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Abstract

Abstract

In an attempt to differentiate and study one of the most popular medicinal
plants (Rosemarinus officinalis L.) grown in the North of Iraq, a number of
experiments were carried out to differentiate between subspecies available in
Kurdistan Province at the morphological and molecular level.

A survey and morphological study was conducted on these subspecies
of rosemary in Erbil and Sulaimania governorates, it was found that there are
morphological differences in leaves, flowers, shoot growth directions, number
of branches, leaf size and shape, accordingly two subspecies were identified
and marked as class A and class B of R. officinalis in north Iraq.

Subspecies A was characterized by a straight shoot growth, dark green
leaves and whitish blue flowers while subspecies B have random growth, green
leaves and white flowers.

In order to investigate the genetic variation, the DNA 1is isolated and
purified from the two subspecies, and then electrophorized using agarose gel,
chromosomal DNA appeared as a clear smear on gel for both A and B.

Six types of restriction enzymes were used to digest the genomic
DNA of both subspecies A and B, namely EcoRI, EcoRV, BamHI, Hindlll,
Sall and Smal.

Resulted genomic DNA was amplified using PCR technique for the
Ribosomal DNA (rDNA) as the target sequence, of 668 bp which includes
18S, 5.8S and 26S RNA genes; separated by two ITS regions that represent

the non-coding sequence of interest for subspecies identification.



Abstract

It was found that there are obvious genomic differences in the tDNA
of both subspecies, according to the recognition sites availability of restriction
enzymes in template DNA, as there was cleavage sites for each one of
EcoRV, BamHI, HindIll and Sall in tDNA sequence of subspecies A, while
no one of the six restriction enzymes cleavage sites used is present in

subspecies B.
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Chapter one Introduction and literature Review

1. Introduction

Rosemary (Rosmarinus officinalis L.) is a member of Lamiaceae
family. Rosemary extract had been widely used as topical applications for
wound-healing, antiaging and disease treatments. This plant produces
flavonoid compounds with phenolic structures. Such phytochemicals are
highly reactive with other compounds such as reactive oxygen species and
biological macromolecules to neutralize free radicals or initiate biological
effects (Leithy, et al., 2006).

R. officinalis or more commonly known as rosemary is well known as
medicinal and aromatic plant. It was used for medicinal, culinary and
cosmetic applications in the ancient civilizations (Al-Sereitia ef al., 1999).

It has been cultivated since ancient days in England, Germany, France,
Denmark and other Scandinavian countries, Central America, Venezuela and
the Philippines (Tyler ef al., 1976). The plant is native to the Mediterranean,
Portugal, and northwestern Spain (Kowalchik and Hylton, 1987).

Botanists before late 19™ century were only using characteristics that
they could see (morphological features), and deciding which differences were
important and which to ignore. This was purely speculative and based on the
prejudices of individuals. As there can only be one truly genetic classification
system (the one which reflects the actual route of evolution). The many
different systems proposed cannot all have been right (Anonymous, 2000).

With the development of various analytical methods of high precision,
and advances in molecular biology and genetic engineering, it is now possible
to isolate compounds in extremely small quantities, study their chemical
structure and therapeutic potentialities and then to alter the molecule to be
suitable for production of novel and more selective new therapeutic agents

(Al-Sereitia et al., 1999). RFLP analysis was also the basis for early methods
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of Genetic fingerprinting, useful in the identification of samples retrieved
from crime scenes, in the determination of paternity, and in the
characterization of genetic diversity or breeding patterns in animal
populations.

In this work each one of 18S, 5.8S and 26S RNA genes with two ITS
regions of rDNA sequence were considered for R. officinalis species
identification in the North of Iraq using PCR based RFLP techniques.

As a result of the importance of this locally grown plant as a potential
source of phytochemicals, this research work was aiming to:

1- Conduct a survey in northern region of Iraq to detect morphological
differences among the grown subspecies of R. officinalis, then making a
comparison between the subspecies.

2- Study the genomic DNA of the subspecies by using PCR based RFLP
technique (commonly known as DNA fingerprint) in order to differentiate

between the subspecies at the molecular level.
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2. Literature Review
2.1. Plant Description

Rosemary is a member of the mint family (Lamiaceae Family), it has
opposite, simple, entire, evergreen leaves up to two inches long and an eighth
of an inch wide, the leaf margins are revolute and the leaves are shiny green on
top and whitish beneath due to a dense collection of very fine hairs (Dirr,
1990).

The plant begins to flower in late winter and continues through spring.
Flowers are normally blue, but cultivars can be found with pink or white

blooms (Armitage, 1997).

Figure (1): (Rosmarinus officinalis L.) plant (Peterson, 2002).

2.2. Traditional uses of rosemary
Rosemary is one of the ancient plants, closely associated with love and
marriage, birth and death. In England and Germany it is considered as a symbol

of remembrance and is still used in bridal bouquets and in spring is placed in
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the cradle of a newly born child to protect against evil influences and forces; it
is also placed in books and among clothes to protect them from moths and to
produce a pleasant odor (Leth, 1976).

Rosemary plant is cultivated for its aromatic oil which is called
"rosemary oil". It is normally obtained by steam distillation of the fresh
leaves and flowering tops of the plant. It is a colorless or pale yellow liquid
having the characteristic odor of the plant, it is an ingredient for Eau-de-
cologne, hair tonics, hair lotion, cold cream and others (Tyler et al., 1976).

The leaves are used for flavoring foods as condiment, since the ancient
days rosemary has been used in folk medicine for manifold conditions. Some

of which may be enumerated as follows:

1-analgesic.
2-antirheumatic.
3-carminative.

4-diuretic.

S-expectorant.
6-antiepileptic

7-effects on human fertility

other uses are as a general tonic in case of excessive physical or
intellectual works and in heart diseases, it is used also as an insecticide and
herbicide. Externally, it is a rubefacient, and is used to stimulate the growth of

hair and treatment of eczema of the scalp, boils and wounds (Hussain, 1979).
2.3. Propagation

It was reported that rosemary is difficult to grow from seed, so
propagation is almost exclusively by cuttings. The recommended technique is
striping leaves from the lower half of a four inch cutting, then dipping the

stripped end in a rooting hormone (Debaggio, 1990). Thereafter cuttings are
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inserted in a peat-based rooting medium. Rooting occurs within two weeks
though Long (1998) noticed a delayed rooting time during the hottest part of
the summer. Rooted cutting should be transplanted into a larger container.

Pinching the new plant immediately after transplanting increases branching.

2.4. Pharmacology of Rosemarinic Acid

Rosemarinic acid is a naturally occurring non-steroidal antiinflammatory
agent with novel properties which are as follows:
a) Effects of rosemarinic acid on cell mediators

Rosemarinic acid strongly inhibits the formation of 5-hydroxy-6, 8, 11,
14-ecosatetraenoic acid and leukotriene in human polymorphonuclear
leucocytes, while the formation of prostaglandin is enhanced by cafiec acid and
several of its derivatives including rosemarinic acid (Kimura et al., 1987).

b) Free radical scavenging activity of rosemarinic acid

Hydroalcoholic extracts of some medicinal plants with high amount of
hydroxycinnamic derivative content (of which rosemarinic acid is present in
more than 3-6% of the dry weight) were tested and showed significant
antioxidative activities. The antioxidative activity was attributed partly to the
high rosmarinic acid content of these plants (Lamaison et al., 1990; Lamaison
etal., 1991).

In another study concerning the use of spin trapping methods, rosemary
extract was reported to have a scavenging effect on the active oxygen free
radical in stimulated polymorphonuclear leucocyte system (Zhao et al., 1998).
¢) Effect of rosemarinic acid on the complement system

Activation of the complement system can be contributed to the
inflammatory reaction in a number of ways, such as by increasing the vascular
permeability and formation of oedema, stimulating chemotaxis of leucocytes,

enhancing platelet activation and aggregation, enhancing prostaglandin
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synthesis in macrophages, and by releasing lysosomal enzymes. Several drugs
have shown to modulate the bactericidal activity of serum complement
(Chakrabarty et al., 1981; Chakrabarty et al., 1985).

Rosemarinic acid was reported to produce an inhibitory activity when
tested in three in vivo models in which complement activation plays a role

(Englberger et al., 1988).

The killing of Escherichia coli was inhibited by rosemarinic acid at a
concentration of 2mM, but not that of Staphylococcus aureus. The inhibition of
the killing was due to an impaired opsonization, caused by an adverse influence
of rosemarinic acid on the complement activation. Direct effects of rosemarinic
acid on the killing mechanisms of polymorphonuclear leucocytes were not

observed (Verweij-van Vaght et al., 1987).

2.5. Classification of R. officinalis L.

Kingdom Planta Plants

Subkingdom Trachiobionta Vascular Plants
Superdivision Spermatophyta Seed Plants

Division Magnoliophyta Flowering Plants

Class Magnoliopsida Dicotyledons

Subclass Asteridae

Order Lamiales

Family Lamiaceae Mint Family

Genus Rosmarinus L. Rosemary

Species Rosmarinus officinalis L.  Rosemary (USDA, 2008)

2.6. Plant Classification Systems

Classification requires:
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e Plant material to be classified.
¢ Identifying features which can be used for grouping the plants.
e A logical way of ordering the resulting groups. (Baumgardt, 1982).

The huge variability in plant form provides a very diverse range of
identification features or characters which can be used for grouping. One of
the oldest and commonly used methods of grouping plants depends on
physical characters, or morphology (Stace, 1989).

These characters are mostly visible with the naked eye or a hand
lens and many are used, including:

e Size, shape, number and arrangement of flower parts.

e Arrangement of groups of flowers in an inflorescence.

e The way that anthers (pollen-containing structures) open.
e [eaf shape, texture, pattern of veins, arrangement on stem.
e Type and shape of fruit.

e Plant habit (tree, climbing annual, perennial etc.).

e Sap color.

e Smell.

These characters are also used in plant identification, as well as
these easy-to-see features. Botanists also use other characters (Jeffrey,
1982). Many structural features are only visible with a microscope, for
example the shape of pollen grains and their surface sculpturing. With the
correct treatment and staining, the chromosomes within plant cells, plus
other cellular structures which can be seen under a microscope including

their shape and number as distinguishing characters (Mabberley, 1997).

Biochemistry is also useful as many chemicals are only found in
certain groups of plants. In many cases this indicates that members of the

group are closely related (Jeffrey, 1982).
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2.7. Plant Classification According to Genes

It has been recently devised a new classification of flowering plant
families, based entirely on differences between genes. Genes are long
strings of instructions for making proteins the ‘building blocks’ of life.
These instructions are coded by a four-letter alphabet (the DNA bases).
Genes are passed down through generations, so if one of the ‘letters’
changes in a plant, its entire offspring will inherit that change (Anonymous,

2000).

These changes gradually accumulate, so they can be used to trace
plant ancestry. Two species are more likely to be closely related if they
show only a few differences in their gene sequences, than if the differences

are larger (Mabberley, 1997).

Scientists chose three genes found in all plants, and 565 plant species
to represent all the world’s flowering plant families. For each plant, the
three genes were sequenced, and the sequences (long lists of the letters of
the DNA bases) were compared using computer analysis. The result was a
huge ‘family tree’ of plants with branches showing how species have
separated into natural groups. This new classification of plant families
represents evolutionary relationship better than any other before it (APG,

1998).
2.8. Agarose Gel Electrophoresis

Electrophoresis through agarose is of a big importance of the
molecular biology and is used to separate, identify, and purify amplified
DNA fragments. The technique is simple, rapid to perform, and capable of
resolving fragments of DNA that can not be separated adequately by other

procedures, such as density gradient centrifugation. Furthermore, the
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location of DNA within the gel can be determined directly by staining with
low concentrations of fluorescent intercalating dyes, such as ethidium
bromide (Sambrook et al., 2003).
The following factors determine the rate of migration of DNA through

agarose gels: (Sharpe, 1980)

e Molecular size of the DNA.

e Concentration of agarose.

e (Conformation of the DNA

e Presence of ethidium bromide in the gel and electrophoresis buffer.

e Applied voltage.

e Type of agarose

e Electrophoresis buffer.
2.9. Polymerase Chain Reaction (PCR)

Cloning, DNA Sequencing, and PCR (polymerase chain reaction)
underlies almost all of modern molecular biology. Of these three, the PCR
is the oldest in theory and the most versatile in practice. The method was
first proposed in the early 1970s as a strategy to lessen the labor involved
in chemical synthesis of genes (Kleppe et al., 1971).

The technique was independently conceived 15 years later, given its
present name, and put into practice by Kary Mullis and coworkers at Cetus
Corporation, who described in vitro amplification of single-copy
mammalian genes using the Klenow fragment of Escherichia coli DNA
polymerase I (Saiki ef al., 1985; Mullis et al., 1986; Mullis and Faloona,
1987).

PCR is an iterative process, consisting of three stages: denaturation

of the template by heat, annealing of the oligonucleotide primers to the
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single stranded target sequences, and extension of the annealed primers by

a thermostable DNA polymerase (Figure 2).

PCR : Polymerase Chaln Reactlon
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Figure (2): PCR basic steps for DNA amplification (Mas et al., 2001).

Accordingly, these steps are repeated in a 30-40 cycles using PCR

thermal cycler that result in a huge amount of the amplified DNA fragment

(Figure 3).
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Figure (3): DNA amplification after 30-40 cycles (Mas et al., 2001).
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The ribosomal DNA (rDNA) found in the nuclear genome of R.
officinalis consists of three conserved RNA genes transcribed as a single
united code for the 18S, 5.8S and 26S RNA genes that are highly conserved
and primers to these regions have been designated. Between these coding
regions, the Internal Transcribed Spacer Regions (ITS1 and ITS2) separate
the three RNA genes (NCBI, 2008).

The chief goal of primer design is specificity, which is achieved only
when each member of a primer pair anneals in a stable fashion to its target
sequence in the template DNA. As a rule of thumb, the longer an
oligonucleotide, the higher its specificity for a particular target (Nei and Li,
1979).

2.10. Restriction Fragment Length Polymorphism (RFLP)

Restriction fragment length polymorphism is a variation in the DNA
sequence of a genome that can be detected by breaking the DNA into
pieces with restriction enzymes and analyzing the size of the resulting
fragments by gel electrophoresis. It is the sequence that makes DNA from
different sources, and RFLP analysis is a technique that can identify some
differences in sequence (when they occur in a restriction site). Though
DNA sequencing techniques can characterize DNA very thoroughly,
RFLP analysis was developed first and was cheap enough to see wide
application. Analysis of RFLP variation was an important tool in genome
mapping, localization of genetic disease genes, determination of risk for a

disease, genetic fingerprinting, and paternity testing (Saiki ef al., 1985).
2.11. Applications of PCR Based RFLP Technique

Analysis of PCR-RFLP variation in genomes was vital tool in

genome mapping and genetic disease analysis. If researchers were trying

-11 -
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to initially determine the chromosomal location of a particular disease
gene, they would analyze the DNA of members of a family afflicted by the
disease, and look for RFLP alleles that show a similar pattern of
inheritance as that of the disease. Once a disease gene was localized,
RFLP analysis of other families could reveal who was at risk for the
disease, or who was likely to be carriers of the mutant gene (Nei and Li,

1979).

PCR based RFLP technique was used on sunflower plant for species

identification by Rieseberg et al. (1999).
2.12. Ribosomes Function and Structure

In all organisms, ribosomes form the core of the translation
machinery. Translation is a key step in gene expression, converting the
genetic information encoded in messenger RNAs into contiguous chains of
amino acids (polypeptides or proteins) with structural and catalytic
properties (Denis et al., 2001).

Ribosomes have two main functions; decoding the message and the
formation of peptide bonds. These two activities reside in two large
ribonucleoprotein particles (RNPs) of unequal size, the ribosomal subunits.
Each subunit is made of one or more ribosomal RNAs (rRNAs) and many
ribosomal proteins (r-proteins) ( Daugeron and Linder, 2001).

The small subunit (30S in bacteria and archaea, 40S in eukaryotes)
has the decoding function, whereas the large subunit (50S in bacteria and
archaea, 60S in eukaryotes) catalyses the formation of peptide bonds,
referred to as the peptidyl-transferase activity. The bacterial (and archaeal)
small subunit contains the 16S rRNA and 21 r-proteins (Escherichia coli),

whereas the eukaryotic small subunit contains the 18S rRNA and 32 r-

-12-
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proteins. The bacterial large subunit contains the 5S and 23S rRNAs and 34
r-proteins, with the eukaryotic large subunit containing the 5S, 5.8S and

25S/28S rRNAs and 46 r-proteins (Denis et al., 2001).

Each subunit has three binding sites for tRNA, designated the A
(aminoacyl), which accepts the incoming aminoacylated tRNA; P (peptidyl),
which hold the tRNA with the nascent peptide chain; and E (exit), which
holds the deacylated tRNA before it leaves the ribosome (Ramakrishnan,
2002).

2.13. Ribosomes Synthesis

The key steps in ribosome synthesis are: transcription of the pre-rRNA
from the rDNA; covalent modification of the mature rRNA regions of the pre-
rRNA; processing of the pre-rRNA to the mature rRNAs; and assembly of the
rRNAs with the ribosomal proteins (Figure 4). In eukaryotes, additional steps
include the import of r-proteins from the cytoplasm to the nucleus and the
export of the ribosomal subunits from the nucleolus through the nucleoplasm
and nuclear pore complexes to the cytoplasm (Denis ez al., 2001).

After transcription of the pre-ribosomal RNAs, most steps in eukaryotic
ribosome synthesis occur within the nucleolus. The pre-rRNAs are processed
to yield the mature rRNA species, which also undergo extensive covalent
modification. In bacteria, rRNA modifications are made by conventional
enzymes, but in eukaryotes most modification involves methylation of the
sugar 2’ hydroxyl group (2'-O-methylation) or pseudouridine formation,
which occur at sites that are selected by base pairing with a host of Small
Nucleolar Ribonucleoprotien (snoRNP) particles (Lafontaine and Tollervey,

1998).

- 13-
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Human cells contain over 100 species of snoRNP, and each pre-rRNA
molecule must transiently associate with a member of each species. During
pre-TRNA transcription and processing, many of the ribosomal proteins
assemble onto the mature rRNA regions of the pre-RNA (Moy and Silver,
1999).

rOMA
b O O 1,
pre-rRNA 2-C-methylation

; Box C+D snoRNAs

% ye-formatian
Box H+ACA snoRNAS

Nucleolus.

Nucleoplasm

O\o

Rplo Processing
Nmd3 and assembly
1 factors

Cytoplasm

s 52@3 ) /

Fre-ribosomes

Ribosomal
proteins

Ribosomes Processing and
\8 assembly factors

%o

Frotein
synthesis

Figure (4): Ribosomes synthesis steps (Denis et al., 2001).
During maturation, the pre-ribosomal particles are released from

association with nucleolar structures, and are believed to diffuse to the nuclear

pore complex. In yeast, nuclear export of pre-60S particles is mediated at least

- 14 -
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in part by the small GTPase Ran and the export factor, which binds to the
ribosomal protein through an adaptor (Stage-Zimmermann et al., 2000).

Export of the pre-40S subunit also requires Ran (Moy and Silver, 1999),
but no specific export factors have been identified. Passage through the
nuclear pores is likely to be preceded by structural rearrangements and the
release of pre-ribosome-associated proteins, including processing and
assembly factors.

It seems likely that further ribosome synthesis factors will be released
during late structural rearrangements in the cytoplasm that convert the pre
ribosomal particles to the mature ribosomal subunits (Kressler et al., 1999 ;

Venema and Tollervey, 1999).
2.14. Translation

In translation, the sequence of codons on mRNA directs the synthesis of
a polypeptide chain. This process takes place on the ribosome, and the
movement of tRNA and mRNA through the ribosome is a complicated

process that combines high speed with high accuracy (Green and Noller,

1997).
2.14.1. Initiation

Initiation in bacteria involves the interaction of the 30S subunit with the
Shine-Dalgarno sequence on mRNA that is complementary to the 3° end of
16S RNA. The process also involves three initiation factors, IF1, IF2, and IF3
(Gualerzi and Pon, 1990). IF3 is known to bind strongly to the 30S subunit
and prevents its association with the 50S subunit. It also helps in the selection
of initiator tRNA (fMet-tRNA) by destabilizing the binding of other tRNAs in
the P site of the ribosome (Hartz ef al., 1990). In a possibly related function,
IF3 has been found to dissociate deacylated tRNA from the 30S subunit in the

-15-
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last step of termination before it is recycled in a new round of protein
synthesis (Karimi et al., 1999). IF2 is a GTPase that binds preferentially to
fmet-tRNA, and its affinity for the ribosome is increased by IF1 (Zucker and
Hershey, 1986).

Recent kinetic data indicate that the GTPase activity of IF2 is required
neither for the proper placement of initiator tRNA in the P site nor for IF2

release (Tomsic ef al., 2000).
2.14.2. Elongation

The end of the initiation process leaves an aminoacylated initiator
tRNA in the P site of the ribosome and an empty A site, which serves to start

the elongation cycle (Ramakrishnan, 2002).

Aminoacylated tRNA is brought into the A site as a ternary complex
with EF-Tu and GTP. Correct codon-anticodon interactions result in
conformational changes in the ribosome which stabilize tRNA binding and
trigger GTP hydrolysis by EF-Tu. This leads to the release of the aminoacyl
end of A-site tRNA by EF-Tu; the tRNA then swings into the peptidyl
transferase site of the 50S subunit in a process called accommodation
(Lafontaine and Tollervey, 1998)

Peptide bond formation, which involves the deacylation of P-site tRNA
and the transfer of the peptide chain to A-site tRNA, is then essentially
spontaneous. Following peptidyl transfer, the ribosome has a deacylated
tRNA in the P site and peptidyl tRNA in the A site. Translocation of the
tRNAs and mRNA is facilitated by EF-G, which is also a GTPase. The result
is a ribosome ready for the next round of elongation, with deacylated tRNA in
the E site, peptidyl tRNA in the P site, and an empty A site that is ready to

receive the next cognate ternary complex (Ramakrishnan, 2002).
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2.14.3. Termination

The process of termination begins when a stop codon on mRNA is
encountered in the A site. In bacteria, recognition of the stop codon involves
two release factors, RF1 and RF2. Both factors recognize UAA; however,
UAG is recognized by RF1 while UGA is recognized by RF2. In eukaryotes,
a single factor, eRF1, recognizes all three stop codons (Kisselev and

Buckingham, 2000).
2.15. The Use of rDNA for Species Identification

Many reports has conducted the use of rDNA or its genes with the ITS
regions that separate them, as a standard gene for differentiation and
identification between species using RFLP which is considered the easiest
way for differentiation that is less time consuming and more accurate than
traditional methods of differentiation.

rDNA and ITS regions has been used as a template DNA by Merhendi
(2004) for species identification between Candida albican and Candida
dubliniensis using PCR-RFLP technique.

Vaneechoutte ef al. (1998) considered the use of 16S rDNA for species
identification in Listera species isolates by PCR-RFLP, also Misbah ef al.
(2005) used 16S rDNA gene for Acinetobacter identification but by PCR and
DNA sequencing only, while Esteve-Zarzoso ef al. (1999) considered the use
of 5.8S RNA gene with two ITS regions by RFLP for species identification of

different yeast species.
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Materials and Methods

1. Materials

1.1. Apparatus and equipments

The following equipments and apparatus were used throughout the

experimental work:

Apparatus Company
Hood cabinet Fisher Hamilton / USA
Vortex mixer Eppendorf/ Germany
Centrifuge Eppendorf/ Germany
Micropipette (Different Sizes) Eppendorf / Germany

Sensitive balance

Ohaus / Switzerland

Freezer (- 70°C)

Thermo Electron Corporation /

USA
Freezer (- 20°C) General / USA
Tips (Different sizes) Jippo / Japan
Micro centrifuge tube (1.5mL) Jippo / Japan
Water bath Fisher Scientific / USA
Mortar and pestle Jippo / Japan
Microwave oven General / USA
Gel electrophoresis system Thermo / USA
PCR Thermal cycler Thermo / USA
PCR Tubes Eppendorf / Germany
Concentrator Eppendorf/ Germany
UV trans-illuminator Spectroline / USA
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Digital Camera Canon / China
Ice maker Scotsman / Italy
Incubator Barnstead international / Switzerland
Autoclave Thermo / USA

1.2. Chemicals

The following chemicals were used through out the experimental work:

Chemicals

Company

Ethyl alcohol

Fisher Scientific

MgCl12

Fermentas

Chloroform (Molecular Biology
Grade)

Fisher Scientific

Tris Base BDH
Boric acid BDH
EDTA BDH
Ethidium Bromide BDH
Agarose BDH
DNA Marker (1kb) Fermentas
dNTP's Fermentas
1.3. Enzymes

Restriction enzymes and Taq polymerase enzyme were ordered from

Fermentas/Germany and used through out the experimental work:
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Enzyme Company

EcoRI1 Fermentas / Germany

EcoRV Fermentas / Germany

HindIIl Fermentas / Germany

BamHI Fermentas / Germany

Sall Fermentas / Germany

Smal Fermentas / Germany

DNA Taq Polymerase Fermentas / Germany

1.4. Standard Buffers

Standard buffers were ordered and used for PCR amplification and

DNA digestion:
Buffer Company
PCR Buffer Fermentas / Germany
Fast Digest Buffer Fermentas / Germany
Gel Loading Buffer Fermentas / Germany

1.5. Ready-to-use Kit

Ready to use kit was ordered for DNA Isolation and Purification:
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Kit Name Components Company

Lysis Solution, 40ml of
ready-to-use solution

Genomic DNA Precipitation Solution, 8ml of Fermentas /
Purification Kit 10X concentrated solution. Germany

NaCl Solution, 10ml of 1.2M
Sodium Chloride.

2. Methods

This study was carried out in Kurdistan Medical Research
Center/Ministry of higher Education and Scientific Research/Kurdistan
Province/Iraq, during the period from 1/11/2006 to 1/10/2008.

2.1. Morphological Differentiation
2.2. Plant Material

Rosemary Plant, (R. officinalis) was collected from different
geographical places in Northern region of Iraq (Figure 5), including:
a) Erbil city which represents the extending land, moderated
temperatures and long sunny periods through out the year.
b) Sulaymania city, which represents the mountain land, lower
temperatures and shorter sunny periods through out the year
(Figure 5).
A morphological study was conducted on plant samples including:

e [eaves (shape and color).
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e Flowers (shape and color).

e Stem growth directions.

Two subspecies were found with obvious different characteristics
particularly in stem growth directions. Those were nominated as
subspecies A and subspecies B. The two were collected and subjected to

intensive molecular investigation.

m Shaglawa City
Erbil City
Koya City
Sulaimanya City

1

t S
ra
q‘D

*BAGHDAB

Figure (5): Northern region of Iraq map shows the surveyed zones
for R. officinalis.

2.3. Molecular Differentiation

Ribosomal genomic DNA was used as a standard, and the template
DNA of R. officinalis was obtained from the genomic database of the
National Center of Biotechnology Information (NCBI).
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The following techniques were used in this study:
e DNA isolation and Purification.

e Gel Electrophoresis.

e Restriction Enzymes Digestions.

e PCR Amplifications for digested DNA.
2.4. DNA Isolation and Purification

An amount of 100mg of rosemary leaves of each subspecies was
macerated in cold ethanol using mortar and pestle. The powder of the
plant leaves was placed in a 1.5ml microcentrifuge tube and resuspended
in 200 ul of DDH20, samples stored at -70°C until use.

A DNA purification kit was used according to the manufacturer
instructions (Fermentas/Germany):

e A liquot of 200ul was mixed with 400pul of lysis solution, incubated
at 65°C for 20 min.

e Aliquot of 600ul chloroform was added immediately, gently
emulsified by inversion (3-5 times) and centrifuged at 10,000rpm
(6708 g) for 2min.

e Precipitation solution was prepared by mixing 720ul of sterile
deionized water with 80ul of supplied 10x concentrated solution.

e The upper aqueous phase containing DNA was transferred to a new
tube and added to 800ul of the freshly prepared precipitation solution,
mixed gently by several inversions at room temperature for 1-2min and
centrifuged at 10000 rpm (6708 g) for 2min.

e The supernatant was completely removed and the DNA pellet was

dissolved in 100ul of 1.2M NaCl solution by gentle vortexing.
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e Aliquot of 300ul of cold ethanol was added, DNA was left to
precipitate (for 10 min at -20°C) and centrifuged at (10000rpm (6708 g),
3-4 min), and the ethanol was decanted, then pellets washed once with
70% cold ethanol. DNA was then dissolved in 100ul of sterile deionized
water with gentle vortexing.
e DNA concentration was measured visually under UV illuminator
after electrophoresis in agarose gel and photographed by digital camera.
Isolation of genomic DNA was carried out by macerating the plant
leaves with mortar and pestle in cold ethanol, incubated overnight at -70°C
then maceration repeated. This procedure can be used instead of
maceration with liquid nitrogen.
During the lyses process, a volume of 400 ul of lysis solution was
added to 200ul of plant sample and incubated at 65°C for 20 minutes
instead of 5 minutes, since the plant cells are coated by a rigid cellulosic

cell wall which requires more time to be lysed.
2.5. Gel Electrophoresis (Sambrook et al., 2003)
The following procedure was used for gel electrophoresis establishment:

e The edges of a clean, dry glass plate were sealed with tape to form a
mold. It was then placed on a horizontal section of the bench.

o Sufficient quantity of electrophoresis buffer (0.5X TBE) was
prepared to fill the electrophoresis tank and to cast the gel.

e A solution of agarose was prepared in electrophoresis buffer at a
concentration appropriate for separating the particular size fragments
expected in the DNA samples. The correct amount of powdered agarose
was added to a known quantity of electrophoresis buffer in a flask or a

glass bottle.
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e The neck of the flask was loosely plugged with Kim wipes. The
slurry was heated in a microwave oven until the agarose was dissolved.

e Insulated gloves or tongs were used to transfer the flask/bottle into a
water bath at 55°C. When the molten gel had cooled, ethidium bromide
was added to a final concentration of 0.5 g/ml, the gel solution mixed
thoroughly by gentle swirling.

e While the agarose solution was cooling, an appropriate comb was
chosen for forming the sample slots in the gel. The comb was positioned
0.5-1.0 mm above the plate so that a complete well was formed when the
agarose was added to the mold.

e The warm agarose solution was poured into the mold.

e The gel was allowed to set completely (30-45 minutes at room
temperature), small amount of electrophoresis buffer was poured on the
top of the gel, and the comb was carefully removed. The electrophoresis
buffer was decanted and the tape was carefully removed. The gel was
mounted in the electrophoresis tank.

e Enough electrophoresis buffer was added to cover the gel to a depth
of Imm.

e The samples of DNA were mixed with 0.20 volumes of the desired
6x gel-loading buffer.

e The sample mixture was loaded slowly into the slots of the
submerged gel using an automatic micropipette. Loading size standards
into slots on both the right and left sides of the gel.

e The lid of the gel tank was closed and the electrical leads were
attached so that the DNA would migrate toward the positively charged
anode (red lead). A voltage of 1-5 V/cm was applied (measured as the

distance between the positive and negative electrodes). If the leads were
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attached correctly, bubbles should be generated at the anode and cathode
(due to electrolysis), and within a few minutes, the bromophenol blue
should migrate from the wells into the body of the gel. The gel was run
until the bromophenol blue and xylene cyanol (that are already included
in the loading buffer) had migrated an appropriate distance through the
gel.

e When the DNA samples or dyes were migrated a sufficient distance
through the gel, turned off the electric current and removed the leads and
lid from the gel tank. If ethidiun bromide was presented in the gel and
electrophoresis buffer, the gel should be examined by UV illuminator

and photographed.
2.6. Digestion by Restriction Enzymes

e The Restriction mixture was prepared for all types of the used
enzymes. This procedure was performed six times for each one of the six
restriction enzymes. The mixture was composed of:

o 15ul of DDH2O.

o 2ul of 10X digestion buffer

o 2ul of DNA sample

o 1ul of the desired restriction enzyme.

The total volume was 20ul, and the volume of the 10X buffer was equal to
the 0.1 of the total volume.

e The concentrations of EcoRI, BamHI, HindIIl and Sall was 10,000
Unit/pl and for EcoRV was 4000 Unit/ul and for Sall was 2000Unit/pl.

e Gently mixed by vortex and centrifuged.

e Incubated at 37°C in a water bath for 20 minutes.
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2.7. Primers Design (Sambrook et al., 2003)

The following procedure was followed for primers design:

e  Template ribosomal DNA (rDNA) of R. officinalis was obtained from
the NCBI genomic data base (National Center of Biotechnology
Information), which consist of three repeating RNA genes transcribed as a
single united code for the 18S, 5.8S and 26S RNA genes that were highly
conserved, and separated by two ITS regions.

e Two primers were designed (Figure 6) by selecting the first 23bp
repeating sequence (Sense) of rDNA template from the 5° to 3" end as a
first forward primer which is:

(5-GTT TCC GTA GGT GAA CCT GCG GA-3"), and named as (R18SF)
which represents:

R: For Rosemary

18S: For the site in which primer sequence locates in tDNA (18S RNA
gene).

F: For Forward Primer

The last 20 bp reverse (Anti-sense) sequence from the 3™ to 5° end of the
rDNA template as the second reverse primer, which is:

(5°-TGA CCT GGG GTC GCG GTC GA-3"), and named as (R26SR)
which is explained as:

R: For Rosemary

26S: For the site in which primer sequence locate in tDNA (26S RNA
Gene).

R: For Reverse Primer
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5 ITS1 ITS2 3
— 18S RNA agene

R18SF Primer 23bp

ORIGIN 5 end
1 gtttccgtag gtgaacctgc ggaaggatca ttgtcgaaac ctgcaaagca gaccgcgaac
61 acgtgtttaa cgccatcggg ggcacgacgt gggggcaacc cccatcgtgc caccggcccc
121 ccgcccggca tgttccecctcg ggccatgtck tgcgggctaa cgaaccccgg cgcggaatgce
181 gccaaggaaa actaaacgaa gcgtcygcct cccgcacccce gttcgcggaa cgtgcgtggg
241 gatcggatgt ctgtcaaatg tcaaa
301
361
421 geaegcatcg cgtcgcccce catcccageg taaagcagcg gttgtgggge ggayattgge
481 ctcccgtgcg tctcgatgcg cggttggccc aaatgcgatc cctcggcgac tcgtgtcacg
541 ataagtggtg gttgaacaac tcaatctcgc gcgccgtcgt gccactgcgt cgtccgcecatg
601 ggcatccatc aatgacccaa tggtatggtg ccttagggcg ctctaccttc ga
661 3'end ag ctggcgctcce
Ggtccagt T

R26SR Primer 20bp Reverse Complementary

Yellow = 18S ribosomal RNA (Partial sequence)
Gra = internal transcribed spacer 1 (ITS1)
i = 5.8S ribosomal RNA

internal transcribed spacer 2 (ITS 2)
26S ribosomal RNA

EcoRV cleavage site

Blue

Figure (6): Alignment of rDNA for R. officinalis including the coding
genes of 18S, 5.8S and 26S RNA separated by two non-coding ITS
regions (NCBI, 2008).

e Some factors were considered in primer selection and design which
were:

- GC and AT contents in the primer sequence that are strongly affect the
annealing temperature T(a) and melting temperature T(m) of the primer
with the template DNA during PCR thermal cycles.

- It is important to set the same T(a) of both forward and reverse primers

and that is done by increasing or decreasing one or more GC and AT base
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pairs from the primer sequence. This was achieved by increasing or
decreasing the three binding bonds between GC bp and two binding bonds
between AT bp that require more heat to anneal.

- T(a) and T(m) of the primers were estimated using the following
equation:

T(m) = (No. of GC bp x 4) + (No. of AT bp x 2)

T(a) = T(m) - 20

So T(a) for the R18SF primer is:

T(m)=13x4 +10x2 =52 +20=72 °C

T(a)=72-20=52°C

While for R26SR primer is:

T(m) = 14x4 + 6x2 =56 + 12 =68 °C

T(a) =68 —20=48 °C

e  After the completion of primer design, the two primers were then
ordered and synthesized from (Cybergene AB/Stockholm/Sweden/
(www.cybegene.se).

e The primer set was delivered with the specifications shown in
Table(1), and diluted to get 10x stock for PCR work. Primer dilution is
done by getting N pl of the primer and completing the volume to 100ul
with DDH20. The value of N depends on the concentration of primers
shown on the primer label and using the following equation:

N = 10/ primer concentration x 100

So the value of N for (R18SF) primer with 105.55pmol/ul concentration
1s:

N = 10 / 105.55 x 100 = 9.47 ul of primer added and completed the
volume to 100ul to get 10X solution.
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While the value of N for (R26SR) Primer with 116.99 pmol/pl

concentration 1is:

N=10/116.99 x 100 = 8.54ul

Table (1): Primer set specification for (DNA amplification of rosemary

Concentration Delivery

Name Sequence M/W (pmol/pl) oD Form
5-GTTTCCGTAGGTGA Diss. in

R18SF ACCTGCGGA-3" 7096.67 105.55 10.21 water
5-TGACCTGGGGTCGC Diss. in

R26SR GGTCGA-3" 6191.06 116.99 9,87 water

2.8. PCR amplification (Sambrook et al., 2003)

e Using a sterile 0.5 ml microcentrifuge tube, (PCR amplification tube),

The following were mixed:

DDH20 24 ul
10x amplification buffer 5ul
20 mM solution of four dNTPs 8 ul
20 uM forward primer 4 ul
20 uM reverse primer 4 ul
Template DNA Sul

e Total volume of the mixture was set at 50 pl and then DNA Taq
Polymerase (0.3 pl) was added.

e dNTP solution was prepared by mixing 10ul of each dATP, dTTP,
dCTP and dGTP, then volume completed to 100ul with DDH2O.
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e DNA was amplified using a programable PCR thermal cycler with the
denaturation, annealing, and polymerization times and temperatures listed

below:

Cycle Number Denaturation Annealing Extension

30 Cycles 1 min at 94°C 1 min at 52°C | 1 min at 72°C

e A sample (5-10 pl) was withdrawn from the test reaction mixture and
and analyzed by electrophoresis through an agarose gel. DNA marker of
an appropriate size (1kb) was included with DNA. The gel was stained
with ethidium bromide to visualize the DNA on UV illuminator and

photographed for documentation.
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1. Morphological Differentiation
In this study was found that there are two common subspecies with clear
differences in morphology, they were transferred to a 20cm in diameter pots

and subjected for further investigation (Figure 7: A, B).

50

25

cm Subspecies A Subspecies B

Figure (7): Rosmarinus officinalis plant
A: The collected subspecies A with upward growth
B: The collected subspecies B with random growth

1.2. Samples Collection

A local survey in the northern region of Iraq was performed for R.
officinalis subspecies available in different geographical sites. These sites differ
in their ecological conditions that can affect the morphology of R. officinalis
subspecies.

Table (2) shows the main morphological differences between subspecies

A and B according to a naked eye examination.
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Subspecies A was characterized by, tall and upward stem direction,
whitish blue flower color, less branches, dark green leaves and thin pin like leaf
shape.

Subspecies B was characterized by, random growth direction, white
flower color, green leaf, more branches, and wide pin like leaf shape, the two
subspecies were subjected to investigation at the molecular level.

Table (2): Morphological difference between subspecies A and B.

Character Subspecies A Subspecies B

unique, elongated and

straight directions angom qirections

1. Growth Direction

2. Flower Color Whitish Blue white

3. Branching Less branches More Branches

4. Leaf Color Dark Green Green

5. Leaf Shape Pin like shape / thin Pin like shape / wide

2. Molecular Differentiation

2.1. DNA Isolation and Purification
Genomic DNA of both subspecies was isolated, purified, and
electrophorized on agaros gel to examine the purity after staining with

Ethidium Bromide (Figure 8).

Clear DNA smear was appeared on gel for both subspecies A and B that
represents complete chromosomal DNA of the plant cell. This smear ensures

that DNA was correctly isolated and purified, if this smear appears as
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separated bands, it indicates that the DNA is digested with restriction enzymes

or there is an amplification of specific gene (Sambrook et al., 2003).

Subspecies Subspecies

B A

Total
Genomic DNA

Figure (8): Total Genomic DNA of both subspecies A and B of

R. officinalis after electrophoresis on agarose gel.
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2.2. Ribosomal DNA Template Selection

Since the entire genome sequencing of rosemary was not achieved,
therefore it was difficult to find out specific genes that might reflect the
molecular differences between subspecies A and B.

The rDNA of rosemary was selected from NCBI Data Base, to be
considered as the template DNA of 668 base pairs length used for species
identification, which include 18S, 5.8S and 26S RNA genes, separated by two
ITS sequences that represent the non-coding region of interest for species
identification (Figure 8). Nevertheless, rDNA genes were considered, which
were separated by two spacer regions in which the genetic variations should be
reflected.

2.3. Primers Design and Synthesis

Two (Forward and Reverse) primers were selected, designed and
synthesized by Cybergene AB/Sweden. Primers were delivered with the
specifications shown in.

During primers design, the template rDNA was compared and studied with
some other plants related to R. officinalis which belong to the family
Lamiaceae. It was found that the ITS1 and ITS2 regions of each rDNA begins
and ends with the same (3-6 bp) nucleotides sequence in most species of
Lamiaceae family (Appendix 1).

This study showed that ITS1 region in rDNA gene always begins with the
TCG sequence.

It was found that the ITS2 region always starts with CATCG sequence and
ends with TCGA sequence. In fact this is the idea of DNA finger print when
similarities and dissimilarities between species are required in the non-coding

regions (not conserved sequences).
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According to this study it was possible to choose four base pairs from
ITS2 region during R26SR primer selection as they are the same base pairs for
the subspecies under investigation.

2.4 Digestion by Restriction Enzymes

Two samples of DNA (Subspecies A and B) were digested with six
different restriction enzymes which were (EcoRI, EcoRV, BamHI, Hindlll, Sall
and Smal). The selected template rDNA showed the availability of EcoRV
cleavage site, while none of the other five restriction enzymes cleavage sites
appeared on the restriction map of the sequence that was obtained by using
BioEdit computer based software.

The EcoRV enzyme was chosen to test the availability of its cleavage
site between rDNA gene of both subspecies A and B, this would reflect the
genetic stability of the two subspecies, and which one is more subjected to

genetic variations.

2.5. PCR Based RFLP Pattern

Digested DNA for both subspecies with six restriction enzymes was
amplified for the rDNA using primers specially developed for this region
(Figure 9).

DNA Marker (1kb) was used to estimate the size of the amplified region
(rDNA) which was 668 bp long. There were clear bands appeared on agaros gel
for samples that lie in a region between 500bp and 750bp bands of the DNA
marker at the 668bp region. These bands represent the amplified rDNA by PCR
for both subspecies A and B.

According to the PCR based RFLP results, there was a clear genetic
variation between the subspecies in the rDNA sequence. For EcoRI restriction

enzyme digestion and amplification (for both A and B), it was found that the
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amplified region appeared as clear bands, which means that there was no
recognition site for EcoRI (5 -G"AATTC-3") at the ITS1 and ITS2 regions of
the rDNA. It is assumed that if there was a cutting site then the band will not
appear as there will be no amplification for the whole rDNA.

DNA amplification after digestion with EcoRV, showed no DNA band
between the 500-750bp bands of DNA marker for subspecies A. That means
that there is a cutting site for EcoRV (5'-GAT*ATC-3") in the rDNA sequence
of A. In fact this result was expected as the recognition site of EcoRV was
already exist in the template DNA in a conserved region of 5.8S gene and not in
the ITS region.

The EcoRV recognition site disappeared from B subspecies. A clear
band was appeared, which means that there is no EcoRV digestion occurred
since the site in the template DNA occurs at a conserved region (5.8S gene).
There may be a type of modification or mutation occurred in one base pair in
this site without affecting the function of the gene for 5.8S RNA synthesis
which may lead EcoRV not to recognize and cut rDNA sequence in subspecies
B.

Possible explanation that there may be a shifting in one nucleotide base
pair of the gene led to the synthesis of other amino acids included in product
synthesis. This shifting lead to the disappearance of the EcoRV cleavage site.

This result gives an idea about the 5.8S RNA gene that is not conserved
and subjected to mutation in subspecies B. However, subspecies A seemed to
conserve the gene.

BamHI RFLP pattern showed an amplification band in subspecies B
while no band in subspecies A, that means that there was a recognition

sequence for BamHI (5'-G*"GATCC- 3") in subspecies A while not in B.
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1000 bp
750 bp

1500 bp s

2000 bp

250 bp

Marker DNA

A
EcoRI {
B
A
EcoRV {
B

A
BamHI {
B

A

HindIII {
B

A

Sall {
B

A
Smal {
B

Figure (9): PCR based RFLP pattern of two subspecies A and B of
R. officinalis.
Additionally for the recognition site of HindIIl (5 -AAGCTT-3"), a

band appeared in the pattern of subspecies B while not in A. This may mean

- 40 -




Chapter Three Results and Discussion

that the digestion of double stranded DNA occurred in the rDNA of subspecies
A while not in B.

The high concentrations of salt in certain restriction enzyme buffers
(e.g., BamHI and EcoRIl) retard the migration of DNA and distort the
electrophoresis of DNA in the adjacent wells.

The recognition site of Sall (5'-G"TCGAC-3") is found in rDNA of
subspecies A but not in B, while both subspecies did not contain any
recognition site for Smal (5 -CCC*GGG-3") restriction enzyme in both
subspecies, this may due to disappearance of bands in both of them in RFLP
pattern.

According to the above molecular differentiation results, it was found
that there are many cleavage sites for restriction enzymes in subspecies A,
namely, EcoRIl, BamHI, Hindlll, and Smal, none of the six restriction enzymes
used contain any recognition sites in the subspecies B.

Also it could be concluded that, because of the absence of six restriction
enzymes cleavage site from subspecies B (Table 3) and there is a non-
conserved gene (5.8S RNA Gene) in the rDNA, then this plant is more
subjected to mutations and modifications naturally, and this may led to the
random growth and differences in shape from subspecies A, that appeared

through out generations as a morphological differences.
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Table (3): Genetic Variation between subspecies A and B according
to PCR based RFLP pattern of rDNA.

Restriction . _ . '
Recognition Site Subspecies A Subspecies B

Enzyme
EcoRI 5'-GMAATTC-3° Absent Absent
EcoRV 5'-GATHMATC-3° Present Absent
BamHI1 5'-G"GATCC- 3" Present Absent
HindIIl 5'-ANAGCTT-3" Present Absent
Sall 5"-G"TCGAC-3" Present Absent
Smal 5-CCC"GGG-3° Absent Absent
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Conclusions

1) Establishment and application of PCR based RFLP technique (DNA
Finger Print) for species identification of R. officinalis L. grown in the

northern region Iraq.

2) According to our survey in east north region of iraq, we found that there

are two subspecies differ morphologically, classified as subspecies A and B.

3) DNA successfully isolated and purified from plant tissues using
maceration with cold ethanol under very low temperatures instead of the use

of liquid nitrogen.

4) ITS1 non-coding regions of the rDNA begin with the same (3 bp)
nucleotides (TCG sequence) in Lamiaceae family and ITS2 non-coding
regions in the rDNA always start with CATCG sequence and end with TCGA

sequence of the rDNA in Lamiaceae family.

5) EcoRV, BamHI, HindIll and Sall recognition sites was present in
subspecies A but not in B, while both subspecies A and B did not contain a

recognition sites for EcoRI and Smal restriction enzyme in the ribosomal

DNA.

6) Subspecies B could be subjected to mutations more than subspecies A.

This may led to the variation in morphology.
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Recommendations

1) Complete genomic DNA sequencing is required for R. officinalis.
2) Investigation of the molecular make up of other medicinal plants in Iraq.

3) Genetic manipulation of some genes of rosemary that could results in

increasing the production of some interesting secondary metabolites.
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Appendix 1: Alignment of rDNA gene for ten different genera of Lamiaceae

family (NCBI, 2008).

Melissa officinalis:

1
61
121
181
241
301
361
421
481
541
601
661

tcgaaac
acgtgtttaa caccacgggg cacgacgtgg gggcatgctc
gccggegtge tcecctcecgggt cacgtcgtgc ggactaacga accccggcgc ggaatgcgcc
aaggaaaact aaacgaagcg accgcctcct gcatcccgtt cgcggagtgt gtgggaggat

tgggcgtcta tcaaatgtca tadegactet eggeaacgga tatctcgget ctegeatega

catcgcgt cgcccccecctt ccccgcgcac cgcgctggtt atgggggcgg atattggect
cccgtgtgct tcggcacgcg gctggcccaa atgcgatccc tcggcgactc atgtcacgac
aagtggtggt tgaacactca atctcgcgcg tcgtcgtgct actgagtcgt cagtatgggce
atccatgaac gaccctatgg tgtcggtgcc tcacagcacc tcactttcga

ctgcaaagca
cccgtegtgt

gaccgcgaac
ctccgttcect

Mentha arvensis

1
61
121
181
241
301
361
421
481
541
601
661
721

.tcgaaa cctgcaaagc agaccgcgaa ctcgtaacta acgccgcggg gcacggcacg

ggggagaccc cctgccgcat cccgtctcct geccggcttge tccctcgggg gcacgccgtg
cgggctaacg aaccccggcg cggaacgcgc caaggaaaac caaacgaagc gtccgccccce
ggcatccecgt tcgcggggcg tgccgtggga tcgggcgtct atcaaatgtc aaa

ttaggecgag ggeacgtetyg cctgggegte acgcatcgeg tcgoccccea cocecgegeg

catcgccggg cagttggggg cggacactgg cctcccgtgce gcctcggegt gcggccggcec
caaatgagat ctggcgtcgc gacaagtggt ggttgaacat ctcaatctct

ctcgtggtcg tcgtcccgta cgggaatcga aaacgaccca acggtgctag
gcgcgaacag tcga

ccccgggcga
tgccgccgtg
cgtctcacct

Thymus pubescens

1
61
121
181
241
301
361
421
481
541
601
661

Thymus serpyllum
1

61
121
181
241
301
361
421
481
541
601
661

ctttaaaaac
ctctgccgtg
aaccccggcg
tcgcggagtyg

tcgaac
acaaagttgg ggacggtgcg gggggtaacc
tatcttcggg tcatgtcgtg cgggctaacg
aaaacgaagc gtttccccct ggcatcccgt
atcaaatgtc aaa

gcaagttgcg cccgaagcea ttaggccgag ggcacgtctg cctgggegte acgeategeg
tcgcceccect tccccecgeget gaatgeccggg cggtcggggg cggacattgg cctcecccgtge
acctccgtgce gcggctggcce caaatgcgat ccccgggcga ctggcgtcac gacaagtggt
ggttgaacat ctcaatctct ctcgtcgtcg tgccgtcctg tcgtcattac gggaatagtc
ataaacgacc caacggtgcc ggtgcttaac tgcacctcac cttcga

agaccgcgaa
tcccatctcecce
cggaatgcgc
tgctggggga

cacgtgttta
tgccggcgtg
caaggaaaac
gcagacgtct

tcgaacc
acgtgtttaa caccgttggg gacggtgcgg ggggtaaccc
gccggcecgtgt atcttcgggt cacgtcgtgc gggctaacga
aaggaaaaca aaaygaagcg tttccccctg gcatcccgtt
cagacgtcta tcaaatgtca aa

tttaaaaaya
tctgccgtgt
accccggcgce
cgcggagtgt

gaccgcgaac
cccatctcct
ggaatgcgcc
gctgggggag

.catcgcgt cgcccccectt
ctcccgtgca cctcecgtgeg
acaagtggtg gttgaacatc
ggaatagtca taaacgaccc

cccecgtgetg aatgccggge
cggctggccc aaatgcgatc
tcaatctctc tcgtcgtcgt
aacggtgccg gtgcttaact
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Zhumeria majdae
B -

1
61
121
181
241
301
361
421
481
541
601
661

acaaggtttc
cgaacacgtg
ccccecneccgg
gcgccaagga
gggaccggat

gaaacctgca
gacccccgtce
aacgaacccc

aagcagaccg
gggccatcgt
ggcgcggaat
tgcgcgcggg

ccgttcrcgg

gtggatattg gcctcccecgtg
actcgtgtcg cgacaagtgg
tcgtctgtac ggggatccat
tcga

ggttacgggg
tacctcggeg

tgacaccgtg
cgycccacct

Salvia whitehousei

1
61
121
181
241
301
361
421
481
541
601
661
721

tcgtaaca
cattgtcgaa acctgcaaag cagaccgcga
ggcgtggggg caaccccccg tcgtgtcget
cacgtcgtgc gggctaacga accccggcgc
tccacctcca gcaccccgtt cgcggagtgt

aa

ccatgcgcac cgcgctggtt
gctggcccaa atgcgatccc
atctcgcgecg ccgtcgtgcec

tgttggtgcc tcatggtgcc cccacctcga

Pycnanthemum virginianum
1 tcga

61
121
181
241
301
361
421
481
541
601
661

Clinopodiu

1
61
121
181
241
301
361
421
481
541
601
661

taacaccgcg ggcgcggcgc gggggcgacce
ctccecteggg tcacgccgceg cgggctaacg

cgaacgaagc gtccgccccc ggcatcccgt
atcaaaagtc aaa

cgtaggtgaa
tttaacaccg
cgtgttccct
aaactaaacr
gtctgtcaaa

cgcgtecgecc
cgctcecggeg
tggttgaaca
caatgaccca

aggtttccgt
acacgtgttt
gtcaaccccc
ggaatgcgcc
gcaggggtat

gacctgcaaa
cccecgecgtg
aaacccggcg
tcgcggageg

cctgcggaag
acggtggcac
cgggtcacgt
aagcgtccgce

ccttcecege
tgyggctggce
ctcaatctcg

acggtgkagg

aggtgaacct
aacaccaatc
gcctgcgtgce
aaggaaaact
cgggtgtctt

gcagaccgcg
tccecgtcectee
cggaatgcgc
tgccgecggga

gatcattgtc
ggcgaggggt
cgtgcgggcet
cccccgagcece

gcartrcgcc
ccaaatgcga
cgcgcecgteg
tgcctcaggg

gcggaaggat
ggcggtgcat
tccectegggt
aaacgaagca
acaaatgtca

catcgecgt cgccccccat

gcgggggcgg atattggcct cccgtgcgcece ttggcgtgeg
tcggcgacac atgtcacgac aagtggtggt tgaattctca
attgcgtcgt ccgtatgggc atccgtaaaa gacccaatgg

aacacgtaac
cgccggcegtg
caaggaaaac
tcgggcgtct

gcaagttgeg cccgaageca ttaggecgag ggeacgtctg cotgggegte acgcatcgeg

tcgccecececee caccccgege gcgtcgeccgg
cgcctcggcg tgcggccggce ccaaatgaga
tggttgaaca tctcaatctc tctcgcggtc
caaacgaccc aacggtgcac ggcgcgaaca

m vulgare
_tcgtaa

atcattgtcg agacctgcaa agcagaccgc
gggcgggcta ccccccgecg agccccgtte
gccgcgcggg ctaacgaacc ccggcgcgga
gccccecceccecceccece ggcatccececgt ccgcgggtcece
aaa

gcggttgggg
tccececgggceg

gtgccgccgt
gcgcctcacc

caaggtttcc
gaacacgtaa
cccgccggceg
acgcgccaag
tgccggggga

gcggaaactg
gctggcgtca
gtcgtcccecgt
ttcga

gtaggtgaac
ctaacgccgc
cgtccccccce
gaaaacgaaa
ccgggcgtcet

gcccececegtg
cgacaagtgg
gcgggaatcg

ctgcggaagg
nnggcgcggce
cgggggccgce
cgaagcgccc
gttaaatgtc

cccgaagect ttaggecgag ggeacgtetg cotgggegte acgeatcgeg tcgcecccaa
tcccecgegeg catcgceccggg cggtcggggg cggagattgg cctcccgtgce gecctcggcegce
gcggccggcece caaatgggat ccccgggcgg ctggcgtcge gacaagtggt ggttgaacat
ctcaatctct ctcgcggtcg cgccgccgtg ccgtcccgca cgggcatcga
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Monarda fistulosa
1

61
121
181
241
301
361
421
481
541

ttgtcgatac
gcgaccccceg
taacgaaccc
tccegttege

gccgagggca
cgccgggcgg
atgagatccc
601 gcagtcgtgc
661 gcgaatagcg
721 @

Salvia austriaca
1
6l
121
181
241
301
3601
421
481
541
601

ccgccgtcac
gcgcggaatg

tcctgtgcge

caagtggtgg
catccatcaa

ctgcaaagca
ccgegteceg
cggcgcggaa
ggagcgtgcec

cgtctgcctg
ttgggggcgg
cgggcggctg
cgccgtgtcg
ccccacctte

ccecegeecge
cgccaaggaa

cccggcgcege
ttgaaatctc
cgacccaacg

tcgtaacaag
gaccgtgaac
tctceccgacg
tgcgccaagg
gcgggatcgg

catcgagtct
ggcgtcacgc
acactggcct
gcgtcacgac
tccecgtgegg
ga

gcgttcecte

cgcgtcgcecce
ggctggccca
aatctcttgc
gtgggggagc

gtttccgtag
acgtaactaa
gcgtgctcce
aaaaccaact
gcgtctatca

ttgaacgcaa
atcgcgtcge
cccgtgtgcece
aagtggtggt
gaatccaaaa

gggtcgcgcg

ccccaccatg
aatgcgatcc
gccgtcecgtge
ctcgcggcgce

gtgaacctgc
caccgcggga
tcgggtcacg
gaagcgttcg

gttgcgcccg
cccccacgcece
tcggegtgeg
tgaacatctc
acgacccaac

gtaacaaggt ttccgtaggt gaacctgegg aaggatcatt groganti ot

ccgcgaacac gtgtttaaca ccgaccgacg gcgcacggcg cgggggcgac

gcgcgggcta

tgcgggggcyg
ctcggcgact
cactgcgtcg
cccgaccttc

ggaaggatca
gcggcgaggg
ccgctecggge
cccecceccggcea

aagccattag
ccgcgcgagt
gccggcccaa
aatctctctc

ggtgcacggc

gcaaagcaga
cccegtegtg
acgaaccccg

gatactggcc
catgtcacga
tccgtacggg
ga

- = 18S RNA Gene
Yellow = ITS1 Region (Complete Sequence)
E¥eei = 5.85 RNA Gene (Complete Sequence)
Grey = ITS2 Region (Complete Sequence)

- = 26S or 28S RNA Gene (Partial Sequence)

(Partial Sequence)
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