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CHAPTER 1

INTRODUCTION

The availability of mineral nutrients, most importantly nitrogen, determines the
growth of plants. Despite its presence in large quantities in the atmosphere
(approximately 80%), plants cannot directly utilize free nitrogen. Nitrogen is required in
large amounts as an important component of proteins, nucleic acids and other cellular
constituents and is frequently found limiting to the growth of the green plants. This is
because of the continual loss of nitrogen from soil reserves by processes such as
microbial denitrification, soil erosion, leaching, chemical volatilization and removal of
nitrogen-containing crop residues from the land. The nitrogen reserve of the agricultural
soils must therefore be replenished periodically in order to maintain an adequate (non-
growth limiting) level for crop production. This replacement of soil nitrogen is brought
about by either adding nitrogen containing chemical fertilizers directly in the soil or by
the activity of Biological Nitrogen Fixation (BNF) systems. The conversion of nitrogen
gas or atmospheric nitrogen into nitrate, a form of nitrogen that can be metabolized into
amino acids and proteins by terrestrial plants, is called nitrogen fixation. In the living
world major conversion of N into ammonia is brought about by certain prokaryotes by a
process called as Biological Nitrogen Fixation. The biological nitrogen fixation invoives
two types of micro-organisms; non-symbiotic or free living micro-organisms like

Clostridium, Klebsiella, Azotobacter, etc. and symbiotic micro-organisms like Frankia



and Rhizobium. The non-symbiotic organisms bring about nitrogen fixing process
independent of a host requirement whereas the symbiotic organisms require a host plant
to actually affect nitrogen fixation. In symbiotic fixation the nitrogen fixed by these
micro-organisms is made available to the host plant whereas the microsymbionts, in
turn, use organic compounds supplied by the plant as an energy source (Raven et al.
1986). Nitrogen fixing plants are key constituents in many natural ecosystems in the
world. Many nitrogen fixing plants are woody perennials, or nitrogen fixing trees
(NFTs), most of these being found in the tropics. In temperate areas, the nitrogen fixers
tend to be herbaceous. Rhizobium inoculates trees in the families Leguminosae and
Ulmaceae, while Frankia inoculates the actinorhizal trees.

Symbiotic biological nitrogen fixation involving the actinomycete Frankia
nodulates roots of dicotyledonous plants belonging to 8 plant families and 25 genera
called as actinorhizal genera. These 8 plant families are Betulaceae, Casuarinaceae,
Coriariaceae, Datiscaceae, Elaeagnaceae, Myricaceae, Rhamnaceae and Rosaceae.
Although taxonomically diverse, the actinorhizal plants have some common features.
All are perennial dicots and all, except Datisca which has herbaceous shoots, are woody
shrubs or trees (Tjepkema et al., 1986). Actinorhizal plants are widely distributed and
are found in every continent except Antartica. They are mostly found in the temperate
zone. Some species of Casuarinaceae and Myricaceae are considered tropical. Countries
nearer the pole (Scandinavia, Canada and New Zealand) are home to many of these
trees. In the subcontinent India, they are confined to higher altitudes in Himachal

Pradesh, Jammu and Kashmir, Arunachal Pradesh, Sikkim, West Bengal hills,



Meghalaya and to some extent in the coastal regions and plains. Some of the genera
commonly found in India are Alnus, Casuarina, Coriaria, Elaeagnus, Hippophae and
Mpyrica. Actinorhizal plants are pioneers on nitrogen poor soils including sandy and
gravelly sites, shores of streams and lakes, wetlands and exposed raw mineral soils.

Actinorhizal plants find economical use as timber, fuel wood, in land
reclamation, biomass production and in forestry (Chauhan, 2000). In Western Europe
actinorhizal plants are used primarily for reclamation of industrial wastelands and for
land stabilization. Actinorhizal trees such as Alnus have been used in the reclamation of
mine spoils in Britian (Schwintzer and Tjepkema, 1990) and Alnus, Elaeagnus and
Hippophae have been widely used for land stabilization. In Eastern Europe and China,
Hippophae rhamnoides is cultivated for its fruits for human consumption. Several
actinorhizal trees like Alnus and Casuarina are used as timber and fuel wood. They are
also planted extensively as windbreaks and to stabilize dunes against wind erosion.
Actinorhizal trees are also valuable for reclamation of mine spoils and rehabilitation of
wastelands.

About 97 species of Myrica Linn (Myricaceae) are reported globally and this
genus is widely distributed in both the temperate and sub-tropical regions with
maximum species diversity in Africa and Boreal America (Index Kewensis, 1977-1985)
and only one representative has been reported in Australia (Myrica australiasica F.
Muell). In Asia it is confined mostly to Indo-China and Java regions. Its geographical
distribution in India can be seen in sub-tropical Indian Himalaya from Ravi eastwards to

Assam and in Khasi, Jaintia, Naga and Lushai Hills at altitudes between 900-1200

('S



meters above mean sea level (Osmaston, 1987). However. they have also been seen in
higher reaches of Himachal Pradesh.

Trees of Myrica grow well in nitrogen depleted soils and are common associates
of pine (Pinus sp.) and Oak (Quercus leucotrichophora). They are also found in mixed
forests and in agricultural and marginal lands (Bhatt ef al., 2000).

Mprica has been variously used. Fruits of this tree are used in making jams,
syrups, and juices and can also be consumed raw. Bark is used in making paper and
rope. Mention of Myrica esculenta in the medicinal system of ayurveda is noteworthy.
The extract from the root and bark is known to be astringent, carminative and antiseptic
and especially a decoction of the bark is considered useful in asthma, toothache,
diarrhoea, fever, lung infection, cough, chronic bronchitis and dysentery. Bark is chewed
to relieve toothache and headache (Kirtikar and Basu, 1984) and also as fish poison (The
Wealth of India, 1962). Tannin extracted from the bark is used as a tanning and dyeing
agent (Dhyani and Dhar, 1994). The oil obtained from the flowers of Myrica is also
reported to have medicinal effect especially in ear-ache, inflammation and paralysis
(Kirtikar and Basu, 1984). Myriconol isolated from stem bark is reported to have lesser
toxicity than related rotenone (Rastogi and Mehrotra, 1991).

Smith (1977) gave the following classification for genus Myrica: Division-
Magnoliophyta; Class- Magnoliopsida; Subclass- Hamamelidae; Family- Myricaceae;
Order- Mpyricales. The subclass Hamamelidae comprises of Myricales, Fagales,
Juglansadales, Hamamelidales, Urticales, Leitneriales, and Casuarinales. This is a

phylogenetic grouping of orders which are characterized by strongly reduced, often



unisexual flowers which either lack or produce a poorly developed perianth (Cronquist,
1978). Similar morphological features are observed in the order Myricales and those of
the Casuarinales, Fagales, and Juglandales, which are thought to have been derived from
the order Hamamelidales (Takhtajan, 1969). Phylogenetically, the Myricales are thought
to be most closely related to the Juglandales and the Fagales (Takhtajan, 1969;
Cronquist, 1978). The Myricaceae is considered to be an ancient family by taxonomists,
dating to the Tertiary Epoch of the Cretaceous Period with the living members
representing relics of once extensive tracts of subtropical forest that spread across the
territory that is now central and southern Europe (Sporne, 1975; Takhtajan, 1969). Plants
of the family Myricaceae are considered to be promiscuous hosts because several
species are effectively nodulated by most isolated strains of Franmkia. The base
chromosome number throughout the family is eight, with various levels of ploidy
present (Macdonald, 1989).

Myrica esculenta Buch.-Ham. ex D. Don (Syn. M. farquhariana Wall., M.
sapida Wall., M. nagi Thunb., M. integrifolia Roxb.) belongs to the family Myricaceae
and is commonly known as ‘Soh-Phi’ in Khasi, ‘Nagatenga’ in Assamese and ‘Kaiphal’
in Hindi. Common name in English is Box myrtle. This is the only species of the genus
Myrica reported to be found in India (Haridasan and Rao, 1987; Kanjilal, 1940; Bor,
1953). This tree is distributed in the Chinese-Japanese region including the Sub-
Himalayan tract, Khasi hills, Sylhet and Southwards up to Singapore and in the Malayan

islands at an altitude of 1600-2000 m above mean sea level. They have been recognized



by many pioneer workers (Watt, 1891; Tanaka, 1976; Zeven and Wet, 1982; Arora,
1985; Arora and Pandey, 1996; Pareek et al., 1998).

Mpyrica esculenta is a small to moderate sized, evergreen, dioecious tree with
height ranging from 3-15 m. Leaves are crowded and aromatic and are lanceolate to
oblanceolate or obovate, nearly entire or sharply serrate, obtuse or acute, almost
glabrous with resinous dots beneath. New leaves usually start sprouting in February-
March. Flowers are minute, unisexual, male and female flowers are borne on different
trees. Male flowers occur in catkin and the female flowers in axillary erect spikes. Fruits
are edible and ellipsoid or ovoid drupes of the size of cherry or bigger, tubercled, reddish
or cheese coloured when ripe with rugose nut. They are covered with a crust of white
waxy material, permeated with brown and black spots. They ripen during summer and
possess a pleasant sourish sweet taste. Fruiting starts at the beginning of April and lasts
till the month of June.

Interestingly, morphological diversity within Myrica esculenta exists with regard
to fruit size, fruit colour, leaf serration, leaf size, etc. This has led to confusion among
various workers. Some workers claim that the different morphotypes of the plant belong
to different species. One of the morphotypes is referred to as Myrica nagi (Thunberg in
Murray, Syst. Veg., ed. 14, 884. 1784) by them and the other as Myrica esculenta
(Buchanan-Hamilton ex D. Don, Prodr. Fl. Nepal. 56. 1825). Others claim that this name
is synonym of the same species, M. esculenta (Haridasan and Rao, 1987; Kanjilal, 1940;
Dhyani and Dhar. 1994). These claims are based on morphological descriptors.

Therefore, in an effort to resolve this dispute a need was felt to study molecular



phylogeny of this genus using nucleotide sequence data of different morphotypes. The
first molecular phylogenetic study on the family Myricaceae was done by Huguet er al.
(2005) where the molecular phylogeny of 13 species of the family Myricaceae was
established based on rbcL gene and the 18S-26S ITS. Their results showed that some
species of the genus Myrica, such as Myrica gale and Myrica hartwegii, and genus
Comptonia, belong to a distinct phylogenetic cluster distinct from some other Myrica
species. They transferred the latter Myrica species to a new genus, Morella. However,
the taxonomy within this family is highly controversial because of morphological
variation exhibited by many species.

Approach to both fundamental and applied biological problems have been
transformed by the emergence of many new techniques. Amplification of specific
regions of DNA to a million fold has been made possible by the Polymerase Chain
Reaction (PCR) technique. This method was first invented by Kary Mullis in 1983 and
was originally applied by a group in the Human Genetics Department at Cetus to
amplify human B-globin DNA and prenatal diagnosis of sickle-cell anaemia (Elrich,
1989). PCR has revolutionized approaches to molecular study in many fields. Different
modifications of the PCR technique are available for studying polymorphisms in DNA.
In “Alu-PCR’, primers specific for the human A/u repeat allow the selective
amplification of human sequences from hybrid cell lines containing both human and
rodent genomic DNA (Gusella er al., 1980). Another modification of PCR method
known as ‘inverse PCR’ has been developed for the analysis of sequences that flank a

known region (Triglia ef al., 1988; Ochman et al.. 1988). Other VN'TR regions that have



been analyzed by PCR are single-locus markers with many alleles (Horn et al., 1989).
PCR based techniques like Asymmetric PCR, RT-PCR, Anchored-PCR, etc. are also
available for studying polymorphisms in DNA at various levels. Restriction site analysis
of amplified DNA (Mullis and Faloona, 1987; Kogan ef al., 1987) is a valuable method
for detecting genetic variation in some cases. Length polymorphisms in the amplified
product resulting from Variable Number of Tandem Repeats (VNTR) in the template
have also been used as informative genetic markers (Jeffreys et al., 1988; Horn et al,
1989).

The ribosomal RNA genes family comprises of very conserved regions (i.e., the
18S and 26S gene) that can be used to infer phylogeny at higher taxonomic levels, as
well as more rapid evolving segments (i.e., ITS, IGS) that may be useful at the generic,
specific and even (in case of IGS) at the population level. Ribosomal DNA cistrons
typically are located in the nucleolar organizing region (NOR) and may be present on
several different chromosomes (Thompson and Flavell, 1988). The internal transcribed
spacer (ITS) region of the 18S-5.8S-26S nuclear ribosomal cistron is one of the most
popular sequences for phylogenetic inference at the generic and infrageneric levels in
plants (Varghese er al., 2003). The ITS-1 and ITS-2 regions are part of the nuclear
rDNA transcript but are not incorporated into ribosomes but appear to play a role in the
maturation of nuclear rRNAs, bringing the large and small subunits into close proximity
within a processing domain (reviewed in Baldwin ez al., 1995). The need for sequence
data from nuclear genome at lower taxonomic levels makes the ITS region a popular site

for this study. Since the ITS region is G-C rich and prone to secondary structure,



sequencing can be difficult (Baldwin et al., 1995). Different protocols have been used to
amplify and sequence the ITS regions (Baldwin, 1992; Wen and Zimmer, 1996; Soltis
and Kuzoff, 1995). Since ITS sequences lie in-between highly conserved regions of the
ribosomal RNA genes, it is possible to design primers that are complementary to the
conserved sequence for amplification purpose.
Three different morphotypes of Myrica sp. are found in Meghalaya. Morphotype
1 trees are considered as Mpyrica nagi by some workers. Morphotype 2 trees are
considered as Myrica esculenta. Morphotype 3 trees have not been described separately
and may have been considered as variants of morphotype 2 trees. As stated above, some
workers consider all these three morphotypes as members of the species Myrica
esculenta. With a view to resolve the dispute related to classification of this genus and to
develop molecular tools for early screening of better nitrogen fixers, following
objectives were set for this study:
L. Phylogenetic analysis of the DNA sequence data of the variable 18S-28S
ITS region and the conserved 18S ribosomal RNA gene of the nuclear
genome of different morphotypes of Myrica sp.
I1. Development of molecular markers based on Amplicon Restriction
Pattern (ARP) for early screening of superior nitrogen fixer seedlings of

Myrica sp.
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CHAPTER 2

REVIEW OF LITERATURE

Recent advances in the field of phylogenetic analysis have been made possible
by the advent of new molecular techniques that have revolutionized the traditional
methods previously used to study plant systematic and genetics, which were earlier
based on morphological and geographical variations between organisms (Joshi et al.,
1999). One of the most significant techniques is the polymerase chain reaction (PCR)
developed by Kary Mullis in 1983. The rationale behind the principle is the denaturing
and annealing of DNA using specific primers combined with other components like Tag
polymerase, dNTPs, enzyme buffer, etc. and subsequently amplifying the target DNA
to a million fold (Bagasra and Hansen, 1997). Initially, PCR relied on the thermolabile
Klenow fragment of DNA Polymerase I which degraded at higher temperatures required
for DNA denaturation, thereby requiring a fresh addition of the enzyme every cycle.
With the introduction of thermo-stable Tag polymerase, extracted from the bacterium
Thermus aquaticus, the cyclic process has been made easier and less time consuming
(Lakobashvili and Lapidot, 1999).

One of the most commonly used genetic marker techniques is RFLP (restriction
fragment length polymorphism) that has its origin in the DNA rearrangements, occurring
due to mutations, insertions or deletions (Burr ez al., 1983) and unequal crossing over

(Schlotterer and Tautz, 1992). In the RFLP technique, genomic DNA is first digested
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with restriction enzymes and the resultant fragments separated by electrophoresis on an
agarose gel which is then blotted onto a filter and finally hybridized with specific
probes. RFLP are co-dominant markers yielding highly reproducible patterns. But the
technique is time consuming and requires large quantity of good quality DNA and also
good supply of probes as well (Karp et al., 1996).

PCR-based studies of molecular markers have gained popularity over the years.
Randomly-amplified Polymorphic DNA (RAPD) is a PCR-based genetic assay
developed by Welsh and McClelland in 1991 that uses a single primer of arbitrary
nucleotide sequence to detect nucleotide sequence polymorphisms. The single species of
primer anneals to the genomic DNA at two different sites on complementary strands of
the template DNA allowing amplification of several discrete fragments in the genome.
The amplification products are run on agarose gels stained with ethidium bromide and
resolved under ultraviolet light (Williams et al., 1990). RAPDs have been used to screen
polymorphism among individuals (Tingey et al., 1993), in molecular ecology (Hardys et
al., 1992) and for taxonomy (Karp et al, 1996). DAF (DNA amplification
fingerprinting) and AP-PCR (arbitrary primed PCR) are PCR-based modified RAPD
techniques. DAF employs the use of short arbitrary primers, which may be as short as 5
bases, to amplify DNA using PCR. The band patterns are reproducible and are usually
analyzed by polyacrylamide gel electrophoresis and also by silver staining (Caetano-
Anolles et al., 1991). AP-PCR is a special type of RAPD in which single primers of 10-
50 bases in length are used to generate amplification products from genomic DNA

which are then analyzed by autoradiography as also by ethidium bromide stained
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agarose gels (Welsh and McClelland, 1991). Another recent technique called AFLP
(amplified fragment length polymorphism) designed by Zabeau et al. (1993) detects
DNA restriction fragments by means of PCR amplification. There is no requirement of
any prior information of the sequence to generate AFLP fingerprints. AFLP technique
involves three basic steps: Restriction digestion of genomic DNA using appropriate
enzymes, selective amplification of the restriction fragments by PCR and gel analysis of
the amplified fragments (Joshi et al., 1999). Regardless of the origin and complexity of
the genome, AFLP generates unique fingerprints that can be exploited as landmarks in
genetic and physical mapping (Vos et al., 1995). CAPS (cleaved amplified polymorphic
DNA) or PCR-RFLP, is a fast approaching technique where the amplified product is
digested with specific restriction enzymes and the profiles directly visualized on an
ethidium bromide stained agarose gel (Akopyanz et al., 1992). The requirement of only
a minute amount of DNA is one of the advantages of this technique. However, prior
sequence information is needed to tag the desired DNA fragment. PCR-RFLP technique
has been employed by many workers to study a number of crop and forest species for
which extensive sequence information is available (Chen ef al., 1994; Ghareyazie et al.,
1995; Tsumura et al., 1997, Per.ry et al., 1999; Chauhan and Misra, 2002). Many other
techniques like VNTR (Variable Number of Tandem Repeats), SSR (Single Sequence
Repeats), RLGC (Restriction Landmark Genomic Scanning), STS (Sequence-tagged
Sites), EST (Expressed Sequence Tag Markers), STMS (Sequence-tagged Microsatellite

site markers), TGGE (Thermal Gradient Gel Electrophoresis), etc. have their own
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applicability at different resolving levels in carrying out molecular studies of the species

concerned.

2.1. CLASSIFICATION OF ACTINORHIZAL PLANTS:

Basic molecular phylogenetic tools of the present day were not available in the
early days and therefore most of the early theories of evolution were based on
morphological and geographical characters that existed among organisms (Joshi et al.,
1999). Great taxonomic diversity exists among actinorhizal plants based primarily on
comparative morphology and anafomy implying distant relationships. None of these
classifications is actually based on phylogenetic analysis of morphological characters
(Swensen and Mullin, 1997). The existing classification system of the actinorhizal plants
has been based on the well-known schemes of Cronquist (1981), Dahlgreen (1980),
Takhtajan (1980) and Thorne (1992). About 194 different plant species have been
identified as symbiotic hosts for the actinomycete Frankia. Most of them are woody
plants classified among eight different families and four subclasses of the flowering

plants according to Cronquist (1981) (Table 2.1).



TABLE 2.1.

CLASSIFICATION OF ACTINORHIZAL PLANT GENERA
ACCORDING TO CRONQUIST (1981)

Subclass Family Genus Number of species
Hamamelidae Betulaceae Alnus 47
Hamamelidae Casuarinaceae Allocasuarina 54
Casuarina 16
Ceuthostoma 2
Gymnostoma 18
Hamamelidae Myricaceae Comptonia 1
Myrica 28
Rosidae Elaeagnaceae Elaeagnus 38
Hippophae 2
Shepherdia 2
Rosidae Rhamnaceae Caenothus 31
Colletia 4
Discaria 5
Kentrothamnus 1
Retanilla 2
Talguenea 1
Trevoa 2
Rosidae Rosaceae Cercocarpus 4
Chamaebatia 1
Cowania 1
Dryas 1
Purshia 2
Magnoliidae Coriariaceae Coriaria 5
Dilleniidae Datiscaceae Datisca 2




2.2. CHOICE OF GENES FOR PHYLOGENETIC ANALYSIS:\

The vast array of genes available today to study the phylogeny of any organism
is a matter of choice depending on what level of evolutionary study it is proposed for.
Given the choice of molecular approaches available to carry out such study it is
imperative to choose the appropriate gene for drawing correct inferences. Choices range
from plastid, mitochondrial to genomic DNA.

In the early years much emphasis was given on the chloroplast genome with the
nuclear gene sequences slowly gaining its popularity in the recent years (Soltis and
Soltis, 1998). Chloroplast genome, which is circular in structure, has two inverted
repeats separating the genome into a large and a small single copy region. This structure
is found in many land plants with some exceptions (Soltis and Soltis, 1998). Chloroplast
genome being small in size (approximately 120 to 200 kb), it is relatively easy to study
the entire genome through restriction site analysis (Soltis et al., 1992) since most of the
genes are single copy (Palmer, 1985a, 1985b, 1986). The rbcL gene, which is located in
the large single-copy region of the chloroplast genome, is one of the most popular genes
studied. It encodes the large subunit of ribulose 1,5-bisphosphate carboxylase/oxygenase
(RUBISCO). Extensive work on rbcL gene for phylogenetic analysis has been
emphasized by many workers (Palmer et al., 1988a; Clegg, 1993; Chase et al., 1993).
The rbcL gene has been most widely used to infer phylogeny at the family level and
above because of its conservative evolution (Soltis and Soltis, 1998). However, at the
lower taxonomic levels the use of chloroplast DNA for inferring phylogeny has its

disadvantage because of the potential occurrence of chloroplast genome transfer from
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one species to another by introgression (Harris and Ingram, 1991; Rieseberg and Soltis,
1991; Risieberg and Brunsfeld, 1992). Another highly conserved region, the 16S rRNA
gene is located within the inverted repeat of the chloroplast genome and encodes for the
small subunit of the ribosomal RNA. Because of its conserved nature they have been
used to reconstruct phylogeny (Wolters and Erdmann, 1986; Pace ef al., 1986). The 16S
ribosomal RNA gene is approximately 1,600 bp in length (Soltis and Soltis, 1998) and
has been used to conduct broad phylogenetic analysis of cyanobacteria (Woese, 1987,
Giovannoni et al., 1988; Urbach er al, 1992) and also in fern (Manhart, 1995) and
Frankia (Normand et al., 1996). A complete set of amplification and sequencing primers
of the 16S ribosomal RNA has been provided by Manhart (1995). Other chloroplast
genes which have been used to study phylogenetic relationships in plants include the
atpB (Ritland and Clegg, 1987), matK (Johnson and Soltis, 1995), ndhF (Kim and
Jansen, 1995), rrnl (Gielly and Taberlet, 1996), trnF (Gielly and Taberlet, 1996), rps2
(dePamphilis ef al., 1997) and rps4 (Nadot et al.,1994)

Mitochondrial genome has been a major focus of phylogenetic studies more in
animals (Harrison, 1989; Hillis er al, 1996; Mitton, 1994) than in plants. The reason
being its fairly large size, high variability, presence of many foreign DNA, particularly
chloroplast DNA sequences, appearance of large duplications, high recombination
frequency and slow rate of nucleotide substitution (Palmér, 1992). However, the
frequent rearrangements in the mitochondrial DNA have an advantage since it can be
easily distinguished by restriction patterns (Palmer, 1992). This proves valuable for

studying genome types at the lower taxonomic levels (Palmer, 1992; Palmer and
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Hebron, 1988). The occasional loss of mitochondrial genes and introns could also be
exploited for systematic purposes (Doyle et al., 1995).

Despite its large size the nuclear genome has been studied extensively by many
workers with special attention to the ribosomal DNA cistron. The rDNA (Fig. 1) of the
nuclear genome consists of variable regions (i.e., ITS, 1GS) interspersed with highly
conserved sequence (i.e., the 18S, 265/28S genes) that can be utilized to infer phylogeny
at different taxonomic levels (Soltis and Soltis, 1998). The 18S gene is approximately
1,800 bp (Nickrent and Soltis, 1995), the 26S5/28S gene about 3,300 bp (Bult et. al,
1995) and the 5.8S gene equals 160 bp (Takaiwa et al., 1985; Tanaka et al., 1980). The
highly conserved coding regions have useful applicability at the family level and above,
whereas rapidly evolving regions find importance for comparing species and closely

related genera (Soltis and Soltis, 1998).

23. USEOF THE 18S RIBOSOMAL DNA AS A TAXONOMIC TOOL:

In eukaryotic nuclear genomes, the ribosomal RNA gene (rDNA) occurs as
multiple copies of tandemly repeated units. Each transcription unit consists of an 18S,
5.8S and 28S rRNA gene separated by non-coding intergenic spacers (IGS) (Schmidt-
Puchta et al., 1989). These spacers are called as internally transcribed spacers (ITS)
because they are part of primary transcript. In nature rRNA coding sequences have been
highly conserved during evolution, indicating a strong positive selection pressure (Nairn
et al., 1988). Due to its conserved nature, 18S rDNA sequences have been used to infer

phylogenetic relationships at the higher taxonomic level (Soltis et al.. 1997). The 18S

17



rDNA with an approximate size of 1,800 bp is more amenable to PCR arr;pliﬁcation and
sequencing and has been much more extensively used in contrast to the 26S/28S rDNA,
which is more than 3,000 bp, making it difficult to obtain its complete sequence (Soltis
and Soltis, 1998). Typically, only one 18S rDNA sequence type is found in an organism,
excepting a few cases, where two types of 18S rDNA are found, as in Dug}esia
mediterranea (flatworm), of which only one is transcribed although both types appear
functional (Carranza et al., 1996). Nickrent and Soltis (1995) described angiosperm 18S
rDNA as a region containing highly conserved segments interspersed with highly
variable regions that undergo multiple substitutions per site. The highly conserved
regions appear to occur near the stem region of the secondary structure model which is
somewhere about 50 nucleotides in length. The highly variable regions are located in the
terminal helices which corresponds to about 5-10 nucleotides in length (Soltis and Soltis,
1998). This mosaic pattern of ribosomal DNA, highly conserved regions interspersed
with variable regions, is also observed in other organisms as reported by Van de Peer
and co-workers (1996). Takaiwa ef al. (1984) developed the first sequence of 18S
ribosomal RNA of an angiosperm in rice followed by Messing ef al. (1984) in maize and
later in soybean by Eckenrode er al. (1985). Following the work by Nairn and Ferl
(1988), Nickrent and Franchina (1990) examined the phylogenetic relationships in the
parasitic plant order Santalales using the complete 18S ribosomal DNA sequences to
support the monophyly of the order Santalales and also confirming the basal position of
Olacaceae within the order, indicating that complete 18S rRNA sequence contains

sufficient information to allow phylogenetic comparisons to be made at the family level
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and above. The first detailed analyses of molecular evolution of 18S rRNA genes in
angiosperm was made possible by the availability of complete 18S rDNA sequences
obtained by Soltis er al. (1997) and Nickrent er al. (1995). The 18S rDNA yielded
sufficient number of characters for broad scale phylogenetic taxonomy in angiosperm,
sidelining the earlier view that 18S rDNA were prone to deletion and insertion making
sequence alignment difficult. 18S rDNA region has been widely employed to study
angiosperm systematics by Zimmer et al. (1989), Hamby and Zimmer (1992), Nickrent
and Soltis (1995) and Soiltis ef al. (1997). In order to resolve the confusion of names of
five species of micro-algae Dunaliella, specific primers were designed by Olmos et al.
(2000) to study the 18S rDNA sequence for characterization and its proper
identification. Their study revealed three species with introns in the 18S rDNA forming
one group of strains, whereas the other two species without intron were grouped
differently. Savard and Lalonde (1991) obtained the full sequence of 18S rDNA gene of
Alnus glutinosa with nucleotide size of 1698 bp and compared with that of four
angiospermic plant species, two dicots, tomato (96%) and soyabean (96%) and two
monocots, maize (94%) and rice (94%). Their comparative studies revealed that thel8S
rDNA gene of Alnus glutinosa showed sequence similarity with that of other

angiospermic plants, in this case more affinity to the dicots than that of the monocots.



2.4 USE OF ITS SEQUENCE OF RIBOSOMAL DNA AS A TAXONOMIC
TOOL: |

The Internally Transcribed Spacers (ITS) are non-coding regions flanked by
highly conserved sites. They are highly variable and therefore accumulate lots of
nucleotide changes even within closely related organisms. Owing to this characteristic
feature, ITS regions have been used to infer phylogenetic relationships at the lower
taxonomic level especially at the sub-generic level (White ef al., 1990). In order to
resolve doubts over generic relationships in Winteraceae, Suh ef al. (1993) did sequence
analysis of the ITS region of rrn operon. Nucleotide sequence of ITSI in the family
ranging from 235 to 252 bases in size and from 213 to 226 bases of ITS2 was reported.
They observed that the range of sequence divergence of ITS1 and ITS2 between pairs of
genera within winteraceae is relatively low as compared with other plant families.
Lashermes et al. (1997) studied the phylogenetic relationships of Coffea species inferred
from ITS sequences of nuclear rDNA. They reported high sequence variation in the
ITS2 region within the accessions of different coffee taxa which could be used for
phylogenetic investigation among closely related species. Gomes ef al. (2002), analysed
the ITS sequence of ribosomal DNA of 26 isolates ectomycorrhizal fungi belonging to 8
genera and 19 species using PCR-RFLP. They reported the potential of [TS region PCR-
RFLP for molecular characterization of ectomycorrhizal fungi and their identification,
with the interspecific variation relatively higher than intraspecific variations within this
region. In order to assess the relationships of Araliaceae in India, the Internal

Transcribed Spacer (ITS) region of ribosomal DNA for forty two accessions belonging
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to nine genera was obtained by Pandey et al. (2004). Two major clades of Indian
Araliaceae sharing close relationship was suggested which was supported by a strong
bootstrap value of 89%. ITS sequences have also been used for phylogenetic
reconstruction in angiosperms (Baldwin er al, 1995), algae (Bakker et al., 1995;
Coleman et al., 1994), and ferns (Stein ef al., unpubl.). Use of ITS sequences to infer
phylogeny at the lower taxonomic levels in other organisms, include fungi (Vilgalys and
Sun, 1994) and insects (Campbell et al., 1993; Fritz et al., 1994; Schlbtterer et al., 1994;
Vogler and DeSalle, 1994).

Navarro et al. (2003) studied the molecular phylogeny of 19 species of Alnus
inferred from the ITS region of the nuclear ribosomal DNA. Their study reported that all
species of A/nus formed a monophyletic group close to Betula, a non-actinorhizal plant,
and supported the view of Murai (1964) who proposed the division of the genus into two
subgenera, Alnacaster (Alnobetula) and Gymmnothyrsus (Alnus). A similar study by
Savard et al. (1993), based on the results obtained from ITS sequences, proposed a
monophyletic origin of Alnus and Berula. Their observation also supported the
hypothesis that both Alnus and Betula diversified during the late Senonian. PCR/RFLP
study of the ITS region of the nuclear 18S-28S ribosomal DNA of some Alnus
nepalensis population was done by Chauhan and Misra (2002) using primers AnpITS1
(designed by them) and ITSC26A (Wen and Zimmer, 1996). Their study revealed that
restriction digestion of the amplicon with ScrF1 separated the genus into nine different
groups. They also did a comparative study of the PCR/RFLP of the 18S-28S ITS region

with that of the nitrogenase activitiy of A/nus nepalensis and developed molecular
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markers that could be used to eliminate genotypes with low nitrogenase activity.
Distribution of Frankia genotypes with respect to varying altitudinal zones was studied
for 90 Alnus nepalensis trees from three altitudes at nine different locations by utilizing
the 16S-23S ITS region in a study made by Khan et al. (2007). The forward primer
FGPS 989ac, designed by Bosco er. al. (1992), and the reverse primer FGPL 2054°,
designed by Simonet ef al. (1991), were used to amplify the ITS region located between
the distal part of 16S rRNA and the initial part of 23S rRNA genes of Frankia.
Amplified recombinant DNA restriction analysis (ARDRA) patterns were generated
utilizing the restriction enzyme Rsal that produced 17 different patterns corresponding
to different altitudinal heights. Their study indicated that microclimatic factors such as
temperature and moisture acted as primary deferminants of distribution of Frankia
genotypes. Huguet ef al. (2005) used primers F502 ITSC26A (Wen and Zimmer, 1996)
and F682 ITS1 plant (Navarro et al., 2003) in conjunction with internal primers F1617
ITSpl and F1618 ITSp2 designed by them to amplify the nuclear 18S-26S ITS gene of
13 species of Myricaceae. They obtained an average GC content of 58% in ITS
sequence. Based on ITS sequence their study confirmed the division of Myricaceae into
two main groups with a bootstrap value of 75% for the group containing C. peregrina,
M. gale and M. hartwegii and an 82% bootstrap value for the other group containing
other Myrica species. Based on the sequences of the internal transcribed spacers (ITS)
and the 5.8S coding region of the nuclear ribosomal DNA of fifteen species representing
major subfamilies and tribes of Hamamelidaceae, Shi et al. (1998) constructed the

phylogeny of Hamamelidaceae. They reported that the total length of the ITS1. 5.8S and

22



the ITS2 regions of Hamamelidaceae ranged from 638 to 676 bp with the TS| longer
than 1TS2. They performed phylogenetic analyses with PAUP* 4.0 (Swofford, 1997)
using the maximum parsimony (Swofford er al, 1996), the maximum likelihood
(Felsenstein, 1981) and the neighbor-joining (Saitou and Nei, 1987). Result.s from their
study of ITS data strongly supported the monophyly of both the Hamamelidoideae and
the Altingioideae and also suggested a close relationship between the tribe
Hamamelideae and the tribe Fothergilleae. Tree generated from ITS data in their study
also showed that Distylium formed a monophyletic group with Shaniodendron of the
Fothergilleae. In a study made by Varghese et al. (2003), the hypervariable ITS region
of rrn operon of Frankia was used for developing PCR-RFL profiles to discriminate
between closely related Frankiae. Restriction patterns generated as a result of enzymatic
digestion of the amplicons allowed them to differentiate between very similar
endosymbionts of alder. Taking advantage of the sequence variability of the nuclear rrn
operon ITS regions Chauhan and Misra (2002) also designed an alder-specific PCR

primer which was able to amplify the Alnus nepalensis DNA.

2.,5. PHYLOGENY OF ACTINORHIZAL PLANTS:

Work on recent developments in actinorhizal symbiosis in the context of
molecular approaches has been reviewed by Misra ef al., (2004), with special emphasis
on the molecular approaches to identification of the actinomycete Frankia using the nif
genes and 16S rRNA. The use of [6S rRNA genes and nitrogenase nif genes as

taxonomic tool is reported. Swensen and Mullin (1997) reviewed the recent molecular
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systematics and phylogenetic relationships among actinorhizal plants and revealed that
actinorhizal plants were more closely related than those viewed by current taxonomists.
They had reviewed studies on molecular systematics of nodulating symbiotic higher
plants, molecular systematics and evolution of nodulation in actinorhizal plants with
comparative discussion of the evolution of nodulation in the legume-rhizobium system
and comparison of the host and bacterial phylogenies. Further study of the geographical
distribution of the host plants with in-depth phylogenetic analysis of the actinomycete
Frankia and also analysis of estimated times of divergence among host plants and
Frankia has been suggested. The chloroplast »bcL gene, which encodes the large subunit
of the photosynthetic enzyme ribulose 1,5-bisphosphate carboxylase oxygenase, has
been used for phylogenetic relationship studies in the subclass Hamamelidae by Maggia
et al. (1994). Their work suggested that the three families namely Betulaceae,
Myricaceae and Casuarinaceae, under the subclass Hamamelidae, appeared to be
monophyletic in their origin and that Myricaceae appeared to derive first before
Betulaceae and Casuarinaceae. This possible divergence of the Myricaceae before the
Betulaceae and Casuarinaceae, which appeared in the Cenomanian stage of the Upper
Cretaceous (Cronquist, 1988; Crane, 1989) and at the point between the Cretaceous and
the Tertiary (Johnson and Wilson, 1989), is in concurrence with the fossil records where
the Myricaceae appeared in the Cenomanian stage of the Upper Cretaceous (Gladkova,
1962; MacDonald, 1977). Studies by Maggia et al. (1994) suggest that evolution might
have proceeded in the direction of narrower promiscuity since both molecular and

traditional approaches indicate earlier diversion of the Myricaceae relative to the
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Casuarinaceae and Betulaceae, which could be interpreted as a specialized feature
towards possible evolution with resistance to Frankia infection, as was the case

observed with Allocasuarina (Johnson & Wilson, 1989).

2.6. PHYLOGENY OF MYRICACEAE:

Scanty reports on the molecular phylogeny of Myricaceae are available. Till date
no family-wide molecular phylogeny has been generated for the Myricaceae except for
some fossil history documented by MacDonald (1989). Misidentification (Para-O, 2001)
owing to its wide native distribution and polymorphic nature (Chevalier, 1901) has
raised doubts over its authenticity (Adams, 1972). Raven and Axelrod (1974) proposed
the hypothesis that Myricaceae might be of Laurasian origin but there was a doubt
regarding its centre and time of origin. Studies by Chourey (1974) based on megafossil
and pollen evidence suggested a late Cretaceous origin of the Myricaceae. This view
was supported by Abbe (1963), who described the origin of the Myricaceae in
Southeastern Asia based on floral evidence and that the Southeastern Asia species
diverged first while the African species were the most derived. However, Chourey
(1974) rejected Abbe’s proposal on the basis that available fossil data to support such an
ancient origin was invalid because of their lack of conservation. However, controversies
regarding the division of the genus Mjyrica into two separate genera is still debated
(Bornstein, 1997; Weakley, 2000; Wilbur, 1994).

Huguet et al. (2005) conducted molecular phylogenetic study on 13 species of

Myricaceae using the rbcL gene and 18S-26S ITS region of the nuclear DNA aimed at
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clarifying the controversial taxonomy of Myricaceae and to relate its specificity of
association with the acinomycete Frankia with its evolutionary pattern. They used the
primers F1615 NrbcLf and F1616 NrbcLr (designed by them) and also F1725 rbcLp!
and F1726 rbcLp2 (designed by them) to amplify the plastid rbcL gene. In order to
amplify the nuclear 185-26S ITS gene they used the primer F682 ITS1plant (Navarro et
al., 2003) in conjunction with F502 ITSC26A (Wen and Zimmer, 1996). The resultant
amplicon obtained by them for rbcL gene was 1,450 bp and that of the ITS fragment was
785 bp. Analysis of their study showed that Myrica gale, Myrica hartwegii and
Comptonia peregrina belong to a pﬁylogenetic cluster as compared to other Myrica
species, now replaced with a new genus name, Morella (Baird, 1969; Wilbur, 1994 and
Brummitt, 1999). Their result provides molecular support to the work done by Chevalier
(1901), Baird (1969) and Wilbur (1994), that the two species M. gale and M. hartwegii
should be transferred to a new genus which is distinct from the rest. They have also
reported that within the samples of Morella cerifera, separated on their geographic
origin, a sequence divergence of 0.4% was recorded suggesting that two different
species or subspecies within M. cerifera could be possible.

Molecular phylogeny of Myrica esculenta has not been done. However, a general
survey of its economics and medicinal values was done by Dhyani and Dhar (1994). A
brief report on the morphological variability that existed within the population of Myrica
esculenta was also reported by Barua and Srivastava (2003). The family Myricaceae has
been revised in the recent years by some authors by distributing the species under three

genera, Myrica, Morella and Comptonia. According to them only two species, hartwegii
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and gale, fall under the genus Myrica and the rest of the species fall under the genus
Movrella. The genus Comptonia peregrina retains the same name. This is still debatable
(Bornstein, 1997, Weakley 2000; Wilbur 1994). However, for our convenience we shall be

using the genus name Myrica in the present investigation.
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CHAPTER 3

MATERIALS AND METHODS

3.1 SELECTION OF STUDY SITES:

Two different sites were selected for collection of samples keeping in mind the
distribution of the three morphological variants of Myrica sp. found in Meghalaya:-
Morphotype-1 (please see table 4.1) trees were predominantly found at NEHU
permanent campus while morphotype-2 and morphotype-3 trees were found in
Nongkrem forest.

Fifty morphotype-1 Myrica trees were randomly selected from NEHU permanent
campus, located at 25.36° N latitude and 91.53° E longitude at 1431 m above mean sea
level. Myrica trees were sparsely distributed in a population mostly dominated by pine
trees (Pinus kesiya). Other trees like Alnus nepalensis and Schima wallichi were also
present in mixed stands.

Second site was located about 35 km (Fig. 3.1) away in Nongkrem forest, located
at 25.50° N latitude and 91.88° E longitude at an elevation of 1631 m above mean sea
level. A dense population of Myrica trees was seen here. Other tree species like Pinus
kesiya, Quercus griffithii, Lithocarpus dealbatus, Alnus nepalensis, etc. were also found.
Fifty morphotype-2 Myrica trees were randomly selected from this site. All the eleven

morphotype-3 trees found were also selected for the study.



East Khas: Hilis

MAPNOT TO SCALE

Fig. 3.1: Physical map of India indicating the location of Meghalaya and also
the location of N\EHU permanent campus and Nongkrem forest therein.
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3.2 MORPHOLOGICAL STUDIES:

The different morphotype trees were identified based on morphdlogical features.
Only the fruit bearing trees were selected keeping in mind that Myrica tree is dioecious
in habit. Differences in colour of ripe fruit and leaf morphology between the different
morphotype trees were visually keyed out. Fruit and leaf sizés were measured using a
centimeter scale. Fruit and leaf sizes were measured in triplicate separately for each of

the morphotype trees and their respective mean sizes obtained (Please see Table 4.1).

3.3 COLLECTION OF LEAVES: .
Selected stands of Myrica trees demarcated from each of these sites were tagged
with aluminum plates in numerical order for identification. From each tree, young,

uninfected fresh leaves were collected into labeled plastic bags, brought to the laboratory

(Fig. 3.2) and stored at -80°C for further studies.

3.4 ISOLATION OF DNA FROM LEAVES:

Isolation of DNA from the leaves was performed using the CTAB method of
Dellaporta et al. (1983) which was adapted in our laboratory by Chauhan (2000). In
order to eliminate chances of isolating extraneous DNA, only young healthy leaves were
selected which were surface sterilized thoroughly with 30% hydrogen peroxide (H,O;)
just before the start of the actual extraction process. Extraction of DNA using older
leaves resulted in accumulation of phenolic compounds in the form of slimy substances

most often encountered, before pipetting out the aqueous phase at the end of the
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Fig. 3.2: Photographs showing the different collection sites
(a): Morphotype-1 Myrica tree at NEHU permanent campus

(b): Morphotype-2 Myrica tree at Nongkrem forest
(c): Morphotype-3 Myrica tree at Nongkrem forest
(d): A view of the Nongkrem forest
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Chloroform: Isoamyl alcohol wash. Therefore, only young leaves were used. The
protocol followed is given below:

a) Two gm of leaves, weighed by a Sartorius BP160P weighing balance were.
first washed with distilled water and then surface sterilized in 30% H,O, for
2-3 minutes followed by repeated washing with double distilled water.

b) Leaves were crushed in liquid nitrogen using mortar and pestle in a cold
room.

c) Crushed leaves were transferred into a 1.5 mL microcentrifuge tube
containing 1 mL of warm extraction buffer [Tris Base (0.1M), EDTA (0.1M),
NaCl (1.4M), CTAB (2% w/v), PVP (1% w/v)].

d) Ten pL of SDS (20% Sodium Dodecyl Sulphate) were added and tube was
kept for one hour at 65°C in.a water bath.

e) It was centrifuged at 7,500 rpm at room temperature for 5 minutes and the
pellet discarded.

f) The supernatant was extracted with equal volume of Chloroform: Isoamyl
alcohol (24:1 v/v).

g) It was centrifuged at 13,000 rpm at room temperature for 15 minutes.

h) The aqueous phase was transferred to a fresh tube and the DNA was
precipitated with 1| mL of ice cold absolute ethanol and kept at -20°C
overnight.

1) It was centrifuged at 13,000 rpm for 30 minutes at 4°C and pellet was

washed with 70% alcohol twice for 30 minutes each.

2
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j) The DNA was vacuum dried, dissolved in 15 ul. of double distilled water

and kept at -20°C for further use.

Two pl. of DNA was mixed with 3uL of loading buffer and loaded into a
ethidium bromide stained 0.8% agarose gel and electrophoresed at 60V for about 45
minutes along with a A DNA Hind 111/ EcoR1 double digest marker. The gel was first
visualized under a U.V. Transilluminator to check the presence of DNA and then
transferred to BIORAD GELDOC 1000 and the photograph taken using MultiAnalyst™

software.

3.5 POLYMERASE CHAIN REACTION (PCR):

Amplification of the isolated DNA was carried out for all the collected samples
of Myrica using the Polymerase Chain Reaction (PCR). PCR was performed using either
Applied Biosystems GeneAmp 9700Gold or Perkin Elmer GeneAmp 2400. A total
volume of 25 plL. was prepared for each PCR reaction tube. Each reaction mix contained
2.5ul of 10X PCR assay buffer (Bangalore Genei, India), 2.5 pL each of the primer (5
pM), 2.5 puL of MgCl, (25mM), 0.75 uL of Tag polymerase (3 Units/ul) and 2.5 pL
each of the dNTP (1.25 mM). A final volume of 25 ul. was made up by adding ultra
pure water. A total of 35 cycles were run for each reaction. An initial denaturation step
of 10 minutes at 94°C preceded 35 cycles of denaturation at 94°C for 1 minute, | minute
of primer annealing at the appropriate temperature and 1 min of nucleotide extension at

72°C, followed by a post-elongation step of 7 min at 72°C at the end of the cycle.

(V8
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The annealing temperature for the primers was calculated using the formula;
Tm=[4 (G-C) -2 (A-T)] -5
PCR amplification was performed for the following regions of Myrica nuclear
DNA (Fig. 3.3);
i) 18S-28S rDNA ITS region
ii) 18S rDNA
The forward primer ITSI PLANT (Navarro et al., 2003) located at the distal part
of the 18S rDNA gene and the reverse primer ITSC26A (Wen and Zimmer, 1996)
located at the initial part of the 28S rRNA gene were used to amplify the 18S-28S rDNA
Internal Transcribed Spacer (ITS) region which yielded a band of approximately 800 bp
in length (Table 3.1).
Forward primer SOL23F (personal communication, Pamela Soltis) and reverse
primer SOL1769R (personal communication, Pamela Soltis) were used to amplify the
conserved nuclear 18S rDNA that produced an approximate expected band size of 1.8 kb

(Table 3.2).

3.5.1 Primer stock solution:

The primers used for amplification were procured in lyophilized, desalted and
PAGE purified condition from M/s Bangalore Genei, India. A stock solution of 25 uM
was prepared by dissolving the primers in ultra pure water. From the stock solution a

working solution of 2 uM was prepared by further dilution and stored at -20°C.
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Fig. 3.3: Diagrammatic representation of organization of nuclear 18S-28S rrn operon.
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TABLE 3.1: PRIMERS USED FOR AMPLIFICATION OF 18S-28S rDNA ITS

REGION.
1 CODE SEQUENCE REFERENCE
\1 ITSI-PLANT | 5" CGCGAGAAGTCCACTG 3 Navarro et al., 2003
'}, ‘»
! ITSC26A 5 GTTTCTTTTCCTCCGCT 3’ Wen and Zimmer, 1996

TABLE 3.2: PRIMERS USED FOR AMPLIFICATION OF 18S rDNA.

‘T LAB CODE SEQUENCE REFERENCE

|

E SOL23F 5 TTGGTTGATCCTGCCAGTAG 3’ Pamela Soltis, personal
l | communication

} SOL1769R 5" CACCTACGGAAACCTTGTT 3’ Pamela Soltis, personal

communication




3.5.2 Deoxyribonucleotide solutions:

Deoxyribonucleotide solutions (dNTPs) were procured from M/s Bangalore
Genei in 10 mM stock solution. dATP, dCTP, dGTP and dTTP were mixed in equal
quantities to prepare a final working solution of 2.5 uM concentration of each and stored

at -20°C.

3.53 Tagq polymerase:
Tag DNA polymerase and buffer [10mM Tris HCI (pH 8), 1.5mM KCI and
0.01% gelatin] were procured from M/s Bangalore Genei. Additional MgCl; (25mM)

was also procured. They were stored in a deep freezer at -20°C for further use.

3.6 AGAROSE GEL ELECTROPHORESIS:

For detection of genomic DNA as well as amplified DNA a 0.8% agarose gel
was used. For preparation of agarose gel, requisite amount of agarose powder (Hi-
Media) was weighed and dissolved in 1X TBE (Tris borate EDTA) buffer. The solution
was warmed for about 30 seconds in a microwave oven (IFB) till agarose dissolved
completely and a consistent transparent solution obtained. It was allowed to cool for
sometime. Then it was poured in the casting tray sealed at the two open ends with cello
tape and left for about 15 minutes to harden after ensuring that the comb has been
aligned properly. The prepared agarose gels were immersed in an electrophoresis tank
which also contained 1X TBE buffer. Two pL of genomic DNA sample or PCR

amplicons were mixed with 3 pl of the loading buffer separately (Sambrook et al.,
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1989), loaded into the gel wells and electrophoresed at 60 V for 1 hour. One of the wells

was loaded with 3 pL. of A DNA / Hind Il — EcoRI double digest marker.

3.7  VISUALIZATION OF DNA:

DNA was visualized under a U.V. Transilluminator after staining the gel with
ethidium bromide. Photographs of agarose gels were captured using BIORAD Gel
Doc 1000 supported with MultiAnalyst™ software (version 1.1, build 34) or
KODAK GEL LOGIC 1500 IMAGING SYSTEM. Sizes of the bands of interest
were estimated against the standard molecular weight markers using tools which
were available in the software. Photographs were saved in the computer hard disc as

well as in external storage devices.

3.8 DNA SEQUENCING:

DNA sequencing was performed for the 18S-28S ITS region employing the
Single Pass Analysis (SPA) technique for both the forward and reverse strands based on
the dideoxy chain termination method of Sanger ef al. (1977). Amplification of the ITS
region with primers ITSI-PLANT and ITSC 26A produced a single band size of
approximately 800 bp. Since there were no extra bands present it was considered not
necessary to go for gel elution of the band of interest. Twenty pul. (~150 ng) of the
amplified 18S-28S rDNA operon was directly lyophilized in a 1.5 mL eppendorf tube

and sent to M/s Bangalore Genie for sequencing.



Sequencing of the complete 18S rDNA was done employing Primer Walking
technique. A band size of approximately 1.8 kb was amplified using two specific
primers. One hundred pL of each representative sample was lyophilized in a 1.5 mL
microfuge tube, sealed with Parafilm® and sent to M/s Bangalore Genei. Fifty uL of
2mM concentration of each of the primers were also lyophilized, sealed with Parafilm®
and seht along with the samples. Primer walk reaction was started using the primers
which were used for DNA amplification. Sequences were obtained in the form of
electropherogram where each of the nitrogen Bases was represented with different

colours.

39 PHYLOGENETIC ANALYSIS BASED ON SEQUENCE DATA OF
VARIABLE 18S-28S rDNA ITS REGION AND THE CONSERVED 18S
rDNA GENE:

Phylogenetic analyses of the sequence data generated for 18S-28S ITS region
sequence as well as the 18S rDNA sequence were done using the online software
programmes CLUSTAL W (Version 2.0.8) and PHYLIP (Version 3.66). Each of the

sequences of our samples was separately used as a query sequence for BLAST search

for related sequences in GenBank (http://www.ncbi.nim.nih.gov). Retrieved sequences
were aligned with our samples using the multiple sequence alignment programme
CLUSTAL W. The aligned sequences were then used to construct Neighbour Joining
(neighbor.exe). Maximum Parsimony (dnapars.exe) and Maximum Likelihood

(dnamlk.exe) phylogenetic trees of the PHYLIP inference package.



3.10 AMPLICON RESTRICTION PATTERN (ARP):

The amplified 18S-28S rDNA ITS region was subjected to restriction digestion
using different restriction endonucleases. Initially, computer simulated restriction
digestion of a related ITS sequence, retrieved from the internet was performed using the
Mac Vector® software. Restriction endonucleases were shortlisted based on the cutting
sites and the fragments generated for the purpose of digestion. Only two restriction
endonucleases, Mbol and Sau961 (Table 3.3), produced differing restriction fragments
between the three morphotypes when digested with these enzymes separately. Therefore,
restriction digestion analysis of all the samples was performed using these two enzymes.
The digestion mixture was prepared in a 1.5 mL tube containing 10 pL of the amplicon,
0.5 uL of the enzyme, 2 pL of the buffer and the remaining was adjusted with distil
water to make a final volume of 20 pL.. The tube was incubated in a water bath at 37° C

for 5 hours or according to the manufacturer’s instructions.

3.10.1: Agarose gel electrophoresis of ARP:

Restriction digested amplicons were electrophoresed in a 2% agarose gel of
considerable thickness. Twenty pL of restriction product was mixed with 10 pl of
loading buffer and was then loaded into the well of the thick gel and electrophoresed for
about 6-7 hours at 45 V. A 100 bp molecular weight marker was also loaded in one of
the lanes which served as a standard for estimating the band sizes of DNA fragments.

Observation and quantification of the restriction fragments was done using BIORAD
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TABLE 3.3: LIST OF RESTRICTION ENZYMES USED.

SL. RESTRICTION CUTTING SOURCE BUFFER !
NO. ENZYME SITE . ORGANISM (INCUBATION |
| TEMPERATURE) |

v 1 |

GATC S, @

1 Mbo | CTAGA . Moraxella bovis B (37°C) \
Vonee |

G" GNCC + Staphylococcus | ., }

2 Sau 961 CCNG G ‘ aureus } NEBuffer 4 x

| (37°C) |

* Bangalore genei
** New England Biolabs
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Gel Doc 1000 with MultiAnalyst software and also using KODAK GEL LOGIC 1500

IMAGING SYSTEM.

3.11 CLUSTER ANALYSIS

Cluster analysis can be defined as the classification of variables on the basis of
the similarity of characteristics they possess. The term ‘cluster analysis’ (Tyron, 1939)
also encompasses a number of different algorithms and methods for grouping objects of
similar kind into respective categories. Therefore, the result of cluster analysis is a
number of heterogeneous groups with homogenous contents. Cluster analysis can either
be agglomerative or divisive. The agglomerative methods begin with each observation
being considered as separate clusters and then proceeds to combine them until all
observations belong to one cluster. Whereas the divisive methods start with all of the
observations in one cluster and then proceeds to split (partition) them into smaller
clusters.

In the present study, the banding patterns that emerged from ARP analysis was
used to generate cluster dendrogram with the method SAHN (Sequential Agglomerative
Hierarchical Nested cluster analysis) using NTSYS software (2.1 version) that was
based on Jaccard’s coefficient of similarity (Jaccard, 1908). Jaccard’s coefficient is
based on an algorithm that is used to estimate the level of similarity for multivariate
data. Presence or absence of bands for each individual sample was scored for all the

individual samples so that a descending pattern of values was obtained.



The Jaccard’s coefficient value for each sample was calculated using the
formula given below:

Jaccard’s coefficient = Nab/ [(Na+N\b) — Nab]
Where, Nab = Number of common bands in both samples

Na = Total number of bands present in the first sample

Nb = Total number of bands present in the second sample

3.12 ESTIMATION OF SOIL NITROGEN:

The conversion of organic nitrogen to ammonia and its subsequent estimation is
the basis of Kjeldahl method (Jackson, 1974). A catalyst is required for the digestion. In
the digestion stage organic nitrogen is converted into ammonium nitrogen. Free
ammonia is liberated from the diluted digest by steam distillation in the presence of
excess of alkali. The distillate is collected in a receiver containing excess boric acid
indicator. The ammonia is then titrated with standard HCI.

Soil samples were collected from NEHU permanent campus site as well as
Nongkrem reserve forest site. From each site ten trees were randomly demarcated from
where the soil samples were collected within a periphery of about 1 meter from the base
of the tree. Humus and other debris present above the top soil was first cleared off and
soil was then collected at a depth of 1 foot from the ground level using a 10 x 3 cm
cylindrical soil corer. The collected soil was brought to the laboratory and air-dried at
room temperature for two to three days until it was completely desiccated. The soil was

then filtered through a 0.2 mm porous net and the weight recorded



Following method was used for the purpose:

1.

1 gm of air dried soil was mixed with 6 mL of Sulphuric acid (H,SO,) and
one Kjeldahl tablet was taken in a digestion flask.

The mixture was digested in a block digester.

The digestion was stopped after the colour turned green in the flask and
allowed to cool.

The mixture was filtered using Whatman No.l paper and the final volume
was adjusted to 50 mL with distilled water in a volumetric flask.

Distillation was done in a Kjeldahl distillation set with 10 mL of 40% sodium
hydroxide (NaOH).

Distillate was collected in a beaker with 5 mL of Boric acid indicator.
Distillation was stopped when the pink colour of boric acid indicator turned
greenish.

The collected distillate was taken out and titrated against M/140 HCI until the

colour turned to pink.

The percent soil nitrogen was calculated by using the following formula:

N% =

T- blank X solution volume

10% X aliquot volume X sample weight
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3.13 COLLECTION OF NODULES:

Nodules were collected from all the hundred and eleven trees at both the
collection sites. Before collecting nodules the upper thin layer of soil just below each
tree was first cleared off and the roots containing the nodules were traced to their
respective trees in order to eliminate the chances of collecting nodules from a different
tree. Since it was not possible to estimate the nitrogenase activity of all the hundred and
eleven samples in one day, a period of two months was considered starting from
September to October for collection of the nodules keeping in mind that the effect of
changing environmental factors was minimal. However, for those nodules which were
collected in the early part of the day the ARA was performed on the same day itself. In
order to draw a valid comparative inference, the time of collection of nodules till the
estimation of ARA was maintained uniformly for all the samples. The ARA values for
all the hundred and eleven trees were estimated in triplicate, i.e., a total of 150 nodules

were studied for each tree.

3.14 ACETYLENE REDUCTION ASSAY (ARA):

Estimation of nitrogenase activity of the root nodules was done using the
Acetylene Reduction Assay (ARA) method described by Stewart et al. (1968). Apart
from reducing nitrogen, the nitrogenase enzyme can also reduce acetylene (C;H) gas to
ethylene (C;Hs) which is used to determine the efficiency of the nitrogenase enzyme.
The quantity of ethylene produced was measured using a Gas Chromatograph (HP

4890D) equipped with flame ionization detectors (FID). As the mixture of injected gases
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passed through the column in the carrier gas stream, they got separated depending upon
their boiling points. The injection port, oven and detector temperatures were 120°C,
90°C and 175°C respectively. The carrier gas was nitrogen and the flow rates of
hydrogen, air and nitrogen were 50, 120 and 10 mL/min respectively. An approximate
retention time of 1.40 minutes for ethylene and 2.45 minutes for acetylene was recorded
when 1 mL of standard ethylene solution was injected into the gas chromatograph and
the ethylene peak in the standard and the samples compared.

The procedure for estimation of Acetylene Reduction Assay (ARA) is given
below:

1. Freshly collected nodules were brought to the laboratory and washed thoroughly
with distilled water to remove soil debris adhered to it. The nodules were then
surface dried on a filter paper.

2. Fifty nodules from each tree were weighed and put in air tight BD Vacutainer™
stoppered vial which was then sealed with parafilm. This was done in triplicate.
i.e., a total of 150 nodules from each tree were taken.

3. Using an air tight syringe 1 mL of air in the vial was replaced with 1 mL of
acetylene. The vials were incubated for 3 hours at room temperature (29 = 2°C).

4. At the end of the incubation period 1 mL of the gas mixture was injected at the
injection port of the gas chromatograph (HP 4890D) fitted with FID.

5. The values were obtained in a printed form using a printer (hp-3395 integrator)

which was connected to the gas chromatograph.
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6. The mass of the nodules was again recorded using a Sartorius electronic balance
(BP160P) after the incubation was over.
The nitrogenase activity was estimated in terms of nmoles of ethylene produced per

milligram fresh weight per hour using the following formula:

nmole C,H4/ unit area in the standard X area of C;H, in the sample X vol. of vial
N.A.=

Fresh weight X incubation time

Where, N.A. stands for n moles of ethylene produced/ mg fresh weight/ hour.
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RESULTS AND DISCUSSION



CHAPTER 4

RESULTS AND DISCUSSION

The genus Myrica, globally represented by about 97 species, belongs to the
actinorhizal group of trees in which the root enters into symbiotic association with the
actinomycete Frankia to form nodules. This symbiotic association is important because
this allows the fixation of elemental nitrogen to usable forms which is made available to
the plants.

Mpyrica esculenta Buch.-Ham. ex D. Don, an underutilized plant found growing
abundantly in Meghalaya and also other northeastern states including the Himalayas has
been reported to be the only species found in India (Haridasan and Rao, 1987).
Synonyms of Myrica esculenta are Myrica nagi Thunb., Myrica farquhariana Wall.,
Myrica integrifolia Roxb. and Myrica sapida Wall. (Hooker, 1885; Kanjilal and Bor,
1940; Haridasan and Rao, 1987). It was interesting to find that diversity within the
species existed in Meghalaya. These differences were observed at the morphological
level especially with regard to the fruit size, fruit color, leaf length, leaf serration and
tree height (Table 4.1). In the present study three distinct morphotypes were found to be
growing in two different locations, NEHU permanent campus and Nongkrem forest,
which were separated by a road distance of about 35 km. The morphotype-1 Myrica
trees were found growing at NEHU permanent campus whereas the morphotype-2 and

morphotype-3 Myrica trees were found growing at Nongkrem forest (Fig. 4.1). Even
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Fig. 4.1: Photographs of leaves and fruits of various morphotypes of
Mpyrica trees measured in centimetre scale.
(a):  Morphotype-1 Myrica leaves and fruits
(b):  Morphotype-2 Myrica leaves and fruits
(c): Morphotype-3 Myrica leaves and fruits
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though, reports from literature (Kanjilal and Bor, 1940: Haridasan and Rao. 1987)
indicate that these synonyms of Myrica esculenta refer to the same plant, confusion still
persists among some authors with regard to its nomenclature. Some consider the
morphotype-1 plant as Myrica nagi and the morphotype-2 plant as Myrica esculenta
exclusively. Others consider that the different synonyms refer to the same plant.
Therefore, the present study was undertaken in order to address the dispute regarding the
nomenclature of Myrica species growing in Meghalaya.

Two separate regions of DNA, the variable 18S-28S rDNA ITS (Internal
Transcribed Spacer) region and the highly conserved 18S rDNA, were studied for the
purpose. A separate study on the nitrogenase activity of the root nodules of these trees
was also undertaken to screen out trees with high or low nitrogenase activity. The study
of the nitrogenase activity was further supplemented by a separate analysis of soil for

estimating soil nitrogen status.

L. PHYLOGENETIC STUDY OF THE DIFFERENT MORPHOTYPES

BASED ON DNA SEQUENCE DATA.

4.1 DNA ISOLATION:

Approximately 21 kb genomic DNA bands were obtained on electrophoresis in
0.8% agarose gel for all the samples under study [Fig. 4.2 (a-f), Fig. 4.3 (a & b), Fig. 4.4
(a-e) and Fig. 4.5 (a-d)]. An intense 21 kb DNA band was not obtained for all the

samples but the yield was sufficient for subsequent amplification reactions.
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Fig. 4.2 (a-f): Agarose gel photographs of genomic DNA of morphotype-1

Mpyrica trees (Samples 1-30).
(M= A DNA Hind 1Il EcoR1 double digest marker)
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Fig. 4.3 (a & b): Agarose gel photographs of genomic DNA of
morphotype-1 Myrica trees (Samples 31-50).
(M= A DNA Hind 11I/ EcoR1 double digest marker)
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Fig. 4.4 (a-e): Agarose gel photographs of genomic DNA of morphotype-2
Mpyrica trees (Samples 1-35).
(M =\ DNA Hind 11/ EcoR1 double digest marker)
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Fig. 4.5 (a-d): Agarose gel photographs of genomic DNA of morphotype-2
(Samples 36-50) and morphotype-3 (Samples 51-61) Myrica trees.
(M =X DNA Hind 11I/ EcoR1 double digest marker)
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42  DNA AMPLIFICATION REACTIONS
4.2.1 Amplification of the 18S-28S .rDNA ITS region:

The Myrica genomic Internal Transcribed Spacer (ITS) region of 18S-28S rDNA
was amplified using two universal primers ITSIPLANT (5’CGCGAGAAGTCCACTG
3’, Navarro et al., 2003) and ITSC26A (5° GTTTCTTTTCCTCCGCT 3’, Wen and
Zimmer, 1996).

The calculated annealing temperatures of forward primer ITSIPLANT and
reverse primer [TSC26A were 47°C and 45°C respectively. Normally, in cases where
the annealing temperatures of the two primers differed, amplification was done at the
lower annealing temperature. However, amplification at annealing temperature of 45°C
yielded more than one band including the band of interest. The appearance of extra
bands could be the result of nonspecific binding of the primers at sites other than the
target sequence region. Therefore, the annealing temperature was increased to 52°C.
However, at this temperature no amplification occurred. The best amplification resuit
was obtained at annealing temperature of 49°C where a single band of approximately
800 bp was amplified. Amplifications for the rest of the samples were performed at

annealing temperature of 49°C (Fig. 4.6, Fig. 4.7, Fig. 4.8 and Fig. 4.9).

4.2.2 Amplification of the 18S gene:
During the initial optimization a number of annealing temperatures (TM) were
tried to obtain the expected 1.8 kb single band. Multiple bands were obtained at

annealing temperature of 57°C. On increasing the temperature to 64°C a single band of
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Fig. 4.6 (a-f): PCR amplification of the 18S-28S rDNA ITS region of
morphotype-1 Myrica trees (Samples 1-37).
(M= X DNA Hind 11/ EcoR1 double digest marker; B= Blank)
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Fig. 4.7 (a-c): PCR amplification of the 18S-28S rDNA ITS region of
morphotype-1 Myrica trees (Samples 38-50).
(M= X DNA Hind 11l/ EcoR1 double digest marker; B= Blank)
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Fig. 4.8 (a-d): PCR amplification of the 18S-28S rDNA ITS region of
morphotype-2 Myrica trees (Samples 1-33).
(M= L DNA Hind 11l/ EcoR1 double digest marker)
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Fig. 4.9 (a-g): PCR amplification of the 18S-28S rDNA ITS region of
morphotype-2 (34-50) and morphotype-3 (51-61) Myrica trees.
(M= A DNA Hind 11/ EcoR1 double digest marker)
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approximately 1.8 kb size could be obtained. However, on electrophoresis of the
amplicon in 2% agarose gel, additional faint DNA bands could be detected. At higher
annealing temperature of 67°C the band of interest appeared faint. Best results were
obtained at annealing temperature of 66.5°C. Photographs of agarose gels showing

amplifications at various annealing temperatures are given in Fig. 4.10 and Fig. 4.11.

43  DNA SEQUENCING:

Nucleotide sequencing could not be performed for all the hundred and eleven
samples collected across the three morphotypes of Myrica trees. Therefore, amplicons of
only three samples representing each of the morphotypes from the two sites were sent
for sequencing. Sequencing was performed for two different regions of the genomic
DNA, the variable 18S-28S ITS region and the conserved 18S rDNA. The amplified
DNA was prepared as discussed in section 3.6 of chapter 3 and sent to M/s Bangalore
Genei for sequencing. Sequencing was done based on the dideoxy chain termination

method of Sanger et al. (1977) (Fig. 4.12).

4.3.1 Nucleotide sequencing of the 18S-28S rDNA ITS region:

DNA sequencing of the ITS region was done employing the Single Pass Analysis
(SPA) method using the same primers as in amplification for both the forward and
reverse strands. Sequences were obtained in the form of electropherogram in which each
nucleotide base was represented by a different colour. For the Internal Transcribed

Spacer (ITS) region a total sequence length of 784 bp. 780 bp and 790 bp were obtained
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g‘_ISOObp

- 947 bp

(a): Amplification at TM 57°C {1,2,3,4 —morphotype-1;
5,6,7,8-morphotype-2; 9,10,11,12-morphotype-3}.

76 543 2 1M

21,000 bp 21,000 bp
1,500 bp 1,500 bp
947 bp
947 bp
(b): Amplification at TM 60°C (1,2- (c): 1,2,3- Amplification at TM 64°C;
morphotype-1; 3,4-morphotype- 4,5,6- Amplification at TM 57°C
2; 5,6-morphotype-3; (1,4- morphotype-1; 2,5-
7- negative control) morphotype-2; 3,6- morphotype-3)
6 5 43 2 1 M 6 5 4 3 2 1 M
21,000 bp
1,500 bp
«4—9%7bp

| o]
(d): 1,2,3- Amplification at TM 63°C; (e): Amplification at TM 65.2°C (1,2-
4,5,6- Amplification at TM 64°C morphotype-1; 3,4-morphotype-2; 5,6-

(1,4- morphotype-1; 2,5- morphotype- morphotype-3)
2; 3,6- morphotype-3)

R & T

Fig. 4.10 (a-e): Agarose gel photographs showing amplification of the 18S rDNA
at various annealing temperatures.
(M = A DNA Hind III/ EcoR1 double digest marker)
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(a): Amplification at TM 66.5°C (1,2,3,4- morphotype-1;
5,6,7,8- morphotype-2; 9,10,11,12- morphotype-3)

6 5 43 2 1 M

<«4-21,000 bp

PREVTH
4+ 94710p

(b) Ampliﬁcation at TM 67°C (C)I Ampliﬁcation at TM 66.5°C
(1 - morphotype-1; (1,2- morphotype-1;
2 - morphotype-2; 3,4- morphotype-2;
3 - morphotype-3) 5,6- morphotype-3)

Fig. 4.11 (a-c): Agarose gel photographs showing amplification of the 18S
rDNA at various annealing temperatures.
(M =X DNA Hind 11I/ EcoR1 double digest marker)
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Fig. 4.12: Electrophrrogram showing partial sequence of 18S rDNA of
morphotype-2 Myrica tree. Each of the four nucleotide bases are
represented by different colours.



for samples ME1, ME2 and ME3 respectively (Fig. 4.13). ME1 was the representative
sequence sample for the morphotype-1 Myrica trees. ME2 was the representative
sequence sample for the morphotype-2 Myrica trees. ME3 was the representative

sequence sample for the morphotype-3 Myrica trees.

4.3.1.1 Sequence annotation of the 18S-28S rDNA ITS region:
Sequence annotations of the 18S-28S ITS region of all the three representative
samples (ME1l, ME2 and ME3) of Myrica were done using the ‘sequin’ programme

available at http://www.ncbi.nlm.nih.gov. All the three morphotypes of Myrica tree had

an ITSI larger than ITS2. The sizes of ITS1 and ITS2 were 268 bp and 225 bp
respectively. The size of ITSI and ITS2 was similar for all the three morphotypes. The
sequence length of 5.8S rDNA gene (160 bp) was similar for all the three morphotypes.
However, the annotation positions for different regions in the sequences of all the three
morphotypes of Myrica trees were different.

Marked differences of about 20 nucleotide bases at the beginning and the end of
the sequences were observed among the three morphotypes.

In the morphotype-1 Myrica tree sequence (ME1), bases 70-337 constituted
ITS1. bases 338-497 constituted the 5.8S rDNA gene and bases 498-722 constituted
1TS2.

In the morphotype-2 Myrica tree sequence (ME2). bases 67-334 constituted
ITS1. bases 335-494 constituted the 5.8S rDNA gene and bases 495-719 constituted

ITS2.
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CLUSTAL W 2.0.8 multiple sequence alignment

ME2
ME3
MEL

ME2
ME3
ME1

ME2
ME3
ME1

ME2
ME3
ME1

ME2
¥E3
MED

SC0re

GGCGGAAGAATCTTETEGECEH6-—GTCCTAAC—CTGCTTTCCGTAGGTGAACCTGCG

~GGGGATAATGGTTGAGGACGGE--GTCGTAAC---CTGGTTTCCGTAGG TGAACCTGCG
——CGCTCTGTCGATGAGCGCGAGAAGTCCTAACAGGTTACTACTCGTAGGTGAACCTGLG
* * Rk Rk ok K skkkokkokkok ¥k skwkkkokkkkok ook

GAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCG

GAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCG i
GAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGTGAACATGTTAATAACTACCG 1

GGGGCAGGGGGCCATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCACGTCCTGTTG 1

GGGGCAGGGGGCCATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCACGTGCTCTTG

GGGCGCAGGGCGCGATCAAAAGCCTCCTGTCCCCAAAACGGTTGGCGAGCACCTGCTGTTG &

TCCTGTCGGCCCTCTGGCECCCACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAA

TCCTGTCGGCCCTCTEECCCCCACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAA

TCCTGTCGACCCTCTGCCCCGAACAAGGAACCACACGCACATGTCCCCCCAATCGAACAA
Fxk

CGAACCCCGGCGCCGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCC-GAAGGCCCC

CGAACCCCGGCGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCC-GAAGGCCCC

CGAACCCCGGCGCGGACTCCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCGATCGCCCC
*%

GGAAACGGTGTCCCTCCGTTGGGACGTCTTGACTCTTATACAAAACGACTCTCGGCAACG

GGAAACGGTGTGCCTCGGTTCGGACGTCTTGACTGTTATACAAAACGACTCTCGGCAALG

GGAAACGGTGTGCGTTGCTTGGCACGTCTTGACTGTTATACAAAACGACTCTCGGCAACG
* %

GATATCTCGGCTCTCCCATCGATCAACAACGTAGCGAAATGCGATACTTGGTGTCAATTG
GATATCTCGGCTCTCECATCCATCAAGAACGTAGCGAAATGCGATACT TGCTCTGAATTG
GATATCTCCGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTG

CAGAATCCCGCCAATCATCCAGTTTTTCAACGCAAGTTGCGCCCAAAGCCGTTTGGCCGA 4
CAGAATCCCCCCAATCATCCAGTTTTTGAACCCAAGTTGCGCCCAAAGCCCTTTGGCCOA 4
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¥E3

ME2
¥E3

Yol

¥E2
ME3
ME1

ME2
ME3

MEL

ME2
ME3
ME]

GCGECACCTCTCCCTEEETETCACCCATCETTCCCCCAACCCCAAACACCTCCCAACGAGEE 53+
WGECACGTCTCCCTEEETCTCACGCATCET TCCCCCAACCCCAAACACCTCGCAAGAGEE 533
GEECACCTCTCCCTEEETCTCACGCATCCTTCCCCCAACCCCAAACACCTCGCAAGAGGE 538

ATTTCGCGCACTATCCCCECCCCACAT TGCCCTCCCGETCAGCTAGTTCTCCCCETTAGE 59
ATTTCCEEGACTATCCCCE-COCACATTGGCCTCCCG-TGAGCTAGTTCTCCCGETTAGC H9:
ATTTCGCGCACTATCCECG-CECACATTGCCCTCCCG-TCGAGCTAGTTCTCCLCGTTAGC 596

CTAATACGAGTCCTCCCCCACCAGCGCCACGACATCGGGTGEETGCATAACCCCCTCGT 65+
CTAAATACGAGTCCTCCGCGACGAGCGCCACGACAATCGGTGGTTG-ATAAACCCCTCGT €50
CTAAATACGAGTCCTCGGCGACGAGCGCCACGACATC-GGTGGTTG-ATAAAGCCCTCGT 65+
kkk )k skkskxk

TTCCCGTCGTGCGTGC-TCGTCTCCCTATGTGCGCTCTGTGACCCTGCTGTGTCGTGCAA 7.3

TTCCCGTCGTGCGTGCCTCGTCTCCCTATGTGLGCTCTGTGACCCTGCTGTGTCGTGCA- 709

TTCCCCTCGTGCGTGC-TCGTCTCC-TATGTGCCCTCTGTGACC-TGCTGTGTCGT-CA- 709
sk *%

GCGACACTTCCATCGCGACGCCAGGTCAGGCGGCACTACCCGCTGAGT TTAGCT-ATCAT 772

CCCACACTTC-ATCGCCACCCCAGGTCAGG-GGGACTACCCGCTGAGTTTAGCTTATCAT 767

GCCGACACTTC-ATCGCGAC-CCAGGTCAGC--GGACTACC-GCTG-GTTTAGC—ATCAT 76.
* * ofokk sokokokok

AA-CGEAGE————————————= 780
AAACCGAGGAAGAAAACACGCTC- 790
ATACGGGGEA-GAGAACACACACA 784
%k ok k%

Fig. 4.13: Nucleotide sequence alignment of sample ME1, ME2 and

ME3 of the variable 185-28S rDNA ITS region using the
multiple sequence alignment program CLUSTAL W.

The asterisk (*) mark indicates the site of nucleotide

base showing homology in all the three sequences.
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In the morphotype-3 Myrica tree sequence (ME3), bases 66-333 constituted
ITSI, bases 334-493 constituted the 5.8S rDNA gene and bases 494-718 constituted

ITS2.

4.3.1.2 Secondary structure of the 5.8S rDNA:

Secondary structure of the 5.8S rRNA for the morphotype-1, morphotype-2 and
morphotype-3 Myrica trees was constructed using the GeneBee programme available at
http://www.genebee.msu.su/services/rna2_reduced.html. Secondary structure of 5.8S
rRNA of Morphotype-1 was different from that of morphotype-2 and morphotype-3

secondary structures that were similar (Fig. 4.14).

4.3.2 Nucleotide sequencing of the 18S rDNA gene:

The nuclear 18S rDNA gene which forms part of the small sub-unit of the
eukaryotic ribosome is approximately 1.8 kb in length (Soltis and Soltis, 1998).
Sequencing of the 18S rDNA was done using primer walking technique which was
based on the dideoxy chain termination method of Sanger er a/. (1977). Initially, the
primers used for amplification of the 18S rDNA gene were used at the start of the primer
walk reaction. Total nucleotide sequence lengths of 1721 bp, 1603 bp and 1615 bp were
obtained for the representative samples MYR1, MYR2 and MYR3 respectively (Fig.
4.15). MYRI1 was the representative sequenced sample for the morphotype-1, MYR2
was the representative sequenced sample for the morphotype-2 and MYR3 was the

| representative sequenced sample for the morphotype-3 Myrica trees respectively.
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Fig. 4.14 (a) 5.8S mRNA secondary structure of morphotype-1.
(b) 5.8S mRNA secondary structure of morphotype-2
(c) 5.8S mRNA secondary structure of morphotype-3
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CLUSTAL W 2.0.8 multiple sequence alignment

MYR1
MYR3
MYR2

MYR1
MYR3
MYR2

MYR:
MYR3
MYR2

MYR:
MYR3
MYR2

MYR1
MYR3
MYR2

MYRI
MYR3
MVR2

MYRI
MYR3
MYR2

GGCGCAAAAGCTATCCGTGTCTCATATGT -AGCCATGCTATCGT-GCCTAAGTGAT-GAA
—==-TGCAAGCCA-GCGTGTC-CGTATGT -GAGCCTGC-———AT-GTGTAAGT-AT-GAA

-+ -~TATGCAACATGTTTC-CGTATCTCAGCCGAGTGTCTATCGTGTAAGTGATAGAA

* ok ¥ bk kK ok klokkk * ok ¥ % kkkkk kk Rk
CTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTGTTTGATGGT
CTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTCTTTGATGGT
CTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGT TTGTTTGATGGT

ATCTGCTACTCGGATAACCGT AGTAATTCTAGAGCTAATACGTGCAACAAACCCCGACTT 1

ATCTGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAACCCCGACTT
ATCTGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAACCCCGACTT

skokk

CTCGAAGGGATGCATTTATTAGGTAAAAGG TCGACGCGGGCTCTGCCCGTTGCTCTGATG
CTGGAAGGGATGCATTTATTAGGTAAAAGGTCGACGCGGGCTTTGCCCGTTGCTCTGATG
CTCGAAGGGATGCATTTATTAGGTAAAAGG TCGACGCGGGCTTTGCCCGTTGCTCTGATG

skokok

ATTCATCATAACTCGACGGATCGCAAGGCCATCGTGCCGGCGACGCATCATTCAAATTTC
ATTCATGATAACTCGACGGATCGCAAGGCCATCGTGCCGGCGACGCATCATTCAAATTTC
ATTCATGATAACTCGACGGATCGCAAGGCCATCGTGCCGGCGACGCATCATTCAAATTTC

TGCCCTATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGGTGACGGGTGACGGAG
TGCCCTATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGGTGACGGGTGACGGAG
TGCCCTATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGGTGACGGGTGACGGAG

AATTAGCGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCA
AATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCA
AATTAGGCTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCA

K%k *kokok

CCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACC
GCAGCCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACC

GCACCCCCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACC 4

GCCCTCTTACCAGTCTGETAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCA
GGECTCTTACGAGTCTGETAATTCCAATGAGTACAATCTAAATCCCTT AACCAGCATCCA
CCECTCTTACGAGTCTEGETAATTCCAATGACTACAATCTAAATCCCTTAACGAGGATCCA
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VYR3
VYR2

MAEN
YYR3
YVR2

VYR
VYR3
YYR2
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MYR3
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VVRI
VYR3
YYR2
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YYRI
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VYR2

YYRI
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VYR2

VYR
YYR3
VYR2

YYRI
VYR3
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YYRL
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TTCCAGCECAACTCTCETCUCAGCAGCCCCGETAATTCCAGCTCCAATAGUGTATATTTA
TTGGAGCCCAAGTCTGETCOCAGCAGCCCCGETAATTCCAGCTCCAATAGC TTTA
TTGCAGGECAAGTCTEETCOCAGCAGCCECGETAATTCCAGCTCCAATAGCETATATTTA

x g * seskskokokok koK ok kok ok kokok

ACTTGCTTCCAGT TAAAAAGCTCETAGT TCOATCTTEOGET TECCCACGAGCCETCCELCCCT
AGTTETTECACT TAAAAAGCTCGTAGT TGGATCTTCEETTGGGCAGAGCGE TCCGCCCCT
AGTTCTTCCAGTTAAAAAGCT CCTAGT TGCATCTTGGGTTGGECACAGCEETCCECCCCT

Fokok o *

GGTGTGCACCGATCTCCTCCTCCCTTCTACCGGCCATGCGCTCCTGGCCTTAACTEGCCE
GGTGTGCACCGATCTGCTCGTCCCTTCTACCGGCCATGCGCTCCTGGCCTTAACTGGCCE
GGTGTGCACCCATCTGCTCCTCCCTTCTACCGGCCATGCGCTCCTGGCCTTAACTGGCCE

&3

GGTCGCTGCCTCCGGTGCTCTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGET
GGTCETGCCTCCOGETCCTCTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCT
GGTCGTGCCTCCGGTGCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCT

k%K &3

CTCTATACATTAGCATCCCAT AACATCATAGGATTTCGCTCCTATTGTCTTGGCCTTCRE
CTGTATACATTAGCATGGGATAACATCATAGGATTTCGGTCCTATTGTGTTGCCCTTCGE
CTGTATACATTAGCATGGCATAACATCATAGGATTTCGGTCCTATTGTGTTGCCCTTCCE

&3

GATCGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTGA
GATCGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTCGA
GATCGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTCA

£

AATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTCCCAAGGATGTTTTCATT
AATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGATCTTTTCATT
AATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGATGTTTTCATT

AATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATA
AATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATA
AATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATA

AACGATGCCGACCAGGCATCGGCGGATGTTGCTTTAAGGACTCCGCCGGCACCTTATGAG
AACGATGCCGACCAGGGATCCGCCCATCTTCCTTTAAGGACTCCGCCGGCACCTTATGAC
AACGATGCCGACCAGGGATCGCCGGATGTTGCTTTAAGGACTCCGCCGGCACCTTATGAG

skk £

AAATCAAAGTCTTTGGGTTCCCGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATT 11
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VYR TTACCAGGTCCAGACATACTAACCATTCACACACTGAGACCTCTTTCTTCA 2L257

VY3 TTACCAGGTCCAGACATACTA ACACACTCGAGAGCTCTTTCTTGATIC AT o
VYR2 TTACCAGETCCAGACATAGT A TTGACAGACTGACAGCTCTTTCTTGATTCTATGGE a3
X R R S
VYR TCCTGGTCCATCGCCCTTCTTACTTGETCCAGCCGATTTGTCTGETTAATTCCGTTAACGA 1317
YYR3 TGCTCCTCCATCCCCGTTCTTACTTCETCEAGCCATTTGTCTGETTAATTCCGTTAACGA 1306
VYR2 TCEETGGTGCATGGCCCTTCTTAGTTCGTGCAGCCATTTETCTGGTTAATTCCGTTAACGA 1313
VYR ACCAGACCTCAGCCTCCTAACTAGCTATGCCGAGGTGACCTTCCGCGGCCAGCTTCTTAG 1377
VYR3 ACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCTTCCGCGGCCAGCTTCTTAG 1366
VYR2 ACGAGACCTCAGCCTGCTAACTAGCTATGCCCAGGTGACCTTCCGCGGCCAGCTTCTTAG 1373
MYRI AGGGACTATGGCCGCTTAGGCCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCCCTT 1437
MYR3 AGGGACTATGGCCGCTTAGGCCAAGGAAGTTTCAGGCAATAACAGGTCTGTGATGCCCTT 1426
MYR2 AGGGACTATGGCCCCTTAGGCCAAGGAAGT TTCAGGCAATAACAGGTCTGTGATGCCCTT 1433
MYRI AGATGTTCTGGGCCGCACGCGCGCTACACTCATGTATTCAACGAGTTTATAGCCTTGGCC 1497
WYR3 AGATGTTCTGGGCCGCACGCGCGCTACACTGATCTATTCAACGAGTTTATAGCCTTGGCC 1486
MYR2 AGATGTTCTGGGCCGCACGCGCGCTACACTGATGTATTCAACGAGTTTATAGCCTTGGCC 1493
YYR1L GACAGGCCCGGGTAATCTTTGAAATTTCATCGTCGATGGGGATAGATCATTGCAATTGTTG 1557
¥YR3 GACAGGCCCGGGTAATCTTTGAAATTTCATCGTGATGGGGATAGATCATTGCAATTGTTG 1546
VYR2 GACAGGCCCGGGTAATCTTTGAAATTTCATCGTGATGGGGATAGATCATTGCAATTGTTG 1533
. )
MYRI GTCTTAAA-CGAGGAATT-CCTAGTAAGCGCGAGTCATCAGCTCGCGTTGACTACGTCCC 1615
MYR3 GTCTTAAA-CAGAGAATTTCCTAGTAAGCGCGAGTCATCAGCTCGCGTTGACTACGTCCC 1605
MYR2 GTCCTAAAACGAAGAATC-CCTAGTAAGCGCCAGTCATCA-CTCGCCTTCAC——————- 1603
sk kkkk ok kkkK K%k *ohkk

MYR1 ~TGCCCTTTGTACACACCGCCCGTCGCTCCTACCCATTGAATGCTCCGGTGAAGTGTTCG 1674
MYR3 CTGCCCTTTG-- e 1615
MYRZ 0 e e

MYRI GATCGAGGCGATGTGGGCGGTTCGCTGCCGGCAACGTTTTGAGAGTC 1721

MYR3Z e ST s

VYR2Z e S —m e

Fig. 4.15: Nucleotide sequence alignment of sample MYR1, MYR2 and
MYR3 of the conserved 18S rDNA using the multiple sequence
alignment program CLUSTAL W.

The asterisk (*) mark indicates the site of nucleotide base
showing homology in all the three sequences.



44  PHYLOGENETIC ANALYSIS
Aligned sequences were used to retrieve related sequences from the GenBank
using BLAST (Basic Local Alignment Search Tool) programme which was available at

http://www.ncbi.nlm.nih.gov. Related sequences were then aligned with the sample

sequences using the basic alignment tool of CLUSTAL W which was available at the
site http://www.ebi.ac.uk/Tools/clustalw2/index.html. The generated aligned sequences
were saved in Phylip format that served as an input file for PHYLIP (version 3.66)

programme for generating phylogenetic trees.

4.4.1 Phylogenetic analysis of 18S-28S Internal Transcribed Spacer (ITS)
region:

Phylogenetic analysis of the variable ITS region located between the distal part
of 18S gene and the initial part of 28S gene of the ribosomal DNA was performed using
different software. Betula humilis was selected as the outgroup species in all the
phylogenetic analyses (Table 4.2). A bootstrap value of 1000 was considered for
constructing different trees. Parsimony, Neighbour Joining and Maximum Likelihood
phylogenetic trees are shown in Fig. 4.16, Fig. 4.17 and Fig. 4.18 respectively.

All the three samples clustered together in Neighbour Joining, Parsimony as well
as the robust Maximum Likelihood trees scoring 1000.0, 964.9 and 950.0 bootstrap
values respectively. Samples ME2 and ME3 clustered together with a bootstrap value of
774.0 in the Neighbour Joining tree and 804.0 in the Maximum Likelihood trees. In the

parsimony tree clustering of all three samples in one group with 964.9 bootstrap value
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TABLE 4.2: SEQUENCES OF 18S5-28S INTERNAL TRANSCRIBED SPACER
(ITS) OF MYRICA, BETULA, COMPTONIA AND MORELLA SP.
USED FOR PHYLOGENETIC ANALYSIS

SI. ! GENBANK

~ No. NAME OF THE GENUS | ACCESSION REFERENCE

NUMBER |
1. ' Myrica nagi (MEI) FJ469992 | Present study
2. | Myrica esculental (ME2) FJ469993 ‘ Present study
3. | Myrica esculenta2 (ME3) FJ469994 Present study
|

4. | Betula humilis AJ783643 ' Forest ef al., 2005
5. | Comptonia peregrina AJ626764 ‘l Huguet et al., 2005
6. | Morella californica AJ626782 Huguet et al., 2005
7. | Morella cerifera ;‘ AJ626771 Huguet et al., 2005
8. | Morella faya AJ626777 | Huguet et al., 2005
9. | Morella heterophylla AJ626773 Huguet et al., 2005
10. | Morella rivas-martinezii AJ626781 Huguet et al., 2005
11. | Morella rubra AJ626784 Huguet et al., 2005
12. | Morella spathulata AJ626774 ~ Huguet et al., 2005
13. | Myrica gale ; AJ626768 Huguet ef al., 2005
14. ' Morella quercifolia AJ626775 Huguet ef al., 2005
15. Morella nagi AJ626783 Huguet et al.. 2005
16.  Morella pensylvanica | AJ626772 Huguet ef al.. 2005
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Fig. 4.16: Parsimony tree constructed from aligned sequences of 18S-28S
Internal Transcribed Spacer (ITS) region considering 1000
bootstrap value.
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Fig. 4.17: Neighbor joining strict consensus tree constructed using aligned
sequences of 185-28S Internal Transcribed Spacer (ITS) region
considering 1000 bootstrap value.
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Fig. 4.18: Maximum Likelihood strict consensus tree constructed using
aligned sequences of 18S-28S Internal Transcribed Spacer (ITS)
region considering 1000 bootstrap value.
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was observed. Morella nagi and Morella rubra clustered together in one group and
showed closest affinity to our sample cluster. This clustering pattern showed similarity
in Neighbour Joining, Parsimony as well as the Maximum Likelihood tree scoring 984.0,
846.6 and 539.0 bootstrap values. Three major clusters were observed where our
samples clustered with Morella rubra and Morella nagi in one group and the remaining
plants, excepting Betula humilis, Comptonia peregrina and Myrica gale, formed the
other group. This grouping pattern was similar in the Parsimony, Neighbour Joining as
well as the Maximum Likelihood trees. Results obtained from the phylogenetic analyses
of the ITS sequences revealed close clustering of all three samples. However, samples
ME2 and ME3 tended to cluster together marginally away from sample MEI. Thus
samples ME2 (morphotype-2) and ME3 (morphotype-3) appeared closer than the sample
MEI (morphotype-1). This pattern was also observed at the morphological level where
the morphotype-1 trees carries with it certain morphological descriptors which differ
from the other two morphotypes. Sequence homology between samples ME1 and ME2
was 93%. Sequence homology between samples ME] and ME3 and was 95%. Sequence
homology between samples ME2 and ME3 was 97%. To determine the level of
divergence among these samples, sequence data of some angiosperms was mined from

data base and compared.

4.4.1.1. ITS sequence homology study of some tree angiosperms:
Sequence homologies were estimated using ITS sequences of different species

within the same genus and also between different species belonging to different genera.
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ITS sequences of twelve different species of Morella were retrieved from the GenBank
for the purpose. The ITS sequence homology ranged from 94% to 100 % (Appendix 3)
between different species of this genus. Even at the ITS level two cases of 100%
homology were observed between species of the same genus. Similarly, ITS sequences
of thirteen different species of Alnus were retrieved (Table 4.3). The percentages of
sequence homology between the different species of A/nus too ranged from 94% to
100% (Apppendix 4). Seven ITS sequences belonging to different species of Betula
were also aligned to check the sequence homology (Table 4.4). Sequence homology
ranged from 96% to 100% (Appendix 5). Further, ITS sequence homology was also
analysed for four different species of Coriaria in which the sequence homology ranged
from 93% to 98% (Appendix 6). These results demonstrated that two sequences with
homology around 94% may belong to two different species.

In another analysis, sequence homologies of retrieved ITS sequences of different
species belonging to different genera were studied. ITS sequences of Alnus glutinosa,
Betula nana, Morella cerifera and Coriaria sarmentosa were used for this analysis.
Results obtained from these analyses showed that the ITS sequences varied considerably
ranging from 65% to 90% (Appendix 7).

Intraspecific sequence homology test was also performed using ITS sequences
retrieved from the GenBank that had been collected from different locations and also
from different countries (Table 4.5). Four Myrica gale 1TS sequences of Canada, Spain,
Finland and Belgium were aligned in which the sequence homology ranged from 99 to

100% (Appendix 8). ITS sequences of four Morella faya species of Portugal, Spain
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TABLE 4.3: SEQUENCES OF 18S-28S INTERNAL TRANSCRIBED
SPACER (ITS) OF ALNUS SPECIES USED

FOR PHYLOGENETIC ANALYSIS

- Sk NAME OF THE =~ GENBANK
- No. GENUS ~ ACCESSION REFERENCE
| NUMBER |
1 1. | Alnus cordata AY352306 | Chen, Z.and Li, J., 2004
F 2. | Alnus glutinosa AY352310 | Chen, Z. and Li, J., 2004
{ .
{ 3. | Alnus incana AY352312 ; Chen, Z. and Li, J., 2004
L 4. | Alnus japonica AY352314 Chen, Z. and Li, J., 2004
- 5. | Alnus nepalensis AY352318 Chen, Z. and Li, J., 2004
6. | Alnus orientalis AY352320 Chen, Z. and Lj, J., 2004
7. | Alnus rubra AY352321 Chen, Z. and Li, J., 2004
8. | Alnus rugosa AY352313 Chen, Z. and Li, J., 2004
9. | Alnus serrulata AY352322 Chen, Z. and Li, J., 2004
10. | Alnus sibirica AY352323 Chen, Z. and L1, J., 2004
11. | Alnus tenuifolia AY352327 Chen, Z. and Li, J., 2004
12| Alnus trabeculosa ~ AY352328 | Chen, Z.andLi, J., 2004
| 13. | Alnus viridis AY352329 Chen, Z. and Li, J., 2004
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TABLE 4.4: SEQUENCES OF 18S-28S INTERNAL TRANSCRIBED
SPACER (ITS) OF BETULA AND CORIARIA SPECIES
USED FOR PHYLOGENETIC ANALYSIS

SIL GENBANK |

- No. ' NAME OF THE GENUS | ACCESSION REFERENCE

: NUMBER
1. | Betula davurica AY352335 Chen, Z. and Li, J. 2004 |
2. | Betula lenta AY352330 Chen, Z. and Li, J. 2004 |
3. | Betula nana AY352336 Chen, Z. and Li, J. 2004
4. | Betula nigra AY352331 | Chen, Z. and Li, J. 2004
5. | Betula pendula AY352332 Chen, Z. and Li, J. 2004 :
6. | Betula populifolia AY352333 Chen, Z. and Li, J. 2004
7. ! Betula uber AY352334 Chen, Z. and Li, J. 2004
8. | Coriaria microphylla AYO091813 Yang et al., 2003 ‘
9. | Coriaria ruscifolia AY091815 Yang et al., 2003 ‘
10. | Coriaria sarmentosa AY091816 Yang et al., 2003
11. | Coriaria terminalis AY091817 Yang et al., 2003
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TABLE 4.5: SEQUENCES OF 18S-28S INTERNAL TRANSCRIBED
SPACER (ITS) OF MORELLA, COMPTONIA AND MYRICA
SP. USED FOR PHYLOGENETIC ANALYSIS

SI. | - GENBANK ‘;
- No. NAME OF THE GENUS ACCESSION . REFERENCE
1 j NUMBER |
L ! Comptonia peregrina AJ626764 | Huguet et al., 2005
1 . USA
2. Comptonia peregrina AJ626765 | Huguet et al., 2005
1 | Canada
i 3. | Morella adenophora . DQ501419 | Herbert, J., 2007
China 1
4. | Morella adenophora . DQ501420 | Herbert, J., 2007
Taiwan
5. | Morella cerifera AJ626770 | Huguet et al., 2005
Jamaica
6. | Morella cerifera AJ626771 Huguet et al., 2005
USA
7. | Morella faya AJ626776 | Huguet et al., 2005
} Spain: Tenerife, Canary Islands
8. | Morella faya AJ626777 | Huguet et al., 2005
Spain: La Palma, Canary islands
9. | Morella faya . AJ626778 | Huguet et al., 2005
Spain: Gomera, Canary Islands
10. | Morella faya . AJ626779 | Huguet er al., 2005
Portugal
11. | Morella rivas-martinezii © AJ626780 | Huguet ef al., 2005
Spain: El Hierro, Canary Islands
12. | Morella rivas-martinezii AJ626781 Huguet et al., 2005
Spain: Gomera, Canary Islands
13. | Myrica gale AJ626766 | Huguet e al., 2005 |
Belgium |
14. | Myrica gale AJ626767 | Hugueteral., 2005 |
Finland
15. | Myrica gale AJ626768 | Huguet et al., 2005
Spain & |
16. | Myrica gale AJ626769 | Hugueter al., 2005 |
' Canada ‘
17. ' Morella esculenta DQ501421 Herbert, J., 2007

LK
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Gomera, Spain Tenerife and Spain Lapalma were also aligned in which 100% sequence
homology was observed (Appendix 9). Comptonia peregrina ITS sequences of Canada
and the USA were also aligned in which 100% sequence homology was observed
(Appendix 10). Similarly, ITS sequence homology of Morella rivas-martinezii of
Elhierro, Spain and Morella rivas-martinezii of Gomera, Spain revealed 100% sequence
homology (Appendix 11). Morella adenophora of China and Morella adenophora of
Taiwan showed 98% sequence homology (Appendix 12). Morella cerifera of Jamaican
origin and Morella cerifera of USA origin also showed 99% sequence homology
(Appendix 13). Results obtained from these intraspecific sequence homology tests
showed high level of sequence similarity between members of same species that were
geographically separated. Therefore, the low level of sequence homology observed
between ME1 on one hand and ME2 and ME3 on the other hand is indicative of the

possibility of ME1 being a different species belonging to the same genus.

4.4.2 Phylogenetic analysis of the 18S rDNA:

Eight related BLAST searched sequences retrieved from the GenBank were used
in conjunction with our 18S rDNA sequences to construct phylogenetic trees (Table
4.6). Of these the most distant, Berberidopsis corallina, was used as the out species.

Neighbour joining analysis was performed using SEQBOOT (bootstrap),
DNADIST (distance matrix) and CONSENSE (consensus tree programme). One
thousand bootstrap values were considered to select the best consensus tree. All three

samples MYR1, MYR2 and MYR3 clustered together scoring a bootstrap value of



TABLE 4.6: SEQUENCES OF 18S rDNA USED FOR
PHYLOGENETIC ANALYSIS

SI. GENBANK
No. NAME OF THE GENUS ~ ACCESSION ~ REFERENCE
%, NUMBER
1. | Myrica nagi (MYRI) ~ FJ469989 Present study
2. Myrica esculenial (MYR2) | FJ569990 | Present study
3. Myrica esculentad (MYR3)  FJ469991 | Present study
| i
4. | Morella cerifera | AF206967  Soltis et al., 1999 |
l | ~ (*unpublished)
. 5. Juglans nigra . AF206943  Soltiser al, 1999
: | | _ (*unpublished)
6. Fagus grandifolia . AF206910 | Soltiseral, 1999
‘ ~ (*unpublished) !
7. . Carya glabra | AF206880  Soltis e al,, 1999

(*unpublished)
AF206886  Soltiseral., 1999 |

8. | Chrysolepis sempervirens

__(*unpublished)

9. | Cucurbita pepo AF206895 Soltis et al., 1999
: . (*unpublished)

10. | Berberidopsis corallina AF206866 i Soltis et al., 1999
‘: . (*unpublished)

11. | Stachyurus praecox AF207025 @ Soltisetal, 1999

(*unpublished) |

*Sequences submitted directly to GenBank.
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1000.0. Within the common cluster of our samples the morphotype-2 and morphotype-3
sub-cluster scored a bootstrap value of 731.0. Morella cerifera showed the closest
affinity to all the three samples scoring a bootstrap value of 970.0. The out group tree,
Berberidopsis coralline, appeared to be more closely related to Stachyurus praecox than
any other genus within the group (Fig. 4.19).

In the Parsimony tree (Fig. 4.20) a bootstrap value of 999.6 was obtained for the
cluster of all three samples. They were related closest to Morella cerifera scoring 920.9
bootstrap value. In both the neighbour joining and parsimony trees, Juglans nigra and
Carya glabra tended to remain in one cluster scoring bootstrap values of 991.0
(Neighbour Joining) and 726.2 (Parsimony). The Juglans nigra - Carya glabra cluster
being closer to Morella cerifera - our samples cluster. This clustering pattern was
similar for Fagus grandifolia - Chrysolepis sempervirens cluster scoring 942.0 bootstrap
value for Neighbour Joining tree and 941.0 bootstrap value for Parsimony tree. They
appeared more distant to our samples than the Juglans nigra - Carya glabra cluster.

To obtain a robust inference to validate our result the Maximum Likelihood
analysis (Fig. 4.21) was performed taking into consideration 1000 bootstrap using the
dnamlk.exe of the programme PHYLIP (version 3.66). The out file of this run was used
as an input data to generate the most consensus tree (CONSENSE). A bootstrap value of
954.0 was obtained for all the three samples that clustered together showing the closest
affinity to Morella cerifera scoring a bootstrap value of 507.0. Two major groups were
observed where our samples together with Morella cerifera, Carya glabra and Juglans

nigra formed one group and the rest of the species formed the other major group.
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Fig. 4.19: Neighbor Joining strict consensus tree constructed using
aligned sequences of 18S rDNA gene considering 1000
bootstrap value. The numbers at each node represents
the bootstrap value.
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Fig. 4.20: Parsimony strict consensus phylogenetic tree constructed using
aligned sequences of 18S rDNA gene considering 1000
bootstrap value. The numbers at each node represents the
bootstrap value.
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Fig. 4.21: Maximum Likelihood phylogenetic tree constructed using
aligned sequences of 18S rDNA gene considering 1000
bootstrap value. The numbers at each node represents
the bootstrap value.
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Results obtained from these dendrograms showed that all the three samples clustered
together in the Parsimony, Neighbour Joining as well as the robust Maximum
Likelihood trees. However, within the cluster, there was separation of the morphotype-1

trees with those of the morphotype-2 and the morphotype-3 trees that clustered together.

4.4.2.1. 18S rDNA sequence homology study of some tree angiosperms:

In order to draw comparisons, we retrieved 18S sequences of different species of
angiosperms from the GenBank and aligned them to analyze their sequence homology
(Table 4.7). The sequence homology of four different species of the genus Coriaria
ranged from 97% to 99% (Appendix 14). Similarly, sequence alignment between
Datisca glomerata and Datisca cannabina showed 98% homology (Appendix 15).

In a similar analysis we also aligned 18S sequences between species of different
genera to check the level of sequence homology. For this purpose the 18S sequences of
Carya glabra, Datisca cannabina, Coriaria ruscifolia, Morella cerifera and Juglans
nigra were used. The sequence homology ranged from 96% to 99% (Appendix 16).
Sequence homology between samples MYRI and MYR2 was 97%, MYR1 and MYR3
was 98% and MYR2 and MYR3 was 98%. This comparative study is suggestive of the
possibility that morphotype | and morphotype 2 trees may belong to two different

species of genus Myrica.
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TABLE 4.7: SEQUENCES OF 18S rDNA OF CORIARIA, DATISCA,
JUGLANS AND CARYA SP. USED FOR
PHYLOGENETIC ANALYSIS

I

- SL | - GENBANK |
' No. | NAME OF THE GENUS = ACCESSION REFERENCE
1 . NUMBER |
- 1. | Coriaria myrtifolia AF206891 | Soltis et al., 2003
g 2. | Coriaria nepalensis AY968394 | Zhang et al., 2006
i 3. | Coriaria ruscifolia AY968395 - Zhang et al., 2006
4. | Coriaria sarmentosa AY968396 | Zhang et al., 2006
5. | Datisca cannabina AF008952 | Swensen, S. M., 2004
6. | Datisca glomerata DGU42426 | Swensen, S. M., 1996
7. | Juglans nigra AF206943 | Soltis et al., 2003
8. | Carya glabra i AF206880 | Soltis et al., 2003
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4.5  AMPLICON RESTRICTION PATTERN (ARP)/ PCR- RESTRICTION
FRAGMENT LENGTH PROFILE (PCR-RFLP):
Two restriction enzymes, Sau96l and Mbol, produced polymorphic restriction
patterns. Restriction digestion was carried out on all the one hundred and eleven samples

with the two enzymes separately.

4.5.1 Amplicon Restriction Pattern (ARP) with Mbol:

Restriction enzyme Mbol generated different patterns for the three morphotypes
(Fig. 4.22, 423, 4.24 & 4.25). Nine different profiles, PM1, PM2, PM3, PM4, PM5,
PM6, PM7, PM8 and PM9 were obtained. Five of these profiles (PM1, PM2, PM3, PM4
and PM5) were found only for morphotype-1 trees. The profiles PM6, PM7, PM8 and
PM9 were found only for morphotype-2 and morphotype-3 trees (Table 4.8).

Six samples (NPC-1, NPC-3, NPC-4, NPC-6, NPC-7 and NPC-9) were found to
have profile PM1 (Fig. 4.26). They showed four fragments of ~700 bp, ~530 bp, ~180
bp and ~90 bp.

Profile PM2 (Fig. 4.27) corresponded to only one sample, NPC-2, where five
restriction fragments were obtained including the commonly occurring ~530 bp, ~180 bp
and ~90 bp fragments. The two additional bands corresponded to ~730 bp and ~380 bp
size along with the remnants of the undigested band of ~800 bp. This undigested band
could be because of the presence of more than one copy of the gene in the genome. In

one of the copies, the restriction site for Mbol could be absent.
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(b)

UM 30 29 28 27 26 25 24 23 2221 M

o .

(c)

Fig. 4.22 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-1 Myrica

trees (samples 1-30) with Mbol.
(M= 100 bp ladder; U= undigested DNA)
{Fig a; M= A DNA Hind 11/ EcoR1 double digest marker}
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UM 50 49 48 47 46 45 44 43 42 41 M

(b)

Fig. 4.23 (a & b): Amplicon Restriction Pattern (ARP) of morphotype-1
Mpyrica trees (Samples 31-50) with Mbol.
(M= 100 bp ladder; U=undigested DNA)
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21,000 bp
1,500 bp
947 bp

564 bp

(a)

UM 2019181716 151413 12 11 M
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Fig. 24 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2 Myrica trees
(Samples 1-30) with Mbol.
(M= 100 bp ladder; U=undigested DNA)
{Fig a; M= A DNA Hind 11I/ EcoR1 double digest marker}
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(c)

Fig. 25 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2
(samples 31-50) and morphotype-3 (Samples 51-61)
Mpyrica trees with Mbol.
(M= 100 bp ladder; U=Undigested DNA)
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Fig. 4.26: Map of sequence ME1 for profile PM1 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
(90) (267) (375) (578)
GAA(TIC GAATIC  C(QATC GAG(TIC
62| (130
GATC| GATC
— ‘l V# l . } ; 4 . : { A 4 { I {
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Fig. 4.27: Map of sequence ME1 for profile PM2 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
(90) (267)
GAA(TIC GAA(T)C
— : + : % : % '.
0 100 200 300 400 500 600 700 800

Fig. 4.28: Map of sequence ME1 for profile PM3 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
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Thirty six samples constituted the profile PM3 (Fig. 4.28) where three fragments
of sizes ~530 bp. ~180 bp and ~90 bp were obtained. These three fragments were also
common to all the other samples of NEHU campus trees in addition to additional
fragments generated.

Three samples (NPC-12, NPC-15 and NPC-18) had the profile PM4 (Fig. 4.29)
generating five restriction fragments of ~730 bp, ~530 bp, ~380 bp, ~180 bp and ~90 bp
respectively.

Samples NPC-16, NPC-19, NPC-26 and NPC-28 had the profile PM5 (Fig. 4.30)
where four fragments of ~730 bp, ~530 bp, ~180 bp and ~90 bp were observed.

Restriction digestion of morphotype-2 Myrica tree samples (NRF-1 to NRF-50)
using enzyme Mbol produced four profile patterns designated as PM6, PM7, PM8 and
PM9.

Profile PM6 (Fig. 4.31) was the most commonly occurring pattern with two
restriction fragments of ~700 bp and ~90 bp respectively. Forty six samples showed this
profile.

Profile PM7 (Fig. 4.32) was observed for only one sample, NRF-10, in which an
additional ~730 bp fragment and undigested band of ~800 bp were observed. The
undigested band could have been the result of the presence of more than one copy of the
gene in the genome of Myrica where the restriction site for this particular enzyme was
absent in one of the copies.

Two samples. NRF-14 and NRF-16 showed the profile PM8 (Fig. 4.33)

consisting of three restriction fragments of ~700 bp, ~530 bp and ~90 bp respectively.

98



(90) (267) (375)
GAA(TIC GAA(TC CGATC

Fig. 4.29: Map of sequence ME1 for profile PM4 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)

(90) (267)
GAA(TC GAA(T)C
(62)
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Fig. 4.30: Map of sequence ME1 for profile PM5 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)

O
GAC(T)C

l I\ . ! I\ ! I\ ] I} i

T T T T T 1 | 1

100 200 300 400 500 600 700 800

Fig. 4.31: Map of sequence ME2 for profile PM6 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
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Fig. 4.32: Map of sequence ME2 for profile PM7 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
9n (264)
GAC(TC GAA(T)C
(163)
GAG(T)C
— ~+ ) l — 1 —t — T —t —
0 100 200 300 400 500 600 700 800
Fig. 4.33: Map of sequence ME2 for profile PM8 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
(91) (264) (383)
GAC(T)C GAMTIC  GAA(TIC
. v . J' . vy . 1 1 - . 4
L L T LI 1 1 | T 1
0 100 200 300 400 500 600 700 800

Fig. 4.34: Map of sequence ME2 for profile PM9 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
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restriction fragments of ~700 bp, ~530 bp, ~380 bp, ~180 bp and ~90 bp were observed.

The morphotype-3 trees showed two profiles (PM6 and PM8) similar to those
observed for morphotype-2 trees. Except for sample NRF-59 which showed profile PM8
all the other ten samples (NRF-51 to NRF-58, NRF-60 and NRF-61) showed profile

PM6.

4.5.1.1 Restriction digestion analysis of sample ME1 using Mbol;

Computer simulated restriction digestion analysis of the sequence ME1 with
endonuclease Mbol using the software DS Gene (version 1.1) revealed two cutting sites
at position 62 and 130 producing three fragments of 62 bp, 78 bp and 654 bp. Fragments
of ~530 bp, ~180 bp and ~90 bp were generated on actual digestion of our samples with
Mbol. This was common to all the morphotype-1 Myrica trees (Table 4.9 in page 105).
Manual examination of the nucleotide sequences for all the three representative sample
sequences revealed a number of sites found along the whole stretch where substitution of
a single nucleotide base would have provided restriction sites for the enzyme thereby
producing the fragments which we actually saw in the gel images. The ITS being highly
variable because of its non-coding nature and high copy number, it is possible that single
base substitutions (transition/ transversion) at certain positions could have occurred
resulting in the patterns as observed in our gel images (Fig. 4.22, 423, 4.24 and 4.25 in

page 92-95).
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Based on the restriction fragment patterns generated using Mbol for trees
belonging to both the sites, nine different restriction profiles were obtained. The profiles
were designated as PM1, PM2. PM3, PM4, PM5, PM6, PM7, PM8 and PMO.

Six samples (NPC-1, NPC-3, NPC-4, NPC-6, NPC-7 and NPC-9) of profile PMI
(Fig. 4.26 in page 96) showed four restriction fragments sizes of ~700 bp, ~530 bp, ~180
bp and ~90 bp which is explained as given below:

» In the first case transversion of purine base “A” with pyrimidine base “T” at
position 90 downstream identified a restriction site which would generate 87 bp
and 697 bp fragments.

» In the second case transversion of purine base “A” with pyrimidine base “T” at
positions 90 and 242 downstream identified two restriction sites generating
fragment sizes of 87 bp, 152 bp and 545 bp.

Profile PM2 (Fig. 4.27 in page 96) corresponded to only one sample, NPC-2,
where five restriction fragments were obtained including the commonly occurring ~530
bp, ~180bp and ~90 bp fragments. The two additional bands corresponded to ~730 bp
and ~380 bp fragments along with the undigested fragments of ~800 bp. This incomplete
digestion could be because of the presence of more than one copy of the gene where the
restriction site of Mbol was absent in one of the copies resulting in the undigested
amplicon.

# In the first case the presence of a single restriction site at position 62 downstream

generated two fragments of 63 bp and 722 bp.
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» In the second case transition of purine bases “G” with “C" at position 375
downstream and transversion of purine base “G” with pyrimidine base “T" at
position 578 downstream would generate a 374 bp, 201 bp and 209 bp fragments.

» In the third case transversions of purine base “A” with pyrimidine base “T" at
position 90 downstream and purine base “A” with pyrimidine base “T” at
position 267 downstream would generate three fragments of sizes 87 bp, 177 bp
and 520 bp respectively.

Thirty six samples constituted the profile PM3 (Fig. 4.28 in page 96) where three
fragments of sizes ~530 bp, ~180 bp and ~90 bp were obtained. These three fragments
were also common to all the other samples of the NEHU campus trees in addition to
additional fragments generated.

» Transversions of purine base “A” with pyrimidine base “T” at position 90 and
purine base “A” with pyrimidine base “T” at position 267 generated three
fragments of sizes 87 bp, 177 bp and 520 bp.

Three samples (NPC-12, NPC-15 and NPC-18) constituted the profile PM4 (Fig.
4.29 in page 99) generating five restriction fragments of ~730 bp, ~530 bp, ~380 bp,
~180 bp and ~90 bp size.

» In the first case the presence of a single restriction site at position 62 downstream

generated two fragments of 63 bp and 722 bp respectively.

# In the second case transversions of purine base “A” with pyrimidine base T at

position 90 downstream and purine base “A” with pyrimidine base “T" with at



position 267 downstream would produce three fragments of 87 bp, 177 bp and
520 bp fragments respectively.

» In the third case transversion of purine base “A” with pyrimidine base “C™ at
position 375 downstream would generate two fragments of 374 bp and 410 bp
which together would have merged into the ~380 bp fragment and appeared as

one single band of ~380 bp fragment.

Samples NPC-16, NPC-19, NPC-26 and NPC-28 constituted the profile PMS5
(Fig. 4.30 in page 99) where four digestion fragments of sizes ~730 bp, ~530 bp, ~180
bp and ~90 bp were observed.

» In the first case the presence of a single restriction site at position 62 downstream
generated two fragments of 63 bp and 722 bp which may have appeared as the
~90 bp and and ~730 bp fragments respectively.

» In the second case transversions of purine base “A” with pyrimidine base “T" at
position 90 downstream and purine base “A” with pyrimidine base “T™ with at
position 267 downstream would produce three fragments of 87 bp, 177 bp and

520 bp respectively.

4.5.1.2 Restriction digestion analysis of sample ME2 using Mbol;
Restriction digestion analysis of morphotype-2 Myrica tree samples at Nongkrem
forest site (NRF-1 to NRF-50) using Mbol produced four profile patterns designated as

PM6. PM7, PM8 and PM9. Only 780 bp could be sequenced for the sample MI:2.
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TABLE 4.9: RESTRICTION FRAGMENTS OF MORPHOTYPE-1
MYRICA TREES ASSIGNED TO ITS RESPECTIVE
APPROXIMATE BAND SIZES USING MBOL.
(—=BAXND PRESENT: - -- BAND ABSENT)

~800 ~730  ~700 ~530 ~380 ~180 ~90
\PCl - - - = - - -
NPC2 - - - - - - -
NPC3 - - - + - - B
NPC4 - - - - - - ~
NPCS - - - ~ - - B
NPC6 - - + - + B
NPC7 - - - + - B B
NPC$ - - - B - - +
NPC9 - - = + - + +
NPCI10 - - - + - - +
NPCl1 - I + - + +
NPCI2 - + L - + + - +
NPCI13 - - - + - - +
NPC14 - - - - - - B
NPC15 - : + . ¥ ¥ - P
NPC16 - + - + - + =
NPC17 - - + - < +
NPCI8 - B - + + - +
NPC19 - - A " - - —
NPC20 - - I + - - =z
NPC21 - - - n ) n n
NPC22 - - I + - ~ -
NPC23 - - L + - + +
NP(C24 - e + - + .
NPC25 - - T + ; + -
NPC26 - + 3 + : ¥ =
NPC27 - ? - I + - + -
NPC28 - - f ¥ ) = PR
NPC29 - ; . n - n PR
NPC30 - - L - + - - 5
NPC31 - - - + R = +
NPC32 - ; ; n 3 n "
NPC33 - - - + - + +
NPC34 - - - + - = +
NPC35 - - - + - = +
NPC36 - - + - - +
NPC37 - - - + ; - +
NPC38 - . + ; - +
NPC39 - - - + ; - T
NPC40 - - - + ; = =
NPC41 - - - + ; - -
NPC42 - - + - - +
NPC43 - - - + - - +
NPC44 - - + - - -
NPC45 - - - - - ~
NPC46 - - - B - B B
NPC47 - - - - B =
NPC48 - - B - -
NPC49 - - i - -
\PC50 - - = N -
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TABLE 4.10: RESTRICTION FRAGMENTS OF MORPHOTYPE-2
MYRICA TREES ASSIGNED TO ITS RESPECTIVE
APPROXIMATE BAND SIZES USING MBOL.

(+ = BAND PRESENT; - = BAND ABSENT)

~800 _ ~730 <700 _ _~530 380 | ~180 ~90

NRF1 - - - ——1—. 2
\RF2 R - e R e
VRF:; - i - + - ) - 1 . ;——‘
NRF4 - T B AR =

" NRF5___ T . - - - E

" NRF6_ - e - 3

| NRF7 - f - - : N : . - 1 -

| _NRF8 - : R R .
NRF9 - ; R : .
NRF10 - - S T -
NRF1I_ | - - T T - -
NRFI12 | - 3 T — - -
NRF13 IT - U A - - o
NRF14 - ) T S — -

lf NRFI5 j“‘_‘ﬂ e
NRF16 | - | - T T

| NRF17_ | - T R e -

| NRFIS8 S s T .
NRF19 - T —— -
NRF20 - SR S — - .

E NRF21 - : - ' + _ i - : - "

| NRF22 - T — -

. NRF3_ | - | o T -

U NRPA | - - " T . -

| NRF2S | - | - F T - -
NRF26 | - R R -
NRF27 R R R -
NRF28 - S S S TR :
NRF29 - R -
NRF30 - T —
NRF31 - I S B — -
NRF32 | - . J I N T N - -
NRF33 | N - ! - - -
NRF34 | - ; A T - S
NRF35 | - - 3 R B S e
NRF36 - - & — : *

. NRF37 - T -

| _NRF38 | - P - T
NRF39 . - P S - : T

NRF40 | -

-+

NRF4L | - - "

[{

| NRF42 = - e T - R

| NRF43 T s e

| NRF44 - R S - e

|__NRF45 - B PR A - :

| NRF46 T T T - - e .

.~ NRF47 - " - - -
NRF48 - " T - B

_ NRF49 - = . - e

TNRFSO - T T D T e
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TABLE 4.11: RESTRICTION FRAGMENTS OF MORPHOTYPE-3
MYRICA TREES ASSIGNED TO ITS RESPECTIVE
APPROXIMATE BAND SIZES USING MBOL.

(- = BAND PRESENT; - = BAND ABSENT)

1

~800 ~730 ~700 ~530 ~380 ~180  ~90
NRF51 - - - _

NRF52 - - ] - - - T

NRF53

NRF54

NRF55 |

N\RF56

NRF57

NRF358

NRF59

NRF60

e R AR
R R N RS R N R Ea !

NRF61 ¢ - ‘r
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Computer simulated restriction digestion analysis of the sequence ME2 with Mbol using
the software DS Gene (version 1.1) revealed two restriction sites at position 59 and 127
generating three fragments of 59 bp, 68 bp and 653 bp respectively. Agarose gel images
from our experiment with the same enzyme revealed two common bands of ~700 bp and
~90 bp fragments in all the samples. However, some samples showed additional
fragments in addition to these three common bands (Table 4.10 in page 106).

Profile PM6 (Fig. 4.31 in page 99) was the most commonly occurring pattern
with two restriction fragments of ~700 bp and ~90 bp. Forty six samples constituted this
profile. Fragments normally ranging from 100 bp to 20 kbp are resolved with 1%
agarose gel electrophoresis. Assuming that there was transition at position 91 where base
“C” got replaced with “T”. This would generate two fragments of sizes 88 bp and 692 bp
respectively.

Profile PM7 (Fig. 4.32 in page 100) was shown by only one sample, NRF-10.
The undigested band could have been the result of the presence of more than one copy
of the gene where the restriction site for this particular enzyme was absent in one of the
copies. The presence of additional fragments may be explained as given below;

Assuming that transversion occurred at position 24 where the pyrimidine base

“(G” was replaced by “A” three fragments of sizes 22 bp, 37 bp and 721 bp were

generated. In this case the 721 bp fragment may have appeared as the ~730 bp

band whereas the two smaller fragments of 22 bp and 37 bp may not have been

resolved due to their small sizes.
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» Assuming that there was transition at position 91 in which pyrimidine base “C”
got replaced with “T". This would have generated two fragments of sizes 88 bp
and 692 bp respectively.

Two samples, NRF-14 and NRF-16 constituted the profile PM8 (Fig. 4.33 in
page 100) consisting of three restriction fragments of ~700 bp, ~530 bp and ~90 bp.

» In the first case a transition of “C” with “T” at position 91 would generate two
fragments of sizes 88 bp and 692 bp respectively.

» In the second case transition of “C” with “T” at position 91, transversion of “G”
with “T” at position 163 and transversion of “A” with “T” at position 264 in one
of the copies of the gene would produce four fragments of nucleotide sizes 89 bp,
72 bp, 101 bp and 519 bp. The 89 bp, 72 bp, 101 bp fragments may have merged
together and appeared as the ~90 bp fragment and the 519 bp fragment may have
appeared as the ~530 bp band.

Profile PM9 (Fig. 4.34 in page 100) constituted only one sample, NRF-24, where
five restriction fragments of ~700 bp, ~530 bp, ~380 bp , ~180 bp and ~90 bp were
observed.

» In the first case transition of “C™ with “T” at position 91 would generate two
fragments of 88 bp and 692 bp respectively.

» In the second case transition of “C™ with “T” at position 91 and transversion of

“A” with “T” at position 264 would generate three fragments of sizes 88 bp. 173

bp and 519 bp respectively.
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» In the third case a single transversion of “A™ with “T” at position 383 would
produce two fragments of sizes 380 bp and 400 bp which may merge to appear as

the ~380 bp band.

4.5.1.3 Restriction digestion analysis of sample ME3 using Mbol;;

Computer simulated restriction digestion analysis of sequenced sample ME3
representing the morphotype-3 trees at Nongkrem forest showed two similar profiles
(PM6 & PMS8) as observed in ME2. Except for sample NRF-59 which showed profile
PM8 all the other 10 samples (NRF-51 to NRF-58, NRF-60 and NRF-61) showed
profile PM6 (Table 4.11 in page 107).

Profile PM6 (Fig. 4.35) consisted of two restriction fragments of sizes ~90 bp
and ~700 bp.

» Transition of “C” with “T” at position 90 would generate two fragments of sizes

87 bp and 703 bp respectively.

Sample NRF-59 constituted the profile PM8 (Fig. 4.36) in which three fragments
of ~700 bp, ~530 bp and ~90 bp were observed.

» In the first case transition of “C” with “T” at position 90 would generate two
fragments of 87 bp and 703 bp respectively.

> In the second case presence of a restriction site at position 126 and transversion
of “A” with “T™ at position 238 would generate three fragments of size 126 bp,

109 bp and 555 bp. The 126 bp and 109 bp fragments may merge together into

~90 bp fragment.
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(90)
GAC(THYC

e i % — % % i
100 200 300 400 500 600 700 800
Fig. 4.35: Map of sequence ME3 for profile PM6 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)
(90) (238)
GAC(T)C GAA(TIC
(126)
GATC
1 l . l . L L . L | . ! ! |
T 1 L T 1 1 1 1
100 200 300 400 500 600 700 800

Fig. 4.36: Map of sequence ME3 for profile PM8 showing the possible
alternate restriction sites using Mbol. (Distances not to scale)

111



4.5.2 Amplicon Restriction Patterns (ARPs) with Sau961:

| Restriction enzyme Sau961 obtained from the bacterium Staphylococcus aureus
is a five base cutter that cuts the site “GGnCC™ slicing between the two purine bases G
and G. Altogether seven different profiles were generated when this enzyme was used to
digest the amplicons of the sample trees studied. Interestingly, amplicons of
morphotype-1 trees at NEHU campus did not undergo complete digestion in all the
samples showing incompletely digested bands even where digested fragments were
visible (Fig. 4.37, 4.38, 4.39 & 4.40). This could be because of the heterozygous
condition or presence of more than one copy where the restriction site for the enzyme
Sau96] was absent in one of the copies.

Based on the restriction fragments obtained from the restriction digestion of all
the samples using Sau96l, seven different profiles were detected namely, PS0, PS1, PS2,
PS3, PS4, PS5 and PS6 (Table 4.12). Restriction fragment patterns generated produced
profiles which were morphotype specific. Profiles PS1 and PSO were confined to
morphotype-1 trees. The other profiles PS2, PS3, PS4, PS5 and PS6 were found only for
morphotype-2 and morphotype-3 trees. Based on the morphotype specificity of the
restriction digestion fragment profiles, we could differentiate between mprphotype-l
trees at NEHU campus from the morphotype-2 and morphotype-3 trees at Nongkrem
forest. However, no marked polymorphism in the restriction banding pattern between the

sequenced samples ME2 and ME3 of Nongkrem forest was observed.
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Fig. 4.37 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-1
Mpyrica trees (Samples 1-30) using Sau961.
(Fig. b &c; M= 100 bp ladder; U= Undigested DNA)
{Fig a; M= A DNA Hind I1l/ EcoR1 double digest marker}
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Fig. 4.38 (a&b): Amplicon Restriction Pattern (ARP) of morphotype-1
Mpyrica trees (Samples 31-50) using Sau961.
(M= 100 bp ladder; U= Undigested DNA)
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Fig. 4.39 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2
Myrica trees (Samples 1-30) using Sau961.
(M= 100 bp ladder; U= Undigested DNA)
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Fig. 4.40 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2
(Samples 31-50) and morphotype-3 (Samples 51-61)
Mpyrica trees using Sau961.
(M= 100 bp ladder; U= Undigested DNA)
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4.5.2.1 Restriction digestion analysis of sample ME1 using Sau961;

The sequence ME1 was a representative sequence for the morphotype-1 Myrica
trees belonging to NEHU permanent campus. Computer simulated restriction digestion
analysis of the sequence ME1 with Sau961 using the software DS Gene (version 1.1)
failed to locate even one restriction site in the whole stretch of the sequence. However,
manual check of the sequence base by base revealed a number of sites where the
substitution of one nucleotide base could have produced restriction sites for the enzyme.
Agarose gel electrophoresis of samples NPC-1 to NPC-50 revealed that restriction
fragments could not be obtained in five samples (NPC-5, NPC-6, NPC-8, NPC-9 and
NPC-10). Other san'lples showed similar restriction fragment pattern revealing two
bands of sizes ~600 bp and ~200 bp. The undigested ~800 bp band was always found
even where digested bands were seen (Table 4.13). Assuming that transition of “A” to
“G" took place at position 606 (Fig. 4.41). This could create a restriction site for the
enzyme Sau96l generating two restriction fragments of sizes 606 bp and 178 bp.
Therefore, two restriction profiles were detected. The profile PS1 included samples
where ~800 bp, ~600 bp and ~200 bp fragments were present. Profile PSO included

samples where no digestion was detected.

4.5.2.2 Restriction digestion analysis of sample ME2 using Sau961;
Sequenced sample ME2 was the representative for the morphotype-2 Myrica
trees (NRF-1 to NRF-50) at Nongkrem forest. Computer simulated restriction digestion

analysis of the sequence ME2 with the restriction enzyme S«u961 using the software DS
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Gene (version 1.1) identified two restriction sites at positions 183 and 289 (Fig. 4.42)
generating three restriction fragments of sizes 183 bp. 106 bp and 491 bp (Table 4.14).

Four different profiles namely PS2, PS3, PS4 and PS5 were obtained when we
performed restriction digestion of the amplicons of sample trees (NRF-1 to NRF-50) at
Nongkrem forest. Thirty two samples constituted Profile PS2 where three restriction
fragments of sizes ~510 bp, ~210 bp and ~110 bp were generated. Detection of
restriction sites at position 183 and 289 generated three fragments of 183 bp, 106 bp and
491 bp which may have appeared as ~200 bp, ~100 bp and ~500 bp bands respectively
in the agarose gel images. Since the resolving power of agarose gels is limited, it is
likely that bands of almost similar sizes separated by nucleotide bases less than ~30 bp
may have appeared as one single band.

Profile PS3 consisted of ten samples where five restriction fragments, ~600 bp,
~500 bp, ~310 bp, ~200 bp and ~100 bp were detected along with the incompletely
digested ~800 bp band. The fragments ~500 bp, ~200 bp and ~100 bp were obtained as
was discussed above for profile PS3. As for the other two bands, we assumed that if one
of the copies of the gene had a single restriction site at position 183 then two fragments
of sizes 183 bp and 598 bp would be produced. The other copy had a single restriction
site at position 289 that generated two fragments of sizes 289 bp and 491 bp.

Samples NRF-21, NRF-24, NRF-42, NRF-43, NRF-49 and NRF-50 constituted
the profile PS4 in which four restriction fragments of sizes ~500 bp, ~310 bp, ~200 bp
and ~100 bp were obtained. The fragments ~500 bp, ~200 bp and ~100 bp corresponded

to the restriction sites at position 183 and 289 that generated restriction fragments of
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TABLE 4.13: RESTRICTION FRAGMENTS OF MORPHOTYPE-1
MYRICA TREES ASSIGNED TO I'TS RESPECTIVE
APPROXIMATE BAND SIZES USING S4U96I.

(-~ BAND PRESENT; - = BAND ABSENT)

__ _ 800 600 500 _ ~310  ~200  ~100
NPC1 - - ‘ - e

N - R
T NPC3 R . - R
NPC4 N N ) e o

NPCIO | - } - - 7 - -
NPCI1 | - ‘

NPCI2 +
NPCI3 -
NPC14 -
NPCI5 =
NPCl6 . -
I NPC17 | -
NPCI8 -
NPC19 -
NPC20 . B
NPC21 | +
NPC22 +
NPC23 + ‘ ‘ ‘ ‘
NPC24 | + ; 1 - 1 - - -
NPC25 - - | - - | ~ -
NPC26 .+ I - !
NPC27 n ‘ ¥ ‘ - ! - | - : -
NPC28 + ' - ; - - - ]
NPC29 + + - - B 1 -
NPC30 + + K
NPC31 . + ‘ + - | - + : -
NPC32 - ' ¥ - - N .
NPC33 + : n . - = -
NPC34 - n ‘ - - n N
NPC35 - ‘ + ' - - - -

R
.
ll
i
.

e N R R
1
.
t
.

}

NPC36 + - ‘ - - R
NPC37 - - 1 - - | SO
NPC38 - . + ‘ - i - Tt
NPC39 - + - ‘ - T
NPC40 - o - - T -

| NPC4l - S S - SRR
| NPC42 - - S B L

_NPCH3 - e B
NPC44 T - - : - | - : R
NPC45 R S

CONPCi6 - - - )

LNPC4T =T - - .

CONPCHS - e e

_NPCAY - e -

NPCSO - R -
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TABLE 4.14: RESTRICTION FRAGMENTS OF MORPHOTYPE-2
MYRICA TREES ASSIGNED TO ITS RESPECTIVE
APPROXIMATE BAND SIZES USING S4U961.

(- BAND PRESENT: - = BAND ABSENT)

B0 ~600  _ ~500 _ -310 ___~200 ___ ~100_
O NRFL_ - e T
NRF2 - B - -
NPC3 - Tt
. NRF4_ - R
NRF5 | - - - - - -
NRF6 i - o - : - - ' - -
NRF7 | - - . R - =
| NRF8 | - - ~ - - -
{___NRF9 - - ‘ + - - + !
~_ NRF10_ ! - - = - _ - , +
" NRFII . - _ g " - ‘ — i - ]
. NRFI2 @ = = + e e e e
| NRFI13 | ~ - - = s P '
. NRFI4 | + + + - - -
| NRF15 |+ - - + -

+ i |
NRF16 | = + R
NRF17 | = » + L+ - = N |
NRF18 + + + : - ! - 1 N
NRF19 R - N
NRE20 s = :
NRF21 I , 3
NRF22 | - ‘ - I : - ' - ! + !
| NRF23 - ‘ - ; - N
| NRF24 - ‘ - = - - =
| NRF25 - - I - T
| NRF26 | - - i + - -
| NRF27 | - - e - N B
NRF28 | - * - T 3 — <

|
r
[
[

i
|
t
|
4

] ﬁ’

i ! |
NRF29 | - ; . : + i I + ;
. NRF30 - | - - - ! - i - j
. NRF31 = i - n - ‘ R N
| NRF32 + ! - I - - | - 1
" NRF33 - - e ‘ - T <
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. NRF35 - - sy ; N
__NRF36 | - - ‘ - e | -
. NRF37 - - : 5 S D
NRF38 | - - e e e
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TABLE 4.15: RESTRICTION FRAGMENTS OF MORPHOTYPE-3
MYRICA TREES ASSIGNED TO ITS RESPECTIVE

APPROXIMATE BAND SIZES USING S4U961.
(== BAND PRESENT; - = BAND ABSENT)

~310

~200

~100

NRF 51

~800 ~600 ~__~500

+

+

NRF 52

NPC 53

i

NRF 54

NRF 55

NRF 56

NRF 57

| NRF 58

T NRF59

NRF60

LI I A S I T B S S I

I R o T R S S ST R

T NRF 61

o 1 o I S U S IS I I N0 R A o I B 4
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Fig. 4.41: Map of sequence MEI for profile PS1 showing the possible
alternate restriction site using Sau96l. (Distances not to scale)
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Fig. 4.42: Map of sequence ME2 for profile PS3, PS4, PS5 and PS6
showing the restriction sites using Sau961. (Distances not to scale)
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Fig. 4.43: Map of sequence ME3 for profile PS3, PS4, PS5, PS6 and PS7
showing the restriction sites using Sau961. (Distances not to scale)



sizes 491 bp, 183 bp and 106 bp. Presence of a restriction site at position 289 generated
two fragments of sizes 289 bp and 491 bp which may have appeared as the ~310 bp and
~500 bp bands respectively.

Profile PS5 consisted of sample NRF-31 and NRF-32 in which an incompletely
digested amplicon of ~800 bp band along with digested fragments of sizes ~500 bp,
~200 bp and ~100 bp were detected. The three digested fragments were obtained as a
result of the restriction sites available at positions 183 and 289 respectively. The
undigested band may have occurred because of the presence of more than one copy in
the genome of the plant such that restriction sites for the enzyme Sau961 were absent in

one of the copies.

4.5.2.3 Restriction digestion analysis of sequence of ME3 using Sau961;

Sequence ME3 was the representative for samples NRF-51 to NRF-61 belonging
to morphotype-3. Even though the sample size was small with only eleven trees selected
we observed five different profile types within this group. These profiles were PS2, PS3,
PS4, PSS and PS6. Profile PS2 consisted of samples NRF-52, NRF-53, NRF-54, NRF-
57, NRF-58 and NRF-60. Only one sample, NRF-59, constituted the profile PS3.
Samples NRF-51 and NRF-55 constituted the profile PS4 and sample NRF-61
constituted profile PS5. These profiles (PS2, PS3, PS4 and PS5) exhibited the same
banding patterns as those of the morphotype-2 trees (NRF-1 to NRF-50). Sample NRF-

56 was the only sample which constituted the profile PS6.
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Computer generated restriction digestion analysis of sequenced sample ME3
with Sau961 using the software DS Gene (version 1.1) identified two restriction sites at
positions 182 and 288 (Fig. 4.43 in page 123) that generated three restriction fragments
of 182 bp, 106 bp and 502 bp respectively (Table 4.15 in page 122). Profile PS3
consisted of five bands (~600 bp, ~500 bp, ~310 bp, ~200 bp and ~100 bp) in addition to
the undigested ~800 bp band. Considering that one of the copies of the gene had a single
restriction site at position 182 then two restriction fragments of 182 bp and 608 bp
respectively will be obtained. Similarly, considering that there was a single restriction
site at position 288 in one of the copies of the gene then this would generate two
restriction fragments of 288 bp and 502 bp which appear as the ~310 bp and ~500 bp
bands respectively. Incomplete digestion of the sample amplicon or the absence of
restriction sites in one of the copies may have produced the ~800 bp band as observed in
the agarose gels.

Four restriction fragments of ~500 bp, ~310 bp, ~200 bp and ~100 bp were
obtained for profile PS4. Assuming that there was only one restriction site in one of the
copies at position 288, two fragments of 288 bp and 502 bp would be generated which
may have appeared as the ~310 bp and ~500 bp band respectively.

Profile PS5 consisted of one sample (NRF-61) where four bands of ~500 bp,
~200 bp, ~100 bp and the undigested ~800 bp were present.

Profile PS6 showed digestion pattern unique to one sample only. Restriction
digestion of this sample (NRF-56) produced five restriction fragments of ~600 bp. ~500

bp. ~310 bp, ~200 bp and ~100 bp. The fragments ~500 bp, ~200 bp and ~100 bp are



produced as is discussed for profile PS3. We assumed that presence of a single
restriction site at position 182 in one of the copies of the gene would produce two
restriction fragments of sizes 182 bp and 608 bp that may have appeared as the ~200 bp
and ~600 bp bands respectively. Similarly, considering that a single restriction site was
present at position 288 in one of the copies. two restriction fragments of 288 bp and 502
bp would be generated which may have appeared as the ~310 bp and ~500 bp bands
respectively.

Restriction patterns of the 18S-28S rDNA ITS region using Mbol for the
morphotype-1 trees were different from the patterns for the morphotype-2 and
morphotype-3 trees. Restriction pattern generated for the morphotype-3 trees showed
basically similar pattern with those of the morphotype-2 trees. The same was observed
when the different morphotype samples were digested using the endonuclease enzyme
Sau961. Morphotype-1 samples generated similar restriction patterns. However, the
restriction patterns generated for the morphotype-2 trees were different from that of
morphotype-1 trees. Restriction patterns generated for the morphotype-3 trees were
basically the same as obtained for the morphotype-2 trees. Manual checking of the
representative ITS sequences of all the three morphotypes base by base identified a
number of sites along the stretch of the sequence where the occurrence of a single base
substitution (transversion/ transition) could generate the restriction sites for the

respective enzymes.
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4.6 CLUSTER ANALYSIS:

Cluster dendrogram obtained from the ARP profiles using the enzyme Mbol
showed two major clusters, 1 and I (Fig. 4.44). Samples 1-50 representing the
morphotype-1 Myrica trees constituted the group | major cluster. Within the cluster I,
there were six sub-clusters (I-A, I-B, I-C, I-D, I-E and I-F). Interestingly, the sub-cluster
[-B consisted of a lone sample 74 (Sample NRF-24 in Table 4.10) which happened to be
a representative of the morphotype-2 trees. Apart from this, no other representatives of
the morphotype-2 or morphotype-3 trees existed in the major group I cluster. This sub-
cluster [-B appeared to be closest to the sub-cluster I-A than any other sub-cluster within
the major cluster I group. It was observed that sample 74 exhibited a unique banding
pattern (profile PM9) when digested with the endonuclease enzyme Mbol producing five
restriction fragments of ~700 bp, ~530 bp, ~380 bp, ~180 bp and ~90 bp. This banding
pattern appeared very close to the banding pattern of profile PM1 where four restriction
fragments of ~700 bp, ~530 bp, ~180 bp and ~90 bp were observed. The presence of the
additional ~380 bp fragment in the profile PM9 could have been because of the possible
occurrence of mutation at position 383 where a transversion took place in which a purine
base “A” was replaced with a pyrimidine base “T”.

In the group 1l major cluster four sub-clusters were obtained designated as I1-A,
1I-B, 1I-C and lI-D which exclusively clustered the morphotype-2 and morphotype-3
trees only. Sample 51-100 represented the morphotype-2 trees (NRF-1 to NRF-50) and
sample 101-111 represented the morphotype-3 trees (NRF-51 to NRF-61). Sub-cluster

I1-A represented most of the trees which included both the morphotype-2 and
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morphotype-3 trees indicating that the trees under this sub-cluster shared one restriction
profile. Sub-cluster 1I-B represented a lone sample, 109 (Sample NRF-59 in Table 4.15)
of the morphotype-3 tree whereas sub-cluster II-C represented samples 64 and 66
(Sample NRF-24 and NRF-26 in Table 4.4 and Table 4.6 respectively) of the
morphotype-2 trees. Sub-cluster [1-D had a lone representative sample 60 (Sample NRF-
10 in Table 4.14) of the morphotype-2 tree.

Cluster analysis of the Sau961 ARP profiles also revealed two major cluster
groups, I and II (Fig. 4.45). All the morphotype-1 trees clustered together in the major
cluster group 1 which was further divided into two sub-clusters, I-A and 1-B. The other
major cluster group-1I consisted of six sub-clusters designated as II-A, 1I-B, 1I-C, 1I-D,
II-E and II-F. All the morphotype-2 and morphotype-3 trees clustered in this major
cluster group Il in mixed occurrence in the different sub-clusters. Morphotype-1 trees

stood away from the morphotype-2 and morphotype-3 trees.

4.7  DISCUSSION

The Neighbour Joining, Parsimony and Maximum Likelihood phylogenetic trees
for the variable ITS region showed that our samples always clustered together within a
common cluster. However, when we considered the clustering pattern within our
samples, ME2 (morphotype-2) and ME3 (morphotype-3) appeared to be closer to each
other than the sample ME1 (morphotype-1). The clustering patterns in Neighbour
Joining and Maximum Likelihood phylogenetic trees obtained for the variable ITS

region as well the conserved 18S ribosomal DNA showed almost similar pattern. ME1



definitely seemed to deviate from ME2: ME3 cluster within our common sample cluster.
Even at the level of the sequence alignment, sample ME2 and ME3 showed high degree
(97%) of sequence homology whereas sequence homology between ME] and ME2 was
93% and between MEI and ME3 the sequence homology was 95%. Results obtained
from analyses with several ITS sequences of some angiosperm trees also revealed that
the sequence homology between species belonging to the same genus was relatively
high where the percentage values ranged from 93% to 100%. However, marked
divergence in the ITS sequence homology was observed when sequences of species
belonging to different genera were aligned where homology as low as 65% was
observed. Our hypothesis is that when sequence homology as low as 93% (7%
divergence) exists between different species of a genus then the morphotype-1 Myrica
trees, which shared sequence homology of 93% (7% divergence) with the morphotype-2
may also be considered as a separate species. This proposal is also supported by the
morphological differences existing between these two morphotypes. Similar study was
conducted by Huguet er al. (2005) in which they proposed Morella cerifera of Jamaican
origin to be treated as a separate species from the USA origin based on the sequence
divergence of the ITS region in which sequence divergence of 0.4% was observed
between these two geographically isolated species that led to the suggestion that the
present Jamaican origin may have sufficiently diverged. ITS divergence values between
morphologically distinct species are sometimes less than 1% (Hershkovitz et al.. 1999).
Even within closely related species there are cases where the I'TS divergence is too little

to resolve relationships with high statistical confidence (Baldwin ef al., 1995: Baldwin



and Markos, 1998). In the present study, intraspecific ITS sequence homology tests
revealed 99 to 100% sequence homology between same species that were geographically
isolated. This indicated that sequence divergence between plants of the same species
even if geographically separated was just 0-1%. However, interspecific ITS divergences
within a genus can be highly variable ranging between 0 to 30 % (Susanna et al., 1995;
Moller and Cronk, 1997; Pridgeon et al., 1997). Congruently, phylogenetic trees
obtained using the 18S gene sequence revealed that the morphotype-1 (MYRI1),
morphotype-2 (MYR2) and morphotype-3 (MYR3) formed a common cluster in the
Neighbour Joining, Parsimony as well as the Maximum Likelihood tests. However,
considering within the common cluster of our samples the morphotype-2 and
morphotype-3 formed one cluster away from the morphotype-1 as revealed from the
Neighbour Joining and the Maximum Likelihood trees. A shift in clustering pattern was
observed in the Parsimony tree in which the morphotype-1 and morphotype-3 formed a
common cluster, whereas, the morphotype-2 was separated. However, this common
cluster between the morphotype-1 (MYRI) and morphotype-3 (MYR3) was not
supported by a very high bootstrap value (610.8). Sequence alignment showed that the
homology between the between MYR1 and MYR2 was 97%. Even in this case the
morphotype-1 showed closer sequence homology to morphotype-3 (98%) than to
morphotype-2 (97%) tree. Results obtained from the sequence homology tests as well as
from the different phylogenetic trees seemed to indicate that the morphotype-1 Myrica
trees may be a distinct species from the morphotype-2 and morphotype-3 Myrica trees.

This was also supported by the cluster dendrograms obtained using the ARP profiles



with the restriction endonuclease enzymes Mbol and Sau961 where all the morphotype-1
Myrica trees clustered in the major cluster group-I whereas the morphotype-2 and
morphotype-3 Myrica trees clustered in the major cluster group-Il. This is noteworthy
because the cluster dendrogram clearly differentiated between the morphotype-1 Myrica
trees from the other two morphotype trees. This was further supported by the results of
the 5.8S rDNA gene secondary structure. Secondary structure of the morphotype-1
differed from the morphotype-2 and morphotype-3 Myrica trees in the secondary folding
of 5.8S rRNA. The morphotype-2 and morphotype-3 secondary structure showed
similarity in folding structure. This result further supports our claim that the
morphotype-1 may be different from the morphotype-2 and morphotype-3 Myrica trees.
Therefore, based on the results obtained from the phylogenetic tree analysis,
sequence alignment tests, 5.8S rRNA secondary structures and also from the ARP
cluster dendrograms it may be proposed that the morphotype-1 trees which are referred
to as Myrica nagi by some authors may retain this nomenclature. Whereas, the
morphotype-2 trees preferably known as Myrica esculenta may also be proposed to
retain this nomenclature. The morphotype-3 tree could be a hybrid of the morphotype-1
and morphotype-2 trees. This is observed from the sequence alignment test of our
samples for both the ITS as well as the 18S gene in which the morphotype-1 aligned
closer to morphotype-3 (95% and 98% for the ITS and 18S gene respectively) than to
morphotype-2 (93% and 97% for the ITS and 18S gene respectively). This is also
evident from the ITS parsimony tree where a common cluster (ME1:ME2:ME3)

supported by a high bootstrap value 964.9 replicates was obtained. Similarly. the 18S



parsimony tree showed a clustering pattern in which MYR1 (morphotype-1) and MYR3
(morphotype-3) formed a common cluster supported by a bootstrap value of 610.8
replicates within our samples in which MYR2 (morphotype-2) was separated. It may be
hypothesized that a common progenitor may have existed during the early times which
diverged into the morphotype-1 and the morphotype-3 Myrica trees. In due course of
time the morphotype-1 may have diverged farther away from the morphotype-3 trees.
The morphotype-2 Myrica trees may have emerged from the morphotype-3 Myrica trees
as a result of selection pressure by man for commercial as well as its aesthetic value for
its bigger fruit size over the average sized fruit of the morphotype-3 Myrica trees.
Another hypothesis may also be considered as regards to the existence of the different
morphotype Myrica trees where a cross between the morphotype-1 and the ﬁlorphotype-
2 Mpyrica tree may have given rise to the F1 progeny. The morphotype-1 Myrica trees
may have sufficiently diverged away from the morphotype-2 trees. The F1 bprogeny may
have back crossed with the morphotype-2 parent to give rise to the morphotype-3
Mpyrica tree. As such, the morphotype-3 Myrica trees may be considered as hybrid of the
morphotype-1 and morphotype-2 Myrica trees or it may be considered as a variant of the
morphotype-2 Myrica trees.

Therefore, it may be erroneous to consider Myrica nagi and Myrica esculenta as
synonyms. We propose that these two different species of Myrica are found in

Meghalaya.



IL. MOLECULAR MARKER DEVELOPMENT BASED ON THE ARP

PROFILES AND THE ARA VALUES

The ARP profile of each tree was related with its respective Acetylene Reduction
Assay (ARA) value in order to look for profiles which would serve as molecular
markers for screening out trees belonging to high or low nitrogenase activity. Since the
activity of the nitrogenase enzyme of the actinomycete Frankia is dependent on the
available nitrogen in the surrounding soil environment, estimation of the soil nitrogen
content of ten soil samples from each site was also performed in order to draw an

~ inference on the nitrogenase activity and the soil nitrogen availability.

4.8  SOIL NITROGEN ANALYSIS:

The Kjeldahl method of nitrogen estimation was used to determine the nitrogen
content of the soil collected from within 1 metre periphery of some selected trees from
both the sites. Procedure of nitrogen estimation is discussed in section 3.6 of chapter 3.

Soil nitrogen content in Nongkrem forest recorded a higher value than those
collected from NEHU campus (Table 4.16 and 4.17). The soil nitrogen at NEHU
permaneﬁt campus, where the morphotype-1 trees predominate, ranged from 0.045 % to
0.496 %. At the Nongkrem forest site, where the morphotype-2 and morphotype-3 trees
predominate, the soil nitrogen percentage ranged from 0.408 % to 1.036 %. Values

obtained from our analysis showed that the soil at NEHU campus exhibited lower



TABLE 4.16: SOIL NITROGEN PERCENTAGE OF TEN
REPRESENTATIVE SAMPLES AT NEHU

PERMANENT CAMPUS SITE

NEHU PERMANENT CAMPUS

MEAN NITROGEN ~ MEAN
'No.| TITRANT | PERCENTAGE |, PERCENTAGE
___VALUES | |
1 5.66+0.384 0.258
2 | 226+0.033 0.088
— —
30 34610120 0.148 |
4 236:0.066 | 0.093 ;
| .l |
5 1 1.40£0.057 | 0.045 !
| | 0.178 |
6 | 3.63+0.696 | 0.156 |
I ! i
7 | 1.70£0.208 | 0.060 ;
; | i
8 | 6100011 0.280 |
9 3.66+0.088 | 0.158 |
(10104320240 0.496 |




TABLE 4.17: SOIL NITROGEN PERCENTAGE OF TEN

REPRESENTATIVE SAMPLES AT
NONGKREM FOREST SITE

NONGKREM FOREST
SI. MEAN | NITROGEN | MEAN
No.  TITRANT PERCENTAGE = PERCENTAGE
VALUES |
1 19520300 | 0.950
| i
2 163320606 0.791 |
3 12.3320.145 0591
4 9.36-0.233 0.443
5 | 10.76-0.033 0513 ]
| 0.628
6 10.66=0.008 0.508
7 212320674 1.036
8 9.83-0.384 0.466
9 | 12.1620.959 0.583
10| 8.66=0.440 0.408
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nitrogen content as compared to that of Nongkrem forest soil. Morphotype-1 trees of
Myrica at NEHU campus were found growing with the major population inhabited by
pine trees where the occurrence of other species of trees was sparse. Whereas, dense
population of morphotype-2 Myrica trees (also morphotype-3 trees) along other
angiosperms apart from pine trees prevailed in Nongkrem forest. Apart from the
contribution of nitrogen by the nitrogen fixing Frankia present in the nodules, a major
chunk of nitrogen in soil comes from dead plants and other organic matter where release
of nitrogen and other associated organic compounds upon degradation is a natural
occurrence. Nitrogen content of soil measured in percent collected at both the sites are
represented graphically in Fig. 4.46 and Fig. 4.47.

In order to check whether these mean values obtained were significant or not,
students’ t-test was performed. The t-test value at 18 degrees of freedom was calculated
at 5.625 as against the table value which showed 2.101 at 5% level of significance (p =
0.05) and 2.878 at 1% level of significance (p = 0.01). The difference was therefore
considered statistically significant since the calculated value of ‘t" was more than the

table value at both 1% and 5% levels of significance.

49  ESTIMATION OF NITROGENASE ACTIVITY USING ACETYLENE
REDUCTION ASSAY:

4.9.1 Collection of nodules:
Estimation of nitrogenase activity was performed on nodules from all the sample

trees collected from both the sites following the protocol of Stewart er al. (1968).
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Procedure for estimaton of nitrogenase activity is discussed in section 3.5 of chapter 3.
Care was taken to select only the healthy nodules in order to avoid problems that

degenerating nodules would pose in the actual estimation of the nitrogenase activity.

4.9.2 Acetylene Reduction Assay (ARA):

The average nitrogenase activity for morphotype-1 trees (NPC:1 to NPC:50) was
recorded at 39.06 n moles C,H, produced/ mg fresh wt/ hr with the values ranging
between 19.71 to 56.92 n moles C,Hs produced/mg fresh wt/ hr. The mean value
obtained for morphotype-2 trees (NRF:1 to NRF:50) stood at 26.91 nmoles C,H,
produced/ mg fresh wt/ hr in which the values ranged between 17.82 to 38.48 C,H,
produced/ mg fresh wt/ hr. The mean value obtained for the morphotype-3 trees
(NRF:51 to NRF:61) was 27.66 C,H4 produced/ mg fresh wt/ hr with the ARA values
ranging between 15.01 to 46.14 C,H, produced/ mg fresh wt/ hr (Table 4.18, 4.19 and
4.20). Most of the morphotype-1 Myrica trees at NEHU campus exhibited an average
high nitrogenase activity as compared to those of the morphotype-2 and morphotype-3
Myrica trees at Nongkrem forest. One of the reasons for increased nitrogenase activity in
the nodules in the morphotype-1 trees could be the poorer nitrogen status of soil from
NEHU campus. This is in contrast to those of the morphotype-2 and morphotype-3 trees
at Nongkrem forest in which mixed forest stand produced enough decaying organic
material providing a rich source of nitrogen to the soil, thereby, lowering the nitrogenase

activity of the actinomycete Frankia present in the nodules.
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TABLE 4.18: AVERAGE NITROGENASE ACTIVITIES OF THE

MORPHOTYPE-1 MYRICA TREES AT NEHU PERMANENT

141

CAMPLUS.
SL. No. SAMPLE AVERAGE NITROGENASE ACTIVITY MEAN ARA
(n mole C,H, produced / mg fresh wt/ hr) VALUE
1] NPC:] 22.120.73 B
2 NPC2 45.76=0.84 1
3 NPC:3 33.52=0.60 B
4 ; NPC:4 55.76=0.41 -
‘ 5 | NPC:5 55.92=0.46 ]
6 ! NPC:6 3 26.290.55 ;
7 NPC7 : 44.50£0.55
8 ; NPC:8 f 54.96:0.81
; 9 1 NPC:9 ; 38.8120.53
10 | NPC:10 I 52.0620.72 |
1 NPC:11 | 49.76+0.29 Il
12 NPC:12 S 45.19£0.06
13 NPC:13 J 45.6420.40 ]
e 1 NPC:14 : 41.380.68 1
15 | NPC:15 ; 35.40+0.60
16 | NPC:16 | 37.84+0.20
17 NPC:17 ! 31.36+0.53
s NPC:18 1 41.64+0.61
| 19 NPC:19 1 39.01+0.64
20 NPC:20 g 26.49+0.76
L2 NPC:21 ! 32.87+0.41 ]
22 NPC:22 ? 38.70+0.63
23 NPC:23 t 37.22+1.13
24 NPC:24 | 25.27+0.87
25 NPC:25 48.04+0.66 39.06
26 NPC:26 38.92+0.44
21 NPC:27 | 34.55%0.79
[ 28 | NPC:28 i 21.1020.51
29 NPC:29 1 32.88+0.87
30 NPC:30 ! 33.81+0.52
ER NPC:31 19.71=0.98
32 NPC:32 38.36+0.96
33 NPC:33 33.4320.46
34 NPC:34 37.18<0.90
C 35 NPC:35 51.40=1.12
‘ 36 ; NPC:36 39.46+0.76
37 NPC:37 o 42.05+0.90
38 NPC:38 39.55+1.15
39 NPC:39 50.58+0.92 |
40 NPC:40 32.66+1.34 - i
41 | NPC:41 56.92+1.06 |
42 NPC:42 52.62=0.68
43 NPC:43 34.84:0.36 f
44 NPC:44 B 56.62-0.76 )
45 NPC:45 32.50+1.31 ‘
16 NPC46 T 3549:1.22
47 NPC:47 3506+099
48 NPC48 T 30.70=0.98
49 NPCA9 73243092
50 NPCSO. __34.83=1.00



Table 4.19: AVERAGE NITROGENASE ACTIVITIES OF THE
MORPHOTYPE-2 MYRICA TREES AT NONGKREM FOREST.

SI. No. SAMPLE AVERAGE NITROGENASE ACTIVITY ~ MEAN ARA
(n mole C,H, produced / mg fresh wt/ hr) VALUE
1 NRF:1 28.10=0.99 - R
2 NRF:2 32.06-0.59 B
3 NRF:3 17.82=0.91 -

l 4 NRF:4 ‘ 30.42=0.58

5 NREF:5 i 30.58=1.13
6 NRF:6 : 25.99:0.51

ST NRF:7 L 21.750.34 )

.8 NRF:8 | 21.98=0.38 -

9 : NRF:9 f 33.7320.30

L NRF:10 : 24.30+1.06

T : NRF:11 | 22 54+0.68

L1 NRF:12 L 21.39+1.08 !

|13 NRF:13 B 24.04+0.83 f

T NRF:14 18.62+0.31 |
15 NRF:15 B 30.50+0.88 |
16 | NRF:16 | 25.48+0.42 ‘
17 NPC:17 g 28.55+0.45
18 NRF:18 i 25.59+0.25

19 NRF:19 l 24.06+0.17

L 20 NRF:20 | 37.17+0.92

L 21 NRF:21 ‘ 23.16+0.69
22 NRF:22 33.13+0.88 :

L 23 NRF:23 37.64+1.21 :

4 NRF:24 31.770.28 ) :

L5 NRF:25 f 25.9320.60 2691

| 26 | NRF26 | 29.93+0.80

|27 NRF:27 [ 28.250.68 |

28 NRF:28 | 25.06+0.90 ‘ i

29 NRF:29 | 31.10+1.25 |

N NRF:30 26.1120.81 i
30 NRF:31 34.96+0.42 J
32 1 NRF:32 26.24+0.62 ]
33 NRF:33 38.48+0.36 =
34 NRF:34 21.130.94
35 NREF:35 o 31.12+0.08
36 NRF:36 | 19.34%1.17
37 NRF:37 20.64+0.86
38 NRF:38 T 31.29+0.64
39 NRF:39 1 19.0620.63 |
40 NRF:40 M 21.29+0.73 f
41 NRF:41 : 26.35+0.36 :
%) NRF:42 ; 34.1620.19 -

43 NRF:43 . 20.9820.96 - \
44 NRF:44 ‘ 24.0320.66 B :
45 NRF:45 25.85:0.71 i
46 NRF:46 ‘ 37.29%0.73 -
47 \RF:47 19.1120.57
48 NRF48 34.5120.71 -
49 NRF:49 18.95=0.44

50 NRE:S0 - ~24.06:0.60

|
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Table 4.20: AVERAGE NITROGENASE ACTIVITIES OF THE
MORPHOTYPE-3 MYRICA TREES AT NONGKREM FOREST.

SI. No. SAVMPLE " AVERAGE NITROGENASE ACTIVITY ~ MEAN ARA |
(n mole C,H, produced/ mg fresh wt/ hr) VALUE ’
51 NRE:51 : 25.90=1.39 ‘ i
52 NRF:52 23.16:2.17 - !
53 NRF:53 : 22.19+0.84 ‘ ;
54 NRF:54 % 22.53=1.42 |
55 NRF:55 ; 19.91=0.22 g
56 | NRF:56 | 24.2720.70 27.66 !
57 NRF:57 i 36.082.02 : l
58 NRF:58 ! 46.14+1.97 ;
59 NRF:59 40.87+2.11 .
60 NRF:60 15.01-1.48 i
61 | NRF:61 28.30+2.54




However, the nitrogenase activity of trees at both the sites exhibited near about
uniformity in their values in their respective sites. Given the wide range of trees selected
for this study and also considering the promiscuous nature of the genus Myrica towards
the actinomycete Frankia it was assumed that almost the entire range of Frankia strains
was represented that was involved in the nitrogen fixation process. Graphical
representation of the ARA values for all the morphotypes are given in Fig. 4.48 and Fig.
4.49. Similar study was conducted by Chauhan and Misra (2002) on alder trees.

Students t-test was performed for the mean ARA values to check whether the
difference obtained for two comparisons was significant or not. The t-test value between
the morphotype-1 and morphotype-2 at 98 degrees of freedom was calculated at 8.01
which was more than the table value (1.960 at 5% level of significance and 2.576 at 1%
level of significance). Therefore, the difference in the mean ARA values between the
morphotype-1 and morphotype-2 was considered statistically significant. t-test value
between the morphotype-1 and morphotype-3 at 59 degrees of freedom was calculated at
3.60 which was more than the table value (1.960 at 5% level of significance and 2.576 at
1% level of significance). Therefore, the difference in the mean ARA values between the
morphotype-1 and morphotype-3 was considered statistically significant. t-test value
between the morphotype-2 and morphotype-3 at 59 degrees of freedom was calculated at
0.25 which was less than the table value (1.960 at 5% level of significance and 2.576 at
1% level of significance). Therefore, the difference in the mean ARA values between the

morphotype-2 and morphotype-3 trees was not considered significant.

144



—_ —_
£ = .
S~ ~
- 30 - 3G
23 v 3
2L L S o
> O =z @
g &= § =
¢ QO 32 0 38
$E $e
=] 20 [<) 20
£7% £ T
c 8 c 8
5 10 3 1
o o
2 4 a g
1 2 3 4 3 5 7 8 g 10 11 12 13 14 13 15 17 18 13 20
TREE SAMPLES TREE SAMPLES
(a) (b)
. 50 : . 6
o -
< r=
T s DY)
2 a0 — R a0 - e
z$ z§
T w0 - T T o .
n o0 ap 7
S E 3 E
=] 20 - o 20
€3 € g
c 3 - | =
St _g 13
1) o
2 2
a . a o .
21 22 23 24 5 8 27 8 23 30 31032 33 3¢ 35 36 37 38 2% 40
TREE SAMPLES TREE SAMPLES
() (d)
L
S
£
<
- 30
P
Ky 20 - .
> &
e &
— Y
T . 30 -
»n B
$E
° 20
23
T3 0 M-
©
o
a o .
41 42 43 44 45 46 a7 EES 49 39
TREE SAMPLES
(e)

Fig. 4.48 (a-e): Graphical representation of the ARA values of morphotype-1 Myrica
trees at N\EHU permanent campus. The x axis represents the nitrogenase
activity given in n mole C;H; produced/ mg fresh wt/ hr. The y axis
represents the samples in numerical order.
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4.49 (a-f): Graphical representation of the ARA values of morphotype-2 (a-e) and

morphotype-3 Myrica trees (f) at Nongkrem forest. The x axis
represents the nitrogenase activity given in n mole C,H; produced/ mg
fresh wt/ hr. The y axis represents the samples in numerical order.
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4.10 RELATION BETWEEN THE ACETYLENE REDUCTION ASSAY

AND ARP/ PCR-RFLP PROFILES:

In order to determine the relationship between the Acetylene Reduction Assay
(ARA) and the restriction digestion profiles, if any, we tried to relate the ARA values of
each sample against the restriction profiles. A frequency class distribution (0-5, 6-10,
11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55, 56-60) of the samples in
regard to their nitrogenase activity was prepared to make the comparisons easier. It was
observed that most of the morphotype-1 trees fell in the range of 31-35 n moles CyH,4
produced/ mg fresh wt/ hr frequency class (Table 4.21). Whereas, the morphotype-2 and
morphotype-3 trees at Nongkrem forest fell in the range of 21-25 n moles C;H,4
produced/ mg fresh wt/ hr frequency class (Table 4.22 and 4.23). We considered 30 n
moles ethylene produced/ mg fresh wt/ hr as the standard for assigning the trees to high
or low nitrogenase activity groups. Morphotype-1 trees at NEHU campus were found to
belong to the high nitrogen fixing group. The distribution of sample trees to its
respective frequency class group are represented graphically in Fig. 4.50, Fig. 4.51 and
Fig. 4.52.

Comparison of the ARP pattern with the ARA values revealed that many of the
restriction profiles were morphotype restricted, meaning the profiles which were
obtained for one particular morphotype were not present in the other, except for the
morphotype-3 where the restriction fragment profiles were similar to those of the
morphotype-2 trees. Moreover, many of the high and low nitrogenase activity values

were spread across the profiles. Profiles obtained for the enzyme Mbol did not
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TABLE 4.21: N\UMBER OF MORPHOTYPE-1 MYRICA TREES
BELONGING TO EACH FREQUENCY CLASS

BASED ON ARA VALUES

MORPHOTYPE-1

(NEHU PERMANENT CAMPUS)

7SI No. FREQUENCY CLASS NUMBER OF

SAMPLES

T 0-5 0 |

‘ :

2 6-10 0 |

‘r 3 [1-15 0 ;

3 16-20 ; i

| |

s 21-25 3 |

f

6 26-30 , 3 f;

7 31435 | E |

5 ) }

8 36-40 ; 10 |

9 | 41-45 | 7 B

i J |

‘ | |

10 46-50 3 ;
I 5155 i 6
12 56-60 2
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TABLE 4.22: NUMBER OF MORPHOTYPE-2 MYRICA TREES
BELONGING TO EACH FREQUENCY CLASS
BASED ON ARA VALUES

N ~ MORPHOTYPE-2
(NONGKREM FOREST)
SL No. | FREQUENCY CLASS ~ NUMBER OF
‘ ' SAMPLES
L 0-5 0
2 6-10 0
; L
3 | 11-15 0
4 16-20 T 8
5 21-25 18
6 26-30 10
7 31-35 10
8 36-40 | 4
|
1
i 9 41-45 ; 0
. |
|
% 10 | 46-50 0
| |
TR 51-55 0 a
12| 56-60 0
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TABLE 4.23: N\UMBER OF MORPHOTYPE-3 MYRICA TREES
BELONGING TO EACH FREQUENCY CLASS

BASED ON ARA VALUES

MORPHOTYPE-3
(NONGKREM FOREST)

SI. No. | FREQUENCY CLASS NUMBER OF
| SAMPLES
o 0-5 o
3 |
2] 6-10 0

3 11-15 1 .
B 16-20 I
T 21-25 5

6 26-30 1

7 31-35 0 |
\ 8 36-40 2 |
9 \ 41-45 0 |

THE 46-50 1

0 51-55 o

12 56-60 0
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Fig. 4.50: Graphical representation of frequency class distribution of
morphotype-1 Myrica trees at NEHU permanent campus
based on the ARA values.
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Fig. 4.51: Graphical representation of frequency class distribution of
morphotype-2 Myrica trees at Nongkrem forest based on
the ARA values.
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Fig. 4.52: Graphical representation of frequency class distribution of
morphotype-3 Myrica trees at Nongkrem forest based on
the ARA values.



necessarily reflect the same trees with those profiles obtained for the enzyme Sau96l
and vice versa. Since restriction profiles generated by either of the enzymes in isolation
did not reveal any association with nitrogenase activity, we resorted to the multi-site
marker approach described by Verghese and Misra (2000) and Chauhan and Misra
(2002). It was interesting to note that the profiles PM3 (Mbol) and PS1 (Sau96l)
(assigned to the same sample tree) denoted both the highest and lowest nitrogenase
activity values for samples NPC-1 to NPC-50. The same was observed for the
Nongkrem forest samples, NRF-1 to NRF-61, where the profiles PM6 and PS2 (assigned
to the same sample) denoted both the highest and lowest nitrogenase activity value.
Apart from this, these profiles were spread across samples with varied range of
nitrogenase activity. A unique profile combination PM9:PS4 was detected for a single
sample (NRF-24) of the morphotype-2 trees in which the value of nitrogenase activity
was recorded at 31.77 n mole ethylene produced/ mg fresh wt/ hr which was just about
the standard value (Table 4.25).

However, an interesting observation was made in samples NPC-5, NPC-8 and
NPC-10 of the morphotype-1 trees with relatively high nitrogenase activity and sharing
the profile combination PM3:PS0 (Table 4.24). This profile combination was not found
in any tree with low nitrogenase activity. Therefore, it may be considered as a potential
molecular marker to screen trees with relatively high nitrogenase activity. The profile
combination PM6:PS4 constituting the samples NRF:21, NRF:43, NRF:49, NRF:50 and
NREF:55 recorded nitrogenase activity ranging from 18.95 to 24.06 n moles of ethylene

produced/ mg fresh wt/ hr which was well below the standard 30 n moles ethylene

154



TABLE 4.24: ARA VALUES OF MORPHOTYPE-1 MYRICA TREES
ASSIGNED TO ITS RESPECTIVE ARP PROFILES.

AVERAGE NITROGENASE ACTIVITY PROFILES PROFILES
SAMPLE (n mole C,H. produced / mg fresh wt/ hr) PCR-RFLP/ ARP = PCR-RFLP/ ARP
L Mbol Sau96l :

ONPCL 22.12 ;, PMI ‘ PS1 1

| NPC2 45.76 PM2 ‘ PSI B

|_NPC3 33.52 : PMI ; PS1 \

___NPC4 55.76 PM1 . PS1 1

. NPCs 55.92 PM3 | PSO |
NPCi6 26.29 \ PM1 | PSO I
NPCT ! 44.50 | PM1 : PS1 i
NPC8 54.96 1 PM3 ; PSO ]
NPC:9 | 38.81 | PM1 g PSO |
NPC:10 | 52.06 H PM3 i PSO j

[ NPC:H1 | 49.76 ‘ PM3 PS| B

[ NPC:12 45.19 PM4 PS1 '

| NPC:13 45.64 PM3 ‘ PS1

[ NPC:14 4138 PM3 PS)

U NPC:15 35.40 1 PM4 ; PS1
NPC:16 | 37.84 \ PM35 ‘ PS|
NPC:17 | 31.36 ji PM3 i pPSt ;
NPC:18 | 41.64 i PM4 1 PSi \
NPC:19 | 39.01 PM35 ‘ PS1 |
NPC:20 26.49 ’ PM3 ; PS1 i

| NPC21 32.87 z PM3 PS] |
NPC22 | 38.70 i PM3 ‘ PS1 |
NPC23 | 371.22 s PM3 ! PSi 1
NPC24 | 2527 % PM3 ! PS1
NPC25 | 48.04 PM3 1 PS1

[ NPC26 38.92 PMS5 PS1

| NPC27 34,55 : PM3 PS1
NPC:28 21.10 i PM3 PS1
NPC29 | 32.88 PM3 PS1
NPC:30 | 33.81 PM3 1 PS1
NPC:31 | 19.71 PM3 | PS1

[ NPC32 | 38.36 PM3 ? PS1 |

| NPC33 | 33.43 ; PM3 ‘ PS] l

| NPC34 | 37.18 B PM3 . pS1__ |

| _NPC35 | 5140 7 PM3 PS] ‘
NPC36 | 39.46 ‘ PM3 ‘ PS1 i
hmm 4205 1 PM3 ‘ PSI )

"~ NPC38 3955 PM3 i PS1 )

| NPC39 50.58 PM3 x PS1

| NPC:40 32.66 ‘ PM3 | PS1

. NPC4l 56.92 ' PM3 : PS]

" NPC42 T 5260 1 PM3 ‘ PS1 4
NPC43 | 34.84 i PM3 PSI ‘
NPC:44 | 5662 ! PM3 ; PST

_ N\PCi45 3250 ; PM3 PS| ‘
NPC:46 3549 PM3 PSI
NPC4T 35.06 T PM3 PS1

~ NPC:48 3070 PM3 o pSt

_ NPC49 3243 PM3 PS]

~ N\PC:30 34.83 PM3 PS1



TABLE 4.25: ARA VALUES OF MORPHOTYPE-2 MYRICA TREES
ASSIGNED TO ITS RESPECTIVE ARP PROFILES.

AVERAGE NITROGENASE ACTIVITY PROFILES PROFILES

SAMPLE (n mole C,H. produced / mg fresh wt/hr)  PCR-RFLP/ ARP ~ PCR-RFLP/ ARP
Mbol Sau96l

NRF:1 28.10 PM6 PS2
N\RF:2 32.06 PM6 PS2
NRF:3 17.82 PM6 PS2
NRF:4 30.42 PM6 PS2
NRF:5 30.58 PM6 PS2
NRE:6 | 25.99 2 PM6 PS2
NRE:7 | 21.75 ' PM6 PS2
NRF:§ | 21.98 PM6 PS2
NRF9 | 33.73 PM6 ‘ PS2
NRF:10 24.30 PM7 1 PS2
NRF:11 | 22.54 PM6 | PS3 1
NRF:12 | 2139 PM6 | PS3 '
NRF:13 | 24.04 PM6 ‘ PS3
NRE: 14 18.62 PMS$ PS3
NRF:15 30.50 PM6 PS3
NRF:16 25.48 PM38 a PS3
NPC:17 28.55 PM6 | PS3
NRF:18 25.59 PM6 ‘ PS3
NRF:19 24.06 PM6 i PS3
NRF:20 37.17 PM6 1 PS3
NRF:21 23.16 PM6 l PS4 J
NRF:22 33.13 PM6 PS2 |
NRF:23 37.64 PM6 PS2 i
NRF:24 31.77 PM9 PS4 '
NRF:25 25.93 PM6 PS2
NRF:26 29.93 PM6 PS2
NRF:27 28.25 PM6 PS2
NRF:28 25.06 PM6 PS2
NRF:29 31.10 PM6 PS2 i
NRF:30 26.11 PM6 PS2 ‘
NRF:31 34.96 PM6 PS5 :
NRF:32 26.24 PM6 u PS5 3
NRF:33 38.48 PM6 : PS2 T
NRF:34 2113 PM6 PS3
NRF:35 31.12 PM6 PS2
NRF:36 19.34 PM6 PS2 .
NRF:37 20.64 PM6 PS2

| NRF:38 31.29 PM6 PS2

' 'NRF:39 19.06 PM6 PS2
NRF:40 2129 PM6 PS2
NRF:41 26.35 i PM6 ~PS2
NRF:42 34.16 ! PM6 PS4
NRF:43 20.98 PM6 PS4 )
NRF:44 24.03 PM6 ps2
NRF:45 25.85 PM6 PS2
NRF:46 37.29 PM6 PS2
NRF:47 1901 PM6 PS2
NRF:48 3451 PM6 PS2
NRF:49 S 1895 PM6 PS4
NRF:50 124.06 PM6 PS4
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TABLE 4.26: ARA VALUES OF MORPHOTYPE-3 MYRICA TREES
ASSIGNED TO ITS RESPECTIVE ARP PROFILES.

| AVERAGE NITROGENASY ACTIVITY | PROFILES PROFILES
SAMPLE ! (nmole C;H. produced / mg fresh wt/ hr) | PCR-RFLP/ ARP PCR-RFLP/ ARP .
“ ! Mbol Sau96]
NRF:31 25.90 : PM6 PS4 )
NRF:52 23.16 : PM6 PS2 .
NRF:53 22.19 PM6 PS2
NRF:54 22.53 PM6 ‘ PS2
NRF:55 19.91 PM6 PS4
NRF:56 24.27 PM6 : PS6
NRF:57 36.08 PM6 : PS2 o
NRF:58 46.14 PM6 : PS2
NRF:59 40.87 PMS§ ; PS3
NRF:60 15.01 PM6 i PS2
NRF:61 28.30 PM6 PS5
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produced/ mg fresh wt/ hr. Sample NRF:42 also shared the same profile combination but
the nitrogenase activity was recorded a little above the standard value at 34.16 n moles
of ethylene produced/ mg fresh wt/ hr. Nonetheless, the profile combination PM6:PS4
could be considered as a molecular marker to weed out Myrica trees with low
nitrogenase activity. This profile combination was not found in any tree with high

nitrogenase activity.

4.11 DISCUSSION:

[t was interesting to note that the nitrogenase activity estimated by ARA (Stewart
et al., 1968) recorded an average high value for morphotype-1 trees growing at NEHU
permanent campus compared to morphotype-2 and morphotype-3 trees at Nongkrem
reserve forest. The mean soil nitrogen content of soil samples collected at NEHU
campus recorded less value (0.178%) when compared with those collected at Nongkrem
forest where the mean soil nitrogen percentage was recorded to be higher (0.628%).
Nitrogen fixation in the symbiotic actinorhizal plants is brought about by the oxygen-
sensitive nitrogenase enzyme present in the microsymbiont Frankia. The activity of the
nitrogenase enzyme is controlled by nif genes located in the Frankia depending on the
availability or non-availability of nitrogen in its surrounding. In times of nitrogen stress
the nif A activates transcription of the rest of the »if genes. If there is sufficient amount
of nitrogen present, another gene nif L. is activated which inhibits the nif A activity
resulting in the inhibition of the nitrogenase enzyme. The switch on/ off mechanism of

nitrogenase enzyme is affected in this way. In this context, the studies of Dixon and
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Wheeler (1986) in Klebsiella needs special mention. Their results revealed that when
ammonia was present at low concentration, the nitrogen-fixing system was switched on
because the nif genes were sensitive to the concentration of combined nitrogen. Mutation
in the nif L gene allowed the expression of the nif genes even at higher concentrations of
nitrogen. On the other hand, at high combined nitrogen concentrations the organism
repressed the necessary genes required to assimilate ammonia, an otherwise energy-
demanding process. Therefore, the low soil nitrogen content coupled with high
nitrogenase activity of the morphotype-1 trees at NEHU campus and high nitrogen soil
content coupled with low nitrogenase activity of the morphotype-2 and morphotype-3
trees at Nongkrem forest can be explained on the basis of the available nitrogen
concentration in the surrounding soil which in turn directly influences the nitrogenase
activity of the actinomycete Frankia present in the root nodules of the Myrica tree. The
mean soil nitrogen percentage at Nongkrem forest was found to be more than the NEHU
campus soil.

In order to develop molecular markers for screening out Myrica trees with
regard to high or low nitrogenase activity, a table was prepared in which the Amplicon
Restriction Patterns (ARP) were assigned to respective Acetylene Reduction Assay
(ARA) values. Based on the results obtained from the comparisons we could develop
molecular marker to identify samples with relatively high or low nitrogenase activity.
ARP profile PM3:PS0O could serve as a molecular marker for screening Myrica trees
with high nitrogenase activity. Propagation of superior genotypes based on the

molecular marker assisted selection would be helpful in selection of Myrica trees with
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high nitrogenase activity that could be used to replenish the nitrogen deficient soil
especially in the agro-forestry sector. On the other hand molecular marker (PM6:PS4)
obtained for trees (NRF:43, NRF:49, NRF:50 and NRF:55) with low nitrogenase activity
could be used in weeding out inferior genotypes. This would also serve the purpose of
cross checking before the superior genotypes are considered for further propagation.
Thus, in the present investigation we were able to develop molecular markers to
select Myrica trees supporting high nitrogenase activity. At the same time we could also

develop molecular marker to weed out Myrica trees with low nitrogenase activity.
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CONCLUSION



CHAPTER 5

CONCLUSION

. Based on the molecular data, the phylogenetic relationship between the different
morphotypes of Myrica trees of Meghalaya could be established. Comparative
study of sequence homology revealed a high level of divergence between trees of

morphotype-1 on one hand and trees of morphotypes 2 and 3 on the other.

It is proposed that morphotype-1 trees be classified as Myrica nagi (or Morella
nagi as proposed by Wilbur, 1994) and trees of morphotypes-2 and 3 be

classified as varieties of Myrica esculenta (or Morella esculenta)

We attempted developing PCR-RFLP/ ARP markers using 18S-28S ITS for

possible screening of trees with higher nitrogenase activity.
Multisite marker PM3:PS0O may be used for selecting seedlings likely to support

higher nitrogenase activity. Multisite marker PM6:PS4 on the other hand may be

used for weeding out seedlings likely to support low nitrogenase activity.
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APPENDIX 1

BUFFERS USED FOR EXTRACTION OF DNA AND AGAROSE GEL
ELECTROPHORESIS
1.  DNAEXTRACTION BUFFER (pH 8.0)

COMPONENT AMOUNT/100ML
TRIS BASE (0.1 M/ 100 mM) 50 ml

EDTA (0.1 M/ 100 mM) 20 ml

NaCl (1.4 M) 8.18 gm
CTAB (2%) 2 gm (wt/ vol)
PVP (1%) 1 gm (wt/ vol)
CTAB : Cetyl Trimethyl Ammonium Bromide

PVP Polyvinypyrollidone

2. 5X TBE BUFFER (pH 8.0)

COMPONENT AMOUNT/1000ML
TRIS BASE 54.0 gm
BORIC ACID 27.50 gm
EDTA (0.5 M) 20 ml

3. TYPE III LOADING BUFFER (6X)

Bromophenol blue 0.25% (wt/ vol)
Xylene Cyanol FF 0.25% (wt/ vol)
Glycerol 30% in water (wt/ vol)
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APPENDIX 2

BUFFERS USED FOR PCR AND RESTRICTION ANALYSIS

1. 10X PCR BUFFER (pH 8.3 at 25°C)

Tris-HCl 100 mM

KCl 500 mM
MgCl, 15 mM

Gelatin 0.01% (wt/ vol)

2. BUFFER B [BANGALORE GENEI] (pH 8.0)

Tris-HCI 10 mM
NaCl 100 mM
MgCl, 10 mM
2-mercaptoethanol 5 mM

3. NEBUFFER 4 [NEW ENGLAND BIOLABS] (pH 7.9)

Tris-acetate 20 mM
Potassium acetate 50 mM
Magnesium acetate 10 mM
Dithiothreitol 1 mM
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APPENDIX 3

CLUSTAL 2.0.8 multiple sequence alignment

SecA Nane Se¢B N\e Len{nt) Score
1 Morellanagi 762 2 Yorellaadenophora 804 98
1 Morellanagi 762 3 Yorellarubra 796 97
1 Morellanagi 762 4 Yorellaesculenta 803 97
1 Yorellanagi 762 3 Yorellaheterophylia 762 98
1 Morellanagi 762 6 Yorellapensyivanica 762 98
1 Morellanagi 762 7 Yoreliacerifera 762 98
1 Morellanagi 762 8 Morellacalifornice 762 97
1 Morellanagi 762 9 Morellarivas—martinez 762 97
1 Yorellanagi 762 10 Yorellafaya 762 97
1 Morellanagi 762 11 VYorellaspathulata 762 97
1 Morellanagi 762 12 Vyricagaie 761 96
2 Yorellaadenophora 804 3 796 98
2 Morellaadenophora 804 4 Yorellaesculenta 803 98
2 Yorellaadenophora 804 3 Morellaheterophylia 762 96
2 Morellaadenophora 804 6 Yovellapensylvanica 762 96
2 Yorel laadenophora 804 7 Yorellacerifera 762 96
2 Morellaadenophora 804 8 Yorellacalifornica 762 96
2 Yorellaadenophora 804 9 Yoreliarivas-martinez 762 96
2 Yorellaadenophora 804 10 VMoreilafaya 762 96
2 Yorellaadenophora 804 i1 Vorellaspathulata 762 96
2 Yorellaadenophora 804 12 Vyricagale 761 95
3 Morellarubra 796 4 Vorellaesculenta 803 97
3 Morellarubra 796 5 Vorellaheterophylla 762 96
3 Morellarubra 796 6 Yoreliapensylvanica 762 96
3 Morellarubra 796 7 Yorellacerifera 762 96
3 Morel larubra 796 8 Yorellacalifornica 762 96
3 Morellarubra 796 9 Yorellarivas—martinez 762 96
3 Morellarubra 796 10 Yorellafave 762 96
3 Morellarubra 796 i VYorellaspathulata 762 96
3 Morellarubra 796 12 VYyricagale 761 95
4 VYorellaesculenta 803 5 Norellaheterophylia 762 96
4 Yorellaesculenta 803 6 Yore.lapensylvanica 762 96
4 Morellaesculenta 803 7 Yorellacerifera 762 96
3 Yorellaesculenta 803 8 Yorellacalifornica 762 95
4 Yorellaesculenta 803 9 Vorellarivas-martinez 762 95
4 Vorellaesculenta 803 0 Yovellafaye 762 95
4 Morellaesculenta 803 . VYorellaspathulata 762 95
4 Moreliaescuienta 803 2 Vyricaga.e 761 94
5 Morellaheterophylla 762 6 llapensylvanica 762 100
5 Yorellaheterophv! 762 7 srellacerifera 762 99
5 Vorellaheteropt 762 8 Vovellacalifornica 762 98
5 Yorelliaheterco 762 9 Cleri “tinez 762 99
5 Vorellaheteror 762 0 762 99
5 Yorellaheterephviia 762 . 762 99
5 1 762 o2 76. Y6
6 Ve a 762 7 762 99
6 Vove ica 762 8 762 98
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Vorellapensyivani

Yorel . apersy.va
Morellapensv.vanica
D

Morel lapensyivanica
rellacerifora

Yorellacerifera

Morellacerifere

Yorellacerifera

Yor

Morellacerifera

lacevifera

Morellacaliforn

Morellacalifornica
Morellacalifornica
Morellacalifornica
Morellarivas-martinez
Morellarivas-mart4inez

Morellarivas-martinez

10 Morellafaya
10 Morellafaya
11 Morellaspathulate

762 9 Yorellarives martinez 762 99
762 10 Vorellefaya 762 99
762 1. VYorellaspethulata 762 99
762 12 Myricagale 76: 96
762 8 Yorellacalifornice 762 98
762 9 Vorellerivas-martirez 762 99
762 10 VMorellafava 762 99
762 1. Morellaspathulata 762 99
762 12 Myricagale 761 96
762 9 Vorellarivas-martinez 762 98
762 10 Moreliiafaya 762 98
762 1. Morellaspathulata 762 98
762 12 Myricagale 761 96
762 i0  Morellafaya 762 10
762 11 Morellaspathulata 762 98
762 12 Myricagale 761 96
762 11 VMorellaspathulata 762 98
762 12 Myricagale 761 96
762 Myricagale 761 96

0

morellaheterophylla
mworellapensylvanica
rmorellaspathulata
morellacerifera
zorellarivas-martinez
moreilafaya
nmorellacalifornica
wyricagale
morellaadenophora
morellarubra
morellaesculenta
morellanagi

morellaheterophylla
morellapensylvanica
morellaspathulata
moreilacerifera
morellarivas-martirez
moreilafaya
morellacalifornica
nyricagale
morellaadenophora
norellarubra
morellaesculenta
morellanagi

S CATTTAGA-—GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
~-==== -CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
it CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
******** CATTTAGA-—GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
******** CATTTAGA—GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
********** CATTTAGA-—GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
-———---—CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
--=—=-—=CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG
GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGG
GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGG
GGCCGCGGGAATTCGATTGGAAGTTAAAGTCGTAACAAGGTTTCCGTAGG
******** CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG

* Kk kk *%k KKk

TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TCAACCTGCCCAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTCTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCCGAAGGATCATTGTCGAAACCT GCCCAGCAGAACGACCCGC
TCGAACCTGCGCAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTGCGGAAGGATCATTGTCGAAACCT GCCCAGCAGAACGACCCGT
TCAACCTGCCCAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC

KooK sk
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movel.ahete:

‘ellape:

e.laspat!

inez

movellafaye

zorellacalifornica
myricagale
morellaadenophora
morelliarubra
rmorellaesculenta
morellianagi

norellaheterophylla

morellapensyivanica
morellaspathulata
morellacerifera
morellarivas—martinez
morellafaya
morellacalifornica
myricagale
zovelliaadenophora
morellarubra
rorellaesculenta
morellanagi

moreliaheterophylie
morellapensy.vanica
morellaspathulata
morellacerifera
moreilarivas—martinez
movellafaya
morellacalifornica
myricagale
moreliaadenophore
morellarubra
merellaesculenta
morellanagi

zovellaheterophv.lia
morellapensyivanica
Torellaspethulata
movellacerifera
rellarivas—martinez

GAACATGTTAATAACTACCGCCCGCAGEGEECEATCAAAAGCCTCCGETC s
TAATAACTACCCGGGECAGCGCECEATCAAAGCCTCCGETC 12
GAACATGTTAATAACTACCGEGEECAGGGGCCCATCAAAAGCCTCCCETC 1
GAACATGTTAATAACTACCGGGCCCAGGGGGCCATCAAAAGCCTCCGETC T+
GAACATGTTAATAACTACCGGGGGCAGGGGGCCATCAAAACCCTCCGETC 14
CAACATCTTAATAACTACCGGCGGCAGGGGGCCATCAAAAGCCTCCGETC 14

GAACAT

GAACATCTTAATAACTTTCGGGGGCAGGGGGCCATCAAAAGCCTCCTCTC
GAACATGTTAATAACTACCGGGEGCGGGGGGCCATCAAAAGCCTCCCETC
GAACATGTTAATAACTACCGGGGGCAGAGGGCGATCAAAAGCCTCCCGTC
GAACATGTTAATAACTACTGGGGGCAGGGGGCGATCAAAAGCCTCCCGTC
GAACATGTTAATAACTACCGGGGGCGGGGGGECGATCAAAAGCCTCCTGTC
GAACATGT TAATAACTACCGGGGGCAGGGGGCCATCAAAAGCCTCCCGTC

% *x%

CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGEGLGT
CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGLGC
CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCCGCCCTCGEGCEE
CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCCGGCGC
CCCAAAACGGTTGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGCCGC
CCCAAMACGGTTGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGERCGC
CCCAAAACGGTTGGGGAGCATGTGCTGTTATCCCGTCGGCCCTCGEGCGE
CCCAAAACGGTTGGEGAGCATGTGCTGTTAACCTGTCCGCCCTCGGETGE
CCCAAAACGGTTGGGGAGCCCGTGCTGTTGTCCTGTTGGCCCTCTGRCGC
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGTGC
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGCGC
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTCCCGC
£ dk kk Kk Kk kX

GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGE
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGE
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCTGE
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCCE
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCLEE
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGE
GGACGGCAAAC-ACATGTACGTGTCCCCCCAGCCGAACAACGAACCCCGE
GGACAGCGAACCACATGCACGTGTCCCCCCAACCGAACAACGAACCCCGG
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCUGE
GGACAACGAACCACACGCACGTGTCCCCCCAATCAAACAACGAACCCLGE
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCLGE
ok K Rk RkE K okkiclokklokk ok sokrkiskoklokolokskololor

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCCCCCCE
CGCGGACTGCCCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCCCCCCE
CGCGCACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCATCCCCCCE
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCATCGCCCCE
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCATCCCCCCE
CGCGCACTGLCGCCAAGGAACT TCAACAAAAGAGTGCCTCCCATCCLCCCE
CCCGGACTGCCCCAAGGAACTTCAACAAAAGAGTGCCTCTCATTCCCCCC
CGCGGACTGCCCCAAGGAATTTCAACAAAAGAGTGCCTCTCATCCCCCCE
CGCCGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGAAGGCLCCG
CGCCCACTGCCCCCAGGAACTTCAACAAAAGAGTGCCTCCCAA
CGCCGACTGCCCCAAGGAACTTCAACAAAAGAGTECCTCCE
(CCGGACTCCCCCAAGGAACTTCAACAAAAGAGTGCCTCCGAAGGLCCCE
soksckxrsookokk kRl okkilbkekllookkk kok
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sovellahete

morellapensy.va

morellaspathulata

morellacerifera
movrellarivas-martinez
zorellafaya
morellacaiifornice
myricagale
morellaadenophore
morellarubra
worellaesculenta
worellanagi

moreliaheterophylia
morellapensylvanica
morellaspathulata
morellacerifera
morel larivas—martinez
morellafaya
morellacalifornice
myricagale
morellaadenophora
morellarubra
morellaesculenta
morellanagi

morellaheterophylia
morellapensylvanica
morellaspathulata
morellacerifera
morellarivas-martinez
morellafaya
morellacalifornica
myricagale
morellaadenophora
morellarubra
morellaesculenta
morellanagi

morellaheterophylia
worellapensylvanice
moreliaspathulata
morellacerifera
morellarivas—martinez
morellafaya
morellacalifornica
nyricagale
morellaadenophora
zorvel larubra

movel laesculenta

zorellanagl

GAAACCCTCTCOETCCETTEECACCTCTTCACTCTTATACAAAACCACTC
GAAACGGTGTGCGTCCETTGECACCTCTTCACTCTTATACAAAACCACTC
GAAACGGTGTGCCTCCCATGCGACCTCTTGACTGT TATACAAAACGACTC
GAAACCCTCTGLETCEETTEOCACCTCTTGACTETTATACAAAACCALTC
GAAACGGTGTGCETCCGETTEECACCTCTTCACTETTATACAAAACGACTC
GAAACCCTCTCCETCOCTTGGEACCTCTTCACTETTATACAAAACGACTC
CGAAACGGTCTGCGTCOGTTGRGACCTCTTCACTGTTATACAAAACGACTC
GAAACGGTCTGCGTCGGTTGGEACCTCTTGACTGTTATACAAAACGACTC
GAAACGGTGTCCGTCOETTGGCACCTCT TGACTETTATACAAAACCACTC
GAAACGGTGT GCGTCOGTTCGCACGTCTTCACTGTTATACAAAACGACTC
GAAACGGTCTCCGTTGETTGGCACCTCTTGACTGTTATACAAAACGACTC
GAAACGGTGTGCGTCGGTTGGGACCTCTTCGACTGTTATACAAAACGACTC
* K% skokok

TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGLTCTCCCATCGATCAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCCCATCGATGAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCCATGAAGAACGTAGCGAAATC
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG
TCCGCAACGGATATCTCGGCTCTCGCATCCATCAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCGATCAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCCATGAAGAACGTAGCGAAATG
TCGGCAACGGATATCTCGGCTCTCGCATCCATGAAGAACGTAGCGAAATG

CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CCATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTCAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCCAGTTTTTGAAC
CCATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCCCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC

GCAAGTTGCGCCCAAAGCCATTTGGCCGAGGCCACGTCTGCCTGGGTGTC
GCAAGTTGCGCCCAAAGCCATTTGCCCCACGGCACGTCTCCCTGGGTCTC
GCAAGTTGCGCCCAAAGCCATTTCCCCCAGGECACGTCTELCTGEGTGTC
GCAAGTTGCGCCCAAAGCCATTTGECCCAGGECACGTCTGCCTGGETGTC
GCAAGTTGCGCCCAAAGCCATTTCCCCCAGGECACET CTECCTEEETETC
GCAAGTTGCGCCCAAAGCCATTTGGCCCAGGGCACGTCTGCCTGOGTGTC
GCAAGTTGCGCCCAAAGCCGTTTGECCCAGCCCACGTCTECCTEEETETC
GCAAGTTGCGCCCAAAGCCGTTTCCCCCAGCCCACCTCTCCCTGGE TG TC
GCAAGTTGCCCCCAAAGCCETTTCECCGACLECACGTCTECCTOETETC
GCAAGTTGCGCCCAAAGCCETTTGCLCCGAGGGLACGTCTGLCTREE
GCAAGTTGCGCCCAAAGCCCTTTCRLCCAGGELACETCTGCCTERE

* g g g g Kok %ok ok okok
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morellacerifera
orellarivas—martinez
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zorellafaya
zoreliacalifornica
zyricagale
rnorellaadenophora
rorellarubra
rorellaesculente
morellanagi

morellaheterophy..a
moreliapensyivanica
morellaspathulata
morellacerifera
morellarivas-nartinez
woreliafaya
moreilacalifornica
myricagale
rorellaadenophera
morellarubra
morellaesculenta
worellanagi

morel laheterophylla
morellapensylvanica
morellaspathulata
moreliacerifera
morellarivas-martinez
morellafaya
morellacalifornica
myricagale
morellaadenophora
morellarubra
rorellaesculenta
morelianagi

morellaheterophyi’la
morellapensylvanice
morellaspathulata
roreilacerifera
rorellarivas—martirez
zorellafaya
roreliacalifornica
myricagale
rovellaadenophora
zoreliarubra
movel.aesculenta

more..anagi

ACCCATCETTCCCCCAACCCCAAACACCTCCCAAGAGELAGTTTGEEEAC

ACCCATCCTTCCCCCAACCCCAAACACCTCCCAACACCCACTTTGREEAC 54
GCCCAA 54

ACCCATCCTTGCCCCAACCCCAAACACCTCCCAAGACCCAG
ACCCATCETTECCCCAACCCCAAACACCTCGCAAGAGCGAGTTCCEEGAC

ACCCATCETTECCCCAACCCCAAACACCTCCCAAGAGCEAGTTCGGEEAC 5
ACCCATCGTTECCCCAACCCCAAACACCTCCCAACAGGCAGTTCGGEEAC 5
ACCCATCETTGCCCCAACCCCAAACACCTCGCAAGACGCAGTTCOGEEAC 5
ACGCATCGTTCCCCCAACCCCAAACACCTCGCAAGAGGGAGTTTGEGEAC 5
ACCCATCGTTCCCCCAACCCCAAACACCTCGCAAGAGGGATTTCGGGEAC 5

ACCCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGATTTCGGGGAC
ACGCATCGTTGCCCCAACCCCARACACC TCOCAAGAGCGATTTCOO00AC
ACCCATCGTT6CCCCAACCCCAAACACCTCOCAAGAGGATTTCOGGGAC
)k kk kkskkk

TATCGCCGCGGACATTGGCCTCCCCTGAGCCAGTTCTCGCGGTTAGCCTA
TATCGCGGCGGACATTGGCCTCCCGTGAGCCAGTTCTCGCGGTTAGCCTA

TATCGCGGCCCACATTGCCCTCCCGTGAGCCAGTTCTCOCEGTTAGCCTA

TATCCGGGCOGACATTGGCCTCCCOTGAGCCAGTTCTCOCGOTTAGCCTA

TATCGGCOCCGACATTGGCCTCCCOTGAGCTAGTTCTCGCCGTTAGCCTA
TATCCGGGCGGACATTGGCCTCCCGTCAGCTAGTTCTCGCGGTTAGCCTA 5
TATGGGECCGCACATTGGCCTCCCETCAGCTAGTTCTCGCEGTTAGCCTA

TATCGGCGCGGACATTGGCCTCCCGTGAGGTAGT TCTCGCGGTTAGCCTA
TATCCCCCCCCACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA
TATCGGGGCGGACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA
TATCGCCGCGGACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA
TATCGGCGCEGACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA

Kok Feskok

AATACCAGTCCTCCGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC
AATACCAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC
AATACGAGTCCTCCGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGACAAAGC
AATACCAGTCCTCGGCGACGAGCGCCACCACAATCOOTGGTTCACAAAGC
AATACGAGTCCTCCGCGACGAGCGCCATGACAATCGGTGGTTCATAAAGC
AATACGAGTCCTCGGCGATGAGCGCCACGACAATCGGTGGTTGATAAAGC
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGG TGGTTGATAAAGC
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC
AATACGAGTCCTCCGCGACGAGCGCCACGACAATCCGTGGTTGATAAAGC
AATACGAGTCCTCGGCCACGAGCGCCACGACAATCGGTGGTTGATAAAGC

CCTCGTTTCCCGTCETGCGTGCCTCGTCTCCCTATGCCTTCTCTGTGACC
CCTCCTTTCCCGTCETGCGTGCCTCGTCTCCCTATGCCTTCTCTGTGACC
CCTCGTTTCCCGTCETGCETGCCTCGTCTCCCTATGCETTCTCTGTGACC
CCTCGTTTCCCETCETGCGTGCTTCGTCTCCCTATGCGTTCTCTGTGACC
CCTCCTTTCCCGTCETOGGTECGTCETCTCCATATGCETTCTCTGTGACT
CCTCCTTTCCCETCETGEETECOTCETCTCCATATGCGTTCTCTGTCACT
CCTCETTTCCCETOCTRCETGCCTCETCTCCCTATGTETTCTCTGTGACC
CCTCETTTCCAG CGCCCCTCGETTECCCTACGTETGCTCCGTGACC
CCTCETTTCCCETOETECGTECCTCETCTCCCTATETCCGCTCTGTGACC
TCCGTECCTCCTCTCCCTATGTCCECTCTGTGACC
"CTCCCTCETCTCCCTATCTECCCTCTGTCACC
TCCCCTCCTECGTCOCTCETCTCCCTATETCGCGCTCTGTGACC
sk kk kR ok RRROREK
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690



sorellaspat
norellacers
morellarivas-martinez
morellafaya
norellacelifornica
myricegaie
morellaadenophorea
morellarubra
morellaescuiente
morellanag?

morellaheterophy..a
morellapensy.vanica
morellaspathulate
moreiiacerifera

morellarivas-martinez

morellafaya
morellacalifornice
myricaga.e
rorellaadenophora
morelliarubra
morellaesculenta
morellanagi

moreilaheterophy..a
morellapensyivanica
morellaspathulata
morellacerifera
morellarivas—martinez
morellafaya
moreliacaiifernica
myricagale
morellaadenophora
morellarubra
morellaesculenta
morellanagi

CTeCT
C .
CTCCTGTCETCETGCAAGCGACACTTCCATCGCGACCCCAGE TCAGGCGEE
CTGCTCTCTCETCCAAGCGACACTTCCATCGCGACCCCAGGTCAGGLGERE
CTCCTCTETCCTGCAACCCACACTTCCATCCCCACCCCAGCTCAGGCEEE
CTGCTGTCTCCTGCAAGCCACACTTCCATCGCGACCCCAGETCAGGCGEE
CTGCTGTETCETCCAAGCGACACTTCCATCGCGACCCCAGETCAGGLGRE
CTGCTETCTCGTGCAAGCGACACTTCCATCGCGACCCCAGGTCAGGCGGEG
C7GCTGTGCTCETGCAAGCGACACTTCCATCGCCACCCCAGGTCAGGCGGE
CTGCCCTGTCGTGCAAGCGACACTTCCATCGCGACCCCAGETCAGGCGGE
CTGCTGTGTCGTTCAAGCGACACTTCCATCGCGACCCCAGGTCAGGCGGE

CTGCTGTGTCGTGCAAGCGACACTTCCATCGCGACCCCAGGTACAGGCGE
FkAK Fofokok ¥ k%

ACTACCCGCTGAGTTTAAGCAT— e
ACTACCCGCTGAGTTTAAGCAT === -~ === ==
ACTACCCGCTGAGTTTAAGCAT -
ACTACCCGCTGAGTTTAAGCAT -
ACTACCCGCTGAGTTTAAGCAT-—- -
ACTACCCGCTGAGTTTAAGCAT ————— === == o
ACTACCCGCTCAGTTTAAGCAT—————— === ==mm oo
ACTACCCGCTGAGTTTAAGCAT -
ACTACCCGCTGAGTTTAAGCATATCAATAAGCGGAAGGAA-TCACTAGTG
ACTACCCGCTGAGTTTAAGCGTATCAATAAGCGGAAGGAAATCACT—~-
ACTACCCGCTGAGTTTAAGCATATCAATAAGCGGAAGGAAATCACTAGTG
ACTACCCGCTGAGTTTAAGCAT - -
SRR RRRRFFRRK AR K

191

710
710
70

-1
s

70
7:0
739
750
750
730
710

762
762
762
762
762
762
762
761
799
796
800
762



APPENDIX 4

CLUSTAL 2.0.8 multiple sequence alignment

i a. 2 a. trabeculosa 539 96
N a. 3 a. tenuifolia 608 94
K a. 4 a.sibirica 608 97
R a.viridis 608 5 a. serrulata 608 96
i a.viridis 608 6 a. rubra 499 96
K a viridis 608 7 a.orientalis 609 96
R a. viridis 608 8 a.nepaiensis 539 96
N a.viridis 608 9 a. japonica 609 96
N a.viridis 608 10 a. incane 607 96
N a.viridis 608 11 a.rugosa 529 96
K a.viridis 608 12 a.cordata 608 97
R a.viridis 608 13 a glutinosa 608 97
2 a. trabeculosa 539 3 a. tenuifolia 608 94
2 a. trabeculosa 539 4 a. sibirica 608 98
2 a. trabeculosa 539 5 a. serrulata 608 98
2 a. trabeculosa 539 6 a. rubra 499 98
2 a. trabecuiosa 539 7 a.orientalis 609 99
2 a. trabecuiosa 539 8 a. nepalensis 539 98
2 a. trabeculosa 539 9 a. japonica 609 98
2 a. trabeculosa 539 10 a.incana 607 97
2 a. trabeculosa 539 i1 a.rugosa 529 97
2 a. trabeculosa 539 12 a.cordata 608 99
2 a. trabeculosa 539 13 a.glutinosa 608 98
3 a. tenuifolia 608 4 a.sibirica 608 96
3 a. tenuifolia 608 5 a. serrulata 608 94
3 a. tenuifolia 608 6 a. rubra 499 96
3 a. tenuifolia 608 7 a. orientalis 609 4
3 a. tenuifolia 608 8 a. nepalensis 539 93
3 a. tenuifolia 608 9 a. japonica 609 4
3 a. 608 10 a.incana 607 95
3 a. 608 11 a. rugosa 529 95
3 a. 608 12 a.corvdata 608 95
3 a.t 608 13 a.glutinosa 608 96
5 a. 608 5 a. serrulata 608 98
4 a. 608 6 a. rubra 499 99
4 a. 608 7 a.orientalis 609 98
4 a. 608 8 a. nepalensis 539 98
2 a. 608 9 2. japorica 609 98
4 a. 608 10 a. incana 607 99
4 a. 608 il a. rugosa 329 99
4 a. 608 12 a.cordatae 608 99
4 a. 608 3 a.glutircsa 608 100
5 a. 608 6 2. 499 98
5 a. 608 7 a. < 609 98
3 a. 608 8 2.7 : 539 98
5 2. 608 9 a. ] €09 99
b) 2 608 20 a. 607 98




5 a. 608 N 529 98

3 a. €08 2 608 99

3 a. 608 3 a 608 98

6 2. rubra 499 7 a 609 98

6 a. ra 499 8 2 239 97

6 a. rubra 499 9 2 609 98

6 a. rubra 499 0 ed 607 99

6 2. rubra 499 Loen 329 99

6 a. rubra 499 2 e 608 98

6 a. rubra 499 3 a 608 99

7 a.orientalis 609 8 2. nepa.ensis 239 98

7 a.orientalis 609 9 a. jeponica 609 98

7 a.orientalis 609 10 e incana 607 98

7 a.orientalis 609 11 a. rugosa 529 98

7 a.orientalis 609 12 a. corvdata 608 99

7 a.orientalis 609 13 a. giutincsa 608 98

8 a.nepalensis 539 9 a. laponica 609 98

8 a.nepalensis 539 0 a i RE 607 97

8 a.nepalensis 539 il a rugosa 229 98

8 a. nepalensis 539 12 a cordata 608 99

8 a. nepalensis 539 13 a.glutincsa 608 98

9 a. japonica 609 10 a. incana 607 98

9 a. japonica 609 il a.rugosa 229 98

9 a, japonica 609 12 a.cordata 608 - 99

9 a. japonica 609 13 a.gluti 608 98

10 a.incana 607 11 e 529 99

10 a.incana 607 12 a. 608 98

1 a. incana 607 13 a. glutinosa 608 99

11 a.rugosa 529 12 a.cordata 608 98

11 a. rugosa 529 13 a.glutinosa €08 99

12 a.cordata 608 13 a i 608 99

a. trabeculosa

a.nepalensis

a.orientalis TCGAAACCTGCCCAGCAGAACGACCCGCGAACCTGTCACAACAACTGGGGGCGGGGGGCG
a.cordata TCGAAACCTGCCCAGCAGAACGACCCGCGAACCTGTCACAACAACTGGGGGCGGGGGGCE
a.serruiata TCGAAACCTGCCCAGCAGAACGACCCGCGAACCCGTCACAACAACTGGGGGCGGGGGGCG
a. japonica TCGAAACCTGCCCAGCAGAACCACCCCCGAACCCETCACAACAACTGGGGGCGGGGGGCE
a.viridis TCGAAACCTGCCCAGCAGAACCGACCCCCCGAACCTGTCACAACAACTGGGGGCGGGGGGCE
a.sibiri TCGAAACCTGCCCAGCAGAACCACCCCCGAACCTGTCACAACAACTGGGGGCGGGGGGCE
a. TCGAAACCTGCCCAGCAGAACCACCCGCCAACCTCETCACAACAACTGGGGGCCGGGGECE
A TUBYE e
a. .
a. TCGAAACCTGCCCAGCAGAACGACCCELGAACCTGTCACAACAACTGGGGGCGGGEEGCG
a.t TCCAAACCTGCCCAGCAGAACCACCCCCGAACCTETCACAACAACTGGGCGCGGGGGGCE 6
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cordata
serrulata
Jjeponica

. tenuifolie

. trabeculose
.nepalensis

orientalis

. cordata
.serrulata

japonica

.viridis
.sibirice
.glutinosa
. rubra

rugosa
incana
tenuifolia

. trabeculosa
.nepalensis
.orientalis

cordata

.serrulata

japonica

.viridis
.sibirica
.glutinosa

rubra
rugosa

. incana
.tenuifolia

- == === (CCCOCCCCCACCCGCAGCCAGACACTCETGLCTTCCTECCGAACAACETA
********* CCCCOCCCCCAACGECAGGCACGACACTCETGCCTTCCTGCCCAACAALETA
ATCTCCTECCCCCCCCTCCAACCCCAGCEACACACTCETCCCTTCCTGCCCAACAACETA
ATCTCCCCCCCCCCCCTCCAACGECAGCEAGACACTCETCCCTTCCTGCCCAACAACGTA
ATCTCGCTCCCCCGCCCTCCAACGCCAGGGAGACACTCCTCCCTTCCTCCCCAACAACGTA

ATCTCGCGCCCCECCCTCCAACGGCAGEGAGACACTCGTCCCTTCCTGCCGAACAACGTA
ATCTCGCACCCCGCCCTCGAACGGCAGGGAGACACTCGTECCTTCCTGCCGAACAACGTA
ATCTCGCGCCCCECCCTCEAACGECAGGGAGACACTCGTGCCTTCCTGCCGAACAACETA
ATCTCOCGOCCCGOCCTCEAACGGCAGGGAGACACTCGTGCCTTCCTGCCGAACAACETA
—————————————————————————————— CGAACAACGTA 1

******************** GAACGCAGGGAGACACTCGTGCCTTCCTGCCGAACAACGTA
ATCTCGCGCCCCGLCCTCGAACGGCAGGAAGACACTCGTGCCTTCCTGCCGAACAACGTA
ATCTCGONCCCCGCCCTCCAACGGNAGGGAGACACTCGTGCNTTCCTGCCGAACAACGTA

Fkkokokokok kR

CCCCGGCGLGETCCCCCCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCCCCTCGGAAA 11t
CCCCGELELGETCCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCACGGAGA Lt
CCCCGGCGCGGTCCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA

CCCCGGCGLGETCCGCCCCAAGGAACATGAACGAAAGAGTGCCTCCGCTCCCCTCGGAAA
CCCCCGCELGETCCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA
CCCCGGCGLGETCCCCGCCAAGGAACATGAACGAAAGAGTGCCTCCGCTCGCCTCGGAAA
CCCCGGCGCGGTCTGCGCCAAGGAACATTAACGAAAGAGTGCCTCCGGTAGCCTCGGAAA
CCCCGGCGCGETCCECGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA
CCCCGGCELEETCCCCECCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA
CCCCGGCECGETCTGCGCCAAGGAACATGAACGAAAGAGTGCCTCTGGTCGCCTCGGAAA
CCCCCGCCCOETCTCCGCCAACGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA
CCCCGGLECOETCTGCCCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA
CCCONGNGCGGTCTGCGCCAAGGAACATGAACNAAAGAATGCCTCCGGTCGCCTCGNAAA
fhkk % ok Kbk kkk Rk k%

o1 W

i2
120
220

180
180
180
180
180
280
71

102
180
280

CGCTGCGCCCACCCGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 17

CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCGTAACGACTCTCGGCAACGGATAT
CGCTGCGCGCACCCGAGGCGAATCTTGTCTAGAACCGTAACGACTCTCGGCAACGGATAT
CGCTCCCCGCACCGGAGGCGAATCTTCTCTAGAACCATAACGACTCTCGGCAACGGATAT
CGCTGCCCGCACCGCAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT
CGCTCCCCGCACCGCAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT
CGCTGCTGCTTGCCGCAGCCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT
CGCTGCGCGCACCGCAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT

CGCTGCCCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 131

CGCTGCCCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 162

CGCTGCGCCCACCCGAGGCGAATCTT CTCTAGAACCATAACGACTCTCGGCAACGGATAT
CGCTCCCCGCACCGGAGGCGAATCTTCTCTAGAACCATAACGACTCTCGGCAACGGATAT

sokkkok Kk skokfokokkok koK

240
240
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traveculosa
repalensis
orientalis
cordata
serrulata
Jeponica

viridis

. trabeculosa
.nepalensis

orientalis
corcata
serruiata
Japonica

Lviridis

sibirica

CTCCECTCTCCCATCCATCAACAACCTAGCCAAATCCCATACTTCETCTCAATTCLAGAA 231
CTCCECTCTCCCATCCATCAACAACGTAGCCAAATCCCATACTTGE
CTCCECTCTCCCATCCATCAAGAACCTAGCGAAATGCGATACTTCETGT f%%”"((A(AA §OO
CTCCECTCTCCCATCCATCAACAACCTAGCCAAATGCCGATACTTCCTGTGAATTGCAGAA 300
C7CCECTCTCCCATCCATCAAGAACGTAGCGAAATCCGATACTTGGTGTCAATTGLAGAA 300
CTCCECTCTCGCATCCATCAACAACGTAGCGAAATGCGATACTTCETGTC 3
CTCCCCTCTCGCATCCATCAAGAACGTAGCGAAATCCGATACTTGCTGTGAATTGC
CTCCECTCTCCCATCGATCAAGAACGTAGCGAAATGCGATACTTCGTGTCAATT
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300
CTCCGCTCTCGCATCCATGAAGAACGTAGCCAAATGCGATACTTGG TG TCAATTGCAGAA 9.
CTCGGCTCTCGCATCCATGAAGAACGTAGCGAAATGCGATACTTGCTGTGAATTGCAGAA 221
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300
CTCGCCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300

K KoKk

TCCCGCGAATCATCGAGTCT TTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 29
TCCCCCCAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGECA 291
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCCAGGGCA 360
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGCCCGAGGECA 360
TCCCGCGAATCATCGAGTCT TTGAACGCAAGTTCCGCCCGAAGCCACCTGGCCGAGGGCA 360
TCCCCCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGCCCCAGGGCA 360
TCCCGCGAATCATCGAGTCT TTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGEGLA 360
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGECA 360
TCCCGCGAATCATCGAGTCTTTCAACCCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGLA 257
TCCCGCCAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 28
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360
TCCCGCGAATCATNGAGTCTTTGAACGCAAGTTGCGCCNGAAGCCACCTGGCCGAGGGCA 360

CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-COCAAAGAGGLGGT 350
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGT 350
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCCCTGCAAAGAGGCGET 220
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGT -
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGE 229
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGE 4219
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGAT 419
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGET <19
CGTCTGCCTGGGTCTCACGCATCGTTGCCCCCAACCCCATCGCCC -TGCAAAGAGGLGGT 219
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGET 3L
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TCCAAAGAGECG
CGTCTGCCTGGGTGTCACGCATCCTTGCCCCCAACCCCATCGCCC-TGCAAAGACGLGGT 419
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGET £29
* dokk

GCGGECACGCGGGE-CCCACATTGGCCTCCCGTGGGCTGATGCCTGCGGCTGECCTAAAA 509
GGGGGCACGCGGGE-CCCACATTGGCCTCCCGTGGGCTGATGCCTCCGCATCCCCTAAAA 209
CGGGECACGCGGGG-CECACATTGGCCTCCCGTGGGCTGATGCCTGCCGCTCECCTAAAA <79
GGGGGCACGCGGGG-CCCACATTGGCCTCCCGTGGECTGATGCCTCCGECTGECCTAAAAN 478
GGGCCCGCGCGGGE-CCGACATTCGCCTCCCGTCGGCTGATCCCTCCGECTCEICTANAA 278
GGGGCCGCGCCGGEECGCACATTCGCCTCCCGTGGECTGATCCCTCCGECTEHCCTAAAN <79
GGGGGCATGCGGGE-CCGACATTGGCCTCCCGTCGECTCATCCCTCCCECTCROCTAANA 478
CCCGCCATGCGEGE-CCECACATTGGCCTCCCGTCCECTEATCCCTECGCCTRECCT 27
GGGGECATGCGGGG-CCCACATTEGCCTCCCETCEECTCATCCCTCLGECTGECT
CGCEECATCCGGGE-CCCACATTEECCTCCCETCEECTGATCOCTCIGCCTCELCT A
GGCEGCATGCGEEE-CCCACATTCCCCTCCCETEEECTGATCCCTECGECTEROCTANAA 399
GEGGECATECEEEE-CCEAC GCCTCCCCTEEECTCATCCCCCOCEOTEROCTAAAN 478
GEGCCCATGCECGG-CEEACATTCCCCTCCCETEEENTGATCONTCCCENTGCOCTAAAL 178

195
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. trabeculosa
.nepalensis

orientalis
corcata
serrylate

. japonica
.viridis

.sibirica
.glutinocsa

rubra

. rugosa
. incana
.tenuifolia

. trabeculosa
.nepalensis
.orientalis

cordata
serrulata
Jjaponica
viridis

.sibirica
.glutinosa

rubra
rugosa
incana

.tenuifolia

. trabeculosa
.nepaleﬁsis
.orientalis
.cordata
.serrulata

japonica
viridis
sibirica

.glutinosa

rubra
rugosa
incana

. tenuifolia

REERRE RRARRR X k% * R RRRERAARKR

ACCAGTCCTCGECCACCAGC GCCACGACAATCGETGET “GACAAACCCTCGTGACCCGTC

ACGAGTCCTCCECCACCACCGCCACGACAATCEETGET TCACAAACCCTCGTCACCCETC &

ACCGAGTCCTCCCCCACGACCGCCACGACAATCOETGETTCACAAACCCTCCTGACCCETC

" ACGAGTCCTCGGCEACGAGCGCCACGACAATCGGTGET TGACAAACCCTCGTGACCCEC

ACCAGTCCTCCGLCACCATCGCCACGACAATCCETGET TGACAAACCCTCGTGACCCGTC
ACGAGTCCTCGCCGACCATCGCCACGACAATCGGT GO T TGACAAACCCTCGTGACCCETC
ACGAGTCCTCGECCACGAGCGCCACGACAATCGGTOET TCACAAACCCTCGTGACCCGTC
ACGAGTCCTCGGCGACCATCGCCACGACAATCGGTGGTTGACAAACCTTCGTGACCCGTC
ACGAGTCCTCGGCGACGATCGCCACGACAATCGGTGGTTGACAAACCTTCGTGACCCGTC
ACCGAGTCCTCGGCGACGATCGCCACGACAATCGGTGGT TGACAAACCTTCGTGACCLGTC
ACGAGTCCTCGGCGACGATCGCCACGACAATCGGTGGTTGACAAACCTTCGTGACCCGTC
ACGAGTCCTCGGCGACGATCGCCACGACAATCCETGGT TGACAAACCTTCGTGACCCETC
ACGAGTCNTCGGNGACGATCGCCACGACAATCGGTCGTTGACAAACCTTCGTGACCLGTC

kokskk skokokk Hkk:

GTGCGCGCATCGTCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCCCGLTCGLGACGC
GTGCGCECATCETCCCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCECGCTCGCGACGC
GTGCGCOGCATCGTCGCTCAACGCGTGCTCTTACGACCCTGTCGCGTCGCGCTCGCGACGC
GTGCGCGCATCGTCGCTCAACGCGTGCTCTTTTCACCCTGTCGCGTCCCCCTCGCGACGT
GTGCGCGCACCGTCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCGCGCTCGLGACGT
GTGCGCGCACCGTCGCTCAACGCGTGCTCTTTTCACCCTGTCGCGTCECGCTCGCGGLGC
GTGCGTGCATCGTCGCTCAATGTGTGCTCCTTTGACCCTGTCGTGTCGCGCTCGCGACGL
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCCCGCTCGCGACGC
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCCCGCTCGCGACGC
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCETCECGCTCGCGACGC
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCECGCTCGCGACGC
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCCCGCTCGCGACGC
GTGCGCGCATNGCCGCTCAACGCGTGCTNTTTTGACCCTGTCGGET TCCGCTNGNGACGC
)gkkk KRk Ok RRRRkERE ok kKRR X *% % ok kkx

TTCCAACGCG 539
TTCCAACGCG 539
TTCCAACGCG 609
TTCCAACGCG 608
TTCCAACGCG 608
TTCCAACGCG 609
TTCCAACGCG 608
TTCCAACGCG 608
TTCCAACGCG 608
TTCCAACGCG 499
TTCCAACGCG 529
T-CCAACGCG 607
TTCCAACGCG 608
* kR

196

169

539
538
538
339
538
338
538
429
459
538
538

529
529
599
598
598
599
598
598
598
189
519
598
598



APPENDIX 5

CLUSTAL 2.0.8 multiple sequence alignment

SegA Name Len{nt) Seg3 Naxme Len{nt) Score

1 b. nana 806 2 . davurica 576 93

1 b. nana 606 3 3, uber 599 98

1 b. nana 606 4 b.populifolia 606 99

1 b. nana 606 b) 5. pendula 606 99

1 b. nana 606 6 b.nigra 606 96

1 b. nana 606 7 b. lenta 606 98

2 b. davurica 376 3 b. uber 299 97

2 b. davurica 5376 4 b.populifolia 606 98

2 b. davurica 576 3 b. pencula 606 98

2 b. davurice 576 6 k. nigra 606 97

2 b. davurica 376 7 b. lenta 606 97

3 b. uber 599 4 u. populifolia 606 98

3 b. uber 599 5 b. pendula 606 97

3 b. uber 599 6 5. nigra 606 96

3 b. uber 599 7 b. lenta 606 100

4 b. populifolia 606 5 b, pendula 606 99

4 b. populifolia 606 6 b. nigra 606 96

4 b. populifoiia 606 7 b. lenta 606 98

5 b. pendula 606 6 b.nigra 606 97

5 b. pendula 606 7 b, lenta 606 98

6 b. nigra 606 7 b. lenta 606 36

b. uber TCGAAACCTGCCCAGCAGAACGACCCGTGAACATGTTGAAACAACTGGGGGCGGGGGGLE

b. lenta TCGAAACCTGCCCAGCAGAACGACCCGTGAACATGTTGAAACAACTGGGGGCGGGGGGCE

b. nana TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTGKGGGGCG

b. pendula TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTCTCGGGCG

b. populifolia TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGNGGGGGGCE

b. davurica TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTGGGGGGCG

b.nigra TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTGGGGGGCE
xxxxx — *

b. uher ATCTCGCCCCGTGCCCCCCGAACGGCAGGCAGACACTCGTGCATCCCTCCCGAACAACGAA

b. lenta ATCTCGCCCCGTGCCCCCCAACCGCAGGCAGACACTCGTGCATCCCTGCCGAACAACGAA

b. nana ATCTCGCCCCTTGCCCCCGAACGGTAGCGAGACACTTGTGCATCCCTGCCGAACAACGAA

b. penduia ATCTCGCCCCTTGCCCCCGAACGGTAGGGAGACACTTGTGCATCCCTGCCGAACAACGAA

3. populifolia
. davurica
.nigra

ATCTCGCCCCTTETCCCCCAACCETAGGGAGACACTTETGCATCCCTGCCGAACAACGAA
ATCTCGCCCCTTGCCCCCCAACCETACGCAGACACTTGTGCATCCCTGCCCAACAACGAA
ATCTCCLCCCETECCTCCEAACGETACCCAGACACT TG TGCATCCCT GCTGAACAACGAA

%k koK * Hokk ok okok gk

197

120
120
120
120
120
120
120
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uher
lentea
nana
pendule
popu
davurica

folia

.nigra

populifolia

.davurica
.nigra

.uber

lenta
nana

.pendula

popuifoiia
davurica
nigra

. uber
. lenta

rana
pendula

.populifolia

.davurica
.nigra

CCCCEECGCGGETCTECGCCAACGAACTTTAACCAAAGAGTGCCTCCGECCGTCTCEGANA
CCCCEEOGCEETCTGOCCCAACCAACTTTAACCAAAGAGTGCCTCCCEOCETCTCGEAAA
CCCCCECECEETCYCCECCAAGGAACT TTAACCAAAGAGTGCCT CCCCCCGCCTCGEAAA
(CCCCECECEETCCELECCAAGCAACTT T AACCAAAGAGTGCCTCCGECCGCCTCGGAAA
CCCCCECECOETCCCCCCCAAGGAACTTTAACCAAAGAGTGCCTCCGGCCGCCTCGGAAA
CCCCCGCGLEETCTECCCCAAGCAACT 7T AACCAAAGAGTGCCTCCCGCCGLCTCGRAAA

CCCCCELGLGETCTECGCCAAGGAACT TTAACCAAAGAGTGCCTCCGGCCECCTCGGAAA

% % FRRE AERRRRRE

CGCTGTGCGTGCGGCAGGTGAATCTTGTCTAGAACCAT AACGACTCTCGGCAACGGATAT
CGETCTGCGTGCGGGAGGTGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT
CCGTGTGCGTGCGGGAGGTGAATCTTGTCTAGAACCAT AACGACTCTCGGCAACGGATAT
CGGTGTGCGTCCGGGAGGTCAATCTTGTCTAGAACCAT AACGACTCTCGGCAACGGATAT
CGGTCTGCGTGCACGAAAACAATCTTGTCTAGAACCAT AACGACTCTCGGCAACGGATAT

Kok K%k

CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA
CTCGGCTCTCGCATCCATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA
CTCGGCTCTCGCATCCATCAAGAACGTAGCGAAATGCGATACTTGGT GTGAATTGCAGAA
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA
C7CGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA

* kKK Feokok:

TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA
TCCCGCGAATCATCGAGTCTTTGAACGCAAGT TGCGCCCGAAGCCACCTGGCCGAGGGCA
TCCCGCGAATCATCGAGTCT TTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA
TCCCGCGAATCATCGAGTCTTTGAACGCAAGT TGCGCCCGAAGCCACCTGGCCGAGGGCA
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA
TCCCGCGAATCATCGAGTCT TTGAACGCAAGT TGCGCCCGAAGCCACCTGGCCGAGGGCA

sk *

CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGE 4

CCTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG

CCTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG 4
CCTCTGCCTGGOTGTCACGCATCOTTGCCCCCAACCCCATCTCC TTGCAAAGGGACGAGG

CCTCTECCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG <
CCTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGTAAAGGGACGAGE 4
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGA <

GCECCTGTGGCGCAGAAATTGGCCTCCCGTGAGCTCATGCATGCGGT TGGCCTAAAAGCG
CGCCECCTGTGGGGCAGAAATTGGCCTCCCGTCAGCTCATGCATGCGG T TGGCCTAAAAGCE

GGCCCTETGGGGCAGAAATTGGCCTCCCGTCAGCTCATGCATCCGETTGGCCTAAAAGCG <

GGCGCCTCTGOGECACAAATTGGCCTCCCGTGAGCTCATGCATGCGGT TGGCCTAAAAGCE
GCCCCTGTGEGGCACAAATT GGCCTCCCCTCAGCTCATGCATGCGGT TGECCTAAAAGCE
GGECCCOTGGEGCAGAAATTCOCCTCCCGTGAGCTCATGCATGCCGGT TGGCCTAAAAGCE
GECCCAGTGGGETAGAAATTGECCTCCCETCGACCTCATGCATCCCET TGGCCTAAAAGCE

EFRK * *% %k

198

180
280
180
.80
180
180

240
210
240
240
240
240
240

300
300
300
300
300
300
300

360
360
360
360
360
360
360

<80
80

180
180
180
=80



(e

[SENSCA ISR

o
By
B
B,
b.

nigra

uber

lenta

nana
pendula
populifolia
davurica
nigra

AGTCCTCCCCGACCCCCECCACCACAATCCETEETTCACAAACCCTCCTETCCCCTCCTE 54
AGTCCTCEGCCACCCECCCCACCACAATCCETCET TCACAAACCCTCETGTCCCETCETE

ACTCCTCCCCGACGCCCECCACCACAATCEETEETTETCAAACCCTCETGTCCCETCETE
AGTCCTCGGCGACGCGCGCCACGACAATCCCTERTTCTCAAACCCTCETETCCCETCETE
AGTCCTCEGCCACCCCCCCCACGACAATCGETEETTGTCAAACCCTCETGTCCCETCETG
AGTCCTCGECGACGCGCGCCACGACAATCCETEETTCTCAAACCCTCETGTCCCETCETE

AGTCCTCGGCCACGCGCGCCACGACAATCGGTEETTCACAAACCCTCETGTCCCETCETE

ok 4 st sk K *®

CGTGCCGCGTCGCTCATCGTGTGCTCTTTEACCCTGLTGTGTCGCGC TAGCGACGCTTC-
CGTGCCGCGTCGCTCATCGTGTGCTCTTTGACCCTGC s TCGCGCTAGCCACGCTTCC
CGTGCCGCGTCGCTCATCGTGTGCTCCTTCACCCTGCTGTGTCGCGL TAGCGACGCTTCC
CGTGCCGCGTCGCTCATCGTGTGCTCCTTCACCCTCTTETCTCGCCCTAGCGACGCTTCC
CGTGCCGCGTCGCTCATCGTGTGCTCCTTCACCCTCCTGTGTCGCGC TAGCGACGCTTCC
CGTGACGCGTCGCTCATCCTGTGCTCCTTGACCCT G-~ e oo

CGTGCCGCGTTGCTCATCGTGTGCTCTTTCACCCTGTTGTGTCGCGC TAGCGATGCTTCC
¥k

AACGCG 606
AACGLG 006
AACGCG 606
AACGCG 606

AATGCG 606

199

gk
o o

BN

S1owr QT O Ot w1
Sode 7

W

S8 o B8

599
600
600
600
600
- 576
600



APPENDIX 6

CLUSTAL 2.0.8 multiple sequence alignment

SegA Name en(nt) Segd Naze _en(nt) Score

1 C. terminalis 601 2 C. 599 94

) €. terminalis 801 3 €. 605 94

i C. terminalis 601 4 C. 607 33

2 C. sarmentosa 599 3 C.ruscifolia 603 36

2 C. sarmentosa 599 4 .zicrophylia 607 96

3 C.ruscifolie 605 4 microphylle 607 98

C.ruscifolia TTGTCGATGCCTGCACAGCAGAACGACCCGCGAACGAGTTTTCAATCGTAATGGGAGAAC
C.microphylla TTGTCGATGCCTGCACAGCAGAACGACCCGCCAACGAGTTTTCAATTGTAATGGGAGAAC
C.sarmentosa ~ ——————~ TGCCTGCAAAGCAGAACGACCCCCGAACGAGTTTTCAATTCTAACGGGAGAAC
C.terwinalis  -————— TGCCTGCACAGCAGAACGACCCGCCAACGAGTTTTCAATTCTAACGGGAGA-C

ruscifolia
microphylla
sarmentosa

o000

terminalis

ruscifolia
microphylla
sarmentosa

oooo

tercinalls

ruscifolia
.microphylla
sarmentosa

o onn

terminalis

.ruscifolie

microphylle

sNsRals

ruscifosia

SRS GIES]

sokkokkokkok ¥ *%kxk ES

GGGGCCTGCGAGGGCCT-CCCACCTCCCACGCGAGAGCCGTCCCCTCGCGGGACGTCTAC L
GGGGCCTGCGAGGGCCT-CGCACCTCCCACGEGAGAGCCGTCCCCTCGCGGGACGTCTAC 11
GGGGCCTGCGAGGGCCT-CGCACCTCCCCCGEGAGAGCCGTCCCCTCGCGGGACGTCTGE |
GGGGCCTGCGAGGGCCTTCECECTTCCECCGGCAGAGCCGTCCCATCGCGGGACGTCTCC Lt

koockkckoRskoksokkokskokskokk  kkk k skokk *

CCCGAGAACAACGAACCCCGACGCAATCCGCGTCAAGGAAACTGTACAAGCGACTTCGCC
CCCGAGAACAACGAACCCCGACGCAATCCGCGTCAAGGAAACTGTACAAGCGACTTCGCC
CCCGAGAACAACGAACCCCGACGCAATCCGCCTCAAGGAAACTGTACGAGCGACTTCGCC
CCCGAGAACAACGAACCCCGGCGCAATCTGCGTCAAGGAAACTGTACAAGCGATTCCGCC
*k * sokkk

GTGCCCGCCCCGGAGACGGCGAGCGGACATCCCCTGTTTCGTCGCGTGATCACAATCAC-
ATGCCCGCCCCGGAGACGGCGAGCGGACATCGCCCGTTCCGTCCCGTGATCACAATCAC-
GTGCCCGCCCCGGAGACCGCCAGCGGACATCCCATGCATCGTCGCGTGATCACAATCAC
GTGCCTGCCCCGGAGACGECCACTGGACACGGCATGTGTCGTCAAGTCATCACAATCACC

sk kkiookloliokkraoollok kool kkk % kb bk kkkokakokk

AACGACTCTCGGCAACGGATATCTCCECTCTCCCATCGATGAAGAACGTAGCGAAATGCG
AACGACTCTCGGCAACGGATATCTCEECTCTCCCATCGATGAACAACGTAGCGAAATGCG
AACGACTCTCGGCAACGGATATCTCCCCTCTCGCATCGATGAAGAACGTAGCGAAATGCG

AACGACTCTCGGCAACGGATATCTCGCCTCTCCCATCGATGAAGAACGTAGCGAAATGCG

ATACTTGGTGTGAATTGCAGAATCCCGETCAACCATCGAGTCTTTCGAACGCAAGTTGCGOC
TGTGAATTCCAGAATCCCGTGAACCATCCAGTCTTTCAACGCAACTTGCGCC
CCCCTCAACCATCGAGTCTTTGAACGCAAGTTGCCCC
ATACTTGETGTGAATTCCAGAATCCCETEAACCATCGAGTCTTTCAACGCAAGTTGCGCC

ATACTTGG
ATAC

TGETGTCGAATTGCAGA

(79
i79
172
172

238
238
231
232

298
298

200



noon o000 oP oo aNaNole

N EeEe!

ruscifolia

.microphylla

sarzentosa
terzinalis

.ruscifolia
.microphylla

sarmentosa

. terminalis

.ruscifolia
.microphylla

sarmentosa

. terminalis

.ruscifolia
.microphylla
. sarmentosa
.terminalis

-CAAGCCTTTCGECCCACGECACCCCTCCCTEEECETCACGCAACGTCGCCCCCCTAAGC
CCAAGCCTTTCGECCEAGCECACGELCTGLCTECECETCACCCAACCTCGOCCCCCTAAGE
CGAACCCTTTTGELCCACEECACCCCTCCCTEEGCETCACGCAACGTCCCCCCCCTAAGE
CCAACCCTTCTCCCTCAGGECACCCCTECCTCECCCTCACGCAACGTCGCCCCCCCAAGC

* kKK Kexskok * ok *kkskok

CTCATCCCCTCOTCCECOGAGCTTTTGGGACCGEACATTGETCTCCCGTCCETACCTGLG 4

CTCETGCCCCCETCEECEEAGCTTTTOGCAGCCCACATIGETCTCCCGTGCETACCTGLG

<7

+.8

C7CETGCCCTCGCCEECACAGCTTTCGGEAGCCGACATTGGTCTCCCGTGCGAGCCTGEG 471
CTCATGCCCTCGTCEECECACCTTCGEGCAGCGGACATTGETCTCCCGTGCGACTCTELG 472

kpok kskokskk kok fokskk skokskkokk kekokok

CGCGGTTGGCCTAAAGGCGAGTCCCCGGCGTCCGTTGATGCGACACACGGTGGTTGAGAT
CGCGETTGECCTAAAGGCCAGTCCCCCECETCCGTTGGTGCGACACACGGTGETTGAGAT
CGCGGTTGGCCTAAAGGCGAGTCCCCGGCETCCGTTGATGCGACACACGGTGGTTGAGAT
CGCGGTTGGCCTAAAGGCGEETCCCCGGCGTCTCTTGATGCGACACACGGTGGTTGAGAT
*k %% Kook *

GCTCGGCATGCCGTCGCCTCATCGGTGCCTCTCCGGT-GGCTCAGCGACCCCAACTTACC
GCTCGGCATGCCGTCCCCTCATCGGTGCGTCTCCGGTTGGCTCAGCGACCCCAACTTACC
GCTCGECATGCCGTCCCCTCATCGGTGCG TCTCGGGT-GGCTCAGCGACCCCAACTTACC
GCTCGGCATGCCGTCGCCTCATCCGTGCGTCTCCGGTTGGCTCAGCGACCCCAACTTACC
Kok %% Hokok

GACGCGACC 605
GACGCGACC 607
GACGCGACC 599
GACGCGACC 60
sxskRRokkA K

201

337
538
FEN
232

596
598
590
592



APPENDIX 7

CLUSTAL 2.0.8 multiple sequence alignment

SegA Name

Airusgl
N Alrusgluti

Alnusglutis

2 Betulanana
Betulanana

3 Morellacerifere

Seg3 Name

Betulanana
608 3 Yorellacerifera 762 84
608 4 Coriariasarmentosa 599 65
606 3 Yorellacerifera 762 85
606 4 Coriariasarmentosa 599 €8
762 4 Coriariasarmentosa 599 67

Alnusglutinosa
Betulanana
Yorellacerifera

Coriariasarmentosa

Ainusglutinosa
Betulanana
Morellacerifera
Coriaviasarmentosa

Alnusglutinosa

Betulanana
Morellacerifera
Coriariesarmentosa

Yoreliacerifera

Coriariasarzentosa

--TCGAAACCTGCCCAGCAGAACGACCCGCGAACCTGTCAC-AA-—CAACT CGGEECEEEG -

--TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGA-AA-—CAACTGGEE 55

TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAA——CTACCGGGCCCAGE 118

—==-==TGCCTGCAAAGCAGAACGACCCGCGAACGAGTTTTCAATTCTAACGGGAGAANCG 54
Kook oopkk ok $F ok ok kR ok %

G6CCATC-- == -~ TCEOGCO0C~-—m—mmmmmmmmmm oo mm = e T2
G0GOGATC- - = ===TCOCCCCTT = ~mmmmmmm oo oo S e 72
GGGCGATCAAAAGCCTCCOGTCCCCAAAACGETOOGGAGCATGTCCTCTTETCCCGTCG 178
GEGCCTEOGAGGEOC ~TCGCACCTC - mmm oo L
sokkok % *k Kk

GCCCTCGAACG---GCAGGGAGACACTCGTGCCT—-—~ TCCTGCCCGAACAACGTACCCC (24

GCCCCCGAACG--~CTAGGGAGACACTTGTGCAT-— -~ CCCTGCCGAACAACGAACCCC 124

GCCCTCGGGCCCGGACAGGGAACCACACGCACGTGTCCCCCCAACCCAACAACCAACCCC 238

——CCGCGGLAG————- AGCCGTCCCCTCGCGGGACGTCTGCCCCCAGAACAACGAACCCC 131
% Kk X *% % k% *k Sokkokkk kR

GGCGCGGTCCGCCCCAAGGAACATGAACGAAAGAGTCCCTC -CEETCCCCTCCRAAACEL 183
GGCGCGETCYGCGCCAAGGAACTTTAACGAAAGAGTGCCTC-CCECCGLCTCGGAAACGE 183
GCCGCGGACTGCGCCAAGCAACT T CAACAAAAGAGTGCCTC- CGATCGCUCCERANCEE 297
GACGCAATCCGCGTCAAGGAAACTGTACCAGCGACTTCGCCETCCCCCCCCCEEACGACEE 190
® Rk ok kkk skekkkkk ok k% R okk % ok kX

Skoksks sefoksk kokok

CGAGCGGACATCECA I CCATCCTCCCCTCATCACAAT-

K okkk % sk % * *

CACAACCACTCTCG

[y
=
[N



Alnusglutinose
3etu.enana
Vorellacerifera

Coriariasarmentosa

Tnusg.utinosa
Betulanana
Vorellacerifere
Coriariasarmentose

Alnusgliutinosa
Betulanana
Morellacerifera
Coriariasarmentosa

Alnusglutinosa
Betulanana
Vorellacerifera
Coriariasarmentosa

Alnusglutinosa
Betulanana
Vorellacerifera
Coriariasarmentose

Alnusglutinosa
Betulanana
Morellacerifera
Coriariasarmentosa

Alnusglutinosa
Betulanana
Morellacerifera
Coriariasarmentosa

TATCTCCGCTCTCCCATCCATCAACAATCTACCCAAATCCCATACTTCETETCAATTCCA
TATCTCGECTCTCCCATCCATCAACAACCTACCCAAATGCCATACTTCETETCAATTC(A
TATCTCGGCTCTCGCATCCATCAAGAACGTAGCGAAATCCCATACTTGETGTGAATTGOA

TATCTCGGCTCTCCCATCCATCAAGAACGT AGCCAAATGCCATACTTGETGTCAATTCCA 3L

skkok

GAATCCCGCCAATCATCCAGTCTT TCAACGCAAGTTCCCCCCCAAGCCACCTGGCCGAGE

CAATCCCGCGAATCATCGAGTCTTTCAACGCAAGTTCCGCCCCAACCCACCTGGCCGAGE

GAATCCCGCGAATCATCGAGTTTTTCAACGCAAGTTGCCCCCAAAGCCATTTGGCCGACG

GAATCCCGTCAACCATCGAGTCTTTGAACGCAAGTTGCGCCCCAAGCCTTTTGGCCGAGG
kk  kkk ok

GCACGTCTGCCTGEETGTCACGCATCCTTGCCCCCAACCCCATCCCCCTGCAAAGAGGCG
GCACGTCTGCCTGGGTGTCACGCATCCT TGCCCCCAACCCCATCTCCTTGCAAAGGGACG
GCACGTCTGCCTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAG
GCACGCCTGCCTGGGCGTCACGCAACGTCGLCCC--~CCTAAGCCTCCTGCCCTCCCCEE

sokok LS R *

GT-GGGGGCATGCGGGGCGGACATTCGCCTCCCGTGGGCTGATCCCTCCCGCTCGCCTAA
A-—GGGGGCCTGTGCCGCAGAAATTGGCCTCCCGTGAGCTCATCCATGCGGTTGGCCTAA
TTCGGGGACTATCGGGGCCGACATTGCCCTCCCGTGAGCCAGTT

TCGCGGTTAGCCTAA 5

357
357
471
370

417
417
531
427

C——AGAGCTTTCGGGAGCGGACATTGGTCTCCCGTGCCAGCCTGCCCGCGGTTGCCCTAA 485

% % Rk KK KK RERORK RRRRRRRK ¥ * Ok KRE¥ K ORRkkRX
AAACGAGTCCTCGGCCGACGATCGCCACGACAATCCGTGGTTGACAAA-CCTTCGTGACCC
AAGCGAGTCCTCGGCGACGCGCGCCACGACAATCGGTGGTTGTCAAA-CCCTCGTGTCCC
ATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGCCCTCGTTTCCC
AGGCGAGTCCCCGGCGTCCGTTGATGCGACACACGGTGGTTGAGATG—-CTCGGCATGCC

) ckkkdckokk dokkokk ok * xkokdok  skokkokskkkkk 3k * * k%

GTCGTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCCTCGCGCTCGCGA
GTCGTGCGTGCCCCGTCCCTCATCCTGTGCTCCTT-GACCCTGCTGTGTCGCGCTAGCGA
GTCGTGCGTGCTTCGTCTCCCTATGCGTTCTCTGT-GACCCTGCTGTGTCGTGCAAGCGA

6TCGC-——CTCATCOETGCOTCTCGGETGGCTCAGCGACCCCAACTTACCG——ACGCGA
Fokxk *  kk % * gk sokokokok ok sokokok
COCTTOCAACGEG-———— === —mm == mm oo 608
COCTTOCAACGOG -~ = msm o i w2 e 606
CACTTCCATCGCGACCCCAGGTCAGGCGEGACT ACCCGCTGAGTTTAAGCAT 762
(o= i m e o s s oo 500

235
334
651
543

595
593
710
597



APPENDIX 8

CLUSTAL 2.0.8 multiple sequence alignment

SeqA Name

Vyricagalecanada
Vyricagaiecanada
Myricagalecenada
Myricagalespain

Myricagalespa

Len{n*) Seg3 Name Len{n*} Score
761 2 Myricagalespain 761 99
76 3 Vyricagalefinland 76! 99
761 4 Myricagalebelgium 761 99
761 3 Myricagalefinland 761 100
761 4 Myricagalebelgium 761 100

ef

Myricagalefinland
Myricagalebeligiunm
Myricegalespain
Myricagalecanada

Myricagalefiniand
Myricagalebelgium
Myricagalespain
Myricagalecanada

Myricagalefiniand
Myricagalebelgium
Myricagalespain
Myricagalecanada

Myricagalefinland
Myricagalebelgium
Myricagalespain
Myricagalecanada

Myricagalefinland
Myricagalebelgium
Myricagalespain
Myricagalecanada

Myricagalefinl
Myricagalebelg

Myricagalespain

Vyricagalecanadea

Myricagalebelgium 761 100

CATTTAGAGCAACGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCAT
CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGCAAGGATCAT
CATTTAGAGGAACCAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGCATCAT
CATTTAGAGGAAGGACAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCAT

TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCCGGGE
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGGE
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGGG
TGTCGAAACCTCCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGGG

GCGATCAAAAGCCTCCCCTCCCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGC
GCGATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGC
GCGATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGC
GCGATCAAAAGCCTCCCOTCCCCAAAACGGTTGGGGAGCATCTGCTGTTAACCTGTCGEC

CCTCGGGTGCCCACGECAAACACATGTACGTGTCCCCCCAGCCCAACAACGAACCCCGGL
CCTCGOGTGCCEACCCCAAACACATGTACGTGTCCCCCCAGCCGAACAACCAACCCCGGE
CCTCGGGTCCGEEACCGCAAACACATGTACGTCTCCCCCCAGCCGAACAACGAACCCCGGC
CCTCGGGTCCCCACCCGAAACACATGTACCTGTCCCCCCAGCCGAACAACGAALCLCGGE

GCGGACTCCGCCAAGGAAT TTCAACAAAAGAGTGCCTCTGATCGCCCCGGAAACGGTGTG
GCGGACTGCGCCAACGAATTTCAACAAAAGAGTGCCTCTGATCGCCCCGGAAACGETGTG
GCGGACTCCCCCAACCAATTTCAACAAAACAGTGCCTCTGATCGCCCCCGAAACGETCTG
GCGGACTGCCCCAAGCAATTTCAACAAAAGAGTGCCTCTGATCCCCCCGGAAACGGTGTG

CCTCOGTTCECACCTCTTGACTET TATACAAAACGACTCTCCECAACGEATATCTCGGCT
CCTCCETTCECACCTCTTCACTETTATACAAAACGACTCTCGCCAACGEATATCTCGGCT
TACAAAACGACTCTCCCCAACCCATATCTCGGLT
TTATACAAAACGACTCTCGECAACCGATATCTCGGCT

60
60
60

120
120

120

180
180
180
180

240
240
240
240

300
300
300
300

360
360
360
360



Vivricagalefin!

Vyricagaiebelgiux

VMyricagalespain
Vyricagaiecenada

Myricagaiefiniand
Myricagaiebelgiuz

Myricagalespain
Myricageiecanada

Myricagalefin
Myricagaiebelgiun

Myricagalespain
Myricega.ecenada

Myricagalefinlian
Myricagaiebelgiux
Vyricagalespain
Myricagalecanade

<

Myricagaiefin
Myricagalebelgiuz
Myricegalespain
Myricagalecanada

Myricagalefinl

Myricagalebelg
Myricagalespair
Myricagalecanada

(TCCCATCCATCAAGAACCTACCCAAATGCCATACTTGGTCTCAATTCCAGAATCCCECG +
CTCAATTGCAGAATCCCCLG
CTCCCATCCATGAACAACGTAGCCAAATCCCATACTTCGTGTGAATTCCAGAATCCCEEG =
CTCGCATCCATGAAGAACCTAGCCAAATCCCATACTTCETCTCAATTGCAGAATCCCCCE

(TCGCATCCATGAAGAACGTAGCCAAATCLCATACTT

wstokokokok

AATCATCGAG

AATCATCGAGTTTTTCAACGCAAGT TGCCCCCAAAGCCCTTTCCCCCAGEGCACGTCTGC
AATCATCGAGTTTTTGAACGCAAGTTGCGCCCAAAGCCGTTTGGCCCAGGGCACCTCTGE 4
AATCATCGAGTTTTTGAACGCAAGT TGCGCCCAAAGCCGTTTCCCCGAGEGCACGTCTGC 4

CTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTTGGGGACT
CTGCGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCCCAAGAGGGAGTTTGGGGACT
CTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTTGGGGACT
CTCGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCCCAAGAGGGAGTTTGGGGACT

ATCGGGGCGGACATTGGCCTCCCGTGAGGTAGTTCTCGCGGTTAGCCTAAATACGAGTCC
ATCGGGGCGGACATTGGCCTCCCGTGAGGTAGTTCTCGCCGTTAGCCTAAATACGAGTCC
ATCGGGGCGGACATTGGCCTCCCGTGAGGTAGT TCTCGCGGTTAGCCTAAATACCAGTCC
ATCGGCGCCGACATTCGCCTCCCGTGAGCTAGTTCTCGCCGTTAGCCTAAATACGAGTCC

TCGGCGACGAGCGCCACAACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCG
TCGGCGACGAGCGCCACAACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCECE
TCGGCGACGAGCGCCACAACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCG
TCCCCGATGAGCGCCACGACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCE

CCTCATCGCCCTAAGTGTGCTCCGTGACCCTGCTGTGTCCTGCAAGCGACACTTCCATCG
CCTCATCGCCCTAAGTGTGCTCCGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATCG
CCTCATCGCCCTAAGTGTGCTCCGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATCG
CCTCGTTGCCCTACGTGTGCTCCGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATCG
sokkk ¥

CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT
CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 761
CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 761
CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 761

761

205

B
o O O

Q1 QT 9 Ut

NESNEN
<

600
600
600
600

660
660
660
660

720
720
720
720



CLUSTAL 2. 0.8

APPENDIX 9

multiple sequence alignment

SegA Name Lten(n*) SeqB Name

I V. fayaportuga: 762 2 M. fayaspaingomera

1 M. fayaportugal 762 3 M. fayaspainlapaima

1 ¥. fayaportugai 762 4 M. fayaspaintenerife
2 V. fayaspaingorera 762 3 M fayaspainiapaime

2 Y. fayaspairgonera 762 4 M. fayaspaintenerife
3 V. ", 762 4 M. fayaspaintenerift

CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCAT 60
CATTTAGAGGAAGGAGAAGTCGTAACAAGGTT TCCGTAGCTCAACCTGCGGAAGGATCAT 60

V. fayaportugal
Y. fevaspaingomera

¥. fayaspaintenerife CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGCTCAACCTGCGGAAGGATCAT 60
Y. fayaspainlapalza CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTCAACCTGCGGAAGGATCAT 60
Y. fayaportugal TGTCCAACCTGCCCAGCAGAACGACCCGCGAACATCTTAATAACTACCGGGGECAGGGE 120
V. favaspaingomera TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCAGGGG 120
Y. favaspaintererife TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCAGGGG 120
M. fayaspainiapalma TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGCGGCAGGGG 120

M. fayaportugal GCGATCAAAAGCCTCCGGTCCCCAAAACGGTTGGGGAGCATGTCCTGTTGTCCCGTCGGC 180
M. fayaspaingomera GCGATCAAAAGCCTCCGGTCCCCAAAACGGTTGGGGAGCATGTCCTGTTGTCCCGTCGGC 180
V. fayaspaintenerife GCGATCAAAAGCCTCCGGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTGTCCCGTCGGE 180
¥. favaspainlapalma GCGATCAAAAGCCTCCGGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTGTCCCGTCGGC 180

CCTCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCCAACAACGAACCCCGE 240
CCTCGGGCCCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240
CCTCEELCGCCGACAGGGAACCACACGCACCTGTCCCCCCAACCCAACAACGAACCCCGG 240
CCTCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCCAACAACGAACCCCGG 240

. fayaportugal
. fayaspaingomera
. fayaspaintenerife

. favaspainlapaima

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCATCGCCCCGGAAACGGTGT 300
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCEATCGCCCCGGAAACGLTET 300
CGCGGACTCCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCATCCCCCCCGAAACGETET 300
CGCGGACTGCCCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCCCCCCGGAAACGETET 300

V. fevaportugal
Y. Favaspaingomera
Y. favaspaintererife

V. favaspainiapaime

V. fayeportugal GCGTCGETTECCACCTCTTGACTCTTATACAAAACCACTCTCCCCAACGGATATCTCGRE 360
GCGTCGGTTCCCACCTCTTGACTCTTATACAAAACGAC TCTCCCCAACGGATATCTLGEC 360
GCGTCGETTGEEACCTCTTCACTET TATACAAAACCACTCTCCECAACGGATATCTCGGC 360
GCGTCGET TCEEACCTCTTGACTCTTATACANAACCAC TCTCCECAACGGATATCTCGEC 360

toksk * K koK ok %

. fayaspaingozera
V. favaspal :

Y. favas;




=

=
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=
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. fayaspaintene

. favaspainlapaima

. fevaportugal
. Favaspaingomera

. fayaportugal

. favaspaingomera

. favaspaintenerife
. favaspainlapalma

. fayaportugal
M.
M.
. fayaspainlapalzae

fayaspaingomera
favaspaintenerife

. fayaportugal

. fayaspaingomera
. fayaspaintenerif
. fayaspainlapalna

. fayaportugal

. fayaspaingomera

. fayaspaintenerife
. fayaspainlapalma

. fayaportugal

. fayaspaingonera

. fayaspaintenerife
. fayaspainlapalma

. fayaportugal

. fayaspaingomera
. fayaspaintenerif
. fayaspainlapalma

TCTCECATCEATCAACAACGTAGCEAAATCCGATACTTEETCTCAATTCCAGAATCCCGE
TCTCCCATCCATCAACAACGTAGCGAAATCCCATACTTCETCTGAATTCCACAATCCCGE 42
TCAATTGCAGAATCCCGC 4

TCTCGCATCCATCAACAACCTAGCCAAATGCGATACTTC
TCTCGCATCGATGAAGAACCTAGCCAAATCCGATACTTGET GTCAATTCCAGAATCCCCC

GAATCATCGAGTTTTTGAACGCAACT TCCGCCCAAAGCCAT TTGGCCGAGGGCACGTCTG
CAATCATCGAGTTTTTGAACGCAAGTTCCGCCCAAAGCCATTTCGCCGAGGGCACGTCTG
GAATCATCGAGTTTTTCAACGCAAGT TCCCCCCAAAGCCAT TTCGCCGAGGGCACGTCTG

skokok ok

CCTGGGTGTCACGCATCCTTCCCCCAACCCCAAACACCTCGCAAGAGGGAGTTCGGGGAC
CCTGGGTCTCACGCATCCTTCCCCCAACCCCAAACACCTCGCAAGAGGGAGTTCGGGGAC
CCTGGOTGTCACGCATCCTTCCCCCAACCCCAAACACCTCGCAAGAGGGAGT TCGGGGAC
CCTGGGTGTCACGCATCCTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTCGGGGAC

TATCGGGGCGGACATTGECCTCCCETCAGCTAGTTCTCGCGGTTAGCCTAAATACGAGTC
TATCGGGGCGGACATTGGCCTCCCCTGAGCTAGTTCTCGCGGTTAGCCTAAATACGAGTC
TATCGGGGCGCACATTGGCCTCCCETCACCTAGTTCTCGCGGTTAGCCTAAATACGAGTC
TATCGGGGCGGACATTGCCCTCCCETGACCTAGTTCTCGCGGTTAGCCTAAATACGAGTC

CTCGGCGACGAGCGCCACGACAATCGCTCGTTGACAAAGCCCTCGTTTCCCGTCGTGGGT
CTCGGCGACGAGCGCCACGACAATCGCTGCTTGACAAAGCCCTCGTTTCCCGTCGTGGGT
CTCGGCGACGAGCGCCACGACAATCCCTEGTTGACAAAGCCCTCGTTTCCCGTCOTGGET
CTCGCCGACGAGCGCCACCACAATCEETCGTTGACAAAGCCCTCGTTTCCCCTCOTGGET

GCGTCGTCTCCATATGCGTTCTCTETCACCCTGCTCTGTCGTGCAAGCGACACTTCCATC
GCGTCGTCTCCATATGCETTCTCTGTCACCCTGCTGTGTCGTGCAAGCGACACTTCCATC
GCGTCGTCTCCATATGCGTTCTCTETGACCCTGCTGTGTCGTGCAAGCGACACTTCCATC
GCGTCGTCTCCATATGCGTTCTCTETCACCCTGCTGTGTCG TGCAAGCGACACTTCCATC

GCGACCCCAGGTCAGGCGGCACTACCCGCTCAGTTTAAGCAT
GCGACCCCAGGTCAGGCGGCACTACCCGCTGAGTTTAAGCAT 762
GCGACCCCAGGTCAGGCCGGACTACCCCCTGAGTTTAAGCAT 762
GCGACCCCAGGTCAGGCCECACTACCCGCTGAGT TTAAGCAT 762

762

207

540
540
540

540

600
600
600
600

660
660
660
660

720
720
720
720



CLUSTAL 2.0.8 multiple sequence

(]

(@]

. Peregrinacanada
. PeregrinalSA

. Peregrinacanadea
. PeregrinalSA

. Peregrinacanada
. PeregrinalUSA

. Peregrinacanada
. PeregrinalSA

. Peregrinacanada
. PeregrinaliSA

. Peregrinacanada
. PeregrinalSA

.Peregrinacanada
. PeregrinalSA

. Peregrinacanada
. PeregrinalSA

. Peregrinacanada
. PeregrinalSA

. Peregrinacanada

(. PeregrinalSA

APPENDIX 10

alignment

Len{nt) Score

CATTTAGACGAAGGAGAAGTCCTAACAAGCTTTCCOTAGGTGAACCTGCGGAAGGATCAT
CATTTAGAGGAAGCAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCAT

60
60

TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGCG
TGETCGAAACCTGCCCAGCAGAACGACCCGCCAACATGTTAATAACTACCGGGGGCOGGCG

GCGATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCATGTGCCGTTACCCCGTCGGC
GCGATCAAAAGCCTCCCCTCCCCAAAACGGT TGGGGAGCATGTGCCGTTACCCCGTCGGE

CCTCGGGCCCGGACGGCAAACACAAGCGCGTGCCCCCCAGCCGAACAACGAACCCCGGLG
CCTCGGGCGCCCACCGGAAACACAAGCGCGTGCCCCCCAGCCGAACAACGAACCCCGGCG

Kok

CGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGGTCGCCCCGGAAACGGTGTGC
CGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGGTCGCCCCGGAAACGGTGTGC

k%

GTCGGTTGGGACGTCT TGACTGTTATACAAAACGACTCTCGGCAACGGATATCTCGGCTC
GTCGGTTGGGACCTCTTGACTGTTATACAAAACGACTCTCGGCAACGGATATCTCGGCTC

TCGCATCGATCAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGCGA
TCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGCGA

Kk ET3

ATCATCGACTTTTTCAACGCAAGTTGCCCCCAAAGCCGTTTCGCCGAGGGCACGTCTGCC

TGGGTGTCACGCATCCTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTTCGGGCACT
TCEGTETCACCCATCCTTGCCCCAACCCCAAACACCTCCCAAGAGGGAGTTTCGGGGACT

xxxxx ok

AATCGGECCCCACATTEECCTCCCETCACCTAGTTCTCRCGETTAGCCTAAATACGAGTC
AATCCECCCCCACATTGECCTCCCETCAGCTAGT TCTCECGGT TAGCCTAAATACGAGTC

%k Xx

120
120

180
180

240
240

300
300

360
360

420
420

540
24

600
600



T Peregrinacanade

T Peregrin

. Peregrinacanada
.Peregrin

~. Peregy
. Peregr

inacanade
inal’SA

CTCGECCACCACCECCACCACAATCGETGETTCATAAAGCCCTCETTTCCCETCETECEE b

CTCCECCACCAGCCCCACCACAATCCCTCETTCATAAACCCCTCETTTCCCET

GCCTTETCOCCCTATETGCCCTCCETCACCCTECTGTETCETCCAAGCCACCLTTCCATC
GCCTTGTCOCCCTATETCCCCTCCGTCACCCTCCTGTGTCETECAAGCGACCLTTCCATC

GCGACCCCAGCTCACGCCCGACTACCCGCTCAGT TTAAGCAT 762
GCGACCCCAGGTCAGCCCCGACTACCCGCTGAGTTTAAGCAT 762

209



SegA Naze
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CLUSTAL W 2.0.8 multiple sequence alignment

L

o ()
ennty

SegB Name

.r-zartineziispainelhierro

¥

. r-martineziispaingomera

-martineziispainelhierro
.r-martineziispeingomera

T

~-martineziispainelhierro
~zartineziispaingomera

-martineziispainelhierro
.r-martineziispaingomera

~—martineziispainelhierro
r-martineziispaingonmera

.r-martineziispainelhierro
r-martineziispaingomera

M. r-martineziispainelhierro
V. r-martineziispaingomera
V. r-martineziispainelhierro

Y
.r-mertineziispaingomera

r-martinezilispainelhierro

r-martineziispaingomera

ineziispeis

—martineziispaingomera

CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCG
CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCG

kok

GAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTA
GAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTA

*

ATAACTACCGGGGGCAGGGGGCCATCAAAAGCCTCCGGTCCCCAAAACGG
ATAACTACCGGGGGCAGGGGGCCATCAAAAGCCTCCGGTCCCCAAAACGG

skokskk

k%

TTGCGGAGCATGTGCTGTTGTCCCCTCCGCCCTCGGGCGCGGACAGGGAA
TTGGGGAGCATGTGCTGTTCTCCCGTCCGCCCTCGGGCGCGGACAGGGAA
Hkok

CCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGGCGCGGACTGC

CCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGGCGCGGACTGC

GCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCGCCCCGGAAACGGTGT
GCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCGCCCCGGAAACGGTGT

%k

GCGTCCGTTGGCACGTCTTGACTGTTATACAAAACGACTCTCGGCAACGG
GCGTCCCTTGGGACCTCTTCACTGTTATACAAAACGACTCTCGGCAACGG

Hoksksk kK

%k

ATATCTCGGCTCTCCCATCGATGAAGAACGT AGCCAAATGCGATACTTGG
ATATCTCGGCTCTCCCATCGATGAAGAACGTAGCGAAATGCGATACTTGG

sk sk

*%

TGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAACGCAAGTTGCG
TGTGAATTCCAGAATCCCGCGAATCATCCAGTTTTTGAACGCAAGTTGCG

%ok

CCCAAAGCCATTTGECCCAGCGCACCTCTEOCTGEETGTCACCLATCET
CCCAAAGCCATTTGECCCAGGECACGTCTCCCTCEETETCACCCATCCTT

w1 W
o

o

100
100

250

130

200
200

250

300
300

350
350

400
100

400
20

4

200
500



romartineziispainelnierro

‘ineziispain

crera

LO1erYTe

Y. v-martineziispain
r-martineziispaingomera

—martineziispeinelhierro

s
r-martineziispaingomera

M. r-martineziispainelhierro
VY. r-martineziispaingomera

.r-mpartineziispainelhierro

=
[

. r-martineziispaingomera

M. r-martineziispainelhierro
M. r-martineziispaingomera

GOCCCAACCCCAAACACCTCGCAACAGCGACTTCGEECACTATCREEECE
CCCCCAACCCCAAACACCTCCCAAGAGGCAGTTCGECEACTATCRLEECE

ek

GACATTCCCCTCCCETGAGCTAGTTCTCGLEETTAGCCTAAATACCGAGTC

GACATTGCCCTCCCCTCAGCTAGTTCTCGCGGTTAGCCTAAATACCAGTC 6

Kook skok ok

CTCGCCGACGAGCCCCACGACAATCGGTCOT TCACAAAGCCCTCETTTCC
(7 CGECCACGAGCCCCACCACAATCCETGGTTGACAAAGCCCTCETTTCC

ek %k

CCTCETGEETCCCTCCTCTCCATATGCGTTCTCTCTGACCCTGCTETGTC
CGTCGTGEETCCCTCCTCTCCATATCCGTTCTCTGTCACCCTGCTCTCTC

skokokok * *

G%GCAAGCGACACTTCCATCGCGACCCCAGGTCAGGCGGGACTACCCGCf
GTGCAAGCGACACTTCCATCGCGACCCCAGGTCAGGCGGGACTACCCGCT

Kkokok

GAGTTTAAGCAT 762
CAGTTTAAGCAT 762
sk

3]

Q1 Q1
<

[l

[SYINSTI

600

650
650

700
700

750
750



APPENDIX 12
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SegA Name

en{nt) Seq3 Name

Morellaadenophorachine

Morellaadenophorataiwan

Morellaadenophoracrnina

Morellaadenophorataiwan

Morellaadenophorachine

Morellaadenophorataiwen

Morellaadenophorataiwan

Morelliaadenophorachine

Morellaadenophorataiwan

Morellaadenophorachine

Morellaadenophorataiwan

Morellaadenophorachin

Morelilaadenophorataiwan

Morellaadenophorach:

Morellaadenophorataiwan

Morellaadenophora

Morelleadenophorataiwan

Morellaade

Morelleade

GCCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGE
GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCCTAGE

TCAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC
TGAACCTCCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGE

GAACATGT TAATAACTACCGGGGGCAGAGGGCGAT CAAAAGCCTCCCGTC
GAACATGTTAATAACTACCGGGGGCAGGGGGCGATCAAAAGCCTCCCGTC

CCCAAAACGGTTGGGGAGCCCGTGCTGTTGTCCTGTTGGCCCTCTGGCGE
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGCGC

GGACAGGGAACCACATGCACGTGTCCCCCCAACCGAACAACGAACCCCGG
GGACAGGGAACCACACGCACGTGTCCCCCCAACCAAACAACGAACCCCGE

CCCCGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGAAGGCCCCG
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGAAGGCCCCG

CGAAACGGTGYGCGTCGGTTGGGACGTCTTGACTGTTATACAAAACGACTC
GAAACGGTGTGCCTCGGTTGGGACATCTTGACTGT TATACAAAACGACTC

TCCCCAACGCATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG

TCGGCAACGGATATCTCGCCTCTCGCATCGATGAAGAACGTAGCGAAATG 4

CCATACTTGGTGTGAATTGCAGAATCCCGCCGAATCATCGAGTTTTTCAAC
CCATACTTGGCTGTGAATTGCAGAATCCCGCCAATCATCCAGTTTTTGAAC

&3

GCAACTTGLCCCCAAAGCCGTTTCECCCAGCGLACCTCTCCCTERETETC
GOAAGTTCCCCCCAAAGCCETTTGECCGACCECACCTCTGOCTERGTETC

[\
b9

20
20

100
100

130
50

200
200

250
250

350
350

100

150
420

500
200



Morellaadenophorechine

More. . zadenophorateiwan

More. laadenophorachine
More.laedenophorataiwan

More.laadenophorachine
Moreilaadenophorataiwan

Morel.aadenophorachine
Morellaadenophoretaiwan

Vore!l . aadenophorachine
Yorellzadenophorataiwan

ACGCATCCTTGCCCCAACCCCAAACACCTCCCAAGACECATTTCCEGEAC

ACCCATCCTTCCCCCAACCCCAAACACCTCECAAGAGGEATTTTGRG

TATCCCECCCGACATTCCCCTCCCCTGAGCTACTTCTCCCCETTAGUCTA

TATCGGCCCCCACATTGGCCTCCCGTCAGCTAGTTCTCGCEETTAGCCTA 5

AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGETGETTGATANAGC ©

AATTCCACTCCTCGGCGACCAGCGCCACGACAATCCCCCET TCATAAAGC

P %k

CCTCGTTTCCCETCETGCGTGCCTCGTCTCCCTATCTCCGCTCTGTGACC
CCTCETTTCCCETCETGCGTGCCTCGTCTCCCTATGTGCCCTCTGTGACT

CTGCTGTGTCGTGCAAGCGACACTTCCATCGCGACCCCAGG TCAGGCGGE
CTGCTGTGTCGTGCAAGCGACACTTCCATCGCGACCCCAGE TCAGGLGEE

ACTACCCGCTGAGTTTAAGCATATCAATAAGCGGAAGGAA- TCACTAGTG
ACTACCCGCTGAGTTTAAGCATATCAATAAGCGGAAGCAAATCACTACTG

kK

TATTC 804

649

700
639

750
749



APPENDIX 13

CLUSTAL 2.0.8 multiple sequence alignment

—en(nt) Seg3 Nanme

SegA Name

M. ceriferajamaica
M. ceriferalSA

¥. ceriferajamaica
M. ceriferalSA

M. ceriferajamaica
M. ceriferalSA

M. ceriferajamaica
. ceriferalSA

=

=

.ceriferajamaica
M. ceriferallSA

M. ceriferajamaica
M. ceriferalUSA

M. ceriferajamaica
Y. ceriferallSA

V. ceriferajamaica
M. ceriferallSA

CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCCTAGGTGAACCTGCGCAAGGATCAT
CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCAT

skokok £ 3

TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGT TAATAACTACCGGGGGCAGGGE
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCAGGGG

GCGATCAAAAGCCTCCGGTCCCCAAAACGGTCGGGCAGCATGTCCTETTCTCCCGTCEEC
GCGATCAAAAGCCTCCGGTCCCCAAAACGGTCGGGGAGCATCTCCTETTCTCCCGTCREC

*

CCTCGGGCGLGGACAGGGAACCACACGCACGTETCCCCCCAACCCAACAACGAALCCCEG
CCTCCGGCGCGGACAGGGAACCACACGCACCTGTCCCCCCAACCGAACAACGAACCCCEG

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCCCCCCGGAAACGGTGT
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTCCCTCCCATCCCCCCGGAAACGGTGT

GCGTCGGTTGGGACGTCTTGACTGTTATACAAAACGACTCTCCGCAACGCGATATCTCGEC

GCGTCGCTTGGGACGTCTTGACTGTTATACAAAACGACTCTCGCCAACGGATATCTCGGC

TCTCGCATCGATGAAGAACGTAGCGAAATGCGATACT TGGTGTGAAT TGCAGAATCCCCC

TCTCGCATCGATGAAGAACGTAGCGAAATCCGATACTTCGTGTGAATTCCAGAATCCCCEC 4

%

GAATCATCGAGTTTTTGAACGCAAGT TCCGCCCAAAGCCATTTCCCCCAGGGCACCTCTE

$3'3

*

CCTGGETGTCACGCATCGTTGCCCCAACCCCAAACACCTCRCAAGACGCEAGT TCGGGEAC
CCTGEETCTCACGCATCGTTGCCCCAACCCCAAACACCTCCCAAGACCCAGTTCCCERAC

skesfesk ok kok & *

TATCGECCCGEACATTGECCTCCCCTGACCTAGTTCTCECCETTACCCTAAATACCACTC
TATCCCEECCCACATTGECCTCCCGTCAGCCAGTTOTCGCCGET TACCCTAAATACCAGTC

ok S

214

60
60

120
120

180
180

240
240

300
300

600
600



f.oceviferajamaice

[ ceriferalSA

[.ceviferajamzaica
f.ceriferalSA

I.ceriferajamaica
f. ceriferalSA

CTCGGCCACCGACCGLCACGACAATCCETGETTCATAAAGCCCTCETTTCCCETCETEET 660
CTCGGCCACCACCELCACCACAATCRETEETTCATAAAGCCCTCETTTCCCETCETECET 660

GCCTCGTCTCCATATCCCTTCTCTETGACCCTECTETETCGTGCAACCCACACTICCATC 720
GCTTCETCTCCCTATCCETT(TCTETCACCCTGOTETGTCETCCAACCGACACTTCCATC 720
sk sokkkdololol kool stk

GCGACCCCAGGTCAGGCGGCACTACCCGCTGAGTTTAAGCAT 762
GCGACCCCAGGTCACGCCGGACTACCCCCTGAGTTTAAGCAT 762

215



APPENDIX 14

CLUSTAL 2.0.8 multiple sequence alignment

SeqA Naze Len{nt)  Sec3 \eme Zen{n*) Score

1 C.sarmentosa 1785 2 C

i C. sarmentosa 1785 3 C.

1 C. sarmentosa 1785 4 C.uyrtifolie 1737 99

2 C.ruscifolia 178! 3 C.nepalensis 1785 97

2 C.ruscifolia 178! 4 C.uoyrtifolia 1737 97

3 C. nepalensis 1785 4 C.uoyrtifolia 1737 99

C.nepalensis TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGCAAGTATCAACTAATTCAGACTGT 60
C.myrtifolia -CATATGCTTCTCTCAAAGAT TAAGCCATGCATGTGCAAGTATCAACTAATTCAGACTGT 59
C. sarmentosa TOATATGCTTCTCTCAAAGATTAAGCCATGCATGTGCAAGTATGAACTAATTCAGACTCT 60
C

.ruscifolia TCATATCCTTGTCTCAAAGAT TAAGCCATGCATGTGCAAGTATCAACTAATTCAGACTGT 60

skokok

.nepalensis GAAACTGCCAATGCCTCATTAAATCAGTTATAGTTTGT T TGATCGTATCTGCTACTCGGA 120
.myrtifolia GAAACTGCGAATGCCTCATTAAATCAGTTATAGTTTGTTTGATGGTATCTGCTACTCGGA 119
. sarmentosa GAAACTCCCAATGCCTCATTAAATCAGTTATAGTTTGTTTGATGGTATCTGCTACTCGGA 120
.ruscifolia GAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTGTTTGATGGTATCTGCTACTCGGA 120

k%

ol oNesEe]

nepalensis TAACCGTACTAATTCTAGAGCTAATACGTGCAACAAACCCCAACTTCTGGAAGGGATGCA 180

myrtifoiia TAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAACCCCAACTTCTGGAAGGCATGCA 179

sarmentosa TAACCGTACTAATTCTAGAGCTAATACGTGCAACAAACCCCAACTTCTGCAAGGGACGCA 180

ruscifolia TAACCCTAGTAATTCTAGAGCTAATACGTGCAACAAACCCCAACTTCTGGAAGGGAYGCA 180
K% sk

o000

nepalensis TTTATTAGATAAAAGC TCCACGCGGGCCTAGCTCGTTGCTCTGATGATTCATGATAACTC 240
AGATAAAAGCTCGACGCGGGCCTAGCCCGTTCCTCTCATGATTCATGATAACTC 239
ACATAAAAGGTCGACGCGGGCCTAGCCCGTTGCTCTGATGATTCATGATAACTC 240
T TAGATAAAAGCTCGACGC-—— CTAGCCCGTTGCTCTGATGATTCATGATAACTC 236
*kEk Fokokokk Hogs

myrtifolia
sarmentosa

sNeNs N

.ruscifolia

nepalensis GACGGATCCUACCCCCATCCTGCCGGCGACGCATCATTCAAATATCTGCCCTATCAACTT 300
myr+ifolia GACCGATCCCACGCCCATCCTCCCCGCGACGCATCATTCAAATTTCTCCCCTATCAACTT 299
sarmentosa GACCCATCCCACGGCCTTCETGCCEGCCACGCATCATTCAAATTTCTGCCCTATCAACTT 300
296

nooo

.ruscifolia

360
3529
R AGGATAGTCCCCTACTATGC TG CACGEETCACGEAGANTTA CGAT 360
TCEATGETAGCATAGTGECCTACTATCCTCCTCACGCGTCACCCAGAATTAGGGTTCGAT 356

ISEERERE

216



2 EsNsNs sEsNsls sRaNs R 2NN Nel

C.
C.
C
C

o000

.nepalensis
myrtifolia

sarmentosa
ruscifolia

.nepalensis
myrtifolia
sarmentosa
.ruscifoila

.repalensis
nyrtifolia
sarmentosa
ruscifoliea

.nepalensis
.myrtifolia
sarzentosa
.ruscifolia

.repalensis
.myrtifolia
. sarmentosa
ruscifolia

.nepalensis
.myrtifolia
sarpentosa
.ruscifolia

nepalensis
pyrtifolia
sarzentosa
ruscifolie

TCCGGAGAGGCAGCCTGAGAAACGCCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT +
TCCGCACAGGCAGCCTCAGAAACGCCTACCACATCCAAGGAAGCCAGCAGGCGCGCAAAT 4.
TCCGGAGAGGGAGCCTGACAAACGECTACCACATCCAAGGAAGGCAGCAGCCGCGLAAAT 4
TCCGCAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT 41

TACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACCGGGCTCTTTGAGTC 4
TACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACCGGGCTCTTTOAGTC 4
TACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACCGGGCTCTTTGAGTC ¢

TACCCAATCCTGACACGGCGAGCTAGTGACAATAAATAACAATACCGGGCTCTTTGAGTC

TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT
TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT
TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT
TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT

GGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTTAAGT TGTTGCAGTTAA

GGTCCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAA

GGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTTAAGT TGTTGCAGTTAA
GGTGCCAGCAGCCGCGGTARTTCCAGCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAA

AAAGCTCGTAGTTGGACCTTGGGTCGGGCCGATCGGTCCGCCAATGGTGTGCACCGGTCT
AAAGCTCGTAGTTGGACCTTGGGTCGGGCCGATCGGTCCGCCAATGGTGTGCACCGGTCT
AAAGCTCGTAGTTGGACCTTGGGTCGGGTCGATCGGTCCGCCAATGGTGTGCACCGGTTT
AAAGCTCGTAGTTGGACCTTGGGTYGGGTCGATCGGTCCGCCWATGGTGWGCACCGGTTK
k% Fokok

GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGTCCTTAACTGGCCGGGTCGTCCCTCCGGE
GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGTCCTTAACTGGCCGGETCGTGCCTCCGGE
GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGTCCTTAACTGGCCGGGTCGTGCCTCCGGE
GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGKCCTTAACTGGCCGGGTCGTGCCTCCGGE

GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGTATACATTAGCA

GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGCATATATTAGCA

GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGCATACATTAGCA

GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGTATACATTAGCA
*%k

TGGCATAACATCATAGGATTTCGATCCTATTCTGTTGOCCTTCGGCATCGGAGTAATGAT
TGCGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCGGGATCGGAGTAATGAT
TGGGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCGGGATCGGAGTAATGAT
TGGGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCCGGATCGGAGTAATGAT

sokok skokok

TAATAGGGACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTGAAATTCTTGGATTTAT
TAACACGGACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTCAAATTCTTGCATTTAT
TAACAGGGACAGTCGGGGGCATTCCTATTTCATAGTCAGAGGTGAAAT TCTTGGATTTAT
TAACAGCGACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTCAAATTCTTGCATTTAT

skoksk skeokok *kokk kokk
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660
659
660
656

720
719
720
716

780
779
780
776

840
839
840
836

900
899
900
896



[N NRee]

sarmentosa
ruscifolia

nepalensis
myrtifolia
sarmentosa
ruscifolia

.nepalensis
.zyrtifolia
. sarzentosa
.ruscifolia

.nepalensis
.myrtifolia
. sarzentosa
ruscifolia

.nepalensis
.ayrtifolia
. sarzentosa
.ruscifolia

.nepalensis
.oyrtifolia
. sarmentosa
.ruscifolia

nepalensis
myrtifolia
sarmentosa
ruscifolia

.nepalensis
.myrtifolia
sarmentosa
.ruscifolia

.nepalensis
.myrtifolia
. sarmentosa
.ruscifolia

GAAAGACGAACAACTGCGAAAGCATTTCCCAAGGATGTTTTCATTAATCAAGAACCAAAG
CAAAGACGAACAACTCCCAAAGCATTTCCCAAGGATCTTTTCATTAATCAAGAACGAAAG
GAAAGACGAACAACTGCGAAAGCATTTCCCAAGGATCTTTTCATTAATCAAGAACGAAAG
GAAAGACGAACAACTGCGAAAGCATTTCCCAAGGATGTTTTCATTAATCAAGAACCAAAG

kkk

TTGGCCGCTCGAAGACCATCAGATACCCTCCTAGTCTCAACCATAAACCATGCCGACCAG
TTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATAAACGATCCCGACCAG
TTGGGGGCTCGAAGACGATCAGATACCCTCCTAGTCTCAACCATAAACGATGCCGACCAG
TTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATAAACGATGCCGACCAG

GGATCGGCGGATGTTACTTTAAGGACTCCCCCCGCACCT TATGAGAAATCAAAGTCTTTG
GGATCGGCGGATGTTACTTTAAGGACTCCCCCGGCACCTTATGAGAAATCAAAGTCTTTG
GGATCGGCGGATGTTACTTTAAGGACTCCGCCGGCACCT TATGAGAAATCAAAGTCTTTG

GGATYGGCGGATGTTRCTTTAAGGACTCCGCCRGCACCTTATGAGAAATCAAAGTCTTTG
*EFK

GGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCA
GGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACT TAAAGGAATTGACGGAAGGGCACCA
GGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCA
GGTTCCGGGGGGAGTATGGTCGCAANNNNN NNNNNNNNNNNAATTGACGGAAGGGCNCCN
%% sokokokkk R FRARKK KK

CCAGGAGTGGAGCCTGCGGCTTAATTTGAC TCAACACGGGGAAACTTACCAGGTCCAGAC
CCAGGAGTGGAGCCTGCGGCTTAATTTGAC TCAACACGGGGAAACTTACCAGGTCCAGAC
CCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAGAC
CCAGGAGTGGAGCCTGCGGCT TAATTTGACTCAACACCGGGAAACTTACCAGGTCCAGAC

ATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGCC
ATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTCATTCTATGGGTGGTGGTGCATGGCC
ATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGCC
ATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTGATTCTATGGGTGG TGGTGCATGGCC

kkk

GTTCTTAGTTGGTGGAGCGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTCAGCCT
GTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCGTTAACGAACGAGACCTCAGCCT
GTTCTTAGTTGGTGGAGCGATTTGTCTGGT TAATTCCCT TAACGAACGAGACCTCAGCCT
GTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATTCCCT TAACGAACGAGACCTCAGCCT

GCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCCAGLT TCTTAGAGGGACTATGGCCTT

GCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCCAGCT TCTTAGAGGGACTATGGCCTT

GCTAACTAGCTATGCGGAGGTACCCCTCCGCCCCCAGCT TCTTAGAGGGACTATGGCCTT

GCTAACTAGCTATGCGGAGGWAYCCCTCCGCGCCCACCTTCTTAGAGGGACTATGGCCTT
* *

TTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTCTCATCCCCTTAGATGTTCTGGGCCG
TTAGGCCAAGGAAGTTGAGGCAATAACAGCTCTETGATGCCCTTAGATGTTCTGGGCCG
TTAGGCCAAGGAAGTTTGAGGCAATAACAGCTCTCTCATCCCCTTAGATGTTCTGGGCCG
TTAGGCCAAGGAAGT TTGAGGCAATAACAGCT CTCTGATCCCCTTAGATGTTCTGEGCCG

218

960
353
960
956

1020
1019
1020
1016

1080
1079
1080
1076

1140
1139
1140
1136

1200
1199
1200
1196

1260
1259
1260
1256

1320
1319
1320
1316

1380
1379
1380
1376

1440
1439
1440
1436



.nepa.ensis

mvriifelia

. sarmentosa

IR T !

.ruscifolia

.nepalensis
myrtifolia

sarzentosa

sNsNsNs]

.ruscifolia

nepalensis
myrtifolia
sarmzentosa

Sooo

ruscifolia

.nepalensis
.zyrtifolia
. sarmentosa
o
.ruscifolia

[N eNeNe!

.nepa.ensis
.myrtifolia
sarmentosa

o000

ruscifolia

.nepalensis
.myrtifolia
sarmentosa
ruscifolia

Dooo

CACGCGCCCTACACTEATGTATTCAACGAGTCTATAGCC T TGCCCGACAGGCCCGEETAA
CACCCGCGCTACACTGATETATTCAACCACTCTATAGCCTTGECCCACAGGCCCGGETAA
CACGCGCGCTACACTCATCTATTCAACGAGTCTATAGCCTTGECCCACAGELCCGEETAA
CACGCGCCCTACACTCATGTATTCAACGAGTCTATACCCTTGCCCCACAGGCCCGGETAA

F3 33 3 £33

TCTTTGAAGTTTCATCCTCAT GGGCATAGATCATTCCAATTGTTGGTCTTCAACGAGGAA
TCTTTGAAGTTTCATCCTGATGCGCATAGATCATTGCAATTGTTGGTCTTCAACGAGGAA
TCTTTGAAGTTTCATCGTCATGGGCATAGATCATTGCAATTGTTGGTCTTCAACGAGGAA
TCTTTGAAGTTTCATCGTCAT GGGGATAGATCATTGCAATTGTTGGTCTTCAACGAGGAA

TTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGACTACGTCCCTGCCCTTTGTACACACC
TTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGACTACGTCCCTGCCCTTTGTACACACC
TTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGACTACGTCCCTGCCCTTTGTACACACC
TTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGACTACGTCCCTGCCCTTTGTACACACC

skokk

GCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAAGTGTTCGGATCGCGGCCACGTGGGE
GCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAAGTGT TCGGATCGCGGCGACGTGGGE
GCCCGTCGCTCCTACCGATTGAATGCTCCGGTGAAGTGT TCGGATCGCGGCGACGTGGGC
GCCCGTCGCTCCTACCGATTGAATCGTCCGGTGAAGTGTTCGGATCGCGGCGACGTGGGE

sk

GGTTCGCTGCCGGCGACGTCGCCAGAAGTCCACTCAACCTTATCATTTAGAGGAAGGAGA
GGTTCGCTGCCGGCGACGTCGCGAGAAGTCCACTCAACCTTATCATTTAGAGGAAGGA—
GGTTCGCTGCCGGCCACGTCCCCAGAAGTCCACTCAACCTTATCATTTAGAGGAAGGAGA
GGTTCGCTGCCGGCGACCTCGCGAGAAGTCCACTGAACCTTATCATTTAGAGGAAGGAGA

AGTCGTAACAAGGTTTCCGTAGCTGAACCTGCGGAAGGATCATTG 1785

AGTCGTAACAAGGTTTCCCTAGCTGAACCTGCGGAAGGATCATTG 1785
AGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTG 1781
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1960
1559
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1679
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APPENDIX 15

CLUSTAL 2.0.8 multiple sequence alignment

SeqA Name

Lter(nt) SegB \ame Lten(nt) Score

1 D. glomerata 1808 2 D.cannabina 1803 98

D. glomerata
D. cannabina

D.glomerata
D. cannabina

D. glomerata
D. cannabina

D. glomerata
D. cannabina

D. glomerata
D. cannabina

<

glomerata
. cannabina

D

D. glomerata
D. cannabina

TACTTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGT
TACTTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTG

AAGTATGAACTAGTTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG
AAGTATGAACTATTTCAGACTGTGAAACTGCCAATGCCTCATTAAATCAGTTATAGTTTC

TTTGATGGTATCTGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA
TTTGATGGTATCTGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA

CCCCGACTTTTGGAAGGCATGCATTTATTAGATAAAAGGTCGACGCAGGCTCTGCCCGTT
CCCCGACTTCTGGAAGGGATGCATTTATTAGATAAAAGGTCGACGCAGGCTCTGCTCGTT
*k *xkk

GCTCTGATGATTCATGATAACTCGACGGATCGCACGGCCATCGTGCCGGCGACGCATCAT
GCTCTGATGATTCATGATAACTCGACGGATCCCACGGCCTTCGTGCCGGCGACGCATCAT

TCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACTATGGTGGTGACGG
TCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACTATGGTGGTGACGG

GTGACGGAGAATTAGGGTTCGATTCCGGAGAGGCAGCCTGAGAAACGGCTACCACATCCA

GTGACGGAGAATTAGGGTTCGATTCCGGAGAGCGAGCCTGAGAAACGGCTACCACATCCA 4

skokokk

AGGAAGGCAGCAGGCGCCCAAATTACCCAATCCTCACACGGGGAGGTAGTGACAATAAAT 4

AGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAAT

skokokok ET3

AACAATACCGGCCTCTTAGAGTCTGCTAATTGCAATCAGTACAATCTAAATCCCTTAACE
AACAATACCGGGCTCTTTGAGTCTGGTAATTGCAATGAGTACAATCTAAATCCCTTAACG

*ekokk

AGGATCCATTGGAGGGCAAGTCTGETCCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCE
ACGATCCATTCCAGGGCAAGTCTGETCCCAGCACCCGCGGTAATTCCAGCTCCAATAGCG

KAk %k
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60
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120
19
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80
179

240
239

300
299

360
359

540
539

600
299



()

w v

. cant

glomerata

.cannebina

. glomerata
. cannabina

. giomerata
. cannabina

“omerata

=]

o o]

o

rabina

£

.glomerata
. cannabina

. glomerata
. cannabina

glomerata

. cannabina

. glomerata
. cannabina

. g.omerata

abina

. glozerata

. cannabina

TATATTTAAGTTCTTGCAGT TAAAAAGCTCGTAGTTCCACCTTEGETTCEETCAATCEET
TATATTTAACTTCTTCCACTTAAAAAGCTCCTAGTTCAACCTTCECTTGGCTCAATCGET

CCCCCTATGGTETGCACCECTTCGECTCETCCCTTCCACCGELEATCCELTCCTEECCTTA
CCCCCACTGETGTGCACCEETTEECTCCTCCCTAATACCGGCCATGCGCTCCTEECCTTA

ACTGGCCGLETCCTCCCTCCGGTACTGTTACT TTCAAGAAATTAGAGTGCTCAAAGCAAG
ACTGGCCCGGTCGTGCCTCCGGTCCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAG

CCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGATTTCGATCCTATTCTGTTG
CCTACGCTCTGTATACATTAGCATGGGATAACACTACTGGATTTCGATCCTATTICTGTTG
*

GCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGGGGCATTCGTATTTCATAGTC
GCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGGGGCATTCGTATTTCATAGTC

AGAGGTGAAATTCTTGGATTTATCAAAGACGAACAACTGCGAAAGCATTTGCCAAGGATG
AGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATT TGCCAAGGATG

TTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCT
TTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCT

CAACCATAAACGATGCCGACCAGGGATCGGCGGATGTTACTTTTAGGACACCGCCGGCAC

CAACCATAAACGATGCCGACCAGGGATCGGCGGATGTTACTTTTAGGACACCGCCGGCAC &

* *%

CTTATGAGAAATCAAAGTCTTTGGCTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTA |
CTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAG-ATGGTCGCAAGGCTGAAACTTA |

AAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACAC

AAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCATGCGGCTTAATTTGACTCAACAC i€

E2 3

GGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTCAT
GGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTGAT
FokHK

TCTATGGGTGCTGGTGCATGGCCGTTCTTAGTTGCTGGAGCGATTTGTCTGETTAATTCC
TCTATGGGTGGTGGTGCATCGCCGTTCTTAGT TGGTGGAGCGATTTGTC TCCTTAATTCC

sTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCCTCCCCGGCCAG
GTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCC TCCELGELCAG

660
659

«€©

780
779

840
839

900
899

960
959

1020
1029

1260
1258

1320
138

1380
1378

CTTCTTAGAGGGACTATGECCCCTTACCCCAAGGAAGT TTGAGGCAATAACAGETCTETE 1i

CTTCTTAGAGGGACTATGCCCCCTTAGCCCAAGCAAGTTTCGAGGCAATAACACGET

F3 sk ok

221




.glomerata
. cannabina

D.glomerata

. cannabina

. glomerata
. cannabina

. glomerata
. cannabina

. glomerata
. cannabina

. glomerata
. cannabina

ATCCCCTTAGATGTTCTGECCCCCACCCGCCCTACACTCATCTATTCAACGAGTATATAA
ATGCCCTTAGATGTTCTGGEC-GCACCCCCCCTACACTCATCTATTCAACGAGTTTAT

CCTTGGCCCACAGGCCCGEGAAATCTTTCAAATTTCATCGTGATGGGCATAGATCATTGC
CCTTGGCCGACAGGCC-GGEAAATCTTTCAAATTTCATCGTCATGGGCATAGATCATTCC ©

skkoksg skokok kkk

AATTGTTGGTCTTCAACGAGGAATTCCTAGT AAGCGCGAGTCATCAGCTCGCGTTGACTA
AATTGTTGGTCTTCAACGAGGAATTCCTAGTAAGCGCGAGTCATCAGCTCGCGTTGACTA

CGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAAGT

CGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAAGT 1

Skokoksk *k

GTTCGGATCGCGGCGACGTGEGCGGTTCGCTGCCCGCGACGTCGCGAGAAGTCCACTGAA
GTTCGGATCGCGGCGACGTGGGCGGTTCG-TGCCCOCGACGTTGCGAGAAGTCCACTGAA

xxxxxxx * )%

CCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGT TTCCGTAGGTGAACCTGCGGAAG 1
CCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAG &

*k

GATCATTG 1808
GATCATTG 1803
sxkkokkkk

2500
1497



APPENDIX 16

CLUSTAL 2.0.8 multiple sequence

SeqA Name Len{nt) SeqgB Name Len(nt) Score
1 Datiscacannabina 1803 2 Coriariaruscifolia 1785 97
1 Datiscacannabina 1803 3 Caryaglabra 1739 97
1 Datiscacannabina 1803 4 Juglansnigra 1738 96
1 Datiscacannabina 1803 5 Moreliacerifera 1752 96
2 Coriariaruscifolia 1785 3 Caryaglabra 1739 97
2 Coriariaruscifclia 1785 4 Juglansnigra 1738 97
2 Coriariaruscifoiia 1785 5 Moreliacerifera 1752 97
3 Caryaglabra 1739 4 Juglansnigra 1738 99
3 Caryaglabra 1739 5 Morellacerifera 1752 99
4 Juglansnigra 1738 5 Morelliacerifera 1752 98

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifoiia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Carvaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannrabira

- ~——TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGT
******************** TAGTCATATGCTTGTCTCNAAGATTAAGCCATGCATCTGT
********************* ———TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGT
———TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGC
TACTTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGAT TAAGCCATGCATGTG-

AAGTATGAACTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTC
AAGTATGAACTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG
AAGTATGAACTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG
AAGTATGAACTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG
AAGTATGAACTATTTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG

TTTGATGGTATCTCCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA
TTTGATCCTATCTCCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA
TTTCGATGCTATCTCCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA
TTTGATGETATCTGCTACTCGGATAACCGTAGTAATTCTAGAGC TAATACGTGCAACAAA
TTTCATCCTATCTCCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA

CCCCGACT TCTGCAAGGGATGCATTTATTAGATAAAAGGTCGACGCGGGCTT-TGCCCGT
CCCCGACTTCTCCAAGGGATGCATTTATTAGATAAAAGGTCGACGCGGGCTT-TGCCCGT
CCCCCACTTCTCCAAGGGATGCATTTATTAGGTAAAAGGTCGACGCGGGCTTCTGCCCGT
CCCCAACTTCTGCAAGGGATGCATTTATTAGATAAAAGGTCGACGCGGGLCT-AGCTCET
TGCAAGGGATGCATTTATTAGATAAAAGGTCGACGCAGGCTC-TGCTCCT
F¥k ok okk

[\]
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37
40

37
39

157
160
157
157
179

216
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216
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Carvaglabra
Juglansnigra

Yorellacerifera
Coriariarus i

Datiscacannabing

Caryaglabra
Juglansnigrae
Moreilacerifera
Coriariaruscifoiia
Datiscacannabira

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolie
Datiscacannabina

Caryvaglabra
Juglansnigra
More!lacerifera
Coriariaruscifolia
Datiscacannabina

Carvaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Jugliansnigra
Moreliacerifera
Coriariaruscifolia
Datiscacannabina

Carvaglabra
Juglansnigra
Moreilacerifera
Coriariaruscifclia
Datiscacannabine

TECTCTCGATGATTCATGATAACTCCACGGATCGCACGGCCATCETGCCCECCACCUATCA

TCCTCTCATGATTCATGATAACTCGACGGATCCCACGGCCATCETCCCEECCACELATCA &
TGCTCTGATGATTCATGATAACTCGACGGATCGCAAGGCCATCCTCCCGECCACCLATCA &
TGCTCTGATCGATTCATGATAACTCGACGGATCGCACGGCCATCGTGCCGGCGACGCATCA 2
TCCTCTGATGATTCATGATAACTCGACGGATCGCACGGCCTTCGTCCCGECCACECATCA &

xxkk

TTCAAATTTCTGCCCTATCAACTTTCGATTGTAGGATAGAGGCC TACAATGGTGETGACG
TTCAAATTTCTGCCCTATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGETGACE
TTCAAATTTCTGCCCTATCAACTTTCGATTGTAGGATAGAGGCC TACAATGGTGGT CGACG
TTCAAATATCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACTATGGTGET GACG
TTCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACTATGGTGGTGACG

GGTAACGGAGAATTACGGTTCGATTCCGGAGAGGGAGCCTCAGAAACGGCTACCACATCC
GGTAACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCC
GGTGACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCC
GGTGACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCC
GGTGACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCC
k% *

AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAA
AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAA
AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAA
AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAA
AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTCGACAATAAA

TAACAATACCGGGCTCTTACGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAA
TAACAATACCGGGCTCTTACGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAA

TAACAATACCGGGCTCTTACGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAA 51
TAACAATACCGGGCTCTT-TGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAA 51
TAACAATACCGGGCTCTT-TGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTTAA

CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAG
CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAG
CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAG
CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAG
CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAC

CGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATCTTGGGTTCGGCAGAGCC
CGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATCTTGGGTTCCGCACACCE
CGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGATCTTGGGTTCCGCAGAGCE
CGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGACCT TGGGTCCEGCCCATCE
CGTATATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAACCTTCCCTTCCETCAATCE

skkok Hokk * k¥

* koK

224

336
339
337
336
358

396

399

396

418

(o]

M

=

£
QoW O3 Wl
Ne)

[op]

R SN NN

~
o

wr Wy o1
S e b e
[SaI BN B o )

(3]
w
2

576
379
377
575
297

636
639
637
635
657



Carvag.abre
Juglansnigra
Yorellacerifera
Ceriariarvuscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Moreilacerifera
Coriariaruscifolie
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Moreilacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryagliabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

GTCCECCCCTGETETECACCGETCTCCTCETCCCTTCTACCGECCATELCCTCCTGECCT
GTCCGCCCCTGETGTCCACCGETCTECTCETCCCTTCTACCCECCATECGCTCCTEEECT
GTCCGCCCCTEETETGCACCGATCTECTCETCCCTTCTACCCGLEATCCELTCCTEECT
GTCCGCCAATGGTGTGCACCGGTCTCCTCCTCCCTTCTCCCEECCATCLGLTCCTETCCT
GTCCGCCACTGGTGTGCACCGGTTCCCTCCTCCCTAATACCCGCCATCCCCTCCTCRCCT
sooklokkkoklokkokokiollokk k¥ ; % ki

KRKEKK KKK

TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACTT TCAAGAAAT TAGAGTGCTCAAAGCA
TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACTT TGAAGAAAT TAGAGTGCTCAAAGCA
TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACTT TGAAGAAAT TAGAGTGCTCAAAGCA
TAACTGGCCGGGTCGTGCCTCCGGCCCTGTTACT T TGAAGAAAT TAGAGTGCTCAAAGCA
TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACTT TGAAGAAATTAGAGTGCTCAAAGCA

Kk

AGCCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGAT T TCGGTCCTATTGTGT
AGCCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGATTTCGGTCCTATTGTGT
AGCCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGAT TTCGGTCCTATTGTGT
AGCCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGAT TTCCGATCCTATTCTGT
AGCCTACGCTCTGTATACATTAGCATGGGATAACACTACTGGATTTCGATCCTATTCTGT

* Fkk

TGGCCTTCGGGATCGGAGTAATGATTAACAGGAACAGTCGGCCGCATTCGTATTTCATAG
TGGCCTTCGGGATCGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAG
TGGCCTTCGGGATCGGAGTAATGATTAACAGCAACAGTCCGCCGCATTCGTATTTCATAG
TGGCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGCGGCATTCGTATTTCATAG
TGGCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCCCGGGCATTCGTATTTCATAG

Fokok *

TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTCCGAAAGCATTTGCCAAGGA

k

TGTTTTCATTAATCAAGAACGAAAGT TGGGGGCTCGAAGACGAT CAGATACCGTCCTAGT
TGTTTTCATTAATCAAGAACGAAAGT TGGGGGCTCGAAGACGATCAGATACCGTCCTAGT
TGTTTTCATTAATCAAGAACGAAAGT TGGGGGCTCGAAGACGATCAGATACCGTCCTAGT
TGTTTTCATTAATCAAGAACGAAAGT TGGGGGCTCCAAGACGATCAGATACCGTCCTAGT
TGTTTTCATTAATCAAGAACGAAAGTTCGGGGCTCCAAGACCATCAGATACCGTCCTAGT

skakskoskskokok

CTCAACCATAAACGATGCCGACCAGGGATCGGCGCATCTTCCTTTAAGCACTCCGOCGGC
CTCAACCATAAACGATGCCGACCAGGCATCCCCGCATGTTGLT T TAAGGACTCCGCLGGL
CTCAACCATAAACGATGCCGACCAGGCATCGGCGCATETTCCTT TAAGGACTCCCCCGGC
CTCAACCATAAACGATGCCGACCAGGCATCGCCGGATGTTACT T TAAGCACTCCGCCGGC
CTCAACCATAAACGATGCCGACCAGGCATCCECGCATETTACTTTTAGGACACCECCGGL
$xk

Fokk k%

225

696
699
697
695

756
739
757
735
7717

816
819
817
815
837

876
879
877
875
897

936
939
937
935
957

996
999
997
995
1017

1056
1059
1057
1055
1077



Cervaglabra
oug.ansnigre
Vorellacerifera
Coriariaruscifolia
Jetiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolie
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglensnigra
Morellacerifera
Coriariaruscifolia
Datiscacannabina

Caryaglabra
Juglansnigra
Morellacerifera
Coriariaruscifelie
Datiscacannebina

ACCTTATGAGAAATCAAAGT
ACCTTATGACAAATCAAAGT
ACCTTATGAGAAATCAAAGT

TGCCTTCCGCCGCCACTATCCTCCCAAGGCTCAAACT

TGECTTCCGEEEGEACTATGETCCCAAGGCTCAAACT
ACCTTATGAGAAATCAAAGTCTTTGGETTCCGGGEGCACTATCETCCCAAGECTCAAALT
ACCTTATGAGAAATCAAAGTCTTTGGETTCCGEEEEEAG-ATCE TCCCAAGGCTGAAACT

TAAAGGAATTGACGGAAGGGCACCACCAGGAGTCGAGCCTGCGGLTTAATTTGACTCAAC
TAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAAC
TAAAGGAATTGACGCAAGGGCACCACCAGGAGTGCAGCCTGCCGCTTAATTTGACTCAAC
TAAAGGAATTGACGGAAGGGCACCACCAGGAGTCGAGCCTGCGGCTTAATTTGACTCAAC
TAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCATCCGGCTTAATTTGACTCAAC

ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG
ACGGGGAAACTTACCAGGTCCAGACATAGTAAGCATTGACAGACTGAGAGCTCTTTCTTG
ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG
ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG
ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG

ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT
ATTCTATGGGTGGTGGTNCATGNCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT
ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT
ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT
ATTCTATGGGTGGTCGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT

Hkxk

CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCTTCCGCGGCC
CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCTTCCGCGGCC
CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATNCGGAGGTGACCTTCCGCGGCC
CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCC
CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCCTCCGCGGCC
*%

*k

AGCTTCTTAGAGGGACTATGGCCGCTTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG
AGCTTCTTAGAGGGACT ATGGCCCCT TAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG
AGCTTCTTAGAGGGACTATCGCCGCTTAGGCCAAGGAAGTTTGAGNCAATAACAGGTCTG
AGCTTCTTACAGGGACTATCGCCTTTTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG
AGCTTCTTAGAGGGACTATGGCCGCT TAGGCCAAGGAAGTTTGAGCCAATAACAGGTCTG

sokskskkk ok

TGATGCCCTTAGATCTTCTCGCCCGCACGCGCGCTACACTCATGTATTCAACGAGTTTAT
TGATGCCCTTAGATGTTCTGGCCCGCACGCGCGCTACACTGATGTATTCAACGAGTTTAT
TGATGCCCTTAGATCTTCTGGCCCGCACGCGCGCTACACTGATGTATTCAACGAGTTTAT
TGATGCCCTTAGATCTTCTGGCCCGCACGCGCGCTACACTGATG TATTCAACGAGTCTAT
TGATGCCCTTAGATGT TCTCCEC-GCACGCCCCCTACACTCATGTATTCAACGAGTTTAT
Kk
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AGCCTTGECCCACAGCCCCCGETAATCTTTGAAATTTCATCGTCATGGGCATAGATCATT &
GAAATTTCATCCTCATGCGGATAGATCATT 1539
TGAAATTTCATCGTGATGGGGATAGATCATT .
GAAGTTTCATCGTGATGCGGATAGATCATT
AACCTTGGCCGACACGCC-GGGAAATCTTTCAAATTTCATCGTGATGGGGATAGATCATT 15

AGCCTTGECCCACAGCLCCCEETAATC
AGCCTTGECCCACACCCCCEGETYAATCTS
AGCCTTGGCCGACACGCCCCEGTAATC

* kK Hkkok

GCAATTGTTGGTCTTCAACGAGGAAT TCCTAGTAAGCGCCAGTCATCAGCTCGCGTTGAC
GCAATTGTTGGTCTTCAACGAGGAAT TCCTAGTAAGCGCGAGTCATCAGCTCGCGTTGAC

GCAATTGTTGGTCTTAAACGAGGAAT TCCTAGTAAGCGCGAGTCATCAGCTCGCGTTGAC 15

GCAATTGTTGGTCTTCAACGAGGAATTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGAC
GCAATTGTTGGTCTTCAACGAGGAATTCCTAGTAAGCGCGAGTCATCAGCTCGCGTTGAC
® kkkk

TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAA
TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGAT TGAATGGTCCGGTGAA
TACGTCCCTGCCCTTTGTACACACCGCCCCTCGCTCCTACCGATTGAATGGTCCGGTGAA
TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAA
TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTCAA

GTGTTCGGATCGCGGCGATGTGGGCGGTCCGCTGCCGGCAACGTCGCGAGAAGTCCACTG
GTGTTCGGATCGAGCCGATGTGGGCGGTTCGCTGCCGGCAACGTCGCGAGAAGTCCACTG
GTGTTCGGATCGAGCCGATGTGGGCGGTTCGCTGCCGGCAACGTTTTGAGAAGTCCACTG
GTGTTCGGATCGCGGCGACCTGGGCGGTTCCCTGCCGGCCACGTCGCGAGAAGTCCACTG
GTGTTCGGATCGCGGCGACGTGGGCCGTTCG-TGCCCGCGACGTTGCGAGAAGTCCACTG
ok kokkk ok cklokkolokkkkkkokolokk

AACCTTATCATTTAGAGGAAGGA

NACCTTATCATNTAGNGGA - =
AACCTTATCATTTAGAGGAAGGAGAAGTCGTAACA

AACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGA

AACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGA
spokklokkkkk kokk bk

AGGATCATTG 1785
AGGATCATTG 1803
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