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ABSTRACT. Alstroemeria andina Phil. var. (Phil.) M. Muñoz (sub nom. A. andina Phil. subsp. 
venustula (Phil.) Ehr. Bayer) is a perennial, small herb, 5-16 cm that occurs mainly at 2,800-3,700 
meters above sea level, in populations of limited distribution from Argentina and Chile. The course of the 
meiosis was analyzed in a population of this taxon (2n = = and it to be highly irregular. was 
characterized by presenting bridge and fragment both at anaphases and The highest number 
of bridges at anaphase found in one was two, suggesting heterozygosity for as many as paracentric 
inversions. Typical chiasmata were almost not detectable, even though they actually The 
like structures observed may be regarded as concealed chiasmata as it has described in cryptochiasmate 
meiosis. A high frequency of tetrads with micronuclei was observed, implying significant levels of unbalanced 
gametes. Pollen stainability ranged between 28 and 30%. In Alstroemeria species the meiotic behaviour is 
highly regular, and the of rearrangements very uncommon. The whole situation led us to suggest 
that environmental factors drastically affected the chromosome structure and the control of the 
meiotic process. The present study constitutes the first report of remarkable meiotic irregularities found in a 
wild population of this genus. 

Keywords: Alstroemeriaceae; Chromosomes; Cryptochiasmate meiosis; Meiotic behaviour; Pollen staining; 
heterozygosity. 

6. Chromosome lengths ranged from 5.55 to 22.78 
2002). 

Alstroemeria andina Phil. var. venustula (Phil.) M. This paper reports the first meiotic characterization of 
Muñoz (sub nom. A. andina Phil .  subsp.  venustula a population of A. andina var. venustula, with results that 
(Phil.) Ehr. Bayer) is a perennial, small herb, 5-16 cm are totally different from previous karyological 

that occurs at 2,800-3,700 meters above sea level, of the genus. 
exceptionally at 2,300-2,400 meters above sea level, in 
populations of limited distribution from Argentina and 
Chile 1996). This taxon inhabits the IV Region of AND METHODS 
Coquimbo in Chile and the departments of Iglesias and Plant materials for this study were collected from 
Calingasta, San Juan province, in Argentina (Bayer, 1987; 

San Juan province, Calingasta department, Puesto de  
1996). Its habitat comprises stony or sandy slopes 

Gendarmería, Las Juntas, at 3 '49" S-70' 14' 13" 0,
and screes of the Anden mountains 1996). Argentina. Voucher specimens, Fortunato Kiesling 

The basic karyotype structure in the genus 563 1, were deposited at Herbarium of Instituto 
Alstroemeria is apparently uniform, and most species of 
this one normal male meiotic behaviour with eight 

Flower buds of  individuals collected from the wild 
bivalents and the larger pair showing up to three visible 

population were fixed in ethanol-chloroform-glacial acetic
chiasmata 2002). The karyotype formula of A. 

acid 1) and transferred into 70% ethanol and 
andina var. venustula was: 3 m pairs, 1 sm pair, 3 t and t 

stored at The cytogenetic analysis of this reduced 
(st) pair, with microsatellites observed on pairs 3 and 

population of  A.  andina var. venustula revealed that 
only five buds presented appropriate cells to analyze the 

author: E-mail: course of meiosis, even when flower and anther sizes were 
Tel. suitable for it. anthers were dissected out and 



3 12 Botanical Studies, Vol. 48, 2007 

slides were performed by the squash method in propionic 
acid haematoxylin (2%) using ferric citrate as a mordant 
(Nuñez, 1968). 

For estimation of  pollen viability, pollen grains 
of flowers at anthesis were stained with Alexander's 
differential stain (Alexander, 1969). 

RESULTS 

A strong disturbance of synchronization was detected 
in the development of pollen mother cells leading to a 
broad range of variation in meiotic stages. Cells from the 
diplotene stage (Figure 1 A), microspores, and even pollen 
grains (Figures 3E and 3F) were present within the same 
anther, which is uncommon in Alstroemeria species. 

The individuals showed eight bivalents, two of them 
were easily identifiable because of their notably larger size 
(pairs no 1 and 2). Striking differences in the morphology 
of the bivalents compared with the previously studied 
Alstroemeria species were observed. Chromosome pairing 
seemed to be normal since univalents were seldom 
observed at diakinesis or metaphase 1. From diplotene 
until diakinesis, or even metaphase 1, the eight bivalents 
could be observed with the homologue chromosomes 
so intimately associated, that they gave the appearance 
of being composed of a single element (Figures IA-D). 
The opening-out of the bivalents in the reductional plate, 
which usually occurs at the very beginning of diplotene, 
was postponed until first metaphase and in some cells it 
even did not occur at al1 until the homologues were pulled 
apart at anaphase. Separation of non-sister chromatids 
was suppressed, and there was thus no typical diplotene- 
diakinesis, and synapsis of homologue chromosomes was 
prolonged up to metaphase 1 (Figures 1A-D). Chiasmata 
were almost undetectable at these stages, even though 
they actually existed. The reductional split opened up at 
metaphase (exceptionally late diakinesis), revealing some 
chiasmata (Figures 1E and IF). The centromeres co- 
orientated, and gradually became separated, and the paired 
segments were consequently piilled apart towards the 
dista1 ends by the centromere movement (Figures IG, 2A 
and 2B). 

Table 1. Niimber and percentage of cells presenting or not presen 

Different abnormalities were observed at anapahase 1 
(Table 1). In summary, only 46 out of 2 13 cells (2 1.60%) 
at first anaphase showed neither bridges nor fragments. 
The highest number of  bridges at  anaphase 1 found 
in one cell was two (34 cells = 20.36%), suggesting 
heterozygosity for as many as two paracentric inversions. 
Most  of  these  cel ls  wi th  two  br idges  (Figures  2C,  
D) presented also two fragments (28 out of  34). The 
fragments usually lagged at the equator and in some cells, 
non congressed, lagged univalents or bivalents were found 
at anaphases 1 near them (Table 1, Figure 2D). Bivalents 
forrning double bridges and fragments were also observed. 
(They could  be  expla ined a s  a four-s t rand doub le  
crossover within the inversion.) (Figure 2A). In that same 
cell (Figure 2A), a chromatid loop (arrowhead) indicated 
the presence of another inversion in heterozygosis in a 
different chromosome pair. A possible explanation for 
this meiotic figure is if, in addition to a chiasma in a 
paracentric inversion loop, one occurs in the interstitial 
segment between the centromere and the inversion. In 
this case, the anaphase 1 bridge is converted into a loop 
plus a fragment in one of the chromosomes of the original 
bivalent (Sybenga, 1992, page 115). At anaphase 11 the 
loop becomes a bridge that is not formed when a bridge is 
present at first anaphase. The remaining chromosome of 
the pair is present in the other pole of this cell, but it was 
difficult to individualize it. 

At anaphases 11 one (Figure 2E) or two bridges (Figure 
2F), bivalents, chromosome fragments, andlor chromatid 
fragments (Figure 2E) could also be observed. With 
regard to the relationship between the bridges and the 
fragments, it was noted that in most cases, every bridge 
was accompanied by one fragment (two dicentric bridges, 
two fragments). However, some cells were found to have 
only bridges (with no fragments) and other ones, with 
more bridges than fragments (Table 1). 

In the tetrad analysis, we found that only about 18% 
of  the tetrads lacked micronuclei, and most o f  them 
presented from 1 to 4 micronuclei (Table 2): 1 (56%), 2 
(27%, Figure 3A), 3 (19%, Figures 3B and 3C), 4 (3%, 
Figure 3D). A very low pollen grain number was present 
within the anthers, and in some cases they were almost 

iting bridges, fragments and, 'or univale ntshivalents at anaphase 1. 

Ceils presenting dicentric bridges 
Total number Normal cells One bridgen Two bridgesa of cells 

Only +lf  +lf+21 or 111 +If+lI Only +2f +2f+l-21 or 111 + I f  

af = acentric fragment; 1 = univalent; 11 = bivalent. 












