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Germinal Derivatives of the En Controlling-Element System 
in Maize: Characterization of Colored, 
Pale and Colorless Derivatives of a2-m* 
A.R. Reddy and P.A. Peterson 

D e p a r t m e n t  of  A g r o n o m y ,  Iowa S t a t e  U n i v e r s i t y ,  A m e s  ( U S A )  

Summary. Several stable germinal derivatives, with varied phenotypic expression have been recovered from 
testcrosses of four different a._22 mutable alleles (a2m-78018, a2m-68i44, a2m-68140, and a2m-11511) under 
the control of the E_n_n controlling-element system. These are colored, pale, and colorless aleurone types[ the 
former two represent mutations of a2-m-* A2' type. The phenotypic variation among colored and pale derivatives 
has been confirmed by quantitative determination of anthocyanin content in the aleurone tissue of the kernels. 

The data suggest that significant variation exists between phenotypically similar colored derivatives arising 
from different mutable alleles as well as from the same source allele. Every tested colored derivative is sig- 
nificantly different from the pale, colorless, and colored control (W22 color converted line). Genetic analysis 
of these colored derivatives suggests that all of them contain one or more En and, hence, they are characterized 
as permanent changes of a nonresponsive (n__rr) type. Their frequencies are va---riable among the testcrosses. 

Similarly, the pale derivatives, which are clearly different from colored and colorless, also show signifi- 
cant differences in terms of anthocyanin content. Significant differences exist between pales arising from the 
same allele as well as between pales arising from different alleles. All the tested pales are significantly differ- 
ent from colorless and colored derivatives. Thus, the pales, as well as colored derivatives, represent a differ- 
ential impairment of anthocyanin synthesis in the aleurone tissue. The genetic analysis confirmed that all the 
pales, except the pales of a2m-11511, lack the capacity to respond to En. These pale derivatives can be with 
o r  w i thou t  E n .  

Q u a l i t a t i v e  d i f f e r e n c e s  a m o n g  t h e  c o l o r e d ,  p a l e ,  and  c o l o r l e s s  t y p e s  h a v e  b e e n  i n v e s t i g a t e d  by  t h i n - l a y e r  
c h r o m a t o g r a p h i c  a n d  s p e c t r o s c o p i c  t e c h n i q u e s .  The r e s u l t s  s u g g e s t  t h a t  t h e r e  a r e  no q u a l i t a t i v e  d i f f e r e n c e s ,  in  
t e r m s  of  a n t h o c y a n i n  p i g m e n t s ,  b e t w e e n  c o l o r e d ,  p a l e ,  a n d  c o l o r e d  c o n t r o l .  All  a c c u m u l a t e  t he  s a m e  a n t h o c y a -  
n i n s  ( n a m e l y ,  c y a n i d i n - 3 - g l u c o s i d e  a n d  p e l a r g o n i d i n - 3 - g l u c o s i d e  in a p p r o p r i a t e  p r o p o r t i o n s  d e p e n d i n g  upon  t he  
P_rr a n d  p ~  c o n s t i t u t i o n ) .  

Introduction 

Controlling-element systems in maize, such as 

Ao-Ds and En-I initiate mutation events at diverse 

loci (McClintock 1951a; Peterson 1975). The re- 

sultant phenotypic changes include widely diverse 

levels of genic expression from completely null 

(nonfunctional) to fully functional alleles. These are 

induced by the initial insertion of regulatory elements 

such as A__%c or En (or S_~) at the designated locus 

or their respective control element D__~s or I (Table I; 

Peterson 1970, 1973). 

McClintock (1951a, 1951b, 1963, 1965) discovered 

several new derivative alleles at the A, C and Wx loci 

that were under the control of different controlling- 

element systems (for example a-m, c-m, and wx-m). 
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V a r i e d  s t a b l e  d e r i v a t i v e s  of  two of the  c o n t r o l l i n g -  

e l e m e n t  a l l e l e s  at  t he  A and  C loc i  s h o w  s i g n i f i c a n t  

d i f f e r e n c e s  in  p i g m e n t  i n t e n s i t y  in  t he  a l e u r o n e ,  w h e r e -  

a s  Wx' d e r i v a t i v e s  ( f r o m  w x - m )  s h o w  d i f f e r e n c e s  in  

i o d i n e  s t a i n  i n t e n s i t y  of  e n d o s p e r m  s t a r c h ,  p r e s u m a b l y  

due  to d i f f e r e n c e s  in  t he  a m y l o s e - a m y l o p e c t i n  r a t i o  

( M c C l i n t o c k  1 9 6 3 ) .  R h o a d e s  ( 1 9 4 1 ) ,  in  s t u d i e s  of  the  

D_~_t ( d o t t e d )  s y s t e m ,  found  a s e r i e s  of new  a l l e l e s  wi th  

a l t e r e d  p h e n o t y p i c  e x p r e s s i o n  a t  t he  A l o c u s .  It w a s  

r e a s o n e d  t h a t  t h e s e  d e r i v a t i v e s  m i g h t  h a v e  o r i g i n a t e d  

a s  a r e s u l t  of t he  r e l e a s e  of  t he  a f f e c t e d  g e n e  f r o m  the  

c o n t r o l  of  Dt s y s t e m .  

F u r t h e r  s t u d i e s  w i th  t he  Dt s y s t e m  r e v e a l e d  the  

o c c u r r e n c e  of  a d d i t i o n a l  d e r i v a t i v e s .  R i c h a r d s o n  ( 1956 ) 

found  a b r o a d  a r r a y  of  d e r i v a t i v e s  of  m u t a b l e  a - p r o  

u n d e r  t h e  c o n t r o l  of  D t  s y s t e m ,  r a n g i n g  f r o m  c o m p l e t e -  

ly  c o l o r l e s s  to d e e p - c o l o r e d  a l e u r o n e  t y p e s .  N u f f e r  

( 1 9 6 1 )  a l s o  d e s c r i b e d  a n u m b e r  of  new  d e r i v a t i v e  a l -  

l e l e s  at  t he  A l o c u s  u n d e r  t h e  c o n t r o l  of D~t s y s t e m  

wi th  g r a d e s  of  p h e n o t y p i c  e x p r e s s i o n  r a n g i n g  f r o m  

d i l u t e  to f u l l - c o l o r e d  t y p e s .  
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Within the E__n controlling-element system, there is 

a large number of independently induced controlling- 

element alleles, each originating from the dominant 

fully functional allele (Peterson 1975). Also, the En 

system generates phenotypically diverse derivatives 

at several loci controlling anthocyanin synthesis in the 

aleurone and plant tissue. A wide assortment of such 

derivatives with varied phenotypic expression (from 

null to full-colored aleurone) arose at the mutable a2 

locus under the control of the E_n_n system (Peterson 

1966). These derivative alleles, originating by muta- 

tional events of the a2-m -~ A2' type are differentiated 

on the basis of the intensity of anthocyanin pigmenta- 

tion in the aleurone tissue of kernels. Fowler and Pe- 

terson (1974), studying the a2m(r-pa-pu) allele of 

the En system (a derivative allele of the original 

a2m-1 1511; Peterson 1968) demonstrated the differ- 

ential phenotypic levels of several new derivative 

types ranging from colorless to full-colored with some 

intermediate color types. Some of these pale deriva- 

tives retained the capacity to respond to E__n_n , indicating 

the presence of the E__n responsive control element with- 

in or very close to the gene locus. 

From the genetic analysis of such En-induced new 

allelic forms at three of the anthocyanin controlling 

loci (A, A2, and C__) several general features of these 

alleles can be stated: I) Each of these loci has the 

potential for generating a wide array of derivatives 

when under the control of the En controlling-element 

system: 2) From each locus, derivatives of all levels 

of phenotypic expression are possible, although the 

frequencies are allele specific: 3) All the derivatives 

recorded so far are induced by E_n, which can be lo- 

cated autonomously with respect to the involved locus 

or segregating independently: 4) Within any one locus, 

several mutable alleles have originated and are distin- 

guished on the basis of their independent origin (Pe- 

terson 1975) ; these differ in the origination of deriva- 

tive alleles (with some, differential types do not arise 

while with others diverse types frequently arise; thus, 

the allelic potential is unique for each mutable allele) : 

5) Such En-induced differential gene expression can 

occur in somatic or germinal tissue: 6) Newly derived 

alleles can be responsive to a regulatory element (E__~n) 

or nonresponsive (n_r_r) : 7) No further mutations were 

recorded at most of the stable derivative n__r_r alleles, 

indicating that these changes were fixed: 8) The deriv- 

ative alleles, which presumably represent a permanent 

modification of gene action, exhibit a wide array of 

phenotypio expression. 

Similar expression has been reported in other plants 

of novel variation arising from mutable alleles in the 

form of a wide assortment of distinctly different deriv- 

ative alleles. Fincham and Harrison (1967) found sev- 

eral new alleles at the mutable Pal-rec (Pallida recur- 

rens)locus in  Antirrhinum majus, which show grades 

of flower pigmentation due to differential impairment 

of anthocyanin synthesis. Hondelmann (1959) reported 

the occurrence of a wide series of derivative alleles 

arising from mutable flower color gene g in Chinese 

aster plant (Callistephus chinensis Nees)ranging from 

completely colorless to full colored types and with in- 

termediate cases. 

Several attempts have been made earlier to clarify 

the nature of such derivatives in terms of qualitative 

and quantitative changes. Sager (1951) reported that 

no significant differences were observed among 40 Wx' 

derivatives of different mutable-wx alleles in terms of 

percentage amylose or amylose-amylopectin ratio. 

Nor did the derived Wx' show any significant differ- 

ences with wild type. On the other hand, analysis of 

germinal derivatives of colored, pale, and colorless 

types arising from the a2m(r-pa-pu) allele revealed 

that there are significant differences between deriv- 

atives (Fowler and Peterson 1974). Fincham and Har- 

rison (1967) found significant differences in anthocya- 

nin content between derivatives and that certain of 

these derivatives accumulate greatly reduced quanti- 

ties (2 and 12% of control) of pigment. No drastic 

qualitative changes in terms of altered accumulated 

products, however, have been observed between such 

derivatives either in the maize, Antirrhin~ mc~us, or 

Chinese aster mutable systems. 

The present paper is an analysis of the quantitative 

and qualitative characterization of some colored, pale 

and colorless derivatives of four different a2 mutable 

alleles to provide insight into the precise nature of the 

changes associated with these derivatives. 

Materials and Methods 

Gene symbols and the alleles discussed are described 
in Table 1. The origin of each of the mutable alleles, 
a2m-1 1511, a2m-6 8140, a2m-6 8144 and a2m-7 8018 
(Fig. 1) has been discussed in a previous report (Pe- 
terson 1975). 

Colored derivatives : a2m-7 8018 : These original- 
ly were isolated from the following testcross of amu- 
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Table 1. Designation of Symbols and Terms 

Allele or element Description or phenotype 

A2 

a2 

En 

a 2 m ( r )  

A2' 

Bt 

Pr 

a2m-1 1511 

a2m-7 8018 

a2m-6 8144 

a2m-6 8140 

An anthocyanin producing complementary allele (chromosome 5) produces purple or 
red aleurone with P__r_r and pr alleles, respectively 

A recessive allele of A_~2; when homozygous recessive, produces colorless aleurone ; 
does not respond to any regulatory element 

Enhancer, a regulatory element necessary for mutability of En receptive alleles; 
can be located at the controlled locus or at a position independent of it ; can exist in 
several states 

Inhibitor, a control element associated with the locus ; suppresses gene activity until 
changed by E___nn 

A colorless derivative allele that responds (r) to __En: With __En it gives purple spots 
on a colorless background in the aleurone tissue of the kernels; used generally as 
En tester 

Germinal mutation of a given mutable a2 allele to or toward full colored; does not 
respond to E__0_n 

Round non-shrunken type kernels, designated as B._~t kernels; located six to seven 
units proximal to a__22 on the short arm of chromosome 5; recessive b_t_t kernels are 
collapsed type, referred as b_~t kernels 

With appropriate color genes, produces purple anthocyanin (cyanidin-3-glucoside) ; 
located on chromosome 5; recessive pr produces red anthocyanin (pelargonidin-3- 
glucoside) differing only in number of hydroxyl functions 

Original inception of mutability at a_~2 locus controlled by E_~n system (autonomous): 
in the presence of E__~n, gives colored spots on colorless background; also, several full 
colored and pale derivatives have been recovered from this allele; in the absence of 
En the aleurone is pale (Fig. la) 

Coarse type originated from A2 under the control of En. Gives rise to several full 
colored derivatives under the control of En. In the absence of E__~n, the aleurone is 
colorless (Fig. Ib) 

Very fine clear medium hi. type (v.v.f. cl.m.hi. ) controlled by E___n_n; gives pale and 
full-colored derivatives. The aleurone is colorless in the absence of E__n_n (Fig. Ic) 

Originally very palish high (v.p.hi.) type, controlled by En; gives many pales and 
full-colored derivatives ; the aleurone is colorless in the a~ence of E__~n (Fig. ld) 

Term Definition 

Regulatory element 

Receptor element 

Elements such as E___nn and A___cc that trigger control elements so that the locus under 
control becomes functional 

Element such as I and Ds that suppress gene action when in cis position to the locus 

table allele : a2m (coarse) Bt/a2m (pale) Btx a2bt/a2 bt. 
The genotype and pedigree number of the female parent 
and the frequency of the colored derivatives are given 
in Table 2 (columns 3 and 8). Plants were grownfrom 
these colored kernels and crossed by a known En test- 
er (a2m(r) Bt/a2m(r) Bt) to identify the En co--ntent. 
Colorless kernels (a2m-(T) Bt/a2m(r) Bt/~2-bt) were 
collected from these ears for analysis. All these deriv- 
atives are maintained in a uniform genetic background; 
W22-color-converted, homozygous for all the anthocya- 
nin controlling genes, C, C2, R, A, A2, IBz, Bz2, and 
pr (hereafter identifiec]-as W2~-Co'l) 7 

Pale derivatives: a2m-68144. These originally 
were isolated as individual events from the following 
type of testcrosses: a2m(v.v.f.cl.m.hi) Bt/a2 bt x 
x a2 bt/a2 bt (Table 3, column 4). Several plants were 
grown from these kernels and recurrently crossed for 
two generations to the W22-Col inbred to ensure a uni- 
form genetic background. Pale kernels were finally 
selected from the selfed ears (W22-Col/pale). The 

pales of a2m-6 8140 are selected in the following way: 
Plants grown from mutable kernels (a2m-6 8140; Fig. 
Id) were crossed by an En tester: a2m Bt/a2btASh2/ 
a-m Sh2 • am(r) Sh2/am-~) Sh2. Pl-a-nTs wer-e grown 
from the variegated kernels fi('~e, hi. type of a mu- 
table) and testcrossed by a2 bt/a2 bt (Table 3). Pale 
kernels were selected from these testcross ears, and 
plants grown from them were recurrently crossed to 
W22-Coi for further analysis. 

The isolation and characterization of pale deriva- 
tives of a2m-11511 weredescribedbyPeterson (1966) 
and Fowler and Peterson (1974). 

En tester: The En tester (a2m(r) Bt/a2m(r) Bt) 
is u~d to confirm t-h~ presence ~- -E-r~: -a-2m--(-~ k-ern-els 
are colorless in the absence of E_nn; in the presence of 
E___n_n, the aleurone shows colored spots on a colorless 
background. 

En line: The En line (a2 bt/a2 bt En/+) is used to 
test the responsiveness of the newly derived alleles to 
En. The plants grown from the derivatives were cross- 
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ed by the En line as male parent. Also, these En 
plants at the same time are pollinated by an En test- 
er (a2m(r) Bt/a2m(r) Bt) to confirm the pres'--ence of 
En in the En line. 

Fig. 1. Kernel types of four a2 mutable alleles. 
A - a2m- 1 1511 : colored dots on colorless background ; 
B - a2m-7 8018: coarse type, large colored sectors 

on colorless background; 
C - a2m-6 8144: very fine dots with medium high fre- 

quency on colorless background; 
D - a2m-6 8140: very palish dots with high frequency 

on colorless background 

Qualitative analysis o f  anthocyanin pigments 

Replicate samples of kernels of desired genotypes were 
collected from segregating ears. The pericarp of these 
kernels was removed after presoaking in distilled water 
for 30 rain. The aleurone layer was scraped carefully 
with a stainless-steel scalpel. The aleurone tissue was 
finely ground in a glass tube with a motor-driven porce- 
lain pestle. The finely powdered aleurone was soaked 
in light petroleum ether overnight at room tempera- 
ture, followed, after decanting, by diethyl ether. The 
diethyl ether solutions were decanted, and the residue 
was dried. The defatted residue was finally extracted 
with methyl alcohol, containing concentrated hydro- 
chloric acid (0. I ml conc. hydrochloric acid in I00 ml 
methyl alcohol). The methyl alcohol-HCl extractions 
were repeated thrice at room temperature. The com- 
bined extracts were concentrated under reduced pres- 
sure in a rotary flash evaporator. 

The resulting crude pigment mixtures were spotted 
(2.5 cm from the edge) on Eastman Kodak Chromagram 
Cellulose Sheets (Cat. No. 13255, 160~ thick, 20 • 
20cm). The chromatograms were developed in a sol- 
vent mixture of n-butyl alcohol:glacial acetic acid: 
water (4:1:5, upper layer; aged for 6hrs before use) 
for ca. 2.5hrs in an Eastman Chromagram developing 
apparatus. Rf values were calculated from at least five 
ehromatograms. Pure cyanidin-3-glucoside, pelargoni- 
din-3-glucoside, cyanidin chloride, and pelargonidin 
chloride were used as authentic controls on the same 
chro m atogram s. 

The spots, which were clearly visible on the devel- 
oped chromatograms, were cut and eluted with spec- 
tral grade methyl alcohol containing conc. hydrochloric 
acid. Solution spectra of chromatographically pure 
pigments were recorded in the visible region on Spec- 
ironic 505 (Bausch& Lomb, automatic recorder). Four 
to 5 ml of each replicated sample were used for each 
recording. 

Table 2. The frequency of colored derivatives ~ in testcross progeny of plants of a2m (coarse)/ 
a2m(pale) genotype: a2m(coarse) Bt/a2m(pale) • a2 bt/a2 bt 

P r o g e n y  

Pedigree No. of Number of Bt kernels 
Cross a2m (coarse) B_tt/ 
N o .  a 2 m  ( p a l e )  B_._~t C1 ~ S p o t t e d  
1 2 3 4 

cl b Pale Total Z CI/T 
5 6 7 8 

1 2 1 4 0 1 - 1  29 197 
2 2 1 4 0 1 - 2  5 70 
3 2 1 4 0 3 - 3  13 32 
4 2 1 4 0 4 - 4  12 125 
5 2 1 4 0 1 - 5  3 131 
6 2 1 4 0 1 - 6  13 167 
7 2 1 4 0 2 - 1  8 76 
8 2 1 4 0 2 - 2  3 132 
9 2 1 4 0 2 - 3  16 116 

142 166 534 5.4 
198 53 326 1.5 
58 39 142 9.1 

265 -- 402 3.0 
26 -- 160 1.9 
75 146 401 3.2 
52 70 206 3.9 

159 -- 294 1.0 
53 101 286 5 . 6  

A2' (of a2m-7 8018) 
a Cl = Colored 
b el  = colorless 
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Table 3. Isolation of pales from testcrosses of a2m-6 8144 and a2m-6 8140 by a2 bt/a2 bt; 
a2m (v. v. f. cl. m. hi ) Bt/a2 bt x a2 bt/a2 bt and a2-m Bt/A2 a-m sh2/am (r) Sh2"~ ~ bt---/a-2 bt 

273 

Progeny 

Genotype Number of Bt kernels Original 
Cross and/or -- source 
No. Pedigree pattern Pale ~total Spotted a colorless Total allele 
I 2 3 4A 4B 5 6 7 8 

1 2 1801-1 a2m(v.v.f.cl.m.hi) Bt/a2 bt 5 1.37 163 198 366 a2m-6 8144 
2 2 1801-2 a2m(v.v.f.cl.m.hi)B-[/-a2 bt 1 0.32 147 164 312 a2m-6 8144 
3 2 1801-3 a2m(v.v.f.cl.m.hi) Bt/~-2bt - 98 92 190 a2m-6 8144 
4 2 1801-4 a2m(v.v.f.cl.m.hi) Bt/~bt - - 131 6 137 a2m-6 8144 
5 2 1801-5 a2m(v.v.f.cl.m.hi) B_!/a~ bt 3 1.70 165 8 176 a2m-6 8144 
6 2 1801-6 a2m(v.v.f.cl.m.hi) Bt/a2 bt 5 2.24 113 105 223 a2m-6 8144 
7 2 180!-7 a2m(v.v.f.cl.m.hi)~/-~" 31 7.71 215 156 402 a2m-6 8144 
8 0 7524 a2-rn Bt/A2 a-m Sh27-am--(-rT-Sh2 3 30.00 6 b - 9 a2m-6 8140 
9 0 7540-I a2-m Bt. A/-~ a-m S h 2 / ~  Sh2 31 48.44 33 b - 64 a2m-6 8140 

a = Very fine clear dots with a medium high frequency on a colorless background 
b = Medium fine dots with low frequency on a colorless background 

Aglycones were obtained by the hydrolysis of gly- 
cosidic forms of the pigments with 2N HCI for anhour 
on a water bath. The hydrolysates were extracted with 
a small quantity of isoamyl alcohol. The concentrated 
solutions were subjected to thin-layer chromatography 
(TLC) and spectroscopy. 

Quantitative determination of anthocyanin content 

The anthocyanin content of aleurone tissue of colored, 
pale, and colorless derivatives were determined ac- 
cording to the method described by Reddy (1974). 

From testcross or selfed ears, (as indicated in 
Table 5) two samples of twelve kernels each were col- 
lected. From each of the samples, two aliquots of 
10 mg of aleurone were prepared and placed in 20 ml 
of spectroscopic grade methyl alcohol containing conc. 
hydrochloric acid (0.I ml of HCI in I00 ml of methyl 
alcohol) and the mixture was left overnight at room 
temperature in the dark. Optical densities of the clear 
solutions were recorded on Spectronic-20 (Bausch & 
Lomb) at 530nm. Methyl alcohol-HCl solution (0. I N) 
was used as the blank. Two recordings were made for 
each of these aliquot sample solutions and the mean 
O.D. values are computed as an average of four val- 
use of each original sample. The O.D. values of each 
aliquot was found to be quite reproducible with very 
little variability among the aliquots of a given sample. 

Results 

Three general types of germinal derivatives arise from 

testcrosses of a2m. They are full-colored, pale, and 

colorless types, which can readily be classified on 

the basis of visual distinctiveness. 

Colored derivatives: Full-colored derivatives 

(A2') arise among the testcross progeny a2m (coarse) 

Bt/a2m(pale) Bt x a2 bt/a2 bt. These derivatives, 

which occur as independent single events, represent 

germinal mutations of a2m -* A2' type. The frequen- 

cies of these derivatives are variable among proge- 

nies, and each occurs as an independent event, not in 

clusters. In a typical set of 9 testcrosses, the fre- 

quencies of the derivatives varied from I to 9. I ~ of 

the total Bt kernels (Table 2, column 8). 

The En content of these full-colored derivatives 

was tested by crossing with the a2rn(r) Bt/a2m(r) Bt 

male parent, and the results are described in Table 4. 

From a2m-7 8018, 19 independently occurring colored 

derivatives have been tested. Fifteen derivatives have 

an independent E__~n, and the remaining four isolates 

have a linked Eu. Of these 15 derivatives with inde- 

pendently segregating E__nn, 6 had a single E__nn , 8 had 

two E__nn, and 1 had more than two E__n_n. In as much as 

all these tested derivatives contain E__n_n , they are cony 

firmed as non-responsive (n_._r_r) type. Similarly, all 

the tested colored derivatives of a2m-6 8144 contain 

one or more En. 

The colored derivatives are varied in their pheno- 

typic expression. This variation was tested by the 

quantitative determination of anthocyanin pigment pres- 

ent in the aleurone tissue of the kernels. Mean optical 

density (O. D. ) and percentage control values are given 

in Table 5 (columns 4 and 5). Valid comparisons were 

made between colored derivatives of the same source 

allele, from different sources as well as of the colored 

control. These relationships are summarized in Table 6B. 

The four colored derivatives of a2m-7 8018 with mean 

O.D. values ranging from 0.373 to 0.493 can be 

grouped into A and B on the basis of Duncan's New 

Multiple Range Test: Group A constitutes 2 derivatives 
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Table 4. T e s t  of En contenta:  C r o s s e s  of plants  f r o m  c o l o r e d  and pale k e r n e l s ;  t e s t c r o s s  e a r s  to 
m a l e  En t e s t e r  o- '~'a2m(r) B t / a 2 m ( r )  Bt 

P e d i g r e e  
C r o s s  n u m b e r  of Phenotype  of Source  N u m b e r  N u m b e r  with 
No. f e m a l e  paren t  d e r i v a t i v e  a l l e l e  t e s t ed  En 

1 2 3 4 5 6 

1 4 4404 Co lo red  a2m-7  8018 2~ 2 
2 4 4406 c o l o r e d  a2m-7  8018 32/ 3 
3 4 4409 c o l o r e d  a2m-7  8018 7 = 19 7 
4 4 4415 c o l o r e d  a 2 m - 7  8018 2 
5 4 4417 c o l o r e d  a 2 m - 7  8018 5 
6 1 3874 P a l e  a 2 m - 6  8140 6~ 5 
7 1 3875 pa le  a 2 m - 6  8140 i /  5 
8 1 3875 pale  a2m-6  8140 = 33 0 
9 1 3877 pa le  a 2 m - 6  8140 0 

10 1 3879 pa le  a2m-6  8144 5 

a P a l e s  of  a2m 1 1511 r e spond  t o  En by giving pale  purp le  dots  on c o l o r l e s s  background in the 
a l eu rone ,  hence  they a r e  a 2 m ( r ) - ~ l e  

Table 5. Quant i ta t ive  d e t e r m i n a t i o n  of anthocyanin p igment s  f rom co lo red ,  pale  and c o l o r l e s s  
d e r i v a t i v e s  of d i f fe ren t  a2 mutable  a l l e l e s  

Cross 
No. Pedigree P henotype Mean 0. D. a Z~ control Origin 

1 2 3 4 5 6 

1 4 2561/s ib  C o l o r e d  0 .  588 100.00 

2 4 4409-4/2335 Co lo red  0. 375 67.24 
3 4 4409-1/2335 Colo red  0.  493 84.40 
4 4 4409-1/2335 C o l o r l e s s  0 .005  00 .85  
5 4 4415-1/2340 Co lo red  0. 373 63.79 
6 4 4415-1/2340 C o l o r l e s s  0 .005  0 .85  
7 4 4474-4/2347 Co lo red  0.  478 82.75 
8 4 4417-4/2347 C o l o r l e s s  0 .005  0 .85  
9 308-78-7A | P a l e  0 .0715 12.00 

10 4 3048 | P a l e  0 .0445 6.80 
11 4 3048 | Co lo r ed  0 .435  74.13 
12 4 3036 | P a l e  0 .0265 5.17 
13 4 3049 | Co lo r ed  0 .403  68.96 
14 8 3825 @ P a l e  0 .075  11.20 

W 2 2 -Col or -converted 
' "(control  ) 

a 2 m - 7  8018 
a 2 m - 7  8018 
a 2 m - 7  8018 
a2m-7  8018 
a2m-7  8018 
a2m-7  8018 
a2m-7  8018 
a 2 m - 6  8144 
a 2 m - 6  8140 
a2m-6  8140 
a2m-6  8140 
a2m-6  8140 
a 2 m - i  1511 

a The 0 . D .  va lues  a r e  not inf luenced by P__[r-pr d i f f e r e n c e s  

(Table 5, co lumn 4, c r o s s e s  2 and 5) with mean O . D .  

below 0 .40  and, Group B, d e r i v a t i v e s  with mean  O . D .  

above 0 .40  (Table 5, co lumn 4, c r o s s e s  3 and 7 ) .  The 

d e r i v a t i v e s  within Group A (with means  0. 373 and 

0 .375)  and Group B (with means  0 .478  and 0 .493)  do 

not show s igni f icant  d i f f e r e n c e s  f r o m  each  o the r ,  but 

s igni f icant  d i f f e r e n c e s  ex is t  between group d e r i v a -  

f i v e s .  Two of the t e s t ed  c o l o r e d  d e r i v a t i v e s  of 

a2m-6  8140, with mean  va lues  0 .403 and 0 .435  a r e  

not s ign i f i can t ly  d i f fe ren t  f rom each  o t h e r ;  however ,  

the f o r m e r  d i f fe r  s ign i f i can t ly  f rom the Group B de -  

r i v a t i v e s  of a2m-7  8018. All the t e s t e d  c o l o r e d  d e r i v a -  

t i ve s  differ significantly from the colored control and 

other not full-colored derivatives (F = 168.94**). 

P a l e  d e r i v a t i v e s :  As with the f u l l - c o l o r e d  d e r i v a -  

t i ve s ,  the pa le  d e r i v a t i v e s  i so l a t ed  f r o m  t e s t c r o s s e s  

of d i f fe ren t  mutable  a l l e l e s  as  s ing le  independent  

even ts  v a r y  in f r e q u e n c i e s  of o r ig in  (Table 3, column 

4B) .  The En content  of 33 pale  d e r i v a t i v e s  of two d i f -  

f e ren t  a2 mutable  a l l e l e s  ( a2m-6  8144 and a2m-6  8140) 

a re  g iven in Table 4 ( co lumns  5 and 6, c r o s s e s  6 to 

10) .  Of these  33 t e s t ed  pa l e s ,  15 showed the p r e s e n c e  

of E.._n_n. When these  pa les  were  t e s t ed  for  the r e s p o n s e  

to a known E..~n by c r o s s i n g  with an E__nn l ine  ( see  Ma-  

t e r i a l s  and Methods sec t ion )  as ma le  pa ren t ,  no m u -  

table  k e r n e l s  were  r e c o v e r e d  in the progeny,  ind ica t -  

ing that t he se  a r e  non re spons ive  (n_.r_r) p a l e s .  These 

pa le s  d i f fe r  f r o m  the pale  d e r i v a t i v e  of a2m-1  1511 
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Source  D. F .  SS MS F 

Total 27 1. 295210 . . . .  
T r e a t m e n t s  13 1. 287002 0.099000 168.94** 
E r r o r  14 0.008208 0.000586 - -  

B.  S u m m a r y  f r o m  D u n c a n ' s  new mul t ip le  range  t es t  

Co lo red  

a 2 m - 7  8018 a 2 m - 6  8140 a 2 m - 7  8018 

0 .373 0 .375 0 .403 0 .435 0 .478 0 .493 

W22-Color  Conve r t ed  Contro l  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.  588 

(Means  u n d e r s c o r e d  by the s a m e  so l id  l ine  a r e  not s ign i f i can t ly  d i f fe ren t )  

Table 7. Var i ab i l i t y  in p igment  quanti ty of pale  and c o l o r l e s s  d e r i v a t i v e s  on the ba s i s  of opt ica l  
dens i ty  va lues  

A. Ana lys i s  of v a r i a n c e  

Source  D. F .  SS MS F 

Total 13 0.0198036 . . . .  
T rea tmen t  6 0.01078986 0.00179831 66 .079-*  
E r r o r  7 0.00019050 0.0000272142 

B.  S u m m a r y  f r o m  D u n c a n ' s  new mul t ip le  range  t es t  

C o l o r l e s s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a2m-7  8018 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.005 0.005 0.005 

Pale 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

aZm-6  8140 a2m-6  8144 a2m-1  1511 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.0265 0 .0445 0 .0715 0.0750 

d e s c r i b e d  by F o w l e r  and P e t e r s o n  (1974) that  shows 

p a l e p u r p l e  spots  on a c o l o r l e s s  background of a l e u r o n e  

t i s sue  in the p r e s e n c e  of En and t h e r e f o r e  is  c o n s i d e r e d  

as a2m ( p a l e - m r )  ( r e s p o n s i v e )  type .  

Quant i ta t ive  d e t e r m i n a t i o n s  of anthocyanin content  

of t he se  pale  d e r i v a t i v e s  w e r e  made to v e r i f y  the ap-  

pa ren t  phenotypic  v a r i a t i o n .  The r e s u l t s  a r e  g iven in 

Table 5 (co lumn 4, c r o s s e s  9, 10, 12, 14) .  The two 

pale  d e r i v a t i v e s  of the s a m e  s o u r c e  mutable  a l l e l e  

( a2m-6  8140),  with mean  va lues  of 0 .0265 and 

0 .0445,  d i f fe r  s ign i f i can t ly  f r o m  each  o the r  and a lso  

f r o m  pa le  d e r i v a t i v e s  of  a2m-6  8144 and a 2 m - I  1511, 

with means  0 .0715 and 0 .0750,  r e s p e c t i v e l y  (Table 7B) .  

The pa le  d e r i v a t i v e  of a2m-6  8144, with a mean  of 

0 .0715,  does not d i f fe r  s ign i f i can t ly  f r o m  the pale  of 

a2m-1  1511, with a mean  of 0 .0750 .  E v e r y  pale  t e s t ed  

in th is  s tudy is  s ign i f i can t ly  d i f fe ren t  f r o m  the c o l o r e d  

con t ro l  and c o l o r l e s s  d e r i v a t i v e s  (Table 7 ) .  Some of 

t he se  pa le s  accumula t e  g r e a t l y  r educed  quant i t i es  of 

anthocyanin p igment  (5 to 6 7~ of  con t ro l )  in a l eu rone  

t i s sue  of k e r n e l s .  

Qua l i t a t ive  ana lys i s  of anthocyanin p igment  

Resu l t s  of the qua l i t a t ive  ana lys i s  of c o l o r e d ,  pale ,  

and c o l o r l e s s  d e r i v a t i v e s  a r e  p r e s e n t e d  in Table 8. 

No qua l i t a t ive  d i f f e r e n c e s  w e r e  o b s e r v e d  between 

c o l o r e d ,  pa le ,  and c o n t r o l .  The e x t r a c t s  of all  c o l o r e d  

d e r i v a t i v e s  show a s t r ik ing ly  un i fo rm c h r o m a t o g r a p h i c  

p a t t e r n .  Two c l e a r  spots ,  one magen ta  spot ,  with Rf 

va lue  40-42,  and an o r a n g e - r e d ,  with a v e r a g e  Rf 



276 A . R .  R e d d y  a n d  P . A .  P e t e r s o n :  G e r m i n a l  D e r i v a t i v e s  of  t h e  E n  C o n t r o l l i n g - E l e m e n t  S y s t e m  in  M a i z e  

T a b l e  8 .  C h r o m a t o g r a p h i c  a n d  s p e c t r a l  c h a r a c t e r i s t i c s  of  i s o l a t e d  a n t h o c y a n i n  p i g m e n t s  
a l e u r o n e  t i s s u e  of  t h e  c o l o r e d  a n d  p a l e  d e r i v a t i v e s  of  f o u r  d i f f e r e n t  a 2  m u t a b l e  a l l e l e s  

f r o m  t h e  

Rf• 100 x k max. innm 
S. No. Cross Derivative Vis. Color BAW MeoH-HCI 

1 B 2561/sib W22-Coi. Faint magenta 40 526 
orange red 50 512 

2 4 4409-4/2335 Colored Magenta 41 525 
pale orange red 50 510 

3 4 4409-1/2335 Colored Magenta 42 526 
orange red 50 512 

4 4 4415-1/2340 Colored Magenta 42 527 
pale orange red 51 513 

5 4 4417-4/2347 Colored Magenta 42 527 
pale orange red 51 513 

6 3 0 8 - 7 8 - 7 A  | P a l e  F a i n t  m a g e n t a  42 525 
o r a n g e  r e d  53 513 

7 3 0 8 - 7 8 - 7 A  | C o l o r e d  V.  f a i n t  m a g e n t a  41 526 
o r a n g e  r e d  50 512 

8 4 3048 | P a l e  V.  f a i n t  m a g e n t a  40 524 
o r a n g e  r e d  50 512 

9 4 3036 | P a l e  O r a n g e  r e d  40 513 
10 4 3049 | C o l o r e d  F a i n t  m a g e n t a  40 526 

o r a n g e  r e d  50 512 
11 8 3825 | P a l e  V .  f a in t  m a g e n t a  43 524 

o r a n g e  r e d  52 513 
12 8 3835 | P a l e  V.  f a i n t  m a g e n t a  42 526 

o r a n g e  r e d  51 512 
13 8 6640 | P a l e  V .  f a i n t  m a g e n t a  40 526 

o r a n g e  r e d  52 512 
14 C y a n i d i n - 3 - g l u c o s i d e  M a g e n t a  41 524 
15 P e l a r g o n i  d i n - 3 -  O r a n g e  r e d  50 512 

g l u c o s i d e  

v a l u e  5 0 - 5 3 ,  h a v e  b e e n  i d e n t i f i e d .  The m a g e n t a  s p o t  

g a v e  a n  a b s o r p t i o n  m a x i m a  (k m a x .  ) a t  5 2 4 - 5 2 6 n m ,  

w h e r e a s  t h e  o r a n g e - r e d  s p o t  g a v e  a p e a k  a t  5 1 0 - 5 1 3  n m .  

T h e s e  v a l u e s  a g r e e  w i th  t h o s e  of  a u t h e n t i c  c o - c h r o m a -  

t o g r a p h e d  s a m p l e s  of  c y a n i d i n - 3 - g l u c o s i d e  a n d  p e l a r -  

g o n i d i n - 3 - g l u c o s i d e  ( T a b l e  8 ) .  

The m a g e n t a  p i g m e n t  o n  a c i d  h y d r o l y s i s  y i e l d e d  

c y a n i d i n  c h l o r i d e  w h e r e a s  t h e  o r a n g e - r e d  p i g m e n t  

y i e l d e d  p e l a r g o n i d i n  c h l o r i d e .  It w a s  c o n c l u d e d  t h a t  

a l l  t h e  p a l e  d e r i v a t i v e s  t e s t e d  a c c u m u l a t e  m a i n l y  t he  

s a m e  a n t h o c y a n i n  p i g m e n t  a s  d o e s  t h e  c o n t r o l  ; i . e . ,  

p e l a r g o n i d i n - 3 - g l u c o s i d e  a n d  s m a l l  a m o u n t s  of  c y a n i -  

d i n - 3 - g l u c o s i d e .  In c o n t r a s t ,  t h e  c o l o r e d  d e r i v a t i v e s  

a c c u m u l a t e  m a i n l y  c y a n i d i n - 3 - g l u c o s i d e  a n d ,  in  a d d i -  

t i o n ,  s m a l l  a m o u n t s  of p e l a r g o n i d i n - 3 - g l u c o s i d e .  

T h e s e  d i f f e r e n c e s  a r e  d u e ,  h o w e v e r ,  to t h e  s e g r e g a t i o n  

of  t h e  p r  a l l e l e .  All  t h e  p a l e s  a r e  of  p r  b a c k g r o u n d ,  

a n d  t h e  c o l o r e d  d e r i v a t i v e s  a r e  of P r  c o n s t i t u t i o n .  

C o l o r l e s s  d e r i v a t i v e s :  The e x t r a c t s  of  c o l o r l e s s  

k e r n e l s  of  a 2 m  ( r )  B t / a 2 m  ( r )  B t / a 2  b t  c o n s t i t u t i o n  d id  

no t  s h o w  a n y  c o l o r e d  s p o t s  o n  t h i n - l a y e r  c h r o m a t o -  

g r a m s .  A l s o ,  t h e  s p e c t r o p h o t o m e t r i c  r e a d i n g s  i n d i c a t e  

t h a t  a b s o l u t e l y  no a n t h o c y a n i n  p i g m e n t s  a r e  p r e s e n t  in  

t h e  a l e u r o n e  t i s s u e .  

D i s c u s s i o n  

E a c h  of  t h e  f o u r  m u t a b l e  a l l e l e s  a 2 m - 7  8018 ,  

a 2 m - 6  8144 ,  a 2 m - 6  8140 ,  a n d  a 2 m - 1  1511 o r i g i n a t e d  

f r o m  a n  i n i t i a l  A2 a l l e l e  f r o m  a c o m m o n  v a r i e t a l  

s o u r c e  a f t e r  t h e  i n s e r t i o n  of  E n .  T h e s e  m u t a b l e  a l l e l e s ,  

in  t u r n ,  m u t a t e  to  v a r i o u s  s t a b l e ,  p h e n o t y p i c a l l y  d i v e r s e  

l e v e l s ,  a n d  t h u s ,  e a c h  of  t h e m  c o n s t i t u t e s  a s o u r c e  of  

d e r i v a t i v e  t y p e s .  The d e r i v a t i v e s  i n c l u d e d  in  t h i s  s t u d y  

c o n s t i t u t e  o n l y  a s m a l l  s a m p l e  b e c a u s e  n u m e r o u s  

s t a b l e  d e r i v a t i v e  t y p e s  h a v e  b e e n  r e c o v e r e d  a t  A,  A2,  

a n d  C loc i  w i th  v a r y i n g  f r e q u e n c i e s .  A l s o ,  t h e  f o u r  

m u t a b l e  a l l e l e s  c o n s i d e r e d  in  t h i s  s t u d y  r e p r e s e n t  

o n l y  a f ew c a s e s  of  a l a r g e  n u m b e r  o f  m u t a b l e  a l -  

l e l e s ,  w h i c h ,  in  r e s p o n s e  to E...~n, g ive  r i s e  to  s u c h  

d e r i v a t i v e s  w i th  v a r i e d  g e n e t i c  p o t e n t i a l  ( P e t e r s o n  

1 9 7 5 ) .  

The d i s t i n c t i v e n e s s  in  p h e n o t y p i c  v a r i a t i o n  a m o n g  

t h e  c o l o r e d  a n d  p a l e  d e r i v a t i v e s  of  f o u r  d i f f e r e n t  a2  
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m u t a b l e  a l l e l e s  h a s  b e e n  c o n f i r m e d  by  t h e  q u a n t i t a t i v e  

d e t e r m i n a t i o n  of  a n t h o c y a n i n  c o n t e n t  in  t h e  a l e u r o n e .  

S e v e r a l  p o s s i b l e  c o n c l u s i o n s  c a n  b e  d r a w n  f r o m  the  

p r e s e n t  d a t a :  1) S i g n i f i c a n t  v a r i a t i o n  e x i s t s  b e t w e e n  

c o l o r e d  d e r i v a t i v e s ,  in  t e r m s  of  a n t h o c y a n i n  c o n t e n t  

of a l e u r o n e :  2) T h e r e  c a n  b e  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  c o l o r e d  d e r i v a t i v e s  a r i s i n g  f r o m  t h e  s a m e  

s o u r c e  a l l e l e ,  i n d i c a t i n g  t h a t  t h e  o r i g i n a l  a l l e l e  d o e s  

no t  r e p r e s e n t  a p r e d e t e r m i n e d  p o t e n t i a l  f o r  d e r i v a t i v e  

t y p e s  ( e x .  g r o u p  A a n d  B of  a 2 m - 7  8018 T a b l e  6 B ) :  

3) The  c o l o r e d  d e r i v a t i v e s  a r i s i n g  f r o m  o n e  s o u r c e  

a l l e l e  c a n  b e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  d e r i v a -  

t i v e s  o f  o t h e r  a l l e l e s  ( e x .  a 2 m - 7  8018 d i f f e r  f r o m  

d e r i v a t i v e s  o f  a 2 m - 6  8140 ,  T a b l e  6 B ) ;  in  s o m e  c a s e s ,  

h o w e v e r ,  no s i g n i f i c a n t  d i f f e r e n c e s  h a v e  b e e n  o b s e r v e d  

b e t w e e n  d e r i v a t i v e s  of  d i f f e r e n t  o r i g i n ,  a n d  t h e s e  o b -  

s e r v a t i o n s  i n d i c a t e  t h a t  t h e  p r o c e s s e s  i n v o l v e d  in  t h e  

o r i g i n  o f  s u c h  d e r i v a t i v e s  m a y  not  b e  i d e n t i c a l  ; 4 )  E a c h  

of the colored derivatives included in this report is 

significantly different from the pales, colorless, and 

colored control ; thus it can be concluded that all these 

colored derivatives represent some kind of differential 

impairment affecting quantitative levels of anthocyanin 

synthesis in the aleurone of kernels, although the ex- 

act nature of the En induced impairment of anthocya- 

nin synthesis is not yet clear. 

Similarly, the pales, which are distinctly different 

phenotypically from the colored, colorless, and 

colored control also show significant differences in 

anthocyanin content. It has been observed that signif- 

icant differences exist between the pales arising from 

the same source (a2m-6 8140, Table 7B) as well as in 

pales arising from a different source. All the tested 

pales are significantly different from the colorless and 

colored types. Again, these intermediate allelic 

types represent a higher degree of impairment of 

anthocyanin synthesis because these accumulate re- 

latively low quantities of anthocyanin pigment in the 

aleurone (as little as 6 to 13 % control). 

No qualitative differences were observed among 

these colored, pale, and colored controls in terms of 

anthocyanin pigments, within the limits of the techni- 

ques used (see Materials and Methods section). Each 

of these derivatives accumulates, in the aleurone, the 

same anthocyanin pigments; (namely, cyanidin-3- 

glucoside and pelargonidin-3-glucoside in appropriate 

proportions depending upon the P r and pr constitution). 

T h e s e  r e s u l t s  a r e  in  c l o s e  a g r e e m e n t  with t h e  e a r -  

l i e r  o b s e r v a t i o n s  o n  t he  n e w l y  d e r i v e d  a l l e l i c  s e r i e s  

of  m u t a b l e  pal-rec l o c u s  in  Antirrhinum majus ( F i n -  

c h a m  a n d  H a r r i s o n  1967)  and  m u t a b l e  g l o c u s  in  C h i -  

n i s e  a s t e r  s y s t e m  ( H o n d e l m a n n  1 9 5 9 ) .  In b o t h  of  t h e s e  

c a s e s ,  t h e  n e w  s e r i e s  of  a l l e l i c  d e r i v a t i v e s  a c c u m u l a t e  

t h e  s a m e  a n t h o c y a n i n  p i g m e n t  in  d i f f e r i n g  q u a n t i t i e s ,  

p r e s u m a b l y  due  to t he  i m p a i r m e n t  of a n t h o c y a n i n  b i o -  

s y n t h e s i s .  

The p r e c i s e  m e c h a n i s m  by w h i c h  t h e s e  d e r i v a t i v e s  

a r i s e  i s  no t  c l e a r .  T h e i r  r e l a t i v e l y  h i g h  f r e q u e n c y  of  

o c c u r r e n c e ,  h o w e v e r ,  i n d i c a t e s  t h a t  t h e  m u t a t i o n a l  

p r o c e s s  i n v o l v e d  h e r e  m a y  b e  d i f f e r e n t  f r o m  t h e  p h e -  

n o m e n o n  of spontaneous mutations occurring in loci 

unassociated with controlling elements. It has been 

suggested that the frequent occurrence of these diverse 

allelic types with differing phenotypic expression may 

be due to the changes in 'states' (McClintock 1965) 

of the gene locus or changes in the type of response of 

the control element to regulatory element. Also, it is 

demonstrated in several instances that many of the de- 

rivatives with altered genie expression induced by re- 

gulatory elements generally are associated with con- 

comitant release of the gene locus from control by the 

system (Rhoades 1941; McClintock 1965). McC1intock 

further stated that such releases of gene action from 

control may be associated with removal or modification 

of the control element. The present study confirms that 

the E._n_n controlling-element system generates both types 

of phenomena. The colored (a2m-7 8018) and pale 

(a2m-6 8144 and a2m-6 8140) derivatives represent 

instances in which the control element has been re- 

moved away from the locus in as much as none of the 

derived alleles responds to En. The pales of 

a2m-I 1511, however, are different. They represent 

a specific instance in which the control element still 

is located within the gene locus, but in a modified 

state, because these pales respond to E__n_n by giving 

pale purple spots on a colorless background in the 

aleurone. 

Several similarities exist between maize and cer- 

tain mutable bacterial systems in terms of occurrence 

of  s u c h  n e w  a l l e l i c  d e r i v a t i v e s  w i th  a l t e r e d  g e n i e  p o -  

t e n t i a l  ( P e t e r s o n  1970~ F o w l e r  a n d  P e t e r s o n  1 9 7 4 ) .  

Tha t  r a n d o m  i n s e r t i o n s  of  DNA s e g m e n t s  of  m u t a t o r  

p h a g e  ( M u )  in  s e v e r a l  g e n e s  of  h o s t  E .  c o l i  r e s u l t  in  

m u t a t i o n  a n d  e x c i s i o n s  of  s u c h  i n s e r t e d  p h a g e  DNA 
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may r e s u l t  in r e s t o r a t i o n  of wi ld- type  gene act ion is 

well  e s t a b l i s h e d  (Bukhar i  and Z i p s e r  1972; Bukhar i  

1975). Also ,  i t  is  evident  that Mu i n s e r t i o n s  can be 

random within a gene and that e x c i s i o n s  can be exac t  

o r  inexac t ,  leading to the pe r f ec t  wild type o r  pseudo-  

wild type r e s p e c t i v e l y .  The c o l o r e d  ( a 2 m - 7 8 0 1 8 )  and 

pale  d e r i v a t i v e s  ( a 2 m - 6 8 1 4 4 ,  a 2 m - 6 8 1 4 0 )  of mutable  

a_22 gene may be r e f l e c t i o n s  of  the r e m o v a l  of the con-  

t ro l  e l e m e n t  f r o m  the a2 locus  in r e s p o n s e  to En .  

These e x c i s i o n s  a r e  p r e s u m a b l y  of inexact  type be -  

cause  none of  them is  t rue  wild type in t e r m s  of p ig-  

ment  quant i ty .  As in b a c t e r i a l  s y s t e m s ,  exac t  r e v e r -  

s ions  to wild type may  be r a r e  in ma ize  s y s t e m s ,  and 

the exc i s ion  phenomenon in both in s t ances  is  con t ro l l ed  

by a s e p a r a t e  r e g u l a t o r y  e l emen t  (E_.n_n, D t, Spm, and 

Ac in ma ize  and the X locus  in E .  co l i l  Bukhar i  

1975).  

A wide a s s o r t m e n t  of a l l e l i c  s e r i e s  at the R and 

A loci  r e p r e s e n t i n g  spontaneous  va r i a t i on  in t e r m s  

of anthocyanin  p igmenta t ion  in a l eu rone  as well as  in 

c e r t a i n  plant t i s sue  i s  well  known in ma ize  (S tad le r  

1946; Laughnan 1961). In both of these  c a s e s ,  the phe-  

notypic  v a r i a t i o n  is c aused  by the e x p r e s s i o n  of d i f f e r -  

ent s e p a r a b l e  component  a l l e l e s  within the gene locus  

and none of them a r e  a s s o c i a t e d  with a con t ro l l ing  e l e -  

ment  s y s t e m .  No c o m p a r i s o n  was made between these  

c a s e s  of spontaneous  va r i a t ion  at R and A loci  and the 

phenotypica l ly  d i v e r s e  d e r i v a t i v e s  of A___22 because ,  f i r s t -  

ly ,  t h e r e  is  no ev idence  of such s e p a r a b l e  component  s 

at the A__22 locus ,  and, secondly ,  t he se  d e r i v a t i v e s  a r e  

inducedby  a spec i f i c  con t ro l l ing  e l e m e n t  s y s t e m .  
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