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As compared to reports available on primary trisomics of pearl millet (Pantulu 

1967, Burton and Powell 1968, Gill et al. 1970, Nameeta 1973, Sai Kumar et al. 

1982), literature on tertiary trisomics is limited. Recently, Venkateswarlu and Mani 

(1978) reported two tertiary trisomics in the progeny of triploid and interchange 
heterozygotes of pearl millet (2n=14). Tertiary trisomics may gain considerable 

importance in genetics and breeding of pearl millet. Use of tertiary trisomics in 

tomato for determining the position of centromere, orientation of linkage maps 

and arm location of markers has been amply demonstrated by Khush and Rick 

(1967). Ramage and Tuleen (1964) proposed the use of balanced tertiary trisomics 

(BTT) for maintaining lines of lethal and sterile genes. The concept of hybrid 
barley production through the use of BTT was given by Ramage (1963, 1965) and a 

hybrid barley variety was released in USA (Ramage and Wiebe 1969).

The present paper reports the cytomorphological behaviour, mode of fertility 

and transmission frequency of 19 tertiary trisomics of pearl millet. In addition, 

it also describes the techniques for isolation of balanced tertiary trisomics and 

their use in pearl millet breeding.

Materials and methods

Two hundred and ten seeds, obtained from an open pollinated interchange 

trisomic of pearl millet, were sown in pots during 1979. Out of 210 seeds, 118 

seeds germinated and produced flowers. Of them, 37 plants were trisomic and the 

remaining belonged to normal disomic class. Out of 37 trisomics, 12 plants were 

tertiary trisomic in nature. Similarly, 7 more tertiary trisomics were isolated in the 

progeny of 5 different translocation heterozygotes of pearl millet. All these tri
somics were tested over three seasons for their morphology, fertility and mode of 

transmission. The breeding behaviour of fertile tertiary trisomics was tested and 

the possibility of their further use in breeding of pearl millet was assessed.

Material for cytological study was fixed in a freshly prepared Carnoy's fluid 

for 24 hours at room temperature and then stored in 70% alcohol until further 

study. Anthers were squashed in 2.0% acetocarmine and fresh preparations were

1 Present address: Dr . R. B. Singh, Regional IBPGR Officer for South-East Asia and Pacific, 

FAO, Bangkok, Thailand.
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used for the study of various chromosome configurations and microphotography.

Results and discussion

In the progeny of an interchange trisomic, random distribution of chromosomes 

may result in the production of 3 kinds of trisomics i.e., interchange, tertiary and 

primary trisomics in the ratio of 1:1:1 in addition to normal disomics. Following 
this, when 37 trisomics thus obtained in this study were cytologically analysed, it 

was found that 12 plants were tertiary trisomics, 11 plants belonged to interchange 

trisomic class and the remaining 14 plants were primary trisomic in nature. This 

observed ratio of different trisomics was best fitted to the expected one (x2=0.38, 

p=0.8 to 0.9).

Morphology and fertility

Data on some morphological characters and fertility of only 18 tertiary trisomics 

are presented in Table 1.

In general, trisomic plants were slender, weak with short and narrow leaves 

and small earhead following a high range of pollen and ovule sterility as compared 

to normal disomics. A considerable plant to plant variation was noticed within 

each trisomic class, with regard to plant height, number of tillers, leaf length and 

earhead length, which indicates the heterozygous nature of parental sources of these 

trisomics.

Table 1. Some morphological characters and fertility in tertiary trisomics of 

pearl millet (Pennisetum americanum)

Note: Data on TR-21 could not be taken.

IT=Interchange trisomic; TH=Translocation heterozygote .
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In the trisomic set derived from interchange trisomic source the maximum 

pollen and ovule fertility was displayed by Tr-23 (95.3% and 90.0%), followed by 
Tr-22 (80.7% and 80.0%), Tr-58 (23.3% and 80.0%) and Tr-12 (65.2% and 70.0%) 

in descending order of magnitude. The remaining 7 trisomics showed low degree 

of pollen and ovule fertility (Table 1). Consequently, based on these fertility traits 

and morphological characters, the 11 trisomics obtained in this class were classified 

into two groups. The first group consisted of Tr-12, 22, 23 and 58 while the other 

group consisted of Tr-16, 24, 25, 60, 68, 71 and 75. Two groups are expected in 
the progeny of an interchange trisomic due to involvement of two types of tertiary 

chromosomes in each interchange trisomic stock.

Similar plant to plant variation for different attributes has also been noticed 

in the trisomic stocks derived from interchange heterozygote of pearl millet (Table 

1). The maximum ovule fertility was recorded in Tr-496 (90.0%) followed by 

Tr-588 (80.0%) whereas the lowest fertility was seen in Tr-656.

Cytology

Though morphological data of different trisomics do not have much corres

pondence with their cytological behaviour and hence grouping of trisomics on 
morphological basis is hardly useful in the characterization of tertiary trisomics. 

Several kinds of associations were observed at diakinesis and MI. There were 

univalents, trivalents, pentavalents, chain of four+1I, 3I etc. along with certain

Table 2. Frequency of different chromosome associati_n in meiosis in 

different tertiary trisomics of pearl millet (Pennisetum americanum) 

(frequency in per cent)

* Only chain
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bivalents. But a complete absence of 04+1I in meiotic cells confirms the tertiary 

trisomic nature of these stocks. Frequency of each type of associations and con

figurations observed in different trisomics is given in Table 2. A number of terti

ary trisomics such as Tr-656, 470, 23, 24, 68 and 71 were associated with a high 

frequency of cells containing 6II+1III (Fig. 7). The remaining trisomics showed 

an association of 7II+1I/cell (Fig. 8) in higher percentages of PMCs. In most 

cases a chain of four 1I could be observed but in a very low frequency.

Other types of configurations were relatively infrequent. A considerable per

centage of cells was seen with different configurations of pentavalents in many 

stocks of tertiary trisomics.

Table 3. Frequency of different configurations of pentavalents at MI 

of meiosis in different tertiary trisomics of pearl 

millet (Pennisetum americanum); (frequency in per cent)

In this study, the average percentage of trivalents, univalents and pentavalents 

calculated over trisomics was 37.6%, 34.5% and 24.5%, respectively. There was 
not much variation in mean chiasma frequency between trisomics and disomics. 
However, the average number of chiasmata/cell ranged between 13.94 to 14.89 in 
tertiary trisomics of pearl millet. Relatively more number of chiasmata were re

corded in those trisomics where trivalents and dumbbell shaped pentavalents were 

highly frequent.
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Types of pentavalent configuration

Table 3 resumes the observation on frequency of pentavalent variants found 

in different stocks of tertiary trisomics.

The presence of specific number and position of the chiasmata and size of 

chromosomes involved are the deciding factors for a particular shape of pentava

lents in tertiary trisomics (Khush 1973). Certain shapes of pentavalents, like 

dumbbell, 2 modified forms of dumbbell (Figs. 2, 3) pan-, y- and chain-shapes 

have been observed in variable frequencies in different stocks of tertiary trisomics.

Among the pentavalent configurations, chain quinquevalent was highly fre

quent in most of the tertiary stocks ranging from 12.5% in Tr-656 to 91.4% noted in

Figs. 1-9. Different configurations of pentavalents in meiosis in tertiary trisomics of pearl millet 

(Pennisetum americanum). 1, diakinesis 5II+1V, dumbbell shaped (with both closed ends). 2, 
diakinesis 5II+1V, dumbbell shaped (with one closed end). 3, diakinesis 5II+1V, dumbbell shaped 

(with both opened ends). 4, diakinesis 5II+1V, pan shaped. 5, diakinesis 5II+1V, y-shaped. 6, 
diakinesis 5II+1V, chain shaped (attached to nucleolus). 7, diakinesis 6II+1III. 8, metaphase I 

7II+1I. 9, anaphase I 8-7 separation of chromosomes.

Tr-763. Contrarily among different variants of dumbbells, the frequency of closed 

bivalent dumbbell (Fig. 1) was ranging between zero per cent in many trisomics to 

the tune of 30.6% observed in Tr-656. Two other modified forms of dumbbells 

(Figs. 2, 3) were noted of 1.1% in Tr-763 to the maximum of 24.8% in Tr-656.
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Pan-shaped pentavalents (Fig. 4) were highly frequent in Tr-470 (25.0%) followed 

by Tr-16 (24.6%) and Tr-60 (22.9%). Its lowest frequency was noted in Tr-763. 

Similarly, the y-shaped pentavalents varied from 4.1% to 28.2% (Table 3). The 

overall average frequency of pentavalents ranged between 2.4% for open bivalent 

dumbbell to 62.6% for chain shaped configurations. The maximum total frequency 

for dumbbell (Fig. 1) and its modified shapes (Figs. 2, 3) was noted in Tr-656 

(55.4%) followed by Tr-470 (31.8%). In contrast, the Tr-588 has shown the 
minimum frequency of dumbbells (1.5%) and a very high frequency of chain quin

quevalents (87.1%). All three stocks (Tr-656, 470 and 588) were derived from a 
single translocation heterozygote. These associations, thus, indicate that in the 

former two stocks, the extra chromosome was the longer one. The effect of extra 

chromosome length may be revealed in terms of pollen and ovule sterility since 

both trisomics have also displayed a high degree of pollen (87.0 to 93.0%) and ovule 

sterility (90.0 to 95.0%). But the opposite is true of Tr-588 (Table 1). Venkates

warlu and Mani (1978) reported one tertiary trisomic (Tr-11) plant forming chain 

quinquevalents in only 20.0% of PMCs of pearl millet. They have also noted 
considerable difference with regard to morphological behaviour, pollen fertility 

and seed setting percentage.

There was a regular distribution of 8:7 (Fig. 9) at AT except 9:6 found in 

rare PMCs.

Table 4. Average transmission of trisomics in progeny of 

different tertiary trisomics

Transmission

An observation on the rate of transmission and types of progeny produced 

in different tertiary trisomics when tested over three seasons revealed that there 

was considerable variation from one season to other with regard to ratio ob

tained between normal disomics, primary and tertiary trisomics of pearl millet 

(Table 4). When data of different stocks over seasons were pooled, it was found 
that progeny consisted of 91.6% disomics, 5.5% primary trisomics and 2.9% plants 

of tertiary trisomics. Because of a greater possibility of adjacent segregation noted 

in chain, pan- and y-shaped pentavalents, the proportion of primary trisomics 

should be more in the progeny of tertiary trisomics whereas alternate segregation 

and a high frequency of tertiary trisomics are commonly seen in those trisomics 

which are associated with dumbbell pentavalents (Khush 1973). Therefore, triso

mic 496 produces a higher number of primary trisomics (12.4%), while tertiary 

trisomics are relatively more frequent (6.1%) in the progeny of trisomic 656 even 

though the transmission rate of extra chromosomes varied from plant to plant and
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season to season for the same trisomic. This may be related to sampling varia

tion. Rajhathy (1975) noticed that growing condition exerted some influence on 

the transmission of trisomics in Avena strigosa. Liang (1979) also noted a con

siderable variation in transmission rate from plant to plant in six sorghum trisomics.

In the progeny of most of the tertiary stocks, the frequency of primary trisomics 

was more as compared to those of tertiary trisomics. The possible explanation for 

this may be attributed to the frequent occurrence of adjacent segregation found in 

many stocks of pearl millet. Furthermore, it may be noted that sum of the average 

frequencies of chain, pan and y-shaped pentavalents constituted about 90% of the 

total pentavalent configurations observed in this study (Table 3). Hence the re

lative frequencies of pentavalent shapes seem to contribute significantly to the 

mode of transmission in tertiary trisomics of pearl millet. In addition, the dif

ferent shapes and orientation of trivalents are generally such that both kinds of chro

mosome segregations (adjacent and alternate) can be almost equally frequent whereas 

univalents often move to either pole (Fig. 8) and form tertiary gametes. This is in 

contrast to the behaviour of tomato tertiary trisomics specially 5L. 7S, wherein 

univalent remains unpaired in 56.1% of PMCs and is lost (Gill 1978).

The relative proportion of univalents, trivalents and pentavalents and their AI 

orientations suggest that there is a greater possibility of production of tertiary gam

etes than that of primary gametes. But tertiary chromosome appears to cause 

more genetic imbalance which eventually leads to reduced gametic fertility and poor 

transmission of the same chromosome. Ramage (1965) reports a typical progeny of 

balanced tertiary trisomics in barley which constituted about 30.0 % balanced tertiary 

trisomics and 70.0% diploids with less than 1.0% primary trisomics.

Relation of pentavalent configurations with fertility and transmission rate

From this and other studies in tomato (Khush and Rick 1967) it is obvious 

that trisomics involving extra chromosome with two long arms tend to form a 

high percentage of dumbbell shaped pentavalents. In contrast, chain shaped con

figurations are highly frequent in those trisomics which are associated with relatively 

a smaller interchange chromosome. For example, dumbbell shaped pentavalents 

are almost missing in fertile trisomics-12, 22, 23, 58, 496, 583, 763 and 588 but their 

higher percentage of PMCs were involved with chain quinquevalent. On the other 

hand, some trisomics, like Tr-656, 470, 71, 75, 457 and 16 have shown a high frequen

cy of dumbbells at the expense of reduced number of chain quinquevalents, and are 

also associated with low fertility of pollen and poor seed setting.

In general, the correlation of ovule fertility with the frequency of chain pentava

lent is positive and highly significant (r=0.78, p<0.001) whereas it is negative but 

highly significant with dumbbell shaped configurations (r=-0.66, p<0.01). But 

there was no correlation between univalent frequency and ovule fertility (r=0.07). 

The involvement of a longer extra chromosome in dumbbell forming tertiary tri

somics is the probable cause of reduced fertility and poor rate of transmission. 

Though no rule can be framed regarding the relation of pentavalent shapes with 

transmission rate in pearl millet, the relative length of extra chromosome in

volved in different trisomics is known. The negative association of chromosome
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length with viability of gametes and transmission rate has been reported in tri

somics of tomato. The lowest transmission rate of extra chromosome was reported 

in those trisomics which involved a longer chromosome of the set (Lesley 1932, 

Rick and Barton 1954, Khush 1973). Secondly, it is interesting to note that all the 

trisomics studied in this case have shown their transmission through female from 

trisomic•~disomic crosses and no trisomic could be isolated in the progeny of re

ciprocal cross (disomic•~trisomic). Singh et al. (1982) have reported the cytomor

phology, fertility and transmission rate of some tertiary trisomics in pearl millet.

Balanced tertiary trisomics and their use

A few fertile tertiary trisomics isolated in this study did not breed true of their 

fertility. The variation in fertility may be due to variation in the size of the extra 

chromosome, sample sizes, environmental factors and/or genetic causes. Genetic 

male sterility in pearl millet was found to be inherited as a monofactorial recessive 

phenotype (Gill et al. 1973, Rao and Koduru 1978a, b). Hence, the male ste

rility gene (ms gene) can be transferred to the two normal chromosomes of tertiary 

trisomics by using these trisomics in recurrent backcrossing to the available hetero

zygous male sterile sources. The fertility of tertiary trisomics can be maintained 

by having Ms gene close to the breakpoint of the extra interchange chromosome. 

Since the breakpoint acts as a cross over suppressor, Ms gene will remain linked 

with extra chromosome and trisomic thus produced would be a balanced tertiary 

trisomic. The balanced tertiary trisomics may be isolated from the F, of a suitable 

tertiary stock and a heterozygous male sterile source. The light weight seeds pro

duced by the F, will contain nearly 3 to 12% of trisomics. Some of the trisomics 

may be balanced tertiaries. These may be isolated by examining marker gene 

(fertility gene) ratio in F3, an excess of recessive (male sterile disomics) indicates the 

F2 trisomic was a balanced tertiary. All plants with the dominant phenotype 

(fertile plants) from such an F3 progeny should be balanced tertiary trisomics.

Further, the mutants of male sterile genes are impossible to maintain in the 

homozygous strain and they must be maintained in the heterozygous stage. A 

pollen source homogeneous for a recessive lethal or gene for sterility would greatly 

facilitate the use of that gene in linkage studies. A balanced tertiary trisomic 

offers such a pollen source (Ramage and Tuleen 1964).

Figure 10 depicts the schematic representation of balanced tertiary trisomics 

proposed by Ramage (1965) for use in hybrid seed production. In balanced tertiary 

trisomics, the dominant allele (Ms gene) of a marker gene (male sterile locus) is 

closely linked with the interchange breakpoint and is carried on the interchange 

chromosome and the recessive allele (ms) is carried on the two normal chromosomes. 

A plant of this constitution will produce 3 kinds of functional female gametes but 

only one type of functional male gamete. A spore with the interchange chromosome 

alone is deficient for chromosome segment and will abort. The (n+1) spores rare

ly, if ever, function in the male. Only three types are expected in the self progeny of 

balanced tertiary trisomics: diploid recessive (male sterile) for the marker gene, 

primary trisomics recessive for the marker gene and balanced tertiary trisomics 

dominant (fertile) for the marker gene. All self-progeny exhibiting the dominant
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character should be of the same gene and chromosome constitution as the parental 

trisomics. The breeding behaviour of balanced tertiary trisomics allows the per

petuation of recessive gene, and all functional pollen grains produced by a balanced 

tertiary trisomic should carry the recessive marker gene . One of the simplest 

ways to use balanced tertiary trisomics in hybrid seed production assumes abun

dant pollen production by the trisomics and it also assumes sufficient wind or insect 

pollination leading to a high probability of open pollination. Since pearl millet

BALANCED TERTIARY TRISOMIC FOR USE IN 

HYBRID SEED PRODUCTION

Fig. 10. Diagram showing the use of balanced tertiary trisomics in hybrid seed production.

is an open pollinated crop and bears sufficient pollen grains, some dominant 

mature plant characters of pearl millet as bristliness or brown colour traits of 

ears may be located on the interchange chromosome of the balanced tertiary tri

somics. All balanced tertiary trisomics would be fertile and would carry bristled 

earheads. All diploids would be male sterile and carry normal earheads. Pollen 

produced by balanced tertiary trisomics would carry male sterile alleles. The 

self progeny of such trisomic would be planted in an isolation block. Diploid 

plants in the block would be recessive for the plant marker, and all seeds set on them 

would produce male sterile diploids in the next generation. The diploid plants 

would be harvested separately, and seed produced on them would be used to plant
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the female rows in the hybrid seed production field. Balanced tertiary trisomics 

in the isolation block would be dominant for the plant marker, and would be harvest

ed separately. Seed produced on these plants would be used to plant an isolation 

block next year.

From transmission study it is obvious that in the progeny of different tertiary 

trisomics of pearl millet, the frequency of normal disomics is more than 90% while 

the frequency of tertiary trisomics ranges between 3 to 12%. Consequently, cer

tain sources of genetic male sterility have been identified and gene causing male 

sterility can be transferred to the tertiary trisomics of pearl millet. One of the es

sential requirements for use of trisomics and genetic male sterility in hybrid pro

duction is a low transmission rate of extra chromosome carrying the male fertile 

allele through the pollen (Ramage 1965). This report indicates that there is no 

transmission of extra tertiary chromosome through the male. Since cytoplasmic 

male sterility has been used extensively in pearl millet hybrid production and only 

one type of cytoplasm (Tift-23A) has been used so far, the hybrids, produced in 

pearl millet suffer due to narrow genetic base of M.S. lines. With the avail
ability of numerous fertile stocks of tertiaries and certain lines of male sterility, it 

has now become possible to develop an array of balanced tertiary trisomics in 

different genetic backgrounds. These trisomics would help in the production of 

base hybrids in pearl millet.

Summary

Nineteen tertiary trisomics were isolated from some translocation heterozygotes 

and interchange trisomics of pearl millet. Cytological analysis of these trisomics 

indicates that chromosome association of trivalents, univalents and pentavalents 

were frequent in all the trisomics. But their ratio varied from one trisomic to the 

next. Other associations were relatively infrequent. The relative frequencies of 

6 pentavalent configurations observed in different trisomics were studied and their 

probable association with mode of fertility and transmission rates have been dis

cussed. Furthermore, the techniques for isolation of balanced tertiary trisomics and 

their further use in production of hybrid seeds in pearl millet have been discussed.
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