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Extended abstract

Introduction

Viola sp. (2n= 2x= 20) is the largest genus within the violet family, commonly known as medicinal plants due to
its extensive use in traditional medicine. Recently, the cyclotide compounds found in the violet family have
attracted considerable attention. Cyclotides are stable plant proteins with a circular peptide backbone crosslinked
by a cystine knot of disulfide bonds, which can be used as scaffolds in drug design. The types of cyclotides are
directly influenced by the kind of species and ecotypes, making it essential to maintain diverse genotypes of Viola
species. Furthermore, assessing genetic variation aids researchers in utilizing plants for various purposes and helps
prevent their extinction. The advancement of biotechnology, combined with other life sciences like bioinformatics,
has increasingly highlighted the role of markers in identifying hereditary differences in DNA sequences. The iPBS
molecular marker (Inter Primer Binding Sites) is one of the markers that amplifies repetitive mobile sequences
(retrotransposons). The iPBS molecular marker was used as a method for identifying LTR sequence diversity and
directly observing polymorphism among different plant varieties. There is no report of using this marker in the
violet family so far. Therefore, this study aims to use iPBS marker to identify the genetic diversity among different
ecotypes of violets.

Materials and methods

In this study, 21 ecotypes of the genus Viola were collected during the peak flowering period (mid-March to mid-
April) from various locations in the Mazandaran and Gilan provinces of Iran. The complete plant samples were
transferred to the herbarium of the Natural Resources Research Division at the Isfahan Agricultural and Natural
Resources Research and Education Center (SFAHAN), and herbarium codes were registered. Fresh leaf samples
for DNA extraction were also stored in liquid nitrogen at -80°C. For the molecular study, DNA was extracted
using a modified CTAB method with 3% PVP for plants with high secondary metabolism. Samples were purified
with RNase A and stored at -20°C. DNA quantity was measured using a biophotometer, with quality assessed by
0.8% agarose gel electrophoresis. A concentration of 25 nanograms per sample was prepared for PCR reactions.
PCR was carried out using an Eppendorf 5331 Gradient MasterCycler. Optimal annealing temperatures were
determined using a gradient from 45 to 50°C. DNA Green Viewer dye was used for staining, and samples were
placed in a horizontal electrophoresis device. Gels were imaged under UV light, and bands were scored as present
(1) or absent (0), creating a binary matrix for statistical analysis using NTSY Spc ver2.2 software. A distance matrix
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based on Nei's analysis was used for clustering with the UPGMA method. Some indices including observed alleles,
effective alleles, Shannon's index, and AMOVA were calculated using GenAIEx6-5 software.

Results and discussion

The genetic diversity of violet plant populations was examined using 12 iPBS primers, resulting in 214 bands, 199
of which were polymorphic. The highest number of bands was produced by iPBS13, and the lowest by iPBS9,
with band sizes ranging from 300 to 1500 bp. The polymorphism information content (PIC) for each iPBS primer
was calculated, with an average polymorphism of 92.3%. The mean PIC was 0.35, with the highest being 0.45 for
iPBS 9 and iPBS21, and the lowest being 0.24 for iPBS10. Higher PIC values indicate greater allele numbers and
increased polymorphism frequency. The marker index (M) for each primer, based on the number of polymorphic
bands, averaged 5.64, ranging from 1.61 to 8.1. The highest MI was for iPBS21, indicating its high discriminatory
power. Cluster analysis grouped the ecotypes into four clusters, with significant genetic diversity observed among
the ecotypes. The clustering was independent of geographical regions, suggesting that ecotype similarities within
species led to their grouping. This classification can be useful in taxonomic studies and breeding programs.
Population structure analysis showed that V. alba had the highest and V. sieheana the lowest values for
polymorphic bands, effective alleles, expected heterozygosity, observed heterozygosity, and Shannon's index. The
average heterozygosity was 0.15. AMOVA indicated that within-species genetic diversity was higher than
between-species diversity. The Fst index, indicating interspecies differentiation, was significant at 1%. Genetic
distance analysis revealed the highest genetic distance (0.53) between V. odorata and V. ignobilis, and the lowest
(0.19) between V. alba and V. reichenbachiana. The dendrogram grouped the species into three major clusters,
with V. odorata in the first group, V. alba and V. reichenbachiana in the second, and V. ignobilis and V. sieheana
in the third.

Conclusion

According to the results of this experiment, there was a significant relationship between V. odorata and V. alba,
supported by their placement in the same group in the dendrogram, the lowest genetic distance, and the highest
gene flow. These species had the highest levels of polymorphism, number of alleles, effective alleles, Shannon's
index, and heterozygosity ratio. They are recognized for their fragrance and ornamental use alongside medicinal
applications. The highest diversity among collected ecotypes was intra-species, explained by the higher likelihood
of intra-species crossings. Given the high gene flow and close relationship in the dendrograms, V. odorata and V.
alba are closely related and should be considered in future studies.
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Table 1. Geographical information of the collected populations of Viola spp.
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Table 2. The sequences of iPBS primers used for amplification of genomic regions of violet plant

iPBS 3Ll (5 >3 Skl Jigs (s 5 ml) Jlasl gles
iPBS primer Primer sequences (5'—3") Annealing temperature (°C)

iPBS 1 GCTCCGATGCCA

iPBS 2 CTCACGATGCCA 49

iPBS 8 GCTCATCATGCCA 49

iPBS 9 AGAACGGCTCTGATACCA 45

iPBS 10 TCAACGGCTCTGATACCT 45

iPBS 12 TCGCATCAACCA 49

iPBS 13 TAGATGGCACCA 48

iPBS 14 ACGAAGGGACCA 48

iPBS 15 GGTCCTCATCCA 49

iPBS 17 CCATTGGGTCCA 48

iPBS 19 GCAACAACCCCA 48

iPBS 21 GAACCCTTGCCGATACCA 45

9 10 11 12 13 14 15 16 17 18 19 20 21

L
" e o e ™ s e ™ s e ™ .

1000bp

(V Jsdr olas YV ) & 50d) Ao s ~/A;JL§TJ3pwggduaﬁomd@lDNAcﬁ,@s—\ I

Figure 1. The quality of extracted DNA of violet samples using 0.8% agarose gel (L: size marker). (Samples 1-
21 according to Table 1)

9 10 11 12 13 14 15 16 17 18 19 20 21

(1 Jsor 3las YV b)) o ped) iy oS Ciliien o381 YN 3 IPBSYY ST Sl aslinal L el i slaly =Y UK

Figure 2. iPBS-PCR amplification products of 21 viola sp ecotypes amplified by marker iPBS21. (Samples 1-21
based on Table 1)

q0



C)b&«.ﬁj&.&‘”

ol 023 ol IPBS S ) ealind | adiy slaw S
w by glagarls 5 Sk e 4 by e ol
5 oS b IS (3Ll 5 s s KLl oUls
S A O msdsa el edd GLI T Jsis
lelid 53 (siadl 5 (sl L TPBS (6a0) 55500 5555
OSan 5 1 Jil (la Bl o 2l slaai S
oS D5 5l 55 W 5, (Haliloglu et al., 2022)
SHLTYE &S ¢ sl 0L IPBS (sla ST 5l eslizad L 0L
S Bt 5T ¢ game 55 aalllas 3 ek 030iciPBS
wlas PIC) ISakir oMbl (gl gimms S o slomi)
VrEA oy (Haliloglu et al., 2022) ol Sen 5 481 L
e +/VVO UKVLA L (iPBS 2382) +/v+Y 4 (iPBS 2087)
AL (g g S0lie 5lie bo ingts b aglin ;3 &S 55
o3lial b o S0 S SHash 53 s S ASier
sl S 515 1Y0 ¢ sazme 53 IPBS s S50 )
Dwiningsihand ) s 5 £v/6 o7 JSadir ds s Sk &S
adls JSaus Ol (gl g (Alkahtani, 2022
L (iPBS 2240) +/Y£\ 4 (iPBS 1854) +/+VA s ,5Sike
b s boawslie 53 a8 g e /N0 Sl
IPBS 0 sman Il sla SOLES (g5 Ail so 2SI
B T NP S RUE
— U e Bl s S5 e 55 GO s
Whols (s )3 S Jose 53 AS 0 Jae Solin sla
s GSy et ol Y s (K3

.(Kwiatkowska et al., 2019)
ol adin oS il glacs S gtaal ol
Sl oslinad b 1 3550 (Sl ST eslinad gl
Wyad (F IS2) Wi gduanws o5 S ¢ 53 IPBS (slaesls
wlsa (Vodorata) ol 5l o, Kb 5l e L;)j@.q-
sl &l el a5 L.d S ) 3 1m0y S G s
R 5l g ol Sl ) e
S50 N5 Dyt ok Cosl alis il 5 3505 i 51
3 JEee SISl e e O b s el
S gl il S slcs s

e JB WS g il el lasiies S

a1

oy mls

S5 5 ol addlae 3 i J e el el
3,50 IPBS SHETNY 5l eslizal b aziy olS glaconas
S as ol Sl MV sl S 53 .28 8 5 e s
4 by ol Sl g ey pa b 515198 LOT Ol
o blg ol als 5IPBSA w5 Sl 5iPBS Y
(PIC) ik (gl gimms Sltis 55 sz 100s LT
g5 5 blsi sl olene IPBS LT 5l 65as 2 ol
WY b go b ke (1 Jpdr) il S50
o JSKaae glals Sl S Jl 550k edalive Ao s
o5 cml o3 e YANY s e el s 6l
0 by e O Jllie 2y 45 A o> +/F0 PIC Sl
Log o OF op S 5 4/80 Ol e 0 IPBS YV 54 (gl 5Ll
sale s a8 5 +/TE Ol 4 IPBSY: ST o
b b Pl sl Ol Olens a2l K55 S 0 PIC
e Gl Comax L3 JSBus SIS ey
ol 53 sdel Cewsws PIC e .(Nadeem et al., 2018)
Glams Ly odd &1 18 a4 o (ilbesl
(PIC= +/¥+) «lu&s > (Mohammadi et al, 2003)
e LS 3 (Haliloglu et al., 2023) olSes 5 61 Ll
Ly > (Haliloglu et al, 2022) ;5 (PIC=+/\V)
55 i (PIC= +/\Q)

sl sl bl (MD Sl jasls 51T e gl
SV o OF e 08 Lo gia b oS i s ISk
S S b 35T asle ol sl I3 A
o3ls o S L g5 VWU iy 4 5 Sls ST
il Gl IPBS YV w0 Sl asls Slus 5d
andllas 3 50 glaai 5§ 3 IPBS YV (VL S o, Sl
SB35 S 12 TPBS S0 g0 S o 4ty ol S
ol 3 e B s 5 0Bl o Dbl
ol 02 S o Ul e <l 6 51 s tiadds Ul
wiiy gl S gl 4 6 iPBS sla Silis candllas
P B SeS S Loy JSUse mlans > (Viola spp.)
S35 p o adlas 0556 Ll o bG8 plulis s



VENR /Y osled /WY W/ Al S5 sla e
V.reichenachiana , V.ignobilis V.sieheana « S

(8 Jsd) Lsls yolastl s et a |y Jlde oy 28
Analysis ) AMOVA lastla b JsSO50 il ls 420
OLKes 5 I L35y Ll (Molecular Variance
31> Ui s s S plwil (Peakall and Smouse, 2006)
St izl 350 SIS s gl S0, S5 g55 S
Fst yasls Ol cpizeen (1 Jsda) ol (514655 o
Ve 3 el S s Sl oS 0 Jsar Gollas
O TN Jdr 55 (K85 Jool g gy o A Jls ome Aoy
dools Oy op pin IPBS Sl bl a5 das s
V. ignobilis 5 V. odorata csezr 55 oy (4/0Y) S5
V. 5 Voalba &5 55w () O cpgeS
5 a3 Ol sy 2 S 515 342 5 richenbachiana
S5 JlB Sl el b 30 il kS
o S 5 S 55 el L) r\ﬁbm lol>
w53 s 30 S Sl Of 1 Sl dol>
«Jsles S 3 V.odorata 4,8 .Lla S ) 385055
V. ignobilis”,; s5,5 > V. reichenbachiana V. alba

Lla S 513 o 25,5, V.siehana

e e T S fljfj).m slee o
sba S Vaba s 0 & gl sl Vodorata
el e 2 V.ingnobilis s V.reichenbachin
A S sValba Y, Yo glacs s

kg e Glacs ST G e S B (S5 5
rled LB S50 Dlalllas o 53 45510 555 Jlans
Slady ap w4 ey Lol jasis
bl 5l e o S1 glasduains o A jasiis
S5 a3 3 o ST Cals 5 ol oLl
Al s g B glaoy S 5 Lol o S 15 Csl
5 S g S Sldllas 3 018 o bagduey S ol
oy ey 4y S sS) 5 e S Ol iaes
3,5 eslial (gsl5iay glaael o

3 e b ddr Gilhae iCamer Sl o 5 4 20
e b P slaas (PPB) ISt (glayl 53l oy j2eS
e sSsre (He) Ll L6 aesSiae (Ne)
S8 w e pu () osls Laxls 5 (HO) el cdalioe
x> s ge (3L olal Visieheana 455 5 V.alba

o S 2y N0 gy pse G S 50 e S5 e

m&u@ﬁ\wﬁw Q\J.A Lﬁbuwww‘)b oslaal S0 iPBS 6LAJ§JL9TML}1JA Sledb| =Y d)J}

Table 3. Data of iPBS primers used in the present study for detecting extent of polymorphism among several
ecotypes of Viola sp.

Dy sl e Sls slaws ASCaaer sy

S
Pri Total band Polymorphic band Polymorphism Polymorphism Effective Marker
rimer . - - . -
number number percentage information content multiplex ratio index
iPBS 1 16 16 100.00 0.38 16.00 6.03
iPBS 2 22 20 90.91 0.38 18.18 6.84
iPBS 8 20 19 95.00 0.40 18.05 7.15
iPBS 9 27 27 100.00 0.45 27.00 12.07
iPBS 10 15 10 66.67 0.24 6.67 1.61
iPBS 12 20 19 95.00 0.28 18.05 5.02
iPBS 13 11 9 81.82 0.26 7.36 1.94
iPBS 14 19 17 89.47 0.31 15.21 4.64
iPBS 15 18 16 88.89 0.38 14.22 5.46
iPBS 17 15 15 100.00 0.36 15.00 5.33
iPBS 19 13 13 100.00 0.27 13.00 3.47
iPBS 21 18 18 100.00 0.45 18.00 8.10
&S 214 199 9231 0.35 15.56 5.64

Total

v
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Figure 3. Cluster analysis of 21 ecotypes of Viola sp. produced by the UPGMA method based on Nei’s genetic distance
of iPBS marker datasets

iPBS SSLi 5l ool ainy olS 68 iy 53 (S5 g5 glaals —8 Ui
Table 4. Genetic diversity parameters among five species of Viola sp. obtained from iPBS marker

Crasr Q,K.L.Ua-.x.p); Jﬂ;\.)uu" f}»t}ﬂs\.&i Opls jaxls J‘:“}Q)'ﬁﬁ“cﬂ?‘“’.
Population Percentage of polymorphic loci Na Ne | He
V. odorata 60.87% 1.435 1.410 0.344 0.233
V. alba 78.26% 1.739 1.566 0.456 0.314
V. reichenachiana 26.09% 1.043 1.112 0.124 0.078
V. ignobilis 21.74% 1.087 1.116 0.113 0.073
V. sieheana 17.39% 0.826 1.001 0.100 0.070
Mean 40.87% 1.226 1.269 0.229 0.155
iPBS KLz 3l ealizal b aiiin slawi S IS0 50 by 450 =0 s
Table 5. Molecular analysis of variance of Viola species based on iPBS marker
e Gl amys Sla e Kl oSl Sl doys b esls Jles
Source of variation Df MS Estimated variance Percent of E.V. Fst P- value
sl o= 4 10.5 1.8 39% 0.38 0.001
Among Species
16550502 16 2.9 2.9 61%

Within Species

iPBS S 3l ol (slaesls 3l sl b aiiy (saa S (ad) 05 0L o st Olppe 5 (Vb Jlad) 5 S5 ahools =1 J s

Table 6. Pairwise Nei’s genetic distance (top diameter) and the amount of gene flow index (diameter) between violet

species using the data obtained from the iPBS marker

LM’?S V.odorata V. alba V. reichenachiana V. ignobilis V. sieheana
Species
V. odorata - 0.383 0.416 0.538 0.447
V. alba 0.40 - 0.192 0.252 0.383
V. reichenachiana 0.33 2.19 - 0.383 0.366
V. ignobilis 0.23 2.31 0.21 - 0296
V. sieheana 0.28 0.54 0.18 0.21 -

aA
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Figure 4. Clustre analysis of five studied species of Viola sp produced by the UPGMA method based on Nei’s genetic
distance of iPBS marker datasets
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Table 7. The classification of violet species investigated in this study based on Marcussen et al. (2022)

ke ol o RS o oS
Scientific name Sub-genus Section Sub-section
Viola odorata Viola Viola Viola
Viola ignobilis Viola Viola Viola
Viola alba Viola Viola Viola
Viola richenachia Viola Viola Rostratae
Viola sieheana Viola Viola Rostratae
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