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ABSTRACT 

Endophytes represent a largely untapped source of natural products. Despite a growing 

body of research, data and knowledge relating to endophyte biology and chemistry, one of the 

difficulties in endophyte research remains the accurate identification of endophytes. The 

advancements and development of molecular methods have provided researchers with tools that 

allow them to obtain an identification based on the endophyte’s DNA sequence, rather than its 

morphological and/or phenotypic characteristics. In the present study, the DNA extracted from 

155 endophytes was analyzed following a DNA taxonomy methodology and compiled to give 

phylogenetic trees to obtain identifications based on the molecular properties of the endophytes, 

rather than their morphology.  Of the 155 endophytes; 57 were identified to the species level, 65 

to genus, 5 to class, 2 to subdivision, 10 to order, 15 to family, and 1 to subclass.  
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Introduction 

Natural products are chemical compounds produced by living organisms as a result of 

their primary and secondary metabolisms.1 Natural products are interesting because of their 

biological activity, their novel chemical structures and the high diversity observed in their 

structures. Since their first discovery over 200 years ago,2 natural products have played an 

integral role in many of fields of research including pharmaceuticals and therapeutics,3,4 

agriculture,5 and industrial uses6 with importance in the development of novel therapeutics and 

naturally derived drugs.7 Notably, natural products have played a significant role in discoveries 

relating to antibiotics, immunosuppressants, and cancer drugs to name but a few.2 Although 

natural products can be isolated from numerous sources, plants have been, and continuing to be, 

central to isolation efforts as they represent an important source of natural products and bioactive 

metabolites. 8-13 Despite this, the increasing need for the discovery and development of new 

therapeutic products have resulted in the investigation of new sources and led to the study of 

endophytes as a source of natural products.14 

An endophyte is a fungus that lives in plant tissue for part of or all of its life without 

causing any symptoms of disease.15
 While endophytes may serve many roles within the plant, for 

example defending against pathogens and serving various roles throughout the plant’s life 

cycle,16,17 it is the natural products that these fungi produce that are of interest to chemists.  

Endophytic fungi are incredibly diverse, both morphologically and physiologically, with 

the physiological diversity allowing them to be a source of diverse bioactive metabolites.18 In 

addition, there are many endophytes; as of 2015, there were no recorded plant species in 

existence without a fungal endophyte.19 Although the number of possible species of endophytes 
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is unknown, fungi represent the second largest group of eukaryotic organisms with estimates 

ranging from 1.5-5.1 million species,20,21 thus representing a wide range of possible extant 

species, of which, the majority have not been isolated or studied. 

As the discovery of natural products has grown to encompass endophytes, the 

identification of endophytic fungi is important for determining their application as literature 

reports on previously identified endophytes exist; once identified, researchers have a better idea 

of what the endophyte should be studied for, and if the endophyte could lead to the discovery of 

new chemistry. Traditionally, identification was performed based on morphological structures. 

Morphological identification is carried out based on the reproductive structures of the fungus, 

whether it is producing sexual spores or conidia, and a number of phenotypic characteristics the 

fungus may produce. However, identification based on morphology alone is subject to several 

limitations meaning that incorrect identification occurs readily as the morphological 

characteristics can be misleading due to hybridization,22 cryptic speciation,23 and convergent 

evolution,24 all of which can be problematic. In addition, endophytic fungi often do not reach the 

sexual state or sporulate in culture,25 thereby not giving rise to the observable phenotypic 

characteristics required for identification such as colony appearance which includes the colony’s 

form, elevation, and margin. Finally, in the absence of the sexual spores or conidia, the 

phenotypic characteristics present show high plasticity26 making identification troublesome at 

best. Fortunately, the development of two molecular techniques; DNA barcoding, and DNA 

taxonomy,27 have been progressively applied to the identification of endophytes24,28,29 presenting 

researchers with alternate identification methods.  
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DNA Barcoding 

 DNA barcoding uses short standardized regions of a DNA sequence, typically 400-800 

base pairs in length, to identify an organism. The internal transcribed spacer region, or ITS 

region is the official DNA barcode marker for fungi, with several studies having found it to be 

associated with the highest probability of correct identifications across a broad group of fungi.30 

As such, it is typically the ITS region or sub-regions that are amplified and utilized in the process 

of DNA barcoding.31 The ITS sequence is uploaded into an online database such as GenBank 

which uses a BLAST©32 search tool or UNITE33, which both present the user with a list of top 

identification “hits” within the system based on the similarity in the sequences housed in the 

database and the unknown sequence, and the gaps that exist within the sequence. Although this 

approach has proven to be a robust source of identification, there are limitations that are 

associated with its use. 

 Given that the unknown fungal DNA sequence is entered into an online database, this 

approach is dependent on the accuracy of the sequence identifications that have been previously 

input into the database. While there are a number of reference sequences that serve as 

comparisons for barcoding, not all fungal species have a reference sequence that has been made 

accessible.34 Moreover, there are several unpublished sequences that have been added to the 

databases,35,36 which may decrease the validity of the identification as these sequences may be 

incorrect and unverified leading to the improper identification of the unknown.  Finally, while 

the ITS region has been accepted as the DNA barcode marker for fungi, it does not work well for 

highly speciose genera that have a high number of species within it; although there are gaps 

within most DNA sequences, they are small or non-existent when comparing between highly 
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similar species. This limitation includes the genera Aspergillus and Penicillium37,38 as they both 

have very narrow barcode gaps if any at all. Since these genera have typically yielded important 

natural products, this limitation is severe for those in this field of research. 

DNA Taxonomy 

 DNA taxonomy differs from DNA barcoding in that it takes the unknown sequence and 

places it into an evolutionary framework with other sequences, both known and unknown rather 

than using a database for comparison.39 In placing the unknown sequence into this type of 

framework, it allows you to see within which phylogenetic clade or group it falls, and what this 

means taxonomically. This provides an opportunity to determine the unknown’s lineage and, 

hopefully, an identification.40 This framework can also be called a phylogenetic tree which is 

built using several sequences that have been aligned in a multiple sequence alignment, and then 

formed into a tree for researchers to read and interpret.  

 Although both techniques were developed and proposed at the same time,27 DNA 

taxonomy has not been employed as commonly as DNA barcoding. Being cognizant of this 

information, the objective of this research was to examine the University of New Brunswick 

Saint John’s (UNBSJ) Natural Products Research Group’s (NPRG) library of fungal endophytes 

(isolates) using a DNA taxonomic approach and determine a breakdown of the isolates within the 

library. The NPRG endophyte library is made up of 280 isolates, however, for 125 of the isolates 

multiple attempts to extract and amplify DNA were unsuccessful, so the completion of this 

project was carried out on 155 endophytes.  



 

5 

 

Materials and Methods 

 All fungal endophyte cultures used in this research were previously isolated from their 

host plant species by members of the Natural Products Research Group (NPRG) and DNA from 

the ITS region was isolated, amplified by PCR and sent for sequencing at Genome Quebec. All 

sequences were obtained from Genome Québec in FASTA format and organized based on their 

collection within the entire library for further analysis and use.  

Multiple Sequence Alignment 

 Compilations of the isolate sequences were uploaded into the online multiple sequence 

alignment tool, MUSCLE.41,42 Output format was set to FASTA with an output tree following 

the first iteration, and the sequence alignment was run. The alignments were then saved and 

exported for further use.  

Phylogenetic Tree Building 

 The multiple sequence alignments (MSA) were imported into Molecular Evolutionary 

Genetics Analysis (MEGA) version X.43 Each alignment was used to create a phylogenetic tree 

using the phylogenetic and evolutionary analyses within MEGAX. Once imported into the 

software, maximum likelihood trees were built following the Tamurai-Nei method using a 

bootstrapping value set to 1000 repetitions. This method was repeated for each data set within 

the library, and the combined dataset. 
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Results 

 Upon completion of the maximum-likelihood phylogenetic trees (Appendix 3), the trees 

were examined to determine the identification of the endophytic isolates. It was determined that 

of the 155 isolates that were analyzed 147 belonged to the division Ascomycota, while 8 

belonged to the division Basidiomycota (Figure 1). More in depth analysis revealed that 57 

isolates were identified to the species level, 65 at the genus level, 15 to family, 10 to order, 1 to 

subclass, 5 to class, and 2 to the subdivision level (Figure 2). The 122 isolates that were 

identified to the genus and species levels represented 49 distinct genera, with the majority of 

isolates (20) being reported within the genus Penicillium (Figure 3). Finally, the 57 isolates that 

were identified to the species level comprised 34 distinct species, of which Aspergillus fumigatus 

(7) was the most commonly identified (Figure 4). 

Reading phylogenetic output 

 In analyzing the phylogenetic tree output, it was possible to determine identifications for 

isolates that had not been fully identified during previous attempts. Isolates that were grouped 

into clades, exhibited strong support values, or had similar distances from a common ancestor 

were identified based on the isolates they were grouped with. An isolate that was identified to the 

species level in this manner was JAJ1-093 as it formed a monophyletic group with four other 

isolates that had been previously identified as Paraphaeosperia neglecta (Figure 5).  
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Figure 1: The taxonomic distribution of the NPRG endophyte library (n=155) at the division 

level based upon DNA taxonomic analyses of the ITS DNA region. 

 

 

 

Figure 2: The taxonomic distribution of the NPRG endophyte library (n=155) based on level of 

identification obtained using DNA taxonomic analyses of the ITS DNA region. 
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Figure 3: Taxonomic distribution of the NPRG endophyte library (n=122) at the genus level 

based upon DNA taxonomic analyses of the ITS DNA region. 
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Figure 4: Taxonomic distribution of isolates identified at the species level (n=57) within the 

NPRG endophyte library absed upon DNA taxonomic analyses of the ITS DNA region. 

 

Figure 5: Example of phylogenetic output obtained from MEGA version X used to identify 

isolate JAJ1-093 as Paraphaeosperia neglecta which had previously been identified as 

Paraphaeosperia sp. by a BLAST search. 

Discussion 

 In the search for natural products, plants have served as a source of bioactive compounds 

for centuries.44 The knowledge that exists relating to herbal remedies has developed over several 

millenia, with evidence stemming from ancient Egypt and the use of natural resources,45 and has 

led to the discovery of many effective drugs.46,47 Globally, the use of plants for medicinal 

practices was important long before the development of technology and engineering that has 
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allowed researchers to identify the active constituents. 48,49,50 The development of technology 

that has occurred in the late 20th and early 21st centuries, has allowed researchers to better 

understand how plants have contributed to remedies for ailments such as tuberculosis,51,52 and 

understand their roles in several complex medical ailments that have proven to be difficult to 

treat.53 While plants have been a plentiful source of  natural products, there still exists a 

resistance of  bacteria and viruses to medicine currently available54 which has highlighted the 

necessity for continuing and, in some cases, prioritizing the discovery of novel natural products 

to counteract the observed resistance. While research and isolation efforts continue with plants, 

they have also grown to include a number of other reservoirs, such as endophytic fungi, as a 

potential source of natural products.19 

 Although first described in 1809 by German botanist Johann Hienrich Friedrich,2 

endophytes were not immediately recognized as a source of natural products; the field of 

endophyte biology is therefore a relatively new discipline with research beginning in the late 

1970’s55,56 leaving much knowledge to be discovered. Despite this, more recent research has 

found that endophytes act as a source of novel bioactive metabolites and organic molecules such 

as alkaloids, phenolic acids, quinones, terpenoids, peptides, steroids, aromatics, hydrocarbons, 

and others that have the capacity to serve as candidates for antimicrobial, anti-insect, anticancer, 

and many more properties.44,57,58 Additionally, many of the biologically active compounds 

mentioned above have been classified as antibiotics, antioxidants, anticancer agents, volatile 

antimicrobial agents, immunosuppressive compounds, plant growth promoting agents, and 

insecticides.58 These promising features, along with the high diversity of endophytes18 has 

supported the consideration of endophytes by discovery researchers as a source for potentially 

interesting natural products.   
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In the study of natural products, it is often difficult to find a product that exhibits both 

new chemistry and bioactivity, with many natural products exhibiting novel chemistry with no 

bioactivity, or unreported bioactivity for known chemical structures. In many research groups, as 

well as at the NPRG, several prioritization methods have been developed to attempt to target 

isolates that exhibit both new chemistry and bioactivity, rather than one or the other. These have 

included metabolomic methods and bioactivity profiling that examine the chemical properties of 

the isolates, but a research project focused on the molecular properties of the endophytes had not 

previously been completed. In applying this technique, it was possible to determine a more 

comprehensive breakdown of the NPRG library and identify isolates to the genus or species level 

based on the groupings that were observed in the phylogenetic output that was generated, which 

resulted in a successful application.  Despite the success with identification that was obtained, it 

was not possible to identify all endophytes to the species or even genus level. DNA taxonomy 

builds off the sequences that are included in a phylogenetic tree and the possible inclusion of 

reference sequences, to determine a possible identification based on the relatedness between the 

sequences. As such, the rate of success is dependent on having sequences for similar endophytes 

within the tree. By undertaking the molecular analysis, similar sequences are placed into 

groupings, i.e. clades, that identify the most common recent ancestor shared as represented by a 

node in the tree, and the distance from that ancestor can help in determining the likeness of 

endophytes along with the confidence value that is associated with the placement in the final 

tree.26 Although there were isolates that could not be further identified using the DNA taxonomic 

approach on this dataset, a larger more diverse dataset or the inclusion of additional reference 

sequences would improve the success of the technique, as the strength of the phylogenetic output 

is reliant on the number of sequences that are within it.26   
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The NPRG endophyte library contained endophytes that were expected given their past 

documentation as both prevalent endophytes and plant pathogens especially those within the 

genera Cladosporium,59 Colletotrichum,60 Fusarium,61 and Mycosphaerella.62 Although most 

endophytes were expected, there were several that were found to be opportunistic human 

pathogens rather than having much evidence as a plant pathogen; species within the genera 

Aspergillus63 and Paraconiothyrium64 have all been linked to human infections and disease. In 

addition to the endophytes within the collection that were found to be human pathogens, 

Aureobasidum65,66 and Chaetomium67 are are both genera that have been found to include species 

that act as a plant defense to invading pathogens. Finally, three endophytes were identified 

within the Paradendryphiella genus which was notable as this genus is known as a marine 

fungus rather than an endophyte,68 although these endophytes were isolated from a marine 

environment they remain notable as they represent an uncommon genus.  

Of the isolates that were identified to the species level, seven were identified as 

Aspergillus fumigatus. A filamentous fungus, Aspergillus fumigatus is a prevalent airborne 

pathogen that can cause severe harm to humans, especially those that are 

immunocompromised.63,69,70 Despite its status as a human pathogen, Aspergillus fumigatus has 

yielded several natural products including two alkaloids; 9-deacetylfumigaclavine C (1) and 9-

deaceteoxyfumigaclavine C (2) the latter of which showing cytotoxicity against human leukemia 

cells that was comparable to drug treatment options that are currently prescribed,71 as well as 

ruakuric acid that belongs to the family of natural products called the chromans.72 In addition to 

the isolates identified as Aspergillus fumigatus, 20 isolates were identified as belonging to the 

genus Penicillium which has been a source of diverse bioactive metabolites from alkaloids and 

polyketides with plant growth promoting qualities73, to quinazilones such as Verrucine F which 
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has previously been isolated from Penicillium verrucosum.74 Although both the Aspergillus and 

Penicillium genera have been and continue to be well studied, there still exists opportunites for 

the discovery of novel bioactive metabolites and natural products from isolates within these 

taxanomic groups. 

While the majority of the endophytes fell within the ascomycota division, the largest 

division within the fungi kingdom, eight endophytes were identified within the basidiomycota 

division. Three of these endophytes were identified at the species level as Cryptococcus 

flavescens and Trametes versicolor (2). Trametes versicolor is a mushroom, commonly referred 

to as the turkey tail mushroom, that grows on dead hardwood across North America. With a vast 

history in ancient Chinese medicine, Trametes versicolor has since been shown to produce a 

number of bioactive metabolites including polysaccharides that exhibit antioxidant activity,75,76 

and proteins such as TVC that act as immunostimulants.77 Additionally, Trametes versicolor has 

been known for producing products that show anti-tumor properties76,77 and was recently shown 

potential to aid in blood sugar regulation and prevention of diabetic complications.78 In addition 

to what is known about Trametes versicolor, Cryptococcus flavescens has been reported as a 

biocontrol agent for Fusarium head blight (FSH), a fungal disease that affects cereal crops and 

impacts kernel development.79,80 Despite being widely known as a biocontrol agent, 

Cryptococcus flavescens has also been shown to produce xylanase, an enzyme that plays a role in 

both digestion and human health.81  

The examples highlighted above illustrate that the endophytes within the NPRG library 

represent a diverse collection of fungi that possess the ability to produce natural products and 

bioactive metabolites that can serve in several applications. In obtaining an identification for 

these endophytes, researchers have the ability to target potential projects and isolation efforts to 
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obtain potentially new natural products or study a relatively unknown endophyte for further 

discovery.  

Application Potential  

 With the constant need to discover natural products, researchers are often faced with the 

frustrating task of prioritizing projects that could lead to the isolation of natural products with 

known properties and applications, or projects that have the potential to lead to novel products 

that have not been previously isolated or identified. In this regard, DNA taxonomy as a tool that 

leads to an unambiguous identification of fungal isolates is important as it allows both targeted 

isolation efforts of a specific natural product and the selection of a project based on the 

possibility of isolating a new natural product. Given that the production of natural products is 

often species specific, the ability to identify isolates to a high taxonomic level allows researchers 

attempting to re-isolate a particular natural product to target isolates with the desired biosynthetic 

potential. Alternatively, if an isolate is identified as a species that has not been extensively 

researched, the project could be prioritized to increase the likelihood of isolating novel natural 

products. This second concept could be extended to investigating the natural products produced 

by isolates within related genera, families and orders as a means of determining which group of 

isolates should or could be focused on. In this way DNA taxonomy provides a valuable and 

efficient first step in the prioritization methods used by natural products researchers.  

Conclusion 

 Identification has been a limitation that has surpassed endophytes alone, with numerous 

accounts of improper identifications being found in all domains of life from flora to fauna 

alike.82-84 Put simply, misidentifications, especially at the species level, occur easily and can be 
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attributed to several factors, from misleading characteristics to convergent evolution. One of the 

main causes of misidentification is that an identification that is based on a taxonomic approach 

often does not match data that is retrieved when conducting a molecular identification. As such, 

it has been strongly recommended that whenever possible the identification of an unknown 

organism be obtained by molecular methodology in combination with morphology or an 

alternate traditional approach based on the visual characteristics of an unknown.26 The research 

described in this thesis, though only completed on a single library of isolates, has shown 

promising results that support the recommendation of utilizing molecular methods to obtain an 

identification on an unknown organism and has laid the foundation for the unambiguous 

identification of fungal endophytes by the NPRG in the future.  
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Appendix 1 DNA Sequences 

 

CT1-005A 

Primer: ITS1 

gccggtggaccattaaactcttgttattttatgtaatctgagcgtcttattttaataagt 

caaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcg 

ataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcc 

cattagtattctagtgggcatgcctgttcgagcgtcatttcaacccttaagcctagctta 

gtgttgggaatctacttctcttaggagttgtagttcctgaaatacaacggcggatttgta 

gtatcctctgagcgtagtaatttttttctcgcttttgttaggtgctataactcccagccg 

ctaaacccccaatttttttgtggttgacctcggatcaggtaggaatacccgctgaactta 

agcatatcaataagcggag 

CT1-006A 

Primer: ITS1 

ccttgctgaattattcacccttgtcttttgcgtacttcttgtttccttggtgggttcgcc 

caccactaggacaaacataaaccttttgtaattgcaatcagcgtcagtaacaaattaata 

attacaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatg 

cgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcg 

ccctttggtattccaaagggcatgcctgttcgagcgtcatttgtaccctcaagctttgct 

tggtgttgggcgtcttgtctctagctttgctggagactcgccttaaagtaattggcagcc 

ggcctactggtttcggagcgcagcacaagtcgcactctctatcagcaaaggtctagcatc 

cattaagcctttttttcaacttttgacctcggatcaggtagggatacccgctgaacttaa 

gcatatcaataagcggag 
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CT1-006B 

Primer: ITS1 

tgtaccttgttgcttcggtgcgcccgcctcacgNNNNccggggggcttctgcccccgggt 

ccgcgcgcaccggagacaccattgaactctgtctgaagattgcagtctgagcataaacta 

aataagttaaaactttcaacaacggatctcttggttccggcatcgatgaagaacgcagcg 

aaatgcgataactaatgtgaattgcagaattcagtgaatcatcgagtctttgaacgcaca 

ttgcgccccctggtattccggggggcatgcctgtccgagcgtcattgctgccctcaagca 

cggcttgtgtgttgggctccgtccccccggggacgggtccgaaaggcagcggcggcaccg 

agtccggtcctcgagcgtatggggctttgtcacccgctctgtaggcccggccggcgccag 

ccgacaaccaatcatcctttttcaggttgacctcggatcaggtagggatacccgctgaac 

ttaagcatatcaa 

CT1-008A 

Primer: ITS1 

atctttgaacgcacattgcgccccctggcattccagggggcatgcctgtccgagcgtcat 

ttctgccctcaagcccggcttgtgtgttgggcgtggtccccccggtgtcggggggacctg 

ccccaaaggcagcggcgacgttccgcctaggtcctcgagcgtatggggctttgtcacccg 

ctcgggaggggcctacgggcgttggccacccaccaattttttttacggttgacctcggat 

caggtaggagttacccgctgaacttaagcatatcaataagcggagga 

CT1-011A 

Primer: ITS1 

acaaaactccagtcagtaaacgtcgcagtctgagaaacaagttaataaactaaaactttc 

aacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatg 

tgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccccttggtatt 
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ccgaggggcatgcctgttcgagcgtcatttcaaccctcaagctctgcttggtattgggct 

ccgtcctccgcggacgcgcctcgaagacctcggcggtggcgtcttgcctcaagcgtagta 

gaaaacacctcgctttggagcgcacggcgtcgcccgccggacgaacctttgaatttttct 

caaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagcgga 

gga 

CT1-013A 

Primer: ITS1 

cgccagagcgcctctgaaccctaatgaagaaggactgtctgagtctacgatataattatc 

aaaactttcaacaatggatctcttggttccggcatcgatgaagaacgcagcgaaatgcga 

taagtaatgtgaattgcagaattccgtgaatcatcgaatctttgaacgcacattgcgccc 

cctggcattccggggggcatgcctgtccgagcgtcatttctgccctcaagcccggcttgt 

gtgttgggcgtggtccccccggtgtcggggggacctgccccaaaggcagcggcgacgttc 

cgcctaggtcctcgagcgtatggggctttgtcacccgctcgggaggggcctacgggcgtt 

ggccacccaccaattttttttacggttgacctcggatcaggtaggagttacccgctgaac 

ttaagcatatcaataagcggagga 

CT1-016A 

Primer: ITS1 

ggtccaacctcccacccgtgtctcttgaataccctgttgctttggcgggcccaccgggcc 

acccccggtcgccggggggcactgcgcccccgggcccgcgcccgccagagcgcctctgaa 

ccctaatgaagaaggactgtctgagtctacgatataattatcaaaactttcaacaatgga 

tctcttggttccggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgca 

gaattccgtgaatcatcgaatctttgaacgcacattgcgccccctggcattccggggggc 

atgcctgtccgagcgtcatttctgccctcaagcccggcttgtgtgttgggcgtggtcccc 
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ccggtgtcggggggacctgccccaaaggcagcg 

JAJ1-001 

Primer: ITS1 

cccgctttcctgcatcctttttttaNgagcacctttcgttctccttcggcggggcaacct 

gccgctggaacttaacaaaacctttttttgcatctagcattacctgttctgatacaaaca 

atcgttacaactttcaacaatggatctcttggctctggcatcgatgaagaacgcagcgaa 

atgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacatt 

gcgccccttggtattccatggggcatgcctgttcgagcgtcatctacaccctcaagctct 

gcttggtgttgggcgtctgtcccgcctctgcgcgcggactcgccccaaattcattggcag 

cggtctttgcctcctctcgcgcagcacaattgcgtctgcgagggggcgtggcccgcgtcc 

acgaagcaacattaccgtctttgacctcggatcaggtagggatacccgctgaacttaagc 

ata         

JAJ1-005 

Primer: ITS1 

cctgtgtcgttataccttcgttgctttggcgggccgcggggctccggccctgcccctggc 

tccggctagggcgcgcccgccagaggactcccaaacctgaatgttagtgtcgtctgagta 

ctatataatagttaaaactttcaacaacggatctcttggttctggcatcgatgaagaacg 

cagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaac 

gcacattgcgccccttggtattccggggggcatgcctgttcgagcgtcattacaaccctc 

aagctctgcttggtcttgggcgtcaccggtccccggtgtgcctcaaaatcagtggcggcg 

ccgtctggctctaagcgtagtacatactctcgctacagacgcccggcggatgctggccag 

caacccccaatctatcaaggttgacctcggatcaggtagggatacccgctgaacttaagc 

atat         
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JAJ1-009 

Primer: ITS1 

ttaccattgttgcctcggcagaagctacctggttaccctaccttggaacggcctaccctg 

tagcgccttaccctggaacggcctaccctgtaacggctgccggtggactaccaaactctt 

gttattttattgtaatctgagcgtcttattttaataagtcaaaactttcaacaacggatc 

tcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcaga 

attcagtgaatcatcgaatctttgaacgcacattgcgcccattagtattctagtgggcat 

gcctgttcgagcgtcatttcaacccttaagcctagcttagtgttgggagcctaccgcttt 

tgctagcggtagctcctgaaatacaacggcggatctgcgatatcctctgagcgtagtaat 

ttttatctcgcttttgactggagttgcagcgtctttagccgctaaaccccccaaattttt 

taatggttgacctcggatcaggtaggaatacccgctgaacttaagcatatc 

 JAJ1-021 

Primer: ITS1 

gtgtcgttataccttcgttgctttggcgggccgcggggctccggccctgcccctggctcc 

ggctagggcgcgcccgccagaggactcccaaacctgaatgttagtgtcgtctgagtacta 

tataatagttaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcag 

cgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgca 

cattgcgccccttggtattccggggggcatgcctgttcgagcgtcattacaaccctcaag 

ctctgcttggtcttgggcgtcaccggtccccggtgtgcctcaaaatcagtggcggcgccg 

tctggctctaagcgtagtacatactctcgctacagacgcccggcggatgctggccagcaa 

cccccaatctatcaaggttgacctcggatcaggtagggatacccgctgaacttaagcata 

JAJ1-025 

Primer: ITS1 
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ttaccgtcgttgcctcggcgggctgcgtctaccctgtagctaccctgtagctacccggta 

ggcgtgctacaagcccgccggtggaccactaaactctgttataaatactgtatctctgaa 

tgcttcaacttaataagttaaaactttcaacaacggatctcttggttctggcatcgatga 

agaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatct 

ttgaacgcacattgcgcccattagtattctagtgggcatgcctattcgagcgtcatttca 

acccttaagcctaagttgcttagcgttgggaatctgccctgtattacggggcagttccct 

aaagttatcggcggagttagggcatactctaagcgtagtactattattctcgcttctgca 

gttgtcccgacggcttgccgctaaacccctatattttctagtggttgacctcggattagg 

taggaatacccgctgaacttaagca 

JAJ1-029 

Primer: ITS1 

tcataaccctttgttgtccgactctgttgcctccggggcgaccctgccttcgggcggggg 

ctccgggtggacacttcaaactcttgcgtaactttgcagtctgagtaaacttaattaata 

aattaaaacttttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaat 

gcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgc 

gccccctggtattccggggggcatgcctgttcgagcgtcatttcaccactcaagcctcgc 

ttggtattgggcaacgcggtccgccgcgtgcctcaaatcgaccggctgggtcttctgtcc 

cctaagcgttgtggaaactattcgctaaagggtgttcgggaggctacgccgtaaaacaac 

cccatttctaaggttgacctcggatcaggtagggatacccgctgaacttaagcata 

JAJ1-041 

Primer: ITS1 

ctcaccctatgtgaccttaccgtcgttgcctcggcgggctgcgtctaccctgtagctacc 

ctgtagctacccggtaggcgtgctacaagcccgccggtggaccactaaactctgttataa 
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atactgtatctctgaatgcttcaacttaataagttaaaactttcaacaacggatctcttg 

gttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattca 

gtgaatcatcgaatctttgaacgcacattgcgcccattagtattctagtgggcatgccta 

ttcgagcgtcatttcaacccttaagcctaagttgcttagcgttgggaatctgccctgtat 

tacggggcagttccctaaagttatcggcggagttagggcatactctaagcgtagtactat 

tattctcgcttctgcagttgtcccgacggcttgccgctaaacccctatattttctagtgg 

ttgacctcggattaggtaggaatacccgctgaacttaagcata 

JAJ1-045 

Primer: ITS1 

cccgctttcctgcatcctttttttacgagcacctttcgttctccttcggcggggcaacct 

gccgctggaacttaacaaaacctttttttgcatctagcattacctgttctgatacaaaca 

atcgttacaactttcaacaatggatctcttggctctggcatcgatgaagaacgcagcgaa 

atgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacatt 

gcgccccttggtattccatggggcatgcctgttcgagcgtcatctacaccctcaagctct 

gcttggtgttgggcgtctgtcccgcctctgcgcgcggactcgccccaaattcattggcag 

cggtctttgcctcctctcgcgcagcacaattgcgtctgcgagggggcgtggcccgcgtcc 

acgaagcaacattaccgtctttgacctcggatcaggtagggatacccgctgaacttaagc 

atat 

JAJ1-049 

Primer: ITS1 

tgcctgtaccctctttttacgagcacctttcgttctccttcggcggggcaacctgccgct 

ggaaccaaaacaaaaccttttttgcatctagcattacctgttctgatacaaacaatcgtt 

acaactttcaacaatggatctcttggctctggcatcgatgaagaacgcagcgaaatgcga 
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taagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccc 

cttggtattccatggggcatgcctgttcgagcgtcatctacaccctcaagctctgcttgg 

tgttgggcgtctgtcccgcctctgcgcgcggactcgccccaaattcattggcagcggtct 

ttgcctcctctcgcgcagcacaattgcgtctgcgggggggcgtggcccgcgtccacgaag 

caacattaccgtctttgacctcggatcaggtagggatacccgctgaacttaagcatatca 

a 

JAJ1-061 

Primer: ITS1 

agcttccctggtacatgcctcaccccttgtatatctaccatgttgctttggcgggccgac 

ccggtttcgacccgggcggccggcgcccccagcctgcNNNccaggccaggacgcccggcc 

aagtgcccgccagtatacaaaactccagcgattattttgtgtagtcctgagaatttattc 

aataaattaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcg 

aaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcaca 

ttgcgccctctggcattccggagggcatgcctgttcgagcgtcatttcaaccctcaagct 

ctgcttggtattgggcgacgtctgctgtcagacgcgcctggaagacctcggcgacggcat 

tccagcctcgagcgtagtagtaaaatatctcgctttggaggatggggtgacggcttgccg 

gacaaccgacctctggtcattttttccaaggttgacctcggatcaggtagggatacccgc 

tgaacttaagcatatcaataagcggag 

 JAJ1-065 

Primer: ITS1 

ggccgactccaccctttgtgaccgaacttgttgcttcgggggcgaccctgcNNNNNNNgN 

ccgcggcgcccccggaggccttcaaaaccctgcgttctgtacgtcggagtctcaagtaaa 

ttgaacaaaactttcaacaacggatctcttggtactggcatcgatgaagaacgcagcgaa 



 

34 

 

atgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacatt 

gcgccccctggtattccggggggcatgcctgttcgagcgtcatttcaccactcaagcccc 

gcttggtattgggcgtcgcgggtctccgcgcgcctcaaagtctccggctgagctgttgta 

aaccctagcgttgtgaaacatattcgcttgtggtctgcgcagccgcggccgttaaacttt 

tcaaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagcg 

gagga 

JAJ1-073 

Primer: ITS1 

aactaccttgttgctttggcgggaccgctcggtctcgagccgctggggattcgtcccagg 

cgagcgcccgccagagNtaaaccaaactcttgttatttaaccggtcgtctgagttaaaat 

tttgaataaatcaaaactttcaacaacggatctcttggttctcgcatcgatgaagaacgc 

agcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacg 

cacattgcgccccttggtattccgaggggcatgcctgttcgagcgtcattacaccactca 

agctatgcttggtattgggcgtcgtccttagttgggcgcgccttaaagacctcggcgagg 

ccactccggctttaggcgtNNtagaatttattcgaacgtctgtcaaaggagaggaactct 

gccgactgaaacctttatttttctaggttgacctcggatcaggtagggatacccgctgaa 

cttaagcatat 

JAJ1-093 

Primer: ITS1 

tctacaccctcaagctctgcttggtgttgggcgtctgtcccgcctctgcgcgcggactcg 

ccccaaattcattggcagcggtctttgcctcctctcgcgcagcacaattgcgtctgcggg 

ggggcgtggcccgcgtccacgaagcaacattaccgtctttgacctcggatcaggtaggga 

tacccgctgaacttaagcat 



 

35 

 

 

JAJ1-097 

Primer: ITS1 

tgacttatctctttgttgcctcggcgcaagctacccgggacctcgcgccccgggcggccc 

gccggcggacaaaccaaaactcttgttatcttcgttgattatctgagtgtcttatttaat 

aagtcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaa 

tgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattg 

cgcccattagtattctagtgggcatgcctgttcgagcgtcatttcaacccctaagcacag 

cttattgttgggaacctacggcttcgtagttcctcaaagacattggcggagtggcagtgg 

tcctctgagcgtagtaatcttttatctcgcttctgttaggtgctgcccccccggccgtaa 

aacccccaattttttctggttgacctcggatcaggtaggaatacccgctgaacttaagca 

ta 

JAJ1-113 

Primer: ITS1 

ctgcctgtaccctctttttacgagcacctttcgttctccttcggcggggcaacctgccgc 

tggaaccaaaacaaaaccttttttgcatctagcattacctgttctgatacaaacaatcgt 

tacaactttcaacaatggatctcttggctctggcatcgatgaagaacgcagcgaaatgcg 

ataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcc 

ccttggtattccatggggcatgcctgttcgagcgtcatctacaccctcaagctctgcttg 

gtgttgggcgtctgtcccgcctctgcgcgcggactcgccccaaattcattggcagcggtc 

tttgcctcctctcgcgcagcacaattgcgtctgcgggggggcgtggcccgcgtccacgaa 

gcaacattaccgtctttgacctcggatcaggtagggatacccgctgaacttaagcatatc 

JAJ1-117 



 

36 

 

Primer: ITS1 

gccgcggcgcccccggaggccttcaaaaccctgcgttctgtacgtcggagtctcaagtaa 

attgaacaaaactttcaacaacggatctcttggtactggcatcgatgaagaacgcagcga 

aatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacat 

tgcgccccctggtattccggggggcatgcctgttcgagcgtcatttcaccactcaagccc 

cgcttggtattgggcgtcgcgggtctccgcgcgcctcaaagtctccggctgagctgttgt 

aaaccctagcgttgtgaaacatattcgcttgtggtctgcgcagccgcggccgttaaactt 

ttcaaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagc 

 

JAJ1-129 

Primer: ITS1 

gtttcaacccatctgtgtatcttacctgttgcttccgtaccgcgtggacttcggtcccct 

catgctgtacttcggtacggttccagagtgccggtgcggaaggtatacatcaaactcttg 

cattccatgtcttctgtctgaactgttaataacaaaagtttaaaactttcaacaacggat 

ctcttggttctcgcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcag 

aattcagtgaatcatcgaatctttgaacgcacattgcgcctcctggtattccgggaggca 

tgcctgttcgagcgtcattaaaaaccactcaagctcttttgcttggtcatggaagaagag 

tccgcttgccggtctccctttcgaaatgcaatggcggaaggtctcttgtacccagcgtag 

taataacttttcgctttgtgcattgattcattcctgccgtcaaacccccaattttcttag 

gttgacctcggatcaggtagggatacccgctgaacttaagcatat 

JAJ1-133 

Primer: ITS1 

tgtcttttgagtaccttacgtttcctcggcgggtccgcccgccgactggacaatttaaac 



 

37 

 

cacttgcagttgcaatcagcgtctgaaaaaacttaatagttacaactttcaacaacggat 

ctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcag 

aattcagtgaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggca 

tgcctgttcgagcgtcatttgtaccttcaagccttgcttggtgttgggtgtttgtctcgc 

ctctgcgcgtagactcgcctcaaaacaattggcagccggcgtattgatttcggagcgcag 

tacatctcgcgctttgcactcagaacgacgacgtccaaaagtacatttttacactcttga 

cctcggatcaggtagggatacccgctgaacttaagcata 

JAJ1-137 

Primer: ITS1 

cgccgattggacaacattcaaaccctttgcagttgcaatcagcgtctgaaaaaacataat 

agttacaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaat 

gcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgc 

gccccttggtattccatggggcatgcctgttcgagcgtcatttgtaccttcaagctctgc 

ttggtgttgggtgtttgtctcgcctctgcgtgtagactcgccttaaaacaattggcagcc 

ggcgtattgatttcggagcgcagtacatctcgcgctttgcactcacaacgacgacgtcca 

aaagtacatttttacactcttgacctcggatcaggtagggatacccgctgaacttaagca 

tatc 

JAJ1-141 

Primer: ITS1 

ctgcctgtaccctctttttacgagcacctttcgttctccttcggcggggcaacctgccgc 

tggaaccaaaacaaaaccttttttgcatctagcattacctgttctgatacaaacaatcgt 

tacaactttcaacaatggatctcttggctctggcatcgatgaagaacgcagcgaaatgcg 

ataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcc 



 

38 

 

ccttggtattccatggggcatgcctgttcgagcgtcatctacaccctcaagctctgcttg 

gtgttgggcgtctgtcccgcctctgcgcgcggactcgccccaaattcattggcagcggtc 

tttgcctcctctcgcgcagcacaattgcgtctgcgggggggcgtggcccgcgtccacgaa 

gcaacattaccgtctttgacctcggatcaggtagggatacccgctgaacttaagcatat 

JAJ1-149 

Primer: ITS1 

ccgagcgcgtcaacccccgggtcggcgagcgcccgccagagtccaaccaaactcttgtat 

taaaccagtcgtctgagtataaaattttaattaaattaaaactttcaacaacggatctct 

tggttctcgcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaatt 

cagtgaatcatcgaatctttgaacgcacattgcgccccttggtattccgaggggcatgcc 

tgttcgagcgtcattacaccactcaagcactgcttggtattgggcatcgtccgtcgaaag 

gcgggcgtgcctcgaagacctcggcggggtttcaccgacttcgggcgtagtagagttaaa 

tcaaaacgtctcataagcttgatggagcctcattgccgttaaacctttttattttatagg 

ttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagcggag 

JAJ1-157 

Primer: ITS1 

accctttgtgattataccttagttgcctcggcgtcgagcgagtcaacctacccgggagct 

accctggagtcacctaccctgtagaacctaccctgtaggacctaccctgtagacggctac 

cctggagctaccctgtagttgcactttcgcgtcgccggtggactaccaaactcttatatg 

tatagtgtatctctgaattcttaacaaaattagttaaaactttcaacaacggatctcttg 

gttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattca 

gtgaatcatcgaatctttgaacgcatattgcgcccagtagtattctactgggcatgccta 

ttcgagcgtcatttcaacccttacgccctgtagcgtagtgttaggactctactctttaga 



 

39 

 

gagcagttccctaaaaccagtggcagtgttcggtacactcatagcgtagtaattcttctc 

gcttctgcagtggcccgtactactcgccgtaaaacccctaattttctaatggttgacctc 

ggattaggtaggaatacccgctgaacttaagcatatc 

JAJ1-161 

Primer: ITS1 

gctccggctggtgagcgcccgccagaggacccNNNNctctgaaatttagtgtcgtctgag 

tactattttaatagttaaaactttcaacaacggatctcttggttctggcatcgatgaaga 

acgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttg 

aacgcacattgcgccccttggtattccggggggcatgcctgttcgagcgtcattacaacc 

ctcaagctctgcttggtattgggcgtccccggcagcggggtgccctaaaatcagtggcgg 

tgccgtctggctctaagcgtagtaaatctctcgctctggagacccggcggatgcttgcca 

gcaacccccaattttttaaggttgacctcggatcaggtagggatacccgctgaacttaag 

catatcaataagcggag 

KP1-013B           

488 bp     

ttgcttcggc gggcccgcct cacggccgcc ggggggcttc tgccctctgg cccgcgcccg 

ccgaagacac cattgaacgc tgtctgaaga ttgcagtctg agcaattagc taaataagtt 

 aaaactttca acaacggatc tcttggttcc ggcatcgatg aagaacgcag cgaaatgcga 

 tacgtaatgt gaattgcaga attcagtgaa tcatcgagtc tttgaacgca cattgcgccc 

cttggtattc cggggggcat gcctgtccga gcgtcattgc tgccctcaag cacggcttgt 

gtgttgggct ccgtcctcct tcccggggga cgggcccgaa aggcagcggc ggcaccgcgt 

ccggtcctcg agcgtatggg gcttcgtctt ccgctcttgt aggcccggcc ggcgcttgcc 

gacaacaatc aatctttttt caggttgacc tcggatcagg tagggatacc cgctgaactt 



 

40 

 

aagcatat 

KP1-017A 

474 bp        

ttaccttgtt gctttggcgg tgccgcgtgg cttcggccgc gccttgggct ctcgagcccg 

agcgtgcccg ccagaggaaa cccaaactct gaatattttt gtcgtctgag tactatataa 

tagttaaaac tttcaacaac ggatctcttg gttctggcat cgatgaagaa cgcagcgaaa 

tgcgataagt aatgtgaatt gcagaattca gtgaatcatc gaatctttga acgcacattg 

cgccccttgg tattccgggg ggcatgcctg ttcgagcgtc atttcaaccc tcaagctctg 

cttggtattg agccccgcca gcgatggcgg gccctaaaat cagtggcggc gccgctgggt 

cctgagcgta gtaattctct cgctacaggg tccccgcgtg cttctgccaa caaccccaaa 

ttttctatgg ttgacctcgg atcaggtagg gatacccgct gaacttaagc atat 

KP1-017C                

608 bp     

gcggaaggat cattaacgaa taactatggt gtcttggttg tagctggctc ctcggagcat 

tgtgcacgcc cgccattttt atctatccac ctgtgcaccg actgtaggtc tggatgactc 

tcgtgctctc tgagtgcgga tgcgaggatt gccctcttga ggtgtctctc ctcgaatttc 

caggctctac gtctttttac acaccccaca agtatgatat agaatgtagt caatgggctt 

gatcgcctat aaaacactat acaactttca gcaacggatc tcttggctct cgcatcgatg 

aagaacgcag cgaaatgcga taagtaatgt gaattgcaga attcagtgaa tcatcgaatc 

tttgaacgca ccttgcgctc cttggtattc cgaggagcat gcctgtttga gtgtcattaa 

attctcaacc tcacccgttt tccgaacggt tctccgaggc ttggatgtgg gggtttgtgc 

aggctgcctc agcgcggtct gctcccctga aatgcattag cgagttcgta ctgagctccg 

tctattggtg tgataattat ctacgccgtg gacagggttt agactcgctt ctaaccgtcc 



 

41 

 

gcaaggac 

KP1-017E 

509 bp     

tgcggaagga tcattaccga gtgagggccc tctgggtcca acctcccacc cgtgtttatc 

gtaccttgtt gcttcggcgg gcccgcctca cggccgccgg ggggcacctg cccccgggcc 

cgcgcccgcc gaagacacca ttgaactctg tctgaagatt gcagtctgag cgattaacta 

aatcagttaa aactttcaac aacggatctc ttggttccgg catcgatgaa gaacgcagcg 

aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgagtctt tgaacgcaca 

ttgcgccccc tggtattccg gggggcatgc ctgtccgagc gtcattgctg ccctcaagca 

cggcttgtgt gttgggctcc gcccccctcc cggggggcgg gcccgaaagg cagcggcggc 

accgcgtccg gtcctcgagc gtatggggct ttgtcacccg ctctgtaggc ccggccggcg 

cccgccggcg accccaatca atcttccag 

KP1-045A 

499 bp     

cgaaccttgt tgctttggcg ggcccgcctc acggccgccg gggggcatct gcccccgggc 

ccgcgcccgc cgaagccacc tgtgaactct gtctgaagta tgcagtctga gacaattatt 

aaattaatta aaactttcaa caacggatct cttggttccg gcatcgatga agaacgcagc 

gaaatgcgat aactaatgtg aattgcagaa ttcagtgaat catcgagtct ttgaacgcac 

attgcgccct ctggtattcc ggagggcatg cctgtccgag cgtcattgct gccctccagc 

ccggctggtg tgttgggccc cgcccccctt cccggggggg cgggcccgaa aggcagcggc 

ggcaccgcgt ccggtcctcg agcgtatggg gctttgtcac ccgctcttgt aggcccggcc 

ggcgccagcc gaccccctca atctattttt tcaggttgac ctcggatcag gtagggatac 

ccgctgaact taagcatat 



 

42 

 

KP1-045C 

469 bp     

cggggggcat ctgcccccgg gcccgcgccc gccgnnnnca cctgtgaact ctgtctgaag 

tatgcagtct gagacaatta ttaaattaat taaaactttc aacaacggat ctcttggttc 

cggcatcgat gaagaacgca gcgaaatgcg ataactaatg tgaattgcag aattcagtga 

atcatcgagt ctttgaacgc acattgcgcc ctctggtatt ccggagggca tgcctgtccg 

agcgtcattg ctgccctcca gcccggctgg tgtgttgggc cccgcccccc ttcccggggg 

ggcgggcccg aaaggcagcg gcggcaccgc gtccggtcct cgagcgtatg gggctttgtc 

acccgctctt gtaggcccgg ccggcgccag ccgaccccct caatctattt tttcaggttg 

acctcggatc aggtagggat acccgctgaa cttaagcata tcaataagc 

 

KP1-045K 

475 bp     

ctgcggaggg atcattacac aatatgaaag cgggttggga cctcatctcg gtgggggctc 

cagcttgtct gaattattca cccatgtctt ttgcgcactt cttgtttcct gggcgggttc 

gcccgccacc aggacccaac cataaacctt tttttgtaat tgcaatcagc gtcagtaaac 

aatgtaatta ttacaacttt caacaacgga tctcttggtt ctggcatcga tgaagaacgc 

agcgaaatgc gatacgtagt gtgaattgca gaattcagtg aatcatcgaa tctttgaacg 

cacattgcgc cctttggtat tccaaagggc atgcctgttc gagcgtcatt tgtaccctca 

agctttgctt ggtgttgggc gtctttgtct ctcacgagac tcgccttaaa atgattggca 

gccggcctac tggtttcgga gcgcagcaca atcttgcact tctgatcagc catgg 

KP1-063J 

471 bp     



 

43 

 

gggggcatct gcccccgggc ccgcgcccgc cnnnnccacc tgtgaactct gtctgaagta 

tgcagtctga gacaattatt aaattaatta aaactttcaa caacggatct cttggttccg 

gcatcgatga agaacgcagc gaaatgcgat aactaatgtg aattgcagaa ttcagtgaat 

catcgagtct ttgaacgcac attgcgccct ctggtattcc ggagggcatg cctgtccgag 

cgtcattgct gccctccagc ccggctggtg tgttgggccc cgcccccctt cccggggggg 

cgggcccgaa aggcagcggc ggcaccgcgt ccggtcctcg agcgtatggg gctttgtcac 

ccgctcttgt aggcccggcc ggcgccagcc gaccccctca atctattttt tcaggttgac 

ctcggatcag gtagggatac ccgctgaact taagcatatc aataagcgga g 

KP1-063N 

489 bp     

ttccgtaggt gaacctgcgg aaggatcatt accgagtgag ggccctctgg gtccaacctc 

ccacccgtgt ctatcgtacc ttgttgcttc ggcgggcccg ccgtttcgac ggccgccggg 

gaggccttgc gcccccgggc ccgcgcccgc cgaagacccc aacatgaacg ctgttctgaa 

agtatgcagt ctgagttgat tatcgtaatc agttaaaact ttcaacaacg gatctcttgg 

ttccggcatc gatgaagaac gcagcgaaat gcgataagta atgtgaattg cagaattcag 

tgaatcatcg agtctttgaa cgcacattgc gccccctggt attccggggg gcatgcctgt 

ccgagcgtca ttgctgccct caagcacggc ttgtgtgttg ggcccccgtc cccctctccc 

gggggacggg cccgaaaggc agcggcggca ccgcgtccgg tcctcgagcg tatggggctt 

tgtcacctg 

KP1-075B  

469 bp     

acctgcggaa ggatcattac tgagtgaggg cccctcgggg tccaacctcc cacccgtgtt 

taacgaacct tgttgctttg gcgggcccgc ctcacggccg ccggggggca tctgcccccg 



 

44 

 

ggcccgcgcc cgccgaagcc acctgtgaac tctgtctgaa gtatgcagtc tgagacaatt 

attaaattaa ttaaaacttt caacaacgga tctcttggtt ccggcatcga tgaagaacgc 

agcgaaatgc gataactaat gtgaattgca gaattcagtg aatcatcgag tctttgaacg 

cacattgcgc cctctggtat tccggagggc atgcctgtcc gagcgtcatt gctgccctcc 

agcccggctg gtgtgttggg ccccgccccc cttcccgggg gggcgggccc gaaaggcagc 

ggcggcaccg cgtccggtcc tcgagcgtat ggggctttgt cacccgctc 

KP1-089A 

481 bp     

tgtattatta ccttgttgct ttggcggtgc cgcgtggctt cggccgcgcc ttgggctctc 

gagcccgagt gtgcccgcca gaggaaaccc aaactctgaa tatttttgtc gtctgagtac 

tatataatag ttaaaacttt caacaacgga tctcttggtt ctggcatcga tgaagaacgc 

agcgaaatgc gataagtaat gtgaattgca gaattcagtg aatcatcgaa tctttgaacg 

cacattgcgc cccttggtat tccggggggc atgcctgttc gagcgtcatt tcaaccctca 

agctctgctt ggtattgagc cccgccagcg atggcgggct ctaaaatcag tggcggcgcc 

gctgggtcct gagcgtagta attctctcgc tacagggtcc ccgcgtgctt ctgccaacaa 

ccccaaattt tctatggttg acctcggatc aggtagggat acccgctgaa cttaagcata 

 t 

KP1-091A 

472 bp     

gccggggggc acctgccccc gggcccgcgc ccgccgaaga caccattgaa ctctgtctga 

agattgcagt ctgagcgatt aactaaatca gttaaaactt tcaacaacgg atctcttggt 

tccggcatcg atgaagaacg cagcgaaatg cgataagtaa tgtgaattgc agaattcagt 

gaatcatcga gtctttgaac gcacattgcg ccccctggta ttccgggggg catgcctgtc 



 

45 

 

cgagcgtcat tgctgccctc aagcacggct tgtgtgttgg gctccgcccc cctcccgggg 

ggcgggcccg aaaggcagcg gcggcaccgc gtccggtcct cgagcgtatg gggctttgtc 

acccgctctg taggcccggc cggcgcccgc cggcgacccc aatcaatctt tccaggttga 

cctcggatca ggtagggata cccgctgaac ttaagcatat caataagcgg ag 

KP1-119C 

519 bp     

ggggcttgct cccgggtggt aggggtaaca ccctcacgcg ccgcctgcct gtaccctctt 

tttacgagca cctttcgttc tccttcggcg gggcaacctg ccgctggaac caaaataaaa 

ccttttttgc atctagcatt acctgttctg atacaaacaa tcgttacaac tttcaacaat 

ggatctcttg gctctggcat cgatgaagaa cgcagcgaaa tgcgataagt agtgtgaatt 

gcagaattca gtgaatcatc gaatctttga acgcacattg cgccccttgg tattccatgg 

ggcatgcctg ttcgagcgtc atctacaccc tcaagctctg cttggtgttg ggcgtctgtc 

ccgcctctgc gcgcggactc gccccaaatt cattggcagc ggtctttgcc tcctctcgcg 

cagcacaatt gcgtctgcgg gggggcgcgg cccgcgtcca cgaagcaaca ttaccgtctt 

tgacctcgga tcaggtaggg atacccgctg aacttaagc 

KP1-119E 

489 bp     

gttgcttcgg cggcgcggcc tccctcacgg gggcgccgca gccccgcctc tccggaggtg 

tggggcgccc gccggaggta cgaaactctg tattatagtg gcatctctga gtaaaaaaca 

aataagttaa aactttcaac aacggatctc ttggttctgg catcgatgaa gaacgcagcg 

aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgaatctt tgaacgcaca 

ttgcgcccgc tagtactcta gcgggcatgc ctgttcgagc gtcatttcaa ccctcaagcc 

ctgcttggtg ttggggccct acggctgccg taggccctga aaggaagtgg cgggctcgct 



 

46 

 

acaactccga gcgtagtaat tcattatctc gctagggacg ttgcggcgcg ctcctgccgt 

taaagaccat ctttaactca aggttgacct cggatcaggt aggaataccc gctgaactta 

agcatatca 

KP1-123A 

422 bp      

acctgcggaa ggatcattac cgagtgaggg ccctctgggt ccaacctccc acccgtgttt 

atcgtacctt gttgcttcgg cgggcccgcc tcacggccgc cggggggcac ctgcccccgg 

gcccgcgccc gccgaagaca ccattgaact ctgtctgaag attgcagtct gagcgattaa 

ctaaatcagt taaaactttc aacaacggat ctcttggttc cggcatcgat gaagaacgca 

gcgaaatgcg ataagtaatg tgaattgcag aattcagtga atcatcgagt ctttgaacgc 

acattgcgcc ccctggtatt ccggggggca tgcctgtccg agcgtcattg ctgccctcaa 

gcacggcttg tgtgttgggc tccgcccccc tcccgggggg cgggcccgaa aggcagcggc 

gg 

KP1-123B 

499 bp    

tgcggaagga tcattaccga gtgagggccc tctgggtcca acctcccacc cgtgtttatc 

gtaccttgtt gcttcggcgg gcccgcctca cggccgccgg ggggcacctg cccccgggcc 

cgcgcccgcc gaagacacca ttgaactctg tctgaagatt gcagtctgag cgattaacta 

aatcagttaa aactttcaac aacggatctc ttggttccgg catcgatgaa gaacgcagcg 

aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgagtctt tgaacgcaca 

ttgcgccccc tggtattccg gggggcatgc ctgtccgagc gtcattgctg ccctcaagca 

cggcttgtgt gttgggctcc gcccccctcc cggggggcgg gcccgaaagg cagcggcggc 

accgcgtccg gtcctcgagc gtatggggct ttgtcacccg ctctgtaggc ccggccggcg 
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cccgccggcg accccaatc 

KP1-123C 

497 bp     

gcgaaagcgt gtacgcgccg tcactcttac ccttttttta cgagtacctt cgttctcctt 

cggtggggca acctgccgct ggaatcaaca aaaccttttt tgcatctagc attacctgtt 

ctgatacaaa taatcgttac aactttcaac aatggatctc ttggctctgg catcgatgaa 

gaacgcagcg aaatgcgata agtagtgtga attgcagaat tcagtgaatc atcgaatctt 

tgaacgcaca ttgcgcccct tggtattcca tggggcatgc ctgttcgagc gtcatctaca 

ccctcaagct ctgcttggtg ttgggcgtct gtcccgcctc tgcgcgtgga ctcgccccaa 

attcattggc agcggtcttt gcctcctctc gcgcagcaca attgcgtttc ttgggggggt 

gggtcgcatc cacgaagcaa cattaccgtc tttgacctcg gatcaggtag ggatacccgc 

tgaacttaag catatca 

KP1-131AA 

514 bp 

atcgtacctt gttgcttcgg cgggcccgcn cnntngacgg ccgccgggga ggccttgcgc 

ccccgggccc gcgcccgccg aagaccccaa catgaacgct gttctgaaag tatgcagtct 

gagttgatta tcgtaatcag ttaaaacttt caacaacgga tctcttggtt ccggcatcga 

tgaagaacgc agcgaaatgc gataagtaat gtgaattgca gaattcagtg aatcatcgag 

tctttgaacg cacattgcgc cccctggtat tccggggggc atgcctgtcc gagcgtcatt 

gctgccctca agcacggctt gtgtgttggg cccccgtccc cctctcccgg gggacgggcc 

cgaaaggcag cggcggcacc gcgtccggtc ctcgagcgta tggggctttg tcacctgctc 

tgtaggcccg gccggcgcca gccgacaccc aactttattt ttctaaggtt gacctcggat 

caggtaggga tacccgctga acttaagcat atca 
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KP1-131B 

497 bp     

actcttgttg ctttggcagg ccgtggtctt ccactgtggg ctctgcctgc atgtgcctgc 

cagaggacca aactctgaat tttagtaatg tctgagtact atataatagt taaaactttc 

aacaacggat ctcttggttc tggcatcgat gaagaacgca gcgaaatgcg ataagtaatg 

tgaattgcag aattcagtga atcatcgaat ctttgaacgc acattgcacc cggtggtatt 

ccgccgggta tgcctgttcg agcgtctgta gaacaacaaa ttaccaggtc ttgggtttcg 

acccaggctt gattctgggg ttgcggcatc gtctgcagcc ctaaagtaat gtggcggcac 

cgataggttc taagcgtagt aatttctcct cgctacagag tctttcggcg cattgggtac 

tcactcccgg ccataaaacc cccaatttta gtttgacctc ggatcaagta gggatacccg 

ctgaacttaa gcatatc 

KP1-131BB 

381 bp  

tcggtttcgg ctggtacgcg tccgccagag gatcttaaac cctgattatt ggtgtcgtct 

gagtactata taatagttaa aactttcaac aacggatctc ttggttctgg catcgatgaa 

gaacgcagcg aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgaatctt 

tgaacgcaca ttgcgcccct tggtattccg gggggcatgc ctgttcgagc gtcattacaa 

ccctcaagca taactgcttg gtcttgggct tcgccggtaa ctcggcgggc cttaaaatta 

gtggcggtgc cacgaggccc tgagcgtagt aaatattcct cgctataggt gtctcgcggt 

atcctgtcat atacccccac a 

KP1-131C 

471 bp     

acctgcggaa ggatcattac tgagtctacg ctcgtcagag ctaacctccc acccgtgtct 
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attacatctt gttgcttcgg cggcatccgt gccgccgagg acgccatttg aactctgttt 

tataatgcag tctgagaaca taacttaatt agttaaaact ttcaacaacg gatctcttgg 

ttccggtatc gatgaagaac gcagcgaaat gcgataaata atgtgaattg cagaattcag 

tgaatcatcg agtctttgaa cgcacattgc gccccctggt attccggggg gcatgcctgt 

ccgagcgtca ttgctgccct caagcccggc ttgtgtgttg ggtcctcgtc cctagggacg 

ggcccgaaag gcaatggcag taccgcgtcc ggtcctcgag cgtatggggc tttgtcaccc 

gctctgtagg cccggccggc gcttcgccga ccaacccaaa aactattttc a 

KP1-131DA 

468 bp     

cccgtgtcta tacatcttgt tgcttcggcg gcatccgtgc cgccgaggac gccatttgaa 

ctctgtttta taatgcagtc tgagaacata acttaattag ttaaaacttt caacaacgga 

tctcttggtt ccggtatcga tgaagaacgc agcgaaatgc gataaataat gtgaattgca 

gaattcagtg aatcatcgag tctttgaacg cacattgcgc cccctggtat tccggggggc 

atgcctgtcc gagcgtcatt gctgccctca agcccggctt gtgtgttggg tcctcgtccc 

tagggacggg cccgaaaggc aatggcagta ccgcgtccgg tcctcgagcg tatggggctt 

tgtcacccgc tctgtaggcc cggccggcgc ttcgccgacc aacccaaaaa ctattttttc 

aggttgacct cggatcaggt agggataccc gctgaactta agcatatc 

KP1-131DB 

507 bp     

ataacttgtt gcctcggcat tggttggctt cgaatgaagt cccttatacc cttctgagtg 

taaggagcag accggccgac ggcccctata aactcttgtt tttgtaatat catctgagta 

aaacaactaa aatgaatcaa aactttcaac aacggatctc ttggttctgg catcgatgaa 

gaacgcagcg aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgaatctt 
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tgaacgcaca ttgcgcccgg tggtattcca ccgggcatgc ctgttcgagc gtcatttcaa 

ccctcaaaaa tcttgtatta ttggtgttgg aggaatacct gtaacagggt accctctgaa 

atttagtggc gggctcgcta gaattttgag cgtagtaatt atacctcgtt tttaaagact 

agtgggactt cttgccgtaa aaccccccaa ctttctgaaa tttgacctcg gatcaggtag 

gaatacccgc tgaacttaag catatca 

KP1-131F                 

494 bp        

actcttgttg ctttggcagg ccgtggtcac ccactgtggg ctatgcctgc atgcgcctgc 

cagaggacca aactctgaat attagtgatg tctgagtact atataatagt taaaactttc 

aacaacggat ctcttggttc tggcatcgat gaagaacgca gcgaaatgcg ataagtaatg 

tgaattgcag aattcagtga atcatcgaat ctttgaacgc acattgcacc cggtggtatt 

ccgccgggta tgcctgttcg agcgtcatta taaccactca agcctgtctt ggtgttgggg 

ttgcgaatct tttgcagccc tcgagtctcg tagcgccacc tgtgggttct aagcgtagta 

atttctcctc gctatagaac ctgctcgggg aaaagtataa ttcgtagcct ggttctatgt 

gcccgctata aaacccccaa tttttaaagg ttgacctcgg atcaagtagg gatacccgct 

gaacttaagc atat 

KP1-131H 

 488 bp     

cactgttgcc tcggtggtcg gtgctggaaa cagcgctgcc accggtggac tactaaactc 

ttgttaattt ttgtcaaatc tgaatcaaaa ctaagaaata agttaaaact ttcaacaacg 

gatctcttgg ttctggcatc gatgaagaac gcagcgaaat gcgataagta atgtgaattg 

cagaattcag tgaatcatcg aatctttgaa cgcacattgc gcccattagt attctagtgg 

gcatgcctgt tcgagcgtca tttcaaccct taagcctagc ttagtgttgg gagactgcct 
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aatacgcagc tcctcaaaac cagtggcgga gtctgttcgt gctctgagcg tagtaatttt 

ttatctcgct tctgcaagcc gtacagacaa cagccataaa ccgcaccctc tcggggggca 

cttttttaat ggttgacctc ggatcaggta ggaatacccg ctgaacttaa gcatatcaat 

aagcggag 

KP1-131I                

506 bp     

ctcggtgggg gctccagctt gtctgaatta tnnnccatgt cttttgcgca cttcttgttt 

cctgggcggg ttcgcccgcc accaggaccc aaccataaac ctttttttgt aattgcaatc 

agcgtcagta aacaatgtaa ttattacaac tttcaacaac ggatctcttg gttctggcat 

cgatgaagaa cgcagcgaaa tgcgatacgt agtgtgaatt gcagaattca gtgaatcatc 

gaatctttga acgcacattg cgccctttgg tattccaaag ggcatgcctg ttcgagcgtc 

atttgtaccc tcaagctttg cttggtgttg ggcgtctttg tctctcacga gactcgcctt 

aaaatgattg gcagccggcc tactggtttc ggagcgcagc acaatcttgc acttctgatc 

agccatggtt gagcatccat caagaccaca tttttctcac ttttgacctc ggatcaggta 

gggatacccg ctgaacttaa gcatat 

KP1-131J                  

438 bp     

gaaccaggcg cccgccgcag gacccaaacc tctgtttttg ttaagatttc tcctctgagt 

ggattttaca aataaatcaa aactttcaac aacggatctc ttggctctgg catcgatgaa 

gaacgcagcg aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgaatctt 

tgaacgcaca ttgcgcccgc cagcattctg gcgggcatgc ctgtccgagc gtcatttcaa 

ccctcaggct cccgcgcctg gtgctgggga tcggccttca ccggccggcc ccgaaataca 

gtggcggccc cgcccgtgta cctctgcgta gtagcataca cctcgcagct ggaagcggcg 



 

52 

 

gcggccacgc cggaaaaccc ccgacttctg aaagttgacc tcggatcagg taggaatacc 

cgctgaactt aagcatat 

KP1-131K 

482 bp     

cttacccatg tcttttgagt accttcgttt cctcggtggg ttcgcccgcc ggttggacaa 

cacttaaacc ctttgtaatt gaaatcagcg tctgaaaaaa cttaatagtt acaactttca 

acaacggatc tcttggttct ggcatcgatg aagaacgcag cgaaatgcga taagtagtgt 

gaattgcaga attcagtgaa tcatcgaatc tttgaacgca cattgcgccc cttggtattc 

catggggcat gcctgttcga gcgtcatttg taccttcaag ctctgcttgg tgttgggtgt 

ttgtctcgcc tttgcgcgca gactcgcctc aaaacgattg gcagccggcg tgttgacttc 

ggagcgcagt acatctcgcg ctttgcactc ataacgacga cgtccaaaaa gtacattttt 

acactcttga cctcggatca ggtagggata cccgctgaac ttaagcatat caataagcgg 

ag 

KP1-131L 

491 bp     

tgtaccttgt tgcttcggtg cgcccgcctc acggccgccg gggggcttct gcccccgggt 

ccgcgcgcac cggagacacc attgaactct gtctgaagat tgcagtctga gcataaacta 

aataagttaa aactttcaac aacggatctc ttggttccgg catcgatgaa gaacgcagcg 

aaatgcgata actaatgtga attgcagaat tcagtgaatc atcgagtctt tgaacgcaca 

ttgcgccccc tggtattccg gggggcatgc ctgtccgagc gtcattgctg ccctcaagca 

cggcttgtgt gttgggctcc gtccccccgg ggacgggccc gaaaggcagc ggcggcaccg 

agtccggtcc tcgagcgtat ggggctttgt cacccgctct gtaggcccgg ccggcgccag 

ccgacaacca atcatccttt tttcaggttg acctcggatc aggtagggat acccgctgaa 
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cttaagcata t 

KP1-131M 

462 bp     

tctatacatc ttgttgcttc ggcggcgcat tcgtgtgccg ccggggacac catttgaact 

ctgttttata atgcagtctg agaatataac ttaattagtt aaaactttca acaacggatc 

tcttggttcc ggtatcgatg aagaacgcag cgaaatgcga taaataatgt gaattgcaga 

attcagtgaa tcatcgagtc tttgaacgca cattgcgccc cctggtattc cggggggcat 

gcctgtccga gcgtcattgc tgccctcaag cccggcttgt gtgttgggtc ctagtcctta 

gggacaggcc cgaaaggcaa tggcagtacc gcgtccggtc ctcgagcgta tggggctttg 

tcacccgctc tgtaggcccg gccggcgctc cgccgaccaa ccaaaaaact atttttcagg 

ttgacctcgg atcaggtagg gatacccgct gaacttaagc at 

KP1-131N 

523 bp     

gcggaaggat cattatctat tccatgaggt gcggtcgcgg ccctcggcgg gagcaacagc 

taccgtcggg cggtagaggt aacactttca cgcgccgcat gtctgaatcc tttttttacg 

agcacctttc gttctccttc ggcggggcaa cctgccgttg gaacctatca aaaccttttt 

ttgcatctag cattacctgt tctgatacaa acaatcgtta caactttcaa caatggatct 

cttggctctg gcatcgatga agaacgcagc gaaatgcgat aagtagtgtg aattgcagaa 

ttcagtgaat catcgaatct ttgaacgcac attgcgcccc ttggtattcc atggggcatg 

cctgttcgag cgtcatctac accctcaagc tctgcttggt gttgggcgtc tgtcccgcct 

ctgcgcgcgg actcgcccca aatccattgg cagcggtcct tgcctcctct cgcgcagcac 

attgcgcttc tcgaggtgcg cggcccgcgt ccacgaagca aca 

KP1-131Q 
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513 bp     

atcgtacctt gttgcttcgg cgggcccgcc gtttcgacgg ccgccgggga ggccttgcgc 

ccccgggccc gcgcccgccg aagaccccaa catgaacgct gttctgaaag tatgcagtct 

gagttgatta tcgtaatcag ttaaaacttt caacaacgga tctcttggtt ccggcatcga 

tgaagaacgc agcgaaatgc gataagtaat gtgaattgca gaattcagtg aatcatcgag 

tctttgaacg cacattgcgc cccctggtat tccggggggc atgcctgtcc gagcgtcatt 

gctgccctca agcacggctt gtgtgttggg cccccgtccc cctctcccgg gggacgggcc 

cgaaaggcag cggcggcacc gcgtccggtc ctcgagcgta tggggctttg tcacctgctc 

tgtaggcccg gccggcgcca gccgacaccc aactttattt ttctaaggtt gacctcggat 

caggtaggga tacccgctga acttaagcat atc 

KP1-131R 

497 bp     

actcttgttg ctttggcagg ccgtggtcac ccactgtggg ctatgcctgc atgcgcctgc 

cagaggacca aactctgaat attagtgatg tctgagtact atataatagt taaaactttc 

aacaacggat ctcttggttc tggcatcgat gaagaacgca gcgaaatgcg ataagtaatg 

tgaattgcag aattcagtga atcatcgaat ctttgaacgc acattgcacc cggtggtatt 

ccgccgggta tgcctgttcg agcgtcatta taaccactca agcctgtctt ggtgttgggg 

ttgcgaatct tttgcagccc tcgagtctcg tagcgccacc tgtgggttct aagcgtagta 

atttctcctc gctatagaac ctgctcgggg aaaagtataa ttcgtagcct ggttctatgt 

gcccgctata aaacccccaa tttttaaagg ttgacctcgg atcaagtagg gatacccgct 

gaacttaagc atatcat 

KP1-131S 

447 bp     
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catcttgttg cttcgggggc gaccctgcca ttcgtggcat tccccccgga ggtcatcaaa 

acactgcatt cttacgtcgg agtaaaaagt taatttaata aaactttcaa caacggatct 

cttggttctg gcatcgatga agaacgcagc gaaatgcgat aagtaatgtg aattgcagaa 

ttcagtgaat catcgaatct ttgaacgcac attgcgcccc ctggtattcc ggggggcatg 

cctgttcgag cgtcattaca ccactcaagc ctcgcttggt attgggcgtc gcgagtctct 

cgcgcgcctc aaagtctccg gctaggcagt tcgtctccca gcgttgtggc aactatttcg 

cagtggagtt cgagtcgtcg cggccgttaa atctttcaaa ggttgacctc ggatcaggta 

gggatacccg ctgaacttaa gcatatc 

KP1-131T 

487 bp     

ttccgtaggt gaacctgcgg aaggatcatt accgagtgag ggccctctgg gtccaacctc 

ccacccgtgt ctatcgtacc ttgttgcttc ggcgggcccg ccgtttcgac ggccgccggg 

gaggccttgc gcccccgggc ccgcgcccgc cgaagacccc aacatgaacg ctgttctgaa 

agtatgcagt ctgagttgat tatcgtaatc agttaaaact ttcaacaacg gatctcttgg 

ttccggcatc gatgaagaac gcagcgaaat gcgataagta atgtgaattg cagaattcag 

tgaatcatcg agtctttgaa cgcacattgc gccccctggt attccggggg gcatgcctgt 

ccgagcgtca ttgctgccct caagcacggc ttgtgtgttg ggcccccgtc cccctctccc 

gggggacggg cccgaaaggc agcggcggca ccgcgtccgg tcctcgagcg tatggggctt 

tgtcacc 

KP1-131V 

387 bp     

tcggtttcga ctggtacgcg ttcgccagag gatctcaaac cctgaatatt agtgtcgtct 

gagtactata taatagttaa aactttcaac aacggatctc ttggttctgg catcgatgaa 
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gaacgcagcg aaatgcgata agtaatgtga attgcagaat tcagtgaatc atcgaatctt 

tgaacgcaca ttgcgcccct tggtattccg gggggcatgc ctgttcgagc gtcattacaa 

ccctcaagca taactgcttg gtcttgggct tcgccgctta cccggcgggc cttaaaatca 

gtggcggtgc cacgaggccc tgagcgtagt aaatcttctc gctataggtg tctcgtggta 

tcctgtcatc cacccccaca ttctaag 

KP1-131W 

505 bp     

ctttgtgact tataccttac tgttgcctcg gcgcatgccg gcccccccgg gggcccctcc 

cccggaggag caggcacgcc ggcggccagc ccaactcttg tttttacact gaaactctga 

gaataaaaca taaatgaatc aaaactttca acaacggatc tcttggttct ggcatcgatg 

aagaacgcag cgaaatgcga taagtaatgt gaattgcaga attcagtgaa tcatcgaatc 

tttgaacgca cattgcgccc tctggtattc cggagggcat gcctgttcga gcgtcatttc 

aaccctcaag cctggcttgg tgatggggca ctgcttccta cccagggagc aggccctgaa 

attcagtggc aagctcgcca ggaccccgag cgcagtagtt aaaccctcgc tctggaaggc 

cctggcggtg ccctgccgtt aaacccccaa cttctgaaaa tttgacctcg gatcaggtag 

gaatacccgc tgaacttaag catat 

KP1-131Y 

488 bp     

ttccgtaggt gaacctgcgg aaggatcatt accgagtgag ggccctctgg gtccaacctc 

ccacccgtgt ctatcgtacc ttgttgcttc ggcgggcccg ccgtttcgac ggccgccggg 

gaggccttgc gcccccgggc ccgcgcccgc cgaagacccc aacatgaacg ctgttctgaa 

agtatgcagt ctgagttgat tatcgtaatc agttaaaact ttcaacaacg gatctcttgg 

ttccggcatc gatgaagaac gcagcgaaat gcgataagta atgtgaattg cagaattcag 
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tgaatcatcg agtctttgaa cgcacattgc gccccctggt attccggggg gcatgcctgt 

ccgagcgtca ttgctgccct caagcacggc ttgtgtgttg ggcccccgtc cccctctccc 

gggggacggg cccgaaaggc agcggcggca ccgcgtccgg tcctcgagcg tatggggctt 

tgtcacct 

KP1-131Z 

560 bp     

gctgcccggc acgggatgtg ctcgtctgga tgcgtgtccc ttctctattc caccccactg 

tgaaccaagc gtgcgagccg aagagagatc ggaagctcgt atgcaaccct caatataccc 

catcatgtat cagaatgtac cttgcgttaa ctcgcacaaa tacaactttc aacaacggat 

ctcttggctc tcgcatcgat gaagaacgca gcgaaatgcg ataagtaatg tgaattgcag 

aattcagtga atcatcgaat ctttgaacgc accttgcgcc ccttggcatt ccgaggggca 

cgcctgtttg agtgtcgtga actcctccac cctctacctt tttcggaagg cactgggctg 

ggatttggga gcttgcgggt ccctggccga tccgctctcc ttgaatacat tagcgaagcc 

cttgcggcct tggtgtgata gtcatctacg cctcggctta gcgaacatac ggggacttgc 

ttctaaccgt ctcgcgagag acaactacta ccaacttgac ctcaaatcag gcgggactac 

ccgctgaact taagcatatc 

KP1-135B                  

530 bp     

gttaccaaac tgttgcctcg gcggggtcac gccccgggtg cgtcgcagcc ccggaaccag 

gcgcccgccg gaggaaccaa ccaaactctt tctgtagtcc cctcgcggac gttatttctt 

acagctctga gcaaaaattc aaaatgaatc aaaactttca acaacggatc tcttggttct 

ggcatcgatg aagaacgcag cgaaatgcga taagtaatgt gaattgcaga attcagtgaa 

tcatcgaatc tttgaacgca cattgcgccc gccagtattc tggcgggcat gcctgtccga 
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gcgtcatttc aaccctcgaa cccctccggg ggatcggcgt tggggatcgg gacccctcac 

acgggtgccg gcccctaaat acagtggcgg tctcgccgca gcctctcctg cgcagtagtt 

tgcacaactc gcaccgggag cgcggcgcgt ccacgtccgt aaaacaccca actttctgaa 

atgttgacct cggatcaggt aggaataccc gctgaactta agcatatcaa 

KP1-135C 

464 bp     

gcggaaggat cattaccgag tgagggccct ctgggtccaa cctcccaccc gtgtttaacg 

aaccttgttg cttcggcggg cccgcctcac ggccgccggg gggcatccgc ccccgggccc 

gcgcccgccg aagacacctg tgaacactgt ctgaagttgc agtctgagaa actagctaaa 

ttagttaaaa ctttcaacaa cggatctctt ggttccggca tcgatgaaga acgcagcgaa 

atgcgataaa taatgtgaat tgcagaattc agtgaatcat cgagtctttg aacgcacatt 

gcgccctctg gtattccgga gggcatgcct gtccgagcgt cattgctgcc ctcaagcacg 

gcttgtgtgt tgggcccccg tcccccccac cggggggacg ggcccgaaag gcagcggcgg 

caccgcgtcc ggtcctcgag cgtatggggc tctgtcaccc gctc 

KP1-135D 

496 bp     

tgcggaggga tcattacaca atatgaaagc gggttgggac ctcatctcgg tgggggctcc 

agcttgtctg aattattcac ccatgtcttt tgcgcacttc ttgtttcctg ggcgggttcg 

cccgccacca ggacccaacc ataaaccttt ttttgtaatt gcaatcagcg tcagtaaaca 

atgtaattat tacaactttc aacaacggat ctcttggttc tggcatcgat gaagaacgca 

gcgaaatgcg atacgtagtg tgaattgcag aattcagtga atcatcgaat ctttgaacgc 

acattgcgcc ctttggtatt ccaaagggca tgcctgttcg agcgtcattt gtaccctcaa 

gctttgcttg gtgttgggcg tctttgtctc tcacgagact cgccttaaaa tgattggcag 
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ccggcctact ggtttcggag cgcagcacaa tcttgcactt ctgatcagcc atggttgagc 

atccatcaag accaca 

KP1-135F 

499 bp     

gaaccttgtt gctttggcgg gcccgcctca nnnncgccgg ggggcatctg cccccgggcc 

cgcgcccgcc gaagccacct gtgaactctg tctgaagtat gcagtctgag acaattatta 

aattaattaa aactttcaac aacggatctc ttggttccgg catcgatgaa gaacgcagcg 

aaatgcgata actaatgtga attgcagaat tcagtgaatc atcgagtctt tgaacgcaca 

ttgcgccctc tggtattccg gagggcatgc ctgtccgagc gtcattgctg ccctccagcc 

cggctggtgt gttgggcccc gccccccttc ccgggggggc gggcccgaaa ggcagcggcg 

gcaccgcgtc cggtcctcga gcgtatgggg ctttgtcacc cgctcttgta ggcccggccg 

gcgccagccg accccctcaa tctatttttt caggttgacc tcggatcagg tagggatacc 

cgctgaactt aagcatatc 

KP1-143A 

275 bp     

tttaaaaaaa aaaataaaaa actttcaaca acggatctct tggttctcgc atcgatgaag 

aacgcagcga attgcgatac gtaatatgac ttgcagacgt gaatcattga atttttgaac 

gcacattgcg ccttaaggta ttcctcaagg catgcgtgga tgagcgatat ttactctcaa 

accacttggt ttggtcttgg cccccctttt tttcataggg cctaaatatc aaatggtctc 

tagaataagt ttttagaaac tcaaaacctt aactc 

KP1-143D 

544 bp     

gcatgtgcac gctctgctca tccactctac ccctgtgcac ttactgtagg ttggcgtggg 
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ctccttaacg ggagcattct gccggcctat gtatactaca aacactttaa agtatcagaa 

tgtaaacgcg tctaacgcat ctataataca acttttagca acggatctct tggctctcgc 

atcgatgaag aacgcagcga aatgcgataa gtaatgtgaa ttgcagaatt cagtgaatca 

tcgaatcttt gaacgcacct tgcgctcctt ggtattccga ggagcatgcc tgtttgagtg 

tcatggaatt ctcaacttat aaatccttgt gatctataag cttggacttg gaggcttgct 

ggcccttgtt ggtcggctcc tcttgaatgc attagctcga ttccgtacgg atcggctctc 

agtgtgataa ttgtctacgc tgtgaccgtg aagtgttttg gcgagcttct aaccgtccat 

taggacaact ttttaacatc tgacctcaaa tcaggtagga ctacccgctg aacttaagca 

tatc 

KP1-175G 

484 bp      

acccccggtc gccggggggc actgcgcccc cgggcccgcg cccgccagag cgcctctgaa 

ccctaatgaa gaaggactgt ctgagtctac gatataatta tcaaaacttt caacaatgga 

tctcttggtt ccggcatcga tgaagaacgc agcgaaatgc gataagtaat gtgaattgca 

gaattccgtg aatcatcgaa tctttgaacg cacattgcgc cccctggcat tccggggggc 

atgcctgtcc gagcgtcatt tctgccctca agcccggctt gtgtgttggg cgtggtcccc 

ccggtgtcgg ggggacctgc cccaaaggca gcggcgacgt tccgcctagg tcctcgagcg 

tatggggctt tgtcacccgc tcgggagggg cctacgggcg ttggccaccc accaattttt 

tttacggttg acctcggatc aggtaggagt tacccgctga acttaagcat atcaataagc 

ggag 

KP1-175L 

502 bp     

tgcggaagga tcattactga gtgagggccc ctcggggtcc aacctcccac ccgtgtttaa 



 

61 

 

cgaaccttgt tgctttggcg ggcccgcctc acggccgccg gggggcatct gcccccgggc 

ccgcgcccgc cgaagccacc tgtgaactct gtctgaagta tgcagtctga gacaattatt 

 aaattaatta aaactttcaa caacggatct cttggttccg gcatcgatga agaacgcagc 

gaaatgcgat aactaatgtg aattgcagaa ttcagtgaat catcgagtct ttgaacgcac 

attgcgccct ctggtattcc ggagggcatg cctgtccgag cgtcattgct gccctccagc 

ccggctggtg tgttgggccc cgcccccctt cccggggggg cgggcccgaa aggcagcggc 

ggcaccgcgt ccggtcctcg agcgtatggg gctttgtcac ccgctcnnta ggcccggccg 

gcgccagccg accccctcaa tc 

KP1-175M 

499 bp     

cgaaccttgt tgctttggcg ggcccgcctc acggccgccg gggggcatct gcccccgggc 

ccgcgcccgc cgaagccacc tgtgaactct gtctgaagta tgcagtctga gacaattatt 

aaattaatta aaactttcaa caacggatct cttggttccg gcatcgatga agaacgcagc 

gaaatgcgat aactaatgtg aattgcagaa ttcagtgaat catcgagtct ttgaacgcac 

attgcgccct ctggtattcc ggagggcatg cctgtccgag cgtcattgct gccctccagc 

ccggctggtg tgttgggccc cgcccccctt cccggggggg cgggcccgaa aggcagcggc 

ggcaccgcgt ccggtcctcg agcgtatggg gctttgtcac ccgctcttgt aggcccggcc 

ggcgccagcc gaccccctca atctattttt tcaggttgac ctcggatcag gtagggatac 

ccgctgaact taagcatat 

KP2-001C 

515 bp     

ctatcgtacc ttgttgcttc ggcgggcccg ccgtttcgac ggccgccggg gaggccttgc 

gcccccgggc ccgcgcccgc cgaagacccc aacatgaacg ctgttctgaa agtatgcagt 
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ctgagttgat tatcgtaatc agttaaaact ttcaacaacg gatctcttgg ttccggcatc 

gatgaagaac gcagcgaaat gcgataagta atgtgaattg cagaattcag tgaatcatcg 

agtctttgaa cgcacattgc gccccctggt attccggggg gcatgcctgt ccgagcgtca 

ttgctgccct caagcacggc ttgtgtgttg ggcccccgtc cccctctccc gggggacggg 

cccgaaaggc agcggcggca ccgcgtccgg tcctcgagcg tatggggctt tgtcacctgc 

tctgtaggcc cggccggcgc cagccgacac ccaactttat ttttctaagg ttgacctcgg 

atcaggtagg gatacccgct gaacttaagc atatc 

KP2-001F 

505 bp 

acctgcggaa ggatcattac tgagtgaggg cccctcgggg tccaacctcc cacccgtgtt 

taacgaacct tgttgctttg gcgggcccgc ctcacggccg ccggggggca tctgcccccg 

ggcccgcgcc cgccgaagcc acctgtgaac tctgtctgaa gtatgcagtc tgagacaatt 

attaaattaa ttaaaacttt caacaacgga tctcttggtt ccggcatcga tgaagaacgc 

agcgaaatgc gataactaat gtgaattgca gaattcagtg aatcatcgag tctttgaacg 

cacattgcgc cctctggtat tccggagggc atgcctgtcc gagcgtcatt gctgccctcc 

agcccggctg gtgtgttggg ccccgccccc cttcccgggg gggcgggccc gaaaggcagc 

ggcggcaccg cgtccggtcc tcgagcgtat ggggctttgt cacccgctct nntaggcccg 

gccggcgcca gccgaccccc tcaat 

KP2-005A 

520 bp     

ttgtaggtcg gcagaagggc gagccttaaa acagctcgct tggaagcctt cctatgtttt 

accacaaacg cttcagttta agaatgtaac ctgcgtataa cgcaactata tacaactttc 

agcaacggat ctcttggctc tcgcatcgat gaagaacgca gcgaaatgcg ataagtaatg 
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tgaattgcag aattcagtga atcatcgaat ctttgaacgc accttgcgct ccctggtatt 

ccggggagca tgcctgtttg agtgtcatgg tatcctcatc cttcataact ttttgttatc 

gaaggcatgg acttggaggt cgtgctggtt cctcgttgaa tcggctcctc ttaaatgtat 

tagcgtgagt gtaacggatc gcttcggtgt gataattatc tgcgccgtgg tcgtgaagta 

acataagctt gcgcttctaa ccgtccttaa gctggacaac ataactttga catctgacct 

caaatcaggt aggactaccc gctgaactta agcatatcaa 

KP2-009A 

511 bp     

ttccgtaggt gaacctgcgg aaggatcatt aacgagtttt gaaacgagtt gtagctggcc 

ttccgaggca tgtgcacgct ctgctcatcc actctacccc tgtgcactta ctgtaggttg 

gcgtgggctc cttaacggga gcattctgcc ggcctatgta tactacaaac actttaaagt 

atcagaatgt aaacgcgtct aacgcatcta taatacaact tttagcaacg gatctcttgg 

ctctcgcatc gatgaagaac gcagcgaaat gcgataagta atgtgaattg cagaattcag 

tgaatcatcg aatctttgaa cgcaccttgc gctccttggt attccgagga gcatgcctgt 

ttgagtgtca tggaattctc aacttataaa tccttgtgat ctataagctt ggacttggag 

gcttgctggc ccttgcggtc ggctcctctt gaatgcatta gctcgattcc gtacggatcg 

gctctcagtg tgataattgt ctacgctgtg a 

KP2-009B 

542 bp     

tgtgcacgct ctgctcatcc actctacccc tgtgnnctta ntgtaggttg gcgtgggctc 

cttaacggga gcattctgcc ggcctatgta tactacaaac actttaaagt atcagaatgt 

aaacgcgtct aacgcatcta taatacaact tttagcaacg gatctcttgg ctctcgcatc 

gatgaagaac gcagcgaaat gcgataagta atgtgaattg cagaattcag tgaatcatcg 
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aatctttgaa cgcaccttgc gctccttggt attccgagga gcatgcctgt ttgagtgtca 

tggaattctc aacttataaa tccttgtgat ctataagctt ggacttggag gcttgctggc 

ccttgcggtc ggctcctctc gaatgcatta gctcgattcc gtacggatcg gctctcagtg 

tgataattgt ctacgctgtg accgtgaagt gttttggcga gcttctaacc gtccattagg 

acaacttttt aacatctgac ctcaaatcag gtaggactac ccgctgaact taagcatatc 

aa 

KP2-013F 

459 bp     

aaaacacaat ttaattattt ttattgatag tcaaattttg aattaatctt caaaactttc 

aacaacggat ctcttggttc tcgcatcgat gaagaacgca nngaaatgcg ataagtaata 

tgaattgcag attttcgtga atcatcgaat ctttgaacgc acattgcgcc ctctggtatt 

ccagagggca tgcctgtttg agcgtcattt ctctctcaaa cccccgggtt tggtattgag 

tgatactctt agtcgaacta gncgtttgct tgaaaagtat tggcatgggt agtactggat 

agtgctgtcg acctctcaat gtattaggtt tatccaactc gttgaatggt gtggcgggat 

atttctggta ttgttggccc ggccttacaa caaccaaaca agtttgacct caaatcaagt 

aggaataccc gctgaactta agcatatcaa taagcggag 

KP2-025D 

478 bp     

acctgcggaa ggatcattac cgagtgaggg ccctctgggt ccaacctccc acccgtgtct 

atcgtacctt gttgcttcgg cgggcccgcc gtttcgacgg ccgccgggga ggccttgcgc 

ccccgggccc gcgcccgccg aagaccccaa catgaacgct gttctgaaag tatgcagtct 

gagttgatta tcgtaatcag ttaaaacttt caacaacgga tctcttggtt ccggcatcga 

tgaagaacgc agcgaaatgc gataagtaat gtgaattgca gaattcagtg aatcatcgag 
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tctttgaacg cacattgcgc cccctggtat tccggggggc atgcctgtcc gagcgtcatt 

gctgccctca agcacggctt gtgtgttggg cccccgtccc cctctcccgg gggacgggcc 

cgaaaggcag cggcggcacc gcgtccggtc ctcgagcgta tggggctttg tcacctgc 

KP2-033B 

472 bp    

gccggggggc tcacgccccc gggcccgcgc ccgccgaaga cacccccgaa ctctgcctga 

agattgtcgt ctgagtgaaa atataaatta tttaaaactt tcaacaacgg atctcttggt 

tccggcatcg atgaagaacg cagcgaaatg cgatacgtaa tgtgaattgc aaattcagtg 

aatcatcgag tctttgaacg cacattgcgc cccctggtat tccggggggc atgcctgtcc 

gagcgtcatt gctgccctca agcccggctt gtgtgttggg ccccgtcctc cgattccggg 

ggacgggccc gaaaggcagc ggcggcaccg cgtccggtcc tcgagcgtat ggggctttgt 

cacccgctct gtaggcccgg ccggcgcttg ccgatcaacc caaattttta tccaggttga 

cctcggatca ggtagggata cccgctgaac ttaagcatat caataagcgg ag 

KP2-033D 

480 bp     

gatccttccg taggtgaacc tgcggaagga tcattgnntn nnccgcgctc gtccgcgccc 

gcggtannng gggcccgccc ttcggggccg gccctgtctg caccctctgc cattgtcgca 

cctcgcgttt cctcggcggg cccgcccgcc aatggggacc ccaaaccaaa cccatttgca 

 gtgcctgcag taaacgtctc aaaacaatgg aaatcaaaac tttcaacaac ggatctcttg 

gttctggcat cgatgaagaa cgcagcgaaa tgcgataagt agtgtgaatt gcagaattca 

gtgaatcatc gaatctttga acgcacattg cgccctttgg tattccttag ggcatgcctg 

ttcgagcgtc atctaacccc tcaagcaccg cttgatgttg ggcgcttgtc cccgcccccg 

cgcgcggact cgcctcgaag acattggcgg cctgtgtatt ggctacgagc gcagcagacc 
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KP2033E 

333 bp     

gccaatgggg accccaaacc aaacccattt gcagtgcctg cagtaaacgt ctcaaaacaa 

tggaaatcaa aactttcaac aacggatctc ttggttctgg catcgatgaa gaacgcagcg 

aaatgcgata agtagtgtga attgcagaat tcagtgaatc atcgaatctt tgaacgcaca 

ttgcgccctt tggtattcct tagggcatgc ctgttcgagc gtcatctaac ccctcaagca 

ccgcttgatg ttgggcgctt gtccccgccc ccgcgcgcgg actcgcctcg aagacattgg 

cggcctgtgt attggctacg agcgcagcag acc 

KP2-033H 

497 bp     

cgtaccttgt tgcttcggcg ggcccgcctc acggccgccg gggggcacct gcccccgggc 

ccgcgcccgc cgaagacacc attgaactct gtctgaagat tgcagtctga gcgattaact 

aaatcagtta aaactttcaa caacggatct cttggttccg gcatcgatga agaacgcagc 

gaaatgcgat aagtaatgtg aattgcagaa ttcagtgaat catcgagtct ttgaacgcac 

attgcgcccc ctggtattcc ggggggcatg cctgtccgag cgtcattgct gccctcaagc 

acggcttgtg tgttgggctc cgcccccctc ccggggggcg ggcccgaaag gcagcggcgg 

caccgcgtcc ggtcctcgag cgtatggggc tttgtcaccc gctctgtagg cccggccggc 

gcccgccggc gaccccaatc aatctttcca ggttgacctc ggatcaggta gggatacccg 

ctgaacttaa gcatatc 

TC2-011 

ccgtaggtgaacctgcggagggatcattacacaaatatgaaggcgggctggaacctctcggggttacagc 

cttgctgaattattcacccttgtcttttgcgtacttcttgtttccttggtgggttcgcccaccactagga 
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caaacataaaccttttgtaattgcaatcagcgtcagtaacaaattaataattacaactttcaacaacgga 

tctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtg 

aatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgttcgagcgtcatt 

tgtaccctcaagctttgcttggtgttgggcgtcttgtctctagctttgctggagactcgccttaaagtaa 

ttggcagccggcctactggtttcggagcgcagcacaagtcgcactctctatcagcaaaggtctagcatcc 

attaag 

TC2-012 

acctgcggaaggatcattaaagaataacacgcctccgggcgctattctcaccctttgcgtaccatacttt 

gttgccttggcgccgtgcgccagtggctcgaaacccgtgaatcattgctgtctgagtactatataatagt 

taaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatg 

tgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccccctggcattccggggggca 

tgcttgttcgagcgtcattacaaccctcaagctccgcttggtgttgggctcgcctttctcggaaggcctg 

cctcaaagtcagtggcggccgccgtccgaccttcagcgcagtaatgctcgtcgctgcaagggaagggtag 

caagcgccgtc 

TC2-013 

ctgaccagcnngagccggttgtcttgcgacggggccgccaaagcaacaaaggtattgtatacagagggtg 

ggaggtctaccccggagggcatgatctcattaatgatncttccgtaggtgaacctgcggaaggatcatta 

atgagatcatgccctccggggtagacctcccaccctctgtatacaatacctttgttgctttggcggcccc 

gtcgcaagacaaccggctccggctggtcagcggccgccagaggaatcaaaactcttattattattgtcgt 

ctgagtactatataatagttaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcag 

cgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccc 

cctggtattccggggggcatgcctgttcgagcgtcattacaaccctcaagctctgcttggtattgggtgt 

cacccccgggtgcgccttaaaatcagtggcggtgccgtctggcttcaagcgtagtaatacttctcgctnn 
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gagtccgggcgagcgtcctgccaaaacccccatattttcaggt 

TC2-014 

ccgtaggtgaacctgcggagggatcattgctggaacgcgccccaggcgcacccagaaaccctttgtgaac 

ttataccttactgttgcctcggcgctagctggtccctcggggcccctcaccctcgggtgttgagacagcc 

cgtcggcggccaacctaactcttgtttttacactgaaactctgagcacaaaacataaatgaatcaaaact 

ttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattg 

cagaattcagtgaatcatcgaatctttgaacgcacattgcgccctctggtattccggagggcatgcctgt 

tcgagcgtcatttcaaccctcaagcctggcttggtgatggggcactgcttcttacccaagaagcaggccc 

tgaaattcagtggcgagctcgccaggaccccgagcgcagtagtcaaaccctcg 

TC2-017 

ctttgttgccttggcgccgtgcgccagtggctcgaaacccgtgaatcattgctgtctgagtactatataa 

tagttaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagt 

aatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccccctggcattccgggg 

ggcatgcttgttcgagcgtcattacaaccctcaagctccgcttggtgttgggctcgcctttctcggaagg 

cctgcctcaaagtcagtggcggccgccgtccgaccttcagcgcaataatgctcgtcgctgcaagggaagg 

gtagcaagcgccgtcatacaacccccacacacaaggttgacctcggatcaagtagggatacccgctgaac 

ttaagcatatcaataagcggagg 

TC2-018 

ccgggatgttcataaccctttgttgtccgactctgttgcctccggggcgaccctgccttcgggcgggggc 

tccgggtggacacttcaaactcttgcgtaactttgcagtctgagtaaacttaattaataaattaaaactt 

ttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgc 

agaattcagtgaatcatcgaatctttgaacgcacattgcgccccctggtattccggggggcatgcctgtt 

cgagcgtcatttcaccactcaagcctcgcttggtattgggcaacgcggtccgccgcgtgcctcaaatcga 
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ccggctgggtcttctgtcccctaagcgttgtggaaactattcgctaaagggtgttcgggaggctacgccg 

taaaacaaccccatttctaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaat 

aagcggagga 

TC2-019 

ccgttgcttcgncgggcaggggaagcctctcgcgggcctcccctcccggcgccggcccccaccacgggga 

cggggcgcccgccggaggaaaccaaactctatttacacgacgtctcttctgagtggcacaagcaaataat 

taaaacttttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatg 

tgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgctcgccagcattctggcgagca 

tgcctgttcgagcgtcatttcaaccctcaagcaccgcttggttttggggccccacggccgacgtgggccc 

ttaaaggtagtggcggaccctcccggagcctcctttgcgtagtaactaacgtctcgcactgggatccgga 

gggactcttgccgttaaacccccaaattctttacaggttgacctcggatcaggtaggaatacccgctgaa 

cttaagcatatcaataagcggagga 

TC2-020  

tgtaccttgttgcttcggtgcgcccgcctcacggccgccggggggcttctgcccccgggtccgcgcgcac 

cggagacaccattgaactctgtctgaagattgcagtctgagcataaactaaataagttaaaactttcaac 

aacggatctcttggttccggcatcgatgaagaacgcagcgaaatgcgataactaatgtgaattgcagaat 

tcagtgaatcatcgagtctttgaacgcacattgcgccccctggtattccggggggcatgcctgtccgagc 

gtcattgctgccctcaagcacggcttgtgtgttgggctccgtccccccggggacgggtccgaaaggcagc 

ggcggcaccgagtccggtcctcgagcgtatggggctttgtcacccgctctgtaggcccggccggcgccag 

ccgacaaccaatcatccttttttcaggttgacctcggatcaggtagggatacccgctgaacttaagcata 

tcaat 

TC2-022 

aacctgcggagggatcattacacaaatatgaaagcagnnnctcattggggcgtaacgtcacgccgtgtcc 

gcaatagcgccattgctgttgtgctnacgcggcggggggttaacgcccttttgggccagtctgactccat 

attcacccatgncttttgcgtactacttgtttccttggcgggttcgcccgccaattggacccaattaaac 

cttttttgtaattgcaatcagcgtcagcaaaacaatgtaataaattacaactttcaacaacggannnnnt 
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ggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcat 

tgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgttcgagcgtcatttgtacc 

ctcaagctttgcttggtgttgggcgttt 

TC2-025  

gacttaccattgttgcctcggcagaagctacctggttaccttaccttggaacggcctaccctgtagcgcc 

ttaccctggaacggcctaccctgtaacggctgccggtggactaccaaactcttgttattttattgtaatc 

tgagcgtcttattttaataagtcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacg 

cagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcg 

cccattagtattctagtgggcatgcctgttcgagcgtcatttcaacccttaagcctagcttagtgttggg 

agcctactgcttttgctagcggtagctcctgaaatacaacggcggatctgcgatatcctctgagcgtagt 

aatttttatctcgcttttgactggagttgcagcgtctttagccgctaaaccccccaatttttaatggttg 

acctcggatcaggtaggaatacccgctgaacttaagcatatcaat 

TC2-026  

gtaggtgaacctgcggagggatcattacacaaatatgaaagcagaccctcattggnnnntaacgtcacgc 

cgtgtccgcaatagcgccattgctgttgtgctgacgcggcggggggttaacgcccttttgggccagtctg 

actccatattcacccatgtcttttgcgtactacttgtttccttggcgggttcgcccgccaattggaccca 

attaaaccttttttgtaattgcaatcagcgtcagcaaaacaatgtaataaattacaactttcaacaacgg 

atctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 

gaatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgttcgagcgtcat 

ttgtaccctcaagctttgcttggtgttgggcgtttttgtctcgggtccgccccgagactcgccttaaaat 

cattggcagccggcnnactggtttcggagcgcagcacatttttgcgctttgtccagtcgtggtcttgcgt 

ccatgaagcgaa 

TC2-027  

acgtacctaaccgttgcttcggcgggcaggggaagcctctcgcgggcctcccctcccggcgccggccccc 

accacggggacggggcgcccgccggaggaaaccaaactctatttacacgacgtctcttctgagtggcaca 

agcaaataattaaaacttttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcg 

ataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgctcgccagcatt 
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ctggcgagcatgcctgttcgagcgtcatttcaaccctcaagcaccgcttggttttggggccccacggccg 

acgtgggcccttaaaggtagtggcggaccctcccggagcctcctttgcgtagtaactaacgtctcgcact 

gggatccggagggactcttgccgttaaacccccaaattctttacaggttgacctcggatcaggtaggaat 

acccgctgaacttaagcatatcaat 

TC2-028  

ccgtaggtgaacctgcggagggatcattatcgagttaccgctctacaaccctttgtnaacatacctaact 

gttgcttcggcgggcagggggtccccccggggacgccctcccggccccgcccccctaccaggggacgtgg 

cgcccgccggaggatacctaactctattttaacgacgtttcttctgagtggcacaagcaaataattaaaa 

cttttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaat 

tgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccgccagcatnnnggcgggcatgcct 

gttcgagcgtcatttcaaccctcaagctctgcttggtgttggggccctacggttganntaggccctcaaa 

ggtagtggcggaccctcccggagcctcctttgcgtagtaactaacgtctcgcatcgggatccggagggac 

tcttgccgtaaaacccccca 

TC2-029  

ttcactaccctgtagcgacttacccgggaacggccaccttgtagcgtgctgccggtggacttctaaactc 

ttgttatttattgtaatctgagcgtcttattttaataagtcaaaactttcaacaacggatctcttggttc 

tggcatcgatgaagaacgcagcgaaatgcgatacgtaatgtgaattgcagaattcagtgaatcatcgaat 

ctttgaacgcacattgcgcccattagtattctagtgggcatgcctgttcgagcgtcatttcaacccttaa 

gcctagcttagtgttgagaatctactgtattgtagttctctaaatccaacggcggatctgtggtatcctc 

tgagcgtagtaatttttatctcgcttttgttaggtgctgcagctctcggccgctaaaccccccaatttta 

at 

TC2-030 

aacctgcggagggatcattacaagaacgcccgggcttcggcctggttattcataaccctttgttgtccga 

ctctgttgcctccggggcgaccctgccttcgggcgggggctccgggtggacacttcaaactcttgcgtaa 

ctttgcagtctgagtaaacttaattaataaattaaaacttttaacaacggatctcttggttctggcatcg 

atgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaac 

gcacattgcgccccctggtattccggggggcatgcctgttcgagcgtcatttcaccactcaagcctcgct 
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tggtattgggcaacgcggtccgccgcgtgcctcaaatcgtccggctgggtcttctgtcccctaagcgttg 

tggaaactattcgctaaagggtgttcgggaggctacgccgtaaaacaaccccattctaag 

TC2-031 

tcccacccttgtgtattattactttgttgctttggcgagctgccttcgggccttgtatgctcgccagaga 

ataccaaaactctttttattaatgtcgtctgagtactatataatagttaaaactttcaacaacggatctc 

ttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatc 

atcgaatctttgaacgcacattgcgccccttggtattccggggggcatgcctgttcgagcgtcatttcaa 

ccctcaagcttagcttggtattgagtctatgtcagtaatggcaggctctaaaatcagtggcggcgccgct 

gggtcctgaacgtagtaatatctctcgttacaggttctcggtgtgcttctgccaaaacccaaatttttct 

atggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagcggag 

TC2-032  

gcggaaggatcattacctagagttgtaggctttgcctgctatctcttacccatgtcttttgagtaccttc 

gtttcctcggcgggtccgcccgccgattggacaatttaaaccatttgcagttgcaatcagcgtctgaaaa 

aacttaatagttacaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgc 

gataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccccttggtat 

tccatggggcatgcctgttcgagcgtcatttgtaccttcaagctctgcttggtgttgggtgtttgtctcg 

cctctgcgcgtagactcgcctcaaaacaattggcagccggcgtattgatttcggagcgcagtacatctcg 

cgctttgcactcataacgacgacgtccaaaagtact 

TC2-033 

agccttgctgaattattcacccttgtcttttgcnnncttcttgtttccttggtgggttcgcccaccacta 

ggacaaacataaaccttttgtaattgcaatcagcgtcagtaacaaattaataattacaactttcaacaac 

ggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattca 

gtgaatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgttcgagcgtc 

atttgtaccctcaagctttgcttggtgttgggcgtcttgtctctagctttgctggagactcgccttaaag 

taattggcagccggcctactggtttcggagcgcagcacaagtcgcactctctatcagcaaaggtctagca 

tccattaagccttttt 

TC2-034  



 

73 

 

gacttatctctttgttgcctcggcgcaagctacccgggacccagngccccgggcggcccgccggcggaca 

aaccaaactcttgttattcaatggattatctgagcgtcttatttaataagtcaaaactttcaacaacgga 

tctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtg 

aatcatcgaatctttgaacgcacattgcgcccatcagtattctggtgggcatgcctgttcgagcgtcatt 

tcaacccctaagcacagcttactgttgggactctacggcctccgtagntccccaaagccattggcggagt 

ggcagtagtcctctgagcgtagtaattctttatctcgcttttgttaggtgctgcccccccggccgttaaa 

ccccccaattttttctggttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataagc 

ggag 

TC2-035  

acctgcggaaggatcattaataaaaggannncttcgggtataccccatccgtgtctacatactcttgttg 

ctttggcaggccgtgttaacccactgtgggctctgcctgcatgtgcctgccagaggaccaaactctgaat 

tttagtgatgtctgagtactatataatagttaaaactttcaacaacggatctcttggttctggcatcgat 

gaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgc 

acattgcacccggtggtattccgccgggtatgcctgttcgagcgtctgtagaacaacaccaatatagcga 

gcttcggcttgattttggagttgcggcgacaagctgcagcttttaagtccacgggcggttccgataggtt 

ctacgcgtagtaatttctcctcgctactgaactttgtcggcgcatttggtaataagtccagcaatggcca 

ctccaagcccctaacaccc 

TC2-036  

ccctttgttgtccgactctgttgcctccggggcgaccctgccttcgggcgggggctccgggtggacactt 

caaactcttgcgtaactttgcagtctgagtaaacttaattaataaattaaaacttttaacaacggatctc 

ttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatc 

atcgaatctttgaacgcacattgcgccccctggtattccggggggcatgcctgttcgagcgtcatttcac 

cactcaagcctcgcttggtattgggcaacgcggtccgccgcgtgcctcaaatcgaccggctgggtcttct 

gtcccctaagcgttgtggaaactattcgctaaagggtgttcgggaggctacgccgtaaaacaaccccatt 

tctaaggttgacctcggatcaggtagggatacccgctgaacttaagcata 

TC2-039  

tgtcttttgagtaccttcgtttcctcggcgggtccgcccgccgattggacaaaacttaaaccctttgtaa 



 

74 

 

ttgaaatcagcgtctgaaaaaacttaatagttacaactttcaacaacggatctcttggttctggcatcga 

tgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacg 

cacattgcgccccttggtattccatggggcatgcctgttcgagcgtcatttgtaccttcaagctttgctt 

ggtgttgggtgtttgtctcgcctctgcgcgcagactcgcctcaaaacaattggcagccggcgtattgatt 

tcggagcgcagtacatctcgcgctttgcactcataacgacgacgtccaaaaagtacatttttacactctt 

gacctcggatcaggtagggatacccgctgaacttaagcatat 

TC2-041  

aacattgtgacgttacctataccgttgcttcggcgggcggccccggggtttaccccccgggcgcccctgg 

gccccaccgcgggcgcccgccggaggtcaccaaactcttgataatttatggcctctctgagtcttctgta 

ctgaataagtcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcg 

ataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccgccagcatt 

ctggcgggcatgcctgttcgagcgtcatttcaaccatcaagcccccgggcttgtgttggggacctgcggc 

tgccgcaggccctgaaaagcagtggcgggctcgctgtcgcaccgagcgtagtagcatacatctcgctctg 

gtcgcgccgcgggttccggccgttaaaccaccttttaacccaaggttgacctcggatcaggtaggaagac 

ccgctgaacttaagcatatcaat 

TC2-042  

ttccgtaggtgaacctgcggaaggatcattacctagagttgcgggctttgcctgccatctcttacccatg 

tcttttgagtaccttcgtttcctcggcgggtccgcccgccgattggacaaaacttaaaccctttgtaatt 

gaaatcagcgtctgaaaaaacttaatagttacaactttcaacaacggatctcttggttctggcatcgatg 

aagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgca 

cattgcgccccttggtattccatggggcatg 

TC2-043  

tctcaccctttgcgtaccatactttgttgccttggcgccgtgcgccagtggctcgaaacccgtgaatcat 

tgctgtctgagtactatataatagttaaaactttcaacaacggatctcttggttctggcatcgatgaaga 

acgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacatt 

gcgccccctggcattccggggggcatgcttgttcgagcgtcattacaaccctcaagctccgcttggtgtt 

gggctcgcctttctcggaaggcctgcctcaaagtcagtggcggccgccgtccgaccttcagcgcagtaat 
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gctcgtcgctgcaagggaagggtagcaagcgccgtcatacaacccccacacacaaggttgacctcggatc 

aagtagggatacccgctgaacttaagcatatc 

TC2-044  

tcattaacctttcaaaacagggtgcgtcgcggcccccgaggtgcggaaacaagcctcnnncggtttgggg 

tcctccccttcacgcgcgcacgactgccatccttactttacgagcaccttctgttctccctcggcggggc 

aacctgccgttggaaccgaataaactctttttgcatctagcattacctgttccgaaacaaacaatcgtta 

caactttcaacaatggatctcttggctctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtg 

aattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccctcggtattccgtggggcatg 

cctgttcgagcgtcatctacaccctcaagctctgcttggtgttgggcgtctgtcccgcctccgcgcgtgg 

actcgccccaaattcattggcagcggtccttgcctcctctcgcgcagcacattgcgcttcttgaggggct 

ccggttcgcgtccaacaagcacat 

TC2-045  

gaacctgcggagggatcattacaagaacgcccgggcttcggcctggttattcataaccctttgttgtccg 

actctgttgcctccggggcgaccctgccttcgggcgggggctccgggtggacacttcaaactcttgcgta 

actttgcagtctgagtaaacttaattaataaattaaaacttttaacaacggatctcttggttctggcatc 

gatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaa 

cgcacattgcgccccctggtattccggggggcatgcctgttcgagcgtcatttcaccactcaagcctcgc 

ttggtattgggcaacgcggtccgccgcgtgcctcaaatcgtccggctgggtcttctgtcccctaagcgtt 

gtggaaactattcgctaaagggtgttcgggaggctacgccgtaaaacaaccccattctaaggt 

TC2-046  

accctgtagtccgccctgtaaaacgggcggctacnnngtagccggctcacggcccgccgaaggaccccta 

aactctgtttaaaatagtgtatttctgaatgctccaaacaaaaataagttaaaactttcaacaanggatc 

tcttggtnntggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaa 

tcatnnaatctttgaacgcacattgcgcccattagtatnnnagtgggcatgcctattcgagcgtcatttc 

gaccattaagccctgtagcttagcgttgggagnnnnnggttgtagcgtagctcctcaaagtcagtggcgg 

agttatggcgtactctgagcgtagtaaatcttttctcgct 

TC2-047  
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ttcggattgtgagccttcacttacaaancntcagtctatgaatgtaaanttttataacaaataaaaactt 

tcaacaacggatctcttggctctcgcatcgatgaagaacgcatcgaaatgcgatnnntaatgtgaattgc 

agaattcagtgaatcatnnnatctttgaacgcatcttgcgctctctggtattccggagagcatgtcnnnt 

tgagtnnnnnnaattcttcaacccaatcttttcttgtaatcgattggtgtttggtttctgagcgttgctg 

gcttcggccaagctcgttcgtaatacattnncatccctcatacaagtttggattgacttggcgtaatnnn 

ctattcgctaaggattnnatggaaacatcgagccaacttaatgaaggaagcttctaattgaaaagtctac 

cttttgattagatctcaaatcaggcaggattacccgctgaacttangcatatcaataagcggag 

TC2-048 

cggccccgggggcttgctcccgggtggtaggggtaacaccctcacgcgccgcctgcctgtaccctctttt 

tacgagcacctttcgttctccttcggcggggcaacctgccgctggaaccaaaataaaaccttttttgcat 

ctagcattacctgttctgatacaaacaatcgttacaactttcaacaatggatctcttggctctggcatcg 

atgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaac 

gcacattgcgccccttggtattccatggggcatgcctgttcgagcgtcatctacaccctcaagctctgct 

tggtgttgggcgtctgtcccgcctctgcgcgcggactcgccccaaattcattggcagcggtctttgcctc 

ctctcgcgcagcacaattgcgtctgcgggggggcgcggcccgcgtccacgaagcaacattaccgtctttg 

acctcggatcaggtagggatacccgctgaacttaagcatatcaat 

TC2-049 

ccttgttttttgcgtacctattgtttcctcggcgggcttgctcgccggttggacaaaactataacctttt 

ttaaatcttcaatcagcgtctgaattatacataataattacaactttcaacaacggatctcttggttctg 

gcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatct 

ttgaacgcacattgcgccccttggtattccatggggcatgcctgttcgagcgtcatttgtaccctcaagc 

tttgcttggtgttgggcgtcttgtcttttattagactcgccttaaagtcattggcagccagtgtttttgg 

tagtaagcgcagcacattttgcgtcttagtccttgaatcgtggcatccatgaagcctctttttcactttt 

gacctcggatcaggtagggatacccgctgaacttaagcatatcaa 

TC2-050  

cctttgtgacttataccttactgttgcctcggcgctagctggtccttcggggcccctcaccctcgggtgt 

tgagacagcccgccggcggccaacccaactcttgtttttacactgaaactctgagaataaaacataaatg 
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aatcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagta 

atgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccctctggtattccggagg 

gcatgcctgttcgagcgtcatttcaaccctcaagcctggcttggtgatggggcactgcttttacccaaga 

gcaggccctgaaattcagtggcgagctcgccaggaccccgagcgcagtagttaaaccctcgctctggaag 

gccctggcggtgccctgccgttaaacccccaacttctgaaaatttgacctcggatcaggtaggaataccc 

gctgaacttaagcatatc 

TC2-051 

gtcacgccgtgtccgcaatagcgccattgctgttgtgctgacgcggcggggggtaacgcccttttgggcc 

agtctgactccatattcacccatgtcttttgcgtactacttgtttccttggcgggttcgcccgccaattg 

gacccaattaaaccttttttgtaattgcaatcagcgtcagcaaaacaatgtaataaattacaactttcaa 

caacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaa 

ttcagtgaatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgttcgag 

cgtcatttgtaccctcaagctttgcttggtgttgggcgtttttgtctcgggtccgccccgagactcgcct 

taaaatcattggcagccggcctactggtttcggagcgcagcacatttttgcgctttgtccagtcgtggtc 

ttgcgtccatgaagcgaatattttcaacgtttgacctcggatcaggtagggatacccgctgaacttaagc 

atat 

TC2-052  

ctgcggaaggatcattacnnngagttgtaggctttgcctgctatctcttacccatgtcttttgagtacct 

tcgtttcctcggcgggtccgcccgccgattggacaatttaaaccatttgcagttgcaatcagcgtctgaa 

aaaacttaatagttacaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaat 

gcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccccttggt 

attccatggggcatgcctgttcnngcgtcatttgtaccttcaagctnnnnntggtgttgggtgtttgtct 

cgccnnngcgcgtagactcgcctcaaaacaattggcnnccggcgtattgatttcggagcgcagtacatct 

cgcgctttgcactcataacnnngacgtccaaaagtacattttacactctg 

TC2-053  

gggcttgcccatgtgctgcaagttgtaagtctgcatagttttgaaaaaaactgatgagcagcggcttgcg 

tgttttgttttaacccttgttttttgcgtacctattgtttcctcggcgagtttgctcgccggctggacaa 
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aacttataaccttttttaatcttcaatcagcgtctgaattatacataataattacaactttcaacaacgg 

atctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagt 

gaatcatcgaatctttgaacgcacattgcgccccttggtattccatggggcatgcctgttcgagcgtcat 

ttgtaccctcaagctttgcttggtgttgggcgtcttgtcttttcttttgtgattagactcgccttaaagt 

cattggcagccagtgtttttggtagtaagcgcagcacattttgcgtcttggccctaaaacacttgcgtcc 

attaagctactttctcacttttgacctcggatcaggtagggatacccgctgaacttaagcatatc 

TC2-054  

gtgacttatctctttgttgcctcggcgcaagctacccgggacccagcgccccgggcggcccgccggcgga 

caaaccaaactctgttatcttcgttgattatctgagcgtcttatttaataagtcaaaactttcaacaacg 

gatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcag 

tgaatcatcgaatctttgaacgcacattgcgcccattagtattctagtgggcatgcctgttcgagcgtca 

tttcaacccctaagcacagcttactgttgggaccctacggcctccgtagttccccaaagccattggcgga 

gtggcagtagtcctctgagcgcagtaattctttatctcgcttttgttaggtgctgcccccccggccgtta 

aaccccccaattttttctggttgacctcggatcaggtaggaatacccgctgaacttaagcatatcaataa 

gcggag 

TC2-057  

tacctcaccgttgcttcggcgggtggcgccccctacccggggcgccgcgccggccccactccggggccgg 

caacccgtcagaggcccgcaactcttnntcatcattggcctctctgagtnacttatacaataagtcaaaa 

ctttcaacaacggatctcttggttctggcatcgatgaagaacnnagcgaaatgcgatacgtaatgtgaat 

tgcagatttcagtgaatcatcgaatctttgaacgcacattgcgcccgctagtattctggcgggcatgcct 

gttcgagcgtcatttcaaccatcaagccccaggcttgcgttggagccctgcggctgccgcnnnctcccaa 

atccagtggcgggctcgtcgtcgtaccgagtgcagtaaacatcctcgctcnnggcacgtgacgggttctt 

gccgtgaaaccccccacatatcaaggttgacctcg 

TC2-058  

tgcggagggatcattatagagttttccaaactcccaacccatgtgaacttaccattgttgcctcggcaga 

ggctacccggtacctaccctggaacggcctaccctgtagcgccttacccgggaacggattaccctgtagt 

ggctgccggtggactaccaaactcttgttattttattgttatctgagcgtcttattttaataagtcaaaa 
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ctttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaat 

tgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccattagtactctagtgggcatgcct 

gttcgagcgtcatttcaacccttaagcctagcttagtgttgggagcctactgcttttgctagctgtagct 

cctaaaatacaacggcggatctgcgatatcctctgagcgtagtaatttttttctcgcttttgactggagt 

tgcagcgtccttagccgctaaaccccccaat 

TC2-061 

acccttatgtgacatacctactgttgcttcggcggactcgccccggcgtccggacggcctcgcgccgccc 

gcggcccggacccaggcggccgccggagacccccaaactctgtattatcagcattttctgaatccgccgc 

aaggcaaaacaaatgaatcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagc 

gaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccg 

ccagcattctggcgggcatgcctgttcgagcgtcatttcaaccctcgacttccctttggggaaatcggcg 

ttggggaacggcagcataccgccggccccgaaatgaagtggcggcccgtccgcggcgacctctgcgtagt 

aatccaactcgcaccggaaccccgacgtggccacgccgtaaaacacccaacttctgaacgttgacctcgg 

atcaggtaggaatacccgctgaacttaagcatatcaataagcg 

TC2-062 

tccgtaggtgaacctgcggagggatcattaccgagtttacaactcccaaacccctgtgaacataccttaa 

tgttgcctcggcggatcagcccgcgccccgtaaaacgggacggcccgccagaggacccaaactctaatgt 

ttcttattgtaacttctgagtaaaacaaacaaataaatcaaaactttcaacaacggatctcttggttctg 

gcatcgatgaagaacgcagcaaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcgaatct 

ttgaacgcacattgcgcccgctggtattccggcgggcatgcctgttcgagcgtcatttcaaccctcaagc 

ccccgggtttggtgttggggatcggctctgcccttctgggcggtgccgcccccgaaatacattggcggtc 

tcgctgcagcctccattgcgtagtagctaacac 

TC2-063  

gttcataaccctttgttgtccgactctgttgcctccggggcgaccctgccttcgggcgggggctccgggt 

ggacacttcaaactcttgcgtaactttgcagtctgagtaaacttaattaataaattaaaacttttaacaa 

cggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattc 

agtgaatcatcgaatctttgaacgcacattgcgccccctggtattccggggggcatgcctgttcgagcgt 
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catttcaccactcaagcctcgcttggtattgggcaacgcggtccgccgcgtgcctcaaatcgaccggctg 

ggtcttctgtcccctaagcgttgtggaaactattcgctaaagggtgttcgggaggctacgccgtaaaaca 

accccatttctaaggttgacctcggatcagntngggatacccgctgaacttaagcatatcaataagcgga 

gga 

TC2-069  

ccgtaggtgaacctgcggagggatcattgatggaataaacgccctcacaggcgctacccataaacccttt 

gtgaatactacctaaaatgttgcctcggcattggttggcctcttgtgaggtcccttctttcgggaaggag 

cagaccggccggtggccctataaactcttgtttttgtaatatcatctgagtaaaacaactaaatgaatca 

aaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtg 

aattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccggtggtattccaccgggcatg 

cctgttcgagcgtcatttcaaccctcaaagccttggctttggtgttggaggaataccgtgtaaaaagggt 

accctctgaaatttagtggcgggctcgctagaattttgagcgtagtaattttacctcgt 

TC2-070 

gattctaccacctctgtgaaccgttgacctccgggttaataatcaaacatcagtgtaacgaacgtaagag 

tatcttaattaaacaaaacttttaacaacggatctcttggctctcgcatcgatgaagaacgcagcgaaat 

gcgataagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcaccttgcgccttttggt 

attccgaaaggcatgcctgtttcagtgtcatgaaatctcaatctaatatgttttctgaacatgttaggct 

tggacttgggtgtctgccagcaatggctcacctcaaatgacttagtggaacatcccacatcagtgttaga 

cgtaataagtttcgtctctccttgtggtgatgactgctcaaaacctgccatcgcgcaccttttgactttg 

acctgaaatcaggtagggctacccgctgaacttaagcatatcaa 

TC2-072  

cgtaggtgaacctgcggagggatcattatagagttttctaaactcccaacccatgtgaacttaccattgt 

tgcctcggcagaagctacctggttaccctaccttggaacggcctaccctgtagcgccttaccctggaacg 

gcctaccctgtaacggctgccggtggactaccaaactcttgttattttattgtaatctgagcgtcttatt 

ttaataagtcaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcga 

taagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccattagtattc 

tagtgggcatgcctgttcgagcgtcatttcaacccttaagcctagcttagtgttgggagcctaccgcttt 
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tgctagcggtagctcctgaaatacaacggcggannnncgatatcctctgagcgtagtaatt 

TC2-073  

ctaaccgttgcttcggcgggcaggggaagcctctcgcgggnnncccctcccggcgccggcccccaccacg 

gggacggggcgcccgccggaggaaaccaaactctatttacacgacgtctcttctgagtggcacaagcaaa 

taattaaaacttttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagt 

aatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgctcgccagcattctggcg 

agcatgcctgttcgagcgtcatttcaaccctcaagcaccgcttggttttggggccccacggccgacgtgg 

gcccttaaaggtagtggcggaccctcccggagcctcctttgcgtagtaactaacgtctcgcactgggatc 

cggagggactcttgccgttaaacccccaaattctttacaggttgacctcggatcaggtaggaatacccgc 

tgaacttaagcatatcaataagcggag 

TC2-074  

ccctttgttgtccgactctgttgcctccggggcgaccctgccttcgggcgggggctccgggtggacactt 

caaactcttgcgtaactttgcagtctgagtaaacttaattaataaattaaaacttttaacaacggatctc 

ttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatc 

atcgaatctttgaacgcacattgcgccccctggtattccggggggcatgcctgttcgagcgtcatttcac 

cactcaagcctcgcttggtattgggcaacgcggtccgccgcgtgcctcaaatcgaccggctgggtcttct 

gtcccctaagcgttgtggaaactattcgctaaagggtgttcgggaggctacgccgtaaaacaaccccatt 

tctaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataagcggag 

TC2-078  

accgttgcttcggcgggcaggggaagcctctcgcgggcctcccctcccggcgccggcccccaccacgggg 

acggggcgcccgccggaggaaaccaaactctatttacacgacgtctcttctgagtggcacaagcaaataa 

ttaaaacttttaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaat 

gtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgctcgccagcattctggcgagc 

atgcctgttcgagcgtcatttcaaccctcaagcaccgcttggttttggggccccacggccgacgtgggcc 

cttaaaggtagtggcggaccctcccggagcctcctttgcgtagtaactaacgtctcgcactgggatccgg 

agggactcttgccgttaaacccccaaattctttacaggttgacctcggatcaggtaggaatacccgctga 

acttaagcatatca 
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TC2-082 

cacccttgtgtattattaccttgttgctttggcggtgccgcgtgncttcggccgcgccttgggctctcga 

gcccgagtgtgcccgccagaggaaacctaaactctgaatatttttgtcgtctgagtactatataatagtt 

aaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgt 

gaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccccttggtattccggggggcat 

gcctgttcgagcgtcatttcaaccctcaagctctgcttggtattgagccccgccagcgatggcgggctct 

aaaatcagtggcggcgccgctgggtcctgagcgtagtaattctctcgctacagggtccccgcgtgcttct 

gccaccaaccccaaattttctatggttgacctcggatcaggtagggatacccgctgaacttaagcatatc 

aa 

TC2-084 

gacataccttaatgttgcctcggcggatcagcccgcgccccgtaaaacgggacggcccgccagaggaccc 

aaactctaatgtttcttattgtaacttctgagtaaaacaaacaaataaatcaaaactttcaacaacggat 

ctcttggttctggcatcgatgaagaacgcagcaaaatgcgataagtaatgtgaattgcagaattcagtga 

atcatcgaatctttgaacgcacattgcgcccgctggtattccggcgggcatgcctgttcgagcgtcattt 

caaccctcaagcccccgggtttggtgttggggatcggctctgcccttctgggcggtgccgcccccgaaat 

acattggcggtctcgctgcagcctccattgcgtagtagctaacacctcgcaactggaacgcggcgcggcc 

atgccgtaaaaccccaacttctgaatgttgacctcggatcaggtaggaatacccgctgaacttaagcata 

tcaataagcggag 

TC2-086  

tgcggagggatcattnnngagttaccgctctataaccctttgtgaacgtacctaaccgttgcttcggcgg 

gcaggggaagcctctcgcgggcctcccctcccggcgccggcccccaccacggggacggggcgcccgccgg 

aggaaaccaaactctatttacacgacgtctctnnngagtggcacaagcaaataattaaaacttttaacaa 

cggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattc 

agtgaatcatcgaatctttgaacgcacattgcgctcgccagcattctggcgagcatgcctgttcgagcgn 

nnnttcaaccctcaagcacnnnttggttttggggccccacggccgacgtgggcccttaaaggtagtggtg 

gaccctcccggag 

TC2-089 



 

83 

 

ccgtaggtgaacctgcggagggatcattaccgagttgtcgcaagacaatctccctttcttgtggttgact 

atgttgccttgccttcgggcaggattattctgaatcagtgtcgtctgagttttatttaataaatcaaaac 

tttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaatt 

gcagaattccgtgaatcatcgaatctttgaacgcacattgcgccctttggtattccgaagggcatgcctg 

ttcgagcgtcattacaccttctatcaaggtattgggagatgcactcgcactccttaaaaacagtggtgat 

aactgtctactcacgcatagtaatctctgcgacggatacacagtgaccgcacc 

TC2-091 

cgtaggtgaacctgcggaaggatcattacctagagttgtaggctttgcctgctatctcttacccatgtct 

tttgagtaccttcgtttcctcggcgggtccgcccgccgattggacaatttaaaccatttgcagttgcaat 

cagcgtctgaaaaaacttaatagttacaactttcaacaacggatctcttggttctggcatcgatgaagaa 

cgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattg 

cgccccttggtattccatggggcatgcctgttcgagcgtcatttgtaccttcaagctttgcttggtgttg 

ggtgtttgtctcgcctctgcgcgtagactcgcctcaaaacaattggcagccggcgtattgatttcggagc 

gcagtacatctcgcactctgccttcaccacgacggcgtccacaagtaca 

TC2-092  

ccctacccttttattatccacacacctgtgcactgtagagcctttgatctttattgatcgaggttcgccc 

tttatacaaacattagtagtcctaaacgtaacgtcttattataacctaataaaactttcaacaacggatc 

tcttggctctcgcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaa 

tcatcgaatctttgaacgcaccttgcgccctttggtattccgaagagcatgcctgtttgagtgtcatgaa 

actatcaaccctgacttggtttactcctcgtcttggcttggacttgggtgtttgctgctgttgaagctgc 

tcgccttaaaaggattagctggacctgctttgcggataggtttgactcggcgtaataagttatttcgctg 

aggacatcttcggatggcctgactgctttgcgactgtctgctttctaaccctgttccctttattgggaca 

tgactttattatttggcctcaaatcaggtaggactacccgctgaacttaagcatatcaa 

TC3-002  

ccgtagngtgaacctgcggaaggatcattacctagagtttgcgggctttgcctgctatctcttacccatg 

tcttttgagtaccttcgtttcctcggcgggtccgcccgccgattggacaacatttaaaccctttgtagtt 

gcaatcagcgtctgaaaaaacataatagttacaactttcaacaacggatctcttggttctggcatcgatg 
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aagaacgcagcgaaatgcgataagtagtgtgaattgcagaattcagtgaatcatcgaatctttgaacgca 

cattgcgccccttggtattccatggggcatgcctgttcgagcgtcatttgtaccttcaagctctgcttgg 

tgttgggtgtttgtctcgcctctgcgtgtagactcgccttaaaacaattggcagccggcgtattgatttc 

ggagcgcagtacatnnngcgctttgcactcataacgacgacgtccaaaagtaca 

TC3-003  

taggccggccttagctgaattattttacccgtgtcttttgcgtactttctgtttccttggtgggttcgcc 

caccactaggaccaaccataaaaccttttgtaatagcagtcagcgtcagtaacaaacataataattacaa 

ctttcaacaacggatctcttggttctggcatcgatgaagaacgcancgaaatgcgatacgtagtgtgaat 

tgcagaattcagtgaatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcct 

gttcgagcgtcatttgtaccctcaagctttgcttggtgttgggcgtctttgtctctagttttgctggaga 

ctcgccttaaagtcattggcagccggcctactggtttcggagcgcagcacaagtcgcgctctcttccagc 

caaggtcagcattccagtaagc 

TC3-004  

ccgtaggtgaacctgcggagggatcattacacaaatatgaaggcgggctggaacctctcggggttacagc 

cttgctgaattattcacccttgtcttttgcgtacttcttgtttccttggtgggttcgcccaccactagga 

caaacataaaccttttgtaattgcaatcagcgtcagtaacaaattaataattacaactttcaacaacgga 

tctcttggttctggcatcgatgaagaacgcagcnaaatgcgataagtagtgtgaattgcagaattcagtg 

aatcatcgaatctttgaacgcacattgcgccctttggtattccaaagggcatgcctgttcgagcgtcatt 

tgtaccctcaagctttgcttggtgttgggcgtcttgtctctagctttgctggagactcgccttaaagtaa 

ttggcagccggcctactggtttcggagcgcagcacaagtcnnncnctctatcagcaaaggtctagcatcc 

attaagcctttttcaact 

TC3-005 

gcgcggcgcccccggaggcccatcaaacactgcatnnntgcgtcggagtttaagtnnatttaaacaaaac 

tttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgataagtaatgtgaatt 

gcagaattcagtgaatcatcgaatctttgaacgcacattgcgccctgtggtattccgcnnngcatgcctg 

tatngagcgtaatttcaccactcaagcctggcttggtattgggcgtcgcggctcgcnnngcgnnncaaag 

tttccggctgagccgtccgtctccaagcgttgtgatacatattcgcttcggggcgcgggcggcgtcgcgg 
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ccgttaaatctttcacaaggttgacctcggatcaggtagggatacccgctgaacttaagcatatcaataa 

gcggag 

TC3-006  

aaaccatcgcgaactcttccaagttgcttcggcggcgcggcacccctcgcggggcgccgcagcccggcct 

ctccggaggtgcggggcgcccgccggaggtactaaactctgtattatagtggcatctctgagtaaaacac 

aaataagttaaaactttcaacaacggatctcttggttctggcatcgatgaagaacgcagcgaaatgcgat 

aagtaatgtgaattgcagaattcagtgaatcatcgaatctttgaacgcacattgcgcccgctagtactct 

agcgggcatgcctgttcgagcgtcatttcaaccctcaagccctgcttggtgttggggccctacggctgcc 

gtaggccctgaaaggaagtggcgggctcgctacaactccgagcgtagtaattcattatctcgctanggag 

gttgcggcgtgctcctgccgttaaagaccccatcttaaccaag 

TC3-009  

ccgtaggtgaacctgcggagggatcattacagagttcatgcccttcggggtagatctcccacccgtgtat 

ttatacctttgttgctttggcaggcctgcctcggccaccggctccggctggtgagcgcctgccagaggac 

cccaaactctgaatttaatgtcgtctgagtactatataatagttaaaactttcaacaacggatctcttgg 

ttctnnnatcnatgaannncgcagcgaaatgcgataagtaatgtgaattgcagaattcagtgaatcatnn 

aatctttgaacgcacattgcgccctctggtattccggagggcatgcctgttcgagcgtcattacaaccct 

caagctctgcttggtattgggcctcaccggcaacggtgtgccctaaaatcagtggcggtgccatctggct 

ctaagcgtag 

TC3-014  

ctttatgttgcctcggcggatcagcccgcgccccgtaaaacgggacggcccgccgcaggaaaccctaaac 

tctgtttttagtggaacttctgagtataaaaaacaaataaatcaaaactttcaacaacggatctcttggt 

tctggcatcgatgaagaacgcagcaaaatgcgataagtaatgtgaattgcagaattcagtgaatcatcga 

atctttgaacgcacattgcgcccgccagtattctggcgggcatgcctgttcgagcgtcatttcaaccctc 

aagcccagcttggtgttgggatctgtgtgcaaacacagtccccaaattgattggcggtcacgtcgagctt 

ccatagcgtagtaatttacacatcgttactggtaatcgtcgcggccacgccgttaaaccccaacttctga 

atgttgacctcggatc 

 



 

86 

 

Appendix 2 Maximum Likelihood example 

 

Figure 6: MEGA version X maximum-likelihood tree building parameters 
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Appendix 3 Phylogenetic tree output 

 

Figure 7: KP Isolate tree from MEGA version X phylogeny analyses 
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Figure 8: TC Isolate tree from MEGA verion X phylogeny analyses 
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Figure 9: CT1 Isolate tree from MEGA version X phylogenetic analyses 
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Figure 10: JAJ1 Isolate tree from MEGA version X phylogeny analyses 

 

 



 

 

 

 

 

 


