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DIVERSITY OF THE MEXICAN FLORA

Mexico can be considered to bethefourth country in
the world according to itsfloristic and faunistic diversity
(Rzedowski, 1991), this diversity being the result of the
widevariation in, and combinations between physiographic,
geological and climatic conditions that characterize the
country. This great species richness and the high level of
species endemicity are of great scientific and economic
value, as has been discussed by Rzedowski (1998), who
points out the existence of approximately 220 families,
2,410 genera, and 22,000 species of fanerogamicflora, and
an endemicity of 10% for genera, and 52% for species.
Endemicity isgreatest in xerophilous shrub and grassland
flora, but isaso abundant, within the species category, in
other vegetation types (Rzedowski, 1998).

Asregardsthe species useful to man, Mexicoispart
of the origin and diversification center of Zea mays, Pha-
seolusvulgaris, Capsicum annuum, Gossypi um hirsutum,
Agave sisalana, Carica papaya, Spondia spp., Lyco-
persicon esculentum, and Cucurbita spp., anong others
(Zohary, 1970). There are between 5,000 to 7,000 useful
plant speciesin the country, of which about 1,000 to 1,500
are edible, which showsthe wide spectrum of phytogenetic
resourceswith potential value (Caballero, 1994). Itisim-
portant to point out that the diversification centers of vari-
ous speciesare located in different areas of the country.

IMPORTANCE OF GENOME CHARACTERIZATION

For individual or groups of plants genetic variation
and its causes can be investigated by cytogenetic studies
whichincludeboth mitotic and meiotic chromosome analy-
sis. Mitosis can be observed in somatic cells taken from
meristematic tissue treated with mitostatic agents, fixatives
and dyes (Palomino and Vézquez, 1991) and the somatic
chromosome number (2n), chromosome structure (or
karyotype), and polyploidy status obtained. From thisin-
formation the basic number of genetic linkage groups (X)
can bedetermined, aswell ashow often they arerepeated,
providing arapidindicator of the genetic similarity between
populations or species. Thisinformation isessential to de-
terminetheplagticity of the genotypes, between and within
the different portions of the ecological range where the
speciesarelocated, and isal so useful to recognize the poly-

ploidy level. Thenumeric and structural variation of karyo-
types in populations of the same species (cytotypes) can
also be analyzed by this type of study, and data obtained
which can be useful in understanding the role of chromo-
somal rearrangement in plant evol ution and speciation. An-
other useful study is the analysis of the meiotic chromo-
somes of pollen mother cells (PMC) contained in theim-
mature flower anthers, in which the haploid chromosome
number (n) and chromosome complement of a particular
species can be observed, or the basi c chromosome number
(x) of aplant group corroborated. The number and position
of chiasmataobserved during metaphasel (MI) in bivaents
(I1) determine the recombination level between individual
genomes (recombinationindex RI), and the degree of gene
segregation in the next generation. With these analyses, it
ispossibleto determinethe heterozygous structural changes
produced by chromosomeinversions, exchanges, or fusions
that alter the cross-over position and the genetic constitu-
tion of gametes (Lacadena, 1988; Russell, 1992). These
analysesare useful to thetaxonomist and to the evolution-
ary biologist becausethey enablethem to detect differences
between taxaand to recognize divergence patterns, but they
also servethe plant-improvement specialist in the manipu-
lation of genotypes in order to select high-yield species
(Kenton, 1986; L acadena, 1988).

CYTOGENETIC STUDIES IN MEXICAN
PLANTS: CASE STUDY

Our main research activity in the cytogeneticslabo-
ratory at the Botanical Garden IBUNAM isdirected towards
the characterization of genotypes of speciesof variousfami-
lies of the Mexican flora, selected for their evolutionary,
bio-systematic, ecological, and current or potential eco-
nomical interest, and some studies are also conducted on
endangered species. During the genome analysis of popu-
lations of various species of Salvia subgenus Cal osphace
(Lamiaceae) distributed throughout Mexico, wefound great
karyotype and ploidy pattern variation in various sections
of this subgenus (Palomino et al., 1986) and B chromo-
somes in one species (Mercado et al., 1989). In Datura
(Solanaceae) we observed variationsin the genome struc-
ture of species belonging to different sections (Palomino
etal., 1988a). Through the genome analysisof various spe-
ciesof Sophora (Leguminosae) and theintegration of this
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datawith morphological, palynological, and biochemical
studies, these speciesweretaxonomically relocated to the
genus Sophora and Styphnolobium (Palomino et al., 1993).
By studing the genome of Chenopodium (Chenopodiaceae)
species, along with morphological, anatomical and chemi-
cal analyses, we relocated some of the species of this ge-
nus to the genus Teloxys (Palomino et al., 1990). In the
genus Nyctocereus (Cactaceae) wenoticed inter- and intra-
specific variations, regardless of the homogenous condi-
tion of its species genomes (Palomino et al., 1988b).

In Crotalaria we determined inter-specific genome
variation due to chromosomal rearrangements and ploidy
in some species. We al so observed cytotypesin C. incana
(Palomino and Vézquez, 1991). In Gibasis schiedeana
(Tradescantieae-Commelinaceae), we discovered an auto-
tetraplode cytotype resulting from chromosome inter-
change and chromatid exchange (Martinez and Palomino,
1997). In Myrtillocactus geometrizans (garambullo), a
cactusof commercial value, we observed the cytotypesand
determined which offered greater genetic variability for
subsequent use in plant-improvement programs (Cid and
Palomino, 1997).

DNA content

Angiosperms possess awide range of nuclear DNA
content that differ by morethat 600 times, with avariation
of 1C=0.2-127.4 pg (Bennett et al., 1982; Bennett and
Leitch, 1995, 1997), showing great diversity even among
generaand speciesof the samefamily. Thereare many ex-
amples of inter- and intra-specific variationin DNA con-
tent per genome, independently of theploidy level (Bennett
etal., 1982; Bennett and L eitch, 1995, 1997), but such varia-
tionisnot correlated with the evolutionary complexity of
the species or taxonomic groups.

Variationsin DNA content mainly involverepetitive
DNA sequences that do not code functions. Changesin
DNA content between plants of the same specieswith the
same ploidy level are dueto duplications of part of their
genomes and to the “ nucleotypic effect” whichisdefined
astheeffect that the DNA has on the phenotype, an effect
whichinfluencesthe development of different cellular pa
rameters, such as chromosome size, cellular and nuclear
volume, and mitotic and meiotic cycle duration. Natural
selection affects some of these characteristics and influ-
ences the inter- and intra-specific patterns of the DNA
content, aswell asthe plant’s ecological adaptation. This
means that nucleotypic effectson DNA variation are pre-
dictable and, apparently, of adaptive significancefor the
plants (Price, 1988).

While checking the genome size of 271 species of
annual and perennia plants, Bennett (1972) found specific
variationsamong them and rel ated these variationsto their
lifecycles. Intra-specific variationsinthe DNA content have
been demonstrated in many species, e.g., in 2 annual spe-
ciesof Microseris. M. biguelovii, wherevariation was about

20% (Priceet al., 19814), and M. douglasii, with 14%varia-
tion (Priceet al., 1981b); thistype of genome selectionis
seemingly dueto extreme environmental conditions.

DNA nuclear content in plants is commonly deter-
mined by scanning microphotometry with Feulgen dyein
meristematic tissue, with other methods including bio-
chemical extraction from aknown (or estimated) number
of cellsand flow cytometry of isolated nuclei from foliar
tissue. In our laboratory we obtained the DNA content of
various species by scanning microphotometry and, recently,
by flow cytometry (Dolezel, 1997).

In our laboratory we have conducted research onthe
genus Echeandia, including species of evolutionary inter-
est, as well as on taxa of Leucaena considered as phyto-
genetic resources, and on Mammillaria san-angelensis, an
endangered species.

Cytotypesin Echeandia (Liliaceae) species

Echeandia Ort. include about 90 perennia herbaceous
speciesdistributed from the Southwest of the USA to South
America; 60 have been described in Mexico and Central
Americaand many of them are endemicto thisarea(Cruden,
1987, 1993, 1994). Mexico is considered the origin and
distribution center of the genus (Cruden, R.W., persona
communication). These plantsare found in pine and pine-
oak forests, in grasslands, xerophilous vegetation and dis-
turbed aress.

We analyzed 33 populations of 8 species. Echeandia
echeandioides, E. hintonii, E. mexicana, E. michoacensis,
E. montealbanensis, E. nana, E. pubescensand E. reflexa,
and found that al of themwerediploidwith2n=16,n=8.
The genusismonobasi c with x = 8 chromosomes (Martinez
and Palomino, 1996). Each speciespresented adistinctive
karyotypethat varied among popul ations of the same spe-
cies. Karyotype variation at inter- and intra-specific level
istheresult of several processesincluding trans ocations,
(heteromorphic bivalent and quadrivalent in metaphase |
(M1) of meiosis) and chromatid interchanges (U type)
along with subchromatid aberrations (SAB type) and het-
erozygotic deletions evidenced in anaphase | (Al). Nine
populations of E. nana showed only 2 cytotypes, one of
them (1st cytotype = 6m + 8sm + 2st) was present in 5
populations located in the eastern portion of the Pachuca
mountain range. The other 4 populations located on the
western portion of the Pachucamountain range showed a
different cytotype (2nd cytotype = 10m + 8sm), and we
thus suppose that the Pachucamountain rangeisageographi-
cal barrier that hasisolated the E. nana populations pro-
ducing thisintra-specific variation and favoring the appear-
ance of the 2 cytotypes, acondition that iscorroborated by
the genome size variation of the two cytotypes. Inter-spe-
cific (in 8 species of Echeandia) and intra-specific varia-
tions observed in the cytotypes of this species are related
to genomesize variation (nuclear DNA contentin pg).

Theinter-specific variation in the karyotype of these
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speciesand theintra-specific variation shown by thekaryo-
typesare produced by the samevariation pattern that mainly
correspondsto chromosomal rearrangements such as spon-
taneoustrand ocations, interchanges and heterozygotic de-
Ietionsthat have been important in chromosoma evolution
of the Echeandia species (Palomino and Martinez, 1994;
Martinez and Palomino, 1996).

Genomesizevariation in sometaxaof Leucaena
(Mimosoi deae-L eguminosae)

Leucaenaisan Americantropical and subtropical tree
and shrub genuswithitsdiversity center located in Mexico.
Some taxa of Leucaena are important phytogenetic re-
sources and are included in the traditional diet in certain
parts of Mexico, whilein other parts of theworld they pro-
videforage and mulch and are used to fix nitrogen in agri-
cultural soils. Opinionsvary about thetotal number of spe-
ciesand subspecies of Leucaena but Zarate (1994) recog-
nizes 14 species and 18 subspeciesin Mexico.

On analysis of 20 populations of seven taxa of
Leucaena, four turned out to be consistently diploid with
2n = 56: L. diversifolia subsp. diversifolia, L. d. subsp.
stenocar pa, L. lanceolata subsp. lanceolataand L. . subsp.
sousae, while two were tetraploid with 2n = 112, L.
confertiflora subsp. adenothel oidea and L. esculenta subsp.
paniculata. One taxon, L. esculenta subsp. esculenta,
showed both polyploidy levels.

The lowest DNA content in the diploid plants was
1.28 pg for L. esculenta subsp. esculenta and the maxi-
mal was 1.81 for L. diversifolia subsp. diversifolia, with
avariation of 25% inthe DNA content of thediploid taxa.
In the studied tetrapl oids, the lowest valuewas 2.66 pgin
L. esculenta subsp. paniculata and the highest was 3.31
pg for L. confertiflora subsp. adenothel oidea, resulting
in adifference of 20% between the DNA content among
tetraploid taxa.

The DNA content mean in the diploid taxashowed a
significant difference (P < 0.05) only between L. diversi-
folia subsp. diversifolia (1.81 pg) and L. esculenta subsp.
esculenta (1.35 pg). However, there was no significant
difference in the genome size between subspecies pairs
ascanbenotedin L. diversifolia subsp. diversifolia (1.81
pg) and L. d. subsp. stenocarpa (1.49 pg) andin L. lanceo-
lata subsp. lanceolata (1.46 pg) and L. |. subsp. sousae
(1.66 pg).

In the tetraploid taxa of Leucaena that we analyzed
weonly observed variations (P < 0.05) between thegenomes
of L. confertiflora subsp. adenotheloidea (3.31 pg) and L.
esculenta subsp. paniculata (2.66 pg). The content in the
tetraploid taxawasdoublein relation with those obtained in
the diploid taxa, which suggests that the Leucaena tetra-
ploid taxaare of recent origin, and have not yet been through
agenomereduction process (Grant, 1976). Polyploidy does
not seem to be adomestication instrument in Leucaenataxa
because there are polyploids in wild forms (L. esculenta

subsp. paniculata) aswell asin cultivated forms (L. confer-
tiflora subsp. adenothel oidea; Palomino et al., 1995).

Ploidy stability control by flow cytometry in
Mammillaria san-angelensis (Cactaceae)
propagated by invitro culture

M. san-angelensisis an endangered species endemic
tothe Valley of Mexico. At the Botanical Garden-IBUNAM,
research has been underway for several yearswiththeaim
of re-introducing this speciesto itsenvironment through a
program based on massive propagation using invitro cul-
tures(Rubluo et al., 1993). Asextended subcultureinduces
geneticingtability, mainly dueto chromosomal abnormali-
ties, the objective of these experiments has been, among
others, to analyze the genetic stability of in vitro derived
regenerants, eva uating their karyotypes, nuclear DNA con-
tent, ploidy level, and endoploidy. Specimensaregrownin
an MS (Murashige and Skoog, 1962) basal medium en-
hanced with 0.1 ml BA (benzyl amino purine) as explant
source and subcultured every 4 monthsfor 7 yearsin MS
basal medium. Theinvitroregenerated plantlets of thefirst
generation were grown in a greenhouse and used as con-
trols. In these plants, the karyotypes were analyzed using
radicular meristems. The meiotic chromosomesin pollen
mother cells(PMC), the DNA content and the ploidy level
were determined using aPartec CA |1 flow cytometer, for
which the parenchymanuclei of M. san-angelensis were
isolated by the Otto procedure and dyed with propidium
iodide (PI). Lycopersicon esculentum cv. “ Stupické polni
rané’, 2C =1.96 pg DNA (Dolezel et al., 1992), was used
asan internal standard. Control and regenerated plantlets
werediploid (2n =22, n=11), and did not show chromo-
somal abnormalitiesin M|, Al and All. TheDNA contentin
all regenerantsand in control plants corresponded to 3.20
pg and an endopl oidy pattern was observed in both groups
of plants, corresponding to cells2C, 4C, 8C and 16C with
percentages of 48, 30, 17 and 5%, respectively. Our results
show that genome stability isrelated to the genetic consti-
tution of the control plants, which remained constant re-
gardless of the prolonged in vitro subculture of M. san-
angelensis. Thisfact isimportant in plants propagated in
vitro that are re-introduced into nature (Palomino et al.,
1999) and in the future genome stahility in plants produced
by extended subculture of M. san-angelensiswill be sup-
ported by repetitive DNA sequencestudies(RAPD’S).

CONCLUDING REMARKS

Cytogenetic studiesof Mexican plants, integrated with
studies from other areas such as taxonomy, ethnobotany,
palynology, reproductive biology, biochemistry and
bromatology, will form the basis for the bio-systematic
study of these plants. Such studies will contribute to the
general knowledge of Mexican floraand may includethe
preparation of monographs, the investigation of regional
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flora, the assessment of current and/or potential phyto-
genetic resources and endangered speciesrecovery (Palo-
mino, 1991).
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