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Application of QF-PCR in maternal cell contamination identification and prenatal diagnosis
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[Abstract] Objective To evaluate clinical application value of quantitative fluorescent polymerase chain reaction (QF-PCR) for
maternal cell contamination (MCC) identification and rapid prenatal diagnosis of common chromosomal aneuploidies. Methods
MCC concentration-gradient detection models were established to analyze characteristics of short tandem repeats (STR) profiles at
different proportions of MCC. The incidence of MCC in 577 amniotic fluid samples was retrospectively analyzed, and detection
efficacy of QF-PCR for chromosomal aneuploidies (13,18,21,X,and Y) was evaluated through comparative analysis with amniotic
karyotyping results. Results In 10% or above MCC models, obviously “contamination peak” characteristics appeared the STR
profiles. MCC was identified in 4 of 577 amniotic fluid samples (0. 69%,4/577). Totally, 60 chromosomal aneuploidies were
identified out by QF-PCR,including 24 cases of trisomy 21,11 cases of trisomy 18,3 cases of monosomy X (XO) ,4 cases of triple
X (XXX) syndrome, 6 cases of Klinefelter syndrome (XXY) and 6 cases of XYY syndrome,as well as 6 additional cases of
suggestive ploidy abnormalities. 69 chromosomal aneuploidies were identified out by amniotic karyotyping analysis. Comparative
analysis of results by QF-PCR with those by amniotic karyotyping revealed full concordance for 52 cases of non-mosaic
aneuploidies,and the discrepancies included:two cases of Y-chromosome structural rearrangements were misclassified as XYY by
QF-PCR; for six sex chromosome mosaicism cases, QF-PCR suggested ploidy anomalies only but failed to resolve mosaic
composition; and nine undetected cases of balanced rearrangements and deletions /duplications attributed to QF-PCR kit

limitations. Conclusion QF-PCR can effectively identify out MCC at =>10% thresholds and exerts such advantages as rapid
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diagnosis and high sensitivity for common chromosomal aneuploidies. However, limitations persist in detecting chromosomal

mosaicism composition, balanced translocations and copy number variations (CNVs). So, QF-PCR could be used as an adjunctive

screening tool for prenatal aneuploidy diagnosis in clinic.
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ploidy
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Table 1 Information of 17 STR loci in the detection system
W5 PREE X 24 B PRI PR A HE BT A7/ RN N |
1 D13S258 13 q21. 33 TAGA 209-285
2 D13S305 13 ql3. 3 CTTT 439-509
3 D13S634 13 q21. 33 GAAA 389-436
4 D13S742 13 ql2.12 GAAA 219-289
5 D18S1002 18 qll.2 ATAG 379-419
6 D18S386 18 q22.1 GAAA 472-555
7 D18S391 18 pll. 31 TATC 149-181
8 D18S535 18 ql2.3 TAGA 151-201
9 D21S1412 21 q22.2 CTTT 260-320
10 D21S1414 21 q21.1 TCTA 379-425
11 D21S1435 21 q21.3 TATC 166-210
12 D21S1446 21 q22.3 TCTA 379-429
13 DXS7132 X ql2 GATA 299-359
14 DXYS218 X/Y Xp22.33/Ypll. 2pll. 32 ATAG 119-155
15 AMXY X/Y Xp22.2/Ypll. 2 — 189-199
16 SRY Y Ypll. 2 - 129-133
17 TAF9B X/3 3p26.3/Xq21. 1 — 116-121
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Fig.1 STR profiles of MCC models at different proportions
34



EURVESY B
2026 4£ 1 H

& 15 4a 4h 4 R AR
Chinese Journal of Woman and Child Health Research

Vol. 37 No. 1
Jan. 2026

2.2 QF-PCR MU F=RIHEAR MCC &R
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Fig.2 STR profiles of one case of MCC before and after culture of amniotic {luid sample

2.3 QF-PCR il 5% B 5 T & R LR

ST7 7K FE A 2y J 3y BEAT T A% B 43 B, 2k
WK SR 69 B (11, 96%,69/577) , Hirp 21-=
24 ) (F5 2 Bk &), 18-= 1K 11 ], XO #fk 3
], XXX 255 1F 4 ], XXY Z61F 6 0. XYY 254
fif 4 @i pEYe iR i & 6 B Y S5 a2 #l He
e o (A Al H A wl BB S 9 B, 577 AR HEAR
2 QF-PCR £ il 4 &6 5 2y, 2ede B bR G 040K 5 5

35

60 4] (10. 39%,60/577) . Hevp 21-= 14k 24 fi], 18-=
K 11 4], XO Bk 3 6, XXX 254 1E 4 f], XXY £
BAE 6 B, XYY LEAAE 6 ), 3275 1k e o R 5 % 5
TCIEWE AL 6 B, 454 U R i AL 25 R Ry
BT QF-PCR T ik Xof P G €8 14 25 1) S5 85 25 11 ME B 1)
FIE a0 QF-PCR &5 A 2 Bl H € XYY &6
fIE S AR X5 07 1 G o A A% L 3 30l Oy 45, XO/46, X, idic
CY)FI 46, X, idic (YD) 5 3k 6 3 4% 28 73 BT 25 5 A 4 e
AR A FEA . QF-PCR H XY Ze a4k FAL & s
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Table 2 Comparison of 60 cases of common chromosomal abnormalities by QF-PCR with the results by karyotyping

P T 5y B 4 QF-PCR %1 — ek

1~24 47,XN, +21° 21 =M. 13/18/X/Y IE# AT —¥
25~35 47,XN,+18 18 = Atk . 13/18/X/Y IE % 54k —
36~38 45,X0 X Bk, 13/18/21 IE A% E —
39~42 47,XXX X =A% E,13/18/21 IE ¥ 5k —
43~48 47,XXY X fFE/Y S 13/18/21 TEF 5 —3
49~52 47, XYY X BAEdE /Y %, 13/18/21 IE# A% —%

53 46,X,7 idic(Y) (q12) X BAEYE /Y A%, 13/18/21 IE# A% Y 254

54 45,X[18]/46,X,7 idic(Y) (ql12)[54]

X BAEE /Y 5. 13/18/21 IE# A5k

R LGS Y S540 5

55 45,X[34]/46 ,XX[16] TAF9B.DXS7132.DXYS218 i & X Y i FEAf5 Al $R/R & » QF-PCR JC K 1)
AN, AMXY . SRY Y I P Y o A £

56 15,X[127/46,XX[38] TAFIB.DXYS218 i £ X YO fh A F M 5 R #A . QF-PCR JG 205 #E A
fa, AMXY.SRY J& Y 04§ P e o R A 1

57 45,X[53]/46,X,dic(X) (q10)[7] TAF9B.DXS7132 fii fi X Ye KA T 2045 R0 A5 PEIA] . 3R A, QF-PCR T6 i K 1k H) &
AMXY.,SRY TG Y 1§ P e o R 1

58 45,X[24]/46 ,XY[56] TAF9B fii fi X %54, AMXY 7 800 XY Wby 48R & - QF-PCR JC % G o H 5
HJ1.5 P Yo A £

59 45,X[377/46,XY[19] TAFIB i i X %5 HE . AMXY A0 XY 5 Ly 48Rk & - QF-PCR JG %K o H
2.5 P Y e A 5

60 47,XYY[50]/46,XY[20] TAF9B {7 5 X o 54k, AMXY 70 XY i ey #8284 QF-PCR 612K i 1 &
0.6 P e o R 1

T YO R A T S R AL A 2 Bl A T21, 4050k 47, XN, +21[37]/46 ,XN[ 36 F1 47, XN, +21[44]/46,XN[8]. 7 i% 2 BFEA Y QF-PCR
ZE IR 21 5 Yt R L B FE R AR 5 R SR BR A B S A L 13/18/ XY Yk A B PR RS A7 a5 A I WA M L B R AFAE T21 YR .

3141t

3.1 MCC M EFRZHE R E

H 20 22 90 4EUTF IR, QF-PCR H AR I 16
TFrEHi2 B g R S8 A, DL PCR i ZE Ak i
GrFIZ W B R TE 77 1w PR b 5y 0 A R BT
40 £+ XF G a4k 5 D1 228 % (copy number vari-
ation, CNV) i Il % 1% % JiE 4 5 [N 21 48 D1 %5048 5 )
J¥ (copy number variation sequencing, CNV-seq) #l
Z W% BB Y 8 (multiplex ligation dependent
probe amplification, MLPA) $ AR , & XF 5 3& [H 1% 1%
512 W7 Y SO E i PCR, Sanger Il 5 142 41 &2
FOFEET i K R S I BRI R N
RABER B ERAE , P= R RE AR 25 5 72 48 MCC., i fIG
el iy MCC # 7] B8 T 48 4> Fi2 W 45 L. s 3
AL RS R 2 MCC™>38. 4 % it # 5 CNV Tk
HLMCC=>41, 3% A CNV Jaik s i, 5 5 451

36

W78 2 3. 125 Y MCC R AT 52 i b w22 1 fr) 32 P
Sy RIEE AL, TR WY B S 50 3 1 MCC A il 4 2R 1
JERPE S HE B 77 BT 12 W RE A B B A 4 TS g R fR
TIE IR 2 8 £ 7 1512 W 45 SR o A 11 0 BT 4

3.2 QF-PCR #AR#E MCC #&l # 49 5z A

AW 38 3 P02 A [A] ) B B L) 3 5 e
Hof BE AR AL B, QF-PCR 46 I JC 25 2 7R £ i R AR v
5% MCCs; X F A7 5% 1) MCC B ig#E A, vl %]
AR 2 ARG AR S AL TAF9B Al AMXY
W 1A ARLLE S W AT A0 T . H TR E MR A A, HoRT 4R
BEIF BT B 0L R D S B RN — 5 WA, R AR S 0
AXF 5% 1 MCC #A7HE . MR 10240 1
PL g MCC B, TEig i L 3] STR L3 3 30 B &
ATHEARRAE  RIAT 224> 56 DR 1 B = > 0 (2 BRI
W ) , I A 3 Ao 0 U g b R B g R AR A7 X ) =
PREL = A RREAR . DL 25 1 3R I AR S 56 S 4G T 1k R
ARSI 10 % LA MCC, 3 5 4 W7 250 1 1F 5% 25
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RASE . ™% vl H 3B A ABI 2 7] Y Identi-
filer K 22 56 AT A DU H 5 %6 22 47 1) MCC, 42 7 45 K5
WS- & AR FA A F I MCC K REE . 2018 4F
B[] I R 3 P 4B 24 B 25 (Association for Clinical
Genomic Science, ACGS)#&1T ) QF-PCR £ il 4F %
1A IO FH 46 e 55 4 WL B A %8 501 MCC 11 55 36 4 R
37 B3 A BEAG I HY 10 90 B B A0 R A 7 i 3 X2
ST H v, R ARYE MCC F ) % A6 100 445 5% 1) 5% i >f 1
A IR RS .

Hur & F MCC k4 R Wik il 2 5 &8 K.
Smeekens % IE 7E 72 BT REAS B MCC 9 % 4 %
PN 4. 07 % ~18. 84 % , Tl J5 P52 43l K bR AR 1Y
MCC K 4EF LR 0. 5%, AL MCC kAR K
0.69% (4/577) .5 IS IE K MCC K A= F 8
FRIE . RIS 20 50 = A I R B A= ™ Ak 4 BBV 174
SR PR P ETREAS B9 MCC AT IH TG 2 588 #, [ ot 2
WOHTA 19 7 1T 12 W v O #0737 — 25 W03 A BBURE R
REAS KW A PP AR R . A TG A 1Y 2 KR B A AL
BT R AT 1R N RACE I WO 5 2 B
1 2mL FEK X — i A AU BURE B B B A B
YA . XA B G AT B £ Y SR K S AT G BE
20 i 15 37 FEHEAT QF-PCR K 5 %F T 1 3 4R a8 al
BEPER Y K B i SR S L EAT QF-PCR il
UG 4R R 7] BEAEAE MCC, R FE % AE A, 25 1%
B35 10 E K 44T QF-PCR K&, HUA R4
th MCC J5 Al 47 J5 2 4y Fist e S# 2 W SE 3, A o
O PAT B 7 ZE 3 M 32 5 (98 e a2 B PCR B AR i
TS W UL G 0 A A A S 56 A0 I 5 s
WO m R,

3.3 QF-PCREBAREE N L BMEIFEREE~R
15 W R & 2

FERG I H UL Y f6 14 (13/18/21/X/Y) dE B £ 1k
PEBE 7 M, A BF 5 A QF-PCR AR X 577 49 7= Hi
IS WTREZS AT R, A DU B T %k 100 %6, A
H AR g 0 R B A5 AT L N 1Y) 60 491 538, L rpom] 4]
E LRI 54 ), B R 5 R (E 0 R B 8 A% R R
6 il . Xt Eb 4 i A AL 43 B 45 2R . QF-PCR # AR Xt 24
Bl T21(f 45 2 Bl &) 11 # T18 Lh K 17 il i
Y (o B0 SR BB T A AR . FLAR BB
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PESEBAPERE B, X Bk 2 B T21 Mk & 2k B
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