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Since the origin of photosynthetic organisrns, plant species have 

been born and have died but they have rarely had such an 

interesting life as rnaize is having. It is a species built by rnan 

but it has a dark and discussed origin, it has been adored as an 

atribute of gods but it has extensively been rnanipulated by 

peasants and breeders frorn all over the world for their profit. 

Now, cultivation of rnaize is essential worldwide as a source of 

protein, carbohydrates and lipids, and it is also intensively 

cultivated for very precise applications. In sorne countries 

sweetcorn is a delicatessens and children frorn all countries are 

fond of popcorn and have drinks full of corn syrup. There is 

probably no other higher organisrn which such a versatility in its 

applications and in its genetics. The transforrnation of rnaize by 

molecular rnethods appears feasible and, in sorne industrial 

laboratories, it is becorning routine. The future of rnaize may be 

frorn now on in the hands of genetic engineers. 

The idea of a meeting on the Past and the Future of Zea mays 

comes frorn a reflection on the properties and present knowledge 

of such a fascinating species. On the one hand, data on genetic 

analysis of rnaize and its suposed ancestor, teosinte, ha ve 

allowed to dissect the genetic changes that lead frorn a wild, 

perennial, poorly productive species to the majar crop that we 

know now. One the other hand, rnaize transgenic plants are not a 

surprise any more. It seerned therefore interesting to bring 

together people working in such distant fields that rarely rneet, 

specially if we introduce the distance across the Atlantic. And 

it was found interesting to rnix people with the idea of 

discussing whether anything could be deduced frorn the study of 

the past to the prospects of the future. 

Of course, rnaize has a nurnber of unique features that rnakes it 

a rnodel species for crop plants in a variety of directions. The 

genetic rnap of rnaize is arnong the rnost complete ones in plants 

and it can now be cornpared with data corning frorn related species 

such as sorghurn or Coix. Data on rnechanisrns that take part in the 
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fluidity of a large genome such as maize are now available thanks 

to the extensive work carried out on transposible elements and 

on. recombinatory phenomenons. Maize development can now be 

analyzed at the molecular level and homeotic genes have been 

isolated and characterized. An increasing number of genes have 

been cloned (they have to be measured in hundreds) and a large 

collection of probes and promoters are now being analyzed 

structurally and functionally. The genes being cloned include 

genes regulating the expression of other genes like those coding 

for storage proteins, and genes coding for resistance towards a 

pest or a pathogen. Finally, transformation methodologies are 

increasingly efficient. Genes can now be introduced in maize by 

protoplast transformation, by microinjection, by particle 

bombardment and the action of Agrobacterium and viruses are being 

explored. The transformation of immature embryos partially 

digested with the enzymes used for the preparation of protoplasts 

seems to be specially efficient. 

The workshop seemed to come at a very special moment for the 

study of maize. The data on its past are becoming clear and 

plausible pathways for the appearance of the cultivated maize 

have been published. And the applications of molecular techniques 

are a reality. The interest of seed industries in these subjects 

is evident. Scientists from several large companies were present 

in the meeting. The prospects for transgenic maize seeds in the 

market are not very distant. Therefore a future at least as 

interesting as its present and as fascinating as its past may be 

expected for Zea mays. 
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GENETIC ANALYSIS OF THE MORPHOLOGICAL EVOLUTION OF MAIZE 

The comb ined use of mo l ecular markers and quantitative genetic models provides 
a powerful means for dissecting the genetic basis of of complex traits . 
Specifically, molecular marker loci can be used as tags to locate 
morphological trait loci and investigate their effects on the phenotype. Thi s 
appr oach was used to investigate the genetic basis of the drama tic 
morphological differences between maize (Zea mays ssp. mays) and its probabl e 
progenitor, teosinte (Z. ma ys ssp. parviglumis) . Results from two F2 
populations indicate that the key trait s differentiating maize and teosinte 
are each under multigenic contro l, a lthough for several traits, such as number 
of ranks of cupules, the data are consistent with a mode of inheritance that 
woul d involve a singl e major locus plus several modifi ers. For other traits, 
suc h as presencejabsence of the pedicellate spikelet, the data from both 
p opu l a tions indicate multigenic inheritance with no single locus having a 
dramatica lly larger effect than the others . Most of the variation for the 
dramatic diffe r ences in inflorescence morphology between maize and teosinte is 
explained by the same five restr i cted regions of the genome in both F2 
populations. For one of thes e regions, the teosinte chromosome segment has 
been back-crossed into maize. This segment appears to contain a s ingle major 
locus (~. teosinte glume architecture ) that controls g l ume deve l opment 
including its s ize, orientation and degre e of indurat ion. Th e ph e notype of 
t~a l appears to be strongly affected by genetic background. Another of these 
regions encompasses a previous ly des cr ib ed gene, tbl (teos inte branched), a n d 
t he effects of this r eg io n on inflorescence architecture are s im ilar to the 
known effects of tbl. The data sugges t that the differences between teosinte 
and rnaize invo lve, in part , developmental modifications that e nabl e (1) 
seconda ry infloresc ences , which a r e programmed to develop in to tassels (ma l e) 
in t e osinte, to become ears (fema le) in ma ize, and (2) the expression of male 
seconda ry sex traits on a female b ackground in maize. Similar changes were 
likely involved i n the origin of ma iz e . 
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MOLECULAR APPROACHES TO UNDERSTANDING 

RESISTANCE TO TROPICAL INSECT PESTS 

D.A. Hoisington, D.C. Jewell, J.A. Deutsch and J.A. Mihm 
The International Maize and Wheat Improvement Center (CIMMYT, Mexico 

According to CIMMYT data on the major maize production environments in 29 
countries with a maize area of 400,000 ha or more, approximately 30 million 
hectares, out of a total of 55 million, are seriously affected by insect pests. The 
availability of maize germplasm resistant to these pests combined with good 
agronomic performance will allow developing countries to sustain their current 
rates of productivity while at the same time practicing sound agriculture. 
Through the years, the maize program at CIMMYT has addressed this problem 
by utilizing traditional breeding methodology coupled with artificial infestations to 
develop maize varieties with improved resistance to insect pests . The newer 
technology involving the application of molecular markers has the potential to 
make the development of improved germplasm with both good agronomic 
performance as well as adequate levels of host plant resistance , fas ter and more 
efficient. 

Restriction fragment length polymorphisms (RFLPs) are not fundamentally 
different from other genetic markers; however, they have the advantage of being 
co-dominant, available in large numbers, highly polymorphic and are detectable 
in all germplasm. The development of a project directed towards the 
understanding of a quantitatively inherited trait such as insect resistance 
requires a team effort involving a breeder, entomologist, molecular geneticist and 
biometrician. Severa! approaches are also required in order to fully understand 
the effect and importance of each quantitative trait locus (QTL). These include the 
analysis of several types of segregating populations (F2s, recombinant inbreds, 
etc.), several populations within each type, advanced populations (both selected 
and unselected) and inbred lines. The final proof of marker-trait associations is 
achieved through the use of the correlated molecular markers to successfully 
drive selection in a population for the trait of interest. If successful, it is expected 
that RFLPs (and perhaps other, newer types of molecular markers) will result in 
a cost savings and gain in efficiency in the incorporation of resistance into elite 
germplasm. 

The approaches being utilized at CIMMYT for the location and verification of 
chromosomal regions controlling the resistance in maize to attack by the first 
generation Southwestern corn borer (Diatraea grandiosella) include the 
molecular and field analysis of a range of inbred materials, F5 lines derived from 
a single cross between a resistant and susceptible parent, and four F2 mapping 
populations involving crosses between two resistant and two susceptible inbreds. 
The results of these studies support the origin of generalized resistance from 
Antigua germplasm and suggest that important chromosomal regions 
controlling resistance are located on chromosomes lL, 2, 3L, 5L, 98 and lOL. The 
results also confirm that the resistance is polygenic, primarily additive in gene 
action, and that there is a large genotype by environment interaction. 
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Gene Mapping in Maize 

B. Burr, F.A. Burr, and E. Matz 

Brookhaven National Laboratory 

Upton, NY, USA 

Recombinant inbred (RI) strains provide an excellent mechanism for 

single gene mapping and for identifying genetic factors affecting 

quantitatively inherited traits. One of the most important characteristics 

of a family of homozygous RI strains is that they constitu.te an e~s~ntirllly 

permanent population in which segregation is complete. This means that 

they can be replicated in different laboratories so that many geneticists 

can work with the same population and its associated shared database. 

The current database based on two RT families of 48 and 11 mcmbers 

contains 715 mapped loci. lf a molecular geneticist wants to map a 

newly cloned gene, he or she begins by determ.ining which restriction 

enzymc chov,ts polyn'\crphi&fJ.'¡ udween the parental inbreds that gave rise 

to the Rls. The RI DNAs are digested with the same enzyme and probed 

with the gene. The resulting allele distribution is compared with the 

database using a computer program that reports distance from linked 

loci. In this way a new gene can be mapped with only two Southern 

blotting experiments. 
Rls should also be ideal populations in which to map genetic 

factors associated with quantitative inheritance. The ability to replicate 

individual genotypes means that an accurate estímate of the genotypic 

component of variation can be obtained. Additionally, a dense genetic 

map should permitan accurate placement of these markers. We have 

concentrated on two model systems - anthocyanin pigmentation and 

telomere length. The latter property is highly polymorphic in maize, 

although it has no apparent phenotypic effect, and is under multigenic 

control. A goal of this work is to demonstrate that genetic factors that 

are identified as affecting these traits are essentially wild-type alleles that 

vary in their level of expression. 
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Parallel Studies of Genome Composition and Organization 
in Maize and Sorghum 

J. L. Bennetzen 
Department o f Biological Sciences 

Purdue University 

We are interested in sorghum (Sorghum bicolor) as a model organism 
f or the study of maize (Zea mays) for three major reasons. First, 
sorghum is the most closely re lated t o maize of any major crop species, 
the reby making many of the technologies de vel oped f o r use in maize 
eas il y adaptabl e f or a n a l ys i s of s orghum. Second, s o rghum is an 
unusually hardy plant with abiotic and b i ot i c st ress r esi s tance s whi ch 
may be useful in t h e i mprovement of maize. Third, the sma ll e r gen ome 
size of sorghum may ma k e it more amenable than maize to map-based 
molecular technologies , including chromosome walking. 

We have begun our analyses of the sorghum genome by generating a 
genetic map through the use of maize rest ricti on fragment length 
polymorph ism (RFLP) probes. To date , we have used 250 fragments of low 
copy numbe r maize DNA as probes in gel blot hybridization ana lyses of 
two distantly related S. bicolor lines . All but four of these probes 
y ielded one or more bands of hybridization under the standa r d h igh 
stringency condit i ons employed . Of these , 115 were polymorphic between 
these two parents, and 104 have been mapped . The map now contains 
eleven linkage groups , with 77 linked markers , and cover ing about 525 
cM . Given our population size , the 27 unlinked markers that we h ave 
found represent at leas t an additional 700 cM. Hence , the genetic map 
of sorghum is at leas t 1200 cM in this cross . So , desp ite having a 
genome that is physically three to f ou r fold smaller tha n that of 
maize , sorghum has a gene t ic map of very similar dimensions. 

In general , the genetic maps of sorghum are both qualitatively and 
quantitatively very simi lar. Maize and sorghum have a similar linear 
order of genes, but we have detected a few major chromosoma l 
rearrangements that diffe rentiate the species . Most o f the duplicated 
probes in maize are also duplicated in so r ghum , and often in the same 
approx i mate map positions . Hence , these data suggest that the 
duplications of the mai ze and sorghum genomes are likely to have 
occurred prior to the divergence of these two species . 

Although gene number /type , sequence homology, and basic 
chromosoma l structure have not diverged much between these two species , 
analyses of repetitive DNAs yields a much lower level of sequence 
conservat i on . Fourteen classes of highly repetitive maize DNA were 
used as probes of sorghum DNA; only ribosomal DNA and one othe r 
repetitive sequence hybridized to sorghum DNA at either high or low 
stringency. The middle repetitive transposable elements Ac , Spm , and 
MuA from maize hybridized weakly to sorghum. We are now clon ing these 
elements from sorghum for comparison to their homologues in maize. 

Currently , we are attempting to place additional RF LP , 
morphological, isozyme , and quantitative trait loci on t h e sorghum map . 
In a limited diversity study using RFLP probes , we have found that 
Sorgh um bicolor is mu ch less variable than Zea mays . This may be 
partly due t o a l ower level or activity of transposab l e elements in 
sorghum than in maize, although we have identified a probab l e 
autonomous transposable e l ement in candystripe sorghum . 
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We have cloned a number of genes from sorghum, using maize DNA as 
probes. We have cloned sorghum rDNA and homologues of the maize B, P, 
and R loci. These loci will be compared at the sequence level. We 
als o have collaborated with Dr. Keith Edwards at ICI Seeds in the 
molecular cloning of over 300 kb of contiguous DNA in and around the 
Adhl locus of maize. We are analyzing the structural and functional 
components of this stretch of DNA, and plan to compare it to the 
homeolog o us region in sorghum. 

These combined experiments will provide answers regarding the 
modes in which sequences and their chromosomal arrangement have varied 
during the evolutionary descent of these two closely related species. 
In addition, we hope this study will provide insights into the degree 
to which sorghum might be helpful in the map-based analysis and 
isolation of important maize genes. 
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VERONIQUE SZArlO 

The Sainsbury Laboratory, John Innes Centre [or 
Plant Research 

COLNEY LANE, NORWICH NR4 7UH (U.K.) 

MAPPING OF THE KEY TRAITS DISTINGUISHING MAI ZE ANO TEOSINTE 

UNSING RFLP MARKERS 

Segregation of key traits distinguishing maize and teosinte were analyzed in three 

F2 and three backcross populations between the maize inbred T232 and Zea mays 

ssp. parviglumls. These traits are: paired vs. single female spikelets, two-ranked 

vs. many-ranked ears and non-indurated vs. indurated glumes. Other traits studied 

were inclination of the kernels towards the rachis, distichous vs. polystichous 

central staminate spike and, the number of tillers. 50 RFLP markers covering the 

genome were lnitially used to map these traits, where upon other linked markers 

were used to refine the map. All traits, except paired spikelets with two genes, 

showed a simple mode of inheritance. These major genes were found in four 

chromosomal regions. The placement of most of these genes do not agree with 

prevtous authors. Possible reasons for these discrepancies will be discussed. 

These results support previous suggestions that maize is differentiated from 

teosinte by as few as flve major gene changes; although, the additional contribution 

of modifier genes must be taken into account for the complete transformation of 

one to the other. For the most part, recombination was normal in these 

populatlons; however, in elght regions there was reduced recombination relativa to 

the values reported for the same regions within maize. 
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Crossing Barriers within Zea 

Jerry Kermicle 

Laboratory of Genetics 

University of Wisconsin 

Madison, WI 53706 USA 

As a wind pollinated species, maize needs means of preventing indiscriminant 

hybridization. One efficient means is pollen rejection by silks. Although the basis for the 

failure of interspecific pollen to function is not directly amenable to genetic analysis, an 

array of factors affecting crossing within maize and between closely related taxa is known. 

Those factors involving specific interaction between pollen and silk genotype include the 

pollen preference (or "gametophyte factor"), systems Gal, Ga2, Ga4, and Ga8. In a cross 

where all the pollen derives from one heterozygous plant, the effect of these factors is to 

distort the transmission of linked loci; when pollen from different plants are competing, 

selection affects the entire genome. In the genetic background of many popcorn varieties 

and meso-American maize races, Gal prevents fertilization by pollen of North American 

dent strains. Similarly, a crossing barrier complex isolated from ssp. mexicana teosinte 

serves to reject the pollen of all maize strains and could be a factor in isolating teosinte 

and maize in sympatric populations. Infrequent crossover products involving the teosinte 

complex retain only the pollen function. The putative reciproca! crossover class has not 

been identified. Neither the basis for recognition nor the nature of the rejection response 

is known for any of these systems. 
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EVALUATION OF OPEN-POLLINATED MAllE CULTIVARS USING RFLP'S. 

Azucena Mendozal, Mireya Sanchezl, Martha Betancourtl, Rosalia MacieJl, 
David Jewe112, James Deutsch2, Luis Herrera-Estre lla 1 and June Simpson l . 
1-CINVESTAV, lrapuato, Gto. México. 2- CIMMYT, El Batan, México. 
Open-pollinated maize cultivars offer severa! advantages over maize 
hybrids when grown under marginal conditions in developing countries. They 
are adaptable to widely differing growth cond itions, need little investment 
in terms of fertilizers and pesticides and allow small farmers to produce 
thei r own seed rather than buy costly hybrids annually. In fact under these 
conditions open-pollinated cultivars (OPC'S) give equivalent or better yields 
than hybrids. Exc luding. China, Brazil and Argentina (developing countries 
whe,-e most hybrids are grown). 84% of al l maize grown in developmg 
countries 1s grown as OPC's 
Although offering many advantages, the mechanisms governing disease 
n~sistance and differences in ylelli etc. are poorly unde,-stood In OPC's. In 
al1ditlon evaluatlon. man1pu lation and follow up of useful characterlst ics in 
breedmg programmes 1s extreme ly comp 1 icated m su eh heterogeneous 
populations With the advent of RFLP technology however it should be 
~ )ossi ble to evaluate in gene,-al ten11 s tl'le amount or polymorphism and 
rteterozygos lty m these types oi popu lat10ns and to attempt to relate th1s 
information to useful characteristlcs found within a population Th1s 
information could then be used to monitor these characteristics in breeding 
programmes invo lving OPC's. 
With these a1ms a study ot two related OPC's diftering s1gnifi cantly in yield 
was camed out in arder to determine the effectiveness of RFLP's in 
characterising OPC's. The two OPC's used were derived from Tuxpeño 
germplasm fi'Om CI1"11"1YT gene pool 21, classified as tropi cal late wh ite 
dent. A total of 80 different loc1 were analysed dispersed throughout the 
ma1ze genome with 8 loc1 analysed per chromosome. 
One of the prob lems of studying populations of thi s type is to determine 
what size of sample to use in order to have a faithful representation of the 
population as a whole. We determined that sample sizes of 100 plants are 
adequate since they would only tai l to include very rare alleles whi ch are 
most probably not important in determining the overa1 1 characteristics of 
t11e population. Results also showed high levels of polymorphism ranging 
from 2 to 15 al leles pe¡- locus. Differences m numbers ot all eles detected 
for each cu ltivar were not s1gni fi cant, however types and frequencies of 
alleles were significantly different . The leve l and type of heterozygotes Instituto Juan March (Madrid)
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was also deterrnmed for- eacr1 cu lti var-. Overall levels of heterozygosity 

were shown to be very similar although some individual loci showed 

subst:;:¡ntial differences in tleter·ozygosity levels between tt1e two cu!tlvars. 
Types ot iwterozygot e also c11fferec1 gr-eatly l)etween t11e two popu lations 

These results md1cate tl1at RFLP's will Lw useful in evaluating and 

manipulating OPC's. In additi on the basis for the significant difference in 

yield between tt1e two varieties is pr-obably based on tt1e type and frequency 

ot alle les fixed in each populati on and m the type or heterozygotes for-med 

rather than dueto overall level s of heterozygosity thought to underlie the 

pt1enomenon of hybrid vigour often exploited in maize hybrids. 
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H. SAEDLER 

Max-Planck-Institut für Züchtungsforschung 

Carl-von-Linné-Weg 10 

D-5000 KóLN 30 (Ger•any) 

Trans~osable elements in Zea mays 

A multitude of transposable elements seem to fall iota three 

basic categories whích might be di~~inguished by th&ir mode of 

transposition: 
a) excision and reíntegratíon: Ac/Ds and En/Spm might be 

candidates 
b) replicatory: Mu míght belong into here 

e) retrotransposons: Bsl and Cin 4 seem to be representatives 

Whíle elements of categoríes a and b not only affect genes and 

gene expression by virtue of integration, they also can affect 

gene atructure and function íf &xcised by leaving a footprint 

behind. This could be instrumental in evolutionary processes. 

Retrotransposons seem to lack this latter property. Hence their 

contríbution to evolutionary processes seems to be limited by 

virtue of their insertion clase or into a locus and thus affecting 

gene function . In any case retroelements could serve as a 

molecular too! not only for gene cloning but also as a marker in 

tim~ or geographic location in thc ovolution of coro lines , 

mainly because once integrated at a given site they are fixed to 

that chromosomal position and subsequntly distributed to the 

progeny. 
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ANALYSIS OF RECOMBINATION AND TRANSPOSITION IN MAIZE 
USING THE BRONZE LOCUS AND THE TRANSPOSABLE ELEMENT 
ACTIVATOR 

fiy¡Q K.. Dooner, Alemu Belachew, Diane Burgess, George Chuck, James 
English, Susan Harding and Edward Ralston. DNA Plant Technology Corp. 
Oakland, CA 94608, USA. 

Because it confers a seed color phenotype and it is flanked by two easily 
scored markers that affect endosperm traits, the BRONZE (BZ) locus is one of 
the best reporter genes in maize to study the occurrence of infrequent events, 
such as those associated with intragenic recombination and transposition. We 
have used BZ in combination with the transposable elementACTNATOR (Ac) 
to gain new information on such events. We have found that: (1) 
Recombination per kilobase (kb) inside of BZ is much higher than the average 
for the maize genome, but drops off sharply in the repetitive DNA region 
immediately proximal to BZ. Results from other genes suggest that this may be 
a general phenomenenon in maize. (2) Ac transposition from the BZ locus 
occurs preferentially to sites linked genetically to BZ in 98 and is both 
bidirectional and non polar. (3) Ac transposition to sites that are genetically 
unlinked to BZ is nonrandom: 9L is highly preferred and, among chromosomes 
other than 9, certain ones are preferred over others. 
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Int.eraction bctween m~mbers of t.he R fa mi 1 y 

Giuseppe Gavaz.zi, Gabriclla Consonni, Chiara Tonelli 

Dipartime.nto c:li Genctica e di Biologin dci Microrganismi 

Universita degli Studi di Milano, Via Cel.oria 26, 20133 Milano ltaly. 

R is a regulatory gene involvec:l in the (.;Ont.rol of anthocyanin 

biosynthesis in maize. 

R respond to many exogenous and endogeo(JtJS signals. The 

response is monitored by c:hnngcs in colour, its 

intensity ,ni stribution and tiFisut: specificily. Development is the 

result of differential gene activity in response to signals. So 

studying R might help to unravel the much more complex 

phenomena of morphogenesis and clevelopment. 

After a brief introduction on the genetics of the R gene family and 

its single components, data will be presented on the response of 

member~ of these family to irradiation with light of different 

quality. Attention will then be given to a particular case of 

interaction bt!twecn members of the R family, disclosing an 

unexpected kind of communication between different modules of 

the family. The phenomenon, named reversed paramutation, 

exhibits a striking dependence on the pairing of two target gene 

copies and it implies the ability of one copy to communicate with 

the other; communication rneaning a signal that one gene is sending 

so that the target of the signal, presumably the promoter of the 

other gette, allows its gene to be activacted in tissues that are of 

cornpeteJH.:~ of the first one. 
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REGULATORY GENES AFFECTING MAIZE SEED STORAGE PROTEIN 

SYNTHESIS 

Mario Motto, Massimo Maddaloni, Hans Hartings, Carlotta Balconi, 

Eduardo Rizzi, Adriano Marocco, Enzo Martegani 1, Isabella Mauri 1, 

Francesco Salamini2, Stephan Lohmer2 and Richard Thompson2, lstituto 

Sperimentale Cerealicoltura, Bergamo, ltaly; 1) Dip. Fisiología e 

Biochimica Generali, Milano; 2) Max-Planck-lnstitut, Koln, Germany 

We have investigated the effect of three dominant mutations fl2, De

B30, and Me which reduce zein leve! in the endosperm. It is shown 

tha t both b-70s resemble heat shock proteins in that they bind A TP, 

cross react wi th HSP antibodies and has N -terminal sequen ce homology 

to chaperon-like HSP70. The physical simila rity of b-70 to known 

molecular chaperone proteins and its association with abnormal 

accumulation in endosperm mutants may reflect a biological function 

to media te protein folding and assemby in ma ize endosperm . Out of 

the recessive mutants o2, o6 and o7, the locus 02 play a central role 

in regula ting the expression of certain members of the zein gene family 

and the expression of a n abundant cytosolic albumin, b-32. The protein 

encoded by 02 is a member of the bZip fa mily of eukaryotic 

transcription factors. By expressing the 02 gene product (02-protein) 

in tobacco lea f protoplas ts, one can trans-activa te 22 kDa zein and 

b-32 promoters, demonstra ting tha t 02 protein acts as a transcriptional 

activa tor. DN A binding a nalyses indica te that 02 recognizes a t a rget 

site that is present in promoter of 22-kDa zein and b-32 genes. 

Additional experiments show that co-expression of b-32 in tobacco 

protoplasts potentiates the trans-activation of t a rget promoters by 

02. This indica ted that b-32 appears to increase in a non-specific manner 

the transla tion of reporter genes expressed in this assay and therefore 

presumably interacts with sorne component of the tra nsla tion machinery. 

lt was shown tha t the presence of uORFs of the major coding sequence 

of the 02 locus reduces trans-activation by 02 probably by interferring 

in the transla tion of 02 mRNA. A functional homology between the 

G CN 4 protein and the 02 product has be en obta ined through expression 

of 02 cDN A in the yeast S.cerevisiae. The regula tion of zein synthesis 

in endosperm cells by amino acid supply will be also presented and 

discussed. 
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MOLECULAR ANO FUNCTIONAL ANALYSIS OF DIFFERENT MUTATIONS AT THI:: 

OPAQUE-2 LOCUS OF ZEA MAYS 

A. Viotti, P. Ciceri, L. Bernard, B. Lazzari 

CNR Istituto Biosintesi Veg~tnli - Via Bassini 15, Milano - Italy 

The trans c riptional regulntion of zein genes and ~ . he synthesis of 

zein polype ptides that lead to the formation of protein-bodies, 

involve s e veral steps botl1 at the nuclear and cytoplasmic leve!. 

Hutat.ions at the 02, 07 ar1d fl2 loci have been sho¡;.;n t.o 

differen LiKlly affecl both zein gene transcripli o n and protein 

h o d ;.· formntion. 

Th e o paq¡ ;p -2 locus encodP.s for a DNA-binding protein belonging t o 

1.hc b -Z ip family of tr·anscriptional activato.rs found in 

mam mxl ixn, y e ast and plant c ells like jun, f o :,s, GCN4 and TGAl. 

The a c t i vaLi o n of tran Hcription fol]ows the binding to sho r t 

l u r ge t s equenc es presen t i n a subset of z ein ge n e s b e longing to 

t.he hi~l 1 molecular wt>ight (H) and u~ually abs e nl in tl1e l o ¡;.; 

mo l ec ul a r weight (L) classes. 

Different ~o, · j ld-type or mut ~ ant alleles h&v~ bee n c har·a c terised by 

So t11.ht' r n and Nort.hern analysis us ing both 02 and zein pro bes. 

the The diffprent alleles can be groupcd according to 

h y hridizntion pa~lerns obtained probing the 02 cDNA to EcoRI and 

Sac l digested DNAs. 

Or1 t.hc other hand, Northern ana]ysis carried out on total 

from mRi z ~ cndosperm of wild-type and 02 alleles either with 

anri L zein or 02 probes, reveals level and type of zein and 

transcripts characteristic of each mut~tion. 

RNA 

H 
02 

fiy Westet' II analysis the 02 a.ntibody reveal:-; in all the wild-types 

P.XA.mincd a double baud with an a.pp~;~.rent molecular weight of a.bout 

68-69 kD. 
Howcver, the diffcrent o2 alleles show in sorne cases fa.ster 

migrA.ting 02 polypeptides or absence of any 02 product. 

Tho overall results clearly indicate a differcnt molecular na.ture 

of thc various 02 mutations and suggest diffcrent molecular 

mechanisrus in the regulation of the expresfiion of the H and L 

zein gcnc~s mediated by the 02 polypeptides. 
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Gene Expression Pattems and Tissue Development in C4 Leaves 
Timothy Nelson, Yale University 

During the development of plant organs, cells of varying clona! history often arrive at 
the same differentiated fa te. In the lea ves of plants capable of C4 carbon fixation, two major 
photosynthetic cell types-bundle sheath and mesophyll---differentiate as the leaf vascular 
system is established. Severa! studies (Dengler lab, Nelson lab, Freeling lab) ha ve demonstrated 
the variable cellular ontogeny of BS and M ce lis of C4leaves. This abstract summarizes our 
current view of the differentiation of these cell types. Current experimental data suggests that 
bundle sheath (BS) and mesophyll (M) cells must interpret positional information distributed 
around each vein to correctly express cell-specific genes. Light plays a crucial role in the 
generation or interpretation of this positional information. 

In C4 plants, photosynthetic BS and M cells differentiate in the context of Kranz leaf 
anatomy to carry out the 2-cell metabolic cooperation called C4 carbon fixation. In maize, the 
C4 cycle requires the compartmentalization of three enzymes in M cells (PEPCase, NADP
MDH, and PPdK) and two enzymes in BS cells (RuBPCase and NADP-malic enzyme). Our 
strategy has been to use the C4 biochemical system to obtain tools to study the development of 
the two interacting cell types . 

Markers characteristic of BS and M ce lis appear ata time in development which is 
coincident with the development of veins. We have shown by immunolocalization, in situ 
hybridization, and RNA blot analysis that C4 genes are expressed early in leaf development, at 
the time of vein initiation. Cell position relative to veins is a critica! factor in differentiation of 
BS and M cells. In situ hybridization experiments revealed with high resolution that BS- and M
specific genes are tumed on in precursor cells in radial pattems centered at veins-BS genes 
near and M genes far from the center. Cells beyond a critica! radius differentiate in a default 
non-C4 state. Genes permitting C3 (non-C4) carbon fixation are activated before those for the C4 
pathway. 

A simple model accounts for existing data on spatial control of BS and M cell 
differentiation: A vein-centered effector ("A") informs precursor (ground) cells of their radial 
distance from the nearest vein. Cells with high A tum on BS-specific genes; cells with lower A 
tu m on M-specific C4 genes. In the absence of A, cells follow a default pathway for 
differentiation, which results in a non-C4 photosynthetic cell. This vein-ori ~ in information 
system would be an efficient way to maintain local control over leaf cells, s;nce veins are 
progressively initiated to subdivide the leaf as cell number increases. 

Severa! pieces of information support this model: 
1) In argentia mutants, BS and M cells are retarded in development until all veins ha ve been 

initiated. Their subsequent differentiation follows the pattem in which the local vein was 
initiated. 

2) Severa! maize leaf-like organs (e.g., husk lea ves) exhibit greater spacing between veins and 
thus greater interveinal cell number (up to 20). Local control over C4 gene expression 
extends only a few cells distant from a vein. Beyond this, M cells differentiate as default 
non-C4 photosynthetic ce lis. 

3) Consistent with these gene expression patterns, husk leaves include C4-fixation regions 
adjacent to veins and C3 regions more distant, as distinguished by physiological methods. 
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4) The distance over which veins influence C3 vs C4 differentiation depends on illumination 

leve!. With strong illumination, the C4 pattem extends a greater distance from veins than in 

low illumination. The C3 default pattern of gene expression occurs if light is absent during 

development. 

Our current studies focus on the establishment of the Kranz pattem early in the leaf 

primordium and on the activation of individual C4 genes during the establishment of this 

pattem. 
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The Role of Horueobox Genes in Maize Development. 

Sarah Hake, Ben Greene, David Jackson, Randy Kerstetter, Ncelima Sinha, Laurie Smith, 

Bruce Veit. USDA/Plant Gene Expression Center, 800 Buchanan Street, Albany, CA 94710 

and Dept. of Plant Biology, University of California, Berkelcy, CA 94720. 

The isolation and study of homeobox genes in animal systems has led to a detailed 

understanding of molecular events that regulate animal development. Members of 

homeobox gene famities often act in concert to specify particular developmental processes. 

We dlscovered a family of homeobox genes in maize by transposon tagging the Knl 
mutation. Approximately ten homeobox genes have been isolated that are related to 1011 
in the homeobox, but differ in sequence outside. We mapped the genes to chromosome 
position and analyzed expression patterns for sorne. Anatysis of the Knl mutations in malze 
and overexpression of the Knl gene in tobacco allow us te make predictions of Knl's 
function, and to speculate on the role of plant homeobox genes in general. 
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Sequence analysis of prolamin genes from Maize, Coix and Sorghum 

reveals highly conserved protein structure and regulatory elements. 

Adilson Leite 1, Jase A. Y unes 1, Laura M. M. Ottoboni1, Maria Luiza P.N. Targon 1, Marcia 
J. da Silva, Gon9alo A. de Souza Filho 1 and Paulo Arruda 1 

·
2

•. 

1Centro de Biologia Molecular e Engenharia Genética, Universidade Estadual de 
Campinas, 13081, Campinas, SP, Brasil and 2Departamento de Genética e Evolu9ao, 
lB, Universidade Estadual de Campinas, 13081, Campinas, SP, Brasil. 

The prolamins are the majar seed storage proteins of maize, Coix and Sorghum. 
In all these three cereals this protein fraction accounts for more than 60% of the total 
protein and is constituted by a size and charge heterogeneous family of polypeptides, 
deposited in protein bodies within the rough endoplasmic reticulum of endosperm cells. 
The prolamins of maize, Coix and Sorghum are named zeins, coixins and kafirins 
respectively. They can be classified as a, {3, y and o prolamins according to their 
solubility characteristics. The tour prolamins classes can be found in maize while Coix 
and Sorghum presents only a and y prolamins. Alpha and y-prolamins are the 
predominan! protein classes in all the three cereals. The a-prolamins accounts for more 
than 70% of total prolamins in maize, Coix and Sorghum. They are constituted by a 
large heterogeneous family of polypeptides grouped into the 19 and 22 kD size classes 
in maize, 17, 25 and 27 kD in Coix and 25 kD in Sorghum. The high MW a-prolamins 
represen! the largest prolamin multigenic families as they are encoded by a family of 
~ 120 genes in maize, ~ 20 genes in Sorghum and ~ 50 genes in Coix. 

Severa! cONA and/or genomic clones encoding the prolamin genes of Coix and 
Sorghum were isolated and sequenced. We did not find , either by Southern hybridiza
tion and nucleotide sequencing , sequences corresponding to the 19 kD a-zein in both 
Coix and Sorghum. However the protein sequences of the 25 kD a-coixin and 25 kD 
a-kafirin were highly homologous to the 22 kD a-zeins and for this reason these proteins 
were named 22 kD-Iike a-prolamins . The alignment of amino acid sequences of the 
22Kd-like a-prolamins from Coix, maize and Sorghum revealed a highly conserved 
protein structure. The proteins consists of a N-terminal tail, containing the signa! peptide, 
followed by ten tandem repeats and a short C-terminal tai l. The difference between the 
22Kd-like a-prolamin and the 19Kd a-zein lies in the fact that the 19Kd protein is exactly 
one repeat motif shorter than the 22 Kd proteins. Repeat motifs 3, 5 and 7 are closely 
related one to another as are the repeats 4, 6 and 8. This could be the result of two 
intragenic duplications from an ancestral pair of repeats , respectively the forbears of 
the current repeats 3, 5 and 7 and repeats 4,6 and 8. 

The analysis of regulatory sequences of the 22 kD-Iike a-prolamins of Coix, maize 
and Sorghum, showed the characteristic eukaryotic TATA, CATC boxes and the ~- 300 

prolamin box at conserved regions in the three species. The first 13 base pairs of the 
prolamin box is completely conserved in Coix, maize and Sorghum 22 kD-Iike a
prolamin genes, but it is less homologous in the 19 kD a-zein gene. Most importan! was 
the identification of putative Opaque-2-like boxes in both 22Kd-like a-coixin and 22Kd
like a-kafirin genes. Homologous sequences to the Opaque-2 boxes GATC(G)A and Instituto Juan March (Madrid)
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TCCTCATGAA of the pML 1 zein prometer, were found in the 22 kD-Iike a-coixin and 
a-kafirin promoters. The presence of Opaque-2-like sequences in the Coix and sorghum 
genome was confirmed by Southern hybridizations using a fragment of a maize 
Opaque-2 cONA clone as a probe. The results points to the presence of one and more 
than one gene homologous to the maize Opaque-2 gene in the Coix and sorghum 
genome respectively and suggest that the 22Kd- a-prolamins of Coix, maize and 
Sorghum shares similar transcription regulation. 

The a-coixin of 17 kD is a minar prolamin constituent. lt can be classified as a-coixin 
based on solubility properties, but cONA cloning and sequencing revealed that it is a 
sulfur-rich protein highly homologous to the 15 kD ¡3-zein . 

The y-prolamins appears on SDS-PAGE as a single polypeptide of 27 kD in 
Sorghum and 22 kD in Coix while in maize there are two y-zeins, one of 27 kD and one 
of 16 kD. In all three cereals y-prolamins are encoded by only one or two genes. The 
alignment of the ami no acid sequences of the y-prolamins of Coix, maize and Sorghum 
showed that the proteins are highly homologous. They are constituted by a N terminal 
tail containing a signal peptide and tandem repeats composed of PPPHVL. The 
differences in the MW among y-prolamins appears to be due to variations in the number 
of PPPHVL repeats . 

Sequence analysis of the regulatory region of the y-zein and y-kafi rin genes 
revealed homologous regulatory boxes. These regulatory sequences should interact 
with conserved transacting factors in Coix, maize and Sorghum, since similar levels of 
transient expression were observed when a construct containing the y-kafi rin prometer 
fused to the GUS reporter gene, was bombarded to immature endosperms of the three 
species. 

Taken all the results together, we suggest that the structural and regulatory genes 
involved in the expression of prolamin genes in Coix , maize and Sorghum, originated 
from a common ancestor and that variations were introduced in the structural and 
regu latory sequences after species separation. 

This work was supported in part by grants to PA from FINEP, PADCT, FAPESP/PT, 
CNPq/PI and PNUD. 
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FUNCTIONAL AND EVOLUTIONARY ANALYSIS OF GENES CODING FOR PROLINE

RICH PROTEINS FROM MAIZE AND RELATED SPECIES. Lluis RUIZ-AVILA, 

Matilde JOSE, Oenis TAGU, Regina RAZ, Marcelo MENOSSI, José 

Antonio MARTINEZ-IZQUIEROO and Pere PUIGOOMENECH. Oepartament de 

Genética Molecular. CIO-CSIC. Jordi Girona, 18. 08034 Barcelona. 

España. 
Proline-rich proteins are well known components of plant cell 

wall. The probably have a structural function but they also take 

part in the defense reactions against fungal infection and 

wounding. The best known proline-rich proteins are 

hydroxyproline-rich glycoproteins (HRGP) , also called extensins 

in dicotyledonous species, proline-rich proteins (PRP) from 

soybean and a number of othe similar proteins that include sorne 

nodulins and proteins having a proline-rich region in part of 

their sequence (hybrid PRPs or HyPRP). The structure, expression 

and prometer analysis of the HRGP and HyPRP genes from maize and 

related species have been studied. 
Maize HRGPs have been characterized in maize at protein, cONA and 

genomic level (1,2). Its mRNA is accumulated in organs of the 

plant rich in dividing cells and it may be induced by wounding 

(3), by in situ hybridization the mRNA is mainly observed in 

provascular cells {2). A tissue specificity has also been 

observed in defined tissues of immature embryos (4) . In these 

tissues it is possible to observe that in scutellum the HRGP gene 

expression cannot be detected both at protein and mRNA levels. 

By polarization microscopy it is possible to compare the location 

of HRGP mRNA accumulation wi th the distribution of cells at 

different stages of cell wall formation appearing as an early 

e vent in cell differentiation (5) . The gene coding for a protein 

hav ing a hybrid proline-rich and hydrophobic sequence has also 

been cloned and it shows a pattern of expression specific of 

immature embryo and complementary to HRGP (6). 
The HRGP seems to be encoded in cereals (maize, sorghum or rice) 

by a simple family of genes, probably by a single gene {2). 

Comparison of sequence between related species allows to define 

a conserv ed zone in the 5 ' flanking region (7) that contains 

sites hypersensitiv e to nucleases (8). The prometer activity of 

this r e gion has been studied by microbombarding and by 

transformation in heterologous systems. The resul ts of these 

e xp e riments will be presented . 
1. Molecula r c loning of cONAs encoding a putative cell wall 

protein f rom z~ a ma y ~ and immunological identification of related 
polypeptides . V. Stie f e l, L. Pérez-Grau, F. Albericio, E. Giralt, 

L. Rui z - Avila, M.O. Ludev id & P. Puigdomenech. Plant Mol. Biol. 

( 1988 ) 11, 483 -493. 
2 . Express ion of maize ce ll wall hydroxyproline-rich glycoprotein 

gene in early leaf and root vascular differentiation . V. Stiefel, 

L. Ruíz-Av ila, R. Raz, M.P. Vallés, J. Gómez, M. Pages, J.A. 

Martínez Izquierdo, M.O. Ludevid, J . A. Langdale, T. Nelson & P. 

Puigdomenech. The Plant Cell {1990) ~' 785-793 . 

Instituto Juan March (Madrid)



38 

3. Expression of a cell wall protein genes in dividing and 

wounded tissues of Zea mays. M.O. Ludevid, L. Ruiz-Avila, M.P. 

Vallés, V. Stiefel, M. Torrent, J.M. Torné & P. Puigdomenech. 

Planta ( 1990) 180, 524-529 . 
4. Differential expression of a hydroxyproline-rich cell-wall 

protein in embryonic tissues of Zea mays L. L. Ruiz Avila, M.O. 

Ludevid & P. Puigdomenech. Planta (1991) 184, 130-136. 

5. The expression of a gene coding for a hydroxyproline-rich 

glycoprotein is an early event in maize embryo cell 

differentiation. L. Ruiz-Avila, S. Burgess, V. Stiefel, MD. 

Ludevid & P. Puigdomenech. Proc. Natl. Acad. Sci. USA. In press. 

6. A maize embryo-specific gene encodes a proline-rich and 

hydrophobic protein. M. José, L. Ruiz-Avila & P. Puigdomenech. 

Plant Cell. In press. 
7. Different mechanisms generating sequence variability are 

revealed in distinct regions of the h ydroxyproline-rich 

glycoprotein gene from maize and related species. R. Raz, M. 

José, A. Moya, J.A. Martinez-Izquierdo and P. Puigdome nech. Mol. 

Gen. Genet . In press. 
8 . Nuclease sensitivity of a maize HRGP gene in chromatin and in 

naked DNA, M.P. Vallés, J. Bernués, F. Azorin & P. Puigdomenech. 

Plant Sci. ( 1991) 78, 22 5-2 30 . 
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Structural and functional analysis of Maizc histone gene promoters 

Pierre Brignon, Marc Lepetit, Rossitza Atanassova, Nicole Chaubet and Claude Gigot 

Institut de Biologie Moléculaire des Plantes, Université U>uis Pasteur, 12 rue du Général Zimmer 

67000 Strasbourg, France 

In maize the histone H3 and H4 multigene families are organized into 8 to 10 subfamilies. 

Genes belonging to 3 H3 and 2 H4 multigene subfamilies show very similar developmental and 

organ specificity but are expressed at different levels. The amounts of specific mRNAs increase in 

parallel to the DNA synthesis during germination . In the adult plant the levels are highest in 

organs with high mitotic activity but also significan! in non proliferating tissues. 

The structure of the chrornatin of the promoter region of the H4C7 gene has been studied by 

PCR-mediated in vivo foot-printing . Foot-printing experirnents were performed using 

proliferating and non-proliferating BMS cell-suspension and nuclei isolated from germinating 

ernbryos. Sequences protected against and accessible to either dimethylsulfate (DMS) or DNase 1 

could be precisely localized. The protected regions, supposed to interact with transacting factors, 

correspond to the major consensus motifs found in the histone gene promoters. Detailed 

foot-printing of the ACGTCA motif was compared to results obtained with the same motif present 

in other plant gene promoters. 

The promoter regions of different H3 and H4 genes were fused to the GUS (glucuronidase 

synthase) gene u sed as a reponer gene as transcriptional fusions. Two of the 3 promoters are able 

to drive the expression of GUS in tobacco protoplasts during transient expression assays but 

failed to show any replication-dependent induction. These experiments allowed to determine 

regions within the promoter with regulatory functions. 

Transgenic tobacco plants were regenerated from the protoplasts transformed with the same 

constructions by direct gene transfer. On the other hand, transgenic Arabidopsis were generated 

by transferring the same chimaeric genes vía Agrobactcrium wmcfaciens. The GUS activity was 

revealed by histochemical tests in different organs of the transgenic tobacco and Arabidopsis at 

different developmental stages. The activity was shown to correlate with meristematic tissues in 

both plants. We deduce that the maize histone gene promoters can drive tissue-specific expression 

in dicots . 

Protoplasts were prepared from transgenic Arabidopsis and tested for the GUS activity driven 

by histone gene promoter in complete mediurn and under conditions blocking the DNA synthesis. 

The results showed that the maize promoters can initiate a basal constitutive expression and an 

enhanced replication-dependent activity during the S phase of the cell cycle, thus confim1ing the 

maize histone gene promoters being functional in dicotyledonous plants_ Instituto Juan March (Madrid)



40 

Cloning and characterization of HMl, a gene for leaf blight and 
ear mold resistance. 

Stev en P. Briggs and Gurmukh S . Johal, Pioneer Hi-Bred 
International, Inc., 7250 NW 62nd Ave., Johnston, IA 50131 USA 

Disease caused by Cochliobolus carbonum race 1 can destroy a crop 
by either killing the plants or by molding the ears. It is 
unlikely that maize could be widely grown without genetic 
resistance to this pathoge n. Resistance is conferred by 
functionally duplicate loci, HM1 and HM2, located on chromosomes 
1 and 9, respecti ve ly. HM1 can-be fulry-dominant (resistant) 
throughout the life and-rlssues of the plant whereas HM2 is semi 
dominant and acts primarily from the time of flo wering-fhrough 
maturity. Certain alleles of HM1 are similar to HM2. These genes 
are effective only against race-1 of C. carbonum-añd have no 
other known phenotype. 

Race 1 is distinguished by the production of a co mpat i bility 
f ac t or ca 11ed HC-to xi n . This mo lecule permits the fungus t o 
coloniz e hml hm2 mai ze ; i t accounts for both pathogenicity and 
spec ificity. Dos e - depe ndent inhibition o f r oo t growth is a 
co nvenient and quantitati ve a ssay for HC-t oxi n, hen ce , the 
des ignati on as a t oxi n. There is no ev i de nce that HC- toxi n ki ll s 
host ce ll s i n advance of the growing hyphae. Histological studi es 
s ho w that col on i zati on i s normal f or a fungal pathogen, with the 
growing tips o f the hyp hae being we ll advanced be yond dama ged 
leaf tissues . Hml causes maize t o be 1 00 -fold le ss sen s iti ve t o 
HC-tox in. 

HC-toxi n reductase (HCTR) can be extracted fr om resistant ma i ze 
seedlings but n o t fr om susceptib l e seedl i ngs ; the e n zyme requires 
NADP H as a co-fact o r . The biolog i ca l activity of HC-toxin i s 
abolished by the e nz yme. Genetic tests s how t hat HM1 contr o l s the 
act i vi ty o f HCTR . Th e refor e , HCTR activity is the mec hanism of 
this race -specific disease resistance. 

We have c l oned HM1 by transposon tagging. In sert i ons of Mu 1, Mu3, 
Spm/ En, or a smari u ncharacterized e l ement a ll p r eve n t tne- --
accumu l at i on of a 1.3 kb Hm1- specific t ran script. This transcript 
is produced constitutively-Tn low abundance. A 1.6 kb cDNA has 
been c1o ned that corresponds to the Hm1-transcript . The c DNA 
clone con ta ins splice concensus sites-That indicate the presence 
of an unprocessed 286 bp intron. Removal of the putati ve intron 
e1iminates 2 stop codons in the open reading frame (one is 
spl iced out and the ot he r is lost due t oa frameshift), alters 
the s ize of the c l one to match the observed transcript, and 
extends the region of homology between HMl and related genes . The 
cDNA is ver y homo l ogous to part of the dTnydroflavano l -4 
reductas es from Antirrhinum and Petunia and t o Al fr om maize. The 
region of ho mo l ogy is similar to the concensus pe ptide sequen ce 
that has been identified as th e NADPH or NADH bind i ng domain of 
redu c t ases and dehydrogena ses . The homo l ogy with NADPH-dependent 
e n zymes indicates that HMl encodes HCTR . 
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Genetlc englneered cell lineages In malze uslng the 

mlcrolnjection approach. 

G.Neuhaus. C.M. Lusardi, G. Neuhaus-Ur1, .1. Potrykus 

lnstitute of Plant Sciences, Swiss Federal lnstitute of Technology Zürich, 

Universitatstr.2, CH-8092 Zorich. 

The capacity to introduce exogenous DNA lnto meristematic cells would lead 

to substantial lmprovement In the fleld of transformatlon of recalcitrant 

specles such as cereals. In thls plants genotype-specificity and regeneration 

capacíty ís still the limiting factor for transformation via protoplasts or biolistic 

approach. 

In the present study we are using microinjectíon to introduce exogenous DNA 

lnto Individual cells of the shoot aplcal merlstem of malze. Mlcrolnjection has 

been chosen because it allows to introduce DNA into defined cells under 

optical control. Under these conditions individual cells in different cell layers 

can be manipulated, and subsequently followed during plant development 

using visible marker genes. 

For this purpose an appropriate cultivation system of isolated shoot apical 

meristems was developed. In order to follow up the tate of the transformad 

cells and to define which cells in the meristem are responsible for the 

development of the generativa tissue we are using constructions carrying the 

LC - gene (gift from S. Wessler) under the control of different promoters. Le is 

a regulatory gene controlling the anthocyanin biosynthetic pathway and 

therefore lts expression results in anthocyanin production. The plasmids were 

testad in a miDze protoplast system. Considering the posslbimy of thls system 

- calllineage and visible marker expression- we will discuss our approach and 

data obtained so far. 
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TRANSGENIC MAIZE AND COMMERCIAL APPLICATIONS 

Michael Fromm, Monsanto Co .. 700 Chesterfield Village Pkwy 
St. Louis, MO 63198 USA 

The corn biotechnology tearn al Munsanto is worklng on produclng 
genetically engineered corn pl;:mtR that will control feeding damage from 
the European Corn Borer (Ostrinla nubilalis). One method to control corn 
borer is to express the Bacillus thuringiensis (Bt) gene in the plants. As 
background to thfs work. the gene transfer method And RP.IAr.trJhiA mr~rker 

system for producing the transgen!c pfants will be described. A summary 
of the gene exprossion data and inheritance data In transgenic corn will 
also be presentad, folfowed by a description of the insect control of the Bt 
expresslng corn plants. 
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AGROBACTERIUM-MEDIATED DNA TRANSFER TO MERISTEMATIC TISSUE OF 

MAIZE IMMATURE EMBRYOS 

Jes~s Escudero, Gunther Neuhaus and Barbara Hohn 

Agrobacterium mediated DNA transfer to maize (Zea mays) has 

been achieved using the technique known as agroinfection . This 

approach uses maize streak virus (MSV) as part of the bacterial 

DNA transferred t o the plant cell (T-DNA). Maize immature embryos 

have been shown to be competent t o agroinfection , the plant 

developmental stage and genotype being the two main factors 

affecting the susceptibility t o the viral infection (Schlappi, 

M. and B. Hohn, The Plant Cell, 4:7, 1992 ). We have used this 

method to investigate whether particular meristematic cells can 

be targeted with Agrobacterium and still be functional, which 

would mean that the bacterial interact i on with the plant can 
also take place intracellular. Zygotic maize embryos were 

microinjected at early developmental stages with Agrobacterium 

tumefaciens into a single ce ll of the apical meristem. The 

observed efficiency ranges between 10 - 30% of plants showing viral 

symptoms using inocula of about 20 bacteria per p l ant cell 

micro i njected. The process seems to be absolutely dependent on 

the plant genotype and responds to induction by phenolic 

compounds as acetosyringone. Preliminary resu lts will be 

presented on the association of this DNA transfer with the plant 

meristematic tissue. 
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D. BARLOY ·A. MURIGNEUX- M. BECKERT 
I.N.R.A. - Domaine de Crouelle - 63039 CLERMONT FERRAND - FRANCE 

GENETIC STUDIES OF IN VITRO ANDROGENETIC DEVELOPMENT WITH CORN 

Screening large number of ancestries made clear that genetic variations exist for in 
vitro androgenesis response with maize. In the early part of this work haploid plants were 
generated and progenies were derivad atter spontaneous chromosome doubling. 

The androgenetic process produces lines with a very high androgenetic capability and 
there was a high level of expression in hybrid structures (percentage of responsiva anthers) 
including elite lines which showed little androgenetic aptitude. lt was also possible to obtain 
hybrid structures revealing a very high heterosis effect. The androgenetic anther percentage 
response of the DH5 x OH? hybrid for example was often as high as 75 %. 

This first step genetic analysis was continuad with a more precise study including a 
characterisatiuon of DH5 x OH? hybrid. lt is clear that androgenesis itself does not select for 
high response levels, it was possible to obtain both , lines with the high heterotic value of the 
hybrlds and also lines with very little potential. This suggests there are complementar¡ 
genetic systems in the parental lines which act together. The regeneration potential of 
androgenetic embryos was evaluated for these lines. These experiments did not reveal any 
strong genetic correlation between the two characters and it was easy te recombine a high 
level of androgenetic anther response with a high capability of plant regeneration from 
androgenetic embryos. 

This sample of recombinant lines indicates that a smal l number of genes ora 
cluster of genes dí fferenciate both parental lí nes fro m androgenetic traits . A more 
precise identificat ion a locali sation of genes involved would simplify back·cross 
experime nts to material with greater agronomic potential. 
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Kelth Edwards, Helen Thompson, Antoine de Saizieu, Mark Eyers 
and Keith Rufener, I.C.I. Seeds. 
THE USE OF YAC LIBRARlES IN THE MAPPING OF THE MAIZE 
GENOME 

The recent developments in Yeast Artificial Chromosome (YAC) 
systems capable of cloning DNA fragments severa! hundred 
kilobase In size, opens up the possibility of isolating and 
characterising agronomlcally lmportant sequences via chromosome 
walking. Using a maize YAC llbrary contalning 79,000 clones with 
an average insert size of 145 kb we have begun to isolate and 
characterise various single copy and repeat sequences from 
throughout the genome. Using this approach we have so far shown 
that YACs are capable of cloning DNA fragments which cannot be 
cloned in prokaryotic based systems. This strategy will allow us to 
bulld up a catalogue of sequences which should ultlmately lead to 
the ordering of the entlre library. 
Using the llbrary to isolate single copy sequences we have shown 
that despite the large physlcal/genetic distance ratios observed 
within the maize genome, single YACs are capable of linking 
markers which can be separated on the genetic map. 
We will present data on the construction of the library together 
with results on the characterisatlon of individual YAC clones. 
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GENETIC ANALYSES OF DOUBLED HAPLOID LINES IN 

MAIZE: ITS POTENTIAL USE IN GENE MAPPING. 

GUITTON C., BENTOLILA S., HARDY T. and FREYSSINET G. 

Rhóne-Poulenc Agro, BP 9163, 69263 LYON Cédex, France. 

The segregation and recombination of a common set of 94 RFLP 

markers was compared in an F2 population and an anther culture 

(AC) derived population. One hundred F2 individuals and 98 

doubled haploid (DH) Iines were obtained from the cross R6 (a 

proprietary line, not responsive to anther culture) x DH.89.1 (a line 

very responsive to anther culture). Significant deviations from the 

expected Mendelian segregation ratios for pooled data were observed 

only for the DH population. The differential transmission of alleles 

strongly favored the responsive parent (66 of the 69 markers which 

showed disturbed segregation). There was considerable 

heterogeneity among the markers showing a skewed segregation 

towards DH.89.1. This set of markers could be divided into 2 

homogeneous subgroups, one comprising 59 markers (% DH.89.1: 

70), the other comprising 7 markers (% DH.89.1: 84). Despite 

these single factor disturbed segregations, MAPMAKER program 

could be used to construct a linkage map with the DH population. 

The comparison with the F2 linkage map demonstrated the 

consistency of the 2 maps for 97% of the length covered by the DH 

linkage map. These results are discussed in relation to the use of 

DH lines in maize breeding and RFLP mapping. 
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ADH1 in Avena: Phylogenetic analysis 

Garcfa, P.\ and M. T. Clegg2. 

1Area de Genética, Universidad de León. 2Department of Botany and Plant Sciences, University 
of California, Riverside. 

The possibility of sequencing proteins and nucleic acids has provided a 

powerlul too! to determínate the evolutionary history of organisms. In order to 

make this possible it is necessary to have an evolutionary model on which to base 

specific predictions. The neutralist model provides a theoretical frame in which 

nucleotide substitutions are accumulated at a constant rate during long periods of 

time. In this way, these macromolecules become a molecular clock, and there 

exists a linear relationship between the number of differences between sequences 

and the time elapsed since these sequences diverged from a common ancestor. 

This fact allows the inferring of the real -time phylogeny of the molecules analyzed 

if an independent way of calibrating the molecular clock is available. 

Different proteins and genes exhibit different substitution rates. And as a 

result the choice of the correct molecule is of great importance in phylogenetic 

studies. The sequence of the molecule should have the information needed to 

discriminate among alternative phylogenies. 

The sequence analysis has also made the study of the evolution of the 

genes themselves possible. Processes as gene conversion, duplícations, unequal 

crossing-over, etc. are detected in these kinds of works. 

In the work we are carrying out, the main goal is not as much the 

construction of the phylogenetic relationships among sorne plant species, as the 

study of the effects that polyploídy has on evolutionary rates. Genus Avena has 

been the election because it includes díploid, tetraploid and hexaploid species. 

We ha ve focused on gene adh 1 beca use it is a single-copy gene that 

evolves as a molecular clock in other related grasses (maize, pearl millet) , and its 

sequence contains enough information to discern among several alternativa 

hypothesis in cereals. The analysis of maize adh1 alleles is a good example of 

the utilization of sequence information in tracking down the origins of genic 

variation: lt has been possible to estímate their times of appearance and the 

occurrence of processes of gene conversion between them. Instituto Juan March (Madrid)
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Avena adh1 gene has been analyzed in two diploid species, A. hirtula andA. 

longiglumis. The sequencing was performed from products obtained by PCR. 

These included from the exon 2 to the exon 6. The sequence shows a high 

degree of conservation in exons, a fact that has made their identification possible. 

The position of introns is also conservad among species, their sequences have 

greatly diverged, though, with severa! additions/deletions along them. 

We have used the relative rate test proposed by Wu and U to check to see it 

adh1 evolves as a molecular clock in oats. The results indicate that the rate of 

substitutions is constant for all the species analyzed only in the third base of the 

codons. Consequently, the phylogenetic analysis has been made using these 

bases preferentially . 

Comparing the sequence of the allele 1 F of maize with the sequen ce of adht 

of A. hírtula, a synonymous substitution rate of 5.97x1 o·9 , anda non-synonymous 

substitution rate of 2.13x1 o·10 has been obtained. The substitution rate in introns 

is 6.80x1 o·9 . 

Ditterent phylogenetic analysis has been worked out using severa! methods: 

parsimony, distance matrix and likelihood methods. All the results have yielded 

the same branching arder which agree with the evolutionary position that classic 

taxonomy l1as propasad for Avena, more related to Hordeum than to Zea or 

Pennisetum. 

Between A. hirtula and A. /ongíglumis the similarity has been very high, with 

just seven nucleotide substitutions in exon sequences , all of them synonymous, 

and 20 in intron regions. These few changes point out the recent divergence of 

these species from their common ancestor. 
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DETECTION OF THE PFlOTEIN ENCODED 6Y TRANSPOSABLE ELEMENT /;:& IN SITU 

Manfred Heinleln 

By using five antlsera raised against dlfferent epltopes of the Ao-proteln a signa! 
hae been obtalned In endoaperm nuclel of AQ-contaíning endosperrn. whlch is absent 
in endosperm-nuolei davoid of AQ,. The slgnal ís not seen if varlous preimmunesera 
are taken as primary antibody. lf an antibody ls used whlch have been lncubated 
with Ita speclflc antlgen prior to lts appllcation tha aansitivlty ot the detaction is 
muoh reduoad. The slgnal appears as large rod-like oomplexes. about 2 ¡.Lm long 
and 0.2 ¡.Lm w ide . W lth decreasing Ao-dosage the complexas bacome less detectable . 
The visibil it y verles between endosperms contalning different Ac-bearlng alleles . In 
nuclei double-stalned tor DNA and Ao.-proteln. the complexas in some cases appeer 
to be perpendicular orientad relatlve to DNA. The inner endosperm nuclei ere 
endopolyploid at later atages of deve lopment and cytologlcal observatíons suggest 
that the endochromosomes are at least partíally polytene . Slnce the Ac-protein 
binds to DNA the complexas therefore might be Interpretad as protein bands spannlng 
the assoolated endochromosomes at specifíc sltes. 
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THE OIFFERENCES IN THE TRANS-EFFECTS OF n-lE AC_-ELEMENTS PRESENT IN YikJ!Jl.. ANO 

wx-m9Ao ARE NOT DUE TO THE GENETIC BACKGROUND 

Manfred Heinleln and Petar Starllnger 

In a prev ious communlcatlon (Maydlca 36 (1991) : 309- 316), we showed tha t dlfferent 

isolates of tha maíze transposable element 8Q located at dlfteran t ínsert /on sitas gave 

rise to dlstlnguíshable varlega tion patterns for the exclslon of a non-autonomous Ac 

derivativa tr om the bz-m2{Dil allele . These dlfferances were saan as different frequencles 

and sector sizes o! plgmente d areas on bronze kern els. 

In the case of the wx-m7- and the wx-m9Ac-alleles, these dlfferences could not be 

as oribed to dlfferenoas in DNA sequence, as both alleles had been found to be identlca l 

Long-range position effeots wera aleo excluded, slnce the two Ac lnsertions were located 

w ithín tha same gene (sama orientation). ln tha experiments. it could not be dacided. 

w hether the di fferences were due to modificetlon of the DNA-sequence, e.g. by methylatlon, 

to poelt ion eff ects manifestad at different sltes within the sanne gene, or to the prasence 

ot modifiar genes dlfferlng batween the malze lines employed. To analyse thls furthar, 

we croseed plants whlch w ere heterozygou s for ~ and wx-m9Ac against a 

bz-m2!DI)wx tester straln. In the progeny, the .YaXY_- allele specifio Bronze variegation 

phenotypa and the Y:f.:f,_ reverslon phanot ype segrega ted w ith the original ~ - m ut ab l e 

all ele (testa d by PCR). Thls indloa tes, that that the allele- !!peclflc M-aotion ls elther due 

to the ~ - mu t ab l e allelee themse lvas or to an aiiBIIc dlfferenca of a tightly llnked gene. 

Instituto Juan March (Madrid)



56 

FREIBURG, GERmNY; University of Freibunz 

Winfried Hetz, Michael Schwall and Günter Feix 

ldentification of a mutant deficient in secondary root fonnation 

In an attempt to generate mutants -with a defect in an agronomically important trait, we 

crossed a flint inbred (obtained from W. G. Pollmer 1 Hohenheim, Germany) with an EN 

carrying dent inbred (obtained from P. Peterson 1 Ames, USA). In the segregating F2 

generation we recovered among severa! other aberrant phenotypes a plant wíth a severe 

deficiency in the formation of lateral roots. Furthermore, this plant does not form any 

secondary or crown roots and depends for its growth and survival complete! y on tbe primary 

root which remains viable and functionaJ up to maturity of the plant. The plants show a 

reduced vigour and need special care like intense watering and a supporting stick. 

Genetic analysis of this plant material indicated that the observed aberrant phenotype is 

caused by a recessive mutation. The mutant appears to be different from the rootless mutant 

described previously (Jenkins, M.T. (1930) J. Hered. 21, 79-80) which was provided to us by 

the Maize Genetics Stock Center. 

Investigations are now in progress on whether the mutation is caused by the insertion of an 

EN element and would hence allow the isolation of the affected gene. 
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MEMBERB OP A FAMILY OP REPETITIVE DNA FROM THE OtNUS ZEA, HAVt CHARACTERISTICS 

OF RETROELEMENTS. Rosa Aledo, carlo& M. Vicient, Amparo Moufort, Ragina Raz, 
Pare Pu1gdomAnech and José A. Martinez-lzguierdo. 
Dap. Genética Molecular, CID-CSIC, Jordi Oirona, 18, 08034 Barcelona (Spain). 

The isolation of a new family of repetitive DNA aequences from the 

teosinte Zea diploperennis, 253 bp long on average, termed ZEAR (1), has 
allowed to find a putativa new family of retroelements. The short repetitive 

elementa are interepereed in the genome and they ahow the aame ganomic 
organization pattern and similar copy number in all the Zea apeciea examined, 

except for Zea per:ennis. The constancy in qenomic pattern and copy number 

suggeat that a mechan i srn of <;¡ene convereion have occurred among those 

repetitive eequences during the evolution of the Zea species. 
ZEAR elements have eome featuree resembling those of coding aequences. 

In fact, when aequencing flanking regione, an ORF including ZEAR is revealed. 
This ORF' codas for a protein of 157 reaidue9, rich in glycine, serine and 
aapartic and glutamic acids. The ORF ie flanked by a TATA box and thr-ee 
putativa polyadenylation eitee. The ZEAR probe hybridizee with RNA extracted 

from different tieeues of maize and from teosinte, indicating that these 
repeate or similar onee are present in tranecribed eequences. In fact, one 
cONA, 1809 bp long, fished out with a ZEAR proba from a maize cONA library, 
contains the ORF correeponding to the qenomic one, and shows 77\ similarity 
over 1.9 kbp with the teoeinte genornic eequence. 

Experimente of southern hybr-idization and genomic raconetruction (copy 
number eetimat i on) have shown that those repeats are part of larqer repetitive 
elements, refe r rad asto ZRT (~ea ~e~roelement), that probably belong to the 
auperfamily of retroelemente, as aeveral indicatione eugqeat: 1) The large ZRT 

membere are alao interspereed in the genome and preaent in all the maize 
chromosomaa, aa ahown by in situ hybridization. 2) As mentioned above ZEAR and 
flanking sequences are preeent in relatively long RNA transcripts. 3) Upstream 
the region corresponding to the cONA, there is a eequence similar to detective 

cinl maize elements. 4) Downatream the cONA there are nine 81 bp long tandem 
repeats, like in the retroposon TOCl of Chlamydomonas reinhardtíi. 5) Further 

downatream theae repaate there are ORFs with aimilarities to polymerases of 

viruaes and retroelemants. These resulta will be discuesed in relation to the 
similaritiee observed with retroelemente such as retrotransposons or 

retroposons and retro- or pararetro-virueee . 

1.- Raz, R., Puigdoménech, P. & ~artinez-Itquierdo, J.A. (1991). A new family 

of repetitiva nucleotide ~equences ie restricted to the genue Zea. Gene lOS, 

151-158. 
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Use of Molecular Markers for Estimatlng QTL Effects in a Simulation Study. 

J. MORENO-GONZALEZ, Centro de Investigaciones Agrarias de Mabegondo, 

Apartado 10, 15080 La Coruña, Spain. 

Use of molecular markers in populations under selection has been proposed to 

estímate effects of quantitative traits loci (Q1L). However, further information is 

required about the magnitud e of the Q1L effects that can be estimated in relation to the 

genetic variance, the heritability, the marker mapping density of the genome and the size 

of the experiment. Monte Cario datasets of selfed fa.milies from-9~ekcrcsscs of the F1 to 

both parents were generated. The multivariate stepwise regression with an F-value 

corresponding to a."' 0.005 was applied to the phenotypic means. An expression for the 

ratio of the phenotypic variance to the square of the additive effect as a function of the 

number of progenies, the heritability and the marker mapping density was derived. 

Simulation results agreed fairly well with predictions based on developed theory. 

Additive effects smaller than one-fourth the standard phenotypic deviation were 

unbiasedly estimated most of the situations. Dorninance effects were estimated in a lower 

frequency and biased upward. Reduction of the emirorunental error variance and 

increase in the marker mapping density augmented the power of the test. It is suggested 

that evaluation of 500 selfed backcross families in replicate trials would be able to 

estímate unlinked QTL's in moderately complex traits. Estimates of lin.ked QTL effects 

will need better and larger experiments. Instituto Juan March (Madrid)
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CLONING ANl> SEQUENCING OF 2, 3-BISPHOBPHOGLYCERATE-INDEPENDENT 

PHOBPHOGLYCERATE MUTASE GENE FkOM MAIZE. 

Pablo Pérez de la Ossa, Xavier Gra~a and Fernando Climent. 

Unitat de Dioquimica. racultat de Medicina. Universitat de 
Barcelona. Barcelona. Spain. 

Phosphoglycerate mutase (PGAM) catalyses the isomerization of 
monophosphoglycerates in the glycolisisfgluconeogenesis 
pathway. There are t;.wo types of phosphoglycerate mutases: one that 
requires 2,3-bisphosphoglycerate as a cofactor (PGAM-d) and the 
othGr that does not (PGAM-i). The two types also differ in thei:r 
structure, reaction mecanism and kinetic properties. In maize, 
PGAM has a maximun level of expression during the second day of 
the seed germination. In order to study the molecular bases of 
the PGAM-i expression, the PGAM-i gene has been cloned from 
lambda EMBL-3 genomic library from Zea mays 7-day old seedlings 
screened with the full length cONA. Two clones were isolated and 
one, 14 Kb, was selected. Deletions were performed and sequenced. 
Four exons (161 bp, 137 bp, 158 bp and 649 bp respectively) and 
four introns (1220 bp, 659 bp, 80 bp and 218 bp respectively) 
have been sequencect. Ditferent poliadenilation signals in the 3' 
region of the gene have been found. 
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Eli?.abeth Rohson, Department of Agricultura! Sciences, University College of 
Wales, Aberystwyth, Dyfcd SY23 3DD, UK. 

MOLECULAR ANAL YSIS OF MAIZE B-CIIROMOSOMES WITH A VIEW TO 
DETERMINING THEIR ORIGIN .. 

An attempt was made to isolate unique B-chromosome DNA sequences in arder to 
invcstigate thcir DNA sequence composition. An examination of restriction enzyme digests 
of rye plants with and without B-chromosornes led to the discovcry of unique repetitive B
cllromosomc sequences (Sandery et a11990). The same approach was adopted in an 
attcmpt to isolate similar scquences on the maize B-chromosome but none were found. 
Partía} genomic librarics were constructed from a lOB maize plant and the clones were 
screcned by Southern hybridisation to identify B-chromosome correlated scquences. DNA 
sequences common to the A + B-chromosomes and sequences common to the B
chromosomes only were detectcd but there were no unique B-chromosome sequences. 
These resuHs have bcen supportcd by in-situ hybridisation. We have strong evidence to 
suggest that the B-chromosomes in ma1ze are derived from the A-cluomosome set. 
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EVALUATION OF OPEN-POLLINATED MAIZE CULTIVARS USING RFLP'S. 

Azucena Mendoza 1, Mi rey a San erre z 1 . Martl'ra Be tancour t 1, P. osa 1 i a Mac i e 11, 
David Jt>we 112. James Deutscl·¡2 . Luis Herrer-a-Estr'e lla 1 and June S impsor1 1 
1-CINVESTAV, lrapuato. Cito ['léXICO '2.- CWif·WT, El Batan. r·1éxrco 
Open-pollmated marze cult1vars offer several advantages over ma1ze 
hybrids when grown under marginal conditions in developing countries. rr,ey 
an: adaptable to widely differing growt1·1 conditions. need little irwestment 
rn terrns of tel'trlrzer-s ami oesticicies ami allow small farmers to produce 
therr own seed rather than tHJY co~.tly hybrlliS annually In fact under t11ese 
corrdi t ions open-pollinated cultivars (OPC'S) give equivalent or better yields 
u·1an ¡·1ybí'ids. Excluding. Ulina. Br·azi 1 alld Ar-gentina (Lieveloping coun tr'i es 
wliere most liylwids are grown) . ó4% or all marze 'Jr'own in tieveioprng 
countries 15 gr-own as OPC's 
Although offering many advantages, the mechanisms governing disease 
resistance and dlfferences in yleld etc. ar-e poor'ly under-stood in OPC's In 
atitiition evaluation. manrpulation and follow u~) of useful characterJstrcs in 
breeding programmes rs extremely complicated rn such heterogeneous 
populations With the advent of RFLP technology however lt should be 
~lossible to evaluate in gener-al tenns t11e arnount or polymorphisrn and 
lleterozygosity in tl1ese types of populations ami to attempt to relate thrs 
iniormation to useful characteristics found within a population This 
information could then be used to monitor these characteristics in breeding 
pr-ogrammes lnvolvlng OPC's. 
With these arms a study of two related OPC's diftering significantly in yield 
was carried out in order to determine the effectiveness of RFLP's in 
characterising OPC's. The two OPC's used were derived from Tuxpeño 
germplasm from CIMMYT gene pool 21, classlfied as tropical late white 
dent. A total of 80 different loci were analysed dispersed throughout the 
maize genome with 8 loci analysed per chromosome. 
One of the problems of studying populations of this type is to determine 
what slze of sample to use in order to have a falthful representation of the 
population as a wllole. We determined that sample sizes of 100 plants are 
adequate since they would only fail to include very rare alleles which are 
most probably not important in determining the overall characteristics of 
tl1e populatlon Results also sllowed hlgh levels of polymorphlsm ranglng 
tr-orn 2 to 15 alleles per- locus. Differences in numbers of alleles detected 
for each cultivar were not significant, hüwever types and frequencies of 
alleles were significantly different . The level and type of heterozygotes Instituto Juan March (Madrid)
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was a_lso determined for each cultivar. Overall levels of heterozygosity 
were shown to be very similar although some individual loci showed 
substañtial dlfferences In heterozygoslty levels between the two cultlvars. 
Types ot' heterozygote also dít't'ered greatly between the two populatíons. 
These results índicate that RFLP's wi 11 be useful in evaluating and 
manípulating OPC's. In additíon the basís for the signíficant difference in 
yield between the two var· ietí es ís probably based on tt1e type and frequency 
ot alleles fixed in each populat10n and in the type ot heterozygotes formed 
rather than due to overall levels of heterozygosity thought to underlie the 
phenomenon M hybrid vigour often exploited in maíze hybrids. 

Instituto Juan March (Madrid)



63 

Barbel Uberlacker, Regina Bellmann, 

Klinge and Wolfgang Werr 
Christian Korfhagé, Bettina 

Institut für Genetik, Universitat zu Koln 

Weyertal 121 

5000 Koln 41 

ISOLATION OF HOMEOBOX GENES INVOLVED IN MAIZE EMBRYOGENESIS 

We isolated a new maize homeobox gene by screening a lamb

da gt11 expression library with the 26 bp Shrunken feedback 

control element. Zmhoxla (lea ~ays hQmeobo~) is an unidentified 

maize gene mapping to the tip of the long arm of chromosome 6. 

Zmh o xla is a member of a new class of maize homeobox genes, 

with its homeodomain only distantly related to the Knotted gene 

product. The 3.1 kb Zmhoxla transcript is detected in different 

maize tissues and encodes a nuclear protein of 112 or 115 kd 

size. Presence of the Zmhoxla mRNA and absense of the protein in 

root s indicates a posttranscriptional control mechanism. The 

acidic character of the known first 279 amino acids at the 

amino-terminus implies a transcriptional activator function. In 

the carbox y -terminal part the Zmhoxla protein is related to 

the human Oct2 transcription factor, homology to the POU speci

fic domain is restricted to the POU-B subdomain. DNA-binding of 

the Zmhox1a homeodomain has been confirmed in DNase I footprin

ting experiments to three sites flanking the TATA-box of the 

Shrunken prometer. 

To obtain a collection of different maize homeoboxes, we used 

the homeobox of Zmhoxla for a screening under low stringency con

ditions. We isolated nearly 90 clones, which have been closer 

analysed and classified at present. The hybridisation and se

quence data provide evidence that they will fall into nearly ten 

different classes of related homeoboxes. 

One of the isolated genes, Zmhoxlb, is closely related to 

Zmhoxla over the entire protein coding region and presumably 

maps at the same position within the genome. Another one 

(Zmhox2a ) contains two complete DNA-binding homeodomains and 

shows an extended similarity to the Droso phiLa paired segmenta

tion gene . The mRNA is 6 kb in size and found at rather high 

level in the maize embryo. 

The next question to be answered will be: is there any function 

of these homeobox genes in the embryogeny of maize? 

Therefore we isolated embryos of eight different developmental 

stages, beginning with the "Transition Phase", about ten to 

twelve days after pollin a tion, until " S t a ge 6" the mature 

embr y o . At present we are constructing cONA libraries of all 

these stages which are screened with a set of distantly related 

homeoboxes of maize. The next steps will be expression studies 

by Northern analysis and in situ hybridisation. 
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Takashi Ueda*, Robert Schmidt+, and Joachim Messing* 
*Waksman Institute Rutgers University, 

Piscataway, NJ. 08855-0879, USA 
+Department of Biology, C-016 and Center for 

Molecular Genetics, University of California, 
San Diego, La Jolla, CA. 92093 USA. 

Loss and Gain of Opaque-2 Transactivation Via Single Slte 
Mutations of Zein Promoters 
By utilizing a homologous transient ex.pression system, we have 
demonstrated that the product of the Opaque -2 (O 2) gene, Opaque-2 
protein (02) confers a positive transactivation on a 22-kDa zein 
promoter. This trans-acting function of the 02 protein is mediated 
vía its sequence-specific binding to a cis element (the 02 target site) 

· present in the 22-kDa zein promoter. A multimer of a 32-bp 
prometer fragment containing this 02 target site confers 
transactivation by the 02 protein. Both the palindromic ACGT core 
and adjacent nucleotides of the 02 target sequence are essential for 
02 binding. A single nucleotide substitution in the 02 target 
sequence not only abolishes the 02 binding In vitro, but also its 
response to transactivation by the 02 protein In vivo. We have also 
demonstrated that an amino acid domain including the bZIP motif is 
essential for the trans-acting function of the 02 protein. Similar but 
not identical 02 target sequence motifs can be found in the 
promoters of zein genes of different molecular weight classes. 
Conversion of such a motif in a heterologous zein promoter to an 
exact 02 target sequence by site-directed mutagenesis is sufficient to 
increase the binding affinity of the 02 protein in vitro and to confer 
transactivation by 02 in vivo. 
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246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí
nez-A. Lectures by H. von Boehmer, J. 
W. Kappler, C. Martínez-A. , H. Wald
mann, N. Le Douarin, J. Sprent, P. Mat
zinger, R. H. Schwartz, M. Weigert , A. 
Coutinho , C. C. Goodnow, A. L. DeFran
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loon. Lectures by L. C. Van Loon , R. Fra
ser, J. F. Antoniw, M. Legrand , Y. Ohashi , 
F. Meins, T. Boller, V. Conejero, C. A. 
Ryan, D. F. Klessig , J. F. Bol , A. Leyva 
and F. García-Oimedo. 

248 Beato, M. : 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. Garcia 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg , E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt , R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson , J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig , M. Delseny, M. Freeling, S. C. de 
Vries, J. H. Rothman, J. Modolell , F. Sala
mini, M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi
narios por Julio E. Celis, James l. Garrels, 

Joél Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant RNA Viruses. 
Organized by F. García-Arenal and P. Pa
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol , G. Bruening, 
J. Burgyan, J. R. Díaz Ruiz, W. G. Dou
gherty, F. García-Arenal , W. L. Gerlach , 
A. L. Haenni , E. M. J. Jaspars, D. L. Nuss, 
P. Palukaitis, Y. Watanabe and M. Zaitlin . 

254 Advanced Course on Biochemistry and 
Genetics of Yeast. 
Organized by C. Gancedo. J. M. Gance
do, M. A. Delgado and l. L Calderón . 

255 Workshop on The Reference Points in 
Evolution. 
Organized by P. Alberch and G. A. Dover. 
Lectures by P. Alberch , P. Bateson, R. J . 
Britten , B. C. Clarke, S. Conway Morris, 
G. A. Dover, G. M. Edelman, R. Flavell , 
A. Fontdevila, A. Garcia- Bellido, G. L. G. 
Miklos, C. Milstein. A. Moya, G. B. Müller, 
G. Oster, M. De Renzi , A. Seilacher, 
S. Stearns, E. S. Vrba, G. P Wagner , 
D. B. Wake and A. Wilson. 

256 Workshop on Chromatin Structure and 
Gene Expression. 
Organized by F. Azorin , M. Beato and 
A. A. Travers . Lectures by F. Azorin, M. 
Beato , H. Cedar, R. Chalkley, M. E. A . 
Churchill , D. Clark . C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin , M. Grunstein , 
G. L. Hager, W. Hórz, T. Koller, U. K. 
Laemmli , E. Di Mauro, D. Rhodes, T. J. 
Richmond , A. Ruiz-Carrillo. R. T. Simpson, 
A. E. Sippel, J. M. Sogo, F. Thoma, A. A. 
Travers, J. Workman , O. Wrange and 
C. Wu . 
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257 Lecture Course on Polyamines as mo
dulators of Plant Development. 
Organized by A. W. Galston and A. F. Ti
burcio. Lectures by N. Bagni, J . A. Creus, 
E. B. Dumbroff, H. E. Flores, A. W. Galston, 
J. Martin-Tanguy, D. Serafini-Fracassini , 
R. D. Slocum, T. A. Smith andA. F. Tibur
cio. 

258 Workshop on Flower Development. 
Organized by H. Saedler, J. P. Beltrán and 
J . Paz Ares. Lectures by P. Albersheim, 
J. P. Beltrán, E. Coen. G. W. Haughn, J. 
Leemans, E. Lifschitz . C. Martín, J. M. 
Martínez-Zapater, E. M. Meyerowitz, J. 
Paz-Ares, H. Saedler, C. P. Scutt, H. 
Sommer, R. D. Thompson and K. Tran 
Thahn Van. 

259 Workshop on Transcription and Repli
cation of Negative Strand RNA Viruses. 
Organized by D. Kolakofsky and J. Ortín . 
Lectures by A. K. Banerjee, M. A. Billeter, 
P. Collins , M. T. Franze-Femández, A. J. 
Hay, A. lshihama, D. Kolakofsky, R. M. 
Krug, J. A. Melero, S. A. Moyer, J. Ortín , 
P. Palese , R. G. Paterson, A. Portela, M. 
Schubert , D. F. Summers, N. Tordo and 
G. W. Wertz. 

260 Lecture Course Molecular Biology of 
the Rhizobium-Legume Symbiosis. 
Organized by T. Ruiz-Argüeso. Lectures 
by T. Bisseling , P. Boistard, J. A. Downie, 
D. W. Emerich. J. Kijne, J. Olivares, 
T. Ruiz-Argüeso . F. Sánchez and H. P. 
Spaink . 

261 Workshop The Regulation of Transla
tion in Animal Virus-lnfected Cells. 
Organized by N. Sonenberg and L. Ca
rrasco. Lectures by V. Agol , R. Bablanian, 
L. Carrasco , M. J. Clemens, E. Ehrenfeld, 
D. Etchison , R. F. Garry, J. W. B. Hershey, 
A. G. Hovanessian , R. J. Jackson, M. G. 
Katze. M. B. Mathews, W. C. Merrick, D. 
J. Rowlands, P. Samow. R. J. Schneider, 
A. J. Shatkin . N. Sonenberg, H. O. Voor
ma andE. Wimmer. 

263 Lecture Course on the Polymerase 
Chain Reaction. 
Organized by M. Perucho and E. Martinez-

Salas. Lectures by D. Gelfand, K. Hayashi, 
H. H. Kazazian , E. Mart ínez-Salas, M. Me 
Clelland . K. B. Mullís , C. Oste, M. Perucho 
and J. Sninsky. 

264 Workshop on Yeast Transport and 
Energetics. 
Organized by A. Rodríguez-Navarro and 
R. Lagunas. Lectures by M. R. Chevallier, 
A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A. 
Goffeau, M. Hofer, A. Kotyk, D. Kuschmitz, 
R. Lagunas, C. Leao, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro, 
W. A. Scheffers and J. M. Thevelein 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organized by T. A. Springer and F. Sán
chez-Madrid. Lectures by S. J. Burakoff, 
A. L. Corbi-López, C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos, A. Hamann, N. Hogg, 
L. Lasky, R. R. Lobb, J. A. López de Cas
tro, B. Malissen, P. Moingeon, K. Okumu
ra, J. C. Paulson , F. Sánchez-Madrid , S. 
Shaw, T. A. Springer, T. F. Tedder andA. 
F. Williams. 

266 Workshop on lnnovations on Protea
ses and their lnhibitors: Fundamental 
and Applied Aspects. 
Organ ized by F. X. Avilés. Lectures by T. 
L. Blundell , W. Bode, P. Carbonero, R. 
W.Carrell , C. S. Craik, T. E. Creighton , E. 
W. Davie, L. D. Fricker, H. Frítz, R. Huber, 
J. Kenny, H. Neurath, A. Puigserver, C. 
A. Ryan , J. J. Sánchez-Serrano, S. Shal
tiel, R. L. Stevens, K. Suzuki, V. Turk , J. 
Vendrell and K. Wüthrich . 

267 Workshop on Role of Glycosyi-Phos
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Lamer. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Feliu, G. N. Gaulton, H. U. Haring , C. 
Jacquemin, J. Lamer, M. G. Low, M. Mar
tín Lomas, J. M. Mato, E. Rodríguez
Boulan, G. Romero, G. Rougon , A. R. 
Saltiel , P. Stralfors and l. Varela-Níeto. 

268 Workshop on Salt Tolerance in Mi
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organized by R. Serrano and J. A. Pintor-

Instituto Juan March (Madrid)



Toro. Lecturas by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Uiuchli, U. Lüttge, E. Padan, M. Pages, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move
ment in Vertebrates. 

Texts published by the 

Organizad by R. Baker and J. M. Delgado
García. Lecturas by C. Acuña, R. Baker, 
A. H. Bass, A. Berthoz, A. L. Bianchi , J. 
R. Bloedel , W. Buño, R. E. Burke, R. Ca
miniti, G. Cheron, J. M. Delgado-García, 
E. E. Fetz, R. Gallego, S. Grillner, D. Guit
ton, S. M. Highstein, F. Mora, F. J. Rubia 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors Tell 
the Brain? 
Organizad by C. Belmonte and F. Cerveró. 
Lecturas by C. Belmonte, G. J. Bennet , 
J. N. Campbell , F. Cerveró, A. W. Duggan, 
J. Gallar, H. O. Handwerker, M. Koltzen
burg, R. H. LaMotte, R. A. Meyer, J. 
Ochoa, E. R. Perl, H. P. Rang, P. W. 
Reeh, H. G. Schaible, R. F. Schmidt, J. 
Szolcsányi, E. Torebjork, W. D. Willis Jr. 

2 Workshop on DNA Structure and Pro
tein Recognition. 
Organizad by A. Klug and J. A. Subirana. 
Lecturas by F. Azorín, D. M. Crothers, R. 
E. Dickerson, M. D. Frank-Kamenetskii, C. 
W. Hilbers, R. Kaptein, D. Moras, D. Rho
des, W. Saenger, M. Salas, P. B. Sigler, L. 
Kohlstaedt, J. A. Subírana, D. Suck, A. 
Travers and J. C. Wang. 

3 Lecture Course on Palaeobiology: Pre
paring for the Twenty~First Century. 
Organizad by F. Álvarez and S. Conway 
Morris. Lecturas by F. Álvarez, S. Conway 
Morris, B. Runnegar, A. Seilacher and R. 
A. Spicer. 
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The Centre for Inte rnational Meetings on Bi ology 

has been created within the 

Instituto Juan March de Estudios e In vestigaciones , 
a prívate found ation which complements the work 

of the Fundación Juan March (establi shed in 1955) 

as an e ntity specialized in scie ntific activiti es 

in general. 

The Centre 's initiatives ste m from the Pl an 

for 1 ntern ational Meetings o n Bi ology, 

supported by the Fundación Juan March. 
A tota l of 30 meetings and 3 Juan March Lecture 

Cycles , all dealing with a wide range of subjec ts 

of biological inte rest , were o rganized between 

1989 and 199 1 within the scope of thi s Plan . 

The Centre endeavours to acti ve ly a nd 

sistematically promote cooperation among Spanish 

and foreign scienti sts working in the fi eld of Biology, 

through the organization of Lecture 

and Experimental Courses , Wo rkshops, Seminars , 

Symposia and the Juan Ma rch Lectures on Bio logy . 
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The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 11th through the 13th of May, 
1992, at the Instituto Juan March . 

A ll published articles are exact 
reproductions of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


