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Abstract 

Thelytoky is a type of parthenogenesis when unfertilized eggs only produce female offspring. Consequently, it prevents 

the need for females to find a mate for reproduction through automixis or apomixis. It allows them to successfully pass 

on their genetic material to their progeny, increasing the number of females. This phenomenon can occur through the 

genetic mechanisms of certain species or can be induced by infections from maternally transmitted endosymbiotic 

bacteria such as Wolbachia, Rickettsia, and Cardinium. Different Dipteran and Hymenopteran species reproduce via 

thelytokous parthenogenesis, but there is still limited information about this process. In this review, we provided a broad 

summary of the phenomenon of thelytokous parthenogenesis by referencing studies focusing on Dipteran and 

Hymenopteran species.  

Key words: Automixis, apomixis, endosymbionts, arrhenotoky 

1. Introduction 

Thelytoky is derived from Greek words ‘female’ and ‘birth’. It can be described as a type of parthenogenesis. In this 

mechanism, unfertilized eggs develop into female offspring, whereas fertilized (diploid) eggs develop into females in 

parthenogenesis. Therefore, it enables females to transmit their genetic material to their offspring successfully, 

enhancing the number of females while eliminating the necessity of finding a mate for reproduction either through 

automixis or apomixis (Figure 1) (Normark and Kirkendall, 2009). In automixis, a normal meiosis process can be 

completed (Pearcy et al., 2011). Diploidy in females is restored through terminal fusion, central fusion, gamete 

duplication, or random fusion. In contrast, apomixis lacks meiosis entirely, resulting in diploid females that are 

considered clones of the mother (Du et al., 2023). If females do not fertilize their eggs or if there is an increased 

prevalence of sterile females due to infection, the proportion of male individuals within the population can rise 

significantly. The thelytoky mechanism is essential for population maintenance in these situations because it permits the 

continued reproduction of female individuals without the requirement for fertilization (Jeong and Stouthamer, 2005).  
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Figure 1. Types of reproduction (Rabeling and Kronauer, 2013) 

Thelytokous eusocial insects provide a unique model for evaluating inclusive fitness theory. Colonies of obligatory 

parthenogenetic species tend to have cooperative functioning as a single ‘superorganism’ with minimal appearance of 

individual selfish behavior. However, initial research suggests that even in thelytokous species dominant in clonal 

lineages, social conflicts and worker policing behaviors are prevalent. This phenomenon is likely due to the presence of 

multiple clonal lineages within colonies (Rokas et al., 2002). Thelytoky is observed in several hymenopteran taxa 

including Apoidea, Ichneumonoidea, Tenthredinoidea, and Vespoidea (Keller, 2007). Additionally, four thelytokous ant 

species are also known: Pristomyrmex punctatus (formerly P. pungens), Cerapachys biroi, Cataglyphis cursor, and 

Platythyrea punctata. Among these, P. punctatus and C. biroi are obligatory thelytokous species, whereas C. cursor and 

P. punctata exhibit facultative thelytoky (Jeong and Stouthamer, 2005). In addition to hymenopteran species, a 

substantial majority of dipterans also produce through parthenogenesis.  

Thelytoky can occur under the control of the insect itself or be induced by endosymbionts. Shifts from arrhenotoky 

(produces haploid males from unfertilized eggs) (Figure 1) to thelytoky are frequently mediated by maternally inherited 

endosymbiotic bacteria including Wolbachia, Rickettsia, and Cardinium (Rokas et al., 2002; Pearcy et al., 2004; Du et 

al., 2023). However, thelytoky can also be genetically determined in some insects such as those belonging to the genus 

Trichogramma (Vavre et al., 2004). In this review, we discussed previous studies, the dominant viewpoints, and the 

genetic pathways of thelytokous parthenogenesis. 

2. The Genetic Basis of Thelytoky 

Thelytoky is a rare phenomenon in which female offspring develop from unfertilized eggs. It is associated with certain 

traits, such as early onset of egg-laying and the production of queen-like mandibular gland pheromones. The gemini 

transcription factor at the candidate locus on chromosome 13 is generally crucial for worker reproduction but does not 

solely regulate the parthenogenesis mechanism (Aumer et al., 2019). It was demonstrated that the two models of 

parthenogenesis (arrhenotoky or thelytoky) segregated in 1:1 Mendelian ratio under the control of a single recessive 

locus. Moreover, they stated that the thelytoky allele is not recessive but rather a dominant allele, and works together 

with a complementary arrhenotoky allele under strong selection in A. mellifera. Similarly, Jarosch et al. (2011) 

investigated potential genes linked to the thelytoky by analyzing chromosome 13 in Cape honeybee (A. mellifera 
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capensis). They found that worker sterility is controlled by alternative splicing of a gene that is similar to the gemini 

transcription factor in Drosophila. Furthermore, they revealed a deletion of 9 bp in flanking intron downstream of exon 

5 of gemini gene named as thelytoky associated element 1 (tae1). They also suggested a key molecular switch governing 

whether an unmated worker reproduces via thelytoky or arrhenotoky. In another study, Chapman et al. (2015) also 

identified 9 bp deletion in tae1 in African-derived honeybee populations, while it was absent in European-derived 

honeybee populations. They concluded that this deletion is not responsible for thelytokous parthenogenesis. In addition, 

their study revealed two novel tae alleles (tae2 and tae4).  

3. Thelytoky Parthenogenesis in Hymenoptera 

Hymenoptera includes approximately 200,000 identified insect species. Ants, bees, wasps, sawflies, etc. are found in 

this order. The origin of the thelytokous parthenogenesis mechanism in Hymenoptera is believed to have evolved 

through a convergent process from an ancestral arrhenotokous haplodiploid system (Leach et al., 2009; Kuhn et al., 

2020).  

Thelytoky was first described in Apis mellifera capensis. When capensis worker bees lay unfertilized eggs, the eggs 

typically develop into diploid female offspring through automictic thelytoky with central fusion. In automictic thelytoky, 

the reductive division of meiosis II occurs normally resulting in four haploid nuclei. Diploidy is then restored through 

one of several mechanisms and each of which produces different genetic outcomes (Huigens and Stouthamer, 2003). 

Furthermore, Ceratina dellatorreana, a tiny carpenter bee, has also been known to reproduce thelytokously. Thelytoky 

in the C. dellatorreana was found in an invasive population (Daly, 1966). In addition to bees, thelytoky is relatively 

common in ants. The number of known thelytokous ant species has significantly increased in recent years as more 

species have been investigated at the molecular level. Notably, thelytoky in ants also appears to be associated with 

invasive life history traits (Keller, 2007).  

In Hymenoptera, thelytoky has a nuclear allelic basis, yet it is predominantly induced by infections with symbiotic 

microorganisms (Hagimori et al., 2006). The microbial induction of thelytoky stems from the cytoplasmic transmission 

of endosymbiotic bacteria and this relies exclusively on maternal inheritance. As these bacteria are not passed through 

males, male progeny production represents an evolutionary dead end for them. These endosymbionts have developed 

various reproductive manipulation strategies in their hosts, including male-killing, cytoplasmic incompatibility, 

feminization of genetically male individuals, and the induction of female parthenogenesis (Heinze, 2008). 

There are three types parthenogenesis-inducing (PI) bacteria in Hymenoptera: Wolbachia, Cardinium, and Rickettsia 

(Jarosch et al., 2011). PI Wolbachia strains can be found in many different hymenopteran families, but they are especially 

prevalent in the superfamilies Chalcidoidea and Cynipoidea (Pearcy et al., 2011). Wolbachia induces thelytoky through 

gamete duplication, either by failure of chromosome segregation during the first mitotic anaphase or fusion of mitotic 

nuclei during the second prophase (Jarosch et al., 2011). Among Hymenoptera, PI Cardinium bacteria have been 

identified exclusively in wasps of the superfamily Chalcidoidea. These bacteria manipulate their proliferation by 

reducing or eliminating male production in their hosts, thereby inducing female-producing parthenogenesis (Croizer and 

Pamilo, 1996). Furthermore, the only known example of PI induced by Rickettsia was the eulophid parasitoid wasp, 

Neochrysocharis formosa in China and Japan (Hagimori et al. 2006; Yang et al. 2017). 
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3.2 Thelytoky Parthenogenesis in Diptera 

The Diptera is one of the most well-known and popular insect orders. A significant portion of the dipteran reproduces 

via parthenogenesis. It has been observed that the adoption of thelytoky parthenogenesis by certain Diptera helps them 

avoid environmental challenges. During periods of extreme temperatures or high winds, the ability to fly in swarms and 

find mates may be restricted. In such cases, reproduction through parthenogenesis can help overcome these difficulties 

(Porter and Martin, 2011; Sperling and Glover, 2023). 

Yagound et al. (2020) reported specific changes in protein-coding genes associated with the thelytoky. These were not 

observed in dipteran genomes but were also found in some ant and bee species. Therefore, it is proposed that another 

gene may be responsible for the thelytoky expression in dipteran species. Aumer et al. (2019) suggested that genes such 

as Ethr and mycC are strongly associated with the thelytoky allele, and because they are orthologous to ebony gene in 

Drosophila melanogaster. Therefore, they may play a role in thelytoky. 

4. Conclusion 

Thelytoky is a rare form of parthenogenesis observed only in certain species, and its genetic foundations have not yet 

been fully elucidated. In the initial studies, it was proposed that a single recessive locus controls the mechanism (Lattorff 

et al., 2005; Jarosch et al., 2011). Later, the expression of multiple loci was also considered (Chapman et al., 2015). The 

recessive locus hypothesis was eventually refuted due to the low number of microsatellites and the small sample size 

used in the studies (Aumer et al., 2019). Additionally, the thelytoky mechanism, particularly the role of Wolbachia and 

other endosymbiotic bacteria, is an important area that requires further investigation. The ability of endosymbiotic 

bacteria, especially Wolbachia, to trigger thelytoky by killing male individuals or manipulating sex determination is a 

significant strategy for enhancing their evolutionary fitness. The bacteria only trigger thelytoky in certain species and 

do not have similar effects in others. Therefore, it is essential to investigate the interactions between the bacteria and 

their hosts in greater detail. A thorough understanding of the thelytoky parthenogenesis mechanism could facilitate the 

development of genetically homogeneous populations and provide strategies for combating certain agricultural 

pathogens. Further molecular research in this field will enhance our understanding of the genetic factors underlying 

thelytoky. 

References 

Aumer, D., Stolle, E., Allsopp, M., Mumoki, F., Pirk, C. W. W., Moritz, R. F. A. (2019). A Single SNP Turns a Social Honey Bee 

(Apis mellifera) Worker into a Selfish Parasite. Molecular Biology and Evolution, 36(3), 516-526. 

https://doi.org/10.1093/molbev/msy232. 

Chapman, N. C., Beekman, M., Allsopp, M. H., Rinderer, T. E., Lim, J., Oxley, P. R., Oldroyd, B. P. (2015). Inheritance of Thelytoky 

in the Honey Bee Apis mellifera capensis, Heredity, 114(6), 584-92. https://doi.org/10.1038/hdy.2014.127. 

Crozier, R. H., Pamilo, P. (1996). Evolution of Social Insect Colonies: Sex Allocation and Kin Selection. Oxford University Press. 

Daly, H. V. (1966). Biological Studies on Ceratina dallatorreana, An Alien Bee in California which Reproduces by Parthenogenesis 

(Hymenoptera: Apoidea). Annals of the Entomological Society of America, 59, 1138-1154. https://doi.org/10.1093/aesa/59.6.1138. 

Du, S., Ye, F., Xu, S., Liang, Y., Wan, F., Guo, J., Liu, W. (2023). Apomixis for no Bacteria-Induced Thelytoky in Diglyphus wani 

(Hymenoptera: Eulophidae). Frontiers in Genetics, 13, 1061100. https://doi.org/10.3389/fgene.2022.1061100. 

Hagimori, T., Abe, Y., Date, S., Miura, K. (2006). The First Finding of a Rickettsia Bacterium Associated with Parthenogenesis 

Induction Among Insects. Current Microbiology, 52, 97-101. https://doi.org/10.1007/s00284-005-0092-0. 

Heinze, J. (2008). The Demise of the Standard Ant (Hymenoptera: Formicidae). Myrmecological News, 11, 9-20. 

Huigens, M. E., & Stouthamer, R. (2003). Parthenogenesis associated with Wolbachia. K. Bourtzis, T. A. Miller. Insect Symbiosis 

(247-265 p.). CRC Press. 



Motorcu, M.H., Gumus, D.H. and Marakli, S. (2025). 

17 

 

Jarosch, A., Stolle, E., Crewe, R. M., Moritz, R. F. A. (2011). Alternative Splicing of a Single Transcription Factor Drives Selfish 

Reproductive Behavior in Honeybee Workers (Apis mellifera). Proceedings of the National Academy of Sciences, 108, 15282-

15287. https://doi.org/10.1073/pnas.1109343108. 

Jeong, G., Stouthamer, R. (2005). Genetics of female functional virginity in the parthenogenesis-Wolbachia infected parasitoid wasp 

Telenomus nawai (Hymenoptera: Scelionidae). Heredity, 94(4), 402-407. https://doi.org/10.1038/sj.hdy.6800617. 

Keller, L. (2007). Uncovering the Biodiversity of Genetic and Reproductive Systems: Time for a More Open Approach: American 

Society of Naturalists E. O. Wilson Award Winner Address. The American Naturalist, 169(1), 1–8. https://doi.org/10.1086/509938. 

Kuhn, A., Darras, H., Paknia, O., Aron, S. (2020). Repeated Evolution of Queen Parthenogenesis and Social Hybridogenesis in 

Cataglyphis Desert Ants. Molecular Ecology, 29(3), 549-564. https://doi.org/10.1111/mec.15283. 

Lattorff, H. M. G., Moritz, R. F. A., Fuchs, S. (2005). A Single Locus Determines Thelytokous Parthenogenesis of Laying Honeybee 

Workers (Apis mellifera capensis). Heredity, 94, 533-537. https://doi.org/10.1038/sj.hdy.6800654. 

Leach, I. M., Pannebakker, B. A., Schneider, M. V., Driessen, G., Van de Zande, L., Beukeboom, L. W. (2009). Thelytoky in 

Hymenoptera with Venturia canescens and Leptopilina clavipes as case studies. I. Schon, K. Martens, P. van Dijk. Lost Sex: The 

Evolutionary Biology of Parthenogenesis (347-375 p.). Springer, Dordrech. 

Normark, B. B., Kirkendall, L. R. (2009). Parthenogenesis in Insects and Mites. V. H. Resh, R. T. Cardé. Encyclopedia of Insects 

(2nd ed., 753-757 p.). Academic Press. 

Pearcy, M., Aron, S., Doums, C., Keller, L. (2004). Conditional Use of Sex and Parthenogenesis for Worker and Queen Production 

in Ants. Science (New York, N.Y.), 306(5702), 1780–1783. https://doi.org/10.1126/science.1105453. 

Pearcy, M., Hardy, O. J., & Aron, S. (2011). Automictic Parthenogenesis and Rate of Transition to Homozygosity. Heredity, 107(2), 

187–188. https://doi.org/10.1038/hdy.2010.172. 

Porter, D. L., Martin, J. (2011). Cytogenetics of A Parthenogenetic Arctic species of Micropsectra (Diptera, Chironomidae). 

Comparative Cytogenetics, 5(4), 315. https://doi.org/10.3897/CompCytogen.v5i4.1356 

Rabeling, C., Kronauer, D. J. (2013). Thelytokous Parthenogenesis in Eusocial Hymenoptera. Annual Review of Entomology, 58(1), 

273-292. https://doi.org/10.1146/annurev-ento-120811-153710. 

Rokas, A., Atakinson, R.J., Nieves-Aldrey, J. L., West, S. A., Stone, G. N. (2002). The Incidence and Diversity of Wolbachia in 

gallwasps (Hymenoptera: Cynipidae) on oak. Molecular Ecology, 11, 1815-1829. https://doi.org/10.1046/j.1365-

294X.2002.01556.x. 

Sperling, A. L., Glover, D. M. (2023). Parthenogenesis in Dipterans: A Genetic Perspective. Proceedings of the Royal Society B, 

290(1995), 20230261, https://doi.org/10.1098/rspb.2023.0261. 

Vavre, F., De Jong, J. H., Stouthamer, R. (2004). Cytogenetic Mechanism and Genetic Consequences of Thelytoky in the Wasp 

Trichogramma cacoeciae. Heredity, 93(6), 592-596. https://doi.org/10.1038/sj.hdy.6800565. 

Yagound, B., Dogantzis, K. A., Zayed, A., Lim, J., Broekhuyse, P., Remnant, E. J., ... & Oldroyd, B. P. (2020). A Single Gene 

Causes Thelytokous Parthenogenesis, the Defining Feature of the Cape Honeybee Apis mellifera capensis. Current Biology, 30(12), 

2248-2259. https://doi.org/10.1016/j.cub.2020.04.033. 

Yang, Y-M., Xuan, J-L., F-Yu, Y., Guo, J-Y., L-Y, Y. Liu, W-X. (2017). Molecular Identification of the Thelytokous Strain of 

Neochrysocharis formosa (Hymenoptera: Eulophidae) Newly Found in China and Detection of Its Endosymbiont Rickettsia. Acta 

Entomologica Sinica, 60, 582-593. 

 

 

 

 

  


