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Heterochromatic Knob Number and Karyotype
in Korean Indigenous Maize
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ABSTRACT : A Giemsa C-banding method was used for the identification of somatic chromo-
somes and heterochromatic knob positions in Korean indigenous maize(Zea mays L.). Total of 10
inbred stocks were examined and their knob numbers ranged from 6 to 12. In comparison of
homologous chromosomes of two stocks of Waesungri and PI213749, arm ratios and relative
length of chromosomes were different between genotypes. In comparison of arm ratios, all the
homologous chromosomes except chromosome 2 were different each other. In comparison of rela-
tive length of chromosomes, that of chromosome 1 in Waesungri and PI1213749 was 223.22 and
192.03 respectively. The relative length of homologous chromosomes in Waesungri were gener-
ally lager than those of PI1213749. A C-banded diagram showing knob positions, arm ratios and
relative length of chromosome could be used as a good tool to compare the characteristics of
chromosomes of Korean indigenous maize stocks.
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The chromosomes of maize possess a num-
ber of distinguishing features wused by
cytologist to identify a chromosome to the
other. Among them dark staining spot known
as heterochromatic knob is one of the import-
ant features. These knobs have been shown
to appear at certain points on certain
chromosomes and knob number is constant
for any individual plant. Therefore, it can be
used as one criterion in determining the re-
lationship of various kinds of maize.

Heterochromatin is cytologically recogni-
zable in interphase and early stages of mi-
tosis and meiosis as highly condensed regions
of chromatin, Following certain pretreat-
ments, heterochromatin can be visualized
with Giemsa stain as knobs or bands in mu-
totic or meiotic metaphase preparations?.
The preferential staining ability is probably
due to a DNA-protein interaction involving
protein that are specifically associated with
the heterochromatin®,
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Heterochromatin is known to consist of
highly repetitive DNA, to replicate late, and
to be genetically silent’®, The presence of
heterochromatic blocks in the genome has
been shown to influence both chiasma forma-
tion and genetic recombinationin in Zea mays
L., In Zea, furthermore, chromosome knob
has been used to suggest evolutionary re-
lationship between different taxa of this ge-
DUSIZ'IG).

While C-banded somatic metaphases have
revealed the presence of distal bands that
correspond with knobs®t151718)  cytogenetic
studies such as chromosome knob number
and position, diagramatic representation of
the band position, and chromosome arm ratio
on Korean indigenous maize have been few.

In the present study, to know the knob
numbers of Korean indigenous maize, the
chromosome morphology, 10 inbred stocks
were investigated. Also arm ratio and rela-
tive length of chromosome of two representa-
which had different knob
positions on the chromosome were measured,

tive stocks
and diagrams revealing the knob positions,
arm ratio and relative length of chromosome
were presented.

MATERIALS AND METHODS

Ten inbred stocks of Korean indigenous

Table 1. Stocks used for the study and their
collection sites

maize were used for this study. The stocks
and collection sites are shown in Table 1.

A modified Leishman C-banding employed
by Bennet et al.? on rye(Secale cereale L.)
was adopted as the basic treatment. The
C-banding procedure previously described by
Lee et al. was used. Chromosome were
investigated with phase-contrast microscope
(Olympus, B202). Identification of chromo-
somes was referred to Chen®, Hormn &
Walden?.

Chromosome length was determined from
photographic prints magnified to x5,000,
with a pair of calipers., Arm ratio showing
short arm versus long arm and chromosome
relative length estimated by percentage of
the length of chromosome 10 were calculated
with 10 samples.

For the diagrammatic representation of
each chromosome of the complement, hom-
ologous chromosome pairs were compared 10
times, respectively,

RESULTS AND DISCUSSION

Ten stocks of Korean indigenous maize
were stained by Giemsa C-banding method
and heterochromatic knobs were investigated
under phase-contrast microscope. The results
are shown in Table 2.

In reading Table 2, knob numbers in these

Table 2. Numbers of heterochromatic knob in
10 Korean indigenous maize stocks

Stock Collt?ction Stock Colléction
site site
Waesungri  Nonsan Won Jewon
P1213749 Sanchung Dangin Dangin
IK-1 Euisung Sung Bosung
IK-2 Iri Sinkihong Nonsan
IK-3 Uleuing Pop Yangsan

Stock Knob Stock Knob
number number
Waesungri 10 Won 8
P1213749 10 Dangin 6
IK-1 12 Sung 8
IK-2 12 Sinkihong 8
IK-3 8 Pop 12
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materials ranged from 6 to 12, and average
number was 9.4. The knob numbers on the
chromosome vary from stock to stock, and
the results show the same tendency to Cen-
tral and South American maize, the United
States maize and Italian maize.

Reeves® collected maize seeds from Cen-
tral and South America, and investigated
chromosome knob. The knob numbers ranged
from 0 to 9 with the greatest number in
Guatemala, the lowest in Ecuador. The
results showed that the knob numbers varied
to the collection countries,

Brown? reported that the knob numbers of
the United States maize were from 0 to 12
with the greatest number being concentrated
in the Southern Dents, the lowest in the
Northern Flints, and high numbers of knobs
were positively correlated with the following
external features of the ear and plant; high
row numbers, denting, absense of husk
leaves, many seminal roots, and irregular
rows of kernels.

Bianch et al.? reported that the number of
Italian maize ranged from 0 to 8(average
number: 2.7) with the -greatest number in
Northern Italy(average number: 3.28), the
lowest number in Southern Italy(average
number: 1.7).

In this study, Korean indigenous maize had
more knobs than those of the United States
maize, Central and South American maize or
Italian maize. The relationship between knob
number and collection site is not clear. To
find the relationship, more data are needed.

Giemsa C-banding metaphase plates of
Waesungri and PI213749 are presented in
Fg. 1
component show dark and heterochromatic

Five pairs of the chromosome

knobs and one pair has a satellite.
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Fig. 1. Giemsa stained somatic metaphase of
Waesungri(A) and P1213749(B).

Waesungri show terminal heterochromatic
knobs, whereas the chromosome 3, 5, 6, 7
and 8 in P1213749 show terminal heterochro-
matic knobs. The knobs of the chromosome
4 and 10 in Waesungri and the knobs of the
chromosome 6 and 8 in PI1213749 are unique
to each stock.

Table 3 shows the values of arm ratio and
relative chromosome length expressed as a
percentage of the length of chromosome 10
in Waesungri and PI213749. As shown in
Table 3., the wvalues of chromosome arm
ratios vary from 1.21{chromosome 1, 9) to
1.72(chromosome 7) in Waesungri and from
1.25(chromosome 2) to 2.37(chromosome 5)
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Table 3. Arm ratio and relative chromosome
length expressed as percentage of
chromosome 10 in Waesungri and

PI213749
Waesungri PI1213749
Chromo- C
some Arm ratio Chromo- Arm ratio CPTOmO-

# (n=10) some (n=10) some
length length

1 1.21 223 1.38 192

2 1.25 193 1.25 161

3 1.55 178 1.48 158

4 1.46 161 1.42 153

5 1.58 147 2.37 141

6 1.46 145 1.50 140

7 1.72 125 1.83 137

8 1.58 124 1.36 120

9 1.21 115 1.39 110

10 1.54 100 1.75 100

in PI213749. The comparisons of the values
of arm ratios between homologous chromo-
somes in the two stocks do not show the
same tendency,

In the values of relative length of chro-
mosomes, those in Waesungri generally vary
more than those in PI1213749.

Above results show that the arm ratios
and the relative length of homologous
chromosomes are different between the
genotypes, and show the same tendency to
the report of Aguiar-Perecin and Vosa,

Idiograms representing the somatic maize
karyotype of Waesungri and PI213749 are
shown in Fig. 2. These idiograms show arm
ratios, relative length of chromosomes and
knob positions. As can be seen in these
idiograms, 4 terminal knobs(4S, 5L, 7L and
10L), 1 subterminal knob(3L), 1 heterochro-
matic band of centromere(5) and 1 satellite
(6) are shown in Waesungri(2A), whereas 4
terminal knobs(5L, 6L, 7L and 8L), 1
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Fig. 2. Diagram of the C-banded maize so-
matic Karyotype of Waesungri(A)
and P1213749(B).

subterminal knob(3L), 2 heterochromatic
bands of centromere(7, 8) and 1 satellite(6)
are shown in P1213749,

Filion & Walden® mentioned that varia-
tions of arm ratios could be observed in
metaphase chromosomes of different maize
stocks, but no evidence was shown of corre-
lation between arm length and band width.
Aguiar-Perecin and Vosa? mentioned that
the C-banded chromosome diagram could be
considered illustrative of band positions in
maize somatic chromosomes and might be
useful in the future standardization of maize
somatic cytogenetics.

Above result shows that knob position and
heterochromatic band of centromere as well
as arm ratio and relative length of chromo-
some are different between the genotypes.
And the result shows that the C-banded
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chromosome diagram can be considered il-
lustrative of band positions, arm ratios and
relative chromosome length in maize somatic
chromosomes,
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