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Repetitive tandem sequences were retrieved within nu- 
cleotide sequences of opium poppy (Papaver somniferum 
L.) genomic DNA available in the GenBank® database. 
Altogether 538 different microsatellites with the desired 
length characteristics of tandem repeats have been identi-
fied within 450 sequences of opium poppy DNA available 
in the database. The most frequented were mononucleo-
tide repeats (246); nevertheless, 44 dinucleotide, 148 tri-

nucleotide, 62 tetranucleotide, 28 pentanucleotide and 5 
hexanucleotide tandem repeats have also been found. The 
most abundant were trinucleotide motifs (27.50%), and 
the most abundant motifs within each group of tandem re-
peats were TA/AT, TTC/GAA, GGTT/AACC and TTTTA/
TAAAA. Five hexanucleotide repeats contained four dif-
ferent motifs.

The opium poppy (Papaver somniferum L.) be-
longs to the family Papaveraceae and is the most 
important member of this family from the agricul-
tural point of view. This crop is cultivated for the 
production of not only edible seeds and oil but also 
pharmaceutically important alkaloids, especially 
morphine, codeine, narcotine, thebaine and papav-
erine. Opium poppy might also be regarded as one 
of the most important renewable resource for the 
extraction of pharmaceutical alkaloids used as nar-
cotics, analgesics, and relaxants (Şelale et al. 2013).

The genus Papaver includes about 110 species 
occurred naturally mainly in the northern hemi-
sphere, outside the tropics. Some of them are con-
sidered weeds (Papaver dubium, Papaver rhoeas, 

Papaver rumelicum), and others are grown as orna-
mental plants (Papaver pseudo-orientale, Papaver 
alpinum, Papaver burseri, Papaver bracteatum). 
The P. somniferum L. has been improved by breed-
ing programmes, nevertheless, running only in a lim-
ited number of countries. Its improvement targets to 
three fundamentally different goals. The first is the 
development of cultivars producing high amounts of 
alkaloids (morphine, thebaine, codeine), and these 
are cultivated mainly in Australia (Tasmania), Tur-
key, Hungary, France, Spain, Poland and India. The 
second breeding goal is the opposite, that is, to de-
velop low-morphine cultivars producing very low or 
zero amount of morphine in heads and straw. These 
cultivars are grown mainly in Poland and Austria. 
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The third goal of opium poppy breeding targets to 
creation of cultivars with high yield of edible seeds 
of blue, greyish, white, or ochry  colour and seeds 
are the main product for direct consumption and the 
food industry. These cultivars contain low or medium 
level of morphine, but only in dry heads. The lead-
ing country in the production of poppy seeds is the 
Czech Republic.

Although breeding programmes are directed to 
different goals, all need as much as available genetic 
variation within the P. somniferum L. and related 
germplasm along with effective tools for genetic di-
versity evaluation. However, the majority of com-
mercially used cultivars contain low genetic varia-
tion (Acharya et al. 2009) and related high similarity 
in phenotype traits. Another aspect of opium poppy 
exploitation is its high specificity and economical 
significance especially related with the production 
of drugs derived from alkaloids. Owing to this as-
pect, the breeding, development and releasing of 
new cultivars as well as their cultivation are under 
strict legal control. Control over the handling with 
opium poppy cultivars and especially poppy straw 
containing alkaloids necessitates effective tools 
for distinguishing between cultivars. Commonly, it 
is based on the description of plant phenotype by 
morphological and agronomical traits and charac-
teristics. Nevertheless, this approach cannot clearly 
differentiate cultivars from each other. Therefore, 
DNA marker systems such as the RAPD (random 
amplified polymorphic DNA), ISSR (inter-sim-
ple sequence repeat) and AFLP (amplified frag-
ment length polymorphisms) (Saunders et al. 2001; 
Dittbrenner et al. 2008; Hari et al. 2009; Parmaksiz 
& Özcan 2011; Güçlü et al. 2014) have been applied 
for genetic diversity studies in opium poppy. Also 
SSR (simple sequence repeat) and EST-SSR (ex-
pressed sequence tag derived simple sequence re-
peat) markers for opium poppy have been developed 
recently (Lee et al. 2010; Lee et al. 2011; Şelale et 
al. 2013; Ҫelik et al. 2014). Microsatellites (SSRs) 
are tandemly repeated nucleotide motifs ranging 
usually up to six nucleotides within the DNA mole-
cule (Litt & Luty 1989). Their advantages are hyper-
variability, co-dominant inheritance, multi-allelic 
character, high abundance and extensive genome 
coverage within genomes, especially eukaryotic. 
Moreover, their assays are simple, reproducible and 

convenient for polymerase chain reaction (PCR)-
based technologies, automation and high-through-
put genotyping (Gupta & Varshney 2000). SSRs are 
usually located outside DNA-coding sequences. The 
EST-SSRs reveal variation in microsatellites located 
in expressed and regulatory regions of the genome 
(Suárez et al. 2000) and usually exhibit transfer-
ability between different genus (Gupta et al. 2003). 
Screening of SSRs directly from genomic libraries 
or microsatellite-enriched libraries is laborious, time 
consuming and expensive. Another alternative is the 
in silico mining for tandem repeats within available 
databases of DNA nucleotide sequences followed 
by designing and testing primers within flanking 
regions of individual microsatellite loci (Sharma et 
al. 2007). This approach is more effective by using 
available specific tandem repeats mining software 
tools (Thiel et al. 2003; Tang et al. 2008; Sarmah 
et al. 2012; Wang et al. 2013), especially in species 
with low level of polymorphism.

The aim of this study was to retrieve microsatel-
lites within all DNA sequences of opium poppy (P. 
somniferum L.) available in public database of nu-
cleotide sequences and to evaluate their abundance 
and composition.

MATERIAL AND METHODS

Tandem repeats were searched within DNA se-
quences deposited and available in the GenBank® data-
base  (http://www.ncbi.nlm.nih.gov/genbank, Ben-
son et al. 2013). The software SSRLocator (da Maia 
et al. 2008) was used for searching tandem re-
peats. The minimum number of repeats required for 
searching mono-, di-, tri-, tetra-, penta- and hexanu-
cleotide were 10, 6, 4, 3, 3 and 3, respectively.

RESULTS AND DISCUSSION

The DNA variation in opium poppy is limited 
because of the moderate genetic diversity exist-
ing within the genus Papaver, especially within 
released cultivars and cultivated genotypes. The 
special status of opium poppy as producer of drug 
alkaloids decreases interest of scientists, breeders 
and growers because of the serious limitations and 
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restrictions. It is reflected by weak interest in opi-
um poppy research in comparison to other crops and 
also by the relatively low number of nucleotide se-
quences of opium poppy genome deposited in the 
GenBank® database. This decreases the chance for 
retrieving tandem repeats in silico. Therefore, the 
possibility to differentiate opium poppy cultivars, 
lines and genetic resource accessions using poly-
morphism in revealed microsatellites is also limit-
ed. In total, 450 nucleotide sequences of opium pop-
py (P. somniferum L.) DNA were available in the 
GenBank® database at the time of analysis (May 25, 
2015). Altogether 538 SSRs containing mono-, di-, 
tri-, tetra-, penta- and hexanucleotide tandem repeat 
motifs were identified (Figure 1).

Mononucleotide tandem repeats are generally 
prevalent over others within eukaryotic genomes 
(Sharma et al. 2007) and also the most abundant in 
opium poppy in our analysis. Their frequencies were 
A/T (56.18%), T/A (42.63%) and C/G (1.19%). The 
most frequented were mononucleotides contain-
ing 10 tandem repeats (Figure 2). After excluding 
mononucleotide repeats, the most frequent were 
trinucleotide repeats with a frequency of 27.50%, 
followed by tetranucleotide repeats (11.52%). Tri-
nucleotide repeats were also the most abundant 
within the genomic DNA (49%) (Ҫelik et al. 2014) 

and ESTs (38.8%) detected in opium poppy (Şelale 
et al. 2013).

An increasing number of tandem repeats in di-
nucleotide microsatellites reduced their abundance 
(Figure 3). The longest dinucleotide microsatellite 
contained 23 tandem repeats. The most abundant 
dinucleotide repeats were TA/AT (47.72% of all di-
nucleotides), followed by AT/TA (34.09%) (Figure 
3). This result is different from the others. The AT/
TA was the most frequented within the EST-SSRs 
(Şelale et al. 2013) and also genomic DNA (50.4%) 
of opium poppy (Ҫelik et al. 2014). Morgante and 
Olivieri (1993) revealed that AT/TA motif was by 
far the most frequented dinucleotide repeat in 34 an-
alysed plant species. The poly(AT)n repeat was the 
most abundant and polymorphic class of SSRs also 
in the rice genome (Temnykh et al. 2001) and in or-
ganellar genomes of rice, wheat, maize and sorghum 
(Rajendrakumar et al. 2008).

The most frequented trinucleotide SSRs had four 
tandem repeats and also repeats consisted of five 
and six tandem repeats were relatively frequented 
(Figure 4). The longest trinucleotide microsatellite 
had 12 tandem repeats. The predominant trinucle-
otide motif was TTC/GAA with the frequency of 
20.95% (Figure 5). It is consistent with the frequen-
cy of the same tandem motif within the EST-SSRs 

Figure 1. Simple sequence repeat motifs identified in 450 nucleotide sequences of opium poppy
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Figure 2. Frequency of length variants of mononucleotide microsatellites

Figure 3. Frequency of length (line) and sequence variants (columns) of different dinucleotide motifs
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in opium poppy (Şelale et al. 2013) but it does not 
agree with the frequency of trinucleotide repeats in 
genomic opium poppy DNA where the most fre-
quented was AAG/TTC (Ҫelik et al. 2014). This is 
also in contrast with the results of studied 34 plant 
species where the most frequented trinucleotide was 
TAT/ATA (Morgante & Olivieri 1993), whereas in 
our analysis, its frequency was very low (2.7%).

Altogether 62 tetranucleotide microsatellites 
have been retrieved within the available DNA se-
quences of opium poppy DNA. Only two length 
variants were detected, either three or four tetra-
nucleotide tandem repeats. Twenty-three different 
tetranucleotide motifs have been identified and the 
most frequented (12.90%) was GGTT/AACC (Fig-
ure 6). In contrast, the most frequented tetranucle-
otide tandem repeat motif identified in the database 
of opium poppy EST sequences as well as in genomic 
DNA was AAAT/TTTA (Şelale et al. 2013; Ҫelik et 
al. 2014).

Altogether 28 pentanucleotide tandem repeats 
with 11 different compositions were retrieved. 
Number of tandem repeats was three, only one con-
tained four tandem repeats – (CTTTT/GAAAA)4. 
The predominant (25%) pentanucleotide tandem 
repeat was TTTTA/AAAAT (Figure 7). Also, this 
result is different from those detected by Şelale et 
al. (2013) and Ҫelik et al. (2014). They identified 
the most frequented pentanucleotide tandem repeat 

AAATA/TTTAT within both the opium poppy da-
tabase of EST sequences as well as genomic DNA, 
respectively.

Altogether only 5 hexanucleotide repeats have 
been identified within 450 nucleotide sequences of 
opium poppy genomic DNA. They contained only 
four motifs: (TCAGTT)3, (TTTATA)3, (AATCAA)3 
and (CATCTC)3. The most frequented hexanucle-
otide tandem repeat in opium poppy genomic DNA 
detected by Ҫelik et al. (2014) was AAAAAT/
TTTTTA, not found in our study.

The best confrontation of results obtained in our 
in silico analysis could be with the first and the only 
one published report about the development of ge-
nomic SSR markers in opium poppy published by 
Ҫelik et al. (2014). They sequenced the opium pop-
py genomic DNA using the pyrosequencing tech-
nology and examined the DNA sequences for the 
presence of SSRs. Tri- and tetranucleotide repeats 
were the most abundant, accounting for 49.0% and 
27.9% of all SSRs, respectively. Only this finding 
corresponds with us, all others were different. The 
most abundant di-, tri-, tetra-, penta- and hexanu-
cleotide repeats in their study were AT/TA, AAG/
TT, AAAT/TTTA, AAATA/TTTAT and AAAAAT/
TTTTTA, respectively. However, both the studies 
on the opium poppy genomic DNA (Ҫelik et al. 
2014) and the genic DNA (Şelale et al. 2013) re-
vealed microsatellites useful for diversity analysis 

Figure 4. Frequency of length variants of trinucleotide tandem repeats
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Figure 5. Frequency of sequence variants of different trinucleotide motifs

Figure 6. Frequency of sequence variants of different tetranucleotide tandem repeats
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and differentiation within cultivars, landraces, and 
accessions. Even though the other motifs of tandem 
repeats were the most abundant in our study in com-
parison to the two mentioned earlier, it is reason-
able to assume that microsatellites that are able to 
generate polymorphism between commercial opium 
poppy cultivars will be found.

CONCLUSIONS

The amount of genomic DNA sequences of opi-
um poppy (P. somniferum L.) available in public da-
tabase is limited. Only 450 DNA sequences of opium 
poppy were available at the time of this study. Alto-
gether 538 microsatellites have been amongst them. 
In addition to predominant mononucleotide repeats, 
microsatellites containing di-, tri-, tetra-, penta- and 
hexanucleotide tandem repeats were also identified. 
The most abundant were trinucleotide motifs and the 
most frequent motifs within each group of tandem 
repeats were TA/AT, TTC/GAA, GGTT/AACC and 
TTTTA/TAAAA. The in silico analysis is probably 
the simplest way to obtain microsatellite sequences 
for following designing of relevant primers and also 
for differentiation studies in the opium poppy.
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