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Several enzyme treatments for cytological observations were tested in order to 
characterize chromosome configurations in sorghum root tip cells. Treatments with enzyme 
containing 4% cellulase and 2% pectolyase Y-23 at 37°C for one or two hours provided high 
quality for slide preparations with darkly and clearly stained chromosomes, and made possible 
for counting and photomicrograph. Chromosome number of 2n=20 was predominant in the 
majority of mitotic cells of root tips in all four cultivars. A few tetraploid cells and haploid cells 
were also observed in this study. The variations in chromosome size was detected in four 
cultivars studied. The length of chromosomes ranged from 2.5 to 5.5Jlm. The length of small 
chromosomes varied from 1.25 to 2.01tm. These observations confirmed earlier findings that 
the variations of chromosome morphology in several sorghum species existed. 

INTRODUCTION 

Sorghum bicolor is considered as a diploid species with characteristic chromosome 
number of 2n=20 (Gu et aZ., 1984; Sangduen et aZ., 1984; Wu, 1993). Some studies on 
morphological characteristics and chromosome behavior in some certain species of 
sorghum were reported. Pairs of homologues from the morphology of the chromosomes 
and differences in size were identified in S. bicolor (Gu et al., 1984). From the 
morphology of the chromosome, phenomena of somatic chromosomes associated into 
several groups and end-to-end chromosome association in S. bicolor were confirmed 
(Tang et al., 1987). These facts indicate broad morphological variability, even within a 
species, and wide adaptation to various habitats of sorghums. Due to the diversity and 
variability of sorghums, more specific studies, especially on chromosome characteristic 
that defmed their heredity are required. 

Regarding to technique for cytological observations, Tang et aZ. (1987) stated that 
staining and spreading of chromosomes in sorghum root tip cells were difficult processes. 
As results from his study, an improved technique for cytological observations in sorghum 
root tips was reported involving effects of pectinase concentration in enzyme treatment. 
However, in practice there are always difficulties in getting good slide preparations 
because of many problems. Technique for chromosome observations described by Hyuga 
(1990) could be adaptable to sorghum plants and overcome some disadvantages of 
previous studies if some modifications were offered. 

Our objectives in this study were to search for a better method for observation of 
chromosomes in sorghum root tips and to attempt to characterize some characteristics of 
chromosome in four cultivars of S. bicolor. 
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MATERIALS A>ND METHODS 

Four cultivars consisted of TX403, PP290, Xin White (from USA) and C8 (from 
Chugoku National Agr. Exp. Stn.) were used for this study. Technique for chromosome 
observations was based on the procedures described by Hyuga (1990) with some 
modifications. Seeds were gerrninated on rnoistened filter paper iII a Petri dish at 25 "C. 
Root tips were collected when they were 1 cm in length. Excised root tips (about 1 mm 
long) were pretreated in 0.1 % colchicine solution for 1 hours in darkness at room 
temperature (24-25 "C). After pretreating, root tips were fixed in a fixative [3: 1 99.7% 
ethanol: acid acetic (v/v)] at 4-5"C for 1 hour. After root tips were removed from the 
fixative, they were ilrlITtersed in an ethanol series (50%, 259-6, 12.5%, 6,3% by vol.) and 
distilled water for 5 minutes intervals. In this study, series of enzyme mixture were used 
for testing. Treatments of enzyme mixture consisted of: (1) 4% cellulase and 1% 
pectolyase Y-23, (2) 4% cellulase and 2% pectolyase Y-23, and (3) 5% cellulase and 3% 
pectolyase Y-23. These were added with 75mM KCI, 7.5mM NazEDTA and adjusted to 
pH 4.0. A root tip vv'as placed on a clean slide glass, added vvith a drop of an enzyrne 
mixture, followed by incubation at 3TC. Treatments of duration for 30 minutes, 1 hour 
and 2 hours were applied for all three kinds of enzyme. Slides with treated roots were 
rinsed well with distilled water to remove enzyme. After removing excess water, treated 
root tip was again added with a few drops of fixative and smashed thoroughly with a 
needle. Root tip cells on a slide glass were stained in 5% Giemsa's solution diluted with 
1I15M phosphate buffer solution at room temperature for 1 hour. Quality of the slides 
were scored visually according to the result. High scoring was given for stained 
chromosomes which were clearly visible and could be easily counted. 

For cytological studies, chromosomes were observed, counted and photographed 
using a Nikon microflex AFX-DX attachment on a Nikon light microscope. 

In another experiment, root tips from the same four cultivars were collected and 
pretreated with 0.05% colchicine for 2 hour. These roots were then fixed in a fixative at 
4-5"C with four treatments of duration for 30 minutes, 1 hour, 2 hours and overnight. 
Following fixation, they were treated with an enzyme mixture containing 4% cellulase and 
2% pectolyase Y-23 at 37"C for 1 hour. Other details were same as the first experiment 
described above. 

RESULTS AND DISCUSSION 

1. Effect of enzyme treatment 
A total of 108 slides was prepared for testing enzyme treatments. Two treatments of 

4% cellulase and 2% pectolyase Y-23 for one hour and two hours gave the highest scoring 
with clearly stained and well separated chromosomes (Table 1). Treatment of 4% 
cellulase and 1% pectolyase Y-23 for one hour, and treatment of 4% cellulase and 2% 
pectolyase Y-23 for 30 minutes also provided fairly good results though poorer quality for 
photomicrography. Pectolyase Y-23 treatment provided best results and it was suitable 
for sorghum plants. However, increasing pectolyase concentration in enzyme mixture 
made occasional cell fusions. Optimum duration of treatment for treating was from one to 
two hours. Long duration of treatment often caused inferior results. For example, 
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Table 1. Effects of enzyme treatment on slide preparations. 

Treatment* 

Enzyme (1), treated for 30 min. 
Enzyme (1), treated for 1 hour 
Enzyme (l), treated for 2 hours 
Enzyme (2), treated for 30 min. 
Enzyme (2), treated for 1 hour 
Enzyme (2), treated for 2 hours 
Enzyme (3), treated for 30 min. 
Enzyme (3), treated for 1 hour 
Enzyme (3), treated for 2 hours 

Means of Scoring 

55.0 ab** 
77.3 a 
22.0 b 
77.3 a 
SS.7 a 
SS.7 a 
66.3 ab 
66.3 ab 
44.0 ab 

* Enzyme (1) consisted of 4% cellulase and 1 % pectolyse Y-2:1; enzyme (2) consisted 
of 4% cellulase and 2% pectolyase Y-23; enzyme (3) consisted of 5% cellulase and 
3% pectolyase Y-23. 

** Means followed by a common letter are not significantly different at the 5% level. 

overnight treatment was not successful for all three kinds of enzyme mixture studied. 
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In a sub-experiment, significant effects of changing duration in a fixative were not 
detected. However, treatments of one or two hours had a tendency of better results. 
Overnight treatment gave unsatisfactory results. 

2. Cytology 
Result from this study showed that chromosome number in all four cultivars was 2n = 

20. This confirmed the previous reports (Gu et al., 1984; Sangduen et al., 1984; Wu, 
1993). Diploid cells (2n=20) were predominant in the root tips in all four cultivars and it.s 
frequency ranged from 95.6 to 97.2%. A few tetraploid cells and haploid cells were 
observed with the frequencies ranged from 0.0 to 0.8% and 2.4 to 4.4%, respectively, 
where generally mitotic cells had 20 chromosomes (Table 2). PP290 had higher 
percentage of haploid cells as compared to other three cultivars. Tetraploid cell was not 
found in Xin white and PP290. This finding agreed with results of Tang et al. (1987) that 
a few haploid and tetraploid cells were observed in S. bicolor. The phenomena of 
chromosomes associated in various configurations at metaphase were noticed. In some 
cases chromosome were associated into 2 groups of six and 2 groups of four 
chromosomes (Fig. 1. D). End-to-end association was also observed in TX403 (Fig. l. E). 

Table 2. Frequencies of different cytotypes in four sorghum cultivars. 

Cultivar Haploid cell Diploid cell* Tetraploid cell Total cells 
observed 

Xin White 3 (2.S) 105 (97.2) 0 lOS 
PP290 6 (4.4) 12S (95.6) 0 134 
CS 4 (2.7) 144 (96.6) 1 (0.6) 149 
TX403 3 (2.4) 120 (96.S) 1 (O.S) 124 

* Diploid cell had 2n=20 chromosomes. Values in parentheses are percentage of particular cytotype 
observed. 
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Fig. 1. Photomicrographs of chromosome in sorghum root tip cells. A __ a metaphase cell from 
TX403 with 2n=20. B_a haploid cell with 10 chromosomes in TX403. C __ a haploid cell 
2n=10 with one smallest chromosome in PP290. D __ a metaphase cell from TX403 
showing chromosome associated into 2 groups of six and 2 groups of 4 chromosomes. 
E __ end-to-end association and grouped of chromosomes in TX403. F __ a tetraploid 
cell with chromosome around 40 in C8 cultivar. G_anaphase I in Xin White. 

The variability of chromosome configuration was reported in previous studies (Tang et 
al., 1987). 

There was a variation in length of chromosomes in four cultivars studied. Some 



Cultivar 

Xin White 
PP290 
CS 
TX403 
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Table 3. Chromosome size in four sorghum cultivars. 

The range of chromosome size in ]lm 

Smallest* Majority 

1.25-2.00 2.50-3.75 
1.25-2.00 2.50-5.00 
1.50-2.00 3.00-5.50 
1.25-2.00 2.50-4.50 

* The length of smallest and majority chromosomes was estimated from 3 to 4 
cells for each cultivar. 
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smallest chromosomes often appeared in the root tip cells. The length of smallest 
chromosomes varied from l.25 to 2.0ftm while the majority of chromosome was from 2.5 
to 5.5ftm (Table 3). It seems that the length of chromosomes of PP290 and C8 was 
longer than those of other two cultivars. The length of chromosomes varied between 2.5 
to 3.75ftm for Xin white, 2.5 to 4.5ftm for TX403, while it ranged from 2.5 to 5.0ftm and 
3.0 to 5.5ftm for PP290 and C8, respectively. This measurement was an agreement with 
observations from Gu et al. (1984) with chromosome size ranging between 2.27-5.60ftm 
in S. bicolor, except the smallest chromosomes. 

For conclusion, root tips treated with pectolyase Y-23 provided best results. 
Treatments of root tips treated with enzyme mixture containing 4% cellulase and 2% 
pectolyase Y-23 at 37°C for one or two hours gave satisfactory slide preparations, in which 
chromosomes were stained darkly and clearly, could be easily counted and had good 
quality for photomicrography. There was a variation in chromosome size but it mostly 
ranged from 2.5 to 5.5 ftm in all four cultivars of S. bicolor. The phenomena of 
chromosome association were also observed. From this study, using mixed enzyme 
solution of 4% cellulase and 2% pectolyase Y-23 was most suitable to sorghum plants. 
Efforts for getting good slide preparations and cytological observations in sorghum root 
tip cells could be achieved by applying this method. 
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