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Abstract

Crocus L. is of interest to the horticultural, culinary and pharmacological fields. Our aims herein are to obtain information
based on genetic diversity and to investigate existing levels of genetic variation within and among the Crocus species sampled.
Since the classification of this species has not been clarified to date, this research may shed some more light on methods for
classification of Crocus L. RAPD and ISSR markers systems were used to estimate genetic diversity of 56 individuals
representing 19 Crocus taxa from Western Turkey. RAPD and ISSR banding matrix were calculated to construct a dendrogram

(Ward) by a cluster analysis performed by JMP software.

High level of genetic variation detected among sampled Crocus species. Genetic distance (GD) values ranged between 0.06
and 0.52 GD. DNA markers based clustering of Crocus L. did not coincide with morphological classifications.
This taxon should be reconsidered in terms of classification at the DNA-based level using nuclear, mitochondrial, and chloroplast
DNA, as well as more types of robust DNA markers such as AFLP and SSR. The existing high level of genetic variation shows

that Turkey could be one of the centers of origin for Crocus L.
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INTRODUCTION

The genus Crocus L. consists of some 80 species,
distributed from South-Western Europe, throughout central
Europe to Turkey and Southwestern parts of Asia, and as Far-
East as Western China [1]. The genus is well characterized and
morphologically  distinct  but  karyologically  very
heterogeneous [2]. The genus is of interest to the ecological,
horticultural, culinary and pharmacological fields. The
combination of a wide geographical range and the presence of
dispersed populations make it possible for a plant species to
harbor a vast amount of genetic variability; this genetic
richness can be present either in the form of allelic variability
or allelic uniqueness of some populations [3].

Crocus has a relatively large genome size, with 11.000
Mbp in Crocus vernus (2n=8) [4]. It also has large cytological
variation. The very wide range of chromosome numbers in
Crocus, 2n=6, 8, 10, 12, 14, 16, 18, 19, 20, 22, 23, 24, 26, 28,
30, 32, 34, 44, 48 and 64 [5], is accompanied by an equally
vast amount of variation in morphology. Morphological data in
plants can be affected by environment conditions, therefore a
single species grown in different environmental conditions
may be morphologically different and thus the use of
morphological characters for classification of Crocus may
result in some mistakes. Frello et al (2004) [4] found that DNA
marker analysis in the genus showed poor agreement with the
taxonomic structure of the Crocus genus. Molecular markers
such as RAPD [6], ISSR [7], and AFLP [8] have been used
extensively for detection of genetic variation at the DNA level.

Among these marker types, RAPD and ISSR do not require
preliminary sequence information and are less dependent on
laboratory conditions. The use of biochemical and molecular
markers represents a useful tool for the study of genetic
diversity and phylogenetic relationships at different levels of
taxa classification [8]. The first classification of Crocus sativus
L accessions was published by Caiola et al. (2004) [6] who
studied some Crocus species using RAPD markers. In our
research, we used 56 samples (representing 19 taxa) collected
from different locations of Western Turkey to investigate
genetic diversity.

In this research, our aim was to obtain information based
on genetic diversity and to investigate existing levels of
genetic variation within and among the Crocus species
sampled. Since the classification of Crocus has not been made
clear to date, this research may shed some more light on
methods for classification of this genus. Although RAPD
markers have been performed on Crocus sativus [6], to our
knowledge, this is the most comprehensive study of genetic
variation in Crocus species using RAPD and ISSR markers to
date.

MATERIALS AND METHODS
Plant material and DNA extraction

The Crocus L. species sampled from different locations of
Western Turkey are presented in Table 1 and sampling
locations are shown in Fig 1. Numbers for the collected
samples of the taxa is presented in Table 2. Sample locations
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Table 1. Locations, altitudes and co-ordinates of collected samples.

Locations, altitudes and

Locations, altitudes and

Sall\?;)le Taxon Name co-ordinates of collected Sallvn(?le Taxon Name co-ordinates of collected
samples samples
01 C. chrysanthus Herb. 13(9110t ?g,yl\? ’31)10%);11];’ 21 C. chrysanthus Herb. 13\/;2128,&{\]82;)71},21 52,413 m,
C. pallasii Goldb. Izmir-Bergama, 477 m., Manisa-Spil 1240 m,
92| subsp.pallasii 39°15,N27°05' E 22| G chrysanthus Herb. 38°32' N 27°25' E
C. flavus Haw. subsp. . s
03 dissectus Baytop & 13(9113221;1'}/ ;_ 5;2?(’),1};23 m, 23 C. chrysanthus Herb. gzgr?éa—'](]\?rgéilgg?aé 785 m,
B.Mathew
04 C. chrysanthus Herb. ]3(9uot 8?,}, ;_ (2}963212,1}; 85 m, 24 C. chrysanthus Herb. gzgr?;rz—'\;\? r;;?ég{ Z:OO m
05 C. candidus Clarke g;? 5a ;l;\?zlz;qugflélzo m, 25 C. flavus Haw. subsp. flavus g;? 521;(,1;31;-6{?16\,/% 72 m,
C. flavus Haw. subsp. Denizli-Cankurtaran
06 dissectus Baytop & 1040 m, 37°39' N 29°13' 26 C. flavus Haw. subsp. flavus Ela%zlil;{ef\?zyggﬂ{é 70
B.Mathew E ’
07 C. danfordiae Maw l;u?;%ﬁéﬁlgggzgi ]13063 27 C. antalyensis B.Mathew ﬁu?;l%as-%%rgf; 91?;:760
08 f lolwtert(é.(}ayxsgbip ) Manisa-Spil 998 m, 23 C. flavus Haw. subsp. dissectus Kiitahya-Domanig, 811
@ansae thay ex bak. 38°34'N27°23'E Baytop & B.Mathew m, 39°39'N29°29' E
B.Mathew
09 C. pulchellus Herb. Ela%aglil;e;l,;;;? llzcl?’Ez% 29 C. antalyensis B.Mathew l;%‘i%g}ﬁ;;lz%e,’é 350m,
10 C. chrysanthus Herb. ];/;igf'alllsgy;;’jg'gﬁm, 30 C. biflorus Mill. subsp. biflorus glar;z;lilgz;l'el—\lAggf 1c 911,(;:352
1 C. cancellatus Herb. Mugla-Fethiye, 340 m., 31 C. gargaricus Herb. subsp. Balikesir-Edremit, 1310
subsp. lycius B.Mathew 36°44'N29°00' E gargaricus m, 39°41'N, 26°54'E
Manisa-Avdal 126 m, C. biflorus Mill. subsp. nubigena  Izmir-Bergama, 459 m,
12 C. pulchellus Herb. 38°43'N27°16' E 32 (Herbert) B.Mathew 39°15' N 27°00' E
13 C. pulchellus Herb. ]3\’;‘:35?1'(/*;‘;%'1 ’6,1 é6 m, 33 C. olivieri J.Gay subsp. olivieri gf‘;‘;‘f,‘;‘i‘,;?g’f’.lag‘f‘l‘;’ 249
14 C. pulchellus Herb. ;@T{gﬁﬁf&gﬁ‘ﬁn m, 34 C. candidus Clarke fgfgg‘,‘;“;gﬁgf‘éﬂ m,
C. pallasii Goldb. Manisa-Kirkagag, 240 m, Canakkale-Ayvacik, 160
15 subsp.pallasii 39°08'N27°39' E 3 C. flavus Haw. subsp. flavus m, 39°57' N 26°16' E
16 C. fleischeri J.Gay g@i‘;ﬁ,"}%ﬂf la 2, 3E52 m, 36 C. chrysanthus Herb. l;/éiigs'af\}é\;g?lé'lé6 m,
C. flavus Haw. subsp. - <
17 dissectus Baytop & ]3\’;‘1‘8185,“{\]](2‘;]%%‘,‘% 233 m, 37 C. pulchellus Herb. fgfg;‘;lazlzggf‘if” m,
B.Mathew
18 C. fleischeri J. Gay 13);3?1{\]}1209115 IZ 5,512 2m, 38 C. baytopiorum B.Mathew ?;QT}I&H;;E IZ 6'2 11356 m,
C. biflorus Mill. subsp. —
19 nubigena (Herbert) ;@T&gﬁﬁgﬁ‘;g, i:% o 39 C. pulchellus Herb. ggfg‘;‘;ﬁ;gﬁgf‘g 20m,
B.Mathew
C. biflorus Mill. subsp. — .
20 nubigena (Herbert) ;g“:;gﬁjrzg;ygﬁz ;42 m, 40 C. pulchellus Herb. 2’;‘1‘;‘3&2@‘?{?“; 2m,,
B.Mathew
Lo Denizli-Pamukkale, 363 C. cancellatus Herb. subsp. Aydn-Karacasu, 393 m,
4 C- fleischeri J. Gay m, 37°56' N 29°07' E 49 mazziaricus (Herbert) BMathew  37°45'N28°37'E
C. flavus Haw. subsp. . . .. .
42 dissectus Baytop & ggi;?,a&A;;sggf’é 0 m, 50 C. danfordiae Maw ];;Ot ?2,3{\?2)(5 (;131?% 1193 m,
B.Mathew
43 C. chrysanthus Herb. ]3\’;“‘;35“1\]512”7”22652 m, 51 C. olivieri J.Gay subsp. olivieri g‘f;‘gﬁ;ﬁfgg?;’ 1193 m,
C. olivieri J.Gay subsp. Kiitahya-Tavsanl 850 m, . . Manisa-Kirkagag, 240 m,
44 olivieri 39°32'N29°33' E 52 G fleischeri J.Gay 39°08' N 27°39' E
45 C. chrysanthus Herb. g/é%ilgs,a{\ll\/;lf 1a 2, ?0 m, 53 C. chrysanthus Herb. l;/é%rsll()s'al-\ll\/;lgi 1a 2, %52 m,
46 C. chrysanthus Herb. ]3\/;2‘(151;_5 (;](Stf;;’ é3 15 m, 54 C. pulchellus Herb. ;Z;?iz,?g;gf (;rll?’ESOO m,
C. biflorus Mill. subsp. Canakkale, Can, 327 m, . Mugla-Goktepe, 1315 m,
47| biftorus 40°01' K 26°49' D 35 | C antalyensis B.Mathew 37°21'N28°27' E
C. biflorus Mill. subsp. o . . . . - .
48 crewei (Hooker f.) Denizli,-Cankurtaran 56 C. biflorus Mill. subsp. isauricus ~ Mugla-Fethiye, 1250 m.,

B.Mathew

1040 m,37°39' N29°13' E

(Siehe ex Bowles) Mathew

36°32"'N 29°11'E
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Figure 1. Map locations of the samples. The numbers indicate
sample number.

are shown in Fig 1. Numbers for the collected samples of the
taxa is presented in Table 2. Sample coordinates were
identified by GPS (GARMIN, Global Positioning System V
model, Taiwan). Plant materials were morphologically
identified by Dr Levent SIK, from the Department of Botany
at Celal Bayar University, as described in the Flora of Turkey
[9, 10] from 2004-2005. Voucher specimens were deposited in
the Herbarium of Ege University, Department of Pharmacy,
Izmir, Turkey.

Total genomic DNA was extracted according to Doyle
(1991) [11] with minor modifications. Isolated DNA was
diluted in 100 pl of sterile, distilled water and kept at -80° C.

RAPD and ISSR analysis

Twenty nanograms of DNA were used as a template in
both RAPD and ISSR analysis. Primers for RAPD analysis
were purchased from OPERON tech (Alameda Ca, US).
Primers for ISSR (800-899 series) analysis were purchased
from University of British Columbia (UBC). PCR
amplifications for RAPD were performed in a volume of 15 pl
containing 20 ng of genomic DNA, 1.5 pl of 10 X buffer (50
mM of KCl, 10 mM of Tris-Cl at pH 8.3, 0.001 % gelatin), 1.5
mM MgCl,, 0.2 mM each dNTPs, 10 pM primer and 1 unit of
Taq DNA polymerase enzyme (MBI Fermentas). A control
PCR tube containing all components except genomic DNA
was run with each primer to check for contamination. DNA
amplification was carried out in MJ Research Tetrad Thermal

Table 2. Number of samples collected for the taxa

Number
Taxon of
samples

C. baytopiorum B. Mathew 1
C. fleischeri J.Gay 4
C. gargaricus Herb. subsp. gargaricus 1
C. chrysanthus Herb. 12
C. danfordiae Maw 2
C. biflorus Mill. subsp. biflorus 2
C. biflorus Mill. subsp. crewei (Hooker f.) B. 1
Mathew
C. biflorus Mill. subsp. nubigena (Herbert) B. 3
Mathew
C. biflorus Mill. subsp. isauricus (Siehe ex Bowles) 1
Mathew
C. flavus Haw. subsp. flavus 3
C. flavus Haw. subsp. dissectus Baytop & B. 5
Mathew
C. antalyensis B. Mathew 3
C. olivieri J.Gay subsp. olivieri 3
C. olivieri J.Gay subsp. balansae (Gay ex Bak.) B. 1
Mathew
C. candidus Clarke 2
C. pallasii Goldb. subsp.pallasii 2
C. cancellatus Herb. subsp. mazziaricus (Herbert) 1
B. Mathew
C. cancellatus Herb. subsp. lycius B. Mathew 1
C. pulchellus Herb. 8
Total 56

Cycler (Nevada US) with following conditions: 94°C (1 min)
initial denaturation, 35 cycles at 94° C (30 s), 36° C (45 s) and
72° C (1 min), 72° C (5 min) final extension, and the last cycle
was 4° C for unlimited time. PCR amplifications for ISSR
were performed in a volume of 15 pl containing 20 ng of
genomic DNA, 10X buffer (50 mM of KCl, 10 mM of Tris-Cl
at pH: 8.3, 0.001 % gelatin), 400 mM of each d NTPs, 2.5 mM
of MgCl,, 1 uM of primer and 1 unit of 7ag DNA polymerase
enzyme (MBI Fermentas). Reactions were carried out in MJ
Research Tetrad Thermal Cycler (Nevada US) with following
conditions: 94° C (1 min) initial denaturation, 45 cycles of 94°
C (30 s), annealing temperature of each primer was calculated
according to nucleotide contents of primers (varied 48-55° C)
for 45 s and 72° C for 2 min final extension. Last cycle was at
4°C for unlimited time. All amplification reactions were
repeated three times.

RAPD and ISSR amplification products were resolved in a
2% agarose gel (in 1XTAE) and visualized by staining with
EtBr. The lambda DNA (digested EcoR I/Hind III) size marker
was used to estimate amplification products. KODAK 2D gel
imaging system was used to transfer the gel image into
computer.

Data Analysis

DNA fragment sizes on agarose gel were estimated by
comparisons with DNA size markers (lambda DNA EcoR
I/Hind III) run on the same gel. The bands were scored ‘1’ for
presence and ‘0’ for absence in DNA sample amplified to
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create a binary data matrix. Data from both methods
(RAPD and ISSR) were combined into a single matrix. Pair
wise comparisons of the PCR phenotypes were used to
calculate genetic distance (GD) according to Jaccard (1908)
[12]. GD values were used to construct a dendrogram (Ward)
by a cluster analysis performed by JMP software (version 3.1,
SAS Institute, 1995)

RESULTS AND DISCUSSION

A total of 96 primers were used to detect genotypic
variation. Fifteen out of 96 primers (16%) did not produce any
amplification product; 39 out of 96 primers (40%) did not
yield scorable bands and the rest of the primers (a total of 42,
44%) produced scorable bands. Among these scorable primers,
23 (52%) produced polymorphic bands and 19 (48%) were
monomorphic. The polymorphic primers amplified 253 bands.
The average number of bands per primer was 11. Caiola et al
(2004) [6] found that amplification of seven Crocus species’
DNAs with 21 primers provided 217 repeatable and
interpretable fragments. The primer that produced the most
bands was M11 (16 bands) and the least bands were amplified
by primer 104 (6 bands). Molecular weight of the amplification
products varied between 0.5-2.0 kb. Among all the individuals
subjected in this research, no species specific band was
detected. An example of the RAPD profile obtained from some
of the sampled locations is presented in Figure 2.

" - B alipoaann
.un'l!'.!a’ " ' “.M:!lﬁih

Figure 2. An RAPD profile obtained from some of the sampled
locations.

The presence and absence of the amplification products
were used to calculate GD among the samples. GD values are
presented in Table 3. GD values varied between 0.06 and 0.52.
According to GD values, the most closely related two species
(GD 0.06) were C. pulchellus (9) and C. chrysanthus (10), and
the most genetically distant two species (GD 0.52) were C.
antalyensis (27) and C. chrysanthus (52). Caiola et al (2004)
[6] found the GD values between 0.47 and 0.77 in C. sativus
(collected from different countries) and five closely related
species.

A dendrogram was drawn using RAPD and ISSR data
matrices (Figure 3). Fifty-six samples representing 19 taxa
formed eight groups as revealed by DNA markers. The taxa
subject to the analysis neither were grouped in to geographical
origins and nor were clustered according to taxonomic
structures. Similarly, Caiola et al (2004) [6] reported no
location specific differences could find in their study. Some of
the taxa distributed over all clustered groups such as C.
chrysanthus, C. pulchellus, C. flavus, C. olivieri, and C.
biflorus. This shows high level of variation within the genus.

Frello et al (2004) [4] found that individuals karyotypes were
characterized by high polymorphism in the distribution of
repetitive DNA in C. vernus.

This study examined a substantially larger number of
individuals of Crocus and loci than examined in previous
studies and allows a thorough overview of RAPD and ISSR
diversity across a wide range of Crocus. Our results indicate
that RAPD and ISSR markers are particularly valuable in the
study of the genus Crocus, where extensive genetic
characterization of the nuclear genome is lacking. Results
reported in this study confirm those on DNA content and base
composition obtained by cytofluorimetric analysis [13].
RAPD, ISSR data and cytofluorimetric data are in

with karyotypic distance for Crocus L. of different
geographical origins as reported by Brighton (1977) [2].
Presents results (GD 0.06-0.52) based on DNA markers
demonstrated that Crocus taxa collected from western Turkey
possessed high genetic diversity. These results confirm those
on The Crocus, a revision of the genus in Flora of Turkey [9,

10].

In conclusion, our results did not support morphological
classification. This taxon should be reconsidered in terms of
classification at the DNA-based level using nuclear,
mitochondrial, chloroplast DNA and types of robust DNA
markers such as AFLP and SSR. The existing high level of
genetic variation shows that Turkey could be one of the centers
of origin of Crocus. Kerndorf and Pasche (2006) [14]
concluded in their survey of genetic variation of Crocus in
Western Turkey that the complex flora of Crocus is a
marvelous species in a wonderful country and, hopefully, will
open up new areas for further research.
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catdidal = 34

Figure 3. Cluster analysis of 56 samples collected from
different regions of Western-Turkey using RAPD and ISSR
fingerprinting data.
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