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Abstract

The present study isarevision of our work on evolutionary cyto-
geneticsof thegenusZea, including severd new experimentswhich
give adeeper insight into the nature of the DNA sequencesin-
volvedintelomeric regionsof Zealuxurians. These new experi-
ments, based on the Southern blotting technique and in situ hy-
bridization, have demonstrated thefollowing: 1) in Situ hybridiza-
tion (FI SH) demonstrated the presence of the 180-bp repeat maize-
knob-repeat-sequencein DAPI-positivetermina heterochromatic
blocksof Z. luxurians (ZL-THB region); 2) Southern blot analy-
sisconfirmed that the 180-bp repest present in maizeisal so present
in Z. diploperennis, Z. luxurians and Tripsacum dactyl oides,
but notin Z. perennis; 3) another sequencewith targeted sitesfor
endonucleases, but without recognition sitesfor the 180-bp re-
peat, may be interspersed with the 180-bp repeat in a tandem
array sitedintheZL-THB region; 4) in situ hybridization (GI SH)
of probesand blocking-probeswith chromosomesof Z. luxurians
(using Z. luxurians asaprobeand Z. diploperennisor Z. perennis
asablocking-probe) gave strong fluorescencein both cases. Since
Z. diploperennis possesses the 180-bp repeat, fluorescence on
Z. luxurians chromosomes was not expected. Theseresults can
be explained if the ZL-THB regions are composed not only of
180-bp repeatsinterspersed with other sequences, but also of other
tandem arrays unique to Z. luxurians, which, according to our
GISH results, are probably located at the subterminal position.

INTRODUCTION

Maizeisone of the plantswhich has been most stud-
ied, but itsorigin, however, has not yet been solved. There
is much data indicating that maize (Zea mays ssp. mays)
with a chromosome complement of 2n = 20 isa cryptic
polyploid with an ancestral basic number of five (x =5).
Previous cytological findings supporting this hypothesis
are: @) the existence of chromosome pairing during the
meiosis of haploids (McClintock, 1933; Ting, 1985), b)
the secondary association of bivalents (VijendraDas, 1970)
and c¢) tridimensional chromosome distributionin somatic
metaphases, where the chromosomes form four groups of
5 chromosomes each (Bennett, 1983, 1984).

The genus Zea (Tribe Maydeae) is composed of two
sections: the L uxuriantes Section (Doebley & Iltis), which
includesthe perennials Z. diploperennislitis, Doebley &
Guzman and Z. perennis (Hitch.) Reeves & Mangel sdorf
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and the annual Z. luxurians (Durieu & Ascherson) Bird,
and the Zea Section with theannual Z. maysL ., which has
been divided into subspecies (Doebley and I ltis, 1980; Iltis
and Doebley, 1980). All the above mentioned specieshave
2n =20 except Z. perennis, which has 2n = 40.

Therelative affinity between the genomesin the ge-
nus Zea can be eval uated by measuring the associ ation of
the chromosomes of hybrids at diakinesis-metaphasel, a
method whichis particularly useful in hybridsfrom poly-
ploid species because pairing occurs in the same genetic
background. Since 1987 our team have been analyzing mei-
otic configurations in Zea species and their intra- and
interespecific hybrids. These studies, discussed bel ow, have
allowed usto record cytogenetic evidence confirming the
cryptic polyploid nature of the genus.

Meiotic behavior of 2n =30 hybrids

Themost frequent meiotic configurationsin 2n=30
hybrids were 5 trivalents (111) + 5 bivalents (I1) + 5 uni-
valents (1) (Figure 1). Most of the trivalents were of the
“frying pan” type, while bivalentswere homomorphic even
inthose casesin which significant differencesin chromo-
some size between parental specieswereobserved (i.e., Z.
perennis x Z. luxurians) (Molina and Naranjo, 1987;
Naranjo et al., 1990; Poggio and Naranjo, 1995), and there
isgenetic evidence supporting the hypothesisthat the uni-
valents could have originated from the 2n = 20 species,
whenthey occur in 2n=30 hybrids (Longley, 1924). There
isalso atendency for bivalentsto be spatially grouped; we
proposed that they could belong to aZ. perennis genome
(Molinaand Naranjo, 1987; Poggio and Naranjo, 1995;
Poggio et al., 1998, 1999b).

Meiotic behavior of speciesand hybrids
with 2n =20 chromosomes

The secondary association of bivalentswas observed
at diplotene-diakinesis, with amaximum of five groups of
two bivalentseach (Molinaand Naranjo, 1987; Naranjo et
al., 1990; Poggio and Naranjo, 1995), which could be evi-
dence of association between homol ogous chromosomes
belonging to different genomes.
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Figure1 - Genome formulas and meiotic configurationsfor Zea species and hybridswith and without
colchicine treatment. In untreated material: Black arcs of the top show the high-frequency meiotic
association. Green arcs below indicate meiotic low frequency association. In treated material: Grey
arcsindicate the new configurations that were observed and a proposed explanation for their forma-
tion. Datafrom: 1 =Molinaand Naranjo, 1987; Naranjo et al., 1990. 2 = Poggioet al ., 1990. 3= Naranjo
etal., 1994. 4 = Poggio, L. and Naranjo, C.A. (unpublished results). 5= Poggio et al., 1998; Poggio et

al., 1999b.

Inavariableproportion of cells, the 10 bivalentswere
divided into two groups of five bivalents at diplotene-me-
taphase | which, together with other evidence, indicatesthat
fiveisthe basic chromosome number (x = 5) of the genus
and suggeststhe separation of two relict genomes (desig-
nated as genomes A and B) (Naranjo et al., 1990; Poggio
and Naranjo, 1995). In aloplasmic maizelines (composed
of maize nuclei and Z. mays ssp. mexicana (teosinte) cy-
toplasm), the separation of bivalentsinto two groupswas
both noticeable and very frequent, suggesting that interac-
tions between the nucleus and the cytoplasm influence the
spatial separation of genomes (Poggio and Naranjo, 1995;
Poggio et al., 1997).

Another important characteristic observed in allo-

plasmiclinesand diploid hybridswasthat in about 20-50%
of pollen mother cells(PMC) at prophasel, Ml and Al, the
two groupsof bivalents, are asynchronous, showing adight
displacement in the progress of meiosis, one group of 5
bivalents being more advanced with respect to the other
(Poggio et al., 1997). Since this phenomenon iscommon
in interspecific and intrageneric hybrids (Bennett, 1983;
Jouve et al., 1977) it can be assumed that in Zea the two
groups of 5 bivalents each correspond to different ances-
tral genomes (genomes A and B), a hypothesis also sup-
ported by the presence of two nucleoli in 10% of the cells
inalloplasmiclinesand hybrids, each nucleoli being asso-
ciated with one of the groups of 5 bivalents (Poggio et al.,
1997).
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Treatment of speciesand hybrids
with dilute colchicine

Jackson and Murray (1983) demonstrated that dilute
colchicine applied at the onset of meiosis promotes
intergenomic pairing and reveals cryptic homologies in
amphiploids. Poggio et al. (1990) and Naranjo et al. (1994)
have studied the meiotic configuration of several Zea spe-
ciesand hybridstreated with colchicine. Theseworkershave
foundthat in Z. maysssp. mays(2n = 20) 1to Stetravaents
are formed, demonstrating that cryptic homologies exist
between the A and B genomes (described above), desig-
nated asAmand Bmfor Z. maysssp. mays(Figurel). InZ.
diploperennis (2n = 20) no quadrivalentswere found, and
no noticeable homol ogies between the Ad and Bd genomes
were detected (Ad and Bd corresponding to Z. diplope-
rennis genomes) (Figure 1). In Z. perennis (2n = 40) the
number of quadrivalentsincreased to ten, revealing some
cryptic homol ogieswithin the Ap genome and morewithin
the Bp genome (Ap and Bp corresponding to Z. perennis
genomes). The absence of octovalents demonstrated the
lack of homology between Ap and Bp genomes (Figure 1).
In Z. diploperennis x Z. perennis hybrids (2n = 30) the
frequency of trivalentsin cellsnot treated with colchicine
was 25% whilein col chicine-treated cellsit was 90%, but
hexaval entswere not observed in thishybrid. Theseresults
show greater homologies between Z. perennis B genomes
(Bp) and Z. diploperennis B genomes (Bd) than those de-
tectedin untreated materia (Figure 1). Inthehybrid Z. mays
ssp. mays x Z. perennis (2n = 30) therewasan increasein
trivaent frequency, and quadrivalent and hexavalent forma:
tion was observed in 30% of the cellsin agreement with
the homologies detected between Z. mays ssp. mays ge-
nomes Am and Bmin colchicine-treated material (Figure
1). Theformation of these hexaval ents constitutes one of
themost striking pieces of evidence supporting the hypoth-
esisthat maizeisacryptictetraploid while Z. perennisisa
cryptic octoploid (more details to be published later by
Poggio and Naranjo).

Poggio et al. (1990) and Naranjo et al. (1994)
showed that in speciesand hybrids of the genus Zea, colchi-
cine treatment may disrupt a bival ent-promoting mecha-
nism and reveal cryptic homologies, probably due to the
presence of Ph-like gene (Pairing homologous) such as
the Ph1 genewhich occur in Triticumaestivum (Feldman
and Avivi, 1988).

Itisinteresting to note that molecul ar studies (Moore
et al., 1995) are in agreement with our cytogenetic find-
ings and support the cryptic alotetraploid nature of maize.

Molecular cytogenetic analysis of
speciesand hybrids

Genomic in situ hybridization (GISH) allows chro-
mosomes from different parents or ancestorsto be distin-
guished by means of differential hybridization of entire

genomic probes (Bennett, 1995). Moreover, GI SH has pro-
ved to beavery useful technique to demonstrate affinities
among putative ancestors of Z. mays ssp. mays (Poggio et
al., 1998, 19993,b).

By applying GISH to Z. luxurians we demonstrated
that the DAPI positive bands located in all telomeric re-
gions of this species did not hybridize either with Z. pe-
rennis or Z. diploperennis genomic probes, whereas the
rest of the chomosome regions showed hybridization sig-
nals. Z. luxurianstherefore has arepetitive sequence that
can be used to identify its chromosomes by fluorescent
staining techniques (Poggio et al., 1999b).

We studied metaphasel in Z. luxuriansx Z. perennis
(2n=30) hybrids, which (similar to the previous crosses)
had ametaphase 1 chromosome complement of 5trivalents
+ 5 bivalents + 5 univalents asthe most frequent configu-
ration (Figure 1). When fluorescent techniques were em-
ployed, the distinctive telomeres of Z. luxurians were
found on the univalents but not on the bivalents (Poggio et
al., 1999b), findings which show that the formation of
bivalentsand univalentsis not arandom event. In Z. luxu-
rians x Z. perennis hybrids, bivalents result from pairing
between chromosomes from the two genomes of Z. peren-
niswith the exclusion of the corresponding chromosomes
from the Z. luxurians genome (Figure 1). In this hybrid,
bivalents from Z. perennis tend to be spatially separated
and are very often observed forming an independent group
of 5hivaents. The GI SH experimentsconfirm that genomes
belonging to different speciestend to occupy different do-
mainsin the nucleus, supporting the hypothesisthat there
isatendency to genome separation.

Repetitive sequences can be used as species makers
to differentiate chromosomes from different species. To
gain further insight into the nature of these sequences, we
present bel ow the results of further hybridization experi-
ments applied to different Zea specieswhich wehopewill
contribute to resolving many of the questions relating to
molecular affinities between our proposed genomes for
the genus Zea.

MATERIAL AND METHODS
Plant material

The source of material for cytogenetical anaysiswas.
Zeaperennis: Mexico, Jalisco, Ciudad Guzmén, Leg. Dra.
Prywer, cultivated at the” Ingtituto Fitotécnico SantaCatdina
(IFSC)” since 1962; Z. diploperennis. Mexico, Jalisco, Si-
errade Mananthan Occidental, 2 km from Las Joyas, Leg.
Rafael Guzmanand M.A. Guzman (No. 1120, Nov. 1980); Z.
luxurians: Guadagjara, Mexico Cult. No. 2228 (IFSC) and
Z. maysssp. maysline (SantaCatalina2), maintained in the
greenhouse of the IFSC.

Material s analyzed by the Southern blotting method
were: Zea mays ssp. mays (SC2 line and accession 13043,
IFSC) and thefollowing accessionsprovided by CIMMY T
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(Centro International de Mejoramiento deMaiz y Trigo):
Z. luxurians (9478), Tripsacum dactyloides, Z. diplo-
perennis (933) and Z. perennis (8837).

Cytological analysis

For fluorescent in situ hybridization seeds were
placed on Petri dishes on wet filter paper. Root tipswere
pretreated in 0.02 M 8-hydroxyquinolineand fixedin 3:1
(absolute a cohol:acetic acid). Fixed rootswerewashed in
0.01 M citric acid-sodium citrate buffer, pH 4.6, to remove
fixative, transferred to an enzyme sol ution containing 2 ml
of 2% cellulase (Onozuka R10) and 20% liquid pectinase
(Sigma). The softened material was again washed in the
abovebuffer solution. Finally, chromosomeswere squashed
onto didesinadrop of 45% acetic acid. Preparations show-
ing well-spread cellswere selected by phase contrast light
microscopy. After removing the coverdips (by freezing the
dides) theslideswereair-dried.

Molecular analysis
DNA probes

The following probes were used for in situ hybrid-
ization: 1) a 180-bp repeat of the maize heterochromatic
knob (Dennis and Peacock, 1984 - kindly provided by
CSIRO Plant Industries), 2) thepTa 71 plasmid containing
the 18S-5.85-25S ribosomal sequences from Triticum
aestivum (Gerlach and Bedbrook, 1979) and 3) genomic
DNA isolated from adult leaves of the three species of the
Luxuriantes Section (after Maniatis et al. (1982), with
minor modifications). All probeswerelabeled by random
priming with digoxigenin 11-dUTP (Boehringer, Mann-
heim, Germany) or by nick trandationwith biotin 14-dUTP
(Bionick Labeling System, Gibco BRL).

Southern-blot hybridization

For thistechnique, 10 ug of DNA from each of the
specieslistedin plant material wasdigested with Hindl I,
EcoRl, Rsal and Pstl endonucl eases. Fragmentswereelec-
trophoretically separated on 0.8% agarose gels, blotted on
nylon membranes and hybridized with digoxigenin labeled
knob-specific probe (Maniatiset al., 1982), with post-hy-
bridization washes under high stringency conditions.
Immunodetection of probeswas carried out according to
the manufacturer’ sinstructions (Boehringer-Mannheim).

Fluorescent in situ hybridization

The technique, slightly modified, of Cuadrado and
Jouve (1995) was used. Slide preparationswereincubated
in 100 ug/ml DNAse-freeRNAsein2x SSCfor 1 hat 37°C
inahumidified chamber and washed threetimesin 2x SSC
at room temperaturefor 5 min. The slideswere post-fixed

in freshly prepared 4% (w/v) paraformaldehydein water
for 10 min, washedin 2x SSC for 15 min, dehydratedina
graded ethanol seriesand air dried. The hybridization mix-
ture consisted of 50% (v/v) deionized formamide, 10% (w/
v) dextran sulphate, 0.1% (w/v) SDS and 0.3 mg/ml of
salmon sperm DNA in 2x SSC, followed by adding 100 ng
of labeled probeto 30 ul of hybridization mixturefor each
dlide. In some cases, ablocking procedure (Bennett, 1995)
wasapplied by adding unlabeled DNA from adifferent spe-
ciesand labeled total DNA probefrom the same speciesin
aproportion of 10:1, respectively. The hybridization mix-
ture was denatured for 15 min at 75°C, loaded onto the
dlide preparation and covered with aplastic coverdip. The
dlides were placed on a thermocycler at 75°C for 7 min
(denaturation), 10 min at 45°C and 10 min at 38°C. The
dlides were then incubated overnight at 37°C for hybrid-
ization.

Following hybridization, coverslips were carefully
floated off by placing the slidesin 2x SSC at 42°C for 3
min and then given astringent wash in 20% formamidein
0.1x SSC at 42°C for 10 min. The slides were washed in
0.1x SSC at 42°Cfor 5min; 2x SSCfor 5minat 42°C and
transferred to detection buffer (4x SSC, 0.2% (v/v) Tween
20) for 5min at 42°C and 1 h at room temperature.

To detect digoxigenin-labeled probes, slides were
treated with sheep antidigoxigenin FITC (fluorescein
isothyocyanate) (green fluorescence) whilefor biotin-la-
beled probesthey weretreated with streptavidine-Cy3 con-
jugate (red fluorescence) or avidin Texasred. Slideswere
then treated with 2.5% (w/v) BSA in detection buffer and
incubated in a 1/40 solution of the corresponding antibody
in detection buffer containing 2.5% BSA for 1 h at 37°C
and washed 3 timesin detection buffer for 10 min at room
temperature.

Slides were counterstained with 1 pg/ml of 4’'6-
diamidino-2-phenylindole (DAPI) in Mcllvaine' scitrate
buffer, pH = 7, for 10 min at room temperature and then
mounted in anti-fade solution. Slideswere examined with
a Carl Zeiss Axiophot epifluorescence microscope with
appropriate Carl Zeissfilters. Photographsweretaken us-
ing Fuji color super G400 color print film.

RESULTS AND DISCUSSION

We performed several molecular hybridization ex-
perimentsto obtai n information about the DNA sequences
which form the DAPI-positive telomeric regions of Z.
luxurians chromosomes but which are not present in the
other members of the Zea section. These experimentsare
described bel ow.

In situ hybridization using the knob sequence
asaprobe for Z. luxurians chromosomes

Termina heterochromatic blocksof Z. luxurians (ZL-
THB) look like those of Z. mays ssp. mays (maize) when
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observed using conventional C-banding techniques (Tito et
al., 1991) or by DAPI counterstaining (Figure 2A, C, and
D). We therefore decided to assess the homology of the
ZL-THB with respect to the 180-bp repeat (Dennis and
Peacock, 1984) contained in maize heterochromatic knabs.

We performed an in situ hybridization experiment
probing the knob sequence on mitotic chromosomes of Z.
luxurians in which we observed that all DAPI-positive
telomeric regionsfluoresced (Figure 2B, D, F), indicating
that the ZL-THB contain the 180-bp repeat.

Southern blot analysisusing the knob
sequence asaprobe

Dennis and Peacock (1984) reported that the knob
seguenceisalso the major component of heterochromatic
knobsin the annual grassteosinte (Z. mexicana, Mexican
teosinte, and Z. luxurians, Guatemalateosinte), aswell as
in Z. diploperennis and Tripsacum. We confirmed these
findings by Southern blot analysisand al so demonstrated
that Z. perennis (or at least the accessions we used) lacks
the knob segquence.

Genomicinsitu hybridization of
Z. luxurians chromosomes

As previously mentioned, GISH experiments had
demonstrated that ZL-THB regionsare not present on ei-
ther Z. perennisor Z. diploperennischromosomes (Poggio
etal., 1999b). The ZL-THB region should, therefore, be
composed of more than one sequence, as the 180-bp re-
peat is not unique to Z. luxurians within its section, and
in order to confirm thiswe performed other GISH exper-
iments.

We carried out the hybridization procedure on mi-
totic chromosomes from Z. luxurians using |abel ed total
genomic DNA from Z. luxuriansasaprobe, blocking with
unlabeled DNA from Z. perennis (Figure 2H) or Z. diplo-
perennis (Figure 2J). In both cases strong fluorescence
was only present on telomeric regions having the same
position as DAPI-positive bands (Poggio et al., 1999b).
Taking into account the observed homol ogies of the knob
sequenceto ZL-THB region thisresult was expected when
using Z. perennisasablocking agent. However, lack of fluo-
rescenceinthe ZL-THB region should have been observed
when GI SH was performed using unlabeled DNA from Z.
diploperennis, sincethis DNA should block thetelomeric
region because of its homology with the knob sequence.
We have thus concluded that the ZL-THB region contains
not only the 180-bp repeat, but also other tandem arrays
uniqueto Z. luxurians. Infact, Figure 2J (blocked with Z.
diploperennis) showsthat fluorescent regions seemto be
smaller and subterminal in most chromosomes compared
to Figure 2E (blocked with Z. perennis), suggesting that
the unique Z. luxurians sequence is probably located at
the subterminal position.

Southern blot analysisusing the knob sequence
asaprobeon Z. luxurianscleaved DNA

Previous work has shown that some endonucleases
(including Hindl11, EcoRlI, Rsal and Pstl) cleavetotal ge-
nomic DNA from Z. luxuriansin such away that aladder
pattern can be visualized with ethidium bromide, but these
endonucleases do not have recognition siteson the 180-bp
repeat (Poggio et al., 1999c).

However, when we performed Southern blot analysis
using DNA from Z. luxurians digested with these endonu-
cleases and hybridized with knob probe, we surprisingly
observed that the probe hybridized producing aladder pat-
tern. Thefact that the endonucl eases empl oyed do not have
recognition sites on the 180-bp repeat suggeststhat in Z.
luxurians another sequence with target sitesfor these en-
zymes could be interspersed with the knob repeat and be
organized with them in a tandem array. These arrays of
“knobs plus other sequenceswith target sitesfor endonu-
cleases’ arelocated onthe ZL-THB regions aswas dem-
onstrated by using GISH (Figure 2F).

Z. mays ssp. mays and Z. diploperennis showed on
Southern blot analysis a unigue band of homology when
hybridized with knob probe. Indeed, Phel psand Birchley
(1997) stated that the 180-bp repeat seemsto be the only
sequence present in heterochromatic knobs of Z. mays ssp.
mays. However, Ananiev et al. (1998) found aTr-1 tandem
repeat array up to 70 kb in length interspersed with
stretches of 180-bp tandem arrays. A similar type of array
could be present in Z. luxurians. Nevertheless, the inter-
spersed array would be adifferent sequence because of the
different patterns observed among the Zea speciesthat were
cleaved with the endonucleases and hybridized with the
knob probein our Southern blot analysis.

These observationsindicate animportant differentia-
tion between the species of the genus Zea. A more detailed
study on the organization of tandem arrays will perhaps
provide aclueto determinethe evol utionary relationships
between these species, research that iscurrently in progress
inour laboratories.

Genomicinsitu hybridizations of Z. mays
ssp. mays chromosomes

The heterochromatic knobsfrom Zea mays ssp. mays
correspond to DAPI-positive bands on mitotic chromo-
somes of maize (Sumner, 1990). The distribution, number
and size of knobsvary among different linesof maize. The
GISH experiment using Z. luxuriansasaprobe for maize
chromosomes showed stronger fluorescence in the knob
regions than in the rest of the chromosome (Figure 2L).
The same cell re-hybridized with Z. diploperennis as a
probe produced strong fluorescence on the whole chro-
mosome, including the knob regions (Figure 2M). Similar
resultswere observed in other cells (Figure 2Q) suggest-
ing that the affinity between Z. diploperennisand Z. mays
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Figure2- A-J, Mitotic cellsof Z. luxurians. A, Metaphase. C, Prophase. A, C, E, G, |, DAPI counterstaining. B, D, F, FISH using knob probe, detected with
yellow green FITC (arrows indicate some of the telomeric regions with fluorescent regions coincident with DAPI + bands). E, Detail from four prophase
chromosomes. H, GISH using DNA from Z. luxurians as aprobe, detected with red Cy3, blocked with DNA from Z. perennis (arrows indicate some of the
regions with strong fluorescence coincident with DAPI + bands). J, GISH using DNA from Z. luxurians as a probe detected with yellow green FITC,
blocked with Z. diploperennis (arrowsindicate some of the subtelomeric regions with fluorescence coincident with the DAPI + bands). K-Q, Mitotic cells
from Zea maysssp. mays. K, N, P, DAPI counterstaining. L, GISH using Z. luxurians DNA as a probe detected with avidin Texasred (arrowsindicate some
of the regions with strong fluorescence coincident with DAPI + bands). M, GISH using Z. diploperennis DNA as a probe detected with avidin Texas red.
O, GISH usingtotal DNA from Z. perennis asaprobe detected with yellow green FITC (arrows show some of theregions of DAPI + bands exhibiting weaker
fluorescence). Q, Double exposure photograph using total DNA from Z. diploperennis as a probe (red) and pTa 71 (yellow green, indicated with arrows).
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ssp. maysisgreater than that between Z. luxuriansand Z.
mays ssp. mays.

Whentotal DNA of Z. perenniswas probed onZ. mays
ssp. mayschromosomestheresultswerein agreement with
Southern blot analysis. AsZ. perennislacksthe 180-bp re-
peat, weaker fluorescence was observed in the regions cor-
responding to heterochromatic knobs (Figure 20). Inter-
estingly, GISH analysisalso revea ed that the Z. perennis
probe does not hybridize uniformly with Z. mays ssp. mays
chromosomes.

Thispattern of labeling could indicate that more than
one speciesmay have beeninvolved inthe origin of maize
and that rearrangements between genomes could have oc-
curred | ater, an ideawhichisin agreement with the proposed
cryptic alloploid nature of maize.
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