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Introduction

The Genus Thymus is one of the most important genera of the Lamiaceae family. According to Jalas (1971),
Thymus is divided into eight sections: Micantes, Mastichina, Piperella, Teucrioides, Pseudothymbra, Thymus,
Hyphodromi, and Serpyllum. About 18 species exist in some areas of Iran and most of them belong to Serpyllum
Section and kotschiani Subsection. Chromosomal information is an important key for taxonomy, phylogeny,
evolution, genetics and breeding in thyme. Therefore, this work was carried out to study the cytogenetic
characteristics of genus Thymus belonging to the Subsection Kotschyani for breeding purposes and taxonomy.

Materials and Methods

Seeds were collected from 5 wild populations and germinated on wet filter paper at 20 °C. One cm long roots
were pretreated with 8-hydroxyquinolin and then washed in distilled water and fixed in carnoy solution for 24
hours. Hydrochloric acid (1N) was applied for 7 min to hydrolyze the roots. Staining was done by orcein for 24 h
at room temperature. Stained roots squashed in one drop of 45% acetic acid and examined by a ZEISS Axiophot
compound microscope. Cells in metaphase stage were photographed with a D450; Canon Inc. Japan digital
camera. Ten well prepared metaphasic cells were selected and some chromosomal characteristics such as total
chromosomal length (TL), long arm length (L), short arm length (S), the arm ratio (AR) [LA/SA], and
centromeric index (CI), were measured using Micro Measure ver. 3.3 software. The following karyological
parameters were determined: total chromosome form (TF%), intrachromosomal asymmetry index (A:) and
interchromosomal asymmetry index (Az). Karyotypic characteristics have been determined using the symmetry
classes of Stebbins (SC). Karyotype formula was determined from chromosome morphology based on
centromere position in accordance with the classification of Levan.

Results and Discussion

This study reports the chromosome number and meiotic behavior of 31 populations belonging to 8 species of
Thymus Subsect. kotschyani from Iran. In most species of this subsection, the base number of chromosome x =
15 and two diploid and tetraploid ploidy levels with chromosome number of 2n = 30 and 60 were observed. Only
in T. migricus species, the base number of chromosome x = 14 was reported with two levels of diploid and
tetraploid ploidy and chromosome numbers of 2n= 28 and 56. The chromosomes were mostly metacentric (m) or
sub-metacentric (sm) in all species Among the various species with basic number of x= 15, the highest
percentage of TF and the lowest amount of A; were observed in populations belonging to T. eriocalyx (T7)
indicating that this species has the most symmetric karyotypes. The lowest percentage of TF and the highest
amount of A; are in population of T. lancifolious (27) and T. fedtschenkoi (T28) species; this shows that the
species has the most asymmetric karyotype among the species of this subsection. The highest amount of A, was
observed in T. eriocalyx (T7) species, indicated the asymmetry between chromosomes and chromosomal length.
The difference in the number of chromosomes, ploidy levels and karyotype asymmetry in the populations and

1 and 2- Lecturer and Assistant Professor, Department of Horticulture Science and Engineering, Faculty of Agriculture
and Animal Science, University of Torbat-e Jam, Torbat-e Jam, Khorasan Razavi, Iran, respectively.

(*- Corresponding Author Email: moradi@tjamcaas.ac.ir)

3- Associate Professor, Department of Agricultural and Horticultural Research, Agricultural and Natural Resources
Research and Education Center of Khorasan Razavi, Agricultural Research, Education and Extension Organization
(AREEO), Mashhad, University of Torbat-e Jam, Iran


https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://doi.org/10.22067/JHS.2021.60204.0
https://doi.org/10.22067/jhs.2022.72022.1082
moradi@tjamcaas.ac.ir

V€+) ")M) & b)w &V‘.\bdd)),lms &&05'9919) LF’L.“éL’ l'°9k' Q)m} ADA

different species may be related to different environmental conditions in their habitat, pollination system (cross
pollination) or polyploidy (Aneuploidy) in this genus.
Conclusion

The results showed that basic chromosome number in most species is 15 (x= 15). Two ploidy levels (diploid
and tetraploid) were observed among different species. Chromosomes in most species, were metacentric and
sub-metacentric. Based on intra- chromosomal symmetry (A; and TF) T. eriocalyx species (T7) has the most
symmetric and most primitive karyotype and the species T. lancifolius (T27) and T. fedtschenkoi (T28) have the
most complete and the most asymmetric karyotypes. Also based on inter- chromosomal symmetry, (Az) T.
eriocalyx (T) species has the most asymmetric karyotype.
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Table 1- Different species of Thymus genus belong to subsection Kotschyani in Iran

oSy OB
Section Subsection

o

Species

Serpyllum

(Miller) Benth. | Kotschyani (Klokov.) Jalas

T. armeniacus

T. carmanicus Jalas

T. daenaensis Celak

T. eriocalyx (Ronninger) Jalas

T. fallax Fisch. & C. A. Mey

T. fedtschenkoi Ronninger

T. kotschyanus Boiss. & Hohen.

T. Lancifolius Celak

T. migricus Klokov & Schost

T. pubescens Boiss. & Kotschy ex Celak

T. transcaspicus Klokov

T. transcaucasicus Ronninger

T. trautvetteri Klokov




V€+) Om) & b)w &V‘.\bdd)),lms &&05'9919) LF’L.“éL’ l'°9k' Q)m} APY

Slolyd (pubagl dlideo GaCunen (oouldl byl g (bl i Cuxdge -Y Jga
Table 2- Geographic location and climatic conditions of studied Thymus transcaspicus Klokov populations

.. Job Eges slod (o SIS 1
] RERS gy L1, . . Sl S
O 29) . R L3l 3 PH NIV * .
. . Altitude . A5 * A 05
Province Location Longitude verage N
(m) (E) (Latitude (N) tﬁ%erear%i arnen(ug) annual rainfall Land use
peraty (mm)
Sy L')L“JIP o 02" 097" 5
Razavi ‘.’I”’ 2300 Esfs..% N37° 27 13.9 310 &
khorasan Tiwan Grassland
E92) L')L“JIP NIRRT 097" 057" :
Razavi ob o 2454 E5f 4..23 N36° 57 119 3379 Lf')_)
khorasan Gomakharan Farming
Hod Sl o5 E57°03° N37023° olS] >
Khorasan i 2150 10" 135 270 :
North Relin Pasture
Sled Gl " - o ‘
Khorasan St 2049 E517..27 N37° 16 12.7 253 Ud)_)
North Pakotal Farming
o osen 2026 E53° 27 N36° 01 110 2679 o5 >
Semnan Hiqu 48 Pasture

;I T. daenensis subsp daenensi a_ssS < egj5—o0g,S 9,
9 4 Sl )8 (5 JelS Jlo (e )3 9 o o)Ll
5 p—olite T. pubescens 455 4 Jls o a0 S0 465
(Daftari and Safarnejad, sl ;L i1y cda,lS o 5 ol
(Javadi et al., 2009) ,\LSan 5 g3lg> asllls ,5.2012)
(T Jolod gl 4355 53 3l Camor (25 (isn) S Clrogas
D)8 sy dy50 Lisu s oyl 5l Kotschyanus, T. daenensis)
9 XZVD 4l pojgog)S slas a8 09 ol St ulis e 3 S
oS ol 3 5 Sy plobio 53 jl lacunar 155153 o pojges,S
Ot 2 ibiie (53 dsly s A vg o yslstio Sl g5
J_d eaalie T. kotschyanus o T. daenensis slac iz
(T20) 4 T. daenensis (T16) slacures (55bl 55 5 L3skud)
sl s ady o (YN=¥X=F+) a5qbl 5 T. kotschyanus
=S T. kotschyanus (T20) coxes (YN=YX=Y) a0
Ole—ie a plplin e S ) T jlafo oy i s Ar jlade
T. daenensis (T17) Cures ;0 A Byre colig )8 o 5y, lite
),{Lw )‘] (_'j g,\_uy)lf (').3.1).31_;.3 s odmliie An ua.’>l_w )51.\_>
D 0yl Cyres
T. eriocalyX 455 3| Cores 03 (g5 (slo o (o
D9 luner (nl 3 (Wbl 5 Wshas) sl adaw 93 Sl
s g X2V W5 ol glbCumer > (egigesS al sue

W u,».uu yn=s- 9 yn=y- ﬁ5)}45)§

29392955 (ot (OB pas pasld o YL /FA 1AL (adls
sl slacimes le )0 Mg pite [V U /4 oy (A2)
SlasShy Sn b g b Camer Jl ol ) G Corer
sb 5 WpsigessS clogsly o oliss 5 il sile (Sojolye S
oolaiel ceiiss )5 gy Al Cumer 0 [askis pgjsss,S IS
soailon sl ily g oligS 593k Jobo oy gl SUine @ () 29
Coze o JLs O_.{l L ol oais odly olis 5555 A1 by PLY
Job Olysss sline 2 9392 5 0)lb o)l L (mo o p2
L L o 503 B3k 51(A2= <N -Y) bapgigeg S o
S Oglite ;03 olod Cuner 93 b (lite sl Cuig)lS (il
Cured ol Cumas 93 (53 (A2 = 0.020 5 A = 0.492)
sob s (Ag= [+ Vg A= +15¥) dg ylatel g )5 glyls Ll
Soals SYL golaw ouiny (Lts Wil 5 (o Canenr (IS
o 9 )S wyp (Yavari etal., 2010) wog g8
T. lancifolius, T. daenensis subsp (sladssS 5l comas
= 4o 3-laze daenaensis, T. fedtschenkoi, T. pubescens
455 (olod )d wb poiges,S dae &S sl olis Kotschyani iz
T. 55 adsh pdaw bld jl.ail o X=10 adllas 350 sla
Toa 568 Carer 90 FOM+OSM 59,8 Jse,8 L lancifolius
9y Jeeyd L ey 4 daenensis subsp daenaensis
9L Js,8 L T. fedtschenkoi 465 &+m 4 YYmM+Asm
Fem 59,lS Joo,8 L T. pubescens a_sS 4 YYmM+Ysm
A 365 il adylogd Jodo wlwly g (YN=YX=Y) 56l
OB padld 4 ang L aib)s )3 YB o YA (Y p s



MY lnl oo critugl SadigS 51 (B 1 (S g axdllan oy S0 9 58 5o

Kotschyani sy 55 4 laie axlllae 3,90 (gl cilideo (slocunes (ol ke Caxgo -V Jgua

Table 3- Geographic location of different populations of studied Thymus belonging to Kotschyani subsection
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Table 4- of the ANOVA for thr chromosomal traits in some populations of Thymus transcaspicus Klokov

Ol po (uiilio
Mean squares
Ol sy 2ol SHPTSY : L
Chromosgome Long arm Short arm Arm ratio index
(TL) (LA) (SA) (AR) ©
e 4 0.139%* 0.039** 0.25™ 0.016** 0.0003**
Populations
s
45 0.002 0.009 0.004 0.003 0.008
Error
dopd N Jlais] gaws 43 5 gxe cglas **
**: significant at 1% of probability level.
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Table 5- Karyotypic details of Thymus species/populations
oz oS X oon @ Sk L sC A A TF% KF
Species/ Populations Ploidy level
T. transcaspicus (T1) 15 30 2X 1.12 1A 0.21 0.13 43.86 30m
T. transcaspicus (T2) 15 60 4x 1.24 2A 0.23 0.14 43.17 58m + 2sm
T. transcaspicus (T3) 15 30 2X 1.35 1A 0.20 0.14 43.97 30m
T. transcaspicus (T4) 15 30 2X 1.42 1A 0.19 0.12 44.68 30m
T. transcaspicus (T5) 15 30 2X 1.22 1A 0.18 0.13 44.87 30m
T. eriocalyx (T6) 15 30 2X 1.54 1A 0.16 0.14 45.65 30m
T. eriocalyx (T7) 15 30 2X 1.27 1B 0.12 0.19 46.96 30m
T. eriocalyx (T8) 15 30 2X 1.74 1A 0.15 0.15 45.88 30m
T. eriocalyx (T9) 15 30 2X 1.61 1A 0.12 0.17 46.84 30m
T. eriocalyx (T10) 15 30 2X 1.32 1A 0.14 0.12 46.37 30m
T. eriocalyx (T11) 15 30 2X 1.30 1A 0.15 0.12 45.70 2M+28m
T. eriocalyx (T12) 15 60 4x 1.39 1B 0.15 0.18 45.90 60m
T. eriocalyx (T13) 15 30 2X 2.37 1B 0.17 0.18 45.03 30m
T. eriocalyx (T14) 15 60 4x 1.02 1A 0.17 0.13 45.14 2M+58m
T. eriocalyx (T15) 15 60 4x 1.09 1A 0.12 0.17 46.58 60m
T. daenensis (T16) 15 60 4x 1.56 1A 0.32 0.12 40.4 45m+6sm
T. daenensis (T17) 15 30 2X 151 1B 0.29 0.17 40.94 28m+2sm
T. daenensis (T18) 15 30 2X 1.51 1A 0.32 0.13 40.33 30m
T. daenensis (T19) 15 30 2X 1.38 1A 0.29 0.14 41.15 30m
T. kotschyanus (T20) 15 60 4x 1.16 1A 0.26 0.14 42.11 56m+4sm
T. kotschyanus (T21) 15 30 2X 1.15 1A 0.28 0.13 41.45 30m
T. migricus (T22) 14 28 2X 1.42 - 0.57 0.1 - 28m
T. migricus (T23) 14 56 4x 0.86 - 0.64 0.07 - 52m+4sm
T. migricus (T24) 14 56 4x 0.69 - 0.52 0.05 - 56m
T. migricus (T25) 14 28 2X 0.77 - 0.49 0.02 - 26m+2sm
T. migricus (T26) 14 28 2X 0.87 - 0.58 0.03 - 26m+2sm
T. lancifolius (T27) 15 30 2X 3.36 2B 0.37 0.15 38.24 25m+5sm
T. fedtschenkoi (T28) 15 30 2X 2.92 3A 0.36 0.13 38.71 23m+7sm
T. pubescens (T29) 15 30 2X 3.22 3A 0.29 0.09 41.05 30m
T. daenensis (T30) 15 30 2X 3.28 2B 0.42 0.16 36.32 22m+8sm
T. daenensis (T31) 15 30 2X 3.28 3A 0.28 0.12 41.53 30m

sl U KF uig 5 IS IS5 003 TR cogig00,8 (o ()l pas (a3 ls 1A2 ¢ 009)509)5 (19,0 ()l pie (a3l AL ipgjgeg S’ IS Jsbo :TL
TL: total length of chromosome, Al: intrachromosome asymmetry index, A2: interchromosome asymmetry index, TF%: total form

percentage, KF; karyotype formula
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Figure 1- Mitotic metaphase of Thymus transcaspicus populations and related ideograms
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