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ESTIMATION OF THE NUMBER OF INITIAL CELLS
IN PANICLE PRIMORDIA OF THE RICE EMBRYO*

T. S. Rajendran and V. Gopinathan Nair
College of Agriculture, Vellayani 695522, Trivandrum, Kerala

A technique of selection that will. enable a substantial reduction in the
size of the segregating population without any reduction in the chances of
recovering all mutations induced will be highly useful in mutation breeding.
Among the factors controlling the survival of an induced mutation, the characters
of the seed such as the stage of differentiation of the embryo and the number
Of primordial cells involved in the origin of each panicle are very important.
Hence a knowledge of these factors will provide a dependable basis for the
selection of M, material to be carried forward to the M,.

Estimation of the number of initial cells involved in the origin of the
various spike categories or branches has been made in crops such as barley,
wheat, pea and flax. The multicellular nature of the rice embryo and its ability
to develop mutually exclusive mutant sectors have already been reported
(Nair, 1972). An attempt is made to estimate the number of initial cells in the

primordia of various categories of rice panicles such as apical, primary and secondary
ones.

Materials and Methods

The rice variety Rohini treated with ethyl methane sulphonate and gamma
rays formed the biological material. The apical, primary and secondary tillers on
M, plants were marked with respect to node position and the ears on maturity
were collected separately. The M. generation was raised as M, ear progenies.
M, progenies segregating for chlorophyll and other seedling mutants were marked
and sedgregation ratios for each were worked out.

Normal M, seedlings from progenies segregating with a deficit of
recessive mutants (less than 20%) were transplanted in singles. Each M, plant
was harvested separately. The M, generation was raised on M, plant progeny
basis. The seedlings were examined at intervals of 3 to 4 days and the progenies
segregating for sesdling mutants were separately marked. The type of mutant,
the number of mutants and the number of normal plants were recorded in each
of the segregating progenies.

* Part of M. Sc. (Ag) thesis of the first author submitted to the Kerala Agricultural
University, 1873,
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The data from segregating MM, plant progenies derived from the same
M, ear were pooled and the mean M, segregation ratio for each progeny was
calculated.

Results and Discussion
a) Segregation ratio

The segregation ratios calculated as percentage of recessive mutants in
segregating progenies in the M, and M, generatmns are presented in Table 1.
The M, ratios were generaliy higher than the corresponding M, ratios and ranged
from 3,44 to 26.767, Fujii (1960) reported that the segregation ratios were
approximately normal in generations later than the M,. Beard (1970) however
observed that the M, ratios varied from 8 to 28% with the average at 20% in
flax. Moh and Smith (1951) reported that the average ratio of chlorophyll mutants
in wheat and barley was 20%.

b) Size of the mutated sector and number of initial ce//s

The mean segregation ratio in the M, generation for each progeny was
taken as the genuine ratio for the particular mutated effect. The size of the
mutated sector of the M, panicle was therefore estimated by dividing the
segregation ratio of mutants in the Vi, generation in each progeny by the corresponding
M, ratio. Kawai and Sato (1965) in rice and Beard (1970) in flax have adopted
similar procedures. On the other hand, Gaul (1961)in barley, D'Amato et a/. (1962)
in durum wheat and Osone (1963) in rice have assumed the M, ratio as 20% based on
the report of Moh and Smith (1 251) that the average ratio of chlorophy!l mutants in

wheat and barley was 20%. Siddiq (1968) calculated the size of the mutated sector
in rice by dividing the observed M. segregation ratio by the expected ratio of
25%. In the present study, the M, segregation ratios deviated from the expected

value of 25% in most of the cases indicating that the actual segregation ratio in the
M, generation of a progeny alone will serve az a reliable criterion for estimating the
size of the mutated sector of the IV, ear.

The number of initial (primordial) cells corresponding to the different panicle
categories was calculated as the reuprocal of the size of the mutated sector because
the size of the sector is inversely proportional to the number of initial cells from
which the M, ear develops. This estimation is based on the assumption that the
cells carrying the mutation has no developmental disadvantage in comparison to
normal cells. If the cells with th= mutation divide less frequently than the normal
cells, the result would be an over estimation of the number of initial cells. Frydenberg
et al. (1964) in barley and Muller (1965) in Arabidopsis reported that the mutated
sector had no developmental idvantage or disadvantage in comparison with the non-
mutated sector. Lmdgren et al, (1970) Iso found that diplontic selection did not
exert any great influence on the size of the mutated sector.
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Table 1
Segregation ratios, size of the mutated sector and number of initial cells
Segregation ratio Size of the  No. of
(% of mutants in mutated se- initial
Panicle Mutant segregating progenies)  ctor in the cells
category type in the M, panicle
M, generation M, generation (M,/Mj)  (M,/M,)
Apical A Albina 3.39 21.10 0.16 6
o 8.93 19.08 0.45 2
171 21,186 0.08 12
Chlorina 4.00 15.40 0.26 4
Striata 5.00 1111 0.45 2
Albo-Viridis 7.41 26.76 0.28 4
Primary 2 Chlorina 5.26 13.04 0.40 2
- ARIE Aibina 111 12.21 0.91 ak
8.00 20.43 0,39 3
Striata 3.45 10.28 0.33 3
e VAl Albina 8.00 16.67 0.48 2
Striata 15.62 25.00 0.62 2
Atbo-Viridis 11.94 24.63 0.48 2
" 18,18 21.96 0.83 1
Dwarf 7.69 7.69 1.00 1
oS Aibina 12.70 14.28 0.89 1
14.29 17.14 0.83 1
6 Aibina 16.52 19.88 0.83 1
" 8.57 24.09 0.36 3
" 7 Aibina 6.25 10.00 0,62 2
8 Albo-Viridis 15.38 16.66 0.92 1
e - 19 Aibina 9.09 14.70 0.62 2
Striata 6.67 10.00 0.66 2
p Q) Aibina 1 24.38 0.45 2
Secondary 2-2  Aibina 9.52 12.11 0.79 1
. 2-3  Albo-Viridis 15,79 20.53 0.77 1
i 2-4 Lethal 13.91 13.39 1.00 1
poeel- C o2 Aibina 19.35 23.41 0.83 1
3-3 T 12.50 21.72 0.58 2
3-4 Albo-Viridis 14.55 17.64 0.82 L
3-5 Viridis 12.50 13.87 0.90 1
4-2 Aibina 16 67 17.06 0.98 1
iy 4-3 Striata 7.69 13.92 0.55 2
- = Minute 9.09 14.28 0.64 2
4-4 Viridis 10.34 13.27 0.78 1
4-5  Chlorina 2.44 3.44 0,71 1
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The estimated size of the mutated sector and number of initial cells in the
panicles are also presented in Table 1. The different panicle progenies analysed
within each category exhibited variation in the size of the mutated sector and number
of initial celts. The variation in size in respect of the apica! ear was from 0.08 to
0.45. The estimated number of initial cells thereby ranged from 2to 12. Osone
(1963) reported that the number of initial cells contributing to the apical ear in rice is
5to 6 and Nair (1979) estimated the maximum number as 16. The estimated number
of initial cells for the apical ear was 4 in barley (Gaul, 1964), 7 or 8 in maize
(Anderson ef al., 1949), 4 in durum wheat (D'Amato et a/., 1962) and 2 in sorghum
(Kaukis and Reitz, 1955).

The size of the mutated sector of primary ears was comparatively larger
(0.33 to 1.00) than that of the apical ear. Correspondingly the number of
initial cells was smaller (1 to 3). Osone (1963) has aiso made similar observations
in rice. Mericle and Mericle (1 961) reported that in the developing barley embryo
after the 8 celled stage, more than one cell usually give rise to germinal tissue of
each of the first five spikes. Jacobsen (1966) found 1 or 2 functional initial cells
foreach of the first 6 spikes in barley. Beard (1970) has also reported that each of
branches in flax is derived from 1 to 3 initial cells.

The mutated sector size and number of initial cells for the secondary pani-
cles indicate that they have originated from 1 to 2 initial cells. The primary and
secondary ears of a primary group might have originated from the same set of initial
cells. Osone (1963) reported that the corpus cell group leading to secondary tillers
consisted part of the corpus cells leading to their mother ones. It can therefore be
assumed that the differentiation into a primary and the secondaries of that primary
group takes place at a later stage.

c) Deficit of recessive mutants

Some of the M, plant progenies showed deficit (less than 20%) of mutants
in the M, generation also. Deficit was found in ail categories of panicles ie., apical,
primaries and secondaries.

Mutated genes are expected to segregate in a 3:1 ratio in the M, and fate
generations giving 25% mutants in segregating progenies. However, deficit of
recessive mutants in later generations as observed in the present study has been
reported by Yamaguchi (1962) and Kawai and Sato (1955) in rice, Moh and Smith
(1951) and Gaul (1964) in barley and Beard (1970) in flax. This deficit has been
attributed to haplontic elimination of gametes carrying the mutant gene or diplontic
elimination of fzygote or embryo carrying the gene in the homozygous condition.
Gaul (1964) stated that the low competitive ability of gametes containing the
mutation leads to haplontic elimination.
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Summary

An attempt is made to estimate the size of the mutated sector in M,
panicles and number of initial cells constituting the various panicle primordia in the
rice embryo. Normal plants from M, progenies segregating with a deficit on
recessive mutants were carried forward to the M, generation of plant progeny basis.
The data from segregating M, progenies derived from the same M, panicle were
pooled and the mean M, ratio for each progeny was calculated.

The M, ratios were generally higher than the corresponding M, ratios. The
size of the mutated sector of the M, panicle was estimated by dividing the M, ratio
in each progeny by the corresponding M, ratio. The number of initial cells was
obtained as the reciprocal of the sector size. Variation in the size of the mutated
sector and number of initial cells was exhibited by panicles of the categories. For
the apical ear the size of the sector was from 0.08 to 0.45 and number of initial
cells from 2to 12. The sector size in the primary ears ranged from 0.33 to 1 .00 and
the number of initial cells from 1 to 3. The secondaries of primaries 2, 3 and 4
have originated from 1 to 2 initial cells. The primary and secondary ears of a

primary group might have originated from the same set of initial cells in the embryo.

Deficit of recessive mutant was found in the M, generation of all categories
of panicles. This deficit in a generation later than the M, is attributed to genetic
or zygotic eliminations. Since the apical panicle has more number of initial cells and
consequently smaller mutated sector, it is necessary to grow a large progeny to
recover a mutation induced in its primordium.

Mo | U2a0o

amodlom1eel (@1emomind @useBlWISI8s (aldeeld: GNOWERSIHNS afFpe
M., M; @emosgles) aodainludonion wossmemicdmlan’  olseqsioml. M,
(BOHDRIM AlelGn]u¥l o 25ab @h}O0I0W] o M_; BmMDIMNa  TUILIDEMEIoE] MZ";ﬂfﬁm::maCo
AW Do) )0 HETB] . 80600 @M 1nlemow s M ; / M, Lmmam firoro’nj omom fijScnlomn”
@M 1M’ ERWIODO (ELEM (aldD:e1d CHIVEDBRLHS afffe *emMaEndeal . wldaHau Lo
amle” 2 oyomod 12 aeo  eHiwsmsalaimlon® i (atoomle ooy
;todn’ 1 fiitroitrl 3 e (a100eRTd cHIWEBRR). BI1MTW &:m10)&TeEs” SBEINO HEEMED
CHOWMBB Lo BRWOORIEM”.  (atlon]d, B1TMTR SMIoldt 860 MU"els GH0usmBald

mlan® oM enilanloldmls  TLIW DY 6E" .
References

Anderson, E. G., Longley, A. E., L1, CH. and Retherford, K. L. 1949. Hereditary
effects produced in maize by radiations from the bikini atom bomb.
1. Studies on seedlings and pollen of the exposed generation.
Genetics 34, 639-646

Beard, B. H, 1970. Estimating the number of meristem initials after seed rradialion:
A method applied to flax stems. Radiat. Bot. 10: 47-57



(@5 ]

Agricultural Research Journal of Kerala

D'Amato, F., Scarascia— Mugnozza, G. T.. Mont, L. M. and Bozzini, A. 1962.
Types and frequencies of chlorophyll mutations in durum wheat
induced by radiations and chemicals. Radiat. Bot 2. 217-239

Frydenberg, O., Doll, H, and Sandfaer, J. 1964 The mutation frequency in different
spike categories in barley Radiat. Bot. 4; 13-25

Fujii, T, 1960. Mutations in Einkorn wheat induced by X-rays: VI. Seiken ziho
11: 12-20

Gaul, H. 1951. Use of induced mutants in seed propagated species. Mutation
and plant breeding, NAS-NRC 891, 206-250

Gaul. H. 1964. Mutations in plant breeding. Radiat. Bot. 4: 155-232

Jacobsen, P. 1966. Demarcation of mutant carrying regions in barley plants after
ethyl methane sulphonate seed treatment. Radiat. Bot. 6: 313-328

Kaukis, K. and Reitz, L. P. 1955. Ontogeny of the sorghum inflorescence as
revealed by seedling mutants. Am. J. Bot. 42: 660-663

Kawai, T. and Sato., H. 1965. Studies on artificial induction of mutation in rice
by chemicals. 1. Chlorophyll mutations by ethylene imine and
ethylene oxide treatments. Bull. nat. /nsi. agric. Sci, Jap.
13: 133-162

Lindgren, D., Erikson, G. and Sulovska, K. 1970. The size and appearance ofthe
mutated sector in barley spikes. Hereditas 65: 107-132

Mericle, L. W. and Mericle, R. P. 1961. Radio sensitivity of the developing plant
embryo. Brookhaven symp. Biol. 14. 262-286

Maoh, C. C. and Smith, L. 1951. An analysis of seedling mutants (spontaneous,
atomic bomb radiation and X-ray induced) in barley and durum
wheat: Genetics 36:629-640

Muller, A. J. 1965. Comparative studies on the induction of recessive lethals by
various mutagens.  Arsbidopsis research (symp. Gottingen),
192-199

Nair, N. K. 1972. Mutationa! analysis of embryo organisation in rice. M. Sc. (Ag).
thesis, Kerala Agrl. University (unpub.)

Nair, V. G. 1979. The sizeof the mutated sector in rice panicles. IL RISO, 28: 91-99

Osone, K. 1963. Studies on the developmental mechanism of mutated cells induced
in irradiated rice seeds. Jap. J. Breed. 13: 1-13

Siddig, E. A. 1968. Effect of mutagen and dose on the size of the mutated sector
in rice. Indian J. Genet. Pl. Breed. 28: 301-304

Yamaguchi, H. 1962. The chimeric formation in X, panicle after irradiation of
dormant rice seed.  Radiat. Bot. 2: 71-77



