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Comparison of PCR-RFLP and Real-Time PCR for Allelotyping of
Single Nucleotide Polymorphisms of RRM1, a Lung Cancer Sup-
pressor Gene

Ju-Yeon Jeong, M.S.', Mi-Ran Kim, M.S.", Jun-Gwang Son, M.D.2, Jong-Pil Jung, M.D.2, In-Jae Oh, M.D.2,
Kyu-Sik Kim, M.D.2, Young-Chul Kim, M.D.?

'"Medical Science Laboratory, gDepamnent of Internal Medicine, Chonnam National University Medical School, Hwasun, Korea

Background: Single nucleotide polymorphisms (SNPs), which consist of a substitution of a single nucleotide pair, are
the most abundant form of genetic variations occurring with a frequency of approximately 1 per 1000 base pairs. SNPs
by themselves do not cause disease but can predispose humans to disease, modify the extent or severity of the disease
or influence the drug response and treatment efficacy. Single nucleotide polymorphisms (SNPs), particularly those within
the regulatory regions of the genes often influence the expression levels and can modify the disease. Studies examining
the associations between SNP and the disease outcome have provided valuable insight into the disease etiology and
potential therapeutic intervention. Traditionally, the genotyping of SNPs has been carried out using polymerase chain
reaction-restriction fragment length polymorphism(PCR-RFLP), which is a low throughput technique not amenable for
use in large-scale SNP studies. Recently, TagMan real-time PCR chemistry was adapted for use in allelic discrimination
assays. This study validated the accuracy and utility of real-time PCR technology for SNPs genotyping

Methods: The SNPs in promoter sequence (-37 and -524) of lung cancer suppressor gene, RRMI (ribonucleotide
reductase M1 subunit) with the genomic DNA samples of 89 subjects were genotyped using both real-time PCR and
PCR-RFLP.

Results: The discordance rates were 2.2% (2 mismatches) in -37 and 16.3% (15 mismatches) in -524. Auto-direct
sequencing of all the mismatched samples(17 cases) were in accord with the genotypes read by real-time PCR. In
addition, 138 genomic DNAs were genotyped using real-time PCR in a duplicate manner (two separated assays).
Ninety-eight percent of the samples showed concordance between the two assays.

Conclusion: Real-time PCR allelic discrimination assays are amenable to high-throughput genotyping and overcome
many of the problematic features associated with PCR-RFLP. (Tuberc Respir Dis 2007; 62: 406-416)

Key word : SNP, PCR-RFLP, Real-time PCR, RRMI.
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FRHET AL
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F the 13,000 rpmell A 5&7F A4liEe she] 33
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e Hol= 971449 1A -37(Genebank accession
number AF1070452] 1038 1) 5915 E s}l pri-
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Table 1. Primer sequences for PCR-RFLP of -37 and
-524 SNP* of RRM1t gene

SNP Primer Sequence

- 37 F:5— GGTCT TGCCC AGACT CAACA — 3
R : 5— CTGCT CAGGG GAAAG AACTG — 3

- 524 F: 5 — ATACC CTGTC TCTGC CACCA — 3
R:5—C AGATC GGCCA GAGGA — 3

F: Forward; R: Reverse.
*SNP: single nucleotide polymorphism, ¥ RRM1: ribonu-
cleotide reductase M1.

thermal cycler(Norwalk, CT)E ©]&3| A|as}92
w WRSAES (U9 Tag DNA polymerase(Super
BIO Co. Ltd)¢} M| 40 ng] genomic DNA, 800 uM
o] dNTP, 200 nM Z+2}2] primer, 1.5 mM MgCl,, 50
mM KCleZ &to] & w88 20 w2 3tTh +
9] primer B 212} U Tl A 5%7F denature 471

T UTCAAA 30x 55C°ﬂ/‘1 30%, 72CoAA 17 7 dk

235 &x $3LS 353 HHEsl vpx|Eto g 72°C
ol A1 1033t ‘ITX] T 4TE YA A PCR 34 o]

w3 SENES 2% agarose gel oA 719
< ato] & o HE gl
(2) Astasr = ‘1114(Enzyrne digestion)
SHEL Akl o8 FEH= E7]
www.neb.com®] A|3t& A search programoﬂ
5 =377 -5245-91E AR Al Alg
Zhokth RRMI -379A 7]+ C/A A& Hol=
)
]

Foi' 2
l~> Y PN
rot

AA=ZM o= Agasd Bbs I 02 F3E F U=
ol o] 4% GAAGACNN(NNNN) ¢7]Hjd S ¢]of
A Adkgit), B3k 5249 -+ T/C 38 Hol
= YA EHN o= AFFEA Apo ] 0.2 FEE & 9
<=d, o] ¥4 (Aor G) + AATTY + (Cor T) &7]
w9 S 9jojA Adsith. RRMIL 374 A= 10 102
PCR SZ2H=9] 10U Bbs I AlgtaAE H7tslo] 3
TCoA 16417 o) REEAIZ oW 524+ A=
10U Apo I A& AE 10 9] PCR S3AH=<] A7}
ako] S0ColA] 2413 o] WhEAI AT Alda A Wk
% 2% agarose gel UolA #7955 Aldsteo] At
g0l o3 F4% DNAS Z7|& g913to 24 t}

R R

CC CC cCC

300 bp
200 bp

100bp

CC cCC

cc T1 TT 71T

CC TC

CC CA CA AA CC

176 bp

106 bp
70 bp

cc 11T TT TT

Figure 1. Allelotyping of RRM1 by restriction enzyme digestion.

(A) RRM1-37 C/A polymorphism. Restriction enzyme Bbs | cuts when -37 base is A. Homozygous A allelle type
(lane 3 from left shows complete digestion into 156 bp bands. Homozygous C allele type (lane 4 and 7) have
original 217 bp bands only without digestion. The primer dimers are seen in all the lanes that are barely
distinguishable from 61 bp bands in lanes with CA or AA. (B) RRM1 -524 T/C polymorphism. Restriction enzyme
Apo | cuts when -524 base is T. Homozygous T allelotype (lane 2, 5 and 6 from left) shows complete digestion
into 70 bp bands. Homozygous C allele type (lane 3 and 4) have original 176 bp bands only without digestion.
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Table 2. Primer and probe sequences for real-time PCR of -37 and -524 SNP of RRM1 gene

SNP Substitution Oligo Sequenceb’-)3" (fluorophore/quencher)

-37 C-A Probe- C (6-FAM)-TGTGAAGCCTACCCCG-(3BHQ)*
Probe- A (HEX)-TCTGTGAAGACTACCCC -(3BHQ)
Primer- F CTTGCCCAGACTCAACAT
Primer- R CCAGACAGCACTTTCTTCAG

-524 T-C Probe- T (6-FAM)-AGAGAATTTTAAGCAGG-(3BHQ)
Probe- C (HEX)-AGAGGATTTTAAGCAGG-(3BHQ)
Primer- F TCCATCCTACCTCCACAAGG
Primer- R CGATGGCGTTTGGATTTTAT

*BHQ: black hole quencher.

G Fiol o FHaAEe 24k thFigure

3) AAlZE #EA E=(Real-time PCR)

Gene bank(http:/nchinih.gob/) 258 A& -37,
-5249] 718 & prohgo(Pans France)oll ¢33,
FAA FZRT-PCR)Yl 2R3 primerst 7+
alleles A2 & 9= pnmer/\}o]iﬂ SNPZ ¥3}3k
TagMan probesE& UAFRl, A|#stal RT-PCRell <
3 Z}Ze] polymorphisme #9218kt RT-PCRell
o]-8-3 primer$} probet= Table 29} 2t} §344 5
Z gkg-ole] A48 genomic DNA 10 ngoll 05U Taq
polymerase$} 10x buffer 1 w, dNTP 200 uM, 5pM
Primer 242} 05 ), 2oM probe 0.1 w2 27}, &
SHS 10 ub= Atk %HTolA 5%-7F denaturer]
:‘;5‘ BT 10%, 64Tl A 30%7F vESehe 2%

Z71& 403] ¥HEskelar, Roter-Gene 3000TM
mult1plex system(Corbett Research)Z o]-&3a =3}
st om, A3 FA4 L o]of Agete v e
(Roter-Gene software 6.0)2.2 Az24 3}
(Figure 2).

H> LT

4) 7\ 24 (Auto-direct sequencing)

ZZH PCR F$Z4HeS Gene All PCR Purifi-
cation kit(General Biosystem, Seoul, Korea)& A}-&
gt AAG vh5 A7IME Aol o]tk For-

word primer 1.6 pmol/ul 110, Big Dye Terminator

(ABI-version 3.1) 1, AA" PCR & %ﬁ% 1,
5x sequencing buffer 2 pf, Wit 5 plZ Z WS-
10 w7 H=% 3 $ 95C 10%, 50C 5%, 60T 4%
o8 7 soxAS 263] vREAIT] F olekE F
AHAE Bt vEeETRS AAls Tk AAlE vk
$ES AxA7]3L formamide] =<1 ¥ ABI Prism

3100 Genetic Analyzer(PE Biosystems, Foster City,
CA, USA)Z 971M48S 45 th(Figure 3).

5) SA
RRMI1GH A1) thad e 7h7ke] 920l A alleles
o] ¥%7} Hardy-Weinberg equilibrium'®S w}2 =

A chi-square AZo.& gHelalit}.

Z I

1. PCR-RFLP

89941 9] genomic DNAE ©]-& RRMI1 -373} -524+
A2E 27 PCR S35t -37¢] $34ks A7)
= 217 bp, -524¢] =7]+= 176 bpo| U th

RRMI -37HA 97]= C/A BHdA& Hol= 91|
olty. 7wl o3 dat= A= FF HA=A
% @2 PCR 5340 10 U Bbs IS A g

1_]_‘__
shal WAl A} 3791 A] 0] CE 7HA AL e A
A= AeEA] i 217 bp7t 2= B Hlow,
AZS A1 = AAE 156 + 61 bpzE Avke e
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Figure 2. Allelotyping of RRM1 by real-time PCR (TagMan probe assay) Allelic discrimination of genotyping by
auto analysis software 6.0 program of Roter-Gene after RRM1 amplication. (A) genotype analysis result (B) scatter

graph analysis result.

o] FEAMEo] 2% agarose geldollx 2Ho1¥ 9t}
(Figure 1A). T3t -5249] 9= T/C thaAd S Hol
= $IAZA PCR SZAH=l 10U Apo IS A2l

HES-AIZL A3 T & 74 3L 9l A= 176 bp7t
2ol o)sf AekE]o] 70 bp + 106 bp 7] THo]

H3 CE /M3 Q= PAE dasA e 176

bo{r —10[-
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2. Real-time PCR

SNPE glst=d| 9lo] PCR-RFLP Wyo= &
13t Azte} RT-PCR WS &3l 1% A7} o
= AR YAEE Hol=A HlaL FAE] ®o)9js) o
A PCR-RFLP& Al gd &Y DNAAE 894 & o

4o Z RT-PCRE A&ttt o= 34t S30]
i} FAl EEe] ;ﬂfﬂﬂr@ glo] HUE “dollA

]

iz A% HAF 5 Yo Ao

Table 3. Comparison of allele frequency at -37 and
-524 region of RRM1 gene between PCR-RFLP and
RT-PCR. The results from RT-PCR were validated
using Hardy-Weinberg equilibrium.

SNP PCR-RFLP  Real-time PCR Expected
(n=89) (n=89) frequency
- 37
cc 42 42 425
CA 39 39 38
AA 8 8 8.5
Error rate* = 2F /89 ( 2.24%) X* =0.03 , p » 0.05
- 524
T 45 42 411
TC 28 37 38.7
cC 16 10 9.1

Error rate = 15 /89 ( 16.85%) X*> =0.09 , p ) 0.05

*Errors / Total genotypes, T Mismatched results of two
samples were changed to CC—CA , CA—CC.

SNPZ&3 o] homo wild typeo]2hd FAM &33=
1k B o)A 1 homo mutant type®]2Hd HEX
FarAut hetero type’d-$-ol = FAM, HEX 9%
o] IF HHE AT Z47He] AFol g F Y=
Uet = e s S8l A EAzZ=a
genotype analysis B+ scatter graph analysis®=
SNP 2§88 #<lstar PCR-RFLP Z¥}e} njw &
At Table 3)(Figure 2). 8945 tjAo=
RT-PCR< &3l A A& 2Akske] & 23
379719 A] el A= CC (42 ), CA (39 ), AA (8)
o]l -524+= TT (42 ), TC ( 37 ), CC (10 )°]%d
=3

2 oft X

o o Jf
©

lo

3. PCR-RFLP: RT-PCRQ| &1} H|jw
& glst=d lol PCR-RFLPH
Aol RT-PCRYES F3 &¢13 2
& Hol=A] Ayry| 9 sdd
A} 89¢)2 vt o 2 PCR-RFLP¢ RT-PCRS 2 4
Aleggh 5 glyl A vlas] Btk g4 D
89¢] % RRMI -37¢l1 4= 201] (2.17%), 52401 H% 15
o (16.26%) 7} th2 S HATHTable 3). -37¢14
Hd Edx e CA7} CC=, CC7} CAZ ##
3L, 5240 = CC—CA7} 84, CA—AA 59,

[—37] [-524]
ccC
|} M |II i (T .
Al fl\\ Wi Allelic 1 A\F"" W\.‘H ﬂ!'
X LY A Homozygous LA )
CTGTG-AAGCCTACCCC GGG GUTLAMATTCTCTC AGGG
‘l‘i}ca
NN, o
o/ W j
1t WAL Heterozygous
I_,Tif’ }-j—nns; r*ll\L,l_,CCGGGI TECT .IA o 111‘!"'"1"5 [l
+
i
i1 Allelic 2
i A Homozygous W MW"
CIGLGE=AAGAC TAC CCC GGG ]m_‘i“f'gl‘:;_: e “_A:h‘_r

Figure 3. Allelotyping of RRM1 gene by auto-direct sequencing.
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CC—AA, AASCCP} 217} 164 8hols) i),

4. NG 2N 2

PCR-RFLP®el ©]§ ZAste} RT-PCRYel 2%
A7y JASHA] G 1745 oz Bes f
A G sl Ae A7IAE BAES AFsdt
(Figure 3). A3} -370l14 2L A 242} -5240]
1] 15011 TF RT-PCRHYIA -@JEJ Ej allele

typed} ¢ 18}%} PCR-RFLP
1-

rnpleteJ 5
A2l 9o AUNH Ao 2 AT E O] ZH), o] 24
FHo 24 PCR-RFLP 23
H 55 Folst

)

M

P Aglef A RT-PCR¥ O] A<l 100%°] 71718
AREE BlW A3E 7o s djx F7HIE 138
o= RT-PCROl I3} allele type latsitt. 14
t’d DNA 1380l ok A& gelsta FU4E
& Wde2 RT-PCRYS A it Alste] A3ks
Jarske] ¥ A3k, 138¢] F -37 2¢lell A, -524+= 3

11

Table 4. Comparison of allele frequency at -37 and
-524 region of RRM1 gene in duplicated RT-PCR
experiments. The results from RT-PCR were
validated using hardy-weinberg equilibrium.

SNP RT-PCR-1st RT-PCR-2nd Expected
(n=138) (n=138) frequency
- 37
cC 85 85 86.1
CA 48 48 41.8
AA 5 5 6.1
Error rate* = 2t /138 ( 1.4%) X* =0.17 , p ) 0.05
- b24
TT 87 86 86.8
TC 46 47 45.2
CC 5 5 5.8

Error rate = 3% /138 (12.1%) X*> =0.09 , p ) 0.05

*Errors / Total genotypes, ¥ Mismatched results of two
samples were CC—CA and CA—CC, ¥ Mismatched results
of three samples were TC— TT, TT— TC and TT—TC.
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