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Abstract 

Three different mulberry varieties, viz., S30, S41 and Morus cathyana were 

selected for cytomorphological studies. Stomatal frequency, somatic 

chromosome number, ploidy level and meiotic behaviours were studied for 

these varieties. S30 is diploid with 2n=28, S41 is triploid with 2n=42 and Morus 

cathyana is tetraploid with 2n=56 chromosomes. Meiosis was irregular. Various 

anomalies like univalents, bivalents, trivalents quadrivalents and unequal 

separation of chromosomes were observed in some pollen mother cells (PMCs) 

studied. Stomatal frequency was found to be lesser in triploid when compared to 

diploid and tetraploid mulberry varieties. 
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INTRODUCTION 

For the rearing of silkworms (Bombyx mori) mulberry cultivation is the pre requisite. Mulberry 

(Morus spp.) of the family Moraceae. It is a multipurpose, predominantly dioecious, 

heterozygous and out breeding tree. It is an economically important tree, and its leaf is the sole 

food for the silkworm (Bombyx mori L.) Most of the cultivated varieties of mulberry are diploids 

with 2n=28 chromosomes, but few are polyploids [6], [3] and [9]. The first cytological research 

about plants of the genus Morus. L. was done by [17] and [15] who observed that they generally 

had a diploid number of chromosomes equal to 14 (2n=28). For a few Indian species, 

Cytogenetical investigation was carried out by [5], [13], [9] and [19]. Most of the natural 

species of Morus is diploid with 2n=28 chromosomes, but few are polyploids [20]. Cytogenetical 

information available today is confined only to chromosome counts and meiotic behaviour of a 

few species. Triploids (2n=42) are developed through natural or controlled hybridization 

between diploid and tetraploid parents and are considered to superior than diploids and 

tetraploids in leaf yield and nutritive qualities of leaf.  In the present study, an attempt to 

understand the Stomatal frequency, somatic chromosome number and meiotic behaviour of 

three different varieties of mulberry have been discussed. 

MATERIALS AND METHODS 

 Mulberry varieties were used in the present studies are  S30,  S41  and Morus cathyana, which are 

maintained  in the germplasm bank attached to Department of  Sericulture, Bangalore 

University, Bangalore. Somatic preparations were made from excised root tips of potted plants. 

Root tips were collected at 10.15 A M and pre-treated with 0.002 M 8- hydroxy quinoline for 3 

hours at 10oC. After thorough washing, root tips were hydrolysed in 1N HCl for seven minutes at 
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40oC and then stained with 2% aceto-orcein. Squash preparations were made in 45% acetic 

acid. Photographs were made on the same day of preparation to ascertain the chromosome 

number and ploidy level. For meiosis, flower buds of appropriate stages of development were 

harvested at 9.20 a.m. during sunny days and fixed in 1:3 acetic-alcohols for 24 hrs and 

preserved in 70 % ethanol. Anthers were squashed in 2% aceto-carmine stain. Photo-

micrographs were taken using labomed microscope fitted with Nikon cool fix digital Camera.  

RESULTS AND DISCUSSION 

Variety   S30 

It is a beneficial mutant mulberry genotype evolved at CSR&TI, Mysore. It has better rooting and 

sprouting abilities and it is capable of thriving well both in temperate and tropical climatic 

conditions. Stem is green to brown in colour. Leaves are unlobed ovate and light green in colour. 

The Stomatal frequency of this genotype was found to be 160.97/mm2 (Fig. 1). This genotype 

revealed 2n=28 somatic chromosomes number (Fig. 4) and it is a diploid genotype. Mitosis was 

regular with equal separation. Meiotic behaviour was also regular. In metaphase I majority of 

the PMCs exhibited 14 bivalents are scattered in the cytoplasm without any additional 

association, of which one bivalent was larger than the others (Figs.7&8). Anaphase I showed 

equal separation of chromosomes were clearly discernible to the respective poles (Fig. 9). 

Variety   S41 

It is evolved through an induced mutation breeding and selection. Stem is green to brown in 

colour. Leaves are unlobed ovate and dark green in colour. The Stomatal frequency of this 

genotype was found to be 121.21/mm2. This genotype revealed 2n=42 somatic chromosomes 

number (Fig. 5) and it is a triploid genotype. Mitosis was normal. Meiosis was irregular. 

Metaphase I showed various types of chromosomal associations (Fig. 10). Depending on the 

pairing of chromosomes, uni, bi, and trivalents showed different configurations. Anaphase I, 

showed unequal separation of chromosomes (Figs.11 & 12). Majority of the PMCs showed 

unequal separation of chromosomes at anaphase I. Chances of equal distribution was meagre 

and 22: 20 and 23: 19 distribution were common among the PMCs observed. In this variety the 

trivalents frequency was high and various types of chromosomal configurations (‘ >-’ ‘---’ and 

‘v’) were observed. Different types of chromosomal configurations found in the present study 

corroborated the findings of [4], [1] and [18] in triploid mulberry varieties. 

Variety  Morus cathyana 

A previous paper by [12] reported the morphological characters of this mulberry species in 

Bandung, but that report was insufficient for an explanation of charecristics of M. Cathyana, 

owing to the deficiency of observations on the pubescence of the tree, it being one of the 

important characteristics for identifying this species. It is a male variety. Stem is purple green to 

grey brown in colour. Upper surface of the leaf is dark green and lustrous with a pale green in 

under surface. The leaves are either integral or lobed, with trilobate leaves being dominant leaf 

margin is crenate-dentate, acuminate and having long internodes. The Stomatal frequency of 

this genotype was found to be 131. 32/mm2. This genotype revealed 2n=56 somatic 

chromosomes number (Fig. 6) and it is displayed tetraploid chromosome number with 2n=56 in 

their PMCs. In metaphase I majority of the PMCs exhibited, chromosomes are scattered in the 

cytoplasm without aligning on the equatorial plate and showed irregular meiosis. Metaphase I 

showed various types of chromosomal configurations (Fig. 14) and showed various types of 

chromosomal configurational shapes, (´>-- ’, ‘ >-’, ‘---’ and ‘--’). The range of quadrivalents were 

more compared to tri, bi & univalents. Prophase II also observed (Fig.15). 

Mulberry is a heterogeneous, predominantly unisexual, cross pollinated and as well as 

vegetatively propagated perennial plant, it exhibits a wide range of variations in each and every 

phenotypic characteristic.  It is a plastic species, for instance, often the same genotype reveals 

the presence of both lobed and unlobed leaves. These stretchable exomorphic features create a 

lot of confusion among Systematic Botanists to precisely identify a particular genotype. With 

this prevalent plasticity of phenotype, genotype tagging is very essentially required for selecting 

promising ones for cultivation, phytopathological, agronomical, breeding, genetic engineering 
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and transgenic research. The perusal of the available literature clearly revealed a wide gap in 

taxonomy, nomenclature, Cytogenetics and such other related aspects of the genus Morus. 

 Cultivars S30 and S41 have similarity in their adaptation i e. unlobed and light green leaves, good 

rooting, etc. However, leaves of Morus cathyana  are  lobed,  upper surface is dark green and 

lustrous with a pale green under surface  and coarse in texture. Triploid forms are better 

rooting, grow more quickly and posses larger leaves when compared to diploids and tetraploids 

[8]. The frequency of Stomata per unit area is significantly less in triploid and tetraploid 

compared to diploids. Stomatal frequency is an important parameter in selecting drought 

resistant genotype and also belived to regulate leaf yield. Stomatal frequency also correlated 

with drought and disease resistant [11 & 14]. Further lesser frequency per unit area is more 

suitable for rain fed conditions. However, reduction in the internodal and number of stomata 

per unit area indicates that the increased dosage of genes does not always increase in size but 

may also reduce it [7]. 

In the present investigation in the genus Morus analyzes the chromosome number, ploidy level, 

meiotic behaviour and Stomatal frequency in three different mulberry genotypes. Among these, 

the present study recorded the S30 is diploid (2n=28), S41 is triploid (2n=42), and Morus 

cathyana is tetraploid (2n=56) chromosome number of the mulberry varieties studied. 

There were no secondary associations and multivalents in metaphase I. Presence of 14 bivalents 

in most of the PMCs at metaphase I confirms the diploid nature of the variant. One bivalent was 

found bigger in comparison to others as also reported by [9] and [7] in Morus. Observation 

made by [6] may be due to the large size of one pair chromosomes which may be mistaken for 

trivalent/tetravalent. Anaphase I was quite abnormal due to unequal separation of 

chromosomes, is attributed to irregularities in basic process like chromosome pairing and 

alignment. The presence of higher percentages of trivalents in metaphase I is a suggestive of fair 

degree of homology between the constituent genomes and auto triploid nature of the variety. 

Anaphase I unequal number of chromosomes segregate to the poles is attributed to 

irregularities in basic process like chromosome pairing and alignment. Tetraploid exhibited 

slightly irregular meiosis and is characterized by high frequency of quadrivalents and bivalents. 

However the occurrence of multivalents such as tetra and trivalents indicates its polyploidy 

nature. This suggests that, the taxon may be segmental allo tetraploid as per the classification of 

[16]. Theoretically tetraploids should form more quadrivalents in meiosis due to the presence 

of four homologous chromosomes but it is not so in the present tetraploids where in the 

quadrivalents range 4-14 with the mean value of 8. 420 and bivalents range 0-26 with the mean 

value of 6.92. The high frequencies of quadrivalents suggested allo tetraploid nature of this 

variant. Meiotic abnormalities such as unequal separation, presence of uni, bi, tri and 

quadrivalents, irregular distribution of chromosomes to different poles have resulted in the size 

variation of pollen and their low fertility compared to diploids. The reduced pollen fertility in 

triploids and tetraploids invariably result in loss of chromatin materials [2, 10 and 21]. 
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Figures  1-15 

 1, 2, & 3. Stomatal frequency of S30, S41 and Morus cathyana. 4, 5, & 6. Somatic 

chromosomes  of  S30 (2n=28), S41  (2n=42)  and Morus cathyana (2n=56).  7 & 8, 

metaphase I  of diploid showing 13 bivalents and one large bivalent scattered in 

cytoplasm.   9, anaphase  I showing unequal separation of chromosomes. 10, metaphase 

I of triploid showing chromosomes are scattered in the cytoplasm. 11 & 12, anaphase I 

showing unequal separation of chromosomes. 13, Metaphase II. 14, metaphase I of 

tetraploid showing  chromosomes are scattered in  the cytoplasm.  15, Prophase  II. 
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