class rather than the pale class,. Because of the very sharp expression of

variegation among the Spm carrying kernels and also because of the faint

5718 -
pilgment produced in its absence, this/state of a has been useful in a
1
number of studies of the Spm svstem,
i . m-1
Subsequent tests conducted with plants having state 5718 aq and

Spm have indicsted thst the appearance of kmenels having the Al phenotvpe

in its progeny is rare, The number with this phenotype derived from tests

of plant 60L46B-li entered in tuble 15, is unusually high. In this-eeses,
4o
1&6 same collection of pollen was used te—makebedis-tlsc self-pollination and

@N the test cross entered in this table, 1t is suspectcd that the tassel of

mutant A
this plant ¥#dm which pollen was collected had a small/sector ) and

Comud W0 Ry anekaud ik

that the pollen grainsg mmzmxrimg derived From anthers in this sectozﬂwere
woaved iy Sy

resronsible for the appearance of the et lusi ladese number of ke nels

exhibiting the Aq phenotvpe,

kernels mRexived:
A number of plants were grown from/®he e:srs produced by crosses

conducted with ~lant 5720, With rare exceptions, the sta‘e of alm-l

in
Zthis lant mxrrie® and in its progeny gives rise in plant and kernel to

mutant areas that exhibit only low levels of pigment intensity. As mutation
inducting events may occur very early in development of o&fier rvlant tksses

7 P
0»64\ sporogenous cells,x® XX

e tophrbio s & number of
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carry m-1
gametes are formed by plants having this state that hxxm a rmutant of al

Therefore, many kernels appear on test cross ears thet expross this.
3 o i i)

One grade of pigment intensity is expressed in e~rh but the range of this

( oo - -)

among the mutant carrying kernels is from very faint to medifm 4 rk,
2

m-1

When a plant having this state 5720 of aq

and also Spm is used as a
pollen parent in the cross to plants homozygous for aqs only one of the

three chrovozomes 3 in the endosperms of kornels on the rssulti ing ear carvies

X M- R . - ‘s 1o . .
Tthis aq 1. Among the variegated class of kernels with this constitution,

mutant arers apnear, Each expresses one particular graé@ of pigment

intensity within it, wWhen, however, the reciprocal cross is made, arong

. v et alah

the variegated kernels on the resulting ear, mutant arecs Bey appear within

. A A
Yo
warelr therc are smaller areas exhibiting deeper shades of vigment intensity,

AL v <solp S0 w taroutd

s s m-1 . . .
This is expected thone kcvmels)na%e:%h&ﬂ:&LQAL-ef aq 1 in two of its
A

\)bd'
three chronosomnes 3 aﬁdjmutatlon-lnducvng events macur to each indevendently

\7{[) MCMW RW%\D% (V&x*}fim‘di{‘\’\lm!m' m

of ome—another, Types of kornels aprearing one ears produced f£rom cro:zcel
A

of seme-plants that were alm-l (state 5720)/&1 to plants homozwgous for 1

are given in table 16, In this table it will be s:-en that the number of
) b\. \—0
uniformly pigment d loo nels 1Q high as welddss the number of coldrless

O“*"“it Wo  guurfouty paconoutsd eemm Potanrso) wk owa bk vty 0udon 4o o Henil A

kernels, It was subsequently Jearned that with state 5720, no anthocvanw
. A :

bt 1 wee Wpicuked | ondh Jomond adotnty de o) g ot T,
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.

£
pigment is produced in either plant or kernel when Spm is absent., Pwerm R

The high

wille yauwe 2y
reseribled that produced by the o

TN

. . . m=1
rate of germinal mutation »roduced b this 5720 state of a
iy J l
riginal state of al“ from which it was ég.

derived, Howev.r, with this original state, the majority of gerninal

koo ek Vo bugh Loupr Pk wa lwiTy anamblpmg o R
mutations give rise todhhﬂ full-ox nan*ﬁﬁa&&—AT—%fpe-GX§¥esséen. e
o8 gorminal mwsebions Lo prodnel yud)
proportion/thet express leweme levels of pigment intensity t@i%eaﬁéée@ab;y

lemay, %AQBUAdLuA. @Nhﬂubbqii\luM&whaL}um

{— Because of the Very high rate of gemminal mutation given by the original

4
mey S o0

1 s ¥t wos not considered

state of a to e a useful one for analysis of the

mode of opcration of the Spm svstem and tests of it wers not continued

~ o Q>
beyond the 191 scason. QW wuf,wal:' Al 5710, whih v %% B
OUguud obhaly g YR8 .MAW % Wo‘} alioi
Ay oo %uf[é Wﬁup
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Se Individuality of expression of each state of alm’l when

two different ones are gggﬁﬁﬁsd in a plant or kernel,

During the summer of 1951, crosses werec made betieen plants

_ 1  Akuly
carrying different states of aq and the type of expression ef£ each

Covms yyoug- UL 0

QARG
stabte In the keirnels on the resulting ear was exanined. Pre Lombinatiews

d}wrumwd Wtom&um a gl hout Yy fotlsuwey ok 8l g

state 5719A-1 with state 572C and with the

original state, state 5718 with the original state, state 5720 with . the

original state, and state 5719A-2 with state 57004, not prev1ou°1* discussed,

n Ualin ypony, Y Covbmalin /) Stalls wose m adt, Noukon Vo Qe Ailfeup By,

The most 1nstruct1ve cross ®mR tn&# illustrated the i dividuality of 49

ﬁ@dh Mﬁmﬂ uhubuuﬁyuo-mﬂMupﬁtﬁhwx

stateg of alm-A'waS'duﬁztmtween plant? carrving state 5719A-1 ﬁ%”p+aﬁ%e
. Mﬁﬂd—() A

G
carrying state 5720‘anéfﬁhe tvpes of kernels arnpearing on e ear produced

by one such cross will be givén. Pollen from »nlant BOL2-9Q, thet carried

state 5720, was ~laced on the silks of a tiller ear of nlant 60l 6C-1
O 8o b U s Wil oYt tn Uigy U0, o 1 wsorpan B s ifon Wik eset
which maxxrigdxkakexE¥IQ%kskgx was hOﬂovvgous for state 5719A 1.7 The

"4

of the main stalk of plant 60l6C-1 was self-pollinated and on th

2o

resulting ear there were u uniformly pigmented kernels exhibiting tmsx AI

oo™ ovcanilen | meduWJUMTﬁKT&u;uyamzﬂauudwuufmuouuénaawi el
type vnigment, 31 that were unlfmrmly ’ aqg.377ﬁﬁha% had small

A W odertiog Were Wi
spots of the A, type pigment in a colorless background,-- the typical

oud \ o dhal appoasd T be wwfz efosun,

pattern produced by state S?IQA-IZ/r‘Pollen of this plant was ak=xw placed

S ok 6o 60 - won prlrwn W Yubou, Vy ehasueniov Rl Tif o W Kedaty o oom (1 of

on the silks of a mlﬂnt horiozygous for aj and on the resulting ear there

first ear

wngiﬁhnmgqﬂnqda%%m;ﬁ?”ﬂWWWn%y

S ¥ tgpﬂ
was 1 kxxmxk “m '_
A
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212 kernels thst were uniformly pale cclored, and 65 that expressed the

variegation pattern typically produced by state 5719A-1.(&xPlant 60l 2-9

variegated
had been derived from a/kernel on the self-pollinated ear of plant 5720,

Pollen from a plant homozygous for a, had been placed on the si lks of Iﬂﬁ

1
onBun -

. g .
{1q.tlllerear of this nlant, The kcrnel tinmes that ﬁnpa'“ ¢ cn the-resuliing

ear were as follows: 32 uniformly pigmented kernels, each ﬁ%ﬁgﬁz @U%élticular
O W but in
level of intensity o£—psgmaggg;inn/all of wheémh{his level was low, 102

variegated kernels with bedsk la~ 88, and small areacs exhibiting low levels of

and_
pigmenteinten31tv/1n a colorless background, andQUn addition, 239 ke nels

in which no pigment was observed, When vollen of plant 6042-9, with

o200 of o Tublier
state 5720, was nlaced on silks of a-bitrer—ear of plant 60u6C-1 1t wes T

0n well We pureaseuX 2ldly
learned that the vollen parent was homoczygous for state 5720’ Thus, the
cposs was made between a plant homozvgous for state 5719A-1 and one
homozygous for state 5720, There were 216 kernels on the ear this cross
produced, Four of them were uniforly pale colored, In 18 others, spots
Bwing Ay- type pigment were present in a watfowmix lightly pigmented backﬁroug
N ok

oM\ The pattern of the A9 spots was that characteristically produced by stote

5719A-1. The intensity of the background pigment was uniform over the
WA

aleurone layer Zeow each kernel but the level of this differed among thee

W ownge Sy
kernels. And, these levels w@® the saome as SEETY that sar== prxxzzdx

A
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apperring among the ﬁniformly nigmented kernels on ears produced by the

cross of
plants having state 5720 to plants homozygous for aye In addition,
oy omodlsn U b
there were 19l variegated kernelsA These kernels had the pattern of Ay

spots produced by state 5719A-1 and also the pattern of lightly pigmented
Qﬂx*dlﬁ(muﬁwxuﬂieL.MU@F=0debM>, 2

areas characteristically produced by state 5720
) vampatin 24 lnbobad Ithoo Sutmuso

pattern was that which ceutd-be—sxpeeted from superposition of the

A wWos Quae
patbétern produced by one state oggr that produced by the other, Rach
W g

state expresstgiits own tyre of response to the presence of Spm,
A .

(see photos), The over-all

It was assumed that in the 18 kernels scowing the variegation pottern

AN Lol ~}om Cotedead 090, fpp) beow
oroduced by state 5719A-1 tn a uniformly pigmented background, s—=xkxbkm .
7 Lo D mite CAILL QL I il eotr 4ﬁT&b§‘720 /‘a(/dtimlm
ol Y M\M of o sk 2wl Ca it @ el dul dlitund frav , G
'P muabendy  stable in the presence of Spm, hed—peen-contributed-by-the-parend
il 0 Upo-

carrying-state 5720, The correctness of this interpretati n was made

evident in tests of the plants derived from kernels of this t:pe that were

3 i .

conducted in e~ subsenuent year, The plant derived from each carried a
m-Y, , ‘

of a;™" in one chrcmosome 3, L

mutaﬁt/whose exnression was stable either in the presence or the absence of

Sp?Jand the state 5719A-1 of almﬁl in the homologue)which ¢ ntinued to

Man]
express 1ts individual variegati n pattern in subsequent gener
did Cuanigy
descripticn of the tyres of test that established this will be postroned

ations,
A

v iy by -

untll a description may be given of the means by which such tests a‘e M

——— m um,wu-| oo p@wu O/u/auug W HAu unl tlainel /Z/&u‘fa@ |

3

, ¢,
fonin 5 o0 ot 3 ool nRely 51GH 1 w e W{te\@
Wbt W mbm '.Mn:;&ﬁm g (Bmet to Tpwe ey @ffeld sy ou, i B2

Yo, .
e,
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As described earli-r (page. ), plant 5700A was derived from a
very pale colored keornel on an ear produced by cross of the original alm-l

carrying plant to one that was homozvgous for a Pollen of »lant 5700A

l‘
was placed on silks of an ear of a nland homozvgous for aq. Two tv es of
kernels appeared on this ear, those that were very pale in color and

those thot were colorless, An accurate classification of the two types

Wwas not attempted as the intensity of pigment in the pale class was so

belonging thb(’e Tt qued W

low that it was Peared that some/in the class wou]d be placed with"the
colorless class, Some kernels that certainly had pigment in thém were
selected from this oarjand the vlants gpown from them in the sirmmer of 1951
wore given culture number 6078, At least one err of each nlant in this

culture received nollen from a ~lant homczygeus for ay and sh2. On all

very
ears so produced, there w're only the two classes of kernels)/pale colored

o ronliuem ATy be i atl fitruilo
and colorless, pccurate cL&ee&@&ee%&enﬁ wapge also difficult to

L

-

. - silks of
make bh some of these ears. As an examnle,/the first ear on the main

-4
Ry

vk

< -~

stalk of nlant 6078-5 received pollen from a plant homozygous for aq and,§ =
Y

[P ATERN g Sv

sh2. On the resulting ear, 256 kernels certainly had pigment 1n tneml,k "§
\P\ wewtls - praueut Lontd At e O boef 2ol L‘swwhé’mm&d. 3 :3

b&gwthe remaining 31l apncered to be-cetertess, A tiller ear of t »is
N

plent was self-pollinated and similar difficulties werc encountered in making

ok oppeath ow of

accurate classifications of thegtyp classes of kernels. Among the L2 %yu&¢
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this ear produced, 25l had faint pigment in them but the remai ing 170

appeared to be colorless, The silks of an ear on another tiller of thite

b01%-> whose constitution wes, -
plant received pollen from »lant 60800-74nhixk was &g

A 4 . . . »
wr ottt T AL el Uy pso ObrLartg om ey con KL O RIS, Rofue di-Gudyes
(Bdn dgcripticn of—thris—stabo;—s66-—pages—) , The first ear on the

Tiewd | o weth ug maesn o o G to ematuliou 2 Lot 608 0C-7. g
main stalk of vwlant 6080C-7 haégggen self-pollinated and among the 23l

O’V\T}UJJ Lo
kernels Ifrprodaced, one was fully Ay in vhenotine, none were pale, 172

were variecgated for dots of Al in a colorless background, and 61 were
colorless, The second ear on the main stalk received pollen from a plant

homczygous for 87 On the ear this cross produced there were 11 pale

CaXoly s R+ momn qalwa (allul)

colored kernels, 97 showing dots of Al in a colorless background, and 127

that were colorless.ciYPollen collect d from a tiller of this.plant¢;0?06‘7
dil o
was placed on the silks of an ear preduweed-by—e seccrdt tiller of plant
B) CRVISYINN, A AUY 575 -5 rone s emad wbges, O et Uiou

6078-5, %¥he types of kernels appearing on thi@ ear were surprising.
A Y ot \ Yo atty o

There were 2 kernels exhibiting ke full A1~ty*e pigmentation, 75 kernels
that were uniformly vnale colored, and 132 that an-eared to be colorless,

In pddition, theres were 259 variegated kernels, nighty-three of them had
- byl
$R . dots of A7 in a colorless background-~the pattern of variegation associated
A 1 :
R wewy, domne patlina A S dflD gn WL B4 Gowse £Bn¢.
with state 5719A-2, The remaining 176 variegated kornels e”hibitqu -

\U.AI“ wmﬂ-‘\~
few—derge areas ef full Aj-type pigment amd—sdse—veonymany swmall spobe
A

3

e _Lhdis—-Shal were situatdd quite close Lo-one—ewerttroy, In somne of these
ok Y . Y
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kornels there werc a few pa%e aweas and in otirer a fouw areas that apnezred

Mw}auwbm(m&ulwu wdwfémwﬂ

- to be colorless. Lt was suspécted immediately that the plants in culture
mt@waﬁ\wuséo’w‘ W axais | c:u!tcx_w{”kww.m O/ng)_a&ld&,oq ptheaond

6078 had a modified state of ay but no Spm.’« Introduction of Spm

through a male gamete of plant 6080C-7 revealed the pattern of variegotion

this state would produce in its presence, C%%’Subsequent tests substantiated

Actchay o op ¢ anali ) Yo Yol A 4w fent w ol gWﬁw ClTF, et vl payd, 5700)),

thie, They commenced with plants derived from the pale class of ke nels
the '
on ears of &esplants in culture 6078 that were produced by croosgl

with »nlants homozvgous for a7 and shp, The tyoes of test conducted with

carrying this 57008 state of al .
i A e T

- " o B it el s U0

examining some aspectes of the Spm svstem of opea tion, Plants derived
A

A
from the newly appearing variegated class off kernels on the ear produced

T 0wy twhow 49
by the cross of 6078~5 by 6080C-T7 were also examined, #&ome of them wtd
A
Tiak 2

M-1(state STOOA)/ a; and others wele a m"l(saﬁﬂe 5700A)/ lmFl (state
4

@ ‘alteg

Codh
5719A-2). Besk stao ue$ amﬂe"“ed Qn the pr rogeny of phenss having this
\ Porhelon. Aty (el ‘“”‘"‘”’

latter constitution:&éach havimg retained its own properties waile togethrer
A A

1 N
in the nuclel of ome plant, ¥xrghzx Biscussion of the manner in which

ho
thcse tests wer#made wil%ibe vostponed until the methods adopted for thenm

may be considered, PN
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Besides the intercrosses of »lants carr ing the distinctive ctates of

av

6]
L

a m-l’ described above, crosses were mode betweer plant

ing the
1

original stote of alm'l in one chrocrosome B and a, in the homologue/with

plents having one of the following derived states: state 5718, state CT719A-1,

and state 5720, Too—tmrop—of—lkernels anearing-en—three—rs Hl-o-ge—a2ease S
wahid s b
produced will-wet—bervonsitered Nore in—detail, As stesed earlisr, the

A
Q0ueley Lodh @(Dhuuzé o mudgd¥ 6} O WY,

< s . me=1 1y
original stote of a gived rise to ‘anv ge%m;na&—ma%&%&eas Ih

oy Weun o4 Lf,w‘t@ww o (et Mwﬁ(md i tuzl

4 [4
ma jority ofkernels qnd plants tho ‘hnv ene-gueh—ferminal muation ln-them
~0mwﬂ?ww Ustersr, oiprgen Mol Do
e : L = . ilow g 13 at&eas oive
M%%aw O»ddbd’u& \UJM Moutrg o un ‘f/({’di/fugx (duo
EXxiRkk lesser grades OL pilgment intensity bobs in kernel and blanE4 Many
oW wlioy aa -\ that 2 WMG&M UA
K o el 9% uh one Ak ) s etd - iadoad, wchally,
o*~Lh~%eAare stmble in the presence of Spm. <+his ceould be ﬁ%°amﬂe&~é4*ec§iﬁ

6’6L0\;ﬂn some kornels :

by
on ears produced b&&%ﬁ% cross'ca&dﬁﬁi&d—w&%h nlants carrying state 5718 or

state 5719A-1 to plants carrving the original st te of ag _l. Before

e plhouypa 0o %W,W thok o oo on 2o [oduid g i ¢), " bausty
ocensidering—this

_ 4 2% . e 'erwo£ b1 e—exiainal
WQ_&M ougur mel &Q, DQﬁUJJ) JOMJWU IS YRV {"’l—v o, UNJJ\ (}@ oe ‘””Wﬁj
state of 8.1 /\:Ln :'3] ants that caxr ;"\:‘Liﬂﬂ‘lq atase—-ip-—-ene-ehrencsona 3 and 3_1
ilan.the-hemotoguey

In the sum.r of 1951, U8 plants were grown from variegated kernels
apvrearing on ears produced by cross of the original alm-l carrying wlant
+ = - -~ L mn * L4
to plants thit were homczygous for aqe *hece kernels exhiblted a pattern

of variegaticn that wos cormon to most of +he variegated kernoels produced by
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. . . i .
test crosses conducted with the orignal 2, 1 carrving vlant (phots )e
* . ) . . A - < .
The plants derived from these kernels likewise exhibited the same bizarrc

types of variegation pattern that charact rized the appearance of the
| :
G‘r"“ﬁWM“’V":m L )
kernels, ¥t was obvious that chang%\gi al‘ /\w&s occurrsag in a number
M@yuﬁ ou Q%
ofaoells of the plant and many of theﬁgbccn::sd early in »dent development,

A

[l .
The plants were conposites of distinet sectors in easch of phiéch a particular
phenotype was expressed, Many of them exhibited the A1 phenot: - ne, In
others, the pigment was uniformly distributed withi the secotr but the Uy

intensity ef£=%t was low, Still othsr sectors were distingiisned by dﬂ
ed -
distinctive tyoep of varlegatlon.pattorn%«w1th1n then, Xmmexkxdx
Sowedk Aod
,\These WeRe—pareasedags Strecks of the Al type pigment in a noen-pligmented

ouwmd o aucq, NN Mc)'cb | %0,0,{ @&Jﬂtﬁ
11

background, a&éwlhe number and size of these streaks was—snob-the came I

W own pah ud 0B M onoa 3

sectors—exhibiting giskinmzkixe wariscgatddns pettorns, In a few plants,
sty
the tipe of pattern of vaziegationf~exhibited by one tiller diffe:red
oabululin by 1

greatly Trom that40§ the mein stalk and of other tillers ofl thds sane
4

<

&?

plant,
Eing

ANV

Some of the varlegated plants that were alm'}/al in constitution were
N .
used as female parents in crossses with plants homozygous for aq and sho,
The tves of kevnels appearing on the resulting ears are given in A of

table 17. Pollen of two vlants were used on silks of »lants carrring
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Tl
a modified state of al 1 (state 5718 or 571%A-1), To serve as a conirol
to—suveh—eresses, part of the pollen collected from each plant was ~laced on

silks of ears of plants that were homozrgous for aqe The k +nel tyres on

ot U @b 4 Two Wonl wath pheenly juy

Hieso ears a>e shown in B of table 17, In tris uaole, the kernels thebt

/,u\mwb(u\ C&M g wou Wy "

13 A Iﬁ:phtﬂﬁﬁi%% are rlaced under the hcading"Al”.

Under the heading of "pale" are placed those kirnels th.t were uniformly
p;%-g-ﬁeat vt i

plgmented but in which the intensity of Zhkx-wes \lower then—that—produced

ﬁman’ﬂuﬁwMu -&w wu@M

hg:dgl. Within this class, thebe w-s o range in 1nten51t¥4from very faintis

WA
pigmented I'n  some ke=peds to me#dium dark fes others, All kernels

exnibiting variegotion for anthocvanin plgmentation are anflered under the

had both
heading "variegated"s; lost of these kernels xxmxhxﬁxﬂ large &ndsmall

ok o0E orims, LV &> ~-)
areas with the Al phenotype ared pale areaé.,cﬁln the last column of this
] . A
vt 2

\ .
table are entered the number of kornhliﬁexprrss;ng a markedly altered
A v

pattern of varlegation, similiar in types to those Trat—piie—riaeuic—iire

!

altered states that have been considered in previous sectinns., It mav be

seen that the number of them is low,. However, other changed states,

less easy t° detect, were being produced, One of them wes detected
0;0ﬂ‘d%uir
because it was present in @ cell whose dcscendent cells gave rise to an
. , A

ear fat had been used in a cross with a nlant homozvgous forp al ahd shg.
‘4\
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The pattern exrnrcssed by the vaeriegatoed kornels on the resulting ear was

-1
1 .

of one twpe and it diff red from that given by the original state of a
This similarity in patt rn made it possible to know that an altered state
was present in the cells that gave rise to this ear. In the prcsence of
Spr, this altered state produces many small Al dots, located very close to

each other, and also some larger areas exhibiting the A. phenotwpe

1
(Photo, )e To the naked eye, some kernels having this pattern of
variegation may anpecr to be uniformly pigmented, idowever, mipeoscopic
examination of them reveals the pattern of Al spots that is resvonsible
for this deception., The dots of Al are so close together that there
distinctiveness can not be seen except when viewed under magnification,
(In all studies of voeriegaticn, kernel types on ears are exsmined under
magnification in order that details of importance in them would not be
undetected,) In the absence of Spm, k:rnels in which this state of alm’l
is present have vrigment in them, but this is so light in intensity that
devection of it sometimes is difficult, ‘he tvoes of kernels on the

ear of the original plant having this state 5996-K are given in C of

table 17, In plant 5996-l;, one Spm was present and it was carried in

one of its two chromosomes 6. (See footnote to table 17.)
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On the ears produced by crosses of plants that were a m-1 (original

1

state)f a8, to plants that carried either state 5§18 or 5719A-1/aq,

the original state of

many of the kernels that receive@/alm’l

s0r a mutent derived from it,
could be recognized, Likewise, those that received aq from the plant

M-l and the derived state of almPI from

having the original state of a
the other pcrent also could be recognized. This may be seen from the
photograph of kemnel tyres appearing on one such ear (photo, )e

However, kernels with a RixkimmiXy new phenot pe appeared on these ears,

They had the vpottern of A, dots given by the derived state of alm-l but

pale
these avpecared on a/pigmented background instead of a colorless backgro und,

This suggested that the plant carryving the original state of alm'l had
contributed a mutant of alm_l giving a reduced grade of pigment intensity
and that this mutant wes stabe in the presence of Spm, Tests of »lants
derived from such kernels indicated the correctness of this interpretation,
In other words, the original state of almFl was giving rise to mutants that
were stable in the 'resence of Spm,

Some of the pale mutants produced by the original state of alm-l

that are stable
/ in the presence of Spm very much resemble in their phenotvyovic expression

that given by some of the derived states in the absence of Spm, “+his is

strikingly illustrated by one tvne that resembles that produced by state
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5719A-1.In the absence of Spm, kernels having state S57194-1 are deeply
pigmented whenever Pr is present in them, However, when the kermels are
hom zygous for the recessive allele, pry, the kernels are only lightly
pigmented, Some of the stable mutants derived from the original state

of alm’I give these same phenotypes with the alleles of Pr, ft would
apprar that the production of either a stable mutant or a new state by

m-1

the original stote of aq is associated with the fate of the controlling

T~

element at the aj = locus. 1ts removal or total inactivation cculd
slight

give rise to the stable mutants whereas a/shift in its location, without
inactivation, may be restonsible for the origin of socme of the altered
states, It is apparent, nevertheless, that the production of stable
mutants by the original state of almyl is far more frequent than the
production of abviously altered states of the types that have been
described in this report,

In the cross of alm’l(original state)f a, by alm’1 (state 5718 or

5719A~1)/ ay, the

kke  Spm number was known only
I!,".,g C’\i

in the plant carrying the derived state, The Spm number in plants hoving
A .

the original date could not be determined readlly from the tvves of kernels

0 oo
appearing on ears produced by testsecrosscs conducted with i%, The
A

frecuency of occurrence of germinal mutation was too nighe Hevertheless,
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the
the types of kernels appearing on the ears produced by/tlress of ~lants

carrying the original state to nlants carrying the derived states, whose
constitutions were given above, is instructive, and the tvpes of kernels
appeiring on six ears produced by this tyre of cross will be given,

There was a total of 2175 kernels with the followi g phenotypes:

the
277 with/Al RXEREXXXWRE phenotyve, Tl that were uniformly pale colored and

M-
had a derivative of the ERIRIRAXXEIEAKEXERXS .XX%

some of these obviously nnxzxniximnxixxﬁzxixxﬁxﬂxmm the originel stzte of

me= and A
a, introduced by the parent imving it, ZEighteen other kernels were

uniformly pale colored but supperimosed on this were dots or spots of Al

with a pattern given by the derived state of a = used in the cross,

1
There were 1207 variegated kernels that fell into two distinct classess
602 exhibited the pattern that is characteristically produced by the

m-1

original state of a, and in some of these, the presence of the derived

state was suspected, and 605 ¥axxzgxkmdxke that exnibited the dots or
charact ristically produced by the derived state and

spots of Al/in what appeared to be a colorless background, In addition,
there were 602 colorless kernels., Tests of plants derived from kernels
exhibiting the variegated patt rn of the derived state on a prale pigmented
background, and those derived from ones in wiich both the original state and

the derived state were suspectcd to be preset, confirmed the suspected

constitutions of the kernels from which ezch was derived, From the former,



the presence of a stable mutant in one chromosome 3 and the derived state
either 5718 or 5719A4-1, as the cecse may be, in the other chromosome 3,
Plants derived from the lattcr tvre of kernel had the original state of
m-1 . . . . o y
aq in one chromosome 3 and the derived state in the other,
Tests of alm'l behsvior thet have been discussed i detail in previous
sections of tiis renort were all conducted during the e rly v riod of
Me] . . W - .
study of ay . From them was developed an interpretation of the primary
mode of operation of the system rosponsible for control of gene expression
m-1 ; - . .. m-1
at aq . The origin and behavior of diffe-ent states of a; were
considered, and the discovsry of an independently locted elenent, Spmn,
whose mode of action was outlined, was likewise treated. evertheless,
ETR ] . - m-l - I 4 3
up to tiris time in the studw of aq s NO vrevise tests of this interpreta-
tion had been conduct:d,

The interpretation that had been developed implied the following

conditions, Spm 1s A ImeEpewdsrkkxxkaxxkedxaksmemkxx is the indenendently.

m=-1

located element in the aq system, ancd it is subject to transposition

from one locotion to another in the chromosome compnlement, In its
presence, change occurs at the alm’l locus and th&s may lead to one of two

matn consequences. One of them results in a stable rmutant expressioqj

L

% ch musant cxrrresses one rode of gene actlon, recognized by the degree snd

A A
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Uﬂédy\
anthocvanin
and klnd of /vigment that id4—prednmess in plont and kovnel., The second

. . iyl )
phanlts in an altered state of ag 1, ercih state exprecssion thereafter one

pa ticular trpe of :resonce to Svm, This is related to conbrol bv the
LY

me=1

altered aq itself of the time during development when subsecuent chance

will occur b it, the tyres of mut nts that these latt r chonres will
induce, and the number of cells in which such events will occur. The

number of Spm elements present in the nuclei of a plant or kernel docs not

particular -1 riost
alterthese qualities of a/state of ay . In the absence of Spm, =
states of ., 4
BRkAkRxR aq functiong in the production of anthocyanin pigment in both

of pigment
plant and kernel, and again, the twvpe/and level of its production #mmmmzx

rRerxERax 1s a quality of state of alm’l. This function is supprecssed

in plant and kocrnel the
when Spm is present in thenuclei, Removal of Spm from axxmmxki® nucleus

potentially -1
wf a somatic cell will allow the/functional activity of &he sbtale of ay

that is present to be exvressed in its descendent cells,

. . . g . . 3
The above statements incorvorate the primery conditions imposed by the.y

N

s g

& \

1 s T ¢ * 0 3 . - :}
interpretaticn, lere Bvidence was—reguited-in order to test the general N
AL

: a 3

Wit Ll HIOR N I :\:

n ai\\

validity of tnis interpret atwon. l Therefore, such test were corduct da o

AN

:» B T ory .“‘

during the summer of 19Kl, There wore many sueswtests andﬂtﬂey will be the

1y PIner,
subject of the section of this revnort the o

/‘v
A
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U srufucalin
Bebabi-ishmensof—the &é&iﬁiﬁy of the interpretation of mode of

T R . 1“"‘
operation of the Spm element Gurl Q"dw MAﬁLU){w&QI? % faly ‘;fan

The interpretation of mode of control by Spm of gene expression at

-1

aj s outlined in previous seetions, reguired precise verification, and
tests devided for this purpose were conducted during the summer of 1954,

The interpretation considers that no Spm is present in the uniformly

Qrawicnled
pale cedemsd kernels on ears derived from crosses entercd in tables 2 to
IR
8 and 10 to 15, but that it is bresent in all kernels exhibiting pigmented
A

areas in a colorlesg background, It also considers that each state of

will respond to any isolate of Spm in - manner , Peat—dg choveseteristic
A

-1

aj

of—fthe—aHate, In other. words, it uwill be the state -of a2l ~that-will

An ol ¥
govemrn the pabtern of variegation. wﬁggmany-GneASpm‘is—pyesent. To

1llustrate, if pppllen of a plant homozygous for ai; and carrying 1 Spm

oj hone
is placed on the silks of a number of plants, each derived from a pale
A

. . . " m-
colored kernel and in each of whlch a different state of ay 1 is present,

-

’3&@* on the ear produced by each plant, nalf of the al -1 cq*rylng kernels should

%wdww o i Wiptneiimg o, W ohaty dhat o} Ll O Yot lallinine o o patiata.
be pale colored and half should be vqriegated On each ear - e pattern
SA 1
Mm@dwu ,
rﬂrYJ( %{Ju Obl/g-a/l/ ' JIJ W !é l{ J1 /](”J Ll f*&f’l‘d 1./
of varlegatlon amang the varlggated kewnels should ey9““s —that—wh&eh~is

A

)

Trat Joaaru( @ SRR e

characteprigtic of the stﬂte of a,M-1 present in the ear bearing plant,
1

If the pollen parent sheuld have 2 IxEERBRREREYX ncn-linked Spm elements
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'/{:4/;,',:; e

then on each of the resulting ears there chould be a ratio of ong{pale

%Li;ﬂﬂ%
colored kernel to 3 variegated kernels armong bthe almrl CarpEying ltooned-s
/t
\}«4 ¥ il lid TR erut wllid
and again, the ppttern exhibited byAtham»should be that Zsed by the

state of a M1

1 that is present.

Several tyves of test-cross were devised that made it possible

to learn whehter or not Spm wer: present in any one plant)and to demonstrate

U duns ol ad o £ u’MJr ne1
with certainty the cenzae%~e£—phéhe$¢ne~by staterof aq Jbot‘n in the

Ry

o

presence andAabsence of Spm. These were conductsd during the summer of
1954, Th%plants to be tested were derived from selected kernels on ea:i's
i
produced by crozses made in previous growing seasocns, The types of
kernels selected, the number of plants derived from ezch type, and the
origin of the ezr from which aaah,selectiongwgg?made, i1s given in table
achi Y eed

18. All kernels deziwed from one ear were grown under one culture

number, that entered in the last column of this table, Lowever, the

U S
RN XARXELL tEOW (s,

kernels of each class/imxkakimxif were sepapated»£r3k~onemanothe@,afﬁk
A

letdor—ot—theTiptebet. If other genetic markers alwo were segrega ting
{\

. QA0 IS Ko7, ;d A0 au(‘m ','M:J,’l‘

[l kexing one T

among the kernels on the ear, all these wkkkxklmxxamm phenotype were
1

sown St f ’)}l“ g}ﬁj,’f,l{}_ WWC‘I
Rxewm separately from those w*%haanﬁihsr, each given the same culture
A
evldow e B

number but appropriately distinguished by a lettsr of the alphebet following
the¢y ewdbsu~e number, A )
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The most critical types of test-cross were conductsd with plants

be}éﬁgégg;%e three different categories, The plants belonging to the

first of these were unif rmly pigmented, They were derived from pale

each?ﬂl&ﬂ&

colored kernels on e self-pollinated ears of plants/haglmes one

AT

particular state of alm'l. A RBach of the tester plants in this first

- u.{ss’e)\.

Owe. - 3
category was homozygous for ke particular state of alm 1 that was present

in the parent plant. They were also homozygous for Sh Within this

2.
category, four different states were represented, ancd these are siwem in

W %w.) -
part I of table 19, The culture number of eachAfrom which their origin

A
) I
L0f ."_v!

;"Upo (J VL N . C: -
7~ may be traced through table 18, as-—well—as theé;—constitutlons'w1th
regard to genetic markers carried in chromosomes 5, 6, and 9,are also

given in this table, )
oL
e A ‘H‘ <&

If the plants in part I of table 19 are used in crosses of the
A

following tyres, only pale colored, Sh2 kernels should apnerr on the
resulting esarss
(1)Crossed with plants of the standard al/a.l tester stock,

(2) Self-pollinnted or sib-crossed

. ) oy A ,‘ j
\N\deﬂ A N Q{I’ LVLEALIY AT KT

(3) Intercrossed with plants in the same cttegory bringing together two
different statesg£ra;u,‘. . A

(L) Crossed to rlants derived from the pale class of kernels in tsble 18.
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(5) Crossed to some of the plants derived from the colorless, sh2 dﬁa J
cultures entered in
kernels in/table 18,

shang
y‘
If the’ plants in part I of table 19 are used 1n crosses of the

e bebpus,
following typ éh both pale colored, Sy kernels and varlegated, 3!5

kernels should appear on the rssulting ears:

(1) Crossed to some of the plants derived from the colorless,gggejéukﬁé

kernels in cultures entered in table 18,

(2) Crossed to plants derived from the veriegated class of kernels in

are
cultures of tabhle 18 in which the constitution of the plants 7§ alm 1 Shz/

al sh2 .

@?(Iﬁmm1cr©ss (1) immediately above, all the variegated kernels on the

a pattern tsed g s Wit
resulting ear should exhlblt/that & cxpecied to be produced by the state

of alm'l present in the tester vlant,. Aiﬁﬂﬁ(if one ecr of the al/al

plant received pollen from a tester plant homozygous for one state of

m-1
1 and another ear of the same plant received pollen from a tester

m-1

plant that wes homozygous for another state of aq

, then among the

variegated
/ kernels on EREXRAXY each ear, a distinctive pattern efwamiesgatien s ould
Qv ¢ f: Ufﬂulnald Fsa way O “"'(d@lQ RS
Y
be expressed one patthreﬂon one ear and another pattern on the other
A

Mgr\ ue VA Ty
1 u};/ = Lexh,
ear, The pattern iw—eseh would ngﬁﬁﬁﬁZnt the lHleldUal response of tke
) .
state of almPljcontrlbuted by the tester stock te the presence of the

same Spm element.

1
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From type-cross (2) immediately above, two clasz of variegated

kernels whould appear on the resvlting ear, One should exhibit the

variegated patt rn produced by one state of al superim:-osed onwer

m-1

that produced by the other, These would be the kernels receiving aq

flrom each parent, The second class should exhibit only the pattern that is

produced by the state of alm'-1 delivered to it by the tester plant, and

bk

these kernels would be those/receiviég aq from the plant being tested
O et bty Bsbo (Jead -
On the ears produced by the tvpe-crosses described above, it should

?

be possible to detcrmine the Spm numbor in that part of the paant that
prodﬁ?d the ear used in the cross. This could be deduced from the ratio
of pale to variegated kernels that appearson the ear, Also, if the
plant being tested were heterozygous for one or more of the genetic
markers in chromosomes 5, 6, and 9, given in table 19, then the location
of Spm with respect to these markers could be detcrmined, provéded that

Wi g mn gt dow the | (AU ol L

-3 the.tester\plant; , these ﬁarkers,wefe~heaeﬁ¥g&ue
A

reeeagaiye,
A 4 - :
oW 200 o W LR MRIG
Thre—deseribed test_crosses wereAcnﬁﬁuc#ed—wéthmhcstsr nlants in—bke

et culun

se- entered in part I of table 19, From the

3 d£| Y{‘i??w"i”./tl_ Iy
kernel types on the rosulting ears it was ~ossible to o

presence or absence of Spm in many plants, wlose phenobtynes were known,

. o Loty ; e . /e oile Mol
o Comnelaty #/xfc\/‘ Wird b p&éwﬁ\(w atly play)”dn Wocopolid on wsfels Mol









