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A. MUTATION BREEDING AND RADIATION BOTANY
(C. C. Moh and J, J. Alan)

1., Mutation Induction in Manihot
a. Somatic mutations

In the past year's Annual Reﬁoft, we have des-
cribed the botanical characteristics and the agricultural
significance of this basic root crop in the lowland tropics.
Since Manihot is usually propagated by vegetative me#ns, we
are inveséigating whether or not induction of somatic muta-
tions is an effectivé meéns for the improvement of this
crop. The radiosensitivity of the shoot apexes of stem cut-
tings, which are normally used as propagules, has been stud-
ied. The results showed that an acute dose of 4 kr of génna
radiation was about the maximum that the shoot apexes could
tolerate. A dose above this level tg.g. 5 kr) critically
inhibited their growth. By using ‘a dose of 4 kr of‘gamma
radiation to irradiate thélstem cittings, we explored the
somati¢ mutation rate in seven cultivars in our Manihot col-
lection. The mutation frequencies‘are prasented in Table 1.

It can be seen from the irradiation results that most
of the cultivars produced very low freqﬁencies of‘aomatic
mutations even though a sub-lethal dose of gamma radiation
of 4 kr was given. Only cultivar No. 82 had a higher muta-
tion rate. Further irra&iation experiment confirmed this
result (Table ?). The higher mutation rate of cultivar No.

82 is probably due to a higher degree ¢of heterozygosity in
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Table 1. Somatic mutation rate of seven Manihot cultivars
induced by irradiating the stem cuttings

Cultivar Gamma No. of No. of Mutations observed
identif- radia- cuttings shoots ' in R4
ication tion irrad- emerged
number dose iated No. %
(kr)
9 0 25 66 0 0
L 50 : 48 3 6.2
16 0 25 61 Q 0
4 50 24 0 0
23 0 25 56 0 0
L 50 15 1 6.2
26 [ 25 64 0 0
y 50 15 0 0
68 0 25 66 0 0
y 50 41 1 2.4
71 4] 25 64 Q- 0
: 4 50 - o 30 1 3.3
82 0 25 . . ‘87 0 0
4, 6 12.5

50 48

Table 2. Somatic. mutation rates induced by gamma radia-
tion in Hanxhot cultivar No. 82

Dose No. of Ho. of Somatic mutation
(kr) cuttings . shoots
irradiate@, emerged No. ‘ %
0 (ek) o - - 106 0 0
2 40 78 3 3.9
3 - 4O ) 71 1) 5.6
4 1 19.3

40 7. 1




this cultivar,

Manyvmutations producedifrom irradiated cutting: cp-
peared in chimeric forms. In order to obtain a hcmozeneous
plant of thermutated character, it is neeessary to grow the
mutated cutting for some generations to purify the mutated
seetor.; However, we have obtained a number of homogeneous
mutated plants in the second vegetatively propagated genera-
tion by growing the chimeric cuttings., ‘

The types of somatic mutations induced can be classified
into tno grcups: chlorophyll and morphologieel. The most
common types of chlororhyll mutations were yellow, orenge-
yellow, pale green and light green, Host of these mutations
came from cultzvar No. 82. The morphological mutatzons in-
cluded notcheduleaf,_curiy leaf, narrow lobe and miniature,
Almost all these morphologically mutated characters had an

effect on growth which usually showed a stunted or semi-

dwarf effect.

b.. Mutations induced by pollen irradiation
'Since the somatic mutation rate'ihduced by ip-
radiating stem cuttings was rather low, we were searching
for other methods of indue1ng mutations in Hanihot. Obvi-

ously, seed 1rrad1atzon is not an effective means, because

T Yy

of the ehimera production and the protogynous flowering
habit which prevents self-fertzlization to bring out the
recessive mutations. Subsequently. we used pollen irradi-

ation method which showed promising results.



In our Manihot coilection, there are 90 cultivars which
eame from Central and South America. Each‘cultiv#r and its
origin was identified by a cultivar number. The cultivaie
used for the present investigation were No. 56 and No, 68
in the collection. Number 56 has a good root yquality Qitb
yellow root core, but the growth habit is prostrate and is
male sterile, Number 68 has a high root production, an
erect growth habit, and no floral sterility. The roots of
both cultivars take about 8 to 10 months for harvesting.

Mature pollen were collected from cultivar ﬁo. 68 at
anthesis and we;e irradiated with an acute radiation dose
of 2 and 3 kr_from a cobalt-60 source. The pistillate flow-
ers of cultivar No, 56 were protected with a baé made of
nylon mosquito netting several days before the flaweis
opened. This process prevented the possible out-crossing
made by insects. The irradiated pollen were immediately
pollinated to the pistillate flowers which were then again
protected with the nylon bag until the fruits matured. This
process was necessary and advantageous because it allowed us
to collect the seeds when the fruits dehisced explosively to
eject the seeds at maturity.

The hybrid seeds from irradiated pollen as well as non-
irradiated pollen (serving'is a control) were stored in a
dry.érea for & to 8 weeks and were‘grown individually in
small Fertil Pots iﬂ'the gfeenhbuse. The germination of the

sceds was generally low. We found that less than 30% of the
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seeds from irradiated as well as non-irradiated pollen could
germinate and develop into seedlings. When the¥seedlings
were 1“to 2 months old,lthey were transplanted to the nur-
sery for further development.

Ali the mutations reported here were isolated in the Ry
generation. A mutant consistently expressing its mutated
character for more than 6 months of growth was recorded as
a mutation.

The mutation frequencies obtain?d from pollen irradia-
tion with 2 radiation doses are presented in Table 3. While
the radiation doses used for the present experiment were not
high, the frequencies of mutation;obtained were appreciable.
Thus pollen irradiation appears to be an effective method
for inducing mut&tions in Manihot. It ﬁust’be pointed out
that all the mutations reported here were obtained in the
Rq generation. AThe frequencies\of‘recessivé mutations in
the R, generation for these 2 radiation doses have not been
explored, because of the difficulty of self-fertilization
which arises from the protogynous flowering habit in Manihot.
To plant the stem cuttings from an Rq; plant at different time
intervals, however, would give a possibility of synchronizing
the opening periods of the staminate and pistillate flowers,
and would permit self-fertilization to bring out the reces-
sive mutations, This study is being carried out in our
laboratory.

. Most induced mutations found in the R; generation were



Table 3, Frequency of mutations in the Ry generatioms
induced by pollen irradiation in Manihot,
Cultivar No. 56 x cultivar No, 68

Radiation No. of Ry ;Mutetionsi
dose (kr) plants : No, %
0 (control) 72 o 0 ' 0
2 45 8 17.8
3 , . .55 ' 21 : 32.8

1 Most mutations observed were due to morphologlcal changes
which included the changes in leaf size (small or narrow
leaf-lobe), leaf shape (wrinkle or curly leaf), the plant
form (dwarf or miniature), and. growth vigor. Chlorophyll
mutations were very few, and were limited to yellow mot-
tling and yellow-greén:

morpholog1c31 mutations. - Of the 29 Ry mutants obtained from
the present irrad1ation experiment w1th the 2 rad;ationv
doses, 2u (83%) were class1f1ed as morphological mutants
and only 5 (17%) were chlorophyll mutants. These results
glve a htrxking dszerence from those ohtained from Seed
1rrad1at10n in many.plant spec1es in which most of the in-
duced mutations obtained in the R2 generation ‘are of a
chlorophyll .deficient nature.' ‘ ‘ & N

' The morphological mutations induced by pollen irradia-
tion varijed cofisiderably from mutant to mutant. Ih'fecf;T
we found nb two mutants were ekactly alike. Most commonly,
however, they were changes in leaf 'size, leaf shape, plént'
forst, and growthrvigor. Not ménj'types of chlorophyll mu-
tation were,inducedvse.far they have been limited to yellow

mottling and yellow-green,

[



c. Persistence of the R1 mutants induced by pollen
irradiation

All the induced mutant characters reported here
appeared to be a peimanent change rather than aitemporary |
physiological disfurbancé. Stem cuttings from the R4 plants
were proéagated in tbe field and those with the mutant_char-
acters in the Ry also expressed the identical characters in
the subsequent vegetatiﬁgly prppaggyed generation. Since
all the mutations were produced in the Ry and no mutations
(which could arise from the crosses of the fwo cultivars due
to their heterozygous conditions) were found in the control
population, it can be considered that the induced mutations
are of a dominant nature. However, dominant true gene nmuta-
tions are extreme;y rare, It is likely that many of the in-

dﬁced‘mutations were the results of chromosomal aberrations.

d. Aanntages of}pol;en,irradiation>
‘ljhé obvious ad§antqges of pollep irradiation

method for Manihot:.breeding is to eliminate the chimera pro-
duction. The Ry plants can be grown and immediately evalua-
ted for their agricultural value. Desirable mutants, once
recognizad and vegetatively propagated, c@n then be tested
and released as improved cultivars,: This greatly facilita-
tes the breeding process without carrying out the work on
‘purificdtion of the chimeric¢ sector.

Another advantage of pollen irradiation is that when a

pollen is irradiated, only a haploid set of the chromosomes



is affected by the radiation. . The other set of chromosomes
of the egg nucleus is not irradiated and thus is unaffectéd.
Therefore, t&e resulting zygote, after fertilization, would
have less gepgtic or chromosomal damage and have a better
chance of sur;ival to reveal the mutational changes. This
may explain ou; present results that a rather high frequency
of mutations in the R; generation can be induced with a rel-
atively low dose of gamma radiation. Manihots are allopoly-
ploids (Jenning, '1963). Polyploids usually have a higher
ability to tolerate chromosomal aberrations than do diploids
(Nilan, 1956. Sparrow, et al, 1961) which may also be attrib-
uted to the phenomencn that a high mutation rate was induced
by pollen irradiation in Manihot.

e¢. Possible use of the induced mutants in Manihot

breeding
As has been pointed out previously, there was a

wide variation in plant morphology and growth vigor among
the R4 prog;nies from pollen irradiation., This large varia-
tion gave us an excellent opportunity for making selections
of the desirable types. Indeed, we have isolated a number
of mutants with vigorous growth (Figure 1) for our breeding
prog.am. We are searching for the early mutants which pro-
duce mature roots in less than 8 months for the semi-arid
areas o{ the Paeific coast of Central America. If the vig-
orous mutants produce sizeable edible roots in &6 to 7 months,

they can be considered as early mutants. These nmutants are

o, mam

Vd



Fig. 1. A vigorous mutant of Manihot
among the R4 progenies irduced
by pollen irradiation.
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being vegetatively propagated for field trials.
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é. A Compact Mutant in Coffee .

'“bdring the eirly years of this AEC project at Tu-
rrialba Ceﬁter,~p§rt of the work was to study the effects

of ionizingrradidtlonsfén coffee (Coffea arabica L.) because

of ifs eéononic iﬁpoitance tdpiany Latin American countries.
The hiological and genetic effects have been publzshed ear-
lier (Hoh, ‘1962 Moh and Qbregoso, 1960). The most unusual
bxolqgieal response of coffee to the radiations was that
when thg aecds were irradiatcd, P high frequency of morpho-
iogical mutants was inguc;d in the Ry generation and that
the putant ?haraeter appearing.in the R4 plant wis not a
sect;rial change but rither, the whole plant produced a sim-
ilar mutant chavacter (Hoh, 1961). This evidenéé suggests
that the dgvelopment of a youug coffee shoot is from a
single initial cell of the corpus.

In an experiment designed for inducing mutations for -
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breeding purposes, samples of coffee seeds (Coffea arabica
var. tzgica), 100 seeds per sample, were irradiated with a
series of radiation.doses from 2.5 to 20 kr from the 60¢co
sourcé in thé'gammavfield (in 1958, the only radiation source
_then av;iléble‘in the project). The irradiated seeds were
grbwn invthg nursery ahd the R4 plants were then transplanted
to tHe_field for’fgrther observation. v

In 1951, fhe R4 plaats began to reach a fuli grown stage
and to proauce frﬁit;;. oné plaat _in the Ry population irra-
diated'ﬁith 5 kr shqyed manyVdesirable.;haracteristics and
has dvawnvuuch‘of our attéﬁtion.(’This'plant was semi-dwarf,
had short‘internodes and coﬁpact f;opal clﬁstérs, and pro-
duced fruits r&?her heavily, Seeds of this plant were then
prépagated aﬁd~theupr5ge§$§§wshowed a segregation from the
parenfai type to the veﬁy dwaéf type; Evidently, the.semi-
dwarf-compact Ry mutant was due to incompleté dominance.

Siﬁce the characteristics~bf:this semi-dwarf éompact
mutant aie vgry“desiréble,ieffort has been made to isolate
a homozygous iiﬁe for agriéélturéi practice. After four
generations okaelfihg and ‘selection, we have ;btaiﬁed homo~-

*

zygous lines of this'semi-dwarf’compaét’tﬁpe”bf plants. The
average plant height was about 6 feet qﬁich greatly facili-
tated the fruit harvesting. The internodes were short, and
the fruit clusters grew compactly along .the fruiting branches.

Figures 2 to 5 show the morphology of the semi-dwarf compact

mutant,



