Magnolia Chromosomes
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Chromosomes are the basic carriers
of the genes governing inheritance. In
counting the chromosomes of the
various magnolia species one finds that
the most frequently occurring number
is 38. These 38 chromosomes are made
up of 19 pairs of basic chromosomes.
Each pair is identical. The
chromosomes in a non-dividing cell are
coiled into a tight ball that comprises
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In the genus Magnolia chromosome
numbers have been reported ranging
from 38 to about 152. In theory a
magnolia with only one set of 19
chromosomes would be a viable plant,
though no plant with fewer than two
sets, or 38 chromosomes, has ever been

reported in the genus. Thus the range
for magnolias could be as shown in the

following chart:
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10 190  decaploid
11 209 undeca-
ploid
12 228  duodeca-
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From a plant hybridization
viewpoint all the foregoing plants
would have a fair to good level of
fertility with the exception of
monoploids and triploids. Monoploids
are 100 percent sterile and triploids are
nearly 100 percent so. Pentaploids,
with their higher chromosome number,
are semi-fertile to fully fertile,
especially as pollen parents.

It can be noted that by far the
greater part of the cultivated species
are diploid. In general diploids are
considered more primitive than the
higher ploidy species. a condition that
probably arose by natural doubling of
chromosome number of earlier-existing
diploids. The ancestral diploids of
present day polyploid species probably
no longer exist.

From other plant studies it’s
generally accepted that a diploid plant
with its chromosome number doubled
to the tetraploid level will be only
semi-fertile. This is because the
chromosomes are arranged at random
in pairs, threes, and even fours in the
development of the egg and pollen
cells. However, in subsequent
generations the chromosomes of newly
formed polyploids, for some unknown
reason, tend to become “diploidized,’
and hence increasingly arranged in
pairs. As this happens the fertility after
four or more generations increases to
the point that the tetraploid and
hexaploid plants are highly fertile, as
are the examples of tetraploid and
hexaploid species shown in the
foregoing chart.

When a high chromosome plant is
hybridized with a low chromosome
plant the characteristics of the progeny
normally tend to be intermediate
between the two parents, despite the
disparity of chromosome numbers. A
possible exception: when magnolias of
the lower chromosome numbers
(diploids and tetraploids) are
hybridized with the hexaploid M.
grandiflora the latter’s characteristics
tend to be dominant in the progeny.
This is probably an exception rather

than the rule and more nearly reflects
the dominant genes in M. grandiflora
instead of the higher chromosome
numbers per se in that plant.

Thus far we have discussed plants
with complete sets of chromosomes
from | set to 12 sets. It should be
repeated that to be viable a magnolia
plant must have at least one complete
set of 19 chromosomes. When that
vital requirement is met, it is then
theoretically possible for a plant to
exist with any combination of
additional chromosomes — from a
minimum and theoretical 20
chromosomes to 228 or even more.
Magnolia plants with a chromosome
number not divisible by 19 are called
aneuploids. Magnolia aneuploids have
arisen most commonly by subsequent
hybridization of pentaploids such as
the Soulangiana hybrids. In addition,
both ‘Elizabeth’ and ‘Sundance’ when
used as parents can give rise to
aneuploid plants.

Aneuploid plants, especially among
the high chromosome types, are
significant from both the evolutionary
and horticultural standpoints. From
the evolutionary viewpoint they
provide unusual opportunities for
chromosomal reassortment,
chromosomal rearrangements, and
mutations that can give rise to plants
with new and unexpected
characteristics, such as increased cold
hardiness. Cold hardiness will be
discussed later in this article.
Horticulturally, these new
characteristics provide opportunities
for selection of plants with highly
desirable new traits. Aneuploids occur
only rarely in the lower chromosome
range, and are most commonly weak
growing. However, they can be sources
of desirable dwarf plants and an
occasional low chromosome aneuploid
could thus be valuable.

In this regard it would be interesting
to learn the chromosome number of
the very diminutive form of M. liliflora
discovered by Oz Blumhardt in New
Zealand and registered under the name



‘Minnie Mouse.’ I suspect this plant is
either an aneuploid or a diploid
derived from functioning of an
unfertilized egg cell, thereby reducing
the chromosome number by half.
Reduction in chromosome number
occcurs in rare cases when either the
egg cell or pollen cell chromosomes fail
to function but the unfertilized cell
does function and develops into a
plant.

Aneuploids usually are low in
fertility and have an unstable breeding
behavior. Usually the unevenly
matched chromosomes tend to be lost,
and in subsequent generations the
chromosome number will tend to move
toward even ploidy numbers, namely,
diploid, tetraploid, hexaploid. This is
because a chromosome without an
identical partner tends to be lost in cell
divisions that occur in the formation of
egg and pollen cells.

Some mutations that would be lethal
to the plant at the low chromosome
range are likely to survive in a cell
millieu of plants with a larger number
of chromosomes.

An increased number of
chromosomes most commonly brings
about an increase in size of the affected
cells as compared to unaffected cells on
the same plant, or similar plants of
that species. Compared to diploids,
polyploid plants of the same species
also show changes in height and width,
in increased thickness of branches, in
size, shape, and texture of leaves and
flowers, in slightly reduced fertility of
the flowers, and in genetic and
physiological responses. The changes of
greatest importance in most
ornamental plants are increased size of
flowers; thickening of flower texture,
which tends to increase their lasting
qualities; and alteration of genetic or
breeding behavior.

The changes that may occur when
the chromosome number of a given
plant is increased cannot always be
accurately predicted, however. There
are examples where an increase in
chromosome number results in almost

undetectable visual differences. In such
cases the only certain way to determine
if there has been a change in
chromosome number is by counting
the chromosomes cytologically under a
high power microscope with an oil
immersion lens that has a
magnification of 1800-2000X.
Fortunately, with most plants, strong
evidence of an increase in chromosome
number can be observed in the altered
shape of the leaves. As a rule a plant
with doubled chromosomes will have
leaves of greater width in relation to
length, which can be expressed as a
lower ratio of leaf width to leaf length.

For the plant breeder interested in
developing new and improved
magnolias, an increase in chromosome
number can have profound importance.
This is because the chromosome
number can affect fertility one way or
another, can lead to the production of
entirely new genetic responses and
hence new plant types, and can often
permit hybrid combinations not
possible at lower chromosome
numbers.

For example, the Kosar-DeVos




