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valves carries a better prognosis with a 75% survival at the end of two years
with an operative mortality of 20%. Of the survivors, 90% are in functional
class I or II of the New York Heart Association classification. to

Patients with EMF now suffer less and live longer than they did earlier
because of the advances in the diagnosis and surgical management. The outlook
for the control of the disease and its eventual prevention is however less bright.
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The Genetics of Mitochondrial Disorders

The human mitochondrial genome is a closed circular double-stranded piece of
DNA consisting of 16569 nucleotide base pairs. Several recent reports have
drawn attention to the role of mitochondrial DNA (mtDNA) in clinical and
evolutionary genetics. Restriction fragment length polymorphisms (RFLPs) of
the mtDNA not only show extensive variability of the genome in human
populations but also provide an interesting piece of evolutionary information.
The exclusive maternal transmission of mtDNA made Cann and colleagues!
believe that we are all descendants of a single African 'Eve' who lived some
200 000 years ago.

The sequence and the genomic organization of the mtDNA are now well
known. There are 13 structural genes for pep tides and these peptides form an
integral part of the respiratory chain complexes. In addition, mtDNA also
codes for 2 mtRNAs and a set of 22 tRNAs. In fact, the mtDNA is so compact
that the base sequence of genes is overlapping and may be used twice. Other

.important distinctions between mtDNA and nuclear DNA are their coding and
decoding sequences. In mtDNA, AUAJAGA codes for methionine instead of
isoleucine and AGAJAGG acts as a stop codon, whereas in the universal code
AGAJAGG codes for arginine. The expression of the mitochondrial genes is
very dependent on the nuclear gene products, and several subunit's of the
respiratory chain complexes are directly synthesized from the nuclear genes
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and transported to the mitochondria. This indispensable relationship between
the nuclear and the mitochondrial genes poses one of the major problems in
characterizing the mode of inheritance and in establishing the pathophysio-
logical mechanisms of mitochondrial diseases. Recently evidence has been put
forward regarding the molecular lesions of mtDNA and their role in the
development of mitochondrial myopathies and Leber's hereditary optic
neuropathy. 1,2

The largest study, which included 123 patients with mitochondrial
myopathies and multisystem disorders, was conducted by Moraes and col-'
leagues.? The muscle-biopsy specimens of 96 of these patients showed the
presence of ragged red fibres, but these were not seen in 8 patients with ocular
myopathies, 9 with the Leigh syndrome and 10with unidentified mitochondrial
encephalomyopathies. Thirty-two deletions of variable length (1.3 to 7.6-kb)
were detected from the muscle mtDNA among the 62 patients who belonged to
a single group-all with progressive external opthalmoplegia with or without
proximal limb weakness. The deletion data in this paper along with the previous
findings of Holt et al. ,3 Zeviani et al." and Lestienne and Ponsot' confirm that
deletion of the mtDNA is a typical feature of the mitochondrial myopathies
associated with progressive external ophthalmoplegia. Eighty-five per cent of
the Kearns-Sayre Syndrome (KSS) patients in this investigation showed a
detectable deletion of the mtDNA suggesting that this molecular lesion may be
a specific cause of this syndrome. At the genetic level, family history was
recorded only in patients with ocular myopathy without the mtDNA deletion,
and the KSS consistently occurred in some cases. A spontaneous mutation of
mtDNA in the oocyte was postulated to be a possible cause of the deletion in
KSS patients, and this suggestion was supported by the fact that the mothers of
3 KSS patients did not show any deletion of mtDNA.

Among the deletions identified, 11 were identical in size suggesting a possible
deletion hot spot in the mtDNA. There was no correlation of these deletions
with clinical phenotypes. This observation was explained on the basis of the
amount and proportion of affected mitochondrial genome available in different
tissues. This explanation would account for the selective organ involvement in
KSS and the absence of mtDNA deletions in the leucocytes of patients with
detectable deletion of muscle mtDNA. Finally this paper also examined the
chemical pathology caused by these muscle mtDNA deletions by investigating
the enzymes of the respiratory chain complexes in a group of patients with or
without deletions. The enzymes cytochrome C oxidase, succinate-cytochrome
C reductase, NADH cytochrome C reductase and NADH dehydrogenase
which are part of the respiratory chain complexes I, II, III and IV all gave low
activity in patients with deletions.

The molecular pathology and the genetics of the several clinical syndromes
of the mitochondrial myopathies still remain unclear. One of the reasons for
this lack of understanding is the non-autonomous nature of the mitochondrial
genome. The mitochondrial initiation, replication, transcription and the func-
tional role of several proteins in the mitochondria are under the influence of
nuclear gene products. So it is possible that both genetic and epigenetic
mechanisms, which may affect the synthesis and transport of the essential nuclear
gene products, may lead to mitochondrial dysfunction and disease. Zeviani and
his colleagues= demonstrated this relationship in four relatives of a large Italian
family with late onset mitochondrial myopathy. The family pedigree showed a
typical autosomal dominant inheritance. Using the polymerase chain reaction,
the mitochondrial segments with breakpoints were amplified. These fragments
were then digested with endonucleases and cloned. Several clones of the
amplified products were sequenced and consistent breakpoints of 12 nucleotides
(bp 16068-79) were localized in the D loop region of mtDNA where the
protein-DNA interactions are thought to be directing the replication and trans-
cription of mtDNA. Besides explaining the possible mechanism of deletion
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through homologous recombination this study claimed to have provided the
first example of a Mendelian trait associated with a lesion of human mitochond-
rial genes which acted as a target of a mutant nuclear-coded transacting factor.

Do the drastic deletions only produce mitochondrial diseases? The answer
to this has been suggested by Wallace? who reported a point mutation from
guanine to adenine at position 11778 of the mtDNA and proved that this smallest
mutation of a single nucleotide correlated with the manifestation of Leber's
hereditary optic neuropathy (LHON) in several independently affected
families. Singh, Lott and Wallace" confirmed this association in one black and
two European families. This point mutation affected a highly conserved amino
acid (arginine to histidine) at position 340 of the subunit 4 of the enzyme
NADH dehydrogenase (Complex I). Low levels of this enzyme were predicted
as tlie cause of LHON by Singh et al. , but their postulate gained definite support
from the study of Parker and coworkers. 9

The last decade has seen considerable progress in revealing some of the
mysteries of this small but extraordinary human cytoplasmic DNA. However,
several questions remain unanswered about the evolutionary genetics and the
mechanism by which the mtDNA rearrangements affect the interaction of the
mitochondrial gene products within and outside the mitochondria. India with
its unique population groups, which include some of the most primitive pre-
Dravidian tribes, provides an excellent opportunity to establish our lost
relationships with our African 'Eve' ancestor.
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