramamosain. To investigate roles of SpAST-B in regulating
other aspects of physiology in S. paramamosian, we examined the in vitro and in vivo effects of SpAST-B
and found that it caused inhibition of ecdysteroid biosynthesis in the Y-organ and reduction in the levels of
SpMIH expression in the eyestalk ganglion. Furthermore, analysis of the in vitro effects of SpAST-B on the
mandibular organ activity revealed that it caused a significant decrease in the levels of Thiol gene
expression, which suggested that SpAST-B might inhibit the biosynthesis of methyl farneside in S.
paramamosian. In summary, our characterization of the physiological functions of AST-B peptides
indicated that AST-B signaling had an inhibiting role in ovarian development and it might serve an
evolutionarily ancient role in regulating the biosynthesis of ecdysteroid and methyl farneside.

Keywords: B-type allatostatin, mud crab, ovarian development, ecdysteroid
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Effect of hemolytic lecithin replacement of soybean lecithin oil on the
growth performance and immunity of Macrobrachium nipponense juveniles

Chang Guoliang! ?*, Pan Zhengjun' 2, Zhu Chuankun'- 2, Zhao Haitao' 2, Yan Zhang’, Summaya Rajput®,
Laghari M. Younis**

1. Life Science School of Huaiyin Normal University, Jiangsu, China

2. Laboratory for Breeding of Special Aquatic Organisms, Huai’an, 223300, China

3. Key Laboratory of Aquatic Genomics, Ministry of Agriculture, and Beijing Key Laboratory of Fishery
Biotechnology, Chinese Academy of Fishery Sciences, Beijing,100141. 11

4. Department of Freshwater Biology and Fisheries, University of Sindh, Jamshoro, Sindh-Pakistan

Abstract: Macrobrachium nipponense is called the ‘oriental river prawn’ or ‘blue prawn’ and is an
important aquaculture species in China. Their low growth rates, low survival rates, and immune systems
are considered major hurdles in the production and breeding of these shrimp. Generally, soybean lecithin
oil (SO) is used as a major source of phospholipids in aquatic animal feed. In the present study, hemolytic
lecithin (HL) as a substitute for SO was used to observe the growth and immune performance of M.
nipponense. Four types of diets containing similar basal compositions but differing in hemolytic lecithin
HL ratios were used. HL 0.1% was added to all diets except the control diet (0.0% HL). Furthermore,
antioxidant enzyme activity (T-SOD, AKP, ACP and POD) in the hepatopancreas, serum and muscle was
determined. The maximum final weight gain rate (WGR) and standard growth rate (SGR) observed with
Diet #4, showed average increases of 52.51+£7.91 and 0.702+0.086 grams, respectively. This result suggests
that the SGR and WGR of prawns fed a diet containing 0% SO were significantly higher (P < 0.05) than
those of the other experimental groups. Furthermore, the survival rate also increased by decreasing the SO
level in the feed contents. The lowest relative hepatosomatic index was observed in Diet4.

Keywords: Antioxidant enzyme, Macrobrachium nipponense, Growth, Survival, Immune system, Feed
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Effects of dietary plant-protein sources intake on growth, digestive enzyme
activity, edible tissue nutritional status and intestinal health of the

omnivorous Redclaw crayfish, Cherax quadricarinatus

Zongzheng Jiang!, Dunwei Qian', Zhenye Liang', Yongyi Jia?, Chang Xu'*, Erchao Li'*
1. College of Marine Sciences, Hainan University, Haikou, Hainan 570228, China

Abstract: For omnivorous crayfish, plant raw materials can be good alternatives for the Redclaw crayfish
Cherax quadricarinatus. A 56-day feeding trial was conducted in C. quadricarinatus (11.70 £ 0.13 g) fed
with eight diets. Diet with 100% fishmeal (FM) as the protein source was the control. Seven experimental
diets were formulated by replacing 75% or 100% of FM with soybean meal (SM75, SM100) or cottonseed
meal (CM75 and CM100), and a mixture of SM and CM (protein content is 1:1) replacing 50%, 75% or
100% of FM (SC50, SC75, and SC100). Crayfish fed the CM100 and SC100 showed significantly lower
WG, SGR, trypsin and pepsin activities compared to control diet. Crayfish in CM100 group showed
significantly higher GPx, ALT, AST activities and MDA content than the control. SM100 and CM100 diets
can cause slight separation of the peritrophic membrane from the intestinal folds. The pepsin activity of
crayfish in SC50 were significantly higher than those in other experimental diets. The highest WG and
muscle arginine content were also found in crayfish fed SC50. The relative abundance of Proteobacteria
phylum, Unclassified Enterobacteriaceae, and Candidatus Bacilloplasma was significantly higher, but the
relative abundance of Actinobacteriota phylum was significantly lower in crayfish fed SM100, CM 100, and
SC100 than those in control. Microbiota functional prediction indicated that the relative abundance of “cell
motility” pathway in crayfish fed CM100 was significantly decreased compared to control. In conclusion,
only half of the fishmeal can be effective substituted with a mixture of soybean meal and cottonseed meal

(protein content is 1:1) for C. quadricarinatus.
Keywords: Cherax quadricarinatus; Plant protein sources; Growth; Digestive ability; Intestinal health
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es-Arp3 and es-Eps8 regulate spermatogenesis via microfilaments in the
seminiferous tubule of Eriocheir sinensis

Jia-Ming Wang', Zhen-Fang Li', Hong-Yu Qi, Zhan Zhao and Wan-Xi Yang"
The Sperm Laboratory, College of Life Sciences, Zhejiang University, Hangzhou 310058, China

! These authors contribute to this work equally.

Abstract: Spermatogenesis is a complicated process including spermatogonia differentiation,
spermatocytes meiosis, spermatids spermiogenesis and final spermatozoa release. Actin-related protein 3
(Arp3) and epidermal growth factor receptor pathway substrate 8 (Eps8) are two actin binding proteins that
regulate cell adhesion in seminiferous tubule during mammalian spermatogenesis. However, the functions
of these two proteins during spermatogenesis in nonmammalian species, especially Crustacea, are still
unknown. Here, we cloned es-Arp3 and es-Eps8 from the testis of Chinese mitten crab Eriocheir sinensis.
es-Arp3 and es-Eps8 were located in spermatocytes, spermatids and spermatozoa. Knockdown of es-Arp3
and es-Eps8 in vivo caused morphological changes to seminiferous tubule including delayed spermatozoa
release, shedding germ cells and vacuoles. Filamentous-actin (F-actin) network was disorganized due to
deficiency of es-Arp3 and es-Eps8. Accompany with this, four junctional proteins (a-catenin, B-catenin,
pinin and ZO1) displayed abnormal expression level as well as penetrated biotin signals in seminiferous
tubule. We also used Arp2/3 complex inhibitor CK666 to block es-Arp3 activity and supported es-Arp3
knockdown results. To summary, our study demonstrated for the first time that es-Arp3 and es-Eps8 are

important for spermatogenesis via regulating microfilaments mediated cell adhesion in Eriocheir sinensis.
Keywords: es-Arp3; es-Eps8; spermatogenesis; cell adhesion; microfilaments.
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Identification and expression pattern of the sex determination gene
fruitless-like in Cherax quadricarinatus

Dawei Lin?, Yongjun Guo?, Xiuli Chen', Huizan Yang', Qiangyong Li', Qingyun Liu', Fuli Luo? , Kui
Meng? , Songting Yang? , Xinquan Cheng? , Wenming Ma? , Xiaohan Chen? , Moran Wang',* , Yongzhen
Zhao?,?

1. Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy Aquaculture, Guangxi Academy of
Fisheries Sciences, Nanning, China

2.T ianjin Key Lab of Aqua-Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural University,
Tianjin 300384, China

3. College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo, Zhejiang 315100,
People’s Republic of China

Abstract: The fruitless (fru) gene has an important function in the courtship behavior and sex
determination pathway of Drosophila melanogaster; however, the fru gene has never been reported in
shrimps. In this study, the fruitless-like gene was identified in Cherax quadricarinatus (Cqfru) and is
reported here for the first time. A sequence analysis revealed a conserved BTB domain in Cqfru which is
the same as fru in D. melanogaster. An analysis of the expression level of Cqfru showed that it was highly
expressed in the gastrula stage during embryonic development. Furthermore, in situ hybridization and
expression distribution in tissues showed that its sexually dimorphic expression may be focused on the
hepatopancreas, brains, and gonads. The gonads, brains, and hepatopancreas of males had a higher
expression level of Cqfru than those of females; however, the expression level of the abdominal ganglion
was found to be higher in females than in males in this study. The results of an RNA interference treatment
showed that a knockdown of Cqfru reduced the expression of the insulin-like androgenic gland hormone
(IAG) and tumor necrosis factor (TNF). The characteristic fru gene in shrimps is reported here for the first
time, with the results providing basic information for research into the sex-determination mechanism in C.

quadricarinatus.
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Identification and expression pattern of three sex-Related gens in the
shrimp Neocaridina denticulate sinensis (decapoda,caridea)
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YANG> WENMING MA'S

1. College of Biological and Environmental Sciences, Zhejiang Wanli University, Ningbo, Zhejiang,315100,
P. R. China

2. Tianjin Key Lab of Aqua-Ecology and Aquaculture, College of Fisheries, Tianjin Agricultural

University, Tianjin 300384, P. R. China

3. Department of Developmental Biology, and Institute for Marine Biosystem and Neurosciences,

Shanghai Ocean University, Shanghai 201306, P. R. China

4. Ecological Environment Monitoring and Scientific Research Center of Haihe River Basin and

Beihai Sea Area, MEE, Tianjin 300170, P. R. China

Abstract: The sex determination and differentiation process of economically important crustaceans have
been regarded as the focus of aquaculture for a long time, because of the sex-related weight differences.
Neocaridina denticulata sinensis makes a suitable animal model for studying crustaceans because it can
reproduce many times under artificial control and has a short reproductive cycle. Male and female sex
characteristics of the adult rice shrimp Neocaridina d. sinensis are morphologically obvious, but not in
embryos and juvenile stages. At present, sex-specific DNA markers have not yet been developed. To
produce a reliable molecular marker for sex in Neocaridina and to investigate molecular sex differentiation,
we therefore focused on identifying sex-specific transcriptomic differences. In this study, we found three
sex-specific expression genes, NDM, Sushi, and NDF), after screening a large number of transcriptome data.
NDM and Sushi are male-specific expression genes, and NDF is a female-specific expression gene.
Semi-quantitative RT-PCR analysis showed that NDM and NDF can act as molecular markers for the sex
identification of Neocaridina in different developmental stages, especially sex identification for embryos
and juveniles with the same morphological characteristics. However, Sushi can only act as a molecular
marker for the sex identification of Neocaridina in adult stages. Furthermore, in situ hybridization showed
that a strong positive signal of NDM was detected in the male testis. At the same time, we explored the
relationship between these three genes and sex differentiation. The results of RNA interference treatment
show that knockdown of nd-IAG (Neocaridina denticulata sinensis insulin-like androgenic gland hormone)
can change the expression of NDM and NDF. On the basis of the expression of the male-specific gene
NDM and the. emale-specific gene NDF, we developed a molecular test that for the first time allows the
unambiguous sex determination of Neocaridina samples lacking external sex-specific features from

juvenile stages onward.
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transcriptome
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Molecular identification of insulin-like peptide in the swimming crab
Portunus trituberculatus: Involvement in the metabolic homeostasis of
hemolymph glucose

Rui Xu', Mengen Wang', Xi Xie'#, Dongfa Zhu'"

1. School of Marine Science, Ningbo University, Ningbo, Zhejiang Province, China.

Abstract: Insulin-like peptides (ILPs) are essential in regulating growth and development, reproduction,
behavior, metabolism, and lifespan of the kingdom. Among crustaceans, a great deal of research has
reported their functions in sex determination and reproduction. In contrast, there are fewer studies on
whether ILPs function similarly to vertebrate insulin in glucoregulation. In this study, an Insulin-like
peptide was identified in Portunus trituberculatus, to investigate whether and how PtILP regulates
hemolymph glucose levels, exogenous glucose injection, RNA interference and recombinant protein
injection were implemented. After the injection of exogenous glucose, the glucose level in the hemolymph
decreased after a sharp climb, while the expression level of PtILP increased in 30 min. This implies that
PtILP may be involved in hemolymph glucose regulation. But there was no significant difference in
hemolymph glucose levels after 24 hours of RNAi with PtILP, suggesting that there may be a potential
modulation of PtILP. Hence, subsequent assays to figure out the reason, exogenous glucose was injected
along with RNAi to ensure that the expression of PtILP was inhibited while endogenous PtILP was
depleted, revealed that hemolymph glucose levels decreased slower compared to the control group, while
hemolymph glucose levels cleared faster after recombinant protein injection. In addition, detecting genes in
the insulin/insulin-like growth factor signaling (IIS) pathway revealed that PtILP might involvement in the
homeostasis of hemolymph glucose by regulating genes related to glycogen synthesis, glycolysis and
gluconeogenesis. The above results suggest that PtILP is involved in the homeostasis of hemolymph

glucose in P. trituberculatus.
Keywords: Portunus trituberculatus; Insulin-like peptide; hemolymph glucose; RNAi
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PIWIs maintain testis apoptosis to remove abnormal germ cells in Eriocheir

sinensis

Bang-Hong Wei!, Jia-Hao Ni!, Tong Yang!, Shuang-Li Hao!, Wan-Xi Yang'"
1. The Sperm Laboratory, College of Life Sciences, Zhejiang University, Hangzhou 310058

Abstract: PIWI proteins play important roles in germline development in the mammals. However, the
functions of PIWIs in crustaceans remain unknown. In the present study, we identified three Piwis from the
testis of Eriocheir sinensis (E. sinensis). Three Piwi genes encoded proteins with typical features of PIWI
subfamilies and were highly expressed in the testis. Three PIWIs could be detected in the cytoplasm of
spermatocytes and spermatids, while in spermatozoa, we could only detect PIWI1 and PIWI3 in the nucleus.
The knockdown of PIWIs by dsRNA significantly affected the formation of the nuclei in spermatozoa,
which resulted in deviant and irregular nuclei. PIWI defects significantly inhibited the apoptosis of
abnormal germ cells through the caspase-dependent apoptosis pathway and p53 pathway. Knockdown of
PIWIs inhibited the expression of caspase3, 7, 8, and p53 without affecting Bc/2 (B-cell lymphoma gene 2),
Bax (B-cell lymphoma-2-associated X) and Bax/ (B-cell lymphoma-2-associated X inhibitor), which
further significantly increased abnormal spermatozoa in the knockdown-group crabs. These results show a
new role of PIWI proteins in crustaceans that is different from that in mammals. In summary, PIWIs play
roles in the formation of the germline nucleus and can maintain apoptosis in abnormal germ cells to remove

abnormal germ cells in E. sinensis.
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Proteomic analysis of individual giant freshwater prawns Macrobrachium
rosenbergii growth retardants

Xi-Lian Li, Qiang Gao, Pei-jing Shen, Zhi-min Gu”, Xue-Feng Chen*

Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of Freshwater
Aquatic Animal Genetic and Breeding of Zhejiang province, Zhejiang Institute of Freshwater Fisheries,
Huzhou 313001, China

Abstract: “Iron prawn” means a condition with severe growth retardation called by fisherman. Many
studies have investigated the giant river prawn, which contains high protein content and functional nutrients;
however, no proteomic information is available for this species. Shotgun 2DLC-MS/MS proteomic analysis
of the total protein from “iron prawn” Macrobrachium rosenbergii identified 19758 peptides corresponding
to 2613 high-confidence proteins. These proteins range in size from 40 to 70 kDa.Gene Ontology (GO)
analysis indicated that the proportions of the proteins’ roles were as follows: biological processes 36.1%,
cell components 90.9%, and molecular functions 49.4%. KEGG analysis revealed that the largest group of
102 KEGG pathways proteins was involved in the comparison between the standard and “iron prawn.”
Also, 7, 11, 1, 6, and 5 commercially important enzymes were found in the eyestalk, liver, muscle, ovary,
and testis, respectively. The uses of these differently expressed enzymes could include immune system
action against pathogens, muscle contraction, digestive system metabolism, cell differentiation, migration,
and apoptosis in the severe growth retardation of “iron prawn.”
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RNA sequencing and functional analysis of adult gonadal tissue to identify
candidate key genes in Macrobrachium rosenbergii sex development

Jindong Ren', Rong Na', Honglin Chen', Bao Lou'-*, Baolong Niu'-"
1. Zhejiang Academy of Agricultural Sciences, Institute of Aquatic Biology, Hangzhou 310021 Zhejiang,
China

Abstract: Macrobrachium rosenbergii is a typical aquatic organism with reversible gonadal development
that is regulated by gene expression. The role of transcription factors in gonadal in adult shrimps remains
unclear in M. rosenbergii. In this study, we sequenced the transcriptomes of adult shrimp testes, ovaries,
and androgenic glands using second-generation sequencing. In total, 24,007 genes were identified and
9,199 differentially expressed genes (DEGs) were identified by pair wise comparison. There were 272
differentially expressed transcription factors (TFs); 107, 152 and 13 differentially expressed TFs were
identified in the testes, ovaries, and androgenic glands by three pair wise comparisons, respectively. GO
and KEGG analyses of the TFs and DEGs involved in the MAPK signaling and transcriptional regulation
pathways and play key roles in the cell cycle of the testes, whereas involved in the thyroid hormone
signaling pathway and neuroactive ligand-receptor interaction play important roles in the ovary. We
determined the existence of networks comprising important TFs related to sex development in adult M.
rosenbergii gonads. The key TFs were Piwi (expressed only in the testes and ovaries) and Argonaute 3
(expressed only in the ovaries), which might be involved in the regulation of testes and ovary development.

Keywords: Macrobrachium rosenbergii, Transcriptome, Sex development, Transcription factors
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Roles of PIWIs in maintenance of spermatogonia and quality control of
mature sperm in Eriocheir sinensis

Bang-Hong Wei, Wan-Xi Yang"
The Sperm Laboratory, College of Life Sciences, Zhejiang University, Hangzhou 310058, China

Abstract: Roles of PIWI in spermatogenesis of mammalian have been well illustrated but are largely
unknown in Chinese mitten crab (Eriocheir sinensis), which produces non-flagellar sperm. Here, we
demonstrate that knockdown of PIWIs significantly promotes the transformation of spermatogonium to
spermatocyte. Overexpression of PIWIs in HEK293 significantly inhibits cell proliferation through Wnt
signaling pathway. PIWIs suppress transcriptional activity of Wnt pathway to down-regulate Cyclin D and
Cyclin E by inhibiting B-catenin and the phosphorylation of B-catenin at Ser552. Intracellular structure of
adherens junction is destroyed by PIWIs due to the downregulated a-catenin, B-catenin and ZO1. PIWIs do
not affect the apoptosis in normal cells, but significantly induce apoptosis in damaged cells. Overall, our
results suggest that PIWIs maintain spermatogonia through inhibiting Wnt signaling pathway and induce
apoptosis in abnormal germ cells to remove abnormal germ cells in E. sinensis.
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Transcriptional regulation of 4G by dsx and foxI-2 in Scylla paramamosain
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Fisheries College, Jimei University, Xiamen, 361021, China;
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Abstract: Scylla paramamosain is an important cultured crab species in the southeast coast of China.
However, the molecular mechanism and regulation mechanism of its gonadal development are still not
thoroughly studied. dsx (doublesex) and foxl-2 are important transcription factors involved in gonadal
development. So far, the identification and function of dsx and foxI-2 in crustaceans are very limited.
Insulin-like androgenic gland hormone (IAG) is an effector molecule that regulates the differentiation,
development and sex maintenance of testes in crustaceans and plays an important role in the process of sex
differentiation. IAG is also known as the sex switch of crustaceans, or "[AG switch". In this study, dsx and
foxl-2 cDNA sequences were obtained from the full-length transcriptome database of mud crabs. qRT-PCR
results showed that Spdsx gene was widely expressed in all tissues analyzed, and its expression level in the
androgenic gland (AG) was significantly higher than that in other tissues, and its expression level in the
ovary was higher than that in the testis. Spfox/-2 gene was mainly expressed in gonads, and its expression
in the testis was significantly higher than that in the ovary. The promoter region of Sp/AG was predicted,
and several potential binding sites of dsx and fox1-2 were found. Site-directed mutagenesis was performed
on the predicted potential binding sites, and their promoter activity was analyzed. The results showed that
there was a dsx and a foxI-2 binding site, respectively, that could regulate the expression of Sp/AG. In order
to verify the regulatory effect of these two transcription factors on Sp/AG, we constructed the expression
plasmids of dsx and foxl-2 and co-transfected them into 293T cell lines with the promoter of Sp/AG,
respectively. The results showed that dsx could significantly promote the expression of Sp/AG, while foxI-2
could inhibit its expression substantially. Then we carried out in vivo RNA interference experiment on mud
crabs. The expression of dsx and fox/-2 in crabs were interfered respectively. The results of qRT-PCR
showed that the activity of Sp/l4AG was significantly inhibited after interfering with dsx, while significantly
increased after interfering with fox/-2, which was consistent with the cell experiment. In conclusion, dsx

and foxI2 transcription factors play opposite roles in regulating the expression of Sp/AG.
Keywords: Scylla paramamosain; dsx; foxl-2; Transcriptional regulation; /AG
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{E1E 1000 Z Fl miRNA, H SRR SRR RIA 2 A, HHA LKA miRNA 1751
bR R, JEEILE S BT R ERIE IncRNA . FER_FJF A1 R UTR FIEAL 5T 45

PR, ARRIEHER 738 UTR W MAE UTR AR E. HIRIATHAE FEES 4K GRD - O
4k ceRNA AEM H3R1X mRNA, 28 T FKEER, &HmRaEEEF s @ceRNA 1) &
#iE mRNA, HER/D, PAXETRMAH SRR @miRNA JTEH&EEIE mRNA; OfKR
EFER . IX 4 RERThAE E L4 RS AMIE . IXEegt TUiH, gk B S 1R R RE
KL, ZERMN. 74, BARE DNA LR — R ey i i Ry L], X 138
WAL LN B 2L

R 1 KT HIAFRZEE mRNA FIhEE T

No.  Upstream methylated level mRNA IncRNA miRNA
1 ) Low*
Low High* .
2 . High
High*
3 ) Low
High Low )
4 High
5 ) High*
High* Low*
6 Low
Low* ]
7 . High
Low High
8 Low

Note: * indicates dominant trend
B BRI M TAREEE; AT
F—EEFBRMEE: ZHRT (19700 , 5, HL&, AILRIEE2EEER, HEoadsm, 328

N EE L B 732 g 1R MR AL A HLHI T 7 . E-mail: ligenliang@]163.com. FLi%: 18207766346,
& HFARRFEESTH (WMHE%WS: 31960728) .
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

JLEREERTET CHH 2R 7E MF 1 20E /EH T BRIE 2T

BRI, R4, FEYL
B R KR S TR, 266237

WE: BT YO LGN AN [ & B I A S PR A7 SE 30 R 70 T F2EVEJElE (MF) AT i %
% (Q0B) [MERMEMER, Jf4d B 92t ¢ % & B PCR B AR 7 7E4ME MF F1 20E /£ K, 11 % CHH
TR FGAE FLANIE XU T AR R E b . BEFCR I, T IR BE 4R XT MF F1 20E #3Rk H T 1R 5%
(RURYE, SMJEPE MF B 20E AbBE LANVEXTER G, 2 SEEBREA RN EIR, 4 HAEiE 2 D)
AR T R YRR R GRS MF 3008 I BB /=1 T 20E, MF Lh 20E 8 5 A 3%
b BEAR T T 2l AR SR SR B B4 URIAZ T R AR IR AR S o SR, KRR 40441 45, MF 1 20E 4t
P 7] R AR 85 S ek 55 B O, 3R I I S R R E A, HX AR MF B 20E i 32 MR
11 A CHH &KW K R AEATF AR i 22 S 08, Hoif LvMIH3 RiA & s, HE LvMIH1 1 LvMIH7,
HARBER A MIGRIABEARE . EARPF A, WL HME MF F 20E fl3#% F, LvMIH3 FJRIAY TR
W, Ui LvMIH3 75X 0R B f7 a3 FAE A Rl ge L R #EE ZEH,  LvMIHI 7£ 20E /EH T
RKiILEEZE LI, HFRILEHBLEINE 20E BRI 200 —Fh 60U LS BIZESME 20E RSN,
LvMIH1 %i& B, S8 A b 52 BoR & BN, 4R i B2 8 3 (I BE 77 . i LvMIHT 7E
AMJE 20E BT RIS S LvMIHL AH—2, NI T Ret BA Wi i Thae. 28 BATA, 841
JERL AR MF A1 20E B30T, LGN sl 11 Y CHH 2 [R] () 28 3k B AN 32k AR A ) 25 i et e = Tt
R AN ThBERT MIH 2K : LvMIH1 1 LvMIH7.

R CHH; WELEJEME: NANEXTR; d e

F—1EHE. B, WAL, E-mail: 1104771732@gqg.com
BER: AR, VYW, E-mail: zkwang@gau.edu.cn
BE&: EIFARRHESEFESIH (32102762)
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

NAENIFRBESRERKA TS SEA (GFBP) HERFNFEMMRE
ik

W2, GRERE LY, ROk, Fk/ANR Y, MEE !, FEA 12
1. P E B BT S TSI e AR 2 S S R, IR H S 266071
2. FEFFERBE R, bR 100049

WE: BRERES (IS @ERAEMENRE. 2K, k8. ZEAEGhRIEEE/EMN. BEER
FEA KR 1454 2 1 (Insulin-like growth factor binding proteins, IGFBPs) 1y IIS i 4 1)< 8 i 72,
TETEMEN RN )32 0 A o FLGNEXTER (Litopenaeus vannamei) 738 [E R 7 | 7 5 5
(MK FRAERT AR RIS, AR MRS 2 000 . TEARWEIT T, FRATLE FLANTE T iR 25k PR 2H F0 % s 2 o 4
€ T =N IGFBP 2: K, FHi T EAIMIERE L. RGKEMEILIE . LVIGFBP1 W& =45t
W (B REKFFEEE (IB) |« Kazal B2 5 R & H I F) (Kazal) 453808 e 3k 8 R
(IGe2) &5#93k) , 1fi LvIGFBP2 il LvIGFBP3 U & —~ IB 4. LvIGFBP1 %: [ 71 K % £ 2H 210
ANER B BRI &L, 1 LVIGFBP2 Al LvIGFBP3 & [K{£F M40 i b #2 f8ik . RNA T3
LvIGFBP1 2 5, 8L IR ok 538 0 2 35 /b T XA . A0 70 45 Sl (e EFRATTX) IGFBP %
DRI 25 W AN D RE B B, I R H A2k DR A PR gt A% 7 b b B A T 2 S AN B

R, RS RERKETFEESEA: FLgiEMER, JEREEN, RRFRE £k
B &M, &, WEHRA, FEEMR RO KR B L]
BRER: KIRE, 84, W50, BRI R AR R %% . E-mail: xjzhang@qgdio.ac.cn.

HE. FHEEAUIAIER (2018YFD0900103. 2018YFD0900404) , [H 5K R Bl 34:(31972782.
31672632, 41876167).
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

LI BB AP VSR A E SRR B DR B BT b S I B IR A

Rk, ke, R, 2=
R K AL TRERE ooy, MR KA SR, R I 570228

FE: TR, PRSI0 AE 08 B S B SR R O SR B R . Rk, AHE T4
XF B IR SR A B PR L BB, oA FLAADRL b ) e AR AN N . SER TS 5 M AR EAE R TR
I INANE KT (0% 1% 2% 3% 4%) BRI, 6 2L 2R MR MEPE TR (38.82 +2.84g)
BEAT 10 JEIE FRaRAG SIS . S5 R IR, 3% M AR i TRk ZH 2R M R R RO 2 s T Al s Ee A
(P<0.05) 5 0% AARTEEURAE (P<0.05) , HARFHZBITCEZE 2R 0% ZuF AT R R
G S P S E [ A B B s T AR SE I 4L (P<0.05) 5 3%HONE TR H M =B S B RS, FR 3%
L g it 1) O S A DR RN O A R AR S R A E A% 2H TR R ) B A R 2 AR B R AR
(P<0.05) o 3%ZH Z U ARAT 0 e #0038 3R 5 i B B (K T~ A S B0 4 (P<0.05) 5 4% B L FR AR
el S B m, 3% 17p-ME I AR A R v T b SEIR A (P<0.05) . FiAAALRE I JT I,
3% Mk b T RS R AR, A I R A e S e Y B B Ve R s (P<0.05) o IfiL
MR 2 G R W], 3% se e B m HE R 220, FEMR. HihBE. 168 MRR .
WEE R AR KT, (R BEEUROR R F o £% BRTIR, 75 LLB P MENE SR A FRom AL IR R, 3% 1)
By B3 A D £

BRI ZDECECUN; WEARUH; EIRRRAL; UMK HE
F—1EH: PR, W R R BT L, WK S IR

BIE#H: 8%, cxu@hainanu.edu.cn; 4= i, ecli@bio.ecnu.edu.cn
FEe: FEZFEOHIKITL (2018YFD0901305)
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

T IR I SR E R 7E rh AR R BN T TR S B P R IE KR AL
il

Bagsel, BRigT Y, XeiEt, B2, ZH, ML, R
1. AVLIREEE e A 240, |78 H . 533000
2. AVLIREEE 2EBE B2 I 22 FE, T 0 Bt 533000

WE: AT TS SRS IR BIE AR IR AL R T T S RE(AR) &Ik SR L], FRATTAN
th HE SR B RS S AR IR 1, 0F 4 A23187 RARIR S SRS 7R A AR, SR e 4 B s A P A0 2R
Y& BT B AR FIEE AR K 1 (A 3/ S RIS MR 0 2% 73838 (FDR<0.05, n=3, F[)
B, HEAB K miRNA. 2R E7R, 59F AR KX, ARKTHI Vpsil. Pclo. Fam160a2.
Claspl . Prg4. Exoc6b. Wipf3 % 7 NFELSr T (1) 5218 AH G HE H 22 7 IR I8 IF 5 novel_mir331.
novel mir1339. novel mird69 55 3 > 7 5 R 1A 1] miRNA A ¥R 5C FR . DAVID Difg's N EIR,
Vpsll 55 7 D3 FEEAFE T AN, RS 5 RUWE AL AR RIS R, I g RR M,
Vps11 %5 7 AN FERIEh 0 B BE R AR K 7 I Dh e 32 2R 2 15 3O A% 7 ) ik PR 3R A Ao 42, T
7E AR W EMRRIL RS 1 IX A O, BRI AL e AR SR A E R, mX5 3 M
miRNA novel mir331. novel mir1339. novel mird69 X LA b 7 ANFEL A T 8% iz A o FE DR 2 2k (1) 4 1)
RUNIAH R o

R RIS, RN, PR, miRNA

Bk P (1998-) , L, e HEE LT RAE, EENFHRE 7 RE R RIS E LR .
E-mail: 1966915693@qq.com. FLi%: 15578625395.

BREE: 2R (19700 , 5, @i, HILRKEESGEEE, HEoaESim, FENEAEH
A PR BE DR Sk T % S RS AL 22 A ST 7T . E-mail: ligenliang@163.com. Hiif: 18207766346.
24 ExXARRFEEETH (FHMS: 31760758 1 31960728) ; WFtA#E GH R0 H ek
TH (MH%S: JGY2020164) .
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

WIREE SpDmrt-3 FH FRIE . THEEDHT X miRNA K%

WM, SEE L, kTR, EE&E
1. BEERFKFEHER, i JE1] 361021
2. MR EZWFFERERE, MR M 350002

WE: W/HE®E (Scylla paramamosain) fZFRIE EE /K IR B, JMEMEANAR B A PR 5,
BB AT, T I R, T R e RN M AR AL BT R SR I R R
Dmrt (doublesex and mab-3 related transcription factor) & Kl 5 & HEAL I R H D RE BN PR 57 1 — 2K 4
KT, HFEBAY S/ —ANEE AR DM 5038,  TEZP IR 2 A A IRk & Hhokd B 22
VER] o ST 50 INALA R T B8 4 53 L b 0 06 3545 Dt FE K SR % 5% SpDmirt-3, 3 ORF K 1308 bp,
BEAMEA AN E T b 435 NEEERR, 57 1> DM 458 A —~ DMA 458938 . SpDmrt-3
IR Y 55 H AR P T FIE DM S5 F3E B m AR <714, {5 DMA S5 M3 AE F 52 30 B IR 5T
SER E fE PCR 45 RN SpDmre-3 TERE EHA P HIRIAEEZE® T HRHAL (p<0.05) 5 fEHERKE
R, K 2 R EEE S T HANW(p<0.05), HAE T2 WMt 24 h I h #ik. £
TS dSRNA, Xt SpDmrt-3 AT fG, R (RHERRT SpDmrt-3 FIEKT 53 K (p<0.05). #5H
o Dmrt-like A foxI-2 B IFMEHERRH 14G BRI R B L2 T 1 (p<0.05), 40 SpDmrt-3 25
TREBMN SRR E . HE—BH, KB RI SpDmrt-3 2[5 3’UTR {£7E miRNA-34 2%
B, MRS SpDmrt-3 2EF 3°UTR (WX N R BER 5 AR, 5 miRNA DR S 4 e
HEK293T 4, B 5 #1700 e R Bk i 2L AR I o FE5% 4% miRNA-34-mimics [ 5250 2H br 3 4% L
miRNA-34-mimics NC 5% B8 241 5% 't Z Bl i 1 5 2 25 M 5K (p<0.05);  FL#£ 4% miRNA-34-inhibitor ]
SES6 20 LE A 3 B miRNA-34-inhibitor NC [} JE 2H 5% 6 R B Vs 4 5 38 1 T 5 (p<0.05), WD RIE T
miRNA-34 %§ SpDmrt-3 FIHE R4

R UCHE; KEAKE: SpDmrt-3; RNA T3; miR-34

F—EE: EEH, EFERFOKEER WLHAA, 1505473252@qq.com.
BWMEE: T2&, EFRRFKZHB #d%, ylwang@jmu.edu.cn.
EE: EXRESORHRCE CRCRAHTE T(2018YFD0900205).
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

=R TERESRFEZEREE SRR R

FHRE Y, B, WiER, FZAL, REK T
1. TIRFEEEEBE, WL T3 315211

WE: RS EFEZIE (insulin-Like receptor, IR) J&VURAAIEEIEZ Mk, BARREE S, £23%
Joe i Fad g B R B E . BECER Y, W RS R IR S AR HE IR Z (Insulin-like
androgenic gland hormone, IAG) 5 IR ¥JTEH 58 HEMEVEIR K & « M1 R 4ERe 56 VAR )7
REE BB . AU E A = PR 7 58 ) 5 A 32/ B2 [A] Pt-IR1 A1 Pt-IR2. RT-PCR &5 %
7R PHIRD F B0 A0 THEBE AR MR . KSR sh&eirh, EIRMRANLA A TE KL . P-IR2
[FEIE B A TR MR, ARG S, IR, A ERIL . QPCR 45 R B R {2 MR+ Pt-IR1 &5
Pt-IR2 HIH: KT B30 T HAB A, £ P-IR1 Al P-IR2 K55k (35 a0 1 ) oAk 5 1 ik 3 A 2
. K SR R 2k W P-IR1 A1 Pt-IR2 7EKS SHAE R B 1 8-9 H e B EEEMH. &
3t e A 45 R 2R PHIR1 A Pt-IR2 MIPCAR 25 & X B REW 5 PH-IAG St fr, @ — P mElEN
Pt-IAG ZRMI v e . BEAl, 8 7R B ARG 7% Bk S5 b B BN G AN IR R R 20 . IR FEPURIAR I
Pt-IR X} MAPK &AM iAYE, 4R ER, P-IR AlRALETE MAPK 5 5&1%. DL 458K Pt-IRs
nReiEEd S PHIAG 454K 5 RIS =5 5@ .

RepE: PR TE, BRRBERMRZAE, TOHEN, BARRTR, BHRGESHS

F—EE: TR, Wit, SFAFFNHRZIKEEY¥, E-mail: 772842133@qq.com
BER: KA R, L, #83%, HFR 7 I R B WS s £ & Fi2%, E-mail: zhudongfa@nbu.edu.cn,
ik WHTE TR AL C XA LB X LR R 169 5T K EMF AL X, BRgH: 315832

& EFREARBIAESTH (41776165, 31802265)
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

PRI ) S IR e 4D B AN AR . BRRAR . SR - AN RS
RRKXE R

BROGIR Y, R W v, ERRURR Y, BROZLAR 2, A

1. MR K2R, R B A= Rl TRERE AL O, R A i KA A AR Ase =, M
HEIO 570228

2. BRI R AR 22, Bl 200241

W AWTIOCRHIEERE . 22/ S0 B-A v 5 0 s 38 B AR D DU R AN R SRt £ 1 v B S I d, R
BN IS B PR E 0 IR AL, DLREPE LD BN (WIARIAEE 11.81+£0.29 g) NI R, SLi6
W09 8 Ji o SEIGEE RN, SN ZE Ay HS AN -1 ] PR 1 2 T T ARV S AR K A B 2 v TR
B AT HARDRL 2 s B [ i AL U6 R (UG T 0 L I ] T R 38 B T 2, o T 4 2R
FHATE SR 2 e T2 A S e AL 0 TR BRI RO PR IR AR BB 2 T2 M (WL -4 [ W s 3 K
SRR [ B DR 2 A B A 2 e T A AL B2 A B S IE [ R . SRR A B RS SR
e S T 2L UL e O A RN [ A ) B L35 R AR T T B 1 R s
P-4 [ W A 2 HF B i A LIS 22 . WL e s & BANN S S -1 W6 0 (H R BRI MLS 557 &
B /05 2 I A B A AR 52 5 . Gl M AR L 22 o b, PR BT O I B
B~ il W ) RN BE i s AR A R AR 3RS AL R - 4 b, A A B2 [ RE SR
RENS 0 25 P IR AT S I A AR, -1 [T RE 0 (2 25 e vy X UM HE SRR R & i, A iR (e
AT [ P 21 2 2 0 S S i B TR i E A B

R HEPELECEN; SR, R MEEeR A
F—AEE: MUK, B, DUK, R RS S e S B T A

BREE: 5%, cxu@hainanu.edu.cn; 2=, ecli@bio.ecnu.edu.cn
FEe: FEZFEOHIKITL (2018YFD0901305)
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

PRl b B IR & B 5 IR IR AR AE G THAL . JUEACHI S BRI M

EE% 1’27 ’ffﬁi%'ﬁ l*’ I%E 1’ EH?IEF@ 1
1. EhIk TPl e S A TRE#RE, LI R 224000
2. B R AR ERR KK P RR R PR IR SRR =, R 201306

WE, N FHEY) ST 5 R EAF  (Procambarus clarkii) K. WAL PUEAL RGP 1K) 5200,
7650 B JR AR AR A0 04 014 0.19. 0.38. 0.76%KAEY) 1, HIpk 5 HER SR, 2Bl
4K CON. P1. P2. P3 fl1 P4, X} (9.36 0.04) g ({75 [CJRBUFFAT AW 6 JF RIS . 45500
e OFAUAGIE R JEWE. S WER, IMALYEEEEER . P2 4H 5w KIEEING H&E
AKERE, H P1LA P2 ARG ER, FrEdEKELE ST CONL P3. P4 4. Pl M P2 AW EEK R
W FE(LT CONL P3. P4 4. @O7E P34, MIRMREAR. JekBsigra SoME, NabBeE T E
KTXTHA. OIS, Pl ARPERRREE 5T P2 40, CON M Pl Bt B FRBEE B35 =
T P2 Al P4 41, H Pl 4l EMMkEd, P1AI P2 0B RR BT B2 =T P4 41, @AENTE
e, P1 AL S AL AL B S T B 25 T P3N P4 4, P3 A P4 AL it EHb AR T B T
HABLL, P3 A1 P4 A S EEFHILT CON. P1AI P2 41 fEMHkEF, CON 4s sk sitk
B e 2 T A A, P3 A EARE AR E m T P2 41, P4 AR S EEEKT
P1 fI P3 ZH. &MY S BEAKPHEIL 0.10%H), BEE TRRIE 2 5§ BEKCF (936 &, 6 o QS5 22 0 9 A
JERR S BB E . ©MERER Y SRR ES 2, 50 QR BRI IR NF-xB &
RIZRik T, [6 CON dAREL, P2 401 Hsp70 BERIFRIA TG B 3% % 57, HAH B3 =T CON 4, PI
Y11 Hsp70 J:H R85 = T Hofth 2H . BRI R B, ARSI 26 0F T ve IR 28N ARl R RS ok 47 55 Bt ot e
PR AR AR K TG A T RE A, FR I 0.10%AE 4 & BEAA )T oe IR SR BN 1 2R, B IR KPR =,
o QSR B R I P A A % e HR i

REEE]: MYIEEE: WAk s bl e IRJEEER
F—EE: X (1998 , 5, WHAmTHA, Wi, F2MNFH 5 RFEEIFE SR I
BWAMEE: LHEA, E-Mail: Renshengjie1990@163.com

HE: LHEHARRYEHE S (SBK2021045093)
HIWFFL” (322QN231); g /e K24 FHIF S 3550 H [KYQD(ZR)-21140]
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

&

Shib AR miRNA FEZEREREBERS 5 HEREE TR
DL 5T

Bagsel, xetE, Rigg, B2, ZH, ML, R
1. AVLIREEE e A 240, |78 H . 533000
2. AVLIREEE 2EBE B2 I 22 FE, T 0 Bt 533000

WE: N7 EBIMBA mRNA S5 R RSB R A% AR IR AR 10 73 THL L FRATI N AR B 1% it S R 4
BENS SR SR AN A, SR B A R S AL AN AE AE R T BT AR A p 25 R ) miRNA
FNEEAR. SRR, SRS EANRANTEL, BB SN AR et 5 9 R (AN SIRTG
NACA ZR&EFE, 522 MMEFER miR-1c. miR-1-3p. miR-1b-5p 2 fFFE#L K R . DAVID
Thie & LM BN, SIRT6. NACA FZAFTAET ML A, 75 rp AR OR B RS 51 3k [F) 2 5 5 DR Sp 1 42
AR AFTE R, (o IR 5L SIRT6. NACA 1E i R i ks b The R R 5 55
R 545, 1 miR-1-3p, miR-1b-5p 2 [MAIRFRIAXT Yetr 57 8 ¥ 5 (1 2[R SIRT6. NACA FKikfE
HERREAH G o

KRB ShUAA; QR EBEERN: PEYEE,; miRNA

Bk P (1998-) , L&, fEiEaHEE AT RAE, EENFHRE 7 RE R RIS E TR .
E-mail: 1966915693@qq.com. HLifi: 15578625395,

BREE: *FMRE (19700 , 5, L, HGILREESEEEE, Ll S, SENEAH
A PR BE IR SRk T % S RS AL 22 A ST 78 . E-mail: ligenliang@163.com. Hiifi: 18207766346.
& EBRARRFEEESHH (BH%MS: 31960728) .
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

AR B BB R T R4 IR B2 novel_mir679 $1 il 45K 45 40 il B SE 40 5 %
BERARIE

MRl 1, xjegt, Bagh !, FERE 2, =L, A, 2R
1. AVLIREEE e A 240, |78 H . 533000
2. AVLIREEE 2EBE B2 I 22 FE, T 0 Bt 533000

WE: MEEREY s EEmE. TRRN (AR) R TE 2R A FRZI AL, )5
) B T B R AR A . T AR IR DA% R T TR AR R R AR IR s R AE T BRI B IE
ANERE. Nk, B B AR B RS S R AR RS T RURIR & A23187 15 57741 AR KT,
BT RNA-seq Al miRNA-seq S AEVE B EEFB, /0T AR FlHE AR K7 I+ 1) 22 SR8 JE R AT
miRNA, FEY) s ia G M0, ot HIhae MMERBITRe s FHLHl . R ER, WK
T 2 ML Z R RIE (FDR<0.05, P<0.05, n=3. F[ED K400 A0SR ] 7 5 ix e 5L K]
A HEFR R BRI 2 73R8 miRNA . 38T miRBase S EZREE 31T, &I novel mir679 5 Cdc42 . Fmrl
Hapl ¥R P 5] ERIRE R R . M TIE AR 41, 18 AR 41 FiRJERBRERIE, 1 miRNA N &€
5. @i DAVID Uit EHEEoR, BB T EAAE TS AR Ra Y, S 5IRME R
HIZSAYEIRE. SREWH, IS NIRIS KT AR PR g R T AR RIY R I E B2
T, TMREE AR KA R E AREENRD, X AW REs . s L el
e/ ilId novel_mir679 12 5 BN IS A E 22 5L R Cded2. Fmrl . Hapl WIS, b
AR RS IB SR S5 R R S HIL

S PRI, TR A AN EE

e BT (1999-) , B, e HEE-Eu A, 38N ER TR A T R WAL A .
E-mail: 270802040@qq.com. Fiif: 15752756701

BREE: R (1970-) , B, L, AGILREESEEER, Lok Sm, REMEERELE
PRIL R R I T 5 S R84 24 A0 S 9T E-mail: ligenliang@163.com. Hiif: 18207766346

#EE: EFARBHESTH (HH%S: 31760758 1 31960728) KA 5T AE 20 & Q13RI H 2k
WH (H%S: 1GY2020164) .
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YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

AR SR RS T THAA IR N P2 R AGAR S (R R E e A FE AL

X exEgEl, Bogse, RGO FEERE 2, S, R, RS
1. AVLR B B FE B 220, T A 533000;
2. AL RJGEEE 2F B = A 56 2B, | H A 533000

WE: NRHZ Z AR RE AR R A% ks T TR ). (Acrosome reaction, AR) H R 1E L K
ATREVRAEE AL, AT ROl B pE R 2, St B SIKAR IR AIREONLE O A23187 F
KRG SFELRE, TR AR M AR KT S8 5184 e s 400 e A AE A5 8 2 7 B th 22 S 3R
IEHNZ BWAH G R, DA B RN miRNA, HorHIigE. 468, AT 15 4%
T FRIE M2 FACAHCEERIA 34 5 H B AR ¢ R miRNA. HH, novel mir9 5 Ube2e. Glmn.
Hsp90aal~ Dnajal~ Limkl A1 daxx }% novel mir842 5 Sashl 1 Glmn 2 [AI¥AFFERE R R AT,

M TR AR 4, AR A BRI NKFRIE (FDR<0.05, n=3) , T1fi novel mir9 1 novel mir842
Nm3%i% (FDR<0.05, n=3) . DAVID ¢ E LR, FRRRAAEZ REAELILE & & ATP

%y T, IZE5EARZENIAESED IR 857K, novel mir9 Al novel mir842
fE AR K51 H R s Rk g o 1 A 280N I e 4 2 B BRI A ORI AE AR K 7R KR IS . H
TR EEARERENEE SRR —, FZ@ e P g B B R 1 AR §1 08 B 5 g+
ARERIEEZ(EM, 1 AR K EJS, novel mir9 Al novel mir842 & ik i1z FA0AH I EL R 1) ik
TR/ 2R A 0] H 0 R B A o X T2 BN AZ A PR - TOUAA Bl o) 2 1 o IR B A i 1 AR R R EE R E
BT 20, SpAbX WA R T4 AR PRIV RE R
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RS T IEAER . =&, shCumt 3K cDNA 2K 4 198bp, 4ifid 65 NEIEER, Cys & & 15 32.3%,
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BN TR, DA TR 7 3RATRE Y 88 S 5 5 2 RN A BRI O R R A . AR AL
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Xtrilii 5 5.
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Genetic modifications of metallothionein enhance the tolerance and
bioaccumulation of heavy metals in Escherichia coli

Xuefen Li', Zhumei Ren'!, M. James C. Crabbe!->?, Lan Wang' , Wenli Ma'-*

1. School of Life Science, Shanxi University, Taiyuan 030006, PR China

2. Wolfson College, University of Oxford, Oxford OX2 6UD, UK

3. Institute of Biomedical and Environmental Science & Technology, School of Life Sciences, Faculty of
Creative Arts, Technologies and Science, University of Bedfordshire, University Square, Luton LU1 3JU,
UK

Abstract: Metallothioneins (MTs) are low molecular weight cysteine-rich proteins that bind to metals.
Owing to their high cysteine (Cys) content, MTs are effective mediators of heavy metal detoxification. To
enhance the heavy metal binding ability of MT from the freshwater crab Sinopotamon henanense (ShMT),
sequence-based multiple sequence alignment (MSA) and structure-based molecular docking simulation
(MDS) were conducted in order to identify amino acid residues that could be mutated to bolster such
metal-binding activity. Site-directed mutagenesis was then used to modify the primary structure of ShMT,
and the recombinant proteins were further enhanced using the SUMO fusion expression system to yield
SUMO-ShMT1, SUMO-ShMT2, and SUMO-ShMT3 harboring one-, two-, and three- point mutations,
respectively. The resultant modified proteins were primarily expressed in a soluble form and exhibited the
ability to readily bind to heavy metals. Importantly, these modified proteins exhibited significantly
enhanced heavy metal binding capacities, and they improved Cd?>*, Cu?' and Zn>" tolerance and
bioaccumulation in Escherichia coli (E. coli) in a manner dependent upon the number of introduced point
mutations (SUMO-ShMT3 > SUMO-ShMT2 > SUMO-ShMT1 > SUMO-ShMT > control). Indeed, E. coli
cells harboring the pET28a-SUMO-ShMT3 expression vector exhibited maximal Cd?**, Cu?*, and Zn?*
bioaccumulation that was increased by 1.86+0.02-, 1.71£0.03-, and 2.1340.02-fold relative to that in E. coli
harboring the pET28a-SUMO-ShMT vector. The present study offers a basis for the preparation of
genetically engineered bacteria that are better able to bioaccumulate and tolerate heavy metals, thus
providing a foundation for biological heavy metal water pollution treatment.

Keywords: Metallothionein; Site-directed mutagenesis; SUMO expression system; Metal tolerance; Metal

bioaccumulation
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Transcriptome analysis of multiple tissues of Penaeus vannamei reveals the
typical physiological response to the invasion of three pathogens

Ziwei Wu!, Ka Yan Ma'*. ..
1. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), School of Ecology, Sun
Yat-sen University, Guangzhou, 510006, China.

Abstract: Penaeid shrimp aquaculture is affected by various diseases. However, most published studies
have focused on the physiological changes of one or two tissues infected by a single pathogen, or the
effects of two pathogens infecting a single penaeid shrimp tissue. There is no systematic observation of the
common physiological changes of multiple tissues infected by various pathogens. Here, we examined the
transcriptome data of multi-tissue under the infection of white spot syndrome virus (WSSV), Vibrio
parahaemolyticus acute hepatopancreatic necrosis disease (VPanpnp), and decapod iridovirus 1 (DIV1) to
obtain new insights on the immune response of the most widely cultured penaeid shrimp, Penaeus
vannamei. The results showed tissue-specific differences in the immune responses of penaeid shrimp
tissues under the attack of pathogens. Gills' significant differentially expressed genes (DEGs) are mainly
related to external information processing and molecular processes. DEGs in hemocytes are mostly
involved in molecular processes, while DEGs in hepatopancreas is primarily associated with metabolism
and organic systems. In addition, cytoskeleton-related proteins, MAPK signaling pathway, complement and
coagulation level pathway, apoptosis, and thermogenesis may play key roles in the shrimp-pathogen
interaction. These findings shed light on the typical immune response of Penaeus vannamei under the

infection of three pathogens and contribute to the sustainable development of penaeid shrimp farming.
Keywords: Penaeus vannamei, WSSV, DIV1, VPAHPND, transcriptome
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A taxonomic revision of the subfamily Orbioninae Codreanu, 1967
(Crustacea: Isopoda) based on mitochondrial and nuclear data with
evidence that supports Epicaridea Latreille, 1825 as a suborder

Jianmei An'>”, Xiaotian Yin', Ruru Chen!, Christopher B. Boyko? 3 Xinming Liu*

1. School of Life Science, Shanxi Normal University, Linfen, 041000, P. R. China

2. Department of Biology, Hofstra University, Hempstead, NY, 11549, USA

3. Division of Invertebrate Zoology, American Museum of Natural History, New York,
NY, 10024, USA

4. Guangxi University of Chinese Medicine, Nanning, 530200, P. R. China

Abstract: Epicaridea is a group of isopods with high morphological diversity, reduction and loss of
characters, and strong sexual dimorphism due to their parasitic lifestyles but their systematics is not well
understood. Nuclear and mitochondrial genes have been used to test the phylogeny of many invertebrate
groups. However, few molecular data from epicarideans are known, especially from the subfamily
Orbioninae, a group of obligate penaeoid shrimp parasites where the lack molecular data has hampered
studies on the phylogeny of this group. To rectify this, mitochondrial and nuclear genes of 10 orbionine
species are sequenced here. Compared to the isopod ground pattern, the sequences of orbionines seem to be
more plastic near the control region and major translocations are located between rrns and cob. Orbione
halipori shows seven gene translocations. A phylogenetic analysis based on three data sets showed strong
support for a monophyletic Orbioninae and that Epicaridea should be accepted at the rank of a suborder
within Isopoda. The speciose genus Parapenaeon is revised based on morphological and molecular data

and a new genus Aparapenaeon is erected for Parapenaeon japonica and five closely related species.
Keywords: 18s rRNA; Epicaridea; mitochondrial genome; Orbioninae; parasite
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The role of the renin-angiotensin system (RAS) and its related genes
(LV-ACE, LV-APN, LV-ATI1R, and LV-RR) in salinity adaptation in
Pacific white shrimp (Litopenaeus vannamei)

Ardavan Farhadi'”, Yan Liu*, Chang Xu!, Tao Han’, Xiaodan Wang?*, Erchao Li'*

1. Key Laboratory of Tropical Hydrobiology and Biotechnology of Hainan Province, Hainan Aquaculture
Breeding Engineering Research Center, College of Marine Sciences, Hainan University, Haikou, Hainan
570228, China

2. School of Life Sciences, East China Normal University, Shanghai 200241

3. Department of Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China

Abstract: The renin-angiotensin system (RAS) is a hormonal system that plays an important role in the
regulation of blood pressure and cardiovascular homeostasis in mammals. In fishes, the RAS pathway
participates in osmoregulation and salinity adaptation. However, the role of the RAS pathway in
invertebrates, particularly in crustaceans, remains unknown. This study represents the first report on the
involvement of the RAS pathway in an invertebrate species. In this study, four key genes of the RAS
pathway (LV-ACE, LV-APN, LV-ATIR, and LV-RR) were cloned and characterized, and their expression
levels were detected in the eyestalk, hepatopancreas, and muscle of Litopenaeus vannamei during
long-term and short-term low salinity stress. The results showed that LV-ACE, LV-APN, LV-ATIR, and
LV-RR encode 665, 936, 175, and 323 amino acids, respectively. The phylogenetic tree and sequence
alignment revealed that LV-ACE, LV-APN, LV-ATI1R, and LV-RR proteins had the closest evolutionary
relationship with their homologous proteins in crustaceans. Low salinity stress downregulated the
expression levels of LV-ACE, LV-APN, LV-ATIR, and LV-RR in L. vannamei, indicating that the RAS
pathway was weakened under low salinity. These findings provide the first report on the role of the RAS
pathway in a nonvertebrate species and the mechanism of salinity adaptation in L. vannamei.

Keywords: Characterization; Expression pattern; Renin-angiotensin system (RAS)
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Sea—land transition drove terrestrial amphipod diversification in East Asia

Hongguang Liu, Zhonge Hou"
Key Laboratory of Zoological Systematics and Evolution, Institute of Zoology, Chinese Academy of
Sciences, Beijing 100101, China

Abstract: Sea—land transition caused by marine incursion and regression is hypothesized to be a major
driving force in terrestrial biodiversity. Sea—land transition provided an opportunity for marine ancestor to
colonize terrestrial habitats and drove the vicariant speciation in distinct geographical regions. Here we test
this hypothesis in East Asia using the amphipods of the Morinoia japonica complex. We constructed a
dataset covering all known ranges of Morinoia japonica complex. Phylogenetic and biogeographic analyses
revealed that marine—land transition during the Miocene incursion drove the coastal ancestor invaded the
terrestrial habitats in East Asia, and subsequently split into different biogeographic lineages including
eastern China, Korean Peninsula, Japanese Islands and some ancient Pacific islands. The type species M.
Jjaponica had a relatively wide distribution by stepping-stone dispersal.

Keywords: isolation; marine incursion; sea-level; species delimitation; stepping-stone
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Mitigative effects of zinc on cadmium-induced reproductive toxicity in the
freshwater crab Sinopotamon henanense

Jing Liu', Ermeng Wang', Weixin Jing!, Hans-Uwe Dahms?2, Kadarkarai Murugan?, Lan Wang'"

1. School of Life Science, Shanxi University, Taiyuan, 030006, Shanxi Province, China

2. Department of Biomedical Science and Environmental Biology, Kaohsiung Medical University,
Kaohsiung, 80424, Taiwan

3. Division of Entomology, Department of Zoology, School of Life Sciences, Bharathiar University,
Coimbatore, 641046, India

Abstract: Cadmium (Cd) is a highly harmful environmental contaminant, which can cause reproductive
toxicity. Zinc (Zn) is an essential trance element that may protect the organism from the harmful effects of
Cd. However, the mechanism of Zn against Cd-induced reproductive toxicity remained to be elucidated.
The aim of this study was to assess the effects of subchronic exposure to Cd on the relative testis weight
(RTW), the histopathology, the activity of stress marker antioxidant enzymes, the level of lipid
peroxidation of testis, as well as the mitigative effects of Zn on Cd-induced reproductive toxicity in male
freshwater crab Sinopotamon henanense. For this purpose, male crabs were divided into 10 groups
including a control group (without metals) and metal exposure groups with Cd alone in 3 concentrations
and Cd combined with Zn in 6 concentrations for 14 days. The results showed that Cd evoked
concentration-dependent reproductive toxicity of male Sinopotamon henanense as showed by decreased
RTW, appearance of morphological lesions, increased SOD, CAT, Gpx activity and MDA levels.
Nevertheless, Zn combined with Cd exposure, significantly alleviated Cd-induced reproductive toxicity as
proved by increased RTW, reappearance of normal histological morphology, increased SOD activity,
recovered CAT and Gpx activity, decreased MDA levels in testis. Our study demonstrated that the
application of Zn can mitigate Cd-induced reproductive toxicity by ameliorating the testicular oxidative

stress and improving the antioxidant status.
Keywords: Sinopotamon henanense; Cadmium; Zinc; Reproductive toxicity; Oxidative stress
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Reproductive toxicity of quantum dots on gonads of the fresh water crab

Sinopotamon henanense

Ermeng Wang ', Jing Liu !, Chenyun Zhao !, Zihan Xu ', Kadarkarai Murugan 2, Lan Wang "
1. School of Life Science, Shanxi University, Taiyuan, 030006, China
2. Department of Zoology, School of Life Sciences, Bharathiar University, 641046, India

Abstract: Since nano-quantum dots (QDs) are increasingly used as fluorescent dyes in biomedical sciences,
the possibility of QDs contaminating aquatic environments is generally increasing. There is concern about
potential toxicity of QDs. However, their risks in the aquatic environment are not entirely understood. In
this study, the freshwater crab Sinopotamon henanense was exposed to cadmium telluride (CdTe) QDs by
intraperitoneal injection to detect the reproductive toxicity of QDs (1/32, 1/16 and 1/4 LD50; Crab was
exposed for 1, 3, 5, and 7 days). After CdTe QD exposure, no significant effect was detected on the body
weight and gonadosomatic index. Additionally, morphological observations showed tissue vacuolation in
the testis, and inflammatory cell infiltration in the ovary. The submicroscopic structure showed that
exposure to CdTe QDs damaged the organelles and cell structures of the gonads of S. henanense. Among
the adverse effects, pathological changes in the nuclear membrane, mitochondria and lysosomes were
particularly significant. Antioxidant enzymes responded differently to different doses of QDs. The
0.5-mg/kg dose induced superoxide dismutase activity in the testes. And in the 1-mg/ kg and 4-mg/kg dose
QD exposure test, the testis responded by activating glutathione peroxidase and inducing reduced
glutathione and overconsuming glutathione peroxidase. Respectively, the ovaries responded by
overconsuming superoxide dismutase and glutathione peroxidase and reduced glutathione. Thus, we
conclude that the gonads of S. henanense were injured by CdTe QD, and male are better indicators of the
toxicity of QDs than female crabs according to greater alterations in tissue structure and antioxidant
enzyme in the analyses.

Keywords: Sinopotamon henanense; Enzyme activity; Oxidative stress; Histopathological analysis; CdTe
QDs
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Phylogeny of caridean shrimps (Crustacea: Decapoda) based on
mitogenomic analyses
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Abstract: Caridea is the second most species-rich infraorder of decapod crustaceans with members
occurring throughout marine and freshwater habitats. Therefore, elucidating the evolutionary history and
rectifying the classification scheme of Caridea are crucial for various biodiversity and ecological research.
Yet many important questions concerning the evolutionary origin and relationships of caridean shrimps
remains unresolved, particularly those pertaining to the validity of the superfamilies and relationships
among the higher taxa. The difficulty in determining relationships among higher caridean taxa owes to the
non-uniform and insufficient coding of morphological characters. Moreover, previous molecular analyses
relied on few gene markers, which are too deficient and opportunistic in establishing a robust phylogeny.
The present study focuses on phylogenetic analysis of Caridea among higher taxa using complete
mitochondrial genomes. The analysis includes the mitochondrial genomes of 80 species from 28 families,
including 53 species from 26 families that were newly sequenced in the present study, with 14 of the
families sequenced and annotated for the first time. Furthermore, mitochondrial gene orders (MGOs) and
gene rearrangement scenarios within Caridea were also examined. Based on the results, the monophyly of
16 families, is supported, while the monophyly of Hippolytidae and Pasiphaeidae is rejected. The
monophyly of superfamilies Palaemonoidea (three families are included in the analysis) and Oplophoroidea
(all families are included) is significantly supported in all the trees. The families Alpheoidea,
Nematocarcinoidea, Bresilioidea and Pasiphaecoidea are shown to be polyphyletic. Mitochondrial gene
arrangements were observed only in 12 families which were all in a big clade containing 16 families, and
other than the ancestral pancrustacean pattern, 18 patterns of gene order were observed, out of which ten
were reported for the first time. Thus, Caridea presents high variability in MGO, which is informative to
the study of phylogenetic relationships among the caridean taxa.
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Multilocus phylogeny of the endemic Chinese freshwater crabs genus
Tenuipotamon sensu lato reveals a distinct species division and pronounced
effect of sky islands
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Sun’*
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Abstract: Naturally fragmented islands of forests isolate terrestrial species, reducing dispersal distances
and geographical ranges, and often resulting in adaptive evolution and local diversification. The Hengduan
Mountains region (HMR) in southwestern China has massive “sky island” mountains and valleys with high
altitudes, complex topology and fragmented discontinuous landscapes, hosting isolated patches of montane
habitats and harboring exceptional species diversity and endemicity. Studies documenting the impact of sky
Islands on the diversification dynamics of freshwater organisms in Asia, however, are scarce. To explain
the crucial role of the sky Islands in species diversification, we used the Chinese freshwater crab genus
Tenuipotamon sensu lato, which is endemic to HMR and occurs in the montane and stream habitats of this
ecosystem. The biogeographical relations were reconstructed using whole mitogenomes and four nuclear
genes from 21 species. We also combined the 3D landscape data with phylogenetic information, to
understand whether and how the sky Islands facilitated species diversification. Tenuipotamon s. 1. is here
shown to be not monophyletic and can be divided into two groups, with six species needing to be referred
to a new genus. The 3D landscapes analyses and molecular dating indicated that the vicariance events of
Tenuipotamon s. 1. correlate well with the early uplifts of the Hengduan Mountains during the Late
Oligocene. Furthermore, the isolated habitats of montane archipelagos and the Asian monsoon
intensification promoted in situ diversification of Tenuipotamon s. 1. In summary, we highlight that habitat
fragmentation (sky islands isolating mechanisms) and new ecological opportunities (contributed by the

intense Asian monsoon events) facilitated the local diversification of Tenuipotamon s. 1.
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Fe R B BRBURL 5| VR I S 3R T R RS - SR B 1E

ZEMEB Y, mEE, EBERR
1. HERIMVE R, B 200241

PR JERK WK™ A R KAEAEY), HERBENMESRG. HrhiR/h Bk
(TWP) 2 M KARR #5259, th2 SO RRET- 45k (URMS) ISR i E
IR, HHTA RS YT AR RS E TSR S AL AT FEAHXS 8L o SRATTE Je kit 1 3T TE R AR i Ak
SEFEIE SN B, I R BB HARRAT TWP IS0 P sh W 1) — Rl s(ZEY)- 2R3 (Daphnia
pulex) ¥IREATH. MRJFEATEL A ar R LI HE— PR T LB TIEMARRN TWP ZUEH T,
FORVEAAATE R WEIERKER . P75 DL A P R AR, He P R IR IR I BT AL A7 N- (1,3-
THEETH) NWIREXTK % (6PPD) W RER R EE T E TWP BRI . [FR, BATEE M
SESRy, R DUFEREAN 6PPD SEHUYIAE B AR R A AT gt . focJm BATIE I S AN R SR s 1Y
SUEWTFT P R BB AN SN TWP A1 6PPD LU S B BURK . IR 845 AR B, i s b i SE A7
f£% URMS LR, JFul gl gyt ivmE B KELES RS

R INTETLEEIE: BRI BURRL; I sh Y, R REE

F—EE: NS, BRIMERFAE LR, EENEIREDE NS0 I TR A T 28 A1
SEFHRBEFT . B-mail: 52201300011 @stu.ecnu.edu.cn

BIREE: ZHRAR E-mail: xdjiang@bio.ecnu.edu.cn

F4.  BIFHREIZEQ1DZ1200900. 21DZ2305300). [E K HREF AR 4 (31772405), _Eilg A4
TR 5 AR A 5 S 06 5 (SHUES2022B02) A r ke i R 3k A BHI LY 2% B 4 T % 4
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ST NIRE T KIS B 2 AR IR AL BT 5T

/b2 BRiEsk L, i, EAE L FEKR, bReR 2

1. HEE R O, R E R ER G AR B R S AR A E SR =, T 510275,
[

2. hEEEERERY, JERT 100049, HE

* Correspondence: qingeng@scsio.ac.cn, lingiang@scsio.ac.cn

WE: ARV Z ML BRI 2 —. ARSIy, TSR i A R
VAP e IL A T Bradb Aok, AR b it O AL AR nT RRAEBE R R 2 AR . 124, R A4
Vi 2 FEE A A e R VR A IR, BARAE RS 3L A S kI . S 8 (B g
SED 5080 CEMIME. AR 134 OC RS I R AR ) S SR AL AR G
2, EMIIEAS RGP KA EENAES IR M4 S BGR SR 2T, 508
MR T 2RI AR R . AHIE TN B 3 A B A I AR AR R AT 7RG A, IR IR B kAT
RGBT AT St . FRIE m WS A AR 18 PRIl g, 355 3t Ae, HA s R
(Trapezia) SHIEIIEFL (Pocilloporidae) T P34, WUBETE B & (Tetralia) F1JE A& (Acropora)
LA, BTHE)E (Domecia) S5yt ILA: . WAL T ELRA IR AME THETH
TLAIF RGBS, R I AR A AR PR AN I8 B B B0 (B S5y 5, IF HAFRAN 9 S5 A AH Ik
KA It H TR ) B PR A - S A - ) ARV B A S RARFE s B — B TR EE B
BRI, PAA 73 SO LI A T I SRR A 1 IR R Ak, A I IR ) 5 A 55 P O e
SRR GE N AUEAT N B RS S . WL, YR 2 R SRR T PR OO SE YR, T
TG HANE B L Ve i A R . A, R S IR AR I S S Bl 22 pE v R RS TR A — B
W 7SRl 3 A 22 G0 A A ] Re XS IS AR 28 R b 2 R R R B A N B 2R R

SR ISR, MM R, RERE, B

F—EE: S0, P ERER R EEDT O, R, 2021908 LT AR
BIRMEE: MR, T EREGE R O, R, A S
Z=0k, PEBER R AT, RS, WA ST
BEE&: AMARAR T KRR 0T H (COMS2020Q14) . [H Bl 2 B L wg & 5 0 78 51 H
(XDB42030204). [ & mi it & 11K (2021YFF0502803) 55 S #F.
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R PVC S ek KA B A B & F 4 S AR R DL

B3, KRN 7, Mg
Wb R R RSB, Wb fRSE 071002

WE: KERPUERAEFRWE R RE, JudRIEEMERBCRAR, K HBE NS . Fik, #t
AERCORA—REERF ISR, WEMR T EAESRGIERBEM . b, R RERNG el
BRSO R AT FOBR A RIRUR. SRR, TGRSR, WTRE S
How s Y b B AT A A RO R E AR S E . L, BT RS UA: R A AR S A
Pt B, AR DA ST B 88 S AR ) K AN 2 i Fh, IF AR A 44 (Polyvinyl chloride,
PVC) Lifififii %M (Sulfmathoxazole, SMZ) KBk &8, 48 h Sk B FESLIE Bk PVC Al SMZ
BEPEZ ELE XS RADE I EE RS PUE L - 76 21 d 1B MR E st d, SMZ B 805 KRB AKE
SafE 1B 9 H, PVC 554 S8 SMZ BT R AR RN AR SIS B A FH LR,
AW FEEE AR . P BRI E A PVC B R AE S 7, R IL PVC Al X SMZ 7= A4 #EIL
BHEF, SECRBENT SMZ FIA R, BEm S ROl s mRes . A7 S 75 8315 J 2 [ AH 5
VE AN ER B IR P 51 R 018 M BE B AU, AR AR 3 647 T 5] A I AR B 2 4 R AR 25 ARG PP Al it
IR

REEW: PR, OBRL KANR. HEBUEH
FE—EE. B0, AR E-mail: 15562619521@163.coms

BRER: kLW, B, BI#FE%, E-mail: zhangyuming@hbu.edu.cn; WGy, 5, #e%, #ES
Jifi, E-mail: liufengsong@hbu.edu.cn.
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2ETIARFRF T AHEE

EWER (F2H: FETLH) KoREMAHE

FONHLY, g
L PG ITYE KA a2 e, 1l pE K R 030000

WE: TEEEFE (Tonidae H. Milne Edwards, 1840) )& T 2h#11 (Arthropoda) H 33 1]
(Crustacea) #H 4 (Malacostraca) HHH LA (Eumalacostraca) HEHFEH (Peracarida) %52
H (Isopoda) & /EW.H (Epicaridea) #El 5 Ft (Bopyroidea) o Tz B 588 E F} (Bopyridae)
Z VAR 2 AR IR AN B, T LA Markham #1 Boyko (2003) ARAEFEASAFAE, # Albunea J& M 8 &
R R 268 5B RS EGE AL O 7S PIE Z (A58 R, Boyko 5§ (2013) HIKFE T 18SIDNA 73
AL HNBERHRRAKERR, NORRGHAT TET, R A S T 08 mR ) B8 6 m R
AT R RE R, B EEMEEJE (Jone) AR TRIFIKT, @7 7Lt EA (Tonidae) -
AR F % T2 H (Decapoda) MEBSHR N H (Axiidea) 3 A#FF} (Callianassidae) F
Callichiridae (17 5 J& 11 FHIESE, B> AT AR TRV AR TP o I8 mlRHS 6 mURHe K i X
TET 10 MEE AR R R, HAWH DS %A A 2220, dErE AR N B B . # 2 H At
TG N IZBHMUARIE 1 )&, 8, rh [EHE I 2 B, 40 v B A ISR R (Jone cornata Spence Bate,
1865) , AT ILARE Y, EITEE (Jone taiwanensis Markham, 1995) A5 T & V& bl . A&
DRAZH 1 R BCE A i S8 E ) A 2R A SR R A 7 41, AR T 2R AR R A AT T o AE L H I RS K
BRARI T

RBE . TEREEL i, 6EEEH FAETH, I A

B FNH L PUE FEFBIA LA 1997.07.11; P8I K A ar Rk 2 B A )
SRt SR MR EEMT R EERR R R RGERE

WRIEE: 2l

Ee: HZEHREFAREGIH (32070512); N RILHERHL ST (2015FY210300) A1 L0 7545 H 24
RI2EFLE T H (201901D111274),
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An investigation of gene expression patterns in response to osmotic stresses
in kuruma shrimp (Marsupenaeus japonicus)

Zhihao Zhang!, Zhongkai Wang', Zhitong Deng', Yuquan Li"*
1. School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao 266109

Abstract: Euryhaline crustaceans cope with external salinity changes by the mechanisms of osmoregulation.
In the current study, we first cloned and confirmed the ORF sequences of ion-transporting related genes
Na*/K*-ATPase o subunit (NKAa), cytoplasmic carbonic anhydrase (CAc), and V-type H-ATPase G
subunit (VHA-G), and water channels of aquaporins (AQP3, AQP4, and AQP11) from kuruma shrimp
(Marsupenaeus japonicus). Further tissue expression patterns showed the higher expression of MjAQP4,
MjCAc, MjNKAa, and MjVHA-G in the gills, as well as the higher expression of MjAQP3 and MjAQPI1
separately in the intestine and muscle. Then, qPCR analysis was used to assess mRNA expression levels of
those osmoregulatory genes in both post-larvae and adult shrimp when they were exposed to acute salinity
stress or salinity acclimation. The results revealed significantly decreased expression levels of MjAQP3,
MjAQPI1, MiNKAa, and MjCAc, and higher expression levels of MjAQP4 and MjVHA-G when post-larvae
shrimp were directly subjected to 10%. or 50%. salinity. Moreover, similar expression patterns were also
observed in post-larvae shrimp during the accommodation to 10%o or 50%o salinity. As to the adult shrimp,
significantly higher expression levels of those genes had been observed in the gills after exposure to 10%o
salinity, whereas only the expression of MjAQP3, MjAQPI11, and MjNKAa had been up-regulated in the
gills at 40%o salinity. In contrast, the MjVHA-G expression was significantly decreased at 40%o salinity.
Finally, during the acclimation to 10%o salinity, the expression of MjAQP3, MjAQPI11, and MjNKAa was
also significantly elevated, while the expression of MjCAc was significantly decreased in the gills. In
addition, the expression levels of MjAQP3, MjAQP4, MjCAc, and MjVHA-G were significantly declined in
the gills during the acclimation to 55%o salinity. The findings of the study suggest that the examined genes
are critical for the adaptation of aquatic crustaceans to changing environmental salinity. Our study lays the
foundation for further research on osmoregulation mechanisms in M. japonicus.

Keywords: Salinity; Na*/K*-ATPase; Carbonic anhydrase; V-type H*-ATPase; Aquaporin
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Convergent evolution of barnacles and molluscs sheds lights in origin and
diversification of calcareous shell and sessile lifestyle

Jianbo Yuan'?, Xiaojun Zhang'?>*, Shihao Li'?, Chengzhang Liu'?, Yang Yu'?, Xiaoxi Zhang', Jianhai
Xiang'?, Fuhua Li'?"

1 CAS and Shandong Province Key Laboratory of Experimental Marine Biology, Institute of Oceanology,
Chinese Academy of Sciences, Qingdao 266071, China.

2 Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and
Technology, Qingdao 266237, China.

Abstract: The calcareous shell and sessile lifestyle are the representative phenotypes of many molluscs,
which happen to be present in barnacles, a group of unique crustaceans. The origin of these phenotypes is
unclear, but it may be embodied in the convergent genetics of such distant groups (interphylum). Herein,
we perform comprehensive comparative genomics analysis in barnacles and molluscs, and reveal a
genome-wide strong convergent molecular evolution between them, including coexpansion of
biomineralisation and organic matrix genes for shell formation, and origination of lineage-specific orphan
genes for settlement. Notably, the expanded biomineralisation gene encoding alkaline phosphatase evolves
a novel, highly conserved motif that may trigger the origin of barnacle shell formation. Unlike molluscs,
barnacles adopt novel organic matrices and cement proteins for shell formation and settlement, respectively,
and their calcareous shells have potentially originated from the cuticle system of crustaceans. Therefore,
our study corroborates the idea that selection pressures driving convergent evolution may strongly act in
organisms inhabiting similar environments regardless of phylogenetic distance. The convergence signatures
shed light on the origin of the shell and sessile lifestyle of barnacles and molluscs. In addition, notable
nonconvergence signatures are also present and may contribute to morphological and functional
specificities.

Keywords: Convergent evolution, Barnacles and molluscs, Shell formation, Origin of sessile lifestyle,
Morphological and functional specificity
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Hsp40 family of genes in Charybdis japonica: genome-wide identification
and expression analysis under thermal stress

Shihuai Jin!#, Shaolei Sun'#, Zhigiang Han"- "
! Fishery College, Zhejiang Ocean University, Zhoushan, Zhejiang 316022, China

Abstract: The heat shock protein 40 (Hsp40), also called J-domain protein (DNAJ), is the principal family
of heat shock proteins (Hsps) gene superfamily. As the co-chaperone of Hsp70, which plays a key role in
diverse biological processes to keep protein homeostasis, and participates in different stress responses. But
to date, they have not been fully characterized in crustaceans, especially the expression pattern in response
to thermal stress is unknown. This study identified 47 Hsp40 gene members through the whole genome
data of Asian paddle crab (Charybdis japonica). According to the phylogenetic relationship, they could be
grouped into 24 distinct subfamilies. The extensive expansion of DNAJ genes from the DNAIJA3,
DNAIJBI11, DNAJC18, and DNAJC21 subfamilies in C. japonica with gene duplication events. Expression
patterns demonstrated that DNAJBI11L, DNAJBIIL.L, and DNAJC3 were remarkably upregulated after
low-temperature treatment, but DNAJC9 was remarkably downregulated. DNAJBIIL was considerably
downregulated after high-temperature treatment. The selective pressure analysis indicated that some Hsp40
subfamily gene pairs experienced pronounced purifying selection. This report may be the first to
demonstrate the identification and bioinformatics analysis of the Hsp40 gene family in crustaceans. This
study will help us to understand how Hsp40 genes are regulated in intertidal crustaceans under thermal

stress.
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Toxicity of chronic waterborne zinc exposure in the hepatopancreas of
white shrimp Litopenaeus vannamei

Zhi Liang ®° | Tianci Chen *® , Furong Yang ®° , Shuhong Li * , Shuang Zhang ¢ | Hui Guo *»*

a. College of Fisheries, Guangdong Ocean University, Zhanjiang, 524025, PR China

b Guangdong Provincial Key Laboratory of Pathogenic Biology and Epidemiology for Aquatic Economic
Animals & Key Laboratory of Control for Diseases of Aquatic Economic Animals of Guangdong Higher
Education Institutes, Zhanjiang, 524025, PR China

¢ Key Laboratory of Aquatic, Livestock and Poultry Feed Science and Technology in South China,
Ministry of Agriculture, Zhanjiang, 524025, PR China

d Aquatic Animals Precision Nutrition and High Efficiency Feed Engineering Research Center of

Guangdong Province, Zhanjiang, China

Abstract: Zinc (Zn) is necessary for the survival of aquatic organisms; nevertheless, the accumulation of
Zn in excessive amounts may have toxic consequences. Few studies focusing on the biochemical,
morphological, and transcriptional effects of aqueous Zn in Litopenaeus vannamei have been reported, and
the underlying toxic mechanism remains largely unknown. The present study was performed to investigate
the growth performance, morphological alterations, physiological changes, and transcriptional responses
after Zn exposure at 0 (control), 0.01, 0.1, and 1 mg/L concentrations for 30 days in white shrimp L.
vannamei hepatopancreas. The results found that survival rate (SR) and growth performance were
significantly reduced in 1 mg/L Zn group. Significant structural damage and significant Zn accumulation in
hepatopancreas were observed. The activities of trypsin and amylase (AMS), and the total antioxidant
capacity (T-AOC) were attenuated, while the production of reactive oxygen species (ROS) and
malondialdehyde (MDA) content were significantly increased after Zn exposure. Many differentially
expressed genes (DEGs) were obtained after Zn exposure, and the majority of these DEGs were
downregulated. Ten DEGs involved in oxidative stress, immunological response, apoptosis, and other
processes were selected for qRT-PCR validation and the expression profiles of these DEGs kept well
consistent with the transcriptome data, which confirmed the accuracy and reliability of the transcriptome
results. Subsequently, we screened 12 genes to examine the changes of expression in different
concentrations in more detail. All the results implying that Zn exposure caused severe histopathological
changes and increased Zn accumulation in hepatopancreas, altered immune, antioxidant and detoxifying
response by regulating the gene expressions of related genes, and eventually might trigger apoptosis. These
findings provide valuable information and a new perspective on the molecular toxicity of crustaceans in

response to environmental heavy metal exposure.
Keywords: Zinc, Toxicity, Hepatopancreas, Transcriptome, Litopenaeus vannamei
First author: Zhi Liang
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Transcriptome and histopathology analysis of the gills of Eriocheir sinensis
provide novel insights into the molecular mechanism of Pb stress

Zhengfei Wang!™*, Yayun Guan'*, Yue Wang!, Shang Zhu', Chong Cui?, Xinyu Wang!

1. Jiangsu Key Laboratory for Bioresources of Saline Soils, Jiangsu Synthetic Innovation Center for
Coastal Bio-agriculture, Jiangsu Provincial Key Laboratory of Coastal Wetland Bioresources and
Environmental Protection, School of Wetlands, Yancheng Teachers University, Yancheng 224001, Jiangsu
Province, China

2. College of Life Sciences, Henan Normal University, Xinxiang 453007, Henan Province, China

Abstract: The Chinese mitten crab (Eriocheir sinensis) is an important aquatic economic species in China,
which is sensitive to many toxicants that are likely to occur in the environment and is usually used as the
bio-indicator of environmental pollution. As a common contaminant and heavy metal, lead (Pb) easily
causes potentially irreversible toxic effects on aquatic organisms. Although increasing attention has been
paid to the effect of heavy metals on E. sinensis, the molecular mechanism responding to Pb exposure in E.
sinensis has not been comprehensively studied. Therefore, based on histopathology and transcriptome, this
study attempted to explore the molecular mechanism of exposure to Pb in gill tissues. Histological analysis
showed that the gills were damaged under the Pb stress, affecting their biological functions. Additionally,
transcriptome data identified 2,505 differentially expressed genes (DEGs), some of which were related to
osmotic regulation, energy metabolism, immune defense, and apoptosis, playing vital roles in response to
Pb stress. Our study revealed the molecular mechanism of E. sinensis responding to Pb exposure, providing

an important foundation for understanding the harmfulness of Pb toxicity to E. sinensis during aquaculture.
Keywords: Eriocheir sinensis; Transcriptome analysis; Pb stress; Molecular mechanisms; Histopathology
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4T BB B & DNA-ITS X 5514 4iF

Ry, HSORE, RRED, IRSENE, R, X)—iE, MU, AR
WL A WKW ST A A8 R AOK P 38 4% 7 PP se e =S, #ri #0JH 313001

WE: 2 H#LUF (Cherax quadricarinatus) & —Ff Ji = TR 9% K #R, B R4 F7 58 /T 5
N TN Z A PR v A B SR R AR 8 2 R PR R T PCR 38 T L A % 5% 1) [ X (Internal
Transcribed Spacer,ITS)JF#E47 T w7, SKHAWE B8040 2P 47 7 Lt 45 1%
B, ZLECHSUR ITS 7 A FEA 722-942bp, ITS1 KFEEAT ITS2, 5.8S A ITS2 () GC & &K & . Hf
ITS1 KN 157-166bp, “F-15 GC &8N 42.3%-42.9%, F&ie4 N1k 7S5 Kk DL 8 0 ITS1 5
Hl; 5.8S B T — KN 1590p 41, H4x 479 7513578 165bp, P34 GC &8N 55.6%-55.9%:;
ITS2 KA 394-614bp, GC &8N 53.6%-54.0%. FHIHEXHEIR, BAITS i P2 FFI(SSR)FEA
4 kb, HA ITS1 WA 1 4L, N(CAT)n 268, 1TS2 4 3 4, 43 HIA(AGGC)n. (TGC)n FI(TAA)N.
AR ZE R TR B, 20 BB 1TS MAERNAEAE SNP A7, 1M FLi T SSR B B B FIE K _EAEfE
AMENZE R AR T B, 0BT 1TS1 A ITS2 5 H S HAEsh A AR 5.8 5 HAh
TN E W AR, Hoh 5 AR SR B B AR LI IR B 88%. T 5.8S MM NI W 7w, 402
R 5 R R G R R L RN —3, RIE5w IRIFEEIFR N —3 . X ATRg& H AT IR g ITS
FPAVED IR e 243K H ITS HEAT 2L BB AR R 5T 4 AT i, 55 ZEAE AN B b LD B AR E 24N 70
W () 7 3 AT TS 06 . ASHIE Tt AN TS T BN ITS (T HI %R, N ITS R4 BB R asAL 2 FEIE 2
A iR R SRt T A A

B ZLEEBUR; WEFERIRX: MR FHa
F—EE: xiLJy, 5, BB . E-mail: liushilil212@126.com

WBIRMEE: 2 K, BIFFFH. E-mail: lifeibest1022@163.com
& EERE SRS AR CREAHIH (2018YFD0901305)
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ETXF IHHNV R 82 & RN AR IR 82 RS 5RER G
25MNH

BIARSC Y, EA L, BRBRS, s 1
L PRI A, R 5 B R ARSI, W 266003
2. KRR RS FEPE S L TR IORT, 78 266003

3. AR SRR, 8 266071

TEE: G A RURR R A M B D RS BOR, 5F T B Dy 3 ST TR 7K A= A 4 2R DL B AR ol S i A 1
DR e 5 S R G LT 90 1) LA S B S 5 RE B R s 3 7 S g I B T L sh A 25 T 7k EL UL 1
g, BREFRATIA N, 7 58 A T X WR 5 25 1K L TR 5 4% 5 3R 08 R G0 1T e 2 Al Don] R 25 R G B 3 11
I ARIME—IERE . ABEA (1) BIh 15 BN URAL etk J W Rt i 2 23R FEH 8 (IHHNV) 1)
FRH A, FERE T IR, M SEIIL T 75 KA B A0 R 56 EE R R 4H DNA A KT
Hig: () w7 BREZMEEAEFET (PH) M GUS I&ARRE, 5N LRk
o THHNV [ 37355, BRI T 25 T 5T 8F THHNV 95 8 45 2 K 41 ) R I8 34 pUC19-THHNV-PH-GUS;
(3) ¥ FiR B RIAH M B L YL B el SO 4 /i, AEfE 2% H pUCI9-THHNV-PH-GUS Ji 500 T,
{EAS AN E] GUS 3 K ) 0 5 (K ko3 B 0 b 5 B HRAPIR 93 35 J50RL Bacmid JE4%6 Y4 B HL SO
YA, U RERS AN E] GUS e BN RIE, R PH 8 31 75 2 B PRI 35 1) L 3L R Rk e
YIRS, T HAE IR YR SO 4R [F 2 7 pUCT9-IHHNV-PH-GUS i # 0L F1 Bacmid
RERLT () B FIRIE AR EE B RV AR, FTPEXTURGE . B8R Oka #8 B AN E] GUS A
MERIE, (HRLER AL A A B GUS JERZRIE, H GUS JE K [ 32 1A B 5 55 1 5 771 & 1 3
T Er e XK, X EHEE] DURG IS, I B RAAHLSR R (5) @l Bokin s
SR I TSR THHNV 57 85 10 & i B AL o iR L R #4658 53R IE KRG TR EA TR K.
R RERY, RATCAEH A B kR SO i Rk Th B35 ) T R R T, WRPESL T ET
SR IHHNV 5% 8510 GUS R 75 3L N #6 8 5 R IE R G0, T HNH M (1 2 DL I 4A 1) 3 R 4 7% 55 35 1A
U T BE T R TR

R XTHR; RN SRR 5 RIEHER XL etk B R Aot i 2H 4R BE0 B e a3
sfO 4l ity

F—EE: WIS, Lo, WRFFA, eventy5@163.com.

BRER: #BE%R, &, #UR/AH'T, huarongguo@ouc.edu.cn.
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AT IR RBBORRIBT SR

RT3, 5K B2 RIER Y, R 1, Uk 23

Lo B R, AOARM B 0 2R E R A A ST b, B 201306:

2. BGHEFERY, RigHKE ) RAMOIH] S S EaFRE Y E AL, Bl 201306,
3. RHREFERT KPR E X R Ria L, Bl 201306

WE: WEMEEAMATE A KR RE BRI BSER R, HEARR B E IR T R IR A
T AFAEE N S, Rt IR s T Pk A o, B —E NN AE 1. ACE RS
TRIE M IE SR B AR AR PRIR R B ANGE RIS, fEBRSERIRIE T A R B B IR
SRZES, B AR T ] R N BET R (11 B SR A A . 25 AR, (1) W IH SR FEI 4R R R
S A TFA A BHAE 2 53 B35, MEPRAE T 72 LU AR 15 KA, MEBEME e ah T 1Ak (2) R4
KR EERE, HEARREE —MEAE AR R E O R E, MERE ) A AR N AR, KRB
i 70%, SREKEILS] Smm DL BB, MR CSTEREEBSE; (3D RS SRR E R
B3, MREEMNED. SEMIRE RS ES N 38%. 12%M 50mg/ke, HEAD I 45% 6%
30mg/kg; (4 WIHEFRFEZM T, & B MM TR A AT LR SR . PR AN G, A
TR S BURTE RN AR R A T, MEMEE BBOGR R RN 2.5 R KR 1.5 RAEk, A&
B L 55 i UHE R (038 A B [R) A 40 KA 60 Ko AHHAREMRIG, CAAE L. LI fut
FT/ANTEARE T N, BUR T B AT A S
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L HFBORER T UINT BIE N PY AR 2R Eh 5K BIHL Y

AR, BRSO REER L, WY, EHER Y, EE% 12
L TR, WL T 315211

2. FM RN LR i K IR E IR =, Wi T 315211

3. KFEAEMIHARBE S E AR E (TR RY) , Wi T 315211

WE: UG B IRE R IR AR T e 3, N 7RI REAS R B R, AR AT RARY
BT UK R UK B IR BOR A R, B T R G . RS AR PR SR K B IR A
PR BB E R RAE, H IS THUL T B S Bk B AR B A B R ARE . ASBIE A 2 A 2R,
I PR A IR K W R P AR SR A RN P A IR 2 R B DY AL AR i
ARUE RS2, itk B2 ARG LA A I TE B R AN, RGEHIR R 14 B 1 2R Bk AL -
LERRY], AR (IR A B R RO T B S B A TR G E R R . E S
B AN e B A UK ER IR T h 5 £ S BEAN, AR TREIR AN A TR A 007 B 1 PN o ER K
SR B RE EAIE . Ca?ty Na™Hl K 40l X7 Bad N P Il IR 38 P2 SR /K A R SR B B, IR 2
THIKFEE cAMP {5 5@ BT . AT (Bacteroidota) 1EERHR/KALIKIA X F B ey, RIS IR
AT EE (Carboxylicivirga) & /KA MITR/R I, 7T RELE UL 8GN ER BBK 1 1 e rh A 4%
TEZEMEM, I NERRUKI T B IR ARG R . AT AR 7O B AOK A s s
BRI S, ORI ) A 4 [ ER R T IR IR OR K TF R R e R A T e S R L.

REE. UCEE, e, RERERmOK, @&, AR

F—EH: 4485 (1995-) , 2, PUE, WEAEAN, EEELH 54, E-mail: nmm0906@163.com.
WWEE: X (1986-) , 5, PUK, WFEEN, BIZER, WFEEERIFREEARI ST, E-mail:
wanghuanl@nbu.edu.cn;
R (1965-) , 5, PG, WHLEMN, #d, NFHFRE KERKFMEFRMEBEARIIT, E-mail:
wangchunlin@nbu.edu.cn.

e BRARBIFREST FHE (42276106) ; EFIFEPV A AAZR (CARS-48) .
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E T TIEHAE B TR E (Mesanophrys sp.) ER%wETEF X

FEBER 2, FAB 2, R 2, EHEHR?
1. TIRZFEEESBE, Wil 73 315000
2. TR KEIKFE ARG HE S, WL T 315000

WE: TR (Mesanophrys sp.) 51 HE I3 B 7R ST = ok 7 18 (1) )& £F Ui, AU K= A
WK T BRI GH R R = A4 7 K () FR A A B 00 AR A & Y 28 R g 4 T B
SR i B D R R AT SR R T R R . R Tk, MEE R T A T e R B 2 R g e TR
Ko VEFHIET LG RIURE H 7 kAT R RIS G ot i tt, R 5 R, (B Pl d i &
SHTE REYE, DA ARA BN RS T G oo ik s AT T B 2 R AR U R SR,
L E AR IC neo HUMEIER S G418 B ER s HHAT T 2 Fhid FH T~ 53 Bl Jih L ) it 08 oo, e 3h
T ZabFIImE, REhTIE RN DIRE SEE NS B - L b TR R St B EEUESLES, ik
FIBA G418 Hrik R AU S Bog o s SRARAA s I3 25 SR B s HE m) A m R AE T AR, 4 A IA 2000bp
()58 DNA 81 . 25 b, AR B B AE S B Ji S ooy 4 1 - 21 B e oo AR ik ik &, JFFIH
neo-G418 Jiiide 4« 2 0 10 B T IRAL A4 . S5 11E B 2L T[] 5 3 ZE L 1) (R0 A% G A i B 3R s & VR & H T
AR A B B DR G, g S BT HL P 25 DR D REAREATT B8 1 HoR S BR AR, RIS HAh£F £ 0
AH G TR 2

REE: TP, SRR I, TREYE; N YRiE

BVEE REWEE : TR, TR B L5 BT FET 100 97K IR S R E BRI A
EeE: THRRKFEAATH
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FAEEGERORIFER AN HI XD 0

M, FhEIE T, AR
LOFHER AR, L (2, 071002

WE: PEGERORIRE Ny — R RN, Ho T4 A S B HIEH . Rk T h e
e U KA 2% 5 TR T2, AT FE RO IBUR HE AT RE W% HE B h A4 U K IR A KO & 2 70 2 T IR 7T
X 22 DX K AL A A B ORI S AR SRR A EE A B S

A FE LA A U KRR ORI O 5, A il sy BORBEAT 7 RAN Y 5PH%, /287
JFERRERIE R AL, JF DA AT 1 OREF AR AR SE R 4L R T Hi-C SRSB4, 53] T
Qoo R AL, HIE AL IEbs AR BRI RS N Hi-C Bl ()5 SL 0 WM EAT, #EA4T 1A%
s WHFEEh YT R T Wt SR SORMBE TR, IF HAZZRAE LR R« =5 5 T A 4%
I, AHE TS BRI R I AR s 2, R T oRIER ) Wnt ZE R SC0%, S0 h He4fE 14 oK
U PR A PR — 2B AT

SR POBRIORIRER AL AT Wit SISO R L

B FMMN, IR A P A E-mail: 18730287670@163.com

BiRfEE: K4kR, BFFR, L S)0; E-mail: zhangjiquan@hbu.edu.cn.

HE: ExERPIFEIEEST EHH (No. 32172954, 31872613, 41876196); [H 5K H i & ikil«“#s
RARHAEIUH (2018YFD0900205); i[db44 & At At RIT H (22323201D); Vb EHE T H
RITH (ZD2022093); b4 BAARFEE G EWTH (D2022201003).
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ETERERFHATF R SSR & SNP 73 Finic I B —FH 7RG L5
BEHABABRESHEMEFTRIER

EERE L, 2, 3, ERE 1, 2, 3, #RAKIL, 2, 3, FHREKX1, RE+1, 2, 3%
1. BIHERERS RN IR KRR T B8R pi siie =, Bl 201306

2. RHRREERE: K AEE B A Rl T R G, B 2013065

3. RHREFERT KPR E X R B Ria G, Bl 20130

WE: ARWFFCERE 7 PR B BRI B K0 =K R A AT BN, 0 T A FEAR
A2 (SSR) K& SNP 4 FFRic fE P-4k i A% 22 B 25 S DU K 24 SNP $i H st % 22 K VP4l 45 SR 1 52
Wi o BT 9 &35 5 25 I K VT B AF BT 245 Mb 5 1801.74 /> SSR A i, 3 VAT B AF BEAAF- 24145 Mb % 1804.32
5 SSR A7 /5, LT EFAEREAR SSR AN 1937.95 AN/Mb. HRAELREEEIL N 4] R SSR FhRFEE, 2-6
MEHIRE R YRRl 2] I H AR B S AT IR E KR nm 2 FE, —RERE =R ER
AR SSR &L SSR 1) 90% LA b, & /K RIAIZE A K. Fiiik 7 9 A2 A VEE m BIAL s AT 8% 2
PEVEAL, B3k 127 NSRS (Na) Al 2], &07 S B BGE I AE 7-28 2 [8], T35 56 o 3k (K1 %L
141111 AREAFERE (Ne) 1 3.5652-15.1694 2 [8] , “FIYME AN 7.2483; M ETE (He)
£ 0.7195-0.9341 Z [a], “F¥ME N 0.8337; & ARG BA8E (DA T 1.4235-2.9553 Z [, “F35{E K 2.1194;
PIC 7£ 0.6716-0.9303 Ju [ N, “FH{E N 0.8140. FEACTTHEFAEBEMA ARSI SNP % H 4 34804977,
Z NIRRT 5 (number of multiallelic SNP sites) /5 6.76%, transitions/ transversions (ts/tv) 4 1.47;
DO BT AR AR T O 34451882 A, 22 SEN EERIAL K 7.01%, ts/tv Y 1.48; I B A A& T Dy 34452695
A, ZEERTIERA S 7.13%, ts/tv N 1.48. Tajima.D B NTUE, FUIFA A LRGN, #
YR E AR, ERZ RN (1) ¥4 0.007; L7 B A A& K 85 0] 57 AR BEAAR 18] Fst {8 /K,
9 0.022, KITEFAEREOR S S B AR FEAK Fst {8 0.033, VLB A= B4R 5 30 VAT B A= BE4ACT8] Fst {0
0.036, —/NEEAREHRA R 5. HERAFEEE 1) SNP PR BEAAR A 1 Fst AE 7] LUK ILBE S SNP
B I, Fst (B0 MR Eh A8 R4 5E, 24 SNP i H K T804 T 37853 /M, FstfifaTHae. B
SRMFER ZH 42 48 SSR AH EUAE ST &K SSR ARic I )7 v2: B I bR (S 43 , {H e S A% 1 67 s 7D SR A& i
M TAE. MHELER, FETIEFATF K SNP FRic BA BRI Tim s MBS, JF Haete iR i
MR BT BT A M. BRIRAE S S ISR, SNP K BCH 2RI 28 FARid

KGRI PAEEEE, HEIT; TRl

F—EE: BEEA (1995, &, WLrA, BHdim. SRR E KB R B4 % . E-mail:
317397584(@qq.com

BWRAEE: RE+ (1978-), J, #HIR, FENFKTIWEFMEHEZKHF . E-mail :
xgwu@shou.edu.cn

& FHEEEORCTH (%5 2018YFD0900103); A3 ILAR LM = 4 Rk RIH R
FH:CARS-48)
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T SSR 1 SNP #RiC I =Ptk 7B 8L S REME 1

BORAE L, B2 1, BRI Y, IR Y, AR 2, S, BRI
LGRS ARl be, ik /e 071002
2. e A AR AT R e #HE 061100
30 Ab B KRR AR Bk, dE A FKE 050000

WE: SR T8 —MEZEINEKIEESR, 2o mThEEE, WERFEE, @FnEsE.

AHIE T3 53 ) FH 27 S 4L 0 A0 7 A 255 DRV LD 7 T R =R 7 B8 1¥) SSR AT SNP 43 F-ric, IR g%
ZREVEACE R BRSE M . BT 8 T 246,243 > SSR FRic, FIHH A 19 M Z A1 SSRs 3
1T =R BE BRI AL 22 0 BT . SSR 70 A 45 AR W], B UE TR 0 A4 18 % 22 FF 1 (Ho=0.688, He =
0.716) R T B A BEAR (ZR 2 5, Yk, E ) (Ho=0.675~0.706, He=0.752~0.76), F:rf B ULET 1 PR AL
ZREME R . BER S0 E R B Fst = 0.001~0.04(<0.05), 3¢ WX POANFEAAR (8] A7 AEAR K P (038 A% 20 1k . B
REERI TR, 3 NI AERER RIS, s MR B AR R M SR . 4k, R ik R R
HIF(GBS)F AN 9 A=k T HEREAR AT SNP B[R0 2, a8 5, L% 203,814 4~ SNPs.
SNP B Z T R BN, 9 MR G N AERAE, #/ 5, REL, BY, RE, 3K, &
U TRG 1 AN FRIAREAR: BRI HBAR KT I8 4% 2 11 (Ho=0.216~0.241, He=0.253~0.267),

B BB A B A 6 T (Ho = 0.241, He = 0.267 )o Fst=0.0016~0.0462, % BREAA (7] 3845 2040 R
. BERGEHIDITE R, FEARMERBAPE, RIH —@RERE G EmE. FdRgh Ry E
=R T IRBL 2R MERUG, BUE AN, PR RIEVR A, % BUOREUA B R kAT
RS Foh, PP AR B O] BEAEAE BRI IB AW ), IX 0] R 5 DS IS B AR O, 1]
VERN RMIEE BISRARKIT . AW TN =PeR 1B 0 Fhric i B g et 7 st ind, As
PRTF RN 7853 R FH =R+ B Mot B IR BEE 1 B JEA

KA IR T, SSR, SNP, MfEZREME, RALH

F—1EE: Bfrfe, WACRZHE LA, FEHT ARG ThRdSK 3 RFPiEE . E-mail:
baohuaduan@126.com

BWAEE: BILL, WK R, WL, FENFRKAEDYRIFESHA . FshPbmk
BRI F . E-mail: xjkang218@126.com

EHE: WIbE AR S E LI H (C2016201249), BUACHNE A A% T1(21326307D)
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Cas9fR B B BUAFIR I 25 B P 2 B HLFE X AR 22 B 4 88 P O L

SN S R sk v £
L AR A, R S A E AR E, LR 8 266003
2. RS SRR E M Z BRI AT, LA 78 266003

E: Cas9 5 [1/& CRISPR/Cas9 £:[H4uik R4 (1 HE o, HAT MUk fm 31L& CRISPR/Cas9
BRI AR I R e e & BT, ZERIE DB UMK A B 5280 1 S h B 7R AR KR
JE bR A T X L SRS SR U AR SR E R R I B2 R ). B, 2 EEROKFRIAA BT
Yidhn s EXTER . RS EORTER L AR R AN H ARG, L2 RE SR N 0N, AT e AR B iR,
143 Cas9 B I CV1AF B AN IS IE M R R IE, SBOLE RS ACRIKT, MR ZIFE. A5
FRIN R T FFRIA I €45 B 1 (P2 A-gBFP) 485 5 R YR A% 2 47 45 5 (NLS) AN [F] J 3l 7 3R 3 LA S A
[ 7 s AE ) 4 P Cas9 FAURA B EAREE (Bacmid-Cas9/VP28) , 4R 5 FIH F B SO 4 i Al vt
WA ARG SR IR A A, 20 e 1 ik 4 b o 4B A0 75 (0 JE Rk 5 ik &k . Herh, T HE
B T R R 2 M A B S 3 (PH) AR IHHNV Wi 8 P2 JA 3 7(P2); AFFIE%E T
A 2 Fp: — G XTI WSSV IR BRI R (IR (VP28) RIEFRLE Cas9 HAFFIRI 55 R 15 Tk
(Bacmid-Cas9) F:64% SO A&, — @K REMis AR (VP28) i Cas9 HAMIRIFHERIE
iRtk GERRY], Cas9 HAMN B HAFIRFF (Bacmid-PH-P2-Cas9-P2A-gBFP-PH-VP28)
AT SRAG B R R DR i 1k 5 SRR A e, LA T M I bk 2 400 B R B G R AT Rk 51 %, TE AR KR A
(R IE T 90 % LA |, HEAHLSUE T, FiR Cas9 H2H B B du kPR 5 35 R 5 1)
P, SEBLT Cas9 £ F7E i 40 PR ofi bR B 41 B DA R ok iR i Ak 2L 203 v (1 v ki it 53Rk, N
CRISPR/Cas9 2 [ g 5 H7 AR AL UR o ) il Th B2 B2 7 Ak

REEF: CRISPR/Cas9 ZERGMHEHA: XUF; AR P2 ¥ VP28 &

F—1EH: Kk, B, WA, xuyifu stu@163.com.

BWAEE: #ER, &, #UR/MES, huarongguo@ouc.edu.cn.

e EFKE PRI R GRG0 T 5 2R AR 2R A ) S g R M B T H
(2018YFD0901301) . FE X H AR EREGHH (322731160 « LKA HAR ¥ E W H
(ZR2020MC189) .
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P AE K 22 B & soky B AR ECRY S FLANIRITIR ARG B3, A, FRBRAR
HARZ. WL &5 B B AL IR IR

WRZLAY, whkk, HEER, 2=
W R EITE AL, KPS AR P R FROR R SRR %, R I 570228

TE . AT T BT K3 J(Zophobas atratus) %) BRAE A FLANTESTER (Litopenaeus vannamei) 118
FRER A R . BB TG K 22 Hh 4 HUky (DBWLM) B 48 HURR UK (FM), BIF 50 AN [5] B AR 7K S 6 FLAh e
XPUR AR AR, AEAG . FTRAREZA 5. LI S s A TE S A Y B R B2 . F DBWLM 230 &
0. 15. 30, 45. 60 F1 75%[) %3 (DBWLMO. DBWLM15. DBWLM30. DBWLM45. DBWLM60
AT DBWLM75), 43 I MERTAEA R B A 0.34+£0.04g IIZNEF 56 K. 45 E7R, F DBWLM #%CHEis
75% FEFER Sk LR S B FE) 2B K RE VA BT RS . DBWLM30 LR 4736 K e i1, 17 DBWLMI1S
AR WG. FCR. SGR. CF il ADC #¢/5 . DBWLM BAR 083 v LLIEHE g AR ST,  BRAR g 7K °F o
I, XTERAEIUL R AR 2 % .. BE%E DBWLM /KIS, M ACP. AKP & MR I71E 48 5E K]
¥ (IGF-1 Al IL-6) ZZ§#], MDA & & F#%, T-AOC /K°F-A1 SOD %1 B4t . AFRRAR A4l 2]
LUV BN, M 60%EHE 2 11 FM 8% & ¥, FFRIRZ4E, JEA ARSI, (B fsf
T AR EIR, DBWLM 4T & RSB R 11 m, BRE I FE R, HE
o MR HICThRE IR . A5 RR I, 45% M R BAR L AT DR ARG, RS PUEAGRE I AVLIA S
i, WD SR, YEGRIE AR RIS Rk, ARSZIGAAME T, @O IR K B AR AR K
AR 60%.

S RRKE AR R BN FLARRATIR, A

F—1EE: WAA, &, WL, RO RAKAESIE RS A MY . Email:
linhongxing688(@163.com

BWEE: 228, 5, AR, HS, BEEWENAS, BT K5 RS A
%, Email: ecli@bio.ecnu.edu.cn

L JRAE S RTTE (2020B0202010001)
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An effective modified HRM method for SNP genotyping after the
correlation analysis of the SNPs with WSSV-resistant traits

Qishuai Wang, Ruixue Shi, Siqi Yang, Qian Hu, Yanhe Li"

College of Fisheries, Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural
Affair/Engineering Research Center of Green Development for Conventional Aquatic Biological Industry
in the Yangtze River Economic Belt, Ministry of Education, Huazhong Agricultural University, Wuhan
430070, China

Abstract: Procambarus clarkii is an important freshwater cultured crayfish in China. With the gradual
development of its aquaculture industry, research on white spot disease, which is harmful to healthy culture
of P. clarkii, increases gradually. The prophenoloxidase (proPO) system is an important part of crayfish’s
innate immunity and plays a role in virus resistance. Here, based on the early discovery of three SNP sites
in the intron of proPO gene, the linkage disequilibrium and haplotype were analyzed for the SNPs, and it
was found that there was a strong linkage disequilibrium relationship among them. Through the analysis on
association between the haplotypes and genotype of each SNP site with the WSSV-resistant traits, the
detection of the SNP_ 7081 genotype was considered as the most convenient and efficient way for
WSSV-resistant group selection. Furtherly, the high-resolution melting curve (HRM), which is a rapid and
economic genotyping method, was chosen to establish for SNP_7081 site genotyping. The 68 bp target
fragment with 27.94% GC content was amplified and melting curve analysis were performed. However, the
appearance of false negatives which led to unable automatically grouped although the melting curves of
genotypes CC, C>T and T>C were obviously different. The low GC content which correlated with the Tm
value, was confirmed as the reason for the false negatives by the assay about the recombinant plasmid
PMD18-T-SNP_7081 constructed with 45.24% GC content. Eventually, the adaptor primers were used to
increase the GC content of the target fragment to 36.14%, and a modified HRM method for genotyping
SNP_7081 site that could group automatically was established, which could provide a new insight for the
HRM method to genotype SNPs.

Keywords: High-resolution melting; Crayfish; White spot syndrome virus; Genotyping; SNP

First author: Q. Wang, College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
wangqishuai@webmail.hzau.edu.cn

Corresponding author: Y. Li, College of Fisheries, Huazhong Agricultural University, Wuhan 430070,
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IR AR AR BMR VI R B4 8 1% 550 R X R AR A R B

R AR 2, DR
L BTIERE S TR ARE SR E (BRI, Pl R, iR, 518107
2. PR AFER R A TR, il

WE: EINPKAR(Caridina cantonensis) F1™ 4 KUF(Neocaridina palmata) )R J& T 5220
Crustacea. 1 /& H Decapoda. #LEHFRl Atyidae, P& B 93 B4 5 Hh X K I /A0 T2 (R A
Yo AW FUE IS AR OKIR f B JEOE KR 2 Mgt 400 SMAEAT COT K& NaK F:H 7, DR/~ &t
URRHR AR PIAE ) ARt X BB 254, IRt — 2 R BAL  A BE R, 91N heightened
evolutionary distinctiveness (HED) X —Z MG THE R R T B VTP HA R LR LRI e e . 8
& Z RN BT I R G0 B BHIE ] PR M B A SR AN R R 8 A5 S50 S RS0 B RFE, A OG0l 45 2R
ANFE T REFRURRIIE O . DNA ST R e, thal, IFREE A BE R RS S P Al e v oy H s
Hopt [FRPF R B RS I

KRB FELOHOKER: J7ACKER: COL B BERBHELEI; R G
FEE BEE, Pl RS ER 20 ST A, VR 1A A R FE R A O A
fengwj25@mail2.sysu.edu.cn.

BIREE: SRR, PR AESFREIZEE, majx26@mail.sysu.edu.cn.
HE: FIBFPTEX IR BRCECHT 7S 4 (14102718, 14112920)
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REESEFFRI B AR LR AR AR AR K P fE s IR A AL AR AR
{2 IR

HUFEER, whRARE, TRMEUK, 2=
W R EITE AL, KPS AR P R FROR R SRR %, R I 570228

WE: R B ER IR R B AR RS PN R SR A= R R B, I 77 25 A A0 T o i e 3 1)
oM . SIS 600 FEV]H N(1.04+0.04)g IIZNUF, BENLT A 6 4, W4 4 NEE, BNEF 25 2.
SEIGHCH 6 LR MRk, I 4 uE 5 7] T M IE R 0k 41 (CON) AR A5 FH R B2 30K R0 2 3ol 5 ARG
Ry R O(FRMO). 25%(FRM25). 50%(FRMS50). 75%(FRM75)F1 100%(FRM100) & 1 15K},
FRVH 8 Ji. SERFW . 1)U & 2 A AR R AR B % BB R, (HEEE RN
KPR, SR IE AR PR, AR BT S 2)BEE R IESER RS R &, B
R A A TS 1 B T, IR 2T m R S, R BB KT CON 4. FFiE
B Bt H o S A B S 1S CAT R AH RS, (HAR AR IR JC 2% 2 7). CON ZH iR
H oS EEEET 25%. 50%. 100% 2841, 3)FRMS50 ZH I35 By AL B /) 535w T Hfhd, 1%
R G 1 W BEAE S AP T i R RS . )50 R, SIS A EIRA N . B S
MRAREER. a U EERSH, ERERERT, RBESEF R AT LLEAR 25% M58, AR
W) LTS XTI ) AR R R AR A R, 0k 1 S ey RIS A A A

R RIEESERFR; NLghiEXTER; A MmyEA b AR E R
F—EE. MR, L, WIEEFTE, BRI KNS FR S A
BREE: 228, B, RN, HS, WEEMENS, W K315 55 AR

¥,
FEE: | REESSEHRTE (2020B0202010001)
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FRMECT H ARG Hsp40 2 505K 19 & 2 R A & e fRik 44

SAL T, g T, R
WHLHEPE R Z K2 22058, Wil Ak, 316022

TE: PURTEE [ 40(Hspd0) XK T 45445 25 11 (DNA), 2 #5085 1 (Hsps) i P8 5 e ) B 5K,
HAER Hsp70 MEITHBEE, T2 5ARANBRN, E4EFFEARSHIZRED ST R
FERBAVE « ARIZ5 A1k, IR FORAE 52 288 Wb iR A S e, JU R AR MR B A SR B
RIEA M ATEHE . ARFFCR B ARG 4 B R A, Sl 47 /> Hspd0 BEF RS, RIERAKE
KR4 N 24 M HE, DNAJA3, DNAJBI1, DNAJCI18 H1 DNAJC21 V5% % () i 52 75 H s i 2 K]
Hrp k., FAERRESIEN. REEXE/R DNAJBIIL. DNAJBIIL.L. DNAJC3 2R EKE
WS R B, {H& DNAJCY RiE T M. MR )E, DNAJBIIL FRikWIE TH. EFEE 1547
F W, 4> Hspd0 WK RIERXF 07 1 B 2k £ . A0 78 n B8 o IR A 5228l v I g
Hsp40 JE K 5k 1 46 2 RUAE MG B2t o B X U 7T, A Bh 31 T AR S0 il e s F 5228
BT Hsp40 J5 PR 52 A2 an ey e 2 8 4% 11

XRgiE . HAS; Hsp40; DNAJT; HW i
F—EE: &M4M0992-), WLEMA, fWi-LwseA, B ym. w5k

BIREE: 53, E-mail address: d6339124@163.com (Z. Han)
& WiLA BRI S (LR21D060003)HITE 5K H AR 22 5 4:(32070513)
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Effect of application frequency with -glucan on the growth performance,
physiology response and gut microbiota of the Pacific white shrimp,
Litopenaeus vannamei under low salinity

Yanbing Qiao, Li Zhou, Yayu Qu, Fenglu Han, Erchao Li*
College of Marine Sciences, Hainan University, Haikou 570228

Abstract: An eight-week feeding trial was conducted to investigate the effects of different feeding patterns
with dietary B-glucan on the growth performance, physiology response and intestinal microbiota of the
Pacific white shrimp, Litopenaeus vannamei (0.49 + 0.17g) under low salinity. Six feeding patterns were
set, including: no-B-glucan feeding diet continuously (NOF group), 0.1% B-glucan continuous feeding
group (COF group) or every 1 (COF1/NOF6), 2 (COF2/NOF5), 3 (COF3/NOF4) and 4 (COF4/NOF3) days
of the week, while B-glucan-free feed was used on the remaining days. At the end of the feeding trial, the
results revealed that compared with NOF group, the growth performance in all groups of shrimps have no
significant difference, but the condition factor in COF2/NOFS5 group was significantly increased than those
of groups. Total antioxidative capacity and glutathione peroxidase activity of the COF2/NOFS5 group was
significantly lower than those of NOF group. The mRNA expression of the gene penaiedin-3a in the
hepatopancreas was significantly higher in the COF3/NOF4 group than those of NOF group. Interval
feeding of B-glucan could eliminate the eliminated immunity fatigue. The diet supplemented with B-glucan
changed the o diversity and altered the composition of gut microbiota in different feeding patterns. In
particular, the abundance of the proteobacteria was increased at the phylum level with B-glucan. The results
suggested that dietary supplementation with B-glucan had a positive influence on shrimp growth
performance, antioxidant status and gut microbiota. These results should be taken into consideration that
the 2 days and basic feed for 5 days feeding regimes of B-glucan seemed to be more optimum for
preventing immune fatigue and promoting the health of juvenile L. vannamei at low salinity.
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T ALPEIRK IR R E TN, R E

THEY, EEANY EHwHE!, RE2, FEES
1. HEEBEFREE T, AR HE 266071
2. PR AR 2], P #E 610000
3. KEdEBEN AR AR, AR RE 257453

W LA RS T L) OB R AR 25t f A, H AT E P 2 50K 08 kAl 2y 4y i ZE1%
. RTILA T IR FERGCH) B SRR AR RS2, 5578 pHAe2 . BRIRIN 9% ™ & .
TAHERAE A BRINRATEE  WIABGY MRS, TR AT AT VE BRI A S R e i R AL St -

ARSCEERT T ACTREF AT R R SRR SRS, MARGHRAE bRk BN 1507 T H
o B TR KTRER AL IRYE AT TR K R G 2 5 R T 20 AE, vl 1 i gl i3 K
FREMSERESTR, BAE R GUEM  AKBOHE . W R A RIERESEEE, IR K IRER A S AT
ITPESRAE VAR RIS, VEONBCESCHE, EEARESCE T BN BREACERAE LA B i
B, G AZhHNG . Bk, B WU, g REE. R e AL AR, LR Bl K.
iR & — e TR BT 6, RIS N7, R 24, SEOURE P AL 8 A AL
FRUEs BJa MARSRIEE ML b T3 ML B, 220k, 8. IBIISERE REL R R, K
FHRLFE BEALTRIR A SR MG . LR TARA BB W™ T %, AT, RHETE . MBALF . ™ i
Za, HRE, SGEMEER,

R i TR MK Ak BREE

B TH, DEBEEBHEET A SUEDT A R, AR hEEEEM TR E RS
B EAERA . PEERIMA S ZESHE, TR cEBEERK, EENFREYE
FRGBE MBLRTE R ERT IR AR B SET T

B [FSE TR T R R I T IR 5 DK Bl T I R G R REAL SR S S P BOR”
(2019YFD0900401 )
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ETHEBBBMARK=MERERRES

Mofi o, b b, RS2, E|IE, BRIBIR!

1. E KPR AR R AR Fo Oy BT AR R il AR S PR SR VPN 5 B YR IR 47 B A S
%=, L6 Jo#h 214081;

2. ERERMNKFELRGEN AR, L7 T8 214081

WE: FIEPBEEE (Eriocheir sinensis, KW & . JATHE) PR E /K™ & s {E/ i AL B 1 < TEAR AR, 7=
R/ PR BB R . AR ORI B AR, ToER (SRERALER) EA R HUEE 1) A1)
BRI TR NANFR], HAOCEREPE F5. TEAARE M, 7022 45 18 938 A BRI Pl R @ S T
NESE ER“FRE0 I 2 R IR E M, B E IR IR B AN TR T SH P8 T 45 7 b K ) B8 ()
JRICE  AMBTEAS . FURBEIRRHE AT 7 HUBHR R, JRERER 1 BRI B8 Jo R 4R 80 T R X 5k
B MR MBS E . JUR. RERNMZE. JEEA. WARRHE S A H BB A5 S T g .
SE RN F T JLAEAS IR E R ASKRIER . P SEAN A P H B8 25 =20 R W8 3C 80N J¢
10 MO R“FRECFHE . B HIRESNm hZE R E K. FHEBIEE =28 ERRar. BHIES
EMMIETE 3. 7N H o ARV RS AR P i1 AN H . BEIRRgO M HIESIEiES
JRr= B R BHPE IS He = B R X 7y 2 AR S L Rk . BiR— RAIIWT R85 KR, A
[EP= 1K P i i T RS B TR . BB AVE T BURHIE, B E R X SRR ) Bl R 5 B2 o
AL ShRERAE . STk B M DR 45 v T B R R ) b S HE

REEiE: KW, UHUTER: AMBIBA DRI M s R R

F—EH: mfE, PEKRER A RERER, o E KPR TR R K LB A A O A
7

BWAMEE: BfE, E-mail: jiany@ffrc.cn

& EBREARB¥IES (317728500 , 2017 FEE TG H = N ARG 3T H #1485 Bh i H
(CZ2018006700) , " Rgi A ai ERMBE T (H K= REEFFEBE ) FEAFHI L 55 2% 4 55 4 )
FAFH (2021XT0704)
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b HR TR B A O T A 2 R A ) 5 AR KA SRR QLT se iz

gl AR, FERR S
L WM X g Bty RERHCRSARE SBIERE, RKiEE 300457

WE: X (Urtemia) JE/NBHFNY, |2 50481 PG SRIBIRT H 0 337 55 s bk i, JL4h iAo
R & A RSB BRI, KA ERPEEER . i BE s 2 5
TR AT R B B R — Rl AR R A 200 TR BE MR A(QTL) B AL & — P R4 B IR
FRICIR BT IE, T I8 A% B ] ) A J 2 Ve B AR I AT 3 o ASHE UM A 1 oed Hh 1 9K o 2 B ) et A%
RIS, ZEREA 21 FEBHE, 05 8709 MK EMREZ AL N, KA 2636.4 cM, EliEbx
CHFIE A 0.33 e Mo BEANESIRERIFRICEON 137 B 677 A5, KEEJEHZ 87.96-194.17 cM,
BRI N 125.54cM . BN EBTRER ‘Gap < 5 cMMETE 97.79%% 100% 2 8] FI| F A4 2 ) i
v R AR R M AN 4 AN AR AR S MR IEAT T QTL . — AL T 8 A QTL, H A 51,
R KL RE. ARSI QTL B H 4378 1. 2. 24 1. 24, X4 QTL EZ404i T LG3 Ml LG6
HEOURE L, IR RBAREM 12.5%F] 100%. HAS5PERFHEIEH 14 QTL #, AR fE LG6 )
58.5-167.4cM [X [a], I HRIH B Sl BRI R (24.7% -100%), 15t B -5 1 51 AH 5 (1) 5 (R 4R
AT RE AT TEIXA DX 5k o AR 5460 S 10 el ERL i 25 300 A 2 0 PR e e L A1 RD A AR DG IR 1 QTL TN
H 52280 Thn e 4 Bh & FhORTIS A% o0 R B 445 7 8 S8 A% SRR

B xR BEEBIEIE: MR 4K QTL

F—EE. w5, BT, WA S, EEAKTEAE EF, Tel: 13042278008,
E-mail: hanxk@tust.edu.cn

BiREE: FEUOE, %, L, #%, WL AESN, EENEXKEYEEFRA, Tel: 13602153094,
E-mail: suily@tust.edu.cn

& RKiFTAHERITE (No. 17ZXZYNC00060)
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AFREYANRERE T =R TERNFHTH

KRS 12, EH5 N2, fEEM 2, BEAAR G, sKIREL 12

1. P EREE RS K R BB T E S 0=, LR H 5 266003

2. HRFERF SEARERLEE, WAl 5ay e i Boaesein=, LR F5 266237
3. HERWKZHEER S TSR, LR H5H 266109

WE: 15 =P T8 (Portunus trituberculatus){hWIEFRFE T, BYIFECAESEA R GTEE 5) R ES 310 E
BRI E . IR BRI AR B IR HEYE = PEAR 1 B8 55 S SRS A S ST AR, FRATE R = N 53}
ITAMERS, B0 T =R TFENS TN, F AR M s O 5. #E )
KA (AR 8RN, SR K, MEEWRIEELIN, =J0R 78S AT M
KEAT ARAERE G pFraimt(a], F2FomfE BT S E Rt sy, FAZ. MRS
JRIHFEAI LR = A S 2 5 D s BERCAR SRR E NG I, = JeR T 8 4 S BB Al AT AN O
ITHARERE . GebRraehb[a], GeposmfEFRraaThm, AR PEIESE REUE Y Jon v AE A AL R = A RF 2
Hn. WAL RVIPRE, TXTAEBIRET, =P 78 R Ak 224 ) B & 4 3 B BUs 7 43
(R 5 4 SR (A ) BE YR B IO G S} i BE S 38 0 S Uk 55, T A D VR I ey e 2 R R R ARG )
i SR AT A A BACHPIR DL & A2 B3 A8k . FE = e T IRV IR FRIE Y, T e e 3 s A e A A )
7 LAYk 4 2 5] D R R AR R R ERAE T, 8 v FL TR T B 2

R =R TR, BRI AR ST

F—AEE: KK (1996—) , P EGFRE R LR A, W5 1808 B s AT S, Email:
492485101(@qq.com

BWEE: 57 (1966—) , HEMEFERYEESE, WL, BT RN FREKIBAES A5
AT N/ B/AEZS 2%, Email: wangfang249@ouc.edu.cn

& EFESHATR (2019YFD0900402) Al A4 H AR 4 (ZR2018MC028)
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FARGE G ORETE . REW B2 BUR AL & Mis13 R ThEERT PR IT

FEBEAR 1, SIS 1, TR 1, HKAES 1, BT 1%
L OWTAEK S AR, WL (R 071002

WE: RS, EANFEBLE A (IR T ABL W2 [ C. W6 52 1 DO-D4), A Fi ifiL itk
Lt 7 B R QOB AR ALAFAE . 45 SRR 0, 7R 0 5 Fa A RE b, Aot B2 8 3R IR B 1R AR (b A
ALRFF—E. /£ C. DO 1 D1 B, 20E /K-FAEXFaE, D2 F1 D3 [, 20E /KFiz# EF, 7& D4
B Bk B i I (METE 230.97+3.96 ng/L, [ 285.23 £ 5.81 ng/L). M A I bk 25 7 3 2 7K 772 ] —
Wk 17 s A AR A7 SR M 25 S (P<0.01), FE I 5 AN [R] A B ML 9% F T A A KR B /N
AR I S5 it J S, gt Bz 7 30 18] 0 A 5t Bz S 20E 7KV I AN AE i35 B e it 2% 22 57 (P>0.05)
R R B RS, BEEERORAESRE, BRI a2 IR, e M s IHIE 2 Fa e .
MsI3 1E N7 R A ME RN [ B B R 3 2 —, TEAMEPEAE T8 RS ) A i R v R SR . A
T IBRAR AR S AL LR, MsI3 7E RAEHR U KRER B M M i B E R s Rk &, Hojgett
BRI RE S MG K B RiGA . IXEeEE BUMMUR B 7 Wi R ias & MsI3 £ R AEEE oK IR K B 5 B 5H
AR E DR, WONIRAHE TR SR S R B TR S

REEE: PR LOKIR, R WA MsI3
F—AEE . ERR, LR GRS b A
BWEE: RIL, WALREER, A, FENFKEMER SN Wesh K

B N AIE 7. Email:xjkang218@126.com.
FHE: WALREE GBI RO R EERIFIE » WLE A TREEAR QR .0 5.

163



YEGENBFR/FEANDFRF AN Fr2F T NRFRAFFHEE

4 AXFEF U6 JA 30T B Ta R K i itk o

KA R, g
1L BRI G, IR S M AR, LI 266003
2. PEHEE AN SR RO ST, LA 266003

EE: gRNA 5 R3RIE /& CRISPR/Cas9 £ [K 4%k R4t rh Cas9 & LIRS HE . AU 2 PR |
A, M U6 JRBNT /& gRNA R s R kR E R R . HET, KRR IETE U6 J5 3l 17 1 HI#
FONG AR AR SCHRIE o A A1 55 77 1) X0 R 48 A7 78 2 245090 1) /L, R BCARERYR U6 Ja 301 3K Bl 1) % A
gRNA FIK B AR AE X W20 o (1) i3 5 R SR AN iy o DRI, Dy REABONT MR 5 D] O 8 S5 2RI R 4R
T, FATT A FE 3B LA ER (Litopenaeus vannamei) PRI 2H i 18 A ve B 1 4 ASXFHER U6 J5 31 (LvU6A
LvU6B. LvU6C 1 LvU6D) ,F:FIH & HUFFIR I B Bac to Bac ik R 48,5} Lik 4 ANXFiF U6 B3l F
UKzl shRNA HIFRIEBFRBAT T HEL EWEEE I R EIR, 4 4 LvU6 B3+ 751355 A ik b
FA7ett (DSE) . 8 etf (PSE) M TATA box RNA RAEEI (polll) U6 J& 57 K E T
o ASCLL VP28 (B A B AR EE (Vp28-pseudotyped Bacmid) 1E Nk #ik, 454 RNAI
XUF KL (Bacmid-Ppu-MCS-LvU6-shEGFP-P2-gBFP il Bacmid-Ppy-MCS-P2-EGFP) i#ii% 2 4t Fl 1 5 RiL

(Bacmid-Ppy-EGFP-LvU6-shEGFP-P2-gBFP) ik R 40, o0 HrFLAE SO 4t EGFP B it
BRAUR . G REIR, 4 LvU6 YAl i3hiKsh shEGFP (1L, TR K/NA LvU6B > LvU6D >
LvU6A > LvU6C, HXUmkiLA 1: 0.1 BE/REEiEAT LA 0, LvU6B [T i s, vk 24.26%,
TR AR G g5 R . T — 23 LvU6B JE 31N H T-0 iR 4H ) CRISPR/Cas9 £ [H 4 4B #F 7 h,
DA N7 — ol vy 280 R 5o 0 R G R A AR R

FRgE: XHIR; U6 JHBhF; RNAiQ; VP28 B B AR E:; CRISPR/Cas9 % [K 2wk R4t

E—AEE: R, &, MLATFULE, 1448067483@gq.com.

BWAMEE: #ER, &, #UR/MES, huarongguo@ouc.edu.cn.

& EZRE SRR S CRORHS GF 4 I B IR RN 8RR R A6 SR M E i H
(2018YFD0901301) . HE X H AR EHE G H (322731160 « LKA HAR ¥ E W H
(ZR2020MC189) .
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FLAIRITIF - e R SR & SR H R GUK-[AH CO BE R 5
SRS

XUfETE 12, EEWS 12, Tl 12, B AS 12, kg, E5F

1. T EEEE R HE K IR E S0 %, IR B 266003;

SR SRR E R, Wl A S g I R T RE SR s, IR ) 266235,
3. INARBEREN =MMFEEFTFRAF, 1R KE 257000

WE. NEFAF LGRS ER (Litopenaeus vannamei) B35 7758 2R Gt 7758 #A 18] /K-S H CO i & e H
s K-, LA LIS ER (L. vannamed)ith 3 F.3% 2 G5 (L) F1 NLGRTE X 8- 52 85 (Mercenaria mercenaria)
WL G IR R B B 78S LM-L. % B STES LM-M. =% A 528G LM-H) N 50 %,
KA S AR EZE A N 7 FREIE (59 ) KS5HH COERE, 40#T 1 CO il & 55
K7 19K 5o EEMF UL FANT - ()% R 5557 R G0 7258 B[R] K-S A 135 CO, il & 9—12.66 mg/m?/h,
BARKINA CO ;s (2) LM-L. LM-M Al LM-H £5-& 7258 2 4t 7% 58 B (8] K-S G -3 COL I &
A°N—16.02 mg/m¥h. —16.48 mg/m*h F1-36.70 mg/m*h, FEARLI N CO» I, H.BEE 580 R
2 FE 3G AR I3 98 LM-H RAM CO BRMEREMT L LM-L f1 LM-M &%) CO, i@
HIEHP<0.05); )UFFRIE RGK-SF COL IR G KRB AR . HatE a S EMGYIHA T
J1 R E AR K R(P<0.05), FKARIEFHI AT J7 72 52 R TR 8 F Si K- A CO2 38 & ) B I
FHEF. PLNLGIERT IR - 520G 27 TR0 R G 3 COL & kil , HERIZ R G077 58 W 1E) ml LA 0
626.75kg ha!- 110d" B 540 Bk o« PR P LGRS X W Jth 8 577 B 58 e 7 577 5 1A 1R 350 SR W A, e 5 A 52
WG TR B FE RN, K-S CO2 BRI D) e 12 T G 58

FBE: FLYNVEXTHR; AESTRS; TR, ZEARIE; RMLBOEE; MR

=

%

B X, FERPERS 2020 T SA, WECE AN F SE s (8 RE SR A, E-mail:
xubo2534@163.com

WBWEE: £57, #ux, ORI O sEsiir RS 5@ BERE. E-mail:
wangfang249@ouc.edu.cn

Fg: EEKESHR TR 2019YFD0900402
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FEREAH B R B A 22 0 28 A A 5o W 7 P P N PR 2SR B BB 20 A

LCH, K8, £77, At
BAGRHAE M E S CPEBERY) , IR 5 266000

FEE: Sy LIRS N RE R AN H R B R 00 26 ) 2R AL AE R R IR 58 IR LR 8RS B 9 N 1 me i 2R,
BENLSY A 3 4H, wEXNIEA (Control) : H¥I/KE 20%~60%; JEMEZL (Sucrose) : AfriK, {R¥F
KARTR L 15: 15 H 4 (Bagasse) : A#K, ERFHIERE S & 10 mL/L. 1% 300 JB/m? (1% &
BRI A 0.75+0.34g/ I FLGNTER, FREEENE 56 do MK Fifabs, ZHH 0. MEMENRE
H AR VI TR Z, XM AE KRR AR R E AR VR A . 25K, Sucrose 41X
5 R T 2 T Bagasse 41 (P<<0.05) , Sucrose 1Al Bagasse ZHXTHF 28 RAKK . AR . FFE A KEK.
X E RN A REMEZS (P>0.05) . Sucrose ZH Al Bagasse 20 /2R &A1 pH 77258 J5 B E KT
Control 2l (P<<0.05) . Sucrose 41l Bagasse ZH W AN % fH%E. &%~ DOC fl POC & & &3 & T4
HRZH (P<<0.05) . 7KAEH POC 7 = Bagasse 41> Sucrose 41> Control 1. Bagasse Z/E¥) £ 4] (BF)
ML A& 8RS T Sucrose M EH] (SF) , Ky &EEZFECT SF (P<0.05) . BF AR
W ZHEYER T SF, PR AEY) S BBV oA Al . SR, SF IRBE R AR E 2 5T BF (P<
0.01) . SF Al BF Xt dF &9 5Tk 73 514 26.17%F1 20.82% . Sucrose 41711 Bagasse £H %t #F A Hig iy
WHEEEEZE (P>0.05) , {HEE ST Control 41 (P<<0.05) . Control ZHF1 Bagasse 2HX}iiF
JWr 18 AR B RERIKCT EZON TR 2R FL Sucrose 2H R ERINERL. DL 45 REMH, FEHE
AR A RH v AR ) R R KB DO AL, I HH RS REAS [ K AR SR A AL, RO 5
HOREREARAL; PARR AR A Re e Bt iR Fr e, ELRS KL DT ) ' R AR R I A
7S, WIREEGIE 7R IE R 2 7 .

R EWEE RS R BT ST

E—fEE: WX (1997-) , 5, WLwtsA, W57 X UR SR A R o E-mail :
jiangyizhuo@stu.ouc.edu.cn
WIRAEE: ki (1984 , 5, Md, BIEER, BT ROV F @R IRE . E-mail:
shanhongwei@ouc.edu.cn
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TUK Y 2 IR AR 2R 48 A 7K B A 32 S8R 9

S L2, mAEE S, Bk, AE?, FER?, BT WiE2

1. BRI R Bl 22 5 TR SR, TLI5 48 /KA H 528l W) 35 B A S 00 =, R AL 210023
2. VLB RIKOKF=RE T, ANV A iRk AR 88 34L& P 5 IR P S50 %, F At 210017
3. LINEFE RS R 5K 320 1L R 222005

TE: VAT IO 2 RIBUR IR R G K TR NI TE, R0 T Fishd. i
AT S MK IR T 2[RI SC &R, 0 AR SR AL S e T U0KAE ) R AL AL i AR 2
FRPHAAE KT FHr Y MG YRR SRR 22 . G5 AR Y] I IR TR AR K Bt 5 2 i A2
REEAEMBFEREES . ESFHANLAHE (TP . A& (TN) | (¥ FHEEE (COD) Fnt4tsR
a (Chl-a) KRR TG &SR EALR i ) S i s A B T A IR 4L, Hor
G IR NIRRT 1A E S R (91.8%) , PRI 5 sh VI AR AR B35 2 7
TCEY) T SRR ] AT SEA IMAR T R ], Herh A S IR A R B D A = B e e
Fegt R ALIL S OV M A T RO AR B 0 P 55 LA R AU I T T RSP I B 5 o USRI AR W
TP. COD FEfEA (DO) MK is AT 4Ll 5 70 A i GBI 7o AT T e 2
RIEINTRIEK A BT R AL 1 4k, R TR AR IR R BRE IR dh, BRI s,
IR B REVE SRR E R, SOEFRIEK I W FCEE ROVTTKAEYIAE 2 IR AN IR 5E P IR 7K 5T R 42 L
RS%,

R PUKEY): P REER KIS R

F—EE: B (1998—) , Z (PO , LA mmm A, WL, EEMNFKERRRE
AFRFEM .  E-mail: sayamiaojm@163.com

BREE: ZE)%, E-mail: xuguanglil981@163.com

FE LI LE FAEHTH (CX(20)3182) ; VL7544 T iAW ik -p AR Q18 & 100 5% 4 (BE2022422 );
YL PR DSBS EID I (JBGS[2021]125) 5 YLAIARAM I RIA R (JATS[2021]408)
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FUGRRHHT 3 SRR ROK B WA IR KRR B WIR

PR, VLA, BPCE, PR, XIE, T
WA E ME LS CPERERY) IR FiE 266003

WE: ThH IR RIEHIGE s, £ Bt aT ARG FRE, M3 s K SR R R AR

DNERFE LGN Ik PR KT VIR DRI R R SR IR,  ANHIF AL HN33+5 (HS33) . 4045
(HS40) . 47+5 (HS47) A152+7 (HS52) PUASER M 3 FHIMIEAE A AR 5, o 7 KIR R E 37
A TR T EY 2R RO AR DU ST I TE N S . BFTCAE SRR, ANF R b
W E. BN S ERA BE M ER, THLEM IS §17£0.14~0.32 mg/LA10.01~0.05 mg/L, A&
B RS B E3.10~10.40 mg/LA10.04~0.55 mg/L. ClAINa* ki K4k 32 85 7 (84 ~91%, Mg?*
. SO, Kty CO> H#h R B FIEMI (P<0.01) , MCa?. HCOs 5 E LR EMFM. RHE
EhFE R R a2 FEE T 3 225, SV EREEE ] SRR, IR R 48~

57%, FERTEMMOGE: ANFE S HERE a2 TR E 2R, HbE 2 SR gt
B, TR HESIIRR37~42%, FEONIRIRGIEK . S IhIE XTI P& Y0 e A ¥ DL Sk
UTRNEREER E, PRSI ORI A R BAe oA . DL RS AR, EhE KIS A, B
SR, BFEELCIANaNE; ARSI AEMA RS B EEZR, SIS
BA SRR, BRI LASRE T D AR 5 MR EET ], SR & IR sh ) LS d o 3 0m
EFHEF = bR K,

SR BLEINF, UVRIIR: HFRA RUREY: R

F—1EE: K8 (19975, 5, WiLwF A, §H5007 M AK= IR A A . E-mail: licj@stu.ouc.edu.cn
WIRFEE . Bt (1984-) , 5, [, BIEAR, W7 RO SEsh YRR IRIE . E-mail:
shanhongwei@ouc.edu.cn
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EH;}E;'"FI’ g&—%ﬂl’ %ifgl’ %%Zﬁl’ ﬂﬁ l#’ $:E "
L OMEHI KPR S BOK SRE R BRI 570228

WE: WA T M. 30%E =P b 2 TS PSR U AT B U A AR R (R . R HY 720 AT
BEANGER (7.54+0.04) g, BENLY AL 8 4, HFH3IANEE, HANEH 30 B. IR 5IR
IN—ERE TR AP, BEE . SRR SRR AP SRS+ I AT TR
ey, CABERRAAR XS IR, R 1A, W ss 3. 7 RELRAFZEE 3. 7. 104 14 RIEH {5
febr. R EY, 1D S R0HBREE (igigs, manfEmme., WG, PuEis . B
W15 RHiEALRE )] (T-AOC. SOD. CAT. MDA) B3 m TR (P<0.05) , M7
Rk B el JE TS5 100 14 RIKEEXIRAKT; 2) SH@amit, w4 rrpig b o i
B BEERRABEE NE BEEZRP>0.05); 3) WG AAP+3E . S+ A
I G g% TR v ME AL I IR A B 3 B3 v T RER 4 (P<0.05) , HA B &P 4 D i
TS, FIRGERRY, RN Re ek B B R 0 e N B P AL R

BRI ZDEECN; PR WA s PiEfL

B AW, Lo, BRI, WER T RUKAESIYE R SR,

BIREE: BB, 5, BIEEE, WS, BEFT MOAH SR AR B S (g R R R 2 U,
5, W, WS, WEAMENA, WFIEIT K SR AL B {45

& WL A RAKKZH IR S E ST H (ZIK202111) , B XK &E &6 K it &
(2018YFD0901305) , i K2=FH i 34 [KYQD(ZR)1725].
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P o T %ot ML ERTEE T U PR B A2 RO AT 5T

Mgy, iR, WiE, &8
TR R SEDE, KPEsh YIRS A H 5 IR f st ==, WFrd 11 570228

WE: EFRENEE RS SRS ST, RGN KEEVNTG RO R — R
BYEPR UL R i i (TOL) S FLYNIEEXTUR A M B PR N o SEBG IR BP0 5
(0.163+0.008) g HI4NUF 500 &, BENLAL S 4, BHIANER, BAMEK 20 . 250247 0. 10,
20, 40. 80ug/L WKJE ) TOL /KiARFEALH, MR 6 i, 450 BIR, 40ug/L AP FLANTEXT
R AR R A KR B T, R R B0 B A4, BV R BE TOL W FE X g n, {5
LU R R R BB TFP KBS i 1T 2 35 K. E TFP # e, SxtiE4iMtk, 40pg/L TOL 4
LDH it GST 3G TR T-AOC &2 TF, 10ug/L Al 20pg/L TOL 4H LDH &M & 2 Bk . Xt 4hiiF e
Jaitt 47 B TE B o AT R I, 40ug/L TOL 2H bb 5 [ 40 1 i 18 B 3 1) Simpson 5 %% 2 3% F4{IX , Shannon
B E TR SRR, 40pg/L TOL AR TR B T AN 355 B3 T, PUFF B T A 325 B3
B4, 20pg/L TOL ZH () JECER AT B 1 TAE X =5 BB Y2 2 AR K s Wl v B8 A 11 8 A0S =F B2 32 35 BRI, Ruegeria
Haloferula #HXT 355 B2 5. 1@id PICRUSE2 DIRe i A, SXTREZIAHLL, 40ug/L TOL 4K
ARG AN E D EA R IR R AR IS 1E 2 25 E 5. THAiRE, BFE TOL & m4irfr
W, SRR E I, BRI ERE T, Wi R .
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Mass artificial incubation of redclaw crayfish eggs in a recirculating
mechanical pulling device

Shun Cheng', Yong-chun Wei?, Mei-li Chi', Fei Li', Jian-bo Zheng', Shi-li Liu!, Yong-yi Jia!, Yi-nuo Liu!,
Zhi-min Gu'”*, Dan-li Wang?", Li-hui Sun'

1. Zhejiang Institute of Freshwater Fisheries

2. School of Marine Sciences, Ningbo University, Ningbo, China

3. Shanghai Ocean University, Shanghai, China

Abstract: To solve the problems involved in the mass artificial incubation of redclaw crayfish eggs. The
results were obtained: 1) the hatching rates or survival rates of the groups with 7 pairs of appendages and
well-formed eye pigments were significantly higher; 2) the hatching rates of eggs incubated at densities of
300 eggs/incubator box were significantly higher. The survival rates of eggs incubated at densities of 300
or 500 eggs/incubator box were significantly higher; 3) the survival rates of the group whose incubator
received a sponge attachment were significantly higher than those of the group without a sponge; 4) the
survival rates of the group with 2.5 or 3 cm width of the upper end of boxes were significantly higher than
those of the group with 4 cm; and 5) the eggs with 7 pairs of appendages or well-formed eye pigments were
selected, with a density of 300-500 eggs/incubator box, and the box was 2.5-cm wide, and a total of
240,031 specific pathogen-free seedlings were cultivated.

Keywords: Cherax quadricarinatus; embryo; in vitro incubation; technical optimization
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TEBXTE R 3 BAF R RRBESOR & AR Kig s+ KRy E B

TKARS, AEEAE
i E Rz B EERE TR, LR I 266071

WE: RO (Exopalaemon carinicauda) YICFEFEAR, HMAE 2 HIRE MR K& (>8h)
J& 96h I BGE R LA (KT 10%) o FEER R ML R Ak & A (5, ks e B ar
TS S FRAIKR 1 o) R AR AR R o ASHIE S LSRR R TR S R, LR T AN RIVREE (04 304 60,
90, 120. 150, 180mg/L) | & MiAb#E 30min IRRIF XK, HAE 4 MIREERLEE T (0. 10 20+ 30mg/L)
AT 7 RIS K LASRAIE HLAE K B 0 PR 1 FH s34t R B, R E 30me/L (1) T A By Ab #E 30min
TCAE R AURR IR R, ZEKC AL B IS B] 3] 4h 5 2807 A B AR s 60mg/L 453 I #E 13.6+2.4min Al
24.0+2.6min 7= AE BRI RR I CR, JEAE Th WK IEH s 90mg/L 414y Il 75 12.5+2.7min Al
21.6+1.9min F=ABEERABRIE SR, FEAE 2h WA E IR ; 120-180mg/L JulH N, BEFE T AWK
FOBEIN, T F My 7 A B RO BRI BT 7 IS E) 2 4 A, KR 2h S B RS R R IE PR IS 120, 150,

180mg/L 4 EE & BT 75 B 6] 43 A 4.5+0.5 3.3+0.4 1 2.1+0.6min, 1] BRI T 75 B 18] 29501 A4 14.1£2.7,

6.6+0.5 fil 4.6£0.7min, KE 2h HIEGER5 5N 75%. 37.5%H1 0%; Bl izt 8h Ja e H SR K
WA 4d J5 I BGE RN 6.744.7% 6.7+4.7%- 30+8.2%K11 80+8.2%. Zié UL E#dE, T &Mtk
T R R A B (R BOR , 30mg/L T Ay i R MRS 8 8 MK &I 5 5 1 s 26 . ARBIF AL n]
N R R K A2 S S PR i R A A S

KW FROM TEB; KK sk

F—EE: R, 5, BRSO, WA, R BN G KRG G E R B IR A R I
Tel: 0532-82898568, E-mail: chszhang@qdio.ac.cn

WWAEE: B, &, W, MLAERW, FENFEINMRG 7Rk, DifeRR A s 18
BB PRI ST, Tel: 0532-82898836, E-mail: fhli@qdio.ac.cn

He: HFARPPEEGT ENH (31872552) « HWXKE AR ITRITIH (2018YFD0901302) 5 Al
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1. R E BB ST S A S SEI =, IR H i 266071
2. FEEBFRE RS, dERT 10049

PR JLYNERTIR S S RO IR IRIE A, 2% Al B A AR I 3 & L RE ) o TR SRAE I )i
M DX, M e RE PR AP il (R FE>40) BEAT FLANIEEN R TR IH 4 oy — R A 4t R 2 7R B AR 5
REHIA UL 400 J5w B KT, 56 FNERFRIE VR FERT 5 R, (ERAE & BRI IR T 2 AF TR PR A=
KNS HE AR, G F L T sk KA. SR MLANisext v e £ 207U, WEA
e ER PRV L B HOAR R IR R AT & R0t . AW ST SL 1 xR & s PR AR, FFF
GAARBT i m s R, I8 TR R BUR S R W B R AL b, RIS S R R
MR E RN P R AL R EORPPAG 1 i m SV IR A3 4% /), B8 T GBLUP. Bayes.
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eI 157, RO HARGF N TR 70, 9k AR L R e SR it 1 B 2504 .
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i, XIE, ESA, BT, EEA, I, £
Lo pE R AR A2, (s KR 030006

WE: NE IR KA AL Tk EXT B4 2 AR IE NP, A 5T LLVR 7K B 5828V /e
MR B (Sinopotamon henanense) N SEE B, %] j 4R B ShHsp70[#4/k 7 £ 11 (Heat Shock Proteins,
HSPs) ZJ5 R 25 R T 41 DA S ZH AR B B AT 198 SEBe R R i PPodd B HR (RACED e
V& 1 ShHsp70 3R 4K 7 51 8l A 15 B A AR RTRR 75t FOP s BT 7 i Bl v e &
PCR H AR [ % KAEA RIH R A fE Ol B B TAREOR, M T pET-32a-ShHsp70 )7 1%
FIEHAK, ISR R BT R R, 2 Ni-NTA SEMEN 4046155 ShHsp70; f¢ 5, iBid RNAI
FIMEAR, BUIRE ShHsp70 JEFFRIL . SRER: (1) B ShHsp70 BRI 4KA 2202 bp,
S dE4RASIX (UTR) N 104 bp, 3 HE4mAX (UTR) A 142bp » Zwf[X (ORF) A 1956 bp.
SR T W R, 1% ShHsp70 SRS 2L 1R 651 4, Bt T8N 71.1KD, &4 HSP70
B 3 ANMRZEFH], A T & IERF A 9—16 (IDLGTTYS) , 197—210 (IFDLGGGTFDVSIL)
A1 334—348 (IVLVGGSTRIPKIQK) I; (2) FERFEFIEH LR, 1RE ShHsp70 150 HT IH L
|2 315 (3)SDS-PAGE ¥t LK 45 5 7R, & Ni-NTA SEMZENT 5 , 44015 21 40 5% %5 =5 1) ShHsp70;
(4) W& T AT e AR 8 ShHsp70 JE R R IA 1) siRNA . ZAE 5 8 iE— 2 B ShHsp70
(15 FFEAB DIRE, F1 ShHsp70 7EI R AR B4 PN (1) 2R SR DD e B 4L 1 n 5 (1) B0 BRI BOR S0 4%

/|

oA

R EFHRIREE; HSP70; FERVORE; REFRE S

F—EH: mm, WL, PRSP AR SR, E-mail: 18634779776@163.com.

BRE#: £, E-mail:: Lanwang@ sxu.edu.cn, HfF5¢ 75 M. S0 8 4 @ V5 4 i A W2 3608 5 41
HL o> T AL

& ERANFIFIHESENo. 31672293);  LL7E4 [ E 8 52 A 7 #H sl BHFF T H (No. 2016-1 H £1); 1L
PE4 B ST R R H (No. 201703D221008-3) 1 1331 TR SEAE A A g5t 2017 45 1L 75 4 i
FRAEHFLHHE (NO.2017BY013) -
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7 BB AT 15 5 2h 18 o0 SR R AR R R R ——& T AL RURBR B E
RIRES

XIEgE 2, EHE, BALo 2, B2, FEE Y, skERE 2, EREE

1. BEHEARRZA MR SHEAR SR, B /R 843300;

2. HTEEAR P R e A M EEL R M AR A B R AR A R P B T S - S A [ O S0 s R AR,
Hram BURiK 843300

WE: AU 5 NT 30 4R P A bHh X G2 37 58 H L B T ) BRIR SR A, Bl TR
FEUL Bt 2 KA i DG, BRI AT R n] Be Xt Ehi A2 28 R GuiE K Tz ok, PR e AR A3 507
2019 ~2021 FI50 H 457 4R 2 IRy v 5 56351 o AR EE LT 2 A MENE, 5 1990s SCHERTRIE IR
FL P e I o1 ERCA PR P AR B o O, IR R B A SR AERE A (1) M G v DA R AARHR I A 5 S 5
SEFLME. HEEE > HIEE A 1:0.0023 (£0.0004) A1 1:0.0041 (£0.0019) ; #id = Py K ERALARIR I F75E
FPkit th 5 Rt pd Bt CF AR A1 10 R MEYE <1 HREAT Rk COLBER Y1, 43 Hrigt & &5 14 3744
AT REREW, Tox: FHE 70K B 771bp ) COER FEF 3R I 12 MBS, E
X4 PSR, PRI IR Z AR BN 0.00234, FhEEP ERIRARE /L, 2 B Bl s 5 £h 750 o B b
BB BT, RABEVIRNRE KR LD T R KE M B R 0E ve 30 o B35 0 =7 3
(A.parthenogenetica) EELE—HD. VEHGTHAT R G AL 5 B 35 38 B0 P T PIOME A8 5 i o P
FLSERE TN, ANME AR B i Bl A B ey OIS B A0 v TR LA S R T 52 e /0, T Rl i e 2R
FH P 7 i A A g IO it H 2 75 2 P B SR B VR S S5 T i 8] 55 G 110 &5 578 B0 G Ath )5t R 36 B 75
R

R PUALBRIBAL; TR SO ERI; pady; AORiiA COLBEM; MBTHEAZ
F—AEE: X, &, BB, SR S,

WBIRfEE: EEB (1981—) , fHt, #HI%, BT wzedky@126.com
S EXRARRPIFES (NO.32260299,31760626) %,
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HEGHAZEM T EREBN T RREFHAM R

BskA Y, ALK, EIRER Y Z|BREAR L P2, EH S, RET S

1 BIGHERERS RN IR KRR 5T 55 R pi s ie =, B 201306

2. FE KPR T Bk AR T 0 PR L AR AS PR RN B R ST LIS =, VL9 B
214081

3. WL B &, Wil 313100

4, RS Bl K IR LR AR 7RG, L 201306

5. BigilgrE R K RH R E R RS e hG, Bl 201306

WE . SIH9EE (Eriocheir hepuensis)(LL N iS5 HP)E B AR Ty, HAEEWLFMEM
FEFEATE 7, AR DL HP v] RS FRAL R ROE . R, A 7T AT K R B A A AR 9k B B (Eriocheir
sinensis)(CI)XTHR, M ALLEL 7 #F4 HP A1 CT BUE R v 2%, (EE. SRHE MREE. B
EIR TR R AL k. 45 R EoR: (DHP MRS AT &R EEMLT CI HERP<0.05), {EAT ARG %
PR 8 BORD H R B 35 1 22 S (P>0.05) . () MEME, HP 87BN o E A pEYEE & T
CJ(P<0.05); HP HERATIRARI EEHE MRS EEE ST CI HERP<0.05). 3)HP MMM IR F K5
SEEERT CIMEARP<0.05), 1M HP MEANLAH AR & & 52T CI #EAR(P<0.05); HP HEAILEA
oK EE. EARSELDERT CJ HEKP<0.05). (4)HP MEAATIEARHEZSFA. UIAH C18:In. X
MUFA. DHA/EPA FIBP i C18:0. C20:1n9 & &I 5T CJ MR (P<0.05); HP BRI
C22:6n3. TPUFA &3 mT CIHER(P<0.05). %L, HP fl CJ EA ML R L, (HE S 77K
gy K MR EEMIEMRARAZE —EZ R, XA S HEEAE KA XK.

KA TR, PORSREE, BBUELRY: K NE R

F—EE: K&, B, WULEIAE, AT B M S AR A R . B TR
B XIS 999 5 RIIFEEKSE . Email: 44314474@qq.com

BREE: RJET, E-Mail: xgwu@shou.edu.cn

e PHEHE ORI H @S 2018YFD0900103, 2018YFD0900603); TAEL#E AN A b A A 3 0 AR AR
A PR AR 2R ITH (CARS-48);, K% B A AH 58 15T H (2021NKO01).
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AR - H AR IMNEEE SR A S KM BB R R
BRI

JEFEAR 1%, 1, X1, B2, RS 1, AR 1

1 AR AT IR K It Ag B SR A B SRR =, WD R e 58 95 A SE G %, WA TR KK ™
WEFCHT, Wi i 313001

2. WKL EIK = 5L, #E K% 313100)

B SONHE IR R 98 (Briocheir sinesis) — H AJA YR (Macrobrachium nipponense) i3 N £ 7= A
[F) 2% 1) A% 27 IR VB IR (M. rosenbergii) FIZEUBSICC RN KRR, VPN HASMAET W aE,
SE B IRE S, AN FAE TP AR B (10 kg/667m2) — H A TREF(15 kg/667m2) £ 7t 3 N & 667 m2
Iy AR A 75~80 H/kg % [IBUF Skg(T1)  15kg(T2) 25 kg(T3), H & MM E [CIEUR
AR, R IR, TR B . S5 R E R T1 B IR AR KO BT T2 A1 T3;
TR BN P R ESRUE, 0 T1. T2 A1 T3 ZURA(81.9942.14)%. (81.94+2.20)% i
(81.91£2.21)%, MM AIKI(85.16£2.33)%. (84.99+2.31)%F11(84.85+2.40)%; /KAEMMIZ ¥ 335 73k,
3 & T T2 AT T3 &S HU(61.2121.93)%. (56.99+2.03)%A11(52.05+1.89) %, i 37 H (38.90+£1.34) %
(37.7241.36)%M1(33.75+1.33)%; T1 Al T2 (4. BEAHXT LRI H R 2R AR, BEFE ST T3; Tl
T2 AL BT REERAKR, BEFCT T3; T2 WA A Z &S T T1 A T3, 2581 %0,
T2 HEEFRAAREFNAT MR AERNN, REEFREL NG 667 m2 Lo 10kg, H
AVHER 15 kg A% EIAEF 15 kgo

KRB YL E B ( Eriocheir sinesis); H AJAER( Macrobrachium nipponense); %' [G7AEF( M.
rosenbergii); AN[E%E; FBFICE; FRIERCR

F—EE: JEEAKA982 —), T, E g LR BE T T A K R IR RS
E-mail:yuanjulin1982@163.com.
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