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be less by several orders than what is
observed. Recently it has been shown
that differentiated outer core material
back into the mantle could well account
for the observed noble metal ratios and
abundance in the mantle without any late
accretionary veneer'®. Studies of iron
meteorites have revealed that crystalliza-
tion of inner core would enhance the Re/
Os and Pt/Os ratios of the liquid outer
core. So contribution of outer core mate-
rial to plumes should show a coupled
enrichment in '0s/'*0s and '*0s/'™0s
as '"Re and '"Pt decay respectively to
%05 and '*0s (ref. 17). In fact such
simultaneous enhancement has been rep-
orted from Hawaiian plume derived
lavas'”. Addition of recycled crustal mat-
erial can enhance Re/Os ratio in the man-
tle leading to '¥’Os enrichment, but the
coupled enrichment cannot result from
such recycling.

A correlation between *He/*He and
1%605/'%0s, as already reported from
Hawaiian volcanoes'® will be a sure indi
cation of core contribution in the samples
but may be difficult to assess owing to
the high mobility of He.

Future experimental works on partition
coefficients between silicate—metal of

*He and “He may prove useful if they
attain a distinct ratio in the core and thus
can be useful to identify any core
contribution to the mantle.
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Molecular markers and QTL analysis in crop plants

P. K. Gupta

Majority of quantitative traits in crop
plants are controlled by polygenes; most
of them have minor effects and only
occasionally some of the genes have
major effects'. These gene loci are de-
scribed as quantitative trait loci (QTL)
and can be detected with the help of mo-
lecular markers, which should also seg-
regate in a Mendelian manner. A QTL
actually describes a region of the chro-
mosome defined either by linkage to an
individual molecular marker or by two
flanking markers which may or may not
be linked with the QTL? Molecular
markers that are used for QTL analysis
largely refer to DNA-based markers,
which can be used in plant breeding for

various purposes. For instance, marker—
trait association has been successfully
used for indirect marker-assisted selec-
tion (MAS) in cases like soybean cyst
nematode (SCN) resistance and rice bac-
terial blight resistance®*. A variety of
molecular marker systems are now avail
able for use in QTL analysis, and several
laboratories in India are involved in work
on molecular markers for crop improve-
ment’. Elsewhere, we have discussed in
some detail the principles, methodology
and relative merits of individual marker
systems&g.

A variety of methods are available for
QTL analysis in crop plants!®!! The
earliest and simplest methods for QTL
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analysis included single-marker regres-
sion or tests for independence in segrega-
tion of molecular marker and the trait of
interest. A serious limitation of this app-
roach is confounding of the effect of one
QTL by many others that influence the
trait. Another serious limitation is thata
QTL with major effect and loose linkage
cannot be distinguished from a QTL with
minor effect and tight linkage. A mile-
stone in QTL analysis, therefore, was the
QTL interval mapping'?, which had sev-
eral advantages over the above tradi-
tional methods involving regression
analysis or tests of independence. This
approach needs a molecular genetic map
and utilizes, in a single analysis, infor-
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mation from all the markers of a linkage
group, thus permitting detection of QTL
in each interval (described as a bin) lying
between any two flanking markers that
individually may show no association
with the trait. It has been shown that
some of the markers showing no associa-
tion through single-marker analysis, were
helpful in detecting QTLs through inter-
val mapping. Modifications of simple
interval mapping (SIM) have also been
suggested in the form of composite
interval mapping (CIM)" and multiple
interval mapping (MIM)", which take
care of some of the limitations of SIM.
However, the difficulty in using interval
mapping as above sometimes lies in the
availability (or construction) of a mole-
cular map that must have been prepared
using the same mapping population
which is used for interval mapping. The
unavailability of such a map sometimes
forces researchers in this area to use the
simple single-marker regression approach
discussed above, despite its shortcom-
ings. Several studies on QTL analysis,
utilizing the regression approach or
independence tests have been conducted
in India under the Wheat Biotechno-
logy Network funded by the Department
of Biotechnology, Government of
India'®™"®. The limitations of these app-
roaches and those of QTL interval map-
ping, and the appropriate precautions that
need to be observed while using these
approaches, have been widely discu-
ssed "> Unfortunately, these limitations
and precautions have been overlooked in
some recent studies and are, therefore,
briefly discussed here.

In all the above methods of QTL
analysis, a mapping population is needed
that is derived from a cross between two
diverse parents, differing for the charac-
ter of interest. This mapping population
which may consist of F,, BC, doubled
haploid or DH lines, recombinant inbred
lines or RILs, etc. is used both for
recording the data on the character of
interest and also for genotyping individ-
val plants/lines of the mapping popula-
tion using the polymorphic molecular
markers. These two sets of data are then
used for conducting QTL analysis,
whether it is the simple single-marker
regression approach or the more sophis-
ticated interval mapping. However, be-
fore using these two sets of data for QTL
analysis, care needs to be exercised to

ensure whether the data is suitable for
conducting QTL analysis. For instance,
one needs to examine whether the mo-
lecular marker whose association with
the trait of interest is being examined
exhibit any segregation distortion, since
this may lead to biased estimate of
marker—trait association. Therefore,
normally in a mapping population con-
sisting of RILs, one needs to examine
that all polymorphic markers should
segregate in a Mendelian 1 : 1 ratio and
those which deviate significantly from
this expected segregation are rejected
and not used for any further analysis of
marker—trait association. Similarly, the
phenotypic data on the quantitative trait
being examined should be tested for
normality of distribution, before they are
used for any further QTL analysis and in
case normality is not present, the data
need to be transformed on a scale that
will achieve normality of distribution.
Both these conditions need to be fulfilled
before embarking upon QTL analysis.

In some recent studies in bread wheat,
molecular markers have been used in
work involving marker—trait association,
disregarding completely the presence of
segregation distortion of markers'®".
There may be several other studies where
the data are not examined for segregation
distortion of molecular markers and for
normal distribution of the data on quant#
tative traits being analysed. QTL analysis
is a newer area of research and is being
sometimes conducted by those without
adequate knowledge of genetics and
plant breeding. There is a need, there-
fore, in our country to involve more and
more geneticists and plant breeders in the
use of molecular tools for plant breeding,
since they understand the genetics of the
traits and that of the molecular markers
and can take into consideration the pre-
cautions like those mentioned above
while conducting QTL analysis®. Alter-
natively, plant physiologists and bio-
chemists who are involved in studies
using molecular marker technology,
should associate themselves with geneti
cists and plant breeders to ensure that no
serious errors of the kind discussed
above are committed while conducting
QTL analysis. Furthermore, the involve-
ment of plant breeders is also necessary,
since they are the actual users of the
results of molecular marker technology
for plant breeding.
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