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Extended abstract
Introduction

German chamomile, Matricaria recutita L., is a medicinal plant belonging to Asteraceae family, which is known
as the "star among medicinal species" due to its long history of utilization, dating back to the time of the Egyptian
pharaohs. This species is endemic to Iran and its status has been introduced as a low-risk plant (LS). Numerous
studies on the chromosome numbers of different species of the genus Matricaria have shown that the use of
molecular and cytogenetic approaches allows obtaining additional information about the structure and functional
organization of the its genome to answer questions associated with the classification and evolution of different
species and the selection of new Matricaria races. Karyotype analysis and comparison of chamomile cultivars and
wild species allow us to reveal their species characteristics. In the studies conducted on different cultivars of M.
recutita species, the chromosomal number of this species was reported as 2n=4x= 36 and 2n=2x= 18. Cytogenetic
studies showed that the chromosomes of M. recutita have a small size and similar morphology and are metacentric
in nature. At the same time, the karyotypes of chamomile species have not been well studied and still need special
attention. In this study, the chromosomal numbers of four different populations of M. recutita species collected
from different regions of Iran were determined and after measuring different chromosomal parameters and
karyotype, their cytogenetic traits and the distance and proximity of the populations were determined using the
measured traits.

Materials and methods

Four populations of M. recutita collected from different parts of Iran, were studied for chromosome and karyotypic
characteristics. Squash method with Hematoxylin staining was used to prepare microscopic slides. At least four
metaphase plates were examined for each population. The chromosomes of each metaphase plate were prepared
based on the shape and size of chromosomes, and the length of the chromosome arms was measured using Micro
Measure software (Micro Measure 3.3), in each karyotype. The following parameters were measured in each
metaphase plate: somatic chromosomes numbers (2n), haploid chromosomes numbers (n), length of genome
(3LT), Stebbins class (SC), karyotype formula (KF), length of long chromosome arm (LA), length of short
chromosome arm (SA), total length of chromosome (TL), arm ration (AR), centromeric index (CI), total form
percent (TF%), difference of relative length of chromosomes (DRL), relative length of long and short arm (LA%
and SA%), intra and inter chromosome asymmetry index (A; and A). To determine the diversity between
populations, a completely randomized design with 4 replications (4 karyotypes for each population) was used and
Duncan's method was used to compare the means. Principal Component Analysis (PCA) was subjected to the data
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to determine the contribution of each trait in creating diversity and to classify populations based on traits, Ward's
cluster analysis. Statistical analyzes were performed using SAS (ver. 6.12), Mini tap (ver. 16) and EXCEL (2007)
softwares.

Results and discussion

Microscopic observations showed the number of somatic chromosomes is 2n= 18 for all populations. Karyotypic
formula analysis showed the predominance of metacentric chromosomes in all populations. Analysis of variance
of a completely random design showed that the difference in chromosome length traits, including long arm length,
short arm length, total chromosome length, and the percentage of the long chromosomal arm were significant
(P<0.01), and in other traits, the differences between the populations were not significant.The comparison of the
mean values of the traits showed that the value of the total chromosomal length (TL) ranged 5.559 um to 7.266
um, which indicates the smallness of the chromosomes in this genus. In previous studies, the presence of small
chromosomes in the karyotype has been reported. The longest chromosome and genome belonged to population
15123 (Arak). According to Stebbins’s classification system, populations were divided in 2 groups (2B and 3B).
Karyotype symmetry factors (AR, CI, TF%, DRL, Ai, A», LA% and SA%) showed that two populations 15123
(Arak) and 8959 (Borujen) had asymmetric and symmetric karyotypes, respectively. In principal component
analysis (PCA), the first three components could explain the entire diversity of populations. The most diversity of
populations was for chromosome length traits (first component). The distribution of populations based on the first
two components on the X and Y axis showed that populations 15123 (Arak) and 24754 (Qarachaman) are located
on the right side of the X axis having long chromosomes, which indicates the highest value of the first component,
i.e. the chromosomal length traits (TL, LA and SA). In the grouping of populations by Ward's method, the
populations were located in three groups at a genetic distance of 2.32.

Conclusions

All populations showed 2rn= 18 with x= 9. Population 15123 from Arak region had the longest genome and
asymmetric karyotype. Variation among populations was due to the length of chromosomes. In general, the
existence of high genetic and cytogenetic diversity indicates the existence of high potential in the improvement of
Matricaria genus and cross-breeding activities. The data obtained from this research are used in the future breeding
programs of Matricaria L.
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TL: Total length; LA: Long arm; SA: Mean of short arm; AR: Arm ratio; CI: Centromeric index; TF%: Total form percentage; DRL: Difference of relative length; A;: Intr
achromosome asymmetry index; A»: Inter chromosome asymmetry index; LA%: Relative length of long arm; SA%: Relative length of short arm

17.678 19.810 15.985 10.036 5.473 6.090 14.478 11.814 16.506 2.754 6.090
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Table 3. Means (comparison) of karyotypic traits in M. recutita populations

05 Kb s

T TL LA SA AR I TF% DRL Al A2 LA% SA%
Gene bank code Population
8959 M. recutita 5.559b 3.321b 2.120b 1.664a 0.381a 38.107a 7.394a 0.353a 0.150a 59.581b 38.107a
15123 M. recutita 7.266a 4.542a 2.724a 1.816a 0.373a 37.724a 7.951a 0.383a 0.182a 62.276a 37.724a
17052 M. recutita 6.848ab 4.251ab 2.597a 1.879a 0.373a 38.02a 6.811a 0.372a 0.156a 61.98a 38.02a
24754 M. recutita 7.136ab 4.442ab 2.694a 1.807a 0.378a 37.867a 8.565a 0.364a 0.193a 62.133a 37.867a

oba DRL £ JS IS0 Ao s 0 S0be TTF% 55 505,58l [t (:S0ke O tla 3 i (5S0ke AR 55 5055 o655 (553 Jsb (oile SA tp55505,5 s 533k Jsb xKibe LA (335058 IS sb o Sbe TL
333055 U S Slagl Jsb doss 5 Kike SAY ¢ 0555055 s slasgsl Jsb doys SKile LAY ¢ o53505,5 0353 O oo Siln A2 ¢ o5 505,5 (et OB pe (ke AL ¢ s S b sl
TL: Mean of total length; LA: Mean of long arm; SA:Mean of short arm; AR: Mean of arm ratio; CI: Mean of centromeric index; TF%: Mean of total form percentage; DRL: Mean of

difference of relative length; A;: Mean of intr achromosome asymmetry index; A,: Mean of inter chromosome asymmetry index; LA%: Mean of relative length of long arm; SA%: Mean of
relative length of short arm

M. recutica (glalmnzr shues S (Gl Sdeo 035k 4525 5l ol 3 9 p93 WJl addse an pslie Lol laad e 4 458 -t Jsd=

Table 4. Eigenvectors based on first three principal components analysis for eleven karyotypic parameters to classify four populations of M. recutita

Laadl 5o TL LA SA(SA) AR CI TF% DRL Al Az LA% SA% E.V. P.V. CP.V.
Components
ad 3 u*j ol

FC) 0.345 0.345 0.343 0275 -0.262 0314 0.151 0.303 0272 0.338 -0.314 8224 0.748 0.748
Auﬂ 5.& u:n 3:

S.0) 0.015 0.022 0.024 0.348 -0423 0.199 -0.616 0.24 -0418 0.091 0.199 2.133 0.194 0.942
wilie -

i}‘g’y 0.177 0.176 0.216 043 0.287 0.405 0.08 -0437 0.171 0.264 0.405 0.642 0.058 1

éyj)}aj;wujki? f.l.‘«u.a;-l.&.Al ‘WJ}.\QUJW DRL‘JSJQM‘)JTF%‘éf}Jwauﬁ;-L&CI‘LAJJLWAR?})}A}}AU}S&})L d_}bSA‘f})}ﬁ}JS.LL&))bJ)bLA‘f})}a};JSJ_}bTL
MU’“L-’J‘} EWZgr C.P.V. fuw'Lub EW-gr P.V. 3.\5‘) 61.& da::«d»‘) E.V. éau_}g 6‘.&})‘; J}b EW- SA% 3..\.21.3 éLbj)L» J}b EW-Pr LA% E@}‘}f}; Q})J Q)Ld (:J& u.a;—L.u A2

F.C: First component; S.C: Second component; T.C: Third component, E.V: Eigen value; P.V: Percent of variance; C.P.V: Cum percent of variance; TL: Total length; LA:
long arm; SA: short arm; AR: Arm ratio; CI: Centromeric index; TF%: Total form percentage; DRL: Difference of relative length; A: Intra chromosome asymmetry index;
A»: Inter chromosome asymmetry index; LA%: Relative length of long arm; SA%: Relative length of short arm
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Figure 1. Metaphases plates and karyotypes of M. recutita populations:
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A: Population 8959 (Borojen, Chahar Mahale Bakhtiyari), 2n= 18, B:Population15123 (Arak, Merkazi), 2n= 18, C:
Population 17052 (Gazvin, Gazvin), 2n= 18, D: Population 24754 (Ghare Chaman, East Azerbaijan), 2n= 18
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Figure 2. Distribution of M. recutita populations based on 1% and 2" components of PCA
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Figure 3. Distribution of of M. recutita populations based on cluster analysis (Ward)
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