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A 3-bp deletion of mitochondrial DNA tRNALys

observed in lymphoblastoid cells
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During the course of our studies to sequence
mitochondrial DNA (mtDNA) in patients
with bipolar disorder and in healthy control
subjects,1,2 we found a 3-bp deletion,
m.8348–8350, in a lymphoblastoid cell line
(LCL) of a healthy Japanese man (49-years
old). This deletion occurred in the region
of mitochondrial tRNALys (Figure 1a). The
deletion was not, however, detected in
the lymphocyte DNA obtained from this
subject (Figure 1a). Allele-specific poly-
merase chain reaction, which can detect
a 0.1% mutation of total mtDNA, did not
reveal the 3-bp deletion in the lympho-
cytes (Figure 1b). This finding suggests
that the acquisition of this deletion occurred
during formation of the LCL, although the
possibility of a bottleneck effect cannot be
ruled out.

Genetic instability of LCLs has been
reported, including changes in the chromo-
somal structure and microsatellite repeat
length.3,4 To our knowledge, the deletion of
mtDNA has not been reported previously,
although copy number instability of
mtDNA in LCLs has been reported.5

Several point mutations near this region
cause mitochondrial disorders. For example,
the tRNALys m.8344A4G mutation causes
myoclonic epilepsy associated with ragged-
red fibers (MERRF)6,7 (Figure 2). Therefore,
the deletion is likely to have severe functional
consequences. This LCL, however, grew nor-
mally under standard culture conditions, and
fluorescence-activated cell sorter analysis
revealed no alterations in the cell cycle (data
not shown). Such a mutation may be the
source of the phenotypic variability of LCLs,8

and should be carefully considered when
working with LCLs.
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Figure 1 (a) A 3-bp deletion in a lymphoblastoid cell line (LCL). Sequencing analysis of mitochondrial

DNA around the 3-bp deletion (8348–8350) region in lymphocytes (top) and LCL (bottom) taken from

the same individual. The deleted region is shown in the black box in the lymphocyte sequence and as

the red line in the LCL sequence. (b) The results of allele-specific polymerase chain reaction. We

designed allele-specific primer pairs in both forward (5¢-AAAGATTAAGAGAACCACCT-3¢ and 5¢-GTTTAAT

ATTTTTAGTTGGGT-3¢) and reverse (5¢-GTGGAGCAAACCACAGTTTC-3¢ and 5¢-TTCACTGTAAAGAGGTGG

TT-3¢) orientations to distinguish the 3-bp deletion shown in the black box. Standard samples were

prepared using an LCL with 3-bp deletion (considered a 100% deletion) and another LCL with no

deletion (considered a 0% deletion). M, marker (bp); L, lymphocyte sample.

Journal of Human Genetics (2009) 54, 612–613
& 2009 The Japan Society of Human Genetics All rights reserved 1434-5161/09 $32.00

www.nature.com/jhg

http://dx.doi.org/10.1038/jhg.2009.88
mailto:kato@brain.riken.go.jp
http://www.nature.com/jhg


1 Kazuno, A. A., Munakata, K., Mori, K., Tanaka, M.,
Nanko, S., Kunugi, H. et al. Mitochondrial DNA
sequence analysis of patients with ‘atypical psychosis’.
Psychiatry Clin. Neurosci. 59, 497–503 (2005).

2 Kazuno, A. A., Munakata, K., Nagai, T., Shimozono, S.,
Tanaka, M., Yoneda, M. et al. Identification of mito-
chondrial DNA polymorphisms that alter mitochondrial
matrix pH and intracellular calcium dynamics. PLoS
Genet. 2, e128 (2006).

3 Mohyuddin, A., Ayub, Q., Siddiqi, S., Carvalho-Silva, D.
R., Mazhar, K., Rehman, S. et al. Genetic instability in
EBV-transformed lymphoblastoid cell lines. Biochim.
Biophys. Acta. 1670, 81–83 (2004).

4 Redon, R., Ishikawa, S., Fitch, K. R., Feuk, L., Perry, G.
H., Andrews, T. D. et al. Global variation in copy
number in the human genome. Nature 444, 444–454
(2006).

5 Jeon, J. P., Shim, S. M., Nam, H. Y., Baik, S. Y., Kim, J.

W. & Han, B. G. Copy number increase of 1p36.33 and

mitochondrial genome amplification in Epstein-Barr

virus-transformed lymphoblastoid cell lines. Cancer

Genet. Cytogenet. 173, 122–130 (2007).
6 Shoffner, J. M., Lott, M. T., Lezza, A. M., Seibel, P.,

Ballinger, S. W. & Wallace, D. C. Myoclonic epilepsy

and ragged-red fiber disease (MERRF) is associated

with a mitochondrial DNA tRNA(Lys) mutation. Cell

61, 931–937 (1990).
7 Wallace, D. C., Zheng, X. X., Lott, M. T., Shoffner, J. M.,

Hodge, J. A., Kelley, R. I. et al. Familial

mitochondrial encephalomyopathy (MERRF): genetic,

pathophysiological, and biochemical characterization

of a mitochondrial DNA disease. Cell 55, 601–610

(1988).

8 Choy, E., Yelensky, R., Bonakdar, S., Plenge, R. M.,
Saxena, R., De Jager, P. L. et al. Genetic analysis of
human traits in vitro: drug response and gene expres-
sion in lymphoblastoid cell lines. PLoS Genet. 4,

e1000287 (2008).
9 Ruiz-Pesini, E., Lott, M. T., Procaccio, V., Poole, J. C.,

Brandon, M. C., Mishmar, D. et al. An enhanced
MITOMAP with a global mtDNA mutational phylogeny.
Nucleic Acids Res. 35, D823–D828 (2007).

10 Tanaka, M., Cabrera, V. M., Gonzalez, A. M., Larruga, J.
M., Takeyasu, T., Fuku, N. et al. Mitochondrial genome
variation in eastern Asia and the peopling of Japan.
Genome. Res. 14, 1832–1850 (2004).

11 Tanaka, M., Takeyasu, T., Fuku, N., Li-Jun, G. & Kurata,
M. Mitochondrial genome single nucleotide polymorph-
isms and their phenotypes in the Japanese. Ann. N. Y.
Acad. Sci. 1011, 7–20 (2004).

A
C
C
A

C G
A U
C G
U A
G C
U A A C
A U C A

A U U C U C A
A A A A A G A G C

C U C G U A C
U U A G C U A

A A
U A A G
U A
A U
A U
C G

C A
U A

U U U

8296G

3-bp deletion (8348-8350)
8298C

8308G

DHU loop

anticodon loop

TΨC loop

8334A
8343G

8344G (MERRF)

8348G
8347G

8363A
8362G
8361A

8356C

8355C

8313A

8326G

8328G

8342A

Figure 2 Two-dimensional structure of mitochondrial tRNALys. The reported pathogenic mutation and polymorphic substitutions according to databases are

indicated by boxes.9–11 The 3-bp deletion is located in the TCC loop and is indicated by an ellipse.
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