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ABSTRACT: 45 
Chromosomal aneuploidy, one of the main causes leading to embryonic development arrest, 46 
implantation failure, or pregnancy loss, has been well documented in human embryos. 47 
Preimplantation genetic testing for aneuploidy (PGT-A) is a genetic test that significantly 48 
improves reproductive outcomes by detecting chromosomal abnormalities of embryos. Next-49 
generation sequencing (NGS) provides a high-throughput and cost-effective approach for 50 
genetic analysis and has shown clinical applicability in PGT-A. Here, we present a rapid and low-51 
cost semiconductor sequencing-based NGS method for screening of aneuploidy in embryos. 52 
The first step of the workflow is whole genome amplification (WGA) of the biopsied embryo 53 
specimen, followed by construction of sequencing library, and subsequent sequencing on the 54 
semiconductor sequencing system. Generally, for a PGT-A application, 24 samples can be 55 
loaded and sequenced on each chip generating 60−80 million reads at an average read length 56 
of 150 base pairs. The method provides a refined protocol for performing template 57 
amplification and enrichment of sequencing library, making the PGT-A detection reproducible, 58 
high-throughput, cost-efficient, and timesaving. The running time of this semiconductor 59 
sequencer is only 2−4 hours, shortening the turnaround time from receiving samples to issuing 60 
reports into 5 days. All these advantages make this assay an ideal method to detect 61 
chromosomal aneuploidies from embryos and thus, facilitate its wide application in PGT-A. 62 
 63 
INTRODUCTION:  64 
Choosing good-quality viable embryos with normal chromosome copy numbers (euploid) for 65 
transfer in assisted reproduction helps to improve pregnancy outcomes. Traditionally, the well-66 
established morphological grading system is widely used for embryo evaluation due to its easy 67 
availability and non-invasive nature. However, it has been shown that morphological 68 
assessment can only provide limited information on embryo quality1 and implantation 69 
potential2. One fundamental reason is its inability in evaluating the chromosomal composition 70 
of the embryos.  71 
 72 
Chromosomal aneuploidy (abnormal copy number of chromosomes) is one of the main causes 73 
leading to embryonic development arrest, implantation failure or pregnancy loss. The 74 
occurrence of aneuploidy has been well documented in human embryos, accounting for 75 
60%−70% in cleavage-stage embryos3,4 and 50%−60% in blastocysts5. This, to some extent, has 76 
contributed to the bottleneck in improving the pregnancy rate of in-vitro fertilization (IVF) 77 
treatment, which has maintained at around 35%−40%6,7. Therefore, selecting euploid embryos 78 
for transfer is believed to be beneficial for improving pregnancy outcomes. To this end, 79 
preimplantation genetic testing for aneuploidy (PGT-A) has been further developed to 80 
investigate embryo viability using genetic approaches. There are increasing numbers of 81 
randomized controlled trials and cohort studies supporting the crucial role of PGT-A. It has been 82 
proved that the application of PGT-A decreases the miscarriage rate and increases clinical 83 
pregnancy rate and implantation rate8, ongoing pregnancy rate and live birth rate9. 84 
 85 
Historically, different methods have been applied in PGT-A, such as fluorescence in situ 86 
hybridization (FISH), comparative genomic hybridization (CGH), array-CGH, and single 87 
nucleotide polymorphism (SNP)-microarray. Previous studies have indicated that PGT-A for 88 



   

cleavage-stage embryos by FISH yields results that are poorly consistent with those obtained by 89 
comprehensive chromosomal screening (CCS) of corresponding blastocysts using array-CGH or 90 
SNP-microarray10. These discrepancies can be attributed to chromosomal mosaicism, FISH 91 
technical artifacts, or embryonic self-correction of chromosomal segregation errors during 92 
development11. It has been widely recognized that using blastocyst trophectoderm (TE) biopsies 93 
for array-based PGT-A such as array-CGH or SNP-microarray is effective for identifying the 94 
chromosomal imbalance in embryos10,12. Recently, single-cell next-generation sequencing (NGS) 95 
provides a high-throughput and cost-effective approach for genetic analysis and has shown 96 
clinical applicability in PGT-A13–15, which make it a promising alternative to currently available 97 
methods. 98 
 99 
Here, we present a fast, robust, and low-cost semiconductor sequencing-based NGS method for 100 
screening of aneuploidy in human embryos. The first step of the workflow is whole genome 101 
amplification (WGA) of the biopsied embryo specimen, using a single-cell WGA kit, followed by 102 
construction of sequencing library, and subsequent sequencing on the semiconductor 103 
sequencing system.  104 
 105 
Through detecting the H+ ions that are released from each deoxyribonucleoside triphosphate 106 
incorporation during DNA strand synthesis, the system transfers the chemical signals (pH 107 
change) captured by the semiconductor elements to direct digital data, which are further 108 
interpreted into DNA sequence information. Eliminating the requirement for expensive optical 109 
detection and complex sequencing reactions, this simple sequencing chemistry reduces total 110 
reagent cost and shortens the sequencing running time into 2−4 hours16. More importantly, 111 
based on the manufacturer’s performance specifications, the semiconductor sequencing 112 
platform can generate up to 15 GB sequencing data (depends on the quality of library) per run, 113 
which is significantly higher than some of the other sequencers producing only around 3−4 GB 114 
data (with 2 x 75 bp read length)17. In clinical applications of PGT-A, this platform can achieve 115 
24 samples per chip generating up to 80 million reads17 and at least one million unique reads of 116 
each sample. The read depth can ensure that each sample has at least 0.05x whole genome 117 
coverage. The above advantages of this platform make it an ideal screening method and thus, 118 
facilitate its wide applications in PGT-A18. 119 
 120 
PROTOCOL: 121 
Ethical approval was granted by the Joint Chinese University of Hong Kong―New Territories 122 
East Cluster Clinical Research Ethics Committee (Reference Number: 2010.432). Research 123 
license was approved by the Council on Human Reproductive Technology of Hong Kong 124 
(Number R3004). 125 
 126 
1. Whole genome amplification  127 
 128 
1.1. Prior to start, check the volume of magnetic beads (Table of Materials) to ensure that 129 
there is no less than 135 µL (with a 20% excess) for each sample. Keep the magnetic beads at 130 
room temperature (RT) for at least 30 min. Prepare 720 µL (with a 20% excess) of 70% ethanol 131 
for each sample. Equip a thermal cycler (Table of Materials) with heated lid at 105 °C. 132 



   

 133 
NOTE: The newly prepared 70% ethanol (Table of Materials) should be used up within 3 days. 134 
 135 
1.2. Sample preparation 136 
 137 
NOTE: In the routine practice, 5 to 10 trophectoderm cells of the blastocyst are biopsied 138 
according to the practice guideline19.  139 
 140 
1.2.1. Suspend biopsies in 2 µL of 1x phosphate-buffered saline (PBS) in a single 0.2 mL 141 
polymerase chain reaction (PCR) tube. 142 
 143 
1.2.2. Briefly spin the tube on a mini centrifuge for 3 s to collect the droplets. 144 
 145 
1.3. Cell lysis and extraction 146 
 147 
1.3.1. Thaw the cell extraction buffer (Table of Materials) and the extraction enzyme dilution 148 
buffer (Table of Materials) on ice, vortex and briefly spin on a mini centrifuge for 3 s before 149 
use.  150 
 151 
1.3.2. Add 3 µL of cell extraction buffer to each tube from step 1.2.2.  152 
 153 
1.3.3. Prepare a 5 µL cell lysis master mix for each sample by adding 4.8 µL of extraction 154 
enzyme dilution buffer and 0.2 µL cell extraction enzyme (Table of Materials). Mix well and 155 
aliquot into each tube from step 1.3.2. Flip the tube gently and briefly spin on a mini centrifuge 156 
for 3 s. 157 
 158 
NOTE: tips should not touch the liquid containing the cell samples when adding the master mix. 159 
 160 
1.3.4. Incubate the tube from step 1.3.3 in the thermal cycler with heated lid. Run the program 161 
with the following settings: 10 min at 75 °C, 4 min at 95 °C, hold at 4 °C. 162 
 163 
1.4. Preamplification 164 
 165 
1.4.1. Thaw the preamplification buffer (Table of Materials) on ice, vortex and briefly spin on a 166 
mini centrifuge for 3 s before use. 167 
 168 
1.4.2. Prepare a 5 µL preamplification master mix for each sample by adding 4.8 µL of 169 
preamplification buffer and 0.2 µL of preamplification enzyme (Table of Materials). Mix well 170 
and aliquot into each tube from step 1.3.4. Flip the tube gently and briefly spin on a mini 171 
centrifuge for 3 s. 172 
 173 
NOTE: Tips should not touch the liquid containing the DNA samples when adding the master 174 
mix. 175 
 176 



   

1.4.3. Incubate the tube in the thermal cycler with heated lid. Run the program with the flowing 177 
settings: 2 min at 95 °C; 12 cycles for 15 s at 95 °C, 50 s at 15 °C, 40 s at 25 °C, 30 s at 35 °C, 40 s 178 
at 65 °C, 40 s at 75 °C; hold at 4 °C. 179 
 180 
1.5. Amplification 181 
 182 
1.5.1. Thaw the amplification buffer (Table of Materials) on ice, vortex and briefly spin on a 183 
mini centrifuge for 3 s before use. 184 
 185 
1.5.2. Prepare a 60 µL amplification master mix for each sample by adding 25 µL of 186 
amplification buffer, 0.8 µL of amplification enzyme (Table of Materials), and 34.2 µL of 187 
nuclease-free water for WGA (Table of Materials). Mix well and aliquot into each tube from 188 
step 1.4.3. Flip the tube gently and briefly spin on a mini centrifuge for 3 s. 189 
 190 
1.5.3. Incubate the tube in the thermal cycler with heated lid. Run the program with the 191 
following settings: 2 min at 95 °C; 14 cycles for 15 s at 95 °C, 1 min at 65 °C, 1 min at 75 °C; hold 192 
at 4 °C. 193 
 194 
1.6. Purification of the WGA products 195 
 196 
1.6.1. Transfer each WGA product from step 1.5.3 into new 1.5 mL tubes. Add 112.5 µL of 197 
magnetic beads into each tube. Vortex and incubate at RT for 5 min. 198 
 199 
NOTE: Completely mix the magnetic beads before use. 200 
 201 
1.6.2. Place the tubes onto a magnetic stand (Table of Materials) for 3 min until the 202 
supernatant is clear. Discard all the supernatant without disturbing the beads.  203 
 204 
1.6.3. Add 300 µL of 70% ethanol to each tube. Rotate each tube 180° to let the beads run 205 
through the ethanol and rotate back to the original position. Discard all the supernatant after 206 
the beads have settled without disturbing the beads. Repeat this step once. 207 
 208 
NOTE: Keep the tube on the magnetic stand while rotating the tube horizontally. 209 
 210 
1.6.4. Briefly spin each tube on a mini centrifuge for 3 s. Place the tubes onto the magnetic 211 
stand until the residual supernatant is clear. Discard all the residual supernatant without 212 
disturbing the beads. Air dry the beads at RT for approximately 3 min. 213 
 214 
1.6.5. Remove the tubes from the magnetic stand and resuspend the dried beads by adding 35 215 
µL of low Tris-EDTA (TE) buffer (Table of Materials). Incubate at RT for 5 min. 216 
 217 
1.6.6. Place the tubes onto the magnetic stand for 3 min until the supernatant is clear. Transfer 218 
all the supernatant containing eluted DNA to new 1.5 mL tubes without disturbing the beads. 219 
 220 



   

2. Quality control of the WGA products 221 
 222 
2.1. Quantify each purified WGA product from step 1.6.6 by a fluorometer assay (Table of 223 
Materials) according to the manufacturer’s manual using 1 µL of WGA product as starting 224 
material. 225 
 226 
NOTE: The accepted concentration of the WGA product is ≥ 10 ng/µL. Any product below this 227 
threshold is not recommended to proceed to the next steps. 228 
 229 
3. Fragmentation of WGA products 230 
 231 
3.1. Prior to start, preheat a dry block heater to 37 °C. Prepare 6 µL (with a 20% excess) of 0.5 M 232 
EDTA for each sample. Based on the concentration, aliquot 300 ng of DNA from each purified 233 
WGA product in step 1.6.6 to new 0.2 mL PCR tubes and bring volume to 16 µL with nuclease-234 
free water for each tube.  235 
 236 
3.2. Fragmentation 237 
 238 
3.2.1. Prepare a 4 µL double stranded DNA (dsDNA) fragmentation reaction mix for each sample 239 
by adding 2 µL of dsDNA fragmentation reaction buffer (Table of Materials) and 2 µL of dsDNA 240 
fragmentation enzymes (Table of Materials). Mix well and aliquot into each tube from step 3.1. 241 
Vortex and briefly spin on a mini centrifuge for 3 s. Incubate the tubes for 25 min at 37 °C in a 242 
thermal cycler with heated lid. 243 
  244 
3.2.2. Add 5 µL of 0.5 M EDTA immediately to each tube. Mix well by vortexing and briefly spin 245 
on a mini centrifuge for 3 s. 246 
 247 
3.3. Purification and resuspension 248 
 249 
3.3.1. Transfer each product from step 3.2.2 into new 1.5 mL tubes. Add 37.5 µL of magnetic 250 
beads to each tube. Mix by vertexing and incubate at RT for 5 min.  251 
 252 
3.3.2. Purify the products as described from step 1.6.2 to step 1.6.4. 253 
 254 
3.3.3. Elute each purified product as described in steps 1.6.5 and 1.6.6 by adding 32 µL of low-255 
TE buffer.  256 
 257 
4. Library construction 258 
 259 
4.1. Blunt-end repairment, size selection and purification 260 
 261 
4.1.1. Prepare a 20 µL blunt-end repairment mix for each sample by adding 9.5 µL of nuclease-262 
free water, 10 µL of 5x end repair buffer (Table of Materials), and 0.5 µL of end repair enzyme 263 
(Table of Materials). Mix well and aliquot into each tube from step 3.3.3. Vortex and briefly 264 



   

spin on a mini centrifuge for 3 s. Incubate the tubes at RT (20−25 °C) for 30 min. 265 
 266 
4.1.2. Add 50 µL of magnetic beads to each tube from step 4.1.1. Vortex and incubate at RT for 267 
5 min. 268 
 269 
NOTE: Completely mix the magnetic beads before use. 270 
 271 
4.1.3. Place each tube onto the magnetic stand for 3 min until the supernatant is clear. Transfer 272 
all the supernatant to new 1.5 mL tubes where 25 µL magnetic beads are added for each. 273 
Vortex the tubes with the transferred supernatant and incubate at RT for 5 min. 274 
 275 
4.1.4. Purify the products in the incubated tubes as described from step 1.6.2 to step 1.6.4.  276 
 277 
4.1.5. Elute each purified product as described in steps 1.6.5 and 1.6.6 by adding 32 µL of low-278 
TE buffer. 279 
 280 
NOTE: This is a safe stop point; the purified DNA from this step is stable at 4 °C for no more 281 
than 24 h. 282 
 283 
4.2. Adaptor ligation and purification 284 
 285 
4.2.1. Prepare a 17 µL adapter ligation mix for each sample by adding 10 µL of nuclease-free 286 
water, 5 µL of 10x ligase buffer (Table of Materials), 1 µL of P1 adapter (Table of Materials), 287 
and 1 µL of DNA ligase (Table of Materials). Mix well by vortexing for 5 s and spin on a mini 288 
centrifuge for 15 s, and aliquot into each tube from step 4.1.5. 289 
 290 
4.2.2. Add 1 µL of adapters (Table of Materials) to each tube from step 4.2.1 according to the 291 
sample sheet (Supplemental File: Sample sheet for adapter ligation). Vortex and briefly spin on 292 
a mini centrifuge for 3 s. Incubate the tubes at RT (20−25 °C) for 20 min. 293 
 294 
4.2.3. Add 75 µL of magnetic beads to each tube from step 4.2.2. Mix by vertexing and incubate 295 
at RT for 5 min. Then, purify the products as described from step 1.6.2 to step 1.6.4. 296 
 297 
4.2.4. Elute each purified product as described in steps 1.6.5 and 1.6.6 by adding 15 µL of low-298 
TE buffer. Transfer all the supernatant containing eluted DNA to new 0.2 mL 8-tube strips. 299 
 300 
NOTE: This is a safe stop point; the purified DNA from this step is stable at 4 °C for no more 301 
than 24 h. 302 
 303 
4.3. Amplification and purification 304 
 305 
4.3.1. Prepare a 50 µL amplification master mix for each sample by adding 47.5 µL of super mix 306 
(Table of Materials) and 2.5 µL of primer mix (Table of Materials). Mix well by vortexing and 307 
briefly spin on a mini centrifuge, and aliquot into the 0.2 mL 8-tube strips from step 4.2.4. 308 



   

 309 
4.3.2. Vortex the strips for 30 s and briefly spin on a mini centrifuge for 3 s. Incubate the strips 310 
in the thermal cycler with heated lid. Run the program with the following settings: 20 min at 72 311 
°C; 5 min at 95 °C; 10 cycles for 15 s at 95 °C, 15 s at 62 °C, 1 min at 70 °C; 5 min at 70 °C; hold at 312 
4 °C. 313 
 314 
4.3.3. Transfer each product from step 4.3.2 into new 1.5 mL tubes. Add 97.5 µL of magnetic 315 
beads to each tube. Mix by vortexing and incubate at RT for 5 min. 316 
 317 
4.3.4. Purify the products as described from step 1.6.2 to step 1.6.4. 318 
 319 
4.3.5. Elute each purified product as described in steps 1.6.5 and 1.6.6 by adding 25 µL of low-320 
TE buffer. 321 
 322 
5. Quality control and dilution of the DNA library 323 
 324 
5.1. Quantify each prepared DNA library from step 4.3.5 by the fluorometer assay according to 325 
the manufacturer’s manual using 2 µL of DNA library as starting material. 326 
 327 
5.2. The accepted concentration of the DNA library is ≥ 0.5 ng/µL and that of the positive 328 
control (Table of Materials) is ≤ 15 ng/µL. If the concentration of the positive control varies too 329 
much from 15 ng/µL, repeat the quantification of the positive control until the concentration is 330 
close to 15 ng/µL. If the concentration of the library is below 0.5 ng/µL, restart from 331 
fragmentation (section 3).  332 
 333 
NOTE: Ensure that the concentration of the positive control reaches the accepted value before 334 
quantifying the DNA library.  335 
 336 
5.3. Dilute each library to 100 pmol by adding nuclease-free water. Add 1 µL of library to n µL of 337 
nuclease-free water; calculate n using the equation below: 338 

𝑛 = (

Q
𝐶 × 6 × 10

7

306
÷ 660) − 1 339 

where Q is the concentration of each library measured by the fluorometer assay and C is the 340 
concentration of the positive control measured by the fluorometer assay.  341 
 342 
6. Sequencing 343 
 344 
6.1. Prior to start, prepare 48 µL (with a 20% excess) of 1 M NaOH for each sample and one 345 
nuclease-free 1.5 mL tube. Thaw the master mix PCR buffer (Table of Materials) (2000 µL in 346 
volume) at RT. Bring the sphere particles (Table of Materials) to RT. 347 
 348 
6.2. Library pooling 349 
 350 



   

6.2.1. Vortex each diluted library from step 5.3 and briefly spin 4x on a mini centrifuge for 3 s 351 
each time. Take 5 µL of each library to pool into the nuclease-free 1.5 mL tube. Vortex the 352 
mixed library and briefly spin on a mini centrifuge for 3 s. 353 
 354 
6.3. Emulsion PCR using an emulsion system  355 
 356 
6.3.1. Mix by inverting the oil bottle (Table of Materials) 3 times. Ensure that both the oil and 357 
breaking solution (Table of Materials) are at least 2/3 full. Add 150 µL of breaking solution to 2 358 
new recovery tubes (Table of Materials).  359 
 360 
6.3.2. Install the new recovery tubes, recovery router and amplification plate. Vortex the 361 
master mix PCR buffer for 30 s and briefly spin on a mini centrifuge for 3 s. 362 
 363 
6.3.3. Vortex the sphere particles and the mixed library from step 6.2.1 for 1 min and briefly 364 
spin on a mini centrifuge for 3 s.  365 
 366 
6.3.4. Prepare a 2400 µL ligation mix by adding 172 µL of nuclease-free water, 8 µL of mixed 367 
library from step 6.3.3, 120 µL of enzyme mix (Table of Materials), and 100 µL of sphere 368 
particles to the tube containing 2000 µL master mix PCR buffer.  369 
 370 
6.3.5. Set a pipette to 800 µL. Load the ligation mix from step 6.3.4 to the reaction filter (Table 371 
of Materials) through the sample port. Use a 1000P pipette to add 200 µL of reaction oil to the 372 
reaction filter. 373 
 374 
6.3.6. Select the program Proton: Ion PI Hi-Q OT2 200 Kit, and then, select Assisted button to 375 
ensure that the device has been set up correctly by following the instructions on the monitor. 376 
Then, click Next to start the program.  377 
 378 
6.4. Enrichment by an automatic enrichment system 379 
 380 
6.4.1. When the emulsion PCR program is completed, click Next, and then click Final Spin to 381 
spin for 10 min. Take out the 2 recovery tubes after clicking Open Lid.  382 
 383 
6.4.2. Discard the supernatant from the 2 recovery tubes until 100 µL remains in each tube, and 384 
label accordingly. Mix the solution well and transfer to a new 1.5 mL tube.  385 
 386 
6.4.3. Add 200 μL of nuclease-free water to each recovery tube, wash by pipetting up and down 387 
several times, and transfer all the solution to the 1.5 mL tube in step 6.4.2. Repeat the wash 388 
step once.  389 
 390 
6.4.4. Add 200 µL of nuclease-free water to one of the recovery tubes and wash by pipetting up 391 
and down several times. Transfer all the solution to the other recovery tube and wash by 392 
pipetting up and down several times. Then, transfer all the solution to the same 1.5 mL tube 393 
from step 6.4.3. Vortex the 1.5 mL tube for 30 s and centrifuge for 8 min at 15,500 x g. 394 



   

 395 
NOTE: The final total volume of the emulsion PCR product in this step should be approximately 396 
1200 µL. 397 
 398 
6.4.5. Discard the supernatant in the tube and keep 20 µL of the emulsion PCR product. Add 80 399 
µL of resuspension solution (Table of Materials) to the tube. Mix by pipetting up and down. 400 
 401 
6.4.6. Prepare a 320 µL melt-off solution for each chip by adding 280 µL of polyethylene glycol 402 
sorbitan monolaurate solution (Table of Materials) and 40 µL of 1 M NaOH. 403 
 404 
NOTE: 1 M NaOH should be stored at 4 °C or freshly prepared. Vortex before use. 405 
 406 
6.4.7. Vortex the tube containing C1 beads (Table of Materials) for 30 s. Take 100 µL of C1 407 
beads to a new 1.5 mL tube. Place the 1.5 mL tube onto the magnetic stand for 2 min at RT. 408 
Discard all the supernatant after the beads have settled without disturbing the beads.  409 
 410 
6.4.8. Add 1 mL of wash solution C1 (Table of Materials) to the tube from step 6.4.7. Vortex for 411 
30 s. Place the tube onto the magnetic stand for 2 min at RT. Discard all the supernatant after 412 
the beads have settled without disturbing the beads. Resuspend the beads by adding 130 µL of 413 
bead capture solution (Table of Materials). 414 
 415 
6.4.9. Enrichment system (ES) setup 416 
 417 
6.4.9.1. Load the sample (100 µL emulsion PCR product) from step 6.4.5, the washed beads 418 
(130 µL) from step 6.4.8, ES wash solution (300 µL) (Table of Materials), and melt-off solution 419 
(300 µL) from step 6.4.6 into the 8-tube strip. The layout order is: sample (tube 1), washed 420 
beads (tube 2), ES wash solution (tubes 3, 4, 5), and melt-off solution (tube 7). Keep tubes 6 and 421 
8 empty.  422 
 423 
6.4.9.2. Place the 8-tube strip from step 6.4.9.1 onto the ES. Install a pipette tip and a new 0.2 424 
mL tube and start the program. 425 
 426 
NOTE: Ensure that pipetting works normal. 427 
 428 
6.4.10. Wash the sphere particles after the enrichment is completed. 429 
 430 
6.4.10.1. Centrifuge the 0.2 mL tube from step 6.4.9.2 for 5 min at 15,500 x g. Discard the 431 
supernatant and keep 10 µL of the enrichment product. Add 200 µL of nuclease-free water to 432 
the tube. Mix by vortexing. 433 
 434 
6.4.10.2. Centrifuge the 0.2 mL tube from step 6.4.10.1 for 5 min at 15,500 x g. Discard the 435 
supernatant and keep 10 µL of the enrichment product. Add 90 µL of nuclease-free water to the 436 
tube. Mix by vortexing. 437 
 438 



   

6.5. Template preparation 439 
 440 
6.5.1. Vortex the positive control and spin briefly. Add 5 µL of positive control to the 100 µL 441 
template (the enrichment product from step 6.4.10.2). Vortex and centrifuge for 5 min at 442 
15,500 x g. Discard the supernatant and keep 10 µL of the template. 443 
 444 
6.5.2. Add 20 µL of sequencing primer (Table of Materials) and 15 µL of annealing buffer (Table 445 
of Materials) to the template tube from step 6.5.1. Vortex the tube and briefly spin on a mini 446 
centrifuge for 3 s. 447 
 448 
6.5.3. Incubate the tube from step 6.5.2 in the thermal cycler with heated lid. Run the program 449 
with the following settings: 2 min at 95 °C, 2 min at 37 °C, hold at 4 °C. 450 
 451 
6.5.4. Add 10 µL of loading buffer (Table of Materials) to the tube from step 6.5.3. Mix by 452 
pipetting up and down. 453 
 454 
6.6. Sequencer initialization  455 
 456 
6.6.1. Check the tank pressure of nitrogen gas (total pressure ≥ 500 psi, output pressure ≥ 10 psi, 457 
optimum 20-30 psi). Top-up 100 mL deionized water (18.2 MΩ) to C1 and C2 tubes (Table of 458 
Materials) and install them to corresponding C1 and C2 positions on the sequencer. 459 
 460 
6.6.2. Prepare W1 (32 µL of 1 M NaOH) and W3 (40−50 mL of W3 buffer [Table of Materials]) 461 
solutions. Prepare W2 solution by adding 1920 mL of deionized water (18.2 MΩ), a whole bottle 462 
of W2 buffer (Table of Materials) and 8−12 µL of 1 M NaOH, and invert 4−8 times to mix. 463 
 464 
NOTE: Because the water quality varies geologically, adjust the volume of 1 M NaOH as needed. 465 
The starting pH of W2 is 5.9−6.1, and the optimal range after adjustment is 7.4−7.6. Change and 466 
install new reagent tubes and use lately used chip for washing. 467 
 468 
6.6.3. Prepare the 4 new empty tubes from the sequencing supplement kit (Table of Materials). 469 
Label the 4 tubes as dGTP, dCTP, dATP, and dTTP, and add 70 µL of dGTP, dCTP, dATP, or dTTP 470 
(Table of Materials) to the corresponding tube (i.e., 70 µL dGTP to the tube labeled as dGTP, 471 
etc.). Vortex the tubes before use. Install the tubes to the corresponding positions designated 472 
on the sequencer (Table of Materials). 473 
 474 
6.7. Chip wash 475 
 476 
6.7.1. Wash the chip (Table of Materials) once by injecting 100 µL of isopropanol into the 477 
loading well of the chip. Remove the expelled liquid from the opposite well.  478 
 479 
6.7.2. Wash the chip twice by injecting 100 µL of nuclease-free water into the loading well of 480 
the chip. Remove the expelled liquid from the opposite well.  481 
 482 



   

6.7.3. Wash the chip once by injecting 100 µL of 0.1 M NaOH into the loading well of the chip. 483 
Remove the expelled liquid from the opposite well. Incubate at RT for 1 min. 484 
 485 
6.7.4. Wash the chip once by injecting 100 µL of nuclease-free water into the loading well of the 486 
chip. Remove the expelled liquid from the opposite well.  487 
 488 
6.7.5. Wash the chip twice by injecting 100 µL of isopropanol into the loading well of the chip. 489 
Remove the expelled liquid from the opposite well. Dry by blowing nitrogen onto the chip. Keep 490 
away from light. 491 
 492 
6.8. Sample loading and sequencing 493 
 494 
6.8.1. Mix the 55 µL sample from step 6.5.4 by pipetting up and down and load the sample to 495 
the loading well of the chip. 496 
 497 
NOTE: Keep the pipette tip and the 0.2 mL PCR tube used in this step. 498 
 499 
6.8.2. Place the chip onto the chip mini centrifuge (Table of Materials) when some sample 500 
enters the chip. Check the position and centrifuge the chip on the designated chip mini 501 
centrifuge for 10 min. 502 
 503 
6.8.3. Prepare two new 1.5 mL tubes for the annealing buffer and flushing solution. Prepare the 504 
50% annealing buffer by adding 500 µL of annealing buffer and 500 µL of nuclease-free water. 505 
Prepare the flushing solution by adding 500 µL of annealing buffer and 500 µL of 100 % 2-506 
propanol. 507 
 508 
6.8.4. Prepare two new 1.5 mL tubes and prepare the foaming mixture by mixing 49 µL of 50% 509 
annealing buffer and 1 µL of foaming solution (Table of Materials) in both tubes. 510 
 511 
6.8.5. Set a pipette to 100 µL. Make bubbles by pipetting air into the foaming mixture from one 512 
of the two tubes from step 6.8.4. Make > 120 µL of bubbles and keep pipetting until no 513 
outstanding visible bubbles can be seen. Load 120 µL of bubbles into the loading well. 514 
 515 
NOTE: Ensure that there are no outstanding visible bubbles. Otherwise, start it over. 516 
 517 
6.8.6. Transfer the excessive expelled liquid from the exit well from step 6.8.5 to the loading 518 
well by pipetting. Do not pipette bubbles. Centrifuge the chip for 30 s on the chip mini 519 
centrifuge. 520 
 521 
6.8.7. Repeat step 6.8.5 by using the second tube containing the foaming mixture from step 522 
6.8.4.  523 
 524 
6.8.8. Add 55 µL of the 50% annealing buffer to the 0.2 mL tube kept in step 6.8.1. Use the kept 525 
pipette tip in step 6.8.1 to pipette up and down. Load all the 55 µL annealing buffer to the 526 



   

loading well. Centrifuge the chip for 30 s on the designated chip mini centrifuge. 527 
 528 
6.8.9. Load 100 µL of flushing solution into the chip loading well and discard the expelled liquid 529 
from exit well. Repeat this loading step once. 530 
 531 
NOTE: If there are bubbles in the chip, expel small bubbles by big bubbles and flush by flushing 532 
solution. This can be achieved by pipetting 100 µL of flushing solution and leaving 5 µL of air 533 
below the flushing solution. Therefore, when pipetting the 105 µL into the chip, air will form a 534 
big bubble that can expel the small bubbles, and then, the big bubble can be expelled by the 535 
following flushing solution.  536 
 537 
6.8.10. Load 100 µL of the 50% annealing buffer into the chip loading well. Repeat this loading 538 
step for a total of 3 times. 539 
 540 
6.8.11. Add 6 µL of the sequencing enzyme into 60 µL of the 50% annealing buffer into a new 541 
1.5 mL tube. Mix by pipetting up and down. Load 65 µL of this mixed solution into the chip 542 
loading well. Pipette slowly to avoid foaming. 543 
 544 
6.8.12. Keep the chip away from light and incubate at RT for 5 min. 545 
 546 
6.8.13. After the incubation, immediately load the chip onto the sequencer and click Start the 547 
sequencing run on the screen to start sequencing. 548 
 549 
NOTE: The sequencing raw data and quality control files will be uploaded automatically to the 550 
company for data analysis.  551 
 552 
REPRESENTATIVE RESULTS:  553 
Based on this modified protocol, the semiconductor sequencing platform was for the first time, 554 
applied for PGT-A. We tested on biopsies from both cleavage-stage blastomeres and blastocyst-555 
stage embryos. It is suggested that the biopsied cells undergo WGA as soon as possible to 556 
prevent any degradation of DNA. A previous study compared the performance of different 557 
WGA methods and indicated that the method we described here had the best uniformity at the 558 
bin size of 100 KB20. Considering the performance of both uniformity and median absolute 559 
pairwise difference (MAPD)21, this WGA method was chosen for PGT-A using the semiconductor 560 
sequencer. Through a retrospective statistical analysis on 186 cleavage stage and 1135 561 
blastocyst stage embryos, we observed that the WGA success rates were 95.4% in blastomere 562 
samples and 96.9% in blastocyst samples (Figure 1). The purification step before library 563 
construction as a size selection procedure was crucial for sequencing quality by capturing large 564 
DNA fragments. Additionally, it facilitated the input amount of 300 ng for library construction. 565 
The enzymatic fragmentation method enabled an efficient shearing of WGA products into 566 
approximately 160 bp. 567 
 568 
Data analysis was conducted using the Euclidean distance and circular binary segmentation 569 
(EDCBS) analysis system. In-house validation was performed to evaluate the robustness of this 570 



   

bioinformatic algorithm. We established a reference database exclusive for PGT-A through 571 
sequencing 379 WGA products from 66 cell lines with known karyotypes by analyzing a bin size 572 
of 100 KB. From this database, a reference range was delineated as the threshold for copy 573 
number variant (CNV) calling and 10 MB was set as the cutoff for the detection level. Both 574 
sensitivity and specificity reached over 99% at this threshold (Table 1). In the application for 575 
PGT-A on embryo biopsies, the window size was set to 400 KB with a sliding window approach 576 
to reach enough reads. Quality control (QC) of each sample was determined by unique reads, 577 
MAPD and standard deviation of copy number variant (CNV∙SD). Sample beyond one of the 578 
three indexes was defined as QC failure (Figure 2C). Interpretation of chromosome scatter plots 579 
(Figure 2A,B,D) was conducted by qualified geneticists following a workflow by comparing the 580 
identified CNV to DECIPHER, DGV, or ClinGen databases. Individual discrepancies were 581 
controlled by an expert curation procedure. Chromosomal abnormalities were grouped into 582 
aneuploidy and mosaicism in blastocyst samples. A copy number gain or loss within the range 583 
of 30%−70% was classified as carrying mosaic chromosomal composition; otherwise, the result 584 
would be interpreted as either euploidy or aneuploidy. In this study, the euploid rates were 585 
45.2% in blastomeres and 52.3% in blastocysts, which echoed to published data22,23.  586 
 587 
FIGURE AND TABLE LEGENDS:  588 
Figure 1: Demographic statistics of 1321 embryo biopsies tested by this method. (A) Data 589 
from 186 cleavage-stage embryos. (B) Data from 1135 blastocyst-stage embryos. WGA success 590 
rates are over 95% in both types of specimens. Sequencing quality control failure rates are 3.4% 591 
in the cleavage-stage group and only 1.9% in the blastocyst-stage group. 592 
 593 
Figure 2: Representative results of PGT-A clinical application of embryo for the 23 pairs of 594 
chromosomes. Representative results of (A) euploidy; (B) aneuploidy (seq[GRCh37] (2)x3, 595 
(21)x3); (C) sequencing QC failed sample due to CNV∙SD at 0.6571 (acceptance ≤ 0.4); (D) 596 
segmental mosaic deletion (55%) of 4p16.3p15.1 (29.50 MB).  597 
 598 
Table 1: Sensitivity and specificity between different Log R ratios by the semiconductor 599 
sequencer. A total of 240 samples with known euploid karyotype results were tested by this 600 
method and called at different Log R ratios.  601 
 602 
DISCUSSION: 603 
Different from other sequencing chemistries, the sequencer described here uses semiconductor 604 
for the detection of nucleotides. The chip itself is an electronic device that detects hydrogen 605 
ions by polymerase-driven base incorporation17, which enables 2−4 h sequencing time of the 606 
Proton program. Besides, the chip is a microwell chip that allows the localization of one target 607 
molecule, which is different from the flow cell sequencing chemistry by other sequencer 608 
providers. This protocol is a modified protocol optimized for the application of PGT-A. The 609 
optimization includes fragmentation of amplified DNA by the enzymatic method instead of 610 
sonication to reduce the chance of contamination as well as the size-selection and the PCR 611 
system for better performance with lower costs. Additionally, in the clinical setting, we used a 612 
validated in-house pipeline for variant calling.  613 
 614 



   

There are critical steps to be aware of during the practice. Ethanol for purification needs to be 615 
freshly prepared before the experiment, as a high concentration of ethanol would cause 616 
insufficient wash of contaminated DNA while a low concentration would cause loss of target 617 
DNA. The fluorometer has to be calibrated by the positive control with a known concentration 618 
to ensure the accuracy. Besides, an adequate loading of the template is crucial for sequencing. 619 
Bubbles of the right size help to push the template sphere to fall into microwells, but too large 620 
bubbles may cause inadequate loading. Users can modify the number of samples (not 621 
necessarily 24) to be sequenced for each run. There are 96 indexes designed for this chip. But 622 
sequencing read depth will decrease with increasing samples per chip. One of the most 623 
common problems is low library concentration, which can be attributed to a low or poor-quality 624 
DNA output from purification due to residual ethanol or magnetic beads, or the cracking of 625 
beads as previously mentioned. A suboptimal DNA output may also result from low efficiency of 626 
PCR, which can be corrected by cautious preparation of the master mix with accurate sample 627 
inputs and temperature check of the thermal cyclers. For sequencing QC-failed samples, such as 628 
those with high CNV∙SD values (Figure 2C), it is recommended to run the samples on a 629 
bioanalyzer for size distribution analysis.  630 
 631 
One of the limitations of this method is its higher false single-nucleotide calling rate compared 632 
to other platforms. The error rate is 1% compared to only 0.1% indel false positive rate by other 633 
sequencers17. However, this is not a determining factor for CNV calling or PGT-A analysis. 634 
Compared to other platforms, application of the emulsion system minimizes operative 635 
discrepancies and pipetting errors, increasing the library quality. This is a significant advantage 636 
of our method compared to other platforms because the dsDNA concentration is very low and 637 
an accurate quantification is required for the following library pooling. Our method introduced 638 
the calibration of fluorometer quantification using a standard positive control to control 639 
detection error.  640 
 641 
As a high throughput platform with short turnaround time, the semiconductor sequencer is 642 
ideal for PGT-A and can be widely applied to IVF patients with PGT-A clinical indications such as 643 
advanced maternal age24. Deleye et al. conducted parallel sequencing of human blastocysts to 644 
compare the performance of the semiconductor sequencer with other sequencers25. Moreover, 645 
this PGT-A kit has obtained the “special approval procedure on innovative medical devices” 646 
from the China Food and Drug Administration and has been clinically used for thousands of 647 
embryos. In terms of cost, the price of this platform is half the price per giga bases compared to 648 
another commonly used platform in the PGT-A market. The trophectoderm cells can reliably 649 
represent the genetic constitution of the embryo26. This method can potentially be developed 650 
for PGT for monogenic/single gene diseases (PGT-M) as Treff et al. have demonstrated27. In 651 
their model, they facilitated 300 MB to 1 GB throughput on PGT-M of 16 embryo biopsies and 652 
compared the results to two conventional PGT-M methods. By capturing and loading 16 653 
samples, their method reached at least 100x read depth of the targeted region and resulted in 654 
100% reliability and reproducibility27. The throughput of the semiconductor sequencer by our 655 
protocol can reach 15 GB and there are 96 barcodes designed; therefore, if applied to targeted 656 
PGT-M, a considerable number of embryo biopsies can be sequenced by one chip at a high read 657 
depth.  658 
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(-0.23, 0.20) (-0.32, 0.26) (-0.41, 0.32) (-0.51, 0.37) (-0.62, 0.43) (-0.73, 0.48)

Sensitivity 100.00% 100.00% 100.00% 100.00% 98.30% 96.02%

Specificity 72.41% 81.03% 91.38% 99.10% 99.54% 100.00%

CNV threshold value
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Generic Term
Commercial Name of the Kit/Material/ 

Equipment
Company

0.2 mL PCR tube PCR tubes, 0.2 mL Axygen

0.5M EDTA UltraPure 0.5M EDTA, pH 8.0 ThermoFisher

1 x PBS PBS, pH 7.4, Ca
2+

 and Mg
2+

 free ThermoFisher

1.0 M NaOH 1.0 M NaOH (1.0N) solution
SIGMA-

ALDRICH

1.5 mL tube Eppendorf LoBind Tubes, 1.5 mL Fisher Scientific

10 X Ligase Buffer Ion Plus Fragment Library Kit ThermoFisher

18 MΩ water system

ELGA PURELAB Flex 3 Water Purification 

System or

Equivalent 18 MΩ water system

ThermoFisher

5 X End Repair Buffer Ion Plus Fragment Library Kit ThermoFisher

Amplification buffer PicoPLEX WGA Amplification buffer
Rubicon 

Genomics

Amplification enzyme PicoPLEX WGA Amplification enzyme
Rubicon 

Genomics

Amplification plate Ion OneTouch Amplification Plate

Annealing buffer Ion PI Annealing Buffer

Beads capture solution MyOne Beads Capture Solution

Bioanalyzer Agilent 2100 Bioanalyzer instrument Agilent

Breaking solution Ion OneTouch Breaking Solution (black cap)

C1 beads Dynabeads MyOne Streptavidin C1 ThermoFisher

Cell extraction buffer PicoPLEX WGA Cell extraction buffer
Rubicon 

Genomics

Cell extraction enzyme PicoPLEX WGA Cell extraction enzyme
Rubicon 

Genomics

Chip Ion PI Chip Kit v3 ThermoFisher

Chip minifuge Ion Chip Minifuge, 230 V ThermoFisher

dATP Ion PI dATP ThermoFisher

dCTP Ion PI dCTP ThermoFisher

dGTP Ion PI dGTP ThermoFisher

DNA Ligase Ion Plus Fragment Library Kit ThermoFisher

dNTP Mix Ion Plus Fragment Library Kit ThermoFisher

Dry bach ThermoQ–Temperature Dry Bath TAMAR

dsDNA fragmentase NEBNext dsDNA Fragmentase
New England 

Biolabs

dsDNA fragmentase reaction bufferNEBNext dsDNA Fragmentase
New England 

Biolabs

dTTP Ion PI dTTP ThermoFisher

Emulsion system Ion OneTouch 2 Instrument ThermoFisher

End Repair Enzyme Ion Plus Fragment Library Kit ThermoFisher

Enrichment system Ion One Touch ES ThermoFisher

Table of Materials Click here to access/download;Table of Materials;Table of
materials-20190116 final.xlsx
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Ethanol Ethanol
SIGMA-

ALDRICH

Extraction enzyme dilution buffer
PicoPLEX WGA Extraction enzyme dilution 

buffer

Rubicon 

Genomics

Extraction enzyme dilution buffer
PicoPLEX WGA Extraction enzyme dilution 

buffer

Rubicon 

Genomics

Fluorometer assay Qubit 3.0 Fluorometer ThermoFisher

Fluorometer assay Qubit ds DNA HS Assay kit ThermoFisher

Fluorometer assay Qubit Assay Tubes ThermoFisher

Foaming solution Ion PI Foaming Solution ThermoFisher

Index Index for barcoding of libraries BaseCare

Loading buffer Ion PI Loading Buffer ThermoFisher

Low-TE buffer Solid(TM) Buffer Kit-1X Low TE  Buffer ThermoFisher

Magnetic beads Agencour AMPure XP Kit Beckman Coulter

Magnetic stand DynaMag-2 magnet (magnetic rack) ThermoFisher

Master mix PCR buffer Ion PI Master Mix PCR buffer

Mini centrifuge Sorvall Legend Micro 17 Microcentrifuge Micro 17

Nick Repair Polymerase Ion Plus Fragment Library Kit ThermoFisher

Nuclease-free water Nuclease-free water ThermoFisher

Nuclease-free water for WGA PicoPLEX WGA Nuclease-free water
Rubicon 

Genomics

Oil bottle Ion OneTouch Oil bottle

P1 adapter Ion Plus Fragment Library Kit ThermoFisher

Positive control double-strand DNA standard

Preamplification buffer PicoPLEX WGA Preamplification buffer
Rubicon 

Genomics

Preamplification enzyme PicoPLEX WGA Preamplification enzyme
Rubicon 

Genomics
Primer mix Library Amplification Primer Mix ThermoFisher

Reaction filter Ion OneTouch Reaction Filter

Recovery router Recovery Router

Recovery tubes Recovery Tubes

Resuspension solution ISP Resuspension Solution

Sequencer Ion Proton ThermoFisher

Sequencing enzyme Ion PI Hi‑Q Sequencing Polymerase ThermoFisher

Sequencing primer Ion PI Sequencing Primer

Sever server for sequencer Lenovo

Sphere particles Ion PI Sphere Particles



SuperMix Platinum PCR SuperMix High Fidelity ThermoFisher

Syringe filters Nalgene 25mm Syringe Filters ThermoFisher

W2 buffer Ion PI Hi‑Q W2 Solution ThermoFisher

W3 buffer Ion PI 1X W3 Solution ThermoFisher

Wash solution C1 Ion OneTouch Wash Solution C1

The Ion PGM Hi‑Q View Sequencing Kit ThermoFisher

Ion Plus Fragment Library Kit ThermoFisher

Ion PI Hi-Q Sequencing 200 Kit (1 

sequencing run per initialization)
ThermoFisher

Ion PI Hi‑Q OT2 200 Kit ThermoFisher



Catalog 

Number
Comments/Description

PCR-02D-C

15575020

10010023

S2567 For Melt-off solution. Molecular grade

13-698-791

4471252

4474524

4471252

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-03.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-03.
In kit: Ion OneTouch 2 Supplies (Part No. A26367). Extended kit 

component in Sheet 5

G2939AA

In kit: Ion PI Hi‑Q OT2 Solutions 200 (Part No. A26429). 

Extended kit component in Sheet 5

65001

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-00.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-03.

A26771

4479673

A26772

A26772

A26772

4471252

4471252

HB-T2-A

M0348L

M0348L

A26772

INS1005527 ThermoFisher Catalog number: 4474778.

4471252

8441-22
ThermoFisher Catalog number: 4469495. Extended kit 

component in Sheet 5



51976
This can be replaced by any brand's molecular grade absolute 

ethanol.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-01.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-02.

Q33216
This model has been replaced by Qubit 4 Fluorometer, Catalog 

number: Q33226.

M2002-02

Q32856

A26772
this is a in-house prepared index. Users can buy commercial 

product from ThermoFisher Ion Xpress Barcode Adapters Kits 

(Cat. No. 4474517)
A26772

4389764

A63880

12321D

75002430

4471252

AM9922 This can be replaced by other brand.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-03.
Ion PI Hi‑Q OT2 Solutions 200 (Part No. A26429). Extended kit 

component in Sheet 5
4471252 Extended kit component in Sheet 3

This is a in-house prepared DNA standard for calibration of Qubit 

before quantification of library.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-03.

R30050
This can be replaced by SurePlex DNA Amplification 

System,catalog number: PR-40-415101-03.

4471252 Extended kit component in Sheet 3

Extended kit component in Sheet 5

Extended kit component in Sheet 5

Extended kit component in Sheet 5

DA8600

This model is imported by Da An Gene Co.,LTD. of Sun Yat-Sen 

University from ThermoFisher and has been certified by China 

Food and Drug Administration for clinical application. The 

catalog number in ThermoFisher is 4476610.

A26772

T260

https://www.thermofisher.com/order/catalog/product/AM9922


4471252

724-2045 Pore size: 0.45μm. Specifically for aqueous fluids.

A26772

A26772

A30044 Extended kit component in Sheet 2

4471252 Extended kit component in Sheet 3

A26772 Extended kit component in Sheet 4

A26434 Extended kit component in Sheet 5



Name of Material/ Equipment Company

Wash 1 Bottle w/ label (250 mL) ThermoFisher

Wash 3 Bottle w/ label (250 mL) ThermoFisher

Ion PGM Reagent Bottle Sipper Tubes (blue) ThermoFisher

Ion PGM Wash Bottle Sipper Tubes (gray，for 250‑mL bottles) ThermoFisher

Ion PGM Wash Bottle Sipper Tubes (gray, for 2-L bottles) ThermoFisher

Reagent Bottles w/ labels (50 mL) ThermoFisher

Ion PGM Hi‑Q View Sequencing Polymerase ThermoFisher

Ion PGM Hi‑Q View Sequencing Primer ThermoFisher

Ion PGM Hi‑Q View Control Ion Sphere Particles ThermoFisher

Ion PGM Hi‑Q View Sequencing W2 Solution ThermoFisher

Ion Cleaning Tablet ThermoFisher

Annealing Buffer ThermoFisher

Ion PGM Hi‑Q View Sequencing W3 Solution ThermoFisher

Ion PGM Hi‑Q Sequencing dGTP (black cap) ThermoFisher

Ion PGM Hi‑Q Sequencing dCTP (blue cap) ThermoFisher

Ion PGM Hi‑Q Sequencing dATP (green cap) ThermoFisher

Ion PGM Hi‑Q Sequencing dTTP (red cap) ThermoFisher

Ion PGM Wash 2 Bottle Kit ThermoFisher

Wash 2 Bottle w/ label (2 L) ThermoFisher

Wash 2 Bottle Conditioning Solution ThermoFisher

Ion 318 Chip v2 BC ThermoFisher

Ion 316  Chip v2 BC ThermoFisher

Ion 314 Chip v2 BC ThermoFisher

Ion PGM System and accessories ThermoFisher

Ion PGM Torrent Server ThermoFisher

Ion Chip Minifuge ThermoFisher

Tank of compressed nitrogen (grade 4.5, 99.995% or better)

Multistage (dual-stage) gas regulator (0-50 PSI, 2-3 Bar output) ThermoFisher

ELGA PURELAB Flex 3 Water Purification System ELGA

0.22‑μm or 0.45‑μm vacuum filtration system and filters

Rainin Pipet-Lite LTS Pipette L‑100XLS 10–100 μL Rainin

Rainin Pipet-Lite LTS Pipette L‑20XLS 2–20 μL Rainin

Rainin LTS pipette tips, 200 μL, SR-L200F Rainin

Rainin LTS pipette tips, 20 μL, SR-L10F Rainin

PCR tubes, Flat Cap, 0.2-mL Fisher Scientific

Ion PGM 2.5 L Waste Bottle ThermoFisher

Ion PGM Controls Kit v3 ThermoFisher

Ion PGM Sequencing Sippers Kit ThermoFisher

The Ion PGM Hi‑Q View Sequencing Kit



Catalog Number Comments/Description

A30044

A25591

A25591

A25591

4488146

4488145

4488144

4462921

4483643

4479672

NC0393866

4474524

17014384

17014392

17005859

17005860

14-222-262

4482565

A30046

4478682



Name of Material/ Equipment Company

5X End Repair Buffer - 400 μL

End Repair Enzyme - 20 μL

10X Ligase Buffer - 200 μL

DNA Ligase - 40 μL

Nick Repair Polymerase - 160 μL

dNTP Mix - 40 μL

Adapters - 100 μL

Platinum PCR SuperMix High Fidelity - 2 × 1000 μL

Library Amplification Primer Mix - 100 μL

Low-TE - 2 × 1.5 mL

Ion Plus Fragment Library Adapters Kit



Catalog Number Comments/Description

4471252



Name of Material/ Equipment Company

Ion Proton Wash 2 Bottle w/ label ThermoFisher

Tank of compressed nitrogen

Multistage (dual-stage) gas regulator Fisher Scientific

1/8" x 1/4" stem reducing coupler McMaster

Non-interruptible Power Supply (UPS)

NaOH (10 M), molecular biology grade

0.22-μm or 0.45-μm vacuum filtration system and filters

25-mL or 50-mL serological pipettes or

100-mL graduated cylinder

Pipet-Aid XP Pipet Controller Fisher Scientific

Rainin Pipet-Lite LTS Pipette L‑20XLS 2 to 20 μL Rainin

Rainin Pipet-Lite LTS Pipette L‑100XLS 10 to 100 μL Rainin

Rainin LTS pipette tips, 20 μL, SR-L10F Rainin

Rainin LTS pipette tips, 200 μL, SR-L200F Rainin

PCR tubes, Flat Cap,0.2-mL Fisher Scientific

1.5-mL or 1.7-mL microcentrifuge tubes

Glass bottles (1 L)

Ice buckets and ice

Vortex mixer with a rubber platform

Thermal cycler with a heated lid

Dry bath incubator

Standard laboratory vacuum line or vacuum pump

Liquid trap

Tygon tubing

Thermo Scientific Orion Star A111 pH Benchtop Meter Kit 

with electrode, electrode stand, and calibration buffers
Fisher Scientific

1 N HCl

Magnetic stirrer (must hold 2-L bottle)

Magnetic stir bar (4 cm)

Squirt bottle

140‑mL Reagent Tubes
Enriched template‑positive Ion PI ISPs prepared with the 

Ion PI Hi‑Q OT2 200 Kit
ThermoFisher

Standard laboratory vacuum line or vacuum pump

Liquid trap

100% isopropanol

Thermal cycler with heated lid

Ion Chip Minifuge (Cat. No. 4479672 or 4479673) equipped 

with Ion Proton Rotor and Buckets (Cat. No. 4482578)
ThermoFisher

Ion PI Hi-Q Sequencing 200 Kit (1 sequencing run per initialization)



Catalog Number Comments/Description

A26772

A24893

NC0393866

5779K699

13-681-06

17014392

17014384

17005860

17005859

14-222-262

13-645-503

A26434

4479672 or 4479673; 

4482578



Name of Material/ Equipment Company Catalog Number

A26434

Ion OneTouch Reagent Tubes

Ion OneTouch Recovery Routers

Ion OneTouch Recovery Tubes

Ion OneTouch Sipper Tubes

Ion OneTouch Amplification Plate

Ion OneTouch Cleaning Adapter

Ion OneTouch Reaction Filter

Ion OneTouch ES Supplies

Ion PI Master Mix (violet cap) 8 × 2 mL

Ion PI Enzyme Mix (brown cap) 960 μL

Ion PI Ion Sphere Particles (black cap) 800 μL

Ion OneTouch Breaking Solution (black cap) 2 × 1.2 mL

Ion OneTouch Oil 450 mL

Ion OneTouch Reaction Oil 25 mL

Nuclease-free Water 30 mL

Ion OneTouch Recovery Solution 350 mL

Ion OneTouch Wash Solution 16 mL

Ion OneTouch ES Wash Solution 7.2 mL

MyOne Beads Capture Solution (green cap) 2 × 1.5 mL

ISP Resuspension Solution (red cap) 1.25 mL

Tween Solution 6 mL

ThermoFisher

A26367

A26428

A26429

Ion PI Hi‑Q OT2 200 Kit

Ion OneTouch 2 Supplies

Ion PI Hi‑Q OT2 Reagents 200

Ion PI Hi‑Q OT2 Solutions 200

ThermoFisher

ThermoFisher



Comments/Description

Polyethylene glycol sorbitan monolaurate 

solution for Melt-off solution. Molecular grade
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 

 

 Baoheng Gui, Yingxin Zhang, Bo Liang, Yvonne Ka Yin Kwok, Wai Ting Lui, Queenie Sum Yee Yeung, 
Lingyin Kong, Li Ming Xuan, Jacqueline Pui Wah Chung, Kwong Wai Choy

Semiconductor sequencing for preimplantation genetic testing for aneuploidy (PGT-A)

Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement-RC-10192018.pdf

https://www.editorialmanager.com/jove/download.aspx?id=968692&guid=f33d8edd-9f8d-49d9-bd4f-449e569bd8ae&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=968692&guid=f33d8edd-9f8d-49d9-bd4f-449e569bd8ae&scheme=1
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 
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Title:   
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
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3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 
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Responses to the editorial comments 

 

1. Please note that the editor has formatted the manuscript to match the journal's 

style. Please retain the same. The updated manuscript is attached and please use this 

version to incorporate the changes that are requested. Please email me your revised 

manuscript at your earliest convenience. 

 

Response: Thanks very much for the editing. 

 

2. Please address specific comments marked in the attached manuscript. 

 

Response: Thanks very much for the suggestions. Changes have been made 

accordingly. 

 

3. Please provide Figure 3 with higher resolution. 

 

Response: Thank you. We think what you mentioned was Figure 2 (only two figures 

were included in this paper). Figure 2 was modified by choosing images with higher 

resolution and was uploaded in the new submission. 

 

4. Please thorough review the Representative Results and Discussion section to 

ensure that there are no spelling or grammar issues. 

 

Response: Thank you. Changes have been made accordingly. 

 

5. Please turn on Track Changes to mark up new changes made to your manuscript. 

 

Response: Thank you. Changes were marked using the “track changes mode” in MS 

Word. 

Responses to the editorial comments Click here to access/download;Rebuttal Letter;Responses to
the editorial comments 20190128.docx
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Sample sheet for adapter ligation:  

 

Constituent Reaction volume (µL) x1 Reaction volume (µL)       x 

_____  No. of reactions 

DNA  32  

Nuclease free water 10  

Ligase buffer 5  

DNA Ligase 1  

P1  1  

Index  X 1  

Total volume  50  

 

Sample ID Index ID 

   

   

   

   

   

   

   

   

   

 

Supplemental File-Sample sheet for adaptor ligation Click here to access/download;Supplemental File (Figures,
Permissions, etc.);Sample sheet for adaptor ligation-
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