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SUMMARY

We have isolated a new family of moderately repetitive nucleotide sequences (about 2500 copies per haploid genome)
specific to the genus Zea and absent in other graminaceous species. These sequences are interspersed in the genome and
they show the same genomic organization pattern and similar copy number in all the Zea species examined. These two facts,
consistency in the copy number and the same organization pattern, would indicate on the one hand that these sequences
were amplified before the divergence of Zea species, and on the other hand that maize and all the teosintes could be considered
as the same evolutionary population. Independent clones corresponding to the repetitive sequences have been isolated and
sequenced from a genomic library of the teosinte, Zea diploperennis. The repeats, flanked by Haelll sites, are more than 70%,
G + C-rich, on average 253 bp long and show 78%, similarity to each other. These repetitive sequences are in a highly
methylated-C context and they present some features resembling those of coding sequences, such as high CpG and low TpA
content, and similar codon usage to maize genes in one of the reading frames. Moreover, the repetitive probe hybridizes with
RNA extracted from different tissues of maize and from teosinte, indicating that these repeats or similar ones are present
in transcribed sequences.

INTRODUCTION short evolutionary time scales occur at a higher rate in

repetitive DNA (Hinegardner, 1976) than variations in

The genus Zea is a good system to study the variation
rate among nt sequences, due to the close evolutionary
relationships among its members {(Walbot, 1983; Doebley
et al.,, 1987). Variations in nt sequences during relatively
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coding regions that diverge more slowly. An intermediate
situation is represented by the coding sequences of storage
protein genes where selective pressures may not be so
strong as for important structural or regulatory genes (Kreis
and Shewry, 1989). Maize and other cereal genomes
contain more than 709, of repeated sequences (Flavell
et al., 1974; Bennett and Smith, 1976).

The nt sequences can be classified into three broad
groups according to the frequency of reiteration: unique
(one or a few copies per haploid genome), moderately
repetitive (thousands to hundreds of thousands copies),
and highly repetitive (millions of copies) (Britten and
Kohne, 1968; Vedel and Delseny, 1987). Another classifi-
cation refers to the organization of sequences in the genome:
tandemly repeated sequences or sequences interspersed
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throughout the genome. The latter seems to be the case for
the majority of maize repetitive sequences which are mainly
organized in a short interspersion pattern, where repeated
sequences of 100-300 bp in length are interspersed with
unique or other repetitive sequences (Hake and Walbot,
1980). The function and the origin of most repetitive se-
quences remain unknown, some of them might play a
regulatory role in the control of gene expression or in
recombination, while others might be involved in the struc-
tural organization of the genome. Some of the repetitive
sequences, especially those with long-period and short-
period interspersion patterns, are either transcriptional
units for discretely sized RNAs themselves and/or they are
extensively homologous to discretely sized RNAs that are
transcribed elsewhere (Jelinek and Schmid, 1982).

Here, we report on a moderately repeated family of
nt sequences interspersed in the genome of the teosinte
Z. diploperennis, one of the putative ancestors of cultivated
maize (Iltis et al.,, 1979; Mangelsdorf, 1986). These se-
quences are present in the DNA of all Zea spp. examined,
with the same genomic organization and similar copy
number. This fact will be discussed in relation to the
putative mechanisms that have operated in the evolution of
these sequences and the phyletic relationships among Zea
species. These plant repetitive sequences are restricted to
one genus and the first for which sequence information is
available.

RESULTS AND DISCUSSION

(a) Isolation and sequence analysis of repeated Haelll
sequences

A genomic library of Z. diploperennis DNA was made
using the ACharon35 vector. The library was screened with
a cDNA probe corresponding to the maize storage protein
glutelin-2 (Prat et al., 1985) and is 66% G + C-rich. A
number of clones showed a 250-bp fragment hybridizing
with the glutelin-2 cDNA probe in the Haelll digest. The
sequences of Haelll fragments corresponding to five inde-
pendent clones are shown in Fig. 1. These elements, referred
to as ZEAR elements, have an average length of 253 bp,
ranging from 231-270 bp. They show, on average, 78,
similarity, the highest being between ZEAR 270 and ZEAR
266 (86%,) and the lowest between ZEAR 260 and ZEAR
231 (70%). Differences have the character of deletions/in-
sertions and nt substitutions, with 80%, of the substitutions
being transitions. They are not scattered randomly; the first
65 bp of the sequences are identical except for one substi-
tution in ZEAR 266.

ZEAR sequences are very G + C-rich: 74%, on average,
compared to 49.5%, for the maize genome as a whole (Hake
and Walbot, 1980). Moreover, these sequences show a

pronounced strand asymmetry, with 479, G vs. 27%, C and
20% Avs. 6% T,i.e., 67% purines. Strand asymmetry has
also been reported for coding sequences of flax 5S DNA
(Goldsbrough et al., 1982) and maize autonomously repli-
cating sequences (Berlani et al., 1988), although no similari-
ty can be found between these and ZEAR members. This
unusual nt distribution is also reflected in the content of
certain dinucleotides: the %, of CpG and TpA are, on
average, respectively, 22% higher and 399, lower than
expected (corrected for nt frequencies). High CpG and low
TpA content has been reported as typical of either DNA
coding sequences or those that are transcribed but not
translated (Beutler et al., 1989).

When the sequences are organized in the reading frame
shown in Fig. 1 the codon distribution fits well with the
codon usage described for maize genes (Murray et al.,
1989). Interestingly, gaps introduced by the computer pro-
gramme to increase the similarity of the sequences are
multiples of three. However, the number of substitutions is
roughly the same at the three positions of the putative
codons depicted in Fig. 1, in contrast to coding sequences
where the number of substitutions is higher at the third
position of the codons (Li et al., 1985).

A data bank search revealed no significant similarities
between ZEAR members and a number of repetitive se-
quences, as for example CAT repetitive sequences from
yeast (Widelman et al., 1986). Although the observed se-
quence similarities most likely do not have any functional
meaning, it is worthwhile to point out that the overwhelming
majority of them was found with the last region of ZEAR
molecules (data not shown).

The ZEAR elements are themselves very repetitive, hav-
ing 19 perfect direct repeats ranging from 10 to 16 nt (for
ZEAR 270), with only one present in the first 65 bp (results
not shown). This fact, together with the conservation of the
5" region of ZEAR sequences and the absence of any
similarities between that region and data bank sequences,
suggests a different evolutionary pathway for the two
regions of ZEAR sequences. This could be explained if
these regions had evolved at different rates, and the conser-
vation of the sequence from nt 1-65 might then reflect
selection against mutation in it.

(b) Genomic organization

Genomic organization of the ZEAR family was analyzed
by Southern hybridization of different teosinte genomic
digests probed with ZEAR 270 (Fig. 2A). Enzymes recog-
nizing 6 bp give bands from approx. 20-1.8 kb with
background hybridization, while Haelll, recognizing 4 bp,
gives discrete bands (within a smear) ranging from
1600-250 bp. The latter band represents approx. 78%, of
the DNA hybridizing to the ZEAR probe and it has the
same length as the ZEAR elements sequenced. This pattern



153

ZEAR 270 CC GTC GAG CGC TCC GGG CTC GAG GGC TCG GAC TCG GAC 68
ZEAR 266 .
ZEAR 260

ZEAR 2317

ZEAR 231

ZEAR 270 GAG GAC GAG GAC GAC GAT GAC GAC GAC GGC GAC GAC GAC GAC GGF 6GEC GAC GGC GAC GGC 137
ZEAR 266 ee see e e wee 00€ et wee wen wne 20T win eun v Ry sy wse een AG. A..
ZEAR 260 .. G. ..C vee WRie eee ene 3B G. it ous sps AT ... ==-
ZEAR 237 P N T vve «2s .GT ... .G. A.C ... .6, ,.. AGG ...
ZEAR 231 e - e N Ve PN

ZEAR 270 AGC GGC GGT GGC AGG AGC AGC GGC GAC GGC GGC GGC AGC AGG GGC AGC ACC AGA GGC GGC AGC AGC ARG 206

ZEAR 266 G.T ... A.A ... .. CG.. G.. ... A.G .A. .A. .A. G.. === ... .. G .G. G.C ... .A. . .G.

ZEAR 260 -~~~ ,,T .A. ¢++., +.CG,. ..6 ..T .G. A.. A.. .¢:+ ... +A. \A, G.TGA. G.C ... +.+. +., ..G GGC
ZEAR 237 che wes o€ iy WAL BAL === AL ... sec BAilr ter tie dee sae 0 GAL GG tah see e eee s

ZEAR 231 206G Lo e C ... GAT GAT --- ... ... ... A.. === G.. +tes 2408 Gow === G.T .A. v+ +v4s +.G ===

ZEAR 270 GGT AGC ACC ARG GGC GGC GGC AGC AAG GGC AGC ACC AAG GGC GGC GAC GGC GGC AGG GGC RGG G 270
ZEAR 266 F < e < T < Y T T

ZEAR 260 ++s» G.. GG. .GC A.. A.G ... ... ..TA.GG.. G6. .GC ,y. ... .G. A.. RA. ... ..G

ZEAR 237 o€ til vee ses vee .TALL G, === ... G.. B, === === —-=~ -—— --- AA,

ZEAR 231 LI T ¢ B el

Fig. 1. Sequence comparison of five repetitive members from the ZEAR family of Z. diploperennis. The longest sequence, ZEAR 270, is represented in
its full length, while in the others only the nt different from ZEAR 270 are given. Dashes represent gaps, introduced to increase the similarity of the five
sequences. These ZEAR elements were isolated from five independent clones purified from a genomic library that was constructed on ACharon35 vector
(Loenen and Blattner, 1983) according to standard procedures (Maniatis et al., 1982). Sequencing reactions were performed on both strands according
to Biggin et al. (1983) using the T7-Sequencing Kit from Pharmacia and phage M13 clones generated by cloning subfragments. Sequence analysis was
carried out by means of MicroGenie software from Beckman (Queen and Korn, 1984). These nt sequences will appear in the EMBL/GenBank Sequence
Databases under accession Nos. X53607 (ZEAR 231), X53608 (ZEAR 237), X53609 (ZEAR 260), X53610 (ZEAR 266) and X53611 (ZEAR 270).

is characteristic of repeats that are in unique environments correspond to tandem array repeats, characterized by the
(Evans et al., 1983). To confirm this possibility, a time- appearance of bands corresponding to multiples in size of
course digestion of teosinte DNA was performed with the monomer (ladder pattern) and, eventually, by the dis-
Haelll (Fig. 2B). Although some major bands can be seen appearance of the larger bands (Vedel and Delseny, 1987).
at short times of digestion, the pattern observed does not On the other hand, all of the final bands (marked with
A B
S E B HIH 0 3 69M1R11B2AN 30 60 90 min
i bp
-21.2
| 15807 =
-0.98 .9107
- 280~

-0.15

Fig. 2. Restriction analysis of genomic DNA. (A) Z. diploperennis genomic DNA restricted with several enzymes and probed with ZEAR 270. Teosinte
DNA was digested to completion with Sall (S), EcoRI (E), BamHI (B), HindIIl (Hd) and HaellIl (H). Positions and approximate sizes (in kb) of M,
markers are shown on the right margin. (B) Haelll time-course digestion of Z. diploperennis genomic DNA fragments homologous to the ZEAR 270
sequence. Digestion was with a threefold excess of enzyme and 0.1 ug DNA/ul. At different times, 50 ul aliquots were inactivated by heating at 65°C
in the presence of 10 mM EDTA, and were ethanol-precipitated. Times of digestion (min) and sizes of the major final bands (bp) are indicated. Genomic
DNA was isolated from leaves as described (Burr and Burr, 1981), and purified through CsCl gradient (Maniatis et al., 1982). Digested samples were
size-fractionated in 19, agarose gels and blotted onto nylon membranes (Hybond-N, Amersham, U.K.) according to the protocol recommended by the
supplier. DNA probes were purified by agarose gel electrophoresis, labelled with 32P by nick-translation (10® cpm/ug DNA) and ligated with T4 DNA
ligase. Free nt were removed by gel filtration on Sephadex G-50 columns. Filters were pre-hybridized in 1.5 x SSPE/17, SDS/0.59%, non-fat powdered
milk/0.25 mg of denatured salmon sperm DNA per ml at 65°C for 2-6 h. Hybridizations were carried out under the same conditions for 14—18 h. Final
washes were in 0.1 x SSC/0.1% SDS at 65°C. Hybridized filters were exposed to Agfa Curix RP2 film at —80°C with an intensifying screen for 7 h.
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arrowheads in Fig. 2B) increase in intensity at the same
time, suggesting that all these fragments are independently
liberated. We conclude that the ZEAR repeat family is
dispersed in the genome with some clustering. It is also
possible that such a pattern of hybridization corresponds to
larger units of repetition, with all or some of them containing
ZEAR repeats (Evans et al., 1983; Gupta et al., 1984).

Estimation of copy number of ZEAR repeats by genomic
reconstruction was done by slot blot analysis of total
teosinte DNA, using ZEAR 270 element as a probe. The
copy number was estimated to be 2500 per haploid genome
of teosinte (results not shown) assuming 2.64 pg to be the
haploid genome content of Z. diploperennis (Laurie and
Bennett, 1985). The copy number may be underestimated
by 2.2 to 10.5%, (depending on the tissue) due to the contri-
bution of chloroplast and mitochondrial DNA to the total
amount of genomic DNA assayed, but corresponds to a
moderately repetitive family of sequences (Britten and
Kohne, 1968; Vedel and Delseny, 1987).

(¢} Methylation of ZEAR sequences

The high G + C content of ZEAR repeats, the fact that
repetitive sequences seem to be prone to methylation (Sel-
ker, 1990), and the predominance of transition mutations
among these repeats, prompted us to investigate the methy-
lation status of this family of repetitive sequences. The
nuclear DNA of higher plants is highly methylated at C
residues, for example, 26.7-29.3%, of maize DNA C’s are
methylated (Shapiro, 1976). The methylation of C residues
in plants occurs at C-X-G trinucleotides as well as C-G

dinucleotides (Gruenbaum et al., 1981). These nt arrange-

ments are present in the recognition sequences of two pairs
of restriction endonuclease isoschizomers: Hpall/Mspl
and EcoRI1/BstNI, recognizing CCGG and CCAGG or
CCTGG, respectively. Hpall and EcoRII do not cut DNA
when the internal C is methylated, whereas Mspl and BstNI
do so in the same situation (McClelland and Nelson, 1983).

When genomic DNA of Z. diploperennis was digested
with these four enzymes and probed with ZEAR 270, bands
of low M,, ranging from 2000-300 bp, were observed only
in the case of BstNI, although slightly more digestion and
background hybridization can be seen with MspI compared
to Hpall (Fig. 3). The majority of DNA digested with
Hpall, Mspl and EcoRII remains as high M, but this is not
due to incomplete digestion, because phage 4 DNA used as
an internal control was completely digested and bands of
chloroplast DNA can be seen (results not shown). The
inability of Mspl vs. BstNI to digest teosinte DNA and to
liberate ZEAR repeats can be explained by the high degree
of methylation at external C’s in the sequence CCGG. Mspl
does not cut DNA when these C’s are methylated, whereas
BstNI is insensitive to any methylation (McClelland and
Nelson, 1985). These results indicate that teosinte DNA is

kb

| Hpall

| Mspi
j | EcoRnl

[ Bstwi

-21.2

Fig. 3. Methylation context of ZEAR clements. Z. diploperennis genomic
DNA was digested to completion with the isoschizomers Hpall/Mspl,
and EcoRI1/BstNI (as was shown by A DNA used as an internal control),
electrophoresed in a 1.2% agarose gel and probed with ZE4AR 270.
Positions and sizes (in kb) of M, markers are indicated. Conditions of
blotting, hybridization, washing and exposure of the filters were as
indicated in Fig. 2.

highly methylated at C residues recognized by methyl-sensi-
five endonucleases, and also that ZEAR members are in a
highly methylated context.

We assume that many of the C’s in ZEAR repeats have
been methylated and considering that 17 out of 19 CT
substitutions are followed by G’s {(and the other two by
AG?’s), it is tempting to attribute these transitions to
deamination of 5-methyl-C.

(d) Species distribution

To determine the species distribution and the relative
abundance of the ZEAR family, total DNA of maize,
several other cereals and two dicotyledonous plants were
compared to teosinte DNA for hybridization with ZEAR
elements by Southern-blot analysis (Fig. 4A). Rice, wheat
and barley DNAs gave rise to a smear and some bands, but
in no case did the intensity and pattern of bands correspond
with those of teosinte DNA. There was no detectable
hybridization with sorghum, rapeseed and tobacco DNAs.
Interestingly, maize and teosinte DNA gave exactly the
same pattern of bands of approximately equal intensity,
suggesting that ZEAR elements are specific to the genus
Zea and that the structure is conserved. To confirm this
hypothesis, DNAs from different species of the genus Zea
and related taxa were digested with Haelll and subjected
to Southern hybridization analysis using ZEAR 270 as a

probe. These species included several teosintes (Z. mays
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Fig. 4. Genomic Southern blots of different monocot and dicot DNAs hybridized against the ZEAR 270 element. Digestion (10 ug of DNA per lane)
was with Haelll. Sizes (in kb) of M, markers and their position on the gel are indicated. (A) Southern corresponding to different gramineous and dicot
species. (B) Southern corresponding to maize and species closely related with it: Z. mays ssp. mays inbred line W64 A (W) and Palomero Toluquefio
race (PT), Z. mays ssp. mexicana (ZM), Z. luxurians (ZL), Z. diploperennis (ZD), Z. perennis (ZP), Tripsacum dactyloides (TD), Saccharum officinale (SO)
and Coix lacryma-jobi (CL). Conditions of blotting, hybridization, washing and exposure of the filters were as indicated in Fig. 2.

spp. mexicana, Z. luxurians, Z. diploperennis and Z. peren-
nis), Z. mays ssp. mays (race Palomero Toluquefio and
inbred line W64A), Tripsacum dactyloides, Saccharum offici-
nale and Coix lacryma-jobi (Fig. 5). The results are pre-
sented in Fig. 4B. All teosinte and maize spp. showed the
same pattern of bands and all but Z. perennis similar band
intensities, whereas Tripsacum, Saccharum and Coix DNAs

did not show significant hybridization with the ZEAR
probe (Fig. 4B). This indicates that the ZEAR family is
restricted to the genus Zea. Although ZEAR sequences
from maize and other teosintes are not available, we pre-
sume that they are quite similar to those of Z. diploperennis,
on the basis of Southern experiments performed with high-
stringency hybridization and washing conditions. With one

Monocotyledoneae

Poales

[
Gramineae (» Poaceae)

//\

CLASS

ORDER

FAMILY

SUBFAMILY Festucoideae

TRIBE Triticeae Aveneae Oryzeae

SUBTRIBE Triticinae Hordeinae

GENUS Triticum Secale Hordeum Avena

SECTION

Oryza Tripsacum Zea Coix

Zea

Panicoideae

Paniceae

Andropogoneae

Tripsacinae Coicineae Arthraxoninae

Sorghum Saccharum Pennisetum

Luxuriantes

T

SPECIES

SUBSPECIES

Z.mays Z.luxurians Z.perennis Z.diploperennis

mays mexicana parviglumis

Fig. 5. Taxonomic tree of Gramineae and Zea. The tree has been made on the basis of taxonomic data reported by other authors (Doebley and Iltis,

1980; Bietz, 1982; Clayton, 1983, Mangelsdorf, 1986).
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exception (Z. perennis), the variativh 1&5’ cOpY fiumber is as
much as 259, compared with' Z. diploperérninis; taking into
account the difference in haploid genome DNA content
(Laurie and Bennett, 1985) and the differerice i intensity
of bands stained with ethidiuim bromide. In Z. perennis
there are 70%, fewer copies than i Z. diploperennis.

The consistency of the orgafization and the constaney in
copy number of ZEAR repeats within the Zea spp. indicates
that these sequetices were amplified before the divergence
of Zea spp. and then selection against vatiation in the
organization and copy humber must have oceurred. Alter-
natively, concerted evolution by homogenization mecha-
nisms such as gene conversion may have occurred (Evans
et al., 1983; Ganal et al.; 1988). Gene conversion has been
shown to occur between dispersed repeats within a chromo-
some, between homologous and nonhotiologous chromo-
somes (Li et al., 1985 and references therein). As maize
(2n = 20) gives F, fertile hybrids with all the teosintes
having 2n = 20 (Wilkes, 1977; Mangelsdorf, 1986), the in-
terchange of genetic information during meiosis between
‘homologous’ chromosomes of two different Zea spp. is
probable. However, when maize is crossed with Z. perennis
(2n = 40), it gives 3n F, hybrids with a tendency to sterility
{Mangelsdorf, 1986). In this case, the interchange of genetic
material between ‘homologous’ chromosomes would be
more difficult. As gene conversion causes no change in gene
number (Li et al., 1985), it is reasonable to envisage that the
conservation of the genomic organization and the consis-
tency in the copy number of ZEAR elements among Zea
spp. have taken place by gene conversion. On these bases
Zea spp. should be considered as one evolutionary popula-
tion and not only maize and Mexican teosintes (as Z. mays
spp. mexicana and Z. mays ssp. parviglumis races) as has
been suggested by Dennis and Peacock, 1984. The ZEAR
fathily of repetitive sequences must be regarded as a differ-
ential trait of the genus Zea and may be useful for the
analysis of somatic hybrids and the progeny of plants in-
volving Zea species, or in taxonomic studies.

(e) Transcription of ZEAR elements

To assess whether the ZEAR repetitive sequences are
present in transcribed RNAs, as has been shown for other
dispersed repetitive sequences (review in Jelinek and
Schmid, 1982), NortheYii ¢xperiments were carried out with
total and poly(A)* RNA from several tissues of maize and
total leaf RNA from Z. perennis and Z. diploperennis
(Fig. 6). The ZEAR 270 element hybridized in all the cases
with a discretely sized RNA of approx. 820 nt (Fig. 6). This
RNA band hybridizing with the ZEAR probe is also present
in the poly(A)* RNA fraction (Fig. 6, lane C + ). These re-
sults can be explained by considering that ZEAR elements
or related sequences are transcribed as a part of longer
nt sequences (containing these elements), as it has been
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Fig. 6. Northern analysis of RNA extracted from several tissues of maize
and from teosintes, probed with ZEAR 270. Total RNAs (10 pug/lane)
were isolated from leaf (L), root (R), embryo (Em), endosperm (Ed) and
coleoptile (C) (Logemann et al., 1987). Poly(A)" -enriched RNA from
maize coleoptile (C + ) (0.5 ug/lane) was purified by oligo(dT)-cellulose
chromatography as described in Prat et al. (1985). RNAs were fractionat-
ed in 1.5% agarose/2.2 M formaldehyde gels (Lehrach et al., 1977) and
blotted onto nylon (Hybond-N, Amersham, U.K.), according to the
protocol recommended by the supplier. The probe was prepared as
described in Fig. 2. The filter was prehybridized in 2.5 x SSPE/507,
formamide/5 x Denhardt/0.5% SDS/0.25mg of denatured salmon
sperm DNA per ml at 42°C for 4 h. Hybridization was carried out under
the same conditions for 18 h. Final washes were in 0.1 x SSC/0.1%, SDS
at 65°C. Exposure was with intensifying screen at —80°C for three days.

reported for Alu sequences (Jelinek and Schmid, 1982).
Differences in band intensity, depending on tissues, might
be explained by a distinct level of tissue expression (Jelinek
and Schmid, 1982; Lewin, 1982).

The evidence that ZEAR or ZEAR-like sequences are
present in RNA transcripts suggests that the generation of
ZEAR members in the Zea genome could have taken place
through an RNA intermediate, as it has been postulated for
other interspersed transcribed families of repetitive se-
quences (Rogers, 1985; Weiner et al., 1986). The possibility
that ZEAR elements are part of ORFs and that these
elements are translated remains to be investigated.

(f) Conclusions

(1) We report here on the molecular characterization of
a moderately repetitive family of dispersed nt sequences
from Z. diploperennis which is present in all the Zea spp. but



not in related taxa. These Zea spp. share the same organi-
zation pattern and consistency in copy number (except for
Z. perennis) of ZEAR repeats. Therefore, Zea spp. should
be considered as one evolutionary population.

(2) ZEAR members can be regarded as a composite of
two sequences. The first part (65 bp) is almost invariable,
with few internal repetitions and no similarities with foreign
sequences. The second part of the sequence is much more
variable, with many internal direct repeats and with a
certain degree of similarity with other data bank sequences.
We suggest that the appearance of ZEAR sequences occur-
red simultaneously with that of the genus Zea and was
followed by their amplification.

(3) Sequence comparisons reveal the predominance of
transition vs. transversion mutations among single mu-
tational events. The high methylation context of ZEAR and
flanking sequences and the fact that all of the CT
transition mutations occur in the C-methylation sequences
observed in plants, suggest that these transitions may have
resulted from the deamination of 5-methyl-C giving rise to
T, during the evolution of Zea spp.

(4) The sequences of the five family members studied
have interesting features themselves, namely: very high
G + C content, pronounced strand asymmetry, high CpG
and low TpA dinucleotide content and codon usage in one
of the reading frames similar to that observed in maize
genes. However, the frequencies of nt substitutions (roughly
similar for the three codon positions) do not correspond to
those usually observed in regions coding for proteins.

(5) ZEAR or ZEAR-like sequences are present in RNA
transcripts from several tissues of maize and from Z. diplo-
perennis.
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