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Abstract
Background and Objectives
Allium sativum is one of the most important, mostly used economical vegetable plants in
Iran. Chromosome analysis or karyotyping is a test that evaluates the number and structure
of chromosomes to study evolution. The present study was carried out to explore the
cytological features, including chromosome number and karyotypic characteristics in a local

cultivar of Allium sativum L., north of Iran (Gorgan, Sari, and Rasht accessions).

Materials and Methods

The root tip cells were treated first with 0.002 mol-L™' 8-hydroxyquinoline for 4 h at 4°C and
then fixed for 24 h in fixative (1:3 glacial acetic acid/absolute alcohol) at 4°C. Finally, the
root tips were softened with 1 M hydrochloric acid at room temperature for 8 min and
stained for 10 min with acceto orcein 2% before being squashed between a glass slide and a
coverslip. Root tip cells photographed at mitosis metaphase, which had well-separated
chromosomes and a clear centromere. Long arm, short arm, the ratio of long arm to short
arm, and chromosome index of mitotic chromosomes were calculated from metaphase
plates. Figures summarized the idiogram for the three garlic accessions, based on the eight
pairs of chromosomes’ short arm order length.

Results

Basic chromosome number was confirmed as x = 8 (2n = 2x = 16). All the studied accessions
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cytotypes were diploid. The largest chromosome length belonged to Gorgan accesion as
amount 169.51 micrometers, and the smallest chromosome length was obtained in Rasht
accesion as amount 136.57 micrometers. The long arm of the chromosome was recorded
between 4.85 to 6 micrometers. The short arm of the chromosome was measured between 3.18
to 3.80 micrometers. The Metaphase karyotype analysis revealed that centromeres were
mainly located at the middle (metacentric - m) or near the middle (submetacentric - sm) of
chromosomes. The chromosomes are arranged in decreasing order for short arm length, and
the karyotype formula was obtained 12m+4sm for all accessions. Chromosomes 13 to 16 were
submetacentric for both Gorgan and Rasht accessions. Submetacenteric Chromosomes were
observed on chromosomes number 11-12 and 15-16 for Sari accesion. Three of the studied
accessions were evolutionary located in one level according to asymmetrical karyotype, the

value of TF% and separating to 2B classes based on Stebbins categories.

Discussion

Regarding asymmetric karyotype and according to interchromosomal asymmetry (A2) as well
as difference between the range of relative length (DRL), the most were found in Rasht
accession (A2=0.34; DRL=6.99). A2 and DRL are two aspects of karyotype asymmetry related
to shifts of the centromere position from the median to terminal or subterminal. The
karyological data provide a comprehensive cytogenetic resource useful in cytotaxonomic
research and assessment of their role in the evolution of Garlic. This resource can help better
understand the taxonomy, evolution, and speciation in the genus Allium and identify

candidate species for breeding programs.

Keywords: Chromosome, Cytogenetic, Diploid, Metacentric, Mitosis



YA Ve le ) oples FF uls ( alE il 5

[ i gy Allia

Plant Prod., 2021, 44(1), 37-50 ISSN (P): 2588-543X
http://plantproduction.scu.ac.ir// ISSN (E): 2588-5979

O|J._a.| JL.a (Allium sativum) e Lg‘.ho:j ‘#U,&)L{ axJlae

"G;.,’L:.}#lf"wﬂ JW‘,’&;A]:.A.A‘ *\c:|j6)my :\‘,q-..\:.w

Ol OSSO E ab mlin 5 (5555058 oo oty ¢ ALE 5 0aStils ¢ JL2l sl 09,8 5lstiml i s oy 57 -
(mousavizadeh@gau.ac.ir)

U1l W85 OB F b wlio 5 (65,51 p5ke ol ( AlE 5 0aSils ¢ GLel pke 05,5 (L sleul -

Ul O 5 O 5 ack wlis 5 (555518 sk o8tils (ol 1l 5 0aSils ¢ Sl p e 05 o5l ¥

WAV iy fu b VWAV VYO 1l 5 b

oS

- *

oKils 53 VPRV Jlu 3 () Jlao )l 5 6ol 59w O 8 Wi o) O Sl jn Jous (SB35 b g2 58" 5o S50
At/ Lty o8 o5 oLgt o2 0 GalaT plowil (6150108 ,5 515 oy 2530 O 8 imc pilin 5 (555587 ke
3 8 (55T 5 o 55 55 sl 51 o3kizal b 5 b sled 31,8 o aom 53 Sl e 53 Sl Sl ety o 557 (oS 55
2 (20=2X=16) X=8 Ctia 4 0953098 Sal Uk doslons (035 309,5 S @S 5 (Sol3 2 oS siae SBlie o 53 Lad shos
23035509, dsb 0 56K oS 3 08 S 035 4 Glata (209 Sa VPA/ON) 95909 8 g 08 55008 8 515l 35 90 S sl
L (5 jmmtin) Loy 53 odas 5 sboats Wy g 5l 457 513 085 6lka (ol g 587 56T .65 8 8 (rag SCn WH/OY) by 03 55
Jgap 3 B 5 0 o5 5 6050 b LS g 53 Lapasns S sl 55 p 0550 S (&5 i) Loy o555
3 &S el Cbiy g OLE S 035 93 (61 VP 6 AW (slap g gag S el oy Laos 5 plas gl 12m+dsm sy )18
pre gl pasLd 4o 5 bk ol (65lw 03,55 (61 1710 5 Y=Y led (slap a5 sns S 605 &S il glapsjgns S
S 93 AT a5 S gy 1 3538 03 5 o ¢ Gl (St 2B WS 53 (5,8 515 9 T ISKE oy 333008 o L 51 0,
8553 &l (Nl (Gaals 53 45T S o ol b (K5 gt OAEMbI 1 maler it ¢ 26 525187 (Glaols 5,8 o 515 e
38 or 03lizd T i 53 6,8 IS8 5 JalSS sl

55 S akia cp g5 g0 3,5 S5 g (i shy> a3l glS”

0355235 S35 55 Sl 03V K ol 505Tok deie
gs‘”)ﬂ‘:*é’.'u)lz’“dﬁf“\?i‘)‘g;io‘};’“. “U‘J;@ Lg:\}lgjadw\aﬁy@&jﬁ-qgj}ai
Sledbs| .(Stebbins, 1971) b é:a}s}“fl: Ly, Ch‘” P sas 6_:,\5 Sl s c@\.f §;'j

S Gl slapsins S Sl 5 3l 4 L o L3 o e 3 U0 sl S s 5 s sk

L5 35S sy s S S 1 5 P U I i WA E N g e T


http://plantproduction.scu.ac.ir/
mailto:mousavizadeh@gau.ac.ir
https://orcid.org/0000-0002-2549-5906

. g 6Lﬁhcéj &{‘Uﬁ)lf axdloe ZQ‘)&«JA} u}‘)'d}.w}a 2 .

S odi i) F uaes (Verma and Mittal, 1978)
P59 S i sler Gl e "(Deshi) " 4 s
S0 5 K e Sl o505 8 Sk s K jrnlie
sl 53 (Ramesh, 2015) &l &6 i sl Ol i
5 lio p o5 Sl e slppsssns S JEE
S o3 8 35S 5 eddshypend & kil
B /O 05 gm0 53 o Slapsjsas S A 555L sk
Yuzbasioglu and Unal, ) u_sb s 12es S #7194
(s DMl e Comar ey 658 55 (2004
5 sr &5Bke lad ke 53 Oldes 5 0l S (S,
Slio Lol lacures o 45 Sl ol )18
50U a5l dsb s 6556 Jsb sz S Jsb
22 ol e M p g5 5a5 S oy ol S oo b
635L b S Slis Bt 1 5 ds 3 S rlans
3 s J b o3 Ol Al (6551 4 ol S
0955 035 )Ll Gl o505 S op 5eSe S
s bty 5 ST JSCs ds s (s 505 S
= Jlanl o 55 (65l me M Al (6550
E=5 25y A sn ol il 4S 55l5 5 5y Ao
Al oo o 50 Sl lane 55 (09555 S
3 Lap)'y,; slaws 3 sles (Gheyrati et al., 2018)
Sl Ol o o 5m Sle 5 (e 5 4
el § o 505 5 e S omer m Sl 0 e
sl sde 4 S sl L 0T bl yomulass §
5 @N=2X=14) Y 5, 5oy ow S ST 55 095505 S
Yaghoobi ) 4ib e 2n=2x=16) A L5 S 5Lu 55
.(and Malekzadeh, 2013
5SS B § 5 635 ol Sl
B8 Do g i il GG et b
G S o558 b gt Slaanlllas o 4 J5
Sl GOkl .l s ol g (S 2] S5
Sl dizen 55587 53 o A 5 e S0 Ol gty
saom) 3 14 S 13 adlllae 35 5m gnssns S A

S g Dl o gy p ¢ pl G I ks

Ol 5o Wl 5 o 5 S g0 Wl o 8l 3 s )
Slres S JolSS 5 35 5ks 4 o 55 S ol
Sheidai et al., 2003 and ) 43l - ,das (Ll 5>
b g5 56 g Do IS oy (2002
L 0 i Sl 3 B 035 e
23 352 5o (S35 F 355 53 (5,1 L OLedlbl
5 05 S5 s 6 e slate g 5 a8
Hesamzadeh-Hejazi and Ziaeinasab, 2007; ) 5,1
Ll S SULS ~Oal o .(Chehrazi et al., 2012
T P PR A NS P BE S P T
Sesle o e 53 Sledbl ol 3L (K5 g
O, 55 5 Lapsisns S g 5 ol (st Sy S
Omidi et al., ) Cul b Jus o 53 b 5 0555 53 LOT
S5 el (g5l J s o (glap s g0 S (2014
I Kb ol |y Dl o555 5 5gb 45 dian
ol 5 Lagsl Cassy g Olejlw bl s O ks
SSES F 5 5 a5 53 (S o se Bpsisas S
53 p sl cad> s (Omidi et al., 2014) 545
Sy 5 IS ol s (5 S K o) ALl
Sl baale ool 5550 Cl {)Téurjjjﬁj;
Clalamer 5 LS S awlis 0S5 55 0 LT
PSS S 05z a5 @alp b ol 50T
il S o Ay OT 9348 aoes 655 4 st
L 4SSl bl a3 5 s o OLES 5 glize
5 e gladn s slanl OLSGl cLadust| 2155
LapsssnsS 5heasls sy ALS melsz 55 21565
S5 55 0 b e Bl Jo 55 KL Ol 5o
o by e S5 Oledbl a8 54 i e eslitel O
Swanson et al., 1981; ) & y& oo Joli 15 olE o5 45
AL . (Zahedi et al., 2018; Safari et al., 2008

(2n=2X:16) A 6.0‘5)'}_»‘5; 4;_\.1 dde Lv gs"".’.b) U.LLG
Ramesh, 2015; Verma and Mittal, 1978) .l

s 03 e s sms S S J b .(Osman et al., 2007;
Sl 0 Olo 205 e YIA/FA B VOV/VS 03 gdoes 3



&) Ve le ) oples FF uls ( alE il 5

NEEC Y U PR | [PPPUNDY N W31 NNy
.(Mousavizadeh et al., 2016 and 2017)

ids V0 B0 St 4 baady ) Gl i bl 3
O ol YF oo s 5 0kiionls gizud e T L
3 Jlgr slas 53 (L&) 0diS ot J pdoms
G ol oS s J s b3 8 Jie ol § e
45 J U1 JSU o 4 5 Sl Sl sl o
(Swanson et al.,, 1981) Cul (¥:) Cmd a0) o s
VoD el oS s Jglome Sl g 5 ey el
L 03, St 1 oy oyt e T 4ids
4y Ve J_QI Sl sl ks ys Ao Slo S
Y slas 5 sl CK;A B L o merwr ik 0313 3
..,\J.J.&Lg)\.,\.@.iidlaég):ﬂ;&b@);bb

Lol &S5 IS g 5 I shoms Sl laat s g sn (s
BUIT gles 53 aids Coia S 40 Jbe 5 S (HCL)
.(Mousavizadeh et al., 2016) L oLz

Sdrais) g o—dlad 5 s 5l ey
g 5 iy as 4SS eslatul Aoy 95 e yS sl
Sl 1y IS Sl dal 2 o $0 Il 133 8 o
e )lS sl 335 0,8 53 e o T 3o G o3l
035531 OT & i T 2 oo 00 aslsl 53 b Ll OT &
2505 55 (Slo JEE SIOT I sy b e3jen 5
ol s s aaiy s s 8 (g dlosey J51s
Sy oy, b s 53 s oS gt | e
OT 4 o855 51 den 535 &S oals 51,5 6 8
.(Mousavizadeh et al., 2016) 15 § &Ll

Sl o5 S sy A1 Sl
L s 855 o3 oY S (555 Aoy FO JLadE
S 55 ke 93 L S0 ISl L 55 55 5l eolisl
JeY dolidly 5 e3ls 513 0¥ (655 505 8 ols ks
Qs ey g Mo S b 00y )l 5 a5l (69,
T 85 sl b oY 5 55 a5 ad sl
2503 s edila on Sl adsha B db esj 4,0 JoY &
(Mousavizadeh et al., 2017) & 43 i3 |oY

L o Sy S 5 53 0 35S0l oY

Sose O Tt ) 011 s o (5ls e

L fay 9l

A 1

A&uﬂ)g\ﬂ\dw@yﬂﬁsaéjﬁw
LSLAJG—‘:‘)‘ (\;—ﬂ:“) dl‘}_o)‘)é)l_w Ls.;')H cd\ff
Lk (55T maz 5 S s
b o 03,5 Jlaay

o S gt b Spie s I m odd il (sla
—6 % o9, b s aiss 10 Q,u@u);eﬁiv,_,u
jou\.i:aébj‘j; u)bjn u’.ﬁLéu\.FL{Lg}B- Jf_j:""‘ L
(ERE R Lg)u@is R4 "qu;:‘.l”’ a=,3 YF ey s
G Bl o7 sy ge (gla s 305 plonil asats
ploml Cgar 5 0ld OL LS LOT araiy;y 5l e e
L axrain) Ll e 5 Sl (5 st 23T
.u\p; fd J.:}li.wl

- =

ST 5 sled Sy
I 3,8 Jmdealy &S g ey C b 4 S
ol 53255 6,8 Slr sk i 4 g 5500 S S
5 odle Bl (5ldbe amio 53 Lnp g0 S D)5
Cpa il Al g aalllas 6l o 1) Ll yd S lie
«(Colchicin) pew alS" ale glad OLS 5 51 ki
LT 5 B-Hydroxyquinolin) :J 55 S S 5,48 —A
23 .5 55 oo o3zl (Bromonaphthalene) -Jts e s 5
CLle o 50 S S aoha A S addlas
- N EPURRERK PR S PRI
Sty oS 55 03,8 by ol gt o 3L g2
Y s el o W BA Sl o sla B3
wdls b oas s 5l 5y se sbaads )l e sl OB
T ARV P PSRRI U P
et il 53l 5 5k a5 J g o 5
33 i T U phind I L odidad § (glaadsy (ke
Sl e (I ST (S g paA N e o/ Y gl
c:ljfgﬁb a5 Hlgz b b dlmses 055 55 Sl



. 6Lﬁhcéj &{‘Uﬁ)lf axdloe ZQ‘)&«JA} u}‘)'d}.w}a 2Y

n

Zii
g A1=1- SE ST P
X n

2

A=

SM\_{CJ_bj\cﬂe:}JuL;)L»TMLLLS\ﬁ
L 55 a0l amlie s oslizal 1S3 Jler b dslad
plosil Ao 3 ety Jlezs| o 5 13 0 93T Sl eslizul
3 ST slaaulowe 61 SAS 9.1 58l 5. os
> 8 o3l bals gas v 51 EXCEI 2016 13l 5

Cou g guls

O 8 i o 03 5 (S5 st S o

As o 035 53 0 kel (Slap g5 g0 s S ol
Gz 93458 ol 45 sl W 2n=2x=16 OLE S
Lapsssns S o3l G b 51 (5 ) pan) Lo 5505 8
VP U e, ki L;LA(:))'}AJ;J Sl 0sld yase LS
L3 S labie Lap g sas S 4k 5 & mlalie Sl
s S O 555y S S Jpb o S S
5 e S YIVO Al (55l b op 5SS S
3551t s S V70 o S S5l p peSn S
WD« g5 a3 S S dsb oy 568550 8
3 s SNV uh 535k Uob o 5 55 e S
8 355T 5 s Sn O S (553k 0 555
58S 65 S (Y 5 sla IS8 5 ) Jsutr)
235l 53 45 Lol o 0313 QLS apsjpes S 5,5
Dlie a2 () Jsds) Sl sl Twsa Y/FA G V/0
FaS Dl a0l 558 S5 er 4 el ol
.w‘%Uﬁ)KmO)u}'}ur)jy};cjlv\}‘L'x;'
Sl (Fo30 g 035 (S g Sl g

s 0355 53 0db sl (lap g s Sl
Jsb 5SS dib 0 2n=2X=16 ()l S50
Jsb p S S ¢ pag Sa 00 p355a3 S JS
oL S 635k eSS 5 s S VYA A (555L
JS Jsb p 5855 a5 8 5557 1 s Sen YITY
6330 Jsb on S 55 e S VYIRS g5 5m5 S
DY oL S 6351 op 58 550 5 ymas Sen VIFY
(F 5¥ 6l IS 5 Y Jgir) 43,8 5557 5 e S

i s Y L) A ) T L) LS
Ly mlin Lbn oy Sl oy 5 0l 51,5 (Ve
Cogr (V0 i 5 V0 b ko) Vo LS5
100X oL 5 55 ds 8 osliul b3 0 WSe
55 Sl ) s CnS 3l (6,8 e g
oo sllan Slad s (8L 51 g 03 5 0lise] O g o
S gas Sl S 93 b g (g1 S ol
5 e i Sl il
28 Sl 5 4 52

&3k (sl o So (o5 52 ) o 5 4 2 61
g kS 0,3 MNP gy S g Ol Clin
plal p5Y sl S e 31051 Micromeasure S3les b
U5l Sl (gLl G 035 8 51ds S
35k 5 eSe S Isb L) 53k o 5855 sk Juls
J5 ds b dCL) 3553 S dsb KL (S)
oS 4 il (6 55k o ke (TCL) 55505 S
S35k Coed Sy & (C1) 5 05500 sl 5 (LIS)
A3 S (S o3l pgjges S IS Jsb 4 olisS
3 S o i Jsb s Ve e
Sl 3 S alos (DRL) 355055 0 eSS
A oslina Olsd g) 51 Lp 5505 S ¢ 5 e
as b g5 Jyd leslecul L .(Levan et al., 1964)
(’L?'J‘ Laos g (g WIS (Stebbins, 1971) ol
Jo3 b bl )8 0y O)lial e ls .28 8
.(Yaghoobi and Malekzadeh, 2013) .s acwsl>es

L slagil JS sk ¢ s

Ask% = SRR
p35509,5 JS b g yemes

Jmd dsap L (TF%) QU5 )8 S S oo
(Huziwara, 1962) i acwsl>es

Jsb goemelpasses S JS dsb g gome) X N0
IS UK oy = (LS slagsl JS

(AD) (0955055 0503 05 )b Lasls el )l
Ly aS(A2) 953055 o 035 Ol esls g

(Romero-Zarco, 1986) Lté awle 55 sl se



&y

Ve le ) oples FF uls ( alE il 5

Table 1. Garlic chromosomes morphology in White variety of Gorgan accesion

Chromosome

Long arm

Shortarm

Total length

Centromer Index

number (um) (um) (um) Arm ratio (short/long+short) Karyotype
1 8.10£0.87 541+£0.77 1350+1.24 150+0.11 0.40 £0.02 m
2 8.36 £0.72 5.05+£0.79 13.41+1.23 166+0.16 0.38£0.03 m
3 7.93+ 1.05 4.95+0.43 12.88+1.92 1.60+0.05 0.38£0.01 m
4 8.10+1.32 4,88 £0.47 1298 +247 1.66+0.12 0.38£0.02 m
5 7.28+1.16 4,76 £0.51 12.03+2.63 1.53+0.17 0.40£0.03 m
6 7.35+1.03 452 +£0.53 11.87+£250 1.63+0.14 0.38 £ 0.02 m
7 6.02+ 0.13 3.98 £ 0.39 10.00£0.79 1.51+0.10 0.40 £ 0.02 m
8 6.08 £0.10 3.88+£0.42 9.96+0.92 1.57x0.05 0.39+£0.01 m
9 5.62 +£0.29 3.58 +0.62 9.21+0.90 1.57x0.20 0.39+£0.03 m
10 5.48 £0.20 3.54+£0.58 9.02+056 1.55%0.28 0.39+£0.04 m
11 5.36 £1.20 3.43+£0.84 8.79+£164 156042 0.39 £0.06 m
12 5.34+ 1.37 3.29£0.96 8.63+£187 1.62+051 0.38£0.07 m
13 555+1.34 2.92 +0.45 8.46+090 1.90zx0.17 0.34 £0.03 sm
14 5.14+0.19 2.85+0.45 799+227 1.80x0.38 0.36 £ 0.12 sm
15 3.75+£0.33 1.65+0.17 540+048 2.27x0.15 0.31+£0.01 sm
16 3.81+£0.20 1.60 £0.27 541+046 2.38x0.36 0.30 £ 0.03 sm

Sub-metacentric = Sm

Figure 1. Mit

osis of Garlic., Gorgan white a

Metacentric = M

.

Long arm

The + symbole represent the standard deviation of the mean.
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Figure 2. Idiograms of hoploid chromosomes of Garlic., Gorgan white accession, at metaphase
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Table 2. Garlic chromosomes morphology in Pink variety of Sari accesion
Chromoso Long arm Shortarm Total length Arm ratio Centromer Index Karyotype
me number (um) (um) (um) (short/long+short)
1 7.32+£0.69 517+0.62 12.49+1.28 1.41+£0.08 0.41+£0.01 m
2 7.01+0.86 510+£0.60 12.11+1.45 1.38£0.04 0.42+£0.01 m
3 6.99 + 0.49 482+048 11.81+0.51 145+£0.21 0.41+£0.03 m
4 6.89 + 0.52 474+049 11.62+0.64 145+£0.21 0.41+£0.03 m
5 6.00 £ 0.83 436+054 10.36 +£0.97 1.38£0.28 0.42 £ 0.05 m
6 6.11+1.09 423+059 10.34+1.06 1.45+0.42 0.41 +£0.06 m
7 6.24 £ 0.38 3.76£0.26  10.00 £ 0.60 1.65+0.09 0.37+£0.01 m
8 6.17 £ 0.41 3.65+0.27 9.83+£0.61 1.68+0.11 0.37£0.02 m
9 5.11+£0.33 3.42+0.38 8.53+0.56 1.50+0.16 0.40£0.03 m
10 5.22+041 3.36 £0.35 8.58 £ 0.54 1.55+0.19 0.39+£0.03 m
11 5.39+0.61 3.02 £ 0.06 8.40 + 0.63 1.78+£0.21 0.36 £ 0.03 sm
12 5.38 £ 0.58 3.00 £ 0.07 8.38 £ 0.57 1.80£0.22 0.36 £ 0.03 sm
13 3.98+0.16 2.84 £0.17 6.82 + 0.04 1.40+£0.16 0.42 £0.02 m
14 3.85+0.19 2.77+0.18 6.62 +0.11 1.39+£0.17 0.42 £0.03 m
15 3.49 £ 0.52 1.95+£0.08 5.44 + 0.45 1.79+£0.33 0.35+0.04 sm
16 3.43+0.43 1.91 £0.09 5.35+0.35 1.79+£0.30 0.35+0.04 sm

Sub-metacentric = Sm

Metacentric = M

The + symbole represent the standard deviation of the mean.
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Figure 3. Mitosis of Garlic., Sari pink accession, at metaphase. Scale Bar = 10 um.
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Figure 4. Idiograms of hoploid chromosomes of Garlic., Sari pink accession, at metaphase

Lapasges S 03l G b 31 (653 gon) Lias 55 S

ERARCRR o)wsucjjy};.un\bw

SIS IS SUSTEPIC U QTS UMDY,

St (Y Jgu) Sl a-\.ATC.Mw.M.Z VA G VYA 03 gdoes



¢o Ve le ) oples FF uls ( alE il 5

95503 S el blodd j aslllas 550 035 aw
Ll 63U Jab asdllas ol 55 (F Jgusr) Al saline
(0 Jd) eTowsa s S 6 F/AD o 035335
4S 453 ST i, 5S Yuzbasioglu and Unal (2004)
FIOF 035 53 o Slp s 50,8 b 5550 Jsb
ol sl L aS Ll ey S PN G
$95L Jsb Gheyrati et al. (2018) . ,ls Jl s3ean
NYA 0330 men 5315 o 03 55 gy 95 55 S Ay
sty o 0355 (8l e S Vb Olghol o35 gl
gy sl danillas slalamen (IS sbas s 5T
5 Laws (2n=2x=16) pj}_n,; VP &lyls 5035
Al g sl 55 Sl (ol S s
3503 Ciillae s St plo mls b &8 (0 Jd)
Gheyrati et al.,, 2018; Osman et al., 2007;)
= Ll (Ramesh, 2015 Verma and Mittal, 1978;
4 sls gL Yaghoobi and Malekzadeh (2013)
V3o e oS ST 53 (555 S Al 2le
(2n=2x=16) A L_a5 S| 5w ;5 (2n=2x=14)
el (sl 53 e ld i led (slap ) ges S bl oo
WOV G p 355038 JS Jsb S sba Lo g 55

(F Jader) LTzt ey Sa VF4/0V &

Lapsssns S 4l 5 Slatie Sl 19 510 (oo
(Y Jgder) iz g S5 ilake
Sy G o 035 (K5 s Do g

e 0355 53 0l kel (Slap g gey S S
93 (‘JJHJ; VP &S Wil 0 2n=2X=16 by Sl
$Szd gl L 53 ps5sns ST A 5 Kby el 3L
YIVY 0355055 IS Jsb o 5 oS 57 215 5 e
s Sen YIOF Ll (593 I b o 5SS ¢ s S
3081 s S VN S 55 58S S 5
VYV 5555 S IS sk p 5685 s 8
3 0 S VN Wl (633k b 0 58 550 ¢ ey S
1 8 55T e Sen OOY 6B S 693k (0 55
58S 63k S (7 50 Gla S8 5 Y Jgr)
03 gudome 3 45" Lol ok 0303 LS Lapgjges S 55
S (P Jgds) Cmul odnT S a0 YA L5 V/YA
Lapsssns,S o5t G b 51 (&8 s pan) beas ) gas S
Lo V8 LY oyl slap s sns S ok ool aels
Jsdor) iz gy &S5 mlakin lap g g s S 4k 5 &S slabes
A\
baes 5 G g2 )5 duglitn

= Gl e Ot bl g 4 e amms bl

Table 3. Garlic chromosomes morphology in Purpel variety of Rasht accession

Chromosome  Long arm Shortarm Total length Arm ratio Centromer Index Karyotype
number (um) (um) (um) (short/long+short)
1 7.19+048 553+043 12.71+0.81 1.30+0.09 0.43+£0.02 m
2 7.02+037 546+042 1247+0.79 1.29%0.04 0.44+£0.01 m
3 586+041 394+034 980+x0.66 1.49+0.11 0.40 £ 0.02 m
4 590+045 392+034 983+0.71 150%0.11 0.40 £ 0.02 m
5 6.38+051 3.86+0.38 10.25+0.90 1.65%0.04 0.37 £ 0.005 m
6 6.28+047 380+£041 10.09+0.88 1.65%0.08 0.37+£0.01 m
7 507+037 326+040 833+£0.22 155%0.27 0.39+0.04 m
8 508+0.35 319+038 827+038 159%0.24 0.39+0.04 m
9 433+0.27 301+£033 733x£030 1.44%0.20 0.41+0.03 m
10 429+021 297+030 7.26x0.14 1.45%+0.20 0.41+0.03 m
11 400+053 276+043 6.76+£0.78 1.45+0.23 0.41+0.04 m
12 400+059 269+044 6.70x0.92 1.49+0.20 0.40+£0.03 m
13 358+0.74 207+041 565+115 1.72+0.05 0.37+£0.01 sm
14 357 £082 201+£034 558+116 1.76+0.12 0.36 £0.02 sm
15 256+037 122+0.04 378+x0.36 2.10x+0.36 0.32+£0.03 sm
16 253+024 1.19+£002 372+022 213+0.27 0.32+0.02 sm

Sub-metacentric = Sm

Metacentric =M

The * symbole represent the standard deviation of the mean.



. g 6[.&0:}3' &Uﬁ)g axdloe ZQ‘)&«JA} u}‘jdy}a 2-\

e
L
q b
% ;
- - [
- -_:'ﬁ ‘r
S
2 5t -
=5
o T
- T M
P 2 ‘ -
e *".,:

Figure 5. Mitosis of Garlic., Rasht purpel accession, at metaphase. Scale Bar = 10 um

Rasht accession

:: Long arm %Short arm
5
e
E=) 3
c
Q
gg !
E o
SE
S 2
e L
SE -3
e
O
-5
-7

Figure 6. Idiograms of hoploid chromosomes of Garlic., Rasht purpel accession, at metaphase

Table 4. Analysis of variance of chromosome characteristics in Garlic accessions

SOV df short chromosome long chromosome chromosome long to short Centromer Index
T length length length arm ratio (short/long+short)

Accession 2 041" 133" 1.99 ™ 0.002 ™ 0.00006 "

Error 9 0.114 0.187 0.574 0.018 0.0003

C.V. (%) - 9.56 7.93 8.56 8.61 4.83

Non- Significant, * and **: Significant at 5% and 1% of probability levels, respectively.

Table 5. Mean comparison of chromosome characteristics in Garlic accessions
short chromosome long chromosome ~ Chromosomes  long to shortarm  Centromer Index

Accession length (um) length (um) length (um) ratio (short/long+short)
Gorgan 3.802 6.00% 9.322 1.578 0.392
Sari 3.63%® 5.53%® 9.17%® 1.562 0.392
Rasht 3.18° 4.85° 8.03° 1.602 0.38?

Mean in each column and treatment with the same letter are not significantly different at 5% of probability level-using Duncans
Multiple Range Test.
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Table 6. Characteristics of karyotypes and asymmetry parameters in studied Garlic accessions

o E = g > g > o E
(5] (=] C C M
8 £ 23 882 S8~ <SEZ
. 23 2 £ N £ BS5ET EEY g£9
Accession & @ x SE g o = SES SEF £wE
g& s =2 = Ec §22 BZE £g8
o g g x E = E = a 5 -
Gorgan 16 8 12m+4Sm 169.51 37.78 62.21 0.40 0.26 5.07
Sari 16 8 12m+4Sm 15591 39.63 60.36 0.34 0.25 4.86
Rasht 16 8 12m+4Sm 136.57 39.59 60.40 0.36 0.33 6.99

Sub-metacentric = Sm
Metacentric = M

Table 7. Karyotpe symmetric based on Stebbins categories in Garlic accessions

Shortest chromosome/

Chromosomes ratio whit L/S more than 2

longest chromosome 1 0.51-0.99 0.01-0.5 0.00
>4 4N 2A 1A
2-4 4B 2B 1B
<4 4C 2C 1C
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