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ABSTRACT

Colchicum has played a vital role in the field of medicine due to its
inherent properties, with its importance extending from the past to
the present. DNA barcoding is an effective tool for the identification
and conservation of plant species. This study tested the application of
the 7185 rRNA gene for the phylogenetic construction of Colchicum
species. The phylogenetic UPGMA (unweighted pair group method
with arithmetic mean) tree and STRUCTURE analysis were
conducted to assess the consistency of the results for 33 Colchicum
specimens and one outgroup species, utilizing the 78S rRNA partial
gene. The results of the study showed that DNA barcoding using 78S
rRNA was an effective method for identifying Colchicum species, with
97.76% of the tested sequences being successfully determined. This
study contributes to the field of phylogenetic analysis of Colchicum
species by illustrating the wutility of the 185 rRNA gene for
phylogenetic construction, underscoring its significance in advancing
our understanding of plant genetics. The nucleotide sequences
obtained for species identification in this study were uploaded to the
barcode of life data system (BOLD), contributing to internationally
accessible genetic data.

Colchicum Tiirlerinin Filogenisine Iligkin On Bilgiler

OZET

Colchicum, sahip oldugu dogal ozellikleri nedeniyle tip alaninda
6nemli bir rol oynamis olup, 6nemi gec¢misten gunumize kadar
uzanmaktadir. DNA barkodlama, bitki turlerinin tanimlanmas: ve
korunmasi i¢in etkili bir aragtir. Bu ¢alisma, Colchicum tirlerinin
filogenetik  yapisinin  olusturulmasinda 185 rRNA geninin
uygulamasini test etmistir. 33 Colchicum 6rnegi ve bir dig grup tiri
kullanilarak, 78S rRENA kismi geni ile filogenetik UPGMA (aritmetik
ortalama ile agirliksiz cift grup yontemi) agact ve STRUCTURE
analizi yapilmistir. Calismanin sonuclari, 78S rENA kullanilarak
yapilan DNA barkodlamanin Colchicum turlerinin tanimlanmasinda
etkili bir yontem oldugunu ve test edilen dizilerin %97.76's1nin
basarili bir sekilde belirlendigini gostermistir. Bu ¢alisma, 78S rRNA
geninin filogenetik yapr1 olusturmadaki faydasini gostererek
Colchicum tirlerinin filogenetik analizine katkida bulunmakta ve
bitki  genetigini anlama konusunda ilerlememize olanak
saglamaktadir. Tir tanimlamasi i¢in elde edilen niikleotid dizileri,
uluslararasi erigilebilir genetik verilere katkida bulunmak amaciyla
yasam barkodu veri sistemine (BOLD) yiiklenmistir.
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INTRODUCTION primarily due to the presence of alkaloids. In today’s
Colchicum, a genus of herbaceous plants belonging to medical field, 1.t assumes a vital role.ln.addrgssmg
the Liliaceae family, is commonly utilized both as an many global diseases, whether used in isolation or

ornamental species and for its medicinal properties, conjunction with different pharmaceuticals (Toplan et
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al., 2016). In addition to alkaloids, Colchicum species
also include flavonoids, phenolic acids, tannins, and
fatty acids (Hailu et al., 2021). Colchicum species face
several challenges in terms of conservation. The loss of
their habitats due to urbanization and land
development, as well as agricultural activities, poses a
significant threat to their survival. Additionally, over-
harvesting for medicinal purposes has led to a decline
in wild populations, and illegal trade further
jeopardizes rare and endangered Colchicum species.
Climate change also poses a significant threat to their
habitats, with disruptions in precipitation patterns
and extreme weather events affecting their survival
(Chandra, 2016; Rather et al., 2022).

Beyond the preservation of biodiversity, accurate
taxonomic  identification  carries  considerable
significance in the domain of herbal or traditional
medicine (Techen et al., 2014). In response to the
challenges posed by traditional taxonomy, various
genomic methods have been suggested. Among these,
DNA barcoding, initially introduced by Hebert et al.
(2003) has proven highly effective in both the
determination of existing species and the discovery of
unknown ones. DNA Dbarcoding employs short,
uniform, and variable DNA regions (<1000 bp) to
assess and classify species (Savolainen et al., 2005).
Due to its simplicity and greater accuracy compared to
the difficulties and subjectivity involved in
morphology-based taxonomy classification, DNA
barcoding is growing in popularity (Kress, 2017). While
the cytochrome c¢ oxidase 1 (COI) gene in the
mitochondrial genome is widely accepted as a
universal barcode marker for animals, an equivalent
universal barcode for plants remains to be identified
(Kress & Erickson, 2008). In the realm of plant life, the
employment of DNA barcoding is not ideally suited due
to its slow progression and limited variation. As a
result, the search for acceptable plant barcode regions
has shifted to the nuclear and chloroplast genomes,
which have higher substitution rates (Hollingsworth et
al., 2011). Due to their ability to distinguish between
different plant species, various potential regions,
including matK, rbcl, trnH-psbA, trnL-F, ITS, 18S
rRNA, and 56S rRNA, have been extensively studied
(Mishra et al., 2016).

Barcoding efforts focus on the region comprising the V4
hypervariable domain of the 785 rRNA gene, which is
roughly 400 base pairs (bp) in length and is highly
variable, making it useful for species-level
identification. They are widely used markers for plants
concerning their discrimination capacity, and due to
their conserved mnature, and their widespread
availability across plant taxa (Srivastava et al., 2016).
The first 185 rRNA sequences of angiosperms were of
maize (Messing et al., 1984), rice (Takaiwa et al.,
1984), soybean (Eckenrode et al., 1985), and Poaceae
(Hamby & Zimmer, 1988). Also, the study that
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provides a comprehensive comparison of the 185 ENA
and rbcL sequences of various plant species (Nickrent
& Soltis, 1995) and concludes that 185 rDNA
sequences provide an adequate dataset for conducting
phylogenetic analyses at more comprehensive
taxonomic levels within angiosperms (Soltis et al.,
1997) provided a framework for future studies on
selecting the 718rRNA gene for phylogenetic analysis
and DNA barcoding in plants.

UPGMA (unweighted pair group method with
arithmetic mean) is a widely used method in
phylogenetic analysis for constructing dendrograms
based on genetic distance. The utility of the UPGMA
method in phylogenetic and population structure
analyses has been demonstrated in various studies,
underscoring its relevance for diverse plant taxa
(Demirel et al., 2022; Karakan et al., 2024). In this
preliminary study, the UPGMA method was employed
to construct the phylogenetic relationships among 33
Colchicum specimens using nucleotide sequences from
the 185 rRNA gene region, and STRUCTURE analysis
was used to validate the phylogenetic tree data with
population structure. The 18S rRNA gene is chosen for
phylogenetic studies due to its highly conserved
nature, which allows for the comparison of
evolutionary relationships across diverse taxa. Its
relatively slow rate of evolution provides stable and
reliable markers for inferring deeper evolutionary
lineages and relationships among species.

MATERIAL and METHOD
Plant material

In this preliminary study, three individuals from each
of the 11 Colchicum species were collected to provide
an initial insight into the genetic diversity within the
genus. Detailed information on the specimens,
including the season of collection, is provided in Table
1. All specimens were supplied by the Republic of
Turkiye Ministry of Agriculture and Forestry, Ataturk
Horticultural Central Research Institute in Yalova. As
an outgroup, Androcymbium dregei (obtained from
GenBank with the accession number: JQ405011.1)
from the Colchicaceae family was used. The choice of
Androcymbium dregerl as an outgroup was based on its
phylogenetic distance within the family, providing a
robust reference for comparative analysis.

DNA extraction, PCR amplification, and sequencing

Genomic DNA from leaf tissue was extracted using the
CTAB method developed by Doyle & Doyle (1987).
Partial 185 rRENA gene amplifications by the
polymerase chain reaction (PCR) were performed
using 2 ng total genomic DNA as a template in a 25 pL
reaction mixture, consisting of PCR buffer (1 X), 4
mmol/LL MgClz, 0.8 mmol/L each primer, 0,2 mmol/L
each dNTP, and 0.5 U Taq DNA polymerase. Primers
designed using Primer3, flanking the 78S rRNA gene
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regions, are as follows: 185 rRNA Forward: 5- ATT
GTG ACG GAG CCG GGC GAG G -3, 18S rRNA
Reverse: 5- CGG AGT TTG GTG GGG ACG TAC C -3’
The PCR program employed in this study followed
these steps: an initial denaturation step at 94°C for 3
minutes, followed by 39 cycles consisting of
denaturation at 94°C for 1 minute, annealing at 53°C

for 1 minute, and extension at 72°C for 1 minute. The
process concluded with a final extension at 72 °C for 10
minutes. The PCR amplifications were carried out on
a Veriti™ 96-Well Fast Thermal Cycler. The PCR
products were visualized using electrophoresis on
agarose gel (1.5%).

Table 1. Genotype codes and seasonal information of 11 Colchicum species were used in this study.
Cizelge 1. Calismada kullanilan 11 Colchicum tiiriiniin genotip kodlari ve mevsimsel bilgileri.

No Species Genotype Code Season
1 C4803A
2 C. balansae Planchon C4810 Autumn
3 C4821
4 C0730
5 C. baytopiorum C.D. Brickell C0740 Late-autumn
6 C0748
7 C4819
8 C. macrophyllum B.L. Burtt C4822 Autumn
9 C4823
10 C0605
11 C. bivonae Guss. C1412 Autumn
12 C1703
13 C0749
14 C. boissieri Orph. C0751 Autumn
15 C3503
16 C3304
17 C. cilicicum (Boiss.) Dammer C5103 Autumn
18 C5104
19 C2710
20 C. polyphyllum Boiss. & Heldr. C3108 Autumn
21 C3308
22 Co0101
23 C. serpentinum Woron. ex Miscz. C4227 Winter
24 C4601
25 C2802
26 C. speciosum Steven C3701 Autumn
27 C5301
28 C0733
29 C. stevenii Kunth C0735 Late-autumn
30 C0765
31 C2003
32 C. burttii Meikle C4801 Winter
33 C4814

Purification of PCR products was carried out by the
'ChargeSwitch-Pro PCR  Clean-up Purification'
protocol. Cycle sequencing reactions were performed
using the “Big Dye-Kit Standard” protocol. DNA
sequencing was performed with the “ABI 310 Genetic
Analyzer” sequencing system.

Sequence analysis

After the sequencing step, the chromatograms
acquired were subjected to further examination
through Geneious Prime version 2023.2.1. To ensure
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the accuracy of each sequence, a comprehensive
examination of the peaks corresponding to individual
nucleotides was conducted, followed by the generation
of a consensus sequence after eliminating segments of
lower quality. The molecular taxonomic identity of the
resulting consensus sequence was authenticated using
the nucleotide blast tool (BLASTN - basic local
alignment search tool-nucleotide) available at the
National Center for Biotechnology Information
(NCBI). This tool assesses nucleotide/protein
sequences by comparing them to sequence databases,
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determining identities based on percentage similarity, value of  the populations, “STRUCTURE
and considering the E-value. HARVESTER” (Earl & Vonholdt, 2012) software was
The phylogenetic analysis was performed in the “CLC used, and the number of subpopulations was

Genomics Workbench 23.0.2” program by the identified. For the K and AK values obtained for this

“UPGMA” procedure, using the “Kimura 80” model of purpose, the data dg_termines the optimum K value
evolution with confidence measured through 1000 based on the probability value reached (Evanno et al.,
replicates of bootstrap. 2005). The genotypes that have a probability >0.80 are

classified as 'pure lineage', whereas those with a

For population structure analysis based on 185 rNA probability <0.80 are classified as 'mixed ancestry'.

sequence information, the determination of SNPs was
first performed in the “Mega 6” program.
STRUCTURE analysis was conducted using the gggULT?_ ficati d )

software application "STRUCTURE (version 2.3.4)" to amplitication and sequencing

categorize the genotypes based on the approach The PCR products obtained from the amplification of

proposed by Pritchard et al. (2000). During this the 185 rENA gene region were analyzed by agarose

analysis, various models (K=1-10) were tested after gel electrophoresis (Figure 1). Clear bands of
100,000 iterations of the markov chain monte carlo approximately 200 bp were observed for all samples.
(MCMC) algorithm, along with customized statistical These results indicate that the target gene region was
methods, to identify the most suitable population successfully amplified and that the PCR conditions
count. In addition, each model was performed 10 times used in the study were reliable.

with 10.000 length burning period. To calculate the AK
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Figure 1. Agarose gel electrophoresis of PCR products for the 185 rRNA gene region of Colchicum specimens (1-33). M:
molecular weight marker (100-3000 bp); NC: negative control.
Sekil 1. Colchicum érneklerinin (1-33) 18S rRNA gen bélgesine ait PCR iiriinlerinin agaroz jel elektroforezi. M: molekiiler
agirlik marker1 (100-3000 bp); NC: negatif kontrol.

The sequence information for 33 Colchicum specimens identified 33 Colchicum specimens, and each was well
is given in Appendix 1. The lengths of the 78S rRNA supported with high bootstrap values (50%-100%). The
sequences used for the analyses ranged from 131 to 145 phylogenetic tree (Figure 3) was grouped by seasonal
bp. GC content is 52.5%. The identification of species state, with each group represented by a specific color.
was carried out through nucleotide blast, where the Additionally, to distinguish individual species, the
highest similarity score reached 97.76%, and the E nogles were color-coded, with each species assigned a
value was minimal at 8e-56. The sequencing data has unique color.

been registered in the BOLD data system under the The phylogenetic tree provided data for the
CSDB project code (www.boldsystems.org). classification of Colchicum species into two primary

groups, labeled as Group I and Group II, with two

Before performing the phylogenetic analyses, a wed i
subgroups within each major group. IA-IB and ITA-IIB,

multiple sequence alignment was conducted to assess

the genetic variation among the Colchicum species, as respectively (Figure' 3) Th? IA subgroup contains C.
shown in Figure 2. This figure presents the multiple bozssz'en Orph., C. cilicicum; the 1B subgroup contains
sequence alignment of various Colchicum species, C. bivonae Guss.; the IIA subgroup contains C.

highlighting the nucleotide variations within the 78S Po]yp]]y]]um BOiSS-. & Heldr.- the IIB group is divided
rRNAregion. This alignment provides insights into the into two branches: IIC and IID. The IIC subgroup

genetic diversity among the species and supports the contains C.. baytopjgrym C'.D. Brickell, C. stetvenzkl' the
efficacy of 185 rRNA as a suitable barcode for species I1ID group is also divided into two branches: The IIE
identification. and IIF. The IIE subgroup contains C. burttii, C.

serpentinum Woron. ex Miscz., the IIF subgroup
contains C. speciosum Steven, C. macrophyllum B.L.

Phylogenetic analysis
Burtt, C. balansae Planchon.

UPGMA tree based on 185 rRNA sequence data
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C balansae(C48034) JANGAIBT GAT - CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC-
C balansas(C4810) M GAGT GAT- CATCAGAGCGGCGGGCGAAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGT
Cbeisnsas(C4a21) A CABT GAT
C baytopiorum(C0730) G TAGT GAT

ACCAAA- CTCCGA-
GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGH
- CATCAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
- CATCAGAGCGGCGGGCGRAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA-
C baytopionmiC0740) @ TABT GAT- CATCAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C baytopionum(C0748) EITABT GAT- CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA-
C macrophyBum(C4819) ANGAGT GAT - CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C macrophyBum(C4322) WGABT GAT - CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C macrophylum(C4623) A GABT GAT - CAT CAGAGCGGCGGGCGAAGCCCGCBT CGOCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC

C boissien(C3503)
C cilcicum(C3304)
C ciicicum(C5103)

ACCAAA- CTCCGA
C bivonas(CO605) B CATGATTCATCAGAGCGGCGGGCGAAGCCCGCEBTCGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCC. - ACCAAA- CTCCGA
ChvonselC1412) == CAT GATTCATCAGAGCGGCGGGCGAAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCC- - ACCAAA- CTCCGA
C bivonas(C1703) S S CATGATTCATCAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCC- - ACCAAA- CTCCGA
CbossieniCordg) SIS CATCBGAGCGGCGGGCGA- GCCCGCBTCGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGT TTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAAACT CCGRA
Cboissied(C0761)  ERSSl. - - . . CATCBGAGCGGCGGGCGA- GCCCGCBT CGOCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT

GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAAACT CCGRA
GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAAACTCCGRA
GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAA- CTCCGBA
GCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAA-

Cant CATCBGAGCGGCGGGCGA- GCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT
B - GCGGCGGGCGM- GCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGT
5 -GCGGCGGGCGA-

o L CTCCGBA
Ccilcicum(Cs104) SRS 5 - GCGGCGGGCGA- GCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGT TTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCCCACCAAA- CTCCGRA
C potyphyllum(C2710) BRI GAT - CAT CIAGAGCGGCGGGCGBAGCCCGCATCGGCCTTTTATCTA- TAAATGCATCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCOR
C polyphylum(C3108) EESST GAT - CAT CAGAGCGGCGGGCGBAGCCCGCATCGGCCTTTTATCTA- TAAATGCATCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C polyphylum(C3308) S 8= =iT GAT- CATCAGAGCGGCGGGCGBAGCCCGCATCGGCCTTTTATCTA GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C serpentinumiC0101) = AGAT GAT - CATCAGAGCGGCGGGCGAAGCCCGCET CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C serpentinumiC4227) AGAT T GAT - CAT CAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C sorpontinum(C4601) AGATIT GAT - CAT CAGAGCGGCGGGCGAAGCCCGCHBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGHA
C speciosumiC2802)  BESS CATCAGAGCGGCGGGCGBAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGT CGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGR
C spaciosum(C3701) SRS . . . . CATCBGAGCGGCGGGCGBAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGR
C speciosum(C5301) Si==l. - . - . CAT CIGAGCGGCGGGCGBAGCCCGCBTCGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGH
C stevenilCO733) B TAGTGAT. CATCAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBTCCCTTCCAGAAGTCGGGGTTT GCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C stevenilCO735) ETAGTGAT- CATCAGAGCGGCGGGCGAAGCCCGCBT CGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C steveniiCO765) B TAGTGAT- CATCAGAGCGGCGGGCGAAGCCCGCBTCGGCCTTTTATCTAATAAATGCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C burti(C2003) S AGATGAT- CATCAGAGCGGCGGGCGMAGCCCGCIBT CGGCCTTTTATCTAATAAATGCIBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCTCTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA
C bustti(C4801) S AGAT GAT- CATCAGAGCGGCGGGCGAAGCCCGCIBT CGGCCTTTTATCTAATAAAT GCIBTCCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGT TATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGR
C burti(C4814) EAGAT GAT- CAT CAGAGCGGCGGGCGMAGCCCGCBT CGGCCTTTTATCTAATAAAT GCBT CCCTTCCAGAAGT CGGGGTTTGTTGCACGTATTAGCT CTAGAATTACTACGGTTATCCGAGTAGGTACGTCCCC- ACCAAA- CTCCGA

Figure 2. Sequence alignment of Colchicum species based on 185 rENA region. The alignment shows conserved regions
shaded, with nucleotide variations marked in yellow.
Sekil 2. 185 rRNA bélgesine dayali Colchicum tiirlerinin dizi hizalamasi Hizalamada korunan bolgeler golgeli olarak
gosterilmig olup, niikleotid varyasyonlari sari ile isaretlenmigtir.
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Figure 3. Phylogenetic tree of 33 Colchicum specimens constructed using UPGMA cluster analysis based on 18S rENA
sequences. Androcymbium dregei from Colchicaceae was used as the outgroup. The color-coded labels indicate the
flowering season of each specimen (Autumn, Late-autumn, Winter, and Unknown). Bootstrap values are provided
at the nodes to support the clustering.

Sekil 3. 33 Colchicum drneginin 185 rRNA dizilimlerine dayali olarak UPGMA kiimeleme analizi kullanilarak olusturulan
filogenetik agaci. Colchicaceae familyasindan Androcymbium dregei dis grup olarak kullanilmistir. Etiketlerde
kullanilan renkler, her bir érnegin c¢iceklenme mevsimini (Sonbahar, Ge¢ sonbahar, Kis ve Bilinmeyen)
gostermektedir. Diigtimler lizerinde yer alan bootstrap degerleri kiimelenme destegini gostermektedir.
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Structure analysis

The model displaying the greatest AK value was
chosen as the optimal model for characterizing the
population. A genetic identity threshold of > 0.80 was
adopted to distinguish genotypes as subpopulation
individuals within the selected best model (K).
Genotypes falling below this threshold were not
included in any specific subpopulation and were
regarded as genetically mixed individuals (Fukunaga
et al., 2005).

In this study, the population structure of the 33
Colchicum specimens with the peak of delta K was
observed at K = 3, indicating the presence of three
main populations (clusters, Q1-Q3) (Figure 4a). 33
Colchicum specimens have membership coefficients of
0.80 and higher and are therefore likely to be pure. The
classification of accessions into populations based on
this model-based structure is shown in Figure 4b. The

STRUCTURE analysis corroborated the findings of the
dendrogram analysis, revealing the presence of three
distinct clusters within the population. Out of the 33
specimens, there were 3 genotypes in the first
subpopulation (19, 20, 21), 12 genotypes in the second
subpopulation (28, 6, 9, 1, 5, 29, 4, 3, 30, 8, 2, 7), and 6
genotypes in the third subpopulation (13, 14, 15, 16,
17, 18). The first subpopulation consists of 10
genotypes (11, 31, 33, 22, 32, 12, 10, 27, 26, 25) and is
a combination of genotypes from both the first and
second populations. The two remaining genotypes in
the second subpopulation, 23 and 24, are a
combination of the genotypes from the first and second
populations. The combination of genotypes from both
the first and second populations includes 10 genotypes
(11, 31, 33, 22, 32, 12, 10, 27, 26, 25), while the
remaining two genotypes, 23 and 24, are also a blend
of genotypes from the first and second populations.

Deltak = mean(|L"(K)|) / sd(L(K))

(a)

a0t

30

Delta K
N
=]
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(b) 100
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Species

Figure 4. Results of the clustering analysis performed using STRUCTURE Version 2.3.4 (a) Delta K values for various assumed
population numbers (K) in the STRUCTURE analysis, and (b) The Q-plot illustrating the clustering of 33 Colchicum
specimens at the K = 3 clustering level using the set of discriminative single-nucleotide polymorphisms (SNPs).
Different subpopulations are represented by distinct colors (first subpopulation: red, second subpopulation: green,

third subpopulation: blue).

Sekil 4. STRUCTURE Versiyon 2.3.4 kullanilarak gerceklestirilen kiimeleme analizi sonuglari (a) STRUCTURE analizinde
varsayilan farkli popiilasyon sayilar: (K) i¢in Delta K degerleri ve (b) Ayirt edici tek niikleotid polimorfizmleri
(SNP'ler) kullanilarak K = 3 kiimeleme diizeyinde 33 Colchicum orneginin kiimelenmesini gésteren Q-plot. Farkli
alt popiilasyonlar farkli renklerle temsil edilmistir (birinci alt popiilasyon: kirmiz, ikinci alt popiilasyon: yesil,

ligtincti alt popiilasyon: mavi).
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DISCUSSION

As in this study, many studies have demonstrated the
effectiveness of the 185 rRNA gene in plant barcoding.
Dong et al. (2003) used DNA sequences from the 55
rRNA spacer, the ITSregion, and the 185 rRNA coding
region to identify the phylogenetic relationships of ten
Astragalus species generally found in China. Their
research indicated the highest sequence similarity
between A. membranaceus and A. membranaceus var.
mongholicus, whereas other Astragalus species
exhibited less significant genetic relationships. Safhi
et al. (2022) demonstrated the efficiency of DNA
barcoding using nuclear regions (/7S and 18S rRNA)
for the identification of C. gileadensis accessions.
Aykut (2020) contributed to the field of DNA barcoding
by highlighting the importance of using rDNA regions
for identifying and evaluating relationships of
taxonomically  problematic  species, specifically
Quercus species in Tiirkiye. The study found that both
regions include intergenic spacer (J/GS), 5S rRNA
genes, and /751, ITS2, 185 rENA, 5.85 rRNA, and 255
rRNA genes, which are useful tools for DNA barcoding
of Quercus species. Based on the study by Bae (2009),
the region containing three genes, including the 185
rRNA gene, of Atractylodes japonica Koidz was
successfully amplified and sequenced, revealing a close
phylogenetic relationship with other members of the
Compositae family. Yang et al. (1999) estimated the
phylogenetic relationships among nine genera in four
tribes of the Brassicaceae family using nuclear
ribosomal DNA sequences, including the 185 rRNA
gene, revealing distinct groupings and suggesting
closer relationships between certain genera. Soltis et
al. (2000) conducted a phylogenetic analysis of 560
angiosperms and seven outgroups using a combined
data set that included the 7185 rDNA gene. Their study
provided the most highly resolved and strongly
supported topology for angiosperms to date.

So far, there has been no study to identify Colchicum
species with 78S rENA gene region. However, there
are identifications of Colchicum species in the
literature by both morphological and molecular
methods. In the differentiation of Colchicum species, it
is seen that markers such as AFLP and RAPD and
gene regions such as 7S, trnl-trnH are frequently
used on a molecular basis. Several studies have
investigated the identification of Colchicum species
using molecular markers. Karakas et al. (2014)
conducted molecular analyses of Colchicum species
using AFLP molecular marker from Tiurkiye,
contributing to a better understanding of genetic
variations within the genus. Persson et al. (2011)
analyzed the phylogenetic relationships among
Colchicum species using trnlL-trnF' IGS, trnL intron,
trnH-psbA IGS, trnY-trnD IGS, atpB-rbcL IGS, and
rpsl6 intron plastid regions, morphological and
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chromosomal  characteristics, and  non-coding
chloroplast DNA sequence data. Sahin et al. (2020)
used the trnL-trnF'chloroplast gene region and the /7S
nuclear gene region to determine the phylogenetic
relationships of 52 Colchicum species. Consistent with
the research findings, the /7S and trnL-trnF analyses
revealed a close relationship between C. baytopiorum
C.D. Brickell, and C. stevenii. Also, the trnL-trnF
phylogenetic tree supported the findings of Persson et
al. (2011) that C. balansae Planchon and C.
macrophyllum B.L. Burtt were close species in the
same clade. Similarly, this analysis revealed the close
relationship of these two species. Tuyel et al. (2020)
assessed genetic variation patterns in 16 Colchicum
species, utilizing RAPD markers and analyzing the
chloroplast DNA sequence t¢rnL-trnF. This study
confirmed conclusions of Tuyel et al. (2020) about the
relationship between C. speciosum Steven and C.
balansae Planchon based on RAPD data. Gandhi et al.
(2023) utilized DNA barcoding to accurately identify
two varieties of Colchicum, specifically Colchicum
autumnale L. and Colchicum Iuteum Baker. The DNA
barcodes used in this study included the rbelL and
psbA-trnH regions, which were effective in
distinguishing between the two species. This method
proved essential in differentiating the species,
especially given the lack of prior literature on the DNA
barcoding of Colchicum luteum Baker.

Sahin et al. (2021) examined the floristic diversity of
the Colchicum genus in Turkiye by analyzing 52
species based on 36 morphological traits using
principal component analysis (PCA). Their study
highlighted significant morphological differences,
particularly in flowering time, perigon tube structure,
and leaf characteristics, aiding 1in species
characterization. They recommended the need for
further investigation to gain a complete understanding
of the biogeography and evolutionary aspects of these
species. Sahin et al. (2021) found the same seasonal
patterns in species grouping in their morphological
characterization analysis utilizing the same samples
as in this study. When comparing this study with
Sahin et al. (2021) in terms of the relationship among
species, it was determined that in both studies, C.
baytopiorum C.D. Brickell and C. stevenir; C. burttii
Meikle and C. serpentinum Woron. ex Miscz.; C.
speciosum Steven and C. balansae Planchon were
found to be closely related to each other. Furthermore,
in both studies, C. polyphyllum Boiss. & Heldr. From
autumn species were found to be closer to C.
baytopiorum C.D. Brickell and C. stevenii Kunth
species from late-autumn species. The findings
demonstrated concurrence between the morphological
and genetic identification approaches.

When comparing the morphological study by Disen
and Siimbiil (2007) on Colchicum species with the
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similarities observed in this study, C. speciosum
Steven and C. cilicicum (Boiss.) Dammer as well as C.
balansae Planchon and C. cilicicum (Boiss.) Dammer
was 1dentified as similar species in their research.
However, in this study, C. cilicicum (Boiss.) Dammer
is grouped distantly from C. balansae Planchon and C.
speciosum Steven, while C. balansae Planchon and C.
speciosum Steven are clustered on the same branch
(ITF). Additionally, while Diisen and Siimbiil (2007)
classified C. serpentinum Woron. ex Miscz and C.
stevenii as closely related species, this study finds
them on the same main branch but in different sub-
branches, with C. serpentinum Woron. ex Miscz in I1IE
and C. steveniiin IIC.

In this preliminary study, analysis of the
complementary phylogenetic tree and STRUCTURE
results revealed that each sample clustered within its
respective species. Furthermore, species occurring in
late autumn and winter formed distinct clusters
corresponding to their seasonal groups. Notably,
autumn species also displayed close clustering, except
C. polyphyllum Boiss. & Heldr., which deviated from
this pattern. In the STRUCTURE analysis, C.
polyphyllum Boiss. & Heldr. (first subpopulation) was
observed to form a distinct group within its species,
independent of the other species. Within the
phylogenetic tree, C. cilicicum (Boiss.) Dammer and C.
boissieri Orph. are closely grouped in group 1A. This
clustering is corroborated by the STRUCTURE
analysis, which identifies these species within the
third subpopulation. C. stevenii Kunth and C.
baytopiorum C.D. Brickell are classified together in
the IIC group on the phylogenetic tree and in the
second subpopulation in the STRUCTURE analysis.
Additionally, the STRUCTURE analysis, which
assigns C. balansae Planchon and C. macrophyllum
B.L. Burtt to the second subpopulation, supports the
close grouping of these species within group IIF in the
phylogenetic tree. This research also highlighted the
close relationships among C. stevenii Kunth and C.
baytopiorum C.D. Brickell; C. balansae Planchon, C.
speciosum Steven, and C. macrophyllum B.L. Burtt;
and C. burttii Meikle and C. serpentinum Woron. ex
Miscz. These findings are consistent with previous
studies on the identification of Colchicum species.

CONCLUSION

This study represents a preliminary effort to elucidate
the phylogenetic relationships among Colchicum
specimens using the 78S rRNA gene region. While the
findings provide valuable initial insights, they also
highlight the need for further research incorporating
additional molecular markers to enhance the
robustness and accuracy of the phylogenetic analyses.
Future studies should consider using multiple barcode
genes, such as matK, and rbcl, to obtain a more
comprehensive understanding of the genetic diversity
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and evolutionary relationships within the Colchicum
genus. This approach will enable more detailed and
reliable reconstructions of species relationships,
ultimately contributing to a more nuanced
understanding of the taxonomy and evolution of this
important plant group.
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