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Haplotype Analysis of MDRI Gene (Exon 12, 21 and 26) in Korean
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ABSTRACT - The aim of this study was to investigate the frequency of the SNPs on MDR/ exon 12, 21 and 26 in Korean
population and to analyze haplotype frequency on MDR! exon 12, 21 and 26 in Korean population. A total of 426 healthy
subjects was genotyped for MDRI, using polymerase chain reaction-based diagnostic tests. Haplotype was statistically
inferred using an algorithm based on the expectation-maximization (EM). MDR1 C1236T genotyping revealed that the fre-
quency for homozygous wild-type (C/C), heterozygous (C/T) and for homozygous mutant-type (T/T) was 20.19%, 46.48%
and 33.33%, respectively. MDR1 G2677T/A genotyping revealed that the frequency for homozygous G/G, heterozygous G/
T, homozygous T/T, heterozygous G/A, heterozygous T/A and for homozygous A/A type was 30.75%, 42.26%, 9.86%,
7.51%, 7.04% and 2.58%, respectively. MDRI C3435T genotyping revealed that the frequency for homozygous wild-type
(C/C), heterozygous (C/T) and for homozygous mutant-type (T/T) was 38.73%, 50.24% and 11.03%, respectively.
Twelve haplotypes were observed. Of the three major haplotypes identified (CGC, TTT and TGC), the CGC haplotype were
mainly predominant in the Korean populations and accounted for 29.96% of total haplotype in Korean.

Key words — MDRI, genetic polymorphisms, Korean, haplotype
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&5 e €53 2 24do] 7}—4@ NE
Pl S Qs slele FrARl MDRIC] tigh A7 &
W] Y= giet. P- “/J%‘Z‘—-’_«] W3} 750l 2ol 1
ol ol-f& MDRI® 14 wWolg distee =23 3
Al AB7A 3099% o142l MDRI ©UA71FE A (single
nucleotide polymorphism, SNP)°| ¥& %t}

g A7gEAL 27 SAAE TASE 309 Y
DNA 971 A9 7hee] Aol mieh 7be 014 shel
G719l zpolE Hols FEOZ oA 1% ol Yeh
A HAA7IHEA, 1% olstd Aells sdwol=A 77
HAo}, g7 71 &3] JERE WHolzA] 27k
AL A7IMEe vFde] A7l durEl ZAfolH,
100~3007H¢] A71wiet & 7H7g=e] RieR w9 QWIS
el

GAA7IGEA L HEE 74$ intron FEFo =X
(random SNP: rSNP)sl] #-712}e] wddof 2729 Jgk
A& ZATE exondll EA(coding SNP: ¢SNP)E 75
opp|iite] FRE WS TIAY HMSIATIA] &

0O -1 o)
w=

T——
ok B exon'it ofYAIRE fAAzke] W] JFE =

%) promotor, enhancer F-%°]uU pre-mRNA<2| splicing
A S F= T, mRNA9| PP FaFE vIH
= 32 59 e 5}%_12_37]1:].63132 A=Y HE /\}%
Ql el W gl el YEFE A F JeHE F

F

FrrAAe}l FEEFAL
&, AE&e] FAHe]
Aol H fe] TUH 7ol %‘Hﬁzﬂﬁé( aplotypeyS 4
k= Wo] A 9tk dujA|F ol shte] Al
ol 2 sHA A8 Z4et A3t ¥1% 3 (linkage
disequilibrium)©. 2 ZEA|3h= ztzke] A Eo] shte] o
A2A A fFAEE AR ddA7IFNES] 43 7]
5 AEA =A% A ARA] B Tol eHT 9
o} B YA Y-S BAsho 24 thil o] ke A2l
= et farel o

HkEEAlolo] HHAE FHske Aol 7hssith
gk, dufjA| P ] WIw=r) AF7F Apojrt Jorzs 2 A
o= MDRI FAANA & ¥I=2 Yehs MDRI
exon 12 CI236T, MDRI exon 21 G2677T/A 2 MDRI
exon 26 C3435T¢] Al 74 ©dd7|thdAdS gH=relollA

AL,
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Hpo) - 25 -

o8

FARLAL o5 v R Al @Y7t duiAlge &
215190Th, o]FellA exon 12 2 269 ©AF7|TEALS of

u]i=Ake] Wy YERGA] 5= synonymous SNPO|3L exon
21 G2677T= 893¥ of|izito]l AladllA Ser®Z, G2677A
= olr|=to] AlaolA Thro2 W3}sl= non-synonymous
SNPo|t}. Exon 269] T alleles= P-gutwizlo] vre uls &
I FAZE dFo] BFEAWA H]E exon 260] ofr]=Ake
H3slE YO 71%] &= silent polymorphisme|y ©}4] B8]

A e o AT A By AT dS Aol
Zo] H3 AUthY MDRI exon 12, 21& exon 263 %
o] Lol AYFoz FHET Jom® oo exon 12,
21 2 269 dujAES p-FrbAe] WS =5 5= 9l
= AEZA o] 8T F AT

NOpT

Alek 2 717]

Genomic DNA extraction kiti= Promega*h(Medison,
WI, USA)A 439 AccuPower™ PCR PreMix,
primers, 100bp DNA ladder, 25/100bp DNA ladder,
50X TAE buffer, 5X TBE buffer %
(EtBr)= BioneerAHCheongwon-Kun, Chungbuk, Korea)©ll
Al FY3F. AT E A Hae, Ban, Sau3Al 2 Rsa <
New England BiolabsAH(Beverly, MA, USA), agarose™
USB™AK(Cleveland, Ohio, USA)IIA F3ke] AFE-3FATE

PCR7]Z Mastercycler Gradient(Eppendorf AG, Ham-
27199 %712 horizontal gel electro-
DNA®| =7]&
image visualzer(Seolin Scien-
tific Co., Y42 7]= UNION 55R
(Hanil Science Industrial Co., Ltd.,, Inchon, Korea)<,
deep-freezer= DF9014(1l-Shin Lab., Seoul, Korea)E, vor-
tex mixer= G560(Sciectific Co., Bohemia, NY, USA) &
2 AHgsisct.

ethidium bromide

burg, Germany)E,
phoresis  system(Toylab, Seoul, Korea)<,
R3] $18 SL-20 DNA

Seoul, Korea)E,

ALY

MDRI®] £18 4% 913 A 068 A4
=l EAE ]l ARIARE g R sisi & A A
heta ofshhsl F& AESHESE B A AT
& WINFAAILB(RB)S] A E AGM o] B <
& 53 F AFsiglod, sgaelAe A8 % B3
A SOl tigh SR dWe sl b -, AW FolE o
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Table I-Primers Used for Amplifying the Template

Name

Sequence

(1) MDRI exon 12 Forward
(2) MDR1 exon 12 Reverse
(3) MDRI exon 21 Forward
(4) MDR1 exon 21 Reverse
(5) MDRI exon 26 Forward
(6) MDRI exon 26 Reverse

5'-TATCCTGTGTCTGTGAATTGCC-3'
5'-CCTGACTCACCACACCAATG-3'
5'-TGCAGGCTATAGGITCCAGG-3'
5'-TTTAGTTTGACTCACCTTCCCG-3'
5-TGTTTTCAGCTGCTTGATGG-3'
5'-AAGGCATGTATGTTGGCCTC-3'

o1 rEHY

HAEZRE Y 3mLE EDTA FEo| 33 &
O]& 3000 rpmellA] 1037 FAEE S & WO 2 HE
Wizard Genomic DNA purification kits ©]-83}] DNAS
FZ35}%th. DNA hydration solution 100 pLell FZ&¥
DNAE &3llA1A £47H] -70°ColA] ¥ Basisint.

$Z%3% DNAZYE PCR-RFLPE o|&3lo] F43laA)
sk a7 do] 23 A2 9RES 3TV
L3l allele] ®Wololl wel 2+t primers #1238} tH(Table
I). PCR PreMix®] DNA FZ< 1uL, 10pmol primer
(forward, reverse) Z}Z} 1 ulA, autoclavedt S 17 uL
Hol WhgHS 20 uL= ST o] REGA-S 94°Ce A
7+ denaturation ¥3Z, 3037F 94°Col|A] denaturation, 30
Z7F 59.8°CollA] annealing, 30%7F 72°CollA] extensions
53] WHE3E & SEZF 72°Col| 4] extension Hv& FAHS E
8l MDRI C1236T, G2677T/A 2 (C3435T<] sk F*
o] TEHH g 21 T

PCR A= 2% agarose gelollA
oF 307F A Foll UV slellA
A7)E #ERro = SIS

3% DNA 27+8 543 Q7MEs A9 5+ U=
ASEAQ Haelll, Banl, Sau3Al 2 Rsale 3]
Al 16A17F B9 REEAIHTE ZERdl DNA 27h2 2.5%
agarose gelollX] A719%E5t] EtBrz oF 30871
o UV sl At Qx5 #2024 wild, hetero 2
mutant® & ZR1SHATE

r?ﬁ: ]

98]

71953t EtBr2
ZZ% DNA %719

MEEM U SAN HY

v S 5A) 2732 HapAnalyzer® 2 PL-EM”S
o] g3l F 4269 MDRI exon 12 CI1236T, MDRI
exon 21 G2677T/A Y MDRI exon 26 C3435T<] LujA|
S HA43599 0. GenotypingS Al3e A A|FE 7184
55+ A3} genotyping®Hd % MDRI exon 12, 21
2 269 A7 SddE7 Y] 8-S BT gk

oHYY A EE A)QStL MDRI exon 12, 21 2 262] Al
7R g7 el fRES BF I 4 dd Al
x Aejste] dujAIES Akt

MDRI C1236T

PCR A3} primer’t 212t MDRIS] 1174~1195 bp(F: 5
TAT CCT GIG TCT GIG AAT TGC C-3)¢} 1519~
1538 bp(R: 5-CCT GAC TCA CCA CAC CAA TG-3")
=] g7l Agatd 366 bp Z71¢] PCR productZ’t =
ZH At

A E A HaellFe PCR productdl] ¥H-AIA F43(C/C,
OT 2 T/TE)S A3t C1236TS] @A A7|tkgAd o]
EAete FEe] A714Y9S 5. gaagggC(T)ctgaacctgaagg

. 5--GG YV CC-3' \

...3'2 Haelll°] A% F-9]( 3CC 5 G5! »= C allele
oflut A1}, Wk C alleledro] Haelllol] WHS-ato] 2
3L, T alleledll= Haelll2] A 5971 SA|5HK] o} At
A etk 9, SdA7|E o] EAlSk= MDRIC
1236 bp 91%] ©]9]¢] FE (1270 bp)ell X Haelll2] HTH-S]
7} EA8te] C allele?t T allele 25 &40l o) 2
269bp F71°] HAEG APHAT. 22BE C/CHAANE
269, 62 2 35bp =71¢] DAN @Ho| A7|3, T/THeA
= 2699} 97bp F71¢] AHo] AZTh &, C/TRIAM= C
alleles} T alleled] B5F ZAISER 269, 97, 62 2 35bp
A71¢] AHo| rF AZE A cK(Figure 1).

A7195 o2 dekdl DNA A¥e] A715 s 23
C/ICEL A 426% 5 86"OZ 20.19%=, C/THS A
4267 T 198O Z 46.48%E, 18]I T/THS A 426
W S 1423202 3333%5 AA|SIATH(Table 1). C allele
= HA9] oF 43.43%F AAFAIL, T allele= HA ] <F
56.57%% A5l C alleleth ¥ & LS HTH(Table
).
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Figure 1-PCR-based diagnostic test for MDRI C1236T mutation.

MDRI G2677T/A

PCR Z3} primer’} 22t MDRI2] 2477~2496 bp(F: 5'-
TGC AGG CTA TAG GIT CCA GG-3)¢} 2679~2700
bp(R: 5-TTT AGT TTG ACT CAC CTT CCC G-3") ¢
z1e] 7)ol Agsle] 224 bp Z712] PCR product/t 5%
A

WA A& BanlS PCR productdl] WHSA|A #7413
(wild, hetero ¥ mutantd yS 231 TE G2677T/AS] T

02 of

Table II-A Number(Frequencies) of Genotyping Subjects in
MDR1 exon 12, 21 and 26 in Korean

71tk Ado] EAlske 2] H7IM G- 5. .agaagetG(T/A)et
. o " -GVGPVP Y
7} G alleles}d T allele R4 EA)84A] 2=t} 28}
primers 3P] 9715 exon 219] 97] F s}l tEA
A2Fslo] PCR producte] F714ES 44 exon 212] 714
A3} t=2A 31 Banle] AT F-3917}F AEHEE SIS o]
PCR product®] ¥H71AME-L 5'...agaaggtG(T/A)ccgggaagatg
ag...3'9Z t—¢(2679 bp)Z vl o] AAE ], G alleler} A
alleledll= Banle] AT F917F AAHEIL T alleledll= At

Rolsh EAI3HA) oreth. ol %8 @elA| ekl PCR pro-

SNP Genotype Number Frequency (%) ) )
c/c %6 20.19 ;a;l;éea}?II—Allele Frequencies of MDRI Exon 12, 21 and 26 in
C1236T C/T 198 46.48
T/T 142 3333 SNP €] #] Allele Allele frequency (%)
G/G 131 30.75 C1O36T C allele 43.43
G/T 180 42.26 T allele 56.57
G2677T/A T/T 42 9.86
G/A 32 7.51 G allele 55.63
N 20 7% G2677T/A T allele 34.51
’ A allele 9.86
C/C 165 38.73
C3435T c/IT 214 50.24 C3435T Callele 63.85
T/T 47 11.03 T allele 36.15
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Ban I
Intron
2677G/A Exon 21
G/A > o
198 bp 26 bp
Intron
2677 T Exon 21
_> 4_
224 bp
G(A)
Mark G(A)/T T/T
TG
[
=]
R
300 224
200 - 198
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Figure 2—-PCR-based diagnostic test for MDRI G2677T/A mutation (1).

duct 7191 224bp Z7|¢] HHo R AFE T/TIYR WA
T8 AR F R allele B Algka o] ofs) &
1987 26bp Z71¢] DNA ZHo] A7l AL GG G/A
9 A/AFS] VA 7S F VR 5 AL & AN
9] allele Tto] 24 224, 198 2 26bp =7]2] DNA #
Hol A7l R Gt TAZS 271A 4% T shirt |
CHFigure 2). 2 22, G allele®} A alleles TE3}17]
8 TITEeZ E1E ZS A|9lst AlE2] PCR products
o 5GTV 4C--3
Rsal3F WA ZATE. Rsal®] Ao H-9&= (3,.__CA N TG~~-5‘)
2 A alleled]A % 2=}, Exon 212] 2677bp 913 ©]9]
o] K (2595 bp)llA] o] &l Ak F97} EAste] o=
alleledl A=A 118 bpe] DNA Z¥o] AT} o]&A &}
o] A allele7} 31Ul G/AS T/AE o™ 118, 106, 82 2
24bp =71¢] DNA E¥o| AAHAL, A/AF o]H 118,
82 2 24bp F7]2] DNA HHo] A= AT 18] ©d
A7t A o] EAshs F-9lol A alleler} globd o FE&

Rsa I
|
Intron )
2677G/T Exon 21
_’ 4—
118 bp 106 bp
Rsa I Rsa I
Intron
2677 A Exon 21
—» <
118 bp 82 bp 24 bp
Marker G/G G/A A/A G/T T/A
A

200

150

100 | N ‘ 106
-

p— 82

24

Figure 3-PCR-based diagnostic test for MDR1 G2677T/A mutation (2).

a2 osf ZElA] eko} 11892} 106 bp =712] DNA ZHH#
o] A=A (Figure 3).

PCR-RFLPE %3+ G2677T/AS] +48 B4 4w, GIG
He AA 4268 F 131HOE 30.75%=, GTIES AA
426 F 180HOE 4226%=, T/THS HA| 4264 F 42
HOZ 986%S, G/AB-S A 426 T 2HOE 7.51%
2, TAES AA| 4268 T 30HE 7.04%=, A/ATS
AA 426 S 112 2.58%F ZA|SIATHTable 1N). G
allele= @A) °F 55.63%=, T allelee A °F 34.51%
£, A allelees AAQ] 9.86%F AA|sl] G allele?} 7H
Z HI=E BHATK(Table III).

MDRI1 C3435T

PCR A} primer7} 2tz MDRI®] 3274~3293 bp(F: 5-
TGT TTT CAG CTG CTT GAT GG -3')¢} 3451~3470 bp
(R: 5-AAG GCA TGT ATG TTG GCC TC -3y} &

J. Kor. Pharm. Sci., Vol. 38, No. 6(2008)
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Table TV-Haplotype Frequencies of MDR1 Exon 12, 21 and
26 in Korean

Haplotype
frequency (%)

8.03
0.83
29.96
3.36
1.22
0.03
0.82
0.30
20.06
2.14
3.76
29.49

Exon 12 Exon 21 Exon 26

>

— 4 9 A4 39000000
- 4 Qa0 > > 494 49 Q0 Q »
- 0O=2 0409030350

=] @71l AgFeted 197bp =7]12] PCR product’t 5
ZE AT

AFE2 Sau3AIE PCR productol] WHSAIA 43 (C/C,
C/T 2 T/TE)S FA3HATE C3435T9] T A7t Aol
A Tt F7IME2 5. .acaggaagagatC(T)gtgageg
cage.. 3% Sau3dre] ek 39)(5 GATC 3 e ¢ yiele

3'CTAGA5|

olgt Easict. webrA C allele?to] Sau3dll WHE-sle] 2
213, T alleledl= Sau3Ale] At F-971 EA)81A] ol 2
A Ferh 2 43, C/CBolME 1587 39bp =719
DNA F¥#Ho| AL, T/THolM= L] PCR product =
7191 197 bp=7]9] HHvlo] AZ=YLE & C/THMA= C
allele?} T allelec] 5 EA3I2E 197, 158 & 39bp =2
71¢] dHo] 25 H2E A TH(Figure 4).

PCR-RFLPE %3} (C3435T9| #4438 &4 Az}, C/CE
2 A 426 F 16580 38.73%=, C/THS HA 426
W F 214707 50.24%F 123 T/TE-> A 4268 5
4TEOE 11.03%=5 A8 tH(Table 1). C allele= %3] €]
°F 63.85%= AU, T alleles AA2 °F 36.15%=
A8k C allele’t T 2 WIES B tK(Table IIN).

Ubix|S 2N

426729 MDRI exon 12 C1236T, MDRI exon 21
G2677T/A 2 MDRI exon 26 C3436TS] A 712 @l
1AM FARS A% A3 BEOlE Sto] Yu)
AgE LAsI. Yee 5 e diiAlge 25 127F

A(2x3x2=12)°|H o]FoM CTTES Algk v dul

J. Kor. Pharm. Sci., Vol. 38, No. 6(2008)
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Figure 4-PCR-based diagnostic test for MDR! C3435T mutation.
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Figure 5—Haplotype frequencies of MDRI exon 12, 21 and 26 in
Korean.
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Figure 6—Comparison of haplotype between Korean and other eth-
nic groups.?
2 29.49%% 53]
Figure 5).
olgia Fe] Wl 7} Al Ao]E By W of
2} Q1% ol ol A FolE UEpiT. B A6l

o O
= HES

2} 2] 1A CH(Table 1V 2

=
AL Flolo| Aol MDRI exon 12, 21 @ 269 UujA|s
B4 Aol g =E%A BuE =, wyolalel, 9%

o

o] UuAE A s v|ws| BTt S <l
ERlolM = TTTY Hl&o] 7P A Vehgor dgolA]
olRloA= TGCE] Hl&<], gH=isle) o= CGCe vl&
o] 7P =A dEhsth 28y Ul 1% BFelA CGC,
TGC, TTTE] vl&o] th2 LulAlE Ho} JuFo=z wf$-
A Jepgor dAFoz vsd e YeplE 2AS
el & & ISt

AEQle] 9= vy 4 A3} 4l MDRI exon
12, 21 2 269] allele frequencyS H]W3IATHS dl=t2lo) A
9] MDRI exon 12¢] C¢} T allele Z}7} 43439} 56.57
%A EQlAM = 3859 61.5%A oM gh=rlollA 9]
MDRI exon 212] G T ¥ A allele> ZHz} 55.63, 34.51
2 9.86%A. LEQINME 43.0, 39.0 2 18.0%T}. T
QlollMe] MDRI exon 262] C} T allele ZH7} 63.859%
36.15%A 3 LEME 6149 38.6%ITE LESINA
MDRI exon 129] T allele®] =910l HT} oF 59 A%
A JePA, exon 21 3 A alleleo] <F 9% A= 3k
=1 A YEREO Y, exon 2604 LE213} H|S=S)
TFRE B3 ch(Figure 6).
& =

[*]

P-FEhl AL ATP 9|4 efflux pumpEA B &S

7 71AR Fe] ofEe] F, BE Y b 9T v
£ Fo8 FoAoln. pRwe) wdl 9 Jlee xda
d
=

s}
MDR! §7A}] t37d (polymorphism) P-FEHa 2 o]
1o xjole} 7 p-gehiide] 7)do] He oF=e] A
o]§-El zpolE 7HA2th i HAF M= p-FehuiEe]
3 FAdE AT X MDRI exon 12, 21 3 26
o sk GLdA7ITHEA ] RIEE PCR-RFLPE ©]&
ste] ZAFSIATH
2 AI exon 12 C1236TE] T allele frequency+
56.57%, exon 21 G2677T¢] T @ A allele frequency=
3451% % 9.86%, L3 exon 26 C3435T2] T allele
frequency= 36.15%% ZH7F YERATE AR HAPS vt
HOR EM €SS ol8dt duiAlES stk 2
A3 Jerg e 12709 dufARe] B dEE i om,
CGC, TTT 5 TGCe| APl 53] w2 W=
= At

HAte| 2

E AFE 20079% 35 == A7)E7 A
of oJajr A= o] FPHAOH, olo] A=
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