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Perspectives in Plant Genetics 

STRUCTUPAL HETEqOGENEITY OF CHRONOSOME 10 IN RACES OF MAIZE AND TEOSINTE AND ITS 
PHYLOGENETIC SIGNIFICANCE, P1.M. Rhoades , Department of Biology, Indiana University, 1652 

Bloomington, Indiana 47405.  

Other than the remarkable range in knob number, site and size, little structural 
variation has been found in races of maize and teosinte. A striking exception is chromosome 
10, the shortest member of the complement. 
N10, K 1 0 - I ,  and K 1 0 - 1 1 ,  differ primarily in the structure, length, and gene order in the 
distal portion of 1 O L .  By means of a series of simple terminal deficiences of the K 1 0 - I  
chromosome, it has been possible to determine the complex structural changes differentiating 
the three types of 10. These include transposition, inversion, and the intercalation of a 
long segment of unknown origin possessing three small knobs. The ability of the K10-I  and 
K 1 0 - I 1  chromosomes to induce preferential segregation, meiotic neocentromere formation and 
to enhance recombination values resides in the distal segment which is not possessed by N10. 
The fact that N10 and K 1 0 - I  exist both in races of maize and of annual diploid teosinte 
while all three types of 10 are found in certain races of teosinte suggests that modern 
maize evolved from the latter populations. 

The three types of chromosome 10, designated as 

Plant Developmental Genetics 

1654 PHENOTYPES I N  CORN: CONTROL OF PATHWAYS BY ALLELES, TIME AND PLACE, 
Edward H.  Coe, U. S. Dept. o f  A g r i c u l t u r e  and Dept. o f  Agronomy, U n i v e r s i t y  o f  
Fl issour i ,  Columbia, FID 65211. 

The s p e c i f i c a t i o n  o f  a phenotype by a genet ic  c o n s t i t u t i o n  can be by c o n t r o l  o f  s i n g l e  
steps, by c o n t r o l  o f  a l l  s teps coo rd ina te l y ,  o r  by  modulat ion o f  steps. I n  corn,  s tud ies  
w i t h  anthocyanin pigments, caro teno ids ,  ch lo rophy l l s ,  s to rage p ro te ins ,  s to rage carbo- 
hydrates,  and s p e c i f i c  isoenzymes have prov ided a framework f rom s p e c i f i c  b i o s y n t h e t i c  
pathways f o r  f u t u r e  d i s s e c t i o n  o f  processes t h a t  a re  more complex. 
processes t h a t  a re  becoming sub jec t  t o  genet ic  d i s s e c t i o n  a re  the  es tab l i shment  and elabo- 
r a t i o n  o f  form ( e s p e c i a l l y  l e a f ,  ke rne l ,  t asse l ,  e a r ) ,  t he  sequence o f  embryogenesis, and 
the  d e f i n i t i o n  o f  p a t t e r n  o f  growth and o f  expression. 
a re  a t t r a c t i v e  ta rge ts  f o r  mo lecu la r  ana lys i s  o f  t he  s p e c i f i c a t i o n  o f  f unc t i ons  by a l l e l e s ,  
t i m e  and p lace  because they each express v a r i a t i o n s  i n  these parameters a t  t he  phenotypic 
l e v e l .  The spec ia l  gene t i c  p roper t i es  o f  each locus  suggest t h a t  we may o r  may n o t  be ab le  
t o  make genera l i za t i ons  t o  o the r  pathways and processes ( e s p e c i a l l y  t o  those, i n c l u d i n g  
pest res is tances  and s t r e s s  responses, t h a t  a re  o f  u t i l i t y  i n  man ipu la t ion  o f  t he  genome 
f o r  e f f i c i e n c y  and p r o d u c t i v i t y ) ,  w i thou t  more eva lua t i on  o f  e x i s t i n g  germplasm f o r  
v a r i a n t s  and gene t i c  and cy togenet ic  ana lys i s  o f  t h e i r  bas is .  

Among the  morphogenetic 

Cer ta in  l o c i  (e.g., E, B, C, c) 
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1655 ORGAN AND CELL SPECIFIC REGULATION OF Adhl AND Knl IN MAIZE. Michael Freeling, 
Che-Hong Chen, Karen Oishi, Christie K a y ,  P e F  Globus-Norman & Deverie K . B .  

Pierce, Department of Genetics, University of California, Berkeley, C A  94720. 
We are approaching developmental gene regulation in two different ways: from the outside 

i n  using mutants and variants of the alcohol dehydrogenase-1 gene (m), and from the inside 
out, using the Knotted (Knl) locus. 

Among the approximamy 100 mutants and vaviants that have been described at the Adhl 
gene, several are regulatory in nature (altered transcription/processing/termination in all 
organs and at all times equally) but only a few behave in developmentally interesting ways. 
All of the naturally occurring variants tested show an organ-specific, reciptocal relation- 
ship in their quantitative expression: if an allele is over-expressed in the scutellum, it is 
necessarily underexpressed i n  the anaerobic root (Woodman and Freeling, 1978). We now know 
that this reciprocal phenomenon reflects message levels. We have recovered one spontaneous 
mutant that is underexpressed in the scutellum only, which violates the reciprocal relation- 
ship. Perhaps our most informative mutant was selected as an anaerobic-sensitive seedling 
rather than as an ally? rather than as an ally1 alcohol resistant pollen grain; it is low 
in ADH expression in the seed and seedling, but expression in the pollen is normal. The 
lesion is a 1.4 kb insertion near the transcriptional initiation site. Although this mutant 
was recovered from a Robertson's P u  line, the insertion is dissimilar to in sequence. 
Being most recent, many questions are now unanswered regarding how this insertion alters 
organ- spec i f ic i ty . 

Our continued progress requires a transformation system for maize. We have developed 
current microinjection methods that can deliver about 200 pBR molecules per minute through 
cell walls and into the nuclei of cultured plant cells without retarding growth. Because 
- Mu1 transposon (Freeling, 1984, Ann. Rev. Plant Physiol. 35, 277-298) jumps replicatively 
and regularly in the gametophyte of outcross progeny (see Alleman, this volume), unlike & or 
the copia-like element g (Johns et al., 1984, submitted), 
integration module, and is being tested. 

with the dominant,leaf-morphology locus--W--indicate that mutants at this locus alter the 
normal course of differentiation of cells near presumptive lateral veins. Upper epidermal 
cells can divide excessively or generate out-of-place ligule, and the parenchyma that should 
differentiate into bundle-sheath and mesophyll cells appears to remain undifferentiated. 

should serve well as an 

Our (Freeling and Hake, Maize Genet. Coop. News Ltr. 1984, 58, 23-26 & submitted) studies 
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1656 THE KNOTTED LOCUS IN MAIZE, Sarah Hake & Michael Freeling, 
Department of Genetics, University of California, Berkeley, 
California, 94720 

The knotted locus of maize specifies unexpected divisions in 
the leaf blade. The resulting hollow protuberances, or knots, 
3ccur along lateral veins only. Kn/+ plants are also knotted but 
mild in comparison and altered inThe timing of expression. There 
are 6 dominant knotted mutants that are closely linked to e. 
These "alleles" differ in timing, severity, and the tissues 
affected. One of the knotted mutants, w, specifies alteration 
of the ligule and a general distortion of the plant structure. 

Segmental aneuploid experiments were designed to vary the 
dosage of the normal (&) allele. Neither "/- nor kn/kn/kn/kn 
plants are knotted. Plants with the genotype E/& and Kn/kn/kn 
are approximately equally knotted. These results suggest that the 
knotted gene is a new function. Surprisingly, E/- plants are not 
knotted. Transvection has been ruled out as a possible 
explanation; perhaps a modifier on  1L required in 2 doses can 
explain this result. 

investigation using X-rays to break the long arm of chromosome 1 
carrying E. The resulting segmental monosomic chromosome carries 
kn and &I, a white cell marker. The white sectors of irradiated 
seedlings are then examined for knots. We have shown that the 
ligule alteration component of knotted is cell autonomous. 
Experiments to determine whether the knots are cell autonomous and 
whether they are specified by certain cell types are continuing. 

An Adhl-negative mutant, ZFll, caused by the insertion of E 
into A d h l s  also mildly knotted. Revertants have been selected 
that have lost E at 3 but are still knotted. Thus the 
insertion into is not the primary cause of the knotted 
expression. 2F11 plants with increased knotted expression have 
been selected, perhaps is responsible. 

The cell autonomy and timing of knotted are under 

- 

__ 
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1657 PHENOGENETICS OF LEAVES I N  MUTANTS OF ANTIRRHINUM MAJUS L .  
C o r n e l i a  Harte, I n s t i t u t  f u r  Entwicklungsphysiologie, U n i v e r s i t l t  zu 

Ktiln, Gyrhof s t r .  1 7 ,  D 5000 K6ln 41, Fed.Rep.of Germany. 

In Ant i r rh inum many mutants  are known whose phenotype i n v o l v e s  a change o f  
t h e  form o f  t h e  l e a v e s .  The s t a t i s t i c a l  a n a l y s i s  o f  a series o f  exper iments  
w i th  measurements o f  thedevelopment o f  t h e  l e a v e s  o f  1 2  mutants  and a s t a n -  
da rd  form i n  d i f f e r e n t  cons t an t  envi ronments  o f  c o n t r o l l e d  t empera tu re  and 
photoper iod  made it p o s s i b l e  t o  d e s c r i b e  t h e  development i n  q u a n t i t a t i v e  
te rms  by 2 f u n c t i o n s :  t h e  deve lopmenta l  f u n c t i o n ,  based  on t h e  a l l o m e t r i c  
f u n c t i o n ,  d e s c r i b i n g  t h e  r e l a t i v e  growth o f  l e n g t h  and wid th ,  and t h e  growth 
f u n c t i o n  f o r  t h e  l e n g t h  o f  t h e  l e a f .  On a doub le - loga r i thmic  s c a l e  t h e  deve- 
lopmenta l  f u n c t i o n  c o n s i s t s  o f  two s t r a i g h t  l i n e s  o f  d i f f e r e n t  g r a d i e n t s  b l  
and b2  and t h e  c o o r d i n a t e s  x,y o f  t h e  t u r n i n g  p o i n t  a t  t h e  end o f  t h e  primor- 
d i a l  phase o f  l e a f  development.  The mutants  d i f f e r  i n  t h e  v a l u e s  o f  t h e  
parameters  o f  t h e  2 f u n c t i o n s  and t h e  changes o f  t h e s e  v a l u e s  under t h e  i n f l u -  
ence  o f  t h e  environment.  Beside t h i s ,  d i f f e r e n c e s  between t h e  mutants are 
found i n  t h e  r a t e  o f  l e a f  appearance  and i t s  change d u r i n g  development of t h e  
p l a n t ,  t h e  t i m e  needed f o r  f l o w e r i n g  i n d u c t i o n  and i n  mer i s t ema t i c  growth. 
In  t h e  nar row- leaf  mutants t h e  number of c e l l s  i n  t h e  lamina  is  smaler  t h a n  
i n  t h e  s t a n d a r d  form. The f i n a l  l e n g t h  o f  t h e  l e a f ,  an impor tan t  parameter  i n  
t h e  growth f u n c t i o n ,  depends on t h e  combined a c t i o n  o f  age ing  o f  t h e  meristem 
and t h e  p rocess  o f  i n d u c t i o n  o f  f lower ing .  The de te rmina t ion  o f  t h e  develop- 
ment o f  a l e a f  depends on t h e  i n t e r a c t i o n  o f  t h e  g e n e t i c  and non-genet ic  
f a c t o r s  and i s  completed when t h e  l e a f  primordium i s  s e p a r a t e d  from t h e  a p i -  
c a l  meristem. The d i f f e r e n c e s  i n  gene a c t i o n  which a r e  impor tan t  f o r  t h e  
development o f  t h e  l e a v e s  must be  l o c a t e d  i n  t h e  c e l l s  of t h e  a p i c a l  meristem. 
The mutants  w i th  narrow l e a v e s  r e a c t  t o  d i f f e r e n t  t empera tu re ,  some wi th  
such  s e r i o u s  d i s t u r b a n c e s  of growth and morphogenesis t h a t  t hey  can be  c a l l e d  
t empera tu re  s e n s i t i v e .  

FLORAL DETERMINATION: STABILITY, TIMING, AND ROOT INFLUENCE 
Carl N .  McDaniel, Susan R. Singer, Kelly A. Dennin, Joan S. Gebhardt, Department 
of Biology, Rensselaer Polytechnic Institute, Troy, NY 12180 

1658 

Determination is a fundamental concept in developmental biology. Numerous plant tissues 
and organs have been shown to exhibit stable determination (1). 
gating floral determination in dayneutral and photoperiodic tobacco. Timing. 
investigations with developmentally-arrested, axillary buds of dayneutal Nicotiana tabacu- (2) 
and recent studies with developmentally-arrested axillary buds of long-day Nicotiana 
silvestris have shown that bud meristems become florally determined long before the formation 
of a flower: as many as ten nodes may be laid down by the meristem before it forms the 
terminal flower. Thus, in developmentally-arrested buds, floral determination occurs days 
before the expression of this determined state. In the growing terminal meristem of N- 
tabacum floral determination occurs just several nodes before the formation of the terminal 
flower indicating that determined axillary buds are not clonally derived from determined 
terminal meristems. Internode tissues from dayneutral tobacco also exhibit floral determin- 
ation since tissues from the upper part of a flowering plant will produce de novo floral buds 
in culture ( 3 ) .  We are investigating on individual plants the spatial relationship between 
determined axillary buds and determined tissues. Although our analysis is incomplete, we 
are certain that at anthe-is determined tissues are located in more basal portions of the 
plant than determined bud:;. Root influence. In both dayneutral N .  tabacum (4) andlong-day 
- N .  silvestris, continually rooted plants fail to flower indicating that an influence from 
the roots may maintain plants in a vegetative state. Stability. 
appears to be more stable in N. tabacm than in N- silvestris since tissues from the 
inflorescence of tabacum form de novo floral buds in culture while tissues from 
siivestris do not ( 3 ) .  This interpretation is supported by the observation that rooted, 
determined, axillary buds of silvestris produced abnormal inflorescences: the floral 
branches have altered their developmental fate and grow as vegetative branches instead of 
floral branches. 

Our laboratory is investi- 
Previous 

Floral determination 

1) McDaniel, C.N. in Pattern Formation: A Primer in Developmental Biology (ed. Malacinski) 
2) 
3) Chailakhyan, M.Kh. et al. m. E .  &. 3190:333-345 (1975). 
b )  McDaniel, C . N .  - 148:462-467. 

McDaniel, C . N .  E. m.66:250-255 (1978). 

Supported by NSF (PCM82-Oh491). 
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1659 EMBRYO-LETHAL MLVANTS OF ARABIDOPSIS THALIANA, David W .  Meinke, Department of 
Botany and Microbiology, Oklahoma S t a t e  Un ive r s i ty ,  S t i l l w a t e r ,  OK 74078 

Arabidopsis t h a l i a n a  (Cruciferae)  has been descr ibed previously (1-3) as a model system f o r  
t h e  i s o l a t i o n  and cha rac t e r i za t ion  of embryo-lethal mutants. The s i x  mutants o r i g i n a l l y  
s tud ied  by Meinke and Sussex (2) were chosen because they had l e t h a l  phases during e a r l y  
s t a g e s  of embryogenesis. 
with a wider range of l e t h a l  phases and a g r e a t e r  d i v e r s i t y  of embryonic abnormali t ies .  
Thirty-two new mutants i s o l a t e d  fol lowing EMS seed mutagenesis have now been examined i n  
d e t a i l .  These mutants d i f f e r  with r e spec t  t o  t h e  s t a g e  of developmental a r r e s t ,  t h e  co lo r  
of a r r e s t e d  embryos and aborted seeds, t h e  percentage and d i s t r i b u t i o n  of aborted seeds i n  
heterozygous s i l i g u e s ,  and t h e  ex ten t  of abnormal development. Unusual mutant phenotypes 
include t h e  presence of abnormal suspensors ,  d i s t o r t e d  embryos, and fused cotyledons.  No 
examples of temperature-sensi t ive l e t h a l s  were found. The extent  of c e l l u l a r  d i f f e r e n t i a t i o n  
i n  mutant embryos is being approached through a n a l y s i s  of t h e  p r o t e i n  bodies  and seed s to rage  
p r o t e i n s  c h a r a c t e r i s t i c  of l a t e r  s t a g e s  of development. Microscopic and e l ec t rophore t i c  
s t u d i e s  have shown t h a t  some mutant embryos contain p ro te in  bodies  and t h e  same abundant 
p r o t e i n s  found i n  wild-type seeds.  The i s o l a t i o n  of e igh t  new mutants with a non-random 
d i s t r i b u t i o n  of aborted seeds i n  heterozygous s i l i q u e s  provides  f u r t h e r  evidence t h a t  many of 
t h e  genes t h a t  con t ro l  e a r l y  s t ages  of embryogenesis i n  p l a n t s  a r e  a l s o  expressed p r i o r  t o  
f e r t i l i z a t i o n .  
t h a t  i n  a t  l e a s t  one of t hese  mutants, expression of t h e  mutant a l l e l e  d i s r u p t s  pollen-tube 
growth but not t h e  d i s t r i b u t i o n  of mutant ovules.  
from 17 d i f f e ren t  mutant l i n e s  has  a l s o  been examined on basal and enriched media. Most of 
t h e  mutant embryos t h a t  a r r e s t  p r i o r  t o  t h e  hea r t  s t a g e  produce only a l imi t ed  amount of 
c a l l u s .  1222-E mutant embryos a r r e s t  a t  a globular-cotyledon s t a g e  and grow only s l i g h t l y  
on a basal medium but  produce extensive c a l l u s  and homozygous mutant p l a n t s  on an enriched 
medium. Mutant p l a n t s  t r ans fe r r ed  t o  p o t s  without organics  grow well  a t  f i r s t  hut  t hen  
t u r n  pa l e  before f lowering and do not s e t  seed.  Arrested embryos from mutant 112, which 
have fused cotyledons and a reduced hypocotyl,  produce abnormal p l a n t l e t s  without r o o t s  when 
grown on a basal medium. 
root-inducing media. 
of a roo t  a p i c a l  meristem dur ing  both embryogenesis i n  vivo and organogenesis i n  c u l t u r e .  

(1) Muller, A . J .  (1963) B i o l .  Zen t r a lb l .  82: 133-163. 
(2) Meinke, D.W. and Sussex, I.M. (1979a,b) Devel. B io l .  72: 50-72. 
(3) Meinke, D.W. (1982) Theor. Appl. Genet. 63: 381-386. 

The purpose of t h e  present  s tudy w a s  t o  i s o l a t e  add i t iona l  mutants 

Reciprocal  c ros ses  between heterozygous and wild-type p l a n t s  have shown 

The growth response of a r r e s t e d  embryos 

112A mutant c a l l u s  a l s o  fails  t o  produce roo t s  on a v a r i e t y  of 
Expression of  t h i s  gene is the re fo re  r equ i r ed  f o r  normal development 

1660 

Mutations of a t  l e a s t  3 d i f f e r e n t  genes i n  maize (Corngrass,  Teopod 1 and Teopod 2) a r e  
analogous t o  homeotic mutations i n  Drosophila i n  t h a t  they transform s t r u c t u r e s  in  one 
p a r t  of t h e  p l an t  i n t o  s t r u c t u r e s  normally found elsewhere. A l l  t h r ee  of t hese  dominant 
mutations t ransform reproduct ive s t r u c t u r e s  in to  leaves,  and cause upper vege ta t ive  nodes 
t o  acqu i r e  t r a i t s  c h a r a c t e r i s t i c  of lower nodes. This e f f e c t  suggests  t h a t  t hese  
mutations per turb the  t r a n s i t i o n  from a juven i l e  t o  an adu l t  phase of development 
(Ga l ina t ,  1966). The f a c t  t h a t  l ea f - spec i f i c  mutations a r e  expressed i n  t h e  t a s s e l  
leaves of a t  l e a s t  one of t hese  mutations (a) supports t h i s  i n t e r p r e t a t i o n  because it 
demonstrates t h a t  t a s s e l  leaves use t h e  same developmental program as  normal vegetat ive 
leaves.  
Using B-A t r ans loca t ions  we generated p l an t s  of t h e  following genotypes: 
w+l+. 
r e s u l t  suggests  t h a t  is  a c o n s t i t u i t i v e  mutation t h a t  causes t h e  expression of a 
product a t  an inappropriate  t ime, and is cons i s t en t  with the  observat ion t h a t  mutants 
r e t a i n  juven i l e  c h a r a c t e r i s t i c s  throughout development. 

Ga l ina t ,  W. C .  (1966) The corngrass and teopod l o c i  involve phase change. Maize Gen. 
Coop. News Let.  4O:lOZ-103. 

HOMEOTIC MUTATIONS I N  MAIZE, R. Scot t  Poethig,  Department of Biology, Universi ty  
of Pennsylvania. Phi ladelphia ,  PA 19104 

Addit ional  support  f o r  t h i s  hypothesis comes from a dosage ana lys i s  of w. 
w- ; w+ ; 

The phenotypes of t hese  3 c l a s s e s  were e s s e n t i a l l y  indis t inguishable .  This 
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Transposons 

THE EIECHANISN, RATE, REGULATION, AND SPECIFICITY OF Mu1 TRANSPOSITION I N  MAIZE. 1661 J e f f r e y  L. Bennetzen, Department of  B io log ica l  Sc iences ,  Purdue Univers i ty ,  West 
La faye t t e ,  I N  47907. 

Seve ra l  independent muta t ions  i s o l a t e d  i n  Robertson‘s Mutator l i n e s  of maize have been 
a s soc ia t ed  wi th  the  d i s c r e t e  i n s e r t i o n  of t he  1 .4  kb DNA fragment Mu1 (1,Z). Mu1 has  the  
s t r u c t u r e  of a t r ansposab le  element,  i nc lud ing  213 t o  215 bp t e rmina l ,  i nve r t ed  r e p e a t s  and a 
9 bp d i r e c t  dup l i ca t ion  of t a r g e t  DNA f l ank ing  t h e  i n s e r t  (3) .  Most Mutator l i n e s  have t e n  
t o  t h i r t y  copies  of an  element s t r u c t u r a l l y  ve ry  similar t o  Mu1 d ispersed  through t h e  genome, 
wh i l e  o the r  corn l i n e s  have ze ro  t o  two copies  of Mul-like DNA per  genome ( 4 ) .  Robertson (5) 
has  demonstrated t h a t  Mutator mutagenic a c t i v i t y  can be l o s t  on ou tc ross ing  and is  r a p i d l y  
l o s t  upon r e p e t i t i v e  inbreeding .  

Recent i n v e s t i g a t i o n s  have ind ica t ed  t h a t  Mul-related DNAs a r e  p re sen t  a t  h igh  copy num- 
b e r s  bo th  i n  l i n e s  t h a t  have l o s t  Mutator mutagenic a c t i v i t y  due t o  outcross ing  (10-15 copies  
of Mul-like elements per  genome) o r  due t o  inbreeding  (50-80 cop ie s ) .  I n  t h e s e  l i n e s ,  how- 
eve r ,  t he  Mul-like elements r a r e l y  t ranspose .  There is  no s t r i c t  copy number c o n t r o l  of Mu1 
func t ion ,  s i n c e  occas iona l  p l a n t s  w i th  low (10-15) o r  h igh  (60-80) copy numbers of Mu]-like 
DNAs show Mutator mutagenic a c t i v i t y  and somatic mutab i l i t y  and f r equen t  Mu1 t r a n s p o s i t i o n .  

In l i n e s  showing Mutator mutagenic a c t i v i t y  and/or  somatic mutab i l i t y  of a Mutator-in- 
duced l e s i o n ,  t r a n s p o s i t i o n  of Mul-like elements is always observed. Southern a n a l y s i s  of 
a c t i v e  Mutator pa ren t s  and outcrossed  progeny i n d i c a t e s  nea r ly  one new, t ransposed  copy of 
Mul-like DNA per  p a r e n t a l  Mul-like element.  The pa ren ta l  elements s eg rega te  randomly, about 
ha l f  going t o  each o f f sp r ing .  Hence, t h e  ou tc ross  of a p l a n t  wi th  twenty copies  of Mul-like 
elements t o  a zero  copy p l a n t  commonly y i e l d s  progeny wi th  14-20 copies  of Mul-related DNAs. 
The ne t  i nc rease  i n  Mul-like elements i n  germinal t i s s u e s  and, more impor tan t ly ,  t h e  much 
h igher  l e v e l  of t r a n s p o s i t i o n  (about once per  genera t ion)  than  germinal r eve r s ion  (one i n  
1000 or  l e s s )  sugges t s  t h a t  Mu1 t r a n s p o s i t i o n  does not  occur by a s imple  exc i s ion  process .  

Analys is  of t he  sequences surrounding Mu1 i n s e r t i o n  si tes i n d i c a t e s  t h a t  t h e  element 
i n t e g r a t e s  p r e f e r e n t i a l l y  i n t o  t r a n s c r i p t i o n a l l y  a c t i v e ,  s i n g l e  copy DNA. This  macro- 
preference  f o r  open DNA w i l l  be compared t o  observed micro-preferences  i n  Mu1 i n s e r t i o n .  

1. Bennetzen, J. L . ,  J. Swanson, W .  C.  Taylor and M. F ree l ing .  Proc.  Na t l .  Acad. Sc i .  USA 

2.  K e e l i n g ,  M. 
3 .  Barker,  R. F., D .  V. Thompson, D. R.  Ta lbot ,  J .  Swanson and J .  L. Bennetzen. Nucl. Acids 

4 .  Bennetzen, J. L. J. Mol. Appl. Genet. 2, i n  p r e s s ,  1984. 
5. Robertson, D. S .  Mutat. R e s .  =:21, 1978; Mol. Gen. Genet. 191:86, 1983. 

a i : 4 i z 5 ,  1984. 
Ann. Rev. P l an t  Phys io l .  %:277, 1984. 

R e s .  g : 5 9 5 5 ,  1984. 

1662 KECHANISY AND REGULATION OF TnlO TRANSPOSITION 
N .  Kleckner,  D.E. Roberts,  J. Bender and D. Morisato 
Department of Biochemistry & Molecular Biology, Harvard Univers i ty ,  Cambridge, Mass. 

Two experiments sugges t  t h a t  TnlO t r a n s p o s i t i o n  may usua l ly  occur  wi thout  ex tens ive  r e p l i c a t i o n  
of t ransposon sequences.  F i r s t ,  phys i ca l  experiments show t h a t  TnlO (IS10) t ransposase  can 
>ro.iote t h e  occurrence  of double  s t r a n d  breaks  a t  t h e  ends of TnlO o r  I S l O  i n  vivo. Second, 
Lznet ic  experiments us ing  he teroduplex  donor t ransposons  sugges t  t h a t  in format ion  from both  
s t r a -ds  of t h e  donor t ransposon a r e  recovered i n  t h e  t r a n s p o s i t i o n  product.  These observa t ions  
w i l l  be d iscussed  i n  t h e  contex t  of s p e c i f i c  models f o r  TnlO/ISlO t r anspos i t i on .  

L sc r sen  f o r  E . c o l i  mutants exh ib i t i ng  increased  TnlO t r a n s p o s i t i o n  f requencies  has  y ie lded  
muta t ions  i n  t h e  gene f o r  DNA adenine  methylase  (dam). Analys is  of t h e s e  mutants has revea led  
that I S l O  t r a n s p o s i t i o n  i s  d i r e c t l y  r egu la t ed  by DNA adenine methyla t ion .  ISlO con ta ins  two 
- dam methyla t ion  s i tes  (GATC) which are normally symmetrically methylated on  both s t r ands .  One 
of t h e s e  GATC sites is  i n  t h e  promoter f o r  t h e  t r ansposase  gene, which i s  loca ted  a t  t h e  “out- 
s ide“  end of IS10. F a i l u r e  t o  methyla te  t h a t  s i t e  r e s u l t s  i n  a ten- fo ld  inc rease  i n  a c t i v i t y  
of t h a t  promoter i n  vivo (D.E.R.) and i n  v i t r o  (B. Hoopes and W. McClure). The second s i t e  i s  
loca ted  9 basepa i r s  from t h e  “ ins ide”  end of ISIO, wi th in  t h e  t e rmina l  sequences requi red  i n  
- c i s  f o r  ISlO t r anspos i t i on .  
i nc rease  i n  t h e  a c t i v i t y  of t h a t  i nne r  terminus.  Both g e n e t i c  experiments and i n  v i t r o  
t r a n s c r i p t i o n  experiments sugges t  t h a t  t h e  two e f f e c t s  of non-methylation can be observed i n  
heai-methylated as w e l l  a s  f u l l y  unmethylated DNA; and gene t i c  experiments suggest t h a t  i n  
wild type  (Dam+) hos t s ,  t h e  two e f f e c t s  a r e  tempora l ly  coupled, 
s ie thyla ted  immediately a f t e r  passage of a DNA r e p l i c a t i o n  fo rk .  We propose t h a t  t h e  e f f e c t  of 
7am methyla t ion  of I S l O  i s  t o  provide  a b u r s t  of I S l O  t r a n s p o s i t i o n  immediately a f t e r  r e p l i -  
c a t i o n  of t h e  element.  

F a i l u r e  t o  methyla te  t h a t  s i t e  r e s u l t s  i n  a twentyfive-fold 

g.& DNA i s  normally hemi- 
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1663 PLANT TRANSPOSABLE ELEMENTS GENERATE THE SEQUENCE D I V E R G E N C Y  
N E E D E D  I N  EVOLUTION 

H .  S a e d l e r ,  P .  N e v e r s ,  Z s .  Schwarz-Sommer,  A .  G i e r l  

M a x - P l a n c k - I n s t i t u t  f u r  Z u c h t u n g s f o r s c h u n g ,  5 0 0 0  C o l o g n e  3 0 ,  FRG 

A t  l e a s t  some o f  t h e  p l a n t  t r a n s p o s a b l e  e l e m e n t s  a r e  t h o u g h t  t o  t r a n s -  
p o s e  by  e x c i s i o n  a n d  r e i n t e g r a t i o n .  I f  t h i s  i s  so t h e n  t h e  s t r u c t u r e  
( D N A  s e q u e n c e )  o f  t h e  e x c i s i o n  p r o d u c t  may s h e d  some l i g h t  on t h e  me- 
c h a n i s m  o f  t r a n s p o s i t i o n .  Numerous r e v e r t a n t s  o f  t r a n s p o s a b l e  e l e m e n t  
i n d u c e d  m u t a t i o n s  h a v e  b e e n  i s o l a t e d ,  c l o n e d  a n d  s e q u e n c e d .  S u r p r i s i n g -  
l y  t h e  w i l d t y p e  D N A  s e q u e n c e  i s  n o t  r e s t o r e d  i n  t h e s e  r e v e r t a n t s .  The 
r u l e s  a c c o r d i n g  t o  w h i c h  t h e  e x c i s i o n  e v e n t s  o c c u r  h a v e  b e e n  f o r m u l a t e d  
i n t o  a mode l  f o r  t r a n s p o s i t i o n ,  w h i c h  w i l l  b e  d i s c u s s e d .  The e n d s  o f  t h e  
i n t e g r a t e d  e l e m e n t  p r o v i d e  t h e  s u b s t r a t e  f o r  t h e  t r a n s p o s a s e ,  w h i c h  g e -  
n e r a t e s  s t a g g e r e d  n i c k s  a t  wh ich  a n  e r r o r  p r o n e  r e p a i r  s y s t e m  c a n  o p e -  
r a t e .  The r e s u l t i n g  p r o d u c t  h a s  c e r t a i n  s i m i l a r i t i e s  w i t h  t h e  s e q u e n c e s  
f l a n k i n g  t h e  i n t e g r a t e d  e l e m e n t .  However ,  i n  m o s t  c a s e s  n o t  a w i l d t y p e  
b u t  a m u t a n t  s e q u e n c e  i s  f o r m e d  i n  t h e  e x c i s i o n  p r o c e s s .  Somet imes  
t h e s e  m u t a n t  s e q u e n c e s  r e s u l t  i n  an  a l t e r e d  p r o t e i n .  T h e r e f o r e ,  t r a n s -  
p o s a b l e  e l e m e n t s  w h i l e  w a l k i n g  t h r o u g h  t h e  genome l e a v e  f o o t s t e p s  be -  
h i n d  a n d  t h u s  g e n e r a t e  t h e  D N A  s e q u e n c e  d i v e r g e n c y  n e e d e d  i n  e v o l u t i o n .  

Plant Developmental Biology; Plant Transposons 

1664 CHARACTERIZATION O F  A GENE FOR A DEVELOPMENTALLY REGULATED SULFUR- 
RICH PROTEIN FROM BRAZIL NUT, Susan B. Altenbach, Karen W. Pearson, Filomena 
Leung, and Samuel S.M. Sun, A R C 0  Plant Cell  Research Insti tute,  Dublin, CA 

A 7Kd protein which is exceptionally rich in t h e  sulfur amino ac ids  methionine (19%) and  cysteine 
(8%) has been identified in Brazil n u t  (Bertholletia excelsa). W e  have  found t h a t  t h e  7Kd protein is 
synthesized during a specific developmental  s t a g e  of seed maturation. Hybridization studies have 
demonstrated t h a t  a 700 base RNA species which encodes this protein is present in t h e  nut  t issue 9 t o  
10 months a f t e r  fert i l ization but  is not found at earlier s tages  or in t h e  mature  nut. 
-- In vitro translation studies using 9 to  10 month old Brazil  nu t  RNA have  shown t h a t  t h e  7Kd protein is 
synthesized ;.iitially a s  a n  18Kd precursor polypeptide. This 18Kd polypeptide is immunoprecipitable 
with a n  ar,risera made  t o  t h e  sulfur-rich protein. The  18Kd polypeptide is then t r immed post- 
translationally in a t  least  t w o  d iscre te  s t e p s  before i t  reaches  i t s  mature  form. 
Using a s  a probe a n  18 base synthetic DNA f r a g m e n t  which is complementary to amino acid residues 
830-35 of t h e  7Kd protein, we  have identified cDNA clones for t h e  sulfur-rich protein. These cDNA 
clones a r e  ab le  to se lec t  a specific mRNA from preparations of 9 to 10 month old Brazil n u t  RNA 
which encodes t h e  18Kd polypeptide precursor of t h e  7Kd protein. The nucleotide sequence of  the  
cDNA clone is in good agreement  with amino acid sequence d a t a  obtained from t h e  isolated 7Kd 
protein. 
W e  have  also identified and sequenced genomic clones for  t h e  sulfur-rich protein of Brazil nut. W e  
hope t h a t  the  t ransfer  of the  gene for t h e  Brazil nut sulfur-rich protein and  i t s  subsequent expression 
in plants deficient in t h e  sulfur-containing amino ac ids  may present a molecular way to improve t h e  
nutri t ional quali ty of cer ta in  sources of vegetable proteins. 

1665 Ac: A GENERALIZED PLANT MUTAGEN? Barbara J .  Baker, Luis Herrera-Estrel la ,  Nina 
Fedoroff ,  Host LBrz, Riidiger Hain, J e f f  Velten,  Armin P.  Czernilofsky and J e f f  
Sche l l ,  Max Planck I n s t i t u t  f .  Zuchtungsforschung, 5000 Cologne 30, West Germany. 

We a r e  t e s t i n g  the  p o t e n t i a l  of a gene t i ca l ly  and molecularly well  character ized autonomous 
con t ro l l i ng  element of maize, Act ivator  (Ac) ,  a s  a general ized p l a n t  mutagen. The goals  of 
t h i s  research a r e  t o  manipulate t he  element such t h a t  it can be introduced i n t o  t h e  p l a n t  
c e l l s  and subsequently mutagenize and mark genes whose inac t iva t ion  can be scored v i sua l ly  or 
biochemically.  I n i t i a l  experiments have been designed t o  answer the  quest ion:  can t ranspos-  
i t i o n  of AC occur i n  a p l a n t  c e l l  o the r  than maize? The AC element has been placed within the  
coding region of t h e  chimeric dominant s e l e c t a b l e  marker gene pNOS-NPT I1 i n  plasmid pLGV 
neo 1103.Inser t ion of t h e  Ac element i n a c t i v a t e s  t h e  NPT gene. Constructions have been de- 
signed such t h a t  i f  t he  Ac element is  excised i n  vivo from the  N F T  gene i t s  funct ion should 
be r e s to red  and p l a n t  c e l l s  containing t h i s  construct ion would then r eve r t  t o  a Km r e s i s t a n t  
phenotype. We have u t i l i z e d  the  cocu l t iva t ion  technique t o  transform tobacco p ro top la s t s .  We 
a r e  replacing pu ta t ive  t ranscr iptLona1 promotors of t he  AC element with those of well  
cha rac t e r i zed  T-DNA promotors. 
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1666 GEIETIC ANALYSIS OF DEVEJBENZKCAL 
ICI Bioscience Group, morn, UK; A J Qlojecki, M D Gale, Plant Breeding 
Institute, Cambridge, UK. 

The starch stored in wheat endosperm is one of the mrld's mjor f d  sou~ces. We present 
evidence that the extent of starch aamulation is controlled by the processes of cell and 
organelle division cccurrin7 early durhg endospm developrent befae starch synthesis 
begins. 

Using the technique of reciprocal m s a n i c  analysis, we have identified the chrcxmsanal 
locations of genes influencing cell and organelle division processes. 
were m d e  between rmnosmic sets of varieties Chinese Spring and Spica. 
chrcamsm F3 lines SM that chrcrroscme 1D of Spica carried genes increasing final 
endosperm cell number and the number and final starch content of their constituent 
amyloplasts. 
and numbers of anyloplasts, without effect on final anyloplast size. 

IN WHEPLP ENDXPERM, M W Bayliss, 

Reciprocal crosses 
Analysis of 42 

rZhrcmxcn?e 7A of Spica also carried genes inrreasing €XdOSpr In  cell n m k r  

1667 LIGHT AND DEVELOPMENTAL REGULATION OF RuBPCASE GENES I N  AMARANTH, J . O .  Berry,  
B . J .  Nikolau, J .P .  Car r ,  and D.F. Kless ig .  Un ive r s i ty  of Utah, S.L.C., UT 84132. 

RuBPCase s p e c i f i c  a c t i v i t y  i n  light-grown amaranth co ty ledons  inc reases  dur ing  growth t o  a 
l e v e l  approximately 15-fold h ighe r  than  i n  dark-grown coty ledons  by the  e igh th  day a f t e r  
p l an t ing .  
dark-grown coty ledons ,  t he  l e v e l s  of t he  SSU c l o s e l y  fo l low t h e  changes i n  enzymic 
a c t i v i t y .  
day and then  p l a t eaus .  
occurs  only  as a b u r s t  between the  t h i r d  and f i f t h  day even though func t iona l  mRNA f o r ,  
a t  least ,  the  LSU is  p resen t  u n t i l  t he  e i g h t h  day. Between the  second and seventh  day, 
t h e  LSU mRNA is  2-5 f o l d  lower i n  e t i o l a t e d  compared t o  l i g h t  grown coty ledons .  On the  
e i g h t h  day the  concen t r a t ion  of t h i s  RNA drops  approximately 10 f o l d  i n  dark-grown 
coty ledons .  
r ise i n  the  l e v e l  of LSU mRNA bu t  only a f t e r  a l a g  of 5 hours o r  more. However, t he  
s y n t h e s i s  of the  LSU (and SSU) po lypept ides  d rama t i ca l ly  inc reases  w i t h i n  j u s t  a few hours 
a f t e r  t r a n s f e r ,  long be fo re  an  inc rease  i n  mRNA l e v e l s  is  de tec t ed .  S i m i l a r l y ,  when 
light-grown p l a n t s  are s h i f t e d  i n t o  darkness ,  w i th in  a few hours LSU and SSU p r o t e i n  
s y n t h e s i s  i s  markedly reduced wi thout  any concomitant change i n ,  a t  1 e a s t ; L S U  mRNA l e v e l s .  
Thus, i n  amaranth the  ev idence  i n d i c a t e s  t h a t  p o s t t r a n s c r i p t i o n a l  as w e l l  a s  t r ansc r ip t ion -  
a l  r egu la t ion  i s  occurr ing .  

Whereas the  l e v e l s  of  the  LSU polypept ide  a r e  q u i t e  s i m i l a r  i n  both  l i g h t -  and 

In l ight-grown coty ledons  syn thes i s  of bo th  subun i t s  i n c r e a s e s  u n t i l  t he  t h i r d  
In c o n t r a s t ,  i n  dark-grown coty ledons  syn thes i s  of bo th  subun i t s  

Transfer  of dark-grown p l a n t s  t o  l i g h t  on the  e i g h t h  day r e s u l t s  i n  a marked 

DRY IN6 AS THE "SWITCH" THAT TERMINATES DEVELOPFIENTAL PROCESSES I N  THE CASTOR BEAN 
ENDOSPERM AND PROMOTES GERMINATIVE EVENTS, J.D. Bewley and A.R. Kermode, P lan t  

1668 
Physiology Research Group, Dent. o f  B io logv ,  U n i v e r s i t v  o f  Calgary,  Calgarv,  A lbe r ta ,  
Canada, T2N IN4 
Seeds removed from t h e  pod a t  50 davs a f t e r  n o l l i n a t i o n  (DAP) w i l l  germinate when p laced i n  
water,  whereas deve lop inq  seeds a t  25-45 DAP need t o  be d r i e d  before germinat ion  can occur. 
Hence premature d ry ing  e l i c i t s  a germinat ion  resnonse. I s o l a t e d  endosperms o f  30 and 40 
DAP seeds, which have n o t  completed a l l  develonmental events,  w i l l  s u r v i v e  premature drying, 
and w i l l  resnond upon subsequent rehyd ra t i on  i n  a manner which i s  c h a r a c t e r i s t i c  o f  an 
endosperm from a germinat ing  mature seed. 
i n s o l u b l e  p r o t e i n  syn thes is  w o n  rehyd ra t i on  o f  d r i e d  30 and 40 DAP seeds i s  i d e n t i c a l  t o  
t h a t  o f  hydra ted  mature endosperms, and i s  d i s t i n c t l y  d i f f e r e n t  f rom t h e  developmental 
o a t t e r n  o f  svn thes is  a f t e r  30 and 40 davs. I s o c i t r a t e  l yase i s  v i r t u a l l y  absent f rom 
developing endosperm, b u t  those d r i e d  a t  40 DAP a re  induced t o  syn thes ize  t h e  enzyme a t  
l e v e l s  comparable t o  normal germinated seeds. LeuNAase, a p r o t e o l y t i c  enzyme, responds t o  
d ry ing  i n  a s i m i l a r  manner. 

I n  p a r t i c u l a r ,  t he  n a t t e r n  o f  s o l u b l e  and 
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EGULATION CF RIF'ENIM; IN T W T O E S  Ann M. Callahan and Peter H. Morgens, lM9 USA-AFRS Kearneysville W V. 25430 
While the l i te ra tu re  reports 'man' changes involved i n  f ru i t  ripening the 
Segulation o f  the process has not geen elucidated. R i  ening i s  associated with 
increased ethylene levels enes that are 
ei ther turned on or o f f  du;ing the r ipen i  process ff! hopes o f  un%erstanding the 
coordination involved i n  the development8 cha e Our approach i s  t o  examine 
the problem a t  the .levels of. enzyme activ%y' protein synthesi.s and RNA 
synthesis I n  compari the di f ferent sta es of' r i  ening b examinirg t o t a l  
proteins,'in vivo l a b e l 3  proteins, and i n  v&o transfated proreins we f i nd  many 
differences The charges seen are not ref3;ected by a l l  three methods. This 
implies. tha't the differences are not due simply t o  changes i n  the levels o f  
t ranscr ipt ion The major example i s  the huge i.ncrease i n  t o t a l  protein. of 
eolygalacturn6ase that i s  not reflected. by i n  vivo lab 11 

We theorize that i n  the case of po?iyg%!ac%urkAaz !ttfz 
bein roduction i n  a t  least  ohe area 
of We mature reen f r u i t .  This i s  we11 bePore the time re orted i n  the 
l i t e ra tu re  and feaves open the poss ib i l i t y  that the action of pofygalacturonase 
i s  associated with the induction of ethylene and subsequent ripening. 
We are now N i l d i n g  8 N A  l i b ra r i es  f r o m  the d i f fe ren t  sta es of r i  enirg f r u i t .  
W hope t o  i so la te  two clgsses of genes whose pro ucts c8ange durfng r ipen i  
17 those kmwn t o  cha e i n  enzyme ac t i v i t y  and 27 those that change i n  th% 
re la t i ve  levels of RN~? Then 
questions such as whet&? polygalacturonase i s  sequestered gefqre activi.ty and 
whether ethylene production receeds transcription or act ivat ion of r ipen i  enzymes can be answered. We .Rope that the coordinated study o f  these y e s  a% 
the i r  respective products w i l l  further our knowledge o f  these deve opmental 
events. 

We are studying the r ufat ion of 

ranslation o f  RNAs 
synthesized a t  about the time of 'eth lene 

These may or may not be overlap ing classes 

1670 
Robertson's Mutator is a transposable element system of maize, identified by its ability to 
increase mtation rates 20-5OX. A 1 .4  kbp transposable element has been cloned and designa- 
ted Mu-1. (Bennetzen, et a1 PNAS 81:4125) Using the cloned Mu-1 elemnt as a probe we find 
sequences howlogous to Mu-1 in many non-rmtator inbred lines of maize. Southern blot anal- 
ysis reveals restriction pattern differences in the Mu-howlogous sequences amng the in- 
breds and these are different from those found in Mutator lines. We have isolated a clone 
howlogous to Mu-1 from a non-mtator inbred B37C library. Comparison of the inbred Mu- 
howlogous sequences with the active elements in Mutator lines may help to identify sequences 
involved in the activity and origin of the Mutator system. In order to analyze the rmlecular 
basis of the Mutator system we are examining the segregation of Mutator activity through 
several generations by following high mtation rate and continued somatic instability of a 
Mu-induced mtation at%. When Mutator lines are outcrossed wst of the F 1  progeny retain 
Mutator activity. Occasionally, progeny are observed in which somatic reversion and high 
mtation rate have ceased. These plants were examined for Mu copy number and they appear to 
fall into 2 classes; low (<lo) and high (>50). Southern blot analyses of high copy lines re- 
veal the loss of the expected restriction fragmnts characteristic of Mu-1. Instead, we ob- 
serve the presence of mny larger Mu-hornlogous fragments. We are investigating the mlecu- 
lar nature of this alteration. Lines with altered elemnts have been crossed to norm1 copy 
number, active Mutator lines. Preliminary results indicate the F1 progeny contain no Mutator 
activity. 

MUTATOR HOMOLOGOUS SEQUENCES IN INBRED & MUTATOR LINES. Vicki Chandler, Carol Rivin 
and Virginia Walbot, Dept. of Biological Sciences, Stanford Univ., Stanford Ca. 

1671 
Massacnusetts General Hospital, Boston, MA 02114. In order to investinate the nature of 
organ-specific gene expression in tobacco, we have constructed cDNA libraries from mRNA 
isolated from both leaves and roots. These have been screened with reverse-transcribed 
mRNA probes from the two organs. 
o r  the clones analysed. Clones exhibiting differential hybridization were confirmed by 
Northern analysis of mRNA isolated from leaves, roots, and a tobacco suspension culture line. 
The results of these experiments show that among all of the leaf-specific cDNA clones, there 
are low but detectable levels of homologous mRNA present in both roots and suspension 
culture cells. Similarly, the root cDNA clones which exhibit preferential hybridization to 
root mRNA hybridize at low but detectable levels to both leaf and suspension culture mRNAs. 
Titration experiments demonstrate a 10 to 1000-fold enrichment in one organ over the other. 
To further characterdze the transcriptional regulation of the genes corresponding to these 
clones, we are currently doing nuclear run-off experiments. Results from such experiments 
using nuclei isolated from leaves, suggest that some of the root-specific cDNAs are 
transcriptionally regulated and some are post-transcriptionally regulated. 

ISOLATION AND CHARACTERIZATION OF ORGAN-SPECIFIC CDNA CLONES FROM TOBACCO, 
M.A. Conkling. C.L. Cheng. and H.M. Goodman. Department of Molecular Biology. 

Differential hybridization was observed in about 5-10% 
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1672 EXPRESSION OF THYLAKOIO PROTEIN KINASE ACTIVITY DURING DEVELOPMENT I N  WHEAT, 
Stephen J. Danko, Andrew N. Webber and John P. Markwel l ,  U n i v e r s i t y  o f  Nebraska, 

L inco ln ,  NE 68583 

Leaves o f  Gramineae, such as wheat ( T r i t i c u m  aest ivum),  a re  use fu l  f o r  s tud ies  on p l a n t  
development s ince  c e l l  d i v i s i o n  o c c u w b a s a l  meristem. 
o f  c e l l u l a r  and p l a s t i d  development e x i s t s  f rom the  base t o  the  t i p  o f  t he  leaves. Using 
4 and 7 day-o ld  wheat leaves, we s tud ied  the  a c t i v i t i e s  o f  t h y l a k o i d  p r o t e i n  k inase 
a c t i v i t y  as a f u n c t i o n  o f  d i s tance  from t h e  base. 
va r ious  sec t i ons  o f  these leaves had markedly h ighe r  l e v e l s  o f  p r o t e i n  k inase a c t i v i t y  i n  
younger p o r t i o n s  o f  t h e  leaves. 
base a re  n o t  l i g h t  a c t i v a t e d  as i s  t he  case i n  more mature t i ssues .  
k inase a c t i v i t i e s  f rom the  base and t i p  segments have d i f f e r e n t i a l  a b i l i t y  t o  
phosphorylate a v a r i e t y  o f  h i s tone  subs t ra tes .  
p r o t e i n  k inase enzymes expressed du r ing  p l a s t i d  development i n  wheat a re  d i f f e r e n t  f rom 
those present  i n  more mature ch lo rop las ts .  

The r e s u l t  i s  t h a t  a g rad ien t  

The t h y l a k o i d  membranes i s o l a t e d  from 

The t h y l a k o i d  p r o t e i n  k inase a c t i v i t i e s  f rom the  l e a f  
Furthermore, t he  

These da ta  suggest t h a t  t he  t h y l a k o i d  

1673 THE ISOLATION OF TEMPERATORE-SENSITIVE MUTANTS IN AWEIDOPSIS THALTPYP., Mark A. 
E s t e l l e  and Chr i s  R. Somerv i l le ,  MSU-DOE P lan t  Research Lab, Michioan S ta te  
Un ive rs i t y ,  East Lansing, MI 48824 

The i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  mutants has been a p roduc t i ve  approach t o  the  s tudy  
o f  a number o f  problems i n  p l a n t  b io logy .  
a re  l i m i t e d  i n  the  sense t h a t  o n l y  muta t ions  i n  nonessent ia l  f unc t i ons  can be recovered. 
Th is  l i m i t a t i o n  has been overcome i n  a v a r i e t y  o f  d i f f e r e n t  orqanisms by the  a p p l i c a t i o n  
o f  screening procedures designed t o  i s o l a t e  muta t ions  which a re  o n l y  c o n d i t i o n a l l y  
de le te r iou ;  o r  which a re  expressed on ly  under c e r t a i n  cond i t i ons .  The most f r e q u e n t l y  
used non-permissive c o n d i t i o n  i s  h i g h  temperature.  We have developed a s i m i l a r  screen 
f o r  Arabido s i s  t h a l i a n a  us ing  the  f a i l u r e  t o  germinate a t  32 degrees C. and subsequent 
germination’at 2 ~ ~ j i ~ s  c .  as a convenient screen f o r  tempera ture-sens i t i ve  muta t ions .  
A prel iminar:)  screen o f  approx imate ly  10,000 M2 seed from a EMS mutagenized popu la t i cn  
has produced 93 p l a n t s  which a re  temperature s e n s i t i v e  f o r  germinat ion .  Ile are  c u r r e n t l y  
expanding t h i s  c o l l e c t i o n  and de termin ing  t h e  e f f e c t s  o f  each muta t ion  on germinat ion ,  
vege ta t i ve  growth o f  i n t a c t  p lan ts ,  and c e l l s  i n  t i s s u e  c u l t u r e .  We b e l i e v e  t h a t  ou r  
approdch w i l l  pe rm i t  t he  recovery  o f  a wide spectrum o f  muta t ions  a f f e c t i n g  
p l a n t  growth and metabolism. 

However, most convent iona l  screening procedures 

1674 CONTROL OF MATURATION OF RAPESEED EMBRYOS, Ruth F i n k e l s t e i n  and  Mar tha  Crouch, 
Indiana Univers i ty ,  Bloomington, IN 47405 

During seed  ma tu ra t ion  embryogenic development ceases  a s  t h e  seeds dry down and e n t e r  a 
per iod  of developmental  a r r e s t  p reced ing  g e r m i n a t i o n .  P r e v i o u s  s t u d i e s ,  u s i n g  s t o r a g e  
p r o t e i n  syn thes i s  as a biochemical marker of embryogeny, have demonstrated t h a t  exogenous 
a b s c i s i c  a c i d  (ABA) can  b o t h  m a i n t a i n  embryon ic  deve lopmen t  and  s u p p r e s s  p r e c o c i o u s  
germina t ion  of cu l tu red  rapeseed  embryos (Crouch and Sussex, 1981). We determined whether 
the  t r a n s i t i o n  from embryogeny t o  deve lopmenta l  a r r e s t  i n  m a t u r i n g  r a p e s e e d s  r e f l e c t e d  
changes i n  endogenous ABA l eve l s ,  s e n s i t i v i t y  t o  exogenous ABA. or both. ABA l e v e l s  were 
measured by radioimmunoassay and s e n s i t i v i t y  t o  ABA was assayed i n  te rms  of i t s  a b i l i t y  t o  
both suppress  precoc ious  germina t ion  and s t i m u l a t e  s to rage  p ro te in  syn thes i s  i n  cu l tu red  
embryos.  Endogenous ABA l e v e l s  were h i g h e s t  a t  t h e  t i m e  of maximum s t o r a g e  p r o t e i n  
s y n t h e s i s ,  j u s t  b e f o r e  t h e  embryos  began  t o  d e s i c c a t e .  F o l l o w i n g  t h i s  peak, bo th  
endogenous  ABA and  ABA s e n s i t i v i t y  d e c l i n e d .  These  r e s u l t s  s u g g e s t  t h a t ,  a l t h o u g h  A B A  
p lays  a r o l e  i n  main ta in ing  embryogeny and suppress ing  germina t ion  p r i o r  t o  des i cca t ion ,  
i t  does  n o t  p e r f o r m  t h e s e  f u n c t i o n s  d u r i n g  t h e  l a t e r  s t a g e s  of  deve lopment .  We a r e  
cu r ren t ly  i n v e s t i g a t i n g  t h e  importance of des i cca t ion  t o  t h e  matura t ion  process. 
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1675 
I n s t i t u t e  BiotechnologylIndustrial Associates ,  Inc . ,  La J o l l a ,  C A  92037 
Plant  development involves changes i n  gene expression.  
products derived from d i f f e r e n t  plant  t i s s u e s  a t  d i f f e r e n t  t imes d u r i n g  development reveals  
const i tut ively-expressed a s  well a s  developmentally-regulated p ro te ins .  
protein syn thes i s  a l s o  i s  apparent.  

Two-dimensional gel e l ec t rophores i s  of ~IJ v i t r o  t r a n s l a t i o n  products and computer-assisted 
scanning and ana lys i s  o f  t h e  r e s u l t a n t  g e l s o w s  extensive comparisons of gene expression 
in  d i f f e r e n t  tissues. For example, expression of a phenotype may be viewed through expres- 
s ion of a protein o r  s e t  of proteins  during development. 
i d e n t i f i c a t i o n  of t he  genes associated with t h e  phenotype. 

Examples of da t a  wi l l  be presented i l l u s t r a t i n g  the  a p p l i c a b i l i t y  of t hese  techniques t o  
the  molecular biological  d e f i n i t i o n  o f  plant  development and the expression o f  phenotypes. 

GENE EXPRESSION DURING PLANT DEVELOPMENT, Leona C .  Fitzmaurice,  Steven B. E l l i s ,  
John N .  Bel l ,  Chris J .  Lamb*, Michael H. Harpold, and Greg C .  Holtz,  The Salk 

A comparison of in v i t r o  t r a n s l a t i o n  

Tissue-specif ic  

This information i n  turn allows 

*Consul t a n t  

1676 STUDIES ON A PLANT HORMONE BINDING PROTEIN, C. Brinegar and J. E. Fox, ARC0 
Plant Cell Research Institute, 6560 Trinity Court, Dublin, CA 94568. 

A protein (CBF-I) which specifically binds cytokinins with relatively high affinity has been isolated 
from wheat embryos and appears to  be a trimer of a single 54 kD subunit. During embryo development 
cytokinin-binding activity rose sharply at  two weeks post anthesis, leveled off a t  four weeks and 
disappeared upon seed germination. Western immunoblotting and rocket immunoelectrophoresis 
indicated that  changes in binding activity were correlated with the biosynthesis and degradation of 
CBF-I. 
-- In vitro translation of polyadenylated RNA from developing embryos yielded an immunoprecipitable 
polypeptide which comigrated on SDS-PACE with the CBF-I subunit. Gnomic  libraries of wheat have 
been prepared and c-DNA libraries a re  under construction in order to study expression of the CBF-1 
gene. Possible roles of this protein as  a receptor or regulator of embryo cytokinin levels will be 
discussed. 

1677 THE GENETICS OF 3, A TISSUE SPECIFIC GENETIC ELEMENT I N  MAIZE. 
G i u s e p p e  A .  G a v a z z i ,  Mi lv i a  L. R a c c h i ,  U n i v e r s i t y  of M i l a n ,  Dep .o f  
B i o l o g y ,  v i a  C e l o r i a  2 6  20133  M i l a n  I t a l y .  

Data a re  p r e s e n t e d  c o n c e r n i n g  t h e  l o c a t i o n  a n d  e x p r e s s i o n  o f  3, a g e n e t i c  
e l e m e n t  r e s p o n s i b l e  of t h e  p r o d u c t i o n  of a n t h o c y a n i n  i n  spec i f ic  s p o r o f y t i c  
t i s sues  of m a i z e .  T h e  e x p r e s s i o n  of d i f f e r e n t  & a c c e s s i o n s  is  compared a n d  
a case of i n s t a b i l i t y  is  described ( z - b o l 3 ) .  
T h e  e f fec t  of l i g h t  on S n  e x p r e s s i o n  is  a n a l i z e d  i n  terms of p i g m e n t  a c c u m u l a  

t i o n  f o l l o w i n g  i r r a d i a z o n s  w i t h  l i g h t  of d i f f e r e n t  q u a l i t i e s  as  w e l l  a s  i n  
terms of a c t i v i t y  of e n z y m e s  o f  t h e  f l a v o n o i d  b i o s y n t h e s i s .  
T h e  r e s u l t s  o b t a i n e d  a re  d i s c u s s e d  i n  r e l a t i o n  t o  t h e  w a y s  l i g h t  m i g h t  a f f e c t  
- S n  e x p r e s s i o n .  

MOLECULAR ANALYSIS OF THE En (Spm) TRANSPOSABLE ELEMENT OF ZEA MAYS 
Alfons Gierl, Zsuzsanna Schwarz-Sommer, Andy Pereira, Ralf B. Klosgen, 
Heinrich Cuypers, Peter A .  Peterson and Heinz Saedler, 
Max-Planck-Institut fur Zuchtungsforschung. 5000 Kdln 30, FRG 

The autonomous transposable element En (En-1, 8 kb) and the receptor element 
Spm-I8 ( 2 . 2  kb) were isolated as insertions into the waxy structural gene. 
Heteroduplex analysis reveals that Spm-I8 is a deletion derivative of the 
autonomous Spm (En) element. The ends of En-1 and Spm-I8 can form a stem 
and loop structure. The few differences in the D N A  sequence of the termini 
of both elements, occur exclusively in the loops. This may reflect a functio- 
nal role of the double stranded stems. 
In transcription analysis of the waxy m-8 allele, where Spm-I8 interupts the 
waxy transcription unit, we observed 3.5 kb chimeric transcript that is ini- 
tiated at the waxy promotor and terminates in the inserted element beyond 
a polyadenylation site. In the presence of En this chimeric transcript dis- 
appears, although the inhibitor element is still present in 70% of the cells. 
This may be due to the transacting suppressor of En, inhibiting transcrip- 
tion into the element. 

1678 
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MOLECULAR CLONING OF THE GENE FOR THE SYNTHESIS OF IAA-LYSINE FROM PSEUDOMONAS 1679 
Department, Un ive r s i ty  of C a l i f o r n i a ,  Davis,  CA 95616 

The phytopathogen, p. sy r ingae  pv. s avas t ano i ,  i n c i t e s  t he  production of g a l l s  on o l i v e  
and o leander  p l an t s .  
phytohormone i n d o l e a c e t i c  ac id  (IAA). Two enzymes a r e  involved i n  the  conversion of t ryp to-  
phan t o  IAA: t ryp tophan  monooxygenase and indoleacetamide hydro lase .  
of p. savas t ano i  t he  genes f o r  IAA b iosyn thes i s  r e s i d e  on a plasmid (pIAA) and a r e  organized 
i n  an operon. I n  a d d i t i o n ,  o leander  i s o l a t e s  f u r t h e r  conver t  IAA t o  an  amino ac id  conjugate  
3-indole-acetyl-E-L-lysine.  IAA conjugates  a r e  ub iqu i tous  i n  h igher  p l a n t s ,  and are thought 
t o  p lay  a r o l e  i n  development by the  r egu la t ion  of f r e e  IAA pool s i z e s .  

To f a c i l i t a t e  r e sea rch  i n t o  the  b i o l o g i c a l  s i g n i f i c a n c e  of IAA-lysine production on 
g a l l  development, t he  IAA-lysine gene (M) was cloned i n t o  E. c o l i  (pLG87). The s p e c i f i c  
a c t i v i t y  of IAA-lysine syn the ta se  from the  E. 
higher  than the  s p e c i f i c  a c t i v i t y  of the  syn the ta se  from p. savas t ano i .  TN5 mutagenesis of 
the  1. savas t ano i  pLG87 DNA i n s e r t  i n d i c a t e s  t h a t  t h e  iaaL l ocus  i s  2kb upstream from the  
IA4 operon. The iaaL l ocus  is  no t  p a r t  of t he  MA operon, a l though i t  is  i n  c lose  proximity 
t o  t h e  IAA genes on the  pIAA plasmid on a l l  t e s t e d  o leander  i s o l a t e s .  

SYRINGE PV. SAVASTANOI. N .  Louise Glass and Tsune Kosuge, P l an t  Pathology 

Ga l l  format ion  i s  dependent upon the  b a c t e r i a l  p roduct ion  of t h e  

In  oleander i s o l a t e s  

c lone  pLG87 appears  t o  be s i g n i f i c a n t l y  

1680 
E l y t r i g A a  elongadta (=Agropy-on epngatum)  and a number o f  r e l a t e d  species n a t u r a l l y  occur 
on seas ores an s a l i n e  so1 s an a re  exceedingly s a l t - t o l e r a n t .  Th is  h i g h  sa l t - t o le rance  
o f  E l y t r i g i ?  i s  expressed even when the  E ly t r i  i a  genome i s  combined w i t h  those of  
s a l t - s e n s i t i v e  bread wheat, as i s  i n  t h e d i d  T. aest ivum sv.  Chine34 Spr i yg  X i. 
e lon  a ta .  
sea-:ater. To i n v e s t i g a t e  the  molecu la r  bas i s  of thi-s h i g h  sa l t - t o le rance  each o f  t he  7 
complete chromosomes and 13 o f  t he  14 chromosome arms o f  i. e longata  were added t o  and 
s u b s t i t u t e d  f o r  t he  chromosomes o f  Chinese Spr ing  wheat. 
more s a l t - t o l e r a n t  than Chinese Spr ing  wheat, E. e longata  s a l t  t o le rance  must depend on 
the  express ion  o f  genes on several  E l y t r i  i a  cfiromosomes. To c lone some o f  these genes we 
hypothesized t h a t  t he  genet ic  s y s t e d l i n g  s a l t - t o l e r a n c e  i s  induced by  s a l t  s t ress .  
Therefore,  we i s o l a t e d  po lyA t  RNA’s f rom the  roo ts  o f  t he  amphip lo id  grown i n  a n u t r i e n t  
s o l u t i o n  w i thou t  s a l t  and th ree  days a f t e r  s a l i n i t y  was p rog ress i ve l y  increased t o  250 mM 
NaCl. The mRNA popu la t ions  were i n  v i t r o  t r a n s l a t e d  w i t h  35 rabb i t  r e t i c u l o c y t e  c e l l - f r e e  
t r a n s l a t i o n  system and s y n t h e s i z e b p m n s  l a b e l l e d  w i t h  
i s o e l e c t r i c  focussing-SDS-PAGE. 
p lan ts  t h a t  were absent i n  the  nont rea ted  c o n t r o l .  A cDNA l i b r a r y ,  us ing  mRNA i s o l a t e d  
from the  amphip lo id  acc l ima t ing  t o  s a l t - s t r e s s  i s  be ing  made. 
the  E. e lon  a t a  s a l t  t o le rance  genes w i l l  be i d e n t i f i e d  by c ross  h y b r i d i z i n g  the  l i b r a r y  
with-cD&alt-t;eated and nont rea ted  p l a n t s  o f  the  amphiploid.  

TOWARDS UNDERSTANDING OF THE MOLECULAR BASIS OF SALT TOLERANCE I N  ELYrRIGlA, 
P a t r i c k  Gu l i ck  and Jan Dvorak, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis, CA- 

Th i s  amphip lo id  was shown t o  be h i g h l y  toTerant  t o  Na , C1- Mg , SO,, and 

Since none o f  these stocks  were 

S were f r a c t i o n a t e d  by 2-0 
A t  l e a s t  f o u r  major p r o t e i n s  occur red  i n  the  s a l t - t r e a t e d  

The clones complementary t o  

Studies  were made t o  d e t e r n i n e  t h e  g e n e t i c  and biochemical d i f f e r e n c e s , i f  
any, between two i sogenic  bean l i n e s  d i f f e r i n g  i n  t h e i r  r e s i s t a n c e  t o  bean 
anthracnose, This was based on two enzyne systems : peroxidase and esteFase 
It was revea led  t h a t  r e s i s t a n t  and s u s c e p t i b l e  p l a n t s  d i f f e r e d  i n  t h e i r  
bandin5 p a t t e r n s  and i n t e n s i t i e s .  These d i f f e r e n c e s  viere dependent upon 
t h e  s t a g e  of development. There a r e  s p e c i f i c  isozymes which a r e  present  
i n  s u s c e p t i b l e  l i n e  only a t  c e r t a i n  s t a g e  of development. T’ne.re bards,S2 
and C 4 ,  thus  can be used a s  genetic/biochemical markers f o r  s c r c n i n g  
t h e  populat ions f o r  r e s i s t a n c e  t o  bean anthrecnose. The t o t e l  peroxid-.se 
a c t i v i t y ,  e s p e c i a l l y  i n  t h e  ?riv:ary lecives, did. not  show cons tan t  diffexances 
between r e s i s t a n t  and SusceDtible l i n e s .  The t r i f $ l i a t e  leaves  showed t h a t  
t h e  s u s c e p t i b l e  l i n e s  had higher  pnroxidase a c t i v i t y .  
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1682 A LOW COPY NUMBER, W - L I K E  TRANSPOSON I N  MAIZE, 5 I ;h t r i ck  A. Johns ,  Jotl;? i i o t t i n g e r  
and ? l i c h a e l  F r e e l i n g ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  U e r k e l e y ,  CA 94720 

- 651, a t r a n s p o s a b l e  element t h a t  moved i n t o  t h e  ma ize  /idhl gene f o l l o w i n g  b a r l e y  s t r i p e  
mosa ic  v i r u s  i n f e c t i o n  i s  p r e s e n t  i n  1-5 c o p i e s  i n  a l l  ma ize  and t e o s i n t e  l i n e s  t e s t e d .  
- Bsl sequences do  n o t  h y b r i d i z e  w i t h  t h e  genome o f  b a r l e y  s t r i p e  mosa ic  v i r u s .  
t i o n  o f  B s l  i s  bounded by 304 bp p e r f e c t  d i r e c t  r e p e a t s ,  s i m i l a r  i n  s t r u c t u r e  t o  T& i n  
y e a s t ,  @& and r e l a t e d  elements i n  D r o s o p h i l a  and v e r t e b r a t e  p r o - r e c r o v i r u s e s ,  b u t  
d i f f e r e n t  f r o m  a l l  o t h e r  known p l a n t  t ransposons .  
o r  l a r g e  i n t e r n a l  d e l e t i o n s  o f  Bs  eleinents c o u l d  be d e t e c t e d .  B s l  i s  a p p a r e n t l y  n o t  
r e l a t e d  t o  s e v e r a l  t ransposons  w h i c h  move6 i n t o  t h e  Shrunken g e n e i n  l i n e s  made g e n e t -  
i c a l l y  u n s t a b l e  by  b a r l e y  s t r i p e  mosaic v i r u s  i n f e c t i o n ,  sugqes-cing t h a t  t h i s  v i r u s  
may cause genome shock, r e s u l t i n y  i n  a g e n e r a l  l i b e r a t i o n  o f  t ranspososns  i n  response  
t o  e n v i r o n m e n t a l  s t r e s s .  

The i n s e r -  

No f r e e  c o p i e s  o f  t h e  t e r n i n a l  sequence'  

1683 ISOLATION OF DEVELOPMENTALLY REGULATED GENES FROM COTTON, Joseph C. Kamalay, Glenn 
A. Galau and Leon S. Dure 111, University of Georgia, Athens,GA 30602 

A characteristic set of gene products has been identified in cotton embryos which 
appears to be coordinately induced by the plant hormone abscisic acid (ABA). (Dure, et a1 
1981). cDNA copies of the hormonally regulated messenger RNAs were isolated and iden- 
tified by hybrid-selected and hybrid-released in vitro translation. Using these cDNA 
clones as probes, RNA dot blot hybridization has shown that those gene sequences whose 
expression is controlled by ABA can be induced at mid-embryogenesis (ABA subset I) or 
at late embryogenesis (ABA subset 11). Several members of these developmentally regu- 
lated gene subsets have subsequently been isolated from cotton genomic libraries in 
Charon bacteraphage. The genes coding for the major cotyledon storage proteins, whose 
timed expression is distinct from that of the ABA-induced genes in cotton, have also 
been isolated. The structure of each gene and its flanking sequences have been examined 
by restriction endonuclease mapping. DNA sequence analysis of the 5' upstream regions 
of several of the genes of each developmentally regulated subset will be presented. 

16u DEVELOPMENTAL REGULATION OF SOYBEAN UREASE ISOZYMES, R.W. K rueger  and J.C. Po lacco ,  
Biochem. Dept., M121 Med. S c i .  Bld. ,  Un iv .  o f  M i s s o u r i ,  Columbia, MO 65212 

There  a r e  a t  l e a s t  two  isozymes o f  u rease  i n  soybean. The s e e d - s p e c i f i c  f o r m  i s  ex- 
p ressed  o n l y  i n  d e v e l o p i n g  embryos and compr i ses  0.2% o f  m a t u r e  seed p r o t e i n .  
f o r m  i s  termed t h e  u b i q u i t o u s  u rease  s i n c e  i t  i s  found  i n  a l l  t i s s u e s  examined, namely 
l e a f ,  c e l l  suspens ion  c u l t u r e  and seed coa t .  I t s  p resence  can  be d e t e c t e d  a l s o  i n  deve lop -  
i n g  embryos o f  a mu tan t  l a c k i n g  t h e  s e e d - s p e c i f i c  form. 
1 / 5 0 0 t h  t h e  l e v e l  o f  t h e  s e e d - s p e c i f i c  form. The two  forms a r e  n i c k e l  metal loenzymes and 
s h a r e  s u b u n i t  s i z e  and s t r u c t u r e .  However, t h e y  a r e  e a s i l y  d i s t i n g u i s h a b l e  w i t h  r e s p e c t  t o  
pH optimum and a f f i n i t y  f o r  i n h i b i t o r s  (hyd roxyu rea  and phenylphosphordiamidate) and seed 
u r e a s e  a n t i b o d i e s .  

A s y n t h e t i c  21-mer o l i g o n u c l e o t i d e ,  based on a 7 amino a c i d  sequence o f  t h e  seed-spe- 
c i f i c  u rease ,  was used t o  p robe  a soybean genomic l i b r a r y  i n  Charon 4A. O f  t h e  20 c l o n e s  
r e c o v e r e d  f i v e  were  chosen f o r  f u r t h e r  c h a r a c t e $ i z a t i o n  based on t h e i r  homology t o  a pen ta -  
decamer p r i m e r  ex tended  on soybean seed p o l y ( A )  RNA. The p r i m e r  sequence was based on a 
p u b l i s h e d  p e n t a p e p t i d e  o f  Jack  bean seed urease. These 5 c l o n e s  h y b r i d i z e  a 3.3 KB RNA, 
wh ich  i s  t h e  s i z e  o f  t h e  25s rRNA and mRNA f o r  l i p o x y g e n a s e  and urease. However, t h e s e  
c l o n e s  do n o t  h y b r i d i z e  known c l o n e s  f o r  rRNA o r  soybean l i poxygenase .  

amino a c i d  sequence o f  soybean and Jack bean urease. 

The second 

The u b i q u i t o u s  u rease  i s  f ound  a t  

We a r e  c u r r e n t l y  a t t e m p t i n g  t o  a l i g n  t h e  n u c l e o t i d e  sequence o f  t h e s e  c l o n e s  w i t h  known 
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1685 T-DM G3E lRA\5MISSICS A\ID EXFVE5SION IN To&acco PIAN- R & m m  FRCM CELL5 RNSFWXD BY s- 
‘KT37 T-tNA, Gsry A. Wleck end Ardrew B i n n s ,  Lhiwrsity of Pen?sylvania. Philadelphia. Pa. 19104 

T-nU trat-sfod plat cells provide an attractive nodel system for elucidating plant g e w  express- 
ion regulation. 
h. mtated Tin7 plasmid (the tmr locus is iinctivated)(l) and the plants regenerated from these 
cells. 
stably integrated a d  i&terited. Segregatiml analysissuggests that the T-Wispresent in 
eight lit-? groups -t of &ich have at least ay1 copy capable of full activity. 
h b g e  graips are mt inherited 111 a Yendelian fashion. 

Pupresswl in tissue culture, are fwrd to be greatly r&.ed in a percentage of these plants (mp-) 
m d  this reduction is maintain& in a heritable fashion in m e  of the progmy from subsequent cut- 
,crossings. In same a s c s  hoyever,the lwel of transcriptim a n  iwrease durux the growth ard 
devPlopment of these “p planLs.Vobrthem analysis suggests thaL while transcription from the 
auxin autormy genes (the tms Imi, transcripts N 1  62) is lower in the regmerated plants vs. the 
sme cells in culture, the extent of this dm-rrasc may differ between the t m  loci. 
p’riments to detrmiw the basis for these tr.mscriptiora1 llatLrrns a l l  be described. 

We have been exmining T - N  transmissiai and transcription in cells transformxi 

I W  T-Dpj?\ in the plants is present in high c-umber(20-40 ccpieshaploid genome) and is 

Some of these 

Steady state transcriptia, from tlr mpaline synthase gene, which is mrmally constitutively 

Fbrther ex- 

I .  K.A. Barton, A.S. Binns, A.J.M. % t z h  arrf M.-0. (Ililton. C&. Vo1.32, 1033-1043, Aprll 1983. 

1686 
We a re  i n v e s t i g a t i n g  the  o rgan iza t i on  o f  t he  5s r ibosomal RNA (rRNA) gene f a m i l y  i n  wheat 
i n  o rde r  t o  s tudy  the  concer ted  e v o l u t i o n  o f  a mu l t i -gene f a m i l y  l oca ted  on non-homologous 
chromosomes. 
n u l l i - t e t r a s o m i c s ,  d i t e losomics  and a l i e n  s u b s t i t u t i o n s ,  by p rob ing  w i t h  plasmid pTA 794 
(a  5s rRNA gene c loned from Chinese Spr ing  wheat by W. Ger lach) and T. Dyer. 

L i k e  the  wheat 18s and 26s RNA genes, t he  55 rRNA genes a re  ar rayed as tandem 
repeats;  u n l i k e  t h e i r  18s and 28s counterpar ts ,  they  a re  h i g h l y  heterogenous f o r  
r e s t r i c t i o n  enzyme r e c o g n i t i o n  s i t e s .  
de f i ned  by repeat  leng th .  
s h o r t  arms o f  chromosomes 1B and 1D. 
chromosomes 5A, 58 and 5D. 
conserved b u t  t he  sequences, surveyed by r e s t r i c t i o n  enzyme d iges t i on ,  a re  diverged. 
I cleaves the  5s rRNA repeats found on chromosomes 1D and 5B b u t  n o t  lB, 5A o r  5D. 
Amongst t he  group 5 chromosomes, on l y  the  5A repeats  have Hae 111 s i t e s .  
and Taq I s i t e s  a re  i n  the  spacer. 
homogenization o f  t he  non-coding spacer sequences between non-homologous’ chromosomes. 
Th is  i s  a marked c o n t r a s t  t o  the  18s-26s rRNA gene system i n  wheat; t he  spacers found i n  
the  1B and 68 l o c i ,  desp i te  t h e i r  l eng th  polymorphims, a re  99% homologous f o r  each o the r  
i n  sequence. 
concerted e v o l u t i o n  o f  a l l  gene f a m i l i e s  based on a s i n g l e  study. 

ORGANIZATION OF THE 5SrRNA GENE FAMILY IN  WHEAT, Michael W. Lassner and Jan 
Dvorak, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis,  CA 95616 

We have u t i l i z e d  southern b l o t  analyses o f  60 aneup lo id  wheat l i n e s ,  

There a re  2 sub fami l i es  o f  t he  5s rRNA genes as 
A 410 base p a i r  (bp) long f a m i l y  i s  p resent  e x c l u s i v e l y  on the  

Taq 

A 500 bp f a m i l y  i s  found on the  s h o r t  arms o f  
W i th in  each homoeologous group, t he  lengths  o f  t he  repeats a re  

Both the  Hae I 1 1  
Th is  c l e a r l y  shows t h a t  t he re  i s  l i t t l e  o r  no 

Th is  suggests t h a t  one should exerc ise  cau t ion  i n  genera l i z i ng  about 

1687 AllABAENA VARIABILIS: A MOOEL FOR THE STUDY OF DEVELOPMENTALLY REGULATED GENE EX-  
PRESSION, Melanie E. Lynn & James 0. Ownby, Okla. S ta te  Univ., S t i l l w a t e r ,  OK 

74078. 

6. v a r i a b i l i s  i s  a f i lamentous  cyanobacterium t h a t  has served as a model system f o r  t he  
study o f  c e l l u l a r  d i f f e r e n t i a t i o n  by ou r  l abo ra to ry .  When c e l l s  a re  t r a n s f e r r e d  t o  medium 
l a c k i n g  EIH4 & NO-, each f i l a m e n t  d i f f e r e n t i a t e s  spec ia l i zed  c e l l s  c a l l e d  he terocys ts  t h a t  
occur i n  a r e g u l i r  p a t t e r n  a long the  f i l a m e n t  and which a re  the  s i t e s  o f  n i t rogen  f i x a t i o n .  
Several f ea tu res  o f  t h i s  process make i t  an a t t r a c t i v e  model system: 1 )  t he  genome i s  smal l  
and lacks  r e p e t i t i v e  DNA; 2 )  morphological  development o f  t he  he te rocys t  can be monitored 
m ic roscop ica l l y ;  3)  t he  mature he terocys t  forms 48 hours a f t e r  t he  onset o f  n i t r o g e n  s ta rva-  
t i on ;  4 )  he te rocys t  N - f i x a t i o n  can be assayed by an C H2-reduct ion technique; 5 )  t he  f u l l y  
d i f f e r e n t i a t e d  s t a t e  ?ons is t s  o f  o n l y  two c e l l  types w$ich can be r e a d i l y  separated. 

0NA:RNA h y b r i d i z a t i o n  techniques have been used by ou r  l a b o r a t o r y  t o  determine the  number 
of  genes requ i red  f o r  he te rocys t  d i f f e r e n t i a t i o n .  
6000 genes present  i n  the  u n d i f f e r e n t i a t e d  c e l l s  a re  t ranscr ibed.  
these c e l l s  f a l l  i n t o  2 general  f requency classes - an abundant c lass  (18 c o p i e s / c e l l )  and a 
r a r e  c lass  ( <  1 c o p y l c e l l ) .  The d i f f e r e n t i a t e d  he te rocys t  expresses ca. 42% o f  t he  sense 
s t rand,  equ iva len t  t o  more than 2000 genes, 1500 nuc leo t ides  i n  mean length .  The mRriAs 
produced by these c e l l s  a re  p resent  i n  on l y  one frequency c lass  o f  low abundance. Only a 
f r a c t i o n  o f  these sequences, however, a re  unique t o  the  he terocys t .  

We have found t h a t  54% o f  t he  approx. 
The mRNAs produced by 
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1688 
TOMATO FRUIT SPECIFIC GENE EXPRESSION. E r i k  Mansson, E l l e n  Monson, Ann 
P o k a l s k y ,  B i l l  H i a t t  and David S t a l k e r .  

_ _ _  I n  v i t r o  t r a n s l a t i o n  o f  u n r i p e  and  r i p e  f r u i t  poly(A+)RNA i n d i c a t e d  s e v e r a l  
d i s t i n c t  d i f f e r e n c e s  i n  the  p r o t e i n  p a t t e r n  when t h e  t r a n s l a t i o n  p r o d u c t s  
w e r e  a n a l y z e d .  

A cDNA l i b r a r y  w a s  c o n s t r u c t e d  frofp2poly(A+)RNA i s o l a t e d  f r o m  r i p e  
f r u i t .  The l i b r a r y  was s c r e e n e d  w i t h  P-cDNA s y n t h e s i z e d  f rom u n r i p e  and 
r i p e  poly(A+)RNA r e s p e c t i v e l y .  By combining  t h i s  d i f f e r e n t i a l  h y b r i d i z a -  
t i o n  s c r e e n  w i t h  N o r t h e r n  a n a l y s i s  g e n e s  e x p r e s s e d  a t  s p e c i f i c  s t a g e s  of 
f r u i t  deve lopment  w e r e  i d e n t i f i e d .  Data w i l l  be p r e s e n t e d  r e p r e s e n t i n g  
f o u r  c D N A ' s  t h a t ,  w i t h  r e s p e c t  t o  t h e i r  d e v e l o p m e n t a l  e x p r e s s i o n ,  c o v e r  
v a r y i n g  s t a g e s  o f  f r u i t  d e v e l o p m e n t .  These  f o u r  cDNA's w e r e  used  a s  p r o b e s  
a g a i n s t  a tomato genomic l i b r a r y .  T h e  genomic o r g a n i z a t i o n  of these g e n e s  
w i l l  a l s o  be d i s c u s s e d .  

Many c h a n g e s  i n  g e n e  e x p r e s s i o n  o c c u r  d u r i n g  tomato f r u i t  r i p e n i n g .  

1689 
Institute, Cambridge, U.K. 

GENOME REARRANGEMENT IN THE EVOLUTION OF A DEVELOPMENTALLY-REGULATED WLTIGENE FAMILY 
IN WHEAT, R.A. Martie=, D.C. Baulcombe and C.M. Lazarus, Plant Breeding 

Cereal aleurone layers secrete two classes of a-amylase in response to gibberellic acid. 
cDNA clones of each class, which differ in timing of expression, starch specificity and 
genetic organisation, have been used to isolate nuclear DNA sequences corresponding to 
members of both related multigene families. 

It has been possible to assign these clones to given chromosomes using DNA prepared from 
aneuploid lines of wheat. 
can be followed from diploid through tetraploid and finally to hexaploid wheats. 
gene duplication and conversion as processes of sequence turnover between and within 
chromosomes is examined, along with restriction fragment length variants associated with 
these events. 

Comparison of two members of such a sub-family by heteroduplex mapping and sequencing reveal 
the presence of a transposon-like insertion sequence in the S'-flanking region of an a-Amy-1 
gene in T. aestivum CV. Chinese Spring. Some other hexaploid varieties and the tetraploid 
progenitor allele appear to lack this insertion. 
sequence, with inverted repeats and direct target duplications, will be presented. 

Using these assignments, the evolution of sub-family structures 
The role of 

The structure of the putative insertion 

1690 P I I O T O S Y N T H E T I C  G E N E  EXPRESSION AND CELLULAR DIFFERENTIATION IN DEVEL- 
OPING MAIZE LEAVES, Belinda Martineau, Stephen P. Mayfield, and 
William C. Taylor, University of California, Berkeley, CA 94720 

The basipetal pattern of maize leaf development results in a positional grad- 
ient of cell ages along the length of a young leaf. This simple pattern is 
somewhat complicated by the differentiation o f  bundle sheath cells; a photo- 
synthetic cell type of maize leaves in addition to the leaf mesophyll. This 
"complication" of cellular dimorphism is interesting because the two cells 
functionally cooperate in the multi-step scheme of C O 2  fixation called C 4  
photosynthesis. Maize uses two COZ-fixing enzymes (PEPCase and RuBPCase) 
which are located exclusively in mesophyll and bundle sheath cells, respec- 
tively, of the plant's leaves. I have found that PEPCase and RuBPCase mRNAs 
are also restricted to these respective cells types in mature leaf tissue. I 
have taken advantage of the leaf positional gradient to compare changes in 
gene expression involved in C4 photosynthesis with leaf morphological devel- 
opment monitored using light microscopy. We find accumulation o f  RuBPCase 
(large and small subunit) and PEPCase, and that of the mRNAs associated with 
these proteins, increases dramatically as bundle sheath cells become morpho- 
logically differentiated. Measurable quantities of all three mKNAs are, 
however, found in the relatively undifferentiated basal portion of the leaf. 
1 am currently using in situ hybridization techniques to determine whether 
RuBPCase mRNAs are presentonly in cells predetermined to be bundle sheath. 

220 



Plant Genetics 

1691 
Changes i n  mi tochondr ia1  DNA assoc ia ted  w i t h  NCS mutants of maize.--"Nonchromosomal 
s t r i p e "  (NCS) r e f e r s  t o  uns tab le ,  m a t e r n a l l y  i n h e r i t e d  n u t a n t s  i n  maize wh ich  e x h i b i t  
d r a s t i c  a T v a r i a b l e  phenotyp ic  e f fec ts  i n c l u d i n g  s h o r t  s t a t u r e ,  reduced v i a b i l i t y  and 
v i g o r ,  abnormal growth p a t t e r n s  and l e a f  s t r i p i n g  (Shumway and Bauman, Genet ics  55: 33; 
Coe, Maydica 28: 151).--Analyses o f  t h e  m i t o c h o n d r i a l  genomes w i t h  r e s t r i c t i o n  enzymes 
show t h a t  t h e r e  are  s p e c i f i c  changes i n  t h e  mtDNA of t h e  NCSZ and NCS3 mutants, 
r e l a t i v e  t o  t h e  mtDNA of t h e i r  common p r o g e n i t o r  l i n e .  
mtDNA band and gained a 20.5 kb Xhol f ragment.  NCS3 p l a n t s h a v e  a nove l  20 kb Xhol 
band i n  t h e i r  mtDNA, which i s  q u a n t i t a t i v e l y  c o r r e l a t e d  w i t h  a r e d u c t i o n  i n  a 16 kb 
fragment. A new P s t I  f ragment of  23 kb has been observed w i t h  mtDNA f r o m  NCS3 , 
whereas NCSE mtDNA c o n t a i n s  a nove l  7.6 kb P s t I  band and has l o s t  a 3.7 k b z d .  The 
mtDNA changes i n  NCS p r o b a b l y  do n o t  r e s u l t  f rom s imp le  losses  i n  s p e c i f i c  r e s t r i c t i o n  
s i tes.--The NCS m x t i o n s  are  uns tab le ;  t h a t  i s ,  p l a n t s  which o n l y  t r a n s m i t  normal 
phenotypes a s o c c a s i o n a l  l y  found i n  mutant stocks.  These normal d e r i v a t i v e s  o f  NCSZ 
and NCS3 have a l s o  l o s t  t h e  d i f f e r e n c e s  i n  mtDNA. We propose t h a t  t h e  changes in- 
m t D N A s e r v e d  i n  t h e  NCS mutants a f f e c t  e s s e n t i a l  m i t o c h o n d r i a l  genes and t h a t  t h e i r  
d r a s t i c  e f f e c t s  on p l a n t  g rowth  a r e  due t o  t h e  s o r t i n g  o u t  o f  d e f e c t i v e  f rom normal 
mi tochondr ia  i n  d i v i d i n g  c e l l s  d u r i n g  development. I f  no mutant m i t o c h o n d r i a l  genomes 
are  present  i n  t h e  c e l l s  g i v i n g  r i s e  t o  progeny, t h e  a b e r r a n t  p l a n t  phenotypes w i l l  no 
l o n g e r  be t r a n s m i t t e d .  

Newton, K.J. and E.H. Coe, Jr., Univ.  o f  M i s s o u r i  and USDA, Columbia, MD. 

N C m a s  1 0 s E  8 kb XhoI 

1692 
Biroit Piechulla, Karin Imlay, Karno Thelander, Kilhelm Gruissem 
Universitv of California, Berkeley, CA 94720. 
The ripeninn process in tomato, L.esculentun, has been characterized by 
physioloqical an? morpholouical chanues. The differentiation of chloroplast8 
into chromoplasts occurinq durinu fruit ripeninu has so far only been de- 
scribed by ultra structural channes. %ere we present the results which in- 
dicate,that transcription of certain tomato plast.id qenes does occur throunl 
out the ripenina process (atp A, _osb A : transcripts for these aenes are 
found at all staqes). Other qenes, however, show a narked decrease in the 
level of transcription during the progression from green fruit to red fruit 
(rbc L, -, = A ) .  These results lead us to believe that transcriptior of 
chloroplast qenome is differentially regulated during plastid conversion. 

We have isolated clones from a plastid DNA library, in order to study 
DRA sequences which miqht be involved in Sene regulation (transcriptional 
or translational level). Kost of the isolated qenes (@ A, rbc L, @ C, 
I atD E, H, A, G, psa A) have been mapped to similar positions on 
the tomato plastid qenome as are found on the plastid aenome from spinach. 

PLASTID GEPZ CXPWSSION DURING FF.UIT RIPESING IN TOI\!ATO 

MUTANTS WITH UNORDEKY CHLOROPLAST MOWHOGENESIS I N  ZEA MAYS, Mary L. Polacco, 
Universi ty  of Missouri, Columbia, MO 65212 1693 

Assembly of t h e  major thylakoid c m p l e x ,  t h e  chlorophyl l  ( a /b )  l i g h t  harvest ing 
complex ( L H C I I ) ,  i s  normally a l a t e  event  i n  t h e  development of eucaryot ic  photosynthet ic  
membranes. A nUCkar,  v i r e s c e n t  (!; slow-to-green) mutant ( ~ * - 4 2 4 )  has  been found t h a t  
p e r m i t s  LHCII  t o  assemble e a r l i e r  than usual. 
from t h e  normal d i f f e r e n t i a t i o n  sequence. Three o t h e r ,  independently induced, v i r e scen t  
mutants a l l e l i c  t o  1*-424 have been i s o l a t e d  from MG Neuffer ' s  c o l l e c t i o n  of M Z  progenies.  
All were s i m i l a r  t o  v*-424 and permit ted e a r l y  assembly of L H C I I  during development. 
Curiously,  some Progenies f o r  two of t h e  mutants (!*-576, ~ * - 5 8 8 )  a l s o  segregated y s i b l i n g s  
with normal, a l b e i t  delayed, thylakoid d i f f e r e n t i a t i o n  sequence. 
I have confirmed t h a t  both !-phenotypes a r i s e  from t h e  same locus.  

could be a t t r i b u t e d  to a d e f e c t  i n  any process  t h a t  would slow p r o t e i n  syn thes i s  by t h e  
developing p l a s t i d .  
d i s t i n c t ,  assembly o rde r s  suggests  t h a t  the-locus i s  in t ima te ly  involved i n  developmental 
t iming. 
mental t ime or ( 2 )  i s  unstable ,  undergoing changes of s t a t e  which may or may not  per turb 
the  d i f f e r e n t i a t i o n  sequence. 

Current r e sea rch  i s  d i r e c t e d  toward examination of p l a s t i d  p r o t e i n  syn thes i s  and 
L H C I I  turnover  i n  mutant and normal t i s s u e ,  and a n a l y s i s  of gene t i c  i n t e r a c t i o n s  t h a t  
generate  t h e  two  v i r e s c e n t  phenotypes observed f o r  t h e  v*-588 a l l e l e .  

Most !-mutants do not  uncouple L H C I I  assembly 

In t h e  case of v*-588, 

Because no ch lo rop la s t  encoded genes a r e  know f o r  LHCII  assembly, t h e  ~ * - 4 2 4  phenotype 

However, f i nd ing  t h a t  v-mutations a t  a s i n g l e  locus can generate  two ,  

The mutated locus poss ib ly  ( 1 )  i n t e r a c t s  with o t h e r  l o c i  t h a t  modulate develop- 
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1694 
Institute, Troy, New York 12180-3590 
The control of chloroplast function by the nucleus may involve not only the 
supply of subunits for oligomeric chloroplast proteins and ribosomes, but 
also, in the case of ribulose bisphosphate carboxylase/oxygenase (RuBisCO), 
a 60 kDa protein which may facilitate assembly. Catalytic ("large") 
subunits of RuBisCO bound to this protein have been shown to participate 
in the assembly of RuBisCO in vitro (Milos and Roy, J. Cell Biochem. 24, 
153-162). The oligoneric complex containing this protein has been purified 
and examined by high resolution electron microscopy. It presents a 
symmetrical rosette appearance with a central hole or depression; other 
views show a layered structure. The complex possesses a measurable ATPase 
activity which leads to complete dissociation into subunits. A l l  the 
electron microscopic images are sensitive to ATP treatment, demonstrating 
their relevance to structural modelling of the complex. Research supported 
by NIH Grant to H. Roy. 

PROPERTIES OF THE LARGE SUBUNIT RUBISCO BINDING PROTEIN COMPLEX, 
Harry Roy, Susan Cannon and JaneF.Koretz, Rensselaer Polytechnic 

1695 ANALYSIS OF &&&&_C& flAPOS STORAGE PKOTLIN GENES, S t e v e n  K. S c o f i e l d ,  L o r r a i n e  E. 
S o l b e r a  and K a r t n a  L. Crouch, I n d i a n a  U n i v e r s i t y ,  Ulooi.iinbton, ICi 47405. 

We a r e  s t u d y i n g  c l o n e d  €iraaaig s t o r a g e  p r o t e i n  g e n e s  t o  i d e n t i f y  s e q u e n c e s  
r e s p o n s i b l e  f o r  t h e i r  i n t e r e s t i n ;  p a t t e r n  o f  e x p r e s s i o n .  E x p r e s s i o n  o f  t h e s e  b e n e s  i s  
c o n t r o l l e d  a t  t w o  l e v e l s .  E x p r e s s i o n  i s  d e v e l o p m e n t a l l y  c o n f i n e d  t o  embryon ic  t i s s u e .  
S e c o n d l y ,  t h e  r a t e  of e x p r e s s i o n  i s  n i o d u l a t e a  by t h e  p l a n t  , r o v t h  r e b u l z t o r ,  a t s c i s i c  
a c i a .  - Bras- h a s  t w o  t y p e s  of s t o r a g e  p r o t e i n s ,  n a p i n  a n d  c r u c i f e r i n .  G e c o n i c  S o u t h e r n  
b l o t s  sliow t h a t  b o t h  n a p i n  a n d  c r u c i f e r i n  a r e  e n c o d e a  by g e n e  f a m i l i e s .  T h e  n a p i r  f a m i l y  
h a s  a t  l e a s t  t w e l v e  members  an0  c r u c i i e r i n  nas t h r e e .  

C l o n e s  f o r  s i x  of t h e  n a p i n  f a m i l y  a n d  a l l  o f  t h e  c r u c i f e r i n  f a m i l y  h a v e  ~ c e n  
r e c o v e r e d  froi;: g e n o n i c  l a m b d a  l i b r a r i e s .  [lone o f  t h e s e  c l o n e s  c o n t a i n s  n o r e  t h a n  o n e  
s t o r a d e  p r o t e i n  zene.  A n a p i n  gece ,  p;Nl, i s  a l m o s t  c o m p l e t e l y  seqcenced .  I t  h a s  a J l b p  
i n t r o n .  SI n u c l e a s e  e x p e r i n . e n t s  i n d i c a t e  t h a t  t r a n s c r i p t i o n  s t a r t s  33bp i o x n s t r e a m  f r o a  
t h e  TATA box. An e n h a n c e r - l i k e  s e q u e n c e  w i t h  21bp o f  a l t e r n a t i n ,  p u r i n e - p y r i n i d i n c  o c c u r s  
b e t w e e n  t h e  A G G A  a n d  TATA b o x e s .  A p r o b e  f r o m  t h e  3' e n <  o f  t h i s  j e n e  h a s  bee r .  s h o w n  t o  
b e  s p e c i f i c  f o r  t h i s  f a m i l y  member  o n  g e n o m i c  b l o t s .  'This  p r o u e  h y o r i d i z e s  t o  a n a p i n  
s i z e  RNA on n o r t h e r n  b l o t s  s u g g e s t i n g  t h a t  pgNl i s  e x p r e s s e d .  

16% SELECTION OF YUTANTS I N  IAA-CONJUGATE HYDROLYSIS, J a n e t  P. S l o v i n  a n d  J e r r y  D .  
Cohen, P l a n t  Hormone Lab. USD4, B e l t s v i l l e ,  MD, US4. 

The l o n g - t e r m  o b j e c t i v e  o f  o u r  l a b o r a t o r y  i s  t o  u n d e r s t a n d  t h e  n e c h a n i s m s  by w h i c h  p l a n t s  
c o n t r o l  t h e  l e v e l  o f  t h e  phy tohormone ,  i n d o l e - 3 - a c e t i c  a c i d  (ZAA). I t  i s  i m p l i c i t  t h a t  i f  
a h o r n o n e  i s  t o  r e g u l a t e  p l a n t  g r o w t h  p r o c e s s e s  t h e n  t h e  c o n c e n t r a t i o n  of t h e  b i o a c t i v e  
compound i t s e l f  m u s t  be  r e g u l a t e d .  Yany o f  the l i m i t s  now p r e v e n t i n g  f u l l  i m p l e m e n t s t i o n ,  
i n  p l a n t s ,  o f  r e c e n t  a d v a n c e s  i n  b i o t e c h n o l o g y  a r e  o r o b a b l y  t h e  r e s u l t  of O U K  i n a b i l i t y  t o  
p r o p e r l y  c o n t r o l  t h e  h o r m o n a l  systems w i t h i n  p l a n t s  and  p l a n t  c e l l  c u l t u r e s .  
One  way  by w h i c h  p l a n t s  a r e  c a p a b l e  of i n c r e a s i n g  t h e  l e v e l  o f  f r e e  ( a c t i v e )  I A A  i s  by 
h y d r o l y s i s  o f  a m i d e  o r  e s t e r  c o n j u g a t e s  o f  t h e  h o r m o n e .  T h e  c o n j u g a t e  i s  b e l i e v e d  t o  b e  
i n a c t i v e  h o r m o n a l l y  b u t  may have  many d i f f e r e n t  f u n c t i o n s  i n  t h e  p l a n t .  F o r  example ,  t h e y  
a p p e a r  t o  b e  s t o r a g e  f o r n s  o f  t h e  h o r m o n e  i n  c o r n  k e r n e l s .  Ve h a v e  d e v e l o p e d  a p o s i t i v e  
s e l e c t i o n  f o r  s c r e e n i n g  f o r  m u t a n t  p l a n t s  o r  c e l l  l i n e s  t h a t  c a n n o t  h y d r o l y z e  c o n j u g a t e s  
o f  I A A .  The  r a t i o n a l e  f o r  o u r  s e l e c t i o n  i n v o l v e s  making one  o r  b o t h  of t h e  m o i e t i e s  of  t h e  
c o n j u g a t e  t o x i c .  F o r  t h i s  p u r p o s e  we have  s y n t h e s i z e d ,  and  a s s a y e d  f o r  t o x i c i t y ,  mono- a n d  
d i - h a l o g e n a t e d  I A 4  a n a l o g s ,  a n d  h a v e  s y n t h e s i z e d  I A A - a n a l o g  c o n j u g a t e s  a s  w e l l  a s  I A A  
c o n j u g a t e d  b y  a n  e s t e r  l i n k a g e  t o  t h e  m y c o t o x i n  p a t u l i n .  A p l a n t  t h a t  i s  c a p a b l e  o f  t h e  
h y d r o l y s i s  r e a c t i o n  w i l l  release t h e  t o x i c  compound and  i t s  g r o w t h  w i l l  be  s u p p r e s s e d  o r  
i t  may d i e .  T h e  r e s u l t s  o f  t h e s e  s e l e c t t o n s  on m a i z e  p l a n t s ,  L e E  p l a n t s  a n d  t i s s u e  
c u l t u r e s ,  and  e m b r y o g e n i c  c a r r o t  c e l l  l i n e s  w i l l  b e  p r e s e n t e d .  
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1697 STRUCTURE OF THE NIVEA LOCUS OF ANTIRRHINUM MAJUS AND CHRACTERISATION OF THREE 
TRANSPOSABLE ELEMENTS Taml, Tam2, Tam3 
Hans Sommer, Ulla Bonas, Enno Krebbers, Ralf Piotrowiak, Kailash 
Upadhyaya and Heinz Saedler, 
Max-Planck-Institut fiir Ziichtungsforschung, 5000 Kdln 30, FRG 

The nivea locus of A. majus codes for chalcon synthase (Chs), a key enzyme in 
flavanoid biosynthesis. Chs is light-inducible by the phytochrome system. DNA 
sequencing of genomic and cDNA clones allowed us to derive the structure of 
Chs: the coding region is interupted by two introns of 720 and 210 bp, respec- 
tively. A threefold repetition of  an ACCA is found 5' upstream to the TATA- 
box which might be important for the light-inducibility. 
Three nivea mutants were analysed. The two unstable mutants niv-rec53 and n i y  
rec98 carry DNA inserts in the promoter of the Chs gene: niv-rec53 a 17 kb 
long element, Taml, niv-rec98 a 3.5 kb insert, Tam3. The elements prevent ex- 
pression of the locus, but frequent excision during development leads to va- 
riegated phenotypes.In the stable white flowering mutant niv44 a 5 kb element 
(Tam2) is inserted close to the first exon/intron border. Taml and Tam2 in- 
duce a 3 bp duplication of the target site upon integration and possess the 
same inverted repeats at their ends. Both elements are members of the CACTA- 
family of plant transposable elements. Tam3 resembles the Ac/Ds elements in 
Zea mays: it makes a 8 bp duplication and 7 bp of its 12 bp inverted repeat 
are homologous to that of AC/DS. 

1698 
The transposable element Mu-1 has been isolated from mize lines exhibiting Robertson's 
Mutator activity, a nutation rate 20-50X higher than normal. (Bennetzen, et al., (1984) 
PNAS 81:4125) 
215 bp and four open reading frames. 

We have isolated 30 Mu-1 howlogous clones from a Mutator line. 
of the same size class as Mu-1, however, four contain Mutator elements which differ in size 
and organization compared to Mu-1. 
present in Mu-1. 
300 bp are not a duplication of sequences found in other Mutator elements nor are they 
highly represented in the DNA of non-nutator plants. 
smaller than Mu-1. Mu-S1 (1.0 kbp) has intact terminal repeats and internal segments which 
are howlogous to Mu-1. 
polynnrphism which indicate they could not have arisen fromMu-1 by a single insertionlde- 
letion event. 
show less howlogy to Mu-1. We are sequencing the elements to determine their coding capa- 
bilities and their relationship to Mu-1. The 300 additional base pairs present in Mu-L may 
have the capacity to code for an additional protein. 
useful in following the segregation and transposition of Mu-L independent of other elements 
in the Mutator system. 

VARIABILITY AMONG MLITATOR ELEMENTS. Loverine P. Taylor and Virginia Walbot 
Department of Biological Sciences, Stanford University, Stanford, Ca. 94305 

Mu-1 is 1367 bp in length and contains terminal inverted repeats of 213 and 
(Barker et al., (1984) NAR 12: 5955) 

Twenty-six contain elements 

Mu-L, a 1.7 kbp element contains 300 bp which are not 
Electron microscopy and hybridization experimnts show that the additional 

The other three novel elements are 

Both Mu-L and Mu-S1 contain small deletions and/or restriction site 

Mu-S2 (800 bp) and Mu-S3 (650 bp) do not have intact terminal repeats and 

These unique sequences will also prove 

1699 
Soybean is a Quantitative SDP requiring two inductive cycles for floral initiation, which 
occurs first in the most undifferentiated meristem in an axil of a main stem leaf. Further 
progression of floral initiation to other meristems and its completion (signified by floral 
initiation at the main stem apex) requires additional inductive cycles. In chambers at the 
NCSU Phytotron with 26/22"C day/night temperatures and a 9-h photoperiod the main stem apex 
is committed to flowering after 8 SD with differentiation of the first flower after 10 SD. 
Changes in rate of leaf initiation, apical geometry, and nuclear DNA were followed daily 
during this period and compared with apices from plants kept under non-inductive LD. The LD 
photoperiod was given as a 3-h light break in the midale of the dark period. At emergence 
all plants had initiated 3 leaf primordia, and while vegetative maintained a plastochron 
interval of 2.0 dayslleaf. On day 7 the plastochron was shortened to 1 day in SDP, followed 
on day 8 by the appearance of the floral primordium at the apex. Apical geometry remained 
unchanged until after 6 SD when the height of the dome from apex to point of insertion of 
the 2nd youngest leaf decreased due to less elongation in the rib meristem. Earlier events 
included a significantly lower amount of nuclear DNA in SD apices after 1 SD cycle, followed 
by a dramatic surge in DNA after 5 SD which peaked after 6 SD before declining. Shifts in 
increasing proportion of the population of nuclei from the 4C to 2C condition occurred after 
1 SD and 3 SD. These events, though extended in time, resemble those which occur more 
rapidly during induction in apices of absolute photoperiodic species. 

EARLY EFFECTS OF FLORAL INDUCTION ON SHOOT APICAL ACTIVITY IN GLYCINE MAX (L) MERR. 
Judith F. Thomas and Malee Kanchanapoom, Botany Dept., NC State Univ., Raleigh, NC 
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1700 BIOCHEMICAL AND CELLULAR PROPERTIES OF A SOMATIC EMBRYOGENIC, ANTHER 
DERIVED CELL LINE OF CORN, N.4. Yang and T. Moen, Agracetus, Middleton, WI 53562 

Corn YTlO cells were established from anther cultures of a hybrid corn. Through long-term cultivation 
and selection of these cells, we have developed a hard, friable callus cell line. Using a combination of 
dicarnba and proline treatment in the tissue culture growth medium, we have induced high frequency of 
somatic embryogenesis and plantlet regeneration in these YTlO cultures. Light and electron 
microscopic studies showed that both normal and aborted embryos at various developmental stages 
were present as clusters arising from background, undifferentiated callus structures. Two dimensional 
SDS PAGE analysis revelaed that  1) two high PI, 4Okd polypeptides and one lower PI, 50kd polypeptided 
a re  expressed in embryoidal tissues, but a r e  absent in non-embryogenic callus; and 2) these three and 
six additional polypeptides of various molecular weights a re  expressed in regenerating leafy tissues and 
plantlets. These protein profile data thus partially define the biochemical complexity of the early 
somatic embryogenesis process in corn. Some information on the biochemical-genetic background of 
this cell line was obtained with tests on the expression of several genetically determined corn isozyme 
markers. The embryogenic callus tissue can be moderately digested with enzymes to  release 
protoplasts. These various properties of the YTlO cell line make i t  a highly desirable culture system 
for use in genetic engineering of corn. 

Developmentally Regulated Genes 

1701 
Rhizobium is a genus of bacteria which infect plants, stimulating the formation of symbiotic 
nitrogen fixing root nodules. Genes of both plant and bacteria are required for this 
process to occur (1). We have identified and characterized a cluster of Rhizobium meliloti 
genes involved in the infection of its plant host, alfalfa. Such genes have also been 
identified in other fast growing Rhizobium strains ( 2 - 5 ) .  Three genes, A, B, and C, are 
linked closely and read in the same translation direction; a fourth, D, begins near the 5' 
end of nodA and reads in the opposite direction. Tn5 insertions in A,B, and C result in a 
c o m p l e t e d -  phenotype, while nodD mutations are phenotypically leaky Nod-. These genes 
are functionally conserved in at least two other Rhizobium species, and do not affect the 
host range. All four genes are highly conserved at the amino acid sequence level in these 
different species as well, as determined by the work of the Stanford, Szeged, John Innes and 
ANU laboratories. Inspection of the sequence of nodC indicates possible signal peptide 
character, consistent with membrane localization of this of gene product. NodC has the 
further interesting property that it behaves as two genes in merodiploid complementations, 
which may indicate two functional domains in the protein or may reflect action of a 
recombinational hotspot. The protein products of these genes have been studied by 
overexpression in E .  & maxicells, minicells and in vitro (S-30) expression systems. 
- nodA gene product has been purified from overexpressing its gene in E. & under the 
direction of the 9 promoter; the protein has been used to generate antibodies for use in 
localization and expression studies. Similar approaches are being tried for studying the 
other nod gene products. The nod genes do not appear expressed in RNA from free-living 
bacterial cells, nor are there detectable nod gene transcripts in differentiated nitrogen 
fixing bacteroids. We have used gene fusions to provide an assay for expression of the 
nodulation genes. An in-frame translational fusion of @ and && has been obtained, and 
it demonstrates that there is increased translation of the nodC region in bacteria exposed 
to root extract. Thus the possibility exists that plants influence the activity of the 
bacterial genes used in plant invasion. 

1. Long, S .  (1984) in Plant Microbe Interactions, edited T. Kosuge and E. Nester, 

2. Long, S .  Buikema, W. and Ausubel, F. (1982) Nature 298:485-488. 
3. Kondorosi, E. et al. (1984) M.G.G. E:445-452. 
4. Downie, A. et al. (1983) EMBO J. 2:947-952. 
5. Schofield, P. et a1 (1983) Mol. Gen. Genet. =:459-465. 

GENETIC CONTROL OF RHIZOBILIM-PLANT INTERACTIONS. Sharon R. Long, Department of 
Biological Sciences, Stanford University, Stanford CA 94305. 

The 

Macmillan Press. 

224 



Plant Genetics 

GENES FOR PHOTOSYNTHESIS I N  ZEA MAYS, Donald Mi les,  M a r j o r i e  Hunt and P h i l l i p  
McClean, D i v i s i o n  o f  B i o l o g i c a l  Sciences, U n i v e r s i t y  o f  M issour i ,  Columbia, MO. 
6521 1. 

The development o f  the  p h o t o s y n t h e t i c  apparatus i s  regu la ted  b y  s t r u c t u r a l  genes i n  t h e  

Nuclear gene 

1702 

nucleus and i n  t h e  p l a s t i d  genome. 
a c t i v i t y  o f  o t h e r  genes b o t h  i n  t h e  c h l o r o p l a s t  and the  nucleus. 
nuc lear  genes i n  maize were mutated b y  ethylmethane s u l f o n a t e  (EMS) treatment.  
mutants can cause t h e  complete i n h i b i t i o n  o f  photosynthes is  by b l o c k i n g  the  normal assembly 
o r  s t a b i l i z a t i o n  o f  t h l a k o i d  membrane p r o t e i n  complexes. 
which cause the  complete l o s s  o f  a l l  po lypept ides  and f u n c t i o n s  o f  Photosystem I 1  ( l ) ,  o t h e r  
s p e c i f i c a l l y  cause the l o s s  o f  the  f o u r  components o f  the  cytochrome b 6 - f  complex ( 2 ) .  
i s  c l e a r  t h a t  p r o t e i n s  coded i n  c h l o r o p l a s t  DNA and synthesized i n  t h e  c h l o r o p l a s t  cou ld  be 
reduced o r  e l i m i n a t e d  i n  response t o  muta t ion  i n  a nuc lear  gene i f  these p r o t e i n s  were a 
component o f  a m u l t i - p o l y p e p t i d e  complex. 
c o u l d  c o n t r o l  the  assembly o f  an o r g a n e l l e  p r o t e i n  complex and through t h a t  a process such 
as photosynthes is .  Our l a b o r a t o r y  i s  i n v e s t i g a t i n g  the  mechanism by which such r e g u l a t i o n  
c o u l d  occur. 

The express ion  o f  these genes can be a l t e r e d  by t h e  
T h i s  i s  apparent when 

S p e c i f i c  mutants were i s o l a t e d  

I t  

There are severa l  ways i n  which a nuc lear  gene 

On approach i s  the  u s e  o f  t ransposon mutagenesis and tagg ing  o f  sequences o f  nuc lear  
DNA r e s p o n s i b l e  f o r  a l t e r a t i o n  o f  c h l o r o p l a s t  p r o t e i n s .  Rober tson ’s  muta tor  (3 )  (Mu-1) 
has been used t o  induce h igh  c h l o r o p h y l l  f l u o r e s c e n t  ( h c f )  mutants i n  maize b l o c k e E  
photosynthes is .  
cytochrome b - f  complex has been i s o l a t e d  and charac ter ized .  By s e l e c t i o n  o f  sequence o f  
nuc lear  DNA qt maybe p o s s i b l e  t o  c h a r a c t e r i z e  t h e  genes respons ib le .  
d i r e c t l y  i d e n t i f y  nuc lear  genes which code f o r  a p r o t e i n  synthesized i n  t h e  cytoplasm and 
t ranspor ted  i n t o  the  p l a s t i d  t o  become p a r t  o f  t h e  p h o t o s y n t h e t i c  e l e c t r o n  t r a n s p o r t  chain.  
O l i g o n u c l e o t i d e  probes t o  s p e c i f i c  coding sequences o f  t h e  f e r r e d o x i n  gene are  be ing  used t o  
o b t a i n  c lones f o r  these genes i n  wheat. 
such as p l a s t o c y a n i n  o r  the  n u c l e a r  coded subun i t  o f  the  ATP synthetase, CF1. 

1. Metz, J.G. and D. M i l e s .  Biochim. Biophys. Acta. (1982) 681, 95-102. 
2. Metz, J.G., D. M i l e s  and A. W. Ruther fo rd .  P l a n t  Phys io logy  (1983) 73, 452-459. 
3 .  Robertson, D.S. Mol. Gen. Genet ics (1983) 191, 86-90. 

nuc lear  mutants a l t e r i n g  the  Photosystem-I complex and another i n  the  

Another approach i s  t o  

S i m i l a r  s e l e c t i o n  are  p o s s i b l e  f o r  o t h e r  p r o t e i n s  

1703 MUTANTS OF ARABIDOPSIS AS TOOLS FOR CELL AND MOLECULAR BIOLOGY. C.R. Somerv i l le ,  
P. McCourt, J. B r o w s e , T 7 Z i $ F ,  N. Artus,  M. E s t e l l e ,  H. Zhang, M. V o l o k i t a .  MSU-DOE P l a n t  
Research Labora tory ,  M ich igan S t a t e  U n i v e r s i t y ,  Eas t  Lansing, M I  48824. 

We have implemented a v a r i e t y  o f  s e l e c t i v e  and n o n - s e l e c t i v e  schemes which have p e r m i t t e d  
t h e  c h a r a c t e r i z a t i o n  o f  mutants o f  Arab idops is  t h a l i a n a  (L.)  w i t h  b i o c h e m i c a l l y  d e f i n e d  
a1 t e r a t i o n s  i n  p h o t o r e s p i r a t i o n .  dark r e s p i r a t i o n ,  carbohydra te  metabol ism and membrane 
1 i p i d  b i o s y n t h e s i s .  These mutants have been u s e f u l  i n  examining t h e  f u n c t i o n a l  s i g n i f i c a n c e  
o f  v a r i o u s  m e t a b o l i t e s  and s t r u c t u r a l  components, and i n  r e v e a l i n g  t h e  e x i s t e n c e  o f  
metabo l ic  r e g u l a t o r y  mechanisms. F o r  example, mutants l a c k i n g  s p e c i f i c  f a t t y  a c y l  
desaturases have been used t o  e v a l u a t e  t h e  r o l e  o f  l i p i d  u n s a t u r a t i o n  i n  p h o t o s y n t h e t i c  
membranes, t o  d i s c r i m i n a t e  among competing models o f - l i p i d  b i o s y n t h e s i s ,  and t o  revea l  t h e  
e x i s t e n c e  o f  r e g u l a t o r y  mechanisms t h a t  sense and r e g u l a t e  t h e  abso lu te  c o n c e n t r a t i o n  o f  
s p e c i f i c  membrane l i p i d  species.  The mutants have a l s o  been used t o  e v a l u a t e  t h e o r i e s  which 
invoke membrane compos i t ion  as a key f a c t o r  i n  c h i l l i n g  s e n s i t i v i t y ,  and may be u s e f u l  as a 
means o f  p h y s i c a l l y  i d e n t i f y i n g  genes w i t h  p o t e n t i a l  p r a c t i c a l  a p p l i c a t i o n s  i n  c o n t r o l l i n g  
t h e  f a t t y  acy l  compos i t ion  o f  o i l  seeds. S t a r c h l e s s  mutants, which a r e  c o n d i t i o n a l  l e t h a l s ,  
have been used t o  examine t h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  d i f f e r e n t  modes o f  photosyntha te  
p a r t i t i o n i n g .  It appears t h a t ,  because r e s p i r a t i o n  i s  c o n t r o l l e d  by s u b s t r a t e  supply r a t h e r  
t h a n  demand f o r  ATP, t h e  mutants may be used t o  s e l e c t  d i r t e c t l y  f o r  a l t e r a t i o n s  i n  one o f  
t h e  two r e s p i r a t o r y  pathways thought  t o  be o p e r a t i v e  i n  t h e  leaves  o f  t h e  p l a n t .  
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PROMOTER REGIONS OF THE FOUR COORDINATELY REGULATED WBULIN GENES OF CHLAMYDOMONAS 1704 
AND THEIR USE I N  THE CONSTRUCTION OF FUSED GENES WHICH ARE EXPRESSED I N  

ACETABULARIA. Donald Weeks, Karen Brunke and Nancy Beerman, Zoecon Corporation, 
9 7 5  Cal i fo rn ia  Ave., Palo Alto,  CA 94304 USA and Gunther Neuhaus, Gabriele  Neuhaus-Url and 
H.G. Schweiger, Max-Planck-Institute f o r  C e l l  Biology, D6802 Ladenburg-bei Heidelberg, FRG 

DNA sequence a n a l y s i s  of t h e  four  tubu l in  genes (al,a2,B1, and 6,) of Chlamydomnas 
r e inha rd i  has  revealed a number of regions with p o t e n t i a l  regulatory s ign i f i cance .  The most 
s t r i k i n g  of t h e s e  is  a consensus sequence found i n  mult iple  copies  immediately upstream of 
t h e  TATA box i n  each of t h e  genes. The consensus sequence i s  16 bp base pairs i n  length 
[G C T C 5 A A G G C 5 5 - C C G I ,  t h e  f i r s t  10 base p a i r s  of which a r e  t h e  most highly 

conserved. A n  unexpected discovery is  t h e  presence of pseudopromoters i n  or near two of t he  
t r ansc r ibed  tubu l in  genes. These regions c l o s e l y  resemble t h e  au then t i c  t ubu l in  promoter 
regions but  highly s e n s i t i v e  primer extension analyses  have provided no evidence t h a t  t hese  
p o t e n t i a l  pranoter  regions are used a t  any po in t  i n  t h e  c e l l  cycle  or l i f e  cycle  of 
Chlamydomonas. 
t ubu l in  gene promoter, whereas t h e  o the r  i s  loca ted  within t h e  t r ansc r ibed  5' noncoding 
region of t he  B,-tubulin gene. 

A s  an i n i t i a l  s t e p  toward determining which regions of t he  tubu l in  genes a r e  important 
t o  t h e i r  c o r r e c t  t r a n s c r i p t i o n  and r egu la t ion  we have constructed numerous vector  plasmids 
containing var ious a n t i b i o t i c  r e s i s t ance  genes in se r t ed  between t h e  5' promoter region and 
3' terminat ion region of t h e  Chlamydomnas B2-tubulin gene. 
such construct ions,  one vec to r  ca r ry ing  t h e  coding region of t h e  neomycin r e s i s t ance  gene of 
Tn5 and another  vector  with t h e  coding region f o r  t h e  T-antigen gene of SV40 have been 
i n j e c t e d  i n t o  t h e  nuc le i  of Acetabular ia  and assayed f o r  expression i n  vivo. Pos i t i ve  
r e s u l t s  were obtained with both vectors .  Production of SV40 T-antigen w a s  detected by 
i n d i r e c t  immunofluoresence. In  c e l l s  which received nuc le i  i n j ec t ed  with t h e  vector  
containing t h e  neomycin r e s i s t a n c e  gene i n  t h e  c o r r e c t  o r i e n t a t i o n  downstream of t h e  tubu l in  
gene promoter, more than 50% showed r e s i s t a n c e  t o  t h e  a n t i b i o t i c  G418. In no case was 
expression de tec t ed  when e i t h e r  s t r u c t u r a l  gene was i n s e r t e d  i n t o  t h e  vector  i n  reverse  
o r i e n t a t i o n  r e l a t i v e  to t h e  tubu l in  promoter. These da t a  suggest  t h a t  t h e  vectors  containing 
t h e  Chlamydanonas tubu l in  gene promoters a r e  func t iona l  i n  a l g a l  c e l l s  and t h a t  Acetabularia 
o f f e r s  a u se fu l  system i n  which p o t e n t i a l  vectors  f o r  genet ic  engineer ing can be t e s t ed .  

A new rap id  and simple method f o r  i s o l a t i n g  DNA from a l g a l  c e l l s  and higher p l an t  t i s s u e  
a l s o  is  discussed.  

C T C  A A  

One pseudopromoter i s  loca ted  400 base p a i r s  upstream of t h e  au then t i c  a2- 

To t e s t  t he  func t iona l i t y  of 

Somatic Cell Genetics 

1705 A GENETIC APPROACH TO THE STUDY OF THE MECHANISM OF ACTION OF AUXIN I N  NICOTUNA 
Michel CABOCHE, Fransoise.  CHANLIT, Jean-Fransois MULLER and Jacques TOURNEUR. 
Laboratoire  de Biologie  c e l l u l a i r e .  I N R A  78000 Versa i l l e s ,  France 
Robert SIMPSON - ARC0 Plan t  research i n s t i t u t e  - Dublin Ca l i fo rn ia  94568 
The induct ion of the d iv i s ion  of tobacco mesophyll p ro top la s t s  r equ i r e s  high con- 

cen t r a t ions  of ANA, an auxin analog, i n  t h e  range of 5 t o  15 pi. These concentrat ions a r e  
on the  opposi te  extremely tox ic  f o r  growth a t  low d e n s i t i e s  of protoplast-derived c e l l s .  
This cy to tox ic i ty  of NAA i s  a l s o  observed f o r  c e l l s  grown a t  low d e n s i t i e s ,  der ived from 
o the r  t i s s u e s  ( p i t h ,  epiderm) o r  o the r  spec ie s  (NicotiaPa plnmbaginifolia,  p e t d a ,  chi- 
corium, hyoscyarms). Indo leace t i c  ac id ,  t he  n a t u r a l  auxin,  is  a l s o  tox ic  under s i m i l a r  
growth condi t ions thus suggesting t h a t  t o x i c i t y  is  not simply a s i d e  e f f e c t  of NAA on 
c e l l s ,  but  one of t h e  c h a r a c t e r i s t i c s  of t he  a c t i o n  of auxin.  

t o  t he  t o x i c  e f f e c t  of NAA were i s o l a t e d  from mutagenized c u l t u r e s  of haploid tobacco meso- 
phy l l  p ro top la s t s  and s tudied.  P l an t s  were regenerated from two independant c lones,  35 and 
36. These p l an t s  were unable t o  make roots .  P ro top la s t s  i so l a t ed  from t h e i r  leaves were 
confirmed t o  be s i g n i f i c a n t l y  more r e s i s t a n t  t o  NAA and IAA than the w i l d  type. A genet ic  
ana lys i s  of t h e  t ransmission t o  progeny of NAA r e s i s t ance  and of t he  i n a b i l i t y  t o  roo t  
showed t h a t  both c h a r a c t e r i s t i c s  were cosegregating a s  a dominant monogenic nuclear  marker. 
An increased r a t e  of auxin degradat ion would be expected t o  be expressed a s  a dominant 
marker. However when mutant p ro top la s t s  were incubated i n  the  presence of ( 14C) NAA they 
were found t o  metabolize t h i s  molecule a t  t h e  same r a t e  as wild type p ro top la s t s .  

Agrobacterium rhizogenes i s  a b l e  t o  induce t h e  ha i ry  roo t  t ransformation of many 
dicotyledones.  Repeated at tempts  of t ransformation by the  v i r u l e n t  s t r a i n  Aq of p l an t s  
grown i n  the  greenhouse o r  p l a n t l e t s  grown i n  s t e r i l e  condi t ions were unsuccessful.  NAA 
r e s i s t a n t  c lones a r e  the re fo re  n a t u r a l l y  immune t o  t h e  i n f e c t i o n  by t h i s  Agrobacter im.  
Crosses were performed between a NAA r e s i s t a n t  p l an t  and a p l an t  regenerated from a ha i ry  
roo t  induced on the  tobacco w i l d  type,  carrying t h e  T-DNA of A. rhizogenes.  The NAA 
r e s i s t ance  t r a i t  w a s  found t o  be dominant over the expression of t he  hairy-root promoting 
a c t i v i t y  of t h e  T-DNA i n  t h e  progeny. 

However octopine s t r a i n s  induced teratoma ins t ead  of non d i f e renc ia t ing  tumors. Among 
Agrobacterium tumefaciens mutants a f f ec t ed  i n  s p e c i f i c  funct ions expressed by t h e  T-DNA, 
a TMR mutant w a s  unable t o  induce transformed roo t s  when t e s t ed  on clone 3 6 .  The implica- 
t i ons  of t hese  r e s u l t s  w i l l  be discussed. 

I n  the hope of a b e t t e r  understanding of the bas i s  of t o x i c i t y ,  mutants r e s i s t a n t  

Agrobacterium tumefaciens was s t i l l  oncogenous when t e s t ed  on  mutant plants .  
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17 06 
The devel 

DEVELOPING A SOMATIC GENETIC SYSTEM FOR SOYBEAN, Kar l  G. Lark and E. J i l l  Roth, 
Department o f  B io logy ,  U n i v e r s i t y  o f  Utah, Sa l t  Lake City, UT 84112 

opment o f  a somat ic genet ic  system f o r  soybean has fo l l owed  t h e  development o f  
B a s i c a l l y  t h e  system makes use o f  chromosome l o s s  t o  s i m i l a r  systems i n  yeas t  and fung i :  

express recess ive  characters.  
somat ic nucleus, and each chromosome conta ins  about two l i n k a g e  groups. 
concent ra ted  on t h e  p r o p e r t i e s  o f  p a r t i a l  hap lo ids  produced by t r e a t i n g  heterozygous c e l l s  
w i t h  t h e  h e r b i c i d e  C I P C  (1,Z). 
t h e  heterozygous c e l l s  a re  de r i ved  from p l a n t  hyb r ids  formed by a sexual c ross  between 
d i s t a n t l y  r e l a t e d  p l a n t  i n t roduc t i ons .  Expression o f  these markers w i l l  be discussed, 
toge the r  w i t h  i n t e r a c t i o n s  which suggest t h a t  genes on d i f f e r e n t  chromosomes may be expressed 
as p a r t  o f  a se t ,  and a re  mod i f i ed  o r  i n a c t i v e  i f  one o r  more chromosome w i t h i n  t h a t  se t  i s 
missing. Q u a n t i t a t i v e  v a r i a t i o n  i n  t h e  5s ribosomal RNA gene can be fo l l owed  i n  t h i s  system 
as w e l l  as va r ious  p h y s i o l o g i c a l  t r a i t s  and isozymes. 

severa l  such rmtants  have been i s o l a t e d .  
s i d e  mutants and mutants r e q u i r i n g  s p e c i f i c  amino ac ids  w i l l  be discussed. 

discussed. 

Soybean has 40 chromosomes, a DNA conten t  o f  5 t o  6.5 pgm per  
h r  exper iments have 

A v a r i e t y  o f  markers a re  a v a i l a b l e  i n  t h e  germplasm, because 

The p a r t i a l  hap lo ids  have been used as s t a r t i n g  m a t e r i a l  f o r  mutant p roduc t i on  and 

Techniques f o r  promot ing somatic c ross ing  over  a l s o  a re  be ing  developed and w i l l  be 

Se lec t i ve  techn iques  f o r  i s o l a t i n g  RNA o r  nuc leo-  

1 )  E. J i l l  Roth, G. Weber and K. G. Lark (1982) P lan t  C e l l  Reports 1:205-208. 
2) E. J i l l  Roth and K .  G. Lark (1984) Theor. Appl. Genet. 68:421-431. 

1707 INTERSPECIFIC CHLOROPLAST RECOMBINATION IN N I T ,  Pal Maliga*, ErZSebet 
Fejes* and Peter Medgyesy**, *Advanced Genetic Sciences, Inc., Oakland, CA 
94688, USA and **Institute of Plant Physiology, Biological Research Center, 
Hungarian Academy of Sciences, Szeged, Hungary 6701 

Chloroplasts do not mix upon sexual reproduction in crop plants since these 
organelles are inherited maternally. In the absence of physical contact, 
recombination of chloroplast genes can not occur. Crop improvement has been 
possible therefore, by combining nuclear genes, but not chloroplast genes, 
through crossing. Fusion of somatic cells made feasible to obtain cells with 
chloroplasts from two different species. Chloroplast recombinants could be 
identified in fused cells using an appropriate selection scheme, as described 
below. 

The SR1-A15 Nicotiana tabacum line carried two cytoplasmic mutations, 
streptomycin resistance and pigment deficiency. Streptomycin resistant clones in 
cell culture are identified by their ability to form a green callus in a 
selective medium. Streptomycin resistance in the SR1-A15 line could not be 
expressed due to the pigment mutation. Selection of the chloroplast recombinants 
was basedon the expression of streptomycin resistance from the SRl-Al5 line 
through the separaticn of the cytoplasmic streptomycin resistance and pigment 
mutations by recombination. The SRl-A15 line was fused with the Lit488 
Plumbaqlnlfolia line, which is streptomycin sensitive, normal green and is 
resistant to lincomycin. The calli grown from the fused cell population were 
screened for the expression of streptomycin resistance. New mutants and 
recombinants were distinguished by the chloroplast DNA restriction patterns of 
regenerated plants. 

Chloroplasts in the interspecific somatic hybrid pt14 were shown to be 
recombinant by the presence of species specific -1 fragments from both 
parents, and by a new fragment in the E9t; I restriction pattern. In order to 
localize the recombination sites, the a I fragments were cloned in pBR322 and 
compared by restriction mapping. So far three alternating m- 

-regions have been identified in the chloroplast qenome 

. .  

. .  
of the ptl4 line. 

1708 DEVELOPMENTAL GENETICS OF SOMATIC EMBRYOGENESIS Z .  Renee Sung, Departments o f  
Genetics and P l a n t  Pathology, U n i v e r s i t y  o f  Ca l i f o rn ia ,  Berkeley CA 94720 

Ear l y  s tud ies  have shown t h a t  s m a t i c  embryogenesis can be manipulated by phys io log i ca l  and 
environmental f a c t o r s  such as f r e s h  medium, c e l l  dens i t y  and hormones. However, these 
cond i t i ons  mere ly  i n i t i a t e  o r  i n h i b i t  t he  developmental events t h a t  a re  p rogramed w i t h i n  
the  c e l l s .  To study the  biochemical  and gene t i c  mechanism o f  embryo developnent, we have 
examined d i  f f e r e n t i  a1 gene express ion  du r ing  embryo development by 2 dimensional ge l  e l e c t r o -  
phoresis.  Less than 2% o f  the  r e l a t i v e l y  abundant p r o t e i n s  v a r i e s  i n  q u a n t i t y  du r ing  
embryo development. I n  an a t tempt  t o  i d e n t i f y  gene produc ts  p resent  a t  low concent ra t ions ,  
we are  searching f o r  ant igens and mRNAs p r e f e r e n t i a l l y  accumulated i n  the  embryonic te issues .  
Temperature-sensi t ive c e l l  l i n e s  i m  pa i red  i n  embryo development have been i so la ted .  One 
o f the  c e l l  l i n e s  was found t o  be a l t e r e d  i n  the  a b i l i t y  t o  mod i fy  2 heat  shock p reo te ins  pos t -  
t r a n s i  t i o n a l l y .  The r e s u l t s  on the  embryo-speci f ic  monoclonal an t i bod ies  and cDNA probes 
w i l l  be repo r ted  as w e l l  as the  r e l a t i o n s h i p  between the  developnental  de fec t  and the  heat 
shock response i n  the  temperature-sensi  t i v e  c e l l  l i n e .  
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Mechanisms of Transposon Movement and Excision 
1709 T H E  'DOTTED' CONTROLLING ELEMENT SYSTEM I N  MAIZE, A .  Pryor ,  

Division of P lan t  Indus t ry ,  CSIRO, Canber ra ,  Australia,  2601 
Stud ies  b y  Rhoades (1,2,3) o n  t h e  interaction of on  chromosome 9 with t h e  a 

allele on  t h e  long a r m  of chromosome 3 provided  t h e  f i r s t  demonstration of t h e  gene t ic  
control of mutabili ty.  N o t  on ly  h a s  Rhoades'  in te rpre ta t ion  of t h i s  phenomenon withstood 
t h e  passage of time, b u t  h e  also desc r ibed  most of t h e  sa l ien t  f e a t u r e s  of t h e  sys tem 
including somatic a n d  germinal mutations to s t ab le  a n d  mutable der iva t ive  alleles at  t h e  
locus, t h e  specific dosage re la t ionships  between t h e  E a n d  2 g e n e s  a n d  t h e  dep res s ive  
e f f ec t  of increas ing  t empera tu re  on mutabili ty.  

Subsequen t ly  f e a t u r e s  s u c h  as o t h e r  chromosomal locations of E, h igh ly  mutable 5 
alleles,  p h a s e  var ia t ion  a n d  t ranspos i t ion  of E a n d  t h e  induction of new E ' s  by 
chromosome b reakage  e v e n t s  h a v e  been  desc r ibed  (4,5,6,7,8). 

More recent ly  we have  obse rved  additional va r i an t s  of t h e s e  g e n e s  including 
t ranspos i t ion  of E associated with a reduct ion  in mutabili ty a t  a, a n  autonomously 
muta t ing  a allele a n d  severa l  new occur rences  of 4. 
1. Rhoades,  M . M .  (1936) J. Genet .  2, 347-354. 
2.  Rhoades,  M . M .  (1938) Genetics 23, 377-397. 
3. Rhoades,  M . M .  (1945) Proc .  Nat. Acad. Sci. 31, 91-95. 
4. Doerschug,  E.B. (1973) Theore t .  Appl.  Genet .  43, 182-189. 
5. Doerschug,  E.B. (1976) Theore t .  Appl.  Genet .  48, 119-130. 
6. McClintock, 6.  (1951) Cold S p r i n g  Harbor  Symp. Quant .  Biol. I&, 13-47 
7. Nuffer,  M.G. (1955) Science  121, 399-400. 
8. Nuffer ,  M.G. (1961) Genetics g, 625-640. 

1710 DIFFERENTIAL ACTIVITY OF TRANSPOSED wx-m9Ac DERIVATIVES ON VARIOUS 
Schwartz, Department of Biology, Indiana Univers i ty ,  Bloomington, I N  47405 

ELEMENTS, Drew 

Genet ic  ana lyses  have been performed on 27 se l ec t ed  de r iva t ives  of t he  Ac element i n  the  
a - 9  mutant. 
o r i g i n a l  s i t e  i n  the  locus  leav ing  behind a mutant,  non-functional gene. These 
independent de r iva t ives  were des igna ted  "E s ince  they show a much reduced, weak 
t ransposase  a c t i v i t y  a s  judged by t h e i r  ac t ion  on the  
element mutant. 
w i th  the  r e s u l t a n t  l o s s  of d i s t a l  markers and i n i t i a t i o n  of t he  breakage-fusion-bridge cyc le .  
F i n a l l y ,  t he  Ac-w de r iva t ives  show d i f f e r e n t i a l  t ransposase  a c t i v i t y  on the  Ds element i n  
wx-ml and on theE element i n  wx-m9Ds and the  S t a t e  1 p- i n  the  s tandard  p o z t i o n .  
Seventeen of t he  d e r i v a t i v e s  show s t rong  t ransposase  a c t i v i t y  on the  la t ter  two while the  
remaining t e n  have no a c t i o n  on t hese  0s elements,  even though they s t i l l  t ranspose  the  
wx-mlDs. 

These de r iva t ives  are & elements which have been transposed G a y  from the  - 
element i n  t h e e  c o n t r o l l i n g  

They behave as S t a t e  1 & elements,  causing d i s s o c i a t i o n  of the  chromosome 

- 

Genetic Analyses of Single Genes 

THE INVERSE ZFFECT I N  MAIZE AND DROSOPHILA,James A. B i r ch le r ,  Department of  1711 Genet ics ,  Univers i ty  of Ca l i fo rn ia ,  Berkeley, Ca l i fo rn ia  94720 
The inve r se  e f f e c t  was f i r s t  observed i n  a dosage s e r i e s  of  t he  long arm of chromosome one 
i n  maize(Birch ler ,  1979).  The l e v e l s  of c e r t a i n  enzyme a c t i v i t i e s  were inve r se ly  
c o r r e l a t e d  with the  dosage of  t h i s  chromosome arm. That i s ,  i n  the  one dose ind iv idua l s  
t he  a f f e c t e d  a c t i v i t i e s  rose  t o  l e v e l s  approaching twice  the  d ip lo id  va lue  and the  same 
enzymes w e r e  reduced i n  t h r e e  doses t o  a lower l i m i t  o f  two-thirds.  This observa t ion  l ed  
t o  a sys temat ic  a n a l y s i s  of dosage responses  f i r s t  i n  maize and l a t e r  i n  Drosophila.  The 
gene ra l i za t ions  from these  s t u d i e s  a r e  a s  follows: 1.) I n  any one t i s s u e ,  t he  express ion  
of a s i n g l e  s t r u c t u r a l  gene can be inve r se ly  a f f ec t ed  by mul t ip l e  chromosomal reg ions .  
2.) Any one reg ion  can a f f e c t  vary ing  numbers of  s t r u c t u r a l  genes from a very few t o  a 
s u b s t a n t i a l  f r a c t i o n  of t he  genes expressed i n  a p a r t i c u l a r  t i s s u e .  3.) A dosage s e r i e s  
surrounding a s t r u c t u r a l  gene g ives  a d i r e c t l y  p ropor t iona l  amount of gene product.  
4 . )  When a s t r u c t u r a l  gene and an  inve r se  r egu la to r  a r e  simultaneously va r i ed ,  dosage 
compensation r e s u l t s ( B i r c h l e r ,  1981; B i rch le r  and Newton, 1981).  5 . )  When a p lo idy  s e r i e s  
i s  examined, a d i r e c t  c o r r e l a t i o n  wi th  chromosomal dosage i s  observed. 6 . )  The inve r se  
e f f e c t  ope ra t e s  by modulating the  l e v e l  of messenger RNA. 7.) Mutations can be induced 
t h a t  behave a s  l e s i o n s  i n  inve r se  r egu la to r s .  8 . )  When r egu la to ry  mutants of the  monitored 
locus  a r e  combined wi th  an inve r se  dosage s e r i e s ,  t he  gene no longer  responds. 
B i rch le r ,  J . A . ,  1979. A s tudy  of enzyme a c t i v i t i e s  i n  a dosage s e r i e s  of t he  long arm of 

chromosome one i n  maize. Genetics 92: 1211-1229. 

B i rch le r ,  J . A . ,  1981. The gene t i c  b a s i s  of dosage compensation of a lcohol  dehydrogenase-1 
i n  maize. Genetics 97: 625-637. 

B i rch le r ,  J .A.  and K . J .  Newton, 1981. Modulation of p ro te in  l e v e l s  i n  chromosomal dosage 
series i n  maize: The biochemical b a s i s  of  aneuploid syndromes. Genetics 99: 247-  
266. 
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1712 HORMONAL, GENETIC AND ENVIRONMENTAL REGULATION OF ENZY~E SYNTHESIS IN THE ALEURONE 
LAYERS OF CEREAL GRAINS, Tuan-hua David Ho, Department of Biology, Washington 
University, St. Louis, MO 63130 

The synthesis and secretion of several hydrolytic enzymes, including ramylase and 
protease, in the aleruone layers of barley and wheat seeds are regulated by two plant 
hormones, gibberellins (GA) and abscisic acid (ABA). The barley ramylase consists of two 
types of isozymes (high and low PI) which are encoded by two groups of mature mRNA 
transcribed from two sets of structural genes located on chromosomes 1 and 6, respectively. 
The high PI isozyme is constitutively expressed, yet its synthesis is enhanced by GA. This 
enhancement requires the continuous presence of GA, i.e. midcourse removal of the hormone 
causes a decrease of high PI synthesis. In contrast, the expression of low PI isozyme is 
triggered by GA, but early withdrawal of the hormone does not affect the continuous 
synthesis of this isozyme. Genetic mutants of wheat and barley with altered synthesis of 
ramylase have been isolated and characterized. Most of them are "early" mutants, i.e. the 
genetic lesions are on the early steps of GA action. 
concerning the mode of action of GA has been deduced from studying of these mutants. Among 
them, the D6899 wheat bearing a mutation in the Rht 3 gene (on  chromosome 4A) fails to have 
any of the GA effects so far studied, indicating that a rate limiting step, which is common 
to many of the diverse GA resopnses, is partially blocked in D6899 wheat. 

aleurone cells either at the same time or many hours after GA addition. 
of low PI ramylase is significantly inhibited by ABA only when it is added very early. 
action of ABA is most likely medicated by its first stable metabolite, phaseic acid (PA). 
Isolated PA is biologically active, and ABA self-induces its own metabolism to give rise to PA. 
At the same time, ABA induces a few new proteins, some of them are probably involved in the 
formation of PA. We have isolated cDNA clones coding for the ABA inducible proteins. The 
information obtained with the use of these clones will be discussed. 

The synthesis of ramylase is also subjected to the regulation of environmental stress 
conditions. Heat stress causes a fast disruption of ER which is essential for the synthesis 
of ramylase. Consequently, the normally very stable ramylase mRNA sequence is degraded. 
During the recovery from heat stress new ramylase mRNA has to be synthesized to resume the 
synthesis of this enzyme. 

A two-branched functional pathway 

Abscisic acid is able to prevent the synthesis of high p1 ramylase when it is added to the 
However, the synthesis 

The 

1713 A RESERVOIR OF & GENE VARIABILITY IN MAIZE, Jerry L. Kermicle, Laboratory of 
Genetics, University of Wisconsin, Madison, WI 53706 

- R interacts with a number of other genes to regulate anthocyanin production and distribution, 
plant part by plant part (1). g alleles differ both in the spectrum of parts affected and in 
the intensity of pigmentation in given parts, such that alleles collected from unrelated 
sources seldom are phenotypic duplicates ( 2 ) .  We are comparing the structure of 
representative alleles by mutational and recombinational analyses to discover the basis for 
diversity. Some alleles lose g function as a single mutational or recombinational step. 
Others mutate to loss of function stepwise, and the effects on different parts can be 
fractionated by crossing over. Sequential losses are explained by duplicate g elements. Such 
may be in tandem or displaced arrangement (3). The extent of the duplicated segment differs 
from allele to allele, sometimes encompassing the closely linked gene Isr (4). Chromosome 
segment duplication is a relatively common form of & polymorphism. Elements fractionated from 
allelic complexes, as well as simpler alleles which mutate as one unit, may pigment only the 
seed, particular plant parts, o r  a combination of seed and plant parts. Differences in such 
genic elements map to a point or within a very short genetic region ( 5 ) .  They share a longer 
homologous segment which can be substituted between elements by recombination (6). Eight 
different genic elements, involving four chromosome types, were identified in a collection of 
five alleles belonging to the colored-seed, colored-plant class. A limited number of variant0 
at the genic and chromosmal levels can be recombined to give a wide array of allelic products. 

1. Styles. E. D. ,  0. Ceska and K. T. Seah, 1973. Can. J. Genet. Cytol. u:59-72. 
2. Stadler, L. J. and S. Fogel, 1945. Genetics =:23-24. 
3 .  Dooner, H. K. and J. L. Kermicle, 1976. Genetics E:309-322. 
4. Kermicle. J. L. and J. D. Axtell, 1981. Maydica %:185-197. 
5. Dooner, 8 .  K., 1979. Genetics 2:708-710. 
6 .  Kermicle, J. L., 1980. Science =:1457-1459. 
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1714 'THE LOCUS 3F :IIGIIER PLANTS: MOLECLEAR ANALYSIS OF N O W L  AND MUTANT ALLELES. 
Susan IJess le r ,  R i t a  Varagona, George Baran, Ron Okagaki, and Stephen Del lapor ta" ,  
Univers i ty  of Georgia, Athens, GA 30602 and Cold Spring Harbor Lab*, Cold Spring 
Ilarbor, N.Y. 11724, 

We a r e  inves t iga t ing  t h e  molecular bas i s  of mutation i n  h igher  p l an t s .  The waxy (wx) locus 
of maize is  t h e  focus  of our a n a l y s i s  because of i t s  45 mutant a l l e l e s .  Eight of t h e s e  have 
an uns t ab le  phenotype due t o  the  i n s e r t i o n  of t h e  t ransposable  element & o r  E. 
o the r s  have found t h a t  most o r  a l l  of t hese  i n s e r t i o n s  a r e  d ispersed  throughout t h e  41i! 
t r a n s c r i p t i o n  un i t .  One i n s e r t i o n  mutant, e, has a 392bp element i n  the  middle of 
t h e  t r a n s c r i p t i o n  u n i t .  
t h e  sho r t  t e rmina l  i nve r t ed  repea ts .  Excision of t h i s  element r e s u l t s  i n  a series of s t a b l e  
a l l e l e s  t h a t  d i sp l ay  a l l  l e v e l s  of  ~x a c t i v i t y .  
t h e s e  s t a b l e  d e r i v a t i v e s  produce de fec t ive  ~x enzymes. 

The 35 s t a b l e  mutant a l l e l e s  have been examined by b l o t  hybr id i za t ion  technique,. 
Over ha l f  of t h e s e  a l l e l e s  have gross  chromosomal changes wi th in  t h e  locus .  Seven 
muta t ions  are caused by DNA i n s e r t i o n s  ranging i n  s i z e  from lOObp t o  8kb. I n  each case  t h e r e  
is  an exce l l en t  c o r r e l a t i o n  between the  phys ica l  l e s i o n  and t h e  pos i t i on  of t he  mutant a l l e l e  
on a f i n e  s t r u c t u r e  gene t i c  map. 

The waxy locus  of  r i c e  i s  a l s o  we l l  cha rac t e r i zed  gene t i ca l ly ,  
ava i l ab le  f o r  ana lys i s .  
i d e n t i f y  c lones  harbor ing  t h e  r i c e  locus .  
r evea l s  t h a t  t h i s  locus  is  h ighly  conserved i n  many monocots, 

We and 

This 0s sha res  no sequence homology wi th  t h e  element except f o r  

Analysis of RNA and p r o t e i n  sugges ts  t h a t  

Over 30 mutant a l l e l e s  a r e  
The maize waxy c lone  has been used success fu l ly  a s  a probe t o  

Furthermore, Northern and Southern b lo t  ana lys i s  

Plant Gene Structure and Function During Development 

1715 NUCLEOTIOE SEQUENCE ANALYSES OF THE LARGE SUBUNIT OF RUBISCO FROM ALFALFA AND 
PETUNIA AND OF THE PSBA GENE FROM ALFALFA, Jane A l d r i c h  and Bar ry  Cherney, The 
Standard O i l  Company of  Ohio (SOHIO), Cleveland, Oh. 44128-2837 

Genes encoding the  l a r g e  subun i t  ( Z L )  o f  r i b u l o s e  bisphosphate carboxylase oxygenase from 
a l f a l f a  and pe tun ia  as w e l l  as t h a t  o f  t h e  32 k d  po lypept ide  @A gene from a l f a l f a  a re  
c u r r e n t l y  be ing  sequenced. Sequence ana lys i s  o f  t h a t  p o r t i o n  o f  t he  +L gene from pe tun ia  
t h a t  has been sequenced shows t h a t  t he re  i s  91% homology a t  t he  nuc leo t i de  l e v e l  and 95% a t  
t h e  amino a c i d  l e v e l  with N ico t i ana  tabacum. That p o r t i o n  o f  t h e  a l f a l f a  @A gene t h a t  has 
been sequenced shows 95% homology a t  t he  nuc leo t i de  l e v e l  and 99% homology a t  t h e  amino a c i d  
l e v e l  w i t h  t he  @A gene from spinach. 
a l f a l f a  w i l l  be compared t o  each o ther  and t o  o the r  pub l i shed sequences for sequence homolo- 
gy comparisons. 

The sequences of these genes and t h a t  of =L o f  

1716 REGULATION OF PYRUVATE ORTHOPHOSPHATE O I K I N A S E  GENE EXPRESSION. Kazuko Aoyagi and 
James A. Bassham, Lawrence Berkeley Laboratory,  U .C .  Berkeley,  Berkeley,  CA 94720. 

Pyruvate P i  Dik inase (PPOK) i s  an essen t ia l  enzyme i n  C4 p lan ts  and some CAM p lan ts .  

PPOK gene expression i s  a l s o  regu la ted  a t  
S tud ies  have shown the  presence o f  PPOK i n  var ious  C3 p lan ts .  
developmental ly regu la ted  as i n  C4 p l a n t  l e a f .  
t he  organ l e v e l  bo th  i n  C3 and C4 p lan ts .  
expressed i n  photosynthe t ic  t i ssues  and the  o the r  which i s  expressed i n  non-photosynthet ic 
t i ssues .  
l e v e l  o f  mRNA synthesis,  processing o f  t he  precursor  and phosphory la t ion  o f  t he  enzyme. 
I n  con t ras t ,  t he  enzyme a c t i v i t y  o f  t he  non-photosynthet ic type  i s  independent o f  l i g h t .  
Poss ib le  r o l e s  o f  PPOK i n  C3 seeds and leaves w i l l  be discussed. 

PPDK gene i n  C3 p lan ts  i s  

There a re  organ s p e c i f i c  mRNAs; one t h a t  i s  

PPDK enzyme a c t i v i t y  o f  the  photosynthe t ic  type  i s  regu la ted  by l i g h t  a t  t he  
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The action of gibberellin on the aleurone cells of germinating wheat grains, results in 
production of mRNA for a-amylase and other hydrolytic enzymes. Evidence will be presented, 
based on hybridisation analyses with probes for mRNA precursors, that these are co-ordinately 
regulated genes controlled by the rate of transcription. The nucleotide sequences of two 
a-amylase genes and two other co-regulated genes have been determined and sequences which may 
be involved in the regulating process identified. 

Previous molecular and genetical studies have shown that the a-amylase genes of wheat 
comprise two multigene families. 
clones of a-Amy 2 genes support a model which proposes that a subset of the genes are 
transcribed at an early stage of grain development as well as in germination. It is 
suggested that these different modes of expression use different promoters and that a 
differential RNA splicing mechanism is used so that the gene product is targeted to different 
cell membranes at the different stages of development. 

a-AMYLASE AND OTHER CO-ORDINATELY REGULATED GENES OF WHEAT, David Baulcombe, Plant 
Breeding Institute, Cambridge CB2 ZLQ, U . K .  

Transcript mapping and nucleotide sequence analyses with 

1718 
U n i v e r s i t y ,  Las Cruces, N:l 88003. 

Nuc lear  probes, d e r i v e d  from p o l y - a d e n y l a t e d  l e a f  mRNA, have been used t o  i d e n t i f y  
cor respond ing  homologous fragments f rom d i g e s t e d  t o t a l  DNA p r e p a r a t i o n s  i n  tomato. U t i l i z i n g  
m u l t l - l o c u s  s e g r e g a t i o n  a n a l y s i s  w i t h  enzyme-coding genes and dosage a n a l y s i s  i n  a n e u p l o i d  
and chromosome s u b s t i t u t i o n  l i n e s ,  we have been a b l e  t o  de termine t h e  copy number and chrom- 
osomal p o s i t i o n s  f o r  t h e  n u c l e a r  l o c i  cor respond ing  t o  most o f  t h e  analyzed cDNA c lones .  
Fourteen (78%) o f  t h e  19 c l o n e s  wh ich  have been f u l l y  analyzed d e r i v e  f rom s i n g l e - c o p y  l o c i  
and have been mapped t o  t h e i r  r e s p e c t i v e  chromosomal p o s i t i o n s .  O f  t h e  f o u r  c lones  c o r r e s -  
ponding t o  l o c i  represented  more t h a n  once i n  t h e  genome, t h r e e  were found t o  be two-copy 
and one i s  p r e s e n t  i n  4 -6  d ispersed cop ies .  
smal l  s u b u n i t  o f  r i b u l o s e  b isphosphate  carboxy lase .  Three c lones  were conserved and showed 
no v a r i a t i o n  f o r  t h e  e i g h t  r e s t r i c t l o n  enzymes used. These da ta  suggest t h a t  t h e  m a j o r i t y  
o f  t r a n s c r i b e d  genes i n  tomato emanate f rom genes mapping t o  s i n g l e  chromosomal l o c i  and 
which a r e  p r e s e n t  i n  s i n g l e  o r  l o w  copy number. 
c l o n e s  a r e  d i i t r i b u t e d  on 7 o f  t h e  1 2  chromosomes and thus  r e p r e s e n t  u s e f u l  m o l e c u l a r  markers 
f o r  g e n e t i c  and breed ing  exper iments.  

COPY NUMBER AND CHROMOSOF‘AL LOCATIONS OF NUCLEAR SEQUENCES HOHOLOGOUS TO RANDOM 
cDNA CLONES I N  TOMATO. Rober t  Bernatzky  & Stephen D. Tanksley,  New Mexico S t a t e  

The l a t t e r  was found t o  be a c l o n e  f o r  t h e  

The new g e n e t i c  l o c i  p r o v i d e d  by these 

_ _ _  In Vivo and In Vitro Transcription of Maize Zein Genes. 
Rebecca S. Boston and Brian A .  Larkins. Purdue University, 
W. Lnfnyette, IN 47907 

1719 

- - y n t h , - s i %  of zeins. the major storage proteins of maize, is 
coordinately regulated during endosperm development. This synthesis 
accompanies an increase in accumulation of m R N A s  for zeins and 
strgqests that zein genes are under transcriptional control. We have 
iised S1 nucleaae mappinq to locate the 5’ ends of m R N A s  that 
correspond to genomie clones coding for 19,000- and 35.000-dalton zein 
nrotelns. These n xi= m R N A  start sites have been reproduced 
vlt_ro_ iising a HeLa re11 transcription extract supplemented with 
truncated zein genamlc clones. R N A  products are analyzed by their 
miyrntion on denatutinq acrylamide gels compared to markers of known 
molecular weights In add~tlon to S1 mapping and primer extension 
analysis. This 1” ~1- system correctly transcrlbes zein qenomic 
rlones encoding both 19,000- and 15.000-dalton proteins. Studies on 
in V ~ J O  levels of zein m R N A  are being extended to determine levels of 
z ~ i n  rnRNAs in nuclei of several maize mutants defzclent in one or more 
of thP ~ e i n  proteins (eq. opaque-2). 
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1720 STRUCTURAL AND TRANSCRIPT ANALYSIS OF A NICOTIANA PLUMBAGINIFOLIA NUCLEAR GENE 
ENCOOING THE B SUBUNIT OF MITOCHONDRIAL ATPase. Marc Bout ry  and Nam-Hai Chua, 
Labora tory  o f  P lan t  Molecular Biology, Rockefe l le r  Un ive r i s t y ,  NY NY 10021-6399 

The p l a n t  mi tochondr ia l  ATPase i s  an abundant mi tochondr ia l  p r o t e i n  found i n  a l l  p l a n t  
t i ssues .  To i n v e s t i g a t e  the  o rgan iza t i on  and s t r u c t u r e  of a "housekeeping" p l a n t  gene, 
we have se lec ted  f rom a genomic l i b r a r y  of N ico t i ana  p lumbag in i fo l i a ,  c lones con ta in ing  
the  gene encoding the  6 subun i t  o f  t he  mi tochondr ia l  ATPase, us ing  a yeas t  gene as a probe. 
Southern b l o t  ana lys i s  i nd i ca ted  t h a t  two d i f f e ren t  B subun i t  genes are present i n  the  
- N.  p l u m b a g i n i f o l i a  genome. The nuc leo t i de  sequence o f  one o f  them has been determined. 
Un l i ke  the  yeast gene, the  p l a n t  gene conta ins  n ine  i n t rons .  The n i n t h  i n t r o n  conta ins  
35 bp i nve r ted  repeats  f l a n k i n g  a 800 bp loop. The inve r ted  repeats  a re  each bordered 
by a 5 bp d i r e c t  repeat  "AGTGG". Th is  s t r u c t u r a l  o rgan iza t i on  i s  remin iscent  o f  t h a t  o f  
a t ransposable element. 

A p a r t i a l  sequence o f  t he  second B subuni t  gene revea led  sequence conserva t ion  i n  the  exons 
(89% i n  the  nuc leo t i de  sequence and >99% i n  the  amino ac id  sequence) bu t  a h igh  divergence 
i n  the  i n t r o n s  (<40% homology). By Northern b l o t  ana lys is ,  a 2.2 kb t r a n s c r i p t  has been 
i d e n t i f i e d  i n  leaves, r o o t s  and c a l l i ,  i n d i c a t i n g  t h a t  t he  mi tochondr ia l  ATPase 6 subuni t  
gene i s  probably expressed i n  a l l  t i ssues .  We are  c u r r e n t l y  p repar ing  de le t i ons  i n  the  5' 
upstream reg ion  t o  i d e n t i f y  con t ro l  sequences o f  t h i s  "housekeeping" gene. 

1721 ISOLATION AND CHARACTERIZATION OF#A STARCHLESS MUTANT OF ARABIOOPSIS THALIANA, 
Timothy Caspar*, Steven C. Huber and Chr is  R. Somervi l le*,  *? - an 
&search Laboratory,  s i ch i can  Sta te  Un ive rs i t y ,  East Lansinq, ?i?4"E4PkdtXWlA/ 
ARS, North Caro l ina  S ta te  Un ive rs i t y ,  Raleigh, NC 27606 

A mutant o f  Arabidopsis tha l i ana  which l acks  l e a f  s ta rch  was i s o l a t e d  by screeninq f o r  t he  
absence o f  i od ine  r e a c t i m i a l .  
nuc lear  muta t ion  which r e s u l t s  i n  a de f i c iency  o f  t he  ch lo rop las t  isozynie o f  phosphogluco- 
mutase. Rates of  growth and photosynthes is  o f  t he  mutant and w i l d - t ype  a re  i n d i s t i n q u i s h -  
ab le  when the  p lan ts  a re  grown i n  cons tan t  i l l u m i n a t i o n .  However, i n  a sho r t  photoper iod,  
t he  growth o f  t h e  mutant i s  severe ly  impaired, t he  r a t e  o f  photosynthesis i s  depressed and 
the  r a t e  o f  dark  r e s p i r a t i o n ,  which i s  enhanced a t  t he  onset o f  t he  dark per iod ,  undergoes 
an u n c h a r a c t e r i s t i c  decay throughout the  dark per iod .  
t i c s  o f  t he  mutant a re  cons is ten t  w i t h  a proposal  t h a t  an excess o f  so lub le  carbohydrate 
may s t imu la te  non-product ive r e s p i r a t i o n  due t o  a l t e r n a t i v e  oxidase a c t i v i t y .  
cess ive  r e s p i r a t o r y  l oss  i s ,  i n  tu rn ,  be l ieved t o  be respons ib le  f o r  t he  low qrowth r a t e  
and poor photosynthe t ic  r a t e  o f  t he  mutant i n  a sho r t  photoper iod.  
i n g  the  i s o l a t i o n  o f  reve r tan ts  which show improved growth i n  a sho r t  photooer ind.  
goal  i s  t o  i s o l a t e  reve r tan ts  which s t i l l  l ack  s ta rch  bu t  do n o t  have enhanced r e s p i r a t o r y  
ra tes  due t o  l o s s  o f  t he  a l t e r n a t i v e  oxidase a c t i v i t y  thought t o  be respons ib le  f o r  was te fu l  
r e s p i r a t i o n  i n  p lan ts .  

The s ta rch less  phenotype i s  due t o  a s i n g l e  recess ive  

The unusual r e s p i r a t o r y  cha rac te r i s -  

Th is  ex- 

We are  c u r r e n t l y  attempt- 
Our 

1722 THE CLONING OF THE PLANT NITRATE REDUCTASE GENE(S), C.L. Cheng, J. Dewdney, 
A .  Kleinhofs*,  H.M. Goodman. Department of Molecular Biology, Massachusetts 
General  Hospi ta l ,  Boston, MA 02114. *Department of Agronomy and S o i l s ,  
Washington S t a t e  Univers i ty ,  Pullman, WA 99164. 

N i t r a t e  r educ ta se  (NR) is  the  f i r s t  enzyme i n  the  major n i t rogen  a s s i m i l a t i o n  pathway 
i n  p l a n t s .  
through t h i s  pathway. The n i t rogen  l e v e l ,  hence t h e  growth and y i e l d  of c rop  p l a n t s  
h igh ly  c o r r e l a t e s  wi th  the  NR l e v e l  of t he  p l a n t s .  NR l e v e l s  f l u c t u a t e  i n  response t o  
a number of environmental  f a c t o r s ,  i . e .  tempera ture ,  l i g h t ,  e t c .  NR i s  induc ib le  by 
n i t r a t e  and i n h i b i t e d  by ammonia. 

Every yea r ,  t he re  a r e  2 X lo4 megatons of n i t rogen  a s s imi l a t ed  i n t o  p l a n t s  

We are i n t e r e s t e d  i n  i s o l a t i n g  cDNA c lones  which correspond t o  t h e  NR mRNA. The 
c D N A  can  then be used f o r  s t u d i e s  of t he  NR gene express ion .  
encoding NR,  we have cons t ruc ted  a cDNA l i b r a r y  us ing  mRNA i s o l a t e d  from n i t r a t e  
induced ba r l ey .  
probes.  
i n  v i t r o  t r a n s l a t i o n  followed by NR an t i se rum immunoprecipitation. These technologies ,  
combined wi th  hybrid s e l e c t i o n  of mRNA, may then be used t o  confirm p o s i t i v e  c lones .  

To i d e n t i f y  a cDNA c lone  

W e  a r e  cu r ren t ly  screening  t h i s  l i b r a r y  wi th  syn the t i c  o l igonuc leo t ide  
Concurrent wi th  th i s ,exper iments  a r e  underway t o  i d e n t i f y  t h e  NR mRNA by 
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1723 CLONING OF GENES INVOLVED IN HIGHER PLANT NITROGEN ASSIMILATION 
C l o r i a  M. Coruzzi  and S c o t t  V .  Tingey, 
The Rocke fe l l e r  U n i v e r s i t y ,  1230 York Avenue, New York, N.Y. 10021 

Labora tory  o f  P l a n t  Mo lecu la r  B io logy  

I n  h ighe r  p l a n t s ,  n i t r o g e n  i s  ass im i la ted  i n t o  o rgan ic  form v i a  the  glutamine synthetase 
(GS)/glutamate synthase, o r  glutamate dehydrogenase(GDH) pathways. 
importance o f  each pathway d u r i n g  p l a n t  growth and development, and t o  understand how the  
respec t i ve  genes a re  regu la ted ,  we have i s o l a t e d  cDNA and genomic c lones encoding GS and 
GDH f rom N. lumba i n i f o l i a .  
mRNAs i n  Te-Okb) and one GS mRNA i n  r o o t  (1.4kb) o f  y. l u m b a g i n i f o l i a  and 
-- G.maxima, w h i l e  l e v e l s  o f  GDH mRNA were undetec tab le  i n  these tissu:s. Both GS mRNA and 
GDH mRNA (1.35kb) l e v e l s  a re  induced i n  N - f i x i n g  nodules o f  G,maxima. The presence of  GS 
po l ypep t ide  i n  these t i s s u e s  was analyzed by two-dimensional ge l  e lec t rophores i s  fo l l owed  
by Western b l o t  ana lys i s .  One form o f  GS po l ypep t ide  (45kd) occurs i n  l e a f  t i s s u e  o f  
- N. lumba i n i f o l i a ,  w h i l e  G.maxima leaves  con ta in  two i s o e l e c t r i c  forms. Root t i s s u e  of  
bo!h spe:ies conta ins  t w o - G m p e p t i d e s  which d i f f e r  s l i g h t l y  i n  s i z e  (37-38kd) and 
charge. 
dated by t r a n s l a t i o n  and imnunoprec ip i t a t i on  o f  hyb r id -se lec ted  mRNAs. Fur ther  charac ter -  
i z a t i o n  o f  t he  c lones by DNA sequence ana lys i s  and p l a n t  t rans fo rma t ion  experiments, w i l l  
enable us t o  de f i ne  gene f l a n k i n g  reg ions  t h a t  con ta in  t r a n s c r i p t i o n a l  r e g u l a t o r y  elements. 

To examine the  r e l a t i v e  

Nor thern  b l o t  ana lys i s  has revea led  the  presence o f  two GS 

The c o r r e l a t i o n  o f  t h e  GS mRNAs w i t h  the  var ious  GS po lypept ides  w i l l  be e l u c i -  

1724 TEMPLATE SUPERCOILING STIMULATES PLASTID GENE TRANSCRIPTION IN VITRO, 
Lyle D. Crossland, Steven M. Stirdivant, and Lawrence Bogorad, Harvard University, 
Cambridge, MA 02138 

An in vitro transcription system using purified maize chloroplast RNA polymerase and cloned 
plastid genes has been used to invesitigate factors affecting plastid gene transcription. 
Because the in vivo template for plastid gene transcription is a supercoiled circle, the 
effect of DNA template supercoiling on transcription in vitro has been examined. Up to a 
point, increasing negative superhelicity stimulated promoter specific transcription of the 
gene for the large subunit of ribulosebisphosphate carboxylase (rcL) and the gene for the 
beta and epsilon subunits of chloroplast coupling factor (cflBE). Continued increase 
in negative superhelicity resulted in a decrease of rcL transcription, while cflBE 
transcription continued at its maximum rate. The DNA sequences responsible for these 
promoter specific effects are being investigated. 

1725 
CA 94305 
The bacterium Rhizobuis meliloti forms a symbiotic relationship with Medica o sativa 
(alfalfa) whic- i n e v e l o p m e n t  of nitrogen-fixing root nodules.g W z  
mapped and determined the nucleotide sequence of a 3.5kb cluster of bacterial genes that 
are involved in triggering the initial plant nodulation responses. 
four major open reading frames which correspond to our genetic data, which have been 
designated @, g, C, and 2. Transcription studies using in vitro labeled RNA, and 
studies using RNA slot blots have indicated that & gene transcripts are extremely rare 
or absent in free-living bacteria and in differenciated bacteroids. This is confirmed by 
behavior of nodC-lac2 fusions, which suggest that nod gene expression may be induced only 
in the presence of plant factors (J.Mulligan and S x n g ,  to be published). Using in vivo 
and in vitro expression systems, I have identified gene products corresponding to the 
genes. 
to raise antisera against the @ protein. 
carrier-coupled synthetic oligopeptides based on the g sequence. 
being used to study the expression and localization of the & gene products in Rhizobium. 
I have also constructed broad-host range plasmids that overproduce these products in 
Rhizobium. 
plant root hair curling, infection thread formation and nodule dGlopment. 

PRODUCTS OF EARLY NODULATION GENES OF RHIZOBIUM MELILOTI, Thomas Egelhoff, Thomas 
Jacobs, John Mulligan, Robert Fisher, Sharon Long, Stanford University, Stanford, 

The sequence contains 

The nodA gene product was overproduced with an E.= expression vector and used 
Antisera to nodC has been generated using 

These antisera are 

These strains are being used to study the effect of nod gene expression on 
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1726 MUTATOR GENE INDUCES PLASTOME MUTATIONS, Melvin D. Epp, ARC0 Plant Cell 
Research Institute, Dubin, California 94568 

A nuclear gene mutation in Cenothera hookeri increases the frequency of variegation sectors 10,000- 
fold. The gene is recessive; the variegation is cytoplasmically transmitted. Once the variegation is 
induced, the gene is not required for the continued expression of variegation. The variegation sectors 
may differ one from another and are phenotypcially maintained through sexual crosses. The genetic 
data implicate the chloroplasts as the site for the expression of variegation. Electron micrographs are 
used to describe the cytoplasmic phenotypes. Additionally, the chloroplasts of other Cenothera species, 
also mutate at  an increased frequency when combined with the mutator gene. 

1727 EXPRESSION OF Z E I N  GENES, Gunter Fe ix ,  I n s t i t u t  f u r  B io log ie  111, 

The z e i n  g e n e t i c  system i s  expres sed  i n  a h igh ly  r eg i i l a t ed  way i n  t h e  deve- 
l op ing  endosperm of maize.  Genomic c l o n e s  r e p r e s e n t a t i v e  f o r  t h e  major z e i n  
p r o t e i n  c l a s s e s  have been i s o l a t e d  and ana lyzed  by a v a r i e t y  of t echn iques  
( i n  v i t r o  t r a n s c r i p t i o n ,  S1-mapping, DNA sequencing e t c . ) .  A p a r t i c u l a r  
f e a t u r e  i s  t h e  occur rence  of s e v e r a l  promoter s t r u c t u r e s  up t o  2 KB upstream 
from t h e  coding sequences .  For f u r t h e r  assessment  of t h e  r e l evance  of t h e s e  
and o t h e r  r e g u l a t o r y  sequences ,  i n  v ivo  t es t  systems a r e  r equ i r ed .  A s  no 
homologous system i s  y e t  a v a i l a b l e ,  z e i n  gene expres s ion  has  been s t u d i e d  
i n  y e a s t  and t h e  s i n g l e  c e l l  a l g a  Ace tabu la r i a .  Success fu l  expres s ion  of 
z e i n  genes  from t h e i r  promoters w a s  observed  a t  t h e  RNA l e v e l  i n  y e a s t  and 
a t  t h e  p r o t e i n  l e v e l  i n  Ace tabu la r i a .  These systems a r e  p r e s e n t l y  used t o  
e l u c i d a t e  r e g u l a t o r y  s t r u c t u r e s  of  t h e  z e i n  mul t igene  fami ly .  

U n i v e r s i t y  of Fre ibu rg ,  7800 F re ibu rg ,  F . R . G .  

The maize Adhl gens o f f s r s  a convenient system t o  study the  zhrornatin cont ro l led  
p a r 2 n e t e r s o f g e n e  express im.  &3& is environmentally induced i n  roo ts  by anaero- 
b i s s i s  and is developmentally inac t iva ted  i n  leaves. We can therefore  compare and 
cont ras t  the mechanisms of environmental and developmental gene regulation. 

Using r e s t r i c t i o n  enzymes a s  d iges t ion  pro!>es on in t ac t  n u c l e i ,  we have been ab le  
t o  show t h a t  chanrJes in the  h y p e r s e n s i t i v i t y  o f  chromat in  w i t h i n  t h e  f i r s t  few 
hundred bases  5' t o  t h e  s t a r t  o f  t rGnscr ip t - ion  c o r r e l a t e  w i t h  t h e  anae rob ic  
induction of t h e  gene. We have a l so  shown tha t  dercloplrlentdi i n a b i l i t y  t o  express 
t h e g e n e  i s  c o r r e l a t e d  w i t h  t h e  l o s s  o f  h y p e r s e n s i t i v i t y o f  s i tes  400-1100 b a s e s  
upstream. 

These r e s u l t s  suggest t ha t  environmental and developmental cont ro ls  over Adhl gene 
expression a r e  accomplished by d i f f e r e n t  mechanisms ac t ing  a t  s p a t i a l l y  F a r a t e  
s i t e s .  

1729 GENE ACTIVATION AND MOLECULAR MECHANISMS ASSOCIATED WITH DISEASE RESISTANCE RF- 
SPONSES OF PEA TISSUE TO FUNGAL AND BACTERIAL PATHOGENS. L. A. Hadwiger, B. 

Fristensky, D. F. Kendra, C .  Daniels and W. Wagoner. 
WA 99164. 

ities as well as characteristic differences. The phytoalexin, pisatin accumulates in both 
responses, hut over different time regimes. In general, the protein synthesis response te 
the two pathogens differs. 
mRNAs ceded by pea genes induced as the pea tissue resists Fusarium solani f. sp. 
These pea genes appear to he suppressed at about the time t h e p p a t h o g e n  F. sol:ni f. 
sp. pisi initiates active growth on pea endocarp tissue. 
genes activated when resisting the fungus are actjvated in the resistance response of pea 
tissue to races of Pseudomonas syringae pv. pisi. The fungal wall carbohydrate, chitosan, 
has been shown to induce the same pea penes and enhance the synthesis of the same pea 
proteins as live 5. solani fungal spores. Chitosan's potential action OD the DNA of plant 
chromatin will he discussed. 
plant tissue, is not mediated by membrane destruction and reduced cell viability, however, 
its antifungal action against r. solani is associated with reduced cell viability as 
determined by fluorescence after treatment with fluorescein diacetate. 

Washington State University, Pullman, 

The resistance responses of pea tissue to fungal and bacterial pathogens have similar- 

cDNA clones have been identified which cross hybridize with 
haseoli. 

-~ 
Some, hut not all, of the pea 

The stimulatory action of chitosan, a cationic polymer, in 
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1730 IMFUNOLOGICAL AND GENETIC ANALYSIS OF CONFORMATIONS OF MAIZE ALCOHOL UEHYDKOGENASE, 
Er in  E. I r i s h  and Drew Schwar tz ,  I n d i a n a  U n i v e r s i t y ,  Bloomington, IN 47405. 

The enzymes  s p e c i f i e d  by s e v e r a l  v a r i a n t  a n d  m u t a n t  a l l e l e s  of t h e  m a i z e  g e n e  a l c o h o l  
aehydrogenase-1 were  a n a l y z e d  immunologica l ly .  A l c o h o l  d e h y d r o g e n a s e  (ADH) enzyme w i t h  
low a c t i v i t y  was  a c t i v a t e d  t o  w i l d  t y p e  l e v e l s  by p r e c i p i t a t i o n  w i t h  c e r t a i n  anti-ADH 
a n t i s e r a .  F o r m s  oi A D B  w i t h  no d e t e c t a b l e  a c t i v i t y  c o u l a  b e  a c t i v a t e d  by 
imoiunoprec ip i ta t ion  w i t h  c e r t a i n  a n t i s e r a  i n  t h e  p r e s e n c e  of t h e  enzyme's c o t a c t o r ,  NAU. 
A l l  of  t h e s e  n u l l  e n z y m e s  w e r e  u n a b l e  t o  b i n d  N A D ,  w h i c h  a c c o u n t s  f o r  t h e i r  l a c k  o f  A D H  
a c t i v i t y .  It  i s  proposed t h a t  s p e c i f i c  a c t i v i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  c o n f o r m a t i o n a l  
e q u i l i b r i u m  of a c t i v e  a n d  i n a c t i v e  e n z y m e  m o l e c u l e s  i n  s o l u t i o n .  A n t i b o d i e s  r a i s e d  
a g a i n s t  a c t i v e  t o r m s  of ADIi c a n  i n c r e a s e  t h e  s p e c i f i c  a c t i v i t y  o f  low a c t i v i t y  enzyme 
f o r m s  by b inding  enzyme m o l e c u l e s  w i t h  low o r  no a c t i v i t y  and i n d u c i n g  i c o n f o r m a t i o n a l  
change, thus  s h i f t i n g  t h e  e q u i l i b r i u m  toward  a c t i v e  conformat lons .  

One a n t i s e r u m  r a i s e d  a g a i n s t  a n  a c t i v e  f o r m  of A D H  w a s  o b s e r v e d  t o  i n a c t i v a t e  a n y  
f o r m  o f  m a i z e  ADH t h a t  i t  bound. The  m e c h a n i s m  o f  i n a c t i v a t i o n  w a s  a n a l y z e d .  I t  i s  
p r o p o s e d  t h a t  t h e  i m m u n o g l o b u l i n s  of  t h i s  a n t i s e r u m  bound A D H  a t  t h e  coenzyme b i n d i n g  
domain of t h e  enzyme, b locking  t h e  i s o m e r i z a t i o n  t h a t  normal ly  r o l l o w s  NAD b i n d i n g  d u r i n g  
c a t a l y s i s .  P r e i n c u b a t i o n  w i t h  PIAD ( o r  NADP, w h i c h  i s  not a coenzyme f o r  ADH) p r o t e c t e d  
t h e  enzyme i rom i n a c t i v a t i o n ,  presumably by a f t e c t i n g  t h e  conformat ion  of t h e  enzyme. 

1731 

Leghemoglobins (Lbs)  are hemoproteins syn thes ized e x c l u s i v e l y  i n  the r o o t  nodules o f  p l a n t s  
d u r i n g  symbiosis w i t h  n i t r o g e n  f i x i n g  b a c t e r i a .  Soybean nodules c o n t a i n  f o u r  =:or Lbs com- 
ponents c a l l e d  Lba, Lbci, Lbcz, and Lbc,. The Lbs are encoded by a f a m i l y  o f  scenes arranged 
i n  tdo c l u s t e r s .  DNA sequence a n a l y s i s  r e v e a l e d  f o u r  a c t i v e  genes coding f o r  Lba, Lbc!, 
Lbc,, Lbc, and demonstrated a p r imary  s t r u c t u r e  w i t h  t h r e e  i n t e r v e n i n g  sequences. Consensus 
CT/AG d i n u c l e o t i d e s  were found a t  t h e  borders o f  the i n t e r v e n i n g  sequences. P u t a t i v e  r e q u l a -  
t o r y  sequences (CAP s i t e ,  TATA box, CAT box, p o l y  A s i t e )  s i m i l a r  t o  o t h e r  euKaryo t ic  gene 
sequences were a l s o  found. T r a n s c r i p t i o n  o f  the  Lb genes was m a s u r e d  w i t h  s p e c i f i c  probes 
These probes d i s t i n g u i s h  the  mRNA p recursors  f rom the d i f f e r e n t  Lb genes, and i t  was 
demonstrated t h a t  the Lbc, and Lbc, genes are t r a n s c r i b e d  b e f o r e  the Lbci and Lba Senes, 
d u r i n g  nodule development. The Lba gene was t r a n s c r i b e d  a t  t h e  h i g h e s t  !eve! fo l lnwed by t h e  
Lbc,, Lbcl and Lbc, w i t h  the  lowest l e v e l .  I n d u c t i o n  f o l l o w e d  exponent ia l  k i n e t i c s  2nd 211 
f o u r  genes remained t r a n s c r i p t i o n a l l y  a c t i v e .  An Agrobacter ium based t r a n s f - r r . a t i c n  System 
has been m o d i f i e d  f o r  legumes. T issue s p e c i f i c  t r a n s c r i p t i o n ,  t r a n s c r i p t  p rocess ing  and t h e  
Lb p r o t e i n  syn thes is  can t h e r e f o r e  be f o l l o w e d  a f t e r  t r a n s f e r  o f  complete soybean Lb genes 
t o  o t h e r  legumes. Chimeric genes t h a t  a l l o w  easy d e t e c t i o n  o f  Lb gene a c t i v : t i  "as ?een 
cons t ruc ted .  Regulatory sequences r e q u i r e d  f o r  Lb gene a c t i v i t y  can t h e r e f o r e  be de f ined by 
d e l e t i o n  and s i t e  d i r e c t e d  nu tagenes is .  

REGULATION OF LEGHEllOGLOBiN GENE EXPRESSION, Jens Stougaard Jensen, d i  r s r e n  a o j  sen, 
E r i k  0. Jensen, and K j e l d  A .  Marcker,  Department o f  Mo lecu la r  3 i o l o g y  an6 P l a n t  
Physiology, U n i v e r s i t y  o f  Aarhus, DK-8000 Aarhus C, Denmark 

1732 ANALYSIS OF A PLASTOME MUTATOR INDUCE0 CHLOROPLAST MUTANT OF OENOTHERA, E l l e n  M. 
Johnson*, Barbara B Sears and Char les  J. Arntzen", Department o f  Botany and P l a n t  
Pathology, *MSU-DOE P l a n t  Research Laboratory,  Michigan S t a t e  Univ.  E. Lansing, M I  

An enhanced r a t e  o f  c h l o r o p l a s t  gene m u t a t i o n  has been observed i n  Oenothera johansen when 
p l a n t s  a r e  homozygous f o r  a r e c e s s i v e  n u c l e a r  gene, "plastome muta tor "  (pml ( 1 ) .  P l a n t s  
e x h i b i t i n g  these muta t ions  were crossed t o  r e t u r n  t h e  mutant p l a s t i d s  t o 7  s t a b l e  (he tero-  
zygous) n u c l e a r  background. 
p l a s t i d i c  mutant t i s s u e  was e s t a b l i s h e d  i n  shoot c u l t u r e .  F u r t h e r  sc reen ing  was performed 
u s i n g  a n t i b o d i e s  a g a i n s t  a number o f  ch lo rop las t -encoded p r o t e i n s .  
p r o t e i n s  o f  pm-induced mutants were analysed by i m u n o b l o t t i n g .  One mutant (pm7) appears t o  
accumulate a 7 i i g h  molecu la r  we igh t  p r o t e i n  which i s  a n t i g e n i c a l l y  r e l a t e d  t o  cytochrome f .  
Th is  c o u l d  be due t o  a l e s i o n  which d i r e c t l y  a f f e c t s  cytochrome f gene express ion  o r  a f f e c t s  
some process ing  f u n c t i o n ,  as cytochrome f i s  known t o  be ch lo rop las t -encoded and t r a n s l a t e d  
as a p r e c u r s o r  i n  spinach and pea (2,3); i t  a l s o  c o n t a i n s  a c o v a l e n t l y  bound heme. 
s t a i n i n g  o f  pm7 t h y l a k o i d  p r o t e i n s  shows a l t e r e d  m o b i l i t y  o f  heme-containing p r o t e i n s  as w e l l .  
A n a l y s i s  o f  r e s t r i c t i o n  p a t t e r n s  o f  c h l o r o p l a s t  DNA has shown a l t e r e d  m o b i l i t y  o f  p a r t i c u l a r  
fragments. 
DNA a l t e r a t i o n s .  
1. Epp, M.D. (1973) Genet ics  75: 465-483. 
2 .  A l t ,  J. e t  a l .  (1983) EMBO J. 2 :  979-986. 
3. W i l l e y ,  D.L., A.D. A u f f r e t  and J. C .  Gray (1984) C e l l  36: 555-562. 

Seed f rom these crosses was s t e r i l e l y  germinated and t h e  homo- 

Stromal and t h y l a k o i d  

Heme- 

F i n e  s t r u c t u r e  r e s t r i c t i o n  mapping i s  b e i n g  used t o  determine t h e  n a t u r e  o f  these 
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1733 ACCELERATED POST-INSERTIONAL TURNOVER OF CHLOROPLAST-ENCODED 
Kenneth J. Leto, Erin Bell*, and Lee McIntosh*, Central Research and 
Development, DuPont Co., Wilmington, De. 19898 and *MSU/DOE Plant 
Research Laboratory, Michigan State University, E. Lansing, Mi. 48824 

We have studied the synthesis and accumulation of a chloroplast- 
encoded 48kDa chla-reaction center protein and the 34.5kDa "atrazine 
binding" protein in a nuclear maize mutant which fails to assemble 
photosystem I1 reaction centers. The failure of these polypeptides to 
accumulate in mutant thylakoids is not due to direct nuclear control 
over their synthesis but is rather due to their specific, accelerated 
turnover following insertion into the thylakoid membrane. The accele- 
rated turnover of these polypeptides in mutant thylakoids is largely 
independent of illumination conditions, as accelerated turnover occurs 
in the dark as well as in the light. In contrast to wild type, the 
48kDa and 34.5kDa polypeptides are preferentially associated with 
stroma, rather than grana, lamellae in mutant membranes, suggesting 
that turnover occurs before these polypeptides become enriched in the 
grana. The nucleus thus plays a role in the stabilization of newly 
inserted chloroplast-encoded photosystem I1 reaction center 
polypeptides. 

PHOTOSYSTEM I1 POLYPEPTIDES IS A CONSEQUENCE OF NUCLEAR MUTATION, 

1734 CHARACTERIZATION OF THE MULTIGENE FAMILY ENCODING THE LIGHT-HAR- 
VESTING CHLOROPHYLL A/B-PROTEIN (LHCP) IN ARABIDOPSIS THALIANA, 

Leslie S .  Leutwiler and Slaine M. Tobin, UCLA, Los Angeles, CA 90024 

The haploid genome size of Arabido sis thaliana, a member of the mustard 
family, is exceedingly small--apprEximately 7 x lo7 nucleotide pairs. 
Arabidopsis is unusual in that it lacks detectable levels of middle re- 
petitive DNA (based on Cot curves); additionally its single copy com- 
ponent m a y  be smaller than that of other plants. For instance, the 
nuclear genes encoding the LHCP are present as multigene families con- 
taining at least 8 members in pea, 10-12 in -, and 16 in petunia. 
In contrast, Arabidopsis contains only three coding sequences all clustered 
on an 11.0 kb Eco RI fragment. 
Two of the coding sequences have identical restriction maps, are oriented 
in the same direction and separated by 1.9 kb. The third coding sequence 
is oriented in the opposite direction about 1.3 kb upstream from the 
others. Since the amount of LHCP mRNA is regulated by red light, the 
expression of these indiridual coding sequences is being studied using 
probes derived from their unique 3 '  untranslated regions. 

STRUCTURE OF THE TRIOSEPHOSPHATE ISOMERASE GENES OF ZEA MAIZE. 
Mark A .  March ionn i  and  Walter G i l b e r t .  B iogen  R e s e a r c h  Corp.,  Cambridge,  MA 02142 

1735 

T r i o s e p h o s p h a t e  i s o m e r a s e  (TIM) is a u b i q u i t o u s  enzyme e s s e n t i a l  t o  s e v e r a l  pa thways  of 
c a r b o h y d r a t e  m e t a b o l i s m :  g l y c o l y s i s ,  g l u c o n e o g e n e s i s  and t h e  d a r k  r e a c t i o n s  o f  p h o t o s y n t h e -  
sis. Two i d e n t i c a l  21K d a l t o n  s u b u n i t s  c o m p r i s e  t h e  a c t i v e  TIM enzyme,  whose s t r u c t u r e  
h a s  been  d e s c r i b e d  by c r y , ; t a l l o g r a p h i c  s t u d i e s  as a b e t a  b a r r e l .  T h a t  TIM is h i g h l y  con- 
s e r v e d  a c r o s s  d i v e r g e n t  as E. c o l i  and c h i c k e n  e n a b l e d  u s  t o  u s e  a c h i c k e n  c D N A  c l o n e  t o  
p r o b e  a m a i z e  root cDNA l i b r a r y .  Among 40K lambda g t l O  r e c o m b i n a n t s  s c r e e n e d  18 p o s i t i v e s  
were d e t e c t e d .  The f irst  s u c h  c l o n e  s e q u e n c e d  c o n t a i n e d  a p o r t i o n  o f  a m a i z e  TIM cDNA- 
t h e  c a r b o x y l  2 / 3  o f  t h e  p r o t e i n - c o d i n g  r e g i o n  and 300 b p  o f  3 '  u n t r a n s l a t e d  D N A .  P r e d i c t e d  
amino a c i d  s e q u e n c e s  were i d e n t i c a l  t o  c h i c k e n  a t  75% o f  t h e  r e s i d u e s  compared.  F u r t h e r -  
more ,  w i t h  t h e  s i n g l e  e x c e p t i o n  o f  a g l u  t o  g l n  s w i t c h  a t  p o s i t i o n  133, t h e  i n v a r i a n t  amino 
a c i d s  from r e s i d u e s  103 to  245 ma tched  those  of all 6 s p e c i e s  s t u d i e d  p r e v i o u s l y .  The 
s e q u e n c e  was u s e d  to screen 1 0 6 c h a r o n  4A r e c o m b i n a n t s ,  and  w e  d e t e c t e d  28 p o s i t i v e s .  
T h e s e  genomic c l o n e s  f e l l  i n t o  3 g r o u p s ,  d e p e n d i n g  on which  p o r t i o n s  of t h e  cDNA s e q u e n c e  
h y b r i d i z e d  to them. R e s t r i c t i o n  mapping of t h e  phage  and  of maize DNA s u g g e s t e d  t h e  
p r e s e n c e  of a t  l e a s t  2 g e n e s .  D e t a i l e d  mapping, and n u c l e o t i d e  s e q u e n c i n g  now i n  p r o g r e s s  
s h a l l  p r o v i d e  a p i c t u r e  o f  t h e  s t r u c t u r e  of t h e  m a i z e  TIM genes and  p e r m i t  compar i son  w i t h  
t h e  c h i c k e n  g e n e ,  as w e l l  as a l i g n m e n t  of t h e  i n t r o n s  w i t h  t h e  w e l l - c h a r a c t e r i z e d  p r o t e i n  
s t r u c t u r e .  T h i s  work s u p p o r t e d  i n  p a r t  by NRSA g r a n t  5 F32 CA07048-03 awarded  to MAM. 
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ANALYSIS O F  Ar.1 INTERSPECIFIC SOMATIC HYBRI O F  DAUCUS, 
Benjamin F. Matthews and  J a c k  11. Midholm p,  ( 1 )  U . S .  Department o f  A q r i c u l - u r e ,  
B e l t s v i i l e ,  MD 207115, and ( 2 )  U n i v e r s i t y  of I l l i n o i s ,  Urbana, IL 61901. 

The c h l o r o p l a s t  and  m i t o c h o n d r i a l  DNA composi t ions  o f  c e l l  s u s p e n s i o n  c u l t u r e s  o f  
____ Daucus c a r o t a ,  - D. c a p i l l i f o l i u s  and a somat i -  ! , y b r i d  were d e t e r m i n e d .  
DNA of the h y b r i d  and D. c a r o t a  were i d e n t i c a l  and were d i f f e r e n t  from t h a t  of 
- D. capillif-. The mi tochondr ia1  DNAs of both  p a r e n t a l  l i n e s  were d i f f e r e n t .  The 
s o m a t i c  h y b r i d  c o n t a i n e d  DNA f ragments  i n  common w i t h  one or both p a r e n t s  and a l s o  
c o n t a i n e d  unique f r a g m e n t s .  

Enzymes i n  the pathway l e a d i n g  t o  the s y n t h e s i s  of t h e  e s s e n t i a l  amino a c i d s  l y s i n e ,  
t h r e o n i n e  and meth ionine  were measured and c h a r a c t e r i z e d .  
dehydrogenase were present i n  t h e  h y b r i d ,  i n c l u d i n g  one unique form w h i c h  was n o t  
p r e s e n t  i n  e i t h e r  p a r e n t .  

The c h l o r o p l a s t  

Two major forms of homoserine 

1737 TWO NODULIN GENES OF SOYBEAN, Vincent  P. Mauro, P a n a g i o t i s  K a t i n a k i s ,  Sui-Lam Wong 
and Desh P a l  S .  Verna, P l a n t  Molecular  Bio logy  L a b o r a t o r y ,  Bio logy  Department,  
M c G i l l  U n i v e r s i t y ,  Mont rea l ,  Canada H3A 1 B 1  

Nodul ins  a r e  s p e c i f i c a l l y  induced d u r i n g  t h e  development o f  r o o t  nodules  i n  l e g u n e s  
f o l l o w i n g  i n f e c t i o n  by Rhizobium. We have i d e n t i f i e d  two n o d u l i n  genes  (Nodulin-23 and 
Nodulin-24) which a r e  abundant ly  t r a n s c r i b e d  i n  soybean nodules .  DNA sequence  a n a l y s i s  o f  
Nodulin-23 gene showed t h a t  t h i s  gene is  i n t e r r u p t e d  by a s i n g l e  i n t r o n  and codes  f o r  a 
23.5 kd p r o t e i n .  The deduced p r o t e i n  sequence  s u g g e s t s  t h e  p r e s e n c e  of a s i g n a l  
sequence .  Nodulin-24 gene c o n t a i n s  f o u r  i n t r o n s  and encodes  a p r o t e i n  o f  15  kd. T h i s  
gene h a s  an unusual  s t r u c t u r e  c o n s i s t i n g  of t h r e e  tandomly r e p e a t i n g  u n i t s  c o n t a i n i n g  
i n t r o n  and exon sequences .  It  a p p e a r s  t o  have been g e n e r a t e d  by d u p l i c a t i o n  of a sequence  
resembl ing  an i n s e r t i o n  e lement .  Immunological s t u d i e s  s u g g e s t e d  t h a t  t h i s  gene  codes  f o r  
a p e r i b a c t e r o i d a l  membrane p r o t e i n .  L i t t l e  sequence  d i v e r g e n c e  i n  t h e  d u p l i c a t e d  i n t r o n s  
s u g g e s t s  t h a t  t h i s  gene was g e n e r a t e d  r e c e n t l y  i n  t h e  e v o l u t i o n  o f  soybean. Sequence 
comparison o f  t h e  5 '  e n d s  of Lbc , Nodulin-23 and Nodulin-24 genes  r e v e a l e d  t h r e e  
conserved  seqeunces .  
o r g a n i z a t i o n  b o t h  w i t h  r e s p e c t  t o  o r d e r  and p o s i t i o n .  I n  v i t r o  t r a n s c r i p t i o n  s t u d i e s  of 
nodulin-23 sugges ted  t h e  p r e s e n c e  o f  two promoters .  In  a d d i t i o n ,  an a n t i s e n s e  promoter 
( w i t h  i t s  t r a n s c r i p t i o n  d i r e c t i o n  o p p o s i t e  t o  t h a t  o f  t h e  n o d u l i n )  was observed  i n  t h i s  
gene .  T h i s  f e a t u r e  may be  involved  i n  r e g u l a t i n g  t h e  e x p r e s s i o n  o f  t h i s  gene d u r i n g  
nodule  development.  

These a r e  a r r a n g e d  i n  a un ique  f a s h i o n  and have  a s p a t i a l  

1738 SEQUENCE OF A GENOMIC DNA CLONE FOR THE SMALL SUBUNIT OF RIBULOSE BIS-PHOSPHATE .. CARBOXYLASE-OXYGENASE FROM TOBACCO, Barbara  J. Mazur and Chok-Fun Chui,  E. I. du 
Pont de  Nemours 6 Co., C e n t r a l  Research 6 Development Department,  Exper imenta l  S t a t i o n ,  328, 
Wilmington, Delaware 19898 
We have  c loned  and sequenced  a gene  f o r  t h e  s m a l l  s u b u n i t  of r i b u l o s e  b is -phosphate  c a r -  
boxylase-oxygenase (RUBISCO) from N i c o t i a n a  tabacum. The gene  w a s  i s o l a t e d  from a genomic 
l i b r a r y  of t o b a c c o ,  u s i n g  a pea cDNA c l o n e  and a soybean genomic RUBISCO c l o n e  a s  h y b r i d i -  
z a t i o n  probes.  We i s o l a t e d  two d i s t i n c t  c l o n e s  c a r r y i n g  RUBISCO genes ;  n e i t h e r  c l o n e  
c a r r i e d  a d d i t i o n a l  RUBISCO genes.  The tobacco  gene i s  most c l o s e l y  r e l a t e d  t o  t h e  small 
s u b u n i t  genes  from t h e  d i c o t s  soybean  and pea ,  and l e s s  so t o  t h e  monocots wheat and =. 
The sequence  of t h e  mature  p r o t e i n  i s  i n  a l l  c a s e s  more c l o s e l y  conserved  t h a n  is  i t s  
c h l o r o p l a s t  t r a n s i t  sequence. Unl ike  t h e  two monocots,  which have one i n t r o n  i n  t h e i r  
genomic sequences ,  and t h e  two o t h e r  d i c o t s ,  which have two i n t r o n s  i n  t h e i r  genomic 
sequences ,  t h e  t o b a c c o  genomic c l o n e  h a s  t h r e e  i n t r o n s .  The t h i r d  tobacco  i n t r o n  l i e s  3 '  t o  
t h e  two conserved  i n t r o n s ,  i n  t h e  middle  of one of t h e  most i n v a r i a n t  r e g i o n s  of t h e  s m a l l  
s u b u n i t  gene. The 5 '  end of t h e  gene  and t h e  f i r s t  and t h i r d  i n t r o n s  t o g e t h e r  c a r r y  s i x  
sequences  which a r e  i d e n t i c a l  t o  consensus  mammalian enhancer  s i g n a l s .  Two of t h e  5' 
enhancer - l ike  s e q u e n c e s  a r e  embedded w i t h i n  a 67 bp i n v e r t e d  r e p e a t .  These i n v e r t e d  r e p e a t s  
f l a n k  a s e r i e s  of e i g h t  d i r e c t  r e p e a t s  of a 4 3  bp sequence  and t h e  d i r e c t  r e p e a t s  themselves  
each  c a r r y  i n v e r t e d  r e p e a t s .  Thus t h i s  r e g i o n  5' t o  t h e  promoter  i s  c a p a b l e  of assuming 
c o n s i d e r a b l e  secondary  s t r u c t u r e .  P u t a t i v e  r e g u l a t o r y  sequences  a t  t h e  5' end of t h e  gene 
a r e  conserved ,  whereas  t h e  p o l y  A r e c o g n i t i o n  sequence  i s  not .  
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Chlorop las t  membranes o f  a l l  h igher  p l a n t s  con ta in  a h igh  p ropor t i on  o f  po lyunsatura ted  f a t -  
t y  acids suggest ing an impor tan t  f u n c t i o n a l  r o l e  f o r  these l i p i d s  i n  suppor t ing  the  l i g h t  
reac t i ons  o f  photosynthes is .  Al though many, p r i m a r i l y  b iophys ica l ,  approaches have been 
used t o  i n v e s t i g a t e  the  func t i ona l  s i g n i f i c a n c e  o f  membrane l i p i d  unsatura t ion ,  an explana- 
t o r y  model has no t  emerged. I n  o rder  t o  approach t h i s  problem from a new perspec t ive  we 
have i s o l a t e d  mutants o f  Arabido s i s  t h a l i a n a  w i t h  a l t e red  membrane composi t ion by  d i r e c t l y  
ana lys ing  the  f a t t y  ac id  & o f  i n d i v i d u a l  leaves from a mutagenized popu la t ion .  Ten 
1 ines  which have d e f i c i e n c i e s  i n  f i v e  d i s t i n c t  enzynat ic reac t i ons  associated w i t h  l e a f  
l i p i d  metabolism were i d e n t i f i e d  f rom among approximately 2000 p lan ts .  Al though several  o f  
t he  mutants show dramat ic a l t e r a t i o n s  i n  ch lo rop las t  membrane composi t ion,  genet ic  s tud ies  
i n d i c a t e  t h a t  these a l t e r a t i o n s  are due t o  s i n g l e  s imp ly  i n h e r i t e d  nuclear muta t ions .  
P re l im ina ry  biochemical  cha rac te r i za t i on  o f  t he  mutants suggests t h a t  each o f  t he  mutants 
e x h i b i t s  a d e f i c i e n c y  i n  one o f  t he  f o l l o w i n g  enzymes: 1) a ch lo rop las t  16:O desaturase; 2) 
a c h l o r o p l a s t  16:1/18:1 desaturase; 3) a c h l o r o p l a s t  16:2/18:2 desaturase; 4) a ch lo rop las t  
phosphat idy l  g l yce ro l  s p e c i f i c  desaturase; 5) a ch lo rop las t  phosphat id ic  ac id  phosphatase. 
A l l  of t he  mutants appear pheno typ i ca l l y  normal when grown a t  21'C under low l i g h t ,  w i t h  the  
except ion  o f  t he  16:1/ 18 : l  desaturase mutant which e x h i b i t s  normal growth o n l y  a t  
temperatures above 26'C. The remaining mutants show o n l y  sub t le  d i f f e rences  i n  growth and 
photosynthe t ic  f u n c t i o n  a t  a wide range o f  temperatures.  

MUTANTS OF ARABIOOPSIS WITH ALTERED CHLOROPLAST MEMBRANE LIPID COMPOSITION, Peter 
McCourt, John Browse & Chr i s  Somervi l le,  MSU-DOE P lan t  Research Laboratory,  East 
Lansing, M I  48824 

1740 CHANGES IN GENE EXPRESSION INDUCED AS A RESULT OF PREMATURE DESICCATION OF p. 
VULGARIS SEEDS, S. M is ra  and J.D. Bewley, Department o f  B io logy ,  Un ive rs i t y  o f  
Calgary,  Calgary, A lber ta ,  T2N 1N4, Canada. 

For  most seeds, d ry ing  i s  the  te rmina l  event i n  development, l ead ing  t o  a s t a t e  o f  
metabo l ic  quiescence. Dur ing  development o f  P. v u l g a r i s  seeds, one o f  t he  major storage 
p ro te ins  t o  be synthesized i n  the  coty ledons F n d m  phaseol in,  represent ing  about 50% 
o f  t o t a l  p r o t e i n  i n  mature seeds. U t i l i z i n g  a c loned cDNA gene from P. v u l g a r i s  homologous 
t o  p p h a s e o l i n  mRNA ( g i f t  o f  D r .  J. Slightom, Agr igenet ics  Advanced RFsearch Lab), we have 
examined the  f a t e  o f  t he  phaseo l in  message i n  normal ly matured, prematurely d r ied ,  and 
dr ied- rehydra ted  seed axes. 
preserved f o l l o w i n g  normal matura t ion  and premature des i cca t i on  o f  seeds. Fo l l ow ing  
rehyd ra t i on  o f  imnature seeds a t  t he  des i cca t i on - to le ran t  stage the  message i s  no longer  
de tec tab le  i n  the  axes. Th is  mimics the  p a t t e r n  observed i n  mature germinated seeds. Thus 
the  changes observed i n  p r o t e i n  p r o f i l e s  i n  response t o  premature des i cca t i on  o f  P. 
v u l g a r i s  seeds seem t o  occur a t  t he  l e v e l  o f  t r a n s c r i p t i o n .  Whether t h i s  i s  e f f e r t e d  by 
the  d i r e c t  a c t i o n  o f  d ry ing- rehydra t ing  events on the  genome, o r  whether o the r  changes such 
as hormones ( o r  t h e i r  recep to rs )  e s s e n t i a l l y  i nvo l ved  w i t h  development o r  germinat ion  a re  
i nvo l ved  remains t o  be e luc ida ted .  

Northern b l o t  ana lys i s  show t h a t  the  mRNA f o r  phaseo l in  i s  

1741 HORMONAL REGULATION OF p-1,3-GLUCANASE mRNA IN CULTURED TOBACCO TISSUE 
Debra Mohnen, Hideaki Shinshi and Fred Meins, Friedrich Miescher- 
Institut, Basel, Switzerland. 

Accumulation of the abundant enzyme b-1.3-glucanase ( E C  3.2.1.39) in cul- 
tured tobacco tissues is regulated by the hormones auxin and cytokinin (c.f. 
poster by Felix and Meins). As judged by immunoprecipitation and partial pro- 
teolysis of the in vitro translation product, poly ( A )  RNA isolated from in- 
duced tissues contains mRNA for a ca.38Kd precursor of the mature 33-34Kd en- 
zyme. This mRNA was not detected in non-induced tissues. The time course of 
mRNA induction measured by Northern and dot blot analysis of total RNA using 
a glucanase cDNA probe was similar to the time course of glucanase induction. 
This indicates that the regulation of p-1,3-glucanase by auxin and cytokinin 
in culture is at the mRNA level. 
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1742 THE EXPRESSION OF PEA rbcS GENES IN PEA PLANTS AND IN TRANSFORMED PETUNIA 
Giorgio Morelli, Phyllis Moses, Ferenc Nagy, Gloria Coruzzi, Robert Fluhr, and 
Nam-Hai Chua. Laboratory of Plant Molecular Biology, The Rockefeller University, 
1230 Yoik Avenue, NY, NY 10021-6399. 

We have isolated four pea genomic clones which encode five different members of the 
multigene family for the small subunit of r ibu lose-1 ,5-b isphosphate  carboxylase (rbcS). 
DNA sequence analysis of three genes revealed a high degree of homology at the nucleotide 
level in the coding sequence, but both the promoter and the 3' non-coding regions are 
divergent. All three genes are interrupted by two introns located in the same relative 
positions; however, only the second intron is conserved. Northern and S1 nuclease 
analysis revealed that all three genes are expressed in a tissue specific fashion, and 
the ratio of transcripts encoded by the three genes are different in different tissues. 
Furthermore, all the genes are induced by light and respond to phytochrome regulation. 
These results indicate that transcriptional controls of individual rbcS genes vary. 
In collaboration with R. Fraley and S. Rogers of the Monsanto company, we have utilized 
A robacterium mediated transformation to study the regulatory regions of one o f  these 

under the transcriptional control of its own promoter in petunia cells. A series o f  5 '  
deletions in the promoter region and a series of chimeric genes have been constructed to 
define the DNA sequences required for light-induction and maximal expression of rbcS-E9. 

gkG73-E r c - 9. This gene is expressed in a light-dependent and tissue-specific manner 

1743 REGULATION OF CHLOROPLAST PROTEIN SYNTHESIS, John E. Mullet, Department of 
Biochemistry and Biophysics, Texas AM University, College Station, TX 77843 

Plastids in higher plants have been found to exhibit two distinct protein 
translation modes. The first type is found in photosynthetically competent 
plastids and is characterized by the dependence of protein translation on light 
as a source of energy. Proteins translated within these plastids range up to 70 
Kd i n  size and in general radiolabeled products comigrate with polypeptides 
which accumulate to significant levels (i.e. rbcL gene product). A second 
translation mode is found in developing plastids, etioplasts and carotenoid 
deficient-bleached plastids. Proteins translated i n  these plastids range up to 
200 Kd in size and translation does not require light as an energy source. RNA 
which is translated i n  each translation mode have been characterized. It has 
been found that translation of the lightdependent type can be switched to the 
light-independent type without major changes in RNA populations. These data 
demonstrate that a significant regulation of plastid gene expression occurs at 
the level of protein translation. 

1744 NODULIN-35, A NODULE-SPECIFIC URICASE OF SOYBEAN: STRUCTURE, BIOSYNTHESIS AND 
LOCATION, Truyen Nguyen, Victoria Foster, Hanna Bergmann, Maria Zelechowska and 
Desh Pal S .  Verma, Plant Molecular Biology Laboratory, Biology Department, McGill 
University, Montreal, Canada H3A 1B1 

Nodulin-35 represents a 35 kd protein which is induced about ten days after infection of 
soybean by Rhizobium japonicum. It was shown to be a subunit of the nodule-specific 
uricase. Subcellular localization studies done using nodulin-35 specific antibody and 
protein-A gold revealed the presence of this protein in the peroxisomes of the uninfected 
cells of nodules. This protein is found to be synthesized on free polysomes and thus 
appears to be transported to peroxisomes post-translationnally. A cDNA clone (pNod35) was 
isolated using mRNA from immuno-precipitated polysomes. Hybridization of this clone to 
soybean genomic DNA revealed four E R I  bands, suggesting multiple copies of this gene. A 
genomic clone corresponding to two of these E R I  bands was isolated from a soybean 
genomic library. The structure of this gene was determined by DNA sequencing and compared 
with other nodulin and leghemoglobin genes of soybean. 
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1745 REGULATION OF TRANSCRIPTION IN THE AZOLLA-ANABAENA SYMBIOSIS, Sandra A. 
Nierzwicki-Bauer and Robert Haselkorn, Univ. of Chicago, Chicago, IL. 60637 

Azolla is a small water fern which is symbiotically associated with the filamentous nitrogen- 
fixing cyanobacterium Anabaena azollae. The Anabaena species, which occurs as a symbiont in 
the leaf cavity of -, can fix enough atmospheric nitrogen to satisfy both its own 
requirement for combined nitrogen and that of its host. The Azolla-Anabaena association pro- 
vides an interesting system for studying the regulation of transcription because the processes 
of protein synthesis and heterocyst differentiation in the Anabaena symbiont vary considerably 
from those seen in free-living forms of Anabaena, probably as a result of the fern's influence 
on the cyanobacterium. Using cloned genes from Anabaena 7120 for glutamine synthetase ( G S ) ,  
ribulose-l,5-bisphosphate (RuBP) carboxylase, nitrogenase, and the 32-kD protein of photo- 
system 11, transcription of the corresponding genes in the endosymbiont was studied by 
Northern hybridization. The most striking result is that message for GS is not present in 
Ri?A isolated from the endosymbiont. Thus we conclude there is transcriptional regulation of 
GS synthesis within the endosymbiont. Additionally, in the endosymbiont there is greater 
than a two-fold increase in the amount of message for the 32-kD protein, and greater than a 
two-fold decrease in the amount of message for RuBP carbornlase, compared with transcript 
levels in the free-living Anabaena azollae. Northern and Southern blots hybridized with 
specific nitrogenase probes indicate that, as in Anabaena 7120 (J. Golden, personal 
communication), there are rearrangements involving the genes coding for nitrogenase in both 
the endosymbiont and in heterocysts of the free-living Anabaena azollae. 

1746 CHARACTERIZATION OF cDNA CLONES CODING FOR MAIZE GLUTELINS. P.Puig- 
domhnech, S.Prat, J.Cortadas and J.Palau. Institut de Biologia, CSIC 

Jordi Girona Salgado, 18, 08034 Barcelona, Spain. 
Clones corresponding to glutelins from maize have been obtaiincd by screen- 
ing cDNA libraries from immature endosperm. Immunodetection of clones has 
been done using antfsera raised against the main component of the glutelin- 
2 fraction, the 28 kd protein. Due to the immunological cross-reaction with 
another endosperm protein, the 14 kd zein-2, clones corresponding to the 
two proteins have been isolated and characterized. The 28 kd glutelin-2 
protein has a sequence presenting at least four well-defined domains. The 
main domain is a Pro-Pro-Pro-Val-His-Leu sequence repeated eight times. 
It is preceded by a short fragment containing two Cys residues and a 19- 
residue signal peptide. After the repetitive sequences and alternative 
stretch Pro-X is present and the C-terminal part contains most of the Gln 
and Cys residues. This part has a strong degree of analogy with the 14 kd 
zein-2. Both proteins show analogies with storage proteins from other ce- 
reals such as gliadins and hordeins. A composite function for these proteins 
structural and storage is proposed. 

1747 IDENTIFICATION OF AN ABUNDANT, HORMONALLY REGULATED POLYPEPTIDE IN TO- 
BACCO TISSUE CULTURE AS f3-1.3-GLUCANASE. Georg Felix and Frederlck 
Meins, Friedrich Miescher-Institut, Basel, Switzerland. 

We have purified an abundant, 33-34Kd polypeptide (P33) from cultured 
tissues of Havana 425 tobacco. The P33 content, measured immunologically, in- 
creases from >l% to 10% of the soluble protein when tissues are transferred 
from medium containing auxin and cytokinin to media with one or both hormones 
deleted. P33 also exhibits a specific distribution in the plant. It makes up 
5510% of the soluble protein in lower leaves and roots, but is not detectable 
in leaves near the top of the plant. Based on its hydrolytic activity P33 was 
identlfled as endo-f3-1,3-glucanase (EC 3.2.1.39), an enzyme lmpllcated in the 
response of plants to pathogens. The results show that this enzyme 1s regu- 
lated by hormones in culture and developmentally regulated in the plant. 
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1748 BARLEY 6-AMYLASE GENES ARE TRANSCRIBED ON BOTH STRANDS, John C .  Rogers, Washington 
University, S t .  Louis, Mo 63110. 

We have cloned and sequenced fu l l - length  cDNAs f o r  each of the two d i f f e r e n t  barley &-amyl- 
ase  gene famil ies ;  these a re  located on two d i f fe ren t  chromosomes and the  coding sequences 
of the mature secreted enzymes a re  only 74% ident iaal  . 
open reading frame on the s t rand opposite the *-amylase sequence t h a t  begins a t  an ident i -  
cal posi t ion and extends from the f i r s t  ATG f o r  1.1 kb.  This unusual finding suggested 
t h a t  the opposite s t rands m i g h t  code f o r  another mRNA.  
or ientat ions behind the SP6 polymerase promoter, and labeled RNAs synthesized from tha t  
promoter were used as hybridization probes. 
ed on blo ts  carrying high-pI sequences cloned in to  M13. On northern b l o t s ,  the strand- 
spec i f ic  probe hybridizing to  authent ic  *amylase mRNA demonstrated t h a t  mRNA is  present 
in unstimulated aleurone c e l l s ,  and increases with GA and decreases w i t h  ABA stimulation. 
I n  cont ras t ,  opposite s t rand RNA ident ical  i n  s i z e  t o  d-amylase mRNA is  present a t  the same 
leve ls  regardless  o f  h o m n a l  manipulation, and i s  present in higher quant i t ies  i n  leaf  and 
root  c e l l s .  M13 DNA carrying a-amylase mRNA sequence was used t o  hybrid se lec t  opposite 
s t rand RNA from ABA-treated aleurone c e l l s  and from leaf  c e l l s .  T h i s  se lected RNA,  when 
t ranslated i n  a wheat germ system, generated a spec i f ic  peptide of 27 kd. 
s i t e  s t rand RNA appears to  be mRNA.  Preliminary S 1  experiments indicate  t h a t  the opposite 
s t rand RNA i s  essent ia l ly  perfect ly  complementary t o  the  .(-amylase m R N A .  These findings 
may be relevant  t o  GA regulation of I-amylase gene expression. 

Nevertheless, both cDNAs have an 

The high-pI cDNA was cloned i n  both 

The s t rand-spec i f ic i ty  of the probes was prov- 

T h u s  the  oppo- 

1749 IsOma AND -1a OF "pNA AND GEXCMIC 
WLY-E. Wolfgang Schuch , Lorraine C l . y k ~ o ~ m ~ i t h  Edwards', 
pdrian slated, =in ~ a ~ n d e r s 2  and  on Grierson . 
' ICI corporate Bioscience Group, Runcorn, U.K., and 
University of Wttinghan, Sutton Bonnington, IaughixJmugh, U.K. 

kpt. of AgridtUre, 

Gene expression during tmMt0 f ru i t  r i m y  was investigated by cLBI?+ cloning. A dN.4 
library w a s  prepared fran ripe tomato polyA RNA and ripening-related cDNA clones were 
selected. 
identified by hybrid-selection and innunoprecipitation. 

Genomic clones for plygalactmnase here isolated from a partial library prepared in 
h g t  Ives. 

Data will be presentd on the structure of the CDNA and genmic clones, and on the 
expression of FG during the ripening process. 

clones for plygalacturonase+, a mjor cell wall softening en-, were 

1750 TANDEM REPETITIVE ELEMENTS IN CUCURBITACEAE SPECIES. Albert Siege1 and 

Approximately 6% of Cucurbita pep0 nuclear DNA is a 351 base tandem repetitive element. 
Most of the elements contain a single Hind I11 site but this site is occasionally blocked 
or absent, giving rise to ~ . 2 1 %  dimers and E. 9% trimers upon extensive Hind I11 digestion 
of genomic DNA. The elements also contain an Hpa I site and some contain two. 
Hind I11 repeat units were cloned and sequenced in order to assess variability among them. 
Each of the units is unique, differing at from 10 to 19 base positions from all of the other 
cloned units. Nuclear DNA of another Cucurbita species, foetidissima, also has a 350 base 
tandem repetitive element most of whic- both Hind I11 and Hpa I sites but other 
Cucurbita, maxima and moschata, do not. C. foetidissima has, in addition, a shorter, 200 
base, Hind I11 containing element. tandem repetitive element is present in 
about 107,000 copies per haploid genome. 
352 base tandem repetitive element found in a species of another Cucurbitaceae genus, 
Cucumis melo (Brennicke and Hemleben, 2. Naturforsch. 1983, 38c: 1062-1065), and does not 
hybridize to a similar element detected in Cucumis sativa. 
either of the two elements detected in C. f o e t i d i s s r  

Robert Leclerc, Wayne State University, Detroit, MI 48202 

Several 

~- 
The ST 

It bears no detectable homology to a sequenced 

-- 
It also fails to hybridize with 
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1751 
Chicago, Chicago, I l l i n o i s  60626 

The ma jo r i ty  of t h e  10" tons of n i t rogen  f ixed  annually i n t o  p l an t  ma te r i a l  i s  der ived  from 
the  a s s imi l a t ion  of n i t r a t e .  
gene ra l ly  regarded t o  ca t a lyze  the  r a t e  l i m i t i n g  s t e p  of t h e  pathway. 
maxima L. cv. Buttercup) and soybean (Glycine max var .  Williams) c e l l s  i n  c u l t u r e  have been 
used t o  examine n i t r a t e  a s s imi l a t ion  in higher  p l an t s .  
F i r s t ,  t he  e f f e c t  of var ious  n i t rogen  sources  on n i t r a t e  reductase  a c t i v i t y  has been ex- 
amined. 
of n i t r a t e  r educ ta se  a c t i v i t y  i n  lower eukaryotes.  
f e c t i v e  i n  the  n i t r a t e  a s s imi l a to ry  pathway i n  t h e  squash t i s s u e  w i l l  be descr ibed .  
on t h e s e  s t u d i e s ,  t h e  r egu la t ion  of n i t r a t e  a s s imi l a t ion  i n  h igher  p l a n t s  w i l l  be d iscussed .  
(Supported by Nat iona l  Science Foundation PCM 8404243)  

ALTERATION OF THE HIGHER PLANT NITRATE PSSIMILATORY PATHWAY, John Smar re l l i ,  J r . ,  
Michelle T. Wat te rs ,  and Luke Cur t i s ,  Department of Biology, Loyola Univers i ty  of 

Nitrate reductase  i s  t h e  f i r s t  enzyme of t h i s  pathway, and 
Squash (Cucurbita 

Two approaches have been undertaken. 

This  work w i l l  focus  on glutamine, a known repressor ,  and n i t r a t e ,  a known inducer ,  
Second, t h e  genera t ion  of mutants de- 

Based 

1752 MONOCLONAL ANTIBODIES FOR BARLEY CELL SURFACE ANTIGENS, Shauna Somerv i l le  and 
John Sherwood, DOE - P lan t  Research Laboratory,  Michigan S ta te  Un ive rs i t y ,  East 
Lansin?, M I  48824-131? 

The i n t e r a c t i o n  o f  ba r ley  (Hordeum vu lgare  L.) w i t h  Erys iphe graminis f.sp. hordei ,  the  
causal agent o f  powdery m i l d e X ~ e a T e ~ - i S - t y p i c a l  o f  3 i t h - ? % l  a t i ons  d F s 3 e d  by 
the  "gene-for-gene'' hypothesis.  The h i g h l y  polymorphic Reg 1 locus  o f  ba r ley  i s  one o f  
s i x  l o c i  known t o  mediate r e a c t i o n  t o  E. graminis.  U n d F t K e  assumption t h a t  t he  Reg 1 
locus  encodes a component o f  a hos t  recogn i t i on  mechanism, we have i n i t i a t e d  a p r o j e T t 5  
i d e n t i f y  t he  Reg 1 gene product us ing  monoclonal an t ibod ies  t o  de tec t  sub t le  an t i gen ic  
d i f f e rences  b e x e e i i  congenic b a r l e y  l i n e s ,  r e s i s t a n t  and suscep t ib le  t o  E. graminis race 
CR3. BALB/c mice have been i n j e c t e d  w i t h  a crude p repara t i on  o f  plasma m e m i r a F f r o m  both  
r e s i s t a n t  and suscept ib le  b a r l e y  l i n e s .  The supernatants f rom the  r e s u l t i n g  hybridomas 
were screened f o r  r e a c t i v i t y  t o  g lu ta ra ldehyde- f i xed  nongreen p ro top las ts .  None o f  the  19 
hyaridoma l i n e s ,  re ta ined  i n  an i n i t i a l  screen, secre ted  an t ibod ies  which d i sc r im ina ted  
unequ ivoca l l y  between t i s s u e  from r e s i s t a n t  and suscept ib le  l i n e s .  However, by 
imnunofluorescence microscopy, some o f  these an t ibod ies  seem t o  recognize plasma 
membrane-specific ant igens. Such monoclonal an t i bod ies  a re  p o t e n t i a l l y  use fu l  f o r  1) the  
i d e n t i f i c a t i o n  and p u r i f i c a t i o n  o f  epidermal t i s s u e  and plasma membranes; 2 )  the  
c h a r a c t e r i z a t i o n  o f  the  developmental f a t e  o f  s p e c i f i c  c e l l  types du r ing  ontogeny and; 31 
f o r  t he  i d e n t i f i c a t i o n  and p u r i f i c a t i o n  o f  po lypept ide  cons t i t uen ts  o f  plasma 
membrane-local i z e d  enzymes. 

1753 GENETIC ANALYSIS OF THE RUBP CARBOXYLASE SMALL SUBLTIT TRANSIT SEQUENCE. 
L e s  J. Szabo, Mark Hand, Anthony R. Cashmore, Rockefe l le r  Univers i ty ,  
New York, NY 10021. 

Although ch lo rop la s t s  con ta in  t h e i r  own gene t i c  system, t h e  ma jo r i ty  of ch lor -  
o p l a s t  p r o t e i n s  are encoded by nuc lear  genes,  and a r e  t h e  products  of p r o t e i n  
syn thes i s  on f r e e  cytoplasmic ribosomes. Many of t h e s e  polypept ides  a r e  
synthes ized  as so lub le ,  h igher  molecular weight p recu r so r s  which a r e  processed 
dur ing  o r  a f t e r  t r a n s l o c a t i o n  i n t o  the  ch lo rop la s t .  The most ex tens ive ly  
cha rac t e r i zed  of t hese  t r ans loca ted  polypept ides  i s  t h e  small subuni t  of  
ribulose-1,5-bisphospate carboxylaseloxygenase (Rubisco).  DNA sequence analy- 
s is  of t he  Rubisco small subuni t  from Pisum sativum showed t h a t  t he  precur- 
s o r  con ta ins  a 57 amino a c i d  N-terminal t r a n s i t  sequence, which i s  presumed 
t o  d i r e c t  t r ans loca t ion .  We have developed an i n  v i t r o  system to analyze  
gene t i ca ly  a l t e r e d  Rubisco smal l  subuni t  t r a n s i t  sequences.  A f u l l  l enght  
cDNA c lone  was cons t ruc ted  and subcloned i n t o  a vec to r  conta in ing  the  
Salmonella SP6 promoter. Capped RNA obta ined  by run o f f  t r a n s c r i p t i o n  was 
e f f i c e n t l y  t r a n s l a t e d  i n  wheat germ. The r e s u l t a n t  po lypept ides  were prop- 
e r l y  t r anspor t ed  and processed ,  by i s o l a t e d  ch lo rop la s t s  i n  a t r ans loca t ion  
assay .  A s e r i e s  of t r a n s i t  sequence d e l e t i o n s  have now been cons t ruc ted  and 
w i l l  be used t o  determine func t iona l  domains of t h e  small  subuni t  t r a n s i t  
sequence. 

-~ 
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1754 LIGHT AND DNA GYRASE INHIBITORS AFFECT CHLOROPLAST TRANSCRIPTS IN CHLAMYDOMONAS 
REINHARDTII, Robert J. Thompson and Gisela Mosig, Vanderbilt Univ., Nashville TN. 

We have previously shown (Plant Physiol. @ : 1 - 6 ,  1984) that a family of overlapping 
transcripts originating from the Hpa I1 5 region of the chloroplast chromosome overaccumu- 
late when certain strains are grown in the dark as compared with the light. 
transcripts overaccumulate when light-grown cells are treated with novobiocin or nalidixic 
acid, two inhibitors of bacterial DNA gyrase. A comparison of the effects of these inhibi- 
tors on the Hpa I1 5 transcripts with their effects on other chloroplast transcripts 
suggests a unique regulation for the Hpa I1 5 transcripts. 

We have found that Chlamydomonas cells contain an ATP-dependent topoisomerase which 
supercoils DNA in vitro. 
and by nalidixic acid ( 0.1 mM). Together, our results strongly suggest that the super- 
coiling topoisomerase plays an important role in chloroplast transcription. Experiments 
to define the relationship between the effects of light/dark and the effects of inhibitors 
of this topoisomerase on chloroplast transcription are in progress. 

We suspect that the algal supercoiling topoisomerase resides in the chloroplast because 
Preliminary hybridization experiments suggest that an E. coli restriction fragment contain- 
ing the EB gene hybridizes to chloroplast DNA. Similar hybridization experiments employ- 
ing the E. coli gyrA gene are in progress. 

These same 

This supercoiling activity is inhibited by novobiocin ( 0.1 pM) 

1755 CHROMATIN STRUCTURE OF A STORAGE PROTEIN GENE OF SOYBEAN UNDER THE CONTROL OF A 
DEVELOPMENTAL AND CONSTITUTIVE PROMOTER. Mary L. Tierney, Michael A. Lawton, and 
Roger N. Beachy, Washington University, St. Louis, MO 63130. 

Studies on the chromatin structure of developmentally regulated genes indicate that trans- 
cri?ttion i s  frequently correlated witit a local enhanced sensitivity of the gene sequence to 
specific nucleases. 
soybean during seed development and germination. This gene is under tight tissue-specific 
and developmental control, being expressed only during mid-maturation of the seed. In these 
studies, nuclei were isolated from developing seeds and cotyledons of DNase I. The DNA 
isolated from these samples was then restricted.and probed for the nuclease sensitivity of 
known restriction fragments within and outside of the a '  gene. In developing seeds, the 
restriction fragments within the coding sequence were more sensitive to DNase I than the 
restriction fragments flanking the gene. However, in cotyledons of germinating seeds, the 
a' gene no longer displayed an enhanced sensitivity to DNase I. This indicates that the 
coding sequences of the a' gene are more sensitive to DNase I when the gene-is transcription- 
ally active and that the chromatin shifts from an active to an inactive conformation in the 
cotyledon during the final stages of seed development and/or dessication. The structural 
sequences of the a' gene have also been transformed into petunia under the control of a 
CaMV promoter. This gene has been shown to be expressed in both callus tissue and leaves of 
petunia. Experiments are in progress to analyze the chromatin structure of this gene in a 
foreign environment, now under the control of a constitutive promoter. 

We have been studying the chromatin structure of the 75 a' gene in 

1756 NUCLEOTIDE SEQUENCES REQUIRED FOR PHOTOREGULATION OF NUCLEAR GENE EXPRESSION, 
Michael P. Timko, Albert P. Kausch, and Anthony R. Cashmore, Rockefeller 
University, New York, NY 10021 

We have examined the DNA sequences required for high levels of light-inducible expression 
of two photoregulated nuclear genes from pea, the small subunit of ribulose-1,5- 
bisphosphate carboxylase and the major polypeptide of the light-harvesting chlorophyll a/b- 
protein complex. Chimaeric genes consisting of promoter fragments of varying length of 
the pea 5g-3.6 gene linked to the coding sequences of the bacterial cat (chloramphenicol 
acetyltransferase) gene were constructed and introduced into tobacco cells by Agrobacterium- 
mediated cell transformation. The expression of these genes was studied in light and 
darkness. Such studies have shown that nucleotide sequences residing within 973 bp upstream 
from the cap site for the E-3.6 gene are required for high levels of light-inducible 
expression. Deletion of sequences from the 5'  end of this promoter (-973 to -722 bp up- 
stream from the cap site) result in a 60 % reduction in levels of light-inducible expression. 
Nucleotide sequences within 92 bp of the cap site are still capable of light-inducible 
expression, but at levels significantly reduced from the level of the 973 bp promoter. 
We are presently analyzing the nucleotide sequence requirements for light-inducibility of 
the chlorophyll a/b-binding protein genes. The results of these studies will be presented. 
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€344 polymerase was purified from the vegetative cells of A m b a a  a d  was used to transcribe 
cloned glutarnine synthetase (& A) a d  RuBP carboxylase rbc S )  genes. The In A 
gene is transcribed a-tly in  vegetative cells, in  hetEcysts  a i n  cells i-ecfkr 
nitrogenase. 
which are "E. coli-like." 'Ihese transcripts are absent from cells idwed for nitmgenase 
but u ~ e  r e p h c a y  mtLhEA diose prmuter Ls 'Crif genelike". A DYA fragment containing a l l  
these promoters was transcribed in  vitro. ThFiim-off transcripts correspond t o  initiation 
a t  each of the E. coli-like p d e G t  not the nif-like praioter. 

absent fran cells starved for nitrogen, The in  vivo start s i te  for these genes has an E. 
coli-like -10, however, the sequence a r d  -5 E e r y  different fran the E. coli cons&- 
% A DNA fr- containing this sequence was used as a teoplate for in Git?GTranscrip 
tion with RNA polymerase fran E. coli or Anahena. 'Ihe E. coli enzyme &s=transcribe 
this fragmnt, while the A n a b a G  enzyme transcribes e f f T c i X y  fran the promDter used @ 
5. The Anahena e n z y m w l e t e l y  sensitive to rifampicin. A mixture of Ambaena 
emym plus rifampicin resistant E. coli enzyme will transcribe frcm the rbc L m  in  
the presence of rifampicin, suggez t i sha t  habaenar factor can d i r e c t z  
transcribe fran an Ambaena promoter. 

RNA HILYMERASE FRB A"A: PURIFICATION AND CHARACTERIZATION OF STAF3 SITES FOR 
IN VITRO TRANSCRIPTIGN, Nilgun E. lber, Catherine Richaud, George Borbely ard 
%G37hselkorn, University of Chicago, Chicago, I L  60637 

k i n g  growth on anrmnia,transcription initiates a t  several sites, a l l  of 

The 3kb trk-t of the rbc Grbc S operon i sah lcar i t  in  gram cells but 

core to 

1758 CHROMATIN STRUCTURE OF THE MAIZE Adh 1 G E N E ,  Michael E .  Vayda 
and M .  F ree l ing ,  U. Cal i fo rn ia  a t  Berkeley, Ca l i fo rn ia  94720 

Maize i s  an exce l l en t  system i n  which t o  c o r r e l a t e  t he  chromatin s t r u c t u r e  
of  a p l an t  gene and t h e  t r a n s c r i p t i o n a l  a c t i v i t y  of  t h a t  locus .  
o f  t he  Maize Adh 1 gene i s  induc ib le  i n  roo t  and s c u t e l l a r  t i s s u e s  subjec ted  
t o  anaerobic  s t r e s s  and c o n s t i t u t i v e  in  po l l en .  
expressed i n  l ea f  t i s s u e s  under n e i t h e r  aerobic  nor  anaerobic  condi t ions .  
Fur ther ,  s eve ra l  mutant a l l e l e s  of Adh 1 e x i s t  which have r e s u l t e d  upon t h e  
i n s e r t i o n  of a t r anspos ib l e  element wi th in  t h e  t r a n s c r i p t i o n a l  u n i t ;  t h e  
phenotypes of t h e s e  mutants inc lude  reduced l e v e l s  of cytoplasmic Adh 1 mRNA 
and a b o l i t i o n  of Adh 1 express ion .  We have inves t iga t ed  the  s e n s i t i v i t y  
o f  Adh 1 a l l e l e s  t o  nuc leases  under va r i ed  phys io logica l  cond i t ions ,  and 
have a t t e p t e d  the  i s o l a t i o n  of chromatin subuni t s  . 

Expression 

By c o n t r a s t ,  Adh 1 i s  no t  

1759 METHYLATION AND SEQUENCE DIFFERENCES OF CHLOROPLAST DNA BEIWEEN FERTILE AND 
CYTOPLASMIC MALE STERILE GOSSYPIUM AND PETUNIA. FANG-SHENG WU, ZOECON CORP., 
PAL0 ALTO, CA 94304. 

Chloroplas t  (ch)  DNAs of Gossypium hirsutum and Pe tunia  pa rod i i  were i s o l a t e d  and 
r e s t r i c t e d  wi th  14  r e s t r i c t i o n  enzymes inc luding  isoschizomers which recognize the  same 
DNA sequences but d i g e s t  d i f f e r e n t i a l l y  depending upon the  methylation s t a t u s  of t he  
DNA. I n  G. h i r su tum,  t h e  ch DNA of f e r t i l e  (B), cytoplasmic male s t e r i l e  ( A  o r  CMS) and 
r e s t o r e r  (R) l i n e s  a l l  have d i f f e r e n t  r e s t r i c t i o n  p a t t e r n s  when they a r e  d iges ted  by HpaII 
and &PI. However, a s i n g l e  enzym give s imi l a r  r e s t r i c t i o n  pa t t e rns  fo r  t h e  A and R 
l i n e s  but a d i f f e r e n t  one f o r  t h e  B l i n e .  S imi la r  phenomena were observed wi th  EcoRII and 
B e t N 1  d i g e s t s .  Other r e s t r i c t i o n  enzymes (Taql,  Sau3A1, HaeIII, BamH1, Bgl 11, EcoR1, 
SmaI, X m a I ,  and Hhal) a l l  produced t h e  same r e s t r i c t i o n  p a t t e r n s  f o r  t he  A and R l i n e s  
which E r e  d i f f e r e d  from B l i n e .  In  Pe tunia ,  t he  ch DNA of e i t h e r  l i n e  3699 ( f e r t i l e )  o r  
l i n e  3688 (CMS) d i f f e r e d  i n  i t s  r e s t r i c t i o n  p a t t e r n s  between HpaII and Mspl and between 
EcoRII and B s t N l  d i g e s t s .  Other r e s t r i c t i o n  enzymes t e s t e d  which cut i r r e s p e c t i v e  of DNA 
methyla t ion ,  on ly  Bgl 11, EcoRl and BamHl d i f f e r e n t i a t e d  between the  r e s t r i c t i o n  p a t t e r n s  
of f e r t i l e  and CMS l i n e s .  

These da t a  i n d i c a t e  t h a t  the  ch DNAs of f e r t i l e  o r  CMS Gossypium and Pe tunia ,  have 
methylation s i t e s  a t  cy tos ine  r e s i d u e s ,  and the  sequences vary between f e r t i l e  and CMS 
l i n e s .  The ex ten t  of such d i f f e rences  was g r e a t e r  i n  Gossypium than  i n  Petunia.  
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1760 THE MITOCHONDRIAL ATPASE SUBUNIT 9 GENE OF PETUNIA, Ellora Young and 
Maureen Hanson, University of Virginia, Charlottesville, VA 22903  

We have isolated a DNA segment of the mt genome of Petunia hybrida line 
3 7 0 4  that contains the entire coding sequence of subunit 9 of the Fo ATPase. 
The coding region DNA sequence is 5 9 %  homologous with the mt ATPase proteo- 
lipid-like gene of Neurospora crassa. The predicted Petunia protein of 70 
amino acids is highly h y d r o p h o m d  contains a g l u t m i d  at position 
50  that has been shown to be involved in DCCD-binding and proton-translo- 
cation in other organisms. This predicted polypeptide sequence compares 
favorably with the protein sequences of these other proton-translocating 
subunits. 

S1 nuclease protection studies indicate that this gene is transcribed in 
P. hybrida and P. parodii. Three transcripts of varying 5 '  non-translated 
lengths are found. 
-~ 

Two sterile-specific point mutations internal to the leader occur in CMS 
P. parodii line 3688 but do not appear to alter the relative proportions 
or the various lengths of the RNAs. 

Quantitative Aspects of the Genome 

NUCLEOTYPIC DIMENSIONS AND PLANT GENETICS, Michael D. Bennett, Plant Breeding 
Institute, Maris Lane, Trumpington, Cambridge CB2 ZLQ, England. 1761 

Interspecific variation in nuclear genome DNA amount is more than 1000-fold in angiosperms' 
(from 1C = 0.125 pg in wichuraiana to 127.4 pg in Pritillaria ass riaca). Such variation 
has far-reaching biological consequences'. It is causally correlated :ith several biophysical 
characters at the chromosome phenotype level, e.g. the total length, volume and mass of the 
haploid complement. Moreover, it is correlated, perhaps sometimes causally, with many widely 
different nuclear, cellular, tissue and even organismal phenotypic characters including: the 
number of chloroplasts per stomata1 guard cell, rates of nuclear and cellular processes, pollen 
volume, seed weight, habit and minimum generation time, radiosensitivity, and the optimum 
environment and geographical range of crop and non-crop species. Nuclear DNA influences the 
phenotype both directly by its genic content, and indirectly by the physical effects of its 
mass. The term 'nucleotype' defines those conditions of the nucleus which affect the phenotype 
independently of the encoded informational content of its DNA. Significantly, the nucleotype 
limits the range of phenotypic expression which can be achieved by gene action3. 

Apart from a few treasured exceptions (e.g. flax genotrophs4) most early work concentrated 
on the extent and consequences of major interspecific variation, partly because of difficulty 
in detecting or conclusively demonstrating intraspecific variation, and partly because of the 
once widely held view that genome size is constant (hence the term 'C-value') within a species. 
However, several new examples of intraspecific variation in genome size have been found 
recently, so that considerable and increasing interest has focused on the origins, extent, 
distribution and significance of the phenomenon. Evidence for angiosperms (including: Pea 
annua, Microseris douglasii5, Zea mays and Secale cereale) suggests that intraspecific 
variation in genome size has detectable biological consequences of interest to plant 
geneticists. Thus, it may be important to consider: first, whether total genome size is 
amenable to controlled change in response to selection and/or manipulation; and second, whether 
there are constraints or controls which limit or direct the distribution of DNA gain or loss  
within and between chromosomes '. Ability to design and construct useful artificial chromosomes 
in plants may depend on our understanding a possible nucleotypic relationship between stability 
and size, and the mechanids) of 'counters' which may quantify and adjust intranuclear genomic 
characters at various levels from DNA sequence copy number to chromosome arm size. 

( 1 )  Bennett,M.D. 6 Smith.J.5. 1976 Phil. Trans. Roy. SOC. Lond. B, 274, 227-274. 
( 2 )  Bennett,M.D. 1974 Brookhaven Symposium in Biology 2, 344-366. 
( 3 )  Bennett,M.D. 1972 Proc. Roy. SOC. Lond. B, 181, 109-135. 
( 4 )  Evans,G.M. 1968 Heredity, 27, 25-28. 
( 5 )  Price,H.J., Chambers,K.L. 6 Bachmann,K. 1981 Bot. Gaz. 142, 415-426. 
( 6 )  Bennett,M.D. 1982 pp.  239-261. In "Genome Evolution", Academic Press, London. 
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1762 A HYPOMORPHIC MUTATION AT THE SHRUNKEN LOCUS IN MAIZE, John P. Mot t inger* ,  
Stephen L. De l lapor ta**  and P a t r i c k  B. K e l l e r *  
*Department o f  Botany, U n i v e r s i t y  o f  Rhode I s land ,  Kingston, RI 02881 

**Cold Spr ing Harbor Labora tor ies ,  Cold Spr ing  Harbor, NY 11724 

have been recovered i n  descendants o f  p lan ts  i n f e c t e d  w i t h  ba r ley  s t r i p e  mosaic 
Mutat ions a t  t he  shrunken locus  i n  maize which a re  due t o  i n s e r t i o n s  o f  t ransposable 

eleme t 
virusP.$.  I n  one o f  these, 51.1-5584, the  i n s e r t  i s  a t  t he  5 '  end o f  t he  gene near the  
promotor. The muta t ion  e x h i b i t s  a dosage e f fec t  i n  some genet ic  backgrounds wherein one dose 
produces a shrunken kerne l  w h i l e  two o r  th ree  doses r e s u l t  'n  an in te rmed ia te  o r  plump pheno- 
type. Shrunken i s  a s t r u c t u r a l  gene f o r  sucrose synthetase . Analyses o f  endosperm e x t r a c t s  
on po lyacry lamide ge ls  show a d i r e c t  r e l a t i o n s h i p  between the  dose o f  sh-5584 and the  amount 
o f  
kerne ls  w i t h  th ree  doses o f  sh-5584 i s  about 30% o f  t h a t  i n  kerne ls  w i t h  one dose o f  t he  
normal Sh a l l e l e  (Sh sh sh).= the  amount o f  enzyme needed t o  generate a plump kerne l  i s  
s u b s t a n u a l l y  l e s s T h G 6 e  q u a n t i t y  produced by a s i n g l e  dose o f  t he  dominant a l l e l e .  

sh-5584 i s  approximately 30% t h a t  o f  w i l d  type  f o r  t he  syn the t i c  reac t i on  and 10% f o r  
cleavage. 
show a f i v e - f o l d  reduc t i on  i n  the  amount o f  message produced by the  mutant r e l a t i v e  t o  the  
normal a l l e l e .  
messages are  apparent. These observat ions i n d i c a t e  t h a t  sh-5584 i s  a regu la to ry  muta t ion .  
The l o c a t i o n  o f  t he  i n s e r t  a t  the  5 '  end o f  t he  gene near the  promotor i s  cons i s ten t  w i t h  
t h i s  i n t e r p r e t a t i o n .  

I n  some genet ic  backgrounds, one dose o f  sh-5584 produces a f u l l y  plump kerne l .  This 
suggests t h a t  another gene ( o r  genes) func t i ons  as a second s i t e  suppressor o f  t he  muta t ion  

3 
p r o t e i n .  Densitometer readings of  ge ls  i n d i c a t e  t h a t  t he  amount o f  gene produc t  i n  

Enzyme s tud ies  have shown t h a t  the  s p e c i f i c  a c t i v i t y  o f  sucrose synthetase produced by 

Northern b l o t  analyses o f  po l y  A RNA from normal a and sh-5584 homozygotes 

The t r a n s c r i p t  o f  t he  mutant a l l e l e  i s  w i l d  type  i n  s i ze  and no a l t e r e d  

a t - t h e  shrunken locus .  

1 .  Mot t inger ,  J.  P . ,  S. L .  De l lapo r ta  and P .  B. K e l l e r .  1984. S tab le  and uns tab le  

2. 
mutat ions i n  aber ran t  r a t i o  stocks o f  maize. Genetics 106: 751-767. 
De l lapor ta ,  Stephen L. ,  Paul S. Chomet, John P. Mot t inger ,  Jonathan A .  Wood, Su-May Yu 
and James B. Hicks.  1984. A c t i v e  endogenous transposable elements i n  maize associated 
w i t h  v i r u s  i n f e c t i o n .  

shrunken-1 muta t ions  i n  maize. Biochem. Genet. 14: 1041-1055. 

Cold Spr ing  Harbor Symposium on Q u a n t i t a t i v e  B io logy .  ( I n  Press).  
3. Chourey, P. and 0. E .  Nelson. 1976. The enzymatic de f i c iency  cond i t ioned by the  

1763 DEVELOPMENTALLY-TIMED CHANGES I N  MAIZE ENMISPERM DNA, Ronald L. P h i l l i p s ,  Michael 
D. McMullen, Sh in i ch i ro  Enomoto, and Richard V. Kowles, Department o f  Agronomy and 
P lan t  Genetics, U n i v e r s i t y  o f  Minnesota, St. Paul, MN 55108 

Maize endosperm development progresses r a p i d l y  a f t e r  t he  fo rmat ion  o f  a t r i p l o i d  nucleus 
from the  fus ion  o f  t he  two p o l a r  n u c l e i  o f  t he  c e n t r a l  c e l l  o f  t he  embryo sac w i t h  a sperm 
nucleus. C e l l  d i v i s i o n s  occur i n  the  non-per ipheral  reg ions  o f  t he  endosperm tbrougb about 
12 days p o s t - p o l l i n a t i o n  e s t a b l i s h i n g  the  c e l l  popu la t ion  o f  t he  cen t ra l  zone. A t  about t he  
t ime  c e l l  d i v i s i o n  ceases, t he  s i ze  o f  t he  n u c l e i  and the  nuclear DNA content beg in  t o  
inc rease i n  p a r a l l e l .  
photometry, i s  est imated t o  be 4.5 C du r ing  the  f i r s t  10 days o f  endosperm developmeat. 
Presumably, t h i s  DNA leve l  i s  reasonable s ince  the  t i s s u e  i s  t r i p l o i d .  
pos t -po l l i na t i on ,  t he  mean l e v e l  o f  DNA pe r  nucleus increases i n  the  absence o f  cy tok ines i s .  
The DNA amp l i f i es  t o  a peak o f  90 C by 16 days pos t -po l l i na t i on .  This p a t t e r n  o f  DNA ampl i -  
f i c a t i o n  has been cons is ten t  over f o u r  seasons i n  f i e l d  grown mate r ia l .  Other inbreds may 
amp l i f y  t h e i r  DNA t o  even h igher  l e v e l s .  
expected values r e l a t i v e  t o  the  pa ren ta l  inbreds. 

The ques t ion  can then be asked: Are the  developmental ly- t imed changes i n  endosperm DNA 
l e v e l s  a r e s u l t  o f  a m p l i f i c a t i o n  o f  t he  t o t a l  genome o r  o f  s p e c i f i c  reg ions? P o l y p l o i d i -  
za t i on  does no t  appear t o  be i n d i c a t e d  because i n  s i t u  h y b r i d i z a t i o n  w i t h  l a b e l l e d  rRNA 
produces o n l y  th ree  s i l v e r  g r a i n  c l u s t e r s  over the  nuc leo lus  showing the  presence o f  o a l y  
th ree  chromosomes 6 as expected i n  t r i p l o i d  c e l l s .  Sa tura t ion  h y b r i d i z a t i o n  o f  l a b e l l e d  
rRNA t o  DNA taken from endosperm t i s s u e  4 t o  24 days p o s t - p o l l i n a t i o n  i nd i ca tes  t h a t  
t he  p ropor t i on  o f  rDNA i s  cons tan t  through day 10, increases about 50% by  day 16, anc' 
re tu rns  t o  the  i n i t i a l  l e v e l  o r  lower by day 20. An i n t e r p r e t a t i o n  i s  t h a t  t he  rDMA 
i s  among the  f i r s t  DNA p o r t i o n s  t o  amp l i f y  and i t s  p ropor t i on  i s  g radua l l y  decreased 
as o ther  genomic reg ions  ampl i f y .  
f i c a t i o n  process cannot be e n t i r e l y  accounted f o r  by an inc rease o f  o n l y  a few sequences. 

Cont ro l  o f  gene expression genera l l y  i s  thought t o  i nvo l ve  r e g u l a t i o n  o f  t r a r s c r i p t j o n ,  
processing, t r a n s l a t i o n ,  o r  pos t - t rans la t i ona l  mod i f i ca t i ons .  
ca t i on  o f  endosperm DNA, whether s e l e c t i v e  o r  not,  leads t o  the  p o s s i b i l i t y  t h a t  endo- 
sperm gene expression i s  regu la ted  i m p o r t a n t l y  by a l t e r a t i o n s  i n  gene copy number. 
To ta l  so lub le  p ro te ins ,  var ious  s ta rch  syn thes is  enzymes, zeins, and o ther  p ro te ins  
increase i n  a p a r a l l e l  manner t o  DNA amp l i f i ca t i on .  Tests a re  underway t o  c o r r e l a t e  
gene copy number w i t h  the  a c t i v i t y  o f  var ious  p ro te ins .  

The DNA conten t  o f  inbred  A188, measured by Feulgen microspectro- 

A t  about 12 days 

Hybr ids have DNA l e v e l s  t h a t  approximate the  

Other in fo rmat ion  i nd i ca tes  t h a t  t he  o v e r a l l  ampl i -  

The dramat ic a m p l i f i -  
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RAPID GENOMIC EWNGE IN MAIZE, Virginia Walbot, Vicki Chandler, Carol Rivin*, 
Chris Cullis* , 1764 and Loverine P. *Taylor, Department of Biological Sciences, 

Stanford University, Stanford, CA 94305. curzpt address: Dept. oE Botany and Plant 
Pathology, Oregon State Univ., Corvallis, OR. current address: John Innes Institute, 
Colney Lane, Norwich, UK. 

We are interested in understanding how genome organization is regulated in maize and 
whether rapid genomic change is a feature of the adaptation of plants to continuous 
development in a variable environment (1,Z). McClintock has also proposed that stress may 
trigger a variety of rapid genomic changes including the release of cryptic transposable 
elements (3). We have investigated the organization and stability of the copy number of 9 
cloned repetitive sequences in maize representing sequences present in low ( < 5 0 ) ,  middle 
(- 1,000) and high (>50,000) number. We have discovered that each inbred line of maize 
tested has a characteristic copy numher for each sequence class (4). When two lines are 
crossed the F1 progeny frequently contain an unexpected copy number (not the mean of the 
parental values) for one or  more repetitive sequence types. Instability in copy number is 
also detected in embryos of inbred lines placed in tissue culture. 

In all inbreds tested (8) we find sequences homologous to Mu-1, a transposable element 
family found in Robertson mutator lines of maize (5); however, these sequences do not appear 
t o  vary significantly in copy number among different inbreds. In contrast, in crosses with 
lines containing an active mutator system we find progeny with widely different copy numbers 
of Mu-1 and Mu-L. Mu-L is a 1.7 kb element highly homologous to Mu-1 found in many mutator 
lines. At very low copy number (<lo) no new mutations are recovered and mutable "reporter" 
genes show no somatic reversion. Some higher copy number (>50) lines also yield no new 
mutations and show no somatic instability. Surprisingly, in these higher copy lines the 
hutator elements no longer show the typical restriction pattern of Mu-1 and Mu-L, but appear 
much larger. We are investigating whether this modification of element organization is due 
to DNA modification, amplification, OK rearrangement of  sequences within the element. The 
change i n  element restriction pattern is progressive; individuals have been identified that 
contain both the normal Mu-1 and Mu-L patterns as well as the larger fragments. Lines 
containing these altered elements have been crossed to lines that contain only the normal 
Mu-1 and Mu-L. Genetic and molecular results from these crosses will be discussed. 

1. Walbot, V. 6 C.A. Cullis. 1983. Plant Mol. Biol. Rep. 1:3-11. 2. Walbot, V. 6 C.A. 
Cullis. 1985. Ann. Rev. Plant Physiology, in press. 3 .  McClintock, B. 1978. Stadler 
Genet. Symp. 10:25-48. 4. Rivin, C.J., Cullis, C. A. 6 V. Walbot. In press, Genetics. 
5. Bennetzen, J.L., et al. 1984. Proc. Natl. Acad. Scl. USA 81:4125-4128. 

Enlightened Mutagenesis and Mutant Recovery 

1765 BIOCHEMICAL GENETICS OF THE ASPARTATE-DERIVED AMINO ACIDS I N  PLANTS. 

S i m n  W.J. Br igh ta ,  Roger 14. Wallsgrove, Ben J a  M i f l i n ,  B iochemis t ry  Oept. Kothamsted 
Exper imental  S ta t i on ,  Harpenden AL5 ZJQ, UK. Present address: ARC0 P l a n t  C e l l  Research 
I n s t i t u t e  6560 T r i n i t y  Cour t  D u b l i n  CA 94568. 

The branched pathway o f  syn thes is  of  aspar ta te -der ived  ( l ys ine ,  methionine, 
th reon ine ,  i s o l e u c i n e )  and r e l a t e d  amino ac ids  ( va l i ne ,  l e u c i n e )  has been s tud ied  f o r  two 
reasons. F i r s t l y  these a re  n u t r i t i o n a l l y  essen t ia l  and sometimes l i m i t i n g  amino ac ids  i n  
animal n u t r i t i o n .  
enzymes, a c e t o l a c t a t e  synthase. 
as a way o f  changing t h i s  area o f  p l a n t  ne tabo l ism i n  a d i r e c t e d  way. 

o rgan isa t i on  i n  va r ious  systems. Where es tab l i shed,  a l y s i n e - s e n s i t i v e  fo rm o f  t h e  enzyme 
aspar ta te  k inase  has been i d e n t i f i e d  w i t h  a l t e r e d  regu la to ry  p roper t i es .  
a t  two l o c i  correspond t o  two l y s i n e - s e n s i t i v e  isoenzymes, which can be comined  i n  double 
mutants wi th  the  expected enzyme phenotypes. 
enzyme r e g u l a t i o n  and pa t te rns  o f  so lub le  amino accumulat ion.  
sy l  v e s t r i s  se lec ted  w i t h  aminoethy lcys te ine  each accumulate l y s i  ne. 
ac id  synthase r e g u l a t i o n  by  l y s i n e  i s  reduced I .  Res is tan t  tobacco mutants have been 
i d e n t i f i e d  amongst p ro top las t -de r i ved  c e l l s  c u l t u r e d  w i t h  va l i ne .  
two c lasses2  w i t h  one hav ing  a l t e r e d  regu la to ry  p r o p e r t i e s  o f  ace to lac ta te  synthase. 
enzyme i s  a l s o  a l t e r e d  i n  tobacco mutants r e s i s t a n t  t o  ch lo rsu l fu ron3 .  

Auxotrophic mutants r e q u i r i n g  th reon ine ,  methionine. i so leuc ine ,  l euc ine  o r  
iSOleUCine p l u s  v a l i n e  have r e c e n t l y  been i d e n t i f i e d  a f t e r  screening mutagenised hap lo id  
c e l l s  o r  pro top last^^-^. 
l i n e s .  
W i l l  enhance t h e  understanding of  t h e  r e g u l a t i o n  of metabol ism i n  v i v o  and t h e  
consequences o f  pe r tu rb ing  i t  by genet ic  engineer ing.  

Negru t iu  e t  a l .  1984 TAG 6 8 : l l ;  
Science 2 2 4 m ,  4 Negru t i u  1983, Exper ien t i a  Suppl 45:159; 
159:12; i b i d  1984 P lan ta  160:168. 

Secondly two new c lasses  o f  he rb i c ides  i n h i b i t  one o f  t h e  pathway 
Mutants have been sought as an a i d  t o  understanding and 

Mutants r e s i s t a n t  t o  l y s i n e  p l u s  th reon ine  have been se lec ted  a t  d i f f e r i n g  l e v e l s  o f  

Bar ley  mutants 

The mutants have c h a r a c t e r i s t i c  f ace ts  o f  
Two mutants o f  N ico t i ana  

U i  hyd rod ip i co l  i n i c  

Such mutants f a l l  i n t o  
Th is  

Me are  i n v e s t i g a t i n g  t h e  enzyme les ions  i n  some o f  these 
De ta i l ed  c h a r a c t e r i s a t i o n  o f  t he  b iochemis t ry  and genet ics  o f  a l l  these mutants 

2 Bourgin 1978 MGG 161:225; 3 Cha le f f  & Mauvais 1984 
Horsch & King 1983 P lan ta  
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bfichel Jacobs, Ioan Negrutiu, Danielle Cammaerts, Arlette Cattoir-Reynaerts, Rudy Dolferus 
and Yvan Famelaer, Laboratory of Plant Genetics, Vrije Universiteit Rrussel, Belgium. 

ty to combine genomes parasexually have opened new perspectives in the genetic manipulatfon 
of higher plants. 

We have obtained several types of biochemical mutants using protoplast cultures (Nico- 
tiana sylvestris and N. plumhaginifolia), embryogenic cell suspensions (Daucus carota) and 
embryos (Arabidopsis thaliana and Hordeum satiwm). Resistance dominant markers, with empha- 
sis on lysine plus threonine and S-aminoethylcysteine resistant mutants were isolated and 
characterized at the enzyme and genetic level. Resistant recessive, deficient mutants were 
selected in the case of alcohol dehydrogenase and nitrate reductase. Auotrophs for several 
amino acids were obtained after enrichment selection and recovery of surviving clones. For 
mutants requiring histidine, isoleucine (ileu ) and methionine, enzyme lesions were determi- 
ned, they concern respectively histidinol phosphate transaminase, threonine deaminase and 

-cystathionase. Their genetic analysis based on sexual transmission or/and somatic fusion 
shall be presented. 

and to analyse the organisation of plant genes. DNA-mediated transfer is performed using 
threrefore Ti plasmid vector to introduce coding sequences of the yeast threonine deminase 
gene ILV-1 in to  i leu  
toplast with donor cells inactived by gamma irradiation was attempted using complementation 
of deficient or sensitive receptor cells by the corresponding selectable markers of the do- 
nor partner. The experimental systems concerns the following marker genes : nitrate reducta- 
se, 5-methyltryptophane ands S-aminoethylcysteine resistance, tryptophane auxotrophy and 
octopine synthesis. Results tend to show that relatively small fragments of chromosomes 
can be transfered and expressed in the regenerated plants. 

grate valuable traits into crop plants. 

STTRATEGIES TO SELECT BI(KHEM1C.U WTWTS WITH POTENTIAL USE IN GENETIC .W C E L L U M  
ENGINEERING. 

The recent avaibility of stable and well characterized selectable markers and the abili- 

Some of the described mutants are used to develop efficient systems of gene transfer 

protoplasts of N. plumhaginifolia. Transfer of genes by fusioii of pro- 

Such results due to the use of selectable markers may offer new possibilities to inte- 

1767 THE EP; TFAi\SPOSABLE ELE?!ENT SYSTEM, P .  A .  P e t e r s o n * ,  2s. Schwarz-Sommer**, A .  
G i e r l * * ,  A .  P e r e i r a * * ,  8 .  S a e d l e r * * ,  "Dept. of  Agronomy, Iowa S t a t e  Un iv . ,  Ames. I A  
50011,  **Max-P lanck- Ins t i t u t ,  5 Koln-30, West Germany 

The E n  t r d I l s p o s a b l e  e l e m e n t  sys t em i n  ma ize  o r i g i n a t e d  as a p a l e - g r e e n  m u t a b l e  (pg-m) a l l e l e  
from-seed t h a t  w a s  exposed  t o  t h e  B i k i n i  t es t s  i n  1946 .  The c o n t r o l l e r  of  t h e  m u t a b i l i t y  of 
pg-m w a s  named Enhance r  (En) .  From p l a n t s  c o n t a i n i n g  pg-m, a p l a n t  w a s  found  t o  h a v e  a n  
u n s t a b l e  a l l e l e  a t  t h e  ~ ~ ~ o c u s  (2;~) a l s o  c o n t r o l l e d  Fy3-c. T h i s  o r i g i n a l  a l l e l e  was 
au tonomous ly  m u t a b l e  ( s e l f  c o n t r o l  of  m u t a b i l i t y  of  g)  and g a v e  r i se  t o  a l a r g e  number of  
En-con r o l l e d  d e r i v a t i v e s .  Among t h e  d e r i v a t i v e s  w a s  a c o l o r l e s s  a l l e l e ,  i d e n t i f i e d  as 
__ a -m( r )  . 
a r e g u l a t o r y  e l e m e n t  & i s  s e c i f i c  and i d e n t i f i e s  a s y s t e m  and i n  t h i s  t es t  t h e  t r a o s -  
p o s a b l e  e l e m e n t  s y s t e m .  
- E n  s y s t e m .  The l a c k  o f  r e s p o n s e  i n  s u c h  a test  i d e n t i f i e s  non-homologous s e p a r a t e  sys t ems  . 
E n  l i k e  Spm e x p r e s s e s  two gene  f u n c t i o n s  t e rmed  S and  Y; S s u p p r e s s e s  t h e  p h e n o t y p i c  e x p r e s -  
s i o n  o f  a o c u s  and  11 c a u s e s  e x c i s i o n  e v e n t s  of  t h e  I e l e m e n t s  o r  o f  En i t s e l f .  These  func -  
t i o n s  became v i s i b l e  a t  t h e  m o l e c u l a r  l e v e l  where we-could show q u a n t i t a t i v e  and q u a l i t a t i v e  
d i f f e r e n c e s  be tween  w x - s p e c i f i c  RNAs o r i g i n a t e d  from p l a n t s  c a r r y i n g  t h e  & a l l e l e  i n  
compar i son  w i t h  p l a n t s  a l s o  c o n t a i n i n g  En' .--There is a n  a s s o r t m e n t  of d i s t i n g u i s h a b l e  
a l l e l e s  of  and t h e s e  r e p r e s e n t  t h e  s ta tes  of  t h e  e l emen t  a t  p a r t i c u l a r  l o c i .  These  c o u l d  
i n c l u d e  changes  i n  &-encoded S and M f u n c t i o n s  i n  a d d i t i o n  t o  I r e c e p t i v i t y  t o  S and El.-- 
From a t r a n s p o s i t i o n  e v e n t  of E, a wx-844 a l l e l e  was uncove red  and t h i s  proved t o  h a v e  a n  
8 . 4  kb i n s e r t  i d e n t i f i e d  a s  E-1. 
of  En-I ,  i t  w a s  found  t o  b e  i d e n t i c a l  t o  t h e  TIK of  t h e  p r e v i o u s l y  i s o l a t e d  Spm-I8 e lemen t  
f r o m t h e  
m o d i f i e d  t h a t  l e a d  t o  s p e c u l a t i o n s  on t h e  e v o l u t i o n a r y  i m p l i c a t i o n s  of t h e s e  elements . - -With 
t h e  u s e  of  .- En-1 t h e  &I l o c u s  was r e s c u e d  by t r a n s p o s o n  t a g g i n g  o f  t h e  a-m(papuI6 a l l e l e .  

1. P e t e r s o n ,  P.  A . ,  G e n e t i c s ,  38, 682 ,  1953 .  
2 .  P e t e r s o n ,  P.  A . ,  G e n e t i c s ,  4 6 ,  759,  1961 .  
3.  McCl iu tock ,  B . ,  C a r n e g i e  I n s t .  IJash. Year  Book, 5 3 ,  254,  1954 .  
4 .  P e t e r s o n ,  P .  A , .  Cold S p r i n g  F a r b o r  Symp. on Quant .  B i o l . ,  45 ,  447 ,  1981 .  
5 .  Schwarz-Sommer, Z s . ,  A.  G i e r l ,  K .  8 .  Klosgen ,  U. Wienand, P.  A .  P e t e r s o n  and %. S a e d l e r ,  

6 .  P e t e r s o n ,  P. A . ,  Theor .  and A p p l .  G e n e t . ,  4 0 ,  267 ,  1970 .  

5 - 
T h i s  r e s p o n s e  i n  t h e  c o m b i n a t i o n  o f  r e c e p t o r  ( a n  L- e l e m e n t  a t  t h e  a-m(r) a l l e l e )  t o  

Zh" 9 Spm g e n e r a t e s  a s i m i l a r  r e s p o n s e  and t h e r e f o r e  is homologous t o  

- 

F z q u e n c e  a n a l y s i s  of t h e  t e r m i n a l  i n v e r s e  r e p e a t  (TIK) 

R e v e r s i o n  e v e n t s  ( e g  =+%) h a v e  t h e  h o s t  d u p l i c a t e  r e p e a t  v a r i o u s l y  a l le le5 .  

EMBO J o u r n a l  3 ,  1021 ,  1984 .  
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The Mutator system of Maize (Mu) was first described genetically (1) but recent work in several 

1 a b o r a t o E v e  provided evidence suggesting transposable DNA is involved (2) and recently the 
transposon responsible (Mul) has been sequenced (3). Studies on the transmission of the mutator 
phenotype have revealedthat  about 10 percent of the outcross progeny of a Mutator plant do not have 
mutator activity. Unlike their Mutator parents, these Mu-loss plants have lost the ability to induce new 
mutants. This represents a germinal loss of Mutator activity. Mutable Mutator-induced aleurone 
mutants (e.g., a1 Muml) sometimes lose s o m a t i c m l i t y .  This represents -tic loss of Mutator 
activity. This ~ p o ~ i l l  deal with the relationship between these two classes of loss events. T= 
somatic-loss lines reveal that  they also have lost germinal Mutator activity. Crosses between somatic- 
loss lines and standard Mutator stocks result in the restoration of somatic mutability in most instances 
tested. These genetic results will be  discussed in light of the reported behavior of the Mul element. 

THE MU MUTATOR IN MAIZE FROM A GENETIC PERSPECTIVE, Donald S. Robertson, 
Department of Genetics, Iowa State  University, Ames, IA 50011 

1. Robertson, D.S. (1978) Mutat. Res. 51, 21-28 
2. Strommer, J. N., Hake, S., Bennetzen, J. L., Taylor, W.C., and Freeling, M. (1982) Nature 

3no.s42-s44 
3. Barker, R.F., Thompson, D. V., Talbot, D.R., Swanson, J., and Bennetzen, J. L. (1984) 

Nucl. Acids Res. 12 ,  5955-5967 --- 

Genetic Instability 
FLUIDITY OF THE F L A X  GENOME. C.A.Cullis and W .  Cleary,  John 

1769 

It has been shown t h a t  t h e  i n t e r a c t i o n  between the  f l a x  v a r i e t y  'Stormont C i r rus '  and the  
environment i n  which it is  grown can r e s u l t  i n  t he  production of gene t i ca l ly  d i s t i n c t  s t ab le  
l i n e s  termed genotrophs. These s t a b l e  l i n e s  can d i f f e r  from one another  and the  o r i g i n a l  l i n e  
from which they were derived i n  a number of c h a r a c t e r i s t i c s  including p l a n t  weight, p l a n t  
height ,  peroxidase isozyme band p a t t e r n  and t h e  t o t a l  nuclear  DNA amount. 
Huch of the  d i f f e rence  i n  the  nuclear  DNA amount r e s ides  i n  the  highly r e p e t i t i v e  f r a c t i o n  of 
t he  genome which i n  f l a x  is  organised i n  a long per iod in t e r spe r s ion  p a t t e r n .  Representative 
clones from a l l  t he  highly r e p e t i t i v e  sequence f ami l i e s  have been i s o l a t e d .  The copy numbers 
of t hese  f ami l i e s  have been determined i n  the  genotrophs, o the r  f l a x  and l i n seed  v a r i e t i e s  
and the  supposed p r imi t ive  progeni tor  of f l a x ,  Linum bienne. I t  was found t h a t  a l l  t he  fam- 
i l i e s  except one ( t h a t  being t h e  major component of t h e  l i g h t  s a t e l l i t e  ) could vary. How- 
ever within a family, f o r  example the  5s genes, a p a r t i c u l a r  subset  was shown t o  be p re fe s -  
e n t i a l l y  a f f ec t ed  when t h e  changes occurred. 
The DNAs from normal seed der ived p l a n t s ,  c a l l u s  t i s s u e  and the  progeny of regenerated p l a n t s  
(der ived from the  genotrophs) have been compared using t h e  same s e t  of probes, namely a l l  t h e  
highly r e p e t i t i v e  f ami l i e s  i n  the  f l a x  genome. Again va r i a t ion  was observed f o r  a l l  t hese  
famil ies  except f o r  t he  l i g h t  s a t e l l i t e .  The va r i a t ion  observed between p l a n t ,  c a l l u s  and 
regenerated p l a n t s  was comparable t o  t h a t  observed when the  genotroph DNAs were compared,inc- 
luding the  p a r t i c u l a r l y  va r i ab le  subset  of t he  5s genes. 
From these  r e s u l t s  it i s  proposed t h a t  t he  f l a x  genome is  compartmentalised i n t o  two p a r t s ,  
one of which is va r i ab le  and t h e  other  is  constant .  The in t e rac t ion  with the  ex te rna l  env- 
ironment can be such t h a t  a change can be generated i n  t h e  va r i ab le  component. This change i s  
responsihle  f o r  t he  phenotypic va r i a t ion  subsequently observed. The mechanism by which var- 
i a t i o n  i n  the  r e p e t i t i v e  components of the  genome can mediate phenotypic va r i a t ion  i s  un- 
known but  one p o s s i b i l i t y  is v i a  some form of pos i t i on  e f f e c t .  

Innes I n s t i t u t e ,  Colney Lane, Norwich NR47UH, England. 
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1770 C E L L  YEHITABLE CHANGES D U R I N G  DEVELOPMENT, F r e d e r i c k  M e i n s ,  J r .  
F r i e d r i c h  M i e s c h e r - I n s t i t u t ,  P.O. Box 2 5 4 3 ,  CH-4002 B a s e l ,  S w i t z e r l a n d  

D u r i n q  d e v e l o p m e n t  of  m u l t i c e l l u l a r  o l a n t s ,  s t r u c t u r e s  become d e t e r m i n e d  
f o r  s u e c i f i c  f a t e s .  T i s s u e s  a n d  o r q a n s  o b t a i n e d  f rom d i f f e r e n t  p a r t s  o f  t h e  
same p l a n t  c a n  e x h i b i t  d i f f e r e n t  u h e n o t y p e s  when s e r i a l l y  p r o p a g a t e d  i n  c u l -  
t u r e .  T h i s  i n d i c a t e s  t h a t  a t  l e a s t  some f o r m s  o f  d e t e r m i n a t i o n  p e r s i s t  i n  po- 
p u l a t i o n s  o f  d i v i d i n q  c e l l s .  The p r e s e n t  e x p e r i m e n t s  w e r e  u n d e r t a k e n  t o  f i n d  
o u t  w h e t h e r  d e t e r m i n a t i o n  c a n  b e  i n h e r i t e d  by i n d i v i d u a l  c e l l s .  

T i s s u e  d e r i v e d  f rom t h e  l e a f  l a m i n a  o f  t o b a c c o  r e q u i r e s  e x o g e n o u s  c y t o -  
k i n i n  f o r  c o n t i n u o u s  q r o w t h  o n  a n  o t h e r w i s e  c o m p l e t e  c u l t u r e  medium c o n t a i n i n g  
a u x i n .  T i s s u e  d e r i v e d  f r o m  t h e  c o r t e x  o f  t h e  s t em,  o n  t h e  o t h e r h a n d ,  is  c y t o -  
k i n i n  a u t o t r o p h i c .  The l e a f -  and  c o r t e x - s p e c i f i c  s t a t e s  o f  c y t o k i n i n  r e q u i r e -  
ment p e r s i s t  i n  c l o n e d  l i n e s  i s o l a t e d  f rom t h e  two t i s s u e s  i n d i c a t i n g  t h a t  
b o t h  p h e n o t y p e s  a r e  i n h e r i t e d  a t  t h e  c e l l u l a r  l e v e l .  T h e r e f o r e ,  c e l l - h e r i t a b l e  
c h a n g e s  o c c u r  d u r i n g  t h e  d e v e l o p m e n t  o f  t h e  t o b a c c o  p l a n t .  T i s s u e s  c u l t u r e d  
f rom p l a n t s  r e q e n e r a t e d  f rom c o r t e x  and  l e a f  c e l l s  e x h i b i t  t h e  same c y t o k i n i n  
r e q u i r e m e n t  a s  c o m p a r a b l e  t i s s u e s  f rom seed-q rown  p l a n t s .  T h i s  shows  t h a t  d i f -  
f e r e n t  c e l l - h e r i t a b l e  s t a t e s  c a n  b e  " r e se t "  a t  some p o i n t  d u r i n g  t h e  p l a n t  re- 
g e n e r a t i o n  p r o c  ss The f a c t  t h a t  r e s e t t i n q  i s  a d i r e c t e d  p r o c e s s  and  o c c u r s  
a t  r a t e s  > i x l O - '  p e r  c e l l  q e n e r a t i o n  p r o v i d e s  s t r o n g  e v i d e n c e  t h a t  a l t e r a t i o n s  
i n  c y t o k i n i n  r e q u i r e m e n t  h a v e  a n  e p i g e n e t i c  b a s i s .  A l t h o u g h  t h e  c h a n g e s  i n  
h e r e d i t y  a r e  s t a b l e  t h e y  a r e  n o t  p e r m a n e n t .  

W e  h a v e  a l s o  shown t h a t  c u l t u r e d  t o b a c c o  c e l l s  c a n  u r ide rqo  g e n e t i c  
c h a n g e s  i n  c y t o k i n i n  r e q u i r e m e n t .  By c u l t u r i n g  c l o n e d  l i n e s  o f  l e a f  c e l l s  o n  
media  c o n t a i n i n g  s u c c e s s i v e l y  l o w e r  c y t o k i n i n  c o n c e n t r a t i o n s .  l i n e s  w e r e  ob-  
t a i n e d  wh ich  e x h i b i t  t h e  c y t o k i n i n ~ d u t o t r o p h i c  p h e n o t y p e s .  Leaf  t i s s u e s  f rom 
p l a n t s  r e q e n e r a t e d  f rom c l o n e d  l i n e s  o f  t h e s e  c e l l s  a r e  c y t o k i n i n  a u t o t r o p h i c .  
T h i s  p h e n o t y p e ,  c a l l e d  h a b i t u a t e d  l e a f  (Hl), s e g g r e q a t e s  i n  s e x u a l  c r o s s e s  a s  
a s i n g l e ,  d o m i n a n t  M e n d e l i a n  f a c t o r .  Measuremen t s  o f  t h e  e q u i l i b r i u m  d i s t r i b u -  
t i o n  o f  c y t o k i n i n - r e q u i r i n g  and  c y t o k i n i n - a u t o t r o p h i c  c e l l s  i n  l e a f - d e r i v e d  
t i s s u e s  grown on d i f f e r e n t  c o n c e n t r a t i o n s  o f  c y t o k i n i n  s u g g e s t  t h a t  c h a n g e s  i n  
t h e  H 1  1 c u s  y c c u r  i n  t h e  f o r w a r d  and  b a c k  d i r e c t i o n  a t  h i q h  r a t e s ,  q r e a t e r  
t h a n  l O - ' - l O -  per c e l l  g e n e r a t i o n .  A p p a r e n t l y  t h e  H1 l o c u s  i s  d e s t a b i l i z e d  
i n  c u l t u r e  and  t h e n  " l o c k e d "  i n t o  s t a b l e  s t a t e s  d u r i n g  p l a n t  r e g e n e r a t i o n .  

Mutagenesis; Genetic Instability; Transformed DNA Expression 
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C a u l i f l o w e r  mosaic v i r u s  (CaMV), a c i r c u l a r  d o u b l e - s t r a n d e d  DNA v i r u s ,  h a s  
b e e n  t h e  f o c u s  o f  c o n s i d e r a b l e  a t t e n t i o n  as a p o t e n t i a l  vec to r  for  t h e  i n t r o -  
d u c t i o n  o f  fo re ign  DNA i n t o  p l a n t  c e l l s .  V i r a l  DNA can be i n t r o d u c e d  
d i r e c t l y  i n t o  p l a n t s  b y  m e c h a n i c a l  i n o c u l a t i o n  and r e s u l t s  i n  a s y s t e m i c  
i n f e c t i o n .  The  CaMV genome i s  d e n s e l y  p a c k e d  w i t h  e s s e n t i a l  c o d i n g  regions 
a n d  t h i s ,  i n  a d d i t i o n  t o  s i z e  c o n s t r a i n t s  fo r  e n c a p s i d a t i o n  a n d  s u b s e q u e n t  
p r o p a g a t i o n  o f  t h e  v i r i o n ,  h a s  s e v e r e l y  restricted t h e  s i z e  o f  fo re ign  DNA 
s u c c e s s f u l l y  i n t r o d u c e d  i n t o  t h e  genome. A t t e m p t s  t o  c i r c u m v e n t  t h e s e  
p r o b l e m s  t h r o u g h  t h e  d e v e l o p m e n t  of a h e l p e r  genome s y s t e m  h a v e  b e e n  hampered  
b y  r e c o m b i n a t i o n  between vector and h e l p e r  v i r u s  genomes.  To prevent t h i s  
r e c o m b i n a t i o n ,  c r i t i c a l  homologous  s e q u e n c e s  t h a t  pe rmi t  e x c h a n g e  b e t w e e n  
i n p u t  genomes w e r e  d e l e t e d  i n  v a r i o u s  c o n s t r u c t s .  I n  a d d i t i o n ,  selectable 
m a r k e r s  ( i e .  d r u g  res is tance g e n e s )  w e r e  i n t r o d u c e d  i n  t h e  CaMV genome a t  
u n i q u e  r e s t r i c t i o n  s i tes  c r e a t e d  b y  o l i g o n u c l e o t i d e - d i r e c t e d  s i t e  specific 
m u t a g e n e s i s  t o  e n s u r e  t h e  m a i n t a n e n c e  of t h e  i n d i v i d u a l  c o i n f e c t i n g  genomes .  

MODIFICATIONS OF THE CaMV GENOME FOR USE AS A PLAW MOLECULAR VEHICLE 
G a i l  Baughman and S t e p h e n  H.  H o w e l l ,  U n i v .  of C a l i f . ,  S a n  D i e g o .  
La J o l l a ,  CA 92093 
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1772 MAIZE CHROMOSOMAL DNA SEQUENCES WHICH REPLICATE AUTONOMOUSLY I N  YEAST, Roberta E .  
B e r l a n i ,  Ronald W. Davis, and Vi rg in i a  Walbot, S tanford  Univ., S tanford ,  CA 94305 

We have cha rac t e r i zed  t h r e e  independent ly  i s o l a t e d  m i z e  c h r o w s o m l  DNA fragments which en- 
a b l e  c h i m e r i c  p laswids  t o  r e p l i c a t e  au tonowus ly  i n  yeas t .  These au tonomusly  r e p l i c a t i n g  
sequences,  o r  ARSs, s e rve  a s  t h e  o r i g i n  of r e p l i c a t i o n  f o r  t h e  veas t /E .  c o l i  s h u t t l e  vec to r  
YRpl4/cen3. 
i n i t i a t i n g  plasmid r e p l i c a t i o n .  

m i z e  nuc lear  DNA f o r  ARS a c t i v i t y  i n  YRpl&/cen3. 
(2.5, 2.8, and 5.5 kbp in l eng th )  f u l l  ARS a c t i v i t y  w a s  confined t o  a s i n g l e  s h o r t  (500-7OObp) 
subcloned r e s t r i c t i o n  fragrmznt. DNA fragments up t o  2kbp away from each  ARS-containing sub- 
c lone  were a l s o  i s o l a t e d  and shown t o  have no ARS a c t i v i t y .  
A+T and have t h e  consensus sequence proposed f o r  yeas t  ARSs. 

Quan t i t a t ive  a n a l y s i s  shows t h a t  t h e r e  are over lo4 copies  of each family per  haplo id  genona 
Thus, t h e s e  two f a m i l i e s  could account f o r  one ARS roughly every 160kbp i n  t h e  maize genom 
of 5.7x106kbp, i f  t h e  menbers a r e  evenly d ispersed  and a l l  have ARS a c t i v i t y .  Non-ARS f rag-  
ments 2kbp away from t h e  ARSs have a t  l e a s t  10-fold lower copy numbers, i n d i c a t i n g  t h a t  t h e  
ARSs a r e  no t  i n  a simple tandem a r ray .  F u r t h e r w r e ,  t h e r e  is  a broad d i s t r i b u t i o n  of lengths  
of t h e  r e s t r i c t i o n  fragments which con ta in  ARSs of a p a r t i c u l a r  family.  S tud ie s  are underway 
t o  determine approximately how mny  of each  f ami ly ' s  nenbers have ARS a c t i v i t y .  

The b e s t  of t h e  m i z e  ARSs i s  conparable t o  yeast-derived ARSl i n  e f f i c i e n c y  of 

ARS-containing DNA fragments w e r e  i s o l a t e d  by sc reen ing  EcoRI r e s t r i c t i o n  fragments of 
Wi th in  each of t h e  primary ARS fragments 

The ARS subclones are 65-70% 

The t h r e e  ARS subclones  r ep resen t  two d i s t i n c t  f a m i l i e s  of repea ted  sequences i n  m i z e .  

1773 MOLECULAR BASIS FOR AN UNSTABLE PHENOTYPE IN PETUNIA HYBRIDA, Bharat 
B. Chattoo and Barbara Hohn, Friedrich Miescher-Institut, P.O.Box 2543 
CH-4002 Basel, Switzerland 

An X-ray induced recessive nuclear mutation in Petunia hybrida results in a 
stable periclinal chimera when the nuclear background 1s heterozygous, but 
shows forward and back-mutations at a high frequency when the nuclear muta- 
tion is homozyqous. A detailed comparison o f  the chloroplast genome organiza- 
tion did not show any gross changes. However, a number o f  chloroplast pro- 
teins are affected; being present in low or undetectable levels in the mutant 
lines. Furthermore, a repeated nuclear sequence shows organizational dif- 
ferences in several lines into which the mutation has been introduced through 
crosses. 

1774 CHROMATIN STWCTURE OF TRANSFERRED T-DNA I N  CROWN GALL TUMORS, David Coates,  E a r l  W .  
T a l i e r c i o ,  and S tan ton  B.  Gelvin,  Purdue Un ive r s i ty ,  West La faye t t e ,  Ind iana  47907 

We have i n v e s t i g a t e d  the  chromatin s t r u c t u r e  of  t h e  i n t e g r a t e d  T-DNA i n  two es tab-  - 
l i s h e d  transformed Nicot iana  tabacum t i s s u e  c u l t u r e  l i n e s  us ing  t h e  enz es deoxyribo- 
nuc lease  I (DNase I ~ - X l T 7 E F r ~ u c l e a s e  (MN). 
uroducine Dlant ce l l  l i n e .  and HT37. which syn thes i zes  nopal ine ,  w e r e  t r e a t e d  wi th  in -  

Nuc le i ' i so l a t ed  from g, and octopine- 
_ .  

c reas ing  amounts of e i t h e r  D N a s e  I or MN. 
t i v e  abundance of t h e  i n t e g r a t e d  T-DNA measured by do t  b l o t  a n a l y s i s .  
were analyzed on Southern b l o t s  t o  determine t h e  nucleosome arrangement. 
samples w e r e  r e s t r i c t e d  wi th  Eco FU, and t h e  fragment p a t t e r n s  of s p e c i f i c  probes analyzed 
a f t e r  e l e c t r o p h o r e s i s  and Southern t r a n s f e r .  
found i n  a classical  nucleosome conformation, and shows a g r e a t e r  s e n s i t i v i t y  t o  D N a s e  I, 
r e l a t i v e  t o  t h e  bulk  of t h e  chromatin and t o  t h e  sequences homologous t o  t h e  ch lorophyl l  
a / b  b inding  p r o t e i n  and calmodulin genes.  
found a s soc ia t ed  wi th  i n t e g r a t e d  T-DNA. 

The DNA w a s  subsequent ly  p u r i f i e d  and t h e  rela- 
MN t r e a t e d  samples 

D N a s e  I t r e a t e d  

Our d a t a  sugges t  t h a t  t he  T-DNA i s  no t  

No D N a s e  I hype r sens i t i ve  si tes have been 
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DNA SEQUENCE ORGANISATION I N  THE HOLOCENTRIC CHROMOSOMES OF THE GENUS m. C.A.  !775 
Colney Lane, Norwich NR47UH, England. 
Holocentric chromosomes have mult iple  kinetochores  ( i . e .  microtubule attachment s i t e s ) ,  and 
y e t  such chromosomes a r e  f a i t h f u l l y  t ransmit ted through both mi tos i s  and meiosis.  We a r e  in-  
ves t iga t ing  t h e  organisat ion of - chromosomes t o  see  whether they d i f f e r  from those of 
o the r  monocots which udergo c l a s s i c a l  breakage-fusion-bridge cyc le s  when t h e i r  chromosomes 
contain more than one kinetochore.  The genome of Luzula p i l o s a  i s  s imi l a r  i n  s i z e  t o  
Arabidopsis and con ta ins  approximately 0.3pg of DNA pe r  haploid nucleus.  Unlike t h e  d i c o t  
Arabadopsis, however, it con ta ins  a very high proport ion of highly methylated tandemly r e -  
peated sequences. We have cha rac t e r i s ed  a t  l e a s t  5 d i f f e r e n t  f ami l i e s  of t hese  sequences by 
Sothern and ‘ s l o t - b l o t ’  hybr id i sa t ion ,  and we est imate  t h a t  t hese  f ami l i e s  a lone account f o r  
4@-5@% of t h e  L.pi losa genome. The mos t  h ighly repeated sequence i n  the  L.pi losa genome 
occupies about 30% of t h e  genomein t h i s  species  but  only a much lower proport ion of t h e  gen- 
ome i n  9 o the r  I.uzula species  analysed. In  c o n t r a s t  another tandem repeat  i s  t h e  most highly 
conserved sequence r e i t e r a t e d  a t  high copy number i n  8 of the  o the r  spec ie s ,  a l l  of which 
have s imi l a r  c-values .  Cross-hybridisation between L.pi losa DNA and L.elegans ind ica t e s  t h a t  
a p a r t  from t h e  rDNA the re  a r e  r e l a t i v e l y  few repeated sequences shared by these  two spec ie s .  
L.elegans (n=3) has  a C-value 15 f o l d  g r e a t e r  than L.pi losa (n=33) .  W e  a r e  cu r ren t ly  screen- 
ing genomic l i b r a r i e s  of L.elegans and L.pi losa f o r  c o n s e r v d  repeated sequences which a r e  
dispersed i n  t h e  genome of each specles .  

C u l l i s ,  B.A.Bowen, G.P.Creissen,S.R.Turner and G.E.Marks, John Innes I n s t i t u t e ,  

1776 
Czt rn i lo f sky ,  Rudiger Hain, Barbara Baker and J e f f  Sche l l ,  Max Planck I n s t i t u t ,  50130 
Cologne 30, West Germany 

W e  a r e  i nves t iga t ing  the  c e l l u l a r  concatemerlzation of s e l e c t w l e  marker DNA (TnS-Km) i n  
tobacco p ro top la s t s  introduced by the  Ca phosphate mediated p r e c i p i t a t i o n  technique. 
Preliminary da t a  suggest t h a t  t he  mechanisms involved i n  the  construct ion of a r r ays  of 
DNA a r e  s imi l a r  t o  the  mechanisms we and o the r s  observed f o r  mamrmlian c e l l  t ransformation 
a f t e r  microinlect ion or C a  phosphate mediated transformation. We suggest t h a t  t he  input  
DNA fragment is  mul t ip l i ed  i n  a d i r e c t i o n a l  manner r e s u l t i n g  i n  a 20-50 t imes repeated 
s t r u c t u r e  of a l t e r e d  and/or unal tered o r i g i n a l  input  DNA which a r e  predominantely arranged 
head t o  t a i l .  A comparison of the in t eg ra t ed  DNA s t r u c t u r e s  obtained by t h i s  technique t o  
the Ti-plasmid mediated cocu l t iva t ion  procedure ind ica t e s  t h a t  t he  DNA i n  t h e  c e l l s  
transformed by the former technique r e s u l t s  i n  a v a r i e t y  of s t r u c t u r a l  changes and concatemer 
formation whereas the  DNA in t eg ra t ed  by the l a t t e r  procedure i s  mostly unal tered and Only 
one o r  a few copies  can be detected i n  high molecular weight p l an t  s p e c i f i c  DNA. 
Present ly  we a r e  inves t iga t ing  the  chromosomal and extrachromosomal d i s t r i b u t i o n  of t he  
input DNA a f t e r  t ransformation and the  p o s s i b i l i t y  t o  u t i l i z e  transpos8ble l i k e  s t r u c t u r e s  
f o r  low copy number in t eg ra t ion  of unal tered se l ec t ab le  marker genes.  We a r e  exploring 
the  p o s s i b i l i t i e s  f o r  s i t e  s p e c i f i c  i n t eg ra t ion  and we a r e  a l s o  s tudymg the expression 
of co t r ans fec t ed  nonselectable  marker genes. 

TRANSFORMATION OF TOBACCO PROTOPLASTS BY A Ca PHOSPHATE MEDIATED PRECIPITATION 
TECHNIQUE AND SUBSEQUENT CELLULAR CONCATEMERIZATION OF THE INPUT DNA, Armin P.  

1777 DNA INSTABILITY DURING DIHAPLOID FORI~IATION I N  TOBACCO, S .  S. O h i l l o n l ,  bl. A .  
To r res l ,  J .  P .  Mikschel  and E .  A. Wernsman2, Dept. o f  Botany] and Crop Sciencez, 
Nor th  Caro l ina  Sta te  Un ive rs i t y ,  Raleigh, NC 27695-7612 

Nuclear DNA conten ts  o f  a conven t iona l l y  i nb red  f l ue -cu red  tobacco (N ico t iana tabacum L . )  
c u l t i v a r ,  Coker 139, and doubled hap lo id  l i n e s  developed from i t  by anther c u l t u r e  as we l l  
as maternal  source were compared. 
met ry  were i n  c lose  approximat ion t o  DNA de terminat ions  made by f l o w  cytometry using DNA 
s p e c i f i c  f luorescence s t a i n  mithramycine. 
o f  an ther -der ived  d i h a p l o i d  l i n e s  were 10.62 pg by Feulgen-cytophotometry and 10.43 pg by 
mi th ramyc in-s ta ined f l o w  cytometry,  w h i l e  nuc le i  o f  t he  parenta l  c u l t i v a r  con ta ined 9.32 
and 9.38 pg by Feulgen and mithramycin-fluorescence methods, respec t i ve l y .  
c u l t u r e  process and/or t he  na ture  o f  vege ta t i ve  nuc le i  o f  p o l l e n  g ra ins  f rom which hap lo id  
p l a n t s  o r i g i n a t e  have been suggested as poss ib le  c o n t r i b u t i n g  f a c t o r s  t o  h igher  DNA values 
i n  d ihap lo ids .  The f l o w  cy tomet r ic  s tud ies  on suckered leaves o f  an ther -  as we l l  as mater-  
na l -de r i ved  d ihap lo ids ,  however, i nd i ca ted  a dec l i ne  i n  nuc lear  DNA amounts o f  d ihap lo ids  
as  compared t o  parenta l  c u l t i v a r .  Normal leaves o f  materna l -der ived  d ihap lo ids  a l s o  showed 
a dec l i ne  i n  DNA values as compared t o  parenta l  c u l t i v a r .  The s i g n i f i c a n c e  o f  t he  lower 
DNA values i n  materna l -d ihap lo ids  as we l l  as suckered leaves o f  d ihap lo ids  i n  bo th  mater-  
n a l -  and an ther -der ived  p lan ts  i n  c o n t r a s t  t o  normal leaves o f  an ther -der ived  d ihap lo ids  
i s  n o t  c lea r ,  and i s  being exp lo red  a t  a mo lecu la r  l e v e l .  

The nuc lear  DNA conten ts  determined by Feulgen cytophoto- 

Mean nuc lear  DNA conten ts  o f  f u l l y  formed leaves 

The an ther -  
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1778 TRANSCRIPTION OF THE R I  T-DNA I N  TRANSFORMED TOBACCO PLANTS,Mylene J .  DURAND- 

TARDIF,Richard BROGLIE and Daxid TEPFER,ROCKEFELLER UNIV.,NY 10021 
Tobacco p l a n t s  were regenerated from adven t i t i ous  r o o t s  i n c i t e d  on stems by Agrobacterium 

rhizogenes.These transformed p l a n t s  e x h i b i t  an a l t e r e d  phenotype t h a t  i s  charac ter ized  by 
the  presence o f  w r i n k l y  leaves  and a h i g h l y  branched r o o t  system.This a l t e r e d  phenotype was 
shown t o  be c o r r e l a t e d  w i t h  the  presence o f  a segment o f  R I  p1asmid:the T-DNA(transferred) 
i n  the  nuc lear  genome.To study the  molecu la r  bas i s  o f  t he  t ransformed phenotype,we have 
u t i l i z e d  molecu la r  c lones  o f  R I  p lasmid  as h y b r i d i z a t i o n  probes t o  de tec t  t r a n s c r i p t s  O f  
t he  T-DNA i n  the  t ransformed plants.The tobacco c lone u t i l i z e d  i n  these s tud ies  con ta in  

two segments o f  
leaves revea l  t h a t  s i x  polyA mRhA a re  t ransca ibed from TL.No t r a n s c r i p t s  were detec ted  from 
T 

Ri-DNA t r a n s c r i p t i o n  i s  h igher  i n  roots.We have a l so  found an a d d i t i o n a l  t r a n s c r i p t  i n  
leaves o f  p l a n t s  e x h i b i t i n g  the  supertransformed phenotype wich appear a t  a low frequency 
i n  progeny o f  regenerated p lan ts .  

T-DNA ,tenn$d T (12kb) and T .Northern b l o t  ana lys i s  o f  RNA f rom r o o t s  and 

One o f  t he  t r a n s c r i p t s  i s  expressed i n  a t i s s u e  s p e c i f i c  manner,and the  o v e r a l l  l e v e l  of  

DESTABILIZATION OF PRODUCTION AND GROWTH CHARACTERISTICS I N  C L O N I N G  OF ROSMARINIC 
A C I D  PRODUCING CULTURES OF ANCHUSA OFFICINALIS. BRIAN E. E L L I S ,  Department of  1779 

Chemistry and Biochemistry,  Un ive r s i ty  of  Guelph, Guelph, Ontar io  N 1 G  2W1, Canada. 
C e l l  suspens ion  c u l t u r e s  of A. o f f i c i n a l i s  produce rosmar in ic  a c i d  (a-O-caffeoyl-3,4- 
d ihydroxyphenyl lac t ic  a c i d )  as t h e i r  main phenylpropanoid secondary metabol i te .  Ind iv idua l  
c e l l s  w i th in  such a suspension vary  i n  t h e i r  metabol ic  commitment t o  rosmar in ic  ac id  
product ion  as measured by microspectrophotometric eva lua t ion  of t he  vacuolar  con ten t s .  
S ing le -ce l l  c lon ing  from such a mixed popula t ion  y i e l d s  c l o n a l  l i n e s  whose rosmar in ic  
a c i d  product ion  l e v e l s  appear t o  be un re l a t ed  t o  the  product ion  observed i n  the  o r i g i n a l  
mother c e l l .  lke c lona l  l i n e s  a l s o  d i sp lay  d i f f e r e n c e s  i n  growth r a t e  and degree of c e l l  
aggrega t ion .  Fur ther  c loning  r e s u l t s  i n  a new set  of  l i n e - t y p i c a l  va lues  f o r  these  
c h a r a c t e r i s t i c s .  To determine whether the  i s o l a t i o n  and/or manipulation o f  t he  s i n g l e  
c e l l s  l eads  no t  only t o  phenotype a l t e r a t i o n s ,  bu t  t o  genotype modi f ica t ion ,  the  rate of  
appearance of  r e s t r i c t i o n  endonuclease polymorphisms wi th in  c e l l  popula t ions  r a i s e d  from 
s i n g l e  c e l l s  is  be ing  compared wi th  t h a t  w i th in  popula t ions  der ived  from mul t i - ce l l  
i s o l a t e s .  

1780 
Johnson, Rosanna Lachmansingh, Alex Kostr ikin,  Lu Pomeroy and John Howard, 
S tauf fer  Chemical Company, Richmond, CA 94804. 
Kanamycin r e s i s t a n c e  is now being used i n  many labora tor ies  a s  a s e l e c t a b l e  
marker f o r  p l a n t  ce l l  transformations. We have constructed a number of 
chimeric genes comprising coding sequences of neomyc i n  phosphotransferase 
under the  c o n t r o l  of a number of d i f f e r e n t  promoters and with modifications 
t o  t h e  sequences upstream of t h e  coding region.  The r e l a t i v e  a c t i v i t i e s  of 
these cons t ruc t ions  have been assessed by introducing them, v ia  A. tumefaciens, 
i n t o  inbred sunflower t i s s u e .  The r e s u l t s  w i l l  be discussed i n  t e r m s  of both 
the  most a c t i v e  cons t ruc t ion  and the  regula t ion  of foreign gene expression 
i n  sunflower. 

CONTROL O F  KANAMYCIN RESISTANCE I N  SUNFLOWER, Nic Evere t t ,  Bob N u t t e r  
Dot t ie  P ie rce ,  I r v  Mettler, P a t  Okubara, Lootsie Panganiban, J i l l  

1781 CYTOKININ-MODULATED REGULATION OF mRhiA LEVELS FOR THE CHLOROPHYLL a / b  PROTEIN I N  
LEMNA, Susan F lo res  and E la ine  M. Tobin, UCLA, Los Angeles, CA 90074- 

It has  p rev ious ly  been observed t h a t  l i g h t  and cy tok in ins  a r e  s y n e r g i s t i c  i n  promoting 
ch lo rop la s t  development i n  greening  t i s s u e s .  We have found t h a t  i n  Lemna gibba t h i s  
i n t e r a c t i o n  ex tends  t o  t h e  l e v e l  of mRNA coding f o r  t h e  ch lorophyl l  a/b pro te in .  When 
p l a n t s  grown i n  whi te  l i g h t  a r e  placed i n  the  dark  f o r  6 days,  Northern b l o t s  show t h a t  t he  
p ropor t ion  of t o t a l  RNA which hybr id i zes  t o  a probe f o r  t h i s  message d e c l i n e s  dramat ica l ly .  
Reappearance of t h i s  mRNA can be induced by a one-minute l i g h t  t rea tment ,  a c t i n g  through t h e  
phytochrome system. However, t h i s  r ed - l igh t  mediated induc t ion  i s  maximally observed only  
i n  t h e  presence  of exogenously suppl ied  cy tok in ins  such as k i n e t i n  o r  benzyladenine.  In  
t h e i r  absence,  on ly  a s l i g h t  i n c r e a s e  i n  response  t o  l i g h t  i s  observed. W e  a l s o  have found 
t h a t  24 hours  a f t e r  add i t ion  of cy tok in in ,  an  i n c r e a s e  i n  t h e  l e v e l  of t h i s  mRNA has  
occurred  i n  p l a n t s  kept  i n  t h e  dark.  However, l i g h t  t rea tment  always l eads  t o  a f u r t h e r  
i nc rease  i n  message l e v e l  even at t h e  h ighes t  concen t r a t ion  of benzyladenine t e s t e d  ( 3  pM).  
P re l iminary  r e s u l t s  i n d i c a t e  a s imilar  r o l e  of cy tok in ins  i n  t h e  l igh t - induced  inc rease  of 
mRNA f o r  t h e  small subun i t  of RuBP carboxylase  which, l i k e  the  c h l $ / b  p ro te in ,  is  a nuc lear  
encoded ch lo rop la s t  p ro t e in .  The percentage  of t o t a l  RNA hybr id i z ing  t o  a probe f o r p - a c t i n  
was no t  a l t e r e d  by t h e  a d d i t i o n  of  cy tok in ins  e i t h e r  i n  dark  maintained t i s s u e  o r  i n  red  
l i g h t  t r e a t e d  p l a n t s .  This  sugges t s  t h a t  t h e  i n c r e a s e  i n  t h e  propor t ion  of t o t a l  RNA 
hybr id i z ing  t o  probes  f o r  t h e  c h l a / b  p r o t e i n  o r  t h e  small subun i t  is  not  merely due t o  a 
gene ra l  i nc rease  i n  the  r a t i o  of t o t a l  message t o  t o t a l  RNA. 
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The cUNA c l o n e s  encoding  t h e  p r e c u r s o r  form of g l y c i n i n  A3B4 s u b u n i t  have been i n d e n t i f i e d  
from a l i b r a r y  of soybean c o t y l e d o n a r y  c D N A  c l o n e s  i n  t h e  plasmid pBR322 by a combination of 
d i f f e r e n t  co lony  h y b r i d i z a t i o n  and t h e n  by immunoprec ip i ta t ion  o f  h y b r i d - s e l e c t e d  t r a n s l a t i o n  
product  wi th  A3-monospecific a n t i s e r u m .  A recombinant p lasmid ,  d e s i g n a t e d  pGA3B41425, from 
one o f  s i x  c l o n e s  c o v e r i n g  codons f o r  NH2-terminal r e g i o n  of t h e  s u b u n i t  was sequenced and 
t h e  amino a c i d  sequence  was i n f e r r e d  from t h e  n u c l e o t i d e  sequence ,  which showed t h a t  t h e  mRNA 
codes f o r  a p r e c u r s o r  p r o t e i n  o f  516 amino a c i d s .  A n a l y s i s  o f  t h i s  cDNA a l s o  showed t h a t  i t  
conta ined  1786 n u c l e o t i d e s  of mRNA sequence wi th  a 5 ' - t e r m i n a l  n o n t r a n s l a t e d  r e g i o n  o f  46 
n u c l e o t i d e s ,  a s i g n a l  p e p t i d e  r e g i o n  cor responding  t o  24 amino a c i d s ,  A3-acidic s u b u n i t  
r e g i o n  cor responding  t o  320 amino a c i d s  fo l lowed by B4-basic s u b u n i t  r e g i o n  cor responding  t o  
172 amino a c i d s ,  and a 3 ' - te rmina l  n o n t r a n s l a t e d  r e g i o n  o f  192  n u c l e o t i d e s ,  which c o n t a i n e d  
two c h a r a c t e r i s t i c  AAUAAA sequences  t h a t  ended 110  n u c l e o t i d e s  and 26 n u c l e o t i d e s  from a 
3 ' - t e r m i n a l  poly(A1 segment,  r e s p e c t i v e l y .  Our r e s u l t s  confirm t h a t  g l y c i n i n  i s  s y n t h e s i z e d  
a s  p r e c u r s o r  p o l y p e p t i d e s  which undergo posli translatuqal p r o c e s s i n g  t o  form t h e  nonrandom 
p o l y p e p t i d e  p a i r s  v i a  d i s u l f i d e  bonds.  The i n f e r r e d  amino a c i d  sequence of mature b a s i c  
s u b u n i t ,  Bq,.was compared t o  t h a t  o f  b a s i c  s u b u n i t  o f  legumin, Leg R ,  which c o n t a i n e d  1 8 5  
amino a c i d s .  Using an a l ignment  t h a t  p e r m i t t e d  a maximum homology of amino a c i d s ,  i t  was 
found t h a t  o v e r a l l ,  42% o f  t h e  amino a c i d  p o s i t i o n s  a r e  i n d e n t i c a l  i n  both  p r o t e i n s .  These 
r e s u l t s  l e d  u s  t o  conclude  t h a t  b o t h  s t o r a g e  p r o t e i n s  have a common a n c e s t o r  and gene 
rear rangement  h a s  occurred  on e v o l u t i o n .  

.AOLECULAR CLONING AND SEQUENCING O F  G L Y C I N I N  A3B4 SUBUNIT cDNA, Chikafusa  Fukazawa 
Takayuki Momma, and kyoko Udaka, N a t i o n a l  Food Research I n s t i t u t e ,  Tsukuba, Japan ,  

1783 DEFENSE GENES IN BEAN SEEDLINGS: CHARACTERIZATION OF AN ETHYLENE-REGULATED cDNA 
CLONE FOR CHITINASE', John J. Gaynor' and Richard Broglie. Laboratory of Plant 

Molecular Biology. Kockefeller University. NY, NY 10021-6399. 
Ethylene production has long been associated with stress responses in plants. 

Likewise, the appearance of particular "defense" proteins shows a strong correlation with 
increased ethylene levels under various stress conditions. To learn more about these 
host defense proteins and to understand the mechanism of ethylene regulation of gene 
expression, we have characterized the response of Phaseolus vulsaris seedlings to 
ethylene. By the use of in vivo labeling and 2-D PPIGE. we have catalogued those proteins 
which are either induced. repressed or unaffected by ethylene treatment. For example. 
the synthesis of RuBPCase in the leaf is repressed by ethylene whereas other proteins are 
induced. In this latter category, we have identified and isolated several cDNA clones 
for chitinase, which is putatively involved in the host defense mechanism. Chitinase is 
a basic 30 kd polypeptide which IS capable of hydrolyzing the B-1,4-lintages of 
N-acetyl-D-glucosamine polymers common to fungal cell walls. We have shown by 
immunoblotting and Northern blot analysis that chitinase is induced following ethylene 
treatment in both leaves and roots and that this induction is regulated at the level of 
steady-state mRNPI. The chitinase clone pCh4 (ca. 1200 bp) was identified by hybrid 
selection from translation products. Current efforts are directed at the sequence 
analysis of EDNA and genomic clones of chitinase and in examining the putative ethylene 
promoter of this gene. 'This work supported by NIH grant GM-31500. 'Present address: 
Dept. of Botany. Kutgers University. Newark, NJ 07107. 

1784 TRANSFER OF THE Ti-PLASMID FROM AGROBACTERILIM TO PUNTS, S t a n t o n  B .  G e l v i n ,  
E l i z a b e t h  L. V i r t s ,  and Bradley  W .  Goodner, Purdue U n i v e r s i t y ,  West L a f a y e t t e ,  
I N  47907 

W e  have  i n v e s t i g a t e d  t h e  e a r l y  e v e n t s  i n  t h e  t r a n s f e r  o f  t h e  Ti-plasmid from Agrobacterium 
tumefac iens  t o  c u l t u r e d  P e t u n i a  c e l l s .  C o - c u l t i v a t i o n  of r e g e n e r a t i n g  P e t u n i a  p r o t o p l a s t s  
w i t h  Agrobacterium f o r  0-12 h o u r s  w a s  fo l lowed by r e i s o l a t i o n  o f  t h e  pr-ts, DNA 
p u r i f i c a t i o n  and Southern  b l o t  a n a l y s i s .  C o n t r o l  exper iments  i n d i c a t e d  t h a t  w e  were n o t  
d e t e c t i n g  DNA l e a k i n g  from Agrobacterium c e l l s ,  and t h a t  i n f e c t e d  p r o t o p l a s t s  c o u l d  go on 
t o  form tumors w i t h  a normal complement o f  T-DNA sequences .  R e s u l t s  from t h e s e  exper iments  
i n d i c a t e  t h a t  m u l t i p l e  c o p i e s  o f  t h e  T-DNA could  b e  t r a n s f e r r e d  t o  t h e  p l a n t  c e l l s  w i t h i n  
h o u r s ,  b u t  t h a t  most o f  t h e  DNA was r a p i d l y  degraded .  Both "normal" and r e a r r a n g e d  T-DNA 
sequences  w e r e  d e t e c t e d  a t  e a r l y  t imes  a f t e r  i n f e c t i o n .  Ti-plasmid sequences  mapping f a r  
from t h e  T-DNA could  o c c a s i o n a l l y  b e  d e t e c t e d  a t  t h e s e  e a r l y  t i m e s .  We a r e  a l s o  i n v e s t i -  
g a t i n g  a p o t e n t i a l  T-DNA i n t e r m e d i a t e  found i n  Agrobacterium a f t e r  c o n t a c t  w i t h  p l a n t  c e l l s .  
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1785 hSPECTS OF Fd-GLUTAMATE SYNTHASE DEFICIENCY I N  AWIDOPSIS THALIANIA, B. 
Grumbles, F.N. Nargang and C.S. Somerville*,  Genet ics  Department, Univers i ty  of 

A lbe r t a ,  Edmonton, A lbe r t a ,  Canada T6G 2E9 and *Plant  Research Lab, Michigan S t a t e  Univer- 
s i t y ,  E a s t  Lansing, M i .  48824 USA. 

U t i l i z i n g  a previous ly  desc r ibed  sc reen  f o r  cond i t iona l  pho to resp i r a to ry  mutants 
(Somervi l le  and Ogren NATURE 286: 257-259, 1980),  we have i s o l a t e d  twenty-six EMS-induced 
mutants of A. t h a l i a n i a  t h a t  a r e  d e f i c i e n t  f o r  fd-glutamate synthase .  Immunological 
a n a l y s i s  us ing  an an t ibody r a i s e d  aga ins t  sp inach  g lu tamate  syntbase  revea led  t h e  presence  
of CRM i n  a l l  t he  mutants.  SDS-PAGE of the  immunoprecipitates showed the  mutant glutamate 
synthase  CRM i n  each mutant was i d e n t i c a l  t o  t h a t  of t he  wi ld  type. However, one mutant 
was shown t o  possess  a g lu tamate  synthase  wi th  a t r y p t i c  d i g e s t  pep t ide  map s l i g h t l y  d i f f -  
e r e n t  from t h a t  of wi ld  type.  

Rever tan ts  t o  one a l l e l e  have been obta ined  by s e l e c t i o n  f o r  growth i n  a i r  l e v e l s  of C02 
(remaining a i r ) .  A l l  w e r e  found t o  be second-s i te  r e v e r t a n t s .  The pho tosyn the t i c  proper- 
t i e s  of t he  r e v e r t a n t s  a r e  only s l i g h t l y  more e f f i c i e n t  than the  o r i g i n a l  mutant. 

W e  a r e  c u r r e n t l y  examining fd-glutamate synthase  a t  t he  mRNA l e v e l  i n  wi ld  type  A. 
t h a l i a n i a .  

1786 HETEROLOGOUS EXPRESSION OF A SOYBEAN GENE ENCODING A SMALL HEAT SHOCK PROTEIN I N  
SUNFLOWER TUMORS, Wi l l jam B. Gurley, Eva Czarnecka, Ronald T .  Nagao and Joe Key, 

Univers i ty  o f  F lor ida,  Gainesv i l le ,  FL 32611 and Un ive rs i t y  o f  Georgia, Athens, GA 30602 

A 4.25 kb B 1 I 1  fragment conta in ing the soybean heat shock gene Gmhs 17.5 E was inser ted 
i n t o  the &ft region o f  the Agrobacterium plasmid pTi-15955. R d m a r y  sunflower 
tumors i n c i t e d  by the A robacterium s t r a i n  harboring the soybean heat shock gene was 
analyzed by RNA b l o t  h h  and the 5 - and 3 ' - termin i  o f  the heat shock 
t r a n s c r i p t  determined by 51 nuclease hyb r id  p ro tec t i on  mapping. 
s t rongly  expressed t r a n s c r i p t i o n a l l y  i n  a thermal ly  i nduc ib le  manner. 
sunflower RNA showed a s l i g h t  ambiguity i n  s t a r t  s i t e  w i t h  the major terminus co inc ident  
w i t h  the s i t e  u t i l i z e d  i n  soybean. 
present i n  the transformed sunflower RNA. 
unt rans lated 3 ' - t a i l  were unique t o  heterologous expression i n  sunflower. 

The soybean gene was 
The 5'-terminus i n  

A l l  o f  the 3 ' - t e rm in i  present i n  soybean RNA are a l so  
Several minor 3 ' - termin i  w i t h i n  the 

1787 SITE-SPECIFIC MUTAGENESIS OF RIBULOSEBISPHOSPHATE CARBOXYLASE/OXYGENASE 
Joanna F. Hanks, Mark Estel le ,  Chr is topher  R. Somervi l le ,  and Lee McIntosh, MSU/DOE 
P lan t  Research Laboratory,  Michigan S t a t e  Un ive r s i ty ,  East Lansing, M I  48824 

Since  a t t empt s  t o  i d e n t i f y  u s e f u l  mutants of  RuBP carboxylase  (Rubisco) by convent iona l  
i n  vivo gene t i c  approaches have m e t  w i t h  l i m i t e d  success ,  w e  have chosen o l igonucleo t ide-  
d i r e c t e d  i n  v i t r o  mutagenesis t o  d i r e c t l y  a l ter  the  nuc leo t ide  sequence of t h e  Rubisco gene. 
The s t r u c t u r a l l y  simple Rubisco from Rhodospiri l lum rubrum w a s  chosen as a model system f o r  
t h i s  work (Somervi l le  and Somervi l le ,  Nargang et a l .  1984) s i n c e  only  one gene, encoding 
l a r g e  subun i t ,  w a s  r equ i r ed  f o r  express ion  of a f u l l y  a c t i v e  Rubisco i n  E. c o l i .  Mutagenic 
o l igonuc leo t ides  con ta in ing  one o r  more mismatches t o  t h e  wi ld  type  nuc leo t ide  sequence w e r e  
used a s  primers i n  an  i n  v i t r o  DNA polymerase r eac t ion  on a s i n g l e  s t r a n d  M13 c lone  conta in-  
ing  t h e  second S a l  I r e s t r i c t i o n  fragment of  t h e  Rubisco gene. The f i r s t  mutation cons t ruc t -  
ed codes f o r  i n s e r t i o n  of an  a d d i t i o n a l  l y s i n e  codon ad jacen t  t o  lysine-191, t h e  s i t e  of car -  
bamate formation dur ing  a c t i v a t i o n  of R. rubrum Rubisco. 
or wild  type  gene i n  E. c o l i  JMl05 r e s u l t s  in high  l e v e l s  of  a p r o t e i n  of i d e n t i c a l  molecular 
weight,  t h e  mutant l a c k s  carboxylase  a c t i v i t y .  Subcloning of t h e  mutant Sa l  I fragment i n t o  
t h e  wi ld  type  gene w a s  complicated by t h e  presence  of t h e  a d d i t i o n a l  S a l  I site, n e c e s s i t a t -  
ing  cons t ruc t ion  of a d e r i v a t i v e  of t h e  wi ld  type  c lone  in which t h e  second fragment had been 
removed. I n  o rde r  t o  s impl i fy  t h e  cons t ruc t ion  of f u r t h e r  muta t ions  in t h e  a c t i v a t i o n  reg ion  
of  t h e  p r o t e i n ,  an o l igonuc leo t ide  encoding a s i l e n t  muta t ion  r e s u l t i n g  i n  e l imina t ion  of t h e  
a d d i t i o n a l  S a l  I s i t e  w a s  employed in a mutagenesis r eac t ion  on an  M13 mp18 c lone  conta in ing  
t h e  e n t i r e  Rubisco gene. 

Although express ion  of t h e  mutant 
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1788 W O L E C U L A R  G E N E T I C  ANALYSIS O F  T P E  V O L V O X  G E N O N E ,  J e f f r e y  F .  H a r p e r ,  
W a s h i n g t o n  U n i v e r s i t y ,  S t .  L o u i s ,  M O  63130  

A l i n k a g e  map o f  t h e  V o l v o x  c a r t e r i  f .  n a g a r i e n s i s  genome h a s  b e e n  c o n -  
s t r u c t e d  w i t h  D N A  r e s t r i c t i o n  f r a g m e n t  p o l y m o r p h i s m s  i n  o r d e r  t o  f a c i l i t a t e  
t h e  i d e n t i f j c s t i o n  a n d  m o l e c u l a r  a n a l y s i s  o f  d e v e l o p m e n t a l l y  i m p o r t a n t  g e n e s .  
The  3 l o c u s  i s  o f  p a r t i c u l a r  i n t e r e s t  s i n c e  i t  r e g u l a t e s  t h e  germ-soma 
d i c h o t o m y ,  e x h i b i t s  h y p e r m u t a b i l i t y  a t  a p a r t i c u l a r  d e v e l o p m e n t a l  s t a g e  a n d  
shows  no  d e t e c t a b l e  l i n k a g e  t o  o t h e r  c o n v e n t i o n a l  m a r k e r s .  

P o l y m o r p h i s m s  a r e  e a s i l y  d e t e c t e d  b e t w e e n  two s t r a i n s  (Adm a n d  Ev)  u s i n g  
t h e  f o l 7 o w i n g  r e p e t i t i v e  s e q u e n c e  p r o b e s :  1 )  t h e  s y n t h e t i c  p o l y m e r  p o l y  dG. 
~ o l y  d r :  2 )  a n  i n t r o n  f r o m  a Vo lvox  B t u b u l i n  g e n e  a n d ;  3 )  a n  u n c h a r a c t e r i z e d  
cPNA. S e g r e g a t i o n  a n a l y s i s  o f  21  p o l y m o r p h i s m s  c u r r e n t l y  d e f i n e s  1 3  l i n k a g e  
p r o u ~ s  ( A  minimum o f  1 4  g r o u p s  a r e  e x p e c t e d ) .  However ,  no p o l y m o r p h i s m s  
h a v e  b e e n  f o u n d  t h a t  c o s e g r e g a t e  w i t h  t h e  l o c u s .  

R e p e t i t i v e  s e q u e n c e s  w i t h  homology  t o  t h e  p o l y  d G . p o l y  dC (GC s e q u e n c e  ) 
p r o b e  h a v e  b e e n  c h a r a c t e r i z e d  i n  o r d e r  t o  d e t e r m i n e  t h e i r  s t r u c t u r e  a n d  
f u n c t i o n .  The  G C  s e q u e n c e s  a r e  h i g h l y  d i s p e r s e d  w i t h  a n  a v e r a g e  f r e q u e n c y  of  
1 p e r  ! 5 0  kb o f  D N A .  T h e  G C  r e g i o n s  o f  3 g e n o m i c  c l o n e s  w h i c h  h a v e  b e e n  
mapped a r e  e a c h  c l o s e l y  a s s o c i a t e d  w i t h  a n  S 1  n u c l e a s e  s e n s i t i v i t y  s i t e  
i n  v i t r o .  T h e  s e q u e n c e  o f  o n e  G C  r e g i o n  c o n t a i n s  a n  u n u s u a l  s t r e t c h  o f  t h e  
p e n t a m e r i c  r e p e a t  (CCCGT). I n s t a b i l i t y  of  l o n g  s t r e t c h e s  of  t h e  p e n t a m e r i c  
r e p e a t  may a c c o u n t  f o r  some o f  t h e  G C  p o l y m o r p h i s m s .  

_ _ _  

1789 RESTRICTION FRAGMENT POLYMORPHISMS AS GENETIC MARKERS AND MEASURES OF PLANT 
DIVERSITY, Tim H e l e n t j a r i s ,  Mary Slocum, Gretchen King, A l i son  Shaefer, and Sco t t  
Wright,  N P I ,  417 Wakara Way, S a l t  Lake City, Utah 84108. 

We have u t i l i z e d  s i n g l e  copy DNA clones t o  eva lua te  the  d i v e r s i t y  a v a i l a b l e  i n  d i f f e r e n t  
c rop  p lan ts  and the  p r a c t i c a l i t y  o f  t h e i r  use i n  bo th  bas ic  genet ic  research and aop l i ed  
breeding problems. We have determined t h a t  there  are l a r g e  d i f f e rences  i n  the  degree o f  
v a r i a b i l i t y  de tec tab le  by t h i s  technology i n  d i f f e r e n t  p lan ts .  
h igh  l e v e l  o f  v a r i a b i l i t y  w i t h  v i r t u a l l y  every  c lone able t o  d i s t i n g u i s h  many c o m r c i a l  
c u l t i v a r s .  Tomatoes on the  o the r  hand, appear very conserved and i t  i s  q u i t e  d i f f i c u l t  
t o  de tec t  v a r i a b i l i t y  between comnercial l i n e s ,  l e s s  d i f f i c u l t  between undomesticated 
i s o l a t e s .  Development o f  these as genet ic  markers i s  poss ib le  w i t h  l i nkaqe  demonstrable 
bo th  t o  each o the r  and phenotypic t r a i t s .  
p l a n t  genome v a r i a b i l i t y  and p o t e n t i a l  mechanisms are discussed. 

Maize possesses a very  

The r e s u l t s  r e f l e c t  fundamental d i f f e rences  i n  

1790 INTEGRATION A N D  EXCISION O F  TRANSFORMING DNA, B a r b a r a  Hohn,  Thomas 
Hohn a n d  N i g e l  G r i m s l e y ,  F r i e d r i c h  M i e s c h e r - I n s t i t u t ,  B a s e l ,  S w i t z e r -  
1 a n d  

Tandem u n i t s  o f  t h e  c a u l i f l o w e r m o s a i c  v i r u s  genome were p l a c e d  w i t h i n  t h e  
T-DNA b o r d e r s  of t h e  a g r o b a c t e r i u m  T i  p l a s m i d .  T u r n i p  p l a n t s ,  when wounded 
a n d  i n f e c t e d  w i t h  a g r o b a c t e r i a  c a r r y i n g  t h e  h y b r i d  p l a s m i d  become  s y s t e m i -  
c a l l y  i n f e c t e d  w i t h  t h e  v i r u s .  A g r o b a c t e r i a  c o n t a i n i n g  t h e  v i r u s  t a n d e m  D N A  
on a b r o a d  h o s t  r a n g e  p lasmid  n o t  c o n t a i n i n g  T-DNA b o r d e r s  d o  n o t  m e d i a t e  
v i r u s  i n f e c t i o n .  The  mode o f  e x c i s i o n  of t h e  v i r a l  D N A  f r o m  t h e  i n t e g r a t e d  
f o r m  w i l l  be d i s c u s s e d  a s  w e l l  a s  t h e  g e n e r a l  a p p l i c a b i l i t y  o f  t h e  s y s t e m  t o  
d e l i v e r  i n f e c t i o u s  D N A .  

THE HYPE:-VIRULENCE OF AGROBACTERIUM TUMEFACIENS STRAIN A281, El izabe th  E. Hood, 
Washington Univers i ty ,  St. Louis,  MO; Mary-Dell Chi l ton ,  Ciba-Geigy Corp., RTP, N . C .  
and Robert T. Fra ley ,  Honsanto Co., S t .  Louis,  MO. 

A. tumefaciens s t r a i n  A281 was cons t ruc ted  by conjugat ion  of t h e  T i  (tumor-inducing) plasmid 
f r o m  I30542 ( t h e  wild type  i s o l a t e )  i n t o  A136, a d rug- re s i s t an t  s t r a i n  of A. tumefaciens 
which had bren  cured of i t s  T i  plasmid (Plasmid, 1978,  1 : 2 3 8 ) .  S t r a i n  A281 makes l a r g e ,  
fast-growing tumors ( i . e .  i s  hyper -v i ru len t )  on t h e  Solanaceous p l a n t s  tobacco and tomato, 
and a l s o  is  v i r u l e n t  on soybean and a l f a l f a ,  c h a r a c t e r i s t i c s  not exh ib i t ed  by t h e  wi ld  type  
i s o l a t e .  These tumors con ta in  agropine ,  l euc inopine ,  and agroc inopine  C .  The T i  plasmid 
of s t r a i n  A281 has been mapped and t h e  T-DNA def ined  (Bio/Tech. 1984, 2 : 7 0 2 ) .  Cosmids 
conta in ing  t h e  T-DNA have been put i n t o  "helper s t r a i n s "  (conta in ing  T i  plasmids from which 
t h e  T-DNA has  been de le t ed )  and were t e s t e d  on seve ra l  p l an t  spec ie s .  These s t r a i n s  do not  
e x h i b i t  t h e  hyper -v i ru len t  response and have an  a l t e r e d  hos t  range. The da ta  suggest t h a t  
t h e  hyper-virulence de te rminants  a r e  no t  i n  t h e  T-DNA reg ion .  Experiments a r e  i n  progress  
t o  test t h e  hyper-virulence of t h e  remainder of t h e  T i  plasmid of s t r a i n  A281 ( a f t e r  dele- 
t i o n  of  i t s  T-DNA) when complemented wi th  T-DNAs from he tero logous  T i  plasmids.  
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1792 A SIMPLE AND GENERAL METHOD FOR TRANSFERRING GENES INTO PLANTS, Robert B. Horsch, 
Robert T. Fraley, Steven G. Rogers, Monsanto Company, St. Louis, MO 63167 

Transformed petunia, tobacco and tomato plants have been produced from surface steri- 
lized leaf discs that were inoculated with an Agrobacterium tumefaciens strain which con- 
tained a modified Ti plasmid (in whicb the T-DNA tumor genes had been deleted and replaced 
with a chimeric kanamycin resistance gene). After 2 days of culture, the leaf-discs were 
transferred to selective medium containing kanamycin. Shoot regeneration occurred rapidly 
(2-4 weeks) and transformants were identified by their ability to form roots in medium 
containing kanamycin. 

from discs infected with pTIB6S3SE::pMONZOO rooted in the presence o f  kanamycin within 12 
days. 
resistance in the leaf callus assay, although three of these plants were delayed in their 
growth on kanamycin. 
obtained, four of these demonstrated induction of nopaline synthesis upon transfer of leaves 
to culture medium. Despite the frequent occurrence of these different pehnotypes, it should 
be emphasized that it is a simple matter to identify the desired transformants for studying 
gene expression, protein function and inheritance of the inserted foreign DNA. For example, 
in this experiment, 12 out of the 25 plants displayed the expected pattern of gene expres- 
sion. Similar results were obtained with tobacco and tomato. 

In typical experiment with Petunia hybrida, 25 out of 69 independent shoots that grew 

Of these 25 plants, 12 produced nopaline while grown in soil and 18 showed kanamycin 

Of the six nopaline negative, kanamycin-resistant plants that were 

RECOGNITION OF FOREIGN TRANSCRIPTIONAL SIGNALS IN PLANT CELLS, Arthur G. Hunt, 
Nathan H. Chu and Nam-Hai Chua, Laboratory of Plant Molecular Biology, 
The Rockefeller University, 1230 York Avenue, New York, NY 10021 

1793 

We are interested in the ability of plants to recognize transcriptional signals of 
non-Dlant origin. 
introns and nolyadenylation signals from animal virus genes into Nicotiana tabacum 
using Ti-mediated gene transfer techniques. Such experiments have revealed that 
tobacco cells either do not recognize, or aberrantly recognize, polyadenylation signals 
from the adenovirus 5 EIA gene and from the SVbO early genes. 
that there are substantial differences between the polyadenylation signals that are 
recognized in plants and animals. 

In contrast to these results, we see that the small t intron of the SVbO early genes is 
Prouerly spliced in tobacco cells. 
awuaratus in ulants and animals retain a high degree of functional homology. 

We will present these and other results and discuss their implications concerning the 
exuression of foreign genes in ulants, as well as the molecular biology of these 
urocesses in olants. 

To this end, we have introduced chimeric genes containing various 

These experiments suggest 

We infer from these results that the mRNA splicing 

1794 ROLE OF T-DNA BORDERS IN CROWN GALL TUMORIGENISIS, George Jen and Mary-Dell Chilton, 
Department Biology Wsshington University, St. Louis. MO 63130 and Ciba-Geigy Biotechnology Group, 
Research Triangle park, NC 

We have examined the role of the T-DNA border sequences in crown gall tumorigenesis using the 
binary tmsfwmation system ideFrsmond er af. Bio/Tech. 1,262-269., Hoebema er al, m . 0 3 ,  
179-181). Mini-T plapmids containing single left I-DNA border segments -re 
transmrmationally active, as vere those that contained both border segments. In contrast, mini-T 
plasmids vithout any border segment vere inactive. The mini-1 plasmids containing only the left 
border segment vere much less active in transformation thm those that contained the right or both 
border segments. A 25 bp direct repeat sequence exists at both ends of the T-DNA, within the border 
segments. We investigated the posribiiity that differences in transformation activity betveen the 
right and left border segments may be due to the relative positions and/or orientations of their direct 
repeats to the oncogenes within the T-DNA con. Transformaxion studies with mini-T plasmids that 
reversed the positions and orientations of the border segments showd no changes in the relative 
activities of the right and left border segments. These results indicate that sequence differences 
betveen the right and left border segments are responsible for their differences in activity. The 
implications of these results on the possible mechanisms of T-DNA transmission into plant cells vill 
be discussed. 
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1795 GENETIC STABILITY OF GENES INTRODUCED TO PLANTS VIA T-DNA, Richard 

Tobacco plants carrying the indoleacetamide hydrolase (iamH) gene were 
shown to be hypersensitive to naphthaleneacetamide sprayedon leaves. 
The effectiveness of this hypersensitivity as a selection for loss of 
the -11 gene is being evaluated both somatically in leaf-derived 
protoplasts and meiotically in the progeny of transformed plants. 

A. Jorgensen, Advanced Genetic Sciences, Inc., 6701 San Pablo Ave., 
Oakland, CA 94608 

NUCLEOSOMAL ORGANIZATION OF FOREIGN DNA IN PLANTS, Guenter Kahl, Willi Schaefer 
and Kurt Weising, Department of  Biology, University of Frankfurt/Maln (Germany). 17% 

Most of the nuclear DNA in higher plants is organized in nucleosomes. It is unknown,whether 
foreign DNA introduced into plant cells by natural or artificial engineering and covalent- 
ly linked to nuclear DNA is organized the same way, not regarding its origin. We have 
solved this problem using two systems: 
1. The T-DNA in tobacco cells, originating from the Ti-plasmid of Agrobacterium tumefaciens. 
2. A truncated T-DNA in tobacco cells, in which the oncogenic functions were deleted and 

Nucleosomal DNA from both systems was isolated and hybridized against nlck-translated 
probes representing 
1. eight different T-DNA fragments with differing in vivo transcription rates, 
2. sequences at the borders of the truncated T-DNA o f  the 3850 plant and pBR 322. 
These experiments lead to the following conclusions: 
1. The different T-DNA sequences as well as the pBR 322 sequences in the nuclear DNA of 

replaced by pBR 322 (pGV 3850; klndly supplied by Prof.Schel1 ,Cologne). 

plant cells are organized in nucleosomes with the same repeat length as the bulk o f  
plant nucleosmes. 

an altered , highly nuclease-sensitive configuration. 
2. Actively transcribed sequences (i.e. the nos gene) are organized in nucleosomes with 

1797 T-DNA TRANSFER FROM AGROBACTERIUM TO THE PLANT CELL INVOLVES THE IN- 
DUCTION OF CIRCULAR INTERMEDIATES, Zdena KoukolfkoV6, Raymond D. Shll- 
lito, Barbara Hohn, Frledrich Miescher-Institut, Basel, Switzerland; 
Kan Wang, Marc Van Montagu, Patricia Zambryskl, Laboratorium voor 
Genetica, Rijksuniverslteit Gent, Gent, Belglum 

Circular T-DNA structures were isolated by cosmid or plasmld rescue. These 
structures were specifically Induced following cocult~vatlon of Agrobacterium 
with Dlant cells suqgesting they are intermediates in transfer of the T-DNL 
from Agrobacterium to the plant genome. The ]unction of the T-DNA circles 
occurs precisely within the 25-bp terminus sequence known to be important for 
T-DNA transfer. 

1798 
Schilperoort,State University of Leiden, 2333 AL Leiden,Netherlands. 

A reproducible in vitro DNA transformation procedure for plant protoplasts has been developec 
in o u r  laboratory based on the tumori,oenic properties of the Agrobacterium tumefaciens Ti- 
plasmid. 'he trans'ferred DNA does not consist of one contiguous stretch of T-DNA analogous 
to the T-DNA integrated after cocultivation or &I vivo wounding. The DNA transformants show 
phenotypic diversity correlated to the uresence ofdifferent loci on the transferred DNA. 
Although the organization and structure of the T-DNA is rather comolex, the oolyA mRNA 
fraction obtained from transformed material, shows transcri?ts which confirm the relation 
between the foreign, integrated DNA and the observed phenotynes. Cotransformation may Occur 
using this method as is demonstrated by the presence of non-selected sequences'derived from 
parts of the pTi outside the T-region and derived from calf thymus DNA (carrier in the 
procedure).Segregation in the pro;.eny evidences the independent integration in non- homo- 
logous chromosomes. Experiments have implicated that DNA transformation with plants Using 
E. coli derived vectors with genes of interest can be 9erfomed and that genes located on 
different plasmids can e introduced as well. Transformation frequency with a selected gene 
is rather low, lO-'-lO-', although the fre uenc of DNA uptake and incor~oration in the 
plant's eenome ~ considerably higher,10-8-10-3. 
REFERENCE: Krens, F.A. et al. ( 1 9 8 2 )  Nature &,72-74. 

ASPECTS OF THE APPLICATION OF IN VITRO (DNA) TRANSFOR.WTION SYSTEMS IN PLANTS, 
Frans A. Krens, Rindert Peerbolte, J.Harry C. Hoge, George J. Wullems and Rob A. 
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1799 Cloning of a Gene which encodes both the Ricin A and Rich B Polvoeptides, Beth F. 
Ladin, Kevin C. Halling, Amy C. Halling, Elizabeth E. Murray, L.L.Houston, Robert F. 
Weaver, Univ. of Kansas, Lavrence, Kansas 6 6 0 4 4 .  

The toxic plant protein ricin, isolated from the endosoerm of Ricinus communis, contains two 
subunits: the A subunit which contains the toxic activity and the B subunit which binds to 
galactose containing cell surface receptors. Imunotoxin production usine the ricin A ooly- 
peptide ils the toxin requires a source of ricin A free of rich B. Existing biochemical 
procedures are inadequate. Therefore the ability to clone the ricin A gene into a bacterial 
expression vector may produce that source of ricin A. Messenger RNA isolated from develoDing 
castor bean seeds has been used to prepare a cloned cDNA library. cDNA clones specificallv 
encod'ng the genelgenes for the ricin subunits were identified using an oligonucleotide Probe 
for sequences in ricin B. One 1050bps cDNA clone (pBL-l), identified with this probe. 
contains an entire sequence for the ricin B polyveptide at its 3 '  end. No ATG is found at the 
5' end of this sequence. Instead a short segment of the sequence encodine the ricin A oolv- 
peptide is found, followed by an intragenic sequence directly 5 '  to the ricin B seauence. 
Processin? to separate polypeptides must occur concomitant with or after the comuletion of 
translatio?. Using the pBL-1 cloned cDNA as a probe, 30 additional cDNA clones were f n i i n d .  
One of these clones,pBL-3, which is 2200bps in length, contains the comDlete ricin Asequence 
as well as the complete ricin B se ye c 
This work has been funded by the E P 1  Elfly Corporation. 

18(-jo 

Many genes for resistance have been characterized at the whole plant level but little is 
understood about the generation of novel resistance genes. Also, genes for resistance to 
diverse diseases tend to be clustered in the genome but the evolutionary and functional 
significance of this arrangement is unknown. We hypothesize that regions of the genome 
determining resistance are less evolutionarily stable than other regions and that genome 
rearrangements are important in the generation of new resistance genes i n  a population. 

major genes for resistance are matched in a clear gene-for-gene relationship with genes for 
virulence in the pathogen. We are developing a detailed genetic map of lettuce using  
restriction fragment length polymorphisms. Random fragments of low copy number, genomic 
sequences are being used as probes. 
which are linked and unlinked to disease resistance genes. This will indicate whether loci 
which flank resistance genes exhibit enhanced levels of polymorphism and provide clues to 
the evolution of disease resistance genes. 

ANALYSIS OF POLYHORPHISM ASSOCIATED WITH DISEASE RESISTANCE GENES, Benoit S. Landry 
and Richard W. Michelmore, University of California, Davis, CA 95616. 

Resistance in lettuce to downy mildew has been well characterized genetically; 

We will compare the frequency of polymorphism in loci 

1801 EXPRESSION OF A GENE ENCODING THE a'-SUBUNIT OF SOYBEAN bCONGLYCININ 
UNDER THE TRANSCIPTIONAL CONTROL OF A CaMV PROMOTER. Michael A. Lawton, 
Donna Shattuck-Eidens, Robert T. Fraleyt and Roger N. Beachy Washington 
University, St. Louis W2 63130 and tMonsanto Corporation, St. Louis MO 
63167. 

We are studying the expression and stablity of a the a'-subunit of the soybean 
bconglycinin storage protein vhen expressed in petunia plants. The coding 
region of the gene has been placed under the transcriptional control of a CaMV 
promoter. The chimeric gene has been introduced into the Ti-plasmid of 
Agrobacterium tumefaciens and the latter cc-cultivated with petunia 
protoplasts. Both transformed callus and plants regenerated from transformed 
cells express a polyadenylated mRNA that hybridizes to an a'-gene probe. 
mRNA has the same mobility as the authentic mRNA from soybean cotyledons 
suggesting that the transcript is processed to remove its introns. S1 mapping 
is being used to confirm that processing is carried out with fidelity. No 
a'-subunit polypeptide has been detected in callus, leaf or seed tissues using 
ELISA and western blotting techniques indicating that the protein is either 
not made in sufficient quantities to be detected by these methods or that it 
is not stable in petunia cells. We are using hybrid-release translation to 
assay the translatability of the a'-transcipt and northern analysis to detect 
this message in the polysomal mRNA pool. 

This 
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1802 
DNA MEDIATED TRANSFORMATION OF CEREAL CELLS, HOrSt Liirz,  Barbara J. Baker, Rudiger Hain and 
Jeff Schell, Max-Planck-Institut fiir Ziichtungsforschung, D-5000 KOELN 30,Fed.Rep.of Germany 

Evidence for direct gene transfer to cultured cells of Triticum monococcum will be presented. 
Transformation was achieved by using the plasmid pMpI 1103-4. The pBR322 derived plasmid con- 
tains a selectable chimeric gene comprising the protein region of the Tn5 aminoglucoside 
phosphotransferase type I1 gene (NPT II), the nopaline synthase promotor (pNOS), and the 
maize controlling element Ac. To induce DNA uptake protoDlasts isolated from a cell suspen- 
sion of T. monococcum were incubated with plasmid DNA (10 )-~g plasmid DNA with OK without 50 
pg carrier DNA per 1-2 x lo6 protoplasts) following the method of Krens et a1.(1982). After 
an initial culture in liquid medium without selection, regenerating and dividing cells are 
plated 4-7 days after culture initiation into agarose solidified medium containing 100 pg/ml 
kanamycinsulfate. This level was found to he lethal for non-transformed x. monococcum tissue. 
Selected colonies were tested for expression of the NPT I1 gene and the enzyme activity was 
assayed by the method described by Reiss et al.(1984). No activity was found in untreated 
callus tissue of T. monococcum. However, NPT I1 enzyme was found in protoplast derived tis- 
sue treated with pMpI 1103-4 DNA. Experiments are in progress to analyse the DNA of trans- 
formed tissue. The possibility of direct gene transfer to cereal cells will allow investiga- 
tions with Gramineae which have so far been restricted to dicotvledonous species. 

RESISTANCE TO TABTOXIN AND MSO AS A FUNCTION OF GENE DOSAGE, E l z b i e t a  
Tarantowicz-Marek, Robert  C .  Dickson, U n i v e r s i t y  of Kentucky, Lex ing ton ,  K Y  
40536-0084 

1803 

T a b t o x i n  i s o l a t e d  f r o m  Pseudomonas t a b a c c i  i n h i b i t s  g lu tamine syn the tase i n  i n f e c t e d  
leaves  caus ing  accumula t ion  of NH3 d e r i v e d o m  p h o t o r e s p i r a t i o n  and r e s u l t i n g  i n  
c h l o r o s i s .  
i r r e v e r s i b l e  i n h i b i t o r  o f  g lu tamine syn the tase.  
e n t e r i c  b a c t e r i a  and yeas t .  

We c o n s t r u c t e d  an E. c o l i  s t r a i n  c o n t a i n i n g  m u l t i p l e  cop ies  o f  t h e  g lu tamine syn the tase 
gene b y  t r a n s f o r m i n g  T t r ~ B l O l  ( c o n t a i n i n g  w i l d  t y p e  GS gene) w i t h  Gln A gene c loned i n  
pBR322. We a l s o  t rans formed S. c e r e v i s i a e  s t r a i n  SJ21 ( c o n t a i n i n g  w i l d  t y p e  GS gene) w i t h  
t h e  GLNl gene c loned i n  YEp24T I n  E. c o l i  t r a n s f o r m a n t s  g l u t a m y l t r a n s f e r a s e  a c t i v i t y  o f  
GS inc reased 4 - f o l d  b u t  t h e  r e s i s t a n c e  t o  MSO i nc reased a lmost  30- fo ld .  I n  S. c e r e v i s i a e  
t h e  6-8 f o l d  i n c r e a s e  o f  r e s i s t a n c e  t o  MSO was c o n s i s t e n t  w i t h  t h e  inc rease Tn enzyme 
a c t i v i t y .  

We i s o l a t e d  f r o m  a y e a s t  gene bank o t h e r  genes c o n f e r r i n g  MSO r e s i s t a n c e  when present  
i n  m u l t i p l e  c o p i e s  p e r  c e l l .  
complement a 9 l n l  d e f e c t  i n  s t r a i n  745-g ln l  and do n o t  c o n t a i n  t h e  0.8Kb Eco R 1  f ragment 
t h a t  i s  c o n t a i n e d  i n  GLNI .  
as shown by  southern  h y b r i d i z a t i o n  o f  Eco R 1  f ragments t o  y e a s t  DNA c u t  w i t h  Eco R 1 .  

A s i m i l a r  pa thogen ic  e f f e c t  i s  produced by  meth ion ine  s u l f o x i m i n e  (MSO) - an 
MSO and t a b t o x i n  a l s o  i n h i b i t  growth o f  

Those genes a r e  n o t  t h e  GLNl gene, s i n c e  t h e y  do n o t  

D i f f e r e n t  pMSO plasmids c o n t a i n  d i f f e r e n t  MSO r e s i s t a n c e  genes 

1804 TOMATO TRANSFORMATION, Sheila McCormick, Monsanto C o . ,  S t .  Louis, MO. 63167 

Transformed tomato plants of several commercial cultivars have been rapidly produced 
using the leaf disc transformationlregeneration system. 
normal and transmit the foreign DNA in normal Mendelian ratios. Results on gene 
expression, copy number and genetic mapping of the foreign DNA inserts in tomato will 
be presented. 

The regenerated plants are 

1805 RECOMBINATION 
and R. C. Essenberg, Oklahoma State University, Stillwater, OK 74078 

AND GENE CONVERSION IN CAULIFLOWER MOSAIC VIRUS DNA, Ulrich Melcher 

Mutant cauliflower mosaic virus (Cam) DNAs recombine with other CaMV mutant DNAs at 
high frequency, When mutant DNAs from different isolates of CaMV are inoculated on leaves 
of turnip plants, diseased plants contain viral DNA originating from both isolates. These 
were recognized by restriction site polymorphisms. The progeny DNA from individual plants 
was heterogeneous at a diagnostic EcoRI site and the ratio of alleles varied from plant to 
plant. Cloned representatives of these progeny, mapped by restriction, contain regions of 
mixed alleles that must have arisen by repair of heteroduplex mismatches during 
recombination between duplex DNAs. Junctions between parental sequences were found at 
three map locations. 

In plants, non-infectious DNAs contributed sequence information to wild type DNAs. 
The degree of this apparent gene conversion depended on the extent of sequence homology 
between mutant and wild type DNAs. A diagnostic EcoRI site in the infectious UM130 was in 
most plants entirely converted by non-infectious UM24 mutant DNA. Partial conversion of 
CM4-184 by a non-infectious mutant of pLW303X DNA(containing DNA of a closely related but 
not identical isolate) was seen. No conversion was seen when the two DNAs came from 
entirely different isolates (eg. NY8153 and CabbS). Interference of wild type DNA 
infection by mutant DNAs also occurred and can be interpreted as being due to gene 
conversion. Supported by the Herman Frasch Foundation and the Okla. Ag. Expt. Sta. 
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1806 CHLOROPLAST psbA GENE-ENCODED HERBICIDE RESISTANCE IS RECESSIVE IN 
CHLAMYDOMONAS. Laurens J. Mets, University of Chicago, Chicago, 11. 60637 

Previous studies have shown that chloroplast encoded mutations conferring resistance 
to the photosystem 11-inhibiting herbicides atrazine, diuron, and bromacil are 
associated with cpDNA sequence alterations in the psbA gene. 
produce amino acid substitutions in the highly conserved 32 kilodalton protein product 
of psbA, it has been accepted that they are the determinants of resistance. 
used deletion mapping in Chlamydomonas to prove that the genetic determinants of 
resistance, as expected, lie within the portion of psbA carrying the sequence alterations. 

as a selectable marker which might be useful in chloroplast transformation experiments. 
We have now obtained direct evidence confirming our previous inference that in 
Chlamydomonas (which has a single chloroplast), herbicide sensitivity is dominant over 
resistance. Thus, selection f o r  herbicide resistance coferred by psbA will not aid in 
the establishment of transforming DNA in heteroplastomic chloroplasts. 

be blocked by herbicide. 
with a model for turnover control in which individual proteins are sensitized for 
degradation by engaging in electron transport. 
which electron transport activates a diffusible degradation activity. 

Since these changes 

We have now 

Because the genetic determinant is known, herbicide resistance has attracted attention 

The protein product of psbA shows a characteristic light-dependent turnover which can 
The dominance of sensitivity over resistance is consistent 

It is not consistent with models in 

1807 TRANSFORMATION OF ALFALFA PROTOPLASTS BY INTRANUCLEAR MICROINJECTION OF T i  PLASMIOS 
B r i a n  M i k i l ,  T e r r y  Reich2, and V .  N. I yer2 , lOt tawa Research S t a t i o n ,  A g r i c u l t u r e  
Canada, Ottawa, O n t a r i o ,  K1A OC6 and 2E io logy  Dept., C a r l e t o n  U n i v e r s i t y ,  Ottawa 
O n t a r i o  K1S 586 Canada 

Trans format ion  o f  a l f a l f a  p r o t o p l a s t s  f o l l o w i n g  i n t r a n u c l e a r  m i c r o i n j e c t i o n  o f  p T i  C58 was 
r e v e a l e d  by d e t e c t i o n  o f  n o p a l i n e  and n o p a l i n e  synthase a c t i v i t y  i n  about  302 o f  t h e  
recovered c o l o n i e s .  
r e c o v e r  i n  c u l t u r e  f o r  24 hours.  
escent  dyes such as Hoescht 33258 o r  OAPI. 
w i t h  p o l y - L - l y s i n e .  
1 - 2  days t h e n  i n d i v i d u a l l y  t r a n s f e r r e d  t o  f e e d e r  l a y e r s  u s i n g  t h e  double f i l t e r  paper 
techn ique,  wh ich  y i e l d e d  p l a t i n g  e f f i c i e n c i e s  as h i g h  a s  10- 20% w i t h  a l f a l f a  p r o t o p l a s t s .  
From t h e  f i r s t  two exper iments  completed, 36 c l o n e d  l i n e s  were recovered and ana lyzed f o r  
n o p a l i n e  and n o p a l i n e  synthase a c t i v i t y .  The n a t u r e  
o f  t h e  i n t e g r a t e d  T-DNA has n o t  y e t  been examined. 

P r o t o p l a s t s  were d e r i v e d  f rom c e l l  suspension l i n e s  and a l l o w e d  t o  
The nuc leus  was s t a i n e d  w i t h  s p e c i f i c  n o n - t o x i c  f l u o r -  

I m n o b i l i z a t i o n  on g l a s s  c o v e r s l i p s  was ach ieved 
F o l l o w i n g  m i c r o i n j e c t i o n ,  p r o t o p l a s t s  were l e f t ,  u n d i s t u r b e d  f o r  

O f  these, 1 0  were c l e a r l y  p o s i t i v e .  

1808 A M I N O  ACID ANALOGUE RESISTANT MUTANTS I N  BRASSICA SPECIES, Stephen J .  Molnar  and 
John L. Gra inger ,  A g r i c u l t u r e  Canada, Ottawa Research S t a t i o n ,  C.E.F., Ottawa, 
K1A OC6, Canada 

The o b j e c t i v e  o f  t h i s  program i s  t o  o b t a i n  n u c l e a r ,  c h l o r o p l a s t  and m i t o c h o n d r i a 1  g e n e t i c  
markers i n  B r a s s i c a  spec ies  t o  f a c i l i t a t e  p r o t o p l a s t  f u s i o n  and t h e  t r a n s f e r  o f  c y t o p l a s m i c  
g e n e t i c  t r a i t s .  The i s o l a t i o n  and p r e l i m i n a r y  c h a r a c t e r i z a t i o n  o f  f o u r  5 -methy l - t ryp tophan 
( 5  MT) r e s i s t a n t  v a r i a n t  l i n e s  i n  suspension c u l t u r e s  o f  B. n i g r a w i l l  be r e p o r t e d .  

B r a s s i c a  nigra suspens ion  c u l t u r e s  proved u n u s u a l l y  s e n s i t i v e  t o  5 FnT as t h e i r  g rowth  was 
i n h i b i t e d  by l e s s  t h a n  0.2 pg/ml. 
exposed t o  3.0, 6.0, 6.0 and 9.0 ug/ml o f  5 MT, r e s p e c t i v e l y .  The v a r i a n t  f requency  i n  t h e  
p a r e n t a l  c u j t u r e  i s  e s t i m a t e d  t o  have been 1.25 x 10-7. 
absence o f  s e l e c t i v e  p r e s s u r e .  
expec ted  from v a r i a n t s  wh ich  over -produce f r e e  t r y p t o p h a n .  S t u d i e s  t o  t e s t  t h i s  h y p o t h e s i s  
a r e  i n  p r o g r e s s .  

The v a r i a n t s  were recovered f rom suspension c u l t u r e s  

The r e s i s t a n c e  was s t a b l e  i n  t h e  
The b e h a v i o r  o f  t h e  v a r i a n t ( s )  i s  c o n s i s t e n t  w i t h  t h a t  
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1809 
Res. Corp. Cambridge, Ma., *Dept. of Botany, Univ. of Florida, Gainesville, Florida. 
The maize alcohol dehydrogenase enzymes are specified by two unlinked genes. 
analysed the state of cytosine methylation of the 5' flanking region of the maize Adhl gene 
in leaves by genomic sequencing. 5-methylcytosine in plants is detected in more than 30% 
of the cytosine residues, preferentially in the dinucleotide CG and in the trinucleotide CXG. 
Our results reveal that in leaves, a non-expressing tissue, all of the potential sites for 
methylation within 250 bp surrounding the start of the gene are unmethylated. A transition 
in the state of methylation occurs 8OO.bps 5', where the cytosine residues in each of three 
CAG trinucleotides is methylated. The next potential methylation site , a CG dinucleotide , 
is 100 bps 3' and is unmethylated. Most importantly we have demonstrated the applicability 
of genomic sequencing Ebe the detection of maize genomic sequencem, which will also allow for tk 
the study of in vivo protein-nucleic acid interactions involved in gene regulation. 

STATE OF CYTOSINE METHYLATION OF THE 5' END OF THE MAIZE ALCOHOL DEHYDROGENASE 
GENE, Harry Nick, Barbara Bowen, Robert Ferl*, Walter Gilbert, Biogen 

We have 

1810 HAIRY ROOT: T-DNA, T-DNA TRANSCRIPTS AND PROGENY, R.Peerbolte, J.H.C. Hoge, G.J. Wul- 
lems and R.A. Schilperoort, State university Leiden, The Netherlands 

Three tissues transformed with Aqrobacterium rhizoqenes LBA9402(pRi1855) were studied: 
carota AKR828, Nicotiana plunbaqinifolia RNP1, and N. tabacum HR-SR1-9402. The 1-DNA contents 

fnrmer twn rnnt.rultures wkre determined bv Southern blottino: AKR828 contains TL-DNA - .  .___ ___._. ~~ ~~~ 

only and RNPl contains both TL- and TR-DNA. By Northern blotting about 10 TL- and 4 TR-trans- 
cripts were detected in RNPl roots. Polarity and location of these transcripts have been 
established. From HR-SR1-9402 and RNPl transformed plants were regenerated and crossed with 
wild type plants as male parents. The HR-SR1-9402 progeny showed segregation of the hairy 
root features 'wrinkled leaves ' (WRL) and 'mannopine/agropine synthesis' (MAS/AGS), whereas 
these features were linked in the RNPl progeny. These findings together with the fact that 
AKR828 is MAS-AGS- and lacks TR-DNA, indicate that WRL and MAS/AGS are located on different 
1-DNA segements. Currently this is being verified with 1-DNA analysis of progeny plants. 
Progeny derived from tobacco hairy root male and crown gall female parents, show that the 
crown gall trait 'no roots' dominates the hairy root feature 'excessive roots'. 

1811 T-DNA BORDER SEQUENCES REQUIRED FOR CROWN GALL TUMORIGENESIS, Lloyd Walter Ream 
and Ernest G. Peralta, Department of Biology, Indiana University, Bloomington, 
IN 47405, USA. 

Similar 23 bp direct repeat sequences occur at the ends of three different T-DNAs. To 
test the role of these sequences in crown gall tumorigenesis, we constructed deletion 
mutants in pTiA6NC. This plasmid has two adjacent but non-continuous T-DNAs: TL, the 
left T-DNA, contains all the genes necessary for tumor maintenance; and TR, the right 
T-DNA, plays no apparent role in tumorigenesis. 
affect virulence. Two different T-DNAs in tumors induced by a left border deletion 
mutant both ended within the same 354 bp segment inside the T-region. Two sequences 
within this segment share 60% homology with the conserved bases of the border repeats and 
may substitute for the deleted left border. A deletion of the three border repeats to 
the right of TL severely attenuated virulence. 
containing the TL right border into this right border deletion mutant. 
fragment containing the TL right border in its wild-type (direct repeat) orientation 
restored virulence fully. A 311 bp fragment containing the TL right border inserted in 
the wild-type orientation restored virulence substantially, but in the opposite 
orientation this fragment enhanced virulence only slightly. 

Deletions of the TL left border did not 

We introduced restriction fragments 
A 1435 bp 

1812 MITOCHONDRIAL DNA STRUCTURES IN MALE-STERILE MAIZE AND ITS FERTILE REVERTANTS. 
C.L. Schardl & D.M.  Lonsdale, Plant Breeding Institute, Cambridge CB2 2LQ, England. 
D.R. Pring, USDA-ARS, University of Florida, Gainesville, FA 32610. 

The S-type male-sterile cytoplasms of Zea mays are characterised by the presence of the 
linear mitochondrial episomes S 1  and S2 with molecular sizes of 6397 bp and 5454 bp 
respectively, These episomes have identical pairs of 208 bp inverted repeats (IR's) at 
their termini. Sequences homologous to the IR's were identified at two loci on the 
mitochondrial chromosomes. Sequence data and restriction endonuclease analysis demonstrated 
that these sequences recombine with the IR's of S1 and S2, resulting in linearisation of the 
mitochondrial chromosomes. 

The M825 nuclear genome promotes frequent spontaneous reversion of S cytoplasms resulting in 
male-fertile types. The fertile revertants lost S 1  and S2 as free episomes and lacked 
the linear mitochondrial chromosomes characteristic of the male-sterile parents. In 
addition, they contained episomal sequences integrated into the mitochondrial chromosomes. 
The integrated S 1  sequences were virtually complete. However, the majority of the IR 
sequence was always deleted from one end of integrated S2 .  This deletion apparently 
eliminated transcription of an SZ-encoded gene, suggesting involvement of this gene in 
male-sterility conferred by the S cytoplasms. 
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VSE OF NUCLEAR ENCODED SEQUENCES TO DIRECT TRANSPORT OF A FOREIGN PROTEIN INTO CHLO- 
ROPLASTS, Peter H. Schreier, Marcel Kuntz, Susanne Lipphardt, Hans J. Bohnert, Max- 
Planck-.Institut fur Ziichtungsforschung, 5000 Koln 30, W. Germany, Bayer AG, Lever- 
kusen, University of Arizona, Tucson, USA 

1813 

Gene fusions between the 5' coding region of the small subunit of Rubisco and the coding 
region of neomycin phosphotransferase I1 have been transferred into the plant nucleus. The 
gene product of the fusion is transported to the chloroplasts and processed. Mutants are 
under construction to detect the signals which are responsible for transport and processing. 

1814 MOLECULAR GENETICS OF PLANT-PARASITE INCOMPATIBILITY, B r i a n  J .  Staskawicz,  Caro lyn  
N a p o l i ,  Doug Dahlbeck and Jean Swanson, Dept.  o f  P l a n t  Patho logy ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  Berke ley ,  CA 94720. 

C l a s s i c a l  g e n e t i c  dna lyses  o f  p lan t -pa thogen i n t e r a c t < o c s  have ! ? i d - t h e  foundatio!, f o r  Fro-  
v i d i n g  a s t r a t e g y  f o r  i d e n t i f y i n g  and c l o n i n g  genes from b o t h  p l a n t s  and pathogens t h a t  a r e  
i n v o l v e d  i n  r e c o g n i t i o n a l  s p e c i f i c i t y  and t h e  express ion  o f  d isease r e s i s t a n c e .  T h i s  i s  
based on t h e  assumption t h a t  t h e  events  l e a d i n g  t o  t h e  i n d u c t i o n  and express ion  o f  d isease 
r e s i s t a n c e  i n  h i g h e r  p l a n t s  a r e  dependent on t h e  s p e c i f i c  genotype o f  b o t h  t h e  h o s t  and t h e  
pathogen. 

We have r e c e n t l y  c l o n e d  and p a r t i a l l y  c h a r a c t e r i z e d  two r a c e - s p e c i f i c  i n c o m p a t i b i l i t y  genes 
from Pseudomonas s y r i n  ae pv.  g l y c i n e a .  Clones have been d e t e c t e d  f rom genomic l i b r a r i e s  
o f  race  6 and r a c e  0 t z a t  c o n v e r t  v i r u l e n t  races  t o  a v i r u l e n c e  o n l y  on s p e c i f i c  c u l t i v a r s  
O f  soybean. 
Tn5 mutagenesis,  d e l e t i o n  a n a l y s i s  and n u c l e o t i d e  sequencing. We a r e  c u r r e n t l y  a t t e m p t i n g  
t o d e t e r m i n e  t h e  p r i m a r y  gene produc ts  o f  these genes by employing v a r i o u s  p lasmid  expres- 
s i o n  v e c t o r s  and s t u d y i n g  t h e  r e g u l a t i o n  o f  these genes by t r a n s c r i p t i o n a l  and t r a n s l a t i o n a l  
fus ions  t o  9 -ga lac tos idase,  

The r e g i o n s  o f  a c t i v i t y  have been ana lyzed by r e s t r i c t i o n  mapping, subc lon ing ,  

1815 STUDIES ON A SYSTEM TO ISOLATE FATTY A C I D  MUTANTS FROM SOYBEAN CELLS, W i l l i a m  B. 
Terzaghi  and K a r l  G. Lark,  U n i v e r s i t y  o f  Utah, SLC, UT 84112. 

P l a n t  f a t t y  a c i d  b i o s y n t h e s i s  (FAB) i s  w e l l  c h a r a c t e r i z e d  b i o c h e m i c a l l y ,  b u t  i t s  g e n e t i c s  
a r e  p o o r l y  understood. FAB t h u s  seems p r o m i s i n g  t o  s tudy  u s i n g  somatic c e l l  genet ics ,  and 
I am l o o k i n g  f o r  FAB- c u l t u r e d  soybean c e l l s .  P l a n t  c e l l s  n o r m a l l y  make a l l  t h e i r  own 
f a t t y  ac ids ,  so i t  was u n c l e a r  whether FAB- c e l l s  may be rescued by f u r n i s h i n g  f a t t y  a c i d s  
i n  t h e i r  medium. I t e s t e d  t h i s  by, 1 )  t r e a t i n g  c e l l s  w i t h  a s p e c i f i c  i n h i b i t o r  o f  FAB 
p l u s  f a t t y  ac ids ,  2 )  i n c o r p o r a t i n g  exogenous f a t t y  a c i d s  i n t o  membrane l i p i d s ,  and 3) 
measur ing f a t t y  a c i d  s y n t h e t i c  r a t e s  i n  t h e  presence o f  exogenous f a t t y  ac ids .  C e l l s  
t r e a t e d  w i t h  a l e t h a l  c o n c e n t r a t i o n  o f  i n h i b i t o r  grow i f  f a t t y  a c i d s  a r e  s u p p l i e d ;  l a r g e  
q u a n t i t i e s  o f  t h e s e  f a t t y  a c i d s  a r e  i n c o r p o r a t e d  i n t o  membrane l i p i d s .  
c e l l s  grown i n  17:O (a f a t t y  a c i d  n o t  made by soybeans) became 40% 17:0, even i n  t h e  
absence o f  i n h i b i t o r .  C e l l s  grown i n  f a t t y  a c i d s  depress FAB by 95% b u t  grow as r a p i d l y  
as u n t r e a t e d  c e l l s .  These r e s u l t s  suggest t h a t  soybean c e l l s  can do w i t h o u t  FAB i f  f a t t y  
a c i d s  a r e  s u p p l i e d ;  i t  t h u s  seems f e a s i b l e  t o  i s o l a t e  FAB- mutants.  I am s c r e e n i n g  f o r  
c o l o n i e s  wh ich  d i e  i n  t h e  absence o f  exogenous f a t t y  a c i d s  f o l l o w i n g  mutagenesis; 
p o s i t i v e s  w i l l  be t e s t e d  f o r  f a t t y  a c i d  syn thes is .  
w i  11 be descr ibed. 

Membrane l i p i d s  o f  

Mutagenesis and s c r e e n i n g  t e c h n i q u e s  

SELECTION-EXPRESSION PLASMID VECTORS FOR USE IN PLANTS; Jeff Velten, Lor11 Velten 1816 and Jeff Schell, Max Planck Institut, Koeln W. Germany 

New plasmid vectqrs for expressing foreign genes in plants have been developed using a 
unique dual promoter fragment isolated from the TR DNA of octopine-type plasmids. One 
promoter has been fused to the neomycin phosphotransferase gene of Tn5, providing a 
selecable marker for transformation, while the second promoter of the dual promoter 
fragment remains free to express any gene of interest. Several versions of the selection- 
expression vector have been produced by the introduction of polylinker DNA fragments 
(containing numerous useful cloning sites) and a plant-active transcript polyadenylation 
signal (isolated from the T-DNA) downstream from the second TR promoter. The vectors 
have been tested by the insertion and expresslon of the chloramphenicol acetyltransferase 
gene. We are currently using the new vectors to introduce and express several genes 
in plants. 
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1817 GENE MOVEMENT AND GENETIC MANIPULATION, Kamla K. Pandey, Genetics 

While certain basic properties of life processes are shared by all life forms 
each major group has its own limiting factors which exclude many features 
possessed by others. Certain manipulatable mechanisms in each form of life 
are therefore inherent and specific to these forms. Plants are 
distinguishable from animals by the totipotency of their cells, open form of 
growth, versatile sexual reproduction and multiple forms of vegetative 
reproduction. Genetic behaviour observed in plants can be appropriately 
viewed only in the context of their organisational and physiological 
infrastructure. There have been certain genetic observations i n  plants that 
are so divorced from the usual experience of plant geneticists that they have 
for a long time remained the domain of only a few scientists. Barbara 
McClintock's "mobile genes" suffered from this fate until linked with 
observations made in prokaryotes. But her observations were uniquely basic 
i n  that they transcended the Kingdoms. Another observation in plants, "flax 
genotrophs"lr2, which had certain additional, psychological barrier to cross, 
has also now been recognised as a true phenomenon, although still far from 
being understood . A third long-standing phenomenon, "graf t-transformat ion"3, 
which is even more heavily tainted by dogmatic considerations, although 
partially brought into the Mendelian fold lately by certain geneticists in 
Japan, is still regarded equivocally. These three Observations had their 
origins in the premolecular biology era. Recently, two additional p enomena 
have come to light - "egg-tran~formation"~, and "counterfeit hybrids"!. All 
these five phenomena have one feature in common - unorthodox gene movement. 
Since the present intense interest i n  "genetic engineering" is concerned 
basically with a similar problem, i.e. experimental movement of specific genes 
between organisms, a better understanding of these phenomena may open new 
possibilities for plant improvement. Mechanisms of gene movement throwing 
light on some of these phenomena will be discussed. 

1 .  Durrant, A .  1962. Heredity 17: 27-61; 1971. Heredity 27: 277-298. 
2. Cullis, C.A. 1977. Heredity 38: 129-154; 1979. Heredity 42: 237-246. 
3. Ohta, Y .  and Chuong, P.N. 1975a. Euphytica 24:  355-368; 1975b. Euphytica 
24: 605-611. 4 .  Pandey, K.K. 1975. Nature 256: 310-313; 1978. Genetica 49: 
53-59. 1980. Heredity 45: 15-29. 5. de Wet, J . M . J . ,  Newell, C . A .  and 
Brink, D.E. 1984. Amer. J .  Bot. 71: 245-251. 

Unit, Grasslands Division, D.S.I.R., Palmerston North, New Zealand. 

Promising Genetic Systems 

1818 TRANSCRIPTIONAL REGULATION OF MAIZE ZEIN GENES. B.A. Larkins, R.S. Boston, P.B. 
Goldsbrough, and M.D. Marks, Dept. of Botany and Plant Pathology, Purdue 

University, West Lafayette, IN 47907 

The zein genes of maize encode the seed storage proteins, which constitute about 53% 
of the endosperm protein. Zein genes are expressed approximately 12 days after pollination, 
and their transcripts become highly abundant during early stages or endosperm development. 
Our recent studies have shown that while zein proteins are encoded by multiple copies of 
these genes, certain of the genes are expressed at higher levels than others. In general 
there is a good correlation between gene number and the relative level of gene transcripts, 
however certain low copy genes are represented by high levels of transcripts. 

'Po better understand the transcriptional regulation of these genes we have used two 
approaches. One is based on their transcription in an in vitro system derived from HeLa 
cell nuclei. The other is based on their expression when transferred to sunflower tissue 
using the Ti plasmid of Agrobacterium turnefaciens. 

In general, we have found that the 5' ends of in vitro transcripts are the same as 
the 5' ends of RNAs isolated from endosperm tissue as judged by Sl nuclease mapping and 
primer extension mapping. We have been able to transcribe genes corresponding to both the 
Mr 15,000 and Mr 19,300 genes in this system, and the relative level of transcripts 
produced in vitro agrees well with the levels produced in vivo. 

-~ 

_ _ _  -~ 

We have obtained low levels of expression of zein genes in callus tissues of 
transformed sunflower plants. Although the level of transcripts is quite low in most 
transformed tissues, it appears to represent 1 to 10% of the level of octopine synthetase 
expression. 

We have been unable to detect, zein proteins in these tissues, but this is most likely 
a reflection of the low levels of zein mRNAs. The mRNAs have precisely the same 5' and 3' 
ends as mRNAs from endosperm tissue and are polyadenylated. These results indicate that 
similar transcriptional regulatory signals are being recognized in both plant tissues. 
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1819 TRANSCRIPTIONAL REGULATION OF MAfZE ZEIN GENES. B.A. Larkins, R.S. Boston, P.B. 

Goldsbrough, and M.D. Marks, Dept. of Botany and Plant Pathology, Purdue 
University, West Lafayette, IN 47907 

The zein genes of maize encode the seed storage proteins, which constitute about 50% 
of the endosperm protein. Zein genes are expressed approximately 12 days after pollination, 
and their transcripts become highly abundant during early stages or endosperm development. 
Our recent studies have shown that while zein proteins are encoded by multiple copies of 
these genes, certain of the genes are expressed at higher levels than others. In general there is a good correlation between gene number and the relative level of gene transcripts, 
however certain low copy genes are represented by high levels of transcripts. 

To better understand the transcriptional regulation of these genes we have used two 
approaches. One is based on their transcription in an in vitro system derived from HeLa 
cell nuclei. The other is based on their expression when transferred to sunflower tissue 
using the Ti plasmid of Agrobacterium twnefaciens. 

In general, we have found that the 5' ends of in vitro transcripts are the same as 
the 5' ends of RNAs isolated from endosperm tissue as judged by S1 nuclease mapping and 
primer extension mapping. We have been able to transcribe genes corresponding to both the 
Mr 15,000 and Mr l9,OOO genes in this system, and the relative level of transcripts 
produced in vitro agrees well with the levels produced in vivo. 

We have obtained low levels of expression of zein genes in callus tissues of 
transformed sunflower plants. Although the level of transcripts is quite low in most 
transformed tissues, it appears to represent 1 to 10% of the level of octopine synthetase 
expression. 

We have been unable to detect zein proteins in these tissues, but this is most likely 
a reflection of the low levels of zein mRNAs. The mRNAs have precisely the same 5' and 3' 
ends as mRNAs from endosperm tissue and are polyadenylated. These results indicate that 
similar transcriptional regulatory signals are being recognized in both plant tissues. 

-- 

1820 D I R E C T  GENE TRANSFER FROM E - C O L I  P L A S M I D  p U C 8  TO N I C O T I A N A  TABACUM 

Ingo Potrykus, Jerszy Paskowski, Raymond D. Shillito, Michael W. Saul, Thomas Hohn, 
Barbara Hohn; Friedrich Miescher-Institut, PO Box 2543, CH-4002 Basel, Switzerland 

The aim of our studies was to test whether it would be possible to directly transform plants 
by incubating protoplasts with a selectable gene. Neomycin phosphotransferase (NPH(3')II) 
from E. coli confers resistance to kanamycin. We constructed a selectable hybrid gene by com- 
b i n i n m r o t e i n  coding region of NPH(3')II with 5' and 3' expression signals from Cauli- 
flower Mosaic Virus gene VI. The gene was'introduced into freshly isolated tobacco (N.tabacum 
Petit Havana SR1) leaf protoplasts by a variety of treatments, including PEG. An absolutely 
tight selection system was developed by subjecting the developing protoplasts in a "bead type 
culture" ( 1 )  to 50 mg/l kanamycin. Resistant colonies were subcultured on 75 mg/l kanamycin. 
Shoots and roots were induced with standard methods. Control shoots did not root, bleached and 
died. Reinitiation of cell cultures from all plant organs and protoplast culture leaves demon- 
strated that the resistance phenotype was maintained during plant development and without 
selection pressure. Anther culture analysis revealed a segregation ratio of 1:l resistant:sen- 
sitive haploids on 200 mg/l kanamycin. Genetic crossing analysis of large populations of F 
and F seedlings provided definite proof for the presence in the transformed clones analydd 
so fa? of one dominant Mendel factor for resistance to kanamycin. The biological and genetic 
data provide evidence for uptake o f  the NPH(3')II gene into protoplasts, its stable integra- 
tion into chromosomal DNA, its developmentally independent expression, and its sexual trans- 
mission as a stable dominant gene. 
Southern blot analysis was done with a nick-translated Hind111 fragment representing the pro- 
tein-coding region o f  the NPH(3')II gene: Hybridization to undigested DNA from undifferen- 
tiated cell cultures and from leaf tissue confirmed tight association to chromosomal DNA. 
Hybridization to DNA restricted with BstII (which does not cut within pABOI) revealed a trans- 
formant-specific pattern which was maintained in the sexual offsprings. Hybridization to DNA 
restricted with EcoRV (which cuts out the NPH(3')II gene) demonstrated the presence of the 
expected 1 , 2  kb fragment of the undisturbed gene. There was strict correlation between kana- 
mycin resistance and the physical presence of the gene both in the original transformants as  
in their sexual offsprings. 
Enzyme assay: Kanamycin-dependent phosphorylation by neomycinphosphotransferase was assayed 
according to Reiss (2). The test was positive exclusively with tissues from pAB0I-treated and 
kanamycin-resistant clones. It was independent of the developmental state of the material and 
it was strictly correlated with the presence of the functional copy of the gene, both in the 
original transformants as in their sexual offsprings. 
(1)  Shillito et al., Plant Cell Reports 2,244(1983); (2) Reiss et al., Gene, in press. 
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1821 STUDIES ON THE EXPRESSION IN PLANTS O F  FOREIGN GENES INTRODUCED USING 
MODIFIED TI PLASMID VECTORS, Robert B. Simpson, Marcella Lillis, Linda Margossian, 
Thomas D. McKnight, Elias Shahin. Albert Spielmann and Mayer Yashar, A R C 0  Plant Cell 
Research Institute, 6560 Trinity Ct., Dublin, CA 94568 USA 

Agrobacterium is a natural  vector which can  transfer a portion of the  resident Ti plasrnid t o  plant cells. 
The transferred portion, o r  T-DNA, is stably maintained in plant chromosomal DNA and its  expression 
a l t e r s  the  phytohormone balance of the  cell. This results in a cellular overgrowth or tumor on the  plant 
(reviewed in 1-3). By modifying t h e  Ti plasmid, w e  have eliminated t h e  T-DNA oncogenes (with their 
adverse e f f e c t  on normal development) while retaining t h e  efficient DNA transfer ability of t h e  system. 
The characterist ics of this system will be compared t o  other gene transfer options currently available for 
plants. 
Using such Ti plasmid vectors, w e  a r e  modifying genes, transferring them t o  plants and studying their 
expression. This is a valuable approach t o  t h e  identification of signals encoded in the  DNA which regulate 
t h e  expression of these genes. Our progress with genes such a s  the  soybean small  subunit of I ihulose-I, 5- 
bisphosphate carboxylase, soybean glycinin, soybean leghemoglobin, and Robertson's rnutator DNA Mu1 
from maize will h e  discussed. 
I. Caplan, A., Herrera-Estrella, L., Inze, D., Van Haute, E., Van Montagu, M., Schell, J. and Zambryski, 

P. (1983) Science 2 2 2 8 1 5 4 2 1 .  
2. Hoekerna, A., van Haaren, M.J.J., Hille, J., Hoge, J.H.C., Hooykaas, P.J.J., Krens, F.A., Wullems, G.J. 

and Schilperoort, R.A. (1983) In Plant Molecular Biology, (ed. R.B. Goldberg), UCLA Symposia on 
Molecular and Cellular Biology, New Series, Vol. 12. Alan R. Liss, Inc. New York, 3-23. 

3. Sirnpson, R.B., Lillis,M., Margossian, L. and McKnight, T.D. (1983) In Plant Molecular Biology, (ed. 
R.B. Goldberg), UCLA Symposia on Molecular and Cellular Biology, New Series, Vol. 12. Alan R.Liss, 
Inc. New York, 23-34. 

1822 Molecular Biology of t h e  Heat  Shock Response in Plants. Joe L. K e p ,  Ron Nogao, Bill 
Gur lep* ,  Ewa Czarnecka, Jan ice  Kimple and Elizabeth Verling. Botany Department,  
University of Georgia, Athens, GA 30601. *Currently, Agrigenetics Corporotion, Boulder, 
CO; *Cell and Microbiology Department,  University of Florida, Cainesville, FL. 
W e  have charoc ter ized  in depth t h e  production of hea t  shock (hs) mRNAs, and their  
respective proteins, using cloned cDNAs under a wide range of hs conditions. Their 
synthesis and stabil i ty have been evaluated. The  20 most abundant hs mRNAs occumla te  
up to 20,000 copies per cell within 1-2 hr. at t h e  "optimum" hs Ta (40° for  soybean) and 
stabil ize at  that level for 4 hrs, a f t e r  which t ime they  gradually deple te  during continuous 
hs. There  is an "outoregulatory" response which comes into play based apparently upon t h e  
level of accumulated hs proteins which is to some exten t  tempera ture  dependect. A 
return of t h e  t issue t o  normal growing tempera ture  results in a decoy of hs mRNA with a 
Ihtirne of about Ihr. W e  have sequenced severol hs genes, onalyzed potential regulatory 
sequences, and deduced the amino acid sequence and hydropathic properties of t h e  
proteins. The  5' "regulotory" sequences hove high homology with t h e  Drosophila "hs 
consensus" regulatory region. There  is little linear amino ocid sequence homology of these 
genes with t h e  genes for t h e  low molecular weight hsp's of Drosaphila except  for an  Asp- 
Gly-Val-Leu-Thr which is totally conserved in t h e  most hydrophohic region of t h e  soybean 
and Drosophila hsp's and in bovine a crystallines. One of the  soybean hs genes hos been 
expressed in non-homologous tissue using a T-DNA vector for  transformation. Details of 
this system will b e  presented in poster form. 
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