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Abstract

Prevalence of G 6-PD Deficiency and Molecular Genetics of G6PD in Karen

Kanchanavithayakul A1, Louicharoen Cheepsunthorn CZ*

Introduction : Mutations in the G6PD gene can lead to G 6-PD deficiency, an X-linked hereditary enzymopathic disorder,
which highly frequent in Southeast Asians. Southeast Asia composes of many ethnic groups and minority tribes, whose

distributions have been historically dynamic. There are two common G6PD mutations are G6PD Viangchan (871G>A : Valine
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291 Methionine) and G6PD Mahidol (487 G > A : Glycine 163). G6PD Viangchan " was the most common in Thais,
Loatains and Combodians, In contrast, GGPD Mahidol”®"" was the most common in Burmese and Mon. To date, there has
been no report of G 6-PD deficiency and its molecular genetics in Karen, an ethnic group belong to the Sino-Tibetan language
group and found predominantly in Myanmar and on the Thai-Myanmar border. Objectives : To study the prevalence of G 6-
PD deficiency and the G6PD mutations. Materials and methods : We collected 230 Karen blood samples (Male 106, Female
124 ) to study the prevalence of G 6-PD deficiency and the G6PD mutations. In G 6-PD activity assay, we screened by using
fluorescence spot test and quantitative G 6-PD activity assay. In mutation analysis, we screened by using PCR-RFLP
technique. Results : G 6-PD deficiency was found in 17 (16.04%) of 106 males and 9 (7.26%) of 124 females in the study
population. Molecular analysis was performed in G 6-PD deficient subjects to identify G6PD mutations, which varies with ethnic
groups. Eight G6PD mutations were characterized: G6PD Mahidol (65.38 %) was the most dominant mutation followed by
G6PD Canton (7.69 %), and seven G 6-PD deficient unidentified mutations. The exon11 nt1311C—>T and IVS11 nt93T—>C
haplotypes were characterized in all 230 Karen individuals (354 alleles).

Conclusion : All GGPD Mahidol alleles shared the same haplotype (1311C, 93T), as has been previously reported in G6PD
Mahidol in Burmese and Mon. Our study suggests that Karen share a commaon ancestry with Burmese and Mon. G6PD

Canton in Karen likely stem from gene flow throughout Chinese rather than founder effect.

Keywords: G 6-PD deficiency, G6PD Mahidol, G6PD Viangchan, Karen
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enlminglos 6-Wemiwa dlalasiiua (G 6-PD) nanaswWivesdin G6PD dmstiunaauuy X-
duwenlodifununadnlumssisilafimusdasiiu linked recessive (Nuchprayoon et al, 2008) JIWLANE
lafiadlalndnamunaluzuiaad (NADPH) Twitiwulna winsiawload G 6-PD luwamoynninwandgs snms
Woawa (Pentose phosphate pathway) ﬁ*’ﬁm%’nmauqa slununInaneWuivasdn GePD azfinnuuandranulu
2091 fAT8108nFLaTu (oxidation) uazd JATeNTanTu winzigamd lwidudszlomddemsdnsdszifenand
(reduction) VaSLTaS (Beutler,  1994) AITNIIZWID LAZANNFUNUTYDITVANUS 017LTn lugﬁmmm%ﬂ
law bl G 6-PD (G 6-PD deficiency) 39¥ihliiian1izladia axSuaonideslafifianunainnaisndemd neuas
masﬁoﬁmm@;mmmﬁ@Lﬁammumndw (acute hemolytic AWUBTIIY wuiﬂﬁminmyw”uifﬁwuﬁaﬂ 2 shade via
anemia) mMazwiastenlas] G 6-PD sinnwuvasludszannd \Ju93unik (GBPD Viangchan : 871G>A : Valine 291
mﬁ'maglj‘luu%nmﬁmmﬁm:m@ [T aWINUAzLELT Methionine) @swunnluziang  (Nuchprayoon et al.,
ariusanidpsld laowudn lumilnedenugnsasniaz 2002) 811 (Iwai et al., 2001) UazlUNT (Louicharoen and
wsadanlod G 6-PD Jawaz11.1 lwwaniy waziasas 5.8 Nuchprayoon, 2005) UasahauAaa (G6PD Mahidol : 487
Twwemds mnmsfinunznsenewlsd 6 6-PD lu G>A : Glycine 163 Serine) iwuanluanan (Matsuoka
‘lJ%L’JmﬁﬁJ’lmL%‘tlizum ﬁﬁaﬁ%ﬁﬁg’l% (Beutler, 2008) 1 et al, 2004; Nuchprayoon et al., 2008) wazuagn
Tuodalsauiantiuniolsndaidonaralutdon (Nuchprayoon et al., 2008) udaindlsiaugilmanug
(Plasmodium)  fuanngdAyvaInIauIaINyE Y Bue 11U n:m%imnﬁjmhntrya ﬁmﬂ”ﬂagiugﬁmﬂﬁiﬂﬂﬁ
faueug idunsnanauliiluuveswysdiiiawinsle gelddnsdnsnsdunugaaniszoing Waadune
MINABRUTANTITNTNG Lﬂialﬁiwmwgwﬁmmm mmé"ww”ufszmwmaﬂ:m%imLLa:mjuﬂszmmﬁus]‘?'i
ﬂa{m“'uw%aaﬂﬂmmqul,l,iwau%awmaimﬁw A208719L T ondpagluuiianeingn
nnanswWivasin GePD finalwiRanzwiasnawlsd G man:m%‘mLﬂumma;u’lmysluﬂs:MﬂmhLLa:Lﬂu
6-PD (Carter and Mendis, 2002) %un@juﬁfayﬁawswmmﬁ'ﬂagﬂuﬂszmﬂ%zm'hBoo,ooo an
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lasan137398 1aTUNNTIUTEINNAMLNTINANTISUTITUANT
Jauluau azunnamand awiainItiumanenas luns
Janldreunatoys 1iu a1y we Femd {G ﬁayjm:
UseifnTaunia Lhudagdlianlunaea Acid  citrate
dextrose (ACD) 7 4 °C §wsuiamavhemasianlod G
6-PD Lazhaae Ethylenediaminetetraacetate (EDTA) Lﬁll‘ﬁ
-20 °C AWILANHIMINABRBTUITAMURAINAAIINI
WisnyINYadin G6PD
MsAnsIAIENIadtanlys G 6-PD

Aansadnzwsadleulol G 6-PD  @1uiD
fluorescence spot test WATLWANNITIIOILEI LALLSDILET
gIaNnnNeh tewlodidinisinauluszaudnd Sas
uadaIadasuaaIintaw i dan1svinauluszaunais
LaTLIaIuRIRIIRa N INKI o LS o IuRINNNBHI WIS
owls G 6-PD wananit H9AnwFIUSIN A TIEH
(Quantitative G 6-PD activity assay) FodunImesasaiw
m@lig’m"ua\‘la\iﬂ(ﬂﬁamﬁﬂiaﬂ (WHO) (Dehydrogenase,
1967) Gedasrnmanasasmelu 7 5% mensamIens

LRa® NAaNNITVRIIDTH mﬁ'mwi’mﬁgaﬂﬁmma
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(absorbance) NAMNL1IART 340 nm Vad NADPH nanad
M316 G 6-P uaz NADP' adlu hemolysate fisitawlosl G

6-PD 1uasdsznay lasuaasnaidu 1U/g Hb
Activity (IU)/g Hb = 1XOD/minXdilutionX100XTCF
6.22X0.05XHb (g/dL)

IU/g Hb

I@ﬂﬁ TCF = Temperature correction factor n
mmﬁﬁ]mﬂ‘mwqm%nﬂﬁluma@maaammzﬁwﬂg’jﬁ%m
NSANBINIINAIWREUAZAIINUAINAAILN
WGNIINVDIEK G6PD

11 DNA 2895wiasianlmi G 6-PD fanasyis
phenol chloroform andAnsMINANEWUTIaIHY GE6PD a8
5% PCR-RFLP Tagl? primer iin13aanuuuliudaly
mdnwndauninit (Louicharoen, 2008) \{oaduasram
miﬂmﬂw”uifwﬁ@ﬁwm_iayﬁlu"mawahl,m:umyﬁa G6PD
Mahidol (487G>A ) mﬂmﬁsﬁlvlaiwumsﬂmﬂw”uif@”\mﬁh’mz
m’mmiﬂmUW”%ﬁ:ﬁwuﬂausluQﬁmﬂﬁﬁﬂ 7 wha laun
G6PD Viangchan (871G>A), G6PD Union (1360C>T),
G6PD Canton (1376G>T), G6PD  Kaiping (1388G>A),
G6PD Chinese-4 (392G>T), G6PD Coimbra (592C>T)
W8z GBPD Chinese-5  (1024C>T) waz@nsi SNPs
N1311C>T  uaz nt93T>C  lAsATIIRaLUIMIATUEIUY D

PCR-RFLP #2813k 8-12%  Polyacrylamide

gel
electrophoresis (Sambrook and Russell, 2001) mmfuﬁau
\afildeny Ethidium bromide dwsusiagneilanuns
nmﬁw”ufmaaﬁu G6PD 2=&4 sequencing #1811
N33 IzHIDYE
ﬁ'm'lsf‘smm:ﬁiagaimmﬁﬁﬁawnmm
(descriptive statistic) T,@mf‘smﬂ:ﬁmmqnmaam's:wiao
wwlol G 6-PD lumanznSnananamouaznis uas
iauadimItinuveewlsd G 6-PD lugdwiasawlss
wg\‘nwmwmm:m@ﬂugﬂmaammﬁiﬂ (mean) wazdndoun
199314 (standard deviation, S.D.) mmfuﬁ’uaualugﬂ
ATURENITNW w%auﬂgﬁmﬁzﬁ"ﬁaga genotype lag
iiananuioada (allele  frequency) VoIMINABWUT
WaLILATIZH haplotype 189 SNPs AAeTuLULEaA8 GEPD

Mahidol uazaaaalnd@ (G6PD B)

NAN13298
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an1sAsaAMNENIadtanlnsl G 6-PD
HANIATIAINIEWIBdUlm G 6-PD 1Ta9mnIwW
3031z lawld Fluorescence spot test WUNNITWIAS
low ol G 6-PD 20 e Aatdusesaz 8.7 (118 15 au Aa
Wusawuaz 14.15, Wiy 5 au Aaduipoas 4.03) NUWIHE
27 1o Aadusosas 11.74 (118 8 aw Aaduipeas 7.55,
Wiy 19 au Aaidusopar 15.32) uaswuaulné 183 31y
Aaidusanay 79.56 (11w 83 au Aaduinsar 78.30, Wil

100 A% AaLdusouas 80.64) AILFAILUANTIN 1

P
M13191 1

Fluorescence spot test

Status Male (%) Female (%) Total (%)
G 6-PD deficiency 15 (14.15) 5 (4.03) 20 (8.70)
Intermediate 8 (7.55) 19 (156.32) 27 (11.74)
Normal 83 (78.30) 100 (80.64) 183 (79.56)
Total 106 (100) 124 (100) 230 (100)

Tupmefimiasianewsasiewlasd G 6-PD dag
2% Quantitative G 6-PD activity assay NANINARAUAINT
inauvedtawtsy aduaadlunitwniIInszaualIun@
(Normal distribution curve) Eﬂﬁl'l I@m;‘?ﬁlﬁmmiﬁ’lmu
rawlaaiasniiniarinny 0.99 1U/g Hb daidugwias
towlessl G 6-PD 3%t wugwiasanlod G 6-PD PIRUA
26 78 Aatdusesas 11.30 udadure 17 Mo daduses
8z 16.04 wiv 9 v Aauduiawusz 7.26 lavnduwsad

M13199 2 mﬁﬂamwwmj‘m 298% G6PD AWUluTINZINI

NANNIATIINIEWIoILen ey G 6-PD lavld

awlasf G 6-PD fennivinanuvadianlod 1Ay 0.195 +
0.28 IU/g Hb uwiisidwwesie Garnsvinauvadian lasf
WinNU 0.184 + 0.25 IU/g Hb WazlWAWId Jenn13vinen

2a910% kol LAy 0.215 + 0.33 1U/g Hb

40 o\
- ﬂ
= 30
Ba / \
5 {
3
(5 i /
e \
2 s \
| ER V4
@ A ~ R,
0 RS ==
9P PO PO DO PO DO DO DO DO DD
S R R e
NI ¥ 9?7 &° 62 A% 47 ¢° 47 of

G 6-PD activity (IU/g Hb)

31U 1 anusasmMInszaneadndvesdiinsinauaes

ol G 6-PD lurninzinies

HANIANBIMINA8NE VasEN G6PD
NNMIEnMINANRUTVeIEw G6PD THad19 9
’l,uﬂa;uﬁws'aamuvlsnﬁ G 6-PD 19%u@ 26 318 WUMINAEY
w"'uizﬂnﬁmﬁmmﬂﬁq@ Aadusauas 65.38 (17 11 26 378)
wazdl allele frequency L¥iNNU 0.14 vadaadavaddizwIng
Yanaa uanmnﬁﬂ"&wuminmyﬁuﬁf G6PD Canton Aatiln
$ounz 769 (2 T 26 319) lwwaedsn 7 1o ldwums

ﬂmmw‘"uﬁfmﬂmiﬁw sequencing

G6PD mutations Base change Status N G 6-PD activity
Mean * SD (IU/g Hb)

Mahidol 487GDA Hemizygote 14 0.16+0.17

Heterozygote 3 0.30+0.52
Canton 1376G2>T Hemizygote 1 0

Heterozygote 0.31

Unknown - - 7 0.24+0.38

Total - - 26 -

HAaNIsAN® Single nucleotide polymorphisms (SNPs)
Namiﬂﬂ‘m nt 1311C>T uaz nt 93T>C Iuwn
fagenssaaalng (G6PD B) Waz aaaaﬂwumiﬂm&lwuﬁ
WU G6PD B ug'ﬂu,uu haplotype 1311C, 93T mn“nq@
Aaidusesa 69.41 (211 1w 304 8ada) naudn
haplotype 1311T, 93C wWusasaz 15.46 (47 lu 304 8ada),
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haplotype 1311T, 93T wuseuaz 7.89 (24 lu 304 dadia)
L3z haplotype 1311C, 93C wuuawawiasaﬁaw 7.24 (22
lu 304 88an) 63a13797 3 luvnuei 688a GBPD Mahidol
mﬁmwmmmu haplotype 1311C, 93T &udn 7 507 lai
WUNINANBWUTH  haplotype vazfia 1311C, 93T uas
1311T, 93C
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@13199 3 haplotype UaI088ad199 Ui® G6PD

Haplotype G6PD mutations (N (%)) Total
nt1311, nt93 G6PD B Mahidol Canton
C,T 211 (69.41) 48 (100) 2 (100) 261 (73.73)
c,C 22 (7.24) 0 0 22 (6.21)
T,T 24 (7.89) 0 0 24 (6.78)
T,C 47 (15.46) 0 0 47 (13.28)
Total 304 48 2 354~

* dnvasansansnualudszmnsndne nanida 118 106 A i allele 19vua 106 alleles willd 124 A

i allele NIN@ 248 alleles

arduan1vBuazanlnanan1 Y
MNNIANBIANNTNIBINTIENIdaulT G 6-
PD ‘Luman:m%‘mmjumﬂ:tya MBI UNNLAL
YSanmdeneh wunnzwsadawlod G 6-PD lulwans
WINNINUNARTYS Lﬁaaawnﬂﬁiﬂawsw”ufmaaﬁu G6PD 4
ANWIAZNIINENAAULL X-linked recessive wingwiaiilu
W1tz (heterozygote) a:ﬁiﬂﬂﬂfﬁuﬁﬁminmslw°'mf°ua\1ﬁu
G6PD \Nuslaslulauidan ﬁﬂﬁa"nwmzﬁuamaangn
AIUANGAIY  Random  X-inactivation @”aifug&fmfﬂaﬁl,ﬁu
heterozygote 3diFasIRvRILNARaaLasUnAuazIdaLAaa
wasinsasionled G 6-PD HudauauANNTHITILAS
81n1328413A (Desforges and Beutler, 1991) Ad3zi#A Lol
MNAIM IV UDBIRA I FIUaH T range fintandn
Tugfze wonanit sanuitnazwsasienles G 6-PD
man:m‘%mmjumﬂztya gawu ldannituds T anus
au g lunfinnaieifoaziusanidoald Wesnanaz
positive selection NH@ANT1TILUIAVBINIALSY
(Louicharoen et al., 2009)
nnnsAnmmanaewuivesin GePD luzna
ﬂ:m%immjam'm:zya WunINMuRusvaIiu GePD riia
G6PD Mahidol mnﬁq% 5ﬂ"nzwu<iwu G6PD B haplotype
1311C, 93T mnﬁq@ LEULABINUBINIUBENBTY
(Nuchprayoon et al., 2008) %’idLLﬁmlﬁ’Lﬁu’h“ﬁ’nﬂzL‘lﬁm
nandnzya maaxﬁm,%amUmaw”mfiwﬁ'umuw;imm
wary laufl GEPD B haplotype 1311C, 93T 1iuaasausIn
UIr189U9: N INAUAINGT ﬁmﬁ'j']m'm:m%mmﬂ:iga
aldmmAuiidnsnnrvendslinmeeslanadudnd
REY LL@i"nnﬂ:m%immg'uftﬁﬂ'ﬂ%mmlum:qam‘m%'u-
AU 81210 Ua-WNILT AT IRANLTHLASINDW AN
uanmnftﬂ'ammsnwummmﬁw”unfmﬁ@ G6PD Canton @4

Lf]umiﬂmUﬁufﬁwuﬂaSIuﬁwa%'u (McCurdy et al., 1966)
mm@;ﬁl,ﬂurﬁuf:maLﬂummmmn'ﬂ,ﬂﬁauﬁmﬁu (Gene
flow) mnmﬁumgﬁman:m%‘mmnniwﬁﬂ%wamad founder
effect tilasannnusasasinaialaunsin Snvisdu GePD
PRITIINZRTBITAN B4 homogeneity a1t uuaN137N
mﬁﬁé'mﬂm:z%ﬂuﬂ@ﬁvlﬂﬁaUﬁ@@iaﬁuwwuﬁﬂuumﬁﬁufﬁue]
ﬁaﬁﬂﬁmsﬂmﬂW”%if"l&iwmﬂﬁmﬂmﬁaumﬁwvuifﬁw] Tu
aFaaziuaandeosld

=) s
naanssnlszne
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