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HE homologous chromosomes of common wheat, Triticum crestiuum L., are 
Tassociated in somatic cells (FELDMAN, MELLO-SAMPAYO and SEARS 1966). 
This somatic association is regulated by a gene system located on the chromo- 
somes of homoeologous group 5, i.e., chromosomes 5A, 5B, and 5D, (FELDMAN 
1966, 1968). The long arm of chromosome 5B (5BL) carries a gene which SUP- 

presses somatic association and thus tends to cause random distribution of homo- 
logues in the somatic nucleus. On the other hand, the short arm of chromosome 
5B (5BS) and the long and short arms of chromosomes 5A and 5D carry genes 
which promote somatic association. The effect of the somatic-association promo- 
ters is opposite to that of the somatic-association suppressor. Thus in common 
wheat there is a balance between the suppressor and the several promoters which 
determines the degree of somatic association that occurs. 

Studies on the effect of the somatic-association genes in aneuploid wheat plants 
having different doses of chromosomes 5B, 5D, and 5A have shown that this bal- 
ance can be shifted in either direction (FELDMAN 1966, 1968) by increasing the 
dose of suppressor or promoter or by deleting the suppressor or one of the pro- 
moters, with resultant reduction or enhancement of the degree of association be- 
tween homologues in somatic cells. The feasibility of such shifts in balance pro- 
vides an excellent means for the study of the control and mechanism of somatic 
associa tion. 

In a previous paper, AVIVI, FELDMAN and BUSHUK (1969) reported that col- 
chicine, when applied at interphase, suppressed the association of homologous 
chromosomes in root-tip cells of common wheat. Since any disruption of a cell 
function caused by colchicine indicates that this function is dependent upon the 
existence of microtubular proteins ( WEISENBERG, BORISY and TAYLOR 1968), 
we suggested that a microtubular protein plays a decisive role in the association of 
homologous chromosomes in somatic cells. Colchicine supposedly suppressed 
somatic association by disrupting the organization of these microtubules. 
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Microtubular protein makes up the fibrous component of the spindle system 
and has an active role in chromosomal movement and distribution (INOUE and 
SATO 1967; LEDBETTER 1967; ADELMAN et al. 1968). Thus, it is plausible that the 
spindle system might be involved in positioning the homologous chromosomes 
near each other in the somatic nuclei. This possibility might also be expected from 
the fact that the centromere is the chromosomal region which is primarily re- 
sponsible for the association of homologous chromosomes in somatic cells ( FELD- 
MAN, MELLO-SAMPAYO and SEARS 1966). Accordingly, the hypothesis has now 
been tested that the somatic-association genes regulate the degree of association of 
homologous chromosomes in somatic cells by affecting some of the characteristics 
of the spindle microtubules. Evidence is presented indicating that the spindle 
microtubules of plants having different doses of the somatic-association genes 
show differential affinity for colchicine. 

MATERIALS A N D  METHODS 

The in uiuo sensitivity of spindle microtubules to the disruptive action of colchicine was 
studied in dividing root-tip cells of common wheat, Triticum aestivum L. Lines of the variety 
Chinese Spring having different doses of chromosomal arm 5BL and 5BS were used; the dosage of 
5BL and 5BS in each line is listed in Table 1. 

To verify that the seedlings had the specified dosage of chromosomal arm 5BL or 5BS, counts 
of chromosome numbers were made in cells of most of the root tips studied. This was especially 
important in  the progenies of di-isosomic 5BL, in which the dosage of 5BL was different than four 
in about 20% of the seedlings. 

The seeds were germinated in distilled and deionized water at room temperature (22°C- 
23°C). After 48 hr, when the seminal roots were 1 .O-2.0 cm long, the seedlings were transferred 
to Petri dishes (5.0 cm in diameter) containing 2.5 ml of colchicine solution of proper concen- 
tration. The colchicine solution treatment was for a period of four hours. For control, seedlings 
were held for the same period in 2.5 ml  distilled and deionized water. The colchicine was obtained 
from Nutritional Biochemical Corporation, and solutions were freshly prepared using distilled 
and deionized water. The following concentrations were used: 1 x IW, 2 x 10-4, 3 x lo-i, 
4 x 104, 5 x 10-4, 7 x 10-4, 1 x 10-3, and 2 >< I O - 3 ~ .  After treatment, the root tips were 
severed and fixed, and squashes prepared by the aceto-carmine staining technique. 

In each experiment, several hundred cells were examined. These cells were derived from five 
or more different seedlings that were treated in several separate experiments. 

The effect of colchicine was examined only in those cells that were at the metaphase stage. 
The metaphase cell population was classified into three different categories (Figure 1) : 

TABLE 1 

Dosage of chromosomal arm 5 B L  and 5BS in the four lines used 

Dosage 

Chromosomal constitution 5BL 5B5 

Lines with different doses of the suppressor 
Nullisomic 5B tetrasomic 5D 0 0 
Di-telosomic 5BL 2 0 
Di-isosomic 5BL 4 0 

Lines with different doses of the promoter 
Di-telosomic 5BL 2 0 
Disomic 5B 2 2 
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FIGURE 1.-Root-tip cells of common wheat in metaphase after treatment with colchicine. 
a.-Unaffected cell 
h.-Partially affected cell 
c.-Totally affected cell 

1. Unaffected cells-their chromosomes were relatively long and were oriented with their 
centromeres on the equatorial plane, indicating normal development of the spindle (Figure IA). 

2. Totally affected cells-their chromosomes were in  the form of typical C-pairs; that is, the 
sister chromatids of each chromosome underwent further shortening and were held together only 
at the region adjacent to the centromere. They were scattered throughout the cell, indicating 
complete suppression of spindle formation (Figure 1 C).  

3. Partially affected cells-their chromosomes exhibited only a slight to moderate degree of 
shortening, and their arrangement on the equatorial plane indicated initial or partial suppression 
of the spindle (Figure IB).  

The effect of each concentration of colchicine on the spindle was determined for each dosage 
of the somatic-association suppressor c r  promoter, and expressed as the percentage of the totally 
affected cells in the total metaphase cell population. 

RESULTS 

The results show clearly that the sensitivity of the spindle to colchicine de- 
creased significantly when the dosage of the somatic-association suppressor was 
increased (Figure 2), and increased when the dosage of the somatic-association 
promoter was increased (Figure 3) .  Plants having zero doses of the suppressor, 
as in nullisomic 5B tetrasomic 5D, were most sensitive to colchicine. After treat- 
ment with concentrations as low as 2 x 1 0 4 ~ ,  35% of the cells were totally 
affected. Maximum effect was observed at a concentration of 4 x ~ O " M ,  where 
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FIGURE 2.-Spindle sensitivity to colchicine as influenced by different doses of the somatic- 
COLCHICINE CONCENTRATION , x 10-4 M 

association suppressor (on chromosomal arm 5BL). 

97% of the cells were totally affected and the remaining 3% exhibited various 
degrees of partial spindle suppression. 

Plants with two doses of the somatic-association suppressor, as in di-telosomic 
5BL, were significantly less sensitive to colchicine. Totally affected cells begin to 
appear only after treatment with 3 x 1 0 - 4 ~  colchicine; while with a concentra- 
tion as high as 7 X I O-*M colchicine only 85 % of the cells were totally affected. 

The spindle of plants with four doses of the association-suppressor gene (di- 
isosomic 5BL) was the least sensitive to colchicine. Here, although totally affected 
cells began to appear after treatment with 3 x 1 0 - 4 ~  colchicine, the sensitivity at 
higher colchicine concentrations was much lower than in plants having lower 
dosage of 5BL. After treatment with concentrations as high as 5 x 1 0 - 4 ~ ,  only 
31 % of the cells showed full effect, and in 7 x 1 0 - 4 ~  only 66% of the cells were 
totally affected. Even higher concentrations of colchicine (1 x 1 0 - 3 ~  and 
2 x 1 0 - 3 ~ ) ,  did not increase above 66 the percentage of totally affected cells 
(Figure 2). 

When plants with different doses of 5BS were treated with colchicine, the 
spindle sensitivity was directly related to the dosage of the somatic-association 
promoter (Figure 3).  In the range of colchicine concentrations studied (from 
1 x 1 0 4 ~  to 7 x 1 0 4 ~ ) ,  plants with two doses of 5BS, as in disomic 5B plants, 
were always more sensitive than those with zero dose as in di-telosomic 5BL. 
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COLCHICINE CONCENTRATION , x 1 0 - 4 ~  

FIGURE 3.-Spindle sensitivity to colchicine as influenced by different doses of the somatic- 
association promoter (on chromosomal arm 5Bs). 

It is of interest to note that graphs of spindle sensitivity versus colchicine con- 
centration for plants having low (zero) or high (four) dosages of 5BL are ap- 
proximately linear. That is, the sensitivity of the spindle to colchicine in these 
plants depends directly on the amount of colchicine until all the cells are totally 
affected. In  plants with intermediate dosage (two) of the somatic-association 
suppressor, the sensitivity is not linearly related to the colchicine concentration. 

In  summary, the results presented indicate clearly that the somatic-association 
genes affect quantitatively some of the characteristics of the spindle. The somatic- 
association suppressor tends to reduce spindle affinity for colchicine so that the 
spindle is less sensitive to this substance, and its function is not inhibited com- 
pletely even by relatively high concentrations. On the other hand, the somatic- 
association promoter increases spindle sensitivity to colchicine. 

DISCUSSION 

Isolation of the spindle microtubules for a comparative study of their chemical 
and physical properties is an extremely difficult task. As yet, spindle microtubules 
of plants have not been successfully isolated. The spindle system is very sensitive 
and labile (INOUE and SATO 1967). It is therefore quite likely that direct isolation 
would affect many of its native properties. Some of the significant differences that 
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might exist between spindle microtubules of different genotypes could be dis- 
turbed or completely eliminated. Accordingly, it seems that a comparative analy- 
sis of the spindle microtubules of diff erent genotypes in vivo would be a more re- 
liable approach. In this work, the binding ability in vivo of the spindle micro- 
tubules to colchicine was used as a criterion for the comparison of the microtu- 
bules of the several genotypes. 

The microtubules of the spindle fibers exist in a dynamic equilibrium with 
their subunits (INOUE 1959, 1960, 1964). This equilibrium can be disturbed and 
shifted towards dissociation by binding the subunits with colchicine ( BORISY 
and TAYLOR 1967). WEISENBERG, BORISY and TAYLOR (1968) have concluded 
that the binding of colchicine is a specific property of the protein subunits of 
microtubules. The rate of this binding is proportional to colchicine concentration 
(TAYLOR 1965). In the present study. the degree of affinity of the microtubular 
subunit for colchicine was used to compare the microtubules of plants having 
different dosages of the somatic-association genes. The effect of colchicine on the 
depolymerization of the spindle microtubules in the different genotypes was de- 
termined by observing the disturbances in spindle formation and function during 
cell division. 

The data showed clearly that the affinity of spindle microtubular subunits for 
colchicine is significantly decreased with increasing dosage of the somatic-associ- 
ation suppressor on 5BL. The microtubules of plants with zero doses of 5BL were 
most sensitive, while those of plants having two or four doses of this chromosomal 
arm were less and least sensitive, respectively. The disruption of microtubules in 
plants having four doses of 5BL was not complete even at very high concentra- 
tions of colchicine. It appears that the somatic-association suppressor inhibits 
the capability of microtubule subunits to bind colchicine. 

On the other hand, the somatic-association promoter on the short arm of 
chromosome 5B ( 5BS), seems to increase the depolymerization of spindle micro- 
tubules produced by colchicine. The affinity for colchicine was higher in plants 
with two doses of 5BS than in plants deficient for this chromosomal arm. As ex- 
pected, the effect of the 5BS promoter on spindle affinity for colchicine is opposite 
to, and somewhat weaker than, that of the suppressor. This is in accord with the 
suggestion that there are several somatic-association promoters in common 
wheat, each having a weak effect on the degree of association of homologous 
chromosomes (FELDMAN 1968). The total effect of all the promoters counteracts 
the strong effect of the single suppressor. 

It might be argued that the somatic-association suppressor does not inhibit the 
ability of the subunit to bind colchicine but that this gene decreases membrane 
permeability to compounds from the outer media. This explanation is untenable, 
for if only permeability were involved, high levels of spindle disruption should 
have been obtainable in plants with four doses of the suppressor simply by raising 
the colchicine concentration. This was not the case, as spindle disruption in such 
plants reached a relatively low maximum that did not respond to further in- 
creases in colchicine concentration. Preliminary experiments showed that length- 
ening the time of treatment is also ineffective in di-isosomic 5BL plants in raising 
the maximum spindle disruption. 
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The somatic-association suppressor can affect the ability of the subunit to 
bind colchicine by two possible mechanisms: (a) it can affect the rate of poly- 
merization of the microtubular protein; (b) it can alter the primary structure 
or the allosteric conformation of the subunit. 

At present, there is no conclusive evidence for either mechanism. However, it 
seems more reasonable to assume that this gene is responsible for the structure of 
the subunit. The structurally modified subunit apparently has a lower capacity 
for binding colchicine. 

Plants deficient for the suppressor exhibited a linear correlation between col- 
chicine concentration and the degree of spindle disruption. This accords well 
with the results of TAYLOR (1965) who found that colchicine was bound to the 
cell at a rate proportional to its concentration. It is interesting to note therefore, 
that in plants having two doses of the suppressor, where there is a balance be- 
tween the effect of the suppressor and that of several promoters, the correlation 
between colchicine concentration and spindle disruption is not linear. This non- 
linearity may suggest that there are at least two types of subunits, normal and 
structurally modified, which have different affinities for colchicine. Plants de- 
ficient for the suppressor presumably have only the normal type of subunit and 
therefore exhibit a linear correlation between colchicine concentration and 
spindle disruption. In plants with four doses of 5BL, the effect of colchicine con- 
centration was also approximately linear. In this genetic combination, it is 
assumed that the modified subunit is quantitatively dominant. 

I t  was shown earlier by FELDMAN (1966) that the somatic-association sup- 
pressor has a dosage effect on the association of homologous chromosomes in 
somatic cells. The results of the present study on the dosage effect of this gene on 
spindle sensitivity to colchicine support FELDMAN’S conclusion. The hypothesis 
that the suppressor alters the subunit structure is offered to explain this dosage 
effect of 5BL. Plants with different doses of 5BL would have different proportions 
of normal and modified subunits. 

Any suggestion at the present time as to how the suppressor reduces the 
association of homologous chromosomes in somatic cells through modification of 
the dynamic system of the microtubules would be purely speculative. This modi- 
fication can either affect the rate of spindle microtubules assembly and dis- 
assembly or the specifity which exists between centromeres, chromosomal spindle 
fibers and pole areas. In either case, the effect would lead to disorder, and a 
random distribution of centromeres at the poles. 

Financial assistance from the National Research Council of Canada is gratefully acknowledged. 

SUMMARY 

The association of homologous chromosomes in somatic cells of common 
wheat, Triticum aestiuum L., is regulated by genes which apparently affect the 
functional characteristics of the spindle system. It was found that in dividing 
root-tip cells, spindle sensitivity to colchicine decreased with increased dosage 
(from zero to four) of the somatic-association suppressor located on the long arm 
of chromosome 5B. On the other hand, increasing the dosage (from zero to two) 
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of one of the somatic-association promoters (located on the short a m  of chromo- 
some 5B) increases the spindle sensitivity to colchicine. It was concluded that the 
somatic-association genes regulate somatic association by affecting some of the 
characteristics of the spindle microtubular protein. The somatic-association sup- 
pressor inhibits the affinity of the spindle microtubular subunits for colchicine. 
It is postulated that this gene alters the structure of the spindle subunits or their 
rate of polymerization. 
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