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Chromosome analysis of Mammillaria supertexta, M.
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san-angelensis (Cactaceae)
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Abstract — This is the first report of chromosome number in Mamzmzillaria supertexta, M. crucigera and M. haageana,
which was the same in the three species: 2n=22, x=11. This number coincides with the number reported for the ge-
nus Mammilaria and for the Cactaceae family. However, interspecific variation was observed in the karyotypes: M.
supertexta exhibited longer chromosomes (1.79-3.21 pm) and those of M. haageana were shorter (1.51-2.69 pm); in
M. crucigera the chromosomes were 1.63-2.74 pm. The chromosomes of M. san-angelensis (0.80-1.70 pm) are the
shortest (PALoMINO ez al. 1999). Likewise, variation in the length of the haploid genome (LG) was observed: 26.84
pm for M. supertexta; of 23.81 pm for M. crucigera; and 23.06 pm for M. haageana. The LG of M. san-angelensis was
shorter than that of the above species (13.83 um). The karyotypic formula for M. supertexta and M. crucigera was
10m+1sm, and in M. haageana it was 9m+2sm. A pair of chromosomes with satellites was observed in M. supertexta
and M. haageana, and in M. crucigera two pairs of chromosomes were observed with satellites. Unlike these species,
M. san-angelensis exhibited no sm chromosome; all were metacentric, and like M. crucigera, there were two pairs of
chromosomes with satellites. The index of asymmetry calculated for M. supertexta was 43.44%, for M. crucigera it
was 42.55 %, and for M. haageana it was 42.71%, indicating that the karyotypes were symmetric. The karyotype of M.
haageana (9m+2sm) was different from that determined for M. san-angelensis (11m), thus showing divergence in its
genomes. HUNT (1987) considers them to be synonymous, and complementary studies on morphology, hybridiza-
tion, and cytogenetics are needed to determine the taxonomic category of these plants. M. haageana exhibited a total
of 11 bivalents, a chiasmata frequency (Fq) = 13.86 and a recombination index (RI) = 24.86. These results are differ-
ent from those of M. san-angelensis whose Fq = 16.74 and RI = 27.74. The higher RI in M. san-angelensis indicates
that this species has more possibilities of forming new genetic combinations in its progeny and more opportunities of
adapting to environmental changes than M. haageana with a lower RI. The interspecific variation observed among
the four species of Mammillaria is possibly due to spontaneous structural changes in their chromosomes.
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INTRODUCTION

Mammillaria is the genus type of the Cactaceae
family, and the taxonomic groups that it comprises
have structural variability in the stem and flower, but
mainly in the seed (Bravo-Horris and SaNcHEZ-
MEJORADA 1991).

Evolutionarily, Mammillaria is the most recent
genus of the Cactaceae family and is widely repre-
sented in the Mexican Republic; it is almost endemic
in our country. Of a total of 166 species, 160 are
found in Mexico, and of these 150 are endemic to
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this country, including the species M. supertexta, M.
crucigera, and M. haageana (HunT 1992, HERNANDEZ
and Gobingz 1994). The first two of these are con-
sidered vulnerable or threatened by extinction, ac-
cording to the International Union for Conservation
of Nature (IUCN).

Chromosome number has been reported in 155
species of the genus Mawmmillaria, establishing the
basic number at x=11, like that of the Cactaceae
family (REmskT 1954; Sosa and Acosta 1966; Jomn-
SoN 1980 and PAromiNo e al. 1999). Most of the
diploid species are located in the Mexican Republic,
where the center of origin and diversity of the genus
is located (REMSKI 1954; JorNsoN 1978, 1980).

Within the subgenus Manzmillaria, chromosome
number has been determined in 30 species (REMSKT
1954; PinkAvA and Mcreop 1971; WEEDIN and
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PowrrLr 1978; Jounson 1978, 1980; Ross 1981,
GALLAGHER and ParrrTT 1982; PinkAva and PAr-
FITT 1982; GILL and GovAL 1984 and PINKAVA et al.
1985).

In the Supertextae series, there are reports of chro-
mosome numbers (n and 2n) for four species: M. ru-
estiz, tetraploid species (4n=4x=44) (REmsK1 1954),
three diploid species (2n=2x=22), M. vaupelii (REm-
Sk1 1954), M. lanata (GiLL and GovaL 1984) and M.
san-angelensis (n=11; 2n=22, PALOMINO et al. 1999).

The Supertextae series, belonging to the genus
Mammillaria, comprises seven species, according to
Hunt (1987). However, Bravo-Horris and SAN-
CHEZ-MEJORADA (1991) believe that the series com-
prises 20 species. Of these, M. haageana is consid-
ered the valid species for the two systems, but HunT
considers M. san-angelensis synonymous to M. haag-
eana, while for Bravo-Horris and SANCHEZ-MEjo-
RADA, they are two different species. From this con-
troversy is derived the interest in conducting the
present study to contribute cytogenetic information
to clarify this taxonomic situation.

This study reports the somatic chromosome
number (2n) and karyotype of M. haageana, M. cru-
cigera and M. supertexta and their meiotic behavior
of M. haageana. A karyotypic comparative analysis
between M. haageana and M. san-angelensis is also
presented.

MATERIALS AND METHODS

Plant material - Plants of Mammillaria supertextae, M.
crucigera and M. haageana were collected from wild
populations in the Mexican states of Puebla and Oaxaca
(Table 1). Live plants were transplanted and maintained
in a greenhouse at the Jardin Bot4nico, Instituto de Bio-
logia, Universidad Nacional Auténoma de México (JB-
IBUNAM). Voucher specimens were deposited at the
National Herbarium (MEXU) of the UNAM.

Mitotic chromosome analysis - For the observation of
chromosome numbers (2n) and the karyotypes of the
three species of Mammillaria, 9 to 15 mitotic cells at
metaphase stage from 3 plants of each species were ob-
served. Elongating secondary root tip cells were placed
in a saturated solution of 1-Bromonaphthalene for 6hr
at 18-20°C in darkness, then fixed in a 3:1 (V/V)
Farmer mixture for 24hr. The root tips were hydrolyzed
with hydrochloric acid (IN) for 11 min at 60°C and
transferred to Feulgen reagent for 2hr, following GAr-
c1A (1990) and Cip and PAromiNo (1996), procedures.

Slides were prepared using the squash technique;
the best slides were frozen with dry ice (CongER and
Farcuierp 1953) and mounted in Canada balsam.
Three of the best cells in each population were photo-
graphed with Technical Pan Film using a Zeiss phot-
omicroscope.

Karyotype analysis - The negative film was used to draw
and measure chromosome arms and total genome
length. Positions of centromeres were determined using
a system of LEVAN ez al. (1964); arm ratio (r= long arm/
short arm) was calculated for each chromosome. Index
of asymmetry (TF%) was obtained following Gurra
and GupTta (1978) procedure.

Meiotic chromosome analysis - Meiotic behavior was
studied in pollen mother cells (PMC) from fresh anthers
squashed in 1% aceto-orcein without prior fixation. A
total of 32 MI of PMC derived from three plants of M.
haageana were analyzed. The following information was
recorded: the type of bivalents (Is), chiasmata frequency
(Fq), and recombination index (RI) (WHrTE 1973).

Pollen fertility - Estimates were made in samples of pol-
len stained with cotton blue in lactophenol. Percent-
ages of well-filled stained grains were obtained from
samples of 2900 pollen grain derived from three plants
from each species.

Statistical analysis - The differences between the means
of genome length and asymmetry indices (TF%) in
three species of Mammillaria were determined using
one-way analysis of variance (ANOVA). Means were
compared using the test of the minimal significant dif-
ference (MSD).

Table 1 — Provenance and karyotype analysis of Mawmillaria supertexta, M. crucigera and M. haageana collected by Reyes and

Briones.
Species Karyotype Number Range Genome Index
and localit 2n formula of satellites of chromosome length (um) of asymmetry
Y length (pm) st K (TF%)
M. supertexta
México. Oaxaca 22 10m+1sm Im 1.79-3.21 26.84 43.44
State. 3851
M. crucigera
México. Puebla 22 10m+1sm 2m 1.63-2.74 23.81 4255
State.3857
M. haageana
México. Oaxaca 22 9m+2sm 1m 1.51-2.69 23.06 42.71

State.3834
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RESULTS

Chromosome number - The species Mammillaria
supertexta, M. crucigera and M. haageana exhibited a
diploid chromosome number 2n=2x=22, x=11, in
M. haageana, n = 11 was observed (Table 1; Figs.1 A,
B and C).

Chromosome length -In M. supertexta, chromo-
some length of 1.79 to 3.21 ym was observed; the
chromosomes of M. crucigera exhibited a length of
1.63 to 2.74 um, and M.haageana had the shortest
chromosomes, 1.51 a 2.69 pum. (Table 1).

Relative size was 6.67 to 11.96 % for M. super-
texta, 6.85 to 11.51 % for M. crucigera, and 6.55 to
11.67 % for M. haageana (Table 2).

Total chromosome length —The size of the chro-
mosomes in the three species studied correlated with
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the total length of their genomes. The interval for ge-
nome length in the species studied was 23.06 ym for
M. haageana, which had the smallest value, and
26.84 um for M. supertexta, which had the highest.
In M. crucigera genome length was 23.81pym (Table
1). Genome length was different in the three species
(P<0.05).

Comparison of the karyotypes of the species, M.
supertexta, M. haageana, M. crucigera and M. san-an-
gelensis, based on the data of relative size (L%) and
the arm ratio (r) of their respective chromosome
complements, indicated that, in spite of the differ-
ences, a certain uniformity in L% can be observed
amonyg said species, with the exception of the chro-
mosome pairs 1 and 4; 9,10 and 11 of M. san-angel-
ensis: first two, which had a larger L% and the last
three with a smaller L%. In these pairs the differ-
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Fig. 1 — Somatic chromosomes, 2n=22, in Mammillaria: A) M. supertexta, B) M. crucigera y C) M. haageana. Numbers show chro-

mosomes with satellites. Scale equals 10um.
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Table 2 — Relative length (L.%) and arm ratio (r) of somatic chromosomes of M. supertexta, M. crucigera, M. haageana and M. san-

angelensis.
(L%) (r)
Chromosome M. M. M. M. san- M. M. M. M. san-
pair supertexta  crucigera haageana angelensis  supertexta  crucigera haageana angelensis
1 11.96 1151 11.67 12.30 1.17 1.17 1.12 1.36
2 10.92 11.05 11.53 11.32 1.16 1.17 1.16 1.09
3 10.73 10.16 10.23 10.48 1.18 1.26 1.17 1.08
4 9.99 9.91 9.50 10.48 1.25 1.20 1.96 1.42
5 9.46 9.45 9.50 9.76 1.29 1.21 1.26 1.08
6 8.87 9.03 9.02 9.54 1.22 1.31 1.24 1.13
7 831 8.60 8.67 8.46 1.21 1.24 1.25 1.25
8 7.97 8.11 8.11 7.95 2.01 1.22 1.25 1.20
9 7.82 7.73 7.80 7.23 1.23 1.22 2.05 1.00
10 7.30 7.64 7.42 6.65 1.23 1.98 1.19 1.04
11 6.67 6.85 6.55 5.78 1.29 1.29 1.22 1.00

ence in L% is notable, compared with the rest of the
species (Table 2; Fig. 2).

Also, a certain homogeneity was observed in
terms of arm ratio (r), whose values indicated a pre-
dominance of metacentric chromosomes; again the
chromosome pairs 1, 4, 9, 10, and 11 of M. san-ange-
lensis departed from the behaviora pattern of the
rest of the chromosome pairs of the other species.
They are, however, also metacentric. The chromo-
some pairs 4 and 9 of M. haageana, 8 of M. super-
texta, and 10 of M. crucigera had higher r values and
are submetacentric (Table 2; Fig. 2).

Karyotype — The karyotype formulas of M. super-
texta and M. crucigera were alike, corresponding to
10m+1sm. However, the submetacentric pair
matched pair 8 in M. supertexta and 10 in M. crucig-
era. Unlike these two species, in M. haageana
9m+2sm was observed (Table 1; Figs. 3 A, By C).

Satellites- In the three species studied, satellites
were observed. M. supertexta and M. haageana ex-
hibited a pair of small spherical satellites measuring
0.40 and 0.33 pm, respectively, located in the short
arms of metacentric chromosome pair 2. M. crucigera
had two pairs of spherical satellites measuring 0.4
pm in the short arms of chromosomes 1 and 4, both
metacentric (Table 1; Figs. 1 A, By C).

Asymmetry indices — The values obtained in the
asymmetry indices (TF%) of M. supertexta, M. cru-
cigera and M. haageana were TF % = 43.44, 42.55
and 42.71, respectively (Table 1). There were no sig-
nificant differences among the species in TF% val-
ues (P>0.05).

Meiotic chromosome bebavior- Meiotic behavior
in M. haageana was normal. There were a total of 11
bivalents (IT) (Fig.4) and one Fq per cell of 13.86 and

per bivalent of 1.26. The recombination index (RI)
was 24.86.

Pollen fertility- By using pollen stainability in
cotton blue, all species have very high pollen stain-
ability, M. supertexta 99.10%, M. haageana 98.59%
and M. crucigera 97.66%, as expected for meiotic
stability.

DISCUSSION

This report is the first communication of chro-
mosome analysis in M. supertexta, M. crucigera and
M. haageana (series Supertextae). The three species
proved to be diploids (2n=2x=22, x=11) and n=11in
M. haageana; the same basic chromosome number
(x=11), indicated chromosome stability in the spe-
cies. These characteristics coincide with those ob-
served in other species of the same genus and series
(Supertextae), such as M. vaupelii (REMSKT 1954),
M.lanata (G and Govar 1984), M. albilanata
(MOHANTY et al. 1996), and M. san-angelensis (PALO-
MINO et al. 1999). These results corroborate x=11,
for the genus Mamzmillaria and the family Cactaceae
(Sosa and AcostA 1966; Jornson 1980 and ParLo-
MINO et al. 1999).

In M. supertexta, longer chromosomes (1.79 -
3.21 pm) were observed; the chromosomes of M. cru-
cigera were of intermediate length (1.63 - 2.74 pm),
and M. haageana had the shortest chromosomes (1.51
- 2.69 um). In the species M. san-angelensis, PALo-
MINO et al. (1999) determined a chromosome length
of 0.80 - 1.70 pm (Table 3). This confirms that the
species M. supertexta, M. crucigera, M. haageana and
M. san-angelensis, belonging to the series Supertex-
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Fig. 2 — Graph of relative length (L%) and arm ratio (r) of chromosome measurement in table 2. ¢ M. supertexta, B M. crucigera,

A M. haageana y X M. san-angelensis.

Table 3 — Karyotype analysis of Mammillaria supertexta, M. crucigera, M. haageana and M.san-angelensis™.

Speci Range of Genome length Karyotype Number of Index of
pecies 2n chromosome (um) ; i rellit asymmetry
length (j1m) pm ormula satellites (TF%)
M. supertexta 22 1.79-3.21 26.84 10m+1sm 1m 43.44
M. crucigera 22 1.63-2.74 23.81 10m+1sm 2m 4255
M. haageana 22 1.51-2.69 23.06 9m-+2sm 1m 42.71
M. san-angelensis 22 0.80-1.70 13.83 11m 2m 44.39

* karyotype determined by PALomINO ef a/. 1999.

tae, vary among their genomes, and therefore there is
interspecific variation.

When size of the chromosomes and length of the
genome of the three species studied are compared
with those of M. san-angelensis (PALOMINO et al.
1999), the latter species had smaller chromosomes
(0.80 - 1.70 pm) and a LG = 13.83 pm, smaller than
those observed in M. supertexta, M. crucigera and M.
haageana (Table 3). These variations in genome
length of the four species confirm the interspecific
variability in the species of Mammillaria of the Super-
textae series, which was determined previously by
variation in total length of the pairs of chromosomes.

The differences in chromosome size of different
species of the same genus are considered evidence of
the restructuring of their genomes and are attributed
to rearrangements of the chromosomes, such as dele-
tions, duplications or translocations that occurred in
the first stages of their evolution (PALoMINO ef al.
1988; Cora and WALLACE 1995; Cip and PALoMINO
1996).

Comparing M. haageana with M. san-angelensis
in terms of L% and r of their respective chromo-
some complements, minimum differences were ob-
served among chromosomes 2, 7 and 8, in both L%
and r, and maximum differences in chromosomes 1,
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Fig. 3 — Idiograms of three species of Mammillaria with
2n=22. The numbers indicate the homologous chromosomes
pairs: A) M. supertexta, 10m+1sm; B) M. crucigera, 10m+1smy
C) M. haageana, 9m+2sm. Asterisks show chromosomes with
satellites. Scale equals Tum.

4 and 9. In M. san-angelensis the 11 pairs of chromo-
somes were metacentric and there were no submeta-
centric pairs, while in M. haageana pairs 4 and 9 were
submetacentric (Table 3; Fig. 2). These differences
in L% and r can be attributed to structural changes,
such as deletions, duplications and translocations
that have occurred during the evolution of their
karyotypes.

The karyotypic formula of 10 pairs of metacen-
tric and one pair of submetacentric chromosomes
observed in M. supertexta and M. crucigera has also
been determined in other species of Mammillaria
such as M. boolii, M. humboldtii, M.leucantha and M.
woodsi (Das et al. 1998a, 1999 b). The karyotypic
formula 9m+2sm that appeared in M. haageana has

also been reported in M. bocasana, M. collinsii, M.
mytax, M. geminispina, M. klisingiana, M. sempervivi
and M. matudae (DAS et al. 1998a, 1999b and c).

The karyotypes of M. supertexta, M. crucigera
and M. haageana are different from M. san-angelensis
which, according to ParomiNo ez al. (1999), exhib-
ited 11 metacentric chromosomes and no submeta-
centric chromosomes. It is evident that the four spe-
cies belonging to the Supertextae series exhibit varia-
tion in the proportion of metacentric and submeta-
centric chromosomes. This variation has been
observed by ParomiNo et al. (1988), Cora and WAL-
LACE (1995), and Cip and PaLomiNo (1996) in other
species of cacti, and by Das ez al,, (1998a), Das et al.,
(1999b and 1999c¢) in other species of Mamzmillaria.

In the three species studied secondary constric-
tions were observed. PALoMINO et al. (1999), ob-
served in M.san-angelensis, as in M. crucigera, 2 pairs
of satellites on the short arm of the chromosome
pairs 1 and 3 and 1 and 4, respectively. This variation
could have been due to the occurrence of deletions,
duplications, or translocation among the chromo-
somes (PALOMINO et al. 1988; Cora and WALLACE,
1995; Cip and Paromino 1996; Das er al. 1998a;
Das et al.1999b and ¢).

This variation in the number and position of sat-
ellites has also been reported in other species of
Mamimillaria that have 1-3 pairs of satellites on the
chromosomes; 1 to 2 pairs are most often observed.
Other genera of cacti, such as Melocactus (Das et al.
1998 b, ¢) and Ferocactus (DAS et al. 1999 d) also
have 1 to 3 pairs of chromosomes with satellites.

The values obtained in the asymmetry index (TF
%) of M. supertexta, M. crucigera and M. haageana
were TF % =43.44,42.55 y42.71, respectively, simi-
lar to those obtained in M. geminispina (TF % =
42.55, Das et al. 1998a), M. klissingiana (TF % =
42.57, Das et al.1999¢), M. winteriae (TF % =43.03,
Das et al. 1999¢) and M. bocasana (TF % = 43.80,
Das et al. 1998a). In other Mammillaria species
TF% varied in the range of 35.50 to 49.19, within
which TF% values were obtained for M. supertexta,
M.crucigera and M. haageana; all of them coincide in
having a symmetric karyotype.

Species of the genera Nyctocereus, (PALOMINO et
al. 1988), Echinocereus (Cora and WALLACE, 1995)
and Myrtillocactus (Cip and Paromino 1996) also
have symmetrical karyotypes and TF% values simi-
lar to those observed in the genus Mamzmillaria.

Meiotic behavior in M. haageana was normal,
had a total of 11 bivalents (II), and exhibited a Fq
per cell of 13.86 and 1.26 per bivalent. The recombi-
nation index (RI) was 24.86. These results differ
from those obtained by Paromino ez al. (1999) for
M. san-angelensis, whose Fq was 16.74 and its RI was
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Fig 4. PMCs of Mammillaria haageana showing MI with 11 IIs. Scale equals 10um.

27.74. Being higher, these values mean that M. sazn-
angelensis, has more possibilities of new genetic
combinations in its progeny and, therefore, more op-
portunities of adaptation to environmental changes
than M. haageana. Another species of the same se-
ries, M. albilanata, had a different Fq, 20.25 per cell
and 1.84 per bivalent, which is within the ranges of
17.00-28.80 and 1.54-2.62, observed in other species
of Mammillaria (MOHANTY et al. 1996; Das et al.
1997; MOHANTY et al. 1997; Das et al. 1998a and
Das et al. 1999a).

The cytological analysis conducted in this work
revealed an interspecific variation in M. supertexta,
M. crucigera and M. haageana, as well as in M. san-an-
gelensis (PALOoMINO et al. 1999), species included in
the Supertextae series (Table 3). Hunt (1987) con-
siders M. haageana to be synonymous to M. san-ange-
lensis. According to the cytological analysis of these
two species, the two are different in both their karyo-
types and their meiotic behavior: M. haageana chro-
mosomes were longer (1.51-2.69 um) than those of
M. san-angelensis (0.80-1.70 pm). In addition, in M.
san-angelensis the 11 pairs of chromosomes were
metacentric, while in M. haageana, 9 metacentric
pairs and 2 submetacentric pairs were observed. Dif-
ferences were also observed in their genomes in
terms of the presence of chromosomes with satel-
lites: M. haageana had 1, and M. san-angelensis had
2. The Fq and RI values were lower in M. haageana,
Fq=13.86 and R1=24.86, and higher in M. san-angel-

ensis, Fq=16.74 and RI=27.74. Based on these re-
sults, divergence among the genomes is established,
and therefore, complementary studies are needed to
clarify the taxonomic category of the two species.
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