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Abstract  
 
Traditionally, tetraploid Paspalum notatum was considered an obligate or a facultative apomict according to 
cytoembryological analyses. The degree of facultativeness was usually determined by the relative amount of mature 
ovules bearing aposporous or meiotic (sexual) embryo sacs, or both together. We established, through progeny tests 
conducted with the aid of AFLP markers, the degree of residual sexuality expressed in four selected biotypes. The 
results showed it to be substantially and significantly lower than predicted by previous embryological analyses for the 
same biotypes. Moreover, the lowest expression of residual sexuality was coincident with maximum flowering period. 
Seed development in facultative apomictic P. notatum shows a definite bias against meiotic embryo sacs.  
Additional key words: AFLP markers, facultative apomixis, bahiagrass.  
 
⎯⎯⎯⎯ 
 
An important proportion of species in the grass genus 
Paspalum represent agamic complexes composed of 
sexual diploid and apomictic polyploid counterparts 
(Quarin 1992). Apomixis, asexual reproduction by seeds 
(Nogler 1984), is characteristic of most polyploid species 
or races in the genus. The mode of apomixis is usually 
apospory followed by parthenogenesis. Paspalum 
notatum Flügge, a perennial rhizomatous forage grass 
distributed from Mexico to Argentina in South America, 
comprise diploid (2n=2x=20), triploid (2n=3x=30), 
tetraploid (2n=4x=40) and pentaploids (2n=5x=50) 
cytotypes (Gates et al. 2004). The most common biotype 
throughout the natural distribution of the species is 
tetraploid, apomictic, pseudogamous, and self-fertile 
(Burton 1948). Diploid cytotypes, which reproduce 
sexually and are allogamous due to a self-incompatibility 
system (Burton 1955), originally occupied a limited area 
in South America (Burton 1967, Daurelio et al. 2004).  

Diploid and tetraploid forms are now widely cultivated 
throughout the southern USA regions. Triploid and 
pentaploid individuals are apomictic and occur 
sporadically in wild populations (Gates et al. 2004). Early 
studies based on experimental crosses and progeny tests 
(Burton 1948) indicated that tetraploid races were 
obligate apomicts. However, detailed embryological 
studies carried out on a wide-ranging collection of  
P. notatum indicated that most tetraploid genotypes from 
different origins showed residual sexuality (Martínez et al. 
2001, Espinoza et al. 2006). These authors observed that 
a varying proportion of mature ovules, depending upon 
the considered genotype, showed a meiotic (sexual) 
embryo sac. The meiotic sac could be alone or 
accompanied by one or several aposporous sacs in the 
same ovule. The eventual fertilization of meiotic sacs 
would lead to sexual reproduction. Thus, in spite of the 
genetic capacity for apomixis, most tetraploid genotypes  
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showed a residual ability for sexual reproduction. 
According to embryological data reported previously 
(Martínez et al. 2001, Espinoza et al. 2006), this 
facultative capacity might be responsible for a sexual 
origin of a high proportion of individuals in the progenies 
of some specific genotypes. However, the lack of visual 
morphological variations in progeny tests conducted by 
Burton (1948) would indicate that the ultimate expression 
of residual sexuality is less significant than that suggested 
by embryological analyses. On the other hand, variation 
in the degree of apomictic expression was observed to 
correlate with different stages of flowering in  
P. cromyorrhizon, a close relative of P. notatum (Quarin 
1986). Formerly, embryological analysis of the mother 
plant and morphological screening of aberrant progenies 
were the traditional procedures employed for assessing 
the mode of reproduction in grasses (Young et al. 1979, 
Burson and Bennett 1970, Norrmann et al. 1989, 
Martínez et al. 2001, Espinoza et al. 2006). Cytoembryo-
logical analysis is still the most informative method to 
describe the processes involved in apomictic reproduction. 
At the present time, progeny tests conducted with the aid 
of molecular markers may rapidly assess the quantitative 
apomictic expression of a given plant by the proportion of 
the progeny bearing the maternal genotype, while the 
non-maternal individuals represent the proportion of 
sexual reproduction.  
 The embryo:endosperm relative DNA content, 
established by flow cytometric seed screen analysis 
(FCSS) (Matzk et al. 2000), is a particularly interesting 
method to determine in P. notatum the proportions of 
seed that a facultative apomictic plant produces by sexual 
events or by apomixis. In angiosperms with sexual 
reproduction, a seed consists of a 2n embryo and 3n 
endosperm bearing maternal (m) to paternal (p) ratios of 
1m:1p and 2m:1p, respectively. Any deviation in the 
endosperm ratio seriously affects the seed development. 
Apomictic species usually maintain this requirement in 
different ways. For example, aposporous apomict 
pseudogamous Panicum maximum conserved the 2m:1p 
ratio, as only one, unreduced polar nucleus contributes 
from the female while fertilization provides a reduced 
male gamete (Savidan 2000). The 2m:1p endosperm ratio 
is conserved in apomictic pseudogamous triploid 
Boechera holboellii in a different way, since only 
unreduced female and male gametes participate in a 
viable seed development (Taskin et al. 2009). In contrast, 
most apomicts in Paspalum, including P. notatum, form 
endosperms with a 4m:1p ratios. Thus, a mature seed 
developed by sexual means has a 2:3 embryo:endosperm 
DNA content ratio, while a seed which originated by 
apospory, parthenogenesis and pseudogamy shows a 2:5 
embryo:endosperm ratio.  

The objectives of this research were: 1) to determine 
the effective residual sexuality expressed in progenies of 
apomictic tetraploid genotypes of P. notatum using 
AFLPs markers, in comparison with sexuality expressed 
at flowering (embryological results); and 2) to investigate 
whether the quantitative expression of sexuality has 

different values in these facultative apomicts at maximum 
flowering and the end of the flowering cycle.  
 Three tetraploid plants of Paspalum notatum Flügge 
collected in Brazil (Q4008, Q4012, and Q4023) and one 
from Argentina (Q3778) were selected as mother plants. 
The four accessions were initially collected as rhizomes 
of single plants and space-planted 1 m apart in a field 
nursery at Corrientes, Argentina. The reproductive mode 
of each selected genotype had been characterized 
previously by cytoembryological techniques (Martínez  
et al. 2001, Espinoza et al. 2006). Seeds formed in open-
pollinated conditions were harvested from the four 
selected genotypes to generate different progenies. Seeds 
were germinated in sterilized soil, the seedlings were 
grown in individual pots containing 500 cm3 of soil, and 
then space-planted 0.8 m apart into the field. A first set of 
four progenies was established from seed formed at the 
stage of maximum flowering (MF), which occurred at the 
end of December 2006 and beginning of January 2007. 
The first set was used to perform the progeny tests with 
molecular markers and for comparison with results 
previously obtained through cytoembryological techniques. 
A second set of four progenies was simultaneously 
established from seed produced at the end of the 
flowering period (EF), March 2007. Both sets of 
progenies were then used to compare the residual sexual 
reproduction rates in connection with their MF or EF 
origins.  
 The reproductive mode of each accession was 
analysed through progeny tests conducted with AFLP 
markers. It was assumed that all those individuals 
showing the same fingerprint pattern as the parental 
genotype had originated by apomixis (apospory + 
parthenogenesis), while all those individuals of the 
offspring that showed a non-maternal fingerprint pattern 
were assumed to have originated from a sexual event. 
Genomic DNA was isolated from fresh leaf tissue using 
the general procedures of the protocol described by 
Dellaporta et al. (1983). The AFLP procedure was 
undertaken following the manufacturer’s instructions of 
the AFLP Analysis System I (Invitrogen, Carlsbad, USA). 
The 38 primer combinations were screened on parental 
plants: Q3778, Q4008, Q4012 and Q4023, and five of 
them (E31M33, E31M34, E34M35, E34M37 and 
E34M39) were selected because they showed clear and 
recordable bands appropriate to compare the fingerprint 
patterns. The total number of bands considered for these 
primers combinations varied between 206 and 330, 
depending on the progeny. The ploidy level of non-
maternal plants (sexual origin) was determined by flow 
cytometry (Partec ploidy analyzer PA-II, Germany) in 
leaf tissue. The flow cytometric seed screen (FCSS) 
method described by Matzk et al. (2000) was used as a 
control to confirm the results of progeny tests conducted 
by molecular markers in one of the four accessions 
analyzed (Q4023). A χ2-test was used to determine the 
goodness of fit between the expected results according to 
previous cytoembryological data and the residual 
sexuality determined by progeny tests with AFLP 
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markers. A Monte Carlo test was performed in order to 
ascertain the association between the degree of sexual 
expression and the flowering phases in which the seeds 
were formed. The method has been implemented using 
CLUMP program which is freely available from 
http://www.smd.qmul.ac.uk/statgen/dcurtis/software.html. 

Results showed that progenies of genotypes Q4008 
and Q4012 from seeds generated at stages of maximum 
flowering displayed uniform fingerprint patterns identical 
to band patterns of their parental genotypes.  
46 descendants of Q3778 were analyzed and only two 
showed non-maternal fingerprints, and similarly there 
were two non-maternal plants among the 39 descendants 
analyzed for Q4023 (Table 1). Flow cytometric analysis 
showed that these four aberrant plants had the same 
ploidy level as the corresponding parental plant. This 
indicated that they originated in a meiotic embryo sac  
from a normal n+n sexual fertilization event, and 
excluded the possibility of a 2n+n event (fertilization of 
an unreduced egg cell in an aposporous embryo sac by a 
reduced sperm nucleus). The genotype Q4012, an 
obligate apomict according previous cytoembryological 
analyses, showed in its whole progeny the same band 
pattern as the parental fingerprints. The degree of 
sexuality expressed in the progenies of Q3778 and Q4023  
 

and the lack of sexual expression in the progeny of 
Q4008 differ substantially and significantly from the 
proportion of sexual reproduction that could have been 
predicted by previous embryological analyses in these 
facultative apomictic genotypes (Table 1). These results 
suggest an extraordinary advantage for seed development 
in aposporous embryo sacs to the detriment of seed 
development in meiotic sacs. This advantage is most 
likely sustained in the genetic ability for precocious seed 
development observed in apomictic plant species (Curtis 
and Grossniklaus 2008). In this way, Savidan (1982) 
reported a clear difference of timing between the meiotic 
versus the aposporous pathways of development in 
Panicum maximum: most aposporous embryo sacs of 
apomictic plants had long reached maturity by the time of 
anthesis while in sexual plants only 2/3 of the ovules had 
a fully mature developed embryo sac in this stage. In 
agreement with these results in Panicum maximum, 
Martínez et al. (1994) observed in pseudogamous 
apomictic tetraploid P. notatum that 2n+n progenies were 
produced, instead of maternal progenies, when 
pollination was artificially shifted two or three days prior 
to anthesis. Precocious seed development was also 
documented in many apomictic Paspalum species, since 
proembryos were repeatedly observed by the time of  
 

Table 1. Potential and real expression of apomixis in different Paspalum notatum accessions. Progenies established from seed 
harvested at the time of maximum flowering. n - number. * - according previous embryological data of Martinez et al. (2001) and 
Espinoza et al. (2006). 
 

Accession Seed set  Number of plants  Observed degree  Expected sexual reproduction [%]* χ2 P 
 [%] per progeny of sexuality [%] minimum maximum   

Q3778 37.7 46 4.34 23.5 32.6 14.78 <0.001 
Q4008 26.8 50 0.00 15.5 35.5 15.78 <0.001 
Q4012 41.5 44 0.00   0.0   0.0 - - 
Q4023 38.6 39 5.12 35.7 95.2 65.80 <0.001 

 
 
Table 2. Comparative progeny tests of four tetraploid P. notatum genotypes with regard to the phase of flowering (MF - full 
flowering period, EF - end of the flowering season). Tests were conducted with AFLP markers using genomic DNA of leaf-blades 
(lb), and confirmed for genotype Q4023 by flow cytometry in single seed (ss) relative embryo:endosperm DNA contents. 
Significance of differences among MF and EF were calculated with Barnard’s Monte Carlo test: NS - non significant, * - significant 
and ** - highly significant. 
 

Parental  Flowering Number of plants  Number of plants with  χ2 P < 0.05  
genotype  per progeny sexual origin apomictic origin   

Q3778 (lb) MF 46 2 44   1.6544 0.3676 NS 
 EF 33 4 29   
Q4012 (lb) MF 44 0 44   6.3371 0.0160 * 
 EF 37 5 32   
Q4008 (lb) MF 50 0 50   6.3830 0.0260 * 
 EF 50 6 44   
Q4023 (lb) MF 39 2 37   0.3964 0.7103 NS 
 EF 59 5 54   
Q4023 (ss) MF 41 3 38   1.1233 0.4855 NS 
 EF 41 6 35   
Overall     11.8300 0.0020 ** 
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anthesis in aposporous embryo sacs (Burson and Bennett 
1970, 1971, Espinoza et al. 2001). Thus, the precocious 
seed development starting with early embryo 
development in aposporous sacs may account for the 
remarkably higher proportion of progenies raised by 
means of apomixis than the expected values according 
the observed proportion of ovules bearing one meiotic sac 
at flowering, or one meiotic sac accompanied by 
aposporous embryo sacs. 

A second set of progenies was generated at the end of 
the flowering season from seeds of the same four 
genotypes: Q3778, Q4008, Q4012, and Q4023. Progeny 
tests with AFLP markers indicated that all genotypes 
produced some aberrant individuals among these EF 
progenies (Table 2). Flow cytometric analysis in leaf 
tissue showed that all aberrant descendants of Q3778, 
Q4008, and Q4012 had the same ploidy level as the 
parental plant (tetraploid) and therefore all originated 
from sexual events in meiotic sacs (n+n). Otherwise, the 
EF progeny of Q4023 exhibited seven non-maternal 
plants from which only five were considered to have a 
sexual n+n origin, since flow cytometry indicated that 
two aberrant plants were hexaploid and had originated by 
fertilization in an aposporous embryo sac (2n+n). 
Aberrant plants observed in all EF progenies indicated 
that the four genotypes, included Q4012 that was 
previously classified as an obligate apomict, showed 
some degree of residual sexual reproduction at least at the 
onset of the flowering season (Table 2). The results from 
these four genotypes suggest that tetraploid P. notatum 
could be considered a facultative apomictic species. On 
the other hand, the four genotypes showed a higher 
ability to produce aberrant plants among EF progenies 
than among MF progenies. The proportions of non-
maternal plants in progenies of Q4012 and Q4008 were 
significantly correlated with the flowering stages of seed 
formation (Table 2), while the EF progenies of Q3778 
and Q4023 showed a higher rate of non-maternal plants 
than their MF progenies, even though the observed values 
were not significantly different. However, there is a 
general tendency to increase the residual sexuality rate in 
apomictic tetraploid P. notatum at the end of the summer, 
when the environmental conditions that promote 
flowering are less favourable. The highest values for 
asexual reproduction are coincident with the phase of 
flowering when the plant is producing the greatest 
proportion of its seed.  

As a control for our general data, two different 
methods were used to test the progenies of Q4023: AFLP 
markers performed with DNA obtained from leaf tissue 
of its progeny (as done with the other three accessions), 
and flow cytometry in single seed samples derived from 
open pollination of Q4023. 41 seeds from each flowering 
phase (MF and EF) were analyzed. Most MF seeds  
(38 out of 41) showed a 2:5 embryo:endosperm DNA 
content ratio indicative of apomictic formation, while the 
remaining three seeds had a 2:3 ratio as typical of sexual 

development. When 41 seeds of the EF period were 
analyzed, three different results were observed: most 
seeds (31) proved to be originated by apomixis since the 
embryo:endosperm DNA content ratio was 2:5, while 
observed 2:3 ratios revealed that six other seeds had 
developed by sexual means. Interestingly, there were  
4 remaining seeds which exhibited a embryo:endosperm 
ratio 3:5. These most likely represents hexaploid BIII 
hybrids which originated by fertilization of unreduced 
egg cells of aposporous embryo sacs. Though these seeds 
arose from an ultimate sexual event (2n+n), in fact they 
developed from aposporous embryo sacs. Certainly, 
apospory is the first step in the expression of apomixis 
and so, for the final analysis, we arbitrarily added these  
4 seeds to the 31 developed through completely 
apomictic pathways. Both kinds of progeny tests showed 
equivalent values of residual sexuality (Table 2), 
regardless of the method that we employed: flow 
cytometry in seed progenies or AFLP markers in plant 
progenies. This similarity indicates that the results of 
progeny tests conducted by flow cytometry seed screen 
are equivalent to results obtained by molecular markers 
employed in fully developed progeny plants.  
 The low efficiency of meiotic sacs to produce 
progenies through sexual events may also be ascribed to 
meiotic irregularities that have been observed by several 
authors in different tetraploid strains of P. notatum 
(Magoon and Manchanda 1961, Fernandes et al. 1973, 
Stein et al. 2004). Cytologically unbalanced male and 
female gametes may lead to pre- or post-zygotic abortion. 
In fact, all four accessions analyzed here showed seed set 
values below 50 %. This means that more than 50 % of 
the spikelets failed to form grain (caryopsis). Our results 
suggest that most seed was formed from those ovules 
carrying aposporous embryo sacs. The final expression of 
the apomictic trait in tetraploid P. notatum depends upon 
the competition between aposporous and meiotic embryo 
sacs, a definite bias against sexuality. 

The quantitative expression of sexuality in a 
constitutive versatile apomict may show significantly 
divergent values when analyzed at different phases of the 
reproductive plant cycle. The potential for sexuality 
evaluated at the flowering phase by cytoembryological 
analyses show higher values than the functional sexuality 
observed at seed phase by flow cytometric data or in 
established progenies through the detection of non-
maternal fingerprint patterns by molecular markers. 

Our observation that the level of functional sexuality 
in facultative apomicts is significantly lower than 
observed through cytoembryological analysis and the 
observations that the frequency of apomixis has a 
propensity to increase at maximum flowering are two 
issues of particular implication in facultative apomictic 
tetraploid races of P. notatum. There is a definite trend 
toward apomixis. However, residual sexuality may act as 
an inner reserve for developing new genetic variants 
when less favourable environmental conditions occur.   
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