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An application of electronic computation to studies of wvariation

in Manihot esculenta.

David J. Rogers and Taffee T. Tanimoto

One of the greatest difficulties for the plant taxonomist in
the course of his endeavors is the correlation of his dzta. Be=
cause of the almost insurmountable problem of correlation of as
many factors as even the most superficial practibioners would like,
there have been very few monographs vhich have been really thorough.
Almost all monographers feel this problem, no matter how clsar-cut
their particular species may be. All have felt the doubts which
assail us when we reali,e that we do not know how several independent
characters are correlated or how, if these correlations could be
achieved, these factors would very lilkely influence decisions as to
our division into species, genera, and families., .'roblems of cor-
relation are perheps most difficult when dealing with the rather
tenuous differonces in sub-specific cetezories, and the problem is
magnified where man has been interested in the nlants for his own
use,.

In the cultivated species Manihot esculenta, which is a erop

of fundamental importence to millions of tropical people, many
varieties have been recorded. These are largely "artificial"
varieties in the sense that they are maintained almost exclusively
by vegetative mecns and probably would have little stability if
reproduced from seed. If one wishes to make a classification of
these varieties, one must largely depend upon charac£ars which
ordinarily seem very tenuous and unstable,

One way of testing stability of any one character over a number
of generations is by growth in different environmental conditions

for a number of years, This is obviously impractical as very few
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stations or organizations would be willing to support such a project
for many different crops,

Furthermore, it is a laborious task to make correlations of
characters by hand technigues, because we can at best test six to
aeight characters simultaneously (perhaps a few more by Aﬁdarsonian
techniques). If judging relationship by ordinary methods, we cannot
correlate (at least, T cannot) more than three items at a time. The
alternative to this, as I see it, is to follow the procedﬁras which
Taffee Tanimoto and I have been trying with IBli.

The obvious advantage of the electronic computer is its capa=-
city to handle large quantities of data, which in turn allows the
analysis of the stability of and correlation among many characters
simul taneously.

It is important to know, of course, that an elecironic computer
is no more useful than the program which is propared for it., Some
of the ground work for a program for taxonomy was laid by P. H. A.

Sneath#, working with strains of the bacterial genus Chromobacterium,

but his program did not have sufficient flexibility to allow for
prediction, nor did it give any clue as to what should be dome in
case of failure of the selected charscters to differentiate, Ve
hope that some of these shortcomings have been overcome in our
program.

Population searples of !llanihot esculenta collected ovar a

period of four years have given us specimens collected in warm, dry
regions, in cool dry areas, and in several intermediate zones, in
soils of voleanic origin, in alluvial soils, and in marine clays.

With these population semples as a basis, we have attempted to

i Jour, Gen. licrobiecl. 17: 184-226., 1957,
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evaluate the various characters singly and together.

The actual preparation of materisl for use with the machine is
similar to the normal collsction of data which one would use in pre-
paration of a species or varietal description. It is obviously
necessary to carry such preparalti n a step farther to allow for
translation of the data to the binary system which the machine can
use.

Preparation of the data in this manner is merely a coding de=~
vice femiliar to most of us and in frequesnt use in such works as
those of Anderson on introgressive hybrids, Any character such as
pigmentation, for example, may be recorded as a number, snd each
oceurrence of this particular pismentation recorded as that number.
This may be readily converted to binary lenguage. If one wishes to
examine the sheope of leoves as a differential cheracter, it is
fiound that the vrocess is easily accomplished within a groun of the
size of a spacles, vherein the number of different leaf shapes will
readily fall into a small numbar of categories.

In this particular case, some 50 characters were chosen, al=-
though the machine could handle many more than this if needed. The
practicality of the classification scheme was considered here, and
it was felt that not more than 20 or 25 characters should be used
if the keys and definitions of the varientas were to be useful to
other workers, ‘fle are in a much better nosition to select the most
significant charscters after the machine menipulation of the S0
characteristics with wvhich we started.

As pointed out, the program assists in determination of. the
value of certain cheracteristics both as "key" characters and as
indications of relationship among the varisnts, For example, the

examination of esculenta plents growing in museum plots in

!1l
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Jamaica and Costa Rica seemed to demonstraote that the color of the
stem and the color of the root were correlated factors of wvalue
both as to key characters and as indicators of relationship. Using
these, it was a simple matter to divide the samples into two ap=
proximately equal stacks of plants. However, we are still left
with a tremendous amount of heterogeneity in the two stacks, Inas-
much as obther characters which seemed useful for classification
really gave 1little information on how further to divide the variants,
it was necessary to make some sort of analysis which would provide
satisfactory divisions., How to do this agein turned toward what
seemed the only sensible solution--gzlectronie computation.

Another problem arises in the process of giving weight to
charscters, leizhting becomes one of the majer problems for the
taxonomist. 'hich character or set of characters is most signifi-
cant for glassii‘ication? i eh combination of characteristics will
provide us wi th as netural a combination as is possible? The prob-
lem, I think, is controlled in setting up a progrem for the com-
puters in that: (1) the taxonomist himself selects many character-
isties which his experience tells him may have value, and (2) the
program for the machine correlatss all of those selected, simul=-
taneously assessing their volue for the purposes recuired of the
selected characters, In assessment of weight by techniques which
are most commonly used by classifiers today, one or two characters
at a time arse evaluated by the slow end tedious orocess of inapectio:
Viith the machine, we feed all choracters to the computer without
weizht, and by the correlative abilities inherent in the program
we can evaluate the weight of characters, not one at a time, but
many simultaneously, After correlations are made by the machine

we can see that the program has given us insights which would have
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been much longer in coming to conscious levels by the usual taxono-
mic routine.

Even before eveluation of the weight which a character should
have, we tested the program by ordinary calculating machine--a pro-
cess which took us some 40 man hours of work--to determine the
value of our techniques. It was heartening to note that we achisved
an orderly arrangement, ln most aspects similar to that which I had
worked out rather arduously over the past few years. It is even
more heartening to note that, when the vrogram is Tinally prepared
for ths machine, the same operation would recuire about one minutel

Now, if I can just get the machine to write the keys and des-
criptions for me--l From other studies it looks as though we may
eventual 1y be able to get Latin diagnoses prepared for usl

The characters employed were all of a morpholozical nature: :
pigmentation, and branching pattern (frequency of brenching); leaf
lobe-number, characteristic lobe shape (three separate shapes), pig-
mentation of the petioles and young foliage; root surface (the epi-
dermal layer either roughened or smooth) pizmentaticn of the corti-
cal zone; etc,

I hope eventually to include biochemical data to assist in
evaluation of the cultivars (varieties) for agricul tural purnoses,
Vle already havé accumilated date for nearly 100 cultivars on HCN
content of the root, starch and sugar concentrations, plus crude
protein concentration of the younzer foliage,

In the actual classification of the cultivars, the rank of the
taxa and considered evolutionary vpattern are beyond ths machine's
level of discernment. These items are strictly dependent upon the
individual taxonomist's judgment. The machine data assist in dis-

cerning break-off poinis between units, but the machine cannot mdce
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decisions as to the values to be assigned any one group, nor how

they are to be ordered, unless we can give the appropriate directions

in the program, 'fe found, for example, that one of our semple s had
more characteristics in common with all other samples than any other
specimen had in common with all others, This one sample, then, is

a sort of central point of the variation to be found within the

total samnle., Unless we, as taxonomists, can decide what to do with
this sample, there is obviously little vslue to the whole program,
Actually, we will not say that bthe center sample of this study has
any significence until all szmples of all our population samples

have been correlated. Vhen this is dones, we will have some basis
for a taxonomic decision, but still, the decision rests upon judg-
ment. This judgment can only be accomplished by a nerson of intimate
acquaintance with a particular group, and the knowledge Tor the judg_-..

ment comes as we gl l lmow through thorough field and herbarium study.

Again, it must be said that if we have this judgment, we can ask

approuriate cuestions of ths computer and get assistance in our de=
cisions.

In reeapitulation, we find that the lnowledge and skills of the
texonomist are still the mosty significant thing, We do find, how-
ever, that our skills and knowledze are brousht to a much hizher
level, that we cut throuzh trerendous drudgery, and we gain insizhts
at a speed never before reslizable throuzh this worlk with the com-
puter,

I want to

t\\r:ct that thidgork ever saw e lizht of
gave Br. Tanimoto thegpportunity toNyork on this X

vided theé\necessary machihe time to carpy 1t out.

N
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