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The manner by’ﬁmich controlling elements in maize affect the

7

action of genes and induce specific changes in this has been examined

.t weltpiuntzal

by a number of investigators in recent years, Several systems, each
/\

compgsed of one or more controlling elements, have been identified,
conndocd theur.od
It is eeeognized that controlling elements are unit comparmanis apart from
A
the genes even though they are carried by the chromosomes and reside at
specific sites in themn, It was possible to éﬁi@éﬁine this when it was
learned that these elements may undergo transposition from one siteto

another in the chromosome corplement, It was further learned that

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

[

ne
of operation of the individual components of a system andAthe interactions

that occur between/ﬁhem; Furthermore, it was learned that one such
system would control’ the action of different genes, in like manner,

Fbpr 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 thélocus of the gene, This is shown in the

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

at the 2 locus in chromosome 1 and the ggllocus in chromosome 9
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Footnote:

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

of Activator (Ac). This term was glven to the controlling element at the
be

P locus before it was recognized to/the same Ac element that operates

in the Ds-Ac system, first reported in 1947.)

A system comvosed of the above mentioned Ac element and a second
element, designated Digsoeiation (Ds{,also has shown that the mode of
control of gene action resides in theees b®® 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 ® ntrolled. The operation

WaL
of this system at a number of different gene loci hzs:bssnﬁéqtsnsévaay

exarined by the author (McClintock, 1947 to 1956) and sm—independenslis
&ngzéng case of itsotggzga-at the Bz2 locus in chromosome 1 h&éﬁgg%n
investigated by Nuffer (195 ), This system also has been used for
specifiec purposes by a number of @her persons ( Brink et al.,
Fabage, Schwartz, Oliver, Notani, Peterson,
Dollinger, Sprague )e

The Suppressor-rmtator (Spm) system is anothor eme in wh&ch the mode

of control of gene action by its componenet elements could be examined

-

at more than one gene locus,.
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Its meds—o€. op: ratlon at”thc two Eme locganl Iin chromosome 3 andlhdj?

A, in chromosome 5, hafe been compareds Both 4; and A, are

associated with the production of anthocyanin pigmentation in vlant

i QKWNJ

and kernel. When a »lant or kernel is homoz:gous for é-re06531ve

A
ngmﬂl R

allele, either a; or a,, no anthocyanin appears in plant or kernel,
A ¢

When Ag—gsd—is are present, k%h the plant and the kernel are ddeply

%ﬁ'&l@ oY u.abg %QCL:L 9 o mf‘ww

pigment, SE=tire—tyo—cases, the Spm system of contro%4a£ése first at the

odusialin

locus of A2 and in the course of me=stwdy of instavility of expression of a

gene assoclated with chtorophyll development, In this st=d¥, a number
of plants of a culture were self-pollinated and on the ear produced by one

plant)kornels appeared that exhibited variegation for anthocyanin

o onl a,wi MA “perwe Ko
pigmentation, Each showed areas of deep plgmentatlon,«other areas of

Mww@uxw

pale pigmentation amd—stiid—edher—arery-thet-were totally colorless.,

Wm\w‘% LN

Examinasien of the system responsible for the newly appearlng(yﬂﬁbﬁﬁhu

variegation commenced with plants grown from kernels on the above
rwwmo‘a,w DAWIM A, Ao oo tle
mentioned ear, It was soon realized that the vapi<nat¢oa ,was 1n1t1ated

Vo Uod cerpim o

by some modification e# the standard A2 locus in chromosome S}and—%ha%—’
A

this was associated with:
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Yrretabidsdy could be exhibited implant or kernel whe the modified locus
A

- iEs-expression, Tats



was either homozygous or was heterozygous with the standard recessive,

me1

as, The modified A2 locus was then given the designation 8, and

study of it wss continued, %

ﬂ/;7 Wo clear impres31on of the mode of operation of the system

- g } ! ' ? 2 ,1 B -
(/ responsible for va?éugatlsn wgs:g&&ﬁed—ﬁpem—%he @érly study of aZmPlx

uomorped TypesA Afoout palliuy < VWRAEM wew il withy
E&4ﬂ¥}4%HHHHF4iLimi87~hDHO¥e? the s8ilks of an ear of a plant carrylng

Luonsusy Tip pold

the system responsible for control of gene action at a2m'l received

pollen from a plant that was homozygous for the standard recessive, 8y
carried in chromosome 3, and for the standard AZ’ carried in chromosone 5,
In this cross, all of thekernels on the ear wsre expected to be fully
plgmented, This was found for all kernels except one, The exceptional
kernel exhibited varicgation for anthocyanin pigmentation, It had
spots of deep pigmentation in a colorless background, The plant grown
from it also exhibited varicgation for anthocyanin pigmentation and tests
conducted with it indicated that the variegation was associated with ﬁﬂaﬁ
modification of the standard Al locus that had occurred in a cell whose
descendents produced the female gametophyte in the ovule that gave rise
J(M,LLL

to the original variggated kernel, Th¢5new-mod1f10a$&en was than

m—
given the designation ag 1 and study of it was continued,



Early examination of alm’1 behavior suggested that a relatively

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

study progressed, it became evident that the svstem 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 w&syﬂd(@wv

g
discontinued as no cluee had been grasped of the mode of operation of the
A

svstem associnted with it. After the basic mechanism responsible for

control of gene expression at alm’l was recognized, study of azm’l was

recommenced, with the expectation that some SLmilarity)mlght be found

W

3{’*‘ §lz utl
in the control systems associated with each, It was seaa.realized that

ool
the mode of control of gene expression was essentially the-same for both

m-1 m-1

aq and a, . With this in mind, further tests were conducted and

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

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

m=-1 m=-1

studies of aq and a, s confounding appects of behavior given by

each)when exomined alonquere resolved, It then became apparent that

lack of recognition of the cyclically occurring changes in action undergone

st

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

il au cuboijuldlia c:,

mode of operatlon of the

These cycles of



of change in ph%e of activity of Spm are responsible for many

different types of phenotypic expression that avpear within individual
plants or kernels and also for highly déscrepant ratios of particular
phenotypes that appear in progeny derived from either self-pollination or

from test crosses of some plants,
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An outline of the mode of operation of the Spn system will be

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

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

of the system as a whole, The Spm system is considered to be composed,
) A he
s Of two bhesm#® controlling elements, One of these is located

A

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

under discussion, at the locus of Al in chromcsome 3 and of A

o To bQ

chrompsome 5, The other controlling element, Spm, is located wlsewhere
A

in the chromosome comnlement, Thég-letier-alament undergo¢$ transposition

> in

from one location to another, in-the complement, On differént occasions,
R transposition has resulted in insertion of it at a site sufficiently

c¢lose to a known gene marker to allow ready detection of the new location
by means of linkage studies with the marker! and its insertion at and

trinsposition from speeifdc sites in chromosomes 3, 5, 6, and 9 have been

examined,



It has 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 expected is indicated by evidence of the pmessn
o £4 402 { )Lﬁwﬁ wid aM@’J ,c% gA oM

presence of such an element at the gene locus obtained from study of
A

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 1s being controlled by the system and that Ac resides
Bl Re el "
elsewhere in the complenent.‘« Ds ie lnowrto—be_a transposible element,

Again, the fact that alm’l arfse in a plant in which the a m’l-Spm»

2

m-1

system was operating, and that the behavior of both alm’l and a,

are impressiﬁly alike, strongly supports the assumption that the—seme

ol ek X T oaue dhasd o [FlCeuy

(. transpésible element resides at each of these two locl, and-that cash
A

ot sy le Cow it ol Thiou , Gossh ooed

arose from insertion of this element, Pirst from an unknown location in
,/‘

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

o L) Tieodedy shum aud bl w@%%mw

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

of A

action probably occurred as an immediate consegquence of insertlon of'dw

oy mentionse) T

ks controlling element at the locus. In both cases, tkts app-ars to

have effected a reduction in capacity of the gene to contribute to



have
&= In plants and kernels that =xx=e Al and A2 s anthocyanin pigment

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

In contrast to this, pigment intensity is reudced in those kernels and
( rocbhekpur (Lo il M el =;M75)
plants that are homozygous for the original st=te of either alm’1 or
m=1 V) .
5 or are heterozygous fer—ene—of-these and the corresponding recessive
W
allele‘\uheneher,Spm &scabsent or inactive/z"When, ho”ever, # is present

KEowimaie, The constituticns of th rese plants would be:

a

f m-1 m-1, M-l n-1, .
f ?or &, i AA, or Ayrans ay /ag or a /alauul

I 3 T 1 Me= n=- l - B !
\\ eor agr ?,, AlAl-S? %l/gl;,aZ /ao or a2m 1/a ,‘//
in B Hoowe L

and activef both plantg and kernelg && these seme constitutions,

0pplars B ouby

anthocyanin pigment formation 4s=snpp=ssxaﬂ;=:=ept in well defined areas,

1. VWithin these—srexs;pigment—apperas.,  hree
distinctly different types of events are responsible for the appcarance

of these pigmented areas. The first of them is associated w1tn some

- [

< L. eaX
mgﬁgiiﬁsnéxpe event occurring at the locus of the gene concerned, Aelther
el 1 ‘ Sy an o] Care
aq or a, "" as the case may be, s results in reestablishment of

A
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the full or near fvll capacity of the locus to contribute to anthocyvanin

produedn kel - B0

fermatieon, The event:s occurg in individual cells whose progeny cells
ovg Al

may then exhibit intense pigmentation, When thiﬁkoccurs in a cell of

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

of COAY 2 T o W]
with restored act1v1ty and lés—paeseaee may be detected mﬁw£he PTOgeny.

ity madafini-Tajo il 0Jao QLo
Tests of such paegany indicate that thi@ i stability

£ wo fw?dm :Jaauw w D aclipy oeeenn, udm the
of gene expressionAb-ih in the presence and/absence of Spm,

miﬁw”g me:y uyJiQ]'VM d&l&f’udLaLhC‘%#

A‘The second and third tFregk—oE event/g&ﬂn
R amin T ”QM“”‘iww“&%W"de>/nalﬂhﬂtﬁ} dkp
AnDesatne aweas ba% the e¥ent—resnonsibleier
consequences of Ghe evems-are s&sp disitinctly different, The first of
frow e ornli Tl Merley wily Xy Yuioat]
these 1s associated with a somsSdcally oeeuemdmg trans osition of Spm;MA

A

O poninalie i aimee s g wmﬂﬂu*
Wedehy, theough Subsequent segregation of cnratlds at A mltotlc anaphase,
il WA B 0ot , o W Wo apsien
Paﬂﬁvl&ét from éd;uclﬁﬁe The progeny cells arising from one in which
o0 ,.()mu\ o
Spm has bee?Aremovquexhibit thehreduced grade of pigment intensity

VA
apmp Faraaee—e§ whole plants or kernels in which
Wl wd U a1 ; B gwﬁaﬁ& W /t/m(a&zu Hyor, Wulea I
Spm is aosentl Hae—phenetyp TESE T e gy%ﬁnp-ggeqy

that c!

Ly Bownd, wa progos. . Lors or MM potlen Pruodived yraliid

kspne;e—and~péaa$s derived from such an area, is_qu;te—S*ab;e ETos-

A
w L€
SPﬂb&£=GGSGHt no further change occurs aE—HRe—lOLUS—6f—tRo—aoRemdayaliad o
Whlgam St b G aum UHRLLR w sowe uligusdt 1w,

The third type of event gives rise to pighented ara s exhibiting

o
the very same phenotype as that just deseribed. However, the cause ﬁeﬁl
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this is not removal of Spm from the nucleus but rather its complete

o
inactivation without change inAlocatiﬁn. The phenotypic expressionﬂblﬂh?
this inactivation mpedwees is stable as long as Spm remains in i&sTﬁp
inactive phase, Return to the active phase im some subsequent cell
again will initiate not only suppression of gene action in the immediate

NN (o

progeny cells, but also 1t will initiate agein the same round of events
just described, Consequently, within 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 pattcrn of the type just
described will avpear following a particular inactivation of Spm, and
aéd should it appenr, just what typre of pattorn of Wariegation will be
exhibited, depends upon the duration of the inactive phase of Spm,
Following some inactivatiows, the inactive vhase may persist through
many cell or even plant generaticns, Following others, the duration
of the inactive phase may be short‘with frequently occurring returns to
the active phise in some cells that a%g‘iﬁiy a few cell geneirations
removed from that in which inactivation occurred, And, a large range

Qurr
of difference in duration of either #ae inactive or the imactive phase

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

ne1 mel 9)»@ X /LU%) y

locus of either a or a2 and to the Spm element it is evident that

o
) variegated patterng in4plantp may be sirmple and readily interpreted if %iw
ol wd G owe W) am | Louey dutralion,
8pm wih-a long duration ef-—dudes sctive phase de=peesent and if transvositior
A

. ot Mauy

of it is infrecuent or does not occur during duxing developmental stages,
I\

In contrast, the pattern may be very complex if the active phse of Spm

ol by 4-ctlbust . anoebure Rok L Vo diabunr,

is of short duration or if tronspositions of it occur in a number of cells

rather early in development, .
wr o, plautae i owd

When two or more active Spm elements are present, the freauency of
/‘

. . . s . oy m-1
occurrence of the mutation-inducing events at either alA 1 or a2

o
remains the same, In other words, the pattern of variegation produced

W[,Q)‘tﬂp o e waf“‘f Lpuds increased
b suchevents is Eﬁ%ﬁ;ﬁiif by/dose of the Spm element, In contrast,

the pattern of variegation induced by trensposition or/zganoe in phase of
Spm is much altered by increased dose of Spn., The number of pigmented
areas attributable to these events is decreased as the S8pm mumber
increases, For this reason, the number of Spm elements in a plant or
kernel le—eble %0 @ffectsin a marked way the over-all pattern of

variegation.,whxzrxed However, in any one plant or kernel thaémexhibitﬂﬁg

only that pattern of variegation attributable to mua tion at the gene

locus)it is not péssible to knew without test whether this vattern is
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produced because two or more/Spm elements are present or because of the
N A

presench of only one Spm element which has a very long duration of its
alro N vt -
i i{ ' le(' { . *
active phasea w,t&AwLefL{évw: fow ov wo Uw(ﬁ» wuwg MJLU(

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

oty W
of plant o» kernel also s Hho—medifiention of patterns of

veriegation, With the original state of both alm'l and azm‘l, rutations

W YOwue 02800
to a full or near full Axpression of gene action mas occur sarly in
A

plant or kernel development if a fully active Spm element w%% present w

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

Iy

Lun, v A
deeply-pigmented areas in besh plant amd kernel, However, if an

wluady
inactive Spm is nresen§4that returns to the active phase in some cells
NMM&WLPM%QJF ;g
bwt only late in development, only small areas sme—pxrodueed in which
A $
<D

appﬁ¢uuum
it is active, These areas are charactorized by the pxesemee of small

S
spots of deep pigmentation appesmiams in a non-pigmented background, é§§
, ol
w o
Since mutation to full capacity of gene action caa-occun;onlyAQEEn Spm
. w ol umodnil b dabwe pdpe
is active, delayef4change,in—ﬁhasa—eﬁ—ﬁe%évéty-of Spqaubuld give rise
h Wluun Shot wosd oy
u§33522§3§3:335313i0ns\only to small spots of deep pigmentationx within
3111 ) bwatoo phve dustwsun |

the restricte%4area§ in which it is activzz It is evidenpA then’that the

tyve of variegation exhibited bv a plant or kernel may Bé-very Eﬁ:gégiaxad

if the Spm element in it is undergoing change in phase of activity at
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at diffcrent timggs during development, It is largly because of this
that the early study of azm’1 lead to no clear understanding of the
system involved in its control, although other conditions, which will be

Lalin
mentioned shoxnily, likewise contributed to this. In contrast,

appreciation of the system controlling alm’l behavior was more readily \}g
N
ueor
atéained, The recason for tiis is now ewident, In the early studies of

investigated
it, the Spm element present in the plants/haa a very long duration of it

é%s

active phase, So few changes to the inactive phase occurred during

e
development that these did not obscure the gemerally consistent c@g?

a
And, It was this consistent pawtern ef behavier *prny%
pattern 95 beswier,Ahat allowed interpretations to be drawn and—tests—ef

e ellow Ok W}WMMMWM A

bhem—teo—re-made,

c) Bx= 8tates of alm’l and a, m-1

Mum}a&afm Nl
One of the most cansiﬁﬁgﬁ% aspectse of the bemswsder of a controlllng

element at a gene locus 1s the modification of—ii—see 1nduced by 1t that

o " W L 4 ke
will -eive—nise Em subsequent&;;ie\change either in\frequency o
A o

meEation a;=;hs_lnau&=e£—taa_gone, tin typé of mutatlon, or both 1n)

the pallinns Hy- vamecalion naaute sy poun «U&w "low kst et <t

bﬂﬁgranérffqugng£=g£_mnta:;nn)in somparigen to that wiich was sppearing S
é?

[aihfl(l(/c

before thmﬁlmodlflcatlon\occurred. Sézee €ach such modification is

widy G cowes ows Hrnnq Dpuand | seedr Wl Ty o el

heritable in that vy cont1nue$ to produce its own particular pattern

'1h£u@vm. &MIA@UAR.WMMﬂﬁQEf Muni

apd—tsee- of mutation in subseguent generatlons,Aé%

n
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and with respect to a -1 and &, s these are termed changes in state

1

ne-1 n-1
of al or a2 .

Study of several different control systems Andicates that all
dnkore
manifestations of change in action of the gen?Ao§=a heritable @8,
whether it be a stable mutation or an altered state, are expressions of
modification induced by the controlling element of the systenm zamﬂw%xaéhq

wady

resides—at—theloous—of the gene, In a two element system such as Ac-Ds,

U ton amsea P
Dt-a3, En-palegreen, etc., Hae modification - e

O .

of- ki response of thd) element at~the=geme—3tesus to the presence of the
independently located element of the svstem, which is Spm in the cases

. ] ) . m-l m-l
under consideration, Therefore, a change in state of al or a2
will occur only when this element is present and active and only at
those times during development when rutation may also occur., A change
in state 1s, then, only one of several possible consequences of a single

response of the element associzted with the gene to the prescnce of the

cormplementapy element of the system,

ﬁn y@m;?iaﬁﬂ NMMﬁA
Fromﬁeﬁﬁﬁiéaaa;ion—ef\origin# of new states, given-abowe, it is

eteaxn that isolation of a newly altsred state for subsequent examination

requires that it arise in some cell of the germ 1inéand be present in a

gamete, Therefore, the chance zb%-isolation of a new state depends
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largly upon the time during development of dplant when the controlling

element associated with the gene locus is responsive to the independently

\wudhll S MNDWM X

located element of the system and, indeed, time of this is onekf the

) ) e 0 bt

distinctive expressions ofdstate, If in a plant, the statéis suoh et
it responds relatively early in development)and if such responses occur
in sporogenous cells, a number of gametes may be produced)each of which
cavries either a mutation or an altered state, Both tvpes 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 (e (Hﬁn«f od

altered st&te, Wikk the former state, shsmgmxkuxwkl®r states ﬁou1d4apése

N from of: e
Quﬁ with appreciable frequencies)Whereas ¥wkklx the later state they would hmiee

w T mocos dpoded eoudilvp tlaling o

either very rarely or not at all, Cen&akﬂﬁﬁg'kheﬁqnﬁzq@ assoecicted

4
dufoedum o\wg&a@ /wAﬂOJ'
wieh thes®w origin and isolation, i4—3is evident that no conclusions axm
A ' “

regarding relative stabilities of the two states are justified from

froqutieoy ShNOAELe gy Mol ARTD Wy ooy Tl

camparisons o?4thée—%7pe. With the latter state, as many changes of state

o
may oegﬂﬁkgg with the former but there is no way of detecting and isolating
oo Wakos geaun, | - o - o

AMﬂpf\ those~paxuhuuulJ;__tbe}&$%er. \Therefore, in this study, mikx eath new

£ L Al T O ARV SV S e ™~
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Oime - osocrald

state was derived from one in which response of the element assseeiaddd
¢1
with=tho—gemne leauws to an active Spm occurred relatively early in
plant development.,
As stated above, mutation to a stable expression of gene action awrd to
O~
change in state a%% the consequence o{ﬂresponse of the gene-associated
element to Spm. Methods are available for determining the relative
fr:oquency of occurrence of different types of mutation to a stable gene

expression but it is difficult,if not impossible’to estimate accurately

the relative frecuency of occurrence of modifications effecting change in

e G el -
state. This is because some of them give apizpe-of expression kst
4
from
differs only slightly from.that/whlch it originated, and 1t is often
o NI /?dma’

difficult to detected cases Oﬁ—tﬁtsa /§those that effect a marked change

WW are, (Bn the other handy readllv recognized, and 4t is estidemt with both

mel 1 appearanes” séggﬁ£§§g§‘ééi”

aq and a2m that the mmmmxxmmxe of sucn/ohaaged states 1s considerably

- frequent
lessffhan the =s£:mcd:ticat%ans==££se£&ng-a stable

gene expression,
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From the original state%f alm’l, 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 xm eaxs that developed

M

when pollen of the original plant carrying ay

was placed on silks ef
eaxg=0F plants that were homozygous for the stahdard recessive, a 4»Qaﬁ,
W quull otodle wdhe prinwue i SRu-.

4 Ubservatinns were made of the variegated pattern in the nlant derived

1

from eac%)and each, in turn, was crossed to plants homozygous for 8y

in order to examine the expression of the modified almF1 locus in y&dﬁﬁ
progeny, Suhaggﬂﬁnt~¥ests were then conducted with the plants derived

from selected kernels in the progeny in order to establish the@ode of

expression in subsequent generations

A . )
1&21” y ! -4
Wheh regard to_agpeeseéen of variegation, the 18 selected cases of

o7 04 i

change in state of a&m’l,=¢E§=38=§3;§ctzd=eﬁses could be p&aﬁﬁd=#g%gg2—
five main groups, The 8 in the first group were characterized by some

early occurring mutations to full or near full Al expression and very

audd am atbwe Spun - . Wbguin fon Wtes 2

many late occurring mutations of this type, In contrast, thée original

owd o §

state gives rise to many early ocecurring mutations to various 1evels of

)
b & R ’

Al exwressio%)andrsb fewer later occurring ones, Er—threTbsenroe
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.y
In the absence of Spm, the expression of the E“gaiﬁfed states in the&d
first group diffcred, With each, pigment developsd slowly in the plant
until it is quite intense but in the kernels, orf of the se two is

charactrrized by the anpearance only of faint pigmentation wh-reas the

Do B0 Glon Que pueh wuoe Lise fcontd

D™ other miwms mixe to deeply pigmembedkewmeis, In this regard, the

original state expresses a medium grade of pigment intensity in the kernels
in the absence of Spm,
Fue tou-d b fLactd ws &

There—were f altered state34$a=§he second group. These w§$%~
characterized by production, in the presence of §>m, of late and very
frequently occurring mutations in both plant and kernel, which usuvally
gove the full or near full expression of pigment intensity, Again,
subdivisions of them could be made becaise of differences in degree of
pigment intensity that were expressed in kernels in the absence of Spm,

qﬂ"our of the 18 selected altered states f@ll within a third group,
These wer® characterized by the appearance, when Spm was present, of

Mwwmw Doty B0 piubaliol - Amoliory uut]

matetions—bhet occurres late in development of both plant and kernel Bt

Ykﬂhwn{the frequency ofﬂthéa wg%4much less than that gdser by members of the
: A »

group just described, Here, also, they differed among themselves with

regard to intensity of pigment appearing in ske kernels when Spm wee Wn

absent,
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R
There we=e two altered states in the fourth group. Very few

Gwe Moy,  ou 24
mutations to an Al ; i in either nlant or kernels

{00 0wan s At e plonlins au aclwens auall,

SoLesed
and all of them arése late in developmengd The remaining 5/cases fall
within a fifth group. In the presence of Spm, necarly all of the mutations

wExexk®m expressgd only low levels of pigment intensity ahd the type of

With o 4;‘1w0 Joloy,

pigment appears to differg from that produced by Al. Im—sewe—ef—tlrem

a% occasionaygmntant areéwéppeargé that exhibitéd the full Al type

2 b ok io Lovr owe) Tt it abuesy. (o ol .
awemgxkhemx  the stated within this
wod owde-

group differ from one another beth in the time of occurrence of mutation’

"in the presence of Spm,> Uo
A 22& also in the degree of pigment production in the absence,ef—Sam,

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

of me. In this respect, the phenotype is cuite similar to that
appearing in plants and kernels that are homozygous for the standard a1

recessive,

N ———
e S,

‘e .
From the total of 18 examined)ceses—ef altered stat;t 6 have been

widely used over a pcriod of vears in study of the Spm svstem,

Photographs of kernels, figures s Wllustrate the the phenotvpe each

produced iﬁgbotﬁ)the presence and absence of Spm,
oot A
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m-1

Detection and analysis of altered states of al

wasuncomplicated

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,

i it
ligd xwmy undergone frequent change in phase of activity, variegation

aod W{

pratterns and inheritance behovior would have been so cormplex that no

1

certain conclusions gould have been drawn from them of the precise maﬂb\o%

m—
state of ag 1 that might be present in a particular plant or kernel,

amolfedd cowettipnn m-1
Such)were the cirewmsbtewees encountered in early study of &, .
A

Variegation patterns and inhoritance behavior were so complex that

even though diffirent states were recognized, a precise characterization

JoM Loeae

of each could no?ﬂbe formulated ae the eenirlibuiien of cyclécal change

in activity phrse of Spm to altered expression of variegation and %P

pveziad s Ruslgps w e, U0 o

patberne-of inkeritance had not yet been

It was not until
these states were exanined in the presencebf an Spm element wfth axkemg
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

M=

that had appeared in the ay cultures, There was one, however, that

Me

was quite uhlike any of the selectcd states of aq . Initially, its

behavior was an additional cause of confused impemeesions of the mode of
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m-1

operation of the gsystem res-onsible for control of gene action at a2

that were generated 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
wgéi-the standard A,, is—present, When an Active Spm is present, all
pigment formation is suppressed in the kernels)except in those cells
in which Spm has become inactive or has been removed by trang osition,
No mutations to give a stable A 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 phange in phase of its activityjand the use-
A Ao Ty 4

up*fﬂ of this state;?ﬂauuﬂeuﬁaheﬁ cycles of activity of Spm will be described

in one of the sections of this renort,
Some definite conclusions may be drawn regarding the significance
Uiv

of state in controlef variegation expression. For this purrose, all

examined states of either alm’l or azm’l that give rise to stable

mutations srbeh=—ame expressed b;ftypedof anthocvanin pigmentagggd&tian-aad
by—tntewsitvof this, may be grouped together, and this includes all of

Wi R

them except the one just mentioned above, It 3 concluded that in the
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mutation during development of plant or kernel and the type of—this—thati
A

mag—eeens, are expressions of the state of the alm -1 or the a m-1

Qoo Apsaen wih b wun\‘aaruc,ow&m

that may be present in a particulsr plant or kernel,ﬁemu&aeieasad dose}

of

[#2]

Spm , do=meb—gItrr—this—wemresnion Again, the type and intensity of

L TR = A~

anthocyanin pigment formation in kernel and »lant in the absence of Spm

or when it is present but inactive, is also an expression of state,

———

P Aawm-t +Q,000L a}qhuglfwb
% e Qifferent states lmhbesn- useful in this study. H-—hos been

1 ued D Ve sy
6o O~

necessary to select particular state§ for amatysixxmR specilfic purpeses
A

b@@ of analvs1s and the reasons for this will bdmade apparent in later

sty fr mobukm 5 S Piyfvulo puflton

sectlons when th€1nufﬁeses are discussed,

some
Q&In the absence of Spm, all states are quite stable and mamx of them

have been carried through many plant generations without ghving any

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

o 008 )a0
mutaticn in the presence of Spngive rise in its presence to sone éﬁﬁiégi
A

ol

altered states th@ may be recognized in individual progeny der&ved.%}
A

feom plants howving-eone—such—sbete, In contr:st, those states that

are charactcrized by very late occurring mutations do not give rise to

or must do so very rarely A o\ bsane
altered states in the presence of Spm{ In studles &£ two of them, Qp&
A
Y Covguad el wih,

carried through 9 generations of plants, not one case of altered state

~ has been encountered,
e
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d)e Types of change in action of Spm other than those related th its

cveles of activity,
In addition to the activity cveles undergone by Spm, mentioned earlior,
anothsr type of modification occurs to it that effects a marked alteratic-n

in pattern of mutation produced by diffcrernt states of a m-1 or azm’l.

1
These modificati:n arpear to arise in individual cells in which a fully
active Spm element had been present, The descendent cells than express the
presence of the modified Spm element in them by exhibiting markedly altered
patterns of mutation, Evidence now available does not suggest that the
responsible event is associated with change in location of Spm in the
chrom some complement, for i1t has been determined in several cases that an
Spm element whose locotion is known may undergo such a modification withoul
P Ty

conincidentﬁtransposition.

The modificationsg of Spm undeﬁconsideraticn, effect: its capacity to
A .

eé@ﬁwaafhau
suppress gene action at either a ™% or azm’l and to induce rutation to
/,
stable alleles, When one such Spm eldment is present, anthocvanin pigment

2

resembling that aprearing in the absence of an Spm elehent, is produced in
plants but it develops at a very slow rate. ¥o pigment may avpear in yvoung
oot ooy

plants but it develops gradually as the plant‘poaches matnrity. In kernels,

the capacity of such an Spm elehemt to suppres gene action likewise is
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reduced but the degree of this 1s less marked than in the plant. The
dirference 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 camme, very little or sometimes no plgment

of the type produced in the absence of Spm appears in kernels having one
such modified Spm element, However, spots of pigment derived from mutation
at either .alm":L or azm’l, 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 suprpressi-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 alm’l
or a2 and a constant and predictable vattern of rmutation with any one

m-1

state of al and with all but one exceptional state of a m-1

2 L J
In subsequent discussions that deal with Spm-w, it will be necessary to
distinguish it from the standard Spm element, Therefore, in these

discussions, the standard Spm element will be RExigrakar symbollzed as

Spm— S Y
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When Spm-s and Spm-w are present in the same plant or kernel, thecuﬁuu
Spm~-s element is dominant, In a plant having one e&# each of these two

types of Spm element, expected patterns of segregation of the two occur

w Gipacted pototww

at meiosis and each is recovered in the progeny. When the/locationizof
. A e

ecah in the chromosome complemeﬂg\dalknown, Pre—bwo srpeansin—the—preogeny
wppoas witho progrg

in expected praportions—end each4in its respective location in the

complement, barring a few cases of transvosition of one or the other
that may have occurred, Hewewewn, @n 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
alm’l and of one state of aem—l, no evidence of transposition of ﬁhﬁ Spm-w
element was obtained in tests conducted through five glant generations and
in different genetic backgrounds,

Spm-w may express the same cyclde of change in phase of activity as

does Spm-s. ft may also undergo su&sequent modification that effects a

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

m-1 m-1

mutation at aq and as . 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 with all Spm-w isolatcs, With the one mentioned above that



