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Figure 1. Location of studied sites: Golestan (Af), Mazandaran (S, Co, Um, Ub) and Guilan (As)
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Table 1. Name, abbreviation, coordinates and elevation of studied populations
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Elavation (m) Coordinates Abbreviation Name of population
54°58' 04" E a3l
1552 o 171 ~on Af
36°47' 28" N Afratakhteh
51°47'29" E RS
1630 36°26'49" N co Codir
51°48'53" E S P
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36°18'53" N Ushmiyani
48°46' 04" E el
1524 37°37' 34 N As Asalem
51°47'59" E BESTS
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ozu.lw‘b))n duﬁ‘ﬁ C)Lrp),.a;-—“ J_}.,\;-
Table 2. Properties of used primers
ol il S (1,5 5l) ol Jlasl sles
Primer Primer sequence Primer annealing temperature (C°)
GD 162 CGGCGGAAAGCAATCACCT 55
GD 162 r GCCAGCCCTCTATGGTTCCAGA 55
GD 100F ACAGCAAGGTGTTGGGTAAGAAGGT 55
GD 100 r TGCGGACAAAGGAAAAAAAAAAGTG 55
GD 96 ¢ TTGAGGTGTTTCTCCCATTGGA 55
GD 96 & CTAACGAAGCCGCCATTTCTTT 55
GD 147 GGCACCCAAGCCCCTAA 65
GD 147r GGAACCTACGACAGCAAAGTTACA 65
GD 12¢ TCCCGCCATTTCTCTGC 65
GD 12 AAACCGCTGCTGCTGAAC 65
GD 142 GAGGCAAGTGACAAAGAAAGATG 65
GD 142 AAAATGTAACAACCCGTCCAAGTG 65

F: Forward, R: Reward
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Table 3. Temprature program of Polymerase chain reaction

Jz-lf (JI;L;JL.N) oyl a s (az33) Olo 4 o sldas
Steps Temperature (C°) Time (min)  Number of cycle
aJol gilacs ol
9 Sl syl 9 94 4 |
Initial dinaturation
.L“, Y l
Gt 94 | 25
Dinaturation
5l
¢ 55 2 25
Annealing
Lo
' 72 2 25
Extention
3 .k.m.)
sl 72 5 1
Final Extention
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Table 4. Indexes of Genetic diversity in 6 studied population and locus

GD 142 GD 12 GD 147 GD 96 GD 100 GD 162 B
Population
13 7 10 9 6 10 Na
11.57 5.55 7.71 7.69 4.76 9 Ne
2.5 1.83 2.16 2.11 1.67 2.25 I
0.44 0 0.66 0.03 0 0.83 Ho Af
0.91 0.82 0.87 0.87 0.79 0.88 He
* sksksk ns sk sksksk ns PHW
9 7 8 5 7 11 Na
8.16 6.23 5.33 4.5 6.4 9.8 Ne
2.14 1.88 1.85 1.56 1.9 2.34 I
0.28 0 0.5 0 0 1 Ho Co
0.87 0.84 0.81 0.77 0.84 0.89 He
* kkk ns kk skkk ns PHW

i s PHW sl 5,0 e iS5, (He) ot sdalice e K555 (HO) «jige P slis (Ne) o T slaws (N@) (0 5ls sl
(pSO/OOl )pSO/OlcPSO/OS da.w B 6)\5@» 3 6)13@» r.,\.c [y ***} ** ¥ ns) gﬂ‘\) —6>)Lﬁ Jlaz|

Shannon index, (Na) Number of alleles, (Ne) Number of effective alleles, (Ho) Observed heterozygosity, (He) Expected
heterozygosity, PHW Hardness coefficient test, Weinberg test (ns, *, * * And ***, respectively, were not significant and
significant at the level of p<0.05, p<0.01 and p<0.001).

VY



Ya)whabﬁk}i&wyjd&jfg.@]&lom

£ J el sl

Continued table 4.

GD 142 GD 12 GD 147 GD 96 GD 100 GD 162 e
Population
9 5 7 9 6 12 Na
8 4.26 6.54 7 5.44 9.84 Ne
2.13 1.52 1.9 2.06 1.74 2.39 I
0.5 0 0.16 0.71 0 1 Ho Um
0.87 0.76 0.84 0.85 0.81 0.89 He
ns ok * Ns *% ns PHW
9 8 9 10 9 14 Na
7.11 7.36 8 5.71 9 12.8 Ne
2.07 2.04 2.13 2.03 2.19 2.59 I
0.25 0 0.5 0.4 0 1 Ho As
0.85 0.86 0.87 0.82 0.88 0.92 He
kk skkk ns *k skkk ns PHW
8 6 9 7 4 14 Na
72 6 8 6.54 3.57 12.46 Ne
2.02 1.79 2.13 1.9 1.33 2.58 I
0.66 0 0.5 0.16 0 0.88 Ho S
0.86 0.83 0.87 0.84 0.72 0.92 He
ns * ns * * ns PHW
7 8 10 8 7 12 Na
49 7.36 6.75 6.12 6.23 9.84 Ne
1.75 2.04 2.09 1.94 1.88 239 I
0.11 0 0.66 0.42 0 1 Ho ub
0.79 0.86 0.85 0.83 0.84 0.89 He
Fkok Kok ns Ns ok ns PHW

ot s PHW sl 5550 2o 555 28 (He) o sdalive 2w 5505528 (HO) e T slaws (Ne) « U1 sliws (Na) 05l axls
.(p<0/001 ; p<0/01p=<0/05 CEM 23 Sl 5 (Sola g pde S S REE L FEENS) S els — ol Sl

Shannon index, (Na) Number of alleles, (Ne) Number of effective alleles, (Ho) Observed heterozygosity, (He) Expected
heterozygosity, PHW Hardness coefficient test, Weinberg test (ns, *, * * And ***, respectively, were not significant and
significant at the level of p<0.05, p<0.01 and p<0.001).

AL YYA iy Gasls ol S o Sle oS ehiedalin e sSisym Sla
Joder) b e dalin V07U 55 0L o Lo 5o (pimon 5 Gl Os0n pals Gl ge e S5 e
(0 B VY /00 /A0 /YT S mled Sl

O K g5 glaarls Sl (S 05l el

oslaiul 390 Lf'j aK_Lb.- a1 B (FIS) LSJ'.::.ATOJJQ 3 (Fst) j-lL“J 3 (Nrn) quj UL,’,)-" )‘J\fu -0 JJJ\;—

Table 5. Gene flow (Nm), genetic differentiation (Fst) and inbreeding coefficient (Fis) in 6 used locus

o GD142 GDI12 GD147 GD9% GD100 GD 162 rln
Average Primer
0.58 0.56 1 0.41 0.59 1 0.05 Fis
0.11 0.09 0.13 0.1 0.12 0.14 0.07 Fst
2.06 2.3 1.55 2.05 1.73 1.45 3.05 Nm

A3



SSR (sbe, Sl 5l oolawl b oyl S5 s slo UK (Malus orientalis) (3, g Syl £955

5 Gharghani i3 55 .ol sl 5158 oV
sddodalin w5035 ,m pS0ke (2009) Of,Ken
L R I BT A
/07 luie L M. orientalis &S 4 slisdalis
s e
! ol ae Sssae Ske
s Naghshin ‘a5 5 a5 55 /A0 Jags
0, 5 Gharghani a5 55 (2008) Of,\Sen
(2006) o, Ken 5 Larsen Jass ;3 5 (2009)
G0 e G M o sk 4es)
o S WG R W [ VA
s Khodadost _zass 55 sl 3550 e 55055 20
35t ok EAF /1l 2016) oK

c'/OY

Olie (2009) o, Ks 5 Gharghani .

S o W5 3 LSl sy 2 S5 e
2ol Glies pol Ghass Las s 518 /AT
(2016) O, 5 Khodadost  jiass s
Yo ply JKx e 455 s Fis ool asls
Farrokhi and = jfass 5 el ol & 5y
g o3 s 5,18 w/00 Naseri (2012)
Fis s o nis (2009) Ol,a 3 Gharghani
RELEST RN S L SR VAL A CCE NPT SR
i oS /00 Fis o el oSl Jass
dls Ll e Sl oo 51 S0 slds pl O s
R N A RTA T SC SW
(Wright, 1979)
S5l i (Nm) S5 0L > ks oS s
Sl (S5 nles Jole on S el 55 0L AL
ol Jele 5 il 5l S oS
(Henzler et al., 2007) ol K55 nld sl
Jolo &l ol etiasils LSl S el

e b 5 0l e G (S5 el sl

\Vo

ool w5l ol Bt mls el

W) S35 g5 sV (AMOVA) Sy
5 Y Old ol b e 0, (Aoys
e b aamar o (Lo an) 655 0 Sl
glaw 53 Ml ) &S s sy TY S i

] )‘Jgﬁ"‘” Loy @

Cou
s Ml (S8 g5 S 3
T WG Ry PR S S e B PRpE VS PR
31 35 VIV s opl 53 eddedalin P sl
Nasiri et al., ) O,Kea 5 00U Jass CLJ
Sy &S bk 53 Spemes ol iy (2015
A ol bl b a1 g b 5 e o5
SIS R VA VRN S W

S0 S (gl ediedalin sla P Ly sliws
s S KL &S el ol sdasplis S5 sl
o S5 S o 0 MlSe olsale
5SS bug S 5 Shasn 55 Ll Led e
sliiae> (g5, (Coart et al., 2003) O, Ksa
0SSl ealie A el iy 5l e
A S WY VE WY G e bl sl
e ol 53 sld salis S P sluss rals
il (S5 S el Sl Kl

Sslize sl T BL e K55 20 oS Ll
Sl Crenl e S Sl daes
ol 3 ek sdalie 2w iy ke Ll
S el da.w skl &S ol NN gl
S sSia e 5SSk by ol 2 S5 e
Farrokhi and Naseri — Jias5 3 odd edalie
—odalin 2 S is ma pSOle .ol ol (2012)

2l (2006) Ol,Sen 5 Larsen OB 53 el



Yo)whab‘ﬁ&ngwjfgalclom

O 2l SRl s e 000 K55 655 Sl
5 S5 5 GRS e G5 Ol IS
calie glacixes J.ll.a.':' ﬂ‘ﬁ‘ 9 SO0
.(Honnay and Jacquemyn, 2007) s 5%
IS (5 S e
e ok Gl Sk ) Sl e s L
0500 ks gl 5 SS5 e e n Sl
s Kxr Ko oz glacamer IS
T I e T O B N LIS R TGsoey S s
S5 Llgbl Oy o L;QWJ ff“ otal S d C:L:,
e O E O W sl e 0505 £
aMW\NQT&\&JSW‘MCu
bS5l by 53 AEL 458 pl Jie W
c@w‘ebjf e}:.‘j: céu'jf LALAJ?J)S ('.L...:.w Jéltg
g5 S 5 sl Jool el g Ol sty s S|
Jolse nl Obe 53 gy o st a8 S35
E55 00 S ble e 855 el e
w‘%ﬁjjﬂh‘}fj‘&;jwéuww 9 ..”.5
Fst ,ldis hyls GDI100 oKl 4ol 4 ax 55 b
d\}SL;o jjdi‘ )‘ =gy L&cK.il;- }iib “ w &;‘Yb
T K83 f 45 o p 03 ol pl &S il Ol
Slalamar 53 2550 313 (S5 Csle o
References
- Amiri, F., 2009. A model for classification of
range suitability for sheep grazing in semi-
arid regions of Iran, Livestock Research for
Rural Development, 21(5): 241-266.

- Avatefi Hemmat, M., T. Shamekhi, M.
Zobeiry, D. Reza Arab & M. Ghazi

A

000 S5 g edalia s 5005 /07
lacanaxr 515 53 YU 5 0L Olsie 1 VU
g5 el Jole Ol 5s 55 m 55 0L el
Hamrick, ) 35, sleda aaex0s5 W
Sl s il ouls 4 axs L2004
b o3 s Slalamesr ol 5 GU A
St B e 05 omb Ao s sy
Jo e glacimar o 50 55 0L Ay
g S 658 00l 53 G5l 53 5 8L s
Al e B!

o lasOlis (b +/00 3l jzaS Fst Slais oS s
slasOlis /N0 B /0y e S mled 34
skasOlis /Y0 B v/V0 o SlAde chuse il
555 e ediasolis /Y0 (VU e 5 YU s
sor b ol b e 3 YL s
St /\Y Fst o g Hldie

Al sn ) 53 AMOVA esl s
W) ez Vo K55 g3 5l Sl Bt
Sorer i ol (S85 s J e 3 5 (M)
ol S e gl b ol (Ao 4)
ool e 0503 (S5 55 e S ol e
Calalgmar (i Srrles Jsa Yozl &S
.(Gharghani et al., 2009)

Sle 0B sk i ) 3 O gl s
iS5 b (B s (IS e e
b osbe O ey il S 18 s
Harris and Piersol, ) das . & LKlodd 2ius

Tabatabaei, 2013. The reasons for the
destruction of the forest: the study of the
mental models of experts Natural resources
and local people using the method System
dynamics, Journal of Forest and Wood
Products, 66(1): 39-54. (In Persian)

- Bassam, B. J., G. Caetano-Anollés & P. M.
Gresshoff, 1991. Fast and sensitive silver



SSR (sbe, Sl 5l oolawl b oyl S5 s slo UK (Malus orientalis) (3, g Syl £955

- Harris, C. M. & A. G. Piersol, 2002. Harris'

staining of DNA in polyacrylamide gels,
Analytical biochemistry, 196(1): 80-83.

- Coart, E., X. Vekemans, M. J. Smulders, I.
Wagner, J. Van Huylenbroeck, E. Van
Bockstaele & I. Roldan-Ruiz, 2003. Genetic
variation in the endangered wild apple
(Malus sylvestris L.) in Belgium as revealed
by amplified fragment length polymorphism
and microsatellite markers, Molecular
Ecology, 12(4): 845-857.

- Farrokhi, J. & L. Naseri, 2012. Diversity
Survey of Some Iranian Native and Exotic
Apples (Malus > Domestica) Cultivars
Using Ssr Markers, Agricurtural
Biotechnology, 10 (2): 27-34. (In Persian)

- Food and Agriculture Organization of the
United Nations. 2015. FAO statistics
database onthe World Wide Web
http://faostat.fao.org/site/567/DesktopDefaul
t.aspx?PagelD0567#ancor. Accessed 27 July
2015.

- Galli, Z., G. Halasz, E. Kiss, L. Heszky & J.
Dobranszki, 2005. Molecular identification
of commercial apple cultivars with
microsatellite markers, HortScience, 40(7):
1974-1977.

- Garkava-Gustavsson, L., A. Kolodinska
Brantestam, J. Sehic & H. Nybom, 2008.
Molecular characterisation of indigenous
Swedish apple cultivars based on SSR and
S-allele analysis, Hereditas, 145(3): 99-112.

- Gharghani, A., Z. Zamani, A. Talaie, N. C.
Oraguzie, R. Fatahi, H. Hajnajari, C.
Wiedow & S. E. Gardiner, 2009. Genetic
identity and relationships of Iranian apple
(Malusx domestica Borkh.) cultivars and
landraces, wild Malus species and
representative old apple cultivars based on
simple sequence repeat (SSR) marker
analysis, Genetic Resources and Crop
Evolution, 56(6): 829-842.

- Goto, A., M. Akahori, H. Okamoto, M.
Minami, N. Terauchi, Y. Haruhata, M.
Obazawa, T. Noda, M. Honda & A. Mizota,
2009. Genetic analysis of typical wet-type
age-related macular degeneration and
polypoidal  choroidal vasculopathy in
Japanese population, Journal of ocular
biology, diseases, and informatics, 2(4):
164-175.

- Hamrick, J. L., 2004. Response of forest trees
to global environmental changes, Forest
ecology and management, 197(1-3): 323-
335.

ANA%

shock and vibration handbook (Vol. 5). New
York: McGraw-Hill.

- Henzler-Wildman, K. A., M. Lei, V. Thai, S.

J. Kerns, M. Karplus & D. Kern, 2007. A
hierarchy of timescales in protein dynamics
is linked to enzyme catalysis, Nature,
450(7171): 913.

- Hokanson, S. C., A. K. Szewc-McFadden, W.

F. Lamboy & J. R. McFerson, 1998.
Microsatellite (SSR) markers reveal genetic
identities, genetic diversity and relationships
in a Malusx domestica Borkh. Core subset
collection,  Theoretical and  Applied
Genetics, 97(5-6): 671-683.

Honnay, O. & H. Jacquemyn, 2007.
Susceptibility of common and rare plant
species to the genetic consequences of
habitat fragmentation, Conservation
Biology, 21(3): 823-831.

Ignatov, A. & A. Bodishevskaya, 2011.
Malus. In Wild Crop Relatives: Genomic
and Breeding Resources (pp. 45-64).
Springer Press, Berlin, Heidelberg.

Juniper, B. E., R. Watkins & S. A.Harris,

1999. The origin of apple, Journal of Acta
Hort, 484: 27-33.
Khodadost, A., H. Yousefzadeh, N.
Amirchakhmaghi, H. Abdollahi & A.
Hosseinzadeh  Colagar 2016.  Genetic
Diversity of Malus orientalis in Hyrcanian
Forest Using ISSR-PCR Markers, Journal of
Cellular and Molecular Research, 29(4):
359-369. (In Persian)

- Larsen, A. S., C. B. Asmussen, E. Coart, D. C.

Olrik & E. D. Kjar, 2006. Hybridization and
genetic variation in Danish populations of
European crab apple (Malus sylvestris), Tree
Genetics & Genomes, 2(2): 86-97.
Murray, M. G. & W. F. Thompson, 1980.
Rapid isolation of high molecular weight
plant DNA, Nucleic acids research, 8(19):
4321-4326.

- Naghshin, F., M. S. Bahar, A. Tabatabaei &

H. Hajnajari, 2008. Evaluation of Genetic
Divercity of “Golab” Apple Genotypes
Using Microsatellite (SSR) Markers, lranian
Journal of Horticultural Science and
Technology, 9(2): 69-82. (In Persian)

- Nasiri, M., R. Yari & A. Abedini, 2015. The

Study of Genetic Variation of Malus
orientalis Plant Using Rapd —Pcr in Lorestan
Province, International Journal of Review in
Life Science, 5: 192-202.



- Potts, S. M., Y. Han, M. A. Khan, M. M.

Kushad, A. L. Rayburn & S. S. Korban,
2012. Genetic diversity and characterization
of a core collection of Malus germplasm
using simple sequence repeats (SSRs), Plant
molecular biology reporter, 30(4): 827-837.

- Reim, S., A. Holtken & M. Hofer, 2013.

Diversity of the European indigenous wild
apple (Malus sylvestris (L.) Mill.) in the
East Ore Mountains (Osterzgebirge),
Germany: II. Genetic characterization,
Genetic resources and crop evolution, 60(3):
879-892.

- Urrestarazu, J., C. Miranda, L. G. Santesteban

& J. B. Royo, 2012. Genetic diversity and
structure of local apple cultivars from
Northeastern Spain assessed by
microsatellite markers, Tree genetics &
genomes, 8(6): 1163-1180.

- Vahedi, A. A., A. R. Bijani & E. Khatib-Nia,

2016. Spatial analysis and long-term
dynamics for above-ground biomass of
Caspian poplar (Populus caspica Bornm.) in
developmental stages of natural stands in
Nour Forest Park, Forest Research and
Development, 2(3): 257-271.

- Van Treuren, R., H. Kemp, G. Ernsting, B.

Jongejans, H. Houtman & L. Visser, 2010.
Microsatellite genotyping of apple (Malusx
domestica Borkh.) genetic resources in the
Netherlands: application in collection

\VA

Ya)w‘abi}i&ngd&jfgalchtm

management and variety identification,
Genetic Resources and Crop Evolution,
57(6): 853-865.

- Vranckx, G., H. Jacquemyn, J. Mergeay, K.

Cox, V. Kint, B. Muys & O. Honnay, 2014.
Transmission of genetic variation from the
adult generation to naturally established
seedling cohorts in small forest stands of
pedunculate oak (Quercus robur L.), Forest
Ecology and Management, 312: 19-27.

- Wang, H., X. E. Wang, P. Chen & D. Liu,

2007. Assessment of genetic diversity of
Yunnan, Tibetan, and Xinjiang wheat using
SSR  markers, Journal of Genetics and
Genomics, 34(7): 623-633.

- Wright, K. A., 1979. Trichinella spiralis: an

intracellular parasite in the intestinal phase,
The Journal of parasitology, 441-445.

- Zhuang, Y., H. T. Liu, C. M. Li, Y. Wang, Y.

B. Zhao, D. M. Chen, Z. H. Han & X. Z.
Zhang, 2011. Inheritance of and molecular
markers for susceptibility of Malus
domestica to fruit ring rot (Botryosphaeria
dothidea), Journal of Phytopathology,
159(11-12): 782-788.



Journal of Forest Research and Development, Vol. 5, No. 2, 2019

Genetic diversity of wild apple (Malus orientalis Uglitz.) in hyrcanian Forests of Iran by
SSR markers

R. Rostami', N. Seyedi*? and H. Yousefzadeh?

1- M.Sc. of Forestry, Faculty of Natural Resources, Urmia University, Urmia, I. R. Iran. (roya4871@gmail.com)
2- Asistant Professor, Department of Forestry, Faculty of Natural Resources, Urmia University, Urmia, 1. R.
Iran. (n.seyedi@urmia.ac.ir)

3- Asistant Professor, Department of Environment, Faculty of Natural Resources, Tarbiat Modares University,
Noor, I. R. Iran. (h.yousfzadeh@modares.ac.ir)

Received: 13.01.2018 Accepted: 23.05.2018

Abstract

Apple (Malus orientalis) has been distributed throughout the Hyrcanian forest from lowland regions to
steep and mountainous areas. For evaluation of genetic diversity, leaf materials were collected from 60
individuals of 6 populations. DNA was extracted and studied by six SSR primers: (GD142), (GD12),
(GD147), (GD96), (GD100) and (GD162). The results showed that 45 alleles with 0.39 heterozygosity
were detected for six primers. The mean of heterozygosity was 0.39 and the lowest (0) and highest
amount (1) were observed for (GD100) in “Afratakhte”, “kodir”, “Sourdar”, “Yoush bala”, “Yoush
paein” population and for GD162 in “kodir”, “asalem”, “yoush miani” and “yoush paein” populations,
respectively. The maximum Nei genetic distance was belonged to “asalem” and “sourdar” populations
and the minimum was related to “Yoush bala” and “asalem”. The result of AMOVA indicated that the
intra and inter population diversity were 97% and 3%, respectively that indicated significant diversity
within population of this species. Because of different habitat conditions and long geographical
distance among populations, The low genetic differentiation and similar heterozygosity within
populations show high gene flow among populations of Malus orientalis in north of Iran.

Keywords: Hardy—Weinberg principle, Heterozygosity, Microsatelites markers.
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