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Human pre-implantation development

Day 1
1 cell (zygote)

Day 4 Day 5 -7
16 - 32 cell (morula) 64 - 256 cell (blastocyst)




Early development of human embryos
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There are important differences between mouse and human
development before implantation
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Distinct expression dynamics in human
versus mouse embryos
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Epiblast-specific expression in human embryos
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Targeting OCT4 as a proof of principle
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ldentifying the most efficient method to inactivate OCT4
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Stereotypic pattern to on-target indel mutations
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Assessing sgRNA activity and optimizing microinjection
methodologies using mouse as a model system
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Microinjection of the CRISPR/Cas9 components to
inactivate OCT4 in human embryos

Fogarty et al., Nature 2017




Human embryos need OCT4 to correctly form a
blastocyst

Cas9 protein control sgRNA2b-Cas9 ribonucleoprotein complex




Human embryos need OCT4 to reach the blastocyst stage
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G&T-seq: loss of OCT4 is associated with gene
mis-expression
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Trophectoderm development is compromised Iin
OCT4-targeted human (but not mouse) embryos
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Loss of heterozygosity or large deletions in human
embryos following CRISPR/Cas9 genome editing
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Segmental loss or gain of Chr6 in human embryos
following CRISPR/Cas9 genome editing
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Summary and future aims
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Evaluating putative off-target mutations
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Aneuploidy rates are equivalent in sgRNA2b-Cas9
protein injected embryos compared to controls
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HFEA — Scientific and Clinical Advances Advisory Committee, Horizon
Scanning Panel and the Ethics and Law Advisory Group

1. Research into human embryo development — specifically the
roles of genes and growth factors involved in early
development

2. The development of more objective criteria for embryo
selection — by investigating gene function in early
embryogenesis

3. Research into the genetic background of adverse medical
conditions — genetically modified ES cells could be create to
model medical conditions

4. Research into the fate of cells during embryo development

5. Introducing a gene to increase the efficiency of stem cell
derivation

“Genetic modification of embryos: information for Research Licence Committee” paper SCAAC(01/09)04 January 27t 2009



In human embryos OCT4 is required to correctly form all
of the cell types of the blastocyst
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OCT4 expression in cleavage and blastocyst stage
embryos following CRISPR/Cas9 genome editing
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A highly-efficient sgRNA targeting POU5SF1 in hESCs

No Tet +Tet
Day 1 Day 1 Day 2 Day 3 Day 4 Day 5
] ] 0.008 4 0.006 ]
0008 880 o010 869 807 589 0.008 535 00064 437
—
1 0.008 4 0.006 -
0.0044
E g 0.006+ g . g 3 g 0.0041 g 0004
Z| 3 ps = 00041 2 p z
= U UM- =4 = [ = = =]
=1 S p.oo4 =] = =1 =
Dé’ 0.002 B 0.0021 0.0024
0.002 ] 0021
bt 0.002
1 ﬂ T ~T -~ 0 T ~T - n ~T T T n T T T n T ~T - ﬂ T s -
100 10! 102 10° 10 100 10" 102 10° 10 100 10! 10?10 10 109 10" 10?  10° 10f 100 10! 102 10% 4 00 10" 102 107 10
FL 1 Log - FITC FL1Log - FITC FL1Log = FITC FL1 Log = FITC FL 1 Log - FITC FL1Log - FITC
] = — ="y —— —_— ——
0.010 : 0.006 4
ol o 975 a0l 893 862 85 722 0008 705
) 0.008 4 ]
0.008 1 0.008 4 0.006 1
=|? 3 3 2 8 0.004 g 00
< 0.0064 < 0.0064 < 0.0061 < < 2
Z\|3 E 5 oo 57 5 5004
o | = o004 0.004 1 0.002
[@)] 0.0024 ' ]
I 0.0021 0.0024 0.002 0.002
0 0 0 0 0 0
LT LT TS 10 10! 10?10t o w0l 1?10t o 1! 10! 10?10?10 w0 w0l 0? 10d 10? Y 0! 10?10t
FL1 Log :: FITC FL1 Log - FITC FL1 Log = FITC FL1 Log = FITC FL 1 Log :: FITC FL1 Log : FITC
9 —_ [—— [ — 0.0064 [ e— —— ] [—
91 1 87 4 86.4 66.2 0.0084 27.2 0.010 156
ol ooos] 0.008
4E 7 § 0006 "™ g oo g " -
0.006 006 g :
=Z|2 < < 0004] N £ i < o006
c € 0.0044 = c € 0l 1 -
né-, £ 0,004 5 I =] Hipd S > o004
0.002] ; ]
»| o004 0.0024 0.0021 0.002
S & - - = 0 e — - 0 —r - - 0 - . ar 0 - r o 0 - - -
109 10" 10?107 10 100 10" 102 10° 10 109 107 102 107 1 100 101 102 100 1 100 101 10?2 10° 10 108 0T 102 107 1
FL 1 Log : FITC FL 1 Log : FITC FL1 Log = FITC FL1 Log : FITC FL1 Log = FITC FL1 Log:: FITC
F 0.010 F 0.010 F 0.010 F 0.005 4 F
952 948 934 898 66.7 517
0.008 4 1 ]
< 0.008 0.008 0.008 0.006 4 0.004-
< T 0.006- 2 ] $ 0.0061 $ 00064 g 2 ]
2| & £ ooos g § . £ oous
DU:) E 0004 ERYOTE 5 0.004- 5 00044 5 5 0.002
0 0.0021 0.0024 0.002 0.002 0.0021 0.0014
— 0 T - T 0 — —r v 0 T ey T 0 e - T 0 ey e e 0 .l ey ey
100 100 10 100 10 00 10 102 100 10 100 1! 102 10° 10 100 101 102 10° 1 100 10l 102 100 1 100 100 102 10° 40
FL 1 Log - FITC FL1 Log - FITC FL 1 Log = FITC FL1 Log = FITC FL1 Log = FITC FL1Log - FITC

N
I

OCT4-FITC



—

o

o
J

~|
&)
|

an
o
I

M
n
]

Genotype of Cells Analysed (%)

o
|

Efficient targeting of OCT4 in human embryos
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