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Abstract. Microsporoeytes of Lilium that are exposed to colchicine as late as 
early zygotene show reduced ehiasma frequencies and the presence of univMents 
at Division I. These effects are preceded at pachytene by the appearance of pairing 
gaps (light microscopy) and by a relatively high ratio of uncomplexed lateral 
elements/synaptonemal complexes (EM). Chiasma formation thus appears to be 
reduced by failures in synapsis. Unlike the behavior of wheat, eolchicine can disrupt 
ehiasma formation in Lilium after cells have entered meiosis. 

Introduction 

The elimination of chiasma formation by eolchicine treatment was 
first observed by Walker (1938) and Dermen (1938) in microsporocytes 
of Tradescantia and Rhoeo respectively. At about the same time, Levan 
(1939) made a detailed study of the phenomenon in Al l ium  and proposed 
that  the drug acted by interfering with the ongoing process of synapsis. 
Subsequent analyses of colchicine action have confirmed these early 
observations, but have left open the question of mechanism. The most 
intensive and revealing studies have been done with wheat and these 
have led to the conclusion that  colchieine affects ehiasma formation 
only if applied prior to the onset of meiosis (Dover and Riley, 1973). An 
even more accurate timing of the interval of colchicine susceptibility 
has been provided by the studies of Bennett et al. (1973) who found it 
to extend from about the anaphase of the last premeiotic mitosis to the 
early part of the premeiotie G 1 phase. 

The premeiotic action of colehieine on chiasma formation has gener- 
ally been attributed to presynaptie homolog alignment. Indeed, Dermen 
(1938) had already observed some tetraploid cells with complete bivalent 
formation in eolchieine/treated microsporocytes of Rhoeo. The exclusive 
presence of bivalents in these cells is best explained by a persistence of 
associations between sister-chromatids following premeiotic C-mitosis, 
an explanation supported by the observations of Brown and Stack on 
premeiotie pairing in that  plant (1968). The demonstration by Driseoll 
and Darvey (1970) that colchieine does not affect chiasma formation in 
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isochromosomes of 5D z is par t icular ly  strong evidence for its act ion 
on prea l ignment  ra ther  t h a n  on the ongoing process of synapsis. These 
observations on the premeiotic act ion of colchicine thus  indicate tha t  
the synapt ic  process begins well before any  of the convent ional  features 
of synapsis are evident  by  light or electron microscopy. 

The biochemical consequences of colchicine act ion in  meiocytes of 
Lilium have already been described (Hot ta  and  Shepard, 1973). I n  this 
paper  we examine its cytological consequences. The advantage  of Lilium 
for such a s tudy  lies in the synchrony  of the meiocytes and  the long 
dura t ion  of meiotic prophase. The precise stage a t  which colchicine is 
adminis tered to the cells can be directly determined,  and  the cytological 
progress of affected cells can be traced in  considerable detail. I t  will be 
seen t ha t  wheat  and  lily meiocytes do not  respond ident ical ly  to colchi- 
cine, the major  difference lying in the t ime of cell susceptibi l i ty to the 
achiasmatic effect of the drug. 

Methods 

Lilium speciosum vat. Lucie Wilson (2n : 24 )  was the principal source of micro- 
sporocytes for these studies. The hybrid cultivar, Sonata ( 2 n : 3 x  ~36), was used 
for certain comparisons and will be so indicated. Cells were exposed to colchicine 
either in cultured flower buds or in extruded microsporocytes. For bud culture, 
flower buds of appropriate size were excised by cutting well below the floral recep- 
tacle and were surface sterilized by brief immersion in 70% ethanol. The entire 
perianth was removed and the stem kept in sterile medium while being cut about 
2--3 mm below the receptacle. The bud was then transferred to a test tube con- 
taining 0.2 ml of basic medium (Ito and Stern, 1967). Tubes containing colchicine 
were kept dark with aluminum foil. The method of culturing extruded micro- 
sporocytes has been previously described (Ito and Stern, 1967). All cultures were 
incubated at 19 ~ C. In the case of bud cultures, sampling was done by removing 
an entire anther at the desired time and extruding the microsporocytes for analysis. 
No more than six sequential samples could be obtained from any particular bud. 
Microsporocyte cultures were sampled by periodically removing a "string" of cells 
(Ito and Stern, 1967). 

For light microscopy, cells were fixed in 3:1 alcohol: acetic and stained with 
aceto-orcein. For electron microscopy, samples were fixed in 2% gluteraldehyde 
for 5 hours, washed in cold phosphate buffer (0.1 M, pH 7.4)~ immersed in cold 
2% osmium tetroxide, dehydrated through an alcohol series and propylene oxide, 
and embedded in Epon. Sections were stained with uranyl acetate and lead hy- 
droxide. 

Results 

1. General Description o/Colchicine E//ect 

Buds of L. speciosum were excised a t  late premeiotic interphase and  
cultured in the presence of 1 • 10 -8 M colchicine. Microsporocytes sam- 
pled 17-19 days later  were largely achiasmatic (Fig. 2). The result  is the 
same as tha t  reported for other organisms (Levan, 1939; Barber,  1942; 
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Fig. la--d. Chromosome pairing in mierosporocytes of lily buds (L. speciosum) 
cultured in absence (a, b) or in presence (e, d) of 1 • 10 -a M colehicine. The scale 
in (b) corresponds to 10 mierons. (a, e) After l l  days of eulture. Cells are in late 
zygotene-early pachytene stage. Unpaired regions are evident in treated cells but 
not in controls. (b, d) After 13 days of culture. Cells in pachynema. Unpaired 

regions persist in treated ceils 

Driseoll et al., 1967). Periodic sampling of anthers during the 19 day  
interval provided information about  the sequence of cytological changes 
leading to the achiasmatie condition. Leptotene  and zygotene cells ap- 
peared to be unaffected by  colchieine. However,  the abnormal  presence 
of unpaired regions became increasingly evident as cells progressed into 
late zygotene and pachytene  (Fig. 1). The variabil i ty in pairing from 
cell to cell was appreciable, but  since pachytene  bivalents could not  be 
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traced over significant distances in squashed preparations, the ratio of 
paired to unpaired lengths could not even be approximated with the 
light microscope. Nevertheless, pairing discontinuities were consistently 
present in t reated cells and were as consistently absent in controls. 

To exclude the possibility tha t  the discontinuities were apparent  
rather than real and tha t  they resulted from a colehiciue-induced pre- 
cocious separation of sister chromatids, the triploid eultivar, Sonata, 
was examined. Pachytene smears of Sonata microsporocytes normally 
contain a mixture of thin and thick strands representing unpaired and 
paired chromosome segments respectively. Smears of paehytene cells 
from colchicine-treated buds showed the same two sizes of strands as 
did the controls. Since sister ehromatid separation would have given 
rise to three sizes of strands, the absence of a third and thinner size in 
cells destined to become achiasmatie indicates tha t  such separation is 
not a consequence of colchicine treatment.  The earliest cytological effect 
of t reatment  in Sonata as in Lucie Wilson is a reduction in synapsis 
which is accompanied in both varieties by an inhibition of nucleolar 
fusion. Normally, the fusion occurs at  late leptotene and, occasionally, 
in early zygotene (Studies of M. Westergaard, personal communication) 
but pachytene cells affected by eolehieine consistently show multiple 
nucleoli. The relationship between synapsis and nucleolar fusion remains 
conjectural. 

Very few of the cells which had been exposed to colchicine from the 
onset of meiosis showed normal chromosome associations at diplotene. 
In  a typical experiment with L. speciosum, none of 22 buds which were 
cultured from late interphase to diplotene in the presence of 10 3 M 
colchicine, showed normal chiasma formation. There was considerable 
variation in the response of individual microsporocytes within the same 
anther. In  one scoring of 100 cells, for example, there were 67 with no 
bivalents, 32 with 1--3 bivalents, and 1 with 11--12 bivalents. The 
heterogeneity may  have arisen from the slight developmental gradient 
which is present within the anther, or from the uneven diffusion of 
colchieine among the microsporoeytes. Whatever  the mechanism, all 
anthers within a single bud showed the same kind and spread of colchicine 
effect. This identity of response between anthers of the same bud made 
sequential observations meaningful and led to the tentat ive conclusion 
that  the occurrence of univalents at  diplotene was a consequence of the 
pairing discontinuities seen at pachytene. A tighter conclusion could 
not be drawn from the cytological data because a quanti tat ive comparison 
of unpaired to paired chromosomal stretches in pachytene cells with 
univalents to bivalents in 1st division cells could not be made. The 
difficulties in estimating the proportion of unpaired chromosome stretches 
should be evident from inspection of Figs. 1 and 2. 
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Fig. 2a - -d .  Chromosome pairing and chiasma formation in microsporoeytes of lily 
buds (L. speciosum) cultured in absence (a, b) or in presence (e, d) of 1 • 10 -a M 
eolehieine. The scale in (e) corresponds to 10 microns. (a, e) After 15 days of culture. 
Cells are in late paehytene. Unpaired regions in t reated cells persist. (b, d) After 
17 days of culture. Cells are in diakinesis. Univalents  are abundan t  in the treated 

cells 
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2. The T ime  o[ Colchicine Action 

Buds of different length were explanted into colchicine-containing 
media in  order to determine the t ime at  which microsporocytes were 
sensit ive to the achiasmatic  act ion of the drug. The results obta ined 
are summarized in Fig. 3. Buds explanted when mierosporocytes were 
in late interphase to early leptotene (16 m m  lengths) all gave rise to 
normal  ehiasmatic cells. Buds measur ing 15 m m  were borderline in be- 
havior. Some, p robab ly  the more advanced,  gave rise to chiasmatic 
meioses while the others became achiasmatic.  Buds of shorter lengths 
consis tent ly gave rise to aehiasmatie meioses or to cells with a mixture  
of un iva len ts  and  bivalents.  However,  the in terval  of sensi t iv i ty  to 
eolchicine cannot  be deduced directly from the data  in Fig. 3. A lag 
exists between the t ime of bud  exposure to eolehieine and  its up take  
by  the mierosporocytes. The dura t ion  of the lag was determined by  
explant ing  buds into media containing aI-I-eolchieine and  sampling micro- 
sporocytes a t  different times. Vir tual ly  no radioact iv i ty  was found after 
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Fig. 3. The effect of colchicine on chiasma frequency in microsporoeytes of L. 
speciosum. The semi-diagrammatic representation of results is based on at least 
15 buds for each of the sizes in the ordinate. The first colmnn of circles indicates the 
cytological stage of the microsporocytes at the time of bud explantation into 
medium containing 1 • 10 -3 M colchicine. Buds explanted into standard medium 
at any of the stages indicated, completed chiasmatie meioses. The course of one 
control group (heavy line) is included in the diagram for rate comparison. The 
ellipses at the end of each row roughly mark the interval of time over which the 
cells reached diplotene-diakinesis and were scored for chiasma formation. In some 
cases, buds of the same length followed either of two courses and these are so 
indicated. I interphase; L leptotene; Z zygotene; P pachytene; C chiasmatie; 
A achiasmatie; C/A chiasmatic and achiasmatic in the same anther. The shaded 
portion indicates the time at which the concentration of colchicine in the micro- 

sporocytes reached about 1/4 the ultimate plateau level 
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36--48 hours of culture even though radioactivity was present in somatic 
tissues of the bud. Uptake of colchicine by the microsporocytes became 
manifest after 2 days and usually reached a plateau level at about the 
5th--6th day of culture. In one bud, for example, the approximate 
plateau level in microsporocytes from 4 anthers excised successively at 
days 5--9 was 1 i00 cpm whereas the level was 200 cpm at day 3. Using 
different concentrations of colchicine, we found 2.5 • 10 -4 M to be the 
lower limit of effectiveness. Since the concentration used in Fig. 3 was 
1 • i0 -~ M we may suppose that the eolehicine became effective in the 
microsporocytes when it reached 25 % of the plateau level, which would 
require about 3--4 days. Microsporocytes in 14--15 mm buds are at or 
near the end of the S-phase and would be in or near leptotene after 3 days 
of culture. Since such buds give rise to achiasmatics when exposed to 
colchicine (Fig. 3) it would appear that the drug can still interfere with 
chiasma formation after cells enter meiosis. 

The forward limit of the colchicine-sensitive period was more directly 
determined with cultured microsporocytes. Although such meiocytes 
progressively lose synchrony with time, heterogeneity in meiotic stage 
is not extensive during the first 4--5 days of culture, and colchicine is 
absorbed to i/2 maximum concentration within 24 hours or less. Results 
of experiments with cultured microsporocytes are summarized in Table i. 
At least seven cultures from Lucie Wilson and Sonata varieties were run 
for each of the meiotic stages listed. Moreover, in order to identify the 
early prophase stages unambiguously, samples were taken at the time 
of explantation and fixed for electron microscopy. Early, mid, and late 
zygotene were identified by the frequency of synaptonemal complexes 
seen in sample sections. The results thus obtained indicate that cells 
may be rendered achiasmatic by exposure to colchicine during leptotene 
and, to some extent, during early zygotene. The response of cells at 
earlier stages (late interphase or early ]eptotene) is difficult to assess 
since those which are at or near the termination of S-phase frequently 
become achiasmatic due to explantation alone (Stern and Hotta, 1967). 

In the course of this particular experiment we observed yet another 
effect of the drug on meiosis. Cells which are still in the S-phase at the 
time of explantation into colchieine medium become arrested later at 
meiotic prophase. A similar arrest was observed in the microsporocytes 
of cultured 12 mm buds which were exposed to colchicine during S-phase. 
The presence of colchicine during premeiotic S-phase results in a delayed 
inhibitory effect on meiosis regardless of whether it is applied to cultured 
buds or microsporocytes. The relationship of such meiotic arrest to 
asynapsis is not understood, but it is apparent that cells which have 
progressed beyond the stage of susceptibility to meiotic arrest become 
susceptible to the achiasmatic action of colchicine. From the results 
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Table 1. Effect of colchicine on chiasma formation in cultured microsporocytes 
of Lucie Wilson and Sonata cultivars 

Stage Presence of 
of synaptonemal 
explantation complexes 

Concentration of colehicine 

0 1 •  4M 2 •  -~M 

Interphase- - -  Mitotic and Mitotic and - -  
leptotene achiasmatic achiasmatic 

Leptotene - -  Chiasmatic Aehiasmatic Achiasmatic 

Early zygotene Few Chiasmatic Bivalents and Bivalents and 
univalents univalents 

Mid zygotene + Chiasmatic Chiasmatic Bivalents and 
univalents 

Late zygotene- + + Chiasmatic Chiasmatic Chiasmatic 
pachytene 

Data presented in this table represent the results of at least 7 cultures from the two 
varieties for each of the stages listed. Samples were taken for electron microscopy 
at the time of explantation to determine the frequency of synaptonemal complexes 
in each preparation at the beginning of eolchicine exposure. This procedure was more 
precise than staging by light microscopy alone. Cells which had not yet formed 
synaptonemal complexes but were in meiosis (leptotene) became achiasmatie in the 
presence of eolchicine. Earlier stages could not be analyzed effectively because of 
developmental artifacts. Cells in premeiotic interphase usually revert to mitosis 
on explantation if they are at, or just beyond the S-phase and, if near leptotene, 
enter meiosis but become achiasmatie. 

ob ta ined  with  cul tured  meiocytes  we conclude t h a t  the  per iod  of sus- 
cep t ib i l i ty  ex tends  th rough  l ep to tene  L i ly  thus  differs f rom whea t  wi th  
respect  to the  t ime  dur ing  which eolehieine is effective in reducing 
chiasma frequency.  

3. The Nature o] the Colchicine Effect 

Since Li l ium microsporocytes  can be mon i to red  cytologica l ly  as t hey  
progress  t h rough  meiosis,  we sought  to  iden t i fy  as c lear ly  as possible 
the  specific changes in chromosome behav ior  t h a t  led to  un iva len t  for- 
mat ion .  Such moni tor ing  is more  diff icult  in o ther  organisms and  has 
usua l ly  been by-passed  in s tudies  of colchicine action.  Our  observat ions  
v i r t ua l l y  e l iminate  the  poss ib i l i ty  t h a t  un iva len ts  are p roduc t s  of spindle  
inac t iva t ion .  Cells des t ined  to  become en t i re ly  ach iasmat ic  have  dis- 
t i nc t ive ly  th ickened  chromosomes a t  d ip lo tene  thus  signall ing a eolchi- 
cine effect well  before spindle  format ion .  Moreover,  when spindle  funct ion  
was d i s rup ted  b y  exposing paehy t ene  cells to colchicine, on ly  b iva len t s  
were observed  dur ing  the  Divis ion I in terva l .  As in wheat ,  chloral  h y d r a t e  
(3 • 10 -3 M) had  no effect on chiasma f requency  even though  i t  dis- 
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rupted spindle function (Dover and Riley, 1973). Vinblastine (10 -4 M) 
was without effect on ehiasma formation. The suggestion has been made 
tha t  chiasma formation depends upon a function of centromeric micro- 
tubules and tha t  these are affected by  colchicine, but not by chloral 
hydrate (Dover and Riley, 1973). Our biochemical studies have shown 
tha t  eolchicine binds to a component in the nuclear membrane which 
can be differentiated chemically from cytoplasmic microtubular material 
(Hotta and Shepard, 1973). Both types of evidence thus point to a 
difference in colehieine target  sites for affecting chiasma frequency and 
spindle function. 

One other possible source of univMents is precocious terminMization. 
However, cytological studies of Lilium rule out terminalization as a 
significant process between early diplotene and metaphase (Mather, 1935). 
Our own observations have confirmed this conclusion and since colchicine 
slightly slows the rate of meiotic development (Table 3) the opportunity 
to detect terminMization would be better  than in the controls unless 
the process were a cryptic one occurring prior to diplotene. However, 
this untestable possibility seems to be a less likely source of achiasmatics 
than defective pairing, especially in view of the fact tha t  bivMents 
present in otherwise affected cells show no evidence of terminMization. 
I t  is unfortunate tha t  the very high DNA content of lily nuclei prohibits 
good enough spreading of pachytene chromosomes to permit quanti- 
tation of the extent of pairing failure. Despite this limitation it is note- 
worthy that  all colchicine-treated cells showed pairing gaps during pro- 
phase (Figs. 1 and 2). By contrast, pairing gaps were not observed in 
untreated pachytene cells of the pure species, L. speciosum. The fact 
that  colchicine does induce defective synapsis suggests that  it is an 
immediate cause of decreased ehiasma formation. 

4. Characteristics o/ De]ective Synapsis 

Analyses of chiasma frequency and distribution in colchicine-treated 
cells indicated that  the effect is not always Ml-or-none. Such an effect 
would be expected if colchicine acted only on premeiotic positioning of 
homologs and if tha t  positioning were a precondition of synapsis. Cul- 
tured 15 mm buds provided particularly useful information on this 
question because they were at  the borderline of susceptibility to colchi- 
cine and most of the microsporocytes were only par t ly  affected by the 
treatment.  A comparison of chiasma and bivalent frequencies in controls 
and colchicine-treated cells is shown in Table 2. All of the 20 control 
cells had 12 bivMents each, and Mthough the number  of chiasmata per 
bivalent ranged from 1 to 5, only 1/3 of the cells had 2 or more bivalents 
with 1 chiasma. By contrast, only one of the 20 treated cells analyzed 
had the normM complement of 12 bivMents and despite the large number 
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Fig. 4a- -d  
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Table 2. Chiasma frequencies in microsporocytes of L. speciosum flower buds 
(15 ram) cultured with and without colchieine 

Chromosome number as Chiasmata per bivalent 

Univalents Bivalents 1 2 3 > 3 ? 

Control 0 480 26 83 81 38 12 
~., eolehicine 270 210 44 39 17 5 - -  

The data are based on analyses of 20 cells in each of two 15 mm buds. As expected, 
control cells showed 12 bivalents (i. e. 24: chromosomes as bivalents) since univalents 
are rarely found in the pure species. In this analysis only those cells were scored 
that were adequately spread for counting chiasnlata in a maximum number of 
bivalents. The eases in which a bivalent could not be scored are listed under ?. 

of univalents  among the rest, 2/3 of the cells had  2 or more bivalents  

with 1 ehiasma. I t  is apparen t  t h a t  wi thin  an individual  cell, eolehieine 

m a y  abolish some bivalents  and reduce the number  of eh iasmata  in 

others. I t  m a y  therefore be concluded t h a t  eolehieine par t ly  or ent i re ly  

disrupts syaapsis in such a way  as to render  it ineffect ive for ehiasma 

formation.  The ineffectiveness migh t  in all eases be due to a to ta l  absence 

of synapsis in the regions affected or it  migh t  be due to abnormal i t ies  in 

the pairing association. The la t te r  possibil i ty mus t  be t aken  into account  

because appreciable pairing has been observed in paehytene  cells dest ined 
to become aehiasmatic .  

All chromosomes in t rea ted  meiot ic  cells f rom leptotene through 

paehytene  showed la teral  e lements  when examined with  the  electron 

microscope regardless of the in terval  of eolehieine t r e a t m e n t  (Fig. 4). 

Since some cultures were t rea ted  prior to and during leptotene,  i t  m a y  

be concluded t h a t  eolehieine has l i t t le  or no effect on lateral  e lement  

format ion.  Moreover,  the  synaptonemal  complex was unaffected in cells 

exposed to eolehieine during mid-zygotene  to late pachytene.  Thus, 

nei ther  the presynapt ic  nor synapt ie  morphology  of the chromosomes 

are affected by colehieine presence. This leaves only the process of 

synapsis itself as the  responsive ta rge t  of eolehieine action. This is borne 

Fig. 4a--d. Fine structure of pachytene chromosomes in microsporocytes of L. 
speciosum obtained from buds cultured in the presence of 1 • 10 .3 1 colehieinc. 
Normal (a, b) and eolchicine affected (c, d) chromosomes are illustrated. These 
photographs are taken from a group of cells which showed both bivalents and 
univalents at division I. The normals shown here are identical in appearance with 
those observed in untreated cells. Arrows point to cross-sections of a synaptonemal 
complex (b) and of a lateral element (d). Magnification: (a) • 62500; (b) X 36000; 

(e) • 62500; (d) • 32000. The bars correspond to 0.1 micron 
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Table 3. Ratio of synaptonemal to lateral element lengths during zygotene-pachy- 
tene stages in control and colchicine-treated cells of L. speciosum 

Time in Control Colchicine 
culture treated 

6 days 6.9 0.2 
9 days 4.5 0.6 

12 days only synaptonemal complex 0.4 
15 days early diplotene 0.3 
18 days - -  early diplotene 

Two 14 mm buds were used in this experiment, one of which was explanted into 
standard culture medium and the other into standard medium containing 1 • 10-SM 
colchieine. Single anthers were removed from the buds on the days indicated. 
Half the anther was kept for light microscope observation and the other half was 
prepared for electron microscopy. Cells of the treated bud were achiasmatie when 
examined at diplotene. Ten sections, each from a different cell, were scored for each 
anther. The total lengths of synaptonemal complex and uncomplexed lateral elements 
were used in computing the ratios listed in columns 2 and 3. Although ratios varied 
from cell to cell, these variations were negligible compared with the overall difference 
between the treated and untreated cells. 

out  b y  the  cytological  consequences of exposing cells to  colchicine dur ing 
the  sensi t ive in terval .  

A ma jo r  reduc t ion  in the  ra t io  of s y n a p t o n e m a l  complex to  la te ra l  
e lement  was found  in p rophase  cells which had  been exposed  to colchicine 
pr ior  to or dur ing the  synap t i c  in terval .  D a t a  were ob ta ined  b y  fixing 
por t ions  of an thers  sampled  f rom the  cu l tu red  buds and  p repar ing  th in  
sections for e lect ron microscopy.  Sections were scored for t o t a l  lengths  of 
fu l ly  formed synap tonema t  complex and  of uncomplexed  la te ra l  e lements  
respect ively .  The resul ts  of a compar ison  be tween  a t r e a t e d  and u n t r e a t e d  
14 m m  bud  are summar ized  in Table  3. I t  m a y  he seen t h a t  whereas  no 
uncomplexed  la te ra l  e lements  were found  in u n t r e a t e d  paehy t ene  cells, 
only  a small  f rac t ion of chromosomes had  complete  s y n a p t o n e m a l  com- 
plexes in the  t r e a t ed  sample.  Colchicine would appea r  to in terfere  wi th  
some phase  of the  process in which lep to tene  chromosomes are  a l igned 
to  form bivalents .  Our observa t ions  were ne i ther  comple te  nor  thorough  
enough to pe rmi t  conclusions abou t  changes, if any,  in the  morpho logy  
of the  s y n a p t o n e m a l  complex.  Al though  some of the  micrographs  are 
suggest ive of abnormal i t ies ,  serial  sections would be requi red  to  es tabl ish  
the i r  presence and  these  were no t  p repared .  The e lect ron micrographs  
shown in Fig. 4 i l lus t ra te  wha t  we have  ident i f ied as e i ther  no rma l  syn- 
ap tonema l  complex or as l a te ra l  e lement  alone. I n  some eases, l a t e ra l  
e lements  were presen t  in w h a t  were ve ry  p r o b a b l y  pa i red  homologs 
lacking a centra l  e lement  bu t  in mos t  cases t h e y  were associa ted  wi th  
univalents .  
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Discussion 

The results described in this paper confirm Levan's  interpretation 
of colchicine action on meiotic cells, at  least to the extent that  they 
demonstrate univalent formation to be a consequence of reduced and/or 
ineffective synapsis. The long duratioIl of meiosis in L i l i u m  has made 
possible a monitoring of sequential meiotic stages and such monitoring 
has consistently revealed tha t  a greater or lesser degree of asynapsis 
precedes the reduction in chiasma frequencies. Although it has been 
difficult to identify precisely the times at  which meiotic cells lose their 
susceptibility to the achiasmatic action of colchicine the data are fairly 
clear in indicating that  the period of susceptibility is present after the 
premeiotic S-phase and tha t  it extends through leptotene, possibly into 
early zygotene. The intervM of colchicine sensitivity is different from 
that  occurring' in wheat where colchicine is already ineffective at  the 
premeiotic S-phase (Dover and Riley, 1973 ; Bennett  et al., 1973). 

The basis for this difference is not obvious but there are other differ- 
ences between the two genera which may  bear on the particular one in 
question. Deposition of the distinctive cMlose wall occurs during the 
premeiotic G 1 phase in wheat but during the zygotene-pachytene stages 
in lily (Bennett et al., 1973 ; I-Ieslop-tIarrison, 1966). In  wheat, nucleolar 
fusion occurs during the late G 1 of premeiotic interphase (M. D. Bennett, 
personal communication) whereas in lily it occurs during the leptotene 
stage. The relationship of the fusion to meiosis is unknown but it may  
indicate a premeiotic association of chromosomes in the one group of 
plants and a later association in the other. In  wheat, chiasmata show a 
marked terminalization by Metaphase I, whereas, as already mentioned, 
terminalization does not occur in lily except at  the t ime of disjunction. 
Although the causes of terminMization have not been identified it is 
tempting to speculate that  its early occurrence in wheat may  be related 
to an early initiation of pairing. The four instances of relatively pre- 
cocious events in wheat meiosis represent a coherent physiological pat tern 
but, unfortunately, they do not reveal the basis of colchicine action. 
Nevertheless, these differences in pat tern  point to the probabili ty that  
the pr imary requirements of synapsis may  be met  either before or after 
the premeiotic S-phase. 

The fact that  chiasma frequency in lily mciocytes can be affected 
by colchicine after the cells have entered meiosis and tha t  in cells thus 
affected individual bivMents may  suffer a reduction rather than an 
elimination of chiasmata leads to the conclusion tha t  the drug interferes 
with some step in the synaptic process. This might be in the mechanism 
of initiation, as Driscoll and Darvey (1970) have suggested for wheat. 
I f  so, each lily homolog would be expected to have several sites at  which 
synapsis is initiated since colchicine can reduce the number  of chiasmata 
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in a bivalent .  However, the weight of cytological evidence in  Liliaceae 
is for synapsis to begin near  the eentromere (Darl ington and  La Cour, 
1940; Frankel ,  1940; Smith and  Boothroyd,  1942) which makes the idea 
of mult iple  in i t ia t ion  points unlikely,  a t  least a t  the level of l ight micro- 
scope localization. I t  is reasonable to suppose t ha t  the 2 homologous 
arms of wheat  isoehromosomes, being prealigned by  a common centro- 
mere, are no t  susceptible to colchicine because i t  interferes with the 
mechanism which aligns homologous regions as a first step in  synapsis. 
I n  lily this a l ignment  occurs after the in i t ia t ion  of meiosis whereas in 
wheat  it  appears to occur prior to its ini t ia t ion.  These explanat ions,  
however, are ent i rely speculative, and  we have yet  to ident i fy  in specific 
terms the process affected by  eolchicine. To some extent ,  a beginning 
has been made in the biochemical analysis of the colchicine effect (Hot ta  
and Shepard, 1973). 
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