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Abstract
Objective

Pulicaria gnaphalodes (Vent.) Boiss, known as Kak-Kosh, is a desert-adapted species that has
been widely distributed throughout Iran. This plant is a source of flavonoids and terpenes that are
used in traditional medicine. Considering the medicinal importance of this plant, the aim of this
research was to investigate the effectiveness of molecular and morphological markers to separate
the populations.

Materials and methods

In this research, 20 populations of this species were collected from Kerman, Fars, Yazd and

Hormozgan provinces and their genetic diversity was analyzed using 10 morphological traits and
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25 ISSR primers. Sampling for genetic and morphological studies were carried out in spring and

late summer, respectively.

Results

A total of 150 ISSR marker fragments were scored and 139 bands were found to be polymorphic

[the percentage of polymorphic bands (PPB): 92.67%]. The average number of effective alleles

(Ne) and expected Heterozygosity (uHe) for the amplification products were 1.470 and 0.288

respectively. Both Principal Coordinates Analysis (PCoA) and UPGMA cluster analysis

supported the clustering of all the populations into two groups. Small cluster contained

populations 15, 18 and 19 and other populations were placed in a large Cluster. A weak

relationship was observed between genetic diversity and GIS data. The Factor Analysis (FA)

results for morphological traits detected three principal components with Eigen value greater than

one (reproductive, leaf area, and vegetative components), which explained 69.24% of the total

variability. These three components explained 28.77, 21.05 and 19.42 percentage of variability

respectively. The FA analysis separated a group from the other populations.

Conclusions

In the present study, high levels of genetic and morphologic diversity were found between P.

gnaphalodes populations. So that geographical separations have a weak effect on genetic diversity

of populations. It seems that some probable factors such as perianality, self-incompatibility,

pollination system, seed dispersal by wind, and gene flow could support achieving the population

in a high level of genetic diversity.
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No. Province Locality Al(t'i\t/IL;de Longitude(E) Latitude (N)
1 Kerman .l ,s Jopar L 1780 57°20'75"E 30°55'39.9"
2 Kerman ;L ,s Kouhpayeh alass 1830 57°0914.2" 30°22'39.9"
3 Kerman .l ,s Ravar ., 1962 57°02'23.4" 30°49'48.7"
4 Kerman L, Koohe Hazar jja o5 2730 57°183.3" 29°33'44.5"
5 Kerman ;L ,s Sahebabad sul colo 2526 57°11'37.3" 29°37'55.1"
6 Kerman ;Lo s Sekonj g 2452 57°2727"  30°0'10.6"
7 Kerman ;L ,s Sirch g ye 2207 57°17'43.5" 30°10'24.3"
8 Kerman L s Lalehzar )|; 4¥ 2300 56°41'10.4" 29°40724.2"
9 Yazd Shirkooh o5 . 2059 54°1316.2" 31°34'50"
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18 Fars )l Bovanat «.blg 1800  53°48'%50" 29°49'44.4"
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20 Kerman L ,s Khabre Baft cél, s 2148  56°41'1.3" 29°1531.1"
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2 (CA)TGT 48.2 14 (GACA)4 30.0
3 (AG)8T 50.0 16 (AG)8 34.5
4 (GATA)5 48.2 17 TGGA(TGAA)3 46.2
5 (AC)8G 52.4 18 (GA)8 30.5
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7 (GA)8C 52.4 21 (GACT)4 28.8
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ot s S 15 485 J55 3 olS S5 05135 lizm (48 (1 ol 5 03] o) ol g 3 4 b ol
(7 o) o oaal (g adlge (Jole ol g il jyy oS15 o (gl (e s 5 olS (g 8 & o (YL
ol Se s 9 (0)S)k P @ N0 9 ¥ Cuner a5 0l (L adllae 390 lacumen baale @ 4 o8 (g A gl
9 W slbCurer (ning) adlge (gly g Al 1) olil pjiiin A 9 ¥ Cumon « Sy laws adle D90 )3 Lol 1) Liolj el
cusax 5l (29,5 o9 @ FA Llod 5 o8 gl (Y JS8) sl 1) jlitel (208 Ve g WA & clacume g oy 1Y
@YU (59 £95 305 cnl ) B)S )13 Jloged p)lez @y 2 4535 B acaex plu Sl (Ve 9 AV AF AY V)

g e ok b (B3l SUlg ly (o Nl e Vb go ol b osalie (Sjgleyse Slao il sy

*. Polymorphism Information Content
®. Number of Polymorphic Band
6. No. of Different Alleles
7. No. of Effective Alleles
8, Band Frequency
°. Shannon's Information Index
10, Expected Heterozygosity
' Unbiased Expected Heterozygosity
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Table 3. Factor loadings after Varimax rotation
Sglehyge lav sialj adlge Sy gdaw adlge gy adlge

Morphological traits Reproductive Leaf area Vegetative Component

Component Component

Stem mode sl Jl> 0.033 -0.223 0.781
Stem height <L ¢l -0.263 0.192 -0.330
villi density 5 (S5 0.074 0.020 -0.820
Leaf length &5, Jsb -0.218 0.913 -0.141
Leaf width 5, 5, -0.196 0.847 -0.196
peduncle length ;51 K> Jgbo 0.659 0.026 0.542
inner phylla Jsls 45, 0.867 -0.320 -0.145
outer phylla >, 45, 0.914 -0.224 -0.197
Achene length 4. Jsb 0.541 0.413 0.375
Pappus length sl Job 0.634 -0.378 0.295

ol O 3)lse 3l (Gl 3 0351 S8 Inumer didy 4y S (IS (elinl g oS 031l L 5l og S

3656 3y50 3 (3o sl ol 835 (g3l ol splS et I Se Sy sboss b S (gl (slaaily
ol » (Fatihi et al. 2013; Li & Li 2016) 55 5459 kS 5 laaily 5 laplssl sles o)) oy > 515,50 lagy;
el alos Jo 53 i ye 53 4y slaJoko i S8 b (alS slaplsl 5,5 S pKin )3 31 S5 slags ol
S HIS 55 sy d92s jl (36 1y 09)5 95 Glie ok SWST ul plgs oo 5y ol J1 9d (o0 plST G (plod Slaal (s
ol s oy ko B Bl e oldlss o (SS3ded 00 (slaodly y pols daddllas j3 cuily plusl ojlusl suis
Ebrahimi (2012) cla jsags ,» (aolie gols g ol odd osalie (5 ASLEraCeae o, clbass plo » s pic
» ysbopmen 9 SENECIO glaucus 45 5,50 ,» Eftekharian et al. (2017) . Achillea laass o, » €t al.
alox 5l b sl gl yb Lculons 5,155 Tragopogon graminifolius «45 3)90 ,» Azizi et al. (2018)  ags

Aol S 15155 o o8 suab Jolse eles 31 )55 (on y (SB5 (S0 o] 5 (lowe sl & 35 68l (35
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Figure 2. Factor analysis (FA) plot based on morphologic data
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P ,le ¥l ead wer (slayles slis g b s Ve e e BYOY oy o dbul JSSais (slayle Alls (¥ Jadn) 259 ,le5 VT
o iges olgicds g ite (GA)s S5kT 4 (AG)s G S5l )3 Jlgs V) b 4(GACT) 55kl 4 (GA)s C 551l
b, S51ET g 39 V/AYA ol Na :Ske b obs)l ol ) el sad 03l L ¥ S5 3 (GA)e C 55l PCR (¢la)lgs
(GACT)4 5 (GA)s . TGGA(TGAA)3 (GACA)s (TCC)s (GT)sC (AG)sG (GATA)s (CA),GT
9 V¥Y-cwsy o UHE g Ne ke el 1) jlade 58 (GA)C [S5lel a8 Jls 3 cainly ojlis 1) Na jlude o 5V
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Table 4. Genetic diversity parameters of Pulicaria gnaphalodes populations

wamsml,

5 o
NPB BF p q Na Ne | He uHe
locus

Avpl 10 0.332 0.258 0.742 1.909 1.218 0.255 0.149  0.152
Avp2 10 0.395 0.245 0.755 2.000 1.521 0.455 0.301 0.308
Avp3 8 0.356 0.249 0.751 1.889 1.317 0.349 0.214  0.220
Avp4 6 0.275 0.180 0.820 2.000 1.273 0.320 0.190  0.195
Avp5 8 0.700 0.545 0.455 1.889 1.548 0.459 0.310 0.318

Avpb 11 0.450 0.282 0.718 2.000 1.565 0.507 0.335 0.344
Avp7 6 0.464 0.351 0.649 1.857 1.358 0.359 0226 0.231
Avp8 4 0.560 0.448 0.552 1.800 1.392 0.343 0.225 0.230
Avp9 9 0.473 0.367 0.633 1.818 1.347 0.333 0.212  0.218
AvP11 8 0.375 0.268 0.732 2.000 1.301 0.358 0.213  0.218
AvP13 5 0.460 0.316 0.684 2.000 1.464 0.446 0.288  0.295
AvP14 5 0.500 0.326 0.674 2.000 1.633 0.514 0.348  0.357
AvP16 7 0.656 0.480 0.520 1.875 1.626 0.515 0.352 0.361
AvP17 5 0.650 0.467 0.533 2.000 1.586 0.553 0.367  0.376

AvP18 11 0.359 0.232 0.768 2.000 1.394 0.406 0.253  0.260
AvP19 10 0.645 0.470 0.530 1.909 1.650 0.510 0.351 0.361
AvP21 4 0.800 0.572 0.428 2.000 1.843 0.648 0.456  0.468
AvP22 5 0.457 0.327 0.673 1.857 1.418 0.403 0.259  0.266
AvP24 6 0.607 0.461 0.539 1.857 1.487 0.439 0.292  0.299
To. AV 0.500 0.360 0.639 1.929 1.470 0.430 0.281  0.288

“WH Pge) W T dlaes (N ound saalin g T dlaes :Na (JSUS wia gl )l Slgl,8 BF (JSbmia gb,les dlaxi :NPB
o> rr S 1 > By Lyl > Sy

AU 3 90 (umrgSy jo i UHE HURS 5)90 (HenigSy j9 5 (HE (93l
NPB: Number of Polymorphic Band, BF: Band Frequency, Na: No. of Different Alleles, Ne: No. of
Effective Alleles, I: Shannon’s Information Index, He: Expected Heterozygosity, uHe: Unbiased Expected

Heterozygosity
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Figure 3. ISSR profiles using the primer (GA)sC in Pulicaria gnaphalodes populations

YU SiideS  Stmod oy | 45 05 wusy UPGMA i) 43,5 oy 5l aslitl b (sladss 4505 pl)5g,05

k.f))} 59; k.i) 9 (\‘\ 9 YA NO W) k.i>9§ 09)5 k.i) JAL» LSJ“&‘ 09; 9o 4 l.bw cd.:)Du U"‘ g )|J9>)) ('/V\)
iy a Jol ol 3 g3 ol lis PCOA Lol claibee 45 4350 guls (¥ o) )8 puneds (0le Bl Cumes 2.n)
5 45§l Jols (g0 s g0 PCOA s (0 JS3) Loy [olaidl sgs 4 1) wlpnss IS 51 o yd Ye/oQ 4 VE/VY
Sl zadga a8 woly LS 1y (lalBlan 05,5 1 9 VA N0 slacures (gladsd oo g 4500 olwl 09 slades oo
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Mlon,S s Jols |y Soflshyzo 5 J5Slgo 55 oloo S5l sloglis S5 58 ey 5 5 2L sl singy (Y JS3)
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Figure 4. Dendrogram of 20 Pulicaria gnaphalodes populations.based on ISSR data using

complete Ward method
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Figure 5. 2-D plot of the Principal Coordinate Analysis (PCoA) results of ISSR data for
Pulicaria gnaphalodes. The first two principal coordinates explained for 25.51% and

20.449% of total variation, respectively
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