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THIq I WOULD LIKE TO J_(NO"W—'[‘WVO YE AR% LATER

WALTER B. WELCH
_Sa_ut}:.e_m Titinots University, Cerbondale

President Stoldt, TFellow
Presidents, Members of the Illinois
State Academy of Seience,
Guests: i

Preagident Stoldt ig to be congrat-
nlated on having read the addrasses
of four of the past presidents of the
Tlinois State Academy of Selence.
When she contacted the past presi-
dents, Miss Stoldt mentioned that
ghe wondercd what they were doing
since they were out of officc. For
my - part, and { suspeet the others
"ean say the same, the timo has been
- gpent in doing some of the things
. that had been neglected, The regu-
lar dutics ol a regular job has kept
cach’ 0f us busy. During this last
vear I have wondered how I ever
had time to attend the eouneil mest-
ings, amdwer the letters, make the
plans, attend’ eommitiee aucetings,
ete. 1hat arve required of a president.
“But this is not the subject: that has
" heen . assigned. '

his T Would Like To Know—"'
was the subjeet of the Presidential
address beforve this wegsion in 1962
Several gquestions were asked and at
‘that time it was thought that some

~ eould be angwered in a short time.

None has been answered, Some of
‘these questions involve the funda-
mentals of plant selence, '

One guestion was that of,
anxin and auxin like compounds in-

.

Past .

an a

TWo years

Do

itiate or control the growth of cells,
tissues, and organs?’? Threc years
ago it was thought we might be
close to the answer. Today we seem
to be farther [rom the answer than
we were then. In the meantime
there is at least one plant. secicntist

who ingists that zll is known aboul

“auxinology™ that can be known
and we might.as well turn our at-
tention to some other subjects.
~ Some’ persong who were working
onthe initiation problems have be-
come 80 involved with the problems .
of auxin transport that they have
lost sight of the problem of *‘initate
or control’’ funetion of auxin, Nei-
ther .preblem—initiation or trans-
port—has become clearer in the last
Oh, yes, research has
been published. -
Another problem “was mentioned
two years ago. This was the matter
of the control of ecll division—ei-
ther mitosis or metosis, The ‘gues-
iion was asked, ““Is thére an inhib-
iting substances that witl control the
rythimn of ccll division?’ Is there .
some- way Lo remove the inhibitor
and thus speed up cell divigion? Of
¢ourse other things must be in suf-
ficlent amount to support cell divi-

"mion.

This rescarch hdq not. progmf-sed
as rapidly as had been planned.
There is the matter of purification
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of the organie compounds wused.
There had to be a separation of
artifacts from.a real or at least a
normal response. Subtle changes in
the ultra structure must be studied
before an-answer is proposed. This
research is being carried-om and

there iy some evidence that thero

may ‘be an answer,

This is getfing so it sounds like
some . daytime T. V. shows, They
never ¢ome to a conelusion. Much
research ig of just this na,tlue only
there iz no seript.

Another guestion was asked—the

question  of differentiation. There

is evidence in both the vegeta-
tive and reproductive structures

that some type of determination is

going on. - The matter of determin-
ing which cells ‘will produce a
branch or a Jleaf on a vegetative

shoot has been reviewed many times:

in wany different kinds of plants,
The development; of reproductive or-
gans, - with both sexes involved, in
one larger organ of the higher
plants, has been nsed to disonss the

differentiation of cells, tissnes and

OF@ANS,

In plants, we have the '[I'l(‘Ghdl’l]S]]l
for uniimited growth that presents
a problem in determining just where
-differentiation takes place. It wonld

be very. convenient fo . divide the

activities of a multiccllular plant

inte theee stages such as: cell divi--
sion, morphogenesis, and diffentis-

tion. In many. plants these three
stages may bhe going on at the same
time in the same organ or tissne. If
we.think one stage leads to another

then we have diffieulty in drawing

the limits or ﬂuldglmes to separato
the. stages, :

- Research is being done in the
matter of differentiation and the
- canses of dﬂerentmtlon. Several

well known bislogists are saying
that now that we have the matter of
the duplication of the gene worked
out it iz time we got. to work, on
differentiation.

Two things are mong with “this

idéa. For one thing therc are still .

gome blind spots or areas of the un-
known, at Jeast unproven, in the

-theories of gene- duphcatmn Tt s

uot troe that we sghould start on
dévelopment or differentiation but
rather that we should eontinue our
work. A number of Botanists have

been working with the development

of cellg, tissues and organs for many
VEars,
Some of ‘rhe ‘theories, that have

beerr advanced in the lust theee Vears -

of véasearch, can be summed up i
the following theories ov mmbma-

tions of these theorics, The first -

might be the activator theory. A
second might be the inhibitor theory,

and last, . we might eonslder the.

covered theory.
The activator theory indicgles
that there is some triggering device

—-—cheinical or physical—that we set

in motion a sequence of events that
will finally determine the develop-
ment of a gell into the initial which
will become evident onlv in the per-
manent tissue. .

There iz some expommental evi-

dence that the “puﬂ' » gtimotire.

of a Lhromnsome is the response of

hormone action and a pereussor of

:metamorphos*m in animals. It is ob-
viony that this work was done on
inseets. The puff strueture of the

chromosome is studied in the giant

.
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salivary chromosomes of insect. lar-
vae and the metamorphosis was
studied in the larva-pupa develop-
"ment. Peter Karlson (1) has shown
that there iz an enzyme that controls

the development of puffs on . the

giant chromosomes.. The develop-
ment from larva to pupa is seen
just so Tany hours after the de-
velopment of the pufls, and the puffs,
themselves will apear just g0 many
hours after the injection of a hor-
mone. Karlson suggests that the

pufs are evidence that the DNA of
chromosome “will be forminhg:

“-the
RNA. This RNA becomes the mes-
senger RNA which activates the rib-
osomes in the eytoplasm which in

Cturn will form enzymes with the’

proteins of the eell. This in turn
becomes the activator of eellular
activities including differentiation.
There are gome interesting ideas
expressed here. We. might ask, as
does Iarlson,
necessary for gene action or to in-
itiate gene - a{,’rlon? The genes ave
all present in all of the cefls of a
tissue, organ or individual for the
" development of all the different cells
and tissues required. Then why do
not all cells of a flower develop into
" the pollen mother cells or the mega-
gpore mother ‘cells? This hormone
activation of the gene might be part
of an answer. The Mormone would
be nessary to stimulate the DNA io
produce the right BRNA to produce
,the ribosomes to produce the Tight
“emymca_ to produce microspore
mothier cells or megaspore mother
célls, -Arc-two hormenes necessary,
or arc there hormones and assoclated
vitamins, engymes, COENZymes, T
“what have you, involved? ;

Transactions Ilinvis Academy of Science -

.on apple

iy hormone aetivity

_ We have heen using a piece of ani-
mal research to explain the initia-
tion of the gametephyte generation
of - the flowering plants. This is
about as remote as any thing can be
but since we have gone this far sup-
pose we take it to another step and
ask if this could be applicd to vege-
tative development as well, Could
the origin of branch roots on &

- geraninm cutting be initiated in the

game manner? We know of a
erowth- regulating substance involv-
ed here. It is the auxin-like sub-

stahoes.

Now we: arc back to the question |

‘asked in the address before this ses-

sion in 1962, Does auxin initiate
or regulate, or control or malntain
the produetion of adventiticus Toots
stem  cuttings? Could
auxin be the hormome Lthat will in-
itate the production of & messenger
RNA which will cause an enzyine
to gtart the synthesis of a herdone
causing the development of adventi-
tious root? Is there an cnzyme
involved or can the messenger RNA
cause the root initial lo develop!?
If auxin iz involved then it iz more
imperative- than- ever that we de-
termine if there is an initiation or a

regulatory funetion.

A second theory about morpho- -’
genesis and differentiation is the
inhibitor theory. This theory would -
irigist that since each eell has all the
geney that would control all the dif-
forentiation of all the eells of the
whole organism then there must bé
something that is inhibiting this
action. The genes would be allowed
to funeiion only “if the inhibitor

were removed. This may. appear

to be a negative approach but it.is
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an approach that warrants some-in-
vestigation. - Imhibitors. have heen
seen " elsewhere in . plant growth.
Some chemicals have been - ~proved
“to be stimuldtors under some condi-
tiong and inhibitors nnder other con-
ditions. The simplest of these con-
ditions might be the eoncentration of
the. chemical involved. In low eon-
centration the chemical conld he-
eomme a stimulator and at a slightly
higher concentration would be an in-
hibitor and at a still higher coneen-
tration it might prove to-be lethal,

In ‘nigeh of the ~auxin work the

idea of inhibitor is the idea that the
inhibitor. inhibits the normal growth

action of the suxin. If a2 monophe-
nolic compound will aet in wuch
& way ihat auxin can not do its

proper job, and if this phenol werd
changed to a polyphonolic. com.

pound’ then auxin ecan funetion in
‘the growth proeess.. In this case,
would the monophenolic compound
be an inhibitor? Is the polyphenolic
compound a growth stimulalor? Do
we need. to define our terms? Ts
the enzyme that breaks down . the
auxin an inhibitor becausc less
growth éan take place if auxin is not
present ?

- Then we are back to the same
question again, ‘s auxin.the chem-
ical that initiates cell. division,. cell
elongation, ete., or is it a mguld.tur
of eell division and cell elongation,
ete,”’  Attempts at answering thesc
 questions were reported by Kefford

(2) in a report of the 5th Interna-
tional Conference on Plant Regnla-

tion. On thesubject of the Analysis
of Development he reports, ‘‘The
strnetures of a number of classes of
compound which have been propoged
as regulators have been de_seribed

_aceurately or tentatively.

The im-
pression that plang development is’
the result of a developing pattern of
interacting fields of those regulators
has been built up. But this impres-
slon ig not ready to he put to the
test, The design of such tests prob-

- ably- depends as muech upon ad-

vances in the analysis of develop-

ment, down to the moleeular mecha-

nigm  for fntcr—and mtmnellular

- regulation of metabolism, as.on def-
ination of primary sites

_of the
regulators in the eell:”” Jt hag been
demonstrated by workers "at Oak

Hidge that the dominant process. in

development  might take place i
cell enlargement rather than. mlt{)sm

or in the total nomber of cells..
. Mazia (3) of California has shown -
two levels of control. Ile difforenti-
ates between induction and main-~

tenance ‘of cell division.  Induction
may be regulated by a group of

enzymes. Are any of these enzymes,

or the absence of an enzyme, tho

inhibiting factor- in. the induetion

of mitosis? It has been peinted out

by several workers that the contrel

o the .activities .of a cell is the re-
sult of sequenhal enzyme activity.

If one step in the sequence.:were

omitted then the reaction would stop
therve,

lons stages in the soquence and the

«eell would develop to its maximum

under the sequence as far as it had.
gone. This could bring np the gues-
tion, ‘“What is the ultimate in: de-

selopment -or differentiation?’”

Much work has been done on the

reversability of sex ‘in’ Flowering'
. Plants,

Flowers. that should have
produeed the female organs have

Then. we might . think that"
‘the development or differentigtion
of a cell might be stopped at var-

.

B T




LT i R AT g ST PRI AT S S T

s o 1 g o

o S

LA S e

been changed into. ﬂower‘; producing
male organs. Again it might be
assumed that there iz a sequential

arrangement of enzymes that will

control this development and in turn
there must be a sequential-arrange-
ment of the genes of a cell to direct
the produetion of the enzymaos.
Postlthwait and Nelgon (4) reler
to switch points in the development
of the car of corn. By the use of
cortain gened the switeh points could
be changed. This switch could
change the strueture of the ear to

‘resemble- the structure of the tassel

in- ecorn.- They cite work done- by

.Heslop-Harrison which shows some
--guch effect can bé brought about by

NAA., Ilere -again we might ask
if there iz a hormone necessary for

-the expression of a gene. -
‘Stern (2), of the U111wr31ty of-

Tllinois, was prompted to warn that

"those who speculate on the molecnlar
mechanisms of differentiation gen-
erally do ot know of the inter—or

intracellular metabolic activities go-
ing on in the cell.. We need to get

" .those who are working with plant
growth regulators and those work-
ing with molecular mechanism o
speak with- a common language.
Theri we may advance ouy knowl—-

edge ‘of differentiation.

~The third theory was that the
gehes- on the ehromosome might be
covered up by the histone layer on

‘the ~ _ou_tmdu of the (,hromnaome
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"This histone layer would stop the
action of the gene until such time as
when the histone layer could be pen-
etrated by the gene, then the gene,
presumahly be able to form the mes-
senger RNA, could carry out the

.sequence- of the cell functiors: This

theory, which was proposed some -

two years ago, has mot received

mueh support. 1t may be a modifica-

tion -of the first theory mentioned.
Three theories to explain differ-

entiation of cells, tissues, and organs

‘mean that do not know what Is

the state of affairs, or that there
may be several ways in which deter-
mination and differentiation take

-splace. These theories may not be

all the possible theories. There may
be ofhers that will more nearly ex-
plain the ohserved actions of plants.
It may be very foolish to expect any
theory that cam be applied to ani-

mal differentiation might also be

-applied to plant differentiation.
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