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Summary. A study was made of the effects of pre-meiotic x-irradiation on the bronze locus in chromosome 9 of maize. 
Plants of Sh ]3z Wx/Sh Bz Wx constitution were treated with ca. 1000r and pollen from these individuals was applied 
to silks of sh bz wx tester plants. In the F 1 progeny, three Sh Wx kernels having a bz aleurone or showing Bz-bz variega- 
tion (the bz-x3, bz-x4 and bz-x 5 mutants) were selected as possible mutations at the bz locus. One kernel of sh bz wx 
phenotype as well as one exhibiting sh, bz and Wx (sh-bz-x3) were also selected for more intensive study. Progeny tests 
of the sh bz wx individual along with cytological observations indicated that a ring chromosome was the probable cause 
of the mutant phenotype although an alternative hypothesis is not ruled out. The behavior of sh-bz-x3 can be inter- 
preted as the result of either a minute deficiency involving the Sh and Bz loci or a simultaneous suppression of the two 
dominant alleles. Progeny of the bz-x mutants exhibited genetic instability of bronze. It  is hypothesized that this 
behavior is due to the activation or alteration by x-rays of gene control mechanisms which affect the bronze gene. 

Introduction 

From experiments designed to reveal the nature of 
x-ray-induced mutations in maize, no data have been 
obtained indicating that  intragenic changes occur. In 
an extensive study, Stadler (t944) was unable to 
induce somatic reversions of the a x (anthocyanin) 
allele although it is known that  this gene reverts in 
the presence of Dt (Rhoades, 1938). In 1948, Stadler 
and Roman reported that  among 415 x-ray-induced 
losses of A 1 activity, three were putative intragenic 
mutations. Extensive analyses indicated that they 
were, in fact, minute deletions of the A locus. Like- 
wise, no x-ray-induced intragenic mutations were 
found by Emmerling (1955) and Nuffer (t957). 

A study of x-ray-induced forward mutations at the 
closely linked bronze and shrunken loci in maize 
yielded no evidence of intragenic mutation (Mottinger, 
1970@ Two alterations involving only the bronze 
locus (bz-xl and bz-x2) and one involving bronze and 
shrunken (sh-b2-xl) proved to be minute deletions. 
A fourth mutant,  sh-bz-x2, appears to be due to a gene 
regulating system since it has reverted to the domi- 
nant state (Mottinger, t970b). 

Data from experiments with Drosophila indicate 
that certain alleles of forked, yellow, scute and white 
are prone to x-ray-induced back mutation when 
treatment is applied pre-meiotically (Lefevre and 
Green, 1959; Green, t96t and t962). However, con- 
clusive evidence has not been obtained indicating 
that these are intragenic changes. 

Studies with Chinese hamster cell cultures (Chu, 
t97t) indicate that  some forward mutations to aza- 
guanine sensitivity which arise in x-rayed cultures 
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can be induced to revert by  treatment with ethyl 
methanesulfonate (EMS), N-methyl-N'-nitro-N-ni- 
trosoguanidine (MNNG) and 2-methyl-6-chloro-9- 
[3-(ethyl-2-chloroethyl)aminopropylamino] acridine 
dichloride (ICR-t70). Chu suggests that  such reverti- 
bility constitutes evidence that  the original forward 
mutations were intragenic changes, either base 
substitutions or additions and deletions. However, 
he reserves the possibility that suppressor mutations 
may have been involved. 

In addition to the studies with hamster cells, 
investigations with Neurospora have demonstrated 
the ability of x-rays to induce intragenic mutations 
and in fact, the base pair alterations have been 
partially identified (Malling and deSerres, t967). 

In the original studies on the bronze locus in maize, 
x-rays were applied to mature pollen or to tassels at 
a stage prior to anthesis (Mottinger, 1970a). Thus in 
the F 1 populations, forward mutations included those 
due to gross chromosomal aberrations as well as those 
resulting from minute changes. Presumably, the only 
pollen grains incapable of functioning were those in 
which mutations were induced affecting gametophyte 
development after the stage of treatment. 

In the present study, plants were irradiated prior 
to meiosis for two reasons. Firstly, the meiotic divi- 
sions and the male gametophyte stage would act as 
efficient screens eliminating mutations in which gene- 
tic information necessary for vital processes from 
meiosis through fertilization was destroyed or remov- 
ed. Since genes affecting gametophyte development 
are widespread in the maize chromosomes, any sub- 
stantial deletions or gross aberrations would result in 
pollen abortion and only those grains containing 
minute alterations would be able to accomplish ferti- 
lization. Secondly, it was felt that  mutations induced 
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at  tha t  stage might  be of a different nature  from 
those produced in the mature  pollen. The Drosophila 
experiments  indicate tha t  reverse muta t ions  are re- 
covered pr imar i ly  from pre-meiotic ra ther  than post-  
meiotic i r radia t ion (Green, 1962). 

While no evidence of x-ray- induced intragenic 
changes was found in the present  work, some of the 
mutan t s  recovered are not deletions but  involve gene 
regulat ing mechanisms. This paper  consti tutes 
a pre l iminary report  on the nature  of these mutat ions.  

Materials and Methods  

Bronze-I is located in the short arm of chromosonle 9, 
approximately two map units proximal to shrunken-I 
and 18 units distal to the waxy locus. In the proper gene- 
tic background, the dominant allele of bronze, Bz, pro- 
duces a purple color in the plant and aleurone while the 
recessive, bz, results in a bronze pigment in those tissues. 
Kernels with the dominant Sh are plump and those with 
the recessive sh are collapsed or shrunken. The dominant 
allele of waxy (Wx) produces starch in the endosperm, 
female gametophyte, and pollen which stains blue with 
iodine potassium iodide (IKI) while that  produced by the 
recessive (wx) stains red. 

Plants homozygons for Sh, Bz, Wx and Pr were treated 
with ca. 1000r at a stage prior to meiosis. Microsporocytes 
of the two largest plants in the stock to be irradiated were 
examined to insure that  they had not entered the meiotic 
divisions. I t  was assumed that  the smaller plants were at 
the same stage or an earlier one. The x-ray source was 
a Picker console therapy unit operating at 280 kV and 
20 ma. No filter was employed. Pollen from the irradiat- 
ed plants was applied to silks of ash bz wx pr stock. In the 
presence of Bz, the Pr allele produces a purple aleurone 
color while the pr phenotype is red. bz _Pr and bzpr kernels 
can be distinguished on the basis of color shade but posi- 
tive confirmation of the phenotype is best made by cross- 
ing to a Bz pr tester and noting the red or purple color. 

Results 

In the F 1 progeny of the i r rad ia ted  stock, ten Sh 
Wx Pr kernels having a bz aleurone or showing Bz-bz 
variegat ion were selected as possible muta t ions  at the 
Bz locus. Of these, two did not germinate and in 
testcrosses of five, the bz phenotype was not t ransmi t -  
ted. Tile remaining three have been designated 
bz-x3, bz-x4 and bz-x5. The original bz-x3 and bz-x5 
kernels had a few small  sectors of Bz tissue on a bz 
background.  These mutan t s  will be considered fur- 
ther in a later  section. 

In addi t ion to the bz mutat ions,  four kernels of 
sh bz Wx Pr phenotype  were obtained.  Of these, one 
did not germinate and a second did not t ransmi t  the 
phenotype to its progeny. The th i rd  case, al though 
sh bz Wx Pr in phenotype,  was considered to be a pro- 
duct  of contaminat ing pollen because it lacked an 
aleurone color factor present in the i r rad ia ted  stock 
which produces different levels of pigmentat ion when 
passed through the male and female gametophytes .  
The fourth case has been designated sh-bz-x3. 

Nine kernels of sh bz wx Pr phenotype were re- 
covered. Of these, six did not germinate and two did 
not t ransmi t  the phenotype.  The remaining case has 

exhibi ted an aberrant  behavior  in progeny tests 
which will be described more fully in a later  section. 

The consti tut ion of the exceptional  kernels which 
did not germinate cannot be determined.  Those which 
did not t ransmi t  the mutan t  phenotypes may  have 
arisen following some coincidental event affecting 
only the sperm unit ing with the polar nuclei or by  
a spontaneous loss of chromatin in the endosperm 
tissue. 

Studies of  s h - b z - x  3 

Since the sh-bz-x3 mutat ion was induced before the 
meiotic divisions and was t ransmi t ted  through the 
male gametophyte  stage, it  was assumed tha t  if it  
involved a loss of ehromatin,  the loss was minute.  
Any extensive deficiency in the bronze region would 
include genetic information necessary for the survival  
of the pollen. To assess the nature of this mutant ,  
studies were made of male and female gametophyte  
transmission frequencies and of crossing over in the 
sh-bz segment (region 1) and the bz-wx in terval  
(region 2) in both the microspore and megaspore 
mother  cells. The results from these tests and from 
a control series are listed in Table i .  In the recombi- 
nation and transmission studies, control plants  were 
first cousins of the mutan t  heterozygotes except in 
the case of family @2288. In this instance, the con- 
trol and exper imental  plants  were full sibs. 

The absence of crossing over in region t suggests 
tha t  the Sh and Bz loci may be deleted. However, in 
the case of sh-bz-x2 where the mutan t  phenotype is 
p robably  due to a gene regulat ing element, no cross- 
overs have been recovered between the two loci 
(Mottinger, 1970a). Hence, no conclusions regarding 
the nature  of sh-bz-x3 can be made on the basis of 
this observation.  

If a deletion in the heterozygous condition disrupts  
homologous pairing, a reduction in crossing over is 
expected between the deletion site and flanking 
markers.  The mean recombinat ion frequency in 
megaspore mother  cells for the bz-wx segment is 
s l ightly less in mutan t  heterozygotes than in control 
plants  but  the difference is not s ta t i s t ica l ly  significant. 
Also, there is considerable overlap in values from the 
exper imental  and control series. I t  appears therefore 
tha t  sh-bz-x3 has no effect on bz-wx crossing over in 
the female. 

Recombinat ion for region 2 in pollen mother  cells 
of sh-bz-x3 Wx/Sh Bz wx heterozygotes appears to be 
greater  than in the control heterozygotes.  The mean 
recombinat ion frequencies are 24.t~o and t9 .3% 
respectively.  The difference is significant at the 10/0 
level. However, in family ~:2288, which includes full 
sib plants  in the exper imental  and control groups, the 
figures for the two classes overlap. The recombinat ion 
value for p lant  :~:2288-4, a normal  heterozygote is 
24.5 ~o while the values for the three mutan t  hereto- 
zygotes, r :~:2288-2 and :~:2288-3, are 22.0~o, 
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Table 1. Recombination and transmission data from sh-bz-x3 Wx/Sh Bz wx individuals and sh bz wx/Sh Bz W x  control 
plants. Transmission values represent :~ sh bz kernels/@ Sh Bz kernels 

% % % % 
Plant ~ recombination recombination transmission transmission population totals 

in microspore in megaspore of bz by female of bz by male 
mother cells mother cells gametophyte gametophyte male female 

sh-bz-x3 -sh-bz bz-wx sh-bz bz-wx testcross testcross 

2285-3 0 27.3 0 16.1 t02.o 54.0 1604 422 
2285-4 0 28.2 -- -- -- 70.7 1581 -- 
2287-2 0 27.9 -- -- -- 73.8 1562 -- 
2287-3 0 21.5 0 11 .o 97.8 75.0 t073 263 
2287-4 0 19.1 0 13.9 108.0 86.3 1062 281 
2288-1 0 22.0 0 16.0 98.0 64.7 t 400 299 
2288-2 0 28.3 0 21.7 99.9 69.8 1489 4O6 
2288-3 0 t8.6 -- -- -- 72.7 1635 -- 

Mean 0 24.1 0 15.7 100.1 71.0 

Control 
2261-I 3.1 17.7 -- -- -- 92.7 
2261-5 -- -- 1.6 19.3 86.3 -- 
2261-6 -- -- 1.6 16.2 79.8 -- 
2281-3 2.1 16.2 -- -- -- 89.5 
2281-4 1.6 19.t 1.7 14.1 112.0 98.1 
2288-4 1.9 24.5 -- -- -- 102.6 

Mean 2.2 t9.3 t.6 16.5 95.8 9,2.7 

744 
-- 257 
- -  257 
1321 
802 235 

1711 

28.3% and  t8 .6% respectively.  In  order to de te rmine  
if sh-bz-x3 increases crossing over in the bz-wx in ter-  
val,  an extensive analysis  of r ecombina t ion  in full sib 
p lan ts  of sh bz wx /Sh  Bz  W x  and  sh-bz-x3 W x / S h  Bz  
W x  cons t i tu t ion  mus t  be completed.  

Al though no conclusions can be drawn regarding 
the effect of sh-bz-x3 on crossing over in the bz-wx 
region, it is clear from the da ta  t ha t  crossing over is 
higher in the male t h a n  in the female. In  the experi-  
m e n t a l  and  control  series where da ta  were ob ta ined  
from both  male and  female flowers of the same plant ,  
the  differences in r ecombina t ion  frequencies were 
significant.  Numerous  studies compar ing  crossing 
over in the mega- and  microsporocytes  of maize have 
been made.  (For a review, see Phill ips,  t969.) In  the 
short  arm of chromosome 9, Stadler  (1926) found  
recombina t ion  values for the sh-wx region s ignif icant-  
ly higher in male t han  in female flowers while Collins 
and  K e m p t o n  (1927) reported s ignif icant  differences 
in bo th  direct ions for the c-wx i n t e rva l  (c is distal  to 
sh). In  some plants ,  crossing over was higher in the 
males while in others, the opposite was true.  Al though 
the in te rva l s  considered in  these two reports  and  the 
exper iments  described here are not  precisely the same, 
the bz-wx segment  is common to all of them.  The 
var iable  behavior  of this region of chromosome 9 is 
p robab ly  due to genet ic  modifiers in the var ious 
stocks. 

Transmiss ion  th rough  the female game t ophy t e  of 
a chromosome 9 car ry ing  sh-bz-x3 is unaf fec ted  b y  the 
presence of the m u t a n t  allele. Devia t ions  of Sh B z  
and  sh bz phenotypes  from a t : t  ra t io  in testcross 
progenies of m u t a n t  heterozygotes  used as females 

occurred in bo th  direct ions and  did not  approach 
significance. On the other  hand ,  in progenies of 
sh-bz-x3/Sh Bz  plants  used as male parents ,  deficien- 
cies of the  sh bz class were s ignif icant  at  the 1% level 
in  all b u t  one case (plant  @2287-4) where the devia-  
t ion  was s ignif icant  at  the 5 % level. The t ransmiss ion  
frequencies of the m u t a n t  allele th rough the pollen 
ranged  from 54.0% to 86.3% and  averaged 7 t .0%.  
Hence,  genes in the sh-bz region which affect pollen 
func t ion  are ei ther  deleted or repressed in the homo- 
log con ta in ing  sh-bz-x3. 

In  addi t ion  to the  tests  on r ecombina t ion  and  
ga me t ophy t e  t ransmiss ion ,  crosses were made  to 
de te rmine  the v iab i l i ty  of sh-bz-x3 homozygotes .  In  
the  progeny  of three self-pol l inated sh-bz-x3/Sh B z  
indiv iduals ,  the percentages of sh bz kernels were 
14.3, 18.8 and  20.9 (Table 2). Thus,  the m u t a t i o n  is 
at least par t ia l ly  viable  in the homozygous condi t ion  
in the ma tu re  kernel.  The observed frequencies are 
less t han  the 25% expected in an F,  popu la t ion ;  bu t  
par t  if no t  all of these deficiencies can be expla ined 
b y  the  reduced t ransmiss ion  of the m u t a n t  allele 

Table 2. Homozygote viability and male gametophyte trans- 
mission of sh-bz-x 3 from three sh-bz-x3/Sh Bz plants 

% transmission of bz 
on testcross ears % bz kernels in 

Plant ~ selfed progeny 
1 2 3 4 

2285-4 54.8 72.5 77.3 86.0 t4.3 
2287-2 64.0 71.2 78.4 81.3 18.8 
2288-3 55.5 70.7 76.7 93.2 2o.9 
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through the male gametophyte .  Table 2 lists the 
transmission values when pollen from each of the 
three self-fertilized individuals was applied to four 
tester  plants. In the case of :H:2285-4, the homozygote  
frequency of t4 .3% would require a pollen trans- 
mission percentage of 40.t if the homozygous mutan t  
condition is not deleterious. This figure is below the 
range of values in the four testcrosses. From plant  
:~:2287-2, the homozygote  frequency of t8 .8% indi- 
cates a transmission of 60.3% while in :~:2288-3, the 
transmission percentage must  be 71.8. The last 
figure falls within the range of values from the four 
testcross ears of :~:2288-3. In the case of :~:2287-2, 
the required percentage is slightly below those from 
the testcrosses. Thus, if sh-bz-x3 homozygotes are 
not 100% viable in the mature  kernels, they are very 
nearly so. 

The wide range of transmission percentages obtain- 
ed when pollen from identical samples was applied to 
four female testers suggests tha t  a compatibi l i ty  fac- 
tor may  be operating. The ear parents  may  vary  in 
their production of substances differing quali tat ively 
or quant i ta t ive ly  which affect the growth of sh-bz-x3 
pollen tubes in their  silks. Competit ion between 
sh-bz-x3 and normal  grains would result in different 
transmission rates of the mutan t  on different female 
parents.  

Sporophytes  derived from homozygous sh-bz-x3 
kernels are able to complete the life cycle and produce 
well filled ears. The size of the plants, however, is 
substant ia l ly  reduced in comparison to normal sibs. 
Thus, the sh-bz-x3 alteration must  include genes in- 
volved with sporophyte  development.  

A cytological analysis of the pachytene stage from 
sh-bz-x3/normal plants has revealed no abnormalit ies 
in the short arm of chromosome 9. However,  this 
does not rule out a deficiency hypothesis. Previous 
studies (Stadler and Roman,  1948 ; Mottinger, t 970 a) 
have indicated tha t  minute  deletions in maize are not 
necessarily observable cytologically. 

Test of the Mutant Involving Sh, Bz  and BVae 

Since the loci affected in this mu tan t  occur within 
a segment comprising approximate ly  20 map  units 
on the short arm of chromosome 9, and since the 
pollen grain containing the alteration accomplished 
fertilization, it was assumed tha t  the cause of the 
mu tan t  was not a deletion. A deficiency spanning 
such a long interval  could not survive the gametophy-  
te stage. This assumption was confirmed by  progeny 
tests of the plant  arising from the exceptional kernel. 
This kernel yielded a bronze plant  which, when used 
as a female in a testcross, produced a semisterile ear 
with 21 sh bz wx and 5 Sh Bz Wx progeny. In the 
reciprocal cross, a well filled ear contained kernels of 
the following types:  t52 sh bz wx; 8 sh bz Wx; I Sh 
Bz wx; 13 Sh Bz Wx; and t t  kernels mosaic for Bz 
and bz tissue. 

Testcrosses of plants arising from 32 of the 152 sh 
bz wx kernels produced 30 ears yielding only sh bz wx 
progeny and two exceptional ears. The kernels on the 
first ear included: t Sh Bz Wx; 3 Sh Bz wx; 1 sh bz 
Wx; and 80 sh bz wx. On the second ear, 58 Sh bz wx, 
I sh bz Wx and 46 sh bz wx kernels were produced. 

The inheritance pat terns  observed here could be 
accounted for by the presence of a ring chromosome 
involving a portion of the short arm of chromosome 9, 
extending from the centromere to a point beyond the 
sh locus. (For the behavior  of ring chromosomes in 
maize, see McClintock, 1938.) The cases, including 
the original mu tan t  kernel, in which the endosperm 
exhibited only recessive phenotypes but  progeny 
from plants arising from such kernels expressed the 
dominant  characters, can be explained by  the assump- 
tion that  a ring containing Sh, Bz and Wx was lost in 
the endosperm but retained in the embryo.  Instabili-  
ty  of the ring in subsequent cell generations could 
give rise to kernels exhibiting various combinations 
of the dominant  phenotypes  or to mosaic kernels. 

Presumably,  the plant arising from the original 
mutan t  kernel contained a normal chromosome 9 
from the tester  parent  and a ring possessing most of 
chromosome 9 from the irradiated parent.  High 
sterility on the ear of this plant  would result from 
ovules which received a ring deficient for enough 
chromatin to cause abortion. Since pollen g r a i n ' g  
from this plant  would function only if they possessed 
sufficient genetic information, little or no sterility 
on the ear of the reciprocal cross is expected. The 
observed results fulfill this condition. 

Examinat ions of the pachytene stage in sporocytes 
of plants derived from some of the mosaic kernels 
have revealed the presence of a small centric frag- 
ment.  I t  has not been seen as an open ring but  this 
may  be a result of its size. This observation, along 
with genetic results obtained with Sh, Bz and Wx 
strongly suggest tha t  a ring chromosome involving 
the short arm of chromosome 9 is the source of the 
aberrant  behavior. 

Studies of bz-x3, bz-x4 and bz-x5 

Progeny of the original bz-x mutan t s  in this s tudy 
exhibited somatic instabil i ty of bronze in the endo- 
sperm tissue. Kernels were produced with sectors of 
Bz and bz tissue but  pat terns  were not produced with 
any regularity. In the major i ty  of mosaic kernels, the 
events leading to expression of the dominant  pheno- 
type occurred late in development so tha t  the size of 
Bz sectors was small (Fig. t a). In some instances, 
kernels were produced with Bz sectors occupying one 
half or more of the aleurone tissue (Fig. tc) .  In 
these cases, two mechanisms could account for the 
color patterns.  Either bz reverted to the dominant  
state prior to or in the pr imary  endosperm cell with 
subsequent repression at a later stage; or the rever- 
sion event occurred early in endosperm development 
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p roduc ing  a large  sec tor  wi th  the  d o m i n a n t  pheno-  
type .  Kerne ls  have  also been found  hav ing  a m ix tu r e  
of ea r ly  and  la te  events ,  in which large sectors  of Bz 
t issue occupy  pa r t  of the  a leurone  while smal l  purp le  
spo ts  are p resen t  in the  r e m a i n d e r  (Fig. I b). 

In  a d d i t i o n  to  the  va r i a t i on  in t iming ,  there  was 
cons iderab le  d ive r s i t y  in the  f requency  of d o m i n a n t  
sectors.  A m o n g  those  kerne ls  where  revers ion  events  
occur red  la te  in d e v e l o p m e n t  of the  endosperm,  some 
possessed b u t  a single spot  of d o m i n a n t  t issue while 
o thers  h a d  200 or more  (Fig. t a). 

I n s t a b i l i t y  of the  bz-x alleles is not  l im i t ed  to 
endospe rm t issue.  In  bz-x/bz s p o r o p h y t e s  possessing 
the  c o m p l e m e n t a r y  fac tors  necessa ry  for p l a n t  color, 
p i g m e n t e d  areas  are bronze  wi th  fine s t r ipes  of pu rp le  
t issue.  

The  behav io r  of the  bz-x m u t a n t s  suggests  t h a t  
a gene con t ro l  sy s t em has  been e i ther  i nduced  or 
a c t i v a t e d  b y  x - r a y  t r e a t m e n t .  

In  p l an t s  con ta in ing  bz-x3, the  m u t a b i l i t y  is au to -  
nomous,  i.e. the  e l emen t  (or e lements)  causing in- 
s t a b i l i t y  of the  bronze  al lele is e i ther  in sepa rab le  f rom 
or v e r y  t i g h t l y  l inked  to  the  bronze  gene itself.  In  
a cross of a Sh bz-x3/sh bz p l a n t  wi th  a s h  bz tes ter ,  
the  fol lowing p rogeny  were p r o d u c e d :  180 Sh bz-x3; 
1t Sh bz( ?); 2 sh bz-x3; and  t81 sh bz(?). The classes 
wi th  the  ques t ionab le  bronze  al lele exh ib i t ed  no 
ins t ab i l i ty .  Sh bz(?) kernels  p r o b a b l y  inc lude  region 
I (sh-bz) crossovers  con ta in ing  the  n o r m a l  recessive 
allele of bronze  and  noncrossovers  possessing a s tab le  
bz-x3. The m a j o r i t y  of the  sh bz(?) kerne l s  are  non-  
crossovers  possessing the  s t a n d a r d  bz allele b u t  a few 
m a y  con ta in  a s t ab le  bz-x3. The  Sh bz-x3 and  sh bz-x3 
are noncrossovers  and  crossovers  respec t ive ly .  If  
factors  respons ib le  for bronze m u t a b i l i t y  were not  
l inked  to  bronze  itself ,  r a t ios  i nd i ca t i ng  i n d e p e n d e n t  
a s so r tmen t  would  be found;  th is  is no t  the  case. 

In  popu la t i ons  f rom the  bz-x 4 and  bz-x5 m u t a n t s ,  
i n s t ab i l i t y  occurs spo rad i ca l l y  and  i t  is not  poss ible  to 
de t e rmine  whe the r  or  no t  the  cont ro l l ing  element(s)  
is l inked  to bronze.  W i t h  i n d e p e n d e n t  a s so r tmen t  of 
the  con t ro l l ing  e lement ,  25% of the  tes tc ross  pro-  
geny  of a bz-x/bz i nd iv idua l  would  exh ib i t  i n s t a b i l i t y  
if va r i ega t ion  occurs  in eve ry  ke rne l  con ta in ing  the  
necessa ry  factors .  In  some tes tc ross  popu la t ions ,  the  
f r equency  of v a r i e g a t e d  p r o g e n y  was far  less t h a n  
25 %, i nd i ca t i ng  t h a t  the  uns t ab l e  al lele is not  a lways  
expressed  or f r equen t l y  m u t a t e s  to  a s tab le  form. 
P l an t s  f rom kernels  hav ing  no revers ions  gene ra l ly  
give rise to  bz p r o g e n y  which  r ema in  s table .  A few 
cases have  been recorded,  however ,  in which  a kerne l  
void  of d o m i n a n t  sectors  p roduced  an i n d i v i d u a l  
whose offspr ing exh ib i t ed  ins t ab i l i ty .  

In  an effort  to  i den t i fy  the  con t ro l  sys t em induced  in 
these  m u t a n t s  b y  i r r ad ia t ion ,  each of the  th ree  bz-x 
alleles has  been combined  wi th  alleles known to res- 
p o n d  to the  Ac-Ds and  Spin sys t ems  r e p o r t e d  b y  
McCl in tock  (t956). Crosses were made  be tween  

Fig. I. The kernels in a. and b. contain one dose of bz-x3 and 
are progeny of an individual exhibiting only late reversions. 
The kernels in a. show only late occuring events. Kernel ~ l  
has many small sectors of Bz tissuse while z~2 has relatively 
few. The kernels in b. exhibit large deep colored (red) sectors 
representing early events. The lighter bronze sectors contain 
small spots of red tissue indicating late reversions. The kernels in 
c. are progeny of an individual exhibiting both early and late 
reversions and possess one dose of bz-x3. They contain Bz 
sectors covering more than 2/3 of the aleurone tissue. The bz 
sectors could have arisen from a cell in which a reversion event 
never occurred or one in which bz reverted to Bz and in a sub- 

sequent cell was again repressed 

bz-x/bz p lan t s  and  bz m-I tes te rs  (the bz m-~ allele res- 
ponds  to  Ac). In  the  progeny ,  kerne ls  were found  
wi th  the  p h e n o t y p i c  p a t t e r n s  of the  bz-x alleles b u t  
not  wi th  t h a t  of bz m-~. Thus,  Ac was no t  p resen t  in 
the  bz-x ind iv idua l s .  

S imi lar ly ,  in crosses of bz-x he te rozygo tes  wi th  an 
Sprn tes ter ,  wx m-s, no i n s t a b i l i t y  of wx was obse rved  
ind ica t ing  t h a t  Spin was no t  p resen t  and  therefore  is 
not  respons ib le  for the  i n s t a b i l i t y  of the  bz-x alleles. 

D i s c u s s i o n  

The on ly  m u t a n t  ar is ing from premeio t ic  i r r ad i a t i on  
which  has  not  e x h i b i t e d  i n s t a b i l i t y  is sh-bz-x3 and  i ts  
behav io r  is s t r i k ing ly  s imi lar  to  t h a t  of sh-bz-x2, 
a pos t -me io t i c  m u t a n t .  A l t h o u g h  the  d a t a  f rom 
sh-bz-x3 tes t s  are  cons is ten t  wi th  i ts  cha rac t e r i za t i on  
as a def iciency,  i t  is also possible  t h a t  a con t ro l l ing  
e l emen t  inh ib i t s  the  a c t i v i t y  of all  genes in a segment  
inc lud ing  Sh and  Bz. Dis t inc t ion  be tween  the  two 
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a l t e r n a t i v e s  awai t s  tes t s  on the  ab i l i t y  of sh-bz-x3 to  
rever t .  

A l t h o u g h  f o r m a t i o n  of a r ing  ch romosome  is the  
mos t  l ike ly  e x p l a n a t i o n  for t he  b e h a v i o r  of the  m u t a n t  
i nvo lv ing  sh, bz and  wx an a l t e r n a t i v e  poss ib i l i t y  of 
an e l emen t  which  causes ch romosome  b r e a k a g e  and /  
or  genet ic  i n s t a b i l i t y  of the  Sh, Bz and  W x  alleles 
c anno t  be ru led  out .  D i s t i nc t ion  be tween  the  two 
awai t s  a d d i t i o n a l  da t a .  

I n  her  p ioneer ing  s tud ies  of gene cont ro l  sys t ems  in 
ma ize  (195t) McCl in tock  obse rved  t h a t  n u m e r o u s  
u n s t a b l e  al leles a t  va r ious  loci arose in s tocks  under -  
going the  b reakage - fus ion -b r idge  cycle  in ch romosome  
9. I n  her  work  a n d  in t he  p resen t  s t udy ,  the  mecha-  
n isms a p p a r e n t l y  respons ib le  for i nduc t ion  of m u t a b l e  
al le les  are  those  known  to cause d i s rup t ions  in the  
phys i ca l  i n t e g r i t y  of the  chromosomes .  McCl in tock  
(1951) sugges ted  t h a t  a l t e r a t i ons  in h e t e r o e h r o m a t i c  
segments  were p r o b a b l y  respons ib le  for the  occur ren-  
ce of uns t ab l e  al leles a t  va r ious  loci. She c i ted  ev iden-  
ce t h a t  the  m u t a t o r  gene, Dr, which is l oca t ed  in t he  
t e r m i n a l  h e t e r o c h r o m a t i c  knob  of the  shor t  a rm of 
ch romosome  9, could  be r e c r e a t e d  b y  a b r eakage -  
fus ion-br idge  cycle  in t h a t  chromosome.  This  ob-  
s e rva t ion  was l a t e r  conf i rmed  b y  Doerschug  (1967). 
The  p resen t  resu l t s  are  not  incons i s t en t  w i th  the  
hypo the s i s  t h a t  m u t a b i l i t y  was i nduced  b y  a c t i va t i on  
of a con t ro l l ing  sys tem.  I t  is h igh ly  u n l i k e l y  t h a t  
x - r ays  i nduced  cons t ruc t ive  changes  resu l t ing  in the  
c rea t ion  of e l ements  able  to  con t ro l  the  ac t ion  of 
s t r u c t u r a l  genes. A more  t enab l e  hypo thes i s  is t h a t  
fac tors  i nd i r ec t l y  af fec t ing  the  a c t i v i t y  of the  bronze  
gene were  a l r e a d y  p resen t  in the  i r r a d i a t e d  s tocks  b u t  
in an inac t ive  or suppres sed  s t a te .  The  x - r ays  in- 
duced  changes  in these  e l ements  resu l t ing  in a c t i v i t y  
or  re lease  of suppress ion .  

In  the  e x p e r i m e n t s  r e p o r t e d  here,  the  on ly  loci 
screened for i n s t a b i l i t y  were sh, bz and  wx. A ques t ion  
which  r ema ins  unanswered  is whe the r  or  no t  i n s t ab i -  
l i t y  can occur  a t  o the r  loci in the  bz-x stocks.  Pos i t ive  
resul t s  would  cons t i t u t e  ev idence  for t r a n s p o s a b i l i t y  
of the  e l emen t  or e l ements  invo lved .  

P re -me io t i c  i r r a d i a t i o n  of maize  in these  exper i -  
m e n t s  has  g iven  rise to genet ic  i n s t ab i l i t y .  Is  the  
p o t e n t i a l  for such a response  ub iqu i tous  among  s tocks  
of maize  or l im i t ed  to on ly  ce r ta in  ones?  And,  is 
the re  a difference be tween  cells in the  p re -me io t i c  a n d  
pos t -me io t i c  s tages  which  al lows genet ic  i n s t a b i l i t y  to  
be i nduced  in the  former  b u t  no t  in the  l a t t e r  ? The  
p resen t  resul t s  suppo r t  th is  poss ib i l i ty .  The  u n s t a b l e  
alleles r e p o r t e d  here  are no t  the  f i rs t  ar is ing in s tocks  
t r e a t e d  wi th  ioniz ing r ad ia t ions .  Pe te r son  (t953) 
r e p o r t e d  t h a t  his pa le  green m u t a b l e  sy s t em in maize  
was recovered  f rom s tocks  exposed  to  t he  r a d i a t i o n  
of t he  Bikin i  a t omic  b o m b  tes t s  and  Green (t967, 
t 9 6 9 a ,  t 969b)  has  descr ibed  a con t ro l  sy s t em affect-  
ing the  whi te  locus in Drosophila which arose in an 
x - r a y e d  ind iv idua l .  I n  view of the  d i s rup t i ve  n a t u r e  
of ioniz ing rad ia t ions ,  i t  is l ike ly  t h a t  these  cases 

r ep resen t  a l t e r a t i ons  in the  sys t ems  n o r m a l l y  p resen t  
which r egu la t e  the  a m o u n t  and  t im ing  of s t r u c t u r a l  
gene ac t iv i t y .  
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