B genome preservation: the promises and the il
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Diploid Cell Nuclear Transfer, a tool in genome conservation
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Haploid cells
(half the genome)

Spermatozoa
» X

Diploid cells

(biparental genome)

Embryonic cells, PGCs, SSC ...

* Undetermined fish OK as donor
* Fins easy to collect
» Extensive cryobanking of a diploid genome

Fin somatic cells

= Cryopreservation of diploid cells
= Fish reconstruction: NUCLEAR TRANSFER




Cryopreservation of embryonic cells
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Culture of somatic cells

Culture at 25°C

Explants ﬁgg o

1mm? oo
+ COLLAGENASE

Adhering +

b ¢

o

AQUAGAMETE



Recycled Explant
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Chénais et al, Exp Cell Res, 2015




Culture of somatic cells

% 100

5 =] !

(¢p]

L 80 *

£

© = u | m

£ 60

© t 3

1 1 T

s 40| T Ji CYPRINIDAE

g J : PERCIDAE
{

S 20

©  SALMONIDAE
)

(O]

X

0,05
p P
@
@ Mauger et al, Comp. Biochem. Physiol. 2006

AQUAGAMETE



1. Recovery‘;’ﬂsj“{‘ 2. Viability (trypan blue) 3. Culture ability
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Cryopreservation of fin pieces: Freeze first, think later

Sampling Shearing into Cryoprot.

explants (DMSO 5%
Sucrose 100mM
Culture medium
Calf serum 10%)

Cold storage
4 days 4°C

@( (Moritz and Labbé, Cryobiology, 2008)
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Culture of fin pieces after cryopreservation
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e Ability of the fins to outgrow somatic cells after

storage and freezing

e All tested species outgrew fin cells: salmonids,
cyprinids, sturgeons

eThick fins not as suitable toward cryopreservation

eCryopreservation of cells AFTER explant culture
possible for several species Ve
<
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The principle of Somatic Cell Nuclear Transfer in fish

= restoring fish from frozen-thawed explants/cells

Fertilization

— @ >

2n (somatic cell nucleus)

Somatic Cell Nuclear transfer <@g pr
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(Wu, Zhu et al, Chinese Acad Sc, 1965-1989) AQUAGAMETE



Recipient egg: same or different species ?

Interspecific nuclear transfer: when females of the donor strain are not available

Yan et al., 1985 :

Barbins
Cyprinins Ctenopharyngodon idella
Labeonins
Rasborins

CYPRINIDAE Gobionins
I Acheilognathins
Xenocypiins
Cultrins

Cyprlnlnae I

Leuscicinae Leuciscins

Phoxinins
Tincins

Megalobrama amblycephala

Mammals : Bos taurus x Bos gaurus (Lanza et al.,
2000)
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The mitochondrial DNA
37 genes (rRNA, tRNA, 13 proteins)
transcription controlled by nuclear DNA factors

The egg material: mRNA, proteins, mitochondria

Roots of the compatibility between species
genetic distance?
yolk size?
development speed?
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Somatic Cell Nuclear Transfer in fish

Iivial bearing
high genetic value

Oocyte-donor
female

Nucleocytoplasmic &
hybrid = clone "\&s

@ Reconstructed fish
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Somatic Cell Nuclear Transfer in fish

Donnor cell: origin,
fitness for NT

Development
(reprogramming)

Individual bearing
high genetic value

Quality and genetics of

No DNA removal the developing embryo

Oocyte-donor
female

contruc_:ted fish
(mere 1% success with somatic cells)
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Somatic Cell Nuclear Transfer in fish

] e ‘
mid-B (5,5 hpf) = Gastrula (24 hp) Hatching (4 dpf
0
2 cells 60-85 % 20 % 1- 10 %
(fertilization= 80-90 %) (fertilization=70-90 %)

60-85 % su rViV a ’ (fertilization= 90-100 %)

(fertilization = 90-100 %)

Clone 2n, 7 months

Mitotic checkpoint
Embryonic genome activation

§ Altered gene expression: wrong genome reseting after « fertilization » ?
AQUAGAMETE



[@ DNA methylation ]

RNA strands

Cytosine DNA
methylation

@ RNA-based
mechanisms

@ Histone post-translational |\¥3
modifications y

- Chromosome




Molecular basis of epigenetics

2.

Transcription

™y

>

Epigenetic
Silencing

Y.

‘ Major role in chromatin organisation

© 2013 American Society of Plant Biologists



DNA methylation, epigenetic lock against gene expression

Methylation of DNA at the cytosine site in a CpG dinucleotide =
epigenetic modification found in promoter regions of genes
G- CG-3 Whose transcription is repressed.

GC GC-----5

0000  OO0OC
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= Provides a stable lock against gene expression of the methylation
sensitive genes.

= For these genes, removal of methylation provides a permissive state
of gene expression
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Somatic
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Is the somatic cell able
to be reprogrammed ?
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Nuclear transfer and reprogramming ?

N@]ﬁ@g m@thyi@]tﬂ@ﬂ p@]tt@[f’ﬂ Clones at 24{1{3 development chst to ugliest morphology)
ami OO DO OO s
s s —(O—0O—O-O—O%—OO— 20w
N s —(D—O——D-D——D——OD— 6o
Sperm
czan12-O—D——O-O—O—DD— e
m 00 M MO— s c24n-13—) (M O ) (B (P— (15.4%)
c2ah-15 ) (T mils ™ (WM 1525
c2h-13 ) 9. 99 L) B w23y
czanss (D—P—O-P—P—PB— 3%
24h fertilized embryos ez (% (1) ™A™ NP e
(M M
24 hpfl _O . O—@ . @—@— [6.63) Coah-3 _@ @ @_@ O @—o [17.0%)
2ahpr2. —(H——D OO O—O0— 2w c2ns (T——T) M-™ > ) 227
vtz —B—O—00—0—00- s 0 @ S0 @ OO ww
2¢npia —(7) ! (MM O M(N— 1% casns (W Y O_® % T _ r1i_395:|
s OO TN o
amio @D DO B DO— uerx
Donor fin cells e @0 0 -
r csmis DG DB (BB (23
cryocelll —{§ " Wi 4] OO— [30.1%) C24h-16 _G O O_® O O-@ [12.0%)
el m .
cyoceniz —(§ g O'Q D DY =2 C24h-17 ‘O O O‘@ 0 @0 (34.1%)
anz G O-D——O—OO— uers
c2ana1 <P Y] =0 @ &> (8.2%)
22 YOy PP— 5215
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Summary

£}

Fish diploid genome easily cryopreserved
= Fin pieces (thin)
= Fin cells

Suitability for high through-put cryobanking (fin pieces)

Embryonic/Somatic cell nuclear transfer
= Micromanipulation possible (centralized facility)

= Cell reprogramming into an embryonic pattern not fully
achieved (random success and errors)

= Cells have to be treated prior to nuclear transfer: culture
conditions need to be optimized

= Interspecies nuclear transfer. some biological challenges
linked to the maternal factors, yolk size ...

= Making cryopreserved diploid material suitable for broodstock regeneration
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Preservation of genetic resources for aquatic species: the
example of CryoAqua, the French centralized cryobank

How does it work?
Sperm / samples are collected in the farms / in the wild

Samples are conditioned for shipping at 4°C (short-term preservation for 2-4
days)

Samples are shipped to CryoAqua (with veterinary certificates),

Staff at CryoAqua take care of the freezing (high through put or small samples)
and of the storage into liquid nitrogen.

Samples belong to the sender (farmer), but some resources can be donated to
the French National Cryobank (public funding).
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