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Abstract

Background and Objectives: The genera Alyssum L. and Malva L., belonging to the
Brassicaceae and Malvaceae families, respectively, comprise annual and perennial plant
species with considerable medicinal and ecological importance. These genera are widely
distributed throughout Iran and have long been used in traditional medicine because of
their expectorant, antitussive, and laxative properties. However, cytogenetic information
regarding the chromosome number, ploidy level, and karyotype characteristics of native
populations remains limited or incomplete. Therefore, the present study aimed to
determine the somatic chromosome number, assess ploidy diversity, and characterize the
karyotypic features of selected populations of Alyssum and Malva in order to provide
fundamental cytogenetic information for taxonomic studies, conservation, and future
breeding programs.

Materials and Methods: Seeds of eight populations representing Alyssum stapfii, A.
hirsutum, Malva sylvestris, and M. parviflora (two populations of each species) were
obtained from the Gene Bank of Natural Resources of Iran and grown under controlled
conditions following appropriate seed germination treatments. Root-tip meristems were
collected for chromosome preparation using the squash technique after pretreatment,
fixation, hydrolysis, and hematoxylin staining. Chromosome observations were
performed using an Olympus BX40 light microscope, and high-quality metaphase plates
were photographed for subsequent analyses. Chromosomal parameters, including long
arm length (LA), short arm length (SA), and total chromosome length (TL), were
measured using Micro-Measure software. Cytogenetic indices, including the centromeric
index (CI), intrachromosomal and interchromosomal asymmetry indices (Al and A2),
total form percentage (TF%), arm ratio (AR), difference in relative chromosome length
(DRL), symmetry index (SI), centromeric gradient (CG), and dispersion index (DI), were
calculated using Microsoft Excel and standard cytogenetic formulas. Karyotype
symmetry was classified according to the systems proposed by Stebbins and Levan.
Statistical analyses were performed using SAS software.

Results: In the genus Alyssum, the basic chromosome numbers were x= 7 and x= 8, with
tetraploid (2n=4x = 32) and hexaploid (2n=6x = 42 and 48) cytotypes identified among
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the studied populations. According to Stebbins’ karyotype classification, all Alyssum
populations were assigned to symmetry class 1C, with metacentric chromosomes
predominating. Analysis of variance revealed that only the centromeric gradient (CG)
differed significantly among populations (P< 0.01), whereas the remaining cytogenetic
parameters showed no significant differences. Based on the values of Al, A2, TF%, Sl,
and the karyotypic formula, population 30546 (Khalkhal) of A. stapfii exhibited the most
symmetrical karyotype. Mean comparison indicated that the greatest total chromosome
length (1.31 pum) was recorded in population 23372 (Taft) of A. stapfii. In the genus
Malva, the basic chromosome numbers were x=7 and x=14, with hexaploid chromosome
complements of 2n=42 and 2n=84 observed among the populations. The Malva
populations were classified into Stebbins’ symmetry classes 1B, 1C, and 2C, with
metacentric chromosomes predominating in all populations. Significant differences were
detected among populations for DRL, A2, and DI (P < 0.01). Among the evaluated
populations, population 012 (Tangestan) of M. parviflora exhibited the greatest total
chromosome length (1.22 um).

Conclusion: The results of this study demonstrate substantial cytogenetic diversity
among the evaluated populations of Alyssum and Malva, particularly with respect to
chromosome number, ploidy level, and karyotype structure. Such diversity is likely
associated with adaptation to the diverse ecological conditions of their natural habitats.
The cytogenetic information generated in this study provides a valuable foundation for
taxonomic revision, evolutionary and phylogenetic investigations, germplasm
conservation, and the development of breeding programs for these medicinally important
genera.
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Table 1- Name and origin of seed populations of the genus Alyssum & Malva

Species Gene bank code  Collection site Altitude (m) Longitude Latitude
A. stapfii 30546 Ardabil - Khalkhal 2030 48°26'50" 37°30'26"
A. stapfii 23372 Yazd - Taft 2496 54°6'42" 31°36'9"
A. hirsutum 37247 Yazd - Taft 2518 54°7'41" 31°37'13"
A. hirsutum 30218 Ardabil 1365 47°59'95" 39°4'48"
M. sylvestris 011 North Khorasan - Faruj 1137 58°10'45" 37°16'54"
M. sylvestris 014 North Khorasan - Bojnurd 1545 57°3722" 37°2827"
M. parviflora 012 Bushehr - Tangestan 50 56°46'40" 33°26'24"
M. parviflora 013 Bushehr - Dashtestan 70 57°25'03" 34°24'08"
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Table 2. Descriptive summary and comparison of karyotypic characteristics in populations of Alyssum hirsutum
and A. stapfii species

Species Population  Origin Somatic Basic Ploidy >TL#  Stebbins Karyotype
chromosome  chromosome  level symmetry  formula
number (X) number (x) class
A. stapfii 30546 Khalkhal 2n=48 8 6 26.24 1C 22m+2sm
23372 Taft 2n=32 8 4 21.07 1C 14m+2sm
A. hirsutum 37247 Taft 2n=48 8 6 24.87 1C 22m+2sm
30218 Ardabil 2n=42 7 6 22.59 1C 20m+1sm

# > TL = Total chromosome length (Total genome length),
C= Karyotype symmetry (Stebbins karyotype comparison criteria)
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Figure 1. Metaphase plates, karyotype, and ideogram of populations of Khalkhal (30546) and Taft (23372) of
Alyssum stapfii
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Figure 2. Metaphase plates, karyotype, and ideogram of populations of Taft (37247) and Ardabi (30218) of

Alyssum hirsutum

O/YIM) (TL) o595 S Jsb o(+/0AUM)
o>l (/fYAUM) (CD) g es 5w sl s
o2 (< /YAUM) (A1) (e85 905 5 000 035 ool
5Ll S (/- FNUM) (A2) so55509S o 330 0o\l
DN S8, saxle 5 (AV/#pM) (CG) (o0 sl
o SN (JBJS) V0P8 Cumas o cazls | (F/4AUM)
O/PYHM) (AR) aosl cons polie op 5t 455
sl 5 (FF/-0Um) (TF%) ol 5,8 LIS IS ao s
DRL) 555055 cniobsS 5 nisih oms o
AV Joas) a sanlis (O/AAM)

YeYVA Cumex A hirsutum a8 S aeyus &5 s
TL rﬁjy‘ﬁzg IS Jsb olie cp 5t (Jwsl)

Sansls 5ol gl 5 bl 435 5l ol s
20 Aagd el 3 (e 50 SBCwmenr )
osls il a4 ol ol sus 1Y Joas
o sl 4 sy s wdo V¥ o Ealisl 5l Jols
(CG) s mle plsl 3 o g aa sl i saCumen
S Slis Ll s ap lsine £) Sl gl o
pds sdsolil (g5l gme pie cpl sl Glas (g5l sas
Gl 02 S o3l Dlao Llod 5l bvans o g5

¥ Joax)
o 45 315 5Lt i 58 Slis i Kils Eoleglis s
Job olie o 5 i Al stapfii 558 51 (i) YrYyy
(SA) obi,S o5k Jsb (+/Vrum) (LA) ady 54



v Sl e S5 s sl

e AL ) (Cw) YVYPY Cames 5 czls 1, (07 Fpm)
s Jsb sl (V/YOpM) AR laysl s ki
ool (V/OFUM) DRL 55505 8 cp 5ol 58 5 cn s
Sl 0Ll 8 5 C/YYUM) AL o5 505 S 055 0351

F Jsam) 350 ol555 5 (VA/SUMICG

ARYA

a5k Job (/PHm) LA ady 55k Jsb (V- vpm)
Cl sl exle (+/fYum) SA LS
TF% w8 S UK soys  (+/FFPUM)
(/- FFUM) Az g3 905 S o o, pae (FY/VEUM)
DI Susl, oaxle 5 (vw/apm) Sl o, jasls

5 (Alyssum Stapfii) 3\ yui 4335 &6 5 35 GbCuraz 3 o 5,8 Slasis Sls i 5 Slay o (:0le —¥ J s

(A. hirsutum 1.5 S a3

Table 3. Mean squares and comparison of means of karyotype characteristics in populations of Alyssum
hirsutum and A. stapfii species

Traits name Abbrev. MS MS cVv Mean
Population  Error (%)  Astapfii  Astapfii  Ahirsutum  A.hirsutum

(DF=3) (DF=8 23372 30546 30218 37247
Chromosome length TL 1.62™ 0.006 7.41 13la 1.09a 1.07a 1.03a
Long arm length LA 1.35™ 0.003 7.83 0.73 a 0.6la 0.60 a 0.58a
Short arm length SA 1.95m 0.002 7.10 0.58a 0.48a 0.47 a 0.44 a
Arm ratio AR 0.11m 0.001  3.39 131a 1.33a 1.32a 135a
Centromeric index Cl 0.15™ 0.0001 154 0.438a 0.436a 0.436 a 0.431a
Karyotype form %e %TF 0.15™ 0.001 144 4398a 44.05a 43.76 a 4343 a
*DRL DRL 0.98m 0.071 1025 7.59a 5.89a 6.53 a 754 a
Intra-chromosomal asymmetry
. As 0.20" 0.001 932 0.210a 0.203a 0.212a 0.227 a
index
Inter-chromosomal asymmetry
index Az 0.34 0.004 897 0.061a 0.054a 0.066 a 0.063 a
Symmetry index SI 0.14™ 0.051 256 7858a 78.74a 77.90 a 76.87 a
Centromeric gradient CG 2.24™ 0.021 165 8160a 78.86ab 76.08 b 78.60ab
Dispersion index DI 0.25™ 0.035 8.52 4.98a 451a 5.04a 4.98a

*DRL = Difference in relative length between the longest and shortest chromosome

ns and ** = non-significant and significant at 1% probability, levels respectively

Means followed by the same letters in each row have no significant differences.
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Table 4. . Descriptive summary and comparison of karyotypic characteristics of populations of Malva sylvestris
and M. parviflora species

Species Population Origin Somatic Basic Ploidy YTL# Stebbins Karyotype
Chromosome  Chromosome  level symmetry  formula
number number (x) class
M. sylvestris 011 North Khorasan-Faruj 2n=84 14 6 36.44 2C 36m+6sm
014 North Khorasan- 2n=84 14 6 45.96 1C 39m+3sm
Bojnurd
M. 012 Bushehr-Tangestan 2n=42 7 6 25.68 1B 20m+1sm
parviflora 013 Bushehr-Dashtestan 2n=42 7 6 20.76 1B 19m+2sm

# > TL= Total chromosome length (Total genome length), C= Karyotype symmetry (Stebbins karyotype comparison criteria)
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Figure 3. Metaphase plates, karyotype, and ideogram of popualtions of Faruj (011) and Bojnurd (014) of Malva
sylvestris



s Gl By (S st anlas

1) 310C 1y BEIE L 323>
» }." d P LT
Malva parviflora (012)
250
Z 200 mLong arm
i)
% 150 Short rm
H
g 100
8

0.

m“““””“lllllllll

1234567 89101112131415161718192021
Chromosome

@
o

\Y-
"; - ‘
e AV
: o .
3 fF -
—
MExX318 188223 gz
€322 €tcceor Ardane
CELeat
Mealva parviflora (013)
v
Z 120
£ 100 mLongarm
Short arm

g 080

£ 0.60
£
£ 040
=
"o IIIII
0.00
12 3 45 6 7 8

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

S y) Malva parviflora « 5 (- \¥) glzis 5 (4 \Y) 0l (b 53 6,5 mal 5ls 500 5 cui 50l (o3l Slmio —F (K2

(5

Figure 4. Metaphase plates, karyotype, and ideogram in population of Tangestan (012) and Dashtestan (013) of
Malva parviflora
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Table 3. Mean squares and comparison of means of karyotype characteristics in populations of Malva sylvestris
and M. parviflora species

Traits name Abbrev. MS MS CV% Mean

Population  Error Malva Malva Malva Malva
(DF=3) (DF=8) Sylvestris ~ Sylvestris  Parviflora Parviflora

(011) (014) (012) (013)
Chromosome length TL 1.37m 0.013 1158 0.86a 1.09a 1.22a 0.98a
Long arm length LA 1.2m 0.008 11.99 0.5a 0.63a 0.69a 0.55a
Short arm length SA 1.6™ 0.005 1131 0.36a 0.45a 0.52a 0.43a
Arm ratio AR 0.2m 0.001 3.78 1.404a 1.402a 1.34a 1.37a
Centromeric index Cl 0.27m 0.0001 181 0.424a 0.422a 0.429a 0.43a
Karyotype form % %TF 0.58™ 0.017 2.02 42.19% 41.97a 43.32a 43.45a
*DRL DRL 3.13" 0.058 11.46 3.73b 3.66b 5.89a 4.99ab
i';‘fjr;‘)fhmmosoma' asymmetry A 031 000l 889  0.24a 0.25a 0.23a 0.22a
i'rr]‘(tjir)fhmmosoma' asymmetry Az 856™ 00005 11.85 0022c  0.029c  0.05a 0.04ab
Symmetry index SI 0.59™ 0.091 3.5 73.13a 72.42a 76.43a 77.03a
Centromeric gradient CG 0.16" 0.023 552 78.49a 78.59a 78.85a 74.76a
Dispersion index DI 10.19™ 0.032 10.81 1.72c 2.32bc 4.33a 3.22ab

*DRL = Difference in relative length between the longest and shortest chromosome

" and ** = non-significant and significant at 1% probability, levels respectively

Means followed by the same letters in each row have no significant differences.
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