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ABSTRACT

The Karyotypes asymmetry / symmetry of one tak@mpd@pulations) from different geographic siteshe# genus
Thymus are presented. The ploidy level varied betvpepulations belonging to T. eriocalyx (2x anyl #ccording
to intrachromosomal asymmetry T. eriocalyx (T8: &lagon No0.8 and T9: Population No.9) had the most
asymmetrical and evolutionary karyotype and T.@algx (T2, T4 and T10) had the most symmetricaydigpe in
all of the populations. Based on interchromoson&fnametry, among diploid populations, T. eriocaly®)(and
among tetraploid populations T. eriocalyx (T7) hid@ most asymmetrical karyotype. In terms of trebl3hs’
system, the karyotype of populations can be classifi 1A and 1B classes. The results of analykigadance
revealed significant differences between the pdjmria based on all karyotypic characteristics (P&D.and 0.05).
The results of cluster analysis showed that theufains of T. eriocalyx have been grouped in safmclusters.
The results seemed to provide enough genetic esédenidentify the populations and useful data lexify the
interspecific relationships. Results of karyotypelgisis allow us to group the different populatiarsl to specify
their relationships.

Key words: Chromosome, Diversity, Karyotype, Ploidrinciple Components AnalysiShyme.

INTRODUCTION

ThymusL. is the most important genus of Lamiaceae farailg the most famous genus of aromatic plants. This
family includes approximately 279 genera [13]. Thenusbelongs to the tribélentheaewithin the subfamily
Nepetoideag5]. It from the view of phylogenic affinity inclues Origanum Zataria andMicromeria genera. The
genusThymusl. with English and Persian common name respegtiidlyme” and “Azorbe/Avishan” consists of
about 928 species of herbaceous, perennial andskulbs or shrubs distributed mainly over Meditesgan
countries, northern part of Africa and Southerne@eg[19],[13]. This genus is represented in Irarffiara by 18
species, four of whichT( lancifolius T. daenensisT. persicusandT. marandensjsare endemic for the country [6].
Among the species of thHEhymusgenus growing in Iran]. eriocalyxis wide spread and more widely used as
spices, herbal tea, insecticide , flavoring agehitso, have been most frequently used in tradititveabal medicine,
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due to its antiseptic, carminative, expectorantispasmodic, anti-inflammatory properties and amtifal, antiviral,
antibacterial, antiparasitic, spasmolytic , antitait activities [19].

TheT. eriocalyxoccurs in the provinces of Kurdistan, Kermanshdarkazi, Hamadan and Lorestan and outside
Iran was reported in northern Iraq. [8],[20]. Thjzecies is perennial herb and according to Flansida belong to
the Serphyllumsection andotschianisubsection [14].

Thyme is one of the most important species whichighly variable within and between the species #nd
considered taxonomically problematic group and sgiesencerning the taxonomic definition of the foriau®
extremely varied. Chromosomal information is an amant key for taxonomy, phylogeny, evolution, gireand
breeding in thyme. However, because of the smatirmbsome size and the similarity in chromosome mmaligmy,
the identification of chromosomes is difficult imyme [7],[21],[22].

The chromosome numbers in gefillgymusare known as 2n=24, 26, 28, 30, 32, 42, 48, 3058, 56, 58, 60, 84
and 90, corresponding to the diploid, tetraploidi drexaploid levels with the basic chromosome nushber
6,7,9,10,15. [7],[22].

There are a lot of interesting cases of diffengloidy levels within the same species [17],[12].eTiesearches
showed that the morphology and different componehtsssential oils in different speciesTiymusare variable
due to hybridization and polyploidization [10]. Th&in purpose of this research waseav investigation on the
ploidy levels and chromosome numberToferiocalyxfrom different regions and provinces (10 regionsd five
provinces) of Iran for the first time. Also the wéts of this research would be useful for a battederstanding of its
taxonomy and breeding purposes such as intraspégffiridization and genetic variation induction.

MATERIALSAND METHODS

Plants:

In this study after identify the normal botanicaxenomy of the plants we examined 10 populaticgrasenting of
Thymus eriocalyxThe names of the populations, location, latitualed longitudes, and codes are listed in Table 1
and illustrated in Iran’s map using GIS Microsdiftqure 1).

Chromosome prepar ation:

Mitotic metaphase chromosomes were studied in teenatic cells of root tips obtained from rootedticggs at
20°C. Root tip meristems (1cm) were pretreated WiB% saturated-Bromonaphthalene at 4°C for 4 h, fixed in
10% formaldehyde and 1% chromic acid (1:1) foreatst 16 h at room temperature. The root tips wee tinsed
for 3 h in dishwater and were hydrolyzed in 1 M Na& 60°C for 7min and stained with hematoxylin 4 h at
room temperature. The roots were then gently sauehsh mixture of 45% acetic acid: lactic acid (90:Eor the
cytological investigation, images were capturechvetBH, Olympus supplemented digital color video camera at
magnification of about 2000x. The best metaphastepl were selected (at least 3 plates) and measyred
Micromeasure 3.3 software [15]for each specimen.

Statistical Analyses

In each mitotic metaphase the arm's length of éacbmosome was measured according to the pregimales
[1],[2].[3]. The following parameters were estinétén each metaphase plate to characterize the tyag®
numerically: long arm (LA), short arm (SA), totanigth (TL) [LA+SA], arm ratio (AR) [LA/SA], centrosric
index (Cl) [SA/(LA+SA)]. Karyotype asymmetry was tiesated using the total form percentage (TF %)
[(ZSA/ZTL)*100] [4], difference of range relative lengtBRL) [MaxgL-MingLe], intrachromosomal asymmetry

index (A) [1 Z (SN LA )/n] and interchromosomal asymmetry index)(Asd /X] wheren is the number of

homologues,S:iis the average of standard deviation, aNd is the mean chromosome length [16]. Karyotypic
characteristics have been determined using the gyminclasses of Stebbins (SC) [18]. Karyotype fdamwas
determined from chromosome morphology based orramete position in accordance with the classifaatof
Levan [9]. For each population, karyograms weravdrbased on length of chromosome size (arrangentdiog to
diminishing size). In order to determine the vaolatbetween populations, one-way ANOVA was perfatnos
normal data and mean of parameters were comparddubgan’s multiple range test. The principal conpus
analysis (PCA) was performed to determine the rimopbrtant variables on the variation between pdpta. A
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cluster analysis of the karyotype data performeadgughe Average method to examine karyotype siiitylaamong
populations. Numerical analysis were performedg§AS ver. 6.12 (1996); JMP ver. 3.1.2 (1995),
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Fig 1. Collection sites of Thymuseriocalyx populations on the map of Iran designed using GI S Micr osoft

Table 1. Geographical data of the collections on Thymus eriocalyx from different populations

Altitude Latitude and

Population Code Place of Collection (m) Longitude

—

T1 Lorestan Province, Azna, Sefid kooh 2245 % 51'§
E=9-'l 22 132

ag
T2 Lorestan Province, Azna, Dare Takht, Oshtoran kooh 2053 =33 ZY 453
E=49-'U 22' 027

00 o o

T3 Lorestan Province, Doroud, Gahar Road, Saralagel vi 1907 N=33 2 42',,5
E=49-'"' 09 532

e

T4 Maricazi Province, Arak Shazand, Souraneh vilkagseRd mountain nep 8 52573
E=a9" 25' 5920

ey

™ Markazi Province, Arak, Qom Road Latehdarvilbsar mountain 2002500 o4 01401
E=50-'Y 03 355

aa VE16

T6 Hamadan Province, Malayer, Conservation aresshiaalar 1942-1970 N=34 14 51'?

E=c"'l 54 51,

N=34 o g e
T7 Hamadan Province, Toysderkan, Tormeyanak viagagormaz mountain 1863 % 502?
E=8” " 10 583

. . . . ' ! N=34"'l 40 198

T8 Kermanshah Province, 11 km Riad of Songhor tmBistshmadabad vilage, Dalakhani mountairi 930-1950 .
Ex7- Y 34 441

L] ' Q

9 Kurdestan Province, Sanandaj Marivan od Ratlgérge 20852070 NP 24 558

E=4e- " 50 46,

e a

T10 Kurdestan Province, Saghez, The road of Malghleasi 185 615158
E=6- - 12 285
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RESULTSAND DISCUSSION

This study reveals a detailed picture of the chreonwe features ifhymuseriocalyx. The pictures of the mitotic
metaphases and their karyograms of the populatompresented in figure 2. The somatic chromosoumebers
(2n), ploidy levels, ranges of chromosome lengyimreetry index percentage, intra- and inter-asymynietiices,
difference of range relative length, total form qeatage, symmetry classes, total karyotype lengthkaryotype
formula of the taxa and populations investigatelsarmmarized in Table 2. The somatic chromosomebeuignd
details of the karyotypes of the studied populatjaevealed that. eriocalyxpopulations possessed two ploidy
levels, diploid (2n=2x=30) and tetraploid (2n=4x360

Mahdavi and Karimzadeh [11] has reported that omgufations ofT. eriocalyxlocated in Hamadan province in
Iran is diploid (2n=2x=30). Our study indicated tthhe chromosome numbers in different populatiohghe
Hamadan province (populations T6 and T7) are dip{@k) and tetraploid (4x) respectively. The pdallion system
in the genus is OP, and Aneuploidy has been anritapophenomenon during the evolution of this geawd it is
responsible for the other numbers.

The chromosome numbers of T1, T2, T3, T4, T5 angdpulations were 2n=2x=30, and the chromosome erusnb
in the other studied populations such as T9 andWdr@ 2n=4x=60. This result was carried out ferfirst time.

Total karyotype length, roughly indicative of thé&lB content, ranges from 38.17 to 71.04 um in diphzixa and
from 61.02 to 83.60 um in tetraploid taxa. Alsoestf the chromosomes among the populations vargd D.72
pm in population T7o 3.59 pm in population T8.

All of the populations had mainly ‘m’ type chromases (centromers at median region). However, twaifaions
T6 and T9 each possessed two ‘M’ type chromosoiesli@n).

Among the studied populations the highest TF% v#i&96) was estimated in the population T2 andldhest
TF% value (45.03) was estimated in the populati@tfat is one of the main reasons to make its kgpogo
asymmetric. In view of the fact that, fewer DRL walindicated more symmetry of karyotype, populafi@and
population T2 respectively with DRL 1.75 and 5.68dwes had the most symmetric and asymmetric kapgsty
Intrachromosomal asymmetry index §Ashowed sharp differences between the chromosems ia the different
populations. In general, based on intrachromosamsgmmetry (A1 and TF %), population T8 had the most
asymmetric karyotype and population T2 had the regsimetrical karyotype in all of the populationscarding to
interchromosomal asymmetry (A2 and DRL), among aliplpopulations, population T2 and among tetraploid
populations population T7 had the most asymmetkagjotype.

Similarly, high DRL value leads to more changeshia structure of chromosomes, but it is mentioed the DRL
is the dependent to ploidy levels and chromosonmabeus. Therefore, it is not a good criterion fomparing
various species with different ploidy levels, besmuhe DRL values are lesser at upper ploidy letreds lower
ploidy levels. So, this parameter will be useful fomparison of species with the same ploidy levels

In terms of the Stebbins’ system, the karyotypepopulations seizes 1A and 1B classes which areidenms
mainly primitive classes in this system. By usingad A parameters we can determine the more asymmetric
karyotype among the populations which have thelamtebbins classes of symmetry. The populationighware
classified as 1A group also showed the lowest valud, in range of 0.12- 0.17 and the highest value o¥%TF
ranged from 45.14 to 46.84.

To analyze the variability of the karyotypes am@agulations, the length of chromosome, the longsimatt arms
of chromosome, the arm ratio values, the differenteange relative length, the total form percertamnd
asymmetry indexes (AA,) were compared by one-way analysis of variance)lCRIso, Duncan test was carried
out to test differences between each pair of metms results of variance analysis revealed significhfferences
between the populations based on all karyotypicadtaristics (P<0.01 and P<0.05). This indicateddbcurrence
of quantitative changes in chromosome size of theéisd populations (Table 3).

Significant effect of chromosomal traits proved ykaypic variation between populations. It lets askhow the
importance of chromosome study to distinguish th&esof evolution and affinity between differentppdations.
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The Duncan’s test applied to the chromosome morgtrieriraits showed a highly significant differereo@ong the
all examined populations (Table 4). So, mean vafughromosomes total length varied from 1.02 pmapulations
T9 to 2.37 um in populations T8. The results shotied the average length of chromosomes in digboioulations

of T1, T3, T4 and T8 is much greater than tetraplmdpulationsBut chromosomal data in this study reflect the
smaller size of chromosomes in diploid populatioh$2, T5 and T6 than tetraploid population of This has been
caused many problems associated with karyotypeestud

The mean value of chromosomes long arm varied fid@ um in population T9 to 1.30 um in populatid Also
the mean value of chromosomes short arm was différem 0.46 um in population T9 to 1.07 um in pigion
T8.

Using principal components analysis (PCA), thet firgo independent components accounted about 90%6taif
variation. The first component indicated that armtia; total form percentage, centromeric index and
intrachromosomal asymmetry index were importantattars for classification of populations with ab63% of
total variation. Total length of chromosome, lonmghndength of chromosome, interchromosome asymmniatigx,
difference of relative length and short arm lengfichromosome were important traits in the secomuhponent
(37.41%) (Table 5).

Grouping of studied populations was based on tkeaiyotypic traits (Fig.4). By cutting dendrogransuéted from
cluster analysis by average method with cophermiicelation coefficient r(0.80) in metric distance 2.98, the
populations classified under four groups which aety the first and the second components had tlest m
significant role in separated classes. The reslitsved that populations df. eriocalyxhave been grouped in
separate cluster. This indicates that populatidres specific species in their within will show vetty. Thus, these
studies could greatly help us in the classificagod taxonomic studies.

The first cluster includes the populations of TB, T6, T7, T5 and T10. The population of T9 with=2rR=60
through the difference of DRL value separately sifeed as an apart group. Populations of T2 andwith
2n=2x=30, grouped together in same cluster (thiudter) that it seems the factors of similarity evé1, AR and
TF values. (Table 4 and Fig.3). The populationg®fwith chromosome number (2n=2x=30) and with tlghést
value of LA, TL, TF% and A classified as a fourth group.

The highest metric distance (6.26) was obtained/den populations of T1 and T8 which imply the leafinity
between them. The lowest metric distance (1.27@) etdained between two populations of T1 and TZwhnply
the least karyotypic difference between them (B)g.

The diagram of populations' dispersion, based am ftrgt components, showed that the populationgrsged in
four groups, which completely fits with results aibied through the grouping analysis by average otethig. 3).
The present study shows the change in the chrormaistoaits as one of the mechanism of inter andchigpecies
diversification in theThymusgenus as well as the earlier cytological repdii$4],[3].

The essential oils of 10 populations’ studies is fhaper also have been chemically investigatedaleng about 32
different volatile components in total. The amowftcomponents was varied between populations eaheci
between different ploidy levels (data not showrg.itSseems the different components of essentialioidifferent
populations offThymusspeciesare variable due to hybridization, polyploidizatiand place of growing.

the results of the molecular markers used amongdfulations, also showed a high diversity as asll the
amount of components of essential Oils(data notvaho

As a rule, the variation of climate and soil infrprovides a suitable field for plant variationsielof the genetic
variations in Thymus sp., which is clearly detetgabis the chromosome numbers and structural clzandge
chromosomes. These genomic differences could lkfosdreeding purposes.
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Table 2.Somatic chromosome number (2n), ploidy levels, ranges of chromosome length, asymmetry indexes (A, Az) of Romero Zar co,
difference of rangerelative length (DRL ), total form percentage (TF%), and symmetry classes (SC) of Stebbins, total karyotype length
(TKL) and karyotype formula (K.F.) for 10 population of Thymus eriocalyx investigated, metacentric (m), median (M)

Taxon (population)|  2n Fl"le?/'gly %hr:gmzﬂg: A A, | DRL | TF% | SC LKrrl;) K.F.
T. eriocalyx(T1) | 30 2x 1.20-2.01 0.1¢6 014 350 45p5 1A 46,32 30m
T. eriocalyx(T2) | 30 2X 0.76-1.84 0.12 0.1p 568 4696 1B 3817 30m
T. eriocalyx(T3) | 30 2x 1.35-2.25 0.1% 0.1p 348 4588 1A 52|15 30m
T. eriocalyx(T4) | 30 2x 1.18-2.16 0.12 0.1f 4.06 46.84 1A 48/40 30m
T. eriocalyx(T5) | 30 2x 1.04-1.66 0.14 0.1p 3.1 4687 1A 39/48 30m
T. eriocalyx(T6) | 30 2x 1.05-1.58 015 0.1p 271 4570 1A 39/08 282
T. eriocalyx(T7) | 60 4x 0.72-1.77 0.13 0.1 231 4590 1B 83(60 60m
T. eriocalyx(T8) | 30 2x 1.75-3.59 0.17 0.1B 518 4503 1B 7104 30m
T. eriocalyx(T9) 60 4x 0.79-1.33 0.17 0.1B 176 4514 1A 61|02 285
T. eriocalyx(T10) | 60 4x 0.74-1.48 0.12 0147 2722 4658 [LA 656 60m

Table 3. Theresults of analysis of variancefor karyotypic data based on CRD design

Mean of squares
S.0.V D.F TL LA SA AR Cl DRL TF Al A2
Population | 9 [ 0.44¢ | 0.13¢" | 0.08¢ | 0.007 | 0.007 | 4.85¢" | 1.32¢ [ 0.041 | 0.00:"
Error 20 | 0.02: 0.00¢ | 0.00f | 0.001 | 0.001 | 0.09¢ | 0.57« | 0.001 0.001
%C.V. 11.15 | 11.738 | 10.741| 3.111 | 1.647 | 9.191 | 1.647 | 6.742 | 12.752

** and *.significant at 1% and 5% levels of probtdy respectively

Table 4. Mean of parameter s of chromosomes analysis of Thymus eriocalyx populations.

population TL LA SA AR Cl A2 Al DRL TF%
T. eriocalyx(T1) | 1.54 bcd | 0.84 bcd| 0.71 bed| 1.19 abc| 0.46 abc| 0.14 cd 0.16a| 349c 45.65 abc
T. eriocalyx(T2) | 1.27 def | 0.67de | 0.60de | 1.13c 0.47 a 0.19a 0.11c 5.66 a 46.96 a
T. eriocalyx(T3) | 1.74 b 0.94 b 0.80 b 1.18 abc| 0.46 abc| 0.15bcd| 0.15ah 3.48 (| 45.88 apc
T. eriocalyx(T4) | 1.61bc | 0.86bc | 0.76 bc | 1.14c 0.47a 0.17abc| 011c| 4.06b  46.83 4
T. eriocalyx(T5) | 1.32 cdef| 0.71 cde| 0.61de | 1.16 abc| 0.46 abc| 0.12 d 0.13b| 3.11cd 46.36 abc
T. eriocalyx(T6) | 1.30 def | 0.71 cde| 0.60de | 1.19 abc| 0.46 abc| 0.12d 0.15a 2.70dp 45.70 abc
T. eriocalyx(T7) | 1.39cde | 0.76 cd | 0.63 cde| 1.18 abc| 0.46 abc| 0.18 ab 0.15 al 2.31¢ef 45.90 abc
T. eriocalyx(T8) | 2.37 a 1.30a 1.07 a 1.22a 0.45c¢ 0.18 ab 0.17 a 5.18 4 45.03 ¢
T. eriocaly; (T9) | 1.021 0.56 ¢ 0.46 1 1.22¢ 0.45 ¢ 0.13cc | 017¢ | 1.761 | 45.14b

T. eriocalyx(T10) | 1.09 ef 0.58 e 051ef | 1.15bc | 047 a 0.17abc| 0.12b¢ 2.23ef 46.57ab

TL: total length of chromosome, LA: long arm, Stors arm, AR: arm ratio, Cl: Centromic indexz:Anterchromosome asymmetry index:, A
intrachromosome asymmetry index, DRL: differencelative length, TF%: total form percentage,

Table5. Eigen vectorsfrom thefirst two principal componentsfor 9 karyotype parameter sto classify 10 populations of Thymus eriocalyx

Parameters First component Second component
TL 0.32 0.38
LA 0.33 0.37
SA 0.3C 0.40
AR 0.42 -0.20
Cl -0.42 0.20
A2 -0.06 0.39
Al 041 -0.24
DRL 0.03 0.48
%TF -0.42 0.20
Eigen Value 4.78 3.37
Percentage of Variance 53.09 37.41
Cum Percentage of variance 53.09 90.50
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Fig 2. Mitotic metaphase of Thymus eriocalyx populations accompanied by karyograms. T1 (2n=2x=30); T2 (2n=2x=30); T3 (2n=2x=30);
T4 (2n=2x=30); T5(2n=2x=30); T6(2n=2x=30); T7(2n=4x=60) ; T8(2n=2x=30) ; TY(2n=4x=60) ; T10(2n=4x=60).
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Fig4. Dendrogram of 10 populations of Thymus eriocalyx by analyzing 9 karyotipic parameter susing average cluster analysis method.
Cophenetic correlation r=0.80.
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