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Plasmon Diversity in Eu-Sorghum - A Barrier to
Free Interbreeding *

by
R. APPADURAI' and B. W, X. PONNAIYA?

wiroduction :  Since the discovery of Cytoplasmic-genic male-sterile
system in Milo-Kafir Crosses (Stephens and Holland 1954) many reports of
spontanecous occurrence of male steriles in Sorghum bhave been made.
(Mital, et al 1958; Sreeramulu, 1961; Ganga Prasad Rao, 1962; Cialzeta,
1963 and Hussaini and Venkata Rao, 1964). A comparative study of the
plasmon types of diverse origin, was taken up in the present investigation
and the results are presented in this paper. ’

Materials and Methods: Male-sterile Combine Kafir-60 (n. s. C. K, 60)
with its maintainer, Combine Kafir-60 (CK. 60) formed the cytoplasmic-genic
male-sterile system of American origin. These types come under the species
Sorghum caffrorum (Beauv) Snowden, (1935, 1936). Sorghum type “G. 2-s
male sterile ” (8. durra stapf) with its maintainer G. 1 (8. durra) formed
the cytoplasmic-genic male-sterile system of Guntur origin. S, rozburghii
(Stapf) (type A. 5. 3880) one of the promising lax panicled tiype popularly
known as ‘Shallu’, 8. subglabrescens (Schweinf et Aschers) (Strains Co. 18
and K. 2) two popular Sorghum strains with compact panicles, type
A. 8. 5037, another compact panicled S. subglabrescens and 8. dochna (Forsk)
(Strain K. 3), a medium loose panicled strain for the southern region, were
utilised for testing their comparative fertility restoration in m, s. C. K. §0
and in G. 2-s.

By effecting suitable crosses and studying the expression of male
fertility when the same type of genic combination was brought under the
influence of the two kinds of cytoplasm and when different types of genic
combinations were brought under the influence of the same kind of
cytoplasm, the identity or dissimilarity of the two kinds of eytoplasm was
sought to be inferred. The pollen fertility was assessed by stainability in
L:1 glycerine-aceto-carmine and also by the seed set in panicles covered
with paper bags before flowering. Micro-sporogenesis was also studied in
the male sterile lines by the aceto-carmine smear technique (Smith 1947).
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Results: The anthers of male-sterile Combine Kaffir-60 are shrivelled,
seldom contain pollen and do not dehisee to shed pollen. The disintegrated
pollen grains which have no contents become agglutinated with the other
issues of the anthers and do not stain with 1:1 glycerinc-acofo-carmine.
The anthers of Combine Kafir-60 are normal which dehisce and bring out
numerous well filled pollen grains that stain deep purple with 1:1 glycerine-
aceto-carmine. The anthers of G. 2-8 look well developed, but do not
dehisce and shed pollen. They are however packed with pollen grains all of
which are completely devoid of contents and do not get stainéd with 1:1
glycerine-nceto-carmine. The anthers of isogenie, (. 1 are normal, and
gimilar to those of C.X.060. Meiosiz in m. s C.X.60 as observed by
Singh and Hadley (1961) as also in the present study proved to be quite
pnormal, Meiosis in male-sterile (. 2-8 studied at present also révealed no
irregularities. But the contents of the microspores receded away from the
walls and finally got lost. The pollen grains retained their round shape
and the two walls were distincs. '

(a) Tests for plasmon diversily: In the hybrid combinations
G. 2-Sx 0. K. 60 (8. caffrorum) and m.s C. .60 x G.1 (8. durra) the
genotypes are identical while the cytoplasm differed in origin. Initial tests
of pollen fertility in these hybrids revealed that all the plants in the former
hybrid were pollen sterile of the type G. 2-8 with nil seed set in selfed
panicles while all the plants in the latter hybrid were fully pollen fertile
with full seed set when selfed (Appadurai 1964) (Table. 1). The clue thus
obtained was sought to be comfirmed by studying the expression of male-
fertility in the following sets of hybrid combinations.

Ser (i): Combination G.2-8 x C. K. 60 (male-sterile) was dusted
with pollen from C. K. 60. Combination m.s. € K.60x G.'1 was hand
emasculated and crossed with C. K. 60. Any difference in the -segregation
pattern for male-fertility befween these two new hybrid generations might
be caused only by the difference in the cytoplasm they possessed. All the
plants in the hybrid (G. 2-8 x C. K. 60) x C. K. 60 were completely pollen
sterile, of the G. 2-8 type, giving no seed set when selfed. There was
segregation for male-fertility in.the hybrid (m. s. C. K. 60 x G. 1) x C. K. 60.
Thirteen out of thirty one plants were completely pollen fertile, thirteen
partially fertile and five were male-sterile, of the m.s. C. K. 60 type.
Nineteen plants gave good seed set when selfed, seven plants had partial
geed set and five plants had no seed set (Table 1).

Ser (ii): G. 2-8 was crossed with pollen from the cross
m. s O K.60xG. 1. The eross G 2-S x C. K. 60 (male sterile) was
dusted with pollen from G.1. As expected, being identical in genotypic
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segregation and in cytoplasm, both the crosses behaved similarly and all
the plants in both the cémbinations were pollen sterile of the type G. 2-5
giving no seed set when selfed (Table 1).

Ser (ili): The combination G. 2-8 x C.I 60 (male sberile) was
crossed with pollen from the combination, m.s. C.K.60 x G.1. The
combination m. s. €. K. 60 x G. 1 was also selfed. Both the hybrid and
selfed generations so produced are similar for the nuclear genes, but differ
in their cytoplasm. All the plants in the interoross (G.2-85x 0. K. 60)
x (m.s. C. K. 60 x G. 1) were male-sterile. Segregation was observed for
male-fertility in the selfed generation of the hybrid m. s C. K. 60xG. 1
(Table 1a), Ninety seven out of 130 were completely pollen fertile, 35
were partially fertile while four plants were completely male-sterile of the
type m. s. C. K. 60. Eighty three plants had full seed sef, eight plants
had partial seed set, while one plant had no seed set when selfed.

Pollen from hybrid m, s C. K. 60 x G.1 was test crossed with
m. 5. 0. K. 60, Tifty two plants in the test cross were completely pollen
fertile, 32 were partially fertile while sixteen plants were completely male-
sterile of the type m, 5. C. K. 60. Thirty two plants had {ull seed set when
selfed, eleven plants had partial seed set and eleven plants had no seed set.

(b) The inheritance of genes causing ferlility restoration by G.1
(8. durra) inm, s. C. K. 60 : The F1, m. s. C. K. 60 x (. 1 was completely
male-fertile indicating the presence of dominant gene for fortility restoration
in @.1. The expected ratio for the F2 was formulated based on the
assumption that one dominant major gene restoring complete male-fertility
and two partial restorers were segregating for the expression of male-
fertility. The observed ratio was accordingly tested for a good fit, with
a 48 fully fertile : 15 partially fertile ; 1 male sterile ratio, a modified version
of the trigenic 27:9:0:9:3:3:3:1 ratio. All the phenotypic classes
posseasing (the dominant major gene for complete fertility restoration)
would be fully pollen fertile irrespective of the presence or absence,
of the partial restorers, making the two double dominant classes
(0/64 - 9 64) and one single dominant class (3,/6:4) indistinguishable from the
triple dominant class (27/64) forming one single composite fully pollen fertile
L E:M,f{ ~9) of tho total, The rest of the single and

)

i : i (0-3-9)

ouble dominant classes forming 1564 o)

partially fertile due to the presence of the partial restorers. Tim genotype
wiiich possessed no dominant genes forming 1764 of the I3 2 population

would be male-sterile. A pood fit was obtained, between the observed and

expected segregation (Table 2),

class forming 48,64 E‘a

of the total would be
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- On the above hypothesis the cross of the F1 hybrid (m. s. . K, 60 x
G. 1) with S. caffrorum (m. s. C. K. 60 or C. K. 60) should segregate male-
sterile plants in 1/6 of its population, 3/8 would be partially fertile, while
4/8 would be completely male-fertile. The observed segregations fitted well,
with the expected 4 fertile : 3 partially fertile : 1 sterilo ratios. (Table 2)

(¢) Test of ferlility restorers of m.s. C. K. 60 in the cyloplasm of
@. 2-8 male-sterile :  Sorghum roxburghii (A. 8. 3880) completely restored
male-fertility in m. s. C. K. 60, 8. subglabrescens (Co. 18 and K. 2) and
8. dochna (K. 3) sufficiently restored fertility to give a full seed set when
selfed, while fertility restoration by &. subglabrescens (A. 8. 5037) was of
a very low degree ranging from 4 to 25% of stainable pollen (Appadurai,
1965; 1967). These five types were erossed with G. 2-S and the five different
¥1s were studied for male-fertility (Table 1. b)

The hybrids G. 2-8 x 8. roxburghii (A S. 3880) and G. 2-8 x S. subgla-
brescens. (Co. 18 and K. 2) produced anthers eimilar to those of G, 2.8
male-sterile and none of the pollen grains in them was stainable. There
was no seed set in any of the selfed panicles in all the three hyhrid
combinations. The combinations G. 2-8 x &8, subglabrescens (A. 8. 5037)
and G. 2-8 x 8. dochna (K. 3) consisted of plants all of which produced a
. little of stainable pollen. There was partial seed set in the selfed panicles,
The seed set ranged from 25 to 85 per cent in G. 2-S x S. subglabrescens
(A.5.5037) and from 1 to 10 percent in G.2-8x 8. dochna (K. 3). No
plant in any different backcross generations studied under the different crosges
proved fo be fertile or partially fertile (Table 1. c.).

Discussion :  Male sterile S. caffrorum (m. s. C, K. 60) originated in the
United States of America, while male-sterile 8. durra (G. 2-8) was of Indian
origin. The course of meiosis in m. 5. C. K. 60 as well as in G. 2-8 was
normal, proving that the sterility in both these male-steriles is not due to
meiotic break down. However thers were differences in the nature of
anthers between the two male-sterile types. When identical genic combina-
tions were brought under the influence of the two kinds of cytoplasm
(those of m. 8. C. K. 60 and G. 2-5) a difference in the expression of male-
fertility was observed (Table 1). When similar types of a genic segregations
were created in the two types of cytoplasm the expression and segregation
for male-fertility differed (Table 1.a).  When similar types of genic
segregations werc made to interact with the same kind of cytoplasm the
ﬂxpressmn of male-fertility was similar (Table 1. a). It was observed that
in all the hybrid combinations where the seed parent was G, 2-8, irrespective
of the nature of nuclear genes, all the plants proved to be male-sterile !;:-F the
G. 2-8 type, In combinations where the seed parent was m. s C. XK. 60
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there was fertility restoration or segregation for male-fortility depending
on the nature of gonic segregation. The inheritance of fertility restoration
by 8. durra (G. 1) in m, e C. XK. 60 revealed that while three genes for
fortility restoration in m. 8. 0. K. 60 were present in G.1 (Table 2) none
of them could restore fertility in G. 2-8. A comparative study of fertility
restoration in m. 5. C. K, 60 and G. 2-S. by five different Sorghum types
revealed that while all the pollen parents restored male-fertility in m. s.
C. K. 60 to a greater or lesser extent giving diverse inheritance patterm for
fertility restoration, three of them did not restore fertility in G. 2-8, either
in the F1 or in any of the backeross generations and the other two reatﬁreﬂ
only a low level of fertility in G. 2-S (Table 1. b & e).:

The above results indicate that the two ecytosteriles m. s C. K, 60
and G. 2-8 differ in the type of plasmon they possess. In other words the
‘Cytotype’ (Yen, 1959) or ‘ plasmatype’ (Jones, 1960) of m. s. C. K. 60 -and
(. 2-8 are not the same. Ooccurrence of diverse plasmon has been reported
in other crops also. Jones (1956), Jones ef al (1957, 1960) and Briggle (1957)
gave evidence that differences in the cytoplasm of maize existed and that
the same genomes reached differently in these diverse plasmon. Rhoades
(1964) referring to dissimilar effect of specific fertility restorer genes on
different sources of sterile cytoplasm in maize suggested that these
cytoplasmic mutations might not be identical. Savitsky (1958) observed
new sources of eytoplasm in the different races of Bela vulgaris which varied
in their effects on the degree of male-sterility (Duvick, 1959 and Bhan, 1964),
A system of diverse plasmatypes ocours in Sorghum also is evident from
the results of the present study. |

The role of plasmon in genetic differentiation: Stephens and Holland
(1954) recognised two types of cytoplasm in Sorghum. A third type, that
of male-sterile 8. durra (G. 2-8) was brought to light in the present studies.
One plasmatype in Sorghum got transformed info another type by the action
of mutagen, colchicine (Brichsen and Ross, 1963 a and b). Jones (1951, 1953)
suggested that the interaction of the cytoplasm, and geno-type leading to
the failure to produce functionmal gametes in the gemera such as Zea,
Nicotiana and Sorghwm is an early stage in speciation. Sonneborn (1951)
observed that “Since changes in either the genes or the cytoplasmic
materials of heredity can disturb normal development and since these two
components of abnormally interacting combinations are found in nature in
other combinations that yield normal development, it follows that in the
course of evolution, changes must occur in both the genic and cytoplasmic
materials of heredity ”. Tukasawa (1953, 19565) adduced evidence to show
that the male-sterility observed in Aegilops-Triticum hybrid was rather due
to the disharmonious interaction of the genome from T' durum on the
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cytoplasm from Ae-ovate, than due to chromosomal disturbances. Michaelis
(1954) showed that extra-nuclear hereditary elements also, play a role in
race differentiation. Stebbins, (1958) suggested that a system of genic and
eytoplasmic determiners of sterility could create reproductive isolation and
initiate speciation. Laven (1959) and Kitzmiller and Laven (1949) considered
that the delimitation of sub-units in Culex pipens is based in part upon
cytoplasmic factors and offered cytoplasmic mutation as one of the causes
of differentiation.

In Sorghum the eyvtoplasm of S, rozburghii (A. 8. 3880) was found to
be similar to that of “Ifafir’ (8. caffrorum) while that of 8. subglabrescens
(Co. 18), and ‘Milo’ were found to be sterility inducing, as that of m. s. C. K. 60
(Kafir' genome in ‘Milo’ cytoplasm; Appadurai 1965), The present study
revealed that the genes from 8. durra (G. 1), 8. rozburghii (A. 8. 3880) and
8. subglabrescens (Co. 18 and K. 2) interacted normally with the cytoplasm
from m. 8. C. K, 60. On the other hand, their interaction with the cytoplasm
from G. 2-8 was defective. Genes that can react normally with G. 2-S were
also available in many of the Sorghum types studied by Sreeramulu (1961).
In the present study S. subglabrescens (A. S. 5037) and S. dockna (K. 3)
possessed genes which were partially defective in their interaction with one
cytoplasm from G. 2-S. These evidences agree with the cytoplasm from
G. 2-8. These evidences agree with the suggestions proposed by Shambu-
lingappa and Magoon (1963) and Magoon (1964) that cytoplasmic differentia-
tion appeared to have played a significant role in species differentiation in
the sub-genus Bu-Sorghum,

Summary: Genetic tests comparing the nature of cytoplasm in the
two cytosteriles m. s C. K. 60 and G. 2-8 (8. durra) revealed that they
differed in their plasmatypes. When identical genic combinations were
brought under the influence of the two kinds of cytoplasm, as in the crosses,
m. 6 C K. 60 x G.1 (8. durra) and G. 2-8 x C. K. 60 (S, caffrorum), a
difference in the expression of male-sterility was observed.

When similar types of genic segregation were created in the two types
of cytoplasm as in the two sets of hybrid populations viz, (1) (G. 285 x
C.K.60)xC.E.60and (m 5. C. K. 60 x G. 1) x C. K. 60 and (2) (G. 28 ¢
C.K.60) x (m. s C. K. 60xG.1) and the I, of (m. s. C. K. 60 x G. 1) the
expression and segregation for male-fertility differed. When similar types
of genic segregation were made to interact with the same kind of eytoplasm
ag in the hybrid populations (G. 2-8 x C. K. 60) x G. land @, 2-§ x
(m. 8. C. K. 60 x G. 1), the expression of male-fertility was similar. While
three genes for fertility restoration in m.s. C. K. 60 were found to be
present in G.1 (8. durra), the isogenic maintainer of G. 2-S male sterile,
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none of them was found to restore fertility in (1. 2-S. A comparative study
of fertility restoration in the two male steriles by five different Sorghum
types revealed that while all the pollen parents restored male fertility in
m. 8. C. K., 60 to a greater or lesser oxtent, three of them did not restore
fertility in G. 2-S and the other two restored only a low level of fertility.

The male sterility brought about by the nucleo-cytoplasmic interac-
tion and the occurrence of diverse plasmon systems as evident from the
present studics could be considered as a natural mechanism to prevent free
inter-breeding and thereby initiate speciation.

Acknowledgement: Grateful thanks are due to the University of
Madras for kindly providing facilities for the first author to take up the
investigation as part of his work for the degree of Ph. D. The study leave
and scholarships given by the. Government of Madras are thankfully
acknowledged. The first author is highly indebted to Dr. V. Santhanam,
Head of Regional Centre, Indian Council of Agricultural Research,
Coimbatore for his invaluable gnidance throughout the course of studies.

REFERENCES
Appadurai, R. 1964 Diverse Plasmons in male-Sterile Sorghum.
Madras agric. J., 51: 276-8.
Sy 1965 Studies in Genus Sorghum (Moench) Cyto-

plasmic-gonic Male-sterility and development
of New Male-sterile Lines. Thesis for Ph. D.,
Madras Univ. (Unpub.)

—_—— 1067 Inheritance of Fertility Rostoration in Sorghum
(Moench) Madras agrie. J., 54: 374404,

Bhon, K, C, 1064 Cytoplusmic inhoritance, Bot. Hev., 30: 312-32.

Briggle, L. W. 1957 Interaction of Cytoplasm and genes in & group

of male-sterile corn types. Agron, J., 49: 543-17,

Cialzota, C, 1063 Esterilidad masculine en Sorghum  almum.
- Parodi, (Male sterility in 8. almum Perodi)
Ibid., 183: 41-2

Duvick, D. N. 1950 'The use of cytoplasmic malo-sterility in hybrid
’ seed production. Keon. Bot., 13: 187-05,
Erichsen, A. W., and J. G. Ross 1903 (a) Inheritavce of colchicino inducod male-

sterility in Sorghwm, Crop Sei., 3: 335-8.

and 1903 (b) Irregularities of microsporogenesis in
colehincine induced malo-sterile mutante
in Sorghum vulgare Pors. Ibid., 3: 431-3.

Fukasawa, H. ‘ 1053 Studies on rostoration snd substitution of
nuclous in  Aegilolrichum I. Appearance of
male-storilo durum- in suobstitution crosses.
COytologia., 13: 167-75.



Plasmon Diversity in Eu- Sorghum 13

Gonge Prasada Rao, N.
Husseini, 8. H., and P. Venkata Rao

Jones, D. T,

———, H. T, Stinson (Jun) and
U. Khoo

y - and

Laven, H.

Magoon, M, L.

Michaelis, P.

Mital, 8, P., V. Swarup and
A, B, Joghi

Rhondes, M. AL

Bingh, 8. P, and H, H, Hadley

Shambulingappa, K. G, and
AL L. Magoon

Smith, L.

Snowden, J, D,

1955

1061

106:£

1951

1953

1957

1960

1964

1858
1aa4
1861
1963
1947

1905

Studiez on rostoration and substitution of
nuclens (Genome) in Aegiloirichum II. The
interreintionship botween Ovate eytoplasm and
fertility restoring factors Ihid., 20: 211-T7.

Ocecurronce of cytoplasmic-genotic male-sto-
vility in some Indian Sorghums. Indian J,
Gﬂﬂ-ﬂ.. 22 3 23‘1"9!

A note on the spontancous occurrence of cyto-
plasmic male-sterility in Indian Sorghume.
Sorghum News Letter., 71 27-8.

The eytoplasmic eeparation of species. Proc.
natn. Aead. Sci., 37

Gene and Cytoplasm interaction in species
separation (Proe. 8th Internat. Cong. Genate,
Bellgio (Como) Aug. 1953. Pt. I 24-31) PL
Breed. Abatr., 27: 255, 1506.

Genie and Cytoplasmie control of pellon nhor-
tien in maize, Brookhaven Symposia in Biology®
No. 8, Genetics and Plant Breeding 101-8.

Tronsmissible vaoriations in the cytoplasm
within epecios of higher plants. Pres. Natn®
Acad. Spi., 43: 588-002.

Plasmaiypes of Maize asevidence of eytoplas-
mie diversity and continuity within a species.
Seiance., 131 : 1318,

Speciation by eytoplasmie isolation, Cold
Spring Harb. Symp. Quant. Biol., 241 166-73.

Heview of fundamental worl in the field of
Sorghum . cytogeneticis; the role of gome
internal mechanisms in zpeciation in the genus
Sorghum. Third All India Millet Workers Coo-
ference, Coimbatore,

Cytoplasmic Inheritance in Egpilobium and
its theoretical significance. Adv. Genet., B:
288-401.

Cytoplasmie male-sterility in Jowar (Sorghum
vulgare Pors,) Curr., Sei., 27: 314.

Chromosomes, mutations and eytoplasm in
maize. Science., 120 115-20.

Pollen abortion in eytoplasmic male-sterile
Sorghtwm. Crop. Sci., 12 430-2,

Cytomorphological studies in the mnle-sterile
Sorghum, Indian J, Genet., 231 276-80, .

The aceto-carmine smear technique. Stain
Tech., 22: 17-31.

A classifieation of the cultivated Sorghum. Kew
Bull., 21: 221-54.



14 The Madras Agricultural Journal

——— 1936 Cultivated races of Sorghum. Allerd and Son
Ldd., London.

Sonnoborn, T, M. 1001 The Iole of Genes in Cyloplaamic inheritance.
Genctice in the 20th Qentury (201-314) Ed. Dunn,
L. €, Maomillan Co,, New Yorlk.

Srooramuln, C. 1961 Bluodies on  eytoplasmic mels-aterility in
Sorghums and its cconomic importanes, M, Se.,
Thesis Andhra Univ.

Stebbins, G. L. 1958 The inviebility, weakness and sterility of
interspecific hybrids. Adp. Genet., 9: 147-216.

Stephens, J. C., and R, F. Holland 1064 Cytoplasmic male-sterility for hybrid Sorghum
Sood Production. Agron. J., 46: 20-3.

Yen, D, E. 1950 Pollen Sterility in  Pukelkohe Longlkeeper
Onions. R. Z, JI. ggric. Res., 2 605-12.

Dormaney in Seeds and Buds IL.*

by
Dr, I. M. RAOS

Dormancy mechanisms: In an attempt to understand the physiological
causes underlying dormaney, detailed investigations were carried out during
the current century to correlate dormancy with biochemical changes occurring
in the dormant organs, In recent years, the emphasis has passed over to a
study of the role of endogenous growth regulators in controlling dormancy
and a fairly clear picture seems to be emerging now to explain dormancy.

Biochemical changes during dormancy: Low-water-content (as in seeds),
accumulation of reserve substances in insoluble form, low rate of respiration,
low enzyme activity (particularly oxidative enzymes), less of sugars and
goluble organic nitrogen, efc., are found to be generally associated with
dormancy. Results obtained by Baijal (1961), working in association with
the present author, on physiological changes oceurring in potato tubers under
cold storage during the rest period, also reveal a similar relationship between
dormancy and rate of respiration, activity of catalase and polyphenolase,
sugars, efe,, however, it was difficult to locate the completion of dermancy
from the above studies alone.

* Foundation Lecturs dolivered at the Agricultural College and Research Institute,
Coimbators, on 20th October, 1967,

! Head of the Department of Botany, 8. V. University, Tirupati (A, P.)



