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We have establish the culture, in vitro genome editing techniques for chub mackerel GSC and produced
genome edited porgeny. These, expectedly will improve and fast track the breeding of new fish
strains, ease the species conservation and contribute towards future food and biodiversity security.

In vitro breeding, i.e. production of fish egg and sperm in vitro has ann
enormous potential for aquaculture in future. Therefore, in this research, | have established the
protocol for culture and differentiation, genome editing, clone selection and transplantation of
chub mackerel germ line stem cell (GSC). I have created host for transplantation, performed
transplantation and produce next generation from genome edited GSC and established that cultured GSC

can produce progeny with the aid of appropriate surrogate. | have also differentiated the GSC into
germ cell invitro and identified several differentiation factors, including FSH. Though Germ cell
differentiation from GSC was achieved but complete differentiation of GSC into functional gamete

needs future research. Additionally importance of FSH in fish GSC maintenance or differentiation
requires indepth analysis.
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1. WFERIAR S WD 5

With the rapid expansion of aquaculture, there are high expectations for the breeding of
farmed fish. With the development of new breeding technologies such as genome editing
and stem cell manipulation, if the proliferation and differentiation of germ stem cells,
which are the origin of eggs and sperm, can be properly controlled in vitro (in vitro),
breeding technology can be dramatically accelerated.

2. MHEOBE®
in this research, | aimed to elucidate the control mechanism of germline stem cell (GSC)

proliferation and differentiation and establish an in-vitro genome editing methodology for
future realization of in vitro fish breeding.
To achieve this, the objective of this research were:

1. Analysis of GSC maintenance, proliferation and differentiation mechanism.

2. In vitro genome editing of fish GSC and production of mutant individual

3. Identification of factors critical for GSC physiology.

3. WA

Adult fish gonadal cell suspensions were sorted using antibody coated magnetic bead
and used for culture using our patent pending protocol. Passages were done in every 3
days with daily media exchange. Periodic observation via fluorescent microscopy,
immunohistochemistry and transcriptional analysis was conducted to assess the
stemness and differentiation status. Low cell RNA sequencing analysis of fresh, cultured
and differentiated GSC were performed using lllumina protocol. Electroporation or
chemical transfection was used for Invitro genome editing of cultured GSC followed by
serial-dilution culture for selection of pure clone. At each stage DNA was isolated and
confirmed by HMA analysis and sequencing. Germ cell free surrogates were produced
by DND gene editing through CRISPR/Cas9 and used for transplantation of cultured and
in vitro genome edited GSC. Transplantation was carried out in immunosuppressant-
treated germ cell-free adults and periodically observed for gonadal development and
maturation. Mature fish were bred to raised progeny. Randomly collected progenies / fin
clips were used for DNA based genotyping.

4. WFZERCR

We have isolated germline stem cell (GSC) from female chub mackerel and successfully
cultured them under feeder free and serum free condition for 210 days (70 passage)
(Figure 1). We performed comparative NGS analysis of freshly isolated GSC and
cultured GSC, and found that the transcription of pluripotent (e.g. oct4, sox2, etc.) and
other DNA methylation related gene markers increases while the differentiation markers
(Nanog, rar, rxr, etc.) were significantly downregulated after culture (Figure 2). The
candidate genes were confirmed using realtime PCR analysis of several marker gene.
We also analyzed the cell morphology using antibody staining and found that GSC



maintain stemness throughout, except for cell stiffness A

which might be associated with excessive actin "% 3 s
filamentation of cell membrane. We have tested bio- Octa (pousta)in P

. . . i . ‘malegonad 8
laminin as a substitute of vitronectin for 2D culture and ¢ Fish specfic stem cell maker

found no significant differences in stem cell proliferation
and maintenance. However, we found that, addition of
Autophagy (rock) inhibitor significantly reduces the

spontaneous differentiation. Simultaneously, when GSC
Figure 1: Culture and

evaluation of chub mackerel
differentiation was induced at 30°C, evidenced by nanog  gsc. (A) in situ hybridization

were cultured on collagen-1 matrix or alginic acid bead

expression and 40+ 11.34% reduction in Alkaline  showcasing GSC localization in
the gonad. (B) GSC after 60
days of culture. (C) transcription

phosphatase positive cells. Additionally, | observed
that, a short period of temperature shock followed by of various stem cell specific
treatment with retinoic acid and BMP2, 4 and 15 for a  genes in different passages.
period of 1 week accelerates the GSC differentiation, ~ Note: P= passage.

reduces Oct4 expression and increases vasa (germ cell marker) expression in the
cultured condition. However, the rate of differentiation was 20+ 19.76%. Differentiation

was significantly induced to 54+ 6.11% by addition of follicle

stimulating hormone (FSH). Therefore, in the next A; nanog ;Zﬂ/
experiment, | tested SDS-clarified Japanese anchovy °§ D;W," -/
gonad as 3D collagen matrix to induce differentiation ’ \ /
followed by treatment with retinoic acid, Bone morphogenic M "
proteins and FSH and successfully induced Germ line stem S ziFOMChang)

cell (GSC) differentiation into germ cells expressing vasa, »

dazl (germ cell marker and even Sycp3 (meiotic marker)

within 21 days, however no further development was

observed (Figure 3). Simultaneously, low cell Differentiated

. . GSC
transcriptomic analysis of freshly isolated, cultured GSC Cultured GSC

and differentiated GSC were conducted (Figure 2) and data Figure 2: Comparative

transcriptomic analysis of
suggests that culture of GSC induces the expression of  jierent GSC population.
demethylases, alkaline phosphatase and cell differentiation  (A) fresh and cultured
related gene transcription while differentiasted GSCs GSC- (B) volcano  plot

. ) showing the commonness
abundantly expresses above mentioned marker along with

and unique transcriptional
high expression in TGFb family transcription factors. Several  profiles of undifferentiated
TGFb transcription factors are critical for gonial and differentiated GSC.
differentiation in animals and thus it will be interesting to study which specific genes are
critical for chub mackerel germ cell differentiation through functional analysis.

To develop an in vitro genome editing protocol and establish a methodology for Further
we designed three different Crispr probe and tested transfection and electroporation of
cultured GSC using cas9-GFP and performed HMA analysis of each colony. We found
that 66-70% of the cells are mutated after 1 week of culture. Different dilution protocol

were tested to obtain homogeneous population of mutant cells but failed to obtain a pure
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FSH-KO GSC line. Moreover,
A Without Fsh (1nM) Fsh +(1nM)

most of the FSH-KO cell showed o
certain growth  abnormality,

dazl
vasa

figla

especially failed to differentiate oct4

Relative mRNA expression

when treated with retinoic acid
and BMP cocktail, though
Nanog, rar, and rxr were

01 2 3 4
Fsh (+): dotted line
Fsh (-): continuous line

Figure 3: GSC differentiation in vitro. (A) photomicrographs
significantly elevated, compared  and (B) gPCR analysis of germ cell related genes depicting
to their non-treated control. the effects of Fsh on GSC differentiation.

However, when synthetic FSH were added along with, differentiation into gonia
(confirmed by expression of vasa and dazl) was observed. This, along with the
differentiation induction results, suggests that FSH is a potential differentiation regulator
in chub mackerel.

So, to avoid any knockout associated germ cell

ild GT"CC"CCGCYTEYATGG'IC(AGACTTCEYCTGCAGGATAGY(AMCACEYCCAGGTG
A MA A A

Wi
1
. . 3 GTYACCTTCCG(TT(TATGG'ICCA -——GC(YCTGCAGGATAGTCMACACHCCAGGTG
4 GTTACCTTCCGCTTCTATGGTCCAG-~~TCCTCTGCAGGATAGTCAAACACCTCCAGGTG
physiology alteration, subsequently, cultured female & o e A crccacere
6 GTTACCTTCCGCTTCTATGGTCCAGACTTCCTCTGCAGGATAGTCAAACACCTCCAGGTG
7 GTTACCTTCCGCTTCTATGGTCCAG——————— GAAAGGATAGTCAAACACCTCCAGGTG
8

GSC were transfected with SJ-AVTRV2- platinum- ¢ CTTACETTCECCTTCIATCOTCCAG -G ACGATAGTCARACACCTCEACOTC

10 GTYA(CTT(CGCTTCTATGGTCCAGCCC ACMGGATAGT(MACACCTCCAGGTG

TALEN mRNA using Lipofectamine Stem cell ETTQEEEEEéEESﬂéSEL S
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Transfection Reagent, performed 3 rounds of serial [ o
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23 GTTACCTTCCGCTTCTATGGTCCAG »——»CCCAAAAGGATAGTCMA(ACCTCCAGGTG

. . 24
of AVTR-KO were obtained (Figure 4). Sanger : o GaTATMCACCTCCAGTG
27 GTTACCTTCCGCTTCTATGGTCCAGAA- —~ACCAGGATAGTCAAACACCTCCAGGTG

sequencing analysis to confirm the homogeneity of
Figure 4: In vitro genome editing of

_ ) ] cultured GSC. Note: Boxed clones
homogeneous lines were obtained. A 11bp deletion /¢ 11 base mutations.

the final cell population and 18 different

mutant line was processed further for transplantation

into DND-KO mackerel. Notably, host DND-KO mackerel were largely devoid of germ
cell, evidenced by histology,
immunohistochemical analysis of vasa and
canulations were suggestive of gonadal
sterility. Progeny were obtained 3 months

SN

after transplantation and progeny analysis

Host after

using AVTR-KO specific PCR confirmed that  nsplantation
at least 30% of them were homozygous for
11 bp AVTR deletion (Figure 5). Further,
donor derived AVTR*"" mutant progenies

Figure 5: Production of AVTRv1a2*1" mutant
using invitro genome  editing. (A)
compared with previously generated AVTR*5  transplantation into adult gonad. (B)

mutants. No difference in growth, feeding assessment of gonadal progression at 2 and
3 months of transplantation, MAT. (C) DNA

based mutation analysis of progeny.

were grown, periodically analyzed and

behavior, gut physiology, and gonadal
development was observed. The
reproductive capabilities of donor derived AVTR*"" mutant will be tested in future.

In summary, the research has progress more smoothly than initially planned. | have
established the protocol for culture and differentiation, genome editing, clone selection



and transplantation of GSC. | have created host for transplantation, performed
transplantation and produce next generation from genome edited GSC and established
that cultured GSC can produce progeny with the aid of appropriate surrogate. | have also
differentiated the GSC into germ cell invitro and identified several differentiation factors,
including FSH. In future, | will also continue researching on increasing the differentiation
of GSC, perform NGS analysis of various stages of differentiated GSC as well as different
types of germ cells, identify the detailed differentiation mechanism, elucidated the FSH
influences on early germ cell development and continue to decipher the fish germ cell
biology.
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