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action of genes and induce specific changes in this,has been examined 
'.. . * 

by a number'of investigators in recent years. 
wds& 

Several systems, each 
A 

compcsed of one or more controlling elements, have been identified. 

that controlling elements are unit cw 
A 

apart from 

the genes even though they are ca:-ried by the chromosomes and reside at 

* 
specific sites in them, It was possible to &&E&B tl?is when it was 

learned that these elements may undergo transposition from one siteSo 

another in tne chromosome complement, It was further learned that 

the mode of control of gene action was a reflection of the specificity 

?; 
of operation of the individual components of a system and&the interactions 

that occur between them. it was learned that one such /\ Furthermore, 

system\aJould control'the action of different genes, in like manner. 

Fbr induction of operation of a particular system at a known gene 

locus, it is only necessary that one of its elements be inserted at a 

site within or close to thdlocus of the gene. This is shown in the 

two known cases of control of gene action by the element A& (Activator) 

at the g locus in chrcmosome 1 and the Bz~locus in chromosome 9 

(Brink et al, McClintock, 1956 a, b, c). * 
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* Footnote: 

Brink and his associates have used the term Modulator (Mp) instead 

of Activator (AC). This term was given to the controlling element at the 

be 
E locus before it was recognized to/the same AC element that operates - 

in the l&s--A2 system, first reported in 1947.) 

A system composed of the above mentioned AC element and a second 

element, designated Dissoaiation (Ds), also has shown that the mode of 

control of gene action resides in them Be controlling elements. In 

this system, it is the Ds element that becomes inserted at or close to 

the locus of the gene whose action is being controlled. The 0perat:on 

of this system at a number of different gene loci YY 

examined by the author (McClintock, 1947 to 1956) and 8~, iv 

OL . . at the Bz2 locus in chromosome 1 h 

investigated by ETuffer (195 ). This system also has been used for 

specific purposes by a number of &her persons ( Brink et al., 

Fabage; Schwartz, Oliver, Wotani, Peterson, 

,--- Dollinger, Sprague 1. 
i. . 

.~ *,, _  
.C 
.d The Suppressor-mutator (SJIJ) system is anoth:r ~ZW in which the mode 

-:. I ) ~., '*. 
y+f$ \ 

,,T z$ of control of gene action by its componenet elements could be examined 

3 \ 2 ' 
c. $2 at more than one gene locus. 



A2 in chromosome s,'haJZ& been comparedi Both Al and A2 are 

associated with the production of anthocsanin pigmentation in Flant 

and kcrnel.4 When a 
pjJ Qb@J 

,' x:lant or,Fernel is homoz:gous for-& recessive 
,,,d ; j,f%: ', 

allele, either al or a 2, no anthocyanin appears in plant or kernel. 

XdL 
A f 

When +332&+ are present, Wt& the plant and the kernel are d&ply 
(y&.4.0 SY a&+$( y.+&fL" fi?&@l @wd 

pigment. Wm, the Spm system of control a&s.e first at the 

..M 
A 

locus of A2 and in the course of m * of instaoility of expression of a 

A gene associated with chForophyl1 development, In this e, a number 

of plants of a culture were self-pollinated and on the ear produced by one 

plant,knrnels appeared that exhibited variegation for anthocyanin 

(2 O'h'C 
pigmentation. 

wJ ,\i$&& j&;‘!i~~ 
Z:?.ch showed areas of deep pigmentation, other areas of h 

w\a . ww 
#4 

tim pale pigmentation 1 .-we72 totally colorless. 

system responsible for the newly appearing&~ b y&4. 

variegation commenced with plants grown from kernels on the above 

4,LmdJ$~~. fh.qpa, ~~.~~~~~~ P-&y 
mentioned ear. It was soon realized that the4varieyationJwas initiated 

-b &?a clJwLvM% 
by some modification Sp the standard A2 locus in chromosome s“ae 

4 

could be exhibited id'plant or kernel whew the modified locus .I 
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was either homozygous or was heterozygous with the standard recessive, 

a2* The modified A2 locus was then given the designation a2 m-1 and 

study of it was continued, 

td- 
, ,An qo clear impression of the mode of ojberation of > the system 

responsible of a,"12 
,/' 

the silks of an ear of a plant carrying 
. 

the system responsible for control of gene action at a2 m-l received 

pollen from a plant that was homozygous for the standard recessive, al, 

carried in chromosome 3, and for the standard AZ, carried in chromosome 5. 

In this cross, all of thekernels on the ear were expected to be fully 

pigmented. This was found for all kernels except one. The exceptional 

kernel exhibited varic;gation for anthocyanin pigmentation. It had 

spots of deep pigmentation in a colorless background. The plant grown 

from it also exhibited variogation for anthocyanin pigmentation and tests 

conducted with it indicated that the variegation was associated with &j@ 

modification of the standard A1 locus that had occurred in a cell whose 

descendents produced the female gametophyte in the ovule that gave rise 

Th&- modifi 
E&4& 

to the original variggated kernel. & was then A 

given the designation al m-l and study of it was continued. 



Early examination of al m-l behavior suggested that a relatively 

simple system was associated with control of gene action but as the 

study progressed, it became evident that the system was far from being 

a simple one. Nevertheless, some appreciation of its mode of operation 

was gained during this period. At the time, study of a mc1 WM 2 

discontinued as no cluee had been grasped of tie mode of operation of the 
I 

system associfted with it. After the basic mechanism responsible for 

control of gene expression at a m-1 was recognized, study of a m-l 
1 2 was 

recommenced, with the expectation that some similarit$5mi.ght be found 

in the control systems associated with each. It was anr\n'reallzed that 

the mode of control of gene expression was essentially W for both 

m-l 
al and a m-l 

2 l 

With this in mind, further tests were conducted and 

these, in turn , proved that gene action at both of these loci was controlled 

by the very same system of elements. By means of these concurrent 

studies of a ml m-l 
1 and a 2 ' confounding aspects of behavior given by 

each,when examined alone,were resolved. It then became apparent that 

lack of recognition of the cyclically occurring changes in action undergone 

by the dominant element of the system, @4 
Suppressor-mutator (Spm), was-the 

ation of the 

These cycles of 



of change in ph$e of activity of Spm are responsible for many , 

different types of phenotypic expression that a-!,pear within individual 

plants or kernels and also for highly dqscrepant ratios of particular 

phenotypes that appear in progeny derived from either self-pollination or 

An outline of the mode of operation of the Spm system will be 

given here in order that the following sections, each dealing with some 

particular aspect of this, may be read with appreaiation of the operation 
A 

of the system as a whole. The Spm system is considered to be composed, 
{"J&J&,4&&-E Irp 

Y of two l35i@2 controlling elements. One of these is located 
A 

at or close to the gene whose action is being controlled, and in the cases 

under discussion, at t'ne locus of Al in chromosome 3 and of A2 in 

p&&uJe 
chromosome 5. The other controlling element, Spm, is located elsewhere 

4 

in the chromosome comnlement, T undergo++ transposition 

from one location to another,ir +h~ s ." . On different occasions, 

S& transposition has resulted in insertion of it at a site sufficiently 

close to a known gene marker to allow ready detection of the new location 

by mens of linkage studies with the marker: and its insertion at and 

tr:;nsposition from z+e&&ic sites in chromosomes 3, 5, 6, and 9 have been 

examined. 



It h.3.s not yet been proved that a transposible element resides 

at the locus of the gene whose action is being controlled by the Spm 

system. That this is te be expecte4 is indicated by evidence of the vn- 
"4 ..QJ‘l Y.N. r'r Q,u,f - 4 ~~&j&?~ Q+.!&&&~ 

presence of such an element at & gene locus obtained from study of 
4 

another two element control system, Ds- AC, It could be shown that the 

Ds element of this system is inserted at or near the locus of the gene 

whose action is being controlled by the system>and that AC resides 
i&& /$-L rt!,?d 

elsewhere in t'ne corq3le~:en-t. 0LA.k 
4 

Ds ia w transposible element', 

Again, the fact that a,-m-l arOse in a plant in which the a 
2 

m'l-Spm 

system was operating, and that the behavior of both al m-l and a m-l 
2 

are impressidly alike, strongly supports the assumption that Sh 
&ljJ &&J $ ts & tJ‘t$(&p &&&JJ- p4 /@f$&Lr.b~ 

R transp&sible element resides at each of these two loci a&U&a& & 

c&j4w+eLp*?L&.~JetI&, tid ‘4 

4 arose from insertion of this element, Eirst from an unknowrn location in 

the chromosome complement to the locus of A2 and subsequently to the locus 

of A 1. 

In each of the two cases under discussion, modification of gene 

action probably occurred as an immediate consequence of bnsertion of 

L&$qm&~ 
dili 

t44z~ controlling element at the locus. In both cases, -lx t&h ap? 3rs to 

have effected a reduction in capacit:T of the gene to contribute to 
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anthocyanin pigment formation. reducvd ca$city,!is ephibijted jh 

have 
c- In plants and kernels that PI= Al md A2 , anthocyanin pig:nent 

intensity is deep either when Spm is present or when it is ajxent, 

In contrast to this, pigment intensity is reudced in those kernels and 
~idJ&yJY +- &. 3; ;:u $ ,j!ii$') 

plants that are homozygous for the original st::te o-;' either a 
1 m-1 or 

m-1 CL j 4 
a2 or are heterozygous - the corresponding recessive 

* &wx bJ-iQ 
allele~uhene~e~,S~;ikgcafpsent or,,inactive sP When, however, s is present _ ~.__ 

i/ 
.-- -- _ . ..- ----".,__, -...-- -. -.- - 9 .-" 

.I 
/ 
I 

W  The constituticns of these plants would be: 

r 

m-1 or a 1 : A2A2 or A2/a2; al m-1 m-l 
Ia1 or a lm-l/al Cih4.l 

-‘i Q m-l or a 2 : AlAl or Al/al; 82 
m-1 m-l 

/a2 or a2m'l/a /::' 
_..~ --.- - - -.~. .--' 

in .~#j,NLq m "4 
and activek both plant4 and kernelf %Z these - constitutions, 

anthocyanin pigment formation well defined areas, 

-.__-____ ___. _ I... ._I Ul. lfdw 3 as. %ree 

distinctiy different types of events are responsible for the apposrance - 

of these pigmented arcc!s, The first of them is associated with some 
- l . 

;,. Q.,d 

m v b event occ:rring at the locus of the gene concerned either r ._ \ 'A 
m-l && & &Q&L7 fcJuAQ0 

a1 or a m-l 
2 as the case may be. % results in reestablishment of 

4 



the full or near full capacity of the locus to contribute to anthocyanin 

P* &5ihLJu -qcF 
l TheGeventz+occux~$ in individual cells whose progeny cells 

o-k& 
may then exhibit intense pigmentatPon. When tti40ccurs in a cell of 

the germ line of a plant , gametes may be formed that carry the locus 

GPG i-&&l G& -&ub 
aif 

d lit-4 
with restoredr,activity_, and iv may be detected the progeny. 

mw 
Tests of such w indicate that thli(g 

of gene expressionA'& in the presence and/absence of Spm. 
I n 

/\ me second and third $@3$z$ event/ 

@wJ t!JQ & ’ 
consequences of t&3 WW+-- are m di‘stinctly different. The first of 

fQqA.4 (Jq ~.~~~~~ tzfgi& u,&&.w~+~ @@LlJ 
these is associated with a s-g trans osit.ion of Spm&I 

&; i,&y IW ? 4 

fb 
blH 'c 

u sequent segregation of chratids at A mitotic anaphase, 

ul&~~m &fo&&~ lwdQJ2 
A '. 

The progeny cells arising from one in which 
4 

iJQ &yh ri :;d 
Spm has been removedAexhibit the reduced grade of pigment intensity 

A h 

P -4 
h 

i 
\IvIrc . ;' dt) ,no further change occur? aA ?-fif: l?d+ 

&j?$& q&Q &F;j& iJl/&A.o&b&@ h &&I&q f-&u&yltx ~.t&J, 

The third ty-pe of event gives rise to pighented aras exhibiting 

the very same phenotype as that just desacribed. However, the cause ad- CJ- 
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this is not removal of Spm from the nucleus but rather its complete 

'$2 
inactivation without change in locatin. The phen0Qpi.c expression@.&& 

A f 

b this inactivation w 
>J 

is stable as long as Spm remains in L&L& 

inactive phase, Return to the active phase ia some subsequent cell 

again will initiate not only suppression of gene action in the immediate 

progeny cells, OuNmfl but also it will initiate a++&~ the same round of events 

just described, Consequently, witl!:in some of the large lightly pigmented 

are'.s of a plant or kernel, smaller, non-pigmented areas may be formed and 

within them, in turn, both deeply pigmented and lightly pigmented areas 

may appear. Whether or not a variegated pattern of the Q,'pe just 

described will anpear following a particular inactivation of Spm, and 

E&i should it appear , just what t7fle of pattorn of tiariegation will be 

exhibited, depends upon the duration of the inactive phase of Spm. 

Following some inactivatiohs, the inactive phase may persist through 

many cell or even plant generaticns. Following others, the duration 

of the inactite phase may be short,with frequently occurr5ng returns to 

wb the active ph::se in some cells that a+e only a few cell genersations 
4 

removed from that in w3ich inactivation occurred. And, a large range 

of difference in duration of either ~JM inactive or the &active phase 

of Spm has been noted, 
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On the basis of the above description of events occurring at the 

&be ‘itfiq) 
locus of either al m-1 m-l or a 2 and/to the Spm elementA it is evident that 

0, 
& variegated patternf in4plant# may be simple and readily interpreted if &lb 

&j&id ;I, a!%4 twdi 
.rn @ II u dll~-af.i~ active 

q.Qtw+ ltthiG& 

A 
phase 

4' 
he t and if transpositior 

1 qhrabclp 
of it is infree.uent or does not occur during a developmental stages, 

? 

In contrast, the pattern may be vt-ry complex if the active ph>e of Spm 
aJ2%!Lin~-~xri&$~or)~~+ti(d~~J 

is of short duration or if tr-nspositions of it occur in a number of cells 
4 

rather early in development. 

When two or more active Spm elements are present, the frectuency of 
I 

occurrence of the mutation-inducing events at either a ~~~~~ 
1 or a m-3 

2 

remains the same, In other words, 
cLc4m 

the pattern of variegation U 
twtoltecp w4.h&44- /.-w&q -4JuJs increased 

'sgPV,iS by/dose of the Spm element. In contrast, 

bY the pattern of variegation induced by tnansposition or/change in phase of 

Spm is much altered by increased dose of Spm. The number of pigmented 

areas attributable to these events is decreased as the 8pm mumber 

increases. For this reason, the number of Spm elements in a plant or 

kernel &&&e&o dffeckin a marked way the over-all pattern of 

variegation,- IIOweVnr, '6 
in any one plant or kernel t&& exhibit 

% 

only that pattern of variegation attributable to muation at the gene 

locus,it is not pmssible to knww without test whether this Fattern is 



w% PP active 
produced becauseAtwo or more/Spm elements wt or because of the 

n 

presenc$ of only one Spm element which has a very long duration of its 
d.J@ 

()&& JpJ- If\ b -tIibbwI;r;lh~ tY4!wuf Q@J+ I- wa- a 

The time of change in phase of activity of Spm during development 

of plant or kernel also af patterns of 

variegation. With the orig:inal state of both a m-l and a m-1 
1 2 , mutation9 

m f"wbcLeP& 
to a full or near full Axpression of gene action -occur early in 

-4 

plant or kernel development if a fully active Spm element I& present q 

at the beginning of development. Such mutations give rise to large, 

& deeply-pigmented areas in b&h plant skernel. 

& 

However, if an 

inactive Spm is Gresent that returns to the active phase in some cells 
1 

w +kPH 
b& only late in development, only small areas v in which 

A 3 

it is active. These areas are characterized by the 

spots of deep pigmentation B in a non-pigmented background. 

Since mutation to full capacity of gene action w occur onlyAm Spm 

u@ 
of Spm&buld give rise 4 

dq+@- 

Pm@ 1 
pigmentationA within 

the restrictedAarecs in which it Is 
~~A~-&Q $!&C dJi O-U2 h , 

activ It is evidentA taker that the 
I 

tyje of variegation exhibited b;\: a plant or kernel may be-very 

if the Spm element in it is undergo?ng change in phase of activity at 
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at different time$s during development. It is largly because of this / 

that the early study of a2W1 lead to no clear understanding of the 

system involved in its control, although other conditions, which will be 

jz.&riL 
mentioned s&x4&y, likewise contributed to this. In contrast, 

. 

appreciation of the system controlling al mo1 behavior was more readily 
-9 ‘\ & 

c&w +ij 
atkained. The reason for t.3s is now eM.&x&. In the early studies of& 2 

investigated 3 it, the Spm element present in the plants/had a ve:'y long duration of itsi 

active phase. so few changes to the inactive phase occurred during * 
J9 

development that these did not obscure the generally corsistent 
&y 

t H? 
And, it was this consistent &'tem.-o h behavior $-wfp4~ 

W&at allowed interpretations to be drawn m 
4 

c) '2b Estates of aIrno and a m-l 
'I 

. 
One of the most of a controlling ':a 

t element at a gene locus is the modification W  induced by it that T 

d W I -. ' 
wi-lJ++&tie ti subsequentw\change either inPfrequencg o 

4 
0-L '* 

, before thi&modif ication,ioccurred. SFiXFEe each such modification is 

ay-of mutation in subsequent generations 
'4 M  e 2 bw \-_ n 
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and with respect to m-1 m-1 a 
1 and a2 , these are termed changes 1n state 

m-l 
of al m-1 or a 2 l 

Study of several different control systems Udicates that all 

ti@Q 
manifestations of change in action of the gene*&%? heritable M, 

whether it be a stable mutstion or an altered state, are expressions of 

modification induced by the controlling element of the system X%4&&&$ 

ces--eZ the gene. In a two element system such as AC-%, 

B-al t 
e&& 

En-palegreen, etc., &ke modification 8 

G&k response of thtielearent a WM to the presence of the 

independently located element of the sT:stem, which is Spm in the cases 

under consideration. Iherefore, a change in state of a m-l or a m-l 
1 2 

will occur only when this element is present and active and only at 

those times during development when mutation may also occur. A change 

in state is, then, only one of several possible consequences of a single 

response of the element associated with the gene to the presence of the 

complementam element of the system, 

that isolation of a newly altered state for subsequent examination 

requires that it arise in some cell of the germ lineand be present in a 

gamete. 'herefore, the chance isolation of a new state depends 



largly upon the time during development of aplant when the controlling 

element associated with the gene locus is responsive to the independently 

'il#lN&JhS~~IcBuI "1- .-. .- 
located element of the system and, indeed,: & time of this is one f' IO the 

M 
4 

ek' J.4 
distinctive expressions of4state, If,in a plant,the state/is MO& &k&t 

. 

it responds relatively early in development,and if such responses occur 

in sporogenous cells, a number of gametes may be producedleach of which 

carries either a mutation or an altered state. Both t;rpes of change 

may be detected in the progeny of this plant,and each may thereby be 

isolated for subsequent study. If, on the other hand, the state is one 

in which the element associated with the gene locus responds to the 

independently located element only very late in development of the plant, 

few or no gametes may be produced that carry either a mutation or an 

From new DQadQJh 
altered st&te, H&&z the former state, mr states Qould xr+se v 

d IA from 
n with appreciable frequencies whereas x&k& the later state they would W , 
id-l w- 

I 

~ either'very rarely or not at all. Ce 
d!Lbd-h 

w+i& the@ origin and isolation; &G&S evident that no conclusions zxs 
A . 4 

regarding relative stabilities of the two states are justified‘f'rom 
&,Japaqo;f :ll.f-qJb~a (f/J& ~AQib~ pc$.$m ' 

comparisons ofAt- _ l k?ith the latter state, as many changes of state 

-Y with the former but there is no way of detecting and isolating 

nrn -L 
1 fi ’ +. -* -. -_ I . 
i TheLbfsre , S.n this study, '8%X ea@h new 
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state was derived from one in which response of the element . NWCKH+W d 
1 

w-e lm to an active Spm occurred relatively early in 

plant development. 

As stated above, mutation to a stable expression of gene action $ to 

change in state & the consequence of4%esponse of the gene-associated 

element to Spm. Methods are available for determining the relative 

fr!:quency of occurrence of different types of mutation to a stable gene 

expression but it is difficult,if not iqossible,to estimate accurately 

the relative fret-uency of occurrence of modifications effecting change in 

4 2&+?c;~ & * * 
state. 

t& n This is because nnme~~h G ,"- 
‘A expression I&& 

from 
differs only slightly from that/which it origlnated,and it 

j-J 
difficult to detected:%&s 

4 

is often 

marked change 

~\h @p'are,(&n the 0th ' . . 

m-1 
al and a m-l 

2 

er hancfi) readily recognized,a++dqt is 

appea piwfee" 
that the owe of such/c&a+& states is 

with both 

consid-rably 

frequent 
less$$han the stable 

gene expression. 



From the original statelf a m-1, 
1 

whose gene-associated controlling 

element may respond to an active Spm very early in development, 18 

independently arising changes of state were selected. Each was 

those 
recognized in an individual kernel appearing on,<= eanthat developed 

when pollen of the original plant carrying a m-1 
1 was placed on silks & 

~0s plants that were homozygous for the stalhdard recessive, a 
iqfi.in Q$(#il N54J pJww+yu-. l& 

2 Observatinns were made of the variei;ated pattern in the plant derived 

Qrom eachJand each, in turn, was crossed to plants homozygous for a1 

in order to examine the expression of the modified a1 m-l locus in I;ks$D 

progeny. Swt%ests wr?re then conducted with the plants derived 

I  

from selected kernels in th&progeny 

@yix?W~ti 
expression in subsequent generations 

A f 

in order to establish th 'ode of T 

-;I 
W&&h regard to- of variegation, the 1.8 selected cases of 

change in state of ag m-1.- could be _ 

five main groups. The bt in the first group M characterized by some 

early occurring mutations to full or near full Al expression and very 
ll+LG!PhdLw~(eclh'v3, /@pl.ig &J&!i&s 

many late occurring mutations of this Qype,, In contrast, the original 

WA ‘@pLJ- 
state gives rise to many early occurring mutations to various41evels of 

&&&,, & Q@ 'A 

Al er ression W& 323 fewer later occurring ones, 
J 
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In the absence of Spm, the expression of the I&@ ad states in the4 

first group diffsra. With each, pig-lent developed slowly in the plant 

until it i$ quite intense but in the kernels, or$of the SB two is 

charact-rized by the anpc;srance only of faint pmgmentation wh'-:reas the 

In this regard, the I 

original state expresses a medium grade of pigment ir-tensity in the kernels 

in the absence of %rn, 

F-t44 &+&qJ&&~Q 

TA $ altered states %~#a second group, These wZi% 
4 

characterized by production, in the presence of %m, of late and very 

frequently occurring mutations in both plant and kernel, which usually 

gc?ve the full or near full expression of pigment intensity. Again, 

subdivisions of them could be made because of differences in degree of 

pigment intensity that were expressed in kernels in the absence of Spm. 

"our of the 18 selected altered states f&L1 tithin a third group. 

These IWFB characterized by the appearance, when Spm was present, of 
m*~-9.a)aM~G~~tiwd&-~*~@  

m occurrtilate in development of both plant and kernel,- 

nvLQ-QN.J~ b wt iJdu&J 
e frequency of4W w,much less than that &#e~.~-by members of the 

I 

group just described. Here, also, they differ% among themselves with 

regard to intensity of pigment appearing in W kernels when SPm WI+ k~ 

absent. 
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There m two altered states in the fourth group. Very few 

S@ 
mutations to an Al 

+dAQ fN!Audrul.;LelL-b+~m*ud, 
n either plant or kernels 

and all of them ar6se late in development 
A The remaining S/cases fall 

within a fifth group. In the presence of Spm, nearly all of the mutations 

ECEXE&X express+& only low levels of pigment intensity ahd the type of 

pigment appears to differe from that produced by A 
With‘firoqtia/ n 

1' -$ 

4 occasiona mutant area'"Japnear& that exhibit& the full Al type 

bmQ ~,kowtitiQUat (AA& 
pigmentation 'he st$te& within this 

Moth group differ from one another b&h in the time of occurrence of mutation, 

-in the presence of Spmj 1 LGb aM also in the degree of pigment production in #M absence,&&p 
hd 

anthocyanin 
With one, no/pigment is produced in either plant or kernel in the absence 

of I>prn. In this respect, the -phenotype is quite similar to that 

appearing in planband kernels that are homozygous for the standmd a1 

recessive. 

altered stats9 6 have been 

widely used over a period of years in study of the Spm system. 

Photographs of kernels, figures Y Mlustrate the the phenotype each 

produced in< bot &Q the presence and absence of Spm, 
A 
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Detection and analysis of altered states of almol wasjuncomplicated 

because, as mentioned earlier, the Spm element in the original plant, 

and in the progeny derived from it,, had an active phase of long duration. 
it 

fiad w undergone frequent change in phase of activity, variegati.on 

%wdW{ 
pattcl,rns and inheritance behmior would have been so complex that no 

/I 

certain conclusions wuld have been drawn from t'nem of the precise In 
+4 

state of a1 m-l that might be present in a particular plant or kernel. 

AMdPPgr (!Lmibm 
Such were the m s encountered in early study of a2 m-l 

'A 
. 

Variegation patterns and inh,:ritance behavior were so complex that 

even though diff$rent states wsre recognized, a precise characterization 

4.w b-J@ l.uadkw . . of each could not be formulated ae the m 
4 

of cycldcal change 

in activity ph*:se of Spm to altered expression of variegation and- 

l It was not until 

these states were exa5.ned in the presenceof an Spm element Bfth Ex%mg 

an active phase of long duration that it was nossible to characterize them 

precisely. It was then found that their types were similiar to those 

that had appeared in the alm~l cultures. There was one, however, that 

was quite uhlike any of the selected states of a m-l 
1' Initially, its 

behavior was an additional cause of confused impcbeesions of the mode of 



21 

operation of the system resonsible for control of gene action at a m-1 
2 

that were gene:-ated early in the study. Subsequently, it proved an 

invaluable tool in analysis of this system. In the absence of Spm, or 

when it is inactive, plants and kernels having this state are intensely 

pigmented and the degree of this is nearly equivalent to that produced 

tithe standard A2.v . Mhen an Active Spm is present, all 

pigment formation is suppressed in the kernelsJexcept in those cells 

in which Spm h:ls become inactive or has been removed by trarqosition. 

No mutations to give a stable A1 expression have yet been identified. 

Thus, the variegation patterns appearing when this state is present are 

reflections solely of modifications occurring to the Spm element itself, 

either transposition of it or change in phase of its activitg,and the ue-e 

#.4&b AidQAt-L@$ 

-i 

of this state -1' W ‘TT” l 

” 4 
cycles of activity of Spm will be described 

in one of the sections of this rer/ort. 

Some definite conclusions may be drawn regardrng the significance 

c&J 
of state in con;*rolnof variegation expression. a For this purose, all 

examined states of eit:!er al m-1 or a2"'l that give rise to stable 
$l)ij& tidhi~ 

mutations e 2 expressed b$:type40f anthocyanin pigment 

. . - I may be grouped together, and this includes all of 

them except the one just mentioned above, +FPJ 
It &I concluded that In the 
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presence of an active Spm element, both the time of occurrence of 

. mutation during development of plant or kernel and the type &+&CC %a t 
A 

w, are expressions of the state of the a1 m-l or the a m-l 

I-eupen~u,l,e(r4towy~a 
that may be present in a particul::r plant or kernel,fe dose+ 

. of Sprn,m- l Again, the t-e and intensity of 

anthocyanin pigment formation in kernel and -slant in the absence of Spm 

or when it is present but inactive, is also an expression of state. 
,.y-‘-. 

/ ~4,~-’ eQzw-l 
Wre vifferent states4Fe,-useful in this study. $*A 

pwGcih* 

necessary to selectRparticular stated for 
o+ 

g specific w 
4 

@w 
I(. sections when the v are discussed. 

4 .i 

Gh 
In the absence of Sprn, all states a:-e 

some 
quite stable and mzzq of them 

have been carried through many plant generations without @ving any 

indication of change. Those states that give rise to early occurring 

@hi+* 
mutation in the presence of Spm 'ive rise in its presence to some 

d 
A P 

altered states th@may be recognized in individual progeny de&~~3 
4 B 

f- p1ants.e 0 In contr.st, those states that 

are characterized by very late occurring mutations do not give rise to 
or must do so very rarely fig!., Q$w 

altered states in the presence of SprnZ- In studies -& two of them, @J& 
z A ctpJ&J&uB ua 

c?rried through 9 generations of plants, not one case of altered state 
h:?s been encountered. 

,-=s 



23 

d), Types of chance in action of Spm other than those related t&t its 

cycles of activity. 

In addition to the activity cycles undergone by Spm, mentioned earlipr, 

anoth.-r type of modification occurs to it that effects a marked alteratn 

in pattern of mutation produced by diffcre:>t states of a m-l 
1 or a2*l. 

These modificati:n al,oear to arise in individual cells in which a fully 

active Spm element had been present. The descendent cells then express the 

presence of the modified Spm element in them by exhibiting markedly altered 

patterns of mutation. EM.dence now available does not suggest that the 

responsible event is associated with change in location of Spm in the 

chromcsome complenent, for it has been determined in several cases that an 

Spm element whose locction is known may undergo such a modification withoxit 
&-3p4zdP 

conincident transposition, 

v&k 
The modifications of Spm underconsideraticn, effect-its capacit>r to 

f-l 

suppress gene action at either a m-l 
1 

or azrn'l 
F( o-j&Q i;",k!'? 

and to induce mutation to 
/ 

stable alleles. iihen one such Spm el&nent is present, anthocqanin pigment 
I 

resembling that api:earing in the absence of an Spm element 
,' is produced in 

plants but it develops at a very slow rate. 24 0 pigment may appenr in young 

mb- 
plants but it develops gradually as the plant)Ie matnrity. In kernels, 

the capacity of such an Spm eletiemt to suppres gene action likewise is 
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reduced but the degree of this is less marked than in the plant. The 

difference may be related to the more limited time that is available,+,for 

accumulation of pigment in the kernel, , Its rapid maturity stops the 

process. Whatever may be the caaae, very little or sometimes no pigment 

of the type produced in the absence of Spm a@jjears in kernels having one 

such modified Spm element, However, spots of pigment derived from mutation 

at either aim-l or z12~", as the case may be, do appear but the number of 

them is much lower than that produced with a fully active Spm element, 

For each state, the reduction is expressed as a proportion of that given 

when a fully active Spm is present, Both the suTpressi-.,e and mutative 

capacity of Spm appears to be weakened, and for this reason, such 

modified Spm elelents are designated Spm-w in contrast to the so&called 

standard Spm element that gives full suppression of gene action of al m-l 

or a2m01 and a constant and predictable I-Jattern of mutation with any one 

state of aIrno and with all but one exceptional state of a m-1. 2 

In subsequent discussions that deal with Spm-w, Tt will be necessary to 

distinguish it from the standard Spm element. Therefore, in these 

discussions, the standard Sprn element will be L~EXQXZM symbolized as 

Spm-s. 



When Spm-s and Spm-w are present in the same plant or kernel, thea-rfiuu 

Spm-s element is dominant. In a plant having one EP each of these two 

types of Spm element, expected patterns of segregation of the two occur 
w qdpca gyrlwtw 

at meiosis and earlh is recovered in the progeny, When the,,location of 
4 .+- !b 

--.. . @& in the chromosome complement'&$known, 1 __ 3 Y 

in e-J 
wP@-~p~Jw - 

d each4in its respective location in the . 

complement, barring a few cases of transgositlon of one or the other 

that may have occurred. &HWVWL,~~ an extensive study in which 

comparisons were made of the effect of one 

isolate of Spm-w on mode of expression of four of the described states of 

a1 
m-l and of one state of a2 m-l 9 no evidence of transposition of ths Spm-w 

element was obtained in tests conducted through five giant generations and 

in differ-ent genetic backgrounds. 

Spm-w may express the same cgcl&e of change in phase of activity as 

does Spm-s. It may also undergo su . 0 sequent modification that effects a 

return to higher levels of capacity to suppress gene action and induce 

mutation at al n-1 and a2m-1. Again, the event responsible for this 

occurs in an individual cell whose progeny ex-:ibit the effect of its 

increased expressivity. The rate of return to or towards Spm-s has not 

been the same tith all Spm-w isolat/s, With the one mentioned above that 


