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Sorghum bicolor (L.) Moench is the dominant cereal crop in the Guinea and Sudan savanna 

zones of West Africa. According to de Wet et al. (1972), the distribution of cultivated 

sorghums in Africa covers longitude 15•‹W to 45•‹E and latitude 34•‹S to 20•‹N.

Both the cultivated and wild varieties of Sorghum bicolor have diploid chromosome num

ber 2n=20 and are completely interfertile (Curtis 1965). The free exchange of genes be

tween the varieties of S. bicolor is believed to have led to a range of types in this species (Harlan 

and de Wet 1972). On the other hand, ethnic preference has led to the restriction of certain 

varieties to particular localities through what de Wet and Huckabay (1967) described as 

ethnological isolation.

Hybridization has played an important role in the evolution of Sorghum plants (Endrizzi 

1957, Shambulingappa and Magoon 1963). Endrizzi (1957) indicated that a 2n=40 Sorghum 

(S. halepense) arose as a segmental allopolyploid with two genomes. However, various basic 

chromosome numbers have been proposed for the genus Sorghum (L.) Moehch. Huskins and 

Smith (1934) proposed x=7; Sharma and Bhattacharjee (1957) proposed x=4. According 

to Doggett (1976), the basic chromosome number in the sub-tribe Sorghastrae to which the 

genus Sorghum belongs is x=5. This suggests that Sorghum bicolor is 2n=4x=20 and 

that S. halepense is 2n=8x=40 with two and four genomes respectively.

Although the basic chromosome number x=5 has been generally accepted for Sorghum, 

there is no evidence to support this basic number and it is also not clear how 2n=4x=20 

arose in Sorghum. In this report, results of cytogenetic investigations on three collections 

of Sorghum bicolor are presented and the evolutionary implications of these results are dis

cussed.

Materials and methods

The plants under investigation were collected in Nigeria and are listed in Table 1. Seeds 
from each collection were raised in the green house of the Obafemi Awolowo University where 
the plants were observed for plant height, maturity time, shape of panicle, type of sessile 
spikelet and length of lemma awn. Crosses were made between the collections by manual 
emasculation prior to anthesis and by the use of the male sterile collection TH2.

Mitotic chromosome studies were carried out by using shoot tips of newly sprouted 

grains. Newly sprouted grains with the plumule about 5mm in length were put in 0.04 
colchicine solution at about 10.30a. m. for 90 minutes to accummulate mitotic metaphase cells. 
The pretreated seedlings were then fixed in 95% ethanol and glacial acetic acid fixative (3:1
v/v) for 24 hours or stored in the refrigerator till use. FLP orcein stain formulated by Olorode 

(1973) was used for all chromosomal observations. To make the shoot tip squashes, the 
coleoptile was removed, the plumule was excised and about 2mm of the growing tip of the 

plumule was squashed in FLP orcein.

1 Present address: Department of Biological Sciences, University of Ilorin, Ilorin, Nigeria.
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For meiotic studies, young flower buds were fixed in the ethanol-acetic acid fixative and 

squashed in FLP orcein. Frequencies of diakinesis chromosome associations were scored 

for accessions and their hybrids. Photomicrographs of suitable meiotic and mitotic cells 

were taken for illustration.

Fertility and size of pollen grains were estimated by staining in cotton blue-in-lactophenol. 

Deeply stained and round pollen grains were recorded as fertile (Olorode and Baquar 1976). 

Pollen diameters were taken at •~400 and the degree of variability was expressed as coefficient 

of variability (cv).

Table 1. Collection localities in Nigeria and chromosome number of plants studied

Table 2. Vegetative and fruit characteristics of collections and their hybrids

Results and discussion

Morphology

The three collections studied showed differences in plant height, maturity time, shape of 

panicle, type of sessile spikelet and length of lemma awn (Table 2). Collection TH2 is cul

tivated with non-shattering sessile spikelets and exposed grains while collections IB2 and 

IB17 are wild with shattering sessile spikelets and enclosed grains. Hybrids between these 

collections showed plant heights that were equal to or higher than the taller parent. The 

hybrid plants were intermediate for maturity time, shape of panicle, type of sessile spikelet 

and length of the lemma awns (Table 2, Figs. 1-6). Segregation ratio at F2 for shattering of 

sessile spikelet showed that this character is monogenic with shattering being completely 

dominant over non-shattering. The F, of TH2•~IB2 and TH2•~IB17 showed 'peeping' 

grains. This appears to be a function of the parental grain sizes since the grains were com

pletely enclosed in the F, of IB2•~IB17 where the parental grains were small and were both 

enclosed. The F2 plants for each cross were a range of intermediates for these characters 

and there were also transgressive segregants for awn length indicating that the awn length 

recorded for the parents were not the limits for awn length in Sorghum bicolor.

The F2 variability observed in these artificial crosses is a simulation of what occurs in
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nature. Such segregants, in nature, would then be subjected to disruptive selection as de
scribed by Thoday (1972). Doggett and Majisu (1968) also stressed the importance of the 

gene flow between wild and cultivated sorghums in the diversification of this crop.

Cytology
All three collections investigated showed twenty chromosomes at the mitotic metaphase. 

Fig. 7 is a mitotic metaphase cell in collection TH2 showing twenty chromosomes . A diploid 
chromosome number 2n=20 was also recorded in each of the hybrids between the collections.

Figs. 1-6. 1, panicle of Collection TH2. 2, panicle of Collection IB2. 3, panicle of Collection IB17. 4, 

panicle of TH2•~IB2. 5, panicle of TH2•~IB17. 6, panicle of IB2•~IB17.

Table 3. Diakinesis chromosome associations in Sorghum bicolor collections
 and their hybrids (ranges are given in parentheses and scores 

are averages based on 30 cells per plant)

The meiotic chromosome behaviours in the three collections and their hybrids are sum

marized in Figs. 8-17 and Table 3. They were all characterized by multivalent pairing at 

pachynema. Fig. 8 shows pachynema chromosomes in TH2•~IB2. The arrowed part 

of Fig. 8 is interpreted in Fig. 8a to show allosyndesis. This pairing was common to all 

materials investigated. Fig. 9 is a diakinesis cell in collection IB2 showing ten bivalents. 

Such cells with 10 II were also observed in collection IB17. Metaphase I cells with quadri

valents were observed in all collections and their hybrids. Figs. 10 and Il are metaphase



656 J. A. Morakinyo and O. Olorode Cytologia 53

Figs. 7-17. 7, mitotic metaphase in TH2 showing 2n=20. 8, pachynema in TH2•~IB2 showing allosyn

detic pairing of homoelogous chromosomes. 8a, an interpretative diagram of the part arrowed in figure 8. 

9, diakinesis in IB2 showing 10 II. 10, metaphase I in TH2 showing 5 IV. 11, metaphase I in TH2•~IB17 

showing 4 IV+2 II. 12-15, metaphase I in TH2•~IB2. 12, shows 3 IV+4 II. 13, shows 2 VI+4 II. 14, 

shows 1 VIII+1 IV+4 II. 15, shows 1 X+2 IV+1 II. 16, metaphase II in TH2•~IB2 showing ring forma

tion at each pole. 17, enlargement of the chromosome ring at one pole to show 9 chromosomes forming the 

ring and the 10th chromosome sticking out. Scale line represents 1ƒÊm.
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I cells in TH2 and TH2•~IB17 showing 5 IV and 4 IV+2 II respectively.

Figs. 12-15 show various metaphase I chromosome associations recorded in TH2•~IB2. 

Fig. 12 shows 3 IV+4 II, Fig. 13 shows 2 VI+4 II, Fig. 14 shows 1 VIII+1 IV+4 II and 

Fig. 15 shows 1 X+2IV+1 II.

The occurrence of up to five quadrivalents in the collections indicates that the basic 

chromosome number x=5 and the presence of univalents, bivalents and quadrivalents in 

them indicates that Sorghum bicolor is an allotetraploid whose ancestral parents had similar 

genomes. The fact that there is similarity between the genomes of the ancestral parents is 

also indicated by the allosyndetic pairing of homoelogous chromosomes at pachynema shown 

in Fig. 8 and the multivalent chromosome associations at diakinesis and metaphase I involving 

homologous and homoelogous chromosomes. In collection IB2 where the lowest frequency 

of quadrivalents was recorded (0.55), secondary association of the bivalents in groups of two 

was observed. Such clustering of bivalents suggests partial homology of the component 

chromosomes (Williams 1964). These observations suggest that S. bicolor is a segmental 

allotetraploid.

Table 4. Pollen data

The occurrence of multivalent associations such as IV, VI, VIII and X observed in this 

study suggests reciprocal translocation between non-homologous chromosomes. Fig. 15 

shows a bivalent with a terminal chiasma indicating crossing over in the distal segments of 

the long arms of these two chromosomes. Fig. 16 is metaphase II in TH2•~IB12 showing 

a ring of nine chromosomes with the tenth chromosome sticking out of the ring at each pole. 

Fig. 17 is an enlargement of the chromosome arrangement at one pole of the metaphase II 

cell. This ring arrangement suggests that there were terminal reciprocal translocations involv

ing all the chromosomes, the translocation being restricted to an arm of the chromosome 

sticking out of the ring. The ring was observed at metaphase II in TH2•~IB2 only and at a 

low frequency of 4%. In general, chromosome associations in this hybrid (TH2•~IB2) in

dicate high incidence of reciprocal translocations between non-homologues.

Pollen data

Table 4 summarizes the pollen data in this study. Pollen fertility was high in IB2 and 

IB17. Collection TH2 showed simply inherited monogenic recessive male sterility. The 

anthers in this collection failed to dehisce and when squashed in cotton-blue in lactophenol 

showed 8.9 % pollen fertility. Pollen grain diameters in the three collections were comparable 

and their variability was generally low (<10%). Pollen fertility was high in TH2•~IBl7 

and IB2•~IB17 but low in TH2•~IB2 (94.4%, 91.6% and 10.4% respectively). The low 

pollen fertility recorded in TH2•~IB2 is a result of the complex multivalent associations re

corded in this hybrid which must have been brought about by interchange heterozygosity 

involving acrocentric chromosomes. These complex configurations would lead to adjacent 

chromosomes passing to the same pole and resulting in duplications and deficiencies for chro-
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mosomal segments. The result of this kind of segregation is high gametic inviability (Stebbins 

1971, Dunford 1986) as shown for the hybrid TH2•~IB2.

Evolution

From morphological and cytological observations in this study, the following evolutionary 

trend is deduced for S. bicolor. There was a cross between two ancestral parents (PP, and 

P2P2) of similar genomes (2n=10) to produce a semisterile hybrid (P1P2) of 2n=10 chromo

somes. Chromosome doubling in this hybrid produced a segmental allotetraploid (P1P1P2P2) 

which is 2n=20 and fully fertile. The cultivated Sorghum may have been derived from this 

first allotetraploid through mutation, chromosome rearrangements and selection as was 

demonstrated for Zea mays by Mangelsdorf in 1958. Exchange of genes between the wild 

allotetraploid and the cultivated allotetraploid Sorghum derived from it then took place as 

shown in this study, providing segregants for natural and artificial selections for wild and 

cultivated characters respectively. This gene exchange coupled with the disruptive selection 

has led to the divergence that now exists within and between wild and cultivated members of 

S. bicolor.

Summary

Meiotic observations in this study indicate that the basic chromosome number in Sorghum 

bicolor is x=5 and that this species is a segmental allotetraploid. The wild and cultivated 

members of this species were crossed, producing at F2, an array of morphological types. One 

of the intervarietal hybrids showed complex multivalent associations with the attendant re

duction in pollen viability indicating interchange heterozygosity. Based on the cytological 

and hybridization results a probable hybrid origin is proposed for Sorghum bicolor.
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