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Abstract 

Parthenogenesis partheno - virgin, genesis - origin, from gen - to be produced) is 

invariably the development of unfertilized ovum. Such a development of the ovum without 

fertilization is called parthenogenesis and the individuals that reproduce by this method are 

called parthenotes or parthenoclones. Artificial parthenogenesis in domestic silkworm 

Bombyx. Mori L. was first demonstrated by Tichomirov in 1986. The silkworm was the first 

animal species in which androgenetic development up to sexual maturity was obtained. Based 

on the occurrence, it was classified into spontaneous and induced parthenogenesis. Various 

inducing agents are used to artificially induce parthenogenesis in silkworm viz., temperature 

(high, low, combined high and low), chemicals, radiating agents, etc. The forms of 

parthenogenetic reproduction are ameiotic and meiotic parthenogenesis, gynogenesis, 

androgenesis, obligatory and facultative parthenogenesis. Parthenogenesis in silkworm 

acquires a special significance in the development of outstanding homozygous genotypes 

with low phenotypic variation in quantitative characters increased hybrid vigour and viability.  
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Introduction 

Most insects, like most other animals and plants, reproduce sexually. Each gamete 

(egg or sperm) contains one complete set of chromosomes, and the fusion of a sperm and an 

egg results in a zygote, which then develops into a new individual. In some insects, however 

(as in many other groups), offspring can develop from an egg alone, without sperm, a process 

known as parthenogenesis. Parthenogenesis partheno - virgin, genesis - origin, from gen - to 

be produced) is invariably the development of unfertilized ovum. Such a development of the 

ovum without fertilization is called parthenogenesis and the individuals that reproduce by this 

method are called parthenotes or parthenoclones. The spermatozoan, on the other hand does 
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not develop without fertilization except in rare instances where the male gamete is artificially 

fertilized with a nucleus-free egg, a phenomenon known as merogony. The development of 

the sperm in such an enucleated egg is called androgenesis or male parthenogenesis 

(Retnakaran and Percy, 1985). Transfer of hereditary attributes from generation to generation 

takes place during the process of sexual propagation and is the predominant mode of 

reproduction in eukaryotes. However, in several insect orders, parthenogenesis is a normal 

mode of reproduction except Odonata, Dermaptera, Neuroptera and Siphonaptera (Chapman, 

1982). In almost all breeds of the silkworm, spontaneous parthenogenesis is rare and in 

normal condition, undergoes a limited number of cleavages; quite rarely develops up to the 

caterpillar stage (one case in 10
5-6
) and seems to be rudimentary (Tazima, 1964). Various 

strategies of reproduction such as parthenogenesis, androgenesis, gynogenesis or 

polyploidogenesis can be induced in silkworm by artificial manipulation (Astaurov, 1967). It 

is a well-known fact that the border between any two consecutive generations passes through 

the activated egg which gives rise to a new organism (Klymenko, 2001). So activation is a 

basic input for the egg to develop into a new organism. But activation is not always caused by 

penetration of a sperm inside the egg. In natural parthenogenesis, insemination is absent and 

the activation is caused by other factors such as aerobic oxygen in the stick insect, Carausius 

morosus (Pijnacker and Ferverda, 1976). Information on the artificial parthenogenesis and 

androgenesis in the development of silkworm breeds / hybrids is lacking.  So, an attempt has 

to be made to explore the possibility of using breeding strategies like artificial 

parthenogenesis and androgenesis in the development and evaluation of outstanding hybrids 

of high viability, more hybrid vigour, combining ability and phenotypically uniform 

population.  

 

Types of parthenogenesis in silkworm 

      Based on occurrence, it can be classified into two spontaneous and induced 

parthenogenesis. 

 

1. Spontaneous parthenogenesis 

It is also known as natural parthenogenesis. Astaurov (1957) noticed spontaneous 

parthenogenesis in silkworm Bombyx mori L for the first time in the mid-1940s at a rate less 

than 0.1 per cent and he started testing different factors that controlled and influenced this 
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phenomenon. Strunnikov (1983) developed the technique for inducing spontaneous 

parthenogenesis by thermal disruption of the meiotic spindles at the first reduction division. 

 

2. Induced parthenogenesis 

 Various methods were tried to induce artificial parthenogenesis in silkworm, which 

are mentioned briefly as follows: 

 

A. High temperature:  

Induction of ameiotic parthenogenesis without reduction of chromosome number. 

Tichomirov (1902, 1903) observed the effect of hot water for inducing artificial 

parthenogenesis in silkworm but he succeeded only in inducing the early stages of 

development. The robustness of the larvae was not in any way inferior to those of normal 

larvae and all were females. Millions of larvae were produced by this method. Astaurov 

(1940) studied the artificial parthenogenesis in silkworm and formulated accurate method to 

obtain worms successfully at the extent of 82 % in certain egg batches. This method was 

simple, i.e. extraction of eggs from ovarian follicles of the moth, washing and treating them 

with warm water at 46 °C for 18 min and exposing them to cold water. The obtained results 

were influenced by other factors such as time passed between the extraction and heat 

treatment, temperature and humidity at which the eggs were conserved after the treatment, 

the age of the moth, portion of ovary from which the eggs were taken etc. Further, extensive 

studies were conducted by activating unfertilized eggs treating with warm water 

(Gangopadhyay and Ravindra Singh, 2004).  

Greiss et al. (2004) determined the manifestation of bivoltine and quantitative characters 

of eight ameiotic parthenogenetically cloned lines of B. mori. The results revealed that 

successful induction of parthenogenetic clones by thermal method varied from 77 to 89 per 

cent among eight different lines which indicated that parthenogenesis cloning method has 

high rate of success in comparing with other cloning methods. Ravindra Singh et al. (2013) 

studied the response of different silkworm breeds towards parthenogenetic development in 

bivoltine and polyvoltine breeds. Three bivoltine parthenogenetic lines DNB1, DNB6 and 

DNB7 along with two polyvoltine androgenetic lines AGL3 and AGL5 were developed and 

found promising exhibiting significant improvement for quantitative characters like 

survivability, vigour and cocoon size uniformity. 
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B. Low temperature:  

Induction of meiotic parthenogenesis having both maturation divisions. 

 Cooling of silkworm eggs to low temperature (-11°C) for 30 min caused development 

of only homozygous males (Terskaya and Strunnikov, 1975). According to modern 

classification, this type of parthenogenesis by freezing at -11°C for 30 min in addition to 

spontaneous parthenogenesis are referred as 'meiotic'. In all these cases, parthenogenetic 

progeny progeny were mostly males. Terskaya studied stimulation of practically all the 

cooled eggs towards meiotic development (Strunnikov, 1983) and proposed that the 

cytological mechanism of meiotic parthenogenesis and observed that in all the unfertilized 

eggs activated by low temperature (-11 °C, 30 min), the maturation divisions proceeded 

synchronously, though twice as slowly as in the normal. As a result, 5 h after activation a 

'pronucleus' was formed, as in the fertilized eggs, and three polar bodies later degenerated. 

The division of pronucleus into two haploid nuclei (blastomeres) was completed 8 h after 

activation. The blastomeres divided once or twice more and then started to fuse in pairs. 

 

C. Chemical and other agents 

 Sato (1925, 1931) by treated just laid eggs in a solution of HCl acid of specific gravity 

1.04 to 1.06 heated at 40°C to 43°C for 4 to 6 min and Kawaguchi (1934) immersed 

deposited unfertilized eggs at 15 % Hcl acid for 5 min induced parthenogenetic development. 

Astaurov (1940) with the same technique obtained 222 larvae with 44 males and 35 females 

and denied it as artificially induced, the acid only help to terminate the diapause. It was later 

ascertained that Hcl acid alone couldn’t induce complete parthenogenesis unless combined 

with simultaneous heating. Sato's result was, therefore, considered as a rare case of natural 

parthenogenesis with high number of hatched individuals. Parthenogenetic activation in 

silkworm eggs was observed through preservation of ovaries in liquid nitrogen, thawing and 

transplanting into 5th instar female larvae (Kusuda et al., 1985). Lu (1994) maintained 

several generations of silkworm by freezing immature ova. In another study, when ovaries 

were transplanted from female to male individuals, the percentage of parthenogenesis was 

much lower in males than in females (Sugai and Otsuka, 1983). Laser beam was also found to 

be effective for induction of artificial parthenogenesis in the silkworm (Xu et al., 1990; 

1995). 
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D. Combined effect of low and high temperature 

 The reactivity of eggs aged between 1 to 5 day(s) in response to the combined action 

of low and high temperatures formed a new simplified technique for activating the eggs 

towards parthenogenetic development. Attempts were made to activate the eggs through 

combined action of low and high temperature for induction of parthenogenesis (Sugai, et al., 

1983; Nagraj et al., 1984). Though, various methods were adopted earlier for induction of 

parthenogenesis in the unfertilized eggs of silkworm, the degree of parthenogenesis depends 

upon the developmental stage during which the eggs are treated and the sex of the 

parthenogenetic eggs depends upon the type of activation technique utilized for induction of 

parthenogenesis (Strunnikov, 1975, 1983). High temperature has been proved to be a 

powerful agent for induction of parthenogenesis and maximum parthenogenetic induction has 

been observed at 12 h after removal of eggs from the body of the moth (Astaurov, 1967) 

however, the rate of parthenogenetic induction is varied in different strains (Takei et al., 

1990). Takei et al. (1990) performed factor analysis on parthenogenesis of silkworm ovarion 

eggs. The results revealed that the percentage of parthenogenesis of eggs varied widely 

among tested strains and was generally higher in hybrid strains in their original races which 

showed that the occurrence of parthenogenesis is controlled genetically. Vasileva et al. 

(2009) studied the productivity of silkworm parthenoclones obtained by combined method 

showed higher activation than thermal method. 

 

Classification of parthenogenesis 

Forms of parthenogenetic reproduction  

Strunnikov (1983) classified parthenogenesis into ameiotic, meiotic and gynogenesis. 

 

A. Ameiotic parthenogenesis 

 Ameiotic parthenogenesis means induction of parthenogenesis in silkworm without 

reduction in the original chromosome number. Ameiotic parthenogenetic clones produce 

identical female twins (ZW genotype). A clone line lacks genetic variation and accordingly 

phenotypic variations are exclusively due to environmental factors. During the initial 

construction of the clonal lines, genetic advances concerning the biological and quantitative 

characters were achieved by back crossing ameiotic parthenogenetic clones with full-sib 

males of the same batch. 
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B. Meiotic parthenogenesis: Having maturation division 

C. Gynogenesis: It requires spermatozoa for activating the ovum. 

D. Androgenesis  

            Androgenesis is a form of parthenogenetic development in which the androgenetic 

organism develops at the expense of the cytoplasm of the mother egg cell and the male 

nuclear material. It was induced in a wide group of animals through inducing agents such as 

temperature, gamma rays, UV radiation, CO2 gas respectively (Ravindra Singh et al., 2001). 

Androgenesis may prove to be a powerful tool in animal breeding for the production of 

completely homozygous individuals within a short period of time (Parsans and Thorgaard, 

1995). 

Similarly, Suomalainen (1970) classified silkworm reproduction into obligatory, facultative 

and sex determination. 

 

Obligatory parthenogenesis 

 It is the process in which organisms exclusively reproduce through asexual means. 

Female will produce an ovum with two sets of genes provided solely by the mother. Thus, a 

male is not needed to provide sperm to fertilize the egg. 

 

Facultative parthenogenesis  

 It is believed to be a response to a lack of a viable male. A female may undergo 

facultative parthenogenesis if a male is absent from the habitat. 

 

Sex determination 

Arrhenotoky:  

Parthenogenesis in which all the unfertilized eggs develop into males. Arrhenotoky 

has more in common with typical sexual systems than with other forms of parthenogenesis. 

 

Thelytoky:  

The technical term for parthenogenesis in which all the unfertilized eggs develop into 

females is thelytoky. It allows females to: (1) pass along their successful genotypes to all of 

their offspring; (2) produce only daughters, maximizing the rate of increase; and (3) eliminate 

the need for finding or attracting a mate. The largest insect orders (Lepidoptera, Diptera, 

Coleoptera, Hymenoptera) have a low incidence of thelytoky overall, but very high rates of 
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thelytoky in some families, such as weevils (Coleoptera: Curculionidae), bagworm moths 

(Lepidoptera: Psychidae), and chironomid midges (Diptera: Chironomidae). 

 

Amphitoky or deuterotoky:  

 The parthenogenetic production of both males and females. For instance, in some 

species that usually reproduce by thelytoky, a very small percentage of individuals develop 

into males, which may or may not be able to mate. 

 

Importance of parthenogenesis in silkworm breeding  

 Parthenogenesis is an important tool in silkworm breeding for the development of 

homogenous and fine races (Kawaguchi, 1934). The need for parthenogenesis in silkworm is 

to identify the silkworm breeds / hybrids with high parthenogenetic ability and to develop 

homozygous silkworm breeds with parthenogenetic origin. Through parthenogenesis, the 

practical advantages of parthenogenesis like viability, heterosis, combining ability and 

phenotypic variability can be assessed. 

     Inbreeding depression among the inbred lines is a major setback in maintaining and 

multiplying the pure parental stocks. Artificial parthenogenesis can facilitate to develop a line 

with restored diploidy of lower inbreeding depression and therefore, it is possible to establish 

a new colony from a single individual (Cuellar, 1977). The interrelation between the success 

of parthenogenesis and the characteristics of the silkworm parent has long been noticed and 

the frequency of complete parthenogenesis was shown to be directly proportional to the 

heterozygozity of the individuals (Altukhov and Klimenko, 1978). The desired type of 

silkworm either entirely females (completely heterozygous) or males (predominantly 

homozygous) can be produced by application of various methods of activation and can serve 

as a useful tool for controlling the sex of the offsprings (Strunnikov, 1975). 

 Cocoon size is an important parameter from the economic aspect of silk production, 

development as well as evaluation of commercial hybrids (Nakada, 1994). Uniform cocoons 

enhance the performance of semiautomatic and automatic reeling machines to get uniform 

filament size (Mano, 1994). Ravindra Singh et al. (1998) have emphasized the importance of 

cocoon size uniformity in India. Recently, studies on cocoon size uniformity in  

polyvoltine × bivoltine hybrids of the silkworm tolerant to high temperature and humidity 

have been carried out (Umadevi and Raghavendra Rao, 2006). Since, improvement of 

qualitative and quantitative characters in a desired direction is a continuous process; there is 
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further scope to identify superior breeds / hybrids through combining ability studies. 

Exploitation of hybrid vigour to a greater extent depends on the homozygous nature of the 

breeds involved (Nacheva et al., 1999). Artificial parthenogenesis has been employed to 

develop homozygous silkworm breeds to harness heterosis (Ravindra Singh et al., 2004). 

Mechanism of hybrid vigour through artificial parthenogenesis has been reported (Ohkuma, 

1971). 

Utilization of artificial parthenogenesis in the silkworm has been reviewed by many 

workers (Gangopadhyay et al., 2005). Recently, the genetic effects on parthenogenetic 

characters of the silkworm have been analyzed (Yongqiang et al., 2004) and the possibility of 

artificial parthenogenesis in the management of transgenic population of the silkworm has 

been put forward (Grenier et al., 2004). In silkworm females are heterogametic (ZW) and 

there is no crossing over in ameiotic parthenogenesis. A controlled heat shock applied to 

unfertilized eggs can disrupt the metaphase I spindle and prevent the reductional division, 

giving rise to diploid female pronuclei identical to the mother’s genotype (Klymenko, 1990). 

Thus, parthenogenetic daughters are genotypically identical and stable clones can be derived 

from a given month. The discovery of artificial parthenogenesis opened new methodical 

approaches to study activation because it becomes possible to use physical and chemical 

agents as activators instead of spermatozoa.  

Androgenesis may prove to be a powerful tool in animal breeding for the production 

of completely homozygous individuals within a short period of time (Parsans and Thorgaard, 

1995). Studies on androgenesis in silkworm is of great interest in view of the development 

and selection of bisexual homozygous androgenetic lines in early generations with small 

populations as compared to huge populations that are needed in conventional breeding 

(Nacheva et al., 2001). Androgenesis in silkworm acquires a special significance as along 

with combined applications of other breeding strategies like parthenogenesis and cloning, it 

may serve as a valuable tool for sex control in sericulture as well as selection and production 

of bisexual homozygous androgenetic lines. Production of hybrid silkworm yielding high 

proportion of male larvae is of immense use to silk industry (Ravindra Singh et al., 2013).  

 

Silkworm breeds developed by parthenogenesis breeding 

 Dandin et al. (2007) have isolated one promising polyvoltine breed “ND7” with better 

silk quality without sacrificing other quantitative characters. Ravindra Singh et al. (2009) 

have developed some bisexual polyvoltine silkworm breeds through application of 
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androgenesis. A polyvoltine silkworm breed “AGL3” was evolved by using dispermic 

androgenesis by crossing F2 males derived from a polyvoltine hybrid BL68 × BL69 with 

another polyvoltine race “Nistari”.  The hybrid AGL3 × CSR2 is characterized by high 

survival (>95 %), high cocoon weight (1.9 g), high cocoon shell weight (>0.35 g), high 

cocoon shell percentage (>20.0 %), longer filament length (> 800 m) and high neatness (90 

p). Self bred silkworm lines have been isolated through irradiation of female pupae with 80 

KR gamma rays, crossing the female moths with normal males and exposing the eggs at 38 

ºC for 200 minutes (Xu et al., 1997). Nacheva et al. (1999) have developed bisexual 

silkworm lines by crossing F2 hybrid males to Ps race used as marker and exposing the eggs 

at 42 ºC for 200 minutes.   

 

Practical applications of androgenesis breeding 

 Within short period of time, a new line would be produced. Development of 

outstanding genotypes with less phenotypic variability, exhibiting more hybrid vigour and 

combining ability (Ravindra Singh et al., 2004). As estimated by Huang (2000), 10 to 15 % 

more silk can be produced by rearing only male silkworms. 

 

Conclusion 

Parthenogenesis encompasses a variety of reproductive systems and is often 

considered synonymous with clonal reproduction. Newly developed silkworm breeds can be 

utilized as breeding resource materials in future breeding programmes. Androgenesis can be 

successfully used as breeding tool for the development of homozygous silkworm breeds.  
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