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ABSTRACT

The current Pennisetum glaucum (L.) R. Br. cultivars in Namibia have overall poor
performance and this poses a threat to the nation's food security because this crop is
staple for over 70% of the Namibian population. The crop suffers from a range of
undesirable production traits such as; susceptibility to diseases, low yield and prolonged
reproductive cycle due to lack of genetic diversity. This study was aimed at
understanding the genetic diversity of the crop in Namibia by means of Internal
Transcribed Spacer (ITS) sequence data analysis, and SSR and RAPD techniques, and
evaluating the most informative technique of the three. A total of 1441 genotypes were
collected from the Gene Bank representing all the Namibian landraces. Samples of 96
genotypes were further analyzed using the Shannon-Wiener diversity index and
revealed values of 0.45 for SSR and 0.7 for RAPD indicating low genetic diversity.
Ordination results using Principal Coordinate Analysis (PCoA) for RAPD, morphology
and SSR data confirmed the same clusters as generated by Un-weighted Pair Group
Method with Arithmetic Mean (UPGMA) for the same data sets. UPGMA generated
phenograms of 29 morphological characterized genotypes were generated for SSR,
RAPD and morphology data. The ITS sequences of the same 29 accessions were used
to construct a phylogenetic tree. This tree revealed clades with highest similarity with
the phenogram generated from morphology (78%) data, followed by the SSR data
(68%), and lastly the RAPD (50%) data. Lodging susceptibility, tillering attitude, spike

density, bristle length, fodder yield potential, early vigour, number of nodal tillers and



spike shape were identified as the phenotypic characters upon which some clusters were
based in all data sets used. It is recommended that efforts be made to widen the
available gene pool in order to increase genetic diversity in Namibia by introducing
genetically diverse accessions from other countries and maintaining the diversity

through breeding programs.
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CHAPTER 1: INTRODUCTION

1.1 Orientation of proposed study

1.1.1 Genetic diversity

Genetic diversity is defined as a variety of genes in a given species which are important
for adaptation, conservation of desired traits and drives survival during natural selection
(Holden & Peacock, 1993). Variations can occur in many forms such as; the number
and structure of chromosomes, amount of DNA found in cells, and dissimilarities in the
DNA sequence. Genetic diversity occurs as an outcome of mutations, recombination,
genetic drift, migration and selection. Populations evolve due to the presence of genetic
diversity which is encrypted in the differences in genes and allele frequencies (De
Vicente & Fulton, 2003). Genetic diversity is an important aspect in the exploration of
plant genetic resources. Plant genetic resources are comprised of wild species,
landraces, commercial cultivars, hybrids and breeding lines, and wild relatives of crops.
These resources have proved to be beneficial in conservation genetics and have future
potential applications, especially in crop improvement (De Vicente & Fulton, 2003).
Crop improvement programs are successfully implemented with the knowledge
of the gene pool of the crop under investigation. This information is important because
both the environment and genes play an important role on the phenotype of an organism

(Sharma, 2001). The gene pool can be assessed for genetic variation by scrutinizing the



phenotype and genotype of an organism. The phenotype of an individual is a product of
the collective interaction between the environment and the individual’s genes while the
genotype is the actual genetic make-up of an organism. Furthermore, the results of a
crop genetic diversity study provide information that is necessary to its improvement,
adaptation, conservation of desired traits and shows how the phenotype of the crop is
related to its genetic expression. Molecular tools have demonstrated effectiveness in
investigating genetic diversity within gene pools and distinguishing unique cultivars
with desired traits of agro-economic importance (Barcaccia, 2009). The effectiveness of
molecular tools is dependent on their ability to detect and analyze molecular markers.
Molecular markers are sequences of DNA or protein that are readily detectable and

whose inheritance and polymorphism can be monitored (Chakauya, 2002).

1.1.2 Pearl millet

Pennisetum glaucum (L.) R. Br. (Pearl millet) is a multi-purpose cereal widely
cultivated in different parts of the world for grain, stover and green fodder on about 27
million hectares, primarily in Asia and Africa (Chakauya, 2002). It is the sixth most
important cereal crop annually produced in the world following wheat, rice, maize,
barley and sorghum (Sharma, 2001). Pearl millet has also been extensively described to
be used for human food (Board on Science and Technology for International
Development, 1996; Maundu, Ngugi & Kabuye, 1999; Vom Brocke, Weltzien,
Christinck, Presterl & Geiger, 2003), animal food (Board on Science and Technology

for International Development, 1996; Cunningham, Mulham, Milthorpe & Leigh, 1981;



Maheshwari, 1963; Maundu, Ngugi & Kabuye, 1999), as a fuel (Board on Science and
Technology for International Development, 1996), and for medicinal purposes
(Maundu, Ngugi & Kabuye, 1999).

Pearl millet is a highly nutritious staple food crop widely grown in different
regions of Namibia namely; Zambezi, Kavango East, Kavango West, Otjozondjupa,
Oshikoto, Kunene, Omusati, Ohangwena and Oshana. Among other uses, the crop is
used to brew opaque beer and to cook traditional scones called mun'ende (Silozi) and
Oshikwiila (Oshiwambo) which are also fed to chickens (Board on Science and
Technology for International Development, 1996). P. glaucum accessions have been
collected, morphologically characterized and stored in the National Plant Genetic
Resource Centre of Namibia (The Gene Bank of Namibia) in the past years. However,
there have been no studies on the molecular characterization of the Namibian P.
glaucum genotypes. This study is therefore aimed at exploring the genetic diversity of
the crop by means of microsatellites markers, Random Amplified Polymorphic DNA
(RAPD) markers and analysis of the Internal Transcribed Spacer (ITS) sequences in

order to complement the morphological data lodged in the National Gene Bank.

1.2 Statement of the problem

The current P. glaucum cultivars in Namibia have an overall poor performance and

there is lack of knowledge regarding the genetic diversity of the crop thus limiting; the

understanding and improvement of the crop, and selection of suitable techniques that



can be routinely used to effectively monitor and reveal the level of genetic diversity of
P. glaucum in future. The poor performance poses a threat to the nation's food security
since it is a staple food crop for over 70% of the population. The crop suffers from a
range of undesirable production traits, such as susceptibility to diseases, low yield as
well as prolonged reproductive cycle due to lack of genetic diversity. This has an
adverse effect on the net yield of the crop. In addition, the Gene Bank of Namibia incurs
costs and spends time on collecting and further storing germplasm without knowledge
of the genetic diversity within the crop. Knowledge of genetic diversity within the crop
is important in germplasm management because only genetically diverse accessions will
be stored. Furthermore, it is also relevant for the Gene Bank of Namibia to have
knowledge of which technique is informative in assessing the genetic diversity of the

Namibian germplasm for plant improvement purposes.

1.3 Overall aim of the study

The aim of the study was to generate information useful in resource management for
germplasm conservation and breeding programs by determining the genetic diversity of
P. glaucum landraces in Namibia. In addition, this study is aimed; at revealing the
source of the poor performance, developing remediation strategies and enabling
scientists and managers to preserve and enhance the diversity of the crop since it is a

staple food crop for over 70% of the Namibian population.



1.4 Specific objectives of the study

1.5

To investigate the genetic diversity of P. glaucum using microsatellites (SSRs)
markers, Random Amplified Polymorphic DNA (RAPDs) markers and analysis
of the Internal Transcribed Spacer (ITS) sequences in order to identify
genetically distinct accessions with desired traits to be used in breeding
programs aimed at improving Namibian P. glaucum.

To determine the most informative method for studying the genetic diversity of
P. glaucum among three techniques (ITS, SSR and RAPD) to allow the selection
of suitable techniques that can be routinely used to effectively monitor and

reveal the level of genetic diversity of P. glaucum in future.

Hypotheses of the study

P. glaucum landraces in Namibia lack genetic diversity. Namibian P. glaucum
landraces display undesirable production traits, such as susceptibility to
diseases, low yield as well as prolonged reproductive cycle and these traits are
indicative of lack of genetic diversity (Brown, 2008). Therefore, several
molecular tools: microsatellites markers, RAPD markers and nr DNA ITS

sequence data were applied in this study to prove this hypothesis.



1.6 Significance of the study

The results of this study will provide information useful in resource management for
germplasm conservation and breeding programs in Namibia. This will help on the
choice of cultivars with desired traits that are important to improving the P. glaucum
crop and enhancing the nation's food security by implementing crop improvement
programs using genetically diverse cultivars with the desired traits. Genetically diverse
accessions will be identified and used in breeding programs. The high cost of storing
accessions that is currently incurred by the Gene Bank will also be reduced because
duplications will be determined and only genetically diverse accessions will be stored.
Furthermore, this study will provide the Gene Bank with information regarding the
most informative technique of the three (SSR, RAPD and ITS sequence analysis) to be

used routinely in assessing the genetic diversity of P. glaucum.

1.7 Limitations of study

Most of the accessions were collected between the year 1991 and 2000, and only a few
were collected after the year 2000. This implies that genetic changes in the crop that
occurred after the period of collection were not detected in the present study. Therefore,
all results and conclusions were based on the accessions that were collected during this

period.



CHAPTER 2: LITERATURE REVIEW

2.1 Classification of P. glaucum

The genera Pennisetum is currently divided into five sections based on morphological
characteristics and these sections are; Penicillaria, Brevivalvula, Gymnothrix,
Heterostachya and Eu-Pennisetum (Martel et al., 2004). P. glaucum, which is the
domesticated pearl millet and its wild relatives, belong to the Penicillaria section which
contains a total of about 140 species (Brunken, 1977). The species in the Penicillaria
section have chromosome numbers of n =5, n =7, n = 8 or n = 9 with varying ploidy
levels which range from diploid to octoploid (Jauhar, 1981). Martel et al. (2004) and
Jauhar (1981) argued that cytological and flow cytometry studies have revealed a
relationship between the number of chromosomes and the genome size which is, the
higher the number of chromosomes, the smaller the genome size and vice versa.

P. glaucum is a diploid, monocotyledonous plant belonging to the Poaceae
family with a basic chromosome number of seven. Possession of a low chromosome
number (2n = 14), short life cycle, high multiplication ratio (up to 1:1000), ratooning
ability and the ease with which cross pollination can be done due to protogyny make it a
good subject for genetic research (Sharma, 2001). Ratooning is the ability of the plant to

regenerate new tillers from the main crop stubbles (Pushpavathi, 2003).



2.2 Genetic diversity studies on P. glaucum

Most genetic diversity studies on P. glaucum have been done using morphological and
isozyme data analyses (Tostain, Riandley & Marchaise, 1987; Tostain & Marchais,
1989; Tostain, 1994). However, isozyme markers have a limitation in that they are
influenced by environmental conditions at various developmental stages (Falkenhagen,
1985). Moreover, the isozyme loci that can be analyzed are limited and genotypic
variations are not easily detected (Tobolski & Kempery, 1992). The use of
microsatellites and RAPD’s to successfully study genetic diversity in P. glaucum has

been documented (Yadav, Jain, S., Jain, V., & Jain, R., 2007).

2.3 Methods used to assess genetic diversity

Inter-population and intra-population measurements of genetic diversity are usually
achieved by the use of allozyme or DNA markers which measure levels of variation
directly. However, Mondini, Noorani and Paguotta (2009) argued that genetic diversity
can as well be evaluated using morphological, and biochemical characterization and
evaluation. Genetic diversity can be measured at a molecular level through the analysis
of allozymes, microsatellites, minisatellites, Random Amplified Polymorphic DNA
(RAPD), Restriction Fragment Length Polymorphisms (RFLP), Amplified Fragment
Length Polymorphism (AFLP), and DNA sequencing of either segments such as ITS or

the whole genome (Frankham, Briscoe & Ballou, 2002).



2.3.1 Morphological characterization

Morphological characterization involves experiments that need huge pieces of land
which might render them expensive. However, this is the most basic way of
characterization because it involves observations and does not require expensive
equipment. This technique is limited due to the fact that traits are often susceptible to

phenotypic plasticity caused by environmental variations (Mondini et al., 2009).

2.3.2 Biochemical markers

Biochemical analysis depends on the splitting-up of proteins into particular banding
patterns. This is a fast technique that can be performed with small amounts of biological
material. However, only a limited number of enzymes are available and thus, the
resolution of diversity is limited (Mondini et al., 2009). Protein analysis was the first
molecular method used to assess genetic diversity through electrophoresis (Frankham et
al., 2002). The technique employs electrophoresis to separate proteins on the basis of
their net charge and molecular weights. These separations distinguish diverse forms of
proteins and determine the level of genetic variation for particular protein locus. The
electrophoretic detection of genetic diversity is underestimated because only around
30% of the DNA base changes alter protein charges. Blood, liver or kidney are used as

samples in humans to perform protein electrophoresis while leaves and root tips are
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used as samples in plants because these contain sufficient amounts and a variety of
soluble proteins (Frankham et al., 2002).

Protein markers reveal higher genetic variation as compared to observing
morphological traits. Protein markers are also referred to as biochemical markers, and
isozyme or allozyme analysis. Isozymes are enzymes that have structurally different
molecular forms but have the same catalytic function while allozymes are allelic
variants of enzymes encoded by structural genes and are the oldest among the molecular
markers (Kumar, Gupta, Misra, Modi & Pandey, 2009). Isozymes are a consequence of
changes in the amino acids which results in a change in the net charge or structure of
the produced protein. These alterations are detected by the differences in protein
movement on the gel because proteins are made up of different charged amino acids.

Gel electrophoresis and enzyme-specific stains are able to reveal allelic variants.

Advantages and disadvantages of Biochemical markers

Allozymes procedures are quick and easy, independent of DNA extraction and do not
need sequence information, primers or probes. Numerous crop improvement
programmes have exploited isozymes markers effectively (Baes & Custsem, 1993;
Glaszmann, Fautret, Noyer, Feldman & Lanaud., 1989; Vallejos, 1983). In addition,
they are co-dominant markers whose banding patterns (zymograms) can be interpreted
with ease in terms of loci and alleles, or might need segregation analysis of progeny of

known parental crosses for interpretation. Allozymes are highly reproducible and can be
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functional at relatively low costs depending on the enzyme staining chemical
consumption. Furthermore, they are a robust complement to the morphological
assessment of variation and require relatively simple equipment.

Optimization of the technique is needed for some enzymes in certain species. In some
instances, complex banding profiles emerge from polyploidy or genes that have been
duplicated and the formation of inter-genic heterodimers which may possibly
complicate interpretation (Kumar et al., 2009). Allozymes display low levels of
polymorphism, are limited by being influenced by the environment and changes in
different developmental stages, and are comparatively limited in number. Allozymes are
also limited by co-migration; proteins may possess similar electrophoretic mobility and

yet come from distantly related germplasm.
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Figure 1: An illustration of the gel electrophoresis of protein markers. Adapted from
http://www.bio.miami.edu/~cmallery/150/gene/Tag.htm. Retrieved on the 10" of June,
2015
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2.3.3 DNA markers

Molecular analyses encompass a variety of DNA molecular markers. According to
Mondini et al. (2009), the DNA markers can be effectively employed for analysis of
variation. In addition, these markers have diverse applications and genetic qualities such

as dominancy and co-dominance.

2.3.3.1 Microsatellites

Microsatellite loci are tandem repeats of short DNA segments, typically 1-5 bases in
length (Frankham et al., 2002). These repeats are abundant across genomes and occur in
many species where they are found in different forms such as (TG), or (AAT), (Bruford
& Wayne, 1993) and display high levels of polymorphism. Microsatellites are
alternatively known as simple sequence repeats (SSRs) and short/simple tandem repeats
(STRs) (Frankham et al., 2002), simple sequence length polymorphisms (SSLPs) and
variable number tandem repeats (VNTRs) (Bruford & Wayne, 1993), and sequence
tagged microsatellite site (STMS) (Akkaya, Bhagwat & Cregan, 1992). Microsatellites
exist in variable numbers due to mutation mechanisms of DNA slippage during DNA
replication (slip-strand mis-pairing errors during DNA replication) and recombination
during crossing over which possibly alters the SSR length or by gene conversion (Li,
Korol, Fahima, Beiles & Nevo, 2002). They further argued that microsatellites make up

a larger portion of the DNA noncoding regions and are rare in protein coding regions.
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SSR’s have been found to have functions involved in chromatin organization
(chromosomal organization, DNA structure and centromere and telomere), regulation of
DNA metabolic processes (DNA replication, recombination, mismatch repair system
and cell cycle) and regulation of gene activity (transcription, binding protein &
translation).

Microsatellite properties of hyper-variability, co-dominance and reproducibility
brand them as being suitable for genome mapping and population genetics studies
(Dayanandan, Rajora & Bawa, 1998). Different forms of SSRs exist, such as Inter-SSRs
(a RAPD variant but more rigorous) and chloroplast microsatellites (cpSSRs), which are
comparable to nuclear microsatellites. The repeat is typically only 1 base pair such as
(T)n (Proven, Russell, Booth & Powell, 1999).

Microsatellites have mostly been applied in studies utilizing allozymes including
investigation of gene flow and mating, systems and paternity exploration and diversity
studies (Chase, Moller, Kesseli & Bawa, 1996; Rossetto, Slade, Baverstock, Henry &
Lee, 1999; Streiff et al., 1999). Few studies have also been conducted on phylogenetics
(Robinson & Harris, 1999). In addition, SSRs have been utilized in cross species
amplification in which the same primers have been used to amplify the identical regions
in closely related taxa. Robinson & Harris (1999) suggest the possible existence of a
connection between the degree of cross-species amplification and taxonomic distance.

A study by Mariac et al. (2006) investigated the existence of genetic diversity in
421 cultivated and 46 wild accessions of P. glaucum in Niger using microsatellites

markers. Their results indicate higher gene diversity in wild accessions and lower
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diversity and number of alleles in cultivated accessions. Mariac et al. (2006) argued that
a significant variation exists between the cultivated and wild accessions in Niger. This
IS in agreement with Tostain (1994) who describes the morphological diversity of P.
glaucum in Niger as the highest in West Africa with regards to spike morphology.
These investigations and results complement information that both wild millet
(Pennisetum glaucum (L.) R. Br. ssp. monodii) and cultivated pearl millet (Pennisetum
glaucum (L.) R. Br. ssp. glaucum) are found in Niger.

Chowdari, Davierwala, Gupta, Ranjekar and Govila (1998) analyzed twenty two
(22) P. glaucum cultivars and thirty six (36) P. glaucum landraces collected from the
Indian Agricultural Research Institute (IARI). Their results showed the occurrence and
polymorphism of di-, tri-, tetra-nucleotide and minisatellite repeats in the P. glaucum
genome. In addition, microsatellite and minisatellite [(GATA), and pV47] showed the
most polymorphic patterns in both cultivars and landraces. However, here was no
discrimination in polymorphism based on the geographic distribution of the landraces
representing the eight states of India in which the samples were collected. In a genetic
diversity study by Yadav et al. (2006) the genetic relationships/differences between the
open pollinated varieties, hybrids, cytoplasmic male-sterility (CMS) and restorer lines
in pearl millet, 20 pearl millet genotypes were assessed for diversity. A total of 349
clear bands were produced using 30 ISSR markers with 79.1% polymorphism across all
the varieties.

Satyavathi et al. (2013) investigated the genetic diversity of P. glaucum novel

set of restorer lines using SSR markers in 45. Their findings showed that the cluster
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groupings were not according to pedigree but based on plant node pubescence, leaf
sheath pubescence, spike exertion and spike density. The variability was noticeably
based on heterozygosity displayed via gel bands. This highlights the importance of
heterozygosity among the genotypes in breeding and the co-dominant property of
microsatellites which differentiates heterozygotes from homozygotes by revealing two

bands.

Advantages and disadvantages of microsatellites

Microsatellites ability to detect high levels of polymorphism has marked the technique
as one of the most extensively used molecular technique in studies of genetics
(Takundwa et al., 2010). Microsatellites are employed in cultivar identification,
paternity analysis and gene-flow research due to their high level of discrimination of
individuals in an assortment of loci (Hokanson, Szewc-McFadden, Lamboy &
McFerson, 1998). Furthermore, microsatellites have been found to have a high
resolution in studies as compared to allozymes and RFLPs (Robinson & Harris, 1999).
Microsatellites also have an advantage in that they are co-dominant markers making
them able to differentiate heterozygotes from homozygotes. This intensifies their
proficiency and precision in population genetic measures as compared to dominant
markers such as RAPDs and AFLPs. Paternity analyses, gene-flow and hybridization
exploit the identity of heterozygotes in the F; generation (Schldtterer & Pemberton,
1994). SSR PCR technique is relatively inexpensive in the event that primers are

available. In addition, cross-species amplification of SSRs reduces the cost of
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developing species specific suitable SSR primers; instead the same primers can be used
in closely related taxa (Robinson & Harris, 1999). Neutral selectivity is among other
properties desired in a marker for analysis and SSRs display neutral selectivity as
opposed to allozymes (Robinson & Harris, 1999).

Although microsatellites are extensively utilized, they also have some disadvantages.
This suggests a combination of techniques in order to achieve more informative results.
The development and screening for microsatellites in organisms is complex and
expensive especially in instances when the results of a screen produce less
microsatellite loci. The occurrence of slippage during amplification presents a difficult
in the analysis of mononucleotide and dinucleotide repeats. The manifestations of
slippage leads to amplification of differently sized amplicons with a variation of about
1-5 repeat units from the expected product (Ciofi et al., 1998).

The assumption that co-migrating fragments are homologous also presents a
problem in the application of microsatellites in phylogenetic studies. Besides, non-
homologous fragments are described as either occurring within the SSR repeat regions
or the SSR flanking region. Homology is subject to mutation rates in the number of
repeats, this problem is amplified with an increase in mutations and insignificant with
reduced mutation rates. The homology hypothesis and microsatellites mechanisms of
mutation has been studied in which amplified microsatellites were sequenced and the
results displayed variations in the non-repeated flanking regions caused by point

mutations and insertions or the deletion of bases (indels) (Robinson & Harris, 1999).
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The effect of point mutations is unnoticed in the length of the microsatellites
loci whereas a change in the length of the microsatellites amplification product is
observed in the case of indels. It can be argued that these mutations could bring about
the misreading of results on the basis of size separation. For instance, a 6 bp insertion in
the flanking region of a (CA), allele would allow co-migration with a (CA),3 allele that
did not have an insertion (Grimaldi & Crouau-Roy, 1997). Conversely some studies
have shown that co-migrating bands are correctly homologous compared to the flanking
sequences and microsatellites from which it was obtained (Steinkellner, Lexer,
Turestschek & Glossl, 1997). Furthermore, there has been less phylogenetic analysis
that have utilized the calculation of allele frequencies at each locus probably because of
the problems faced in data coding and computing the distances (Buth & Murphy, 1999).

The diversity of microsatellites is detected by amplifying DNA in a PCR
reaction. Primers are used to amplify the microsatellites loci. Primers are conserved
sequences flanking a sequence of interest and are used for amplification in PCR. The
resulting DNA amplicons are separated according to size (based on the number of
repeats) on an acrylamide or agarose gel electrophoresis. Upon size separation, diversity
of the amplicons is detected by any of the three methods: 1. staining the gels with
ethidium bromide (used to stain DNA), 2. Using radioactively labeled primers and
autoradiography of gels or 3. Using primers which are fluorescently labeled and running
the PCR products on a DNA sequencing machine. Variation in the microsatellites
alleles with different number of repeats are detected by the difference in the banding

patterns displayed on the gel. Based on the banding patterns, genetic diversity
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calculations are then performed to investigate the extent of the diversity. Phylogenetic
analysis of microsatellites polymorphism is performed in either of the two methods;
1.by regarding alleles as characters when scored for presence or absence and calculating
either distance or using character measures, and 2. By regarding allele frequency at loci
as characters and calculating distance measures (Robinson & Harris, 1999). Allozyme

phylogenetic analysis is conducted in a comparable way to that of microsatellites.
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Figure 2: An illustration of the gel electrophoresis showing polymorphism in
microsatellites (Modified from O'Connell & Wright, 1997)

2.3.3.2 Polymerase Chain Reaction sequencing

ITS

Internal Transcribed Spacers are sequences that are found in eukaryotic rRNA genes
between the 18S and 5.8S rRNA coding regions, and between the 5.8S rRNA and 28S
coding regions. ITS1 is located between the 18S and 5.8S rRNA coding regions while

ITS2 is found between the 5.8S rRNA and 28S coding regions (Liu & Schardl, 1994).
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The ITS1 and ITS2 regions are useful for phylogenetic analysis among related species
or among populations within a species owing to their high evolution rate. The analysis
of ITS1, 5.8S and ITS2 regions has led to the identification of species specific markers
in non-coding regions (ITSland ITS2) and coding regions (5.8S) that are vital in
distinguishing specific species from impurities (Hershkovitz & Zimmer, 1996; Jobes &
Thien, 1997; Liston, Robinson, Oliphant & Alvarez Buylla, 1996; Liu & Schardl,
1994). ITS region analysis has also been utilized in discriminating between
Angiosperms, Bryophytes, algae and fungi (Jobes & Thien, 1997).

The homology in the 5.8S rRNA gene nucleotide sequence in closely related species,
the absence of homology in non-related species, and the diversity in the ITS1 and ITS2
segments of related species supports the use of the ITS region in quantifying similarities
between species (Chatterton, Hsiao, Asay, Wang & Jensen, 1992) .Their application is
further not limited to distinguishing between fungi that is pathogenic to plants and
nonpathogenic fungi (Jobes & Thien, 1997). ITS region analysis utilizes the PCR
technique (Figure 3) because any genomic region can be amplified, sequenced and
analyzed in several organisms eliminating the necessity to clone and isolate large
amounts of ultra-pure genomic DNA (Schlotterer, 2004). Sequencing involves
investigating the nucleotide sequence of the PCR- amplified DNA segment using
specific primers.

Polymerase Chain Reaction sequencing (PCR-sequencing) is a technique used to
investigate the order of the nucleotide bases in a DNA strand. This provides detailed

information regarding the precise order of the DNA bases (T, A, G, C) that is required
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for analysis. Two methods of sequencing were independently developed in 1974 by two
teams (1. led by Maxam & Gilbert, and 2. led by Sanger). The Maxam and Gilbert
method utilizes the chemical cleavage protocol while the Sanger method is similar to
the natural process of DNA replication. Chemical degradation method and chain
termination method are the respective names designated to the two methods. Both
approaches were widespread and earned them the 1980 Nobel Prize which was shared
by both teams. Sanger’s method became the standard because of its practicality (Kumar
et al., 2009) and was used in this study.

Sanger’s chain termination method is alternatively called the Sanger’s dideoxy
sequencing method. This procedure is dependent on the idea that single stranded DNA
molecules that differ in length by a single nucleotide can be separated from one another
by polyacrylamide gel electrophoresis. In addition, the technique utilizes modified bases
that lack the -OH at the 3' carbon atom of de-oxy ribose sugar called dideoxy
nucleotides. A dideoxynucleotide such as dideoxythymidine triphosphate (ddTTP) is
added to the growing DNA strand until chain elongation stops due to the absence of 3" -
OH for the next nucleotide to be attached. The technique is started by annealing a
primer to the PCR products, followed by separating the mixture into four subsamples.
DNA is then replicated in vitro by adding the four deoxynucleotides (adenine, cytocine,
guanine and thymine), a single dideoxynucleotide (ddA, ddC, ddG or ddT) and the
enzyme DNA polymerase to each reaction. Elongation of sequence occurs provided that
deoxynucleotides are assimilated in the newly synthesized DNA strand (Kumar et al.,

2009). DNA replication is terminated upon the integration of a dideoxynucleotide. Each
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of the four subsamples comprises sequences of varying length terminated due to the
random incorporation of dideoxynucleotides to the many DNA molecules during the
reaction at any incidence of the particular dideoxy base used in the subsample. The

resulting fragments in each of the four subsamples are separated by gel electrophoresis.

Although the ITS region has been widely studied for diversity in various plants,
animals, insects, pathogens, algae and fungi, there has been less literature on the
analysis of ITS regions in P. glaucum. However ITS region analysis has been
performed on other members of the Poacea family. Hence, the pieces of literature
below will mainly focus on the analysis of ITS region concerning some members of the
Poacea family, and in fungi in which it has been widely studied.

Martel et al. (2004) analyzed the ITS sequences of 16 Pennisetum species obtained
from the five morphological sections (Penicillaria, Brevivalvula, Gymnothrix,
Heterostachya and Eu-Pennisetum) of the genera Pennisetum. Their findings indicated
that an alignment of ITS1 and ITS2 from Pennisetum species except for the hexaploid
Pennisetum Pedicellatum which revealed a heterogenic region needed 46 gaps
composed of 1bp to 4bp in size and had 148 variable sites that are perhaps a result of
nucleotide substitution. Based on infrageneric phylogeny of Pennisetum, Pennisetum
formed a monophyletic grouping with Cenchrus ciliaris and were both paraphyletic
which is in agreement with literature on the analysis of chloroplast DNA sequences and
inflorescence development traits (Doust & Kellogg, 2002; Giussani, Cota-Sanchez,

Zuloaga & Kellogg, 2001).
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Harlan and De Wet (1971) revealed that the primary, secondary and tertiary gene pools
may possibly be genetically arranged on the basis of the ease with which the wild
germplasm could be introgressed into the cultivated species. This observation is
congruent with Martel et al. (2004) who established that P. glaucum and its wild
relatives Pennisetum glaucum ssp. monodii forma mollissimum and forma violaceum
clustered together by a 100% bootstrap support. These species showed high level of
similarity due to their low sequence differentiation owing to them belonging to the same
genetic species as described by gene flow, cytogenetic and molecular studies
(Chowdhury & Smith, 1988; Clegg, Rawson & Thomas, 1984; Khalfallah, Sarr &
Siljak-Yakovlev, 1993; Martel, Ricroch & Sarr, 1996; Robert, Lamy & Sarr, 1992;).

Chatterton et al. (1992) studied the ITS nucleotide sequence of rDNA in diploid wheat,
Triticum speltoides L. (Tausch) Gren. ex Richter (Gramineae) and found that the 5.8S
rRNA genes in diploid and hexaploid (T. aestivum L.) wheat are indistinguishable but
vary from that of mung bean at 14 sites. In 1994, Sun, Skinner, Liang and Hulbert
conducted a Phylogenetic analysis of 15 sorghum accessions and related taxa using ITS
sequences of nuclear ribosomal DNA. The 15 accessions consisted of one from
Chaetosorghum and one from the Heterosorghum, four from Parasorghum, two from
Stiposorghum, and seven from the sorghum section (one accession from each of the
Sorghum propinquum and Sorghum halepense, and five races of Sorghum bicolor).
Their results showed that Sorghum propinquum, Sorghum halepense and Sorghum
bicolor are highly similar to the cultivated sorghum and are perhaps its closest wild

relatives. Sun et al. (1994) also argued that Chaetosorghum and Heterosorghum are
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more comparable to sorghum than Parasorghum, Sorgum bicolor is most probably
more related to Sorghum nitidum and that diversity is high in the sorghum group.

Zhang et al. (2002) investigated the origin and evolution of tetraploid wheat based on
the ITS sequences of nuclear ribosomal DNA. The analysis of ITS1 and ITS2 regions of
24 clones from wheat species; Triticum turgidum (AABB) and Triticum timopheevii
(AAGG), Triticum monococcum (AA), Triticum urartu (AA), and five species in
Aegilops section. Sitopsis (SS genome) showed that Aegilops speltoides was distinctive
compared to other species in Aegilops section Sitopsis and was probably the donor of
the B and G genomes to tetraploid wheat.

Goryunova, Chikida, Gori and Kochieva (2005) carried out a research on the analysis of
ITS nucleotide sequence polymorphism of ribosomal genes in diploid Aegilops (L.)
species. Twenty two samples of five diploid Aegilops species were studied and it was
observed that different Aegilops species exhibited ITS nucleotide sequence substitutions
that were species specific. In addition, diploid Aegilops species revealed intraspecific
variations in ITS structure in the same sample presumably as a result of variations in
genomes of respective plants or the existence of numerous types of ribosomal genes in
the genome of one plant. However, polymorphism in interspecific and intraspecific ITS
nucleotide sequences of rDNA was particularly low.

Asay, Hsiao, Chatterton, Jensen and Wang (1992) studied the nucleotide sequence of
the ITS region of rDNA in mountain rye, Secale montanum Guss.(Gramineae). The
results indicate homology in the 5.8S rRNA gene in Mountain rye and wheat (Triticum

aestivum) and variations in the nucleotides at position 13 in ITS1 and position 30 in
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ITS2. Mountain rye was found to have 601bp in the ITS region while bread wheat
(Triticum aestivum) had 602 bp. These results complement another study by Chatterton,
Hsiao, Asay, Jensen and Wang (1992) in which they found similar results by studying
the nucleotide sequence of the ITS region of rDNA in barley, Hordeum vulgate L.
(Gramineae). They argued that the 5.8S rRNA gene of barley has complete homology
with that of wheat (Triticum aestivum L.), mountain rye (Secale montanum Guss), and
rice. Nevertheless, the ITS1 and ITS2 regions in barley have been found to reveal minor
variations in comparison to wheat.

Dillon et al. (2004) analyzed the Sorghum laxiflorum and Sorghum macrospermum, the
Australian native species most closely related to the cultivated S. bicolor based on ITS1
and ndhF sequence analysis of 25 sorghum species. The analysis revealed that Sorghum
laxiflorum and Sorghum macrospermum are Australian species closely related to the
cultivated sorghum. In addition, there was no noticeable variation between the sections
Chaetosorghum and Heterosorghum, Para-sorghum and Stiposorghum while Eu-
sorghum emerged as the divergent section from the five known sorghum sections.
These results complement other studies (Dillon, Lawrence & Henry, 2001; Dillon,
Lawrence, Henry & Price, 2007) performed on sorghum.

In a study by O'Donnell (1992) on the ribosomal DNA of Internal Transcribed Spacers
(ITS) in the phytopathogenic Ascomycete, Fusarium sambucinum (Gibberella pulicaris)
disclosed wvariation. The ITS regions of eighty six strains of heterothallic
phytopathogenic filamentous fungus, Fusarium sambucinum from different geographic

locations were analyzed for variations and disclosed three ITS types (A, B, C) that
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contain a low variation ranging from 0-2.3 %. It was also observed that each of the 86
strains contained the three ITS types. Furthermore, it was observed that AT
insertion/deletion events are prevalent in ITS1 while GC insertion/ deletions dominate
in the ITS2 region. These findings are congruent with various literatures (Hirata &
Takamatsu, 1996; Saunders & Druehl, 1993; Takamatsu, Hirata & Sato, 1998).

Korabe¢na, Liska and Fajfrlik (2003) analyzed eleven species of clinical isolates of
fungi and detected within species variation in the ITS and 5.8S rRNA gene Region.
Variations were identified among the 11 species of Candida albicans, Candida
catenulata, Candida colliculosa, Candida glabrata, Candida kefyr, Candida melinii,
Candida parapsilosis, Candida guillermondii, Candida solanii, Candida tropicalis and
Saccharomyces cerevisiae. These findings are in agreement with Karvonen, Szmidt and
Savolainen (1994), Reed and Philips (2000), and Velegraki, Logotheti, Pyrri and
Kapsanaki-gotsi (2001), who argued that ITS regions evolve quickly resulting in both

intra-species and interspecies variations.

Advantages and disadvantages of PCR sequencing

PCR sequencing offers the ultimate measurement of genetic variation because it reveals
the nucleotide variation of amplified fragments. Additionally, PCR sequencing makes it
possible to target specific sequences in a wide range of species using universal primer
pairs for chloroplast, mitochondria and ribosomal genomes. PCR sequencing is highly

reproducible, can detect homologous variations and requires low amounts of target
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DNA, and most of the technical procedures are amenable to automation. Unlike in the
past were phylogenetic analysis were based on nuclear ribosomal DNA and chloroplast
DNA due to their high copy number, low copy and single nuclear DNA markers have
proved to be the modern powerful tools for phylogenetic analyses (Mort & Crawford,
2004; Small, Cron & Wendel, 2004). Low-copy nuclear markers mostly overcome the
difficulty of uniparental inheritance presented by plastid markers and concerted
evolution found in nuclear ribosomal DNA (Arnheim, 1983; Corriveau & Coleman,
1988). This has restricted the application of nuclear ribosomal DNA and plastid
markers, and their reliability in phylogenetic studies (Bailey, Carr, Harris & Hughes,
2003). In addition, Kumar et al. (2009), Small et al. (2004), and Wolfe, Li and Sharp
(1987), argued that low-copy nuclear markers are preferred because; evolution is
independent of paralogous sequences and tend to be stable in position and copy number,
and they display higher rates of evolution compared to cpDNA and nrDNA markers
which has promoted their wide spread application in closely related species.

PCR sequencing of the whole genome is expensive; hence only segments of the
genomes can be analyzed. A huge cost of synthesizing primers is incurred if suitable
primers for the segment of interest are not available and requires expensive
equipment’s. In addition, sequencing is time consuming which influences most studies
to concentrate on particular segments leading to less exploration of the entire genome.
Furthermore, analytical procedures involving the visualization of sequences by
polyacrylamide gel electrophoresis and autoradiography are laborious and technically

demanding (Kumar et al., 2009).
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Figure 3: An illustration of the PCR technique. Adapted from

http://www.bio.miami.edu/~cmallery/150/gene/Tag.htm. Retrieved on the 10" of June,
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2.3.3.3 Random Amplified Polymorphic DNA

Random Amplified Polymorphic DNA (RAPD) is a technique that utilizes random
primer sequences to amplify DNA as opposed to microsatellites which employ specific
ones. RAPD makes use of primers (mostly 10-20 base pairs in length) to amplify
nuclear DNA samples generating multiple DNA fragments. The RAPD PCR products
are separated on an agarose gel or by sequencing gels. Each RAPD primer amplifies
multiple fragments of size range 100-200 base pairs. The detected banding patterns are
recorded as presence-absence if variation exists at the priming sites in the DNA. RAPD
analyze multiple loci in the genome and eliminate the need to sequence the entire
genome and the establishment of specific primers. RAPDs assume a dominant
inheritance for present bands and a recessive inheritance for absent bands.
Polymorphism is noticed and scored as the presence and absence of a fragment. The
presence-absence scores are then utilized in genetic diversity calculations.
Polymorphism is a result of deletion, nucleotide insertion or substitutions in the
genomes which are detected by the high resolution displayed by the RAPD technique
(Chakauya, 2002). Owing to its high resolution, RAPDS have been employed in various
studies such as; finger printing in molecular ecology to determine taxonomic identity,
analyzing kingship relationships, creation of probes that are specific, detection of
interspecific gene flow and to analyze mixed genome sample, genetic mapping and

generation of linkage maps (Hadrys, Balick & Schierwater, 1992).
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Govindaraj, Selvi, Prabhu and Rajarathinam (2009) investigated the diversity of
20 P. glaucum genotypes and found that the genotypes clustered into 8 different groups
after analysis. This study showed the ability of RAPD markers to correctly disclose
genetic variability at DNA level among P. glaucum genotypes. RAPD is an effective
tool that can be used to select the markers which are well distributed throughout the
genome and to get an insight into the genetic resources that can be employed in future
hybridization programs for P. glaucum germplasm management.

Chowdari et al. (1998) detected polymorphism in 36 landraces and 22 cultivars
of P. glaucum using RAPD analysis. They argued that RAPDs can identify a greater
number of genotypes by including more primers as demonstrated in their study. RAPD
analysis revealed a high degree of genetic diversity among the cultivars as well as
between the landraces. This is in agreement with Chandra-Shekara, Prassana, Bhat and
Singh (2007) who found genetic diversity in elite pearl millet inbred lines using more

RAPD primers.

Advantages and disadvantages of RAPDs

RAPD technology is inexpensive and has a wide potential to be applied in molecular
biology and ecology. RAPDs are easily detected (compared to RFLPS), non-laborious,
and can be effective in the analysis of highly heterozygous genomes in which they
rather contend with RFLPs (Williams, Kubelik, Livak, Rafalski & Tingey, 1990).

RAPDs can be employed in non-invasive sampling and are able to analyze multiple loci
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in the genome without the need to sequence the entire genome. In addition, it utilizes
nonspecific random primers to assay many loci. Besides, the RAPD technique is quick,
easy, does not require prior sequence information and has a high power of resolution
(Chakauya, 2002).

The degree of specificity is influenced by the size of the primer. Presumably,
short length primers are likely to amplify an irrational large number of sequences while
longer primers may amplify less informative few sequences. Longer primers which are
beyond the recommended (10-20 base pairs) are possibly less specific due to increased
frequencies of non-specific primer annealing. This has an implication because the
occurrence of non-reproducible amplification patterns might increase. Studies
encourage the use of standard RAPD conditions of 10-20 base pair primer length, a
G+C content of the primers that is similar to that of the genome being analyzed in order
to maximize the frequency of specific primer-template binding thereby improving the
quality of the amplification results (Hadrys et al., 1992).

RAPD is a PCR dependent technique and is thus sensitive to the reaction
conditions. Alterations in reaction conditions affect the reproducibility of the PCR
products (Williams et al., 1990). PCR reaction conditions influencing the
reproducibility of RAPD products are 1. The temperature profile shape which is a
thermal cycler property that needs to be uniform, 2. Type of polymerase used and 3.
Mg** concentrations. Reproducibility is certain under uniform reaction conditions. In
addition, Tag or DNA concentrations also influence the amplification results (Hadrys et

al., 1992).
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The possibility of co-migration in the RAPD technique compromises its
reliability. RAPD technique assumes that amplified fragments are distinct with no
possibility of amplifying distinct fragments which co-migrate on the gel due to similar
size. Hadrys et al. (1992) argued that eluting individual PCR products from gels and
reprobing the products via Southern analysis or instead using polyacrylamide gel
electrophoresis to increase the resolution of band separation certainly detects co-
migration in the RAPD technique.

Certain fragments are unclear and give problems with scoring. In some cases,
non-reproducible bands result from non-specific priming or from heteroduplex
formation between related amplification products (Williams et al., 1990). In such
instances, these fragments are not relevant for the study or use as genetic markers.
Nevertheless, RAPD seems to produce reproducible bands that are mostly tested two or
more times in order to confirm reproducibility upon which they are easily scored. In
certain cases, PCR reactions produce amplification products in the absence of template
DNA in the PCR reaction mix. These products are no longer detected once the DNA
being investigated is added to the mix (Hadrys et al., 1992).

RAPDs are dominant markers, do not favor the detection of heterozygosity and
are the least informative of all the known DNA markers. The effect is that a fragment
representing a homozygous genotype (AA) cannot be distinguished from a
heterozygous genotype (Aa). This presents difficulties in exploring population genetics
using RAPDs and marks RAPDs as less competitive in comparison to analytical tools

that involve sequence information or single locus probe finger printing technologies.



32

-— - @ - w—— -

L
===

Figure 4: An illustration of an electrophoresis gel of the RAPD technique. Adapted

from http://www.bio.miami.edu/~cmallery/150/gene/Tag.htm. Retrieved on the 10"

June, 2015

2.3.3.4 Amplified Fragment Length Polymorphism

Amplified Fragment Length Polymorphism (AFLP) is a PCR based technique that is
similar to RAPD (Vos et al., 1995) because both use random sequences in their
analysis. AFLPs random segments are amplified under high stringent PCR conditions
which enables primers with a single base difference to produce distinct band patterns.
AFLP involves the cutting of small DNA segments aided by a restriction endonuclease
(enzyme) resulting in sticky and staggered ends. Short synthetic DNA fragments of
known sequence which are referred to as adapters (10-30 double stranded bases) are
then ligated to the cut sticky staggered ends. Amplification in a PCR reaction is then

performed using primers that are complementary to those of the known adapter
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sequence with added selective nucleotides (Frankham et al., 2002; Mueller et al., 1996).
Restriction and ligation occur simultaneously and the products are scored as present
(dominant) or absence (recessive) which is similar to that of RAPDs.

In population and conservation genetics, AFLP have been used to mainly
investigate genetic variation below the species level. Investigating variations within
populations and the population structure at species level have been widely explored
(Arens, Coops, Jansen & Vosman, 1998; Gonzalez et al., 1998; Majer, Lewis & Mithen,
1998; Travis, Maschinski, & Keim, 1996; Winfield et al., 1998) by studying parameters
such as estimation of FST analogs and genetic variation within populations with the
utility of AFLP. In addition, AFLP markers have been useful in assessing gene flow and
dispersal, outcrossing, introgression and cases of hybridization (Mueller &
Wolfenbarger, 1999). AFLP have also been employed in paternity analysis because of
the technique’s competence in discriminating individuals in a population (Krauss,

1999).

Advantages and disadvantages of AFLP

AFLPs have a high resolution and are able to analyze the genome without prior genome
sequence information. Only small amounts of DNA are required in a PCR reaction
involving AFLPs and the technique is easy and employs less labor. In addition AFLPs
are highly reproducible and are able to generate DNA finger prints irrespective of the

DNA source. Furthermore, AFLP markers efficiently depict genetic variations in
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individuals, populations and lineages that are evolving independently (Mueller &
Wolfenburg, 1999). The high level of polymorphism produced by AFLPs appears to be
the driving force towards their selection for analysis.

AFLPs present challenges when analyzing higher taxonomic levels due to the
high variability found in its markers. This causes a reduction in the similarity between
distant taxa paving way to coincidence. Comparable to RAPDs, AFLPs are also
dominant markers and are therefore not able to discriminate between homozygous and
heterozygous genotypes. In addition, scoring of AFLPs tends to be tedious and present
problems with size homoplasy. Size homoplasy is seemingly the utmost challenge in the
use of AFLPs owing to the hypothesis that co-migrating bands are homologous which
may be due to the occurrence of multiple bands (increasing the possibility of a pair-wise

homology of all of them) (Mace, Gebhardt & Lester, 1999).
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Figure 5: An illustration of an electrophoresis gel of the AFLP technique. Adapted
from http://www.bio.miami.edu/~cmallery/150/gene/Taq.htm. Retrieved on 10 June,
2015
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2.3.3.5 Restriction Fragment Length Polymorphism

Restriction Fragment Length Polymorphism (RFLP) is a technique used to track a
specific DNA sequence as it is inherited by other cells. RFLP is able to distinguish
individuals by analyzing fragments of DNA resulting from cleavage. RFLPs have
various applications such as; to investigate the source of a DNA sample in paternity
cases or criminal cases, determining the recombination rates and establishment of
genetic maps and assessment of an individual’s disease status in epidemiological
studies. The method involves the purification of DNA and cleaving it with a restriction
enzyme and running a gel to separate fragments of different sizes (Frankham et al.,
2002).

The strands of DNA are separated and transferred to a membrane which is then
dried. The membrane is then transferred to a solution that comprises multiple single
copies of radioactively labeled DNA (probe) segments to locate the locus under
investigation. Upon complementary base pairing, the membrane is washed to remove
unhybridized single stranded probe molecules. The membrane is then dried and
autoradiographed. The presence of polymorphism in the DNA sequence at the
restriction site is then detected by the different sizes displayed on the autoradiograph.
This is due to the difference in distance between the cleaved sites of DNA.

Gepts and Clegg (1989) analyzed polymorphism in chloroplast DNA, nuclear
ribosomal RNA, and alcohol dehydrogenase (ADH) sequences in 25 wild and 54

cultivated accessions of P. glaucum using Restriction-Fragment-Length Polymorphisms
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(RFLP). Their results show no polymorphism in chloroplast DNA sequences. However,
polymorphism was observed to exist in nuclear rRNA in the non-transcribed spacer
region in which higher polymorphism was observed in the wild P. glaucum as

compared to the cultivars which rather had homogenous sequences.

Advantages and disadvantages of RFLP

RFLPs are co-dominant markers which makes them more informative as compared to
dominant markers such as RAPDs. The RFLPs technique is robust, enables the
detection of polymorphism in large genomic regions and is relatively inexpensive. In
addition, variations in known genes can be followed by the use of RFLPs. RFLPs have
good transferability between laboratories and no sequence information is required.
RFLP is also recommended for phylogenetic analysis of related species because it is
centered on sequence homology. This technique displays a high discriminatory power
which enables analysis at population and/or species level using a single locus probe, or
individual level by using a multi-locus probe (De Vicente & Fulton, 2003). Moreover,
RFLPs analysis is simple and can be readily applied as long as appropriate probes are
available. Genetic linkage maps have been constructed using this technique.

The RFLPs technique requires large amounts of DNA and cannot therefore be
used in non-invasive sampling. Moreover, the RFLPs technique is only able to detect a
minor proportion of the total genetic variation in the DNA sequence as compared to

sequencing the locus which reveals much information on its genetic variation (Nei,
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1987). This method does not allow automation and can only detect low levels of
polymorphism in some species. Besides a suitable probe library is needed and it is a
long procedure especially when single copy probes are employed. In addition, the
technique is costly, demanding and analysis is only done on a few loci for each assay.
Probes have to be spread across all laboratories that are collaborating and various

probe-enzyme combinations might be necessary (De Vicente & Fulton, 2003).

Marker
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Figure 6: An illustration of an electrophoresis gel of the RFLP technique. Adapted
from http://www.bio.miami.edu/~cmallery/150/gene/Tag.htm. Retrieved on the 10" of
June, 2015

2.3.3.6 Single Nucleotide Polymorphisms

Single Nucleotide Polymorphisms (SNPs) are positions in the DNA of a species at
which two or more alternative bases occur at a frequency more than 1% (Frankham et
al.,, 2002). SNPs are the wide spread class of DNA markers because most
polymorphisms are the outcome of point mutations and SNPs are the most abundant
molecular markers in the genome (Mondini et al., 2009). SNPs and flanking sequences

are identified by library construction and sequencing or through the screening of readily
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available sequence databases and have been used to saturate linkage maps in order to
trace important characters in the genome (Cho et al., 2000). SNPs mostly occur in the
non-coding regions of the genome while its existence in coding regions can generate
either non-synonymous mutations with the consequence of an amino acid sequence
change or synonymous mutations that do not amend the amino acid sequence (Sunyaev
et al., 1999). However, synonymous alterations can modify mRNA splicing causing
phenotypic variations (Richard & Beckman, 1995). SNPs genotyping evaluation
depends on allele-specific hybridization, oligonucleotide ligation, and primer extension

or invasive cleavage (Sobrino, Briona & Carracedoa, 2005).

Advantages and disadvantages of SNPs

SNPs analysis is able to detect variations as low as a single base difference. This
technique is possibly effective when analyzing diversity in crops where it is difficult to
find polymorphisms such as in the cultivated tomato (Kumar et al., 2009). SNPs
provide the possibilities of automation especially when the SNPs have been located and
suitable primers are available. In addition, the wide spread occurrence of SNPs across
genomes and variable distribution among species make them the preferred effective
mode of analyzing genetic diversity. SNPs have various genotyping methods
comprising DNA chips, allele-specific PCR and primer extension approaches which are

predominantly preferred due to their high data throughput. In addition, the technique
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allows automation and can be used for rapid identification of crop cultivars and
construction of ultra-high-density genetic maps.

SNPs technique needs sequence information in order to synthesize PCR primers
that are allele specific or oligonucleotide probes. Multiplex PCR and hybridization to
oligonucleotide microarrays or analysis on automated sequencers are frequently used to
investigate the occurrence of SNPs in high sample throughput. This increases the cost of

the technique and has discouraged Gene Banks from regularly utilizing SNPs markers.

Figure 7: An illustration of the occurrence of a Single Nucleotide Polymorphism
(SNP).  Adapted from  http://www.bio.miami.edu/~cmallery/150/gene/Tag.htm.
Retrieved on the 10™ June, 2015
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Table 1: Comparison of different characteristics of the most frequently used molecular

marker techniques (Adapted from Mondini et al., 2009, pp. 24).

Molecular marker RFLP RAPD AFLP SSR SNP
Degree of polymorphism M M M M H
Locus specificity Y N N N Y
Dominance/ Co- C D D C C

dominance
Ease of replication H L H M H
Abundance H H H M H
PCR-based Y N N N Y
Quantity of DNA H L M L L
required

Automation N Y Y Y Y
Cost per assay H L M L/M L
Technical requirement H L M L/M M

Key: H = High; L = Low; M = Medium; Y = Yes; N = No
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CHAPTER 3: MATERIALS AND METHODS

Research design

The outline of the research design that was used to assess the genetic diversity in this

study is displayed below.
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3.2  Sampling strategy

All the P. glaucum accession, which amounted to 1441 landraces, were obtained from
the Namibian National Plant Genetic Resource Centre (NPGRC) and used in the present
study. However, of the 1441 landraces, only about 680 have been morphologically
characterized by the Namibian NPGRC in an ongoing effort to characterize the entire
landraces and a sample of 96 landraces were genetically characterized in this study. The
Namibian NPGRC has a total of about 1441 accessions of P. glaucum. These accessions
were collected in 1991 by the International Crops Research Institute of Semi-Arid
Tropics (ICRISAT) and have been multiplied and characterized for gene banking
purposes (R. Moses, personal communication, April 17, 2014). From a total of 1441
accessions, the sample size of 94 landraces used in the study was calculated using the

following formula (Yamane, 1967):

N

L 2
1 + N(e)

o 1441

1 + 1441 (0.1)°

n = 94
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Where n is the sample size, N is the population size and e is the level of
precision (90% confidence level and 10% level of precision). Sampling was done in
such a way that all the regions from which the P. glaucum accessions were collected
were represented in the calculated sample size. This was achieved by Random sampling
from each region based on proportionate calculations. The proportions were calculated

using the formula outlined below:

Where P= proportion, Ns=Total number of accessions collected from a region, Nt=
Total number of accessions in the entire population and n = the calculated sample size
from the entire population.

Table 2: The calculated sample values of proportions from each regional.

Region Total Total Total accessions in | Regional
Accessions per | accessions in (Namibia) sample
region (Namibia) calculated sample size
size

Karas 15 1441 96 1
Zambezi 292 1441 96 19
Okavango 716 1441 96 48

(east + west)

Otjozondjupa | 20 1441 96 1
Oshikoto 28 1441 96 2
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Kunene 29 1441 96 2
Omusati 144 1441 96 10
Ohangwena 175 1441 96 12
Oshana 22 1441 96 1

A total sample size of 96 was used instead of 94 due to ease of use with the 96 well
PCR-machine and to ensure that every region is represented since some regions had a
low population. P. glaucum accessions were then planted in the green house at the
University of Namibia (UNAM) in pots and left to grow for two weeks until the time of

DNA extraction.

3.3 Genomic DNA extraction

P. glaucum genomic DNA was extracted at the Biological Sciences Department
laboratories at the University of Namibia. DNA extraction was performed using the
CTABI/chloroform-isoamyl alcohol protocol as described by Doyle (1991). For each
sample, about 50 mg of leaf tissue was ground in liquid nitrogen using a motar and
pestle and then transferred to respective 1.5 ml Eppendorf tubes. An amount of 500ul of
CTAB buffer [1 M Tris, pH 8.0, 5 M NaCl, 0.5 M EDTA and CTAB powder (20g/l of
buffer prepared)] was added to the Eppendorf tubes and incubated at 55 °C for 1 hour.
Thereafter, 500ul of 24:1 chloroform-isoamyl alcohol was added and mixed by shaking

the tubes with the hands to form an emulsion. The tubes were then centrifuged for 10
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minutes at 13,000 rpm resulting into three layers. The top layer which is the aqueous
phase was then collected by pipetting and placed into new 1.5 ml Eppendorf tubes and
0.08 volumes of cold 7.5M ammonium acetate was added and mixed by inverting. An
amount of 0.54 volumes of cold isopropanol was then added and mixed by inverting.
The tubes were then kept in the freezer overnight and centrifuged the next morning at
13,000 rpm for 3 min. The supernatant was pipetted off from the tubes leaving the DNA
pellet behind. A volume of 700ul of cold 70% ethanol was added and the tubes were
inverted once to mix and centrifuged at 13,000 rpm for 1 minute. The liquid was then
pipetted off from the tubes and 700 pl of 95% ethanol was then added to the tubes after
which they were inverted once to mix and centrifuged at 13,000 rpm for 1 minute. The
resulting DNA pellet was collected by pipetting the supernatant out and left to dry on a
hot plate at 55 °C. Upon drying, the DNA pellet was then suspended in 100 ul of double
distilled water and stored in the freezer at -20 °C until use. Prior to storage, the DNA
concentration was determined using a Nano Drop 2000c spectrophotometer (Thermo

Scientific, Massachusetts, USA).

3.4 Microsatellites data collection

3.4.1 Microsatellites primer screening
A total of 10 SSR primer (Neto, Von Pinho, Carvalho & Pereira, 2013) sets (Table 3)
obtained from Ingaba Biotechnical Industries were screened for polymorphism. This

was done by randomly selecting 2 DNA samples from each of the regions (Zambezi,
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Karas, Kunene, Ohangwena, Okavango [East & West], Omusati, Oshana, Oshikoto and
Otjozondjupa) involved in the origin of all the accessions. The primers were dissolved
in nuclease-free water to make 100 uM stock solutions. The primer stock solutions were
then diluted to form 20 uM aliquots of each primer pair. Extracted DNA samples with a
concentration of 20 — 250 pg/ul were diluted to 10ng of DNA per pl for PCR
amplification. A total of 18 DNA samples were then amplified in a 25 pl PCR reaction
volume comprising 12.5 pl of 2x master mix, 1 pl of template DNA, 1 pl of a 1 uM
concentration forward SSR primer, 1 pul of a 1 pM concentration reverse SSR primer
and 9.5 ul of nuclease free water with thermo-cycling conditions of; initial denaturation
step at 95 °C for 4 min, followed by 35 cycles of denaturation at 94 °C for 1 min,
annealing ranged between 57 °C and 62 °C which was primer dependent for 1 min and
an elongation at 72 °C for 1 min. Final elongation was performed at 72 °C for 4 min and
held at 4 °C. A 2% agarose gel electrophoresis with a 1kb generule DNA ladder was
then conducted to determine the pair of primers that displayed polymorphism or
monomorphism based on the amplification product band patterns of separation on the
gel from the different DNA templates. The outcome of the screening was described as
monomorphic, polymorphic or unable to amplify. The PCR was then conducted with

the actual samples but using the primers that displayed a higher level of polymorphism.
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3.4.2 Microsatellites amplification protocol

Samples (96) of DNA were amplified in a 25 pl PCR reaction volumes using primers
that revealed polymorphism based on agarose gel patterns. Six (6) primer sets (3005,
3016, 3020, 3022, 3035 & 3039) were used to amplify microsatellites loci by combining
1 pl of template DNA, 1 pl of a 1 pM concentration forward SSR primer, 1 pl of a 1
MM concentration reverse SSR primer, 9.5 ul of nuclease-free water and 12.5 pl of 2x
Dream Taqg master mix which contained: Dream Taq DNA Polymerase, 2x Dream Taq
buffer, dATP, dCTP, dGTP and dTTP of 0.4 mM each, and 0.4 mM MgCl,. The
reaction profile consisted of initial denaturation temperature of 94 °C for 3 min,
followed by 35 cycles of denaturation temperature at 94 °C for 1 min, 1 min at
respective annealing temperatures and 1 min extension temperature at 72 °C. The final

extension was then performed at 72 °C for 4 min and lastly held at 4 °C.

Table 3: SSR forward primer screened for polymorphism and their characteristics.

Primer Sequence Annealing temperature
3002F AAAGTTACCGGGAGGGTAAAAA 58.95
3005F CGCGGTGTTCTCACACAC 62.18
3009F CTGTACCATGTGCGCTGATT 60.4
3013F TGTGGGAGAGAGGAGAGTCC 64.5
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3016F TTGTGGCTGAAGAAGAGATCC 60.61
3020F GTTCCATGGAGCTGGAAGTC 62.45
3022F CTGGAAGTCCTTCTCGGTTG 62.45
3028F ACGATTCTTCGTCGTTCCAG 60.4

3035F GCCAAGGAGGTCAAGATCG 62.32
3039F GGCACGAGGGGCTAAGTAA 62.32

3.4.3 Polymorphism Information Content

Genetic diversity calculations were performed at each locus to determine allelic
Polymorphism Information Content (PIC) based on allele frequencies of the 96
accessions analyzed. The PIC values for each SSR primer were estimated by
determining the frequency of alleles per locus as described by Sharma, Kantartzi and
Stewart (2009) using the formula: PIC = 1 - ¥ x?%, where X is the relative frequency of
the {" allele of the SSR loci. Markers were designated as being informative when PIC

was > 0.5. The most informative primers were then used for subsequent genetic

diversity calculations.

3.5 RAPD data collection

3.5.1 RAPD primer screening

RAPD primers (12) (Govindaraj et al., 2009) shown below (Table 4) obtained from

Ingaba Biotechnical Industries were screened for polymorphism in a similar way to that
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described in section 3.4.1 under microsatellites screening. Samples (18) of DNA
initially used for microsatellites primer screening were also used to screen for RAPD
primers that could display polymorphism. The 18 DNA samples were amplified in a 25
pl PCR reaction volume containing 12.5 pl of 2x master mix, 2 pl of template DNA, 2
pl of a 1 uM concentration RAPD primers and 8.5 pl of nuclease-free water with PCR
conditions of: initial denaturation step at 95 °C for 3 min, the next step involved 40
cycles of denaturation at 94 °C for 15 sec, annealing was reliant on primer specificity
(Table 4) and an elongation at 72 °C for 1 min. Final extension was carried out at 72 °C
for 7 min and held at 4 °C. The RAPD PCR products were then visualized on a 2 %
agarose gel electrophoresis and the results designated as monomorphic, polymorphic or
unable to amplify based on the separation of the amplification products and banding
patterns displayed on the agarose gel. The primers that could detect polymorphism were

then employed to amplify the 96 samples of P. glaucum.

3.5.2 RAPD amplification protocol

Upon successful determination of the primers able to detect polymorphism, 96 DNA
samples were then amplified using three (3) primers (OPN-16, OPE-09 & OPE-18) in a
25pl PCR reaction volumes containing 12.5 pl of 2x master mix, 2 pl of template DNA,
2 ul of a1 uM concentration RAPD primers and 8.5 pl of nuclease-free water using the
following PCR conditions: an initial denaturation step of 95 °C for 3 min, 40 cycles of
denaturation at 94 °C for 15 sec, annealing was primer specific (Table 4) which was

between 39 °C and 43 °C, an elongation at 72 °C for 1 min and the final extension was
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carried out at 72 °C for 7 min and held at 4 °C. A 2% agarose gel electrophoresis was
then used to visualize the RAPD PCR products and the results were recorded for
analysis. The RAPD bands were tested to confirm reproducibility by amplifying the
DNA samples three times using the same reaction conditions. Only reproducible bands

were considered for genetic diversity calculations.
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Table.4: RAPD primers screened for polymorphism and their characteristics.

Primer Sequence Annealing temperature
OPL-11 ACGATGAGCC 395
OPAL-20 AGGAGTCGGA 395
OPAL-08 GTCGCCCTCA 43.6
OPAL-15 AGGGGACACC 43.6
OPM-16 GTAACCAGCC 39.5
OPN-16 AAGCGACCTG 39.5
OPF-10 GGAAGCTTGG 39.5
OPF-01 ACGGATCCTG 39.5
OPE-04 GTGACATGCC 39.5
OPE-09 CTTCACCCGA 395
OPE-18 GGACTGCAGA 395
OPAG-13 GGCTTGGCGA 43.6

3.5.3 Polymorphism Information Content

The PIC displayed by each RAPD primer were estimated by determining the frequency
of alleles of the 96 DNA samples per locus as described by Sharma et al. (2009) using
the formula: PIC = 1 - ¥ x%, where X ;is the relative frequency of the {" allele of the
RAPD loci. Markers were designated as being informative when the value of PIC was >

0.5.
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3.6 ITS sequence data collection

3.6.1 ITS amplification protocol

Samples (96) of DNA were amplified in 50 pl PCR reaction volumes using ITS1 and
ITS4 primers. The PCR reaction mixture contained 4 pl of template DNA, 2 ul of a 0.5
MM concentration of ITS1 primer, 2 pul of a 0.5 uM concentration of 1TS4 primer, 17 pl
of nuclease free water and 25 pl of 2x Dream Taqg master mix which contained: Dream
Tag DNA polymerase, 2x Dream Taq buffer, dATP, dCTP, dGTP and dTTP of 0.4 mM
each, and 0.4 mM MgCl,. The PCR reaction profile consisted of initial denaturation
temperature of 94 °C for 4 min, followed by 40 cycles of denaturation temperature at 95
°C for 1 min, annealing temperature of 55 °C for 1 min, and an extension temperature at
72 °C for 45 seconds. The final extension was then performed at 72 °C for 10 min and
lastly the PCR products were held at 4 °C. A 2% agarose gel was then prepared in order

to visualize PCR products and determine the success of the amplification.

3.7  Data collection and diversity analysis

3.7.1 SSR data collection and diversity analyses

3.7.1.1 SSR genetic diversity assessment
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The overall genetic diversity within the P. glaucum accessions based on SSRs was
measured by the Shannon-Wiener diversity index (Heip, Herman & Soetaert, 1998)
which is obtained by the formula;

H = —Y&, pilogpi
Where P; is the frequency of the i" allele and k is the sum of alleles in the samples. The
value of H provided the genetic diversity collectively revealed by all the SSR primer

pairs initially selected (with a high PIC) to be used for further analysis.

3.7.1.2 Microsatellites data analysis

Microsatellites data (bands) for each primer pair from the gel were manually scored into
a binary matrix for subsequent calculations. Each polymorphic band was regarded as a
single character and was scored for the presence (1) of the character and absence (0) of
the character. The degree of genetic diversity was calculated based on the loci that are
polymorphic.

The binary data was then entered into Primer-E 5 for Windows (Plymouth
Routines in Multivariate Ecological Research) software package (Clarke & Gorley,
2001) for similarity calculations and cluster analysis. The Bray-Curtis similarity method
calculations were used to obtain similarity coefficients after which a phenogram was
generated by Unweighted Pair-Group Method of arithmetic Average (UPGMA)

clustering algorithm.

3.7.1.3 Ordination of SSR data
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Ordination was done using Principal Coordinate Analysis (PCoA). Principal Coordinate
Analysis (PCoA) was used to analyze microsatellites data using NTSYS-pc (Numerical
Taxonomy and Multivariate Analysis System) software package (Rohlf, 1992). PCoA
ordination plots for SSR were generated from SSRs data and used to identify trends,
patterns, and asses the robustness and validity of the clusters generated from UPGMA.
PCoA reduces the dimensionality of variables while maintaining their distance

relationships (Gower, 1966).

3.7.2 RAPD data collection and diversity analysis

3.7.2.1 RAPD genetic diversity assessment
The overall genetic diversity detected by RAPD primers within the P. glaucum
genotypes was also measured by the Shannon-Wiener diversity index (Heip et al., 1998)
using the formula below:

H = —XK, pilogpi
Where Pjis the frequency of the ith allele and k is the sum of alleles in the samples. The
value of H provided the diversity disclosed by all the RAPD primers employed for

diversity analysis.

3.7.2.2 RAPD data analysis
The RAPD data obtained from the gel electrophoresis were scored into a binary matrix

of presence (1) and absence (0). The data was then entered into Primer-E 5 for
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Windows (Plymouth Routines in Multivariate Ecological Research) software package
(Clarke & Gorley, 2001) for similarity calculations and cluster analysis. Similarity
estimates were performed using Bray-Curtis similarity method and a phenogram was

generated using Unweighted Pair-Group Method of arithmetic Average (UPGMA).

3.7.2.3 Ordination of RAPD data

Principal Coordinate Analysis (PCoA) was performed on RAPD data for Ordination
purposes. NTSYS-pc (Numerical Taxonomy and Multivariate Analysis System)
software package (Rohlf, 1992) was employed in the Principal Coordinate Analysis
(PCoA) of the data from RAPD gels. This was done in order to confirm the clusters

generated from UPGMA.

3.7.3 ITS data collection and diversity analysis

3.7.3.1 ITS data collection

The PCR products of ITS1 and ITS4 were sent for sequencing at Ingaba Biotechnical
Industries (Pty) Ltd. Out of the 96 PCR samples sent for sequencing, eighty nine (89)
reliable sequences were obtained from Ingaba Biotechnical Industries (Pty) Ltd. The
sequences were then edited in BioEdit (Biological Sequence Alignment editor for

Windows 99/98/NT/2K/XP/7) sequence alignment editor software (Hall, 1998).

3.7.3.2 ITS data analysis
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A pairwise alignment in BioEdit (Hall, 1998) which allows ends to slide was performed
on each ITS1 sequence from each sample with its complementary 1TS4 reversed
respective sequence. From each pair, a single sequence was obtained by merging the
overlap and the two respective ends of the pair of sequences in order to form one edited
sequence for analysis. The 89 edited sequences were then used to construct a
phylogenic tree in MEGA (Molecular Evolutionary Genetics Analysis) software version
6.0 (Tamura, Stecher, Peterson, Filipski, & Kumar, 2013).

The phylogenetic tree was resolved by using the Maximum Likelihood method
based on the Tamura-Nei model (Tamura & Nei, 1993) and the bootstrap consensus tree
was determined from 1000 replicates which represented the evolutionary history of the
taxa analyzed. Branches corresponding to partitions reproduced in less than 70%
bootstrap replicates were collapsed and initial trees for the heuristic search were
obtained by applying the Neighbor-Joining method to a matrix of pairwise distances
estimated using the Maximum Composite Likelihood (MCL) approach. The use all sites
function was used in the missing data treatment and the 1st+2nd+3rd+Non-Coding
codons were included in the analysis. A Pennisetum purpureum strain retrieved from
the National Centre for Biotechnology Information (NCBI) Website with accession
number FJ626358.1 was also included in the analysis and used as the out-group to root
the phylogenetic tree.

In addition, seven other P. glaucum ITS sequences with respective accession
numbers; FJ766182.1, AY628132.1, AY628131.1, AY628130.1, AY628129.1,

AY628116.1 and AY628115.1 were retrieved from the National Centre for
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Biotechnology Information (NCBI) website and used in combination with the eighty
nine sample sequences and a P. pupureum sequence. This was in order to assess the
degree of relatedness based on the ITS sequences between the Namibian P. glaucum
and other (non-Namibian) germplasm. The aforementioned P. purpureum strain was
also included in the analysis as an out group to root the phylogenetic tree. This tree was
constructed using the Tamura-Nei model (Tamura & Nei, 1993) on Maximum
Likelihood method, the use all sites function was used in the missing data treatment,
and the 1st+2nd+3rd+Non-Coding codons were included. The bootstrap consensus tree
was molded from 1000 replicates which represented the evolutionary history of the taxa
analyzed. Branches corresponding to partitions reproduced in less than 70% bootstrap
replicates were collapsed and initial trees for the heuristic search were obtained by
applying the Neighbor-Joining method to a matrix of pairwise distances estimated using

the Maximum Composite Likelihood (MCL) approach.

3.7.4 Morphological and molecular consistency of clusters

Unprocessed morphological data was obtained from the Gene Bank and processed in
order to evaluate the relatedness of the P. glaucum accessions based on morphology
analysis and to superimpose morphological characters onto the phylogenetic tree. Out of
the ninety six (96) P. glaucum accessions used in this study, only twenty nine (29) P.
glaucum accessions have been morphologically characterized (see Appendix C, for
morphologically characterized data). Hence, the remaining sixty six (66) accessions of

the present study are among the morphologically uncharacterized accessions. The
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characters considered for analysis were early vigour, tillering altitude, number of nodal
tillers, plant aspects, lodging susceptibility, fodder potential, spike shape, spikelet
shattering, bristle length and spike density. Nevertheless only discrete morphological
data was used in this study.

A similarity matrix was constructed using Primer-E 5 for Windows (Plymouth
Routines in Multivariate Ecological Research) software package (Clarke & Gorley,
2001) for similarity calculations based on the ten (10) discrete morphological characters
mentioned above. The Bray-Curtis similarity method was used and a phenogram was
generated based on Unweighted Pair-Group Method of arithmetic Average (UPGMA).
SSRs and RAPDs phenograms were then constructed based on the twenty nine (29)
accessions that had corresponding morphological characterization data in order to
investigate the relationship between the morphological characterization data derived
cluster, and the SSR and RAPD data derived clusters of the twenty nine (29) P.
glaucum accessions. Ordination was then done using Principal Coordinate Analysis
(PCoA) on the discrete morphological data, SSRs data and RAPDs data in order to
compare the number of respective groupings formed by different datasets and to
confirm groupings with the clusters generated by UPGMA.

A phylogenetic tree was generated from the ITS sequences of the
aforementioned twenty nine (29) P. glaucum accessions that had corresponding
morphological characterization data. The P. purpureum strain with accession number
FJ626358.1 was included in the analysis and used as the root of the phylogenetic tree.

In addition, the seven P. glaucum ITS sequences retrieved from the National Centre for
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Biotechnology Information (NCBI) website with respective accession numbers;
FJ766182.1, AY628132.1, AY628131.1, AY628130.1, AY628129.1, AY628116.1 and
AY628115.1 were included in the analysis. The tree was resolved by using the
Maximum Likelihood method based on the Tamura-Nei model (Tamura & Nei, 1993)
whereas the bootstrap consensus tree was determined from 1000 replicates which
represented the evolutionary history of the taxa analyzed. Branches corresponding to
partitions reproduced in less than 70% bootstrap replicates were collapsed and initial
trees for the heuristic search were obtained by applying the Neighbor-Joining method to
a matrix of pairwise distances estimated using the Maximum Composite Likelihood
(MCL) approach. The use all sites function was used in the missing data treatment and

the 1st+2nd+3rd+Non-Coding codons were included.

3.8 Research ethics

The P. glaucum accessions obtained from the NPGRC were solely used for the purpose
of this research. In addition, exclusive rights over the genetic diversity study of the
Namibian P. glaucum germplasm was obtained from NPGRC and the results were kept
confidential in line with the documentation of germplasm from the NPGRC.
Throughout the research, the appropriate recognition of the intellectual, scientific
support and operational contributions was applied. In addition, an ethical clearance
certificate was obtained from the Research and Publications Office (RPO) in order to
carry out the research at the University of Namibia Biological Sciences Department

laboratories.
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Chapter 4: RESULTS

4.1  DNA extraction

DNA was extracted from fresh leaves of P. glaucum samples and diluted to a standard
concentration of 10ng/ul for each of the samples. The CTAB/chloroform-isoamyl
alcohol protocol as described by Doyle (1991) was employed for extraction and

produced good quality DNA. Extraction was performed on a total of 1441 accessions.

Figure 8: A 2% illustrative agarose gel electrophoresis showing 22 of the 96 P.
glaucum DNA samples. M indicates the DNA molecular size marker (O’ gene Ruler
100bp DNA ladder).

4.2 Microsatellites

4.2.1 Microsatellites amplification

The primer pairs 3005, 3016, 3020, 3022, 3035 and 3039 were used to amplify a total of
ninety six (96) DNA samples employing the same reaction conditions with the
exception of annealing temperatures which were primer specific. The amplicons were

then run on a 2% agarose gel. Primer 3022 gave monomorphic bands and was not
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considered for diversity calculations. However, the remaining five primers (3005, 3016,
3020, 3035 and 3039) produced a total of 662 reproducible bands. Reproducibility was
tested by amplifying the DNA samples three times using the same reaction conditions
and only reproducible bands were considered for genetic diversity calculations.
Polymorphic primers based on the PIC were then used to evaluate the 96 samples. The
amplicon band sizes ranged from 250 bp to 450 bp. Figures 9, 10 and 11 resulted from
primer pairs; 3035, 3005 and 3039 respectively. These figures are illustrative and do not
indicate the entire gel with the total number of bands produced as described in Table 5.

Table 5: The number of SSR amplicon bands produced by each SSR primer pair.

Primer Number of bands
3005 116
3016 138
3020 208
3035 95
3039 107
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300 b

Figure 9: A 2% illustrative agarose gel electrophoresis of primer pair 3035
amplification products showing 11 from the 96 P. glaucum individuals. M indicates the
DNA molecular size marker (O’ gene Ruler 100bp DNA ladder).

400 bp

Figure 10: A 2% illustrative agarose gel electrophoresis of primer pair 3005
amplification products showing 11 from the 96 P. glaucum individuals. M indicates the
DNA molecular size marker (O’ gene Ruler 100bp DNA ladder).
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Figure 11: A 2% illustrative agarose gel electrophoresis of primer pair 3039
amplification products showing 11 from the 96 P. glaucum individuals. M indicates the
DNA molecular size marker (O’ gene Ruler 100bp DNA ladder).

4.2.2 SSR PIC assessments

Table 6: PIC values of the SSR primers: 3005, 3020, 3039, 3016 and 3035.

Primer PIC value
3005 0.64
3016 0.48
3020 0.48
3035 0.76
3039 0.69

According to Table 6, primer 3035 was found to be the most informative of the five

SSR primers (3005, 3020, 3039, 3016 and 3035). Primer 3016 and 3020 produced PIC

values less than 0.5 and hereafter were not employed in successive calculations and

analysis whereas primer 3005, 3035 and 3039 were used for diversity calculations

because they gave a PIC value greater than 0.5.

4.2.3 SSR genetic diversity calculations
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The genetic diversity of the ninety six (96) P. glaucum accessions was calculated using
the Shannon diversity index based on SSR primers: 3005, 3035 and 3039. These
primers detected a total of 6 alleles designated al, a2, a3, a4, a5 and a6. The calculated
value of the Shannon diversity index was found to be 0.45 (Table 7) indicating a low
level of genetic diversity among the accessions. This value is low and agrees with the
expectations of the hypothesis suggesting that: the poor performance of the Namibian P.
glaucum landraces is due to lack of genetic diversity. . The Shannon diversity index
values are usually between 1.5 and 3.5 in most ecological studies, and the index is

rarely greater than 4 (Pavoine & Bonsall, 2011).

Table 7: SSR Shannon diversity index calculated from primers 3005, 3035 and 3039.

Allele | Frequency (P;) | P;log P; K

H = —Zpilogpi

i=1

al 0.29 -0.16
a2 0.92 -0.03
a3 0.93 -0.03
ad 0.05 -0.07 0.45
ab 0.93 -0.03

a6 0.18 -0.13
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4.2.4 SSR clusters

UPGMA-generated phenograms computed using the Bray-Curtis similarity revealed
that at a similarity level of 68%, the 96 P. glaucum genotypes were divided into two
main clusters labeled I and Il (Figure 12). The first main cluster was composed of only
one (1) cluster while the second main cluster was divided into eleven (11) sub-clusters
designated A-K respectively. The first (1) main cluster was formed at a similarity level
of 68% and was comprised of 7 accessions.

The second main cluster was formed by eleven (11) sub-clusters designated A-K
(Figure 12). The first sub-cluster A comprised of 5 accessions (similarity level 70%),
second sub-cluster B contained 3 accessions (similarity level 72 %), third sub-cluster C
was the largest sub-cluster consisting of 36 accessions (Figure 12) (similarity level
84%), whereas the fourth sub-cluster D consisted of only 1 accession (Nam 2580,
similarity level 85%) and the fifth sub-cluster E by 2 accessions (Nam 1163 and Nam
138; similarity level 90%). Further, the sixth sub-cluster F contained 14 accessions
(similarity level 90%) and the seventh sub-cluster G by 2 accessions (Nam 2868 and
Nam 129; similarity level of 90%). Finally, the eighth sub-cluster H consisted of 3
accessions with (90% similarity level). The ninth sub-cluster I contained 4 accessions
(similarity level 85%). The tenth sub-cluster J contained 2 accessions (Nam 2780 and
Nam 2828, similarity level 87%), and the eleventh sub-cluster K contained 17
accessions (similarity level 87%). Most of the clusters were formed at a level of
similarity that is above 70%, this indicates that the level of genetic diversity is indeed

low.



66

Percentage similarity

o v O O O oo oo co oo oo —1 —1 —1
co O 4= o O co O — o O o Oy 4=
1 f

001

T0L
=89

NAM 11T
NAN SS
NAM4G3
NAT266
NAMEG3 1
NAN 1020
NAT496
NAT2793

NANMT3 A
B

NAM2650

Z
®
2
w
"

z
:
0
ssawiid uo paseq sishjeue Jajsn))

ZpZ
Far
222
DK =0
200
NON

i

$J915N)2 UOISS32IY
A
bl
z

NAM28TO
NAN 1837
NAM28G68
Nan129
NARS42
NAR2722 |
NANM 103
NAN204
Nans1z | I

[

L

I

:
660€ PUB GE0E 'S00€

I

NAM2688
NARM2843
NAM2780
NANRS2S
NAT431
NAT212
NAMGOS
NAT490
NATGS4
NAM27T1
NAM2819
NAT 330 K
NANM449
NAMG 1D
NATOR
NAM2586
NATT40
NAI236
NAM2857
NAT T4
NAM2810

Figure 12: UPGMA phenogram generated from 3005, 3035 and 3039 SSR profiles of
96 P. glaucum individuals. The scale represents Bray-Curtis similarity coefficients
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4.2.5 SSR data ordination
The results from PCoA analysis based on SSR markers revealed diversity of the P.
glaucum by assessing six alleles that were detected. The ordination plot revealed twelve

(12) clearly distinct groupings as also indicated in the cluster analysis.

Principal Coordinate Analysis of 96 P.glaucum accessions
024 &
&

0.034

Dim-2 -0.174

-0.38- a

059 —— —_—
049 026 -0.04 0.19 0.41
Dim-1

Figure 13: Principal Coordinate Analysis of the 96 P. glaucum genotypes based on
SSRs marker data.



68

4.3 RAPDs

4.3.1 RAPD amplification

RAPD primers OPN-16, OPE-18 and OPE-09 revealed high levels of polymorphism
based on PIC values upon which they were used to determine genetic variability in the
96 P. glaucum accessions using constant reaction conditions except for the annealing
temperature which was changed according to individual primer specifications. The
RAPD PCR products were electrophoresed on a 2% agarose gel. The three (3) RAPD
primers produced a total of 275 reproducible bands with sizes ranging from 250 bp to
400 bp. Figures 14, 15 and 16 displays illustrative gels from primers; OPN-16, OPE-18
and OPE-09 respectively, and do not indicate the entire gel with the total number of
bands produced as described in Table 8.

Table 8: The number of bands produced by each RAPD primer.

Primer Number of bands
OPN-16 112
OPE-18 82

OPE-09 81
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Figure 14: A 2% illustrative agarose gel electrophoresis of primer OPN-16
amplification products showing 9 from the 96 P. glaucum individuals. M indicates the
DNA molecular size marker (O’ gene Ruler 100bp DNA ladder)

300 bp

Figure 15: A 2% illustrative agarose gel electrophoresis of primer OPE-09
amplification products showing 12 from the 96 P. glaucum individuals. M indicates the
DNA molecular size marker (O’ gene Ruler 100bp DNA ladder)
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Figure 16: A 2% illustrative agarose gel electrophoresis of primer OPE-18
amplification products showing 11 from the 96 P. glaucum individuals. M indicates the
DNA molecular size marker (O’ gene Ruler 1Kb DNA ladder)

3.2 RAPD PIC assessments
The PIC values of the three RAPD primers used to amplify DNA was calculated in

order to eliminate uninformative primers.

Table 9: PIC values of RAPD primers OPN-16, OPN-18 and OPE-09.

Primer PIC value
OPN-16 0.66
OPN-18 0.82
OPE-09 0.82

According to Table 9, primers OPN-16, OPN-18 and OPE-09 gave a PIC value that is

greater than 0.5. Hence they were all used for genetic diversity calculations.
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4.3.3 Genetic diversity calculations

The Shannon diversity index of the ninety six (96) P. glaucum genotypes using primers
OPN-16, OPN-18 and OPE-09 was calculated to measure the level of diversity. A total
of six (6) alleles were revealed by the RAPD primers (OPN-16, OPN-18 and OPE-09)
which were designated a7, a8, a9, al0, all and al2. The calculated value of the
Shannon diversity index was found to be 0.7 (the value is generally between 1.5 and

3.5).
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Table 10: Shannon diversity index based on RAPD primers OPN-16, OPN-18 and

OPE-09.
Allele Frequency (P;) P; log P; 1
H= — z pilogpi

i=1

al 0.68 -0.11

a2 0.49 -0.15

a3 0.67 -0.12

ad 0.19 -0.14 0.7

ab 0.76 -0.09

ab 0.08 -0.09

4.3.4 RAPD clusters
The ninety six (96) P. glaucum genotypes were grouped into two (2) main clusters
designated | and Il at a 50% similarity level. However, the first main cluster was
divided into 15 sub-clusters designated A-O while the second main cluster was divided
into four cluster designated W, X, Y and Z. Sub-cluster A , consisted of 4 accessions
(similarity level 78%), sub-cluster B consisted of only 1 accession (Nam 2722,
similarity level 80%). The third sub-cluster C was formed by 13 accessions (similarity
level 80%; Figure 17) and the fourth sub-cluster D consisted of only 1 accession (Nam
2668; similarity level 80%).

The fifth sub-cluster E consisted of 12 accessions (similarity level 80%; Figure
17), the sixth sub-cluster F consisted of 3 accessions (similarity level 80%), the
seventh sub-cluster G consisted of 18 accessions (similarity level 80%) and the eighth

sub-cluster H consisted of only 1 accession (Nam 1163, similarity level 91%).
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The ninth sub-cluster | was formed by 1 accession (Nam 212, similarity level
91%). One accession (Nam 2662) formed the tenth cluster (J, similarity level of 88%).
The eleventh sub-cluster K was formed by 3 accessions (similarity level 88%). The
twelfth sub-cluster L was formed by 2 accessions (Nam 2780 and Nam 2879: similarity
level 88%). The thirteenth sub-cluster M was formed at a similarity level of 80% and
consisted of 5 accessions (Figure 17). The fourteenth sub-cluster N was formed by 7
accessions (similarity level 86%), the fifteenth sub-cluster, O by 17 accessions
(similarity level 86%).

The second main cluster was divided into four sub-clusters designated W, X, Y
and Z. The first sub-cluster, W was formed by Nam 2497 and Nam 191 at a similarity
level of 56%. The second sub-cluster, X formed at a similarity level of 62% and
consisted of only Nam 2267 whereas the third sub-cluster, Y formed at a similarity level
of 80% and consisted of Nam 416 and Nam 73 respectively. The fourth sub-cluster Z
formed at a similarity level of 80% and consisted of accessions Nam 654 and Nam

2828.
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Figure 17: UPGMA phenogram generated from OPN-16, OPE-18 and OPE-09 RAPD
profiles of 96 P. glaucum individuals. The scale represents Bray-Curtis similarity
coefficients
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4.3.5 RAPD Data Ordination

PCoA analysis of RAPD showed that the diversity of the P. glaucum could be evaluated
based on the six alleles that were detected. The six alleles designated: a7, a8, a9, al0,
all and al2 were used as the variables for the principal coordinate analysis. The six
variables resulted in the construction of 19 groupings with accessions on the ordination
plot consistent with those indicated in the cluster analysis above. This showed that the

groupings displayed by UPGMA were reliable.
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Principal Coordinate Analysis of 96 P.glaucum accessions
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Figure 18: Principal Coordinate Analysis
RAPD data.

441TS

4.4.11TS amplification

of the 96 P. glaucum genotypes based on

Primers ITS1 and 1TS4 were used to amplify the 96 P. glaucum accessions using the

aforementioned reaction conditions. The PCR product sizes ranged between 700 base
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pairs and 1000 base pairs. The ITS PCR amplicons were electrophoresed on a 2%

agarose gel.

Figure 19: A 2% illustrative agarose gel electrophoresis showing 11 from the 96
individuals of P. glaucum amplified by primers ITS1 and ITS4. M indicates the DNA

molecular size marker (O’ gene Ruler 1Kb DNA ladder)

4.4.2 ITS phylogenetic analysis

4.4.2.1 Eighty nine sequence clusters

The eighty nine (89) P. glaucum genotypes combined with the seven NCBI retrieved P.
glaucum ITS sequences formed three main groups labeled I, Il and I1l. Group | had all
the accessions under investigation plus six of the seven NCBI retrieved ITS sequences.
Group Il consisted of one of the seven NCBI retrieved ITS sequences while group I11
was formed by the out-group P. purpureum. Clusters 1, 44 and 47 were collapsed for

suitable display of the data.
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Group | was subdivided into two groups labeled A and B. Group A was
composed of clusters designated 1-52. Cluster, 1 was formed by 31 accessions
(bootstrap value of 95%). Furthermore, accessions Nam 85, Nam 2863 and Nam 890
formed a sub-cluster (bootstrap value of 80%). In addition, 2 accessions formed a
smaller sub-cluster (bootstrap value of 81%). Cluster 2 consisted of only accession Nam
449 whereas cluster 3 was formed by 2 accessions (bootstrap value of 93%).

Clusters 4, 5, 6 and 7 were composed of single accessions while cluster 8
consisted of 2 accessions (77% bootstrap value). Clusters 9-13 were formed by single
accessions whereas cluster 14 consisted of 2 accessions (bootstrap value of 89%).
Clusters 15, 16, 17 and 18 consisted of single accessions. Cluster 19 was composed of 2
accessions (70% bootstrap value) while clusters 20, 21, 22, 23 and 24 were formed by
single accessions. Cluster 25 was composed of 2 accessions (70% bootstrap value).

Clusters 26-43 had single accessions while cluster 44 was formed by 3
accessions (bootstrap value of 80%) and 2 accessions formed a sub-cluster (74%
bootstrap value). Clusters 45 and 46 consisted of single accessions while cluster 47 was
formed by 2 accessions (bootstrap value of 87%).

Clusters 48, 49, 50 and 51 consisted of single accessions and cluster 52 was
composed of NCBI retrieved accessions AY628132.1, AY628130.1, AY628131.1 and
AY628129.1 (100% bootstrap value). In addition, accessions AY628131.1 and
AY628129.1 formed a sub-cluster (100% bootstrap value). Cluster B of group | was

formed by the NCBI retrieved accessions AY628116.1 and AY628115.1 (100%
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bootstrap value). Group Il was formed by a single NCBI retrieved accession

FJ766182.1 while group 111 consisted of the out-group P. purpureum.
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4.5 Morphology and molecular clusters

4.5.1.1 Morphology UPGMA clustering of 29 accessions

The morphological data-generated phenogram of the twenty nine P. glaucum landraces
displayed the occurrence of two main clusters at 78% similarity level. These clusters
were designated: | for the first main cluster and Il for the second main cluster. The first
main cluster (I) formed at similarity level of 78% and was formed by accession Nam
330. The second main cluster (11), was divided into 27 sub-clusters designated 1-27. All
the sub-clusters were composed of one accession, except sub-cluster 16, which
contained two accessions. Sub-cluster 1 formed at a similarity level of 80% and
contained accession Nam 414.

The second sub-cluster (2) consisted at a 84% similarity level with only Nam 73
and the third sub-cluster (3) only by Nam 1163 also with a 84% similarity level . Sub-
cluster 4 contained accession Nam 2580 (80% similarity level). Sub-cluster 5 contained
1 accession (86% ), sub-cluster 6 accession Nam 1837 (86%), sub-cluster 7 accession
Nam 2586 (96%), sub-cluster 8 accession Nam 2650 (96%) and sub-cluster 9 accession
Nam 399 with a similarity level of 91%.

Accession Nam 2682 formed sub-cluster, 10 at a similarity level of 92%, sub-
cluster 11 by accession Nam 58 (95%), sub-cluster 12 by accession Nam 212 (95%).
Sub-cluster 13 was formed by accession Nam 85 (88%), sub-cluster 14 by accession
Nam 349 (88%), sub-cluster 15 by accession Nam 2668 (94%), sub-cluster 16 was

formed by 2 accessions (94%) , sub-cluster 17 by accession Nam 388 (92%), sub-
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cluster 18 by accession Nam 463 (92%) and sub-cluster 19 Dby accession Nam
103(91%). Accession Nam 74 formed sub-cluster 20 (97%), sub-cluster 21 by
accession Nam 117 (97%), sub-cluster 22 by accession Nam 112 (97%), sub-cluster 23
by accession Nam 120 (97%), sub-cluster 24 by accession Nam 1012(90%), sub-cluster
25 by accession Nam 416(94%),sub-cluster 26 by accession 417 (96%) and sub-cluster
27 by accession Nam 431 (96%).

Accessions in sub-clusters 5 and 6 possess an intermediate fodder potential
while accessions in sub-clusters 7-12 possess a good fodder potential. Sub-clusters 13
and 14 had accessions with a low lodging susceptibility while accessions in sub-clusters
15 and 16 possess a conical spike shape and further accessions in sub-clusters 17, 18, 20
and 21 possess a candle spike shape. Sub-clusters 22 and 23 had accessions possessing
a compact spike density while sub-clusters 25-27 had accessions with a high early

vigour.
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4.5.1.2 Morphology data Principal Coordinate Analysis
The results from PCoA analysis based on morphological data of 29 P. glaucum
accessions revealed diversity. The ordination plot revealed twenty eight clearly distinct

groupings and confirmed consistency with the ones obtained from UPGMA cluster

analysis.
Principgl gyordinate Analysis of 29 P.glaucum accessions
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4.5.2 Molecular (SSR, RAPD & ITS) clusters

4.5.2.1 SSR UPGMA clustering of 29 accessions

An SSR cluster was drawn based on the same twenty nine P. glaucum landraces used
for morphology cluster construction. The results showed that the 29 accession could be
grouped into two main groups using SSRs. The two main clusters formed at a similarity
level of 69% and were designated: | for the first main cluster and Il for the second main
cluster. The first main cluster (I) (69%) consisted of 2 accessions. The first main cluster
(1) was not divided into sub-clusters. However, the second main Cluster (I1) was divided
into 7 sub-clusters labeled 1-7. Sub-cluster 1 (73%) was formed by 3 accessions.

The second sub-cluster (2) was the largest cluster with 11 accessions (84%
similarity level). The third sub-cluster (3) consisted of only accession Nam 103 (89%
similarity level). Sub-cluster 4 consisted of 6 accessions (89% similarity level), sub-
cluster 5 had only one accession Nam 2580 (83%), sub-cluster 6 also by one accession
Nam 1163 (89%) and sub-cluster 7 contained 4 accessions (89%).

The first main cluster (I) had accessions with an intermediate spike density
while sub-cluster 1 had accessions possessing a candle spike shape. Accessions in sub-
cluster 2 possess a compact spike density whereas sub-cluster 3 had accessions with an
intermediate tillering attitude. Sub-cluster 4 had accessions with an erect tillering

attitude while sub-cluster 7 had accessions with a low lodging susceptibility.
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4.5.2.2 SSR data Principal Coordinate Analysis of 29 P. glaucum accessions

The results from PCoA analysis of 29 P. glaucum accessions based on SSR markers
disclosed diversity of the P. glaucum by assessing six alleles that were detected. The
ordination plot revealed eight (8) clearly distinct groupings. The groupings of PcoA

confirmed the clusters generated by UPGMA analysis.
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4.5.2.3 RAPD UPGMA clustering of 29 accessions

RAPD clustering of the twenty nine P. glaucum landraces revealed that the accessions
could be grouped into two main clusters at a similarity level of 60%. The first main
cluster was termed | while the second was termed Il. Both clusters I and Il were divided
into sub-clusters designated 1-9 for cluster | and A-D for cluster I1. The first main sub-
cluster 1 (80%) was formed by 2 accessions,sub-cluster, 2 (80%) composed of 3
accessions,sub-cluster 3(85%) by accession Nam 212 only,sub-cluster 4 (93%) by
accession Nam 103 and sub-cluster 5 (93%) by accession 1163.

Sub-cluster 6 (79%) was formed by 6 accessions, sub-cluster 7 (82%) by 2
accessions,sub-cluster 8 (89%) by 2 accessions , sub-cluster 9 (89%) by 4 accessions.
The second main cluster 11 was divided into four sub-clusters A-D. The first sub-cluster,
A (80%) was formed by accession Nam 463, sub-cluster B (80%) by 2 accessions ,
sub-cluster C (80%) by accession Nam 2668 and sub-cluster D (80%) by 3 accessions.

Accessions in sub-cluster 1 possess a low lodging susceptibility, few numbers of
nodal tillers and an erect tillering attitude while accessions in sub-cluster 2 possess a
compact spike density and short bristle length. Sub-cluster 3 had a single accession with
a good green fodder yield potential. Sub-clusters 4 and 5 had accessions possessing an
intermediate green fodder yield potential whereas sub-cluster 6 had accessions with a
compact spike density and low lodging susceptibility. Accessions in sub-clusters 7- 9

possess an erect tillering attitude.
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4.5.2.4 RAPD data Principal Coordinate Analysis of 29 P. glaucum accessions

The results from PCoA analysis based on RAPD markers revealed diversity of the P.

glaucum based on the six alleles that were detected. The ordination plot disclosed

thirteen (13) clearly distinct groupings. Consistency was observed between the clusters

generated by UPGMA and the groupings from PcoA.
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4.5.2.5 ITS phylogenetic analysis of 29 accessions

The twenty nine P. glaucum genotypes formed three main groups designated 1, 11 and
I11. Group | had 8 sub-clusters designated 1-8 in which sub-cluster 1 of the eight sub-
clusters was subdivided into two segments labeled A and B. Group Il had a single
accession while group 111 was composed of the out-group P. purpureum.

In sub-cluster 1, segment A (bootstrap value of 97%) was formed by 14
accessions, segment B (78% bootstrap value) was composed of 7 accessions. However,
2 accessions formed a small sub-cluster (77% bootstrap value), 4 accessions formed a
small sub-cluster (71% bootstrap value). Furthermore, a smaller sub-cluster was formed
by 3 accessions (bootstrap value of 88%). Another smaller sub-cluster was formed by 2
accessions (74% bootstrap value). Sub-clusters 2-8 consisted of single accessions.
Group Il was formed by a single accession Nam 349 while group 111 comprised of P.
purpureum which was used as an out-group to root the tree. Accessions in segment A
possess spindle shaped spikes and low lodging susceptibility whereas accessions in sub-

clusters 2-8possess a compact spike density, short bristle and erect tillering attitude.
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root the tree generated with MEGA 6.0 software.



93

CHAPTER 5: DISCUSSION

Only reproducible bands were used for analysis and interpretation of data in the present
study. To ensure reproducibility of the bands, the same template DNA was amplified in
3 different amplification reactions using the same primers. Only strong and reproducible
bands were considered for further analyses. However, the unpredictable occurrence of
null alleles may have possibly altered the observations on the gels; this could have had
an implication on the low level of genetic diversity observed. Null alleles have been
found to present problems in the interpretation of results in various studies (Varshney,
Thiel, Stein, Langridge & Graner, 2002). Null alleles are alleles that do not give a
polymerase chain reaction product. According to Varshney et al. (2002), null alleles
were revealed by EST-SSR markers in studies on kiwifruit (Fraser, Harvey, Crowhurst
& Desilva, 2004), rice (Cho et al., 2000), spruce (Rungis et al., 2004) and wheat
(Eujayl, Sorrells, Baum, Wolters & Powell, 2001; Gupta et al., 2003). Furthermore,
Varshney et al. (2002) describes the incidence of null alleles pertaining to
microsatellites as a consequence of the deletion of microsatellites at a specified locus
and mutations (in-dels or substitutions) in the primer binding sites. This may result in
the wrong interpretation of information because heterozygotes cannot be identified and
reaction failures cannot be detected.

SSR primers (3005, 3035 and 3039) generated 318 bands while RAPD primers
produced a total of 275 bands. These results showed that SSR markers were highly

polymorphic and informative compared to RAPD primers which revealed less
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polymorphism. This was observed through the high number and polymorphic
appearance of SSR bands compared to RAPDs and complements the ability of SSR to
effectively detect polymorphisms shown in other studies (Morgante & Olivieri, 1993;
Powell, Machray & Provan, 1996) in which the observed frequence values were high
than the expected in both plants (AT: observed-52, expected-12) and animals (AT:
observed-140, expected-135). Microsatellites regions display high levels of
polymorphism which is owed to unique replication slippage mechanism responsible for
generating SSRs allelic diversity.

The present study reports PIC values ranging from 0.64 to 0.76 for SSRs and
0.66 to 0.82 for RAPDs. However other studies (Smith et al., 1997) have reported
higher values of 0.6 to 0.91 which could perhaps be attributed to the fact that they
employed acryl amide gels for allele detection as opposed to agarose gels used in the
present study. According to Agrama and Tuinstra (2004), acrylamide gels have greater
resolving power than agarose gels. This makes acrylamide gels to have a higher
preference due to their increased detection of large number of alleles per locus
compared to agarose gels. Agrama and Tuinstra (2004) further argued that acrylamide
gels are highly significant when employed in SSRs loci containing dinucleotide repeats
whose amplification products are in the 130 to 200 bp range because agarose gels are
unable to discriminate PCR products that vary by two base pairs. Primer pair 3005 is a
dinucleotide repeat and is therefore subject to the limitation presented by the use of
agarose gels for detection of alleles. Furthermore, other studies (Govindaraj et al., 2009;

Menkir, Goldsbrough & Ejeta, 1997; Tao, Manners, Ludlow & Henzell, 1993; Vierling,
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Xiang, Joshi, Gilbert & Nguyen, 1994; Yang, De Oliveira, Godwin, Schertz &
Bennetzen 1996) have reported a higher level of polymorphism with RAPDs compared
to this study which could be attributed to the low number of RAPD primers employed

in this study.

The results from the PIC of the primers used for analysis in present study
indicated that the primers provided a significant amount of information regarding
polymorphism. The PIC values for each primer used was greater than 0.5 which is the
thresh hold for a primers ability to effectively detect polymorphism (Sharma et al.,
2009). On this basis, they were used for genetic diversity calculations using the
Shannon diversity index. However, the Shannon diversity index revealed a low level of
diversity. This low level of genetic diversity displayed by SSRs could perhaps be
attributed to the type of primers used in that primer 3005 is a dinucleotide repeat, primer
3035 is a tetra-nucleotide repeat and primer 3039 is a trinucleotide repeat or there is
simply no diversity at all and landraces are not really landraces but originated from a
single parent. Using more primers that are specific to trinucleotide repeats might have
possibly yielded a higher level of genetic diversity compared to the one achieved.
Varshney et al. (2002) demonstrated that trinucleotide repeats (TNRs) are the most
abundant followed either by dinucleotide repeats (DNRS) or tetra-nucleotide repeats
(TTNRs). With cereal species, TNRs were the most frequent (54-78%) followed by
DNRs (17.1-40.4%) and TTNRs (3-6%). Gao et al. (2004) as well as Kantety, La Rota,

Matthews & Sorrells (2002) and also Morgante, Hanafey and Powell (2002) found that
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wheat had a significant variation in the frequencies and distribution of different repeat
motifs ranging from 49% to 83% for TNRs but DNRs and TTNR frequencies were low
The low level of polymorphism achieved might also have been caused by the
primers used in the present study which are EST derived. Several research groups
(Chabane, Ablett, Cordeiro, Valkoun & Henry, 2005; Cho et al., 2000; Eujayl et al.,
2001; Rungis et al. 2004; Russell et al., 2004; Scott et al., 2000) have reported that
EST-SSR primers are less polymorphic in crop plants compared with genomic derived
SSRs due to better DNA sequence conservation in transcribed regions. In the present
study, a low level of genetic diversity (0.7 and 0.45) was obtained from RAPDs and
SSRs data which was revealed by the Shannon diversity index. The genetic diversity
values (0.7 and 0.45) obtained are regarded as low in comparison to values found by
Magurran (2004) and Pavoine and Bonsall (2011). They found Shannon diversity index
values usually ranging between 1.5 and 3.5. The results of the present study therefore
suggest that the selected P. glaucum genotypes have narrow genetic diversity, despite

the high PIC value of primers used.

The results from the SSR and RAPD cluster analysis showed that the genotypes
could only be grouped into two main clusters with a similarity level of 68% for SSR
markers and 50% for RAPD markers. This level of similarity was relatively high
indicating a low level of genetic diversity among the Namibian P. glaucum germplasm.
However, it can be speculated that assessing genetic diversity of the current P. glaucum

genotypes sampled directly from the fields of different regions would display a higher
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level of genetic diversity accountable to possible mutation events that would have taken
place from the time the accessions were collected (most accessions were collected in
1991). This is because the implications of mutation and migration play a huge role in
the restoration of the genetic diversity and the influence of these two factors seem to be
highly reduced in seed multiplication experiments that are routinely carried out at the
NPGRC (National Gene Bank of Namibia).

Frankham et al. (2002) also argued that mutation and migration, and their
interaction with selection have six important implications in conservation genetics: 1.
the regeneration of genetic diversity due to mutation, 2. recovery of genetic diversity by
migration, 3. migration often reverses inbreeding depression, 4. the impact of gene flow
(migration) from related species (introgression), 5. maintenance of genetic diversity
through mutation and migration, and 6. the load of deleterious alleles in population, this
is caused by the balance between deleterious mutation and selection results in an ever
present but changing pool of rare deleterious mutations (mutation load) in populations.
It was further observed that the SSRs and RAPDs clusters did not form on the basis of
the region of origin of the accessions but were mixed within the groupings. This could
possibly be attributed to the wide germplasm exchange that occur between villages and
could even extend among regions because some regions are the main source or
producers of the crop compared to others. Kavango (East and West) region in Namibia
is the largest producer of P. glaucum. Hence this region could also have been the source
of germplasm for other regions through sharing between farmers. In addition, recurring

drought and government’s distribution of seed in Namibia is a contributing factor to the
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low genetic diversity observed. When there is drought, the government distributes seeds
to the community to compensate the farmer’s losses. This leads to loss of genetic
diversity because the landraces are lost to the drought and the seeds that are distributed
then slowly replace the landraces.

This suggestion is supported by both Chakauya (2002) and Huvio (1999). They
observed that famers acquired 80% of their seeds from their neighbors and
approximately 60% of the farmers travel long distances in order to exchange or buy
seeds in the quest to maintain the vigour of the crop. However, Chakauya (2002)
reported that a high genetic diversity would be expected in landraces and open
pollinated varieties of P. glaucum because pearl millet is naturally out crossing due to
heterogeneity. In addition, Chakauya (2002) further suggested that genetic diversity is
certainly lost in inbreeding depressions particularly through seed multiplication
experiments that occur in a closed system.

Comparable results to the present study were also obtained by Mariac et al.
(2006) who compared the amount of alleles between wild P. glaucum accessions and
cultivated P. glaucum accessions. Their findings indicate a lower allelic richness in the
cultivated P. glaucum compared to the wild P. glaucum. Their study also revealed that
the cultivated accessions displayed the presence of less allele’s (23%) in relation to the
wild plants. In addition, they found an average gene diversity of 0.49 in the cultivated
compared with 0.67 in the wild plants hence showing that cultivars have a lower
diversity index. This gave an overall gene diversity of cultivated P. glaucum that is 28%

lower than in wild P. glaucum. These findings seem to corroborate with the results from
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the present study in that the P. glaucum landraces revealed a low genetic diversity of
0.45 and 0.7 that was demonstrated using both RAPDs and SSRs markers by the

Shannon diversity index.

Previous studies have used Principal Component Analysis (PCA) to assess
genetic diversity mostly between wild and cultivated accessions (Mariac et al., 2006;
Tostain, 1994). Tostain (1994) found that wild and cultivated accessions demonstrated a
comparable distribution in the PCA analysis. Mariac et al. (2006) also found a
noticeable variation between accessions of wild P. glaucum which displayed unique
allele combinations and cultivated P. glaucum which revealed homogeneity. Similarly,
a clear variation between accession groupings was achieved by PCoA in the present
study. However the study revealed a low level of genetic diversity based on RAPDs,
SSRs and ITS sequences whereas previous results by Tostain et al. (1987) and Tostain
& Marchaise (1989) were based on isozymes analysis. The discrepancy could be
therefore due to the different evolutionary properties of SSR and the ITS region, and

isozyme loci.

The SSR, RAPD and ITS trees all showed a consistency above 70% with the
morphology data phenogram. The percentage correlation of all the three techniques is
significant and suggests that their clusters may well be used to identify P. glaucum
genotypes and predict the phenotype of uncharacterized genotypes. However, both SSR

and RAPD techniques can be preferably used over ITS sequence analysis to achieve


http://link.springer.com/article/10.1007/s00122-006-0409-9/fulltext.html#CR30
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more information on the diversity of P. glaucum genotypes. This information is useful
in resource management for germplasm conservation and breeding programs. The
NPGRC will only store the accessions that are diverse; this will reduce the cost of
storage incurred because duplicated accessions will be discarded and only genetically
diverse accessions will be stored. Furthermore, there was no noticeable diversity
pertaining to the regions of origin of the accessions for both the 29 analyzed accessions
and the total sample size, this indicated a low level of genetic diversity among the

Namibian germplasm.

The ITS phylogenetic tree showed that the 89 accessions of P. glaucum, the
seven NCBI retrieved ITS sequences and the out-group P. purpureum formed three
main groups. . The P. purpureum belongs to the secondary gene-pool of pearl millet
while P. glaucum is part of the primary gene pool. Harlan and De Wet (1971) and
Martel et al. (2004) argued that primary, secondary and tertiary gene pools are
classified dependent on the ease with which the wild germplasm could be introgressed
into the cultivated species. However, despite the aforesaid variation, P. purpureum and
P. glaucum belong to the same morphological section of Penicillaria. On this basis; P.
purpureum was used as the out-group in order to resolve the genetic diversity within the
accessions. However, the ITS tree with the 89 accessions did not give any phylogenetic
signal. In addition, the ITS phylogenetic tree produced less evolutionary information
due to many polytomies. This suggests that the ITS region in P. glaucum diversity

studies is not phylogenetically informative.
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The 54 clusters (without the out-group) formed revealed the existence of a fairly
low amount of genetic diversity within the accessions with 32% of the accessions
belonging to one cluster highly supported by a bootstrap value of 95%. The analysis
showed that certain accessions (a total of 31 accessions) have a closer genetic
association compared to the rest. This is probably a result of the occurrence of
concerted evolution among these accessions. Concerted evolution is the tendency of the
different genes in a gene family or cluster to evolve in concert (Zhang et al., 2002).
Concerted evolution has been found to be common in the Poaceae family as described

by Hsiao, Chatterton, Asay and Jensen (1995).

Several accessions (a total of 43 accessions) further formed individual groups
signifying the existence of variation. The minor variations are possibly a consequence
of insertions, substitutions and deletions in the bases which were evident by the multiple
alignments (see Appendix D, for alignments). These results are similar to the findings
of Ainouche and Bayer (1997) reporting the occurrence of diverse types of ITS repeats
within individuals of some polyploid species in Bromus (Poaceae). Furthermore, an
increased level of polymorphism in the 5S RNA gene of various diploid species from
the Triticeae and Poaceae, such as cotton, has been revealed by Kellogg and Appels
(1995), and Cronn, Zhao, Paterson and Wendel (1996).

Small clades were also observed which comprised of two to three accessions
each. These branches were highly supported and disclosed that the accessions in the

foresaid clusters share a high degree of similarity. This was also supported by
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performing some pairwise alignment similarity calculations for some of the sequences
within the clusters which gave identities of 0.94 for Nam 138 and Nam 621, 0.99 for
Nam 399 and Nam 1094, and 0.97 for Nam 388 and Nam 2722.

In general, high similarities among clusters can also be attributed to the
occurrence of concerted evolution within the nucleotide variations of the Internal
Transcribed Spacer regions as well as the occurrence of intense gene flow. Gene flow is
effective among biological species of the same kind as shown by cytogenetic and
molecular studies (Zhang et al., 2002). In addition, gene flow has been observed
between species such as the triploid sterile hybrids of P. purpureum and the
domesticated form P. glaucum (Hanna, 1986). The inclusion of the seven NCBI
retrieved ITS sequences revealed that these sequences were fairly similar to the
Namibian germplasm because most of them were under the main group | and some
under the sub-group A. However, four (AY628132.1, 628130.1, 628131.1 and
628129.1) of the seven retrieved sequences grouped under a 100% bootstrap value
suggesting that they are highly similar to each other compared to the accessions under
investigation. In addition accessions AY628131.1 and AY628129.1 formed a sub-
cluster with a 100% bootstrap which revealed that they had identical ITS sequences.
Accessions AY628116.1 and AY628115.1 were grouped under a separate group B
supported by a 100% bootstrap which also indicated that they have identical sequences
whereas accession FJ766182.1 formed a separate group Il which showed that it was
more dissimilar compared to the other six NCBI retrieved sequences. A pairwise

alignment also supported the resemblance of AY628131.1 and AY628129.1 by a 0.99
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identity value whereas accessions AY628116.1 and AY628115.1 were supported by an
identity value of 0.98 which suggests that the pairs of sequences are identical.

A comparison between the morphological data derived tree and the RAPD data
derived tree showed less correspondence compared to ITS and SSR. Morphological data
UPGMA clustering of 29 accessions revealed the formation of: two main clusters at
78% similarity level while the UPGMA clustering of SSR data displayed two main
clusters at a similarity level of 69%. The UPGMA clustering of RAPD data showed two
main clusters at a similarity level of 60%. In addition, the similarity level (69%) and
cluster B of the SSR data phenogram was closely related to that of morphological data
with a 78% resemblance while the similarity level (60%) and cluster I of the RAPD data
phenogram resembled that of morphological data by 72%.

The minor variations in the particular accessions found in clusters of the ITS
phylogenetic tree, and SSR and RAPD phenograms in comparison to the observed
morphology clustering based on the ten selected discrete traits are possibly a
consequence of the few number of selected traits. Environmental factors, such as soil
composition, temperature and rainfall, influence the resulting morphology (appearance)

of plants.

The morphology data phenogram (see Figure 21) disclosed that clustering of the
accessions was as a result of possessing similar traits of; fodder potential, spike
shattering, lodging susceptibility, early vigour, spike density, bristle length, number of

nodal tillers and plant aspects. There were some overlaps in the observed traits in the
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tree which is probably because some genetic characteristics occur along a continuum.
That is a trait can be expressed over a range of phenotypes such as strongly, moderate
or weakly in the same genotypes. Klug and Cumming (2003) also reported that variable
expressivity occurs when variability in the level of phenotypic expression is observed
from the same genotype.

The RAPD phenogram (see Figure 25) showed that some accessions were
clustered based on a low lodging susceptibility, number of nodal tillers, tillering
attitude, spike density, bristle length and green fodder yield potential.

From the SSR phenogram of the 29 morphologically characterized genotypes,
four traits were clearly identified upon which some clusters were formed (see Figure
23). This suggests that these traits are strongly expressed in the genotypes under these
clusters. Lodging susceptibility, tillering attitude, spike density and spike shape were
identified as the strongly expressed characters. The cluster in group 7 was formed on
the basis that accessions possessed a low lodging susceptibility. Lodging is the
permanent dislocation of stems from the erect position. Lodging is mostly problematic
in times of heavy rain and strong winds.

According to Verma et al. (2005), lodging has been a problem in cereals for a
long time especially after storms that leave the whole fields of cereals flattened.
However, Karim and Jahan (2013) argued that lodging resistance can be improved by
selecting amongst the progeny plants for shorter and solid stems. Group 4 revealed that
erect tillering attitude was intensely expressed by 6 accessions whereas group 3 was

formed by accession Nam 103 on the basis of its possession of an intermediate tillering
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attitude. Group 2 individuals strongly expressed their possession of a compact spike
density.

The ITS phylogenetic tree (see Figure 27) clusters were mostly formed based on
the spike density, bristle length, tillering altitude, folder potential, lodging susceptibility
and spikelet shattering. The ITS sequence clusters displayed more resolution as

compared to the SSR clusters.
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CHAPTER 6: CONCLUSIONS

The genetic diversity of Namibian P. glaucum germplasm was determined by analyzing
the SSRs and RAPDs molecular markers, and the ITS sequence analysis. The three
techniques confirmed that the Namibian P. glaucum germplasm have a low genetic
diversity. Furthermore, it was shown that microsatellite analysis was the most
informative followed by RAPDs and lastly ITS sequences analysis. The study also
showed that ITS sequences were less informative in terms of phylogeny and the ITS
region does not give resolution compared to SSR and RAPD because of concerted
evolution. However, on the basis of clusters corresponding to morphological data
clustering, the ITS sequence clusters were the most consistent followed by SSR markers

which were in turn more revealing than RAPD markers.
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CHAPTER 7: RECOMMENDATIONS

The findings of this study support the recommendation that; efforts must be made to
widen the available gene pool and germplasm in order to increase the genetic diversity
of P. glaucum. In addition, the germplasm must be evaluated from time to time to
investigate the level of genetic diversity. The present study demonstrates the importance
of preferably using SSR and RAPD techniques in order to efficiently investigate the
genetic diversity of P. glaucum. It is further recommended that a similar study should
be carried out using recent collected accessions and the number of accessions in the
analysis must be increased due to some inherent limitations that occur in the sampling
methods and other regions of the DNA should be investigated for genetic diversity.
There is a need for molecular characterization of all the accession in the
Namibian germplasm collection in order to select the most divergent genotypes with
favorable phenotypes which can be used in hybridization programs in order to improve
the crop genetically. Since crop improvement programs are ongoing initiatives, it is
imperative that information regarding genetic diversity of P. glaucum is continuously
assimilated on recent and old accessions not included in this study. It is also imperative
to include farmers in an attempt to conserve and improve the crop (P. glaucum) because
they also play a role in the maintenance of the gene pool in the country. It appears that
offering agricultural trainings or workshops to farmers on the conservation of genetic

resources would help solidify the advancement in the crop. This training will allow
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participatory plant breeding in which farmers and plant breeder’s work together to
develop plant varieties.
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APPENDICES

APPENDIX A: Main ingredients for the CTAB protocol

Main ingredients for the CTAB protocol
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CTAB: for 1L of CTAB buffer

100ml of 1 M Tris-HCI, pH 8.0

280 ml of 5 M NaCl

40 ml of 0.5 M EDTA

20 g of CTAB (Cetyl-trimethyl ammonium bromide) bring to 1L with H,O
1M Tris, pH 8.0: for 1 L

121.1 g Tris

700 ml ddH,0O

Preparation of CTAB Buffer

Dissolve Tris and bring to 900 ml.

PH to 8.0 with concentrated HC1 (will need — 50ml)
Bringto1 L

0.5 MEDTApH8.0:for1L

186.12 g of EDTA

750 ml ddH,0O

Add about 20 g of NaOH pellets

Slowly add more NaOH until pH 8.0; EDTA will not dissolve until the pH is near 8.0.
5MNaCl:forlL

292.2 g of NaC1

700 ml ddH,O

Dissolve and bringto 1 L

7.5 M ammonium acetate: for 250 ml
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144.5 g ammonium acetate

Bring to volume with ddH,0
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APPENDIX B: List of primers used in the present study

Tablell: Details of SSR primers developed from pearl millet EST sequences that were

used in present study.

Nam [Forward primer sequence (5° — Reverse primer sequence (5’ — Repeat P T°

el

3002

3005

3006

3009

3011

3013

3014

3016

3017

3018

3019

3020

3021

3022

2 (oC

)

AAAC( P 61
3)

AC(14) M|48
AC(16) M52
AC(16) [P |48

AC(21) P 48

ACC(8) |M |55
CA(17) P |45
CAG(7) P |52

CATG( M 61
4)

CGTA( M 48
4)
CGTG( M58
5)

CGTG( M58
5)

3%) 3%)
AAAGTTACCGGGAGGGTAA TCGCCTAAAAACTGGAG
AAA GAA
CGCGGTGTTCTCACACAC | TGTGAATTCCGCGGGTAT
AG
AAATCGGTCGTGGTGAAGT GAGAATGTGGGAGACAC
T ACG
CTGTACCATGTGCGCTGAT GCGCATATATGTGGGTGT
T GT
CACGCCCTTTTTACCTTGAC CGCGACACGTCCTACACT
AA
TGTGGGAGAGAGGAGAGTC CGCGAGATGATGTGTGGT /AC(33) P 61
C
TGCTTCACAGCCTCTCCATA CCACCATGCAACAGCAA
TAA
TTGTGGCTGAAGAAGAGAT AATGTGGGGAGAGACAC
CcC ACG
CACCAAACAGCATCAAGCA AGGTAGCCGAGGAAGGT
G GAG
CGATGACACCTGTGCGTAT |/ATCGAACTGCACGTTAGC
T AA
GCGCACCACCTGTGTCTAT |CATGCAGAGAAAAATCA
AGCA
GTTCCATGGAGCTGGAAGT GCTAGAACAGGGCCGTT
C ACA
GCCGACAGGAAGATTACGA AGCAAAACGCAGAACAA
T CAG
CTGGAAGTCCTTCTCGGTT |[CTGCTCCGCTCTGAATCT

CGTG( M58

S4
(bp

20
14
18
32
15
37
28
45
20
21
21
18
17

19
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G

5)

3025 GTTGCAGATGAGCGATCGT AGCGCAAAGAGTGTAAC [CTC(6) M58

A

TTGG

3026 GTGAGGCCTCGAACAAACA GCCGACCAAGAACTTCAT CTC(6) M58

C

ACA

3027 ACACCATCACCGACAACAA AGTGACCTGGGGTACAG |GAT(6) P |61

A

ACG

3028 ACGATTCTTCGTCGTTCCAG ATACGATACGCGCGAGC

3029 ACCAGCAACAGCAGCAGA

G

3032 AGGTAGCCGAGGAAGGTG

AG

3033  GAGGGCCAGCTCTCCTAGA

T

3035 GCCAAGGAGGTCAAGATCG

3037 CGTCGCTGCTCTTTCTTCTT

3038 CTCTCGGTTTGACGGTTTGT

TAC

ACACACTGCGACAAGTG
GAG

CAACAGCATCAAGCAGG
AGA

CCCTAACCACAGAGGGA
CAC

ACACGACTCGACTCAGA
CCA

ATTTCAGAAACGGCAAC
CAA

GGGGAAAACAAAGTTGC
TCA

3039 GGCACGAGGGGCTAAGTAA GGAACGCCGAGTACACA

GAT

GATC( M58
4)

GCA(6) [P 48
GCT(8) [P 61

TGCC( [P 58
4)

TGCC( [P 58
4)

TGGA( M58
4)

TGT(6) |P |58

TGT(6) |P 61

18

13

21

17

26

19

22

28

20

18

18

KEY: * Each SSR primer number in this column is preceded by the prefix ‘ICMP’ for
ICRISAT millet primer. > Polymorphism: P = ICMB 841 and 863B are polymorphic; M
= ICMB 841 and 863B are monomorphic * Annealing temperature * Expected PCR
product size

Table 12: Details of RAPD primer sequences that were used in present study.

Name Primer sequence (5' to 3') | Annealing Temperature (°C)
OPL-11 ACGATGAGCC 39.5
OPAL-20 AGGAGTCGGA 39.5
OPAL-08 GTCGCCCTCA 43.6
OPAL-15 AGGGGACACC 43.6
OPM-16 GTAACCAGCC 39.5
OPN-16 AAGCGACCTG 39.5
OPF-10 GGAAGCTTGG 39.5
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OPF-01 ACGGATCCTG 395
OPE-04 GTGACATGCC 39.5
OPE-09 CTTCACCCGA 395
OPE-18 GGACTGCAGA 39.5
OPAG-13 GGCTTGGCGA 43.6
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APPENDIX C: Morphological characterization data for 29 P. glaucum accessions

Table 13: Morphological characteristics for 29 accessions of P. glaucum.

AN

m
<

T.A

2z
Z
_|
o
>
[
o
[
—
O

=
[

Nam 58

w

Nam 73

Nam 74

Nam 85

Nam 103

Nam 112

Nam 117

Nam 120

Nam 212

Nam 330

Nam 349

Nam 388

Nam 399

Nam 414

Nam 416

Nam 417

Nam 431

Nam 449

Nam 463

Nam 468

Nam 981

Nam 1012

Nam 1163

Nam 1837

Nam 2580

Nam 2586

Nam 2650

Nam 2668
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~NNNN(NR ||| RN G N NN R g NN N a o N oo oo
N IENITS IS I ENT TR IRS, | ENT R ENTENIENIENTENTENTTN NS, | EN] ENIENIENIENIENTENI TV ENTENT IS, 1 EN] Y,
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ON|N (N[N Njwojoo1fo1|o|O1O1|O|WNOTlww No1oTjoljolfw|oT|w

Nam 2682

KEY:

A.N = Accession number, E.V = Early Vigour,T.A = Tillering Altitude, NNT = number
of NodalTillers, P.A = Plant Aspects, L.S = Lodging Susceptility, F.P = Fodder
Potential, S.S = Spike Shape, SP.S = Spikelet Shattering, B.L = Bristle Length, S.D =
Spike Density.
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Morphological classification

Early vigour

Recorded after thinning to avoid the effect of the plant number. Scored 18 days after
emergence.

Tillering altitude (measured at head emergence)

3 = Erect

5 = Intermediate

7= Spreading

Number nodal tillers (measured at dough stage)

3=Few

5 = Intermediate

7 = Many

Plant aspect (Overall agronomic desirability of accession at dough stage)
3 = Poor

5 = Intermediate

7 = Good

Lodging susceptibility (measured at dough stage)

3=Low

5 = Intermediate

7 = High

Fodder potential (considers tillering, leafiness and bulk at flowering)

3 =Poor
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5 = Intermediate

7 = Good

Spike shape (observed at dough stage)

1 = Cylindrical

2 = Conical

3 =spindle

4 =Club

5= Candle

6 = Dumb-bell

7 = Lanceolate

8 = Oblanceolate

9 = Globose

10 = Other

Spikelet shattering (measured at maturity)
1 = Spontaneous shattering

2 = Shattering at touch

3 = Non-Shattering and free threshing

4 = Non-Shattering and difficult to thresh
Bristle length (measured at dough stage)

3 = Short (bristles below the level of the apex of the seed)
5 = Medium (Bristle Length from 0 and 2 cm above the seed

7 = Long (Bristles longer than 2 cm above the seed)
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Spike density (measured at maturity)
3 = Loose
5 = intermediate

7 = Compact
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Figure 28: The phylogenetic tree for 29 plus seven NCBI retrieved P. glaucum genotypes based on ITS sequences inferred using
the Maximum Likelihood method. Branches corresponding to partitions reproduced in less than 70% bootstrap replicates are

collapsed. The bootstrap values show the confidence in the groupings as a percentage. P. purpureum was used as the out-group to
root the tree generated with MEGA 6.0 software.
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APPENDIX D: P. GLAUCUM ITS sequence alignments

964 e
868 ~CAGACTGGACCCCAGCGCCAGGCTCGCTGTTTCGCGATGCCGCAGTACCCAGTARATCG
1837 e GGTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
414 e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
212 s CGCGGTCCGAGCGA-CABAGCGCTACGGTCG
58  mmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2868 00 TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
1802 mmmmmmmmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
L TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2682 mmmmmm e GTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
981 = e GGTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2863 mmmmmmmmm e CCGAGCGA-CAAAGCGCTACGGTCG
85  mmmmmmmmm e CCGAGCGA-CAAAGCGCTACGGTCG
890 e CCGAGCGA-CAAAGCGCTACGGTCG
2780 mmmmmmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2829 mmmmmm e GGGTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
103 mmmmmmmmmm e CGCGGTCCGAGCGA-CARAGCGCTACGGTCG
472 e GTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
1163 mmmmmmmmmm e GTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
487  mmmmmmmmmmmmm e CGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2810 mmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
582 mmmmmm e GGTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
517 mmmmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
112 e GGGTCGCGGTCCGAGCGA—-CARAGCGCTACGGTCG
129 e GGGGTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
542 s GTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2497 mmmmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
120 e GGGTCGCGGTCCGAGCGA—CARAGCGCTACGGTCG
191 e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2650  mmmmmmmmm e GTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2662 mmmmmmmmm e GTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
74 e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
1854  mmmmmmmmmm e CGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2819 mmmmmmmmm e TCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
449 e GTCCGAGCGA-CAAAGCGCTACGGTCG
138 mmmmmmmmmm e GCAGTCGCGGTCCGAGCGACA-G-AAGCGCTACGGTCG
621  mmmmmmmmmm e CAGACTGGATCCGAGCGACA-G-AAGCGCTACGGTCG
749 mmmmmm e GGTCGCGGTCCGAGCGACA-G-ARGCGCTACGGTCG
654 e GGTCGCGGTCCGAGCGACA-G-AAGCGCTACGGTCG
416  —mmmmmmmmmm o GGCAGACGCGGTCCGAG-CGAC-AGAAGCGCTACGGTCG
463  —mmmmmmmmmm o CTGGGGTCGCGGTCCARGC-GAC-AGARGCGCTACGGTCG
1172 e GGGTCGCGGTCCGAGC-GAC-AGAAGCGCTACGGTCG
496 0 e GGGGTCGCGGTCCGAGCGA-CARAGCGCTACGGTCG
2586  mmmmmmmmmmm e ACTGGGTCCGAGCGAC-AGAAGCGCTACGGTCG
2688  mmmmmmmmm o GTCGCGGTCC-GAGCGAC-AGAAGCGCTACGGTCG
1094 —mmmmmmmmm TGGGGTCGCGGTCC-GAGCGAC-A-AAGCGCTACGGTCG
3909 e CTGGGGTCGCGGTCCGAGCGACA-G-AAGCGCTACGGTCG
1041 —mmmmmmmmmm e TGGGGTCGCGGTCCGAGCGACA-G-ARGCGCTACGGTCG
117 mmmmmmmmm e GCAGTCGCGGTCCGAGCGACA-AAGCGCTACGGTCGTT
1097 e CAGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG

1810 @ -—-—---——————————————— GGCAGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG



1056
417
2843
26095
2793
490
512
2267
2668
863
577
1772
988
695
349
892
1829
388
2722
772
468
204
2875
741
1169
1012
330
2828
2785
2580
1038
679
610
266
659
2771
73
98

94
868
1837
414
212
58
2868
1802
431
2682
981
2863
85
890
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*********************** GGGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
————————————————————————— GACGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
———————————————————————— GGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
————————————————————————— GACTGGACCCGAGCGACA-GAAGCGCT-ACGGTCG
———————————————————————— GGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
————————————————————— GGCAGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
——————————————————————— CAGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
———————————————————————— AGACGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
—————————————————————————— TCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
*********************** GGGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
———————————————————————— AGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
———————————————————————— AGTCGCGGTCCGAGCGACA-GAAGCGCT-ACGGTCG
——————————————————————— AGAGCGGGTCCGAGTCGACAAAGCTGCTACGGTCGTC
GCAGACTGGACCCCAGCGCCAGGGTCGCGGETCCG-AGCGATCAAAGCGCTACCCGGTACG
—————————————————————————— TCGCGGTCCGA--GCGACARAGC-GCTACGGTCG
—CAAACTGGACCCCAGCGCCAGGGTCGCTGGTTTCCGATGCGACAAAGCGCTACGGTACG
—————————————————— ACCTGGGGTCGCGGTCCGAGCGACARAGCGCTACCCGGTACG
******************************* GTCCGA--GCGACARAGCGCT-ACGGTCG
—————————————————————————— TCGCGGTCCGA--GCGACAAAGCGCT-ACGGTCG
—————————————————————— GGGGTCGCGGTCCG-——AGCGACAARAGCT-ACGGTCG
—————————————————————————— TCGCTGGCCGA--GCGACACAGCGCT-ACGGTCG
——————————————————————— CAGACGCGGTCCGA--GCGACAGAGCGCT-ACGGTCG
—————————————————————————— ACTGGGTCCGA--GCGACAGAGCGCT-ACGGTCG
——————————————————————————— CGCGGTCCGA--GCGACARAAGCGCT-ACGGTCG
—————————————————————————— TCGCGGTCCGA--GCGACARAGCGCT-ACGGTCG
————————————————————————— GTCGCGGTCCGA--GCGACARAGCGCT-ACGGTCG
********************** GGGGTCGAGGACCGA--GCGACAAAGCGCT-ACGGTCG
———————————————————————— GGTCGCGGTCCGA--GCGACAAAGCGCT-ACGGTCG
——————————————————————— GGGTCGCGGTCCGA--GCGACARAGCGCT-ACGGTCG
————————————————————— TGGGEGTCGCGGETCCGA--GCGACARAGCGCT-ACGGTCG
——————————————————————— GGGTCGCGGACCGA--GCGACARAGCGCT-ACGGTCG
——————————————————————— GGGTCGCGGETCCGA--GCGACAAAGCGCT-ACGGTCG
————————————————————— TGGGGTCGCGGACCGA--GCGACAAAGCGCT-ACGGTCG
********************** GGGGTCGCGGTCCGA--GCGACAAAGCGCT-ACGGTCG
—————————————————————— GGGGTCGCGGTCCGA--GCGACAAAGCGCT-ACGGTCG
—————————————————————— GGGGTCGCGGTCCGA--GCGACARAGCGCT-ACGGTCG
—————————————————————— GGGGTCGCGGACCGA--GCGACARAGCGCT-ACGGTCG
—————————————————————— GGGGTCGCGGTCCGA--GCGACARAGCGCT-ACGGTCG

———————————————————— CCAGGGCAGACTGGTTCCGAGCGAC-GAGCTCTACGGTCT
GGTTGCTCGGCTGAGGATCGGCTCTGTGACGTGGGTCCGAGCGACARAGCGCTACGGTCG
TCATGGGTCATTTAGGGCC— -~ ~AACTA-—————— GCCC-———————————————————-
TCATGGGTCATTTAGGCCC—--—-AACGA-—————— GACC—————————————————————
TCATGGGTCATTTAGGGCC————AACGA——————— GACC-————————
TCATGGGTCATTTAGGGCA———————— A—-————— GAGC-————————
TCATGGGTCATTTAGGGCC————ARCGA-—————— GACC-————————
TCATGGGTCATTTAGGCCC—-——AACTA-—————— GACC-————————
TCATGGGTCATTTAGGGCC—-——AACGA-—————— GACC-————————
TCATGGGTCATTTAGGCCC—-——AACTA-—————— GACC-————————
TCATGGGTCATTTAGGCCC——————————-—~ AACGAGC—--—————————————————-
TCATGGGTCATTTAGGGCC————————————~ AACGAGC—————————————————————
TCATGGGTCATTTAGGGCC————————————- AACGAGC—————————————————————
TCATGGGTCATTTAGGGCC————————————- AACGAGC—————————————————————
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TCATGGGTCATTTGAGTCG—— GCCAACE-GAGCCGAC———————————— =
TCATGGGTCATTTAGG-——————- GCCARAC-GAGCCGAC ———————m—
TCATGGGTCATTTAGG-——————— GCCRARC-GAGOCOGAC—————
TCATGGGTCATTTAGG———————— GCCALAC-GAGCCGAC——————————
TCATGGGTCATTTAGG———————— GCCACC-GAGCCGRAC——————————
TCATGGGTCATTTAGG———————— CCCARC-GAGCCGRAC—————————— o
TCATGGGTCATTTAGG———————— CCCAAC-GAGCCGAC—————————— e —
TCATGGGTCATTTAGG———————— CCCARC-TAT-C———
TCATGGGTCATTTAGG-——————— COCARC—GAG-Cm—mmm e
TCATGGGTCATTTAGG-——————— GCCRARC-GRAG-(C—————
TCATGGGTCATTTAGG-——————— CCCARC—GAGCT—————— e
TCATGGGTCATTTAGG———————— CCCALC—GAGCT———————— e
TCATGGGTCATTTAGG-——————— CCCARC-TRA-GC————————
TCATGGGTCATTTAGG———————— CCCARC-TRA-GO——— —— -
TCATGGGTCATTTAGG———————— GCCARC—TA-GO—————mmm—m e
TCATGGGTCATTTAGG-——————— CCCARC-TR-CG0————— e
TCATGGGTCATTTAGG-——————— CCCLRAC-TA-GC————— e
TCATGGGTCATTTAGG———————— GCCALC—GA-GC—————m e
TCATGGGTCATTTAGG———————— GCCARC-GA-GC———————— e
TCATGGGTCATTTAGG———————— GOCRARC-CGA-CGC—————m e
TCATGGGTCATTTAGGCCC———-RAACTAGC-CGACTCCT—————————————————————
TCATGGGTCATTTAGTGCC———-CAGACGA-GCCGRACT —————————————————————
TCATGGGTCATTTAGTGGC-————-CAATCGA-GOCGGACT—————————————————————
TCATGGGTCATTTAGTGCC————-CARCTRAA-GCCGGACT—————————————————————
TCATGCGG-TCATTTAGGC————-CARCTRAA-TCCGGACT—————————————————————
TCATGGGTCATTTAGTGGC———-CAATCGA-TGCCGACT—————————————————————
TCATGGGTCATTTAGTGGC-——-CAATCGA-TGCCGACT —————————————————————
TCATGGGTCATTTAGGGCC———-RAACTARA-TGCCGACT—————————————————————
TCATGGGTCATTTAGTGCC————-CARCTRAA-GCCGGACT—————————————————————
TCATGGGTCATTTAGGGCC————RAACTARA-TCCAGACT—————————————————————
TCATGGGTCATTTAGGGCC————-RAACTARA-TGCCGACT—————————————————————
TCATGGGTCATTTAGTGGC———-CAATCGA-TGCCGACT—————————————————————
TCATGGGTCATTTAGTGGC-——-CAATCGA-TGCCGACT —————————————————————
TCATGGGTCATTTAGTGGC————-CAATCGA-TGCCGACT—————————————————————
CATGAGGTCATTTAGGCCC———-CACTRARAA-TGCCGACT—————————————————————
TCATGGGTCATTTAGGCCC————-CACTARA-GCCGGACT—————————————————————
TCATGGGTCATTTAGGGCC————-CACTARA-TGCCGACT—————————————————————
TCATGGGTCATTTAGGCCC————-CACTARA-GCCGGACT—————————————————————
TCATGGGTCATTTAGTGCC———-CARACTAA-TGCCGACT—————————————————————
TCATGGGTCATTTAGTGCC-——-CAACTRAA-TCCCGACT —————————————————————
TCATGGGTCATTTAGGGCC———-RAACTARA-TGCCGACT—————————————————————
TCATGGGTCATTTAGTGGC————-CACCGRAA-GCCCGACT—————————————————————
TCATGGGTCATTTAGGCCC————-CACTARA-GCCGGACT—————————————————————
TCATGGGTCATTTAGTGGC————-CARATCGA-TGCCGACT—————————————————————
TCATGGGTCATTTAGGGCC————-RAACTARA-TGCCGACT—————————————————————
TCATGGGTCATTTAGGCCC-——-CACTARA-TGCCGACT —————————————————————
TCATGGGTCATTTAGGGCC———-RAACTARA-TGCCGACT—————————————————————
TCATGGGTCATTTAGGGCC———-RAACTARAA-TGCCGACT—————————————————————
TCATGGGTCATTTAGGGCC————-CACTARA-TGCCGACT—————————————————————
TGATGGGTCATTTAGGCCC————— CCCTAGCCGACTCCT————————m—m o
TCATGGGTCATTTAGGGCC————— AMCGAACCGACTCCT——————————— e ——
TCATGGGTCATTTAGGGCC————~ AACGACGCCGACTCCT——————————m
TCATGGGTCATTTAGGGCC————- AACGAGCCGACTCCT————————— e ——

TCATGGGTCATTTAGGGCC————— AACGRGCCRACTCCT——————— e
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TCATGGGTCATTTAGGCCC-——--A-CCGAGCCGACTCCT -~~~ ————————
TCATGGGTCATTTAGGGCC-—-—-A-CCGAGCCGACTCCT-———--—"""""""—————————
TCATGGGTCATTTAGGGCA-—————— ACAAGCCAACTCCT-———————"——————————————
TCATGGGTCATTTAGCGCC-——-A-ACGAGCCGACTCCT-———-———"—"—"————————————
TCATGGGTCATTTAGGGCC--—-AA--AATCCGACTCCT-——————"—"————————————
TCATGGGTCATTTAGGGCC-——-AACTTAGCCGACTCCT-——————"——————————————
TCATGGGTCATTTAGGGCC--—-A-ACGAGCCGACTCCT-———-——"——"————————————
TCATGGGTCATTTAGGCCC-——-A-ACGAGCCGACTCCT-——————"""—"——————————
TCATGGGTCATTTAGGGCC--—-C-ACGAGCCGACTCCT-———-——"——————————————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-———-——""""""""—"———————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-———-——"—"—"————————————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-———-——""""""""—"———————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-——-————"""—"""————————
TCATGGGTCATTTAGGCCC-——--A-ACGAGCCGACTCCT -~~~ —————
TCATGGGTCATTTAGGCCC-——-A-ACGAGCCGACTCCT-———--———""""""—————————
TCATGGGTCATTTAGGCCC--—-A-ACGAGCCGACTCCT-——————"——"————————————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-——————"""—"——————————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-———-—————————————————
TCATGGGTCATTTAGGGCC-——-A-ACGAGCCGACTCCT-——————"""—"——————————
TCATGGGTCATTTAGGCCC--—-A-ACGAGCCGACTCCT-———-——"——"————————————
TCATGGGTCATTTAGGCCC-——-A-ACGAGCCGACTCCT-———-——"—"""""""—""——————
CTCGATGCG--AGCAATTACCAGGCCATC----GAGCCTACTCCTCTGACGATACACTAC

TGCATGCCACGGTCATTCTATGGCCCAACGAGACCGACTCCTAGCCG- -AGACACTGGAG
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— GGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— TGGACCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
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—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
7777777777777777777777777777777777 CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— CGACTCCTAGCGCGAGGCACACTGCA
—————————————————————————————————— AG----—-——CGCGAGGCACACTGCA
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-—-—-—--TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
7777777777777777777777777777777777 CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-—-—TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
7777777777777777777777777777777777 CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
7777777777777777777777777777777777 CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
7777777777777777777777777777777777 CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-—-—-—--TCAGCCGAGACACTGC
—————————————————————————————————— CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— CC-———-———TCAGCCGAGACACTGC
7777777777777777777777777777777777 CC-———————TCAGCCGAGACACTGC
—————————————————————————————————— AG--—-—-——ACC--GAAGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— BG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--------CCG----AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— GG-———-—-—CCG-—-—AGACACTGC
—————————————————————————————————— TG-—-—-—-—CCG-—-—-AGACACTGC
7777777777777777777777777777777777 GG-———————CCG————AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— BG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
7777777777777777777777777777777777 BAG-——-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC
—————————————————————————————————— AG--—-—-——CCG-——-AGACACTGC

—————————————————————————————————— AG--------CCG----AGACACTGC
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—————————————————————————————————— AG--—---——-CCG-——-AGACACTGC
—————————————————————————————————— AG-—--—-——CCG-—--AGACACTGC
—————————————————————————————————— AG-—--—-—-—CCG-—--AGACACTGC
—————————————————————————————————— AG-—-—————CCG-——-AGACACTGC

AC-CCARAAACARACTGTATGTCACCCTCCACAAC--CCGAGC-TCACTCACTTACCCCAR-
CACCGAGAACAACTGTATGTCGCCCACCACGTG--CGGTGCCTCGGCAAGTTACGCCGG-
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTGCGGGETTGC -TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGETTGC -TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGC-GGTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC - TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTGCGGGETTGC - TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGETTGC -TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC - TCGGCAAGTTACGACCGG
CCGAGATGACAACTGTATGTCGCCCACCACGTGCGGGETTGC -TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC -TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC - TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC -TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTCGCGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC -TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC -TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC -TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
GAGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCARAGTTACGACCGG
AGATARCARACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTGCGGGTTGC-TCGGCAAGTTACGACCGG
AGATGACAACTGTATGTCGCCCACCACGTC-GCGGTGC-TCGGCAAGTTACGACCGG
GAGACACARACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGEGC
GAGACACAACTGTATGTCGACCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGEGTC
GAGACACAACTGTATGTCGACCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGGC
GAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCARAGTTACGCCGGT
CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGGT
CCGAGACACAACTGTATGTCGCCCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGGT
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CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGT
CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
CCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCARAGTTACGCCGGT
CCGAGACACARACTGTATGTCGACCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGGT
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ACCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACAACTGTATGTCGACCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACAACTGTATGTCGACCCACCACGT-GCGETGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACAACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACAACTGTATGTCGACCCACCACGT-GCGGETGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGACACRACTGTATGTCGACCCACCACGT-GCGGTGC-TCGGCAAGTTACGCCGGC
ACCGAGARACCAACGGTGCCTATGTCGTCCAGGA--ACACTC-ACAGTGCGGTG-CTCGGC
ACCGACAAACRACTGTATGTCGCCCACCACGTG--CGGTGC-RAATGCGGCCGTCGAAGTT
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CLGETGC-TCGGCAAGTTACGCCGGC
ACCGAGATACRACTGTATGTCGCCCACCACGTG--CGGTGC-AATGCGGCCGTCGAAGTT
ACCGAGATACRACTGTATGTCGCCCACCACGTG--CGGTGC-AATGCGGCC———GAAGTT
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTAC-G————
ACCGAGAA-CRAACTGTATGTCGCCCACCACGTG--CGGTGC-CTCGGCAAGTTACG————
ACCGAGAA-CAACTGTATG-CGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAT-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC-————
ACCGAGAC-CRAACTGTATGTCGTCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAG-CAACTGTATGTCGTCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CRAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGETGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC-————
ACCGAGAA-CRAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--C
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--C
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAR-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC———-
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC———-
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC-————
ACCGAGAA-CRAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————
ACCGAGAA-CAACTGTATGTCGCCCACCACGTG--CGGTGC-TCGGCAAGTTACGC————

GTGC-TCGGCAAGTTACGC-————

GG
GGTGC-TCGGCRAAGTTACGC-————

khkkk Kk x ok *
————————————————————— C————--TACCCCCC-TCTTGCGAGG———-CTTCCCACCT
———————————— CAGCCCCAACTTCGGGTCCCACCGCACGGGACTCGCGGCT——--TACG
CAG-——————"—"""""— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-—————""————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————"———— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-—————""————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-—————""————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-——————"—————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG——————"""— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-——————""————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
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CAG-——————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG———————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————""——— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-——————"——"———— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————"———— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG———————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG—————""""—~ CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-——————"——"———— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG———————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————""——— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————"———— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG———————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————""——— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-———————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————"———— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG——————"—"""—— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-——————————— CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG—————""""—~ CCCCAACTTCGGCTCCACCGCACCTCGCGG——————————— CACG
CAG-————————"———— CCCCAACTTCGGCTCCTGTTA-CCGCACCTCGAGTCGTGCACGCC
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC-———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG————-—————— CACG
AGC-——————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC-——————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC-———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG————-—————— CACG
AGC-——————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC-———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG————-—————— CACG
AGC-——————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG——————————— CACG
AGC-———————————— CCCA-ACTTCGGCCCACCGCA-CCTCGCGG————-—————— CACG
AAGTTACGCCGGCAGCCCCAACTTCGGCCCACCGCA-CCTCGCGGCA————————— GCGA
GACGCCGGGCAGCCTCCAACTTCGTGCCCCACCGCA-CCTGGCGCGG————————— CACG



349
892
1829
388
2722
772
468
204
2875
741
1169
1012
330
2828
2795
2580
1038
679
610
266
659
2771
73
98

Se4d
868
1837
414
212
58
2868
1802
431
2682
681
2863
85
890
2780
2829
103
472
1163
487
2810
582
517
112
129
542
2497
120

151

TAGCCCCA-———————————— ACTTCGGCCCACCGCA-CCTCGCGGCA-————————— CGAG
GACGCCGGGCAGCCTCCAACTTCGTGCCCCACCGCA-CCTGGCGCGG————————— CACG
GACGCCGGGCAGCCGCCAACTTCGCGGCCCACCGCA-CCTTGCGCGE————————— CACG
***** CCGGCAGCCCCAACCCTCTCGGCCCACCGCA-CCTCGCG——G—————————CACG
————— CCGGCAGCCCC-—-RAACTTCGGCCCACCGCA-CCTCGCG——-G—————————CACG
————— CGGCAG-—-—-CCCCRAACTTCGGCCCACCGCA-CCTCGCG——-G—————————CACG
————— CGGCAG-—--—-CCCCAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
***** CGGCAG--—--CCCCRACTTCGGCCCACCGCA-CCTCGCG—-G——————————-CACG
————— CGGCAG-—--—-CCCCRACTTCGGCCCACCGCA-CCTCGCG——-G—————————CACG
————— CGGCAG-—--—-CCCCRAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
————— CGGCAG----CCCCRACTTCGGCCCACCGCA-CCTCGCG—-G—————————-CACG
————— CGGCAG-—-—-—-CCCCRACTTCGGCCCACCGCA-CCTCGCG-—-G—————————CACG
————— CGGCAG-—-—-CCCCRAACTTCGGCCCACCGCA-CCTCGCG——-G—————————CACG
————— CGGCAG-—--—-CCCCAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
***** CGGCAG--—--CCCCRACTTCGGCCCACCGCA-CCTCGCG—-G——————————-CACG
————— CGGCAG-—--—-CCCCRACTTCGGCCCACCGCA-CCTCGCG——-G—————————CACG
————— CGGCAG-—--—-CCCCRAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
————— CGGCAG----CCCCRACTTCGGCCCACCGCA-CCTCGCG—-G—————————-CACG
————— CGGCAG-—-—-—-CCCCRACTTCGGCCCACCGCA-CCTCGCG-—-G—————————CACG
————— CGGCAG--——-—-CCCCRAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
————— CGGCAG-—--—-CCCCAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
————— CGGCAG----CCCCRACTTCGGCCCACCGCA-CCTCGCG—-G—————————-CACG
————— CGGCAG-—-—-—-CCCCRACTTCGGCCCACCGCA-CCTCGCG-—-G—————————CACG
————— CGGCAG--——-—-CCCCRAACTTCGGCCCACCGCA-CCTCGCG—-G—————————CACG
*
CAAATCACGCCA-————- CA-ACAAGCCTGTC-——————————— CCGCCGTCCTTGCCGCT
GGGAGCGCGTTAAA-—-—-CACCACGTCCTTGAGCTACCCAGCGCGATAGG——————————
GGGAGCCAAACACC—————— ACG-TCCGTTCCCCACGGCCATCGGGT-—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATG-GGT-—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC————— ACGATCCGTTCCCCACGGCCATG-GGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAARACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAARACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCT-TCCCCACGGCCATCGGET—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAARACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAARACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACG--TCCTTCCCCACGGCCATCGGGT-—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACG-TCCGTTCCCCACGGCCATCGGET—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC—————— ACGATCCT-TCCCCACGGCCATCGGGT—————————————
GGGAGCCAAACACC————— ACGATCCGTTCCCCACGGCCATCGGGT—————————————
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191 GGGAGCCAARACACC—————— ACGATCCGTTCCCCACGGCCATCGGET—————————————
2650 GGGAGCCAARCACC—————— ACGATCCGTTCCCCACGGCCATCGGET—————————————
2662 GGGAGCCAARCACC--—---— ACGATCCGTTCCCCACGGCCATCGGET—————————————
74 GGGAGCCARARCACC-————— ACGATCCGTTCCCCACGGCCATCGGET—————————————
1854 GGGAGCCAARCACC----—-— ACGATCCGTTCCCCACGGCCATCREET—————————————
2819 GGGAGCCAARCACC--—-—-— ACGATCCGTTCCCCACGGCCATCGEGET —————————————
449 GGGAGCCALACAATCCGGACGTCGGGCTTCCCCACGGATGGCGTGGT—————————————
138 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
621 GGGAGCCRA-——————————— ACACCACGTCCTTCCCCACGGATGGET—————————————
749 GGGAGCCRA-——————————— ACACCACGTCCTTCCCCACGGATGGET—————————————
654 GGGAGCCARA-—————————~— ACACCACGTCCTTCCCCACGGATGGGET—————————————
416 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
463 GGGAGCCAA-—————————— ACACCACGTCCTTCCCCACGGATGGET—————————————
1172 GGGAGCCRA-——————————~— ACACCACGTCCTTCCCCACGGATGGGT —————————————
496 GGGAGCCAA-——————————— ACACCACGTCCTTCCCCACGGATGGGET—————————————
2586 GGGAGCCRA-—————————~— ACACCACGTCCTTCCCCACGGATGGET—————————————
2688 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
1094 GGGAGCCAA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
399 GGGAGCCRAA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
1041 GGGAGCCRA-——————————— ACACCACGTCCTTCCCCACGGATGGGET—————————————
117 GGGAGCCRA-——————————— ACACCACGTCCTTCCCCACGGATGGET—————————————
1087 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
1810 GGGAGCCAA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
1056 GGGAGCCRAA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
417 GGGAGCCRA-——————————— ACACCACGTCCTTCCCCACGGATGGGET—————————————
2843 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGT —————————————
2695 GGGAGCCRA-——————————— ACACCACGTCCTTCCCCACGGATGGET—————————————
2793 GGGAGCCAA-—————————= ACACCACGTCCTTCCCCACGGATGGET —————————————
490 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
512 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGGET —————————————
2267 GGGAGCCRA-—————————— ACACCACGTCCTTCCCCACGGATGGEGET —————————————
2668 GGGAGCCAA-——————————— ACACCACGTCCTTCCCCACGGATGGGET—————————————
863 GGGAGCCRA-—————————~— ACACCACGTCCTTCCCCACGGATGGET—————————————
577 GGGAGCCARA-—————————— ACACCACGTCCTTCCCCACGGATGEGET—————————————
1772 GGGAGCCAA-—————————~— ACACCACGTCCTTCCCCACGGATGGET—————————————
988 TGGGAGCCARA-—T———CACCACGTCTCTTCCC———CACGGATGGGTT————————————
695 GGGAGCCARAACACC——-A————- CGTCCTTCCC——-CACGGATGGGTTGG-—————————
349 GGAGC——C-—BARAG———CACCCACGTCCTTCCC———CACGGATGGGTT————————————
892 GGGAGCCTACCCAA——-CACTCACGTCCTTCCCCACTGCGGATCGGTCCGCATGGGAGTC
1829 GGGAGCCGACTAAA——-CACCCACGTCCTTCCCCAGCACGGATGGGTCGTCCTGGGAGTA
388 GGGAGCCAARC-————— ACCAGTCGTCCTTCCC—--CACGGATGGGTT————————————
2722 GGGAGCCA--A-————— ACACCACGTCCTTCCC—--CACGGATGGGTT-——————————~—
17z GGGAGCCA--A-————- ACACCAGTCCTTCC————— CCAAGATGGGTT————————————
468 GGGAGCCA--RA-————— ACACCACGTCCTTCCC—--CACGGATGGGTT————————————
204 GGGAGCCA--A-—-——— ACACCACGTCCTTCCC———CACGGATGGGETT————————————
2875 GGGAGCCA--A-—-——— ACACCACGTCCTTCCC———CACGGATGGETT————————————
741 GGGAGCCA--A-————— ACACCACGTCCTTCCC—--CACGGATGGGTT-————————————
1169 GGGAGCCA--A-—————— ACACCACGTCCTTCCC---CACGGATGGGTT————————————
1012 GGGAGCCA--A-————— ACACCACGTCCTTCCC—--CACGGATGGGTT-————————————
330 GGGAGCCA--A---——- ACACCACGTCCTTCCC———CACGGATGGGETT————————————
2828 GGGAGCCA--A---——- ACACCACGTCCTTCCC———CACGGATGGGETT————————————
2795 GGGAGCCA-—A-————— ACACCACGTCCTTCCC———CACGGATGGETT————————————
2580 GGGAGCCA--A---——— ACACCACGTCCTTCCC———CACGGATGGETT————————————

1038 GGGAGCCA--A-—-——- ACACCACGTCCTTCCC———CACGGATGGGETT————————————
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ACGGATCAATGGGGAGTGTCTTTTCGATCTCAATCAGCCCARAATTCGGGTCCGTGCCCAC
—————— CGTTGGGAGTGGTCTTTTGGCGTAAGACGAC-CCAGGCAGTAGCTGTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
********** TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC—-GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
********** TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC—-GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
********** TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC—-GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
********** TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC—-GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
********** TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC—-GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC --GTGCC-CTC
********** TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC—-GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— TGGGAGTGTCTTTTGGCGTGGAGCGCCCAGCCGCTAGGC--GTGCC-CTC
—————————— GCGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCCTACTCAA-CCC

—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC——-——————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC——-—————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————-CTC
********** TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC———————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC——-——————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC——-—————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC——-—————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC———————=-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————-CTC
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—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC~-~————~-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC~-~————~-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC——————-—CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC-————————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC~-~~————-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC-——————=-CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC~-~~————-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGRACGCCCAGGCAGGCGTGCC-———————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC-~————-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGRACGCCCAGGCAGGCGTGCC-———————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC-~————-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC~-~————~-~CTC
—————————— TGGGAGTGTCTTTTGGCGTGACGCCCAGGCAGGCGTGCC————————CTC
——————————— GGGAGTGTCTTTTGGCGTGACGAACCCAGCAGCAGGCGTGCCCTCAGCT
_____________ GRAGTGTCTTTTGGCGTGACGCCCA-~~--GGCAGGCGTGCCCTCAGCA
fffffffffff GGGAGTGTCTTTTGGCGTGACGCCCA————GGCAGGCGGTCGCCCTCAG
GGTCTTCCGTTGCCCGCGTTGAACGCARGTTCCAGAG-——-CRAAGGCAGTGCCCTARCAC
GGTCTTCTTGCGGGCGCTGC——-ACGCRACGCCAGTG-——-CTAGGCCGTGCCCTCRAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-—--GGCAGGCGTGCCCTCAGAC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-——-GGCAGGCGTGCCCTCAGAC
——————————— GGGAGTGTCTTTTGGCATGACACCCA----AGCARGCGGCCCTCAGCAR
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———-GGCAGGCGTGCCCTCAGLC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-—--GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———-GGCAGGCGTGCCCTCAGLC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-—--GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———-GGCAGGCGTGCCCTCAGLC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-—--GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-—--GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———GGCAGGCGTGCCCTCAGLC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA————GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———GGCAGGCGTGCCCTCAGLC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA————GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA----GGCAGGCGTGCCCTCAGCC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA————FGCAGFCGTFCCCTCAGFP
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA----GGCAGGCGTGCCCTCAGCC

——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-———-GGCAGGCGTGCCCTCAGLC
——————————— GGGAGTGTCTTTTGGCGTGACGCCCA-—--GGCAGGCGTGCCCTCAGCC
——————————— GGGRAGTGTCTTTTGGCGTGACGCCCA--—--GGCAGGCGTGCCCTCAGCC

GGGAAT-TAGTCCTTAGGAATGCCATTTTGCCTGCC-—-TTCTTCTTCAA———————————

AGCTCAGAAGGCCTCGGGCGCA-——-ACTTGCGTTCA-———AARRCTCGATGG——————— T
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTCGGGCGCAA-——-CTT-GCGTTCA-———-RAARRCTCGAT ————————— G
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-AARACCGCACTGCGGATGGGET
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-AAACCGCACTGCGGATG-GT
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AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGARAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGARAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT

AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATG-GT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGRAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGRAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGET
AGCCAGAAGGCCGGCGTGCGCA-——-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGET

AGCCAGRAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGRAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-——-ARACCGCACTGCGGATCGGT
AGCCAGARAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGARAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT

AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-——ACTTGCGTTCA-———-ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
AGCCAGAAGGCCTGCGGGCGCA-—-ACTTGCGTTCA-———ARACCGCACTGCGGATCGGT
GCACAGRAA-GGCCTCGGGCGCA-—-ACTTGCGTTCA-———AARACTCAA-——————— TCGG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAARACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——-ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-—-ACTTGCGTTCA-———AARAACTCGA-—————— GTCG
AGCCAGAA-GGCCTCGGGCGCA-—ACTTGCGTTCA———AAAACTCGA-—————— GTCG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-——AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——-ACTTGCGTTCA-———AAARACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——-ACTTGCGTTCA-———AAARACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——-ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAARACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAARACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——-ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——-ACTTGCGTTCA-———AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-——AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-——AAAACTCGA-———————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
AGCCAGAA-GGCCTCGGGCGCA-——ACTTGCGTTCA-———AAAACTCGA-————————— TG
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GCCAAGTAAGGCCTCGGGCGCA-——ACTTGCGTTCA-———AARAACTCGA-———————— TAG
CARGAGGAAGGCCTCGGGCGCA-——ACTTGCGTTCA-———RARARACTCGRA-——————— TGG
CTTAAGTAAGGCCTCGGGCGCA-——ACTTGCGTTCA-———ARARACTCGA-——————— TAG

TGTCGAACCATCACATCCTTCTTT——————-— GAAAGTTTTGATTTATT--T-ATTTTTTA
ATCGACGGGATTCATGCAATTCGTACRACTAGCGTTATGGCGCATTTTGCTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATT-TTGCTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-—————— CCAGGTATCGCATTTTGCGTACGTTCTTC
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TCGCACGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TCGCACGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
TTCGCGGGATTCTGCAATTCATCA-——————— CCAGGTATCGCATTTTGCATACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCTAGCGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCTAGCGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTG-CTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GITTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGCATTTTGCGTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CTCAGGTATCGCATTTTGCTACGTTCTTC
GTTCGGGGAATTCATAGCATTTCACGATCCAGAAGTTTCTACTTTTTTGCTTCTTCCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGCATTTTGCTACGTATCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCAGCATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGGCATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCAGCATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCAGCATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCCACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTAGGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GITTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
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GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC
GTTCGCGGGATTCTGCAATTCACA-——————— CCAGGTATCGC-ATTTTGCTACGTTCTTC

CTCTCTTTTCATATAGAAACCAATTTTCCCGGTC-CTCTGGGCGTAACCGCCCTGCATTT

ATCGRAACTGCGAGAGCCGAGATATCCAAGAATTGCCGAGAGTCGT ——————— GTAGATTT
ATCGATGCGAGAGCCCTA-AG-AGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCGAG-ATATCCGT———— TGCCGACAGT-—————————— CGTGTGGA
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCGAG-ATATCCGT————-- TGCCGAGAGTCG—————————— TGTGGA
ATCGATGCGAGAGCCGAG-ATATCCG————- TTGCCGAGAGTCG——-——————— TGTGGA
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
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ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-————— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGAGCATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-————— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-————— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-————— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———— AGTGGATGT
ATCGATGCGAGAGCCCTA-AGACGATATCCGTTGCCGAGAGTCGTA-———- AGTGGATGT
ACTCGATGCGAGAC-TG--CCGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGGATCGCAAAMANC--CCAATATTTCCGTTTGCCGGAGGGGTG————— TGTGGTTTT
ATGCGAT-GCGAGA-GC--CGAGATATCCGATTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGACGAG-CT--CGACGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGATGAG-CA--CGAGGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGACGAG-CT--CGACGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGACGAG-CT--CGACGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA---GA--CCCAGATATCCGTTGCCGAGAGTCGT——————— GGGGATTT
ATCGATGCGAGA--—-GA--CCCAGATATCCGTTGCCGAGAGTCGT——————— GGGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA--—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-——-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT ——————— GTGGATTT
ATCGATGCGAGA-——-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA--—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA--—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT ——————— GTGGATTT
ATCGATGCGAGA-——-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA---GC-—-CGAGATATCCGTTGCCGAGAGTCGT————-—— GTGGATTT
ATCGATGCGAGA--—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA-—-GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
ATCGATGCGAGA---GC-—-CGAGATATCCGTTGCCGAGAGTCGT——————— GTGGATTT
TTAAACCATA---GCTGCCTGATC———————————— CGCCTACGCAACRATTACCAT——-
CAACAGCTCCGG—————- ATC-———"7————— ===
TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCAAGGCCGACC————
TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCAACGGCCGACCG—-
TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCAACGGCCGACCG——
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TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TTTAAATAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TTTAGATAGCATCGCTGCACGAGG
TTTAGATAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGRAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG
TAGAAGTAGCATCGCTGCACGAGG

TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAAG-GCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCARCGGCCGACCG——
TGCGTTCGGCARCGGCCGACCG——
TGCGTTCGGCARCGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG—
TGCGTTCGGCAACGGCCGACCG—
TGCATTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCARCGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCARCGGCCGACCG——
TGCGTTCGGCARCGGCCGACCG——
TGCGTTCGGCARACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAAGCGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
TGCGTTCGGCAACGGCCGACCG——
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TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCARCGGCCGACCG——
TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCAACGGCCGACCG——
TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCAACGGCCGACCG——
TAGAAGTAGCATCGCTGCACGAGG———————————— TGCGTTCGGCAACGGCCGACCG——

AGATAGCATC-G--CTGCACGAGGTGCGTTCGGCCGA-AGTTGGGGCCGACGGCGCAACT
AAMRAAAAGCC-CCCCGGCTGGCGTTGGGGCTCGTTCTGCGATATTCACAAGGARCCCCCA

AGATAGCAAG-TCGCTGCACGAGG———————————— TGCGTTCTGGCTGAGGGCACGACC
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————"—"——— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC—-A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC—-A
AGCGAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCATGCCGACCGC-—-A
AGCGAGCATC-G--CTGCACGAGG———————"——"——— TGCGTTCGGCATGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCATGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC—-A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————"—"——— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC—-A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC—-A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC-—-A
AGATAGCATC-G--CTGCACGAGG———————"—"——— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG—————————"——— TGCGTTCGGCAGGCCGACCGC—-A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC--A
AGATAGCATC-G--CTGCACGAGG———————————— TGCGTTCGGCAGGCCGACCGC-—-A
AGATAGCATC-G--CTGCACGAGG———————"—"——— TGCGTTCGGCAGGCCGACCGC--A

——————— GCAACCCCGAGCAAGACAATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT-———-———-AAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACAATAT--------BAAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT-———-———-AAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACAATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACAATAT--------BAAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT-———-———-AAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACAATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACAATAT--------BAAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT-———-———-AAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACAATAT--------BAGTGTTCCTTGCACGCCGTTCG
——————— CACACCCCGAGCAAGACRATAT--------BAAGTGTTCCTTGCACGCCGTTCG
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AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTG-ACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG
AAGTGTTCCTTGCACGCCGTTCG

TCCCGAGCACCGCACGTGGTGGACAATATACA-———-GTTGTTCTCGTTGACGC-CTCTCG
AC-—-——-CCGCCACCCAAGARARAGCAARAAATTTTTTTTTTGTTCCTTGCCCCCCTCCCG
G—————— CAACCCCGAGTCAAGACAATAT ———————— AAGTGTTCCTTGACAGCCTTCGG
A-———— CCCCGAGCAACGACAA-—-TATA-——————— AGGTGTTCCTTGACGCCTTCGGC
A———- CCCCGCCCAAGCAAGACAATAT ———————— AAGTGTTCCTTGACGCCTTCGGC
A-m———— CCCCGAARACGCAAGACAATAT ———————— AAGTGTTCCTTGACGCCTTCGGC
A-m——— CCCCGAARMACGCAAGACAATAT ———————— AAGTGTTCCTTGACGCCTTCGGC
T CCCCGAG————-CAAGACAATAT-——————— AAGTGTTCCTTGTCGCCGTCGGC
T CCCCGAG————-CAAGACAATAT-———————— AAGTGTTCCTTGTCGCCGTCGGC
G—————— CCCCGAG———-CAAGACAATAT -———————— AAGTGTTCCTTGCCGCCTTCGGC
A———- CCCCGAG———-CAAGACAATAT-———————— AAGTGTTCCTTGACGCCTTCGGC
A-m———— CCCCGAG————-CAAGACAATAT-———————— AAGTGTTCCTTGACGCCTTCGGC
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A———— CCCCGAG——--—-CAAGACAATAT——————— AAGTGTTCCTTGACGCCTTCGGC
A-———— CCCCGAG———-CAAGACRARATAT-———————— ARAGTGTTCCTTGACGCCTTCGGC
A-—m——— CCCCGAG———-CAAGACAATAT-———————— AAGTGTTCCTTGACGCCTTCGGC
A-—m—— CCCCGAG———-CAAGACAATAT———————— AAGTGTTCCTTGACGCCTTCGGC
A———— CCCCGAG——--—-CAAGACAATAT——————— AAGTGTTCCTTGACGCCTTCGGC
A-—mm—— CCCCGAG———-CAAGACRATAT-———————— ARGTGTTCCTTGACGCCTTCGGC
A-—m——— CCCCGAG———-CAAGACRAATAT-———————— AAGTGTTCCTTGACGCCTTCGGC
A-—mm—— CCCCGAG———-CAAGACAATAT———————— ARAGTGTTCCTTGACGCCTTCGGC
A———— CCCCGAG——--—-CAAGACAATAT——————— AAGTGTTCCTTGACGCCTTCGGC
A-———— CCCCGAG———-CAAGACRARATAT-———————— ARAGTGTTCCTTGACGCCTTCGGC
A-—m——— CCCCGAG———-CAAGACAATAT-———————— AAGTGTTCCTTGACGCCTTCGGC
A-—m—— CCCCGAG———-CAAGACAATAT———————— AAGTGTTCCTTGACGCCTTCGGC
A———— CCCCGAG——--—-CAAGACAATAT——————— AAGTGTTCCTTGACGCCTTCGGC

GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGEETTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG——CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGAAGGTCGAGG————
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG——CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTARA-——-ARAAGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG——CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG-—-CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG—-CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTTG--CGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTTGGGGTTCTTTTGAGGCCTCT————— TCACCAGGATCTAGAARAAAGGTCGAG
GCTGCCGTTGGGGTTCTTTTGCGGCCTC T ————— TCCCTCTAGARACTGCGRAAGGT———--C
GCTGCCGTTGGGGTTCTTTTGCGGCCTCT————— TCCCTCTAGAACTGCGRAAGGT-—--C
GCTGCCGTTGGGGCTCGTTCTGTTATATT ————— CACAAGGAA-—————— CTGCGGAAGCC
GCTGCCGTTGGGGTTCTTTTGCGGCCTCT————— TCCCTCTAGAACT-GCGAAGGTCGAG
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GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAAAA--ARAAGGTCGAGGCC

GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAARARA--AAGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TACCCTCTARAAGRACGGTCGAGGCC

GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTT - -GCGGCCTCT ————— TCCCTCTAGRAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT - -GCGGCCTCT ————— TCCCTCTAGRAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAAAA--ARAAGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRAACGGTCGAGGCT
GCTGCCGTGGGTTCTTTT - -GCGGCCTCT ————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGRAGGRACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTGCCGTGGGTTCTTTT--GCGGCCTCT————— TCCCTCTAGAAGGAACGGTCGAGGCC
GCTAGCCGTGGGTTCTTTTGCGGCC ——————— TACTTCCCTCTAGAAGAAGGTAGCGAGG
GCACC--GTGGTTTTTTTTTCCCC————— CCCTCCTCCCCARAARARARAAAGGGGGGAGG

GAACGCCGTGGGTTCTTTTGCGGCCTCTTC--CCTCTAGGTGARGAAGGTCGAAGTTGGG
GCCGT-—--GGGTTCGTTTTGCGGCCCGTC-——-GTTCCCTCTAGRAGAAGGTCGAGGCC
GCCGT-——-GGGTTCGTTTTGCGGTCCGTC-————CTTCCCTCTAGRAGAAGGTCGAGGCC
GCCGT-——-GGGTTCGTTTTGCGG-——-CCCGTCGTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGETTCGTTTTGCGG-——-CCCGTCGTTCCCTCTAGAAGAAGGTCGAGG——
TCCGC-—--CACGCCAGCCGTCCGGCTGGCCTCTTCCCTCTAGCTGTTATGGTCGAGG——
TCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAACGTCGAGG——
CCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAATGAGGTCGAGG——
GCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-———-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-———-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-—--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——--GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——
GCCGT-——-GGGTTCTTTTGC———————— GGCCTCTTCCCTCTAGAAGAAGGTCGAGG——

GGCCTACCCGTATCARAAACCCTTGTAGCATGGGTGACTTTGGTCAGCTCCTTGGTTT——
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GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC

GTAGCACC-CGAGCAGRAGCCC
GTAGCACC-CGAGCAGRAGCCC

GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
—-—-CCTAGCCCGAGCAGRAAGCC
GTAGCAACCCGAGCAGARAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGARAAGCC
GTAGCACC-CGAGCAGRAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC

GTAGCACC-CGAGCAARAGCCC
GTAGCACC-CGAGCAGRAGCCC

GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGARAAGCC
GTAGCACC-CGAGCAGRAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GTAGCACC-CGAGCAGAAGCC
GCCTAG-CCCGAGCAGRAGCC
GAGGCA-CCCAAGAATACGCC
GAGGCA-CCCAAGAATACGCC
TCTTCC-CTCTAGAARARACGCC
GCCTAC-CCCGAGCAGAAGCC

GTAGCA-CCCGAGCAARAGCCC
GTAGCA-CCCGAGCAGRAGCCC

GTAGCA-CCCGAGRAAGRAGCC
GTAGCA-CCCGAGCAGAAGCC

GTAGCA-CCCGAGCAGAAGCCC
GTAGCA-CCCGAGCAGRAGCCC

GTAGCA-CCCGAGCAGRAAGCC
GTAGCA-CCCGAGCAGAAGCC
GTAGCA-CCCGAGCAGAAGCC
GTAGCA-CCCGAGCAGAAGCC
GTAGCA-CCCGAGCAGAAGCC
GTAGCA-CCCGAGCAARAAGCC
GTAGCA-CCCGAGCAGAAGCC
GTAGCA-CCCGAGCAGARAGCC
GTAGCA-CCCGAGCAGRAAGCC
GTAGCA-CCCGAGCAGAAGCC
GTAGCA-CCCGAGCAGAAGCC
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CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCCGGTTC
CGGGCAGCATGGGTGATCATGTTCCAGC —-TCCGGATCT
GGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
GGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCTTCATCAGTT--CACGGATCT
CGGGCAGCATGGGTGACCATGTTCCACT--CCCGGTTCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC —-TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC—-TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCA-GC--TCCGGATCT
GGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
GGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC —-TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTATCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCA-GC—-TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC--TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC —-TCCGGATCT
CGGGCAGCATGGGTGATCATGTTCCAGC——-TCCGGATCT
CGGGCAGCATGGGTGACATGTTAGGCCAGCTCCGGATCT
CGAGCAGGAAGCCCGGGTT----CAGC--TCCGGATCGG
CCGAGCAGGGAGAGCTTCTT-———CCCG——GGCAGCATGG
CGGAGAAGGTCGAGGCCTAG--——-CCCGAGCAGRAGCCCG
CCGGGCAGCATGGGTGATCATGTTCCAGCTCCGGATTT ——
GGGCAGCATGGGTGATCATGTTCCAGCTCCGGATCT ——
GGGCAGCATGGGTGATCATGTTCACGGTCTGTT--TTG
CGGGCAGCATGGGGGACATGTTCAARACGGTCTGTTTTT
CGGGCAGGGACATGGGTCGACATGT - ——-TCACGGATCT
CGGGCAGGCATGGGTGACATGTTCACGG-ATCT——————
CGGGCAGGGACATGGGTGACATGTT————- CACGGATCT
CGGGCAGCATGGGTGATCATGTTCACGG-TCTGTTTTGG
CGGGCAGCATGGGTGATCATGTTCACGG-TCTGTTTTGG
CGGGCAGCATGGGTGATCATGTTCACGG-TCTGTTTTGG
CGGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATCTG
CGGGCAGCATGGGTGATCATGTATCAGC-TCCGGATCTG
CGGGCAGCATGGGTGATCATGTTCAGCT-CCGGATC--T
CGGGCAGCATGGGTGATCTTCATCCAGT -TCACGGATCT
CGGGCAGCATGGGTGATCATGTTCAGCT-C-CGGATC-T
CGGGCAGCATGGGTGATCATGTTCAGCT-C-CGGATC-T
CGGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
CGGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
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868
1837
414
212
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GTAGCA-CCCGAGCAGAAGCC

GTAGCA-CCCGAGCAGAAGCCC
GTAGCA-CCCGAGCAGAAGCCC

GTAGCA-CCCGAGCAGAAGCC

GTAGCA-CCCGAGCAGAAGCCC

GTAGCA-CCCGAGCAGAAGCC

GTAGCA-CCCGAGCAGAAGCCC
CCTAGCTCCGAGCGAGAAGCCCGGGC

——-CCCCCCCCCAAMAACARACC
——CCTAGCCCGAGCAGAAGCC
————-TAGCCCGAGCAGAAGCC
——CCTAGCCCGAGCAGAAGCC
—-—-CCTAGCCCGAGCAGAAGCC
——CCTAGCCCGAGCAGAAGCC
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CGGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
GGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
GGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
CGGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
GGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T
CGGGCAGCATGGGTGATCATGTATCAGC-TCCGGATC-T
GGGCAGCATGGGTGATCATGTTCCAGC-TCCGGATC-T

CAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT
CCGCGGGGEGEGEGLGEEAGAG-————————————————————

CGGGCACCGCAAGTGGTGGGTGACATACAGTTGTTCACG
CGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT
CGGGCAGCATGGGTGACATGTTCACGGTCTGTTCCCCAG
CGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT
CGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT

——CCTAGCCCGAGCAGAAGCCCGGGCAGGATGGGTGACATGTTCACGGTCTGTTTTGTTT
——CCTAGTCCGAGCAGRAGCCCGGGCAGCATGGGTGAAATGTTARCCGGGCTGTTTTGTC
——CCAAGAACGAGCRAARAGCCCGGGCAGCATGGGTGACATGTTGRAAAGGGCTGTTTTGTT
——CCTAGCCCGAGCAGRAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT

——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT
——CCTAGCCCGAGCAGRAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT
——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGT ——
——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTTT
——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTT -

——-CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTG———
——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTT -
——-CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGTT -

——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTG———

-—-CCTAGCCCGAGCAGAAGCC

CGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGT ——

——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGT ——
——CCTAGCCCGAGCAGRAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGT ——
——CCTAGCCCGAGCAGAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGT ——
——CCTAGCCCGAGCAGRAAGCCCGGGCAGCATGGGTGACATGTTCACGGTCTGTTTTGT ——
************ GTTGAAAGGTCACGACAAT -~~~ ———————————
—————— GGGCTCGTCTTCGGGCCCGTCGTACCCACTGTACRAGTGCCAG-———————————
G-——————- TTTTGTCTTCGGGCCCGTCGTACCCACTGTACAAGT-G———-CCAG——————
G-~ TTTTGTCTTAAGGCCCGTCGTACCCACTGTACAAGT-G———-CCAG——————
T-—————- GTTTTGTTTTAAGCCCGTCGTACCCACTGTACAAGT-G———-CCAG——————
G-~ TTTTGTCTTAAGGCCCGTCGTACCCACTGTACAAGT-G———-CCA———————
G-——————- TTTTGTCTTAAGGCCCGTCGTACCCACTGTACAAGT-G———-CCAG——————
G-~ TTTTGTCTTAAGGCCCGTCGTACCCACTGTACAAGT-G———-CCAG——————
G-——————- TTTTGTCTTAAGGCCCGTCGTACCCACTGTACAAGT-G———-CCAG——————
G-~ TTTTGTCTTAGGGCCCGTCGTACCCACTGTACARAGT-G————-CCAG——————
G-——————- TTTTGTCTTCGGGCCCGTCGTACCCACTGTACAAGT-G————-CCAGACA——-
G-~ TTTTGTTTAAGGGTCACTCGTACC-CACTGTACAAG-T-———-GCCA-——————
G-——————- TTTTGTTTAAGGGTCACTCGTA-CCCACTGTACAAG-T———-GC————————
G-~ TTTTGTTTAAGGGTCACGTCGTACCCACTGTACAAG-T———-GCCA-——————
G-——————- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACAGT-G———-CCA————-———
G-~ TTTTGTCTTCGGGCCCGTCGTACCCAC-TGTACAGT-G———-CCA-———————
G-——————- TTTTGTCTTRAGGCCCGTCGTACCCAC-TGTACRAG-T-——-GCC———————
G-~ TTTTGTCTTAGGGCCCGTCGTACCCAC-TGTACRAG-T-———-GCC———————
G-——————- TTTTGTCTTAGGGCCCGTCGTACCCAC-TGTACRAG-T-——-GCC———————
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G——————- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACARG-T-——GCC———————
G——————- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACARG-T-——GCC———————
G——————- TTTTGTCTTCGGGCCCGTCGTACCCAC-TGTACAGT-G———-CC—-———————
G—m———- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACARG-T-———-GC————————
G- TTTTGTCTTCGGGCCCGTCGTACCCAC-TGTACAGT-G————-CCAG——————
G- TTTTGTCTTCGGGCCCGTCGTACCCAC-TGTACAGT-G————CCAGCAAC—-
G——————- TTTTGTCTTAGGGCCCGTCGTACCCAC-TGTACAGT-G-————CCAGACAA——
G—————- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACARG-T-——-GCCAGA-————
G——————- TTTTGTCTTCGGGCCCGTCGTACCCAC-TGTACARG-T-——-GCCAGA-————
G- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACAGT-G———-CCA-———————
G——————- TTTTGTCTTAGGGCCCGTCGTACCCAC-TGTACARG-T-——-GCCAGAC———
G—————- TTTTGTCTTAGGGCCCGTCGTACCCAC-TGTACARG-T-——-GCCAGAC———
G——————- TTTTGTATTAAGGCCCGTCGTACCCAC-TGTACARG-T-——-G—————————
G——————- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACARG-T-———GCCA-—————
G——————- TTTTGTCTTAAGGCCCGTCGTACCCAC-TGTACARG-T-——-GCCAGA-————
G—m———- TTTTGTTTAAGGGTCCGTCGTACCCACTGTACAAGT-G———-CC————————
G CTCGACATCGT-TCACGTCGTACCCACTGTACATTT-G——-TTT-———————
G——————- TGACATGTTCGGGACGGTCGTGTCCTTTGTTTAAGT-G————CCA-———————
G——————- GCTAGTCATCGGGCCTGACATGTTCACGGTCTGTTT-T-——-GTTT——————
G—m———- TTTTGTCTTAGGGCCCGTCGTACCCACTGTACAAGT-G————CCAGA-—————
G- TTTTGTCTTAAGGCCCGTCGTACCCACTGTACAGTG-C—-C—————————
G- GCTCGTCTTCGGGCCCGTCGTACCCACTGTACAGTG————————————————
G——————- TCTCGTCTTCGGGCCCGTCGTACCCACTGTACAAGT-G————CCAGA-—————
G—————- TTTTGTCTTCGGGCCCGTCGTACCCACTGTACAAGT-G————CCAGA—————
G——————- TTTTGTTTAAGGGTCCGTCGTACCCACTGTCACGTG-C————-CAGRAA-———-
G——————- TTTTGTCTTAGGGCCCGTCGTACCCACTGTACAARAG-T-———GCCAGACA——
G——————- CT-CGTCTTCGGGCCCGTCGTACCCACTGT-ACARG-T-——-GCCAGACAAC
G—m———- CT-CGTCTTCGGGCCCGTCGTACCCACTGT-ACAGT -G————-CCAGACAACC
G CT-CGTCTTCGGGCCCGTCGTACCCACTGT-ACARG-T-———-GCCAGA————
T TTTG-TCTTAAGGCCCGTCGTACCCACTGT-ACAGT-G————-CCA-——————
T TT-TGTCTTAAGGCCCGTCGTACCCACTGTACAAGT-G————CCA-———————
G—m———- TTTTGTCTTAGGGCCCGTCGTAC-CCACTGTACARAG-T-———-GCC———————
G- TTTTGTCTTCGGGCCCGTCG-TACCCACTGTACARG-T-———-GCCAGAC———
G——————- TTTTGTCTTAAGGCCCGTCG-TACCCACTGTACARAG-T-———GCCAGAC———
G—————- TTTTGTCTTCGGGCCCGTCG-TACCCACTGTACARG-T-———GCCAGACA——
G—m———- TTTTGTTTAAGGGTCACGTCGTACCCACTGTACAAG-T-—--GCCAGA-——-
G- TTTTGTCTTCGGGCCCGTCG-TACCCACTGTACAGT -G————-CCAGACARAC
G——————- TTTTGTCTTAGGGCCCGTCG-TACCCACTGTACAGT-G———-CC————————
G——————- TTTTGTCTTAGGGCCCGTCG-TACCCACTGTACARG-T-———-GCCA-——————
G—m———- TTTTGTCTTAAG-———-—"—"——————————————————————————————————
G- TTTTGTCTTAAGGCCCGTCG-TACCCACTGTACARG-T-———-GCCAGAC———
G——————- TTTTGTCTTCGGGCCCGTCG-TACCCACTGTACARG-T-——-GCCA-——————
G—————- TTTTGTCTTAGGGCCCGTCG-TACCCACTGTACARG-T-——-GCCAG—————
G—m———- TTTTGTCTTAGGGCCCGTCG-TACCCACTGTACARAG-T-——-GCCAG—————
AMG————

C 77777777777777777777777777777777777777777777777777777777777
AR === GGG T ——————m mmm
Y
AA----CTCCGGAC—————————————-— GGGCTCGTCTTCGGGCCCGTCTCGTACCCACT
TA----AGTCTTCTTCCAGCTCCGGATCGGGCTCGTCTTCGGG-—CCCGTCGTACCCACT
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TA-——-RGGG———————- TCTCCGGATCGGGCTCGTCTTCGGG-—CCCGTCGTACCCACT
B ———Gmmmmmm o -
AA __________________________________________________________
A ___________________________________________________________
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468 CTACRAGTGCC———————————— AG-——————————————
204 GCTACRAGTGCC———————————— e
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