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Introduction

Factory livestock systems require not only fast-growing bit 
also high-yielding animals. Factory farming achieved this with 
the use of high concentrated feed. This often puts animals at 
risk of developing painful physiologic problems. Lameness, 
bone weakness or fractures, infections, and organ failure are 
common health problems observed in factory livestock. By 
taking the action against aforementioned problematic factory 
farming, we are in need of a food and farming revolution, and 
at the same time we should support to stop an inhumane way 
of producing food that leads to the cruel abuse of animals.

Behavioral and physiological stresses can prevent animals 
from achieving normal reproductive success. Stressors 

associated with intensive livestock management may be 
responsible for reduced reproductive efficiency. It has been 
reported that several physiological and biochemical changes 
that accompany or follow stress in animals, but the obtained 
responses are various. Parameters used to evaluate stress or 
welfare are commonly based on sympatho-adrenal measures 
such as heart rate (Cook and Jacobson, 1996), plasma 
hormones and metabolites (Bobek et al., 1986) and immune 
indicators (Agnes et al., 1990). Moreover, factors directly or 
indirectly affect such action include national and international 
restrictions based on their guidelines and regulations, disease 
outbreak, welfare issues, balance between demand and supply 
of the meats and animals together with their by-products or 
processed-products, and economic and cultural demand. As 
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Abstract

Animal farming has been affected by a number of factors including national and 
international restrictions based on their guidelines and regulations, disease outbreak, 
welfare issues, balance between demand and supply of the meats and animals together 
with their by-products or processed-products, and economic and cultural demand. 
The global population increases coincident with an enhancement of living standards 
in developing countries, which is likely to create a high demand for animal-derived 
proteins over time. With that in mind, we are under great pressure and constantly 
facing a challenge in relation with the issues including climate change (i.e., global 
warming), banning on the use of antibiotics as a feed additive concordant with disease 
outbreak for both domestic animals (African swine fever, avian influenza, foot-and-
mouse disease) and humans (corona pandemic for instance). Yet, high productivity 
together with high quality meat from the animal would be the most desirable for 
producers and animal farming industry. Thus, it is fair to say that current animal 
farming is under various psychological and physical stressful conditions, which can 
be categorized into nutritional factors, environmental factors, biological factors and 
physical factors. Basic, however essential, components of immune system include 
the recognition of self and non-self, and its remarkable specificity for subtle chemical 
differences that distinguish one foreign pathogen from another. Domestic animal 
immunology is seemingly important as we could find answers to the convoluted 
questions such as finding suitable antibiotic replacements, immunomodulants and 
vaccines with appropriate adjuvants. In this mini-review, we attempt to categorize 
aforementioned questions and to provide a direction towards our future of the animal 
science and biotechnology.
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aforementioned, it would be ideal and more ethical to remove 
or modify the stressors to minimize their outcome rather than 
to employ drugs to reduce physiological and biochemical 
aspects of various types of stress in animals (Narayan and 
Parisella, 2017). The present article attempts to introduce the 
current and future prospects of the strategies against various 
stressful stimuli, mainly in domestic animals with recent 
development.

Challenges in domestic animal industry

Demand for meat is expected to be increased over time 
together with expanding population, and yet it will be 
extremely difficult to meet the demand of meat consumption 
with current platforms and technology. Thus, one of the main 
goals shall be minimizing stressful conditions together with 
preventing disease outbreak in animal farming industry.

Environmental factors
The livestock sector is socially, culturally and politically 

very relevant and signified. It accounts for 40% of the world's 
agriculture Gross Domestic Product (GDP). It employs 1.3 
billion people, and creates livelihoods for one billion of the 
world's population living in poverty. Climate change including 
global warming and rearing conditions is seen as a major 
threat to the survival of many species, and to ecosystems and 
the financial sustainability of livestock production systems in 
many parts of the world (Sejian et al., 2018; Summer et al., 
2019; Lee et al., 2020). Obviously, the potential problems are 
even greater in developing countries. Economic studies suggest 
severe losses if current management systems are not modified 
to reflect the shift in climate. In short, farmers/ managers need 
to adapt to the changes accordingly in a short period of time 
(Moeser et al., 2017; Wickramasuriya et al., 2020). There 
has been considerable interest in gaining an understanding 
how domestic livestock respond to climatic stressors. It is 
somewhat unfortunate that studies have for the most part 
been undertaken in developed countries. Many studies have 
provided a wealth of knowledge on the effects of the impact of 
climatic stress on animal production, reproduction and health.

Antibiotics
We should properly understand the precise role and 

mechanism of antibiotics and how they were acting as an 
animal growth promoter (AGP) at the first place. The evidence 
available in the literature speaks volumes on the beneficial 
effects obtained from antibiotics used as a feed additive. 
Antibiotics have beneficial effects on promoting growth of 
the animals and preventing the disease. With the development 
of the intensive animal husbandry and formula-based feed 
industry, antibiotics were widely used around the world. 
However, instead of being assimilated by animal guts, a high 
percentage of antibiotics were excreted out as prototypes or 
metabolites with urine and feces. The volume of antibiotics 
used for growth promotion in livestock outstrips that used for 
disease treatment in humans and creates a significant selection 
pressure for the evolution of antibiotic resistance; a challenge 
for global health and resource conservation.

The cause of this problem is not just the use of antibiotics 
to treat the disease. Livestock farmers mix antibiotics into feed 
to encourage livestock growth and to prevent (although this 

may not what is happening truly) illness in packed barns and 
farms. Three-quarters of all antibiotics produced in the world 
could be used for this purpose (Sejian et al., 2018). The use 
of those antibiotics is very different from that for humans. In 
humans, the purpose of medication is to treat infections, not 
preventive ones. This indiscriminate use of antibiotics has 
been around since the early days of antibiotics and has often 
been criticized since then. Every time an antibiotic is given, 
the microbial community is modified as microbiota mutates for 
self-defense against it (Cromwell, 2002; Hughes and Heritage, 
2002). To make matters worse, some of the bacteria in animals 
are the same as those that cause human pathogenesis, such 
as Salmonella, Campylobacter, and Escherichia coli. Drugs 
that have become ineffective on the farm often cannot be 
used to treat humans once the resistance of the particular 
antibiotics are developed. However, proponents of using 
antibiotics in animal feed as growth promoters are unsure 
about the potential to exacerbate antibiotic resistance 
problems (Wallinga and Burch, 2013; Chattopadhyay, 2014). 
The adverse effects of inflammation and pro-inflammatory 
mediators in animals (e.g., reduction in growth, feed intake, 
reproduction, milk production, and metabolic side effects) are 
well-known. The anti-inflammatory potential of antibiotics 
(particularly macrolides) provides a rational basis of their 
beneficial effects which is independent of their antimicrobial 
effect (Chattopadhyay, 2014). Hence, there is no doubt about 
the important role of antibiotics in profitable and efficient 
production of livestock. AGPs also act directly on host cells 
and exert anti-inflammatory effects on host physiology 
including intestinal epithelial cell and gut immune cells. 
Thinner gut wall and increase of digestive enzyme activities 
are seen in animals treated with AGPs. The action mode of 
mechanism of AGP is (1) attenuating the virulence properties 
of bacteria, (2) beneficial effects to host metabolism, and (3) 
induction of an anti-inflammatory response in the host.

Disease outbreak
Pigs provide an important source of high-quality protein 

and production is predicted to increase in future to meet 
growing global demands for its consumption. However, 
the supply of pork is threatened by infectious diseases, and 
amongst African swine fever (ASF) is currently causing 
greatest concern (Alexander, 2007; Ramos et al., 2017; Dixon 
et al., 2019; Yun, 2020). ASF has already spread to Southeast 
Asia and European countries, and cases have been reported in 
Vietnam, Cambodia, Laos, South Korea, Japan, Myanmar, the 
Philippines, Poland, Belgium and Bulgaria. In China, which 
consumes by far the most pork in the world, the impact of 
such disease is devastating. China lost up to 55% of the pigs it 
raised during the year 2019. The reality is that pork-producing 
countries can lose billions of dollars if the disease spreads 
domestically. The infection destroys the life of livestock 
farmers and closes the export market. Although ASF is not a 
threat to humans, there are no vaccines or cures for the disease. 
Up-to-date information on ASF outbreaks in domestic pigs 
and cases in wild boar is available on the OIE World Animal 
Health Information System. This includes daily information 
on new disease outbreaks, follow-up reports and interactive 
disease distribution maps for specified time periods are also 
available.
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Immunomodulators

Immunomodulators are medications used to help regulate 
or normalize the immune system in animals and humans. 
Lactobacilli, in addition to their role in the development and 
regulation of immune responses, can effectively enhance 
antiviral functions in macrophages against avian influenza 
virus (Shojadoost et al., 2019). The mechanisms of these 
interactions include enhancement of nitric oxide production, 
up-regulation of cytokines and immunostimulatory factors, 
and increased surface expression of co-stimulatory molecules 
for T cell activation. In-feed Enterococcus faecium NCIMB 
10415 probiotic increased the production of Salmonella-
specific mucosal IgA following immunization with an 
attenuated Salmonella enteritidis vaccine (Beirao et al., 
2018). Modulation of the intestinal microbiome is one of the 
major immune effects; the overall changes in the profile of the 
microbiome in the “Vaccine + probiotic” group are compatible 
with reported improvements in live vaccine immunogenicity.

Probiotics have a great potential in effective management 
for health of ruminant as well. Although feed with probiotics 
does not affect the growth and meat production directly, it is 
effective in reducing stress. Several studies have shown that 
the microbial community in ruminant gastro-intestinal tract 
(GIT) can be changed by a variety of factors such as diet, 
probiotics, age, and stress. In vivo and in vitro studies of the 
dynamic and functional effects initiated by probiotic therapy 
can greatly enrich our understanding on when and how these 
treatments can benefit ruminants. Key areas of future research 
are to describe the structure and interactions of the intestinal 
microbiota, and the functional relationship between the 
microbial community of the intestinal mucosa and host cells. 
The "metaomics" approach has been used to investigate the 
dynamic relationship between the GIT microbial community 
and host metabolism. Such strategy would further identify a 
key set of to-be-well-defined microbial species for improving 
health during especially the early development in ruminants.

The GIT microbial diversity and community together 
with the epithelium is related with the host mucosal innate 
immune function (Li et al., 2020). A study that focuses on the 
interaction between mucosal microbial communities and host 
ruminal epitheliums in particular will facilitate identification 
of key genes that are important for host immune homeostasis. 
Ideally, target gene editing technology can be applied to 
manipulate the genetic composition of entire microbial 
populations to potentially enable optimal host health and 
productivity.

Conclusion

A p p l y i n g  t h e  s t r a t e g y  u s i n g  p r o b i o t i c s  a n d 
immunomodulators in the host in association with microbial 
community in domestic animals, often complicated balance 
is observed between the host immune response and the early 
colonization of potentially feeding. In addition, considering 
innate and trained immunity we might be able to find a way 
to design a set of core microbes with accelerated colonization 
during the early and crucial time of the animals’ life.
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Physiological characteristic function in the 
liver of ruminant

The liver is an important organ that adjusts metabolism 
according to the nutrients it takes in, leading to its own 
biological maintenance and growth. The primary functions of 
the liver include glucose metabolism, protein metabolism, lipid 
metabolism, regulation and detoxification of ion gradients, and 
bile production and secretion; these functions are so diverse 
that they are often compared to those in chemical factories.

Endocrine research in livestock has significantly contributed 
to the elucidation of the molecular mechanisms of livestock 
production traits such as lactation, meat production, and 
reproduction, which are based on nutrient metabolism. Recent 
studies have revealed that various organs and tissues other than 
the classical endocrine glands secrete peptides and cytokines. 
Therefore, current endocrinology is undergoing a paradigm 
shift from being a simple model of regulation of metabolic 
organs by endocrine glands to a metabolic regulation network 
through hormone secretion by various tissues throughout 
the body, including the endocrine glands, and this complex 
network.

In ruminant, shortly after birth, the rumen is physically 
and functionally underdeveloped (Warner, 1956; Tamate et 
al., 1962). Like monogastric animals, ruminant take nutrients 
from milk after birth, but after weaning they take in nutrients 
produced from solid diets in the rumen. Roughage contributes 
to rumen development by providing physical stimulation; 
consequently, short-chain fatty acids (SCFA), which are 

fermented rumen products, contribute to this development by 
chemical stimulation.

Hepatokines

The liver has a wide range of functions, and it can be 
referred to as the largest nutrient-metabolizing organ in 
the body. Although ruminant livestock such as cattle have 
metabolic characteristics that differ from those of monogastric 
animals, they still have functionally important organs wherein 
nutrients absorbed from the rumen and small intestine are first 
metabolized. However, recent studies have revealed that the 
liver also plays a role as an endocrine organ. IGF-1 (Insulin-
like growth factor 1) is well known as an endocrine factor 
derived from the liver (Roberts et al., 1990), but new liver-
derived hepatokines such as Fetuin-A, FGF-21 (Fibroblast 
growth factor-21), Selenoprotein-P, and ANGPTLs have been 
discovered. Hepatokine has been reported to regulate systemic 
glucose metabolism, lipid metabolism, and insulin signals, 
and it is thought that the liver regulates systemic metabolism 
by issuing endocrine signals according to its own nutritional 
metabolism status.

It has been suggested that endocrine factors such as insulin 
and IGF-1 may also be involved in rumen development 
(Gerrits et al., 1998; Shen et al., 2004). Before weaning, 
glucose, long chain fatty acids (LCFA, long chain fatty 
acid), and amino acids are obtained from milk; however, 
after weaning, short chain fatty acids produced by rumen 
microorganisms are absorbed in the rumen. Before weaning, 
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Abstract

The liver plays a crucial role as a secondary endocrine organ in controlling 
homeostasis. In ruminant, hepatic function changes dramatically during weaning 
and parturition through the signaling of hormones and blood metabolites. The 
management systems, feed composition, and feeding program greatly affect the 
pathological processes of energy metabolism disorders in the liver. The endocrine 
system and liver are codependent, and both can alter the quantity and quality of 
animal production. In this review, we will provide our data on the physiological 
roles of chemerin and ANGPTL8 (angiopoietin Like 8) as hepatic hormones, and the 
regulatory factors controlling their production, to better understand hepato-endocrine 
interplay.
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the liver is the main tissue for glycolysis via glucose and 
ketone body production from LCFA. However, after weaning, 
gluconeogenesis via propionate becomes more important, 
and ketone body production decreases due to the decrease 
in carbohydrate supply from feed and the influence of 
decomposition by rumen microorganisms. In this paper, I will 
discuss the physiological roles of chemerin and ANGPTL8 in 
relation to metabolic regulation in ruminant.

Chemerin

Chemerin is a chemokine-type secretory protein encoded by 
TIG2 (Tazarotene-induced gene 2), also known as RARRES2 
(retinoic acid receptor responder) (Nagpal et al., 1997). To 
date, three types of chemerin receptors have been identified: 
CMKLR1 (chemokine like receptor 1), GPR1 (G-protein 
receptor 1), and CCRL2 (chemokine (C-C motif) receptor-
like 2) (Wittamer et al., 2003; Zabel et al., 2005; Barnea et al., 
2008). The major gene expression sites of chemerin in mice 
and humans are the heart, lung, liver, spleen, kidney, pancreas, 
white adipose tissue, brown adipose tissue, placenta, and 
uterus; these sites are highly expressed, especially in the liver 
and white adipose tissue. CMKLR1 is highly expressed in the 
heart, lung, skeletal muscle, and adipose tissue. In addition, 
CCRL2 is highly expressed in the spleen and lymph nodes, 
and GPR1 is highly expressed in skeletal muscle, adipose 
tissue, and the brain (Fan et al., 1998; Rourke et al., 2014).

The physiological actions of chemerin in relation to the 
immune system, glucose metabolism, and lipid metabolism 
are well known. The immune system attracts dendritic cells, 
macrophages, and NK cells to the site of inflammation. As 
a metabolic system, insulin sensitivity of peripheral tissues, 
regulation of glucose uptake, differentiation of mature 
adipocytes from adipose progenitor cells, and regulation of 
insulin secretion have been reported (Goralski et al., 2007; 
Roh et al., 2007; Sell et al., 2009; Ernst et al., 2010; Takahashi 
et al., 2011).

Chemerin mRNA is highly expressed in adipose tissue, 
liver, kidney, adrenal gland, spleen, and small intestine, 
especially in the liver (Suzuki et al., 2016). The chemerin 
receptors (CMKLR1 and CCRL2) were expressed in various 
tissues; however, CMKLR1 was highly expressed in the 
liver, adrenal gland, spleen, and lung, and CCRL2 was highly 
expressed in adipose tissue, adrenal gland, spleen, large 
intestine, and lung. In addition, expression of GPR1 was 
observed only in adipose tissue, liver, lung, and rumen, and 
its expression was particularly high in the liver. Chemerin was 
localized in the cytoplasm of bovine hepatocytes. A previous 
report confirmed that the expression of chemerin was higher in 
adipocytes than in vascular stromal cells, but the results were 
consistent (Song et al., 2010). Compared to the expression 
level in other tissues, it is believed that the liver is the main 
endocrine organ that produces chemerin in cattle.

Chemerin has been shown to have an insulin secretagogue 
effect in sheep (Suzuki et al., 2012). Administration of a 
chemerin analog led to an acute rise in the plasma insulin 
levels and decreased glucose levels. Plasma NEFA (non-
esterified fatty acids) levels were elevated from 60 to 180 min 
after administration. Chemerin analog administration also 
transiently elevated the levels of plasma triglyceride and total 
cholesterol, suggesting increased VLDL (very low-density 

lipoprotein) secretion from the liver. Plasma HDL (high-
density lipoprotein) levels declined after administration. A 
previous study by our group showed five SNPs in the coding 
region of the bovine chemerin gene in Japanese Black cattle 
(Yamauchi et al., 2015). The c.276C>T SNP of the chemerin 
gene potentially regulates meat quality by affecting the 
composition of intramuscular fatty acids.

Since the expression of chemerin in the liver during 
the lactation period was decreased, it is expected that the 
concentration of chemerin in the blood during this period was 
decreased. It is possible that the decrease in the expression 
level of chemerin is involved in the decrease in insulin 
secretion during lactation. Throughout the lactation and dry 
stages, the cellular composition within the mammary gland 
changes significantly. Increased expression of chemerin 
receptors during the dry period may be caused by immune 
cells infiltrating the mammary gland tissue during the dry 
period. The chemerin receptors are expressed in bovine 
mammary epithelial cells, and chemerin activates the ERK 
pathway and increases the expression of milk synthesis-related 
genes. Therefore, it is believed that chemerin may have a 
lactogenic action or a growth factor-like action in mammary 
epithelial cells. However, increased expression of the chemerin 
receptor was found in mammary glands during the dry period. 
Chemerin is considered to regulate the immune system and 
metabolic system as hepatokines that are highly expressed in 
the liver and affect productivity of cattle.

ANGPTL8

ANGPTL8 is a liver-derived secretory protein that is also 
known as TD26, RIFL, Lipasin, or betatrophin. The expression 
sites of ANGPTL8 in humans and mice are liver, white adipose 
tissue, and brown adipose tissue, and its expression in other 
tissues is extremely low (Zhang, 2012). It has been reported 
that the physiological effects of ANGPTL8 are involved in 
the regulation of blood TG (triglyceride) levels, although the 
receptor for ANGPTL8 has yet to be identified. ANGPTL8 
expression in mouse liver decreases with fasting and increases 
after feeding (Ren et al., 2012). The overexpression of 
ANGPTL8 resulted in dyslipidemia (elevated blood TG), and 
knockout mice showed low TG levels (Quagliarini et al., 2012; 
Wang et al., 2013). In ANGPTL8 KO mice, adipose tissue 
development is delayed and VDL (very low density) release 
from the liver is also reduced.

Lipid metabolism in cattle is closely related to growth, 
energy storage, and supply during lactation in cattle. 
ANGPTL8 mRNA was highly expressed in liver and adipose 
tissue and was either slightly or not detected in other tissues of 
cattle (Nakano et al., 2018). ANGPTL8 protein was detected 
only in the liver. As a result, the expression of ANGPTL8 
in the liver showed no significant change throughout 
the lactation period or the dry period. The expression of 
ANGPTL8 in the liver during parturition was examined in 
the biopsied liver tissue, which showed that the expression 
of ANGPTL8 in the liver before calving was not changed; 
however, it was significantly reduced after parturition. The 
blood TG concentration was observed to be lower one week 
before calving and it reached its lowest value on parturition; 
subsequently, it decreased during the first four weeks post-
parturition, while the blood NEFA concentration was higher 
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four weeks after parturition. In dairy cattle, with the start of 
lactation, NEFA released from adipose tissue is converted to 
VLDL in its original state or in the liver and subsequently 
mobilized to the mammary gland (Drackley et al., 2001). 
Because ANGPTL8 inhibits LPL (Lipoprotein lipase) activity 
and increases blood TG concentration, it is considered that 
the changes in ANGPTL8 expression coincide with blood 
TG concentration during the parturition. Since the regulation 
of hepatic ANGPTL8 expression by insulin and fasting has 
been reported, it is considered that the decrease in ANGPTL8 
expression after parturition is due to a decrease in blood 
insulin concentration and a negative energy balance. When 
the lactation period and the dry period were compared, there 
was no difference in the expression level of ANGPTL8 in the 
liver; it is possible that cows used in the dry period were not 
pregnant. As described above, it was suggested that ANGPTL8 
is a factor that regulates lipid mobilization during lactation in 
dairy cows.
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Introduction

Neurotensin (NTS), consisting of 13 amino acids, was 
first isolated from the bovine hypothalamus (Carraway et al., 
1973) as inducing vasodilatory effect. NTS is processed from 
its precursor, pro-NTS by protein convertase (Kitabgi, 2006). 
The action of NTS has a wide variety of biological actions 
due to the difference in its localization (Carraway et al., 
1977), including control of fat absorption (Li et al., 2016). In 
reproductive system, a former work reported its NTS induced 
contractions of smooth muscle, showed a possibility of 
assisting embryo transport (Reinecke, 1987). However, there is 
still limited information.

Expression patterns of NTS and NTS receptors 
and their effects on sperm function

For the first time, we have elucidated the expression and 
function of NTS and its receptors in a fertilized environment 
(Hiradate et al., 2014). We firstly determined NTS expression 
patterns using an antibody. The organizational structure of 
fallopian tube, where fertilization occurs, can be divided into 
an ampulla and an isthmus part. Spermatozoa pass from the 
uterus through the lumen and wait in the isthmus for ovulation. 
The ampulla is the place where the oocytes, which are ovulated 
from an ovary, stay, and also the place where fertilization 
occurs. The fact that immunoreactivity of the epithelial cells 
on both parts were immunostained suggests that NTS is 

secreted into the lumen. Furthermore, in bovine oviductal 
epithelial culture model, follicular fluid exposure upregulates 
Nts expression (Hasan et al., 2020). These evidence suggest 
NTS is one of the promising factors that promotes spermatozoa 
fertility.

Cumulus cells, cell layers surrounding the oocyte, have 
important functions for fertilization. Cumulus cells are also 
a source of secretion factors affecting sperm physiological 
functions as well as epithelial cells. To examine NTS mRNA 
expression in cumulus cells, qPCR was performed. PMSG 
following hCG treatment, which induces ovulation. After the 
treatments, a remarkable increase of NTS mRNA expression 
level was observed, increasing the possibility that NTS has 
a specific effect on spermatozoa. Moreover, using an in vitro 
cumulus cell culture system, NTS secretion levels were 
compared to determine which ovarian hormone is responsible 
for NTS expression. FSH and EGF are known as ovulation 
inducers. E2 and P4 are typical ovarian hormones. As a result, 
NTS responds to FSH and EGF, but not to E2 and P4, which 
increase the secretion levels. Furthermore, a specific inhibitor 
of MEK, U0126 was used to demonstrate NTS expression 
is regulated downstream of MAPK in the presence of FSH 
and EGF. Dose-dependent inhibition of NTS expression was 
observed in both cases, proving that this pathway works.

In contrast, NTS receptor type 1 is expressed in the neck 
region of spermatozoa. It is known as a calcium storage, 
named the redundant nuclear envelope. This localization 
pattern in NTR1 suggests that NTS induces intracellular 
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For stable breeding of livestock, it is necessary to deepen the understanding of 
sperm having fertility. It is well known that spermatozoa have receptor patterns 
which are similar to those of nerve cells. Neurotensin (NTS) is initially isolated from 
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organs. This paper reviews the mechanism of ligand secretion from the female side 
as well as the expression of NTS receptors in spermatozoa and their physiological 
functions. It also describes the contribution of NTS to preimplantation embryo 
development and focuses on the function of NTS as a cofactor from fertilization to 
early embryonic development.
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calcium mobilization. Because calcium influx into spermatozoa 
cells is critically important for fertilization, loss of acrosome 
prior to penetration into the egg membrane is necessary for 
successful fertilization. Moreover, acrosome reaction is known 
to be triggered by elevated calcium levels. NTS significantly 
increased the percentage of acrosome-reacted spermatozoa. 
Similarly, a recent study discussed the facilitation of acrosome 
reaction using NTS in the bull and monkey model (Umezu 
et al., 2016; Campbell et al., 2020). However, spermatozoa-
protein tyrosine phosphorylation is often used as a marker 
indicating capacitation, defined as spermatozoa which have 
the ability to fertilize. NTS gradually enhanced tyrosine 
phosphorylation.

Effects of NTS in preimplantation embryo

Recently, we also revealed the effect of NTS on early 
embryonic development (Hiradate et al., 2020). When the 
mRNA expression of NTS receptors, Ntr1, 2 and 3 was 
analyzed by qPCR in the preimplantation embryo at each 
developmental stage, it was found that Ntr1 and 3 were 
expressed through the blastocyst, suggested NTS can also 
act on preimplantation embryos. To examine whether NTS 
affects the development of a pre-implanted embryo, fertilized 
embryos were cultured in various concentrations of NTS in 
vitro. The ratios of 2-cell and 4-cell embryos were similar, but 
the Blastocyst formation rate was significantly higher, by as 
much as 100 nM. The quality of an embryo is also evaluated 
by counting the number of cells. Comparing this number 
between the two groups at no supplemented NTS and 100nM 
NTS added, we found no significant change. Further, the cells 
of the blastocyst stage can be divided into two types, inner 
cell mass and trophectoderm. Because ICM cells eventually 
become the future fetus, The smaller number of ICM makes 
it difficult for the fetus to develop. Thus, the ratio of the 
ICM to TE cell number is important. The NTS treatment 
group showed a higher average, but there was no significant 
difference. Therefore, these results indicate that the major role 
of NTS is not proliferation, but rather, differentiation.

Conclusion

We demonstrated that NTS is a novel factor assisting 
fertilization and early development. This contribution 
throughout fertilization and early development seems to be 
a conserved mechanism between species, and it helps to 
understand the fertility of livestock spermatozoa.
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Porcine epidemic diarrhea disease in pig 
farms

Porcine epidemic diarrhea virus (PEDV) was first 
recognized in the United Kingdom in 1971 and had spread 
throughout the world by 2013. PEDV is an enveloped, single-
stranded, positive-sense RNA virus that belongs to the family 
Coronaviridae, genus alphacoronavirus. The 28 kb genome 
of PEDV encodes four structural proteins including the spike 
protein (S), membrane protein (M), envelope protein (E), and 
nucleocapsid protein (N) and three non-structural proteins 
(ORF1a/1b and ORF3) (Fig. 1A). Among these proteins, the 
S protein is responsible for the attachment of virus particles to 
cell surface receptor and for the fusion to host cells (Li, 2015). 
The PEDV propagates through fecal–oral and nasal cavity 
pathways to enter the intestinal epithelium (Lin et al., 2016; 
Li et al., 2018). PEDV replicates in the cytoplasm of villus 
epithelial cells and causes villi atrophy, shortening and fusion 

(Fig. 1B), which leads to watery diarrhea, vomiting, and 
dehydration of infected animals. PEDV can infect pigs at all 
ages and result in up to 80–100% mortality for suckling pigs, 
and cause production losses for breeding adult pigs. In recent 
years, PEDV is still identified as the main pathogen causing 
severe diarrhea in pig farms (Su et al., 2020). Due to the high 
morbidity and mortality in suckling pigs, porcine epidemic 
diarrhea disease leads to substantial economic losses to the pig 
industry of all the world.

Genes involved in mediating host-PEDV 
interactions

Cell surface receptor is the pivotal determinant for the 
PEDV to bind and enter host cells. Previous studies suggested 
that porcine aminopeptidase N (APN) acts as a receptor for 
PEDV entry into target cells (Li et al., 2007; Park et al., 
2015). However, it is a controversial issue whether APN is 
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Abstract

Recently, porcine epidemic diarrhea virus (PEDV) is still identified as the main 
pathogen causing severe diarrhea in pig farms of many countries. Porcine epidemic 
diarrhea which is caused by this virus results in substantial economic losses for 
pig farmers all over the world. Resistance breeding has proven one of the effective 
strategies to control and prevent the spread of PEDV. Identification of crucial host 
factors and genetic variants associated with PEDV infection is the prerequisite for 
implementing resistance breeding. Genetic perturbation enables the generation of 
marked phenotypes related to PEDV infection, which will advance the identification 
of host factors crucial for host and PEDV interactions. In this review, we describe 
the status of PEDV spread in pig farms in recent years and discuss the findings 
on genes involved in host-PEDV interactions. We also discuss the advantages of 
genetic screens in identifying host factors that are important for virus replication 
and how it has been used to expand our understanding of viral pathogenesis. Further 
studies on host and PEDV interactions using new genetic technologies will advance 
identifications of key host factors involved in mediating PEDV infections and further 
contribute to genetic resistance breeding for porcine epidemic diarrhea.
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the functional receptor for PEDV due to the recent reports 
that APN is not required for PEDV cell entry (Shirato et 
al., 2016; Ji et al., 2018). Therefore, identification of the 
functional receptor for PEDV cell entry is worthy to be 
further explored. In addition, researchers have explored the 
gene expression changes on transcriptomic and proteomic 
levels and non-coding RNA expression alterations induced 
by PEDV infection and identified a group of genes such as 
OAS1, IFIT, and Mx1 potential involved in regulating the 
interactions between PEDV and host cells (Li et al., 2016; 
Chen et al., 2019). Genetic divergence and association 

analyses on piglet resilience found that the EBI3, MUC16, 
and TCF3 genes can be related to PEDV infections (Bertolini 
et al., 2017). Mechanistic studies further unraveled that 
PEDV could avoid the innate antiviral immune responses by 
restricting production of interferons (Guo et al., 2016; Zhang 
et al., 2018). Our studies revealed changes in the patterns of 
H3K4me3 histone modifications related to PEDV infection 
(Fig. 2A), providing novel insights into PEDV infection 
from epigenetic layers (Wang et al., 2019). Several genes 
including OAS1, OAS2, EFNB2, and CKS1B demonstrated 
higher H3K4me3 enrichment and expression levels in PEDV-

Fig. 1. 	 Genomic structure of PEDV and intestinal pathologies induced by PEDV. (A) Diagram of the PEDV genome. (B) Histopathological analyses 
of the jejunum tissues derived from PEDV-infected and control animals. H&E: hematoxylin and eosin staining, TEM: transmission electron 
microscopic.

Fig. 2. 	 H3K4me3 peak distribution and associations with gene expression. (A) Distribution of H3K4me3 peaks with the distance to transcription start 
site. (B) Expression and H3K4me3 fold enrichment of the OAS1, OAS2, EFNB2, and CKS1B genes in PEDV-infected and control animals. 
Green and oranges bars represent PEDV-infected and control samples, respectively.
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infected samples (Fig. 2B), suggesting the potential roles of 
H3K4me3 deposition in promoting their expression. Recent 
reports have preliminarily revealed the host factors potentially 
interacting with PEDV, while the key determinant for PEDV 
cell entry and replication remain poorly understood. Further 
investigations on the detection of key regulators of host-PEDV 
interactions and on the underlying molecular mechanisms are 
required.

Application of CRISPR/Cas9 Screening in 
virus-host interactions

Loss-of-function genetic detection is an effective strategy in 
functional genomic studies via stably suppressing or disrupting 
gene expression in a cell or organism. Programmable CRISPR-
associated nuclease Cas9 provides an effective way to cause 
targeted loss-of-function mutations at specific genomic sites 
of interest (Cong et al., 2013). Cas9 is guided by short RNAs 
to the specific sites and precisely recognizes and cleaves 
the target DNA, producing frameshifting indels that results 
in loss-of-function mutations. Feasibility of genome-wide 
CRISPR/Cas9 screening was firstly proved and applied 
in mammal cells (Shalem et al., 2014; Wang et al., 2014). 
Emerging studies have proven CRISPR/Cas9 screening as a 
reliable strategy to identify host factors that are paramount for 
virus replication (Ma et al., 2015; Zhang et al., 2016; Savidis 
et al., 2016). Protocols and practical considerations for this 
strategy can refer to the previous reports (Joung et al., 2014). 
The schematic of CRISPR/Cas9 screening workflow is shown 
in Fig. 3. To unravel host factors that are crucial for PEDV 
replication, we established a mutant cell library for CRISPR/

Cas9 screening. An sgRNA library (~92,000 sgRNAs) 
targeting the porcine genomic genes (~20,000 genes) was 
designed, with 3~5 sgRNAs per gene. Examples of sgRNA 
sequence targeting porcine genes are shown in Table 1. A 
mutant cell library was then obtained after lentiviral infection 
and antibiotic selection. The mutant cell library was infected 
with PEDV and survival cells were collected for genomic DNA 
isolation and high-throughput sequencing. After comparison 
of sgRNA abundance derived from the PEDV-treated cells 
with the untreated controls by using the MAGeCK software 
(Li et al., 2014), top ranked genes including ERN1, THEM19, 
and KDM2B with high potential to repress PEDV replication 
were screened out. Considering the possible noisy during the 
screening process, it is required to verify that knockout of the 
candidate genes confers the phenotype of inhibition of PEDV 
replication.

Perspectives

With the increased pressure induced by the application of 
antiviral drugs and vaccine inoculation, frequently appearing 
mutations bring about variabilities in the viral genome and 
further alter the pathogenicity of the new PEDV variants. It is 
difficult to implement selective breeding for disease resistance, 
as outbreaks are often sporadic and resistant/resilient 
animals are difficult to identify. Genetic screen technology 
that can generate marked phenotypes of interest enables 
identification of host factors crucial for virus replication and 
it will substantially contribute to our understanding of viral 
pathogenesis and the development of antiviral therapeutics. 
Our limited knowledge about the host factors involved in 

Fig. 3. 	 Schematic of CRISPR/Cas9 screening workflow.

Table 1.   sgRNA sequence targeting porcine genes

sgRNA ID Gene Gene ID Chromosome Sequences
sgTCOF1_1 TCOF1 100516425 chr2 TGGCAGAGGCCAGGAAGCGG
sgTCOF1_2 TCOF1 100516425 chr2 CTACCAGCATCTGCTGCAGG
sgTCOF1_3 TCOF1 100516425 chr2 TACCAGCATCTGCTGCAGGC
sgTCOF1_4 TCOF1 100516425 chr2 GCAGGCGGGCTATGTGCGCG
sgNSRP1_1 NSRP1 100517122 chr12 CGTGAGTGAAAGCCTTCAGA
sgNSRP1_2 NSRP1 100517122 chr12 CCTCTGAAGGCTTTCACTCA
sgNSRP1_3 NSRP1 100517122 chr12 CAGCCCAGATTCTAGGGCAA
sgNSRP1_4 NSRP1 100517122 chr12 CCCAGAGGAGTGTCAAGAGA
sgNSRP1_5 NSRP1 100517122 chr12 CAGATACTTAGCCCGGCAGA
sgSPPL3_1 SPPL3 100154995 chr14 ACACCTGACTGGAATCCACC
sgSPPL3_2 SPPL3 100154995 chr14 CACCTGACTGGAATCCACCA
sgSPPL3_3 SPPL3 100154995 chr14 ACTGGAATCCACCAGGGAAT
sgSPPL3_4 SPPL3 100154995 chr14 CAGGCCCTGTTCCTTCCAAT
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interaction between PEDV and host cells hinders the control 
and prevention of porcine epidemic diarrhea. Therefore, 
investigations on the mechanisms underlying the PEDV-host 
interactions and detection of crucial genes for PEDV infection 
to establish strategies to prevent the spread of PEDV.
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Introduction

Toxoplasma gondii is an obligate intracellular zoonotic 
protozoan parasite that causes toxoplasmosis in most 
mammals, including domestic animals, wild animals, and 
humans (Boothroyd, 2009; Dubey, 2010). The family Felidae, 
which includes domestic cats, is the definitive host of T. 
gondii. The parasite can easily spread infection through the 
accidental swallowing of food or water contaminated with 
oocysts. Accordingly, T. gondii is prevalent in most areas of the 
world (Montazeri et al., 2020). Toxoplasmosis in humans and 
domestic animals can cause congenital disease, miscarriages 
and stillbirths, leading to not only problems of animal hygiene 
and public health, but also economic losses to farmers (Stelzer 
et al., 2019). Yet, no effective vaccine or preventive drug has 
yet been developed. Recently, along with increased overlap 
of the living space between humans, domestic animals, and 
wild animals, the number of cases of toxoplasmosis has been 
increasing annually. In fact, in 2015, we reported that the 

number of T. gondii infected-wild animals is increasing in 
Japan (Bando et al., 2015). Furthermore, T. gondii has been 
ranked among the top five human pathogens that cause life 
impairment and economic losses in the United States (Batz et 
al., 2012). Therefore, to develop novel therapeutic methods or 
medicines against T. gondii, basic research on the interaction 
between T. gondii and its host is essential.

The host immune resistance responses to T. gondii rely on 
innate and adaptive immunity (Lee et al., 2015; Ma et al., 2014; 
MacMicking, 2012). Interferon-γ (IFN-γ), which is produced 
by CD4+ T cells and natural killer cells and stimulates cell-
autonomous responses in both immune and non-immune cells, 
is the most important molecule for anti-T. gondii responses 
(Suzuki et al., 1988). IFN-γ plays a role in the activation of 
the STAT1 transcription factor and induction of the expression 
of hundreds of genes (Platanias, 2005). Some studies have 
shown that IFN-γ-inducible GTPases mediate parasiticidal 
and parasitostatic responses in mice (Taylor et al., 2007; Zhao 
et al., 2009; Yamamoto et al., 2012), whereas other recent 
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Abstract

Toxoplasma gondii is a zoonotic protozoan pathogen that causes toxoplasmosis, 
an infectious disease that affects most mammals, including domestic animals, wild 
animals, and humans. Toxoplasmosis in domestic animals causes miscarriages or 
stillbirths, resulting in economic losses and posing a challenge in animal husbandry. 
T. gondii is thus an important pathogen that causes serious animal and public health 
issues, yet there is still no vaccine or preventative medicine. Therefore, efforts to 
develop novel treatments for toxoplasmosis and to understand the interaction between 
the host immune response and the parasite in host cells are essential. We know that 
interferon-γ (IFN-γ)-induced tryptophan degradation by indole-2,3-dioxygenase 
(IDO1) plays an important role in the IFN-γ-induced anti-T. gondii response. 
However, little is known about T. gondii virulence mechanisms targeting IDO1. 
Therefore, we focused on the T. gondii effector TgGRA15 and analyzed its virulence 
function and mechanism to antagonize the IDO1-mediated anti-T. gondii response. In 
this study, we demonstrate that inducible nitric oxide synthase is a key host factor for 
TgGRA15-dependent disruption of the IDO1-dependent anti-T. gondii response.
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studies have reported that these GTPases may not play major 
roles in IFN-γ dependent anti-T. gondii responses in human 
cells (Ohshima et al., 2015; Fisch et al., 2019). We have 
shown that IFN-γ stimulates the expression of indoleamine 
2,3-dioxygenase (IDO) and has an essential role in the anti-
T. gondii responses of various human cell types (Bando et al., 
2018b). Thus, although IFN-γ has a critical role in the anti-T. 
gondii response of both humans and mice, the IFN-γ-inducible 
effector mechanisms may differ between these two species.

T. gondii secretes various effector molecules, called rhoptry 
proteins (ROPs) and dense granule proteins (GRAs), into 
host cells. These effectors are frequently used to promote 
parasite growth in host cells (Hakimi et al., 2017; Hunter 
and Sibley, 2012), and their virulence mechanisms, function, 
and significance have been extensively researched in mouse 
models (Behnke et al., 2011; Etheridge et al., 2014; Fentress et 
al., 2010; Reese et al., 2011; Rosowski et al., 2014; Rosowski 
and Saeij, 2012; Steinfeldt et al., 2010). The Toxoplasma 
effector TgGRA15, one of the dense granule proteins, is 
secreted into host cells to activate the host transcription 
factor NF-κB in mice (Gov et al., 2013; Jensen et al., 2011; 
Rosowski et al., 2011), although it should be noted that most 
virulence factors suppress the host immune responses (Olias 
et al., 2016; Gay et al., 2016). TgGRA15-deficient T. gondii 
has been shown to promote parasite proliferation in vivo in 
mice (Jensen et al., 2013; Rosowski et al., 2011), meaning that 
TgGRA15 can support host survival by preventing parasite 
growth. Thus, the significance of TgGRA15 as a virulence 
factor remains unclear. In this study, we introduce the virulent 
mechanism of TgGRA15 targeting the IDO1-dependent anti-T. 
gondii response in human cells.

TgGRA15 promotes T. gondii growth when 
co-cultured in the presence of IFN-γ

The function of TgGRA15 as a virulence factor is 
unclear; therefore, to explore it in human cells, we generated 
TgGRA15-deficient (TgGRA15-KO) T. gondii by using the 
CRISPR/Cas9 system. Then, we tested whether TgGRA15 has 
an important role in the suppression of host immune responses 
under human cell mono-culture conditions. However, we 
failed to find any advantageous effect of TgGRA15 on parasite 
growth in various human cell lines. When T. gondii infects 
its host, the parasite preferentially infects CD11b+ cells such 
as monocytes, and then the infected cells are carried by the 
bloodstream to various organs (Courret et al., 2006). Several 
kinds of co-culture models have been established to mimic 
complex cell-cell interactions by using human tissue or 
immune cell lines, one of which is the monocyte-hepatocyte 
co-culture model (Frenkel and Remington, 1980). Because 
one of the major symptoms of toxoplasmosis is hepatitis, 
we developed a T. gondii infection model using monocyte-
hepatocyte co-culture conditions. Human acute monocytic 
leukemia cell line THP-1 cells were infected with wild-type or 
TgGRA15-KO parasite, and then both the culture supernatant 
and infected THP-1 cells were seeded onto human hepatoma 
cell line Huh7 cells with or without IFN-γ. Interestingly, the 
parasite numbers under the TgGRA15-KO parasite-infected 
co-culture condition were significantly reduced compared with 
the wild-type parasite-infected co-culture condition. These 

data indicate that TgGRA15 has an advantageous effect on T. 
gondii growth under human cell co-culture conditions.

NLRP3-dependent IL-1β secretion from 
monocytes is essential for the pro-parasitic  
effect of TgGRA15 in hepatocytes

We next attempt to reveal the mechanisms of the pro-
parasitic effect of TgGRA15 under co-culture conditions. 
First, to test whether TgGRA15 has an effect on monocytes 
or hepatocytes, the culture supernatants were collected from 
wild-type and TgGRA15-KO T. gondii-infected THP-1 cells, 
and then both the parasites and THP-1 cells were removed by 
filtration. The filtered culture supernatants and newly prepared 
wild-type or TgGRA15-KO parasites were then added to 
Huh7 cells with IFN-γ. Then the number of parasites in the 
Huh7 cells was assessed. The presence of TgGRA15 in THP-1 
cells, but not Huh7 cells, led to a reduction in parasite number, 
suggesting that the presence of TgGRA15 in monocytes 
and their supernatant is essential for the pro-parasitic effect. 
Therefore, we next focused on the components of the 
supernatant from the parasite infected-THP-1 cell culture. 
Previous studies have reported that T. gondii infection induces 
proinflammatory cytokine IL-1β secretion from THP-1 cells in 
a TgGRA15-dependent manner (Gov et al., 2013). It has also 
been reported that IL-1β production in monocytes is dependent 
on Caspase-1 and inflammasome activation (Gov et al., 2013; 
Gov et al., 2017). Therefore, to test whether TgGRA15-
dependent Caspase-1 and inflammasome activation are 
important for IL-1β secretion from monocytes, we generated 
NLRP3-deficient (NLRP3-KO) or Caspase-1-deficient 
(CASP1-KO) THP-1 cells by using CRISPR/Cas9 systems, 
and then analyzed IL-1β secretion levels in the culture 
supernatant. We found that both NLRP3-KO- and CASP1-
KO-infected THP-1 cells showed significantly reduced IL-1β 
secretion. Then, we examined whether IL-1β secretion in THP-
1 cells is essential for suppressing the IFN-γ-dependent anti-T. 
gondii response under co-culture conditions. We found that the 
parasite number in both wild-type parasite-infected NLRP3-
KO and CASP1-KO THP-1 cells was significantly reduced 
compared with that of wild-type THP-1 cells. These results 
indicate that IL-1β secretion through Caspase-1 and NLRP3 
inflammasome activation in THP-1 cells has an important 
role in the TgGRA15-dependent suppression of the IFN-γ-
dependent anti-T. gondii response.

The IFN-γ-induced IDO1-dependent anti-T. 
gondii response is downregulated by TgGRA15 
in hepatocytes

We previously reported that IDO1-induced tryptophan 
degradation has an important role in the IFN-γ-dependent 
anti-T. gondii response in various human cell types including 
hepatocytes (Bando et al., 2018b; Bando et al., 2019) because 
tryptophan is an essential amino acid for parasite growth. 
In fact, we found that the IFN-γ-dependent reduction in 
parasite numbers in IDO1-deficient (IDO1-KO) Huh7 cells 
was abolished under TgGRA15-KO parasite-infected co-
culture conditions. Therefore, we examined whether IL-1β 
affects IDO1 expression in Huh7 cells. We found that IL-
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1β and IFN-γ co-stimulation severely inhibited IDO1 mRNA 
and protein levels in Huh7 cells. Then, to examine whether 
IL-1β-dependent impairment of the IFN-γ-dependent anti-T. 
gondii response was IDO1-dependent, we generated MyD88-
deficient (MyD88-KO)–– MyD88 is essential molecule for the 
IL-1 receptor signaling pathway (Adachi et al., 1998)––and 
IL1R1-deficient (IL1R1-KO) Huh7 cells by using CRISPR/
Cas9 systems. We found that the pro-parasitic effect of IL-
1β in IDO1-KO, MyD88-KO, and IL1R1-KO Huh7 cells was 
completely abolished. Then, we compared the protein levels of 
IDO1 under wild-type T. gondii- and TgGRA15-KO parasite-
infected and non-infected co-culture conditions. We found that 
the protein levels of IDO1 were significantly reduced under 
wild-type parasite-infected conditions compared with non-
infected conditions. Importantly, the protein levels of IDO1 
under TgGRA15-KO parasite-infected conditions recovered to 
the same levels as those seen under non-infected conditions. 
These results indicate that the TgGAR15-induced IL-1β-
dependent downregulation of IDO1 expression is important for 
the impairment of the IFN-γ-dependent anti-T. gondii response 
in hepatocytes.

iNOS is essential for TgGRA15-dependent 
inhibition of the IDO1-dependent anti-T. 
gondii response

Nitric oxide (NO) production is known to strongly 
downregulate IDO activity transcriptionally, translationally, 
and post-translationally (Thomas et al., 1994). In addition, 
inducible nitric oxide synthase (iNOS) has been shown to 
be an important factor for IFN-γ-mediated NO production 
(Nathan and Xie, 1994). Hence to explain the mechanism 
of the IL-1β-dependent IDO1 suppression, we focused on 
iNOS and NO-dependent downregulation of IDO1 activity 
in hepatocytes. First, we examined the expression level of 
iNOS mRNA in Huh7 cells. We found that IFN-γ and IL-1β 
co-stimulation enhanced the expression level of iNOS mRNA 
and strongly induced NO production in Huh7 cells. Then, 
to examine the role of iNOS, we generated iNOS-deficient 
(iNOS-KO) Huh7 cells by using the CRISPR/Cas9 system. We 
found that NO was not produced from iNOS-KO Huh7 cells 
upon IFN-γ and IL-1β co-stimulation and that IL-1β-dependent 
reduction of IDO1 protein levels did not occur in iNOS-KO 
Huh7 cells. Furthermore, the IL-1β-dependent pro-parasitic 
effect was completely abolished in the iNOS-KO Huh7 cells 
under mono-culture conditions, suggesting that IL-1β induces 
iNOS expression to inhibit the IDO1-dependent anti-T. gondii 
response. Then, we tested whether this mechanism occurs 
under co-culture conditions. We found that NO production 
and the reduction of IDO1 was not observed in iNOS-KO 
Huh7 cells co-cultured with wild-type parasite-infected wild-
type THP-1 cells. Moreover, the TgGRA15-dependent pro-
parasitic effect was abolished in iNOS-KO Huh7 cells under 
these co-culture conditions. Finally, we confirmed the GRA15-
dependent virulence mechanism in primary human cells. 
Taken together, our results indicate that iNOS is an essential 
host factor for the TgGRA15-dependent virulence mechanism 
under monocyte-hepatocyte co-culture conditions.

Conclusion

In summary, here we showed that IL-1β is produced from 
monocytes in a Toxoplasma effector TgGRA15- and host 
NLRP3 inflammasome-dependent manner. We further showed 
that iNOS has an essential role in the Toxoplasma TgGRA15-
dependent inhibition of the IDO1-induced anti-T gondii 
response in human cells (Bando et al., 2018a). Although 
immune responses in humans and domestic animals are not 
identical (Guzman and Montoya, 2018), the tryptophan-
degrading enzyme IDO and nitric oxide synthases NOS have 
been found in most mammalian species (Yao et al., 2011). 
Hence, the TgGRA15-dependent virulence mechanism may 
contribute to T. gondii infection in not only humans but also 
domestic animals. Studies to examine whether the TgGRA15-
dependent virulence mechanism has an important role in 
T. gondii infection of domestic animals, and to identify 
chemical compounds that block iNOS expression or NO 
production could contribute to the development of novel anti-
toxoplasmosis therapies for humans and domestic animals.
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Morphological variation under in-situ condition

C. dactylon are also highly diversified in ecology and 
morphology, with growing in tropic, subtropic, and temperate 
zones, and from Africa to South America, Africa, Europe, and 
South Asia (Harlan and De Wet, 1968; Taliaferro, 1995; Dong 
and Shen, 2003). Larger morphological sizes of C. dactylon 
appeared at the low- and high-latitude regions, while leaves of 
the erect shoot and the internode length enlarged significantly 
with the collection sites moving from east to west (Zhang et 
al., 2018; Wang et al., 2020). This supports the conjecture 
that at low- and high-latitude sites, leaf length, leaf width and 
circumference are being selected in the opposite direction 
when compared to the mid-latitude sites. High morphological 
variations were significantly correlated with climate 
factors and soil nutrients. Environmental effects on plant 
morphological characters were obvious in this study, reflecting 
plasticity for morphological appearance against longitude 
and latitude. Morphological size was influenced by longitude 
and latitude-related environmental factors, suggesting a 
different breeding goals and morphological adaptation. The 
morphological variations could lead to physiological changes 
and improved ecological tolerances. Some results of other 
studies which suggest evolutionary adaptation to an expanded 
range might require modifications in vegetative development 

(size, growth) (Geber and Eckhart, 2005).

�‌Morphological variation under ex-situ condition

The environment along longitudinal and latitudinal 
gradients have possibly high effect on the morphological, so 
the pattern of morphological variation under homogeneous 
growing conditions ex situ was compared with those already 
reported in situ to validate this methodology. Morphological 
characteristics including plant height, leaf width, internode 
length, stolon length and stolon diameter of Bermudagrass 
were examined on the materials that were grown in the 
common garden. The pattern of variation revealed by variation 
coefficients and cluster analysis were similar both in ex situ 
conditions and in situ conditions, because in both studies the 
populations formed the same morphotypes. Inconsistencies 
were found between the two conditions, the internode length 
and stolon diameter of high- latitude populations tended to 
have greater size than those from the low- and mid-latitudes 
under ex situ conditions, while under in situ conditions, 
these two characters were lower at mid-latitude. Internode 
length and stolon diameter at different latitudes are influenced 
by latitude-related soil characters and climate factors for 
adaptive phenotypic plasticity. However, we think that 
this inconsistency has little relevance. The morphological 
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Abstract

Bermudagrass [Cynodon dactylon (L.) Pers.], a polymorphic and cosmopolitan 
warm-season grass, was widely used for turf, forage and soil stabilization. Estimation 
of genetic variation based on the morphological characteristics have been developed 
in an attempt to eliminate the environmental effects. Our work focuses on comparing 
the value of morphological characterization of in situ and ex situ to find whether 
there is a strong environmental influence on the morphological characteristics of 
C. dactylon along longitudinal and latitudinal gradients. No significant differences 
were found in the variation of plant height, leaf width, internode length, and stolon 
diameter between the same populations in situ and ex situ. Both morphological 
characterization of C. dactylon in situ and ex situ are equally valuable for the 
estimation of the germplasm collection and evolutionary studies of the species.
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characterization of fruit was used to estimate the evolution 
and diffusion (Harries, 1978). Morphological characterization 
in situ can be a useful methodology with low technological 
for genetic diversity studies, the design of strategies for the 
conservation of C. dactylon.

Relationship among the morphological 
characters and ploidy levels for bermudagrass 
breeding

Morphological traits varied with ploidy level across the 
27 geographic regions along longitudinal and latitudinal 
gradients. Among ploidy levels, plant height and leaf width 
of triploids were smaller than those of the hexaploids, 
indicating that the Chinese wild C. dactylon contained 
much wider morphological diversity among different ploidy 
levels. Polyploids have been studied for their morphological, 
physiological and developmental differences from diploids 
to find the correlative evidence explaining observations that 
polyploids can adapt better to different environments. One 
sample of morphological differences between diploids and 
polyploids are the larger cell sizes in polyploids including 
those of the stomata (Speckman et al., 1965; Melaragno et al., 
1993; Masterson, 1994; Hodgson et al., 2010). A hexaploid 
Bermudagrass such as C.dactylon cv. ‘Tifton 10’ tends to 
have thick stolons and coarse-textured long leaves (Wu et al., 
2005, 2006). Morphological effects of polyploidization could 
include bigger flowers, delayed and prolonged flowering, an 
altered length/width ratio of leaves, a darker green coloration 
of the leaves, or thicker leaves and stems as in Buddleja (Rose 
et al., 2000), Salvia (Kobayashi et al., 2008). Inducing novel 
morphological characteristics by ploidy breeding is a powerful 
tool that could lead to commercial success in plants.
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Japanese Black cattle as the primary beef 
breed of Wagyu

Wagyu is a general term used for modern native Japanese 
beef cattle breeds in Japan. Wagyu cattle consist of four 
beef breeds: the Japanese Black, Japanese Brown, Japanese 
Shorthorn, and Japanese Polled. The Japanese Black cattle 
is the primary Wagyu breed and is well known to excel 
in meat quality, especially in marbling. For the detailed 
description about establishing the Japanese Black breed, see, 
for example, Hirooka (2014), Motoyama et al. (2016), and 
Gotoh et al. (2018). In short, native Japanese cattle in Japan 
were crossed with British and Continental breeds during an 
approximately 10-year period in the early 1900s. And then, 
under a completely closed breeding system, the four breeds 
of Wagyu were fixed through strict selection over many years 
(Namikawa, 1992).

In Japanese Black cattle, the genetic abilities (breeding 
values) have been evaluated for several economically 
important traits relating to carcass performance of fattened 
progeny, growth and feed efficiency of young bulls, and 
female reproductive efficiency of dams. For the detailed 
explanation about the progeny-testing for the representative 

carcass traits in this breed, see, for example, Inoue (2004) 
and Sasaki (2007). Beef quality traits including the degree 
of marbling have received more emphasis in domestic beef 
production of Japanese Black cattle since the relaxation of beef 
import restrictions in Japan in 1991. In the same year, genetic 
evaluation of carcass traits using a mixed model methodology 
(Henderson, 1973) based on a deep pedigree information 
was introduced using relevant field data collected at carcass 
markets (Wagyu Registry Association, 2007). Assuming the 
infinitesimal model to breeding value (Fisher, 1918; Bulmer, 
1980), the whole genome is targeted in the genetic evaluation 
but is treated as an unobserved black box. Subsequently, while 
there has been steady genetic improvement attained in carcass 
traits, it is known that there is a sharp decline occurred in 
effective population size of this breed, because of intensive use 
of few sires with higher predicted breeding values for degree 
of marbling (e.g., Nomura et al., 2001; Nomura, 2002; Honda 
et al., 2004).

Numerous studies have reported the estimated heritabilities 
of, and genetic correlations among various kinds of traits 
in Japanese Black cattle. Oyama (2011) summarized the 
estimated values of direct and maternal heritabilities for 
body weight and daily gain traits of calves, those of direct 
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Abstract

The Japanese Black is a representative of the beef cattle breeds constructing 
Wagyu in Japan. The beef produced are high quality, especially highly marbled 
(shimofuri), and they are also famous overseas. Carcass traits including the degree 
of marbling have been remarkably improved through use of a low number of elite 
sires with high predicted genetic abilities (breeding values) for meat quality. Breeding 
values are predicted by using a deep pedigree information and a large amount of 
carcass performance data of fattened steers and heifers. Breeding values for growth 
performance and feed efficiency of young bulls and those for female reproductivity 
of cows have been also evaluated using pedigree information. Recently, prediction of 
breeding values by using genotype information on genome-wide high-density single 
nucleotide polymorphisms (SNPs) as DNA markers, also referred to as genomic 
prediction, have been studied in Japanese Black cattle. Genomic prediction is 
believed to have a potential to achieve more efficient breeding in livestock species. In 
this review, some relevant topics for genomic prediction in Japanese Black cattle, as 
well as the possibility of genomic prediction and the future issues in this breed, will 
be discussed.
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heritability for body weight, daily gain, feed intake, and feed 
conversion traits of young bulls, those of direct heritability for 
and genetic correlation among carcass traits of fattened steers 
and heifers, and those of direct and maternal heritabilities for 
female reproductive traits of dams. In general, carcass and 
growth traits were moderately to highly heritable but female 
reproductive traits had low heritabilities, and the genetic 
correlation between two fat deposition traits, marbling and 
subcutaneous fat thickness, was low (Oyama, 2011).

Genetic parameters for different traits have been also 
estimated. For example, several studies estimated the 
heritabilities of body measurement traits and their genetic 
correlation with carcass and female reproductive traits (e.g., 
Baco et al., 1997; Kuchida et al., 1994; Munim et al., 2012; 
Oyama et al., 1996). Heritabilities of traits relating to meat 
quality and their genetic correlations with carcass traits 
have been also reported (e.g., Inoue et al., 2008; Komatsu 
et al., 2014; Nogi et al., 2011; Onogi et al., 2017; Sakuma 
et al., 2016). Heritabilities of image analysis traits for the 
shape of ribeye and marbling in ribeye and other muscles 
have been estimated (e.g., Goto et al., 2020; Kuchida et al., 
2006; Osawa et al., 2008). Moderate to high heritability has 
been estimated for growth curve parameters (e.g., Inoue et 
al., 2020; Onogi et al., 2019; Takeda et al., 2018; Wada & 
Nishida, 1987), residual feed intake, residual daily gain, and 
residual feed intake and daily gain (e.g., Hoque & Oikawa, 
2004; Okanishi et al., 2008; Takeda et al., 2018), and 
predicted methane emission traits (Uemoto et al., 2020). For 
female reproductive efficiency for heifer, Inoue et al. (2020) 
estimated the heritability of first service conception rate to be 
0.03 and Setiaji and Oikawa (2020) estimated the heritability 
of non-return rate, the number of inseminations, and interval 
from first to successful insemination to be 0.027, 0.019, and 
0.011, respectively. Ogawa and Satoh (2021) reported that 
the estimated heritability of calving interval was low but 
the genetic correlation between different ages of dam was 
consistently high. Inoue et al (2017) estimated the direct and 
maternal heritabilities of calving difficulty to be 0.24 and 0.61, 
respectively. Nishida et al. (2006) estimated the heritability 
of the number of services per conception at different parity to 
be ~0.1 in most cases. Nishimura et al. (2010) estimated the 
heritability for semen characteristics traits in bulls to be around 
0.1. Nishi et al. (2016) estimated the heritabilities of carcass 
defects including blood splash, intramuscular edema, muscle 
steatosis, bruising, trim loss, and other defects, and Oyama et 
al. (2020) estimated the heritabilities of defective appearances 
including white spotting, tongue defect, and nipple defect. 
Inoue et al. (2015) estimated the heritabilities of internal 
diseases of fattened steers and their genetic correlations with 
carcass traits. Takeda et al. (2017) estimated the heritability of 
temperament of calves and its genetic correlation with carcass 
traits. These estimates could provide valuable information for 
the development of appropriate, sound future breeding plans in 
Japanese Black cattle (Oyama, 2011).

Studies for genomic prediction for carcass 
traits in Japanese Black cattle

In the late twentieth-century, breakthroughs occurred in 
molecular biology and genetic engineering that established the 

technological basis for modern genomics and biotechnology. 
This facilitated quantitative trait locus (QTL) mapping and 
marker-assisted selection (MAS). The MAS assumes the use 
of a small number of DNA markers for major causative genes 
with large effects. However, there is now a general consensus 
that most complex and quantitative traits are usually affected 
by a large number of small-effect genes (de los Campos et al., 
2013).

Meuwissen et al. (2001) proposed the idea of a new type of 
MAS that simultaneously treats all chromosome segments by 
using genome-wide DNA markers such as single nucleotide 
polymorphisms (SNPs). Genome-wide high-density SNPs 
are used with the expectation of tracing all underlying QTLs, 
or to explain all additive genetic variances of a trait by 
exploiting the status in linkage disequilibrium between QTLs 
and SNPs. Prediction of breeding values using genome-wide 
DNA markers is often referred to as genomic prediction (GP), 
and selection based on the result of GP is genomic selection 
(GS). For the detailed explanation for GP and GS written 
in Japanese, see, for example, Matsuda et al. (2013) and 
Nagamine (2012).

After developing the commercial SNP chip which can 
determine the genotypes of SNPs identified using samples 
other than Japanese Black cattle (Matukumalli et al., 2009), 
GS following GP was introduced into routine genetic 
evaluation and selection of dairy cattle, especially Holstein 
cattle (e.g., Hayes et al., 2009; VanRaden et al., 2009); this 
is partly because of the possibility of reducing the costs of 
progeny testing schemes (Schaeffer, 2006). Even though the 
potential for GS to improve genetic gain in beef cattle would 
be substantial (Pimentel et al., 2012; Van Eenennaam et al., 
2011), there are no reports providing the information on 
GP accuracy for Japanese Black cattle. Ogawa et al. (2014) 
estimated the variance of carcass weight and marbling score 
explained by the genome-wide 38,502 SNP markers using 872 
fattened steers (Fig. 1). This study showed that the genome-
wide SNP markers genotyped by using the commercial chip 
can capture most additive genetic variances of carcass weight 
and marbling score in Japanese Black cattle. Ogawa et al. 
(2016a) assessed the accuracy of GP for carcass weight and 
marbling score, using 1,791 steers as the training population 
and 189 animals as the validation population (Fig. 2). The 
accuracy of GP was middle to high for both traits, implying 

Fig. 1. 	 Changes in proportions of estimated genetic variances 
with increasing SNP marker density. Circles: carcass weight; 
triangle: marbling score (Ogawa et al., 2014).
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that GP for carcass traits could be available in pre-selecting 
young Japanese Black breeding animals. Watanabe (2016) 
compared the accuracies of GP for six carcass traits with 
those of parent average of breeding value, which is used as 
a classical indicator for pre-selection, and showed that the 
accuracy was higher for GP than parent average.

Some possible future challenges in this breed

In Japanese Black cattle, the study about GP for fatty acid 
composition in meat (Onogi et al., 2015), semen production 
traits (Atagi et al., 2017), and feed efficiency traits (Takeda et 
al., 2020) were also reported. In the future, GP for other traits 
including female reproductive efficiency, resistance to disease 
and heat stress, and traits related to environmental load should 
be performed.

Integrating multi-omics data is a hot topic (e.g., Snelling 
et al., 2013; Suravajhala et al., 2016; Takagi et al., 2014). 
Okada et al. (2018) estimated candidate gene-gene interaction 
network for feed efficiency in cattle combining the results of 
the genome-wide association study for seven feed utilization 
traits in Japanese black cattle and public RNA-expression data 
from different tissues of multiple foreign breeds (Fig. 3). The 
results could give meaningful insight into the trait, and GP 
incorporating such a biological information might increase the 
performance of GP in cattle (e.g., Gao et al., 2017; Melzer et 
al., 2013; Tiezzi et al., 2018).

The study about long-term implementation of GP and GS 
in Japanese Black cattle is essential (e.g., Maltecca et al., 
2020; Neyhart et al., 2017; Ogawa et al., 2016b). For example, 

GS can boost the speed of genetic improvement, while this 
might also bring further decrease in genetic diversity of 
this breed, as already observed in dairy cattle (Doekes et 
al., 2018; Doublet et al., 2019). High-density SNP markers 
could be also available for assessing the genetic diversity of 
cattle populations (e.g., Decker et al., 2014; Eusebi et al., 
2019; VanRaden et al., 2011). Therefore, genome-wide DNA 
markers might be a powerful tool to achieve the efficient 
genetic improvement while considering the genetic diversity 
of Japanese Black cattle (e.g., Gómez-Romano et al., 2016; 
Thomasen et al., 2013; Wang et al., 2017).
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Fig. 2. 	 Changes in the accuracy of genomic prediction. Triangles, 
squares and rhombuses show the results obtained using high-
density, 50K and low-density single nucleotide polymorphism 
(SNP) sets, respectively (Ogawa et al., 2016a).

Fig. 3. 	 Subnetwork extracted from the top 3 hub transcription factors 
(TFs) and their neighboring genes (Okada et al., 2018). Node 
colors correspond to gene tissue specificity: gland (red), 
nervous system (blue), and nontissue-specific genes (white). 
Node shapes indicate gene classification: triangle (TF) and 
circle (other genes).
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agricultural immunology research-core for a quantum improvement in food safety”
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Introduction of CFAI (Director of CFAI: Dr. Haruki Kitazawa)

The Center for Food and Agricultural Immunology (CFAI) was established in the Graduate School of Agricultural Science, 
Tohoku University, on April 1, 2015, and has been launched the second fi ve-year period from April 2020 taken over the fi rst period. 
CFAI consists of the following 4 divisions: ‘Agricultural Immunology’, ‘Safety and Function Evaluation’, ‘Cooperation with 
Society’ and ‘Research and Administration’. The mission of CFAI is to create an intellectual and technical basis for drug-independent 
health promotion and food safety systems in agriculture. We hope to do this based on interdisciplinary research on the agricultural 
immunology of plants, livestock as well as fish and shellfish. CFAI has international collaborations with UC Davis and Texas 
A&M University in the US, Wageningen University and Utrecht University in the Netherlands, Yangzhou University in China and 
CERELA-CONICET in Argentina. CFAI has also established links with the Food and Agricultural Immunology Network (FAIN) in 
the Japan Society for the Promotion of Science (JSPS) Core-to-Core Program, A Advanced Research Networks entitled Establishment 
of international agricultural immunology research-core for a quantum improvement in food safety, including above organizations. 
A key aim of CFAI is global professional developments in these areas. In order to achieve our mission, we are especially keen to 
promote research exchange of young researchers and graduate students in the leading international academias.

CFAI will now hold an international virtual symposium entitled “New Insights on Animal Science” in the Graduate School 
of Agricultural Science, Tohoku University on November 22nd, 2020 as an important event in the Core-to-Core Program. This 
symposium mainly consists of the topics from selected young scientists and PhD students in Yangzhou University and Tohoku 
University. Through this symposium, I hope that CFAI will be able to develop further the theoretical foundations of animal science 
by including participants whose specialties include all fi elds of sciences.

Haruki Kitazawa (CFAI, Tohoku University)

Haruki Kitazawa is Director of the International Education and Research Center for Food 
and Agricultural Immunology (CFAI), and Professor of the Laboratory of Animal Animal Food 
Function (LAFF), Graduate School of Agricultural Science, Tohoku University. He got his PhD on 
Immunomodulatory functions of phosphopolysaccharides produced by lactic acid bacteria in 1993. 
He has recently conducted international research works with CERELA-CONICET under JSPS several 
Joint Research Projects. He also contributes as an editorial board member in Frontiers in Nutrition, 
Microorganisms etc, and also as a guest editor in Frontiers in Immunology and other international 
journals. His present research activities focus, in particular, on immunoregulatory activities of 
immunobiotics and immunosymbiotics, which are a member of probiotics able to benefi cially regulate 
the mucosal immune system, in the gut together with the development of immunobiotic evaluation 
system via pattern recognition receptor family in vitro by using a variety of livestock cell lines.

 

Shin-ichiro Ogura, Symposium Chair
Field Science Center, Graduate School of Agricultural Science, Tohoku University

Shin-ichiro Ogura is Director of Integrated Field Science Center (FSC) and Vice Director of 
Tohoku Agricultural Science Center for Reconstruction (TASCR), and Professor of Laboratory of Land 
Ecology, Graduate School of Agricultural Science, Tohoku University. He got his PhD in Graduate 
School of Agricultural Science, Tohoku University in 1997. Following this, he worked at Faculty of 
Agriculture, Miyazaki University as Assistant Professor, from 1998 to 2003. Since 2003, he has been 
working at Tohoku University. During his career, he had an opportunity of staying in Macaulay Land 
Use Research Institute, Scotland in 2002. He is focusing on the plant-animal interactions in grassland 
ecosystems such as pasture and forage crop production and utilization by ruminant animals, especially 
diet selection, foraging behavior and nutrient uptake of grazing ruminants. He is now conducting 
researches to evaluate nutritional characteristics of native plants and its role to animal production, to 
establish a grazing system in species-rich vegetation.
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Plenary Session

Evaluation, Conservation and Utilization for Chinese Indigeous 
Sheep and Goat

Wei SUN

Professor

Director of Institute of Agricultural Science and Technology Development (IASTD)

Joint International Research Laboratory of Agriculture & Agri-Product Safety of the Ministry of Education

Yangzhou University

E-mail: sunwei@yzu.edu.cn

Sheep and goat are two of the earliest animals to be domesticated for agricultural purposes. China is one of the countries that have 
the richest sheep and goat breed resources in the world. 

Prof. Sun will talk about “the germplasm conservation and utilization of Chinese indigenous sheep & goat breeds”. His 
representation will cover the following 5 aspects: Firstly, the origin and domestication of Chinese indigenous sheep & goat; Secondly, 
Sheep & goat germplasm resources in China; Thirdly, Conservation of sheep & goat germplasm resources in China; Fourthly, 
Utilization of sheep & goat germplasm resources in China; and, Finally, Problems and countermeasures of germplasm conservation 
and utilization in China.

Research Biography
Wei Sun received his PhD degree on animal genetic, breeding and reproduction from 

Yangzhou University. He is the director of Institute of Agricultural Science and Technology 
Development, and had experience in Commonwealth Science and Industries Research 
Organization (CSIRO), Brisbane, Australia as a visiting scholar. He is also a member of an 
expert group on National Meat Sheep Genetic Improvement Program; the Deputy secretary-
general, Sheep-raising Council Branch of Chinese Animal Husbandry and Veterinary Society; 
Chief Expert, Huaihai Mutton Sheep Research and Development Center of Jiangsu province. His 
research interest is to study the Evaluation, Protection, Utilization and Development of Genetic 
Resources of Sheep(Goat) Breeds; Molecular Markers and Cultivation of New Strain (Breed) of 
Sheep (Goat); and Sheep (Goat) (Epi-) Genetics and Functional Genomics.
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Plenary Session

Immunosecurity: Strengthen the Impact of Immune Regulation in 
Domestic Animals

Cheol-Heui YUN

Full Professor

Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Sciences, 

Seoul National University

E-mail: cyun@snu.ac.kr

Animal farming has been aff ected by a number of factors including national and international restrictions based on their guidelines 
and regulations, disease outbreak, welfare issues, balance between demand and supply of the meats and animals together with 
their by-products or processed-products, and economic and cultural demand. The global population increases coincident with an 
enhancement of living standards in developing countries, which is likely to create a high demand for animal-derived proteins over 
time. With that in mind, we are under great pressure and constantly facing a challenge in relation with the issues including climate 
change (i.e., global warming), banning on the use of antibiotics as a feed additive concordant with disease outbreak for both domestic 
animals (African swine fever, avian influenza, foot-and-mouse disease) and human (corona pandemic for instance). Yet, high 
productivity together with high quality meat from the animal would be most desirable for producers and animal farming industry. 
Thus, it is fair to say that current animal farming is under various psychological and physical stressful conditions, which can be 
categorized into nutritional factors, environmental factors, biological factors and physical factors. 

Basic, however essential, components of immune system include the recognition of self and non-self, and its remarkable specifi city 
for subtle chemical differences that distinguish one foreign pathogen from another. Domestic animal immunology is seemingly 
important as we could fi nd answers to the convoluted questions such as fi nding suitable antibiotic replacements, immunomodulants 
and vaccines with appropriate adjuvants. In this mini-review, I attempted to categorize aforementioned questions and to provide a 
direction towards our future of the animal science and biotechnology. 

Research Biography 
Professor Cheol-Heui Yun was educated at the Chonnam National University for BSc and the 

Seoul National University for his MSc in the area of Animal Nutrition. Professor Yun completed 
his PhD at the University of Saskatchewan, Canada in the area of immune modulation and 
mucosal immunology. Then, he pursued his professional career at leading research institutes 
in different region of the world including International Vaccine Institute (IVI, Seoul, Korea), 
United States Department of Agriculture (USDA, Greenbelt, MD, USA), National Institutes of 
Health (NIH, Bethesda, MD, USA) and Gothenburg University (Gothenburg, Sweden) where 
he undertook research related to stressors, vaccine, infection and host protective immunity. 
He published over 230 SCIE papers to date and has been the recipient of prestigious awards, 
including Seoul National University Excellence in Teaching Award (2018), Distinguished 
teaching award by Kukdam Foundation (2010), and offi  cial commendation for from the cabinet 
minister of the Ministry of Science and Technology, Korea (2007). 

He was invited as a professor at Seoul National University since 2006, and currently serves 
as editors of a number of societies including World Journal of Immunology, Frontiers in 
Immunology (Molecular Innate Immunity Section, and Cytokines and Soluble Mediators in 
Immunity Section), Journal of Biomaterials and Tissue Engineering. He currently also serves as 
a co Editor-in-Chief of Asian-Australasian Journal of Animal Sciences. On the other hand, he is 
acting as an Ethics editor of the science editing, and Korean Journal of Women Health Nursing. 
Recently, he is actively involving in Ethical issues where he is acting as a Chair of Committee on 
Publication Ethics, Korean Council of Science Editors (KCSE) and Secretary General of Council 
of Asian Science Editors (CASE).  
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Plenary Session

The Liver tissue: Another Endocrine Organ in Ruminant

Sanggun ROH

Associate Professor

Graduate School of Agricultural Science, Tohoku University

E-mail: sanggun.roh.a3@tohoku.ac.jp

The liver plays a crucial role in controlling the homeostasis as a secondary endocrine organ. In ruminant, the hepatic function is 
dramatically changed during weaning and parturition through the signaling of hormones and blood metabolites. The management 
systems, feed composition and feeding program aff ects much to increasing pathological processes of energy metabolism disorder 
in liver. The endocrine system and liver are codependent, and the either organs can lead to alter the quantity and quality of animal 
production. The presentation will give our data about the physiological roles of chemerin and ANGPTL8 as the hepatic hormones, 
and the regulatory factor of its production, to understand the hepato-endocrine interplay.

Research Biography 
Sanggun Roh has worked in Seoul National University, Obihiro University, Monash 

University, Shinshu University, North Carolina State University from postgraduation. In          
2009, he moved to Tohoku University Graduate School of Agricultural Science as an associate 
professor. He is now doing the international collaboration with overseas research groups in USA, 
Canada, German, South Korea, China, Thailand, French and German. He also served the adjunct 
associate professor in Seoul National University from 2017 to 2019. His research interest is to 
study the physiological and metabolic adaptations in three key tissues (adipose, mammary gland 
and liver) through the rumen in ruminant production.
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Session for Young Scientists

Receptors in Spermatozoa – Their expressions and Functions

Yuki HIRADATE

Assistant professor

Graduate School of Agricultural Science, Tohoku University

E-mail: yuki.hiradate.d4@tohoku.ac.jp

It is known that various types of receptors that are thought to function during fertilization are expressed in spermatozoa. These 
receptors possibly crosstalk with ligands secreted from the female reproductive organs, but the mechanism remains unclear. 
Neurotensin (NTS), 13 amino acids of peptide hormone, is localized in uterine and oviduct epithelium. Interestingly, Nts mRNA 
expression is increased in ovulation, suggesting it possesses a specifi c role for fertilization. Further expressions of NTS receptors 
are confi rmed in spermatozoa, suggesting it functions for fertilization. In vitro culture of spermatozoa with NTS facilitates acrosome 
exocytosis and protein tyrosine phosphorylation, both are involved in sperm capacitation. Receptors for NTS are also expressed in 
early embryos, and the addition of NTS results in an increase in blastocyst rate. These results indicate that NTS and its receptors 
contribute to fertilization and embryonic development. 

Research Biography
Yuki Hiradate received his PhD degree on animal reproductive biology from Tohoku 

University Graduate School of Agricultural Science in 2012. After working as a post-doctoral 
fellow at the National Institute of Infectious Diseases from 2016, he has served Tohoku 
University Graduate School of Agricultural Science as an assistant professor since 2017. His 
research interest is mechanism for male gametogenesis and crosstalk between male and female 
gametes mediated by secretory factors during fertilization.
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Session for Young Scientists

Genome-wide CRISPR/Cas9 Screen for Porcine Epidemic Diarrhea 
Virus Resistance in Pig Intestinal Epithelial Cells

Haifei WANG

Lecturer

College of Animal Science and Technology, Yangzhou University

E-mail: hyfiwang@yzu.edu.cn

Porcine epidemic diarrhea which is caused by porcine epidemic diarrhea virus (PEDV) resulted in large economic losses in the 
pig industry because of the high morbidity and mortality approaching 100% in neonatal piglets. Recently, PEDV is still identifi ed as 
the main pathogen causing severe diarrhea in pig farms, highlighting the urgency to genetically improve the ability of pigs to resist 
PEDV infections. Genome-wide CRISPR screen has been proven to be an eff ective technology to identify functional genes resistant 
to viral infections. Here, we designed >90 thousand sgRNAs targeting porcine protein coding genes and cloned them into CRISPR 
knockout vectors. After transfection and puromycin resistance selection in IPEC-J2 cell, cell libraries with gene knockout were 
obtained. PEDV was added to the cell library and cultured for 14 days with consistent infection. Finally, survival cells were collected, 
amplified by PCR, and sequenced by high-throughput sequencing platform. The MAGeCK software was used to compare the 
enrichment diff erences of sgRNA between the survival cells and control cells. A subset of genes including ERN1, THEM19, KDM2B, 
and SULT2A1 with high potential resistance to PEDV infection was screened out. These fi ndings will be helpful for identifying genes 
with resistance to PEDV infection and further contribute to genetic resistance breeding for porcine epidemic diarrhea.

Research Biography
Haifei Wang received his PhD degree on animal genetics and breeding from China Agriculture 

University in 2016. Since September of 2016, he has served College of Animal Science and 
Technology of Yangzhou University as a lecturer. His research interests focus on identifying 
genes and genetic markers involved in regulating porcine pathogen infections and clarifying the 
underlying molecular mechanisms.
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Session for Young Scientists

Immune Evasion Mechanisms of Zoonotic Protozoan Parasite 
Toxoplasma Gondii in Mammalian Host 

Hironori BANDO

Assistant Professor

Graduate School of Agricultural Science, Tohoku University

Department of Immunoparasitology, RIMD Osaka University

E-mail: hironori.bando.d4@tohoku.ac.jp

Toxoplasma gondii is a zoonotic pathogen that causes toxoplasmosis, a contagious disease aff ecting most mammals, including 
livestock, wild animals, and humans. Toxoplasmosis in livestock causes miscarriages or stillbirths, resulting in economic damage to 
farmers, and posing a challenge in animal husbandry. Moreover, cases of transmission to humans have recently shown an increasing 
trend annually. Thus T. gondii is now an important pathogen that requires immediate attention, both from animal and public health 
perspectives. However, there is still no vaccine or preventative medicine. Therefore, it is required to promote research on the 
development of novel treatment methods for toxoplasmosis and the elucidation of the host immune responses–parasite interactions 
in host cells. Interferon-γ (IFN-γ) is critical for anti-T. gondii responses in mammalian host, however, detailed mechanisms of 
host immune responses and parasite virulence mechanisms are still unclear. In this study, at fi rst, we showed that IFN-γ induced 
tryptophan degradation by indole-2,3-dioxygenase (IDO1) plays an important role in the IFN-γ-induced anti-T. gondii response. 
Next, we focused on T. gondii virulence mechanisms and analyzed the role of TgGRA15 to suppress IFN-γ-dependent immunity. 
We generated GRA15 deficient T. gondii by Cas9/CRISPR system, and showed that IDO1-dependent anti-T. gondii response is 
inhibited TgGRA15-dependently. We also showed that T. gondii infection indirectly reduces IDO1 protein levels via iNOS expressed 
in hepatocytes stimulated with IL-1β that is produced from infected monocytes in a manner dependent on GRA15. Thus, we have 
demonstrated that iNOS in humans is a pro-Toxoplasma host factor that promotes the growth of the parasite.

Research Biography
Hironori Bando received his PhD degree on Animal and Food Hygiene from Obihiro 

University of Agriculture and Veterinary Medicine in 2013. He belonged to Research Institute 
for Microbial Diseases Osaka University from 2013 to 2019 as a specially appointed assistant 
professor. Since 2019, he has belonged to Tohoku University Graduate School of Agricultural 
Science as an assistant professor. His research interest is to study the immunology of host parasite 
relationships (Immunoparasitology).
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Morphological Variation and Genetic Patterns of Bermudagrass 
along Longitudinal and Latitudinal Gradients

Xuebing YAN

Professor

College of Animal Science and Technology, Yangzhou University

E-mail: yxbbjzz@163.com

This complex environmental heterogeneity coupled with the long-standing history off ers scenarios suitable for and favoring the 
evolution and existence of variation of morphological traits.  Understanding the population genetic pattern and process of gene fl ow 
requires a detailed knowledge of how landscape characteristics structure populations. Geographic patterns in morphological variation 
and ploidy level of 570 Cynodon dactylon (L.) Pers. (common bermudagrass) individuals sampled from 28 geographic sites along 
a latitudinal and longitudinal gradient across China were observed. Genetic diversity and structure within these collections was 
estimated via expressed sequence tag-derived simple sequence repeat (EST-SSR). Considerable variations in morphological traits 
were observed at diff erent longitudes and latitudes. Larger morphological sizes of C. dactylon appeared at the low and high-latitude 
regions, while the leaves of the erect shoot and the internode length enlarged signifi cantly with the collection sites moving from east 
to west. Higher within-population genetic diversity appeared at low-latitude, as well as having positive correlation with temperature 
and precipitation. No isolation by distance and notable admixture structure existed among populations along latitudes, but low 
gene fl ow means a rich genetic diff erentiation among populations of C. dactylon along longitudinal gradient.  The genetic diversity 
increased with the ploidy level of C. dactylon at diff erent latitudes, suggesting polyploidy creates higher genetic diversity. Groups 
of individuals with the same ploidy at diff erent longitudes were separated further away by genetic distance along with the increasing 
ploidy levels. The fi ndings of this study are related to landscape population evolution, polyploidy speciation, preservation, and use of 
bermudagrass breeding. 

Research Biography
Xuebing Yan received his PhD degree on grass science from China Agricultural University in 

2005. He belonged to the Henan Agricultural University from 2007 to 2018 and had experience 
in the USDA Forage and Rangeland Research Lab, in the USA from 2013 to 2014. Since 2018, 
he has belonged to the College of Animal Science and Technology, Yangzhou University as a 
distinguished Professor. His research interest is to study the population genetic diff erentiation of 
grass and the forage processing and utilization.
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Genomic Prediction in Japanese Black beef cattle: some Topics

Shinichiro OGAWA

Assistant Professor

Graduate School of Agricultural Science, Tohoku University

E-mail: shinichiro.ogawa.d5@tohoku.ac.jp

The Japanese Black is a representative of the beef cattle breeds constructing Wagyu in Japan. The beef produced are high quality, 
especially highly marbled (shimofuri), and they are also famous overseas. Carcass traits including the degree of marbling have been 
remarkably improved through use of a low number of elite sires with high predicted genetic abilities (breeding values) for meat 
quality. Breeding values are predicted by using a deep pedigree information and a large amount of carcass performance data of 
fattened progenies. Breeding values for growth performance and feed effi  ciency of young bulls and those for female reproductivity 
of cows have been also evaluated using pedigree information. Recently, prediction of breeding values by using genotype information 
on genome-wide high-density single nucleotide polymorphisms (SNPs) as DNA markers, also called genomic prediction, have been 
studied in Japanese Black cattle. Genomic prediction is believed to have a potential to achieve more effi  cient breeding in livestock 
species. In this presentation, some relevant topics for genomic prediction in Japanese Black cattle, as well as the possibility of 
genomic prediction and the future issues in this breed, will be discussed. 

Research Biography
Shinichiro Ogawa received his Doctor of Agriculture from Kyoto University in 2017 (JSPS 

Research Fellowship for Young Scientists DC2, No.15J02417). Since 2017, he has served 
Graduate School of Agricultural Science, Tohoku University as an assistant professor. His current 
research interest is to explore an effi  cient breeding and selection scheme for Japanese Black cattle 
and pigs.
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The Actions of Orphan Nuclear Receptor RORgamma on Hepatic 
Cholesterol  Metabolism in Piglets

Demin CAI

Professor

College of Animal Science and Technology, Yangzhou University 

Institute of Epigenetics and Epigenomics

E-mail: demincai@yzu.edu.cn 

Time-restricted feeding (TRF) is a dieting strategy based on nutrients availability and diurnal rhythm, shown to improve lipid 
metabolism effi  ciency. Previous study reveals that retinoic acid-related (RAR) orphan receptor (ROR) γ is closely linked to animal 
lipid metabolism.  However, the functional role of RORγ in liver physiology of pigs in response to TRF has not been determined, 
largely due to the lack of functional models and molecular tools. We established porcine liver organoids and subjected them to 
restricted nutrients supply for 10-h during the light portion of the day. Our results showed that TRF regimen did not alter hepatocyte 
physiology but downregulated the hepatic CHO biosynthesis program along with the reduced cellular CHO content in porcine liver 
organoids. Using unbiased bioinformatic analysis of a previous ChIP-seq data and ChIP-qPCR validation, we revealed RORγ as the 
predominant transcription factor that responded to TRF. This was likely through RORγ direct binding to the MVK gene (encoding 
mevalonate kinase) and recruiting the enrichment of co-factor p300, histone marks H3K27ac and H3K4me1/2, as well as RNA 
Polymerase II (Pol-II) at the locus of MVK. Our fi ndings demonstrate that TRF triggers the RORγ-mediated chromatin remodeling at 
the locus of CHO biosynthesis genes in porcine liver organoids and further improves lipid metabolism.

Research Biography
Demin Cai received his PhD degree on animal physiology and biochemistry from Nanjing 

Agricultural University, College of Veterinary Medicine in 2015.  He belonged to Department of 
Biochemistry and Molecular Medicine of University of California at Davis from 2014-2015 as 
a Joint-PhD student, from 2016-2019 as a post-doc fellow and from 2019-2020 as a faculty of 
assistant research scientist. Since 2020, he has served Yangzhou University College of Animal 
Science and Technology as a professor. His research interest is to study the actions of circadian 
rhythm, epigenetics, and orphan-nuclear-receptor-controlled molecular metabolism for improving 
pig growth and health.



� 37

Session for Students

Selection of Wakame Assimilative and Adhesive Lactobacilli and 
Their Genomic Characterization

Binghui ZHOU1,2,3, Leonardo ALBARRACIN4, Yuki MASUMIZU1,2, Yuhki INDO1,2, Mikado TOMOKIYO1,2,3,  

Md Aminul ISLAM1,2,3, Wakako IKEDA-OHTSUBO1,2,3, Tomonori NOCHI1,2,3, Hisashi ASO1,2,3,  

Julio VILLENA4 and Haruki KITAZAWA1,2,3

1Graduate School of Agricultural Science, Tohoku University 
2CFAI 

3C-to-C, 4CERELA-CONICET

Synbiotics, the combination of prebiotics and probiotics, have been considered as potential candidates for antimicrobial substitutes 
in the livestock industry due to their positive effects on gastrointestinal disorders. Wakame, an edible seaweed, has prebiotic and 
immunomodulatory properties and therefore, wakame waste have been proposed to be used in feed formulation as a prebiotic in 
combination with immunomodulatory probiotics (immunobiotics). In order to select wakame assimilating immunobiotics for the 
development of symbiotic feeds, we isolated lactobacilli from the porcine intestine using a component adjusted wakame broth, 
and screened them in vitro for their immunomodulatory properties, adhesion capacities and wakame-assimilative abilities1). The 
immunomodulatory effect of lactobacilli was evaluated in porcine intestinal epithelial (PIE) cells after the activation of Toll-like 
receptor (TLR)-3 or TLR4. The adhesion of lactobacilli to porcine mucin and PIE cells were evaluated by Biacore and fluorescence 
assays, respectively. The pH, turbidity, viable bacterial count and sugar consumption were measured following incubation of 
Lactobacillus strains in the enzyme-treated wakame medium. A total of 116 lactobacilli strains were isolated, 8 of which were 
selected for further research because of their differential immunomodulatory abilities. The 8 strains showed different adhesion 
abilities to porcine mucin and PIE cells. No correlation between the immunomodulatory and adhesion capabilities were found. The 
sequencing of the complete genome of the 8 strains and the genomic analysis revealed that immunomodulation and adhesion depend 
on the combination of several cell-surface bacterial factors acting simultaneously on the intestinal cells of the porcine host2,3). All 
lactobacilli were able to utilize saccharides in enzyme-treated wakame. Wakame improved the survival of lactobacilli in simulated 
gastric conditions. The synergistic combination of the immunomodulatory effects of wakame and lactobacilli selected in this work 
could be used as a highly efficient functional feed to improve immune health status in pigs. 

1) Masumizu, Zhou et al., Microorganisms (2019). 
2) Zhou, Albarracin et al., Microbiol. Res. Announc. (2020). 
3) Zhou, Albarracin et al., Microorganisms (2020).
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Short-chain Fatty Acids Regulate the Immune Responses via G 
Protein Coupled Receptor 41 in Bovine Rumen Epithelial Cells

Tianyu YANG1,2, Kang ZHAN1,2, Xiaoxiao GONG1,2, Yinyin CHEN1,2, Maocheng JIANG1,2  

and Guoqi ZHAO1,2

1Institute of Animal Culture Collection and Application 
2College of Animal Science and Technology, Yangzhou University

The rumen immune system often suffers when challenging antigens from lysis of dead microbiota cells in the rumen. However, 
the rumen epithelium innate immune system can actively respond to the infection. Previous studies have demonstrated G protein-
coupled receptors 41 (GPR41) as receptors for short chain fatty acids (SCFAs) in human. We hypothesized that SCFAs, the most 
abundant microbial metabolites in rumen, may regulate the immune responses by GPR41 in bovine rumen epithelial cells (BRECs). 
Therefore, the objective of study was to firstly establish an immortal BRECs line and investigate the regulatory effects of SCFAs and 
GPR41 on innate immunity responses in BRECs. These results showed that long-term BRECs cultures were established by SV40T-
induced immortalization. The concentrations of 20 mM SCFAs significantly enhanced the levels of GPR41, IL1β, TNFα, chemokines, 
and immune barrier genes by transcriptome analysis. Consistent with transcriptome results, the expression of GPR41, IL1β, TNFα, 
and chemokines were markedly upregulated in BRECs treated with 20 mM SCFAs by qRT-PCR compared with control BRECs. 
Remarkably, the GPR41 knockdown (GPR41KD) BRECs treated with 20 mM SCFAs significantly enhanced the proinflammatory 
cytokines IL1β and TNFα expression compared with wild type BRECs treated with 20 mM SCFAs, but reduced the expression of 
CCL20, CXCL2, CXCL3, CXCL5, CXCL8, CXCL14, Occludin, and ZO-1. Moreover, GPR41 mRNA expression is positively 
correlated with CCL20, CXCL2, CXCL3, CXCL8, CXCL14, and ZO-1. These findings revealed that SCFAs regulate GPR41-
mediated levels of genes involved in immune cell recruitment and epithelial immune barrier and thereby mediate protective innate 
immunity in BRECs.
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The Effects of Heat Stress on the Immune Function and 
Morphological Structure of Avian Gut-associated Lymphoid Tissues

Ryota HIRAKAWA1,2, Motoi KIKUSATO1,2, Siti NURJANAH1,2, Kyohei FURUKAWA1,2,  

Mutsumi FURUKAWA1,2, Katsuki USAMI1,2, Kan SATO1,2, Masaaki TOYOMIZU1,2  

and Tomonori NOCHI1,2

1International Education and Research Center for Food and Agricultural Immunology 
2Graduate School of Agricultural Science, Tohoku University

High ambient temperature increases susceptibility to infections caused by enteric pathogens, such as Salmonella spp. in broiler 
chickens. Among numerous factors involved in immune activation and regulation, secretory immunoglobulin (Ig), especially IgA, 
has been known to play a key role in the gastrointestinal tract in protecting the tissues from pathogen-medicated functional disorder. 
However, knowledge of the effect of heat stress (HS) on the gastrointestinal Ig production in chickens remains obscures. This study 
investigated the immune function and morphological structure of cecal tonsils and cecal patches, both of which are composed of 
lymphoid follicles, in broiler chickens reared under either thermoneutral (24.5°C) or HS conditions (34.5°C). Our results revealed that 
both cecal tonsils and cecal patches displayed severe depression of Bu1+ B cells and CD3+ T cells including CD4+ T cells and CD8+ 
T cells in the HS conditions. HS also caused a hypoplasia of germinal centers in cecal tonsils, wherein mature B cells differentiate 
into plasmablasts undergoing Ig class-switching. In contrast, such morphological structure necessary for B cell differentiation 
was maintained adequately in the cecal patches even under the HS conditions. Due to the resistance of cecal patches to HS, the 
production of IgM, IgA and IgY in the gastrointestinal tract of heat-stressed chickens was sufficiently sustained at same level as those 
of thermoneutral chickens. These findings suggested that the breeding and/or feeding strategy to preserve the immune function and 
morphological structure of cecal patches may be useful to maintain the health of chickens in the HS conditions.
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Identification of Predictor Genes of Feed Efficiency in Beef Cattle 
by Applying Machine Learning (ML) Methods to Multi-tissue 

Transcriptome Data

Weihao CHEN1,2, Antonio REVERTER2, Yutao LI2 and Wei SUN1

1College of Animal Science and Technology, Yangzhou University 
2CSIRO Agriculture & Food, Queensland Bioscience Precinct

Machine learning (ML) methods have shown promising results in identifying candidate genes when applied to large transcriptome 
datasets. However, no attempt has been made to compare the performance of combining different ML methods together in the 
prediction of high and low feed efficiency (HFE and LFE) animals. In this study, using RNA-seq data of five tissues from 18 
Nellore bulls, we evaluated the prediction accuracies of five analytical methods in classifying animals according to their feed 
efficiency potential. Of five methods, the two-step ML method combining RF and XGBoost (RX), identified the smallest subsets 
of potential predictor genes across all tissues with the highest classification accuracy for 9 HFE and 9 LFE animals. Besides, genes 
identified by the RX, there was a correlation between the gene’s prediction ranking (“Gain” values) and its relevance to the networks 
(“Betweenness”), reflecting a key biological role to the phenotype. When comparing co-expression gene network differences 
between LFE and HFE groups from the RX, the number of connections between genes with maximum expression in skeletal 
muscle represented the biggest change between HFE and LFE networks. This indicates more FE related pathways activated in HFE. 
The results demonstrate a great potential for applying a combination of ML methods to large transcriptome datasets to identify 
biologically important genes for accurately classifying FE samples.
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Session for Students

Identification of the Mechanism Responsible for Maternal IgA 
Secretion That Depends on the Gut Microbial Stimulation in Peyer’s 

Patches

Katsuki USAMI1,2, Kanae NIIMI1,2, Mutsumi FURUKAWA1,2, Saeka UCHINO1,2, Kouichi WATANABE1,2,  

Hisashi ASO1,2 and Tomonori NOCHI1,2

1International Education and Research Center for Food and Agricultural Immunology 
2Graduate School of Agriculture Science, Tohoku University

Improving breastfeeding quality increases mammalian health across generations. Although the interorgan network among distinct 
tissues has been implicated in maintaining essential behaviors, including breastfeeding, most details remain unknown. We discuss 
the essential role of Peyer’s patches (PPs), a secondary lymphoid tissue in the small intestine, in breastfeeding. Specifically, PPs 
constitute an important source of plasma cells, recruited from the mammary glands, to produce maternal IgA, which is transferred 
from the mother to the offspring through breastfeeding. A more significant advance in this study was that limited intestinal 
microorganisms belonging to Bacteroidales were identified as essential bacteria in the gastrointestinal tract for stimulating the 
immune functions in PPs to produce maternal IgA in milk. Our results provide significant insights into the development of novel 
strategies for transferring sufficient amounts of maternal IgA to the next generation via breastfeeding.
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Establishment of Evaluation System of Porcine Intestinal Barrier 
Integrity and Preliminary Screening of Candidate lncRNA Related 

to Intestinal Barrier

Weiyun QIN, Haifei WANG, Zhengchang WU, Shenglong WU and Wenbin BAO

College of Animal Science and Technology, Yangzhou University

Intestinal barrier damage is one of the important factors in leading to diarrhea and intestinal inflammation in piglets. In order to 
screen candidate lncRNAs involved in PEDV infection through intestinal barrier, a total of 43 Duroc×Landrace×Yorkshire 8-day-
old ternary crossbred pigs were used in this study, which included 28 diarrhea piglets and 15 normal piglets. Firstly, the pathogeny 
was identified by RT-PCR, and then the intestinal barrier function was evaluated by D-lactic acid- and DAO ELISA, HE and AB-
PAS stainning, scanning electron microscopy and transmission electron microscopy observation. Based on this, lncRNA-seq was 
performed using the confirmed phenotype of diarrhea piglets. 112 differentially expression lncRNAs were identified and we locked 
XR_002344446.1. lncRNA expression increased in intestinal mucosa after PEDV infection and mainly localized in the cytoplasm 
by FISH assays. Functionally, knowdown of lncRNA using siRNA in IPEC-J2 cells significantly increased their susceptibility to 
PEDV infection, Furthermore, we observed that lncRNA interference decreased the intestinal mucosal permeability and destroyed the 
connection of tight junction. Mechanistically, by using biotinylated-lncRNA probe to perform RNA pull-down assay in IPEC-J2 cells, 
we identified cytoskeletal proteins was abundantly pulled down by lncRNA in IPEC-J2 cells. In conclusion, we speculated lncRNA 
regulates tight jucntion through binding cytoskeletal proteins, the connection between lncRNA and cytoskeleton proteins was broken 
when PEDV enters the intestine, resulted in the disruption of the tight junctional distribution of ZO1 to the intracellular localization.
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Evaluation of Testicular Toxicity By Sperm Epigenetic Status

Kazuya SAKAI, Kenshiro HARA and Kentaro TANEMURA

Graduate School of Agricultural Science, Tohoku University

Testicular toxicity is a frequent adverse effect of the surrounding environment such as temperature, radiation, and environmental 
chemicals. However, there is no effective biomarker to detect testicular toxicity noninvasively. To find new biomarkers, we focused 
on epigenetic factors in the male germline. In this study, we investigated changes to sperm DNA methylation and sperm RNA 
profiles in mouse models of testicular toxicity induced by doxorubicin (DXR). We established mouse models of early-stage testicular 
toxicity and testicular pre-toxicity by the administration of 0.2 mg/kg and 0.02 mg/kg DXR, respectively, twice weekly for 5 weeks. 
Histological analysis showed sparse abnormalities in testicular tissue; however, western blotting analysis revealed reduced testicular 
expression levels of DNA methyltransferases Dnmt3a and Dnmt3b in both DXR-treated groups. Interestingly, comprehensive 
sperm DNA methylation analysis using Methyl-CpG binding domain protein-enriched genome sequencing (MBD-seq) revealed 
that hypomethylation was the most frequent change induced by DXR. Moreover, in sperm RNA-seq analysis, we found that some 
differences in RNA contents between DXR-treated and untreated groups. These findings suggest that sperm epigenetic factors may be 
used as an early diagnostic marker for testicular changes not detected by conventional toxicity analysis.
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 Genetic Diversity and Population Structure of Bermudagrass 
[Cynodon dactylon (L.) Pers.] along Latitudinal Gradients and the 

Relationship with Polyploidy Level

Jingxue ZHANG1,2, Miaoli WANG1, Zhipeng GUO1, Yongzhuo GUAN1, Jianyu LIU1,  

Xuebing YAN2 and Yuxia GUO1

1College of Animal and Veterinary Science, Henan Agricultural University 
2College of Animal Science and Technology, Yangzhou University

Understanding the population genetic pattern and process of gene flow requires a detailed knowledge of how landscape 
characteristics structure populations. Although Cynodon dactylon (L.) Pers. (common bermudagrass) is widely distributed in the 
world, information on its genetic pattern and population structure along latitudinal gradients is limited. Genetic diversity among 
different ploidy levels was also compared in the study. The material used consisted of 296 C. dactylon individuals sampled from 
16 geographic sites from 22◦350 N to 36◦180 N. Genetic diversity was estimated using 153 expressed sequence tag-derived simple 
sequence repeat (EST-SSR) loci. Higher within-population genetic diversity appeared at low-latitude, as well as having positive 
correlation with temperature and precipitation. The genetic diversity increased with the ploidy level of C. dactylon, suggesting 
polyploidy creates higher genetic diversity. No isolation by distance and notable admixture structure existed among populations 
along latitudes. Both seed dispersal (or vegetative organs) and extrinsic pollen played important roles for gene flow in shaping the 
spatial admixture population structure of C. dactylon along latitudes. In addition, populations were separated into three clusters 
according to ploidy levels. C. dactylon has many such biological characters of perennial growth, wind-pollination, polyploidy, low 
genetic differentiation among populations, sexual and asexual reproduction leading to higher genetic diversity, which gives it strong 
adaptability with its genetic patterns being very complex across all the sampled latitudes. The findings of this study are related to 
landscape population evolution, polyploidy speciation, preservation, and use of bermudagrass breeding.
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