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Abstract — Plants of Opuntia cochinera, O. hyptiacantha, and O. streptacantha
species, collected in the Valley of Mexico, were consistently octoploids with a
chromosome number 272=8x=88, confirming a base chromosome number x=11
for the genus Opuntia.

Karyotypes of the three species were homogeneous with 88 metacentric chro-
mosomes. Interspecific variation of the genome was shown in chromosome size,
genome length and chromosomes with satellites. The smallest chromosomes were
found in O. hyptiacantha (1.07-2.50 pm), the intermediate size in O. cochinera
(1.19-2.71 pm) and the largest in O. streptacantha (1.55-3.57 pm). Genome length
was as follow: O. hyptiacantha had the smallest value (152.49 pm), O. cochinera
an intermediate value (166.79 pm), and O. streptacantha the longest (210.99 pm).
Opuntia cochinera presented 16 chromosomes with a satellite, this fact suggest-
ed an auto-octoploid origin. There were 6 chromosomes with a satellite in O. hyp-
tiacantha and 20 in O. streptacantha, it indicated that both species had an allo-
octoploid origin; so it is possible to call these Opuntia species with genomes of

partial homology.
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INTRODUCTION

The genus Opuntia (Cactaceae: Opuntioideae
Schum, tribe Opuntieae (Brtt. and R.) Backbg.,
series Streptacantha Britt. and R.) comprises
more than 200 especies. It is distributed from
Canada to Chile (HUNT and TAYLOR 1986). Bra-
vO-HOLLIS (1978), recognized 65 Opuntia species
of Mexican arid and semiarid habitats. For the
Valley of Mexico only 15 wild species have been
reported (SCHEINVAR 1982).

All Opuntia species are perennial, arborescent,
and proliferate in tropical thorn forest (RZE-
DOWSKY 1988). In Mexico species of this genus
are found wild and as cultivars; these are used as
food, forage and medicinally.

Within the series Streptacantha, Opuntia
cochinera Griff., O. hyptiacantha Web., and O.

* Corresponding author: fax: ++52 5 622 9046; e-mail: has-
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streptacantha Lem. stems (nopales) and fruits (tu-
nas) are widely used as food and forage (PIMIEN-
TA 1990). Mesoamerican tribes have used Opuz-
tia stems against inflammation and diabetes
(PIMIENTA 1990). In some instances Opuntia is
used also to regenerate areas affected by erosion
(BRAVO-HOLLIS and SANCHEZ-MEJORADA 1991).
There are reports of Opuntia being used for the
elaboration of paints and cosmetics (BRAVO-HOL-
LIS and SCHEINVAR 1995). The genus Opuntia has
a base chromosome number x=11, a common
number in most genera of Cactaceae. In the sub-
family Opuntioideae most species are polyploids.
There are 125 taxa of subfamily Opuntioideae in
North America, of which 60% are polyploid
(PINKAVA et al. 1985). Within the genus Opuntia
there are chromosome counts (either n or 2n) for
136 species; 63.13 % are polyploid (3x to 30x)
and of these, tetraploids (4x) are the most fre-
quent. The remaining 36.87 % are diploids (BOw-
DEN 1945; CARPIO 1952; KATAGIRI 1952, 1953;
SPENCER 1955; SOSA and ACOSTA 1966; GERALD
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1973; MCLEOD 1975; PINKAVA and MCLEOD 1971;
PINKAVA and PARFITT 1982; PINKAVA et al. 1973,
1977, 1985, 1992; PARFITT 1978, 1980; WEEDIN
and POWELL 1978, 1980; GRANT and GRANT
1979; SANJAPPA 1979; SAMPATHKUMAR and NA-
VANEETHAM 1980; WARD 1984; BAKER and
PINKAVA 1987). Nearly 6% of polyploid species
of Opuntia are 8x. YUASA et al. (1973), reported
for O. streptacantha diploids (27=2x=22) and oc-
toploids (27=8x=88). Octoploids have been
recorded by PINKAVA and PARFITT (1982). In ad-
dition it has been pointed out that the presence
of polyploids and the high level of hybridization
in the subfamily Opuntioideae has played an im-
portant role in its evolution (PINKAVA ef al. 1985).
So far, more than 24 taxa have been produced by
inter- and intraspecific breeding (PINKAVA and
MCLEOD 1971; PINKAVA et al. 1985).

The present study analyzes the chromosome
numbers (27), karyotypes, and ploidy levels of
Opuntia cochinera, O. hyptiacantha and O. strep-
tacantha from plant populations in Mexico City
and the State of Mexico.

MATERIAL AND METHODS

Plant material

Plants of Opuntia cochinera, O. hyptiacantha and
O. streptacantha were collected from three wild pop-
ulations in Mexico City and the State of Mexico, Mex-
ico (Table 1). Live plants were transplanted to the cac-

ti living collectins of the Jardin Botanico, Instituto de
Biologia, Universidad Nacional Auténoma de México
(UNAM). For each of the species, 8 cladodes (stems)
from five plants were used to obtain and observe the
chromosomes. Branches were planted in pots con-
taining a mixture of peat, then maintained in a green-
house at the Jardin Botanico, IBUNAM. Voucher
specimens were deposited at the National Herbarium
(MEXU) of the UNAM.

Mitotic chromosome analysis

For the observation of chromosome numbers (27)
and the karyotypes of the three species of Opuntia, 20
mitotic cells in metaphase stage from 5 plants of each
species were observed. Elongating secondary root tip
cells were placed in a saturated solution of 1-Bromon-
aphthalene for 5 hr at 18°C in darkness. Then the root
tips were hydrolyzed with hydrochloric acid (IN) for
10 min at 60°C and transferred to Feulgen reagent for
1 hr, following PALOMINO and VAZQUEZ (1991). Slides
were prepared using the squash technique; the best
slides were frozen with dry ice (CONGER and
FAIRCHIELD 1953) and mounted in Canada balsam.
Three of the best cells in each population were pho-
tographed with technical Pan film using a Zeiss pho-
tomicroscope.

Karyotype analysis

Photographs of the best 3 cells of each species
were digitalized in black and white images using a
scanner ScanJet 3P HP (300 dpi), with the aim of ob-
taining an image in a personal computer. The files

Table 1 — Provenance and karyotype analysis of three species of Opuntia.

Range of Genome length Index of
Species, locality Karyotype =~ Numberof  chromosome (pm) asymmetry (TF%)
and collection number 2n formula satellites length (pm) X+SE X+SE
O. cochinera 88 88 m 16 m 1.19-2.71 166.79* 0.04 4531 0.11
México. México
State. Guadalupe
Mountains. L.
Scheinvar, 1991
O. hyptiacantha 88 88 m 6m 1.07-2.50 152.49* 0.03 45.60 0.17
México. México
State Tepotzotlan. L.
Scheinvar, 1405-a
O. streptacantha 88 88 m 20 m 1.55-3.57 210.99* 0.05 44.68 042

México. México City.
Vicente Guerrero
Mountains. H. Heras, 1

* Statistically significant at P < 0.05.
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Fig. 1 — Chromosomes of Opuntia cochinera with 27=88. Numbers show chromosomes with satellites. Scale equals 10pm.

were transferred to Corel Draw software package.
These images were used to draw and measure short
and long chromosome arms and total genome length.
Positions of centromeres were determined using a sys-
tem developed by LEVAN et al. (1964); arm ratio
(r=long arm/short arm) was calculated for every chro-
mosome. Karyotypes were constructed according to
the asymmetry index of the chromosomes, then
grouped. Index of asymmetry (TF%, or TF index) of
the karyotypes was obtained following GUPTA and
GupTa (1978).

Statistical analysis

The differences between the means of genome
length and asymmetry indices (TF %) in three species
of Opuntia were determined applying the Student pair-

wise “t” test. Statistical analysis was performed in the
computer using Statsoft CSS (1991) software package.

RESULTS

Chromosome number and plotdy level — Plants of
populations of Opuntia cocchinera, O. byptiacantha,
and O. streptacantha were consistently octoploid
with 22=8x=88 (Table 1; Figs. 1, 2, 3, 4, 5, 6).

Chromosome length — Based on the relative

percentage length, the chromosomes were orga-
nized in descending order for each species.
Therefore the three species studied showed
chromosome number 88 as the shortest in size
and chromosome number 1 as the longest. There
were similar relative percentage lengths: 0.70-1.63
pm for O. hyptiacantha, 0.71-1.63 pm for O.
cochinera and 0.71-1.67 pm for O. streptacantha.
The absolute chromosome length presented dif-
ferences among the species. The smallest chro-
mosomes were those in O. hyptiacantha ranging
between 1.07-2.50 pm. A smaller chromosome
length was observed in O. cochinera it was from
1.19-2.71 pm. Finally, Opuntia streptacantha had
the largest chromosomes ranging between 1.55-
3.57 pm (Table 1).

Genome length — Differences between chro-
mosome length of the 3 species were correlated
with their mean genome length. The genome
length in the investigated species of Opuntia
ranged from 152.49-210.99 pm (Table 1). This
correlation indicated that the smallest genome
length was that of O. hyptiacantha (152.49 pm)
and the largest by O. streptacantha (210.99 nm).
O. cochinera showed an intermediate genome
length value of 166.79 pm compared with the
other two species (Table 1). Genome length from
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the three species of Opuntia differed significant-
ly (P<0.05).

Karyotype analysis — Table 1 contains the kary-
otypic characterization for plants of the three
species. All of them shown 88 metacentric chro-
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Fig. 2 — Karyotype of Opuntia cochinera, 22=88. Numbers
indicate groups of homologous chromosomes. Scale equals
10 pm.

mosomes (Table 1, Figs. 2, 4, 6). No single kary-
otypic formula distinguished the 3 species of Op-
untia. Karyotype variation among species involved
variation in the chromosome size, genome length,
and the number and position on their satellites.
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Fig. 4 — Karyotype of Opuntia hyptiacantha with 2n=88.
Numbers indicate groups of homologous chromosomes.
Scale equals 10 pm.

Fig. 3 — Chromosomes of Opuntia hyptiacantha with 27=88. Numbers show chromosomes with satellites. Scale equals 10 pm.
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Fig. 5 — Chromosomes of Opuntia streptacantha with 2n=88. Numbers show chromosomes with satellites. Scale equals 10 pm.

Satellites — For the three species of Opuntia
satellites were of terminal linear type. Differences
were found in number and position of satellites
among chromosome complements (Figs. 1, 2, 3,
4,5, 6; Table 1). For Opuntia cochinera there were
16 metacentric chromosomes with a satellite on
chromosome numbers: 2, 4,5, 7, 10, 12, 14, 19,
20, 24, 30, 36, 40, 41, 57 and 64 (Figs. 1 and 2).
For O. hyptiacantha only 6 chromosomes with a
satellite were found, these were 3, 6, 10, 14, 19
and 30 (Figs. 3 and 4). O. streptacantha showed 20
chromosome with a satellite, these corresponded
to the numbers 1,2, 3,4,5,6,8,9, 12, 15,17, 21,
23,26,31,34,36,42,47 and 71 (Figs. 5 and 6).

Asymmetry indices — As estimated by TF%
asymmetry indices, the karyotypes of the three
species of Opuntia were generally homogeneous.
The TF% values among the species were very sim-
ilar and they did not differ significantly (P>0.05).
TF% value for O. hyptiacantha was TF % =45.60.
O. cochinera showed TF% =45.31, and for O. strep-
tacantha a TF% =44.68 was observed (Table 1).

DISCUSSION

Populations of Opuntia cochinera, O. hyptia-
cantha and O. streptacantha were consistently oc-
toploids with 272=8x=88. For both O. cochinera
and O. hyptiacantha it is the first time that a chro-
mosome number is reported. In the case of O.
streptacantha there were previous records of
diploid plants with 2#2=2x=22 and octoploid
plants with 27=8x=88 (YUASA et al. 1973).
PINKAVA and PARFITT (1982), observed #=44 in
anaphase I of meiosis in octoploid plants of O.
streptacantha that were collected in Mexico, from
San Luis Potosi and Zacatecas. Their results were
similar to ours, confirming that a population of
O. streptacantha from the Mexican Valley is oc-
toploid. Previous reports of chromosome counts
(7 and 2n) in Opuntia supported our study and
confirmed that O. cochinera, O. hyptiacantha and
O. streptacantha had a base chromosome number
x=11, and 2»=8x=88.

Karyotypes here observed for Opuntia cochin-
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Fig. 6 — Karyotype of Opuntia streptacantha with 2n=88.
Numbers indicate groups of homologous chromosomes.
Scale equals 10 pm.

era, O. hyptiacantha and O. streptacantha showed
small chromosomes (1.07-3.57 pum, Table 1), and
all three species with 88 metacentric chromo-
somes (Figs. 1,2, 3,4, 5, 6; Table 1). So, it is pos-
sible to say that these are species cytologically ho-
mogeneous. This is common within the family
Cactaceae. For example, as in the genera Ma-
millaria (JOHNSON 1978), Nyctocereus (PALOMI-
NO et al. 1988), Echinocereus (COTA and WAL-
LACE 1995), Myrtillocactus (CID and PALOMINO
1996) and Ferocactus (COTA et al. 1996).
Although Opuntia cochinera, O. hyptiacantha,
and O. streptacantha showed similar karyotypes
(272=88 metacentric chomosomes), it is possible
to distinguish differences among the three
species. The most conspicuous is the variation in
chromosome size, genome length, and the num-
ber of chromosomes with satellites. O. hyptia-
cantha showed the smallest chromosomes (1.07-
250 um), O. cochinera had chromosomes of in-

termediate size (1.19-2.72 pm) and O. strepta-
cantha the largest (1.55-3.57 pm, Figs. 1, 2, 3, 4,
5, 6; Table 1). A correlation of genome length and
chromosome size of Opuntia species here studied
were found (Table 1). O. hyptiacantha had the
smallest genome length (152.49 pm), O. cochin-
era showed an intermediate length (166.79 pm)
and O. streptacantha (210. 99 pm) had the largest
(P<0.05; Table 1). This indicates that each
species has a different genome length and
genome structure. Although there are few kary-
ological studies of this type in Cactaceae, it has
been shown that there is interspecific variation in
groups closely related based in genome length, in-
dicating correlation between genome length and
chromosome size , for example, in species of Nyc-
tocereus (PALOMINO et al. 1988) and Echinocereus
(CoTA and WALLACE 1995).

The number and position of secondary con-
strictions in Opuntia species was variable. Opun-
tia hyptiacantha had six chromosomes with a
satellite, O. cohinera 16, and O. streptacantha 20.
Position of satellites in O. hyptiacantha and O.
streptacantha were similar in two chromosomes,
and the first had four in common with O. cohin-
era. Between O. cochinera and O. streptacantha
there are in common five satellites in the same
chromosomes (Figs. 1, 2, 3, 4, 5, 6). Variation in
satellite position could have been a result of peri-
centric inversions, as they have been proved in
Opuntia leptocaulis (PINKAVA et al. 1985), and in
Mammillaria prolifera (JOHNSON 1978). This
could also be due to structural cryptic rearrange-
ments on their chromosomes that were not evi-
dent during the microsporogenesis, as happens in
Echinocereus species (COTA and WALLACE 1995).

Variation in chromosome satellites in the three
species of Opuntia may indicate their auto-or al-
lo-polyploid origin. O. cochinera had 16 chromo-
somes with a satellite, which could suggest an au-
to-octoploid origin; if it is hypothesized as an eu-
ploid species where the chromosome complement
is constituted by a duplication of a multiple num-
ber of the basic chromosome number. This was
observed in O. robusta (SOSA and ACOSTA 1966).
The presence of 6 chromosomes with a satellite in
O. hyptiacantha and 20 chromosomes with a satel-
lite in O. streptcantha suggests that both species
have an allo-octoploid origin. Species with partial
genome homology have been shown to have an
auto-allo-octoploid origin; O. amyclea and O.
megacantha, when SOSA and ACOSTA (1966), ob-
served during the meiosis of these species the for-
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mation of multivalent chromosomes (tetravalents,
hexavalents and an octavalent ring) in metaphase
I, although in metaphase 11, there was a formation
of 44 normal dyads.
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