Meiosis in Theobroma cacao!

ABSTRACT

In this study of Theobroma cacao  no aneuploids were
found, all cells stedied contained twenty chromosomes.
Metosis proceeds regularly, with pachiyiene being the stage
of longest duration, interphase | or prophase Il the shortest.
Pairing appears to be bivalent with an occasional pre
metaphase I digjunction to account for the two or four uni-
valents observed. One nucleolus is observed per cell, usually
associated with one of the bivalents or two univalents. No
muitivalents have been observed in the clones studied by us,
Disjunction is regular, the chromosomes being divided
equally between the two poles in anaphase I Cell wall
formation does not occur at telophase I so that the two
nuclei produced at this stage reside within the same cell.
The second meiotic division appears to be normal also.
Cell walls develop after the tetrad stage of tefophase H,
leading, eventuafiy, to the four microspores,

INTRODUCTION

Ithough researchers have observed meiosis
during their cytological studies ol Theobroma
acao {2, 3, 5, 6, 7), clear photomicrographs of
meiotic chromosomes have not been published
Therefore, in the course of our cyiological studies, we
have compiled a series of photomicrographs
illustrating the stages of meiosis during pollen devel-
opment in T cacac.

MATERIALS AND METHODS

Mature trees of T cucao were cultivated in 22-
pallon confainers in a greenhiouse st The Pennsyt
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COMPENDIO

En este estudio sobre Theobroma cacao todas las célu-
las estudindas fenian 20 cromosomas; no se observaron célu-
las aneuploides. El proceso de melosis se desarrolld normak
mente, en ¢ que el estadio de paquitene fue ¢l de mayor du-
racion; interfase T o profase H fue la de menor duracion. El
apareamiento de cromosomas parece sey bivalente pero, oca-
sionalmente, debido a la separacién de cromosomas en ka pre-
metalase I, se puede observar a formacion de dos ¢ cuatro
univalertes. Se observd un nucleolo por célula, el cual estd
asociazdo 1 uno de los bivalentes o a dos univalentes. No se
encontraron muktivalentes en los clones estudiados. La sepa-
racion de cromosomas ocurre de manera regular, los cromo-
somas estin iguatmente divididos entre los dos polos en Ia
anafase 1., La formacion de {a pared celular no ocurre durante
Iz telofase I, de manera que los dos aficleos producidos en
este estadfo permanecen en la misma célula. La sepunda
division meidtica parece transcurrir normalmente, Las pa-
redes celulares se desarrollan despues del estadio de tétradas
de I telofase IF para, eventuaimente, producir cuatyo micros-
poras.

vania State University Three different clones were
studied Depending upon the specific tree, or the
meiotic stage desired, flower buds 1.5 to 2.2 mm in
length were collected between 7 to 8 am, fixed in a
modified Carnoy’s solution {]:1:3-chloroform: glacial
zcetic acid: 95%  ethanol) for 24 L at 4°C, then
stored at 4°C in 70% ethanol until needed Anthers
were excised, hydrolyzed in IN HCI for 15 min at
G0°C, washed in three changes ol distilled water, then
squashed in iron-propiocarmine/hematoxylin (1) or
aceto-orcein slains Both stains worked equally well.
If no staining was desired {for example, where one
wishes to observe the chromosomes using phase
contrast technigues, followed by further treatment
of the unstained chromosomes) the hydrolyzed
anthers were squashed in a plycerine/45% acetic acid
solution (1 drop of giycerine per ml 45% acetic acid)
Preparations were observed at 1200X using & Leitz
BPialux 20 Binocular Microscope equipped with
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Zeinike phase contrast or Smith interference contrast
optics The best results were obtained with the phase
contrast  system  Photomicrographs  weic  taken
through the microscope utilizing Rodak Plus-X Pan or
Extachrome 200 films

Observations

The reduction of the somatic complement ol
chromosomes 1o the haploid state during meiosis is
crucial to the production ol gametes in planty and
animals In plants. meiosis oceurs in the developing
anthers or ovaries. giving vise, ultimately, to the
polien grains and epg sac, vespectively The process
ol meiosis in [ cacao reduces the somatic chromao-
some number of 20 to the pametic chromosome
number of 10

Although the process of meiosis in continuous,
various stages have been recognized; most of which
will be ilfustrated and described herein

Leptotene (not shown) - Leptotene is the observ-
able heginaing of meiosis. The chromosomes in the
nucleus of the pollen mother-cell begin to shorten,
thicken and become visible at high magnifications
The nucleclus may also be seen within the nucleus

Zygotene (Fig 1) — Homologous chromatin
strands or chromosemes beging to pair (synapse)
Carelut study ol these strunds in the {igure shows
strands ol two different thicknesses. The thinner ones
have not yet synapsed, the thicker ones have

Pachytene (¥Fig. 2) — The chiomosomes have
competely synapsed and appesar lo be single threads
They continue to condense and thicken In 1 cacao,
pachylene appeurs o be the stage of longest duration
The relative duration of pachytene was delermined
empirically, ia that the fargest number of various bud
sizes showed pachytene, while the other slages had
mote restrictive ranges

Late Diplotene/Early Diokinesis (lig 3) ~ In
diplotene, the chromosomes are very condensed,
therefore chromosome associations can be observed
As the paired chromosomes pass through diplotene,
they begin to separate, but are held together at
various points called chiasmata Opeke and Jacob {6)
as well as Carletto (2) have reported multivalents in
T cacao. When multivalents are present, they may be
observed in the diplotene, diakinesis, and metaphase |
stages as groups of three or four chromosomes
attached by chiasmats. However, in 2l of the cells in
diplotene, dinkinesis or metaphase I which we have
studied (over 400 cells), we have observed no multi-
vatent chromosome associations, but usuatly bivalents

ane occasionally closely associated pairs of univalents
Dravie (3) reported finding only bivalents at diplotene
and metaphuase [ In diakinesis the chromosomes
contract {urther, separate even move {rom one
anwother than in diplotene, but are still held together,
usually at the ends of the chromosomes, by their
chissmata  During diakinesis, the nucleofus disup-
pears In Fig 3, we plainly see nine pairs of chro-
somes (bivalents) and two closely associated uni-
valents {(arrow) These univalents may result from a
pre-metaphase separation {disjunction of a bivalent,
a process known {or other plant taxa (4) We have
observed two ot four univalents in  dipiotene,
diakinesis of metaphase | cells As is usually the case,
one of the bivalents is in intimate contact with the
nucleolus

Fig 1. Zygotenc 1856X. PC 2 Pachytene 1745X IC
3 Late diplotenefearly diakinesis 2540X  PC.
4 Late diskinesis 3230X PC 5. Metaphase |
2436X. PC. 6. Early anaphase | [365X PC 7. Larly
anaphase 1. 2605X, IC. 8. Late anaphase | 2800X
PC. 9. Telophase § 1629X. PC. 10 Interphase [
1653X. PC. 11, Prophase 1. 1042X. PC. 12. Msata-
phase IT. 1375X PC. 13 Early anaphase I1. 2030X
PC. 14. Telophase {1. 1044X, PC 15 Tetrad state.
830X.PC 16 Microspores. 991X, 1C

PC = specimen photographied through Zernike phase con-
trast optics. onpties

fC = specimen pheotographed through Smith interference
contrast optics

N = nucleolus
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Late Diakinesis (Fig. 4) — The chromosomes have
reached their maximum state of contraction and
thickness The nucleolus has disappeared Ten
bivalents are present in Fig 4 One ol the bivalents
(arrow) is slightly out of the plane of the others and
so is slightly blurred

Metaphase I (Fig 5) — The condensed chromo-
somes line up on the metaphase plate across the
center of the cell, one crromosome of each bivalent
on either side ol the plate Each chromosome is
attached 1o a spindle {iber.

Anaphase I {Figs 6.7, 8) ~ Anaphase | ts the stage
in which the reduction of the somatic chromosome
number tukes place The chromoesomes ol the bi-
valentes disjoin (separate), each homotogous chromo-
some being guided to an opposite pole of the cell by
its atlached spindle microtubule Two cells are
iflustrated in Fig 6 The chromosomes in the cell on
the left are beginning to separate, while those in the
celi on the right have already completely separated
and are moving toward the two poles of the cell
Disjunction in T caceo is regular, in that one half of
the chiromosomes {fen in 7 ceego) migrate to each
pole (Fig. 7). In Fig. 8, late anaphase. the chiromo-
somes have almost reached the two poles.

Telophase I (Fig 9) — Telophase | begins when
the chromosomes moving in anaphase | have reached
the poles of the cell A nuciear membrane is veconsts
tuted around the chiromosomes af each pole. b many
plants, & cell wall now develops between the two
nuclei; however, in I cacao, the cell wall is not
formed. and the two nuciei reside within the same
celi.

Interphase I (FFig 10) — Interphase 1 is a very briel
stage separating the {irst division of metosis {rom the
second onelwe found it in only one bud of the nearly
800 buds of T caocau examined In interphase ! the
clromosomes are once agains diffuse, but usuaily not
as diffuse as in the nucleus of the pollen mother cell
before meiosis begun

Prophase 1I ¢(Iig 11} - Prophase il is the beginn-
ing of the second division of meiosis. The membranes
ol the two nuclei disappear, while the two groups of
recondensing chromosomes appear One can count
fen chromosomes, the gametic chromosome number
of T cacao, in each group Chromatids, the duplicat-
gd arms ol the chromuosomes, are also visible (anow)

Metaphase II {(Fig 12} - in melaphase 1] the
chromosomes of the two nuclei line up on their
corresponding metaphase plate. As in metaphase |,
the chromosomes are sttached to spindle fibers

Anaphase 11 (Fig. 13) — Unlike anaphase | where
the two homologous chromosome were sepasated andd
migrated toward the poles, in anaphase [ the 10
individual chromosomes st each metaphase plate
divide lengtwise, and cach group of 10 chromosomes
is pulled towmd a pole in the cell Fig 13 is of an
early snaphase 1.

Telophase H through to the Microspores (1igs 14,
15, 16) - Telophase IF heging with the four groups of
10 chromosomes each miviving at the poles (Fig 14)
New nuclear membranes are formed around these
chromwsome  groups o give rise 1o the tetrad
(Fig. 13) The chromosomes within these nuclei
become diffuse and difiicult to see Cell walls are now
formed and four separate microspores, in a letra-
hedral arrangement, are observed within the wall of
the original polien mether cell (Fig. 16}

Although the process of meiosis is now terminat-
ed, the individual microspores undergo further devel-
opment and eventually form the pollen grains (73

CONCLUSIONS
No aneuploids were observed in this study, all cells

studied contained 20 chromosomes. Meiosis proceeds
regularly in Theobroma cacao, with pachytene being
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the state of longest durztion, interphase I or prophase
il the shortest Pairing appears to be bivalent with an
occasional pre-metaphase [ disjunction te account for
the two or four univalents observed. One nucleolus is
observed per cell, usually associated with one of the
bivalents. No multivalents have been observed in the
clones studied by us. Disjunction is regular, the
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