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GENETIC DIVERSITY : CONCEPTS AND MEASUREMENTS

V. ARUNACHALAM

Genelic diversity is the base on which programmes of improvement for desired atributes are
planned. It plays an important role in the process of decision- making on the conservation of
biodiversity. Unless the concepts of genetic diversity and methods of its measurement are clearly
understood, it will be ifficult o judge how much to conserve and how often to renew / regenerate
biodiversity.

One must define for this purpose, a genetic entity in its qualitative and quantitative characters.
‘The difference betsween a qualitative and quantitative character i very thin and, for al practical
purposes, it would be useful to deal only with quantitative character, lower colour, is qualitative
i nature having iwo sates,red or white (corresponding to two alleles of a single gene controlling
flower colour). But if it is possible to make measurements more accurately so that the degree
of redness or whiteness can be measured with accuracy, then flower colour would be scored
as a continuously varying trait <o that it now obtains the rank of 2 quantittive character. with
present-day knowledge, more and more characters are being classed quantitative (for example,
disease resistance being measured on a continuous scale as disease severity index).

The basic assumption in genetic theory is that all quantitative characters follow a normal distri-
bution with its associated statistical properties.

OTUs can be differentiated, in principle, on a set of quantitative characters. I is difficult a priori
to identify characters tht are sufficient to bring out the differences between OTUs; however,
methods are available for identifying such a minimal set of characters for differentiation. The
question of giving weightage to various characters in differentiation has received wide attention.
It would see that it s ahways beneficial to avoid associating differential weights with characters
for the major reasons explained by Sneath and Sokal (1973, In essence:

1. Rational grounds for allotting weights are usually absent,

2. The very existence of variation in the characteristics defining OTUS leads to the logic that it
i irrational to associate weights with them,

3. Direct assignment of weights to characters will imply judging taxonomic importance a priori
which would be questionable,

4 There are no exaet rules for allotting weights and, therefore, different investigators are highly
likely to arrive at different conclusions on the same set of OTUs,

5. Taxonomists, geneticists, breeders and athers would look at characters at different levels of
their specialisation leading to arbitrariness in weighting.

6. The weighty reason against weighting is the logic behind the hypothesis —decisions based
on & number of characters would eventually even out differences arising out of conceivably
differing importance of characters

However, invariant characters would not be of any use in differentiating between OTU.
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One must, however, be cautious in the choice of characters for genelic differentiation. No basic
ground rules can be set;yet the following broad guidelines wil be of use,

Sofar as geneic differentiation of O1Us is necessarily to be based on phenotypic messurements,
it s desitable 10 use  number of characters measured through the entire growth phase of an
OTU. In case the differentation has to be made before a particular growth stage it s necessary to
identify relevant characters measurable before that stage to attempt an efficent differentiation.
Requirements such as evaluation of diversity at juvenile or adult phase should be firmed up
before the process of evaluaion.

The question of how many characters and how to measure them are relevant to this context, It
is useful to avoid characters conteibuting o redundancy. For example, i yield components are.
measured, yield, which i a function of those components, should not be included. Discontinuous
variables, measured by a few scores ik ++, + -, will not be of much utilty in diferentiation
unless they are transformed for qualifying o be a continuous variable.

The genetic potential is indirectly measured through phenotypic values as genotypes express
themselves only in an environment. When there is o a riori knowledge on the genetic nature.
of the OTUs, much less on the genetic values of charactrs, it is necessary to use field designs
1o get relable estimates of environmental variation. Diversity measures which utilise corrections
for envitonmental components would be more eficient than those based on phenotypic variation
alone. For exampl, work on peans for more than a decade has suggested that the folowing,
characters spread over the entie growth phase of peanut would be useful in eficient genetic
differentation

SEEDLING PHASE

— Seedling viguour measured as the dry weight of seedlings.
— Shoot: root dry weight

~ Number of leaves

~ Specific leaf weight

FLOWERING PHASE

~ Days to first flowering;
~ Number of primary branches

Number of secondary branches.
~ Photosynthetic area

HARVEST PHASE

~ Number and weight of mature pods
~ Number and weight of mature seeds
~ Harvest index

~ 100-seed weight

~ Weight per unit volume
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‘These characters were found to be useful for the material handled in a project and need not nec-
essarily be unique in differentiating between any set of OTUs in peanut, However, the concepts
used o identify such a set of characters are repeatable and can be ued for any set of OTUs,

GENETIC DISTANCE
A measure s needed to geneically differetiate any two OTUs on the basi of sét of quantitaive
charactes. a large rumber of measures have been tried, of véhich. Mahalanobis’ D? distance
Satstic merits application. This distance statsic s a multivariate analogue of the euclidean
distance in two dimensions.

We now explain the concept of distance using two OTUs, G, and Gy

Let two characters, X, and X, unequivocally defne the OTUs. The QTUs have the following
values forthe two characters:

Calon xa)
Galriz 1)

In general, x; denotes the values of the character X, for the OTU;
If the two.characters X, and X,, are independent (uncorrelated) then the two OTUs could be
represented by the values of the two characters in rectangular axes. (See Arunachalam 1981 for
detals).

Let dy=xp-x
d=xm -

then the distance between the two OTUs, G and Gy, will be given by d? = 87 + &
The generalsed distance (D?) scores over the distance function used in, for example, single
linkage clustering leading o dendrograms (Sneath and Sokal, 1973). Lt the two OTUs be denoted
by Ly ad L, and let measurements on five taits, X, to X, be made. Let x; - value of trai  for
OTU'i (i = 125 = 15). Then the distance d between Ly and Ly i given by

#=Y - nf =34
I= ;
where

By~

“This distance is just a function of phenatypic values of various traits
In contrast, the generalised distance takes into account the environmental variation. In the above
example.

s
DY Y sldd, where
i

(57} is the inverse of the dispersion, matrix (5) = (5,). An estimate of (5) is provided by the
common dispersion matrix corresponding to error vaniance covariance matrix. Thus, generalised
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isance is a function of pherotypic values and the invrse of the erro dispersion matrx. In
lfect, therefore, the generalised distance measure would be much closer to genetic divergence
than the distance postulted by Sneath and Sokal (1973,

I the distanc i to efectively measure genetc divergence between the two OTUs it must be
remembered tha the charactr should completey define the performance potential o the OTUs.
“This requirement emphasizes again the imporance of the propes chaice of charactes.

In general,  OTU willbe defined by a se of characters,sayn n number. The genetc divergence
between any two OTUs will then be measured by the multivariae distance statstic based on
characters. Procediurs of computation are detailed in Rao (1952). Computer algorithms are now
avalabe to compute D (Murthy and Arunachalam, 1967).
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