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BXERIEBIRERF T EE 7 SEIFTBRERBARRE,
HEl , —RANERAERBINREREETETO6X !
(1) XYR
(2)ZWE!
(3) XOR!
(4)ZOR
(5) SRR Eit
EIEXIXIX2X2/XIX2YEY, W1W2Z/ZZBY, XY1Y2/XXBIZ,
(6) BREMRE .
R AIERAFERERIT IRELGREN , HaTsEEE
HERBINRE , fIINHSE,

(Penman D J, et al., 2008)

INDUSTRY NAME 6



RE&RREBHRBSHISHE , KSHBRPERBHSERBIER
SLTEXS.

% Almeida-Toledo 0 Foresti ( 2001 ) 3900 fhfvis /K BRI TIHRAME T
32(2J4%)FhESSE BRI DL,

# Nagahama (2002)331700f & ZSHTHIBEEFEE , RMREL0%LATE
SRS EEESR.

(Ocalewicz, etal., 2004)

Chromosomes of androgénetic rainbow trout after PRINS with telomere primers.
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species genotypes References
Medaka (Oryzias latipes) XX/XY Aida (1921); Matsuda (2005)
Rainbow trout XX/XY Thorgaard (1977)
(Oncorhynchus mykiss)
Guppy (Poecilia reticulata) XX/XY Nanda et al. (1990, 1992,1993)
Tilapia XX/ XY Baroiller et al. (2009)
Channel catfish XX/XY Tiersch et al. (1992)
(Ictalurus punctatus)
African catfish XX/ XY Kovacs et al. (2000)
(Clarias gariepinus)
Atlantic salmon (Salmo salar) XX/XY McGowan and Davidson(1998)
Three-spined stickleback XX/XY Griffiths et al. (2000)

(Gasterosteus aculeatus)

Nile tilapia XX/ XY Ezaz et al. (2004)
(Oreochromis niloticus)
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species genotypes References
Chinook salmon XX/ XY Brunelli and Thorgaard (2004)
(Oncorhynchus tshawytscha)
Triacanthus brevirostris XX/XO Choudhury et al.(1982)
Blue tilapia WZ/77 Campos-Ramos et al. (2001)
(Oreochromis aureus)
Leporinus obtusidens WZ/77 Nanda et al. (1992)
Pufferfish (Takifugu rubripes) WZ/7.7? Cui et al. (2006)
Leporinus sp. WZ7/77 Solari (1994)
Lepidocephalichthys guntea WZ7/70 Sharma and Tripathi (1988)
Eigenmannia sp. X1X1X2X2/X1X2Y  Almeida-Toledo and Foresti (2001)
Platyfish XX, WX/ WY; Kallman (1984)

(Xiphophorus maculatus) XY/YY
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Gene Protein Function
* Sfl Nuclear receptor
* Sox9 Transcription factor

HEPEE 7 R E

* Amh Hormone

* Dax1 Nuclear receptor

* Dmrtl Transcription factor
* Wnt4 Signaling molecule
* FoxL.2 Transcription factor ﬁﬁ‘l‘i‘l&?ﬂj{j{%

* Cyp19 Transcription factor
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OPEN & ACKESS Fredly availsble snline PLoS

A Trans-Species Missense SNP in Amhr2 Is Associated
with Sex Determination in the Tiger Pufferfish, Takifugu
rubripes (Fugu)

Takashi Kamiya'®, Wataru Kai'™, Satoshi Tasumi'>, Ayumi Oka, Takayoshi Matsunaga, Naoki Mizuno',
Masashi Fujita', Hiroaki Suetake?, Shigenori Suzuki®, Sho Hosoya', Sumanty Tohari®, Sydney Brenner”,
Toshiaki Miyadaf’, Byrappa Venkatesh®, Yuzuru Suzuki', Kiyoshi Kikuchi'*
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Abstract
mes sex cramosome hive euoed Fdepsrdercy i wrtous Ineages of wietries Such cex hromotome
s aen cortan (SD) gene.
thatthese il fer acquiring the SO gene.
a, Inkage and assocrion macpina o o Tokfi ubrpes), we show hat a SN (C) i the -
Tl E T T e T i e changes
mﬂ#\snw e inae domsin. Whi fciales e hiamossgous (HISUEN) maesae heterceygous. Sox
in fugu is most llkely dstermined By 3 combination of the twa allles of Ama. Consistent with this modl, the medaka
hotel mmant camying 3 subsaution in the kinase domain of A2 cases 3 female phenatype. The assodation of the
Ambr2 SNP Wkt phenciypc sex s conserved in two other pecies of Takfigubut sot in Teroden, The fugu S0 oaus
“hows o sign of recombination suppiession between X an Y chromasomes. Thus, fugu sex chiomasomes represent an
e R T

vertetrates than previously thought
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ARTICLE

Recaived 13 Mar 2014 | Accepted 19 May 2014 | Published 20 Jun 2014 -

Co-option of Sox3 as the male-determining factor
on the Y chromosome in the fish Oryzias dancena
Yusuke Takehana'Z, Masaru Matsuda®, Taijun Myosho, Maximiliano L. Suster®$, Koichi Kawakami®7,
Tadasu Shin-1%, Yuji Kohara®, Yoko Kuroki?, Atsushi Toyoda™'®, Asao Fujiyama’"'!, Satoshi Hamaguchi®
Mitsuru Sakaizumi® & Kiyoshi Naruse'?

Sex chromasomes

arbour primary sex-determining signal that triggers sexusl development

of the organism However, diverse sex chromosome systems have been evolved in
vertebrate: we use positionsl doning o idertity the sexdstermining locus of a
medaka:related fish, Oryzizs

areglatory slement that upregulates

cena, and find that the locus on the Y chromosome cntains a

hhouring Sox3 expression in developing gorad
fsh, and So:3" Ioss-ol-fundion mutants all

Sox initites
testicular differentisbion by upregulating expressin of downstream Gsdf. which is highly
eonservad in fish sex differertistion pathways Our resuils not anly provide strong evidence

for the independent recruitment of Sox to
vertebr,

lo determiaton in distantly r

but also provide direct evidence 1

rovel sex determination y
has evolved through co-option of a Lianscriplional regulstor patentially interaded with 2

ed downstream companent.

A Y-linked anti-Miillerian hormone duplication takes
over a critical role in sex determination

Ricardo $. Hattori“, Yu Murai®, Miho Ourd®, Shuji Masuda®, bulipK Mahi’, Takashi Sakamoto, Juan I. Fernandino®,
Gustavo M. Somoz", Masashi Yokota, and Carlos A. Strissmann®’

ionce and Technology,
de Investigaciones B

Univeny of Marine Scsce and Tech

General bospits a e Marvard Medical Shanl, B

Gonadal sex determination in vendbrates. generally folows & -
quence of genetically programmed events. In what it seemingly
becoming & pattern, all confimed or current candidate *master”
sex-detemining genes reporied in this group, e g, SAY ineutherian
mammals, DMYAImATTbY in medaka, DM-W in the African cawed o .p
n. Inconrast,  for transcriptional control of sex d

f the ant-Muk

of

ermmation in veriehrates,

Results
Mades Cormy » Duphcated Copy of the Ant-illedan Hormone Gene.

teleost fish Patagonian pejerrey (Odontesthes hatcheri). The gene.
termed amhy because R is found in 8 single metacentric/submeta-
cntric chromosome of XY individuak, is expressed much earber
than the sutosomal amh (6 d after fertlization . 12 w after fer-
Skzaso) and i ocaled o pesumptie Sertch el of XY mles
during inXY
enbryos resulted in the upnguuum of foil and gpisele
mANA and the development of ovaries These resulls afe ewdence
ST Tustiond anh GUpGEIGH s vertebrates and suggest that
amhy may be the mastes sex-detamining gene in this spedes. If
confirmed, this woukd be & unique instance of & hormone-related
gene, & member of the TGF superfamily, in such & rok.

nd acklt maks x..v\ amalysis re

gmal
one of these boci

< nk\ﬁli‘(hwtp form
-m'p...‘ abtained from mRNA of

ideatity
st mal

10 100% (Fig. 14). The deduoed

EERTH. ERFH. WK, BF P EA. FAFI#EF 55
BB T MRk AL EEGsdf, Sox3, Amhr2, AmhyFI1SdY. i#t—iBRF5E
EAESE, Dmy, Sox3, Amhr2 FISAY Z: A f)Z22% DA K AmhyF B ) P47 5

TXYRIMER, TSox3, SAYMGsdf B FEHL Rt RIE N F= A= XX BUE4a, 3
B A AT R A v e B, FEREME e SRR EERBIEA.
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A Tandem Duplicate of Anti-Miillerian Hormone with a Missense
SNP on the Y Chromosome Is Essential for Male Sex Determination

in Nile Tilapia, Oreochromis niloticus

40 kb
Del 1
amhd-y amhy
: 5608bp ' . . . 5
Fosmid VATG, TGA TAG IATG JTAG Fosmid
ol « ZV WA R L
1] A1 1 i6
Tkb ‘ L
- o Inf 1 Del2|bel 3 = Del 4 el 5
Fl RL L5 36pp 472bp|161bp |5ﬂk-:l 233bp 5608bp Sbp 233b ___l4kb
— p it ad
am— el -
F2 R2|8kb F1 8kb R17
- = ’ -
B R 1.4kb) 7kb  FI19 RI19
= = e 2.2kb
F4 R4 3k L7kb  |F18 RIS - =
= - p=—y p= N F23 R23
ES RS 2.5kb 2.5kb Fl R16 3.1kb
— 2 7k — -
To R6 - ZIkb P24 R4
Kkt F15 R15 F20 120 2.7kb
a— Rl 2 8kb — —
F7 R7 125kt 280 F25 R2s
- 5kb - F21 R2l
F8 - &= R8 2.2kb
28kh Fl4 R14 B —
2.8kb 2kb ﬁ_lﬂ F22 R22
[ —
F9 R9 F13 RI3
Skb 2.3kb
— i e
FI0RI0O FI2 RI12
2. Tkb
-t -
F11 RI11

Confirmation of the assembled sequence by gene specific primers. Twenty five pairs of gene

specific primers were designed in the differential regions of amhy and amh A -y to amplify fragments
with overlapping ends from the Y156 fosmid.
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- gRNA design and Cas9 mRNA 1n vitro transcription

A

nanos 3 NGGCTGGTCTACGGATCCCAC AGG Ny
| N NNMNNNNNN-T

N NNNNWNNNN.S'
. N

SNNNNNNNKN
FLNNNNNNNNN \

Uncut (%) 38
GTCTGaaCTGGTCTACGGATC---

aTgTGcaCTaa-CGAAGA----- ACTGECTGAAGAAC
GTCTGaGCTGGTCTAC-=====—=~ CTGAAGAAC
aTgTGcaaTaa-CGAAGA----- A CTGAAGAAC
aTCTGcaCTaa--GGAGA----- ACBBECTGAAGAAC
GTCTGGGCTGGTCTACGGATCCCACHERCTGAAGAAC

BamH 1

BstN 1
#1 GCTGGACCCTGCAACCGGCCCAGG

j TAA
qﬁijﬁ 52 Hes 1@—@- E6 HHET: |-

amh
4C‘GCTCATCAGCCTCGGTCTC #2

BsrB 1
+ — + gRNA - 4+ — 4+ gRNA
#l o = + + Cas9 2 _ + 4+ Cas9

Uncut (%) 27 Uncut (%) 90

GCTGGACCCTGCAGA-GTCCC ) 7 - AGCCTCGGTCTC
GCTGGACCCTGCAACC--——~— -5 (lo)._ —______" COTTGGTOTO
GCTGGACCCTGCAACCGA--G -5 (I@E8TC--——---————— GGTCTC
GCTGGACCCCACAGTA-————— (+7.-8) (1YWEECAG-————————————————
GCTGGACCCTGCAACCG-——- (6)  (-12) 8 --TC————————— GGTCTC
GCTGGACCCTGCAACCGGLC- (-61) (18 EERC————=—————————————
GCTGGACCCTGCAACCGG--G {4% ————— TCAGCCTCGGTCTC
GCTGGACCCTGCAA--————— 17y ) CCTTGGTCTC
CO T G A L s i s S i -19) GCTCATCAGCCTCGGTCTC
GCTGGACCCTGCAACCGGCCC WT PAM Target sequence

Figure 1 Efficient disruption of tilapia genes by CRISPR/Cas9.

- (LiM, et al.,2015)

INDUSTRY NAME 13



Amhy knockout by CRISPR/Cas9 resulted in male to
female sex reversal in XY fish

. Q24 - 8
E
E18- b
5 5]
S 12- T
=
6 -
s
= a
E ﬁ 0 — —
XX,Ctrl XY, KO XY,Ctrl
S (=) (n=8) (n=h)
Fig 3c. Higher serum E2 was
observed in the sexreversed XY fish

Fig 3b. The amh/amh A -y/amhy knockout FO XY fish compared with the XY control.

showed male to female sex reversal INDUSTRY NAME
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* Overexpression of Y156 fosmid or Amhy ORF causes female to male
sex reversal in  FO XX fish

Q

Y156 XX-tg

anti-Cypl19ala anti-Dmrt1

Control XX

Control XY

b oDNA amhd-y

M 3dah XX 5dah XX XY YY XX N M

cDNA amhd-y
M 3dah XX 5dah XX XY YY XX N M

Amhy-ORF XX-tg Control XX

INDUSTRY NAME
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Abstract

Sex determination iz the process deciding the sex of a developing embryo. This is usually
determined genetically; however it is a delicate process, which in many cases can be influenced by
environmental factors. The mechanisms controlling zebrafish sex determination and differentiation
are not known. To date no sex linked genes have been identified in zebrafish and no sex
chromosomes have been identified. However, a number of genes, as presented here, have been
linked to the process of sex determination or differentiation in zebrafish. The zebrafish FTZ-FI
genes are of central interest as they are involved in regulating interrenal development and thereby
steroid biosynthesis, as well as that they show expression paterns congruent with reproductive
tissue differentiation and function. Zebrafish can be sex reversed by exposure to estrogens,
suggesting that the estrogen levels are crucial during sex differentation. The Cyp |9 gene product
aromatase converts testosterone into |7 beta-estradiol, and when inhibited leads to male to female
sex reversal. FTZ-F| genes are strongly linked to steroid biosynthesis and the regulatory region of
Cypl9 conmins binding sites for FTZ-F1 genes, further linking FTZ-FI to this process. The role of
FTZ-F| and other candidates for zebrafish sex determination and differentiation is in focus of this
review.
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- Diagram depicting genes involved in sex differentiation in a “typical ” teleost.
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Sex
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Environmental
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(e.g., temperature)

Genotypic: “Master” gene (e.g.,
dmy), minor sex determining
genes, autosomal genes
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( PIFERRER & GUIGUEN, 2008)
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