Sister chromatid cohesion during
meiosis

Life 1s tough. To live, cells must
not only divide to multiply but must
do so correctly, again and again.
The ‘cell cycle’ has been an area of
intense recent study. Much of these
studies have been done in the yeasts
Saccharomyces  cerevisiae  and
Schizosaccharomyces pombe, in
vertebrate cells cultured in the labo-
ratory and in the fruit fly Dro-
sophila melanogaster. These stud-
iles bear out what is now a cliché
worth repeating: The impressive
evolutionary conservation of mo-
lecular players performing similar
cellular functions. These studies on
cell cycle and similar studies on the
mechanisms of DNA and chromo-
- some replication during the cell cy-
cle have had immense practical rel-
evance to medical problems. After
cell division, each daughter cell
must receive the correct comple-

ment of 1ts DNA, present in the cor-.

rect manner in cach of its several
chromosomes. To do this, the
mother cell replicates each chromo-
some and the ‘sister chromatids’,
the replicated chromosomes, ‘stick’
together to their homologs. At an
appropriate time during the cell
cycle, the ‘sister chromatids’ sepa-
rate and one copy of each chromo-
some goes to each progeny cell.
The cell cycle can be conven-
iently divided into four stages.
DNA replicates during the S phase
and the duplicated chromosomes
separate during the M phase. In the
cells of our soma, as distinct from
germ cells that give rise to egg or
sperm, the $§ and M phases are
separated by what are called gap or
G phases. The G, phase occurs be-
fore DNA replication and the G,
phase before mitosis or cell divi-
sion. The progress of the cell cycle
is subject to controls. There are
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‘internal’ controls or check-points
that co-ordinate cell cycle events in
space and time and halt progression
of the cycle in situations where
irregularities occur. These check
points will detect, for example, im-
proper chromosome spindle assem-
bly or DNA damage. Another type
of control on the cell cycle are
‘external controls’. The controls,
which can be hormonal, controlled
by growth factors or, for example,
by neuronal signals; act to deter-
mine the extent and time of cell
proliferation and have the effect on
deciding the time of differentiation,
the number of cells that will differ-
entiate and where they will differ-
entiate. In a multicellular organism,
therefore, these controls on cell cy-
cle are crucial in deciding the
growth and form of an animal or
plant. Integrating studies on cell
cycle with those on the develop-
ment of organisms 1s another excit-
ing area of current research.
Coming back to ‘sister chroma-
tid’ cohesion and separation, this
aspect of the cell cycle has been
studied in situations where many of
the controls mentioned above fail to
operate and in other kinds of situa-
tions as well: the timing of cell
cycle events, the effect of cellular
signaling, the dynamics of chromo-
some and spindle movement. Pro-
teins involved in each of these
events affect sister chromatid sepa-
ration. During the cell cycle, sister
chromatid separation occurs but
once, after the S- and G, phase
where cells have completed DNA
replication but have not undergone
mitosis. This is during the M phase.
If DNA replication continues but
sister chromatid separation docs not
occur, then cells containing many
copies of each chromosome, poly-
ploid cells, will be made. For
organisms such as humans, this 1s
not a nice thing to happen, but
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many plants and insects have
polyploid nuclei as a normal part of
their development. Alternatively, if
sister chromatid separation occurs
at a higher frequency than DNA
replication, then cells with a re-
duced amount of DNA will result.
This is certainly not a very nice
thing to happen to a cell. Signals,
responses, glues, motors, spindles:
in studying the cellular orchestra
that these players have organized,
we are studying a very fundamental
property of life — the ability to rep-
licate and survive to replicate.

Amit Bardhan (page 376)
addresses the mechanisms underly-
ing the cohesion of sister
chromatids during a process differ-
ent from the relatively simple sttua-
tions mentioned above. He focuses
on melosis, the events that take
place to generate egg or sperm cells
in which the chromosome number is
half that of somatic cells. In this
process too, sister chromatid cohe-
sion and separation are important,
critically so since the next genera-
tion is involved. Bardhan discusses
evidence that suggests that different
parts of the chromatids may have
different mechanisms of adhesion
and reviews the functions of genes
that are involved in the process.

K. VijayRaghavan

Potential application of markers

Studies on the organization of
genetic material, what 1t encodes
and how it functions in the butlding
of an organism: these arc some of
the areas that genome analysis ad-
dresses.  Another major effect of
technical advances in molecular ge-
netic methods is the rapidity with
which relatively crude maps of
genomes can be generated.  Given
the fact that genomes ol ‘related’
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organisms ar¢ similarly organized
In many respccts, even a gross map
can be very useful if 1t can be com-
pared with a dense map in another
orgamism. Thus, the study of how
grasses have evolved and diversi-
fied has been greatly aided by the
study of the genomes of wheat and
rice. Similarly, the high level of
conscrvation of genome organiza-
tion belween mouse and human,
although they ‘separated” about
100 million years ago, allow the
functional mapping of human DNA
sequences that regulate the activity
of genes.

Jayasankar and Dharmalingam
(page 383) report the first steps of
the analysis of the genome of two
species of fish. The mapping of
characteristics along a linear piece
of DNA, the chromosome, requires
that the characteristics be 1dentifi-
able as ‘similar but different’. In
genome analysis these characteris-
tics are often fragment size and se-
quence variation at a particular
genomic location. Thus, sequence
similarity identifies a location and
variation in the region can be used
to map this location. The poly-
merase chain reaction (PCR) has
been applied widely as a sensitive
method for genome analysis stud-
1es. Its strength lies in high level of
sensitivity of the method, thereby
requiring a small amount of sample.
This advantage lends itself to appli-
cations such as the study of
populations in the wild where sam-
ple availability 1s likely to be limit-
ing. The disadvantage of the
method 1s also its sensitivity. Many
factors in the reaction can cause
small variations that are amplified

356

ping experiments.

by the sensitive method. Reproduc-
ibility, a key to precise mapping be-
comes ditficult. There are other
methods which can overcome this
problem and these use sequences
called microsatellites. The identifi-
cation of sequences flanking
microsateilites and the use of vari-
ability in these sequences between
animals is a powerful tool for map-
Jayasankar and
Dharmalingam’s experiments are at
a very early stage, but the wide use
of such methods is bound to allow
the rapid genetic analysis of fish.
Groups worldwide, particularly in
Tubingen in Germany, have made
steady progress in the study of the
zebrafish, Danio rerio. Studies on
this model organism will help in the
mapping of other fish, in manner
similar to what has happened in
mouse and human and in plants.

K. VijayRaghavan

Caste and disease

Duchenne  muscular  dystrophy
(DMD) is a muscle degenerative
disorder afflicting almost 1 in every
3500 males. This genetic disorder
1s linked to the Xchromosome and
1s transmitted from mother to son in
a recessive manner. Individuals
affected by DMD do not survive be-
yond their late teens. In the related
disease, Becker muscular dystrophy
(BMD) patients struggle along until
middle age, with a life span of
about 40-50 years. Genetic disor-
ders are often amplified by selec-
tive breeding amongst restricted
populations. DMD occurs at a sig-

nificantly higher level in Indian mi-
grants in UK as compared to other
local and ethnic groups. The dis-
case itself 1s primarily a conse-
quence of deletions in the dys-
trophin gene, although the precise
molecular mechanisms involving
the protein dystrophin remain un-
clear.

The identification of the gene re-
sponsible for DMD and its localiza-
tion on the X-chromosome, together
with polymerase chain reaction
methodology, now permit analysis
of the population-based variations
in the incidence and pattern of gene
mutations. Mishra er al. (page 395)
analyse the occurrence of DMD/
BMD in different caste groups in
Uttar Pradesh. They demonstrate a
higher prevalence of the disease in
Brahmins and Vaishyas, presum-
ably a refiection of centuries of
strictly  caste-based  marriages.
Their results, however, raise ques-
tions regarding a prevailing hypoth-
esis that ‘deletional mutations
changing the translational reading
frame of dystrophin should cause
the severe form of the disease
(DMD), but deletions still maintain-
ing the frame, result in the milder
form (BMD)’. |

The ready analysis of the gene
responsible for DMD/BMD offers
the possibility for genetic counsel-
ling. The fact that DMD/BMD 1s
an X-linked recessive disorder, en-
sures that mothers act as carriers
and sons have a high chance (50%)
of being afflicted. 1In a social mileu
that places a high premium on the
male child, the problems of coun-

sellors are obvious.
P. Balaram
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