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Table 1. Geographic position of Juniperus spp. collected from different provenance

(32e) gl bl Cusbgo dilaie ol
YFEA i‘::&:\r :Z \‘; ::Z ‘; (LI g ) plaSoss s
s T s 1Y n it et

Lot 40 Y s ¥F o Y5 )
M- is,w ::,; Y (:i)rv ‘:::\‘ﬂ e digi ot
Lot agh Y5 caids OF o Y5
wir i 5 ::b YA :ﬁf 20 :jj ¥ olel> oS
Ae- Sloss 45l VO ad 3> +A o 3 Y5 i osls il

(B 4l VY (adds VA ax 3 OY

!y DIECA ;iuﬁfw:l RV I AW R AVVES S P
dged YV I goeome y0 i odlawl DNA gl ol
J5 o) faidjge GDNA b ads s > gl sl

DNA g/ ySciu!
(\/\) Ol)ls.o.tb 9 Skl Uv9) )'l DNA C‘)_'ér.:ul 6')‘3
Bl ol hgy cpl 5 o Jlesl @lyoss i oolil
3 omeed o ol gl 4 J sl edlil g PVP


http://dx.doi.org/10.29252/ifej.6.11.14
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.6.7
http://ifej.sanru.ac.ir/article-1-241-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.24237140.1397.6.11.6.7 ]

[ DOI: 10.29252/if€}.6.11.14 |

\s

Jolsh dwlone gl a3 plol DNA g jos 5 jo0
s NTSYS P 2.02 i3l 5l pl,5 5,05 pusy 5 oS
Aisley 5l (Janis cleMbl gl yolie duwls (gl
L & b mbs (VF) s edlawl Excel 2003
JRles 5 okl b lacumes plo g 019 0 bl

A5 pbol GeneAlEX

Ol (Su55 Sgls (i piagh nl & 42)5]
ey gl w3 (0] (B Oslite sladisS
ok o U oad (gy0laex sladiges Lol oy jl3 oLl
Nogt 3 Saiilyge slocoglis (ol
ISSR JgSJg0 ;55U

U5 55 4 ISSR 5550 JySlge o, S35 e
4 bygyyo Ml & 1 51 odlisol 4Say) Sy b Ll
b cod S (LS Sepl pgd g sl S of Jly
s | s Sl ol 1 0,8 o )8 elSiylo] baglyis
sl cilisen S]] Ll )3 (60 S5 (sl
(10) 15 o

Ol 4l odd (5glaer (g gy Wiges VY &jos
Sl el edlaiwl b cumes cudn By cglate
2djlsel BB Hlg YAD ggeze 43 ISSR ol iy S
Doy it Sb s Yeoo B Yer 5l Ll ojll a5 58 sl
o Wby (silS8T > diliee (sl S5l Ul
odd Sl lg (pyieS D jile (RS g Sladigel
oSilke (Y Usiz) 35 g \Y+ L (GA)SC ,Silis 4
slajly oles 9 YA S5ET 1o (ol osds Mg clanlgs
JS5 i ST Jlan o Sl ol a4 005 Lo
saisS 4 cul odg cpl Jdoas Jasl 4 opl &5 Wog
lgizo) PIC 500 d)’w.f Slods duolie va b calises
oS 35 (GA)BC) LT & bgpe (LS5 aiy cledlb]
My byl 505 e 3 1) IS8 s o)l oyt
(Y Jgiz) 3909

S, Sl eolizl b oyl Jled (g (255 gm0 (K55 £55 b))

Al (el 5 55 0]y DNA oS oy sl 7Y g,
A5 e v C° lod e
PCR plsl g ISSR JgSdgo ,X5LiS

Oomlie &S5 5l okd 4wy ISSR L V0 s
Caslie JSisn clo)ly il dse Sl b (g o
DNA Gl ity 53 sl (Y Jyiz) Soges 45
L PCR sl LTy lal Limady ol o odlizl (ol
o3zl L DNA jl p Sl Ae o 5Y Fe ccutn clacdale
) o A5 pbel (GA)BC-16) aySikl 5 S, )
plos 3l oslizal b Lol PCR o clalé (ad aseda
Vo STy e e e b sl (Y Jgi2) S5k
9> DNA I p 59l cutn gol> & 29 5o
wjste 2l 51 g See <V A X PCR 8L I yidg S
Yo o Vo ANTPS | s Seoe /0 (Ygo o )
b ST Joons cile) ISSR LSHE J jidy e S
Tag DNA polymerase jl asls Y/0 o (55 ,¥509,Ss0
95 ol 29331 5| pols bglsa 390 (Sinnagen Iran)
5 38 o) yilg)Sue Vo o2 4y 0l (I0juS i
e LSl debyy il odly )8 S loge s oiwd )
@) AF los ) )90 S gl Ayl (silecd puly Jols
Yo lp baiges o g dadd Hlha Gleds o5 Sl
OVIY B de c agl ¥e (gly oS ol AF glos jo ) je0
S5 gl o ile days VY g asl Ve ol Kool as
VoOde 9> o lp s S S IE ddds
Cuwddy PCR Jaao i plodil s o VY (glod j> 4ids
5 oad agg) safe stain b a8 VY 54,51 J5 sqy el
ol £+ 5y L agr 00 (552l (o) poflism 85
S ps Sl J5 oSz ) odlizel b by candy g A
A5 o (o 95 5La) S
Wodly Julod g 4y 30

5 425 350 plabejl cal (sl Wge VY gge3e 5

IS5 5ke oy 2y90 Cumer Cudn 285 5 Llos
wd)S e )3 ligS (19,0 £95 (s Sl B Gl
odkiel DNA  claosly oo 5 ajos glp 0
pie lp caipa () 5 (H8e) ©ype 4 DNA (b )ly

52 ISSR (sl 55161 i 4y o0 0 gy IS5 in oMbl (lsimmo 5 IS5 ain clalgi 3l 5 35 ol olsd dod epli =Y Joas

B gy Sladiges

Table 2. Name, temperature, locus number, polymorphic bands and PIC of ISSR primers for Juniperus spp

o 3;lel Jlasl glos (C°) byly S olass &5 e IS wy slaylgs PIC
(GA)8YC*-Y ov/y Y4 Y Y IV
(GT)8YC-# o- VWA v % <JEYY
(GA)8C-\§ av/e Y- \. \. -Iyas
(GA)9A-Y - o) YA Y Y ./¥a.

*Y=CIT


http://dx.doi.org/10.29252/ifej.6.11.14
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.6.7
http://ifej.sanru.ac.ir/article-1-241-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.24237140.1397.6.11.6.7 ]

[ DOI: 10.29252/if€}.6.11.14 |

\" WAY il g 5lee /omdsl o5lesd i Jlo ol (slo Sz polipyy
e o e - P e
Ela oy Lo ikt il o e ) o Cadia B g et 5 2t
(. excelsa) cm (8, sk, < A (4. sabing) i Werelrmpee s ooy
e e T a g e e oD 2t e e e g 5ot Ty | L 31 o il - gl L b
L l (73 carImunLq ], [¥3 Ia\bfm:j J. polycarpos - J. foetidissima (4. oxycedrus)
Y Y

- - e e - -

B - e - A

-

-
- - e

P‘)?S)-‘” 2 Carex v Y )0 ol astin Y OlalS bl o u.u DS )yl Cunly Cuomws o J@bdp\ 5 (L)
‘5)9‘@? D90l ]o}g)n HARAZ ‘(UMS) o J.g”').tz’ PR 6)91@? dged & ]99.3)9 MANJ .cul o0 o:)9| o (Y waj)
o ‘)‘).b odl> 5 0l

Fig 1. 1% Agaros Gel picture of (GA)8C-16 primer in 8 population of Juniperus spp. left column represents
molecular marker and right column represent ne%ative control. Abbreviation name also represent in Figure 2. MANJ

represents those samples which were collected

rom Harzevel at Majil (Gilan), HARAZ represents those samples

which were collected from Hraz road.

AZ
I IHHARAY

JE

JC
TSN
ASI
JEM
— I5M

—usM

—
J8EF

I} T T T T
0.47 0.60 0.73

Coctficient

25 9w sdisS o (S Alold saiad ylis 45T b wlis o sl eslitel L UPGMA hgyd (slades sl 9,05 -V S5
ol 04 UL"’ \ o)\.mfs L) 5 d..ml.‘i9§ P Slasin MLL_;O W) 5)91@? ‘_;Ltbwy) o) UL«J Pl)fg).\ib )L'S ué5)> "“’bu"
Figure 2. ISSR dendrogram based on Dice similarity indices, showing the genetic distance among Juniperus spp. The
letters in the right side of the figure, represent collected Accessions. The full name of each abbreviation provided in
Figure 1.

PR3 Sbaied (953 3 Cumer Ko g S I (S
Jibay Jlas) 4 &5 wla S 5 (5505 855 & by
Qo o Cool LS pl e lisl 03,555 5 aligd
9 J. cOMMUNIS «sS g3 (W) dgib oo YL (55 ol
Wbl oo pbdy dend Hluw (g0l a5 1 487 J. oxycedrus
T pw) OlSwgs c;lslésgl 2 olate dilals g ’)'1 P
dhold 229 b Wad (spglaer plobd dilaie 5 (bl e
b S (Y JS8) gl oy oud osaliie (S5
sl ehyly sl 4 a8 conl (pl Sy &5 wid 5 1,38
) 31 . oxycedrus sbcuigs | (S lodgy (S yide

655 99 85 el ol LSl o3b o b pl,Se,0 s

Jemie bgipm g e ool olidyg) 53 end (syglaen
oh 4 ded (Sf Calid 5 a1 () o)
S 4 bae oby Jlnl 4 (Y JS3) s
olela)l 5l &8 J. excelsa 448 .auil o J. polycarpos
(K55 a5 el 01 s slae 55 £ e
5 3l ool oliug) jlond (gpglaen 455 93 5l 2505 U
oS by o el Ll jo sl sdd s Joxie Jigise
lie 098 Cudd 4 |y Cuxes Cuia pl)S500
i el I b cglite gl Jg A8 ghipads


http://dx.doi.org/10.29252/ifej.6.11.14
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.6.7
http://ifej.sanru.ac.ir/article-1-241-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.24237140.1397.6.11.6.7 ]

[ DOI: 10.29252/if€}.6.11.14 |

A

b5 ol g 1l Ldie iy opl Olgs ailosal 5
B $55 9> (nl 0l odalde (ST £98 ()
> g 4B L8 Oglite adgd 9> ol g0
Lodaly o 1) ously slacglas u}‘.)..\.o Sl )y
G55 (¥ JS) v Gl w5l sl ogee sl S
o2kl (2989w sbdisS b1y ¢ iy cualos J.excelsa
323 g0 Ly g Jomie Jigiyn dilaie 5l oad (5pslen
Jb 2 4 (g b S yiie dhal Sl (3900 U oS
P55 ool gl (S5 g cllao ol anb
235 )13 g 390 (ST lagialejl )3 Ll cwdg IS

S, Sl eolizl b oyl Jled (g (255 gm0 (K55 £55 b))

250 s)lSO) Cumer plan ) 3250 slacads)
B opl a8 canl 038 Ty (0oL (St5 ol (Cumes ylon
LaisS cul Vb (awgSojopin oS dng (629>
wb 93 5 duiz SO S 2y 4 a2 L o Wil
Loyd oy b s)lo] gl (V) cuol 4y BB Loy
Caumen ol 1y L EAVA e & JSS w> 6L"°Jﬂ
$d90> B &S ooy ol ©bs )l (S amd e ol
2o SoaS Ll & 2g ol 2p 01 aged el
Cypoty £i5) i S, (3. SAbING) Ll oagles
OuSwss dalais jd (J. EXCEISA) odlimy] auld 26Sg

(2353 Camax il ool Cewd & ISSR Sl (JoSlge (pily)ly 40325 ' oo
Table 3. Analysis of molecular variance (AMOVA) in 8 Juniprues spp. populations

Loy ol

oSobe Egoe 4

P Value Value by N o o ol i @lio
ofe <[¥VA FA Y\ Yr/y- Yo/ o v Came
oy Y/¥ Yi¥ 00/Y0 Y¥ Comex 30>

Voo ¥/¥ Y/ s Js

cuip gy p ISSR palss (b, Silis 5l eolaul S1495 952 9 09,0 E99

CE)5 Cppo i8S Jlod Gl dw )3 (2559 Cuner
ST 1y o ) ALS sosisS slacglis b
e ooy g |y olRdngy g2 (90 £95 b g ble
by oole b Gimgn cpl 3 (B g S
b ool by cole g Jiaw b auld slbSy b osules
ool Comsdy (JSisin do)d 1Sile Nidgy ol claS
(55 15 usis &) ) 5nS i 4y p3lo gy
Ohler 5 (Folo imgh ) odel Cawday (ISBkix o)
5 ool L J. phoeniceasss s Y0 e 4 (V0)
o (W) ohan o los axdl g ISSR Silis
RAPD 55l jl eolawl b ) (Z'/QV) Sy (M
L3505 salie J. POlycarposcyses
ol b edmline ek ol & oy b S
B gl (LSS F) Camaz p2 (950 (lay,S5 50 oS
o&igy 50 go 4 o) 5l &5 W sualins (X&Y) ladasMo
S () Sen g Slo)S Siagh ) 95 nl d9de 2k
sl SHb Sy 1y 3. polycarposass (S goi s
B 5 iy ) 4S5 ol g ek 3 3ged (o)
case S Vb 5 P ol Sl (Ko el b
P 455 (B lF d9d 0 B5 pn 53 (wsSajo i
Sy b 51 (00) dpie Vb ke plp )
L bass gl g Jtoddy cunen )0 o5 (LowsSojgin
aisS opl &S Cunl cpl S0 asSL(VY) o dalss jials
RS iz Jhg) @ b Jleinl 4 olKdyg, a2
iz Pl pl o8 cosl 3ol cpl 51 b 1 g
L ggoge cnl & 392 alss ags BB Cunen ja ) U5
e Odp al 90 g xS GbS dpy 4wy
S0 drg b &S5 L(F) Cosl ang BB o oy
Db opl yd odel Conday @l wlal p & cul oyl
Oglis pold 4g8 S laie o3lo g 5 4k 93 o (>
5 GBS 255 plon olis (] o 390 oanlie S5

09 bl &S 0g ol Gtmgy cnl et S S
3929 (S dlate Sy 3 £g5 4 4 bgrye lacuner
Shooolazwl b Guibyly ajes 4 baye gls b
sdalis 45 | TXN &5 59 oyl ;5L GeneAlEX ,l5ble 5
L ]oy)n O] )I ZQY 9 Lbblimus) 09).) &9.3 L ]oy)n oD
H S (M) cosl brolRing) b bicumer o 5> £95
5 AT Gla S d92g 4 bgye Sl (ul JY3 odes
el & cwl (g sbaS o ) (Sbg
ol g ool Cuwddy S (S5 655 09 00 (HpmssSe g 0
Gy 0l sdaline (S5 ga & U (+/VYR) Limgh
5 (A) o)Ked g gusen imgd ,o (+/VFA) J. phoenicea
@5 > (+/TYF) (V) ohlSer 5 Slo)S Liagl ) yieS
.25 J. polycar pos
Jds 4 i oBjlepy jl cbles 4 wad LS
Dybee elasl bl (Bldes 5 ) slagt)
Slp st AVstione gilulowd 5 ealll lyus
OJIJ )l)ﬁ SMo 5 L.f""“lo égl:ua 5! Sy (635000
o Capb bdiolg (08 ,h)0 & g 258 gladiules
9 dedj)l (2L GladisS I (gl & Cunl ond ol 4
D9 Slyds Hles baiss Sl (S Gl Lol ST >
pree 45 dies (LS b Gl So (B pdjse
Bl ar ) ple o 5 il clajls Sl eddas
Al 4 g gilelaj oS jlax 5 Jlo @bl 5 (ool
IS ool b sSgyw wuloioe pald (5eST el
5 5be 5l &S cwl glﬂl P B psjew sladiss dgime
i (g5lleiwd wlhwlio ol odn gy oo oyl b 1 Sy
Bgy & Hhuisy s Jbs 0 olS pl claolKiyg,
Gilie (ladisS ol (8) Ll baigS ol 31
Sk > Wl GRSl g (e85 £ yn 9 i o
Lol Jal381 g Lol (6)hasS g Lais s oo & LS
b dmghy jobaie (pod bled S8 ogae S5 4


http://dx.doi.org/10.29252/ifej.6.11.14
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.6.7
http://ifej.sanru.ac.ir/article-1-241-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.24237140.1397.6.11.6.7 ]

[ DOI: 10.29252/if€}.6.11.14 |

AR

WAY bl 5 )l /omojl o5bosd /s Jlos ol o US> slipss

Aoles ).:L.A S 4 Gl (S |y gl 2351 51 ol gl il oo 03le g 45y 0l sdalie Cglas 5l iaS w3l g
o o S 5 S Cal ) S @l e 2] & by slaofan o S5 o8
ol 2Ll 5 il (g (Lidled )55 g (agSgpm cdisS 4 Jpa> lp o5 IS 355 )18 edlizl 5,90 0lS (]
G215yl )0 ol Cunddy gl Cuwl atdly id gou odlazwl 2b3jl (gl ol al Sl cunl gy 8 s
ol Glp ppaebn glinly o 350 b oleMbl Sy sl by s bS] dges (18,5 51 5 29

il iS5 5 plold uized 5 (peSo b idy ol @ls bl Ll 51 plaS ja 15 g0 Glinl oSty

10.

11.

12.

13.

14.
15.

16.
. Silvia Pinna, M., O. Grillo, E. Mattana, E. Canadas and G. Bacchetta. 2014. Inter and intraspecific

18.

&l

. Adams, R.P. and F. Hojjati. 2012. Taxonomy of Juniperus in Iran: Insight from DNA sequencihg.

Phytologia, 94: 219-227.

. Adams, R.P. 2011. Junipers of the World: the Genus Juniperus, 3rd edition. Trafford Publishing Co.

Bloomington, IN, USA. p. 422

Adams, R.P., J.A. Morris, R.N. Pandey and A.E. Schwarzbach. 2005. Cryptic speciation between
Juniperus deltoides and J. oxycedrus (Cupressaceae) in the Mediterranean. Biochemical Systematics
and Ecology, 33: 771-787.

Daneshvar, A., M. Tigabu, A. Karimidoost and P. Christer Ode'n. 2017. Flotation techniques to
improve viability of Juniperus polycarpos seed lots. Journal of Forestry Research, 28: 231-239.
Daneshvar, A., M. Tigabu, A. Karimidoost. and P. Christer Ode n. 2016. Stimulation of germination
in dormant seeds of Juniperus polycarpos by stratification and hormone treatments. New Forests, 47:
751-761

Douaihy, B., G.G. Vendramin, A. Boratynski, N. Machon and M. Bu Dagher-Khayat. 2011. High
genetic diversity with moderate differentiation in Juniperus excelsa from Lebanon and the eastern
Mediterranean region. AoB PLANTS, plr003, doi:10.1093/acbpla/plr003.

Hampe, A. and R.J. Petit. 2010. Cryptic forest refugia on the ‘Roof of the World’. New Phytologist
185: 5-7.

Hamrich, J.L., M.J.W. Goat and S.L. Sherman-Broyle. 1992. Factors influencing levels of genetic
diversity in woody plant species, New Forest, 6: 95-124.

Hoffmann, D. and F.N. Hoffmann. 2003. Medical herbalism: The science and practice of herbal
medicine. Healing Arts Press. 672 pp.

Hosseini, S.S. and V. Hosseini. 2014. Effect of Reforestation with Pinus nigra Arnold, Pinus eldarica
Medw. and Cupressus arizonica Greene Spices on some Properties of Soil (Case Study: Garan region,
Marivan). Ecology of Iranian Forest, 2: 37-44 (In Persian).

Jiménez, J.F., O. Werner, P. Sdnchez-Gémez, S. Fernandez and J. Guerra. 2003. Genetic variation and
migration pathways of Juniperus thurifera L. (Cupressaceae) in the western Mediterranean region.
Israel Journal of Plant Sciences 51: 11-22.

Kasaian, J., J. Behravan, M. Hassany, S.A. Emami, F. Shahriari and M.H. Khayyat. 2011. Molecular
characterization and RAPD analysis of Juniperus species from lran. Genetics and Molecular
Research, 10: 1069-1074.

Kermani, M., A.H. Maraashi and F. Melati. 2009. Study of genetic variation of Juniperus polycarpus
from Tandure National Park of Iran using RAPD markers. Rangelands and Forest Plant Breeding and
Genetic Research, 18: 115-124 (In Persian).

Kumar, L.S., K. Tamura, 1.B. Jakobsen and M. Nei. 2001. "MEGAZ2: Molecular evolutionary genetics
analysis software". Bioinformatics, 17: 1244-1245.

Meloni, M., D. Perini, R. Filigheddu and G. Binelli. 2006. Genetic variation in five Mediterranean
populations of Juniperus phoenicea as revealed by Inter-Simple Sequene Repeat (ISSR) markers.
Annals of Botany, 97: 299-304.

Mozaffarian, V. 2009. Tree and shrubs of Iran. Farhang Moaser publication. 991pp (In Persian).

morphometric variability in Juniperus L. seeds (Cupressaceae). Systematics and Biodiversity, 12:
211-223.

Stange, C., D. Prehn and P. Arce-Johnson. 1998. Isolation of Pinus radiate genomic DNA suitable for
RAPD analysis. Plant Molecular Biology Reporter, 16: 1-8.


http://dx.doi.org/10.29252/ifej.6.11.14
https://dor.isc.ac/dor/20.1001.1.24237140.1397.6.11.6.7
http://ifej.sanru.ac.ir/article-1-241-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2025-11-03 ]

[ DOR: 20.1001.1.24237140.1397.6.11.6.7 ]

[ DOI: 10.29252/if€}.6.11.14 |

Ecology of Iranian Forests Vol. 6, No. 11, Spring and SUMMET 2018 ...........cceiiririirieieriiniisiesese sttt

Evaluation of Junipers spp. Genetic Diversity in Northern Iran
using ISSR Markers

M ostafa K hoshal Sarmast®, Seyed Javad M osavizadeh? and Mehdi Sharifani®

1- Assistant Professor of Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural
Resources (Corresponding author: khoshhal.sarmast@gmail.com)
2 and 3- Assistant Professor and Associate Professor, Faculty of Plant Production, Gorgan University of Agricultural
Sciences and Natural Resources
Received: May 09, 2018 Accepted: June 21, 2018

Abstract

The aim of the present work was to study genetic diversity within and among of five native
populations of Juniperus spp. in three provenances of Golestan, Mazandran and Gilan. Four out
of 15 ISSR primers have yielded 285 scorable, polymorphic fragments in 32 accessions, which
were utilized to estimate genetic diversity. Analysis of molecular variance with GenALEX
software revealed a 48% genetic diversity among Juniperus populations and 52% of molecular
variance was observed within the populations. The mean percentage of polymorphic loci in each
F_opula_tlon estimated to be 38.64%. Natural sexual propagation by seeds in each population
ikely is the main reason for the high rate of polymorphic loci. Another interesting issue is the
genetic differences between male and female trees belong to one species which we should take
into account during clonal propagation of designated juniperus SEeues. The high rates of
genetic variation within population which likely is associated with dioecy and presence of
unisexual flowers in Juniperus species and also specific allelic combinations which could have
been selected in order to adapt to particular environmental conditions are not present in other
areas of distribution are prime importance for planning conservation strategies. By means of
assessing the amount and distribution of genetic variability, this study represents an important
step towards developing conservation guidelines and strategies for native Iranian Junipers.
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