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

e)‘.mja ulau 4}; o.,\LISLSJJT@e-céjjT@;-JzA L;“jijliﬁwt“‘i aJuj:J':Smb}é
No. Sect. Species Locality, Herb. voucher  Individuals
collectors number analyzed
1 Subg. Melanocrommyum — » ciiiag im Kurdistan, Saral Area, Kapak Village, Sh. hosseini UOK510  Astil

sect. Procerallium
Subg. Melanocrommyum

2 sect. Procerallium A stipitatum Kurdistan, Saral Area, doozakhdare Village, Sh. hosseini UOK-511 Asti2
Subg. Melanocrommyum . . - .

3 sect Procerallium A stipitatum Kurdistan, Saral Area, zardavan, Sh. hosseini UOK-512 Asti3
Subg. Melanocrommyum . - g -, .

4 sect Procerallium A, stipitatum Kurdistan, Saral Area, hezarkanian Village, Sh. hosseini UOK-513 Asti4

5 Subg. Melanocrommyum A, shatakiense Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-521 Ashatakl

sect. Melanocrommyum

Subg. Melanocrommyum - - -
6 sect. Melanocrommyum A. shatakiense Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK-522 Ashatak?

Subg. Melanocrommyum

7 sect. Pseudoprason A. hooshidaryae Kurdistan, Saral Area, golcheiar Village, Sh. hosseini UOK-501 Ahoshl
g D% MELooIN™ A hooshidaryee East Azerbaijan, Bookan road, , Sh. hosseini UOKS502  Ahosh2
9 Sut;gésﬂsgﬂgggc;m%um A hooshidaryae Kurdistan, Marivan road,h léaslszzt%rizan,All abad Village, Sh. ;503 Ahosh3
10 Suz%ysgngggm%um A. hooshidaryae  Kurdistan, Marivan road, kalatarzan, sooraban, Sh. hosseini  UOK-504 Ahosh4
11 SUGMeleOCTOMU™ A hooshidaryee  Kurlisen, Sarel Avea, Kepak Village,Sh.hosseini UOK-S05 Aot
12 Sut;gésﬂ sgﬂgggorrgsrg%um A. hooshidaryae Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK-506 Ahosh6
13 Subg. Melanocrommyum » 1y idarvae  Kurdistan, Marivan road, Kosalan Area, Sh. hosseini~~ UOK-507  Ahosh?

sect. Pseudoprason
14 Sslégg'l\%?;%%%on?nr?yﬁun? A. saralicum Kurdistan, Saral Area, zardavan, Sh. hosseini UOK-512 Asaral
Subg. Melanocrommyum
sect. Melanocrommyum
Subg. Melanocrommyum
sect. Melanocrommyum

Subg. Melanocrommyum : - g -,
17 sect. Melanocrommyum A. saralicum Kurdistan, Saral Area, hezarkanian Village, Sh. hosseini UOK-515 Asara4

Subg. Melanocrommyum . - - :
18 sect. Acanthoprason A. haemanthoides Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK-531 Ahaeml

Subg. Melanocrommyum

15 A. saralicum Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-513 Asara2

16 A. saralicum Kurdistan, Saral Area, janvare Village, Sh. hosseini UOK-514 Asara3

19 sect. Acanthoprason A. haemanthoides Kurdistan, Saral Area, Zardavan, Sh. hosseini UOK-533 Ahaem2
20 Suggétwgﬂ%%sggwm A. ubipetrense Kurdistan, Marivan road, rl:glsz;etz?;zian, jannat boo village, Sh. -~ 516 Aubip
21 S“S&fﬂ:ﬁ%gg?oﬁ“m A ubipetrense  KUrdistan, Marivan road, t'fg';gfnzia”’ jannatboovvillage, Sh. oy 517 Aubip?
22 SUbgéC'Xl g?ggecr;c;m%yum A. jesdianum Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-537 Ajesdil
23 SUbS%C';A Iealgggecrgmnrwnyum A. jesdianum Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-538 Ajesdi2
24 SSLtjat():?A"iilllllTnT A. iranicum Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-525 Ail
25 Ssueté?ﬁllltjnT A. iranicum Kurdistan, Saral Area, Chatan Village, Sh. hosseini UOK-526 Ai2
26 Ssléké?,\’]l:gaarrg;fgggﬁm A tripedale Kurdistan, Marivan road, Kosalan Area, Sh. hosseini UOK-541 Atripel
27 %%?S:g::gg:gﬁrw A tripedale Kurdistan, Saral Area, Zardavan area, Sh. hosseini UOK-542 Atripe2
28 Sslgé% “ﬁgﬁ%ﬂ A tripedale Kurdistan, Saral Area, doozakhdare Village, Sh. hosseini UOK-543 Atripe3
29 Susegég\/'i‘egggtoh(gsg?o)aum A kurdestanicum urdistan, kamiaran roadé rr]uLeg sds:asglld Javaro, tavrivar village, . £45 A spl
30 Su?g]&\/f(!gg&(gggg&um A kurdestanicum  <urdistan, Marivan road, rl}(glz;etait:]zian, jannat boo village, Sh. - j~ 546 A sp2
31 Sugegét!\/fggg%cggg?o);um 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.sp4

sect. Acanthoprason
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Table 2. Information of primers used and indicators measured in the analysis of ISSR data

_ Jlasl gles
Sla Sl Jigs B
A Primer (IS <) 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 0.37
ISSR 2 (AG)8G 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 18 004
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)8C 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 0.43

el i laylss Syl 3 BF o o (sla )5 slias UB DEUG-RIESR IR PP% ‘ji\.w., A5 ISk sl s sl PB ¢l o3l BS

SSsae Sledlbl gl e PIC ¢ Slis asis RP w0 K55 20 e li :HE 0 sl
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

Allium w«})‘ < glae AJ;O M.byjza Lo ya /A ))gT Jj Lg})ﬂa.l..i C‘fd«u\ L5°-5"5 DNA -\ Jg..i
Figure 1. Genomic DNA extracted on 0.8% agarose gel related to 5 different species of Allium
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L: DNA Ladder (0+bp) .das o OLiS

Figure 2. Part of 2% agarose gel electrophoresis shows the species diversity within and between species using

UBC873 primer. L: DNA Ladder (50bp)
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Figure 3. Principal coordinate analysis of Allium ecotypes based on ISSR genetic data
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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
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Figure 4. Clustering of studied ecotypes of Allium based on UPGMA method
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Table 3. Results of molecular variance analysis (AMOVA) of ISSR data from Allium ecotypes. (P < 0.01)

Sy bl ERREN Slajo ppome Sl o Sle aliaysly ol bl Sl A
S.0.vV df Sum of squares Mean Square Estimated variance  Percentage of variance
LS00 9 326.156 36.240 6.535 29%
Among Ecotypes
Lo St o
: 22 349.000 15.864 15.864 71%
Within Ecotypes
S 31 675.156 22.398 100%
Total

Lo g tLMF 2l s IS sl JI5 50T .ol ol ol
5 (Gurushidze et al., 2010) OLKes 5 o3z, S
Hlesls GLES S xie Olesgs )3 15 fJsw o3 opl s
Sl o 95 8 ) e Sk S amlis 5 gl A

el I 0T S5 5 lisliy 5 Comen
Juls Melanocrommyum s ol glacs S|

s S ol L5 Al saralicum A, shatakiense slas §

Sy e Sl S ple licsy; Sl sa Gl
G4 S S G L e V- S
Ceand ki 4 JolS by 8 A6 Sl 33 5
(Slosgd S, L &)VS Slosd el M S5 ks
Fatle 106 IS5 5 oSl e (s S 31 S
Y=Y b bl slafSes s e Sl A 5 sk
Rl o Kl 0 5 Blpaed e B oy e Sl
SIS St Slasss L s S pte s pas
Gurushidze et ) O San 5 o5y 5 a5 ol i)l S
Slos S sl cul3 b s LS (@l 2010
Asarad (A. saralicum) .5 sS1 ax 81 .ol ol anllas
A. stipitatum (Astid) L |, o5 byl &S 55 o551 s
i i 3 S g s o) e sl 0l
5 S Procerallium jis sl s S| . Lleds L;”T@.g-
A. stipitatum 5 A. jesdianum slax S Jolis aslllas ol
slacals sl ol 1, Koy dlisliy s ol
e tmltmFE 5 ITS ola JIg s alis 5 orlics

dox 5l S e Slio ol 038 a1y sl ol B
Soo5 50 &S G elS okili g elis e Slu £-Y 5Ly o3l

5 S n USRS Sl gk e M oa Sl edels

¢

Ml b o bowmer o 5 050 S5 &
Ol comas oWl (S5 a7 (WS (S
Sl GltBles 8 s 5 (S8 Sl b e £ 45
SLlS Allium o glaa S (Petrova et al., 2017)
S T 3 g landl ¢lgl s o s Al
QLS il o b [5S1 Cans b ol ol Sl 0

sl S LB 0T e > S5 g5 02V
Sbes Sl ol addlas ISSR J S50 slaesls 3JUT s
oy s Acanthoprason s Melanocrommyum  gla s
S Llosls gl 50 o |, ¢F o e S 3l sl
el sl e 35 Lol S pie Sls gt
© 3 8 (e oS, czils L A hooshidaryae « S
3 0y s G IS G T (sl JSps b o s
Ll & (Sop S Gladlless 5 wiS e 4 WS
5k oy 53 elad g b asle LS5 gla Sl
Lsdge Sb S psba 8 JsuS lrose (pomes
b s A ey mE el s e el
sleesls gls 5« (Fritsch and Abbasi, 2013)
linternal transcribed spacer, ) JsSJs 5 SK3s 58,40
I3 Pseudoprason . 3 55 &5 cpl ol (ITS
(Ahosh1)4 8 ol 5l i S| Lol adlas 5 5,8 e
ose S A saralicum L Sss bl gl
S5 5 liisy, ax S| .ol Melanocrommyum
e N R T
Lol S5 ol 3 sl s W5 o i ST g 8 0L
Ll 55 Pseudoprason sy slacs Sl ple sl

Acanthoprason s glacs ST (Ss5 glisliy &



Verr /Y yled /A W/ LS K5 sl g

dy90 Jllw x> sluss L Uhst}; u'i‘ Lg.U)Lli};'-

2,5 p e
oSt s A8 ol wsl slans tripedale
51 gl 5 Nectaroscordum o6« e53 i 53 RS
sl S 5 s ls )3 Nectaroscordum iz 5 i 5
S bl e us L)l Al tripedales S
o sl S b s T Sl QS s suedi
wps s 88 ol gl £ oSS el 3 Allium
BE g",.“J}S\ Q'l‘ Lo, RGN I W Ls"\:"."’_bf 6(4...'2}5
j'iL‘"’ L o‘JaA L;Lp\ Slaes 4 Lege 3 J«p\;— (_;,L;febf
A4S Glagssl S 5 s 65 ) lags S|
Lo s 0350 slp Ll 13 65,85 s hooshidaryae
s g S L bes sl ol Ol sl
e Ol (6 i slad) ged (’ﬂ Melanocrommyum
A.iranicum & 5,8 | 3 ) 5,50 Nectaroscordum
L A tripedale « s iy S35 alis dops b
A. L o3 54 Melanocrommyum o 5 slacs ST L
sl s sl cals Wi e (Ao 0)) stipitatum
o S| £5 0 ol

3L Melanocrommyum

R 2l b S e
30 ST 5l pany 3 PIC Ul o 035 VU
2l 5 LT ol W LK eias Ol eslizad
Ol & Wb o G opl 3 addlas 3550 glas S
SES 85 n Sl o S5el cpl (gios g okias
Liang et al,, ) oLKea 5 KU .ol Allium glas §
/0 3l 5S35 PIC & la S5l o5 wisls 2,155 (2008
Lrea (ool Aesgw Ol gl sl awls
Lowd gw KL +/0 5 0/Y0 - LOTPIC 3lis o5 (gla ST
Sl gl il /Y0 S S ol 5 s
Sharma ) Ol ,Kea 5 boyls andles 55 s Sl s s

A sativum glacs 55 (S5 E55 o 02 (etal., 2016

1o

29dme 3l Gl paass sl 8o 5 o Bl A=Y e L 181 e
A 5 A dtipitatum £ 55 8 5 & dies Sl
e 9 Slio ol 5y S1il s S nis saralicum
Sp J Wl WOl Sy Gl e
Al Ssline Ao 9 5l placs S|

A. A ubipetrense slas S (el s 3l pss s
O3 Kosy bloyl L AL haemanthoides 5 kurdestanicum
Glaasls TS (sl Ji5 5l Jool> slaasil b ks &S 5l
S5 sesls 5 (Fritsch and Abbasi, 2013) 3 5) 585 56
Akhavan etal., ) o) Kea 5 Ol asllas 5l ol ISSR
s sble 510l s Allium ubipetrense ...l (2015
SOl b o Caw 4 Olial 5 6550 ool
bele 68 b s ESIL OkesS s Ol
4 e Sl (Sas A8 &S ol alie glac g4
S8 opl 3 a s 53 s ol 3 5sd Lol oladl Lk
W3S 8 e 5 2550 Olis S 03I adlate S
S s (Aops ANV (S alid do o b aised 55 o
Al sy OLES Wl g yeme 53 oS DS 15 oa
Ladl il 68 ool s gacmer w2 Vo (S5
Aol Ol 5 o AllS 55 ol allS Slad gad sdoes sy
g5 Sl el s o8 syl ame | (K55
S Al Jama Ll 3G S 26 O] S50
el YL

A. LA ubipetrense (1o 01) (WU s S5 caalit
slaesls il A haemanthoides s kurdestanicum
sble 1A kurdestanicum sla_s ST .45 sdalis ISSR
L Wi oSzl & Lay e 5 Ol
A. haemanthoides ; A. ubipetrense (slasi S slacs S|
LU 50 ITS Jiskd ot s addllas 5o e S ol il
> (Fritsch and Abbasi, 2013) Wwlesls olas 1) Sos 3
S ol e S 15 s s 53 S ol Sl asllls
© ¥ o 13 55 A hooshidaryae 85 5 gl s
Akhavanetal., ) O,Kea 5 Ol gt anllas ;3 &8 ol S5
ol 1l s &S 55 3l SlS A haemanthoides (2015

Cald g b ol s 3 sl gledt s



OL,Ken 5 o

S gess gie o Ol 1 bos s
St Osgs b dies 4 (Si3dpsse Sheopast
b mls 5 Loy e S5 Slaes S 5 laad g 53 Ll
3 4 Sl 03y SIS (uen; b Gillas (3L 2~
Sotas 5l DALl aalllae ol 53 0 plol J S0 Lo
23 S5 remen 5 Bl Dlllas (6l Ol 4 )
Ao op i oS g S 5l olys ek S A5 e
Mow 5 o bl 3 das e @) el 1 wlis
Loaslis 3 1y 6585 baesls as saze ISSR (slaesls
S s ety S e W5 (S el
Gt Sl gate gl gs o Sl
s Acanthoprason  Procerallium  Pseudoprason
Coo 4l g )l 355 bl Melanocrommyum
5 I el S5 eled dagies
o sl s cl (on,8 4 S Do S8
k) Glaassame 4 s d)ﬂ@# e
Sl Laosls 31 tadas 5 (333 oSl B b o 1y (6

3,8 )3

References

e bl g Allium L. e 51 pba S (K55 £S5 iR

VAL e/t e el 3,5 ST E (gl e ol L
(Sudha at al., 2019) Ol,lSCes 5 bas s anlllas 53 55 jite
A lasss (S5 e gl sl ol ol Sl
s ol sy kte /0 /0 ST 2 Lcepal L.
ol axdlee s Allium e st o5l slacs STl
PIC Sla> ayl 4 g b 5y e +/ET L 0/VA
Bl 5 o e ok S5 070 51 S I gla S ()
5 ook oslizad gla SLE e el (gl gme KL
op 2oy S S pgs 3 Lol eSSl

ek
5 s pate Sl S5k sl Allium glac s S
g5 anlas (gl s Il Ol gea ol 5 ISSRSSLE
L 85 opl o S8 Cald amny wess 5 (S5
SSR811 JSSR780 (sls Sl 5 553 &y eslizsd
LS 5 allas oyl 5 eslizad 5,50 UBCB73 5 UBCBO08
So3 pdl G i Ln gy o) asy ol 52 oYL
s ool ol 1y Allium Coee gaws S Laly, 51 oy

o B g Ao aB S el Ll glasll

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 I. 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, AM., 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.

"



VEvr /Y ojled /A dl / alE Sy sla tagh

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). GenAlEx 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.

Rohlf, 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



Plant Genetic Researches, Vol. 8, No. 2

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

Shahla Hosseini'", 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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