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Abstract: We developed an oligonucleotide biochip for synchronous multiplex detection of 31 known mitochondrial DNA
mutations associated with MELAS (Mitochondrial encephalomyopathy with lactic acidosis and stroke-like episodes) and
MERRF (Myoclonic epilepsy with ragged red fibers). Allele-specific oligonucleotide probes were covalently immobilized
on aldehyde modified glass slides, and then hybridized with Cy5-labled DNA fragments amplified from sample DNAs by a
multiplex asymmetric PCR (MAP) method. Five patients with MELAS, 5 patients with MERRF and 20 healthy controls
were investigated using the oligonucleotide biochip. The results showed that all the cases with MELAS had an A3243G
mutation in the MT-TL1 gene. In the MERRF group, 4 cases were found to be an A8344G mutation and 1 case was a
T8356C mutation, and both mutations were in the MT-TK gene. In the healthy controls, none of the 31 related mutations
was found. The results of the DNA biochip were consistent with those by DNA sequencing. Clearly, the DNA biochip com-
bined with MAP method would become a valuable tool in multiplex detecting of the point mutations in mtDNA leading to
MELAS and/or MERRF syndrome. Moreover, this biochip format could be modified to extend to the screening scope of
SNPs for any other human mitochondrial diseases.
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Table 1 PCR primers
57 PCR
Primer name Sequence (5%37T 5 “end begins PCR product length (bp)
1F TTGGCGGTATGCACTTTTAAC 407 241
1R TGTTTATGGGGTGATGTGAGC 647
2F CTGAAATCTGTGGAGCAAACC 8175 384
2R GCAATGAATGAAGCGAACAG 8 558
3F ACCAATCCTACCTCCATCG 14 366 494
3R CCAAGGAGTGAGCCGAAGT 14 859
4F TCTTCAATCAGCCACATAGCC 11 624 587
4R TCTCGGTAAATAAGGGGTCGT 12 210
5F CAGCCGCTATTAAAGGTTCGT 3017 821
5R TGGCAGGAGTAATCAGAGGTG 3837
6F AGTCGTAACATGGTAAGTG 1558 157
6R GTTGTCTGGTAGTAAGGTG 1714
7F CACTTTACATCCAAACATC 9882 256
7R GTTGTGGTAGTCAAAATGT 10 137
8F ACTAATAAGTGGCTCCTT T 3768 740
8R ATGGTAGAGTAGATGACGG 4507
oF TCATCTTCCTAATTACCAT 12 701 919
9R AGAATTATTCGAGTGCTAT 13 619
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Table 2 Probes for MELAS-MERRF biochip

(5 TNH2-(T)15-XXX XXX XXX XXX XXX-3 T

Probe name Code Strand Sequence(5 TNH;-(T)15-XXX XXX XXX XXX XXX-3 T Length (bp)
583 w 1 L GGTAAGCTACATAAACTG 18
583 m 2 L GGTAAGCTATATAAACTG 18
1642 w 3 L TGAAATCTCCTAAGTGT 17
1642 m 4 L TGAAATCTTICTAAGTGT 17
3093 w 5 L AGAAACCGACCTGG 14
3093 m 6 L AGAAACCCACCTGG 14
3243w 7 L ACCGGGCTCTGCCAT 15
3243 m 8 L ACCGGGCCCTGCCA 14
3244w 9 L ACCGGGCTCTGCCAT 15
3244 m 10 L ACCGGGITCTGCCA 14
3252w 11 L TTATGCGATTACCG 14
3252m 12 L TTATGCGACTACCG 14
3256 w 13 L GTTTTATGCGATTACC 16
3256 m 14 L GTTTTATACGATTACCG 17
3258 w 15 L GTTTTATGCGATTACC 16
3258 m 16 L AGTTTTGTGCGATTAC 16
3271w 17 L CTGACTGTAAAGTTTTAAG 19
3271 m 18 L GACTGTAAGGTTTTAAGT 18
3291w 19 L GAAGAGGAATTGAACC 16
3291 m 20 L AGAAGAGGGATTGAAC 16
3376 w 21 L TTCGTTCGGTAAGC 14
3376 m 22 L TTTCGTTIGGTAAGC 15
3697 w 23 H CCTGATCGGCGCAC 14
3697 m 24 H CCTGATCAGCGCAC 14
3946 w 25 L GGCGTATTCGATGTT 15
3946 m 26 L GCGTATTIGATGTTG 15
3949 w 27 L GGCGTATTCGATGTT 15
3949 m 28 L GGCGTGTTCGATGT 14
4332w 29 H TTATTTCTAGGACTATGAG 19
4332 m 30 H TTATTTCTAAGACTATGAG 19
9957 w 31 L CATACAGAAATAGTCAAA 18
9957 m 32 L CATACAGAAGTAGTCAAA 18
12770 w 33 L CTACGCCCTCTCAG 14
12770 m 34 L CTACGCCCCCTCAG 14
13045 w 35 L CTTCTATGGCTGAGG 15
13045 m 36 L CCTTCTAGGGCTGA 14
13084 w 37 L TATAGTGCTITGAGTGGA 17
13084 m 38 L TATAGTGCATGAGTGGA 17
13513 w 39 H CTCCAAAGACCACATC 16
13513 m 40 H CTCCAAAAACCACAT 15
13514 w 41 H CTCCAAAGACCACATC 16
13514 m 42 H TCCAAAGGCCACATC 15
14453 w 43 L GCGATGGCTATTGA 14
14453 m 44 L GCGATGGTITATTGA 14
611w 45 L AAACATTTTCAGTGTATTGC 20
611 m 46 L TAAACATTTTTAGTGTATTG 20
3255w 47 L GTTTTATGCGATTACC 16
3255m 48 L TTTTATGTGATTACCG 16
8296 w 49 L TTACAGTGGGCTCTA 15
8296 m 50 L TTTACAGCGGGCTC 14
8344 w 51 L GGTGTTGGITCTCTT 15
8344 m 52 L GGTGTTGGCTCTCT 14
8356 w 53 L TTCACTGTAAAGAGGT 16
8356 m 54 L TTTCACTGTAGAGAGG 16
8361w 55 L GGCATTTCACTGTAA 15
8361 m 56 L GGCATTTCATTGTAA 15
8363 w 57 L GGCATTTCACTGTAA 15
8363 m 58 L GGGCATTTIACTGT 14
8431w 59 L GGTGATGAGGAATAGT 16
8431 m 60 L GGGTGATAAGGAATAG 16
12147 w 61 H GTAAATATAGTTTAACCAA 19
12147 m 62 H GTAAATATAATTTAACCAA 19

tW ,m ; 1~44 MELAS , 45~62 MERRF i H mtDNA L
mtDNA

Notes: w represents for wild type probes, while m represents for mutant type probes. Probe codes of 1 to 44 are related to MELAS syndrome,
while 45 to 62 are related to MERRF syndrome. H means the probe is on the heavy strand of mtDNA, and L means the probe is on the light
strand of mtDNA.
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2.2 MELAS-MERRF PCR

PCR ¢ 3,
: M 100 bp DNA ladder;
1 PCR,
241 bp(1F_1R) 384 bp(2F_2R) 494 bp(3F_3R)
587 bp(4F_4R) 821 bp(5F_5R); 2
PCR, 157 bp(6F_6R)
256 bp(7F_7R) 740 bp(8F_8R) 919 bp(9F_9R)

M 1 2

3 MELAS-MERRF &K & EAX#} PCR k&
M: 100 bp DNA ladder; 1: 1 1F_1R 2F_2R 3F_3R 4F_4R
5F_5R c20 1 6F 6R 7F 7R 8F 8R 9F_9R

Fig. 3 Multiplex Asymmetric PCR for amplification of
hybridization targets for MELAS-MERRF biochip

M: 100 bp DNA ladder; Lane 1 indicates the production of PCR 1
using primers of 1F_1R, 2F_2R, 3F_3R, 4F_4R and 5F_5R in Table
1; Lane 2 indicates the production of PCR 2 using primers of
6F_6R, 7F_7R, 8F_8R and 9F_9R in Table 1.
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Fig. 4 Results of oligonucleotide biochip and DNA sequencing

A: Oligonucleotide biochip assay and DNA sequencing in a MELAS patient with a 3243A>G heteroplasmic mutation; B: Oligonucleotide
biochip assay and DNA sequencing in a MERRF patient with a 8344A>G homoplasmic mutation; C: Oligonucleotide biochip assay and
DNA sequencing in a MERRF patient carrying a 8356 T>C heteroplasmic mutation. The red arrows in the figures above indicate where
mutant loci happen.
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