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C-banding Pattern of Mitotic Chromosome in
Korean Indigenous Maize
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ABSTRAQCT : A Giemsa C-banding method was used for the identification of somatic chr-
omosomes of Korean indigenous maize(Zea mays L.). Two Korean indigenous maize stocks and

an American hybrid maize for comparison were examined. Ten deeply stained heterochromatic

knobs whose position and size were different between the genotypes, two satellites and inter-

stitial bands were observed. The length of homologous chromosomes compared by the relative

lengths of chromosomes presented as a percentage of the length of chromosome 10 were differ-
ent between the genotypes. The Giemsa method proved to be useful for the identification of so-
matic chromosomes and for the characterization of different stocks of Korean indigenous maize.
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Zea mays 1s one of the most important cer-
eals of the world and it is the cytogenetically
best known organisms due largely to readily
analyzable pachytene chromosomes. The ide-
ntification of maize chromosomes according
to their relative length, centromere position,
knobs and prominent chromosomes, deter-
mined from pachytene studies(Rhoades, 1950
1 Neuffer et al., 1968: McClintock, 1978;
Aguiar-Perecin and Vosa, 1985) is now st-
andardized and generally accepted. While
meiotic chromosomes are well known, mitotic
chromosomes have not been studied exten-

sively because they are relatively small and
the knob structures are invisible by conven-
tional chromosome staining, Mitotic chrom-
osomes of root tip cells can be identified in
conventionally stained cells by arm ratio
measurements(Chen, 1969; Horn and Wald-
en, 1971; Filion and Walden, 1973), but knob
constitution cannot be readily determined in
most cells.

Now many techniques are available for
preferential staining of heterochromatic re-
gion in mitotic chromosomes. In plants, most
methods are C-banding procedures using bar-
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ium hydroxide treatment followed by incu-
bation in saline citrate. Representative exam-
ples of these techniques for maize have been
reported by Vosa and Aguiar(1972), Hadlacz-
ky and Kdlman(1975), Sachan and Tanaka
(1977), Ward(1980), and Aguiar-Perecin and
Vosa(1985). They have revealed the pres-
ence of distal bands which corresponded with
knobs on the C-banded mitotic chromosomes.

Korean indigenous maize lines have promi-
nent characteristics(for example :multi-ear,
multi-tillering and high protein content), and
these can be utilized in maize breeding. In
this study, karyotypes of C-banded mitotic
chromosomes of Korean indigenous maize and
C-banded mitotic chromosomes with different
knob positions were examined.

MATERIALS AND METHODS

Inbred stocks of Korean indigenous maize,
P1213749 and Waesungri, were used for this
study. These stocks have characteristics of
multi-tillering.

A modified Leishman C-banding employed
by Bennet et al(1977) on rye (Secale cereale
L.) was adopted as the basic treatment. The
steps involved in the basic schedule for C-
banding of maize were as follows.

1. Pretreat root tips in 0.04% 8-hydroxy-
quinoline for 3 hr. at room temperature.

2. Rinse root tips in distilled water and fix in
45% acetic acid overnight in the refriger-
ator.

3. Rinse root tips in distilled water and place
them in 0.2N HCI for 50~60 min.

4. Rinse root tips in distilled water and place
them in enzyme solution of 1.5% cellulase
(Onozuka R-10; Yakult Honsha Co. LT-
D., Japan) for 20~25 min. at room tem-

perature,

5. Squash root tips using 45% acetic acid,
then remove cover slips by dry ice met-
hod.

6. Rinse slides in absolute EtOH for 1 hr.,
after air drying, stored slides in a desi-
cator until use.

7. Place slides in saturated Ba{OH), for 5
min. at room temperature.

8. Run distilled water into Ba(OH), solution
until Ba(OH);is replaced, then place sli-
des in a clean dish and rinse,

9. Transfer slides to two changes of 2XSSC
solution.

10. Place slide dishes into preheated water
bath and gradually raise the temperature
to 60C and allow to incubate for a total
of 1 hr.

11. Stain immediately in Leishman’s stain
(BDH Chemicals) diluted 1:20 in phos-
phate buffer (BDH Chemicals) at pH 6.8
for about 20 min. to 90 min, until desired
density is obtained.

12. Dip slides once in distilled water and air
dry.

13. Transfer slides to xylene for 24 hr. before
mounting with permount.

Identification of chromosomes were refe-
rred to Brown(1967), Chen(1969), Horn and
Walden(1971), and Margarida et al. (1985).

Chromosome length was determined from
photographic prints magnified to X5000, with
a pair of calipers. Chromosome relative
length was estimated by percentage of the
length of chromosome 10.

Results and Discussion

Giemsa C-banded metaphase plates of PI
213749 and Waesungri are presented in Fig,
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Fig. 1. The somatic karyotype of Korean in-
digenous maize,
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Fig. 2. Giemsa stained somatic metaphase of

Waesungri.
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Fig. 3. Giemsa stained somatic metaphase of
PI1213749.

1, 2, and 3. Five pairs of the chromo-
some component show dark and heterochro-
matic bands and one pair has a satelite. Ac-
cording to the heterochromatic banding

patterns as well as the arm ratios and rela-
tive length, the chromosomes can be ident-
ified as follows;

The chromosomes 3, 4, 5 7 and 10 in
Waesungri showed terminal dark knobs,
whereas the chromosomes 3, 5, 6, 7 and 8 in
PI1213749 showed terminal dark knobs.

The knobs of the chromosome 4 and 10 in
Waesungri and knobs of the chromosome 6
and 8 in PI213749 were unique to each stock.

Chromosome 1 and 2: These chromosomes
appeared to have no heterochromatic knobs,

Chromosome 3: The long arm had a hetero-
chromatic knob at the telomeric end and a
bright portion at the telomeric end.

Chromosome 4: The chromosome had a
heterochromatic knob at the end of short
arm in Waesnugri, and the centromere had a
small faint band at the short arm side in both
stocks.

Chromosome 5: The chromosome had a
heterochromatic knob at the end of long arm
in both stocks. 2 spot-like bands were shown
at centromeric protion in P1213749 stock.

Chromosome 6: The short arm had a inten-
sive heterochromatic satelite, The long arm
of this chromosome in PI1213749 stock had a
heterochromatic knob in the distal portion,
and interstitial band was appeared in the
centromere portion.

Chromosome 7: A deeply stained stained
heterochromatic band was appeared near to
the telomeric and of the long arm. A faint
band was appeared at the short arm side of
centromere in both stocks,

Chromosome 8: The long arm had a ter-
minal knob and a faint band at the cen-
tromere portion in PI1213749 stock. The short
arm had a faint terminal band in Waesungri.

Chromosome 9: A faint band was appeared
at the centromere portion in the Waesungri.
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There was no band in P1213749.

Chromosome 10: A terminal knob was ap-
peared at the end of the long arm in Wa-
esungri. A faint centromeric band was app-
eard in P1213749.

Whereas, American hybrid maize(Mol7 X
B73) showed 2 pairs of heterochromatic knob
and a pair of satelite, and inbred maize
(Pa405) showed 4 pair of heterochromatic
knob and a pair of satelite,

Reeves(1944), Bianchi et al.(1963), and
Smith and Goodman(1981) studied on num-
ber and position of chromosome knob of Am-
erican maize and Italian maize, and reported
that the number and the position of chro-
mosome knob were varied to the genotypes
and locations collected.

Korean indigenous maize showed 10 chro-
mosome knobs and 2 satelites, This result
showed that Korean indigenous maize have
more chromosome knobs than American
maize (4.21) and Italian maize (2.70). Korean
indigenous maize also showed that the pos-
ition and the size of chromosome knob were
varied to the genotypes.

Table 1 shows the values of relative leng-
ths of chromosomes presented as a percent-
age of the length of chromosome 10 and
estimated on 10 metaphases of Waesungri,
PI213749 and Mol7 X B73(American hybrid
maize). As shown in Table 1, the relative
lengths of chromosomes in Waesungri were
generally varied more than those in PI
213749. Especially chromosome 1, 2, and 3 in
Waesungri were relatively larger than those
in P1213749,

Estimates of maize somatic chromosome
lengths have been presented as a percentage
of the total complement length (Chen, 1969;
Filion and Walden, 1973; Aguiar-Perecin and
Vosa, 1985). Aguiar-Perecin and Vosa repo-

Table 1. Relative chromosome lengths exp-
ressed as percentage of chromosome
10 in Waesungri, PI213749 and Mol7

x B73
Chromosome Waesungri P1213749 (Mol7 x B73)*
(n=10) (n=10)
1 22322 192.03 244.50
2 193.23  161.34 188.99
3 178.16  157.73 174.94
4 161.41  152.74 161.51
5 147.23  140.58 145.48
6 14456 139.69 134.16
7 12473  137.06 131.75
8 123.84  119.67 124.69
9 11471 110.20 111.57
10 100.00  100.00 100.00

n=Number of metaphases analyzed
* 1 Ameriacan hybrid produced at the University of
Missouri

rted that the statistical comparison of chro-
mosome indices showed differences which
were significant at 1% level of probability
between homologous chromosomes of Zapa-
lote chico and on Ceremonial maize. Above
result revealed that the relative lengths of
homologous chromosomes were different be-
tween the genotypes and showed the same
tendency to the report of Aguiar-Perecin
and Vosa.

The present study shows that the 10 pairs
of chromosomes of maize can be dis-
tinguished from each other by the combi-
nation of their relative lenths, arm ratios
and cytological markers (e.g., the satelite on
chromosome 6). From the relation of the
localization of heterochromatic bands to the
distribution of heterochromatic knobs on
metaphase chromosomes, it appears that the
Giemsa C-banding procedure is relatively
simple method to detect bands and knobs on
somatic chromosomes of different stocks and
hybrids of maize. The heterochromatic band-
ing patterns and knobs on metaphase chr-
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omosomes may be useful in maize cytogen-
etics such as chromosome mapping, detection
of hybrid stocks and tracing out the ancestry
of different stocks.
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