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SUMMARY: 18 
We describe a method for generating human retinoblastoma (RB) by introducing biallelic RB1 19 
mutations in human embryonic stem cells (hESC). RB cell lines could also be successfully cultured 20 
using the isolated RB in a dish. 21 
 22 
ABSTRACT: 23 
Human RB is pediatric cancer, which is lethal if no treatment is administered. As RB originates 24 
from cone precursors, which is relatively rare in rodent models, meanwhile regarding the 25 
interspecies differences between humans and rodents, a disease model derived from humans is 26 
more beneficial for uncovering the mechanisms of human RB and seeking the targets of therapy. 27 
Herein, the protocol describes the generation of two gene-edited hESC lines with a biallelic RB1 28 
point mutation (RB1Mut/Mut) and an RB1 knockout mutation (RB1−/−), respectively. During the 29 
process of retinal development, the formation of RB is observed. The RB cell lines are also 30 
established by segregating from the RB organoids. Altogether, by differentiating the gene-edited 31 
hESC lines into the retinal organoids using a 2D and 3D combined differentiation protocol, we 32 
have successfully reconstructed the human RB in a dish and identified its cone-precursor origin. 33 
It would provide a helpful disease model for observing the retinoblastoma genesis, proliferation, 34 
and growth as well as further developing novel therapeutic agents. 35 
 36 
INTRODUCTION: 37 
Human retinoblastoma (RB) is a rare, fatal tumor derived from the retinal cone-precursors1–3, is 38 
the most common type of intraocular malignancy in childhood4. Homozygous inactivation of RB1 39 
gene is the initiating genetic lesion in RB5. However, mice with RB1 mutations fail to form the 40 
retinal tumor2. Although the mouse tumors could be generated with the combination of Rb1 41 
mutations and other genetic modifications, they still lack the features of human RB6. Thanks to 42 
the development of retinal organoid differentiation, the hESC-derived RB could be obtained, 43 
displaying the characters of human RB1. 44 
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 45 
Numerous protocols for retinal organoid differentiation have been established in the past decade, 46 
including 2D7, 3D8, and a combination of 2D and 3D9. The method used here to generate the 47 
human RB is the consolidation of adherent culture and floating culture9. By differentiating the 48 
RB1 mutated hESC into retinal organoids, the formation of RB is detected at around day 45, and 49 
then it proliferates rapidly at around day 60. On day 90, isolation of RBs, and generation of the 50 
RB cell line is possible; furthermore, RB surrounds almost all retinal organoids at day 120. 51 
 52 
hESC-derived RB is an innovative model for exploring the origin, tumorigenesis, and treatments 53 
for RB. In this protocol, the generation of gene-editing hESC, the differentiation of RB, and 54 
characterization for RB are described in detail. 55 
 56 
PROTOCOL: 57 
 58 
This study is approved by the institutional Ethics Committee of Beijing Tongren Hospital, Capital 59 
Medical University. H9 hESCs are obtained from the WiCell Research Institute. 60 
 61 
1. Generation of RB1 mutated hESC 62 
 63 
1.1.  CRISPR/Cas9 targeting vector for the knockout (KO) of RB1. 64 
 65 
1.1.1. Design a pair of sgRNA. For the ablation of RB1, target the first exon of this gene. The 66 
forward primer sequence is CACCGCGGTGGCGGCCGTTTTTCGG, and the reverse primer sequence 67 
is AAACCCGAAAAACGGCCGCCACCGC. 68 
 69 
NOTE: For the specific RB1 mutation, a repaired template is also required. In this protocol, RB1-70 
KO cell line is used as an example. 71 
 72 
1.1.2. Digest 1 µg of pX330-U6-Chimeric BB-CBh-hSpCas9-2A-Puro with BbsI restriction enzymes 73 
(see Table of Materials) for 30 min at 37 °C by following the manufacturer’s instructions. 74 
 75 
1.1.3. Purify the digested plasmids using a purification kit according to the manufacturers’ 76 
instructions. 77 
 78 
NOTE: Enzymatic reactions could be directly cleaned up without agarose gel using the purification 79 
kit (see Table of Materials). 80 
 81 
1.1.4. Phosphorylate and anneal each pair of oligos using the T4 polynucleotide kinase (PNK) 82 
(Table of Materials) with the reaction comprising 1 µL of oligo1 (100 µM), 1 µL of oligo2 (100 83 
µM), 1 µL of 10x T4 Ligation Buffer, 6.5 µL of ddH2O, and 0.5 µL of T4 PNK. 84 
 85 
NOTE: The forward and reverse primers in step 1.1.1 are a pair of oligos. Phosphorylate and 86 
anneal the oligos in a thermocycler using the following parameters: 37 °C for 30 min; 95 °C for 5 87 
min; ramp down to 25 °C at 5 °C per minute. 88 



 

 89 
1.1.5. Dilute the phosphorylated and annealed oligos 200 times by adding 1 µL of oligo reagent 90 
to 199 µL of nuclease-free water at room temperature (RT). 91 
 92 
1.1.6. Set up the ligation reaction and incubate at RT for 10 min by mixing the following: 50 ng 93 
of Bbs1 digested plasmid from step 1.1.3, 1 µL of oligo duplex from step 1.1.5, 5 µL of 2x ligation 94 
buffer, 1 µL of ligase, and top up to 10 µL using nuclease-free water. 95 
 96 
1.1.7. Transform the ligation mixture and sequence the positive colonies for the next step. 97 
 98 
NOTE: Use U6 forward or reverse primer for sequencing. 99 
 100 
1.1.7.1. Thaw the competent cells on ice. 101 
 102 
1.1.7.2. Take 50 μL of the competent cells in a 1.5 mL microcentrifuge tube. 103 
 104 
1.1.7.3. Add 1 μL of the ligation mixture from step 1.1.6 into the competent cells. 105 
 106 
1.1.7.4. Mix gently by pipetting up and down the tube three times. 107 
 108 
NOTE: Do not vortex. 109 
 110 
1.1.7.5. Place the mixture on ice for 30 min. 111 
 112 
1.1.7.6. Heat shock the mixture at 42 °C for 90 s. 113 
 114 
1.1.7.7. Add 950 µL of room temperature Luria-Bertani (LB) broth without antibiotic to the 115 
tube. 116 
 117 
1.1.7.8. Place the tube in a shaker at 300 rpm at 37 °C for 60 min. 118 
 119 
1.1.7.9. Warm the LB plates (peptone, peptone from casein, sodium chloride, agar-agar, 120 
and ampicillin) to 37 °C in advance. 121 
 122 
1.1.7.10. Spread 50–100 µL of the cells and ligation mixture onto the plates at RT. 123 
 124 
1.1.7.11. Incubate the plates overnight at 37 °C. 125 
 126 
1.1.7.12. Pick up 12 colonies from the plate and transfer them to the LB medium with 127 
ampicillin. Place the medium on a shaker at 300 rpm for 60 min. 128 
 129 
1.1.7.13. Use 1 µL of the bacteria solution (from step 1.1.7.12) as template for PCR and 130 
select the positive colonies. 131 
 132 



 

1.1.7.14. Sequence the positive colonies by the U6 primers, use the colony with the 133 
designed sgRNA sequences in the next step. 134 
 135 
1.1.8. Extract the plasmid using a midi kit (see Table of Materials). 136 
 137 
NOTE: The quality and the quantity of the plasmid using a mini kit are not enough for the 138 
following nucleofection experiment. Midi or maxi kit is more suitable than the mini kit. 139 
 140 
1.2. HESC culture and nucleofection. 141 
 142 
NOTE: Prewarm all the reagents to RT. 143 
 144 
1.2.1. Thaw 1 x 106 H9 cells into a pre-coated 6-well plate with 10 µM Y-27632 (ROCK inhibitor) 145 
and 2 mL of fresh ncEpic-hiPSC/hESC culture medium. 146 
 147 
NOTE: Coat the 6-well plate with 1% Growth factor reduced basement membrane matrix for at 148 
least 30 min at 37 °C before use. 149 
 150 
1.2.2. The next day, remove the supernatant, rinse the cells with 1x Dulbecco’s Phosphate-151 
Buffered Saline (DPBS), and then add 2 mL of fresh ncEpic-hiPSC/hESC culture medium. 152 
 153 
1.2.3. Change the medium every day with 2 mL of fresh ncEpic-hiPSC/hESC culture medium in 154 
the following 3–5 days until the cells grow to around 80% confluency. 155 
 156 
1.2.4. Passage once or twice to adjust the state of the hESC. 157 
 158 
NOTE: The easiest way to identify the state of the hESC is the morphology. 159 
 160 
1.2.5. Culture the undifferentiated H9 cells in a 6-well plate until they reach 80% confluency. 161 
 162 
1.2.6. Change the medium 2 h before the nucleofection with 2 mL of fresh ncEpic-hiPSC/hESC 163 
culture medium mixed with 10 µM of Y-27632 and precoat one well of a 12-well plate using 1% 164 
Growth factor reduced basement membrane matrix. 165 
 166 
1.2.7. Aspirate the medium and rinse with 1 mL of prewarmed DPBS. 167 
 168 
1.2.8. Remove the DPBS and incubate with 1 mL of cell dissociation enzyme (see Table of 169 
Materials) for 3.5 min at 37 °C. 170 
 171 
1.2.9. Add 1 mL of fresh ncEpic-hiPSC/hESC culture medium to the cells and pipette twice to 172 
make the H9 cells into a single cell suspension. 173 
 174 
1.2.10. Take out 100 µL of the mixture for cell counting and transfer the remaining to a 15 mL 175 
centrifuge tube containing another 2 mL of ncEpic-hiPSC/hESC culture medium inside. 176 



 

 177 
1.2.11.  Centrifuge at 200 x g for 5 min. Remove the supernatant and resuspend around 2 x 106 178 
cells into a 100 µL reaction volume. According to the manufacturer’s protocol, optimize the 179 
volume for the cells, plasmids, nucleofector, and reaction conditions. See Table of Materials for 180 
the nucleofection system used in this protocol. 181 
 182 
NOTE: Generally, bubbles are not allowed during the nucleofection. 183 
 184 
1.2.12. After transfection, transfer the cells to the precoated 12-well plate, supplement with 1.5 185 
mL of ncEpic-hiPSC/hESC culture medium and 10 µM of Y-27632, and then culture the cells in a 186 
37 °C, 5% CO2 incubator. 187 
 188 
1.2.13. Change the medium daily. After 48 h, add 2 μg/mL of puromycin for cell selection around 189 
one week. 190 
 191 
NOTE: Numerous cells die during the first 3 days. The remaining cells may proliferate and 192 
generate into colonies in the following week after the puromycin selection. In the selection week, 193 
ensure that the medium always contains 2 μg/mL of puromycin. 194 
 195 
1.2.14. Pick the colonies manually under a microscope. 196 
 197 
NOTE: The colony morphology is the same as the hES colony. Cut the colonies into pieces (2–6 198 
pieces per colony) with a 10 µL white/normal pipette tip in the medium and transfer one colony 199 
into one precoated well of a 12-well plate. 200 
 201 
1.2.15. First, Identify the RB1 mutations and the off-target situations (Table 1), and then 202 
pluripotency to characterize the RB1 knockout H9 cell line. 203 
 204 
NOTE: Detect the RB1 mutations and the off-target situations using PCR and sanger sequencing. 205 
Identify the pluripotency markers by RT-PCR and Immunofluorescence. 206 
 207 
2. Generation of human retinoblastoma 208 
 209 
2.1. Maintenance of RB1-KO hESC. 210 
 211 
2.1.1. Culture the gene-edited H9 cells in a Growth factor reduced basement membrane matrix 212 
coated 6-well plate with 2 mL of ncEpic-hiPSC/hESC culture medium and change the medium 213 
every day. 214 
 215 
2.1.2. Passage using EDTA buffer for 3.5 min at 37 °C or 5 min at RT. 216 
 217 
NOTE: EDTA buffer is the mixture of 1x DPBS, 5 mM EDTA, and 0.9 mg/mL of NaCl. 218 
 219 
2.2. Retinal cell differentiation. 220 



 

 221 
NOTE: Prepare Medium I before the differentiation. To prepare Medium I, mix 24.5 mL of 222 
Dulbecco’s Modified Eagle Medium (DMEM)/Nutrient Mixture F-12(F12)-Glutamine (1x), 24.5 mL 223 
of Neuronal basal medium, 250 µL of 100x supplement A, 500 µL of 50x supplement B, 0.1 mM 224 
ß-mercaptoethanol, and 250 µL of 100x L-glutamine. Prewarm all the mixtures to RT before use. 225 
 226 
2.2.1. Grow the RB1-KO hESC to 80% confluence in one well of a 6-well plate. 227 
 228 
2.2.2. Remove the medium and rinse the cells with 1 mL of 1x DPBS. 229 
 230 
2.2.3. Elevate the cell colonies using 1 mL of dispase buffer (see Table of Materials) for 5 min at 231 
37 °C. 232 
 233 
NOTE: Check the cell colonies under a microscope. Usually, it takes 5 min for the edge of the 234 
colonies to roll out. 235 
 236 
2.2.4. Aspirate the dispase buffer and gently rinse the cells once with 1 mL of 1x DPBS. 237 
 238 
2.2.5. Add 1 mL of Medium I into the well. 239 
 240 
2.2.6. Cut the colonies into pieces (6–9 pieces per colony) with a 10 µL white/normal pipette tip 241 
in the medium. 242 
 243 
NOTE: Generally, around 60%–70% of cells detach from the well. Use a cell scraper to scrape the 244 
remaining cells in the medium. 245 
 246 
2.2.7. Harvest all the cells by centrifuging in a 15 mL tube at 200 x g for 5 min. 247 
 248 
2.2.8. Leave around 50 µL of the supernatant to disperse the cells in the medium, and then mix 249 
the cells with 250 µL of Growth factor reduced basement membrane matrix by gentle agitation. 250 
 251 
NOTE: Keep the Growth factor reduced basement membrane matrix either at 4 °C or on the ice 252 
before use. If it is aliquoted and stored at -20 °C, place it at 4 °C overnight or at least 1 h before 253 
use. 254 
 255 
2.2.9. Keep the 15 mL tube with the suspended cells into a 37 °C incubator for 20 min. 256 
 257 
NOTE: Ensure that the cells and Growth factor reduced basement membrane matrix form a 258 
solidified gel. 259 
 260 
2.2.10. Add 1 mL of Medium I into the 15 mL tube, and then lightly pipet the solidified gel two to 261 
three times to disperse the clump with a 1 mL pipette. 262 
 263 
2.2.11. Add 9 mL of Medium I and transfer the cell suspension into a 10 cm cell culture dish. 264 



 

 265 
2.2.12. Move the dish to a 37 °C incubator with 5% CO2 and set the day as day 0. 266 
 267 
2.2.13. Examine the cells using a microscope on day 1. 268 
 269 
NOTE: Thousands of hollow cysts could be observed in the dish. On average, 3 to 4 cysts are 270 
observed in one piece of gel. 271 
 272 
2.2.14. Change the medium on day 5. Collect the supernatant into a 15 mL tube, wait for the cysts 273 
to settle to the bottom, and then remove the medium and replace it with fresh Medium I. 274 
 275 
NOTE: If the medium becomes yellow on day 4, change the medium on day 4, otherwise on day 276 
5. Add 10 mL of fresh Medium I into the original dish. Hundreds of cysts have already attached 277 
to the culture surface; keep them there. 278 
 279 
2.2.15. Disperse the cysts in the tube into two 10 cm dishes. 280 
 281 
NOTE: Make sure at least 300 cysts are in a dish. If the cysts are not confluent, do not separate 282 
the cysts into other dishes; return them to the original 10 cm dish. 283 
 284 
2.2.16. On day 7, most cysts (above 95%) attach to the dish, spread out, and form adherent 285 
colonies. 286 
 287 
NOTE: As early as day 3, the adherent colonies can be observed. 288 
 289 
2.2.17. On day 10, change the medium with fresh Medium I. Ensure that all the cysts are attached 290 
to the dish. 291 
 292 
2.2.18. Prepare Medium II before the next step by mixing the following: 36 mL of DMEM, 12 mL 293 
of F12, 2% of supplement B (v/v), 0.1 mM MEM Non-Essential Amino Acids Solution (NEAA). 294 
 295 
2.2.19. Ensure that the cells are spread out by day 13–17. Perform the next step on day 15 when 296 
the cells are spread out but not interacting with the neighboring colonies. 297 
 298 
2.2.20. Rinse the cells once with 1 mL of DPBS and add 1 mL of dispase solution for 5 min at 37 °C. 299 
 300 
NOTE: Within 5 min, the edge of the cells elevate. 301 
 302 
2.2.21. Remove the dispase buffer and gently rinse the cultures with 1 mL of 1x DPBS. 303 
 304 
2.2.22. Add 10 mL of Medium II to each 10 cm dish and culture in a 37 °C, 5% CO2 incubator. 305 
 306 
2.2.23. The adherent cultures spontaneously detach after 24 h and assemble into retinal 307 
organoids. 308 



 

 309 
NOTE: Numerous cells that do not form the organoids would die in the following 2 days. 310 
 311 
2.2.24. Three days after detachment, collect the cells from the cell culture dish and allow the 312 
organoids to settle in a 15 mL tube. 313 
 314 
2.2.25. Remove the supernatant from the tube and transfer the organoids to a new non-adherent 315 
dish (Petri dish) with 10 mL of Medium II for the following four days. 316 
 317 
2.2.26. Prepare Medium III by mixing DMEM: F12 at 3:1 ratio (v/v), 2% supplement B (v/v), 0.1 318 
mM MEM Non-Essential Amino Acids Solution (NEAA), 8% Fetal Bovine Serum (FBS) (v/v), 100 319 
µM of Taurine, and 2 mM Glutamine. 320 
 321 
2.2.27. A week after the detachment, change the medium to Medium III. 322 
 323 
2.2.28. From this day onward, culture the organoids in Medium III and refresh the medium twice 324 
a week. 325 
 326 
2.3. Establishment of RB cell line. 327 
 328 
NOTE: All the reagents are prewarmed at RT. 329 
 330 
2.3.1. On day 90, the RBs (80%–90%) encompass the retinal organoids. Therefore, choose the 331 
90-day RB organoids for the generation of the RB cell line. 332 
 333 
2.3.2. Prepare the 1640 medium by mixing the Roswell Park Memorial Institute (RPMI)-1640 334 
medium with 10% FBS. 335 
 336 
2.3.3. Cut the RB into pieces (20–25 pieces per RB) with a microsurgical knife under a 337 
microscope in RPMI-1640 medium. 338 
 339 
2.3.4. Remove the RPMI-1640 medium and treat the pieces with 0.25% Trypsin/EDTA for 10 min 340 
at 37 °C. 341 
 342 
2.3.5. Add the RPMI-1640 medium to end the reaction and centrifuge at 200 x g for 5 min. 343 
 344 
2.3.6. Remove the supernatant and resuspend the cells in 1640 medium in a non-adherent dish. 345 
 346 
2.3.7. The RB cell line is a floating culture. Change the medium twice a week and passage the 347 
RB cells within 2 weeks. 348 
 349 
NOTE: The proliferation rate of primary RB cells is quite slow. 350 
 351 
REPRESENTATIVE RESULTS: 352 



 

The procedure of RB generation is elucidated in the Figure 1, which combines the adherent and 353 
floating culture. It was possible to harvest the human RB from RB1-KO hESC, and obtain the RB 354 
cell line by isolating the RB organoids. 355 
 356 
Here, the protocol provides the details of the differentiation in different stages (Figure 2). Hollow 357 
spheres are formed in the first 3 days which attach to the culture surface and then expand (Figure 358 
2A–E). From day 15 onward, cells are elevated and culture in suspension (Figure 2F). The day 359 
after the detachment, retinal organoids are formed, and the bright rims are visible (Figure 2G, 360 
black arrows). Moreover, those cells outside the organoids are likely to die in the following week 361 
(Figure 2G, orange arrows). On day 27, the optic vesicle architecture is evident and around 90% 362 
of organoids display this structure (Figure 2H); the organoids without this structure could be 363 
discarded. The first detection of the RB occurs on day 45, and then it becomes palpable on day 364 
50 (Figure 2I). When it grows to day 90, the optic vesicle structures are principally enfolded by 365 
the RB (Figure 2J). Meanwhile, the RB could be isolated as an RB cell line for further culture 366 
(Figure 2K). Above 80% retinal organoids would be fully enveloped by the RB on day 105 (Figure 367 
2L). They highly show expression of Ki67 (proliferation marker) and SYK (oncogene marker) 368 
comparing with the H9-derived retinal organoids, which indicates the tumorigenesis in the RB 369 
organoids (Figure 2M,N). Additionally, the high expression of ARR3 (cone precursor maker) and 370 
CRX (photoreceptor precursor marker) in the RB organoids demonstrates that they originate 371 
from cone precursor cells (Figure 2O,P). 372 
 373 
The procedure of RB generation mainly undergoes three stages with morphology changes before 374 
the RB formation; here, the study provides the inferior and superior results at those stages 375 
(Figure 3). Differentiated and undifferentiated hESC (Figure 3A,B) is easy to distinguish from the 376 
morphology, and the undifferentiated hESC is chosen for RB formation. On day 5, a hollow sphere 377 
should generate (Figure 3D) rather than the solid one (Figure 3C). The RB is derived from the 378 
retinal organoids, which display optic vesicle architecture (Figure 3F). There is no RB that would 379 
generate in the inferior organoids (Figure 3E). 380 
 381 
FIGURE AND TABLE LEGENDS: 382 
Figure 1: Schematic view of the RB organoids differentiation. Day 0–day 15, the cells are 2D 383 
culture in medium I, and after day 15, the cells are suspension culture. RB is formed at around 384 
day 45. 385 
 386 
Figure 2: RB generation and characterization. (A–C) The procedure of the early stage, hESC is 387 
elevated to form the cysts. The black arrows in (B) show the rolled edges of hESC after dispase 388 
treatment. (D,E) The cysts attach to the plates (D) and then expand (E). (F) Adherent cells are 389 
elevated to form the retinal organoids. Black arrows indicate the rolled edges after dispase 390 
treatment. (G,H) Early days retinal organoids without RB. (I, J) The retinal organoids with RB on 391 
day 50 (I) and day 90 (J), the green circles evidence the RB parts. (K) The isolated RB cell line from 392 
90-day retinal organoids. (L) The RB organoids on day 105. (M–P) The immunofluorescence 393 
images for the oncogene markers (M,N) and photoreceptor markers (O,P). In A–L, scale bars = 394 
200 µm; in M–P, scale bars = 50 µm. 395 
 396 



 

Figure 3: Comparation of the negative and positive results. The inferior and superior images for 397 
differentiation on day 0 (A,B), day 5 (C,D), and day 30 (E,F). Scale bars = 200 µm. 398 
 399 
DISCUSSION: 400 
Human retinoblastoma (RB) is caused by the inactivation of RB1 and the dysfunction of Rb 401 
protein. In this protocol, the RB1-KO hESC is the pivotal step for the generation of RB in a dish. 402 
While even with RB1-/- hESC, it is possible that there is no RB formation due to the methods of 403 
retinal organoid differentiation10. In this protocol, the transfer from adherent culture to floating 404 
culture is essential in the process of differentiation. The density of the cysts, types of pluripotent 405 
stem cells, and the proliferation rate are all the variables that would affect the timing for 406 
detachment. It is desirable to detach the cells when they are expanded but not interacted by 407 
neighboring colonies9. If the colonies are adjoining, it would lead to the contiguous retinal 408 
organoids and then reduce the differentiation efficiency. 409 
 410 
By following the steps critically, it would be untroubled to harvest the RB. However, this method 411 
could only model RB with the biallelic inactivation of RB1. For the inherited RB patients, who 412 
harbored heterozygous RB1 mutation, it is unable to mimic the process of tumorigenesis with 413 
the heterozygous RB1 mutation11. Nevertheless, it is still an optimal RB model because it is 414 
currently closest to the actual RB tumorigenesis in patients1. It shares the same origin with 415 
primary RB3,12 and overcomes the species difference of mice models or simplified two-416 
dimensional environment of immortalized cancer cell lines3,12,13. 417 
 418 
The human RB is established in a dish derived from human ESC using the described method, and 419 
it exhibits great similarity to human primary RB. Therefore, it would provide an ideal platform for 420 
elucidating the molecular pathology of human RB and screening of pharmacological agents. 421 
 422 
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Target gRNA seqence Mismatch Location

On Target CGGTGGCGGCCGTTTTTCGG-GGG 0 Chr13:48878063-48878085

Off Target 1 gtGTGGCtGCCaTTTTTCGG-AGG 4 Chr17:77177153-77177175

Off Target 2 gGGcGGCGGCCGcTcTTCGG-TGG 4 Chr5:118407160-118407182

Off Target 3 CaGTGtCtGCCtTTTTTCGG-GGG 4 Chr19:51643570-51643592

Off Target 4 aGtTGGCttCCcTTTTTCGG-GGG 5 Chr10:112386829-112386851

Off Target 5 gGGcGGCGatgGTTTTTCGG-CGG 5 Chr6:127588581-127588603

Off Target 6 CctTGGgaGCCGcTTTTCGG-GGG 5 Chr16:88002716-88002738

Off Target 7 CtGgaaCtGCCGTTTTTCGG-AGG 5 Chr5:72593890-72593912

Off Target 8 CtGcGGCcGCtGcTTTTCGG-GGG 5 Chr18:11689581-11689603

Off Target 9 CaGTccCGGCCGTggTTCGG-AGG 5 Chr13:113416808-113416830

Off Target 10 CaGTGGtaGCCtTaTTTCGG-GGG 5 Chr21:42648826-42648848
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. 
It has been checked. 
 
2. Please replace “Reagent A” with “ncEpic-hiPSC/hESC culture medium”, “Reagent B” with “Growth 
factor reduced basement membrane matrix“ and “Reagent C” with “cell dissociation enzyme” in the 
manuscript text 
They are all changed in the text and the materials table. 
 
3. Line 99: Please mention what is transformed and sequenced. 

Ligation mixture from step 1.1.6 is transformed, which is mentioned in step 1.1.7.3; “Sequence 
the positive colonies by the U6 primers, the colony with the designed sgRNA sequences are 
used in the next step” has been added to 1.1.7.14. 
 
4. Line 121: Please mention the composition of LB plates. Is any antibiotic used? 

The antibiotic is used in the LB plates and the LB medium, except the Luria-Bertani (LB) broth in 
1.1.7.7. They have already been updated in 1.1.7.7, 1.1.7.9, 1.1.7.12 

 
5. Line 127-128: Please specify if there is any specific temperature maintained. 
RT has been added in step 1.1.7.10 
 
6. Line 130: Please specify which bacterial solution is used. Is it the one prepared in the previous 
step? 

“Use 1 µL of the bacteria solution (from step 1.1.7.12)” has been updated. 
 
7. Line 183-184: Please mention if puromycin is added every day for one week or is it added and 
maintained for one week. 

“In the selection week, medium should always with 2 μg/mL of puromycin.” has been added in 
1.2.13 
 
8. Line 189: Please mention how the clones are identified and picked. 

It is added in step 1.2.14 “NOTE: The colony morphology is same with the previous hES colony. 
Cut the colonies into pieces (2-6 pieces per colony) with a 10 µL white pipet in the medium and 
transfer one colony into one precoated well of a 12 well plate.” 
 
9. Line 191-192: Please specify the method of characterization. 

It has been updated “NOTE: PCR and sanger sequencing are used for detecting RB1 mutations 
and the off-target situations. Pluripotency markers are identified by RT-PCR and 
Immunofluorescence.” In step 1.2.15. 
 
10. Line 227: Please verify and correct the term used “10 µL white pipet “ 
It has been updated. 
 
11. Line 283: Please specify the volume of DPBS and dispase solution used. 

“1 mL DPBS and add 1 mLdispase solution” has been updated. 
 
12. Line 291: Please complete the phrase “spontaneously detach after h” 
“24 h” has been updated in 2.2.23 
 
13. Line 362-363: Please rephrase the sentence to make it clearer. 
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“Differentiated and undifferentiated hESC (Figure 3A,3B) is easy to distinguish from the 
morphology, and the undifferentiated hESC is chosen for RB formation. On day 5, a hollow 
sphere should generate (Figure 3D), rather than the solid one (Figure 3C).” has been updated. 
 
14. Figure 1: Please add a description of the figure. 

“Day 0-day 15, it is 2D culture in medium I and after day 15, it is suspension culture. RB is 
formed at around day 45.”has added. 
 
15. Figure 2/3: Please use upper case letters as labels in the figure (e.g., replace “a” with “A”, etc.) 
It has been changed. 
 
16. Please ensure that all the reviewer comments are addressed and included in the manuscript text 
in the appropriate sections. 
It has been checked. 
  
 


