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⚫ Reproduction is the biological process in which a child (next generation) is
born from parents”.

⚫ The ability of reproduction is called as Fertility.

The process of multiplication is called as 
“Reproduction”

Reproduction system

Asexual
(Parthenogenesis)
✓ Microorganisms, lower animals
✓ Protozoans, Sponges, Coelenterates, 

✓ Certain worms and Tunicates

Sexual
(Male & Female)

Higher animals

Multiplication of Animal



Reptiles Mammals

Sex determination

Temperature at hatching

decides their sex
The sex chromosomes

decides their sex



Mammalian sex chromosomes

No.of bp
15,000（human）

No. of genes
1,000（human)

Functional genes
• Androgen receptor
• Glucose-6 -

dehydrogenase
• etc…

No. of bp
5,000（human）

No. of genes
78（human）

Functional genes
SRY, etc...

X chromosome
Y chromosome

♂

♀

X Y

X X

Hetero（XY）→male（♂）
Homo （XX）→female（♀）



♂

♀

X Y

X X

oocyte

sperm

meiosis

X-bearing oocyte

受 精
Each type of sex chromosome, X or Y in sperm

decides sex of embryo

XX

XY

X-bearing sperm

Y-bearing sperm

fertilization

Gametes generation and Fertilization
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Sex ration of pig AI using
frozen-thawed semen

Large

variation

Our unpublished data of pig artificial insemination using frozen-thawed semen

Liquid

semen
Frozen-thawed

semen

estimating that

1. Sperm have potential different functions

between X-sperm and Y-sperm.

2. The different functions are masked

under the physiological condition to

keep the 50:50 male and female ration.

3. The unphysiological environments

appear the potential differences to

change the sex ration.

Finding the potential differences between X-sperm

and Y sperm and setting the limited environments

to appear the differences would

“enable to develop the simple sperm sexing

method”.

Academic Question

Possibility of technological development



Strategy to find potential different functions between X-sperm and Y-sperm

sperm

Total RNAs
Transcriptome analysis

X

Select genes encoded by X-

chromosome

X-Linked receptor Gene

Short name FPKM

Pgrmc1 2.30

P2ry10 1.63

Il2rg 1.59

Tlr8 0.43

Ar 0.37

Tlr13 0.36

Il13ra1 0.34

Htr2c 0.31

Gpr174 0.28

Cysltr1 0.26

Tlr7 0.25

Gria3 0.20

Gpr34 0.19

Gabra3 0.19

Gabre 0.15

Gpr64 0.13

Il13ra2 0.12

Eda2r 0.12

Candidate proteins expressed

in the number of spermatids
Select genes

encoding receptor
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TLR7 was selectively expressed in X-sperm

TLR7 is expressed in only 

X-sperm



What is TLR7?  ~TLR7 is a member of toll like receptor family~ 

Kawai and Akira, Cell Death & Differentiation

volume 13, pages816–825(2006) 

TLR7 is receptor to recognize RNA virus.



The stimulation of TLR7 suppresses ATP production in RNA virus infected cells

TLR7 was expressed in X-sperm

+ known information
① TLR7 suppresses ATP production

② Sperm motility is dependent on ATP

③ Sperm swims up against gravity

Stimulation of TLR7 causes 

X-sperm to stop motile and 

the immotile sperm  would 

be precipitated.

Evidence-based hypothesis

Before incubation Stimulation of TLR7 with agonist

TLR7 agonist

Motile Y-sperm

Immotile X-sperm



All of live sperm show high motility in upper layer



Live sperm stop their motility after the treatment with TLR7 agonist 



IVF using separated sperm by the treatment with TLR7 agonist



• Pocking the sex of a baby one step closer as scientists separate X and Y-chromosome-

carrying sperm: The implications would be colossal,  “Newsweek”, Aug 13th, 2019 

• Sperm separation method may allow gender selection in IVF, “The Guardian”, Aug 13th, 2019

• Changing sperm speed can influence offspring’s sex, mouse study suggests, “Science”, Aug 

13th, 2019

• Scientists unlock secretes of gender within sperm for first time in major breakthrough, “The 

Telegraph”, Aug 13th, 2019

• Scientists find way to distinguish male sperm from female, which may allow couples to 

choose IVF boy or girl, “INDEPENDENT” Aug 13th, 2019

• Japanese scientists find simple way to choose sex by separating sperm, 

“CHINADAILY.com.cn”, Aug 14th, 2019

• Sperm can “EASILY” be separated into male and female as scientists warn the “concerning” 

breakthrough could lead to a gel for at-home sex selection, “Daily Mail”, Aug 14th, 2019





Develop own basic research into practical research 

Social issues in daily industry (farms)

Stimulation of TLR7 expressed in 

X-sperm reduces their motility

Our scientific findings

• Milk is produced from cows

(female cattle).

• Increasing dairy production

requires increasing the number

of cows (female cattle)

FAO of the United Nations released a study on

the impact of dairy development on poverty

reduction.

We are working on a low-cost bovine sex selection technique for 

smallholder farmers in India using a new sperm separation technique 

we developed. 

The simple sperm sexing method is seen to improve the income of 

smallholder farming families by increasing the numbers of their 

dairy cattle that can boost local dairy production.



In livestock animals, TLR7 is only detected in X-sperm

The half of sperm are TLR7 positive sperm in bull and boar sperm

Boar sperm Bull sperm

% (TLR7 positive) % (TLR7 positive)





Take home message

~ science and technology solve social issues and achieve a smart society ~

<Novel findings>

TLR7 was expressed in X-sperm

+ known information
① TLR7 suppresses ATP production

② Sperm motility is dependent on ATP

③ Sperm swims up against gravity

The functional difference 

between X- and Y-sperm. 

We firstly proved

Furthermore, based on the difference in the responsible ability of X and Y sperm 

to TLR7 agonist, we clarified the conditions for precipitating only X sperm.

but also contributes to raising the

income of small-scale dairy farmers

in developing countries.

This scientific achievement 

not only enables sustainable 

dairy production,



Graduate School of Innovation and Practice for Smart Society 
(Established in April 2023)

In April 2023, Hiroshima University will launch a new graduate degree program,

Graduate School of Innovation and Practice for Smart Society

to foster human resources who can design and develop systems

and technologies to achieve a smart society to flexibly respond to

social issues among diverse human societies from the range of

the entire earth to local communities.



https://www.hiroshima-u.ac.jp/en/smart_society

Please search for “Hiroshima University” 

and “Smart Society”

Let's study and research together at 

Hiroshima University, 

to solve the world's social issues through 

science and technology,

and realize a smart society.


