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Abstract Abnormal hemoglobin(Hb) disease is a group of hereditary diseases caused by Hb variants that
produce new molecular structural changes due to globin defects and changes in the primary structure of globin.
Together with thalassemia, it is collectively known as Hb disease, that is one of the most common birth defects in
the world, with the global incidence ranking third, is one of the most common genetic disease in southern China.
Compared with Mediterranean anemia, most unusual Hb diseases are clinically asymptomatic, with low incidence
and no enough wide understanding of the disease degree, so there is no mature independent screening diagnosis

program. Abnormal Hb disease is often detected during thalassaemia screening and then confirmed by genetic se-

quencing.

Key words

SH ML H (Hb) g & i T Hb 828 i 51 &
HULARIE # DI RE e AE , 2 FERE A (B35 « BREH .
B-BREE M L O-BREE () 3 [K 28 A8 Bl B 4% 45 4 57
K 5% Hb 32 804 56 2 BUCIE % Hb 5] # 5 —
BN A b B B LAY B R s AR R 2 — L
R EME R AL T AR . FHREH S5
W Hb R JC ML 2 BRI % 0L, A AE Hb HL Ik B &
SRR A 2k . B SR Hb e & B AR K
S BG 2E AI L 38 H SR Hb e Y 2 BRD 7 A b
rhE R I — A L 3 I E A sk Hb H Uk AT, AN [
%) 2 0 A B P Ao L 2 0 — 2B A7 3k PR Y Ok BH 1 12
Wr. Bk H AT H A5 Hb K if & 5 52082 W
DIk R LR T,

EARE .S Bk E T XA B KB (No: kA4
211829)

R E TG RAER (T B R E,546100)

BAEAE A vt W 48 . E-mail : 181988895@qq. com

abnormal Hb disease; Hb electrophoresis; gene sequencing method

1 MEMRFE

SH Hb i 2 80A M 27 R A, T R A
A 5% H 8, B HbE, HbYoungstown #1 HbM-
Boston 4, 2 %0 Hb 78 54 £ I A i il # 2
3 0 R R I, AR AR SR AR B T A it 3L T
VA LB 00 A AR, JC H R 5 M b i 2E A O AT i
A R Bl R R A AL T A KRR O A S s Hb
e S i = U < o O | S e
bR B IR SRR T 7 R 2 — . B I I R
el T A [ B0 0 A S A AR AT . 32 R R
ROV I B, KRR IR A i G £ 5 A1 Ak 2E 4
AR VCS BEA A I 45 i iy T B, AT LA o I 4 1
FE I HEAT 100200 i 2 500 i 5 5 5 B2 B AR WO
S 7 IV 3 A ASORT S (AT B8 ) A A L R S 2 i v
g SE A REAS B AR 4 0 5 AR R . L R O A
BRI SR A AR B (MCV) F
Byer 40 o 20 & (1 & (MCHD, 3 % L MCV
<82 {L A(a{) MCH< 27 pg 1E J i & FH 4, 7EAH

i. issn. 1004-2806. 2023. 02. 015,

S| B ZS 3T M AR . 56 I 2T 2 R S0 56 2 A I A 5 B 1 e (D). I PR IV 2 2% 75,2023, 36 (2) : 140-144, DOI:10. 13201/




el

T A L SR 2T B S 6 = G I AT S Uk R « 141 -

] B9 K 45 4 MCH e MVC 32 520 [ Z /Nl
FasE . B AT o L MCH 1B # b g %2 1M
A AR LA R, EEEED AN
Hb H kK-S MCV . MCH i #F 7 B & 32 =5 7 2 BH
PER T A IR A I AT PR | 8 R AL b AR R A
D7 A 245 R L 3l T K PSS B A B 20 G O 1a S
Hb Ji i .
2 mMAZEBHHFE

K> 5 H Hb i R A 5% Hb A8 5 4f 6
I KR A BEE Hb 23 Hr 8 AR i & ', Hb 437 i 2
CRChH SR Hb & r) EEF B, & H Hb &
BT A T T 2 24 28 T 5 o K L A A6 R 3 i P UK L B AR
AR QN B QN @ E RN 5 NIl = |
BN K TS BT
2.1 TR LT 4k 2 B e Uk

i 2 2T 4 25 9 M5 v ik S T S IR T 4 R
(CACWER SR T HEAT 19 XA LYk . B 19
JRCHE A B faf (19 Hb 2 7 78 B 3 o LUK [R] Y
] BHAR R 3l , AN A, &0 Hb 78 CAC /Y
DXHE AN TR S TR AS 6] B9 Hb 58 P 8 = 4.
CAC A Jit ¥ UK A AS W B 2 1 5T, FEIRE e T Hi 2
PRG35 Wi A1 325 L ] DA 0 OR A7 S5 A0 0 AN A BB PR
BT HE L Hb 44 HLBR T o3k ORI R £F 4 %
LIRS, O Al F AT AT &Y 5 i RS 25 AR L AR AR
HE/D E v ., HRLPRIG R TAES . #
AR B B TR i RE R Y 0 YR L R S
Ko Yo B5F (8], 21 2k 2 9 0T 6, R I 0 AR AR AT LA
SR TR B or Br g R, B HbF 5 A XA A1 HbE
5 A2 X7 &R A A R G A% 200 T ik B . DA O
Z H A Hb L ICVE 43 PG R 45 3 f vk 45 R v (5
JE A B RS 21818 g Ik
2.2 FFEEIR IR HL UK

TR IR ER 3500 e vk b, Hb AT 300 3 5 B 18R Ak
Z B IR WE BE I 45 A L B R b 22 0 B s B e I
Difco 4B B AR 19 R AR M43 - 76 pH 6. 2 BHH 7355
B IE L eF L T AR K AL B s e L g . o3 — Il
HL N B 7E AR 7 ) AT, 33 26 40 S 1 3 sl 4% B Hb
X B G EEAE SR AR 4 8 Hb, i L
W B E Hb F A B BE A R 454 0005, T i
SELA 5 5 R I 5 R AT R B iR A B R W Hb
A5 SR 36 %, HbS, HbC 78 HoAth dy vk B A M
B4 4 S8 T M LA DX 43, A A58 TR B Mg o 4 2 % Hb
AP EEAE AT LR AP R B r VK B AT X 43
T, DAL I ] B el P It 1R 27 24 28 Ry 62 R B s s ik 40
I E R = B N R A N U R =B SR 7 AR oo 7 3
FRENG IR Z T 5% Hb B9BF5E A 4 etk e
Yk A Bh T B,
2.3 BAEbE A VK

H 1959 4 F &8 e AE SR B it A7 ik s

FITF T UK B #7520 S0 0 58 M Pl Uk A B R AN
6] Hb 43 77 P 2500 00 o far AS ] 45 f it AS
[ 4330 G 1] BF A = B A 17 43 25 R TR B Hb 4%
W Bl 4 A B E K ARG B U T R AT 4
RO UK . A H B B0 BE R H VKO A RE %
B HbA . HbEF.HbA2 & &, i REK 1 & Fh
5% Hb, & HbH, HbE, HbG 45, H 4> ¥ R4 7
REWS 73 W A i 58 Hb, MERR 20 7 i HbA2 &
HbF S5 85 = &, Hb b ifg 22 000 19 12 W $2 418 o o
AR . E S R T 4 R R R Tk — R AT
SRMEX 4 HbE 1 A2, HbH 5 HbBarts % X 47 1R
FEIE B AR AR . DRI AR W R e FL AR K AN W B 2R 1
B H XA R SE i, R M H A 9 R W w5
P a5, B AT SE BRI R TAE F 3588 B L Pk AR 2> F Rk
T Hb, 1% FHF DNA R B 4 85, (8 1 3 B b ¢
Ji2 HL Yk DA B A i Y £ 3510 T LA fRT B PR R b AR B 1T A%
PB4 & o 7 & bR fE R 8K W DNA R Bt
RN
2.4 GHEHRMERTK

25 i AR LUK (TEF) J2& A H — P RR IR 19 22 vh i
CP P R 0 ) 7 B JiE i P R TR s T o 5 Je ) PN+l
1 —> pH B EE , B Uk B AR AR SR RS B O A
HL 5 (pD 1Y pH AR T B X A5 HL 3Kk . Schaefer %5
HHIEF WA 58 0 Ar 7 5% 35 L fE T 100 000
S LI L BE L 4> B 1 A5 HbA  HbF . HbS,
HbC. HbStanleyvillell, HbG-Pest, HbO-Arab,
HbP-Nilotic, HbKenya % 48 5 {&, iy tt nJ WL IEF
SR AT SR Hb PR nfEE M7k . IEF 5ES R
2T 2 I L Pk EL A B TR AT RS | BTG v BE A T AN
PO o B Hb S50 A8 (257 3l BE K H %P HbA2 &
SN L AR TR R I IR T AE R b
2.5 EACHOM ik

PR AR (538 75 (HPLC) 2 A FH B 1 28 # 4
BYE N B ARG Hb B9 B ALY R R 7 0 8
FE 45 B8 B A O[5, K Hb R siar B 2 4l ik,
HPLC EA R G 3, bR A J0 55 4 /i Uk 3 % 1 b
B PR PR SRR AL L & 2R
B Hb 48 s, HPLC REbe il R 6. &
A B % Hb AR AR DL KoE il E HbA &
HbE, A7 51 X5 P 19 5 {8 BT 45 &, 2012 4F 9% ICSH
A7 00 B RN S5 E Hb A8 SRR @ = HbA &
HbF B bR 773, HPLC ¥ & &2 &35
L% HbS.HbA2 Fl HbE 4325 ), % Tk ik
FEY9 HbF o G #E 6 5, X HEZr & 5 HPE . HbQ.
HbCS 45 5% Hb., A L& 48 Hb LUk Tk X 43 (1)
ST BL4y B ok . Polprasert 285 F HPLC
K HbE, 5 MCV 5 MCH # & Bt & i &
o -Hb U F 0L E A HDE, B T 4y 9 N
76.2% F 77.4%; T R E W BN, W



« 142 - I AR 1l Y 2 2% i

536 45

HPLC 5 Il # BB A K I 0 A& p-Hb o g 9% 1L
HbH H5 F 55 Hb 509 R 8% Fe 57 5w, 53 H
ST RA R @A AR, HERERE E ST
I PR 07 2 . e 6 BE S5 B A A o, MCV Al
MCH Bt& HPLC J5 kil & H T R HLBLRE 0 2
Mg, HPLC By B, EE ML, M
BER L RERT TR A I BT Hb & ek &
1o 1 PR R AR 25 SR S S A 3 ) S A T
HER,
2.6 TYNEHIK

B H UK (CE) /2 28 B e JK R B oA 43 28
ME A —MaEER, SHBME LK EH
TEBAM H Sl i 20 4 i i TR A R R R A B A
BN IR B ZEFAME 415 nm AL E Hb, ] Pho-
resis B /P X EMG M. 4 A 3h B 404 UKk AR A
D, 4 [ SRR B R R B P (8 A 1 2K
YRR 8 ANFEAS) | B L4 BER R (TR B
20 FhicH LAY Hb AR 5440 | 31 S8 55 5 H G
JE8 RN S 86 5 A SR Hb B A T B, Pho-
resis B2 7K LUK E 43 21~215 3£ 15 NMIX AR, 5
AR SE 4 B 3h B Al sk Xt 232 fil 5% Hb
VEAT R, K T A 48 B UL A9 HbH ., HbBart' s,
HbCS F1/0 W, i) HbE .HbK , HbQ.HbG .HbJ L) &
o ) HbF, IESC 4 [ 8h B 4045 Uk 76 4% B
DL 5% Hb i A 552 04 A (8 1T Sk b v
LI 5% Hb % 0 A K 12 Wr B2 4t He o i 1 i 12
Wik #% . HbNewYork 7 HPLC IR 5 HbA 4
B PE 4 H 3h B A1 LUK 100 26 R Bl A I HE Ok
[H A7 AE AT e 5 1E W ML 20 26 1A 26 4> 3 [R) Bk i i =
DLAS SR, Ul ] 2 /0 2 FpE AN Hb B 3K O 1k
SR AG I 1 21 3 (R ks DR i A
41 1L HL VK B AR S & 4 BT HbBart's K-, %87 4=
L o H I B LAY O A E A M L L2 AR A RN
93.45% ., HEEHSBME B Ik HAT A HbA2
WEH A S N R & v I AL Hb AR SR = N
S s R e X Hofl Hb 28 S5 (R A 98 18 kA7
W5t TR Hb A R ki & FlE 5246 T,
9 HbA §e S5 EH am i 1 0 1 FBRIE S
HL K A BE R 2 AR S A5 T L PR T AN R R R e X
A5 TR AR 1 b 2 R IR T A A S T AR W A A
B3z 47 R 45 R B e .
2.7 g HT

Ji i (MS) 43 #1 J& — Pl AR 38 20 7 19 I & (4 T
B 5T 2 bR S TR R N AR T .
A5 HAR o 5 5456 080 T 90, 58 5 o
PUI R s o Hrom RAE S, BEE ISR AR. 5
VRORE €03 A 25 A DAVBOAH €855 1E R v a2 E AR R
G2, BB A R FR G5 I TR T R B R (LC-
MS/MS) H AR i & . LC-MS/MS {8 4 4

T 1 40 AR ) T O e A B AR AR X Ay R S
SiffE R s g ARk, 5% Hb g HERE
P2 PR AR 1 77 AR B 2 Hb, i (M) B
RAMAS, LC-MS/MS Kl 5 % Hb 5 /2 38 1o
fiti 24 M Hb JE oK B, K B 422 R [6] 5 for EE 43 25 HE
B L A5 B 5 RN S 0 5 A R B R IR 4
T €78 1 I BR 2 1A 4 A i M4y F T A AR Ak L 8
I o BT SO T P UG BT 2 A S O 1 R e
Fb 0 3 0% 22 5 H Hb s B b i R K B L #5 52 Hb
SRR 5 Z KR R AR 4 A, vl A B X
1B Hb 5% Hb #4728 5 & o b, Avsl s
PR LC-MS/MS # R H T 5% Hb 5% . £ 7
R b HPE B MO AL RO R S Y R T 98 %4,
SRR P (60 s/ . KGN A R . B A A1 BE .
Wiesinger % B 58 FH #8543 98 5% 5 1% 75 (HRAM/
MS) X A= L A 14 38 A - T i B 0l 21 85 11
T B-Hb v T B B %S L 45 AR WK H HRAM/
MS i 28 % 25 UL € 748 F1 -4l v i 2% 1, B A 5 = 60
PSR R H2 T A, BREER Hb A, ik s
Brids o] DL 28 3 1 3 4 ik 47 — B B L e AL 3X
X % 52 A8 AR A AL DNA I AR A 5 B Lee
AELN R fd ] LC-MS/MS A # M Hb, A B T
SEH Hb g UE AT BORS B0 19 4> T2 . {H S 2
Hb 75 B4 431 8 1 5 B B AR LK AR R & 5 A
i AR A BRI
3 EENFFZH

I FH I H HLRS A K Hb 4 87 0 45 12 e Hb %%
H—ERBE, A2 Hb 21 70 Jo vk 2y $ril 25 15
HL Uk 45 R AT A5 B R AN 12 T o 0 R AIG L L AN B T
IR KT ALk, An REEH T
it bEE R ML LR W RN LR, R
Hb 5 (2 Wi R B 4 % 4 #% Sanger 75 511l 5 Al
e 308 2 0 R
3.1 Sanger JFHME

1953 4F DNA J7 %1 I 22 ot #% i 38, ()2 5 &
1977 4F Sanger & B AR i 2 1B I P v 4 Gl g ke
3. DNA FH) M € (Sanger ) WFR N — 10 F .,
I SRR S R — A DNA B A B OB 8% 1 i
—WEIR ANTP) ZEfP 25 & 7E ff At L5, &
2P ABEL A AT IR OV A AT =85 2 dANTP)
Hik . Sanger 41 5 W] DL AT X 2R B 5
AR BB AT PCR W5 , B 22 B 98 45 v
B RN 5 AR M JBR , JE Hl H IAE B I  PR  RAE f E A
T R T T vk, o B ORT A %€ AR 5 UE B 4 bR
wEO B Is W S Hb R Ry, HE
DNA 7 35 35 4E BB, A7 76 HRE X 5 — )3 41 )7
B AN A R A AR S BRI R N A
B il



el

T A L SR 2T B S 6 = G I AT S Uk R + 143 -

3.2 EmEENTEEAR

o A8 DU R R S AR R Rk — AR
WP 22 J5 % e ok 48 0l e 3 AR . — AR I T B
i e B S R [R) ISEXEBCE 7 S DNA 4 F IR AT
DS N WY Sl P O ANV [ NS 3 NI NI
B RN D1 E 8 o S R ATAG I L A Y D
BER T ANEER T SN T R AN = UK S N W)
ARG e B AT R 2 — . 3
T re A A 0 A R A R e ) L A Ak T
ST | 4 56 DAL 3 B A S ALl 7y, 4% b O vk
B & FREE G N BERS X o BB R B-EREE A K
FE 51 AT i DY, 7E Hb v 20 kX
R P v A ) R A e T B i B RS, mT
PR 00 b b B0 R R A R0k e T R
2018 A 5 AR H AR 2 W7 1 il il 3-BR 2R A
FHH3ZHEF LN 1AHENBLRAS K
S Hb 8. 2020 AF 86 88 5200 i — AR I e A6 I 2
W i 13 FhOR 6] 4 53 Hb . 4045 5 F o B8R 1 5572
SRR 8 A B-BR AR 1 BE AR SR L UL AR T 7E
# Hb A2 Wi A & HZEMWIEH . Chen 7 H
TR (NGS) X b v it 22 132 W 19 PFAl 7
NGS X 28 25 v 55 1) % % 5 Sanger M| J¥ #l Gap-
PCR %7€ M5 28 {37 i — B0, NGS (1) 8508k B FVRE =
R 100 V6 , 76 A 0 Ml VA 2% 0 9 i 2 RN Al i 2k
Bl LA AR G o RN T AR kL [ ST
TA R 7E H H R B I R 2 DX R v 3 O R
A7 b e TR B A 3 PRLAGE I T 4R g A DL v 9 S I 1)
Kt % ARG k. 5 — 00 )F A B, BT DL X
Z A4 . 46 56 T 0 55 A ) AR Ll A
K FEAHEATOF ST, H S FL 7 7 Bk R il 7 250
~300 bp, AL/ DI FE Tk KEY 8 EKF
23 A T A R

Bk H AT, A2 Hb AR 5 R0 M bR 3 i 28 48 1
HbVar 3R EiC#A 700 £ Hb 28 Sk 48
FE 50 Hb g i) AR R R 0.337%, LU s/
R 298 5. 950 %, HCHTL IR Y 0. 507 % RN
B 0.420% . AT KK BT 8R4 B
X H W AR Hb A o 0.566 %, i 1T
h A 5% Hb %5 12 #, HbE. Hb Q-Thai-
land. HbNewYork, HbJ-Bangkok % 2% %, i
Huang %" #F 58 7n B 75 5 30 4 i 4 5% % Hb
95 B4 A R HB s R 0. 260% . 5 HbQ-Thailand #0
HbNewYork 4, if #i2 i T HbJ-Bangkok, HbG-
Taipei, HbG-Coushatta fll HbMaputo, [ It 7
Hb 5 1) i & 512 Wik TS &4 o7 mie ki B4
EEEX., % Hb W EA M HA Mk
B AR A DR TG IR R 2 8 T B B M R, KR A B
Hb B 00 0% A I Hb ko B R Hb AR Ak
T & B, H TR & A a2 0 & Lo, B2

K BLIR Z2 805 W Hb i 454 5 BOA i R AE IR

RCE W A B BE S R SRS SR Hb i (A

HbCS, HbE %) & Jf Hy v ¥ 23 1, 7] 5 25 v o B 21

I PR IR 58 36 5 i Hb 28 S AR 4G I 7 325 %) 4 I 5

Hb 5 i B 42 HA R RS, JEAF ok Hb #9235 4

ARAWAE ST B & SO AR S R 2 A3

AN LUK RS o BT BOR 19 R R L R 58 il SR

B AR 5 HPLC il CE #1454 kI i A 5 % Hb

I3 A SCHEFN Y LC-MS/MS 17 43 3 3 i 3% 12

(HRAM/MS)$ A&,

H BT DNA K J7 156 1E 76 A W & J  BE A 42 5k

R M ZFh e+t 2 19 & e i #, DNA Kl 75 % 2

AT B RGP B N5 S 1) 7 025 1) 36 P 7k R e

I Sanger M 7y (i 58 728) 1 AT 7 £ AR, il i

DNA F¢ 51 53 #7 B 12 W A7 B 737 £ LA™ i Hb

o B A . A R BOR 2 B TR HIAY T DNA

DR H A, BAR H B i RS T B A AT

AEAR PR AL 23 B — 26 5% Hb i 1Y 52 50 %12 Wi 7

2. A EBH=ARE WU A R B ARG IR 2

BEBe T 5 Hb i B9 BRI OF 5T . MRS TE AR A

Kook 5 Hb 5 2347 58 0S¢ 35 1 Ui A TR Ak

WA 5
PR VEE S PRI 45 vh R

5% 3k

(1] 2B, HoP. MLLL 8 1 X 8% 1k i 20 88 1 I s 25 2R
B R L) 1. o [l PR B2 2%, 2022, 15(8) : 773-776.

[2] FA &, RS E OSSR L0 E P B
T 2 BN GG D R A A [ . b 5 6 i 9 o 26
2021,29(4) :1280-1288.

[3] 2B, HI5. MW o0 B A3 7 A D 7E I W 12 T b i
e PR IS FH B (). s PR i 3 2 A 5 £ 2020, 33(2) : 130~
133.

(4] RIS, e, 2280 BE . b rp U 2% 100 075 A 48 AR P 340 40
IR R - & e QI R C 0K TR IR R T V=2
2021,50(9) :1442-1444.

[5] ®aksl, @z, S8 4. ) PO N b XX b o i 27 1 0
A S IRy B EE RAF ST T . I IR 1L 2 44 35, 2022,
35(6):414-418.

[6] Kumar R, Derbigny WA. Cellulose Acetate Electro-
phoresis of Hemoglobin[ J]. Methods Mol Biol, 2019,
1855:81-85.

[7] AduP,Simpong NL,Kontor K,et al. Misleading pres-
entation of haemoglobin electrophoresis datalJ]. Gha-
na Med J.2017,51(1) :36-38.

[8] TWFHM. &MY R X DNA 78 Bt IR M 5 e B vk o i
R B 52 [T ], % 8ol B4+, 2020, 48(3) ¢ 1-3,
10.

[9] Schaefer BA,Kiyaga C, Howard TA, et al. Hemoglo-
bin variants identified in the Uganda Sickle Surveil-
lance Study[J]. Blood Adv,2016,1(1):93-100.

[10] Baig MA,Swamy KB, Baksh AD, et al. Evaluation of
role of HPLC (Merits & Pitfalls),in the diagnosis of



« 144 - I AR 1l Y 2 2% i

536 45

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

various hemoglobinopathies &. thalassemic syndromes
[J7. Indian J Pathol Microbiol,2021,64(3) :518-523.
Polprasert C, Wongprachar P,Suksusut A,et al. Com-
prehensive screening for coexisting heterozygous «0-
thalassemia in hemoglobin E trait[ J]. Hematology,
2020,25(1) :276-279.

Tl R, R, B SCAL SF. RO A AR B R A
120 i 2 B500E I 40 28 10 0 A b pg i LT . 12 2
g 552 ,2021,20(3) :271-278.

S EE A0 AR B 22 AR I SE R AR B HPLC
5 VEAE T W R b 0 0 A rh ey LT R
T4 R 4E 2020, 35(8) 1 1476-1479.

Ve X488, B, . & 3 3 BATE ik U TE 57
L2 AR R A LT, SR R IR BE A
2018,36(2):178-181.

Li Y. Tian M, Qin T.et al. Capillary Electrophoresis
Resolves Inconclusive HPLC Analysis for Hemoglo-
bin Variants: a Study of Two Cases[]J]. Clin Lab,
2018,64(7) :1305-13009.

W, ) R, 22 bk, AL T I A B A i TR B R
TERTHE L o B0 A v iy B T . BB R 2 22 R
2021,34(2):228-230.

AT FE T TR AR B I PR H 5 e A AH G A
Yy % K v HAFFE D], EPE . R R R 2, 2018.
Wiesinger T, Mechtler T,Schwarz M, et al. Investiga-
ting the suitability of high-resolution mass spectrome-
try for newborn screening: identification of hemoglo-
binopathies and B-thalassemias in dried blood spots
[J]. Clin Chem Lab Med,2020,58(5) :810-816.

Lee YK,.Kim HJ.Lee K,et al. Recent progress in la-
boratory diagnosis of thalassemia and hemoglobinopa-
thy:a study by the Korean Red Blood Cell Disorder

[20]

[21]

[22]

[23]

[24]

[26]

[27]

(28]

[29]

Working Party of the Korean Society of Hematology
[J7J. Blood Res»2019,54(1):17-22.
Rets A, Clayton AL, Christensen RD,et al. Molecular
diagnostic update in hereditary hemolytic anemia and
neonatal hyperbilirubinemial[J]. Int J Lab Hematol,
2019,41(Suppl 1):95-101.
Jamwal M,Sharma P,Das R. Laboratory Approach to
Hemolytic Anemial J]. Indian J Pediatr,2020,87(1);
66-74.
Salk JJ,Schmitt MW, Loeb LA. Enhancing the accu-
racy of next-generation sequencing for detecting rare
and subclonal mutations[ J ]. Nat Rev Genet,2018,19
(5):269-285.
A ihe P, A P R R TE S R i RS B 25 A IR 12 T
SRS VAV RS T S o T I 107 N 1 e S
2020,33(11) :746-748.
A, ZRW)F 2 B — 4 HBB 4 7 A & B4 2%
BRH R E ML EALD] MM ERR2,2018.
X Tt 05, 5 DL i £ A G 98 78 IS AL I DR i VR 2 R AE 1Y
WHFE[D]. B B WIF Tk %, 2020.
Chen P, Yu X,Huang H,et al. Evaluation of Ton Torrent
next-generation sequencing for thalassemia diagnosis[ J .
J Int Med Res,2020,48(12) :300060520967778.
ik 1 2 . e A o I 5 R A T8 g 9 3 L b U 2 i
PR 9 A2 2 AU 3t v /g T LD . A B - g AR K24, 2021
R R T 2R A5 B0 DX o AR 58 1M 21 28 (1 9 O
AT R EEAC 2 N L 2021,15(6) £ 240-242.
Huang H, Xu L, Chen M, et al. Molecular character-
ization of
Southeastern ChinalJ]. Sci Rep,2019,9(1):3493.
OlkcA% B 3#9:2022-09-01  #5= B #.:2022-10-17)

thalassemia and hemoglobinopathy in



