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INTRODUCTION 



CHAPTER I 

I~TRODL'CTIO~ 

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 (B"'.'\F) 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 1\2 into ammonia is brought about by certain prokaryotes by a 

process called as Biological :\itrogen Fixation. The biological nitrogen fixation involves 

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 \1yricaceae are considered tropical. Countries 

nearer the pole (Scandinavia. Canada and "'.\ew 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, 
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Meghalaya and to some extent in the coastal regions and plains. Some of the genera 

commonly found in India are A/nus, Casuarina, Coriaria, Elaeagnus, Hippophae and 

Myrica. 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 A/nus have been used in the reclamation of 

mine spoils in Britian (Schwintzer and Tjepkema, 1990) and A/nus, 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 A/nus 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 Inda-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, "'.\aga and Lushai Hills at altitudes between 900-1200 
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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 et al., 2000). 

Myrica 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- Myricales. 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 

4 



unisexual flowers which either lack or produce a poorly developed perianth (Cronquist, 

1978). Similar morphological features are observed in the order \1yricales and those of 

the Casuarinales, Fagales, and Juglandales, which are thought to have been derived from 

the order Hamamelidales (Takhtajan, 1969). Phylogenetically, the \1yricales 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 Frankia. 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 \1alayan 

islands at an altitude of 1600-2000 m above mean sea level. They have been recognized 
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by many pioneer workers (Watt, 1891; Tanaka, 1976; Zeven and Wet, 1982; Arora, 

1985; Arora and Pandey, 1996; Pareek et al., 1998). 

Myrica 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. ~epal. 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 
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phylogeny of this genus using nucleotide sequence data of different morphotypes. The 

first molecular phylogenetic study on the family Myricaceae was done by Huguet et al. 

(2005) where the molecular phylogeny of 13 species of the family \1yricaceae was 

established based on rbcL gene and the l 8S-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 ~-globin DNA and prenatal diagnosis of sickle-cell anaemia (Eirich, 

1989). PCR has revolutionized approaches to molecular study in many fields. Different 

modifications of the PCR technique are available for studying polymorphisms in D1\A. 

In 'Alu-PCR', primers specific for the human Alu repeat allow the selective 

amplification of human sequences from hybrid cell lines containing both human and 

rodent genomic DNA (Gusella et 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 et al .. 1988; Ochman et al., 1988). Other V~TR regions that have 
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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 D'.\A at various levels. Restriction site analysis 

of amplified DNA (~ullis and Faloona, 1987; Kogan et 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 et al., 2003). The ITS-1 and lTS-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 et 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, 
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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 

trees are considered as Myrica nagi by some workers. Morphotype 2 trees are 

considered as Myrica esculenta. \!1orphotype 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: 

I. Phylogenetic analysis of the DNA sequence data of the variable I 8S-28S 

ITS region and the conserved 18S ribosomal RNA gene of the nuclear 

genome of different morphotypes of Myrica sp. 

II. 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 Taq 

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 

Kienow 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 Taq 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 D"'.\A rearrangements, occurring 

due to mutations, insertions or deletions (Burr et al., 1983) and unequal crossing over 

(Schlotterer and Tautz, 1992). In the RFLP technique, genomic D~A is first digested 

IO 



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). OAF (01\A amplification 

fingerprinting) and AP-PCR (arbitrary primed PCR) are PCR-based modified RAPD 

techniques. OAF 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 01\A 

which are then analyzed by autoradiography as also by ethidium bromide stained 
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agarose gels (Welsh and \1cClelland, 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 et al., 1994; Ghareyazie et al., 

1995; Tsumura et al., 1997; Perry et al., 1999; Chauhan and Misra, 2002). Many other 

techniques like VNTR (Variable >.:umber of Tandem Repeats), SSR (Single Sequence 

Repeats), RLGC (Restriction Landmark Genomic Scanning), STS (Sequence-tagged 

Sites), EST (Expressed Sequence Tag \1arkers), ST\1S (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. CLASSIFICATIO~ 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 anatomy 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 ). 
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TABLE 2.1. CLASSIFICA TIO~ OF ACTl"\:ORHIZAL PLA~T GE:'\ERA 
ACCORDI~G TO CRO~QCIST (1981) 

Subclass Family Genus ~umber of species 

Hamamelidae Betulaceae Al nus 47 

Hamamelidae Casuarinaceae Allocasuarina 54 

Casuarina 16 

Ceuthostoma 2 

Gymnostoma 18 

Hamamelidae Myricaceae Comptonia 

Myrie a 28 

Rosidae E\aeagnaceae Elaeagnus 38 

Hippophae 2 

Shepherdia 2 

Rosidae Rhamnaceae Caenothus 31 

Colletia 4 

Discaria 5 

Kentrothamnus 

Retanilla 2 

Talguenea 

Trevoa 2 

Rosidae Rosaceae Cercocarpus 4 

Chamaebatia 

Cowania 

Dry as 

Purshia 2 

\1agnoliidae Coriariaceae Cori aria 5 

Dilleniidae Datiscaceae Datisca 2 
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2.2. CHOICE OF GE~ES FOR PHYLOGE~ETIC A~AL YSIS: 

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 D\:A_ 

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, l 985a, l 985b, 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., l 988a; 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 D\:A 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 l 6S rR"'.\A 

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 et al., 1986). The l 6S 

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 et al., 1992) and also in fern (Manhart, 1995) and 

Frankia (Normand et al., 1996). A complete set of amplification and sequencing primers 

of the l 6S 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), trnl (Gielly and Taberlet, 1996), trnF (Gielly and Taberlet, 1996), rps2 

( dePamphilis et al., 1997) and rps4 (Nadot et al., 1994 ). 

Mitochondrial genome has been a major focus of phylogenetic studies more in 

animals (Harrison, 1989; Hillis et 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 (Palmer, 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 D1'.'A cistron. The rD"\iA (Fig. 1) of the 

nuclear genome consists of variable regions (i.e., ITS, IGS) interspersed with highly 

conserved sequence (i.e., the l 8S, 26S/28S genes) that can be utilized to infer phylogeny 

at different taxonomic levels (Soltis and Soltis, 1998). The l 8S gene is approximately 

1,800 bp (Nickrent and Soltis, 1995), the 26S/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). 

2.3. USE OF 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 l 8S, 

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 rR"'.\:A coding sequences have been 

highly conserved during evolution, indicating a strong positive selection pressure (Nairn 

et al., 1988). Due to its conserved nature, I 8S rD~A sequences have been used to infer 

phylogenetic relationships at the higher taxonomic level (Soltis et al.. 1997). The 18S 
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rDNA with an approximate size of 1,800 bp is more amenable to PCR amplification 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 l 8S rDNA sequence type is found in an organism, 

excepting a few cases, where two types of l 8S rDNA are found, as in Dugesia 

mediterranea (flatworm), of which only one is transcribed although both types appear 

functional (Carranza et al., 1996). Nickrent and Soltis (1995) described angiosperm l 8S 

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 et al. (1984) developed the first sequence of l 8S 

ribosomal RNA of an angiosperm in rice followed by Messing et al. ( 1984) in maize and 

later in soybean by Eckenrode et 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 J 8S rR>."A 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 l 8S rR:\A genes in 

angiosperm was made possible by the availability of complete l 8S rD"'.\A sequences 

obtained by Soltis et al. (1997) and \Jickrent et al. ( 1995). The l 8S rDi\A yielded 

sufficient number of characters for broad scale phylogenetic taxonomy in angiosperm, 

sidelining the earlier view that l 8S rDNA were prone to deletion and insertion making 

sequence alignment difficult. l 8S rDNA region has been widely employed to study 

angiosperm systematics by Zimmer et al. (1989), Hamby and Zimmer (1992), Nickrent 

and Soltis (1995) and Soltis et 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 l 8S rDNA sequence for characterization and its proper 

identification. Their study revealed three species with intrans in the l 8S 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 l 8S rDNA gene of 

A/nus 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 the 185 

rDNA gene of Alnus glutinosa showed sequence similarity with that of other 

angiospermic plants, in this case more affinity to the di cots than that of the monocots. 
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2.4 'CSE OF ITS SEQ'CE~CE OF RIBOSOMAL D~A AS A TAXO~OMIC 

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 et al., 1990). In order to 

resolve doubts over generic relationships in Winteraceae, Suh et al. (1993) did sequence 

analysis of the ITS region of rrn operon. Nucleotide sequence of ITS I 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 ITS I 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 Co.flea 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 et 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 ITS 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 D"\:A 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 et al., 1995), algae (Bakker et al., 1995; 

Coleman et al., 1994), and ferns (Stein et al., unpubl.). Cse 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; Schlotterer et al., 1994; 

Vogler and DeSalle, 1994 ). 

Navarro et al. (2003) studied the molecular phylogeny of 19 species of A/nus 

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 Gymnothyrsus (A/nus). A similar study by 

Savard et al. (1993), based on the results obtained from ITS sequences, proposed a 

monophyletic origin of A/nus and Betula. Their observation also supported the 

hypothesis that both A/nus and Betula diversified during the late Senonian. PCR/RFLP 

study of the ITS region of the nuclear l 8S-28S ribosomal DNA of some A/nus 

nepalensis population was done by Chauhan and \llisra (2002) using primers AnpITS l 

(designed by them) and ITSC26A (Wen and Zimmer, 1996). Their study revealed that 

restriction digestion of the am pl icon with ScrF 1 separated the genus into nine different 

groups. They also did a comparative study of the PCR/RFLP of the l 8S-2 8S 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 A/nus 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 et. al. (1992), and the reverse primer FG PL 2054 ', 

designed by Simonet et al. ( 1991 ), were used to amplify the ITS region located between 

the distal part of 16S rRl\A and the initial part of 23S rRNA genes of Frankia. 

Amplified recombinant DNA restriction analysis (ARDRA) patterns were generated 

utilizing the restriction enzyme Rsa 1 that produced 17 different patterns corresponding 

to different altitudinal heights. Their study indicated that microclimatic factors such as 

temperature and moisture acted as primary determinants of distribution of Frankia 

genotypes. Huguet et al. (2005) used primers F502 ITSC26A (Wen and Zimmer, 1996) 

and F682 ITS 1 plant (Navarro et al., 2003) in conjunction with internal primers F 1617 

ITSpl and Fl618 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 Dl\A 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 ITS 1. 5.8S and 
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the ITS2 regions of Hamamelidaceae ranged from 638 to 676 bp with the ITS I longer 

than ITS2. They performed phylogenetic analyses with PACP* 4.0 (Swofford, 1997) 

using the maximum parsimony (Swofford et al., 1996), the maximum likelihood 

(Felsenstein, 1981) and the neighbor-joining (Saitou and Nei, 1987). Results 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 m the context of 

molecular approaches has been reviewed by Misra et al., (2004), with special emphasis 

on the molecular approaches to identification of the actinomycete Frankia using the nif 

genes and 16S rR"'.\A. The use of I 6S rR~A genes and nitrogenase nif genes as 

taxonomic tool is reported. Swensen and :vtullin ( 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 rbcL 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 \1yricaceae appeared in the Cenomanian stage of the Cpper 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 \1yricaceae 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-0, 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 Jack of conservation. However, controversies 

regarding the division of the genus Myrica 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 l 8S-26S ITS region of the nuclear D:\A aimed at 
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clarifying the controversial taxonomy of \1yricaceae and to relate its specificity of 

association with the acinomycete Frankia with its evolutionary pattern. They used the 

primers Fl615 NrbcLf and F1616 NrbcLr (designed by them) and also Fl725 rbcLpl 

and Fl 726 rbcLp2 (designed by them) to amplify the plastid rbcL gene. In order to 

amplify the nuclear I 8S-26S ITS gene they used the primer F682 ITS 1 plant (:\avarro 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 phylogenetic 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. harf11'egii 
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and gale, fall under the genus Myrica and the rest of the species fall under the genus 

Morella. 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, A/nus 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. 
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LOCATION OF MEGHALAYA 
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Fig. 3.1: Physical map of India indicating the location of \1eghalaya and also 
the location of'\EHL permanent campus and '\ongkrem forest therein. 
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3.2 MORPHOLOGICAL STt:DIES: 

The different morphotype trees were identified based on morphological 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 sizes 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 CT AB 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 (H202) 

just before the start of the actual extraction process. Extraction of D\:A 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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(b) 

(c) (d) 

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: lsoamyl 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 
I 

first washed with distilled water and then surface sterilized in 30% H20 2 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 (0.1 \1), EDT A (0.1 M), 

1\aCl (1.4M), CTAB (2% w/v), PVP (1 % w/v)]. 

d) Ten µL of SOS (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: lsoamyl 

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 D-:\A was 

precipitated with I mL of ice cold absolute ethanol and kept at -20°C 

overnight. 

i) 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. 



j) The D\iA was vacuum dried, dissolved in 15 µL of double distilled water 

and kept at -20°C for further use. 

Two µL of D'.'JA was mixed with 3µL 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 III/ EcoR 1 double digest marker. The gel was first 

visualized under a U.V. Transilluminator to check the presence of DNA and then 

transferred to BIO RAD 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 µL was prepared for each PCR reaction tube. Each reaction mix contained 

2.5 µl of 1 OX PCR assay buffer (Bangalore Genei, India), 2.5 µL each of the primer (5 

pM), 2.5 µL of MgCb (25mM), 0.75 µL of Taq polymerase (3 Cnits/µL) and 2.5 µL 

each of the dNTP (1.25 mM). A final volume of 25 µL 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, I minute 

of primer annealing at the appropriate temperature and I 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 . 

..,.., 
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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) l 8S-28S rDNA ITS region 

ii) 18S rDNA 

The forward primer ITSI PLA:-.:T ~avarro 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 rR>:A gene were used to amplify the l 8S-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 SOLl 769R (personal communication, Pamela Soltis) were used to amplify the 

conserved nuclear l 8S 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 Mis Bangalore Genei, India. A stock solution of 25 µM 

was prepared by dissolving the primers in ultra pure water. From the stock solution a 

working solution of 2 µ\!1 was prepared by further dilution and stored at -20°C. 
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Region analyzed 

5' 3' 

Region analyzed 

Fig. 3.3: Diagrammatic representation of organization of nuclear 18S-28S rrn operon. 
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TABLE 3. I: PRIMERS LSED FOR A:\1PLIFICATIO>; OF I 8S-28S rD~A ITS 

REGION. 

CODE SEQUENCE REFERE['.;CE 

ITS I-PLANT 5' CGCGAGAAGTCCACTG 3' 1\avarro et al., 2003 

ITSC26A 5'GTTTCTTTTCCTCCGCT3' Wen and Zimmer, I 996 

TABLE 3.2: PRIMERS USED FOR AMPLIFICATION OF I 8S rD['.;A. 

i LAB CODE SEQUENCE REFERENCE 

SOL23F 

SOLi 769R 

5' TTGGTTGATCCTGCCAGTAG 3' 

5'CACCTACGGAAACCTTGTT3' 
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3.5.2 Deoxyribonucleotide solutions: 

Deoxyribonucleotide solutions (d~TPs) were procured from \1/s Bangalore 

Genei in 10 m\1 stock solution. dATP, dCTP, dGTP and dTTP were mixed in equal 

quantities to prepare a final working solution of 2.5 µ:vi concentration of each and stored 

at -20°C. 

3.5.3 Taq polymerase: 

Taq DNA polymerase and buffer [l OmM Tris HCI (pH 8), l.5mM KCI and 

0.01 % gelatin] were procured from M/s Bangalore Genei. Additional MgCh (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 lX 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 lX TBE buffer. Two µL of genomic D>JA sample or PCR 

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

was loaded with 3 µL of A D"'.\A I Hind III - Eco RI double digest marker. 

3.7 VISUALIZATIO~ 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 I.I, build 34) or 

KODAK GEL LOGIC 1500 IMAGIJ\iG 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 l 8S-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 et al. ( 1977). Amplification of the ITS 

region with primers ITS 1-PLA~T 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 µL ( ~ 150 ng) of the 

amplified l 8S-28S rD"'.\A operon was directly lyophilized in a 1.5 mL eppendorf tube 

and sent to \1/s Bangalore Genie for sequencing. 
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Sequencing of the complete l 8S rD>:A was done employing Primer Walking 

technique. A band size of approximately 1.8 kb was amplified using two specific 

primers. One hundred µL of each representative sample was lyophilized in a 1.5 mL 

microfuge tube, sealed with Parafilm(Rl and sent to Mis Bangalore Genei. Fifty µL of 

2mM concentration of each of the primers were also lyophilized, sealed with Parafilm® 

and sent 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. 

3.9 PHYLOGENETIC ANALYSIS BASED ON SEQUENCE DAT A OF 

VARIABLE 18S-28S rDNA ITS REGION A~D THE CONSERVED 18S 

rD~AGENE: 

Phylogenetic analyses of the sequence data generated for l 8S-28S ITS region 

sequence as well as the l 8S rDNA sequence were done using the online software 

programmes CLCSTAL 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.nlm.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 \:eighbour Joining 

(neighbor.exe). Maximum Parsimony (dnapars.exe) and Maximum Likelihood 

(dnamlk.exe) phylogenetic trees of the PHYLIP inference package. 
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3.10 A.MPLICOX RESTRICTIOX PA TTERX (ARP): 

The amplified l 8S-28S rDNA ITS region was subjected to restriction digestion 

usmg 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, MboI and Sau96I (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 µL of the amplicon, 

0.5 µL of the enzyme, 2 µL of the buffer and the remaining was adjusted with distil 

water to make a final volume of 20 µL. 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 µL of restriction product was mixed with 10 µL 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 I 00 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 BIO RAD 
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TABLE 3.3: LIST OF RESTRICTION El\ZYMES USED. 

I SL. 
I NO. 

2 

RESTRICTION 
ENZYME 

Mbo I 

Sau 961 

* Bangalore genei 
**New England Biolabs 

Cl!TTl~G 

SITE 

I • 

GATC 
CTAG+ 

SOURCE 
i ORGANISM 

I 

Moraxella bovis 

G+ GNCC , Staphylococcus 
CC-:\G; G aureus 
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i 

BUFFER I 
(INCUBATION I 

TEMPERATURE) i 

*B (37°C) 

**NEBuffer 4 

(37°C) 



Gel Doc 1000 with \1ultiAnalyst software and also using KODAK GEL LOGIC 1500 

IMAGING SYSTPvt. 

3.11 CLUSTERANALYSIS 

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, I 939) 

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. 
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The Jaccard's coefficient value for each sample was calculated using the 

formula given below: 

Jaccard's coefficient= -:\ab/ [(i\a-c->;-b)- >Jab] 

Where, Nab= ?\:umber 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 ofKjeldahl 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 

'.\ongkrem 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 

43 



Following method was used for the purpose: 

I. 1 gm of air dried soil was mixed with 6 mL of Sulphuric acid (H2S04) and 

one Kjeldahl tablet was taken in a digestion flask. 

2. The mixture was digested in a block digester. 

3. The digestion was stopped after the colour turned green in the flask and 

allowed to cool. 

4. The mixture was filtered using Whatman No. I paper and the final volume 

was adjusted to 50 mL with distilled water in a volumetric flask. 

5. Distillation was done in a Kjeldahl distillation set with 10 mL of 40% sodium 

hydroxide (NaOH). 

6. Distillate was collected in a beaker with 5 mL of Boric acid indicator. 

7. Distillation was stopped when the pink colour of boric acid indicator turned 

greenish. 

8. The collected distillate was taken out and titrated against M/140 HCl until the 

colour turned to pink. 

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

T- blank X solution volume 
No/o 

102 X aliquot volume X sample weight 
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3.13 COLLECTIO~ OF :\'ODL'LES: 

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 usmg the 

Acetylene Reduction Assay (ARA) method described by Stewart et al. (I 968). Apart 

from reducing nitrogen, the nitrogenase enzyme can also reduce acetylene (C2H2) gas to 

ethylene (C2H4) which is used to determine the efficiency of the nitrogenase enzyme. 

The quantity of ethylene produced was measured using a Gas Chromatograph (HP 

48900) 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 I 0 mL/min respectively. An approximate 

retention time of 1.40 minutes for ethylene and 2.45 minutes for acetylene was recorded 

when I 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) 1s given 

below: 

I. 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 BO 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 I 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 48900) 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 C2HJ unit area in the standard X area ofC2H4 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 

RESL'L TS A~D DISCL'SSION 

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. 

Myrica 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, \:EHL: 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 \:EHL: permanent campus whereas the morphotype-2 and 

morphotype-3 Myrica trees were found growing at \:ongkrem forest (Fig. 4.1 ). Even 
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(a) 

(b) 

c 

Fig. 4.1: Photographs of leaves and fruits of various morphotypes of 
Myrica 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 l 8S-28S rDNA ITS (Internal 

Transcribed Spacer) region and the highly conserved l 8S r00:A, 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. 

I. PHYLOGENETIC STUDY OF THE DIFFERENT MORPHOTYPES 

BASED ON DNA SEQUENCE DATA. 

4.1 DNA ISOLATIO~: 

Approximately 21 kb genomic D:\A 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 D\:A band was not obtained for all the 

samples but the yield was sufficient for subsequent amplification reactions. 
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(a) 

M 

.+ l ,500bp 

.+ 947bp 
. + 564bp 

17 16 15 14 13 12 11 M 

+ 21,000 bp 

(c) 

25 24 23 22 21 M 

21,000 bp 

l ,500bp 

(e) 

10 9 8 7 6 M 

21,000 bp 

(b) 

20 19 18 1 7 16 M 

.._ l ,500bp 

(d) 

30 29 28 27 26 M 

21 ,000 bp 

(f) 

Fig. 4.2 (a-f): Agarose gel photographs of genomic DNA of morphotype-1 
Myrica trees (Samples 1-30). 
(M= /....DNA Hind III EcoRl double digest marker) 

52 



45 44 43 42 41 40 39 38 37 36 35 34 33 32 31 M 

(a) 

50 49 48 47 46 M 

(b) 

21 ,000 bp 

l ,500bp 
564bp 

Fig. 4.3 (a & b): Agarose gel photographs of genomic DNA of 
morphotype-1 Myrica trees (Samples 31 -50). 
(M= /....DNA Hind IIV EcoRl double digest marker) 
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(a) 

19 18 17 16 15 14 13 M 

(c) 

.... 21 ,000 bp 

+-l ,500bp 
+-947bp 

21,000 bp 

l ,500bp 
947bp 
564bp 

12 11 10 9 8 7 M 

(b) 

26 25 24 23 22 21 20 M 

(d) 

35 34 33 32 31 30 29 28 27 M 

21 ,000 bp 

21 ,000 bp 

(e) 

Fig. 4.4 (a-e): Agarose gel photographs of genomic DNA of morphotype-2 
Myrica trees (Samples 1-35). 
(M = A. DNA Hind IIV EcoRl double digest marker) 
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M 61 60 59 5 8 

21 ,000 bp 

46 M 

57 56 55 

(d) 

21,000 bp 

l ,500bp 
947bp 

564bp 

54 53 

(b) 

52 M 

.... 21,000 bp 

' +-l ,500bp 
._947bp 
+-564bp 

21,000 bp 

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 = ')..,,DNA Hind IIV EcoRl double digest marker) 
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4.2 D~A AMPLIFICA TIO~ REACTIO~S 

4.2.1 Amplification of the 18S-28S rD~A ITS region: 

The Myrica genomic Internal Transcribed Spacer (ITS) region of l 8S-28S rDNA 

was amplified using two universal primers ITS I PLA\:T (5'CGCGAGAAGTCCACTG 

3', Navarro et al., 2003) and ITSC26A (5' GTTTCTTTTCCTCCGCT 3', Wen and 

Zimmer, 1996). 

The calculated annealing temperatures of forward pnmer ITSIPLA\:T and 

reverse primer ITSC26A 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 result 

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 (T\1) were 

tried to obtain the expected 1.8 kb single band. \1ultiple bands were obtained at 

annealing temperature of 57°C. On increasing the temperature to 64°C a single band of 
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M 2 3 4 

12 11 10 9 8 M B 

1,500 hp -.. 
831 hp_. 

._ 21,000 hp 

._1,500 hp 
+-- 831 hp 

(e) 

7 6 5 M 

17 16 15 14 13 M 

M 37 36 35 34 33 32 31 30 29 28 M 

(t) 

831 hp 

._ 1,500 hp 
+-831 hp 

21,000 hp 

1,500 hp 
831 hp 

Fig. 4.6 (a-t): PCR amplification of the I 8S-28S rDNA ITS region of 
morphotype-1 Myrica trees (Samples 1-3 7). 
(M= /...,DNA Hind IIV EcoRI double digest marker; B= Blank) 
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21,000 bp-+ 

1,500 hp_. 
831 hp-+ 

M 47 46 45 44 43 42 41 40 39 38 M 

(a) 

M B 21 16 14 

(b) 

21,000 bp 

1,500 bp 
_ .... M--831 bp 

50 49 48 M 

._ 21 ,000 bp 

._ 1,500 bp 

._ 831 bp 

4 7 45 44 34 29 M 

(c) 

._ 1,500 bp 
+831 bp 

Fig. 4.7 (a-c): PCR amplification of the 18S-28S rDNA ITS region of 
morphotype-1 Myrica trees (Samples 38-50). 
(M= A. DNA Hind III/ EcoRl double digest marker; B= Blank) 
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M 10 9 8 7 6 5 4 3 2 l M 

21 ,000bp~ 

1,500 hp...__.. 
831 hp~ 
564b~ 

(a) 

(b) 

.._ 21,000 hp 

.._ 1,500 hp 
.._ 831 hp 
~ 564 hp 

21,000 hp 

1,500 hp 
831 hp 
564 hp 

M 26 25 24 23 22 21 20 19 18 1 7 M 

21 ,000bp~--

1,500 hp ---. 
831 hp~ 

21,000 hp 

(c) 

M 33 32 31 30 29 28 27 M 

21 ,000 hp 

(d) 

21 ,000 hp 

1,500 hp 
831 hp 

Fig. 4.8 (a-d): PCR amplification of the l 8S-28S rDNA ITS region of 
morphotype-2 Myrica trees (Samples 1-33). 
(M= ')..,, DNA Hind Ill/ EcoRl double digest marker) 
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M 40 39 38 37 36 35 34 M 

21,000 bp__. 21,000 bp 

1,500 hp-. ~ 1,500 bp 
831 hp-. ._ 831 bp 

._ 564 bp 

(a) (b) 

M 50 49 

21 ,000 bp ___. 

1,500 bp---+ 
831 bp ___. 

(c) (d) 

56 55 54 M 53 52 51 M 

, _ _.._ ... .- 1,500 bp 
831 bp 

(e) (f) 

61 60 59 58 57 M 

(g) 

Fig. 4.9 (a-g): PCR amplification of the l 8S-28S rDNA ITS region of 
morphotype-2 (34-50) and morphotype-3 (51-61) Myrica trees. 
(M= /... DNA Hind IIV EcoRl 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 D\:A 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. 

4.3 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 l 8S-28S ITS region and the conserved l 8S rDNA. The amplified 

DNA was prepared as discussed in section 3.6 of chapter 3 and sent to Mis 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: 

D>-JA 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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7 6 5 4 3 2 M 

.__ l ,500bp 

._ 947bp 

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

76543 2 IM 

1,500 bp 
947 bp 

(b): Amplification at TM 60°C (1,2-
morphotype-l; 3,4-morphotype-
2; 5,6-morphotype-3; 

7- negative control) 

6 5 4 3 2 M 

.--21 ,000bp 

.-l,500bp 

._947 bp 

(d): 1,2,3- Amplification at TM 63°C; 
4,5,6- Amplification at TM 64°C 

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

6 5 4 3 21M 

21 ,000bp 

(c): 1,2,3- Amplification at TM 64°C; 
4,5,6- Amplification at TM 57°C 
(1,4- morphotype-1; 2,5-

morphotype-2; 3,6- morphotype-3) 

6 54321M 

.--21 ,000bp 

.-l,500bp 
._947bp 

(e): Amplification at TM 65 .2°C (1 ,2-
morphotype-l; 3,4-morphotype-2; 5,6-
morphotype-3) 

Fig. 4.10 (a-e): Agarose gel photographs showing amplification of the 18S rDNA 
at various annealing temperatures. 
(M = A. DNA Hind IIV EcoRl double digest marker) 

62 



12 11 10 9 8 7 6 5 4 3 2 

(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) 

M 

3 2 M 6 5 4321M 

21 ,000bp 

._ 21,000bp 

._ l ,500 bp 

._ 947bp 

.. 21,000 bp 

4--1 ,SOO bp 

.. 947bp 

(b ): Amplification at TM 67°C 
( 1 - morphotype-1 ; 

(c): Amplification at TM 66.5°C 
( 1,2- morphotype-1 ; 

2 - morphotype-2; 
3 - morphotype-3) 

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

Fig. 4.11 (a-c): Agarose gel photographs showing amplification of the l 8S 
rDNA at various annealing temperatures. 
(M = A. DNA Hind III/ EcoRl 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. 
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for samples \1E I, \1E2 and \1E3 respectively (Fig. 4.13 ). \1E I was the representative 

sequence sample for the morphotype-1 Myrica trees. \1E2 was the representative 

sequence sample for the morphotype-2 Myrica trees. \1E3 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 (ME l, 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 ITS 1 larger than ITS2. The sizes of ITS 1 and ITS2 were 268 bp and 225 bp 

respectively. The size of ITS 1 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 (ME 1 ), bases 70-337 constituted 

ITS I. bases 338-497 constituted the 5.8S rDNA gene and bases 498-722 constituted 

ITS2. 

In the morphotype-2 Myrica tree sequence (\1E2). bases 67-334 constituted 

ITS!. bases 335-494 constituted the 5.8S rD"'.'\A gene and bases 495-719 constituted 

ITS2. 
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CLLSTAL W 2. 0. 8 multiple sequence alignment 

SeG . .\ \2:::e :..e:: (~. '.) Ser,3 \2:::e :..r:: (::'.) Sco:·e 

2 

Y.E2 
'lE3 
ME! 

ME2 
ME3 
MEl 

ME2 
ME3 
MEl 

ME2 
ME3 
MEi 

ME2 
ME3 
ME! 

ME2 
ME3 
ME! 

ME2 
ME3 
MEi 

Y.E2 
Y.E3 
Y.E: 

;'.E: 784 
'v!E: 784 
'v!E2 780 

2 Y.E2 
:l Y.E3 
3 Y.E3 

780 
790 
790 

93 
95 
97 

GGGGGAAGAA TG TTG TGGGCGGG- -GTCGT AAC---CGG"'.'TTCCGT AGGTGAACCTGCG .]5 
-GGGGATAATGGTTGAGGACGGG--GTCGTAAC---CTGGTTTCCGTAGGTGAACCTGCG s; 
--CGCTCTGTCGATGAGGGCGAGAAGTCGTAACAGGEAC":ACTCGTAGG":GAACCTGCG 58 

* * ** ** ** * ******** * * **************** 

GAAGGATCATTGTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAAC1ACCG 115 
GAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCG 
GAAGGATCAT:GTCGAAACCGCCCAGCAGAACGACCCGTGAACATGTTAATAACTACCG ::8 
*************************************** ******************** 

GGGGCAGGGGGCGATAAAAGCCCCCGTCCCCAAAACGGTTGGGGAGCACGTGCGTTG 17.'i 
GGGGCAGGGGGCGA :CA . .\AAGCCCCCGTCCCCAAAACGGTTGGGGAGCACGTGCTGTTG '. 7..; 
GGGGCAGGGGGCGA":CAAAAGCCCCTGTCCCCAAAACGGTTGGGGAGCACGTGCTGT"'.'G :78 
************************** ********************************* 

TCCTGTCGGCCCcCGGlGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAA 235 
:CCTGTCGGCCCTC~GGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAA 234 
:CCTGTCGACCCCGGCGCGAACAAGGAACCACACGCACATGTCCCCCCAATCGAACAA 238 
******** ************ *** ************** *********** ******* 

CGAACCCCGGCGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCC-GAAGGCCCC 294 
CGAACCCCGGCGCGGACGCGCCAAGGAACTTCAACAAAAGAGTGCCTCC-GAAGGCCCC 293 
CGAACCCCGGCGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCCGATCGCCCC 298 
************************************************** ** ***** 

GGAAACGGTGTGCG":CGGTTGGGACGTCTTGACTGTTATACAAAACGACTCTCGGCAACG 354 
GGAAACGGTGTGCCTCGGTTGGGACGcCTTGACTGTTATACAAAACGACTCTCGGCAACG 353 
GGAAACGGTGTGCGT~GGTTGGGACGTCTTGACTGTTATACAAAACGACTCTCGGCAACG 358 
************* * ******************************************** 

GA T ATC''CGGCC"'."CGCA TCGA TGAAGAACGTAGCGAAA TGCGATAC"'."GGTGTGAA TTG 4 I..; 
GATATCTCGGC:CCGC..\ "TGATGAAGAACGTAGCGAAATGCGATACTTGGTG"'.'GAATTG ~: 3 
CAT ATCCGGCT1CGCA TCGA IGAAGAACGTAGCGAAA TGCGATACTTGGIGTGAA TTG 4: 8 
************************************************************ 

CAGAA TCCCGCGAA TCATGACT:IGAACGCAAGTTGCGCCCAAAGCCGFIGGCCGA °" 7 4 
CAGAA"'.'CCCGCGAA-:-CA-:-CGAGTTE~GAACGCAAGTTGCGCCCAAAGCCG!TTGGCCGA 473 
CAGAA ~CCCGCGAAT.\ -:-CGAG:·~-:--:-TGAACGCAAGT':'GCGCCCAAAGCCG"'.'TTGGCCGA 4 78 
************************************************************ 
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'v'.E2 

Y.E3 

'i'.E2 
ME3 
ME! 

:.1E2 
:.1E3 
YiEl 

ME2 
ME3 
ME! 

ME2 
ME3 
MEl 

GffC.\lGTTCCTGGC,TGTC.KGCA"'."CGTTCffCCAACCCC:AAAC:\CCCGC\c\GA\H: .'i:l; 
GCGC\Cl: TTGCCGGC, TG TC . .\CGC A :CG T TGCCCC AACCCC AAAC\CCTCGC\AG :\GGC. :J :l :l 
CCGC . .\CC· TCTGCCTGGGTG TC .KGC A "'."CC TGCCCCAACCCC AAAC t\CCTCGC . .\AGAGGG .1:18 

************************************************************ 

.\ ~TTCGGGGAC A TCGGGGGCGGACA TTGGCCCCTGG-;"GAGC AG"CCGCGc~·AGC .'i9 ; 
\ TTTCGGGGACA "'."CGGGG-CGGACATTGGCCCCCG-TGAGCTAGT"'"CCGCGC"'." AGC '19: 
,\ TTTCGGGGACATCGGGG-CGGACA EGGCCCCCG-TGAGC:AG"CTCGCGG" AGC 596 

******************* ***************** ********************* 

CA.·\A T ACGAG'CCCGGCGACGAGCGCC ACGACA TCGGGTGGGTGGA ! AAGGC:CCTCG T 6 :;~ 
CA.AA TACGAG:CCTCGGCGACGAGCGCCACGACAA TCGGTGGTTG-A TAAAGCCCTCGT 6.10 
c.-1,1.ATACGAG:cc:cGGCGACGAGCGCCACGACATC-GGTGGr1G-A.,. AAAGcccrcG·~ 6.'> ; 

*********************************** ***** ** **** ******** 

TTCCCGTCGTGCGTGC-TCG'.CCCCTATGTGCGCTCTGTGACCCTGCTG-;"GTCGTGCAA 7'.3 

TTCCCGTCGTGCGTGCCTCG.,.C"'."CCCTATGTGCGCTCTGTGACCCTGCTGTGTCGTGCA- 709 
TTCCCGTCGTGCGTGC-TCGTCTCC-TATGTGCGCTCTGTGACC-TGCTG-;"GTCGT-CA- 709 

**************** ******** ****************** *********** ** 

GCGACACiTCCATCGCGACGCCAGGTCAGGCGGGACTACCCGCTGAGTTTAGCT-ATCAT 772 
GCGACACTTC-ATCGCGACCCCAGGTCAGG-GGGACTACCCGCTGAGTTTAGCTTATCAT 767 
GCGACACTC-ATCGCGAC-CCAGGTCAGC--GGACTACC-GCTG-GTTTAGC--ATCAT 76'. 

********** ******** ********* ******** **** ******* ***** 

AA-CGGAGG--------------- 780 

,\A..\CCGAGGAAGAAAACACGCTC- 790 
AT . .\CGGGGGA-GAGAACACAC ACA 784 

* * * ** 

Fig. 4.13: ?\ucleotide sequence alignment of sample ME 1, ME2 and 
\1E3 of the variable l 8S-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. 

67 



In the morphotype-3 Myrica tree sequence (\1E3), bases 66-333 constituted 

ITS I, bases 334-493 constituted the 5.8S rD"'.\A 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 I SS 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 I SS r01\'A was done using primer walking technique which was 

based on the dideoxy chain termination method of Sanger et al. ( 1977). Initially, the 

primers used for amplification of the I SS 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 \1YR I, MYR2 and \1YR3 respectively (Fig. 

4.15). l\llYR I was the representative sequenced sample for the morphotype-1, \1YR2 

was the representative sequenced sample for the morphotype-2 and \1YR3 was the 

representative sequenced sample for the morphotype-3 Myrica trees respectively. 

68 



) " ]"j ~ 

' 
( ' 

) 

" 
,,. 

e 
~ ~ 

(b) 

Fig. 4.14 (a) 
(b) 
(c) 

1·,,,,, > . ..,,,..,qy ,,f St•·,,,,/,,,.,, <4 ,, f.~,,//r·a•f 

/" 
2~ \ •• ••• / 

01 
(a) 

... ------ '7 1-
(~ , 

{._~--·-

rrm• "'"'''!'!"of Str11ctm·P- = 34 5 kkal/.":!<>I 

f''"'\ .. 
~ ..._, ' 

·• u· 

( 
\' 

) 

r 
·1;'6 

I''° ,. 
e 

'4 

{_., 

(c) 

5.8S mR".\A secondary structure of morphotype-1. 
5.8S mR".\A secondary structure of morphotype-2 
5.8S mR".\A secondary structure of morphotype-3 

69 



CLLSTAL W 2. 0. 8 multiple sequence alignment 

2 

MYR: 
MYR3 
MYR2 

MYRl 
MYR3 
V.YR2 

MYRl 
MYR3 
MYR2 

MYR; 
MYR3 
MY'l2 

MYRi 
MYR3 
MYR2 

MYR! 
MYR3 
MYR2 

V.YR'. 
MYR3 
MY'l2 

\!YRi 
V.YR3 
V.YR2 

V.YRi 
Y:YR3 
Y.~·Rz 

Y.YRl : 72: 
Y.YR'. : 72: 
Y.YR2 :603 

2 ~·R2 :603 97 
3 Y.YR3 :6:.3 98 
3 Y.Y'l3 :6::5 98 

GGGGCAAAAGCTATGCGTCCCATATC-AGCCA1GCTATCGT-GCCTAAGTGAT-GAA :57 
----TGCAAGCGA-GCGTGTC-CGTATGT-GAGCCTGC----AT-GTGTAAGT-AT-GAA 46 

· - T ATGCAACA'GTTTC-CGT A cGTGAGCCGAG':'GTCTATCGTGTAAGTGATAGAA .33 

* ** * ** ** * ***** * * * * ***** ** *** 

CAATTCAGACGTGAAACGCGAATGGCTCATTAAATCAGTTATAGTTTGTTTGATGGT 117 
CTAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTGTTTGATGGT 106 
CTAATTCAGACJGTGAAAC:GCGAATGGCTCATTAAATCAGTTATAGTTTGTTTGATGGT 113 

************************************************************ 

ATCGCT ACTCGGAT AACCGT AGTAATTCTAGAGCT AATACGTGCAACAAACCCCGAC:T l 77 
ATCGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAACCCCGACTT 166 
ATCGC':'ACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAACCCCGACTT 173 
************************************************************ 

CGGAAGGGATGCATTJA'TAGGTAAAAGGTCGACGCGGGCTCTGCCCGTTGCTCTGATG 237 
CGGA:\GGGATGC AT!T ATT AGGT AAAAGG TCGACGCGGGCTTTGCCCGTTGCTCTG A TG 226 
CGGAAGGGATGCA':'TTATTAGGTAAAAGGTCGACGCGGGCTTTGCCCGTTGCTCTGATG 233 

****************************************** ***************** 

AT~TATGATAACTCGACGGATCGCAAGGCCATCGTGCCGGCGACGCATCATTCAAATTTC 297 
ATTCATGATAACTCGACGGATCGCAAGGCCATCGTGCCGGCGACGCATCATTCAAATTTC 286 
AT'CATGATAACTCGACGGATCGCAAGGCCATCGTGCCGGCGACGCATCATTCAAATTTC 293 
************************************************************ 

'GCCCTATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGGTGACGGGTGACGGAG 357 
TGCCCTATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGGTGACGGGTGACGGAG 346 
TGCCCTATCAACTTTCGATTGTAGGATAGAGGCCACAATGGTGGTGACGGGTGACGGAG 353 

************************************************************ 

AATTAGGCTCGATTCCGGAGAGGGAGCCJGAGAAACGGCTACCACATCCAAGGAAGGCA 417 
AATTAGGGT!CGATcCCGGAGAGGGAGCCcGAGAAACGGCTACCACATCCAAGGAAGGCA 406 
AATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCAAGGAAGGCA 413 

************************************************************ 

GCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGG1AGTGACAATAAATAACAATACC 477 
GC\GGCGCGCAAA E ACCCAA TCCTGACACGGGGAGGTAGTGACAA :AAAT AACAAT ACC 466 
GC:\GGCGCGCAAATT ACCCAA TCCJGACAC'GGGGAGGTAGTGAC AA TAAAT AAC AAT ACC 4 73 
************************************************************ 

GffC~C~ACGAGTCTGCA:\TTGGAATGAGTACAA':'CTAAATCCCTTAACGAGGATCCA 537 
CCC:C~C~TACGAGcCTGG7A:\ ~)GGAA ~GAGTACAA J'CTAAA~CCCT:\:\CGAGGA J'CC A .')26 
curc~~ACGAG:CGCAA ~TGGAA TGAGTAC'AA ~CT AAA :ccc~·:\ACGAGGA :CCA S:l:l 
************************************************************ 
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\''T 
v.v"3 
v.v"2 

'{.\·": 
v.:·"3 
Y.VR2 

Y.Y": 
v.:·"3 
Y.YR2 

Y.YR'. 
lf.YR3 
v.n2 

v.:·R: 

Y.YR3 

'f.V"2 

Y.YR'. 
v.:·R3 

Y.Y"2 

Y.Y'{'. 
Y.YR3 

Y.Y"2 

Y.Y'l: 

Y.Y"3 
Y.YR2 

v.:·": 
Y.'!"3 
Y.'!R2 

v.:·": 
Y.VR3 
Y.VR2 

Y.VR'. 
Y.VR3 
v.:·R2 

-:-TC:HGGC:CAAG-:-CGCGCC..\GCAGCCGCGCAAT-:-CCAGCTCCA:\ TACCCA T:\TTT A :;97 
TTC\GGGCAAGTCC:GTffC.\GCAGCCGCGGT.\. .\-:-TCAGCCC\ . .\TAGCG-:-A-:-A;-:--:-.·\ ;)86 
-:-TGGAGGGCAAGTTGTGCC . .\GCAGCCGCGCAAT-:-CCAGCCCAATAGCCATA·:;T.i ~9:l 

************************************************************ 

ACTCTGCAGTTAAAAAGCCGT ACTGGATCTGGGTl'GGGCAGAGCGG TCCGCCCC 6:17 
AG-:-Tc-:-GCAGT'.'AAAAAGCCCAGFGGATCTGGGTTGGGCAGAGCGGTCCGCCCC 6~6 
. .\c-:-c-:-GC AG-:-T AAAAAGCCC ACTGGA -:-c-:-GGG':'TGGGCAGAGCGCCCGCCCT-:- 6.'i:l 
************************************************************ 

GGT''GC ACCGATCTGCCGTCCCTTCACCGGCGATGCGC".'CCTGGCC-:-AACTGGCCG 7: 7 
GG':'GTGCACCGATCTGC':'CCCCCTTCTACCGGCGATGCGCTCCTGGCC".'TAACrGGCCG 706 
GCCGCACCGATCTGCTCG-:-CCCTTCTACCGGCGATGCGCTCCTGGCCT-:-AACGGCCG 7'.3 

************************************************************ 

GGTCG-:-GCCTCCGGTGCTGTTACT':'TGAAGAAATTAGAGTGCTCAAAGCAAGCCACGCT 777 
GG':'CGTGCCTCCGGTGCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCT 766 
GG-:-CGTGCCTCCGGTGCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGC"" 773 

************************************************************ 

CCA'i' ACA TT AGCATGGGA ':'AACATCATAGGATTTCGGTCCT A.TGTGTTGGCC: .. i'CGG 83 7 
CTGTATACATTAGCATGGGA':'AACATCATAGGATTTCGGTCCTATTGTGTTGGCCTTCGG 826 
CTGTATACATTAGCATGGGATAACATCATAGGATTTCGGTCCTATTGTGTTGGCC7 TCGG 833 

************************************************************ 

GA-:-CGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAG-:-CAGAGGTGA 897 
GA!CGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAG-:-CAGAGGTGA 886 
GATCGGAGTAATGATT~~CAGGAACAGTCGGGGGCATTCGTATT~CATAGTCAGAGGTGA 893 
************************************************************ 

AATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGATG'?TTTCATT %7 
AAT':'CTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGATGT:TTCA".'T 946 
AATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA7 GTTTTCATT 9o3 
************************************************************ 

AATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCCAACCATA 10'.7 
AATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATA '.006 
AA':'CAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATA :0:3 

************************************************************ 

AACGATGCCGACCAGGGATCGGCGGATGTTGCTTTAAGGACTCCGCCGGCACCTTATGAG '.077 
AACGATGCCGACCAGGGATCGGCGGATGTTGCTTTAAGGACCCGCCGGCACCTTATGAG '.066 
AACGATGCCGACCAGGGA-:-CGGCGGA-:-GTTGCTTTAAGGACTCCGCCGGCACC-,.A-:-GAG '.073 

************************************************************ 

AAATCAAAGTCTTTGGG"TCCGGGGGGAGTATGGTCGCAAGGCGAAAC-:-AAAGGAATT ::37 
AAATCAAAGTCTTTGGC-:-CCGGGGGGAGTATGGTCGCAAGGCGAAACTAAAGGAA" ::~6 

AAA ".'CAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCGCAAGGC':'GAAACT.\AAGGAA:-:- : : 33 
************************************************************ 

GACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTAA'.TTGACCAACACGGGGAA..\C ::97 
GACGGAAGGGCACCACCAGGACGGAGCCTGCGGCTT AA-:--:-·~GACCAACACC:GGGAAAC : : 86 
GACGGAAGGGCACC.~CC AGGACGGAGCCTGCGGCTT .~A TTTGACT~AC\CGGGG.~.~AC : : 93 
************************************************************ 
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v.n: 
Y.YR:l 
Y.fl2 

v.n: 
Y.YR3 
Y.~'R2 

'I.YR: 
Y.YR3 
'l.YR2 

'I.YR: 
'l.YR3 
MYR2 

'l.YRl 
'l.YR3 
Y.YR2 

'l.YRl 
'l.YR3 
MYR2 

'l.YRl 
MYR3 
MYR2 

MYRl 
'l.YR3 
MYR2 

MYR; 

MYR3 
Y.YR2 

;;ACC\GCCCAGAC..\~.\G ;,.\ . .\GC:A ;TAC ,.\G.ACG,ACAGc;c;;;c;;GA ;;c,.\~UG : :.:i'i 
;;,.\CCAGCC'CAGAC.\ ;,\G ;,A . .\GGA ';'"'GACAC . .\CGAGAGcc;;r;T.\ ;;CA'~GGC : 2 '.[i 

;;:1cc..\GG'?CC'AGACA ;,.\C:; .\AGGA T';'GAC AG.ACG..\GAGcc;;c:GA ;:cA:GGC: : 2~ l 
************************************************************ 

;GCGG"'GCA;GGC('C;c;AC'.'GCGGAGCG:1;;;ccGCTAAT;ccc:AACG.I : 3: 7 
;cc TGCGCA TGGCcc;c;AcTGCGGAGCG,A ;;:GTCGGTT AA :".'CCGT; AA CG A : 306 
:GG"'GGTGCA';'GGCCG::c;,\CTGCGGAGCG..\ ;;;GTCTGGTTAA ;TCGT':'AACGA : 3: 3 

************************************************************ 

ACGAGACCTCAGCCGCA.iCAGCTA:GCGGAGG"'GACCTTCCGCGGCCAGCTTC'TTAG ;377 
ACGAGACCTCAGCCGCAACAGC:A:GCGGAGGTGACCT'TCCGCGGCCAGCTTCTTAG :366 
ACGAGACCTCAGCCGCAAC'i'AGCTA:GCGGAGGTGACC'TCCGCGGCCAGCTTCT'i'AG :373 

************************************************************ 

AGGGACTATGGCCGCTTAGGCCAAGGAAC;;GAGGCAATAACAGGTCGTGATGCCCTT :.t37 
AGGGACTATGGCCGCTTAGGCCAAGGAACT:GAGGCAATAACAGG'?CG:GATGCCCTT 1426 
AGGGACTATGGCCGCTT AGGCCAAGGAACT:GAGGCAA T AAC AGCCTG:GATGCCCTT l ·i33 

************************************************************ 

AGATGTTCTGGGCCGCAC'GCGCGCTACACGA'TG".'A::CAACGAGFTATAGCCTTGGCl 1497 
AGATG';'TCTGGGCCGCACGCGCGCTACAC:GATGTA':'TCAACGAGTTTATAGCCTTGGCC 1486 
AGATGTTCTGGGCCGCACGCGCGCTACACGA';'CA:TCAACGAGTTTATAGCCTTGGCC l!,93 

************************************************************ 

GACAGGCCCGGC AA TCTTGAAA TTTCATCG'i'GA TGGGGAT AGA TCA TTGCAA TTGTTG 1 :J:J7 
GAC AGGCCCGGG';'AA T'.'TTGAAA TTTCATCGTGATGGGGAT AGA TCA TTGCAA TTGT':G 1546 
GACAGGCCCGGGTAA"'CTTTGAAATTTCATCGTGATGGGGATAGATCATTGCAATTGTTG l:J:J3 
************************************************************ 

GTCTTAAA-CGAGGAATT-CCIAGTAAGCGCGACCA'.CAGCTCGCGT".'GACTACGTCCC 1615 
GTCTTAAA-CAGAGAAT'?TCCTAGTAAGCGCGAG:CA';'CAGCTCGCGT'i'GACTACGTCCC 1605 
GTCCTAAAACGAAGAATC-CCTAGTAAGCGCGAG:CA~CA-CTCGCGTTGAC-------- 1603 

*** **** * **** ********************* *********** 

-TGCCCTTTGTACACACCGCCCGTCGCTCCTACCGA::GAA'?GGTCCGGTGAAGTGTTCG 1674 
CTGCCCTTTG-------------------------------------------------- 1615 

GATCGAGGCGATGTGGGCGGECGCTGCCGGC.iACG::T:GAGAGTC 1721 

Fig. 4.15: Nucleotide sequence alignment of sample MYR 1, MYR2 and 
YIYR3 of the conserved l 8S rD\:A using the multiple sequence 
alignment program CLCSTAL W. 
The asterisk (*) mark indicates the site of nucleotide base 
showing homology in all the three sequences. 
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4.4 PHYLOGE~ETIC A~ALYSIS 

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 CUJST AL 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 l 8S 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, "'.\eighbour 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 \1E2 and \1E3 clustered together with a bootstrap value of 

774.0 in the Neighbour Joining tree and 804.0 in the \1aximum 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: SEQCE:\"CES OF 18S-28S l:\"TER:\AL TRA:\SCRIBED SPACER 
(ITS) OF MYR!CA, BETULA, COMPTON/A A:\D MORELLA SP. 
CSED FOR PHYLOGE:\"ETIC A"\"AL YSIS 

SI. GE>JBANK 
~o. 0."A\1E OF THE GE:\"CS ACCESSIO:\" REFERE:\CE 

KCMBER 
I. Myrica nagi (ME 1) FJ469992 Present study 

2. ! Myrica esculenta 1 (ME2) FJ469993 Present study 

3. I Myrica esculenta2 (ME3) FJ469994 Present study 

I 
4. I Betula humilis AJ783643 ! Forest et al., 2005 I 

i 

5. I Comptonia peregrina AJ626764 i Huguet et al., 2005 
! 

6. j Morella californica AJ626782 Huguet et al., 2005 ! 

7. I Morella cerifera AJ626771 Huguet et al., 2005 
I 

8. I Morella faya AJ626777 Huguet et al., 2005 

9. I Morella heterophylla 
I 

AJ626773 i Huguet et al., 2005 
I 
i 

10. Morella rivas-martinezii I AJ626781 ! -::-::-! 

I Huguet et al., 2005 I 
I I 

11. i Morella rubra AJ626784 
I 

Huguet et al., 2005 
I I I 
I 

j Morella spathulata 
------------j 

12. AJ626774 Huguet et al., 2005 I 

I 

13. ! Myrica gale AJ626768 Huguet et al., 2005 

14. • Morella quercifolia AJ626775 ' Huguet et al., 2005 i 

I 15. Morella nagi AJ626783 Huguet et al .. 2005 

-----------< 

16. Morella pemylvanica AJ626772 Huguet et al .. 2005 

·----------· - -
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....-----------658.1 C 
comptonia peregrina 

·769. 9-

676.4-

898. 3-

Fyr·1 ca gale -c r•'or·ella quercifolia 
852. i 

Morella spathulata 

860.1- c Morella heterophylla 
629.8 

Morella pensylvanica 

.__-----Morella cerifera 

C
Morella rivas-martinezii 

........ --976.0 
Morella faya 

"------------ r.1or e 11 a ca 1 i forni ca 

-------846. 6 ME3 

-c Morella rubra 
984.4 

Morella nagi 

"------------------ Betu 1 a humi l is 

Fig. 4.16: Parsimony tree constructed from aligned sequences of l 8S-28S 
Internal Transcribed Spacer (ITS) region considering 1000 
bootstrap value. 
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937. o-

•838. o-

992. 0-

-----~·n 

1000i"4.0_r-- WE] 

L__ r•'E2 

C 
rtorella rubra 

.__--996. 
rv•orella nagi 

-c ~iorella pensylvanica 

i
723. 0 

~orella heterophylla 
·545. 0 

C 
~orella spathulata 

794. o- 894. 0 
~orella quercifolia 

'-------- ~·orella cerifera 

C 
rv•orella rivas-martinezii 

...._----991. 
rv·orella faya 

------------ rv1orella californica 

1------------------- Betula humilis 

C 
comptonia peregrina 

...._------------699. 
rv~yrica gale 

Fig. 4.17: Neighbor joining strict consensus tree constructed using aligned 
sequences of 18S-28S Internal Transcribed Spacer (ITS) region 
considering 1000 bootstrap value. 
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1000-

....... ---------962. 0 C 
Myrica gale 

933. o-

976.0-

comptonia peregrina 

C Morella pensylvanica 

i
858.0 

C
'O o Morella heterophylla 

937. O - Morella cerifera 

C 
Morella spathulata 

891. 0 
Morella quercifolia 

C Morella faya 
.__----997.0 

Morella rivas-martinezii 

...._ ___________ Morella californica 

-----MEl 

gso. oto4. o_r- MEl 
.__----539. 0- L__ ME2 

-C
Morella nagi 

.__--996.0 
Morella rubra 

...._ _________________ Betula humilis 

Fig. 4.18: Maximum Likelihood strict consensus tree constructed using 
aligned sequences of l 8S-28S Internal Transcribed Spacer (ITS) 
region considering I 000 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 >.:eighbour 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, '.\eighbour 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 ME I. Thus 

samples ME2 (morphotype-2) and ME3 (morphotype-3) appeared closer than the sample 

ME I (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 ME 1 and ME2 

was 93%. Sequence homology between samples ME 1 and ME3 and was 95%. Sequence 

homology between samples ME2 and \1E3 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 Gen Bank 

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 A/nus 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 A/nus 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). 

lntraspecific 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 ITS sequences of Canada, Spain, 

Finland and Belgium were aligned in which the sequence homology ranged from 99 to 

I 00% (Appendix 8). ITS sequences of four J1ore!f afaya species of Portugal, Spain 
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TABLE 4.3: SEQLE\:CES OF 18S-28S 1\:TER\:AL TRA:'\SCRIBED 
SPACER (ITS) OF ALNUS SPECIES LSED 

SI. 
'No 

i 1. 

i 2. I 
I 

i 

I 
3. 

I 
; 4. ; 
I 

I 5. 

6. 

I 7. 
I 

8. 

9. 

I 
10. 

I 11. 
! 
i 
I 

12. 
I 

i 13. 
I 
I 

FOR PHYLOGE\:ETIC A\:AL YSIS 

NAME OF THE 
GENLS l 

A/nus cordata 

A/nus glutinosa 

Alnusincana 

A/nus japonica 

A/nus nepalensis 

A/nus orientalis 

A/nus rubra 

A/nus rugosa 

A/nus serrulata 

A/nus sibirica 

A/nus tenuifolia 

A/nus trabeculosa 

·--~-

A/nus viridis 

---

--···--

I 

i 

! 

' 

i 
I 

I 

' 

! 
: 

GEJ\BA~K , 
ACCESSION l 

NLJMBER 
AY352306 i 

I 

A Y352310 I 

i 
I 

A Y352312 ; 
I 
I 

A Y352314 ' I 

i 
AY3523 l 8 ' ' 

i 
AY352320 

I 
A Y35232 l 

I 

AY352313 I 

i 

AY352322 I 
I 

AY352323 I 

i 

A Y352327 ' 

AY352328 ' I 
' 

AY352329 
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REF ERE'\ CE l 

Chen, Z. and Li, J ., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J ., 2004 

Chen, Z. and Li, J ., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J ., 2004 

Chen, Z. and Li, J ., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J., 2004 

Chen, Z. and Li, J., 2004 

I 

: 

I 

-

-

--



TABLE 4.4: SEQLE>:CES OF l 8S-28S I>:TER>:AL TRA>:SCRIBED 
SPACER (ITS) OF BETULA A?\D CORIARIA SPECIES 
USED FOR PHYLOGE>:ETIC A>:AL YSIS 

SI. GE>JBANK 
\io. : \JAME OF THE GEl\US ACCESS IO:\ REF ERE!\; CE 

l T\'UMBER 
I. I Betula davurica 

i 
A Y352335 Chen, Z. and Li, J. 2004 

i 
2. Betula lenta AY352330 

I 

Chen, Z. and Li, J. 2004 

3. I Betula nana AY352336 I Chen, Z. and Li, J. 2004 
i I 

4. i Betula nigra A Y35233 l Chen, Z. and Li, J. 2004 

5. I Be tu la pendula AY352332 Chen, Z. and Li, J. 2004 

6. Be tu la populifolia AY352333 

I 

Chen, Z. and Li, J. 2004 

I Betula uber 7. AY352334 Chen, Z. and Li, J. 2004 
I 

I I 

8. I Coriaria microphylla AY091813 I Yang et al., 2003 I 
I 

I I 
I I 

9. Coriaria ruscifolia A Y091815 I Yang et al., 2003 
i 

10. Coriaria sarmentosa A Y091816 Yang et al., 2003 

11. Coriaria terminalis AY091817 Yang et al., 2003 

81 
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' 
i 
; 

I 
! 
i 

i 

I 
I 

1 

I 
I 
I 
I 

I 

! 

; 

I 

I 
I 

! 

TABLE 4.5: SEQCE\CES OF 18S-28S [\TER\:AL TRA\:SCRIBED 
SPACER (ITS) OF MORELLA, COMPTON/A A\:D MYRICA 
SP. CSED FOR PHYLOGE\:ETIC A\:AL YSIS 

SI. i 
\:o. \:AME OF THE GE>iCS 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

i 

I Comptonia peregrina 
:; USA 

I Comptonia peregrina 

1 
Canada 

I Morella adenophora 
China 
Morella adenophora 
Taiwan 
Morella cerifera 
Jamaica 
Morella cerifera 
USA 
Morellafaya 
Spain: Tenerife, Canary Islands 
Morellafaya 
Spain: La Palma, Canary islands 
Morellafaya 
Spain: Gomera, Canary Islands 
Morellafaya 
Portugal 
Morella rivas-martinezii 
Spain: El Hierro, Canary Islands 
Morella rivas-martinezii 
Spain: Gomera, Canary Islands 
Myrica gale 
Belgium 
Myrica gale 
Finland 
Myrica gale 
Spain 
Myrica gale 
Canada 

17. : Morella esculenta 
.CK 

82 

' 

' 

' 

I 

' 

I 

GE'.\BA\:K 
ACCESSION . 

\:C\t1BER 
REF ERE\: CE 

AJ626764 

AJ626765 

DQ501419 

DQ501420 

AJ626770 

AJ626771 

AJ626776 

AJ626777 

AJ626778 

AJ626779 

AJ626780 

AJ626781 

- . 

AJ626766 

AJ626767 

AJ626768 

AJ626769 

Huguet et al., 2005 

Huguet et al., 2005 

Herbert, J., 2007 

Herbert, J ., 2007 

Huguet et al., 2005 

Huguet et al., 2005 

I Huguet et al., 2005 

I 
[ Huguet et al., 2005 

Huguet et al., 2005 

Huguet et al., 2005 

Huguet et al., 2005 

I Huguet et al., 2005 
I 

\ Huguet et al., 2005 

' 

I Huguet et al., 2005 
! 

I Huguet et al., 2005 

' Huguet et al., 2005 

DQ501421 Herbert, J., 2007 

I 
i 

I 

I 
' 

I 

I 

I 
I 
I 

I 
i 
i 
I 



Gomera, Spain Tenerife and Spain Lapalma were also aligned in which I 00% sequence 

homology was observed (Appendix 9). Comptonia peregrina ITS sequences of Canada 

and the CSA were also aligned in which I 00% sequence homology was observed 

(Appendix I 0). Similarly, ITS sequence homology of Morella rivas-martinezii of 

Elhierro, Spain and Morella rivas-martinezii of Gomera, Spain revealed I 00% 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 cer[fera of LiSA 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 ME I on one hand and '.'v1E2 and \1E3 on the other hand is indicative of the 

possibility of ME 1 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 I 8S rD\JA sequences to construct phylogenetic trees (Table 

4.6). Of these the most distant Berberidopsis corallina, was used as the out species. 

1\"eighbour joining analysis was performed using SEQ BOOT (bootstrap), 

D:\ADIST (distance matrix) and CO:\SE).;SE (consensus tree programme). One 

thousand bootstrap values were considered to select the best consensus tree. All three 

samples '.'vlYR I. \1YR2 and \1YR3 clustered together scoring a bootstrap value of 
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TABLE 4.6: SEQLE:\CES OF 18S rD:\A CSED FOR 
PHYLOGE:\ETIC A:\AL YSIS 

--------~---~, 

SI. GENBA~K 

:\o. :\A\1E OF THE GE>JCS ACCESS IO?\ REFERE:\CE 
;\UMBER 

I. ! Myrica nagi (MYR 1) FJ469989 Present study 

2. , Myrica esculenta 1 (MYR2) FJ569990 Present study 

I 3. ! Myrica esculenta2 (MYR3) FJ469991 Present study 
I ! 
I 

\ Morella cerifera 
~ 

I 4. AF206967 Soltis et al., 1999 
I 

(*unpublished) I 

I 5. r Jug/ans nigra AF206943 Soltis et al., 1999 I 

(*unQublished) 
6. Fagus grandifolia AF206910 ! Soltis et al., 1999 

(*unpublished) 
7. , Carya glabra AF206880 Soltis et al., 1999 

I (*unpublished) i 

1 Chrysolepis sempervirens 
--1 

8. AF206886 Soltis et al., 1999 I 

I 
(*un~ublished) 

9. I Cucurbita pepo AF206895 Soltis et al., 1999 
(*un ublished) 

10. I Berberidopsis corallina AF206866 Soltis et al., 1999 
I (*unpublished) 

11. 1 Stachyurus praecox AF207025 Soltis et al., 1999 
(*unpublished) 

*Sequences submitted directly to GenBank. 
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I 000.0. Within the common cluster of our samples the morphotype-2 and morphotype-3 

sub-cluster scored a bootstrap value of 731.0. Morella cer[fera 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, Jug/ans nigra and 

Carya glabra tended to remain in one cluster scoring bootstrap values of 991.0 

(Neighbour Joining) and 726.2 (Parsimony). The Jug/ans 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 I 000 bootstrap using the 

dnamlk.exe of the programme PH YUP (version 3 .66). The out file of this run was used 

as an input data to generate the most consensus tree (CO"'.\SENSE). A bootstrap value of 

954.0 was obtained for all the three samples that clustered together showing the closest 

affinity to Morella cerffera scoring a bootstrap value of 507 .0. Two major groups were 

observed where our samples together with Morella cerifera, Carya glabra and Jug/ans 

nigra formed one group and the rest of the species formed the other major group. 
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970.0 

100 

766.0 

820.0-

C
MYR2 

"'.')1 0 I J I 

1000-r JJ.,vL._~lYR3 

L_MYRl 

-----Morella cerifera 

Fig. 4.19: Neighbor Joining strict consensus tree constructed using 
aligned sequences of I SS rD'.\JA gene considering I 000 
bootstrap value. The numbers at each node represents 
the bootstrap value. 
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890.8 

C
Fagus grandifo1ia 

------941. 
chryso1epis sempervirens 

920. 

502.3 999.2 -----~1ore11a cerifera 

: 
1
CJug1ans nigra 

----r26.~ 
carya g1abra 

-----------stachyurus praecox 

i-------------cucurbita pepo 

-------------Berberi dopsis cora 11i na 

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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C
Fagus grandifolia 

948. 0 
chrysolepis sempervirens 

---750.0 

507.0 

E
Berberidopsis corallina 

662.0 cucurbita pepo 

Stachyurus praecox 

---------Morella cerifera 

-C
MYR3 

510. 0 
954. 01 MYR2 

.... -----MYRl 

C
carya glabra 

---997.0 
Juglans nigra 

Fig. 4.2 I: Maximum Likelihood phylogenetic tree constructed using 
aligned sequences of l 8S rDNA gene considering I 000 
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, :\eighbour Joining as well as the robust \1aximum 

.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 l 8S 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 l 8S sequences between species of different 

genera to check the level of sequence homology. For this purpose the l 8S sequences of 

Carya glabra, Datisca cannabina, Coriaria ruscifolia, Morella cerifera and Jug/ans 

nigra were used. The sequence homology ranged from 96% to 99% (Appendix 16). 

Sequence homology between samples \1YR I and MYR2 was 97%, MYR l and MYR3 

was 98% and MYR2 and MYR3 was 98%. This comparative study is suggestive of the 

possibility that morphotype 1 and morphotype 2 trees may belong to two different 

species of genus Myrica. 
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TABLE 4.7: SEQLE'.\CES OF !SS rD>:A OF CORIARIA, DAT/SCA. 
JUGLANS A>:D CARYA SP. LSED FOR 
PHYLOGE'.\ETIC A>:AL YSIS 

' SI. GE>:BA?\K 
No. >:AME OF THE GENLS ACCESSION REFERENCE 

, >:C\1BER , 
~--+--------------+-----~--------------

1. Coriaria myrtifolia 

I 2. Coriaria nepalensis 

; 3. Coriaria ruscifolia 
I 

4. Coriaria sarmentosa 

I s. 
I 

' 

! 6. 

! 7. 
i 
I 8. 
I 

i 

Datisca cannabina 

Datisca glomerata 

Jug/ans nigra 

Carya glabra 

AF206891 ' Soltis et al., 2003 

A Y968394 I Zhang et al., 2006 

A Y968395 ! Zhang et al., 2006 
! 
I 

' A Y968396 I Zhang et al., 2006 
I 

AF008952 

DGU42426 

AF206943 

I AF206880 
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i Swensen, S. M., 2004 

I 
I Swensen, S. M., 1996 

I 
I Soltis et al., 2003 
I 
i 
I Soltis et al., 2003 
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4.5 A:\1PLICO~ RESTRICTIO~ PATTER~ (ARP)/ PCR- RESTRICTIO~ 

FRAG:\1E~T LE~GTH PROFILE (PCR-RFLP): 

Two restriction enzymes, Sau96I and Mboi, 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 Mboi generated different patterns for the three morphotypes 

(Fig. 4.22, 4.23, 4.24 & 4.2S). Nine different profiles, PMl, P\12, P\13, PM4, PMS, 

PM6, PM7, P\18 and PM9 were obtained. Five of these profiles (P\11, PM2, PM3, PM4 

and PMS) were found only for morphotype-1 trees. The profiles P\16, 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 ~PC-9) were found to 

have profile PM 1 (Fig. 4.26). They showed four fragments of~ 700 bp, ~S30 bp, ~ 180 

bp and ~90 bp. 

Profile P\12 (Fig. 4.27) corresponded to only one sample, ~PC-2, where five 

restriction fragments were obtained including the commonly occurring ~S30 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 Mboi could be absent. 
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U M 10 9 8 7 6 5 4 3 2 M 

(a) 

U M 30 29 28 27 26 25 24 23 22 21 M 

(c) 

600bp 
500bp 

i_M4_300bp 
200bp 

~14-lOObp 

Fig. 4.22 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-1 Myrica 
trees (samples 1-30) with Mbol. 
(M= 100 hp ladder; U= undigested DNA) 
{Fig a; M= A DNA Hind IIV EcoRl double digest marker} 
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U M 40 39 38 37 36 35 34 33 32 31 M 

(a) 

U M 50 49 48 47 46 45 44 43 42 41 M 

(b) 

l ,OOObp 

600 bp 
500bp 
300 bp 
200bp 
IOObp 

Fig. 4.23 (a & b): Amplicon Restriction Pattern (ARP) of morphotype-1 
Myrica trees (Samples 31 -50) with MboI. 
(M= l 00 bp ladder; U=undigested DNA) 

93 



U M 10 9 8 7 6 5 4 3 2 1 M 

(a) 

21,000 bp 

1,500 bp 

'Wli4-947bp 

564 bp 

U M 20 19 18 17 16 15 14 13 12 11 M 

(b) 

(c) 

Fig. 24 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2 Myrica trees 
(Samples 1-30) with Mbol. 
(M= I 00 bp ladder; U=undigested DNA) 
{Fig a; M= A. DNA Hind III/ EcoRl double digest marker} 
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(a) 

U M 50 49 48 47 46 45 44 43 42 41 M 

(b) 

U 61 60 59 58 57 56 55 54 53 52 51 M 

(c) 

1,000 bp 
700 bp 
500bp 

300bp 
200bp 
IOObp 

1,000 bp 
700bp 
500bp 

300 bp 
200bp 
IOObp 

Fig. 25 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2 
(samples 31 -50) and morphotype-3 (Samples 51 -61) 
Myrica trees with Mbol. 
(M= 100 bp ladder; U=Undigested DNA) 
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0 

0 

0 

(90) 
GA\(T)C 

100 

(242) 
GA \(T)C 

200 300 400 500 6 0 700 

Fig. 4.26: \1ap of sequence ME 1 for profile PM l showing the possible 
alternate restriction sites using Mbo I. (Distances not to scale) 

(90) 
GA;\(T)C 

(62) (130) 
GATC GATC 

1 
100 200 

(267) 
GAi\(T)C 

300 

(375) 
C(G)ATC 

400 500 

(578) 
GACi(T)C 

600 00 

Fig. 4.27: Map of sequence ME 1 for profile P\12 showing the possible 
alternate restriction sites using Mbo I. (Distances not to scale) 

( 90) 
GA1\(T)C 

(267) 
GA.\(T)C 

800 

800 

100 200 300 400 500 600 700 800 

Fig. 4.28: Map of sequence ME 1 for profile P\13 showing the possible 
alternate restriction sites using Mbol. (Distances not to scale) 
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Thirty six samples constituted the profile P\13 (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 "\.'EHC campus trees in addition to additional 

fragments generated. 

Three samples (NPC-12, NPC-15 and NPC-18) had the profile P\14 (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 PMS (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 C\RF-1 to ~RF-50) 

using enzyme Mbol produced four profile patterns designated as P\116, PM7, PM8 and 

P\19. 

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, "\.'RF-I 0, 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. :\RF-14 and "\.'RF-16 showed the profile P\118 (Fig. 4.33) 

consisting of three restriction fragments of~ 700 bp. ~530 bp and ~90 bp respectively. 
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0 

0 

0 

(90) (267) (375) 
GA.\(T)C GA\(T)C C (G)ATC 

(62) 
GATC 

l 
100 200 300 400 500 600 700 

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

(90) (267) 
GA/\(T)C GA \(T)C 

(62) l l GATC 

l 
100 200 300 400 500 600 700 

Fig. 4.30: Map of sequence ME 1 for profile PMS showing the possible 
alternate restriction sites using Mbol. (Distances not to scale) 

(91) 
GAC(T)C 

800 

800 

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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(24) 
G(i(A)TC 

0 

0 

0 

(59) 

GATC 

l (91) 

GrX 
100 200 300 400 500 600 700 

Fig. 4.32: Map of sequence ME2 for profile PM7 showing the possible 
alternate restriction sites using Mbo I. (Distances not to scale) 

(91) (264) 
GAC(T)C GA \(T)C 

( 163) 
GMi(T)C 

l 
100 200 300 400 500 600 700 

Fig. 4.33: Map of sequence ME2 for profile PMS showing the possible 
alternate restriction sites using Mbol. (Distances not to scale) 
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Fig. 4.34: \!tap of sequence \1E2 for profile P\19 showing the possible 
alternate restriction sites using Mbol. (Distances not to scale) 
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restriction fragments of~ 700 bp, ~530 bp, ~380bp,~180 bp and ~90 bp were observed. 

The morphotype-3 trees showed two profiles (PN16 and PM8) similar to those 

observed for morphotype-2 trees. Except for sample 1\'RF-59 which showed profile PM8 

all the other ten samples C\RF-51 to ~RF-58, "\fRF-60 and ~RF-6 l) showed profile 

PM6. 

4.5.1.1 Restriction digestion analysis of sample MEl using Mbol; 

Computer simulated restriction digestion analysis of the sequence ME I with 

endonuclease Mbol using the software OS 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 I 05). 

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, 4.23. 4.24 and 4.25 in 

page 92-95). 
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Based on the restriction fragment patterns generated using Mhol for trees 

belonging to both the sites, nine different restriction profiles were obtained. The profiles 

were designated as P\11, PM2, P\13, P\14, P\15, P\16, P\17, P\18 and P\19. 

Six samples ~PC-1, >:PC-3, NPC-4, ::\PC-6, ::\PC-7 and :\PC-9) of profile PM 1 

(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: 

>r 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. 

'Y 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, 1\'PC-2, 

where five restriction fragments were obtained including the commonly occurring -530 

bp, - l 80bp 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, 20 I bp and 209 bp fragments. 

);- In the third case transversions of purine base '·A" with pyrimidine base ··r· 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. 

"Y 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, "\"PC-15 and ~PC-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 
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position 267 downstream would produce three fragments of 87 bp, 177 bp and 

520 bp fragments respectively. 

'i' 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 :\PC-16, ).;PC-19, 1'\PC-26 and NPC-28 constituted the profile PMS 

(Fig. 4.30 in page 99) where four digestion fragments of sizes ~ 730 bp, ~530 bp, ~ 180 

bp and ~90 bp were observed. 

'>r 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. 

'>r 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 '\ongkrem 

forest site C\RF-1 to '\RF-50) using Mbol produced four profile patterns designated as 

P\16, P\17, P\18 and P\19. Only 780 bp could be sequenced for the sample \1E2. 
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TABLE 4.9: RESTRICTIO?\ FRAG\1E?\TS OF \10RPHOTYPE-l 
MYRICA TREES ASSIG?\ED TO ITS RESPECTIVE 
APPROXI\1A TE BA?\D SIZES CSI?\G MBOI. 
(- = BA?\D PRESE?\T: - · BA?\D ABSE?\T) 

-800 -730 -700 -530 -380 -180 -90 
'.\:PC! 
"\IPC2 
\IPC3 
>JPC4 
?\PCS ----+------ ------ ·-----
NPC6 
NPC7 
NPC8 + 

NPC9 T 

NPCIO + 
; 

NPCll 
T 

' 
' - - - -;- i - - ' 

+ 

! NPC12 - i - - + + ; - ' 
I NPC13 - : - - + - i - T 

NPC14 -
• 

- - + ! - I - I ' 
i NPC15 - I 

T i - ! + I + - ! + 
I NPC16 - ! - - + ! - - T 

+ ! NPC17 - - - + I - - T 

i NPC18 - ! - - + l + I -I 

NPC19 - I - - + ! - - + 

I NPC20 - I - - + i - i T -
I : 

_,___ 
! NPC21 - - - + - - I -
i NPC22 - ! - - + I - I - ' T 

I NPC23 - ' - - + I - I - I 
' 

+ 

NPC24 - - ' - + I - I - I -_j_ ___ 

NPC25 - - ' 
- + ! - I - I -

I NPC26 - I + - + I - -
' 

-
NPC27 - ! - - + I - T -
NPC28 - I - - + I - + i -
NPC29 - ! - ! - + I - - + 
NPC30 - ! - ; - + i - - i + 

; NPC31 - I - - + - I 
+ i + 

NPC32 - I - - + I - I - l + I I 

I NPC33 - - i - + ' - ! T I + 
NPC34 - ! - - + I - ; - I + 

NPC35 - - - + I - ' - + I 

! NPC36 - - - + ! - I - + 
: I I 

NPC37 + 

NPC38 + + 
NPC39 + 
NPC40 + 
NPC41 
NPC42 + 

NPC43 
NPC44 

-- - ~-- ---~--------
NPC45 .. - - ··------------
NPC46 
'.\:PC47 
NPC48 
NPC49 
NPC50 
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TABLE 4.10: RESTRICTIO:\ FRAGY1E:\TS OF Y10RPHOTYPE-2 
MYRICA TREES ASSIG:\ED TO ITS RESPECTIVE 
APPROXIY1ATE BA:\D SIZES CSI~G MBOI. 
(~ = BA:\D PRESE~T: - c~ BA~D ABSE?\T) 

------------- . ~------- - ----
-800 -730 __ __::-700 ~- -530 -380 I -180 -90 

'.\'RFI 
:\RF2 
>JRF3 
NRF4 + 

NRF5 
NRF6 
NRF7 
NRF8 
NRF9 T 

NRFIO + + 

NRFll ; + . 
NRFl2 i + T 

NRFl3 l + + 

NRFJ4 I I + + 

NRFJ5 ; I + : + 

NRF16 : + I + + 

NRFl7 I 1 + + 
NRF18 + 1 + 

NRF19 + + 
NRF20 + + 

------< 

NRF21 + + 

NRF22 + ' 
NRF23 -t- + 

NRF24 + + T + + 

NRF25 + 
NRF26 + + 
NRF27 --r + + 
NRF28 j - - + I - i - - + 

I NRF29 I - I - I + I + 
' - - -

NRF30 i - T - I I + - - i - I + 
NRF31 i - : - I + - I - - + 
NRF32 I - I - i + - i - - I + 
NRF33 i I I + ! - - - - -
NRF34 i - - + i - ! - - ~ 

I - I - I NRF35 + 
NRF36 + 

f------+--------~-------'-----'----~----------------~ 

NRF37 + 
·--~-----'-----+------------------ ---- --

NRF38 + 
NRF39 
NRF40 
NRF41 
1\RF42 
>JRF43 >--------- --------+- - --
NRf 44 
;-\RF45 
;-\Rf46 -----------------------------
:\RF47 --------------------- ---- ------

;-\RF48 
'\RF49 
:\RF50 - - -

- ----~----------~---------~------------ -
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TABLE 4.11: RESTRICTIO\: FRAG\1E\:TS OF \10RPHOTYPE-3 
MYRICA TREES ASSIG\:ED TO ITS RESPECTIVE 
APPROXI\1A TE BA\:D SIZES CSI\:G MBOI. 
( ~ = BA\:D PRESE\:T; - -_c BA\:D ABSE:\T) 

-800 -730 -700 -530 -380 -180 -90 
:\RF51 
:\RF52 +-

"RF53 
>JRF54 
"RF55 + 

:\RF56 + + 

"RF57 + + 

"RF58 + 

:\RF59 + + + 
)..;Rf60 ~ + 

XRF61 + + 
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Computer simulated restriction digestion analysis of the sequence \!1E2 with Mbo I using 

the software OS 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 3 7 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 bast: --c· 

got replaced with ·T·. This would have generated two fragments of sizes 88 bp 

and 692 bp respectively. 

Two samples, NRF-14 and :\RF-16 constituted the profile P\!18 (Fig. 4.33 m 

page I 00) consisting of three restriction fragments of~ 700 bp, ~530 bp and ~90 bp. 

>r 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. 

>r 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, 10 I 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 I 00) 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 9 I 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 3S3 would 

produce two fragments of sizes 3SO bp and 400 bp which may merge to appear as 

the ~3SO bp band. 

4.5.1.3 Restriction digestion analysis of sample ME3 using Mhol; 

Computer simulated restriction digestion analysis of sequenced sample ME3 

representing the morphotype-3 trees at )Jongkrem forest showed two similar profiles 

(PM6 & PMS) as observed in \1E2. Except for sample NRF-59 which showed profile 

P\1S all the other 10 samples C\RF-51 to NRF-5S, 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 

S7 bp and 703 bp respectively. 

Sample NRF-59 constituted the profile PMS (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 S7 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 23S would generate three fragments of size 126 bp, 

109 bp and 555 bp. The 126 bp and l 09 bp fragments may merge together into 

~90 bp fragment. 
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0 

0 

(90) 
GN(T)C 

100 200 300 400 500 600 700 

Fig. 4.35: Map of sequence ME3 for profile PM6 showing the possible 
alternate restriction sites using MboI. (Distances not to scale) 

(90) (238) 
GAC(T)C GA\(T)C 

(126) 
GATC 

l 
100 200 300 400 500 600 700 

Fig. 4.36: Map of sequence ME3 for profile PMS showing the possible 
alternate restriction sites using MboI. (Distances not to scale) 
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4.5.2 Amplicon Restriction Patterns (ARPs) with Sau96I: 

Restriction enzyme Sau96I 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 KEHC 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 

Sau96I was absent in one of the copies. 

Based on the restriction fragments obtained from the restriction digestion of all 

the samples using Sau96I, seven different profiles were detected namely, PSO, PS I, PS2, 

PS3, PS4, PSS and PS6 (Table 4.12). Restriction fragment patterns generated produced 

profiles which were morphotype specific. Profiles PS I and PSO were confined to 

morphotype-1 trees. The other profiles PS2, PS3, PS4, PSS 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 morphotype-1 

trees at -:\EHU campus from the morphotype-2 and morphotype-3 trees at \:ongkrem 

forest. However, no marked polymorphism in the restriction banding pattern between the 

sequenced samples \1E2 and \1E3 of:\ongkrem forest was observed. 
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U M 10 9 8 7 6 5 4 3 2 1 M 

(a) 

U M 20 19 18 17 16 15 14 13 12 11 M 

(b) 

(c) 

21,000 bp 

947 bp 
83 1 bp 

~564bp 

+- l ,OOObp 
...... 600bp 

+-200bp 

l ,OOObp 

600bp 
400bp 

Fig. 4.37 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-1 
Myrica trees (Samples 1-30) using Sau96l. 
(Fig. b &c; M= 100 bp ladder; U= Undigested DNA) 
{Fig a; M= A DNA Hind III! EcoRl double digest marker} 
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U M 40 39 38 37 36 35 34 33 32 31 M 

(a) 

U M 50 49 48 4 7 46 45 44 43 42 41 M 

(b) 

Fig. 4.38 (a&b): Amplicon Restriction Pattern (ARP) of morphotype-1 
Myrica trees (Samples 31 -50) using Sau96I. 
(M= 100 bp ladder; U= Undigested DNA) 
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UM10987654 321M 

l,OOObp 
600bp 
500 bp 
300 bp 

-._.14-200 bp 

(a) 

UM 20 19 18 17 16 15 14 13 12 11 M 

(b) 

U M 30 29 28 27 26 25 24 23 22 21 M 

(c) 

IOObp 

..... l ,OOObp 

..... 800bp 

..... 600bp 

._. 500bp 

..- 300bp 

..- 200bp 

..... IOObp 

..... IOObp 

Fig. 4.39 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2 
Myrica trees (Samples 1-30) using Sau96l. 

(M= 100 bp ladder; U= Undigested DNA) 
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U M 40 39 38 37 36 35 34 33 32 31 M 

(a) 

U M 50 49 48 4 7 46 45 44 43 42 41 M 

(b) 

1,000 bp 
600bp 
500bp 

200bp 

IOObp 

.-1.ooobp 
4-600bp 
...-500bp 

.-200bp 

.-ioobp 

U M 61 60 U M 59 58 57 56 55 54 53 52 51 M 

(c) 

Fig. 4.40 (a-c): Amplicon Restriction Pattern (ARP) of morphotype-2 
(Samples 31 -50) and morphotype-3 (Samples 51 -61) 
Myrica trees using Sau961. 
(M= 100 bp ladder; U= Undigested DNA) 
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4.5.2.1 Restriction digestion analysis of sample '.\'lEl using Sau96I; 

The sequence \1E 1 was a representative sequence for the morphotype-1 Myrica 

trees belonging to ?\EHL permanent campus. Computer simulated restriction digestion 

analysis of the sequence \1E 1 with Sau961 using the software OS 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 "\:PC-1 to :\PC-50 revealed that restriction 

fragments could not be obtained in five samples (:\PC-5, "7\PC-6, :-.:PC-8, NPC-9 and 

;\PC-10). Other samples 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 Sau96I generating two restriction fragments of sizes 606 bp and 178 bp. 

Therefore, two restriction profiles were detected. The profile PS 1 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 ~£2 using Sau96I; 

Sequenced sample \1E2 was the representative for the morphotype-2 lvfyrica 

trees (:\RF-1 to :\RF-50) at :\ongkrem forest. Computer simulated restriction digestion 

analysis of the sequence \1E2 with the restriction enzyme Sau96 I using the software DS 
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Gene (version I. I) 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 PSS were obtained when we 

performed restriction digestion of the amp I icons of sample trees (:\RF-1 to '\RF-50) at 

1\ongkrem 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 - I 00 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, 1\RF-24, '\RF-42, '\RF-43, '\RF-49 and '\RF-50 constituted 

the profile PS4 in which four restriction fragments of sizes ~500 bp, ~310 bp, -200 bp 

and -I 00 bp were obtained. The fragments ~500 bp, -200 bp and ~I 00 bp corresponded 

to the restriction sites at position 183 and 289 that generated restriction fragments of 



TABLE 4.13: RESTRICTIO~ FRAGYIE:\TS OF YIORPHOTYPE-1 
MYRICA TREES ASSIG"t\ED TO ITS RESPECTIVE 
APPROXIYIA TE BA~D SIZES CSI:\G SA U96I. 
(· BA:\D PRESE:\T; - ·-'- BA:\D ABSE~T) 

.------ -----------~--- - - -

-800 -600 -500 -310 -200 -100 -------------------- -·----- ---···-- - --------- ----·--- ---· . - -- ---·----- ---

:\PC! 
:\PC2 
NPC3 
:\PC4 

. -
---------------------------------------------------~---·----+----- --

--~cs---r----------+------·------- ... -----;---------··----------·-------------------· 
------------------------ - __ ......,.. _________ _ 

:\PC6 _, --------------+---------- ~--< 
NPC7 + 

----------+----
NPC8 ~ 

---- -- ---+------ -+----- ----- -· ------· 
NPC9 

------~---~------·------------

NPCIO 
NPCll + 

---~---___,----+--------~------, 

NPC12 + 
~ ---------+----+----=-----

NPC13 .,. + 
----->-----+----,_I ---.-~----' 

NPC14 + 

NPCIS + 
-+----=---~--___ _; 

--+-----
NPCl6 + 

NPC17 T I -
--+--------· - --------- ----------< 

!\PCl8 + 
NPC19 + 

------------ - ---··i 

--;------+-----+-----r-·----- ~-------·--< 
NPC20 + 

-···+-----·----4 

NPC21 + 
~-----+----~-·------------

NPC22 T 

NPC23 T + 
c-----------t-----t-----+------+-------·-·----------< 

+----

_-+---§:, _-----------·-~--~. 
NPC24 
NPC25 
NPC26 
NPC27 
NPC28 
NPC29 
NPC30 
NPC31 
NPC32 
NPC33 
1\PC34 
NPC35 
NPC36 
NPC37 

f- NPC38 
I NPC39 

+ -
- ----· -- ____ _____. 

-t ------· ---- - ··---------' 

T 

-' 

+ 

+ 
---+-

+ -___ ............._ ·-·-----· 
+ --+------+------+-----------! 
+ 
+ 
_j.. 

I - - • 
~~--+-----+-----+~----,-----·-~' 
------+-----+-------1 - - ------~-· 

------~-- -+-------~----i 

--+----- - - -·-----------
+ 

-----+-- ----

+ 
-------r--------------- ...... ----· --------

>------~----- - -........... -------------· 
! NPC40 

?\PC4 l 
:\PC42 

T -----+----------- -------------=-~-----
-----·---~---~--------t----------------·-·----------------· 

: ' 

--- ---------·-4----- -- --
i i\'PC44 - - - • - . -
f-------- -------------·-·-------~-----+------------+----------··--- ---- -------< 

I :\PC45 - , -.---------------- +-··-------·------_. ________ _...__ -·---·- - -· - -·---------

~:\J'.i:~4_('>_ -~- --- -- - -- ---·-------=---~--=---- --
[_ __ '.\'P~±Z. ______ - --·-·-·--- -------------------·------·-

'.\'PC48 
'.\'PC49 
'.\'PC50 
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TABLE 4.14: RESTRICTIO\: FRA.G\1E\:TS OF \10RPHOTYPE-2 
AfYR!CA TREES ASSIG>:ED TO ITS RESPECTIVE 
APPROXI\1A TE BA\:D SIZES CSI\:G SA U96I. 
( · BA\:D PRESE\:T: - BA\:D ABSE\:T) 

'.\RF2 - - - ->--------------- -----------· - -- ---- -- --- -- -----~- ____ ..,. ___ ---- ---- ___ _.,____ ------~ ----------- ------- --~ 
NPC3 
NRF4 

-NRF5 

NRF6 
--- -+---·--------t- -------+---------- - ________ _____, 

----~-- ---------~------------~ 

NRF7 
NRF8 
NRF9 

NRFIO 
NRFII 
NRF12 
NRF13 
NRFI4 
NRF15 
NRF16 
NRF17 
NRF18 
NRF19 
NRF20 
NRF21 
NRF22 
NRF23 
NRF24 

L NRF25 
NRF26 

I NRF27 

I NRF28 
NRF29 

~NRF30 
' NRF31 

+ 

+ 

+ 

-~-- -- - -+- --------+- -------~--------o 

-~------1 

+ ' 

____j___ ___ _ 

! 
--!------------·--------
' + 

--~---~----~ 
' 

-----T----~-----

--------+----~---

+ 

+ ' ! - + 
---------l-------------------~-----' ____ ____j + I ~ ' 
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TABLE 4.15: RESTRICTIO~ FRAG:\1E~TS OF vtORPHOTYPE-3 
MYRJCA TREES ASSIG~ED TO ITS RESPECTIVE 
APPROXI\!tA TE BA~D SIZES CSI~G SA U96l. 
(~ cc· BA~D PRESE~T; - c~ BA~D ABSE~T) 

----~·~----~ 

-800 -600 -500 -310 -200 -100 
-·------------··--·-

NRF 51 - ---------- ·-----~----
?-;RF 52 
NPC 53 
l\RF 54 + 
NRF 55 -

-~ 

NRF 56 T 

NRF 57 
! NRF 58 -1-

I NRF 59 + -1-

1'iRF60 
I NRF61 -1- + 
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Fig. 4.41: Map of sequence ME 1 for profile PS 1 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, PSS and PS6 
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showing the restriction sites using Sau96l. (Distances not to scale) 
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Fig. 4.43: Map of sequence ME3 for profile PS3, PS4, PSS, PS6 and PS7 
showing the restriction sites using Sau961. (Distances not to scale) 



sizes 491 bp, 183 bp and I 06 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 

-SOO bp bands respectively. 

Profile PSS consisted of sample >:RF-31 and NRF-32 in which an incompletely 

digested amplicon of ~800 bp band along with digested fragments of sizes -SOO bp, 

~200 bp and ~I 00 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 Sau96l; 

Sequence ME3 was the representative for samples NRF-S l 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 >:RF-S2, NRF-S3, NRF-S4, NRF­

S7, NRF-S8 and NRF-60. Only one sample, NRF-S9, constituted the profile PS3. 

Samples NRF-S 1 and 1\RF-SS constituted the profile PS4 and sample >:RF-61 

constituted profile PSS. These profiles (PS2, PS3, PS4 and PSS) exhibited the same 

banding patterns as those of the morphotype-2 trees (:\RF-I to NRF-SO). Sample \iRF­

S6 was the only sample which constituted the profile PS6. 
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Computer generated restriction digestion analysis of sequenced sample \1E3 

with Sau961 using the software OS 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, I 06 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 ~I 00 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 PSS consisted of one sample (NRF-61) where four bands of ~500 bp, 

~200 bp, ~I 00 bp and the undigested ~800 bp were present. 

Profile PS6 showed digestion pattern unique to one sample only. Restriction 

digestion of this sample ('.\RF-56) produced five restriction fragments of ~600 bp, ~500 

bp. ~310 bp, ~200 bp and ~I 00 bp. The fragments ~500 hp, ~200 bp and - l 00 bp are 
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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 l 8S-28S rDNA ITS region usmg 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 

Sau96I. 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 CLL'STER A'.\ALYSIS: 

Cluster dendrogram obtained from the ARP profiles using the enzyme lvfbol 

showed two major clusters, I and II (Fig. 4.44). Samples 1-50 representing the 

morphotype-1 Myrica trees constituted the group l major cluster. Within the cluster I, 

there were six sub-clusters (I-A, 1-B, 1-C, 1-D, 1-E and 1-F). Interestingly, the sub-cluster 

1-B consisted of a lone sample 74 (Sample :\RF-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 l cluster. This sub­

cluster I-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 PM I 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 II major cluster four sub-clusters were obtained designated as II-A, 

II-B, II-C and Il-0 which exclusively clustered the morphotype-2 and morphotype-3 

trees only. Sample 51-100 represented the morphotype-2 trees ().'RF- I to :\RF-50) and 

sample 101-111 represented the morphotype-3 trees (:\RF-51 to ?\RF-61). Sub-cluster 

II-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 II-B represented a lone sample, 109 (Sample :-:RF-59 in Table 4.15) 

of the morphotype-3 tree whereas sub-cluster II-C represented samples 64 and 66 

(Sample ).;RF-24 and \:RF-26 in Table 4.4 and Table 4.6 respectively) of the 

morphotype-2 trees. Sub-cluster 11-D had a lone representative sample 60 (Sample \:RF-

10 in Table 4.14) of the morphotype-2 tree. 

Cluster analysis of the Sau96I 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 I which was further divided into two sub-clusters, I-A and 1-B. The other 

major cluster group-II consisted of six sub-clusters designated as II-A, II-B, 11-C, 11-D, 

II-E and II-F. All the morphotype-2 and morphotype-3 trees clustered in this major 

cluster group II 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 \1E3 (morphotype-3) appeared to be closer to each 

other than the sample \1E 1 (morphotype-1 ). The clustering patterns in \:eighbour 

Joining and \1aximum Likelihood phylogenetic trees obtained for the variable ITS 

region as well the conserved I 8S ribosomal D\:A showed almost similar pattern. \1E I 
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definitely seemed to deviate from \1E2: \1E3 cluster within our common sample cluster. 

Even at the level of the sequence alignment, sample \1E2 and \1E3 showed high degree 

(97%) of sequence homology whereas sequence homology between \1E 1 and \1E2 was 

93% and between \1E 1 and \1E3 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 et 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 ITS divergence is too little 

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

\1oller and Cronk, 1997; Pridgeon et al., 1997). Congruently, phylogenetic trees 

obtained using the 18S gene sequence revealed that the morphotype-1 (MYR 1 ), 

morphotype-2 (MYR2) and morphotype-3 (MYR3) formed a common cluster in the 

).;eighbour Joining, Parsimony as well as the \1aximum 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 

i\eighbour 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 (MYR 1) and morphotype-3 (MYR3) was not 

supported by a very high bootstrap value (610.8). Sequence alignment showed that the 

homology between the between MYR 1 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 
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with the restriction endonuclease enzymes MboI and Sau96I 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-II. 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 l 8S gene in which the morphotype-1 aligned 

closer to morphotype-3 (95% and 98% for the ITS and l 8S gene respectively) than to 

morphotype-2 (93% and 97% for the ITS and l 8S gene respectively). This is also 

evident from the ITS parsimony tree where a common cluster (\1E I :\1E2:\1E3) 

supported by a high bootstrap value 964.9 replicates was obtained. Similarly. the I 8S 
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parsimony tree showed a clustering pattern in which \1YR1 (morphotype-1) and \1YR3 

(morphotype-3) formed a common cluster supported by a bootstrap value of 610.8 

replicates within our samples in which \1YR2 (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 morphotype-

2 Myrica tree may have given rise to the Fl progeny. The morphotype-1 Myrica trees 

may have sufficiently diverged away from the morphotype-2 trees. The F 1 progeny may 

have back crossed with the morphotype-2 parent to give rise to the morphotype-3 

Myrica 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 

\1eghalaya. 
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II. :\10LECLLAR MARKER DEVELOP:\1E:\T BASED 0:\ THE ARP 

PROFILES AND THE ARA VALt;ES 

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 l\'ITROGEN ANALYSIS: 

The Kjeldahl method of nitrogen estimation was used to determine the nitrogen 

content of the soil collected from within I 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 :\EHU campus (Table 4.16 and 4.17). The soil nitrogen at NEHU 

permanent campus, where the morphotype-1 trees predominate, ranged from 0.045 % to 

0.496 %. At the >iongkrem 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 "'\EHL campus exhibited lower 
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TABLE 4.16: SOIL ::\!TROGE::\ PERCE::\TAGE OF TE::\ 
REPRESE::\TA TIVE SAVIPLES AT ::\EHC 
PERVIA::\E::\T CAVIPCS SITE 

~EHUPERMASE~TCAMPGS 

i SI. VIEA::\ ::\ITROGE::\ MEA::\ 

I ~0 · 1 

TITRANT 
I 

PERCE1\TAGE PERCENT AGE : 
VALUES I 

1 5.66±0.384 0.258 

2 j 2.26±0.033 0.088 

3 3.46±0.120 0.148 

4 2.36±0.066 0.093 

5 1.40±0.057 0.045 
0.178 

6 3.63±0.696 0.156 

7 1.70±0.208 0.060 

8 6.10±0.011 0.280 

9 3.66±0.088 0.158 

10 10.43±0.240 0.496 
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I 
I 

TABLE 4.17: SOIL ".\!TROGE".\ PERCE".\TAGE OF TE".\ 
REPRESE".\T A TIVE SA\1PLES AT 
>:O".\GKRE\1 FOREST SITE 

:\'O~GKREM FOREST 

SI. MEA".\ ".\ITROGEN MEA:\' 
iN ! 0. TITRA0:T PERCENTAGE : PERCENT AGE · 
I VALCES I . 

I l 9.5::t:0.300 0.950 I 

I I 
I 

2 16.33±0.606 0.791 

3 12.33±0.145 i 0.591 

4 9.36::::0.233 0.443 
i 
I 

i 5 10.76±0.033 0.513 I 
! 

I 0.628 
I 6 10.66::::0.008 0.508 

I 
I 

t7 
I 

21.23::::0.674 1.036 I 
I 

-1 I 8 9.83±0.384 0.466 

9 I 12.16::t:0.959 0.583 

10 8.66::::0.440 0.408 I 
i 

I 
: I 

_J 
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nitrogen content as compared to that of \: ongkrem forest soil. \1orphotype- l trees of 

Myrica at \:EHL 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 \:ongkrem 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 2.101at5% level of significance (p = 

0.05) and 2.878 at I% level of significance (p = 0.0 l ). 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. 

4.9 ESTIMATION OF ~ITROGE:\'ASE 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 et 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 C2H4 produced/ mg fresh wt/ hr with the values ranging 

between 19.71 to 56.92 n moles C2H4 produced/mg fresh wt/ hr. The mean value 

obtained for morphotype-2 trees (NRF: 1 to NRF:50) stood at 26.91 nmoles C2H4 

produced/ mg fresh wt/ hr in which the values ranged between 17.82 to 38.48 C2H4 

produced/ mg fresh wt/ hr. The mean value obtained for the morphotype-3 trees 

(NRF:51 to NRF:61) was 27.66 C2H4 produced/ mg fresh wt/ hr with the ARA values 

ranging between 15.01 to 46.14 C2H4 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 ~ITROGE~ASE ACTIVITIES OF THE 
\10RPHOTYPE-1 MYRICA TREES AT ~EHC PER\1A~E);T 
CA\1PCS. 

SI. :\o. 

2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 

I 18 

I 19 
20 

i 21 
22 

I 

23 I 

I 24 
! 25 ; 

I 26 
I 

27 

I 28 

I 29 

i 30 
I 31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

SAMPLE 

:\PC:! 
:\PC:2 
:\PC:3 
NPC:4 
1\PC:5 
NPC:6 
NPC:7 
NPC:8 
NPC:9 

NPC:IO 
NPC:ll 
NPC:l2 
NPC:!3 
NPC:l4 
NPC:l5 
NPC:l6 
NPC·l7 
NPC:18 
NPC:19 
NPC:20 
NPC:21 
NPC:22 
NPC:23 
NPC:24 
NPC:25 
NPC:26 
NPC:27 
NPC:28 
NPC:29 
NPC:30 
NPC:31 
NPC:32 
NPC.33 
NPC:34 
NPC:35 
NPC:36 
NPC:37 
NPC:38 
NPC:39 
NPC:40 
NPC:4 I 
NPC:42 
NPC:43 
NPC:44 
NPC:45 
:\PC:46 
NPC:47 
:\PC:48 
:\PC:49 

____ :\PC:50 

i 

I 

i 

I 

I 

I 

i 
I 

A VER.\GE :\ITROGE:\ASE ACTIVITY 
(n mole C2H 2 produced I mg fresh wt/ hr) 

22.12±0.73 
45.76±0.84 
33.52±0.60 
55.76:r0.41 
55.92±0.46 
26.29±0.55 
44.50±0.55 
54.96±0.81 
38.81±0.53 
52.06±0.72 
49.76±0.29 
45.19±0.06 
45.64±0.40 
41.38±0.68 
35.40±0.60 
37.84±0.20 
31 36±0 53 
41.64±0.61 
39.01±0.64 
26.49±0.76 
32.87±0.41 
38.70±0.63 
37.22±1.13 
25.27±0.87 
48.04±0.66 
38.92±0.44 
34.55±0.79 
21.10±0.51 
32.88±0.87 
33.81±0.52 
19.71±0.98 
38.36±0.96 

-+-33.43-0.46 
37.18±0.90 
51.40±1.12 
39.46:::0.76 
42.05±0.90 
39.55±1.15 
50.58±0.92 
32.66±1.34 
56.92±1.06 
52.62:::0.68 
34.84±0.36 
56.62:::0.76 
32.50±1.31 
35.49::::1.22 

I 
I 

I 

--- ----------- -----------~ 
35.06±._0_.9_9 __ 
30.70=0.98 
32.43::::0. 92 
34.83= 1.00 

:WEA:\ ARA 
VALl.E 

39.06 

------~--------~ ·-------~ -~-
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Table 4.19: AVERAGE >:ITROGE>:ASE ACTIVITIES OF THE 
VlORPHOTYPE-2 MYRICA TREES AT >:O>:GKRE\1 FOREST. 

~--·-----

SI. ~o. AVER.\GE :\ITROGE:\ASE ACTIVITY .\1EA:\ ARA 
(n mole C2H2 produced I mg fresh wt/ hr) VAlXE 

--~---------------~ 

l 28.10:=0.99 
2 32.06:=0.59 
3 17.8h0.9l 
4 30.42±0.58 
5 30.58:=1.13 
6 25.99:=0.5 l 
7 21.75±0.34 
8 21.98±0.38 
9 33.73±0.30 
10 24.30±1.06 
11 22.54±0.68 
12 21.39±1.08 
13 24.04±0.83 
14 18.62±0.31 
15 30.50±0.88 

17 28.55±0.45 

19 24.06±0.17 

21 23.16±0.69 

33 NRF:33 38.48±0.36 
34 NRF:34 21.13±0.94 
35 :'\RF:35 31.12±0.08 
36 NRF:36 19.34±1.17 
37 NRF:37 20.64±0.86 
3~8 _____ ~N~R~F~:3~8----+------~31_.2_9_±_0._64 _____ _ 
39 NRF:39 19.06±0.63 
40 :'\RF:40 21.29±0. 73 
41 _ _._ __ ~N~'RF.=...:_:4~1 __ ___._ _____ ~2~6.~3~5±~0~.3~6 ____ _ 
42 '.'\RF:42 34.16±0.19 
43 :'\RF:43 20.98±0.96 
44 >."RF:44 24.03±0.66 
45 '.'\RF:45 25.85±0.71 
46 >."RF:46 37.29±0.73 
47 '.'\RF:47 19.11±0.57 
48 -~--->:RFAS __ _ 
49 '.'\RF:49 

___ SQ _____ '."_RF_·:5_0 ______ ---·-

34.51±0.71 
18.95=0.44 
24.06=0.60 
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Table 4.20: AVERAGE "\:ITROGE"\:ASE ACTIVITIES OF THE 
\10RPHOTYPE-3 MYRICA TREES AT "\:O"\:GKRE\1 FOREST. 

SI. No. SA.\1PLE AVER\GE '.\ITROGE'.\ASE ACTIVITY MEA'.\ ARA 
(n mole C2H2 produced/ mg fresh wt/ hr) VALlE 

51 NRF:51 25.90::=1.39 
52 >IRF:52 23.16::=2.17 
53 >IRF:53 22.19±0.84 
54 NRF:54 22.53::= 1.42 
55 NRF:55 19.9!:oc0.22 
56 NRrF:56 24.27±0.70 27.66 

57 NRF:57 36.08±2.02 
58 NRF:58 46.14±1.97 
59 NRF:59 40.87±2.11 
60 NRF:60 15.01±1.48 
61 NRF:61 28.30:±:2.54 
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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 \.1isra (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 8.0 l 

which was more than the table value (l.960 at 5% level of significance and 2.576 at l % 

level of significance). Therefore, the difference in the mean ARA values between the 

morphotype- I 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 

I% 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 Jess than the table value ( 1.960 at 5% level of significance and 2.576 at 

I% level of significance). Therefore, the difference in the mean ARA values between the 

morphotype-2 and morphotype-3 trees was not considered significant. 
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4.10 RELATIO:\' BETWEE:\' THE ACETYLE:\'E REDL'CTIO:\' 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 C2H4 

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 C2H4 

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 1\'EHU 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. '.Vloreover, many of the high and low nitrogenase activity values 

were spread across the profiles. Profiles obtained for the enzyme A1bol did not 
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TABLE 4.21: :\CY1BER OF Y10RPHOTYPE-I MYRICA TREES 
BELO:\Gl:\G TO EACH FREQCE:\CY CLASS 
BASED 0:\ ARA VALCES 

MORPHOTYPE-1 

(:\'EHC PERY1A:\E:\T CA\i1PCS) 

1 SI. No. FREQUE~CY CLASS NUMBER OF 

SAMPLES 

0-5 0 

2 6-10 0 

3 11-15 0 

4 16-20 

5 21-25 3 

6 26-30 3 

7 31-35 15 

8 36-40 10 

9 41-45 7 

10 46-50 3 

l l 51-55 6 

12 56-60 2 
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TABLE 4.22: \:L\!IBER OF \!IORPHOTYPE-2 MYRICA TREES 
BELO\:GI\:G TO EACH FREQLE\:CY CLASS 
BASED O>i ARA VALLES 

MORPHOTYPE-2 

(?\ONGKRE\il FOREST) 

SI. ~o. FREQt;ENCY CLASS NUMBER OF 

SAMPLES 

0-5 0 

2 6-10 0 

3 11-15 0 

4 16-20 8 

5 21-25 18 

6 26-30 10 

7 31-35 10 

8 36-40 4 

9 41-45 0 

10 46-50 0 

11 51-55 0 

12 56-60 0 
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TABLE 4.23: :\L\t1BER OF \tlORPHOTYPE-3 MYRICA TREES 
BELO:\Gl:\G TO EACH FREQLE:\CY CLASS 
BASED 0:\ ARA V ALCES 

----~-----· -----

MORPHOTYPE-3 

(1\0NGKRE\11 FOREST) 

SI. No. FREQUENCY CLASS ~UMBER OF 

SAMPLES 

0-5 0 

2 6-10 0 

3 11-15 

4 16-20 

5 21-25 5 

6 26-30 

7 31-35 0 

8 36-40 2 

9 41-45 0 

10 46-50 

11 51-55 0 

12 56-60 0 
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necessarily reflect the same trees with those profiles obtained for the enzyme Sau961 

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 (MboI) and PS l (Sau961) 

(assigned to the same sample tree) denoted both the highest and lowest nitrogenase 

activity values for samples NPC- I 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 3 I .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 

~PC-10 of the morphotype-1 trees with relatively high nitrogenase activity and sharing 

the profile combination PM3:PSO (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 PY16:PS4 constituting the samples ~RF:2 l, ~RF:43, ~RF:49, ~RF:50 and 

"'.\RF: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 
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TABLE 4.24: ARA VALCES OF \10RPHOTYPE-l MYRIC'A TREES 
ASSIG"'.\ED TO ITS RESPECTIVE ARP PROFILES. 
AVERAGE '.\ITROGENASE ACTIVITY PROFILES PROFILES 

SA'.'v!PLE (n mole C2H" produced I mg fresh \\1/ hr) PCR-RFLP/ ARP PCR-RFLP/ ARP 
.\fbol Sau961 

NPC:I 22.12 P'.'vll PS! 
NPC:2 45.76 P'.'v12 PSI 
NPC:3 33.52 PM! PSI 
NPC:4 5S.76 PM! PS! 
NPC:5 55.92 P~13 PSO 
NPC:6 26.29 PM! PSO 
NPC:7 44.50 PM! PSI 
NPC:8 S4.96 P'.'vl3 PSO 
NPC:9 38.81 P'.'vll PSO 

NPC:IO 52.06 P'.'vl3 PSO 
NPC:ll 49.76 PM3 PSI 
NPC:12 4S.19 PM4 PSI 
NPC:l3 4S.64 PM3 PSI 
NPC:l4 41.38 P\13 PSI 
NPC:IS 35.40 PM4 PSI 
NPC:l6 37.84 PMS PSI 
NPC:l7 31.36 PM3 PSI 
NPC:l8 41.64 PM4 PSI 
NPC:l9 39.01 PMS PSI 

26.49 PM3 PSI 
I 
l NPC:20 
~ 

NPC:21 32.87 PM3 PSI ! 

NPC:22 38.70 PM3 PSI 
NPC:23 37.22 PM3 PSI 
NPC:24 25.27 PM3 PSI 

i NP c :2S 8 4 4 .0 I PM3 I PSI i 

I NPC:26 38.92 I PMS : PSI 

I NPC:27 34.55 PM3 i PSI 

I I NPC:28 21.10 i PMS i PSI 
! NPC.29 32.88 PM3 PSI 

NPC:30 33.81 PM3 PSI 
NPC:31 19.71 PM3 PSI 
NPC:32 38.36 P\13 PSI 
NPC:33 33.43 PM3 PSI 
NPC:34 37.18 PM3 PSI 
NPC:35 51.40 P\13 PSI 
NPC:36 39.46 P\13 PSI 
NPC:37 42.05 P\13 PSI 
NPC:38 39.55 P\13 PSI 
NPC:39 50.58 P\13 PSI -
NPC:40 32.66 PM3 PSI 
;-..JPC:41 56.92 PM3 PSI 
NPC:42 52.62 P\13 PSI I 

-- ---------
\iPC:43 34.84 P\13 PSI 
\iPC:44 56.62 P\13 PSI 
NPC:45 32.50 P\13 PS! .. _ 
NPC:46 35.49 P\13 PSI 
NPC:47 35 06 P\13 PSI --- -------------+---------~---~---~-------
NPC:48 30.70 P\13 PSI 

----- ---- ---~---- ------------ -
'.\PC:49 32.43 P\13 PS I 

------ ·----------c--•- ·-- -------- ----~--------------------~---------

NPC:50 31.83 P'.'v13 PSI 
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TABLE 4.25: ARA VALCES OF \10RPHOTYPE-2 MYRICA TREES 
ASSIG>:ED TO ITS RESPECTIVE ARP PROFILES. 

SA:vtPLE 
A VE RAGE >."ITROGEi\'ASE ACTIVITY 
(n mole C2 1-l~ produced I mg fresh \\1/ hr) 

PROFILES PROFILES 
PCR-RFLP/ ARP PCR-RFLP/ ARP 

MhoI Sau96l 
·----

>:RF:! 28.10 P:vt6 PS2 
>."RF:2 32.06 P:vt6 PS2 

----~---------·----~-------+---

\i RF: 3 17.82 P:vt6 PS2 
---------.-------~--

>."RF :4 30.42 P:vt6 PS2 
i\'RF:5 30.58 PM6 PS2 

------r----------------+--------+----
N RF: 6 25.99 PM6 PS2 
NRF:7 21.75 PM6 PS2 
NRF:8 21.98 PM6 PS2 
NRF:9 33.73 PM6 PS2 

NRF:IO 24.30 PM7 PS2 
NRF:l l 22.54 PM6 PS3 
NRF:l2 21.39 PM6 PS3 

• 1 NRF:13 24.04 PM6 PS3 
! NRF·l4 18 62 PM8 PS3 

NRF:l5 I 30.50 PM6 PS3 
NRF:16 I 25.48 PM8 PS3 
NPC:17 28.55 PM6 I PS3 
NRF:l8 25.59 PM6 PS3 
i\'RF:19 i 24.06 PM6 PS3 
NRF:20 i 37.17 PM6 ! PS3 
NRF:21 I 23.16 PM6 PS4 

1r' _N_R_F_:2_2_~i ______ 3_3_.1_3 _____ --+ ___ P_M_6 __ --+ ___ P_S_2 _____ 1 

NRF:23 i 37.64 PM6 I PS2 
I NRF:24 ! 31.77 PM9 1 PS4 

NRF:25 I 25.93 PM6 i PS2 
NRF:26 I 29.93 PM6 ! PS2 
NRF:27 1 28.25 PM6 i PS2 

I NRF:28 i 25.06 PM6 I PS2 
NRF:29 ! 31.10 PM6 PS2 

r---N_R_F_:3_0_~t ______ 2_6._l_l _____ --+ ___ P_M_6 __ --+1 ___ P_S_2_~ 
NRF:31 I 34.96 PM6 ! PSS I 

i'-iRF:32 26.24 PM6 I PSS 
NRF:33 I 38.48 PM6 PS2 
NRF:34 ! 21.13 PM6 PS3 
NRF:35 31.12 PM6 PS2 
NRF:36 I 19.34 PM6 PS2 

~---~--------------+-----------------· 

i\'RF:37 20.64 PM6 PS2 
i\'RF:38 31.29 PM6 PS2 
NRF:39 19.06 PM6 PS2 

----------+------------·----~ 

NRF:40 21.29 PM6 PS2 
;-----~---------------+---------------

NRF:4l 26.35 PM6 PS2 
NRF:42 34.16 PM6 
:\RF:43 20.98 PM6 
NRF:44 24.03 PM6 
NRF:45 25.85 PM6 

------------ -------··--------
NRF:46 37.29 PM6 

----------···----------------
i\'RF:47 19.11 PM6 

----------- --~---- -
>."RF:48 34.51 P:vt6 
i\'RF:49 18.95 P:vt6 ,__ ___________________ - - - - -------- ---- - - -----

'\RF :50 24.06 P:vt6 
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PS4 
PS2 
PS2 
PS2 
PS2 



TABLE 4.26: ARA VALLES OF YIORPHOTYPE-3 lvfYRICA TREES 
ASSIG>;ED TO ITS RESPECTIVE ARP PROFILES. 

AVERAGE :\ITROGENA~ ACTIVITY 
-

I 
! PROFILES PROFILES 

SAMPLE (n mole C2H" produced I mg fresh v.1/ hr) PCR-RFLP/ ARP PCR-RFLP/ ARP 
.\fboI Sau96I 

).JRF:51 25.90 
-t---

P'\16 PS4 
).JRF:52 23.16 P\16 PS2 
:\RF:53 22.I9 P\16 PS2 

I 

NRF:54 22.53 PM6 PS2 I 

I 
).JRF:55 19.91 P\16 PS4 ___j 
NRF:56 24.27 P\16 PS6 
NRF:57 36.08 P\16 PS2 
NRF:58 46.14 PM6 PS2 
"'lRF:59 40.87 PM8 PS3 
NRF:60 15.01 P\16 PS2 
NRF:61 28.30 P\16 PSS 
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produced/ mg fresh wt/ hr. Sample "\"RF: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. ~onetheless, 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 DISCVSSION: 

It 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 )JEHU 

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 nif genes. If there is sufficient amount 

of nitrogen present, another gene nil 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 

158 



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 n!f genes were sensitive to the concentration of combined nitrogen. \1utation 

in the nifL 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 >Jongkrem 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 >-:EHU 

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 P\13 :PSO 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 (P\16:PS4) 

obtained for trees C\RF:43, :\RF:49, ?\RF: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 

CONCLL'SION 

1. 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) 

2. We attempted developing PCR-RFLP/ ARP markers usmg 18S-28S ITS for 

possible screening of trees with higher nitrogenase activity. 

Multisite marker P\13:PSO may be used for selecting seedlings likely to support 

higher nitrogenase activity. \1ultisite marker PM6:PS4 on the other hand may be 

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



APPE~DIX 1 

BUFFERS t:SED FOR EXTRACTIO~ OF D~A A1'"D AGAROSE GEL 

ELECTROPHORESIS 

1. DNA EXTRACTIO~ BlJFFER (pH 8.0) 

COMPONENT 

TRIS BASE (0.1 \1/ I 00 mM) 

EDTA (0.1 Ml I 00 m\1) 

NaCl (1.4 \1) 

CTAB (2%) 

PVP (1%) 

AMOU1"T/100ML 

50 ml 

20 ml 

8.18 gm 

2 gm (wt/ vol) 

1 gm (wt/ vol) 

CTAB: 

PVP 

Cetyl Trimethyl Ammonium Bromide 

Polyvinypyrollidone 

2. SX TBE BUFFER (pH 8.0) 

COMPONENT 

TRIS BASE 

BORIC ACID 

EDTA (0.5 M) 

3. TYPE III LOADI~G BUFFER (6X) 

Bromophenol blue 

Xylene Cyanol FF 

Glycerol 

184 

AMOUNT /lOOOML 

54.0 gm 

27.50 gm 

20 ml 

0.25% (wt/ vol) 

0.25% (wt/ vol) 

30% in water (wt/ vol) 



APPE~DIX 2 

BlJFFERS USED FOR PCR AND RESTRICTIO:\' A~AL YSIS 

1. lOX PCR BUFFER (pH 8.3 at 25°C) 

Tris-HCI 

KC! 

.\1gCb 

Gelatin 

IOOmM 

500 mM 

15mM 

0.0 I% (wt/ vol) 

2. BlJFFER B [BA~GALORE GE:\'EI] (pH 8.0) 

Tris-HCI 

NaCl 

.\1gCb 

2-mercaptoethanol 

lOmM 

100 mM 

10 mM 

5mM 

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

Tris-acetate 

Potassium acetate 

Magnesium acetate 

Dithiothreitol 

185 

20mM 

50mM 

10 mM 

I m.\1 



APPE:'\DIX 3 

CLLSTAL 2. 0.8 multiple sequence alignment 

Ler: (:::) Sec;3 \c:::e l,en (nt) Score 
===========-=--====================~====---=~=====~========================~====-

2 

2 
2 
2 
2 
2 

2 
2 
2 
2 
3 
3 
3 
3 

3 
3 
3 
3 

3 
4 
4 

4 

4 

6 

6 

Y.orellanagi 
'.!ore l lanagi 
Morel lanagi 
Y.orellanagi 
'.fore! lanagi 
Morellanagi 
Morellanagi 
Morellanagi 
Y.orellanagi 
Morellanagi 
Y.orellanagi 
Y.orellaadenophora 
Morellaadenophora 
'.fore l laadenophora 
Y.orellaadenophora 
llorellaadenophora 
'.fore! laadenophora 
Y.orellaadenophora 
Y.orellaadenophora 
Y.orellaadenophora 
Y.orellaadenophora 
Morellarubra 
Morellarubra 
Morellarubra 
Morel larubra 
Morellarubra 
Morellarubra 
Morellarubra 
Morellarubra 
.\lore l larubra 
Y.orellaesculenta 
Y.orellaesculenta 
Morellaesculenta 
Y.orellaesculenta 
Y.orellaescc:'.enta 
Y.orellaescu!e~ta 

Yiorel laescule1:ta 
Morel laesc:_~len~a 
Morellahe:erophy:la 
Morellahe:ero~hv:la 

~oreilaiie~P!·ophy~:a 

Y.ore: l c!ic: e!·o;J~Y: la 
~ore:lahe:Prophy::a 

~orella~r:erophy:!a 

~ore::a~P~ernphy:la 

Yo!·e::~pe::sv:vai:~ca 

\~c!·e: :r.;w::sv:ve.:-::re 

762 
762 
762 
762 
762 
762 
762 
762 
762 
762 
762 
804 
804 
804 
804 
804 
804 
804 
804 
804 
804 
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796 
796 
796 
796 
796 
803 
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803 
803 
803 
803 
803 
803 
762 
762 
762 
7ti2 
762 
762 
762 
762 
7ti2 
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2 Y.ore'.iaadeno~hora 804 
3 Y.orellar~bra 796 
4 Y.orellaesc~lenta 803 
~ Y.ore:laheterophylia 762 
6 Y.ore::apensylvanica 762 
7 Y.ore!iacerifera 762 
8 W.ore'.lacalifornica 762 
9 Y.orellarivas-martinez 762 
:o Y.o!·e!la:'.ava 762 

12 
3 

6 

7 
8 
9 
:o 
ll 

;2 
4 
5 
6 
7 
8 
9 
:o 

!2 

6 
7 
8 
9 
:o 

6 
7 
8 

9 
:u 

7 
8 

Y.ore:laspathulata 
Y.yricaga:e 
Y.o,·e:: a!·::o,·a 
Y.o,·e ! :aesc::l en ta 
Morei'.aheterophylla 
Y.ore'.!apensylvanica 
Y.o!·e'. '.ace!·ifera 
Y.ore'.!aca!ifornica 
V.o~e::arivas-martinez 

Y.o,·e'.'.a:'.aya 
Y.ore::aspathulata 
Y.y!·'.cagale 
Y.ore!!aesculenta 
Y.oreliaheterophylla 
Y.orellapensylvanica 
Y.ore!lacerifera 
Y.02·e: ~acal if orni ca 

V.o!·e l la:!:·i vas-mart inez 
Y.o!·e::a:·aya 
Y.ore'.!aspathulata 
Y.vr::cagale 
Y.ore'.'.aheterophyl:a 
Y.ore::apensylvanica 
Y.o!·e:: aceri f era 
VO!'f< :aca::: fornica 
V.ore:iarivas-martinez 
Y.o!·e: '.a:'.aya 
V.o:·e::aspa!hulata 
\'v:· '. caga: e 

V.o:·e::ape~sy!var:ica 

V.c:·e: :cceriferc 

762 
75; 
796 

803 
762 
762 
762 
762 
762 
762 
762 
761 
803 
762 
762 
762 
762 
762 
762 
762 
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762 
762 
762 
762 
762 
762 
762 
76: 
762 
762 
762 
762 
762 
762 
76: 
762 
762 

98 
97 
97 
98 
98 
98 
97 
97 
97 
97 
96 
98 
98 
96 
96 
96 
96 
96 
96 
96 
95 
97 
96 
96 
96 
96 
96 
96 
96 
95 
96 
96 
96 
95 
95 
95 
95 
94 
'.00 
99 
98 

99 
99 
99 
'lti 
99 
~8 



6 Yore::ape~sv:va~ire 762 9 Yore: :a,·:vas :::a,·: '.:Jez 762 99 
99 
99 
96 

98 
99 
99 
99 
96 
98 
98 
98 
96 
100 
98 
96 
98 
96 
96 

6 Yore::apecsv:va~:ra 762 :o Y.nre::a~ava 762 
6 Yore::ape~sv:va~ira 762 Y.ore::aspat~~:a:a 762 
6 Yore::ape~sy:va~ire 762 :2 ¥.F'cega:e 76: 

Yore'.lacerifera 762 8 Y.ore::aca:::o~1:ca 762 
7 Yore'.lacerifera 762 9 Y.ore:'.arivas·mar'.icez 762 

Yore::acerifera 762 :o Y.ore::a~aya 762 
Yore:lacerifera 762 Morel:as~a'.h~la'.a 762 

7 ¥.ore: lace,·ife,·a 762 :2 Y.yricaga~e 76; 
8 ¥.orellacaliforc:ca 762 9 Y.orellarivas-martinez 762 
8 ¥.orellacalifor~ica 762 :o Y.ore:lafaya 762 
8 Morellacaliforcica 762 Y.ore'.laspa'.hulata 762 
8 Morellacaliforr.ica 762 12 Myr:cagale 761 
9 Morel lari vas-~:ar: ii,ez 762 iO Y.orella'."aya 762 
9 Morellarivas-n:ar:~nez 762 ;: Morellaspathulata 762 
9 Morellarivas-mar:icez 762 :2 Myricagale 761 

10 Morellafaya 762 l '. Morellaspathulata 762 
10 Morellafaya 762 12 Myricagale 761 
11 Morellaspathula:a 762 12 Myricagale 761 

morellaheterophylla 
morellapensylvanica 
more:laspathulata 
morellacerifera 
morellarivas-martinez 
more ll a fay a 
morellacalifo1~ica 

myricagale 
morellaadenophora 
morellarubra 
rnorellaesculenta 
morellanagi 

morellaheterophylla 
morellapensylvacica 
morellaspathulata 
morellacerifera 
morellarivas-marticez 
morellafaye 
morellacalifornica 
:~yricagale 

morel laadenopho,·c 
morellarubra 
rnorellaescule~:a 

more 11 a nag i 

-----·-CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG 40 
----- -CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG ~O 

----·---CA':"TiAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG 40 
--------CA':"FAGA--GGAAGGAGAAGTCGTAACAAGG':"iTCCGTAGG 40 
--------CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG 40 
-------CA':"':"""AGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG 40 

--CA!TTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG 40 
--------CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG 40 
GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGG 50 
GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGG 50 
GGCCGCGGGAATTCGATTGGAAGTTAAAGTCGTAACAAGGTTTCCGTAGG 50 

---CATTTAGA--GGAAGGAGAAGTCGTAACAAGGTTTCCGTAGG ~O 
* ** ** ***** ************************ 

TGAACC7 GCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
TGAACCGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
TGAACCGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGMCGACCCGC 90 
TGAACC:GCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
iGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
TGAACC':"GCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
""GAACCGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
TGAACCiGCGGAAGGA ':TA TTG TCGAAACCTGCCCAGCAGAACGACCCGC 90 
TGAACCGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC 100 
iGAACCGCGGAAGGA"TA TTG TCGAAACCTGCCCAGCAGAACGACCCGC : 00 
':"GAACTTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGT '.00 
~·GAACliGCGGAAGGAiCAFGTCGAAACCTGCCCAGCAGAACGACCCGC 90 
************************************************* 
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~o:::·e:.a~e~e!·(1~~y::~ 

=o!·e::a~e::sy:v~::ir2 

::1o:::·e: :a spa! h::: c"': e. 
~o!·e: :c.ce:r:: :e:::·c. 
::10:::,e: :ar: v2s-:;:c.r:: ::ez 
;..:o:::,e::a:ayc 
=ore::acal~~or~:!.ca 

:::o:::,e 1 lae.cieno;J~Ol'a 
::10.!:e l l arubra 
~orellaescu:e~ta 

c10,-e; l anag: 

corellaheterop~y::a 

morel]apeusy;vanica 
morellaspathula:a 
morellacerifera 
morellarivas-~arti~ez 

r:io:::·ellafaya 
morellacalifornica 
r:Jyricagale 
::r:o~:e l l aadenophora 
rr.orellarubra 
~orellaescu!enta 

::;o:::·e: la nag: 

~ore!laheterophy::a 

~orellapensy:vanica 

xorel:aspa!h~lata 

morella.cerifera 
'.llo:::·e ~ :a.ri vas-rr::c.rt i:iez 
mo"!.'el la.fay a 
morellacalifor~ica 

myricagale 
mo~·e l laader.o~hora 
mol·e l larubra 
morellaescu:enta 
:r.ol·e: la nag:: 

more!:ahe!erophy:la 
:::orel:apensv:va~ica 

=ore:!aspat~~la~a 

:::o,-e: :acer: fe,-c 
=o~e::ar~vas-=ar!i::ez 

GAAC ,\ ~C~AA~ MC~ ACCGGGGGC AGGGGGrcx·n \A.~GCCCCGC c : ;o 
GAAC,\~G~~AA-:-AAC!ACCGGGGGCAGGGGGCGAT~:\AAGCc:ccrccT : ;o 
GAACA ~CT,iA TAAC: ACCGGGGGCAGGGGGCGA~C\AAAGCC:CCGCC : .;() 
GAACrc-:-AA,,.AACTACCGGGGGCAGGGGGCGAT~AAAGCCCCGCC : ;o 
GAACATCTAA-:-AACTACCGGGGGCAGGGGGCGAT\AAAGCCCCGCC :~O 

GAACA~CTAA,,.AACTACCGGGGGCAGGGGGCGATCAAAAGCCCCGCC :~O 

GAACAT:-T AA': AACT":TCGGGGGCAGGGGGCGA "."CAAAAGCCCCCC : ~Cl 
GA:\C A TCT AAT AACTACCGGGGGCGGGGGGCGA TCAAAAGCCCCCCC : ~O 
GAACATCTAA"iAACTACCGGGGGCAGAGGGCGATCAAAAGCCCCCG-:-C '.:JO 
GAAC A 'TCTAAT AACTACTGGGGGCAGGGGGCGA "."CAAAAGCCTCCCG T : .70 
G AACA-:-CT AA T AACT ACCGGGGGCGGGGGGCGA TCAAAAGCCTCCC C : .70 
GMCA 'T;"TAAT AACTACCGGGGGCAGGGGGCGATCAAAAGCC"'CCCCC '. 40 
**************** ****** * ****************** *** 

CCCAAN\CGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGC :go 
CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGC ;go 
CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGC :go 
CCCAAAACGGTCGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGC igo 
CCCAAAACGGTTGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGC ;go 
CCCAAMCGGTTGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGC :go 
CCCAAAACGGTTGGGGAGCATGTGCTGTTATCCCGTCGGCCCTCGGGCGC ;go 
CCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGCCCTCGGG-:-GC :go 
CCCAAAACGGTTGGGGAGCCCGTGCTGTTGTCCTGrGGCCCCGGCGC 200 
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGTGC 200 
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGCGC 200 
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGCGC :go 
*********** ******* ******** ** ** ******* ** ** 

GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 2.;Q 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGMCAACGAACCCCGG 240 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240 
GGAC AGGGMCCACACGCACGTGTCCCCCCAACCGMCMCGAACC'CCGG 2 \0 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 2-iO 
GGACGGGAAAC~ACATGTACGTGTCCCCCCAGCCGAACAACGAACCCCGG 239 
GGACAGGGAACCACATGCACGTGTCCCCCCAACCGMCMCGAACCCCGG 250 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 250 
GGACAAGGAACCACACGCACGTGTCCCCCCAATCAAACAACGAACCCCGG 2.:;o 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240 
**** * *** *** * ************* * *************** 

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCGCCCCG ~90 

CGCGGACGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCGCCCCG 290 
CGCGGACGCGCCAAGGAAC'TCMCMAAGAGTGCCCCGATCGCCCCG 290 
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCC-;"CCGATCGCCCCG 290 
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCCCGATCGCCCCG zgo 
CGCGGACGCGCCAAGGAACTTCMCMAAGAGTGCC"'."CCGA'CGCCCCG 290 
CGCGGACGCGCCAAGGAACTCAACMAAGAGTGCCCGA-;"-:-GCCCCG 290 
CGCGGACGCGCCAAGGAA T"'."TCAACAAAAGAGTGCCCTGA !CU "CC.CC 2 89 
CGCGGACGCGCCAAGGAAC?!C AACAAAAGAG TGCCCCG . .\AffCCCCC: :ioo 
CGCGGACTGCGCCGAGGAAC-:-CAACAAAAGAGTGCCTCCGAAGc:c-ccc·c; :ioo 
CGLGG . .\CGCGCC AAGGMC-:--:-CAACAAAAGAGiGCC~CCGA ~TCC'fftT :300 
CGCGGACTGCGCCAAGGAAC-:-CAACAAAAGAGTGCc-:-ccc;.\AGGCCCCG 290 

************* ***** ******************* ** ****** 
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~ore::a~e~ero~~v- .~ 

::;ore:: 2;Je:--.sy: vc::: C'c: 

:::ore l :as pc~'.-:::: c: c 

=ore::21·ivas-:car:~~ez 

::iore: :a:--aya 
1:ore::aca:ifor~ica 

myricaga:e 
~ore!laadenophora 

more 2 l arubra 
torel:aesculenta 
mor-el:anagi 

more::aheterophyl:a 
more::apensylvanica 
morellaspathu!a~a 

morellacerifera 
morel lari vas-r.mrt ir:ez 
morellafaya 
morellacalifornica 
myr~cagale 

morellaadenophora 
morellarubra 
morellaesculecta 
:norellanagi 

:norellaheterophyl:a 
more:lapensylvanica 
more llaspa tht:lata 
morellacerifera 
morellarivas-marticez 
morellafaya 
morellacalifornica 
myricagale 
morellaadenophora 
morellarubra 
morellaesculenta 
morellanagi 

morellaheterophylla 
~orellapensylvanica 

more::aspathulata 
~ore::acerifera 

=ore::arivas-rearti~ez 

:nore'.'.afaya 
~orel:acalifornica 

:~vricagale 

=ore:laadenop~o1·a 

:-.:01·e: :a:?:ub1·a 
=o!·e::aesc:1!e~:a 

:core:: a nag: 

GAA:\CGCT~GCCCGG~~GGG.\CG~C~GACG-:-~A-:-AC.\AAACGACC :l~O 

GAAACGG-:-G~GCG":"CGG-:--:-GGG.\CG-:-c-:--:-GAC~G-:--:-A ~ACA\AACGAC:C :l ;o 
GAA:\CGCCGCG "'"CGGA-:-GGGACG-:-c-:-GACT;-":" A ~ACAAA . .\CGACC :HJ 
GAAACGCG TCCCGC":"GGG:\CG-:-C-:-GACG-:--:-A .,.:\CAAAACGACC 3~ 0 
GA\ACGG-:-G-:-GCGTCGC-:-GGGACG-:-C-:-GACC":"A-:-AC\AAACGACC :3~0 

GAMCGCGcGCCCGGT.,.GGGACG-:-C-:-GAC"GT"'"ATACAAAACGACC 3~0 

GAAACGG-:-G-:-GCG"?CGGT:GGGACCC-:-GACGFA TAC MAACGACT 3~0 

GAAACGGTG":"GCGTCGGFGGGACGT:'TGACGTT ATACA.AAACGACC 339 
G AA~CGG-:-G-:-GCGTCGGTTGGG ACCC-:-GAC'."G T";" A TAC AMA CG AC':"C 3 50 
GAAACGGTCGCGTCGGTTGGGACGTl""GACGT-:-A TAC AAAACGACTC 3.30 
GMACGG-:-CGCGTTGGTTGGGACGTCFGACTGFA!ACAAAACGACTC 300 
GAAACGG";"G""GCGTCGGTTGGGACGTCTTGACGT:"ATACAAAACGAC"':C 340 
************** ** ******************************** 

TCGGCAACGGATATCTCGGCTCTCGCA-:-CGATGAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCA""CGA!GAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 390 
TCGGCAACGGATATCTCGGCTCTCGCATCGA-:'GAAGAACGTAGCGAAATG 389 
TCGGCAACGGATATCTCGGCTCTCGCATCGA"."GAAGAACGTAGCGAAATG 400 
TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG 400 
TCGGCA~CGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAA.,.G 400 
cCGGCAACGGATATCTCGGCTC!CGCA';"CGATGAAGAACGTAGCGAAA"'"G 390 
************************************************** 

CGATACTTGGTGTGAATTGCAGAATCCCGCGAA-:'CATCGAGTTTTTGAAC 440 
CGATACTTGGTGTGAATTGCAGAATCCCGCGAA:CA!CGAGTTTTTGAAC 440 
CGAT ACTTGGTGTGAATTGCAGAA TCCCGCGAA 1TA TCGAGTTTTTGMC 440 
CGATACJTGGTGTGAATTGCAGAATCCCGCGAA"'."CATCGAGTTTTTGMC 440 
CGATACTTGGTGTGAATTGCAGAA"'"CCCGCGAAcCA"i'CGAGTTTTTGAAC 440 
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC 440 
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC 440 
CGATACTTGGTGTGAATTGCAGAATCCCGCGA~"'"CATCGAGTTTTTGAAC 439 
CGATACTTGGTGTGAATTGCAGAA"."CCCGCGAA-:-CATCGAGTTTTTGAAC 450 
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCATCGAGTTTTTGAAC 450 
CGATACTTGGTGTGAATTGCAGAATCCCGCGAATCA:CGAGTTTTTGAAC 450 

CGA "ACTTGG TGTGAA TTGCAGAA TCTLGCGAA TC A "TCGAGTTTTTGAAC 440 
************************************************** 

GCAAGcTGCGCCCAAAGCCAT-:-TGGCCGAGGGCACGTCcGCCTGGGTGTC 490 
GCAAGTTGCGCCCAAAGCCATTTGGCCGAGGGCACG"'.CGCCTGGG-:-GTC 490 
GCAAG'?TGCGCCCAAAGCCA:.,.TGGCCGAGGGCACCCGCCTGGG";"G-:-C 490 
GCAAGTTGCGCCCAAAGCCAT":"-:-GGCCGAGGGCACGcCTGCCTGGGTGTC 490 
GCAAG-:-TGCGCCCAAAGCCA:-:-:GGCCGAGGGCACCCGCCTGGG'.G.,.C 490 
GCAAGTTGCGCCCAAAGCC.\1-:--:-GGCCGAGGGCACG'.CTGCCTGGC:GTC 490 
GCAAGTTGCGCCCAAAGCCGT"'.'"'"GGCCGAGGGC.\CG1CGCCTGGG"GTC 490 
GCAAG"'.'TGCGCCCAAAGCCG-:-:-:-c:Gcc·cAGGGC.~CG-:-CGCCTGGG-:-GTC 489 
GCAAG"'."TGCGCCCAAAGCcc-:--:-GGCCGAGGGC.\CG-:-ccccTGGG";'G"TC :JOO 
GCAAG TTGCGCCCAAAGCCG ~·-:-rGGCCG AGGGC'.\CG :cGCCTGGG TG ":"C 000 
GCAAGTTGCGCCCAAAGl"CGTT-:-Gccc·cAGGGCACCCGCC:GGG"'.'G":"C 500 

GCAAG"'."TGCGCCCAAAG(('(:-:-:-:-c:cc"CG.\C:GCC:\CG-:-cGCCGGG"'.'GTC ;go 
******************* ****************************** 
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=cre::ahe~e~o~~v::a 

:::o~:e: :ctpe;:sv: vc::-'..cc 

~o~ell~spat~~:a~a 

:::o~:e l :aceri :·e!:e. 
~o~el:arivas-=e~~-:.::ez 

::o!_·e ~ ~a:aya 
::orel~acalifor~ira 

:r;y!_·icagale 
xorellaade~optora 

IBorellarub:!:·a 
morellaesculec:a 
morellanagi 

morellaheterop~y::a 

morel!apensy:vanica 
morellaspathclata 
morellacerifera 
morellarivas-~art~nez 

i::orel!afaya 
~ore~:acalifor~ica 

myi·icagale 
rrorel laadenop:Ooi·a 
morel:arubra 
morellaesculenta 
morel'.anagi 

morellaheterophylla 
moreliapensylvanica 
morellaspathnlata 
morel'.acerifera 
morellarivas-~artinez 

morel lafaya 
morellacalifornica 
myricagale 
morel laadenophora 
morel larubra 
morellaesculenta 
morellanagi 

morel'.aheterophyi:a 
morel!apensylvacica 
morel:aspathula:a 
morellacerifera 
~orel:arivas-rrar·-:.~ez 

:::::orel:afaya 
morel'.acalifornica 
r.1yricagale 
r.:o"!.·e l :aadenopl:ol·e 

r::o!·e ~ ~arubrc 
=orPI:aescule~~d 

.\ffC .'\ :lr :GCCCl AACCCC.'\.\ACACCCGCAAG.'IGGGAG:·:TGG\,G.\C :J~O 

.\(ff\ :cG~ :cccccA\CCCC \A:\C ACC'.TGCA.\GAffC,AC"':GGGG.\C :i40 
ACGC .\ :cG::GCCCCAACCCC.\AAC ACCCGCAAGAGGGAC~CGGGGAA :J40 
.\CGC A :cc; ::c:ccccAACCCCAAACACCTCGC AAG:\GGGAC'"'CGGGGAC 540 
.'\CGC .\ :cG::GCCCCAACCCC AAAC ACCCGCAAG.\GGGAG:~'CGGGGM' :J40 
.\CCC:\ :CG ::GCCCC .\ACCCCAAAC ACCTCGCAAGAGGGAG ".'".'CGGGGAC 5~0 
ACGC\:cc::GCCCCAACCCCAAACACCTCGCAAG:\GGGAGT".'CGGGGAC 5~0 

ACGC\ :cG ::GCCCC AACCCC AAACACCTCGCAAGAGGGAG :·:TGGGGAC 539 
ACGCA TCTGCCCCAACCCCAAAC ACCTCGCAAGAGGGA ;;·:cGGGGAC 550 

ACGC.A :CG ::GCCCCAACCCC AAACACCTCGCAAGAGGGA TTTCGGGGAC ,)50 

ACGCA:CG::GCCCCAACCCCAAACACCTCGCAAGAGGGAT:'".'CGGGGAC 550 
ACGCA :cc:GCCCCAACCCCAAAC ACCTCGCMGAGGGA TTTCGGGGA(' ,)40 

**************************************** ** ***** 

TA"'CGGGGCGGACATTGGCC:CCCCGAGCCAGTTC:CGCGGTTAGCCTA 590 
TATCGGGGCGGACAT:GGCCTCCCGTGAGCCAGTTC:CGCGGTTAGCCTA 590 

TATCGGGGCGGACATTGGCCTCCCGTGAGCCAGTTCTCGCGGTTAGCCA 590 
TATCGGGGCGGACATTGGCCTCCCG".'GAGCCAGTTCTCGCGGTTAGCCTA 590 
TA''CGGGGCGGACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA 590 

TATCGGGGCGGACATTGGCCCCCGTGAGCTAGTTCCGCGGTTAGCCTA 590 
:A".'GGGGGCGGACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA 590 
TATCGGGGCGGACATTGGCCTCCCGTGAGGTAGTTCTCGCGGTTAGCCTA 589 
TA".'CGGGGCGGACA TTGGCCTCCCG TGAGC: AGTTCTCGCGGTT AG CC A 600 
TATCGGGGCGGACATTGGCCTCCCGTGAGCTAGTTCTCGCGGTTAGCCTA 600 
TATCGGGGCGGACAT'?GGCCTCCCG'TGAGCTAGTTCTCGCGGTTAGCCTA 600 
".'A7 CGGGGCGGACAT".'GGCC'TCCCGTGAGCTAGTTCTCGCGGTTAGCCTA 590 

*** ************************* ******************* 

AATACG:\CCCTCGGCGACGAGCGCCACGACMTCGGTGGTTGATAAAGC 640 
AA:ACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC 640 
AA".':\CGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC 640 
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAMGC 640 
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGACAAAGC 640 
AATACGACCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGACAAAGC 640 
AATACGAGTCCTCGGCGACGAGCGCCATGACAATCGGTGGTTGATAAAGC 640 
AAT ACGACCCTCGGCGA TGAGCGCCACGACAA TCGG TGG TTGA T AAAGC 639 
AA TAC GAG :ccTCGGCGACGAGCGCCACGACAATCGG TGG TTGA T AAAGC 650 
AATACGAG'TCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC 650 
AATACGAGTCCTCGGCGACGAGCGCCACGACMTCGGTGGTTGATAMGC 650 
AATACGAGTCCTCGGCGACGAGCGCCACGACAATCGGTGGTTGATAAAGC 640 
****************** ******** **************** ***** 

CCCG :::cccG:CGTGCG :GCCTCGTCTCCCTA TGCGTTCTCTGTGAC'C 6 90 
CCCGTTTCCCCGTGCGTGCCTCG".'CTCCCTATGCC".'CTCTGTGACC 690 
CCCCTTCCGTCGTGCCGCC".'CGTCCCCTA TGCC'TTCTGTGACC 690 
CCCCT:CCCCCGTGCG TGCECGTTCCCTATGCCTCTCTGTGACC 690 

CC"TCGTT:CCCFCGTGGGTGCGTCGTTCCATATGCGT'CTCTGTGACC 690 
cccc,;;·:cccccGTGGG1GCG:cGTCTCCA1ATGCGcTCTCTGTGACC 690 
CCCGTTTCCCGTCG:GCGTGCCCGTCTCCC".'A1GTGTTCTCTGTGACC 690 
CCCGT~TC . .\GTCCGCGCGCCCGT:GCCCTACCGTGCTCCGTGACC 689 
cccc::cccc::ccGCG TGCCCGTTCCA TGTGCGCTCTGTGACC 700 

CC:CCTTCCCCCCGCG :ccr:cccccc A ''.FGCGC:c:GTGACC 700 
cc:cc-;ccrrccc:CG TGCC:cccccc: A "GTCCGCTC';'GTGACC 700 
cccc::~ CCCC:TCC:~GCG :GCCTCGTTCC.\ ".'GTGCGCC'GTGACT 690 

********** ****** * ** **** ** ** * * *** ****** 

190 



:::O!'P: : i::l.~Je:; SY:\·(:::: Cc: 

::1ore: :cs;Jc::i:::c::c 
~:ore::cce!·:'..~c!·e 

:::o!:e: :c!·: vas-:::e?,: i::ez 

r:10rel!a:2ya 
r.JO!'E': ~ace:: f o?·::: cc: 

myric2g2:e 
~ore::aade~op~o?·c 

more~~ 8!'~1bra 

~orellaesc11~e:::2 

morellaheterop~y::a 

morellapensy:va:1ica 
~orellaspa:h~:a:a 

morel~acerifera 

rnore!larivas·-~ar::~ez 

ir:orellafeya 
:nore 1 laca2 i f'or::~ ca 

myricaga:e 
ffiorellaadeno~~ora 

morel :a:!''._Ibra 
morellaesc~le:1:e 

mm_·el:a:1agi 

morella~eteroo~y::c 

morellape~sy~va::ica 

~orellaspath~::a:e 

morellaceriferc 
c1orella1·ivas-=ar::~ez 

morellafaya 
morellaca:ifor~:cc 

myricagale 
morellaadeno~horc 

morel larubra 
morellaescG:e:::c 
mo:!:e 11 ar:ag: 

ccrc:G:cG:GCAt\GCGAC\C:ccA 'T'CGCGACCCCAGGT\GU:GGC 7 ;o 
c-~GC~G ~G ~C G~GC AAGCG ACAC':"~CC :\~CGCGACCCC AGG ~C AGCCGGC .. /-; () 

CGCG:G:CG:GCAAGCGAC\C".'CCA:CGCGACCLCAGG".'CAGGCGGG 7;0 
CGCCCCCGCAAGCGACACTCC A ".'CGCGACCCCAGGiCAGGCGGG 7 ~O 
cc:c:cc::cc:GcAAGCGACACiCCAiCGCGACCCCAGGiC.iGGCGGC: I ;o 
CGCG:G:CCGC AAGCGACACITCA TCGCGACCLC AGCCAGGCGGG r;o 
CGCT'."CCCGCAAGCGACAC';'CCATCGCGACCCCAGGTCAGGCGGG 7;0 
CGCCG:CG:GCAAGCGACAC1-;'CCA TC'GCGACCCCAGG"TAGGCGGG 7 39 
CGCCG';'CCGCAAGCGAC ACTTCCA TCGCGACCCC AGGTCAGGCGcc: 7 '10 
CGCCGTG'?CGTGCAAGCGACACTTCCATCGCGACCCCAGGTCAGGCGGG 7'10 
CiGCTG:GTCGTTCAAGCGACACTTCCATCGCGACCCCAGG"CAGGCGGG 7SO 
C'TGCG".'GTCGTGCAAGCGACAC:TCCATCGCGACCCCAGGTACAGGCGG 7;0 
**** ******* ***************************** * ** 

ACTACCCGCTGAGTTTMGCA:--------------------- 762 
ACTACCCGCTGAGTTT MGCA >-- ------ ---------- ---------- 762 
ACTACCCGCTGAGTTTMGCA".'---------------------------- 762 
ACTACCCGCTGAGTTTMGCAT---------------------------- 762 
ACTACCCGCTGAGTTTAAGCAT___________________________ 762 

ACTACCCGCTGAGTTTAAGCA:----------------------------- 762 
ACTACCCGCTGAGTTTMGCAT---------------------------- 762 
ACTACCCGCTGAGTTTMGCA'---------------------------- 76: 
ACTACCCGCTGAGTTTMGCATATCAATAAGCGGAAGGAA-TCACTAGTG 799 
ACTACCCGCiGAGTTTMGCGTATCAATAAGCGGAAGGAAATCACT---- 796 
ACACCCGCGAGTTTMGCA'CATCAATAAGCGGAAGGAAATCACTAGTG 800 
ACTACCCGCTGAGTTTMGCAT---------------------------- 762 
******************** * 

TATTC 804 

TAT-- 803 
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APPE\:DIX 4 

CLLSTAL 2.0.8 multiple sequence alignment 

Se~:\. \ame ~en(nt) Se~3 \a~e 

============-==========================================------·-~~= 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
3 

3 
3 

3 

3 

3 

3 
3 
3 
3 

.o 

a. viricis 
a. viridis 
a. virid:'.s 
a. viriG:.s 
a. viriCis 
a. v:.rid:s 
a. virid:.s 
a. viric!is 
a. virid:is 

608 
608 
608 
608 
608 
608 
608 
608 
608 

a.viric!is 608 
a.viric!is 608 
a. viridis 608 
a trabecuiosa 539 
a. trabeculosa 539 
a. trabecuiosa 539 
a. trabeculosa 539 
a. trabeculosa 539 
a. trabeculosa 539 
a. trabeculosa 539 
a trabeculosa 539 
a trabeculosa 539 
a trabeculosa 539 
a. trabeculosa 539 
a. tenuifolia 608 
a. tenuifolia 608 
a. tenuifolia 608 
a. tenuifolia 608 
a. tenuifolia 608 
a. tecuifo'.ia 608 
a. tenui~o~ia 608 
a. tenuifolia 608 
a. tenuifolia 608 
a. tenui!o:ia 608 
a. sibirica 608 
a. sibirica 608 
a. sibirica 608 
asibirica 608 
a. sibirica 608 
a. sibirica 608 
a. sibirica 608 
a. sihirica 608 
a. s:u:r:ca 608 
a. serru:a:a 608 
a. serru:a:a 608 
a. serr~:a~e 608 
c. se:T::'.a:e 608 
a. s'':·:·::.a:a 608 

2 a trabeculosa 539 
3 a tenuifo!ia 608 
4 a. sibirica 608 
5 a. serrulata 608 
6 a. rubra 499 
7 a. oriental is 609 
8 a. nepaler.sis 539 
9 a. japon'.ca 609 
10 a. incaca 607 
l 1 a. rugosc 

12 a.cordatc 
13 a. glutinosa 
3 a. tenuifolia 
4 a. sibirica 
5 a. serrulata 
6 a. rubra 

a. oriental is 
8 a. nepalensis 
9 a. japonica 
10 a. incar.a 
11 a. rugosa 
12 a. cordata 
13 a. glutinosa 
4 a. sibirica 
5 a. serrulata 
6 a. rubra 
7 a. oriental is 
8 a.nepalensis 
9 a. japonica 
lO a. incana 
11 a. rugosa 
12 a. cordata 

13 a. glutinosa 
5 a. serrulata 
6 a. :·ubra 
7 a. oriental is 
8 a. nepalensis 
9 a. ,'a pod ca 
; 0 a. : :1cana 

a. !'L:gosa 

:2 a. cordate 
::i a. g:~:ti:cosc: 
6 a. :·c:in·a 

7 a. o!·~e::~c:~s 
8 e. ~epa:e~s~s 

9 c. _;a;Jor:i ca 

:o a. :::car:a 

192 

529 
608 
608 
608 
608 
608 
499 
609 
539 
609 
607 
529 
608 
608 
608 
608 
499 
609 
539 
609 
607 
529 
608 
608 
608 
~99 

609 
539 
609 
607 
'129 

608 
608 
~99 

609 
~:l9 

b09 
60? 

96 
9~ 

97 
96 
96 
96 
96 

96 
96 
96 
97 
97 
9~ 

98 
98 
98 
99 
98 
98 
97 
97 
99 
98 
96 
94 
96 
9~ 

9~ 

9~ 

95 
9.) 

95 
96 
98 
99 
98 
98 
98 
99 
99 
99 
:oo 
98 
98 
98 

99 
~8 



o a. se!·:~:._::atc 

6 e. ,·::Cira 

6 a. :·::c:·a 

6 c.. !.·~:bra 

6 2. :·c:rira 

6 c. :·::bra 

6 2. rubra 

6 c. :·ubrc 

7 a.orientalis 

7 a.orientalis 

7 a.orientalis 

7 aorientalis 
7 aorientalis 

7 2.orientalis 
8 anepalensis 

8 a.nepalensis 
8 a.nepalensis 

8 a.nepalensis 

8 a. nepalensis 
9 a. japonica 

9 a. japonica 

9 a. japonica 
9 a. japonica 
10 a. incana 

10 a. incana 
10 a. incana 

11 a. rugosa 

1; a. rugosa 

12 a. cordat a 

a. trabeculosa 

a.nepalensis 

a.orientalis 
a. co!.-cia ta 

a. se!-r:..i:ata 

a. jc.ponica 

a. vi:·idis 

a. s:!J:r:!.ca 
a. g: ;._:t :!.nosa 
a. :·::'1:·c. 

a. n:gosa 
a. i ::cc.na 

e.. ~e::~:::olia 

608 
608 
608 
499 
499 
499 
499 
499 
499 
499 
609 
609 
609 
609 
609 
609 
539 
539 
539 
539 
539 
609 
609 
609 
609 
607 
607 
607 
529 
529 
608 

7 2. or:P::~a_:s 

8 ~. ::p~a:e::s:s 

9 c.. ~c;_:o:::ca 

c. !·~:gosa 
:2 c. co!·da":e 
13 2. g;::t'.r:ose 
8 e. ::e;:;a:ensis 
9 a . .;2;:;or.ic2 

10 c. :::cat:c 
l l c. :·::gosa 
12 c. corc:a:a 

:3 2. g;::t'.nosa 

9 c. ~c;Jon:ca 

10 a. i:oca:rn 
.. i c. !·~:gosa 

12 c. corda:a 

:3 e. g2::'.inosa 
l 0 c. i::ca:rn 

e. r::gosa 
12 e. corcia":a 
;3 a. gl::'.i:rnsa 

l: a. r~:gosa 

12 c.. corda:c. 
13 a. gl~:t:::osa 

12 a.. cordata 
13 c.. g:::ti::osa 
13 a. gl::'.i::osa 

.:;29 
608 
608 
609 
.139 
609 
607 
:129 
608 
608 
:139 
609 
607 
529 
608 
608 
609 
607 
529 
608 
608 
607 
529 
608 
608 
:129 
608 
608 
608 
608 
608 

98 
99 
98 
98 
97 
98 
99 
99 
98 
99 
98 
98 
98 
98 
99 
98 
98 
97 
98 
99 
98 
98 
98 
99 
98 
99 
98 
99 
98 
99 
99 

TCGAAACCTGCCCAGCAGAACGACCCGCGAACCGTCACAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGCGAACCGTCACAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGCGAACCCGTCACAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGCGAACCCG"':CACAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGCG . .\ACCTTCACAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGCGAACCGTCACAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGCGAACCTTCACAACAACTGGGGGCGGGGGGCG 60 

:CGAAACCTGCCCAGC AGAACGACCCTCG A . .\CC:G :C AC AACAACTGGGGGCGGGGGGCG 60 
TC'GAAACC"'.'GCCCAGCAG . .\ACG !\CCCGCC: A . .\CCG "':C AC AACAACGGGGGCGGGGGGCG 60 
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c. ;:e;Ja ~ er.s ls 
a. o,·:e:'.~a: '.s 
a. co~·da~a 

a. se~·!·'C:a~ a 

a. jc.por:ica 

a. v:".r:dis 
a. s'.b'.rica 
a. g:~:~ inosa 

a. !·:1bra 
a. r:.:gosa 
a. incana 
a. ter.uifol ia 

a. trabecul osc. 

a.nepalensis 
a. orientalis 
a. cordata 
a. serrulata 
a. japonica 

a.viridis 
a.sibirica 
a.glutinosa 
a. rubra 

a.rugosa 
a. incana 

a. tenuifol ia 

a. trabeculosa 
a.nepalensis 
a. oriental is 
a. cordata 
a.serrulata 
a. japonica 
a.viridis 
a. sibirica 
a. gcutinosa 
a. rubra 
a.rugosa 
a. incana 
a. ~en~1i fol ia 

CCCUCCCCC . .\CCGGCAc.GG..\G.\C.\C".'CG".'GCC".'".'CCGCCGAACAACG".'A ~: 

CCl'GCCC('lGA..\CC:GCAGGG . .\G..\C..\C'CG".'GCC".'CCGCCGAACAACG~·A ~: 

. .\ ~CCCGCCCCGCCCC'GAACGGCAGGGAG..\CACCG~Gcc-:--:-ccGccGAAC AA CC A : 20 

. .\".' CCGCGCCCCGCCCCGAACGGC AGGGAG . .\C..\CCG TGCC".'CCGCCGAACAACC A : 20 
A ~CCG"GCCCCGCCCCGAACGGCAGGGAG . .\CAC:CGTGCC".'CCGCCGAACAACGT A : 20 
A".'CCGCGCCCCGCCCCGAACGGCAGGGAGACACCGTGCC".'CCGCCGAACAACG".'A '.20 
A".'CCGCACCCCGCCCCGAACGGCAGGGAGACACTCGTGCCT".'CCTGCCGAACAACCA :20 
ATI'CGCGCCCCGCCCCGAACGGCAGGGAGACACTCGTGCC".'CCTGCCGAACAACGTA '.20 
A".'CCGCGCCCCGCCCCGAACGGCAGGGAGACACTCGTGCCECCTGCCGAACAACG".'A '.20 
-------------------------------------------------CGAACAACGTA l: 
-------------------GAACGCAGGGAGACACTCGTGCCTTCCTGCCGAACAACGTA 41 

ATCCGCGCCCCGCCCCGAACGGCAGGAAGACACTCGTGCCTTCCTGCCGAACAACGTA '.20 
ATCTCGC\CCCCGCCCCCAACGG'\AGGGAGACACTCGTGCNTTCCTGCCGAACAACGTA 120 

*********** 

CCCCGGCGCGG".'CCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA 
CCCCGGCGCGG''CCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCACGGAGA 
CCCCGGCGCGG".'CCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA ;so 
CCCCGGCGCGG"CCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA lSO 
CCCCGGCGCGGTCCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA :so 
CCCCGGCGCGGTCCGCGCCAAGGAACA".'GAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA lSO 
CCCCGGCGCGGTCTGCGCCAAGGAACATTAACGAAAGAGTGCCTCCGGTAGCCTCGGAAA !SO 
CCCCGGCGCGGTCCGCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA lSO 
CCCCGGCGCGGTCCGCGCCAAGGAACATG1\ACGAAAGAGTGCCTCCGGTCGCCTCGGAAA :so 
CCCCGGCGCGCCGCGCCAAGGAACA"'GAACGAAAGAGTGCCTCTGGTCGCCTCGGAAA 71 

CCCCGGCCCGG".'C".'GCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA :o: 
CCCCGGCGCGGTC'GCGCCAAGGAACATGAACGAAAGAGTGCCTCCGGTCGCCTCGGAAA lSO 
CCCC\G~GCGG".'C".'GCGCCAAGGAACATGAAC\AAAGAATGCCTCCGGTCGCCTCG~AAA :so 
**** * ***** ************** *** ***** ****** *** *** ** * * 

CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATA".' ;7: 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCGTAACGACTCTCGGCAACGGATAT 17: 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCGTAACGACTCTCGGCAACGGATA" 240 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 240 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 240 
CGC".'GCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATA' 240 
CGCTGTGCTTGCCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 240 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATA".' 240 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 2-lO 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATA".' :3: 
CGC".'GCGCGCACCGGAGGCGAA"'CTTGTCTAGAACCATAACGACTCTCGGCAACGGATA".' '.6'. 
CGC:GCGCGCACCGGAGGCGAATCT'TGTCTAGAACCATAACGACTCTCGGCAACGGATAT 2~0 
CGCTGCGCGCACCGGAGGCGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATA".' 240 

***** ** ************************* *********************** 
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c:. ::(';JC~P::s:s 
c. 01·:.e:::c: :s 

c. v: !' :C.i s 
2. s:0::·ica 
a. g.::'. :::osa 

a. :·::gosa 
c. ::1cc:-:c 
a. ~e::::ifol ia 

a. trabect:losa 

a. :-:e;::;c:ensis 

a. orie:1tal is 

a. cordcta 
a. se:·n:lata 
a. jc;:mr::ca 

c. v: !·: d:s 

a. s:::o::·:ca 
a. g::::i::osa 
a. n;'.J:-e 

a. :n.:gosa 
c.. i:1cc::a 
a. te:--.::ifolia 

c. ~ !·c:Jeculosa 
a. :1epale!1sis 
c. or:e;:~clis 
a. co~:Gata 
a. se!T:1:ata 
c. ~c;:wnica 

a. vil·idis 

a. sibirica 
a. gl 1:: ::1osa 

a. rcigosa 

a. ::oca::a 
c. :e:::::fo: ic 

c.. :rc.8ec::osc 
a. ::e::o2:e::s:s 
c. o:·ie:::c: :s 
c. co!·C:c ~ e 

CCGGCC-:-C"GCA-:-C'G.\ T.\\G.-\ACG-:-AGCGA.HTGCGA"~ACT~u:;c;c; \A-:--:-GCAGAA '.':l: 
cu:crc:ccc.-1 ;cu-:-GA.-\G \:\CCAGCGAAATGCGATAC:GG-c:;c; \ . .\ -:--:-GCAC\ . .\ 23: 

CCGGCCCGCA -:-CGA T.\AGAACCAGCGA . .\ATGCGA; ACTIGCGT-\.-\ ~:GCAGAA :JOO 
CCGU'":T-:-CGCA TCG:\ TGAAGAACCAGCGAAA -:-GCGAT ACT:GCCG:\A ::Ge AGAA :JOO 
CCGGC:CCGCA7CGA -:-GAAGAACG: AGCGAAA :GCGA7 ACTTGCCG . .\A -:--:-GCAGAA :rno 
C CGGCCCGC A :CGA -:-G . .\:\GAACG: AGCGAAATGCG Al ACTTGG TGT.\A:TGC AGAA 300 
CCGGCCCGCATCGA"'."GAAGAACG"'.'AGCGAAA"'.'GCGATACTTGCCGAA-:-:GCAGAA 300 
CCGGCcCTCGCATCGA"'.'GAAGAACG";-AGCGAAATGCGAcACTTGCCGAA:"'.'GCAGA:\ 300 
CTCGGCcCTCGCA TCGA "'."GAAGAACG T AGCGAAA";-GCG AT ACTTGCG:G.\A ;:Ge AGAA 300 
C!CGGCCTCGCATCGA TGAAGAACGTAGCGAAA ""GCGATACTTGCGTGArCGCAGAA : 9: 
CCGGC:'CTCGCATCGA 7GAAGAACGTAGCGAAATGCGATACTTGG"i"GTGAA'."TGC AGAA 22: 
CTCGGCTCTCGCA TCGA TGAAGAACGT AGCGAAA TGCG AT ACTTGG7GTGAA ";-TGCAGAA :JOO 
CCGGCTCTCGCATCGA'.GAAGAACGTAGCGAAATGCGATACTTGGTGTGAA:TGCAGAA 300 

************************************************************ 

TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 29: 
;cccGCGAA"?CA!CGAGTC:TTGAACGCAAGTTGCGCCCGAAGCCACCcGGCCGAGGGCA 29: 
TCCCGCGAATCATCGAGTCT!TGAACGCAAGTTGCGCCCGAAGCCACCGGCCGAGGGCA 360 
TCCCGCGAA TCA TCGAG TCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGC A :l60 

TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCGGCCGAGGGCA 360 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA ~60 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA '.l60 

TCCCGCGAATCATCGAG:CTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 

TCCCGCGAATCATCGAG"CTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 25'. 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACC!GGCCGAGGGCA 28: 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCGGCCGAGGGCA 360 
TCCCGCGAATCAT:--IGAGTCTTTGAACGCAAGTTGCGCCNGAAGCCACCTGGCCGAGGGCA 360 

************* ************************ ********************* 

CG :CTGCCTGGGTGTCACGC A TCGTTGCCCCCAACCCCA TCGCCC-CGC AAAGAGGCGGT 3 .'iO 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCA TCGCCC-TGCAAAGAGGCGG; 3 .'iO 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCCCTGCAAAGAGGCGGT ~20 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGC ~:9 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGC ~:9 
CG TCTGCCTGGGTG TC ACGCATCGTTGCCCCCAACCCCATCGCCC - TGC AAAG AGGCGGC .; : 9 
CG";-CTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGAT ~:9 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGT ~:9 
CG:CTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGC ~:9 
CG TC"TGCCTGGGTG TCACGC A TCGTTGCCCCCAACCCC ATCGCCC-TGCAAAG AGGCGC :l: 0 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGAGGCGGT :l~O 

CGcCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCGCCC-TGCAAAGACGCGC ~:g 
CGTCTGCCTGGGTGTCACGCAcCGTTGCCCCCAACCCCATCGCCC-"'."GCAAAGAGGCGGT ;:g 

********************************************* ******* *** 

GGGGGCACGCGGGG-CGGACATTGGCCTCCCGTGGGCTGATGCCTGCGGCGGCCAAAA ~09 
GGGGGC ACGCGGGG-CGGAC A TTGGCCTCCCGTGGGCTGA TGCCTGCGGA TGGCC AAA . .\ ; 09 
GGGGGC ACGCGGGG-CGGAC A TTGGCCTCCCG TGGGCTGA TGCCTGCGGCGGCC A.\.\:\ ~ 79 
GGGGGC ACGCGGGG-CGGAC A T"'"GGCCTCCCG TGGGCTGA TGCC""GCGGCGCCC A.\A.\ .; 7 8 
GGGGGCGCGCGGGG-CGGACA T""GGCCTCCCGTGGGCTGATGCCTGCGGCGGCC"'." AA..\:\ : 78 
GGGGGCGCGCGGGGGCGGAC A TTGGCCTCCCG'.GGGC'.GATGCCGCGGCGlff ~AA:\..\ .; 79 
GGGGGC ATGCGGGG-CGGAC ATTGGCC";CCCGcGGGCcGATGCCGCGGCCC:CC : .·\\\A ;78 
GGGGGCA cGCGGGG-CGG . .\C.\:'.GGCCTCCCGTGGGC7 GA "'.'GCCGCGGCCffC :\.\..\.\ ; ·;s 
GGGGGCA 1GCGGGG· CGGACA:-:-GGCCTCCCGTGGGCGA TGCCGCGGCGGCC A..\.\ . .\ ; 78 
GGGGGC A TGCGGGG-CGGACAT~GGCC'."CCCG ~GGGCGA TGCCGCGGCGCH : .\.-\ ·\.\ :lf.CJ 
GGGGGCATGCGGGG-CGG . .\C\ :-:-GGCCCCCG~GGGCGA TGCCGCGr;c:cccc : A . .\ . .\:\ :194 

GGGGGC..\ ~GCGGGG-CGG:\C .-\ ~~GGCC~CCCG ~G(;GC~GA '?GCCCGCGC:C~GG('('~ :\t\A:\ ~ ~· 8 
GGGGGl..\~GCGGGG-CGG.\C.\~TGC.CCTCCG:GGG\:c:A:UYTCl:C:\ -:-GCC( "AA.\.\ ;-,·s 
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c.. :-:epc~ p:1s: s 

c. oriercca: is 
2. co:·C:aca 

c. se:·:·c:lc'a 
c. japonica 
e.v:ridis 
c.. sibirica 
2. gl:.:tinos2 

a. nrbra 
a. :·ugosa 
a. i!lcana 
a. cenuifol ia 

a. trabeculosa 
a.nepalensis 
a.oriental is 

c.cordata 
a. serrulata 
a. japonica 

c. viridis 
a. sibirica 
a. glutinosa 
a. ! .. ubra 

a. rugosa 

2. incana 
a. tenui folia 

a. t rabecu 1 osa 
a. nepalensis 
a.orientalis 
a.cordata 
a.serrulata 
a. japonica 
a.viridis 
a. sibirica 
a.glutinosa 
a. rubra 

a. rugosa 
a. incana 
c.. ter:uifolia 

****** ****** ********************* ****** **** ********** 

. .\CCAc::cccGGCGACGAGCGCCACGAC..\..\~"CGCGC:Gr\CAA.\CCCCG7GACCCCT ;69 
.\CGAG:cc-:-cGGCGACGAGCGCCACGACAA :cGGTGG"'."-:-GACAAACCC:CcGAC'CCG-:-c ~li9 

. .\CGAG :CCCGGCGACG . .\GCGCC ACGAC AA :cGG :GC:GACAAACCC:TGTG ACCCG :c .=J:l9 

.\CGAG TCCTCGGCG ACG AGCGCCACG ACAA :CGG TGGT 7 GACAA:\CC CCG TGACTCCC 5 38 
:\CGAG TCCCGGCGACGATCGCC ACGACAA TGG :GG!TGAC AAACCCCG!G Acccc: :c .=J:l8 
AC GAG :ccTCGGCGACGA :cGCCACGACAA :cGG'.GG TTGAC AAACCCCG!GACCCCC .}39 
ACGAGTCCTCGGCGACGAGCGCCACGACAA-:-CGG"'."GG7 TGACAAACCCCGTGACCCGTC 5:l8 
ACGAGTCCCGGCGACGATCGCCACGACAA";"CGGTGG";"TGACAAACCTTGTGACCCG:C 538 
ACGAGTCCTCGGCGACGATCGCCACGACAATGGTGGTTGACAAACCTCGTGACCCGTC 538 
ACGAG-:-CCTCGGCGACGATCGCCACGACAA"."CGGTGGTTGACAAACCT<CGTGACCCGTC ~29 
ACGAG-:-CCTCGGCGACGATCGCCACGACAATCGG1GGTTGACAAACC 7 TCGTGACCCGTC 4.19 
ACGAGTCC!CGGCGACGATCGCCACGACAA'?CGGTGG""TGACAAACC!TCGTGACCCGTC 538 
ACGAG:C'iTCGG\GACGATCGCCACGACAATCGGTGG-:-TGACAAACCTTCGTGACCCCC .138 
******* **** ***** **************************** ************ 

GTGCGCGCATCGTCGC7 CAACGCGTGCTCT"."TTGACcc:c;cGCGTCGCGC7 CGCGACGC 529 
GTGCGCGCATCGTCGC'TCAACGCGTGCTCETTGACCCTGTCGCG"?CGCGC"."CGCGACGC 529 
GTGCGCGCATCG"'."CGCTCAACGCGTGCTCTTACGACCCGTCGCGTCGCGC:CGCGACGC 599 
G7 GCGCGCATCGTCGCTCAACGCGTGCTCTTTTGACCCTG7CGCG'.CGCGC"."CGCGACGC 598 
GTGCGCGCACCGTCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCGCGCTCGCGACGC 598 
GTGCGCGCACCGTCGCTCAACGCGTGCTCT7 -:-TGACCCTGTCGCGTCGCGCTCGCGGCGC 599 
GTGCGTGCATCGTCGC:CAATGTGTGCTCCT7 TGACCCTGTCGTGTCGCGCTCGCGACGC 598 
GTGCGCGCATCGCCGCTCAACGCGTGCTC!TTTGACCCTGTCGCGTCGCGCTCGCGACGC 598 
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCGTCGCGCTCGCGACGC 598 
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTG<CGCG<CGCGC7 CGCGACGC ~89 
GTGCGCGCATCGCCGCTCAACGCGTGCTCTTTTGACCCTGTCGCG<CGCGCTCGCGACGC 5:9 
GTGCGCGCATCGCCGCTCAACGCGTGC7CTTTTGACCCTGTCGCGTCGCGCTCGCGACGC 598 
GTGCGCGCATKGCCGCTCAACGCGTGCTKT"."TTGACCCTGTCGGG-:-TGCGCT\GNGACGC 598 
***** *** * ******* * ***** * ********** ** ***** * * *** 

ECCAACGCG 539 
TICCAACGCG 539 
TTCCAACGCG 609 
TTCCAACGCG 608 
1TCCAACGCG 608 
TTCCAACGCG 609 
TTCCAACGCG 608 
T'.CCAACGCG 608 
"'."TCCAACGCG 608 
;;ccAACGCG 499 
TTCCAACGCG 529 
T-CCAACGCG 607 
TiCCAACGCG 608 

* ******** 
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APPE'.\DIX 5 

CLLSTAL 2. 0.8 multiple sequence alignment 

Sec;A \a:::e ~er-: (nt) Score 

2 
2 
2 
2 

2 
3 
3 
3 

3 
4 
4 

4 
5 
5 
6 

b.nana 
b.nana 
b.nana 

606 
606 
606 

b. nana 606 
b. nana 606 
b.nana 606 
b.davurica 576 
b.davurica 576 
b. davurica 576 
b.davurica 576 
b. davurica 576 
~uber 599 
b.uber 599 
b.uber 599 
b.uber 599 
b. populifolia 606 
b. populifolia 606 
b.populifolia 606 
~pendula 606 
b.pendula 606 
b.nigra 606 

2 

3 

6 

7 
3 
4 

6 

4 

6 
7 

5 
6 

7 
6 

7 
7 

h. dav~rica 576 
b. uber 599 
b. popLllifolia 606 
':J. pen du! a 606 
b. nigra 606 
b. lenta 606 
b.uber 599 
b. populifolia 606 
b. pendula 606 
b.nigra 606 
a. lenta 606 
8. pop:1lifolia 606 
b. pendula 606 
b. ~igra 606 
b. !enta 606 
8. pe:1du I a 606 
b. nigra 606 
b. :en~a 606 
b. nigra 606 
u. :enta 606 
a. lenta 606 

98 
98 
99 
99 
96 
98 
97 
98 
98 
97 
97 
98 
97 
96 
100 
99 
96 
98 
97 
98 
96 

b.uber 'JCGAAACCTGCCCAGCAGAACGACCCGTGAACATGTTGAAACAACTGGGGGCGGGGGGCG 60 
".'CGAAACCTGCCCAGCAGAACGACCCGTGAACATGTTGAAACAACTGGGGGCGGGGGGCG 60 
TCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTGKGGGGCG 60 
'JCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTGTGGGGCG 60 
'JCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGG\'GGGGGGCG 60 
'JCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGGTGGGGGGCG 60 
'JCGAAACCTGCCCAGCAGAACGACCCGTGAACCTGTTGAAACAACTGGGGG".'GGGGGGCG 60 

******************************** ****************** * ****** 

b. lenta 
b.nana 
b.pendula 
b. popul i fo 1 ia 
b.davurica 
b. :1igra 

b. ::ber 

b. :1ana 
b. ;:;e:id~1 ~a 

b. pop~:::folia 
b. Gcv~::!-:ca 
b. :-::gra 

A"'CTCGCCCCGTGCCCCCGAACGGCAGGGAGACACTCG.,.GCATCCCTGCCGAACAACGAA 120 
ATC'TGCCCCG:GCCCCCGAACGGCAGGGAGACACTCGTGCATCCCTGCCGAACAACGAA 120 
ATCTCGCCCCTTGCCCCCG:\ACGG:AGGGAGACACTTGTGCATCCCTGCCGAACAACGAA 120 
A TCTCGCCCCT;"GC'CC'C'C'G:\ACGGTAGGG AG:\C AC".'".'G 'JGC ATCCCTGCCGAACAACGAA 120 
A ".'GCGCCC'C'i".'G'i'C'CCC'G . .\ . .\CGGTAGGGAGACACTCGC ATCCCTGCCGAAC AACGAA 120 
A ".'C'T'CGCCCCT".'GCCCC'CG:\ACGC AGGGAGACACTG ".'GCATCCCTGCCGAACAACGAA 120 
ATCTGCC'CCG".'GCCTCGAACGC'AGGG:\GACACTGTGCA TCCCGCGAACAACGAA 120 

********** ** * ******** *********** ************ ********** 
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.,. ::a::2 

:}. ;Je::~.~: ~c 

b. c:cv~:i·:c2 
b. :::gr·a 

b. ::ber· 
b. ier,'.c 
b. na:rn 

b. pop:_1:i:o~:!.2 
ii. davc:r·:cc 

b. :1ig,·a 

b. ube:· 

b. :er:~c 

o. pe:ccici:a 

b. pop~:: :'..fo~:c 
b. dav:J!' i ca 

o. nig:·a 

b. ube!· 

b. len'.2 

b.nana 

b. pendc:'.a 

b. pop::'.:fo:ic 

b. davur·icc 
b. ~ig!·a 

8. ube!· 

b. lenta 

b.r.ana 

b. pend:::a 

b.populifo::a 
b. davur:!.ca 
iJ. n:g!·a 

b. t:bE:'!' 

b. :e:1tc 
b. r:.c:~a 

:J. po;:i::. ::o :a 

CC CCC:GCGCGG TC~·GcGCC.i.iGG AACTT .HCGAAAGAG 'l'GCCCCGGCCGTC :CGGAAA : 80 
CC CCGGCGCGG TCGCGCC :\AGG A,iC;TT A.iC.HAAGACGCCCCGGCCG TTGGAAA : SO 
CCCCGGCGCGGTC~'G\GCC AAGGAAC".'".'".' AACGAAAGAGTGCCCCGGCCGCT:CGGAAA : 80 
CCCCGGCGCGG ".'CCGCGCCAAGGAAc:; AACGAAAGAGTGcc;ccGGC'CGCCCGGAAA : 80 
CCCCGGCGCGG:CCGCGCCAAGGAAc::AACGAAAGAG".'GCCCCGGCCGcc:cGGAAA :so 
CCCCGGCGCGG"C'.GCGCCAAGGAACT".'".'AACGAAAGAGTGCC:CCCGCCGCC;CGGAAA :80 
CCCCGGCGCGGTCGlGCCAAGGAACE AACGAAAGAG".'GCC'l'CCGGC'CGCCCGG AAA : 80 
************* ******************************** **** ******** 

CGG TG TGCGTGCGGGAGGCG AA TCTTGTCT AGAACCAT AACGACCTCGGCAACGGA:·A T 2~ 0 
CGG:GTGCGTGCGGGAGGCGAATCTTGTCTAGAACCA".'AACGACCCGGCAACGGATAT 2~0 
CGGGTGCGTGCGGGAGGTGAATCTTGTCTAGAACCA''AACGACTCCGGCAACGGATAT 240 
CGGTGTGCGTGCGGGAGGTGAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 240 
CGGTGTGCGTGCGGGAGGTGAA TCTTGTCTAGAACCAT AACGACTCTCGGCAACGGAT A! 2"l0 

CGG".'G TGCGTGCGGGAGGTGAATCTTGTC':' AGAACCAT AACGACTCTCGGCAACGGATAT 2"i0 
CGGTGTGCGTGCAGGAAAACAATCTTGTCTAGAACCATAACGACTCTCGGCAACGGATAT 2~0 

************ *** **************************************** 

CCGGCTCTCGCATCGATGAAGAACGTAGCGAAA:GCGATACTTGGTGTGAATTGCAGAA 300 
CCGGCTCTCGCATCGA':'GAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300 
CCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGAT ACTTGGTGTGAATTGC AGAA 300 
C".'CGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300 
CCGGC!TTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300 
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300 
CTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAA 300 
************************************************************ 

TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 
TCCCGCGAATCATCGAGTCTTTGAACGCAAG".'".'GCGCCCGAAGCCACCTGGCCGAGGGCA 360 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 
:cccGCGAATCATCGAGTCTTTGAACGCAAGT".'GCGCCCGAAGCCACCTGGCCGAGGGCA 360 
':'CCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 
TCCCGCGAATCATCGAGTCTTTGAACGCAAGTTGCGCCCGAAGCCACCTGGCCGAGGGCA 360 
************************************************************ 

CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG ~20 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCA~CCCCATCTCCTTGCAAAGGGACGAGG ~20 

CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG ~20 
CGT:'GCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG ~20 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTGCAAAGGGACGAGG ;zo 
CG:CTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTTG".'AAAGGGACGAGG ~20 
CGTCTGCCTGGGTGTCACGCATCGTTGCCCCCAACCCCATCTCCTGCAAAGGGACGAGA ~20 
*********************************************** *********** 

GGGCC:GTGGGGCAGAAATTGGCCTCCCGTGAGCTCATGCATGCGGT'?GGCCTAAAAGCG ~80 
GGGCCGTGGGGCAGAAA TTGGCCTCCCG TGAGCTCA TGCA TGCGG".'TGGCCT AAAAGCG .; 80 
GGGCCGTGGGGCAGAAA".'TGGCCTCCCCGAGCCATGCATGCGGFGGCCTAAAAGCG ~80 

GGGCCTGTGGGGCAGAAATTGGCCTCCCGTGAGCTCATGCATGCGGTTGGCCTAAAAGCG '.80 
GGGCCTGTGGGGCAGAAATTGGCCTCCCCGAGCCATGCA:GCGGTTGGCCTAAAAGCG ;80 
GGGCCC'GTGGGGCAGAAATTGGCCTCCCG:GAGCCATGCATGCGGTTGGCCTAAAAGCG ;so 
GC,GCCAGTGGGGT AG AAA ".'TGGCCTCCCG TGAGCTCATGCA TGCGGTTGGCCAAAAGCC ~ 80 

***** ****** *********************************************** 
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"· ::a::c 

8.nana 

!J. pe:-.dula 
b. pop:J:ifolic. 
8. dcvu~ica 

b.uber 

':::. ;ia!l.a 

0. ;:ier:d:;la 

'1. ;:io;:i:il ifolia 

0. cavc;:·ica 

0. '."!ig:·a 

AGTCCTCGGCGACGCGCC:CC.~CC:.~CAA TCGGTGGTTC:ACAAAl'CCCGTC:TCCCG"c"CC'.TG c,.;o 
AGTCCC'GGCGACGCGCGCCACGACAATCGCTC,GTT\C\AACCCCGTCCCCGTCG-G .1~0 

AG ·:cccGGCG ACGCGCGCC ACGACAA TCGG TGCTG TC AAA CC CC G-:-C TCCCGTCC G ~ ;o 
AG TCCCGGCG ACGCGCGC'C .\C'GACAATC'GG TGGTTG TCAAACCCC'CG TCCCG TCG TG 5~0 

.~G ~CC'.CGGCGACGCGCGCC ACGACAA c-cGGTGCTCCAAACC'CTCGTCCCGTCCC .'i ;o 
AG TC'CTCGGCG ACGCGCGCC ACGACAA 7 C'GCGCTG TC AAACCCTG TCCCCG TCG TG 5~0 

.\G TCCTCGGCG ACGCGCGCCACGAC AA-:-CGCGGTTG \C:AAACCCCG TG TCCCG TCCG 5~0 

************************************* ********************** 

CG ".'GCCGCGTCGCTC ATC'G'.G";GCTC'1-:-TGACCCGCG"CCGCGC AGCGACGCTTC - 599 
CGTGCCGCGTCGCTCATCGTGTGCTC~TTGACCCGCTGTGTCGCGCTAGC'GACGCECC 600 
CGTGCCGCGTCGCTCA"'.'CGTGTGCTCCTTGAccc;GCTGTG7 CGCGCTAGCGACGCTTCC 600 
CGTGCCGCGTCGCTCATCGTGTGCTCCTTGACCCTGTTGTGTCGCGCTAGCGACGCTTCC 600 
CGTGCCGCGTCGCTCATCGTGTGCTCCTTGACCCTGCTGTGTCGCGCTAGCGACGCTTCC 600 
CGTGACGCGTCGCTCATCG7 GTGCTCCTTGACCCTG----------------------·- 576 
CGTGCCGCGTTGCTCATCGTGTGCTC;TTGACCC!GTTG~GTCGCGCTAGCGA~GCTTCC 600 
**** ***** *************** ********* 

AACGCG 606 
llACGCG oOo 
AACGCG 606 
AACGCG 606 

AATGCG 606 
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APPL'\DIX 6 

CLLSTAL 2. 0.8 multiple sequence alignment 

SeqA \cr:e 

c. te:!:=:rina~is 
C. terminal is 
c. termina~is 

2 C. sarmentosa 

2 C. sarmentosa 

3 C.ruscifo~ia 

C. n:scifolia 
C. :nicrophylla 

C. sarrr:er:tosa 

C. terrr:ir:al is 

C. n:scifolia 
C. rr:icrophy l la 

C. sarrr:entosa 
C. ter::incl is 

C. n:scifol ia 
C. mi crophy lla 

C. sarmentosa 
C. terrr:inal is 

C. ruscifol ia 
C. microphylla 
C. sar:tentosa 

C. :er::inalis 

C. n;sc i fol ia 
C. :nic~·ophylla 
C. sa,·::entosa 

C. :-P~'=ina: is 

C. ,·::sc'. fo; '.a 

C. sc,·:::entosa 

C. '."'·:::'.::a: is 

:..en (n:) Ser,3 \c:::e :..e:: (r:t) Score 

601 2 C. sa!·:::e:::osc 599 94 

'Dill '3 (. -::.-:~sc:fo> .. c '00'1 % 
601 4 C. i:::c,·op~,y'.'.c 607 93 
599 3 C. ,·::sc:folic 605 96 
599 4 C. ::::. c:op~.y l: a 607 96 
605 4 C. ::::c,·ophy'.:a 607 98 

iTGTCGATGCCTGCACAGCAGAACGACCCGCGAACGAGTTTTCAATCGTAATGGGAGAAC 60 
';TGTCGATGCCTGCACAGCAGAACGACCCGCGAACGAGTTTTCAATTGTAATGGGAGAAC 60 
-------TGCCTGCMAGCAGAACGACCCGCGAACGAGTTTTCAATTCTAACGGGAGAAC 53 
-------TGCCTGCACAGCAGAACGACCCGCGAACGAGTTTTCAATTCTAACGGGAGA-C 52 

******** ****************************** *** ****** * 

GGGGCCTGCGAGGGCC -CGC..\CCi'CCCACGGGAGAGCCGTCCCCTCGCGGGACGTCTAC '. 19 
GGGGCCTGCGAGGGCC-CGCACCCCCACGGGAGAGCCG°'.'CCCCTCGCGGGACGTCTAC ::9 
GGGGCCTGCGAGGGCCT -CGCACCi'CCCGCGGGAGAGCCGTCCCCTCGCGGGACGTCTGC : 12 
GGGGCCTGCGAGGGCCiiCGCGCT~CCGCCGGGAGAGCCGTCCCATCGCGGGACGTCTCC :'2 
***************** *** * *** *************** ************* * 

CCCGAGAACAACGAACCCCGACGCAA-:-CCGCGiCAAGGAAACTGTACAAGCGACTTCGCC :79 
CCCGAGAACAACGAACCCCGACGCAA';CCGCGTCAAGGAAACTGTACAAGCGACTTCGCC ;79 
CCCGAGAACAACGAACCCCGACGCAATCCGCGTCAAGGAAACTGTACGAGCGACTTCGCC 172 
CCCGAGAACAACGAACCCCGGCGCAATCGCGTCAAGGMACTGTACAAGCGATTCCGCC 172 
******************** ******* ****************** ***** * **** 

GTGCCCGCCCCGGAGACGGCGAGCGGACATGGCGTGTTTCGTCGCGTGATCACAATCAC- 238 
ATGCCCGCCCCGGAGACGGCGAGCGGACATGGCGCGECCGTCGCGTGATCACAATCAC- 238 
GTGCCCGCCCCGGAGACGGCGAGCGGACA-:-GGCA TGCA TCGTCGCGTGATC AC AA TC AC- 23 '. 
GTGCCTGCCCCGGAGACGGCGAGiGGACACGGCAiGTGTCGTCAAGTGATCACAATCACC 232 

**** ***************** ***** *** * **** ************** 

AACGACTCTCGGCAACGGA-:-A°?C!CGGCCCGCAiCGATGAAGAACGTAGCGAAATGCG 298 
AACGACTCTCGGCAACGGA-:-AT;"CGGCCTGCA TGATGAAGAACGTAGCGAAATGCG 298 
AACGACTCTCGGCAACGGA~AiCCGGCCCGCATCGATGAAGAACG°'.'AGCGAAATGCG 29: 
AACGACTCTCGGCAACGG . .\-:-ATiCGGCCTGCATGATGAAGAACCAGCGAAA TGCG 292 
************************************************************ 

..\ iACTTGGTGTGAA iiGCAGA.A-:-ccccc . .\ . .\CCA :CGAGTCTTTGAACGCAAGT°'.'GCGCC 308 
A ~ . .\CTTGGTG°'.'GAA-:--:-GC\C,AA ~crcc:c:A.·\CC ATCGAGTC:'EGAACGCAAGEGCGCC 308 
A ~AC°'.'GGTGiGA..\-:-;c:c\C:A\-:-cccc, -:-GA . .\CCATCGAGTCTTTGA.\CGCAAGT~GCGCC :lo: 
..\ T :\CTGCCGAA~'iGC.K . ..\..\ TCCCC TC: A.·\CCA iCGAGTCT'.'7 GAACGC AAG !iGCGCC :lo2 

************************************************************ 
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C. :-c:sci'.'o: ia 

C. ::iic,·o~J'.:y'. :c 

C. sa'·":e:'.'.osa 
C. :e~::::::-'.e.: is 

C. !·~:sc::ol ie. 
C.1::icrnphyl ia 
C. sal·::ea:osa 
C. ter:r:ir.alis 

C. ruscifolia 
C. mi crophy 11 c 

C. sarmentosa 
C. terminal is 

C. ruscifolia 
C. microphy Ila 

C. sarrr:entosa 

C. terminal is 

C. ruscifolia 
C. microphylla 

C. sar:r:entosa 
C. ~e~JI.inalis 

GAAGCC ·::CCUCHGGCC..\CGCCGCCGGGCGTCACGCAACG";"CGCCCCCCAAGC ~: 7 
CGAAGCC~TTcc:c:ccc\GCGC\('('CCGCCGGGCGTACGC\ACGTCGCCCCCC AAGC .; : 8 
CGAAC:CC";"";"";"TGGCCG.~GGGCACGCCGCCGGGCCC ACGCAACCCGCCCCCC AAGC ~:: 

CGAAGCC"'."TCTGGCC\GGGC'i\CGCCGCCGGGCGTCACGCAACG~cccccccccAAGC ~: 2 

******** *** **************************************** **** 

CCATGCCCCCCGGCGGAGCTTTGGGAGCGGACAcTGGTCTCCCG-:-GCGTACCTGCG ~77 
CTCGTGCCCCCGTCGGCGGAGCTTTTGGGAGCGGACAT"'."GGTCTCCCGTGCGTACCTGCG ~78 
CCGcGCCCTCGCCGGCAC\GCTTCGGGAGCGGACATTGGTCTCCCGTGCGAGCCTGCG ~7: 
CT CA TGCCTTCGTCGGCGG.~GCTCGGGGAGCGGAC A TTGGTCTCCCGTGCGACTCTGCG ~ 72 

*** ***** ** **** ****** ************************** ***** 
CGCGGTTGGCCTAAAGGCGAGTCCCCGGCGiCCGT:GATGCGACACACGGTGGTTGAGAT 537 
CGCGGTTGGCCTAAAGGCGAGTCCCCGGCGTCCGTTGGTGCGACACACGGTGGTTGAGAT 538 
CGCGGT7 GGCCTAAAGGCGACCCCCGGCGTCCGTTGATGCGACACACGGTGGTTGAGA! 53: 
CGCGGTTGGCCTAAAGGCGGG!CCCCGGCGTCTGTTGATGCGACACACGGTGGTTGAGA: 532 
******************* ************ **** ********************** 

GCTCGGCATGCCGTCGCCTCATCGGTGCGTCTCCGGT-GGCTCAGCGACCCCAACTTACC S96 
GC"'."CGGCATGCCGTCGCCTCATCGGTGCGTCTCCGGTTGGCTCAGCGACCCCAACTTACC 598 
GCTCGGC A ";-GCCGTCGCCC A -;"CGGTGCG TCTCGGGT-GGC':'CAGCGACCCCAACE .A.CC .190 
GCTCGGCA TGCCGTCGCCTC A TCGGTGCG TCTCCGGTTGGCTCAGCGACCCCAAC!T .A.CC .192 
********************************* *** ********************** 

GACGCGACC 605 
GACGCGACC 607 
GACGCGACC 599 
GACGCGACC 60'. 
********* 
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APPE:\DIX 7 

CLLSTAL 2.0. 8 multiple sequence alignment 

A; ic::sg: t: ti ~.osa 
Al r.1:sg ~.._,ti :-:ose 

A: ::t:sg l :: ti :10sa 

2 3etc:'.ana::a 

2 3etular:cna 

3 Mo~:e l laceri fere 

A::11;sg it:~ i nose 

ae::_::ar.ana 
Y.o!-e: lace:!:ii'era 

Coriariasarme::tosa 

Mo!·e ~ :acei- if era 
Coriariasarmentosa 

.i: :-:i;sg ~ i.:~: nos a 

Be:u:a:-:er:a 
Yio!·e: :acer if era 

Cor: a!.·iesarmentose 

A: ::::sg; :: ti :10sa 
3etc:'.2::a::a 
Y.o!.-e ~:acer_:'._ :f ere 

Co!.·: e!.· :es2r:1!en:ose 

A:: ::sg~::t:::osa 
3et:::a1:2::a 

rL:::_:sg: ~:"':: ::osc 

3e::::c::c:-:c 

608 2 3Pt~:a:1a:rn 606 90 
608 3 Mo:!.·el lace:?:i:era 762 81, 

608 ~ Coriariasarmentosa 599 6S 
606 3 Y.ore:: ace!.·i-f el-a 762 SS 
606 ' Coriariasarmentosa 599 68 
762 ~ Coriariasarcentosa S99 67 

CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCGCGGAAGHT\T 60 

- -TGAAACC'GCCCAGCAGAACGACCCGCGAACCTGTCAC -AA- -CAAC:GGGC:C:CffG .:;s 
--TCGAAACCTGCCC AGCAGAACGACCCGTGAACCTGTTGA-AA--C AACGGGGC-G:ZG SS 
TG"'."C:GAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAA--CTACCGGGGGCAGG ::s 

··- TGCC-:-GC AAAGCAGAACGACCCGCGAACGAGTTTTCAAl~C~ AACGGG :\GA..\('G ,,4 

***** ************** **** ** ** * * *** * * 
GGGCGA'7C--------TCGCGCCCC------------------- - 72 

GGGCGA:C--------TC:GCC:CCTT---------------------- -- 72 

GGGCGA':'CAAAAGCCTCCGGTCCCCAAAACGGTCGGGGAGCATG:Gcc:-ccc'CG:CG : "/8 
GGGCCTGCGAGGGC:C-TCGCACCTC--------------------- 78 

**** * ** ** 

GCCCTCGAACG--GCAGGGAGACACTCGTGCCT-----ICCTGCCGAACAACG:ACCCC :z~ 

GCCCCCGAACG- --C AGGGAGACACTTGTGCAT-- ---CCCTGCCGAACAACGA . .\CCCC : 2.; 
GCC:CCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAAC:\ACGAMTC-c 2:l8 
--CCGCGGGAG-----AGCCGTCCCCTCGCGGGACGTCTGCCCCGAGAACAAffA-\CCCr : :l: 

** ** * ** * * * ** ******** ***** 

GGCGCGGTCCGCGCCAAGGAACA IGAACGAAAGAGTGCCT-C"GG :cccc:-cGGA .\.\CU- : 83 
GGCGCGGTCYGCGCC AAGGAACTTT AACGAAAGAGTGCCTC -CGGCCGCCCGG.\-1 . .\fff: : 8:3 
GGCGCGGACGCGCCAAGGAAc:cAACAAAAGAG:cccc -CGA Tccccccu·,-\ -\.\ffG 297 
GACGCAA TCCGCG-:-CAAGGAAAC".'GTACGAGCGACTTCGCCG TCCC'CGCCCCGC\G.\CC:C. : 9: 

* *** * *** ******* * ** * ** * * * * **** >::*** *** 

TGLGCGCACCGGAGGCGAATC:T".'---- -C-TCTAGAAC -CA~ . .\ACC\l 'T"TCGC\_\lff \ 23 7 
TGTGCG:GCGGGAGGTGAATT"'." - ----GTCAGAAC CA:\AffACC -cccc,w·(,(L-\ '.!:1·1 
:G7 GCC-CGC-GGG..\CC:TT-:- -----GAC"."G T"." A-:-ACt\.\AAff AC:c:ccH .\.\ffC:.\ :l:i: 
CGAGCGGAC'A:C-GC.\. GCA:n. :CGCVGA TC A CAA T _ CM' . .\.-\CUCr ('(:(,(.\\ff'..\ ;>:Jo 

* *** * ''* * * * ** ******************* 
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A: ::::sg: c::: ::osc 
3e'.1: :a::a::c 

:\: :10..:sg: t:~: :1osc 

Be'.c;~a::ana 

Y:orel~acerifera 

Cor'.ar'.asarme~'.osa 

A::1usgl ut inosa 

Betulanana 
Morellacerifera 
Coriar-iasarmen~osa 

Alnusglutinosa 
Betula:iana 
Yiorellacerifera 
Coriariasarmentosa 

A'.:rnsglutinosa 
Betulanana 
'I.ore l laceri fera 
Coriariasarmentosa 

Alnusglutinosa 
Betulanana 
Morellacerifera 
Coriariasarmentosa 

Alnusglutinosa 
Betulanana 
Morellacerifera 
Coriariasarmentosa 

:.i :ccGGCCCGC.i :CGX:GAAG.WCAGCGAAA:GCG.i:.ic:c:cc :GA:\ ::GC:\ 297 
Ti :ccGGCCCGC.i :CH :GAAG.i.KC.iGCGAMD:CGA:.·\C::c:c:-c: :GAA -:en 297 
:.i TTGGCCCGCA :CGA:GAAGAAff :AGCGAAA:GCGA :Ac:GcG:GAA::c:cA ~:: 
TA TCTGGCTTGCA :CGA:GAAGAACC.iGCGAAA.:GCGr\ :AC:GCCGAA ::ccA 3: 0 
************************************************************ 

GAA TCCGCGAA °'.'CA :cGAG:c::G:\.iCGC.HGT;GCGCCCGAAGCCACCTGGCCGAGG 3S7 
GAATCCCGCGAA°'.'C'ATGAcc:::GAACGCAACTGCGCCCGAAGCCACCTGGClGAGG 3o7 
GAA'.CCCGCGAATCATC'GAGTTT::GAACGCAAGTTGCGCCCAAAGCCA:TTGGCCGAGG ~7l 

GAATCCCGTGAACCA:CGAGTCT::GAACGCAAGTTGCGCCCGAAGCCT:TGGCCGAGG 370 
******** *** ******** ******************** ***** ********* 

GCACG:CTGCCTGGGTGTCACGCA.,.CGT7 GCCCCCAACCCCATCGCCC°'.'GCAAAGAGGCG 417 
GCACGTCTGCCTGGGTGTCACGCA7 CG:'.GCCCCCAACCCCATCTCCT:GCAAAGGGACG 417 
GCACGTCTGCCTGGGTGTCACGCA:cc:GCCCCAACCCCAAACACCCGCAAGAGGGAG 531 
GCACGCCTGCCTGGGCGTCACGCAACCCGCCCC- -CCTAAGCCTCGTGCCCCGCCGG 427 
***** ********* ******** *** ***** ** * * * ** * 

GT-GGGGGCATGCGGGGCGGACAT:GGCCCCCGTGGGCTGA.,.GCCcGCGGCTGGCCTAA 476 
A--GGGGGCC;GTGGGGCAGAAAEGGCCCCCGTGAGC:CA:GCATGCGGTTGGCCTAA 475 
TTCGGGGACTATCGGGGCGGACATTGGCCCCCGTGAGCCAGT:C:CGCGGTTAGCCTAA 59'. 
C--AGAGCTTTCGGGAGCGGACATTGGTC.,.CCCGTGCGAGCCTGCGCGCGGTTGGCCTAA ~85 

* * ** ** ** ***** ******** * * * **** * ****** 

AAACGAGTCCTCGGCGACGATCGCCACGACAATCGGTGG'.'.GACAAA-CCTTCGTGACCC 535 
AAGCGAGTCCCGGCGACGCGCGCCACGACAATCGGTGGTTGTCAAACCC'TCGTGTCCC 534 
AT ACGAGTCC:TGGCGACGAGCGCCACGAC AATCGG.,.GG TTGA T AAAGCCCTCG Tc!ClC 65: 
AGGCGAGTCCCCGGCGTCCGTTGA:GCGACACACGGTGGTTGAGATG--CTCGGCATGCC 543 
* ******* ***** * * ***** ********* * * * ** 

GTCGTGCGCGCATCGCCGCTCAACGCGTGCTC;TT!GACCCTGTCGCGcCGCGCTCGCGA 595 
GTCGTGCGTGCCGCGTCGCTCATCGTGTGCCC°'.'-GACCCTGCGTGTCGCGCTAGCGA 593 
GTCGTGCGTGCTTCGTCTCCCTATGCG.,.TCC:GT-GACCCTGCTGTGTCGTGCAAGCGA 710 
GTCGC---CTCATCGGTGCGTCTCGGGTGGCTCAGCGACCCCAACTTACCG---ACGCGA 597 

**** * ** * * ** ***** ** 
CGCTTCCAACGCG--------------------------------------- 608 
CGCTTCCAACGCG----------------- -- - -· ----------- 606 
CACTTCCATCGCGACCCCAGGTCAGGCGGGACACCCGC:GAGTTTAAGCAT 762 
((------------------ ------- - -------- 599 
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APPE\:DIX 8 

CLLSTAL 2.0.8 multiple sequence alignment 

SeqA \ar:ie Lei; (:;c) Sec,3 \a:::e Le::(:~~) Score 

Y.yricaga'.ecacada 76: 2 Y.yricagalespa:n 761 99 
Myricaga~eca~ada 76: 3 Y.yricagalefin'.and 76: 99 
Myricaga'.eca:;ada 75; ~ Myricagalebe:gium 75; 99 

2 V.yricagalespa: :; 75; 3 Myricagalefinland 76! :oo 
2 'I.yd caga: es;ia: :; 76: ~ Myricagalebelgiu~ 761 :oo 
3 V.yricaga'.efic:a~d 761 ~ Y.yricagalebe!giur:i 761 :oo 

Myricagalefin:a~d 

Myricagalebelgi~:: 

Myricagalespain 
Myricagalecanada 

Myricagalefin:and 
Myricagalebe'.giur:i 
Myricagalespain 
Myricagalecanada . 

Myricagalefin;and 
Myricagalebelgium 
Myricagalespain 
Myricagalecanada 

Myricagalefinlacd 
Myricagalebe!gium 
Myricagalespain 
Myricagalecanada 

Myricagalefinlacd 
Myricagalebelgiur:i 
lvlyricagalespain 
Myricagalecanada 

Myr:cagalefin:acd 
MF: caga l eue: gi ::::: 
V.y!· i cega l es;:ia i :: 
~y!·~cagalec2::ada 

CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCGCGGAAGGA<CA";" 60 
CATTTAGAGGAAGGAGAAGiCGTAACAAGGT";"TCCGTAGGTGAACC".'GCGGAAGGA".'CAT 60 
CATTTAGAGGAAGGAGAAG".'CGTAACAAGGTTTCCGTAGGTGAACCGCGGAAGGATCA".' 60 
CATTTAGAGGAAGGAGAAGTCGIAACAAGGTTTCCGTAGGTGAACCGCGGAAGGATCA".' 60 
************************************************************ 

TGTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAACACCGGGGGCGGGGG 120 
TGTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGGG 120 
TGTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAACACCGGGGGCGGGGG 120 
'?GTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGGG 120 
************************************************************ 

GCGATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGC !80 
GCGATCAAAAGCCCCCGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGC 180 
GCGATCAAAAGCCTCCCGTCCCCAAAACGGT".'GGGGAGCATGiGCTGTTAACCTGTCGGC 180 
GCGATCAAAAGCCTCCCGTCCCCAAAACGGTTGGGGAGCATGTGCTGTTAACCTGTCGGC 180 
************************************************************ 

CCTCGGGTGCGGACGGGAAACACATGTACGTGTCCCCCCAGCCGAACAACGAACCCCGGC 240 
CCTCGGG'?GCGUCGGGAAACACATGTACGTGTCCCCCCAGCCGAACAACGAACCCCGGC 240 
CCTCGGG";"GCGGACGGGAAACACATGTACGTGTCCCCCCAGCCGAACAACGAACCCCGGC 240 
CCTCGGG 7 GCGGACGGGAAACACATGTACGTGTCCCCCCAGCCGAACAACGAACCCCGGC 240 
************************************************************ 

GCGGACGCGCCAAGGAAT'?TCAACAAAAGAGTGCCTCTGATCGCCCCGGAAACGGTGTG 300 
GCGG ACGCGCC . .\.\GG AA ".'".'TCAAC AAAAGAGTGCCTCGA TCGCCCC'GGAAACGG TG TG 300 
GCGGAC'GCGCCAAGGAA "? 0 TCAACAAAAGAGTGCCTCTGA TCGCCCCGGAAACGGTG TG 300 
GCGGACGCGCC.HGG AA':".'TC AAC AAAAGAG7GCC'i'CTGA ".'CGCCCCGGAAACGGTG TG 300 
************************************************************ 

CGTCGG".'TCG:\CGTC-:~GAl'-:-G".'TAT.il'.HAACGAC7CCGGCA . .\CGGATA ~C7CGGCT 360 
CG"'CGG~'TGGGACGT:TG.AC"'C~.C.\C.\A . .\ACGAC"'CTCGGCA . .\CGCA".'AT:CGGC 360 
Cc, :cc:c ~ T GGG:\ff ~C ~~G A.C:c:·r !\.,. ACA..\AACGACCTCGGC .HCTGA: A T:TGGC :160 
CG~CGC~ffC\CG".'C".'C:.\C' G~:A ".'.·\l.HAACGACCCCGC\ . .\CGGA ".'A 7CTCGGC 360 
************************************************************ 
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Y.v,·: c<egc:: ('·:;": g'. ::::: 
~~Y!' :'.. cc.gc: P s~Jf~: :: 

V.y~·: ccga: eca::2(:2 

~yr:'..caga:e~:'..:::a~d 

Y.F'. caga: ebe :g; :::: 
Yiyr i cega: Pspc.: :: 
Y.yricaga:eca~ada 

Myricagalef:~:a~d 

Myricaga:ebe:g'.::= 
Myricaga'.es;;ai :: 
Myricaga:eca~aria 

Myricagalefi~:e~d 

Myricaga:ebe!g'.~: 

Myricaga l es;Ja i:: 

Myricaga:ece:1ada 

Myricaga~ef:~:ai:d 

Myricaga!ebe'.gi::= 
Y:yricagalespa ::: 

Myricaga!eca~aria 

Y.yricaga:efi~!a::rl 

Myricagalebc:g:~: 

Y.yricagale.spe.ir: 

Myricagaleca::aria 

Myricaga:efi::la~rl 

Myricagaiebe!gi::= 
Myricagalespai~ 

Myricaga:ece:1ada 

CTGCA :cc;A THG.·\ACC AGCGAA~ :GCGA :AC:GG:CG.~A ::GCAGAA :cCCGff ;zo 
C:CGCA:CGAT~~GAACG'1AGCGAAXTCGA:AC"."GGTTAA::GCAGAA~CtTUT ;20 
CCGCA~CGA:GAAGAACGTAGCGAAA :GCGA; AC'GCG'?GAA ::GCAGA,\ ;(TCGCC, .;20 

CCGCA:CGA ".'GAAGMCGT AGCGA.~A "'.'GCGA :AC:GGTTAA ::Ge AGAA TCCT:CC: ;20 

************************************************************ 

AATCA:CGAG::-:-::GAACGCAAC:GCGCCCAAAGCCG:~"GGCCGAGGGCACGT:CC ~80 

AATCATCGACTT::GAACGCAAGr:'GCGCCCAAAGCCG"TTGGCCGAGGGCACG:c:cc ;so 
AA TCATCGAGE"'."::G AACGCAAGFGCGCCCAAAGCCG:T'.'GGCCGAGGGC A.CG "'."CGC ~80 

AATCATCGAGTTT::GAACGCAAGT:'GCGCCCAAAGCCGTTTGGCCGAGGGCACG:CGC ~80 

************************************************************ 

CTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTTGGGGAC :J40 
CTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTEGGGGAC :J40 
C"'.'GGGTGTCACGCA"'.'CGTTGCCCCAACCCCAAACACC:CGCAAGAGGGAGTTTGGGGAC :J40 
C:GGGTGTCACGCATCGTTGCCCCAACCCCAAACACC:CGCAAGAGGGAGTTTGGGGACT :J40 
************************************************************ 

ATCGGGGCGGACATTGGCCTCCCGTGAGGTAGTTCTCGCGGTTAGCCTAAATACGAGTCC 600 
ATCGGGGCGGACATTGGCCTCCCGTGAGGTAGTTCTCGCGGTTAGCCTAAATACGACCC 600 
ATCGGGGCGGACATTGGCCTCCCGTGAGG!AGT''CTCGCGGTTAGCCTAAATACGACCC 600 
ATCGGGGCGGACATTGGCCTCCCGTGAGGTAG"'."TCTCGCGGTTAGCCTAAATACGACCC 600 
************************************************************ 

"'.'CGGCGACGAGCGCCACAACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCG 660 
:CGGCGACGAGCGCCACAACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCG 660 
:CGGCGACGAGCGCCACAACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCG 660 
:CGGCGATGAGCGCCACGACAATCGGTGGTTGATAAAGCCCTCGTTTCCAGTCGTGCGCG 660 
******* ********* ****************************************** 

CCTCATCGCCCTAAGTGTGCTCCGTGACCCTGCTG!GTCGTGCAAGCGACACTTCCATCG 720 
CCTCATCGCCCTAAG".'GTGCTCCGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATCG 720 
CCTCATCGCCCTAAGTGTGCTCCGTGACCCTGCTGTG!CGTGCAAGCGACACTTCCATCG 720 
CCTCGTTGCCCTACGTGTGCTCCGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATCG 720 
**** * ****** ********************************************** 

CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 76l 
CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 761 
CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 761 
CGACCCCAGGTCAGGCGGGACTACCCGCTGAGTTTAAGCAT 76'. 
***************************************** 
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APPE\:DIX 9 

CLLSTAL 2. 0.8 multiple sequence alignment 

SeqA \ao:e 

Y.. fayapor::;ga; 

Y.. fayapoc·::Jg2! 

Y.. fayaportc;ga; 

2 Y.. fayaspa~~gocera 
2 Y.. fayaspai~go~era 
3 Y.. fayaspai~:apalma 

Y.. fayaporct:ga; 

Y.. fayespaingo1!lera 

.V.. ~ayaspainte~erife 
Y.. fayaspainlapa'.ma 

Y.. fayapor~l~gal 
Y.. favaspaingomera 

~- fayaspainte~eri~e 

Y.. fayaspain:apa:wa 

'l. fayaportugal 

Y:. fayaspaingome:ra 

Y.. fayaspaintenerife 
Y.. fayaspainlapa'.ma 

Y.. '.avaportugal 

.V.. fayaspaingomera 

~. ~eyaspaintenerife 

Y.. '.av2spair.lapa'.rca 

Y.. '.a vaport uga: 

Y. ~ayaspaingo~era 
.V.. ~ayaspai~te~e!·ife 
Y.. ~ayaspainlapa:~a 

.V.. ~~yns~ai1:g0Ie!·2 

~- ~Dvas~ai::~e~e!·i~P 

.V.. ~iyas~a~:~:a~a:::a 

~er:(~:) SeqB \ame '._.e:: (::-:-) Score 

762 2 M. fayaspair.gomec·a 762 100 
762 3 M. fayaspaidapaima 762 100 
762 4 M. fayaspair.teneri:e 762 100 
762 3 M. fayaspainiapa:ma 762 100 
762 4 M. fayaspaintenerife 762 100 
762 4 M. fayaspaintenerife 762 100 

CATTTAGAGGAAGGAGAAGTCGTAACAAGG"TT"TCCCAGG'.GAACCGCGGAAGGATCAT 60 
CATTTAGAGGAAGGAGAAGTCGTAACAAGGT";""TCCG7 AGCGAACCGCGGAAGGATCAT 60 
CATTTAGAGGAAGGAGAAGTCGTAACAAGGT'.TCCG"TAGCGAACC";"GCGGAAGGATCAT 60 
CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGCGAACCGCGGAAGGATCAT 60 
************************************************************ 

TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACA"'."G".""."AA"."AACTACCGGGGGCAGGGG 120 
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGT"."AA~AACTACCGGGGGCAGGGG 120 
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAA~AACACCGGGGGCAGGGG 120 
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGT"'."AA~AACACCGGGGGCAGGGG 120 
************************************************************ 

GCGATCAAAAGCCTCCGGTCCCCAAAACGG"'.""TGGGGAGCA--:G~GCTGT'.GTCCCGTCGGC 180 
GCGATCAAAAGCCTCCGGTCCCCAAAACGG"TTGGGGAGCA-:-G-:-GCTGTTGTCCCGTCGGC 180 
GCGATCAAAAGCCTCCGGTCCCCAAAACGGTTGGGGAGCA-:-G";"GCTGTTGTCCCGTCGGC 180 
GCGATCAAAAGCCTCCGGTCCCCAAAACGGTTGGGGAGCA~G-:-GCTGTTGTCCCGTCGGC 180 
************************************************************ 

CCTCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240 
CCTCGGGCGCGGACAGGGAACCACACGCACG"'."GTCCCCCCAACCGAACAACGAACCCCGG 240 
CCTCGGGCGCGGACAGGGAACC AC ACGCACG ~GTCCCCCC . .\ACCGAACAACGAACCCCGG 240 
CCTCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCC:\ACCGAACAACGAACCCCGG 240 
************************************************************ 

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAG-:-GCCCCTA~CGCCCCGGAAACGG';"G';" 300 
CGCGGACTGCGCCAAGGAACTTCAACAAAAGACGCCCCGA-:-CGCCCCGGAAACGG";"GT 300 
CGCGGACTGCGCCAAGGAACTTC AACAAAAGAG '.GCCTCG . .\ -:-CGCCCCGGAAACGCG-:- 300 
CGCGGACTGCGCCAAGGAACTTC AAC AAAAG AG ~GCCCCC\ -:-CGCCCCGGAAACGG ~G ~ 300 
************************************************************ 

GCG"'."CGGTTGGGACG~CTTGACTC.,.A"C ACAAAACCACCCGGC AACGGATA "."CCCTC 360 
GCGTCGC:-GGGACGTcTGACC~ A';"ACAAAACGAc-:-c-:-cGGCAACGGA! A";"CTGU 360 
GCGTCGC';"GGGACCC";"G . .\CC-:-. .\-:-ACAAAACG.\CC';"CGGCAACGGATA~CCC:CC 360 
GCGTCGG-:-~GffACG~C"'"GACG~~r . .\C\.\,\ACC\C T:CGGCAACGGA ~A ~CCC:Gr 360 
************************************************************ 
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V.. :avapo:·::1ga~ 
~- ~eyaspai::go~P!·a 

~. ~ayaspa:~te~eri~e 

Y.. :c~;cspc.:i::c;Ja::::c 

V.. fayaportugc: 
Y.. :ayaspaingome!·a 
M.fayaspainteneri:e 
V..favaspainlapal=a 

M. fayaportugal 
Yi. fayaspaingomel·a 
M. fayaspainteneri:e 
V.. fayaspainlapal~a 

Y.. fayaportugal 

Yi. fayaspaingome2·a 
M.fayaspaintenerife 
M. fayaspainlapalr:ia 

M.fayaportugal 
M.fayaspaingomera 
M.fayaspaintenerife 
M.fayaspainlapalr:ia 

M. fayapor~ugal 
M. fayaspaingomera 
M. fayaspaintenerif e 
M. fayaspainlapalma 

M.fayaportugal 
M. fayaspaingomera 
M.fayaspaintenerife 
'l. fayaspainlapalma 

TCCGCATCCTGAAGA . .\CG: ;r:cc: ·\A.\ TGCGA T ACTGGTCGAA T°'.'GCAGAA "°CCCGC 420 
:cue ATCC:,\TGAAH . .\CCAGCG.-\\ .\ TGCGATACTGCCG .. \A°:-TGCAGAA TCCCGC ;20 
TCCGCATCGA TG . .\:\G..\ . .\CC: ~ . .\G(°G.\ . .\:\:-GCGATACTGCCGAA TTGCAGA:\ TCCCGC ~20 

°?CTCGCA °'.'CG . .\ T.\AC'AACC: TAGCG..\AA TGCGAT AC'TGCCGAATTGC AGAATCCCGC 420 
************************************************************ 

GAA TCATCGAC:-T TTGAACGCAAG TTGCGCC'CAAAGCCAT TTGGCCGAGGGCACG T:-G 480 
GAATCATCGAGTTTTTGAACGCAAGTTGCGCCCAAAGCCATTTGGCCGAGGGCACGTCG 480 
GAATCATCGAGTTTTTGAACGCAAG"°.,.GCGCCCAAAGCCATTTGGCCGAGGGCACGTCTG 480 
GAATCATCGAGTi.,.TTGAACGCAAGTTGCGCCCAAAGCCATTIGGCCGAGGGCACGcCTG 480 
************************************************************ 

CCTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACC7 CGCAAGAGGGAGTTCGGGGAC 540 
CCTGGGTGTCACGCATCGTTGCCCCA . .\CCCCAAACACCTCGCAAGAGGGAGTTCGGGGAC :>40 
CCTGGGTGTCACGCA"'CGTTGCCCC.~ACCCCAAACACCTCGCAAGAGGGAGTTCGGGGAC 540 
CCTGGGTGTCACGCATCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTCGGGGAC 540 
************************************************************ 

TATCGGGGCGGACATTGGCCCCCGTGAGCTAGTTCi'CGCGGTTAGCCTAAATACGAGTC 600 
TATCGGGGCGGACA';TGGCC:CC'CGTGAGCTAGTTCCGCGGTTAGCCTAAATACGAGTC 600 
TATCGGGGCGGACATTGGCCCCCGTGAGCAG'.TCTCGCGGTTAGCCTAMTACGAGTC 600 
TATCGGGGCGGACAT".'GGCCCCCGTGAGCTAG:ICTCGCGGTTAGCCTAAATACGAGTC 600 
************************************************************ 

CTCGGCGACGAGCGCCACGACAA-:'CGGTGGTTGACAAAGCCCTCGTTTCCCGTCGTGGGT 660 
CTCGGCGACGAGCGCCACGACAATCGGTGGTTGACAAAGCCCTCGTTTCCCGTCGTGGGT 660 
CTCGGCGACGAGCGCCACGACAA-:'CGG"'GGTTGACAAAGCCCTCGTTTCCCGTCGTGGGT 660 
CTCGGCGACGAGCGCCACGACAA"'CGGTGGl'TGACAAAGCCCTCGTTTCCCGTCGTGGGT 660 
************************************************************ 

GCGTCGTCTCCATATGCGTTCTCTGTGACCC"GCl'GTGTCGTGCMGCGACACTTCCATC 720 
GCGTCGTCTCCATATGCG"°i'C:-CTGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATC 720 
GCGTCGTCTCCAT A TGCC-iT:CG T GACCCTGCTGTGTCGTGCAAGCGACACTTCCAT C 7 20 
GCGTCGTCTCCATATGCGTTCCTGTGACCCTGCTGTGTCGTGCAAGCGACACTTCCATC 720 
************************************************************ 

GCGACCCCAGG°'.'CAGGCGGGACACCCGCTGAGTTTAAGCAT 762 
GCGACCCCAGGTCAGGCGGGACTACCCGCGAGTTTAAGCAT 762 
GCGACCCCAGGTCAGGCGGGACTACCCGC7 GAGTTTAAGCAT 762 
GCGACCCCAGG TC AGGCGGGACT ACCCGCGAG~·:r AAGCA T 762 
****************************************** 
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APPE".\DIX 10 

CLLSTAL 2.0.8 multiple sequence alignment 

SeqA \an:e :...e!-: (r:t) Sec;3 \'c::::e ~e:1 (nt) Scoce 

C. Peregrinacar.ada 762 2 C. Peregri:caLSA 762 :oo 

C. "e!·egr i nacanada 
C. ?e!·egrinaUSA 

C. "eregrinacanada 
C.?ecegrinaUSA 

C.Peregrinacar.ada 
C.?eregrinaUSA 

C.?eregrinacanada 
C.PeregrinaUSA 

C.Peregrinacanada 
C.PeregrinaUSA 

C.Peregrinacanada 
C.PeregrinaUSA 

C.Peregrinacar.ada 
C.PeregrinaUSA 

C.Peregrinacanada 
C. Pereg!·inalSA 

C.Peregri~acanada 

C. ?e!·eg!· i nalSA 

C.?eregri~aca~ada 

C. ?e!·eg!·i:caLSA 

CATT""AGAGGAAGGAGAAG:CGTAACAAGGTT:CCGTAGGTGAACCTGCGGAAGGATCA: 60 
CATTTAGAGGAAGGAGAAG""CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGAcCAT 60 

************************************************************ 

TGTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGCG :20 
TGTCGAAACCTGCCCAGCAGAACGACCCGCGAACATGTTAATAACTACCGGGGGCGGGCG :20 

************************************************************ 

GCGATCAAAAGCCCCCGTCCCCAAAACGGTTGGGGAGCATGTGCCGTTACCCCGTCGGC 180 
GCGATCAAAAGCCCCCCCCCCAAAACGGTTGGGGAGCATGTGCCGTTACCCCGTCGGC 180 
************************************************************ 

CCTCGGGCGCGGACGGGAAACACAAGCGCGTGCCCCCCAGCCGAACAACGAACCCCGGCG 240 
CCTCGGGCGCGGACGGGAAACACAAGCGCGTGCCCCCCAGCCGAACAACGAACCCCGGCG 240 

************************************************************ 

CGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGGTCGCCCCGGAAACGGTGTGC 300 
CGGACTGCGCCA~GGAACTTCAACAAAAGAGTGCCTCCGGTCGCCCCGGAAACGGTGTGC 300 
************************************************************ 

G:CGGTTGGGACG!CTTGACTGTTATACAAAACGACTCTCGGCAACGGATATCTCGGCTC 360 
GTCGGTTGGGACGTCTTGACTGTTATACAAAACGACTCTCGGCAACGGATATCTCGGCTC 360 
************************************************************ 

TCGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTG7GAATTGCAGAATCCCGCGA 420 
""CGCATCGATGAAGAACGTAGCGAAATGCGATACTTGGTGTGAATTGCAGAATCCCGCGA 420 

************************************************************ 

A"TATCGAC""TTTGAACGCAAG7";'GCGCCCAAAGCCGTTTGGCCGAGGGCACGTCTGCC 480 
A:CA".'CGAGTTT";'TGAACGCAAGTTGCGCCCAAAGCCGTTTGGCCGAGGGCACGTCTGCC 480 

************************************************************ 

TGGCGTCACGCATCC""GCCCCAACCCCAAACACCTCGCMGAGGGAGTTTCGGGGAC '140 
TGGGTGTCACGC:\TCGTTGCCCCAACCCCAAACACCTCGCAAGAGGGAGTTTCGGGGAC 540 
************************************************************ 

AA TCGCCGCGG\C\T TGGCCCCCGTG:\ffT.~G TTCCGCGGTTAGCCAAA ".'AC GAG TC 600 
AATCGC:C:GCGGAC\ ;·~GGCCTCCCGTG:\GCT:\GT"JCTCGCGGTTAGCCT AAAT ACGAGTC 600 
************************************************************ 
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C. "e!·eg!·: ::cca ::a:',: 
C. "c'!·eg!·'.::2:S>1 

C'. ?e:reg~·: :-:c.cc!::cc:c~ 

C. ?e!·Pg!·:::a::SA 

C. "ereg;·:::ara::aca 
C. ?eregr'.:~a''SA 

CCGGCG ACC: Al'CGl c ·".CG \CAXTGCGG TTGATAAAGCCC:TG TTTCTCG TCG Tl:CGI. tibtl 
CCGGCGACG i.ccccc.i.cc-1c \A TCGCGGTTGA TAAAGCCCCC: TTTCCCGTCC :u·u· li60 

************************************************************ 

GITTTGT CGCCC.\ ~C GCGCTCG TGACCCGCGTCCG TGCAAGCG ACGCTCC.\ TC 720 
GCCTTGTCGCCCA~'GTGCGCCCGTGACCCGCTGTGiCGTGCAAGCGAlGCTCC.\TI. 7'.20 

************************************************************ 

GCGACCCCAGG'.CAGGCGGGACACCCGC".'GACTTAAGCAT 762 
GCGACCCCAGGTCAGGCGGGACTACCCGCTGAGliTAAGCAT 762 

****************************************** 

209 



APPE\:DIX 11 

CLlSTAL W 2.0. 8 multiple sequence alignment 

SeqA :-;a:::e Le::(~t) Seq3 ~a~e 

Y..r-:::ar'.i~eziispai~e:hierro 762 2 M.r-marti~eziispai~go=era 762 :oo 

~.r-~artineziispainelhierro 

M. r-~artineziispaingomera 

M.r-martineziispainelhierro 
M.r-~artineziispaingonera 

Y.. r-~artineziispainelhierro 
Y.. r-n:a:!_·tinezi ispeir:go::nera 

M. r-martineziispainelhierro 
Y.. r-mart inezi ispair:goc:era 

Y.. r-martineziispainelhierro 
Y..r-martineziispaingomera 

M. i·-martineziispainelhierro 
Y..r-martineziispaingomera 

Y..r-~artineziispainelhie1·ro 

V.. r--::w.:?·t inez ii spa i :1goll:'.era 

Y.. r-~artineziispai11elhierro 
\:. r-::ie.rtineziispaingo:::e~·c. 

Y..r-:::ar'.ineziispaicelhierro 
~.r-=arti~eziispai~go=era 

Y.. -=a!·ti~eziispai~P:~iP!·~·o 

Y. ?·-=ar:ineziisp2i~go:~e!·a 

CA-:-:"T'AGAGGAAGGAGAAGTCGTAACAAGG"'.'T"'.'CCGTAGGTGAACCGCG 50 
CA-:--:-TAGAGGAAGGAGAAGTCGTAACAAGGTTTCCG"'.'AGGTGAACCTGCG 50 
************************************************** 

GAAGGATCATTGTCGAAACCTGCCCAGCAGAAC'GACCCGCGAACA-:-C-:-A '.00 
GAAGGATCATTGTCGAAAC'CTGCCCAGCAGAACGACCCGCGAACAT'.-:-A '.00 
************************************************** 

ATAACACCGGGGGCAGGGGGCGATCAAAAGCCTCCGGcCCCCAAAACGG :50 
ATAACTACCGGGGGCAGGGGGCGATCAAAAGCCTCCGGTCCCCAAAACGG '.50 
************************************************** 

TTGGGGAGCATGTGCTGTTGTCCCGTCGGCCCTCGGGCGCGGACAGGGAA 200 
TTGGGGAGCATGTGCTGTTG'"CCCGTCGGCCCCGGGCGCGGACAGGGAA 200 
************************************************** 

CCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGGCGCGGACTGC 250 
CCACACGCACGTGTCCCCCCAACCGAACAACGAACCC'CGGCGCGGACTGC 250 
************************************************** 

GCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCGCC'CCGGAAACGGTGT 300 
GCCAAGGAACTTCAACAAAAGAGTGCCTCCGA""CGCCCCGGAAAC'GGTGT 300 
************************************************** 

GCGTCGGTTGGGACG-:-CT"'.'GACTGTT A 7 ACAAAACGACTCTCGGC' AACGG :l .'iO 
GCGTCGGTTGGGACG-:-CIGACJGTT Ai ACAAAACGACCTCGGC'AACGG 3.)0 
************************************************** 

AIATCCGGCiCTCGCATCGA"'.'GAAGAAC'CAGCGAAATGCGATACT"'.'GG 400 
ATATCCGGCTCTCGCA-:-CGATGAAGAAC'GTAGC'GAAATGCGAiACTGG mo 
************************************************** 

TG iG AA TTGCAGAA "'.'CTCGCGAA TCA TCGAC:--:--:-TGAACGCAACTGCG ; .)0 
TG "'.'G .A.:\ "'.'"'.'GC AGAA TCCCGC'GAA IC A "'.'CGAG-:--:--:-~-:-GAACGCAAG TTGCG ~ .10 
************************************************** 

CCC\A:\GCCA~~TGGCCGAGGGCACGTC~C:CCGGG~G-:-CACGCATCG:: '100 
CCCA:\ . .\GCC\-:-~~GGCCGAGGGC'ACCCTffCTGGCCC ACGC..\""CC ~ .100 
************************************************** 
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~- r-=e?·:i:~eziisp~i:~c:~ie!·!·o 

M. r =2r::~ez:isp2i~go=ere 

Y.Y-~2Y~i~eziisp2i~e:~ie~·yo 

Y.. r-~a?·:ineziispai::go::era 

Y.. !·-:::a1--:::nezi ispc.i.:1el'.:ierro 

:\1. 2·-ciartineziispaingo:::e2·a 

M.r-cartineziispainelhierro 
Y. r-martineziispaingo~era 

~- r-~artineziispaineltierro 

Y:. i·-martineziispaingomerc 

~- r-mart:neziispaineltierro 
M.r-martineziispaingomera 

C:CCC C:\:\C'CCCAAAC\CCCGCAAG AGGG:\C"'.'CGGCGAC"'.' A"'.' CTGGGCG 5 .10 
GCCCCAACTCCA . .\ACACCTCGCA:\GAGGG..\G"'.'"'.'CGr:c,r::\C"'.'A~c·cc:cr:cc 5~0 

************************************************** 

G AC A "'.'"'.'GGCCCCCC GAGCAC"i'CTCGCGG "'.'"'.' AGCC: AAA~ ACGAG-:-C 600 
G . .\CA TTGGCCCCCCGAGC ACTCTCGCGCTAGCC"?i\AA T ACGAGTC 600 
************************************************** 

CTCGGCGACGAGCGCCACGACAATCGGTGG"lTGACAAAGCCCCG.~"'.'TC 650 

CTCGGCGACGAGCGCCACGACAA"lCGGTGGTTGACAAAGCCCTCGT'TCC 650 
************************************************** 

CGTCGTGGGTGCG'.CGTC:TCCATATGCGTTC"lCTGTGACCCTGC1GTG'C 700 
CGTCGTGGG"lGCGTCGTCTCCATATGCGT"lCTCTGTGACCCTGCTGTGTC 700 
************************************************** 

CGCAAGCGACAC"'."TCCATCGCGACCCCAGGTCAGGCGGGACACCCGC 750 
CGCAAGCGACACTTCCATCGCGACCCCAGGTCAGGCGGGACTACCCGCT 750 

************************************************** 

GAGT"'.'TAAGCAT 762 
GAGTTTAAGCAT 762 
************ 
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APPE>:DIX 12 

CLlSTAL W 2. 0. 8 multiple sequence alignment 

SeqA \ame 

If.ore! laadenop;;o1·2china 

Morellaadenophorac:::::a 
Morellaadenophorataiw2:: 

More:Iaadenophorachi::a 
More 1 l aadenophora ta i wai: 

Morellaadenophorachina 
Morellaadenophorataiwa:: 

Morel laadenophorach i::2 
More 11 aadenophorat a i we:; 

Morellaadenophoract:i::a 
Morellaadenophorataiwan 

'.lore l laadenophorac:; i ::a 
Morellaadenophorataiwc:: 

Morellaadenophorachi::c 
Morellaadenophorctaiwa:: 

Morellaadenophorac~i::a 

Morellaadenophorataiwa:: 

Morel laadenopr:o:·cc':' ::a 
Morellaadenop~o~2:2~w~~ 

~e~(~:) Seq3 \a~e Ledn:) Sco1·e 

80~ 2 Morellaadenophorataiwan 799 98 

GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGG 50 
GGCCGCGGGAATTCGATTGGAAGTAAAAGTCGTAACAAGGTTTCCG:AGG 50 

************************************************** 

TGAACCGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCCGC :oo 
TGAACCTGCGGAAGGATCATTGTCGAAACCTGCCCAGCAGAACGACCLGC '.00 

************************************************** 

GAACA'GTTAATAACTACCGGGGGCAGAGGGCGATCAAAAGCCTCCCG':'C ;50 
GAACATG".'~AA".'AACTACCGGGGGCAGGGGGCGATCAAAAGCCTCCCG'.C '.50 

*************************** ********************** 

CCCAAAACGGTTGGGGAGCCCGTGCTGTTGTCCTGTTGGCCCTCTGGCGC 200 
CCCAAAACGGTTGGGGAGCACGTGCTGTTGTCCTGTCGGCCCTCTGGCGC 200 

******************* **************** ************* 

GGACAGGGAACCACATGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 250 
GGACAGGGAACCACACGCACGTGTCCCCCCAACCAAACAACGAACCCCGG 250 
*************** ****************** *************** 

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGAAGGCCCCG 300 
CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGAAGGCCCCG 300 

************************************************** 

GAAACGGTGTGCGTCGGTTGGGACGTCTTGACTGTTATACAAAACGACT 350 
GAAACGGTGTGCGTCGGTTGGGACATCTTGACTGTTATACAAAACGACC 3.10 

************************ ************************* 

TCGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG ;oo 
".TGGCAACGGATATCTCGGCTCTCGCATCGATGAAGAACGTAGCGAAATG ~00 

************************************************** 

cc: .i TACTGGTGTGAA TTGCAGAA TCCCGCGAA TCA TC GAG TTTTTGAAC ; 50 
CGAT . .\CTGGTG'?GAA TTGC AGAA '?CCCGCGAA TC A :cGAGTTTEGAAC ;,:;o 

************************************************** 

GC A . .\G ~ : GCGCCCAAAGCCG ".'T'?GGCCGAGGGC ACGTCTGCCGGCG-C :100 
GC .\ . .\[, ~·;c:rGCCCAAAGCCG TTTGGCCGAGGGC ACGTCGCCTGGGTGTC .)00 
************************************************** 
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~ore::dccle~o~~o!·~c:-::.::~ 

V:o!·e:: ccde:10;:;::0!· c: c: .'..we:: 

~ore::aadenophorec~~~" 

More::aade~opto!·a:a.'..wa~ 

~ore::aadenophorac~~c2 

~ore::aadenopto?·c:a:.wa~ 

More:: aadenopLoYac'.-: :.::2 
More::cade~optoYa:a:.wa:: 

More::aade~opto!·ac:-:i::c 

More::aade11op~ora:aiwa:1 

~ore!:aade11ophorcch:.:1c 

~ore::eadenophora~a~wa~ 

,.\CGCA 'Cl~ ''GCCCCAACCCCAAACACCCGC.HG . .\GGG x: ,.'.l 'ffGC,AC .1,10 
,\CGCTCCTCCCCAACCCCAAACACCTC:CA . .\C..\GCT\''~'GCG .K :, ;g 

******************************************* *** ** 

-:-A-:-CGGGGCGGACA-:-TGGCC:CCCGTGAGCTAG ''CCGC'C.G::·AGCC .\ liOO 
,A;CGGGGCGGACA-:-;GGCCTCCCG-;"GAGCTAC-:-CCGCGC'AGCC.\ '199 
************************************************** 

AA-:-ACGAGTCTCGGCGACGAGCGCCACGACAA;CGG,GC,GA-:-AAAGC 6'10 
AA".''.CGAG:CCTCGGCGACGAGCGCCACGACAA-:-CGGCGC,GA-:-AAAGC 6~9 
*** ********************************* ************ 

CCTCG-:--:-,CCCGTCGTGCGTGCCTCGTCTCCCTA!G-;"GCGCCICGACC 700 
CCTCG-:--:--:-cccGTCGTGCGTGCCTCGTCTCCCTATGTGCGCT:G-:-GAC'C' 699 
************************************************** 

CTGCGiGTCGTGCAAGCGACACTTCCATCGCGACCCCAGGTAGGCGGG 7SO 
CTGCGTGTCGTGCAAGCGACACTTCCATCGCGACCCCAGG-:-CAGGCGGG 7..;9 
************************************************** 

ACTACCCGCTGAGTTT AAGCATATCAATAAGCGGAAGGAA· 'TAC AG-:-G 799 
AC":ACCCGGGAGTTTAAGCATATCAATAAGCGGAAGGAAATACACG 799 
**************************************** ********* 
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APPE'.\DIX 13 

CLLSTAL 2.0.8 multiple sequence Hlignment 

Sec;A \arr:e ~en(~~) Se~3 \ame ~e:: (:~:) Sco~·e 

Yi. ceriferaja:naica 762 2 762 99 

M. ceriferajarr.aica CA'.TTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCCAGCGAACCGCGGAAGGATCA: 60 

M. ceriferal.JSA CATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCGCGGAAGGATCA7 60 

************************************************************ 

Yi. cer if eraja:nai ca TGTCGAAACCGCCCAGCAGAACGACCCGCGAACATGTTAATAACT.iCCGGGGGCAGGGG : 20 

Yi. ceriferaCSA :CCGAAACCGCCCAGCAGAACGACCCGCGAACATGFAATA..\CACCGGGGGCAGGGG l20 

************************************************************ 

Y..ceriferajamaica GCGATCAAAAGCCTCCGGTCCCCAAAACGGTCGGGGAGCATGTGCGTTGTCCCCCGGC l80 
Yi. ceriferaL"SA GCGATCAAAAGCC"iTCGGTCCCCAAAACGGTCGGGGAGCATGTGCGTTGTCCCGTCGGC l 80 

************************************************************ 

M.ceriferajamaica CCTCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 2~0 

Yl.ceriferaCSA CCTCGGGCGCGGACAGGGAACCACACGCACGTGTCCCCCCAACCGAACAACGAACCCCGG 240 

************************************************************ 

M. ceriferajamaica 
M.ceriferaUSA 

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGATCGCCCCGGAAACGGTGT 300 

CGCGGACTGCGCCAAGGAACTTCAACAAAAGAGTGCCTCCGA~·cGCCCCGGAAACGGTGT 300 

************************************************************ 

M.ceriferajamaica GCGTCGGTTGGGACGTCTTGACTGTTATACAAAACGAC:rCGGC.A..iCGGATATCCGGC 360 
Y.. ceriferaUSA GCGTCGGTTGGGACGTCTTGACTGTTATACAAAACGACC:TGGCiACGGATATC7 CGGC 360 

************************************************************ 

Y.. ceriferajamaica TTCGCATCGA"'.'GAAGAACGTAGCGAAATGCGATACTGGTGTG.HTTGCAGAATCCGC 420 
Y.. ce,·i f era USA TCTCGC A 'CGATGAAGAACGTAGCGAAA TGCGA :ACTGG!G:G.H TTGC AGAA TCCCGC ~20 

************************************************************ 

~~. cer if eraja:::a i ca GAATC ATCGAGTTTTTGAACGCAAGTTGCGCCC AAAGCCA '.TTGGCCGAGGGCACCTTG 480 
M. ceri fer a USA GAATCATCGAG:T:~~GAACGCMGTTGCGCCCAAAGCC A ~TTGGCCGAGGGCACC:CTG 480 

************************************************************ 

Y:. ceri f erajc:r:cica CCTGGG':GTCACGCATGTTGCCCCAACCCCAAAC ACCTGC..\AGiCGGAG:~CGGGC-AC o·iO 
Y.. ce,·: :e,·aL:SA CCTGGGICCACGCATCGTTGCCCCAACCCC:\AACACCCGCiAGAC:GGACTCGGGCAC o~O 

************************************************************ 

Y.. ce,·: ~·e,·2 '2:::2: c2 ~.·\ ~CGGC:GCGGAC..\TTGGCCTCCCGT.\GC iCTTC:CTCT \C:CC" . .\.iC~CCACC 600 

Y.. ce,·: :e, a~SA TiTCGGGGCGC\Ci~~GGCCTCCCGTG . .\GCC\C:r:n:ccr TiGCCTAAX:iCC:\CC 600 

****************************** ***************************** 
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Y.. cee·: :e,·2~2::,e: ca CTGGCGACGAClGCDCG.\C\\ :CGCff ::GA:AAAC:CCCCC:TCCCCCGCC 660 
Y.. cee: :·ee·2cSA CCGGCGACGACffCC.KCAl\A :CGCGC:GA: AAAGCCC:cc::cccccc:~c:cc~- 660 

************************************************************ 

Y.. ce,· i: er2 .:a:::a: ca GCCCG'.C:CCA :A :C:CC~C~CCG.KCC".'GC:CCCCGC..\ . .\GCGACAC.TCA :C 720 

Y.. ce,· i: ee·a ~:SA GC::CGTC'.CCCA :ccc::-:c:c:G:GACCC:GCC-:'G-:-CG:GCAAGCGACAC'.CCX~C 720 

** ******** ************************************************ 

Y:. ceci f e,·ajamaica GCGACCCCAGG:CAGGCGGGAC-:-ACCCGCGAGTTTAAGCAT 762 

Y.. ceci f erac:SA GCGACCCCAGG:CAGGCGGGAC AC'CCGCGAG";'TTAAGCA'. 762 

****************************************** 
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APPE\:DJX 14 

CLLSTAL ~- 0.8 multiple sequence alignment 

SeqA \ame ~e::(:::) Sec;3 \c:::e 

2 
2 
3 

C. sarme"'.osa '.785 
C. sarmentosa :785 
C. sarmentosa :785 
C.ruscifo:ia :78'. 
C.ruscifo:ia :78: 

2 
3 

3 

r.r~scifo:ia '.78: 
C.nepalensis !785 
C.:::yr'.ifo'.le '.737 
C.nepalensis '.785 
c.~yrtifolla 1737 
C.myrtifolia !737 

98 
99 
99 
97 
97 
99 C.nepalensis :785 

C.nepalensis 
C.myrtifolia 
C. sarrr:entosc 

C. ruscifolia 

C.nepaler.sis 
C.myrtifolia 
C. sarmentosa 
C. rusci:olia 

C.nepalensis 
C.myrtifolia 
C.sarmentosa 
C. ruscifol ia 

C.nepalensis 
C. myrti:ol ia 
C.sarmentosa 
C. ruscifol ia 

C. nepaieICsis 
C. myrtifol ia 
C. sa!~:;entosa 
C. rt!scifo: ia 

C. ne;:ia:e:csis 
C. ~:v:·:; :o: :2 
C. Sc":::e::'. osa 

".'CA ".'A ".'GC'.'".'CCTCAAAGA T"'."AAGCrATGCA".'GTGCAAG"'. ATGAAC AA ".'".'CAGAC:G".' 60 
C.' TA ".'GCTGTCTCAAAGA T".' AAGCCA";"GCATGTGCAAGTATGAAC AA TTCAGACTGT 59 

TC \".'ATGC'."'.'GTCTCAAAGA ".'TAAGCCATGCATG".'GCAAGTA".MACT AATTCAGACG"'.' 60 
".'C.\ ".' ATGCTG';CCAAAGA TT AAGCC ATGCATGTGCAAG".'A TGAACT AA ".'".'CAGACTGT 60 

*********************************************************** 

GAAACGCGAATGGCCAT~AAATCAG~TATAGTTTG";"TTGA";"GG;A".'CTGCTACTCGGA :zo 
GAAACGCGAA"'."GGC"CATT AAA ".'CAGTT A TAGTTTGTTTGA ':"GC ATCTGCTACTCGGA : : 9 
GAAACGCGAATGGCCA~".'AAA"!CAGT';ATAGTTTG;T;GATGG"'.'ATCTGCACTCGGA 120 
GA.\ACGCGAATGGCCAcTAAATCAGTTATAGTTTG"'."TTGA':"GGTATC"."GCTACTCGGA c20 

************************************************************ 

T.,\,.\CCCAC AA "'.'TC AGAGCT AA TACGTGCAACAAACCCCAACTTGGGAAGGGATGCA 180 
".' .\ACCG ".'ACAA ".'';C: AGAGCTAA TACGTGCAACAAACCCCAACTTCTGGA . .\GGGATGCA 1 79 
";"AACCG ".' AGT AA 1;CTAGAGCT AA TACGTGCAACAAACCCCAACTTCTGG.\AGGGACGCA i 80 
"T' A.\CCG".'AG TAAc".'CTAGAGCT AA TACGTGCAACAAACCCCAACT! CTGGAAGGGAYGCA 180 

******************************************************** *** 

".'cTAT".'AGA~AAAAGG"'."CGACGCGGGCCTAGCTCGTTGCTC'"GATGATTCATGATAACC 2~0 

;;;A :TAG..\ TAAAAGGiCGACGCGGGCCT AGCCCGT".'GCCTGATGAT""CA TGA T AACTC 2:l9 
;;; ..\ TTAGX:-AAAAGGICGACGCGGGCC! AGCCCGTTGCCTGATGATTC A :CAT f\AC"T 240 
".'""".'AT~ AG.,~ AAAAGCCG.\CGC- --CTAGCCCGTTGCcCTGATGA TTA "'.'GATAACTC :~36 

*********************** ***** *************************** 

GArGC\ TCGl ·:1rGGCCA".'CG".'GCCGGCGACGC A 7 CATTC AAA :A:CTGCCC ..\ TCAACT".' 300 
GACGG..\ ~CGC ACCGCCA ITCGCCGGCGACGCA TC A TIT AAA TTTCcGCCC ATCAAC"'.' 299 
GACGG.\ TCGC\CGGCC:".'CGTGCCGGCGACGCA TCATTC AAAT".'cCGCCC.\ TC AA CT".' 300 
GACGG.\~CGCACGGCC"".'CGTGCCGGCGACGCATCATTCAAA"'."TTCGCCCATCAACT 296 

**************** ************************** **************** 

TCG.\ -:-c:c- .. \GGA TAGTGGCCAC: A.1GG". GCHCC:GG".'G..\CGGAGAA ~T.\GGGTTCGA": 360 
:cc;ATC.\GG.\ TAG"?GGCC ACT ATGG".'GGcGACGGGTG..\CGGAG.\A ".'TAGGG".'TCGAT 3~9 

Tl'HTUT .\\.GA T ..\GTCHC AC"?A:Gc"T'crr,"\CGC·G".'G \CGC.AGA\".'".' . .\GGC~'CGA~ :160 
~CC Y:-Cl'"'.'.\C:CA ".'AGTGGCCACATGGTGCG.iCGC,GT c:ACGC\GAA ".':- .\C,GG:".'CGA ~- :\~ti 

********~*************************************************** 
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C. ::e~c:e::s'.s 
C. ::v:·: ::·o: ic 

C. s2:·::e::tosc 
C. :·::sc'. :·o: ia 

C. :-:e;Jc.:e:-:sis 

C. r:::y!·~i:olia 
C. sa:·:::e::tosa 
C. !·:_1sci:olia 

C. r:e;ia 1 e:Js is 

C. r:Jyr"!:ifolia 
C. sar:rre:Jtosa 
C. rusci fol ia 

C. r.epale'.1sis 
C. r.::yrti:olic 
C. se.1·:r.e:1tos2 

C. rc:scifolia 

C. r:e;ialer:sis 
C.wyrti:'olia 
C. sa:·:r:entosa 
C. ruscifolia 

C. r:e;:Je.le:1sis 

C. ::iyrt i fol ia 
C. sarrr:entosa 
C. r:_:sci fol ia 

C. r:e;ia 1 ens is 
C. myr'.ifolia 
C. sa:·r::e'.ltosa 
C. !·:.:sci fol ia 

C. ne;iale'.1sis 
C. r::yr'. i fol ia 
C. sa::-::e::tosa 
C. :·::scifolia 

C. ::e;ia: ecis is 

C. :::v:·: i :o: ia 
C. sc:·:::e::tosc 

C. :·::sc: ~o: :a 

:cCGGAGAGGGAGCCGAGAAACGGCTACCACATCAAGGAAGGCAGCAGGCGCGCAAAT ;zo 
:CCGG:\GAGGGAGCCGAGAAACGGC! ACCACA .,.CCAAGGAAGGCAGC AGGCGlGCAAA: ~: 9 
TCGGAGAGGGAGCCGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT ~20 
TCCGGAGAGGGAGCCGAGAAACGGCTACCACATCCAAGGAAGGCAGCAGGCGCGCAAAT 4:6 

************************************************************ 

TACCCAA.,.CCTGACACGGGGAGGTAGTGACAA1AAA]AACAATACCGGGCC:TTGAGTC 480 
TACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACCGGGCC:TGACC ~79 
:ACCCAATCCTGACACGGGGAGGTAGTGACAATAAATAACAATACCGGGCTCTTTGAGTC 480 
TACCCAATCCTGACACGGGGAGGTAGTGACAATMA.TAACAATACCGGGCCT::GAG'.C 476 

************************************************************ 

TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT 540 
TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT 539 
TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT 540 
TGGTAATTGGAATGAGTACAATCTAAATCCCTTAACGAGGATCCATTGGAGGGCAAGTCT 536 
************************************************************ 

GGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAA 600 
GGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTTAAGT7 GTTGCAGTTAA 599 
GGTGCCAGCAGCCGCGGTAATTCCAGCTCC~~TAGCGTATATTTAAGTTGTTGCAGTTAA 600 
GGTGCCAGCAGCCGCGGTARTTCCAGCTCCAATAGCGTATATTTAAGTTGTTGCAGTTAA 596 

******************* **************************************** 

AAAGCTCGTAGTTGGACCTTGGGTCGGGCCGATCGGTCCGCCAATGGTGTGCACCGGTCT 660 
AAAGCTCGTAGTTGGACCTTGGGTCGGGCCGATCGGTCCGCCAATGGTGTGCACCGGTCT 659 
AAAGCTCGTAGTTGGACCTTGGGTCGGGTCGATCGGTCCGCCAATGGTGTGCACCGGTTT 660 
AAAGCTCGTAGTTGGACCTTGGGTYGGGTCGATCGGTCCGCCWATGGTGWGCACCGGTTK 656 

************************ *** ************* ****** ******** 

GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGTCCTTAACTGGCCGGGTCGTGCCTCCGGC 720 
GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGTCCTTAACTGGCCGGGTCGTGCCTCCGGC 719 
GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGTCCTTAACTGGCCGGGTCGTGCCTCCGGC 720 
GCTCGTCCCTTCTGCCGGCGATGCGCTCCTGKCCTTAACTGGCCGGGTCGTGCCTCCGGC 716 

******************************* **************************** 

GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGTATACATTAGCA 780 
GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGCATATATTAGCA 779 
GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGCATACATTAGCA 780 
GCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCAAGCCTACGCTCTGTATACATTAGCA 776 

************************************************ *** ******* 

:GGGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCGGGATCGGAGTAATGAT 840 
TGGGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCGGGATCGGAGTAATGAT 839 
TGGGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCGGGATCGGAGTAATGAT 840 
TGGGATAACATCATAGGATTTCGATCCTATTCTGTTGGCCTTCGGGATCGGAGTAATGAT 836 
************************************************************ 

TAATAGGGACAGTCGGGGGCATTCGTATTTCATAGTCAGAGGTGAAA!TCTTGGATTTAT 900 
TAACAGGGACAGTCGGGGGCATTCGTATTTCATAGTCAGAGG""GAAATTC.,.TGGATTTAT 899 
TAACAGGGACAGTCGGGGGCATTCGTATT!CA°!AGTCAGAGGTGAAATTCTGGATTTA.,. 900 
:AACAGGGACAGTCGGGGGCA!TCGTATTTCATAGTCAGAGGTGAAATTCTGGATTTAT 896 

*** ******************************************************** 
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C. sa,·:::.e1,cosa 
C. ,-.,sci:'.o; :a 

C. ::epc.le:1s:s 
(. !:V!"~ i fol ia 
C. sar::ientosa 
C. ,-uscifol ia 

C.r.epalensis 
C. :r:yrtifolia 
C. sar:i:entosa 

C.r"scifolia 

C.nepalensis 
C. i:;yrtifolia 

C. san::entosa 
C. ,-"scifolia 

C. nepalensis 
C. i:;yrtifolia 

C. sar:r:entosa 
C. ruscifolia 

C. r:epalensis 
C. myrtifol ia 
C. sannentosa 

C. rusci fol ia 

C.r:epalensis 
C. myrtifolia 
C.sarmentosa 
C. ruscifol ia 

C.nepalensis 
C. my rt i fol ia 
C. sarcentosa 
C. ruscifolia 

C.nepalensis 
C. r~y!"t i fol ia 
C. sa!":::e:itosa 
C. ,-c;scifoi ia 

GAAAGACGAACAACGCGAAAGCA :::GCT.HGG,\ "C"11CA '".'AA ".'CAAGAACGAAAG 960 
GAAAGACGAACAACTGCGAAAGC A 1'1GCCAAGGA :G:::-:-c-A :: AA ':'CAAGAACGAAAG 959 
GAAAGACGAACAAC1GCGAAAGCA1".'TGCCAAGGA"1G::T1CA1'AA1CAAGAACGAAAG 960 
GAAAGACGAACAACGCGAAAGCA'"T"'.'GCCAAGGA1G::;:n::AA1CAAGAACGAAAG 956 
************************************************************ 

"'."'GGGGGCTCGAAGACGA1CAGA1ACCG".'CCAGTCCAACCA1AAACGA1GCCGACCAG 1020 
1"'."GGGGGCTCGAAGACGA'i"CAGA';ACCG':'CCAG:C'CAACCA-;"AAACGA:GCCGACCAG 10:9 
1TGGGGGCTCGAAGACGAcCAGATACCGTCC1AG"TTCAACCATAAACGAiGCCGACCAG 1020 
TTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCTCAACCATAAACGA"'GCCGACCAG 10l6 
************************************************************ 

GGATCGGCGGATGTTACTTTAAGGACTCCGCCGGCACCTTA:"GAGAAATCAAAGTCTTTG 1080 
GGATCGGCGGATGTTACTTTAAGGACTCCGCCGGCACCTTATGAGAAATCAAAGTCTTTG 1079 
GGATCGGCGGATGTTACTTTAAGGACTCCGCCGGCACCTTATGAGAAATCAAAGTCTTTG 1080 
GGATYGGCGGATGTTRCTTTAAGGACTCCGCCRGCACCTTATGAGAAATCAAAGTCTTTG 1076 
**** ********** **************** *************************** 

GGTTCCGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCA 1140 
GGTTCCGGGGGGAGTATGGTCGCAAGGC"'.'GAAACTTAAAGGAATTGACGGAAGGGCACCA 1139 
GGTTCCGGGGGGAGTATGGTCGCAAGGC:GAAACTTAAAGGAATTGACGGAAGGGCACCA 1140 
GGTTCCGGGGGGAGTATGGTCGCAANNN~"\\~"\\\\~"\"\NNAATTGACGGAAGGGCNCCN 1136 
************************* *************** ** 

CCAGGAGTGGAGCCTGCGGCTTAATTTGACCAACACGGGGAAACTTACCAGGTCCAGAC 1200 
CCAGGAGTGGAGCCTGCGGCTTAATTTGAC1CAACACGGGGAAACTTACCAGGTCCAGAC 1199 
CCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAGAC 1200 
CCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAGAC 1196 
************************************************************ 

ATAGTAAGGATTGACAGACTGAGAGCTC'.T'.T:TGA T:CTATGGGTGGTGGTGCATGGCC 1260 
ATAGTAAGGATTGACAGACTGAGAGCTCTTTC"'1GAT1CTATGGGTGGTGGTGCATGGCC 1259 
ATAGTAAGGATTGACAGACTGAGAGCTC:T1C1TGATTCTATGGGTGGTGGTGCATGGCC 1260 
ATAGTAAGGATTGACAGACTGAGAGCTCTTTC1TGAT1CTATGGGTGGTGGTGCATGGCC 1256 
************************************************************ 

GTTCTTAGTTGGTGGAGCGATTTGTCTGGT7AAT1CCGTTAACGAACGAGACCTCAGCCT 1320 
GTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAAT1CCGTTAACGAACGAGACCTCAGCCT 1319 
GTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAA'TCCGT!AACGAACGAGACCTCAGCCT 1320 
GTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAA"'"TCCG'!AACGAACGAGACCTCAGCCT 1316 
************************************************************ 

GCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCCAGCT1CTTAGAGGGACTATGGCCTT 1380 
GCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCCAGCTTC':'"'.'AGAGGGACTATGGCCTT 1379 
GCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCCAGC"T";"TAGAGGGACTATGGCCTT 1380 
GCTAACTAGCTATGCGGAGGWAYCCCTCCGCGGCCAGC7TCTAGAGGGACTATGGCCTT 1376 
******************** * ************************************* 

TTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCCG:\1GCCCTTAGATGTTCTGGGCCG 1440 
TTAGGCCAAGGAAGT:TGAGGCAATAACAGCC:G~GATGCCCTTAGATGTTCTGGGCCG 1-!39 
TTAGGCCAAGGAAG";"':'TGAGGCAATAACAGCCCCA'i"GCCCTTAGATGTTCTGGGCCG 1-!40 
TTAGGCCAAGGAAG:lTGAGGCAATAACAGCC:CG..\:GCCCTTAGATGTTCTGGGCCG l-!36 
************************************ *********************** 
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C. ::e;::a:e10sis 
C. ~vr:::o::a 
C. scr::;e~;tosa 
C. !·uscifo~ ia 

C. nepalensis 
C.:nyrtifolia 
C. sar:centosa 
C. n:scifolia 

C.nepalensis 
C. myrt ifol ia 
C. se!~:nentosa 

C. n:scifolia 

C.nepalensis 

C. '"yrt i fol ia 
C. sa!·:r:entosa 
C. rnscifolia 

C.nepa;ensis 
C. my!·tifolia 

C. sannentosa 
C. rusci fol ia 

C.nepalensis 
C. myrtifol ia 
C.sarmentosa 
C. n:scifol ia 

CACGCGCGC AC AC:T . .\TC ,\ TTCAACGACC AT AGCC";"GGCCGACAGGCCCGGGTAA '. ~00 
CACGCGCGC ACACGA-:-C . .\ TT\ACGAG";"CA TAGCT-:-TGGCCGAC'AGGCCCGGGTAA : ~9~ 
C ACGCGCGC'T AC ACGA-:-C..\ TTCAACGAG';Ci".C AGCC7 7 GGCCGAC\GGCCCGGGT AA : .'JOO 
C'ACGCGCGCTACACGA"'."C..\T"'."CAACGAGT'."A'.AGCC!";"GGC'CGACAGGCCCGGG1AA :~96 

************************************************************ 

TC";""i"GAAGTT"?C.\TCCG.\ TGGGGAT AGATC.ICGCAA';";"GEGG;c1:cAACGAGGAA ; S60 
Ti""'."TGAAGTECA :CCG..\ TGGGGATAGA "."CA :;GC..\A T"'."GTTGGTCEC..\ACGAGGAA l S;J9 
"'."CTTGAAGTTTCATCG";"GA"'."GGGGATAGATCA"'.""."GCAATTGT;GGTCTTCAACGAGGAA lS60 
TTTTGAAGTTTC A1CGTGA TGGGGAT AGA"iTA TTGCAA TTGTTGGTCi""TAACGAGGAA 1 SS6 
************************************************************ 

TTCCTAGTAAGCGCGAGTCA"."CAGCTCGTGCTGACTACGTCCCTGCCCTTTGTACACACC 1620 
TTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGACTACGTCCCTGCCCTTTGTACACACC 1619 
ITCCTAGTAAGCGCGAGTCATCAGCTCGTGC",.GACTACGTCCCTGCCCTTTGTACACACC 1620 
TTCCTAGTAAGCGCGAGTCATCAGCTCGTGC';GACTACGTCCCTGCCCTTTGTACACACC 1616 
************************************************************ 

GCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAAGTGTTCGGATCGCGGCGACGTGGGC 1680 
GCCCGTCGCTCCTACCGATTGA4TGGTCCGG:GAAGTGTTCGGATCGCGGCGACGTGGGC 1679 
GCCCGTCGCTCCTACCGATTGAA;GGTCCGGTGAAGTGTTCGGATCGCGGCGACGTGGGC 1680 
GCCCGTCGCTCCTACCGAT"?GAA;GGTCCGGTGAAGTGTTCGGATCGCGGCGACGTGGGC 1676 
************************************************************ 

GGTTCGCTGCCGGCGACG!CGCGAGAAGTCCACGAACCTTATCATTTAGAGGAAGGAGA 1740 
GGTTCGCTGCCGGCGACGTCGCGAGAAG;CCAC"JGAACCTTATCATTTAGAGGAAGGA-- 1737 
GGTTCGCTGCCGGCGACG"'."CGCGAGAAG"'."CCAC'.G..\ACCTTATCATTTAGAGGAAGGAGA 1740 
GGTTCGCTGCCGGCGACGTCGCGAGAAGTCCAC~GAACCTTATCATTTAGAGGAAGGAGA 1736 
********************************************************** 

AGTCGTAACAAGGTT-:'CCGTAGGTGAACCTGCGGAAGGATCATTG 1785 

AGTCGTAACAAGGTT"'."CCCAGGTGAACCTGCGGAAGGATCATTG 1785 
AGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTG 1781 
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APPE\:DIX 15 

CLCSTAL 2.0.8 multiple sequence alignment 

SeqA \arr:e l.,en (r. t) Score 

D. glomera'.a 1808 2 D. cannabina 1803 98 

D.glomerata 

D. cc:i:iabina 

D. g:orceratc 

D. cc.rn-:!abi!1a 

D. glorr:erata 

D.can:iabina 

D. giomeratc 

!.l. car.r.abina 

D.glomerata 

D.cannabina 

D.glomerata 

D.can:iabina 

D. g:orr:erata 

D. can:1abina 

D. glorr:ernt a 

D. car.naiJi:'a 

D. g: o:::e1:c ~a 

J. ca~:-:ab:~a 

). g: o:::e:·a '. c 
). cc:::cc':i'.::a 

TACTTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGT 60 
TACTTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTG- 59 
*********************************************************** 

AAGTATGAACTAGT:CAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG :20 
AAGTATGAACTATTTCAGAC-;-GTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG :;9 
************ *********************************************** 

TTTGATGGTATCTGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA 180 
TTTGATGGTATCTGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA 179 
************************************************************ 

CCCCGACTTTTGGAAGGGATGCATTTATTAGATAAAAGGTCGACGCAGGCTCTGCCCGTT 240 
CCCCGACTTCTGGAAGGGATGCATTTATTAGATAAAAGGTCGACGCAGGCTCTGCTCGTT 239 
********* ********************************************* **** 

GCTCTGATGATTCATGATAACTCGACGGATCGCACGGCCATCGTGCCGGCGACGCATCAT 300 
GCTCTGATGATTCATGATAACTCGACGGATCGCACGGCCTTCGTGCCGGCGACGCATCAT 299 
*************************************** ******************** 

;c~AATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACTATGGTGGTGACGG 360 
TCAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACTATGGTGGTGACGG 359 
************************************************************ 

GTGACGGAGAATTAGGGTcCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCA 420 
GTGACGGAGAATTAGGGT7 CGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCCA 4;9 

************************************************************ 

AGGAAGGCAGCAGGCGCGCAAATTACCCAATCCGACACGGGGAGGTAGTGACAATAAAT 480 
AGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAATAAAT 479 
************************************************************ 

.,ACAATACCGGGCTCTT AGAGTCTGGTAATTGGAA TGAGT ACAATCT AAATCCCTT AACG 540 
AAC AAT ACCGGGCTC'T:-GAGTC"?GGT AA"'.""'."GGAA ";"GAGT ACAATCT AAATCCCTT AACG 539 
***************** ****************************************** 

.,GGA TCCATTGGAGGGCAAG TCTGGTGC'CAGC.,GCCGCGGT AA TTCCAGCCCAAT AGCG 600 
AGGATCCAT'GGAGGGCAAGTTGGTGCC'AGCAGCCGCGGTAATTCCAGCCCAATAGCG 599 

************************************************************ 
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). glo::erata 
J. car.r:cbina 

J. glor::el'at a 

D. canr:abina 

J.glomerata 

D.cannabina 

J. g:omerata 
). ca:1r.abina 

J. gco:::e,·ata 
). c2n1:abina 

J. gco:::erata 
9. canr:abina 

). g'.orr:erata 
J. cannabina 

J.g:o:::ecata 
J. can:cabina 

J. g:o:::erata 
J. ca::::abina 

). g:o::erata 

). ca::::abina 

). g:o:c:erata 
). c2::::cbina 

). g:o:::erata 

J. cc:::::c8ina 

-:A-:A-:TTAAG""TGT-:GCACT..\AAAAGCCG-: . .\G-:TGGACCTGGGTTGGGT.\A-:CGC 6b0 
TAT . .\ T".""."AAG".""."C"."GC\C"."..\AAAAGCCG"." AC"."GAACCTGGC"."GGCCAA TC'GG"." 6:Jg 
************************************* ********************** 

CCGCCATGG"."GTGCACCGGTTGGCTCGTCCC"'.'CGACCGGCGATGCGC"."CCGGCCTA 720 
CCGCC ACTGGTG"'.'GCACCGG"."TGGCTCG:CCCAA "." ACCGGCGA "."GCGCTCGGCCTi A 7: 9 
***** ************************** ************************ 

ACGGCCGGGTCGTGCCCCGG:ACTGTTACTTGAAGAAATTAGAGTGC".'CAAAGCAAG 780 
ACGGCCGGGTCGTGCCCCGGTGCTGTTACTTTGAAGAAATTAGACGCTCAAAGCAAG 779 
*********************** ************************************ 

CCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGATTTCGATCCTATTCTGTTG 840 
CCTACGCTCTGTATACATTAGCATGGGATAACACTACTGGATTTCGATCl"ATTCTGTTG 839 
********************************* * ********************** 

GCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGGGGCATTCGTAT"'.'TCATAGTC 900 
GCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGGGGCATTCGTATTTCATAGTC 899 
************************************************************ 

AGAGGTGAAATTCTTGGA1TTATGAAAGACGAACAACTGCGAAAGCATT':'GCCAAGGA"."G 960 
AGAGGTGAAA TTCTTGGATTTA TGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA TG 9.19 
************************************************************ 

TTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCT '.020 
".'TTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGTCT :0:9 
************************************************************ 

CAACCATAAACGATGCCGACCAGGGATCGGCGGATGTTACTTTTAGGACACCGCCGGCAC i080 
CAACCATAAACGATGCCGACCAGGGATCGGCGGATGTTACTTTTAGGACACCGCCGGCAC ;079 
************************************************************ 

CTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCGCAAGGCGAAACTTA 1;40 
CTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAG-ATGGTCGCAAGGCGAAACTTA ::38 
************************************* ********************** 

AAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTTAATTTGACTCAACAC :200 
AAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCATGCGGCTTAATTTGACTCAACAC '.198 

************************************ *********************** 

GGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGC1CTTTCTTGAT :260 
GGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCiCT".'TCTTGAT '.2~8 

************************************************************ 

TCTATGGGTGGTGGTGCATGGCCGTTCTTAGT-;"GG":'GGAGCGATTTGTCGGTTAATTCC '.320 

TCTATGGGTGGTGGTGCATGGCCGTTCTTACTGG"'.'GGAGCGATTTGTCGG"."TAA'.TCC ;3;3 
************************************************************ 

GEAACGAACGAGACCTCAGCCTGCTMCAGCTATGCGGAGGTGACCCCCGCGGCCAG i380 
CTAACGAACGAGACCCAGCCTGCTMCAGCTATGCGGAGGTGACCCCCGCGGCCAG :378 
************************************************************ 

CTC: AGAGGGAC A :GGCCGC: AGGCC AAGGAAGTTTGAGGCAA"." AAC\C:CC":G "."C, l ; ;o 
C"."C"."AGAGGGACA TGGCCGC"'.' AGGCC AAGGAAGTTTGAGGCAA T A . .\CAC:CCCG : ;38 
************************************************************ 
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). g:oc:ec·ata 

). c2::::abi'.la 

J. g:o::ierata 
). ca:i:iabina 

Cl. glo:nerata 
D. carmabina 

J.glomerata 
D. cannabina 

D.glomerata 
D.cannabina 

D.glomerata 
D.cannabina 

!l. glomerata 
D.cannabina 

A-:-GC'CCT"; AGA-:-G-:--:-c-:-GGGCCGCACGCGCGCACACGA T'.'A"'.'T-\ACGACX'.A'.AA : ~00 
ATGCCCT 7 AGATG-:-TCGGGC-GCACGCGCGCACACGA-:-G-:-ATTCAACGACTTATAA ::,97 

********************* ******************************** ***** 

CC7 GGCCGACAGGCCCGGGAAA"'.'C"'.'-:-GAAA-:---:-:cA-:-cGTGA-:-GGGGATAGA-:cArGc :560 
cc-:-GGCCGACAGGCC-GGGAAA:CT"'.'';GAAAT-:-TCATCGTGA"'."GGGGA-:-AGA":CAT-:-GC :556 

**************** ******************************************* 

AATTGTTGGTCTTCAACGAGGAATTCCTAG';AAGCGCGAGTCATCAGCTCGCGHGACTA 1620 
AATTGTTGGTCTTCAACGAGGAATTCCTACAAGCGCGAGTCATCAGCTCGCGTTGACTA 16l6 
************************************************************ 

CGTCCCTGCCCTTTGTACACACCGCCCG!CGCTCCTACCGATTGAATGGTCCGGTGAAGT 1680 
CGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAAGT 1676 
************************************************************ 

GTTCGGATCGCGGCGACGTGGGCGGTTCGCTGCCCGCGACGTCGCGAGAAGTCCACTGAA 1740 
GTTCGGATCGCGGCGACGTGGGCGGTTCG-TGCCCGCGACGTTGCGAGAAGTCCACTGAA l735 
***************************** ************ ***************** 

CCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAG '.800 
CCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTT":CCGTAGGTGAACCTGCGGAAG '.795 

************************************************************ 

GATCATTG 1808 
GATCATTG 1803 
******** 
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APPE\DIX 16 

CLlSTAL 2. 0.8 multiple sequence 

SeqA '.'Jame :.en (:1 t) Seq3 \arr:e Le:1 (nt) Score 

Datiscacannabina 1803 2 Coriariaruscifolia 1785 97 
Datiscacannabina :so3 3 Caryaglabra 1739 97 
Da ti scacai:nabi 11a 1803 4 _iuglansnigra 1738 96 
Datiscacar.nabina 1803 5 \lorellacerifera 1752 96 

2 Coriariaruscifolia '.785 3 Caryaglabra 1739 97 
2 Coriariaruscifolia ;735 ~ Juglansnigra 1738 97 
2 Coriariaruscifolia ;735 5 \lorellacerifera 1752 97 
3 Caryaglabra 1739 4 Juglansnigra 1738 99 
3 Caryaglabra '.739 5 \lorellacerifera 1752 99 
4 Juglansnig1·a ; 738 5 Morellacerifera 1752 98 
--------------------- ------------------------------------------------------

Caryaglabra 
Juglansnigra 
Morellacerifera 
Coriariaruscifolia 
Datiscacannabina 

-----------------------TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGT 37 
--------------------TAGTCATATGCTTGTCTCNAAGATTAAGCCATGCATGTGI 40 

------------------------TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGT 37 
-----------------------TCATATGCTTGTCTCAAAGATTAAGCCATGCATGTGC 37 
TACTTGGTTGA'.CCIGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTG- 59 

*************** ******************** 

Caryaglabra AAGTAIGAACTAAFCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG 97 
Juglansnigra AAGTATGAACTAAT'CAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG 100 

Morellacerifera AAGTATGAACAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG 97 
Coriariaruscifolia AAGTATGAAGAATTCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG 97 
Dat iscacannabir.a AAGTATGAACA'i";'TCAGACTGTGAAACTGCGAATGGCTCATTAAATCAGTTATAGTTTG 119 

************ *********************************************** 

Caryaglabra TTTGATGGTATCGC".'ACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA 157 
Juglansnigra ETGATGGTATCGCTACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA i60 
Morellacerifera TTTGATGGTAT:-GCACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA 157 
Coriariaruscifolia TTTGATGG:ATCGC:ACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA ;57 
Datiscacannabir.a TT'GATGGTATCGCACTCGGATAACCGTAGTAATTCTAGAGCTAATACGTGCAACAAA 179 

************************************************************ 

Caryaglabra CCCCGAC"'TCGGAAGGGATGCATTTATTAGATAAAAGGTCGACGCGGGCT"'-TGCCCG' 216 
Jug 1 ansnigra CCCCGACiTTG:\AGGGATGCATTT ATT AGAT AAAAGGTCGACGCGGGCTT-TGCCCGT 219 

More I lacer if e1·a CCCCGACTCGGAAGGGATGCAT!T A TT AGGTAAAAGGTCGACGCGGGCTTCTGCCCG" 21 7 
Coriariar11sc i :'.o'. i2 CCC'CAACTCGG:\AGGGATGCATTT AT:AGATAAAAGGTCGACGCGGGCC-AGCTCGT 216 
Oat i scacar.::e.io: :ca CCCCGAC~CGG:\AGGGATGCATTT A 'i""AGA TAAAAGGTCGAC'GCAGGC'il-TGCTC'G T 238 

**** ************************** ************** *** ** *** 

223 



cc)\ cg: cbl a ;cc:TTGA ".'GA ;T\ ;GA; AACTGACGGA ;cGCACGGC:C\ ;cc ;GCCGGCGACC:CrCA 2 7ti 
: ::g: c::s:: i g:·2 ;cc CG A ;GA ;;cA ;GA; AACC:GACGGA "CGCACGGCCA ;cc;cccGGCCACC:CA ;c\ ~79 
~o!·e: :acer i :e!·c -:-GC':'CTGA ~GA~TC:\ ~GA~ AAC~CGACGGATCGCAAGGCCA ~CG~GCCGGCGACGCA'":'C:\ 277 
Co:- i c:· i ar·;; sci:: o: : c ".'GCCTGATGA C'TCA;GA; AACCGACGGATCGCACGGCCA TCG TGCCGGCGACGC A".'C ,\ 276 

Ja: i sccca~.::acJi::a ".'GCTCTGA ".'GA ".'".'C\ ".'GAiAAC".'C:GACGGAiCGCAC:GGCCTCG:GCCGGCGAC'GCA".'CA 298 

*********************************** **** ******************* 

Car·ycglabra '.TCAAA!TTCTGCCCA".'CAACTTTCGATTGTAGGATAGAGGCCACAA".'GG'.GCGACG 336 

J i:g: a::s:1igra TTC:AAA TTTCTGCCC"' A"'CAACTTTCGATTGTAGGATAGAGGCCTACAA"'GGTGCGACG 339 

More;lacerifern TTCAAATTTCTGCCCATCAACTTTCGATTGTAGGATAGAGGCCTACAATGGTGCGACG 337 

Coriar·iarasci fo: ia ".''.CAAATATCTGCCC:ATCAACTTTCGATGGTAGGATAGTGGCCTACA!GG"GCGACG 336 

:Jatiscacannabir.a 'JC'CAAATTTCTGCCCTATCAACTTTCGATGGTAGGATAGTGGCCTACA-:-GGTGCGACG 358 

******* ********************* ********* ******* ************ 

Caryaglabra GGTAACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCJACCACATCC 396 
Jug~ans:1igra GGTAACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGC'JACCACATCC 399 
More 11 acer if er· a GGTGACGGAGAATT AGGGTTCGA TTCCGGAGAGGGAGCCTGAGAAACGGC' ACCACATCC 397 

CoriariarCJsci:'.'olia GG".'GACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCC 396 
Datiscacannabi~a GGTGACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCC 418 

*** ******************************************************** 

Caryaglabra AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGCAGTGACAA".'AAA 456 
Jug'.a~s~igra AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGG'.AGC'GACAATAAA ~59 
~lore'.lacerifera AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAA".'AAA 457 
Coriariarusci:'.'olia AAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCTGACACGGGGAGGTAGTGACAA".'AAA 456 
Dat i scacannabi11a AAGGAAGGCAGCAGGCGCGCAAA TTACCCAATCCTGACACGGGGAGGTAGiGAC AATAAA ~ 78 

************************************************************ 

Caryaglabra ".'AACAATACCGGGCTCTTACGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTAA 5:6 
Juglansnigr-a TAACAATACCGGGCTCTTACGAGTCTGGTAATTGGAATGAGTACAATCTAAA'.CCC;AA 5'.9 
Y.orellacerifera TAACAATACCGGGCTCTTACGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCC~AA 5;7 
Coriariar·:1sci :'.'o'. ia T AACAATACCGGGCTCTT-TGAGTCTGGTAATTGGAATGAGTACAATCTAAATCCCTAA 5; 5 
Datiscacannabina TAACAATACCGGGCTCTT-TGAGTCTGGTAATTGGAATGAGTACAA:CTAAATCCCTAA 537 

Caryaglabra 
Jug~arls:1igr·a 

More::acerifera 
Coriariar~:sci~olia 

Datiscacan'.1abina 

****************** **************************************** 

CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGC:TCCAA'AG 576 
CGAGGA';'CCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGC-:-CCAATAG 579 
CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAA~AG 577 
CGAGGATCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCCCAATAG 575 

CGAGGA'JCCATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAA:TCCAGCCCAAC'AG 597 
************************************************************ 

Caryag'.aora CGTATA~!'JAAGTTG';'TGCAGTTAAAAAGCTCGTAGTTGGATCTTGGGTTGGGCAGAGCG 636 
J c:g '. a:cs:-iigr·a CG TAT A ".'TT AAGTTGTTGCAGTT AAAAAGCTCGTAGTTGGATCTTGGGTTGGGCAGAGCG 639 
Mor-e:: acer i: e,-a CG TAT A ;:T AAGTTG".'TGCAGTT AAAAAGCTCGT AGTTGGA T'TGGGEGGGCAGAGCG 63 7 
Cor·i ar·ia,·:Jsci:'.'ol ia CGTA'J ATTTAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGGACCTGGGTCGGGCCGATCG 635 
De ti scaca:11:a8 i ::a CG TAT AT::AAGTTGTTGCAGTT AAAAAGCTCGTAGTTGAACCTlGGGT".'GC:CCAA TCG 657 

*************************************** * ******* *** * ** 
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Cc,·vcg: a:n·2 CCCGCCCC-;"GCGTGCACCGCCGCCCCCCT~ ACC'GGCGA TGCGCCCGGCC 696 
: ::g: c:cs::: g,·2 CCCGCCCCGGTGTGC ACCGG"CTGCCCCCCTCACCGGCCI TGCGCCCGGlCT 699 
V,o,·e:: ace,·: :·e,·c G TCCGCCCCGGTCGCACCGATCTGCCCCC.'CTC ACCGGCCITGCGC'.CCGGCC 697 
Co,·: er: 2,·crsc: :'. o: :a CCCGCCAA ,,-GGTG"GCACCGGTC,,-GCCCC'CCTCGCCGGCG . .\ TGCGCCCCCC 695 
uc:: sccc2:::,ab i::a CCCGCCACTGGTGTGCACCGGTTGGCCCC'CCAATACCGGCGrGCGC"CCGGCC 7: 7 

Caryaglabra 
Juglansnigra 
Morellacerifera 
Co~iariaruscifolia 

Datiscacannabina 

******* ************ * ********** * ***************** *** 

TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACJ'TGAAGAAAcTAGACGCTCAAAGCA 756 
TAACTGGCCGGGTCGTGCCTCCGGTGC".'GTTACTTTGAAGAAAT 7 AGACGCTCAAAGCA 759 
TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCA 7S7 
TAACTGGCCGGGTCGTGCCTCCGGCGCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCA 755 
TAACTGGCCGGGTCGTGCCTCCGGTGCTGTTACTTTGAAGAAATTAGAGTGCTCAAAGCA 777 

************************ *********************************** 

Caryaglabra AGCCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGATT'?CGGTCCTATTGTGT 816 
Juglansnigra AGCCTACGCTCTGTATACATTAGCATGGGATAACATCATAGGATTICGGTCCTATTGTGT 819 
~orellacerifera AGCCTACGCTCTGTATACATTAGCATGGGATAACA"CATAGGATTICGGTCCTATTGTGT 817 
Coriariaruscifolia AGCCTACGCTCTGTATACATTAGCATGGGATAACA'?CA'?AGGA'.TTCGATCCTATTCTGT 815 
Datiscacannabina AGCCTACGCTCTGTATACATTAGCATGGGATAACACTACTGGATTTCGATCCTATTCTG'. 837 

*********************************** * ******** ******* *** 

Caryaglabra TGGCCTTCGGGATCGGAGTAATGATTAACAGGAACAGTCGGGGGCATTCGTATTTCATAG 876 
Juglansnigra TGGCCTTCGGGATCGGAGTAATGATTAACAGGAACAG".'CGGGGGCATTCGTATTTCATAG 879 
Mo'e~lacerifera TGGCCTTCGGGATCGGAGTAATGATTAACAGGAACAG'.CGGGGGCA".'TCGTATTTCATAG 877 
Coriariaruscifolia TGGCCTTCGGGATCGGAGTAATGATTAATAGGGACAGTCGGGGGCA:TCGTATTTCATAG 875 
Datiscacannabina TGGCCTTCGGGATCGGAGTAATGATTAATAGGGACAG':'CGGGGGCATTCGTATTTCATAG 897 

Caryaglabra 
Juglansnigra 
Morellacerifera 
Coriariaruscifolia 
Datiscacannabina 

Caryaglabra 
juglansnigra 
~orellacerifera 

Coriariaruscifolia 
Datiscacannabina 

**************************** *** *************************** 

TCAGAGGTGAAAT".'CTTGGATTTATGAAAGACGAACAACGCGAAAGCATTTGCCAAGGA 936 
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA 939 
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA 937 
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA 935 
TCAGAGGTGAAATTCTTGGATTTATGAAAGACGAACAACTGCGAAAGCATTTGCCAAGGA 957 

************************************************************ 

TGTTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGA:CAGATACCGTCCTAGT 996 
TGTTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGT 999 
TGTTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGA:CAGATACCGTCCTAGT 997 
TGTTTTCATTAATCAAGAACGAAAGTTGGGGGCTCGAAGACGATCAGATACCGTCCTAGT 995 
TGT:'TTCATTAATCAAGAACGAAAG'.TGGGGGCTCGAAGACGA:CAGA".'ACCGICCTAGT 1017 

************************************************************ 

Caryaglabra CCAACCATAAACGATGCCGACCAGGGATCGGCGGATG"1GCT".'TAAGGACTCCGCCGGC 1056 
! :1g :ar.sui gra CT AA CC AT AAACGATGCCGACCAGGGATCGGCGGA :GT'?GC:TA-\GGACTCCGCCGGC l 059 
More: ~acer if era CCAACCAT AAACGATGCCGACCAGGGA'?CGGCGGATGTTGCT::.~AGGACTCCGCCGGC l 057 
Co,,i ariarusci fol ia CTCAACCATAAACGATGCCGACCAGGGA'.CGGCGGA'i'GTTACT:TAAGGACTCCGCCGGC l 055 
De: i scacannab i na CC AACCAT AAACGATGCCGACCAGGGA :CGGCGGATC''AC:::AGGACACCGCCGGC 1077 

**************************************** **** ***** ******** 

225 



Ca:·v2g :a bra ACCTTA TGAGAAATAAACC:"~TC,CTCCGGGGGGAG"ATGCCGCAAGGCGAAAC : : : 6 
_; ::g: 2::s::igr;; ACC'? AIGAGAAA TAAAGT;'TTGCTCCGGGGGGACATGCCGCAAGGCGAAAC : : : 9 
Y.m·e: :ccer if ei·a ACCTT ATGAGAAA TC AAACCTTGGCTCCGGGGGGAC A TGCCGCAAGGCTGAAAC l; '. 7 
C oi· i ai·i cruse i :'o ~ ia ACCTT ATGAGAAA"C AAAGTCTTGGCTCCGGGGGGAGiTGCCGCAAGGC:GAAAC: 1 ; '. ~ 
J2: i scac2nna8 i r:a ACCTT ATGAGAAA 'T AAAGTCTTTGGCTCCGGGGGGAG-ATGG TCGCAAGGCTGAAAC l : 36 

Caryaglabra 
Jug~ansnigra 

Yiore:lacerifera 
Coriariaruscifolic 
Daciscacannabina 

*************************************** ******************** 

cAAAGGAAT~GACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTAAIT'.GACTCAAC 1176 
TAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCCTGCGGCTAATTTGACTCAAC 1179 
!AAAGGAAFGACGGAAGGGCACCACCAGGAG!GGAGCCTGCGGC'TAATT:GACTCAAC 1177 
TAAAGGAATTGACGGAAGGGCACCACCAGGAG!GGAGCCTGCGGCTTAATTTGACTCAAC 1175 
TAAAGGAATTGACGGAAGGGCACCACCAGGAGTGGAGCATGCGGC'.TAATTTGACTCAAC 1196 

************************************** ********************* 

Caryaglabra ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG 1236 
juglansnigra ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG 1239 
Morellacerifera ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG 1237 
Coriariaruscifolia ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG 1235 
Datiscacann2bina ACGGGGAAACTTACCAGGTCCAGACATAGTAAGGATTGACAGACTGAGAGCTCTTTCTTG 1256 

************************************************************ 

Caryaglabra ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT 1296 
Juglansnigra ATTCTATGGGTGGTGG7XCATGNCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT 1299 
Morellacerifera ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT 1297 
Coriariaruscifolia ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT 1295 
Datiscacannabina ATTCTATGGGTGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGCGATTTGTCTGGTTAATT 1316 

***************** **** ************************************* 

Caryaglabra CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCTTCCGCGGCC 1356 
Juglansnigra CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCTTCCGCGGCC 1359 
Morellacerifera CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATNCGGAGGTGACCTTCCGCGGCC 1357 
Coriariaruscifolia CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTACCCCTCCGCGGCC 1355 
Datiscacannabina CCGTTAACGAACGAGACCTCAGCCTGCTAACTAGCTATGCGGAGGTGACCCTCCGCGGCC 1376 

Caryaglabra 
Juglansnigra 
Morellacerifera 
Coriariaruscifoli2 
Datiscacannabina 

************************************** ******* ** ********* 

AGCTTCTTAGAGGGACTATGGCCGCTTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG 1416 
AGCTTCTTAGAGGGACTATGGCCGCTTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG 1419 
AGCTTCTTAGAGGGACTATGGCCGCTTAGGCCAAGGAAGTTTGAG~CAATAACAGGTCTG 1417 
AGCTTCTTAGAGGGACTATGGCCTTTTAGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG 1415 
AGCTTCTTAGAGGGACATGGCCGCT'T'AGGCCAAGGAAGTTTGAGGCAATAACAGGTCTG 1436 

*********************** ******************** ************** 

Caryaglabra TGATGCCCTTAGATGT:CTGGGCCGCACGCGCGCTACACTGA!GTATTCAACGAGTTTAT 1476 
!uglansnigra TGATGCCCTTAGATGTTCTGGGCCGCACGCGCGCTACACTGATGTATTCAACGAGTTTAT 1479 
Morellacerifera TGATGCCCTTAGATGT:CGGGCCGCACGCGCGCTACACTGATGTATTCAACGAGTTTAT 1477 
Coriariaruscifolie TGATGCCCTTAGATC".'CGGGCCGCACGCGCGCTACACTGATGTATTCAACGAGTCTAT 1475 
Dat i scacannabina ~GATGCCCTTAGATCTCGGGC-GCACGCGCGCTACACTGA';'G:' ATTCAACGAGTTTAT 149'1 

*********************** ******************************** *** 
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C a1·y cg: ab1·a AGCCT;GGCCGAC:\GCffCGGC AA :c::GAAA "'ECATCGTGATGGGGA"' AGA:CA :: : .'i:lf. 
: c:g: a::snig1·a AGCC"'GGCCGACAGGCCCGGC AA:C:i'GAAA"''?'?CA".'CGTGATGGGGA:AGATA ;; : ~:19 
\101·e: 1ace1· i :·e, a AGCCFGGCCGACAGGCCCGGG! AA:CTTGAAA TTTCATCGTGATGGGGATAGA".'CAT: : :J:l7 
Cm·im·ia1·::sc: :o: :a AGCCTTGGCCGACAGGCCCGGG".'AA"'CE".'GAAGTTTCATCGTGATGGGGATAGATA".'T : 535 
Da~iscacancab:~a AACCTTGGCCGACAGGCC·GGGAAATCTTGAAAT".'TCATCGTGATGGGGATAGATA".'~ '.55~ 

* **************** *** ********** ************************** 

Ca1·yag; aora GC AA TTG'?TGGTCTTCAACGAGGAA".'TCCTAGT AAGCGCGAGTCATCAGCTCGCGT-;"GAC : 596 
! ug lanst'i gra GCAA TTGTTGGTCTTCAACGAGGAAT';'CCTAGT AAGCGCGAGTCATCAGCTCGCGTTGAC '. .199 
More; lacer i :'.'e1·c GC AA TTGTTGGTCTT AAACGAGGAATTCCTAGT AAGCGCGAGTC ATCAGCTCGCGTTGAC : S97 
Cor-iariarnscifo:ia GCAATTGTTGGTCTTCAACGAGGAATTCCTAGTAAGCGCGAGTCATCAGCTCGTGCTGAC '.595 
Da ti scacan:rnb: ::a GCAA TTGTTGGTCTTCAACGAGGAA TTCCTAGT AAGCGCGAGTCATCAGCTCGCGTTGAC '. 6 l 4 

*************** ************************************* * **** 

Caryaglabra TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAA '.656 
Juglansnigr-a TACGTCCCTGCCCTT".'GTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAA '.659 
Morel: acer if e1·a TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGA TTGAATGGTCCGGTGAA '. 657 
Coria1·iarusci fol ia TACGTCCCTGCCCTEGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAA : 655 
Datiscacannabir.a TACGTCCCTGCCCTTTGTACACACCGCCCGTCGCTCCTACCGATTGAATGGTCCGGTGAA '.674 

************************************************************ 

Caryag:abra GTGTTCGGATCGCGGCGATGTGGGCGGTCCGCTGCCGGCAACGTCGCGAGAAGTCCACTG :7:6 
jug:ar.snigra GTGTTCGGATCGAGGCGATGTGGGCGGTTCGCTGCCGGCAACGTCGCGAGAAGTCCACTG :7:9 
More 1 lacer if e1·a GTGTTCGGATCGAGGCGATGTGGGCGGTTCGCTGCCGGCAACGTTTTGAGAAGTCCACTG l 7: 7 
Coriariaruscifolia GTGTTCGGATCGCGGCGACGTGGGCGGTTCGCTGCCGGCGACGTCGCGAGAAGTCCACTG ;7;5 
Datiscacannabi::a GTGTTCGGATCGCGGCGACGTGGGCGGTTCG-TGCCCGCGACGTTGCGAGAAGTCCAC:G 1733 

************ ***** ********* ** **** ** **** ************* 

Caryaglabra AACCTTATCATTTAGAGGAAGGA------------------------------------- 1739 
Jug:a"snigra '.\ACCTTATCATNTAG:-;GGA----------------------------------------- i738 
Mor-ellacerifera AACCTTATCATTTAGAGGAAGGAGAAGTCGTAACA------------------------ ;752 
Coriariarusc::'.'ol:a AACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGA '.775 
Datiscacannabir.a AACCTTATCATTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGA ;793 

Caryaglabra 
Juglansnigra 
Morel: acer:: e~·c 
Coriariarusci:o::a 
Dat i scaca:1:rnn :::a 

********** *** *** 

AGGATCATTG 1785 
AGGATCATTG 1803 
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