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Abstract

Objective

The first step in understanding a species’ genome is to study the number and shape of its
chromosomes. Determining the relationship between species of a genus, traits such as
chromosome morphology, absolute chromosome size, diversity in coloring, centromere position
chromosome base number, and numbers of satellites must be considered. This study aimed to
investigate cytogenetic diversity and to determine the relationship between native garlic ecotypes
of Iran (Shahroud, Bojnurd, Mashhad, Birjand, Talish) with foreign specimens (originated from
Turkmenistan, Azerbaijan, Tajikistan) and to prepare genome analysis based on chromosomal
information.

Materials and methods

From the mitotic cells in the metaphase stage, which were prepared from the terminal meristem
of the root and stained with acetoorcein, five suitable metaphase cells were selected and the length
of short and long arms and the total length of chromosomes were measured using Karyotype
Analysis Software (ver.1.5). Data were analyzed by JMP8 statistical software in an unbalanced
completely randomized design. Mean comparisons were performed by Duncan test. To classify
ecotypes, based on all chromosomal parameters, cluster analysis was performed using the Ward

method.
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Results

The results showed that the basic number of chromosomes in Turkmenistan and Bojnurd ecotypes
was x=7, 2n=2x=14, and in other ecotypes x=8, 2n=2x=16. Short arm length, long arm length,
and total chromosome length were significantly different (P<0.01) between ecotypes. Cluster
analysis divided the ecotypes into two groups. Minimum Euclidean distance observed between
Azerbaijan and Talish ecotypes, the smallest chromosome belonged to Mashhad and the largest
chromosome belonged to Shahroud. The most symmetric karyotype was Azerbaijan and the most
asymmetric karyotype was the Shahroud ecotype.

Conclusions

The results showed that the differences in the number of chromosomes could be explained by
Robertsonian translocations. It seems that the ecotypes with 2n=2x=14 chromosomes had more
antiquity, and the ecotypes with 16 chromosomes originated from them. Considering that the
Bojnourd ecotype with 14 chromosomes this region could be possibly introduced as the oldest
origin or nuclear center of variation for garlic in Iran. Chromosomes also differ in the size and
location of the centromere, which is due to chromosomal breakdown and the formation of a new
structure in their reconnections. This study revealed which ecotypes are distant among the studied
ecotypes, and also showed to produce possible future hybrids, in which direction will be more
successful.
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Figure 1. Metaphase cells (A),karyogram (B) and ideogram (C) in studied garlic ecotypes.

1-Mashhad 2-Tajikistan 3-Azerbaijan 4-Talish 5-Shahroud 6-Birjand 7-Turkmenistan
8-Bojnurd

0 0L SacigsT )3 (g )5 Slhio (x0be dmglie ) Jga

Table 3. Karyotype mean comparisons in garlic ecotypes
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12 Coefficient of variation of centromeric index

13 standard deviation of difference arms

14 Standard deviation of centromer index

15 Coefficient of variation of chromosomes length
16 Degree of asymmetry of karyotype

17 Index of karyotype symmetry

18 Value of ratio choromatin
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Figure 2. Dendrogram of cluster analysis by Ward's method based on 27 Karyotype index
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Figure 3. Dispersion of Iranian garlic ecotypes and foreign specimens based on Total form

percent (TF%), Inter chromosomal asymmetry index (A2) and Intra chromosomal

asymmetry index (Al)
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Figure 4. Dispersion of Iranian garlic ecotypes and foreign specimens based on Intra

chromosomal asymmetry index (A1) and Inter chromosomal asymmetry index (A2)
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Table 4. Average of some karyotype indices

Karyotype

youp TF% CI Al A2 Ai  Rec 2n ey
formula

10mdsm 4219 415 027 019 311 7628 14 Bojnurd 295

14m+2sm 4347 43.12 022 0.16 215 7956 16  Azerbaijan ‘_‘;l?.?.le)ﬂ
14m+2sm 4193 4160 0.26 0.14 2.42 80.02 16 Mashhad Lo
10m4sm 4194 4121 027 0.15 3.04 8138 14 Turkmenistan  liwioS s

14m+2sm  40.53 40.39 0.30 0.16 293 81.68 16  Tajikistan OlSa b

14m+2sm 43.99 43.46 0.21 0.17 219 09278 16 Talish ol
10m+4sm+2st 4251 4194 025 0.18 3.32 80.56 16 Shahroud 39,00
14m+2sm 4250 4198 0.23 0.17 265 80.71 16 Birjand e g
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20 duplication
21 Translocation
A\

Agricultural Biotechnology Journal;Print ISSN: 2228-6705, Electronic ISSN: 2228-6500



B L R L R R L R

V€)Y cdb&o&gd,ﬁ.&g

L O L e . R R R R R R R S

@ Cawl 0a oanlie 2NT2X=14 55000 CuisS| )3 Sl 4 dngi b g wilodel 39340 Ll 51 2N=2X=16 clacuisST ¢ 25>
| cde Glgice Wpgiges,S olass 3 SMBIL alally )3 el s Jitio bl plow 4y (pldlyin adbate cpl 5l a0 s
53 4 a5 Conl 4t Sd pog il Jome 1 2N=2X=LA 8565 13 pojgng)S Sy aSil (im iy T gy aluls
Sty Gk 3l €55 allhe I an Lolul g ool 01 agignsS 16 (s )3 S lubiocls b 5 Soyibugh pyjges,S
oo g ojlul Jlas 1 lapgiges,S wiomed Canl Lapgjsag)S (5 pals ldbls )3 g9 Elgil (ron S (bl 5 (St
Jha o pp 05lg0 30 i Hlidle dbul g (095505,5 Cun S5 Cglas ol e a8 WHls Cglay uSG b yeg il (5,048
ol el ol () 53 U5 392 Lol Bl oo GBI iz e S s Logas pos S5 (555l 13 2 STl gl
i e gl mly (35083 ol by et (glnaly g digd 5> 1S oo olyd 35 |y Sy et (glbaty g dgd B )
29> gl ol (Lt Gaos ol il J15y58 0 (63b5 Conl ) o Sl Sl (5ld e e 5 (s ST
Cugn (Sl o0 pliS )3 (g Jloinl (loy pua g sl Clidiod pll Sl g Wil () 3590 slacissT Gl

S oo ol B 1) oyt
shal 2 sgme Coles bl 4y spdio (58 oS> (655l 0uSil gy pyme Chglee 3115 ] 35w bpww

D9 o0 6l Rulew (ol g g)lbbo slajlas )l by pyiee yols Sl g pole imgh

&l

(Trifolium sp.) jas uir odisS 5l (S (K5Il iz (VTAD) ke il puomatin (g jbrmodljplu

ol ol Lzl alS Sjsis 2l clads) (WAY) jpaie siel (lyes olille
Ao (wed,d ol cl)lial . alS st (VWAR) fpwoce Lidgeme ((gipe (Joub cdase (ou)ld
L)"’L"‘)" (A”lum SatiVUm) LJI)"‘ o (PY LSL‘N")?:" L;;w) E95 (wix (\Y"\Y) Ve 539)‘.6.4‘3 O.)I).k_iLo ‘rcLe‘Jl u_:s.o;u

FYVIN (F) A L ingh Sj gy gole alomo . (90, 5 (St Sluogad
References
Alishah O, Omidi M (2008) Laboratory methods in cytogenetics, Tehran University Press, pp.69-
82 (In Persian)
Akhavan A, Saeidi H, Zarr Sh, Rahiminejad MR (2015) Chromosome numbers and karyotype
features of selected species of Allium L. (Amaryllidaceae) sect. Acanthoprason in Iran. The
Iranian J Botany 21(2), 158-164.

22 Robertsonian translocation
yv

Agricultural Biotechnology Journal;Print ISSN: 2228-6705, Electronic ISSN: 2228-6500



B L R L R R L R

(VEY sl o lowd V€ 0,93) (559l (559G gt o

-JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF-

Banerjee N (1980) Chromosome studies in some species of Allium. J Indian National Science
23,35-67.

Bauchan G R, Hossain M A (1998) Karyotypic analysis of N-banded chromosomes of diploid
alfalfa: Medicago sativa ssp. caerulea and ssp. falcata and their hybrid. J Heredity 88(6),
533-537.

Cortes F, Gonzalez-Gil G, Hazen, M J (1983) C-banding and sister chromatid exchanges in three
species of the genus Allium (A. cepa, A. ascalonicum and A. sativum). J Caryologia 36(3),
203-210.

Cortes F, Escalza P (1986) Analysis of different banding patterns and late replicating regions in
chromosomes of Allium cepa, A. sativum and A. nigrum. J Genetica 71(1), 39-46.

Donsakul T, Phornphisutthimas S (2010) Karyotypes of six species in Allium (Alliaceae) in
Thailand. J Naresuan Univ 18, 34-39.

Farsi M, Ghaboli M, Mahmoudnia M (2010) Plant Cytogenetics. Ferdowsi University of
Mashhad, (In Persian)

Hesamzadeh Hejazi S M, Ziaei Nasab, M (2007) Cytogenetic study on several species of
Hedysarum in natural gene bank of Iran. J Rangelands and Forest Plant Breeding and
Genetic Research 15(2), 85-94. (In Persian)

Gunjan K, Roy B K (2010) Karyotype studies in dominant species of Aloe from eastern India.
J Caryologia 63(1), 41-49.

Levan A (1935) Cytological studies in Allium, VI the chromosome morphology of some diploid
species of Allium. J Hereditas 20(3), 289-330.

Oroji Salmasi K, Javadi H, Miri S M (2019) Karyotype analysis of some Allium species in Iran.
J Plant Physiology and Breeding 9 (2), 115-127.

Peruzzi L, Leitch | J, Caparelli K F (2009) Chromosome diversity and evolution in Liliaceae.
J Annals of Botany103(3), 459-475.

Mollafilabi A, Hosseini M, Moosapour S (2005) Garlic agronomy (Allium sativum L.).

Didactic Issue of Jihad, Iran. (In Persian)

Saensouk S, Saensouk P (2021) Karyotype analysis of three species of Allium (Amaryllidaceae)
from Thailand Biodiversitas. J Biological Diversity 22(8)

Sheidai M, Zogagi-far S, Khanafshar S, Zehzad B (2002) Karyotypic study in some Iranian
species and populations of Tulipa L. (Liliaceae). J Caryologia 55(1), 81-89.

Stebbins GL (1971) Chromosomal Evolution in Higher Plants. Addison Wesley Publishing Co.,
CA.

YA

Agricultural Biotechnology Journal;Print ISSN: 2228-6705, Electronic ISSN: 2228-6500



Wajahatullah MK, Vahidy AA (1990) Karyotyping and localization of nucleolarorganizer regions
in Garlic, ( Allium sativum L ). J Cytologia 55(3), 501-504.

Yaghoobi E, Malekzadeh-Shafarodi S (2014) Genetic variation of Iranian ecotypes of Garlic
(Allium sp.) using karyotype analysis. J Modern Genetic 4(8), 411-422. (In Persian)
Yuzbasioglu D,Unal F (2004) Karyotiping, C-and Nor banding of Allium Sativum inturkey.

Pakistan J Botany 36(2), 343-349I.

A}

Agricultural Biotechnology Journal;Print ISSN: 2228-6705, Electronic ISSN: 2228-6500


http://www.google.com/url?sa=t&rct=j&q=pak.%20j.%20bot&source=web&cd=2&cad=rja&sqi=2&ved=0CC8QFjAB&url=http%3A%2F%2Fwww.pakbs.org%2Fpjbot%2Fpjhtmls%2FPJB.html&ei=YU2qUe63LajD4AOFw4DoBg&usg=AFQjCNHIe5EDOsgD3BCNiIyV3Kt9Rnd8_A&bvm=bv.47244034,d.dmg

B L R L R R L R

(VEY sl o lowd V€ 0,93) (559l (559G gt o

-JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJF-

S

Agricultural Biotechnology Journal;Print ISSN: 2228-6705, Electronic ISSN: 2228-6500



