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1- NADH dehydrogenase subunit 1

2- NADH dehydrogenase subunit 5
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Figure 4. Comparison of Iranian honeybees with commercial honeybee subspecies (A. m. carnica, A. m. ligustica, A.

m. caucasica and A. m. mellifera) using principle component analysis (PCA) in ND1 (A) and ND5 (B)
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Table 4. Genetic distances among Iranian honeybees and subspecies using ND1 gene

Iranian honey bees and subspecies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1-Ardabil

2-Western Azarbayejan [e-

3-Boshehr [+-Y

4-Charmahal Bakhtiari [+

5-Gazvin [+Y

6-Qom [+Y .

7-Golestan [+Y /-0 [+ [++0 [e+ [++0

8-Hormozgan oY Jees . . . b

9-Eilam ooy ey ey AR ey AR AR ey

10-Razavi Khorasan [+2¥ b . 1251

11-Northern Khorasan [+2¥ b . 1251

12-Kohkeloye Boyerahmad [+2¥ . . b . 121 . .

13-Kerman /Y ofee¥ [++Y [+-Y [++Y [++Y [+Y [e+Y Jeo¥ [++¥ ooy /oY

14-Kermanshah ofeeX ofeey [+oY /oY [+sY /oY /oY ofeey [eY /oY ofeeY [ooY ofeeX

15-Khozestan ofe-Y ofeee ofeed . [+-Y . . . ey oeey

16-Kordestan /A%, oeed [ee0 [ee0 el [ee0 [ee0 [y eed eed b NARY AR b
17-Lorestan JARY; oeed [ee0 [ee0 el [ee0 [ee0 [y b eed b NARY AR b .
18-Markazi [--¥ . [++0 [ee¥ ey AR . Jeed
19-Mazandaran [++¥ [++0 [++0 [++0 [++0 [++0 . [++0 [+ [++0 [++0 [++0 Y ey oleed .
20-Semnan [+2Y oeed . [+sY . ey AR . NANY
21-Shiraz [++Y . . ool . [++¥ . . . ey ey . ool
22-Sistan Balochestan [eo0 [y [y AR / AR AR ey [eoy AR ey AR oeed AR AR AR
23-Yazad /oY [++¥ [++¥ ofeey [++¥ [+ /Y [+ [+ [+ [++Y ofss¥ ofeey ey AR
24-Zanjan [oo¥ /oY /oY AR /oY /oY JRRY; oY [ooY ey AR AR AR AR AR NARY
25-A. m. caucasica MN714160 /¥ JEARS JEARS LYRALY JEARS LYRALY ofe\Y LYRARY [-\Y RTRALY IYRAEY ALY oYY WY AT oY
26-A. m. carnica MN250878 /N0 [-3\Y [-\Y oY [-\Y oY D o[y o[NY o[y RN oY o[eND JND ooy [ND
27-A. m. ligustica KX908209 AT /oY /oY NAYS /oY oY A VA [\ oY ey o[y A A o[y A
28-A. m. mellifera KJ396182 o[oXF /XY /XY o[o%¥ /XY o[o%¥ o[oXY o[o¥¥ o[oXY o[o%¥ o[-¥¥ o[-¥¥ A4 oevy o[-¥¥ olovyY
29-A. m. jemenitica MN714161 o[eYY <[+¥0 <[+Y0 AT o1-¥0 VAT oY o[+¥0 Y AN o[+¥0 NAYA vy YA AN ¥y
30-A. m. lamarckii KY464958 ofoXY ofoXN ofoXN o[+XN ofoXN o[+XN o[+YA of+Xy o[-X¥ o[+¥\ of+Xy o[+¥\ ofoXY o[-Y¥ o[+¥\ o[+YA
31-A. m. syriaca KP163643 ofo¥e <[+¥A <[-YA +/-YA +[-YA /YA -/-¥o /YA ofo¥e o[YA [+¥A NAYN ¥ ¥ o[YA NN
32-A. m. capensis KX870183 oY oY ofeX ofeX oY ofeX XY ol «[+YA ofeX AL oY oYY WXy AN vy
33-A. m. scutellata MG552700 RN oY ofeX ofeX oY ofeX DAY ol oleXY ofeX AL oY oY IS 4 N . 74
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Table 4. (continued)- Genetic distances among Iranian honeybees and subspecies using ND1 gene

Iranian honey bees and subspecies 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
1-Ardabil

2-Western Azarbayejan

3-Boshehr

4-Charmahal Bakhtiari

5-Gazvin

6-Qom

7-Golestan

8-Hormozgan

9-Eilam

10-Razavi Khorasan

11-Northern Khorasan

12-Kohkeloye Boyerahmad

13-Kerman

14-Kermanshah

15-Khozestan

16-Kordestan

17-Lorestan

18-Markazi ofeb

19-Mazandaran ofevs ofe0

20-Semnan ofob AR

21-Shiraz ofeedd el .

22-Sistan Balochestan ofeey ) ofeey [+e¥ [ee¥

23-Yazad AR [oeY ey /oY /oY ey

24-Zanjan ey /Y [+¥ [++Y [++Y oeed AR

25-A. m. caucasica MN714160 o[\ YRR o[\ RYRAR RYRAR YR o[e\Y o[e\Y

26-A. m. carnica MN250878 YRR [+\Y RN o[y o[y o[y o[\Y o[\Y [++0

27-A. m. ligustica KX908209 [\ 1-3Y [N <[y <[y o[\ [Ny [N\Y [++0

28-A. m. mellifera KJ396182 ofeYY [-%¥ RN o[oYY o[oYY o[oYY ofoYY o[oYY o[+Y0 YRR YRR

29-A. m. jemenitica MN714161 o[-¥Y o[+Y0 oIo¥Y R R o[o¥ o[+YA ofoYY of+¥y <[-Y¥ o[+Y¥ o[oYY

30-A. m. lamarckii KY464958 <[+YA of+¥ o[+YA RN RN R4 ofoY¥ ofoY oleYY RN of+YY YRR ofosY

31-A. m. syriaca KP163643 o[+¥0 <[+YA R <[+YA <[+YA <Io¥Y ofo¥e R4 ofevY A N4 NA [++0 el
32-A. m. capensis KX870183 oY of Y. oYY of oY of oY of oY «[+YA «[+YA NS Y AT ey R ALY RN
33-A. m. scutellata MG552700 -1¥% ofY- AAYd o[y DA «[-¥¥ [y o[-YA o[-¥0 AL AR o[y oY ooy ofe oA o\Y

A\

s (6 = &\ (gpaw eaggiaw sioky) (€ X sboea 05 (6Com?


http://dx.doi.org/10.52547/rap.12.31.157
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.17.8
https://rap.sanru.ac.ir/article-1-1132-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22518622.1400.12.31.17.8 ]

[ DOI: 10.52547/rap.12.31.157 ]

At

Slpl Jws ja5 iwilgs PCR-RFLP gy 4 COIN )5
P oA SSa Aoom. anatoliaca <8 u5 5l
099y sNDp G5 anb jl eslatwl b yols suiss &S 50
Jwe slayss; 511, Ao m. anatoliaca 445 5 PCR
e ye8) acures (YY) Rahimi o3 plae )
9 PCR-RFLP g, 3l edlawl b 1) jouiS Cgin Sy
ol s bl awlis 3y50 COI-COl 5 (s 4l
2555 oy Glnl Jus 585 Glacumes Gm (K655 £55
ND1 5 5l edlaiwl b ypsls sains bl by bl & 1,
Cox Sl Jue o) Glacemes Gn S) ool
S aad e Gl gadge cpl ley il 4 1) jeS
9 555 Ubgy PCR-RFLP (b9, 4 cuus PCR (i
298] Slumer (Sf Sl byl gl
Gl Sl s

s ND; 55 g & Sluy olil & yobs adls gl
e 1955 slotigS 525) A SLalS5 claoy,S izl NDs
oyl Sl )50 1) Z-subgroup g (ol 8!
P L) ghKea 5 Alburaki zobs cdles ol (slaassl
Sl oldl 4 Z-subgroup o A LIS sleog,S ke
(5 o 4l ol pendy COI i onlawl b 55,500 lalllas
500 ]y (JelSS 6g)5 90 ) Aiwilss NDg 9 ND,
(VDY) a8 s

Soowrk 9 Siw Uy 97 5l Jols S5k e
ND5 55 4ol 4 cawd ) ND1 35 4l YL Ul
el Siskd sbcd Sigysba Bails, ol &
Il s 985 @)l gladisS pj wiily NDL (o
il b (piman i3S SSE (el Jus 5955 sladiged
SWlS g lagle | st S (Sgemrl by
ND5 4 cuws ND1 3 S5jskd sute oleMbl (g4l
= (PCA) Lol sleadie & a0 wb ololis
5 i slagsyy Jl Jels NDL Gské slacs
b i otgy 5l Jols NDS - (S5gbd <80 5 (Sgemm)l
b olts (Lol slaadlze 4 408 ol e 28 10b
sl S o 1y oy SS& ND5 4 cuws NDI1 &S
2,8 3ol (C 4 M A Z-subgroup) Jus g (LolS

Voo Sl /YN o)lesd /emdjley Jlo ol clades (sloimgs

s5lS g s lg pled om g b GaioS
(desrssy 5503 gldiss nj b Glnl Jus slaygs))
izl & pizes GWSE (L0l Cun ke
il & adllas pl > &S g )sbas 59 NDs 5l yuiy NDy
J> 0 b 2L I NDs & cuws NDyp oS S,
B Slnl dus Glojes; SSE 5 Sasjekd Ll
R SbasS pj G g Jueyss) S slodisS
csmlie S8 cadlgns NDs (Jg 209 )lo)08 0 Juus 955
sl Slpl Jus loysss 9 )b Jus loysss o
s o $loy Sl &4 Jo Sgerwrl gy 0gMeds les
2 (¥0) Sijold sto ledbl (ol 135S 55 (slag Ko
oximd Lt geise cul 45 3 NDs 5l yuiwy NDp o
D9 Seioksd Lalg) J> > ND1 (92 Scaslia

SSE b)) G ol Ban &Gl 4 g b
Sbs sbaspy Jl Slel Jes ge8) slodige
$lly pite laglle Gl Wb 0g Jue)es;
09> > (segragating sites L variable sites)
125 205 )8 d2gi 090 J Slnl Jus 9555 (socumen
Cumer Sy gladigel (@ 5p Ty ol i
@bl dl a8 ) 990 o) L5 pj L
259 blumex Jl 45 p5 b bewses o SS&
Sl 4 dogs b (VPOTDY) Ll o (Rali81 500 sladisS
» ND5 4 ND1 Lglmc)j LgJu}ilfy o JLEOKA Sl
(S=F) 35 GlSa Sl Jusysss locumer (95
el & e @ely il s cplple
b Sl Jue slayss)) s55lS 9 oIy plos (o 5
855 B oo y90 (s 5955 03 SaisS

NDs s ND; (sl 5 PCR 5l oslil b 5 ps] e 55
s 5985 Gacumes 3 1) uighls gy 9 Cula iy
Cishle S (YY) o, Ken 5 OZdil .3,8 ol )
5 NDs (5 5l oslial b Glo) Jus 985 lacanes 3 1,
b9y 5} o3l | oMoy .53,8" Ly PCR-RFLP 5o,
Jus 1355 Scusar > gkl 93 5 4w PCR-RFLP
lulis COIl 4 16S TRNA (cla 5 cuipds Sl
5 oslizol b (V) o, Kan ¢ Jabbari adllas (f-F) 50

&l

1. Alajmi, R., R. Abdel-Gaberl and L. Alfozana. 2019. Molecular insights of mitochondrial 16S rDNA genes
of the native honey bees subspecies Apis mellifera carnica and Apis mellifera jementica (Hymenoptera:
Apidae) in Saudi Arabia. Genetics and Molecular Research, 18: 1-17.

Emir Journal Food Agriculture, 20(1): 89-93.

> wDd

Al-Buraki, M. and A. Al-Buraki. 2008. Morphometrical study on Syrian honeybee (Apis mellifera syriaca).

Alburaki, M., S. Moulin, H. Legout, A. Alburaki and L. Garnery. 2011. Mitochondrial structure of Eastern
honey bee populations from Syria, Lebanon and Irag. Apidologie, 42: 628-641.
Avrias, M.C and W.S. Sheppard. 1996. Molecular phylogenetics of honey bee subspecies (Apis mellifera L.)

inferred from mitochondrial DNA sequence. Molecular Phylogenetics and Evolution, 5: 557-566.

5. Arias, M.C., D. Silvestere, F.O. Francisco, R. Weinlich and W.S. Shepard. 2008. An oligonucleotide primer
set for PCR amplification of the complete honey bee mitochondrial genome. Apidologie, 39: 475-480.

6. Bahador, Y., M. Mohammadabadi, A. Khezri, M. Asadi and L. Medhati. 2016. Study of genetic diversity in
honey bee populations in Kerman province using ISSR markers. Research on Animal Production, 7(13):

186-192 (In Persian).


http://dx.doi.org/10.52547/rap.12.31.157
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.17.8
https://rap.sanru.ac.ir/article-1-1132-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22518622.1400.12.31.17.8 ]

[ DOI: 10.52547/rap.12.31.157 ]

\55

10.

11.

12.
13.
14.
15.

16.

17.

18.

19.

20.
21.

22.

23.
24.
25.
26.
27.
28.
29.
30.
31.

32.

S ya5j (o)l slodisS ;51 (Apis mellifera meda) ol Jus (sl yg0; SSas

Bouga, M., P.C. Harizanis, G. Kilias and S. Alahiotis. 2005. Genetic divergence and phylogenetic
relationships of honey bee Apis mellifera (Hymenoptera: Apidae) populations from Greece and Cyprus
using PCR - RFLP analysis of three mtDNA segments. Apidologie, 36: 335-344.

Bouga, M., C. Alaux, M. Bienkowska, R. Bichler, N. Carreck, E. Cauia, R. Chlebo, B. Dahle, R. Dall'Olio,
P. De la Rua, A. Gregorc, E. Ivanova, A. Kence, M. Kence, N. Kezic, H. Kiprijanovska, P. Kozmus, P.
Kryger, Y. Conte, M. Lodesani, A.M. Murilhas, A. Siceanu, G. Soland, A. Uzunov and J. Wilde. 2011. A
review of methods for discrimination of honey bee populations as applied to European beekeeping. Journal
of Apicultural Research, 50: 51-84.

Charistos, L., F. Hatjina, M. Bouga, M.D. Mladenovic and A. Maistros. 2014. Morphological
discrimination of Greek honey bee populations based on geometric morphometrics analysis of wing shape.
Journal of Apicultural Science, 58: 75-84

Chavez-Galerza, J., L. Garnery, D. Henriques, C.J. Neves, W. Loucif-Ayad, S. Jonhston and M. Alice-
Pinto. 2017. Mitochondrial DNA variation of Apis mellifera iberiensis: further insights from a large-scale
study using sequence data of the tRNAleu-cox2 intergenic region. Apidologie, 48: 533-544.

Chen, C., Z. Liu, Q. Pan, X. Chen, H. Wang, H. Guo, S. Liu, H. Lu, S. Tian, R. Li and W. Shi. 2016.
Genomic analyses reveal demographic history and temperate adaptation of the newly discovered honey bee
subspecies Apis mellifera sinisxinyuan n. spp. Molecular Biology and Evolution, 33: 1337-1348.

De la Rua, P., Y.J. Ruiz, J. Galian and J. Serrano. 2004. Evaluation of the biodiversity of honey bee (Apis
mellifera) populations from eastern Spain. Journal of Apicultural Research, 43: 162-166.

Dwivedi, B. and S.R. Gadagkar. 2009. The impact of sequence parameter values on phylogenetic accuracy.
Biology and Medicine, 1(3): 50-62.

Ebadi, R. and A. Ahmadi. 2016. Honybee culture. Honybee culture. Arkan Danesh press, Tehran, Iran,
616pp (In Persian).

Estoup, A., M. Solignac, M. Harry and J.M. Cornuet. 1993. Characterization of (GT)-n and (CT)-n
microsatellites in two insect species: Apis mellifera and Bombus terrestris. Nucleic Acids Research, 21:
1427-1431.

Evans, D.J., R.S. Schwarz, Y.P. Chen, G. Budge, R.S. Cornman, P. Delarua, J. Miranda, S. Foret, L. Foster,
L. Gauthier, E. Genersch, S. Gisder, A. Jarosch, R. Kocharski, D. Lopez, D.M. Lun, R. Moritz, R.
Maleszka, I. Munoz and M.A. Pinto. 2013. Standard methods for molecular research in Apis mellifera.
Journal of Apicultural Research, 52: 8-15.

Ferreira, K.M., O.L. Silva, M.C. Arias and M.A.D. Lama. 2009. Cytochrome-b variation in Apis mellifera
samples and its association with COI-COI|I patterns. Genetica, 135: 149-155.

Frankham, R., J.D. Ballou, M.R. Dudash, M.D. Eldridge, C.B. Fenster, R.C. Lacy and O.A. Ryder. 2012.
Implications of different species concepts for conserving biodiversity. Biological Conservation, 153: 25-31.
Garnery, L., M. Solignac, G. Celebrano and J.M. Cornuet. 1993. A simple test using restricted PCR-
amplified mitochondrial DNA to study the genetic structures of Apis mellifera L. Experientia, 49: 1016-
1021.

Hammer @. and D.A.T. Harper. 2006. Paleontological data analysis. Wiley-Blackwell, Oxford. 368pp.
Jabbari, A., H. Farhoud and M. Kence. 2005. Morphometric and MtDNA analysis in honeybee populations
(Apis melifera L.) of north and north-west Iran. In: 1th Balkan scientific conference of biology, Plovdiv,
Bulgaria.

Jamshidi, M., A. Nejati, R. Ebadi and G.H. Tahmasebi. 2008. Estimating phenotypic correlation between
several traits of honeybee population in Tehran, Markazi, Ghazvin and Isfahan provinces of Iran. Animal
science Journal (Pajouhesh & Sazandegi), 79: 36-44 (In Persian).

Kandemir, 1. and A. Kence. 1995. Allozyme variation in a central Anatolian honey bee (Apis mellifera L.)
population. Apidologie, 26: 503-510.

Kandemir, 1., A. Ozkan and M. Moradi. 2004. A scientific note on allozyme variability in Persian honey
bees (Apis mellifera meda) from the Elburz mountains in Iran. Apidologie, 35: 521-522.

Kence, M., F. Jabbari Farhoud and R. lvgin Tunca. 2009. Morphometric and genetic variability of honey
bee (Apis mellifera L.) populations from Northern Iran. Journal of Apicultural Research, 48: 247-255.
Meier, R., K. Shiyang, G. Vaidya and P. Ng. 2006. DNA barcoding and taxonomy in Diptera: A tale of
high intraspecific variability and low identification success. Systematic Biology, 5: 715-728.

Meixner, M.D., W.S. Sheppard, A. Dietz and R. Krell. 1994. Morphological and allozyme variability in
honey bees from Kenya. Apidologie, 25: 188-202.

Meixner, M.D., M.C. Arias and W.S. Sheppard. 2000. Mitochondrial DNA polymorphism in honey bee
subspecies from Kenya. Apidologie, 31: 181-190.

Meixner, M.D., M.A. Leta, N. Koeniger and S. Fuchs. 2011. The honey bees of Ethiopia represent a new
subspecies of Apis mellifera simensis. Apidologie, 42: 425-437.

Meixner, M.D., M.A. Pinto, M. Bouga, P. Kryger, E. Ivanva and S. Fuchs. 2013. Standard methods for
characterising subspecies and ecotypes of Apis mellifera. Journal of Apicultural Research, 52: 1-28.
Modaber, M., J. Nazemi-Rafie and H. Rajabi-Maham. 2109. Population genetic structure of native Iranian
population of Apis mellifera meda based on intergenic region and COX2 gene of mtDNA. Insects Sociaux,
66: 413-424.

Mohammadi P., J. Nazemi-Rafie and J. Rostamzadeh. 2018. Evaluation of phylogenetic characteristics of
Iranian honey bee (Apis mellifera meda) populations based on mitochondrial ND2 gene. Research on
Animal Production, 9: 93-104 (In Persian).


http://dx.doi.org/10.52547/rap.12.31.157
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.17.8
https://rap.sanru.ac.ir/article-1-1132-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22518622.1400.12.31.17.8 ]

[ DOI: 10.52547/rap.12.31.157 ]

Y

33.
34.
35.
36.

37.

38.
39.

40.

41.
42.
43.

44,

45,

46.
47.

48.
49.

50.
51.

52.

53.
54.

55.

Voo Sl /YN o)lesd /emdjley Jlo ol clades (sloimgs

Moritz R.F.A., C.F. Hawkins, R.H. Crozier and A.G. Mackinley. 1986. A mitochondrial DNA
polymorphism in honey bees (Apis mellifera L.). Cellular and Molecular Life Sciences, 42: 322-324.
Muiioz, 1., R. Dall’Olio, M. Lodesani and P. De La Rua. 2009. Population genetic structure of coastal
Croatian honey bees (Apis mellifera carnica). Apidologie, 40: 617-626.

Nazemi-Rafie, J. 2010. Tree, phylogenetics & models of molecular evolution. University of Kurdistan
press, Kurdistan, Iran. 279 pp (In Persian).

Oleksa, A. and A. Tofilski. 2015. Wing geometric morphometrics and microsatellite analysis provide
similar discrimination of honey bee subspecies. Apidologie, 46: 49-60.

Ozdil, F., I. Aytekin, F. Ilhan and S. Boztepe. 2012. Genetic variation in Turkish honey bees Apis mellifera
anatoliaca, A. m. caucasica, A. m. meda (Hymenoptera: Apidae) inferred from RFLP analysis of three
mtDNA regions (16S rDNA-COI-ND5). European Journal of Entomology, 109: 161-167.

Ozdil, F. and F. llhan. 2014. Diversity of Apis mellifera subspecies from Turkey revealed by sequence
analysis of mitochondrial 16s rDNA region. Biochemical Genetics, 50: 748-760.

Perugini, M., M. Manera, L. Grotta, M.C. Abete, R. Tarasco and M. Amorena. 2011. Heavy metal (Hg, Cr,
Pb) contamination in urban areas and wildlife reserves: honeybees as bioindicators. Biological Trace
Element Research, 140(2): 170-176.

Pish Jang, J., M. Yiliz, B. Fakhri and A. Nobakht. 2011. A Study of the diversity in COI-COII intergenic
region of mitochondrial DNA in different Persian honey bee (A. mellifera meda). Journal of Basic and
Applied Scientific Research, 1: 215-220.

Posada, D. 2008. JModeltest: Phylogenetic model averaging. Molecular Phylogenetics and Evolution, 25:
1253-1256.

Rahimi, A. 2015. Study of the genetic diversity of Iranian honey bee (Apis mellifera meda Skorikow, 1829)
populations using the mtDNACOI-COII intergenic region. Biologija, 61: 54-59.

Rahimi, A., A. Mirahmadi, D. Kahrizi, L. Zarei and S. Jamali. 2016. Genetic diversity of Iranian honey bee
(Apis mellifera meda Skorikow, 1829) populations based on ISSR markers. Cellular and Molecular
Biology, 62: 52-58.

Rahimi, A., A. Mirmoayedi, D. Kahrizi, L. Zarei and S. Jamali. 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: 482-490.

Rose, R., O. Golosova, D. Sukhomlinov, A. Tiunov and M. Prosperi. 2019. Flexible design of multiple
metagenomics classification pipelines with UGENE. Bioinformatics, 35: 1963-1965.

Ruttner, F. 1988. Biogeography and taxonomy of honey bees. Springer, Berlin, Heildelberg.

Sahebzadeh, N., E. Rakhshani and N. Tajabadi. 2017. Genetic polymorphism of Iranian honey bee
populations of Apis mellifera meda using microsatellite markers. Dissertation, Univrsity of zabol, Iran.
Sheppard, W.S., T.E. Rinderer, J.A. Mazzoli, J.A. Sletzer and H. Shimanuki. 1991. Gene flow between
African- and European- derived honey bee populations in Argentina. Nature, 349: 782-784.

Su, S., S. Albert, S. Chen and B. Zhong. 2005. Molecular cloning and analysis of four cDNAs from the
heads of Apis cerana cerana nurse honeybees coding for major royal jelly proteins. Apidologie, 36(3): 389-
401.

Tamura, K., G. Stecher, D. Peterson, A. Filipski and S. Kumar. 2013. MEGAG6: Molecular evolutionary
genetics analysis version 6.0. Molecular Biology and Evolution, 30: 2725-2729.

Techer, M.A., J. Clemencet, S. Simiand, H.A. Preeaduth, H. Abou Azali, B. Reynaud and D. Héléne. 2017.
Large-scale mitochondrial DNA analysis of native honey bee Apis mellifera populations reveals a new
African subgroup private to the South West Indian Ocean islands. BMC Genetics, 18: 1-21.

Veisi, H., J. Nazemi-Rafie, A. Azizi and H. Rajabi-Maham. 2020. Genetic characteristics of the Iranian
honey bee, Apis mellifera meda, based on mitochondrial genes of ND4, ND4L and ND6 and their internal
transcribed spacers. Insectes Sociaux, 67: 439-448.

Yang, L., Z. Tan, D. Wang, L. Xue, M. Guan, T. Huangl and R. Li. 2014. Species identification through
mitochondrial rRNA genetic analysis. Sientific Methods, 4: 1-11.

Zardoya, R. and A. Meyer. 1996. Phylogenetic performance of mitochondrial protein-coding genes in
resolving relationships among vertebrates. Molecular Biology and Evolution, 13: 933-942.

Zayed, A. 2009. Bee genetics and conservation. Apidologie, 40(3): 237-262.


http://dx.doi.org/10.52547/rap.12.31.157
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.31.17.8
https://rap.sanru.ac.ir/article-1-1132-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.22518622.1400.12.31.17.8 ]

[ DOI: 10.52547/rap.12.31.157 ]

Research on Animal Production, Vol. 12, NO. 31, SPring 2021 .........uuuniiiiit et ee e e e et e e e e s 168

Differentiation of Iranian Honeybees (Apis mellifera meda) from Commercial
Honeybee Subspecies using ND1 and ND5 Genes

Himan Soltani? Javad Nazemi-Rafie? and Behrouz Harighi®

1- Graduated M.Sc. Student, University of Kurdistan
2- Assistant Professor, University of Kurdistan (Corresponding author: j.nazemi@uok.ac.ir)
3- Associate Professor, University of Kurdistan
Received: 5 September, 2019 Accepted: 9 January, 2020

Abstract

The samples of honeybee workers were collected from 26 areas from Iran. The aim of this research was
to evaluate the ND1 (630 bp) and ND5 (630 bp) genes for differentiation of Iranian honeybees (A. m.
meda) from commercial subspecies (A. m. carnica, A. m. ligustica, A. m. caucasica and A. m. mellifera).
The ND1 and ND5 squences of Iranian honeybees and other honeybee subspecies were evaluated using
bayesian and parsiminy methods. ND1 and ND5 showed eight and five haplotypes in populations of
Iranian honeybees. Using bayesian method, four clades were identified in Iranian honeybees of
phylogenetic tree derived from ND1 gene. The first to fourth clades included haplotype 1 (Golestan,
Southern Khorasan, Kordestan, Lorestan and Mazandaran), haplotype 2 (Siatan Balochestan), haplotype 3
(Yazd and Eilam), haplotype 4 (Ardabil), haplotype 5 (Kerman), haplotype 6 (Zanjan), haplotype 7
(Kermanshah) and haplotype 8 (Boshehr, Western Azarbayejan, Charmahal Bakhtiari, Qazvin, Qom,
Hamadan, Hormozgan, Razavi Khorasan, Northern Khorasan, Kohkeloye Boyerahmad, Khozestan,
Markazi, Semnan and Fars). The phylogenetic trees drived from bayesian and parsimony methods
demonstrated more ability of ND1 gene in comparison with ND5 gene; ND1 gene differntiated Iranian
honeybees from commercial honeybee subspecies. Furthermore, using parsimony method, more
informative sites were identified in ND1 in comparison with ND5 gene. Principle component analysis
(PCA) confirmend phylogenetic trees of ND1 drived from bayesian and parsimny methods and
phylogenetic tree of ND5 drived from bayesian method. Moreover, PCA demonstrated more efficiency of
NDL1 in differentiation of evolutionary lineages (Z-subgroup, A, C and M) in comparison with ND5 gene.
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