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1- inter Primer Binding Site (iPBS)
2- Simple Sequence Repeats (SSR)
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Table 1. Altitude characteristics of regions that saffron corms collected.

i 95T o lots 29 o adlaio ybiws! el @bl e Ul Jsb
Ecotype No. Collected region Province Altitude (m) Latitude (N) Longitude (E)
1 Az s ol 1491 59° 127 32° 527
Birjand South Khorasan
2 ol > olal 1432 59° 10 33° 43
Qaen South Khorasan
3 LS S35, olel,> 1450.8 13" 59° 16~ 35°
Gonabad Razavi Khorasan
4 A0 S S95, el 950.4 60" 35° 35" 15°
Torbat-e Heydarieh ~ Razavi Khorasan
5 > oy S95, el > 1056 58° 41 34° 217
Torbat-e Jam Razavi Khorasan
6 KVS S35, olel,> 999.2 59° 38 16" 36°
Mashhad Razavi Khorasan
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SSR (Simple Sequence Repeats) JgIgo ,KiLi
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a>lg +/Y MgCl2 (25 mM) :dg,Sie 55 ANTPs (1 mM)
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53T 5o 3l olyie slosST (S5 55 s e
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Beiki et al., 2011) ), Sen 5 So bg, ;5 eolaiul
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sles 05 38, Ve ng/ul e a0 2l 5ol DNA Culys
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Site)
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Table 2. Name and specification of the 28 iPBS primers and 22 SSR primers produced polymorphic bands in Saffron.

ST el g il glos éu..ui., .>|M oLcLI.bj ‘5,..:“ ST el g Juait glos dl.b.,\ji_.; .:I..w ngu.loj ‘55-0:0
AT Prim;r . > ©) 55T e b wiz STl ST e ©) 55T e A iz
) quence . No. of Polymorphism Primer Sequence . No. of Polymorphism
iPBS (5'-3") Annealing | hi inf . SSR (5'-3") Annealing | hi inf .
Primer temperature polymorphic  information Primer temperature polymorphic information
bands index (PIC) bands index (PIC)
ACCAGAGAAGCCCTCCTAGC
2080 CAGACGGCGCCA 47 8 0.49 SCA 15 GTTCTGTGGTGGTCACGTTG 47.1 1 0.371
ATACTTACCAGTTCACCGCC
2226 CGGTGACCTTTGATACCA 50 10 0.80 SCA 109 CTGGAGATGTGTCAGCTTTA 64.8 3 0.335
TCCGTATCCTAGTCGCGATC
2229 CGACCTGTTCTGATACCA 48 10 0.90 SCA 303 CGCCGTCATGACTCATACTC 64.8 2 0.496
GTAATCGATGCTGTGGGAAG
2232 AGAGAGGCTCGGATACCA 43 4 0.81 SCA 319 GAGTCATGTGATAGCCGTATG 61.5 1 0.371
CTCTCTCTCCCCACCCAATC
2237 CCCCTACCTGGCGTGCCA 65 6 0.89 SCA 327 GAGGGAGGAGGAGGTTAGG 64.8 2 0.455
CTCCAGCATGGCCTTTCTAC
2244 GGAAGGCTCTGATTACCA 60 8 0.90 SCA 381 ACCTGATGGTCAAAGATGGG 57.5 1 0.179
AATTGGTAGAGAGGGGAGAG
2249 AACCGACCTCTGATACCA 47 6 0.91 SCA 382 ACATGCCATTAGAGTCAGGC 61.5 1 0.186
GGATGAACACTGATGATGGC
2252 TCATGGCTCATGATACCA 45 7 0.83 SCA 393 ACCTCCACCACGATATCCAC 64.8 3 0.359
GTTCACCATCGTCCGCAG
2273 GCTCATCATGCCA 45 8 0.80 SCA 414 CCATTAGGCCGAATAACA 64.8 1 0.090
ACTGTACCGGTCGAAGACG
2272 GGCTCAGATGCCA 47 8 0.90 SCA 416 AAATTCCACGTCAGCCTCC 64.8 3 0.538
TAAGATCGTAAGATCGCGGC
2298 AGAAGAGCTCTGATACCA 45 8 0.87 SCA 426 AGGCAGGAAGAGGTGGAGG 64.8 2 0.427
CCCATGCGTTTAACTATTCT
2389 ACATCCTTCCCA 48 3 0.45 SCA 504 CGTTCCATCGATCCGTATGG 64.8 2 0.506
GGAGATGCTATAGAGCAGTG
2087 GCAATGGAACCA 48 5 0.73 SCA 515 ATTGCTCOTTACCACCTTGE 64.8 2 0.578
GGCCAACGCGTGTGTATCTC
2380 CAACCTGATCCA 50 7 0.90 SCA 547 TATATGCCAAGACGGATGGG 64.8 3 0.156
TGGTAGTATAGGTACTAAACAT
2391 ATCTGTCAGCCA 45 5 0.86 SCB 109 TCCTATACACATACAAACATAC 64.8 3 0.577
TCTCCCTATTCCCGTGTAAATCG
2393 TACGGTACGCCA 43 8 0.92 SCB 115 COCGATGATCGATTGTACCTAGE 61.5 2 0.534
2394 GAGCCTAGGCCA 57 5 0.77 SCC 13 GTGGTGAGTAAACAGTGGTGG 64.8 3 0.435
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)f,'l.éT B Jlast sloo éu.uj Sy uLcLI.bf S g0 ;;Léi I Jlast loo ,_;Lm..uj.g Sy uLcLLIo~| S ¥
ol R € 55 S5 vz S5 vz Tl Rl s ©) 55 S v S5 wi
hipg Primer sequence . No. of Polymorphism Primer Sequence . No. of Polymorphism
iPBS (5'-3") Annealing - . - SSR (5'-3") Annealing . . .
Primer temperature polymorphic  information Primer temperature polymorphic information
bands index (PIC) bands index (PIC)
GAGAGCAGAGCAGAGGCAAC
GCGAAAACACAATGCAAAAA
2395 TCCCCAGCGGAGTCGCCA 60 3 0.49 SCC 209 GCGTTGGTTGGACGGCTGAC 64.8 1 0.123
GTGTTTATAGGGGTGCCACG
2415 CATCGTAGGTGGGCGCCA 47 6 0.75 SCC 219 TGTTGGTGGTGCAGGTAAAG 64.8 1 0.092
TGCACGGACAGATCAGTTTC
2085 GGCTCAGATGCCA 55 7 0.94 SCC 247 ACTGAACAACACCAAGTGCG 64.8 1 0.137
CCATTCGTGAGAAGATCTGA
2277 GGCGATGATACCA 53 7 0.84 SCD 17 CACCTCATCCTCGTAACGCC 64.8 3 0.627
TCCTCCCTCCCTTCGCCCACTG
2074 GCTCTGATACCA 53 6 0.80 SCD 219 COATGTTCGCCATGGCTGCTCC 64.8 3 0.672
2075 CTCATGATGCCA 53 4 0.48
2222 ACTTGGATGCCGATACCA 47 7 0.87
2270 ACCTGGCGTGCCA 47 6 0.86
2381 GTCCATCTTCCA 55 5 0.84
2382 TGTTGGCTTCCA 55 8 0.90
2401 AGTTAAGCTTTGATACCA 53 4 0.56
Sum 179 22.03 44 8.243
Mean 6.40 0.79 2 0.402
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5V Jsuz) od 00 e sae 90 Sl s (AShus
as wsly Lz SSR JgSdge ,Silid gl pizmen (Y SO
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b S J8la> 3 SCAs47, SCBigg, SCC13, SCD17, SCD219
SCAus, SCAsig, SCAgzs1, SCAssy, (slojyly lawg
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oolawl 0,50 ,Klis gy a5 wisly lis ggemme o gl
SoesST (e85 £55 ki)l 5 Geets 4o (SSR 5 IPBS)
IPBS S5l Jlorial b g el o e 5 as,l5 e
g5 om0 iUl 2l SSROSOLS b alie o
OBer 5 shey olg, ol adls ey (S
Cowddy gl a5 wisg wiixe (Roldan- Rozi et al., 2001)
SSles ) Jols gl b gl o Wals Siles 5 oual
093 0% Dolds Jodo 4 Wl oo aliee pl il oes K00
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ansliie L (Lou and Chen, 2007) o> 5 o) 3,k 51 (2009
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slddlso 4 452 g UPGMA g, o 10,51 wlis o i
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950 ouilly a2 Al Cgz ol 0 g 285
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(Yeh and Yang, 1999)
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SSoom ol ol as sl las mls s )T eolaul lyae;
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sae id 3l Gt 55T e ol Pl slaws (Kl g 1AS

1- Power Marker ver. 3.25 software
2 - PAST ver. 1.98 software
3- GenAlex 1.31 software
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Namayandeh et ) -l ,Soa 4 cuslai o (Erol et al., 2014)
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Sz (90 E95 9wy VO (Shmez (e £95 4S5k
Ol S (nl g Woged azgi |) S g9 51 0o yo VO
bassS] S5l olis IPBS ,Silas ulul a5 sas e
Ohlse 5 ol bl caisST o glas 5l i
Foge slrosls 5l eslatwl L 5. (Babaei et al., 2014)
a5 Woged Gle SRAP (yg55msSey, Slis I Jel>
30 e vg2g ey lacdsST o gulo sme SUS
Moo g ULl lyaes lacassST os,0 g935 a5 J>
Olrie; it (9,0 9 (e uibyly (laime (pl all o
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Sl olhdes o) slacesST (S g9 e 0
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Figure 1. A iPBS pattern obtained from ecotpyes Torbat-e Heydarieh and Torbat-e Jam using 2244 primer.

SCB 109 5Ll 5l soliiul b pl cup g daus o slacassST 5l Jol> SSR (suil (s3I .Y IS
Figure 2. A SSR pattern obtained from ecotpyes Torbat-e Heydarieh and Torbat-e Jam using SCB 109 primer.

iz Oygeds g 4k Gb 5l plhke) Sl s @
o351 (39,9 533 45 2 m LAl 13 S oo by S5
Heetal,) ol,Ken 5 & o (I b 0gd 08) uodt yieS
9 <5 9 (Baraket et al., 2011) .,Ken 5 =ST,L (2011
OeetS 0 &S Wog wikee (Keneni et al, 2011) ), Sen
5 o Sl adlhae 590 Slacesor (o 5 09)% bl
Bl pl a5 o)l vy Gl Slidos o cad
ST e S g5 pmllips g5 2l o Sl (e

Bl (5,10 paigel 05 g

SL SSR St ol 1 JySlge ol fy 41575 s, 3
obly A S Lo sST e bl a7 (1 Jgoz) ol
e O E95 A5 (6 y5bdy bl e yidos lac ST JS
U5 g5 5l wepe Y7 umex (45)0 g5 5 woy0 OF
Slas elal 5 aS s o plis el opl g Boged Ay
oSl gy Dalas 51 min beisST p glas SSR
S Lz wp Gwmohn g Wl BB axt (pl Sk
ol g gy oal ags L;;L,_el).,_> iz bl 1 lbeuisS|
by 5l sl azils Bl S50, b 4 sl anis ol



a0 QMU))\.@; LJ}‘ a)La.:v ‘(’)LG'?-'M"‘Q‘J‘&) LsLhu,Z\A}}_a'Alm VYY

SSR 4iPBS Silis wlu! 5 (AMOVA) JsSge uilsylg 4325 Y Joo
Table 3. Analysis of molecular variance (AMOVA) based on iPBS and SSR markers.
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Figure 3. Cluster analysis of saffron ecotypes using iPBS marker.
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Figure 4. Cluster analysis of saffron ecotypes using SSR marker.
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Table 4. Principal coordinate analysis based on iPBS and SSR markers.
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Table 5. Bi-plot screen based on iPBS marker.
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Table 5. Genetic similarity values of saffron ecotypes (iPBS marker under diameter and SSR marker above diameter)
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Abstract

In order to study the genetic diversity of saffron, six cropping ecotypes from different regions of Razavi
Khorasan province (Mashhad, Torbat-e Jam, Gonabad and Torbat-e Heydrieh) and South Khorasan province
(Qaen and Birjand) were collected and evaluated with two molecular marker systems, iPBS and SSR. The results
of molecular analysis showed that 28 iPBS markers and 22 SSR markers were detected 179 and 44 polymorphic
alleles, respectively. The numbers of amplified bands for each marker were 3-10 (average 6.4) and 1-3 (average
2), respectively. Also, the average of polymorphism information content (PIC) for SSR and iPBS markers were
estimated 0.79 and 0.40, respectively. On the other hand, the results of molecular variance analysis showed that
the variance within ecotypes was more than between ecotypes based on iPBS markers, while the variance
between ecotypes was greater than within ecotypes based on SSR markers. Also, cluster analysis grouped saffron
ecotypes in three clusters and this classification was approved by principal coordinate analysis (PcoA). However,
ecotypes Gonabad and Birjand and ecotypes Torbat-e Heydarieh and Qaen had no significant differences with
each other in respect to both cluster analyses. Also, high genetic similarities between all saffron ecotypes were
reported. Overall, the results of the present study showed that although both markers were efficient to assess
genetic diversity of saffron but the iPBS markers in comparison with the SSR markers were higher efficiency to
determine the genetic diversity of studied saffron ecotypes.
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