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Summary

The objectives of this study was to assess the of genetic similarity and identification
of 13 wild species and 7 cultivars of chamomile using RAPD markers. 53 RAPD primers
were screened, only 12 produced polymorphic and repeatable fragments. In total, all
primers used produced 157 fragments out of which 149 were polymorphic. The RAPD-
based genetic similarity was estimated. Genetic similarity matrix was applied for cluster
analysis through UPGMA method. On the dendrogram, only genotypes from Austria,
Czech Republic as weel as genotypes collected in area of Lublin were grouped together.
The remaining genotypes from the same area were located in different groups. Present
study demonstrated that RAPD markers provided a practical and effective method not
only to evaluate the genetic similarity and relationships but also to identify chamomile
genotypes.
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INTRODUCTION

Common chamomile (Chamomilla recutita (L.) Rausch.) is one of the most fa-
vored and widely used herb plant throughout the world. Due to its antiseptic
and therapeutic 1], antispasmodic [2], antimicrobial [3] and anti-inflamatory [4]
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use, chamomile has many applications in pharmacy, nutritional and sanitary in-
dustrials. The diverse pharmaceutical proprieties are mainly due to essential oils
like chamazulene, (-)-a-bisabolol and different flavonoids. Flowers of chamomile
contain apigenine which is used as a hair color [5]. Chamomile plant adapts
well to different soil conditions. Wild growing population of chamomile can be
found in trodden, weed and dump conditions. The plant helps to improve the
acid soils by cautions absorption [6].

Recognition of the genetic diversity is the base of breeding programs |7] and
suitable for selection of plant genotypes. In recent years DNA base molecu-
lar markers have been used for the description of genetic differences between
germplasms in many plant species [8-13]. The randomly amplified polymorphic
DNA (RAPD) method described by Williams et al. [14] provides a faster and less
expensive alternative to other molecular markers like RFLP or AFLP and also
helps to estimate diversity, monitoring of genetic erosion, removing duplicates
from germplasm collection [15]. The RAPD markers have been successfully used
for study of genetic diversity of different medicinal plants such as coneflower
(Echinacea Moench) [16, 17], mint (Mentha L.) [18, 19], foxgloves (Digitalis L.)
[20, 21] summer savory (Satureja hortensis) [22], kenaf (Hibiscus cannabinus L.)
[23]. The number of studies performed with molecular markers on chamomile
is very limited. There is only a few publications concerning the use of molecular
markers to estimate genetic diversity among chamomile genotypes on the mo-
lecular level [24, 25]. The aim of this paper was the study the genetic similarity,
relationships and identification of different chamomile accessions revealed by
RAPD markers.

MATERIALS AND METHOD
Plant material and DNA extraction

The 20 genotypes of Chamomilla recutita: 7 cultivars and 13 wild species were
analyzed (tab. 1). Four wild genotypes were collected in area of Lublin, Poland,
other genotypes came from gene banks: Gatersleben (Germany), Canada and
Czech Republic. DNA was isolated from leaves of young plants in two replica-
tions for every genotype, following the CTAB method described by Doyle and
Doyle [26].
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Table 1.
Chamomile accessions used in molecular study and their origin

No. genotype and cultivars origin of genotype and cultivars gene bank

1 PL1 Poland

2 PL2 Poland

3 PL3 Poland

4 PL4 Poland

5 MAT 26 Austria IPK Gatersleben

6 MAT 5 Austria IPK Gatersleben

7 MAT 24 Belgium IPK Gatersleben

8 MAT 2 Germany IPK Gatersleben

9 CZE 1 Germany Gene Bank RICP Prague-Ruzyne
10 MAT 16 Bulgaria IPK Gatersleben

11 CN 43728 Poland Plant Gene Resources of Canada
12 CN 43727 Hungary Plant Gene Resources of Canada
13 MAT 19 Korea IPK Gatersleben

14 CZE 2 (Bochemia) Czech Republic Gene Bank RICP Prague-Ruzyne
15 MAT 15 (Pohorelicky Velkokvety) Czech Republic IPK Gatersleben

16 MAT 17 (Bodegold) Germany IPK Gatersleben

17 MAT 18 (Quedlinburger GroRbliitige) Germany IPK Gatersleben

18 MAT 20 (ital. Camomilla commune) Italy IPK Gatersleben

19 MAT 10 (Krajovy) Unknown IPK Gatersleben

20 PL 5 (Zloty Lan) Poland

RAPD analysis

The PCR reactions were performed according to the RAPD method described by
Williams et al. [14] with minor modification. Reaction mixtures contained 1 x PCR
Buffer (10 mM Tris pH 8.8, 50 mM KCl, 0.08% Nonidet P40) (Fermentas, Lithuania),
160 uM of each dNTP, 530pM oligonucleotide primer, 1.5 mM MgCl,, 70 ng of
template DNA, 0.5 U Taq DNA Polymerase (Fermentas, Lithuania) in a final reaction
mixture of 15 ul. Amplifications were carried out in Biometra T1 thermal cycler
programmed for 3 min in 94°C of initial denaturation, 44 cycles: 94°C — 45 s, 37°C
—45 s, 72°C — 45 s, with final extension at 72°C for 7 min. A negative control was
added in each run. In order to check reproductability the selected primers were
tested two times on the same sample.

Amplification products were separated by electrophoresis on 1.5% agarose gels
containing 0.1% EtBr. Fragments were visualized under UV transiluminator and
photographed using PolyDoc System. GeneRuler™ 100bp DNA Ladder Plus was
used to establish molecular weight of the products.
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Data analysis

The RAPD products were scored as present (1) or absent (0) on the photographs.
Only bright and reproductible products were scored. Unique RAPD markers were
employed to identify chamomile genotypes.

The level of polymorphism of the primer (polymorphic products/total products)
and relative frequency of polymorphic products (genetic resources where polymor-
phic products were present/ total number of genetic resources) [27] were calculated.

Resolving power of the primer was calculated using the formula: Resolving power
(Rp) = X Ib (band informativeness). Band informativeness was calculated for each
band scored individually by the primer. Ib=1-2(0,5-p)], p is the proportion of the
occurrence of bands in the genotypes out of the total number of genotypes. Resolv-
ing power of primers is a very useful parameter for the molecular diagnosis of any
species from the mixed population [28].

Banding patterns (the different combination of bands obtained for each primer)
were designated by the number of the respective primers. Relative frequency of
banding patterns were also calculated.

Genetic pairwise similarities (Sl-similarity index) between studied genotypes
were evaluated according to Dice’s formula after Nei and Li [29]. A cluster analysis
was conducted using the distance method UPGMA (Unweighted Pair-Group Method
with Arithmetic Mean) in the NTSYS program [30].

RESULTS AND DISCUSSION

Chamomile genotypes were analyzed using 53 RAPD primers (Operon Technolo-
gies), out of which 12 produced high number of polymorphic and repeatable frag-
ments. In total primers produced 157 fragments. The number of fragments ranged
from 6 to 19, with an average 13.08 per primer as well as 70.5 bands per genotype.
Among the 12 primers G2 had the lowest primer diversity 84.2%, five primers scored
to 100%. Most of them did not generate any monomorphic products, only G2 gener-
ated two and U225, J5, G7, D7, A18 and G5 generated only one.

Among total 157 amplified products 149 (94.9%) were polymorphic. The number
of polymorphic bands amplified by single primer ranged from 6 to16 with an aver-
age of 12.41 per primer and 7.45 per genotype (table 2). Solouki et al. [25] used
RAPD markers to estimate genetic diversity between 25 populations of Matricaria
chamomilla. Authors used 29 RAPD primers which gave 369 bands, out of which
only 55 were monomorphic. The number of bands per primer obtained by Solouki
et al. [25] varied from 8 to 22, the average of the polymorphic bands generated per
primer was less than that obtained in this study and valued 10.84. Molecular weigh
of polymorphic products obtained by Solouki et al. [25] ranged from 400 to 1500
bp and was lower than that received in present study where molecular weigh of
polymorphic products ranged from 200 to 2600 bp.

kerba poloniea

Vol. 57 No. 12011



S. Okon, A. Surmacz-Magdziak

42

Table 2.
Characteristic of selected RAPD primers
primer sequence amplified polymorphic Primgr frequency (.)f resolving power numbgr of
no. 5~ products products diversity polymorphic of the primer banding
(%) products patterns
A18  AGGTGACCGT 7 6 85.7 0.57 8 12
D7 TTG GCA CGG G 15 14 93.3 0.54 15.2 20
D16 AGG GCG TAAG 16 16 100 0.44 14.2 20
G2 TGCTGCAGGT 19 16 84.2 0.39 15 19
G3 CCAGTACTTC 10 10 100 0.42 8.4 19
G5 AAC CCG GGAA 9 8 88.8 0.47 8.5 18
G7 CCTCTAGACC 11 10 90.9 0.24 3.4 13
J5 CTC CAT GGG G 16 15 93.7 0.39 12.4 15
M11 GTC CACTGT G 9 9 100 041 6.9 12
U225 CGACTCACAG 17 16 94.1 0.41 133 20
U532 TTGAGA CAG G 15 15 100 0.41 123 20
X6  TCCGAGTCTG 13 13 100 0.42 11.1 20
Total 157 149 949
Per primer 13.08 1241
Per genotype 7.85 7.45

Relative frequency of polymorphic bands ranged from 0.05 (polymorphic band
present only in one genotype of the 20 studied mones) to 0.95 (polymorphic band
absent only in one genotype of 20 studied ones). The DNA polymorphic average
frequency generated by single primer was 0.42, varying from 0.24 (G7) to 0.57
(A18). The average frequency of polymorphic products was previously calculated
for tea genotypes [31]. Relative frequency of polymorphic products obtained by
Chen et al. [31] was similar to average frequency obtained in present study and
amounted to 0.47.

From 20, 8 genotypes could be identified by means of the presence of 11
unique RAPD markers and absence of 4 unique markers generated by 6 primers:
G7, D7, G2, U532, U225 and J5 (table 3). Genotype MAT5 could be identified by
four unique markers, including the presence of G7 (9), U225 (5), J5 (13) and the
absence of D7 (1). Meanwhile, two unique markers could be used to identify PL1,
PL2, MAT26 and MAT2 genotypes. Genotypes MAT24, MAT16 and MAT19 could be
identified using only one unique marker. Chen et al. [31] gained 32 unique RAPD
markers which could identify all analyzed tea genotypes.
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Table 3.
Unique RAPD markers used for identification of chamomile genotypes

No. identified Chamomilla genotypes unique marker criteria
G7(9), U225 (5),J5 (13) presence
1 MAT5
D7 (1) absence
G(7) presence
2 PL1
U532 (13) absence
U532 (1) presence
3 PL2
J5(16) absence
4 MAT26 G7(8),D7 (15) presence
U225 (2) presence
5 MAT2
G2 (16) absence
6 MAT24 G2(18) presence
7 MAT16 G2 (5) presence
8 MAT19 G7(8) presence

The selected primers yielded 208 banding patterns. The number of band-
ing patterns ranged from 12 to 20, with an average of.3 per primer. Relative
frequency of the banding patterns varied from 0.05 to 0.3. Average frequency
of the banding patterns was very low (0.1). Belaj et al. [27] calculated relative
frequency of banding patterns for olive (Olive europea L.), which varied from 0.02
to 0.88 and, similar to this described in present study, average frequency of
banding patterns was very low (0.2).

The resolving power of the 12 RAPD primers ranged from 3.4 for primer G7
to 15.2 for primer D7 (tab. 2). Usually, primers with high resolving power are
used for the molecular diagnosis of any species from the mixed population [28].
Three of the RAPD primers D7, G2 and D16 possessed high resolving power
values 15.2, 15, 14.2 respectively and were able to distinguish all 20 genotypes,
and could be potentially used for identifying chamomile genotypes from any
mixed population of chamomile. In the past, a similar approach has been suc-
cessfully used for molecular diagnosis of potato cultivars [28] , Rhus species [32],
fig cultivars [33], and Jatropha genotypes [34].

The genetic similarity matrices were produced based on RAPD using the
Dice’s coefficient. RAPD based genetic similarity was estimated between 0.460
and 0.832. The mean genetic similarity was calculated at 0.602. Wagner et al.
[24] estimated genetic similarity between chamomile population with high and
low content of (-)-a-bisabolol. Genetic similarity based on RAPD markers was
similar to genetic similarity obtained in present study and ranged from 0.52 to
0.91. Genetic similarity matrix was applied for cluster analysis through UPGMA
method (fig. 1). The 20 genotypes could be grouped into two major groups.
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Group A contained 18 genotypes and could be subdivided into three minor sub-
groups Al, A2 and A3. Subgroup A1 contained four wild genotypes from Poland
collected from Lublin ara. Subgroup A2 contained 9 genotypes: 5 wild species
from different countries and 4 cultivated genotypes from Germany and Czech
Republic. Subgroup A3 included three cultivated genotypes ital. Camomilla
commune, Zloty Lan, Krajovy. Two wild genotypes from Belgium and Germany
showed much difference in their molecular characteristic and stand alone far
from the other genotypes forming the A group. The B major cluster contained
two genotypes from Austria. Solouki et al. [25] found, similar like in present
study that the genetic diversity was not in accordance to the geographical di-
versity. In present study only genotypes from Austria, Czech Republic and geno-
types collected in area of Lublin grouped together. The rest of genotypes from
the same area are located in different groups (fig. 1).
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Figure 1.

Dendrogram of chamomile genotypes constructed using UPGMA method, shows the presence

of three groups: Al (PL1, PL4, PL3, PL2), A2 (CZE1, MAT16, CN43728, MAT18, CN43727, MAT17,
MAT19, CZE2, MAT15), A3 (MAT20, PL5, MAT10) and separateness of the two wild species: MAT24,
MAT?2 and B group (MAT26, MAT5)
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CONCLUSIONS

1. Present study demonstrated that RAPD markers provided a practical and ef-
fective method not only to evaluate the genetic similarity and relationships, but
also to identify chamomile genotypes (tab. 3).

2. Analyzed chamomile genotypes were characterized by high genetic similari-
ty. The similarity was not correlated with origin of analyzed genotypes. Genotypes
from the same area located in different groups on the dendrogram.

3. Analyzed chamomile genotypes could be identified from any mixed popula-
tion of chamomile using three RAPD primers D7, G2 and D16 which possessed
high resolving power values.

REFERENCES

1. Franke R, Schilcher H. Relevance and use of chamomile (Matricaria recutita L.). Acta Hort 2007; 749:29-43.

2. Manifesto MM, Schlotter AR, Hoop HE, Suarez EY, Dobcovsky J. Quantitive evaluation of genetic
diversity in wheat germplasm using molecular markers. Crop Sci 2001; 41:682-90.

3. Letchamo W, Marquard R. The pattern of active substances accumulation in chamomile genotypes
under different growing conditions and harvesting frequencies. Acta Hort 1993; 331:357-64.

4. Pourohit SS, Vyas SP. Medicinal plant cultivation. Agrobios, India 2004.

5. Botcher H, Gunter I, Frank R, Warnstorff K. Physiological postharvest response of Matricaria (M.
recutita) flowers. Postharvest Biol Technol 2001; 22(1):39-51.

6. Nirr B. Herb cultivation and their utilization. Delhi 2002.

7. Gichuki ST, Berenyi M, Zhang D, Hermann M, Schmidt J, Glossol J, Burg K. Genetic diversity in sweet
potato (I[pomea atatas) in relationship to geographic source as assessed with RAPD markers. Genet
Crop Ev 2003; 5:429-37.

8. Anthony F, Bertrand B, Quiros O, Wilches A, Lashermes P, Berthaud |, Charrier A. Genetic diversity of
wild coffee (Coffea arabica L.) using molecular markers. Euphytica 2004; 118(1):53-65.

9. Hagidimitriou M, Katsiotis A, Menexes G, Pontikis C, Loukas M. Genetic diversity of major Greek olive
cultivars using molecular (AFLPs and RAPDs) markers and morphological traits. ] Amer Soc Hort Sci
2005; 130(2):211-17.

10. Kolodinska Brantestam A, von Bothmer R, Dayteg C, Rashal I, Tuvesson S, Weibull J. Genetic diversity
changes and relationships in spring barley (Hordeum vulgare L.) germplasm of Nordic and Baltic areas
as shown by SSR markers. Genet. Resour. Crop Ev. 2007; 54(4):749-58.

11. Srivastava S, Gupta PS, Saxena VK, Srivastava HM. Genetic diversity analysis in sugarbeet (Beta vulgaris
L.) using isozymes, RAPD and ISSR markers. Cytologia 2007; 72(3):265-74.

12. Horvath A, Christmann H, Laigret FE Genetic diversity and relationships among Prunus cerasifera
(cherry plum) clones. Can. J. Bo. 2008; 86(11):1311-18.

13. Ray Choudhury P, Singh IP, George B, Verma AK, Singh NP.. Assessment of genetic diversity of
pigeonpea cultivars using RAPD analysis. Biol. Plantarum 2009; 52(4):648-53.

14. Williams JGK, Kubelik AR, Livak K], Rafalski JA, Tingey SV. DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. Nucl Acid Res 1990; 18:6531-5.

15. Virk PS, Ford-Lloyd BV, Jackson MT, Newbury HJ. Use of RAPD for the study of diversity within plant
germplasm collections. Heredity 1995; 74:170-79.

16. Wolf HT, Ziindorf I, Winckler T, Bauer R, Dingermann T. Characterization of Echinacea species and
detection of possible adulterations by RAPD analysis. Planta Med 1999; 65(8):773-4.

17. Kapteyn ], Goldsbrough PB, Simon JE. Genetic relationships and diversity of commercially relevant
Echinacea species. Theor Appl Genet 2002; 105(2-3):369-76.

kerba poloniea

Vol. 57 No. 12011



S. Okon, A. Surmacz-Magdziak

46

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

. Khanuja SPS, Shasany AK, Srivastava A, Kumar S. Assessment of genetic relationships in Mentha

species. Euphytica 2000; 111(2):121-5.

. Shasany AK, Darokar MP, Dhawan S, Gupta AK, Gupta S, Shukla AK, Patra NK, S. Khanuja PS. Use

of RAPD and AFLP markers to identify inter- and intraspecific hybrids of Mentha L. J. Hered. 2005;
96(5):542-9.

Nebauer SG, del Castillo-Agudo L, Segura J. An assessment of genetic relationships within the genus
Digitalis based on PCR-generated RAPD markers. Theor. Appl. Genet. 2000; 100(8):1209-16.

Nebauer SG, Castillo-Agudo L, Segura J. RAPD variation within and among natural population of
outcrossing willow-leaved faxglove (Digitalis obscura L.). Theor Appl Genet 1999; 98:985-94.

Hadian J, Tabatabaei SMF, Naghavi MR, Jamzad Z, Ramak-Masoumi T. Genetic diversity of Iranian
accessions of Satureja hortensis L. based on horticultural traits and RAPD markers. Sci Hortic 2007;
115(2):196-202.

Cheng Z, Lu BR, Baldwin BS, Sameshima K, Chen JK. Comparative studies of genetic diversity in kenaf
(Hibiscus cannabinus L.) varieties based on analysis of agronomic and RAPD data. Hereditas 2002;
136(3):231-9.

Wagner C, Friedt W, Marquard RA, Ordon F. Molecular analyses on the genetic diversity and
inheritance of (-)-a-bisabolol and chamazulene content in tetraploid chamomile (Chamomilla recutita
(L.) Rausch.). Plant Sci 2005; 169:917-27.

Solouki M, Mehdikhani H, Zeinali H, Emamjomeh AA.. Study of genetic diversity in chamomile
(Matricaria chamomilla) based on morphological traits and molecular markers. Sci Hortic 2008;
117(3):281-7.

Doyle JJ, Doyle JL. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochem
Bull 1987; 19:11-15.

Belaj A, Trujillo 1, de la Rosa R, Rallo L, Giménez M].. Polymorphism and discrimination capacity
of randomly amplified polymorphic markers in olive germplasm bank. J] Amer Soc Hort Sci 2001;
126(1):64-71.

Prevost A, Wilkinson MJ. A new system of comparing PCR primers applied to ISSR fingerprinting of
potato cultivars. Theor Appl Genet 1999; 98(1):107-12.

Nei M, Li WH. Mathematical model for studying genetic variation in terms of restriction endonucleases.
Proc Natl Acad Sci 1979; 76:5269-73.

Rohlf FJ. NTSYS-pc numerical taxonomy and multivariate analysis system. Version 5.1. New York
2001.

Chen L, Gao Q, Chen D, Xu C. The use of RAPD markers for detecting genetic diversity, relationship
and molecular identification of Chinese elite tea genetic resources |Camellia sinensis (L.) O. Kuntze]
preserved in a tea germplasm repository. Biodivers Conserv 2005; 14(6):1433-44.

Prakash S, Van Staden J. Assessment of genetic relationships between Rhus L. species using RAPD
markers. Genet Resour Crop Ev 2007; 54(1):7-11.

Baraket, G., Chatti, K., Saddoud, O., Mars, M., Marrakchi, M., Trif,i M., Salhi-Hannachi, A. Genetic
analysis of Tunisian fig (Ficus carica L.) cultivars using amplified fragment length polymorphism (AFLP)
markers. Sci Hortic 2009; 1207487-92.

Tatikonda L, Wani SP, Kannan S, Beerelli N, Sreedevi TK, Hoisington DA, Devi P, Varshney RK. AFLP-
based molecular characterization of an elite germplasm collection of Jatropha curcas L., a biofuel
plant. Plant Sci 2009; 176(4):505-13.



Nagtowek jest ciut za dlugi. Chyba, ze moze by¢ tak $ciesniony.

The use of RAPD markers for detecting genetic similarity and molecular identification of chamomile (Chamomilla recutita (L.) Rausch.) genotypes

47

WYKORZYSTANIE MARKEROW RAPD DO OKRESLENIA PODOBIENSTWA
GENETYCZNEGO ORAZ MOLEKULARNE]J IDENTYFIKACJI GENOTYPOW
RUMIANKU POSPOLITEGO (CHAMOMILLA RECUTITA (L.) RAUSCH.)

SYLWIA OKON*, AGNIESZKA SURMACZ-MAGDZIAK

Instytut Genetyki, Hodowli i Biotechnologii Roslin
Uniwersytet Przyrodniczy,

ul. Akademicka 15

20-950 Lublin

*Autor, do ktorego nalezy kierowac korespondencje: tel.: +4881 4456884,
e-mail: sylwia.okon@up.lublin.pl

Streszczenie

Celem badan bylo okreslenie podobienistwa genetycznego oraz identyfikacja 13 dzikich
gatunkow i 7 odmian rumianku pospolitego za pomoca markeréw RAPD. Sposréd 53 star-
teréw wybrano 12, ktére amplifikowaty polimorficzne i powtarzalne produkty, tacznie uzy-
skano 157 fragmentéw, z ktérych 149 byto polimorficznych. Podobienstwo genetyczne
oszacowano w oparciu o markery RAPD. Analize skupienn wykonano metodg $rednich po-
faczen UPGMA. Na uzyskanym dendrogramie tylko genotypy pochodzace z Austrii, Czech
oraz zebrane w okolicach Lublina ulegaly wspdlnemu skupieniu. Reszta analizowanych
genotypoéw pochodzacych z tych samych regionéw ulegata skupieniu w réznych grupach.
Przedstawione badania wykazuja, ze metoda RAPD jest dobra metodg nie tylko do osza-
cowania podobienstwa genetycznego, ale takze do identyfikacji genotypéw rumianku po-
spolitego.

Stowa kluczowe: Chamomilla recutita (L.) Rausch, rumianek, podobieristwo genetyczne, rosliny
lecznicze, RAPD
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