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Simple Background to Hugh McAllister’s talk on
“Chromosomes and taxonomy of Meconopsis” (May, 1999)
prepared by Dr P Anderson

Plants and animals are composed of tiny units called cells. The principle features of a ‘generalised’
plant cell are shown in Figure 1 below.
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Figure 1. Major features of a-generalised plant cell
Nucleus An organelle containing the genetic material of the cell which is organised into
chromosomes.
Nucleolus The site of ribosomal RNA synthesis. Ribosomal RNA is one of the structural
components of ribosomes.
Cytoplasm All the contents of the cell except for the nucleus and vacuole. (Cytoplasm is not
indicated on the diagram).
Chromoesomes The linear bodies within the nucleus in which the DNA is located. For most of the

cell cycle, the chromosomes are very diffuse and cannot be seen under the light
microscope. Just before cell division they condense and can be seen as long
strands.

Plant cells are rich in internal membranes that are present as specialised structures including
endoplasmic reticulum and Golgi apparatus.

Ribosomes The site of protein synthesis. Ribosomes may either be free or bound to the
endoplasmic reticulum to form rough endoplasmic reticulum.

Endoplasmic reticulum A specialised membranous structure extending throughout the cell and
connecting to the exterior of the cell via the Golgi apparatus. Proteins made on
the ribosomes pass into the centre of the endoplasmic reticulum and are
transported to the surface of the cell.
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Mitochondrion  (plural mitochondria) One of the sites in the cell where ‘energy’ is generated and
stored. Carbohydrates, fats and amino acids are metabolised and the energy
released is trapped in the ‘high-energy’ bonds of the compound known as ATP.
Mitochondria operate in both the dark and light.

Chloroplasts The site of photosynthesis in which light energy is converted to chemical energy
in the form of ATP. They are the main source of energy generation in the light.

Lysosomes Lysosomes are responsible for many degradative processes such as controlled
digestion of redundant cellular compartments and digestion of extraneous
material that has entered the cell.

Vacuole Usually the most obvious compartment in a plant cell. It can take up more than
50% of the volume of the cell. Vacuoles function in storage and transport of
nutrients and cellular waste products.

Along the length of chromosomes are genes which carry the hereditary information of the cell
encoded in the DNA. Each gene has a unique structure and the complete collection of genes which
an organism possesses determines properties such as whether it is a plant or animal, a herbaceous
perennial or a tree, a poppy or a buttercup, and whether it has blue flowers or yellow etc. '

Somatic cells  Ordinary body cells (i.e. non-germ cells) contain one set of chromosomes (n) from
the female parent and one (n) from the male. For each maternal chromosome there is a paternal
chromosome just like it. These chromosomes make up a homologous pair and one of a pair is said to
be the homologue of the other. Somatic cells thus contain 2n chromosomes and are said to be
diploid. Each species has a fixed number of chromosomes with a characteristic size and shape and
each of which carries a specific set of genes. Man has 46 chromosomes of which 23 come from the
mother and 23 from the father (2n = 46). For the weed, Arabadopsis thalania 2n = 10. In some
species such as Meconopsis there are so many chromosomes that it is difficult to count them. Large
numbers of chromosomes per cell are thought to have arisen through multiplication of a basic
number (x) of chromosomes. Sometimes the basic number of chromosomes and the haploid number
are the same (i.e. x = n) as in the wild hyacinth, Endymion nonscriptus (x=8, n=8) 2n = 2x = 16,
whereas for others they are different as in Tradescantia virginiana (x=6, n=12) 2n = 4x = 24.

Gametes Gametes or germ cells are the reproductive cells (sperm and egg) and contain half
the number of chromosomes as somatic cells. They thus contain n chromosomes and are said to be
haploid.

Cell cycle Dividing cells undergo a cycle of cell growth followed by cell division. The longest
phase of the cycle accounting for up to 90% of the time is interphase during which the cell grows,
chromosomes divide and the cell gets ready for mitosis. Mitosis refers to the process whereby the
nucleus divides into two identical daughter nuclei. Mitosis is followed by cytokinesis when the
cytoplasm divides giving two daughter cells. Another cycle of growth and division can then occur.

Cell division - Mitosis

Mitosis is a process of cell division that ensures that the daughter cells have an identical complement
of chromosomes to that in the parental cell. It is a continuous unbroken sequence of events that
progresses smoothly from one to the next, but for convenience several stages are recognised:
chromosome condensation (prophase), alignment (metaphase), separation (anaphase) and
formation into daughter nuclei (telophase). These phases are shown in Figure 2.

During most of the life of a cell (interphase), the chromosomes exist in a highly extended form which
gives the nucleus a rather diffuse appearance. No chromosomes are visible under the light
microscope. Just before cell division, the chromosomes are duplicated.

Prophase .= Chromosomes condense to become much more compact and by late prophase, they
have contracted about 20,000-fold. Each chromosome is visible under a light microscope as two
thread-like structures called sister chromatids that are joined at a constriction called the centromere.
The double chromatid structure is still considered to be one chromosome because it has a single
centromere. The nuclear membrane and nucleolus disappear.

Metaphase A spindle apparatus appears at the poles of the cell. The chromosomes line up
independently of each other in a circle around the circumference of the spindle apparatus. The plane
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Anaphase The spindle apparatus pulls the daughter chromosomes to opposite ends of the cell.
Upon separation the term chromatid no longer applies because each daughter chromosome has its
own centromere.

Telophase The spindle apparatus disappears, a nuclear envelope forms round each set of
chromosomes and a nucleolus appears in each new nucleus. The chromosomes elongate and the
nuclei become much more diffuse.

The process by which the cell divides is termed cytokinesis. A structure termed the cell plate appears
at the equator and a cell wall is formed on either side of the cell plate. This divides the cytoplasm into
daughter cells. The cells are now in the interphase part of the cell cycle and can progress to mitosis
again.

Mitosis is enormously important to living cells. Growth, regeneration and cell replacement in
multicellular organisms are carried out by mitosis in the cells concerned. In addition all types of
asexual reproduction are carried out by mitosis.

Cell Division - Meiosis

Germ cells are formed from diploid cells by a special type of cell division termed meiosis. In this
process, the chromosome number is halved so that the germ cell receives only one copy of each
chromosome - see Figure 3. It is also during meiosis that genetic variation is introduced.

The chromosomes are duplicated in interphase just as for mitosis and then enter the first of two
successive nuclear divisions. The names of the phases are the same as in mitosis, but for meiosis the
phases are distinguished by I and II for the first and second division respectively. -

Prophase I =~ The chromosomes become greatly comdensed. The maternal and paternal
chromosomes come together in their homologous pairs and the non-sister chromatids twist around
each other and exchange genetic material (i.e. the arms of the paternal and maternal chromosomes
exchange DNA). This event is called recombination. For the sake of clarity Figure 3 shows only one
recombination event, but in practice several usually occur in the same pair of chromosomes.

Metaphase I The spindle apparatus forms and moves the recombined chromosomes into the
metaphase plate in the centre of the cell. Spindle fibres attach.

Anaphase I  The chromosome homologues are pulled by the spindle to opposite poles. (i.e. the
maternal chromosome travels to one pole whilst the paternal chromosome travels to the other. This .
differs fundamentally from mitosis in which identical homologues are pulled to each pole.

Telophase The chromosomes reach their destinations and two nuclei are produced. Each
contains just one member of each homologous pair of chromosomes that was present in the original
cell. (i.e the daughter cells contain either the maternally- or paternally-derived chromosome).

Meiotic Division II

The second meiotic division occurs in the same way as mitosis except that no further DNA
duplication takes place and cells do not enter interphase. The nuclear envelope disintegrates and
chromosomes align on the metaphase plate. The former chromatids (now called chromosomes) are
pulled to opposite poles of the cell. Cytokinesis divides the cytoplasm giving rise to four spores. In
the simplified case shown in Figure 3, two of the four spores produced have unchanged paternal and
maternal chromosomes: the other two have a chromosome containing both maternal and paternal
parts. Although Figure 3 shows the fate of only one pair of homologues, the same process occurs
with all other chromosome homologues.

The net result of meiosis is that:

i. one diploid nucleus has given rise to four haploid nuclei.
it. there has been exchange of genetic material between chromosomes of different parental
origin,

Given the exchange of genetic material between homologous maternal and paternal chromosomes
(recombination), it is unlikely that the chromosomes in any two spores will be exactly alike.
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Figure 2 Mitosis - Please refer to this scheme in parallel with the text

The figure shows the behaviour of a single pair of chromosomes. The parental origin of each chromosome is
shown by its colour. The white homologue is derived from one parent and the black from the other. Each
chromosome is duplicated before the start of mitosis. The duplicated chromosomes segregate into different
progeny cells so that each daughter cell has the same complement of chromosomes as the parental cell.

N.B. When a chromosome is duplicated except for the centromere it is said to consist of two sister chromatids,
A chromatid becomes a chromosome as soon as the centromere has divided and is no longer shared with
another chromatid.
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In flowering plants, meiosis produces two types of spores. In anthers of flowers, each spore undergoes
a complex maturation process that eventually gives rise to a sperm cell. In immature seeds (ovules),
the spores also undergo a complex maturation process and become egg cells. Both egg and sperm are
haploid.

Sexual reproduction depends on pollination. The haploid sperm cell in the pollen is brought in
contact with the haploid egg cell in the ovary and fusion (fertilisation) occurs, This creates a diploid
cell called a zygote which develops into an embryonic plant. The process of fertilisation restores the
number of chromosomes to 2n.

What would happen if the chromosome number in gametes was not halved? As noted above, most
cells in a plant are diploid. If germ cells were also diploid, then on fertilisation the embryonic plant
would be tetraploid (4n chromosomes) and the next generation would have 8n chromosomes per cell
the next 16 and so on. In this way each successive generation would have double the number of
chromosomes as the previous generation. This just does not happen. The production of gametes with
half the number of chromosomes as the parents ensures that on fertilisation, the diploid number of
chromosomes is restored.

Polyploidy Occasionally mistakes are made during mitosis or meiosis and the daughter cells end up
with too many chromosomes. A cell is said to be polyploid if it contains more than two sets of
chromosomes. Triploid cells contain 3n chromosomes, tetraploid cells contain 4n and so on.

There are several ways in which a polyploid cell can arise. For example, during mitosis, the cell wall
may reform in anaphase before the spindle has pulled the chromosomes apart. This will produce a
cell with 4n chromosomes (the cell will be tetraploid). If this cell subsequently gives rise to gametes,
these gametes will be diploid instead of haploid.

During meiosis failure of the cell membrane to enclose the products of the first or second meiotic
divisions will give rise to a germ cell having an unreduced chromosome number (i.e. having 2n
instead of n chromosomes). If an egg cell containing 2n chromosomes is fertilised with a sperm
containing a normal haploid complement of n chromosomes, then a triploid zygote will be formed.

Allopolyploidy A hybrid between two species of plants tends to be sterile. This is because the
“haploid sets of chromosomes from different parents are not homologues. This does not matter in
mitosis because chromosomes are not required to align in homologous pairs (see Figure 2). So after
fertilisation (with the pollen of one species and the ovule of another), the zygote can undergo mitosis,
and a hybrid plant will develop. But problems will occur when the plant tries to make gametes.
During meiosis in the hybrid, paternal and maternal chromosomes can not align because they are not .
homologues and this means that they can not exchange genetic material. Meiosis without
recombination fails to produce viable spores and so the hybrid has to be propagated vegetatively.

Allopolyploidy occurs when the chromosome number in a sterile hybrid becomes doubled. The new
plant ‘species’ tends to have increased fertility because each chromosome now has a homologue with
which it can pair during meiosis. This new ‘species’ is fertile with itself, but infertile with its diploid
parental species. Allopolyploidy in plants is not rare, indeed it has been estimated that over 70% of
angiosperms have allopolyploidy in their parentage.

Allopolyploidy can be recognised by the fact that the chromosome number is the sum of those of the
parents. For example, the hybrid between wheat (Triticum) (2n=42) and rye (Secale) (2n=14) gave a
sterile hybrid, Triticale, with 2n=28. This then doubled its chromosome number to give an
allotetraploid with 2n=56 that was fertile. Many plant species are thought to have evolved by
allopolyploidy.

Hugh McAllister’s studies suggest that the fertile Meconopsis, M. ‘Lingholm’ arose as a result of
doubling of chromosomes in the sterile hybrid, M. x sheldonii.
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Figure 3 Meiosis
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- Please refer to this scheme in parallel with the text

Behaviour of a single homologous pair of chromosomes. Both members of the pair are duplicated before
prophase I. During prophase I chromosomes eéxchange genetic material At metaphase I the homologous pairs
line up on the metaphase plate and are then pulled to opposite ends of the cell. In the second division, the
former sister chromatids move to opposite poles of the cell. The net result of the two meiotic divisions 1s four
haploid nuclei from one diploid nuclei. Chromosome homologues have also exchanged genetic material,

although for simplicity only one recombination event 1s shown..




