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MITOTIC CHARACTERS OF ZEA MAYS L. cv. SHAN PYAUNG AND
LAY TAN PYAUNG IN SHAN STATE

Su May Naung! & Thi Thi Htun?

Abstract

The two cultivars of Zea mays L., Shan pyaung and Lay tan pyaung were observed to determine the
karyotype analysis. These samples were supported by Seed Bank; Department of Agricultural
Research, Nay Pyi Taw, Yezin. The somatic chromosome number of studied cultivars was 2n=20.
The karyotype formulae were varied, 1 ST +1 SM* + 1 SM + 7 M was found in cv. Shan pyaung
and 10 M in cv. Lay tan pyaung. A pair with secondary constriction or satellite submedian
chromosome was observed in chromosome number 1 (SM1) of cv. Shan pyaung. In cv. Shan
pyaung, the longest chromosome with 4.71 um and the smallest chromosome with 2.18 um, while
the 4.40 um of longest chromosome and 2.25 pm of smallest chromosome were observed in cv. Lay
tan pyaung. The two studied cultivars were significantly different in morphology, karyotypic
formula, chromosome group and size. The present study was elucidated to understand the number,
morphology of chromosomes, and also beneficial for further research in cytogenetics concern with
Zea mays L.
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Introduction

Zea mays L., commonly known as maize is annual crop that belongs to the family of grass
i.e Poaceae. It is also recognized by different synonyms such as Zea, Corn, silk corn etc. It is native
of South America but extensively cultivated in various other countries as well like Myanmar. It is
considered as staple article of food in some islands and provinces. It is widely grown in temperate
and tropic regions with well drained and fertile soil (Kumar & Jhariya 2013).

Most of the world’s food comes from 6 species of grasses: rice, wheat, corn, barley, oats
and sorghum. After wheat, corn is the most cultivated cereal in the world because it is a basic
component in the diet of the population, as it is a cereal of high nutritional value because it’s
containing carbohydrates, proteins, oils, vitamins and minerals. This is the reason why large areas
are sown on all continents, except in Antarctica (Hipp 2004).

Maize is a tropical grass, well adapted to many climates and hence has wide ranging
maturities from 70 days to 210 days (Khan et al. 2017). The main corn producing areas in Myanmar
are primarily found in the hilly and dry zones of the country with smaller production taking place
in the delta and coastal regions. According to government sources, Shan State which is located in
the central part of country, accounts for 52 percent of Myanmar’s total corn production area while
the Ayeyarwady (delta regions), Magwe, and Sagaing regions make up the balance (Anonymous
2016).

Genetically diverse high yielding varieties and hybrids from local and exotic germplasms
are used as source materials in the extraction of inbred lines in New Plant Variety Protection Unit
Department of Agricultural Research (DAR), Yezin. Hybrid maize research activities are
conducted with the primary aim of maize productivity and production in Myanmar to meet and
overcome the export demand, and thereby full fill the domestic needs of the country, and to increase
productivity and total production of maize in Myanmar. There is a strong need to develop high
yielding hybrid maize. A long — term hybrid maize research and development program was

! Assistant Lecturer, Department of Biology, Monywa Education Degree College
2 Dr, Associate Professor, Department of Botany, University of Mandalay



230 J. Myanmar Acad. Arts Sci. 2022 Vol. XX. No.1

therefore initiated at Department of Agricultural Research (DAR), Yezin in 1974 (Phyu Phwe
2016).

The karyotype, is the typical chromosomal map of a species, which allows us to analyze
the chromosome number and the morphology of the chromosomes (shape, size and position of the
centromere), information of great value since the chromosomes are guides of phylogenetic
affinities and indicators of the systematic classifications (Agreda et al. 1991; Gonzalez et al. 2003;
Poggio et al. 2005).

As well as carrying out studies of populations that are in the process of selection or
improvement, with the objective of showing evidence about the frequency changes that occur in
maize populations. Similary is important to propose broader karyotypic studies that include a
greater number of native races, as well as more exhaustive studies such as fluorescent chromosome
bands and genome size estimation (Acosta 2009).

According to Teodoro-Pardo et al. (2007), the different karyotypic formula for a species
can occur due to genetic variations among the populations, originating from the genome response
to the different environments, enlarging the genetic variability for the genus.

In Myanmar, cytogenetic analysis was done by various researchers on many species. More
comprehensive studies are needed and in particular a thorough examination of chromosome
distribution among some local cultivars of Zea mays L. Thus, it is needed to be carried out this
research work.

The aim and objectives of this research are to study on karyotype of the two Zea mays L.
cultivars; to analyze the obtained mitotic chromosome data and to compare their morphological
differences of two Z. mays L. cultivars.

Materials and Methods

The two cultivars of Zea mays L. Shan pyaung (Accession No. 009486) and Lay tan pyaung
(Accession No. 011438) were used for this study. The seed samples were obtained from Seed Bank,
Department of Agricultural Research, Nay Pyi Taw, Yezin.

The meiotic analysis was done in Department of Biology, Taunggyi Education Degree
College. The seeds were germinated on moist filter paper in Petri dishes, kept at room temperature
in the dark. After two days, when root lengths were about 1.0 — 1.5 cm the roots were cut and
placed in small bottle filled with pre cooled distilled water. Pretreatment was done ice water 0°C
to 4°C for 24 hours. The root tips were then transferred into labeled fixation bottles filled with
Carnoy's (1889) I solution (1:3 acetic acid and 95% alcohol) for three days.

The root tips were then removed from the fixative and were stained in 2% aceto-carmine
for 24 hours at room temperature. The somatic chromosomes were observed using the squash
technique (Belling 1921). The two root tips from each seed were used for mitotic analysis. The
number of chromosomes was counted from 10 — 15 cells of each root tip. Good plates with well
spread chromosomes were photomicrography while measurement of chromosomes was done with
an ocular micrometer.

Measurement of (a) length of long arms, short arms and the whole length of chromosome,
(b) arm ratio were recorded. Satellites were included in total length to calculate arm ratios.
Karyological data were obtained from the ten most definitive cells in each genotype. Arm ratios,
centromeric and relative length of each chromosome were calculated according to the following
formulae.
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(1) Arm ratio
(2) Centromeric index

(3) Relative length
chromosome x 100

Length of long arm/ Length of short arm

Length of short arm/ Total length of chromosome
Total length of each chromosome /Total complementary length of

Mean value of short arm length, long arm length and satellite were used to prepare the
ideograms. The ideogram was prepared by arranging the chromosomes in such a way that the
largest chromosome is placed on the extreme left at number 1 position and the smallest one is
placed on the extreme right position in each group of median and submedian (Stebbins 1971).

Results
The morphological characters, diploid somatic chromosome number, karyotype and

idiogram of two Zea mays L. (maize) cultivars were described in Table 1 to 2 and Figure 1 to 9.

Taxonomic Description

Family - Poaceae
Scientific Name - Zea mays L.
English Name - Maize

Myanmar Name Pyaung

Annual erect herbs, monoecious; stems 1.22 — 2.24 m high, solid, well defined nodes and
internodes, 10 — 12 jointed swollen nodes; internode 9 — 20 cm in length, the last node end with
tassel. Leaves simple, alternate and distichous, exstipulate, sessile; blades linear-lanceolate, 34 —
71 cm long and 4.0 — 9.0 cm wide, the margin entire, hairy, the apex acuminate, scarcely strigose
on both surfaces; ligule 0.5 — 1.0 cm long, auriculate. Male inflorescences or tassels terminal
paniculate, 27 — 44 cm long, 5 — 16 branched. Female inflorescences or ears axillary, usually 1,
sometime 3 — 4, series of paired spikelets in longitudinal rows, the rows usually even number,
4 — 14. Male spikelets paired, one sessile and other pedicellate, with paired glumes; glumes
overlapped, bracteate, outer lemma 3-nerved, inner palea 2-nerved, unisexual, zygomorphic;
perianth modified into 2 fleshy lodicules, opposite the lemma and alternate the stamens; stamens
3; filaments free, short; anthers versatile, dithecous, dehiscent by longitudinal slit, pale yellow;
gynoecium absent. Female spikelets paired, arranged in rows on the central axis or cob, sessile,
with paired glumes, thick near the base of ovary, bracteate, represented by lemma and palea,
unisexual, zygomorphic; perianth usually absent, sometimes 2, scaly lodicules; androecium absent;
gynoecium monocarpellary, unilocular; ovary superior, dome shaped, ovary single ovuled, basal
placentation; style long, silky, filiform; stigma long, hairy; fruits or kernels caryopsis, various
coloured.

Tasseling Period: Varied according to cultivars.

Outstanding characters of cv. Shan pyaung

Plant height 1.22 — 1.60 m; ear height 0.38 — 0.51 m; jointed swollen nodes 10 — 12 and
internodes 9 — 14 cm long. Leaf blades 37 — 69 cm long and 4 — 9 cm wide. Male inflorescences
or tassels 35 — 44 cm long with 5 to 7 branches. Female inflorescences or ears only one per plant;
silk color pale yellow; ears 21 — 29 cm long and 14 — 15 cm in diameter; female florets arranged
in 12 — 14 rows per ear; cobs diameter 11 — 13 cm; kernel rainbow color (mixed with yellow, white,
pale purple).

Tasseling Period: 40 — 58 days
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Outstanding characters of cv. Lay tan pyaung

Plant height 2.13 — 2.24 m; ear height 0.78 — 0.89 m; jointed swollen 11 — 12 and internodes
9 — 20 cm long. Leaf blades 34 — 71 cm long and 4 — 9 cm wide. Male inflorescences or tassels
27 — 34 cm long with 11 to 16 branches. Female inflorescences or ears 3 - 4 per plant; silk color
red; ears 22 — 25 cm long and 8 — 9 cm in diameter; female florets arranged in 4 rows per ear; cobs
diameter 6 — 8 cm; kernel white in color.

Tasseling Period: 35 — 50 days
Mitotic characters

The chromosome status of the two Zea mays L. cultivars was determined. At the cytological
level, both cultivars had 2n = 20 diploid chromosome (Figure 2 and 4). The basic structure of these
chromosomes was significantly different. The karyotypic formula of cv. Shan pyaung was 1 ST +1
SM* + 1 SM + 7 M, while in cv. Lay tan pyaung, it was 10M (Table 2).

On observing the size and morphology of somatic chromosomes were classified into three
groups in two cultivars, median, submedian and subterminal chromosome. In the cv. Shan pyaung,
the median group consisted of 7 chromosome (chromosome number 3 to7, 9 and 10) and regarded
as M1, M2, M3, M4, Ms, Mg and M7). The median chromosomes were ranged from mean length of
3.53 £ 0.32 t0 2.18 £ 0.09 um. The centromeric index ranged from 0.49 + 0.01 to 0.47 £0.01 and
the relative length ranged from 11.26 + 0.63 to 6.99 + 0.39. The chromosome no. 1 and 2 were
submedian and recorded as SM1* and SMz. The submedain chromosomes were ranged from mean
length of 4.71 + 0.41 to 3.84 + 0.11um. The centromeric index ranged from 0.34 + 0.05 to 0.41 +
0.01 and the relative length ranged from 15.07 + 1.88 to 12.27 + 0.32. Chromosome number
8 belonged to subterminal (ST1) (Table 2).

In cv. Lay tan pyaung, chromosome number 1to 10 were median, regarded as M1, Mz, Ms,
Ma, Ms, Mg, M7, Mg, Mgand Mo respectively. All members were ranged from 4.40 £ 0.67 to 2.25
+ 0.20 um. The centromeric index ranged from 0.49 £ 0.01 to 0.47 + 0.01. The relative length
ranged from 15.10 + 2.25t0 7.74 £ 1.09 um (Table 1).

Comparison on Chromosome Group
Median Group

The cultivars Shan pyaung had seven median chromosomes, while the cv. Lay tan pyaung
possessed ten median chromosomes. The total length of median group of cultivars Lay tan pyaung
was found the longest being (4.40 £ 0.67) while that of cultivar Shan pyuang was considered the
shortest with (2.18 £ 0.09) in length. The arm ratios were ranged from 1.15 to 1.06. All the median
chromosomes of the two maize cultivars studied ranged from 15.10 to 6.99 in relative lengths
(Table 1 and Figure 2 to 9).

Submedian Group

The satellite was attached to the chromosomes number one of cv. Shan pyaung, which was
submedian type and the longest chromosome. The cv. Shan pyaung was possessed two submedian
chromosome. The total length of two submedian chromosomes were observed (4.71 + 0.41) and
(3.84 £ 0.11). The arm ratios were ranged from 1.44 to 1.42. The two submedian chromosomes of
the cv. Shan pyaung ranged from 15.07 to 12.27 in relative lengths (Table 1 and Figure 2 and 9)

Subterminal Group

The cultivar Shan pyaung had only one subterminal chromosome. The total length, arm
ratio and relative length of the subterminal chromosome were 2.54 + 0.23, 1.51 and 8.10 (Table 1
and Figure 2 and 9).
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Figure 1  Morphological characters of Zea mays L. cv. Shan pyaung and Lay tan pyaung
A. Habit of cv. Shan pyaung  B. Habit of cv. Lay tan pyaung
C. Cob of cv. Shan pyaung D. Cob of cv. Lay tan pyaung
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Figure 2 Chromosome morphology of Zea mays L. cv. Shan pyaung
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Figure 3 Chromosome outline of Zea mays L. cv. Shan Pyaung
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Figure 6 Chromosome outline of Zea mays L. cv. Lay Tan Pyaung
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Figure 7 Karyotype of Zea mays L. cv. Lay tan pyaung
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Discussion and Conclusion

Maize is an annual grass growing up to 4 m tall and monoecious. The female inflorescences,
the ears, develop in leaf axils on the stalk; which terminates in the male inflorescence, the tassel.
The broad leaf sheaths are overlapping around the stalk and the leaves are arranged in two opposing
rows along the stalk, Maize has a multitude of uses and is used in the preparation of food or drinks,
as animal feed or for industrial purposes.

The morphology and mitotic chromosome behavior of the two cultivars were studied in this
study. The varied morphological characters were observed in this research. The cultivar Lay tan
pyaung had significant mean number of plant height, ear height, node per plant, internode length
and ear per plant among the two cultivars. The range of tassel length in cv. Shan pyaung was longer



238 J. Myanmar Acad. Arts Sci. 2022 Vol. XX. No.1

(35— 44 cm) than the cv. Lay tan pyaung (27 — 34 cm), while the cv. Shan pyaung was possessed
low branch per tassel (5-7) than cv. Lay tan pyaung (11-16). The kernel color of the two studied
cultivars were also significantly different. These finding were agreement with Goodman & Brown
1988, many varieties or “races” of maize differ in physical properties.

The shortest tasseling period was observed in cv. Lay tan pyaung (35 — 50 days) and the
longest period was in cv. Shan pyaung (40 — 58 days). This result was agreed with the finding of
Kuleshov & Am (1993), who stated that the flowering time reflects the adaptation of a plant to its
environment to local climatic effects. Maize landraces vary widely, from 2 to 11 months, for the
time required to mature.

Mitotic chromosome counts for the two cultivars showed 2n = 20. The chromosomes were
generally different in their size and centromeric position. This result was agreed with McClintock
et al. 1981, who reported that the maize has 10 chromosomes (n =10) with relatively large
differences in size. The ten chromosomes are all morphologically distinguishable by their structural
characteristics, such as relative length, centromere position, satellite, numbers and positions of
chromosomal knobs.

In cv. Shan pyaung, one pair of subterminal chromosomes, two pairs of submedian
chromosomes and seven pairs of median chromosomes. The SM1 possessed the satellite
chromosomes and 1.09 + 0.12 um in length. The karyomorphological formula of cv. Shan pyaung
was 1 ST+ 1 SM* + 1 SM + 7 M. This is an agreement with the previous mitotic study Silva et al.
(2018), who studied that the satellite chromosome in submedian chromosome while 0.053 +
0.009 pm in length was observed. Ten pairs of median chromosomes and 10 M of
karyomorphological formula were found in cv. Lay tan pyaung. This result was agreed with
Gonzales and Poggio (2011), there was not found satellite chromosomes in their studied maize
cultivars.

The median chromosomes (M) were found in chromosome no. 3 to 7 and 9 to 10 in cv.
Shan pyaung, while no.1 to 10 in cv. Lay tan pyaung. The mean of total length for median
chromosomes were ranged from 4.40 + 0.67 (cv. Lay tan pyaung) to 2.18 = 0.09 pum (cv. Shan
pyaung). Medina et al. (2018) proposed the mean total length of median chromosomes were
4.16 + 2.04 um to 2.04 £ 0.09 um.

The submedian chromosomes (SM) were observed in chromosome no. 1 and 2 of cv. Shan
Pyaung, while there was not found submedian chromosome in cv. Lay tan pyaung. The mean total
length of SM chromosomes was ranged between 4.71 + 0.41 um to 3.84 + 0.11um. Medina et al.
(2018) observed the mean total length of submedian chromosomes were 3.23 £ 0.14 um to 1.88 +
0.04 um. The subterminal chromosomes (ST) were only occurred in chromosome no. 8 of cv. Shan
pyaung and the mean total length 2.54 + 0.23 um. Ehbucha et al. (2016), they reported the mean
total length of subterminal chromosome was 2.28 pm.

The total length of the chromosomes was different among the two maize cultivars, as
observed in some other studies (Egbucha et al. 2016; Medina et al. 2018). The present study
showed that total length of chromosomes of maize cultivars were ranged between 4.71 to 2.18 um
in cv. Shan pyaung and 4.40 to 2.25 um in cv. Lay tan pyaung. Therefore, total length of
chromosomes found in this study were longer than those reported earlier. Variation in the degree
of chromosome condensation may be well due to the use of different root tip pretreatment methods
(Tayyar et al. 1994). The significant differences of chromosome sizes between two maize cultivars
were seen in chromosome no. 1 and 6. A few differences of chromosome sizes were found in
chromosome no. 2, 3,4, 5, 7, 8, 9 and 10.

In the present study, cv. Shan pyaung possessed nucleolus organizer (satellite
chromosomes) body. Sears and Sears (1979) stated from five years studied on wheat cytogenetics
chromosomes (i.e. having nucleolus organizers) are stable in chromosome segregation as well as
adapted to their growing conditions. Therefore, it seems that the cv. Shan pyaung well adapted to
their growing conditions.
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Karyomorphology and chromosome number of a variety or species are useful in its
identification and also in establishing the relationships among related species (Lavania &
Srivastava 1999; Liu et al. 2000). The importance of cytological information to crop improvement
cannot be over emphasized. Cytological studies have helped a lot in resolving the origin and
evolution of plant species (Aliyu & Awopetu 2007).

In conclusion mitosis chromosome number of the studied cultivars 2n = 20 were observed,
while they were different in morphological characters, karyomorphological formulae, chromosome
group and size. The present data of karyology of the two maize cultivars will be assisted to classify
the maize cultivars grown in Shan State and more helpful to identify the cytogenetic and
cytotaxonomic characters.
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