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A B S T R A C T

Two cell lines were generated by CRISPR/Cas9 mediated knockout of MKK7 (MAP2K7) by removal of exon 1 or exons 4 through 7. These knockouts were confirmed
at the transcript and protein levels. These hESCs are pluripotent and maintain tri-lineage differentiation capacity. These cell lines are a useful resource for studying
MKK7 function in humans.

Resource Table:

Unique stem cell lines identifier
Alternative names of stem cell
lines
Institution
Contact information of
distributor
Type of cell lines
Origin
Cell Source
Clonality
Method of reprogramming
Multiline rationale
Gene modification
Type of modification
Associated disease
Gene/locus
Method of modification
Name of transgene or resistance
Inducible/constitutive system
Date archived/stock date
Cell line repository/bank
Ethical approval

WAe001-A-54
WAe001-A-55
MKK7 KO1 (WAe001-A-54)
MKK7 KO4-7 (WAe001-A-55)
Genome Institute Singapore/The University of
Manchester
Rakesh Heer (rakesh.heer@newcastle.ac.uk)
ESC
Human
WAe001-A sub clones
Clonal
N/A
Different exon removals of MAP2K7 gene
YES
Knockout (removal of exon/s)
N/A
MAP2K7
CRISPR/Cas9 (eSpCas9)
N/A
N/A
N/A
N/A
Cell lines were used according to institutional
guidelines.

1. Resource utility
No stem cell lines existed which allow specific integration of MKK7
function in a human context so we created two such lines (hESCs lacking
MKK7) which will help further investigate the function of MKK7 (Ta
bles 1 and 2).
2. Resource details
MKK7 (MAP2K7) was originally thought to promote a heart failure
phenotype however subsequently, MKK7 was shown to be cardioprotective (Liu et al., 2011). We created two cell lines to help answer
this question in a human setting.
MKK7 KO1 (WAe001-A-54) was created by targeting a gRNA either
side of exon 1, removing the exon which includes the start of the protein
coding sequence (Fig. 1A). The DNA was repaired by non-homologous
end joining, annealing the DNA regions highlighted in green and
removing the region highlighted in red in Fig. 1A.
MKK7 KO4-7 (WAe001-A-55) was created by targeting a gRNA
before exon 4 and after exon 7, removing a section which codes for the
start of the kinase domain (Fig. 1B). The DNA was repaired by micro
homology mediated end joining between the GGGGG motifs indicated in
yellow, removing the region highlighted in red in Fig. 1B.
Both MKK7 KO cell lines were morphologically normal, with tight
colony boundaries, and mimic H1 parental stem cells under brightfield
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Table 1
Summary of lines.
iPSC line names

Abbreviation in figures

Gender

Age

Ethnicity

Genotype of locus

Disease

MKK7 KO1 (WAe001-A-54)
MKK7 KO4-7 (WAe001-A-55)

KO1
KO4-7

Male
Male

N/A
N/A

N/A
N/A

MKK7 exon 1 removed
MKK7 exons 4–7 removed

N/A
N/A

Table 2
Characterization and validation.
Classification

Test

Result

Data

Morphology
Phenotype

Photography
Qualitative analysis
Quantitative analysis

Fig. 1 panel C
Fig. 1 panel G
Fig. 1 panel F

Genotype

Karyotype (G-banding) and
resolution
STR analysis

Each cell line morphologically normal.
Presence of pluripotency markers: Oct4, Nanog, Sox2
No difference in transcript expression of OCT4, SOX2, NANOG between either cell line
and parental H1 ESCs.
Both are 46XY. Resolution 450–500.

Mutation analysis

Sequencing
Southern Blot OR WGS

Both cell lines are homozygous knockouts of different MAP2K7 exons.
PCR for off targets

Microbiology and virology

Mycoplasma

Mycoplasma testing by luminescence. Both lines negative

Differentiation potential
Donor screening (OPTIONAL)

Embryoid body formation
HIV 1 + 2 Hepatitis B, Hepatitis
C
Blood group genotyping
HLA tissue typing

Each cell line expresses vimentin, β-tubulin and α-feto protein after differentiation.
N/A

Supplementary
Figure
Available with
author
Available with
author
Fig. 1 panel A and B
Available with
author
Supplementary
Figure
Fig. 1 panel H
N/A

N/A
N/A

N/A
N/A

Identity

DNA Profiling performed.
8 sites matched to parental H1 in each line.

Genotype additional info
(OPTIONAL)

microscopy (Fig. 1C). Neither MKK7 KO cell line expresses MKK7 tran
scripts (Fig. 1D) nor MKK7 protein (Fig. 1E) indicating a full knockout in
each case. Each cell line expresses stem cell pluripotency marker tran
scripts OCT4 (POU5F1), SOX2, and NANOG at the same levels as
parental H1 cells (Fig. 1F). This is confirmed at a protein level as each
MKK7 KO cell line expresses clear, nuclear OCT4, SOX2, and NANOG
protein (Fig. 1G). Both MKK7 KO1 and MKK7 KO4-7 cell lines maintain
the ability to differentiate into all three germ layers, by way of embryoid
body differentiation, and as such simultaneously express α-feto protein,
vimentin and β-III tubulin (Fig. 1G).
The karyotypes of MKK7 KO1 and MKK7 KO4-7 were analysed and
both are normal 46XY (Supplementary Figure). Furthermore, STR
analysis was performed at 8 sites and each line, MKK7 KO1 and MKK7
KO4-7, were identical to H1 parental line (data available with author).
Mycoplasma testing was performed and each line is negative (Supple
mentary Figure). The most likely off target sites (determined by algo
rithm) for each gRNA which would use an NGG PAM were analysed and
sequences compared to parental H1. No off-target editing (evidenced by
INDEL creation) was detected by this method (Supplementary Figure).

et al., 2018) which increase targeting specificity and cell survival
respectively and led to highly efficient clonal knockout generation.
hESCs were dissociated with Accutase and 1.5 × 106 cells were resus
pended in 100 µl P3 Primary Cell kit solution (V4XP-3024, Lonza) and
10 µg CRISPR plasmid was added. Nucleofection was then performed
using program CM-113 on the 4D-Nucleofector™ System (Lonza). Cells
were then plated with media containing 5 µM Y-27632. After 48 h, cells
were again dissociated with Accutase and resuspended in PBS. Cells
underwent FACS selecting for RFP positive cells. 500–2000 cells per well
of a 6-well plate were seeded to allow clonal colony growth. Colonies
were left to grow at which point colonies were picked, passaged and
gDNA extracted. Sanger sequencing was performed by 1st Base Asia.
qPCR: Real time qPCR was performed using TeraCybr polymerase
and the primers listed in Table 3 in a StepOne Plus™ Real-Time PCR
System. The fast length program was used on the StepOne Software and
the plate was heated to 95 ◦ C for 20 s before being cycled at 95 ◦ C for 3 s
and 60 ◦ C for 30 s for 40 cycles.
Western blot: A standard Western blotting protocol was followed
involving an SDS-PAGE followed by a semi-dry transfer of protein onto a
polyvinylidene difluoride (PVDF) membrane. The membrane was then
blocked in 3% milk and antibodies (listed in Table 3) were used to detect
protein abundance.
Immunocytochemistry: hESCs were cultured for several days after
passaging on coverslips until colonies had formed. Cells were then fixed
with 4% PFA for 15 min. Coverslips were then washed with PBS, blocked
with 1% BSA and then permeabilised in 0.1% Triton X-100 for 5 min
before another two washes in PBS. Cells were then stained with primary
antibodies for 60 min before being washed twice in PBS and then stained
with secondary antibodies for 30 min. Cells were washed with PBS and
Prolong with DAPI was added before mounting.
Embryoid body differentiation: hESC colonies were dissociated using
Dispase and added onto poly-hema coated plates with differentiation

3. Materials and methods
Cell culture: Human embryonic stem cells were maintained in
mTeSR™ 1 media (STEMCELL Technologies) on plates coated with
Geltrex (Life Technologies). Media was changed each day until a con
fluency of 85% was reached when cells were passaged using ReLeSR™
(STEMCELL Technologies).
Genome editing: gRNAs were designed using Benchling. The CRISPR
plasmid pMIA3 (Ang et al., 2018) was adapted to include an additional
gRNA cassette to enable duplex gRNA targeting and facilitate removal of
exons 1 and 4–7 respectively. pMIA3 uses enhanced specificity Cas9
(Slaymaker et al., 2016) and a dominant negative p53 particle (Ihry
2
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Fig. 1.
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Table 3
Reagents details.
Antibodies used for immunocytochemistry/flow-cytometry
Target mutation analysis (WB)
House-Keeping Gene
Pluripotency markers
Differentiation Markers
Secondary antibodies

Antibody

Dilution

Company Cat # and RRID

Rabbit anti-MKK7
Mouse anti-GAPDH
Mouse anti-OCT4
Goat anti-NANOG
Goat anti-SOX2
Rabbit anti-AFP
Rabbit anti-vimentin
Mouse anti-TUJ1
HRP-conjugated goat anti-rabbit IgG
Pluripotency marker donkey anti-mouse
Pluripotency marker donkey anti-goat
Differentiation marker goat anti-rabbit
Differentiation marker goat anti-mouse

1:1000
1:1000
1:200
1:200
1:200
1:100
1:100
1:100
1:1000
1:500
1:500
1:400
1:400

Cell Signaling Technology Cat# 4172S, RRID:AB_330914
Abcam Cat# 9482, RRID:AB_307272
Millipore Cat# MABD76, RRID:AB_10919170
R and D Systems Cat# AF1997, RRID:AB_355097
R and D Systems Cat# AF2018, RRID:AB_355110
Proteintech Cat# 14550-1-AP, RRID:AB_2223933
Cell Signaling Technology Cat# 5741, RRID:AB_10695459
Covance Cat# MMS-435P, RRID:AB_2313773
Cell Signaling Technology Cat# 7074, RRID:AB_2099233
Thermo Fisher Scientific Cat# A-21202, RRID:AB_141607
Thermo Fisher Scientific Cat# A-11058, RRID:AB_2534105
Thermo Fisher Scientific Cat# A-11035, RRID:AB_2534093
Thermo Fisher Scientific Cat# A-11001, RRID:AB_2534069

Target

Forward/Reverse primer (5′-3′)

MKK7 exon 1
MKK7 exons 4–7
MAP2K7
OCT4
SOX2
NANOG
18S

F-GGAGCCTAATTACGGTGAGGA R-TTGACACAGACAGAGACGCC
F- TTGGGTGGGAAGCAGCATTG R- GGAAACTGTCCTGTTGCCAG
F-CCACGTCATTGCCGTTAAGC R-GCACGATGTAGGGGCAGTC
F-GTGGGGGCAGGGGAGTTTGG R-AGTGTGTCTATCTACTGTGTCCCAGGC
F-GCCGAGTGGAAACTTTTGTCG R-GGCAGCGTGTACTTATCCTTCT
F-TTTGTGGGCCTGAAGAAAACT R-AGGGCTGTCCTGAATAAGCAG
F-GTAACCCGTTGAACCCCATT R-CCATCCAATCGGTAGTAGCG

Primers
Targeted mutation sequencing (PCR)
Targeted mutation analysis (qPCR)
Pluripotency Markers (qPCR)
House-Keeping Genes (qPCR)

media (DMEM F-12, 20% FBS) for 7 days, changing the media every
other day. After 7 days, EBs were transferred onto 0.2% gelatin coated
chamberslides and grown for 1 week before immunocytochemistry was
performed.
Cell line authentication: Both karyotyping and STR analysis were
outsourced to Newcastle Laboratories (NHS), UK and Northgene Ltd.,
UK respectively. Certificates available with author.
Mycoplasma test: hESCs were tested for mycoplasma using the
MycoAlert™ Mycoplasma Detection Kit (Lonza).

available from Addgene (#109399).
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.scr.2021.102238.
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