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Extended Abstract

1. Introduction: The genus Grammosciadium of the Apiaceae family has nine species, of which three
species, G. pterocarpum, G. platycarpum, and G. scarbridu, grow in Iran which grow in most temperate
or cold temperate regions and in mountain pastures. G. platycarpum is a perennial plant with a height of
40 to 100 cm, which is known as mountain parsley or mountain dill and is distributed in Iran, Turkey,
Iraq, and Armenia. It is used as an infusion to reduce fat and blood sugar, and as Vegetables are, consumed
raw and cooked in some regions of Iran. It has a pleasant taste and smell and is used as a vegetable and
food additive in different regions in spring. Since wild and medicinal plants usually have weak and uneven
germination, the use of methods to improve germination can have a positive effect on improving the
production of these plants. Due to the high percentage of linalool in its essential oil, G. platycarpum is
considered a valuable and promising source for the extraction and commercial purification of this
compound, the demand for which is increasing across various industries. At present, industrial
requirements for this plant are largely met through harvesting from natural habitats, an unsustainable
practice that poses the risk of population decline and even local extinction. Consequently, the collection,
identification, and characterization of native genotypes represent essential steps toward the conservation
and genetic improvement of this species. In plant breeding, precise knowledge of genetic diversity

provides the foundation for selecting desirable parents, while population-level studies facilitate the
effective utilization of unique populations in breeding programs and support the long-term preservation
of genetic resources. Therefore, assessing genetic diversity is critical for developing informed
conservation and breeding strategies. In this study, the genetic diversity of several populations of this
species was evaluated using ISSR markers.

2. Materials and Methods: In the initial phase of the study, potential habitats of G. platycarpum were
identified using available flora references and through field surveys in surrounding regions. Fourteen
populations of G. platycarpum (three individuals per population) were sampled. For each individual, a
leaf sample was collected using a sterile blade, wrapped in aluminum foil, and immediately placed in
liquid nitrogen. The samples were then transferred to a —80 °C freezer for storage before DNA extraction.
DNA was extracted from all samples, and its quantity and quality were assessed using both a
spectrophotometer and agarose gel electrophoresis. Seven primers were selected for DNA amplification.
The polymerase chain reaction (PCR) was carried out in a final reaction volume of 15 pL using a
thermocycler. For separation of PCR products, a 1.5% agarose gel was employed. After electrophoresis,
gels were photographed for band detection. The banding patterns were scored in a binary matrix, with
polymorphic bands recorded as “1” (presence) and “0” (absence). To calculate the similarity matrix, the
SimQual procedure was applied. Similarity coefficients were generated using three methods: Simple
Matching, Dice, and Jaccard. For clustering, the SAHN procedure with the UPGMA algorithm was
employed using NTSYS software (version 2.02). The cophenetic correlation coefficient was used to
evaluate the efficiency of the clustering algorithm and to determine the most appropriate similarity
coefficient for analysis.

3. Results and Discussion: A considerable level of genetic diversity was observed among the individuals
based on ISSR markers. In total, 34 bands were generated, of which 31 were polymorphic. The average
percentage of polymorphism among the studied populations was calculated as 91.53%. The highest
polymorphism percentages were obtained from primers 1S4, IS13, IS15, and 1S23. The mean PIC and MI
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values for the evaluated primers were 0.33 and 1.33, respectively. Shannon’s information index (I) ranged
from 0.090 to 0.333 across populations, while Nei’s genetic diversity index (h) varied between 0.058 and
0.228. Overall, the OSH (Oshnavieh) population exhibited the lowest genetic diversity, whereas the MAH
(Mahabad) population showed the highest diversity. The mean number of observed alleles and effective
alleles per locus were calculated as 1.228 and 0.821, respectively. Cluster analysis using the UPGMA
method and Jaccard similarity coefficient grouped the individuals from different populations into three
major clusters.

4. Conclusion: The results of this study demonstrated that the high level of polymorphism observed
indicates the effective performance of ISSR markers in assessing the genetic diversity of G. platycarpum
populations. Therefore, these markers can serve as valuable tools for evaluating genetic variation and
supporting plant breeding programs. One of the primary goals of plant breeders is the preservation of
genetic resources, as higher genetic diversity enhances resistance to pests and diseases and ultimately
contributes to species survival. Given that the investigation of genetic relationships is essential for plant
breeding as well as for the conservation of genetic resources, the findings of this study revealed
considerable genetic diversity among the examined populations, suggesting that appropriate measures
can be implemented for conservation and breeding efforts in this species. Since breeding programs require
substantial genetic variation among populations, the diversity identified in the studied populations can
significantly support and advance future breeding initiatives.
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Figure 1. Distribution map of the fourteen populations of Grammeosciadium platycarpum collected across

Iran.
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Table 1. Geographical information for the collection regions of Grammosciadium platycarpum populations.

Joxo o sogbp s 2UdlE Jgb P (o) gl AVl los (Sl AlILw ()b (1SSl
Location Code Voucher Longitude Ll i Altitude (m) O (50 ko)
number Latitude Mean annual Mean annual
temperature precipitation
(W(®) (mm)
Kurdistan, Saqqez, Tamgoogheh SAQ MPH-3245 46°08’ 36°13' 1845 11.5 487
Kurdistan, Baneh, Qureh Darreh QOR MPH-3246 46°02' 37°07' 1641 14.2 565
Kurdistan, Baneh, Gardaneh Khan GAR MPH-3247 45°59’ 36°05' 1832 14.0 684
West Azerbaijan, Mahabad, Qarah Bolagh MAQ MPH-3248 45°59' 36°37 1894 12.0 387
West Azerbaijan, Mahabad, Gavmishan MAG MPH-3249 45°50" 36°23' 1840 12.5 392
West Azerbaijan, Urmia, Tergever TAR MPH-3250 45°03’ 37°10' 2103 13.1 343
West Azerbaijan, Urmia, Silvaneh SIL MPH-3251 44°49' 37°25' 2059 13.5 300
West Azerbaijan, Oshnavieh, Ganj Abad OSH MPH-3252 45°09’ 37°07 1829 133 387
West Azerbaijan, Tekab, Pichaqchi TAK MPH-3253 46°47' 36°37 1982 10.2 348
East Azerbaijan, Maragheh, Yayshahr MAR MPH-3254 46°20' 37°34' 2009 13.5 335
Zanjan, Abhar, Kalleh Khaneh ABH MPH-3255 49°20’ 36°18' 1858 10.5 535
Qazvin, Razjerd RAZ MPH-3256 50°11' 36°22' 2199 13 323
Qazvin, Gostin Lar QAS MPH-3257 50°14' 36°24' 2234 13.5 340

Qazvin, Jolfadeh JOL MPH-3258 50°08' 36°28' 2026 13.2 362
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Table 2. List of ISSR primers used with sequence and connection temperature

ISSR Sequence Annealing temperature
Primers 5 °O)
ISSR j$;uf CC) Jlasl sles
1S4 CACACACACACACACACAG 52
IS5 ACACACACACACACACACG 52
IS13 AGAGAGAGAGAGAGAGYT 49
IS15 ACACACACACACACACYG 49
1S20 HYHTCCTCCTCCTCCTCCTCCTCC 52
1S23 CTCCTCCTCCTCRC 49
UBC849 GTGTGTGTGTGTGTGTYA 52
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Y and H represent degenerate bases used in some of the primers.
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Table 3. Primer results and details of banding patterns obtained from ISSR analysis in Grammosciadium platycarpum populations.

ISSR Sequence (5'—3’) Total number Number of Polymorphism ml mPIC Rp EMR MI
Primer Sy (5'—>3") of bands polymorphic (%) oSl (lgime  @yud

ISSR ,SiLss Laib J5 oloss bands SIS e weys ol S

Kz gl Slass u“i . -
oD

IS4 GTCTCTCTCTCTCTCTCTG 5 5 100.00 0.46 0.31 2.33 5.00 1.59
IS5 CACACACACACACACACAG 7 6 85.71 0.45 0.28 3.19 5.14 1.47
IS13 AGAGAGAGAGAGAGAGYT 5 5 100.00 0.57 0.38 1.85 5.00 1.93
IS15 ACACACACACACACACYG 5 5 100.00 0.44 0.30 2.23 5.00 1.52
1S20 HVHTCCTCCTCCTCCTCCTCC 5 4 80.00 0.39 0.25 1.95 3.20 0.82
IS23 CTCCTCCTCCTCRC 3 3 100.00 0.64 0.39 1.57 3.00 1.07
UBC849 GTGTGTGTGTGTGTGTYA 4 3 75.00 0.64 0.39 2.57 2.25 0.89
Total 34 31
Average 4.85MR 4.42EMR 91.53 0.51 0.33¢° 2.28 4.08 1.33

ml, main values of band informativeness; mPIC, main values of polymorphic information content; Rp, resolving power; polymorphic information content (PIC); MI, marker
index; MR, multiplex ratio; EMR, effective multiplex ratio; a, Hav-p average heterozygosity for polymorphic bands.
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Table 4. Genetic diversity parameters in Grammosciadium platycarpum populations using ISSR molecular markers

Population Polymorphic bands (%) Na Ne Ne/Na I He
Coar JSbiiz 5 sleglSe gl ise s slass opls s S EsN sl
ouu oudlie

SIL 23.53 1.132 0.529 0.467 0.124 0.082
ABH 2941 1.188 0.753 0.633 0.164 0.110
MAH 55.88 1.409 1.382 0.980 0.333 0.228
TAK 26.47 1.191 0.618 0.518 0.156 0.107
GAR 38.24 1.225 0.853 0.696 0.206 0.137
MAR 29.41 1.219 0.735 0.602 0.176 0.121
MAQ 23.53 1.132 0.588 0.519 0.124 0.082
TAR 41.18 1.253 0.912 0.727 0.226 0.151
RAZ 32.35 1.231 0.794 0.645 0.190 0.130
JOL 61.76 1.342 1.294 0.960 0.324 0.213
QOR 29.41 1.117 0.706 0.632 0.130 0.082
QAS 50.00 1.338 1.029 0.769 0.286 0.194
SAQ 35.29 1.306 0.912 0.698 0.228 0.161
OSH 17.65 1.091 0.412 0.377 0.090 0.058
Mean 35.29 1.228 0.821 0.658 0.198 0.133

Na, the number of observed alleles; Ne, the effective number of alleles; I, the Shannon’s information index; He, Nei’s genetic diversity index. For a detailed description of the
population code, cf. Table 1.



g LS 5l eoliw! b (Grammosciadium platycarpum) »sS % g s Caros Suiij 905 owyp  YVE

Olye 09 YU a s ols L5 gudow ol bl
cwlie oh5 saimo s sdel Cowoay IS hois
sliares> SL0) o dalllas 0 ISSRSL_is
MR oy @ O3l plgian 5 a—dlion (895 s
loasliy plonil 5 (S5 £985 (cyp 5o Soie
Slaal 5l (S5 oges ool il Hlals o o
il e St a5 5l cblis o alS o Solpa,
5 ST 4 Cnglie iul3dl el SUy g4 48
a8 Ll 5l op—d oo 4T Sl azes )3 9 logs Lo

5 olS ol gl (55 ks, (55, 2 asllas
S5l e 6592 (S @l 5l Cblis (iren
as ol ylid sy ol (Aghaei ef al., 2012)
Syzy lotamar () lalamde 8 (S5 g5
sloasly g cblis slp gl lg oo g 0400
aS olosl 5lols ploul aisS (pl 59, p (PI—2
O ® @2V (S5 e (ol slaasliy
3,90 oz ;0 04290 £ Xyl 5l beases
Clodel p oty o u;’l’L“’ SeS o.;b;’s,o =)y
Sy Mol

&l Sl

Sl cales Bgaio Jbo Glocoles jlal—wsino
2ok oyle) (INSF) j9a5 o)l)glid g ) S sumgsy
(i s o8y gy Ciglae 5 (T YYAVA
20,5 o8 (S19)08 5 ST IS

PS4 525
@bl glassgy sl 5 (S sla—igs 45
S8l (gainog S g (S E9S gmmy 4O 0yl iz
&l ‘Salw QSL-“’W-I-’..)}i” J_.wL;‘so loczas
Lo sl (ol o 51000 0929 (sla—Bg3 aq
4 S Oldlae ;o solaiul 050 (glaligs 4y 5o
4520 bl Gaiod 50 ablos E98 (o2 Loga>
0,8 FY Jol b af iy Corax V¥ gla_ig>
FY oS cpl po (Y JSi) eé,5 sl UPGMA
el Al S 09, s 4y (295 Mg i)
Ol ol (pl a8 a8 )5 51,8 09,5 S jo o2 LS
LSLDW O gsia.a.)) al ol k_A.ﬂJUQaO PR RN
el op bl Lide b asS aug o calise
o5 b oldlpe Lics gudai soe g i
Ol g Suresh (tagsy o 55 ool 51 Gy (S5
slosliiwl b syod laogs o5 b3l o (V2Y)
2 Se55 £55 )l asllae RAPD Sl
S35 5 (Aghaei et al., 2012) s, slacsys
Solas ) eolaswl b (Amiri et al., 2017) sicls
Ol (a8 5o lls o .l sawl cuwsas ISSR
pled palS e lodane nj (03,05 ()
AiS oo bad> ooz ya B ol (S5 ge5
ozl S s cul (S 00— onal i Sglas
sbagtsy 5 Sey Bl «prlae (o)L —
Owimen (Bahari et al., 2015) o_ab sladles 5
€ 500550, (>lei 9 ISSR (sla Silis ( L3
ol il il ol ol 5o pgi 0015,
olar ded slo i 3> ISSR sle ,Silis a5

pae ol e So 00S oy e o g ooy
4 wld (oldlir Laca b sonog 5 (580l cillas
S, e] s iS50, b 3blio iS5 s

.(Nadi et al., 2024) .l ISSR



Yyy \F+0 uLa.m.tLt 9 )LQ‘. Al G)Lm:: AR 099 A JLHJ aLﬁ:‘_g},.m r:a.LC GQ.LC d.oL}.l..aéjb

4
- -
t B =
> 4 i
. ¢ 1 |
[ % 1
:ﬂ.:*
¥
o,
’
I*'
'u;.*
gy
Al
N TTTR]
‘}\h‘
\!
st
AL
s\"\
t\
o o
& o
¥ 3
=3 =]
=3 .
Yy ¥ B
- -
-

AL

Fa 10

AR

VAL

OB g &b, olins

S
- -
s =
- &
& O
'-\-.
-
.
L5
\“*1
pav
s
=i
& &R £ 8 B Egmm
Doy
-‘.:r;h
f
My,
=
-!-L,b
o
e
] d
-
& v
" ":f.
[ L
£
Rt

ISSR sWesls l esliiul b 298 L g ‘5‘.&%}3 ‘5-\.1.3{5;44..5_”,0 fbf‘gj.ﬁé -y JS.&

Figure 2. UPGMA cluster analysis of different populations of Grammosciadium platycarpum based on the
ISSR data matrix.
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