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Petronczki et al., Cell 2003

Richard Dawkins, The selfish gene 1976.

Thomas Kirkwood, Disposable soma theory, 1977.

They are the only cells that biology really cares about,
Ralph Brinster about germ cells, 2012
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Honey, I have a
genetic disease ...




IVF & PGD

\

Transfer embryo without mutation
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The CRISPR-CAS system

Cell membrane

.
R [ Creation of a novel spacer

CRISPR Array

P
w_ M5

CAS crRNA

a
complex § Processed crRNAsS

DD =¢ieieioicioienen—

Transcription

SECECEOECECRORD

JAN

§F G

&

Bacterial immune system
Invading Site-specific
DNA dsDNA break

Host
tracrRNA
\ Cleaving dual
M RNA-guided
1 Cas9 protein

-_—r
s,

Host crRNA
—_—

crRNA sequence
from previous
invader

Matching
invader
sequence

|

Loss of invading
DNA maintenance

Targeted genome editing

Genomic Site-specific
DNA dsDNA break

Genome specific
tracrRNA-crRNA

Eaimes \ Cleaving

paM| Single-stranded

NA-guided
\ /Ca59protein H H

_—

sequence

Matching
genomic
sequence

v

M
Modification of
targeted genome

16-01-2017



i Double-strand break (DSB)

mmmmhm::mm:

Non-homologous Homology-directed
end joining (NHEJ) \ repair (HDR)

Indel Premature stop codon

CCCCCCCIT + 1 ECCTTECTT m:):(u:lr n::}t(nn

Exogenous DNA repair template

Precise genomic editing

Mulder CL, Zheng Y, Jan SZ, Struijk RB, Repping S, Hamer G* and van Pelt AM (2016) Spermatogonial stem cell autotransplantation and germline
genomic editing: a future cure for spermatogenic failure and prevention of transmission of genomic diseases? Human Reproduction Update 5, 561-73.

Correct mutation in zygotes
using CRISPR-Cas9

BRCA1 mutation '1'
transfer embryo without mutation
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However ..... 100 2ygotes

20% dead after micro-
injection of CRISPR-
Cas system

80% left

50% no cleavage by Cas9

40% left

25% repaired using
HBD gene as
template (mutation
not corrected)

A

> 60% Repaired by NHEJ (mutation not corrected)

15% repaired using co-injected template DNA (mutation corrected!)

of 5 * Mosaic
6A’ » Off targets

Moreover .....

PGD will be needed to identify and characterize the
corrected embryos!!!
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HBB mutation

Targeted Gemmline Modifications
in Rats Using CRISPR/Cas9
and Spermatogonial Stem Cells

Karen M. Chapman,' Gerardo A. Medrano, Priscilla Jai ! Jaideep ClI y," Alexandra E. Waits,'

Marcelo A. Nobrega, James M. Hotaling,* Carole Ober,? and F. Kent Hamra:2."

"Department of Pharmacology, University of Texas Southwestem Medical Center, Dallas, TX 75390, USA

2Cecil H. & Ida Green Center for Reproductive Biology Sciences, University of Texas Southwestern Medical Center, Dallas, TX 75390, USA
3Department of Human Genetics, University of Chicago, Chicago, IL 60637, USA

“Department of Surgery (Urology), University of Utah School of Medicine, Salt Lake City, UT 84134, USA

Cor kent. edu
http://cix.doi.org/10.1016/j.celrep.2015.02.040
This is an open access article under the CC BY-NG-ND license (nttp: . d/3.0)
Cell Research (2015) 25:67-79. @
©2015 IBCB, SIBS, CAS  Allrights reserved 1001-0602/15 § 32.00
ORIGINAL ARTICLE www.nature.com/cr

Correction of a genetic disease by CRISPR-Cas9-mediated
gene editing in mouse spermatogonial stem cells

Yuxuan Wu'**, Hai Zhou"**", Xiaoying Fan*", Ying Zhang"™*", Man Zhang"*", Yinghua Wang" ", Zhenfei Xic"*,
Meizhu Bai"**, Qi Yin"?, Dan Liang"’, Wei Tang’, Jiaoyang Liao"?, Chikai Zhou"*, Wujuan Liu"?, Ping Zhu',
Hongshan Guo', Hong Pan"?, Chunlian Wu’, Huijuan Shi’, Ligang Wu**, Fuchou Tang", Jinsong Li
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Spermatogenesis
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Balance between self-renewal and differentiation

16-01-2017



Fertility preservation for boys undergoing
gonadotoxic cancer treatment

Sadri-Ardekani et al., JAMA 302, 2127, 2009
Sadri-Ardekani et al., JAMA 305, 2416, 2011

Mulder CL, Zheng Y, Jan SZ, Struijk RB, Repping S, Hamer G* and van Pelt AM (2016) Spermatogonial stem cell autotransplantation and germline
genomic editing: a future cure for spermatogenic failure and prevention of transmission of genomic diseases? Human Reproduction Update 5, 561-73.
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Correction of a genetic disease by CRISPR-Cas9-mediated
gene editing in mouse spermatogonial stem cells

Yuxuan Wu' >, Hai Zhou *, Xiaoying Fan"", Ying Zhang™*", Man Zhang"*" Ymghln Wang"? 7lmn1'|:i Xie"?,
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HBB mutation

Culture spermatogonia from testis biopsy
Correct mutation, screen colonies

Autotransplantation
Fertilize Barbie

HBB mutation

Culture spermatogonia from testis biopsy
Correct mutation, screen colonies
Remove Ken’s remaining germ cells !!!
Autotransplantation

Fertilize Barbie (or ICSI)

16-01-2017
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Or ...

IVF & PGD

v

ga Transfer embryo without mutation

‘ll HBB mutation

Targeted Gemmline Modifications
in Rats Using CRISPR/Cas9
and Spermatogonial Stem Cells
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Marcelo A. Nobrega, James M. Hotaling,* Carole Ober,? and F. Kent Hamra:2."
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But we will of course solve all these problems ....

Correct mutations in zygote(s)
or gamete stem cells

1 {
BRCA1 mutation transfer embryo without mutations HBB mutation
Homozygote mutation J, .

& CFTR mutation
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Oh, by the way,
I forgot to mention,
we have no genitals .

Complete Meiosis from Embryonic
Stem Cell-Derived Germ Cells In Vitro

Quan Zhou,'-># Mei Wang,>*® Yan Yuan,"?® Xuepeng Wang,** Rui Fu,? Haifeng Wan,? Mingming X|e 25 Mmgxl Liu,’
Xuejiang Guo,' Ying Zheng,® Guihai Feng,2 Qinghua Shi,” Xiao-Yang Zhao,**" Jiahao Sha,"" and Qi Zhou?
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doi:10.1038/nature20104

Reconstitution in vitro of the entire cycle of the
mouse female germ line

Orie Hikabe®, Nobuhiko Hamazaki', Go Nagamatsu', Yayoi Obata?, Yuji Hirao®, Norio Hamada®*, So Shimamoto,
Takuya Imamural, Kinichi Nakashimal, Mitinori Saitou®®78 & Katsuhiko Hayashi-®*
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Induced Pluripotent Stem Cells
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endodermale

Eggs or Sperm

Bernard Roelen (2016) cahier “Stamcellen”, published by Biowetenschappen en Maatschappij.

111 I

Naturaféohcepﬁon Natural conception

Hendriks S, Dancet EA, van Pelt AM, Hamer G and Repping S (2015) Artificial Gametes: a systematic review of biological progress. Human
Reproduction Update 3, 285-296.
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Artificial gametes

Hendriks S, Dancet EA, van Pelt AM, Hamer G and Repping S (2015) Artificial Gametes: a systematic review of biological progress. Human
Reproduction Update 3, 285-296.

4
Take skin biopsy ©) "
Make iPSCs
Transform into oocyte &

Sperm

-
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HBB mutation

Induced Pluripotent Stem Cells
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Eggs or Sperm <€—— Correct mutation
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HBB mutation

Take skin biopsy
Make iPSCs

Correct mutation
Transform into oocyte

Sperm

Take skin biopsy
Make iPSCs

Correct mutation(s)
Transform into oocyte

Take skin biopsy

Make iPSCs

Correct mutation(s)
Transform into sperm cell

19



Self fertilization?

2 HO

Take skin biopsy
Make iPSCs

Correct mutation(s)

Transform half into oocytes

Other half into sperm

Designer baby ?
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