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This r epor t  descr ibes  our i n i t i a l  a t tempts  a t  t he  molecular character-  

i z a t i o n  of a maize c o n t r o l l i n g  element. 

it t o  d e t e c t  changes a t  a locus where & elements a r e  found. 

presence are ind ica t ed  by changes i n  the  r e s t r i c t i o n  p a t t e r n s ,  bu t  t he re  is a s  

y e t  no information on t h e  physical  na tu re  of t he  c o n t r o l l i n g  elements nor  on 

t h e  kinds of rearrangements they cause. 

McClintock provided ex tens ive  evidence f o r  t h e  phys ica l  presence of c o n t r o l l i n g  

elements i n  t h e  1951 Cold Spring Harbor Symposium. 

We have prepared a cDNA probe and used 

Evidence of t h e i r  

It should be remembered t h a t  Barbara 

- .  

The endosperm, which c o n s t i t u t e s  t h e  major p o r t i o n  of t he  maize kernel ,  

is pr imar i ly  made up of starch and s to rage  pro te in .  

i n t e r f e r e  wi th  t h e s e  major b iosyn the t i c  pathways have r e a d i l y  observable morph- 

o l o g i c a l  e f f e c t s .  

has  a co l lapsed  ke rne l  phenotype c a l l e d  shrunken. 

t u r e  

The locus is g e n e t i c a l l y  def ined by a recess ive  a l le le  discovered on an Indian 

r e s e r v a t i o n  i n  Nebraska (Hutchison, 1921). Schwartz (1960) found t h a t  t h e  

mutant seed  lacked a major so lub le  protein.  

of t h e  p r o t e i n  were descr ibed by Chourey and Schwartz (1971). 

and Nelson (1976) showed t h a t  t h i s  p ro te in  was t h e  enzyme sucrose  synthetase.  

The enzyme c a r r i e s  out  t h e  phys io logica l  react ion:  

+ f ruc tose .  

Genetic l e s ions  which 

One of t he  mutants a f f e c t i n g  the  accumulation of s t a r c h  

(In maize genet ic  nomencla- 

denotes a wild-type a l l e l e ,  while  & denotes recessive mutant a l l e l e s . )  

Induced e l ec t rophore t i c  v a r i a n t s  

F ina l ly ,  Chourey 

sucrose  + UDP -3 UDP glucose 

Sucrose en te r ing  t h e  kerne l  from t h e  leaves is broken down to  a 

nu$leot ide diphosphate glucosyl  donor which is  i n d i r e c t l y  used i n  s t a r c h  synthe- 

sis. When t h i s  r e a c t i o n  is  blocked, s t a r c h  syn thes i s  is i n h i b i t e d  and t h i s  

r e s u l t s  i n  t h e  shrunken phenotype. Cont ro l l ing  elements have been descr ibed 

as being a s soc ia t ed  with t h e  locus and, as mentioned, t h e  locus makes an abun- 

dant  gene product. 

by which a cloned probe might be prepared 

desc r ibe  maize c o n t r o l l i n g  elements. 

It the re fo re  seemed Eo provide a h igh ly  access ib l e  system 

t h a t  even tua l ly  could be used t o  

McClintock (1952) i d e n t i f i e d  two t r anspos i t i ons  of & from its o r i g i n a l  

p o s i t i o n  between 

subsequent p o s i t i o n  j u s t  d i s t a l  t o  & (Fig. 1). 

mutant shrunken alleles as w e l l  as o t h e r  events  ad jacent  t o  t h e  new l o c a t i o n  

of & (EkClintock 1952, 1953). 

and the  centromere on t h e  s h o r t  arm of chromosome 9 t o  a 

From t hese  she  i s o l a t e d  many 

I n  t h e  presence of t h e - r e g u l a t o r y  element A c ,  

- Ds is loca ted  by i t s  a b i l i t y  t o  break chromosomes and by t h e  subsequent d i c e n t r i c  

- .  - .  
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formation leading  t o  t h e  breakage-fusion-bridge cyc le  (McClintock, 1951). 

I f  t h e  chromosome ca r ry ing  & is  heterozygous with a homologue car ry ing  r eces -  

s ive markers, i n i t i a l  breaks can be observed by the  loss of d i s t a l  markers. 

Subsequent f u s i o n  of st icky-ended chromatids leads  t o  random breaks of t h e  

d i c e n t r i c  chromosome and l o s s  of proximal markers which appear a s  subsec to r s  

w i t h i n  the  f i r s t .  

- Ds a t  t h e  locus,  A l l  have normal t ransmission and v i a b i l i t y .  I n  t h e  presence  

of & d i c e n t r i c  formation occurs although one of the  a l l e l e s  does occas iona l ly  

The t h r e e  shrunken mutables which McClintock propagated have 

give whole kerne l  & r eve r t an t s .  

a l l e l e s  behave a s  s t a b l e  r eces s ive  markers and a r e  thus s u i t a b l e  m a t e r i a l  f o r  

When Ac is  removed by segregat ion,  t he .mutab le  

. biochemical ana lys i s .  

Sucrose synthe tase ,  because of i t s  abundance, is e a s i l y  p u r i f i e d  t o  

homogeneity. The p r o t e i n  has a molecular weight 05 89,000. Antibodies have 

been prepared t o  i t  and t h e i r  s p e c i f i c i t y  has been demonstrated by immunoelec- 

t rophores i s  a g a i n s t  t o t a l  endosperm p ro te ins .  The messenger RNA can be enr i ched  

on DMSO-sucrose d e n s i t y  g rad ien t s  and it appears t o  have a molecular l e n g t h  

of approximately 2.5 kb. 

poly(A)+ RNA. 

was i n s e r t e d  i n t o  t h e  chloramphenicol r e s i s t a n c e  gene of t h e  plasmid pBR325. 

Double-stranded cDNA was prepared t o  s i z e - f r a c t i o n a t e d  

R I  l i n k e r s  the duplex Af te r  b lun t  end l i g a t i o n  with s y n t h e t i c  

When t o t a l  endosperm mRNA is t r a n s l a t e d  and t h e  products e lec t rophoresed  
\ 

on SDS-polyacrylamide g e l s ,  a band can be seen  which comigrates wi th  p u r i f i e d  

suc rose  synthetase.  Anti-sucrose syn the ta se  an t ibod ie s  remove a l l  of t h i s  band 

demonstrat ing t h a t  i t  i s  the  only d e t e c t a b l e  t r a n s l a t i o n  product of th i s  size-, 

The recombinant c lones were screened by p o s i t i v e  hybridization-translation and 

one was found w&ich gave a band corresponding t o  sucrose  synthetase.  

could be s p e c i f i c a l l y  p r e c i p i t a t e d  by sucrose  synthe tase  an t ibodies  (data  no t  

shown). 

This  band 

Three &-induced shrunken mutable a l l e l e s  provided by D r .  McClintock 

were examined: D s  sh-m5933-1, Ds sh-m6233A2, Ds sh-m6258A. 

a 2 r e v e r t a n t  of D s  sh-rn5933-1 which w e  had generated. 

r e v e r t a n t s  s t u d i e d  by McClintock (19531, is  no longer de t ec t ab le  by i ts  

a b i l i t y  t,o cause chromosome breaks a t  t he  Sh locus i n  t h i s  s tock.  DNA was 

prepared from seed l ings  which d i d  not  ca r ry  & and a l l  a l l e l e s  w e r e  homozygous 

except  f o r  sh-m6258A which was heterozygous with the  non-mutable r eces s ive  

sh-s td .  

Also included was 

I n  c o n t r a s t  t o  t h e  
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DNA was d iges ted  w i t h  a v a r i e t y  of r e s t r i c t i o n  endonucleases, s epa ra t ed  

e l e c t r o p h o r e t i c a l l y  on agarose ge l s ,  b l o t t e d  onto n i t r o c e l l u l o s e  shee ts ,  and 

hybridized with t h e  cDNA probe. The sucrose synthe tase  cDM i n s e r t  is only 

285 nuc leo t ides  long bu t  when used a s  a probe i t  de tec t s  only a s i n g l e  band 

i n  any homozygous maize s t r a i n .  However, t he re  seems t o  be s i g n i f i c a n t  restric- 

t i o n  polymorphism a t  t h i s  locus among maize inbreds; t he re fo re  only DHA from 
t h e  s tocks  wi th  t h e  s h o r t  arm of chromosome 9 car ry ing  & i n  i t s  o r i g i n a l  pos i -  

t i o n  was used a s  t h e  s tandard f o r  comparisons. The nonmutable sh-s td ,  on t h e  

o t h e r  hand, appears t o  be t h e  same i n  a l l  s tocks  inves t iga ted .  

DNA d iges ted  with Eco RX gives  t h e  most information i n  comparing t h e  

var ious a l l e l e s  (Fig, 2) .  Sh can be d is t inguished  from D s  sh-m6233A2, t h e  Sh 
r e v e r t a n t  of D s  sh-m5933-1, D s  sh-m6258A, and sh-s td;  although t h e  l a t te r  two 

a r e  not  d i s t i ngu i shab le  from each o t h e r  with t h i s  enzyme. The enzyme Bst E11 
d i f f e r e n t i a t e s  Sh, Ds sh-m6258A, and the  r eve r t an t  of Ds sh-m5933-1 (Fig. 3).  

Other experiments wi th  t h i s  enzyme show t h a t  t h e  lower band i n  3C i s  due t o  t h e  

sh - s td  a l l e l e .  It is evident  t h a t  m 3 r e  than a simple t r a n s p o s i t i o n  event was 

necessary t o  c r e a t e  t h e  2 r eve r t an t  of Ds sh-m5933-1. A c o n t r o l  t h a t  was em- 

ployed t o  show t h a t s t h e s e . d i f f e r e n c e s  were not due t o  p a r t i a l  cleavage was t o  

hybr id i ze  t h e  & R I  d iges ted  DNA seen i n  Figure 2 with labe led  ribosomal RI.IA. 
The t y p i c a l  9000 base p a i r  repea t  is seen i n  a l l  samples (Fig. 4). 

a, 

vent ion;  bu t  because of t he  small  s i z e  of the  probe nothing f u r t h e r  can be s a i d  

about t h e  na tu re  of t hese  rearrangements. Without more d a t a  we cannot, f o r  

example, r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  some of the  d i f f e rences  observed a r e  

t h e  r e s u l t  of de l e t ions  extending proximally from the  s i te  of & i n t o  t h e  

locus , 

We conclude t h a t  t h e r e  a r e  d i f f e rences  a t  the  locus due t o  j& i n t e r -  

..._..I . . .  - .  
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Figure 1: Schematic representa t ion  of a po r t ion  of t h e  s h o r t  arm of chromo- 

some 9. 

- Bz condi t ions t h e  q u a l i t y  of aleurone pigmentation, and & is  t h e  locus 

f o r  s t a r c h  granule-bound ADP glucosyl  t r a n s f e r a s e  which is  respons ib le  f o r  

t h e  formation of amylose. 

- Wx and t h e  centromere. 

J. is  a dominant i n h i b i t o r  of co lo r  formation i n  t h e  aleurone, 

& was o r i g i n a l l y  observed by McClintock between 

I n  response t o  & elsewhere in the  genome, it can 

t ranspose  o r  cause chromosome breaks where it re s ides .  

F igure  2: Maize DNA d iges ted  with & RI, b l o t t e d  onto n i t r o c e l l u l o s e ,  and .. 
hybridized with n ick- t rans la ted  cloned cDNA complementary t o  a p o r t i o n  of  

t h e  suc rose  synthe tase  mRNA. Molecular lengths i n  base p a i r s  w e r e  d e t e r -  

mined by comparison wi th  uncut and & I1 cleaved T7 DNA, (These l eng ths  

are somewhat s h o r t e r  than those found i n  e a r l i e r  experiments.) 

B) a, C) Ds sh-m6233A2, D) Ds sh-m5933-1, E) r e v e r t a n t  of D s  sh-m5933-I, 

F) Ds sh-m6258A/sh-std. 

A) sh - s td ,  

I 

Figure 3: As i n  Figure 2 except DNA d iges ted  with Bst E I I .  A) Sh,  B) D s  sh -  

m6233A2, C) Ds sh-n6258A/sh-std, 'I)) D s  sh-m5933-1, E) 

DS sh-rn5933. 

Figure  4: Eco R I  d iges ted  DNA a s  shown i n  Figure 2 ( in  a 

The hybridized with 32P labeled maize ribosomal hYA, 

- Sh r e v e r t a n t  of 

s e p a r a t e  b l o t )  

major bands migrate  

w i t h  a molecular l e n g t h  of 9,000 base p a i r s .  A) Sh, B) D s  sh-rn6233A2, 

C) D s  sh-m5933-1, D) Sh r e v e r t a n t  of Ds sh-m5933-1, E) D s  sh-m6258A, 

\r F) sh-s td .  
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