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Figure 1. Quantification of DNA with nanodrops
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Figure 2. Determination of DNA quality by electrophoresis
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Figure 3. The quality of amplified PCR product of DOP3 gene in 1/5 % agarose gel
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Figure 4. Display of observed nucleotide differencefJ ?I%WEQU susceptible and resistant honeybees in DOP3 gene in
region


http://dx.doi.org/10.52547/rap.13.37.148
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.37.7.7
http://rap.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1401.13.37.7.7 ]

[ DOI: 10.52547/rap.13.37.148 ]

oy

29200 025 9 hezmoils i )yl )] e Somde B3l (s S0
VFeY 50l YV ojleds /om0 jew Jlo o Sladgs slosimgh

|—o 2_2R_UTR_Dcp3

—w 4 SR UTR _Dop3

———————a& 5 BR_UTR_Dcp3

3_4R_UTR_Dep3

_{‘—~ 1_1R_UTR_Dop3
6_75_UTR_Dop3

—a 7_25_UTR_Dop3

& 5_105_UTR_Dop3

—e §_55_UTR_Dop3

(S) Lolees 313l 5 (R) lg)ly oy s polas 1,31 DOP3 5 UTR anl Sisld cé o g -0 JSK5
Figure 5. Phylogenetic tree of the DOP3 gene between susceptible and resistant honeybees

Apis gy odd i peii b dwslie IS dlp
25,55 cél NCBI o5 omelliferea

duglie 3)90 Juus )9535 09,5 Wiz (V) (pmanli o8 (B )
S50 ol 680 oy S oyl s O3 &S w8 )5 )8
oyl sliie o5 lg)ly o @ pglie SHI (905 09,5
@9..\4.)94 MLJW]mb&JyM;D)JPdLMBAS
2R G 1S (o3 g0 giS ol sl sloj)le
50 45 ald o IS Sl o 4 les 558 yss5 bl
A5l W5 o 05,k SISST duasl 51 o0lizal b Sl 3 b
(slag S5y hmyd 4 4255 b > 09,5 (e 5
polie 09,5 (lsic 4 (Soiae il ) (il HU8) sl
Sl sagis 5l 5 985 b o gias il (igh) olue 9
e A5lan lyly oy 4y Caoglio 3, by Lot jo (glayiilS
DOP3 (5 (9551 4l )3 .c8)5 )18 (uy 3)90 33>
Al ogad ;0 Al ol saieill s SO ISns
» MSbss dlihe gyl Gl sl » UTR
ol 3 S aoms Jg el oayd polie 5 ples glaciaen
bolid glp (V) grabyss Olidos b b JSine
A5 (e 02 4 pglie g ulus (slaCares JoS)se

o] Jus b Jlg5 crlyl ) LSS5 o5 (pl 4 2255l
i (gdiad )8 glayll (RNA-seq ) RNA L Jlg o
polie o IS (o Sglis (sl ) poiy JS Al o &S
Ciio )lone 2liS S0y 9 lg)ly 02 4 plus SIS
Olyeds I iad J18 (yp cod lg)ly 02 4 Cunglie
()"] S99y 2 LD&MSJ u:] dgud 0 bLe(.w» b..\»l Olaass
D9 el Cones

slag) il o b plis (F) hlSen g 1bjpus @l
g JBloly 4 Comlus il )18) ) 2bg > S
238 @be pe o) Jleil Gil & Lo s
53 gy ) 8,55 00l |y ons lwlis QTL bl
S5I85 LU,  SMR s, 5 VSH ks, o cal jaseise
Bl ) a8 ggge cpl 4 dag b ey (YY) 35 o2 b
ol Glrloly @ a el g polie 5 (985 (sloog)S
buwg o 55 lp)ly o Jeddy ©ud Glise Jhne BeioS
odd 4iB)S 5lai 53 5 g 0ad s (V) pSen g (ale
29937 2 o)y oz lee 5955 ¥ 5l riman g ol
SIS A g £ Bla 4l 93 )3 pglie 09)5 4 Cui
90wl eed Jinl 4y S v o 1wl 00 osaliie
awsl Lia SMR § VSH )l o0 o j0 wily 0 anl
@ pglie sogliS § (g 0 | Baiod cpl > il
05> Cawl Bafod g8 &S copl g s oolawl lgyly oy
P Aokige 3 ()95
B0l oyiwd (0 (ogad cpl o alie 38 g
Sl 8uins 50 (VY) puands oS 5o 9 (VA) o)) Se g dlas
ol 5l &S  (Apis melliferea syriaca)lS o 35 o, o
5l o eolitel blyge Jpame Jus 93 655 sbo
35 3l lgjly oy Comd (gln &5 s j955 (geen
by Jo g5 ojan ol ) (VA) w3 (e (L5 cnglie
bl glusls lag b (JSbaiz gl 3ble ples g 4o
&S ab olelas 5 FF 5 B duslie )50 Slalllas jd 0
Apis melliferea > 55l 4 Cwglio 1 0sall job &
dayly 1 5 eilS s SO IS g Lyl il syriaca
P loly Gy & Cuoglie o s 4 bgyye DOP3 asb b


http://dx.doi.org/10.52547/rap.13.37.148
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.37.7.7
http://rap.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1401.13.37.7.7 ]

[ DOI: 10.52547/rap.13.37.148 ]

90> 1S 5 ey (e Oyl ()T (Sl Bolo e 3t

Vo¥ Cuaglie (53, L hasye (DOP3) ¥ s (sbign 055 sluilS (] (59l SO sl IS i

Pl g lly o a4 pglie 5 elus (a5
ez 4 pglie b IS Mg 4 bgye (oMol slaasli
Loy alacdis iz (1986 2,5 )5 edlisal 300 19l

Ll 05 u»)bf ) C)t’-l &

g o0l pald lp gy o Gl gy
5 gyt dlie cpl o)l SKls adlllae ol (ingly
o psle 09,5 (oS> dluy jd onds syl dslllas aw
e cdly obe 85 GBIl Lios il 0 3 5 olSisls
polio g (wlus slacumes ledbl ol jladl (o daio
pwyd oig S (Jw £ b (S e Gl

2905 W=V g9y g asllao C)?-I Cuxed> o)‘b.}l T IN
|) 95 L59L>d.ii]a.2..o Mubﬁ: 15] 65.3% [XW) Lg)‘fg_é.\m
S Wl e 38 miwliel S)n Cumer S5 0

WS aslsl s cés g adllao

IS (8 5 doma
U opl S Ll S e g sdueer lyed
slags pegas 53 olpl j9dS 3 S &S Cunl (g9
BN 3929 Guiod (pl ol @S () g ol 48,5
P el b cas 4 g F Wlol/Bls gg b gxe
oS ol plis 095 93 o ) welly Jg il ible
QA ) () SOl S lyis 4 Sl Ve

© ® N o

10.

11.
12.
13.

14.
15.

16.

17.
18.

FL%)
Abdullah, I., S. Gary and S. Marla. 2007. Field trial of honey bee colonies bred for mechanisms of
resistance against Varroa destructor. Apidologie, 38(1): 67-76.
Beggs, K.T., I.S. Hamilton, P.T. Kurshan, J.A. Mustard and A.R. Mercer. 2005. Characterization of a

D2-like dopamine receptor (AmDOP3) in honey bee, Apis mellifera. Insect Biochemistry and Molecular
Biology, 35(8): 873-882.

Beggs, K.T. and A.R. Mercer. 2009. Dopamine receptor activation by honey bee queen pheromone.
Current Biology, 19(14): 1206-1209.

Behrens, D., Q. Huang, C. GeRner, P. Rosenkranz, E. Frey, B. Locke, R.F.A. Moritz, F. B. Kraus. 2011.
Three QTL in the honey bee Apis mellifera L. suppress reproduction of the parasitic mite Varroa
destructor. Ecology and Evolution, 1(4): 451-458.

Bienefeld, K. and F. Pirchner. 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.

Bienefeld, K., K. Ehrhardt and F. Reinhardt. 2007. Genetic evaluation in the honey bee considering
queen and worker effects—a BLUP-animal model approach. Apidologie, 38(1): 77-85.

Boecking, O., K. Bienefeld, W. Drescher. 2000. Heritability of the varroa-specific hygienic behaviour
in honey bees (Hymenoptera: Apidae). Journal of Animal Breeding and genetics, 117(6): 417-424.
Boecking, O. and E. Genersch. 2008. Varroosis-the ongoing crisis in bee keeping. Journal fir
Verbraucherschutz und Lebensmittelsicherheit, 3(2): 221-228.

Bichler, R., S. Berg and Y. Le Conte. 2010. Breeding for resistance to varroa destructor in Europe.
Apidologie, 41(3): 393-408.

Calderone, N.W. 2012. Insect pollinated crops, Insect pollinators and USA agriculture: trend analysis
of aggregate data for the period 1992-2009. PloS One, 7(5): e37235.

Cornelissen, M.A.M.C. 2015. Insight into the genetic basis of varroa destructor resistance in Apis
mellifera. Laboratory of Genetics, Wageningen University, Wageningen, Nederland.

De Miranda, J.R. and E. Genersch. 2010. Deformed wing virus. Journal of Invertebrate Pathology, 103:
S48-61.

Dietemann, V., J. pflugfelder, D. anderson, J.D. charriére, N. chejanovsky, B. dainat, J. de miranda and
et al. 2012. Varroa destructor: research avenues towards sustainable control. Journal of Apicultural
Research, 51(1): 125-132.

Elmi, M. 2019. QTL detection for varroa mite resistance trait in azerbaijani bee colonies. Ph.D. Thesis,
University of Tabriz, Tabriz, Iran. 98 pp (In Persian).

Estoup, A., M. Solignac and J.M. Cornuet. 1994. Precise assessment of the number of patrilines and of
genetic relatedness in honeybee colonies. Proceedings of the Royal Society of London. Series B:
Biological Sciences, 258(1351): 1-7.

Fumagalli, F., S. Jones, R. Bossé, M. Jaber, B. Giros, C. Missale, R.M. Wightman and M.G. Caronl.
1998. Inactivation of the dopamine transporter reveals essential roles of dopamine in the control of
locomotion, psychostimulant response, and pituitary function. In Advances in Pharmacology, 42: 179-
82.

Genersch, E. and M. Aubert. 2010. Emerging and re-emerging viruses of the honey bee (Apis mellifera
L.). Veterinary Research, 41(6): 54.

Haddad, N., A. Mahmud Batainh, O. Suleiman Migdadi, D. Saini, V. Krishnamurthy, S. Parameswaran
and Z. Alhamuri. 2016. Next generation sequencing of Apis mellifera syriaca identifies genes for varroa
resistance and beneficial bee keeping traits. Insect Science, 23(4): 579-90.


http://dx.doi.org/10.52547/rap.13.37.148
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.37.7.7
http://rap.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1401.13.37.7.7 ]

[ DOI: 10.52547/rap.13.37.148 ]

20 o2 9 Sezmally e el ()] (Slrde 33lo shem die

Vo VN b YV oylads /ptd o Jlo ol> s (slouing

19. Harbo, J.R. and J.W. Harris. 1999. Selecting honey bees for resistance to varroa jacobsoni. Apidologie,
30(2-3): 183-196.

20.Harbo, J.R. and JW. Harris. 1999. Heritability in honey bees (Hymenoptera: Apidae) of
characteristics  associated  with  resistance to  varroa  jacobsoni  (Mesostigmata:
Varroidae). Journal of Economic Entomology, 92(2): 261-265.

21.Harbo, J.R. and J.W. Harris. 2005. Suppressed mite reproduction explained by the behaviour of adult
bees. Journal of Apicultural Research, 44(1): 21-23.

22. Ibrahim, A. and M. Spivak. 2006. The relationship between hygienic behavior and suppression of mite
reproduction as honey bee (Apis mellifera) mechanisms of resistance to varroa destructor.
Apidologie, 37(1): 31-40.

23.Jiang, S., T. Robertson, M. Mostajeran, A. Robertson and X. Qiu. 2016. Differential gene expression of
two extreme honey bee (Apis mellifera) colonies showing varroa tolerance and susceptibility. Insect
Molecular Biology, 25(3): 272-282.

24, Lapidge, K.L., B.P. Oldroyd and M. Spivak. 2002. Seven suggestive quantitative trait loci influence
hygienic behavior of honey bees. Naturwissenschaften, 89(12): 565-568.

25.Le Conte, Y., G. De Vaublanc, D. Crauser, F. Jeanne, J.C. Rousselle and J.M. Bécard. 2007. Honey bee
colonies that have survived varroa destructor. Apidologie, 38(6): 566-572.

26.Le Conte Y., C. Alaux, J.F. Martin, J.R. Harbo, J.W. Harris, C. Dantec, D. Severac, S. Cros-Arteil and
M. Navajas. 2011. Social immunity in honeybees (Apis mellifera): transcriptome analysis of varroa-
hygienic behaviour. Insect Molecular Biology, 20(3): 399-408.

27.Locke, B. and I. Fries. 2011. Characteristics of honey bee colonies (Apis mellifera) in sweden surviving
varroa destructor infestation. Apidologie, 42(4): 533-542.

28.Locke, B., Y. Le Conte, D. Crauser and I. Fries. 2012. Host adaptations reduce the reproductive success
of varroa destructor in two distinct European honey bee populations. Ecology and Evolution, 2(6):
1144-1150.

29. Mansouri zalani, A., G.H. Tahmasbi, N. Emam Jomeh kashani, M. Amin Afshar and A. Ghazi Khani
Shad. 2018. Study on the hygenic and grooming behaviours of iranain honey bee's colonies (Apis
mellifera meda) in the third and fourth generation of breeding plan for resistance to varroa destructor.
Journal of Entomological Research, 10(1): 65-76 (In Persian).

30. Mondet, F., A. Beaurepaire, A. McAfee, B. Locke, C. Alaux, S. Blanchard, B. Danka and Y. Le Conte.
2020. Honey bee survival mechanisms against the parasite varroa destructor: a systematic review of
phenotypic and genomic research efforts. International Journal for Parasitology, 50(6-7): 433-447.

31. Mustard, J.A., V. Vergoz, K.A. Mesce, K.A. Klukas, K.T. Beggs, L.H. Geddes, H.J. McQuillan and
A.R. Mercer. 2012. Dopamine signaling in the bee. In: Galizia C.G., D. Eisenhardt, M. Giurfa (eds.).
Honeybee neurobiology and behavior. 199-209 pp., Springer, Dordrecht, Netherlands.

32.NajiKhoei, A., C. Firatli, S. Alijani, Y. Kasko Arici and S. Khodaie. 2011. Behavioral defenses of
iranian honey bees (Apis mellifera meda) against varroa destructor. Annals of Biological Research,
2(6): 510-516.

33.Oxley, P.R., M. Spivak and B.P. Oldroyd. 2010. Six quantitative trait loci influence task thresholds for
hygienic behaviour in honeybees (Apis mellifera). Molecular Ecology, 19(7): 1452-1461.

34.Peng, Y.S., Y. Fang, S. Xu and L. Ge. 1986. The resistance mechanism of the asian honey bee, Apis
cerana Fabr., to anectoparasitic mite, varroa jacobsoni oudemans. Journal of Invertebrate Pathology,
49(1): 54-60.

35.Réberg, L., A.L. Graham and A.F. Read. 2009. Decomposing health: tolerance and resistance to
parasites in animals. Philosophical Transactions of the Royal Society B: Biological Sciences,
364(1516): 37-49.

36.Rinderer, T.E., L.I. De Guzman, G.T. Delatte, J.A. Steltzer, V.A. Lancaster, V. Kuznesov, L. Beaman,
R. Watts and J.W. Harbo. 2001. Resistance to the parasitic mite varroa destructor in honey bees from
far-eastern russia. Apidologie, 32(4): 381-394.

37.Rinderer, T.E., J.W. Harris, G.J. Hunt and L.l. de Guzman. 2010. Breeding for resistance to varroa
destructor in north America. Apidologie, 41(3): 409-424.

38. Robertson, A.J., B. Trost, E. Scruten, T. Robertson, M. Mostajeran, W. Connor, A. Kusalik, P. Griebel
and S. Napper. 2014. Identification of developmentally-specific kinotypes and mechanisms of varroa
mite resistance through whole-organism, kinome analysis of honeybee. Frontiers in Genetics. 5: 139.

39. Rodriguez-Dehaibes, S.R., G. Otero-Colina, V. Pardio Sedas and J.A. Villanueva Jiménez. 2005.
Resistance to amitraz and flumethrin in varroa destructor populations from veracruz, mexico. Journal
of Apicultural Research, 44(3): 124-125.

40. Rosenkranz, P., P. Aumeier and B. Ziegelmann. 2009. Biology and control of varroa

41. destructor. Journal of Invertebrate Pathology, 103: 96-119.

42.Sandoz, J.C. 2011. Behavioral and neurophysiological study of olfactory perception and learning in
honeybees. Frontiers in Systems Neuroscience, 5: 98.

43. Schneider, P. and W. Drescher. 1987. Einfluss der parasitierung durch die milbe varroa jacobsoni Oud.
auf das schlupfgewicht, die gewichtsentwicklung, die entwicklung der hypopharynxdriisen und die
lebensdauer von Apis mellifera. Apidologie, 18(1): 101-110.


http://dx.doi.org/10.52547/rap.13.37.148
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.37.7.7
http://rap.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1401.13.37.7.7 ]

[ DOI: 10.52547/rap.13.37.148 ]

290> w5 9 Shedalle e @ peily b1 e Sbrle $lo (s i
g Cuaglie (53, L hasye (DOP3) ¥ s (abign 055 sluils’ (] (s598lS'99 ST sl IS i

44, Seeley, T.D. 2007. Honey bees of the arnot forest: a population of feral colonies persisting with varroa
destructor in the northeastern United States. Apidologie, 38(1): 19-29.

45. Spivak, M. and G. Reuter. 2001. Varroa destractor infestation in untreated honey bee (Hymenoptera:
Apidae) coconies selected for hygienic behaviour. Journal of Economic Entomology, 94(2): 326-331.

46. Stanimirovic, Z., S. Jevrosima, M. Mirilovic and V. Stojic. 2008. Heritability of hygienic behavior in
grey honey bees (Apis mellifera carnica). Acta Veterinaria, 58(5-6): 593-601.

47. Stanimirovic, Z., S. Jevrosima, A. Nevenka and V. Stojic. 2010. Heritability of grooming behavior in
grey honey bees (Apis mellifera carnica). Acta Veterinaria, 60(2-3): 313-323.

48. Tahmasebi, G.H., S.B. Hosseini, M. Eskandari nasab. 2018. Evaluation of hygienic behaviors in iranian
honey bee (Apis mellifera meda) colonies and their relationship with infestation rate to varroa
destructor mite. Plant Protection (Scientific Journal of Agriculture), 41(2) (In Persian).

49. Tarpy, D.R., R. Nielsen and D.I. Nielsen. 2004. A scientific note on the revised estimates of effective
paternity frequency in Apis. Insectes Sociaux, 51(2): 203-204.

50. Tsuruda, J.M., J.W. Harris, L. Bourgeois, R.G. Danka and G.J. Hunt. 2012. High-resolution linkage
analyses to identify genes that influence varroa sensitive hygiene behavior in honey bees. Plos One,
7(11): e48276.

51.Yue, C., M. Schroder, K. Bienefeld and E. Genersch. 2006. Detection of viral sequences in semen of
honeybees (Apis mellifera): evidence for vertical transmission of viruses through drones. Journal of
Invertebrate Pathology, 92(2): 105-108.


http://dx.doi.org/10.52547/rap.13.37.148
https://dor.isc.ac/dor/20.1001.1.22518622.1401.13.37.7.7
http://rap.sanru.ac.ir/article-1-1262-fa.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1401.13.37.7.7 ]

[ DOI: 10.52547/rap.13.37.148 ]

Research on Animal Production, Vol. 13, No. 37, Autumn 2022 .........ouiinitiiitit et et et eee e et e e e e aeaaeaeenenaas 157

Single Nucleotide Polymorphism in the Dopamine Receptor Type 3 (DOP3)
Candidate Gene Associated with Varroa Destructor Resistance in Honeybee

Behzad Sepehri', Sadegh Alijani?, Arash Javanmard?®, Hossein Johnmohammadi*
and Karim Hasanpur?®

1- Ph.D. Student, Department of Animal Sciences, University of Tabriz, Tabriz, Iran
2- Associate Professor, Department of Animal Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran,
(Corresponding Author: sad-ali@tabrizu.ac.ir)
3- Assistant Professor, Department of Animal Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran
4- Professor, Department of Animal Science, Faculty of Agriculture, University of Tabriz, Tabriz, Iran
Received: 27 September, 2021 Accepted: 21 February, 2022

Extended Abstract

Introduction and Objective: Varroa infestation is undoubtedly the greatest threat and challenge
facing Apiculture today. This external parasite inevitably lives in the bee colony and causes
irreparable damage to its colony and the subsequent honey production. One of the proposed
strategies in this regard is the use of pesticides, which have a negative impact on the health of
bees and honey consumers. To avoid these negative consequences, safer alternative methods of
controlling mites are needed, including the use of resistant genetic strains and breeding selection
programs to establish colonies with relative resistance to mites. In honeybee colonies, there are
several physiological and behavioral mechanisms for Varroa resistance that by examining their
relationship with identified resistance genes, the genetic basis of Varroa mite resistance in
honeybees is identified and can used in breeding programs. The aim of the present study was to
identify single nucleotide polymorphisms (SNPs), in a sample of the Iranian honeybee population,
in the candidate gene (the dopamine receptor gene (DOP3)) effective on defense behaviors of
honeybees against the varroa mite.

Material and Methods: For this purpose, a total of 10 drone bees (5 susceptible and 5 resistant)
were selected and their DNA was then isolated using a CTAB-based method. The PCR was
carried out based on specific primers in the UTR region sequence of the DOP3 gene. The quantity
and quality were then determined using the nanometer method. After a single band (900 bp) of
the expected size, product purification and sequencing (Sanger method) were performed. The
display of the outputs and the determination of the quality of the raw sequence (phred index) took
place with the FinchTV software and the alignment with BLAST and clustering with the MAFTT
software.

Results: In this study, differences were observed in several regions of the nucleotide sequence of
the UTR region of DOP3 gene, the most important difference in the nucleotide sequence between
sensitive and resistant individuals in the two regions. One is in the nucleotide region of 428 to
437 forward readings as many as 9 bp nucleotides and the other is in the nucleotide region of 715
to 720 forward readings as many as 6 bp nucleotides, which in both, mutations of the deletion
type have been performed.

Conclusion: Evaluation of the final results showed significant difference, in type of
deletion/addition with the size of 6 and 9 bp between two groups (sensitive and resistant to
Varroa), respectively which can be used in the molecular identification of resistant colonies and
breeding programs to produce Varroa mite resistant colonies. No such deletions from this gene
have been reported so far.

Keywords: Candidate Gene, Dopamine Receptor, Resistance Mechanism, Single Nucleotide
Polymorphism, Varroa destructor
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