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Genetic Association of Mitochondrial DNA Polymorphisms with Type 2 Diabetes Mellitus
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Abstract
Background: Although many single nucleotide polymorphisms (SNPs) of mtDNA have been found to be associated
with type 2 diabetes mellitus, the results of studies using different population samples and different methods are
mixed. Therefore, we conducted a genetic association study of mtDNA SNPs and type 2 diabetes mellitus in a
Korean sample and compared our results with those of studies conducted in other human populations.
Methods: A total of 298 blood samples from 147 type 2 diabetic patients and 151 normal controls were
surveyed for SNPs via PCR directed sequencing. Sequencing analyses were performed using the SeqMan module
of the DNASTAR program. The identified SNPs were compared to previously reported SNP lists on NCBI and
V-mitoSNP.

Results: A total of 24 SNPs were identified in the MT-RNR2, MR-TL1 and MT-ND1 mtDNA genes in Korean
type 2 diabetes mellitus patients and normal controls. The SNPs identified in the Korean sample were not
closely associated with the type 2 diabetes mellitus phenotype, a significantly different result from those
previously observed in European, Chinese and Japanese samples. Additionally, a haplotype and prevalence
analysis could not detect any differences between the type 2 diabetes mellitus patients and normal controls.
Conclusion: The 24 mtDNA SNPs were not associated with type 2 diabetes mellitus risk in our Korean
sample. The results of the present study support the possibility that mtDNA SNPs have a differential effect
on the risk of type 2 diabetes mellitus according to geographical origin. (Korean Diabetes J 33:382-391, 2009)
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Table 1. Clinical characteristic of Korean T2DM patients and normal control subjects

T2DM subjects

Normal subjects

Male Female Male Female

(n = 35) (n = 112) (n = 63) (n = 88)

Fasting blood glucose (mg/dL) 138 + 56.6 112 + 438 89 + 15 91 + 8.1

HDL-cholesterol (mg/dL) 44 £ 13 49 £ 13 52 £ 11 57 £ 13

LDL-cholesterol (mg/dL) 102 + 37.1 112 + 26.1 94 + 24 94 + 23

HbAlc (%) 7 + 193 6 + 1.41 5.1 £ 03 49 + 1.1
BMI (kg/m’) 24 + 3.77 24 + 445
Fasting serum insulin (mU/L) 6 + 6.09 6 + 9.61

Data are means + SD. BMI, body mass index; HDL, high density lipoprotein, LDL, low density lipoprotein, T2DM, type

2 diabetes mellitus.
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Table 2. Identified SNPs on the MT-RNR2 gene
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Gene name
Map position (np)
Description

Nucleotide change 3010 3145
G/A A/G

T2DM Major allele 101 147
minor allele 46 0

Normal Major allele 109 150
minor allele 42 1

MT-RNR2
1671-3228
16S ribosomal RNA

3169 3202 3203 3206
C/T T/C A/G C/T
147 147 147 135
0 0 0 11
150 150 150 144
1 1 1 7

* SNP previously reported to be associated with T2DM. SNP, single nucleotide polymorphism; T2DM, type 2 diabetes

mellitus.

Table 3. Identified SNPs on the MT-NDI1 gene

Gene name
Map position (np)

Description

Nucleotide 3308

change T/C G/A T/C A/G A/G G/A

Amino acid M/T A/T G/R Y/H

change

T2DM Major 146 143 143 146 145 145 141
allele
Minor 0 3 3 0 1 1 5
allele

NL Major 150 150 150 150 151 151 143
allele
Minor 1 1 1 1 0 0 8
allele

145

151

MT-ND1
3307-4262

NADH Dehydrogenase subunit 1
3316 3336 3343 3378 3301 3394 3399 3421 3426 3447 3487 3496 3497 3520 3523 3535 3537
T/C A/G G/A A/G A/G C/T G/T C/T

A/G A/G T/C A/G
A/S AV

146 146 146 145 146 143 146 146 145 142

149 149 150 151 150 145 149 149 151 150

* SNP previously reported to be associated with T2DM. SNP, single nucleotide polymorphism; T2DM, type 2 diabetes mellitus.
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Fig. 1. Sequence results of PCR product amplified from target sequences contain SNPs on MT-RNR2 gene. The arrows
indicate the variant bases. A. SNPs were observed from both T2DM and normal subjects. B. SNPs were observed from
only normal subjects. SNP, single nucleotide polymorphism; T2DM, type 2 diabetes mellitus.
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Fig. 2. Sequence results of PCR product amplified from target sequences contain SNPs on MT-ND1 gene. The arrows
indicate the variant bases. A. SNPs were observed from both T2DM and normal subjects. B. SNPs were observed from
only T2DM subjects. C. SNPs were observed from only normal subjects. SNP, single nucleotide polymorphism; T2DM,

type 2 diabetes mellitus.

386



siEfs 2| 49!

3497 C/T heteroplasmy
34|9l] JSIDD i
CCTAAAACCCGCCACATCT2

CCTAAAACCCGCCACATCTYZ

Wy

‘Mw ;

A Nm

CETAAAMECEGNCAC}\ C 1‘

3206 C/T heteroplasmy
32IUD 3Z|10 :

0|EZ=2(0} DNAA

o B

3206 C/T heteroplasmy

3200 3210
| 1 I 1

TATTATACCCACACCCACC!

TATTATACCCACACCCACC.

{ fn
\ [
Wl |f

TATTA ACCNACACCCACC\

i }(‘\ \‘ \‘ “ “J ) 'jﬂ [U\ ”1 "

TATTATACCNACACCCACC!

A} CHeMnt m2d &

mHTle| olpk

HI

o

A

=

Fig. 3. Heteroplasmy observed from 3 individuals. The arrows indicate the variant bases, shown heteroplasmy. A.

Heteroplasmy on MT-ND1 gene was observed from one T2DM patient. B. Heteroplasmy on MT-RNR2 gene was

observed from two normal individuals. T2DM, type 2 diabetes mellitus.

Table 4. Distributions of genotypes for the 7 SNPs identified from the Korean T2DM and normal control subjects

Genotype (Frequency)

Gene Locus - - OR 95% CI P-value
Major Minor

MT-RNR2 3010 (G/A) T2DM 0.687 0.313 0.85 0.51~1.39 0.511
Normal 0.722 0.278

3206 (C/T) T2DM 0.925 0.075 0.60 0.22~1.58 0.300
Normal 0.954 0.046

MT-ND1 3316 (G/A) T2DM 0.979 0.021 0.32 0.03~3.09 0.323
Normal 0.993 0.007

3336 (T/C) T2DM 0.979 0.021 0.32 0.03~3.09 0.323
Normal 0.993 0.007

3394 (T/C) T2DM 0.966 0.034 1.58 0.50~4.94 0.434
Normal 0.947 0.053

3497 (C/T) T2DM 0.979 0.021 1.97 0.48~8.04 0.343
Normal 0.960 0.040

3537 (A/G) T2DM 0.966 0.027 0.24 0.03~2.14 0.200
Normal 0.993 0.007

CI, confidence internal; OR, odds ratio; SNP, single nucleotide polymorphism; T2DM, type 2 diabetes mellitus.

Table 5. Haplotype frequencies and evidence for T2DM association using 7 SNPs identified from the Korean

T2DM and normal control subjects

Haplotype Number (Frequency)
NO 73010 3206 3316 3336 3394 3497 3537 T2DM Normal OR 95% €I P-value
1 G C G T T C A 8 (0589) 95 (0.629) 084  053~135 0.479
2 A C G T T C A 330226 310205 113  065~1.97 0.664
3 A T G T T C A 110075 8 (0053) 146  057~3.73 0.433
4 G C G T C C A 5(0.034) 6 (0.040) 086  026~2.87 0.802
5. G ¢ G T T C G 3 0.021) 6 (0.040) 051  0.12~2.07 0.343
6 G C G T T C G 4 (0.027) 1 (0.007) 423  047~3826  0.200
7 A C G C T C A 2 (0.014) 1 (0.007) 208  0.19~2323 0551

CI, confidence internal; OR, odds ratio; SNP, single nucleotide polymorphism; T2DM, type 2 diabetes mellitus.
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