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SUMMARY:  20 

Here, we describe a detailed method for seamless gene editing in human pluripotent stem 21 

cells using a piggyBac-based donor plasmid and the Cas9 nickase mutant. Two point 22 

mutations were introduced into exon 8 of the hepatocyte nuclear factor 4 alpha (HNF4α) 23 

locus in human embryonic stem cells (hESCs).  24 

 25 

ABSTRACT:  26 

Custom designed endonucleases, such as RNA-guided Clustered Regularly Interspaced Short 27 

Palindromic Repeats (CRISPR)-Cas9, enable efficient genome editing in mammalian cells. Here 28 

we describe detailed procedures to seamlessly genome edit the hepatocyte nuclear factor 4 29 

 as an example in human pluripotent stem cells. Combining a piggyBac-30 

based donor plasmid and the CRISPR-Cas9 nickase mutant in a two-step genetic selection, we 31 

demonstrate correct and efficient targeting of the HNF4α locus.  32 

 33 

INTRODUCTION: 34 

Human pluripotent stem cells (hPSCs) represent an unlimited source of somatic cells for 35 

research or the clinic1. Gene targeting in hPSCs offers a powerful method to study gene 36 

function during cell specification and to understand mechanisms of disease. Although 37 

efficient genome editing methods exist, modifying genes in hPSCs remains technically 38 

challenging. Standard gene targeting by homologous recombination in hPSCs occurs at low 39 

frequency or is even undetectable at some genes2, and DNA double-strand break (DSB) 40 

stimulated gene targeting (termed gene editing) is therefore necessary in these cells2,3. 41 

Additionally, transfection of hPSCs and subsequent single-cell cloning is not very efficient, 42 

even though single cell-associated apoptosis can be reduced through the use of the Rho-43 

associated protein kinase (ROCK) inhibitor4. Finally, the potential on-target and off-target 44 

mutations at the gene of interest can also be problematic. Hence, a reliable protocol is 45 

essential to make tailored genetic changes in hPSCs.  46 

 47 
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The RNA-guided CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) and 48 

CRISPR associated protein 9 (Cas9) technology is now a well-established tool in gene editing. 49 

Transcribed CRISPR RNA (crRNA) and a trans-activating RNA (tracrRNA) form the single guide 50 

RNA (sgRNA), which complexes with Cas9 protein allowing gene specific cleavage5. The 51 

CRISPR/Cas9 system is programmable, by changing a 20-bp guide sequence of the sgRNA, 52 

meaning almost any locus that fulfils the protospacer-adjacent motif (PAM) requirement can 53 

be edited. However, the wild type Cas9 can tolerate some mismatches between its guide 54 

sequence and a DNA target, which might cause unwanted off-target effects. To improve its 55 

specificity, a nickase mutant (Cas9n) has been developed. A Cas9n containing D10A or N863A 56 

mutation only possesses one functional nuclease domain and as a result can only nick DNA 57 

on one strand. A pair of Cas9n appropriately spaced and oriented can effectively induce DNA 58 

DSB and the off-target effects are dramatically reduced6. To ensure efficient Cas9n 59 

modification, it has been shown that two Cas9n-sgRNA should ideally be placed with a -4 to 60 

20 bp offset and always create a 5’ overhang6. 61 

 62 

Cas9(n)-sgRNA induced DSB can be utilized for genome editing in hPSCs7,8. It can create gene 63 

knockout via non-homologous end joining repair, or introduce gene modification through 64 

homology-directed repair (HDR) if a donor DNA template is present. The protocol described 65 

here uses a piggyBac transposon-based donor plasmid (or targeting vector) for HDR, in which 66 

a drug resistance marker is flanked by the transposon inverted repeats. The advantage of this 67 

approach includes efficient screening and seamless gene editing as firstly demonstrated by 68 

Yusa et al.9,10. The drug selection cassette allows enrichment of cells with the integrated 69 

vector, which are subsequently screened by junction PCR to identify those derived by HDR. In 70 

addition, the drug selection cassette can be positioned to replace the target sequences for 71 

Cas9(n) cleavage, so no further DNA breakage occurs after HDR, thus eliminating ‘on’ target 72 

mutations resulting from Cas9(n) re-cleavage. Furthermore, by exploiting the precise excision 73 

catalyzed by piggyBac transposase, the selection marker is then excised from the genome 74 

without leaving a scar. Only the original endogenous TTAA sequence for piggyBac insertion 75 

remains after the removal of the drug selection marker9. Even if the TTAA sites have to be 76 

created by introducing substitutions, the chances of disturbing regulatory elements are 77 

reduced compared to other methods10.  78 

 79 

Here we describe detailed procedures for implementing seamless genome editing in hPSCs. 80 

Combining a piggyBac-based donor plasmid and the CRISPR-Cas9 nickase mutant in a two-81 

step genetic selection, we introduced two predetermined point mutations into the 82 

hepatocyte nuclear factor 4 alpha (HNF4α) gene11. This approach is reliable and efficient, and 83 

has permitted in-depth analyses of the important roles played by HNF4  in endoderm 84 

specification and differentiation from human pluripotent stem cells11.  85 

 86 

PROTOCOL:  87 

 88 

1. Designing and constructing CRISPR/Cas9n-sgRNA expression plasmids  89 

 90 

1.1. Search for 20-bp guide sequences directly upstream of any 5’-NGG near the site to be 91 

modified. A pair of single-guide RNAs (sgRNAs) is needed when the Cas9 nickase (Cas9n) from 92 

Streptococcus pyogenes is used. The pair of sgRNAs must be able to generate 5’ overhangs 93 

upon nicking with a -4 to 20 bp offset6.  94 



 95 

1.2. Order necessary oligos and pSpCas9n-2A-puro vector. 96 

 97 

1.3. Clone sgRNA into the pSpCas9n vector for co-expression with Cas9n following the 98 

published protocol12. 99 

 100 

2. Designing and constructing a piggyBac-based targeting vector  101 

 102 

2.1. Download the target gene sequence and search for a TTAA site near the site to be 103 

modified.  104 

 105 

NOTE: The distance between the TTAA site and the to-be-modified site should be as small as 106 

possible. If within coding sequence and no TTAA site is present within 100-bp distance, it is 107 

necessary to introduce one by making synonymous nucleotide substitutions.  108 

 109 

2.2. Design homology arms (HAs) and incorporate desired point mutations in the HAs. The 110 

optimal length of HAs should be around 500 – 1200 bp.  111 

 112 

NOTE: It is recommended to introduce synonymous nucleotide substitutions to mutate the 113 

PAM sequence in order to avoid potential Cas9n re-cleavage.  114 

 115 

2.3. Construct the final targeting vector following an established protocol10. 116 

 117 

NOTE: In the targeting vector used here, a PGK promoter driven puro-deltaTK selection 118 

cassette is flanked by transposon inverted repeats.  119 

 120 

3. Genetic editing of human pluripotent stem cells 121 

 122 

3.1. Maintain human pluripotent stem cells (hPSCs) in a humidified incubator at 37 °C and 123 

5% CO2 on recombinant laminin 521-coated surfaces (5 µg/mL) in mTeSR1 medium13. The 124 

cells should reach 70-85% confluency after 72 hours following a 1:3 split ratio.  125 

 126 

NOTE: If present, remove spontaneously differentiated cells before daily medium change by 127 

gently aspirating them away.  128 

 129 

3.2. On the day of transfection, coat enough wells of a 24-well plate with 300 µL of the 130 

laminin 521 solution (5 µg/mL) at 37 °C for at least 2 h.  131 

 132 

3.3. Remove the coating solution gently and add 300 µL of fresh mTeSR1 medium 133 

supplemented with 10 µM ROCK inhibitor to each well, and then put the plate back to the 134 

incubator to receive cells.  135 

 136 

NOTE: Do not allow the plates to dry at any point when the laminin coating solution is 137 

removed. 138 

 139 

3.4. Move the stock hPSCs from the incubator, remove spent medium, and then wash the 140 

cells once using 1 mL of sterile 1x DPBS.  141 



 142 

3.5. Add 1 mL of gentle cell dissociation reagent to each well of a 6-well plate and incubate 143 

at 37 °C for 6-8 min to dissociate the cells. 144 

 145 

NOTE: Gently tap the plate and check whether the cells can detach easily to decide whether 146 

the digestion is long enough.  147 

 148 

3.6. Gently pipette up and down using a P1000 tip to lift off all the hPSCs. 149 

 150 

3.7. Terminate the dissociation by adding 2 mL of fresh mTeSR1 medium supplemented 151 

with 10 µM ROCK inhibitor (Y-27632) to the cell suspension. 152 

 153 

3.8. Mix well and transfer the single-cell suspension to a 50 mL tube, and centrifuge at 200 154 

x g for 3 min at room temperature. 155 

 156 

3.9. Remove the supernatant, and resuspend the cells well in 2 mL fresh mTeSR1 medium 157 

supplemented with 10 µM ROCK inhibitor. 158 

 159 

3.10. Count the viable cells using a hemocytometer. Use Trypan Blue to stain and exclude 160 

dead cells. 161 

 162 

3.11. Transfer 8 x 105 to 1 x 106 live cells to a 1.5 mL tube for each nucleofection reaction 163 

and centrifuge at 200 x g for 3 min. Then carefully aspirate the supernatant. 164 

 165 

3.12. Mix 3 µg of the paired Cas9n-sgRNA expression plasmids and 5 µg of targeting vector 166 

plasmid in 100 µL of mixed nucleofection solution/supplement from the human stem cell 167 

nucleofection kit. Use the GFP control plasmid from the kit and prepare a GFP control plasmid 168 

mix as well. 169 

 170 

NOTE: It is important to make a maxi-prep of all plasmids to reduce endotoxin contamination 171 

before nucleofection. The concentration of the plasmids should be approximately 1 µg/µL.  172 

 173 

3.13. Use the DNA mix (volume ~111 µL) to resuspend the prepared cells and transfer it to 174 

an electroporation cuvette (provided with the nucleofection kit), avoiding any bubbles.  175 

 176 

3.14. Electroporate the cells using the nucleofection device by selecting the optimized 177 

conditions for human pluripotent stem cells.  178 

 179 

NOTE: If using the nucleofection kit for human pluripotent stem cells for the first time, it is 180 

necessary to test the electroporation program and choose the most efficient one. 181 

 182 

3.15. Immediately add 500 µL of fresh and warm to 37 °C mTeSR1 medium supplemented 183 

with 10 µM ROCK inhibitor to the electroporated cells. Transfer the mix to 2 wells of a 24-well 184 

plate prepared from steps 3.2 and 3.3. 185 

 186 

3.16. Quickly put the plate back to the 37 °C/5% CO2 incubator and allow the cells to recover.  187 

 188 



3.17. 12-16 h later, change cell maintenance medium. If the cells established cell-cell 189 

contact, withdraw the ROCK inhibitor, if not, continue supplementing the medium with the 190 

inhibitor. 191 

 192 

3.18. Between 24-48 h, check the nucleofection efficiency by examining GFP expression in 193 

the control cells. GFP positive cells should be at least 30 percent.  194 

 195 

3.19. 48 h after nucleofection, start selecting cells by supplementing the mTeSR1 medium 196 

with 1 µg/mL puromycin.  197 

 198 

3.20. 72 h after nucleofection, supplement the mTeSR1 medium with 0.5 µg/mL puromycin. 199 

If the cell confluency is lower than 30%, also supplement the medium with 10 µM ROCK 200 

inhibitor.  201 

 202 

3.21. 4-6 days post-nucleofection, passage the puromycin-resistant cells to 10-15 x 96-well 203 

plates at the concentration of 0.8 cells/well.  204 

 205 

NOTE: It is essential to supplement the medium with 10 µM ROCK inhibitor and 0.5 µg/mL 206 

puromycin. 207 

 208 

3.22. Maintain those cells at 37 °C/10% CO2 for 10-12 days to form single cell-derived 209 

colonies. Top up medium once 7 days after seeding. 210 

 211 

NOTE: Increased CO2 level helps single hPSCs to form colonies from our experience.  212 

 213 

3.23. Mark wells containing a single colony and replace the medium with fresh mTeSR1 214 

medium containing 0.5 µg/mL puromycin but no ROCK inhibitor. 215 

 216 

NOTE: From this point on, the cells will be grown under 37 °C/5% CO2. 217 

 218 

3.24. Two days later, change medium for wells containing undifferentiated colonies. 219 

Supplement the medium with 10 µM ROCK inhibitor and 0.5 µg/mL puromycin.  220 

 221 

NOTE: In some wells, the cells might have differentiated and need to be discarded.  222 

 223 

3.25. Use P2 pipette tips to scrape off the colonies gently. Transfer the cell suspension 224 

derived from one colony into 2 new wells on separate 96-well plates, and use one for 225 

genotyping and one for maintaining. 226 

 227 

NOTE: It is important to carefully maintain the colonies and keep the spontaneous 228 

differentiation level to the minimum.  229 

 230 

3.26. Take the plate containing cells for genotyping out once the confluency in most wells 231 

reached 50% or above. Dump the spent medium and then wash the cells once with DPBS. 232 

 233 



3.27. Lyse the cells in well using Bradley lysis buffer and isolate genomic DNA from each well 234 

in the plate following associated protocol (https://mcmanuslab.ucsf.edu/protocol/dna-235 

isolation-es-cells-96-well-plate).  236 

 237 

3.28. Use a three-primer junction PCR method to genotype both left and right homology 238 

arms independently10. 239 

 240 

NOTE: A scheme showing the PCR method is presented in Figure 2.  241 

 242 

3.29. Send the junction PCR products for both homology arms from 4-5 colonies for Sanger 243 

sequencing and get the sequences.  244 

 245 

NOTE: The sequencing result of 2 established colonies is shown in Figure 3A.  246 

 247 

3.30. Keep colonies with the correct genotype and discard the rest. 248 

 249 

3.31. Expand the correct colonies under continuous puromycin selection and freeze them 250 

at the earliest possible passage.  251 

 252 

4. Removing transposon from targeted human pluripotent stem cells 253 

 254 

4.1. Maintain one colony with correct genotype under 0.5 µg/mL puromycin selection. 255 

 256 

4.2. Nucleofect 8 x 105 to 1 x 106 cells with 5 µg hyperactive transposase (pCMV-hyPBase) 257 

as described above (Section 3, steps 3.4-3.18). Perform a GFP control nucleofection in parallel.  258 

 259 

NOTE: Puromycin should be removed from the mTeSR1 medium immediately after 260 

nucleofecting these cells.  261 

 262 

4.3. Grow and screen for cells with the puro-deltaTK selection cassette removed following 263 

published procedures10. 264 

 265 

NOTE: It is important to follow the original procedures carefully. FIAU, or 1-(2-deoxy-2-fluoro-266 

β-d-arabinofuranosyl)-5-iodouracil), was used as a thymidine analog for Herpes simplex virus-267 

derived thymidine kinase (HSV-tk)-based negative selection. 268 

 269 

4.4. Sequence the modified region to confirm the removal of the transposon.  270 

 271 

NOTE: The sequencing result of 3 established colonies is shown in Figure 3B.  272 

 273 

4.5. Keep colonies with the correct genotype and expand for further usage. 274 

 275 

4.6. Perform characterization of pluripotency markers in the chosen colonies before using 276 

them for further analysis. 277 

 278 

NOTE: The characterization of two established colonies is shown in Figure 4.  279 

 280 



REPRESENTATIVE RESULTS: 281 

Targeting vector-based knock-in strategy 282 

The hepatocyte nuclear factor 4 alpha (HNF4α) gene was chosen for targeted genome editing 283 

to introduce two point mutations into exon 8. A pair of Cas9n-sgRNA with 11 bp offset was 284 

designed close to the site to be modified. The piggyBac-based targeting vector worked as the 285 

homology-directed repair template for introducing the desired point mutations. A 967 bp 5’-286 

HA and a 1142 bp 3’-HA incorporating synonymous nucleotide substitutions or the desired 287 

point mutations were amplified and cloned into the final targeting vector. The piggyBac 288 

insertion site was 16 bp and 22 bp away from the two desired point mutations. Colonies 289 

containing the puro-deltaTK selection cassette were selected with puromycin in the first 290 

round. Once the selection cassette was removed by transposase excision in the second round, 291 

the targeted site was modified seamlessly with only the desired point mutations incorporated 292 

in the gene (Figure 1).  293 

 294 

Genetic editing in human pluripotent stem cells 295 

To screen for correctly targeted cells, a three primer-based PCR method was used for 296 

genotyping (Figure 2). Sanger sequencing was performed to confirm the PCR results (Figure 297 

3A). Post removal of the selection cassette, the modified region was sequenced again to 298 

confirm the correct introduction of desired point mutations (Figure 3B).  299 

 300 

Colony establishment and characterization of edited human pluripotent stem cells 301 

Colonies with the correct genotype were selected and expanded as needed. The established 302 

colonies need to be characterized before being used for further analysis. The edited cells 303 

possess the same morphology as the parental cells (Figure 4A). They also express 304 

representative human pluripotent stem cell markers, including transcription factors NANOG 305 

and OCT4 (Figure 4B), as well as cell surface markers SSEA4 and TRA-1-60 (Figure 4C).  306 

 307 

FIGURE AND TABLE LEGENDS: 308 

Figure 1. Targeting vector-based knock-in strategy11. 309 

A pair of Cas9n-sgRNA expression plasmids were used to induce DNA double-strand break in 310 

exon 8 of the HNF4α gene. A targeting vector with a selection cassette was used to introduce 311 

predetermined point mutations located 16 bp and 22 bp away. This selection cassette was 312 

contained within the piggyBac transposon, consisting of a positive-negative selection marker 313 

(puro-deltaTK) driven by a constitutively active promoter (PGK). Via homology-directed repair 314 

pathway, the targeted cells incorporated the selection cassette. Transposon excision 315 

mediated by transposase results in a seamless modification with only the point mutations 316 

present. Red cross indicates the location of desired point mutations. HA = homology arm; PB 317 

= piggyBac; PM = point mutation.  318 

 319 

Figure 2. Three primer-based PCR method.  320 

To screen gene targeted cells, PCR-based genotyping was used. Three primers, LA-F1, -R1 and 321 

-R2 were used to amplify the left homology arm region. Independently, RA-F1, -F2 and -R1 322 

were used to amplify the right homology arm region. Based on the gel electrophoresis result, 323 

non-targeted cells, and heterozygous and homozygous cells, were distinguished from each 324 

other.  325 

 326 

Figure 3. Sequencing results of genetically modified cells11. 327 



PCR products from two clones were sequenced and confirmed the correct insertion of the 328 

selection cassette at the targeted locus (A). 5’ and 3’ piggyBac inverted terminal repeats (ITR) 329 

were flanked by the TTAA direct repeats. Three clones were sequenced post transposon 330 

excision (B). A pair of Cas9n-sgRNA with 11 bp offset was used to introduce DNA double-331 

strand break. Two predetermined point mutations (A to G and A to C) were introduced into 332 

the gene. One synonymous mutation was introduced to mutate the protospacer-adjacent 333 

motif (PAM), and another one to create the TTAA site necessary for piggyBac excision.  334 

 335 

Figure 4. Characterization of edited human pluripotent stem cells. 336 

Morphology of two edited cell lines and the parental cells (A), scale bar = 100 µm. The 337 

expression of pluripotent stem cell markers NANOG and OCT4 examined by immunostaining 338 

(B, scale bar = 50 µm), in addition to SSEA4 and TRA-1-60 by flow cytometry (C) in two 339 

modified cell lines and the parental cells. IgG was used as a negative control. DAPI was used 340 

to stain the nucleus. The percentages were calculated as the average of three independent 341 

experiments.  342 

 343 

DISCUSSION: 344 

The protocol described herein is for introducing predetermined point mutations into an 345 

endogenous locus in hPSCs. The combination of a piggyBac-based targeting vector and paired 346 

CRISPR/Cas9n expression plasmids proved to be reliable and efficient11. For editing HNF4α 347 

gene, 12 out of 43 analyzed clones were correctly targeted as determined by junction PCR 348 

screening. Specifically, the biallelic targeting efficiency was about 21% (9/43) and the 349 

monoallelic targeting efficiency was around 7% (3/43).  350 

 351 

Notably, it is crucial to apply puromycin selection to keep the targeted locus accessible to the 352 

piggyBac transposase during the first round of screening. This will minimize the silencing of 353 

the PGK promoter-driven puro-deltaTK selection cassette and then reduce the background 354 

from drug selection in the second round of screening10. A recent report showed that CAG 355 

promoter is more silencing resistant than PGK promoter in hPSCs14. Changing the promoter 356 

for the selection cassette thus could probably improve this system. It is also important to 357 

compare the number of resistant colonies from hyPBase- and GFP-transfected cells. Upon 358 

successful removal of the transposon, there should be more surviving colonies from the 359 

hyPBase- than GFP-transfected cells. In addition to PCR analysis of transposon excision, direct 360 

sequencing of the modified region is required to confirm the excision fidelity.  361 

 362 

Based on Yusa’s piggyBac transposon-based targeting vector strategy9,10, the procedures 363 

detailed above focused on improving hPSCs nucleofection and single cell cloning efficiency. 364 

Cell seeding density was optimized to reduce the likelihood of heterogeneous colony 365 

formation. We also employed 10-12 days culture under 10% CO2 to enhance colony 366 

production for genotype screening. In our experience, around 20 colonies could be obtained 367 

from each 96-well plate. Although this step might take more time than other methods, it is 368 

reliable and gives abundant number of colonies for screening.  369 

 370 

Based on the need, targeting vectors can be designed to introduce or correct point mutations, 371 

to create reporter cell lines, as well as gene knockout. In conclusion, combining the 372 

CRISPR/Cas9(n) system and a targeting vector is an efficient way to deliver different types of 373 

genetically modified hPSCs.  374 
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Name of Material/ Equipment Company

Anti-Human SSEA4 PE eBioscience

Anti-Human TRA-1-60 PE eBioscience

DPBS Thermo Fisher Scientific

DPBS with calcium and magnesium Thermo Fisher Scientific

FIAU Moravek

Gentle cell dissociation reagent Stem Cell Technologies

H9 human embryonic stem cells WiCell

Human NANOG antibody R&D systems

Human OCT4 antibody Abcam

Human stem cell Nucleofector kit 1 Lonza

Mouse IgG3 isotype control PE eBioscience

mTeSR1 medium Stem Cell Technologies

Nucleofector 2b device Lonza

pCMV-hyPBase Wellcome Trust Sanger Institute

pMCS-AAT_PBPGKpuroTK Wellcome Trust Sanger Institute

pSpCas9n(BB)-2A-Puro (PX462) Addgene

Puromycin dihydrochloride Thermo Fisher Scientific

QIAprep spin maxiprep kit Qiagen

QIAprep spin miniprep kit Qiagen

Recombinant laminin 521 BioLamina

Trypan blue solution, 0.4% Thermo Fisher Scientific
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Y-27632(Dihydrochloride) Millipore



Catalog Number Comments/Description

12-8843-42

11-0159-42

14190144
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M251
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AF1997

AB19857

VPH-5012

12-4742-41

85850

AAB-1001

N/A

N/A

PX462

A11138-03

12162

27106
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15250061
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          12th February 2020 

Dear Dr. Nguyen, 

We are grateful to you and the reviewers for taking the time to assess our manuscript and 

provide thoughtful critique.  We have addressed the editorial and referee’s requests, which 

have improved the manuscript. In addition, we provide a detailed point-by-point response 

below. If you require any further information, please do not hesitate to get in touch. 

Yours sincerely, 

 

 

Professor David C. Hay 

Chair of Tissue Engineering 

Editorial comments: 

Changes to be made by the Author(s): 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any 

errors in the submitted revision may be present in the published version. 

--We have thoroughly proofread the manuscript. 

 

2. Please revise the table of the essential supplies, reagents, and equipment. The table should 

include the name, company, and catalog number of all relevant materials in separate columns 

in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material. 

--We have updated the Materials Table to address these requests. 

 

3.  Please remove the embedded figure(s) from the manuscript. All figures should be uploaded 

separately to your Editorial Manager account. Each figure must be accompanied by a title and 

a description after the Representative Results of the manuscript text. 

UoE/MRC Centre for Regenerative Medicine 

SCHOOL of CLINICAL SCIENCES  

The University of Edinburgh 

MRC Centre for Regenerative Medicine 

5 Little France Drive 

Edinburgh 

 EH16 4UU 
 

Telephone:  0131 651 9500 

Fax: 0131 651 9501 
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--We have removed the embedded figures from the manuscript and uploaded each figure 

separately. 

 

4. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. 

All commercial products should be sufficiently referenced in the Table of Materials and 

Reagents. 

For example: Nucleofector, Amaxa, etc. 

--We have removed commercial language in the manuscript. 

 

5. Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. 

--We have modified our protocol steps and referenced original papers wherever necessary. 

 

6. 3.1: Growth conditions? 

--Now included in the manuscript text. 

 

7. 3.11: What is the tube size? 

-- Now included in the manuscript text. 

 

8. Please specify all experimental parameters used throughout. 

--Complete. 

 

9. 3.13: What volume is used to resuspend the cells? 

-- Now included in the manuscript text. 

 

10. 3.14: What are the electroporation settings used? Please provide the parameters to 

decouple the protocol from the device. 

-- Unfortunately this is not possible. We have provided as much detail as we can. 

 

11. 3.15: The medium is warmed to what temperature? 

-- Now included in the manuscript text. 



 

12. 3.16: Incubator is at what temperature? 

-- Now included in the manuscript text. 

 

13. 3.21: Temperature? 

-- Now included in the manuscript text. 

 

14. 3.26: How is lysis done? Please note that if this is to be filmed, we need the details here. 

--The procedures are from the link provided and this will not be filmed. 

 

15. 3.28: Sequence how? 

--Sanger sequencing is provided by the sequencing company. 

 

16. 4.3: How is this done? If this is to be filmed, we need the details here. 

--The step-by-step procedures are provided in the referenced paper. This will not be filmed. 

 

17. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that 

identifies the essential steps of the protocol for the video, i.e., the steps that should be 

visualized to tell the most cohesive story of the Protocol. Remember that non-highlighted 

Protocol steps will remain in the manuscript, and therefore will still be available to the reader. 

18. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from 

one highlighted step to the next. Please highlight complete sentences (not parts of sentences). 

Please ensure that the highlighted part of the step includes at least one action that is written in 

imperative tense. 

-- Highlighted. 

19. Please note that steps 1 and 2 are not appropriate for filming as it is too abstract (Decision 

making). 

-- Note taken. 

20.  As we are a methods journal, please revise the Discussion to explicitly cover the following 

in detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 



-- We have revised the Discussion accordingly. 

 

Reviewers' comments: 

 

Reviewer #1: 

 

Manuscript Summary: 

 

The article by Wang et al. describes the method of introducing point mutations into human 

pluripotent stem cells using Cas9 nickase system. They targeted HNF4 gene which has 

important roles in endoderm differentiation and inserted two point mutations in the exon 8. 

This paper uses HNF4 gene as an example to describe the genome editing technique and is 

not related to endoderm differentiation or the role of HNF4 in endoderm differentiation from 

pluripotent stem cells. However, the abstract creates wrong impression about the context of 

the current methods and is not appropriate for this method article. 

--We agree with the referee and have removed the sentence that might cause wrong impression 

in the abstract.  

 

The method can be used by many researchers who would like to insert a mutation or correct a 

mutation in human stem cells. 

 

Major Concerns: 

 

A majority of the manuscript in the protocol refers to previous papers and the experimental 

steps are not described in detail. For instance, the sections explaining designing and 

constructing Cas9n/sgRNA and piggyBac-based target vector and removing transposan are 

very brief compared to the other sections and the important steps were explained as "follow 

the published protocol". It is important that the authors explain each step.  

-- We agree and have modified the text to provide more experimental details, in combination 

with the appropriate references, to better equip the reader. 

A second example: what is meant by "appropriate" space and orientation in single-guide RNA 

design ?;  

--We have provided more details in the revised manuscript, explaining this in the NOTE text. 

Details of cloning reactions, PCR reactions, sequencing, and primer sequences are not included 

and explained in a step by step manner. The list of required materials and equipment is not 

available. If all this information is already in the published literature then what is the purpose of 

this report? 

--Our article’s focus is on human pluripotent stem cell genome editing using an up-to-date and 

reliable CRISPR/Cas9 system. Therefore, we concentrated on the novel aspects of our study. The 

molecular details requested are sufficiently documented in the literature to enable our scientific 

audience and we were keen not to duplicate this. 



 

The authors describe nucleofecting stem cells in detail but critical pieces of information is 

missing such as "volume" of DPBS and "medium", "percentage of O2". 

--We agree and the relevant Information has been added in the revised manuscript.  

Poorly defined and subjective terms should be avoided such as "maintain the cells in good 

condition" or "maintain the colonies well".  

--We agree and the subjective terms have been removed. 

Total number of colonies screened by PCR, and the number positive colonies are not provided. 

Percentage of heterozygous, homozygous, and non-targeted clones are not available to 

consider whether the technique is efficient or not. 

--We agree and the numbers have been added in the discussion for editing HNF4a gene. 

 

There are additional concerns in the Figures; 1) Why is the WT image missing in Figure 4A? 2) 

What does blue color represent in IgG control in Figure 4B? 

--We apologize for the missing image, caused by a technical failure. The blue color represents 

DAPI staining and it has been explained in the updated figure legend.  

 

 

 

Reviewer #2: 

 

Manuscript Summary: 

The manuscript is of high inpact for the stem cell community in academia and industry 

interested in efficient and robust CRISPR/Cas9-based geneome editing tools. The protocol is 

descirbed in sufficient details and summarizes the current state-of-the-art. Some minor aspects 

should be implemented into a revised version of the manuscript. 

 

Minor Concerns: 

 

1. It wold be reasonable to refer to the respective Addgene stock numbers, wherever plasmids 

are deposited in that repository. 

--We agree, the plasmids used in the manuscript from Addgene are listed in the Materials Table.  

 

2. Similarly, for the detailed "Name of Materials-Table" catalogue numbers of the given 

products need to be provided. 

--We agree, the relevant catalogue numbers have been added in the updated Materials Table. 

 

3. The PGK promoter is prone to rapid silencing in human pluripotent stem cells, as the authors 

shortly discussed in the manuscript. Other promoter systems as used by other groups might be 

considered and discussed as alternative strategies (e.g. the CAG promoter, used by 

Eggenschwiler et al; see: https://www.addgene.org/browse/article/25051/) 

https://www.addgene.org/browse/article/25051/


--We agree that this is a good suggestion. We have not explored this in our lab, but have 

discussed this briefly in the manuscript. 

 

4. the "hypoxic" and "normoxic" conditions should be described more precisely. Most 

probably, depletion of oxygen to reach 5%O2 in the incubator is meant by "hypoxia" and the 

ambient 20% O2 (actually 'hyperoxia') is refered as "normoxia". 

--We thank the reviewer for the clarification and have modified the manuscript text accordingly.  


