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Abstract

Background and Objectives: The Asteraceae family, with many genera and species, is one of
the largest plant families. These plants are dispersed all over the world, except in tropical areas.
They are used in traditional medicine. Studies conducted on this family showed that these plants,
with basic chromosome numbers of x=9 and 15, exhibit different ploidy levels. The Lamiaceae
family is also one of the largest flowering plant families, with global dispersion and medicinal
species. The basic chromosome number is often x=12, and they are mainly diploid and tetraploid.
The present study was conducted to document the chromosome number of different populations
from the two families Asteraceae and Lamiaceae, to complement the data obtained from
morphological and agronomic studies and to increase knowledge about the chromosome number
and ploidy variation in these populations.

Materials and Methods: The seeds of the superior populations studied belonged to the two
families Asteraceae and Lamiaceae and seven genera (Achillea, Anthemis, Matricaria,
Tanacetum, Tripleurospermum, Mentha, Nepeta), which were obtained from the Natural
Resources Gene Bank of Iran. To break seed dormancy, various methods (chilling, removing the
seed coat, diluted acid treatment, washing under running water) were used. For cultivation, 20
seeds from each population were separated and after disinfection, they were sown on wet filter
paper and in Petri dishes and kept at a temperature of 4°C for four weeks. At the end of the chilling
period, they were transferred to a germinator with regulated temperature and humidity. The roots
were separated when their length reached 1.5 cm. Pretreatment, fixation, preservation, hydrolysis
and staining were performed and finally, microscopic sample preparation was conducted using
the squash method. Five metaphase plates were recorded for each population by a digital camera.
Karyotypes of the populations were prepared using Photoshop software and their chromosome
numbers and ploidy levels were determined. Micro Measure software was used to measure
various karyotype parameters. Other indices, such as long arm (L%), short arm (S%), Intra-
chromosome asymmetry index (Al), Inter-chromosome asymmetry index (A2), difference of
relative length (DRL), total form percentage (TF%) and karyotype formula (KF), were calculated
using Excel software and the relevant formulas.

Copyright: © 2026 by the authors. This is an open access, peer-reviewed article published by Research Institute of Forests

@ and Rangelands (http://ijrfpbgr.areeo.ac.ir//) and distributed under the terms of the Creative Commons Attribution License

- (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
El provided the original author and source are credited.



http://ijrfpbgr.areeo.ac.ir/
http://creativecommons.org/licenses/by/4.0
mailto:hjavadim@yahoo.com
https://orcid.org/0000-0002-5805-6539

Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research, Vol. 34, No.1, 2026

Results: In the genus Achillea, populations of A. millefolium (x=9) and A. wilhelmsii (x=15 and
x=9) showed two ploidy levels (diploid & tetraploid). Total genome length (TL) values ranged
from 53.12 um in population 14198 of A. millefolium to 85.76 um in population 23458 of A.
wilhelmsii. All populations of both Anthemis tinctoria and Matricaria recutita were diploid with
x=9 (2n=18). Chromosome lengths of M. recutita were longer than A. tinctoria, and the highest
value of TL (65.40) belonged to M. recutita. Populations of Tanacetum parthenium and
Tripleurospermum sevasnense with x=9 were diploid (2n=2x=18). For TL, there were no
significant differences among Tanacetum parthenium populations. The longest total genome
(TL=73.56 um) belonged to population 1087 of Tripleurospermum sevanense.

In the genus Mentha, the populations of M. longifolia (14161, 26436, 29910), and Nepeta,
populations of N. catarica (15062, 21030, 33531), were all diploid with x=12 (2n=24). Total
genome length (TL) values ranged from 17.64 um to 19.88 in populations of M. longifolia. The
highest and lowest values of TL were for population 29910 (Shahre Kord) and 26436 (Gazvin),
respectively. These values ranged from 13.74 to 18.74 for populations of N. cataria. The
populations of 21030 (Mehriz) and 15062 (Taft) showed the highest and lowest values of TL,
respectively. In both species, the karyotype formula was short and more metacentric
chromosomes.

Conclusion: The superior populations (in terms of morphological and agronomic traits) were
examined regarding chromosomal traits (number and type of chromosomes) and karyotypic traits
(genome length, centromere position and symmetry traits). In the genera belonging to the family
Asteraceae (Achillea, Anthemis, Matricaria, Tanacetum and Tripleurospermum), all species were
diploid and tetraploid with x=9 (except for population 14930 of the species Achillea wilhelmsii
with base chromosome number 15). The genera belonging to the family Lamiaceae (Mentha and
Nepeta) were diploid with a base number of 12.

Keywords: Chamomile, Chromosome, Karyotype, Mint, Yarrow



Voslad P alr ol ) S 5 e oS ol 5 K5 Dlikos ale a0

Lamiaceae g Asteraceae oy 98 S0 S » (S giaw Obwogas axlllae
r@lqﬁuh;’su.a B ﬁﬁdb‘ﬁ LN
Ol $500WS s s u:)}j Slidss olajle o saS C"‘f 5 s Sliios aw o (anb @\# 05 Sl sy 8 bl (lalSle J pns s 5 =5

Hjavadim@yahoo.,com : sy Sl ol !

Ol Ol wsi\eS s s s g:').}‘T Slidss olasle o g8 @"‘f 5 s Slidios a3 (anb @‘-’w 05 Sboy 8 bl ¥

\f'a/'r/':\:uzﬂ':\i@-)b \\°~O/~V/~Y:@.QJCM\@J\S \\°~\°/\Y/°O:¢;é\4,)>é.)\3

oS ol ool 3 sk S 5 s sl 48l LS oo s on iS55 5l G (Asteraceae) Lus S o s 1B 5 adilu .
gl Sl 615 308 i b 53 s e sl 15 i8]y e S 3Bl S| i el 3 0 )
o s e ol |y olate sl C;L'« N0 54 (X)) 4l esises S slasl | ols onl 48wy oo lad s cnl s
A ool ol a8 CLel y aals Slgm (28], oS canl LIS GalS clae s n S 55 5l S 5o (Lamiaceae) ole s
s s3lediion 5 liten cadlan oyl aimen A55h1 5 5 adshes Gaas 5 sap X2VY ati,S o 81 55 esisns Sl sus
b)) s oldla 5 Jols slaesls JuSs gl Lamiaceae 5 Asteraceae o 5o 3l cilize slacoman $largises S
bl baaman cnl 55 a5k Fot 5 pshses S ol 3550 5o mils Ll il s (olhs 5 (S35
5 Tanacetum Matricaria Anthemis Achillea) > o Jols adlas 5550 glacimenr LA b 2y, 5 ol
KL ) a8 W, (Lamiaceae) f_\;;a s 5l (Nepeta 5 Mentha) > 55 5 (Asteraceae) L S o s 3| (Tripleurospermum
Lol Ok wngy Bl o ale ) Saolss cilie o i, 5ok Olps Gl Gy kas 4 ol L) b ele 05
3 3 03,8 M Cmam a5l sas Yo slaw (S ol eslinad (ol O 5 50 st 5 00835 S sl st
o A8 5 a0 B sles 5o atin [l Coeay s Xad CtS (s n 0900 5 wsb e Slo B g, o Spssas
Sl V/0 4 ‘-GT Job &S Sy | bazy, was Jixe °v\*~r—1ﬂu by s b b plias s 4 2ol 0553 0LL )
555 Sam 4305 g 5 Jasl oy 505 s 5wl S0 5 ssoded (6105 (0 SaSd slai iy Slbas 5 03,8 laar e
Plass 1l 5 5l eslinal ot cof Jlmes s Bay 36ke amio mty Comam a6l s S 4w S ) 4
Ciliien s,y 6,800l Sl 5 4005 e ol sk e 5 o505 S sl 5 4 Cymen 3,1 (Photoshop)
S5k 2o, dL%) as55m5 S Ak o5k do)s Jud 3 s s asls s eslizal Micro measure SIS ROVPYIY
s Jsb Ol (A2) es35m9 S cm )W pae axla (AL) asds05 S 5903 oo\ pas el (S%) ses)ses S olisS
L 5 Excel L3l 5 SaS L (SE) o lulaad Uz 5 (SD) e Slmil (TFO%) o 50,8 IS JS 455 (DRL) laps3 505 S
A Al ab g 0 s 50 3 5 salina]
458 Gbcurar 5 X=1 955055 4L sas Al millefolium 4,5 clcames (Achillea L.) olsbey uim s
255 0 Jsb alie ials las ) (asshl s 5 ko) assh e 55 VO 5 X=0 053505 5 4L 20e L A wilhelmsii
455 5 YPFOA Comam 5 05 5w AD/VE G A millefolium 453 51 VFVAA Came 53 (55 See OY/VY 31 dacames 3 TL)

{Matricaria L.) @'LAJT Gl i Sl Atinctoria 4,8 ccwres 31 (ANthemis L.) & 5L (ai 53 .34 wize A wilhelmsii


mailto:Hjavadim@yahoo.,com
mailto:Hjavadim@yahoo.,com

e S s Ol pane aallla

b aslie s M. recutita (slaconas slapssges S hias o (TN=YX=VA) a5k X=1 L M. recutita 4,85 bcownas 5
ot Sl ad s« (M. recutita) AYAS Comen L3 (TL=FO/Y4) 255 dob cp stk 5 035 ;5,55 A tinctoria sl
(Tripleurospermum Schultz-Bip.) o38&sl s 51 5 T. parthenium 55 b J(Tanacetum L.) os8x 5\
Tanacetum &8 Cilise slacumar om 4dl Wy « (YN=YX=VA) wS5kos X=0 L Saa [T sevasnense 4,5 slacuaas
Curex (Jripleurospermum sevasnense 4;,5 Sbluraz ool sdnlin g)ls gme oyl 755 Job L ) parthenium
<5 50 (Mentha L) gl e & Ghie slacames ol olas L (05 VY/09) 55 Jsb cnim VAV
L o.(@ XYOYY 5 YV-Y. N0-£Y N. catarica 4,5 3 (Nepeta L.) 45 i 5 Y44+ YEFYS AF\$\ M. longifolia
035 VA/AA B AV/FY o M. longifolia & 58 Ciliss sbcgmen o 53 0535 JS Jsb o5 (YN=YX=YF) 0 shas x=\Y
53 oot saalie (s 3) YPFYS Coman 5 (5,5 48) YA+ Comam 13 ik 0 LMo o 08 5 o ity S655ba 050 oo
VO FY Comar 5 o e (o) YN0 Comam 48 395 5 S VA/VE B AY/VE oy olie ol N cataria 4,5 sbcunes o

Badign s hd Wapsisas S 0o S S 5 S slalie Glapsssms S Clle 58 53 a3l plas | lade o 28 (ci)
Slao 5 (pod5es S g5 5 3lan) 95505 S olio b 5l Lamiaceae 5 Asteraceae o 5 55 3l cilie iunas 16;:-?4’.*-95

Achillea) Asteraceae o s 4 shate b i 5 .aub 5 | 5 anlllas 5,550 (0, Sliv 5 ey ole Cunsy 053 d5b) s s,S

AY 4L sue |y (Nepeta ; Mentha) Lamiaceae o 5 4 slate (sla juis .20 a5 5h1 5 5 adslus (VO 4L sue L wilhelmsii

ol 952 e oalinal LIS anaib s sleanl 5 ba
Ly, 5 oS Lass D3 Soes Sl e ool
Paviova & Tosheva, ) awes wge oS S5,k
W) 55l K par0 Seidsm slaasls (2005
a3 e S olaad L5 31 el (Sian (4655 L i o0l il
Ll sl ol (Gadshol 5 sodsh plaw alons)
0\ 5 S0 e 5 Gle o3l sl S
ol 1 sl 55 s slapsises S 5l S5

S3958050 5 lal wlax wle C LS o g
(Soltis, 2014) cuul e ba,S LSS 2y el ol
5w e L1 s Oledbl (K545, slesls
Jelo g4 525 @\a—f Slatne (11 1 e 6\-“6?}.3
Baltisberger & Widmer, 2009; ) sxS .« oal 5  JolSS

.(Baltisberger & Horandl, 2016

s oler 3l S Achillea s
> [(Rahimmalek et al., 2009) cuul s 5 cpl 4l LalSS

ELt (pg5909,5 coainn )5 gy ()] jolagy gy s gudS” (sLoojlg

dodlo
o s o 855 5 S (Asteraceae) L. IS o s
Q‘)‘} Lg\.nmsjf 9 \Au...:.-g- J;.:L\a J.J.» Sl L;n:\.f
i g 5250 415 ol e sler (SaS) 5 (85011 F )
Sl oS has Sodaol8 oldlae 51 6ol
Anthemideae 4.5 .(Applequist & Moerman, 2011)
)wua-\\\ L}.‘Lﬂ‘\SW\bﬁd‘)JLﬁN}MM&
able 3l i oler sl 5o 4 asb e 658 VAL
a8 way (Al-Snafi, 2013) w15 (28] o8 e S
onsage Al 0,0l e b s g eag sl Als )l
Tripleurospermum b o : fols alod ol sl i

Achillea , Tanacetum .Matricaria Anthemis
sx S Lol (Oberprieler et al., 2007) sl

el wlacsy, d\-‘ﬁé}u bl ol s @\-5
S Solime b S5y ol & bul 5l sy e
g0 S (owliiin; 5 ol asle s s S



Malik et al., 2017) el (Yn=YX=FA) 455kl 5 5oL
s ile olS 5l u8 Y 550 Juls Nepeta s
2 s M6 s Sl bege 5 AL AL
aes a8, oW e s Gl Jls Ll
.Jamzad et al., 2003; Kaya & Dirmenci, 2008)
s a4 by S5l sbesh Il
WAT & A X2V &0 8 i ol s\aps5 505 5
3015 3525 012l 51 (oS Sl a1 5 wleas 21 5A
Kharazian et al., 2013; Akbarpur Mamagani, )
2016; Payandeh et al., 2015; Ghaffari & Kelich,

S e o Ol g g5 5e S ol o (gaae ¢ 55 (2006

slael 5l Real lac geme  glols Nepeta s
(Srivastava, 2012) ¢l se55505 S

«surﬁ)}ﬁﬁ; slaws (g5laiiase 5 ohte 4 cadlas o

o Asteraceae .5 s 3l Gz blaaen

s ol 3l Lols el oSS ¢l Lamiaceae

2 ol IRl s s s (S s b))
bownan cnl 53 sadsh g5 5 apsssns S slaw 5,50

o 59, g Sl
sl gl b b (A sl ag )
238805 KL s dilidee gla i 5l e e
S gl ws ol 25 5 Slidoy mee
Olsie & X35 5 N5 5 (S5 ssse Dlio Ll
adlas 5,50 sluaen Ld s plels 5, Comn
Matricaria Anthemis Achillea) _..> =y Jols
L JS o5 I (Tripleurospermum , Tanacetum
s 5 5 (Nepeta , Mentha) .> 5 , (Asteraceae)
olpl sanb zle 03 SO 51 &S w5 (Lamiaceae) ¢l

) Jodx) Kol ag
& et b mar Sl Mo o)y Ols Sl -

Voslad P alr ol ) S 5 e oS ol 5 K5 Dlikos ale a0

b s55ms S sae olsie 4 I X=4 ax ST s )
(_:L“ 5 Bpgises S slawi o g on Ll ol sas 3
Aok b s S ams g ) et cnl o Al
Late 555 slaal 51 sslse 51 ol Lo Jite [ 5ba
Sheidaie ) axes AX 5 X X a8 Joli 5 wlas 8
S5 i e JTanacetum .- (et al., 2009
aibie 53 5 0F L s o) .ol Anthemideae A3
o)l 51 ol 51 4,8 Y0 &S el sai esls olas Kl 1 15508
> -(Oberprieler & Vogt, 2006,) cwl sas S5

PIRC PR R v R IR TSR RS T Y1 e,
YN=YX=\A 5 YN=AX=VY .Yn=YX=4- ur};yﬁ;ﬂm
Chehregani & Mehanfar, 2008; ) ¢l sas 058
51 (Chehregani &  Hajisadeghian, 2009
wb Pl L&,w 45 M. recutita «,8 Matricarai .

sl s @l plio s sy aslis SWI
oioled 6ol Ll slaw )l 5,8 &\J)L sl

RUZ|Cka) ))‘J S99 ‘u..:;.- LJ',‘ PLl 8 JIL r\.?u" “;4})'_9.4);
cas L Tripleurospermum ,..> .(& Novak, 2020

Mozaffarian, ) cul sz esls plas ol ) H56 5o &8

95309 S 38 i ol 51 &S Slex s 2 53 (2008
ol s 50 Sbdisa 5 sad 218 X=1 a4l
Khayati et al.,) x5y dwshl s 5 dusdos sbaS
—= .(2014; Inceer & Hayirluoglu-Ayaz, 2010

ol soas| s S e s gsAnthemis
sy o) 5l dludis 5 AL, ake oS w85 Y4 o) ) s
o) s 5] e e o1 4,5 10 slaw 4S5l
che b X=% b sue 550 S Gl o &S
Yousofzadeh et al,. ) sas o olas |, adsh ki
.(Peruzzi et al., 2016; Nassar et al., 2023; 2010
e s o S55 5l SS (Lamiaceae) olelin o
655 50k Sy Susl, ealgls ) ol IS LS
b 2Wlae SuSl, o 5 pes Mentha longifolia
Mikaili et al., 2013; Panjeshahin et al.,) s,ls |,
3050 53 5 (YN=YX=YF) W shas Boes 4,5 o4 .(2018




e S s Ol pane aallla

L 5 BX40 Jos eseddl sy Sio 51 onlazad b o ga
dmio gy Comaz b (5l 00 adlllae Vv ) eolin)
by 5l a8 Lo s s bey g5l
soolinel 5,8 4 sl Adobe Photoshop sl
O bl oman A5 5k peda 5 Wap s 5es S slan 2 8
$5k) Legsses S slagsl Jsb Se3lal amy 5 s 8
w5 S il sl sl cans (b (g55L 5 ad
43 oLl Micro Measure 1 3ls 5 Lo 55

355058 Ak 555k aoss Jud 5l S slaas s
pae (2 ls (SW) 55505 S sbsS 555k aass (LW)
on B e padle (A1) 555005 00 LW
(DRL) ¢ 55505 S oo Job ©sli (A2) 555055
5 (D) Llae Ozl (TF%) Coi 5,8 NS S s o
sslizl b 5 EXcel )55l 5 SKS'L (SE) 5l s\ks
Javadi & Salehi) wos aclow aby o adse 3 3
.(Shanjani, 2024

°\§~"-~..\ L) Q-‘-‘)} ;5\-’*@.\4..)')\ 2 S sbluas

tate (21,5 5 Wids8,90 Olao L 5 I Slisss
0 & K>, Lamiaceae , Asteraceae o5 s> 4
Anthemis  Achillea b

Nepeta , Mentha .Tripleurospermum .Tanacetum

[Matricaria

S Dlao 5 (pod5e S g 5 ) pesisesS

Sl g aan s lgon ool 50 Ol 8L el
Oy At gy Bl pole e ale Calids sla 2, ) O,
ol T st 5 ons G5 Kool pacend b Sles
s eolal

2 S s Sy o Lk cus -y
sas Ve slawr S ol il Soalee U, slw )
oSl s wsc)\-“' Llawl 5o S s Comen 2 5l 54
(o] s 00 o e S K Ll s e chle b
SRV ES S8 P L VR PP TS
GRIGA 090 5 wsb e Slo LK s, Lok
ais s Sdedy Lo o bl s Sas S s
U S SN[ QU< WPV I PRISTIPIN | P
o5l o &aes 4 b s (B3 y53 b
LSl celo Ay sl cele V) was Jax
e oS a9 Jsb Lo (68 sl s YY sl
Has el oyl s 5

Lo ydy g s s S i se s 5 Lty ils 5 ¥
a bazy, S8 5 sajalsm win K spas ) ey
S plal catls p s, e Bl [,,;3& 399> o3l
N ey i go W 7Y Jobowe) e Slhes
Cele YF Cne 4 Sty Jolo) oo Sansis (cele
Ao AV IS 5 A damss Yo sles o
Lz ;07 ooy 5o aids Ve Oue 4 Jb 5 & NaOH)
Vo sl s cell YF Gue 4 S sln) L;},,,AT&)
OS5 4 (0 5S s Sin X 5ed 4 L,\.@J 5 (az0
A rt.?;;‘

io2i508 S Ol g Sy S &ses 4 -0



v Vosled P als o)l Js 5 e LS Il Sy Sliios ke 4 2
e g.suT@-? oo 5 Olakin -\ Jsux
Table 1. Name and origin of seed populations
Genus Species Gene Bank Seeds samples Characteristic
Code Province County Altitude(m) Longitude Latitude
A.Millefolium 14198 West Azerbaijan  Urmia 1880 37°29'47"  44°45'63"
A.Millefolium 21182 Gilan Talesh - 37°35'42"  48°46'57"
Achillea A.Millefolium 27018 Gilan Talesh 1340 37°38'10"  48°56'28"
A. wilhelmsii 14930 Merkazi Arak - - -
A. wilhelmsii 15623 Merkazi Arak 1676 34°16'32"  49°47'09"
A. wilhelmsii 23458 Khorasan - 1660 - -
A.tinctoria 11858 Ardabil - 1630 - -
Anthemis Adtinctoria 12352 Ardabil Khalkhal 1580 37°26'84  48°23'41"
A.tinctoria 19495 Kurdistan Baneh 1680 35°56'01"  45°47'17"
M. recutita 8620 Merkazi Arak 1704 34°10'00"  49°41'00"
Matricaria M. recutita 9389 Kurdestan Marivan 1348 35°32'11"  46°08'36"
M. recutita 23879 Isfahan - 1600 - -
T. parthenium 10262 West Azerbaijan  Urmia 1933 37°29'56"  44°45'64"
Tanacetum T. parthenium 24181 Kerman Bardsir - - -
T. parthenium 33755 llam Ivan 1142 33°51'08"  46°11'04"
T. sevasnense 1087 Merkazi Arak - - -
Tripleurospermum  T. sevasnense 8394 Yazd Behabad 2635 31°43'98"  56°01'01"
T. sevasnense 2386 Yazd Bafq 2127 31°43'29"  56°01'49"
M. longifolia 14161 Semnan Damghan 2267 36°13'25"  53°52'84"
Mentha M. longifolia 26436 Gazvin Gazvin 2569 36°33'48"  50°28'36"
M. longifolia 29910 Chaharmahal Shahrekord 2334 32°11'25"  51°07'21"
N. cataria 15062 Yazd Taft 2310 31°37/97"  54°08'01"
Nepeta N. cataria 21030 Yazd Mehriz 2083 31°32'00"  54°14'00"
N. cataria 33531 Yazd Tabas 683 33°35'42"  56°5528"
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Table 2. Karyotype characteristics of studied populations of Achillea

Species Pop. X 2n TL LA SA AR Cl L% S% Aq A, DRL TF% KF
14198 9 18 5312 3269 2043 160 038 6154 3846 044 025 941 3846  4m+5Sm
A.millefolium 27018 9 18 5391 3232 2160 150 040 59.95 4007 037 017 556 40.06 5m+4Sm
21182 9 36 79.10 4771 3139 152 040 6032 3968 042 0.19 3.8 39.68  12m+6Sm
15623 9 18 56.11 33.02 23.09 143 041 5885 4115 033 021 713 4115 5m+4Sm
A.wilhelmsii 14930 15 30 6200 39.12 2288 171 037 6310 3690 037 015 323 3690 13m+2Sm
23458 9 36 8576 5097 3479 147 041 5943 4057 036 0.16 3.5 40.57  14m+4Sm

Pop.: Population, x: Haploid chromosomes numbers, 2n: Somatic chromosomes numbers, TL: length of Genome, LA: Long Arm,

SA: Short Arm, AR: Arm Ratio, CI: Centromere Index, L%- Relative Length of Long Arm, S%-

elative Length of Short

rm, Ai:

Intra-chromosome asymmetry Index, Az: Inter-chromosome asymmetry Index, DRL: Difference of Relative Length, TF%b: total
form percentage, KF: Karyotype Formula (m: metacentric, Sm: sub-metacentric, St: sub-telocentric).
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Figure 1. Somatic metaphases of 3 populations of Achillea millefolium (14198, 27018, 21182), and 3 populations
of Achillea wilhelmsii (15623, 14930, 23458),
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Table 3. Karyotype characteristics of studied populations of Anthemis and Matricaria

Species Pop. x 2n TL LA SA AR Cl L% S% Ay A, DRL TF% KF
11858 9 18 4873 2777 2096 132 043 56.99 43.01 026 014 410 43.02 8m+1Sm
Atinctoria 12352 9 18 5593 3240 2353 138 042 5793 4207 031 016 513 42.08 8m+1Sm
19495 9 18 6192 3578 2614 137 042 57.78 4222 037 020 8.07 4222 8m+1Sm
8620 9 18 4898 2989 19.09 157 039 61.02 3898 044 021 817 38.97 5m+4Sm
M. recutita 9389 9 18 6540 40.88 2452 167 037 6251 3749 046 023 917 3758 5m+3Sm+1St
23879 9 18 61.64 3826 2338 164 038 6207 3793 043 018 649 3792 4Am+4Sm+1St

Pop.: Population, x: Haploid chromosomes humbers, 2n: Somatic chromosomes numbers, TL: length of Genome, LA: Long Arm,
SA: Short Arm, AR: Arm Ratio, Cl: Centromere Index L%- Relative Length of Long Arm S%- Relative Length of Short Arm, As:
Intra-chromosome asymmetry Index, Az: Inter-chromosome asymmetry Index, DRL: Difference of Relative Length, TF%: total
form percentage, KF: Karyotype Formula (m: metacentric, Sm: sub- meétacentric, St: sub- -telocentric).
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Figure 1. Somatic metaphases of 3 populations of Anthemis tinctoria (11858, 12352, 19495) and 3 populations of
Matricaria recutita (6620, 9389, 23879)
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Table 4. Karyotype characteristics of studied populations of Tanacetum and Tripleurospermum

Species Pop. x 2n TL LA SA AR Cl L% S% Ay A, DRL TF% KF
10262 9 18 5530 3493 2037 171 037 6316 3684 046 018 724 36.84 4m+4Sm+1St
T.parthenium 24184 9 18 59.93 3820 2174 176 036 6374 3628 053 016 501 36.27 3m+6Sm
33755 9 18 59.46 36.77 2268 162 038 61.84 3814 049 014 505 3815 5m+3Sm+1St
1087 9 18 7356 4574 2782 164 038 6218 3782 041 015 543 3782 5m+4Sm
T.sevasnense 8394 9 18 60.92 3894 2198 177 036 6392 3608 045 018 657 36.08 3m+5Sm+1St
2386 9 18 60.60 3828 2231 172 037 6317 3682 046 023 825 36.82 5m+3Sm+1St

Pop.: Population, x: Haploid chromosomes numbers, 2n

: Somatic chromosomes numbers, TL: length of Genome, LA: Long Arm,

SA: Short Arm, AR: Arm Ratio, Cl: Centromere Index, L%- Relative Length of Long Arm, S%- Relative Length of Short Arm, Aa:
Intra-chromosome asymmetry Index, Az: Inter-chromosome asymmetry Index, DRL: Difference of Relative Length, TF%b: total
form percentage, KF: Karyotype Formula (m: metacentric, Sm: sub-metacentric, St: sub-telocentric).
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Figure 3. Somatic metaphases of 3 populations of Tanacetum parthenium (10262, 24184, 33755) and 3 populations
of Tripleurospemum sevasnense (1087, 8394, 2386),
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Table 5. Karyotype characteristics of studied populations of Mentha and Nepeta

Species Pop. x 2n TL LA SA AR CI L% S% As A DRL TF% KF
14161 12 24 1843 1009 834 121 045 5475 4525 035 011 542 4525 10m+2Sm
M.longifolia 26436 12 24 1764 1003 7.61 132 043 5686 4314 031 0.05 096 4314 11m+1Sm
29910 12 24 1988 1210 7.78 156 039 6087 39.13 031 013 337 3913 11m+1Sm

15062 12 24 1640 1125 515 218 031 6860 3140 034 010 317 3140 12m

N.cataria 21030 12 24 1874 1012 862 117 046 5400 46.00 030 011 284 46.00 12m

33531 12 24 1374 770 6.04 127 044 56.04 4396 026 010 159 4395 12m

Pop.: Population, x: Haploid chromosomes numbers, 2n: Somatic chromosomes numbers, TL: length of Genome, LA: Long Arm,
SA: Short Arm, AR: Arm Ratio, CI: Centromere Index, L%- Relative Length of Long Arm, S%- Relative Length of Short Arm, As:
Intra-chromosome asymmetry Index, Az: Inter-chromosome asymmetry Index, DRL: Difference of Relative Length, TF%: total

form percentage, KF: Karyotype Formula (m: metacentric, Sm: sub-metacentric, St: sub-telocentric).
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