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Fig. 1- Observation and counting of empty cells on the 9th day in the marked spawning area with shablon (containing 100 cells)
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Table 1- Descriptive statistics of homozygosity of sex alleles (%), primary adult population (Frame), final adult population (Frame)

and honey yield (kg)

Traits Number of colonies Mean +SE Range C.V. (%) SD
Homozygosity of sex alleles (%) 128 20.08 £0.82 7.45 - 45.26 46.28 9.29
Primary Adult Population (Frame) 128 424 +0.03 35-5 8.78 0.37
Final Adult Population (Frame) 128 5.61 £0.50 4-75 14.44 0.81
Honey yield (kg) 128 5.97+0.19 0.68-11.73 37.03 221
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Table 2- Regression analysis of traits, homozygosity of sex alleles, adult population and honey yield

Independent Variable Dependent Variable Regression equation R? P-value
Homozygosity of sex alleles (%) Adult population Y=7.03-0.07 X 0.60 <0.0001
Homozygosity of sex alleles (%) Honey yield Y=9.75-0.2X 0.58 <0.0001

Adult population (Frame) Honey yield Y=-5.3+2X 0.55 <0.0001

Journal of Entomological Society of Iran 2025 ¢ 45 (3)



Zahedi et al. 425

s W5 5 0l Camer iz GRUT SSejs0n 20> Sl (Stuson 415 T g

Table 3- Correlation analysis of traits: homozygosity of sex alleles, adult population and honey yield

Homozygosity of sex alleles Adult population Honey yield
Homozygosity of sex alleles 1 -0.763*** -0.755%*
Adult population -0.763*+* 1 0.747*+*
Honey yield -0.755%* 0.747** 1

Correlations were Significant in p-value< 0.0001 were indicated by ***.

Author's Contributions

Heidar Zahedi: Draft preparation, Methodology and Visualization; Rahimeh Sepehri: Conceptualization, Methodology,
Formal analysis, Investigation, Final review and edit, Visualization, Supervision and Project administration; Gholamhosein
Tahmasbi: Conceptualization, Methodology, Visualization, Supervision and Project administration and Funding acquisition.

Author's Information

Heidar Zahedi P4 heidar_z64@yahoo.co.uk

Rahimeh Sepehri DA sepehri_r@znu.ac.ir https://orcid.org/0000-0001-5378-7271

Gholamhosein Tahmasebi P< tahmasbigholamhosein@gmail.com https://orcid.org/0000-0003-1029-026X
Funding

This research supported financially by a grant from Research Deputy, the University of Zanjan to Rahimeh Sepehri for
M.Sc. thesis of Heidar Zahedi.

Data Availability Statement

All data supporting the findings of this study are available within the paper.

Acknowledgments

This research was financially supported by the University of Zanjan and Animal Science Research Institute of Iran, which is
greatly appreciated. The authors would like to express many thanks to the anonymous referees and the editor for their
corrections and comments on this manuscript.

Ethics Approval

Only insects were used in this study. All applicable international, national, and institutional guide lines for the care and use
of animals were followed. This article does not contain any studies with human participants performed by any of the authors.

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this paper.

Generative Al statement

The authors declare that no Gen Al was used in the creation of this manuscript.

REFERENCES

Adams, J., Rothman, E. D., Kerr, W. E. & Paulino, Z. L. (1977) Estimation of the number of sex alleles and queen mating
from diploid male frequencies in a population of Apis mellifera. Genetics, 86 (3), 583-596. https://doi:
10.1093/genetics/86.3.583

Beye, M., Hasselmann, M., Fondrk, M. K., Page, R. E. & Ombholt, S. W. (2003) The gene csd is the primary signal for
sexual development in the honeybee and encodes an SR-type protein. Cell, 114(4), 419-429.
hteps://doi.org/10.1016/S0092-8674(03)00606-8

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)


https://doi:%2010.1093/genetics/86.3.583
https://doi:%2010.1093/genetics/86.3.583
https://doi.org/10.1016/S0092-8674(03)00606-8
mailto:heidar_z64@yahoo.co.uk
mailto:sepehri_r@znu.ac.ir
https://orcid.org/0000-0001-5378-7271
mailto:tahmasbigholamhosein@gmail.com
https://orcid.org/0000-0003-1029-026X
https://orcid.org/0000-0003-3491-6757
https://orcid.org/0000-0001-6072-3604

426 Homozygosity of Iranian honey bee ...

Bienefeld, K. & Pirchner, F. (1991) Genetic correlations among several colony characters in the Honey Bee (Hymenoptera:
Apidae) taking queen and worker effects into account . Annals of the Entomological Society of America, 84(3): 324-
331. htep://dx.doi.org/10.1093/aesa/84.3.324

de Guzman, L. I, Rinderer, T. E., Delatte, G. T, Stelzer, J. A., Beaman, L. & Kuznetsov, V. (2002) Resistance to Acarapis
woodi by honey bees from far-eastern Russia. Apidologie, 33(4), 411-415 . DOI:10.1051/apido:2002031

Farhangdost, A., Ghaffari, M., Rahimi, A. & Hashemi, A. (2022) Evaluation of sex alleles Homozigosity and study on their
relationships with number of sex alleles, honey production and adult’s population of honeybee colonies (Apis mellifera
meda) in East Azerbaijan and Ardebil provinces. Journal of Animal Research (Iranian Journal of Biology), 35(2), 101-
112.

Hasselmann, M. & Beye, M. (2004) Signatures of selection among sex-determining alleles of the honey bee. Proceedings of
the National Academy of Sciences, 101(14), 4888-4893 .

Heimpel, G. E. & De Boer, J. G. (2008) Sex determination in the Hymenoptera. Annual Review of Entomology, 53(1),
209-230. hteps://doi.org/10.11 /46 annurev.ento.53.103106.093441

Kistler, T., Basso, B. & Phocas, F. (2021) A simulation study of a honeybee breeding scheme accounting for polyandry,
direct and maternal effects on colony performance. Genetics Selection  Evolution, 53, 1-16.
https://doi.org/10.1186/s12711-021-00665-8

Lechner, S ,.Ferretti, L., Schéning, C., Kinuthia, W., Willemsen, D. & Hasselmann, M. (2014) Nucleotide variability at
its limit? Insights into the number and evolutionary dynamics of the sex-determining specificities of the honey bee Apis
mellitera. Molecular Biology and Evolution, 31(2), 272-287. https://doi.org/10.1093/molbev/mst207

Mackensen, O. (1951) Viability and sex determination in the honey bee (Apis mellifera L.). Genetics, 36(5), 500.
https://doi.org/10.1093/genetics/36.5.500

Page Jr, R. E. & Laidlaw Jr, H. H. (1985) Closed population honeybee breeding. Bee World, 66(2), 63-72 .
http://dx.doi.org/10.1080/0005772X.1985.11098826

Rahimi, A., Mirmoayedi, A., Kahrizi, D., Zarei, L. & Jamali, S. (2018) Genetic variation in Iranian honey bees, Apis
mellifera meda Skorikow, 1829,(Hymenoptera: Apidae) inferred from PCR-RFLP analysis of two mtDNA gene
segments (COI and 16S rDNA). Sociobiology 65(3), 482-490. https://doi.org/10.13102/sociobiology.v65i3.2876

Rahimi, A., Mirmoayedi, A., Kahrizi, D., Zarei, L. & Jamali, S. (2022) Molecular genetic diversity and population structure
of Iranian honey bee (Apis mellifera meda) populations: implications for breeding and conservation. Journal of Plant
Diseases and Protection 129(6), 1331-1342. hteps://doi.org/10.1007/s41348-022-00657-w

Rahimi, A., Tahmasebi, G., Bahmani, H., Salehi, S., Zare, B., Parsanaseb, A. & Rokhzad, B. (2023) Comparative evaluation
of performance for improved Iranian honey bee queens (Apis mellifera meda Skorikov 1929) in the climate conditions

of Kurdistan province. Research On Animal Production 14(39), 102-111 . http://dx.doi.org/10.61186/rap.14.39.102

Rinderer, T. E., Harris, J. W., Hunt, G. J. & De Guzman, L. I. (2010) Breeding for resistance to Varroa destructor in
North America. Apidologie, 41(3). 242-409. http://dx.doi.org/10.1051/apido/2010015

Ruttner, F. (2013) Biogeography and taxonomy of honeybees: Springer Science & Business Media.

Sepehri, R., Tahmasebi, G. & Zonoz, M. J. (2007) Estimating the number of sex alleles in honeybee colonies in central
region of Iran and its relationship with stored pollen, colony population and honey yeild. Journal of Crop Production
and Processing 11(41), 321-332 htep://dorl.net/dor/20.1001.1.22518517.1386.11.41.26.3

Tarpy, D. R. & Page, R. E. (2002) Sex determination and the evolution of polyandry in honey bees (Apis mellifera).
Behavioral Ecology and Sociobiology 52, 143-150. http://dx.doi.org/10.1007/s00265-002-0498-7

Usefi ,]., Mokhber, M., Hashemi, A. & Rahimi, A. (2021) Homozygosity of sex determination locus and It’s correlation
with population and honey production of honeybee (Apis mellifera meda) populations in West-Azerbaijan and
Kurdistan rovinces. Research On Animal Production 12(32), 131-139. hetp://dx.doi.org/10.52547/rap.12.32.131

Uzunov, A., Brascamp, E. & Biichler, R. (2017) The basic concept of honey bee breeding programs. Bee World, 94(3), 84-
87 . http://dx.doi.org/10.1080/0005772X.2017.1345427

Uzunov, A., Brascamp, E. W., Du, M. & Biichler, R. (2022) Initiation and implementation of honey bee breeding
programs. Bee World, 99(2), 50-55 . https://doi.org/10.1080/0005772X.2022.2031545
Woryke, J. (1980) Effect of sex allele homo-heterozygosity on honeybee colony populations and on their honey production

I. Favourable development conditions and unrestricted queens. Journal of Apicultural Research, 1X1), 51-63 .
http://dx.doi.org/l(). 1080/00218839.1980.11099997

Journal of Entomological Society of Iran 2025 ¢ 45 (3)


http://dx.doi.org/10.1093/aesa/84.3.324
http://dx.doi.org/10.1051/apido:2002031
https://doi.org/10.11%20/46%20annurev.ento.53.103106.093441
https://doi.org/10.1186/s12711-021-00665-8
https://doi.org/10.1093/molbev/mst207
https://doi.org/10.1093/molbev/mst207
https://doi.org/10.1093/genetics/36.5.500
http://dx.doi.org/10.1080/0005772X.1985.11098826
https://doi.org/10.13102/sociobiology.v65i3.2876
https://doi.org/10.1007/s41348-022-00657-w
http://dx.doi.org/10.61186/rap.14.39.102
http://dx.doi.org/10.1051/apido/2010015
http://dorl.net/dor/20.1001.1.22518517.1386.11.41.26.3.
http://dx.doi.org/10.1007/s00265-002-0498-7.
http://dx.doi.org/10.52547/rap.12.32.131.
http://dx.doi.org/10.1080/0005772X.2017.1345427
https://doi.org/10.1080/0005772X.2022.2031545
http://dx.doi.org/10.1080/00218839.1980.11099997

Zahedi et al. 427

Zareba, J., Blazej, P., Laszkiewicz, A., Sniezewski, L., Majkowski, M., Janik, S. & Cebrat, M. (2017). Uneven distribution
of complementary sex determiner (csd) alleles in Apis mellifera population. Scientific Reports, /1), 2317.
hteps://doi.org/10.1038/s41598-017-02629-9

Zarin, F., Gharahdaghi, A., Tahmasebi, G., Yarahmadi, S. & Esfandarani, M. (2003) Estimation of homozygosity and its
correlation with honey production in the honey bee population of Tehran, Markazi, Isfahan and Qazvin provinces .
Animal Sciences, (59): 2-6 (CAB Abstract AN: 20043198768).

Citation: Zahedi, H., Sepehri, R. & Tahmasebi, Gh. (2025) Investigation on homozygosity and the number
of sex alleles and its effect on productivity of colonies in 18" generation of Iranian honeybee (Apis mellifera

meda) breeding plan. /. Entomol. Soc. Iran, 45 (3), 421-428.

DOIL: https:/ /doi.org/10.22034/jesi.45.3.8
URL: https://jesi.areeo.ac.ir/article_131275.html

Journal of Entomological Society of Iran 2025 ¢+ 45 (3)



https://doi.org/10.1038/s41598-017-02629-9
https://doi.org/10.22034/jesi.45.3.8
https://doi.org/10.22034/jesi.45.3.8
https://jesi.areeo.ac.ir/article_131275.html

pISSN: 0259-9996 — elSSN: 2783-3968

Journal of Entomological Society of Iran 2025, 45 (3), 421-428

Research Article

Investigation on homozygosity and the number of sex alleles and its
effect on productivity of colonies in 18th generation of Iranian honey bee
(Apis mellifera meda) breeding plan
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Abstract. The genetic mechanism of sex determination in honeybees has created
limitations in breeding systems. In selective breeding populations, the possibility of
increasing the homozygosity of sex alleles and producing diploid drones is higher. This leads
to a decrease in the population and production of bees. The present study was conducted
with the aim of investigating this and its effect on the population and honey production, on
the colonies of the 18th generation of the country's comprehensive honeybee breeding plan.
Based on the obtained results, the average homozygosity and number of sex alleles was
respectively 20.08% and 4.98. The regression analysis of data showed that the homozygosity
of sex alleles has a negative and significant effect on population (-0.07) and honey yield (-
0.2). So that, with a one percent increase in homozygosity, 0.07 frames of population and

0.2 kg of honey production decrease. The correlation between homozygosity and population
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(-0.76) and honey production (-0.75) was negative and significant. The number of sex alleles
has decreased by 3 alleles compared to the first generation of this population, but the
decreasing trend has almost stopped from the eighth generation onwards. It seems that
increasing the number of paternal colonies from 20 to 40 (in the middle of the project) had
a positive effect on the number of sex alleles. Therefore, by continuously controlling  s,bjcct Edicor: Rasoul Bahreini
homozygosity and preventing the decrease in the number of sex alleles in breeding Corresponding author: Rahimeh Sepehii

populations, it is possible to prevent the decrease in colony performance.
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