
������������	

���	������

Animal mitochondrial 
D\IA recombination 

Genetic recombination is known to be a 
source of mitochondrial DNA (mtDNA) 
variability in plants, fungi and protists1, but 
there continues to be a consensus (based on 
studies of somatic cell hybridization2 and 
DNA repair3) that such processes do not 
operate on animal mtDNA4 • Contrary to 
this opinion we have now identified and 
characterized the end-products of recombi
nation in the mitochondrial genome of the 
phytonematode Meloidogyne javanica. 

Changes in the copy number of variable 
number tandem repeat (VNTR) sequences 
in mitochondrial DNA have occasionally 
been suggested to occur by recombin
ation5-8, although other mechanisms could 
explain such modifications4• If a locus con-

I sisted of tandem repeats (frequently found 
in animal mtDNA9) interspersed with 
unique sequences, it would be possible to 
discriminate recombination from mechan
isms that simply change the repeat copy 
number. Proximity to an origin of replica
tion could also favour the detection of 
recombination, as displacement loops are 
associated with mtDNA replication9 and 
many models of recombination 10• 

The repeat region of M. javanica mtDNA 
(Fig. la) meets these criteria and provides an 
excellent tool with which to detect recombi
nation in animal mtDNA. We analysed the 
sequences of these nematode VNTRs and 
frequently found deletions in the centre of 
the array (Fig. lb), indicating that genetic 
recombination might be occurring. 

A defining feature of recombination 
models is the breakage and rejoining of par
ticipating DNA strands. The products of 
intramolecular recombination in mtDNA 
would be reciprocal, double-stranded 
subgenomic circles closed by covalent 
bonds. One such subgenomic circle (a 
'minicircle'; Fig. le) would contain only the 
region excised from the mitochondrial 
genome, whereas its reciprocal partner (a 
major circle; Fig. lb) would retain the 
remainder of the wild-type mtDNA. Mito
chondrial genomes containing deletions, 
similar to major circles, have been observed 
in several organisms 11, but the presence of 
subgenomic minicircular end-products 
(Fig. le) has, to our knowledge, not been 
demonstrated. The existence of these mol
ecules would provide unambiguous sup
port for recombination within animal 
mtDNA. We have now detected such small 
circular molecules composed of M. javanica 
mtDNA sequences using the polymerase 
chain reaction (PCR; Fig. lc-e) and subse
quent sequence analysis. 

If recombination occurred, the mini-
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Figure 1 a, Organization of the M. javanica wild-type mtDNA " major non-cod ing region. PCR primer sites are 

indicated by arrows, unique flanking sequences by solid black bars and repeat sequences by variously 

shaded rectangles. The sequence extends beyond the region depicted, and joins to form a circle. b, Major

circle and c, minic ircle recombination end-products. d, Primers 2 and 4 are divergent in orientation on the 

wild-type mtDNA and w ill only amplify a subgenomic product if the excised fragment forms a minicircle. e. 
Amplified products from this circularity assay (lanes 1 and 3) w ith a 123-base-pair standard (lane 2). The 

main products are -250 base pairs (bp). Sequence analysis of cloned PCR products confirmed that they con

tained the predicted repeat sequence organizations. Sequences are ava~able on request from the authors. 

circles would have unique junctions that 
could not be produced by a deletion process 
that did not involve circularization of the 
DNA (Fig. ld). Sequence analysis of eight 
cloned minicircle PCR products revealed 
that, after excision, the 3' end of the 
63-base-pair repeat array merges with the 
5' end of the 102-base-pair repeat array. 
Moreover, the nucleotide sequences of 
the two end-products are of the predicted 
reciprocal arrangement (Fig. lb,d). 

There are many described examples of 
VNTRs in animal mtDNA9• Changes in 
copy number and the maintenance of het
eroplasmy have frequently been attributed 
to slipped-strand mispairing or illegitimate 
elongation 12• The nature of the sequence 
changes predicted by these models is not 
consistent with our data. 

We have shown that the generation of 
variability in sequence organization in M. 
javanica mtDNA is entirely consistent with 
recombination. Sequence polymorphisms 
and deletions in mtDNA are implicated in 
many human pathologies13, so identifica
tion of the mechanisms responsible, their 

frequency and their epidemiology is imper
ative. Recombination in the mtDNA of 
higher metazoa remains undocumented, 
but as it has now been observed in most 
eukaryotes, its presence seems highly likely. 
David H. Lunt, Bradley C. Hyman 
Department of Biology, University of California, 

Riverside, California 92521, USA 

e-mail: bhyman@ucracl. ucr.edu 

l. Gray, M . W. Annu. Rev. Cell Biol. 5, 25- 50 ( 1989). 

2. Hayashi, J., Tagashira, Y. & Yoshida, M. C. Exp. Cell. Res. 160, 

387- 395 (1985). 

3. Clayton, D. A., Doda, J. N. & Friedberg, E. C. Proc. Natl Arnd. 

Sci. USA 71, 2777- 2781 ( 1974). 

4. Moritz, C., Dowling, 1: E. & Brown, W. M. Amm. Rev. Ecol. Syst. 

18, 269- 292 ( 1987). 

:,, Rand, D. M. & Harrison, R. G. Genetics 121, 551- 569 (1989). 

6. Baumer, A., Zhang, C., Linnane, A. W. & Nagley, P. Am. ]. Hum. 

Gener. 54, 618-630 (1994). 

7. Zhang, D. X., Szymura, J. M. & Hewitt, G. M. /. Mol. Evol. 40, 

382- 391 (1 995). 

8. LaRochc, )., Snyder, M., Cook, D. I., Foller, K. & Zouros, E. Mo/. 
Biol. fvol. 7, 45- 64 (1990). 

9. Wolstenholme, D. R. Int. Rev. Cytol. 141, 173- 21 6 (1992). 

10. Dressler, D. & Potter, H. Annu. Rev. Biochem. 51, 727-761 (1982). 

11. Hyman, B. C. & Slater, T. M. Genetics )24, 845- 853 (1990). 

12. Buroker, N. E. et al. Genetics 124, 157-163 (1990) . 

13. Wallace, D. C. etnl. Biochim. Bioplrys. Acta 1271, 141- 151 (1995). 

14. Okimo to, R., Chamberlin , H. M., Macfarlane, J. L. & 

Wolstt!nholme, D. R. Nucleic Acids Res. 19, 1619- 1626 ( 199 l ). 

247 


	Animal mitochondrial DNA recombination

