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ABSTRACT: A study was carried out on the recovery of induced mutations in the M, generation of gamma irradiated
cowpea. About 3509 of dry cowpea seeds ‘IT84S-2246" were equlibrated to 12% moisture content in a dessicator over
65% glycerol for seven days. The sample were irradiated with gamma rays from Cobalt 60 source to a dosage level of
245Qy at the rate of 24.0 Gy/minute. The treated seeds were planted at a spacing of 30 x 30 cm to raise the M;
generation. At maturity, 150 M; plants were harvested according to the branching pattern of cowpea and peduncle by
peduncle. Progenies so obtained from M; plants were sown peduncle to row at a spacing of 15 x 15cm to produce M,
plants. Chlorophyll mutations were evaluated at the seedling stage. The frequencies of chlorophyll mutations were
computed. Results obtained were analysed by chi-square test. A wide spectrum of chlorophyll mutations ranging from
Albina, Maculata, Viridis, Zonata and Marginata were observed. The highest frequency of chlorophyll mutations
(0.33) was obtained for M, plants that originated from peduncle three(3) of the main branch (1) while the least (0.05)
was obtained for M, plants that originated from peduncle three (3) of secondary branch five (V). The occurrence of
mutation was not significantly different from peduncle to peduncle. This implies that selection of pods for the
perpetuation of mutations in subsequent generation could be done from any part of the plant, though the four peduncles
originating from the main branch (1) have higher mutation frequencies than secondary branches, and this may confer
selection advantage on the former.
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Introduction

One of the basic principles of mutation induction is that * a mutation is induced in a single cell and
carried only in the progeny of that cell”(Brock and Micke, 1979). When multicellular organs like seed
embryo are mutagenised, the treatment imposes a stress whose degree of disruption depends on the type of
mutagen, total dose, dose rate and physiological state of the apical cells at the time of exposure. As a
result, cells mutate independently and the descendants of each mutated cell may form a sector within
chimeric M; plants. In which case plants will develop from embryonic tissue composed of genetically
different tissues. Thus, the different parts of the meristem have the potential to give rise to a certain part of
the mature plant, such plants are referred to as chimeras. Chimerism occur as a result of dissociation or re-
combination of genetic composition of cells within active meristems that may be due to the effect of

63



irradiation. There had been important evidence regarding the role of the apical cells in chimerism. This
was based on the fact that sectors of substantial size would never develop as a result of mutation in a single
cell if there were no apical initials (Stewart and Dermen, 1970). Each of the sectors was assumed to
originate from individual initial cells. Mutations involving ploidy change due to loss of an entire
chromosome(aneuploidy), loss of chromosome segment (translocation, inversion or deletion) within an
individual initial cell of a shoot apex that is reproducibly stable, will resault in a mericlinal, periclinal or
sectorial chimerism. The size of the sector and plant part that will be affected depends on the location of
the mutated cell, the number of other non-mutated cells and the ability of mutated cells to compete with the
non-mutated cells. A mutated cell within the centre of an actively dividing primodium are likely to have its
descendants being displaced. The chances of its inclusion in the meristem and of producing a larger
chimeric segment become reduced. Loss of sectorial chimerism is often ascribed to diplontic selection and
a consequence of normal growth of the plant apex where the sector originate (Gaul, 1959). For mutations
to be expressed, it must be induced in cells that survives with its reproductive ability unimpaired to form
detectable tissues that can be located and be propagated.

After many years of studies on induced mutation, the induction and recovery of beneficial mutants for
the improvement of crop plants still remain largely a matter of chance (Hermelin et al., 1981) due to:

@ mutation frequency that is very low (Brock, 1979),

(b) knowledge about possible relation between choice of mutagen and mutation spectrum is not yet
established,

(© some induced mutations are not carried to M, because the harvested seeds from chimeric M;
plants may not derive from mutated sector(s).

(d) Also, the embryo structure of many dicotyledonous crop plants have not been adequately studied.

However, the low mutation frequency could be compensated for by large mutagenised M; population.
Thus, collection of all seeds from M; plants become too large to be progeny tested in M, and a
representative sample has to be taken, in which as many mutant sector as possible will be represented.
Unlike the monocot cereals where the chimeric pattern is relatively well known (IAEA, 1977), information
about leguminous crop species are scarce. Previous study of chimerism in M; plants of Vicia faba,
Capsicum annuum and Linum usitatissimum by Hermelin et al (1983), had shown that the highest degree of
recovery of M, mutants from M; plants of Vicia faba was from the second and or third pod-bearing
node(s), while in C. annuum, highest mutation frequency was obtained from the fruit at the main
bifurcation of the M; plant, while in L. usitatissimum, recovery of M, mutants is higher in later developed
part of the shoot. Also, in an experiment conducted by Saccardo (1980), higher mutation frequency was
derived from seeds originating from the main stem of M, plants of P. sativum for chlorophyll and viable
mutations. The potential of anthers from different parts of the panicle to induce callus was investigated
with rice variety “Taipei 309”. The result showed that anthers from basal part of the panicle have higher
efficiencies for callus induction than those from middle and top part (FAO/IAEA, 2000). There is the need
to improve the knowledge on the selection of pods/seeds from chimeric M; dicotyledonous plant species.
This will enable the perpectuation of mutants with desirable characters at reduced cost.

The objectives of this study therefore are:

Q) To investigate the frequency of chlorophyll mutations in the M, generation of gamma irradiated
cowpea seedlings.

(i) To examine and test if these mutations are confined to few of the branches/peduncles or randomly
distributed.

Materials and Methods
Dry cowpea seeds ‘1T84S-2246° was used for this study. Seed moisture content was equilibrated to 12%

over 65% glycerol. The seeds were irradiated at the Centre for Energy Research and Development,
Obafemi Awolowo University, lle-1fe to a dose of 245 Gy at the rate of 24.0 Gy/minute. The irradiated
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seeds were planted at the Teaching and Research Farm, University of llorin, to establish M; generation.
Seeds were sown at a spacing of 30 x 30cm within row and 75cm between rows at the rate of two seeds per
hole. All necessary weeed management and protection practices were adopted. At maturity, pods from one
hundred and fifty M; plants were harvested according to the branching pattern of cowpea peduncles.
Progenies of M; plants were sown peduncle to row at a spacing of 15 x 15cm. The primary branch/main
stem was noted as (I), while secondary branches were noted as Il — V from the stem base (Figure 1). The
peduncles on each branch were noted as (1, 2, 3 — 6) also from the base of the branch upward (Figure 1).
M, seedlings were evaluated for chlorophyll mutations according to Gutstafsson classification (Gustafsson,
1940) four weeks after planting. Chlorophyll mutation frequencies were computed on the basis of peduncle
positions.

Mutation frequency Number of mutations at M2

Number of survived plants at M,
Chi-square test was used to test the hypothesis that mutation is distributed evenly in all the peduncles, that
is, probability of mutation is equal in all peduncles irrespective of position on the stem:

X2 K-1,1-a — by ni - E!nllz
E(ni)

Where E(ni) is the expected value while (ni) is the observed value. The null hypothesis is that mutations
are equally distributed, and can be recovered at the same frequency in all the peduncles, that is

Ho = Pl = P2 = P3 .......................................... PlG = 1/16

The alternative hypothesis is that mutations are not equally distributed and cannot be recovered at the same
frequency in all the peduncles.

HA = P]_ + Pz o N P16 + 1/16
Reject null hypothesis when
X2 k11a . X% Calculated

Do not reject null hypothesis when
X?kai1a > X2 Calculated

Results and Discussion

Chlorophyll mutations were recorded as presented in Table 1. The surviving plants showed a wide
spectrum of chlorophyll mutations, which ranged from Albina, Maculata, Viridis, Zonata and Marginata
(Table 1). Total number of chlorophyll mutations identified was 517. Maximum number of Maculata
types was observed in all the branches and peduncles followed by Viridis, both of which are viable. This is
contrary to the findings of Subramanian (1980), where he observed maximum number of non-viable
chlorophyll mutations (Xantha and Albina) in Vigna radiata, V. trilobata and V. aconitifolia. This finding
confirms the specificity of different mutagens on various Vigna species to produce different types of
mutations. With the exception of Albina where chlorophyll pigments and carotenoids are not formed at all,
other chlorophyll mutations identified would confer viability to the plants identified with such mutations,
since such seedling would regain normal coloration as growth progressed. Chlorophyll mutation
frequencies ranged from 0.05 to 0.33 (Table 2). Generally, higher chlorophyll mutation frequencies were
obtained for plants originating from the main stem (Branch 1), while the secondary branches recorded
quite low mutation frequencies. The highest frequency (0.33) was obtained for M, plants that originated
from the main stem (Branch 1) peduncle three (3) while the least (0.05) was obtained from branch (v)
peduncle three (Figure 1). This implies that the earlier formed main stem and peduncles originating from it
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Fig. 1: The system used for labeling branch and peduncle position on M; cowpea plants.
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has the highest probability of expressing mutation and hence more probable site for recovering mutations.
This is in agreement with the findings of Saccardo (1981) on Capsicum annum, where he discovered that
the first appearing fruits carried higher mutation frequencies than the later appearing ones. However, from
chi-square test, the tabulated chi-square value (25), is greater than the calculated value (0.68). This implies
that there is no significant differences in the distribution of mutations among peduncles of cowpea plant,
though the higher frequencies observed for peduncles originating from the main stem may confer selection
advantage on them.
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