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KIh A, L. iR @ Wik i & Rk ey B At — S AT R AL SR R B A [ R R S84t RS (Gap—PCR )
BAREABR A EZLR (RBD) A1, B AF43 1036 #5347 NGS s 57 L BAAN], T i 5%
A KB R R BB R 69358 L, BRECR R I B AR K T 3 i T d 3K B 35 A 6 6 & AOR A NGS 69 B4k
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NGS — KM 5 &£ Z AR T 2 E S Kb P iR o LRI FHRTE, FTHIME TR S AR e A E T 5.
[KiiR] v ERh0; KRBE, @5, F4a

[hESES] R556.6'1 [sc#ktriReE] B

Application of Next Generation Sequencing to Screen the Thalassemia in Pregnant Women
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[Abstract] Objective To explore the application value of using next-generation sequencing technology (NGS) to screen the
thalassemia in pregnant women. Methods A total of 1036 pregnant women were randomly selected from the obstetrics clinic
of Shenzhen Second People's Hospital from November 2018 to January 2019. All pregnant women underwent blood routine and
hemoglobin electrophoresis screening. Pregnant women with positive blood routine and hemoglobin electrophoresis screening were
further subjected to routine thalassemia gene detection [Gap polymerase chain reaction (GAP-PCR) technology combined with
membrane reverse dot hybridization (RBD) technology], and NGS thalassemia gene detection was performed in all 1036 pregnant
women. To investigate the carrying status of thalassemia gene in pregnant women in Shenzhen area, and compare the screening
effect of thalassemia gene carriers and the additional detection of NGS under different screening modes. Results (1) The overall
carrying rate of thalassemia gene was 8.98% in pregnant women, among which the carrying rate of a-thalassemia was 7.05%.
B-thalassemia was 1.54%. and the carrying rate of a-thalassemia combined B-thalassemia was 0.39%. A total of 15 thalassemia
genotypes were detected in the population, including 1 case of alpha thalassemia with Hb Phnom Penh (HBA1:c.354_355insATC) and
2 cases of beta thalassemia with -50 (G > A4). (2) Among the modes of screening thalassemia with different hematological indicators,

[WFsHHEA]  2024-02-26

[(Ee€mB]  FIIM DAEREZSRHE R IRATHE (S2XJ2017001)
[EE®EN]  BUm, &, FREW, EBEMNFESRHSIT TE.

[ BEEZ] #hik (B-mail: 13715251001@139.com)



YT PEE LS & 445 2024 4F 4 A5 34 2555 7 W

.« 3] -

the combined screening of routine blood and hemoglobin electrophoresis had the highest sensitivity, but there was still at least 12.50%

missed diagnosis rate and a large number of false positives. (3) In this study population, NGS results were completely consistent with

traditional tertiary screening, and compared with conventional thalassemia genetic testing, an additional 3 cases of unusual types

and 4 cases of rare f-globin gene point mutations of unknown significance were detected. Conclusion One-time NGS screening

significantly reduces the rate of missed diagnosis in thalassemia gene carriers during the prenatal period, and provides additional

detection of rare types and unknown genetic variants.
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12,1 FR—IE A DL — M AT I 0%, BRI
F [ 40 T 54K F2 (mean corpuscular volume, MCV) <
82 fL ul £1 71 Jfl ~F 35 Ifl 41 K B %t & (mean corpuscular
hemoglobin, MCH) <27 pg] BIy&EMLIith rhifg 22 i (R
i ¥ .

122 B—MAEARIKAE PLR— A& Rk
FE P BEAT R 9%, FHMERE 42 A (hemoglobin, Hb)
A < 94.5 % 5 HbA2 << 2.5 % ¢ HbA2 > 3.5 %] Rl NEE
ABU It 3 B I TR 7 3

123 MEM. MAEABEKEKEHAL UL
A M 21 8 A IR HEAT W0, AT AT — I A B O S4B
iy H AR I R4

124 ML L&A Bk T Rmaa  POLF
FIREAT B 055 M0 21 2 ) K AT S0, P 2 P A R
REEALHE H i B I B R
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Xt Z 5HEFTH] 1036 2435 ML . L& a
HLVKCRT NGS P 77 25 1 1 b g £ 48 e & ar ], 0 ifiL
20 EE R UK B O 2 BA M 2 00 AT A g 3
1. 355 ARSI

13.1 IMHEM LA &P 48 (ethylene diaminete
traacetic acid, EDTA) Hi5 & S EUHF 75 0 S AN E I 2 ~ 3 mL
184 A ML BT AL (sysmex) BEAT ML % F0RE I, @i
P55 H MCV. MCH,

132 IMAEAHGK LD EDTA FiHEE Sk B & M
S ANEM 2 ~ 3 mL @47 M40 [ BRIk E =5, A
BYNFE YKL, KA N Helena V8 J H L EIR A K
5 AR GRA 7] i

1.3.3 L H g I AR AT DL EDTA $ikt
BRI LT 8 I H UK o AR L 4 ~ 5 mL,  F R BRI
A% N (gap—polymerase chain reaction, Gap—PCR)
Fi AR G55 B S I BE 2438 (reverse dot blot, RBD) iR
Rl o dth g 3T B (S = —a™ R R A,
HbCS. HbQOS. HbWS FAEGR KAL) K B th b ifg 22 S A
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(71-72M. -28M. —29M. 3IM. —-32M. CAP. 654M.
14—15M. 17M. 41—42M. 43M. BeM. 30M. 27-28M.
IVSI=IM. IVSI-5M. IntM) . RH{XZ$A BIO-Rad C1000
Touch Thermal Cycler Thermal Cyclers, Gel Doc XR -+ #i
i % 2% (£ H BIO-Rad /4 &) , NanoDrop 2000 1%
BRI E AL (S2[E Thermo A w]) o o 3y Hpifg B ifi 5 Pl o il
& (Gap—PCR %) ARG o Hb it £ 1 2 DR A
MR & (PCR BREFE) B A g 22 i 58 R4S ) 4k 75
& (PCRARENE) PR YI 26 A8 2 AR Al A BR A 7 72 i o

1.3.4  NGS fill oo ifg 37 AL KL USSR FU X R Ak
JAIL 3 ~5 mL, fE4 °C [ 1R A4 N IR A IR AR K Jk

A A&, K A MagPure Buffy Coat DNA Midi KF i 7] £

(Magen, H[E) MARE UL E 3hHE S PR 2H B EAZ A
% (deoxyribonucleic acid, DNA) . % FH kB vk A1 44
KA 66 1T (Thermo Scientific, ZE[E) Jl%E DNA
BE B R B R B B, &P Xt HBAI. HBA2. HBB %[N [X
Bt ST B 1R N P S0, ] HiSeq 2000 5% 4000 1 Fr X
(Tllumina, 3[E) *%F 100 bp reads (PE100) 34T EL XTI FE,
KA Nlumina Ji7K & RAEFET (1.8 fO X 4 UG £ s
BEAT AT, ISR AT A b, A E BRI X B
) s 248 . /NTUFE N B2 Cinsertion/deletion, In/del) K
¥ )1 ¥35 % (copy number variation, CNV) .

14 %it#sik
SKH SPSS 19.0 AT HEATHHE AP, THETTRH 411 %
HHSWERR, 2R KR .

2 5 R
2.1 R M R FAaBEAR P o b i 7 o K R 35
HL

£ 1036 Bl NZHZ2 40, NGS 3L 93 it i 21
FERAEW , BARIET RN 8.98 % (93/1036) , v aith
FRHERT I 73 ) (B 2 ) o St HR IR B A 5 At R i 4T
EED , BAENT.05 % (73/1036) ; BHuFH#E7 ML 16 11,
RN 1.54 % (16/1036) ; o H 4 p i igZEim 4 4,
N 0.39 % (4/1036) o K6 H 3t rp i 3 0l 35 TR 7Y
W9 15 Fh, o a AR LA 8 B, ALEE 4 PRk R
A4 FhAEBR T, ao/—a’T Nt R o bR RT I R ),
et b 25.81 % (24/93) , ARBRCE R HY 1 4
LR TN Hb Phnom Penh (HBAI:c.354_355insATC) W15
W, oo ST ML BB B A 7 R, ¥49°h HBB
TR BT R RAE, VS-1I-654 (C>T) NiH
R B AT AL, A R A B 6.45 % (6/93) .
FHk, IX 1036 Bl 7 1A TR AT 61 51 RIS 56 i T b g 2T
MRS =it e R i 20 8% (A H ko 530 2 B
P RSN R R AT I R D, A 41 i

T R AR, PHYELS RS NGS —3, Tk 52 .
PEAMELHE WK 1.

Rl DRINZ U At v it 5 o A PR3 s 1 1L

ey PR BN RS =R
FEH Y FHC N BRI R A
B0 S % BE
BT o H ST I 59 6344 5.69 23

aal—a>’ 24 2581 232 4

aal—o'? 11 11.83  1.06 2

aal—* 23 2473 222 16

ao/—""M 1 1.08 0.10 1
e Y o iy T I 12 1290 1.16 5

Hb Phnom Penh 1 1.08 0.10 0

Hb WS 3 323 029 1

Hb CS 6 6.45 0.58 3

Hb 0S 2 215 0.19 1
SAFF B i I 16 1720 1.54 11

—50(G > A) 2 2.15  0.19 0

IVS—II-654(C > T) 6 645 0.58 5

CDI7(4>T) 3 323 0.29 3

CD 41/42(-TTCT) 3 323 029 2

—28(4A > G) 1 1.08 0.10 1

S'UTR + 43t0 + 40(-AAAC) 1 1.08 0.10 0
o M PR ILA I B bR 4 430 039 2

ao/-* 53 CD71/72( + 4) 1 1.08 0.10 1

aol~a>" & HPE J445 1 1.08 0.10 1

aal-a” 3 CD41/42(- 1 1.08 0.10 0
TTCT)

Hb WS 31 -28(4 > G) 1 1.08 0.10 0
R o I LA FE AR 2 2.15 0.19 0
SEEIMaEA

aol—o** &3 Hb O-Thailand 1 1.08 0.10 0

aa/-0*? &35 Hb Owari 1 1.08 0.10 0
Gt 93  100.00 8.98 41

W Hb —IM4LEH.

22 PR i A8 AT 5 B AR XA IR Y B B0
A 45 3 B A 2L AL

23 i o i YL O A SR b, — AR DMV S AR B
S 7 226 S A Mt v 9 BT A B R A A L T e A R A
M (gap-PCR K, PCR-RDB, Sanger Jll[F) BHTHiN. A
BEFEH, L NGS £ ) 89 ] o 5 B 3 H i 32 i 2 K] 455
wE AR ORI 46 o & Bzl , AR
T AR bR 97 A O T o 1 v YA 2 of e R 445 2 2 FA A LY
RORIAMR, REUE R (M. 20 S H KR
HIHEHE WHE 7123 %, HiEm T R2EmE, R
R AR (I A, 208 A k7 B A4l IR
Kt 38.36 % Y o BT IR RIS AT o L SR AR RS
o Hb PR Y I AR RS A OSRORBOR B (R 2) . fE
B b B L PRI T 2 A O A, AN IR VR S A AR
EUTF ol RIS 3N S VIR A 21 N1 A s =g = R
5 FO0F B b i 2 M PR % A 2 ) SRR ROR B AR, (B
HEA12.50 % HIFL R,
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2 (AN A FE AR T AR O b o i B 456 i R Ak R
g imqji@ﬁml HRHMEE M B B REUE fFRRE W% ‘BH'E
- RN /) / 11 /451 /151 1% 1% 1% THIME /%
B — I F I A 20 a 46 72 887 27 63.01 92.49 36.99 38.98
B 12 106 910 4 75.00 89.57 25.00 10.17
L — L4155 RO A a 34 92 867 39 46.58 90.41 53.42 26.98
B 13 113 903 3 81.25 88.89 18.75 10.32
M HER 20 2R LUK B a 52 133 826 21 71.23 86.13 28.77 28.11
A B 14 171 845 2 87.50 83.17 12.50 7.57
B S EARE g S REaN/ 9a 2 a 28 31 928 45 38.36 96.77 61.64 47.46
S B 11 48 968 5 68.75 95.28 31.25 18.64

H: RPN o &9 B #Hi#

23 NGS AFHd 7 oK BT H G EF R
ShHe

554 A i 2R AR G = R A AR LG, AR A AN AR I
NGS g, FAMEH T 7 B E 5 B 27 1
RIS W00 ] P e 2 AL 8 3 i 28 53] R0 V5 7 i 3
R0, Horh 2 A AE i 5 R Y (Uil 21 85 1 HbA2 L 44
SEETEED , VEANSE B 3 Wt A 7 it 7 ) 3 3 45,
A5 1 61 o Ho b i35 ML) Hb Phnom Penh 1 2 151 B #h rh
WAL —50 (G > A) B, Hh 1650 (G>A4A) p

Wt HAEAE MR R (HbA2 > 3.5 %) . JE7EH il
T BL ) ks I B B ORI R R b A 2 T
MICHE R B 5RAs, w5 ST AR ¢, {8 S0
YR Tt — b W e N, OB R ITE AR 1 1B H St
SEI R A ) R (R E 1 b i 3T I AR R S 2O
HBB JER ) R4, 2 BIAFAET 3" JERIEE X (3'UTRD
2 B 9 gmbsh X N A CRAR, Hor 1 5] HBB:c.193G > 4
(Gly > Ser) [P SUFRARAFAE MR 2R

K3 NGS MU0 A M 4R

SR T Fe [K] 7Y HGB/g+L'  MCV/L  MCH/pg  HbA2/% HbA/% HbF/%
277 HBB:c.* + 129T > A 44 114.00 93.00 30.60 3.39 96.61 0.00
276 —50(G > A It 125.00 91.20 30.60 3.62 96.38 0.00
831 Hb Phnom Penh 34 110.80 90.80 30.70 2.63 97.37 0.00
881 HBB:c.* + 129T > 4 45 124.00 87.60 30.60 2.71 95.23 2.06
772 HBB:¢.193G > A(Gly > Ser) 74 101.00 87.10 28.90 3.88 96.12 0.00
624 HBB:¢.188C > T(Ala > Val) 724 134.60 86.90 30.30 2.73 97.26 0.00
686 —50 (G > A)B" I8 114.40 84.40 29.30 3.22 96.78 0.00

VE: NGS — BT HEAR; HGB — A B [ EIRE; MCV — 2 g in ;

MCH — V200 ML 2085 & s

HbA2 — Il 4T.ER A A2 b HbA — M4 & A (SE; HbF — M4 A F Sk,

3% i

by H AT 3L A R i AL ) S i B R R I g
ez —. Loy TR A 3 B T BR AR 1 B R
F LR TRAREH L) 1M 21 5 (1 A sk b sk ok, 5l
i o FI B BRER A L] A, TS U AL B A RRE
CLYH AR, Iy s PRORE IR 6 B AN 55 1R 18 M 1047 1
WIMERT M. — M NBEIE R 4 D o BRE A BERIA 2 A
B— BREE (ISEIR . P — AN S R ik B o R e 5] ke 1Y)
o b O 0L 5 DR 5 A B R Oy < DUBRAE T 7, I
SRHEE R O R R, RN Ep R B i A M . Y
2ANEAL IR O A BN KA Bk 51 T BE B g i
I R b R LN TR I 7 3, K34 LR 2 i AR A7 AE
MCV F1 MCH R fiX, BP g < b v 29 th oo g 22 1 0 3 A
o— BREE A BN S, BN < MR A HE 6K
R TR, MRS B AR A k. =
44 o BN Ear . B RIS AT, S 1A

SR R B R B D) REREAG S ALY, B R EIIE RAEIR -
Bz 2 B-BRE AL, BPEY B AL, @
RN T B A A P B T M, EE A M i 7T I R
JLHAESS 4 ~ 6 AN H 2 Bt Ve hn =5 A v i e 22 1, 2
ICRAEA T EERERR — P Ei, e R R
o B B Hb R T AT B X BEAT A S S AT P ET R
1B L AT AT i i R R EE .

PWIA AT IR F B TR, TR T X
NEEH o MU 3T M4 7 26 ik 4 % ~ 15 %, B Hb AT
MAEFTHEL N % ~ 6 %, AT AR T IEHA PR
IS5 SRk 11 % A1 24 %, HEamm U, A
FEE R R, R XN FEH P 3T 45 71 K N 8.98 %,
Ho o MR MR RN 7.05 %, B i T M i
N 154 %, BART REPEAKE, FERohiER
Il ) “oo/—FA T WA R AR, X AT g BT IR
X S TF LR AR ok N T RFSRIE 22, ANHL N 1 LAy (2 3%
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INFH N AT, T BRI IS AL S R R . A
I AT 25 BB R G, R IR 8 T 4 g 37 1
mR X, T L LR E R E LR Cao aol? KR
B o P KARHER! Caol— K aa/—"D
() o iR E A R, TR AR TR H 1 st
WFEE LA 5 R4 ) 5 b 50.54 % F1 25.81 %, R i
12 0 o b o S 485 S 3 E AR 5 A 1 B A 2 e
B EG 50 % DAL, S T i A LT IR R R A,
MR 5 Fa bn th K ERAE (B TG Bl Y, AR G i = 0 2
B 2 IRk, A AR 78 o = 4 0 20 i 1 T o P g
MR R 23.40 %. ST =90F & SiRIC{KE
TR G ) e v v B AR ), A R AR SR BRI LI
AL A G T IR A, W R E AT
g 2 AR R I A TR A AR S, EAE R, BA
7 75 B A i AT At o 2 i 356 R G 00 A M R B
i AR i m, HAAT 74.16 %, JF HIEMK 7 &%
RBAYE,  FRAETRMAEAL A 35.68 %, Al fgssaZ i
AN 0o B A7 AR, 7 0k TR e 7T 0 985 2 AR IE
ARG MRS B2 R R 22 5 At g 2 0485 S TG
I, AbRIERY o HiHR i BT M4 A BUMAT AR 1 H R
AT A — 2 MR 2 26 T H 1 e il 78 2 R ) Ay o
AR R L, DRt (R 13 7 b o VA 28 L v R M X {8 g S
AT FERT AT E

FAh, EEAIERIGE S, AR RIAEBH
Hby w0V A Y, T O R R R
L. B ATAER O R0 ik b rb v 2T i 5 IR Y )k
500 A BT, ELI PR E I ETRGII 75 5 IR BEAS I LA 23 A
TR CEFE o AR 6 /N B HhrRETTm 17 4>
CUAS it I A2 4 T HE AR 1A I A SR . AT W R B b i 3
ML A T A BR B, 8 RS PRSI B P BT 7 %
FEA MR O S R 2R, QBT DR
Fg B AR S, NGS #E T 7 B E
A1 5 DR S DS B P 0 A LR S B R AR S, JR B
2 B B A MR A DRI TG A2 Y 2 46 s 1E 5 3 A2 AL
TR R S (L Nt v 2 1t DR ARG I e 1) A
AT AT BE 2 M T M S R HE AT . NGS HiAR T — &
PEXS JL 75 2L E 73 19 DNA 23 7 7 Bt AT e 510
KRG 7 R ) s 1) [R) A Bt 1 O = s K dls
NGS 7 -0 A b 22 157 2 (P 55 A, [ A 22 DAE 3
B LR Fex 5 U T 2 s R AT AR A
AHIF U I R T 5 N BB B % 0 A 2 1 o R
AT Z TP I R PAT RO 72, I A Gt v g 32 1ML 07
25 R, NGS BABE Ay % 4% 4t Hh rb i 23 i 67 25 455 5K
o A BB KRR AL e A R, I AR R A

To v AR I L3 2 RN LR TR b R I, A R PR AR
TR R T ML A IR, kb b S R M
T A LA A SR AL T a4 Db, 9 Dt rh g 3 1 i
B fa i A AR T — M T I, RN A i B AR T
J&— M NGS i .

B NGS BRI AWK, HAES: KR TR, JF
HAEE 25 B2, 2B H VNI T b I 28 i % R i 2
TR B 2 HIX, 75 R BT — kM NGS
MO BRI AT R R B R, 5 A% G Y 22 gt i I R R
O A AH LG, — M NGS 7 2 ] DA 20 F 1 5 KA 1
218 A LUK R TER] 7 B8 0 0 A b S B IR A, IR
RRAIMSE HH S 75 5 0 9 3 i S RS W Y ] A 2 L
HREET UL 55 G R BT O W] LA/ A Bl A, 46 R O A
SRR, BT AR R R I, R R 2 M BUR B
O3 FE T AENLA T BH P N B B BERE 7T, e SEEL A B
VB 100 35 R 9 2 5 g AR P — A R R 2. (EE A
BIZ, Mg i m RIS R, 5RA MR
S RWAEAELASNE, W R NGS B t i 5 W, 9838 75 14 1E
R P RE AR RO IG IR 45 3, e AR TR Z R I, R
XA ATRER R BG LI
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