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Abstract

Tamarix species are tolerant to adverse environmental conditions and have a significant distribution in dry and
salty areas. Tamarix ramosissima is the most widely distributed species among the Tamarix in Isfahan province
and is mostly located in dry and desert areas. Due to the high morphological diversity of this species, the lack of
population differentiation, and to investigate the diversity in the populations of this species, 55 populations from
15 cities in Isfahan province were identified, and one individual was sampled from each population. After
extracting their genomes, 10 CDDP marker primers were used to investigate the genetic diversity of these plant
populations. NTSYS-pc, GenAlex, and PowerMarker software were utilized for data analysis. The results
showed that 102 bands (80.168%) were polymorphic among the 124 bands produced. On average, each primer
created 7.85% polymorphic bands. The WRKY-F1 primer identified more gene loci than other primers by
producing 16 bands. The average polymorphic information content (PIC) was calculated to be 0.308. The
indicator index for each primer was, on average, 3.865. Molecular analysis of variance indicated that intra-
population variation was higher than inter-population variation. Cluster analysis and PCoA revealed the
existence of two separate populations and three subpopulations among them. In general, the effectiveness of the
CDDP marker in differentiating the populations of Tamarix ramosissima and the high genetic diversity within
the populations, which is a valuable trait for breeding purposes, were confirmed.
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Introduction

The genus Tamarix, included in the Tamaricaceae family, is one of the most taxonomically challenging tree
genera. It is not possible to separate and differentiate species within this genus using vegetative traits alone.
Additionally, hybridization between species of the genus, followed by introgression, has further complicated
the classification of this genus. Tamarix species are tolerant to adverse environmental conditions and have
significant distribution in dry and salty areas. T. ramosissima is the most widely distributed species within
this genus in Isfahan province and is predominantly found in dry and desert areas. The high morphological
diversity of this species, coupled with the lack of population differentiation, has underscored the necessity of
a careful study of its populations. The genetic diversity of T. ramosissima has not yet been studied in Iran.
Furthermore, detailed information about the taxonomy, genetic structure, and population genetics of the
species that grow in Iran is scarce. Therefore, this research aims to investigate the populations of this species
in Isfahan province using the CDDP molecular marker.

Materials and Methods

To investigate the diversity in the populations of this species, 55 populations from 15 cities in Isfahan
province were identified, with one individual sampled from each population. After extracting their genomes,
10 CDDP marker primers were utilized to examine the genetic diversity of these plant populations. For data
analysis, NTSYS-pc, GenAlex, and PowerMarker software were employed. Genomic DNA was extracted
from plant leaves. The quantity and quality of the extracted DNA were evaluated using a spectrophotometer
at a 260 nm wavelength and through 0.8% agarose gel electrophoresis. The initial annealing step for isolating
and denaturing the template DNA was set for 4 minutes at 94°C. This was followed by 35 cycles, each
including an annealing step performed at 94°C for 1 minute. The PCR reaction products were visualized
using electrophoresis on 1.5% agarose gel, followed by documentation with a gel documentation machine.

Research Findings

The results indicated that using 10 primers, a total of 124 bands were produced, of which 102 bands
(80.168%) were polymorphic. The WRKY-F1 primer produced 16 bands, identifying more gene loci than
other primers, while the WRKY-R3 primer produced the fewest, with 8 bands. The lowest and highest levels
of polymorphism were associated with the primers WRKY-R3, MADS-4 (with 5 bands, 62.50%, 45.45%),
and ABP1-1 (with 15 bands, 100%), respectively. On average, each primer generated 85.7% polymorphic
bands. The average polymorphic information content (PIC) was calculated to be 0.308. The highest PIC
value was associated with the MADS-2 primer at 0.455, while the lowest was for the KNOX-2 primer at
0.0975. The average marker index for each primer was 3.865, with the highest and lowest values being for
ABP1-1 (6.664) and KNOX-2 (1.56), respectively. Molecular analysis of variance revealed that intra-
population variation was higher than inter-population variation. Cluster analysis and PCoA demonstrated the
existence of two distinct populations and three subpopulations among them. Mantel's test results showed the
amount of genetic difference, genetic distance, and geographic distance between the populations of saltcedar,
indicating no significant relationship between genetic distance and geographic distance at the 5% level.

Discussion of Results and Conclusion

In the present study, a very high level of genetic diversity was observed within the populations at each
location. Considering the ecological conditions prevalent in the Isfahan region, this degree of diversity is not
unexpected. Indeed, unfavorable environmental conditions and geographical isolation are factors that can
lead individuals of a species to accumulate genetic changes during the process of adaptation to their
environment. The efficacy of the CDDP marker in differentiating the populations of T. ramosissima, as well
as the high genetic diversity within these populations, which is a valuable trait for breeding purposes, was
confirmed. Additionally, the analysis of population similarity, as demonstrated through dendrogram
construction and PCoA coordinate axis plotting, revealed that the studied populations are divided into two
main groups and three subpopulations. The genotypes found in Isfahan exhibited the highest genetic
diversity among the populations.
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Table 3 - Results of amplification obtained from 10 CDDP primers in the population samples of the Tamarix ramosissima.
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Figure 1 - Results of Mantel's test in GenAlex software to examine the relationship between genetic distance and geographic
distance among the populations of Tamarix ramosissima. As inferred from the coefficient and the slope of the line, there is a
very weak correlation between genetic distance and geographic distance.
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Figure 2 - Results of the genetic differentiation analysis among the populations of Tamarix ramosissima.
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Figure 3 - Dendrogram generated using NTSYSS software, Jaccard similarity coefficient, and the UPGMA method in
populations of the Tamarix ramosissima.

o s (F USs) col ods gdues S (B 4 1A)
e Aol 5 (S5 Aol o (b5l 55 s el
35 o odalie (S5 LT s
Clalomax 55 S35 g5 sl el i
Sla T slus oy s AT Sz 0 5 0k g
3 V/YVY L (ES) Olgi! Cmmo 3 (NA) odaline
VY L (Sh) Lo ,es Coma 53 0T Sldae op 2aS
ol pas Sla PT e (N 5 sba JT 5
Cmez 93 (it (955 m5 8 SIS 5 dLls 52l p
£ Ol e 3 5 e o 2 VY L (ES) Olgins!
s (D05l el L (ES) Olgiol Cmax 5o
S e =0 /Y0 gHe=2 APV Ll (He) g esls

)szf.‘l—iﬁ}x Sl Comaz ol 3 g e L

t;}: V.«,w ct}w)J sla olas u"";li)‘} J:.“.:T @lﬁb

Lalamer e ¢ 55 5l (A3 V) bilomar 0953
Lalamazr 0353 5 0 BLIL 5585 (o) 2 Gl 5

L3 oslazl (PCOA) ol SDliabes 4 45205 Ay 5
s S A gy IS Sulsls de s 00740 5 YF/NVO
rH}r)J‘dj‘&J‘&Lﬁ)Pﬁ‘@\-ﬁwb‘ﬁ
M@L?j\)tﬂ&f-ﬁ\aﬁ)bf‘x/\\/t}wwb
gl Jool L 3o LT s 514 a5 Soles
AUTL Glate Lalamas s ey S 355 o0
b 93 s Lalme 45 o p (Ol (glad

a);ﬁjmguw};,'\dium@"(lljl)gu\



VB Y Olis ) g g 3 0lmiy 05lad o835z Jlow (G s 5 5 (525555 b \of

Tamarix ramosissima & 8 | o urez 4 by 0 CDDP J S50 Kol 1 ool slaosls (AMOVA) IS0 g0 il sls 5IUT —F St
Table 4 - Molecular Analysis of Variance (AMOVA) of data obtained from the CDDP molecular marker related to
populations of the Tamarix ramosissima.
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Figure 4 - PCoA diagram based on Principal Coordinate Analysis from GenAlex software for 55 individuals from 15
populations of the Tamarix ramosissima.



Vo 0L e el

CDDP J S50 Kilts 5 oslizul b Olgiol liwl 3 (Tamarix ramosissima Ledeb.) 4L, 8 (sbunes S5 55 i)

Olgeo!l Oliwl 5> Tamarix ramosissima fu'}f Sl @b 3 6(..4) & sl e ls -0 Jyie
Table 5 - Genetic diversity indices in populations of the Tamarix ramosissima in Isfahan province.

RO N Na Ne | He
Es A V/YVY VY ALY AYa%
H ¥ (/508 VA /¥4 Y
CH Y /FA \VAKRE LAY\ O
z ¥ AYA VY Y /eNF
T 0 Vil V/+4s /o AY +/+00
N v VYA VAV CATY RN
F 5 Y Ve YE Y /eNF
A q CNSF VALY /110 V/AV
Sha Y Vird V/+4) VY f/eoOr
Ar Y st V/14A NP VAN
Fo | AN Ve e e
Gol Y ALY V/+VE i ad AP
Mob ¥ oA \/ e /
Deh | RN \ZE o e
Sh | /oY \/ e /

oSl YAV CFY VA /+VA /+0

S o pgdden |y ey (S5 5m o lulis
G Sl 5 Sliws | sl dallae s oyl ol
a8 1 SS ey eSS (sl JSU s
Gl Kolis oo e ks eslizal (a5l , 5) 5 65
23 ples Sl el LT 5l as ol ol J5S3 50
4 2 Sl 5 (Shudib s Sl glos 8 ab
1555 o 1 gl a5, oty slo e
(Terzolietal., 2014) 5 45 oo oslazal
3353 S pSamior (S5 g5 bl idlllas 5
St N5 55 Olge o p S otalie bComer
L85l o p s el 65 ol 5l S sl
Meng et al., ) uS oo pal 5 1) (aoes i
Wl Lol s e 8 (S5 g 55 (2014
S5S e sl baS S 8 5L 5 e M5

OF s 9 4Bl fudoxi 9 4 125
23 rlib s § (631 (sdail Al clas S
LSS fhe s 5> plulid 5 s o a8 S I
855> 05 a5 f o o 3l J=B Jsene s sbas
Wl G fos 5 SiS bl (g5 ST
a9y b Slalgl L Tamarix 6w o558t
Gluedy ¢l m ol slao s i b cé\) 3.l
aeis Dlio 5y Jdaa 6l 1585 03 o
3355 0 b AUIE OLe5 5 (solamil sba o
el 48 Sliwo ol 5uS ol WS s Gl mmean
48 lio (ply )3 din ST g S olulis s
5 e i 1 i o il
banelr 33 65 55 51k Dot (A8 (s o
S Lys e sl L4 bl JISCa



VB Y Olis ) g g 3 0lmiy 05lad o835z Jlow (G s 5 5 (525555 b

Vo7

g5 e 3 )ls 35y (S5 ST slaesls 75 8
Bls g,y s 5l bomeds sl S gl S (S
s s3les s Sl 0T s 5 s 318 505
Mahmood et al. (2013) .(Yao et al., 2008)
S8 L5 (S5 p a8 S Loy GLS s
oo 48 W LT s S 5,18 0SS L3 1, B
DNA JS o sl sle Slii L 1 oSl &
HedeTowsa s .5 87 Lo 5 4 525 (RAPD)
550 sla Sy ¢SS L 8 3 YT dalllas
ol Sras S a5 o Joalse ) st
SHLETAF S5 ol Calides 01K dw 31 47 03 5
3135 o 313 DL 35 0 oslizl ooluazs|
303 55 s s & s 5 0555 (S35 =1 ST
.(Abdelhamid et al, 2014)
0955 6315 sl (SS55 g5 ol aalllas o
Lol s a5 L s aalie O s Slaanex
£ Olin ol Olgiaol dilais (Sl 65550 ST
delaal Loyl b (S s s bl s
31,8048 wn el se 5l oWl ae glg 5l 5 Jases
D Sl ol a8 e 2 b6 S
Al leesen Ly (6,8 5 555 Jpb 5o S55
23 S5 g5 s (Ramazan et al., 2020)
sl ol oSl '"(ﬁj—?&l—“@:’“-?

2358 33 A 5 Jorl g 53 0ddisy B Sl
9 BLS Csb) Sl sy st Jdsas Ol ST,
,,L_;)lgwfu_@;&_mesp; & ol
o5 bl 5 S (o5 55 s Glacrex
.(Ramzan et al., 2020) wsls olis (g miw K55
By 8 et 53 Sl gy b
Siabsolas FHLeT Ve Slestizwl U Olgiw! Ol

s & as S1as Culosls 0l ;5 lbas &
plete 55 e s3gdoue )3 (S5 51 edian)llas
Wilesls |5 1) olaa 55 otomte VLI 3 cditeas
la sy sl e 02 .(Gaskin & Schaal, 2002)
5 5 Ssn e St ¢ 45 (K55 55
3 S5 755 o p 93 okdoslizal ST iomen
Ramzan et al., ) cul )ls, 55 5 (630 5 Csan
EST- 1Y (6,551 4 5l sdeTommsay L5 (2020
35 08w gl 55535 SSR Sl 1y 5 SSR
T. canariensis y T. gallica T. africana J.La
6 Ay sl LAEST-SSR Jyane sbass sls oLt
3 4l (o 55 GLaSSR 4 o (6 iy
0B s 9y GbLis 3 (63 Shes (G0 sudoes
3,0 5T THLET Jome Ligr o il K
Woodhead €t ) s 55 s edalive (5 205" ¢ 55 0pl 2l
wlarw g 0955 SSR T i 4w .(al., 2005
T. 3 a5 T, ramosissima s T. chinensis s
b JUisl LB &7 Jl s e 4a 2SS africana
T. canariensis 5 T. gallica ;s b KLz Oloa
isJls (Terzoli et al., 2014) a_: odal i
= ST U Olgaeol dibate js asli ;8 laanes
58 bl js LS iy sloul gl
S 5,8 AT s ek T s s oS
Lyl 5 U 5l slap 55 &l S CDDP Sl
e s a T, (6 SKlis el ases delansl
ol 65 ol G ra
CLataner o s J5s 5o (S) g 55 Colis
5 ol Gl )l ol Clitee bl 53 s S
Olaranas 351 OLS! 3 4 Al g ke bLis

A 53 Os 5 (K85 55 ol p s sy Bl



VY O 5 e e eleden

CDDP J S50 Kilts 5 oslizul b Olgiol liwl 3 (Tamarix ramosissima Ledeb.) 4L, 8 (sbunes S5 55 i)

Sl 281, Ly glalunes i (g3l
LT s Ol 5 52 g5 04 sle (Sla0ku
5 s wline S5 50T s Ols )l 2= 5 01,5
Al 5515 S s s

5 i 0, L sdid i) sl og S Come
53 (F JSC8) (RS ls sas 55 S1(IB Lo 5
35 et p18 50003 oy 53 o 5 SO S e
S el odd i slac 55 A sazee okl
AS)ls s (60 Cald o 65 ple 4 S
P LT (35,508 5 a5 o oS (K85 Sslis
Lo 03568035 3l (86 Sl 1 Kan 05,8
(S5 eyl 3 OLSS oLl T (il
dsl ¢S i sl iy 5 Sl glagtisliy o
4 b (Amini et al., 2008; Mahasi et al., 2009)
e claas g5 5 51 IS a3 0l macr 5131 4|
LT ey 8 0l s ()l GLSS oLl
il BT e 5 LT il Olaj 055268505 &
s ol S i 5 S s e
e bLil g ol 0L gl ) ) Jeol
S8 g o G 5l ol ) SlaT e
4 Olgiwl Olewl oLl ae Oslane blE 1 Calises
A LS 3 odplnil J 5 S g dalllas LU
313l 0T Jlie o 55l Lo s (guuarws
O L) Ol Jloci s Olws,yf dibate (slacanes
bads 5 5 bad ot plad 53 a5 ol (A ()l
Ailesls Olas 1y 5

3 g5 S Sl el o Fee S (S
0 S el balaner 5 LGS 95 o 03
G2 5 5 Ol sl 0Las Nei ast i 3591 5 Sl

O 03 Sl (S5 3y g e NIV i

(o y3 A /VPA) LAY kbl 5 WLV YF ¢ pasme
2l b s 050 M D)o
el 5,8 sloul S by L Ao s V/AD 51T
53 el bodalin JSidn do s 5 Mok glasl
Wl S sla i g slaassl alie sl dallas
Sl SO gy 55 31 4S pla Eagsy )3
Sl S Sz VY o 3 (K55 £ 55 LS T
5ISSR Silsi 53 2 313 0Lt gl e eslizal X
Aoy s e Olis IS s 3, SSR
——5 5 +5SSR 4 ISSR ‘5%%&_:;,;(._“:;)}»&
(Ramzan et al., 2020) 5 5 sz ;3 A+ /YA 5 AA/O:
Comaz DO (gduad g5 3l okl Comsay C‘Jf”'h
Lyls 5 edes 05,5 93 53 LT sls OLis odd w )
salive rtﬁj,,\_;g @b s 5o S D) pgs 055
li 58 0l sl Camen VP (Y JSK5) 355
S Coul o3 S (e Soglite oLl i Liza L1
Sl s oo 0L KA b sl 4 5
Wl 03 4 i sl 35 Glaloner Lo b 6T
AL 55 (F S PCOA Ll yoi I ool s
Sl3 g o e 3 T e 5055 0l 03 9l e
el ol e S8y 50 5 53l L ST
c ol ad 3o SIUT 5 (glad g SIUT el 03 o0 las
by ;8 e 83 ghues S 5 S
Bl ol e e bl sl KUt
Il gl ) Ssline oLl Lite U olacs o)
GULT w5 005 Ol 36 Ol )l 1 s31 3
2l e S1UAR) a5 685 55 Sdas |l
s 48 el 0T Kby edS i 0l 1) (ol
o 5oL ol 03 4 doly LT Lace Jlexs|

4S8 Jo 53 6l 3ol pis en 55 (IAD) K05



VB Y Olis ) g g 3 0lmiy 05lad o835z Jlow (G s 5 5 (525555 b

AR

{Ebrahimi, 2022) 1l |ss S5 g5 5 okl
Wl S5 g5 s 3 O Jhasy opl s
LS ol S 5 la F lacames 053
e Ll 3 U 85 Gl m LT 68 S5

S Joged o mte B3l g5 ol L
Jumpetal., ) 553 o cadsl Ol ks 4 Sdeoli S
NESH ‘.r<::‘) g5 05935 Jil.s sbl5 31.(2006
o cplly Ol Bl ST Cal ol B rex
malin Sl gl 4 li S (oal5a slaasl , 5o
bl yen Sl s Glaasil LS o ol b
Rl 3 alia st splol Slalllas pLw sa2S 40k
g5 Ao ys blod ay (S5 g5 gmn sl S
Rajabi et al., 2022; ) Cwl LaCuraz ps 5 03,5

.(Ebrahimi, 2022

S 5 domS 9 M
S Sl eslaal LSSl 315 Ol andllaa oy =b
3 ;iw"u\-e Sl a5 OLLS 4—:‘}5 L CDDP
QJ." Blrlare 093 6oL Hlw é:*"')‘ C}“s EgIE
Sl Sl Calibes Glaai 51687 A5 8T 6 5
ﬁ)bugﬁwuqufuﬂjoj)bE@\
315 5L PCOA Slwatien 5 s 5 ol £ 5505
)‘SV\;{MJ k;‘p‘ o)f}})b oMc\;JLb LSLQC..—"‘&“"’.'
.w\aMMWﬁJJQQL&“}fﬂé
) (S5 55 o i Olgionl 53 s SlaS 555

s Ol bl e BL

OT 35 Cmmaz 685 L ) s> 1 (8L Lacunas
(el 03 50 Lo ,gd 5 OBlas O e oLl 3 dabaie
Lib;aj\auts)cho’-aJ_éuwﬁw
Sl 3151 03 rasliin (Slime 43 b0 (G5 ¢ 55 oS Lo
ey £ doysdo alis L1, T 55 c‘,fﬁjv\b S
e 5 35 SO (1 S el 0,
Lo op 2t 00 pAl g 5o (5 el
UM I, sblames Gl o el sls Ol
Sl 0ds o)l S FF (S5 855 ke L /FY
se s 5 Kke 53 sl o1 (Rajabi et al., 2022)
35435y pm0 Slalln 5 g5 ol
S 3o § 55 5l (U ik (L DY e
RCH DT G NGO PR

3 om F5Se WLl i 1 ol s
OLLS Comorr b & i ) Jool ilomer 0953
100 sy o blumas w5 0955 byl o sls
SB35 2 55 IS eilly Sl o) e s
sasolid aShl pesdle LaCames 0303 35
5 Kol Sl il LT 55 S50 8
Lo 51 Cma 055 51,30 505 (S5 oDl |
bl (Eanl S sbe ol il 2S5 35 O
adoz 3l 6315 o ¥s 0 el S Comez 050
(ke L5 ey Calibee (35 (238 85 e
555 3 Sk ol e oy SO
ABl Comen 85101 5 o 05 055285 551 (Cmmerr
Ll o K35 g5 (Mahjoob et al., 2014)
5 Sy o e ki s e
o130 53 5 5o 50 G W 5 O alge (slisliy

S o 3 el S Laamer sias S5



Va4 O 5 o s oledew CDDP J S50 Kilts 5 oslizul b Olgiol liwl 3 (Tamarix ramosissima Ledeb.) 4L, 8 (sbunes S5 55 i)

References

Abdelhamid, K., Chaadbane, R., & M’barek, B. N. (2014). Determination of the Effect of the
Environment on the Genetic Polymorphism In the Genus of Tamarix Using the Molecular Marker
(Simple Sequence Repeats” PCR-SSR"(In Arid Areas of the Khenchela Region (Eastern of
Algeria). Int. J. Sci. Basic Appl. Res., 16(2), 1-10. https://core.ac.uk/download/pdf/249333801.pdf

Amini, F., Saeidi, G., & Arzani, A. (2008). Study of genetic diversity in safflower genotypes using
agro-morphological traits and RAPD markers. Euphytica, 163, 21-30.
https://doi.org/10.1007/s10681-007-9556-6

APG V. (2016). An update of the Angiosperm Phylogeny Group classification for the orders and
families of flowering plants: APG IV. Botanical Journal of Linnean Society, 181(1), 1-20.
https://doi.org/10.1111/b0j.12385

Arianmanesh, R., Mehregan, I., Nejadsatari, T., & Assadi, M. (2015). Molecular phylogeny of
Tamarix (Tamaricaceae) species from Iran based on ITS sequence data. Eur. J. Exp. Biol, 5(6), 44-
50. https://www.primescholars.com

Assadi, M. (1988). Flora of Iran (Tamaricaceae). Ministry of Agriculture Forestry and Rangeland
Research Institute. [In Persian].

Bi, I. V., Harvengt, L., Chandelier, A., Mergeai, G., & Du Jardin, P. (1996). Improved RAPD
amplification of recalcitrant plant DNA by the use of activated charcoal during DNA extraction.
Plant breeding, 115(3), 205-206. https://doi.org/10.1111/j.1439-0523.1996.tb00905.x

Botstein, D., White, R. L., Skolnick, M., & Davis, R. W. (1980). Construction of a genetic linkage
map in man using restriction fragment length polymorphisms. American journal of human genetics,
32(3), 314-331. https://pubmed.ncbi.nlm.nih.gov/6247908

Cheng, X., Hong, X., Khayatnezhad, M., & Ullah, F. (2021). Genetic diversity and comparative study
of genomic DNA extraction protocols in Tamarix L. species. Caryologia, 74(2), 131-139.
http://digital.casalini.it/5069782

Collard, B. C. Y., & Mackill, D. J. (2009). Conserved DNA-derived polymorphism (CDDP): a simple
and novel method for generating DNA markers in plants. Plant Molecular Biology Reporter, 27,
558-562. https://doi.org/10.1007/s11105-009-0118-z

Ebrahimi, F. (2022). Allelic variation, population structure and genetic diversity in different genotypes
of date palm (Phoenix dactylifera L.) using ISSR marker. Agricultural Biotechnology Journal,
14(1), 135-154. 10.22103/jab.2022.18768.1368 [In Persian].

Gaskin, J. F., & Kazmer, D. J. (2009). Introgression between invasive saltcedars (Tamarix chinensis
and T. ramosissima) in the USA. Biological invasions, 11, 1121-1130.
https://doi.org/10.1007/s10530-008-9384-1

Gaskin, J. F., & Schaal, B. A. (2002). Hybrid Tamarix widespread in US invasion and undetected in
native Asian range. Proceedings of the National Academy of Sciences, 99(17), 11256-11259.
https://doi.org/10.1073/pnas.132403299

Ghavampour, M. A., Mirjalili, S. A., Jafari, M., Azarnivand, H., & Javadi, S. A. (2020). Genetic
diversity among populations of the Tamarix species using CDDP molecular marker. The Iranian
Journal of Botany, 26(2), 123-133. https://doi.org/10.22092/ijb.2020.342824.1281

Hajibarat, Z., Saidi, A., Hajibarat, Z., & Talebi, R. (2015). Characterization of genetic diversity in
chickpea using SSR markers, start codon targeted polymorphism (SCoT) and conserved DNA-
derived polymorphism (CDDP). Physiology and molecular biology of plants, 21, 365-373.
https://doi.org/10.1007/s12298-015-0306-2

Hamidi, H., Talebi, R., & Keshavarzi, F. (2014). Comparative efficiency of functional gene-based
markers, start codon targeted polymorphism (SCoT) and conserved DNA-derived polymorphism
(CDDP) with ISSR markers for diagnostic fingerprinting in wheat (Triticum aestivum L.). Cereal
research communications, 42(4), 558-567. https://doi.org/10.1556/crc.2014.0010

| ljbari, H., Sheidai, M., Mehrabian, A. R., Noormohammadi, Z., & Ghasemzadeh-Baraki, S. (2014).
K-means clustering and STRUCTURE analyses of genetic diversity in Tamarix L. accessions.
Turkish journal of botany, 38(6), 1080-1094. https://doi.org/10.3906/bot-1401-97


https://core.ac.uk/download/pdf/249333801.pdf
https://doi.org/10.1007/s10681-007-9556-6
https://doi.org/10.1111/boj.12385
https://www.primescholars.com/
https://doi.org/10.1111/j.1439-0523.1996.tb00905.x
https://pubmed.ncbi.nlm.nih.gov/6247908
http://digital.casalini.it/5069782
https://doi.org/10.1007/s11105-009-0118-z
https://doi.org/10.1007/s10530-008-9384-1
https://doi.org/10.1073/pnas.132403299
https://doi.org/10.22092/ijb.2020.342824.1281
https://doi.org/10.1007/s12298-015-0306-2
https://doi.org/10.1556/crc.2014.0010
https://doi.org/10.3906/bot-1401-97

VB Y Olis ) g g 3 0lmiy 05lad o835z Jlow (G s 5 5 (525555 b e

Jump, A. S., Hunt, J. M., & Penuelas, J. (2006). Rapid climate change-related growth decline at the
southern range edge of Fagus sylvatica. Global change biology, 12(11), 2163-2174.
https://doi.org/10.1111/j.1365-2486.2006.01250.x

Latifi, E., Yousefi, M., & Haerinasab, M. (2018). Study of genetic diversity in some populations of
Cordia myxa L. in Iran by using CDDP molecular marker. Iranian Journal of Plant Biology, 9(4),
39-54. https://doi.org/10.22108/ijph.2018.105760.1046 [In Persian].

Li, T, Li, Y., Ning, H., Sun, X., & Zheng, C. (2013). Genetic diversity assessment of chrysanthemum
germplasm using conserved DNA-derived polymorphism markers. Scientia Horticulturae, 162,
271-277. https://doi.org/10.1016/j.scienta.2013.08.027

Liu, K., & Muse, S. V. (2005). PowerMarker: an integrated analysis environment for genetic marker
analysis. Bioinformatics, 21(9), 2128-2129. https://doi.org/10.1093/bioinformatics/bti282

Mabhasi, M. J., Wachira, F. N., Pathak, R. S., & Riungu, T. C. (2009). Genetic polymorphism in exotic
safflower (Carthamus tinctorius L.) using RAPD markers. Journal of Plant Breeding and Crop
Science, 1(2), 8-12.
http://www.academicjournals.org/article/article1379419363_Mahasi%20et%20al.pdf

Mahjoob, B., Najafi, Z. H., & Hashemi, S. H. R. (2014). Assesment of genetic relationships among 36
Brassica genotypes using ISSR molecular markers. Journal of Crop Breeding, 6(14), 96-106.
https://www.sid.ir/paper/181153/en [In Persian].

Mahmood, T., Aslam, R., Rehman, S., & Nagvi, S. M. S. (2013). Molecular markers assisted genetic
characterization of different salt tolerant plant species. J Anim Plant Sci, 23(5), 1441-1447.
http://www.thejaps.org.pk/docs/v-23-5/34.pdf

Mayonde, S., Cron, G. V., Glennon, K. L., & Byrne, M. J. (2019). Genetic diversity assessment of
Tamarix in South Africa—Biocontrol and conservation implications. South African Journal of
Botany, 121, 54-62. https://doi.org/10.1016/j.sajb.2018.10.030

Mayonde, S. G., Cron, G. V., Gaskin, J. F., & Byrne, M. J. (2015). Evidence of Tamarix hybrids in
South Africa, as inferred by nuclear ITS and plastid trnS-trnG DNA sequences. South African
Journal of Botany, 96, 122-131. https://doi.org/10.1016/j.sajb.2014.10.011

Meng, F., Peng, M., Wang, R., Wang, C., & Guan, F. (2014). Analysis of genetic diversity in
Aconitum kongboense L. revealed by AFLP markers. Biochemical Systematics and Ecology, 57,
388-394. https://doi.org/10.1016/j.bse.2014.09.013

Mozaffarian, V. (1998). A dictionary of Iranian plant names. Farhang-e Moaser Publication. [In
Persian].

Peakall, R. O. D., & Smouse, P. E. (2006). GENALEX 6: genetic analysis in Excel. Population genetic
software for teaching and research. Molecular ecology notes, 6(1), 288-295.
https://doi.org/10.1111/j.1471-8286.2005.01155.x

Poczai, P., Varga, I., Bell, N. E., & Hyvonen, J. (2011). Genetic diversity assessment of bittersweet
(Solanum dulcamara, Solanaceae) germplasm using conserved DNA-derived polymorphism and
intron-targeting markers. Annals of Applied Biology, 159(2), 141-153.
https://doi.org/10.1111/j.1744-7348.2011.00482.x

Rahman, M. A., Haque, E., Hasanuzzaman, M., & Shahid, I. Z. (2011). Antinociceptive,
antiinflammatory and antibacterial properties of Tamarix indica roots. International Journal of
Pharmacology, 7(4), 527-531. https://www.academia.edu/download/30594036/1JP-7(4)-527-
531.pdf

Rajabi, A., Samizadeh Lahiji, H., & Mohsenzadeh Golfazani, M. (2022). Assessment of genetic
diversity in Citrus sinensis by ISSR marker and retrotransposon. Journal of Plant Production
Research, 29(2), 119-136. https://doi.org/10.22069/jopp.2021.19141.2828 [In Persian].

Ramzan, M., Sarwar, S., Kauser, N., Saba, R., Hussain, 1., Shah, A. A, ... & Alwahibi, M. S. (2020).
Assessment of Inter simple sequence repeat (ISSR) and simple sequence repeat (SSR) markers to
reveal genetic diversity among Tamarix ecotypes. Journal of King Saud University-Science, 32(8),
3437-3446. https://doi.org/10.1016/j.jksus.2020.10.003


https://doi.org/10.1111/j.1365-2486.2006.01250.x
https://doi.org/10.22108/ijpb.2018.105760.1046
https://doi.org/10.1016/j.scienta.2013.08.027
https://doi.org/10.1093/bioinformatics/bti282
http://www.academicjournals.org/article/article1379419363_Mahasi%20et%20al.pdf
https://www.sid.ir/paper/181153/en
http://www.thejaps.org.pk/docs/v-23-5/34.pdf
https://doi.org/10.1016/j.sajb.2018.10.030
https://doi.org/10.1016/j.sajb.2014.10.011
https://doi.org/10.1016/j.bse.2014.09.013
https://doi.org/10.1111/j.1471-8286.2005.01155.x
https://doi.org/10.1111/j.1744-7348.2011.00482.x
https://www.academia.edu/download/30594036/IJP-7(4)-527-531.pdf
https://www.academia.edu/download/30594036/IJP-7(4)-527-531.pdf
https://doi.org/10.22069/jopp.2021.19141.2828
https://doi.org/10.1016/j.jksus.2020.10.003

"W OLH8es 5 o e ple i CDDP J S50 Kilts 5 oslizul b Olgiol liwl 3 (Tamarix ramosissima Ledeb.) 4L, 8 (sbunes S5 £55 s

Rohlf, F. J. (1988). NTSYS-pc: numerical taxonomy and multivariate analysis system. Exeter
Publishing.

Sabeti, H. (2008). Forests, trees and shrubs of Iran. Fifth Edition. Yazd University Press. [In Persian].

Schiman-Czeika, H. (1964). Tamaricaceae. In: Rechinger, K.H. (ed.), Flora Iranica. Akademische
Druck-und Verlagsanstalt, 1964(4), 1-16.

Sheidai, M., Shagholi, T., Keshavarzi, M., Koohdar, F., & ljbari, H. (2019). Species delimitation and
inter-specific gene flow in L. (Tamaricaceae). Hacquetia, 18(2), 313-322.
https://doi.org/10.2478/hacg-2019-0001

Takavar, S., & Mohammadi, M. (2008). Producer, s Factors and Mechanisms of Manna in Iran.
Journal of Medicinal Plants, 7(4), 28-37. http://jmp.ir/article-1-403-fa.html [In Persian].

Terzoli, S., Abbruzzese, G., Beritognolo, 1., Sabatti, M., Valentini, R., & Kuzminsky, E. (2014).
Genetic characterization of a Tamarix spp. germplasm collection in Italy. Botany, 92(5), 360-369.
https://doi.org/10.1139/cjb-2013-0270

Vonlanthen, B., Zhang, X., & Bruelheide, H. (2010). Clonal structure and genetic diversity of three
desert phreatophytes. American Journal of Botany, 97(2), 234-242.
https://doi.org/10.3732/ajb.0800329

Wang, X., Fan, H., Li, Y., Sun, X,, Sun, X., Wang, W., & Zheng, C. (2014). Analysis of genetic
relationships in tree peony of different colors using conserved DNA-derived polymorphism
markers. Scientia Horticulturae, 175, 68-73. https://doi.org/10.1016/j.scienta.2014.05.026

Woodhead, M., Russell, J., Squirrell, J., Hollingsworth, P. M., Mackenzie, K., Gibby, M., & Powell,
W. (2005). Comparative analysis of population genetic structure in Athyrium distentifolium
(Pteridophyta) using AFLPs and SSRs from anonymous and transcribed gene regions. Molecular
ecology, 14(6), 1681-1695. https://doi.org/10.1111/j.1365-294X.2005.02543.x

Yao, H., Zhao, Y., Chen, D. F., Chen, J. K., & Zhou, T. S. (2008). ISSR primer screening and
preliminary evaluation of genetic diversity in wild populations of Gycyrrhiza uralensis. Biologia
Plantarum, 52, 117-120. https://doi.org/10.1007/s10535-008-0022-7


https://doi.org/10.2478/hacq-2019-0001
http://jmp.ir/article-1-403-fa.html
https://doi.org/10.1139/cjb-2013-0270
https://doi.org/10.3732/ajb.0800329
https://doi.org/10.1016/j.scienta.2014.05.026
https://doi.org/10.1111/j.1365-294X.2005.02543.x
https://doi.org/10.1007/s10535-008-0022-7

VB Y Olis ) g g 3 0lmiy 05lad o835z Jlow (G s 5 5 (525555 b

Y






