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the Aravally Mountain, Rajasthan, India,
edited by A. B, Roy (1988).

The Aravalli Supergroup has been
divided into Upper and Lower based on
degree of metamorphism and facies. As
one proceeds from the centre of Aravalli
Mountain towards southeast or east the
degree of metamorphism decreases. In
fact, along the southeastern boundary,

.

they are totally unmetamorphosed. This
led some Precambrian geologists to
place them with rocks of ‘Gwalior
Series’ rather than with Aravalli Super-

group.
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RESEARCH NEWS

Duplicitous duplications: Is Sd selfish DINA or a treacherous

neomorph?

D. P. Kasbekar

One way genes evolve is by duplication;
while one c¢opy of the duplicated
genomic segment can retain its function
the other may accumulate mutations to
assume novel roles, Taendem duplica-
tions are produced at surprisingly high
frequencies by unequal crossing-over
between small stretches of homologous
DNA seqguences—such sequences may
arise from 1nsertion of transposable
elements —located at distinct sites within
the same region of parental chromo-
somes'. Conversely, even after each
member of a duplicated element has
[unctionally diverged and become a
distinct  gene, the two may retamn
enough sequence similarity to engage In
unequal crossing-over, 1n which one or
the other gene may be lost. This is
thought to be responsible for certain
human thalassaemias® and red-green
colour blindness®. But tundem duphica-
fions would appear 10 have few pheno-
typic consequences immediately upon
their generdalion other than the ela-
uvely nunor effects of gene dosage
alteration because very few pgenes are
known to be dosage-sensitive. Recent
reports sugpest otherwise. Oceasionally
tandem daplications can yiejd nowvel
rhenotypes that are unreiated to dose
alteration. That 15, they behave as
necnn phy (mytant alleles producing an
eflect qualitatinvely differest om that of
the  wild-type  ablele) rather than  us
1y pertien phy fmatant alleles whose cflecds

are sirular to, but greater than those of
the wild-type allele). This is because the
duplication breakpoint juxtaposes se-
guences, either producing novel fuston
proteins or imposing novel expression
pallerns upon existing genes.

Perhaps the most dramatic case 15
that of the Sd4 locus, situated on
chromosome 2 of theé much-studied fruit
fly Drosophila meldnogaster. Sd 1s a
genctic element that Is responsible for
the phenomenon of segregation distor-
tron in males. Chromosomes that carry
the Sd genetic element are designated
SD and those lacking 1t SD ™, Distorting
males are heterozygous, with SD and an
SD* homologue, and induce dysfunc-
tton of spermnatids that receive SD?,
Consequently, they transmit a vast
excess of SD chromosomes to their
progeny. The sensitivily of the SD?
chromosome to Sd-induced spermatd
dysfunction has been traced to a satellite
DNA sequence, called Responder (Rsp'),
in the centroncric heterochromatin of
chromosome 2. In fly populittions free of
SD chromosomes, Rip® confers a fiiness
advantage relative o flies lacking 1
[ Rspy, Responder-tnsenyitive), but intro-
ductton of S jpeverses thetwr relitne
finess values?. It is Dot surpeistng that
all S chromasomes  solated  frow
natwral populations bear Rap's because
the Sd Rsp combinabion o suicidal

Coveny the msidhous manner of AYTAN
Aol sy tactly assumied that o
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represenited some foreign DNA sequence
that behaved selfishly. This assumption
was consistent with results showing that
deletions of Sd from SD chromosomes
restored normal segregation and addition
of extra doses of the homologous region
from SD* chromosomes to SD/SD*
males did not alleviate distortion. Sd
has now been cloned®, and instead of
foreign DNA a S-kilobase (kb) tandem
duplication was found. This tandem
duplication is uniquely associated with
all SD chromosomes, absent {rom all
SD* chromosomes, and detectably
altered In some revertants. However,
the duplication alone is not sufficient for
Sd activity, flanking nonduphcated re-
gions are also required. This s consisient
with the finding that some of the
¢cDNAs specific to SD are coded for
by elements within the  duplication
as well as by fanking regions that
extend to 40-30 kb beyond the duplica-
tton It mity not be a mere concidence
that some of these ¢DNAs span a
toponnometase 11 gepe tocated  just
provimal 1o the tandem dupbeation
Since topanomerase s required tor
chromosome condensation, the possibi-
lity that Sdacts by a subtle alteration of
the exprossion of this gene cannat te
reled obt It would be mterssting o
detaymine whether mutatiany oy togxe
somerase Hoafedt the SO plwenoty pe
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marze offer additional examples of
neomorphic tandem duphicatrons. B flics
hase narrow cres bocause of a ten-fold
reduction in facet number, and the
Rnorted mutation interferes with develop-
ment of sascular tissues in the leaf
blade These phenonypes are not a
comsequence of a simple Increase in gene
copy number but are specific to their
associated duplheation breakpoints. Tn
both cases loss of a repeat unit reverts
the phenotype, and gain, by unequal
crossing-over. of an addmional repeat
itniphication) exacerbates it. Thus the
duplicanon  breakpoint  itsell responds
to dose changes. thereby demonstrating
that neomorphic mutations ¢an, in turn,
display dosape effects.

A more subtle ‘neomorphic’ interac-
tion between the elements of a tandem
duplication is revealed by the _zeste'
mutation in Drosophila, which suppresses
eapresston ia the eye of white (w*) genes
that are paired. Pairing refers to the
close location of the w* genes in the
genome. either in frans, as on homo-
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logous chromosomes, or in cis. 4s in
tandem duplications. The grant trans-
posing elecment TE146(Z) carries two
copres of w* in tandem and a denvative,
TEI46(Z:SR100)SZ, carries the two
copies In mverted order. zeste! suppresses
white m both TEI46(Z) and TE146
(Z:5R10(0}82Z. However, the tandem,
but not the inverted pair, was found to
be very sensitive toO rearrangeément
breakpomnts on the homologous chro-
mosome ‘opposite’ the TE insertion
site®. This shows that the interaction
between the w™ genes mn tandem and
that n inverted orientation are different.
In other words, a tandem duplication
could give rise to novel interactions
among genes because of novel juxtapo-
sitions of regulatory elements.

Recently a human pernipheral neuro-
pathy, Charcot-Marie Tooth disease
type 1A {CMTIA), which is inhernted as
an autosomal dommnant, was localized
to a duplication on the short arm of
chromosome 17 {ref. 9). Might CMTIA
also be a neomorph that bites the hand

that bears it?
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