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[HEY1 BB A A Fdad s 5 DNA 3= 67 i UM 3 #4737 5], 4 48 b 343 M gk % 69 280 0 7= 31 0 & 42
WAE, Fik AR XY EERGHFFEI DA E A B IURE A 6 E e R bR R A B4R 8 (PCR)#
MAB AR, 2T ZBE EMRET EFRARBATRNREH AT T E AT 24 ) K B4 R ol A% K L 50 4]
16~20 Z A 695 dad g DNA 94m, S8 A4 DNA BIL Y £ ER T WM F ke ZAEAN P, % 85U
DNA # & % 3% ~6% i, 5 4 DNA #5442 % T FR% 50 pg. %%tk DNA B F £ 0.5~50 ng B, Y 3 & 4k Ak
MEEH 1% .48% FHILDNA £ E H 2% ; %44k DNA R B A 0.05~0.5 ng 8, Y # &4k A0 £ E 4
2% ~4% 40 % TRILDNA FE % 4% ~8% ;% R4k DNA B, Y F & kB F FRA 0.5 pg, HAZZHAM T
IR Mg f % DNA R E W 23 T A 34 B4t (P<<0.05), 50 #l ik ikl d B 1 64 A BRI E KK
A b, A 49 BIAR A R R RE BEIR R DNA KB A S . om L RA 176 BH.32 0 kK. 5
FEUE A B M R T A —F 422 % e KF 4k 2 DNA #idaA 46 A 2 (50 pg) G, &R A 23 4 FH,26 #) ik,
M FEH100% ., i ZRBRITMAGHAFReLHES DNA RSO T HLAR T FRE T x B AR SO E
TG A SR R R T R S A TR R T R0 A A,

(XA HhkhHnd DNA; L4l =a4d; HEERLTZTHM; 2k
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Quantitative detection of sex chromosomal for non-invasive prenatal screening of sex-linked inheritable disease”
CHUAI Zheng-ran , HUANG Qing , HUANG Jun-fu,CHEN Dong , MIAO Jie ,YANG Zhao,ZHAO Na,WANG
Yun-yun , SHI Da-chuan ,\WANG Huan , FU Wei-ling” ( Department of Clinical Laboratory ,Southwest Hospital ,
Third Military Medical University ,Chongqing 400038 ,China)

[ Abstract] Objective To identify the fetal sex for the non-invasive prenatal screening of sex-linked inheritable
diseases using free DNA in maternal plasma. Methods A method to identify fetal sex,using the X and Y chromosome
specific primers and TagMan probes, was developed and evaluated for the sensitivity. Then, 24 cases of healthy
women and 50 cases of pregnant women with gestational age for 16 —20 weeks were detected and analyzed. Results
The results of sensitivity analysis for fetal Y chromosome detection in maternal DNA indicatd that when the fetal
DNA abundance was 3% —6% , the required amount of plasma DNA from pregnant women was at least 50 pg. When
the template amount of plasma DNA from pregnant women was 0. 5—50 ng. the limit of detection for fetal Y-chro-
mosome was 1% ,indicating that the fetal DNA abundance should be 2% for detecting. When the template amount of
plasma DNA from pregnant women was 0. 05—0. 5 ng, the limit of detection for fetal Y-chromosome was 2% —4% ,
indicating that the fetal DNA abundance should be 4% — 8%. When there were no maternal DNA as template, the
limit of detection for Y-chromosome could reach as low as 5 pg. The plasma DNA levels of pregnant women were sig-
nificantly higher than that of healthy females in the quantitative detection (P<C0. 05). One in the 50 cases of pregnant
women samples could not be detected for the failure of DNA extraction. The result of the first detection showed 17
males and 32 females in the remaining 49 cases, which was not highly consistent with clinical results. Then, the detec-
tion was performed again by increasing the quantity of initial DNA (>>50 pg). The results showed an accuracy of
100% compared with the clinical results,including 23 males and 26 females. Conclusion The accuracy of this method
for early non-invasive prenatal screening using free DNA in maternal plasma could be high enough for early diagnosis
and prevention of sex-linked genetic diseases.

[Key words] free DNA in maternal plasma; non-invasive prenatal diagnosis; quantitative detection of sex

chromosomal; pregnancy
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Bij Mt A N B IR R BT i 4 e A B S, SR H ETIAE
) — 215 LM SR B B AR A TE 1 2 A R Z AL dn A 6 P B4R AT
REBUIR LB %D, BT A XM E—FET XY '77"@
T BR LA R AR i R L JE X 50 61 2 1A 4T AR 5 AR )

A S0 B A 7 e ) A O A LB g A g A ﬁf%ﬁﬁ’ﬂﬁ,ﬂ;ﬂu
Wit 2% .

1 #MBE5FE

L1 FRASKIE  EHE 2012~2013 4545 = 4 & K 2% 74 1 I B¢
FERHMEBE ) A2 A MK L . B2 IR 20~35 & 27 B A
JA16~20 J4, P34 18 Jal o JiG JLA% S5 DA s A Sl S b e o [
B ML 356 AR [5G v 0 SR AT PG 1) 240 491 A 2 e B = 2 e ik o
FRAAE 0 . BER AR 8] T OF X ARG R 3.

1.2 3% DNA B3R E B2 1A 40 8 B # ki 2 mL 5 1 4
brAs,4 C,1 600X g, &0 10 min, Y& FJZ I3 (£ 900 mL
E1DHEBZEIOHM 1.5 mL W Ep b . B SIMK
F 4 °C,18 000X g B0y 10 min, W H |2 M3 (4 800 L) &
EHMILH Ep EH. ZJ5.KH Qiagene 23wl /) QlAamp
DNA Blood {7 & $#2 Bt 3k 2 DNA,50 pL PEli a5 1
— 20 CAR IR VKA AR A7 45 T

1.3 Real-time 2¢ Y6 & 1 B A W 5% I 1 (PCRO & B 2% 14 B 1
b I RTE P 5 S OCHR 4], ﬁ?ﬁ'lﬂﬂt/&ﬁzlﬁﬂj:’(ﬁ%
FEA Horf FAM 3@ S84 B4 X0 X Jefaffk, VIC 7 &
RN Y Je ik R XLY SRR S M T R ER B A A
20 pL M SEHT G E i PCR RN R L 1 R ALHE JR 5 e DNA
I CUDGY 10 L X\ Y e PRSI H1 4% 1 o BE6 4 1 pl,
M A B 2 pl. f% JL B F BIO-RAD CFX96™ Real-Time
System B HEAT 00T . I 3R 520K FR 43 T 0 51 R
PRAET e B AL PCR 138 IR BE 55 SR S AR AT A0 AL . 51 vk
S35 E N 0.2,0.4,0. 6 mol/L; #REF M BE 43 il i B R 0.1,
0.2.0.3 mol/L, HF A A J5 3t 12 i85 . B8 KR B2 3 R
60 C. SRIGHIT 10 Zot K 1 191 55 M bm A d £ 19 B L 2% A1

AT 90 E 4% 0 5 2 0 I PR 22 1 A AR 19 4600 o 4 A4S R A

KE-ITEEE . EEAREENINI=OE.

1.4 MWy FEEETE2EHMRNMEERTE.2EY

FBATEE Ak, W2 A 1 R PHESS R X I R A

HEAT TR, T A A5 R AT g B PR 2R 0 D b L A R R
iR, E'J}JS'EHE M AN G as ek B b B BE P Ak, SR

PCR 375 4t M2 Ui 4 25 58 BB A 38 v B . S =2 )
I 4h H%TF
1.5 PCR J7 % 9 R 5 B2 A 4%20 pl SN AR & PR iR

DNA 54 1 437 3% & g 50,10, 5.0.05 ng, & Y B
1k DNA 3= 3243 3 H o.om\o. 14‘1%\2%‘3%‘4%\5%\
102,50 % GEAE Y Yo i I i JL DNA =E 2 {19 43 B %3 A% b )
J7 0 R AR AT R . [T E 4 5 M LR 20 DNA #1765 L
B MK R 50.5.0.5.0.1,0.05.0.01.0.005.,0.001.0.000 5
ng/pL X TEEEAE DNA B Y Yo 0k 1 52 B8 ST R0

1.6 I FRFRA M 07 DNA BRI M4 bk 8 sr KX iik
U 14 B M R RN A X I IR 50 B 4T Uk 42 M AR AR 54T T IR L
PR B A

1.7 it R SPSSIS. 0 A #EAT SR I 4 87, L
P<C0.05 BESAHGIT¥E L., BiERAZ2S5FHBHERIL
PR IR DNA & AE N Bl 5 IR 5 & 1F R A2 7
4T ROC M2k i) 2 5 4 #7

2 & ES

2.1 Real-time ¢ % % & PCR [ % 4 19 8 & 38 33 X 51
W ER R BB O B SR AR R AL 2R XLY YR Y
W) CT {H 5 XY Yeta il CT {22 {4 1 4 % {5 3 99 5048 5 , I 28
W 5 11 4 A4 RIS P ik BE S 0. 4 mol/ L, & ik B2
>4 0.1 mol/L,PCR % Z%%.:50 C 2 min,95 C 2 min,95 C
155,60 C 1 min,50 MEH ., WK 1, B LA E N XY
Y € ARSI 5 3 1 e SR A O ELRE TS S Y i DR A A A
e,

=1 slFRERERLIRKELE

. 519 5 EE A G (mol./L) KRl 55 5

i LUETIY TS X QA fARE Y iR R X F¥ CT {8 Y F¥y CT {H ACT FH¥1{H
Expl 0.2 0.2 0.1 0.1 28.33 28. 36 0.03
Exp2 0.2 0.4 0.2 0.2 28.11 28.12 0. 00
Exp3 0.2 0.6 0.3 0.3 28. 34 28.35 0.01
Exp4 0.4 0.2 0.2 0.3 28.54 28. 65 0.12
Exp5 0.4 0.4 0.3 0.1 28.22 28.23 0.01
Exp6 0.4 0.6 0.1 0.2 28.11 28.11 0. 00
Exp7 0.6 0.2 0.3 0.2 28.72 28.55 0.17
Exp8 0.6 0.4 0.1 0.3 28.13 28.17 0. 04
Exp9 0.6 0.6 0.2 0.1 28.29 28. 24 0.05
Expl0 0.2 0.4 0.1 0.1 27.09 26.94 0.15
Expll 0.4 0.4 0.1 0.1 27.11 27.03 0.08
Expl2 0.2 0.2 0.2 0.2 27.09 27. 24 0.15

TE:ACT 2 Y e tafh 5 X Qe ik CT (2 H A X .

2.2 X\Y A Maa iy aeaE BEZE T L AR A R
A FAM 5 38 £ U 2] 57 58 7 7, W 1A . B kbR A

FAM 5 VIC 25638 38 28 0 2] 474 79, WL 1(B) .
WA 3 AR AG T 2 53 7

=Py
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2.3 PCR J5 % # 2 % I

2.3.1 B:fA& DNA & FUR L DNA = B2 R 0 25 51 1) 5% i

% E MR )L DNA B 3% ~ 6% i, % 5 {4 DNA BAR i i 4
50,10.5.0. 5 ng. MU Y J (@ (AR I J5 1 Ay R AB0RE A ) 45 2R
BoR Y PR NT 1% 0L CT R T 45 MG . 0
6 IS FEL 5 70 =F B Ry 100 B DL b OR [A) B: 44« DNA 84K it /Y CT

{HAK R fy 28. 46,28, 44,29, 64.32.55,F B Y YL 6 {& DNA F
JEE 0 B VAR BR A 106 o AU b = U0 LA ARSI 3 L A 2 F
JL DNA FERALY 2205 2).

2.3.2 4@ FRERT DNA AR E MR N 45 8k )L DNA
FREEAE 3% ~6 Y0 it A5 RER DNA A5 4 0. 05.0. 005 ng,
I, 2 DNA 2 0,05 ng B, 3 IRE S Y G o (AR 0 77 32 1
REYPERMEE RGN Y Pk £ NF 2008, CT HI K
F 45 G ER R R R 5 S 2 %0 R . CT {E R 36. 46
FEHIUNLCTEHR 34.27; F R 4% m.CT {E N 34. 18,
AU T BR A7 76 A S5 ) 0, 3 YR 8 5 S 2 A YR AR RE A I i
ZER BRI Y Yk DNA 25 A9 SR IR I BR o 296 ~4%
I T b = R U0 X DA A 0 30, AR 24 T IR JL DNA 3= B s Akl
4% ~8% . MR SCHkIRE i JL DNA B 7E 3% ~6%, M,
Al LB E B DNA BifR & 1) T B 0. 05 ng. X4 DNA
0.005 ng B, Y Je o (R R I 5 1 1) R BRI 45 R Wom . Y e
R BT A%, CT (KT 45 06, A% 55 .
FCO 3 B0 AT AR Sy B P ok R B — A5 15 B 2R ) T v T R A AR
fIREE A& DNA B iR 0. 05 ng(% 3),

K2 YREEHDNAFENEUER

50 ng Y Ytk A DNA Y B ff CT & 10 ng Y Yo ik & DNA 1Y 3 (14 CT fi
Jit i 5 & (ng) ST LA (26D It i A5 it (ng) ST i He i (26D
0.005 0.01 >45 0.001 0.01 >45
0. 050 0.10 >145 0.010 0.10 >145
0.500 1. 00 28. 46 0.100 1. 00 28. 44
1.000 2.00 26. 30 0. 200 2.00 28.39
2.500 5. 00 25.73 0.500 5.00 27.85
5. 000 10. 00 25.22 1. 000 10. 00 27.16
25. 000 50. 00 24. 65 5.000 50. 00 26. 68
gx2 YHEEFEDNAFEFENRUER
5ng Y Yk & DNA | Y 3L a4 CT 0.5 ng 1Y J ik & DNA H Y 3o ik CT fi0
Bt i % i (ng) Bt i B (0D St i 9 (ng) St i H (20D
0.000 5 0.01 >45 0.000 05 0.01 =45
0.005 0 0.10 >145 0.000 50 0.10 >45
0.050 0 1.00 29. 64 0.005 00 1.00 32.55
0.100 0 2.00 28. 86 0.010 00 2. 00 31.96
0.250 0 5. 00 28. 50 0.025 00 5.00 31.16
0.500 0 10. 00 28. 40 0.050 00 10. 00 30. 89
2.500 0 50. 00 27.75 0.250 00 50. 00 30. 29
%3 0.05.,0.005 ng Y&k DNA EEWHENER
0.05 ng 1 Y Jefafk 44 DNA it y%@{ds CL L CL O fi 0.005 ng §1 Y Yo ik ‘ 2 DNA Y CLf CT i CT f
ST 5 % ik (ng) JI 5 EE A5 C26) St i 9 fit (ng) LRI b H il (00)
0.000 5 1 =45 45 =45 [0.000 050 1 >45 45 45
0.001 0 2 36.46 =45 =45 [0.000 100 2 =45 45 >45
0.001 5 3 34.27 34,37 =45 [0.000 150 3 >45 45 =45
0.002 0 4 =45 34,18 =45 [0.000 200 4 >45 45 45
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T4 YRBERNAFENRFELNER
B A4 DNA(g/ pl)

i

50. 000 5. 000 0. 500 0. 100 0. 050 0.010 0.005 0. 001 0. 0005 0. 00025
CT: 1§ 23. 44 26.71 29. 92 32.54 32.59 36.53 36. 69 36. 84 36.71 >45
CT: {4 23.71 26.71 29. 80 32.33 32. 86 35.58 36. 69 36.88  >45 =45
CT; 18§ 23.25 26. 74 29. 88 32.07 33.09 34,74 35.51 =45 =45 =45
CT, 4 23.53 26.79 29. 89 31. 84 32. 81 35.51 35.54  >45 >45 >45
CTs 1§ 23.62 26.76 29. 66 32.49 32.93 35.07 35. 41 36. 96 38.70 >45
CTs {8 23. 64 26.72 29.73 32.58 32. 81 35.50 35.70  =>45 =45 >45
ACT 18 23.53 26. 74 29. 81 32.31 32. 85 35. 66 35.93 - - >45
SD 0.17 0.03 0.10 0. 30 0.16 0.75 0. 60 - — =45

H: — Fm TR .

2.3.3 CHK DNA B Y Qe R/ TR BB
DNA BT LM B G R B /R Y Y O R B A & T R 2
0.5 pg.TMM Y Ytk DNA ¥k B J& 0. 25 pg B, H CT>45 4
B FR A 2 0 078 A B o R R S T (3 D

2.4 49 BT IR L PG JLHE S BRI BR 1 IR A S A A R
N AHIFFE A1 760047 R VERG I AY 49 6 1R I Lo bk v 40 vk 06 2%
R BYERIL R 17 B oG Lk 32 B, 5 A )G A
oA 6 BIANEE 35 40 45 00 i L AR S 1k 3 D B 1 L AR it
ROt G HT, R BUIL 6 Fil bR A4S i DNA 54 44 F
/N TF 50 pg. A3k B Ba LA B0 A I BT 7 2R 4 0 2% DNA
M1 (50 pg) . Jpit— LKt 6 BIFRAS , /E 2K DNA Bk (1Y
AL IR I AR K (50 p) 47 H A IR . 2 90 1E , & I 45
Y B 5 WA MR — 30 R Rk B 100 %,

2.5 fEFER A A 5 U IR L M I R B DNA [ 5 i K DU
TE R E 0 BIE T, o i 25 R W L fd R 22 Ao 2 19 I 2% DNA
W AH B & R 1. 75 ng/mL, i ARA 0. 50 ng/mL, F ¥ {H Ny
1.13 ng/mL; 4§z 2 ¥ 19 1 3% DNA ¥ B {5 3% = 24 6. 50 ng/
mL, %A 0. 25 ng/mL, FH#{E K 3. 38 ng/mL., 44K 1
TR P W B & 2. 25 ng/mL, 2 7B HKiHFE X
(P<C0.05). ROC fh & 45 % W /8 AUC {54 0. 711 (A 2).,
DNA Y& B /) 85 (R 1. 38 ng/mL, BT DL ik B {H K F 1. 38
ng/mL B B8 2240, Bt R Ay 0. 551 K¢ 440l 0. 833,
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B2 BREZMESEBERZLEREAN ROCHEREE
3 it e

R 38 A% P 2 P 6 T e B A b R O B TR I 5 |
WP . A o D X PR B A A Y R A T R

PRI A, ELBR I R 2R £, s L M B R L I A0 AR PE
HE R L 35 AN ROE S50 7, R a5 00 4 R BE S AL &5
KULEMAME, " EmAE S A D ZRMES. Fit, iGILE
S 77 T2 W3 X 2K s i R TR R | .

HH S 6 LA 00 77 10 12 W 00 U B R J2 B E K 2E L 40
=B BV G I #8253 S B R 80k i )L RN A B e L
BRI, o BILENE M T EEE B A ZE B
FEAR R Fp AR e 4 (A BER g )Lk & R B 4 o 2B B 2 Sk
AT W YRIK 4 A LR, G v e e 0 2 1 B YR 2 4 2R 1
G0 R WA R . ARk A WE g R B, A 1A AN E I T A TR
W iR JL DNAST 3t 2 3 O 2008 HOH T 55 IR LW 680
FERTIZWTTT . L AEE R XY ks RS
TR A 38— b 3k T RE AR I 2% U B DNA A9 IR L4 09 1 1) 3R
GBI HE T R A R

AR L5 B R A E )L DNA FRE7E 3% ~6 %I, 24
BER DNA Bzl 0. 5~50 ng H 24 2] iG )L DNA B, Y
ek DNA £ BRIk 5] 1%, 4125 F #4 )L DNA 3£ i F % ik
B 2%, B 24144 DNA>98 Y i K JG vk 46 i 21 i JL DNA., it
B, K R BRAS 2 A JL DNA 4 3 {8 19 52 i, £ B Z 8RR
DNA B3, B st R 408 46 i 56 3= 238 78 7 Bk DNA X
G )L DNA & i T P fe BE . W e, Sk (10438 B L DNA
di BE R B DNA [ 3% ~6 2 , 1 A< 3 56 £ 0 21 5 JL DNA F= 5
TRR R 2% o i — 25 U B AR T 1k R 0 v 0 G T B R o 2
g JL DNA,

B4, Bk DNA 7E 0. 05~0. 5 ng B, Jif )L DNA £ F
PR R 4 % ~8 %% K T Itk = B D0l wfl LG 00 21 . i S ik 3 8 iR L
DNA F= By 36~ 6% , Ho = JF (B A 7T A8 JC R ) o o R ok
& DNA K F 0. 05 ng M1 B RN {EAF 48 824K 2 0. 05 ng B+
14 DNA 1] DA I 5 i JL DNA fi T BR A5 » 0t B 358 0 4 9 F bR
FZZA L DNA L E A2, BEok . X8k DNA 25 0. 05
ng A, fifi )L DNA Y E B DERF] 4%, B0k 2 pg. A T
& DNA T4 Y Je &4 T R 0.5 pg(FJL DNA
FEFBR M 1 pe) . B LR JL DNA = 5 R {H 32 i JL 46 4 {8
By, [E 2 F R DNA BT, B2, Y @k g
A0 3 56 18 B LB R DNA BEAR /3 K F 50 pg. Ho K I 2 4%
BESTIIRE] 106 A0S F R LA 2% 5700 24 B & DNA #4R & 4
50 pg iF . U K M HA JL DNA I 75 fR R I 3% DNA BEH &~
FRAH .

T R FER AR A Ty 2 i V8 L I R R AR ) A
o BRI 7R R 2 R BRI 2K DNA B CF 4255 1303 10D
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