SHBFIRAZTERBEEX(CEAITIAEMARERRKS 2021F12H1H (K)

WF?‘%&WL&%MWF%\H

~ 4 - ROPEMGTEIEDORE ~
(%?%ﬁgh?l&%%ﬁ?ﬂ‘ﬁ&%%ﬂ%>

REXE- RERGSENHEHER - EBEYE
ERH &2



Sk
f;“”".’”'f:“! =1
' ol £! %
T
2

HELEDZIF L AT L EMRIRTE

N
J BT ®
gy X
XK or YRBHF “ (k)
S¥E >
B
XY

@ b

X EEDH

HEDEIEHRTHARFNAT HELRBRICELST,
SN O HETRESND.




HELBA DB FR RS & 1ER BN

4
1 4R
(2n) ‘
— REE B
(2n) a%
‘ %@,1715;&75\
(n) |
3 aepun " MAPRIZEIE (T D)

ELT R u “ MRNAWAU N BEEZITIET
. ZHE
' *E;%Eﬂﬂ@ . @ . R mzen

X XEE K

KU



@rex%
LA DG F I ohas L ERBIK

'l
¥ 28 4R NETHDTER
oy ZLDBILIEIHBNT, MR AL 1642,
— RFE R @
(2n)
/A" X¥5 4R & Y¥E FHmBa D $BaRs (<,
; Paln] % “I wy oS S 2 IS
T MERARSZERE (T v ) AEL
(n) G

u “ MR TE NV ENEFEEND

= XYL AR DA N |72

**%%Hﬂ’a;:@ . @ . S

XFEFEYRFIEEHELMN,

% % % % mElE BLZELAZEIT D
(n)



Elj
K
il
N

RY o EH

T RERTEENA TSR

79 FiERFTALRR

I

337 V|

\u
|
i
g ao K
HY o = L5
< A
¥ g
X = =
:___ln_/hw ._._._ll_mm
S 1~ ™
e 75 & 0
i 38 = - M
e~ 1) < .IV._h._.—m
nT X
™ O\
o o
S S
>

A

— I\TYF

1%

/

C & arget

P

) —
%
N

(%

IO TN R

0

I L\ ERRE ]
BSB*E

REFRE

HMIF K EER S VH

IR A QR FR TN SR 0 18 NACHKQH I \OQIIEBY° MR-
NQEELWE O P DS <H  HUBRERCE 0 | BB NS VE
BEEHGUE R 0 BRI R .ﬁﬁé EHOLTEER LA NERSVXNNE
QI DN & R BELNVAHL KIE | KOERRENNCHN

K HERNDEHEERUT oo L (TR
WA SRR O LEEN

(LRI SRIBONNIRMAV
L0060 T
T WP IEEEDE
HDRIEDE L)

MR kR

EGTAE DT
J=IVEMA T
RmEER CLE
&
MREEET S

#RO°
EEIBERIIMO
= (HRANRD -
LUNEE) ANk
N—QNERWENR
Y QO TRERE
SRRANDINTRNRE
ML O VEEN- B REIX

2

N -

BFOBENEL
BERLIC< LY

1=
b3
i
S
&
B

TRE

FEJOKEIS

RENNCREIKSUR | RV O UK
OEMIEKOM 5101 | IS KREKaEX
| SRR\ D\ — SR
BBV P<HHECHE
DN BRI
HBVBHENC W0
BEOHOLL QORI | L-TLE#ENRAR
REEN- L ENIRBUVE | B4 D42° BKHIAVM
] LRI04
NE-CEIEER TS
BEHAHERR® &
3 EARB R\ B |
BV IHRESV S
$5° cRRIEKEY
i’ R RO
SEMIREON 5N
10" HtRERRVI ] RNONKEEHKN

VIKHRIES AR Ml | IKIBEEN 1 A00<HIBEE | DAV QSO SR
KL O IoERE- ﬁﬁﬁ@ﬁ?ﬂ@\_éfmﬁﬁ%éﬁﬁ% AV
|

SREDPTELH | KINBUNY DEREY | EERRIE O
P PR !
ﬁﬁxmgmém%@&%ﬁ

=
KRR RRERES | W O ORIHIVER | €8 0 VOV IIERK
O KIKHEOROR | REMQ® BRRORE

RIERSR0R R
REQP LR O RE | MURMNUNLIORE | ERIENEK O 207 B |-

HEEEIPENIN—N P A [mEUOVPORDLE 1R
SROORERENEY  ( ,  RIOUDERWES B< (e
OUMBRCH NES| MRS BESWE0UREED 02
1o (2 2-m wze Tl wEme e v 2
DIAPKIENRERE O BEOPIAINTORLD 101
O A< AP YO i
NEIMER (RN B il
TR T b SmE
AV HIERTS [ A
<P VROVKIRE Q) | e <40l
040 Ao

BT QYN m o =
PE Bl R AN} .H_.T JRTE ]
— NI T A
MEQEHN [Xb—20 <% O
Kiweieey) vgo T e
W A 0

JEEPE BRI g seR

BEEHE 200910828



N
& ¥

E\'
{3

FONBIRT W

BIRFIRE (fH) TICEWT, XREEODFEITIKEFLE
XIEFEYRFRIDEEENEEN LD TEHZELM?

TP bR 3¢ D I HEME

HEIRIBIE T T, EEMICHELILX/YBEFEHHMTE,
FNIZK BDMHEEHASS ITHARETIX A LVA?




KARDRA S TO—
7

= VAR gL EET
(RNA) D fEE
______ BEFOHEEREHE
ERARD(TIELY)
BE &N &L 5] l
X248 (K B E D& F 581K
492 EI&F

l

2R RELY—) DEGFEER
18 EI5F

l

l

Sp56IE T4 FE FHfa

U (T E KA

Sp564/\UE

Sp56[5 T4 rEFHlAa
(TVyDiEKRE)

IxFHERF D
A= |

CDIILBHRIIR/NNI—DIEHECFERER
(Sp56l&EFEFHENDSBF M THMEELTSEEF)



€@rsxx

BEICHRITHXEERAKABRX TLRTOBE

I
BFIZBITATLRTOBTE

108

100 o P

80
] 10+
?_ 60 «
: :
E’ 40 = .l
na_) 2

20

> 10
10" 10" 10" 100 10" 10" 10’ 10
TLR7-A Acetylated Tubulin-A

100 ~
E - ale 3| — N
5 80 FHOBEFICTLRIAHRIRS S
(7]
Y— 60 .
s |
8 40 -
s o XFEFEYFRTFTELGDS
=7 B8 BERE

Tubulin * Tubulin *
TLR7* TLR7-




TLR7&ETLR8E (&
]

Triacy! Imidazoquinolines ,
" NG dsRNA sSRNA Flagetin

Diacyl CpG DNA Profilin-like protein
lipopeptide LPS Hemozoin Urcpathogenic bacteria

l

TLR1 TLR2 TLR2 TI.RB TLR3 TLFM TLR7/8 TLRQ TLRS TLR11

@ @ @

a \/

Inflammatory cytokines Inflammatory cytokings Inflammatory cytokines  Inflammatory cylokines Inflammatory cytokings
Type | IFN Type | IFN

Kawai and Akira, Cell Death & Differentiation
volume 13, pages816-825(2006)

TLR7ETLRSIE, #REAE UMERLE) IZHBTEL, RNADAIILRAZRHB T HZEIF



TLR7/8% ;&1L 3 B EFKIDHE
Il

XFEFIZTLR7ETLRSMEFEET HEFHEA ﬁ aJL

»

+EE N )
MTLR7 & TLRSIX, ATPREE % Hifkl7 %
QK+ 0iEIIL, ATPEAER

TLR7 &£ TLR8ZHI:# 9 5 Xl
(DAVE) IT&KY, X¥BF

ORI, EHICHS ST EHATS (TAEIEL, kBRI 57
BER &g

/\/\/ /\/\/ -

D @X Q\ EEET

- 7 Q\ » — (V&P
o | | :

= BES

(X¥&F)

® I TLR7/8DYAHVF



AL FRMIZK BB FESREANDS

The number of
sperm per 200 motile sperm

= = N
o a1 o
o o o
I I I
Sk

VAP (um/sec)

i

||]| *
1 AEREWRRRIINEY 724K’ o o“om

a
o
I

Control

90 -
80 A
70 A
60 -
50 A
40 A
30 A
20 A
10 ~

VAP (um/sec)

m Control
0 R848
2 R837
*
T
50-100 100-150 150 -

TLR7ETLR8ZRIE T 5 EF9F D FEF T,
BEEHEEMNMETL, TNOAEETS



€ =2x*
0 I £

TLRTETLR8Z R T 5 & LEICYFREF, TRICXBEFICHEESIND
|

100% - *
o] WX DY [ x
M 80% ] .
é 70% -
é 60% -
50% - L
Hu:
% 40% -
I 30% -
H 20% - ;

Control R848 R837



Qe £ N

W EE A TIEDRRE
=

SR 103
?\/\/ /’\/\/-
@x ﬁ\f i sﬁiﬁ?
. ’i " w goan
A | REET
(X¥&F)

® I TLR7/8DYH YV F

XFEFEYRFOHEEEZHRA T &5 Z B i B 4 1 5%
O THZEHIZ ST A D FHF




i JA -

TLR7/8MIBFEFZF ALV =< O XK 25

|
& 451 295 HE 0D i e b =2 5 SRE-EBEIC L >TEEN-EF
» 100% -
S 0% { s
x 80% | - M
< 70% -
& 60% - T
G 50% -
c 40% -
S 30% -
o 20% -
£ 10% - i
0% . . .
IVE rmmT TEET
&L
BEN ORI T EA D TEHFRERFELL




@pl_os | BIOLOGY

BROWSE PUBLISH ABOUT SEARCH Q
FIFTEENTH ANNIVERSARY

advanced search

August 13, 2019

Choosing Offspring Sex: Easier with Two-Speed Sperm

Takashi Umehara, Natsumi Tsujita and Masayuki Shimada show that Toll-like receptors TLR7

and TLR8 are encoded by the mouse X chromosome and expressed in X-containing sperm but

not Y-containing sperm. TLR7/8 ligands suppress the motility of X-containing sperm, allowing

>80% enrichment for male or female offspring. iliage ciediC Eckr tsQraigys Technlogy
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time in major breakthrough
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Changing sperm speed can
influence offspring’s sex, mouse
study suggests

By Eva Frederick | Aug. 13,2019, 2:00 PM
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A simple sperm-sexing method that activates
TLR7/8 on X sperm for the efficient production
of sexed mouse or cattle embryos

PROTOCOL

Takashi Umehara', Natsumi Tsujita', Zhendong Zhu', Moeka lkedo? and Masayuki Shimada®'™

The preferred sex of livestock differs among breeders; for example, dairy farmers prefer female calves for the production
of milk, whereas cattle meat producers often prefer males. Sexing of laboratory animals is also beneficial in some research
fields, including reproductive biology and metabolic studies. Most sexing methods separate X sperm and Y sperm with a
cell sorter. Here, we describe a in which tr with the TLR7/8 ligand (R848) separates X sperm from
Y sperm. Because this protocol does not require any special equipment or professional skills, it can be easily applied in
laboratories where in vitro fertilization (IVF) is performed. The sperm are treated with 0.03 pM R848 in 1 mL of modified
human tubal fluid (mHTF) medium (mouse sperm) or 3 mL of mHTF medium (bull sperm) for 60 min, and then the upper
layer (400 pL in mouse sperm or 1 mL in bull sperm) and the precipitate are separately collected. After each sample is
washed by centrifugation, the sperm are suspended in ligand-free IVF medium and can then be used for IVF. More than
90% of the embryos made with upper-layer sperm are XY in both mice and cattle, and >80% of the embryos made with
precipitated sperm are XX in both species. Separation of X sperm and Y sperm for IVF can be completed within 2 h.

Introduction

Choosing the sex of mammalian offspring is important in both industry and science’”., In agriculture,
production characteristics are often sex linked, and there are economic benefits if producers can
predetermine sex. For example, dairy farmers prefer female calves for the production of milk, whereas
cattle meat producers often prefer males because the price for male cattle is generally higher than that
for heifers, because steers have superior growth”. Thus, sexing is an important tool for the efficient
management and production of livestock.

Choosing sex is also beneficial in a research context when conducting experiments on mammals.
Reproductive researchers generally focus on either the male or female reproductive system.
Researchers focusing on metabolism and behavior mostly use males, because female phenotypes are
easily changed by hormonal fluctuations of the estrous cycle. The gene-targeting CRISPR-Cas9
technique is frequently used in basic research fields’. However, to assess the functions of genes in each
organ and/or at a specific developmental stage, Cre/LoxP technology is now the more beneficial tool”.
The production efficiency of loxP homozygotes (lox/lox) with Cre is 25% because heterozygous
(lox/+) females/males with Cre are mated with male/female homozygotes (lox/lox) without Cre. Thus,
organ-specific gene-targeted mice of each sex are generated in only 12.5% of cases. Therefore, 8 to 9
pups are required to obtain one experimental animal of the correct Implementation of an casy
and efficient sexing method for laboratory use would benefit both the livestock industry and the
scientific community.

Alternative methods

In mammals, sex is determined by the sex chromosomes, the X chromosome and the Y chromosome.
Handyside et al.” developed a method to determine the sex of human preimplantation embryos by
detecting the Y chromosome with a polymerase chain reaction (PCR). Bradbury et al.” applied
this method to mice, determining embryo sex and transferring embryos of the desired sex.
This method has now been used in multiple species, including cow®, ewe’ and sow'’. However,
this method is not useful for broad-scale applications in livestock or the scientific field because of the

"The Research Center for Animal Science, Graduate School of Integrated Sciences for Life, Hiroshima University, Higashi-Hiroshima, Japan. 20ita Prefectural
Agriculture, Forestry and Fisheries Research Center, Bungo-Ono, Japan. ®e-mail: mashimad@hiroshima-u.acjp

NATURE PROTOCOLS | VOL 15| AUGUST 2020 | 2645-2667 | www.nal /nprot 2645
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