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Table 1. Information on herbarium and collection areas of different ecotypes of Allium specimens studied

oslost o < oS 6))1@? %5)}]@’.' Joe s ol el s 3
No. Sect. Species Locality, Herb. voucher  Individuals
collectors number analyzed
1 SHbg Melanocrommum - gipiatum Kurdistan, Saral Area, Kapak Village, Sh. hosseini UOKS510  Astil
2 SUngéC';A (;I?gé)ecrgimjmmyum A. stipitatum Kurdistan, Saral Area, doozakhdare Village, Sh. hosseini UOK-511 Asti2
3 SUngéC',:.A g?ggeigmn%wm A, stipitatum Kurdistan, Saral Area, zardavan, Sh. hosseini UOK-512 Asti3
4 SUbGMEANCCIOMMAM ) it Kurdistan, Saval Area, hezarkanian Village, Sh. hosseini ~~ UOK-513 Asti4
5 Ssggg'm?;%%%on?nr?y%un? A. shatakiense Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-521 Ashatakl
6 o A, shatakiense Kurdistan, Saral Area, Zardavan, Sh. hosseini UOKS522  Ashatak2
7 Sbg Melenocrom™ A hooshidaryae  Kurdisan,Sarl Aves, olcheiar Vilage, S hosseini  UOK-S01 Ahosht.
8 Sugéysgﬂggg’rm%um A. hooshidaryae East Azerbaijan, Bookan road, , Sh. hosseini UOK-502 Ahosh2
9 Sut;géhﬂslsiﬂgggrggxum A hooshidaryae Kurdistan, Marivan road,h I:)as!saet%rizan'Ah abad Village, Sh. ;5 5a Ahosh3
10 Sut;gct“ﬂgggggg;fgggum A. hooshidaryae  Kurdistan, Marivan road, kalatarzan, sooraban, Sh. hosseini UOK-504  Ahosh4
1 Sut;gésﬂ sgﬂgggorrgsrg%um A. hooshidaryae Kurdistan, Saral Area, Kapak Village, Sh. hosseini UOK-505 Ahosh5
12 UG MElarocromn ™ A hooshicaryae Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK506  Ahoshé
13 Sugéysgﬂggg’rm%um A. hooshidaryae Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-507 Ahosh7
14 izgg'%?;%%%ﬁ?ym]n A, saralicum Kurdistan, Saral Area, zardavan, Sh. hosseini UOK-512 Asaral
15 Sslégg.,%?;r;%crgorm;nyﬁunl;n A. saralicum Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-513 Asara2
16 Sslégt(:.].'%ei;r;%%onqﬁnquﬁug A saralicum Kurdistan, Saral Area, janvare Village, Sh. hosseini UOK-514 Asara3
17 iggg'%?;%%%or%nynur? A.saralicum  Kurdistan, Saral Area, hezarkanian Village, Sh. hosseini ~ UOK-515 Asarad
18 Su?gabﬁ:ﬁ%‘ggg?oﬁum A. haemanthoides Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK-531 Ahaeml
19 Su?gd%ggﬂ%%gg?owm A. haemanthoides Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK-533 Ahaem?2
20 S“S&fﬂ:ﬁ%gg?oﬁ“m A ubipetrense  KUrdistan, Marivan road’r'fg'sififnzia””a””at boovillage, Sh. o516 Aubipt
21 Suggétwgﬂ%%sggwm A. ubipetrense Kurdistan, Marivan road,rljglsz;etz?;zian, jannat boo village, Sh. -~ 517 Aubip2
22 SUbS%C',:.A g?ggeigimnpnyum A jesdianum Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-537 Ajesdil
23 SUbgéC’Xl g?gge?;m?nyum A, jesdianum Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-538 Ajesdi2
24 Ssueté? QlllltjnT A. iranicum Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-525 Ail
25 SSLtjat():?A"iilllllTnT A. iranicum Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-526 Ai2
26 %%?S:Cdt::ggrrgﬁrw A. tripedale Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-541 Atripel
27 %%E?N:fg{gg{gﬂm A. tripedale Kurdistan, Saral Area, Zardavan area, Sh. hosseini UOK-542 Atripe2
28 Sslé?:? H%@g&%ﬁ A. tripedale Kurdistan, Saral Area, doozakhdare Village, Sh. hosseini UOK-543 Atripe3
29 Su?g]&\/f(!gg&(gggg&um A kurdestanicum Kurdistan, kamiaran roads,rr]l.JLa; sdsieﬁiictjavaro, tavrivar village, |~ a5 A spl
30 Susegég\/'i‘egggtoh(gsg?o)aum A kurdestanicym  <urdistan, Marivan road,rlfggeta}:]zian, jannat boo village, Sh. -y~ 546 A sp2
31 Su?gdb/fggﬂ%%’gg?o)éum A. kurdestanicum Kurdistan, Saral Area, Zardavan area, Sh. hosseini UOK-547 A.sp3
32 Subg. Melanocrommyum A. kurdestanicum Kurdistan, Saral Area, Zardavan area, Sh. hosseini UOK-548 A spd
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Table 2. Information of primers used and indicators measured in the analysis of ISSR data

3 Jlasl gles
i ST i )
AL Primer Gl S Sl BS PB PP% UB BF | He RP PIC
Marker sequence Annealing
temperature (°C)

ISSR 1 (CAG)5 54.1 500-1700 13 100 1 011 021 0107 101 037
ISSR 2 (AG)SG 50.1 150-1200 18100 4 007 015 0072 1535 0.24
ISSR 3 (AGC)6C 58.5 150-1600 19100 4 008 017 008 157 0.19
ISSR 4 (CT)8GG 52.7 800-1000 2100 1 003 009 003 185 004
ISSR807 (AG)8T 46.1 350-1800 23100 0 032 041 026 82 040
ISSR811 (GA)8C 46.1 350-1600 23100 8 010 018 009 181 042
UBC 808 (AG)SC 46.1 400-2000 23100 1 031 041 026 84 041
UBC 873 (GACA)4 52.2 200-1900 27100 1 036 043 028 745 040
ISSR807+UBC808 (AG)ST; (AG)SC 46.1 400-1700 18100 0 035 044 028 515 043

ol dasls Sl BF dhan o slayly slaws UB ¢ Kaner o5 PP% Sl 5o S slasls slass PB ¢l o511 BS

ASsder Sledbl gl gms PIC  Klis aseis RP w0 K55 20 e li HE 0l
BS: band size; PB: number of polymorphic bands per marker; PP%: percentage of polymorphism; UB: number
of unique bands; BF: frequency of bands; I: Shannon index; He: heterozygous index; Rp: marker detection; PIC:
content Polymorphic information

A”lum M)‘ Q)Lﬂlﬂ 44‘);0 Mjafjd .z\.ﬂ)b '//\))KTJJ 6});50.1,«.3 C‘fd.w\ L;dijNA—\ L}g":/
Figure 1. Genomic DNA extracted on 0.8% agarose gel related to 5 different species of Allium
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Figure 2. Part of 2% agarose gel electrophoresis shows the species diversity within and between species using

UBC873 primer. L: DNA Ladder (50bp)

W


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

L5 elil ool Gl 5 ls o)l alis S Gl
aalae cul 3 sdal Cowsay mld il (Mantel, 1967)
S S (Sowon a2 W Gl s 4l 5
o Vo (Saen 5 o 5l edins UL oS 3 (/AE)
sl A o Sl bl Sosks 5 bt (gl Lo
s bl S ISSR S S eslinal L a1 S5
Asarad s Astid slas ST e 4l do s o ti (s
o by slasSl m cald (p S 5 (Ao YY)
5,50 5 (A, \Y) A iranicum 5 A. trippedale (slas S
A

S sl 0L (F JS2) ol e 4 435 3l bl s
s 3 A3 T8/00 ¢ gema s izl § gl adl e 4w
S YENY e adlie OYVY wlie ol S a1y S
S Ao YYAY 555 o sledas adle J;S)ﬁsry adl 5
Hdgadaz g ) IS ¢ 53

Camdge olal 5 ISSR (glaesls 56T 51 Jol ol S 55
AL el ol 4l b e sad S595850 5 aldA
S S 55t L S piy Candge O s S
Fritsch and ) ol 55 0345050 Slio aly s bkas
50 on) 53 cbimal e ).l GUail (Abbasi, 2013
sl ol Asaral LI, sy bl «S 55 Ahoshl : Jsls
A S 5l G s Astid oS Asarad s S| piomes
25 8 Sl adgt s s Gyt Jl Al (E IS
5 A shatakiense slaa S 51 slac s ST ccwss gad
O 3 e 05 &S ass e el |, A saralicum
A glacs sl (Soadlls s Melanocrommyum
A saralicum s SI L1, Ss5 bl 5 hooshidaryae
A &S slacs S o3 &35 05 5o el o3l OLES

SIA. iranicum 5 Melanocrommyum .- ,, 5 sistipitatum

e 55 i S poo ady Al 3 Allium oo 555
Llsyl 53,5 » » 51, Acanthoprason s Pseudoprason
S il 0dd bl Gl 3 i g3 ol Son3
O s o) B Gbas Sl a by ese
Sosyp o bliyl asgs 2T .ol Nectaroscordum

> »3 3 Procerallium s Melanocrommyum (sls s

Y

e gl p AllIUM L. iom 51 gk S (S5 p 95 s

o g mll

GAU S S 2ty o 5y cpl Sy ol sy bt
A ol il S s sy e (Sl
Wl ol eals QL3 Y KS 55 ISSRB73. Sl a4
LA ey 5 (Pl jasia 5 =2l )5 VT 6 oo
220k skl (slals o3ll 5 s S o ples oS
Glajls sl sy ke b Yeoo BVOr oy s
Sy e ol W B Y o Sl 8 gy ek asslad
Gl Sl 5 s syl WE bls 5 sl Lawsie

() oy S 5 (YY) o i glls s 54 ISSR4 5 ISSR873
Sl bk Aoy sy JShder add 5SS 15 sl
o SV K55 55 W5 o8 35 dops Vor o ST pls
asllles 3550 (lag S s 53 (Y Jsdor) das 0L | a3 8]
barp S5 Sl Kok S5 WL ISSRL S
Y 5 \A L s 54 ISSRBLL 5 ISSR2 (sl Silis 5 (bpier)
R feS o oS Kag ler g g Sula gl plS a5
Sy sls olantl 3w |y ke g g S op i
ok 5 55 3 OGS ST S s keay
S5 3 Gl cacs S aw S 53 s OF olans
s |y bea g lg slaas o 230 A hooshidaryae

(PIC) iy el (gl e o S5 655 b5l 8z
S St Sl Ol b SIS 8 (gl
3 il (sla LS aglis g ge sla s
(Santhosh et al., 2009) 35, » Jleda ol pls oy
Sl eps 5 edd glubis T sl bl ,PIC s
Vs Slas ol GV slie 355 o dalons Camar 53 a0
S 3 o 3 Sl oKl K sl Mok
YLPIC L ols Sl oyl gl ols gl 28 5131 pla
ReN ) o dde o35 (s slis o Sl 55 kel (ol
S o Ol atld ) ale .(and Timko, 2001
S oS 3y e AT L rE o PIC p3lie a5
L ISSR 807+808 5 . =S L ISSR4 (sla Slis 4 by e
2y M (p Rl

ol adllens s oS S ladi s shies
Jole gl izl ISSR Kl 5l fol= (slaesls s jile


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

Vere /X UL,,.://\.\.L;/@S K3 sl eyl

O S5 Dl 3 des VY adles b s gduatas Jol sdues S El s e Ol Melanocrommyum
e Ose3l cpl oy LOT 0505 dops YA 5 el S s 3 ol s S L ol Slasie 4 4
Syl gmet/0) Jlazl bl 4 3l el El s Callae Hlows glad

R W AU PR EH) S PRESST )

A B
Ashatak2
Ail ~Ai2 [Asara
Asti
Ahaem2 Ashatak?! \IAhoshl
*
Alosh3 Asti2 “-Asara3

+ Asarad Ajssiljzesdni

# Ahosh2
Asti3

T e
Coord. 2

.
Atripe3 ¢ Ahosh6 Ahosh31

Ahosh4
Atripe} .
Atripel

Coord. 1
Jil olamse

ISSR 55 laesls wlul s AllIUM o slacos ST ol Olatss 4 4525 -V K
Figure 3. Principal coordinate analysis of Allium ecotypes based on ISSR genetic data
«Allium s Pseudoprason Melanocrommyum _z:s. sl S B :Acanthoprason , P Pseudoprason _is sles S A
Acanthoprason _:s slss,$ D Nectaroscordum ; Pseudoprason :x slas S :C

A: Species of Pseudoprason, Procerallium and Acanthoprason sections; B: Species of Melanocrommyum,
Pseudoprason and Allium sections; C: Species of Pseudoprason and Nectaroscordum sections; D: Species of
Acanthoprason section

Il — sect. Pseudoprason
sl
i sect. Melanocrommyum
(Ml
i)
}g | sect. Allium
bl
K | sect. Procerallium S
I \
il e
i sect. Pseudoprason } E;
A 4 B
At Y oa

— Jhipl % 3
i) 20
el 4 £
(Ahnd sect. Acanthoprason 3 -TE
i '1 =
\.{hld Bl c‘5'
o g 3
Al &
.{m'p;_ | sect. Nectaroscordum 5 %’
Aol &
A | sect. Pseudoprason
s — sect. Melanocrommyum
Al
}!F*M sect. Procerallium
)
el — sect. Acanthoprason

S I ‘ ; — ‘.lllﬁ]l' — sect. Pseudoprason

m it 1t i ]
Similarity coefficient
G o 2

UPGMA s, ool p AllIum i 5l aadlass ) 5o slac s ST (gduad s —t Ko
Figure 4. Clustering of studied ecotypes of Allium based on UPGMA method

h\a


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

e gl p AllIUM L. iom 51 gk S (S5 p 95 s

(P <0.01) Allium slacos 51 J S50 glaosls b5y 4 s el Jgd
Table 3. Results of molecular variance analysis (AMOVA) of ISSR data from Allium ecotypes. (P < 0.01)

CJ'MCLA L;)\)'TA;.-JJ C)L*UJACM Ql:.vjahf:ivl:ﬁ °'L~:>),5L’.'J'JL1)‘} Jdli)\})".’uﬁjb
S.0.v df Sum of squares Mean Square Estimated variance  Percentage of variance
LSl 0502 9 326.156 36.240 6.535 29%
Among Ecotypes
Lsh;,.JJS\ B
s - 22 349.000 15.864 15.864 71%
Within Ecotypes
JS 31 675.156 22.398 100%
Total

Lo 5 tLEME 2ol 5 1S gla I 50T .o sl 0L
5 (Gurushidze et al, 2010) oLKen 5 o3dudis, S
Hlosls Ol S i Olesgs 3 1y Jis 55 cpl gl S
Slr o5 52 a0l i a8 alie 5 )y Ay 0

Sl ol ol St gl s S
Jols Melanocrommyum s sl slacs S|
s S ol L s Al saralicum , A, shatakiense slas
Spmy dhexr Sl (S ple licsy) Sl s Gl
CE oS S e G L e GV S,
Cead gy 4 oS b &5 GBS Sl 35 0
(Sloggd SlaaSy L KseS (slosgd o ol K3 e
Sl 1106 IS 5 (Sl b (55 Saes 23S
ToY b b sl lafSes kb gl A 5 I
ol spms Al e 0 5 Olphed e B35 el
NS S te Olasgs Lol jen S ile Dls past
Gurushidze et ) Ol SKan 5 o3dedis; 8 Lo g5 ol 5,158
Glacs S slslis s cul 3 Al s SLlS (al, 2010
Asarad (A. saralicum) _gS! ax 81 .ol ol anllas
A. stipitatum (Asti4) L 1, S5 bloyl a8 55 o0 ST les
i i 3 ) a oSl e s 0l
5 S Procerallium s sla g1 Lleds L;MT@;.-
A. stipitatum 5 A. jesdianum slax S Jols aslas ol
slacals Wl ol 1, Koy disliy s ol
5o tmltmE 5 ITS e Jig s alis 5 rlacs,
o 5l S ke i il 035 6 1 s ool 3
S35 s 6 SIS ailh g sLid (e Sl £ 5Ly 6310

5 S 03I (R Sl (Lp e 1 Sl aels

¢

Jle b o s w5 Lo S5 g8
Ol womar o3l (S5 w581 (S5
Sl L2303 S s S5 b e 5 S
SwlS Allium . e S (Petrova et al., 2017)
SolS ol g Slapebdl plail 3 ot o
QLS il o b SES1 5 s b ol ol ool 0

sl S LB 0T o > S5 g5 039 VL
Ses S ol axdlas ISSR J S5 (slaosls 3J0T s
oy s Acanthoprason s Melanocrommyum gla s
S Weals sl 3 3 gy er saS sl
el s ol e 0T ) S ke Do gas
o 238 e oS, il LA hooshidaryae « S
3 o s SIS 1l T sl JSpo L o o
GLls & (S b lallhess 5 wiS p Cie 4 WS
5 dmes ol s eled g L il 1S5 s Sl
Lsdgr Sb S psba 8 JsuS Slroge opomes
ke GRS C’LJ ol s e astls
sbesls gl a5 (Fritsch and Abbasi, 2013)
linternal transcribed spacer, ) JsSJ0s 5 SS3sls8, 40
18 Pseudoprason = 5 55 45 pl (ol (ITS
(AhoshD)s S ol 5l 581 ol andlas 55 5,5 s
oo 3 AL saralicum L Sap bl (gl
G g elbilsy, ax S .ol Melanocrommyum
ebla Caxdge Js dws e Ol 1, Sl oS Rl
WOl (S5 ol B (ol Mo W5 o1 53 0 UL
Ll 55 Pseudoprason s slacs Sl ple il

Acanthoprason isv slacs SIL 1 (Sos5 (sbisliy s


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

T ARWA UL@.://\.\.L?/L,AS S5 sla s

Ly, cod oY S rie GUar w55 5 YU S0
g fhm Glamer S b g S ol sl
oS Jp s

A &5 5 glacs S 4 ISSR ot s 5l ppu ad
oSt s 48 ol il olas tripedale
51 g 5 Nectaroscordum el & oo x5 ALY
» &S ol ol J s adl s eas S L s Allium
5@l S 5 5,0 13 Nectaroscordum s 5 i 5
G S gy il 3 358 e s AlliUM
et el e us byl Al tripedales S
i GBS ple 5 0T 3l G581 53 suad
s 3 88 ol ol pse Sl 3 Allium
2 Sl Al sl ey 8 gladi
Al b djen ol Sl 4 a0 ool stes S
A 4 sl S s 5 45 ol s s
e 4 05 5 o 8l s 5l 35 8 s hooshidaryae
oy keSS L oSl Gl 0L sl
oo 3l G slad ses fﬂ Melanocrommyum
A.iranicum & 5,8 13 ) 5, 5e Nectaroscordum
L A tripedale « cos iy Kb alis dops b3
A. L o354 Melanocrommyum x5 glacs ST L
b sy Gl sals Llg e (Asys 0Y) stipitatum
s sgdSh pl LLs S
.AsL Melanocrommyum

350 G ST 5l an 55 PIC Olye s 03 VL
2ls 5 LS ol W oL etas Ol eslizd
Ol &8 dil o Gosd ol o addlas 550 Slacs ]
SE5 855 op Gl WS ) (shes g e
Liang et al., ) oL Kes 5 KU .ol Allium slag S
/0 3 58,5 PIC & (gls ST &8 wisls 5158 (2008
Area (ool Aesgw Sl ghls wal awls
A3 g 3L +/0 5 0/Y0 oy LOTPIC 5lie &S (sl ST
Sledbl (gsl= il /Y0 5l xS &S Jladl 5 Az
Sharma ) Ol ,Kea 5 boyls andlas j5 tnes Sl s 5

A sativum glacs 55 (S5 E55 o 0P (etal., 2016

10

2 9dme 3l Gl paass sla 8o 5 e Bl A=Y b L 081 e
A 5 A stipitatum £S5 55 8 5 & diea Sl
eemad 5 Dlis pl 53 STl dnes S nie saralicum
Sep B s bl Sp Gl Cos s
Aol Ssline A 93 5l placs S

A. s A. ubipetrense slas S @l oot Sl s
O sy bloyl L AL haemanthoides s kurdestanicum
laesls ITS (sla Ji5 51 Jool> (glaasl b llas o5 5
55 slaesls o (Fritsch and Abbasi, 2013) 54l 58 5 50
Akhavan etal., ) ol Ken 5 Ol aslas I Jool> ISSR
s sble 510l s Allium ubipetrense ...l (2015
SOkl b o G 4 Ol 5 5 0 ol
ble 68 ol s ESI, OkesS s Ol
4 e Sl (S A ol s GlacS 8 5
S8 opl 3 aph s cadlllas ol 3 ss Lol olasl lubs
Wb 85 Jelo s s 3 5e Olies S 015 SIS il S
S s (Aeps AN W (S alid do o b ased 55 o
Ali odeas QLI WG gyome 5> & LB S I3 o
Laadl il 68l il lacamar o 5o Vo S5
ol Oy o SblS s ol wilS (Slad ol sdee s 5
I P S R S N E R PR}
Sl il s Ll 2 20 51 A 0T (S50,
el VL

A. LA ubipetrense (1w, 01) (WU b S35 calis
slaesls Ll A haemanthoides s kurdestanicum
sble I A kurdestanicum gla_s ST .4 s dalis ISSR
Ll OB S Wy Ul 5 OLBS
A. haemanthoides ; A. ubipetrense slas S slacs S
LUl 50 ITS Jiské oo ys anlas 55 e S ol izils
3 (Fritsch and Abbasi, 2013) Llesls Olis | Koy
S gl Wl I 15 e 55 adpt 5 b Sl ol aalllas
« p3Y 2l 53 55 A hooshidaryae 48 5 gl s
Akhavan et al., ) O, 5 Ol asllas 53 &S ol S
ol s S5 40 55 31 Slls A haemanthoides (2015

Calld 4 e b cplple oyls )13 Oogline glad gt 55


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

Kl S e Sl zie ab o ) bos S
St e b ks 4 (K3 Sl past
b mld 5 Loy e Soaj gloes S 5 baad 55 Al
34 el 03y SLMS Seny b ille (g0b5 55~
Siat )l A allan (ol 3 0l plowl J S ge o
2 SPa pamen 5 Bl Sldllas 6l Oldie 4 )
Ao op i oS G S 5l ol g S A5 e
o 5 e oS bl 5l s e il il |yl
Loawslio 55 1) 6585 baedls 45 same ISSR (glaesls
S sy e olgly AS e Mg S5 laesls
Glgi §l i eSS g p Sl
s Acanthoprason  Procerallium  Pseudoprason
Lo ,ub Cr oadl sl <=L>_=;| Melanocrommyum
5 AN el Sl el degdney S
o ol sl (o500 S Do (S5
L5 et seme 4 s 5 Goslaer s
Dkt s baosls 1 stakas 5 335 o804 B b e |y (5

258 3

References

e gl p AllIUM L. iom 51 gk S (S5 p 95 s

VAG /g eslind 3y5e SHTE (gl Slde ool L
(Sudha at al., 2019) ol,Kea s g anlllas 5 5 ey
A lasss (S5 e ol sl ol ol Sl
SMie cl g kne /0 B /oY ST 2x L cepa L.
jﬁL?- wUﬂA L A"'um W ol Jlﬁ))‘ 6&%}5‘ LS‘J"
PIC Sl oSyl s am 5 b oy yuie /8T L 0N
Ll o el ol S5 0/0 5l 2SS e L;Lajfjl..i.; sl
E) ol ealael duji.nl.&a J»:ﬂ.& CJLO‘)U&\ Ls‘):""‘ Jill.:.’
on 2y S S) s s Lol cke Sasl,
5 s g o S5 5 3 Al Slacs S
g5 adlas (gl oubie I3l Olgea il g ISSR ji;L...J
o0 658 cpl 3 (S5 Calid s e 5 (SE5
ISSR811 ISSR780 L;Lajij\.ii ERET™] c"e\} oslal
e 3 addlae (ol s eslinad 5550 UBCB73 5 UBCB08
;5)) )..pb- (5:A>J 4>=:A.:ub>}: )‘JJJP'-){ L) LJ'-’-‘ B &YL
E) sl oLEs \) Allium W 6&44)? .lz.b) )‘ ‘.51.,.:"4})

o S B g5 Ao w8 bl (bl (gla Ul

Akhavan, A., Saeidi, H., Rahiminejad, M.R., Zarre, S. and Blattner, F.R. (2015). Interspecific relationships
in Allium subgenus Melanocrommyum sections Acanthoprason and Asteroprason (Amaryllidaceae)
revealed using ISSR markers. Systematic Botany, 40: 706-715.

Eghlima, G., Kheiry, A., Sanikhani, M., Hadian, J. and Aelaie, M. (2021). study of genetic
diversity of glycyrrizha glabra 1. populations using ISSR molecular markers. Plant Genetic

Researches, 8: 81-94 (In Persian).

Friesen, N., Fritsch, R.M. and Blattner, F.R. (2006). Phylogeny and new intrageneric classification of Allium
(Alliaceae) based on nuclear ribosomal DNA ITS sequences. Aliso: A Journal of Systematic and

Evolutionary Botany, 22: 372-395.

Fritsch, M.R. and Gurushidze, M. (2009). Phylogenetic relationships of ornamental species in Allium L. subg.
Melanocrommyum (Webb et Berthel.) Rouy (Alliaceae). Israel Journal of Plant Sciences, 57: 287-295.
Fritsch, R. and Abbasi, M. (2013). A Taxonomic Review of Allium subg. Melanocrommyum in Iran. IPK,

Gatersleben, DE.

Fritsch, R. and Amini Rad, M. (2013). Allium pseudostrictum (Amaryllidaceae), a new record from Iran.

Rostaniha, 14: 81-84.

Fritsch, R.M. (2012). lllustrated key to the sections and subsections and brief general circumscription of Allium
subg. Melanocrommyum. Phyton (Horn), 52: 1-37.

Fritsch, R.M. and Maroofi, H. (2010). New species and new records of Allium L. (Alliaceae) from Iran.
Phyton (Horn), 50: 1-26.

Gorji, A.M., Poczai, P., Polgar, Z. and Taller, J. (2011). Efficiency of arbitrarily amplified dominant markers
(SCoT, ISSR and RAPD) for diagnostic fingerprinting in tetraploid potato. American Journal of Potato
Research, 88: 226-237.

Gurushidze, M. (2009). Phylogenetic relationships and diversification processes in Allium subgenus

Melanocrommyum. Ph.D. Thesis, der Martin-Luther-Universitat Halle-Wittenberg, German State of Saxony-

Anhalt, Germany.

"


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

T ARWA UL@.://\.\.L?/@S S5 sla s

Gurushidze, M., Fritsch, R.M. and Blattner, F.R. (2008). Phylogenetic analysis of Allium subg.
Melanocrommyum infers cryptic species and demands a new sectional classification. Molecular
Phylogenetics and Evolution, 49: 997-1007.

Gurushidze, M., Fritsch, R.M. and Blattner, F.R. (2010). Species-level phylogeny of Allium subgenus
Melanocrommyum: Incomplete lineage sorting, hybridization and trnF gene duplication. Taxon, 59: 829-840.

Hosseini, S. (2018). Karyological studies of some Allium L.(Amaryllidaceae) species in Iran. The Iranian
Journal of Botany, 24: 65-71.

Hosseini, S. and Go, R. (2010). Cytogenetic study of some Allium species (subgenus Allium and
Melanocrommyum) in Iran. Cytologia, 75: 99-108.

Li, Q.Q., Zhou, S.D., He, X.J., Yu, Y., Zhang, Y C. and Wei, X. Q. (2010). Phylogeny and biogeography of
Allium (Amaryllidaceae: Allieae) based on nuclear ribosomal internal transcribed spacer and chloroplast
rps16 sequences, focusing on the inclusion of species endemic to China. Annals of Botany, 106: 709-733.

Liang, J.X., Qi, J.M,, Fang, P.P., Wang, T., Chen, S.H., Zhou, D.X., Tao, A.F., Liang, K.J. and Wu, W.R.
(2008). Genetic diversity and genetic relatives analysis of tobacco germplasm based on inter-simple
sequence repeat (ISSR). Scientia Agricultura Sinica, 32(3): 373-378.

Mantel, N. (1967). The detection of disease clustering and a generalized regression approach. Cancer Research,
27: 209-220.

Memariani, F., Joharchi, M.R. and Arjmandi, A.A. (2012). Allium aladaghense (Amaryllidaceae, Allieae), a
new species of section Asteroprason from northeast of Iran. Phytotaxa, 56: 28-34.

Navabpour, S., Yamchi, A. and Golcheshmeh, S. (2021). Assessment of genetic diversity between
different accessions of calotropis procera with ISSR molecular markers. Plant Genetic Researches,
8: 17-28 (In Persian).

Pawell, W., Morganet, M., Andre, C., Hanafey, M., Vogel, J., Tingey, S. and Rafalaski, A. (1996). The comparision
of RFLP, AFLP and SSR (microsatellite) markers for germplasm analysis. Molecular Breeding, 2: 225-238.

Peakall, R. and Smouse, P.E. (2006). GENALEX 6: genetic analysis in Excel. Population genetic software for
teaching and research. Molecular Ecology Notes, 6: 288-295.

Peakall, R. and Smouse, P.E. (2012). GenAlEXx 6.5: genetic analysis in Excel. Population genetic software for
teaching and research-an update. Bioinformatics, 28: 2537-2539.

Petrova, G., Petrova, S., Delcheva, M. and Bancheva, S. (2017). Genetic diversity and conservation of
Bulgarian endemic Verbasum tzar-borisii (Scrophulariaceae). Annales Botanici Fennici, 54: 307- 317.

Razyfard, H., Zarre, S., Fritsch, R.M. and Maroofi, H. (2011). Four new species of Allium (Alliaceae) from
Iran. Annales Botanici Fennici, 48: 352-360.

Ren, N. and Timko, M.P. (2001). AFLP analysis of genetic polymorphism and evolutionary relationships
among cultivated and wild Nicotiana species. Genome, 44: 559-571.

Rezaei, J., Mehrjerdi, Z.M. and Mastali, H. (2018). ISSR based analysis of genetic diversity in some
endangered species of Allium subg. Melanocrommyum. Genetika, 50: 59-68.

Ronhlf, F.J. (2000). NTSYS-pc: numerical taxonomy and multivariate analysis system, version 2.1. Exeter
Software, New York, USA.

Samiei, L., Kiani, M., Zarghami, H., Memariani, F. and Joharchi, M.R. (2015). Genetic diversity and
interspecific relationships of some Allium species using inter simple sequence repeat markers. Bangladesh
Journal of Plant Taxonomy, 22: 67-75.

Santhosh, W., Shobha, D. and Melwyn, G. (2009). Assessment of genetic diversity in cashew germplasm
using RAPD and ISSR markers. Scientia Horticulturae, 120: 411-417.

Shannon, C.E. (1948). A mathematical theory of communication. The Bell System Technical Journal, 27: 379-423.

Sharma, V.R., Malik, S., Kumar, M., Sirohi, A. and Nagaraju, K. (2016). Assessment of genetic diversity in
garlic (Allium sativum L.) genotypes based on ISSR markers. Plant Archives, 16: 88-95.

Sudha, G.S., Ramesh, P., Sekhar, A.C., Krishna, T.S., Bramhachari, P. and Riazunnisa, K. (2019).
Genetic diversity analysis of selected Onion (Allium cepa L.) germplasm using specific RAPD and ISSR
polymorphism markers. Biocatalysis and Agricultural Biotechnology, 17: 110-118.

Zietkiewicz, E., Rafalski, A. and Labuda, D. (1994). Genome fingerprinting by simple sequence repeat
(SSR)-anchored polymerase chain reaction amplification. Genomics, 20: 176-183.

v


http://dx.doi.org/10.52547/pgr.8.2.5
https://dorl.net/dor/20.1001.1.23831367.1400.8.2.4.0
https://pgr.lu.ac.ir/article-1-230-fa.html

[ Downloaded from pgr.lu.ac.ir on 2025-01-11]

[ DOR: 20.1001.1.23831367.1400.8.2.4.0 ]

[ DOI: 10.52547/pgr.8.2.5]

Plant Genetic Researches, Vol. 8, No. 2

Study of Genetic Diversity of Some Allium L. Species Based on ISSR Markers in
Kurdistan Province

Shahla Hosseinit", Mohammad Reza Rahgozar? and Hedieh Badakhshan?

1- Assistant Professor, Department of Biological Science, Faculty of Basic Sciences,
University of Kurdistan, Sanandaj, Iran

2- M.Sc. Student, Department of Biological Science, Faculty of Basic Sciences, University
of Kurdistan, Sanandaj, Iran

3- Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculyure,
University of Kurdistan, Sanandaj, Iran

(Received: January 23, 2022 - Accepted: March 13, 2022)

Abstract

Genus Allium L. contains very taxonomically complex sections, especially the subgenus
Melanocrommyum. The systematic position of the species in each section has been revised many times
over time. In the present study, the relationship between 32 ecotypes belonging to 10 different species
of Allium was investigated using ISSR markers. The nine primers used produced 166 polymorphic
bands (average 18 bands per primer). Among the primers used, ISSR873 primer with 27 bands made
the most, and ISSR4 primer with two bands had the lowest polymorphic bands. The PIC of the
markers ranged from 0.04 to 0.43. Cluster analysis by UPGMA method based on molecular markers
divided the studied ecotypes into four groups. The clustering and principal coordinate analysis results
showed that most morphologically similar species were grouped in closed clusters. According to Dice
similarity coefficient, the highest percentage of similarity was shown between Allium stipitatum and
Allium saralicum ecotypes (72 percent) from the Melanocrommyum subgenus, and the lowest
similarity was obtained between Allium tripedale and Allium iranicum ecotypes (12 percent). The
ecotypes with the lowest similarity percentage belong to the subgenus Allium and Nectaroscordum,
which are placed in separate clusters. Based on the results, the ecotypes of Pseudoprason,
Melanocrommyum, and Procerallium sections showed the highest affinity. In general, it can be
concluded that ISSR markers are useful for classifying Allium species and have sufficient potential for
phylogenetic studies of species. In addition, due to significant genetic diversity among the studied
ecotypes of wild Allium species, this diversity can be used in future breeding programs of crop.
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