
Journal of Visualized Experiments
 

Generation of induced pluripotent stem cells from Turner Syndrome (45XO) fetal cells
for downstream modelling of associated neurological deficits

--Manuscript Draft--
 

Article Type: Methods Article - Author Produced Video

Manuscript Number: JoVE62240R2

Full Title: Generation of induced pluripotent stem cells from Turner Syndrome (45XO) fetal cells
for downstream modelling of associated neurological deficits

Corresponding Author: Shagufta Parveen, PhD
Manipal Institute of Regenerative Medicine, Manipal Academy of Higher Education
Bangalore, KARNATAKA INDIA

Corresponding Author's Institution: Manipal Institute of Regenerative Medicine, Manipal Academy of Higher Education

Corresponding Author E-Mail: shagufta.parveen@manipal.edu

Order of Authors: Shagufta Parveen, PhD

Nivedha Veerasubramanian

Vaishnavi Karthikeyan

Sridevi Hegde

Anandh Dhanushkodi

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$1200)

Please specify the section of the
submitted manuscript.

Developmental Biology

Please confirm that you have read and
agree to the terms and conditions of the
author license agreement that applies
below:

I agree to the Author License Agreement

Please provide any comments to the
journal here.

none

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access ($1400)

Please confirm that you have read and
agree to the terms and conditions of the
video release that applies below:

I agree to the Video Release

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

https://www.jove.com/files/Author_License_Agreement.pdf
https://www.jove.com/files/Video_Release_1-29-21.pdf


TITLE:  1 

Generation of induced pluripotent stem cells from Turner Syndrome (45XO) fetal cells for 2 

downstream modelling of neurological deficits associated with the syndrome 3 

 4 

AUTHORS AND AFFILIATIONS: 5 

Nivedha Veerasubramanian*1, Vaishnavi Karthikeyan*1, Sridevi Hegde2, Anandh 6 

Dhanushkodi1, Shagufta Parveen1 7 

 8 
1Manipal Institute of Regenerative Medicine, Manipal Academy of Higher Education, 9 

Bengaluru, India 10 
2Department of Medical Genetics, Manipal Hospitals, Bengaluru, India 11 

 12 

* These authors have contributed equally 13 

 14 

ahdevin2912@gmail.com 15 

vaishnavikarthikeyan01@gmail.com 16 

hegdeshri@gmail.com 17 

ds.anand@manipal.edu 18 

 19 

Corresponding Author: 20 

Shagufta Parveen 21 

shagufta.parveen@manipal.edu 22 

 23 

KEYWORDS:  24 

Reprogramming, Human induced pluripotent stem cells, Aneuploidies, Congenital 25 

Malformations, Spontaneous Fetal Death, Turner Syndrome, Neurological Deficits 26 

 27 

SUMMARY: 28 

This protocol describes the generation of integration free iPSCs from fetal tissue fibroblasts 29 

through delivery of episomal plasmids by nucleofection followed by description of methods 30 

used for iPSC characterization and neuronal differentiation. 31 

 32 

ABSTRACT:  33 

Chromosomal aneuploidies cause severe congenital malformations including central nervous 34 

system malformations and fetal death. Prenatal genetic screening is purely diagnostic and 35 

does not elucidate disease mechanism. Although cells from aneuploid fetuses are valuable 36 

biological material bearing the chromosomal aneuploidy, these cells are short lived, limiting 37 

their use for downstream research experiments. Generation of induced pluripotent stem cell 38 

(iPSC) models is an effective method of cell preparation for perpetual conservation of 39 

aneuploid traits. They are self-renewing and differentiate into specialized cells reminiscent of 40 

embryonic development. Thus, iPSCs serve as excellent tools to study early developmental 41 

events. Turner syndrome (TS) is a rare condition associated with a completely or partially 42 

missing X chromosome. The syndrome is characterized by infertility, short stature, endocrine, 43 

metabolic, autoimmune and cardiovascular disorders and neurocognitive defects. The 44 

following protocol describes isolation and culturing of fibroblasts from TS (45XO) fetal tissue, 45 

generation of integration free TSiPSCs through delivery of episomal reprogramming plasmids 46 

by nucleofection followed by characterization. The reprogramming TSiPSCs were initially 47 
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screened by live cell alkaline phosphatase staining followed by extensive probing for 48 

pluripotency biomarkers. Selected colonies were mechanically dissected, passaged several 49 

times and stable self-renewing cells were used for further experiments. The cells expressed 50 

pluripotency transcription factors OCT4, NANOG, SOX2, cell surface markers SSEA 4 and TRA1-51 

81 typical of pluripotent stem cells. The original 45XO karyotype was retained post 52 

reprogramming. The TSiPSCs were able to form embryoid bodies and differentiate into cells 53 

of endoderm, mesoderm and ectoderm expressing lineage specific biomarkers ((SRY BOX17), 54 

(MYOSIN VENTRICULAR HEAVY CHAINα/β), (βIII TUBULIN)). The exogenous episomal plasmids 55 

were lost spontaneously and not detected after passage15 in cells. These TSiPSCs are a 56 

valuable cellular resource for modelling defective molecular and cellular neurodevelopment 57 

causing neurocognitive deficits associated with Turner syndrome. 58 

 59 

INTRODUCTION: 60 

Aneuploidies lead to birth defects/congenital malformations and pregnancy loss in humans. 61 

~50%–70% of specimens from pregnancy losses show cytogenetic abnormalities. Aneuploid 62 

embryos lost early in pregnancy cannot be easily obtained for experimental analysis raising 63 

the need to develop other models closely representing human embryogenesis. Induced 64 

pluripotent stem cells (iPSCs) derived from cells diagnosed with genetic disorders have been 65 

used to model the representative genetic irregularities and their consequence on fetal 66 

development1–4. These iPSCs resemble epiblast cells of the developing embryo and can 67 

recapitulate the early events of embryo formation. They allow understanding and 68 

characterization of the developmental program of cell lineages and patterning in early 69 

mammalian embryos. iPSCs derived previously from skin fibroblasts and amniocytes from 70 

prenatal diagnostic tests of aneuploidy syndromes like monosomy X (Turner syndrome), 71 

trisomy 8 (Warkany syndrome 2), trisomy 13 (Patau syndrome) and partial trisomy 11; 22 72 

(Emanuel syndrome) have provided valuable insights regarding failed development4. 73 

 74 

Turner syndrome (TS) is a rare condition characterized by female infertility, short stature, 75 

endocrine and metabolic disorders, an increased risk of autoimmune disease, and a 76 

predisposition to cardiovascular disease5. Though it is the only survivable monosomy 77 

syndrome it is also lethal to the developing embryo causing spontaneous abortions6. Surviving 78 

individuals with TS present with degrees of alteration of X-chromosomal material in their 79 

cells. Karyotypes range from complete loss of one X chromosome (45,XO) to mosaics like 80 

45,XO/46,XX; 45,XO/47,XXX, the presence of ring chromosomes, the presence of Y-81 

chromosomal material, etc5.  82 

 83 

Diagnosis of the syndrome is generally done by karyotyping blood of symptomatic individuals 84 

and chorionic villi sampling (CVS) to detect early aneuploidy syndromes. Since aneuploidy 85 

syndromes account for ~30% of spontaneous abortions, it is routine to karyotype the product 86 

of conception (POC) upon a spontaneous abortion. These fetal cells including the chorionic 87 

villi possessing the cytogenetic abnormality and iPSCs derived from them provide a valuable 88 

source of biological material to study aneuploidy syndromes4,6. TS iPSCs have been previously 89 

established from amniocytes via retroviral reprogramming4 and fibroblasts of chorionic villi 90 

via retroviral reprogramming6 obtained through prenatal diagnosis, from blood mononuclear 91 

cells7 via Sendai virus reprogramming and from skin fibroblasts of TS individuals via lentiviral 92 

reprogramming4. Since the primary focus of our lab is to understand developmental failure, 93 

we have generated TS iPSCs from POC, specifically the chorionic villi component of a 94 



spontaneous abortion8. All the cells isolated from this fetal tissue had a 45XO karyotype and 95 

yielded iPSCs with the same karyotype. These iPSCs are unique as they are the first to be 96 

generated from an aborted fetus and provide a valuable resource to study aneuploidy related 97 

pregnancy failures. This article provides a detailed methodology of the generation of iPSCs 98 

from this unique cell source via episomal reprogramming.  99 

 100 

The early methods of iPSC generation used viral transduction and transposons to deliver the 101 

reprogramming factors. Methods of inducing cells to pluripotency have evolved from using 102 

integrating retroviral vectors9, excisable lentiviral vectors10,11 and transposon-based 103 

methods12 to non-integrating adenoviral vectors13 and Sendai virus based vectors14. 104 

Retroviral and lentiviral based reprogramming, although efficient, involve integration of the 105 

reprogramming factors into the host chromosomes, causing insertion mutations which have 106 

unforeseen effects in the iPSCs. Furthermore, viral-based reprogramming prevents 107 

translational application of iPSCs. RNA-based systems15 and direct protein delivery16 have 108 

been explored to completely eliminate the potential risks associated with the use of viruses 109 

and DNA transfections. However, these methods have proven inefficient.  110 

 111 

In 2011, Okita et al. reported improved efficiency of reprogramming by episomal plasmids 112 

augmented with TP53 suppression via shRNA. They also replaced cMYC with non-113 

transforming LMYC (small cell lung carcinoma associated MYC) to enhance safety of the 114 

hiPSCs. These episomal plasmids express 5 reprogramming factors: OCT4, LIN28, SOX2, KLF4, 115 

LMYC and shRNA for TP5317,18. These vectors are maintained extra-chromosomally and lost 116 

from the reprogrammed cells upon continuous culture, thus making the lines transgene-free 117 

within 10-15 passages. Nucleofection is a specialized form of electroporation that delivers 118 

nucleic acids directly into the nucleus of host cells. It is an efficient method for delivery of the 119 

reprogramming plasmids into various cell types. Episomal plasmids are cost effective and 120 

compensate the high costs of nucleofection. This method is efficient and reproducible under 121 

optimized conditions yielding stable iPSCs from a variety of somatic cells. In this protocol, we 122 

describe the method for generation of iPSCs from fibroblasts isolated from fetal tissue by 123 

nucleofection of episomal reprogramming plasmids. Here are the detailed protocols for 124 

fibroblast isolation from fetal chorionic villi, plasmid purification, nucleofection, picking of 125 

colonies from the reprogramming plate and establishment of stable iPSCs. 126 

 127 

It is essential to confirm the presence of pluripotency traits in the newly generated iPSCs. This 128 

includes demonstration of pluripotency related factors (e.g., alkaline phosphatase expression, 129 

NANOG, SSEA4, Tra 1-80, Tra 1-81, E-cadherin; usually shown with immunofluorescence or 130 

gene expression assays), identification of the three germ layers by in vitro differentiation 131 

assays to validate their differentiation potentials, karyotyping to determine chromosomal 132 

content, STR typing to establish identity with parent cells, verify loss of exogenous genes, and 133 

more stringent in vivo assays such as teratoma formation and tetraploid complementation. 134 

Here we describe characterization protocols of karyotyping, live cells alkaline phosphatase 135 

staining, detection of pluripotency related biomarkers by immunofluorescence, in vitro 136 

differentiation assays and method to demonstrate loss of exogenous genes19.  137 

 138 

PROTOCOL: 139 

 140 



FCV were obtained from Manipal Hospital, Bengaluru, under Ethics Committee of Manipal 141 

Hospitals approval.  142 

 143 

NOTE: See Table 1 for composition of all buffers and solutions.  144 

 145 

1. Isolation of fibroblasts from fetal chorionic villi (FCV)  146 

 147 

1.1 Sample collection and tissue disintegration in collagenase 148 

 149 

1.1.1 Collect FCV under sterile conditions in phosphate buffered saline (PBS) and transport 150 

(at room temperature) to the cell culture facility.  151 

 152 

1.1.2 Transfer the villi to a 60 mm Petri dish and wash several times (minimum 4 times) in 153 

PBS containing 1x Antibiotic Antimycotic solution (PBS-AA). Remove PBS-AA completely by 154 

pipetting. 155 

 156 

1.1.3 Treat the chorionic villi with 1 mL collagenase blend (5 mg/mL) for 5 min at 37 °C. 157 

 158 

1.1.4 Neutralize with cell culture medium containing 10% fetal bovine serum (FBS), transfer 159 

digest to a 15 mL tube and centrifuge at 225 x g for 5 minutes to collect the disintegrated villi 160 

and released cells as a pellet. 161 

 162 

1.2 Subculture and stock expansion 163 

 164 

1.2.1 Plate disintegrated villi along with released cells in a T25 culture flask containing 5 mL 165 

of complete media (e.g., AmnioMAX) and grow till a confluent fibroblast culture is obtained. 166 

 167 

1.2.2 Expand fibroblasts in culture to prepare stocks for use in subsequent transfection and 168 

characterization experiments as follows: 169 

 170 

1.2.2.1 Add 2 mL of 0.05% trypsin to T25 flask containing FCV fibroblasts and incubate at 37 171 

˚C for 3-5 min to dissociate the cells.  172 

 173 

1.2.2.2 After incubation, neutralize trypsin by adding FBS (at the same volume as trypsin).  174 

 175 

NOTE: Culture medium containing FBS can also be used to neutralize trypsin, when added at 176 

a 1:3 trypsin: media ratio.  177 

 178 

1.2.2.3 Collect the dissociated cells in a 15 mL tube and centrifuge at 225 x g for 5 min to 179 

obtain cell pellet.  180 

 181 

1.2.2.4 Decant supernatant and resuspend cell pellet in 1 mL of complete media. 182 

 183 

1.2.2.5 Transfer 500 µL each to 60 mm tissue culture-treated dishes and make up the volume 184 

to 5 mL. This splitting ratio of 1:2, was also used for subsequent passages.  185 

 186 

1.3 Cryopreservation  187 



 188 

1.3.1 Perform enzymatic dissociation using 0.05% trypsin as described in steps 1.2.2.1 – 189 

1.2.2.3 and obtain cell pellet.  190 

 191 

1.3.2 Discard the supernatant and resuspend the cell pellet in 1 mL of freezing mix, 192 

comprising 1:9 dimethyl sulfoxide (DMSO): FBS.  193 

 194 

1.3.3 Transfer contents to a sterile cryovial and place the vial in a freezing container. 195 

 196 

1.3.4 Freeze overnight at -80 ˚C and then transfer vials to liquid nitrogen (-196 ˚C) the next 197 

day. 198 

 199 

2. Plasmids DNA Isolation and verification 200 

 201 

2.1 Bacterial Cell Preparation 202 

 203 

2.1.1 Streak glycerol stocks of E. coli containing the three individual plasmids pCXLE-204 

hOCT3/4-shp53-F, pCXLE-hSK and pCXLE-hUL (from Addgene) on separate Luria Bertani-205 

ampicillin agar plates. 206 

 207 

2.1.2 Inoculate single colonies into starter cultures of 5 mL of Luria Bertani-ampicillin 208 

medium. Incubate for 8 hours at 37 °C with shaking (10 x g). 209 

 210 

2.1.3 Inoculate 200 µL of this starter culture into 100 mL of Luria Bertani-ampicillin medium. 211 

Incubate overnight at 37 °C with shaking. 212 

 213 

2.1.4 Harvest overnight bacterial culture by centrifuging at 6000 x g for 15 min at 4 °C.  214 

 215 

2.2 Plasmid isolation with Midi Plasmid purification kit 216 

 217 

2.2.1 Resuspend bacterial pellet in 4 mL resuspension buffer. 218 

 219 

2.2.2 Add 4 mL of lysis buffer and mix thoroughly by vigorously inverting 4–6 times and 220 

incubate at room temperature for 5 min.  221 

 222 

2.2.3 Add 4 mL of pre-chilled neutralization buffer and invert tube 4-6 times to mix 223 

thoroughly. Incubate on ice for 15 min.  224 

 225 

2.2.4 Centrifuge at ≥20,000 x g for 30 min at 4 °C. Collect supernatant in a fresh tube and 226 

re-centrifuge at ≥20,000 x g for 15 min at 4 °C.  227 

 228 

2.2.5 Equilibrate the column by applying 4 mL of equilibration buffer.  229 

 230 

2.2.6 Apply the supernatant to the column.  231 

 232 

2.2.7 Wash the column twice with 10 mL of wash buffer.  233 

 234 



2.2.8 Elute DNA with 5 mL of warm (65 °C) elution buffer.  235 

 236 

2.2.9 Precipitate DNA by adding 3.5 mL of isopropanol to the eluted DNA. Mix well. 237 

Centrifuge at ≥15,000 x g for 30 min at 4 °C. Decant supernatant carefully. 238 

 239 

2.2.10 Wash the DNA pellet with 2 mL of 70% ethanol and centrifuge at ≥15,000 x g for 10 240 

min. Decant supernatant carefully.  241 

 242 

2.2.11 Air-dry pellet for 5–10 min and dissolve DNA in a suitable volume of PCR-grade water 243 

to obtain a final concentration of 1 µg/mL.  244 

 245 

NOTE: Do not dissolve DNA in buffers as it is not suitable for electroporation. Old plasmid DNA 246 

preparation do not yield reprogrammed colonies. 247 

 248 

2.3  Plasmid Verification by EcoRI restriction digestion 249 

 250 

2.3.1 Combine 15 µL of nuclease-free water, 2 µL of 10x buffer, 1 µg of plasmid DNA and 1 251 

µL of EcoRI enzyme. Mix gently.  252 

 253 

2.3.2 Incubate the mixture at 37 °C for 15 min in a heat block.  254 

 255 

2.3.3 Mix the digested plasmid samples with 6x DNA gel loading dye and electrophorese on 256 

1% agarose gel in 1x TAE buffer with 0.5 µg/mL of ethidium bromide. Include standard DNA 257 

ladder. Image the gel after the DNA has resolved appropriately. Expected EcoRI band sizes of 258 

pCXLE-hOCT3/ 4-shp53-F are 6,834 bp, 3,758 bp, and 1,108 bp; pCXLE-hUL are 10,200 bp and 259 

1,900 bp; pCXLE-hSK are 10,200 bp and 2,500 bp.  260 

 261 

3. Nucleofection 262 

 263 

3.1 Cell pelleting  264 

 265 

3.1.1 Culture the isolated fetal chorionic villi fibroblasts in T25 flask in 5 mL of complete 266 

media till 80-90% confluency.  267 

 268 

3.1.2 Wash cells twice with PBS and trypsinize as described in steps 1.2.2.1 - 1.2.2.3. 269 

 270 

3.1.3 Remove the supernatant, resuspend pellet in 5 mL of reduced serum media (e.g., Opti-271 

MEM). Count cells with hemocytometer and take 106 cells for nucleofection. Centrifuge at 272 

225 x g for 5 min. Remove supernatant completely.  273 

 274 

3.2 Reagent preparation and nucleofection 275 

 276 

3.2.1 Prepare nucleofector reagent by mixing 0.5 mL of supplement and 2.25 mL of 277 

nucleofector solution (both provided in the kit).  278 

 279 



3.2.2 Add 100 µL of nucleofector solution in a 1.5 mL tube. Add  1µg each of pCXLE-hOCT3/4-280 

shp53-F, pCXLE-hSK and pCXLE-hUL to the tube. Gently resuspend 106 cells (from step 3.1.2) 281 

in this mix.  282 

 283 

3.2.3 Transfer the cell-DNA suspension into cuvette, ensuring that the sample covers the 284 

bottom of the cuvette (provided in kit) without any air bubbles. Cap the cuvette and insert 285 

into the holder. Select the nucleofector Program U-23 (for high efficiency) and apply.  286 

 287 

3.2.4 Remove cuvette out of the holder and add 1 mL of complete media. Transfer the 288 

contents gently into a 60 mm tissue culture treated Petri dish filled with 4 mL of complete 289 

media (to a total of 5 mL of media). Incubate the cells in a humidified CO2 incubator at 37 °C. 290 

 291 

3.2.5 After 24 h, check if the cells have attached. Replace the medium completely.  292 

 293 

NOTE: The rate of cell death is high in nucleofection leaving few viable cells which attach.  294 

 295 

3.2.6 Maintain the cells in complete media for 10 days and shift to pluripotency media for 296 

the next 20 days.  297 

 298 

NOTE: Visualize cells regularly to follow morphological changes occurring in the 299 

reprogramming cells (like epithelial morphology and compact colony formation) to confirm if 300 

the experiment is working. Around 25 iPSC colonies can be seen after 20 days of culture in 301 

pluripotency media. 302 

 303 

4. Picking and propagation of iPSC colonies 304 

 305 

4.1 Picking colony from reprogramming plate  306 

 307 

4.1.1 Manually dissect the embryonic stem cell-like colonies formed in the reprograming 308 

dish using pulled glass pipettes or 1 mL syringe needles and transfer to previously prepared 309 

plate with inactivated mouse embryonic fibroblast feeders with pluripotency medium or 310 

establish feeder free cultures on Matrigel coated plates with mTESR medium.  311 

 312 

NOTE: Mouse embryonic fibroblasts (MEFs) were derived using enzymatic isolation from 313 

mouse embryos (dissected from 13-14 days pregnant female mice) and were mitotically 314 

inactivated by mitomycin C treatment. Establish single clone populations by growing single 315 

colonies from reprogramming plate in separate dishes or mixed clone populations by 316 

transferring many colonies from reprogramming plate to a single dish. 317 

 318 

4.2 Mechanical transfer of emerging colonies to fresh feeders and passaging to establish 319 

stable iPSCs 320 

 321 

4.2.1 Propagate iPSCs in pluripotency medium by feeding every second day and split 1:3 322 

every 5-7 days. Prepare stocks by cryopreserving in a freezing mix of KnockOut Serum 323 

Replacement and DMSO in the ratio 9:1.  324 

 325 



NOTE: KnockOut Serum Replacement is used in the freezing mix for cryopreservation of iPSCs 326 

instead of FBS as components in the FBS could induce differentiation of the pluripotent cells 327 

during long term preservation.  328 

 329 

5. Characterisation of iPSCs  330 

 331 

NOTE: Characterization studies including PCR and immunostaining for pluripotency biomarker 332 

were done after the fifth passage number. Karyotyping was performed at a later passage 333 

number. 334 

 335 

5.1 Karyotyping 336 

 337 

5.1.1 Treat a confluent 60 mm Petri dish of iPSCs with colcemid for 45 min in humidified CO2 338 

incubator at 37 °C. 339 

 340 

5.1.2 Harvest by 0.05% trypsin treatment and centrifuge. Remove the supernatant and 341 

pipette the leftover traces of medium to loosen the cell pellet.  342 

 343 

5.1.3 Add 5 mL of hypotonic solution. Mix by inverting tube and incubate for 20 minutes at 344 

37 °C. Centrifuge at 225 x g for 5 min.  345 

 346 

NOTE: The obtained pellet should appear fluffy. 347 

 348 

5.1.4 Add 2.5 mL of Carnoy’s fixative solution slowly, while tapping to loosen the pellet. 349 

 350 

5.1.5 Prepare spreads for karyotyping by dropping the cell suspension on clean glass slides.  351 

 352 

5.1.6 Treat the slides with 0.15% trypsin for 1 minute, and wash once with PBS. Then stain 353 

with Giemsa solution for 4 min and end with a distilled water wash. Acquire and process with 354 

appropriate software. 355 

 356 

5.2 Demonstration of transgene free status 357 

 358 

5.2.1 Genomic DNA Isolation  359 

 360 

5.2.1.1 Pipet 20 µL of protease into the bottom of a 1.5 mL microcentrifuge tube. 361 

 362 

5.2.1.2 Add 200 µL of TSiPSCs resuspended in PBS to the microcentrifuge tube. 363 

 364 

5.2.1.3 Add 200 µL of Buffer AL to the sample and mix for 15 s by pulse-vortexing. 365 

 366 

5.2.1.4 Incubate for 10 min at 56 °C. 367 

 368 

5.2.1.5 Briefly centrifuge the microcentrifuge tube to remove drops from the inside of the lid. 369 

 370 

5.2.1.6 Add 200 µL of ethanol (96–100%) to the sample, and mix again for 15 s by pulse-371 

vortexing. After mixing, briefly centrifuge the tube to remove drops from the inside of the lid. 372 



 373 

5.2.1.7 Carefully apply the mixture from the previous step to the mini spin column (in a 2 mL 374 

collection tube) without wetting the rim. Close the cap, and centrifuge at 6000 x g for 1 min. 375 

Discard the tube containing the filtrate and place the mini spin column in a clean 2 mL 376 

collection tube. 377 

 378 

5.2.1.8 Carefully open the mini spin column and without wetting the rim, add 500 µL of Buffer 379 

AW1. Close the cap and centrifuge at 6000 x g for 1 min. Place the mini spin column in a clean 380 

2 mL collection tube and discard the collection tube containing the filtrate. 381 

 382 

5.2.1.9 Carefully open the mini spin column and add 500 µL of Buffer AW2 without wetting 383 

the rim. Close the cap and centrifuge at full speed (20,000 x g) for 3 min.  384 

 385 

5.2.1.10  Place the mini spin column in a new 2 mL collection tube and discard the old 386 

collection tube with the filtrate. Centrifuge at full speed for 1 min to eliminate the chance of 387 

possible Buffer AW2 carryover.  388 

 389 

5.2.1.11 Place the mini spin column in a clean 1.5 mL microcentrifuge tube, and discard 390 

the collection tube containing the filtrate. Carefully open the mini spin column and add 200 391 

µL Buffer AE or distilled water. Incubate at room temperature (15–25 °C) for 5 min, and then 392 

centrifuge at 6000 x g for 1 min. 393 

 394 

5.2.2 Transgene-Free Status PCR (Using KAPA HiFi PCR Kit KR0368) 395 

 396 

5.2.2.1 Ensure that all reagents are properly thawed and mixed. 397 

 398 

5.2.2.2 Prepare a PCR master mix containing the appropriate volume of all reaction 399 

components based on Table 2 (set up reactions on ice). 400 

 401 

5.2.2.3 Transfer the appropriate volumes of PCR master mix, template and primer to 402 

individual PCR tubes. 403 

 404 

5.2.2.4 Cap individual reactions, mix and centrifuge briefly. 405 

 406 

5.2.2.5 Perform PCR following Table 3. 407 

 408 

5.3 Pluripotency biomarker identification 409 

 410 

5.3.1 Alkaline phosphatase (AP) staining 411 

 412 

5.3.1.1 Prepare a 1x AP live stain working solution by diluting 3 μL of 500x stock solution in 413 

1.5 mL DMEM/F-12 for every 10 cm2 of culture area. 414 

 415 

5.3.1.2 Remove the medium from the iPSC culture dish. Wash the culture with DMEM/F-12 416 

once. Add the 1x AP live stain solution onto the iPSCs. Incubate at 37 °C for 45 min.  417 

 418 



5.3.1.3 Remove the AP stain and wash twice with DMEM/F-12. Add fresh DMEM/F-12 and 419 

image under fluorescent microscope using a standard FITC filter within 30–90 min of staining. 420 

 421 

5.3.2 Immunostaining for pluripotency biomarkers 422 

 423 

5.3.2.1 Fix confluent iPSC cultures with 4% paraformaldehyde overnight at 4 °C. Wash thrice 424 

with PBS Tween 20 (PBST), each wash for 5 min. 425 

 426 

5.3.2.2 Permeabilize the cells with 0.3% Triton X-100 in PBST for 15 minutes at room 427 

temperature. Wash thrice with PBST.  428 

 429 

NOTE: Permeabilization should be done only for intracellular antigens. 430 

 431 

5.3.2.3 Block cells with 3% bovine serum albumin (BSA) in PBST for 30 min at room 432 

temperature. Stain the cells with primary antibodies (diluted 1:1000 in 1% BSA) overnight. 433 

After primary antibody incubation, wash thrice with PBST. 434 

 435 

5.3.2.4 Incubate cells with the secondary antibody (diluted 1:1000 in 1% BSA) for 5 h at room 436 

temperature. Wash thrice with PBST. 437 

 438 

5.3.2.5 Label the nuclei with 0.5 µg/mL 4',6-diamidino-2-phenylindole (DAPI) for 1 minute. 439 

Wash the cells once with PBST. 440 

 441 

5.3.2.6 Capture images under fluorescent microscope. 442 

 443 

6. In vitro differentiation assays 444 

 445 

6.1 Embryoid Body (EB) Differentiation  446 

 447 

6.1.1 Cut the iPSC colonies into small pieces, collect and plate in low attachment Petri dishes 448 

in embryoid body medium. Grow the cells for 15 days by replacing medium every 3 days.  449 

 450 

NOTE: The day 15 EBs can be used directly for detection of the three germ layer biomarkers. 451 

Alternatively, specific cell lineages can be induced with growth factors, followed by biomarker 452 

detection.  453 

 454 

6.2 Endoderm (Hepatocyte) differentiation 455 

 456 

6.2.1 Grow the iPSCs in monolayer cultures in pluripotency medium.  457 

 458 

6.2.2 Once confluent, shift to RPMI 1640 media with 1x Insulin Transferrin Selenite and 100 459 

ng/mL activin A for 2 days, followed by growth in RPMI 1640 media with 30 ng/mL bFGF and 460 

20 ng/mL BMP4 for 9 days. Replace medium every 2 days.  461 

 462 

6.2.3 From day 10 onwards, supplement media with 0.1 µM dexamethasone. Terminate the 463 

experiment on day 20. 464 

 465 



6.3 Mesoderm (Cardiomyocyte) differentiation  466 

 467 

6.3.1 Plate day 8 EBs on 0.5% Matrigel-coated plates in embryoid body medium. Allow the 468 

EBs to attach and collapse. 469 

 470 

6.3.2 Supplement media with 20 ng/mL BMP4 and grow for 20 days. Replace medium every 471 

2-3 days. Terminate the experiment on day 20. 472 

 473 

6.4 Ectoderm (Neuronal) differentiation  474 

 475 

6.4.1 Plate day 4 EBs on 2 µg/cm2 collagen type IV-coated plates in embryoid body medium. 476 

Allow the EBs to attach and collapse.   477 

 478 

6.4.2 Next day, shift medium to DMEM F-12 with 2mg/mL glucose, 1x Insulin Transferrin 479 

Selenite, and 2.5µg/mL fibronectin. Terminate the experiment on day 15. 480 

 481 

6.5 Formation of cerebral organoids 482 

 483 

6.5.1 Grow TSiPSCs in a 35 mm tissue culture dish on MEFs till 70–80% confluent. Cut the 484 

colonies and collect in a 15 mL tube. Centrifuge the cells at 225 x g for 5 min. Discard the 485 

supernatant. 486 

 487 

6.5.2 Wash the pieces of colonies by resuspending in 2 mL of PBS and centrifuge to remove 488 

the supernatant. 489 

 490 

6.5.3 Add 1 mL of 0.05% trypsin and tap the tube to dislodge the cells. Incubate the tube at 491 

37 ˚C for 3-4 min to dissociate the colony pieces into a single cell suspension. 492 

 493 

6.5.4 Neutralize the trypsin by dilution with 4 mL of pluripotency media containing 10 µg/mL 494 

rho-associated protein kinase (ROCK) inhibitor Y-27632 dihydrochloride (ROCKi) to prevent 495 

dissociation induced cell death. 496 

 497 

6.5.5 Centrifuge to obtain a pellet. Discard the supernatant and resuspend the cells in 2mL 498 

embryoid body medium containing 10 µg/mL ROCKi. 499 

 500 

6.5.6 Remove 10 µL of cell suspension for cell counting. Add 10 µL of Trypan blue to detect 501 

dead cells. Count the cells using a hemocytometer.  502 

 503 

6.5.7 Add appropriate volume of embryoid body medium with ROCKi to the cell suspension 504 

to obtain 9,000 live cells per 150 µL. 505 

 506 

6.5.8 Plate 150 µL in each well of a low-attachment 96-well plate and incubate in a 507 

humidified CO2 incubator at 37 °C. Check the plates for aggregation after 24 hours. On day 2 508 

gently remove the medium and replace with fresh embryoid medium without ROCKi.  509 

 510 

6.5.9 On day 6, transfer EBs to wells of a low attachment 24 well plate containing 500 µL of 511 

neural induction medium composed of DMEM-F12 with 1% N2 supplement, 2 mM GlutaMAX 512 



supplement and 1 mM non-essential amino acids and 1 µg/mL heparin. Change the medium 513 

every 2 days. 514 

 515 

6.5.10 After 5 days in neural induction medium embed the neuroepithelial aggregates in 516 

Matrigel by layering a 2 cm x 2 cm square of parafilm over an empty tip tray of 200 µL tips. 517 

Press parafilm with gloved fingers over each hole in the tip tray to make small dents. Clean 518 

parafilm with 70% ethanol to sterilize. 519 

 520 

6.5.11 Transfer the parafilm square into a 60 mm dish. Use cut 200 µL tips to transfer the 521 

neuroepithelial aggregates onto the dents in parafilm. Remove excess medium by pipetting. 522 

 523 

6.5.12 Add 30 µL of thawed Matrigel on the neuroepithlial aggregates and position the 524 

aggregate to the center of the Matrigel using a pipette tip. Place the 60 mm dish for 20-30 525 

min in a 37 °C incubator for the Matrigel to polymerize. 526 

 527 

6.5.13 Add 5 mL of cerebral organoid differentiation medium composed of 1:1 DMEM-F12: 528 

Neurobasal medium, 0.5% N2 supplement, 2.5 µg/mL of insulin, 2 mM GlutaMAX supplement, 529 

0.5 mM NEAA, 1% B27 supplement and 2.5 mL of penicillin-streptomycin.  530 

 531 

6.5.14 Using a sterile forceps turn the parafilm sheet over and agitate the dish until the 532 

Matrigel embedded aggregates fall off the sheet into the medium. Grow the embedded 533 

aggregates in a humidified CO2 incubator at 37 °C for 4 days giving media changes on alternate 534 

days. 535 

 536 

6.5.15 After 4 days of static culture place the 60 mm dishes onto an orbital shaker installed 537 

inside the incubator shaking at 50 rpm. Culture the organoids for 3 months giving complete 538 

media changes with cerebral organoid differentiation medium every 3 days. 539 

 540 

7. Demonstration of transgene free status  541 

 542 

7.1 Extraction of genomic DNA 543 

 544 

7.1.1 Collect iPSC colonies in 15 mL tubes. Centrifuge and remove supernatant completely. 545 

Resuspend the cell pellet in 200 μL of PBS. 546 

 547 

7.1.2 Add 20 µL of proteinase K to the cell suspension and mix. Add 200 μL of lysis buffer 548 

and mix by pulse-vortexing for 15 seconds till the solution appears homogenous. Incubate the 549 

lysate at 56 °C for 10 minutes in a heating block. 550 

 551 

7.1.3 Add 200 μL of ethanol to the lysate and mix by pulse-vortexing for 15 seconds. Spin to 552 

collect the sample to the bottom of the tube. 553 

 554 

7.1.4 Apply the lysate to spin column (in 2mL collection tubes) and centrifuge at 3,500 x g 555 

for 1 min. Discard flow through. 556 

 557 



7.1.5 Add 500 µL of wash buffer to column without wetting the rim and centrifuge at 3,500 558 

x g for 1 min. Discard flow through. Repeat the wash and centrifuge at 10,000 x g for 1 min. 559 

Discard flow through. 560 

 561 

7.1.6 Place spin column in clean 1.5 mL micro centrifuge tube and add 200µL of elution 562 

buffer. Incubate at room temperature for 5 minutes and then centrifuge at 3,500 x g for 1 min 563 

to collect the genomic DNA.  564 

 565 

7.2 ORI P AND EBNA1 genomic DNA PCR  566 

 567 

7.2.1 Prepare a high-fidelity PCR mix with primers specific for ORIP and EBNA1 sequences 568 

present on the episomal plasmids and iPSC genomic DNA as template according to the 569 

manufacturer’s instructions.  570 

 571 

7.2.2 Set a positive control reaction with any one of the episomal reprogramming plasmid. 572 

 573 

7.2.3 Amplify the PCR mix for 30 cycles. Analyze the PCR products by electrophoresis on 2% 574 

agarose gel in 1x TAE buffer. For ORI P, the expected band size is 524 bp and for EBNA1, 646 575 

bp band size is expected. 576 

 577 

REPRESENTATIVE RESULTS:  578 

Generation of integration-free iPSCs from a spontaneously aborted fetus with 45XO 579 

karyotype 580 

We isolated fibroblasts from FCV with a Turner syndrome (TS) specific 45XO karyotype and 581 

nucleofected them with episomal reprogramming plasmids to generate TSiPSCs which can be 582 

used for downstream modelling of the syndrome, specifically the associated neurological 583 

deficits (Figure 1a&b). We used nonintegrating episomal vectors and nucleofection for the 584 

transfection experiments (Figure 1 c&d). We followed morphological changes of cells to 585 

monitor the success of reprogramming. The shift from the fibroblast to epithelial morphology, 586 

followed by a delineated compact colony formation was observed (Figure 2a). TSiPSCs 587 

acquired human embryonic stem cell like morphology with distinct edges and a high nucleus-588 

to-cytoplasm ratio around day 20 post transfection (Figure 2b). In contrast, incompletely 589 

reprogrammed cells acquire epithelial morphologies but fail to form compact colonies. 590 

(Figure 2c).  591 

 592 

Characterization of TSiPSCs 593 

Karyotyping of TSiPSCs revealed the 45XO karyotype associated with Turner Syndrome (Figure 594 

3a). Immunofluorescence of TSiPSCs showed expression of pluripotency transcription factors 595 

OCT4, NANOG, SOX2, and cell surface markers SSEA4, E-Cadherin, and TRA-1-81. Human 596 

embryonic stem cells are the gold standards of pluripotent stem cells. We simultaneously 597 

performed immunofluorescence of HUES 1 which was used as positive control for comparison 598 

of pluripotency biomarker expression by TSiPSC (Figure 3b). Transgene free status of the 599 

TSiPSCs was demonstrated by a genomic DNA PCR for episomal plasmid markers OriP and 600 

EBNA. By passage 15, OriP and EBNA gene were lost in the TSiPSCs. The episomal genes OriP 601 

and EBNA were amplified and showed bands in passage 9 TSiPSCs indicating the presence of 602 

the episomal plasmids at this stage. However, these genes were not amplified in passage 15 603 



TSiPSCs indicating a loss of the episomal plasmids and hence a transgene free state (Figure 604 

3c). 605 

 606 

In vitro differentiation assays 607 

The differentiation potential of TSiPSC lines was demonstrated in vitro. TSiPSCs upon 608 

aggregation in low attachment plates formed embryoid bodies (Figure 4a). Growth factor 609 

induced differentiation of TSiPSCs was used to generate cell types of the three germ layers. 610 

Immunofluorescence analysis using lineage specific biomarkers confirmed that TSiPSCs 611 

differentiated into representative derivatives of endoderm (SOX17), mesoderm (MYOSIN 612 

VENTRICULAR HEAVY CHAINα/β) and ectoderm (βIII TUBULIN) (Figure 4b).  613 

 614 

Cerebral organoid differentiation. 615 

TSiPSCs were differentiated as cerebral organoids in a stage wise manner. Single cell 616 

suspensions of TSiPSCs were aggregated into embryoid bodies to stimulate development of 617 

germ layers for initial 6 days followed by induction of neuroepithelial development for 5 days. 618 

The neuroepithelial aggregated were them embedded in Matrigel which provided the 619 

extracellular matrix and basement membrane components which support proper apicobasal 620 

orientation, outgrowth of neuroepithelial buds which expand and form lumens. 621 

Immunofluorescence with neuroepithelial marker NESTIN was performed to observe the 622 

overall morphology of the organoids (Figure 5b). The neuroepithelium surrounds a ventricle 623 

like cavity (Figure 5c - white line). The organoids morphologically display ventricular zones 624 

(VZ), sub ventricular zone (SVZ) and cortex like regions (Figure 5c - red, orange and yellow 625 

lines respectively) 626 

 627 

FIGURE AND TABLE LEGENDS: 628 

Figure 1: Fibroblast isolation and reprogramming via nucleofection 629 

(a) Microscopic image of fetal chorionic villi prior to collagenase treatment. (b) Fibroblasts 630 

isolated from fetal chorionic villi for reprogramming experiments. (c) Verification of 631 

reprogramming plasmids by EcoRI restriction digestion. (d) Schematic diagram of transfection 632 

protocol employed for iPSC generation from fetal chorionic villi fibroblasts using episomal 633 

reprogramming plasmids via nucleofection.  634 

 635 

Figure 2: Establishment of Turner Syndrome induced pluripotent stem cells 636 

(a) Cell morphology changes observed during the time course of reprogramming. (b) A fully 637 

reprogrammed TSiPSC colony. (c) A representative image of a colony with improperly 638 

reprogrammed cells. 639 

 640 

Figure 3: Characterisation of TSiPSCs 641 

(a) Karyotype of TSiPSCs. (b) Immunofluorescence analysis of pluripotency biomarkers OCT4, 642 

NANOG, SOX2, SSEA-4 and TRA-1-81 in TSiPSCs compared with embryonic stem cell HUES1. 643 

Nuclei are stained with 4', 6-diamidino-2-phenylindole. 3c. Demonstration of transgene free 644 

status of TSiPSCs. Lane 1- DNA ladder, Lane 2- OriP positive control with pCXLE-hSK, Lane 3- 645 

EBNA positive control with pCXLE-hSK, Lane 4-OriP with TSiPSCs, Lane 5-EBNA with TSiPSCs. 646 

 647 

Figure 4: In vitro differentiation potential of TSiPSCs 648 

(a) TSiPSC differentiated to Embryoid Bodies. (b) Immunofluorescence analyses of TSiPSCs for 649 

endodermal marker SOX17, mesodermal marker myosin ventricular heavy chain α/β and 650 



ectodermal markers βIII tubulin and SOX2. Nuclei are stained with 4', 6-diamidino-2-651 

phenylindole.  652 

 653 

Figure 5: Neuronal and cerebral organoid differentiation of TSiPSCs 654 

(a) To understand cytoarchitecture of differentiated neurons, phalloidin staining of Actin was 655 

done. TSiPSC-derived neurons displayed pyramidal shaped neuronal soma (arrowhead) with 656 

dendrites and axons (arrows). Nuclei are stained with 4', 6-diamidino-2-phenylindole. 657 

Immunostaining. (a) Immunostaining for Nestin and actin to observe gross morphology of the 658 

organoids. (c) Staining for Nestin to visualize the apically and basally organized neuronal 659 

layers. Nuclei are stained with 4', 6-diamidino-2-phenylindole. 660 

 661 

Table 1: Composition of media, buffers, and solutions 662 

 663 

Table 2: PCR Reaction Mix 664 

 665 

Table 3: PCR Cycling Program 666 

 667 

DISCUSSION: 668 

Generation of stable cellular models of cytogenetically abnormal fetal tissue is necessary for 669 

perpetuating defective phenotype. The iPSC route is the most effective method of cell 670 

preparation for perpetual conservation of defective properties 20. 671 

 672 

Pluripotent stem cells (PSC) display properties of self-renewal and differentiation into 673 

specialized cells reminiscent of early cleavage embryos21. Hence, PSCs can serve as excellent 674 

models to study early molecular, cellular and developmental defects in prematurely aborted 675 

fetuses.  676 

 677 

In this article we have described human iPSC generation using nucleofection combined with 678 

the improved episomal vectors. The results show that this combination comprises a robust 679 

method for generating integration-free human iPSC lines as evidenced by the fact that single 680 

transfections were sufficient for successful reprogramming. We tracked the progressive 681 

conversion of FCV fibroblasts to pluripotent cells microscopically. 20 days post transfection 682 

we observed colonies of reprogrammed TSiPSCs surrounded with non-reprogrammed FCV 683 

fibroblasts. Morphologically, the derived human iPSCs resembled embryonic stem cells grown 684 

alongside in the lab. Typically, the cells aggregated as compact colonies with shiny borders. 685 

The cells of the colonies had large nuclei and tightly packed suggesting close membrane 686 

contact between the cells. The non-reprogrammed fibroblasts arched and surrounded these 687 

colonies. Upon transfer to iMEFs they continue proliferate in culture for over 30 transfers 688 

demonstrating the property of continued self-renewal.  689 

 690 

As TSiPSCs were generated from 45XO fibroblasts we karyotyped the cells to check if they 691 

retained the chromosomal composition. The TSiPSCs maintained the 45XO karyotype in cell 692 

continuous culture suggesting a stable 45XO chromosome genetic makeup. To be useful as 693 

cellular resource representing 45XO aneuploidy the TSiPSCs should be free of exogenous DNA 694 

used in the reprogramming experiments. We checked to the presence of residual episomal 695 

plasmids by performing a genomic DNA PCR for episomal specific markers-OriP and EBNA. We 696 



found no trace of these markers in TSiPS cells after 15 passages suggesting that the TSiPSCs 697 

progressively lost episomal reprogramming vectors in prolonged culture.  698 

 699 

The hallmark of a pluripotent cells is its potential to differentiate to cells of three germ 700 

lineages both in vitro and in vivo. To test this capability in the derived TSiPSCs we subjected 701 

them in vitro to embryoid body formation and differentiation assays directed by lineage 702 

specifying cytokines and growth factors. TSiPSCs formed embryoid bodies and differentiated 703 

into ectodermal cells expressing neuronal markers, mesodermal cells expressing cardiac 704 

markers and endodermal cells expressing SOX17 a biomarker of endoderm fate. We also 705 

tested the ability of TSiPSCs to differentiate into higher order 3D cerebral organoids using 706 

previously established protocols22. TSiPSCs progressively self-organise due to their own 707 

intrinsic developmental programs into mini tissues called organoids. TSiPSCs yielded cerebral 708 

organoids showing a cytoarchitecture similar to brain tissue with neuroepithelium 709 

surrounding a ventricle like cavity. However these organoids have to be further characterised 710 

extensively to reveal the exact cell types and compared with normal iPSCs to distinguish the 711 

intrinsic neural tissue patterning properties of TSiPSCs. These cerebral organoids and other 712 

types of brain organoids generated from TSiPSCs can be used to model developmental and 713 

functional inconsistencies that may contribute to the symptoms of neurological deficiencies 714 

of TS individuals. TSiPSCs exhibited biomarker characteristics of pluripotency as well as the 715 

hallmark trait of differentiation thus highlighting the success of reprogramming to induced 716 

pluripotency. 717 

 718 

The above-described method has work efficiently in reprogramming dermal fibroblasts and 719 

mesenchymal cells derived from various sources in our lab (data of other lines not shown). In 720 

our experience, the following steps are critical for the success of the reprogramming 721 

experiment: 722 

a) Quality of plasmid preparation: old preparations do not yield iPSCs. 723 

b) Quality of cells used for transfections: proliferating cells are essential for iPSC 724 

generation. 0.5 to 1 million cells per transfection yielded a reproducible reprogramming 725 

efficiency.  726 

c) Freshly reconstituted nucleofector reagents: reconstituted nucleofector reagents 727 

stored for over a month did not yield iPSCs. 728 

d) Maintenance of master cell bank by mechanical subculture of the iPSCs yielded stable 729 

lines. Enzymatic dissociation was used as per experiment requirement. 730 

 731 

The future aim of the lab is to establish a panel of chromosomally abnormal iPSCs for 732 

downstream development, functional and disease modelling using this efficient method. 733 

Fetal aneuploidies cause pregnancy loss and organ malformations in live births. Aneuploid 734 

iPSCs derived from tissues of spontaneous abortuses are a valuable resource to model and 735 

study failed embryonic developmental events. In vitro 2D and 3D culture systems including 736 

embryoid bodies and tissue specific organoids22 will enable researchers to understand 737 

molecular and cellular irregularities such as aberrant cell proliferation and cell death in 738 

lineage specific cells that could manifest as developmental anomalies and pregnancy failures 739 

associated with aneuploidy syndromes.  740 
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Media, Buffers etc Composition

Knock out DMEM 
Knock out serum replacement
200mM L-glutamine(100X)
10mM Non-essential amino acids  (100X)
Penicillin Streptomycin
55mM  2- Mercaptoethanol 
Basic fibroblast growth factor (100ng /µL)

Knock out DMEM 
Knock out serum replacement
200mM L-glutamine (100X)
10mM Non-essential amino acids  (100X)
Penicillin Streptomycin
55mM 2- Mercaptoethanol 

Tris base
Glacial acetic acid 
EDTA (5M,pH8)
Storage: Room temperature.

Potassium chloride solution
Sodium citrate

Carnoy’s Fixative Glacial acetic acid :Methanol

Tris·Cl (pH 8.0)
EDTA
RNase A

NaOH
SDS 

Neutralization buffer Potassium acetate (pH 5.5)

NaCl
MOPS (pH 7.0) 
Isopropanol

NaCl
Tris·Cl (pH 8.5)
Isopropanol

Hypotonic Solution 

Pluripotent Stem Cell Medium

Embryoid Body Medium

Tris Acetate EDTA Buffer (TAE) (50X) 

Resuspension buffer

Lysis buffer

Wash buffer

Elution buffer
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Amount Final concentration Comments

38.75mL
10 mL 20%
0.5mL 2mM
0.5mL 0.1mM
0.25mL 50U/mL and 50µg/mL
2.5 µL 0.1mM
5µL 10 ng/mL
Total volume:50mL

38.75mL
10 mL 20%
0.5mL 2mM
0.5mL 0.1mM
0.25mL 50U/mL and 50µg/mL
2.5 µL 0.1mM
Total volume:50mL

242 g
57.1 mL
100mL
Total volume: 1000 mL

0.56 g 0.075 M
1g 1%
Total volume: 100 mL

1:3 v/v For karyotyping

50mM
10mM
100 µg/ml

200 mM
1% (w/v)

3.0 M For plasmid isolation

1.0            M
50 mM
15% (v/v)

1.25 M
50 mM
15% (v/v)

For karyotyping

For pluripotent stem cell culture

For embryoid body culture

50X For electrophoresis

For plasmid isolation

For plasmid isolation

For plasmid isolation

For plasmid isolation



Component 25 µL reaction  Final conc.

PCR-grade water Up to 25 µL N/A

5X KAPA HiFi Buffer 5.0 µL 1X 10 mM

KAPA dNTP Mix 0.75 µL 0.3 mM each

10 μM Forward Primer 0.75 µL 0.3 μM

10 μM Reverse Primer 0.75 µL 0.3 μM

Template DNA As required As required

1 U/μL KAPA HiFi DNA Polymerase 0.5 µL 0.5 U
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Step Temperature Duration Cycles

Initial denaturation 95°C 3 min 1

Denaturation 98°C 20 sec

Annealing 60 – 75°C 15 sec 15- 35

Extension 72°C 15 – 60 sec/kb

Final extension 72°C 1                 min/kb 1
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RESPONSE TO REVIEWERS COMMENTS 

Serial No. COMMENT RESPONSE 

Reviewer 1 

1 Never addressed some of my concerns 
from before. They don't present text 
discussing how their lines compare to 
others in field. 

The comparison included in 
the  revised manuscript (lines 
70 to 85) 

2 They also never did any basic genomic 
stability testing, yes they did karyotyping 
but that was it. 

Since the line was 
karyotypically stable, we 
decided that further testing 
was not needed. 

3 Also the cells only get to P5, for any stable 
iPSC it should be a lot more than that, so 
these lines only seem to be partially 
reprogrammed based on their findings and 
descriptions of text. Given the lack of 
genomic stability testing, I’d be concerned 
that these cells are even stable enough for 
research applications. 

In the manuscript we have 
mentioned the passage 
number in which the 
experiment was done. The 
lines are stable and still in 
culture in the lab. 

4 New data was added on cerebral 
organoids, but it was not overly convincing. 
Staining was poor and not sure why they 
didn't stain for one neuronal marker like 
MAP2. They did stain for Nestin, but it’s 
clear they get a neuronal ball of cells, 
whether this is cerebral organoid I am not 
sure. I don't think it adds to paper, and it is 
unclear why they don't simply show some 
2D neurons.  

Since 2D differentiation was 
already shown in the 
characterisation we decided to 
put up the organoid data. The 
Figure 5 clearly shows the 
organisation of cortical, 
subventricular, ventricule like 
zones in the organoid.  

Reviewer 4 

5 A revision of literature on iPSCs generated 
from fetal cells like FCV and methods used 
for reprogramming should be mentioned in 
the Introduction and/or discussed in the 
Discussion to better understand the 
benefits of the protocol presented. 

The revised literature included 
in introduction (lines 62 to 85) 

6 In the Introduction, 2nd paragraph - The 
authors state "Though viral transductions 
are efficient, they integrate the 
reprogramming factors into the host 
chromosomes, causing insertion mutations 
which have unforeseen effects in the iPSCs 
and could pose risks for the translational 
application of iPSCs." Adenoviruses and 
Sendai viruses are used as non-integrative 
agents for reprogramming in contrast to 
lentivirus and other retroviruses. Therefore 
it is incorrect to say:” “Though viral 
transductions are efficient, they integrate 
the reprogramming factors into the host 
chromosomes,…". To my knowledge, these 
viruses are not any more prone to 
integration than the episomal vectors. This 

The sentence has been 
changed to “Retroviral and 
lentiviral based 
reprogramming, although 
efficient, involve integration of 
the reprogramming factors into 
the host chromosomes, 
causing insertion mutations 
which have unforeseen effects 
in the iPSCs”. 
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should be corrected or the authors should 
provide more information that I am not 
aware. 

7 In point 4.1.1. of the "Protocol" indicate how 
MEFs were inactivated. This information is 
missing. 

Inactivation method has been 
mentioned as Mitomycin C 
treatment. 

8 The immunofluorescence images in Fig. 2 
(the authors mention 
immunocytochemistry, but this looks 
immunofluorescence to me) for SSEA4, 
TRA-1-81 and E-Cadherin in TS-iPSCs are 
quite disappointing and differ from the 
control HUES1 ESC line. Better images are 
required to show correct staining of these 
surface markers. Also E-cadherin is not 
mentioned in "Characterization of 
TSiPSCs" of the "Representative Results" 
section. 

The word 
immunocytochemistry has 
been changed to 
immunofluorescence in the 
revised manuscript. 
 
E-Cadherin staining has been 
mentioned in the legend in the 
revised manuscript.  

9 The authors should refer whether they 
perform mycoplasma testing and the 
method used. This is a requirement for 
newly generated hiPSCs and should 
therefore be performed. 

Mycoplasma testing has been 
performed. Data not shown in 
this manuscript. Previously 
published in Parveen, S., 
Panicker, M. M. & Gupta, P. K. 
Lab resource: Stem cell line 
Generation of an induced 
pluripotent stem cell line from 
chorionic villi of a Turner 
syndrome spontaneous 
abortion. Stem Cell Res. 19, 
12–16 (2016).  

10 The authors mention a section in the 
protocol called "Demonstration of 
transgene free status". Unfortunately, these 
data are not provided. A gel with 
appropriate controls should be shown. 

The gel picture with 
appropriate controls has now 
been included in the revised 
manuscript. 

11 In the introduction, last paragraph, the 
authors discuss the requirements needed 
to characterize newly generated iPSCs. I 
would add the importance of microbiology 
and virology testing, namely for 
mycoplasma to the list of requirements. 

For this revision we are unable 
to do virology tests as we need 
to purchase reagents for the 
same. 

12 "EcoR1" should be corrected "EcoRI" 
throughout the text. 

Correction has been made in 
the revised manuscript. 

13 All the figures are incorrectly labelled. The 
actual Figure 1 is not mentioned in the 
manuscript and it should, while Fig.2 is 
labelled as Fig.1, Fig.3 as Fig.2, etc. A 
small paragraph in the "Representative 
Results" section is needed for the actual 
Fig.1. 

Figures are labelled correctly 
in the revised manuscript.  

14 The analysis of cerebral organoid 
differentiation is rather minimal and could 
be improved, but, I agree, it is out of the 
scope of this article. 

Yes.  It is out of the scope of 
the article hence we did not 
elaborate in the manuscript. 



15 Legend of Figure 4 - Chance 
"immunocytochemistry" for 
"immunofluorescence". The SOX2 staining 
is shown but not referred in the text or in 
the legend. 

The changes have been made 
in the revised manuscript. 

16 Legend of Figure 5 - Fig. 5b does not show 
Phalloidin, it shows Actin. Please correct in 
the legend. Also "oranoids" should be 
"organoids". 

The corrections have been 
made in the revised 
manuscript. 

Reviewer 5 

17 The authors mentioned FCV in Line 110 
but the abbreviation of FCV was explained 
later (Line 113), which should be corrected. 

Abbreviation and full form has 
been mentioned already in the 
heading of the protocol (line 
98). 

18 The authors used human embryonic stem 
cells to compare the characterization of 
TSiPSCs, however, they only mentioned it 
in the figure legend. They should mention it 
in the results and discuss the source and 
reasons for using these cells in this study. 

Mentioned in discussion in 
revised manuscript 

19 Figure 4 should be rearranged with the 
same size of both individual markers and 
merged images. Individual markers, BIII 
tubulin, Sox2, and Nuclei in the lower panel 
represent the merged image (upper panel) 
of ectodermal differentiation, which seem to 
be unclear because of smaller size and 
poor image quality. It should be corrected. 

The image has been 
rearranged in the revised 
manuscript. 

20 In this study, TSiPSCs were generated by 
delivering episomal reprogramming 
plasmids and the original paper was 
published elsewhere. The advantage of 
using this approach is that iPSC lines can 
be free from transgene after 10-15 pages. 
However, the authors did not clarify why 
they used the lower passage of TSiPSC 
lines (after 5-passage) to characterize and 
compare with human embryonic stem cells. 

Since the line could be stably 
passaged the characterisation 
experiments were started. 
Since the cells were 
expressing NANOG we 
assumed the cells to be fully 
reprogrammed and did not wait 
for the line to become 
transgene free. Repeated 
characterisations have been 
performed and the cell still 
express pluripotency markers. 
We have put up representative 
images in the figures. 

21 The discussion seems incomplete because 
of lacking the accuracy of cohesion and 
coherence in the texts and insufficient 
information. Methods and results should be 
discussed precisely in the discussion. 

Discussion modified in revised 
manuscript. 
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