Interspecific Hybrid of Cassava and its Cytogenetic Behaviour!

ABSTRACT

An interspecilic hybrid between cassava, Manilhof esculenta
Crantz and 8 neusena Nassar and its progeny were examined
meiotically and mitotically. The F1 hybrid showed an jrregular
meiosis due to unpaired chromosomes. The backerossed prog-
eny varied from partially fertile to sterile. Medotic restitution
wasalse recorded in all of the hybrids. Diploid polien formation
was also ebserved. Theirregular meiosis of the FI hybrid led to
production of ancuploidy in its backerossed progeny. The use of
Fi hybrid as a maternal plant in backerosses with cassava
improved seed setting in F2 progeny, while the reciprocal back-
cross produced sterile progeny.

Key words: Wild species, aneuploid, irregular meiosis, mefotic
restitution, dyad, tryad.

INTRODUCTION

ild species ol different crops have been used
frequently as asource of usefud genes through
interspecific hybridization {Harlan 1976;
Hawkes 1977; Rick 1978). The anly published case of
interspecific hybridization in cassava has been that of
Nichols (1947) who successfully transterred genes for
resistance 1o mosaic from M. glaziovii 10 cassava,
saving it from extinction in East Africa. Since 1976,
Nassar has systematically evaluated wild manioc spe-
cies native (o South America for different useful char-
acters (Nassar 1978 a,h.c,e; 1979, 1985, 1986). More-
over, he established and maintained a living collection
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RESUMEN

Se examinaron las caracteristicas meidticas y mitditicasde un
hitirido interespecifico entre yncaManihot esculenta Crantzy M.
neusena y de su progenje.  EI hibride F1 mostré una mefosis
irregular debido a Ta disparidad de sus cromesomas. La pro-
genie retrocruzada vario desde parcialmente fértil a estéril,
También se registré la restitucion meidtica entodoslos hibridos,
y se ohyervilaformacion de poien diploide. Lameiosisirregular
del hibrido I'I conllevd a la produccion de aneuploidia en su
progenic retrocruzada. Eluso del hibrido F1 como plantamadre
en los refrocruzamicntos con yuca mejors In viabilidad de las
semillas en la progenie de F2, mientras que of retrocruzamiento
reciproco produjo una progenie estéril.

of these species at the Universidade de Brasilia for
systematically interspecific hybridization with cassava,
One of the most interesting species for breeding is
Meanitiot newsana Nassar. 1t is tolerant to low tempera-
ture, resistant to stem horers, highly resistant to bacteria
and is an evergreen (N ssar 1985). An interspecific
hybrid between this species and cassava was obtained
early by the second author {Nassar 1989). This paper
describes the cytogenetic behaviour of this hybrid and
its backerossed progeny.

MATERIAL AND METHODS

The wild manioc species M, nenusana was hybrid-
tzed with the cassava clone Catelo through controlled
hybridization with the help of pollinating insects (Nas-
sar 1989; Nichols 1947). An interspecific hybrid that
combined marker genes of both parents was obtained
The marker genes were ribbed fruit, acquired from
cassava, and variegated fruit color from M. neusana
(FFig. 1). This hybrid (HN) was backcrossed with
cassava and used as a pollinator in one of the wials and
as a froit carrier in the second trial.
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Fig. 1. a) Marker penes, winged fruit of cassava (left) and
variegated fruit of M. peusana (right )i b) fruit of the F1
hybrid (HN).

Seeds were obtained [rom both crosses, bul only
one plant could be raised from each: HOL was the result
of the interspecitic hybrid (HN) as maternal plant (seed
carrier). and HO4 resulied from crosses where the
interspecific hybrid (HN) was used as pollinator. The
three hybrid plants (N, 11 and H4) were studied
cytogenetically for both meiotic and mitotic behavior
For the study of meiosis. inflorescenses were fixed ina
mixiure of three parts absolute alcohol and one part
glacial acetic acid and kept in the relrigerator for 24
hours  The anthers were smeared with acetic carmine.
Chromosome configurations in the metaphase. chro-
mosome distribution in anaphase L and tetrad formation
were also studied. Pollen viability had been determined
by using acetocarmine and iodine slain (Nassar 1978d}
For mitotic study, root ips were leltin §.2% colchicine
for 2 k, then fixed in acetic alcohol Lor 24 hours. Belore
smearing with acetocarmine. they were treated with
HCL. IN for 1) minutes

RESULTS AND DISCUSSION
Meiotic behaviour of the El hybrids (HN)

One hundred pollen mother cells (PMCs) were
studied in metaphase 1 of the interspecitic hybrid M.
neusana with cassava; 30 PMCs in metaphase 1l and
1000 tetrads of the same material were also investi-
gated. The study of metaphase [ showed different chro-
mosome configurations, as seen in Table 1. The avera-
ge of bivalent frequency in all cells of metaphase I was
16.13 per cell. The high frequency of univalents was

attributed to lack of synapses betweenchromosomes, 01

failure of the two species Lo remain associated

Table I. Frequency of chromosome configurations of meta-
phase I in interspecific Mantho! hybrids and their

parents.
PMCs (no-) Mean
Trivalents Bibalents Univalents
N nensana 20 - 1800 -
Cassuva 20 - 18 00 -
N 100 - 17 80 HIY
HO 30 HE i613 013
HO4 100 IR i2.41 8.84

Virtyally the only other reporton this subject is that
of Magoon er al. (1970) where chromosoeme pairing in
the imerspecific hybrid M. glaziovii (rubber tree) and
cassava was studied, and a regular synapsis that led
them to conclude that there is a strong relationship be-
tween this speciesand cassava. Nassar, Silvaand Vicira
(1985) suggested that the material vsed by Magoon was
notapure M. glaziovii, but rather a natural interspecific
hybrid between this species and cassava, Hthis is true,
{he supposed interspecific hybrid would be a backeros-
sed progeny. The stady of anaphase I showed that out
of 40 PMCs studied, 38 cells exhibited laggards. which
were attributed to the occurrence of univalenis resulting
from noun-homologous chromosomes (Fig. 2}

Fig. 2. Breakdown of anaphase 1in FI hybrid (HN).

Anaphase 11 showed meiotic restitution.  Of 33
PMCs studied in this phase, five cellsexhibited asccond
meiotic restitution (SMR), forming 36 chromosomes
on each pole. Apparently this phenomenon is a conse-
guence of meiotic disturbance in the hybrid. An ex-
ample ol this disturbance was the breakdown of ana-
phase L Probably this was due 10 disharmony hetween
the two different genomes. Nassar (1992) previously
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documented this phenomenon in the interspecific hy-
brids of cassava with M psendogluziovii. The presence
of suchrestitution was confirmed in the following tetrad
stage, where the formation of both dyads anderads was
observed (Fig 3).

Fig. 3. Dyad and tryad in 1 hybrid (HN).

in various crops, interspecific hybridization has led
10 the disturbance of meiotic division, with consequent
meloticrestitution, e g in Trifoliten prarense by Parrot
and Smith (nd), and in Medicago spp. by Vorsa and
Bingham (1979) Inmaniocspecies, Hahneral. (1990}
reporled 20 pollen formation in witd species, in addi-
tion o certain clones of cassavaitself. The detection of
this phenomenon ¢nabled these researchers to isolate
triploid and tetraploid types from progeny that came
from crosses of cassava with certain wild Manihot
species, namely M glaziovii and M. epruinosa.

These types proved much more productive than
commercial clones used in Nigeria. Nassar (1992)
manipulated the meiotic restitution occurring in inter-
specific hybrids of M. psendoglaziovii with cassava to
produce triploid types that showed very good produc-
tivity under semi-arid conditions. The discovery of the
frequent occurrence of this phenomenon in ifferspeci-
tic hybrids of cassava offers an effective 100l {or the
production of polypleid types by sexual means, instead
of the traditional method of colchicine applied to vege-
tative parts, which normally induces unstable, chimeral
types (Abraham et al. 1964). An additional advaniage
is that production of triploid types may lead 1o produc-
{ion of trissomics among their progeny . If genes which
control productivity in cassava are polygenes with
additive model action, as it is the case for many crops,
certain trissomics of this crop may be more productive
than their diploid ancestors. In general, the production

of polyploidy via sexual means is advantageous from
both genetic and evolution viewpoints, a8 it offers a
vigorous heterotic effect and releases genetic variabi-
lity useful for adaptations

For the study of the etrad stage, 1065 PMC were
investigated. Of these, 62 cells formed tryads, while 47
formed dyads. and 62 cells formed micronuclei. The
presence of dyads and tryads at this stage confinms that
observed earlier in the anaphase: the oceurrence of first
and second division meiotic restitution (FMR, SMR)
Both these types are capable of producing 2n gametes,
However, the FMR is more valuable since it preserves
the major parl of i1s heterosis and epistatic interaction
(Mendibaru and Peloguin 1977, Parrot and Smith n.d -
Vorsa and Bingham 1979)  For the viability study
(Tabie 3), 1235 pollen grain were analyzed. of which
36 68% were found viable.

Table 2. Diploid pollen in interspecific Munihat hybrids and
their parents.

Pollen grains examined Diploid poilen

{no.) (ne.) (%)
M neuvana Bi8 3 026
Cassuva 1162 3 026
FHIN 1235 20 162
HO1 112§ ] 071
FIC | 6O7 6 060

This low viability was attributed o irregularity of
chromosome pairing. Of these 1235 pollen grains, 20
were found to have a diploid size pattern (Table 2).

Cytopgenetic behaviour
of the backerossed generation (HOI)

Table 1 shows frequency of ciromosome contigu-
rations at metaphase I Bivalents, trivalents and univa-
lents were present, with a mean of 16,1 bivalents, 1 86
trivalents and 0.13 univalents. The presence of tri-
valents indicated aneuploidy in this hybrid (Fig. 4)
This was confirmed by mitotic counting, which sowed
An=38, e, 2n+2 (Fig, 5)

In anaphase I, the presence of laggards with diffe-
rent frequencies wasrecorded The study of 900 tetrads
showed 644 normal ones, 218 micronuclei, 12 dyads
and 26 tryads. Analysis ol pollen viability revealed that
only 35.8% were viable (Table 3.).
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Fig. 4. Chromaseme configuration in metaphase I of hybrid
HO1 shows presence of two trivalents.

Cytogenetic behaviour
of the backerossed generation (HO4)

One hundred PMCs al metaphase | were studied
Again, bivalents, trivalents and univalents with aver-
ages of 12.4, 1 6 and 8.8, respectively, were observed
The total cliromosome count [or the different configu-
rations was 38. This showed a constitution o 2o+ 1+
1, which was confirmed by root tip mitotic counting. In

Fig. 5. Mitotic metaphase in root tip of hybrid HO1, with 38
chromosones (201441

anaphase I, of 32 PMCs studied, 31 proved to have
laggards. In anaphase I1, 35 PMCs were examined; of
these, seven cells appeared as restitution nucled, later
confirmed in the tetrad stage

Table 3. Viability of pollen of the Interspecifie Manihot hy-
brids and their parents.

Pollen Viable polien Non-viable
analyzed puilen
{no.) (ne.) {(0)
M neusana 1 004 818 8172 183
HN [ 235 1162 94 04 73
HOI I 830 G55 35 80 11758
HO4 1542 273 1770 1269

Int the tetrad stage, 1196 sporocyes were observed.
Of these, 326 were normal, 826 contained micronuclei,
25 weretryads, and 19 were dyads. The study of pollen
viability showed a very low viable grain percentage of
17.7% (Table 3)

Cytogenetic hehaviour of the parents

The cassava clone EBO showed a regular meiotic
divisioninallof the 20 PMCs studied, with 18 hivalents
formed. Atotal of 950 tetrads were examined, of which
942 were normal, five contained micronuclei and three
weie tryads (Table 4),

The study of M. nensana vsed as a parent in this
experiment showed it 10 have a regular meiosis with 18
bivalent formations Of 101 L etrads studied, 1003 were
normal, while six had micronuclei, and two were dyads.
The pollen viability was 81.72% (Table 3). Mitotic
counting of root tips showed 2n=36. This was the {irst
report of 4 chromosome number for this new species,
recently described by Nassar (1985).

Evolutionary and plant
breeding significance

The fertility of the hybrid HO!I shows the possibil-
ity of further manipulation of this hybrid through back-
crosses 10 ransier useful penes of M. nensana o cas-
sava. The backcrossed generations produced were
aneuploid 2n + 1 + 1 in both cases stodied (HO1 and
HO4). In the case of hybrid HO4, the plant was com-
pletely sterile, having achromosomal constitution of 2n
+ 1+ 1. Gbviously, this hybrid resulted {rom feniliza-
tion of a pollen gamete n + [+ 1 of the parent hybrid
{HN), with a cassava ovule of “p”. On the other hand,
when the interspecific hybrid HN was used as maternal
plant, a fertile progeny was obtained. When it was used
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Table 4. Analysis of tetrads of interspecific Manihot hybrids and their parents.

Tetrads (ne.) PMCy with Tryads Dyads
Total Normad (%) (no.) (%) (nin) {5} (rto.) (%)
M neusana 011 1003 0422 0 059 2 019 - -
Cassava 030 942 09 15 5 053 3 011 - -
HN 1 065 004 65 15 262 24.60 62 SH2 37 441
HOE 900 64 71558 218 2422 26 2 88 i2 HRE]

as a pollen parent in the backeross with cassava, it
resulled in the production of a sterile progeny (HO4).
Probably this was due to the climinatdon ol testile
embryo genotypes in the progeny because of incompati-
bility or disharmony between them and the endosperm.
The partial fertility of the backerossed generation (HO1)
shows that the species M. nensana may be classified
within the secondary gene poof of cassavaaccording to
the concept of Harlan and de Wet (1971).  Other
Manihor species that may {it in this category are: M.
melanobasis (Jennings 1959). M pglaziovii (Magoon
1970), M. reptans. M. zenhmeri. M anomala, M.
oligantha, M pohlii (Nassar er ol 1985), and M
dichotonia. M. epruinosa, M. leptophylla (Hahn er al
1990).

It was concluded that the cassava hybrid with M
newsana sowed irregularmeiotic behavior inthe lack of
complete chromosomne pairing. formation of univalents
in metaphase 1, chromosome retardation in anaphase 1,
micronuclei in the {euad, meiotic restitution and re-
duced pollen viability. When backerossed to cassava,
this interspecific hybrid produced two ancuoploids 2n +
1+ 1. These showed irregular meiosis, partial chromo-
some pairing and the presence of mefotic restitution
The two backcrossed F2 hybrids differed as regards
poltlen viabilily and fertility, which was attributed to
variable genetic constitutions. The meiotic restittion
continued 10 occur in 2 hybrids, which sowed that it
musthe correlate with interspecific metotic rregularity.
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