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Abstract 

Barcodes are conserved sequences of genomic, plastid and mitochondrial 
DNA that can be utilized to uniquely identify an unidentified specimen to its 
species when conventional identification methods are inapplicable. Among 
prokaryotic and eukaryotic species, nuclear ribosomal internal transcribed 
spacer (ITS) sections are one of the most often utilized DNA markers in DNA 
barcoding and phylogenetic research. In addition to the ribosomal genes, the 
plastid genes are the most suitable for identifying plant species. The Aksu-
Zhabagly Nature Reserve is the oldest nature reserve in Central Asia and is 
home to 1,312 vascular plant species, 44 of which are categorized as 
threatened or endangered in Kazakhstan's red data book. In this study, a 
collection of specimens of uncommon tulip species was compiled, along 
with their morphological identification and DNA barcoding. The ITS region 
and parts of the matK and ycf1b genes of tulip plastid DNA were sequenced. 
The evolutionary link between species of tulips was investigated. 
Phylogenetic study predicted 2 Tulipa subclades. Tulipa species have 
substantially preserved MatK genes. Tulips' ycf1b gene has evolved more 
slowly than other Liliaceae family members. Nuclear and plastid DNA 
sequences investigated Tulipa species evolutionary relationships. The 

findings about the ITS region of nuclear DNA were more definite. Overall, our 
work shows that genetic data will be important in determining species 
concepts in this genus, however, even with a molecular perspective pulling 
apart closely related taxa can be extremely challenging. 
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Introduction 

The correct identification of species and the assessment of their 
phylogenetic relationships have been challenges throughout the 
development of biological research. Tulips, which belong to the genus 
Tulipa, are perennial herbaceous bulbiferous geophytes that bloom in the 
spring. The blossoms are typically red, pink, yellow or white and they are 
enormous, elaborate and highly colored. Over time, the number of species in 
the genus Tulipa fluctuated between 81 species (1) and 100 species (2). 
Despite the fact that the study of Tulipa's taxonomic characteristics began in 

the 18th century, the classification of tulips has been amended multiple 
times. The vast majority of studies concentrated on morphological or 
cytogenetic characteristics. The taxonomy of Tulipa was determined through 
multivariate analysis of 34 morphological characteristics (2). To get around 
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the "conventional" identification problems, scientists have 
begun to use molecular character comparisons as an 
alternative to morphological identification (3, 4). In the 
past few decades, DNA profiling techniques based on the 
PCR method have emerged as a powerful tool in plant 
systematics and have become a substantial, cost-effective 
and reliable technique for phylogenetic research (5). Inter 
simple sequence repeat (ISSR) profiling was performed to 
study Tulipa from Iran (6), while the Amplified fragment 
length polymorphism (AFLP) technique was utilized to 
examine Tulipa orphanidea L. from Turkey (7). DNA 
profiling techniques are especially effective for 
intraspecific research on the molecular genetic diversity of 
species. Since there is no way to compare DNA profiles 
between species due to the lack of common amplicons, 
these methods are not employed for species identification. 
On the other hand, in families of closely related species, it 
is feasible to detect shared amplicons that can be used to 
distinguish between members of the same family. 
Therefore, one common drawback of DNA profiling 
methods is that they aren't ubiquitous. Barcodes are 
regions of DNA in chromosomes, plastids, or mitochondria 
that are conserved from one individual to the next (8). DNA 
barcoding technique allows for the assessment of 
evolutionary relationships between species from a very 
small sample as well as the identification of species at 
various developmental stages. DNA barcoding, which 
employs molecular markers that may be used repeatedly 
for DNA-based identification, has emerged as a useful 
technique, particularly for those who lack distinguishing 
physical characteristics (10, 11). Research into developing 
universal DNA barcoding markers for land plants is 
ongoing. DNA barcoding research has used markers for 
over 20 loci/genes (reviewed in CBOL Plant Working Group, 
2009) (12). DNA barcoding loci should be chosen based on 
several factors, including primer universality and sequence 
variation. Commonly proposed fern areas include matK, 
rbcL, trnH-psbA, and trnL-F (13-16). It is difficult to find a 
suitable DNA locus for DNA barcoding in closely related 
species.  Extensive use of the trnL intron and trnL-trnF 
intergenic spacer in chloroplasts has led to their 
widespread application in the study of intraspecific and 
interspecific evolutionary relationships (17). Among the 
most popular regions for phylogenetic analysis across 
closely related genera and subgenera, the nuclear 

ribosomal internal transcribed spacer (ITS) is present in a 
wide variety of organisms (18, 19). Turktas et al. examined 
the evolutionary relationships of Tulipa in Turkey using 
DNA sequences from the trnL-trnF and ITS regions (20). 
Central Asia's first nature reserve can be found in the Aksu-
Zhabagly region. It is situated in the southern part of the 
Republic of Kazakhstan and has an area of 57,774 hectares. 
In 2015, UNESCO added Aksu-Zhabagly Nature Reserve 
(AZNR) to the list of World Heritage Sites. (https://
en.unesco.org/biosphere/aspac/aksu-zhabagly). The Aksu-
Zhabagly Nature Reserve is home to seventeen tulip 
species that are critically endangered elsewhere but are 
protected by law in the Republic of Kazakhstan according 
to their incorporation in the red data book.  

 The present study was undertaken to determine the 
genetic diversity and to establish relationships between 
different accessions of rare tulip species found in Aksu-
Zhabagly Nature Reserve. Barcode identification was 
accomplished by sequencing the ITS region of nuclear DNA 
and the matK and ycf1b genes of plastid DNA that were 
isolated from tulip samples. Barcodes are used on the 
tulips, and the molecular identity of each specimen is 
checked by an expert. Phylogenetic relationships among 
tulip species were investigated by analyzing plastid and 
nuclear DNA sequences. The aim of this research was to 
enhance our knowledge of species concepts among all of 
Kazakhstan's wild-growing Tulipa species in order to better 
inform tulip conservation efforts, our knowledge of tulip 
evolution and the broader taxonomic placement of Kazakh 
tulip species. 

 

 Materials and Methods 

Plant materials 

In July 2021, tulip specimens were collected from the areas 
of their natural growth in the Aksu-Zhabagly Nature 
Reserve: T. greigii, T. gréigii var. Red-Yellow, T. 
kaufmanniana, Hybrid of T. kaufmanniana/T. greigii, T. 
kaufmanniana, T. turkestanica, T. bifloriformis, the 
coordinates of which are presented in Table 1. The 
coordinates (latitude and longitude) and absolute altitude 
of the site of each sample were determined. Fig. 1 
illustrates the locations of the tulip samples. The leaves of 
tulip specimens were dehydrated in silica gel and then 
frozen at -80 degrees Celsius. The primary specimens for 

Plant Coordinates Altitude, m 
ITS accession 

number 

matK 
accession 

number 

Ycf1b 
accession 
number 

Tulipa bifloriformis 42°23’34’’N70°37’13’’E 1960 ON870406 ON982483 ON885953 

Tulipa greigii 42°2’39’’N70°25’29’’E 1830 ON870407 ON982484 ON885954 

Tulipa turkestanica 42°26’50’’N70°22’47’’E 1340 ON870408 ON982485 ON885955 

Tulipa greigii var. Red-Yellow 42°20’39’’N70°26’42’’E 1830 ON870409 ON982486 ON885956 

Tulipa kaufmanniana 42°20’51’’N70°29’9’’E 1980 ON870410 ON982487 ON885957 

Tulipa kaufmanniana 42°20’51’’N70°28’12’’E 2060 ON870411 ON982488 ON885958 

Hybrid of Tulipa kaufmanni-
ana/Tulipa greigii 

42°20’49’’N70°28’6’’E 2010 ON870412 ON982489 ON885959 

Table 1. Information about tulip species collected in Aksu-Zhabagly Nature Reserve, analyzed by ITS, matK, ycf1b sequencing with GenBank accession numbers 

https://plantsciencetoday.online
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each species of tulip gathered are listed in Table 1. 

DNA isolation, PCR and Sanger sequencing 

Total DNA was extracted from frozen leaves of tulip 
specimens by the CTAB method (21). The tissue sample 
(150 mg) was collected in a glass ball-containing 2 mL 

Eppendorf Safe-Lock microcentrifuge tube. The samples 
were placed in the TissueLyser II adapters and powdered 
for 5 minutes by shaking at 30 Hz. To each tube, add the 
pre-warmed (65 °C) extraction buffer (1.4 M NaCl, 25 mM 
EDTA, 2% CTAB 100 mM Tris-HCl, pH 5.0), fill to 1 mL, 
vortex to thoroughly mix, and incubate the samples for 1 
hr at 65 °C. An equal volume of isoamyl alcohol/chloroform 
mixture was added and vortexed to thoroughly mix before 
centrifuging the tubes at maximum speed for 5 min. 
Transferred the upper aqueous layer to a new 2 mL 
microcentrifuge tube containing 600 μl 2-propanol, 
vortexed well and centrifuged the tubes at maximum 
speed for 2 min in a microcentrifuge. Supernatant was 
removed and the pellet washed with 1.8 mL 70% EtOH, by 
gently inversions. Centrifuge at high speed for 2 min, then 
discard the ethanol. At 55°C for 10-30 min, the DNA pellet 
was dissolved immediately in 300 μl of 1xTE (1 mM EDTA, 
10 mM Tris-HCl, pH 8.0) with RNAse A. The DNA quality was 
determined using agarose electrophoresis. The 
concentration of DNA was determined using a NanoVue 
plus spectrophotometer (General Electric).  

 The list of the primer pairs used in this study is 
shown in Table 2. The pair of primers ITS_U1/ITS_U4 was 
used for amplification of the nuclear ITS region. The pair of 
primers ITS_U1/ITS_U2 and ITS_U3/ITS_U4 were used only 
for sequencing of the originally amplified ITS region, 
respectively. Primers MatK472F/MatK1248R and Ycf1bF/
Ycf1bR were used for amplification and sequencing of the 
maturase K gene and Ycf1 gene regions from plastid DNA 
respectively. 

 PCR amplification was carried out in a Bio-Rad 
Thermal Cycler T100 under the following conditions: initial 

denaturation step at 95 °C for 5 min, followed by 30 
amplifications at 95 °C for 45 s, at 55 °C for 30 s and 72 °C 
for 30 s, followed by a final extension of 72 °C for 3 min. 

 For the reaction volume at 25 μL contain: 100 ng 
DNA template, 1x Taq-reaction buffer (with 1.5 mM MgCl2), 
0.2 mM of each dNTP, 0.2 μM of each primer and 1 U of Taq 
DNA Polymerase. PCR products were analyzed by the gel 
electrophoresis with 1x TAE buffer and cleaned by 
QIAquick PCR Purification Kit (Qiagen). Purified PCR 
products were sequenced in both directions using the 
primers employed for amplification.  

 Sequencing reactions were carried out using a Big 
Dye Terminator v 3.1 Cycle Sequencing Kit (Applied 
Biosystems, USA). DNA sequencing was performed with 
Applied Biosystems ABI 3730xl 96-capillary DNA analyzer 
(Applied Biosystems, USA). Generated sequences were 
submitted to the National Center for Biotechnology 
Information (NCBI). GeneBank accession numbers are 
provided in Table 1. 

Tulip species identification and phylogenetic analysis 

Chromatograms after sequencing were analyzed and 
edited with SnapGene Viewer 6.1 software. Edited 
sequences were analyzed by BLAST searches (22) for 
preliminary analysis. Multiple sequence alignment (Fig. 1) 
was carried out by the Mega 11 program (23). Sequences 

for ITS region, matK and ysf1 genes for T. lehmanniana, T. 
clusiana, T. chrysantha, T. turkestanica, T. tarda, T. 
sprengeri, T. cretica, T. uniflora, T. iliensis, T. silvestris, T. 
humilis, Lilium sulphureum, L. pumilum were retrieved from 
GenBank. 

 

Results and Discussion 

Sequencing and analysis 

The sequences of internal transcribed spacers (ITS) of 
ribosomal genes are the best-known sequences for 
phylogenetic studies of eukaryotes and prokaryotes. The 
ITS gene is found between the structure genes of 
ribosomal RNA in eukaryotes: 18S, 5.8S, and 26S. The 

ribosomal genes are a single group of nuclear genes that 
are organized in tandem repeats. The ribosomal gene 
cluster is made up of a transcribed region (18S, 5.8S, and 
26S rRNA), internal transcribed spacers (ITS1 and ITS2), 
and external transcribed spacers (ETS1 and ETS2). The 
variable portion of the ITS region is species-specific and 
differs even in closely related organisms; hence, it is 
utilized in phylogenetic analyses (19, 25). The ITS region is 
commonly employed as a phylogenetic identifier to 
classify plants by genus, species and subspecies (26, 27). 
ITS sequences are located in the ribosomal cluster of the 
nuclear genome and are present in all living species. The 
restriction of the ITS region to conserved areas (18S and 
26S rRNA) permits the use of universal primers (25). The 
ITS region possesses the desired diversity, making it 
simple to differentiate between closely related organisms. 
This is because the nuclear genome accumulates 
synonymous substitutions at nearly the same rate, 

whereas the mitochondrial and chloroplast genomes 
accumulate synonymous substitutions at different rates 
(28). The ITS region has a high copy number, up to 30000 
copies per nuclear (29) and is adequate for rapid PCR 
analysis, cloning and sequencing (500-700 bp for flowering 

Fig. 1. Locations of sample collection of tulip specimen locations in the Aksu-

Zhabagly Nature Reserve. 
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plants) (25). Due to the biparental inheritance of ITS, 
hybrids can be distinguished through the localization of 
the ITS region in the nuclear genome (19). ITS_U1 and 
ITS_U4 primers (Table 2) were chosen for amplifying ITS 
region of DNA Tulipa samples and the 2 pairs ITS_U1/
ITS_U2 and ITS_U3/ITS_U4 (Table 2) were used for 
sequencing and identification ITS1 and ITS2 respectively. 

 Fig. 2A, 3A illustrate the multiple sequence alignment 
of a segment of the ITS region obtained from Tulipa species 
in the Aksu-Zhabagly Nature Reserve. The lengths of the ITS 
sequences ranged from 592 bp to 745 bp, with the 
alignments measuring 583 bp. The G+C concentration of the 
ITS sections exhibited less variance between samples and 
was, on average, 59%. Approximately 91% of the eukaryotes 
in the ITS could be identified. In the ITS region, tulip 
specimens demonstrate an average of 99 % conservation. 
One of the significant disadvantages of the ITS marker is 
that the ITS region is characterized by a high amount of 
homoplasy, which in some circumstances decreases the 
discriminating capacity of ITS sequences for phylogenetic 
investigations (30). To remedy this deficiency, plastid DNA 
genes with superior discriminatory ability were employed 
(31). The matK gene, which codes for maturase K on plastid 
DNA, is found even in non-chlorophyll plants (32). The 
chloroplast maturase K gene (matK) is one of the most 
variable angiosperm coding genes and has been proposed 
as a "barcode" for terrestrial plants. The matK gene has a 
length of around 1570 base pairs and encodes a maturase 
protein. The coding region of matK is normally found within 
an intron of the chloroplast trnK gene, with the exception of 
certain ferns in which it encodes tRNALys (UUU) (33). Being 
a coding area, the extremely rapid evolution of matK has 
made it useful in phylogenetic reconstructions at high 
taxonomic levels, such as Order or Family, and occasionally 
at low taxonomic levels, such as Genus or Species (34-37). 
Although considerable divergence in the matK sequence for 
higher taxonomic categories results in unclear locations and 
relationships for some evolutionary clades, matK is 
extremely beneficial for the identification of plant families 
using DNA barcoding (38-40). In systematics, primers 
designed for the trnK region are used to amplify and 
sequence the complete matK sequence (41, 42). However, 
for DNA barcoding, a segment of 600-800 bp is usually 

sufficient for species identification. Jing YU et al. proposed 
restricting themselves to a 600-800 bp region of the 
maturase K gene, for which universal primers can be 
chosen. MatK472F and MatK1248R primers (Table 2) were 
chosen to identify Tulipa plants and the 800 bp fragment of 
maturase K was amplified and sequenced. 

 Fig. 2B,3B depicts the multiple sequence alignment 
of the matK gene for Tulipa species. Tulipa samples varied in 
the average number of alignment characters, had matK 
sequence lengths ranging from 486 bp to 743 bp, with an 
average length of 356 bp. matK sequences included an 
average of 32% G+C. The identity of matK was 
approximately 99.7 % certain, and the conservation rate 
was one hundred percent. 

 The sequence length of ycf1b varied from 611 to 796 
base pairs. The average number of alignment characters for 
ycf1b in Tulipa samples was 622 base pairs. The average G+C 
content of ycf1b was 29%. The identification of ycf1b was 
approximately 96% certain, and its conservation was 100%. 

 The multiple sequence alignment of the ycf1b gene 
is depicted (Fig. 2C, 3C). The plastid gene ycf1 encodes a 
protein consisting of roughly 1800 amino acids. Recent 
investigations demonstrated that ycf1 is necessary for 
plant viability and encodes Tic214, an important 
component of the Arabidopsis TIC complex (44). ycf1 
spans the short single copy (SSC) and inverted repeat (IR) 
portions of the plastid genome. The IR region of ycf1 is 
short (less than one kilobase in length) and preserved. In 
contrast, the sequence variability of the ycf1 SSC region is 
substantial in seed plants. This portion of the ycf1 gene is 
more variable than matK in the majority of taxa studied to 
date and has been utilized in molecular systematics at low 
taxonomic levels (47-49). Two areas inside ycf1, ycf1a and 
ycf1b are anticipated to exhibit the highest species-level 
nucleotide diversity among angiosperm plastid genomes 
(50). Because ycf1 is too long (5709 bp for Nicotiana 
tabacum) and too variable to permit the design of 
universal primers, it has not received much attention for 
DNA barcoding or molecular systematic purposes at low 
taxonomic levels; however, the high variability of ycf1b 
indicates its potential value in DNA barcoding of land 
plants (51). To identify tulip specimens, Ycf1bF and Ycf1bR 

Target Primer ID Sequence (5’-3’) 
Tm, °

C* 
Reference 

Nuclear 
region 

ITS_U1 GGAAGTAGAAGTCGTAACAAGG 58.5 (56)  

ITS_U2 GCGTTCAAAGATTCGATGATTC 58.2 (56)  

ITS_U3 CATCGATGAAGAACGCAGC 59.7  (56) 

ITS_U4 GGTTTCTTTTCCTCCGCTTA 58.1  (56) 

Plastid 
region 

MatK472F CCCRTYCATCTGGAAATCTTGGTTC 63.9  (43) 

MatK1248R GCTRTRATAATGAGAAAGATTTCTGC 58.2  (43) 

Ycf1bF TCTCGACGAAAATCAGATTGTTGTGAAT 63.2  (51) 

Ycf1bR ATACATGTCAAAGTGATGGAAAA 56.1  (51) 

Table 2. The sequence of primers used for PCR amplification and sequencing of nuclear ribosomal internal transcribed spacer (ITS) and plastid matK, ycf1b 

regions 
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primers (Table 2) were used, and the 800 bp ycf1b 
fragment was amplified and sequenced. 

 

Phylogenetic analysis 

The ITS region of tulip species was compared to that of 
Lilium sulphureum (obtained from GenBank) to serve as 
the outgroup for the Liliaceae family. All of the 
phylogenetic trees (individual ITS, matK and ycf1b) were 
constructed using Neighbor-joining (NJ) and Maximum-
parsimony (MP) approaches. Phylogenetic analysis 
anticipated that the clade of studied Tulipa would split in 2 
and the results are shown in Fig. 4a (NJ) and 4b (MP). The 
first clade consists of the three subclades of Tulipa species. 
T. greigii is in the first group, followed by T. kaufmanniana, 
and finally a hybrid (T. kaufmanniana x T. greigii) and T. 
greigii var. Red-Yellow in the third. T. lehtmanniana, T. 
clussiana and T. chrysantha from the NCBI GenBank are 

most closely related to the Kazakh plants T. 
kaufmanniana, T. kaufmanniana/T. greigii and T. greigii 
var. Red-Yellow, as determined by the ITS sequence. 
However, the specimen of T. greigii is excluded from this 
group of related plants. 

 Additionally, 3 sequences of Tulipa species and 

Lilium pumilum, which was chosen as a representative of 
the outgroup of the Liliaceae family, were obtained from 
GenBank and analyzed for the matK gene. Inconclusive 
results were found when utilizing NJ and MP methods to 
construct a phylogenetic tree for the matK region of 
plastid DNA. The entirety of the relationship is marked by a 
lack of consistency (Fig. 4c, 4d). An analysis of the 
sequence of the matK gene in Tulipa specimens revealed 
that the matK sequence is highly conserved across all of 
the different species of Tulipa. There is only one known 
genetic substitution that is related to another species in 
the T. turkestanica species. 

 GenBank sequences of Tulipa species and Lilium 
pumilum, chosen as the outgroup of the Liliaceae family, 
were used to investigate the ycf1b gene in tulip samples. 
All the tulip samples were found to be grouped together on 
a single branch, as illustrated in Fig. 4e, 4f. These results 
indicate that the ycf1b gene has evolved more slowly in the 
tulip species than it has in other Liliaceae family members, 
which is likely due to a lack of gene recombination as a 
result of its self-incompatibility. 

 The evolutionary ties among the Tulipa species 

were examined using nuclear and plastid DNA sequences. 
Studying information from each sequencing area 
separately could result in incorrect conclusions about 
phylogenetic relationships (52). Following this 
observation, we looked into the phylogenetic relationship 

Fig. 2. Multiple sequence alignment of a fragment of ITS region (A), matK (B), 

and ycf1b (C) for Tulipa species were collected in the Aksu-Zhabagly Nature 
Reserve.  

Fig. 3. PCR amplification of fragment of ITS region (A), matK (B) and ycf1b (C) 

for Tulipa samples. 

Fig. 4. Majority-rule consensus tree of ITS (A,B), matK (C,D) and ycf1b (E,F) 

data was obtained from the Neighbor-joining (A,C,E) and Maximum-
parsimony (B,D,F) method. Gene distance values are shown above each 

branch. 
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between Tulipa species using the ITS, matK and ycf1 
sequences. The Tulipa family's ycf1b locus is poorly 
represented in GenBank. Unfortunately, we are unable to 
draw any firm conclusions about the phylogenetic 
relationship of the species under study because of the 
matK region. This issue stems from GenBank's depletion of 
plastid DNA sequences for Tulipa species. The study's 
findings about the ITS region of nuclear DNA were more 
definitive. Despite the limited information provided by 
GenBank, the study was able to make meaningful 
contributions to the understanding of Tulipa species 
phylogeny. The data collected agree with the findings of 
the Tulipa study (20) and other closely related species (53). 
The genus Tulipa is split into 4 different subgenera: Tulipa, 
Eriostemones, Clusianae and Orithyia (54). Tulipa is a genus 
with 56 species, the majority of which are located in 
Central Asia (4). Four species, T. kaufmanniana, T. greigii, 
T. greigii var. red-yellow and a hybrid of T. kaufmanniana 
and T. greigii, make up the subgenus Tulipa (4). Previous 
studies using morphology and cytology to classify 
organisms have placed these taxa in the same family as 
our findings suggest they do here (55). About 20 species 
belong to the subgenus Eriostemones, which is 
widespread across Eurasia and Siberia (3). As part of this 
study, previous research has established that both T. 
turkestanica and T. bifloriformis are in the genus Tulipa (3, 
20). This new study expands upon the previous ones by 
using molecular techniques to delve deeper into the 
phylogenetic connections between the taxa. 

 

Conclusion  

Tulipa species from the Aksu-Zhabagly Nature Reserve had 
their nuclear ITS and plastid matK and ycf1b sequences 
reported for DNA barcoding and phylogenetic study. 
Phylogenetic trees for the ITS region were generated using 
neighbor-joining and maximum-parsimony approaches and 
produced comparable findings. Phylogenetic analysis 
anticipated that the clade of Tulipa would split in 2 subclades. 
MatK gene is highly conserved across all of the different 
species of Tulipa. There is only one known genetic substitution 
that is related to another species in the T. turkestanica species. 
The ycf1b gene has evolved more slowly in the tulip species 
than it has in other Liliaceae family members. This is likely due 
to a lack of gene recombination as a result of its self-
incompatibility with other plant species. The evolutionary ties 
among the Tulipa species were examined using nuclear and 
plastid DNA sequences. The findings about the ITS region of 
nuclear DNA were more definitive. In conclusion, the study 
was able to use both nuclear and plastid DNA sequencing to 
draw firm conclusions about the evolutionary ties among the 
Tulipa species. The evolutionary relationships between 
species of Tulipa will be examined in greater detail, including 
the use of new barcode markers. 
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