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ABSTRACT

MOLECULAR PHYLOGENETIC ANALYSES OF JUNIPERUS L. SPECIES IN
TURKEY AND THEIR RELATIONS WITH OTHER JUNIPERS BASED ON
cpDNA

Giivendiren, Aysun Demet
Ph.D., Department of Biological Sciences
Supervisor: Prof. Dr. Zeki Kaya
April 2015, 109 Pages

Evolutionary relationships within and among two sections and three subsections of
Juniperus species (Section Juniperus, subsections Juniperus, Oxycedrus and
Caryocedrus, Section Sabina) naturally distributed in Turkey were investigated with
molecular variations of chloroplast DNA (cpDNA).

This study revealed the phylogenetic relation of 66 individuals from 7 native Turkish
Juniperus L. species based upon DNA sequence of trnL intron (¢nl5-L3’) , trnl3 -
F(GAA) (trnL-F intergenic spacer), trnV intron and matK (maturase kinase) of
chloroplast DNA (cpDNA) regions. Furthermore, Juniperus species obtained from
GenBank and one Cupressus sempervirens L. species as outgroup were included to
determine the evolutionary relation of Turkish Junipers with other Juniperus L.

species.

The results of the study indicated that Juniperus L. species in Turkey were classified
properly at section, species and even population level. Especially the species of
section Juniperus gave correlated results with previous morphological classifications

such that J. communis L. and J. drupacea Labill. which are known as blue seeded



Juniperus L. species were diverged from red seeded J. oxycedrus L. At species level,
some populations were divergent. For instance, J. oxycedrus L. from Kastamonu
Kayali Koyii, J. foetidissima Willd. from Eskisehir Catacik gave different haplotype
patterns from other members of the species. For J. oxycedrus L. from Kastamonu
Kayali Koyt the divergence might be due to geographic isolation; however,
J.foetidissima Willd. might vary through gene flow from other Juniperus L. species
in the same location. In fact, J. foetidissima Willd. from Eskisehir Catacik did not
show close pattern with other J. foetidissima Willd. (Section Sabina) samples, but

showed relationship with section Juniperus.

To figure out phylogenetic relationships among Juniperus L. species distributed in
Turkey and in other regions of the World, DNA sequences of studied regions of
foreign samples were obtained from the NCBI database and were evaluated with
DNA sequence of Turkish species used in the curent study. The samples of Section
Juniperus gave expected results but including New World species of Section Sabina
lead to dispersed allocation with Old World species of the same section. New World
Sabina section distributed with different subclusters within Old World Sabina
section. The result can be concluded as New World members of Section Sabina has
not been well resolved yet and possessed close relation with Old World Sabina
section.

The evolutionary time have shown that matK region has more recent divergence than
trn region. Moreover, subsection Juniperus and Oxycedrus showed the closest
relation followed by subsection Caryocedrus. The evolution of Juniperus L. date
back to more than 20 million years which was probably at Oligocene Miocene
boundry. The geography of origin of Juniperus L. was probaby Eurasia such that
New World species of Section Sabina diverged from other sections of Juniperus L.
and probably evolved seperately after Median — Tethyan belt seperation.

Key words: Juniperus L., Phylogeny, Divergence Time, trnL, trnl3-F(GAA), trnV,
matK, cpDNA
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KLOROPLAST GENOMUNA GORE TURKIYE’DEKI{ JUNIPERUS L.
TURLERININ MOLEKULER FILOGENETIK ANALIZI VE DIGER ARDIC
TURLERI ILE ILISKIiSi

Giivendiren, Aysun Demet
Doktora, Biyolojik Bilimler Bolimii
Tez Yoneticisi: Prof. Dr. Zeki Kaya

Nisan 2015, 109 Sayfa

Tiirkiye’de dogal olarak dagilim gosteren 2 seksiyon ve 3 alt-seksiyonun (Seksiyon
Juniperus, alt-seksiyon Juniperus, Oxycedrus ve Caryocedrus, Seksiyon Sabina)
kendi iginde ve birbirleri ile olan evrimsel iliskisi kloroplast DNA kullanilarak elde

edilen molekiiler varyasyonlar kullanilarak belirlenmistir.

7 adet dogal Tiirkiye ardicindan elde edilen 66 bireyin filogenetik iliskisi kloroplast
DNA’nin trnL intron (trnl5’-L3°) , trnl3’-F(GAA) (trnL-F intergenik bosluk), trnV
intron ve matK (maturaz kinaz) bolgelerine bagli olarak ortaya cikartilmistir.
Calismanin ikinci kismi olarak Tiirkiye® deki ardiglarin diger ardic¢ tiirleri ile
evrimsel iliskisini belirlemek araciyla GeneBank’ dan elde edilen ardig tiirleri ile dis

grup olarak 1 adet Cupressus sempervirens L. tiirii galismaya dahil edilmistir.

Calismanin sonuglar1 Tiirkiye’deki ardig tiirlerinin seksiyon, tiir ve hatta popiilasyon
seviyesinde diizgiin dagilim gdsterdigini ortaya ¢ikarmistir. Ozellikle mavi tohumlu
olarak bilinen J. communis L. ve J. drupacea Labill. tiirlerinin kirmizi tohumlu J.
oxycedrus L. tiirinden ayrilmasi Juniperus seksiyonuna ait tiirlerin daha Once

yapilmis morfolojik siniflandirmalarla uyumlu sonuclar verdigini gdstermistir. Tiir
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seviyesinde bazi popiilasyonlar farkli sekilde ayrilmistir. Ornegin, Kastamonu Kayali
Koyti’nden J. oxycedrus L. ve Eskisehir Catacik’dan J. foetidissima Willd. tiiriin
diger tiyelerinden farkli haplotip desenleri ortaya ¢ikarmistir. Kastamonu Kayali
Koyi’ nden elde edilen J. oxycedrus L. i¢cin muhtemelen cografik izolasyondan
dolay1 farklilik goriilmiisken, Eskisehir Catacik’dan elde edilen J. foetidissima Willd.
tiiriindeki farklilik diger ardig tiirleri ile meydana gelen gen akisindan dolay1 ortaya
¢ikmis olabilir. Gergekten de Eskisehir Catacik’dan toplanan J. foetidissima Willd.
diger J. foetidissima Willd. (Sabina Seksiyonu) tiirleri ile hi¢bir yakinlik

gostermemis olup Juniperus seksiyonu ile iliski gostermistir.

Tiirkiye’ de dagilim gosteren Juniperus tiirleri ile diinya {izerindeki diger yerlerdeki
tirlerin filogenetik iliskisini ¢6zmek amaciyla ¢alisilan gen boélgelerine ait NCBI
veritabanindan yabanci Ornekler toplanmis ve mevecut ¢alisma sonucunda
Tiirkiye’den elde edilmis DNA zincirleri ile birlikte degerlendirilmistir. Juniper
seksiyonuna ait ornekler beklenen sonuglari vermisken Sabina Seksiyonun Yeni
Diinya tiirlerinin eklenmesi Eski Diinya tiirleri ile daginik bir ayrim yapmasina neden
olmustur. Yeni Diinya tiirleri Eski Diinya tiirlerinin i¢inde alt gruplar olusturmus
olup bu durum Yeni Diinya tiirleri ile Eski Diinya tiirlerini henliz tamamen

ayrilmadigini ve halen evrimsel olarak yakin iligkili oldugunu gostermektedir.

Evrimsel zaman matK bdlgesinin trn bolgesinden daha yakin zamanda evrimlestigini
gostermektedir. Ayrica Juniperus ve Oxycedrus altseksiyonlari en yakin iligkiyi
gbstermis ve bunu Caryocedrus subseksiyonu takip etmistir. Ardiglarin evrimlesmesi
20 milyon yildan daha fazla y1l 6nce oldugunu gdstermis olup bu zaman; Oligocene
Miocene baglantisina denk gelmektedir. Ardiglarin ilk  olustugu cografya
muhtemelen Avrasya lizerinde olmustur ve Sabina seksiyonunun yeni diinya tiirleri
Median — Tethyan baglantisinin ayilmasindan sonra diger ardi¢ seksiyonlarinda ayri

olarak evrimlesmistir.

Anahtar Kelimeler: Juniperus L., Filogeni,Ayrilma zamani, trnL, #rnL3’-F(GAA),
trnV, matK, cpDNA
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CHAPTER 1

INTRODUCTION

1.1. Biology and Evolution of Juniperus

The species of Juniperus L. are widely distributed throughout the northern
hemisphere. It is naturally located from the Arctic regions, to south of tropical Africa
and to the mountains of Central America (Thorne, 1972; Farjon,2005; Adams, 2011)
(Figure 1.1). Almost all species grow in the northern hemisphere except for J.
procera Hochst. ex Endl. which extends mountains of east Africa in southern
hemisphere (Adams and Demeke, 1993) (Figure 1.1). The genus is monophyletic
(Little, 2006; Adams, 2011). The number of Juniperus L. species varies depending
on studies such that Farjon (2001) reported 52 species, while Adams (2011) indicated
the presence of 67 species. The Juniperus L. are divided into two sections and three
subsections. However, which species belonging to which sections is still not clear
(Mao et al., 2010). The main sections are Juniperus and Sabina. The subsections
belonging to section Juniperus are Juniperus, Oxycedrus and Caryocedrus although
Caryocedrus is accepted as different section in some studies (Adams, 1993; Mao et
al., 2010).


http://en.wikipedia.org/wiki/Arctic
http://en.wikipedia.org/wiki/Africa
http://en.wikipedia.org/wiki/Central_America

Section Sabina
:, ‘* Section Sabina clade || E
......
P

s Section Sabina clade Il
Sw==* New World species

O Section Juniperus
excluding J. communis {
Juniperus communis

Section Caryocedrus -

Figure 1.1. The distribution of Juniperus L. and hypothesized Madrean — Tethyan vegetation
belt (Map from Mao et al., 2010)

Sect. Caryocedrus is restricted to the eastern Mediterranean region. J. drupacea
Labill. the only species in this section, was probably differentiated about 20 million
years ago (Adams, 2011). Sect. Juniperus like sect. Caryocedrus is not known from
the fossil record in North America. Only it appears in Europe and Asia from the
middle Miocene onwards (Straus, 1952; Negru, 1972). Section Sabina possesses
pattern of geographic differentiation including the Himalaya and Tibetan Plateau,
North America, the central Asia Europe, Africa and the Mediterranean. The fossil
records for sect. Sabina date from the Eocene / Oligocene boundary (Kvacek, 2002)
in Europe. It also dates from the late Oligocene to early Miocene in North America
(Axelrod, 1956, 1987, 1991; Wolfe, 1964), These are related with the hypothesis that
Juniperus was the part of Madrean-Tethyan vegetation belts (Axelrod, 1975) by the
late Oligocene. Therefore they should have dispersed from one side to the other. It
has more than 60 species according to recent studies (Adams, 2014) and classified in

terms of their geography and morphology.



1.1.1. Morphology of Juniperus

Juniperus L. species possess “fruit” or “berry” like fleshy female cones where the
scales are fused. Dispersal of these reproductive components by birds and small
mammals (Santos et al., 1999) makes Juniperus L. be distributed in long distances
(Adams, 2011).

Juniperus L. are evergreen shrubs or trees. Leaves are alternating opposite pairs in 4
ranks or in alternating whorls of 3. Pollen cones are with 3-7 pairs or trios
sporophylls, each of which has 2-8 pollen sacs. Seed cones become mature in 1 — 2
years except J. communis L. whose cones mature in 3 years. The shape of the cones
is spherical, ovoid and berrylike. Some of them have sweet taste although many of
them are bitter and resinous. The choromosome number is 2n=22 except for J.

chinensis L. which has tetraploid chromosome (4n=44) (Adams, 2011).

1.1.2. Taxonomy of Juniperus
Juniperus are of the cypress family Cupressaceae. The scientific classification is as
follows:
Kingdom: Plantae

Division: Pinophyta
Class: Pinopsida
Order: Pinales
Famliy: Cupressaceae

Genus: Juniperus L.

e Section Juniperus: The species of this section possess needle like leaves in

whorls of three, and jointed at the base.

o Subsect. Juniperus: The species of this subsection are generally
considered as northern and far eastern group with blue or blue-black
mature seed cones (Figure 1.2a). Their cones are composed of 3
separate seeds and the needles have with one stomatal band. They are
dioecious, with male and female cones on different trees. Cones are

axillary on shoot, on a very short peduncle appearing sessile (Adams,



(¢]

2011). The species of this subsection are Juniperus communis
L. (Common Juniper) (Figure 1.2a), Juniperus
communis subsp. alpina (Alpine Juniper), Juniperus conferta Parl.
(Shore Juniper) (syn.J. rigida var. conferta) and Juniperus

rigida Siebold & Zucc. (Temple Juniper or Needle Juniper).

Subsect. Oxycedrus: The species of this subsection are the members
of the genus from the Mediterranean Region. Their cones contain 3
separate seeds with red, reddish brown or reddish-purple color.
Needles have two stomatal bands (Figure 1.2b). Juniperus
brevifolia (Seub.) Antoine (Azores Juniper), Juniperus cedrus Webb &
Berthel. (Canary Islands Juniper), Juniperus deltoides Adams (Eastern
Prickly Juniper), Juniperus formosana Hayata (Chinese Prickly
Juniper), Juniperus lutchuensis Koidz. (Ryukyu Juniper), Juniperus
macropoda Boiss. (Pashthani Juniper), Juniperus navicularis Gand.
(Portuguese Prickly Juniper), Juniperus macrocarpa Sibth. & Sm. (J.
oxycedrus L. subsp. macrocarpa) (Large-berry Juniper) and Juniperus
oxycedrus L. (Western Prickly Juniper or Cade Juniper).

Subsect. Caryocedrus: This subsection is distributed only in Greece,
Syria, Lebanon, Israel and Turkey. However, the most extensive
distribution is from south of the Taurus Mountains to north of Syria
(Vidakovic, 1991; Farjon, 2005). The only member of this subsect. is
Juniperus drupacea Labill. (Syrian Juniper). Species forms 10- 20 m
(even 40 m) tall brown- grey big trees. Its cones with 3 seeds fuse
together. Needles have two stomatal bands (Figure 1.2c). The tree of
J. drupacea Labill is possibly the tallest Juniper exist in Kalekaya
Village of Kahramanmaras Province in Turkey (Karaca, 1994).
According to Adams and Demeke (1993), this subsection is probably
the most primitive one of the genus. In some studies, this section has
been considered as separate genus (Florin, 1963) whereas DNA
analysis showed it as the member of the genus Juniperus L. (Adams
and Demeke, 1993).
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e Section Sabina: The species of this section are considered as the most
advanced section which possesses the highest species diversity. They
are identified with their scale leaves and their adult leaves are
generally similar to those of Cupressus L. species such that they are in
opposite pairs or whorls of three. Moreover, the juvenile needle-like
leaves are not jointed at the base. They have fleshy and nutrious
female cones (Figure 1.2d, e, f, g). Different from other Juniperus L.,
some members of this section are monoecious (Adams, 2011). The
section can be divided into several groups based on phenology, cone
characteristics and leaf margin form (Adams, 1993). However, since
this separation is not well defined, Mao et al., (2010) divided the

section as Old World and New World species.



Table 1.1. Scientific and Common Names of Old World species of Juniperus L. in Section

Sabina (Mao et al., 2010)

Scientific Name Common Scientific Name Common
Name Name
Juniperus chinensis L. Chl_nese ngp_erus s
Juniper pingii var. miehei
Juniperus Sargent's Juniperus pingii
chinensis var. sargentii Juniper var. wilsonii
Juniperus chinensis L. Juniperus procera Hochst. Eas_t
S African
var. tsukusiensis masummune ex Endl. .
Juniper
. . . . Juniperus procumbens Ibuki
Juniperus chinensis var. kaizuka (Siebold ex. Endl.) Miquel | Juniper
Juniperus injian
Juniperus chinensis var. kaizuka pseudosabina Fisch. & Jiang
Juniper
C.A. Mey.
Juniperus Juniperus recurva Buch. — | Himalayan
chinensis var. procumbens Ham. ex D. Don Juniper
. . . Juniperus
Juniperus chinensis var. globosa .
recurva var. butanica
Juniperus chinensis var. aurea Juniperus . COXIS
' recurva var. coxii Juniper
Juniperus convallium Rehder & | Mekong Juniperus sabina Savin
E.H. Wilson Juniper L. (Figure 1.2f) Juniper
Juniperus excelsa M. Greek Juniperus Daurian
Bieb. (Figure 1.2¢) Juniper sabina var. davurica Juniper
Juniperus excelsa var. Persian Juniperus saltuaria Rehder | Sichuan
polycarpos Juniper & E.H. Wilson Juniper
Juniperus foetidissima Willd. Stinking Juniperus semiglobosa Russian
(Figure 1.2d) Juniper Regel Juniper
Juniperus indicaBertol. BIag:k Juniperus squamata Buch. FIaI_<y
Juniper —Ham. ex D. Don Juniper
Juniperus komarovii Florin Kor_narovs Juniperus thurifera L. Spa_nlsh
Juniper Juniper
Juniperus phoenicea L. (Figure Pho_emcean Juniperus tibetica Kom. le_etan
1.29) Juniper Juniper
. -~ . Juniperus Himalayan
Junlperus pingii Cheng ex . de Ping wallichiana Hook. f. & Black
Ferré Juniper . )
Thomas. ex Brandis Juniper

Juniperus pingii var. chengii
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Table 1.2. Scientific and Common Names of New World species of Juniperus L. in Section
Sabina (Mao et al., 2010)

Scientific Name

Common Name

Scientific Name

Common Name

Juniperus Mexican ~ One- | Juniperus jaliscana Martinez | Jalisco Juniper
angosturana  R.P. | seed Juniper

Adams

Juniperus ashei | Ashe Juniper Juniperus monosperma | One-seed Juniper
J.Buchholz (Engelm.) Sarg.

Juniperus arizonica | Redberry Juniperus monticola | Mountain

(Syn: J.coahuilensis | Juniper, Martinez Juniper

var. arizonica or J. | Roseberry

erythrocarpa  var. | Juniper

coahuilensis)

Juniperus West Indies | Juniperus occidentalis Hook. | Western Juniper
barbadensis L. Juniper

Juniperus Bermuda Juniper | Juniperus Sierra Juniper
bermudiana L. occidentalis subsp. australis

Juniperus Blanco's Juniper | Juniperus osteosperma | Utah Juniper
blancoi Martinez (Torr.) Little

Juniperus California Juniperus pinchotii Sudw. Pinchot Juniper
californica Carr. Juniper

Juniperus Coahuila Juniper | Juniperus saltillensis M.T. | Saltillo Juniper
coahuilensis Hall

Martinez ~ Gaussen

ex R.P. Adams

Juniperus comitana
Martinez

Comitan Juniper

Juniperus scopulorum Sarg.

Rocky Mountain
Juniper

Juniperus deppeana | Alligator Juniper | Juniperus standleyiSteyerm. | Standley's

Steud. Juniper
Juniperus Durango Juniper | Juniperus virginiana L. Eastern  Juniper
durangensis or Eastern
Martinez Redcedar
Juniperus flaccida | Mexican Juniperus Southern Juniper
Schtdl. Weeping Juniper | virginiana subsp.silicicola

Juniperus Gamboa Juniper | Juniperus zanonii (proposed

gamboana Martinez by Adams, 2010)

Juniperus Creeping Juniper

horizontalis Moench

According to Adams (2014), Section Sabina is divided into 5 groups.

o Serrate leaf margins, western hemisphere

These are

e One seed/ cone, turbinate or ellipsoidal shaped seed cones

e Multi-seeded Eastern Hemisphere

e One or more seeds / cone Eastern Hemisphere

e One or more seeds / cone Western Hemisphere
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Section Juniperus

Subsection Caryocedrus

Figure 1.2. Sprout and Cone of some Juniperus species (a) J. communis L., (b) J. oxycedrus
L., (c) J. drupacea. Labill, (d) J. foetidissima Willd, (e) J. excelsa M. Bieb., (f) J. sabina L.,
(9) J.phoenicea L.
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1.1.3. Juniperus species in Turkey

Juniperus L. are widely distributed (Figure 1.3) and can be found naturally almost all
regions of Turkey (General Directorate of Forestry, 2009; 2012). They are important
economical and genetic resources. Juniperus L. have the third highest range of
distribution (after Pinus L. and Abies L.) (575 315 ha) in Turkey (General
Directorate of Forestry, 2012) as forest trees. There are 8 species naturally distributed
in the country. These are Juniperus communis L. (section Juniperus, subsection
Juniperus), Juniperus oxycedrus L. (section Juniperus, subsection Oxycedrus),
Juniperus drupacea Labill. (section Juniperus, subsection Caryocedrus), Juniperus
excelsa M. Bieb. (section Sabina), Juniperus phoenicea L. (section Sabina),
Juniperus foetidissima Willd. (section Sabina), Juniperus sabina L. (section Sabina)
and J. oblonga Beib. (Section Sabina). (Davis, 1966, 1988, 2001; Ansin and Ozkan,
1993). Among these species, J. oxycedrus L. is widely distributed throughout the
country whereas J. phoenicea L. is found mostly in the Southwestern Anatolia and J.
foetidissima Willd. is widely distributed in Central and southern regions of Turkey.
Juniperus L. in Turkey are also very diverse at subspecies and variety level such that
there are three subspecies of J. communis L. (subsp. hemisphaerica, subsp.
communis, subsp. nana, var. saxatilis Pall.) (Davis, 1966, 1988, 2001; Giiner et al.,
2012), three subspecies of J. oxycedrus L. (subsp. macrocarpa Sibth. & Sm., subsp.
oxycedrus and subsp. oxycedrus, subsp. oxycedrus var. spilinanus Yalt., Eli¢in &
Terzioglu, f. yaltirikiana M.Avci & Ziel. and subsp. procera) (Tiimen & Hafizoglu,
2003; Giiner et al., 2012) (Figure 1.3) and two subspecies of J. excelsa (subsp.
excelsa and subsp. polycarpos K. Koch) (Davis, 2001; Giiner et al., 2012).


http://en.wikipedia.org/wiki/Juniperus_phoenicea
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Figure 1.3. The map showing the natural distribution of Juniperus L. species in Turkey
(adopted from: Tiimen & Hafizoglu, 2003)

1.1.4. Uses of Juniperus
Juniperus L. species are very important around the World due to the presence of
extractive components and utilization of them in medicine and pharmacology. Not
only in the World, but also in Turkey they are highly used for their wood, cones and
leaves. Roots are important remedy for pain, cough, rheumatism, tuberculosis etc
whereas cones and leaves are used for antispetic purposes. Juniperus L. species are
rich in essential oil, tannin, flavanoid, resin, lignin and triperten (Hegnauer, 1986).
Cones and leaves are also used in medicine and cosmetics in dermatologic disorders
and as a stimulant. The female cones (berry like seeds) of Juniperus communis L. are
used in making gin (Baytop, 1984). In antiquity, when the medicinal science was not
developed, Juniperus L. were known as panacea, diuretic and sudorific. Not only
used internally, but also they were used externally directly on to the skin of patients.
Currently, they are still important against inflamation, head ache, diabetes, digestive
troubles, bronchitis, asthma, kidney and urinary track infectios, hepatitis, sciatic,
rheumatism, respiratory tract diseases, sinusitis, liver diseases and metabolism
disorders (Kog, 2002; Giirkan, 2003). The wood of Junipers is being used for making
furniture and paneling. It is also a good fuel wood, burning clean with little smoke
and ash. (Herbst, 1978). Juniperus excelsa M. Bieb. wood is highly used in

tuberculosis and hepatitis (Tiimen ve Hafizoglu, 2003).
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1.2.  The Phylogenetic Analysis with cpDNA
Molecular systematics covers a number of approaches in which phylogenetic
relationship are determined using information from DNA of the interested organisms.
The DNA barcoding approach is gaining importance in species identification (Hebert
et al., 2003). It is mainly performed by using small fragment of DNA sequences of
the genome. The purpose is to make contribution in ecological and conservation
studies when traditional taxonomic identification is not feasible. Intra- and
interspecific genetic divergences are assessed by using pairwise calculations (Meyer
and Paulay, 2005) and phylogenetic analyses were performed to look for species
monophyly (Lahaye et al., 2008). Molecular systematics and phylogenetic analyses
usually start with DNA sequence analysis. The phylogenetic classification is

advantageous because:

(1) determination of which information best provide natural relationships is not

intuitive;

(2) by using either the same or different data including other genes or categories of
information, the analysis could be repeated by other researchers and

(3) as new data emerged, it could be updated particularly from studies of
chromosome organization and morphology and other traits determination by the
genes that code for them (Graham and Wilcox, 2000).

In recent years, DNA data is used for the establishment of a classification as they
become more widely available for many species. For plants, there are three basic
types of DNA sequence data system which are nuclear (NDNA), chloroplast
(cpDNA), and mitochondrial (MtDNA) (Simpson, 2006). The nuclear genome is not
used in systematic botany frequently due to having a complex and highly repetitive
characteristic. Since its structure, size, configuration, and gene order changes rapidly,
the mitochondrial genome is used at the species level. However, cpDNA is more
advantageous over other regions. In plant total DNA, it is a relatively abundant
component. Thus it is easy in extraction and analysis. Also it contains primarily
single copy genes where it provides extensive background for molecular information

on the chloroplast genome. Therefore, molecular data obtained from the chloroplast
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DNA are more useful over other molecular regions for phylogenetic reconfiguration
in plant systematics (Liang, 1997).

Another important property of cpDNA for especially the conifers is its inheritance.
cpDNA is inherited paternally in many conifers such as Pseudotsuga L., Picea L.,
Pinus L., Larix L., Sequoia L., and Calocedrus L. (Neale et aL., 1986; Neale and
Sederof, 1988; Wagner et aL., 1992; Dong et al., 1992; Szmidt et al., 1987; Neale et
al.,1989; Neale et al., 1991) although there are some non-paternal inheritences
(Neale et al., 1986; Szmidt et al., 1987; Wagner et al. 1989; Neale et al. 1991; Dong
et al., 1992). Previous studies of Cupressaceae (including Juniperus L.) (Neale et al.,
1989, 1991; Mogensen 1996; Kondo, et al. 1998; Hwang et al., 2003), showed that

cpDNA is also paternally inherited in members of this family.

Moreover, because of their mutational complexity and lack of representativeness, the
classification based on whole genome may provide biased estimates of nucleotide
diversity and thus may also give rise to incorrect estimates of genetic subdivision.
However, with cpDNA, there is an effect only a single genetic locus, and usually
only one or very few repetitive, polymorphic regions in the genome. The
conservative rate of structural change and nucleotide substitution in conifer cpDNA
makes it suitable for determining interspecific and intergeneric relationships (Hipkins
et al., 1995). There are many studies dealing with plant phylogeny in which coDNA
variants have been detected (Stine et al., 1989; Stine and Keathley, 1990; Wang,
1990; Ponoy et al. 1994; Nelson et al., 1994).

1.2.1. Transfer Ribonucleic Acid Region (trn) of cpDNA
For the inference of plant phylogenies, coDNA molecular regions are the primary
source of data (Baldwin, 1992; Baldwin et al., 1995 Alvarez and Wendel, 2003).
Moreover, since noncodinh regions are less functional than coding regions, they
provide greater levels of variation for phylogenetic analyses. Therefore, they were
easily used for lower level taxonomic studies (Gielly and Taberlet, 1994). For
example, among the non-coding regions, the t-RNA (trnL-trnF** and trnV) are
the most widely explored cpDNA fragment due to their extensive utilization in
phylogenetic relationships at the levels below family (Taberlet et al.,1991; Kelchner,
2000). The trnL-F®* region is composed of trnL“* gene and trnL-F©A%

intergenic spacer region. The trnL"“** gene consists of two highly conserved exons
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which are divided by a group | intron. These intronic types are identified as an
intergenic spacer which is characterized by a highly conserved core structure
encoding the active site. In plants, the trnL intron generally displays sequence
conservation in the regions flanking both trnL exons. However, the central part is
highly used due to

¢ having flanked region by relatively conservative coding regions

e its moderate size,

e ease in amplification and sequencing (Bogler & Ortega, 2004).

The tRNAYAC (trnV) region, which is known as group 11 intron (Keller and Michel,
1985), has been first sequenced by Deno et al. (1982). The trnL-trnF and trnV
regions present a quite high substitution rate in many plant taxa (Bayer and Starr,
1998; Bakker et alL.,2000; Mansion and Struwe, 2004). The t-RNA regions of the
trnL and trnL - trnF and the region trnV are suitable for evolutionary studies due to;
(1) th possession of the conserved trn genes and several hundred base pairs of non-
coding regions, (ii) the high rate of mutations in the single-copy regions, and (iii) the

absence of gene rearrangements among many species (Wolfe et al., 1987).

Not only trn regions, but also many nuclear, chloroplast or mitochandrial regions
were studied in taxa of gymnosperms including rbcL and a single new nuclear
smallsubunit (nuSSU) rDNA sequence (Chaw et al., 1997), RAPD studies in
Juniperus (Adams, 2000), matK and chIL gene of Taxodiaceae and Cupressaceae
(Kusumi et al., 2000), nad5-4 region of Abies L. (Liepelt et al., 2002; Ziegenhagen et
al., 2005), ITS region of Cycads (Bogler & Ortega, 2004) and Zamiaceae (Gonzalez
& Vovides, 2002), trnD-trnT, trnS-trnG regions in Cupressus (Tingting et al., 2010),
coxl, nad5 a/b intron, trnfM-trnS, trnT-trnF, trnC-trnD and petG-—psal of
Pseudotsuga (Wei et al., 2010) and so on. Moreover, despite their low evolutionary
rate, C)ODNA RFLPs (restriction fragment length polymorphisms) are used to detect
variations at the population level They are also used for phylogeographic studies at
both the interspecific and intraspecific level (Demesure et al. 1995; King & Ferris
1998; Dutech et al. 2000; Gao et al., 2007). Frequently used cytoplasmic DNA
fragment in phylogeny of gymnosperm are chloroplast trnT-trnF (Wei and Wang,
2003), 50rps12-rpL20, psbB psbH and rpL1l6 intron (Shaw et al., 2005), and

mitochondrial nadl intron 2 (Won and Renner, 2005) and nad5 intron 1 (Jaramillo-
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Correa et al., 2004). The three intergenic spacers trnT(UGU) - trnL(UAA),
trnL(UAA)-trnF(GAA), and the trnL(UAA) intron in the trnT-F region of cpDNA
have been widely used in the studies of phylogenetic relationships at inter- or
intraspecific level due to a fast rate of evolution (Fujii et al., 1995, 1996; Bohle et al.,
1996; Gielly et al., 1996; Bakker et al., 2000; Fukuda et al., 2001). Non-coding
sequences tend to evolve faster than coding sequences. Hence, they usually provide
information to get a phylogenetic tree. Hence, the trn regions were selected to realize

phylogenetic relations among species of Juniperus L.

1.2.2. The Maturase Kinase (matK) Gene
The matK gene is an open reading frame (ORF) that encodes a maturase, a protein,
used in RNA splicing (Neuhaus and Link, 1987; Wolfe et al, 1992). It is located
within the intron of trnK (Lysine (UUU) gene) gene which possesses a group Il
intron that encodes the matK (Hausner et al, 2006). These introns, which are found in
eubacteria, archea and the organelles of fungi, plants, and algae, are mobile elements
and have self-splicing abilitiy (Bonen and Vogel, 2001; Lambowitz and Zimmerly,
2004; Hausner et al, 2006). However, the trnK intron differs from other group Il
introns because of its encoding function (Hausner et al., 2006). For the construction
of plant phylogenies, the matK gene has been used as an indicator due to rapid
evolution of the ORF’s (e.g., Hilu and Liang, 1997; Kelchner, 2002; Hausner et al,
2006). There are various studies, which include family, genera and species levels,
matK gene sequence is used in phylogenetic analysis. In the study concerning
conifers the studies with matK included generally the genus Pinus (Wang et al.,
1999; Quinn et al., 2002; Gernandt et al., 2003,2005; Zhang and Li, 2004; Eckert
and Hall, 2006; Liston et al., 2007; Tsutsui et al., 2009; Flores-Renteria et aL., 2013;
Hernandez-Leon et al., 2013). Also Picea (Germano and Klein, 1999; Quinn et al.,
2002; Ran et al., 2010), Cedrus L., Abies L., Keteleeria L. (Quinn et al., 2002),
Tsuga L. (Quinn et al., 2002; Havill et al., 2008), Pseudotsuga L., Nothotsuga L.,
Larix L., Pseudolarix L., (Quinn et al., 2002), and Cathaya L. (Quinn et al., 2002;
Ran et al., 2010) have been studied. The matK was shown to have higher variation
than any other studied chloroplast genes. The variation was slightly higher at the 5’
region than that at the 3’ region although in general there is approximate even
distribution observed throughout the entire gene. Also the gene might provide high

phylogenetic information having high proportion of transversion (a change from

14



purine to a pyrimidine, or vice versa). These factors emphasize the utilization of the
matK gene in systematic studies. Moreover, it is suggested that comparative
sequencing of matK is appropriate for phylogenetic analysis at subfamily, family,

genera and species levels (Tanaka et al., 1997).

15



16



CHAPTER 2

JUSTIFICATION OF THE STUDY

Juniperus L. is among most important tree species in Turkey. They have wide
distribution and cover more than 550,000 ha of the country (General Directorate of
Forestry, 2012). Under these circumstances, they also become economically
important species and have a potential of desired hereditary features to be improved.
For instance, they have been very important raw material in cosmetics, medicine and
pharmacy for centuries (Tiimen and Hafizoglu, 2003). Moreover, they are disease
resistant, insect tolerant and have high adaptive variation (Van Haverbeke and King,
1990) However, in contrast to this situation, very little genetic information or
research present on Juniperus L. species. Moreover, their natural distribution area is
reduced gradually due to anthrophogenic factors. There are numerous studies dealing
with magnitude and pattern of variation in natural populations of Juniperus L.
(Adams, 2000; Adams et al., 2003, 2005; Mao et al., 2010; Rumeu et al., 2011;
Adams, 2012). There are also several studies at higher taxonomic levels indicating
the evolutionary location of Juniperus L. within family of Cupressaceae (Gadek et
al., 2000) or between close relatives of the genus (Kusumi et al., 2000). The studies
indicated the existence of high genetic diversity within and among populations. For
example, the study carried out by Adams (2000) using RAPD markers and leaf
essential oils indicated that the species are separated clearly from each other.
Moreover, Mao et al. (2010) indicated the wide range of distribution of Juniperus L.
as a result of both long dispersal and migration across land bridges. They stated the
origination of the genus as Eurasia from Eocene to Oligocene. In Turkey, the studies
related with Juniperus L. were generally performed with isozyme polymorphism
(Boratynski et al., 2009), microsatellites (Douaihy et al., 2011; 2012), heritability
(Yicedag et al., 2010), RAPD analysis (Adams, 2000) and DNA sequencing of ITS
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region of nrDNA (Adams et al., 2006). However, there is no extensive phylogenetic
studies for Turkish Junipers. Thus, evolutionary relationship of Juniperus in Turkey
at species, genus and higher taxonomic levels is needed to be further explored to
understand the evolutionary basis of this divergence. Extensive sampling of
Juniperus L. and studying evolutionarily conserved regions of chloroplast genome,
especially trn and matK regions could be very useful to address the question of
evolutionary divergence and divergence times within genus. Moreover, this study
will relatively shed light on the general overview of Juniperus L. phylogeny and the
place of Turkish Juniperus L. in the phylogeny. Since the combined molecular data-
set to understand phylogenetic relationships among Juniperus L. species are rare, in
the current study, four different chloroplast regions were utilized to construct

phylogenetic relation of Juniperus L. genus.
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CHAPTER 3

OBJECTIVES OF THE STUDY

The main objective of this study was to state the diversity and the evolutionary
relationships among and within two sections and three subsections Juniperus L.
genus that are naturally distributed in Turkey with the use of sequence data from 3
non-coding trn and matK regions of cpDNA.

The specific objectives of the study were:

1) To estimate molecular diversity and evolutionary divergence of Turkish

Juniperus with other Juniperus L. on database.

2) To construct a molecular phylogenetic tree using DNA sequence data from
trnL, trnL-F, trnV and matK regions of cpDNA for Turkish Juniperus species
along the other Juniperus L. of Old and New World using the available sequence

data for trn and matK from the databases.
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CHAPTER 4

MATERIALS AND METHODS

4.1. Plant Material
In this study, all plant materials whose DNA sequences were utilized for analysis
were collected from natural populations of Juniperus L. in Turkey. Additionally, the
sequence data of trn and matK from the NCBI GenBank database were obtained
given the availabilities. For each species, at least 5 samples from different locations
were utilized to have sufficient figuration of the genus. After sampling, the leaves

were kept in small bags containing dry silica gel pellets at -20°C.

4.1.1. Juniperus L. Species in Turkey

Juniperus species were sampled from natural stands in the period of 2011-2012.
DNA has been obtained from needles for all samples. Tissue samples (needles) of
Juniperus oxycedrus L. were obtained from 17 trees coming from 6 populations and
that of Juniperus drupacae Labill. were obtained from 7 trees from a single
population. Tissue samples of Juniperus excelsa M. Bieb. were sampled from 11
trees from 4 populations. The needle samples of Juniperus foetidissima Willd. were
sampled in 2 populations. Tissue samples of Juniperus communis subsp. nana were
obtained from 11 trees from a single location. Tissue samples of Juniperus sabina L.
and Juniperus phoenicea L. were sampled from 12 and 5 trees, respectively coming
from a single location. Detailed information on studied population is given in Table
4.1 and Figure 4.1.
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Table 4.1. Geographic and topographic information of studied Juniperus L. species

Locations . . . Number
Sections/Subsections  Taxa Codes of I(S;'tUde I(_é))ngltude '(Ar‘#)'twe of
Populations Trees
Sect.Junlp_erus J. communis CKI Kastamonu- 41°22°267  33°46°16” 1200 11
Subsect. Juniperus  subsp.nana llgaz
oma Kmaras- 37°3621”  36°19°51” 1350 3
Andirin
omt Kmaras- 37°52°58”  36°37°17” 1300 1
Tekir
OKK  (2amOnt 41097052 3353017 700 5
Sect. Juniperus J .oxycedrus ayal
Subsect. Oxycedrus L. _
oTCc ~ Fasburun- - ag0s5.540 319080157 1200 2
Catacik
oMs g’.'af"sal 38°33°017  27°25°06” 1300 3
ipil Dag1
oc lzmir 36°59°00  27°23°00" 3-5 1
Cesme
Sect: Juniperus J. drupacae K.maras-
Subsect. '.p DMA ) $ 37°36°21”  36°19°51” 1350 7
Labill. Andirin
Caryocedrus
gmT G maras- 37°52°58”  36°37°17” 1300 4
Tekir
EKP PKays%”' 38%43°19”  36°237277 1500 1
J. excelsa M. 1narbast
Bieb. R
ETC  1asburun- ag055.50m 31008157 1200 3
Catacik
EMs  Manisa o ag033010 970950067 1300 2
Sipil Dagi
Sect. Sabina
Jfoetidissima gy K-maras o gz050580 36037177 1300 4
Willd. Tekir
FTCc  Iasburun- o ag05s50e 31008157 1200 2
Catacik
Jsabinal. SMS  Manisa - agesngpe 27950067 1300 12
Sipil Dagi
J.phoenicea g Mugla 5700950 2791005 50 5
L. Bodrum
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x J.communis subsp. nana . J. excelsa

. J.oxycedrus @ J. phoenicea

{:5 J. drupacea * J. sabina

. J. foetidissima

Figure 4.1 Locations of sampled Juniperus species. The explanations for the codes given in
Table 2

4.2. DNA Extraction and Quantification Procedures
DNA extractions were performed as described in Doyle & Doyle (1990) for needle
tissues of Juniperus L. by some modifications. The modified procedure was as

follows:

1. For each sample, about 100 mg needle tissue was put in autoclaved mortar
and grinded by liquid -80° C nitrogen.

2. After obtaining powder — like structure of needles, 500 ul extraction buffer
(2XCTAB) was added and grounding process was repeated.

3. Liquid mixture was poured into 1.5 mL eppondorf tubes and about 50 ul f —
mercaptoethanol was added to the tubes. Then the tubes were vortexed and
incubated at 65°C for at least one hour.

4. After incubation, mixture was centrifuged at 13000 rpm for 15 minutes.

5. The supernatant of the mixture was transfered to new tubes and 500 pl of
chloroform: isoamyl alcohol (24:1) were added and mixed by gently shaking
tubes.

6. The mixture was again centrifuged at 13000 rpm for 15 minutes.
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7. The supernatant of the mixture was transferred into new eppendorf tubes and
500 pl of cold isopropanol was added.

8. Tubes were incubated at -20°C overnight. Then, they were again centrifuged
at 13000 rpm for 10 minutes. Total DNA settled down at the bottom of the
tubes.

9. The supernatant was discarded very carefully and DNA pellet has been
obained. 70% EtOH were used twice to clean and remove remnant from
DNA. Tubes were allowed to dry for 15-20 minutes until pellet looked dry.

10. The DNA pellets were kept in 100 pl TE (Tris EDTA). Dissolved DNA was
diluted to 10 ng/ul for PCR reactions. The DNAs were stored at -20°C. The
compositions of buffers and solutions used during DNA isolation protocol

were given in Table 4.2.

The quantification of total DNA amount was carried out by using Thermo Fisher
Scientific Inc. NanoDrop 2000 Spectrophotometer Version 1.4.1. By running in 0.8%
agarose gel electrophoresis, the presence and quality of the DNA were also checked.
DNA vyields per megagametophyte varied from 500 to 5000 ng. All sample DNAs
were diluted to 3 ng/ul for Polymerase Chain Reaction (PCR) application.
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Table 4.2. Buffers and solutions used during DNA isolation from fresh leaf tissue

Buffers/ .
) Concentrations and Contents
Solutions
2 gr CTAB (Cetyl trimethylammonium bromide)
10 ml (pH : 8.0) Tris HCI (Tris(hydroxymethyl)aminomethane
2 X CTAB hydrochloride)
4 ml (pH:8.0) 0.5M EDTA (Ethylenediaminetetraaceticacid disodium
salt)
28 ml 5M NaCl is completed upto 100 ml with dH,0
- 35 ml B-Mercaptoethanol is completed upto 500 ml with dH,0
Mercaptoethanol
Chloroform —

Isoamyl alcohol

24:1

Ethanol 70 % in dH,0
10 M Tris HCI
TE Buffer
10 M EDTA

4.2.1. Primer Design and PCR Conditions

The tRNA regions used in this study are composed of the intron of trnL (Leu) gene, a
flanking intergenic spacer, i.e. trnL-trnF and intron of trnV (Val). Three sets of
primers were used to amplify the studied tRNA region in PCR. The primer sequences
for the non coding trnL regi