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Abstract

Campuloclinium macrocephalum (Less.) DC. is a perennial herb widely distributed in the New World, but introduced to South Africa, where it
is commonly called “pompom weed”. This species is considered one of the most important weeds from Brazil and it has been included among the
plant invaders of South Africa. Results of the meiotic and embryological analyses of six populations of C. macrocephalum are reported in this
paper. The microsporogenesis analysis revealed five triploid (2n=3x=30) and one diploid (2rn=2x=20) populations with a basic chromosome
number x=10. The diploid specimens showed regular meiotic behavior, but the triploid plants presented irregular chromosome pairing which
result in the formation of univalents, bivalents and trivalents at diakinesis. In consequence, laggard chromosomes, unbalanced nuclei and
micronuclei were observed in subsequent phases of meiosis. The embryological analysis showed that the triploid specimens of C. macrocephalum
have embryo sac development from a nucellar cell (apospory), which indicates that these specimens are apomictic. Almost all cases of apomixis
found in tribe Eupatorieae are diplosporous apomixis. Campuloclinium macrocephalum constitutes the second species of the tribe and the first of
the genus with apospory as reproductive system. The aposporous apomixis combined with the presence of xylopodium would be two important

factors responsible for the invasiveness of C. macrocephalum.
© 2011 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Campuloclinium macrocephalum (Less.) DC. is a perennial
herb widely distributed in the New World, from Mexico to
Argentina (Cabrera, 1974). In southern South America, its
distribution area includes Brazil, Bolivia, Paraguay, Uruguay
and the north of Argentina (Freire, 2008). In the 1970s, this taxa
was introduced to South Africa, where it is commonly called
“pompom weed”, probably in reference to the large size of the
flower heads.

This species is considered a medicinal plant in Paraguay
where it is mostly used as anti-inflammatory and sedative (Vega
et al., 2008). However, C. macrocephalum has been recognized
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by Holm et al. (1979) as one of the most important weeds of
Brazil and it was also included by Henderson (1995, 2007) and
Foxcroft et al. (2007) among the plant invaders of South Africa.
Campuloclinium macrocephalum was probably introduced to
South Africa about 30 years ago, where it has invaded
undisturbed climax grasslands, wetlands and roadsides in
several provinces, reducing the grazing potential of grasslands
and impacting on biodiversity (Wells et al., 1986; Klein
and Neser, 1999). Due to the absence of natural enemies of
C. macrocephalum, several species of thrips from South
America are currently being tested as a potential biological
control agent against this invasive weed in South Africa
(Mound and Pereyra, 2008).

In recent years, several studies on the biology of
C. macrocephalum have been published. Cortadi and Gattuso
(1994) provided a biochemical and anatomical characterization.
Vega et al. (2008) determined the chemical composition of the
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Table 1

Populations of C. macrocephalum analyzed.

Population Voucher

A Paraguay. Dept. Amambay: Parque Nacional Cerro Cora. Around the monument to Mariscal Lopez. M. Dematteis and A. Schinini 883 (CTES).
B Argentina. Corrientes: Dept. Mercedes. 8 km W of Felipe Yofre, sandy hills. M. Dematteis and M. Seo 2467 (CTES).

C Argentina. Corrientes: Dept. Capital. Campus of the Universidad Nacional del Nordeste. G. E. Farco 1 (CTES).

D A. Argentina. Corrientes: Dept. San Roque. 5.3 km S of San Roque, next to the road. M. Dematteis et al. 2762 (CTES).

E B. Argentina. Corrientes: Dept. Bella Vista. 10 km N of the bridge on the river Santa Lucia. G. E. Farco 4 (CTES).

F C. Argentina. Corrientes: Dept. Saladas. Route 117, next to the access to Saladas. G. E. Farco 5 (CTES).

species, while Marzinek and Oliveira (2010) determined the
structure and ontogeny of the pericarp. Recently, Goodall et al.
(2010) tested the allelopathy to explain the invasiveness of
Campuloclinium macrocephalum in the South African grass-
land biome. Despite these studies, all the remaining areas of the
biology of C. macrocephalum are still poorly known.

From the cytological viewpoint, C. macrocephalum has been
previously analyzed and almost all the chromosome studies
indicate 2n=20, 2n=40 or 2n=ca.40. Turner et al. (1979)
found n=ca.20II for specimens from the province of Santa Fe
(Argentina). A meiotic analysis on a population of Buenos Aires
(Argentina) recorded 19II+1I or 2011+ 11 (Galiano and
Hunziker, 1987). The most recent analysis recorded 2n=20
and 2n=40 for two samples from Paraguay, suggesting that the
species is cytologically heterogeneous, having populations with
different ploidy levels (Dematteis et al., 2007). However, at the
present relatively little is known regarding the meiotic behavior
and the reproduction of C. macrocephalum.

In this paper was carried out a meiotic and embryological
analysis of different populations of C. macrocephalum, in order
to contribute data that would aid our understanding of the
reproduction of this species.

2. Material and methods
2.1. Plant materials

The six populations of C. macrocephalum analyzed in this
study were collected in Argentina and Paraguay (Table 1). The
voucher specimens were deposited in the herbarium of the
Instituto de Botanica del Nordeste (CTES). The sources of
the samples are summarized in Table 1.

2.2. Meiotic analysis

Meiosis was studied in floral buds fixed in a 5:1 lactic acid—
ethanol solution, transferred to 70% ethanol and then stored at
4 °C for subsequent examination. The anthers were macerated
and stained with 2% lacto-propionic orcein, and permanent
preparations were made using Euparal as mounting media. The
slides were examined using a Zeiss Axioplan microscope and
the images were obtained with a Nikon digital camera. The
analysis included the chromosome count, determination of the
ploidy level, analysis of the meiotic behavior and establishment
of the type of polyploidy in all six populations.

2.3. Embryological studies

Buds for the embryological studies were fixed in FAA
(formaldehyde—acetic acid—ethanol) solution for 48 h and
stored in 70% cthanol at 4 °C. Longitudinal sections of buds
in different stages were prepared according to the standard
techniques. Permanent microscope slides were obtained by

Table 2
Meiotic configurations observed in six populations of C. macrocephalum.
Population 2n  Ploidy Meiotic configurations  Percentage =~ Number
level of cells
A 30 3x 21+ 211+ 811 50 2
201+ 211+ 11V 50
B 30 3x 41+8I1+1IV+1VI 20 5
L1+ 5I1+311 20
61+611+4111 20
31+31+ 7111 20
8I+5I1+4111 20
C 30 3x 3I1+8II 25 4
11+ 711+ 5111 25
21+ 8 11+4111 25
OIT+4111 25
D 30 3x 101+ 1011 5.55 15
3I+911+ 3111 5.55
71+ 711 +3111 16.66
L1I+8I1+ 11T 5.55
71+ 1011+ 1111 5.55
8I+8II +2I11 5.55
71+911+ 3111 5.55
41+ 1011+ 2111 5.55
SI+8I1+ 3111 16.66
SI+11T+ 1T 5.55
71+ 811+ 2111 5.55
61+611+4111 5.55
61 +911+ 2111 5.55
E 30 3x 41+1311 5.55 18
61+611 +4111 11.11
101 +711+ 2111 5.55
41+ 1011+2111 5.55
41+ 311+ 6111 5.55
31+ 511+ 5111 5.55
81+ 811+ 2111 5.55
61+ 811+ 2111 11.11
21+ 511+ 6111 5.55
11+ 10I1+3111 5.55
3I+611+ 5111 11.11
SI+8II+ 3111 5.55
SI+5I1+ 5111 5.55
61+ SI1+4111 5.55
41+411+ 6111 5.55
F 20 2x 1011 100 18
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Fig. 1. Microsporogenesis in triploid and diploid specimens of C. macrocephalum. (a—n) Meiotic division in population D (triploid), (o) diakinesis in population
F (diploid). (a) 111+8II+ 11II; (b) SI+8I1+31IL; (¢) 31+9I1+3III; (d) 101+ 10II and showing microsatellites; (e) 81+8II+21II; (f) 11+ 1011+ 31II; (g) 31+611+5I111;
(h) 71+ 711+3 1II; (i) chromosome distribution at anaphase I; (j) anaphase I showing three lagging chromosomes; (k) anaphase I showing a bridge; (1) telophase Il

showing differences in the nuclei in formation; (m) polyploid with two normal microspores and six micro-microspores; (n) polyads; (o) diploid cytotype, 10IL. Scale
bar=5 pm.
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dehydration through an ethanol series with a rinsing pre-im-
pregnant. Techniques proposed by Johansen (1940) were used
for paraffin infiltration, after which the material was imbedded
in Histoplast ®. Sections of 10—12 um were cut with a rotary
microtome and stained with Astra blue-safranin (Luque et al.,
1996) before being mounted with synthetic Canada Balsam.
Observations and photography were performed using a Leica
DM LB2 microscope, equipped with a digital camera.

2.4. Pollen fertility

The evaluation of the pollen viability was done using the
acetic carmine-glycerol technique proposed by Marks (1954).
The pollen grains were stained for about 12 h and at least 200
grains for each sample were analyzed to establish the pollen
viability. Well-filled pollen grains with stained nuclei were
considered fertile while unstained pollen grains were regarded
as sterile.

3. Results
3.1. Meiotic behavior

The results of the meiotic analysis from the six populations
of C. macrocephalum are detailed in Table 2. Five samples
(populations A—E) were triploid with somatic chromosome
number 2n=30, while only one population was diploid having
2n=20 (population F).

The diploid plants showed a regular behavior with exclusive
formation of 10 bivalents at diakinesis and without irregularities
in successive phases of meiosis (Fig. 1). However, the triploid
populations showed a wide variation of meiotic configurations
within each sample (Fig. la—h). The number of univalents
ranged from 2 to 11, the bivalents from 2 to 13, while the
trivalents varied between 1 and 8 in the different populations
examined (Table 2).

Due to the different meiotic configurations, the triploid
populations showed a great number of irregularities at
metaphase | and anaphase I (Table 3). In populations A, B
and C 100% of cells in metaphase I had chromosomes outside
of the division plane. Populations D and E showed a smaller
proportion of irregular metaphase plates, namely 89.44% and
84.85% respectively.

In anaphase I, the triploid populations showed regular
behavior in 42.59% to 69.17% of the cells. The remaining cells
in anaphase [ displayed a wide variation of irregularities
(Fig. 1li-k) such as chromosome bridges (1.61%—8.19%),
bridges and fragments (0.00%—7.68%), laggard chromosomes
(25.70%-47.59%) and laggard chromosomes accompanied by
bridges and fragments (0.00%—2.56%). Laggard chromosomes
and fragments led to the formation of micronuclei at the first and
second meiotic divisions. Micronuclei gave rise to microcytes at
the tetrad stage, which in turn developed into small, sterile
pollen grains (Fig. 2).

Meiosis resulted in a high frequency of irregular meiotic
products such as dyads, triads and tetrads having a vari-
able number of microcytes, occasionally with micronuclei

Table 3
Percentage of meiotic abnormalities in different meiotic phases.
A B C D E F

Metaphase |
Regular (%) 0 0 0 10.52 15.15 100
Chromosomes 100 100 100 89.44 84.85 0
outside plate (%)
Number of cells 36 28 40 57 66 50
analyzed

Anaphase |
Regular (%) 42.59 5298 63.70  69.17 51.28 100
Laggards (%) 47.59 4255 34.69 25770 34.64
Bridges with 1.63 0 0 2.80 7.68 0
fragment (%)
Bridges without 8.19 3.73 1.61 2.33 384 0
fragment (%)
Laggards+bridges+ 0.74 2.56
fragments
Number of cells 75 134 124 386 78 50
analyzed

Tetrads
Regular (%) - 2427 43.01 76.30  46.54 100
Irregular (%) — 75.72  36.98 23.70 5346 0
Number of cells 103 93 249 318 50
analyzed

Pollen fertility
Fertile (%) 25.25 32.04 51.67 58.42 57.40 99.35
Sterile (%) 74.74 67.95 4332 4157  42.60 1.36

Number of cells 891 1554 538 1027 1242 514
analyzed

(Fig. Im—n). The percentage of irregular tetrads in triploid
populations varied between 23.70% and 75.72%, while in the
diploid sample it was always regular (Table 3). The proportion
of regular and abnormal tetrads was determined in all the
specimens, except in population A, where the sample had no
florets at this stage. The tetrads were classified into different
types (1 to 35), according to the number and size of the
microspores and micronuclei. The different types of meiotic
products are described in Table 4. All the meiotic products
observed are shown in Fig. 2.

Pollen fertility of the triploid populations ranged widely
between 25.25% and 58.42%, while it was 99.35% in the
diploid sample. Variation was also observed in the size of pollen
grains, which ranged from very small (micrograins) to double
the size of the regular pollen.

3.2. Female gametophyte development

The embryological analysis of population C showed that the
individuals possess one anatropous ovule per floret. Megaspo-
rogenesis was observed in the early developmental stages, while
the complete sequence of the megagametogenesis process was
studied in more advanced phases.

The complete sequence of the meiotic division of the
megaspore mother cell, which is clearly distinguished from the
remaining cells by the presence of a large vacuole (Fig. 3a) was
studied. The first division of the megaspore mother cell (Fig. 3b),
which is always transverse, resulted in a dyad. Subsequently, in
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Fig. 2. Microspore types present in the triploid populations of C. macrocephalum.

the second division, it produced a tetrad of four megaspores
which are arranged in a linear arrangement.

Most of the megaspores degenerate immediately after the
second meiotic division. The megaspore is displaced by other
cells, in general from the nucellus (Fig. 3i). The nuclear cell
develops an aposporic embryo sac type Hieracium. The ovules
with two embryo sacs, one sexually deteriorated and the other
aposporic well developed are shown in Fig. 3 g—h.

4. Discussion

From the cytological viewpoint, the tribe Eupatorieae is
relatively poorly known. At present chromosome numbers of
about 467 taxa of the tribe have been reported. This represents
little more than 20% of the species (Cave, 1960, 1965; Fedorov,
1969; Moore, 1973, 1974, Moore and Moore, 1977; Goldblatt,
1981, 1984, 1988; Goldblatt and Johnson, 1990, 1991, 1994,
1996, 2003, 2006). Several basic chromosome numbers have
been reported for this tribe, ranging between x=4 and x=25,
although the most frequent are x=10 and x=17 (Watanabe et
al., 1995). The ancestral number of the tribe seems to be x=10,
and the remaining chromosome numbers are thought to have
derived from a combination of polyploidy and aneuploidy
(Wulff et al., 1996).

The cytogenetic analysis of C. macrocephalum revealed the
existence of diploid (272=20) and triploid (2n=30) populations

within the species. The chromosome number 27=20 observed
here is in agreement with a previous analysis of specimens from
Paraguay (Dematteis et al., 2007), but this constitutes the first
diploid population recorded from Argentina. Almost all the
previous chromosome studies have reported 2rn=40 or
2n=ca.40 for C. macrocephalum (Turner et al., 1979; Galiano
and Hunziker, 1987; Dematteis et al., 2007). The number
2n=30 found in our study thus constitutes a new chromosome
number and ploidy level for C. macrocephalum.

The occurrence of trivalents at diakinesis of microsporogen-
esis in the triploid individuals suggests that they are
autopolyploid. The existence of triploid populations could be
explained by fertilization of a reduced gamete with an
unreduced gamete of a sexual or partially sexual diploid
population. However, the most simple mechanism would be
hybridization among diploid and tetraploid specimens. Previous
chromosome studies have reported both, diploid and tetraploid
specimens, and consequently this hypothesis could be possible.
A similar case has been reported in Campovassouria bupleur-
ifolia (DC.) R.M. King et H. Rob., but in this species no diploid
populations had been found, and all samples studied thus far
had been triploid (Coleman and Coleman, 1984).

The microsporogenesis of triploid species of Eupatoricae
analyzed to date, such as C. bupleurifolia and Chromolaena
callilepis (Sch.Bip. ex Baker) R.M. King et H.Rob. in general
are quite similar. As in C. macrocephalum, aberrations in
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Table 4
Different types and percentages of meiotic products in four triploid populations of C. macrocephalum.
Type Description B C D E
1 4 microspores (regulat tetrads) 25.00 43.01 76.30 46.54
2 4 microspores+ 1 microcyte 35.00 23.65 9.63 23.58
3 4 microspores+2 microcytes 11.00 3.22 0.40 7.23
4 3 microspores+ 1 reduced microspore 0.00 322 0.00 0.00
5 2 microspores+ 6 microcytes 0.00 1.07 0.00 0.00
6 4 microspores. 1 with micronucleus 11.00 10.75 8.43 9.43
7 4 microspores. 1 with micronucleus+ 1 microcyte 5.00 4.30 0.00 4.71
8 4 microspores+ 3 microcytes 2.00 2.15 0.00 0.00
9 2 microspores+3 microcytes 0.00 1.07 0.00 0.31
10 2 microspores. 1 with micronucleus. + 5 microcytes. 1 with micronucleus 0.00 1.07 0.00 0.00
11 2 microspores +4 microcytes. 1 with micronucleus 0.00 1.07 0.00 0.00
12 4 microspores. 2 with micronuclei 3.00 3.22 0.00 1.57
13 2 microspores+5 microcytes. 3 without cytoplasm 0.00 1.07 0.00 0.00
14 2 microspores. 1 with micronucleus+3 microcytes. 1 with micronucleus 0.00 1.07 0.00 0.00
15 3 microspores+ 1 microcyte with 2 micronuclei 3.00 0.00 0.00 0.00
16 2 microspores+3 microcytes. 2 with micronuclei 2.00 0.00 0.00 0.00
17 2 microspores +2 microcytes with 2 micronuclei 1.00 0.00 0.00 0.00
18 3 microspores. 1 with 2 micronuclei+ 1 reduced microspore 1.00 0.00 0.00 0.62
19 2 microspores +3 microcytes with micronuclei 1.00 0.00 0.00 0.00
20 2 microspores. 1 with micronucleus+1 large microspore 0.00 0.00 0.88 0.00
21 2 microspores+ 1 large microspore 0.00 0.00 1.60 0.00
22 2 microspores. | with micronucleus+1 small microspore 0.00 0.00 0.40 0.00
23 Dyad 0.00 0.00 0.40 0.00
24 4 microspores. 1 with micronucleus+2 microcytes 0.00 0.00 0.40 0.31
25 Triad 0.00 0.00 1.20 0.00
26 3 microspores+ 1 small microspore+3 microcytes 0.00 0.00 0.00 1.88
27 4 microspores+4 microcytes 0.00 0.00 0.00 0.62
28 4 microspores. 1 with micronucleus+3 microcytes 0.00 0.00 0.00 0.31
29 4 microspores+ 1 microcyte with two micronuclei 0.00 0.00 0.00 0.62
30 4 microspores. 2 with micronuclei+ 1 microcyte 0.00 0.00 0.00 0.31
31 3 microspores. 1 with micronucleus+ 1 small microspore+ 1 microcyte without cytoplasm 0.00 0.00 0.00 0.62
32 2 microspores+2 small microspores 0.00 0.00 0.00 0.31
33 5 medium sized microspores 0.00 0.00 0.00 0.31
34 4 microspores+ 1 microcytes with two micronuclei+2 microcytes without cytoplasm 0.00 0.00 0.00 0.31
35 4 microspores. 1 with micronucleus+4 microcytes. 1 with two micronuclei 0.00 0.00 0.00 0.31
Total of cells 100 93 249 318

chromosome pairing during diakinesis and metaphase have
been observed, forming univalents, bivalents, trivalents and
higher multivalents (Bertasso-Borges and Coleman, 2005). The
irregularities in the chromosome pairing found in C. macro-
cephalum produce a high reduction of pollen fertility. These
observations suggest that sexual reproduction would be very
rare or absent in the triploid material studied.

However, triploid and other odd polyploids species of
Eupatorieac commonly have a high percentage of seed viability
through the mechanism of apomixis. Apomixis is usually
defined as a natural process that allows clonal reproduction
through seeds, avoiding meiosis and fertilization, resulting in
offspring that are genetically identical to the maternal plant
(Nogler, 1984).

The first case of apomixis found in the tribe was detected by
Holmgren (1919) in Eupatorium glandulosum Kunth. Further
studies such as those carried out by Fryxell (1957), Sullivan
(1976) and Sparvoli (1960) determined the occurrence of
apomixis in other species of Eupatorieae from the northern
hemisphere. Apomixis was also detected in six species of the
tribe from South America: Ageratina riparia (Regel) R.M. King
et H. Rob. (Sparvoli, 1960), Chromolaena callilepis (Coleman

and Coleman, 1984), C. squalida (DC.) R.M. King et H. Rob.
(Coleman and Coleman, 1988), C. odorata (Lam.) R.M. King et
H. Rob. (Coleman, 1989), Gyptis tanacetifolia (Czapik, 1996)
D.J.N. Hind et Flann (Rozenblum, Maldonado and Waisman,
1988) and Praxelis pauciflora (Kunth) R.M. King et H. Rob.
(Bertasso-Borges and Coleman, 1998).

There are two principal types of apomixis, adventitious
embryony and gametophytic apomixis. Adventitious embryony
occurs when an embryo is formed directly from a cell of the
nucellus or integument of the ovule without the occurrence of the
megagametophyte generation (Nogler, 1984). In gametophytic
apomixis there are two distinct mechanisms for producing an
unreduced embryo sac, diplospory, in which the embryo sac
originates from the megaspore mother cell by mitosis or
modified meiosis, and apospory, in which the embryo sac is
formed from a somatic cell of the ovule, generally of the
nucellus. Almost all cases of apomixis detected at the present in
the tribe Eupatoricac are diplosporous apomixis (Bertasso-
Borges and Coleman, 2005). The single species in which
apospory has been recorded is Campovassouria bupleurifolia.
Thus C. macrocephalum constitutes the second species of the
tribe and the first taxa of the genus with this reproductive
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Fig. 3. Megasporogenesis and megagametogenesis in a triploid population of C. macrocephalum. (a) Megaspore mother cell (MMC) with a large vacuole; (b) MMC in
anaphase I; (c) MMC in telophase I; (d) dyad; (e) four megaspores degenerate and a nuclear cell developing towards the chalaza to form the aposporic embryo sac;
(f) differentiated cells towards micropyle and the four megaspores degenerate; (g) sexual embryo sac developing; (h) embryo sac (below) and rest of cells (above);

(i) aposporic embryo sac (above). Scale bar=5 pum.

mechanism. Apomixis was recorded in 2.9% of the genera of the
Asteraceae family. However, embryological studies in most of
the genera of the family are limited, so it is possible that the
number of apomictic species in this family is much larger
(Czapick, 1996).

Among the most striking features of gametophytic apomixis
is its strong correlation with polyploidy. In a list with more than
126 genera (Carman, 1997), less than a handful are reported to
include diploids (Nogler, 1984; Mogie, 1992; Schranz et al.,
2006). The odd ploidy levels (triploid, pentaploid) are often
reliable predictors of the presence of apomixis (Asker and
Jerling, 1992; Koltunow, 1993). Explanations for the associa-
tion between gametophytic apomixis and polyploidy are nu-
merous and varied; they include mechanisms that focus on the
ecology of polyploids and apomicts (Stebbins, 1950), the ge-
netic consequences of polyploidy and apomixis (Manning and
Dickson, 1986), the genetic basis of apomixis (Mogie, 1992),
and the shared role of unreduced gamete formation (Harlan and
De Wet, 1975).

The inheritance of gametophytic apomixis has since been
reported to be associated with the transfer of either a single
locus or a small number of loci in most of the systems studied to
date (Ozias-Akins, 2006; Schallau et al., 2010). In the apo-
sporous grasses Pennisetum (Sherwood et al., 1994), Panicum
(Savidan, 1983), and Brachiaria (Valle et al., 1994), apomixis
segregates as a single dominant locus. Simple dominant in-
heritance also has been reported for apospory in the dicot-
yledonous genera Ranunculus (Nogler, 1984) and Hieracium
(Bicknell et al., 2000). Some of these studies have shown that
the region controlling aposporous apomixis has reduced
recombination, with multiple markers and potentially multiple
genes falling within the linkage group (Ozias-Akins, 20006).
There is consistent evidence suggesting that most of the alleles
controlling apomixis are dominant (Whitton et al., 2008).

Apomictic species also are almost invariably perennials, and
they often use a vegetative mechanism of asexual reproduction,
such as stolon or rhizome growth. Thus, in the field, through a
combination of apomixis and vegetative division, apomicts can
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form large clonal stands, and these may persist through long
periods of time (Bicknell and Koltunow, 2004). Campulocli-
nium macrocephalum does not reproduce vegetatively, but has
a woody subterranean base that constitutes a xylopodium. It acts
as a carbohydrate storage organ allowing the species to resist
fire, drought and herbicide damage. When the aerial parts of the
plant are damaged by fire or die in the dry season, the
underground xylopodium that is well-protected against over-
heating by the soil layers, sprout repeatedly. Thus the presence
of a xylopodium, combined with aposporous apomixis, are
two important factors that contribute to the invasiveness of
C. macrocephalum.
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