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and in clinical samples were detected by FISH under the
same experimental conditions, and the detection results
for trisomy 13 in quality-control cells (A) were plotted
on the Levey-Jennings chart-based IQC (Fig. 2a) to gen-
erate the experimental application of Levey-Jennings
chart-based IQC for trisomy 13 detected by FISH (Fig.
2c). The experimental application of Levey-Jennings
chart-based IQC for trisomy 21 detected by FISH was
created in the same way (Fig. 2d). Thus, we can monitor
whether the detection results for trisomy 13 and 21 in
quality-control cells (A) exceeded �X ±2 SD or �X ±3 SD
(and thus the IQC limit for the clinical reference con-
trols), and then infer whether the test results for the
clinical samples processed that day were reliable. Simi-
larly, quality-control cells(B–H) were generated to moni-
tor systematic or accidental laboratory errors.

Interpretation of control results
Clinical reference controls are considered to be outside
of acceptable limits in the following circumstances [13,
14]: a, if one control observation is more than 3S beyond
either side of the mean (1–3 s); b, if two consecutive
control observations are more than 2S from the mean
and both observations are on the same side of the mean
(2–2 s); c, if four consecutive control observations ex-
ceed 1S and all are on the same side of the mean (4–1
s); d, if the control values lie on opposite sides of the
mean and the difference between the largest and the
smallest observations exceeds 4S (R-4 s); e, if 10 con-
secutive control observations fall on the same side of the
mean (10X); f, if one control value exceeds 2S on either
side of the mean, which is not considered outside of ac-
ceptable limits, but a “warning sign” (1–2 s).

Results
Establishment of amniocyte lines
Primary amniocytes with trisomy 13, 21, and 18, or 47,
XXY were transfected with SV40LTag-pcDNA3.1(−)and
then selected for in G418-containing medium (50–400
mg/L) for 7–15 days to obtain positive cell clones
(Fig. 1A). When passaged in DMEM containing 10%
fetal bovine serum, these cells grew as spindle-shaped
adherent cells (Fig. 1B).

Components of quality-control cells (A-H)
Quality-control cells(A–H) were prepared from amnio-
cyte lines that had been immortalized, passaged, and fro-
zen at − 196 °C in liquid nitrogen. In total, there are
eight quality control samples: A, B, C, D, E, F, G, and H
(Table 1). quality-control cells (A-D) are used for quality
control of tests for trisomy 13 and 21. Theoretically,
these samples contain 10, 30, 70, and 90% trisomy 13
cells and 90, 70, 30, and 10% trisomy 21 cells,

respectively (Table 1). quality-control cells (E-H) are
used for trisomy 18 and XXY, which are at the same ra-
tios as the quality-control cells (A-D) (Table 1).

Validation of quality-control cells fluorescence signals
Chromosomes 13, 21, 18, X, and Y in quality-control
cells (A–H) were validated using a 13/21 two-color
probe and an 18/X/Y trichrome probe. These probes
both yielded positive fluorescence signals (Fig. 1a–d)
that were consistent with the fluorescence signals for the
primary amniocytes (Fig. 1e–f).

Acquisition of IQC datasets
We prepared quality-control cells (A–D) for detection
with the 13/21 probe and quality-control cells (E–H) for
detection with the 18/X/Y probe. Quality-control cells
A, B, C, and D contained 10, 30, 70, and 90% trisomy 13
cells and 90, 70, 30, and 10% trisomy 21 cells, respect-
ively, while quality-control cells E, F, G, and H were
composed of 10, 30, 70, and 90% trisomy 18 cells and
90, 70, 30, and 10% 47,XXY cells, respectively. Quality-
control cells (A–H) and the test samples were analyzed
20 times under the same conditions to obtain datasets (
�X /SD) for IQC (Table 1). Based on these datasets, the
�X ±1 SD, �X ±2 SD, and �X ±3 SD values were calcu-
lated for trisomy 13 and 21 and trisomy 18 and 47,XXY
(Table 1) to establish Levey-Jennings chart-based IQC.

Establishing the Levey-Jennings chart-based IQC
For quality-control cell (A), the �X , �X ±1 SD, �X ±2 SD,
and �X ±3 SD values for trisomy 13 and 21 over 20 days of
detection were used to draw Levey-Jennings charts to es-
tablish the corresponding Levey-Jennings chart-based IQC
for trisomy 13 (Fig. 2a) and Levey-Jennings chart-based
IQC for trisomy 21 (Fig. 2b). Similarly, Levey-Jennings
chart-based IQC were established for trisomy 13, 21, and
18, and 47,XXY in quality-control cells (B–H).

Applying Levey-Jennings chart-based IQC for aneuploid
detection
Quality-control cell (A) and clinical samples were ana-
lyzed for 18 days under the same conditions (Table 2).
The results from each trisomy 13 and 21 test for quality-
control cell (A) were plotted on Levey-Jennings chart for
trisomy 13 (Fig. 2a) and for trisomy 21 (Fig. 2b) to apply
the Levey-Jennings chart-based IQC for trisomy 13 (Fig.
2c) and for trisomy 21 (Fig. 2d), respectively. The results
from the day 5 and day 6 tests of trisomy 13 for quality-
control cell (A) were 14%, which exceeded �X ±2 SD
(13.6%), indicating unreliable results from the clinical
samples (Table 2 and Fig. 2c) [10–12]. Moreover, the
day 9 test result for trisomy 21 in quality-control cell
(A) was 98%, exceeding �X ±3 SD (97.2%), which also in-
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