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Stability of mutants produced by a,

Hutation producing events may occur at alm’l not only in somatie
cells of the plant and in the endosperm cells of the kernel, but also in

ancestor cells of the gametes, that is, in the sporogenous or gametophytic

ongu

cells, The frequency of their occurrence in these cells, and the pnenotypic
A

expression that will result from tbig{is related directly to the state of
the a1m~1 locus itself (see table 1), With most states, the ma jority of
germinal mutations modify the locus in such a way that it is subsequently
capable of acting much like the standard Al locus, Lowever, all s&ates

give rise to some germinal mutations that express a riuch reduced capacity
(5'\10}
for pigment production, State -, figure 1, produces almost exclusively

this latter type of mutant, When plants carrving alm'l and Spm are

some kernels on the

resvlting ear may exhibit a modiried phenotype and this is the consecuence
4

crossed by plants that are homozvgous for al,

me1 Sue&,

of a germinal rutation at ay . Theme Lkernels are uniformly pigmented

usually
and the intensitv of this/differs maritedly from that arpearing in the kernel:

Sowp Thoe

having an ummodified alm’l locus and no Spm, Kernels exhibiting phenotrpes
1 A

odpecten Ty ety bobdene  Were reroved from sewme—ef—tire &lrgland

the plants grown from them were exanined for anthocyvanin distribution and

WBQ tested for presence or absence of Spm, It was found that S RTEnsy



These kernels gave rise to plants that were uniformly pigmented, “hen, in

m-1
turn, thegg pEmts were crossed by plants that were homozygous for a,

but had no Spm, it wss learned that Spm was present in some of them and

b phenotype produced by the
absent in others, However, in all céwes, the/mutated locus

W Ber 0w i alf ROuuds Lty . wmwwm%w&m e
Wit (el Uyt pasusee o oot

plants were also crossed br» plants carrving Spm and from this test it was

0o

learned that #he mutant locus in those plants that had no Spm would remain
A

These

unaltered in expression when Spm.was introduced,

The most grazhic illustrati-n of stability of mutants in the presence

o] . o M= 1 -
of “pm is derived fromc rosses of plants carryjng the state of a, (J“Ld)

hat produces no anthocyanin in the absence of Spm but gives rise to many

early occurring mutations to low alleles of A. in its presence, When

1

this state is present, the frequency of occurrence of germinal mutations is
high, and they are revealed imximixidmakxkzrmaks by the appesrance of
kernels exhibiting a uniform distribution of pignent over the aleurone
layer, The intensity of tnis pigment among the different kernels Ia ving
gerniinal mutants varies from very faint in some to rather dark pale in

others, The same range in intensity of pigmentation is expressed in the

plants grown from these kernels, the degree correspondfgg-with that stews
A ‘ A -

"
shown by the kernel from which the plant arose, These plants, in turn,

s/



c

C Ihruaggron oo 0 udk RaweupusSiu)

were crossed with éﬁg Spm tester stocksAin order to detsrmine the

presence or absence of Spm in them, amd Spm was found to be present in some
of them, The stability of the mutant in the prssence of Spm was cle:rly
revealed in this test cross. Some of the kernels on the kmxk ear
resulting from this cross camnwied the mutdkailocus and Spm de=iv¥ed from

one parent and the almpl locus dexnized from the other parent, Ix Fhese

exhibited
kernelsd spots of deep pigmentation in a uniformly pale colored background,

fipure 3, The deeply nigmented spots rebrecent Spm induced rutations at the

me1
aj locus contributed by the tester stock, The lightly pigmented

background in which these appear reflects the action of the mutated locus

o Ajpasasion W um efactecd U
contributed by the other parent  waieh iﬁ»@bviously sitoite—3s the presence
A

of Spm;



TypeéAof Spm.elements

The phenotypic expreos1on gg the Spm element, considered in the

previous secti ns, was remarkably constant and predictable, notwithstanding

MMMWW wero aed s o .

thgmany diff-rent locations of 1t that w@;e—éeteymﬁﬁed However, Spm
elements with modified tyres of expwmesaien have appeared and the origin and

expressi:n of one type will be considered here, Occasinnally, on the

L PRI

ear of an a1m~ Spm carrving plant, a kernel wiEs an aberrant pherotypie
2

0 o Tahd o 0bpesvet Ml fuguaihy

expressToy will appesry Instead of showing a number of deeply pigmented
spots in a colorless background, such kernels show only a tiny spot or

geveral such spots in a colorless background, Flants have—besn grown

WL
from several such kernels and they and their progenyAtested to determine

b
the oausekn} the altered phenotypic expression, These have shown that

A
agwe Yrane
in swek kornels, an Spm~type element 1s present but its capacity to
A

suppress gene action ét alm”1 and to induce rmtations af this locus is

much weakened, It has therefore been symbolized as Spm-w, H—eenbeass—H0

In t-is section, the standard Spm wlement will be designated Spm-s to
distinguish it from the Spm-w element,

Spm-w elements hhve been located 1in several different chromosomes,
PN kauumﬂywq,RAuVQ)EJ%MEQOMdAAinb pwdesd o
The one w-ich will be consadeﬂed ~exe arose 3 a plant carrying Spm-s in

A
. R M1 ARy
chromosome 5.  This plant wos al Sh A state =, figure 1¥/ aq sho,



Pre/pr Spm-s, y/y, wx/wx in constitution, was crossed b> a plant that

was Romozygous for a sho, ¥, Pr, and Wx and had no Spm. On the resuvlting:

1.9
(noSpian)
ear there were 87 uniformly pigmented Sh2 kevnels, 103 Sh kernels that
( Sp -0 Wu}d}
had a number of deeply pigmented spots in a colorless background, and aAL,/‘
4 N

small
Sh2 kovnelp thet showed only severaly/dots of deep pigment in a colorless Qﬁ

background, In addition, there were 186 sh, kernels that were totally

2 .
3 ogpedad o froaiTs
colorless, Progeny was grown from k;classes of kernels and tested
A 1ﬁhd@mkumﬁ

for presence or absence of Spm, IFrom such tests it wzs possible to learn

variegated
of the presence of Spm-s in the pr carrying chromosome of the/parent plant,

e

Be#b—planﬁ§ derived from the Sh2 kernel? that showed only several tiny

. . wo-o . .
spots of deep vigment in a colorless background were uniforrily pigmented

~
and in this respect, btiaey resembled the plants that had no Spm! Two ears

of one-of fthesge plant? were used in test crosses, Pollen from a plant

homozygous for a7, Shp, ¥, pT, and Wx and “aving no Spym was used on the

that wos ¥/y but e sAR
silks of one eaf’and pollen of a nlant/homozvgous for aq (Suate- flgure

1), Sh2, pr, and wx and having no Spm was used on silks of the second ear,

The kernel types on bhexm regsulting ears indicated that the constitution

of the tested plant was a1m~l Shg/al sho, Wx/wx, Pr/Pr, y/y.smidxihak

kernels exhibiting
apxrimkeRkxRARxRx However,/the same phenotype as that from w ich the

plant arose segregated on each of these ears, Among the 328 kernels



fﬁ Le, (&

appearing on the ear produced by the latter cross, 169 were uniformly
pigmented (no Spm type), and 78 of these werc Wx and 91 wx, JThere were

118 kernels that had the same phenotype as that from which the parent plant
arose (§7 Wx : 51 wx) and in addition, there were 51 totally w lorless <
kernels (Z?Wx: 2l wx)e In order to detcrmine the factors responsible for

A

m-1
the modified type of expression of ag s pPlants were grown from 55%13

classes ofideerretrs on this ear swfirrews

25 e A N ey p— " \ g " le

paRenby=Wexne—gowesied, At maturity, the phenotypes of the nlants derived
Qubiess Mhdhi

from all three classes of kerrels were a&iks fach was uniformly pigmented,

dio et drisg sl ufamtors M:um‘ oL Fige D azop ecuel 1y dele wi O Cltifie w‘ag’fﬁ."” ,

B
&

fL a} Mreuy fu,N]&ﬂIQVTQﬁw}QMUd@up s wlalpy ALLEAQ Rl
The silks of an ear of each of these plants received pollen from plplant :
~
that wzs homozygous for ay s sho, ¥, and had 1 Spm—s elenent’closely Iinked E
td&ﬁuo N <§
with y in one chromosoae;é Some of the pollen parents were Fr/pr and ﬁg
A

0&iurnJ§1£& QW Lpcars ) st becer uilost
others were pr/pr. From these tests it was concluded that an Spm Xdse
A

element with much xmdmxed weakened action was-present in eE=mrowmomewme—O-

%
' the pdzmhs derived from the kernels that were eaither bteest¥Fv colorless c

of deep color
snowed only 1 or several small spots/in a colorless background, and that

this element was absent in the plants derived from the uniformly colored

kernels, The reason for tais conclusion is evident from the tyvpes of

that appeared on the test-cross ears that
kernels/these plants produced as shown 1n table (a), Those entered in A

of this table are from ears of nlants derived from the uniformly colored



o

kernels, Those entered in B of—bais—$abie are dExixEdxfronxEhexkmrneix

from ears of plants derived from the totally colorless hernels or those

1l or several o
in wnich only £ small spot deep color appe:zreds Only two classecs of

alm'l carrving kernels appeared on the ears of plants entered in A of-the

tobles Half of them were uniformly dark pale in color (no Spm) and half

exhibited meny spots of deep pigmentation in a colorless background

m-1

(Spm-s present)es On the other hand, the a,

carrving kernels on ears
produced by plants entered in B of this table fell into four classes,

Half of them (%323 kernels) exhibited the typical pattern of variegation
produced when Spm-s is present, A qué@er of them (629 kernels) were
unifor:ly dark pale in color (no Spm), ?he remaifnhng quater (693 kernels)
showed either a few dots of deeg pigmentation in a colorless background

(52l kernels) or thegy were totally colorless (169 kernels). In sorme of

the crosses entered in Bxmf this teble, the male parent was pr/prM

m'dw WMM W"lev’m

Mhen these pl=Ets were used ae-—potteresewend;,, the distribution of Pr to pr
anong the three eclassecs of alm’l Sho cuarrying kernels indicated kiak

the precence in the pistiallate parent of a factor, carried in the pr

Colipltre Koo

chromosome, that is reswinsible for the paernetipe exnibitddg very few or

no A, dots, These Tﬁa’c;los’ age entered at the foot of B of table (a)e
oo

Theﬁ}éﬁae'indicated that kxxxfRazkmx the Spm-s element)introduced by the



A W
W

pollen parent]was epistatic to thg% Teeteon, One of the plants belomging
/0

r-1
to group B of table (a) had been crossed by a plant homozygous for aq

bhg, ¥s and pr and having no Spm, The types of kernels this c ross produced-
also indicated the presence of the weakened Spm-type factor that was
carried in the pr chromosome, There were 253 uniformly plgmnented kernels
of wich 70 were Pr and 183 were pr; 16 kernels showed 1 or several small
Al dots in a colorless background and 112 of these were Pr and 3L wer: pr.
In addition, there were 69 totally colorless kernels,

Another scries of progeny tests were conduced with plants dsrived

from the several classes of kernels on the ear just described and also

from kernels entered in B of table (a). These progeny tests confirmed

Loty Wiere o

the conclusions derived from the tests just described. Details will not
A
o

&4¥en here but in order to indicate the obviousness of the conclusions,
data from test crosses of some of these plants are given in table (b).
It was learned from these studies that the Spm-w eleent belm ved as a

weakened Spm element both with regard to supvression of pigment Formation

-

-1 “hen it is

m .o . . .

at aj and withh regard to mutation producing cavacity,
- Y . m- . - ST ] .

present, the plants having aq 1 develop pigment but the rate of this is um%

much slower than in the alm"l plants that heve no Spm element, Also,

suppressicn of pigment formation in the kernel is not complete for a very
A



4

W"?Q"

coloration ma. appear &b the base of kernels that have Spm-w, In order to
o A

detormine if the Spm-w elerment has a weakened capacity to induce mutations, -

. . . N . . . M~
it was incorpcrated into plants having various different states of ay 1

but no Spm-s. These tests indicated that the presence of Spm-w results in

a marked reduction of the freguency of occurrence of mutation but does not

their
alter the time of/cccurence,c’ This latter remains a function of the state

of the a.™1 1ocus,

1
Although Spm-w elements residing in different chromoscnes of tne
esskown
complement have been detected, no evidence of transrosition of t is element
has yet been obtained, Tests of tnis are not extensive, nowever, and thus
no conclusions regarding this may yet be drawn, The origins of Spm-w

elemenygs from modifications of Spme=s elements is to be suspected but this

gonclusion could onlyizswz?nsidered as tentative since evidence in susnport
T g WMW %Mogdxwﬁm%w'mb\ftﬁw

of it is limited tqﬁtwo;cases,w&s@e Spm-w elements appeared in the esame

A A

1{lap bglocux et b WMl
chromosome that had carried Spm-s’ el ¢ d,{/ 0 fpt JW

Woed) OW me thiso Wﬂﬁp»-’s fiod chots.
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Modifier element in the Spm system

In the course of a test undertaken to examine Spm number and location
in the »rogeny of a plant carrving two Spm elements, both located in one
\g > e
chromosome 5, a kernel appeared on é@ ear of a sdmgke plant in wrich
the frecuency of mutation at alm'l was greatly augmentéd. Subsequent
tests of the plant derived from this kernel and its progeny indicated the

presence of an element, belonging to the Spm system, that incrsases the

arel

m-1 with each of five tested

-frecuency of occurrence of mutation at al
A

states of 4t, but does not alter the time during te dcevelopment when
- Jts presence may be detected only when Spm also is nresent,
'%)Q)D )

R\t

these will occur, / Like Spm, it may undergo transposition, In all
essential respects, it acts like a comndementary controlling element

within the Spm svstem,

oul. A’w’o

The kernel carrving the modifier element appeared on tke eargof a

1 two of its eomg Q&/Qﬁf‘z/
plant that was alm' Shy/ay sh,, Pr/Pr, Wx/Wx in-eonstitutien when/ik had

been used in a cross with a plant that was homozygous for 87 sh2 pr, and
Wx and had no Spm, / Cn theé8eearg,there were 167 uniformly dark pale colored

kernels in the Shy, class (no Spm), 186 Sh2 kernels w th spots of deep color

C Spann \y\gm‘x\
in a colorless backgroundAwith a pattern of mutant spots similar to that

“FIJ\ [Y BTV ‘dw; s Yoty C{f Q.'W" .

shown in KhOf figure %f There were also 38l colorless, sh2 kernels,
':"(G ~1
‘ g\»

In addition, on one of these - ears, a single kernel appeared that
A



exhibited a very marked increase in the number of nigmented spots, Tt

_ ’\QU/:’ hy, 1+

kernal;u&s—%amUVe&xand~$h€.plantzgrown from 3% also exribited a very high
A
m-1 . .
rate of mutation at aj in its somatic cells, In order to examine the

nature of the modification that was responsible for this marked increase in
frequency of mutation, one ear of tihis plant,(number 6889), was self=
pollinated, Another ear received pollen from a plant that was nomozygous

'S

for almpl (state )y Sh,, pr, and wx. The reciprocal cross was also
made, In addition, podlm from plant 6889 was placed on the s#&lks of
bwos—o# two plants that were homozygous for a;gy sh,, pr, and had not Spm,
The kernel types and the ratios of them that appeared on the ears produced
by these crosses indicated the presence of one Spm element in plant 6889
but it was not linked with Pr. Among the variegated kernels, there were
two classes, In one, the kernels exhibited the expected number of mutant
spots, In the other, one the other hand, the number of these spots was
variegated
greatly incroa sed, The ratios of these two types of/kernels suggested
the presence in plant 6889 of an independently located modifer element
that scrves to increase the frequency of mutation at alm-l and does so
511AR SNY

either with state @ or state « , In order to vesrify this, kernels were

selected from the wvarious classes égh-these ears and the plants grown from
]

them were again tested for presence or absence of thi¥& modifier in accordanc



with the phenotwpe of the kernel from which the plant arose, These tests
verified the presence of the modifier in those plants that were derived
from the kernels shar ing an increased frocauency of mutation and its
absence in those plants that were derived from the kernels that exhibited
the usual frequendy of mutation associated with the state of ag - present
in the plant; They also showed that Spm wes required for the modifier to
be expressed, It was also pogsible to learn Ifrom these tests that the
modifier undergocs transposition in somatic eails. This results in
removal of it from some cells, and increase in its number in others.,

In one case, this resulted in its insertion into chromcsome 9, and linkage
of the modifier with Wx could be detcrmined in plants having the modifier
in this locaticn, Rimoval from this location and insertion elesewhere coul
also be followed, Detailed evidence for the statements given above
cannot be included in this report, Hé%ver, in order to indicate some of
the methods used in obtainéng this evidence, several of the tests will be

outlined,

sh

In the cross of plant 6889 to a plant thot was homozygous for aq, 5

and had no Spm, 12 plants derived from the variegated kornels showing the

usual number of mutant spots (Spm, no modifier) were crossed by vlants

homozygous for aj, ghp and having no Spm, and also b: plants homozygous for



g

alm”l, (state ‘), Sh, and having no Spm, The types of kernels on the

ears these crosses produced are entered in A and B of table '. Light
plants derived from the variegated kernels with an increased number of
mutant spots (Spm plus modifier) were also used in crosses of the same type,
The tynes of kernels avpearing on the ears resulting from the ¢ ross with

the plants homozygous for aq and sh2 are entered in C of table o

m-1

Because the kernels on the ears produced by the cross with the a4

g - o m-—
:Shé no pm tester plants have different states of aq 1 in them that would

require additional categories of kernel tipes in the table, they have been

excluded from it,.
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e . . . o m-1
present in some of its gametes, Following introduction of the al locus

£

from the male parent, the presengé of Spm in those kernels that received it
from the female parent should yé revealed by the appearance in them of small

deeply pigmented spots in a golorless background dgsﬁto activation of the

s
4

Rt /. - L
alm + locus by the Spm element, In those kerngls that did not receive Spm,

the aleurone laycr should be uniformly pigmented. Among the 30 plants

Fa

derived from the colgrless, shp, Y class Of kernels, 1t could be determined

on this basis that /15 had a single Spw element and 15 had no Spm, In 13

of the 15 plants/that had Spm, linkhge of it with Y was evident (A, table Q_}

but in the 2 r¢maining plants, ng linkage of Spm with Y was noted (B, tabled

(The reason For the absence of linkage of Spm with Y in these 2 plants will

be considered in the next gection. It need only be menticned here that
t unexpected,) Among the 2l plants derived from the colorless,

sh,, y class of kernels, 6 had a single Spm element (C, table J), and 18

had no Spm,

o i ——

In the above described test, the state of aq present in the
tester stock (pollen parent) was either that shown in .= or - of gigure 1,
A1l of the kernels having Spm exhibited the pattern of variegation

characteristic of the introduced sztate,-- small spots of deep pigmentation

in a colorless background, and these spots were rather uniforrils distributed
2 b ©
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over the aleurone laver, Also, all those that had no Spm were uniformly
\

pigmented either dark¥y pigmented if state «~ had been introduced by the

male parent, or lightly pigmented if state ~ had been so introduced,
. ] , _ N
- More than one fertile @ r was ~roduced by some of these plants, thig meade:

it possible to place on the silks of some of these additional esrs pollen

i

of plants in which Spm was considered to be absendt but in w ich other
This was done with plants havéng the states

states of alm_l were present.,
It was found that if the element
|-

{
{
i
i

m-1 j
present |

shown in =, w,-, and = of figure 1,
1 j

her states of |

present in the pistillate parent had activated the state of a

1

in the tester stock, it would also activate each of these otl

!

-1
al -

However, thevattern of variegation that appeared in the kernels
that received Spm was not the same as that given by the tester stocks,

Inste:d, it was that which characterized the particular state of alm'l ;
/
i

that hed been introduced by the pollen parent. That the activating elementﬁ

)

nevertheless, was the same for each state could be s 'own in some of these

tests by mbans of its linkage with Y and an illustwa tion of this is given !

' oW, |
in D of table = be—rre—aiweet testswhich show$ the activation of the

different states of ay T~ by the same Spm element weX conducted and the
In this test,

result of one of these testa is illustrated in figure 2,
m-1 ]
shown in - of figure 1 was

a variegated plant having the state of aj’
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Pt

was crossed by the Spn tester stock having tne state shown in -« of figure 1,
A

Without exception, all kernels that exhibited the pattern of variegation

=1 .
characteristic of the state of aj present in the female parent likewise

exhibited the pattern of variegation characteristic of the state of a m=1
1

that was present in the male parent, The same element activated both

states of alm_l. Another type of test involved use of psiten—frorr.a
~ A wﬂdkwk&
plantsthat Wil hos nozvgous for the standard recessive, al in wh 1ch e Spm
? Le " - ! :’\ .
cesstiiTtiew could . Iollen

oL dutnebsle) gv (RAMCAS o T
from sueh g plant wa s p&aaadraaen the 31lksof(a—n&mber cf non=variegated-

A
m—l tolre WM
plants among wiich achumbas-—of different states/wese—zm@mssanteé 1;;014
/ g Muoly w

each sggn:tesyﬂ the pmemensign of va“1egated to non-variegated kernels

was the same, regardless of the state of aq that was present in the
pistillate parent, {b@=g2epartlon—e@figﬁﬂs_tma_claeeoe=a§—ho?ﬁe§s
- A
RIS ubuxuuuggnmwul
ingdiealed the number of Spm elements in the pollen parent, Again, if
wad, 7
linkage of Spm to a given marker was expressed among the kernels on one

A

ear, 1t was also expressed in all ears where this could be detected,
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