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Abstract

Twenty species of lady beelles, Rodalia fulvescens Hoang, Sterthorus tefranychi
Kapur, Scymnus nubilus Mulsant, Brumoides lineatus,(Weise), Jauravia pallidila
Motchulsky., Pharoscymnus taoi Sasaji, Illeis indica Timberlake, Psyllobora
hisoctonotata (Mulsant),  Cheilomenes  sexmaculata  (Fabricius),  Coccinella
septempunctata  Linneaus,  Coccinella  transversalis — Fabricius,  Harmonia
octomacidata (Fabricius), Micruspis discolor Fabricius, Micraspis yasumalsui
Sasaji, propylea quatuordecimpuncitata Linneaus, Apomicraspis quayumi Ali &
Rahman, Afidenta misera Mulsant, Lpilachna septima (Mulsant), Epilachna
pusillanima (Mulsant) and l'pilochna vigintioctopunciata (Fabricius), belonging to
16 genera of the six sub families; Coccidulinae, Scymninae, Chilocorinae,
Sticholotidinae, Coccinellinae and Epilachninae under the family Coccinellidae of
Coleoptera of Bangladesh have been cylogenetically investigated. Detailed
comparison of karyotype using principal components analyses revealed a
considerable divergence among the 20 species. Sex determining mechanism is
common with a large X chromosome and a minute y chromosome in a
nonhomologous formation. The lowest number of chromosomes obtained 2n=14 in
present investigation from the spematogonial cell of Scymnus nubilus and Afidenta
mesera with the karyotype fomula 6AA+Xy. The species Harmonia octomaculata
and I pusillunima showed 2n=16 with the Karyotype 7AA+Xy. Diploid number of
chromosome in the four species Brumoides lineatus, Jauravia pallidula, psyllobora
bisoctonotata and Ipilachna vigintioctopunctate were 18 with the Karyotype
formula 8AA + Xy in each case. Other 12 species of present investigation have
shown the modal number of chromosomes 2n=20 with the karyotype 9AA+Xy. X
chromosomes were sub metacentrc in the five (5) species Coccinella
septempunciata, Harmonia octomculata, Micraspis discolor, M. yasumatsui and
Afidenta misera. QOther 15 specics showed metacentric type ol X chromosomosome.
Variations ol centromeric position were found in autosomes of the 20 species. Of the

autosomes most are metacentric type than submetaecntric and few are telocentric.
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The ratio of autosomes showed a great diversity. In each case last pair of autosome
showed minimum value ranged from 521% in [ septima to 9.8% in Afidenta
misera, while 1™ pair of autosome showed highest value ranging between 10.67% in
Propylea quatuordecimpunctata to 17.10% in Afidenia misera. Sex chromosome
ratio were highest in the total numbers of chromosomes in each species, which found
highest 18.82% in scymnus nubilus and 18.8% in Lipilachna vigintioctopunctata and
lowest 12.18% in Psyllobora bisoctonotata. Chromatographical analysis in 12
coccinellids, fllleis indica, Psyllobora bisoctonotata, cheilomenes sexmaculata,
Coccinella  septempunctata, Coccinella  transversalis  Harmonia octomaculata,
Micraspis discolor, Micraspis yasumatsui, Afidenta misera, Epilachna seplima,
Ipilachna pusitlanima and Epilachna vigintioctopunctata showed three amino acids
alanine, lysine and glycine present in high concentration in each species. Aspartic
acid and glutamic acid were absent in four species of the Epilachninea. Qualitative
variations of other amino acids were found from species lo species. The highest
number of amino acids (l1) was identified in C. seprempunctata and C.
transversalis and the lowest humber of amino acids (8) were detected in /2. septima.
The present chromatographical analyses showed the qualitative variations in amino
acid contents [rom species to species. So it might be assumed that the non
overlapping measurements and ratios of chromosome in different species as well as
the variations of amino acids composition have effect on cytogenetics of ladybird

beetles.
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CHAPTER — 1

INTRODUCTION



Introduction

The ladybird beetles or ‘Katale-poka’ are well known to the people of Bangladesh
for their scientific importance and prettiness. Many ladybird beetles have bright
contrasting colour pattern. Some are red with black spots, others are yellow and
- black or maroon spots and some have stripes instead of spots and some have no spot
at all. Ladybird beetles are connected with good fortune in many myths and legends.
The term ‘lady’ is in reference to biblical mother mary (Roache, 1960). The red
colour is said to represent her clock which in early paintings and sculptures was
usually depicted as being red and the seven black spots represent the seven joys and

seven SOIrrows.

The ladybird beetles comprise a coleopleran—family Coccinellidae. Latreille (1810)
for the first time established the family Coccinellidae. Linnaeus (1858) described 36
species under the genus Coccinella and since then about 4,500 described species of
the Coccinellidae have been established worldwide (Booth, 1993). Fowler (1912)
mentioned about 2,000 species in the world, while according to other sources the
number of species ranges between 3,500 and 5,000 (Korschefsky, 1931; Sasaji 1968,
1971; Inms 1977, Pope 1978; lablokofl-Khnozorian, 1979;1982; Majerus &
Kearns, 1989 and Booth er.al 1990 ). Phylogenelic relationship among the family
was studied by Hodek (1973). =

Many species are common. They may be found in almost any habitat from sea-coast
to mountain top, and from city wastelands to windswept health lands. Almost every

garden will have at [east one species.

Most ladybird beetles are carnivorous. Many species and aphidophagous in both
adults and larval stages.The carnivorous lady bird beetles are frequently the key
factors in regulating homopteran insects and phytophagous mites (Clausen, 1956 and

Sweetman, 1958). So, ladybird beelles are of great importance as major natural



predators of these pests. A few numbers of the Coccinellidae have been used as
biocontrolling agents in USA, South Africa, Australia, Newzealand and other
countries. Currently four species of ladybird mass cultured for the suppression of
many crop pest (Rabindra, 2002). The main theme of integrated pest management
(IPM) is to reduce the use of chemical pesticides and ulilise biological, plant
breeding, cropping measures etc. (Grosse-Ruschkamp, 1994). With a view to reduce

the environmental pollution.

Another group of coccinellid beetles are phytophagous in habits and causes
considerable damage to various cultivated plants specially belonging to the family
Cucurbitaceae, Solanaceae and Papillionaceae, often they completely defoliate the
plants like bitter gourd (Momoridica charantiia L.), Kakrole (Momoridica cochin
chinensis speng) and causes serious damage to egg plants 1 (sofumim melongencl),
Tomato (hycopersicum esculentum Mill) and potato (solunum tuberosum) and beans.

A small group leeds on mildew and other fungi.

Bangladesh has an agro-based economy. The control of pests of agricultural crops,
fruit-trees elc, is vital to boost up its economy. Global warming has cautioned us and
the adverse consequences of pesticide use are always alarining and also inducing
pest out break because ol pest resistance and mass propagation. The entomological
backlashes have compelled the scientists 10 be concerned with compatible pest
management programmes. The beneficial Cocconellidae may be an alternative and

complementary means to insecticidal spray.

Substantial contributions on the taxonomy of the Asian Coccinellidae were made by
Kapur (1940-°73) mostly dealt with the taxonomy of Indian ladybird beetles.
Taxonomic studies on the Pakistani coccinellidae were contribuled by Ghani (1962),
Ahmad & Ghani (1966) and Ahmad (1968, 1970, 1973).



Moreover there are lists of coccinellids by local Workers like Alam (1962, 1967).
Alam ef al.(1964), Kabir (1975). Rahman er a/.(1995). First ever species described
from west Bengal is coccinella suturalis Fabridus =Brumoides suturalis (Fabridus).
The species was described in1798. Coccinella dodecastigma Wiedman=Ipilachna
dodecastigina (Wiedman) (= Iipilachna pusillanima) is (he next species described in
1823. Mulsant (1850) in his world monograph on the coccinellidae described 7 more
species namely Rodalia fumida, Rodalia ruficllis, Coelophora  biosellata,
Coelophors  westernmanii, Calvia  dorsonolta, Lpilachna  grsdaria=Afidenta
| gnadaria. In 1853 Mulsant added (wo more species Scymnus (pullus) pyrocheilus
and Cryptogonus acriasi. Ten years latter Motschulsky (1866) added another species
Scymmus brennescens. Thus prior to this work 60 species of Coccinellidae were

known [rom the state ol west Bengal.

Perior to Mulsants work (1846) practically there was no classification for
Coccinellidae. Since than a number of workers namely Mulsant (1850). Crotch
(1874), Sicard (1907), Dabzhansky (1925)Korschefky(1931)and Bielawsky (1979)
contributed extensively towards the development of the classification of the family
Cocconellidae. Sasaji (1967, 1971) put forward a classification in which he noted
that the Coccinellidae belongs to the coleopteran super [amily Cucujoidea and
devided whole family into six sub families namely-Sticolotinae, Chilochorinae,
Scymninae, Coccidulinae, Coccinellinae and Epilachninae. He trealed the sublamily
Tetrabranchinae (=Lithophilinae) as a tribe lithophilinii and placed the group under
Coccidulinae. Sasaji’s classification was based on the extensive comparative
morphology of both adult and larvae.) The above mentioned taxonomy is based on
the traditional alphataxonomy, i.e, based on morphology. No work on the

cytogenetics and taxonomy of the ladybird beetles have done in Bangladesh.

Cytogenetics an integraled discipline conceming the study of segregation ol heritable
variation aleing with the multifaceted behavioral patlern of chromosomes during cell

cycle. The principle of establishment of cytogenetics was laid down with the



universal recognisation of chromosomes as a super molecular system and
cytogenelicists convincingly demonstrated that the chromosomes are the vehicles of
hereditary materials of an organism from virus to mammals, where each and every
genclical traits is ordered into one or more chromosomes (Stebbins, 1950). Thus
chromosome was established as a matter of principle, a complex and highly ordered

organelles, rather than a random array ol genetic units (Benzer, 1955).

The study encompasses the ‘Chromosome Science’ in its fundamentals and
“advancements alongside its implications in various attributes of differentiation and
evolution (Capanna er. al. 1977; Britlon-davidian - " 1990). Chromosome science
with its great potential of fulure achievements has become completely a new
synthetic science due to advancement of technical aspects of bio-chemistry, bio-
physics, cell physiology and genetics (Sharma, 1984) Great interest accompanying
the continued refinement in methodology gave an impetus to our understanding of
the structure of chromosome from purely a cytogenetical level lowards a

cytochemical and cytophysical analysis (Sharma, 1976). It was a pertod of most

rapid coherence of knowledge that biology has ever witnessed.

The universal occurence ol chromosome indicates that there is a clear evolulionary
sequence in the complexily of the chromosomes {rom bacteria to the higher organism

(Sharma and Sharma, 1965).

The chromosome study has, therefore, attained an utmost importance for
cylogenetical determinant and in establishing interrelatedness as well as
phylogenetic pathways between the species (Sharma; 1960, White 1973, Vosa 1977).
Any change more or less pronounced in the specific pattern of each genome must
have some phylogenetic implication and should go a long way in speciation (Patton

and Sherwood, 1982),



Chromosomal diffcrences reflect in general diferences in the genic contents of the
individuals, The major variations which can be observed from a comparison of
related species can be divided into: variation in absolute chromosome size; variation
in basic number; variation in number and position of satellites and variation in the

degree and distribution of helerochromatic regions. (Sharma, 1976).

The variations in size may reflect either differences in the number of gene products
or proteins produced by the individual or duplication of genes which influence the
rate of synthesis of individual Proteins. Variation in chromosome morphology show
altermalion in gene arrangement. Alternations in chromosome number involve either
differences in gene arrangement or gene duplication or deficiency or both.
Chromosomal differences thus reflect differences in the source or gene variation
while morphological, physiological and biochemical differences indicate variation in

the products of gene action as modified by environment factor (Stebbins 1966).

The chromosomes in different organisms as well as in the same cell besides their
absolute and relative sizes may show a definite individuality in their genomic pattern
as are evident from their size, shape, position of centromere and in such additional
features as secondary constriction and satellites (Stebbins, 1950). The Russian
School of cytologist headed by S. Navaschin, developed the (undamentals of the
karyotype concept from their observations that most species ol living organisms
'show a distinct and constant individuality of their somatic chromosomes and that
closely related species usually have similar chromosoine complements and which in

distantly related ones are ofien recognizably different (Navaschin, 1912).

Lewitsky (1924, 1931) referred the term karyotype as the phenotypic appearance of
the somatic chromosome in contrast to their genic contents the term ‘ldiogram’
(Navaschin, 1912} is applied to the diagrammatic representation of the karyolype,
which his son Navaschin Jr, (1925) relerred [or specific picture of chromosome of a

species without citing any references. A detailed information as to the distinguishing



characters by which karyotypes differ from each other was fumnished in the classical
works of Heitz (1928, 1932), Darlington (1937) and others like Baker ¢f al. (1983);
Hsu (1973), Gill et «l.(1988) and Van Dyk (1990). The lollowing aspecls may be
analyzed from the above basic number of chromosomes, form and relative size of
the satellites and secondary constrictions, absolute size of the chromosome and

staining properties, viz. euchromatin and heterochromatin (Stebbins, 1964).

The chromosome number is an important datum for a species than any other
characteristics seemed significantly stable to merit taxonomic significance (Garber,
1978). Thus entire morphological, physiological and biochemical aspects are being
altered (Sharma and Sharma 1965; Brinkly and Hittle man 1975; Brown, 1984).

In different organisms, chromosome is in the centric position of the cytogenetics.
Flerencio & Saidul(1990) studied the mitolic salivary gland chromosomes of Dacus

dorsalis in the cytogenetical analysis.

Like other animals many species of ladybird beetles show considerable intra specific
variation in the marking of elytra, as well as the head and pronotum. These variations
were taken by earlier taxonomists (kapur, 1940-73); Miyatake (1959-'80); Ghani
(1962) as sufficient ground for subdividing a species into varieties or forms and for
giving them different nammes. Occasionally individuals of the same species having
distinct markings had been assigned to different species or even to different genera
(Majerus & Kearns 1989). The marking of variable color patierns are composed dark
-design or a light (brownish, yellowish, reddish or whitish) back ground. The dark
piginent is melanin, the light pigments have been [ound of contain derivatives of
carotenoids. The carotenes are partly acquired in the food, partly synthesized de
novo by the coccinellid, probably in co-operation with symbolic carotenogenic

inicro-organisms (Britton ¢z al.1977).

A convenient way of classifying the variation depending on the elytral spot patterns,

may be really complicated in some species. The beetles are classified according to



the number of spots and fusions which roughly characterize the degree of
melanisation (Mader, 1926-> 37).

Melanin is a group of polymers derived from the amino acids. Certain invertebrates
and micro- organisms produce melanin pigments. Black colours of the body caused
by the over production of the pigment melanin, often as a reaction of the
environment, Epidermal pigmentation of the inveriebrates are caused by different

amino acids (Komai, 1956).

The heredity of color patterns has been studied by the genetic methods. The
polymorphisim is usually based on a series of muitiple alleles, although perhaps there
also exist examples of non allelic inheritance. Examples of earlier genetic studies of
polymorphism in several coccinellids were reviewed by Komai (1956). Komai
concluded that such series of multiple alleles determine the main color types of
elytra and ensured that the stable and distinct polymorphism within each species is
maintained. The minor peculiarities of pattern. Which undergo continual change are
controlled by polygenes (modifers). Ford (1964) considered it more likely that such a
multiple allele effects, as has been demonstrated in coccicellids which is caused by a
sufficiently close juxtaposition of the loci of the genes, so that crossing over is most

unlikely to separate them. Ford designates such a complex of loci as a “super gene”.

Not only the coloration and the number of spots and pattern of their distribution and
pattern of their distribution on elytra, but also a minor variation in the position of
different spots, their size and shape are under genetic control. This type of variation
was extensively analyzed in ILpilachna sp by a group of German and Russian
Authors working in Berlin in 1930’s and reviewed by Timofeeff-Ressovsky

(1940). These authors worked with five geographical sub-species of two difTerent
species, Epilachna chrysomelina and E. capensis. All subspecies have an identical
pattern of six elytral spots differ in a number of small characteristics including spot
size, shape and position on the elytral surface. The sturation of pigmentation of

ground colour of the elytra, pronotum and ventral side and the extent of non-



pigmented arcas which may appear around the elytral spots are also variable. The
overal quantity of elytral spot pigment is controlled polygenically (Komai 1956).

Individual with all possible homo and heterozygote combinations of alleles occur in
‘nature (Komai 1956). Variation in the color and patterns on the pronotum and elytras
of the genus Adalia results in the speciation (Majerus ef al., 1987). It has recently
been suggested that several species of ladybird employ both camoflage and warning

coloration as defensive devices (Majerus, 1985).

It has also been suggested that many of the warning colored species of ladybirds are
Mullerian mimics (Muggleton, 1978). In phytophagous lady beelles Ipilachna
vigintioctomaculata complex different host plants may also reflect on genelic

variation which causes speciation (Katakura, 1976, 1981,1982, 1988, 1989, 2001).

All allelic series encoding the information that DNA contains does not immediately
affect the cell only. When it is used to direct the synthesis is it able to determine a
cell chemical-physical properties which would depend on the constituent amino

acids.

All the genetic information of any individual are written in articulated language or
coded language of nucleotides or nitrogen bases of DNA which can be translated

into the amino acids sequences (Verma & Agarwal 1981),

The different combinations of amino acid give rise to large variety of proteins,

determining their biological activity (Sharma 1976).

In some cases piginentation can also depend on the composition of the medium and
the temperature and also on the peptide chain of amino acids (Hans 1986). So, the

amino acid may be a datum for a species.



Proper identification of different intra and inter specific varieties of ladybird beetles
is needed to study their pest control activities. The study of Karyotype as well as the
cylogenelics may be a precise approach for identification of suitable variety for

biological method of pest control.

Because of their worldwide distribution and abundance, the ladybird beetles
constitute a unique position in the cytogenetical literatures. According to Kitzmilier
(1976), a substantial amount of cytogenetical work has been done in ditferent parts

of the world but there has been practically no such report in Bangladesh.

The present investigation incorporates the nature of chromosomal individuality as
has been revealed in the concept of karyotype by analysing the karyomorphological
pattern as well as the biochemical estimation through the qualitative analysis of
amino acids among soine ladybird beelles of Bangladesh. it has illuminated the

genetical analysis in establishing the phylogenetic relationship among the species.

Amino acids are the alphabets of protein structure and determine many of the
important properties of proteins (Lehininger, 1972). The importace of aminoacid in
nature has been recognized ever scince the beginning of the twentieth century. It has

a great role in gene sequence (Benzer, 1962).

There are only twenty amino acids that occur in proteins and these are found in all
organisms. This implies that organism have evolved fromn a common ancestor that
had also the essential amino acids (Thompson ef «l., 1969). The surface of most
coccinellids particularly the elytra with characteristic color patlerns are due o some
chemical and physical properties which would depend on the constituent amino acids
(Sharma, 1976). The different amino acids in various proportions are atlached by
peptide bonds. The different combinations of these amino acids give risc (o a large
variety of proteins, determining the biological activities (Sharma, 1976). Thus the
amino acids are also important causing for genetic variations. Amino acids occur in

the cell as free amino acids as the polypeptide forms. Arrangement of amino acids in
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a polypeptides chain is the primary structure of protein. The peptide chain are made
by hydrogen bond which can be broken by heat, pressure, pH, electricity heavy
metals and other agents. On hydrolysis they yield only amino acids. Each amino acid has an
amino group and carboxyl group. Free amino acids in the cell are linked to form

polypeptide chains by the combinations of acetic group of one amino acid.

Hubby and Throckmorton (1967) discussed factor influencing the extent of genetic
divergence at the protein level among species. Genetic differentiation during speciation
have been discussed by Ayala er al. (1974). Sasaji and Ohnishi , 1973a studied the esterase
isozyme in ladybird beetles |, obtained some results from several species of the

Coccinellidae.

On the other hand, sibling species whicli do not interbreed but are difficull to separate on
morphological ground alone, have been studied, using biochemical analysis { Sharma,1976).
Harmoia yeonsis, a sibling species of Harmoia axy.ridix was recognized for comparative
studies on the many issue of this complex were carried from the view point of the
biosystematics , for example reproductive isolation , gene frequency in natural population,
amino acids sequences in protein structure , larval and adult morphological characters , life

history, and karyotypes (Sasaji, 1981).

With the advent of techniques , study of amino acids received new dimensions regardless of
source, the amino acids are normally identified first by paper chromatography , being
recognized by an unusual position of color reaction with ninhydrin or the common spray
reagents. Subsequent discoveries of (hin layer chiromatography (TLC), ion-exchange
chromatography .electrophoratic techniques, ultra violet and infra-red spectroscopy, gas
chromatography and many other techniques have made the study of amino acids much

easier (Chowdhury, 1970).

The present investigation has have not aimed at to provide comprehensive (reatments of
each arca of chromosoine dynamics and amino acid compounds, but by iflustrating some
basic conceplts, questions and approaches attempt has been made in humble way to furnish a
tentative working hypothesis in coccinelids cytogenetics, a field suffering fromn a serious

lack of professional responsiveness in our country.



CHAPTER -~ 2
REVIEW OF LITERATURE
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Review of Literatﬁre

Works on faunistics, bionomics and cytogeneticists of the Coccinellidae in the world
by various authors are numerous and reports dealing with those are scattered.

Various Coccinellists like Fabricius (1798) and Mulsant (1846, 1850, 1853).

Mulsant (1850) reported several ladybird beetles e,g; Coeloptera pupillata (Swrtz) ,
Rodalia fumida Mulsant, Rodalia ruficulus Mulsant, Calvia dorsonafa Mulsant and

Seympnus nubilus Mulsant from Bengal.

Croich (1874) and others made classical contribution on the Coccinellidae from
dilferent regions of the world. However, an endeavor has been made to review
literature for convenience, a comprehensive record of beneficial and harmful
coccinellids in favor of cytogenetical studies of some coccinellids species .
However, an endeavor has been made 1o present here a review of the literature for
convenience, a comprehensive record ol benelicial as well as harmful coccinellids in

favor of the study of cytogenetics of the Coccinellidae.

A cursory glance at the literature may enumerate the high lights as [ollows:
Strasburger’s description of the densely stained bodies in the nucleus in 1875;
Flemmings monitoring of the splilling of chromosomes when he coined the term
chromatin i 1879 for stainablc materials of the nucleus. Constancy of the
chromosome number was determined by Weismann (1888) and Bovery (1893).

Gorham (1894 b) reported six species, namely Adalia indica (M. andrewes’s coll),
Coccinella septempunctata Linn. var. divaricata, Qenopia sauzef Muls Cheilomenes

sexmaculata (= Coccinella-G-maculata) Fab.

In addition to Mulsant’s report Weise (1895) added some other species including
Epilachninae. He also reported some predator species namely Chilocorus

circumdaius (Schonherr). Synia melanaria Mulsant. and some beuneficial species
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viz.; Adalia reluspilota (Hope) , Coccinella-7-punctata Linn. Coccinella-9-punctata
Hbst. , Chilocorus nigritus Fab, Ceilomenes sexmaculata Fab.Casey (1899) also

made classical contribution on the Coccinellidae.

Stevens initiated chromosome studies of this family as early as 1906, only 55

species have yet been explored cytologically (Bose 1948) and others.

Amino acid contents in the haemolymph of Bombyx mori L has been isolated by
Yoshitake and Aruga (1950), Ishimori and Muto (1951) and Drilhon eral,
(1951,1952).

Again the paper reviewed for cytological reports on the Coccinellidae published by
Smith (1953). In the same period with the advancement in chromosome
methodology, it was reported by Hsu and pomerate (1953) that cell swelling and

inhibitions of spindle formation were accompanied by hypotonic salt solution.

Later the reporls were in hand on the amino acids contents in the salivary gland of
some insects by Nuoroteva (1955, 1956). Nearer to this period works on coccinellids

chromosomes were reported by Agarwal (1960,1961) and Smith (1960b, 1962).

While making a survey of the ladybird fauna of the paddy field in the orient, Sassaji
(1908 b) recorded 33 species of which five species were from East Pakistan. In fac,
he also described one new species viz. Micraspis yasumatsui. Sassaji in addition to
Brumoides lineatus (Weise) and Micraspid vincta (Gorham) as new records from the

territory.

For the chromosomal studies, the use of drugs like colchicine to separate the
chromatids of prophase and metaphase chromosomes since the time of Pioneering

works. Colchicine inhibits mitosis by causing disorganization of spindle formation.
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However, the length of application of colchicine should be limited because long

application sometimes may cause polyploidy (Prist, 1969).

Chromosomes of some coleoptera were studied by Dasgupta (1972), Dasgupla and
Chakrabarti (1973), Kacker (1973) and Saha (1973). They studied on the
chromosomal numbers and karyotypes of different species of sub-family,

Coccinellinae and Epilachninae of the family Coccineliidae.

Fur‘ther more, in favor of amino acids separation , more papers were reviewed on the
enzyme polymorphism of coccieillidae by sasaji and Ohnishi (1973a, 1973b), Sasaji
(1974), Tanimoto (1975).

Further, “The chromosomes” by Sharma (1976) has given informations on
chromosomes in diflerent point of view. Protein and polypeptides consist of the
association in various proportions of some 20 different amino acids attached by

peptide bonds also have suggested there.

A vasl study on the phytophagous lady birds Henosepilachna vigintioc tomaculata

complex was accomplished by katakura (1976) .

Again Sasaji and Hisano (1977), Kuboki (1978) and Sasaji (1981) showed the

esterase polymorphism and their inheritance in Harmonia axyridis.

Coccinellids have been very actively studies on the course of the twenty three years
since “Biology of Coccinellidae’ was published The great amount of new, and other
very important findings have made the previous book outdated and a new synthesis
is needed. No other monograph of similar focus and extent has appeared lablokoff-
Khnozorian’s “Les Coccinelles” (1982) limited to the tribes Coccinellinii, and

Gordon’s “The Coccinellidae of Hmirica North of Mexico™ (1983) both concentrate



on taxonomy. Here also reviewed a check list of Indian Coccincllidae with recorded

host plants which was published by Anand er al. (1988).

Chromosome number and sex determining mechanism of some Indian Coleoptera
was studied by Yadav & Dange (1989). Karyological investigations on some Indian

Coccinellids was perfonned by O.P. Mittal er. al., (1939).

Booth and Pope (1989) listed Rodalia breviuscula Muls., Rodalia famida Muls,
Rodalia sexnotata (muls.), Scymnus coccivora Ayyar (= Scymnus andrewsi) ,
Coccivora Ramkr. Sumnius nubilus and Micraspis discolor (Fab). . Majerus

& Kearns“Jadybirds™ (1989) deal specifically with British Coccinellids.

Tsurusaki elal (1993), studied the cylogenetics of a big part of the species of the
Epilachna vigintioctomaculata complex under the subfamily Epilachninae

Rahaman reviewed the status of coccinellids research in Bangladesh upto 1995. He
gave an uplodate historical reviewed of on the topic. He listed 52 species of
ladybirds excluding phytophagous one. Professor Katakura identified four Epilachna

beetles {rom Bangladesh. So far no more Epilachna has been found in Bangladesh.

A details information of coccinellid gained from the study of Ecology of
Coccinellidea (Hodek & Honek,1999) Recently, the (wo spol lady beetle Adalic
hipunctata has a great research value (o he lalest scientists ( Hemiptinne er «/,2000,

2001; Yasuda et 41.2002; Magro etal, 2002).

As far the present investigation is concerned, although the lady beetles are well serve
with reviews, the cylogenetical study is not very plentiful. Moreover reports on
amino acids in coleoplera is wanting in the present investigation .

The pertinent literature of amino acid detection in Coccinellidae or even in

coleoptera were scattered or shortened in the present studies.
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In the backdrops of this historical perspective of the Coccinillids cytogenetics
worldwide, the present investigation examined the karyo-systematic aspects of these
various beneficial or harmful ladybird beetles exerting a massive impact in our agro-
based economy by compatible pest management, alongside providing a great boon
to the cytogenetical literatures attributed to the advancement of chromosome science.
Besides describing the karyoxﬁorphomelrical analysis, moreover chromatographical
assessment on the amino acids contents of the species in the context have also the
important cytogenetical information. Considering the great deal relevance the

present studies has been initiated.



CHAPTER - 3

MATERIALS AND METHODS



Materials and Methods
The present assay for chromosomal delineation in metaphase utilized hypotonic
salaine for cell exapansions as devised by Hsu and Pation (1969) combined with
colchicine pretreatment and Giemsa / Orcein staining. All the operations were
performed in vivo in the laboratory of the Institute of Biological Sciences, Rajshahi
University. The protocols have been applied to cells obtained from gonodial cells of

several ladybeetles of 20 species belonging to 16 genera.

Collection of Beetles

The beetles constituted for the present cytological investigation comprised of wild
coccinellids belonging to the Family Coccineilidae of the Order Coleoptera. The
-beetles were collected from different ecological habitat and niches of Bangladesh. The
most suitable time for collection of Jadybird ‘beetles was from early winter to mid
sumimer, but the collecting efforts were made ‘l‘hroughout the year. Specimens were
collected by established methods; eye searching, hand picking, sweeping or beating
vegelation in cultivaled areas, arborata virgin orchards and new forests (G:Ovrdal,
19%0 and Majerus and Kearns, 1989 ). Some specimens were collected in light traps.
Occasionally lady birds from the upper canopy of trees collected using locally made
ladder.

Identification and measurements of the samples of coccinellids beetles
Specimens were identilied following the keys of Weise (1892,1895), Gorhain (1894b), Ayyar
(1925), Korschelsky (1930, 19333, Chapin (1940, 1962, [965a, 1965b), Kapur (1942, 1943,
1946, 1948a, 1948b&1949, 1950, 19514, 1951b, 1956a, 1956b, 1958, 1961a, 1961b, 1963,
1966, 1969), Timberlake (1943), Diek (1947) Kamiya (1959, 1960, 1961a, 1961b); Miyatake
(1961a, 1961b, 1970 1980), Sasaji (1967, 1968a, 19680, 1971, 1994); Bielawsky (1972,
1979). Hodek (1973), Chapin (1974), Kalakura (1981) lobloko{T- khnzorian (1982), Gordon
& Chapin (1983), Pope (1988 ), Booth er al. (1990 ), Raluman (199! ), Rahman and Ali
(1992). Standard taxonomic ineasurements were {aken in mm. scale.

The table 1 shows an overview account of the coccinellids specics brought to the laboratory

for the present cylogenetic survey.,



Table I morpho-taxonomical account of some species of
lady bird Beetles of the Family Coccinellidae used

in present investigation

Species
(sub-species )

Taxonomic status
and habitat

Brief description

Rodalia
JSulvescens Hoang

Sub fam: Cocciduiiinae
Benelicial insects
commonly found on
Muraya paniculaia and
Bambusa sp.

Hemispherical body 2.5-3.4 mm in length and
2.25-3.2 mm in width. Eyes large, convex,
black, finely faceted and pubescent. Antenae
eight segmented. Body surface entirely
testaceous, also concolorous, pronotum broad
and elytral epipleura entire.

Stethorus
terranychi Kapur

Sub fam; Scymninae
Tribe: Stethorini
Beneficial
entomophagous insecls
very common in
collection; like on

Small medium size body ranges from [.2-1.35
mm in length and 0.85-0.9 mm in width. Black
body shorlly oval, broadst in the middle, convex
moderately,elytral epipieura present.

. Acacia sp _
Scymnus nubilus | Sub fam: Scymninae Oval body, moderate in size, generallyl.5-2.2
Mulsant Tribe : Scymini mm in length and 1.2-1.4 mm in width. Dorsal

Beneficial insects
found in Mangifera
indica, Morus sp. efc

surface reddish-brown to yellowish-brown. The
middle of basal area on pronolum with a black
clear marking, The black marking covering the
sutural area of elytra. Convergent posteiorly.

Brumoides
lineatus (Weise)

Sub fam: Chilocorinae
Tribe: Platynaspini
Benificial beetles,
abundant in the plant
Morus spp., Solunuum
nielongena elc,

Body 3.4 to 4.25 mm in length and 2.0 to 2.5 mm
in width , oval body glabrous. Head brown with
prominent black eyes. Elytra yellowish-brown
except at their basal, lateral and apical margines.
Three black villae-a median extending from base
lo apex of elytra, iwo lateral extending from base
of elytra 1o elylra lip. Anlennae nine segmented,
brown, bearing small sensory hatrs.

Jauravia
pullidula
Motschulsky

Sub fam:
Sticholotidinae
Tribe: Sticholotidini

Body broadly oval, small and brown, bearing
fine deep and close punciations. Elytra with
dense pubiscence. 2.2-2.4 mm in length and 1.8-

World wide 2.00 mm in width.
distribution,
Pharoscyinnus Sub fan: Small short oval body 1.65-2.00 mm in length
faoi Sasaji Sticholotidinae and 1.28-1.5 mm in width. Dorsum relatively
Benefictal strongly convex and pubescent. Head black

entomophagous beetles
mostly found in the
plants of justicia
gendarnssa L Acacia
5p, Morus sp. etc.

7

Pronotum and scutellum entirely black. Elytra
black with two pairs of reddish orrange marking
before and behind. Underside of body dark
reddish brown pitehy brown. Antennae shorter
and ten segmented, mouth parts dark brown.

cont.



Ieis indica

Sub fam:. Coccinellinae

Body relatively large, 4.45- 5.5 mm in length
and 3.6 — 4.00 mm in width, ground colour

Timberlake Tribe : Psylloborini
Beneficial predators yellowish, less convex and distinctly narrowed
found in all collecting | apical region, pronolum narrowed anteriorly and
localities. widest at posterior angle and almost white with
a pair of brownish black spots at its base.
Psyllobora Sub fam: Coccinellinae | Upper surface of the body glabrous and shiny
hisoctonotata Tribe: Psylloborini yellow or pale yellow. Pronotal disc brown and
(Mulsant) Beneficial beetles, elytral suture light brown, elytral margine in the
generally configuration of 2-3-2-1, head and pronotum
aphidophagous. light brown, antenna 11 segmented. Body
generally 2.6 — 3.2 mm in length and 2.00-2.35
mm in width.
Cheilomenes Sub fam: Coccinellinae | Short oval body, 3.8-5.5 mm. length 3.2 — 4.6
sexmaculata Tribe. Coccinellini mm. width. Some are entirely black and some
(Fabricius) Beneficial, are brownish with parallel black stiripes on
aphidophagous. elytrae. '
Coccinella Sub fam: Coccinellinae | Oval body with 3.5-5.25mm.in length and 3.0 -
septempuncitata | Tribe: Coccinellini. 4.0mm in width. Brownish elytra with 7 black
Linnaeus Beneficial beetles spots in the configuration of 1-2-2-4; each spot
found in cultivated nearly round, pronutum black with yellowish
- vegelable areas, marking. Head and veniral surface black.
Coccinella Sub fam:Coccinellinae | Body rather rounded and convex. Length 6.5-
fransversalis Tribe.:Coccinellini 7.5mm. and width 5.0-6.0mm. Red elytra with
Fabricius Beneficial beetles triangular black marking. Pronotum and head
generally aphid feeders, | black. Ventral surface also black.
found in cultivated
areas.
Harmonia Sub fam.; Coccinellinae | Body 4.5 to 6.25 mm in length and 4.0 to 5.0
octomaculata World wide distributed | mm in width. Body relatively less rounded and
(Fabricus) entomophagous convex; dorsum reddish orange or reddish

beneficial beetles
mostly found in rice
field before ripening,

yellow with or without black marking.
Pronotum biack in the middle or with one or
two pairs of black spols; elytron normally with a
pair each of black, humeral, median and post
median spots and a sub- apical spot. Suture also
usually black.

Micraspis disclor
(Fabricius)

Micraspis
yasimalsui Sasaji

L

Sub fam.: Coccinellinae
Tribe. Coccinellini.
Beneficial beetles
abundant in various
crops fields.

Tribe. Coccinellini.
Beneficial, abundant in
crops fields.

| Nearly hemispherical body with 4.00-5.00mm.

Hemispherical, glabrous body, 3.6 — 4.4 mm in
fength and 2.8 — 3. 49 mm in width, Orange-
brown elytra with narrow black line along the
suture. Pronotum and head black. Under
surface, dark brown,

length and 3.45-3.5mm. in width. Orange elytra
without any dark area or black suture. Head and
pronotum yellowish brown. Ventral surface

I8

entirely brownish

cont,
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The following steps were employed lo make a karyolype of the chromosomes (Prist,

1969):

1. Photographs of each metaphase were taken. One photograph was cul apart and the
other was kept intact for orientation and reference or to tally with original metaphase

or for the use in case a cut out chromosome was misplaced.

2. The individual chromosome was cut out. In case of overlapping of the
chiromosomes, the whole configuration was removed together which was separated

after the other chromosomes were taken apart.

3.The individual chromosome was glued down in decreasing order of size. That

complete line up of the chromosome set constitute the karyotype.

4. In order to display the karyolype pictorially, the individual metaphase
chromosoine from the photograph were arranged by length and in pairs, later aligned
in such a way that the centromeres were at the same level and the short anns were

oriented upward. The karyotypes were prepared by taking photographs once again.

5. Centromeric formula was derived on the basis of I/s ratio proposed by Levan
et al. (1964)

6. Morphometric analysis was done from direct measurement by ocular micrometer,

the scale of which was earlier standardized with the stage micromeler.
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chromosomewas smallest of the complemement Centromeric position on ychrosome
was indistinct. Of the AA the largest chromosome measured 4.5 pn while was
2.39um (Table 4 and Fig a in Plate 1).The length of the X and the y the smallest
chromosome were 5.17u.n and 0.98um respectively. The relative length showed a
range between 0.13 to 0.06. Arm ratios of the sm chromosomes varied from 1.97 to
1.75 to that of the metacentric and the telocentric from 1.67 to 1.36 and 2.08 t0 2.00.

The centromeric indices ranged within 42.36 to 32.38.

Stethorus tetranychi Kapur (Table 5, plate 2)

The diploid chromosome number of this species is 20 as revealed by the majority of
the chromosome plates. The karyotype was made by arranging the chromosomes in
gradual series of length rather arbitrarily. The chromosome had the following break
up : of the AA 4 pairs are sm , 4 pairs m, and a single pair t as well as the X
chromosome was m and as usually y is dumble shaped. The morphometric data are
appended in Table 5 and its karyotype in Plate 2. Tabulated data showed the
total length of the autosomes varied between 4.45 pm 1o 2.45 um while the sex
chromosomes 5.2 um for X chromosome and 1.05 pm for y chromosome. The
relative length ranged from 0.12 to 0.03 in the whole complement. The arm ratio
and the centromeric indices of the sm chromosomes were between 1.93 to 1.76 and
36.23 to 34.1 respectively. The metacentric pairs in those measurements had
"indicated between [.65 to [.34 and 42.7 to 37.7 respectively while those in

telocentric ones were 2.07 and 32.5 respectively.

Scymnus nubilus Mulsant (Table 6, plate 3)

The analysis of the chromosomes of this small species of the ladybird beetles
revealed a diploid number of 14 unlike the typical forms of the Coccinellidae. The
karyotypic analysis exhibited the following break up : only a single pair was sub-

inetacentric and the rest were metacentric including X chromosome. y was as



Morphometric data for the spermatogonial
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Table 4
chromosomes of Rodalia fulvescens Hoang
Chrom | Mean lengih | Mean length | Total | Relative “Percent, | Centromeric | Arm | Cenro
pair of short arm of long arm length length of RL index ralio mcric
S+ S.E. pm 1+ S.E. pm s+1pm | RL RL% CI AR type

] 1.60£0.0064 | 2.90£0.0075 | 4.50 0.1121 1121 35.55 181 Sin

2 164 £0.0052 | 275400072 | 4.39 0.1094 10.94 37.36 167 | m

3 1.52:£0.0153 | 270 £0.0064 | 4.22 0.1051 1051 36.02 177 | sm

4 145200066 | 2.55£0.0167 | 4.00 01000 | 10.00 36.25 1.75 sm

5 1.38 £0.0072 | 2.60 £0.0062 | 3.98 0.0991 | 09.9} 34.67 1.88 Sm

6 1.2510.0065 | 26100072 | 3.86 0.0962 | 09.62 32.38 2.08 1

7 120100156 | 248400171 | 3.68 0.0917 | 09.17 32.61 206 | ¢

8 1.00 £0.0076 | 1.97£0.0080 | 2.97 0.0740 | 07.40 33.67 1.97 sin

9 0.89£0.0070 | 1.50£00067 | 2.39 0.0595 | 0595 37.24 1.68 |t
X 219500143 | 298100071 | 5.17 0.128% | 12.88 42.36 1.36 m

Y 0.98 1 0.0052 0.98 00244 | 02.44 — — —

Total loength ol the genome =40, 14 um: 2n =20: Karyotype= 5 AAsm+2 AAm+2 AA(+Xm+y.

Table 5  Morphometric data for the spermatogonial
chromosomes of Sterthorus tetranychi Kapur
Chrom Mean lenglh Mcan length of | Total Relative | Percent. | Centromeric | Arn Cenromeric
pair of shorl ann long arm length length of RL index ralio lype
S+S.E um [+ SE jun s+lpm | RL RL% Ct AR

| 1.62 £ 0,0073 2.90 10,0060 4.52 0.1169 11.69 35.40 179 sm

2 1.48 £0.0068 2.86 £ 0.0145 4.34 0.1122 11.22 310 1.03 sm

3 1,55 £0.0078 2.78 £0.0074 4.33 0.1120 11.20 35.80 [.79 sm

4 1.35 £ 0.0004 2.80 £ 0.0076 4.15 0.1073 .73 32.50 2.07 L

5 1.25 £0.0134 2.20 £0.0082 345 0.0892 08.92 36.23 1.76 m

6 1.27 £ 0.0076 1.95 £ 0.0067 322 0.0833 08.33 39.44 1.53 sm

7 [.18 £0.0068 1.95 £0.0073 3.13 0.0894 08.94 3170 .65 m

8 L.OB £ (L0154 1.75 £ 0.00064 2.33 0.0732 07.32 38.16 1.62 m

9 (.95 £0.0173 1.50 £0.0081 2.45 0.0634 006.34 38,78 1.58 m
X 2,22 £ 00058 298 £0.0071 5.20 0.1345 13.45 42.70 1.34 m

¥ LOS £ 0.0054 | —=-memeaeem 1.05 0.0271 02,71 | weeenee —— —

Total loength of the genome =38.67 um: 2n =20, Karyotype =4 AASm+4 AAm+ 1 AAL+ X
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usually without distinct centromere. The mean total length of the largest
chromosome of the complement measured 4.82pum which was the X chromosome
chromosome was only 1.10pm (Table 6 & Plate 3). Mean total length of the genome
was 25.61 um. Relative length value ranged from 019 to 0.07 and the value of

centromeric indices varied from 42.44 to 36.02.

Brumoides lineatus (Weise) (Table 7, plate 4)

The diploid chromosome number asigned to this species is 18 as revealed by the
majority of the chromosome plates. The karyotype was made by arranging the
chromosomes in gradual series of length rather arbitrarily (Plate 4). The
chromosomes had the following break up : 1-7 pairs of autosomes were sub-
metacentric and the rest of the autosome and also the X chromosome were
metacentric while the y was dumble shaped. The analysis was carried out of 15
metaphase plates [rom 5 individuals. The morphomeltric data are appended in table 7
which showed that the mean total length of the autosome varied between 5.29 pm
to 3.1 um while the sex chromosomes measured to be 5.34 mn for X chromosome
and 1.12 pm for the y chromosome. The relative length ranged {rom 0.13 to 0.07 in
the whole complement. The arm ratio and the centromeric indices of the sub-
~metacentric chromosome pairs 1-7 were between 2.07 to 1.85 and 34.85 to 32.36
respeclively. The melacentric chromosome pairs amongst the autosomes had
relative length 0.07 whose arm ratio and centromeric index were [.69 and 37.1
respectively. The relative length of the metacentric X chromosome was 0.13 and the
centromeric index and am ratio were 41.01 and 1.43 respectively while the y

chromosome was also too smaller to detecled the centromere.
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Table 6 Morphometric data for the spermatogonial
chromosomes of Scymuus nubilus Mulsant
Chrom | Mean length | Mean length | Total Relative | Percent | Ceniromer | Arm Cenro
pair of short arm | of long arm length fength .of RL | ic index ratio meric
stS.Epm {1xSE pm [s+ipm | RL RL% | C) AR lype
1 1.64 £ 0.0065 | 2.44 1 0.0064 | 4.08 0.1593 15.93 40.19 1.48 m
2 1.60 £ 0,0048 | 2.17 £ 0.0058 | 3.77 0.1472 [ 1472 {4244 1.36 m
3 1,42 £0.0055 | 2.15+£0.0732 | 3.57 0.1394 13.94 39.77 1.51 m
4 1.25£0.0072 | 2.22+0.0535 | 3.47 0.1355 13.55 36.02 1.78 Sm
5 1,15 £0.0103 | 1.90 £ 0.0081 | 3.05 o191 [itor 13770 1.65 m
6 110 £0.0075 | 1.65 £0.0066 | 2.75 0.0683 | 06.83 | 40.00 1.50 mn
X 1.92 £0.0054 | 2.90 20.0075 | 4.82 0.1882 | 18.82 | 39.83 1.51 m
Y B UV e — 110 0.0430 | 0430 | ———m-
Tofal loength of the genome =25.61 pm: 2n=14
Karyotype = SAAm+4+1AASm+X m-+y.
Table 7 Morphometric data for the spermatogonial
chromosomes of Brumoides lineatus (Weise)
Clirom | Mecan length of | Mcan length of | Total Relative | percent | Centromeric Arm Cent
pair short arm fong arm length length of index ratio ruier
s+ SE um 1£S.E. um s+1 um | RL RL Ci AR ic
RL% type
1 179400046 | 3.50£0.0051 | 529 0.1276 | 1276 | 33.84 1.95 S
3 170 £0.0042 | 342200073 | 5.12 0.1236 | 1236 | 3320 2.01 O
3 152200067 | 3.15£0.0062 | 4.67 0.1127 [ §127 | 3254 2.07 F
1 1.62£ 00048 | 300£0.0060 [ 4.62 01115 | 1115 | 3485 1.85 sm
5 145400053 | 2.85+0.0055 | 4.30 0.1038 | 1038 | 33.72 1.96 sm
6 13500041 | 276200054 | 411 0.0992 [ 0992 [32.84 2.04 ]
7 122400044 | 255100067 | 3.77 00998 | 0998 | 3236 1.88 sm
R LIS£0.0053 | 1.96£00058 | 3.10 0.0748 | 0748 | 37.10 1.69 m
X 219200084 | 3.15£00070 | 5.34 01287 | 1287 | 4101 143 w
Y 112200045 | —oeen 1.12 0.0270 [ 0270 | —eemm

Total length of the genome = 41.44 pum, :

2n=18.: Karyotypc =4 AASm+3AA L+ T AAm+X m+y,
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Jauravia pullidula Motchulsky(Table 8, plate})

A total number of 18 chromosomes including autosomes and sex chromosomes
were found. Of the 8 pairs of AA first 5 pairs were metacentric, values of arm ratio
of which ranged from 1.48 to 1.7. The value of arm ratio of 2 pairs of sub-
melacentric chromosomes were 1.8 & 1.71 while the last single telocentric pair of
AA showed the value of arm ratio 2.33. Of the sex chromosomes X chromosome
was metacentric type whose value ol arm ratio was 1.47 and the y chromosome was
dot shaped without distinct centromere. Of the whole complement X was largest in
length which measured 4.95 pm. Its relative length was 0.15 and centromeric index
was 40.4. The mean total length of the AA varied from 4.19um to 2.66 pm, the
relative length and the centromeric indices of which ranged between 0.13 to 0.09

and 40.33 to 30. 04 respectively (Table 8 & plate 5).

Pharoscymnus taoi Sasaji (Table 9, plate 6)

In this small ladybird beetle , the diploid set showed the typical 2n=20, normal
karyotypes of which were mostly metacentric (m), only 3 pairs ol autosomes were
sub-metacentric (sm) while arm ratio of y was unmeasurable. Of the sex
chromosomes X measured 5.21 pum in lengthwhich was the largest. Mean lotal
length of the whole complement and that of the relative length, centromeric index,

arm ratio 0.14, 42.42 and 1.36 respectively. y measured [.00p.m in length. The

. mean total fength of the AA ranged from 4.97 pm to 2.48um as well as the ratio of

relative length, centromeric indices of those ranged between 013 o 0.06 and 55.31
to 35.64 respectively (Table 9 and plate 6).Of the AA the arm ratios of the
metacentric chromosomes varied from 1.56 to 1.18 and those of the sub-metacentric

varied from 1.8 to 1.72.
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Table 8 Morphometric data for the spermatogonial
chromosomes of Jauravia pullidula Motchulsky

Chro | Mean length | Mean length | Total Relative | Percent | Centromeric | Arm | Cenro
m of short arm of long arm length length .of RL | index ralio | meric
pait | s+ S.Cpm  [1+S.Epm | s+ipm | RL RL% | Cl AR 1 type

I 1.GY £ 0.0075 | 2.50£0.0095 | 4.19 0.1369 [2.69 40.33 1.48 m

2 1.55 £ 0.0083 | 2.35£0.0062 | 3.90 0.1176 1176 39.74 1.52 m

3 1.50 £ 0.0146 | 2.10 £0.0058 | 3.6 (0.1085 10.85 42.00 1.40 m

4 1.39£0.0053 | 232+0.0078 | 3.71 0.1118 11.18 37.50 1.67

5 1.25 £0.0124 | 2,12 £0.0142 | 3.37 0.1016 10.16 3709 1.70 m

O 110 £0.0063 | 1,98 £0.0066 | 3.08 0.0929 09.29 35.71 1.80 sm

7 0.98 £ 0.0052 | 1.6820.1253 | 2.606 0.0802 08.02 36.84 1.7} sm
"8 | 0.85+0.0124 | 1.98 +0.0077 | 2.83 00853 | 0853|3004 233 |1
X 2.00 +£0.0061 | 2.95+0.0052 | 4.95 0.1492 14.92 40.40 1.47 m

¥ 0.88 £ 0.0071 | -==-e-nm 0.88 0.0265 02.65 | =-e=mu- — -

Total length of the genome = 33.17 um . : 2n=18. Karyolype =5 AAm+ 2AAsm+ | AAt+ X m+y.

Table 9

Morphometric data for the spermatogonial
chromosomes of Pharoscymnus taoi Sasaji

Chro Mean length | Mean lengthh | Tolal Relalive | Percenl. | Centromeric | Arm | Cenro
m of shortarm § of long arm length length of RL index ratio meric
par |s+SEpm |lI+SEpm |s+lpm|RL RL% Ci AR lype

l 1.77 £ 0.0048 | 3.20 £0.0067 | 4.97 01313 | 13.13 55.31 1.80 | Sm

2 1.61 £0.0073 | 2.50£0.0038 | 4.16 0.1099 10.99 38.70 1.55 m

3 1.50 £ 0.0072 | 2.58 £0.0072 | 4.08 0.1078 10.78 36.76 1.72 sm

4 1.39 £ 0.0124 | 2.51 £0.0066 | 3.90 0.1031 10.31 35.64 1.80 sm

5 1.70 + 0.0065 | 2.00 £0,0065 | 3.70 0.0978 09.78 4595 1.18 m

6 1.22 £0.0075 | 1,79 £ 0.0081 | 3.01 0.0795 07.95 40.53 1.46

7 1.15+£0.0077 | 1.80 £0.0058 | 2.95 0.0780 07.80 3895 1.56 m

8 0.98 £ 0.0152 | 1.50 £0.0067 | 2.48 0.0655 06.55 39.52 1.53 m

9 1.304 0.0066 | 1.88 +0.0073 | 2.38 0.0629 06.29 54.64 l.44 m

X 2.21 £0.0067 | 3.00£0.0075 | 5.21 0.1380 13.80 42.42 1.36 m

v 1.00 £0.0048 | ~-~=emecun-- 1.00 0.0204 02.G4 | ~meeee- — aer

Total length of the genome = 37.84 um: 2n = 20; Karyotype = 3 AAsm+6AA M+ X m-+ y.
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Jileis indica Timberlake (Table 10, plate 7)

The normal chromosomal number was confirmed the typical 2n = 20. Karyotype
analysis had the following break up: 5 AA submetacentric (sm), 4 AA telocentric
(t) and only the longer X chromosome appeared to be the metacentric. As usually y
was dot shaped and measured 0.98 pm in length. The mean total length of the
individual chromosome varied from 4.43 um. (largest) to 2.5 um in autosomes and
4.46 um in X chromosome. The relative length ranged from 0.12 to 0.07. Arm ratio
and the centromeric indices varied in between 2.14 to 1.37 and 43.72 to 31.18

respectively (Table 10. and plate 7).

Psyllobora bisoctonotata (Mulsant) (Table 11, plate 8)

Instead of the typical formate, here 2n= 18; of which 5 pairs of AA were sin whose
arm ratios ranged from 1.81 to 1.7; 3 pairs of AA were melacentric type arm ratios
of which ranged from 1.63 to 1.5 and the X chromosome was also metacentric with
[.25 arm ratio. Typically the y was too small, measured only 0.95um in length with
no centromeric indication. Also X was the largest with 5.4 um in length and the
relative length and the centromeric index were 0.16 and 44.44 respectively. Of the

autosoines the ratios of relative length and the centromeric indices ranged from 0.12

10 0.07 and 39.75 to 35.32 respectively (Table 11 and plate 8).

Cheilomenes sexmaculata (Fabricius) (Table 12, plate 9)

It exhibited a consistent diploid number of also 20.The karyolypic analysis revealed
that all the autosomes and the X chromosome were metacentric (m) while the y
chromosome was dot shaped and measured only 0.96 pum. Like all the other species
, X measured longest in their length which was 4.71 um. Mean total length of the

autosome varied from 3.85 pun t0 2.09 pun (Table 12 and plate 9 ).
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Table 10 Meorphometric data for the spermatogonial
chromosomes of llleis indica Timberlake
Chromt Mcan length of | Mean length of | Total Relative | Percent, of | Centromeric | Arm | Cenro
pair short arm lorg arm lenpth length RL index ritio | meric
s+ S.E. pm 1+ S.E, jun s+lpun | RL RL.% Cl AR lype
1 148 4+ 0.0063 295100075 .43 01210 1210 3341 1.99 sm
2 141100143 2.57 10,0017 3.98 0.1087 10.87 35.43 [.82 st
3 1.34 £0.0032 2.50 £+ 0.0094 3.84 0.1049 -l().49 34.81 1.86 st
4 1.25 £ 0.0053 2,50 £ 0.0061 37 0.1024 10.24 3133 2.00 sm
5 1.15 £0.0082 232400143 3.47 0.0048 09.48 3304 2.02 {
6 LI £0.0075 2.2510.0078 3.35 0.0915 09.15 32.84 2.04 {
7 0.98 +(0.0084 2.10 £0.0082 3.08 0.0841 08.41 JLI8 214 t
8 0,90+ 0.0152 1.88 1 0.0054 2.78 0.0759 07.59 32.37 2.08 t
9 .85 £0.0161 1.65 £ 0.0081 25 0.0683 06.83 RENY Y 1.94 sm
X 1.95 £ 0.0054 2.69 10.0075 4.46 0. IZIR i2.18 43.72 1.37 m
Y 0.981£0.0062 | ——remmm—ees 0.98 0.0268 02.68 —————— e -—
Total length of the genoine = 36.62 um. : 2n=20.;Karvolype =5 AAsm+4 AA1+ Xm+y.
Table 11 Morphometric data for the spermatogonial
chromosemes of Psyllobora bisoctonotata(Mulsant)
Chrom | Mean length | Mean length | Total Relative | Percent. | Centromeric | Arm | Cenro
pair of short arm oflong army | length length ofRL index ralio | meric
s+ S.E. um I+SE pm |s+lum | RL RL% Cl AR ype
| 1,65+ 0.0042 | 2.5040.0055 | 4.15 (.31227 12.27 V75 1.50 | m
2 1.60 200051 | 2.48+ 0.0071 | 4.08 0.1205 12.06 39.2} 1.55 m
3 1.45 £ 0.0052 | 2.424 00056 | 3.87 0.1144 11.44 37.46 1,70 | sm
4 1.30 + 0.0066 | 2.38 0.0058 | 3.68 0.1088 10.88 35.32 .83 sm
5 1.24 + 0.0058 | 2.2540.0066 | 3.49 0.1032 10.32 35.53 1.81 sm
6 1,154 0.0()55 2,00+ 0.0073 | 3.15 (0.0931] 0931 36.50 1.73 sm
7 (1.98 £ 0.0073 | 1.60+0.0056 | 2.58 0.0762 07.62 37.98 1.63 m
3 0,92 £ 0.0060 | 1.55+ 0.0068 | 2.47 0.0730 07.30 37.25 1.70 | sm
X 2,40 £0,0057 | 3.00£0.0072 | 5.40 0.1596 15.96 44,44 1.25 m
v 0.95 £0.0043 | wemmrmmmmmes 0.95 0.0280 0280 | —cemeeee | e

Tolal length of the genome = 33, 82 um

2n = {8 ; Karyolype

=3AAmM+5AASIM+ X m+y,
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Table 12 Morphometric data for the spermatogonial chromosome
of Cheilomenes sexmaculata (Fabricius)

Chrom | Mcan length of Mecan lengthof | Total | Relative | Percent, Centromeri | Armt Ceiro
Pair short arm long arm length | fength of RL ¢ index ratio nieric
s+ S.E.pm 1£S.E. pn s+1 RL RL% ClI AR ype
jum
1 1.64 1 0.0054 | 221 £0.0053 | 3.85 0.1205 | 12.05 42.6 1.35 m
2 L4l £0.0056 | 2.174£0.0043 |3.58 | 0.1120 | 11.20 39.39 1.54 m
3 1.39 £ 0.0056 2.13+00175 {3.52 |o1102 | 1102 39.49 1.53 m
4 1.36 £ 00064 | 2,47 £0.0146 | 3.53 0.1130 | 11.30 38.53 1.59 m
5 117 £ 0.0061 157 +0.0059 {2.72 | 0.0851 | 08.5] 43.0i 1.34 m
6 1.18 £0.0119 151400132 269 [0.0842 | 08.42 43.87 1.28 m
1.i3+0.0119 1.40 4 0.0065 | 253 (0.0792 | 07.92 44.66 1.24 m
8 1.03 £0.0133 1.27 £ 0.0163 | 230 | 0.0724 | 07.24 44.78 1.23 m
r——‘) 0,932 0.0141 LI16£0.0138 | 2.09 0.0654 | 06.54 44.50 [.25 nt
X 1.96 + 0.0065 275100243 | 4.7L 0. 1475 | 14.75 41.61 .40 m
¥ 0.96 1+ 0.0074 memmnemenn 096 | 0.0300 | 03.00 | —-meee | eeee-

Total length of the genome = 32.48: 2n = 20: Karyotype: 9 AAm+ X m+y:

Table 13 Morphometric data for the spermatogonial chromosomes
of Coccinella septempunctata Linnacus

"Chrom | Mean length | Meanlength | Total | Relative | percen | Centromeric | Arm | Centr -
pair of short arm of long arm length length tof index ratio meric
s+ S.E. pm I £8.E pum s+1 pm | RL L RL% | CI AR tvpe
I 1.59£0.0071 | 3.51 £0.0102 { 5.10 0.1249 1249 [ 31.18 2.21 !
2 1.64 £ 0.0057 | 3.31 £0.0058 | 4.95 0.1212 12.12 33.13 2.02 1
3 1.54 £0.0127 | 299+ 0.0109 | 4.53 0.1109 11.09 34.00 1.94 sm
4 1.49 £ 0.0086 | 2.92 £0.0373 | 4.41 0.1080 10.80 33.79 1.96 sm
5 1.36 £ 0,0065 | 2.65 £ 0.0071 | 4.02 0.0984 09.84 3383 295 t
6 1,33 £0.0135 | 246 £0.0062 | 3.79 0.0928 09.28 35.09 1.85 sm
7 1.27 £0.0072 | 1,55 £0.0224 | 2.82 (.0890 08.90 45.03 1.22 m
8 0.97+£0.0088 | 1.66£0.0111 | 2.63 0.0644 05.44 36.88 1.71 sm
9 1.20 £ 0.0073 | 1.39+£0.0007 | 2.59 0.0634 006.34 46.33 116 m
X 2,14 £ 0.0638 | 3.85 1 0.0065 | 5.9 0.1467 14.67 35.37 1.80 sm
A 117 £ 0.00675 | ~~=--- 117 0.0278 02.78 | =mmmne J— ———

Total fength of the genome = 42.00 um;  2n= 20: Karyotyope =3 AA tt +4 AA S +2 AA m+ X Sm +y.
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Harmonia octomaculata (Fabricius) (Table 15, plate 12)

The analysis of the chromosome of this species revealed a diploid number of 16
unlike the typical number of the family Coccinellidae. The karyotypic analysis
showed that all the autosomes were metacentric and their arm ratios varied from

1.29 to 1.6. The mean total length of the AA measured 4.45 pum in highest and 2.99
un in lowest The percentage of relative length ranged from 13.5 to 9.1 as well as
their centromeric indices from 41.57 to 38.46. Like the other X chromosome also
measured highest in length which was 5.29 p m and y also too small to calculate
the arm ratio.lt was only 1.4 pun in length. The X exhibited sub-metacentric (sm.)

type as its value ol arm ratio was].89 (Table 15.and plate 12).

Micraspis discolor Fabricius(Table 16, plate 13)

It exhibited a consistent diploid number of 20. The karyotypic analysis revealed that
the autosomes were 6 pairs sub-imetacentric and rest 3 pairs are metacentric while ol
the sex chromosomes X was sub-metacentric and conspiciously large. The y
chromosome was, however, smallest of the complement and without distinct
centromere, measured only 0.9 wm and X measured 5.95 pm . The mean total
length of the autosomes varied from 5.29 wm to 1.96 pum (Table 16 and plate 13).
The relative length showed a range between 0.16 to 0.05. Arm ratio of the
inetacentric chromosome were between 1.44 to 1.69 and that of the sub- metacentric

were Detween [.74 to 2.28. The centromeric indices ranged within 41.12 to 31.76.

Micraspis yasumatsui Sasaji (Table 17, plate 14)

In this common lady bird beetle, the diploid set showed the typical chromosome
number 2n =20. Normal karyotypes included 2 pairs of Autosomes (AA) sub-
metacentric (sm) arm ratios of which are 1.93 & 1.87 and the rest 7 pairs of AA
metacentric type, and their arm ratios varied between 1.2 to 1.49. Of the sex

chromosome X is sub-metacentric and y is as usual minuten centromere of’
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Table 14 Mphometric data for the spermatogonial
chromosomes of Coccinella transversalis Fabricius
Chrom | Mean iénglhm. Mean 'I'englh" Total | Relative | Percent, Centromer "Arm | Centro
pair of shortarm | of long arm length | length | of RL ic index ralio | meric
s+ S.Epm [#S.E pm  |s+lpm | RL RL% Cl AR | type
i 1.72£0.0092 | 220+ 0.0253 | 3.92 0.1095 | 10.95 43,88 1.27 | m
2 L71£0.0082 | 2.16 +0.0231 | 3.87 0.1081 | 1081 44.19 1.26 | m
3 169 £0.0024 | 2.18£0.0167 | 3.87 0.1081 10.81 43.67 1.28 | m
4 1.65 £ 00076 | 2.05£0.0230 | 3.70 0.1033 10.33 44.59 124 |'m
5 158 :£0.0071 | 1.93+0.0079 | 3.51 0.0980 | 09.80 45.01 1.22 [ m
6 1.51 £0.0066 | 1.67 +0.0143 | 3.18 0.0888 | 08.88 47.48 1.10 | m
7 1.49 4 0.0067 | 1.57£0.0122 | 3.06 0.0855 | 08.55 48.69 1.05 | m
8 127400174 | 1.53+£0.0153 | 2.80 0.0782 | 07.82 45.36 1.20 | m
9 0.90 4+ 0.0158 | 1.1940.0093 | 2.09 0.0584 | 05.84 44.33 132 | m
X 2.18 10,0095 | 3.62+0.0157 | 5.80 0.1620 | 16.20 37.59 1.66 | m
v I R ST T e —— 1.60 00427 [ 0427 | emeemm [ e

Total length of the genome = 37.40 jum; 2n = 20, Karyotype: 9AA m-+X m+y.

Table 15  Morphometric data for the spermatogonial
chromosomes of Harmonia octomaculata (Fabricus)
Chrom | Mean length | Mean length Tolal Relative | Percent. Centromeric | Aim | Cenro
pair of shortarm | of long arm length length of RL index ratio | meric
stSE pm |1+SE pm s+ 1lum | RL RL% Cl AR | lype
[ 1.85+0.0074 | 2.60 £0.0076 | 4.45 0.1350 | 13.50 41.57 140 | m
2 1,78 £ 0.0062 | 2.55 £ 0.0057 | 4.33 0.1314 | (3.14 41,10 143 |m
3 170 £ 0.006 | 2.47 £0.0048 | 4.17 0.1266 12.66 40.76 1.45 | m
4 1.61 £ 00054 | 2.25+0.0045 | 3.86 01162 | 11.62 41.70 139 |m
5 1.45 £ 0.0048 | 1.88 £0.0056 | 3.33 o.1011 | 1011 43.54 1.29 [ m
6 .28 + 0.0055 | 1.85 4 0.0082 | 3.13 0.0950 | 09.50 40.89 1.45 | m
1.15£0.0065 | 1.84 £0.0053 | 2.99 0.0910 09.10 38.46 1.60 [ m
X 1.89 4+ 0.0056 | 3.40 £ 0.0064 | 5.29 0.1605 16.05 35.72 [.89 | sm
y 1.40 £ 0.0047 | cmmermmmm=mm=n 1.4 0.0425 0425 | ;eeee | ceeees

Total length of the genome = 32.95 un . : 2n = 16 { 7 AA +Xy) Karyolype =7 AA m + X sm +v.,










Table 16

Morphometric data for the spermatogonial

chromosomes of Micraspis discelor Fa bricius
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Chrom Mean length of | Mean fength | Total Relative | Percent. | Centro | Arm | Cenro
pair short arm oflongarm | lengih length of RL meric ralio | meric
$*S.E. um l£S.E.pm |s+1lpm | RL RL% index AR lype
CI
! 1.61 £ 0.0057 368+ 0.0102 | 5.29 0.144] 14.41 3176 2.28 t

2 158 £0.0076 | 282600182 | 430 | alt9s | 1195|3599 178 |sm

3 140 £0.0099 | 2.72£0.0137 | 4.21 01147 [ 1147 |3539 | [.82 |sm

4 1.37 £0.0105 2.53+£0.0045 1 3.90 0.1062 10.62 35.13 1.85 sm

5 1.32 £ 0.0070 1.89+ 0.0053 | 3.21 0.0874 08.74 41.12 .44 m

6 1.22 £ 0.0107 L97£0.0094 | 3.19 0.0869 08.06Y 38.24 1.71 sm

7 0.93+0.0118 1.57£0.0070 | 2.50 0.0681 00.81 37.20 1.69 sm

8 0.77 £0.0143 1.34+ 00152 | 2.11 0.0575 05.75 36,49 1.74 sm

9 (.65 £ 0.0086 L3i+0.0146 | 1.96 0.0539 05.39 33.16 2.10 t

X 2.10£0.0187 3.85£ 00086 } 5.95 '0. 1621 16.21 35.29 1.83 sm

A 0.91 £0.0084 | ~—mermemee 0.91 0.0247 0247 | | e

total loength of the genome = 36.71 pm.:2n = 20.; Karyolype =2 AA 1+ 6 AAsm + 1 AA+Xsm+y.

Table 17  Morphometric data for the spermatogonial
clhiromosomes of Micraspis yasumatsui Sasaji
Chrotn Mean length | Mean lenglh Total Relaliv | Percenl. | Centromer | Arm | Cenro
pair of shortarm | of long arm length e length | of RL ic index ralio | meric
st S.E pm 1ESE pm s+lum | RL RL% Cl AR type

| 1.62 £ 0.0042 | 3.14 £0.0187 | 4.76 0.1316 | 13.16 34.03 1.93 sm

2 160+ 0.0077 | 29942 0,0371 | 4.59 0.1369 12.69 34,46 1.87 sm

3 .55+ 0.0085 | 2,15 0.0267 | 3.70 0.1023 [ 1023 | 41.49 147 | m

4 1.46 £0.0172 | 2,17 £0.0145 | 3.63 0.1004 10,04 40.22 1.49 mn

5 1.42 £ 0.0164 | 1.99 £0.0261 | 3.41 0.0943 | 09.43 41,04 1.40 m

G 1.34 £ 0.0100 | 1.64 £0.0098 | 2.98 0.0824 | 08.24 44.97 1.22 m

7 1.24 £ 0.0076 | 1.56 £0.0134 | 2.80 0.0774 | 07.74 44.29 1.25 m

8 LI9£0.0079 | .51 £0.0272 | 2.70 0.0747 | 07.47 44.07 1.26 m

9 0.96 £ 0.0058 | 116 £0.0164 | 2.12 0.0671 06.71 45.28 1.20 m

X 196+ 0.0074 [ 3.51 £0.0226 | 547 | 01513 [ 1513 [ 3583 L79 | sm

v 1.21 £ 0.0065 | w=mmmmmmemmev 1.21 0.0335 | 03.35 | -memeeee |l —

Total loength of the genome = 36.16 pm

: 2n=20; Karyolype

=2 AAsm+ TAAM+ Xsm+y,
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- which was indistinct as well as the total length of it is only 1.2 um. The value of arm
ratio of X chromosome was 1.79. The largest X measured 5.47 um in length. The
quantitative characters of the AA showed a structural range of the of the mean total
length of the arms between 4.76 um (o 2.12 um (Table 17 & plate 14 ).The
refative length of the chromosomes had a range of 0.15 to 0.076 and the

centromeric indices ranged from 44.97 to 34.03.

Propylea quatuordecimpunctara Linneaus(Table 18, plate 15)

The diploid chromosome number assigned 1o this smaller species is 20 as revealed
by the majority of the chromosome piates. The karyolype was made by arranging
the chromosome in gradual series of length rather arbitrarily. The chromosome had
the following break up : of the aulosomes (AA) 4 pairs sm, 3 pairs m and the 2 pairs
t while of the sex chromosome X was also m énd y was without distinct centromere.
The morphometric data are appended in table 18 and karyotype in Plate 15. The
table showed the mean total length of the autosomes varied between 4.07 pm to
2.42 um while the sex chromosomes measured to be 5.1m, for X and [.00 wm for
y chromosome. The relative length ranged from 0.14. to 0.07 in the whole
complemenl. The arm ratio and the centromeric indices of the submetacentric
chromosome were between [.98 to 1.78 and 35.93 to 34.89 respectively. The
melacentric pairs amongst the autosomes had the centromeric indices 38.66 to 37.27
whose arm ratios were 1.68, 1.63 and 1.59 respeclively while those of the other two
telocentric pairs were centromeric indices 35.67 and 33.0 as well as the arm ratio 2.1
in both. X chromosome with the value of 1.55 for arm ratio 39.21 for centromeric

index was the largest of the whole complement and y like the other was the smallest.

* Apomycraspis quayumi Ali & Rahaman(Table 1S, plate 16)

Analysis of the chromosome preparation revealed a consistent diploid number of 20
chromosomes having no deviation from the 2n value. The karyotype analysis

confirmed that the steadily decreasing autosomes were 2 pairs metacentric, 4 pairs
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were sub-metacentric and 3 pairs were telocentric while of the sex chromosomes, X
was metacentric and y was so small that the presence of centromere was indistinct.
The mean length of each chromosome pair alongwith other morphometric data viz
relative length, arm ratio and centromeric index are given in table 19. and its
karyotypes are in the plate 16,

The autosome ranged in length from 4.75 pm to 245 pum As about the sex
chromosome the hemizygous condition was almost universal. The mean length of the
X chromosome was 5.35 pm  and that of the y chromosome was [.15 pm The
relative length ranged from 0.11to 0.06 in case of autosomes and it was 0.13 in X
chromnsome while 0.032 in y chromosome. The centromeric indices had a scries
between 42.05 to 31.11. The arm ratio of the chromosome pairs I- 4 were 1.89 to 1.92
which were truly sub-metacentric, Nos. 5-7 showed the AR value were 2.21 to 2.0!

which indicated telocentric type and the rest were metacentric.

Afidenta misera Mulsant (Table 20, plate 1Y)

The analysis of the chromosome of this species revealed a diploid number of 14 unlike
any ol other members of this family. The karyolype analysis exhibited the folliowing
break up: 3 pairs of AA metacentric with the arm ratio 1.64 {o 1.51 and the value of
centromeric indices were 39.73 (o 37.11. The rest 3 pairs of AA were sm with the arm
ratio 2.02 to 1.78 and the value of centromeric indices were 35.91 to 32.43. X was
also sm. with the AR 1.76 and the valuc of CI 36.23. Mcan {otal of the genome was
30.311um of which the mean total Tength of the individual chromosoine varied from
S41wm to 2.97 um excluding y chromosome which was smallest with only 0.98 wm
without distinct chromosome, RL value ranged from 0.18 to 0.10

( Table 20 and plate 17).

Epilachna septima Mulsant (Table 21, plate 18)

The normal diploid number was 20. The karyotype analysis had the following break

up: 4 pairs of AA sm, | pair tand 4 pairs m on the other hand of the sex chromosome









Table 18

Morphometric data for the spermatogonial

chromosomes of Propylea quatuordecimpunctata

o oope ... Linnacus [ —
Chrom | Meanlength | Meanlength | Total | Relative | Percent. | Centrome | Arm | Cenrom
pair of shortarm | of long arm length length of RL ric index | ratio | eric type

stSEum |[[£SE um s+tpm | RL RL% Cl AR

1 1.50 4 0.0065 | 2.3820.0162 | 3.88 01067 | 10.67 | 38.66 159 |m

2 142 £0,0073 | 2.655 0.0072 | 4.07 01119 1119 34.89 1.87 sim

3 1.35 £ 0.0153 | 2,48+ 0.0066 | 3.83 0.1053 10.53 35.25 1.83 sm

4 1.22 £ 0.0076 | 250+ 0.0074 | 3.72 0.1022 10.22 35.67 2.10 t

N L20£0.0075 | 2.02+ 0.0154 | 3.22 0.0885 | 08.85 37.27 .08 m

0 115 £0.0066 | 2.05£0.0077 | 3.20 0.0880 08.80 35.93 1.78 sm

7 LOOE0.0132 | 1.98+ 0.0068 | 2.98 0.0819 | 08.19 33.55 1.98 sin

8 (195 £ 0.008:4 | 2,004+ 0.0075 | 2,95 0.0811i 08.11 33.90 2.10 t

9 0.92 £0.0065 | 1.50£0.0073 | 2.42 0.0665 | 06.65 38.00 1.63 n

X 20000163 | 3.10£0.0057 | 5.10 0.1402 14,02 3.2t 1.55 m

Y OO £ 00074 | —ecsnmncnnes .00 0.0275 02,75 | =e-mmm | e o

Total length of the genome = 36.37 um

2n =20, Karyolype = 3AAmM+4 AAsm+2AA(+Xm+y.

Table 19  Morphometric data for the spermatogonial chromosomes
of Apomicraspis quayumi Ali & Rahaman

Total length of the genome = 41.85 um :

Clirom | Mcan lenpth Mean length | Total Relative | percent of | Cenfromeric | Arm Cenlr
pair of short arm of long arm length length RL index ratio meric
s+ S.E. pum i+ S.E. pm s+1 m RL RL% Cl AR type

1 .64 1 0.0067 3.11£0.0065 { 475 0.1135 11.35 33.68 1.90 sni

2 1.55 £0.0071 2941 0.0066 | 4.49 0.1072 10,72 34.52 190 sm

3 1.52 £ 0.0054 288 10.0125 | 4.40 0.1051 10.51 34.54 1.89 si

4 1.45 £ 0.0073 2.79 £0.0054 | 4.24 0.1013 10.13 349 1.92 sm

5 1.39 £ 0.0082 2.80+£0.0072 | 4.19 0.1001 10.01 33.17 2.01 {

6 [.28 £ 0.005] 2.75£0,0055 | 4.03 0.0963 09.63 3L 2.14 L

7 117 £ 0.0066 2.59 £ 0.0064 | 3.76 0.0898 08.98 30 2.21 t

8 1.15 20,0154 1.88 £ 0.0067 | 3.03 0.0724 07.24 37.95 1.63 m

9 0.93 £0.0]132 1.52 £ 0.0073 245 0.0585 05.85 37.96 1.63 m

X 2.25 20.0095 310£00125 | 5.35 0.1278 12.78 42,05 1.38 m

¥ 1.15 £0.0073 eemn 115 0.0274 02,74 R .

Ton= 2(3Kan(;t)pe =dAAsm+3AA L+ 2 AA m+ Xm+y.
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X was also metacentric and y was the smallest without distinct centromere. The mean
total length of the individual chromosome varied from 5.1 wm to 0.95 pm of which
highest was for the X and lowest for the y. Autosome were in between 4.5 pm to
2.01 pm. The relative length ranged from 0.13. to 0.05. The arm ratio ol the
metacentric chromosomes had a drift between 1.65 to 1.28 whose centromeric indices
ranged between 43.78 (o 37.7. These measurements in case of submetacentric
chromosomes were 1.82 to 1.77 and 36.56 10 35.35 respectively and in telocentric one
it was 2.00 and 33.33 respectively. The total length of the genome was 38.37 pm
(Table 21). Plate 19 showed the karyotype.

Epilachna pusillanima (Mulsant) (Table 22, plate 19)

In this species 2n =16. The karyotype analysis exhibited 5 pairs of AA sm arm ratio of
which were in between 1.81 to 1.72 and the centromeric indices were ranged from
36.62 10 35.51. Rest of the AA as well as the X chromosome were metacentric type
and the arm ratio of those were in between 1.7 to 1.4 The Cl of the metacentric
chromosomes ranged from 41.54 to 36.11. The relative length varied from 0.18 (o
0.09 . The total length of the genome was 33.59um of which AA measured 4.59 um .
10 3.24 pm and the X was 5.97 um while The y was too small with only 0.98um in
length. In the y centromere was indistinct. All the records have showed in the Table

22 and plate 19.

Epilachna vigintioctopunctata (Fabricius) (Table 23, plate 20)

In this species of the lady beetles under the sub family Epilachninae, the diploid set
showed very little deviation from the typical 2n= 20 Norinal Karyotypes included 6
pairs of AA m 2 paires Sm and of the sex chromosome X was also m while y was too

small with indistinct centromere. The quantitative characters showed a structural
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Table 20 Morphometric data for the spermatogonial
chromosomes of Afidenta misera Mulsant
Chrom | Mean length | Mean length | Total Relative | Percent. | Centromer | Arm | Cenro
pair of shortarm | of long arm length {ength ol RL ic index ralio | meric
SESEpm [I1£SE pm |s+lum|RL RL% Cl AR tvpe
1 1.68 + 0.0090 | 3.50 + 0.0085 | 5.13 01710 17.10 3243 2.08 {
2 1.55 £ 0.0063 | 2.86 £ 0.0052 | 4.41 0.1455 14.55 35.14 1.84 sm
3 149 +£0.0062 | 2.45 £0.0043 | 3.94 0.1300 13.00 37.82 1.64 m
4 141 £0.0045 | 2.39 3 0.0051 | 3.80 0.1254 12.54 3nil 1.69 m
5 1.30 4 0.0066 | 2.32 4 0.0052 | 3.62 01194 11.94 3591 1.78 sim
6 L18 4+ 0.0050 | 1.79 4+ 0.0058 | 2.97 0.0980 | 09.80 39.73 1.51 nt
X 1.96 £ 0,0074 | 3.45 £ 0.0063 | 5.41 0.1800 18.00 36.23 1.76 sm
y 0.98 + 3.0080 | ~--—- 0.98 0.0323 03.23 mmmemn — -

Total lengih ol ithe genome = 30.31 um

S
Zu=14; Kanvotype = | AAL+2AAM+2AA M+ Xmty,

Table 21 Morphometric data for the spermatogonial
chromosomes of Epilaclina septima Mulsant
Chrom | Mean length | Mean length | Total Relative | Percent. | Centromeric | Arm | Cenro
pair ol short arm | of long arm length length of RL index ratio | meric
stSEwn [1£SEpm |s+lum|RL RL% Cl AR tvpe

I l.61 % 2.89% 4.50 0.1173 11.73 35.77 1.79 sin

2 .52+ 2.78+ 430 [odizl {1121 {3535 182 |'sm

3 .40+ 281 4.20 0.1095 10.95 33.33 2.00 t

4 1.47+ 2.55:+ 4.02 0.1048 10.48 36.56 [.73 sm

5 1.35¢ 239+ 3.74 0.0975 09.75 36.10 1.77 sm

6 132+ 1.98 3.30 0.0860 | 08.60 | 40.00 150 {m

7 [.25+ 1.95+ 3.20 0.0834 08.34 39.06 1.56 m

3 st L90% 305 {00795 [ 0795 (37707 | T65 | m

9 0.88:& 1134 2.0 0.0521 05.21 43.78 1.28 m

X 2,00+ 3.10+ 5.10 0.1329 13.29 39.21 1.55 m

Y 095+ [ == 0.95 0.0247 0247 | ~mememe -

Total length of the genome = 38.37 pm: 2n =20 Karyolype =4 AAsm+4AAM+ L AA L+ X m+ V.
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range of the mean total length of the arms between 6.2pm to 1.95 pm of which X
was largest, y was only 1.5 um in length, (Table 23 and Plate 20). The refative length
of the chromosome ranged between 0.12 to 0.04. Arm ratio of the metacentric
chromosomes were varied from 1.51 to 1.07 sub-melacentric ones were from 1.96 to

1.79. The centromeric indices ranged from 48.28 to 33.73.









Table 22 Morphometric data for the spermatogonial
chromosomes of Epitachna pusillanima
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Karyotype = SAAsm+2 AAm+Xm+y.

(Mulsant)
Chrom | Mean length | Mean length™ | Total Relative | Percent. | Centromeric | Arm | Cenro
pair ofshortarm | oflongarm | length | length | ofRL | index ralio | meric
s+ S.E um 1+ S.E. pum s+ipm | RL RL% Cl AR type

1 1.63 £ 0.0082 | 2.96 + 0.0085 | 4.59 0.1366 13.66 35.51 1.81 sm

2 1.52 £ 0.0143 | 2.65 + 0.0073 | 4.18 0.1244 12.44 36.36 1.74 s

3 1.45 £ 0.0631 | 2.50 +0.0084 | 3.96 0.1179 11.79 36.62 1.72 | sm
4 138200078 [ 249 £ 0.0167 | 387 (01152 | 1152|3565 180 |'sm

5 1.30 £0.0092 | 2,15 £0.0145 | 3.45 0.1027 10.27 37.08 1.65 m
6 | 1.24£00065 | 211 £0.0593 | 335 | 00997 | 0997 3702 |70 |m

7 1.17£0.0153 | 2,10 £ 0.0125 | 3.24 0.()‘)65 09.65 36.11 1.79 | sm
X | 248100059 | 349 40,0098 | 597 | 01777 | 1777 41547 [ 140 [m

¥ 0.98 £0.0142 |7 0.98 0.0292 02.92 —mm——— e -

~ Total length of the genome =33.59um  : 2n=16 -

Table 23 Morphometric data for the spermatogonial
chromosomes of Epilachna vigintioctopunctata (Fabricius)
Chrom | Mean length | Mean length | Total Relalive | Percenl. | Centromeric | Arm Cenro
pair of short arm of long arm lenpth length of RL index ratio meric
s+ S.E. um 1+ S.E um s+lum | RL RL% Ci AR lype
I 1.624:0.0063 | 2,44 £ 0.0062 | 4.06 0.123] 1231 39.90 1.51 m
2 1.60 £ 0.0076 | 242 £0.0097 | 4.02 01219 12.19 39.98 .51 m
3 1.45+0.0059 | 2.15 £ 0.0077 | 3.60 0.1092 10.92 40.28 1.48 m
4 [.14 £0.0116 | 2.24 £0.0095 | 3.38 0.1025 10.25 33.73 1.96 sm
5 1.11 £ 0.0042 | 1.99 £0.0074 | 3.10 0.0940 09.40 35.81 1.79 sm
6 1.26 £ 0.0050 | 1.44 £ 0.0065 | 2.70 0.0819 [ 0819 [46.67 LM |m
7 1.17 £ 0.0087 { 1.30 £0.0125 | 2.47 0.0750 | 07.50 47.37 L11 m
8 0.94 +0.0052 | 1.01 £0.0154 | 1.95 0.0590 | 05.90 48.28 1.07 m |
X 2.49 £0.0075 | 3.70 £ 0.0087 | 6.20 0.1880 18.80 40,16 1.49 m
y 1.50 + 0.0082 | - 1.50 0.0450 | 04.50 | seemmn | aeid ——

Total length of the genome =32.98 pum: 2n = 18; Karyotype =2 AAsm+6 AAm+Xm+y,
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Amino acids in some species of the Coccinellidae
The present investigation also deals with the findings of qualitative analysis of amnino
acids in favor of cytogetical study of the Coccinellidae. Experimental samples were

collected [rom the body extracts of adult lady beetles at starvation condition.

The samples were hydrolyzed by treating with both acidic and alkaline media. During
acid hydrolysis a number of amino acids, especially tryptophan and to a lesser extent
serine and threonine are destroyed by prolonged treatment. Alkaline hydrolysis
results in the partial or complete destruction of arginine, cystine, serine and threoine;
it also causes recemization of remaining amino acid ( Clark 1963 ). For this reasons

both acid and alkaline hydrolyses were used in the investigation.

The solvent systems used was n-Butanol : acitic acid : water in the ratio 12 :3: 5.
Standard amino acids were run side by side on the TLC plate. The suspected amino
acids from the experimental extracts of twelve species of the family Coccineilidae
were co- chromatographed with the standard 20 amino acids. The same experiment
was done twice. In one, chromatograms were developed in lodine chamber and next
with spraying the ninhydrin solution. Different numbers of spots appeared on the
unidimensional plate and the result was calculated 1o compare the Rf values of
unknown samples with the Rf valucs of standard amino acids. From the total findings
mean result of each species are tabuiated in the respected tables and photographs are

shown in the plates.



Table 24 Rf values of the compounds present
llleis indica Timberl with standard amino acids

52

Standard Rf values Rfvalues of | Rfvalues of | Relative "Amino acids |
aminoacids | obtained in | unknown unknown intensities | detected
standard compounds | compounds in | of the
amino in acid alkaline colour
acids hydrolysaye | hydrolysate | produced
Alanine 0.53 0.55 0.52 ++, ++ alanine
Arginine 0.60
Aspargine | 0.40 0.41 0.40 +, + Aspargine
Asparlic 0.37 0.38 +4-, aspartic acid
acid 0.09
Cystein 0.24 0.23 ++ | glycine
Glycin 0.49
Glutamic 0.19
acid
Glutamin 0.20
Histidine 0.59
Iso-leucine | 0.60
Leucine 0.30
Lysine 0..63 0.62 ++ lysine
Methionine | 0.44 0.44 029 + Methionine
Prolin 0.75 0.73 0.74 + proline
Phenyl- 0.20 ++,  -++ | Phenyl-
alanine alanine
Serine +
Threonine 0.40
Tryptophan | 0.72
Tyrosine 0.49 0.48 + tyrosine
Valine 0.65 0.66 + valine
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Amino acids in Illeis indica Timberlake (Table 24, plate 21)

There seven spols were appeared on the TLC plate {rom each of the treatment of
ninhydrin as well as iodine reacting compounds in the acid hydrolysate. The Mean Rf
values of those 7 spots calculated were 0.55, 0.41 ,0.38, 0.62, 0.44, 0.73, & 0.48
which resembled with the Rf values of the standard amino acids alanine (0.53),
aspargine (0.40), aspartic acid (0.37), methionine (0.63), proline (0.44), phenyl-
alanine (0.75) and tyrosine (0.49) respectively. On the other hand as the same way,
mean Rl values 0.52, 0.40, 0.23, 0.29, 0.74, 0.66 were calculated {rom the spots
appeared in the alkaline hydrolysate correspond with the Rf values of the standard
amino acids alanine (0.53), aspargine (0.40), glysine (0.24), lysine (0.30), phenyl-
alanine (0.75) and valine (0.66) respectively. The result showed total 13 Rf values
from the experimental sample of which 3 were common in both hydrolysate , as for
collectively 10 values indicated 10 amino acids alanine, aspargine, aspartic acid,
glycine, lysine, methionine, proline, phenyl-alanine, tyrosine and valine present in
Illeis indica Timberlake. Respective list of the chromatograms have been shown in the
Table (24) and the photograph in the (Plate 218) .

All the next results also followed the same procedure of calculations.

Amino acids in Psyllobora bisoctonotata (Mulsant)

(Table 25, plate 21D

A total number of 11 spots were appeared froimn the analysate which indicated the 09
amino acids as 2 were common in both the hydrolysate. Mean R{ values of the 7 spots
in acid hydrolysate 0.48, 0.31, 0.39, 0.62, 0.64, 0.57were nearest to the Rf values of
the standard amino acids alanine (0.48), aspargine (0.30), aspartic acid (0.40),
methionine (0.60), phenyl-alanine (0.65) and valine (0.58). Similarly those of the 5
spots in alkaline solution were 0.49, 0.33, 0.35, 0.60, 0.45 resembied with the Rf
values of the standard amino acids alanine(0.48), glycine (0.34), lysine (0.35),
methionine (0.60) and proline (0.45). As a result 9 amino acids- alanine , aspargine,
aspartic acid, glycine, lysine, methionine, proline, phenyl-alanine & proline were
found in the described species which have been shown in the table (25) and

photograph is in the plate- 21C .



Table 25 Rf values of the compounds present in
the Psyllobora bisoctonotata (Mulsant)
with standard amino acids
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‘Standard Rfvalues | Rfvalues of | Rf values of | Relative | Aminoacids
aminoacids obtained in | unknown unknown intensities | detected
standard compounds | compounds in | of the
amino in acid alkaline colour
acids hydrolysaye | hydrolysate produced
Alanine 0.48 0.48 0.49 ++, A+ Alaniine
Arginine 0.22
Aspargine 0.30 0.31 + Aspargine
Aspartic acid | 0.40 0.39 ++ aspartic acid
Cyslein 0.19
Glycine 0.34 033 -+ glycine
Glutamic 0.55
acid
Glutamin 0.15
Histidine 0.20
Iso-leucine 0.57 0.57 0.60 o, Iso-leucine
Leucine 054 +
Lysine 0.35 0.33 + lysin
Methionine 0..60 0.62 ++ [ Methionine
Prolin 0.45 0.45 proline
Phenyl- 0.65 0'69 4+ Phenyl-
alanine alanine
Serine 0.22
Threonine 043
Tryptophan 0.70
Tyrosine 0.38
Valine 0.58 0.58 valine
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Amino acids in Cheilomenes sexnmculafa (Fabricius) -
(Table 26, plate 21)

In this species also the 9 amino acids -

2

alanine, cystein, glysine, glutamic acid,
isoleucine, leucine, lysine, proline, tyrosine were found by the compare with Rf
values of ninhydrin or iodine reacting compounds of the mean R values of the three
spots observed [rom the experimental sample with those of the standard amino acids
alanine, glutamic acid and lysine were common in both the acid and alkaline
hydrolysate. The result was inferred on the values of 6 spots in acid hydrolysate and
other 6 spots in alkaline hydrolysate. Details have been shown in the table 26 and

photographs in the plate 21D,

Amino acids in Coccinella septempunctata Linnaeus
(Table 27, plate 21)

The mean values of total number of 12spots appeared on the unidimensional TLC
plate of which six were in the acid hydrelysis and another six were for the alkaline
hydrolysis. A list of the chromatograms have been shown in the table . 27. The
photograph of a developed plate was shown in the plate 2 IR [ values of histidine
0.24, aspartic acid 0.40, proline 0.58, glutamic acid 0.91,leucine 0.25, glysine
0.35,.alanine 0.75, phenyl alanine 0.55, lysine 0.75 , valine 0.87 and tyrosine 0.80
corresponds with the Rf values of unknown compounds 0.23, 0.4, 0.58, ,0.75,
0.86, and 0.9 of acid hydrolysis and also correspond with the Rf values of akaline
hydrotysate 0.25, 0.33, 0.52, 0.77 0.8, and 0.88 respectively which indicates the
presence ofhistidine, aspartic acid, proline, glutamic acid, leucine, alanine, glysine,

phenyl alanine, lysine, valine atyrosine in  C. sepEmpunciata Linn,

Amino acids in Coccinella tranasversalis Fabricius
(Table 28, plate 22)

During the treatment of acid hydrolysate, the mean R values calculated {rom the spots

appeared on the TLC plate were 0.18, 035, 0.39, , 045,048, 057 & 0.76






Table 26 Rf values of the compounds pl;esent

Cheilomenes sexmaculata(Fabricius)
with standard amino acids
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'Standard Rf values Rf values of | Rf values of Relative | Aminoacids
aminoacids obtained in | unknown unknown intensities | detected
standard compounds | compounds in | of  the
amino in acid | alkaline colour
acids hydrolysaye | hydrolysate produced
Alanine 0.45 045 044 +4- ++ “alanine
Arginine 0.25
Aspargine 0.33
Aspartic acid | 0.40
Cystein 0.19 0.20 + cystein
Glycin 0.30 0.30 ++ | glycine
Glutamic 0.55 0.55 -+ glutamic acid
acid
Glutamin 0.17
Histidine 0.25
Iso-leucine 0.50 0.50 + iso leucine
Leucine 0.62 0.60 4+
Lysine 0.35 0.35 ++
Methionine 0..60
Prolin 0.40 0.40 leucine
Pheuyl- 0.65 ++ lysine
alaniue
Serine 0.23 proline
Threonine 0.44
Tryptophan 0.66 +
Tyrosine 0.38 0.37
Valine 0.57 lyrosine




Table 27 Rf values of the compounds present
C?ccmella septempunctata Linnaeus
with standard amino acids
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“Standard Rf values Rf values of | Rf values of Relaﬁ%ﬂj\miﬂo
aminoacids obtained in | unknown unknown intensities | acids
standard compounds in | compounds in of the detected
amino acid alkaline colour
acids hydrolysaye hydrolysate produced
Alanine 0.75 0.77 ++ alanine
Arginine 0.51
Aspargine 0.30
Aspartic acid { 0.39 0.4 ++ aspartic
Cystein 0.14 acid
Glycin 0.35 033 ++ | glycine
Glutamicacid | 0.91 0.9 ++ glutamic
Glutamin 0.12 acid
Histidine 0.24 0.23 0.25 +, + histidine
Iso-leucine 0.12
Leucine 0.45 0.44 -+ leucine
Lysine 0.75 0.75 - lysine
Methionine 0.31
Prolin 0.58 0.58 + proline
Phelyn- 0.55 0.52 Pl
alanine phenyl-
Serine 0.13 alanine
Threonine 0.35
Tryptophan 0.20 0.8 + tyrpsine
Tyrosine 0.80 0.86 0.88 +, o+ valine
Valine 0.87
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similar 1o the R[ values of standard amino acids lysine (0.18), aspartic acid (0.35),
arginine (0.40), alanine (0.45), prolinc (0.48), tyrosine (0.59) & phenylalanine (0.77)
respectively. On the otherhand another five spots appeared on the plate, mean RE
values of which were 033, 0.45, 0.52, 0.63 & 0.72 showed the value nearer to Rf
values of standard amino acids glysine (0.34), alanine (0.45), glutamic acid (0.50),
valine (0.65) & leucine (0.73) respectively. So, the presence of the total eleven amino
acids lysine, aspartic acid, arginine, alanine, proline, tyrosine, phenylalanine, glysine,
'glulamic acid, valine and leucine can be inferred in this species. The details have been

shown in the table. 28 and photograph is in the Plate 22.A .

Amino acids in Harmonia octomaculata (Fabricus)
(Table 29, plate 22)

Harmonia octomaculata (Fabricus), the species under the same tribe coccinellinii of
the above described two species showed the presence of 10 amino acids alanine,
aspartic acid, glycine, glutamic acid, histidine, lysine, proline, phenyl-alanine,
threonine and tryptophan , Rf values of which were 0.52, 0.53, 0.58, 0.25 ,0.47, 0.50,
0.55,0.52,0.35 & 0.38 correspond with the mean Rf values of 8 compounds in acid
hydrolysate — 0.50, 0.35, 0.57, 0.25, 0.47, 0.50, 0.55 and 0.51 as well as the 6
compounds in the alkaline ones — 0.52, 0.34, 0.23, 0.52, 0.35 & 0.38 which have

been shown in the table 29 and the photograph is in the plate 228,

Amino acids in Micraspis discolor (Fabricius)(Table 30, plate 22)

Under the same tribe coccinellinii, in this species also 10 amino acids found

compare with the Rl values of spots appeared on the TLC plate in the standard amino

acids. Mean Rf values of 2 spots in each sample were common. Rf values of the
unknown compounds showed the similarities to the RF values of the standard amino
acids alanine, aspartic acid, glycine, glutamic acid, histidine, lysine, proline,
threonine, tyrosine & valine. So their presence in this species can be inferred. List of

the chromatograms in the table. 30 related photograph plate 22 ¢,



Table 28 Rf values of the compounds present in the
Coccinella transversalis Fabricius with standard
amino acids
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“Standard | Rf values RT values of RE values of “Relative | Amino
aminoacids obtained in unknown unknown intensities acids
standard amino | compounds in compounds in of the colour | detected
acids acid alkaline hydrolysate | produced
hydrolysaye

Alanine 0.45 0.45 045 ++ alanine
Arginine 0.40 0.39 + arginine
Aspargine 0.37
' Aspartic acid 0.35 0.35 0.34 ++, -+ asparlic
Cyslein 0.09 acid
Glycin 0.30 030 +4 glycine
Glutamic acid | 0.50 50 0.52 ++, ++ glutamic
Glulamin 0.15 acid
Histidine 0.26

Iso-leucine 0.79 isoleucine
Leucine 0.73

Lysine 0.20 0.20 + lysine
Methiomne 0..51

Prolin 0.48 0.46 ++ proline
Phelyn-alanine | 0.75 0.75 ++ EJI;?:]L
Serine 0.23

Threonine 0.45

Tryplophan 0.30

Tyrosine 0.59 0.58 ++ tyrosine
Valine 0.65 0.63 + valine
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Table 29 Rf values of the compounds present in
Harmonia octomaculata (Fabricus)
with standard amino acids
Standard Rf values RI values of Rf values of Relative Aminoacids
amtnoacids oblained in unknown unknown intensities detected
standard amine | compounds in compounds in of the colour
acids actd alkaline produced
hydrolysaye hydrolysate
Alanine 0.52 0.50 0.52 ++ alanine
Arpinine 0.33
Aspargine 0.41
Asparlic acid 0.35 0,35 0.34 + aspariic acid
Cyslein 0.19 ++ glycine
Glycin 0.58 0.57
Glulamic acid | 0.25 0.25 0.23 + glulamic
Glulamin 0.20 acid
Hislidine 0.47 0.47 + histidine
Iso-leucine 0.64
Leucine 0.60
Lysine 0..50 0.50 ++
Methionine 0.45 lysine
Prolin 0.55 0.55 ++ proline
Phenyl-alanine (.52 0.51 0.52 ++ ++ Phenyl-
Serine (.40 alanine
Threonine 0.35 0.35 + threonine
Tryplophan .38 0.38 + iryplophan
Tyrosine 0.58
Valine 0.18
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Amino acids in Micraspis Yasumatsui Sasaji (Table 31, plate 22)

When the acid hydrolysate was co-chromatographed with standard amino acids the
mean Rf values calculated were 0.42,0.39, 0.35, 0.49, 0.55, 0.69, 0.25 similar to the
Rf values of the amino acids alanine (0.43), aspartic acid (0.40), glycine (0.34),
glutamic acid (0.50), lysine (0.55),phenyl-alanine (0.69) & serine (0.25) . Another 6
spots were appeared in the alkaline hydrolysate , Rf values of which were 0.29, 0.40,
0.33, 0.50, 0.53, 0.45 correspond with the Rf values of some standard amino acids
arginine (0.29), aspartic acid (0.40), glycine (0.34), glutamic acid (0.50), lysine (0.55)
& proline (0.45) respectively. Of the total numbers of valucs 4 values in cach
hydrolysate indicated the same 4 amino acids . So the 9 amino acids — altnines,

arginine, asparlic acid, glycine, glutamic acid, iysin, proline, phenyle-alanine and
serine can be inffered as the amino acids present in Micraspis yosumatsui Sasaji

Details result have been shown in the table 31 and the photograph is in the plate 22.D

Amino acids in Afidenta misera Mulsant) (Table 32, plate 23)

This species under the sub family Epilachninae showed the presence of 9 amino acids
alanine, arginine, glycine, leucine, lysine, proline, phenyl-alanine, serine & valine ; Rf
values of which 0.53, 0.38, 0.22, 0.68, 0.40, 0.46, 0.77,0.32, 0.65 were
correspond with the mean Rf values 0.53, 0.37, 0.40, 0.45, 0.77, 0.30, 0.65 in acid
hydrolysate and those of the 0.52, 0.38, 0.22, 0.68, & 0.75 in alkaline hydrolysate.

A list of the chromatograms have been shown in the table (32) and photograph in the

‘plate (2302)

Amino acids in Epilachna septima Dieke (Table 32, plate 22)

A total number of 11 spots of ninhydrin as well as iodine reacting compounds in both

acid and alkaline samples showed the presence of 8 amino acids as three spots in each




Table 30

Rf values of the compounds present in the

ladybird beetleMicraspis discolor (Fabricius)
with standard amino acids
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Smlndard. Rf values | RE values of RT valucs of l Relative

amineicids oblained in unknown unknown inlensitics
'sf.a(;tdnrd amino compounds in compounds in of the colour

y\— ;‘.-‘;55 (;li];] hydrolvsaye gl!;:;linc hiydrolysate E:{_}duccd

Arginine 0.61 h

Aspargine 0.37

Aspartic acid 0.35 0.35 0.33 ++

Cystein 0.29

Giycin 0.34 ++

Glutamic acid | 0.40 0.41 0.40

Glulamin s +

Histidine 0.27

Iso-leucine 0.69 0.25 +

Leucine 0.73

Lysine 0.20

Mecthionine 0.6]1 0.19 -+

Prolin 0.48 0.47

Phenyvl-atanine | 0.77 +

Scrinc 0.23

Threonine 0.44 0.44 +

Tryptophan .80

Tyrosine 0.59 0.60 ++

Valine 0.75 0.76 +

Amino
acids
detecied

alaninc

aspartic
acid

glycine

glutamic
acid
histidine
lysine

proline

tireonine

tyrosine

valine







Table 31 Rf.values of the compounds present in
Micraspis yasumatsui sasaji with standard amino acids

| Standard

T
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. . Rf values Rf values of Rf values of Relative Amino

aminoacids | obtained in unknown compounds in | intensities acids
standard amino | compoundsin | alkaline of the colour | detected
acids acid bydrolysate produced
hydrolysate

Alanine 0.43 0.42 ++ alanine
Arginine 0.29 0.29 + arginine
Aspargine | 0.20
Aspartic 0.40 0.39 0.40 4 aspartic acid
acid
Cystein 0.15
Glycin 0.34 0.33 ++ glycine
Glutamic 0.50 0.49 0.50 ++ glutamic
acid : acid
Glutamin 0.21
Histidine 0.57
Iso-leucine | 0.65
Leucine 0.60 7
Lysine 0.55 0.55 ++ lysine
Methionine | 0.67
Prolin 0.45 — 0.45 + prolin
Phenyl- 0.70 0.69 ++ phenyl-
alanine alanine
Serine 0.25 0.25 + serine
Threonine | 0.33
Tryptophan | 0.38
Tyrosine 0.58
Valine 0.64
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media indicated thecommon values. Amino acids alanine, arginine, glycine, leucine,
lysine, phenyi-alanine, serine and valine were found in ihe present species of the
Epilachninae . Details result havebeen shown in the table 33-and photograph in the
plate 238

Amino acids in Epilachna pusillanima Mulsant)
(Table 34, plate 23)

Eight spots in acidic extract and seven in alkaline ones of this species under the above
described sub family indicated the presence of total 10 amino acids alanine, arginine,
glycine, ,leucine, lysine, methionine, proline, phenyl-alanine, serine & tryptophan; Rf
values of which were resembled with those of the unknown compounds. Table 34
shows the total list of chromatogramms where Rf values of alanine (0.55), lysine (0.25),
proline (0.50), serine(0.70) & tryptophan (0.73) resemble the Rf values of unknown

compounds in both of acidic and alkaline media. Photograph have in the plate. (23¢2)

Amino acids in Epilachna vigintioctopunctata Fabricius)
(Table 35, plate 23)

Same numbers amino acids like above ones found in this species of the same sub
family Epilachninae. In acid hydrolysate seven spots developed on the TLC plate, Rf
values of which 0.48, 0.35, 0.62, 0.70, 0.64, 0.20 \vére resembled with the Rf values
of standard amino acids alanine (0.48), glycine (0.36),), leucine (0.62), methionine
(0.70), phenyl-alanine (0.65) and serine (0.22) respectively. Another six spols were
Another six spots were appeared in alkaline hydrlysate , R{ values of which were 0.49,
0.55, 0.33, 0.69, 0.45, 0.60 similarly resembled the standard amino acids alanine,
arginine (0.55), lysine (0.35), methionine, proline(0.45) and tryptophan (0.60)
respectively. A list of the chromatograms have been shown in the table (35) &

photograph in the plate (23])»



Table 32

Rf values of the compounds present in
Afidenta misera Mulsant
with standard amino acids

65 .

Standard | Rf values Rfvalues of | Rf values of Relative | Amino
aminoacids | obtained in unknown unknown intensities | acid
standard compounds in | compoundsin | of the detected
amino acid alkaline colour
acids hydrolysaye hydrolysate produced
Alanine 0.53 0.53 0.52 A+ alanine
Arginine 0.38 0.37 0.38 + arginine
Aspargine | 0.25
Aspartic 0.34
acid
Cystein 0.20
Glycin 0.22 0.22 ++ glycine
Glutamic 0.49
acid
Glutamin 0.15
Histidine 0.26
Iso-leucine | 0.70
Leucine 0.68 0.068 + leucine
Lysine 0.40 0.40 ++ lysine
Methionine | 0..60
Prolin 0.46 0.45 proline
Phenyl- 0.77 0.77 0.75 + Phenyl-
alanine ++ alanine
Serine 0.32 0.30 + serine
Threonine | 0.43
Tryptophan | 0.70
Tyrosine | 0.58 + valine
Valine 0.65 0.65
L




Table 33

Epilachna septima Dieke
with standard amino acids

Rf values of the compounds present in

60

Standard RI values Rf values of Rf values of Relative Aminoacids
aminoacids obtained in unknown unknown intensities detected
standard amino | compounds in compounds in of the colour
acids acid hydrolysaye alkaline produced
hydrolysate

_ Alanine 0.53 0.52 0.51 ++ alanine
Arginine 0.38 0.38 + arginine
Aspargine 0.15

Aspartic acid | 0.35

Cystein 0.11

Glycin 0.24 0.25 0.23 ++ glycine
Glutamic acid | (.40 +

gulamin 0.28

Histidine 0.28 0.75

Iso-leucine 0.73 0.35

Leucine 0.74 ++ leucine
Lysine 0.35 lysine
Methionine 0..60 .78

Prolin 0.48 ++ Phenyl-
Phenyl-alanine | 0.77 ++ alanine
Serine 0.34 0.33 serine
Threonine 0.43

Tryptophan 0.66 0.60

Tyrosine 0.50

Valine 0.62 0.61 + valine




Table 34 Rf values of the compounds present in
Epilachna pusillanima Mulsant

with standard amino acids
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“Standard Rl values | Rf values of R( values of Relative Aminoacids

aminoacids oblained unknown unknown intensities detected ¢

n compounds in compounds in of the colour

standard | acid alkaline produced

anunRo hydrolysaye hydrolysate

acids
Alanine 0.55 0.55 0.56 ++ alanine

. Arginine 0.25 + arginine

Aspargine 0.33
Aspartic acid 0.45
Cystein 0.18
Glycin 0.49 0.48 ++ plycine
Glulamic  acid | 0.60
Glulamin 0.32
Histidine 0.38 0.57
Iso-leucine 0.58 0.65 0.23 ++ Iso-leucine
Leucine 0.65 0.70 + Leucine
Lysine 0.25 0.25 0.54 + lysine
Methionine 0.55 0.73 0.51 ++ Methionine
Prolin 0.50 0.50 ++ proline
Phenyl-alanine 0.63 0.62 ++ Phenyl-alanine
Serine 0.70 0.69 ++ serine
Threonine 0.23 +
Tryplophan 0.73 0.72 + Tryptophan
Tyrosine 0.40
Valine 0.35

M e

o

R g

i
j.
1.
;,‘
!
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Table 35 Rf values of the compounds present in
Epilachna vigintioctopunctata Fabricus
with standard amino acids
“Standard Rfvalues | Rf values of | Rf values of | Relative Aminoacids
aminoacids obtained | unknown | unknown intensities | detected
in compounds | compounds | of the
standard | in acid in colour
amino hydrolysaye | alkaline produced
acids hydrolysate
" Alanine 0.48 0.48 0.49 +, ++ alanine
Arginine 0.55 0.55 + | arginine
Aspargine 0.30
Aspartic acid 0.40
Cystein 0.22 0.35 0.33 4+ glycine
Glycin 0.16
Glutamic acid | 0.36
Glutamin 0.19
Histidine 0.21
Iso-leucine 0.27 +, + leucine
Leucine 0.62 0.62 0.69
Lysine 0.87 0.45 ++ lysine
Methionine 0.62 0.70 4+ methionine
Prolin 0.45 -+ proline
Phenyl-alanine | 0.70 0.64 =t Phenyl-
Serine 0.22 0.20 alanine
Threonine 0.65 ++ serine
Tryptophan 0.60 0.60 + tryptophan
Tyrosine 0.22
Valine 0.38
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Discussion

In 1931 Lewitsky published two important papers, one dealing with karyo
systesmatics and the other, as was termed as idiogrzims to represent the length,
centromeric positions and secondary constrictions of the chromomosomes in a wide
range of species. At that time idiogranm had become an important datum for
chromosomal studies. Later the idiogram idea was extended to the karyotype concept.
Karyotype is still taken to indicate a syslematic array of chromosomes of mitotic or
meiotic cell involving number, form, size, and other features that may typifly the cell
complement of an individual or species. Quantitative studies in karyotypic analysis
involving number, structure and hydrochemistry have illuminated spectacular
genetically analysis of the species concerned (White, 1954; Lewis and John, 1963)
Further developments concerning the enzyme polymorphism of Coccinellidae by
Sasaji & Ohnishi (19730a, 1973b), Sasaji (1974);Tanimate (1975) and Kuboki (1978).
Amino acids are the main components of enzymes as well as the alphabet of genetics
(Sharma 1976). Genetic differentiation during speciation have been discussed by
Ayala e al. (1974).

The characteristic intra specilic polymorphism of color peculiar to many species of
Coccinellidae has long attracted this attention of population geneticists The correlation
between the phenotypic color polymorphism and chromosomal polymorphism in this
family may be shown primarily with the advancement in technique for analysis the

chromosomes and secondly with the accumulation of sufficient comparative

karyological data.

Chromosomal polymorphism.
Structural variations in chromosomes are the main causes of remarkable
polymorphism met in the various group of animals. Chromosome changes involving

many different kinds have naturally occurred in related species. Some of these



Table 36

sp.:ci«s

Epilachninae

Epitachna vigintiectopunctat tr)

E, orientalis Zimm,
F. Dodecastigma Hied,
(=E-Pussillaninaj

E. sepiima Dicke

Coccinellinae Scymnini

Scymanes mebilis AMuls,
Pharascyinnus sp.

Chilocorini

Chilocorns nigritus ()

C. circrumdatis
C. Hanseii \¥se

Brumans suturalis (F)

Exochomus lituratus 1 Garham
E, lituratus 2 Gorham

E. uropygaiis 1 Muls.

E nropygralis 2 Muls.

E. nuropygialis 3 Muls,
Synenichini

Afmochilus searmaculatee (F)

t=Chillenienes sexmuculata)

Micraspis cardoni (Weise)

Veramia diseolor (I}

I altardi Muls,

Coccinellini

Coccinella reponda Thumb,

C transversalis (F)

C. seplumpunctata L.

Stenneus cardoni Weise
Afissa parviia (Cr.)

Py loborini

Hleis indica Timbetlae

thea hiscactonura Muls
Noviint

Rexlokia cardinalis Muls
Harmonia uxyridis speciabilis

Asalia bipunciaia L. (Wash.)

male (2n)

18

13
20
12&
20

22

18
i8
16

18

p. 1]

20

20

0

20

20

I8

20

0

20

¥l

chromosome

formiuia(2u)

SAAHXY
BAAKY
JAAL NY,.

BAATNTYINN
BAAIXY,

SAARXY, 6AAIXY,
9AAI Ry,

TANAneo-XY

JAA Xyvp

10AAtNco-XY

10AA I neo-XY
10AA peo-XY
BAA I neo-NY

BAAITXY
B8AMAYXY
TAAEXY
TAAGXY
RAALXY

AN Xyp

9ANRyp
AN Xap
9AAEXyp
FAAIXM

YANTXyp

PAANyD

BANIXyp
BAALXYP
IAALNWYP

9N Nyp
BAAIN

TAA Xy
9ANI XY
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changes have been important in elucidating cytogenesis principles concerning

chromosome behavior. They many include the changes in number, size, shape,
centromeric  position, primary and secondary constrictions, hetero-chromatin and
euchromatin, satelite as well as some important chromosomal aberration including
translocations, inversions, duplications, The crucial observation of the constancy of
the chromosome number for a particular species was promptly set aside by some
éubsequent splendid discoveries in plant species when Guignard (1891) found
different chromosome numbers in different genera of Liliaceae. Following this
discovery in numerous studies with regard to chromosome numbers, it was obvious

that species of the same genus might have different chromosome number.

The changes in the chromosome number bears a direct relationship to the genetic
evolutionary process than do any other types of changes. The commonest type of
changes in the chromosome nuber appear to be the polyploidy. This is a type of
irreversible change, where primitive forms bear the lowest number of chromosomes.
But in animal cells polyploidy is rare (Bugenberg, 1957, Suamalainen, 1958). The
relative scarcity of polyploidy in the case of animals in sharp contrast to higher plants,
might be due to the relatively sensitive balanced chromosomal mechanism between
the sexes. Any imbalance in this chromosomal mechanism might result in inter sex or
other types of disturbances. Rather changes in chromosome number may be seen to
involve an increase or decrease by one chromosome at a time. This aneuploid
alteration of basic number by loss or gain of a chromosome may be produced by
unequal translocation (Darlington, 1937). Evidence in majority cases are conclusive

thal aneuploid alteration of basic number of chromosomes results in higher basic

number in the most primitive species

Monosomics resulting in loss, appears (0 have more deleterious genetic change,

however has no t been a common place in coccinellids .
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variable chromosome numbers withoyt apparent gain or loss of critical genelic
materials have been found to be associated with the centromere in the form of centric
fusion or centric fission. Both these processes of fusion and fission may result in
increase or decrease of chromosomal number without, however, affecting the number
of major arms of chromatid (Matthey, 1958). Despite an extensive work on
coccinellids  chromosmes, their exact morphological characterization is still
inadequate. The findings of various sources reveal great many contradictions in the
question of number and morphology of the karyotype. The typical coleopteran diploid
chromosome as established by Yosida (1952), Smith (1960) consists of 20. Moreover
the diploid number of the family coccinellidae as ranges fromn 12 to 26 was stated by
Kacker (1993).

But in the sub family Coccinellinae, which includes mostly entomophagous beetles,
the situation is very heterogenous. The diploid number varies from 12 1o 24 (Kacker

(1993).

The sub family Epilachninae is more or less homogeneous and has the typical
coleopteran number 2n=20. The chromosomes of two species of Epilachninae Afissa
parvida and Lpilachna septima were described by kacker (1993) of which the former

had 2n=18 and the latter 2n=20.

Afissa parvula  besides having one fewer autosomal pair had a very large X
chromosome. Reduction in diploid number in the Epilachninae had also been noticed
in the hybrid between L. chrysomelina and E capensis (strasburager, 1936) and in /7
vigintioctopunclata  (=Henosepilachna  vigintioctopunciala). (Yosida 1944, Bose
1948 and Agarwal 1961). The reduction in number could be due to autosome (A-A)
fusion and enlargement of the X chromosome. In Afissa parvula to X —A fusion
reported by kacker (1993). In the tribe Hyperspini Smith and virkki (1978) have

studied some species of Hyperaspis of which all but two had 2n=7.
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The large number of variation in the diploid number of chromosomes of Ipilachna
dodecastigma  {rom 12 (5 AA + Xy) to 25 (11+XXy) in the males and 26
(H+XXXX) in the females (Saha and Manna, 1971). Yadav er al. (1979) studied the
chromosome of six species of Coccinellidae from Haryan (india), there it was found in
Lpilachna vigintionciopunctata 2n=20 where 9 pairs of autosomes and the sex

chromosomes X and y.

The present findings showed 2n=18 chromosomes in each spermatogonial cell of
Ipilachna vigintionctopunctata in the form of 8AA+Xy which agreed with the

findings of Agarwal (1961), 2n=18 in Ipilachna vigintionctopunciata.
Mittal (1989) reported 2n=18 chromosomes in Epilachne indica.

Epilachninae have the chromosomes 2n= 10, I8 and 20 in most of the species, except
Epilachna dodecastigma (=lipilachna pusillanima) where 2n=14 (Saha, 1973) . In that
point present report on Iypilachna vigintionctopunctata coincides the report of Saha
(1973). Further more reports were available that , all the series belonging to the sub
tamily Epilachninae, so far have either 18 or 20 chromosomes and an Xy : XX mode
of sex determination (Stevens 1906, 1909, Hoy 1918, Strasburger 1936, Yosida 1944,

1948, Takenouchi 1955). This reports also support the present report on Epilachninae.

Karyotypic differentiation in the k. vigintioctomaculata complex and its possible
relevance to the reproductive isolation studied by Tsurusaki er.al. (1993). They
revealed 2n=20 in all the species of the complex exccpl lor that of some males of /v
pustulosa (2n=21) with a supermumery Y chromosoine, but they successfully revealed
an apparent differentiation in Karyotype between £ vigintioctomuculata complex and
three other species [ pustulosa, £ niponica and [ yasutomil. 1t was shown that the
major difference comes [rom addition of long hetenochromatic segments in Nos 3-9
chromosomes in the later three species. Three populations of 1. Vigintioctomaculata

representing three different geographic forms Hokkaido, Honshu and Rishiri were



74

differed in both relative length and arn ratio, The Mokkaido form with 2n=20,
consisted a pair of large metacentric and 8 (Nos. 2-9) pairs of submetacentric
autosomes In the other two forms 100, autosomes were similar except for 2 pairs of
sub telocentrices (Nos 3-7) in Hanshu form and a pair of metacentrics (No.2) in
Rishiri. The X chromosome, largest and metacentric in the former two (Tsurusaki ef
al.,1993). The spermatogonial complenent of vigintioctopunciata (Fab) investigated
by authoress observed to have 18 chromosomes (16 A+Xy) of which 6 pairs of
autosomes, melacentric and Nos. 4 and 5 are sub metacentric. The largest X
chromosome is also metacentric, y is the smallest chromosome. In the present
investigation another two species of Epilachna ie. /. Sepfima Mulsant. and E
Pusillanima (Muls) showed 2n=20 and 16 respectively In /2. septima Nos 1,2,4 and 5
pairs chromosomes were submetacentric. , Nos. 3 was telocentric and others including
X chromosome was metacentric. In I pusillanima of the autosomes Nos 1-4 and 7
were sub metacentric and Nos 5 and 6 were metacentric. X was also metacentric. y
chromosome in each species was the smallest. In the present investigation another
species of the sub family Epilachninae Afidenta misera Mulsant showed 2n=14
(6AA+X-+y), of the autosomes Nos. 3,4,6 were metacentric, Nos. 2 and 5 were
submetauntric and Nos. 1 was telocentric X chromosome was sub metacentric, y was
also with undistinguished type of centromere. The chromosome complement of this
species are unlike other Epilachninae. No previous report on chromosome of this
species is available. Although  Saha (1973) reported 2n=i4 in [pilachna
dodecastigma (=I.pusillanima) of the Epilachninae. In the present study 2n=16 in /2
pusillunima, the same number of chromosomes were reported in another species
Afissa purvulosa of the Epilachninae (Kacker ,1993). Shiwago (1931) reported X
chromosome as the largest and easily recognizable while y is always simallest Yosida
(1948) also observed the presence of y as a minute c¢hromosome. The present
findings of the four species of Epilachninae showed the chromosome number and sex

determining mechanism centering round the type number 2n=14 to 20 (Smith 1960).
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It was previously mentioned that in the syl family Coccinellinae, the diploid number
of chromosome varies from 12 (0 24 in spermatogonial cell (Kacker,1993). Present

investigation on the 16 species of the Coccinellinae showed 2n=14,16,18 and 20.

The spermatogonial complement of Coccinelly repanda and C. seplempunclatd,
investigated by Agarwal (1960) where it was observed that 2n=20 chromosomes (18
autosomes+X-+y). Chroinosome number in ¢ seplempunclata .. was reported 2n=20
(9AA+Xyp) by Sharma ef. ar., (1959) and Agarwal (1960, 1961). A list on the
chromosome number of Coleoptera was published by Smith (1960) which also
showed 2Zn= 20 chromosomes in male C. septempunctata . From the karyological
investigations of five Indian coccinellids by Mittal er ai’ (1989) it was found that
Micraspis discolor and C. septempunciata possess 20 chromosomes in each gonodial
cell. Reports on another species , C. transversalis (Manna and Lahiri, 1972 Dua &
Kacker 1976, Dasgupta , 1977) show that have 2n= 20 . The authoress has also
reported 2n = 20 chromosomes in the above three described species Micraspis
discolor, Coccinella  septempunctata  and C.  transversalis (C.repanda=C.
(ransversalis ) . In this study, other species , Micraspis yasumatsui showed 20
chromosomes in the diploid cell . No record on the chromosomes of this species(C.
yasumaisui) was available to the authoress. However, it agreed with the modal number
Jeported by Smith (1960). Further more another species Micruspis cardoni (Weise)

showed 2n=20 (Agarwal, 1961).

Numerical and morphological polymorphism of chromosome have been observed in
many species ol Coccinellini like Harmonia arculata (Fab) and H. axyridis showed
the spermatogonial complements of 16 chromosomes (7AA+Xyp) (Simith 1962,
1965). The species . octomaculata (Fab) studied by the authoress reported 2n=16

(7TAA+Xy) i.e, the sex mechanism differed from H arculata where no parachute form

was detected within the sex chromosomes.
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Another Haryanan species Menochilus sexmaculata showed 2n = 20, where
aulosomes were submetacentric or acrocentric, X was acrocentric and y was spherical
(Yadav ef. 1979). In the same species it was previously reported by Agarwal (1961)
2n = 20. Present findings in Cheilomenens sexmaculata (=Menochilus sexmaculata )
also agreed with Agarwal (1961), 2n = 20. Agarwal (1961) observed there only the
two pairs of m chromosomes while present result showed the total complement

consisted all the m types of chromosomes.

The present report also deals with a new species Apomycraspis quayumi near
Micraspis found in Bangladesh. The spermatogenial cell of which, showed 21=20
(9AA+Xy). As a new species no scope of previous reports but its result numerically
agreed with the genus Micraspis. However, other cylotaxonomic and cylogenetic

features do not tally with other two Micraspis species .

Another species of the tribe Coccinellini Propylea quuatuordecimpunctara Linn. also
showed here, 2n = 20 (9AA + Xy) agreed the modal number 2n= 20 (Smith, 1960).

No other report on it was available.

The Psylloborinii species Phyllobora /“aedata Lec of california (Smith 1960) and
Hleis indica Timbeilake of India (Yadav & pillai 1974, Dua and Kacker 1976) have
been studied previously. Of the two investigations former one showed 2n=18 (8AA+
Xy) and the later showed 2n =20 (9AA -+ Xyp) with y in a form. The present report
on psylloborini species of Bangladesh Psylloboru bisoctonotata (Musant) showed
2n=18 (8AA+Xy); of the autosome pairs Nos. 1,2,7 were melacentric and others
submetacentric X chromosome was large metacentric, y was minute. Another species
Hleis indica Timbeilake showed numercally the chromosome was typical i,e i2n=20
where autosomes were telocentric and submetacentric. X chromosome was

metacentric, y was also minute which agrees with the findings of Yadav & pillai

(1974), Dua and Kacker (1976).
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The Synonychini and a part of the Scymnini showed, in most of th eir species, the
typical 2n=20 (Li 1940; Yosida 1944, Smith 1953 a. 1960a). The only aberrant case in
the Synonychini was Adiolocaria mirabilis which 2n=16 AA+X (Makino 1951). Some
deviant Karyolypes were reported. Of the sub family Sticholotidinae, the Scymnini
has followed two trends, the (irst one towards secondary acquisition of neo-Xy as
evidenced in 4 species of Scymanus, which had 2n=16 of which 7 pairs were aulosomes
and neo-Xy, the second is towards an increase in chromosome number as seen in
Cryptolacmus montrouzieri, which had 2n=22. The spermatogonial complement of
Scymnus nubilis Mulsant, Investigated by the authoress was observed as 2n=14
(6AA+Xy) of which only the autosome pair No 4 was sub metacentric and all the
others including X-chromosome were metacentric, y chromosome was minute.
Pharoscymnus taoi Sasaji studied at the same time shbwed 2n=20 (9AA+X+y).
Smith (1960b) established that spermatogonial complement of pharoscymnus sp. have
20 chromosomes of 9 pairs of autosomes and X chromosome associate with vy
chromosome in a parachute f{orm. Both [ission and fusion mechanism were
presumably have involved in the evolutionary change of chromosome number.
Another species of the Scymninae, Srethorus fetranychi kapur was also studied here
where the spermatogonial cell showed 2n =20 ( 8 AA + Xy). Of the Sticholotidinae,in
Jauraivia pullidula Motschulsky  2n=18(8AA+Xy) was found in the present

investigation. No previous reports on chromosomes of these two species was found.

Chilocorus stigma (Smith 1959) indicates that the group is a potential source of
genetic variability which may be tapped through controlled mating and vigorous
selection. Nevertheless the typical polyphagan chromosome number 20 (9 AA+Xyp)
in male is quite common in Coccinellinae but absent from the Epilachninae. In
Chilocorus, the doploid number of chromosomes varies (rom 4 in C hexacyclus to 26
in the female C. stigma (Yadav er. al,1979). 2n =22 in the species chilocorus nigritus
(F) of which autosomes were melacentric or submetauntric, X metacentric and y
slightly submetacentric In Brumus sutaralis (F (= Brumoidus sutaralis) 2u =18

metacentric or sub metacentric chromosomes (Yadav ef al. 1979). Present report on
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Bumoides lineatus (weise) showed 2n =| 8 (8 AA + Xy) alongwith metacentric, sub-
metacentric and telocentric chromosomes.

Rodolia fulvescens Hoang the species of the sub family Coccidullinae, studied in
present showed 2n = 20 (9AA+XY). Rodolia cardinalis Muls. of France and
California studied by Smith (1960) where he reported 2n = 17 (8AA+X) . There was

only the X chromosome, no y chromosome was found.‘

‘The principle governing the changes involving the increase and decrease i.e, the
aneuploidy alteration of the basic chromosome number is now well established in
cytological literatures. The reasons underlying the basic number of chromosomes have
been explained by various workers. The main factor attributed are unequal
translocation, centric {fusion and centric fission etc. On the other hand the phylogenetic
increase in chromosome number may came out as a result of differences in the number
of telocentric and metacentric chromosomes arns (Robertson, 1916). When
metacentric chromosome arises by fusion of two telocentric chromosome a

phenomenon known as Robertsonian fusion.

However, it must be borne in mind that relative fragility of the hypotonically treated
metaphase cells, conventional techniques may lead to the loss of chromosomes
during preparation of microscope slides. Thus great care and precision was taken (o

avoid this or to eliminate from analysis cells which are obviously disrupted.

Chromosome shape and size

The shape and size of the chromosomes seem to be of great value in the cytotaxonomy
and karyotypic evaluation. The coccinellide chromosome is not worthy for having no
extra large chromosome and majority show a smooth transition of size [rom the
largest to smallest. It is difficult to make a systematic classification of the
chromosome based on the size an deposition of the centromere (Robinson, 1972), The

remarkable continuity in the gradation in size of the chromosomes was depicted in the
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idiogram prepared by Levan e/ ai, (1962). However, attempts have been made to
class the autosome (Slizynsky, 1955) as long, medium and short. Tjio and Levan
(1953) grouped them in four like that of Goldjman er af (1966). All these

classificalions, however, seriously suffered ffom realistic approach.

A recent work by Mittal er. ar (1989) exhibited the Karyotype of five Indian
coccinellids of which Epilachna indica Mulsant showed all the autosomes ranging
from 4.04um to 2.26pm  Of the sex chromosomes, the X was the largest in the
complement being 6.40um whijle y was measured to be 1.60pm and the total length

of the haploid set of was found to be 31.47um .

Kacker (1993) explored the morphometric data of Afissa parvula (Crotch) and
obtained mean relative length in percent 13.7 to 7.1 in éutosomes and 19.4 in X
chromosome while y was only 2.1. Tsurusaki ef. at., (1993) studied karyotypes of
Ipilachna vigintioctomaculata complex. The complex showed the percentage of total
chromosomal length (TCL) Longest pair of autosome ratio ranges from 13.4 to 10.4
and shortest pair ranges from 5.9 to 5.2. The X chromosomes from 15.2 to 10.4 and y
chromosome from 4.00 to 1.2. The chromosomes of the two beetles of complex were
with all metacentrics autosomes; in the others both meta and submelacentric types of
autosoms but all the X chromosomes were sub-metacentrics. Present findings could
be reported that most of the chromosomes of the Epilachninae are metacentric lype
and the highest ratio of RL comprises the X chromosome (18.80 %) of Lpilachna
vigintioctopunctar Agarwal reported Lpilachna vigintioctopunctara Consisted of eight
pains of oval curved rod-shaped chromosomes and a pair of metacentric ones. The
metacentric chromosomes were not identical but vary in their shaped and size. After
the morphological analysis, it became evident that the largest “V°-Shaped element was
the X-Chromosome and the other metacentric one was the Y. In his study /2pilachna
Orientalis showed all the chromosomes were rod-shaped acrocentric in nature except

the two large metacentric. while the present study on Lipilachna vigintioctopunctata

has shown two pairs of “J” shaped autosomnes .
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In another investigation the total length of the haploid set of chromosomes of
Coccinella seplempunctata Linn was found to be 35. 65um ranging from 5.41un to

1.77um in autosomes (Miltal er. ar 1989) according to whose observation the length of
X and y were 5.95um and 0.98um respeclively. The authoress reported that in C.

seplempunctalaLinn total length of the genome was 42.00um and the RL of AA
varied from 05.44 % to 12.49 %,

A general characterization involving brilliant chromosomal preparation and showing
finner details may have recorded more positive recognition which was, however, not
possible under the context, the research was undertaken. Nevertheless, much of the
fundamental anomalies could be averted following Leven ef. al, (1962). These
workers pinpointed the largest and the smallest of the autosomes. The secondary
constriction in some of the other chromosomes may be of considerable use in
identification. As has been mentioned earlier Ford and Woollam (1963) identified the
largest and the smallest chromosome. These two also used secondary constriction as
additional systematic values of identification of the chromosomes. Benuet (1965)
suggested some factors as length, degree of contraction, angle of arms and
morphological differentiation of centromere region could be of some value in this

regard.

According to Agarwal (1961) testicular cells of Coccinella repanda consisted of one
pair of 'J' shaped two pains of V' shaped and six pains of rod-shapes autosomes; in C.
seplempunctata 14 'V' or 'J' shaped melacentric chromosomes, 5 rod shaped,
acroceniric ones and a inute spherical body represented y ciiromosome, X was
acrocentric. The authoress reported “V’ and ‘J* shaped chromosomes in AA at No 5
and No 8 respectively while the X was also acrocentric like the findings of Agarwal

(1961). Another species of C. fransversalis exhibited most of the metacentric type of

AA.with rod shaped X chromosome.

This variation in morphology of chromosomes regarding the mela, submeta, subtelo

and acrocentric nature, resulls in variation [rom species to species . The FN
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(fundamental number) for both Coccinellinae and Epilachninae as recorded ranges
form 14 to 20. The fundamental number, therefore coincides with that of the already
worked out species. Serious discrepancies arise between visual estimates and actual
measurement. Sasaki (1962) altributed some of these variation in chromosome size (o
the effect of colchicine. In view of these considerations attempt to identify al
chromosomes of a karyotype individually were not seriously made off course,, due
emphasis was given for preparing idiograms on the basis of mean chromosome length
as far as possible. The diploid morphometric analysis of the karyotype including total
length of the haploid complement and other essential fealures were taken into

consideration for the present studies of coccinellids species.

Centrmeric position

The centromere on kinetochore is a specialized region of the chromosome and is
associated with movement of the chromosomes along the two poles of the spindle
apparatus. It is a self perpetuating organelle and has a functional role in chromosomal
arrangement and chromosomal evolution (Navaschin, 1932) .

From the karyotype displayed pictorially by cutting out initotic metaphase
chromosomes form photomicrograph and arranging them by length and in pairs and
aliening such that the centromeres were at the same level and the short arms are
oriented upwards. The chromosoine of the same species have a single centromere that
divides the chromosome in to two arms, the relative length of these arms are a
diagnostic feature for identifying an individual chromosome. The position of
centromere in the chromosome has been important determinant in the nomenclature of
chromosome. The terin ‘acrocentric’ indicates, chromosomes whose short arm is less
than 1/20th of the total length i..e with arm ratio > 19. The arm ratio between 19 and 9
is submetacentric, the arm ratio between 9 and 1.25 being heterobrachial metacentric
and ones with arm ratio between 1.25 and 1 is isobrachial metacentric (White, 1973).
The present investigator has, however used the terminology of Levan eat. (1964)
according to whom the arm ratio greater than 7 in called terminal (t), the acrocentric

of White (1973): which between 7 and 3 is ‘sub-terminal” (st), ‘sub telocentric’ the
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other term; arm ralio between 3 and 1.7 is submedian (sm), submetacentric of White
and those in which it is less than that or exactly 1.0 is referred to as metacentric
chromosome (m). As already mentioned that the variation of centromeric positions
frequently result in variable fundamental number. This has an impact not only for
morphometrical or quantitative analysis of individual chromosome but also in

chromosomal polymorphism in various species within a single genus or interrelated

species.

Sex chromosome

The sex chromosome with their extreme degree of diversity both in structures and
behavioural patterns in various group of animals, provide a cytological criterion of an
exceptional value (Sharma, 1966). They have been extensively used in cylotaxonomy
of a number of animal groups where the simple and the multiple sex chromosomes
exist together (Manna, 1969). The taxonomic value of sex chromosomes has been
extensively furnished in various animals, providing delermining mechanism. A
chromatin mass called sex chromatin was present in the normal female but not in the
normal male. It was evident that in most insect males have XY and female have XX.
Therefore male sexes are helerozygous unlike their female counterparts..
Subsequently Morgan’s (1922) investigation showed that sex linked genes are carried
in the X chromosome, whereas the Y chromosome behaved as though it was empty of

genes

The most characteristic and widely present type of sex mechanism in Coleoptera
consists of a relatively large metacentric X and a much smaller metacentric “y” in male
(Saha, 1973). During meiosis they are associated to form a peculiar type of sex pair. In
metaphase [ this has been stretched into a structure resembling a " parachute” (Smith
1952) In the family Coccinellidae, the diploid chromosome with different types of sex
determining mechanism viz; unequal X and y, Xy, and neo-XY (Smith 1960). In the
subfamily Epilachninae, most of the species have Xy, type of sex mechanism

(Takenouchi 1955, agarwal 1960, 1961). Yosida (1948) observed the presence of



minute y chromosome in the spermatogonial cell of /2. vigintiopunciata, though Bose
(1948) found large Y, approaching the size of the X in this species. Both the sex
chromosomes were metacentric, largest X was V' shaped and Y was metacentric . But

the present study shows the presence of unequal X and y in the form of Xy where y

was always minute.

Yosida (1949) reported in males of [ orientalis and I, vigintioctopunciala a
ranslocation involving an autosome and X chromosome and the loss of minute y-
chromosome which is almost near the limit of visibility might have given rise to neo-
XY condition during the course of evolution of the species. The possibility,
nevertheless, remains that the minute y-chromosome may have been retained not as a
separate enlily but by being translocated on to some other member of the complement.
Mittal et al. (1989) reported that spermatogonial metaphsse X chromosome was

metacentric in [Z. indica, the sex bivalent of which formed by X+Y .

The Indian species of Coccinellidae posses XY, Xy, and neo-XY types of sex-
determining mechanism (Yadav et. al. 1979). He also reported Xy, type of sex
chromosome in £. vigintiocto punctata (Fab) But the present study failed to revealed

parachute form in X and y chromosome.

Tsurusaki ef.al. (1993) reported X and y sex chromosomes in most males of the [,
vigintioctomacalata complex form a typical Xy, bivalent. An Xyy, association was
also found in some males from various population of /2 pustutosa. It is obvious that
the Xyy, association was derived from an addition of a supernumerary Y in those
males. A structure similar to the Xyy, has also been reported by Takenouchi (1968) in

four out of five males of £ Niponica. Xy, bivalen was not identified by the authoress.

Agarwal (1961) reported, the spermatogonial celi of Coccinella repanda comprised
on Xy complex in the form of a typical parachute. No parachute form was found in

any species of the genus Coccinella even in any members of the Coccinellidae. X and



y chromosomes were always in non homologous condition, as observed by Agarwal
(1961). The Xy type of sex chromosomes also reported by Bose (1948), Agarwal
(1961), Smith (1965 ). An acrocentric X-chromosome and the smallest spherical y
chromosome were found in C.seprempuncrata Agarwal (1961). Sub-metacentric type

o X chromosome in C. seplempunciata was reported by Mittal et al. (1989).

He also reported an unequal pair of sex chromosome X and y in male Menochilus
sexmaculala. These reports support the present findings on sex chromosomes of C.

septempunctata and C.sexmaculata,

The finding of the present study are in agreement with this view that X chromosome is
always larger and y is minute Smith (1949). whereas in M. discolor (Fab), C.

septempunctata Linn. and /lleis indica Timb. it is of the Xy, type.

The sex chromosome mechanism is simple Xy, in majority of the coccinellids species
in Hyperspis spp. The sex chromosome do not actually pair (X-+y) Deviative neo-Xy
is also frequently met with in Coccinellinae. However none of the cytologically

known species of Epilachninae possesses neo-Xy.

A complex XXY: XXXX and X,, X5, Y\, Y, have been reported in Chilocorus stigma
and hybrids of C. stigma X, C. tricycles (Smith 1959).

Yaday et. al. (1979) studied another coccinellid beetle Chilocorus nigritus (Fab)
where, of the sex chromosome was neo-XY of which neo-X was meta-centric and

neo-Y is slightly sub-metscentric. The same type of  neo-XY also he found in

B.suturalis (Fab).

A survey on chromosome of the Coccinellidae indicates that the neo- Xy has
originated by the fusion of the X with one of a pair of autosomes (Smith!959).

The authoress failed to observe neo-X, neo-Xy, XXY, XXXXand X, X3, Yy, Y, type

of Chromosomes in the species investigated.
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Dobzhansky (1941) emphasized that duplications, apart from polyploidy, is the only
means by which the number of genes in the germplasm of an organism may be
increased. Translocation, the exchange of the broken parts resulting in major
alternations of chromosomes and have a profound interest in genetics. None of it was

detected in the present {indings,

The standard karyotype description based on male individual in the ladybird beetles
showed little range of variations from the earlier observations. The present data agree
with those described previously for C. seprempunctata, (Yadav er el, 1979 and
Mittal et al., 1989) C. transversalis (Manna and Lahiri 1972; Dua and Kacker, 1975),
1. indica (Yadav et al., 1974 and Dua ef.al, 1975) C. sexmaculata (Agarwal 1960,
1961 and Yadav,1979), £ taoi (Smith1960b), E. vigintioctopunctata (Yosida 1948,
Agarwal 1960,1961, Yadav 1979) . septima (Kacker 1973), £. pusillanima (Saha
and Manna 1971) In A. misera, diploid set showed a deviation from the normal
karyotype of the Coccinellidac. The analysis of the chromosomes of S. nubilis
revealed a little variation of from the record of Smith (1960b). In M. discolor,
chromosomes numerically coincided with the findings of Mittal er. al., (1989) but any
report on M. yasumatsui during this investigation was wanling. M. yasumatasui
exhibited a consistent diploid number of 20 which supports the typical number
(2n=20) of Coccinellidae. The chromosomes in psyllobora spp reported by Smith
(1961) Coincides with present findings.

A little deviation showed chromosome number in the present investigation ie,. .
octomaculata from another species H. axyridis reported by Smith (1961). The analysis
of the Chromosome of R. fulvescens of the Coccinellinae revealed a diploid value of
20 unlike 18 the as reported by Smith, (1961) In the present investigation
A.pomicraspis quayumi, B. lineatus and S. tetranychi . were supported by the modal
number, but the Jawravia pellucida has shown a little dewviation from the modal

formula. The sex chromosomes of all the species studied here have been shown
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traditionall larger X and minute y in the form of n.onsomology Xy (Smith and Virkki
1978).

This study provided evidence that although various species remarks individuality of
chromosome was distinct with distinctive morphological analyses bul some of the
coccinellids were characterized of the coccinellids were charcterized by extraordinary
range of karyotypic variation. The ratio of autosomes ranged a great diversity. In each
species of the present investigation, last pair of autosome showed the minimum value
ranged from 521% in L. septima 10 9.8% in A. misera, while Ist pair autosome
showed highest value ranging between 10.67% in I”.quatuordecimpunctata to 17.10%
in A. misera. Kacker (1993) mentioned that chromosome ratio differs in different
species. These non overlapping ratios, seemingly characteristics for differentiating the

species.

Amino acid contents of Coccinelldae

The present protocol was designed to determine the interrelationship among the
various species of coccinellids by chromatgraphical analysis of amino acids contents
in the cell of the beetles under study. But because of some technical constraints an
investigation of the amino acid contents in all the 20 species was not possible.
Consequently 12 of the aforesaid species namely lleis Indica , Psyllobora
bisoctonotata, Cheilomenes sexmaculata, Coccinella septempunctata, C.ransversalis,
Harmonia octomaculata,, Micraspis discolor, M. yahsumaisui, Afidenta misera,
Epilachra septima, E. pussillanima and E. vigintioctopunctaia were subjected to the

chromatographical analysis for detection of amino acid contents.

Though the analytical method used in present studies is more primitive but modern
facilities (e.g. amino acid Analyzer, amino acid sequencer) were not present and as
such traditional laboratory method had to be adopted. Reports on the amino acid in

the Coccinellidae were apparently wanting during this investigation,
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Several investigations reports on the amino acids contents in the salivary glands of
some insect are available (Nuoroteva, 1955, 1956; Kloft, 1960; Schaller, 1960, 1968;
Anders, 19615 Miles 1967). Hori (1975) studied the amino acid contents in the
salivary glands of the bugs Lygus disponsi and Euridema ruposum. A decrease of
total free amino acids concentration fowards late stages of embryonic development
stages of Culex has been reported by Chen and Briegel (1965), indicating the
probability of enhanced protein level but in Antherea mylita, Pant and Sharma (1976)

noted a decrease in total protein contents during same period. Jolly ¢/ al. (1979) had

reported the changes in the free amino acid composition of healthy and diseased fifth

instar larvae of Tasar silk worm Antherea mylita. Changes in the haemolymph
proteins have been reported by Fujii (1936) and Miyoshi (1959) in Bombyx mori L
Guest and Wassink (1969) had reported the changes in heamolymph protein in
Cabbage armyworm, Mamesira brassicae. The amino acid composition of
erythrocruorin of Marphysa sanguinea has been determined by Chew - ;.. .,(1967)
with the help of TLC.

Pant &Unni(1978) indicated the amino acid composition of the fibres of philosamia
ricini Boisd. are alanine, arginine, aspartic acid, glutamic acid, glycine, histidine,
lysine, leucine/isoleucine, proline phenylalanine, serine, (yrosine, threonine,
tryptophan and valine. Poonia (1978) identified the amino acids content in the
haemolymph of p. ricini Boisd. as cysteic acid, aspartic acid, serine, glycine, alanine,
lysine, glutamine, methionine-sulphoxide, tyrosine, valine, leucine/isoleucine,
histidine, threonine and proline. Amino acids content in the silkgland of matured larva
of Bombyx mori L tyrosine, serine, aspartic acid, glycine, (hreonine, valine, cistein,
alanine, glutamic acid, leucine/ isoleucine were identified by Saha (1982). Das (1985)
revealed the presence of alanine, arginine, aspartic acid, glycine, glutamic acid,
histidine, lysine, leucine/isoleuecine, methionine, phenylatanine, proline, serine,
tyrosine, thrionine, tryptophan and valine in /> ricini Boisd. Both the wokers used

paper chromatographic process. No report on the amino acids contents of

Coccinellidae was available.
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The present findings 10 amino acid contents of the species /lleis indica Timbelake
were detected of which alanine, glycine, valine, proline, and phenylalanine showed
higher concentration. In other species of the same tribe Psyllobora bisoctonotata

(Mulsant) ali the amino acids as in /. indica were detecled except tyrosine.

Cheilomenes sexmaculata (Fab) showed the presence of alanine, cystine, glycine,
glutamic acid, isoleucine, leucine, proline, tyrosine, and lysine which are also less in
number than former one of the two species of the genus Coccinella viz. C
seplempuciala Linn showed the presence of 11 amino acids, histidine, aspartic acid,
prolin, glutanic acid, [uceine, alanine, glycine, phenylalanine, lysiue, valine and
tyrosine, while the other species C transversalis Fab. showed the presence of the same
numbers of amino acid only the histidine was replaced by arginine. In Harmonia
Octomaculata (Fab) 10 amino acids were identified where tryptophan was present in
addition to other nine common amino acids. Microspis discolor (Fab) and M
yasumatsui Sasaji differed each other with an excess amino acid tlireonine present in
the first one out of 9 common amino acids. Under the sub family Epilachninae, of the
two species Afidenta misera Mulsant and Lpidachna septima Deike differeces were
found in the proline and serine, prolin was absent in L. septima, other amino acids
present in both the species were alanine, glycine, arginine, lysine, phenylalanine,
leucine and valine. E. pusillanima Mulsant Lipilachna vigintioctopunctata  Fab

showed the same kinds of amino acids which differed only in their concentration.

The present investigation showed that three amino acid the alanine, lysine and glycine
were always common in all the studied species with higher concentration. In the sub
family Epilachninae, the aspartic acid, glutamic acid were absent, whereas in the
Coccinellinae specially under the tribe Coccinellinii, aspartic acid and glutamic acid
were detected everywhere. In the species of the tribe Psylloborinii, aspargin was found

in addition to other amino acids. But the aspargin was absent in other species in the

present investigation.
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Thus cytogenelic evidence suggest that the chromosomal rearrangement has been a
direct role in speciation, a process ensued from the very early stage in the
evolutionary divergence of forms of life. The phenomenon of biological complexities
and adaptations are this compounded as speciation involved in accumulation of
phylogenetic changes, quantitatively increasing the strength of genetic isolation until
the process is complete. The whole process of organic complexities, organic
diversities and adaptiveness are explained in the terms of scientific interaction as
products of the process of evolution. That foregoing accounts of chromosomal
rearrangement may play a significant role in speciation. Likewise, variation of the
staining properties are indices of differences of gene action (Sharma, 1976). Changes
in chromosomes morphology are destined to rearrange the gene sequence in the
chromosomes as a result their segregation and recombination even are effected and
thus the entire gamute of morphological, physiological and biochemical aspects are
altered (Sharma, 1976). It needs to be recognized that identilying or defining a species
in term of karyotype will not be so much rewarding as though arrangement in term of
karyolype can contribute to species formation, but they are one facet to much larger
and more complicated problems for which evidence {rom ecology, morphology and
biology should be brought into consideration since evolution works at the species
level and may involve any of these crileria singly or collectively at the point of

threshold leading to the differentiation of a new species. (Sharina, 19606).




CHAPTER - 6
CONCLUSION



90

Conclusion

Structural configuration and behaviour pattern of chromosomes to twenty species of
Coccinellidae belonging to sixteen genera have been investigated . Where twelve
species of the possess typical karyotype 2n= 20 (9AA+Xy), four with 2n= 18
(8BAA+XYy), two with 2n= 16 (7AA+Xy) and two with 2n = 14 (6AA+Xy). It referred
all the species followed the modal number of Coccinellidae reported by Smith (1960)
Inter species variation has been found in different ranges of chromosomal
measurements. A new species Apomycraspis quayumi Ali & Rahaman, studied here
which is nearer to the genus Micraspis but it is only the proposed name, still now
taxonomically unestablished. Though numerical structure of its chromosomes similar
to that of the Micraspis sp but they differed in other structural ranges of
chromosomes. So, it may be justified (o consider it as a separate species. Amino acids
detection in twelve coccinellids species. The species beloning to the saime genus show
close simifarity as their amino acid contents. However they exhibit the differentiation
from species to species. Therefore, it can be conclude that chromosomal studies along
with amino acids composition have effect variation on cytogenetics of ladybird beetles

(Colcoptera: Coccinellidac).
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KARYOTYPE ANALYSIS OF TWO EPILACHNA SPECIES
(COLEOPTERA : COCCINELLIDAEJFROM BANGLADESH

RiNA DAS!, KAMRUL IsLaM2 AND MD. SOHRAB ALl

Department of Zoology, Universily of Rajshahi, Rajshahi-6205, Bangladesh

Abstract: Two phylophagous ladybird beetles, namely, Epilachna vigintiocto-
punctata (Fab.} and E. pusilfanima (Muls) of Coccinellidae were cytlologically
tnvesligated for karyotypes. They were found to possess 2n = 18 (8 AA + Xy) and
2n = 16 (7AA + Xy) chromosomes, respectively in spermatogonial cells. Detalled
comparison of karyotype using principal components analyses revealed a
considerable divergence between the two species. In E. vigintioctopunctata, 4th and
5th autosomes palrs were submetacentric {sm} and the rest including X
chromosomes are metacentric (). Centromere was not detected in the minute y
chromosome. The karyotype forinula of the species was (2AA sm + 6AA In + X 1n
+y). The karyotype formula of the specles E. pustlilantma was (SAA sm + 2AAmM + X
m + y} where lst, 2nd, 3rd, 4th and 7ith autosome palrs were submetacentric
and rest were metacentric. The nature of y chromosome was the same as i the
former specles. The ratlo of autosomes ranged from 12.31% to 5.9 % in E.
vigintioctopunctata while Il was13.66 % to 9.65 % In E. pustllanima. The ratio of
sex- chromosomes wus 23.33 9% in the former and 20.69 % In the latter. These
non-overlapping karyolyplc features seemingly characterlstics for differentiating
the species.

Key words: Epilachna, Chromosome, Karyotype.

INTRODUCTION

The genus Epilachna, a phytophagous lady bird beetle, belongs to the
family Coccinellidae under the order Coleoptera. In this family there are about
4500 species of which one sixth are Epilachninae (Dieke 1947). These beetles of
different forms use to cause considerable damage to various cultivated plants
especially belonging to the families Cucurbitaceae, Solanaceae and
Papilionaceae. The beetles are identified by the taxonomists depending on their
morphology. Many species of the genus Epilachna show considerable
interspecific variation which make them difficult to identify properly. It is a
well-known fact that where the morphological features are difficult to measure,
cytological informations may play impertant roles to solve the taxonomic
problems. For this reason, several cytological studies on this genus have been
carried out by different workers (Stevens. 1909, Takenouchil955, Smith 1956,
1959, 1960; Dasgupta 1963, Sharma et al. 1959, Saha 1973, Kacker 1993).

linstitute of Blological Sclences, University of Rajshahi, Rajshahi-6205, Bangladesh. 2Dcparlmcnl of
Genetices and Breeding, University of Rajshahi, Rajshahi-6205, Bangladesh,
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Bangladesh has an agrobased economy. The control of pests of agricullural
crops is a vital to boost its cconomy. ‘Therefore, complete karyolype of each
species under this genus is necessary for their authentic identiflicatlon.
Unfortunately, there is, so far, no reports are available on the cylology of the
species of this genus from Bangladesh: In Lhe present Investigation, an altempt
was undecrtaken to analyse the Karyolypc of Lwo Epilachna spccics, namely, E,
pusillanima and E. vigintioclopunctala. N

MATERIAL AND METHODS

The adult males of the phytophagous coccincliid beetles, Epilachna
pusillanima and E. vigintioctopunctala, were the (wo inscct species of the
present investigation. The Insects were collected from plants cspecially of the
family Solanaccac and Cucurbilaceac from the suburban arecas of Rajshahi.
The males were sacrifced for dissecting oul the tesles afler trecated with 1%
colchicine solution for 5-6 hrs. The teslicular alrdrying technique given by
Crozier (1968) was used with certain modification suggested by olher workers
(Mittal et al.1989, Katakura et al.1993). Cenlromeric formula was derived on the
basis of 1/s ralios proposed by Leven et al. (1964). '

RESULTS AND DISCUSSION

Epilachna vigintioclopunctata (Fabricius): The spermatogonial plates
revealed the chiromosome lypes 8AA + Xy (Fig. 1, Table 1). The nearer sized
chiromosomes were considercd as autosomes while the other as sex
chromosomes X and y. In number, 16 were autosomes and lwo were sex
chromosomes. Of the autosomes, 4th and 5lh palrs were submetacentric (sm)
whilc the rest were metacentric (m). The X chromosonic was also metacentric
and large while y was the smallest and dot shaped. When arranged in the
karyolype (Fig. la) according to their descending order of size, they exhibit a
gradual serriation. The autosomes ranged from 1.95 pm (o 4.06 pum (Table 1) in
length while the X and y measured 6.2 pm and 1.5 pum, rcspectively. A calculation
of the mean relative lengths of the chromosomes showed that the X was the
largest of the complement, it was 0.19 pm. The aulosomes (AA) decrease
gradually from 0.12 to 0.06 um The y chromosome measured 0.04 pm (Table 1). X
and y chromosomes were found in sgparate positions.

Epilachna pusillanima (Mulsant): In the spermatogonial plates (Fig. 2,
Table 2), 16 chromosomes of which 7 patrs were autosomes and 1 pair was sex
chromosome. Of the autosomes 5th and 6th pairs were metacentric (im) and rest
were submetacentric (sm). X was also mctacentric. The y chromosome was






Tablel. Morpbometric data for the spermatogonial chromosomes of E. vigintioctopunctata (Fab)

alg

Chromosomes Mean'length Mean length Total Relative Centromeric Arm Centromeric  Karyorype
/pair of short arm of long arm length length index ratio pe
s = S.E. pm | £ 8.E. um s + lpum RL Cl AR
1 1.62 = 0.01 2.44 = 0.01 4.06 0.12 39.90 1.51 m 2 AA sm +
2 1.60 = 0.01 2.40 = 0.01 4.00 0.12 39.98 1.51 m 6AAmM -+
3 1.45 = 0.01 2.15 = 0.01 3.60 0.11 40.28 1.48 m Xm+v
4 1.14 £ 0.01 2.24 £ 0.01 3.38 0.10 33.73 1.96 sm
5 1.11 £ 0.01 1.99 = 0.01 3.10 0.5 35.81 1.79 sm
6 1.26 £ 0.01 1.44 = 0.01 2.70 0.08 46.67 1.14 m
7 1.17 £ 0.01 1.30 = 0.01 2.47 0.07 47 .37 1.17 m
8 0.94 = 0.01 1.01 = 0.01 1.95 0.06 48.28 1.07 m
X 2.49 = 0.01 3.71 = 0.01 6.20 0.:9 40.16 1.49 m
v 1.50 = 0.01 - 1.50 0.04 - - -
Mezn total length of the genome = 32.98 pm: 2n = 18.
Length of a particular chromosome (s+11 ., L
Here. RL = Total le%gth of the genome is + 1) Cl=s/s+ 11 AR =1/s.
Table 2. Morphometric data for the spermatogonial chromosomes of E. pusillanima:- {Mulsant).
Chromosomes Mean length Mean length Tatal Relative Centromeric Arm Centromeric Rarvotvpe
/pair of short arms of long arm length lenath index ratio type '
s+ S.E. um 1=SE. pum s+1lum R. Cl AR
1 1.63 = 0.01 2.96 = 0.01 4.59 0.14 39.90 1.81 sm 5 AA sm -
2 1.52 = 0.01 2.65 £ 0.01 4.17 0.12 39.98 1.74 sm 288 m -+
3 1.45 £ 0.0! 2.531 = 0.0 3.96 0.12 40.28 1.72 s Xm -y
4 1.38 £ 0.01 2.149 = 0.0} 3.87 0.:1 33.73 1.80 sm
5 1.30 = 0.01 2.15 £ 0.01 3.45 0.10 35.81 1.65 m
6 1.24 = 0.01 2.11 = 0.01 .35 0.09 48.67 1.69 m
7 1.17 £ 0.01 2.10 £ 0.01 3.27 0.0¢ 47.37 1.79 sm
X 2.48 £ 0.01 3.49 = 0.01 5.97 0.18 48.28 1.4 m
y 0.98 = 0.01 - 0.98 0.03 40.16 - -

Mean total length of the genome = 33

.59 um: 2n = 16.

o sngg
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Karyotype analysis of two Epilachna species

present report of E, vigintioctopunclata a

the general P':d“-Crn. The X and y chromosomes are not in Xyp form. Tasurusaki
etal (1993) found 2n = 20 |n male beetles of E. vigintioctopunctata. In (e
diploid complement of E. vigintioctopunctata, Agarwal(1960) observed 18
$ had XY : XX mechanism of sex determination, the
In the sald species 2n =18 (16 AA + X +y) also reported
(1948). The present result agreed with these. Yasida
ce of minule y chromosome. In the present findings y
Bose (1948) and Agarwal (1960) found the large Y
approaching the X in size (16 AA + X +Y) in this species. All the species belonging
to the subfamily Epilachninae reported so far have the 18 or 20 chiromosonies

and an XY : XX mode of sex determination (Stevens 1909, oy 1918, Strasburger
1936, Yasida 1944, 1948, Takenouchi 1955 )

Y approaches the X in size,
by Yaslda {1948) and Bose
(1948) observed the presen
is also minuten, But,

The Epllachninae have the chromosomes 2n = 10, 18 and 20 in most of the
specles (Kacker 1993). Yasida (1944, 1948) reported 20 chrosomes (1BAA + X +Y)
for E. pustulosa, E. vigintioctopunctata, E. niponica. In the species E.
dodecastigma (Weid) Saha (1973) observed 2n = 14 chromosomes. In the present
study 2n =16 chromosomes were found in the diploid cell of E. pusillunimea. The

same number of chromosomes were found in another species of Afissa
purvulosa (Crotch) by Kacker(1993)

In the family Coccincllidae, the diploid chromosome number varied from
14 to 20 (Smith 1960) with different types of sex determining mechanism viz:
unequal X and y, Xyp, and neo XY. In the sub family Epilachninae, out of 5§
species worked out, all show 20 chromosomes as diploid number with Xyp type
of sex mechanism (Takenouchi 1955, Agarwal 1960, 1961). But, the present
study showed the presence of 18 and 16 chromosome as diplotd number in the
two separate species with unequal X and y. In this point, the chromosome
numbers tally with inost of the previously studied species but differing in the sex
mechanism. Very often it was found that in males of bisexual species of
Coccinelliclae, a pair of heteropycnotic sex chromosomes usualtly assoclated in a
typical parachute lilke manner, conveniently denoted as Xyp. In this findings
“Xyp" was undeteciable.

If we compare these results with the differences in the chromosomes
numbers and sex chromosomes the discrepancy may be well explained either by
loss or by fusion of the chromosome. '

Akbar (1995) reported X chromosome as the largest and easily recognizable
while y is the smallest and not always Identiftable. Yasida (1948) ()l)SCl‘veFl the
presence of minute y chromosome, although Agarwal and Bose (1948) found
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large Y chromosome. In the present study a small y chiromosome was found out
which agreed well with the findings of Yasida (1948).

Thus, it may be sumimarized by saying that the chromosome numbers and
scx determining nicchanism of most of the specics stugl‘le(l varics but centering
round the lype number 211 = 14 to 20 (Smith 1960).
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