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Abstract — The analysis of 9 populations of Echeandia nana showed all to be dip-
loid, with 2n = 16, n - 8 (x = 8). The analyzed populations displayed two cyto-
types. Cytotype A — 10m+6sm, having two pairs of chromosomes with a satellite, was
observed in four populations from the eastern flanks of the Pachuca mountain range.
The five remaining populations from the western flank of the Pachuca and Sierra
Nevada mountain ranges (Mexico) showed cytotype B = 6m+8sm+2st, having one
pair of chromosomes with a satellite. The analysis of meiosis revealed heterozygotic
exchanges. Analysis of MI showed three heteromorphic bivalents in cytotypes A and
B. Analysis of AI showed sub-chromatid aberrations, (side arm bridges = SAB),
which were more frequent in cytotype B (39.88-44.84%) than in cytotype A (2.86-
31-53%). Cells with two bridges (SAB aberrations) were observed in cytotype B.
The intraspecific cytological and genical differentiation of cytotypes A and B is
probably the result of geographical isolation between populations of E. nana. This
suggests that this species is undergoing through a major process of genomic
differentiation involving heterozygotic chromosomal rearrangements; which favors
a process of speciation between both cytotypes without the occurrence of significant
morphological changes. This cytological and genical differentiation between
cytotypes A and B was evident in the significant differences of the low number of
fruits and viable seeds produced after cross-pollination among cytotypes (AxB: 0-16
fruits; 0-448 abortive seeds), relative to the larger values recorded after cross-
pollination within cytotypes (AxA: 4-48; 152-1824) (BxB: 3-89; 14-3382).
Key words: cytotype, Echeandia nana, heterozygotic exchanges, sub-chromatid
aberrations

INTRODUCTION

Echeandia Ort. includes about 78 perennial
herbaceous species which are grouped in two
subgenera: Echeandia and Mscavea (CRUDEN
1999). The subgenus Echeandia is distributed
from the USA, in the states of Arizona, New
Mexico and Texas, to Argentina and Chile
(CRUDEN and McVAUGH 1989). More than 60
species have been described from Mexico and
Central America, many of which are narrow en-
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demies (CRUDEN 1986, 1987, 1993, 1994, 1999;
CRUDEN and McVAUGH 1989). Mexico is con-
sidered to be the genus center of origin and di-
versity (R.W. Cruden, pers. comm.). Echeandia
nana (Baker) Cruden subgenus Echeandia (=
Anthericum flavescens Schultes & Schultes) is
found in pine and pine-oak forests from the
Mexican state of Durango to Guatemala (CRUDEN
1981), including the Pachuca and Sierra
Nevada mountain ranges located in the Mexican
transvolcanic belt.

Diploid plants (2n = 16, n =8, x = 8) have
been reported for 32 species of Echeandia
(SCHNARF and WUNDERLICH 1939; CRUDEN 1981, 1986,
1987, 1993, 1999; PALOMINO and ROMO 1987;
PALOMINO and MARTINEZ 1994;
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MARTINEZ and PALOMINO 1996). Given the above,
and considering the reported chromosome
numbers for 22 polyploid species of the genus
(4x, 5x, 6x, 8x, l0x and 11x-4) (CRUDEN 1986,
1987, 1993, 1994, 1999), we agree with
PALOMINO and ROMO (1988) in considering
Echeandia as a monobasic genus with x = 8.

The karyotypes of seven species of Echeandia
have been shown to display interspecific
variation. Likewise, the karyotypes of the studied
populations of these same species displayed
distinctive cytotypes (PALOMINO and MARTINEZ 1994;
MARTINEZ and PALOMINO 1996).

Spontaneous heterozygotic exchanges in
species and cytotypes of Echeandia have a com-
mon behavior pattern in karyotype variation.
These exchanges were observed in heteromor-
phic pairs of chromosomes with satellites, and,
of metacentric, submetacentric and subtelocen-

tric chromosomes. The origin of these rear-
rangements was evidenced in heteromorphic
bivalents (IIs) and quadrivalents (IVs) observed in
metaphase I (MI). Additional evidence for
translocations and chromatid exchanges comes
from the low level of meiotic irregularities ob-
served in anaphase I (AI), including U-type
bridges, side arm bridges (SAB) and lagging
chromosomes (PALOMINO and MARTINEZ 1994;
MARTINEZ and PALOMINO 1996).

This study describes the karyotype, analyzes
the meiotic chromosome behaviour and pollen
fertility of nine populations of Echeandia nana
with two different cytotypes. Also reported here
are the number of fruits, seeds per fruit, and the
total number of seeds after cross-pollination
among and between these two cytotypes of
Echeandia nana.

Fig. 1 — Geographical location and collection number of the nine studied populations of Echeandia nana with cytotypes A (�)
B(�).
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MATERIALS AND METHODS

Plant material

Samples of nine populations of Echeandia nana
were analyzed, collected from the Mexican states of
Hidalgo and Mexico (Fig. 1). Populations no. 277,
278, 282, 283 were located on the eastern flanks of
the Pachuca mountain range. Populations no. 009,
009.3, and 265 were located on the western flanks of
the Pachuca mountain range. Two additional popu-
lations, no. 115 and 242, were located on the western
flanks of the Sierra Nevada mountain range. The Pa-
chuca and Sierra Nevada mountain ranges belong to
the Mexican transvolcanic belt mountain system (Table
1; Fig. 1). In all cases, plants were collected from wild
populations in pine-oak forests (Table 1) and voucher
specimens were deposited in the National Herbarium
(MEXU) of the Universidad Nacional Autonoma de
Mexico (UNAM). From each population, 20 or 30
individual plants were collected to be transported to
the Jardin Botanico, Institute de Biologia, UNAM,
where they were transplanted in pots containing a
mixture of vermiculite and organic soil, and
maintained in a greenhouse.

Mitotic chromosome analysis

Preparations were made from 20 to 30 plants from
all nine populations were studied and from each one,
116 to 159 cells at mitotic metaphase were selected
for examination. For all populations, five to ten of the
best cells from each plant were photographed using a
Zeiss Photomicroscope II. Idiograms were made using
a Zeiss Drawing Apparatus.

Chromosomes were classified according to LEVAN et al.
(1964) terminology for centromere position. Index of
asymmetry (TF%) was obtained following GUPTA and
GUPTA (1978).

Meiotic chromosome analysis

Meiotic behavior was studied in fresh anthers
from young buds squashed in 1.8% aceto-orcein
without prior fixation. A total of 219 to 998 MI pollen
mother cells (PMC), and, of 329 to 499 AI PMC
derived from 10 plants from each of the nine popula-
tions were analyzed. For each population, the following
information was recorded: for MI PMC the type of
bivalents (IIs), chiasmata frequency (Fq), and re-
combination index (RI) (WHITE 1973); for AI PMC the
occurrence of single and double bridges.

Pollen fertility

Estimates were made in samples of pollen stained
with cotton blue in lactophenol. Percentages of well-
filled stained grains were obtained from samples of
618 to 720 pollen grain, derived from four to ten
plants from each one of the populations studied.

Hybridization procedure

A total of 308 cross-pollinations were carried out in
plants of nine populations of Echeandia nana. Of
these cross-pollinations, 90 were made using plants
with cytotype A (AxA); 112 with plants having cyto-
type B (BxB); and, 106 among plants with cytotypes

Table 1 — Provenance and cytotype of nine populations of Echeandia nana collected by Martinez and Palomino, all with 2n = 16.
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A and B (AxB) (Table 6). Flowers were emasculated
24 h before the buds opened and they were enclosed in
gelatin capsules (OWENS 1979, 1981). Cross-polli-
nations were made the following morning, after
which the capsules were replaced and coded with a
colored tag. Due to the differences in the maturation
process of each inflorescence, the number of flowers
which were cross-pollinated varied. One month after
making the experimental cross-pollinations records
were taken of the numbers of pollinated flowers,
fruits produced, seeds produced per fruit, and total
seeds produced.

Seed germination

Random samples of the seeds derived from AxA
and BxB cross-fertilizations were tested for germina-
tion, as follows: Of the 3002 seeds obtained from the
AxA crosses, 85 were tested for germination; of the
4104 seeds obtained from BxB crosses, 94 were
tested for germination. All of the 952 seeds produced
after the AxB cross-pollinations were tested for
germination. For germination tests, seeds were
scarified and placed in sterilized petri dishes lined
with moist filter paper. The petri dishes were placed
in a culture chamber and kept at 25°C ± 1°C. The
number of seedlings was recorded after twenty days
of cultivation.

Data analysis

Differences between nine genomes of Echeandia
nana were analyzed. Inter and intrapopulational
variation of genome length and recombination index
(RI) were determined for nine populations of E. nana
using one way analysis of variance (ANOVA). Means
were compared using Tukey-Kramer's HSD method.
Differences between couplet mean on karyotype
asymmetry index (TF%) were assessed by the
Kruskal-Wallis non parametric test. A one way
ANOVA was performed using Box-Cox transformed
values of the numbers of fruits and of seeds per fruit
which derived from the AxA, BxB and AxB cross-
fertilizations. Means were compared using the Tukey-
Kramer test. All statistical computations were
performed using the JMP version 3.2.1 of the SAS
company program, using a Pentium PC.

RESULTS

Chromosome number
All the plants from the nine populations of

Echeandia nana with the two cytotypes were
found diploid with 2n = 16, (x = 8) (Table 1).

Cytotypes

Two cytotypes were observed in a total of
1279 cells of Echeandia nana of which 85 were
selected to measure the chromosomes (Table 1).
First cytotype, designated as cytotype A (A =
10m+6sm), had two pairs of chromosomes with
satellites (Table 1. Fig. 2A) and three pairs of
heteromorphic chromosomes (No. 1, 2 and 5,
Fig. 2B). It was present in four populations (No.
277, 278, 282 and 283) from the eastern flanks
of the Pachuca mountain range. The remaining
five populations (No. 009, 009.3, 115, 242 and
265), located on the western flanks of the
Pachuca and Sierra Nevada mountain ranges,
displayed the second cytotype, designated as B
(B = 6m + 8sm + 2st), with one pair of
chromosomes with satellite (Table 1. Fig. 2C) and
three pairs of heteromorphic chromosomes (No.
3, 4 and 7, Fig. 2D).

Genome length

The genome length in the nine populations of
Echeandia nana investigated ranged from 22.39
�m to 36.89 �m (Table 1). The smallest
genome was represented by population No. 115
(cytotype B) and the largest, by the population
No, 283 (cytotype A). In general the largest ge-
nomes were present in populations having
cytotype A (populations No. 283 and 278) and
the smallest in populations with cytotype B (P <
0.0001) (Table 2).

Table 2 — Results of Tukey's multiple range test on mean ge-
nome length of nine populations of Echeandia nana presenting
two different cytotypes.



CYTOTYPES OF ECHEANDIA NANA 151

  

Fig. 2 — Cytotypes of Echeandia nana 2n = 16. (A) Somatic chromosomes of cytotype A. (B) Idiogram of cytotype A showing ten
metacentrics (m) and six submetacentrics (sm) with four satellites. (C) Somatic chromosomes of cytotype B. (D) Idiogram of cytotype B
showing six metacentrics, eight submetacentrics and two subtelocentrics with two satellites. (Arrows and numbers indicate satellites).
Asterisks and numbers showed heteromorphic chromosome pairs. Scale 10µm.

Karyotype asymmetry

Populations of Echeandia nana with cytotype
B showed more asymmetric karyotypes than did
populations with cytotype A (P < 0.0001) (Table
3).

Meiotic chromosome behavior

Meiotic chromosome analysis in MI of PMC
of Echeandia nana showed different proportions
of eigth ring and rod IIs (Table 4). Cytotypes A
and B presented 3 heteromorphic biva-lents
which were observed in chromosome pairs 1, 2
and 5 in cytotype A; and, in chromosome pairs
3,4 and 7 in cytotype B (Figs. 2 A, B, C, D; 3 A
and B). The RI was not significantly different (P <
0.144) in the nine populations of Echeandia nana
studied, regardless of their cytotype (Table 4).
All populations studied exhibited

SAB aberrations at AI with variable frequen cies.
Cells with one bridge (Fig. 3C) were more
frequent in populations with cytotype B (39.88-

Table 3 — Results of Kruskal-Wallis test on mean Index of
asymmetry (TF%) of nine populations of Echeandia nana pre-
senting two different cytotypes.
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Table 4 — Type and frequency of bivalents, chiasmata per cell and recombination index (RI) of nine populations Echeandia nana
presenting two different cytotypes.

44.84%), compared to the same in cytotype A
(2.86 to 31.53%) (Fig. 3C; Table 5). Only cyto-
type B showed cells with two bridges (SAB ab-
errations, Fig. 3D; Table 5).

Pollen viability

Pollen viability varied between cytotypes A
and B. The smallest percentage of shrunken or
empty pollen grains (2.34 to 12.58%) was re-
corded in four populations of Echeandia nana
with cytotype A; the largest, in populations with
cytotype B (15.68-27.67%) (Table 5).

The analysis of karyological parameters in
Echeandia nana showed that chromosome com-
plements of cytotype B have undergone to a major
number of chromosome rearrangements of those
of cytotype A. This is due to the higher number
of submetacentric chromosomes (8)

and two subtelocentric in comparision to cyto-
type A. Cytotype B showed smaller genome
length than cytotype A, the first also presented
more asymmetric karyotypes (Tables 1, 2, and
3). Additionally, a major number of one bridge
SAB aberrations in cytotype B (39.88-44.84%)
was present compared with the cytotype A
(2.86-31.53%). A major percentage of non vi-
able pollen in cytotype B (15.68-27.67%) com-
pared with cytotype A (2.34-12.58%, Table 5)
was observed as well. Only cytotype B showed
two bridge SAB aberrations (1.02-3.30%, Ta ble
5).

Hybridization procedure

The mean of fruits produced from cross-pol-
lination within cytotypes (AxA = 19.75; BxB —

Table 5 — Shrunken or empty pollen grains, and irregular AI of nine populations of Echeandia nana presenting two different cytotypes.
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Fig. 3 — PMC's showing MI and irregular AI in Echeandia nana cytotypes. (A) MI with 8 IIs of cytotype A. (B) MI with 8 IIs of
cytotype B. (C) AI with one bridge (b) of cytotype A. (D) AI with two bridge (b) of cytotype B. Numbers indicate: 1. heteromorphic ring
IIs. 2. heteromorphic rod IIs. Scale 10µm.

36.00), differed significantly from those pro-
duced after the cross-pollinations among cyto-
types (AxB = 4.86) (P < 0.0001) (Tables 6 and
7). Cross-fertilizations within cytotypes (AxA
and BxB) produced an average of 38 seeds per
fruit, a number which did not differ significantly
from the 28 seeds per fruit produced in cross-
pollinations among cytotypes A and B. The total
number of seeds produced after cross-

pollination within cytotypes, 3002 in AxA; 4104
in BxB, differed significantly from the total of
952 seeds produced in the AxB cross-pollinations
(P < 0.001) (Table 6).

Seed Germination

Of the 85 seeds derived from AxA crosses
which were tested for germination, a 96.47%
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Table 6 — Number of fruits, seeds per fruit and total number of seeds produced after crossing two cytotypes of Echeandia nana.

produced seedlings. Similarly, of 94 seeds de-
rived from the BxB crosses which were tested
for germination, 93.62% produced seedlings. In
contrast, of the 952 seeds produced in the AxB
crosses, all of which were tested for germination,
only 7.56% initiated germination but in these,
seedling development was limited to the
formation of a radicle.

DISCUSSION

The chromosome numbers observed in the
populations of Echeandia nana with cytotypes A
and B (2n = 16, n = 8, x = 8) agree with previous
reports for this same species of PALOMINO and
ROMO (1987, 1988), and, for other 32 diploid
species in the genus (CRUDEN 1981, 1986, 1987,
1993,1994,1999; CRUDEN and McVAUGH 1989;
PALOMINO and MARTINEZ 1994; MARTINEZ and PALOMINO
1996).

The karyotypes of the nine studied popula-
tions displayed two different cytotypes. Cyto-
type A (10m+6sm) was observed in four popu-
lations from the eastern flanks of the Pachuca
mountain range. Cytotype B (6m+8sm+2st) was
found to be present in three populations from the
western flanks of the Pachuca mountain range,
and in two populations from the western

flanks of the Sierra Nevada mountain range
(Figs. 2A, B, C and D; Table 1).

Intraspecific cytotype variation was apparent
as heteromorphic bivalents in MI (Figs. 3A and
3B), with three different heteromorphic
chromosome pairs in each cytotype: chromo-
some pairs no. 1, 2 and 5 in cytotype A; and,
chromosome pairs no. 3, 4 and 7 in cytotype B
(Figs. 2A and B;). Also, both cytotypes showed
different numbers of chromosome pairs with
satellites (Figs. 2C and D). Heteromorphic bi-
valents, and/or bridges with or without frag-
ments, reflect structural changes such as hetero-
zygous inversions, Robertsonian translocations,
exchanges, deletions and duplications (BRAND-
HAM 1970; JONES et al. 1975; JONES 1978; KENTON
1981; PALOMINO and VAZQUEZ 1991).

Additional evidence for chromatid exchange
is found in the low level of meiotic ir regularities
during meiosis. These included side of arm
bridges (SAB) without acentric fragment at AI.
These SAB were observed in both cytotypes of
E. nana; the highest frequency was recorded in
cytotype B, to those in cytotype A (Table 5).
SAB have long been recognized among the
spontaneous meiotic irregularities caused by
aberrant reunion at the sites of chias-mata
formation. SAB aberrations are caracter-ized by
the formation of a bridge at anaphase I which
connects two homologous chromatids
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and carries a pair of side arms approximately at
its midle-point. SAB are more common than was
generally supposed (BRANDHAM 1970); SAB have
been observed previously in Podophyllum
(NEWMAN 1967), in several species of Liliaceae
(BRANDHAM 1970), populations of Crotalaria incana
(PALOMINO and VAZQUEZ 1991) and in some species
of Echeandia (PALOMINO and MARTINEZ 1994,
MARTINEZ and PALOMINO 1996).

Chromosomal rearrangements may have
played an important role in the evolution of E.
nana. In consequence, we assume that the Pa-
chuca mountain range is a geographical barrier
that has isolated the populations E. nana, thus
producing the observed intraspecific variation of
both cytotypes described here.

The differentiation of genomes, due to dele-
tions, translocations and heterozygotic exchanges
in the different cytotypes of Echeandia
echeandioides, E. mexicana, E. reflexa and E.
tenuis, was previously reported by PALOMINO and
MARTINEZ (1994), and by MARTINEZ and
PALOMINO (1996). The occurrence of these
chromosomal aberrations has a common behav ior
pattern in species and cytotypes of Echeandia,
including E. nana. Observations of hetero-
morphic IIs and of low frequencies of bridges,
both with fragments and without fragments,
suggest that translocations and chromatid ex-
changes have played a mayor role in shaping the
karyotype of populations and species of Echeandia
(PALOMINO and MARTINEZ 1994; MARTINEZ and
PALOMINO 1996).

Similar processes of cytological and genical
differentiation in the genomes of cytotypes
which have their origin in deletions, transloca-
tions and heterozygotic exchanges, have been
reported for a large number of species in the
following genera: Dianella (SEN 1975), Crocus
(BRIGHTON 1976), Scilla (ARAKI 1985), Gloriosa
(VIJAYAVALLI and MATHEW 1990), Polygonatum
(TAMURA 1990), Alopecurus (KUMAR and GOHIL
1990), Barleria (RANGANATH and KRISHNAPPA 1990),
Crotalaria (PALOMINO and VAZQUEZ 1991), PATIL and
CHENNAVEERAIAH 1975), Sabal (PALOMINO and
QUERO 1992), Glandularia (POGGIO et al. 1993),
Myrtillocactus (CID and PALOMINO 1996), Gibasis
(KENTON 1981, 1983, 1984), KENTON et al. (1987),
MARTINEZ and PALOMINO (1997) and, Tradescantia
(KENTON et al. 1988).

Additional evidence for the cytological and
genical differentiation between the cytotypes of
E. nana described above was found in the low
number of fruits (0-16) and of abortive seeds (0-
448) resulting from cross-pollinations among
cytotypes (AxB), relative to crosses within cyto-
types (AxA: 4-48 fruits; 152-1824 seeds. BxB:
3-89 fruits; 114-3382 seeds) (Tables 6 and 7).
The progenitors used in these cross-pollinations
had high percentages of fertile pollen (cytotype
A, 97%; cytotype B, 72%) (Table 5), and the
progeny of cross-pollinations within the same
cytotype produced abundant fertile seeds which
germinated readily and formed seedlings. In
contrast the seeds produced in the AxB crosses
were abortive and unable to produce seedlings in
the Fl generation.

Table 7 — Results of Tukey's multiple range test on the average
number of fruits produced after crossing two cytotypes of
Echeandia nana.

The genical divergence between cytotypes A
and B is the result of geographic isolation of the
populations of Echeandia nana. The disjoint
distribution of populations and the differences
in chromosomal behavior observed between
them suggests that this species is going through a
mayor process of differentiation due to het-
erozygotic chromosomal rearrangements. This
isolation favors the occurrence of an active
process of speciation, despite no significant
morphological changes may be detected be-
tween plants of E. nana having different cyto-
types (R.W. Cruden, pers. comm.). The occur-
rence of chromosomal rearrangements having
no effect on noticeable phenotypic changes,
and in which this chromosomal remodeling is
associated with processes of speciation, has
been previously reported for several species
(GRANT 1989).

GRANT and GRANT (1960) showed that, in
experimental cross-pollinations of diploid (n =
8) cytotypes of Gilia capitata, compatibility de-
creases proportionally to the increase of the
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genie divergence between genomes. Similar re-
sults were reported by KRUCKEBERG (1957) in
Streptanthus glandulosus, regarding the inverse
correlation of fertility in the Fl progeny derived
from 334 cross-pollination combinations, with
the geographical distance separating the popu-
lations of the progenitors. The highly sterile Fl
progeny of cross-pollinations of plants from dif-
ferent populations of Gibasis venustula subsp.
venustula revealed divergence and speciation
mechanisms with originated in heterozygotic
chromosomic and chromatidic exchanges. These
exchanges evidenced errors in all stages of
meiotic division including differences in the sizes
of genomes (DNA content in pg) (KENTON
1983,1984). While the cytological and genetical
differentiation of allopatric populations of this
subspecies may not be further associated with
phenotypic changes, it is an indicator of the ex-
istence of a process of speciation (KENTON
1984). A similar example of speciation arising
from cytological and genical differentiation of
the genomes of cytotypes is seen in Echeandia
nana. The genomic divergence between cyto-
types observed at the intraspecific level in G. ve-
nustula subsp. venustula was the same as that
observed in interspecific hybrids of this subspecies
with G. venustula subsp. robusta, in which
KENTON (1984) finds the taxonomic distinction to
be based exclusively on morphological and
ecological criteria.

Similar cytological and genical differences to
those obtained in plants resulting from in-
traspecific cross-pollinations have been observed
in Fl progenies of interspecific hybrids between
four species of Turnera (n = 10). These hybrid Fl
progenies showed a low frequency of IIs,
univalents (Is), a high percentage of non viable
pollen, and low proportions of immature fruits
(1-17%) and of abortive seeds (0-130)
(FERNANDEZ and ARBO 1996). ESPINOZA and QUARIN
(1998) observed low proportions of immature fruits
(0-10.4%) and of abortive seeds (0.1%) in
interspecific hybrids between two diploid species
of Paspalum (n = 10). Likewise, WULFF (1992)
observed chromosomal sterility (presence of
heteromorphic IIs and of Is) and low production
of immature fruits in interspecific hybrids of
Hypochoeris.

Thus, we conclude that the intraspecific
variation of the genomes of the two cytotypes of
Echeandia nana described above is due to het-
erozygotic exchanges of chromosomes. Also,

we suggest that since the populations having
these two cytotypes are geographically isolated,
an active process of speciation in this species is
favored. This cytological and genical differen-
tiation of cytotypes A and B was made further
evident in the low number of fruits and of abor-
tive seeds in plants derived from cross-pollina-
tion between cytotypes (AxB), compared to the
significantly higher number of fruits and of vi-
able seeds of plants derived from cross-pollina tion
within cytotypes (AxA and BxB).

Acknowledgements — This study was supported
by CONACyT project No. 1107P-N and Jardin Bo-
tanico of the IBUNAM. We are grateful to Dr. Robert
Cruden for the identification names of the plants used
in this research. We also thank Drs. Sergio Zarate,
Armando Garcia-Velazquez and Lourdes Rico for
their comments and suggestions on the manuscript,
and Jorge Saldivar assisted in the computerized
edition of the manuscript.

REFERENCES

ARAKI H., 1985 — The distribution of diploids and
polyploids of the Scilla scilloides complex in Korea.
Genetica, 66: 3-10.

BRANDHAM P.E., 1970 — Chromosome behaviour in the
Aloineae III. Correlations between spontane ous
chromatid and su-chromatid aberrations.
Chromosoma (Berl.), 31: 1-17.

BRIGHTON C.A., 1976 — Cytological problems in the
genus Crocus ( Iridaceae): I. Crocus vernus aggre-
gate. Kew Bull., 31:33-46.

CID R. and PALOMINO G., 1996 — Cytotypes and mei otic
behavior in Mexican populations of Myrtillocactus
geometrizans var. geometrizans ( Cactaceae),
Cytologia, 61: 343-348.

CRUDEN R.W., 1981 — New Echeandia ( Liliaceae)
from Mexico. Sida, 9: 139-146.

—, 1986 — New species of Echeandia (Ltliaceae) from
Central America. Phytologia, 59: 373-380.

—, 1987 — New species of Echeandia (Liliaceae) from
Nueva Galicia. Contr. Univ. Mich. Herb., 16: 129-
133.

—, 1993 — New species of Echeandia (Liliaceae) from
Oaxaca, Mexico. Phytologia, 74: 128-137.

—, 1994 Echeandia Ortega. In: G. Davidse, M.S.
Sousa and A.O. Charter (eds.), "Flora Mesoa-
mericana", Alismataceae — Cyperaceae, Vol. 6,
27-30. Universidad Nacional Autonoma de
Mexico, Institute de Biologia Mexico.

—, 1999 — A new subgenus and fifteen new species of
Echeandia ( Anthericaceae) from Mexico and the
United States. Novon, 9: 325-338.



CYTOTYPES OF ECHEANDIA  NANA 157

  

CRUDEN R. W. and McVAUGH R., 1989 — Echeandia
Ortega. In: W.R. Anderson (ed.), "Flora Novo-
Galiciana" Bromeliaceae — Discoreaceae, Vol.
15, 178-197. The University of Michigan Her-
barium Ann Arbor, USA.

ESPINOZA F. and QUARIN C.L., 1998 — Relation genomica
entre titotipos diploides de Paspalum sim plex y P.
procurrens ( Poaceae, Paniceae). Darwiniana, 36: 59-
63.

FERNANDEZ A. and ARBO M.M., 1996 — Relaciones
genomicas entre las especies diploides de flores
blanco-azuladas de Turnera (Serie Canaligerae).
Bonplandia, 9: 95-102.

GRANT V., 1989 — Plant speciation. Columbia Uni-
versity Press ISBN.

GRANT V. and A. GRANT, 1960 — Genetic and taxo-
nomic studies in Gilia. XI. Fertility relationships
of the diploid cobwebby Gilias. Aliso, 4: 435-481.

GUPTA R. and GUPTA, P.K., 1978 — Karyotypic stud ies in
the genus Crotalaria Linn. Cytologia, 43: 357-
369.

JONES K., 1978 —Aspects of chromosome evolution in
plants. Adv. Bot. Res., 6: 120-194.

JONES K., PAPES D. and HUNT D.R., 1975 — Contribution
to the cytotaxonomy of the Commelinaceae. II.
Further observations on Gibasis geniculata and its
allies. Bot. J. Linn. Soc., 71: 145-166.

KENTON A., 1981 — Chromosome evolution in the
Gibasis linearis alliance ( Commelinaceae). 1. The
Robertsonian differentiation of G. venustula and
G. speciosa. Chromosoma (Berl.), 84: 291-304.

—, 1983 — Qualitative and quantitative chromosome
change in the evolution of Gibasis. In: P.E.
BRANDHAM and M.D. BENNETT (eds.). "Proceedings of
the Seconds Chromosome Conference" held in
Jodrell Laboratory, Royal Botanic Gar dens, Kew
England, pp. 273-281. G. Alien and Unwin.

—, 1984 — Chromosome evolution in the Gibasis lin-
earis group ( Commelinaceae) III. DNA variation,
chromosome evolution, and speciation in G. ve-
nustula and G. heterophylla. Chromosoma (Berl.),
90: 303-310.

KENTON A., DAVIES A. and JONES K., 1987 —Identification
of Renner complexes and duplications in
permanent hybrids of Gibasis pulchella (Commel-
inaceae). Chromosome (Berl.), 95: 424-434.

KENTON A., LANGTON D. and COLEMAN J., 1988 — Genomic
instability in a clonal species, Tradescantia
commelinoides ( Commelinaceae). Genome, 30: 734-
744.

KUMAR K.K. and GOHIL R.N., 1990 — Cytological
studies on some Kashmir grasses. VI. Cytomorpho-
logical polymorphism in Alopecurus aequalis
Sobol. Cytologia, 55: 217-223.

KRUCKEBERG A.R., 1957 — Variation in fertility of
hybrids between isolated populations on the ser-

pentine species, Streptanthus glandulosus Hook.
Evolution, 11: 185-211.

LEVAN A., FREDGA K. and SANDBERG A.A., 1964 —
Nomenclature for centromeric position on chromo-
somes. Hereditas, 52: 201-220.

MARTINEZ J. and PALOMINO G., 1996 — Karyotype
analysis in three new species of Echeandia ( Lil-
iaceae) and cytotypes of  E. reflexa. Cytologia, 61:
215-223.

—, 1997 — Evidence of heterozygous chromosome in-
terchange and chromatid exchange in autotetra-
ploid cytotype of Gibasis schiedeana ( Tradescant-
ieae-Commelinaceae). Cytologia, 62: 275-281.

NEWMAN L.J., 1967 — Meiotic chromosomal aberra tions
in wild populations of Podophyllum peltarum.
Chromosoma (Berl.), 22: 258-273.

OWENS S.J., 1979 — The use of empty hard gelatin
capsules in controlled pollinations. Euphytica
(Wageningen), 28: 609-610.

—, 1981 — Self-incompatibility in the Commel-
inaceae. Ann. Bot. (London), 47: 567-581.

PATIL B.C. and CHENNAVEERIAH M.S., 1975 — Cytological
studies in Crotalaria incana L. and C. mucronata
Desv. The Nucleus, 18: 141-146.

PALOMINO G. and MARTINEZ J., 1994 — Cytotypes and
meiotic behavior in Mexican populations of three
species of Echeandia ( Eiliaceae). Cytologia, 59:
295-304.

PALOMINO G. and QUERO H., 1992 — Karyotype
analysis of three species of  Sabal, L (Palmae: Cory-
phoideae). Cytologia, 57: 485-489.

PALOMINO, G. and ROMO V., 1987 — IOPB Chromo some
numbers reports. Taxon, 36: 282-285.

—, 1988 — Karyotypic studies in two Mexican species
of Echeandia Ort. ( Liliaceae). The Southwestern
Nat., 33: 382-384.

PALOMINO G. and VAZQUEZ R., 1991 — Cytogenetic studies
in Mexican populations of species of Crotalaria L.
(Leguminosae-Papilionoideae). Cytologia, 56:343-
351.

POGGIO L., BOTTA S.M., GREIZERSTEIN E.J. and FERRARI M.R.,
1993 — Natural hybridization in Glandularia
(Verbenaceae) I. Evolutionary impli cations of
chromosome pairing. Darwiniana, 32: 77-90.

RANGANA.TH R.M. and KRISHNAPPA D. G., 1990 —
Karyotypic studies in a few species of Barleria L
(Acanthaceae) from South India. Cytologia, 55:
175-179.

SEN S., 1975 — Cytotaxonomy of Eiliales. Feddes
Repertorium, 86: 255-305.

SCHNARF K. and WUNDERLICH R., 1939 — Zur ver-
gleichenden embryologie der Eiliaceae-Asphode-
lideae. Flora, 133:297-327.

TAMURA M.N., 1990 — Biosystematic studies on the
genus Polygonatum ( Eiliaceae). I. Karyotype
analysis of species indigenous to Japan and its adja cent
regions. Cytologia, 55: 443-466.



158 MARTINEZ, MENDEZ and PALOMINO

  

VIJAYAVALLI B. and MATHEW P.M., 1990 — Karyo-
morphology of four morphotypes of Gloriosa su-
perba L. from South India. Cytologia, 55:531 -533.

WHITE M., 1973 — Animal cytology and Evolution.
Cambridge University Press, Cambridge.

WULFF A.F., 1992 — Hibridacion natural entre especies
sudamericanas de Hypochoeris ( Asteraceae).
Darwiniana, 31: 167-171.

Received 15 May 2000; accepted 21 July 2000-


