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M50 M (MS-HRM ) 454 E AR PCR ¥ #EE (BSP) 507500 Hr G6PD mRNA 2 k5% 1Y GOPD it = JiE
BE IR S BT P AL A S, 5% GEPD mRNA 35 1E % 1 44 ] 0 HEARAS (GEPD = 2H 7 1l FE
XTHEZH 37 4] ) 1) GOPD JE[RE 2 1 B AL I L 17 0 Hr. SR 22 Bl (16.9%, 22/130) G6PD il = 4 [ & 1Y
GOPDmRNA Fakfwflk, FA iy 16 GBS I ILAl . 6 Fil 7 AeiB 0 H 34k, 44 ] GEBPD mRNA ik 1F
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Gene promoter methylation in glucose-6-phosphate dehydrogenase deficiency

XU Dan-Dan, WEN Fei-Qiu, LV Rong-Yu, ZHANG Min, CHEN Yun-Sheng, CHEN Xiao-Wen. Zhuhai Campus of Zunyi
Medical University, Zhuhai, Guangdong 519041, China (Chen X-W, Email: 13510333196@139.com)

Abstract: Objective  To investigate the features of methylation in the promoter region of glucose-6-
phosphate dehydrogenase (G6PD) gene and the association between gene promoter methylation and G6PD deficiency.
Methods Fluorescent quantitative PCR was used to measure the mRNA expression of G6PD in 130 children with
GO6PD deficiency. Sixty-five children without G6PD deficiency served as the control group. The methylation-sensitive
high-resolution melting curve analysis and bisulfite PCR sequencing were used to analyze gene promoter methylation
in 22 children with G6PD deficiency and low G6PD mRNA expression. The G6PD gene promoter methylation was
analyzed in 44 girls with normal G6PD mRNA expression (7 from G6PD deficiency group and 37 from control group).
Results  Twenty-two (16.9%) children with G6PD deficiency had relatively low mRNA expression of G6PD; among
whom, 16 boys showed no methylation, and 6 girls showed partial methylation. Among the 44 girls with normal G6PD
mRNA expression, 40 showed partial methylation, and 4 showed no methylation (1 case in the G6PD group and 3 cases
in the control group). Conclusions Gene promoter methylation is not associated with G6PD deficiency in boys. Girls
have partial methylation or no methylation in the G6PD gene, suggesting that the methylation may be related to G6PD
deficiency in girls. [Chin J Contemp Pediatr, 2016, 18(5): 405-409]
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i) ) E —6— W IR I ZU B ( glucose-6-phosphate
dehydrogenase, GOPD ) il = i f& fiz # UL 19 35t 1% 14
Vi I P LT 2 R SR A, 2R 4 L N2 B,
EL 41 3 A7 3T 200 Ff GOPD LA 5845 P, (A4 Ak
2 GOPD fift 2 it F8 5 Mk LUK H AT A JE R 58 A B
GOPD HE[H b T32 AL A 2 1 X Jetafh I,
HARIKFREN G 37 CpG WAL Fr i, SEUE
ESRITIENNIRT € 3 N S S T R PUE 29/ 2
GOPD 2 FE \H GOPDmRNA Fik /K P47 it
Bl AL, ABFFAIAT G6PDmRNA ik FEGHY
GOPD ik = SEAEA Y [H 5 3l 1 FH B Ak A 1 Dl ik
F1o0#r, R EEACBUE R B AE GOPD B ZAE H Kk
FEVERT, T GOPD sk Z SE R 73 T2 WHR BEHT S %

1 #RS5AHEE
1.1 HRIE

W £E 2013 4F 8 A & 2014 4F 7 H W], %I
MLEE BE Bl LR 12 KO LR BN S ) 22 1 A
PRI sl AR JLEE 195 191], AR 4% LA h J] Tk i 00 5 )
VA EE GOPD/6GPD LE{H (B G6PD & it L {A
Pk, MR RIS IRA A )

=1.00) . Her, BR=40 1304, B 11741, 136,
AERE 32d 1934 A, PAARERY 26 A 5 XFIRZA
65 5, 528 1, 374, 4FE 2 DA R 1921 A,
H AR 28 N H o ABFFEARAS B B B BE 2 e 3 2
GL TR G2 AP N R0 TRl o
1.2 DNA. 2 RNAZEY, cDNA 3XEX

v i QIAamp RNA Blood Mini Kit 1 FlexiGene
DNA Kit (QIAGEN, 7 [# ) 43 % 42 B FE A &
RNA FiI DNA, 1 ug & RNA R ¥ % 528 57 &
(TaKaRa, Ki%) 3KHLcDNA, #A/EWITF: 70C
10 min, ¥K L 9% & 10 min, fIl A Random primer
1 puL, PrimeSecript Buffer 4 pl.. PrimeScript Reverse
Transcriptase 1 pl.. Ribonuclease Inhibitor 0.5 pl..
dNTP Mixture 1 pL., RNase-free Water #ME 20 pL,
42 °C 60 min, 90 °C 2 min, RNA % 7% F =80 °C,
DNA. cDNA RfET -20°C# M.
1.3 31¥nigit

R 4 G6PD mRNA ¥ %1 (NCBI 5.
BC000337 ) 1 DNA J#51] (NCBI 5 144140.1) ,
% JH Prime Premier 5.0 X414 11 2% % & & PCR 5|
Y, MethPrimer {455 CpG &1 i#F 17 H B AL il
S HER I it 250 (MS-HRM ) S A
ik PCR MFik (BSP) #1514, W 1.

Real-time PCR. MS-HRM X BSP 43| #1541

TUEEI (5 — 3")

53 M GOPD B = 4 ( FUAH <1.00 ) FIXF AR ( HofE
=1
Jik LUEs 1Y (5" — 3"
iEEiPCR(GGPD) CCAGGGCGATGCCTTCCA
E i PCR (B-actin) CGCGGCTACAGCTTCACCAC

MS-HRM
BSP

AAGAGATTGTTTAATAGGGTTGGTTTGATT
GGGGGAGGAATTAAGAAGAGATTGTTTA

GCAGAAGGCCATCCCGGA
GGAAGCAGCCGTGGCCAT
TCCTCTAAACTATCCCTCAACTCCTAAA
CCAACCCTCCCCTTACCAAACTA

e [MS-HRM] FREALABURPE R 0B i 2 00T 5 [BSP] AR R PCR Mk

1.4 GB6PDmMRNA Fix/KFEME

)W JH SYBR Premix Ex Taq 11 i&7 £ ( TaKaRa,
Ki% ) , 20 uL & F& (2 x Master Ex Taq II 10 pL,
. TUESI¥4% 0.8 uL, RNase-free Water 8.2 plL,
Ist cDNA 0.2 puL.) 7£ LightCycler® 480 I 2¢ )t 3E &=
PCR X (Roche, Fi-l-) 3%, HMHrAE 1T 3
BSEATREIN (B3 4SS I N 2 B-actin F£[A], 3 (=4
Kl B ) o PIHSEANT : 95°C 30 s, 45
PR (95°C 5, 60°C 30s) o F 38 5 17 H i it 2%
JMHT, 95°C 5, 60°C 60s, LL0.1°C /s i THEF
95°C, LMD G, A AT AT A X 2 i

0T, CtE < 0.5 IFEARGN A 1L 50HT

1.5 MS-HRM & B #ill FF 181F

iz EpiTect Bisulfite Kit ( QIAGEN, fZ[H ) i}

B - X} 500 ng #5% Hx DNA M 47 5 V47 R 45 [ v o
& i LightCycler 480 High Resolution Melting Master
(Roche, #i+ ) ik 7, 20 uL /& & ( Master Mix
1L, MgCl, 2uL, H,058uL, b T #5149 %
0.6 L, EFHREREAFIG DNA 1 ul) . § 325
WM. #i#95°C 10s, 65 (95°C 10s, 58°C
15s, 72°C 20s) o PHEITIEMMMZENHr: 95°C
60s, 40°C 60s, 65°C 1s, Lk 1°C /s (R EETHR S

406 -



FIBEHE S
2016 4F- 5 H

b E %A ILA R E

Chin J Contemp Pediatr

Vol.18 No.5
May 2016

95°C, LW ZIE, XAt R ST
117 B 3 Tm Calling 8¢ Gene scanning #47 H
LA AR 3T o S5 oI A R Ak B A B
H8 DNA (TaKaRa, Ki%) fEZM. MS-HRM i fx
AR AR A Z A4S, H MS-HRM 7= 4 B 360
J¥ (P R AR, 1) KA,
1.6 BSP &l FBIIE

VEHLZ: MS-HRM & DNA B 23 )5 3 5iF S FY
FEALFNAE AL AR S 1A, SRA BSP U7
Prxt L PCR 738, P84T TA 3k (S
AHSGH SR E R T 5o TS A SRR P AT )
PH 1 2 2 SR A 00 5 B B oA (g b S A
w2/ DRI 6 A RS TINT AT ) .
1.7 Sit=0H

K SPSS 17.0 B AM4EGEH0 M. THEBERILLYY
B+ bamfE2E (Rxs) FoR, THECRORERIT K5
AT M L, P<0.05 HZESASFE Lo

2 R

2.1 mRNA FRixKFNE

X} 130 4] G6PD it = 4 1) cDNA # A i 17
Real-time PCR 73 #7, 4554 0.81 £0.24 (G6PD/
B-actin ) , 1 22 ANFEAC (BB 16 1], Lotk 6 )
FrAbJa zetE U ( G6PD/B-actin) < 0.5, 44
AHFALSHT, A 16.9% (22/130)
2.2 MS-HRM ##7 % BSP B #ill 7 I iE

MS-HRM fiii £ 1 A AR R s A B3 7 5
MS-HRM 43 #1485 - — 2, 7R 22 §i] GGPD mRNA
FIRBFARIIREA T 16 51 B HEFEAR S TCH 1L, 6
Bl HEFEARS AR ZAE (DLEL 1~2) o T 6 f
HEFEARBIAAAE R HeAL, 4825387 T G6PD mRNA
FEIRIEH Bl = 2 R0 B Lo MEREAS 3 44 5] (7
vs 37) , Ktk =41 6 il . XFRELH 34 4 A7 AE
H3Ak; i TR BIA R, GoPD Hit= 4l 5%} 4l
2k, JEW AL LG22 S oG i B L (17 vs
3/37) , P>0.05,

691451
631451
57.145

_ 51145

s

z

J 45145

£

8 39145

3 33145

g

2 27145

£

g 21145
15.145

9145

3145 mueet®

JEREbEEA, PRIENIER
(AFRELL)

PRALHA

B 1 G6PD EEB3FXH MS-HRM 431 E
— i

AGTTGTATTTGTGTT

KH Tm Calling 23, B7s: BRSBTS I T [
LOMEREA Y T LA 2 A T BIPEFNBH PR IR ], $ois e AL

AAGTTGT

ATTITTOGT GT T T

B2 MS-HRM = E#EMNFE LK. ETEEREA; A B MEARA, SR N MRS (B .
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2.3 BSP &N BIGIE
B 3R T A 0 g = A A A RN A
A (¥R GOPD Sk = 4t ) 45 1 9147 TA FEREN

CTACTATCCR

t tt

JP IR L, S5 AR A Y 6 4> TSy
AR AL, T IEALREA Y 6 el 3 A
RS 3R L, URIESSRILE 3,

CTACTAACCGATTTCCCCACCTACCCCGACGAC

t t

P A

3 it

GOPD it Z i S fi 5 UL 1) X 3% BN 58 4= B 1
AL LT 0 M W R e, R GOPD ik A 4w fi
DX A B 5 A8 T BB R s, BT AR %
G6PD it = JiE £ 5 X LA AT ] 6 PR 2828 1), 3%
T GOPD LA Ak T 32 H AL e 4 2 1) X Y gk
I, i DNA H 34k £ 2585 80 71X CpG & figms
W F AR SR M 55, ANITTRZ M mRNA (19 23k K&
Bk, SEGEAIIRETE R MR . ARBFT A B 22
%] GoPDmRNA ik FEARFEA, B4R G6PD
FER SRR AR, Lo X A 43 H Ak
X5 BN X QL @k, Lo tEmsk X ek
FIREAAAERENLG IR LG SEA—F, D “SRe A RUL”
Wi 7L 30 0 R LR R 1 =2 () SR K P SF- 5, il i
PEARBEDLC G — 45 X Yea ik, JF7ERE)S (020
BB RN oy Ao R AR LR AL . X ek
TE YR = BAREE S s T IX AL ™, auk, ASHt
FELLHEN GOPD JE K i 2h 71 34k 5 B pE B LG
X, HE5LHBILMXRAARAZR SRS X ek
PG, FIE, F-ATXH GOPDmRNA ik IEH 1Y
B 2 DA RO BRERL IR Lo 64T T GOPD 3[R F 3 7
H A 3BT, R IRHR S A AE R 43 H 24k (40/44 )
INERGY (4/44) NAEHZALIRES; R TRBIARR,
GOPD = 4 5%} R AL Y F A Ho i) 25 53 0 3
PR, TCIRIPAG A5 3 R 4R H B AE GOPD it
Z PR R L, WIARARIT R B, RS AL
GOPD JERI T BB RIIARIE, 5 kG
i MG i — 20 A B A OGSOk, AT

ﬂ ﬂ 7ﬂ5 | ﬂ nrey AR &M M ‘l
T T

E 3 BSPEENMFEE  AK: JETHM DNA; 418 P DNA (B RImT) o

5 Sk FIT 78 SRR oz ) H

SR FE LI AP AE X Ye iRk ih ki, B4tk
X Y fA b B I PR R X Y o fiami e iE, TER
R T TR X Qe kg ik Y, i L2
T 5078 AR TG 3 AR 3 Mo F 34k, 7 Lot A
AyHIEAL, 3R 2 MR X e iR B B
CpG AbFH JEAL, AT X Yetaufk )3 3hF CpG
AbFAEH Ak, 0 2 % bt 3 DR 7 2R 76 5 R R
T X ek s R B gl U — I3 AR AR
WP HAR T RNA P58 B 7 BRI AN PG E 26
ELIE R AHEM Bk i R, A& B G6PD & K 7
TE X Jea R ARG ki g M, 02 HATHliE G6PD
FEAATE X e o R I 16 kit IR 4 (1) v — SCik . B
U, BATIHHEI A R 55 K B Lo e RE A R B 24k
REMRATEES X Ytk ik %, Ttk
GOPD JERAATE X YRS g 5 TG kit , 1 FH 3
P 2 A AL, PR eT DL R 3 Ak ek
AXF Lt GOPD it iE I REA — A2 [ RZ M

SAh, (EAS — B ML, AR WBFIER 1 MS-
HRM $ AR JE 3T HRM Wi bR, HoA il
TP RS | T RIS R B AR
HRM A SE—Fp I AR 24 i F 2848 84 .
FAb BT FE RS B B R st A 2R e B
HRAE DNA JFFI A, GC & i St B 22 5
N HRM SRR S 40T, oA oo A T 24—
FIVELBE 53 B3] LA B 19 25 57 . J A
PR R AR B A DNA FEACH LA ik H 324k PCR
FEYIEAE C RN T B3R 255, ATl A HRM J&
FRPEF TS AR, A WFST RIS HRM 7 iaAG
W MGMT J 20 DX 355 P4 1) F AR, ml A 31
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35 0.1% WY HEARRSE, 5 ARy 245 R A A
— 0 HL AT AR B 28 F S AL TR B A0 B o ol £ %)
FAVRE S A9 H A A A etk A s Y Ak, 4
A MS-HRM 7= ) EL 42200 77 W) ] % AH DG hR AR A 7 1R
RUIE, AUHFSE R MS-HRM 7 £ 43745 5 5 %
HURE AL 5 AR B B X Pk, iz ARt
TARUE, H=H BN LA K BSP 5 B Al E
SRR R . AR VI T R AR R
BE DR BRI B B R M, (E A —
AAHET N
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