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INTRODUCTION
‘Genetc divergence measures discussed earlierare mainly used to assess the genetic proximity
or otherwise of OTUs. This assessment is usually made by grouping, together genetically close
(OTUs.Such groups, also called ‘clusers, help in idenifying OTUs that are genetically divergent
and making major decisions on conservation of genes using sl genetic variants,

“They also help in a purposeful choic of parents for hybridistion to obtain heterotc Fys with a
high probabilty, as would be seen ate.

W then need to define a cluste. A cluter has the property that members within if show leser
variaion compared to mermbersfrom diferent clustes.Inather words, members withina cluster
are homogeneous while members belonging to diffeent clusters are heterogeneous. This would
imply low inea-cluster and high inter-luster variaton.

‘This princple is mainly used in Tocher's method of lustering described in detai by Rao (195).
We descibe in brief the following methods of grouping and identify the best for genetic
Clustering

a. Singl likage clustering : dendrogram,

b. Multple ange test,

. Princpal component anlysis, and

d. Tocher's method of clustering

DENDROGRAM
There are 2 number of melhods of lustering OTUs based on the information of various s
Fora good description, one may refe o Sneathand Skl (1973) fom which w illstrte a very
simple method clled ‘singe linkage custering.

Table 1 givesthe values of o trait Xy and X, of § OTUs. The distanc function d has been
explined i th ealier paper. Value of % and d ~ud? ae appended i Table 1.

LS.D. OR MULTIPLE RANGE TEST
When a group of OTUS requiring clasiication can be raised in a fied design (ke randomised
blocks design) and observations on a number of charactes important in geneti differntiation
can be made, a simple method proposed by Arunachalam and Bandyopadhyay (1984) can be
employed.

We consider an example of 8 OTUs in peanut grown in a completely randomised design. Obser-
vations were taken on pod yild (PW), test weight (TW) and shelling percentage (5P).
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Table 1 Coordinates of 8 OTUs in two-space (X, and X;) and distances

a b ¥ 5 i i o o
X 000 000 200 20 500 600 600 600
% 400 30 20 1w 50 S50 200 100
N . 10 800 B0 2600 30 4000 4500
b - 500 800 20 00 yo 00
P am . 10 180 50 160 10
g 36 2m 1w N B0 RO U0 160
Toosn 5% 4w sm - W e 170
joem 62 50 S 10 . 900 1600
noeR 609 40 4D 36 300 . 100
o 67 s® 4 40 41 400 100 .

From row 3 onwards - distances below diagonal (marked"), distance values, above diagoral,
values of distance squares.

Samples varying insize between 15 and 20 plans per OTU were used fo recording bservations.
“The analysis of variance (Table 2) showwed signifcant differences. Using the ertor ms, , the
diffeence in means of populations  and J was tsted using Lsd. as follows:

m, and m, are the means of the populations  and  for a trait and n, and ry are the szes of
samples used for recording observations n them. The test staisic *” follows a tdistibution
with eror df
Table 2 Anova of 3 trsts in 8 OTUS of peanut
Source at mean squares

W A
Between OTUS 7 o 3 77
Within OTUs 157 28 n 7

“The population means were artanged in groups base on tes (and Ls.). The topmast group
conaining popultions with the highest mean was given  scre 1, the next bet  scre 2, and
50 on K’ was the number of groups fo a patcular characer, the populatons n goup |
Were given a scoe = 1/k,those in group 2 with 2 sore = 2/K and 5o on to standardise scores
acos the charactrsfor cach one of which the populations coud arange in varying number of
groups. When groups overlp, it s possbe for & populaton to b foud in group 1 and also
in group 2, for example. The sore or that popultion was then taken to be the avrage which
would b equa to (112)/2K = 32k Populatons occuring in more than two groups would be
trated in a ke manner for the lltment of scors. The above pints would become clea by 3
study of Tbles 3 and 4.
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Table3 L. test of s

oW a  Pw ¢ oW W ¢ o s
B 9 me - A EUREY mo 1
A 5 os1 - B 24 1 B @3 -
D 9 ma - E 56 D 6i 2
c 7 om0 1 [ o2 3
E%  om2 - H %8 - E er -
F 7w - C ®1 2 F @14
G % we 2 F w7 - G EYR
H 5 26 D ® - H B0 -

- sample size - rank.

Table § Grouping using L.d. test o total scores assigned to OTUS across 3 trais in peanut

o W ™ Total score.
x 17 7
B 17 ”
c 1 1”2
D 2 12
E 12 172
F 22 22
G 22 2
" 2 21

‘The individual score for each character were added up to provide a total sore for each popu-
Tation. The populations were then ranked using the rumerical values of tota score.

1213 208 280 30
[ | | I
U I | |
1ABms CDEmF mis GH
Gopl 2 3 4
We note that there were only two graups which were also non-overlapping for PW and TW, and
thers wwere five overlapping groupe for SP (Table 3). The totl scorss (Table 4) can be arranged
i ascending order. The group with last score was the bst and so on (ss we attached the score
1 for the topmost group). I, on the other hand, we intend to srrange the OTUs in four groups,
‘one method s o compute the mean (m) and standard erto (s} ofthe totalscors. It would then
be possble (0 partition OTUs as follows
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Value of tolal score (X) Group.

TaX< or=ms
ms<X<or=m
meX< or=mes
mis <X < orshe

where 1isthe lowest value and h the highest value of total score obtained.

By this analogy, the efght OTUs of peanut could be grouped as shown at the bottom of Tabe 4.

Group oTUs
1 } o AB
2 CDE
3 F
i GH

A more effcient procedure is tose Duncan's mullple range testin lace of .. tet In principl,
he above logic can be extended to obtan any number of groups as desired @ rior

Various approaches ar in vogue to biain prliminary grouping of OTUs. For example breeders
assgn a floor value to each charactr based on their experience and allot 2 population a core +1
or 1 when it exceeds o fall short ofthe floor value. The aggregate scores across the characters
are used for ranking the populations. Allematvely, an arbitary weigh is associated with each
character and a discriminant function is set up. Using,the values of discriminant scores, the
populations are arranged in ther order of merit.

When a number of characters are considered, there s, in general, sequental relationship i
biological populations. Fo example, poor germination affects seedling vigous tha afects in tum.
inital leaf rea and hence photosynthesis, Hence decisions based on several important characers
Spanning the entire growth phase will be far and precise due {0 an automatic weighting in the
expression of the various characters measured sequentially over the growth period.

“Thus the three mechanisms  (scoring, process, test of differences and decision based on a large.
mber of charactrs) ensare the superiorty ofthe present method over the ane where numencal
Superiority over floor values o characters i considered. Such a superiority may not be upheld
by statisical tests. Though apparently no weight is associated with each characte, it s evident
the present method takes into adequate account th reltive importance of the characers.

On the other hand, discriminant function technique suffrs essentially from arbitrary asigniment
of weighs to charactrs. Since 1o exact ulesof welghting exis, clasificaion by various workers
ofthe same biologica populations can dife based on the weights given by them to charactes.
“The problem of character seighting has been considered in great depth by Sneath and Sokal
(1973) who defended equal weighting on several independent rounds. When many characters
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are employed, the statistcal analysis of similarity i only inconsequentially affected, if at al, by
weighting (uness this welghting is indefensibly extreme).

PRINCIPAL COMPONENT ANALYSIS
“The principal component analyss sims 0 constructnea combinations of variabls that could
exphin the toal vriatin given by " varisbles Thre would be as many linea combinatons
35 the number of vribles. The extent of variation accouned fo by a inar combination s
ncasured by th proportonate contrbuton of the canonical 1ot corespondin o th lincar
combination. The combinations are so constnucted as o contribue 10 the foal ariation in 3
descending orde of magritude. However, in many cases the s o oot or the irt two linear
combinations) would account fo  arge percenage of ol varaion These inar combinations,
alld canoical vectorsor princpalcomporent,could be usd t group OTUs I the frst two
+ootsaccoun for & majrity oftotal variaton (normaly 1o the oder of 8% o mr) the values
comesponding to the it wo canonicl oot are obtaned fo esch OTU by substitutng the
mean values of characers n the linear combiatios. Th values of th first two oot of the
OTUs could then b ploted n a two-dimersional raph. The OTUs could be grouped taking
intosceountthei proximity a judged by the nvestgaor, The metho hs been illustrated with
an example by Rao (195) artice 3.

The effiiency of princpal component analysi will depend on the exten of ttal variaton ac-
counted for by the it o oot. In cases wherethe frst two roofs account fo les than 50%
varaton, it would be necessary o use more principal companents which will make t dificult
1o represnt the OTUs in a two-dimensional graph and consequently he clstering based on
it Usually tis anlyss s used to confirm the classiiction based on distance sttisic using
Tocher's methed. 1t can,however,be used o construt preliminay groups which would furher
be grouped using DF statistic when the numbe of OTUs i lage, a3 would be see bt

TEACHER'S METHOD OF CLUSTERING

s was pointed out earir,this method of clustering is commonly used to group OTU on the
asis of genetic divrgence measured by D'

‘The methodology s expained in detail with a numerical xample in Rao (1952) and thereore is
ol reproduced here. For details refer o ae 9. in Rao (1952).

It may benoted that the ntra-clster distance wasset abitrarly i this method as well. However,
Tocher's method scores over others. Any OTU entered into a luster is judged whether it can
form partofthe cluster o not by comparing (the average increase in the value of D* when the
OTU s included + the increase in the number of D?) with the average D including the OTU.
Only when those two quantitis agree cosely,the OTU s included into the clustr, Otherwise it
s taken out f the cuser and tried vithanothercuster,This computationa scheme i described
i detal in Rao (1952) (Table 9,25).

he intra- and inter-cluster disances would be depicted in a two-dimensional diagram for
visul idea of the clustering patter. As found from clustering of OTUs in several crop plants,
Tocher's method of clustring using D? appears to work much beter than other methods dis-
cussed carler
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“The major criteria for an eficent dasifction using D a5 given by Rao (1952), (Chap. %,
an. 922), are - (s) Th disance must not decease when addiionl characiersare considered;
{b) The increas in distance by the addiion of some characters o a sitably chosen set must
be relatively small 5 that the group constelaions arived at on the bass o the chosen set
are ot distored when additonal characes are considered; (c) Mahalanobi”generalised D2 is
applicabe only when the variabls (o measurements) are normally distributed

Whie it may be diffcult {0 pinpoin the characters that are to be necesarly included for an
fficen classifction of plant genotypes, it can be said from earlier experence(hatcomponer
characters that are important to fitess and natural slection provide usually @ good choice
(usthy and Arunachaam, 1966, 1967, Chandrasekharah, Murthy and Arunachalam, 1967
Marthy, Arunschalsm and Jan, 1970, By logca argument, it can be observed that functions
o diret yield components may ot add more value to efficen classfcation when compared
to themselves. & usetul method to decide these ofcharacters t be included,in any pasticlar
case, is to compare the average percen contibuton of D* aded by cach component character
%o the total D%, when al posible D among the genotypes are aken into consideraton. Since
only quantiativecharacters thatcan a prir e taken t fllow  normal disrbuton are releant
o the D? funtion,one st b cautiousbefore includingdiscree variale ke inensityof pi:
ment, presence ofsbsence o an atrbute ke awning, ghume covering,c,or nterode posiion
denoted by sequential order from base (say from 1 o 10 elc), abirary scores fo disease or
insect resistance, qualty of grain, et for cssifcation. In some cases, appropriae transforma-
tions may restore the distrbuton to normaliy. Bu such cases should caefully be scrtinised
before inchusion

When charactrs are chosen 1o safsy the critria suggested above and when environments
(defined in space or time) mainain the relative expression of characes with regard 10 the
Benotypes o a great extent, it may be posible to dbtain largely idenicl clustering patern (15
for example, ininseed  Murty, Arunachalam and Anand, 1973, Bu it i  sae srtegy 1o expect
o repeatabilty and ake adequate coreciv teps by working out the divergence patte afesh
before chalking out usful breeding progyammes. A compromise may, however,be possible f
for instance, hybridisaton between varictes belonging to clusters having the maximu iner-
lustr divergence is only to be atempled,since the top and bottom clsters (and most of the
varetes included in them) are kel to be argelyrepeatabe unles environment cuses a major
change inthe trend of D values. Such evnts wil, howerver, be uncommon.

“The method of grouping using D* will become unwiedy when the OTUs o b grouped are very
large in aumber, For insance, for 200 OTUsthe number of D to be scanned would be 200 x
190/2 - 19,000 Forming prelminary groups based on visual fudgement ollowed by applicaion
of Tocher's method wil be an arduous exercie. In rder 0 tackle such stuations, combinaion
ofprincipalcomponent-Toche s method has been successully used n rice (Vairavan et al, 197)
and peanut (Durga Prasad f o, 1985,

“The method consiss in computing the percentage contribution o th fist o principal com-
ponents and arving at a preliminary grouping as explained ealier.Such groups would not be
expecte o be arge in principl. For example, 194 rice collctons rom Assam and North-cst
Himalayas eere grouped on the basis of 10 characers into 42 preliminary groups. The mears
ofthe 42 groups wer then used o compute th possible D? among them followed by Tochers
method of clusterin, This excrcise resltd innine finalchusters. Three cluster contined 70, 6
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and 25 collections i them, two clusters contained 14 and 12, o contained 4, and three asingle
collection each. A detailed evaluation of those groups would be found in Vairavan et al. (1973).
A similar analysi using four varietal groups of peanut led o équally iteresting nformation on
the geneic diversity present in them (Durga Prasad et al, 1985,

Since the clustring is based on phenotypic values of traits measured for genetc divergence,
it s possble that clustering patter in one environment or season may not agree with that of
another. As explained earlcr, the basi strategy is to expect such variation and base decisions
on grouping made in a specifc environment or season.

DISCUSSION
“The best character set for genelic diferentiation of OTUs is a debatable area. It wauld, however,
be desirable {0 run a complete assay of genetic, morphological, physiological, pathological and
biochemical (and all other known) characters on a known set of genetically divergent OTUs.
Using stepwise regression procedaures (see or example, Draper and Smitt, 1981) it s possible to
arrive at an optimal set of taits accounting for 2 maximum percent of variaton in a dependent
variable like grain yield, biomass, wood content, etc., depending on the biologicl entiy. Such
an exercise coupled with a knowledge of the crop to identify traits essential for survival and
fitness, would help to decide on the minimal st o characters to b used in the analysis of genetic:
diversity.
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