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Abstract: The use of karyological studies in insects is of considerable significance. 

However, chromosome karyotyping has been hampered principally by: 1) the minute size 

of many insects, 2) the recovery of suitable tissues, 3) the small number of cells adequate 

for analyses 4) the smallness of the chromosomes in some groups, 5) the difficulty in 

obtaining satisfactory numbers of well-spread or dispersed metaphases, and 6) the 

determination of the best time of the year to carry out chromosome preparations using 

freshly collected material because the life history of many insects is still not well-known. 

Many attempts have been made to reduce these difficulties by developing novel 

karyological methods. These procedures can yield chromosome preparations applicable to 

a wide variety of insects. In this paper, we outline techniques for preparation and 

observation of chromosomes from insect cells. Also, implications of chromosome 

techniques on insect systematics are discussed. 
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Insect chromosomes have been the subject of considerable research for more 

than a century (Gokhman and Kuznetsova 2006, Sadílek et al. 2016). As a main 

problem in entomological studies is the difficulty in identifying closely related 

species (Okiwelu and Noutcha 2014), chromosomal data have provided ample 

opportunities for taxonomic and phylogenetic analyses of many insect groups 

(Miao and Hua 2017, Soldán and Putz 2000). Cytogenetic studies have detected 

fundamental patterns in chromosome evolution that have assisted in the 

systematic analyses of many taxa (Camargo et al. 2006).  

Although insects constitute some of the best models for cytogenetic studies, 

their chromosomes are often problematic. Cytologists have been greatly 

hampered in the study of insect chromosomes by the fact that some species 

possess small size and/or a high number of chromosomes which usually makes 

counting and observing individual chromosomes difficult. Therefore, remarkable 

research interest has been focused on the development of reliable and efficient 
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cytogenetic techniques to generate good chromosome preparations, applicable to 

a wide variety of species and insect tissues (Sadílek et al. 2016). Observations of 

chromosomes, including banding patterns are usually made by locating cells in 

metaphase, the stage of cell division where chromosomes are greatly condensed 

and positions in the Equator of the dividing cells. These methodological 

improvements coupled with interest in comparative cytogenetics have produced 

abundant data on insect karyology. 

The purpose of this paper is to present a review some of the currently 

available methods for preparing chromosomes that we have found useful in our 

own research. In our research, we use the conventional squash method with testes 

and, sometimes, midgut (Okutaner et al. 2011a, 2011b, 2011c, 2011d; Okutaner 

et al. 2012) as primary source of cells. It is not our intention to summarize well-

known works emphasizing cytogenetics and evolution (MacGregor 1993, White 

1977) and/or cytological techniques (e.g., Barbosa et al. 2015, MacGregor et al. 

1983, Sharma and Sharma 1980). Furthermore, this work highlights contributions 

of these methods to systematic entomology.  

 

Primary sources of cells for insect chromosome studies 

Many tissue sources have been used by cytogeneticists to obtain chromosome 

preparations from insect material with dividing cells. The advantages and 

disadvantages of these sources are discussed below. 

Gonads (Testes and Ovaries). Preparation of metaphase spreads can be 

obtained from the gonads of live specimens (Popescu et al. 2000, Rozek 1994). 

Insect chromosomes are most easily studied in dividing cells in testes (Emmel 

1968). The following characteristics favor such selection: 

 

a. the structure of the insect testis, consisting of series of approximately parallel 

testicular tubes, tubules or follicles ranging in number from 1 to over 100 in 

which spermatozoa are matured, is very suitable for chromosomal studies 

because of its high incidence of meiotic and mitotic divisions and the loose 

arrangement of cells within insect testes (Resh and Cardé 2009, Roosen-Runge 

1977, Wolf 1996), 

 

b. the testes are easier to observe than the ovaries with the stereomicroscope 

(Popescu et al. 2000), 

 

c. the male gonads have more dividing cells than the female gonads (Popescu et 

al. 2000), 

 

d. meiosis continues in the testis mostly for a while after eclosion (Emmel 1968), 

 

e. the haploid number of chromosomes is more easily observed than the diploid 

complement in mitotic somatic cells (Emmel 1968), and 
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f. meiosis in the eggs of a female occurs severally during the short interval of 

sperm combination with each egg (Emmel 1968). 

 

A drawback of using gonads is that it is difficult to determine the timing of 

active gametogenesis, which can occur either in the larval stages or in the adult. 

Therefore, as more preliminary tests are performed, more experiences are gained 

(Popescu et al. 2000). 

Embryo Cells. Embryos are excellent sources of mitotic divisions (Resh and 

Cardé 2009). The best mitotic chromosomes can be obtained from dividing 

somatic cells in embryos. Although harvesting embryonic cells remains difficult 

in some species, it can also yield good chromosomes (Dutrillaux et al. 2006). Eggs 

with visible embryos are a good material source as well provided that their origin 

(whether embryonic or from the next generation) can be determined. Therefore, 

this method is used mainly when suitable insect breeding conditions are attainable 

(Popescu et al. 2000). 

Mid- and Hindgut. An interesting alternative source of chromosomes for 

some insect species are mid- and hindgut cells (Bedo 1976, Dutrillaux et al. 2006). 

Of these, midgut cells undergo mitoses after feeding (Dutrillaux et al. 2006).  

Other Tissues. Superior quality chromosome spreads have also been obtained 

from cerebral ganglia of third stage larvae of olive fruit fly Bactrocera oleae 

(Rossi, 1790) and gall fly Prececidochares utilis Stone, 1947 (Diptera: 

Tephritidae). Salivary glands, Malpighian tubules, rectum and fat bodies of flies 

(Diptera) are frequently used to obtain polytene chromosomes, the giant 

chromosomes that result from endomitosis, the repeated rounds of DNA 

replications without mitosis (Bedo 1976, Bush and Taylor 1969, Campos et al. 

2003, Popescu et al. 2000, Tsoumani et al. 2013). Moreover, well-characterized 

mitotic chromosomes can be obtained from larval haemolymph cells or 

haemocytes (Baragańo 1978). 

 

Some cytogenetic methods for the investigation of insect chromosomes 

The use of chromosomal techniques has enabled the generation of data 

concerning the genome structure, chromosomal organization, and differentiation 

of many insect groups. The efficiency and success of these methods depend on 

the studied insect group.  

Squash. Squash is the oldest method for spreading and flattening metaphase 

chromosomes (Pradeep et al. 2011). In most cytogenetic studies of insects, mitotic 

and meiotic chromosomes are obtained using the classical squash technique (de 

Souza 1991). In this technique, the tissue of interest is placed on a glass slide 

covered with a slide and gently compressed, or squashed, or tapped. Chromosome 

squashing is a rapid and straightforward way to visualize insect chromosomes 

(Chirino et al. 2014). This technique is particularly favorable where laboratory 

facilities are limited (Jovanović and Atkins 1969). 



Life: The Excitement of Biology 5(3)                                                                           120 

 

However, squashing can damage preparations by introducing potentially 

destructive shear forces on chromosomes (Chirino et al. 2014). To obtain 

permanent preparations through this technique, it is necessary to remove the cover 

slip after freezing the slides in liquid nitrogen, but this could result in a 

considerable loss of cells and qualitative deterioration of material (de Souza 

1991). Also, large amount of tissues adhering to the covering slip could be wasted. 

To avoid unnecessary loss of material, Rozek (1994) covered the slide with 

another slide and thus, one squash yielded two preparations. This is especially 

important for species with small gonads. During squashing, the cells are often 

concentrated in small areas resulting in clumping making it more difficult to 

produce well-spread preparations (Chirino et al. 2014). These problems seem 

connected to the fact that is not easy to apply the right pressure of the thumb 

during the squashing of the slide. Some workers use a flexible object, such as a 

pencil eraser to apply gentler pressure. Excessive pressure can bring about to the 

complete separation of the chromatids or can even break the chromosomes in 

fragments so as it is difficult to determine the exact centromere position and 

consequently the precise chromosomal morphology cannot be assessed. 

Moreover, with squashing it is more difficult to obtain preparations to be 

processed with the various cytochemical banding methods (Baldanza et al. 1991). 

In summary, ideally, cytogenetic preparations should have well-spaced 

chromosomes that are not distorted or stretched. 

Conversely, if the tissue is fixed according to Rozek’s protocol (1994) 

consisting of exposure to different fixatives (fixatives I, II, III and IV) composed 

of ethanol-glacial acetic acid-distilled water series at various proportions, good 

chromosome preparations with sufficiently spread cells could be obtained. These 

preparations with visible, distinguishable, and countable chromosomes are also 

suitable for various banding studies. 

Aceto-orcein squash method. In earlier works, chromosome preparations 

were made using the aceto-orcein squash method. In this technique, the mitotic 

figures are not spread well, and the chromosomes are piled up, especially those 

species having large chromosome numbers, such as the ant Formica yessensis 

Wheeler, 1913 (Imai 1966). 

Hyaluronidase-aceto-orcein squash method. This method gives favorable 

chromosome preparations for species having small chromosome numbers, such 

as the ant genera Pheidole, Monomorium, Aphaenogaster, Crematogaster, but it 

is less satisfactory for the species having more than forty or fifty chromosomes 

(Imai 1966). 

Cell Suspension. This method is based on mitotic and meiotic cell 

suspensions in a glass tube and gives satisfactory and highly reproducible results. 

Prior to dissection, male and female individuals are treated with 0.05 to 0.1% 

colchicine in an insect saline solution at the proportion of 0.1 ml/5 g body weight 

for 6 to 8 hours. After pretreatment, gastric caeca, testes and ovaries are removed 

from the animals in insect saline solution, cleaned and sectioned in 5 ml of 
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hypotonic 0.075 M KCl solution until a cell suspension is obtained. The material 

is submitted to hypotonic treatment for 30 minutes at room temperature, and 

centrifuged at 800 rpm for 5 minutes. After the supernatant is discarded, the 

remaining material is fixed three times in 3:1 ethanol: acetic acid. The material is 

resuspended in fresh fixative, and two drops of the suspension are added to a clean 

slide maintained in ice water, and air dried.   The cell suspension method has been 

used to prepare chromosomes from species belonging to different insect genera, 

such as the orthopterans, Xyleus, Schistocerra, Abracris, Chromacris, and 

Tropidacris (de Souza 1991). 

Cell suspensions for chromosome preparation have some limitations. This 

method uses embryonic cells (especially neuroblast cells obtained from eggs), 

material that most of the time is not available, forcing researchers to otherwise 

work with mitosis-rich adult insect tissues (de Souza 1991). Another disadvantage 

of the cell suspension method is the loss of material during centrifugation. 

Therefore, centrifugation should be used non-stop (e.g., 1300 rpm for 10 minutes) 

to avoid cells attrition and loss of the material. 

Cell Spreading. The cell spreading method can be used both on larger and 

smaller species of insects.  This method resembles squashing, but it uses dissected 

tissues (e.g., ovarioles or the testicular follicles), one or two pieces of them per 

slide (de Souza 1991). Cell spreading facilitates the generation of flattened cells 

and consistent chromosomal dispersal, overcoming some of the disadvantages of 

squashing (Chirino et al. 2014). The entire material can be used without loss, 

usually observed with other methods (i.e., classical squash technique or 

suspension). This is particularly important when it is necessary to analyze many 

cells per individual or to prepare many slides per individual for the application of 

different cytogenetic techniques (de Souza 1991). The presence of cellular debris 

around of the chromosomes represents a drawback of cell spreading (Chirino et 

al. 2014).  

Micro-Centrifugation and Micro-Spreading. This protocol combines 

controlled mechanical scattering, micro-centrifugation, and micro-spreading steps 

of smaller amounts (microliters) of male gonads. Using a single centrifugation 

microtube, excellent cytogenetic preparations from insect species, such as the 

reduviid kissing bug, Rhodnius prolixus Stål, 1859 and Triatoma lecticularia (Stål 

1859) have been generated (Camargo et al. 2006). This method overcomes some 

of the drawbacks of the classical squash method (Camargo et al. 2006). Also, the 

technique of micro-centrifugation and micro-spreading has several additional 

advantages: 

 

a. many slides per gonad can be obtained, 

 

b. the amount of cellular dispersal can be controlled, and thus is useful if small 

clusters of cells at approximately the same stage of meiosis are desired, 
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c. chromosomal spreads with desirable features are quite feasible for classical and 

molecular cytogenetics studies, and 

 

d. very small amounts of material are sufficient to make cytogenetic preparations. 

 

On the other hand, as far as we are aware, this technique has not been 

standardized for use in other species. 

Flame-Drying. This method was developed as a slight modification of the 

techniques used in mammalian chromosome preparations. The protocol consists 

of flaming cell preparations and carefully passing the slide through a Bunsen 

burner. This procedure has been used to study all stages of meiosis in both testes 

and ovaries of insects, especially grasshoppers and locusts as well as mitosis from 

the brain cells of fourth instar larvae (prepupae) of mosquitoes. The flame drying 

method yields excellent preparations of chromosomes from either the gonads or 

somatic cells of both large and small insects without recourse to manual squashes 

or histological sections (Mukherjee and Cohen 1968). Imai (1966) also mentioned 

that the drying method in which the slide is dried by passing it through an alcohol 

flame is suitable for species of ants with many chromosomes. Since centrifuged 

cell suspension is dropped by a syringe on the wet surface of a pre-cleaned glass 

slide, metaphases are spread better than by the squash method. Thus, it is easier 

to see very fine chromosomes and to count the correct chromosome number. This 

method has yielded excellent mitotic figures, such as in the ant genera, Formica, 

Lasius, and Tetramorium. The flame drying method has one disadvantage: flame 

dried slides usually do not band well since this method may denature 

chromosomes (Shibab 2012). 

Air-Drying. This method consists of dropping the fixed tissues on wet slides 

and allowing the material to air dry. The method has been used successfully with 

ants, beetles, and moths. Time-saving steps have been made resulting in a fast and 

easy method for field work. Cells undergoing meiosis or mitosis cells can be 

treated with colchicine to augment the precentage of cells in metaphase 

(Cokendolpher and Brown 1985). The air-drying method has numerous 

advantages (Cokendolpher and Brown 1985):  

 

a. many slides from specimens of a single population or conspefics can be 

prepared simultaneously up to the point of cell dissociation,  

 

b. properly scattered cell preparations are obtained without the use of enzymes, 

centrifugation, or cell resuspension, 

 

c. no cover slips, dry ice, or liquid nitrogen is needed, 

 

d. relatively permanent preparations, lasting at least one year, are available, if 

protected from dust and held at room temperature, 
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e. preparations can be also used for banding techniques and banding pattern 

studies before they are stained, and 

 

f. air-dried tissues result in preparations in which individual cells and their 

chromosomes are are well-spaced and suitable for counting (Cokendolpher and 

Brown 1985). 

 

Air-drying has the disadvantage that it does not work well with small-sized 

insects, because this method needs a substantial number of mitotic cells (Imai 

1966). Two variants of air drying, the drop method and air drying, and the 

scraping and air-drying are discussed below. 

Drop Method and Air-Drying. This method was developed to obtain high-

quality chromosomal preparations of insect cells, especially dipterans (flies), 

without squashing or spreading. This protocol, which combines the drop and air-

dry techniques, produces a cell suspension with separated and mixed cells, 

producing clean chromosomal spreads with minimum overlap and clumping, and 

without damage and/or loss of chromosomes. The drop and air-drying method is 

preferred for quick and accurate cytogenetic studies, as well as to an improved 

procedure for the resolution of chromosome identification and characterization 

(Chirino et al. 2014). As far as we know, this method has only been used on 

dipteran cells. 

Scraping and Air-Drying. This chromosome preparation technique, which 

has been successfully employed in both gastropod and lower vertebrate cells, was 

modified for the very small sized hymenopteran species, such as members of the 

families Aphelinidae and Eulophidae. Scraping and air-drying is simple, rapid, 

and reproducible. The technique consists of exposing the tissues to Shen solution 

(NaCl, KCl, CaCl2 in distilled water at various concentrations) containing a 

colchicine-hypotonic solution, followed by centrifugation, fixation, dropping of 

the suspended cells on clean slides, and air-drying. This method has been used for 

the study of insect chromosomes, especially parasitic Hymenoptera, such as 

Encarsia berlesei (Howard, 1906) (Baldanza et al. 1991, Odiernea et al. 1993). 

The scraping and air-drying method has yielded very good results in organisms 

such as, Encarsia formosa Gahan, 1924, Encarsia luteola Howard, 1895, 

Encarsia hispida De Santis, 1948, and the eulophids, Thripobius javae (Girault, 

1917), Baryscapus silvestrii Viggiani et Bernardo, 2006, and Pnigalio soemius 

(Walker, 1839) (Baldanza and Giorgini 2000; Caprio and Bernando 2006; Gebiola 

and Bernardo 2008; Giorgini et al. 2009, 2010). The metaphasic plates almost 

always showed chromosomes well-spaced, complete, and undistorted. Also, 

numerous specimens can be simultaneously processed and preparations, when 

protected from the dust and held at room temperature, are relatively stable for a 

great deal of time. Since many slides can be obtained from one specimen, some 

slides can be treated with various banding techniques (Baldanza et al. 1991). 
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On the other hand, this technique has not been modified and adapted for 

single individuals; it requires groups of several specimens. 

 

The Use of Cytogenetical Methods in Systematic Entomology  

Morphological surveys provide the first data for systematic studies or any 

group (Munguira et al. 1995). However, morphological similarities highlight the 

opportunity to further study the cases using a multidisciplinary approach of which 

cytogenetic or karyologic studies constitute one of them. Karyological methods 

are much needed to further develop systematic entomology (Lifschitz et al. 1999). 

Cladistic analysis of those data, as well as other taxonomic considerations, have 

lead researchers to suggest the creation of formal classifications and phylogenies 

(e.g., Bickham and Carr 1983).  

 

The importance of selecting the right technique 

Not surprisingly, the wise choice of cytological technique is essential to 

achieve correct and consistent results. Below, we exemplify this by using reported 

cases. 

Heteroptera. According to Angus et al. (2004), data on notonectid 

(Heteroptera: Notonectidae) chromosomes obtained by using serial sections have 

not revealed sufficient detail about the chromosomes’ morphology. Instead, they 

illustrated the advantages of air-drying using four species of Notonecta. Air-

drying yielded detailed information about their chromosomes, including their 

size, shape, and banding properties. The prepared karyotypes showed 

demonstrable differences between the species studied. 

Coleoptera. Angus (1982) described two methods to prepare chromosome 

spreads from developing embryos of Helophorus (Coleoptera: Hydrophilidae). 

These methods were undertaken to compare the banded karyotypes of two species 

included in H. aquaticus (L.). The study of the chromosomes showed that these 

two forms are, in fact, good species, namely, H. aequalis Thomson, 1868 and H. 

aquaticus (Linnaeus, 1758). Virkki and Santiago-Blay (1997) showed 

chromosomal differences between two Puerto Rican allopatric populations of 

Diachus nothus (Welse) (Coleoptera: Cryptocephalinae) from the preparations 

obtained squashed testis. By the way, they noted that several constraints limit the 

use of conventional squash and air-drying techniques, especially in Diachus as 

they have small testes. Therefore, they highlighted the importance of developing 

the special techniques to microinject the embryos, located in fertilized eggs, with 

cell division retardants, such as colchicine. 

Lepidoptera. Lukhtanov et al. (2006) stated that karyological analysis of the 

Agrodiaetus dolus (Hübner, 1823) species group (Lepidoptera: Lycaenidae) is 

difficult due to their extremely high chromosome numbers. The use of common 

squash and spread chromosome preparation techniques in these butterflies 

frequently yields inaccurate chromosome counts and may lead to erroneous 

taxonomic decisions. To overcome this problem, they used a modification of 
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squashing that allowed them to examine investigate (non-squashed) metaphase 

plates and distinguish all chromosomes in the karyotype. While their karyological 

findings confirmed previous results obtained using the paraffin section technique, 

they were not able to confirm the published karyotype data obtained using the 

more modern squash method. Finally, they concluded that disagreement between 

their and formerly presented chromosomal data of this group depends on the 

karyological techniques preferred. 

Hymenoptera. Pompolo and Takahashi (1986) studied the chromosome 

number and karyotype of two species of Polistes wasps by using a technique 

involving colchicine and sodium citrate pre-treatment of the cells. This rendered 

excellent quality metaphases that allowed a more precise chromosome 

identification, reliable determination of chromosome number, and morphology in 

both species studied. 

Although rapid advances in molecular techniques provide a bewildering 

amount of data, traditional karyotyping methods remain useful, and they are 

relatively quick, simple, and inexpensive tools allowing the study of biodiversity. 

The obtained data facilitate the detection and identification of closely related taxa 

and the generation and/or testing of phylogenetic hypotheses (Gavrilov-Zimin 

2011; Gokhman 1997, 2007; Marinho et al. 2014; Pyšek et al. 2013). One of the 

clearest examples of the value of cytogenetics in phylogenetic reconstructions is 

the case of primate evolution (Stanyon et al. 2008). 

 

Concluding Remarks 

Classical chromosome techniques are still one of the ways to gather data 

pertinent to systematic entomology. Insect cytogenetics is still in a survey period. 

The analyses of more karyotypes for taxonomic revision of many species groups 

is in order. Moreover, these methods further give impetus to undertake detailed 

karyological study of specific insect groups, particularly those of significant 

impact to humanity. 
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